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Editorial

I Poland-lIsrael Conference on ,.Water reguirements and irrigation effects of
plants cultivated in arid and semiarid climates" took place December 5-16 .1997 and
was organised at the Kibbutz Shefayim. Israel by The Centre for International
Agricultural Development Cooperation CINADCO and Agricultural University of
Szczecin under the auspices of Centre for International Cooperation MASHAV and
Polish State Committee for Scientific Research.

During the Conference considerable progress was made in mutual exchange of
knowledge and experiences as well as following common interest of research fields
were defined:

« Meteorological protection ofagriculture. Agrometeorological prognosis.

e lrrigation and fertigation management and their influence on field and

horticulture crop quality and nutritional.

e Sensitivity of irrigated plants to diseases.

e Use of low guality and recycled waterfor irrigation.

« Computerised irrigation andfertigation control.

» Effect of methyl alcohol on crops in arid and moderate climates.

This publication includes a number of abstracts and papers chosen by the
Scientific Organisation Committee of the Il Poland - Israel Conference on ,, Water
resources management and irrigation of cultivated plants” which washeld at the

Warsaw Agricultural University. 4-8 June 2001.

Organisers hope this Conference will be a fruitful meeting and will significantly

influence onfurther research cooperation ofparticipants.

Editor



Gospodarowanie zasobami wodnymi i nawadnianie roslin uprawnych

Water resources management and irrigation of cultirated plants

Arbuscular mycorrhizal fungi (Glomales, Zygomycotd) of Israeli soils

JANUSZ BLASZKOWSKI, MARIUSZ TADYCH, TADEUSZ MADE],

IWONA ADAMSKA, ANNA IWANIUK
Department of Plant Pathology. University of Agriculture, Stowackiego 17, PL-71434 Szczecin,

Poland

Abstrsct: Arbuscular mycorrhizal fungi (Glomales, Zygomycota) of Israeli soils. Betwcen 5
and 16 December 1997, root and rhizosphere soil samples coming ffom undcr cultivatcd and
uncultivated plants growing in different sites of Israel were collected to determinc the
occurrence of arbuscular mycorrhizal fungi (AMF). A total of 49 samples were taken, which
were then used to establish trap pot cultures with Plantago lanceolaia as the host plant. After 6
months of cultivation, sporulation of AMF was revealed in 39 cultures. The spores recovcred
represented 17 described species and 8 undescribed morphotypes. Of the described species, ten
are AMF new for Israel.

Key words: arbuscular mycorrhizal fungi, Glomales, Zygomycota, occurrence.

INTRODUCTION

The most common soil fungi probably are arbuscular mycorrhizal fungi (AMF)of the
order Glomales, Zygomycota (Gerdemann, 1968). According to Gianinazzi and
Gianinazzi-Pearson (1986), they are associated with ca. 80% of plants of the Earth. Of
the families of cultivated plant species, only the Brassicaceae and Chenopodiaceae
contain non-mycorrhizal plant species or those rarely living in symbiotic associations
with arbuscular fungi (Harley and Harley, 1987, 1990).

AMF play a crucial role in the life of plants. They are known to inerease the root
absorptive area and, thereby, the plant nutrition (Bieleski, 1973), influence the
succession of plants (Janos, 1980), their competitiveness (Allen and Allen, 1984; Fittcr,
1977), phenology (Allen and Allen, 1986) and pollen production (Lau et al., 1995),
equalize the level of nutrition of co-existing plants by formation of hyphal bridges
transferring nutrients between them (Newman, 1988) and improve soil structure through
binding sand grains into aggregates by extramatrical mycorrhizal hyphae (Koske et al.,

1975; Sutton and Sheppard, 1976). However, the abundance of spores and the species
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diversity of AMF, as well as the incidence of arbuscular mycorrhizae (AM) of plants
highly differed, depending on, e. g., the plant species considered (Dalpe, 1989; Koske,
1988; Koske and Gemma, 1996), its developmental stage (Gemma et al., 1989), the
occurrence of other soil microorganisms (Lee and Koske, 1994) and Chemical and
physical soil properties, such as the mechanical composition (Koske and Halvorson,
1981), the contents of organie matter (Koske and Gemma, 1997) and minerat
components (Rose, 1988), pH (Al-Agely and Reeves, 1995), moisture (Ai-Agely and
Recves, 1995; Read, 1989) and temperature (Koske, 1987). Additionally, the
recognition of the occurrence of AMF in a site highly depends on the intensity of its
sampling due to the aggregatcd distribution of spores of these fungi (Bever et al., 1996;
Friesc and Koske, 1991; St. John and Koske, 1985).

The knowledge of the occurrence of AMF in Israeli soils is low. Ten species and one
morpho-spccies were recognized to date (Dodd and Krikun, 1984; Hass and Menge,
1990).

The aim of this paper was to determine the occurrence of AMF in different sites of

Israel.

MATERIALS OF INVESTIGATION

Study sites. Most mbttures of roots and adjacent soils were collected from dunes of the
Mediterranean Sca extending from the Kibbutz Shefayim to Tel-Aviv. Two samples
were taken ncar Bcrscheva in the north of Israel. two from a field situated in the Negev
Dcsert (near The Volcanic Center) and one sample came from a meadow placed in the
Jordan Vallcy.

Collection of samples. Samples of roots and attached soils were excavated from a depth
of 5-30 cm using a smali trowel. About 200 cm3 of root-soil mixtures were placed in
plastic bags, transferred to a laboratory in Poland and then stored at 4°C for ca. one
month until processed.

Establishment of trap and single species cultures. To receive a great number of living
spores of different developmental stages and to initiate sporulation of non-sporulating
species in the field conditions, trap cultures were established. The root-soil mixtures
collected were carefully mixcd with autoclaved maritime sand coming from dunes

adjacent to Swinoujécie (pH 6.7; 12 and 26 mg L'1 P and K, respectively). These
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mixtures were ptaced in 9 x 12 cm plastic pots (500 cm3) and seeded with Plantago
lanceolata L. About 60 seeds were added to each pot. Plants were grown in a
greenhouse at 18-30°C with supplemental lighting provided by one SON-T AGRO
sodic lamp (Philips Lighting Poland S. A.) placed 1 m above pots. The maximum light
intensity was 180 pE m V lat pot level. Plants were watered 2-3 times a week. Trap
cultures were harvested after 4 months after plant emergence.

Single-species pot cultures were established from about 50 to 1K) newly formed spores
stored before inoculation in a water at 4°C for 24 h. They were collected in a pipette and
transferred onto a compact layer of roots of 10-14-day-old seedlings of P. lanceolata
placed at the bottom of a hole of ca. 1 cm wide and 4 cm deep formed in a wetted
growing medium filling 8-cm plastic pots (250 cm3). The growing medium was an
autoclaved sand of maritime dunes adjacent to Swinoujécie. Subsequently, the spores
were covered with another layer of roots coming from 4-6 plants of the host. Finally, the
roots and sandwiched spores were buried in the growing medium. The cultures were
harvested after 4-12 months and spores extracted.

Developmental stages of the fungus were determined based on newly formed spores
extracted from both trap and single species cultures, the latter bcing harvestcd at ca. 20-
30-day intervals.

Morphological properties of spores and their subcellular structures were determined
based on at least 100 spores mounted in polyvinyl alcohol/lactic acid/glycerol (PVLG;
Koske and Tessier, 1983) and a mixture of PVLG Melzer’s reagent (1:1, v/v). The
spores represented all stages of differentiation of the fungus. The degree of maturity of
spores was assessed based on appearance under an Olympus SZX9 dissecting
microscope. The main properties considered were colour and size of spores. Spores
were crushed to varying degrees by applying pressure to the coverslip and then stored at
65°C for 24 h to elear their contents from oil droplcts. Examination of such prepared
specimens was performed using a Zaiss compound microscope equipped with
differential interference contrast optics.

Isolation and ldentification of AMF. Spor es of AMF were isolated from the soils by
wet sieving and decanting (Gerdemann and Nicolson, 1963). Both intact and crushed
spores in polyvinyl/alcohol/glycerin (PVLG) and a mixture of PVLG and Melzer’s

reagent were investigated at 25-1200x. The fungi were identified according to their
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original descriptions (Schenck and Perez, 1990), revisions (Morton, 1996; Franke and
Morton, 1994; Stiirmer and Morton, 1997), information and specimens obtained from
Prof. R. E. Koske (Rhode Island University, U.S.A.), Prof. J. M. Morton (West Virginia
University, U.S.A.), Prof. J. M. Trappe (Oregon State University, U.S.A.), and Dr. C.
Walker (U.K.). Vouchers of all the fungal species recovered are preserved in the
authors’ collections. Nomenclature of the fangi mentioned in this paper follows Walker

and Trappe (1993).

RESULTS

General data. During a visit in Israel, a total of 49 samples of roots and rhizosphere
soils were collected (Tab. 1). Forty-five samples came from under Cenothera
drummondi colonizing maritime dunes extending from the Kibbutz Shefayim to Tel-
Aviv. Two samples were taken under Capsicum annuum cultivated near Berscheva in
the north of Israel, two from under Lycopersicon esculentum grown in the Negev Desert
near The Volcanic Center and one from under Festuca rubra growing on an irrigated

meadow in the Jordan Yalley.

Table L Plants cxamined and localities at which the occurrence of arbuscular
mycorrhizal fungi were investigated

Plant species Locality
Cenothea drummondi (Hook) 1177-188, 1190-1215, 1217-1222, 1224, 1225
Capsicum annuum L. 1189, 1216
Lycopersicon esculentum Mili. 1223

After ca. 6 months of culturing, sporulation of AMF occurred in 39 trap cultures. A total
of 17 described and 8 undescribed morpho-species of AMF were identified (Tab. 2).

The dominant AMF were members of the genus Glomus (22 taxa). Additionally, two
Acaulospora spp. and one species of the genus Scutellospora were revealed. Of the
AMF found, ten species are new for Israel. The described fungal species recovered
included: Acaulospora paulineae, A. trappei, Glomus caledonium, G. claroideum, G.
constrictum, G. coronatum. G. dominikii, G. etunicatum, G. geosporum, G. gibbosum,
G. intraradices, G. rnicrocarpum. G. mosseae, G. sinuoides and Scutellospora
dipurpurescens. Of them, only A. trappei, G. constrictum. G. mosseae and G. sinuoides

were earlier rccorded in Israel.
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Table 2. Species of arbuscular fungi found in Israel

Fungal species Frequency (%)
Acaulospora paulineae 41
Acaulospora trappei 14.3
Glomus arenarium 2.0
Glomus caledonium 2.0
Glomus claroideum 22.4
Glomus constrictum 24.5
Glomus coronatum 8.2
Glomus etunicatum 2.0
Glomus dominikii 14.3
Glomus geosporum 41
Glomus gibbosum 2.0
Glomus intraradices 4.1
Glomus microcarpum 41
Glomus mosseae 2.0
Glomus sinuosum 2.0
Glomus xanthium 4.1
Glomus 125 51.0
Glomus 126 8.2
Glomus 130 10.2
Glomus 131 2.0
Glomus 132 2.0
Glomus 133 8.2
Glomus 138 2.0
Glomus 139 2.0
Scutellospora dipurpurescens 20.4

The fungus most frequently occurring in trap cultures was a Glomus morpho-specics
producing smali, hyaline spores (present in 51% of cultures). Frequently present species
of AMF included G. constrictum 924.5%), G. claroideum (22.4%) and S.
dipurpurescens (20.4%). The fungi sporulating in more than 10% of cultures were A.
trappei (14.3%), G. dominikii (14.3%) and Glomus 130 (10.2%).

The dominance of members of the genus Glomus in the Israeli soil-based trap cultures
corresponds to earlier reports coming from investigations conducted in different regions
of the world (Btaszkowski, 1993; Gerdemann and Trappe, 1974; Gianinazzi-Pearson et
al., 1980; Hetrick and Bloom, 1983; Mosse et al., 1981; Schenck and Smith, 1981;

Walker et al., 1982) and supports the opinion of ,e. g., Anderson et al. (1984), Grey
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(1991), Haas and Menge (1990) and Porter et al. (1987) that these fungi are well
adapted to a wide range of physical and Chemical soil conditions Despite spores present
in field soils of Australia mainly represented the genera Acaulospora, Gigaspora and
Scutellospora, examination of mycorrhizal morphology and spores produced in trap
cultures also indicated a marked predominance of fungi of the genus Glomus (Brundrett
et al.,, 1999).

Of the other genera of the order Glomales, only two Acaulospora species and S.
dipurpurescens were found in the studies discussed here. However, the results come
only from observations of the occurrence of AMF in the first generation trap cultures
with P. lanceolata grown in greenhouse conditions of Poland. No determination of the
species diversity of AMF in field-collected soil samples was made. Gazey et al. (1992)
ohserved that sporulation of two Acaulospora spp. began only after root colonization
levels built up to threshold values. In Stutz and Morton’s (1996) investigations, 75% of
the species richness measured after three propagation cycles was not detected in the first
cycle and the fungi highly predominating in the third cycle were Glomus spp. Hence,
next generations of trap cultures will probably reveal new members of the order
Glomales inhabiting the soils sampled in Israel, but do not change the structure of AMF
communities of these soils revealed in the first generation cultures characterized here.
The reasons of the dominance of Glomus spp. and the infrequent occurrence or the lack
of AMF of the other genera of the order Glomales may have been that (1) Glomus spp.
had a higher initial propagule numbers, (2) the first generation soil-based trap culture
isolation procedure selected the most competitive AMF present in the original soils or
thosc that could be faster to adapt to the growth conditions used and (3) moisture
availability in the trap cultures and the host plant used impacted on reproductive
potential of AMF. In Brundrett et al. (1999) investigations, several Glomus species, one
Acaulospora and one Scutellospora species were dominant in many trap cultures started
from soil or roots taken from soils devoid of living spores of these fungi. Thus, for these
species, inoculum levcls in soils were not related to numbers of spores. Safir et al.
(1990) found that irrigation increased root colonization and spore numbers in the soil
and shifted arbuscular fungal species composition. Bever et al. (1996) and Tadych and
Biaszkowski (in press) confirmed fimctioning host-dependent differentiation of AMF

communities.
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The secondariness of Acaulospora spp. in populations of spores of AMF recovered from
the soils collected in Israel agree with the findings of .. g., Btaszkowski (199la,
1993a, 1994) and Gerdemann and Trappe (1974) that these fungi rarely dominate in
AMF communities. According to Klironomos et al. (1993), Porter et al. (1987) and
Haas and Menge (1990), species of Acaulospora prefer acid soils. However, no

Chemical analysis of the soils investigated in this study was made.

The distribution of arbuscular mycorrhizal fungi in the Israeli soils and notes on their
generat occurrence

Abbreviation:

n - number of soil samples in which a particular fungal species was found. The numbers
following are those of soil samples given in Table 1 and being a continuation in the

numbering system used by the first author of this paper.

1. Acaulospora paulineae Btaszk. Fig. 1
n=2: 1218, 1219.

Acaulospora paulineae has earlier many times been found in maritimc dunes of the
Stowinski National Park (SNP), the Gdansk coast and the Hel Peninsula, Poland
(Blaszkowski, 1993a, 1994). Koske et al. (1997) encountered A. paulineae among roots
of Agrostis canina Huds.,/4. alustris L. and Poa annua L., perennial turf species of golf

greens of Rhode Island, U.S.A.

2. Acaulospora trappei Ames & Linderman Fig. 2.
n=7: 1180, 1186, 1187, 1188, 1193, 1203, 1222.

In Israel, A. trappei has earlier been encountered as associatcd with roots of Persea
americana Mili. growing in orchard soils (Haas and Mcnge, 1990). Tadych and
Btaszkowski (2000) found this fungus in maritime dunes of SNP Acaulospora trappei
also occurred in a rhizosphere soil of Festuca rubra L. colonizing inland dunes of the
Btedowska Desert (Btaszkowski and Tadych pers. observ ). However, examination of
trap pot cultures established based on soils of many other dune sites of Poland indicates
that this fungus is a very frequent inhabitant of dunes. Acaulospora trappei forms smali,
hyaline spores with a wali composed of thin and delicate layers. Hence, the lack of

records of this fungus in other dune sites of the world, mainly investigated based on
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field-collected soils, may result from either the omission of its spores or their absence at
the period of soil sampling due to decomposition. This species has originally been
known from Lilium longiflorum Thunb. fields along Southern Oregon and northem

California Coastal areas (Ames and Linderman, 1976).

3. Glomus arenanum Btaszk., Tadych sp. ined. Fig. 3.
n=1I: 1210.

This fungal species is a common inhabitant of maritime dunes adjacent to Swinoujscie,
Poland.

Spores borne singly in the soil or sometimes in roots; orange to raw umber; globose to
subglobose; (55-)97(-120) pm diam; sometimes ovoid; 65-105 x 95-140 pm.
Subcellular structurc of spores consists of one wali with three layers (layers 1-3).
Outermost layer 1 hyaline, (0.5-)0.9(-1.5) pm thick before disintegration, closely
adherent to layer 2, smooth in juvenile spores, gradually deteriorating and sloughing at
the end of formation of layer 2, always absent in mature spores. Layer 2 hyaline,
smooth, (0.7-) L1(-1.5) pm thick, semiflexible (folding when separated from the
laminated layer 3), sloughing with age, rarely present in mature spores. Layers 1 and 2
are continuous with a two-layered subtending hypha of juvenile spores. Layer 3
laminate, smooth, orange to raw umber (5F8), (2.0-)6.1(-8.8) pm thick in mature spores,
formed by gradual synthesis of vcry thin, approximately 0.5 pm thick, laminae in the
spore and its subtending hypha; the first lamina is highly flexible and freguently
separates from layer 2 in crushed spores. Spore wali layers not reacting in Melzer’s
reagent. Layers 1 and 2, when not deteriorated, swell in lactic acid-based mountants.
Layer 3 then appears to be covered with blisters or surrounded with an aureola.

The only one described species of the genus Glomus resembling G. arenanum is G.
etunicatum. The two fungi form spores similar in colour, size and shape with a narrow
subtending hypha, whose wali is much lighter-coloured than the wali of its spore.
Examination of the spore wali structure easily separates these fungi. The spore wali of
G. etunicatum consists of a mucilaginous outer layer tightly adherent to a laminate inner
layer (Sturmer and Morton, 1997). In contrast, the wali of G. arenafum spores is
composed of a sloughing outermost layer closely associated with a semiflexible middle
layer that easily separates from a laminate innermost layer. Although the outermost

layers of the two fungi are similar in appearance and quickly slough, the mucilaginous



15
Arbuscular mycorrhizalfungi (Glomales, Zygomycota) of Israeli soils

layer of G. etunicatum spores stains dark pinkish to reddish purple and that of spores of
G. arenarium does not react in this reagent. Additionally, the subtending hypha of G.
arenarium spores is persistent and usually present in mature spores, whereas that of

spores of G. etunicatum freguently breaks at the spore base.

4. Glomus caledonium (Nicol. & Gerd.) Trappe & Gerd.
n=1I: 1225.
In Israeli soils, G. caledonium was recovered from a rhizosphere soil of F. rubra

growing on an irrigated meadow.

5. Glomus claroideum Schenck & Smith

n=11: 1181, 1184, 1185, 1191, 1201, 1203, 1210, 1220, 1221, 1222, 1224.

In this study, this fungus was encountered only in dune soils. Mohankumar et al. (1988)
found G. claroideum to occur in the sandy beach soils of Madras coast. In Poland, G.
claroideum is a common associate of different cultivated plants (Btaszkowski, pers.

observ.).

6. Glomus constrictum Trappe Fig. 4.
n=12: 1178, 1180, 1182, 1183, 1187, 1202, 1208, 1218, 1219, 1220, 1222, 1223.

Of the 12 Israeli soil samples containing spores of G. constrictum, two (1178, 1223)
came from under L. esculentum. The others were rhizosphere soils of C. drummondi
growing in dunes. Haas and Menge (1990) found G. constrictum spores in Israeli
avocado orchard soils. Glomus constrictum is one of the most frequcntly occurring
AMF in cultivated soils of different regions of the world (Btaszkowski, 1993). In
maritime dune soils, this fiingal species was found in Poland (Btaszkowski, 1993a,
1994), Quebec, New Brunswick and New Scotia, Canada (Dalpe, 1989) and in duncs
distributed from New Jersey to Virginia (Koske, 1987). It has also bcen recovcred from

dunes of Hawaii (Koske, 1988) and Santa Catarina, Brazil (Sttirmer and Bcllci, 1994).

7. Glomus coronatum Giovannetti
n=4: 1186, 1215, 1220, 1222.
Other dune sites harbouring spores of G. coronatum have bcen those of Italy

(Giovannetti and Nicolson, 1983; Giovannetti et al., 1991). Glomus coronatum has
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earlier been found in Israel as G. mosseae associated with roots of plants of the Negev

Dcsert (Dodd and Krikun, 1984; Dodd, pers. observ.)

8. Glomus dominikii Bfaszk.
n=7: 1180, 1182, 1185, 1187, 1203, 1221, 1222.
The only earlier record of G. dominikii from maritime dunes comes from the Hel

Peninsula (Btaszkowski, 1994).

9. Glomus etunicatum Becker & Gerd.

n=1: 1216.

In Israel, G. etunicatum was associated with roots of C. annuum cultivated near
Bcrscheva. Glomus etunicatum is a common inhabitant of cultivated soils of different
regions of the world (Btaszkowski, 1993). In Poland, this fungus markedly preferred

cultivated sites (Btaszkowski, 1993).

10.Glomus geosporum (Nicol. & Gerd.) Walker

n=2: 1188, 1189.

In Israel, the authors of this paper found G. geosporum to be present in both maritime
dunes and a cultivated soil under C. annuum. Hass and Menge (1990) recovered this
fungus from under P. americana. Rose (1980) found G. geosporum in sand dunes of
Oregon, northern California and Florida. This fungus probably is a fregucnt component
of populations of AMF of both cultivated and uncultivated soils of the world

(Blaszkowski, 1993).

11. Glomus gibbosum Btaszk.
n=1: 1182.
Glomus gibbosum has earlier been rccorded only in maritime dunes adjacent to

Swinoujscie (Btaszkowski, 1997).

12. Glomus intraradices Schenck & Smith
n=2: 1183, 1217.
This fungus has been recorded from dunes of north-westem Poland (Btaszkowski,

1995). Madras, India (Mohankumar et al... 1988), Canada (Dalpe, 1989), San Miguel
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Island (Halvorson and Koske, 1987; Koske and Halvorson, 1989) and Hawaii (Koske,
1988; Koske and Gemma, 1996).

13. Glomus microcarpum Tul. & Tul.

n=2: 1184, 1196.

In this study, G. microcarpum was isolated only from dune soils. Hass and Menge
(1990) revealed its presence in soils of an avocado orchard. Although G. microcarpum
has earlier been recorded to occur in dunes of the Baltic Sea coast (Btaszkowski, 1993a,
b, 1994), Madras, India (Mohankumar et al., 1998) and Italy (Puppi and Riess, 1987), ii
is known to be associatcd with various both cultivated and uncultivatcd plants growing

in different regions of the world (Btaszkowski, 1993).

14. Glomus mosseae (Nicol. & Gerd.) Gerd. & Trappe Figs. 5-6.
n=1: 1223.

The present investigation revealed G. mosseae associated with mycorrhizal roots of L.
esculentum. Hass and Menge (1990) isolated this fungus from lIsraeli rhizosphere soils
of P. americana. In Poland, this species was the second most frequcntly encounlercd
AM fungus. It occurred three times more frequently in cultivated than uncultivated

soils. Glomus mosseae has a worldwide distribution (Btaszkowski, 1993).

15. Glomus sinuosum (Gerd. & Bakshi) Almedia & Schenck

n=1: 1177.

Other reports of the presence of G. sinuosum in dune soils are lhose of Koske (1988)
and Koske and Gemma (1996) from Hawaii. Glomus sinuosum has earlier been found in
Israel as associated with roots of plants of the Negev Desert (Dodd and Krikun, 1984)

and those of avocado (Hass and Menge, 1990).

16. Glomus xanthium Tadych, Bfaszk. & Madej sp. ined. Figs. 7-8.
n=2: 1220, 1222.

Glomus xanthium has originally been recovered from maritime dune of Greece. This
paper is the second report of the occurrence of this fungus in the world.

Spores most frequently present within roots or rarely occurring singly in the soil; light
yellow to yellow ochre; globose to subglobose; (23-)50(-70) pm diam; sometimes

ovoid; 20-55 x 45-100 pm; with a single subtending hypha. Subcellular structure of



18
J. Btaszkowski, M. Tadych,

spores of one wali with three layers (layers 1-3). Outermost layer 1 rigid, smooth,
hyaline, ca. 0.5 |im thick, continuous with a one-layered subtending hypha of the most
juvenile spores, then darkening to light yellow and thickening to (1.2-)1.8(-2.7) pm.
Layer 2 rigid, smooth, hyaline, (0.2-)0.8(-1.2) gm thick, closely adherent to layer 1
Layers 1 and 2 present in all mature spores. Layer 3 laminate, smooth, light yellow to
yellow ochre, (0.7-)1.6(-2.2) pm thick. In crushed spores, layers 1 and 2 usually are
adherent or sometimes separate from each other. However, the two layers easily
separate from layer 3. No spore wali layers react in Melzer’s reagent.

When obscrved under a dissecting microscope, spores of G. xanthium resemble small-
spored isolates of G. clarum Nicol. & Schenck, G. halonatum Rose & Trappe, G.
lamellosum Dalpe et al. and G. manihotis Howeler et al. These species produce yellow-
coloured spores with a distinctive halo formed by one or two outer wali layers adherent
to an inner laminate layer (Dalpe et al., 1992; Rose and Trappe, 1980; Schenck et al.,
1984; Sthrmer and Morton, 1997). However, even the largest spores of G. xanthium are
ca. two-fold (G. lamellosum) to four-fold (G. halonatum) smaller than typical spores of
the fungal species compared here.

Using a light microscope, examination of spores crushed in a mixture of PVLG and
Melzer’s reagent rcadily separates G. xanthium from the other four species mentioned
above. The spore wali of G. xanthium is composed of two, usually adherent rigid,
permanent layers readily separating from a laminate innermost layer when crushed.
However, the pigmented innermost laminate layer of G. clarum, G. manihotis and G.
lamellosum spores is inseparably associated with a colourless, middle laminate layer
overlaid with a short-lived, sloughing outermost layer that stains in Melzer’s reagent.
None of the spore wali layers of G. xanthium stain in Melzer’s reagent. According to
Rose and Trappe (1980), the laminate layer of G. halonatum spores is associated with
only one, thick, hyaline outer layer that roughens with agc. Additionally, the laminate
layer is omamented with short, crowded spines projecting into the hyaline layer (vs. a

smooth, laminate layer in G. xanthium).

17 .Scutellospora dipurpurescens Morton & Koske

n=10:
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This fungus was found associated only with roots of the dune plant C. drummondi. In
Poland, S. dipurpurescens has been the most freguently encountered species in dunes of
the Stowinski National Park (Tadych and Btaszkowski, 2000) and dominated in soils of
the Hel Peninsula (Btaszkowski, 1994). This species also ftequently occurred among
roots of plants of inland dunes of the Btedowska Desert (Btaszkowski and Tadych, pers.

observ.).

18.Glomus 125

n=I1177, 1179, 1180, 1181, 1182, 1184, 1188, 1191, 1192, 1193, 1194, 1196, 1197,
1201, 1202, 1208, 1210, 1211, 1212, 1213, 1215, 1217, 1218, 1220, 1221.

Spores in aggregates; hyaline; globose to subglobose; (33-)44(-55) pm diam; somctimcs
ovoid; 20-45 x 30-60 pm. Spore wali structure consists of two hyaline layers (layers 1
and 2). Layer 1 evanescent, (0.5-)0.7(-0.9) pm thick before decomposition, tightly
adherent to layer 2, usually absent in mature spores. Layer 2 smooth, laminated, (0.7-
)1.6(-2.0) pm thick. Layers 1and 2 not reacting in Melzer’s reageOthcr species of the
genus Glomus forming smali, hyaline spores are G. diaphanum Morton & Walker, G.
laccatum Biaszk. and G. occultum Walker. However, spores of the three species
compared with those of the Glomus morpho-species characterizcd above are smaller and

have a different wali structure.

19.Glomus 126

n=177, 1180, 1182, 1188.

Spores occurring singly in the soil; yellow to yellow brown; globose to subglobose; (95-
)140(-165) pm diam. Spores with one wali with four layers (layers 1-4). Layer 1
mucilaginous, hyaline, (0.5-)0.8(-1.0) pm thick, usually absent in mature spores. Layers
2 and 3 semiflexible, hyaline, smooth, (0.7-)0.9(-l. 1) pm thick. Layer 4 laminatc,
yellow to yellow brown, (2.5-)4.7(-8.8) pm thick. Only layer 1 stains red to purple in
Melzer’s reagent.

Glomus 126 most resemble G. intraradices. The two species form spores similar in
shape, size and colour. The main property distinguishing the fungi is the presencc of
two semiflexible layers in spore wali of the former fungus compared with one in the

later species.
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20. Glomus 130

n=1179, 1180, 1182, 1186, 1217.

Spores single in the soil; hyaline to pale yellow; globose to subglobose; (85-) 120(-160)
pm diam; sometimes ovoid; 70-90 x 95-150 pm. Spore wali composed of one wali with
two layers (layers 1and 2). Layer 1 hyaline, permanent, (0.7-)0.9(-1.1) pm thick, with
straight or curved hyphae forming a mantle. Layer 2 laminate, hyaline to pale yellow,
(2.5-)7.2(-9.1) pm thick.

Glomus 130 is most closely related to G. tortuosum Schenck & Smith, another species
with spores covered with a hyphal mantle. However, G. tortuosum produces larger and

darker-coloured spores (Schenck and Smith, 1982).

21. Glomus 131 Figs. 9-12.
n=1182.

Spores borne singly in the soil; yellowish white to golden yellow; globose to
subglobose; (11()-)128(-155) pm diam; sometimes ovoid; 110-150 x 135-190 pm.
Subcellular structure of spores consists of one wali with three layers (layers 1-3).
Outermost layer 1 hyaline, (0.7-)2.2(-4.6) pm thick, tightly adherent to layer 2,
ornamented with thickenings orblistery outgrowths, 3.1-5.9 pm high, irregularly
distributed on the spore surface; layer 1 sometimes either highly deteriorated or
completely sloughed on separated patches of the surface of mature spores. Layer 2
'vellowish white to golden yellow, smooth or slightly wrinkled, (0.7-)1.7(-2.0) pm thick,
rigid, usually detached from layer 3 in crushed spores. Layer 3 laminate, smooth,
hyaline, composed of very thin laminae, ca. 0.5 pm thick, easily separating from each
other in crushed spores; (2.5-)7.7(-12.0) pm thick in intact spores, up to 15.7 pm thick
after stratification of the laminae. None of the spore wali layers stain in Melzer’s
reagent.

When scen under a stereoscope microscope, spores of Glomus 131 most resemble those
of G. pustulatum and G. versiforme. The three fungi produce spores similar in colour
and si/.e, and the ornamentation of the surface of Glomus 131 spores closely resembles
that of G. pustulatum (Berch and Fortin, 1983; Daniels and Trappe, 1979; Koske et al.,
1986).

Exammation of spore wali structure readily separates the three fungi. The spore

subcellular structure most markedly separating the fungi is their laminate layer. In
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Glomus 131, it is hyaline and easily stratifies due to its exceptionally loose sublayers. In
contrast, the laminate layer of G. pustulatum and G. \ersiforme consists of tightly
adherent, coloured laminae. Additionally, while the laminate layer in Glomus 131
spores is the innermost layer in their 3-layered wali structure, that of G. \ersiforme is
the second one in its 2-layered spores. The innermost layer of spores of G. pustulatum is
a thin, flexible layer. Although the thickenings and outgrowths of spores of Glomus 131
and G. pustulatum are similar in appearance, size and distribution, they are formed by a
hyaline layer in the former fungus and by a coloured layer in the latter species. The
outermost layer of G. versiforme spores guickly sloughs and is rarely present in mature
specimens. Finally, none of the species considered in this comparison possess the

coloured, permanent layer 2 of Glomus 131 spores.

22. Glomus 132

n=1190.

Spores single in the soil; hyaline to pale yellow; globose to subglobose; (75-) 110(-140)
pm diam. Spore wali structure with two layers (layers 1 and 2). Layer 1 mucilaginous,
0.8-1.0 pm thick, rarely present in mature spores. Layer 2 laminate, 1.8-2.5 pm thick.
Layer 1stains red in Melzer’s reagent. Subtending hypha hyaline to pale yellow, funncl-
shaped, (3.9-)5.1(-7.8) pm wide at the spore base. Pore occluded by a septum, 3.1-5.8
pm wide, continuous with the innermost lamina of layer 2.

Spores of Glomus 132 most resemble those of G. mosseae due to the similarity in the
shape of subtending hypha (Nicolson and Gerdemann, 1968). Howevcr, examination of
spore wali structure readily separates the two fungi. Whereas the spore wali of Glomus

132 comprises two layers, that of G. mosseae consists of three layers.

23. Glomus 133

n=1190, 1212, 1215, 1219.

Spores single in the soil or sometimes in roots; pale yellow; globose to subglobose; (95-
)160(-210) pm diam. Spore wali with two layers (layers 1 and 2). Layer 1 permanent,
smooth, hyaline to pale yellow, (0.8-) 1.2(-1.8) pm thick. Layer 2 laminate, smooth, pale
yellow, (2.1-)5.2(-7.8) thick. Layers 1and 2 not reacting in Melzer’s reagent.

Glomus 133 may be confused with G. fasciculatum (Thaxter) Gerd. & Trappe emend.

Walker & Koske when observed under a dissecting microscope. Examination of crushed
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spores in a mixture of PVLG and Melzer’s reagent under a light microscope readily
distinguishes the two species. Although two outer spore wali layers of Glomus 133. and
G. fasciculatum are similar, the former fungus lacks the flexible layer of the latter
species (Walker and Koske, 1987). Additionally, spores of G. fasciculatum stain red in

Melzer’s reagent (vs. no reaction in Glomus 133).

24. Glomus 138

n=1219.

Spores single in the soil; orange; globose to subglobose; (65-)110(-155) pm diam;
sometimes ovoid; 65-80 x 85-170 pm. Spore wali with three permanent layers (layers 1-
3). Layer 1 hyaline to pale yellow, (0.8-) 1.1(-1.5) pm thick. Layer 2 laminate, orange,
(1.9-)2.5(-4.5) pm thick. Layer 3 hyaline, 0.8-1.4 pm thick. None of the layers stain in
Melzer’s reagent.

The most similar species to Glomus 138 is G. pustulatum. The two fungi form spores
within the same range of shape, size and colour and have a spore wali composed of
three layers (Koske et al., 1986). In contrast to the pustulate surface of G. pustulatum
spores, that of Glomus 138 is smooth. Additionally, the innermost layer of the
undescribcd fungus characterized here is thicker than that of G. pustulatum (0.8-1.4 vs.

<1 pm thick).

25. Glomus 139

n=1219.

Spores single in the soil; orange to red; globose to subglobose; (110-)160(-220) pm
diam. Spore wali with three layers (layers 1-3). Layers 1 and 2 evanescent, hyaline,
frequently present in mature spores. Layer 3 laminate, orange to red, covered with smali
warts. Layers 1-3 not reacting in Mclzer’s reagent.

Glomus 139 supcrficially rcsembles G. constrictum. Both fungi produce red spores with
three spore wali layers. However, the surface of layer 3 of G. constrictum is smooth

rather than warted as in Glomus 139 (Btaszkowski, 1990, pers. observ.; Trappe, 1977).
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Fig. 1. Acaulospora paulineae. Outer and inner walls of spore crushed in PVLG, differcnlial interference
contrast (DIC). Spore wali layers 2 and 3 (L2+3), flexible inner walls (iwl ;uid iw2) witli two layers (LI
and L2). Fig. 2. Acaulospora trappei. Walls of spore crushed in PVLG (DIC). Four layers of spore wali
(L1-4). Fig. 3. Glomus arenarium. Spore wali layers (L) 1, 2 and 3 (DIC). F'ig. 4. Glomus constrictum.
Spore wali layers (L) 1, 2 and 3 (DIC). Figs. 5 and 6. Glomus mosseae. Spore wali layers (L) 1,2 ;uid 3
in Melzer’s reagent (DIC). Figs. 7 and 8. Glomus xanthium (DIC) 7. Adherent spore wali layers (L) 1+2
and layer 3. 8. Spore wali Layers (L) 1,2 and 3.
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Figs. 9-12. Glomus 131. 9. Intact spores with hyphae. 10. Intact spore (DIC). 11. Spore wali layers (L) 1,
2, 3and (p) pustule (DIC). 12. Mycorrhizal structures. External hypha (EH), intraradical hypha (IH),
arbuscules (A) and vesicle (V).
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Streszczenie: Arbuskularne grzyby mikoryzowe (Glomales, Zygomycota) gleb lzraela. W
okresie od 5 do 16 grudnia 1997 roku zbierano préby korzeni i gleby ryzosfcrowcj spod roslin
uprawnych i nieuprawnych rosngcych w roznych regionach lzraela w celu okreslenia
wystepowania arbuskulamych grzybéw mikoryzowych. tacznie zebrano 49 préb. Nastepnie
préby te uzyto do zatozenia putapkowych kultur wazonowych, w ktérych rosling gospodarzem
byta Plantago lanceolata. Po 6 miesigcach uprawy zarodnikowanie grzybow arbuskulamych
stwierdzono w 39 kulturach. Wyodrebnione zarodniki reprezentowaty 17 opisanych gatunkdw i
8 nie opisanych typéw morfologicznych. Sposrod opisanych gatunkéw, 10 sg grzybami nowymi
dla Izraela.
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Gospodarowanie zasobami wodnymi i nawadnianie roslin uprawnych

Water resources management and irrigation of cultivated plants

Practical method of sprinkler irrigation scheduling in the Kujawy

region

STANISLAW DRUPKA, JAN GRUSZKA, ANTONI KUZNIAR
Institute for Land Reclamation and Grassland Farming at Falenty, Poland

Abstract: Practical method of sprinkler irrigation scheduling in the Kujawy region. In this
paper, the field application depths of sprinkling in the years 1983-1990 at the Polanowicc
scheme near Kruszwica (the Kujawy region) were investigated. The centre pivot sprinkler
system was used for sprinkling sugar-beet, maize-silage, winter and spring wheat, field bean,
pasture and grasses. Also, movable pipes BK-10 and Wista N-609 were applied.

The irrigation scheduling in the above mentioned scheme (1072 ha) was conducted by the
Drupka balance method based on temperature and rainfall, measured daily during irrigation
seasons at the Polanowice project. Indeed 2553 ha were under irrigation scheduling in this
region.For the same period of time (1983-1990) calculations and simulations were madc by
Computer model CROPWAT (Smith, 1992) which permits checking of the irrigation scheduling
including the number of irrigations and water depths. For evaluation of the sprinkler irrigation
scheduling the index of scheduling efficiency and yield reduction values to the potential yields
were used. The actual yields and the yield inerease due to sprinkling were evaluated.

The changing number of irrigations analysed at the Polanowice station shows that the
scheduling of irrigation varies considerably depending on the crops and the growing season.
And in the dry years the number of irrigations may reach 9 for sugar-beet and 12 for grasses.
For each crop the Drupka practical method, which represents the actual irrigation practicc in the
Kujawy region, gave accurate results similar to the Computer simulation pr<xluccd by the
CROPWAT model.

These Computer calculations prove the suitability of irrigation scheduling in Polanowice by the
balance method and confirm the advantages of this method in the operation of a sprinkler
system.

Key words: sprinkler irrigation, scheduling, water balance, soil water retention, Computer model

INTRODUCTION

Irrigation practices and scheduling procedurcs for crops grown in Central Poland are
based on experimental data (Dziezyc 1988), evapotranspiration estimation (Bac 1982,
Roguski 1988), soil moisture balance (Drupka 1967, 1976, Gruszka 1996).

The latter procedure is based on the computation of the daily actual evapotranspiration
for a given set of climatic, crop and soil data. The method uses simple auxiliary tables

based only on daily temperatures and the water balance bookkeeping procedure.
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The above procedure, presently in use in Poland, is compared with the results obtained
from Cropwat, a computer-based simulation model for an existing 1072 ha project in
the Kujawy region. In fact 2553 ha were under scheduling by the water balance method
in this region.

Few studies have been done in Poland which apply Penman-based methods to the
practical scheduling of irrigation schemes. The Polanowice irrigation scheme combines
centre pivot, hand moved, side-roll and travelling gun sprinkler irrigation (using water
drawn from Lake Goplo) for the irrigation of cereal crops, sugar-beet, maize, beans,
green fodder and pasture. Average rainfall in the studied region is less than 500
mm/year. The area is covcred by loamy soils including sandy loam and silt. Tile drains
were installed before setting the irrigation systems.

Present irrigation practice in Central Poland is supplementary, in order to counteract
drought which can be frequent and severe. Because of the possibility of precipitation in
each month of Poland’s growing season (April-September), it is not desirable to bring
soil moisture in the whole profile back to the field capacily at the each time of
irrigation. Normal practice is to bring the soil profile back to only 80 percent of the field
capacity through irrigation and to allow a certain safety margin in case of rains shortly
after irrigation. This minimise the possibility of soil leaching due to excess water during
periods of rain. Therefore, shallow application depths in the range of 20-30 mm are

recommended for most irrigated crops in Poland (Drupka 1976, Dziezyc 1988).

METHODS OF INVESTIGATION

The schcmec is located in the region of the lowest precipitation in Poland, lat. 52°38°30”
N, long 18"17°20”, el. 87 m a.s.l. The mean annual precipitation amounts to 495 mm,
(Kruszwica) of which 316 mm falls in the growing season (Table 1). In the dry years it
reached as low as 394 and 246 mm respectively. The length of the growing season is
210 days. The soils are light loams, and often silty. The cropping pattem in the
Polanowice irrigation scheme can be summarised as follows: cereals 36.1 %, tubers
(sugar-beet) 16.5 %, fodder crops 26.6 %, beans 7.1 %, oil crops 6.7 %, other

unirrigated crops 7 % (Gruszka, 1996).
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Table 1 Hydrological characteristic of growing seasons during the time of
investigation, (P) precipitation, (p) probability of occurrence evapotranspiration (ET p)
according to the Penman-Monteith formuta

Year Characteristic (P) Rainfall IV-IX mm (p) % Probab. ET ,IV-IX ET,-P

1983 Dry 183,1 53 541A 364,3
1984 Medium wet 343,4 58,0 426,4 83,0
1985 Wet 395,3 72,8 438,2 42,9
1986  Average 296,4 411 450,4 154,0
1987 Medium wet 377,2 68,1 377,0 -0,2
1988  Average 299,0 42,1 451,2 152,2
1989 Dry 85,2 6,5 457,8 372,6
1990 Medium dry 260 27,3 421,6 161,6

In the years 1983-1990 sprinkling by the practical balance method was made on the
following crops: sugar-beet, maize silagc, winter and spring wheat, field bean, pasturc
and grasses. For assessment of the irrigation practice the control yield was evaluated in
irrigated and unirrigated plots. The yield was collected in 3-5 replications from the area
of 1000-3000 sq. m. depending on the kind of crop. For sampling the same technology
and machinery was used as under normal production conditions.

The irrigation scheduling was performed by the balance method (Drupka 1976) which
is based on measured rainfall at a scheme. The method depends on systcmatic daily
balance evaluation of soil water during the optimum period of irrigation, which is niadc
in the special table. The decision about when to start irrigation is made 3-5 days bcforc

the balance reaches 0. The basie eguation is as follows:

GERU + Pe+d- ehT 1)
where:

GERU = effective soil retention [mm]

Pe = effective rainfall [mm]

d = application depth [mm]

T = the number of days from the lastirrigation(interval)

eh = daily consumptive use of water fromthe soil layer with controlled

moisture.
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The consumptive use of water is estimated from the tables which are different for each

type of soil (Table 2).

Table 2. Daily consumptive use of water from the soil layer with controlled moisture (eh
mm) - the selected values (Drupka 1976).

June July
Field crops, grasslands, orchards Field crops, grasslands, orchards
Temperature °C Subsoil Subsoil Subsoil Subsoil
Loam or silt Sand loam or silt Sand
A B A B
25 4,3 5,15 4,55 5,7
24 4,05 4,85 4,3 5,4
23 3,85 4,6 4,1 51
22 3,6 4,3 3,85 4,8
21 3.4 4,05 3,6 4,5
20 3,15 3,8 3,35 4,2
19 2,95 3,5 3.1 3,9
18 2,8 3,25 2,9 3,6
17 2,7 3,25 2,9 3,6
16 2,6 3,1 2,75 3,45
15 2,5 2,95 2,65 3,3
14 2,35 2,85 2,5 3,15
13 2,25 2,7 2,4 3,0

Irrigation according to this method is applied in the optimal period - in other words, in
the time of the highest crop water reguirements. If the weather condition and soil
moisture status create a need for earlier sprinkling before the optimal period, such a
situation fully justifies earlier irrigation. The balance sheets for each crop were prepared
at the Irrigation Research Station IMUZ, in Polanowice, using local data on temperature
and rainfall (Gruszka 1996). Also, the recommendations concerning the date and
manner of irrigation for each scheme were prepared several days in advance. In average
years, if the soil moisture in the spring was at field capacity, the beginning of irrigation
was combined with growing stages of different crops, which had entered already into
the critical period.

Analysis of the pattems of water use (dates and dcpths of water actually applied by the
practical method) in the Polanowice irrigation scheme (the Kujawy region) yields

insight into the water demand pattern used in supplementary irrigation in Poland.
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Eight growing seasons starting from the very dry 1983 season until 1990 [induding 3
wet (1984, 1985 and 1987) and 2 average seasons (1986 and 1988)] were investigated
(table 3), using the CROPWAT program, version 5.6 which allows the existing
irrigation practice to be evaluated for different climatic and soil conditions (Smith
1988). The procedure is based on a computation of daily potential evapotranspiration
and water balance for a given set of climatic, crop and soil data (Ciarke, Smith, El-
Askari 1998).

A modified Penman-Monteith method was utilised to calculate daily potential
evapotranspiration by using temperatures, humidity, wind velocity and solar radiation
data (from the Polanowice meteorological station, Table 1).

An estimate of yield levels under a restricted water supply schedule is determined by the

foilowing eguation (Doorenbos, Pruitt 1977): (2)

(2)
where:
Ya = Actual yield
v sMaximum yield

= Yield response factor
= Actual crop evapotranspiration
= Crop evapotranspiration with no limiting of water supply.

The above relationship (2) was used in Poland by Mosiej (1996) for studies on irrigated
grasslands in the Ner valley. In order to evaluale the supplementary irrigation schedulcs
several options given by the CROPWAT model were used with different kinds of
timing and a fixed quantity to represent the amount of supplementary irrigation.

Seven crops and 2 irrigation options were simulated, with a total of 14 combinations
covering 8 growing seasons (Table 3). For all crops a fixed application depths option

was used for a soil with 185 mm of total available soil moisture (loamy soils).
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The practical method of sprinkler irrigation scheduling at the Polanowice project, compared to
the results of the CROPWAT model

Plants and
methods of
scheduling

1
Sugar-beet:

Balance
method of
S.Drupka

Sugar-beet:

CROPWAT
model 100%
RAM

Mai/e-silagc:

Balance
method of
S.Drupka

Maize-silage:

CROPWAT
model 100%
RAM

Spring
wheat:

Balance
method of
S.Drupka

Year

No Application

Sched.

of depth net efftciency
irrig. perccntage
3 4 5
8 22 100
2 24 100
no irrigation 100
5 28 72,8
3 26 53,1
2 22 100
9 25 100
2 28 100
9 22 100
1 24 100
0 0 100
2 28 100
0 0 100
2 22 100
9 25 100
2 28 100
5 25 100
1 26 100
no irrigation 100
4 25 100
no irrigation 100
no irrigation
6 26 100
no irrigation
8 25 100
1 26 100
0 0 100
2 25 100
0 0 100
0 0 100
7 26 100
0 0 100
2 27 100
no irrigation 100
no irrigation 100
3 32 74,2
2 2 83,0
2 32 100
4 26 100
3 27 100

Yield Actual Yield increase Unit increase
reduction yield t* due to irrigation  of yield per
index ha 1 t*ha" applied water
percentage
6 7 8 9
58 50,9 18,2 103
0 414 43 90
0 42,3 - -
0 41,1 10,5 75
0 41,2 57 73
0 33,6(D 4.4 100
11 40,4 16,8 74,7
0 36,8 5,2 92,8
0
0
0
0
0
0
0
0
7.9 51,6 27,0 216
0 50,6 3,6
0 60,7 no irrigation
0 68,4 14,8 148
0 59,7 no irrigation
58,2  noirrigation
0,4 56,7 29,3 188
52,2 noirrigation
0
0
0
0
0
0
0
0,1
16,1 4,70 1,30 24,1
0 5,63 no irrigation
0 6,33 no irrigation
0 6,26 0,63 6,8
0 6,44 0,57 114
0 6,71 1,06 16,6
0 6,33 1,72 165
0 5,74 117 144
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Spring
wheat:

CROPWAT
model 100%
RAM

Winter
wheat:

Balance
method of
S.Drupka

Winter
wheat:

CROPWAT
model 100%
RAM

Field bean:

Balance
method of
S.Drupka

Field bean:

CROPWAT
model 100%
RAM

Pasture:

Balance
method of
S.Drupka
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1983
1984
1985
1986
1987
1988
1989
1990
1983
1984
1985
1986
1987
1988
1989
1990
1983
1984
1985
1986
1987
1988
1989
1990
1983
1984
1985
1986
1987
1988
1989
1990
1983
1984
1985
1986
1987
1988
1989
1990

1983
1984
1985
1986
1987
1988
1989
1990

4

27
0

0

32
0

32
26
27
21
no irrigation
no irrigation
25
30
27
27
32
21
0

0

25
30
27
27
32
35
no irrigation
no irrigation
1 26
1 27
2 27
no irrigation
28
35
0

0

26
0

27
0

28
3
30
0

32

34

34

34
32

WNBRpOMOO W

RPN PApDONMMNOOPWPDAWNW

NS OWPrPORWNONONOOOD®

100
100
100
100
100
100
100
100
100
100
100
91,2
86,8
100
100
97,7
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
51,3
7.7

100
100

el elNeleleNellelNelNe)

OOOOOOOOOOOOOO%

o

351
11
3,0
10,2

43,7
10,0

11
3,0

43,7

27,0
0,7
61
3.6

2.9
0,3
5,6

7,50
7,82
8,13
8,39
7,21
7,29
7,96
7,55

2,15
341
3,27
3,59
3,15
3,46
1,78
3,25

34,0
39,8
391
305
38,6
36,5
36,8
32,9

8 9
1,30 20,6
no irrigation
no irrigation
0,51 6,8
0,48 8,0
0,73 9,0
1,35 12,5
1,52 15,8
0,25 71
no irrigation
no irrigation
0,53 20,4

0,139 .
0,48 89
no irrigation
0,42 15,0
155 135

2,3«)

no irrigation
12,9 101
8.9 87
9,5 93
23,1 68
8,3 130
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1 2 3 4 5 6 7 8 9
Pasturc: 1983 8 38 100 0
1984 2 30 100 0
CROPWAT 1985 0 0 100 6,1
model 100% 1986 3 32 100 0
RAM 1987 1 34 100 0
1988 3 34 100 0
1989 9 34 100 0
1990 4 32 100 0
Grass: 1986 5 27 84,6 7,2 91,2 23,6 175
1987 2 34 61,5 1,0 98,6 11,4 168
Balance 1988 2 27 100 136 79,3 10,8 200
method of 1989 12 28 90,3 5,3 71,3 49,4 147
S.Drupka 1990 3 25 100 10,0 51,2 13,0 173
Grass: 1986 5 27 100 0
1987 3 34 100 0
CROPWAT 1988 3 27 100 0
model 100% 1989 12 28 100 0
RAM 1990 5 25 100 0

1) Lower yield caused by the change in sowing technigue
2) Within error limit

The following time options were evaluated using the CROPWAT model:

a) Date and irrigation depths are defined by the Drupka method in the Polanowice
scheme. Irrigation was applied according to the actual field water supply schedule in
1983-1990 as provided by the user of the scheme.

b) Critical soil moisture (RAM).

Irrigation is applied whenever the critical soil moisture content is reached at which

readily available soil moisture (RAM) is exhausted and stress will appear. Critical soil

moisture is defined by a depletion level (p), which may vary depending on a crop’s
rooting depth, evapotranspiration rate and soil type. This option was applied with the
fixed depth alternative recommended in Poland.

¢) Rainfed agriculture.

Using monthly rainfall data, soil moisture storage was monitored under exclusive

rainfall conditions. Yield reductions due to rainfall deficits were determined. The

evaluation process used several criteria such as scheduling efficiency, yield level and

rainfall efficiency.
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RESULTS

Comparison of the number of irrigations in the existing Polanowice irrigation scheme
(table 3) shows that the use pattern varies substantially over time (between crops and
seasons). For each crop the number of simulated irrigation applications per season was
found to agree quite closely with the number of irrigations applied by the practical
method in the wet seasons (1984, 1985, and the very wet 1987).

The number of sprinklings varied from only 1 to 3. However, for dry and average
seasons the time option defined by the practical method gave a much lower number of
irrigations. For example, according to the CROPWAT model, sugar-beet needcd 11
irrigations in 1983 as compared with 8 sprinklings actually applied in the field. This
underirrigation led to a yield reduction of 9.5 % in the case of sugar-beet, and 7-8 % for
maize and spring wheat. The maximum yield reduction (35 %) occurred for field beans,
when only 1 irrigation was applied in 1983 instead of 8 as simulated by CROPWAT.
However, yield reduction levels for the average and wet seasons agree closely with the
options when irrigation is applied according to actual field data from the Polanowice
irrigation scheme (Table 3). Irrigation schedule efficiencies of the supplied water, in
most options, approached 100 %. In some cases thcy reveal overirrigation in the average
and wet seasons of 1986 and 1987 for sugar-beet, spring wheat, pasture and grasses

(Table 3).

CONCLUSIONS

The fuli set of evaluations shows that the practical method of sprinkling irrigation
scheduling can give accurate results in Central Poland. The timing and amounts of
irrigation correspond to those obtaincd from the CROPWAT model. Comparison of 2
supplementary water supply schedules shows that the application pattern may vary
substantially in time during the irrigation season and between seasons.

For each crop the Drupka practical method, which represents the actual recommcndcd
irrigation practice in the Kujawy region, gave results similar to the Computer simulation.
The high seasonal irrigation depths obtained by the Drupka method in the dry year of
1989: [sugar-beet (225 mm), pasture (340 mm) and grasses (336 mm)] were wholly
confirmed by the CROPWAT model.
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Studies showed vyield increases due to irrigation scheduling by the practical method
even in the wet years, and the increase in the dry years reached the following high
levels: sugar-beet 18,2 t/ha, maize 29,3 t/ha, spring wheat 1,72 t/ha, pasture 23,1 t/ha
and grasses 49,4 t/ha. The unit increase of yield per mm of applied water was also high:
sugar beet 103 kg/mm, maize 216 kg/mm and grasses 200 kg/mm. It has been
confirmed that the Drupka practical method which uses basie data (temperature and
rainfall) from a single climatic station still can be used successfully in sprinkler

irrigation scheduling in Central Poland.
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Streszczenie: Praktyczna metoda sterowania nawodnieniami deszczownianymi w regionie
Kujaw. W pracy na podstawie danych polowych tyczacych terminéw i stosowanych dawek
deszczowania w latach 1983-1990, w stacji Polanowice k./Kruszwicy, dla upraw buraka
cukrowego, kukurydzy silosowej, pszenicy jarej i ozimej, bobiku oraz pastwisk i traw w
uprawie polowej, poddano ocenie efektywnos$¢ bilansowej metody sterowania nawodnieniami
deszczownianymi Do obliczeri symulacyjnych i poréwnan wykorzystano model komputerowy
CROPWAT wedtug M. Smitha, FAO, 1992 r.. ktéry umozliwia sprawdzanie harmonogramow
nawadniania, w tym liczbe deszczowar i dawki wody.

Dla oceny sterowania deszczowania wykorzystano wskaznik efektywnos$ci sterowania oraz
wskaznik redukcji wysokosci plonu w stosunku do plonu potencjalnego. Poddano ocenie plony
rzeczywiste i przyrosty plonéw w wyniku deszczowania, ktore wystgpity nawet w latach
mokrych. Analiza ilosci nawodnien deszczownianych w stacji Polanowice wykazuje, ze
harmonogram nawodnief zmienia sie znacznie w czasie dla upraw i sezonéw wegetacyjnych, a
w latach suchych liczba deszczowan moze siega¢ 9 dla buraka cukrowego i 12 dla traw w
uprawie polowej. Obliczenia za pomocg modelu symulacyjnego CROPWAT wykazaty
prawidtowos$¢ sterowania nawodnieniami w Polanowicach przy wykorzystaniu metody
bilansowej oraz potwierdzity zalety tej metody w eksploatacji deszczowni.
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Abstract: The role of environmental management systems in protection of water resources in
Poland. The paper presents the concept of environmental management systems, a brief
characteristic of formalised and non-formalised systems, the system structure, procedures and
operation (based on the example of ISO 14000). The second part is committcd to Polish
experience in the field, presenting reduction of environmenlal effects achieved in fivc choscn
plants that have implemented such systems with a special regard to water pollution and
consumption.

Key words: environmental management, system, environmental impact, water quality, water
consumption

INTRODUCTION

The guality of water in a river basin in Poland is predominately affected by industry that
consumcs about 8381 hma3 of water annual, a 75% of a total consumption. At the same
time, industry produces 8269 hm3of sewage, 1157 hm3classified as reguiring trealment.
Of this volume, 681 hm3 undergoes only a mechanical trcatment and 103 hm3 is
discarded to the surface waters in crude form. Apart from effluents treated and not
treated, industry releases to the atmosphere about 2.3 millions of tones of sulphur
dioxide and 1.1 millions of tones of nitrogen oxides (GUS, 1998). These pollutants,
washed out from the atmosphere by precipitation reach the earth surface and increase
the adverse impact on water resources guality.

The industrial waste disposal is another source of effluents that cause deterioration of
water guality. In environmental protection, particularly water resources protection, two
basie approaches may be observed. The first one is to remove the negative effects on the

environment caused by production and consumption. The second one, a widely
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understood prevention. The first approach aims at keeping the volume of pollutants
discarded to the environment below allowable emission levels, that are often based on
present results of man's activities and ignore the long-term impact on ecosystem.

From an environmental engineering perspective, most methods based only or mostly on
removal of negative effects are ineffective over a longer period of time.

Such methods should then be applied as a finat stage of overall activities with strategie
objectivc aiming at removal of causes of an unfavourable effect. Thus, the concept of
environmental protection, realised through management systems directed to reduce
threats and implement rational resource management, must be considered superior to the

effect rcmoval concept (Hewelke and Kacprzak, 1997).

ENVIRONMENTAL MANAGEMENT SYSTEMS

In quality management, including also management of environmental guality and
safety, the following stages of operation can be distinguished:

» legislation based management,

» task-oriented management,

e improvement-oriented management,

¢ values-orientcd management.

What is characteristic, each stage concept includes in its basis the concepts of stages
below. These concepts are present in different formalised and non-formalised
ciwironmental management systems. An environmental management system may be
defincd as an organisation structure, division of competence, responsibility, processes
and resources used to eliminate or minimise the adverse impact on the environment of a
given unit. An example of a non-formalised system is a Waste Minimisation
Opportunity procedure, developed by the US' Environmental Protection Agency. The
procedure, referred to as Cleaner Production (CP), consists of a continuous application
of strategies to reduce the resource consumption and minimise the waste generation in
production processes. As far as a product is concemed, the procedure assumes the
reduction of environmental impact during whole life cycle, i.e. from resource
acquisition to its take-back phase. The crucial issue in organisation structure of a CP

programme is the assessment phase, in which the chosen element of a production
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process is being reviewed. The resulting environmental impact assessment founds a
basis for an improvement programme by means of technology, resource, and product
and organisation changes, aiming at waste reduction and recycling. The CP procedure is
a continuous one because each of the resource streams entering production and each of
the resource generation points undergoes examination. Besides, the successful
preparation and implementation of a programme is followed by a return to the
assessment phase, where new objectives are set and the already implemented Solutions
are evaluated.

Apart from recommended in 1999 by United Nations Environmental Programme
(UNEP) Cleaner Production strategy, several other non formalised management systems
exist, such as: Responsible Care, Green Lights, Strategies for Today Environmental
Partnership or Comparative Risk Analysis. In order to harmonise the efforts in a field of
environmental management; standards describing the reguirements such systems should
meet have been established.

A model solution is a British standard BS 7500 (British Standard Institutions, 1994)
(Chetstowski, 1996). The standard served as a model for European Union guidancc
(Environmental Management and Auditing Systems - EMAS, 1995) and a series of
international standards 1SO 14000 (International Standard Organisation, 1996)
(Wrzesinska, 1996). The aim of ISO 14000 standards is to provide a basis for a
homogeneous environmcntal management system, that could be applied by an economic
unit of any type and size, operating under any geographical and cultural conditions. An
implementation of these standards by a company is a multistage process.

In a first phase, the company's management undertakes an obligation to improvc the
efficiency of environmental protection-rclated actions. Organisational actions and
determination of measures for system implementation support this. Then, based on the
company's field of operation review, its environmental policy is formulated and
disseminated to the public.

In order to realise the accepted policy; a necessary organisational structure is creatcd,
characterLsed by a specific division of competencies and responsibility. In the following
phase the methods to identify threats, to review and assess the environmental impact

imposed by the company are developed. The standard obliges the company to record the
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environmental effccts caused by its activity, and also to keep a record of a current
environmental legislation.

The environmental impact assessment, the record of effects and the fmancial and
external conditions analysis provide a basis to define objectives and tasks, the
realisation of which corresponds with the previously formulated environmental policy.
In the first phase the objectives and tasks are specified by means of technical and
economic analysis and accepted for implementation by individual sections as partial
programmes.

During the system operation, periodical checkouts of its efficiency and audits evaluating
consistence of management processes with accepted procedures and guidelines play an
important part. The standard obliges the company to keep a relevant record on the
system's structure and operation. Such records should enable to evaluate the consistence
of undertaken actions with the accepted policy and to estimate the scope the objectives
and tasks have been realised within. An important procedure in the system is an
operation checkout, requiring collection of environmental samples and relevant

mcasurement instruments.

THE EFFECTS OF IMPLEMENTATION OF ENVIRONMENTAL MANAGEMENT
SYSTEMS IN PRODUCTION PROCESSES

The most often applied non formalised environmental management system in Poland is
Cleaner Production It has been already implemented by over 600 companies in different
interests and it is populariscd by Polish Cleaner Production Center, submitted to Polish
Fcderation of Engineering.

It is estimated that the system actions undertaken by companies that had implemented
CP in a period 1991-1996 have resulted with, among other things, a 25% average
reduction of sewage, solid waste and emission to the atmosphere (S02, NOX, particulate
matter) (Nowak, 1997). The other important results of CP implementation are
significant savings in resources, especially water and cnergy.

One of the CP leaders is Pulp and Paper Mili in Swiecie. The organisational and

modernisation activities taken by this company as a part of a CP programme, after only
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one year of operation have allowed significant water savings, improvement in quality of

sewage and reduction of emission to the atmosphere (table 1) (Libecki, 1993).

Table 1. Emission reduction achieved in Pulp and Paper Mili in Swiecie during the first
year of Cleaner Production system operation.

Resource or effluent

stream undergoing Before CP After a yearly Reduction
: implementation function of CP [%]

reduction

Average daily

consumption of fresh 180 150 ’3

water

rio 3n3day]

ChOD in sewage

ft/day] 65 51 22

Suspension in sewage 97 ’3 "

[t/day]

Emission to the

atmosphere from 42 - "

technological processes
as a % of total emission

During the years that followed, the projects have been rcalised, concerning, among
other things, reduction of sulphur dioxide emission (50%), sulphurettcd hydrogcn and
mercaptanes (76%), use of waste as an energy sourcc (bark, sawdust) and, as calcium
fertilisers (caustic sludge, coagulation sludge and decarbonization residues), in
agriculturc. Apart from these, the activities aiming at furthcr reduction of fresh water
consumption and sewage volume have been continued.

According to the basie rule of CP, all the resources entering production and all the
points where waste is generated undergo a continuous inspection. A consegucnl
realisation of CP has also brought the company significant financial benefits as a result
of, among other things, decrease in water consumption payments, payments for ChOD
load and emission to the atmosphere.

Realisation of a CP programme by industrial facilities founds a good basis for
implementation and certification of an 1ISO 14001 system. As examples of consequcnt
environmental policy can be mentioned, other, Amica Wronki (ovens, refrigerators),
Philips Lighting Poland (fluorescent lamps and lighting systems) and Fabryka Kabli

Ozaréow (wire, telecommunication wire). The Amica company in the first stage
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modernisation of management process had implemented the quality system 1SO 9001.
Subsequently, the company introduced an environmental management system ISO
14001, acquiring in both cases relevant certificates. As a result of implementation of an
overall environmental policy in the area of water and sewage management, the company
has reduced the water consumption from 0,68 to 0,27 km3 (by 60%) and the sewage
volume from tcchnological processes from 0,54 to 0,18 km3(by67%) counted for 1000
production units. The environmental effects of 1ISO 14001 implementation in Philips
Lighting Poland are predominately: reduction of NOx, SOz, CO, halones and particulate
matter emission to the atmosphere, and a radical change in a solid waste management
structure. As far as NOx and SO02 pollutants, the main causes of "acid rains", are
concerned the achieved emission reductions reached correspondingly 66 and 76%. In
case of solid waste management, the efficient utilisation factor has reached 99%.

One of the most important initiatives of Philips Lighting Poland is a system of
collection and processing of used up fluorescent lamps, posing a serious threat for the
cnvironment due to mercury content.

Fabryka Kabli Ozar6w SA possesses a management system compliant to the 1SO 9001
standard and was among the pioneers of Cleaner Production implementation followed
by the environmental management system ISO 14001. As a result of overall integrated
actions of quality and environmental systems, the water consumption and sewage
discharge volume have been reduced by, correspondingly 43 and 53%, with a complete
liquidation of cooling sewage discharge. The company has also managed to realise the
declared in environmental policy reductions of nitrogen dioxide by 80% and sulphur
dioxide by 95%.

A similar leader in guality and environmental management is ABB ELTA Ltd. in Elblag
(design, production and installation of heating networks). The company initially had
implemented a management system compliant to BS 7750 (there was no ISO standard
by the time) and then, in 1997 was the first company in Poland to obtain an 1SO 14001
management certificate.

What is characteristic for management process in ABB ELTA is an integrated attitude

towards quality and environmental management.
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As a consequence of such attitude the common policy towards quality and environment
was formulated, resulting with appointment of common objectives and a common
quality record, as well as procedures applied in these both areas of management.

The adopted approach corresponds to the latest world trends, expressed in, so-called,

Total Quality Management concept that includes also safety issues.

CONCLUSION

The quality of water resources is very strongly affected by industry, its most important
consumer. Therefore, the prevention measures undertaken in this field result with
significant benefits both in improvement of water quality and more effectivc
management of its available resources. The up to now experience shows, that, due to
their complexity, the management systems make a very efficient tool in water
protection.

The application of environmental management system to a production process in case of
water resources means implementation of relevant changes in tcchnology and
organisation, that would lead to continuous reduction of, among other things, water
consumption, sewage volume and load of pollutants and other emissions, directly or not
affecting the quality of water. The discussed management systems characterising
themselves with positively preventive relation towards the environment make at the
same time an element shaping the economy of a company. The protection of the
environment and resources, treated as a management issue may influence vitally the
company's cost structure, by resource, cnergy consumption and treatmcnt costs
reduction.

Apart from the direct, production process-related financial benefits, a company
implementing an environmentally conscient policy may achieve substantial benefits in
marketing, due to improvement of its public image. A possession of an environmental
management system certificate becomes a requisite for access to the market, as well as
quality certificates. Such situation takes place recently, despite the voluntary character
of implementation of both formalised and non-formalised systems. The launch of
environmental protection actions improves the relations between the company, the

authorities and local community. This facilities acquisition of relevant permits and
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rights and increases the access to Capital. In a field of not formalised environmental
management systems implementation, Poland possesses a vital experience in Cleaner
Production programme operation. The application of formalised systems and
certification procedures are in their early stage. The accredited body in this field in
Poland is Polish Centre for Research and Certificate (Polskie Centrum Badan i

Certyfikacji).
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Streszczenie: Rola system6w zarzgdzania $rodowiskiem w ksztattowaniu i ochronie zasobow
wodnych w Polsce. Ochrona zasobéw wodnych odbywa sie¢ na dwdch poziomach zarzadzania.
Pierwszy stanowia dziatania w kierunku minimalizacji zuzycia i zanieczyszczenia wod,
natomiast drugi obejmuje dziatania zwigzane z ich odnawianiem. Na jako$¢ i zuzycie zasob6w
wodnych w szczeg6lnosci oddziatywuje przemyst, ktory jest ich najwiekszym konsumentem. W
pracy przedstawiono ramowe zasady funkcjonowania systemow zarzadzania S$rodowiskiem,
stanowigcych struktury organizacyjne oraz procesy stuzace do wyeliminowania lub
minimalizacji oddziatywania na $rodowisko proceséw produkcyjnych. Zaprezentowane efekty
ekologiczne wdrozen systeméw zarzadzania Srodowiskiem przejawiajg sie w szczegdlnosci
racjonalizacjg zuzycia zasob6éw oraz cigglym ograniczeniem emisji do $Srodowiska. Systemy te
przyczyniaja sie istotnie do poprawy jakosci oraz efektywniejszego gospodarowania zasobami
wodnymi, stanowiac wazne narzedzie stuzgce realizacji zrbwnowazonego rozwoju
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Abstract. Soil water reserves dynamics in different soil suitability complexes considering
winter wheat leafarea index and dry matter accumulation. The regression models of soil water
reserves considering leaf area index (LAI) and winter wheat dry matter accumulation are
presented. Monitoring of soil moisture and plant biometrical measurements were carricd out in
5.4 ha productive field on a 24 x 24 m grid. The content of soil water up to 1 m depth was
measured in 10 day intervals by means of neutron probe provided with datc logger. At the same
terms LAI and dry matter accumulation were measured. Significant correlation between the LAI
and dry matter production to water reserves was found during shooting to flowering. The soil
water reserves to a depth of 60 and 100 cm decreased with inereasing LAl and dry matter
accumulation. The water reserve decrease with LAl and dry matter inereas was dependent on
the soil suitability complex.

Key words: regresion models, water reserve, leaf area index, plant biomass of winter wheat

INTRODUCTION

The crop biomass is depend on guantity of accessible water for plants, especially in
critical phases of their growth ( Doorenbos 1979 and Igras 1998). In that means the
course of soil moisture in vegetative season is very important for respect of crops yield.
However executing of immediate measurements of soil moisture in plants canopy is
much difficulties from regard on their labour-consuming - at use of traditional methods,
and also from regard on high cost of undestructive methods.

Besides freguency of measurements both in spatial arrangement how also in each levels
of profile is enough arduous. More and more offen so seeks oneself of indirect methods,
which would make possible estimation of soil moisture across measure vegetablc

parameters or their estimated characterizations (Anstay 1990, Faber 1996 and Gardner
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1983). Dcscriptions or else development analysises of plants did not find as autonomous
uses in quantitative methods of estimation conditionses of vegetation.

The influence of soil moisture is very clearly for phothosynthesis surface of plants and
leaf area index (LAI) (Benbi 1994 and van Keulen 1986), because shortage of water
causes acceleration of leaves decay, and indirectly LAI reduction. With plants biomass
increase the soil water depletion is going up together and limited her accessibility
(Doorenbos 1979 and Igras 1998).

The aim of the research was estimation of LAI and increase of plants biomass influence
for water reserve storage in profile on the field of winter wheat cultivated on different

soil suitability complexes.

METHODS OF INVESTIGATION

The field cxpcriment was carried out in 1998 year on productive field (5.4 ha) of winter
wheat (cv. Almari) in Experimental Station Baboréwko (voivodship Wielkopolskie -
central part of Poland). Soil moisture and also plants biometrical measurements were
carried out in regular 24 x 24 m grid in the course of vegetation period with frequency
10 days. In wholc field were 101 measuring - points (fig. 1). The every each points
were marked in lasted manner making possible identification any time.
The content of soil water up to 1 m depth was measured in 10 day intervals by means of
neutron probc provided with date logger on 7 profile depths: 20, 30, 40, 50, 60, 80 and
1¥ cm. Al the same terms LAI and dry matter accumulation were measured. The plants
were taken on from area of 0.25 m2 in nodal nets points (characteristic for each soil
complexes) 485, 488, 490, 494, 497 for dry matter estimation.
The cxperiment was localised on the different soil type: pseudopodsolic soil, braun and
black carth typical. The soil physical properties (mainly granulometric composition)
were depends on the soil type.
The every each measuring - points were differed, because soils of field belonged to 5
different eomplexes ie. to complex 2-24 points, to4- 47,to 5- 16,to 6 - 11 and to 7
3 points. Each complexes were estimated at the help of synthetic coefficient of
eondition of agricultural land (soil siutability complex valuation) worked out by Witek

(1981).



51
Soil water reserves dynamics in a different soil suitability complexes .

RESULTS

The soil water reserves of two separated profile of layers was significantly differed on
the each soil siutability complexes. For all complexes the statistical differences between
water reserves was given in both separated layers with exception of complexes 2 and 4,
5and 6 and 6 and 7. The water reserves on good wheat complex was twice higher in
relation to weak rye, at what guantity of water in layer 0 - 60 cm showed almost lineal
decrease in direction to more weak complexes. The water decrease in profile 0 to 1K)

cm was a little less regular from regard on a almost smaller trend consumption of water
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in layer below 60 cm. Range of changes of soil water reserves in layer 0-60 cm was
fluctuated from about 131 mm on complex 2 to 57 mm on very weak rye complex. The
greatest variability of water content in profile 0 - 100 cm was observed on rye good

complex.

Table 1. Averagc water reserves in the separated soil depths

Soil Depth 0-60 cm Depth 0-100 cm
Soil suitability Average Variability Average Variability

suitability complex water range water range
complex  valuation pt. reserve mm + reserve mm +

2 80 100,3 171,7 40,0 204,7 299,2 1223

4 70 97,2 176,8 37,9 2145 305,7 1164

5 52 80,4 156,3 26,2 1843 290,1 80,7

6 30 71,8 130,3 26,5 164.,4 246,3 81,9

7 18 55,2 87,2 28,7 140,1 191,2 82,1

The influence of winter wheat leaves area for soil water formation were carried out from
of beginning of shooting to successes LAl maximum, ie. to phases of heading. In this
as period follows almost lineal increase LAl what immediately puts into finat crop dry
biomass (Nierébca 1998). The influence of accessibility and utilization of water by
plants in phases from shooting to heading is also very important for potential crop yield
(Doorenbos 1979 and Feddes 1978).

The dependences among soil water reserves or else with water consumption by crops
and leaf area indcx are described largely at help of exponential function (Diekkruger

1995, Feddes 1978 and Rawls 1985).
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Tabela 2. Dynamie of soil water reserves in various soil suitability complexes
depending on winter wheat LAI from shooting to heading (n=390)

ZW - water reserve (mm), K - soil suitability complex valuation (pt.)

Soil depth Eguation R2 RRMSE %
0-60 cm ZW = 103,52 -5,82LAIl +0,66K + 0,09LAI2 61 18,9
0-100 cm ZW = 153,30 -4,45LAIl +2,69K -0,02K2 60 13,0

Water reserve (mm)

Figure 2. Soil water reserve in the depth 0-60 cm in various soil suitability complexes

considering LAI from shooting to heading

The significant was made both for water reserves and complexes, also LAI in phases
from shooting to heading (tab. 1, figs. 2 and 3). One obtained for layers from 0 to 100

cm a little better function fitting for given real data from measurements, from regard on
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smaller changies quantities of water in the bottom soil layers. Greatest soil water reserve
was given on the soils of winter wheat good (soil suitability complex valuation - 80) and
very good rye (soil suitability complex valuation - 70) complexes, at fully developed
leaves area. Soil water reserve in profile from 0 to 100 cm on the complex 7 (soil
suitability complex valuation - 18) for LAl maximum was about 100 mm less than

water content of soils on good wheat complex at fully developed leaf area index.

Water reserve (mm)

Figure 3. Soil water reserve in the depth 0-100 cm in various soil suitability complexes

considering LAI from shooting to heading

The influence of dry matter increase for soil water reserves, similarly as for LAI, was
diverse on each soil complexes (tab. 3). Soil water reserves decreases with inereasing of
dry matter of winter wheat accumulation (figs. 4 and 5). The function fitting was a little
better than for LAl (R2 = 73 and 82). Relative standard errors of egualizations for soil
water reserves in profile 0-1 (X1 cm were less from 15 %. In the profile from 0 to 60 cm

rcserve of water on complex 2 (soil suitability complex valuation - 80) for LAI
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maximum was about 100 mm greater than soil water content of most weak complex ie.
very weak rye at weakly fully developed leaf area. In the layer 0 - 100 cm diffcrences

was yet more distinct and reached to 150 mm (fig. 5).

Table 3. Influence of winter wheat dry matter accumulation rate in varoius soil

suitability complexes on water reserve ZW - water reserve (mm), K - soil

suitability complex valuation (pt.), SM - dry matter (g/ha)

Soil depth Equation Rt RRMSE %
0-60cm ZW = 56,41 -7,40SM + 1.03K + 0,44SM2-0,06SM .K 73 14,3
0-100 cm ZW = 142,43 -14.42SM +1.98K +0,44SM2-0.009K 2 81 9,3

Water reserve (mm)

3 4

Dry matter g/ha
Soil suitability complex

\aluation

Figure 4. Soil water content in the depth 0-60 cm in various soil suitability complexes

considering winter wheat dry matter accumulation
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Water reserve (mm)

Dry matter dt/ha 6 valuation

Figure 5. Soil water content in the deptb 0-100 cm in various soil suitability complexes

considering winter wheat dry matter accumulation

The relationships between plants assimilation surface, with dry matter accumulation and
the quantity of water in soil and influence of these factors on crops yield appear self-
evident, to however quantitative seizures do not surrender easily. With difficulty is as to
go down with relative standard error of simulation below 10 % for given date from
measurement. One obtained a little bettcr fitting model describing changes of soil water
reserves by dry matter than assimilation leaves surface. However is this intelligible,
bccausc reserve of water is function of water consumption, then in turn significantly
correletion with increase dry matter acummulation then with area of leaves. Similar
dependences obtained by Goss and other (1984) in Great Britain.

In work one presented non-typical approach for soil water reserve estimations - on the

ground of development of plants parameters. However such approach to be well-
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founded, especiatly from regard on fact of remote methods development estimation of
canopy parameters also from regard more and more freguent cheaper research methods
of estimation of environment parameters on the basis of plant development. This
investigations can be useful to soil moistures estiomation on the basis of bimetrical
plant measurements. The further investigations reaches necessity of research in this

range, how also improvement the remote technicses measurement of plant devclopment.

CONCLUSIONS

1. Significant correlation between the LAl and dry matter production to water reserves
in the depths 0-60 and 0-100 cm was found during shooting to flowering.
2. The soil water reserves to the depth of 60 and 1) cm decreased with increasing

LAI and dry matter acummulation. The rate of water decreasing was dependend
from different soil suitability complexes.

3. Differences of water content in separated soil profiles reached to 50 % among good
wheat and very weak rye complex for a such oneself values LAl and dry matter of

winter wheat.
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Streszczenie. W pracy przedstawiono regresyjne modele opisujace ksztattowanie sie zapasu
wody w glebach réznych komplekséw w zaleznosci od indeksu powierzchni lisci (LAI) i tempa
przyrostu suchej masy pszenicy ozimej (odm. Almari). Monitoring wilgotnosci gleby jak
rowniez pomiary biometryczne roélin prowadzono na polu produkcyjnym o powierzchni 5,4 ha
w regularnej siatce kwadratéw o wymiarach 24 x 24 m. Uzyskane wyniki moga by¢ przydatne
do symulowania wilgotnosci gleby jak réwniez do prognoz plondw roslin.
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Elected methods for define of the soil losses as result of water erosion

in mountain region
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Krakow

Abstract: Elected methods for define of the soil losses as result of water erosion in mountain
region. In the paper are presented of the elected regional methods, which define intensity of
water soil erosion in the mountain terrains. For the basin of upper Vistula it made according to
Stonawski method (1993), universal and modified equation of soil losses (USLE and MUSLE)
and also the Lipski method (1991) used at the calculation of greatnes of water erosion in
Western Carpathian.

Key words: water erosion, soil erosion

INTRODUCTION

Water erosion is the process of destruction of surface soil layers hy rainfalls (Ziemnicki,
1968). It relys on unstrick and tear off soil particie from undersol and their transfer to
the other places. The decrease of soil particles is named denudation and their deposition
is named accumulation.

Denudation contributes to the lower of hills and accumulation to the redimentation and
shallowing valleys and egualising of surface (Lipski and Jakubowski, 1998). In the
result accumulation of soil materials the valley bottoms are shallow and also deltas at
the seaside. We can distinguish the natural soil erosion and accelerate, which is
connection of natural erosion and human activity (J6zefaciuk and Jozefaciuk 1966,
Ziemnicki, 1968).

For the effective struggle with the soil erosion we ought to know the mechanism of

these process, intensity and place of occurrence. At present the science has at one’s
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dLsposal number methods about different exactitude of diagnosis erosion phenomenon
(Koreleski, 1993).

The main aim of the paper is presentation of four methods to the soil erosion
investigation. They are useful in the engineering practice and especially in agronomy
and hydrotechnic. For the upper Vistula basin took advantage the method according to
Stonawski (1993), and also universal and modificated eguation of the soil losses
(USLE, MUSLE) and the method of Lipski (1991) for calculation of intensity soil

erosion in the Western Carpathian.

CHARACTERISTIC SELECTED METHODS

A FORMULA FOR UPPER VISTULA BASIN

Unwanted consequence of water erosion of soil is sedimentation of hydrotechnic
objects, what makes difficult their function and even destroys (Lipski and Jakubowski,
1998), Stonawski (1993) presents the factors, which influence on the sedimentation of
hydrotechnic objects. He elaborated formulas and caunted yearly average
sedimentation. (Zr) for the first period of fili up of reservoir in hm3 According to
mentioned author the main factor which moves the river sediments is the rainfalls on the
surface of river basin and in conseguence greatness of river flow to the reservoir.
Fundamental meaning has also the structure of utilisation of land for example the
percentage share of arabie lands grasslands, forest and hypsometry of watershed and
density of hydrographic net.

The author of this method specificated somc other factors as: geological construction of
watershed, soil percolation geomorphology of reservoir and the State of regulation
streams in watershed. In elaborated formuta authors did not emphasise of there factors
from the following causes:

a) sediment floats by water descents first of all from the surface water erosion of
waste and in the minor part also from the terrace sediments which are very easy
erosioned,

b) erosion of the river beds only in the little part sediments thy hydrotechnic objects
because creates first of all gravel materials,

c) geomorphology of water reservoir influences in the biggest grade on the

products of abrasion processes, of which share is about 4 %. Besides the abrasion
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products there are in unused zone of reservoir however the abrasion increases utility
capacity of reservoir,
d) the State of stream regulation influences only in the little grade on the dimension
of sedimentation because limits the movement of the drag sediments to the reservoir.
The drag sediment is deposed especially in the water regression and upper. Therefore it
his not influence on the utility capacity of reservoir.
In the light of this only some hydrologie parameters influence on the sedimentation of
the water reservoirs. Stonawski (1993) pays attention, which belongs to there following:
mean yearly flow to the reservoir from many years (SSQ), mean yearly flow to reservoir
(XQ), gubature of the flood waves (V) and the group physiographic parameters.

Parameters characteristic to the watershed under sake hiprometric.
Average elevation of basin Hder for formuta:

Hdoer = X Fj mh;/Fc (a.s.l.)

where:

F; - part surface, which there is between neighbour line, levels in km2
h; - average elevation of basin between line levels in m.a.s.l.

Fc - whole surface of basin in km2

Inclination of watershed (la)
Id = XLrer- hwFc

where:

Leer - average longevity of level line in km
hw - elevation between level - lines in km

Fc - whole surface of basin in km2

- Coefficient of the watershed sloping ('F) according to Kajetanowicz
A = WI(FQO5 W = 2(WS- Wd)

where:

Fc - watershed surface in section researched in km2

Ws - average elevation of the watershed in m.a.s.l.

Wd - elevation of section researched in m.a.s.l.
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Parameter characteristic of the watershed for hydrografie sake.
- Density coefGcient of a water net (g):
g =2Z Lrz/Fc (km/km?2)

where:
LrZ- length of streams together with recipient in km
Fc - whole watershed area in km2
Parametcrs of utilisation of the watershed terrain:
- Area of arabie lands (FO) km2
- coefficient of arabie lands in (%) Ko = (Fo/Fc) « 100
- grassland area (Fp) in km2
- pasture coefficient and meadow in (%) Kp = (Fp/Fc) » 100
- forest area (Fj) in km2
- afforestation coefficient in (%) Ki = (Fi/Fc) « 100
On the base mentioned coefficients: arabie lands, grassland and afforestation the author
elaborated one coefficient Kz named coefficient of establishment of terrain and presents
such dependence

Kz = K,/(KO+ Kp)
Fc - whole area of watershed in km*
Kz - coefficient of the terrain establishment

Stonawski (1993) researched correlation alliances and testation of parameters.

Besides mentioned parameters he introduced also combinations for particular
parameters:
- hydrologie parameter (an) defined as dependence:

a, =Vn/ZQ
- debris parameter (<)

&=7ZrlV,
Vn reservoir capacity at the normal Icvel of fulfilment (NNP) in km3

VQ - yearly mean addluent to reservoir in km3
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Z- - yearly mean sedimentation from the first period exploitation of water reservoir in
km3
After of analysing correlation alliances between elected parameters the author selected

parameters for the formuta. He received parameters: hydrologie of reservoir (oth),
rubbish (4>r), establishment coefficient of watershed (Kz) and slop coefficient (4/r).

After determined approximate function [y = a *exp. (b *X)] and in substitution
(a= 1,022, b - 0,053) and transformations, he has received:
1) 100 Z*/ Vn= 1,022 exp (-0,053 + 100 Vn/X Q)
2) Zrh= 0,01 Vnexp (-0,168 Vn/ SSQ)
Both phisiographic coefficients (T, Kz) of slope and terrain establishment the author of
the formuta substituted only one value (Kf) specific as phisiographic coefficient. After
elaborated of function dependence Kf = ff*F, Kz) he has received:

Kf=01Y¥ exp. (-0,168 Vn/ SSQ)

B. USLE

System USLE (Universal Soil Loos Equation) was elaborated in USA and then adapted
in Germany for the Bawaria conditions. Last this method is applied also in other
countries of Europe. In our country the first researches made in Centre OPOLIS in
Geodesy and Cartography Institute in Warsaw and also in IUNG (Institute of
Cultivation, Fertilisation and Science Soil) in Putawy, where was made adaptation of
this pattern to the conditions of loess up-lands.

USLE method gives possibilities defmition the soil erosion intcnsification on the slope
in t/ha during the year. The maps made on this base inform about losses of soil and
permit on the protection of soil erosion and establishment of agriculture land. This
system permits also on definition factors of the terrain establishment and intensity of
soil erosion. Lets also to project lots about proper dimensions and their utilisation
against soil erosion.

Exactitude of soil losses estimation is very big. The losses of soil we can calculate on

the. base of eguation parameters. Possible is also use calculation by way very simplc.
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Supported on recognisable of the erosion elements and adeguate mathematics patterry.
This simple method takes advantage dates concerned in the tabelaric form.
Equation is constructed on the six factors of soil erosion:
A =R.K.L.S.C.P. (t *ha'] year']
where:
- A - yearly soil losses in t/ha (average from many years). Soil losses origin from
defined rain conditions soil morphology and land utilisation,
- R - yearly mean precipitation defined on the base many years or onlyfrom thesummer
period. In the simple way supported on the yearly sum of rainfall. Thisparameter does
not include soil erosion from the snow smelt. German explorers propose that in the
places, where there are very strong snow - smelt phenomenon, to the factor N add. 0,1
of the rainfall sum from the period 1.XII to 31.11l. Factor R we can consider as:
a) descent N yearly rainfall: R =0,083 «N - 1,77 (r = 0,942)
b) descent N' of rainfall from the summer half year (I.V. to 31.X.)
R =0,141 =N' - 1,48 (r = 0,961 )
- Parameter K - facility on the soil erosion can be identified (in the case of completly
recognising physical and Chemical proprieties of soil) according to adeguate
mathematical pattern or monogram. In the simple way we can to do according to a kind
of soil and humus content.
About a little resisted of soil against erosion decided first of all such factors as:
granulometric composition (percentage share in the soil particles < 0,002 -0,1), content
of the organie matter, dimension of aggregates and percolation of the soil.
Parameters L i S, length and inclination of slope, at the use adeguate mathematical
pattern or monogram. Length of the erosion slope it is distance measurement to the
slope direct-between the point where the flow begins on the surface and the point at the
it food, where begins the materiat accumulation.
At irregular slopes must be divide on the identical parts about the same length, and
inclination. For each part we must to know inclination and valuc of monogram. Each
particular value of an indcx LS (origin from tables) we ought to multiply weigh
cocfficient.
- Parameter C. Land utilisation defines two main features and namely: kind of plant

cover and cultivation of soil. This parameters is calculated according to relative soil
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losses in dependence from the crop rotation, quantities of precipitation and their tension
and also from date of phases of plant development.

- Parameter D concems plant protection activities. Thercfore we must to recognise
which plan protection activities are appreciated and also parameters of terrain
morphology according to tabelaric values. The antierosion activities il is first of all the
cultivation of soil across to inclination and tape cultivation of soil.

Important factor of agriculture which lower soil erosion is terraces of the slopes.
However the terraced terrain ought to be related at the parameter of morphology of
terrain (a). Parameter P indicates on the soil losses at the application plant protection

activities to the soil losses without of these activities (Koreleski, 1993).

C. MUSLE

MUSLE or Modified, Universal Soil Loss Equation, was elaborated on the base USLE.
The shape of modified equation is in principle the same as universal equation but the
rainfall factor (R) is substituted by run water factor, maximal tension of flow wave (Q
and V), whole capacity of flood. In the way climinate necessity calculatc of the affluent
factor of rubble (DR). Equation assume fashion:

A=a(VuQ)beKmL+SC P (tmha'1erok))
where:
a,b - a factors according to Williams as constants (a= 11,;b = 0,56)
V - whole capacity of flood in ms
Q - maximal tension of flow wave in m (ms msec)

AKLSCP - are the same like in USLE equation (Banasik and Madeyski, 1990)

D. METHOD TO CALCULATION OF THE WATER EROSION DIMENSION
ACCORDING TORACJONAL FORMULAS IN WESTERN CARPATHIANS
On the base of the results of researches in the terrain Lipski (1991) elaborated the
formulas to calculation of dimension the water soil erosion. This method is regional
method and ought to be applicated especially on the Western Carpathian area in a little,
mountain watershed. Formuta takes altcntion five phisiography parameters like:

afforestation, index of afforestation developing according to Lambor, yearly mean
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precipitation, mean elcvation of watershed a.s.l., coefficient of changeable of the flow

run during daylymean (Lipski 1991, Lipski and Jakubowski 1998).

1 ER = 10,5522 *Cvo0'1037 * Lo0's393 *E -°'5679
for the formuta (1) R =0,347; F = 1,508; a=0,231

2. ER =0,012556 ®Ps0,55798 WHs0'4793 * E -0,3579
for the formuta (2) R =0,422; F=2,022; a= 10,134

3. ER =0,012556 mPsu °1878 * Cva20903 * E 02699
for the formuta (3) R =0,422; F=2,022; a=0,134

Cv - changeable coefficient of mean daily flow run
E - coefficient of developing of afforestation

Hs - average elevation of watershed in m.a.s.l.
L - % afforestation

Ps - yearly mean waterfall in mm.

After calculated of mentioned methods (formulas) and their statistical estimation
according to correlation coefficients multidimensional and of Snedecor test (F) and it
level of significant (a) it was found which of there formulas (2) about correlation
coefficient multidimensional R = 0,446 and Snedecor test F = 2,319 significant on the
level a = 0,097 and content about 10 % of influence other casual factors. Formuta (3)

has a little depcndence and formuta (1) very little.

CONCLUSION

1 Discussed methods though did not need long period of hydrological observation
and knowing of the terrain. They are simplc in calculation and give relatively little
mistakes.

2) Advantages of the Stonawski's method (1993) are cxact results concern yearly
mean sedimentation of water reservoirs, low value of mistake in the comparison with
other methods (3-8 %). fast and unsophisticated it utilisation in practice engineering.
This method is typical regional method, which can be use only in the upper Vistula
watershed.

3) Universal and modified eguations are parametric methods for evaluation of the

erosion losses of soil. Their application in practice need further researches in the terrain
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in the aim of the verification of particular factors and their adaptation to the
phisiographic condition of our country. The researches of Banasiak and Madeyski
(1990) show such need. In their opinion modified equation elaborated by Williams,
gives in little watershed streams in Carpathian region higher results.

4) Formulas of Lipski (1991) give a prognosis of intensity water erosion of soils
with the factors, which conditional this process. Thercfore this methods is regional. It
can be use on the non-controlled areas and especially in little mountain watershed (in

each profile, which locks the watershed) in Western Carpathian.

REFERENCES

BAC S. 1962: Lesne melioracje wodne. PWRIL, Warszawa.

BANASIK K., MADEYSKI M. 1990: Préba wykorzystania zmodyfikowanego réwnania strat
glebowych do oceny ilosci rumowiska unoszonego w falach wczbraniowych matych zlewni
karpackich. Post. Nauk Roln.

JOZEFACIUK A. | CZ. 1996: Mechanizm i wskazéwki metodyczne badania proceséw erozji.
Warszawa.

KORELESKI K. 1993: Propozycja metody oceny natezenia erozji wodnej rzeczywistej w
gorach. Biuletyn Regionalny Zaktadu Doradztwa Rolniczego AR w Krakowie.

KORELESKI K. 1993: Mozliwo$¢ zastosowania metody USLE na potrzeby urzadzenioworolne
w Polsce. Przeglad Geodezyjny nr 1r LXV.

LIPSKI CZ. 1991: Ocena natezenia erozji w matych zlewniach gorskich w Karpatach
Zachodnich Rozprawa habilitacyjna nr 156, AR Krakow.

LIPSKI CZ., JAKUBOWSKI T. 1998: Struktura odktadéw materiatu erodowanego ze zlewni
zamknietych zaporami przeciwrumowiskowymi w matych zlewniach gérnego dorzecza Raby.
Bibliotheca Fragmenta Agronomica T.4A, s. 109-116.

MICHALCZEWSKI M. 1987: Elementy srodowiska geograficznego czynnikiem rezimu
przeptywow niskich w rzekach na obszarze Polski. Krakow.

STONAWSKI J. 1993: Hydrologiczno-fizjograficzne kryteria w prognozie zalgdowania
zbiornikéw retencyjnych w dorzeczu Goérnej Wisty. Rozprawa doktorska PK w Krakowie.
Krakow.

ZIEMNICKI S. 1968: Melioracje przeciwerozyjne. PWRIL, Warszawa.

Streszczenie: Wybrane metody okreslajace ubytki gleby w wyniku dziatania erozji wodnej w
terenach goérskich. Przedstawiono wybrane metody regionalne okreslajace natezenie procesow
erozji wodnej gleb w terenach gérskich: metode dla dorzecza Goérnej Wisty wg Stonawskiego
(1993). uniwersalne i zmodyfikowane réwnanie strat glebowych (USLE i MUSLE) oraz metode
Lipskiego (1991) obliczania wielkosci erozji wodnej w Karpatach Zachodnich.

Author’s address:

Tomasz Jakubowski

Department Ecological Fundamentals Engineering of Environment
Agriculture University of Krakow

Al. Mickiewicza 24/28, 30-059 Krakéw



Gospodarowanie zasobami wodnymi i nawadnianie roslin uprawnych

Water resources management and irrigation of cultirated plants

Water management in the Wikrowo polder using

a mathematical model and an advanced measuring system
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Abstract: Water management in the Wikrowo polder using a mathematical model and an
advanced measuring system. The paper presents the model approach used in controlling water
management in the Wikrowo polder located in the Zutawy region. The purpose of the model is
to aid water management for keeping soil-water conditions within the rcquired range. The
pumping station and the water intake structure for irrigation is the main water control
constructions. The present article focuses on the description of a model and a measuring system
as well as the preliminary results of the verification of the model obtained during the one-year
water management actions. The developed model is an operational polder water balance model.
It determines the amount of water to be supplied to or to be pumped out from the polder in
relation to the actual hydro-meteorological conditions. An advanced measuring system is
implemented to provide the model with input data. On the basis of the results obtained in the
first year of the implementation of the system the authors find the model and the measuring
system as a highly useful tool for solution tasks of local water resources management.

Key words: water management system, polders, operation, mathematical model

INTRODUCTION

Water management system in the Wikrowo polder is a pilot one in the project of
automatization of Zutawy realized by the Electrotechnical Institute in Gdansk and the
Institute for Land Reclamation and Grassland Farming at Falenty. The water
management control system is operational, using the rcal time information approach
(Brouwer, 1993). It consists of the water system, which is controlled using a controller,
regulators and a measuring system. The mathematical model is a base for the controller.
The pumping station and the irrigation water intake structure are the regulators. Waler
table depth sensors and a meteorological station constitute the measuring system, which
supplies actual information concerning parameters describing the State of the water

system and the disturbances.

This investigation was supported by the Polish Committee of Science. Grant no. 8T10A04696C/3251
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The model is intended to aid the water management and the operation of the water
system in the polder. Real time operation of the water system in the polder should result
in keeping soil-water conditions within the range reguired for crops cultivated in the
polder. The other purpose of the operational water management control is the
minimalization of energy used by the pumping station and the effective use of water
supplied to the polder for irrigation.

The operational polder water balance model was developed. The model determines the
amount of water to be supplied to or to be pumped out from the polder in relation to the
actual hydro-meteorological conditions. These conditions are described by groundwater
levcls and water levels in ditches as well as evapotranspiration and precipitation. A
water balance of the saturated zonc of soil with the time step of 1 day is calculatcd in
the model. The water capacity of ditches and channels are also taken into consideration
in a balance eguation. Using the model one can determine the quantity of water that
should be taken in when irrigation is needed and pumped out when the groundwater
level is too high for crops cultivated in the polder. An advanced measuring system is
implemented to providc the model with input data. Using the measured meteorological
and water levels data the model is performed every 7 days calculating the water balance
in the polder area with the time interval of 1day. Based on the meteorological forecast
the estimation of the quantity of water to be taken in or pumped out is done for the
consequent I()-day period. The system operates with the fully automated pumping

station, remotely sensed controlled using GSM network.

CHARACTERISTIC OF THE SITE

The Wikrowo polder is located near Elblag as a part of the Fiszewka polder. The area of
the Wikrowo polder amounts to 110 ha. The water system consists of a network of
canals and ditches, the pumping station for pumping out drainage water to the Elblag
river. the main intakc structure for supplying irrigation water from the Nogat river to the
systematic ditch network and scvcral smali control structures for raising water levels in
canals and ditches as well as for controlling water intake (irrigating the polder) and
water runoff (draining the polder). For the purpose of water management control the

polder is divided into three operational units: Al+Al, B and S, with the area of 48, 27
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and 35 ha, respectively. Two cultivation types dominate in the polder: meadow and
pastures in the units B and S and arabie crops, mainly vegetables, in the unit A1+A2.
The soils in the area are peat-moorsh soils, which belong to the drying and periodically
dry soil-moisture regime complex in the unit AI+Al, to the moist and periodically
drying complex in the unit B and to the moist and periodically wet complex in the unit
S (Okruszko, 1994). The required groundwater levels for keeping soil moisture content
in the root zone within allowable limits (between the maximum and the minimum
allowable moisture content), are presented in Tab. 1 The maximum groundwater depth
controlled by irrigation, corresponds to the minimum allowable moisture content
which is moisture content of the soil at a tension of pF 2.7 in the root zone. The
minimum groundwater depth Hm-,, controlled by drainage, corresponds to the
volumetric air content of 6 % in the root zone. Hnjn in the unit Al+Al corresponds to the
10% volumetric air content because vegetables and arabie crops are cultivated in this

area.

Table 1. The required groundwater depths in the operational units of the polder
Wikrowo

Unit Required groundwater depth (m)
i tfrall Hions
Al+A2 0.70 0.35
B 0.85 0.30
S 0.95 0.35

DESCRIPTION OF THE MODEL

The polder is treated as a water system with disturbances (precipitation,
evapotranspiration) and the one controlled input (water intakc) and the one controlled
output (water pumped out) as well as uncontrolled input (groundwater inflow
recharging the polder) and uncotrolled output (groundwater outflow discharging the
polder). Modelling flow rate and discharge through the pumping station and the inake
structure at the given course of water stages at the polder and measured or prcdicted
disturbances (precipitation, evapotranspiration) was the basie problem to be solved. It
was the question of the form, elements and variables of the polder water balance

equation which describes the behaviour of water resources in the given area (volume)
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and time interval. The saturation zone of the separated unit with the representative

observation well is the modelled area.

The basie formula espressing the relationship between the water characteristics of the

unit is the water balance eguation. It has been assumed that the equation with two

variables (groundwater stage and ditch water stage) can be used with the accurace

sufficient for practical purposes. Three additional assumption have been made:

1. groundwater losses (groundwater outflow) are propotional to the groundwater stage

2. cffective capillary rise is propotional to the precipitation deficit and the groundwater
~tage

3. arcal water retention is characterized by the areat storage coefficient and the
groundwater stage

The basie equation usedin the model has the form (Kaca, inpress):

n n n
QAt+ 1 [gv+ G]FAt=nY AH-Fp+1 Ah Fd (1)
i=l i=I i=l
where: Q- dischargethrough the waterintakestructure orthepumping station (ms/d),

Qm- vertical flow rate between aquifers (m/d), G - capillary rise flow rate (m/d), F -
area of the unit (m2), Fp - arabie area (m2), Fd - ditch area (m2), H - groundwater level
(m), h - water level in ditches (m), /J - areat storage coefficient, At - time interval, n -
number of operational units.

Vertical flow rate between aquifers and capillary rise flow rate Qv + G is calculated as:

Qv+ G =S [(zP-2zs) - H\ - (ET - P) dla (zp- zt)<H<1zp
H
Qw+ G -S [(zp - zs) - H] - (ET - P) —- dla O<H<(zP- Za) (2)
Zp - Za
Q\+ G=S [( zPmZs) mEN dla //<0
where:

S - coefficient of groundwater losses, zp - depth of reference level equal Hmax + za (m),
Zs  groundwater level at which vertical flow rate between aquifers is zero (m), za-

groundwater depth at which capillary rise satisfies crop water deficit (m).
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A MEASURING SYSTEM

Designing the measuring system two aspects were been taken into account: type and
number of measured parameters required for the model input data and the way of
collecting, transmissing and processing data. After analysing these aspects and the
requirements of the water management control system in the polder the measuring
system was designed and implemented.

The measuring system installed in the polder consists of the nctwork of measuring
points of groundwater levels and ditch water levels. In each point the observation well is
installed with the accurate self-recording instrument of a ,,Diver” type with a pressurc
transducer sensor and a data logger. Such instrument is also installed in the well at the
short-crested weir with trapezoidal control section in the channel below the pumping
station to measure the amount of water pumped out the polder (Dgbkowski et al., 1997;
Kaca, 1996). To measure and regulate the flow rate and to determine the amount of
water taken in to the polder the ,,Diver” instruments are installed in the wells above and
below the intake structure. Groundwater levels and water levels in ditches are measured
and recorded in the intemal memory every 12 hours while water levels at ihc pump
station and at the intake structure are recorded every 2 minutes.

The results of the measurements of water levels are the absolute pressure values. This
means that they are not only the water pressure but also the barometric pressurc. An
additional ,,Diver” sensor is used to measure the compensation for barometric pressure.
It records air pressure every 2 minutes. In order to arrive at the correct water pressurc,
the barometric pressure is subtracted. To achieve the actual water depth this differcnce
is referenced to the water depth measured manually at the moment of instrument
installation.

An electronic rain gauge with a data logger and a termo-hygrograph are installed in the

polder for basie meteorological measurements.

CALIBRATION OF THE MODEL
The areat storage coefficient p and the coefficient of groundwater losses S are the basie
parameters in the water balance equation. They are specific for an area the equation is

used for. Their values were determined with the methods of parameter identification.
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The coefficient n describes changes of ground and soil water retention in the zones of
saturation and aeration resulting from changes of groundwater levels. The coefficient S
is a propotional coefficient in dependence of grounwater losses on groundwater stage. It
describes losses resulting from percolation to deeper aguifers, deeper canals, outside the
area and water losses at hydraulic structures.

Bccause these parameters are unmeasurable they have to be determined using the
derived water balance cquation. The equation (1) is linear in relation to these two
parameters, what means that they can be identified with the least square method. After
transforming the cquation (1) calculations were done during the ongoing water
management control in 1999 using measured groundwater levels, water levels in
ditches, flow rates and discharges in the intake structure and the pumping station as well
as precipitaion and meteorological parameters for the estimation of evapotranspiration.
The coefficient /J was identified in the range 0,002-0,019, the coefficient S in the range
0,000-0,005. These valucs approximates those identified in subirrigation-drainage

systems in the Note¢ river valley (Czaplak et al., 1995).

SOME TEST RESULTS OF THE 1999 YEAR

The operation of the water management control system consisting of the measuring
system and the model started on the I* May 1999 in cooperation with the Land
Reclamation and Water Structures Board in Elblagg and the Electrotechnical Institute in
Gdansk Water management was mainly eflfected by meteorological conditions, which
are presented in Tab. 2. Precipitation and temperature approximated multi-year average
valucs when taking the annual mean, but they varied considerably in months. May was
critical for drainage of the polder. The amount of rainfall was almost two times greater
than the annual mean value and temperature was less. This resulted in very
unfiwourable conditions for evaporation. Contrary August and September were dry with
a shortage of rainfall. The risk of crop water deficit and the necessity for irrigation

appeared.
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Table 2. Meteorological conditions in the Wikrowo polder in 1999

Month Rainfall Mean % Temperature Mean %
(mm) rainfall in of (°C) temperaturo of mean
1951-1990 mean in 1970- temperaturo
(mm) rainfall 1995 (°C)
May 88.6 49 181 9.7 12.6 77
June 95.8 74 129 15.6 15.3 102
July 69.2 90 77 175 17.3 101
August 61.6 84 73 16.3 17.0 96
September 14.6 75 19 14.2 12.8 111

Groundwater table depths in the polder were the result of precipitation,
evapotranspiration, drainage and irrigation as well as uncontrolled recharge and
discharge of the polder. The courses of groundwater depths in the operational units
Al+Al, B and S are shown in Fig. 1 In the units B and S with grasslands the
groundwater table depths were in the admissible range during almost the whole
vegetation period. In the first ten-day period of July the groundwater table lowercd
below Hmax in the unit B and approximated this value in the unit S. In the unit A1+A2
the lowering of the groundwater table below Hmxwas greatcr, more frcqucnt and lasted
longer. It indicates the difficulties in possibilities of groundwater table controlling in
this unit. The groundwater table depth was greater than Hnun in all units during the
growing period, only in the unit S the groundwater table depth was less than //,,,,,, untill
the 15th of May. The permament decrease of the groundwater table in the polder
observed till the end of August corrclates with drainage of the polder through the
pumping station (Fig. 2). Irrigation started at the end of August and caused the risc of
the groundwater table by 0.8 m in the unit A1+A2, 0.6 m in B and 0.4 m in S. The
groundwater rise was caused not only by irrigation, but also by rcduction of drainage
and reduction of the amount of water pumped out as well as by great rainfall amounl in
August. It is presumed that uncontrolled water recharge of the polder was also the
reason of the groundwater table risc in this period.

The amount of water to be pumped out or supplied was - besides forecasted rainfall and
evapotranspiration - influenced in the great extend by the planned required groundwater
and ditch water levels at the end of ten-day periods. The required levels were
determined dynamically, using the UPF and the GRAIRR models (Labedzki, 1997), in

dependence of local soil parameters, actual and forecasted meteorological conditions.
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the actual State of water system described by actual groundwater depths and water
depths in ditches. They should assure effective capillary rise in dry periods and
minimum air content in the root zone in periods with rainfall excess. The planned
groundwater table depths in the three operation units are shown in Fig. 1. The computed
amounts of water that should be pumped out or supplied in the ten-day period of
planning are shown in Fig. 2 in the background of the amounts really pumped out and

supplied.

Day

Fig. 1 Coursc of the measured groundwater depth Hgr (—), the measured water table depth in
ditches Hd (- m-) and the planned groundwater depth Hplan (x) in the unit A1+A2 (a), B (b)
and S (c); Hmnv (-----) - the maximum allowable groundwater depth. Hmin (—) - the minimum
allowable groundwater depth; day 0 - 2.05.1999
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The ptanned and actual groundwater table depths were of good agreement in the periods
when the actual levels were higher than the minimum allowable ones. Irrigation was
planned in those periods to raise groundwater tables to meet crop water demands.
Comparing Fig. 1 and 2 one can see the correctness of the estimation of irrigation and
drainage demands: the higher groundwater lcvels were planned the greater amount of
water was to be supplied for irrigation. The similar rclation can be observed when the

amount of water to be pumped out the polder was planned.
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Fig. 2. Drainage (-) and irrigation (+) actual (Qact) and planned (Qpl) in the succeding weeks in
the period 3.05.-3.10.1999

CONCLUSIONS

On the basis of the results obtained in the first year of the implementation of the system
under conditions of operation of the polder the authors find the model and the
measuring system as a highly useful tool for solution tasks of local water resources
management. Water management actions performed in the polder with the aid of the
developed model is more realistic and more reasonable in relation to actual and
forecasted weather situation and to the actual State of water system. The model, based
on the available and easily measured soil-plant-atmosphere parameters, is operational
and simple to use. It gives a reliable description of water transfer in a soil-plant-

atmosphere continuum.



78
E. Kaca, L. tabedzki, T. Walter

The measurements and observations made in 1999 confirm the expected relationships
and effects of real and predicted water management operation in the polder. The fuli
verification of the amounts of water predicted in the model and the estimation of the
effects of water management performed with the aid of the model reguire that the
operation of the pumping station and the intake stucture should go on entirely according
to the model outputs as well as the investigations should be continued in the years of

various weather conditions.
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Streszczenie: Gospodarowanie woda na polderze Wikrowo z wykorzystaniem modelu
matematycznego i nowoczesnego systemu pomiarowego. W pracy przedstawiono model
matematyczny i nowoczesny system pomiarowy zastosowany do gospodarowania woda na
polderze Wikrowo na Zutawach. Celem modelu jest wspomaganie gospodarowania wodg dla
utrzymania warunkéw glebowo-wodnych w wymaganym  zakresie. Podstawowymi
urzgdzeniami sterujgcymi sa stacja pomp i ujecie wody dlo nawodnien. W artykule skupiono sie
na opisie modelu i systemu pomiarowego, jak réwniez przedstawiono wstepne wyniki
weryfikacji modelu uzyskane w czasie rocznego prowadzenia gospodarki wodnej. Opracowany
model jest operacyjnym modelem bilansu wodnego polderu. Okres$la on ilo$¢ wody, ktora
powinna by¢ dostarczona na polder lub odpompowana z polderu, z uwzglednieniem
rzeczywistych warunkéw hydro-meteorologicznych. W celu pozyskiwania danych wejsciowych
do modelu zainstalowano nowoczesny system pomiarowy. Na podstawie wynikéw uzyskanych
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w pierwszym roku eksploatacji modelu i systemu pomiarowego autorzy stwierdzajg, ze
opracowany model i system pomiarowy mozna uzna¢ za wysoko efektywne narzedzie
rozwigzywania zadan lokalnego gospodarowania zasobami wodnymi.
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Abstract: Water engineering projects and the spread of water-bom diseases in tropical arcas of
Africa and Asia. In the literature there is a clash of views and opinions concerning water
projects and their effects on environment and man. That inducted myself to penetrate these
changes, which appears in the zone of influence of water projects. So the subject of this study is
one of the most controversial side effects of water projects - spread of water born diseases. Both
sides (proponents and opponents of water construction) most often make us of their own
statistical data, which are freguently divergent and their mention their own examples. In such
circumstances it start to be very interesting for me to investigate influence of water projects
built in Africa and Asia on spread of tropical diseases like: schistosomiasis, malaria, filariasis
with onchocerciasis. Ali of this sickness are the most widespread and danger in tropical
zone.Differentiation’s of environmental and social conditions affect possibilities of water-born
prevalence. There are several factors that might modify process and tempo of sick rate. So in
order to take into consideration most of this modifying elements | choose to investigate such
factors like:

- type of hot climate, where water projects are localized;

- environmental attributes like, in example chemistry of water, temperature of air and water,
etc., which may affects existence of vector of diseases;

- hygienic habits and cultural practices (particularly division of labor);

- migration

In this study are annalist more then 30 water projects in many African and Asian countries
(most of them African).

Key words: irrigation, water-born diseases, Africa, Asia

INTRODUCTION

The numerous, freguently guite opposite opinions, which exist in the literature,
concerning the influence of water engineering projects on natural environment and on
man, motivate to paying a deeper attention to changes appearing in the zone of such
influence. Both the supporters and the opponents of such investment projects use in

respective discussions different data, and refer to different cases, allowing them to
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justify their opposing opinions. In this situation it is interesting to carry out an in-depth
analysis of the most controversial side effect of construction of the water engineering
structures, namely - of their influence on the development of vector borne diseases of
man linked with aguatic environment. Analysis was carried out on the instance of
projects implemented in Africa and Asia. The choice of these two continents was by no
means incidental. The highest indicator values in the world are observed there in terms
of occurrence of the so called tropical diseases, and the water engineering projects
which are implemented there serve multiple purposes, such as flood control, water
storage in man made lakes, ensuring its constant supply, even in dry months and years,
dcvelopment of irrigated agriculture, facilitated navigation, as well as recreation and
hydropower generation. Production of clectricity is not the most important purpose, as it
is the casc with the majority of this type of projects carried out in Latin America (e.g.

the hydropower stations in Mexico and Brazil).

DISEASES ACCOMPANYING THE WATER ENGINEERING PROJECTS

The present report is devoted to the spread of schistosomiases (the bladder variety -
Schistosomiasis haematobium, and the intestine variety - S. mansoni and S. japonicum,
appearing only in Asia), malaria, Bancroffs and Malayan philharioses, as well as
onchocercosis ("river blindness"). Such a particular selection was motivated by the fact
that these are the most common and dangerous of the parasitic infections appearing in
tropical areas, and their spread exactly in the vicinity of water dams and reservoirs is
often cmphasized in the literature. Vectors of these diseases are linked with water,
because they are amphibious (like snails - the intermediate hosts of the Schistosoma
parasite) or they spend in water their larval stage of development (like mosguitoes,
transmitting malaria and both philharioses considered, Bancroffs and Malayan, as well

as a gnat Simulium, the intermediate host of the Onchocerca volvulus parasite).

The purpose of the present report is to verify whether realization of water engineering
projects in Africa and Asia is always correlated with an inerease in occurrence of the

diseases considered. Further - whether spreading of these diseases in the tropics of the
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two continents analysed takes place in the areas of water engineering projects in a

similar manner.

I suppose that although in many cases after a dam has been constructed and an artificial
reservoir created, as well as a network of irrigation channels has been established, an
increase in the disease occurrence is observed, the projects in question do not always
lead to a spread of the diseases considered. The difference in natural and social
conditions prevailing on the two continents entails a distinct difference in the possibility
of appearance of parasitic diseases. A number of factors may appear which modify the

course and the rate of occurrence of diseases, namely:

the type of equatorial or tropical climate in which a given water engineering project

is being carried out;

a number of local features of nature, such as, for instance, physical and Chemical
properties of water, which condition appearance of the disease vectors (snails,

mosquitoes, gnats);

the hygienic habits and cultural customs of the local and regional socicties, and

especially the traditional division of labour;

migrations.

SOURCE MATERIALS

The analysis of changes in the spread of parasitic diseases of man in the tropical zone
has been carried out on the basis of: geographical literature and the publications from
the broadly conceived human ecology, medical literaturo, as well as own research of the

present author, conducted in Egypt in the years 1986/87, 1989 and 1995.

RESULTS

The relation between the occurrence of parasitic diseases of man and the construction as
well as functioning of water engineering structures has a very complex nature. The

analysis conducted allowed to draw the conclusions which are presented below.
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1 The emergence of water engineering projects is most often conducive to the
spread of these parasitic diseases of man, whose appearance is linked with water. Not
always, though, this dependence takes place automatically, and numerous exceptions

are observed.

Most frcguently, after the artificial reservoir and the network of irrigation canals have
heen created, the spread of schistosomiases takes place (like, for instance, on a
significant area of Egypt, within the Ghazira system in Sudan, and Kisumu in Kenya, in
the vicinity of reservoirs of Bakoloria and Kainji in Nigeria, etc.), while the increase of
morhidity related to malaria is observed somewhat less frequently. Although always,
after termination of a water engineering project, a change in the specie composition of
mosauitoes is observcd (toward those more effective in transmitting the malaria parasite
Plasmodium), this docs not necessarily lead to an increase in the percentage share of
pcrsons sick of ague (as it occurred, for instance, in the rice fields of the systems of

IADP in Sierra Leone and Mayo-Danai in Cameroon).

It is hard to justify, for the two continents, the increase in the spread of philharioses
(Bancroffs and Malayan) by the emergence of water engineering projects, primarily due
to lack of adeguate studies concerning this problem. Philharioses, though, seem to be
easicr to control. The actions oriented against malaria, undertaken both in Africa and in
Asia, often succeed in eliminating effectively just the philharioses (as this occurred in
the areas of artificial reservoirs of Kainji in Nigeria, Akosombo in Ghana, and

Mahaweli on Sri Lanka).

The influence of water engineering projects on the spread of onchocercosis is always
distinct in the vicinity of spillways on dams, where advantageous conditions for vectors
arise and where the hazard of infection increases. On the other hand, though, formation
of an artificial reservoir entails guite an opposite situation, sinice disadvantageous
brecding conditions for the gnats Simulium arise, and the reach of occurrence of
sickness cither gets iimited or the disease is entirely eliminated from the vicinity of the
rcservoir. Onchocercosis, occurring in definite foci, is relatively easily controlled
outside of its endcmic area in West Africa, owing to application of Chemical actions of
destruction of the breeding grounds of the vectors. The cases of onchocercosis have not

been, on the other hand, noted in Asia until now at all.
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2. The increased intensity of spreading of malaria and philharioses (Bancroft's and
Malayan varieties) is observed within the areas of water engineering projects in South-
East Asia (especially in Indonesia, Malaysia, Sri Lanka and India). The increase of sick
rate regarding these diseases in the neighbourhood of artificial water rcservoirs in Africa
is observed less frequently, in spite of the fact that they are common on numerous areas
of this continent. Examples are known of land improvement systems in Gambia,
Burkina Faso, Cameroon, Mauritania, and of the reservoirs of Akosombo on Volta
river, Kariba on Zambezi, and Owen Falls on the Nile, where appearance of these
structures has not resulted in an increase of morbidity among the local population. In
some cases (like near to the reservoirs of Akosombo on Volta and Kariba on Zambezi)
construction of water engineering projects could only insignificantly add to the

percentage shares of the sick, sifice even beforc this indicator had been close to 100%.

Schistosomiasis and onchocercosis constitute the greatest threat in Africa, where they
are endemic on a significant area. Bilharziasis (S. japonicum) occurs only locally in
South-East Asia, in smali foci, although in many regions the conditions for dcvclopmenl
of the parasite Schistosoma japonicum are perfect there. Most probably, this State of
things is largely due to the decision of limiting construction in numerous Asian
countries (e.g. in Indonesia, Philippines, Malaysia) of the large scale projects, especially
those, where the surface area of the irrigation system would exceed 16 thousand

hectares.

3. It is quite exceptional - in spite of the opinions often voiced in the literature -
that the parasitic diseases here considered be introduced for the first time into the areas
where they have not been noted before. The analysis of data available indicates that
such cases appeared solely in the process of spread of schistosomiasis on the tropical
areas of Africa. After the water engineering projects had been finished this disease
appeared for the first time on the areas of the irrigation systems of Ghazira and
Khashm-el Girba in Sudan and within the areas surrounding the reservoirs of Diama in
Senegal, Bakoloria in Nigeria, and Kariba in Zambia and Zimbabwe, as well as locally
on the improved areas in Ethiopia. In case of the remaining parasitic diseases considered
here there is in principle lack of data confirming the first introduction of these diseases
into the areas affected by a water engineering project during its execution. The sole

confirmed cases concern the renewed appearance of malaria on some areas which had
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becn thought already clean of the disease. Yet, the return of the ague, after years of
hrcak in transmission, occurs rather freguently, also on these territories, where no new
water engineering projects have becn implemented. The phenomenon of return of

malaria has been obscrved on many territories of South and South-East Asia.

4. It was only in the case of malaria that we succeeded in demonstrating the
relation betwcen the spread of a disease and the type of climate within whose reach a
given water engineering project is being realized. In case of other diseases no such

regularities were uncovered.

5. The presence of vectors of parasitic diseases does not have to be necessarily
linked with the spread of diseases. Cases are known of appearance of snails capable of
transmitting schistosomiasis on the areas where this disease is not observed (like, for
instance, the lower part of Awash valley in Ethiopia, and locally in Egypt). The
examples also occur of the areas where mosguitocs are numerous (like close to the
rcservoirs of Owen Falls in Uganda and Ubolratana in Thailand, as well as in the rice
fields in Burkina Faso and Cameroon), but they do not transmit neither malaria nor
philhariosis. Similarly, the reach of appearance of Simulium gnats is much bigger than

the area of occurrence of onchocercosis.

6. It seems that realization of the large scale water engineering projects is
connectcd with the risk of appearance of a number of parasitic diseases considered, as
this was the case of Akosombo, Bakolori, Kariba, and High Aswn Dam. Construction of
the smaller land improvement systems entails an inereased hazard of spread of just one
disease, for instance schistosomiasis in the region of Malumfashi (Nigeria) and in the

district of Bandiagara (Mali), or malaria - in the region of Seligue.

7. The negative influence of the more recent water engineering projects
(constructed starting with the second half of 1970s) is definitely smaller than in the case
of the older ones. This is especially well seen in the process of spread of schistosomiasis
and malaria (rice field in Sierra Leone, Burkina Faso, Cameroon and Mali). Such a
situation, though. is not a rule. Appearance of the Diama reservoir in Senegal and the
Chao Nen reservoir in Thailand in the 1980s contributed in a elear manner to the

inerease of the number of cases of bilharziasis (Diama) and ague (Chao Nen).
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In case of philharioses it seems that the time of construction of a water engineering
project has no essential significance. This disease has been spreading on the areas of
both the new projects, like the irrigated fields of Solulor in Gambia, or the areas locatcd
in the vicinity of Bakoloria reservoir in Nigeria, and the quite old ones, like the irrigated
fields in Egypt. Within the areas of projects terminated already some time ago the
Chemical actions of stemming morbidity, primarily with respect to malaria, gavc an
advantageous effect in terms of curbing the occurrence of Bancroffs philhariosis (like in
the regions of Kariba, Kainji and Akosombo).

8. The modifying influence of tradition and cultural habits is observed in cases of
such diseases as schistosomiasis, malaria and the two philharioses (Bancroffs and
Malayan). On the other hand, no such influence was noted with respect to the process

of spread of onchocercosis.
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Streszczenie: W pracy omdwiono zmiany w zachorowalnosci na choroby pasozytnicze wsréd
mieszkancéw miedzyzwrotnikowych regionow Afryki i Azji. Analizie zostat poddany wplyw
jaki na rozprzestrzenianie sie bilharcjozy, malarii i filarioz ( w tym $lepoty rzecznej) moga miec¢
realizowane na tych terenach inwestycje wodne, takie jak budowa zapér, kanatéw

nawadniajacych, wypetnianie zbiornikow zaporowych, a w konsekwencji powiekszajace sie
obszary rolnictwa nawadnianego.
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Amount and quality of water in catchments characterised by various

degrees of afforestation
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Abstract: Amount and auality of water in catchments characterised by various degrees of
afforestation. In the paper results of monitoring amount and guality of water in two micro-
catchments of differentiated land utilization were analyzed. The analysis was carried out on the
basis of hydro-meteorological and Chemical measurements made in 1998 and 1999 in the Hutka
(0.52 km2 and the Potaszka (1.33 km2 river catchments. These catchments are located ncar
Poznan in the Southern part of the Wielkopolska Lake District. Poland The obtained reduces of
outflow changes and water retention in the Hutka afforested catchment in contrast to the
Potaszka agriculturally utilized catchment were significant. The results of calculations point out
that afforestation is the main factor affecting water storage capacities in smali lowland
catchments. The water guality of investigated rivers in 1998 and 1999 was cvaluatcd as very
good and good. The water of the Potaszka river was in the first class of cleanncss (Polish
standards), whereas in the water of the Hutka river in summer and autumn months, vcry low
concentration of dissolved oxygen and high concentration of phosphates were notcd. The
phosphates from soluble compounds of phosphorus were produced in anacrobic conditions.

Key words: smali catchment, water guality, afforestation, water retention

INTRODUCTION

Water and matter cycles are primarily determined by the physical, geographical and
climatic factors prevalent in a given catchment. The smaller the catchment is, the more
significant the non-climatic parameters are in terms of their effecl on the water cycle.
Forest cover plays a special role in the Wielkopolska region in shaping the so-called
smali retention (connected with the lengthening of the time and distance of the water
cycle, and the intensification of autopurification processes) (Miler, 1998). Wielkopolska
is a region characterised by the biggest water deficits in Poland, especially sifice they
are increasing constantly (Wo$, 1994). For this reason, comparative studies on the water
and matter cycles in catchments with varying forest covers are valuable not only from

the theoretical, but also practical point of view.
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THE AIM, RANGE AND METHODOLOGY OF THE STUDY

The aim of the study was to present the water cycle and selected water cjuality
parameters in two lowland micro-catchments with differing land uses, i.e. afforested
catchment of the Hutka river, and the Potaszka river catchment with its agricultural use.
They are both situated in the central part of the Wielkopolska region, approximately 20
km north-east from Poznan (in the Zielonka forest itself and on its edges). The natural
landscapc is of the Young Glacial type, Pleistocene and Holocene formation (moraine
plains and heighls). The parent materiat of the soils in the investigated catchments was
basically postglacial driff deposits from the Poznan stage of the Wiirm glaciation. To
develop the characteristics for the investigated catchments, the authors used their own
data collected since the middle of 1997 (on the basis of comprehensive field studies of
the amount and cjuality of water), as well as some archival materials (Kosturkiewicz,
1976). Some meteorological data from the station in Arboretum-Zielonka (a part of the
Agricultural University of Poznan) were also used in the paper. Non-climatic
physiographical parameters of the catchment were developed on the basis of 1: 10 000
survey maps and the data from the Forest Management Plan (1994) and the Site General

Map (1995).

DESCRIPTION OF THE INVESTIGATED CATCHMENTS

The micro-catchment of the Hutka stream to the Huta Pusta gauge station with the area
of 52 hectares is covered with forest in 89%. The remaining 11% consists of swamps
and wasteland (5.5%) and arabie land (5.5%). The catchment area is folded with the
mean fali of approximatcly 10%c. In the Hutka catchment basically two types of soil
may bc Ibund: wcakly podzolic soils covering 89.8% and marshy soils covering 10.2%
of the total area. The Hutka stream catchment is typically forest in character. Pine is the
dominant species, but oak, aldcr, larch and some spruce trees may also be found. The
dominant sites are fresh mixcd coniferous forest, fresh coniferous forest and alder
swamp forest.

The Potaszki micro-catchment to the Potasze gauge station is twice as big in area with

its 133 hectares. Forests cover approximately 14.7%, whereas arabie lands
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approximately 85.3% of the catchment area. Numerous undulations are found, some of
them with quite steep slopes. The mean fali is 16%e. The catchment soils are in the stage
of weak podzolization. In the forested areas of the Potaszki catchment the dominant
species is pine, found in the following sites: fresh mixed coniferous forest, moist

coniferous forest and fresh coniferous forest.

RESULTS AND DISCUSSION

The contrasting physiographical parameter of the investigated catchments is their land
utilisation. The Hutka catchment, with its almost 90% covered by forests, is
characterised by significant water retaining capacity in comparison to the Potaszka
catchment, used agriculturally on approximately 85% of its area. It is evident in the
highly reduced flow (by approx. 35%) and evaporation higher by 25% in the Hutka
catchment (Table 1). The values of monthly outflows and monthly retention changes in
the catchment also indicate it has big retentivcness potential. Gencraily, it points to the
considerable effect of forest cover of a given area on the increase in the water retaining
capacity, i.e. smali landscape retention. Afforested areas are thus cspecially important in
the lowland regions of the central part of the Warta basin, which is characterised by
water deficits.

Within the framework of studies in the Hutka and Potaszka micro-catchmcnts, apart
from standard observations and hydrometeorological mcasurements, samples of water
from the streams were collected rcgularly once a month. Physico-chemical analyses of
water included the determination of 20 indexes and components describing physical
properties (pH, temperature), aerobic conditions (oxygen content), organie matter
concentrations (BODj, solid residue), the occurrence of biogenes (nitrogen and
phosphorus compounds) and minerat composition (Ca, Mg, Na, K, Fc, Cl, S042
contents). Water analyses were carried out in accordance with the ‘The Register of
Standards on the Analysis of Water and Sewage” (1993). Time series of the monthly
values for the selected indexes of water guality determined on the basis of samples of
water obtained in the streams of the investigated micro-catchmcnts are presented in

Figure 1
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Components of eguable water balances in investigated micro-catchments in 1998 and 1999

Catchment
of river

Hutka

Potaszka

Hutka

Potaszka

Hutka

Potaszka

Hutka

Potaszka

Year of
investigation

1998
1999
1998
1999
1998
1999
1998
1999
1998
1999
1998
1999
1998
1999
1998
1999

33,5
48,2
32,2
48,3
38,1
12,5
30,3
11,3
1,2
2,1
0,4
3,4
1,2
27,3
53,1
28,7

20,6
337
27,5
333
443
113
35,2
10,2
13
2,8
1,8
35
153
18,0
-18,0
18,0

38,7
56,2
40,4
53,0
41,7
32,7
33,1
29,6
15
2,4
5,0
3,7
14,4
26,7
25,2
-5,4

v

35,2
618
253
60,3
58,5
51,7
46,5
46,9
1,6
33
2,8
45
1,8
17,2
-84,0
17,2

\Y

26,8
44,5
24,9
52,8
69,1
63,4
54,9
57,5
1,7
33
05
6.3
-52,2
0,60
-22,5
-80,6

Months
Vi VII
69,6 54,0
60,4 40,9
59,7 46,0
46,5 46,0
79,9 69,1
854 833
63,4 54,9
774 755
1,7 1,7
2,5 1.6
0,6 0,7
3,7 2,6
-60,3 - 10,8
-18,7 -28,6
-245 11,7
-16,2 -20,9

VI

80,0
46,4
60,3
21,8
52,3
65,9
41,5
59,7

14
14
04
03
7.9

-57,9
48,9
-5,0

IX

81,9
27,5
88,9
21,0
42,5
64,3
338
58,3
15
1,2
3.2
0,03
40,1
-21,9
35,8
10,4

X

72,8
36,3
73,3
34,4
328
19,4
26,0
17,6
1,7
1,9
15
1,1
12,6
-1,4
358
238

Xl

52,0
33,7
37,0
38,6
23,9
8,0
19,0
7,3
1,8
13
4,4
2,4
15,5
32,1
-55,8
28,1

Table 1
Year
X1 1-X1
49,9 615,0
48,3 537,9
48,8 564,3
48,3 504,3
30,1 582,33
10,2 508,1
23,9 4625
9,2 4605
2,0 19,1
2.6 26,4
7,9 29,2
4,2 35,7
28,1 13,6
10,0 3,4
1174 72,6
10,0 8.1
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The contents of sulphates (S04), nitrogen compounds (ammoniacal NR), nitrate N 03),
chlorides, reaction (pH), and five-day biochemical oxygen demand (BODS5) qualify
water in both investigated streams as the first quality class (Decree of the Minister of
Environmental Protection, Natural Resources and Forestry, 1991). Dissolved oxygen
content and dissotved phosphates concentration (P04) in the water of the Potaszka
stream within the whole years (1998, 1999) qualify the water to the first quality class.
However, in the Hutka stream water very smali contents of dissolved oxygen (minimum
in October- water not conforming to the quality class) and very large amounts of
phosphates (maximum in August- also water not conforming to the quality class) were
observed in the summer and autumn months. The increase in the phosphates content
along with a simultaneous reduction of the dissolved oxygen content may result from
the release of these soluble phosphorus compounds in anaerobic conditions. These
processes are enhanced due to the relatively slow flow velocity in the Hutka stream and

the limited effect of wind resulting from afforestation predominant in the area.

CONCLUSIONS

The contrasting physiographical parameter of both investigated catchments is their land
utilisation. The Hutka catchment covered in almost 90% by forests is characterised by
high water retaining capacity in comparison to the Potaszka catchment with its
predominant agricultural use (only approximately 15% of forest cover). It is cvidcnt in
the significantly reduced flow (approx. 35% lower) and higher evapotranspiration (by
approx. 25%) in the Hutka catchment. It is also manifested in the balanccd values of
monthly outflows and rather slight monthly retention changes. Ali the above mentioncd
characteristics prove a highly significant effect of afforestation on the water retaining
capacity of a given area, the so-called smali landscape retention.

The quality of water in the investigated streams in 1998 and 1999 should bc assessed as
very good and good. The Potaszka stream waters were in the first quality class, whereas
the Hutka stream waters in the summer and autumn months were characterised by very
low contents of dissolved oxygen and very high amounts of phosphates. The increase in
phosphates content with a simultaneous reduction of dissolved oxygen content in these
waters may result from the release of soluble phosphorus compounds in anaerobic

conditions.
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Streszczenie: 1lo$¢ i jakos¢ wod w zlewniach o zréznicowanym zalesieniu. W pracy
analizowano wyniki monitorowania ilosci i jakosci wod w dwdch mikrozlewniach o
zréznicowanym uzytkowaniu terenu. Analizy prowadzono bazujac na hydro-meteorologicznych
pomiarach wykonanych w latach 1998 i 1999 w zlewniach rzecznych Hutki (0,52 km32 i
Potaszki (1,33 knr). Zlewnie te potozone sg blisko Poznania w potudniowej czesci Pojezierza
Wielkopolskiego, w Polsce. Uzyskane redukcje zmian odptywu i retencji wodnej w zalesionej
zlewni Hutki w przeciwienstwie do uzytkowanej rolniczo zlewni Potaszki byly istotne.
Rezultaty obliczen wskazuja, ze zalesienie jest gtéwnym czynnikiem odpowiedzialnym za
zdolnosci wodnej retencji w matych zlewniach nizinnych. Jako$¢ wéd w badanych ciekach w
latach 1998 i 1999 nalezy oceni¢ jako bardzo dobrg i dobrg. Wody cieku Potaszka byty
pierwszej klasy czystosci. Natomiast w wodach cieku Hutka w miesigcach letnich ijesiennych
odnotowano bardzo mate zawartosci tlenu rozpuszczonego oraz bardzo duze ilosci fosforanéw
(uwalnianie sie rozpuszczalnych zwigzkéw fosforu w warunkach anaerobowych).
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Water resources management and irrigation of cultivated plants

The issue of agricultural irrigation in the Masurian Lake District

ZYGMUNT NOWICKI, KATARZYNA GLINSKA
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Warmian and Masurian University in Olsztyn, Poland

Abstract: The issue of agricultural irrigation in the Masurian Lake District The problem of
agricultural irrigation in the Masurian Lake District (North-Eastern Poland) is analysed in the
paper. At present, irrigated arabie lands take the area of 23.2 thousand of ha, including 1.6
thousand of ha irrigated with sprinklers there. That ought to be regarded as a minima] part of
the total irrigation needs estimated at 193.0 thousand of ha in the region. The social and
economical crisis characterised by the decrease of production and the disturbances in lhc social
and cultural spheres are the main factors limiting agricultural irrigation programme in the
Masurian Lake District. The existing social and economical trends would indicatc the necessity
of undertaking organisational activities towards stabilisation of the agricultural irrigation levcl
to the limit of 121 thousand of ha. The priorities of arabie lands irrigation are following:
vegetables and fruit cultivation, grasslands and fodder cultivation, root plants as well as
consumptive grain crops.

Key words: irrigation, sprinkling, arabie lands, The Masurian Lake District

INTRODUCTION

The Masurian Lake District, called the Land of Thousand Lakes, is famous for its
differentiated land relief, a significant lakes number, large forested areas and a dense
river network. The region belongs to the most valuable ones on a scale of Poland as well
as Europe (Michatowski K.,1993; Nowicki Z., Solarski H., 1995).

The total agricultural usage of the Masurian Lake District is dated to the years twentieth
and thirtieth of XXth century. Since then, the basis of agricultural production like
reclamation investment, house and livestock building as well as a main and side roads
network has becn developed.

The dekapitalisation degree of primarily made reclamation systems reached from 50 till
100% of their initial value as a result of war destruction. In the years 1950 - 1960 the
rebuilding of the systems destroyed during the war was finished. In the period 1960 -

1975 ‘new’ investments were made. They dealt with the water management in larger
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river valleys and new draining systems on arabie areas. The agricultural intensification,
on large areas, was obtained through the water and slurry sprinklers usage.

Since the eighties all forms of crisis (political, economical and cultural ones) have been
inereasing and disrupting in evaluation economical processes. The agricultural
production regress, existing sifce 2o0-ties, has deepened the reclamation systems
dekapitalisation. The potential of irrigations decreased till the vestigial values: 23.2
thousand of ha, including 1.6 thousand of ha of sprinklers and the dekapitalisation
degree of draining systems is estimated as 50 - 60%, what gives the area of 250
thousand of ha on the Masurian Lake District scale.

The diagnosis of irrigation needs in the Masurian Lake District is attempted in the
paper. The derivative function of that aim is to estimate a degree of urgency in the
cnvironmental and economical conditions of the Masurian Lake District which were
formed during the period of 1980-1995.

The analysis of that matter entails the need of analysis of the recorded state of
irrigation against the background of inereasing crisis. The intention in the analytical part
of the paper is to indicate the possibilities of irrigation realisation in the conditions of

changcablc economical situation.

METHODS OF INVESTIGATION AND ENVIRONMENTAL CONDITIONS

The principle of simultaneous analysis of more important elements influencing the
agricultural situation of the study area was used due to the assumed aims in the paper.
These elements are: environmental conditions, economical potential of agriculture,
conccptions of water management on rural areas, social and cultural problems of
farmers.

The subject of hydrological and reclamation research are following rivers’ basins: the
Lyna river with the Guber, Ornet, Wegorapa with Goldapa and Pissa, Szeszupa, Czarna
Hancza, Rospuda-Netta with Szczeberka and the Augustowski Canal, The Upper
Biebrza, Lega, EIk, Pissa with Krutynia, Szkwa, Rozoga, Omulew, Orzyc, Wkra
(Dziatdéwka with Nida and Szkotéwka), Drweca with Wcl and ltawka, the Upper Osa,
The Upper Liwa, the Upper Dzierzgonka, Pasteka with Drweca Warminska and Walsza
(fig, 1). The total study area amounts 23408,6 km2.



Ottona
Q
mJUanti
iiy74
A3(Sa,
OLSzryM
W o
Hr/alctano
£0 km Krasagsictcch

R.vs. 1 Mapa Pojezierza Mazurskiego
Fig. 1Map of the Mazury Lake District

truAcHo

—Sasticai

ca¥\Ofia
Ry
Jez.
Arifardm
‘Hidzkie

Jdryid5
Legenda:
Legend:

SUWALKI!

kojpucfa

3urzyn

Granica Pojezierza Mazurskiego
The border ofthe Mazury Lake District

Wododziaty
Watershed divides

“19141S1a e ueunselN &y u  uonebuar jesmynonife pooanssi ayl



100
Z. Nowicki, K. Glinska

One of the most important tasks is to estimate the irrigation problem in the
environmental as well as social and cultural conditions. The conditions are closely
related to agricultural irrigation. That is why the irrigation usage is so significant in
agricultural production.

The Masurian Lake District is the geomorphologically separated area which divides
two large hydrological systems: the Vistula and the Pregota rivers. Its total area is
estimated as 13184 km2.

An average annual precipitation on that area amounted 600 mm and varied within the
range of 500 -700 mm in the period of 1931 - 1990. Higher precipitation is usually
obscrved in the lower part of the Rospuda-Netta rivers basin and in the basins of the
Wecl and Osa rivers. The avcrage summer precipitation sums (IV-1X) range from 300 -
400 mm, while dry summers are characterised by precipitation of 140 - 220 mm, what
makes 30% of total.

The average annual temperature of The Masurian Lake District is limited by isotherms
of 6.0 and 7.0 °C. The temperaturo shows a zonal character which inereases from the
cast towards the south-west. The isolines of average monthly temperatures enable to
establish following ranges: 1V:6-7°C; V:11-13°C; VI:15-16.5°C; Vn:17-18.5°C;
VIII: 16- 17°C; 1X:12-13°C. The relative air humidity in the period of IV-V ranges from
55-60%, in July and August shows the value of 60-62,5%, and during September
achieves 65%.

The soil cover of the Masurian Lake District is highly differentiated on a scale of water
management regions (river basins). Brown soils formed from light, medium and heavy
loam are dominant in that region. They cover about 60% of rural area. The second
place (20%) is taken by leached brown soils formed from light, medium and heavy
loamy sands. The area covered by podsols is estimated as 10% and they are built with
sparse sand, weak-loamy sands and loamy sands. Almost 10 % of area is taken by peat
soils which are located in the lowest parts of the rivers and lakes valleys. In the
valuation soil system, the IVa class dominates on the arabie lands and covers 32%, the
IVb class covers 22%, the llia and Illb classes cover 19% of the area. The average

cjuality soils (the Illrd and 1Vth classes) prevail on grasslands.
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In the soil and climatic conditions of the Masurian Lake District water shortage for
agricultural cultivation range from 30 - 350 mm (Komisja... 1983; Rojek M, 1994). The
division into more valuable types of cultivation is as follows:

Meadows and pastures grass 100-350 mm

Spring wheat 60-80 mm

Potatoes 30-100 mm
The analysis of the isolines of water shortage N 20% allows for the Masurian Lake
District division into three zones. The highest water shortage at the level of 300-350
mm appears in the Rospuda-Netta and the Czarna Harcza rivers basins. The zone of the
values of 250-300 mm includes the Sandr Lowland and the Lyna, Drweca and the
Upper Pasteka rivers basins. The area of relatively low water shortage at the level of
200-250 mm covers the central and lower parts of the Lyna river basin and the upper
part of the Pisa and the Krutynia rivers basins.
The existing State and economical potential of agrieulture is an effect of the interaction
of some environmental, social as well as historical and cultural factors complcx
(Michatowski K., 1993; Mydlak M., 1994; Nowicki Z, Solarski H., 1995). The
synthetic assessment of last few years shows the decreasing trends valuc both in the
terms of agricultural production as well as social and cultural spheres. The situation is
shown by indices of social and economical conditions in the table 1. Other commcnts
on agricultural situation in the Masurian Lake District are specified in the organising

conceptions of arabie lands irrigations.

RESULTS

During the period of 1990 - 1995 the agriculturally irrigated area in the Masurian Lake
District (former Olsztyn and Suwalki provinces) ranged from 21.0 - 23.2 thousand of ha
depending on the climatic conditions as well as organising possibilities of agrieulture.
The dominant position belongs to the upward irrigation of grasslands which are used on
21.6 thousand of ha. Sprinklers make up 7% (1.6 thousand of ha in 1995) of the area.
The regulated outflow, as a not highly efficient irrigation system, is used on the area of

18.1 thousand of ha (80%) due to limited disposal water resources. The irrigation with
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sprinklers are locally used on the area of 10 400 ha. It is highly dispersed throughout the
following rivers basins: the Upper Drweca, Pasteka, Lyna, Pisa and Wegorapa.

The setting of the irrigation usage criteria is crucial in the estimation of the irrigation
needs of arabie lands. With reference to the Masurian Lake District, the criteria at
present social and economical conditions are immensely difficult and complex (Mydtak
M,1994; Nowicki Z., 1990; Nowicki Z., Solarski H.,1989). Some effective symptoms in
that kind of studies may be visible after the stabilisation of the agricultural trends and
disciplines connected to agrieulture and the sphere of production and food consumption.
The regression of all the values measured with the production, consumption and culture
(table 1) shows profound changes which can not be comparable with any other
historical period (Michatowski K., 1993; Nowicki Z., Btaszczyk. M, 1994; Nowicki Z,
Solarski H., 1995). Hence, theoretical assumptions of the already existing reclamation
ideas, cspccially irrigational ones, lose their meaning and have to be successively
modified.

One of the element of a sustainable economical system is an attempt of ecologisation of
all production processes including agrieulture. In natural and economical conditions of
the Masurian Lake District, ecologisation of agrieulture is connected to the agricultural
space restriction (a gradual inerease rate of wildlife reserves, landscape parks and
protected areas), food guality improvement (healthy food) and broadening of private
forms of ownership.

The draft of problems presented above determines the sense of reclamation Solutions.
The research which has being carried out on the land reclamation problem (Nowicki Z.,
1990, Nowicki Z., Blaszczyk. M, 1994; Nowicki Z, Solarski H., 1995; Solarski H.,
1989) for many years allows to precise some rules in the field of drainage, drainage-
irrigation, irrigation systems. Taking into account the agricultural ecologisation. in the
tirst order the technical reclamation as arabie lands drainage, open ditches network on
grasslands, post-rcclamation usage of grasslands, channels, pipelines as well as a
number of pump stations should be limited. The area eguipped with the conventional
drainage systems network and drainage-irrigation systems anticipated as 691.6 thousand

of ha should be decreased till 460 thousand of ha in the future.
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Table 1 Social and economical conditions of the Masurian Lake District population*

in the years 1994-95.

Tabela 1. Warunki spoteczno-gospodarcze mieszkancdw Pojezierza Mazurskiego*
wiatach 1994-95,

Contents /
Wyszczegolnienie

total ogétem

- density of population zaludnienie
-workers pracujacy

Population -
iy -employed zatrudnieni
Ludnos¢ .
-unemployed bezrobotni
-sick rate zachorowalno$¢
-deaths zgony
total razem
Arabie lands - arabie land & orchards
Uzytki rolne gr. orne z sadami
- grasslands uzytki zielone
Reclaimed
arabie lands arabie lands  grunty orne
Zmelior. grasslands uzytki zielone
uzytki roi.

Abandoned lands and fallows & meadows

pastures excluded from agricultural usage
Odtogi i ugory oraz tgki i pastwiska
Wytgczone z uzytkowania rolniczego

Harvest grain crops  zboza
Zbiory potatoes ziemniaki
vegetables & ffuit warzywa i owoce
Crops grain crops z_boza_ _
Plony potatoes uemmakl
sugar beets buraki cukrowe
Cattle
Bydto
The mechanisation of agriculture
Mechanizacja rolnictwa
Environ- Lands of protected landscape
mental obszary chronionego krajobrazu;
Protection National and landscape parks
Ochrona as well as wildlife reserves
Srodowiska Parki narodowe i krajobrazowe

oraz rezerwaty przyrody
Social acceptance of ecological agriculture
Spoteczna akceptacja rolnictwa ekologicznego.

The education need declared by farmers about

environmental hazards

Deklarowana przez rolnikéw konieczno$¢ posiadania

wiedzy n.t. zagrozenia Srodowiska

* within the former Olsztyn and Suwatki provinces

Unit
Jednostka

thous. pers tys.os.
pers./kmz os./knr

. thous.pers
tys.os
nbri1oo thous.pers.
liczba / 100tys.os.

thous. ha

tys.ha

thous.ha
tys.ha

thous.ha
tys.ha
thous.tonnes
tys.ton
g/ha
numb./IOOha of a.land
SD/I0Oha uz.rolnych

Ar. land area./ tractor
Pow.uz roln/Iciagn.

thous.ha
tys.ha

%

%

*w granicach bylego wojewo6dztwa olsztyriskiego i suwalskiego

Number
or value
Wartos$é
lub ilo$¢
1253.9
54.0
412.9
262.7
158.5
1084.9
822.0
1204.3
811.3

393.0

306.9
199.0

2855

1070.4
568.6
121.7

23.7
121.0
239.0

31.9
23.8

1050.0

122.0

29.7

83.0



104
Z Nowicki, K. Glinska

The programme of retention reservoirs building which has been cancelled due to
financial limits should be adapted to present possibilities and economical trends of the
region. According to the effects of the research works the on the reservoirs building for
agricultural and energetic purposes (Nowicki Z.,1990), the synchronisation of smali
hydropowers and meadows, pastures and arabie lands irrigation needs is possible. The
uscful capacity of these reservoirs in the Masurian Lake District may increase up to
692,1 min of m\ The program of smali hydropowers building is advanced to a large
extend. There are 51 hydropowers, of total power 8140 kW, functioning at present
(according to the State at the end of 1998).

Although the rcalisation of that enterprise influences the increase in disposal water
resources, the problem of the irrigated area increase beyond the present scale still exists.
Taking into account such phenomena as the cattle breeding decrease, the decrease in
meadows yielding (Gajda J., Mikotajczyk Z., 1995; Nowicki Z., Solarski H., 1995), the
increase in fallows area as well as grassland area excluded from agricultural production,
the irrigated rural areas should be restricted to efficient systems only.

The trends in heaithy-food development indicate the need of sprinklers usage in
horticulture (Kawecki Z., llasz Z., 1983, Krynska W., Martyniak B., 1986). The
existing level of horticultural production is very low in the region. There are only 11 kg
of fruit and se kg of vegetables per person while the feeding standards recommend the
annual consumption of 80 kg of fruit and 200 kg of vegetables per person. The
preferable dircction of sprinklers usage should be in the following order: 1.
horticulture, 2. fodder roots crops, 3. grasslands, 4. grain crops.

The research conducted by the Department of Horticulture and the Department of Land
Reclamation at the Warmian and Masurian University in Olsztyn (Poland) showed a
purposeful and significant role of irrigation with sprinklers in the Masurian Lake
District. The experimental sprinkling irrigation allowed to achieve following effects:
the increase ratc in hay yield within the range of 1.3 - 4.9 t/ha, the 30% - 60% rise of
vegetable yield (Kawecki Z., llasz Z., 1983, Krynska W., Martyniak B., 1986, Solarski
H.,1989).

In the light of existing environmental, economical and social conditions, the more

important irrigation criteria could be specified as follows:
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Environmental and agricultural valorisation of thc area (W) in accordance with the
100-points scale regarding to soil, water and climate (according to IUNG in Putawy)
W ater shortage (20%) on grasslands (N),
- The grain crops yield (P) gained in 1995 as a mcasure of environmental and
economical potential of agriculture,
Agriculture ecologisation conditions (WE) as a statistical parametcr describing thc
social and cultural situation in the region (health food production, the environmental
values protection, ethical level of farmers). Four conditions are used in thc
valuation: WE=1 - very favourable; WE= 2 -medium favourablc: WE=3- favourablc
WE=4 -unfavourable.
Four sub-regions of the differentiated urgency of irrigation may be separated duc to
synthetic formulation of the criteria mentioned above. As for the most preferencc areas,
the grasslands and arabie lands are located in the of the Lyna with Guber, the Upper
Pasteka rivers basins. An adequate indices gualifying the sub-region in the Ist class of
urgency are as follows: W=57.9 - 83.9 points; Waw=75 points, N=220 - 3(X) mm; P=22
- 35 g/ha; Paf= 30 g/ha; WE=1 and WE=2.The second class of urgency is characteristic
for the Upper Drweca river with its tributaries: Wel and ltawka and for the Wkra, Osa,
Dzierzgon and Liwa basins. The third place, having the irrigation needs in
consideration, is taken by the areas of properly used fertile soils located in thc basins of
Lega, Etk, Rospuda, Czarna Hancza, Szeszupa and Wegorapa with Gotdapa The fourth
class, in the scale of the urgency, is located mainly in the valleys of Sandr Lowland. It
means in the basins of the Pisa with Krutynia, Szkwa, Rozoga Omulew, Orzyc. There
are also some clo.se meadows complexes located in the direct valleys of the Biebrza and
the Lower Netta rivers. Statistical parameters of the IVth class of urgency can be
characterised in a following way: W= 33,1 - 64,3 points; Waw=52 points, N=250-360
mm; P=20-26 g/ha; Pa= 23 g/ha; WE=1.
Defmed in the paper the irrigation needs as 193030 ha result from the identifying of
soil and topographical conditions and hydrological situation: peat and minerat soils are
characterised by  moisture deficiency, land relief allows for the usage of upward
irrigation or mechanical sprinklers, favourable amount of disposal water resources. Ali
these natural criteria are submitted to the rules of organising abilities of agriculture c.g.

the vaiorisation level of agricultural production space defmed by IUNG in Putawy,
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current grain crops yield, the possibility of ecological family-farms reactivating as an

environment conductive to cultural values of farming.

The area being classified for agricultural irrigation in the way shown above makes 39.7

% of the whole soil area reguiring that kind of

intervention. According to IUNG in

Putawy the total soil area of the permanent water deficiency amounts 134688 ha, while

the seasonal one 351545 ha.

Table 2 The needs of arabie land irrigation in the river basins in the Masurian Lake
District (within the former Olsztyn and Suwalki provinces borders)

Tabela 2 Potrzeby nawodnienia uzytkéw rolnych w zlewniach rzek Pojezierza

Mazurskiego (w granicach bytego woj. olsztynskiego i suwalskiego)

System nawodnienia

oo e e
kmo

* Goumpapisa 10008
3. Szeszupa 300.4
4.  Czarna Hancza 1289.4
> iﬁ;%i(tj:\;vl\slgtzanal 23224
6. Lega 748.8
7. Elk 11555
8. Pisa with Krutynia 3198.8
9.  Szkwa 274.0
10. Rozoga 231.2
11.  Omulew 1264.8
12. Orzyc 763.9
13, Wkra 502.4
14.  Drweca 2772.1
15, Osa 143.5
16. Liwa 18.8
17.  Dzierzgon 325
18.  Pasteka 997.9
Total Razem 23408.6

Irrigation system Razem
upward irr. sprinkling Total
podsigkowe  deszczowniane

23470 53030 76500
1840 4870 6710
660 700 1360

3620 - 3620

15030 900 15930
220 2960 3180
840 500 1340

11180 4540 15720
1760 410 2170

7040 - 7040

9870 980 10850

4010 - 4010

4830 5700 10530

11220 9960 21180
610 - 610

70 - 70
170 - 170
4870 7170 12040
101310 91720 193030

Stopien
pilnosci
Degree of
urgency

1
v
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Thus, the area of real irrigation needs is estimated as 486233 ha. The soils requiring
agricultural irrigation make 40.4% of arabie lands. As regards the climatic criterion,
which is widely used in Europe, it shows that the maximal irrigated soil area in large
farms ranges from 10-20% of arabie lands (taking the latitude of the study area into
account). Thus, some other interventions should be undertaken towards the water

deficiency decrease on the areas (293203 ha) not provided for irrigation.

CONCLUSIONS

The research on the agricultural irrigation problems in the Masurian Lake District

shows the very complex environmental and economical as well as cultural and social

situations. Taking into account all the problems connccted to the agricultural irrigation
methodology, the following conclusions can be derived:

1. Trace amounts of present agricultural irrigation estimated as 21.0 - 23.2 thousand
ha (1.8 % of arabie lands) indicate the need of irrigated area enlargement at about
10 - 20% on the region scale.. The total area of irrigation systems requires 193030
ha what makes 16% of arabie lands there. The area of that size does not break the
climatic and organising criteria of agriculture.

2. Conventional methods of agricultural organising have been applied for last 50 years
during both socialistic and capitalistic systems and do not chcrish hopes of the
economical trend increase as for agricultural irrigation intensifying. One of the
altemative methods is reactivation of ecological family-farms of a high clhical and
cultural level.

3. The possibilities of upward irrigation or sprinkles wusage is limited to thosc farms
(mentioned in the 2rd point) where the arabie lands take 15 - 20% of area. The
unfavourable for agricultural production, soil and water as well as climatic factors,
in conditions of global crisis, create a barrier for productive and organising efforts.
Thus, theoretically evaluated irrigation needs in face of declining agricultural
potential should be treated as a rough estimation - extremely difficult to become
realised. Nevertheless, the research on that domain enables to determine some

catastrophic phenomena’s origin what could help counteracting critical situations.
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The decreasing amount of domestic live-stock should be treated only as a signal of
changes in the consumption structure. Plant food has gained a predominant role over
milk and meat produets. In the light of healthy, ethical and economical aspect it can
be treated as a positive trend of preventive treatment.
Both the theory as well as practice show the influence of feeding trends on
organising changes in agriculture. On one hand, the consumptive cultivations seem
to be indispcnsable, and on the other - the feed cultivations should be in the exerted
regress.
Significant effects for agriculture may be obtained under condition of irrigation
technigues dissemination.
Prefcrential character of irrigation usage in the section of horticultural consumptive
cultivations is conftrmed by the studies on the water needs carried out with the
method of effective evaporation by IUNG in Putawy (Poland). According to these
studies, in the period of 1970 -1990 the decades number with the soil drought in
the Masurian Lake District is divided into following sections:

105 - 170 - potatoes

18 - 140 - sugar beet

20-80 - winter wheat
The present research should aim at the synchronisation of horticulture
regionalization with the irrigation needs.
Advanced program of hydropowers building related to surface retention reservoirs
should be adapted to the water distribution into irrigated areas.
The method of water deficiency decreasing with the reclamation and fito-
reclamation techniques should be used due to lowcr investment and working costs.
The possible inerease rate of the soil retention is estimated as 2554 min m3, whereas
the present soil retention amounts 1560 min m\
The propositions presented in the paper, could have an influence on setting back of

the critical situation in the region, although it may seem to be irreversible.
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Streszczenie: Problematyka nawodnied rolniczych na Pojezierzu Mazurskim. W pracy
przeanalizowano problematyke nawodnien rolniczych na Pojezierzu Mazurskim. Aktualnie
wykonane zabiegi nawadniajace na powierzchni 23,2 tys. ha nalezaloby traktowac jako forme
$ladowa w stosunku do potrzeb okreslonych na warto$¢ 193030 ha. Priorytetowe uszeregowanie
uzytkéw nawadnianych winno by¢ nastepujace: uzytki zielone, uprawy warzywnicze i
sadownicze, paszowe uprawy polowe, okopowe, zboza konsumpcyjne.
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Gospodarowanie zasobami wodnymi i nawadnianie roslin uprawnych

Water resources management and irrigation of cultirated plants

Impact of area management on the cleanliness of Trybska Rzeka

water stream

ZENON PIJANOWSKI, WLODZIMIERZ KANOWNIK

Department of Land Reclamation and Environmental Development, Agricultural Univcrsity of
Cracow

Abstract: Impact of area management on the cleanliness of Trybska Rzeka water stream. The
study presents results of research, carried out in the period 1994-1998, that was conccrncd with
measuring concentrations of the following Chemical compounds and elements: NOi, NH4, PO.,,
S04 K, Ca, Na, Mg, Fe, Cl, and determining pH, dry remains and remains after parching. On
the basis of the measurements taken, guaranteed concentrations were calculated using the
method of estimating distribution parameters at different probability (guarantee) levels.

Key words: surface water chemism, contamination, water guality

INTRODUCTION

Water is a very important element that shapes the natural environment, accompanying
all living functions of both organisms and ecosystems. For this reason, the guality of
surface water must be under current control in order to assess the cleanliness of water
and determine the degree of efficient protection against contamination. This is donc on
the basis of the Regulation of the Minister of Environmcntal Protection, Natural
Resources and Forestry of November 5 , 1991, which sets up a three-level classification
of inland surface water cleanliness and provides values of 57 contamination indicators
(in Appendix 1 to the Regulation) that determine the cleanliness class and the scopc of
eventual exploitation for the water tested.

In order to assess water guality, indicator values measured in the water tested must be
compared against respective normative values included in Appendix 1 to the
Regulation.

However, no guidelines are provided with regard to the comparison process. For this
reason, several various methods have been developed to calculate the expected value of

e.g. typical concentrations, reliable concentrations and guaranteed concentrations.
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The typical concentrations method, introduced in 1967 with the Regulation of the
President of CUGW, was the basis for determining water guality. The method consists
in calculating the arithmetical average of two least favourable values of an indicator.
The main disadvantage of this method is that the finat outeome of the assessment
strongly depends upon the number of measurements taken within a given period of time.
The reliable concentrations method (Marczak, 1963) is based on the assumption that
there is a relation between the concentration of contamination and the water flow
volume in the water-course. The method consists in calculating the expected value of an
indicator, given the average-low water flow over a period of many years - SNQ. The
method is particularly work- and time-consuming as well as costly, and, according to
Dojlidy (1999), the very rare good correlation values for particular points and indicators
do not demonstrate any regularity.

The guaranteed concentrations method refers to concentrations that are not exceeded
during p% of the period tested. An advantage of the method is that the guaranteed
concentration value does not depend upon the number of data items, and the strietness
of the assessment may be easily regulated by setting the guarantee level p as reguired by
substantial reasons (cconomic, ecological or social) (Stojda, 1982).

This study contains a statistical analysis of selected flowing surface water
characteristics, measured at four control points in the water-basin of the Trybska Rzeka

strcani, in the region of Polish Spisz, in the period 1994-98.

RESEARCH SCOPE AND METHODS

Measurements of the Chemical content in surface and underground water in the water-
basin of the Trybska Rzeka stream started in 1994. The assessment covered the
measured concentrations of the following Chemical compounds and elements in water:
NOi, NH4, P04, S04, K, Ca, Na, Mg, Fe, Cl, as well as pH, dry remains and remains
after parching. Water samples for Chemical analyses were taken systematically every
two weeks in the summer season and once a month in the winter season. The content of
Chemical compounds was measured in laboratory conditions. K, Ca, Na, and Mg content
was determined using the flame photometry method, N 03 content - using the distillation
method, PO4 and Fe - colorimetrically, SOa4 - through precipitation, CI - titrimetrically,

pH - potentiometrically, dry remains - in 105°C, remains after parching - in 550°C.
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On the basis of the measurements, descriptive characteristics were calculated for the
indicators measured, distribution parameters were prepared and guaranteed
concentrations were calculated using the method of estimating distribution parameters at

different probability (guarantee) levels.

CHARACTERISTICS OF SAMPLING POINTS

The sampling points are located in the water-basin of Trybska Rzeka, which issues into
Biatka - a right-bank inlet to the Czorsztyn water reservoir, set up on the Dunajec River
In administration terms, the water-basin is situated in the area of districts of tapsze
Wyzne and Bukowina Tatrzanska, Matopolska Province. The area of the water- basin
belongs to the macroregion called Pogorze Spiskie.

According to Guminski, the water-basin area shall be classified as part of the 21a
Carpathian District, with mountain climate. According to Hess's classification, the area
is situated within the second climatic stage: moderate cold with averagc annual
temperatures ranging from +4 to +6°C (from 700-750 to 1040 m above sea levcl).
Vegetation period is 170-190 days long. Annual rainfall ranges from 740 to 840 mm.
Summer rainfall is much greater than winter rainfall. The first snow cover appears at the
end of September and in the beginning of October.

Autogenous, brown-green soil, of brown lixiviated and acidic soil class and proper
brown soil class, is predominant. Acidic soil with a great share of skcletal parts can be
mostly found under forests, other brown soil is mostly exploited for agricultural
purposes. Due to the smali permeability of Flysch layers, natural underground water
outflows, such as sources, marshes and wetness, leakage and exudation, are abundant in
the area discussed.

Pure minerat fertiliser consumption per 1hectarc of arabie land amounted to approx. 35
kg NPK in the period of testing. Stable and liquid manure fertilisation is common,
particularly in late fali, winter and early spring. & characteristic hydrometrie profiles,
referred to as points where water was sampled for physical and Chemical testing, were
selected in the water-basin. However, due to the limited volume of the publication,
results from just 4 points are discussed, and the spatial location of the points in the

water-basin is shown on Figure 1
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Point 1, located on the hydrometrie overflow, closes the 0.129 km2 large microbasin, of
north-western exposure, east of the Trybszanka stream. 74% of the basin area is covered
by mountain forests, and 26% of the upper part of the basin is permanent green land.
There is a 0.430 km long, s * class water-course in the basin, which is a right-bank inlet
of Trybszanka, into which it issues at 1+880 km.

Point 5, situated on the hydrometrie overflow, closes the 0.406 km2 large microbasin of
the Second Stream, located on an eastern slope, west of the Trybszanka stream. The
water-basin is almost entirely exploited for agricultural purposes, permanent green land
is predominant, covering 60% of the total area, arabie land - 18%, barren land - 19%,
and wooded land - 3%. The main water-course of the microbasin - "Second Stream",
0.980 km long (sth class), is a left-bank inlet of the Trybszanka river, into which it
issues at 0+670 km.

Point 6, located on Trybska Rzeka at 3+800 km, closes the 5.25 km2 large basin. The
water sampling point is situated upstream of the settlement area in the Trybsz village.
There are no buildings and no other permanent structures that might constitute a source
of contamination which could reach surface water and affect the guality of this water in
the basin - this was the main reason for selecting this place. 80% of the basin area is
cxploited for agricultural purposes, and just 20% of the area is covered by forests (the
regional average is 42.3%).

Point 7, located on Trybska Rzeka at 1+350 km, closes the 7.60 km2 large basin. The
water sampling point is situated within the building area in the Trybsz village,
approximately 50 m upstream of the Czarnogdrska Rzekals mouth in order to avoid any
eventual impact on the quality of the water tested. This location was principally selected
in the attempt to determine the impact of contamination generated in settlement areas,
which may reach - through various ways - surface water flowing in their direct
proximity.

The Trybsz village is inhabited by 759 people, and is characterised by a very compact
housing and farm building structure It is the only village in the district of Lapsze Nizne
that is partly covered by a sewage drainage system. The sewage system network lies
under the pavement on the right-hand side of the road ffom Nowy Targ to tapsze
Nizne 535 m long section is located behind the slope, issuing partly into the tazy

stream. and partly into the Trybska Rzeka stream. The remaining 270 m long section
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issues into the Trybska Rzeka stream. The sewage network is adjusted to absorb rainfall

that falls down from the road through grating holes.

forests
lasy i tereny zadrzewione

sampling points
punkty pomiarowo-kontrolne

border catchment basin
of stream Trybska Rzeka
granica zlewni potoku Trybska Rzeka

border catchment microbasin
granica mikrozlewni

The main problem of the water and sewage management is the lack of water treatment
plant, resulting in releasing household sewage, via the collector, directly to water-
courses. Most farms, particularly those situated away from the sewage network course,

have cesspits, which are often incorrectly constructed and improperly used.
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RESEARCH RESULTS

The study presents results of measuring concentrations of selected Chemical substances
in the period 1994-1998.

Table 1 presents descriptive statistics of the Chemical substances tested: arithmetical
averages of the concentrations, minimum and maximum values measured during the
testing period, standard deviation and skewness.

In the testing period, the highest average concentration of contamination in water could
be observed in point 7, located within the building area in the Trybsz village. The
greatest differences between water sampling points were recorded for dissolved
phosphate concentrations that were ovcr 4 times as high in the building area as values
from the remaining points, chlorine concentrations - almost 3 times as high, potassium
concentrations - twice as high.

The table also contains maximum concentration values of particular water indicators at
each of the points discussed, recorded during the testing period. This provides
information about the possibility of extremely high concentrations of contamination that
may occasionally occur in test points in consequence of unpredictable circumstances.
The highest maximum concentrations were observed mostly in point 7, reaching the
following values, c.g. Cl - 10.10 mg/dm\ P04- 1.67 mg/dm3 NO03- 16.22 mg/dms or
K-4.7 mg/dm3.

Standard deviation, as a measure of data dispersing, determines the average deviation
(difference) from the average. The morc different the observations, the higher standard
dcviation.

On the other hand, skewness, as a measure of asymmetry, determines what is the
direction of high deviations from the average that are predominant in the population:
towards higher or lower values.

The interpretation of skewness may be helpful in determining the type of theoretical

distribution that describes the empirical distribution of a given indicator.
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Table 1. Selected descriptive statistics of Chemical element concentrations in mg/dm . generat suspension and pH in surface
water in particular sampling points
Tabela 1. Wybrane statystyki opisowe stezen sktadnikéw chemicznych w mg- dm'3, zawiesiny ogélnej oraz pH w wodzie

Descriptive statistics Statystyki opisowe

Index Point Arithmetric mean Standard
W skaznik Punkt Srednia o ) deviation Skewness
arytmetyczna Minimum Maximum Odchylenie Skosnosé
standardowe
1 7,81 6,18 8,71 0,456 -0,740
5 7,81 6,90 8,70 0,383 -0,201
PH 6 7,99 7,02 8,83 0,370 -0,462
7 8,00 7,11 8,58 0.318 -0,593
1 0,65 0,06 151 0,346 0,459
5 0,63 0,17 1,34 0,284 0,610
N NHe 6 0,50 0,11 1,23 0,223 1,051
7 0,80 0,22 1.62 0,290 0,378
1 4,02 0,22 8,79 2,663 0,202
5 4,68 0.34 12,88 3,545 0,606
N nos 6 3,90 0,34 11,48 3,243 0,781
7 484 0,45 16,22 3,777 0,861
1 0,057 - 0,196 0,050 0,685
, 5 0,060 - 0,225 0,054 1,040
PO.3 6 0,062 . 0,375 0,072 2,147
7 0,276 - 1,670 0,242 3,118
1 0,076 - 0,536 0,088 3.396
5 0,131 - 0,358 0,086 0,714
Fe+343
6 0,067 - 0,337 0,077 1.856
7 0,139 - 0,521 0,111 1,163
1 0,82 0,03 1,90 0,463 0,405
s 5 0,69 0,08 1,60 0,399 0,783
6 0,88 0,17 2,40 0,544 1,109
7 1,66 0,05 4,70 1,099 0,808
1 1,17 - 2,30 0,674 -0,162
5 1,09 - 5,10 1,222 1,443
cl 6 0,86 - 2,20 0,576 0,192
7 3,19 - 10,10 1,914 1,279
1 3,79 - 12,30 2,396 1,471
Nat 5 7,38 - 24,08 5,018 1,538
6 6,06 - 14,16 3,340 0,814
7 8,47 0,70 19,70 4,736 0,915
1 7,92 0,55 16,57 2,978 0,692
5 7,70 0,42 18.10 3,667 0,943
Mg-3 6 7,99 0,52 15,80 2,671 0,250
7 8,59 0,46 17,24 3,041 0,082
1 44,42 12,31 73,22 14,127 -0,365
cas 5 44,87 9,61 74,11 16,216 -0,209
6 45,07 15,00 71,23 12,644 -0,435
7 54,76 12,01 77,09 13,425 -1,132
1 27,79 10,51 53,35 7,404 1,163
) 5 23,04 4,33 89,81 12,485 3,167
5043 6 31,16 15,86 66,33 9,702 1,067
7 35,94 9,68 65,30 10,540 0,539
) 1 196,58 20,00 294,40 54,262 -0,513
Dry residue 5 202,03 52,00 398,00 73,663 0,269
sucha 6 213,79 78,60 303,40 42,971 -0,600
pozostato$¢
7 250,31 54,00 336,80 52,984 -0,983
Remains after 1 48,32 8,00 124,80 27,417 0,806
parchmg 5 46,98 14,40 129,80 24,559 1,089
Pozostatos¢ po 6 42,87 10,80 117,80 24,832 1,100
prazeniu 7 60,35 18,00 127,00 27,956 0,536

- trace amount - ilosci Sladowe
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Guaranteed concentrations were calculatcd using the greatest reliability method, on the
basis of density function for the tested probability of concentrations. For this reason, a
theoretical distribution that approximates the empirical distribution was selected for
each indicator. For this purpose, concentration values were grouped into separate
classes for each sampling point, distributive series and histograms were prepared.

It was assumed that hypothetical functions describing the empirical distribution of
measured concentrations may be close to the normal, logarithmic-normal or gamma
distribution. Their parameters were estimated using the greatest reliability method.
Then, the distributions were verified with the %-Pearson concordance test, which
consists in comparing the empirical and theoretical numbers in particular ranges, and
the A - Kolmogorov test, empirical and theoretical distribution values were compared.
Distributions that conformed with test conditions at a= 0,05 were subject to further
analysis.

Following the physical interpretation of the phenomenon tested, the finat selection of
the theoretical distribution was made. Due to the fact that contamination values
constitute positive random variables, with unlimited top values, distributions with long
right-hand cnd (logarithmic-normal or gamma distribution) were often favoured. Table
2 presents indicators grouped according to the adjusted distributions - the same
distribution type, but with different parameters resulting from statistical calculations,
was assumed for all points within a single indicator. It was gamma distribution that
turncd out to be the bcst adjusted theoretical distribution describing the empirical
distribution for NH4, N03 Na; logarithmic-normal distribution - for Fe, K, S04 and
remains after parching; normal distribution - for all other contamination indicators.
Now, knowing theoretical distributions that approximate empirical distributions of
particular concentrations, guaranteed concentrations were calculated at the appropriate
probability level, i.e. that is not cxceeded in p% time during the year, and p is the
guarantee (probability) levcl. e.g.p =95% means that a lower concentration than the
calculated guaranteed concentration of a given contamination may be expected 348 days

in the year, and a higher concentration - 18 days in the year.
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Table 2. Theoretical distributions approximating respective empirical distributions of water contamination indicator
concentrations, with their respective parameters
Tabela 2. Rozktady teoretyczne aproksymujgce rozktady empiryczne stezen wskaznikéw zanieczyszczeh wody wraz z

Index Point Distribution Distribution parameters
W skaznik Punkt Rozktad Parametry rozktadu
Mathematical expeclation p Standard deviation a
Nadzieiti matematyczna” Odchylenie standardowe IT
1 7.8073 0,4559
5 7,8082 0,3832
PH 6 7.9894 0,3698
7 7.9962 0,3184
1 0,0566 0,0501
5 0.0601 0.0541
POTS 6 0,0620 0,0720
7 0,2762 0,2425
1 1,1673 0,6736
5 1,0891 1,2215
o 6 _=z 0,8597 0,5757
7 £ 3,1929 1,9136
1 S £ 7,9216 2,9779
Mg*2 5 z 7,7049 3.6667
6 7,9903 2,6707
7 8,5850 3,0406
1 44,4205 14,1267
5 44,8671 16,2155
Ca*2
6 45,0733 12,6437
7 54,7583 13,4254
1 196,5800 54,2622
Dry residue Sucha 5 202,0255 73,6629
pozostatosc 6 213,7875 42,9708
7 250,3114 52,9839
Mathematical expectation (a Standard deviation o
Nadzieja matematyczna p Odchylenie standardowe et
1 -2,8557 0,8325
Fet243 5 -2,1668 0,6628
6 -3,0484 0,9716
7 - -2,2751 0,8934
1 _ = -0.4289 0,7954
o 5 £E -0,5574 0,6558
6 = 2 -0,3142 0,6451
7 S 9 0,2346 0,8549
1 EB 3,2911 0,2641
<012 5 g 3,0353 0,4440
6 3" g 3,3948 0,2971
7 9 3,56361 0,3172
Remains after 1 3,7054 0,6231
parching 5 3,7191 0,5224
Pozostato$¢ po 6 3,6025 0,5632
prazeniu 7 3,9868 0,4941
Scale parameter a Shape parameter X
Parametr skali a Parametr ksztattu X
1 0,2322 2,7904
5 0,1281 4,9011
N kn.® 6 0,1037 4,8145
7 0,1120 7,0974
1 s © 2,4162 1,6634
5 € E 3,1952 1,4638
N o3 6 §§ 2,9431 1,3264
[UNV]
7 3,1764 1,5236
1 1,1618 3,2588
Na* 5 2,5896 2,8489
6 1,6405 3,6576
7 2,8443 2,9791
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However, the literature does not univocally specify the guarantee level p at which the
calculated value should be compared with the normative value*, and therefore Table 3
contains guaranteed concentrations calculated using the method of estimating
distribution parameters at different probability levels p: 50%, 90%, 95% and 99%.

In comparing guaranteed concentrations, the worst results are observed in case of
surface water taken from the building area (point 7), where almost all indicators reach
the highest values, with smali exceptions, e.g. NH4 that reaches the highest value,
depending on the guarantee level, at p-90% in point 7 - 1.19 mg/dm3, and at p=99% in
point 1- 1.87 mg/dm3.

At the guarantee level p-50%, it was only water taken from the water-course in the
settlement area that was classified into class Il, due to the concentration of dissolved
phosphates that amounted to 0.276 mg/dm3. The remaining waters (points 1, 5, s) were
classified into class I.

Water quality radically goes down at the guarantee level p=90% - water taken from all
points was classified into class Ill, due to the concentration of nitrate nitrogen that
exceeded the threshold value of 7 mg/dm3, reaching as much as 10.05 mg/dms in the
building area. Ammonium nitrogen concentrations in points 1, 5 and 7 and P04
concentration in point 7 were within the range specified for class Il. Also, pH reaction
of water exceeded the top range of values, established at the level of 8.5 for class |
water, in points 1,6 and 7.

At the probability level p=99%, water from points 5, ¢ and 7 was assigned the non-class
water status, as the content of NO? was exceeded - 17.89 mg/dms in point 5; 15.65

mg/dmzs in point 6 and 18.17 mg/dma in point 7.

Regulation ofthe Minister of Environmental Protection, Natural Resources and Forests of Ncnember 5, 1991, on water

classification 1991. Dz. U. [Journal of LawsJ no. 116, item 503.



Table 3. Guaranteed concentrations of water properties at sampling points, calculated using the method ofestimating distribution
parameters at different probability levels
Tabela 3. Stezenia gwarantowane cech wody w punktach pomiarowo-kontrolnych obliczone metodg estymacji parametrow rozktadu przy
réznych poziomach prawdopodobienstwa

50%
7,81

0,57
3,25
0,057
0,058
0,65
117
3,41
7,92
44,42
26,87

196,58

40,67

Index
W skaznik
Min.
pH Mex.
N NH.+
N NOy
PO."™*
..... -~FeviM
K+
cr r-tE
Nai -a
Mg+ E
Ca+t
soT 2
Dry residue
Sucha pozostatosé
Remains after parching
Pozostatos¢ po prazeniu
mClass Il; 3-Class IlI;
sKlasa II; 3. Klasa I1;

90%
7,06

3 8,56
1,17
38,17
0,121
0,167
1,80
2,03
6,60
11,74
62,52
37,70

266,12

90,37

95% 99%
6,91 6,63
8,70 3 8,98

31,39 ; 187
310,12 314,49

0,139 0,173
0,226 0,399
241 414
228 273
7,76 10,27
12,82 14,85
67,66 77,28
41,49 4967

285,83 322,81

113,33 173,29

Point Punkt
5 6
Probability level Poziom prawdopodobieristwa (gwarancji)
50% 90% 95% 99% 50% 90'/. 95% 99% 50%
_— 7,18 7,06 6,82 799 7,38 7,26 7,04 8.00
' 8,44 1856 1 880 ' 8,60 3 871 3 8,94 '

059 3 101 3 115 3 147 0,47 0,80 092 3 117 0,76
3,67 3 980 312,28 *17,89 2,98 3 8,38 310,60 *15,65 3,83
0,060 0,129 0,249 0,186 0,062 0,154 0,180 30,229 30,276
0,115 0,268 0,341 0,535 0,047 0,165 0,234 0,455 0,103
0,57 133 1,68 2,63 0,73 1,67 2,11 3,28 1,26
1,09 2,65 3,10 3,93 0,86 1,60 1,81 2,20 3,19
6,53 13,24 15,72 21,10 5,46 10,21 11,91 15,58 7,55
7,70 12,40 13,74 16,23 7,99 11,41 12,38 14,20 8,59
4487 6565 71,54 8259 4507 61,28 6587 74,49 54,76
20,81 36,75 43,19 58,45" 29,81 43,62 4859 59,49 34,33

202,03 296,43 323,19 373,39 213,79 268,86 284,47 313,75 250,31

41,23 80,53 97,36 138,99 36,69 7551 92,66 136,02 53,88

Non-class water
woda pozaklasowa

90%
7,47
3 8,52
3 1,19
310,05
30,587
0,323
3,78
5,65
15,06
12,48
71,96
51,55

318,21

101,50

95%
7,37

3 8,62
3 1,34
312,54
30,675
0,447
5,16
6,34
17,82
13,59
76,84
57,85

337,46

121,46

99%
7,18

3 8,82
3 1,65
*18,17
30,840
0,821
9,24
7,64
23,81
15,66
85,99
71,81

373,57

170,09

"ssauljues;d ap W juswabeuew eare p oedw|
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CONCLUSIONS

1 On the basis of tcsting surface water, main contamination elements contained in
water, and at the same time sources of contamination, can be determined, what will
provide for working out efficient methods and means of protecting water in the area.

2. Indicators that most often deteriorate the guality of inland surface water include:
nitrogen compounds and pH reaction of water - on agricultural land; and phosphorus
compounds in settlement areas.

3. Non-class water can be observed only at a very rigorous guarantee level p=99%, due
to the concentration of nitrate nitrogen that exceeds 15 mg/dm3,

4. The highest concentrations of contamination elements in surface water were
observed in point 7, what confirms the thesis that water contamination in rural areas
comes mostly from settlement areas.

5. It should be noted that water could not be regarded as "clean" in point 1, which
closes the water-basin, almost entirely covered with forests, due to high

concentrations of nitrogen compounds.
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Water resources management and irrigation of cultivated plants

The effect of polymer barrier on soil water regime under subsurface

drip irrigation
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Warsaw Agriculture University

Abstract: The effect of polymer barrier on soil water regime under subsurface drip irrigation.
Subsurface drip irrigation is a viable water conservation technology in agriculture. However
some limitations of this irrigation technigue are still evident. One of thcm is limited horizontal
wetting of sandy soils root zone, which is attributed to the rapid water percolation and low water
retention capacity of this kind of soils. Improving water retention capacity of sandy soils and
reducing water percolation can be achicved by mixing soil with synthetic polymer conditioncrs.
Absorbent polymers are a series of organie water retaining materials specifically designed to
improve the capability of soils to hotd water and plant nutrients. Laboratory model experimcnt
of water flow in soil irrigated by buried drip lines is presented in the paper. New type of ilow
baiTier as a layer of soil mixed with polymer absorbent conditioner was tested in sandy soil
under subsurface drip irrigated lettuce. The barrier was located 5 cm under irrigation emitter and
25 cm below soil surface. The results of experiment demonstrate that polymer soii conditioners
can maximize water use efficiency, maintain proper and constant moisture of root zonc and
significantly decrease water and fertilizers loose by deep percolation.

Key words; subsurface irrigation, polymer soil conditioners, flow barriers, water saving
technigues

INTRODUCTION

Low natural productivity and too low rainfall to supply the majority of the irrigated crop
water needs are major limiting factors of agricultural production in arid regions of the
world. The low productivity of sandy soils which are of widespread occurrence in the
Middle East and North Africa is attributed mainly to the low water retention capacity
and bad nutrient sorption. The necessity of economic management makes that water
application efficiency is, beside the soil moistening uniformity, one of the main
estimation criteria of irrigation systems. Water application efficiency might be high, if
the technical parameters of the given irrigation system and the irrigation technology

were correctly selected. Contrariwise high water losses due to filtration into deep soil
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horizons can occur, at an unsatisfactory or uneven moistening of the soil root zone. In
subsurface irrigation change of water doses or their application frequency can regulate
the soil moisture level. This possibility of an adaptation of the technical system to
current water rcauirements of plants is a great advantage of subsurface irrigation.
Anothcr method of seepage elimination in subsurface irrigation is the barriers
construcled bclow irrigation pipes. In the paper the results of laboralory experimenls

with polymer soil conditioner as a flow barrier are presented.

BARRIERS AND SOIL CONDITIONERS IN SUBSURFACE IRRIGATION

Subsurface drip irrigation (SDI) is a viable water conseiwation technology in
agriculture. However some limitations of this irrigation technique are still evident. One
of them is limited horizontal wctting of sandy soils root zone, which is attributed to the
rapid water percolation and low water retention capacity of this soils. Water distribution
in subsurface irrigation dcpends on the discharge of emitters and water characteristics of

soils. (Fig. 1).
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improving physical properties of the soils.

Barriers can be constructed from different materials. It bas becn used between others a
clay, bitumen, and polyethylcne foils. Influence of narrow strip of foil installcd under
buried point source on the distribution of soil water according to the model experimenl
is shown on Fig. 2. Recently most popular are barriers from polyethylcne foil installcd
in various size and shape. That kind of barriers creates microreservoir of water, which
can moistening root zone through capillary water llow. A barrier constructed from V-
shaped impermeable membrano placed below the subsurface drip lines can viable
reduce irrigation water loss through deep

pcrcolation (Welsh, Kreuter, Byles, 1995) and

also keep the moisture of natural rainfall (Barth,

1995).

Improving water retention capacity of sandy soils

can be achieved by mixing natural materials likc:

organie matter, crop residues or farm manure with

soil surface (Balba, 1975). One of new

approaches to reduce water percolation is

incorporation of synthetic polymcrs within sandy

soils  (Helalia, El-Amir, Shawky, 1992).

Absorbent polymers are a series of organie water

retaining materials specifically designed to improve the capability of soils to liold water
and nutrients. Through controlled release of moisture absorbent polymer assists to
achieving optimal moisture conditions for maximum plant growth and reduces the
amount and freguency of watering and fertilizing required in all plant applicalions
(Silberbush M., Adar E., Malcch De Y., 1993a, 1993b). Application of synthetic soil
conditioners also can have beneficial effeets on soil conservation, by improving llic soil

structure and reducing the crodibility of soils (Brandsma, 1995).

MATERIALS AND METHODS OF INVESTfGATION

The experiment was designed to determine influence of barrier from soil mixed with

polymer, created under subsurface drip line, on soil water content in root zone.
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It was conductcd in laboratory conditions in two PCV columns (30 cm ID, 100-cm

length). On the bottom of both columns were installed a porous ceramic plates (1 bar,

HF madc by Soil Moisture Corporation) for collecting a percolated water. The columns

were packed with sandy soil (98% sand, 2% silt) to average bulk density of 1,7 Mg m‘3.

Polymcr conditioner (Crosslinked acrylamide/acrylic acid copolymer, potassium salt),

Table 1

Physical and Chemical properties of polymer uscd in researches.

Type of polymcr Particie Bulk

soil conditioner size density
[mm]  [gdm 3

Stockosorb 1-3 650 + 30

410 K

type 410 K, was separately
mixed with dry soil in
wcight rate 0,4% and
packed to the first column
as a 5-cm layer on 5-crn
under the emitter and 25 cm
under the surface. Second
Container was a control
without the polymer barrier.
Pressure compensating

emitters with a tlow rate of

Maximum Maximum

Plant Swelling time  absorption absorption
availabie PH to reacli the dist. water 0,1 % NPK
water max. 20-10-20
[%] absorption [cm3g 1 [cm3g']

[min]
95 8,3 45 + 15 250 100
moisture [or8 om:3]

Figure 3 Water retention characteristic of polymer soil
conditioner used in experimcnt (Stockosorb Technical Data

Shcet. 1995)

1,2 dnr h 1were installed on 20-cm depth.
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MULTIPLEKSER
Il LEVEL

Figure 4
Scheme of columns with time domain reflectometry (TDR) probes and porous platcs
used for monitoring soil water changes and collecting pcrcolated water.

To measure water content in soil was used Time Domain Reflectometry mcthod. Ali
TDR measurements were made with LOM/RS meter with iwo multipleksers of second
level (EASY TEST, Lublin). The TDR probes (two-rod design, 15 cm long) were
installed in columns, on dcpths: 10, 20, 25 and 30 cm below the soil surface. Results of
automatic measurements of soil moisture were collected at 15-min intervals. Lctluce
plant (one per column) was planted in the beginning of experiment. The first irrigation
realized by emitters was applied for both columns at 15 day after planting. The

measurements were started after the first irrigation dose.

RESULTS

Soil moisture dynamics and irrigation rates during expcriment in two columns for 4

depths (15, 20, 25, 30 cm) are shown on Fig. 5.1-5.4).
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Figure 5.1 Effect of polymer barrier installed under subsurface drip line on soil moisture
changes on depth 15 cm.
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Figuro 5.2 Effect of polymer barrier installed under subsurface drip line on soil moisture
changes on depth 20 cm.
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Figure 5.3 Effect of polymer barrier installed under subsurface drip line on
soil moisture changes on dcpth 25 cm.

Figure 5.4. Effect of polymer barrier installed under subsurface drip line on soil
moisture changes on depth 30 cm.
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It can be observed the distinct differences in soil moisture changes between two soil
profiles. Water content in column with polymer barrier higher and more stabile. It is
spatially important for the layer when exist most of the plant roots (Fig. 4a). Soil
rctention capacity of the polymer barrier is well visible on the Fig 4c. Where the water
content is about 4 times higher than moisture of soil without polymer. On the depth 5
cm below the barrier it can be observed stabile soil water content during experiment in
reverse to the control column, where soil moisture changes are in accordance to the
irrigation schcduling. It proved that polymer barrier can be successfully used in
subsurface irrigation for reducing water looses. However open is the guestion about

durability of such barriers.

CONCLUSIONS

Based on results of studies and laboratory experiment the following generat conclusions

werc made:

1 Soil water distribution in subsurface irrigation depends on the soils. The theoretical
Solutions and cxperiments show the distinct differences between the water flow in
heavy and sandy soils.

2. In thc sandy soil duc to rapid percolation and low water retention capacity there
exists the high water losses, even if the smali irrigation doses with high freguency
are applicated.

3. Increase the efficiency of water irrigation is possible by:
improving soil retention capacity
constructing technical barriers
use of polymer barriers

4. According to the cxperimental results application of polymer barriers installed
below SDI lines improvcd the soil moisture conditions in the root zone and

decreased water looses by deep percolation.
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Streszczenie: Wplyw polimerowej bariery na uwilgotnienie gleby nawadnianej systemem
wgtebnym. Nawodnienia wgtebne sg zasobooszczednym systemem nawadniajagcym Pomimo
licznych zalet posiadajg jednak pewne ograniczenia w zastosowaniu. Jednym z nich jest
ograniczona zdolno$¢ zwilzania strefy korzeniowej gleb piaszczystych, zwigzana z duza
przepuszczalnoscia i matymi zdolno$ciami retencyjnymi tych gleb. Poprawe retencyjnych
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witasciwosci gleby, oraz redukcje strat wody poprzez przesigki osiagna¢ mozna dzigki
zastosowaniu polimerowych kondycjoneréw glebowych, Absorbenty polimerowe nalezg do
grupy syntetycznych zwigzkéw organicznych, specjalnie opracowanych dla poprawy' zdolno$ci
gleby do retencjonowania wody i zwigzkéw nawozowych W pracy przedstawiono wyniki
laboratoryjnych badan nad wpitywem polimerowej bariery na przeptyw wody w glebie
nawadnianej systemem podpowierzchniowym w warunkach uprawy sataty. Bariere jako
warstwe mieszaniny gleby z polimerem usypano 5 cm ponizej przewodu nawadniajacego i 25
cm ponizej powierzchni gleby. Wyniki doSwiadczenia wskazujg, ze nowy typ bariery dzieki
ograniczeniu przesigkdw' poza strefe korzeniowg pozwala na zwiekszenie efektywnosci
wykorzystania wody i nawozéw w nawodnieniach wgtebnych
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Water resources management and irrigation of cuUivated plants

Control of the ground water table using upward irrigation

ANDRZEJ REINHARD, GRZEGORZ JANIK

Institute of Land Reclamation and Environmental Development, Agricultural University,
Wroctaw

Abstract: Control of the ground water table using upward irrigation. This papcr prescnts
possibilities of controlling ground water table by incans of damming up of water in a ditch. The
automatic control system was worked out and its operation was verified using the mathematical
model based on the Boussinesque’s equation. In this model the relationship, worked out on the
basis of laboratory tests, describing changes of the draining coefficient in relation to the velocity
of water table movement in the soil was applied. Two methods of control were proposed and on
the basis of the figure of merit criterion this method was chosen, which ensures the achievemcnl
of the assumed accuracy of the water table position in the soil.

Key words: control, mathematical model, water table dynamics in the soil.

INTRODUCTION

The crop yield of plants cultivated on green arabie lands depcnds on the trophic and
thermal conditions, genetic character of cultivated herbs, but most of all on air and
water conditions in the plant root layer. The humidity of the soil depends on the quantity
and frequency of precipitation, evapotranspiration, retention capacity, soil pcrmcability
and the depth of ground water occurrence (Brandyk, 1990, tabedzki, 1993). Taking into
account these factors, two types of water balance control in the soil profile may bc
distinguished: precipitation-water and soil-water. The previous type is present in soils,
where the ground water is situated at a low level with rcspect to the surface level and
does not affect the humidity of the root layer. The latter type of water balance control
exists in profiles, where the ground water level is situated a short distance from the
surface level and the top layer is supplied with, among other things, upward irrigation,
and its humidity depends mainly on the capacity of the capillary raising of waters and

on the level of ground water (Ptywaczyk, 1988). Thus the rational control of water
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resources on green arabie lands is possible through the use of land melioration systems,
serving to control the water level in the soil. This can be achieved by using the
automation of land melioration systems. The application of weirs, for example, to
control damming up of water in ditches enables the automatic control of water level in
the soil. Models, which simulate the operation of various irrigation or drainage systems,
give the possibility to choose the optimum solution for given land and atmospheric
conditions (Reinhard, 1992, Fedes...,1978). Mathematical descriptions of the operation
of weirs, which affect air and moisture conditions in the soil, are essential to design
systems of ground water Icvel automatic control and allow also to discover the negative

influence of these systems on the adjacent area.

PURPOSE, SCOPE AND METHODOLOGY OF THE PAPER

The purpose of this paper is to describe and analyze the operation of the worked out
systems of ground water table automatic control by means of damming up of water
using weirs. To describe the water levcl movement in the soil and the influence of
weirs, which raise the water level, on this movement, the suitability of mathematical
model based on the Boussinesque’s equation was studied. Various boundary conditions
werc introduced, which relate to the operation of water damming-up weirs, water supply
sources and water intakes. The results obtained from numcrical calculations and the
results obtained from the carried out hydraulic laboratory tests were compared with each
other to verify the suitability of the above- mentioned mathematical description.

In the present paper two methods of control were proposed and on the basis of the
introduced figure of merit criterion this method was chosen, which ensures the

achievement of the required accuracy of the water table level.

SYSTEM OF GROUND WATER TABLE CONTROL

The object of the control is the soil, which should maintain the optimum humidity at a
given depth level. The position of the ground water table, which is a controlled variable
in the presented example, was regardcd as the indirect indicator of humidity. It was

assumed that the lIcvel of water was essentially influenced by the level in a ditch,
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precipitation and actual evapotranspiration. It was also assumcd that only through
variation of water level in a ditch it is possible to influence, independently of
atmospheric and soil conditions, the soil moisture. Therefore this parameter was chosen
as the input (controlling) signal.

The operation of systems controlling the weir, which dams up water in a ‘complete’
ditch (a ditch, whose bottom lies on the impermeable layer), was analyzed, assuming
that the soil is homogeneous. The diagram of such systems is shown on figure 1 Two
methods of the control were analyzed. In the first method it was assumed that the water
level in the ditch should be raised when the average level of the water table Hin. in the

considered region is lower than the required optimum level HO, (Hav < Hu):

where:

Hm, - actual, avcrage water Icvel in the region between 0 and U2 (fig. 1),

n - number of measuring points,

Hi - water level in a piezometer with index i.
If Hav > Ho then the level of water in the ditch should be lowercd. The requircd water
level Ho is the optimum level, which ensures the appropriate humidily of the top layer of
soil. The comparison of the reguired water level HO with the valuc of Hav is done at the
summing node 2 (fig. 1). The obtained difference Hu - Hm is subsequently amplified W,
times and fed to the input of thc electric motor operation control system (fig. 1), to

obtain in effect, at the given time, the water level in thc ditch equal to:
Hd =HO0+Wt(Ho-H m), )

where:

Hd - water level in thc ditch,

Ho - optimum water level,

Wz - controller amplification
In the second method of control it was assumed that the water level in the ditch should
have been raised when the level of the water table at the measuring point, located in the
middle of the spacing {Hm), is lower than thc required level Ho, {Hm < Ho), while
when Hm > Ho the water level in the ditch should be lowered. Similarly, as in casc of

the first method of control, the difference Ho -Hm is subsequently amplified Wz times
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and the level of water in the ditch should be varied according to the following

relationship:
Hr =HO0+Wz(Ho-H U2), 3)

where: H[/2 - water levcl at the middle of the spacing.

Fig. 1 Control of the water level in soil by means of controlled weirs.
1-piezometers, 2 - summing node, 3 - electric motor, 4 - transmission, 5 - wcir, N - net
precipitation, H,, - optimum water level, Rnz- control amplifier, Hd - water level in tlie
dilch. Hu2- water levcl at the middle of the spacing, Hi - level of water in a piezometer
with index i.

In order to carry out the analysis of the system shown on figure 1 and to find the level of
water in the studied filtration region (between 0 and U I) the following one-dimensional

Boussinesquc’s ecjuation was used:

|id_H:—deH ------ - N O]
it dx | dx

where: H - ground water level,
/I - draining coefficient,
K - filtration coefficient.
t - time,
v - distance from the ditch side,

N - net precipitation.
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In order to solve the equation 4, the foliowing initial and houndary conditions were

assumed:

fort=0 i x>0:H =HO, for x=0; H =Hd, for *=1L\ =Q. (5)
2 dx

The applied KirchhofPs transformation causes that in the Boussinesque’s equation a

nonlinear coefficient occurs only before the time derivative. Having introduccd a new

variable
H
KeMidH = - K H 1 (6)
to the equation 4 and taking into account the relationship =KH and that u = /11
the foliowing equation was obtained:
dv_ d2v
PN ™
K dt  dx2
With new initial and boundary conditions:
for t=0ix>0: v=-KHI, for x=0: v=—KH], forx=L:"- =0. (8)
J 2 0 2 2 dx

To solve the equation 7, the finite-difference method was employed using an inexplicit
scheme. The differential form of this equation may be written as foliows:

Af

povi-v, VB HVE - N 9)
f2v~K At Ax2

where: Vi- value v at the point with index i at the time t,

V? - value v at the point with index Zat the time t + At,

AX - space step (interval),

At - time step (interval).
Using the relationship 9 and taking into account the initial and boundary conditions, the
difference equations were formulated for all nodal points lying along the section
between 0 and L/2 (fig. 1). The operation of the water damming-up wcir was taken into
account as the Dirichlet’s condition (i.e. for x=0, H=Hj). Having soivcd such a system
of equations, using a Computer program written in Turbo Pascal, the water levels in the

studied filtration region (between 0 and U2) were calculated.
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VERIFICATION OF THE MATHEMAT1CAL MODEL

In order to verify the worked out model, a hydraulic channel with dimensions
530x130x110 cm was used, which was filled with sand and equipped with a water
supply and drainage systems (fig. 2). The so-prepared channel was eguipped with
piezometers situated at 25 cm intervals, in which plastic tubes, working according to
the principlc of communicating vessels, that were installed and connected to the read-
out panel, which made it possible to continuously record on the video-camera the
variations of water levels in each of the 19 piezometers at the same time. Variations of
the water level in the water-supply vessel, which simulated the operation of the ditch,
were induced by supplying water from a water-pipe network or by draining it. The
variations of the water table in the soil profile, at every 25 cm , were recorded and then
read out using a stop frame method at evcry 2, 5, 10, 30, 60 or 90 minutes intervals,

depcnding on the average velocity of water table rising or falling in the soil.

[ ] piezometers every 25cm

impermeable subsoil

450 cm
530 cm

Fig. 2. Mcasuring channel section.
1- water supply valve, 2 - drain valve, 3 - filter gauze membrane.

To apply the Boussinesque’s equation it is required to find the filtration coefficient K
and the draining coefficient fi. The value of the filtration coefficient K=0,63 cm/min.
was found by carrying out laboratory tests of soil samples in the apparatus with a
constant hydraulic gradient. Additionally the basie soil parameters were determined in
accordance with the standard PN-88/B-04481. The determination of the grading curve

and the heterogranularity index (U=2,05) allowed to rate the studied soil as the
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medium-grade homogranular sand. The value of the draining coefficient pt=0,11 cm'/
cms was calculated using the relationship fI. =0,117s~K (for K=0,63 etn/min.)-

In order to compare the results obtained from the Computer simulation with results of
tests obtained by measuring the ground water level in the hydraulic channel, the
influence of water level variations in the water-supply vessel on the distribution of the
ground water was analyzed. Two experiments were carried out. At the beginning of
each experiment the same water level h (h=9U cm above the channel bottom) was set,
and then as it had been set the water level in the water-supply vessel was varicd

according to two relationships different in each experiment:

hd =h+/+hs, (jo)
hd=h+Mt (i)

where: hd - level of water in the water-supply vessel,

h - initial water level in the hydraulic channel,

Ahs - change of the water level in the water-supply vessel for a step signal.

M - the slope of the straight line for a lincar signal.
The signals, which were used to test the worked out mathematical model, were typical
functions applied in analysis of automatic control systems. The unit step signal and the
linearly inereasing signal were used to identify parameters of the soil. The first
experiment consisted in stepwisc lowering by 15 cm or raising by 15 cm of the water
level in the water-supply vessel (eguation 10). Similarly in the second expcrimcnt the
water level was varied in a linear way by 15 cm up and down (equation 11,
M=0,25cm/min). In each case the water levels in the soil were measured for the period
of 24 hours. Having made the calculations (using the worked out model) it was found
that the differences between the measured and calculated water levels in the soil
(p=0,Il cm3cm3and K=0,63 cm/min.) were significant. This result confirmcd the fact
described in literature that the value of the coefficient p may not always be assumed as

constant (Zaradny, 1990). In order to find the variability of pi, another Computer

program was worked out, which cnables to find the ratio on the basis of data
obtained from measurements of the water table in the hydraulic channel, by solving the
reverse problem. In the program, the value of the ratio is matched so that for a given

time moment the minimum value of absolute differences between the calculated and the
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measured ground water levels was obtained. Knowing the valuc of K (obtained from
laboratory tests) it is possible to calculate (i from the ratio . The value of the
coefficicnt pi is shown on figure 3 as the function of the average velocity of the ground
water table movemcnt.

From the conducted laboratory tests and numerical calculations it follows that the value
of the coefficient /Ju may not be assumed as constant, especially in case of rapid changes
of the water levcl in the soil. In the initial stage of irrigation or drainage, when the
average vclocity of the water table movement is the highest, this coefficient reaches he
lowest values. Along with the decrease of the ground water table movcment velocity, its
valuc incrcascs up to the value of the porosity coefficient (nc=0,41), which is
determined in accordance with the standard PN-88/B-04481.

In the following part of the paper it was assumed that /r is the function of the velocity of
the ground water table position variation. The velocity of the water table position
variation is different for each point and therefore it was decided that the average

vclocity shall be used, calculated according to the following relationship:

(12)
Yoo At

wherc: Vav - the average velocity of the ground water table,
n - number of measuring points,
hi - level of water in a piezometer with index i at the time t,

h* - level of water in a piezometer with index i at the time / + At.
UH

645 L . . . A )
i [ ro. j t el i roj
v iv 0.4tlci»'Vem’l tiw valiw of fi obiaiiicd from i
0,35
«

0.3
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Fig. 3. Yaluc of the coefficient fi (Vav).
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On the basis of the obtained results the following functional relationship p=f(Vav)

was formulated, which for Vm> 0,003 cm/min. can be written as the following formuta:

p = 0,045 . (13)

APPLICATION OF THE MATHEMATICAL MODEL IN THE OPERATION
ANALYSIS OF THE WATER TABLE CONTROL SYSTEM

The Computer simulation was carried out for the example object shown on figure 4, for
ditches located at the distance of 50 m from each other. It was assumed that the
thickness of the layer, in which the movement of the water table is observed, is 180 cm
and that the bottoms of ditches lie on the impermeable layer (‘complete’ ditches). The
movement of water is taking place in the homogeneous soil, such as was the subject of
laboratory tests. It was assumed that the optimum water levcl HO is 130 cm abovc the
level of the impermeable layer (fig. 4). The methods of the water table control are
shown on figure 1 The mathematical model is based on the Boussinesque’s equation, in
which the worked out formuta 13 was used.The operation of the controller consists in
varying the weir position, which means varying the water level in the ditch, so that the
average water level in the soil profile tended to the optimum level. In order to avoid too
long a period of drying up of the areas adjacent to the ditch, the additional lowcr limit
of water level in the ditch was set at 90 cm above the level of the impermeable layer
(the lowest acceptable level) and in order to avoid flooding, the upper acccptable level

was set at 170 cm above the level of the impermeable layer (fig. 4).

1- piezometers, N - net precipitation, Hd- level of water in the ditch, H - level of ground
water, Hu- upper acceptable level, Ho - optimum water level, H, - lower acceptable level.
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Fig. 5. Time distribution of net precipitation.
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These criteria should be set each time depending on the type of soil (the capacity to
capillary raising of the water level), kind of a cultivated plant (different depths of root
taking and different water needs of plants, which depcnd on the kind of plant and its
growth phase).

In figure 5, the example distribution of precipitation, reduced by the value of the actual
cvapotranspiration, is shown for which the simulation of the automatic control system
operation was carried out. Figures 6, 7 and s show the time distribution of the water
level in the ditch (fig. ), at the midway point of the spacing (fig. 7), and the distribution
of the average ground water level (fig. 8), under the assumption that the controller
amplification is Wz = 0, 1. 5 and 20 times, applying the first method of control
according to the relationship 2. By comparing the results shown in figures 7 and s it
may be stated that the higher the controller amplification (applying the first method of
control according to the relationship 2), the more the averagc value Hav and the water
level at the midway point of the spacing Hin approach the reguired optimum Icvcl H,,.
From figure 6 it follows that the variations of water level in the ditch Hd depcnd on
selection of the controller amplification and have larger amplitudes for large
amplification ratios.

The amplification should be matched so that the reguired control accuracy is ensured,
for example the average value Hav should vary within the limits of £ 1 cm from the
optimum level Ho- Attention must be paid, whether so matched amplification does not
cause too severe or lasting too long drying-up or flooding of area adjacent to the ditch.
On figure 9, the time distribution of the average ground water level is shown when
applying the second method of control according to the relationship 3. From that figure
it follows that at higher controller amplification ratios (W7=20) there occur large
variations of the controlled guantity Hav. In order to compare the proposcd methods of
control, the figure of merit criterion for the automatic control system was introduced,
according to the following formuta:

1m
KD=-JJQ\HI-Hn\ (14)
m *4

where:

m - number of hours of the control process duration.
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According to the proposcd critcrion, this method is better, for which the value of KD is
smaller. The curves shown on figure 10 illustrate the trend of the KD value for m = 720
(24 hours x 30 days = 720), as the function of the controller amplification Wz It follows
from the curves that the KD value calculated on the basis of the formuta 14 tends to zero
for the first method of control and for the second method of control it reaches the
minimum value for the amplification ratio Wz =2.

Summing up, it must be stated that the application of the first method of control,
consisting in maintaining the water level in the ditch in accordance with the relationship

2, guarantees the achievement of the reguired control precision.

CONCLUSIONS

In this papcr the possibilities of using the mathematical model, based on the
Boussinesque’s eguation, were analyzed with a view to using it for the simulation of
opcration of facilities damming up water in a ditch. The worked out model concerns the
method of control by means of the weir, which dams up water in a ditch, in order to
achicve the optimum soil moisture, under the assumption that the ground water level is
at not too large a distance from the ground surface.

1 The application of the Boussinesque’s equation in the simulation of the weir
damming up water in a ditch, requires the determination of soil filtration and draining
coefficients. The model based on this equation applies to ‘complete’ ditches, whose
bottoms lie on the impermeable layer. This model was verified on the basis of
laboratory tests carried out in the hydraulic channel with dimensions 530x130x110 cm
for the homogeneous soil (medium-grade sand).

2. The developed Computer program for finding the ratio of the draining coefficient to
the root of the filtration coefficient (/rA[k ) enabled to find the value of the draining
coefficient under the assumption that the valuc of the filtration coefficient was propcrly
found. The obtained results of calculations prove the fact quoted in literature that this
coefficient is the function, among other things, of the velocity of the water table position
variation, which is confirmed by the worked out function:

/i =0,045—

av



147
Control ofthe ground water table using upward irrigation

where: p - draining coefficient,
Vm - average velocity of the ground water table movement [cm/min],

3. The Computer simulation allows to find such a level of water in the ditch, which
ensures the maintenance of such a water table level in the soil, which guarantces
capillary upward irrigation necessary to achieve the optimum soil moisture for a given
crop. The worked out model is correct for ‘complete’ ditches and homogeneous soil if
precipitation and actual evapotranspiration is taken into account. In the presented
examples of automatic control it was assumed that the irrigation and drainagc of the
considered region is dependent on the average level of the ground water (the first
method of control) or on the level of water at the middle of thc spacing (thc second
method of control). From the carried out Computer simulation it follows that thc avcrage
water level in the irrigated or drained region tends to be the required (optimum) Icvel of
water along with the increase of the controller amplification (in the first method of
control). However, high amplification ratios Icad to increased variations in thc water
level in the ditch, therefore, one should sclect such an amplification which ensures ihc
adeguate accuracy of the average level maintenance and which would not cause loo
large or lasting too long drying up or flooding of the area adjacent to the ditch. By
making the irrigation, or drainage, of the considered region dependent on the levcl of
water in the midway point of the spacing (the second method of control), large
variations of the controlled guantity was observed and high amplification ratios of the
controller do not guarantee the achievement of the rcquired accuracy of control.

4. The carried out simulation of the operation of thc weir damming up water in the ditch
using the worked out model, based on the Boussinesque’s equation, proved that thc
worked out Computer program is fully useful in making the analysis of this facility

operation.
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Streszczenie: Odnawialno$¢ a jako$¢ plytkich wéd podziemnych na przyktadzie okolic
Warszawy.W pracy przedstawiono wyniki oznaczen sktadu chemicznego wod podziemnych z
ptytkich pozioméw uzytkowych. Przeanalizowano jako$¢ wéd podziemnych zasobnej lecz
odkrytej struktury wodonosnej w rejonie Ursusa oraz wod ekploatowanych z mato zasobnych
przewarstwienn w glinach zwatowych w Jaktorowie. Jako$¢ wod w obydwu punktach
badawczych okazata sie by¢ na podobnym poziomie. Stopien zagrozenia $rodowiska
wodono$nego na antropopresje znalazt wyraz w ich stanie sanitarnym.

Stowa kluczowe: wody podziemne, chemizm, jako$¢

WPROWADZENIE

Obok wéd powierzchniowych woda podziemna stanowi gtéwne zrodto zaopatrzenia w
wode. Na obszarach, gdzie brak jest ujecia centralnego i sieci wodociggowej
powszechnie sg eksploatowane ptytkie poziomy wodonosne. Podstawowg zaletg tego
jest tatwa dostepno$¢ do wody, a tym samym stosunkowo niskie koszty jej poboru
Mankamentem jest zagrozenie ptytkich wod podziemnych zanieczyszczeniem z réznych
zrodet znajdujacych sie na powierzchni i zwigzane z tym problemy ochrony warstwy
wodonosnej przed infiltracja zwigzkow chemicznych przez nadleglg strefe aeracji.
Istotne znaczenie w tym zakresie ma budowa geologiczna, a w szczegolnosci litologia i
migzszosci  warstw  budujgcych strefe aeracji. Plytkie warstwy wodonosne,
eksploatowane studniami gospodarskimi, stanowig z reguty poziomy uzytkowe. Skiad
chemiczny wéd wystepujacych w tych poziomach zalezy w duzej mierze od litologii i

sktadu mineralnego S$rodowiska skalnego przez ktére migruje woda do warstwy
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wodonosnej, jak tez od charakterystyki samej warstwy. Wody wystepujace w
warunkach naturalnych w utworach czwartorzedowych sg stabozmineralizowanymi
wodami typu wodoroweglanowo-wapniowego (Macioszczyk, 1987), o odczynie
zblizonym do obojetnego. Podwyzszone zawarto$ci poszczegdlnych skiadnikéw,
ktérych przyczyna nie lezy w naturalnych warunkach hydrogeologicznych, wynikajg z
reguly z zanieczyszczenia wody substancjami obcymi w $rodowisku. Zanieczyszczenia
moga przedostawac¢ sie do warstwy wodonosnej wraz z infiltrujacymi opadami, a
zrodtem ich moga by¢ zanieczyszczone elementy $rodowiska jak powietrze, gleby,
skaty strefy aeracji. Obszarami o duzym stezeniu zanieczyszczeh sa aglomeracje
miejskie o duzej skali uprzemystowienia. W odréznieniu od nich $rodowiska wiejskie
s§ W znacznie mniejszym stopniu zanieczyszczone. Majagc powyzsze na uwadze
przeprowadzono badania sktadu chemicznego ptytkich wéd podziemnych w celu
okre$lenia ich jakosci w rejonach o r6znym stopniu uprzemystowienia a lezacych w tej
samej jednostce geomorfologicznej. Sg to:
punkt badawczy w Ursusie, usytuowany na peryferiach Warszawy

- oraz punkt badawczy w Jaktorowie, pomiedzy Grodziskiem a Zyrardowem, a wiec w

obszarze stabo zurbanizowanym i uprzemystowionym.

ZARYS WARUNKOW WYSTEPOWANIA WOD PODZIEMNYCH

Obydwa punkty badawcze zlokalizowane sg w obrebie Niziny Mazowieckiej. Ursus
znajduje sie w jej centralnej czesci, Jaktorow lezy w strefie brzeznej (R6zycki, 1967).
Forma nieckowata struktury, z maksymalng depresjg w rejonie Warszawy, zaznacza sie
juz w utworach kredy g6rnej, a nastepnie powtarzajg ja warstwy osadéw
trzeciorzedowych.  Strop  itdw  pliocenskich, stanowigcy podtoze utwordéw
czwartorzedowych jest silnie zaburzony glacitektonicznie tworzac kulminacje i
wydiuzone depresje. Morfologie podtoza czwartorzedowego urozmaicajg roéwniez
kopalne doliny erozyjne. Znaczne deniwelacje stropu trzeciorzedu, wobec stosunkowo
ptaskiej powierzchni Niecki, sg powodem zrdznicowanej migzszosci osadow
czwartorzedowych, od kilku do 60 metrow. Jaktoréw lezy w obrebie kulminacji
podtoza, gdzie migzszo$¢ kompleksu czwartorzedowego wynosi 20-30 m , a w profilu

dominujg osady gliniasto-ilaste. Sasiadujgce z kulminacjg kopalne zagtebienie erozyjne
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wypetnione jest piaskami i zwirami o migzszosci ponad 30 m, przykrytymi od
powierzchni kilkumetrowa warstwg gliny piaszczystej. Piaski te stanowig gtowny
zbiornik wod podziemnych. Jednak w rejonie kulminacji Jaktorowa indywidualni
uzytkownicy zmuszeni sg do korzystania z niskozasobnych w wode przewarstwien
piaszczystych wystepujacych w glinie zwatowe;j.

Znacznie korzystniejsze warunki hydrogeologiczne istniejg w Ursusie, ktory lezy w
obrebie brwinowskiej doliny kopalnej rozciagajacej sie od Leszna na poinocy, przez
Piiasz6w, Brwinow, Ursus i dalej ku potudniowi w kierunku Tarczyna (Wicik 1990).
Giebokos¢ jej osigga 40 m i wypetniona jest w spagowej partii osadami piaszczysto-
zwirowymi o migzszosci od kilku do trzydziestukilku metréw. Stanowig one bogaty
zbiornik wod podziemnych. Dowodzg tego duze wydajnosci uje¢ dochodzace do ponad
100 m3/h. Kompleks wodonos$ny przykryty jest utworami pylasto-gliniastymi o rdéznej
migzszosci (od kilku do dwudziestukilku metrow), zréznicowanymi pod wzgledem
litologii. Brak ciagtej izolacji od powierzchni poziomu wodonosnego umozliwia
intensywng odnawialno$¢ waéd, lecz z drugiej strony stwarza zagrozenie z uwagi na
podatnos¢ jego na zanieczyszczenia. Wody wystepujace w tym rejonie maja najczesciej
charakter naporowy. Nawiercone pod staboprzepuszczalnymi  osadami, na
gtebokosciach od kilku do dwudziestukilku metrow, stabilizujg sie nawet kilkanascie

metrow wyzej, to jest na gtebokosci okoto 10 m.

ZAKRES BADAN

W celu przeprowadzenia badan jakosci wod uzytkowych, odwiercono otwory badawcze
w Jaktorowie i w Ursusie, ujmujac studniami pierwszy eksploatowany poziom
wodonosny.

Warunki hydrogeologiczne przewierconego kompleksu w otworze w Jaktorowie nie sg
korzystne. Profil w przewadze zbudowany jest z utworéw staboprzepuszczalnych
Jedynie w stropowej partii profilu zarejestrowano wyplywy z przewarstwien
piaszczystych w glinach i one zostaty zafiltrowane i ujete studnia badawczg

W otworze w Ursusie nawiercono wode na gtebokosci 13,8 m w piaskach
réznoziarnistych ze zwirem. Migzszo$¢ zawodnionego kompleksu wynosi 12,7 m

Zafiltrowano przyspagowy odcinek profilu o dtugosci 3,9 m.



152
E. Biernacka, H. Pajnowska

Préby wody do analiz chemicznych pobierano wielokrotnie, w réznych okresach w
ciggu roku, w celu okreslenia zmiennosci sktadu chemicznego w czasie. Wszystkie
oznaczenia zawartosSci sktadnikdéw zostaly wykonane w Centralnym Laboratorium
Chemicznym Panstwowego Instytutu Geologicznego w Warszawie wedlug metodyki
opisanej przez Goérecka, Hnatyszaka i Pastawskiego (1993). Uzyskane wyniki daty
mozliwos¢ okreslenia klasy jakosci woOd pierwszego, uzytkowego poziomu

wodono$nego w oparciu o normy Parnstwowej Inspekcji Ochrony Srodowiska (1993).

JAKOSC WOD PODZIEMNYCH

Jako$¢ wadd jest pojeciem wzglednym i czesto r6znie ujmowanym w zalezno$ci od
potrzeb. W ujeciu hydrogeochemicznym, prezentowanym przez A.Macioszczyk (1987),
pojecie jakosci wod obejmuje cechy fizyczne i chemiczne wody, zawartos¢
poszczeg6lnych jonéw lub substancji w nich wystepujacych oraz stan bakteriologiczny
wody.

Uzyskane wyniki dotyczace zawartosci poszczeg6lnych skitadnikéw chemicznych
zestawione zostaty w tabelach 2 i 3. Wskazniki wod pH izasadowo$¢ ogdlna w obydwu
punktach badawczych sg podobne i niezmienne w czasie (Tab.l). Wartosci pH

mieszczace sie w przedziale 7,05-7,80 wskazujg na obojetny charakter wad.

Tabela 1
Przedziaty wystepowania wskaznika
Posterunek
Wskaznik Jaktoréw Ursus
PH 7.19-7,44 7,05-7,80
zasadowo$¢ or mval/l 4,0-5,6 4,0-4,2

Przebadane jednocze$nie w tych samych punktach opady charakteryzowaty sie pH na
poziomie 3,88-5,80. Jednak te kwasne i stabo kwasne deszcze nie znalazty odbicia w
pH wod podziemnych Rowniez zasadowos$¢ ogolna wod obydwu posterunkéw byta na
tym samym poziomie.

Sktadniki wéd podziemnych takie jak wodoroweglany (HCOs-), siarczany (SOa42-),
chlorki (C1-), s6d (Na+), potas (K+), waph (Ca2+), magnez (Mg2+) w obydwu
punktach wystepujg w ilosciach podobnych, lokujacych je w tej samej klasie jakosci,

mieszczacej sie w przedziale klasy la (wody najwyzszej jakosci) i Ib (wody wysokiej
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jakoséci) wg klasyfikacji P10S (1993) (Tab.2,3). Podrzedne sktadniki, do ktérych
A.Macioszczyk (1987) zalicza zwiazki azotu, zelazo, glin, krzem wystepuja réwniez w
podobnych stezeniach, w przedziatach iloSciowych odpowiadajagcych réwniez klasie
jakosci la lub Ib. Jedynie zelazo wystepowato w kraficowo roéznych stezeniach w
réznych terminach pomiaru, w ilosciach okreslonych wedtug klasyfikacji Ratajczaka i
Witczaka (1983) od bardzo matej do bardzo duzej (Tab. 2,3), co powoduje, ze pod
wzgledem zawartosci zelaza jako$¢ wod w Ursusie jak i w Jaktorowie jest ponizej 111
klasy. Pozostate sktadniki, nalezace do grupy mikrosktadnikéw, wystepujg w ilosciach
$ladowych lub ponizej mozliwosci oznaczen. Wyjatek stanowi mangan, ktérego ilos¢ w
obydwu punktach badawczych kwalifikuje wode jako niskiej jakosci (111 klasy). Jak
podaje A.Macioszczyk (1987) do wdéd podziemnych mangan dostaje sie w wyniku
wietrzenia i tugowania mineratow skat magmowych i skat osadowych. Jednoczes$nie Z.
Ptochniewski (1973) twierdzi, ze zawarto$¢ manganu, podobnie zreszta jak i zelaza
nizsza jest w wodach z utworéw wodnolodowcowych nie przykrytych glinami
zwatowymi niz w wodach z analogicznych utworéw przykrytych glinami Uzyskane
wyniki w Ursusie i Jaktorowie potwierdzaja takg prawidtowos¢.

Rdéwniez kadm, co prawda tylko w Ursusie, wystepuje w ilo$ciach ponadnormatywnych
(11 klasa jakosci). Jest on pierwiastkiem tatwo podlegajgcym koncentracjom
antropogenicznym i zalicza si¢ go do ruchliwych migrantéw wodnych, energicznie
migrujacych w kwasnych i stabokwasnych wodach srodowiska. Wodna migracja tego
pierwiastka ograniczona jest intensywng sorpcja przez mineraty ilaste. Jest to zapewne
jednag z przyczyn, obok réznego stopnia zanieczyszczenia $rodowiska w obydwu
posterunkach badawczych, zréznicowanego stezenia tego pierwiastka. W Jaktorowie
bowiem mniejsza antropogenizacja i wigkszy udziat mineratow ilastych w profilu
zafdtrowanym, ujmujacym wody $rodglinowe, znajduje wyraz w znikomych
zawartos$ciach kadmu, dopuszczalnych dla wéd wysokiej jakosci.

Pod wzgledem sanitarnym wody w Ursusie i Jaktorowie rdznig sie. W Jaktorowie
zarowno wskaznik bakterii coli, jak i wskaznik coli typu fekalnego réwny jest zeru, co
Swiadczy o czystosci tych wéd pod wzgledem bakteriologicznym. Natomiast w
Ursusie,po wyhodowaniu kolonii na zelatynie i agarze, przy wskazniku coli 82, mimo

braku wskaznika coli typu fekalnego, Stacja Sanitarno-Epidemiologiczna wydata
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orzeczenie, ze woda nie odpowiada wymaganiom sanitarnym ze wzgledu na stan
bakteriologiczny.

Tabela 2.

SREDNIE STEZENIA | ZAKRESY WYSTEPOWANIA FIZYKO-CHEMICZNYCH
WSKAZNIKOW WOD PODZIEMNYCH | ICH KLASYFIKACJA
wg Panstwowej Inspekcji Ochrony Srodowiska wg pomiaréw wykonanych w 1993 r.
Posterunek Jaktorow

Lp. Pierwiastek chemiczny Zakres wystepowania  Srednia zawartosé Klasa jakosci

mg/dm” mg/dm” wod podz.
1. Séd Na 19,4-32,1 24,2 la
2. Potas K 2,0 -2,6 2,2 la
3. Waph Ca 133,0-201,0 156,2 Ib
4. Magnez Mg 24,2 - 39,3 30,5 la
5. Zelazo Fc <0,01 - 20,6 6,2 pow.lll
6. Mangan Mn 0,79 - 1,28 1,05 pow.111
7. Stront Sr 0,36 - 0,54 0,44 la/lb
s. Bar Be 0,075 -0,101 <0,08 Ib
9. Cynk Zn 3,45 - 6,67 5,19 1l
10. Kadm Cd 0,002 - <0,003 <0,003 Ib
11. Miedz Cu <0,005 - 0,012 <0,01 la
12. Glin <0,04 - <0,05 <0,05 la
13. Bor B <0,05 - 0,02 <0,04 la
14, Otéw Pb <0,02 - <0,03 <0,02 la
15. Arsen As <0,01 - <0,04 <0,03 Ib
16. Chrom Cr+n <0,005 -<0,01 <0,007 Ib
17.  Nikiel Ni <0,006 - <0,02 <0,01 la
18.  Fluorki F <0,10-0,51 0,29 la
19. Chlorki Cl 100,0- 119,0 109,0 Ib
20. Azotyny N <0,01 <0,01 Ib
21. Azotany N <o0,01 -0,08 0,03 la
22. Siarczany sou ! 94,5 - 116,0 102,3 Ib
23.  Wodoroweglany 2440 - 342,0 294,5 la
HCOs'
24. Fosforany HPCYj* <0,1 <01 la
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Lp.

S

o

10.
11.
12.
13.
14.

15.
16.
17.
18.
19.

20.
21.

22.

23.

24.

Pierwiastek

chemiczny
Sod Na
Potas K
Wapn Ca
Magnez Mg
Zelazo Fe
Mangan Mn
Stront Sr
Bar Ba
Cynk Zn
Kadm Cd
Miedz Cu
Glin Al
Bor B
Otow Pb
Arsen As
Chrom Cr+s
Nikiel Ni
Fluorki F
Chlorki Cl
Azotyny N
Azotany N
Siarczany SOa4-2
Wodoroweglany
HCOs'
Fosforany hpoas+3

Zakres
wystepowania
mg/dm~#
9,5-12,2
1,9-22
92,1-113,3
12,63-13,09
1,49-14,39
0,141-0,687
0,144-0,151
0,065-0,085
0,006-0,031
<0,003-0,029
<0,005
<0,05-0,26
<0,05
<0,03
<0,04
<0,005
<0,006-<0,009
0,21-0,67
47-50,6
<0,01
<0,01-0,08
56,9-66,1

244-256

<0,1-0,2

Srednia zawarto$é
mg/dm~

10,6

102,1
12,91
9,49

0,470
0,147
0,074
0,015
<0,016
<0,005

<0,05
<0,03
<0,04
<0,005
<0,007
0,41
45,7
<0,01
0,05
62,8

252

Tabela 3.

SREDNIE STEZENIA | ZAKRESY WYSTEPOWANIA FIZYKO-CHEMICZNYCH
WSKAZNIKOW WOD PODZIEMNYCH | ICH KLASYFIKACJA

wg Paristwowe]j Inspekcji Ochrony Srodowiska wg pomiaréw wykonanych w 1993 r.

Posterunek Ursus

Klasa jakosci
wod podz.
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PODSUMOWANIE

Pierwszy poziom uzytkowych wdd podziemnych w Niecce Mazowieckiej,
reprezentowany przez opisane punkty badawcze, wystepuje na gtebokosci od kilku do
kilkunastu metréw. Uzyskane wyniki badan skiadu chemicznego wdéd wskazujg na
wysokag ich jako$¢ w obu przypadkach. Stezenia poszczegélnych skiadnikéw
wystepujacych w wodach, zaréwno z grupy makro- jak i mikrosktadnikéw sg zblizone
w obu badanych punktach i mieszczg sie¢ w tych samych klasach jako$ci mimo, ze rézny
jest ich stopien zagrozenia skazeniem z wuwagi na wzrost koncentracji zrédet
zanieczyszczen wraz ze wzrostem zurbanizowania i uprzemystowienia obszaru.

Na obnizenie jakosci wody wplywaja takie pierwiastki jak zelazo, mangan i kadm,
ktérych zawarto$¢ miesci sie w przedziale dla Ill klasy. Jednak w rejonie, gdzie strefa
przesaczania wdd podziemnych zbudowana jest z mineratow ilastych kadm jest
sorbowany i nie przedostaje sie do wod eksploatowanych. Zagrozenie ze strony kadmu
istnieje na obszarach, gdzie warstwa wodono$na mimo, ze jest zasobna, jest stabo
izolowana od powierzchni osadami ilastymi, jak to ma miejsce w Ursusie.

Znacznie bardziej odporne na zanieczyszczenia sg przewarstwienia warstw
wodonosnych w glinie zwatowej. Chronione sg one nadlegtg stabo przepuszczalng
warstwg przed zanieczyszczeniami przenikajgcymi od powierzchni. Z uwagi na ich
niskg zasobno$¢ wodng, mimo dobrej jakosci, stanowig one ostateczno$¢ jako uzytkowe
warstwy wodonosne, i sa eksploatowane w przypadku braku innych mozliwosci, jak to
ma miejsce w Jaktorowie.

Podwyzszone zawartos$ci zelaza mogg by¢ zwigzane z sama konstrukcjg ujecia, gdzie
dominuja rury i filtry zelazne. Z tej racji coraz czeSciej zaleca sie stosowanie rur PCV,
ktére nie wchodzg w reakcje z substancjami znajdujacymi sie w wodach podziemnych.
Jednak mimo wysokiej jakosci wod pod wzgledem chemicznym, ich stan
bakteriologiczny, szczeg6lnie w rejonie nieizolowanej warstwy wodonos$nej, budzi
zastrzezenia i wskazuje na istnienie realnego zagrozenia zanieczyszczenia zbiornika
ptytkich  podziemnych wdéd uzytkowych. Dlatego nalezy podja¢ dziatania
zabezpieczajgce czyste jeszcze wody podziemne przed zanieczyszczeniem poprzez

ksztattowanie wtasciwej gospodarki w srodowisku
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Gospodarowanie zasobami wodnymi i nawadnianie roslin uprawnych

Water resources management and irrigation of cultivated plants

Wptyw zmian natezenia wydatku emiter6w na rownomiernosc

uwilgotnienia gleby przy nawodnieniu kroplowym

PIOTR HEWELKEL PIOTR FILIPOWICZ2
1 Katedra Ksztattowania Srodowiska. Szkota Gtéwna Gospodarstwa Wiejskiego w Warszawie

2IMUZ Falenty

Abstract: The influence of emiters discharge changes on moisture uniformity of drip irrigated
soil. The paper presents a preliminary analysis of nonconformity of drip irrigation impact ou
pressure head distribution in soil. The calculated pressure head values show that a discharge of
emiter decrease in time should be compensatcd by inerease in irrigation time.

Key words: drip irrigation, noncomformity of irrigation, maintcnance

WSTEP

Nawodnienia kroplowe powinny zapewnia¢ dostarczanie wody i roztworow
nawozowych, w iloSci odpowiadajgcej aktualnym potrzebom roslin. Poniewaz proces
nawodnienia jest ograniczony do przestrzeni dopasowanej do uktadu masy korzeniowej,
to kluczowe znaczenie ma wysoka réwnomierno$¢ nawodnienia. Réwnomiernos¢ ta, jak
rowniez natezenie wydatku emiterébw, zmniejszajg sie zazwyczaj w czasie wieloletniej
eksploatacji systemu. Zjawisko to wynika gtéwnie z proceséw zwigzanych z jakoscig
wody oraz zmian witasciwosci fizycznych materiatéw, ktére moga istotnie oddziatywac
na przeptyw wody w elementach o matych przekrojach. Celem pracy jest okreslenie
wplywu zmieniajgcego sie w trakcie eksploatacji natezenia wydatku emiteréw na

réGwnomierno$¢ uwilgotnienia gleby.
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METODYKA BADAN

Pomiary natezenia wydatku emiterébw wykonano po 4 latach eksploatacji systemu
nawadniajagcego. Ocene rownomiernosci przeprowadzono obliczajgc wsp6étczynnik

Christiansena (Cu):

W2k
C,, = 100 (i)
0 - liczba ocenianych emiteréw,
qt - natezenie wydatku i-tego emitera,
q - natezenie Srednie.

Uktady cisniehd ssacych w glebie dla réznych wartosci natezenia wyptywu z emiteréw
okreslono wykorzystujac rozwigzania Raatsa (1970), Warricka (1974) i Lomena (1974).
Raats dla przypadku infiltracji stacjonarnej ze zrédta punktowego réwnanie bilansu

masy przedstawia w postaci:

1d
rdu + =0 (2)
rdr dz
gdzie:
Iz radialna i pionowa wspdtrzedna uktadu,
u, v radialna i pionowa sktadowa predkosci,
0 wilgotnos$¢ gleby odniesiona do jednostki objetosci.

Wykorzystujac przeksztatcenie Kirhoffa definiujagce potencjat przeptywu macierzystego
(0) oraz przewodno$¢ gleby K(h) wyrazang przez Gardnera jako funkcja

ekspotencjalna, réwnanie (2) mozna wyrazi¢ w formie liniowej jako:
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Dla linii nawadniajgcej z emiterami rozmieszczonymi blisko siebie naktadanie sie stref
zwilzania nastepuje w krotkim czasie, a wiec zadanie moze by¢ rozpatrywane jako
dwuwymiarowe. W zwigzku z powyzszym roéwnanie przeptywu dla emitera liniowego

moze by¢ zapisane w postaci (Raats, 1970):

d2p d2p dtp
—r +—T= (4)

Dla przypadkéw niestacjonarnych zachowanie liniowos$ci rownania przeptywu wymaga

przyjecia, ze:

a
— :—k:const, k= (5)

Pozwala to zapisa¢ réwnanie przeptywu z uwzglednieniem cztonu zrédtowego S w

postaci (Warrick, 1974):
M =i4"-StHS [6)
ot a dz

Do rozwigzania réwnan (3), (4), (s) szczegOlnie przydatne sg programy symulacyjne
MNK2 (zadania ptaskie) i MNK3 (zadania przestrzenne) (Hewelke, 1992),
wykorzystujgce rozwigzania analityczne Philipa (1971), Warricka (1974,1976) i

Lomena (1974) oraz aplikacje numeryczne Warricka i wsp. (1981).

WYNIKI BADAN

W badanym systemie nawodnienn kroplowych zastosowano emitery liniowe o rozstawie
L= 100 cm i nominalnym natezeniu wydatku qnom=300 cm3cm doba. Zatozono, ze po
nawodnieniu cisnienie ssace (h) w warstwie korzeniowej gleby o migzszosci 50 cm nie
powinno przekracza¢ 200 cm stupa wody (~ 20 hPa).

Wyniki pomiaru natezenia wydatku emiteréw liniowych po 4 latach eksploatacji

systemu nawadniajgcego przedstawiono w tabeli 1.
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Tabela 1
Pomierzone natezenie wydatku emitera liniowego w (cm3cm dobe) po 4 latach

uzytkowania

Ip qi Ip qi Ip qi
1. 302 u. 277 21. 265
2. 299 12. 276 22. 259
3. 293 13. 275 23. 257
4. 293 14. 274 24. 232
5. 292 15. 273 25. 222
6. 285 16. 271 26. 212
7. 283 17. 269 27. 212
8. 281 18. 269 28. 212
9. 279 19. 268 29. 212
10. 278 20. 265 30. 202

Obliczony na podstawie pomiaréw wspotczynnik Christiansena wyniést 91,2%
(Filipowicz, 1999). Niestety jego poczatkowa warto$¢ nie jest znana. Zblizone wartosci
wspotczynnika Christiansena uzyskat Jeznach (1996) badajac emitery kompensacyjne z
trzema otworami. Podaje on, ze po trzech latach eksploatacji, zmniejszenie
wspotczynnika Cudochodzito nawet do 6 %.

Okreslenie czasu nawodnienia przy g,,0m=300 cmVcm doba przeprowadzono dla piasku
gliniastego wykorzystujac metode symulacyjng. Uktad cisnien ssacych w glebie dla
czasu nawodnienia t = 0,54 doby przedstawiono na rys. 1

Srednie natezenie wydatku emitera po 4 latach uzytkowania systemu wyniosto q = 263

cnr/cm doba Uklad ci$nien ssacych w glebie dla tego natezenia i poczatkowo
przyjetego czasu nawodnienia t=0,54 doby przedstawiono na rys. 2.

Uzyskany uk#tad cisnien ssacych wskazuje, ze w $rodku rozstawy pomiedzy emiterami
pojawia sie strefa o cis$nieniach ssacych wiekszych niz zatozone (h < 200). Strefa ta nie
jest rozlegta, jednak nalezy pamieta¢, ze statystycznie potowa emiteré6w moze pracowaé

przy mniejszym natezeniu wydatku.
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Rys. 1. Uktad cisnien ssgcych w piasku gliniastym przy natezeniu wydatku emitera
gnom300cm 3Icm doba po czasie nawodnienia t=0,54 doby

Rys. 2. Uktad cisnien ssacych w piasku gliniastym przy natezeniu wydatku emitera q =
263 cm3cm doba i czasie nawodnienia t=0,54 doby
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Na rys. 3 przedstawiono ukiad ci$niern ssgcych dla natezenia wydatku emitera q=222
cm3cm doba. Natezenie takie lub mniejsze posiada 20% emiterow w badanej serii

pomiarowej (tab. 1).

Rys. 3. Uktad cis$nien ssacych w piasku gliniastym przy natezeniu wydatku emitera

g=222cm3cm doba it=0,54 doby

Analiza uktadu cisnien ssacych po nawodnieniu, przedstawionych na rys. 3 wskazuje,
ze warunek h < 200 nie zostat spetniony w obszarze 22% strefy korzeniowej. Zjawisko
to moze miec istotnie negatywny wptyw na rozwdj roslin, zarbwno w aspekcie bilansu
wodnego jak i pokarmowego. W celu uzyskania w strefie korzeniowej cisnien ssacych
spetniajacych zatozone kryterium, czas nawodnienia przy natezeniu wydatku q = 222

cm3cm doba nalezatoby wydtuzyé¢ do 0,70 doby, tj. o 3,8 godziny.

PODSUMOWANIE | WNIOSKI

W analizowanym przypadku pomiary natezenia wydatku emitera wykazaty, ze jego
wartos¢ srednia (<:/) po czterech latach eksploatacji systemu wynosita 263 cm3cm doba

co stanowi ss % warto$ci nominalnej. Przeprowadzone badania symulacyjne wskazuja,

ze w przypadku decyzji o dalszej eksploatacji systemu, zmniejszajagce sie natezenie
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wyptywu powinno by¢é korygowane czasem nawodnienia. Proponuje sie, aby jako
podstawe do wyznaczenia skorygowanego czasu przyjmowac warto$¢ srednig wydatku.
Dla roslin szczeg6lnie wrazliwych proponuje sie jako podstawe korekty czasu

przyjmowac natezenie wydatku, ktérego czestotliwo$¢ wraz z nizszymi wynosi 20 %.
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Streszczenie: Wplyw zmian natezenia wydatku emiteréw na réwnomierno$¢ uwilgotnienia
gleby przy nawodnieniu kroplowym. W pracy przedstawiono prébe oceny wplywu
nierownomiemosci nawodnienia kroplowego na ksztattowanie sie cisnien ssacych w glebie
Réwnomierno$¢ nawodnienia jak réwniez natezenie wydatku emiteréw zmniejszajg sie w
trakcie wieloletniej eksploatacji systemu powodujac, ze uwilgotnienie strefy korzeniowej roslin
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moze istotnie odbiega¢ od zatozonego. Przeprowadzone obliczenia ci$nien ssacych wskazuja, ze
zmniejszajace sie z czasem natezenie wyptywu z emiteréw' powinno by¢ korygowane poprzez
zwiekszenie czasu nawodnienia. Proponuje sie¢, aby jako podstawy do wyznaczania
skorygowanego czasu nawodnienia przyjmowacé S$rednig warto$¢ natezenia wyplywu z
emiteréw, a dla roslin szczeg6lnie wrazliwych natezenie wydatku, ktérego czestotliwos$é wraz z
nizszymi wynosi 20 %

Stowa kluczowe, nawodnienia kroplowe, nieréwnomiemos¢, eksploatacja.
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Gospodarowanie zasobami wodnymi i nawadnianie roslin uprawnych

Water resources management and irrigation of cultivated plants

Zmiany zasobdw wodnych w glebach zdrenowanych z regulowanym

odptywem

STANISEAW KOSTRZEWA ANNA PLYWACZYK, GRZEGORZ PECZKOWSKI
Akademia Rolnicza we Wroctawiu

Abstrakt: The results of investigations carried out in 1995-1999 years at tire expcriniental
object in the Barycz valley pointed out that on the drained lighl clays located on silts the
breaking of run off from the pipe drainage system was possible in years with modcratcly wet
and wet vegetation seasons (1996 and 1997). Under the influence of regulating run off, the
water level in the vegetation season (I\VV-1X) was higher about 20-40 cm. There also increased
reserves in the active soil layer (even about 160 mm in the 1996 vegetation season). During the
moderately dry and dry vegetation seasons (1998 and 1999), at smali and steady precipitations
there was possibility of breaking run off because even in the begining of the vegetation period
the ground water level decreased beneath the depth of thc drainage.

WPROWADZENIE

Dla racjonalnego korzystania z zasobéw wodnych, niezbedne jest kontrolowanie i
sterowanie obiegiem wody w zlewniach rolniczych uwzgledniajagce jednoczes$nie
ochrone i wiasciwe ksztattowanie srodowiska przyrodniczego [3, 4, 5, 6, 7],
Celem pracy byla ocena zmian zasobéw wodnych w warunkach prowadzenia
nawodnienia opartego na wykorzystaniu lokalnych zasobéw wodnych pochodzacych z
retencji gruntowej. Badania prowadzono na zdrenowanych gruntach ornych w dziale
drenarskim z regulowanym odptywem wody i bez hamowania odptywu. Wykonane one
zostaty w latach 1995/96 - 1998/99 na obiekcie potozonym w dolinie Baryczy (w
okolicach Milicza).
W ramach przeprowadzonych badan:

e rozpoznano warunki meteorologiczne i glebowo-wodne na obiekcie,

e przeprowadzono obserwacje wod gruntowych i odptywoéw drenarskich,

¢ wykonano pomiary wilgotnosci i ustalono zapasy w czynnej warstwie gleby,
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e ustalono mozliwos¢ oraz oceniono skuteczno$¢ regulowania giebokosci
zwierciadta wody gruntowej i zwiekszenia zapaséw wody w glebie poprzez

hamowanie odptywoéw drenarskich.

CHARAKTERYSTYKA OBIEKTU BADAWCZEGO

Badania prowadzono we wsi Borzynowo potozonej w gminie Milicz na terenie
wojewddztwa wroctawskiego. W roku 1995 zdrenowano tu 30 ha gruntéw ornych IV i
V klasy. Analizie poddano dwa dziaty drenarskie (dz.2 i dz.4) o facznej powierzchni
okoto 5 ha z rozstawg sgczkéw 20 m i glebokosScig drenowania 1 m. (rys. 1). Obiekt
potozony jest 112 m n.p.m. a spadki terenu wahajg sie w granicach 3-7 %o [s¢], W celu
umozliwienia pietrzenia wéd pochodzacych z odciekéw drenarskich w jednym z
dziatow drenarskich wykonano standardowa studzienke drenarskg typu S-I, ktorg
zaopatrzono w urzadzenie stuzace do okresowego hamowania odptywu. Na wylocie
zbieracza ze studzienki zainstalowano rurke z PCV o $rednicy 110 mm, osadzajac w jej
kotnierzu kolanko 90° i rurke z PCV, co umozliwito regulacje poziomu zwierciadta

wody w studzience poprzez obrot kolankiem.

WARUNKI KLIMATYCZNE

Wedtug regionizacji IMGW [1], doswiadczalny obiekt badawczy Borzynowo potozony
jest w regionie klimatycznym Wielkopolsko-Mazowieckim (wg Wiszniewskiego) i
nalezy do regionu pluwiotermicznego Trzebnickiego [10], Region pluwiotermiczny
Trzebnicki charakteryzuje sie $rednig roczng temperaturg powietrza (XI-X) 7,7°C, ze
$rednig sumg rocznag opadéw wynoszacg 550-650 mm.

W okresie badawczym obejmujacym lata hydrologiczne 1995/96 - 1998/99, S$rednie
roczne opady wynosity od 533 do 616 mm, przy s$redniej wieloletniej 563 mm (tab.l).
Na podstawie ustalonego prawdopodobienstwa wystepowania opadéw, stwierdzono, ze
w analizowanym okresie wystgpity lata $rednio suche (1995/96 i 1998/99, p=64%), rok
normalny (1996/97, p=48%) i rok $rednio mokry (1997/98, p=30%). Okres zimowy
(\M-1V) nalezat do suchych(lata 1995/96 i 1996/97 p=96% i 99%) i $rednio mokrych
(lata 1997/98 i 1998/99 p=22% i 29%). Do szczegdlnie obfitych w letnie opady



Rys. 1 Schemat urzadzen melioracyjnych na obiekcie
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atmosferyczne mozemy zaliczy¢ dwa okresy wegetacyjne (IV-1X) w latach 1995/96
(394 mm, p=30%) i 1996/97 (447 mm, p=5%). Znaczne nadwyzki opadéw okresu
wegetacyjnego (IV-1X) w latach 1995/96 i 1996/97 mogly zosta¢ wykorzystane do
czesciowego uzupetnienia niedoborow retencji glebowej, analogicznie $rednio mokre
okresy zimowe (XI-1V) w latach 1997/98 i 1998/99 przyczynity sie do zgromadzenia
pewnych zapaséw wody w profilu glebowym, mozliwych do wykorzystania w

pbézniejszym okresie.

WARUNKI GLEBOWE

Gleby obiektu Borzynowo zaliczamy do Zespotu Nadbaryckiego - kotlin i pradolin z
przewaga gleb zytnich stabych i najstabszych. Sa to gleby lekkie wytworzone z piaskéw
wodnolodowcowych starych taraséw akumulacyjnych [9].

Przeprowadzone badania terenowe i laboratoryjne wykazaty, ze w analizowanych
dziatach (dz.2 i dz.4) wystepujg w warstwach wierzchnich gliny lekkie pylaste i gliny
$rednie, o gestosci witasciwej w przedziale 2,55-2,56 g*cm'3 gestoSci objetoSciowej
1,45-1,60 g*cirr i porowatoSci okoto 37,5-43,1%. Natomiast ponizej 80 (90 cm)
zalegajg utwory zwiezte (ity pylaste) o gestosci wiasciwej 2,70 g*cm'3 gestosci
objetosciowej od 1,60 do 1,63 g*cm'?, porowatosci od 46,0 do 47,30% objetosci.
Nalezy nadmieni¢, ze dzialy, w ktérych prowadzono analize gospodarki wodnej (dz.2 i
4) majg podobng budowe profilu glebowego, ktdéry jest ztozony gitdwnie z dwdch
warstw, wierzchniej wytworzonej z utworéw przepuszczalnych (utatwiajgcej wsigkanie
wody) oraz dolnej trudno przepuszczalnej co utrudnia odptyw z warstw wierzchnich i
moze powodowaé wystepowanie nadmiernego uwilgotnienia profilu glebowego
uniemozliwiajgcego prace agrotechniczne. Uzasadnia to celowo$¢ wykonania
drenowania, jednoczesnie gleby te w okresach letniej posuchy mogg wykazywac

objawy niedoboru wilgoci.
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Tabela 1. Miesieczne, okresowe i roczne sumy opadéw atmosferycznych P (mm),
prawdopodobienstwo ich pojawienia sie p (%) w stacji IMGW Grabownica

Hydrological Characteristic of Characteristic of
year P P period P P Period
Rok (mm) (%) Charakterystyka ~ (mm) (%) Charakterystyka
hydrologiczny okresu Okresu
period XI - IV - okres >11- IV period V - X - okres V - X
1995/96 131 96 suchy 402 28 Srednio mokry
1996/97 109 99 suchy 464 9 mokry
1997/98 247 22 $rednio mokry 369 42 normalny
1998/99 234 29 $rednio mokry 300 72 $rednio suchy
1955-1998 211 - 352 -
period IV - IX - okres IV - IX period XI - X - okres XI - X
1995/96 394 30 $rednio mokry 533 64 Srednio suchy
1996/97 447 5 mokry 573 48 normalny
1997/98 313 71 $rednio suchy 616 30 $rednio mokry
1998/99 319 68 Srednio suchy 534 64 Srednio suchy
1955-1998 348 - 563 -

KSZTALTOWANIE SIE WOD GRUNTOWYCH | ODPLYWOW DRENARSKICH

Przeprowadzone obserwacje wo6d gruntowych w latach hydrologicznych 1995/96-
1998/99 wykazaly, ze na obiekcie Borzynowo najptytsze poziomy wdd gruntowych
wystepowaty wczesng wiosng i ksztattowaty sie w przedziale 50-60 cm a najgtebsze w
okresie suszy letniej, kiedy to obnizaty sie do okoto 160 cm. Wyjatek stanowit tu rok
1997, w ktéorym to po nawalnych opadach lipcowo - sierpniowych nastapito
krotkotrwate podniesienie sie wod gruntowych do gtebokosci 21 cm. Decydujacy
wplyw na gteboko$¢ wod gruntowych na obiekcie doswiadczalnym Borzynowo mialy

warunki meteorologiczne.
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Dla ustalenia oddziatywania podpietrzania wody na ksztattowanie sie zwierciadta wody,
poréwnano gteboko$¢é wody gruntowej w dziale, w ktorym hamowano odptyw (dz.4) i
w dziale gdzie nie stosowano tego zabiegu (dz.2). Przeprowadzone badania wykazaty,
ze hamowanie odptywu wody z sieci drenarskiej po wysokich opadach letnich, w
$rednio mokrych i mokrych okresach wegetacyjnych lat 1996 i 1997 wptyneto na
podniesienie sie wéd gruntowych w dziale o okoto 20 -40 cm w poréwnaniu z dziatem
bez regulacji odptywu. Natomiast w $rednio suchych okresach wegetacyjnych lat 1998 i
1999 kiedy to podpietrzanie wody rozpoczeto juz wczesng wiosng, w dziale czwartym
w okresie od kwietnia do potowy maja wody gruntowe zalegaty ptycej o okoto 20 cm w
poréwnaniu do dzialu bez regulacji (dz.2), a w po6zniejszym okresie, przy matych
réwnomiernie roztozonych opadach atmosferycznych wody gruntowe obnizyly sie
ponizej gtebokosci zatozenia drendw.

Wystepowanie odptywow drenarskich w gtdwnej mierze zalezy od warunkéw
atmosferycznych (opaddéw itemperatur powietrza), rodzaju gleby, uksztattowania terenu
a przy regulowanym odptywie drenarskim od czasu trwania i mozliwosci hamowania
odptywu.

W analizowanym dziale drenarskim, w ktérym okresowo hamowano odptyw wielko$¢
odptywoéw jednostkowych i wskaznikéw odptywu byta wyraznie nizsza niz w dziale
gdzie nie stosowano tego zabiegu. Najwiekszy wptyw hamowania odptywu
zaobserwowano w roku 1996, kiedy to po wysokich opadach lipcowych na skutek
podpietrzania wody (dz.4) wielko$¢ Srednich miesiecznych odptywow jednostkowych w
okresie od VII do IX wynosita 0,01 I*s-I*ha-l, a $rednich miesiecznych wskaznikéw
odptywu 1 mm, natomiast w dziale bez pietrzenia (dz.2 ) odptywy jednostkowe wzrosty
do 0,06 I*s-1*ha-l, a wskazniki odptywu do 14 mm.

W latach 1997/98 i 1998/99 rozpoczete pietrzenie w ostatnich dniach marca przyniosto
niewielki i krotkotrwaly efekt. W wyniku niewielkich opadéw atmosferycznych,
wyzszej temperatury powietrza i stale wzrastajgcej ewapotranspiracji, nastepowato
szybkie obnizanie sie poziomu wody gruntowej, ktéry juz w drugiej potowie maja
obnizyt sie do gtebokos$ci drenowania, co uniemozliwito kontynuowanie doswiadczenia.
W warunkach klimatycznych jakie wystapity w ostatnich latach badan moze istnie¢
potrzeba rozpoczynania hamowania odplywu juz w ostatnich miesigcach pétrocza

zimowego (XI-1V), szczegblnie podczas diugotrwatego wystepowania dodatnich
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temperatur. Umozliwito by to zredukowanie odptywu i zretencjonowanie wody w
profilu glebowym juz w okresie wczesno-wiosennym na poczatku okresu wegetacji i
racjonalne wykorzystanie tych zapasow, szczeg6lnie podczas deficytow wody w

miesigcach letnich.

PRZEBIEG ZAPASOW WODY W GLEBIE NA TLE CHARAKTERYSTYCZNYCH

STANOW RETENCIJI

Pomiary uwilgotnienia gleby prowadzono na obiekcie w okresie wegetacyjnym (1V-1X)
w latach 1995/96-1998/99 do giebokosci 1,0 metra, przewaznie dwa lub trzy razy w
miesigcu, oznaczajgc wilgotnos¢ gleby metoda suszarkowo-wagowsq .

Ocene uwilgotnienia profilu glebowego w analizowanych dziatach drenarskich
przeprowadzono na podstawie analizy zapaséw wody w 1-metrowej warstwie gleby na
tle charakterystycznych stanéw retencji takich jak: maksymalny dopuszczalny zapas
wody (przy 15% zawartosci powietrza), polowej pojemnosci wodnej (przy pF=2,0),
pojemnosci okresu suszy (przy pF=2,9), absolutnie najmniejszej pojemnosci wodnej
(przy pF=4,2), (rys2).

Najwieksze zapasy wody (okoto 300 mm) obserwowano wczesng wiosng, po obfitych
opadach letnich (w lipcu 1997) i jesiennych (pod koniec wrze$nia 1996). Najnizsze
zapasy wody (okoto 125 mm) wystepowaty w miesigcach letnich w dziale bez
regulowanego odptywu (dz.2).

Analizujac oddziatywanie regulowanego odptywu na wielko$¢ zapaséw wody
stwierdzono, ze w dziale 4, ktory przystosowano do pietrzenia wody na sieci drenarskiej
zapasy wody w okresie pietrzenia w roku 1996 w warstwie gleby 0-100 cm byly
$rednio o kilkadziesiat milimetrow wyzsze niz w dziale dz.2 (nawet okoto 160 mm). W
roku 1997 w okresie pietrzenia od wczesnej wiosny do poczatku lipca zapasy wody
byty o okoto 20-30 mm wyzsze w dziale z regulowanym odptywem drenarskim. W roku
1998 i 1999 zapas wody w dziale 4 byt wiekszy jedynie w poczatkowym okresie sezonu
wegetacyjnego, (okoto 30 mm), a nastepnie na skutek niskich opadéw atmosferycznych,
wzrastajgcej temperatury powietrza i ewapotranspiracji, w drugiej potowie maja
wyczerpaty sie mozliwosci hamowania odptywu z drendw w zwigzku z obnizeniem sie

zwierciadta wody gruntowej ponizej gtebokosci ich zatozenia
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WNIOSKI

1 Powstrzymywanie odptywu wody =z sieci drenarskiej i oddziatywanie na
ksztattowanie sie zapasow wody w glebie mozliwe byto w latach o $rednio mokrych
i mokrych okresach wegetacyjnych (1996 i 1997), natomiast w $rednio suchych i
suchych okresach wegetacyjnych (1998 i 1999) przy matych i réwnomiernie
roztozonych opadach praktycznie mozliwos¢ taka nie istniata.

2. W S$rednio mokrych i mokrych okresach wegetacyjnych hamowanie odpltywu
drenarskiego w istotny sposéb réznicowato gtebokosci wod gruntowych, ktore
zalegaly ptycej o 20-40 cm w poréwnaniu z obszarem gdzie nie stosowano tego
zabiegu, a zapasy wody w 1-metrowej warstwie gleby byty Srednio o kilkadziesigt
mm wyzsze.

3. Okresowe hamowanie odptywu drenarskiego wyraznie zmniejszato wielko$¢
odptywéw jednostkowych i wskaznikéw odptywu, a najwiekszy wplyw
obserwowano po wysokich opadach letnich w roku 1996, kiedy to w okresie od
lipca do wrzesnia $rednie miesieczne odptywy jednostkowe zmniejszyty sie o 0,05

I*s*ha-1, a wskazniki odptywu o 13 mm miesiecznie.
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Streszczenie: Zmiany zasobow wodnych w glebach zdrenowanych z regulowanym odptywem.
Wyniki badan przeprowadzonych w latach 1995-1999 na obiekcie doswiadczalnym w dolinie
Baryczy wykazaly, ze na zdrenowanych glinach lekkich potozonych na itach hamowanie
odptywu z sieci drenarskiej mozliwe bylo w latach o $rednio mokrych i mokrych okresach
wegetacyjnych (1996 i 19997). Pod wpltywem regulowanego odptywu zwierciadto wody w
okresie wegetacyjnym (IV-I1X) byto wyzsze o okoto 20-40 cm, wzrastaly' tez zapasy w czynnej
warstwie gleby (nawet o 160 mm w okresie wegetacyjnym roku 1996).

W S$rednio suchych i suchych okresach wegetacyjnych (1998 i 1999). przy matych i
rownomiernie roztozonych opadach, praktycznie nie istniata mozliwo$¢ hamowania odptywu,
gdvz juz na poczatku okresu wegetacyjnego zwierciadto wody gruntowej opadato ponizej
gtebokosci drenowania.
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Gospodarowanie zasobami wodnymi i nawadnianie ro$lin uprawnych

Water resources management and irrigation of cultivated plants

Ekologiczne skutki gospodarowania woda na uzytkach rolnych

przez regulowanie jej odptywu

KRZYSZTOF NYC, RYSZARD POKtLADEK
Akademia Rolnicza we Wroctawiu

Abstract: Ecological results of water management on cropland through water run-off control.
On the basis of field and laboratory test results on the evaluation of ecological results of water
management through water run-off control, favorable influence of this land reclamation system
on the ecological conditions of river valleys was demonstrated. As a result of damming-up
operation in river course beds, the content of the following indicators was reduced in water
running off from hydrological structures: BZT5, ChZT, nitrogen, phosphorus and potassium.
However, the content of dissolvcd oxygen, lime and sulfatc inereased. It was also proved that
conducting the necessary maintenance work in the river course was conducive to the gualily
improvement of water running of from the irrigated area.

WPROWADZENIE

W warunkach ograniczonych zasobdéw wodnych dolin rzecznych pokrytych utworami
przepuszczalnymi, skuteczng metodg poprawy bilansu wodnego gleb jest regulowanie
odptywu. Poprzez urzadzenia pietrzace prawidlowo eksploatowane na ciekach
gtownych, a takze na systemach melioracji szczegétowych (sie¢ rowéw, drenowanie),
mozna hamowa¢ odptyw przeznaczajgc go w czesci lub w catosci na retencje glebowa.
W takiej sytuacji zmienia sie intensywno$¢ obiegu wody w $rodowisku, a przy tym inne
jego cechy [Nyc, Pokiadek, 1997], W warunkach spowolnionego odptywu wody
zwieksza sie dostepnos$é jej dla roslin, zarowno na zmeliorowanych uzytkach rolnych
jak tez w korycie cieku. Korzystnej zmianie ulegajg tez cechy jakoSciowe wody
gruntowej i powierzchniowej, co rzutuje na stan $rodowiska naturalnego [Somorowski
C. 1993]..

Na podstawie badan prowadzonych od 1994 roku w dolinie Bystrzycy i Odry na

obiektach o réznej wielkosci i zasobno$ci wodnej, odlegtych ok. 20 km od Wroctawia
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Samotwér (100 ha) i Miekinia (720 ha) przedstawiono ocene zmian jakos$ci wody
powierzchniowej po przeptynieciu przez obiekt wyposazony w urzgdzenia do
regulowania odptywu. Dla obu obiektéw zastosowano jednolita metodyke i termin
pomiaru uwilgotnienia gleb, stanu wod gruntowych i powierzchniowych oraz ich cech

chemicznych, atakze rodzaju roslinnosci porastajacej koryto gtéwnego cieku.

GOSPODAROWANIE WODA NA OBIEKTACH

Obiekt doswiadczalny Samotwér (zlewnia Bystrzycy) o pow. 100 ha gruntéw ornych, w
potowie zdrenowany, nie posiada wiekszej od siebie zlewni hydrologicznej.
Gospodarowanie woda odbywa sie tu przez eksploatacje jednej zastawki
zlokalizowanej na gtéwnym rowie drenarskim, ktéry prowadzi wode jedynie w
poétroczu zimowym. Gleby sg tu przewaznie S$redniozwiezte podsScielone gteboko
zalegajacymi utworami przepuszczalnymi.

Obiekt Miekinia o pow. 720 ha przez ktérego S$rodek przeptywa ciek Zdrojek, jest
zasilany ze zlewni hydrologicznej o pow. 27 km2. Gleby obiektu ktére stanowig
przewaznie utwory S$rednio przepuszczalne i przepuszczalne mineralne, lokalnie
organiczne, uzytkowane sg gtéwnie jako taki (78%) oraz jako grunty orne (10%) i le$ne
(12%). Urzadzenia melioracyjne tworzy tu system rowow wraz z zastawkami
dostosowanymi do prowadzenia nawodnien podsigkowych przez regulowanie odptywu.
Gospodarowanie wodg na obiekcie Migkinia przebiega w korzystniejszych warunkach
hydrologicznych niz na obiekcie Samotwor. Zasoby wodne cieku Zdrojek pozwalajg na
wystepowanie tam niewielkiego przeptywu w okresie catego roku hydrologicznego.

Na obu obiektach stosuje sie catoroczng eksploatacje urzadzen pietrzacych celem
odpowiedniego ksztaltowania poziomu wdéd gruntowych i uwilgotnienie gleb. Zasade
ich dziatania przedstawiono na rysunku 1.

W wyniku pietrzenia wody na okreslonej wysokos$ci (rys. 1), nastepuje hamowanie jej
odptywu z doliny (H), a nawet przeksztalcenie go w proces zasilania (-H). W
warunkach pojawienia sie przewagi ewapotranspiracji (E) nad opadem atmosferycznym
(P) nastepuje wyczerpywanie sie retencji gruntowej z wody kapilarnej (W) a nastepnie
obnizanie sie wody gruntowej o warto§¢ Ah = hi - h2. Jesli hz nie przekroczy wartosci

maksymalnej normy odwodnienia [Marcilonek 1994, Somorowski 1969] wystepujg
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odpowiednie warunki petnego zaspokojenia potrzeb wodnych roélin. Tak pozytywny
efekt eliminowania niedoboréw wodnych uzyskiwano na obiekcie Migkinia. W
Samotworze natomiast, przy niedostatecznych zasobach wodnych maksymalna norma
odwodnienia w latach suchych byta przekraczana. Tworzona w tych warunkach
retencja, pochodzaca gtownie z zasob6w wodnych poétrocza zimowego, umozliwita
ekstensywng forme nawodnienia w wyniku catorocznego regulowania odptywem wody

w cieku poprzez urzadzenia pietrzace systemu melioracyjnego.

Rys. 1 Schemat hydrauliczny dziatania systemu melioracyjnego z regularnym odptywem
a - regulowany odptyw, b - naturalna gospodarka wodna. 1- krzywa depresji wiosng,
2 - krzvwa depresji latem, W - zmiana uwilgotnienia gleby. H - odptyw, -H - zasilanie,
P - opad atmosferyczny, E - ewapotranspiracja.

Fig. 1. A hydraulic working scheme of the iinprovemcnt system with controllcd run-off :
a —controllcd run - off, b - natural water management, 1- groudwater levcl in
spring , 2- groundwater lewel in summer, W- cliange of soil misture, H- run-off,

- H feeding, P- precipitation, E- evapotranspiration.

Lata prowadzonych badan charakteryzowato zréznicowanie okresowych sum opadéw
atmosferycznych (tabela 1), ktére miaty wptyw na skuteczno$é¢ gospodarowania wodg
przez regulowca)nie odptywu. Do obliczen i oceny charakterystycznych okreséw, w tabeli
1, przyjeto wartosci opadéw z lat 1950-1989 o nastepujagcym prawdopodobienstwie ich
wystgpienia: ponizej 20% - okres mokry, 20-39% - umiarkowanie mokry, 40-59% -

normalny, 60-79% - $rednio suchy, powyzej 80% - okres suchy.
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Tabela 1
Table 1

Ocena okresowych sum opadéw (P) na obiektach Samotwoér i Miekinia
Assessment of seasonal precipitation values (P) on Samotwér and Migkinia structures

X111 IV-I1X
Rok prawdopodo- charakter prawdopodo-  charakter
"™ bienstwo p% okresu P bienstwo p% okresu
1950-1989 179 50 normalny 366 50 normalny
1994 269 8 mokry 244 93 suchy
1995 140 79 §r.suchy 511 2 mokry
1996 118 92 suchy 394 46 normalny
1997 112 96 suchy 485 7 mokry
1998 211 38 um. mokry 348 70 $r.suchy
1999 185 46 normalny 245 93 suchy

Jak wynika z tabeli 1 w okresie prowadzonych badan poétrocze zimowe (X-III) i
nastepujacy po nim okres wegetacyjny (1V-1X) miaty zupetnie odmienny charakter pod
wzgledem wysokos$ci opadéw. Ekstremalne warunki zasilania opadem kolejnych
potroczy wystapity w latach 1994 i 1997. W sytuacji zastosowania regulowanego
odptywu, odpowiednio uksztattowane zasoby retencji gruntowej znaczaco tagodzity

hydrologiczne i przyrodnicze skutki niekorzystnych, ekstremalnych wysokosci opadéw.

JAKOSC WOD NA OBIEKTACH Z REGULOWANYM ODPLYWEM

Zastosowanie regulowanego odptywu dla wzbhogacenia zasobdw retencji gruntowej
powoduje spowolnienie obiegu wody gruntowej i powierzchniowej. W przypadku zbyt
matych zasobéw wodnych (obiekt Samotwor) dochodzito do catkowitego zahamowania
ich odptywu. W tak odmiennych warunkach hydrologicznych mozna sie spodziewac
pewnych zmian chemizmu wody, ktéra dtuzej przebywa w zasiegu systemu
korzeniowego roslin, zarébwno na uzytkach rolnych jak i w korycie cieku [Hus, 1995],
Potwierdzity to badania chemizmu wody powierzchniowej doptywajacej i odptywajgcej

z obiektu, a takze wody gruntowej pobranej z piezometm w centrum obiektéw
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Zestawione w tabeli

2 wartosci

Swiadcza,

Ze znacznie

korzystniejsze efekty poprawy jakosci woéd uzyskiwano na obiekcie Miegkinia o

wiekszej zlewni i korzystniejszych warunkach hydrologicznych [Kaca E., tabedzki L.,

1995].
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N
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Tabela 2
Table 2

Wybrane wskazniki jakosci wody gruntowej (w piezometrach) i powierzchniowej (w cieku)
na obiektach melioracyjnych Samotwér i Migkinia.
Selected indices of groundwater cjuality (in piezometers) and surface water quality (in the stream)
on Samotw6r and Migkinia objects.

Wskazniki

1
Odczyn - pH

Tlen rozpuszcz.
mg02/dm 1
bzt5
mg 02/dm 3
ChzT
mg 02/dm 3
Azot ogélny
mg Nog/dm
Fosfor
mg P/dm3
Séd
mgNa/dm3
Potas
mg K/din3
Wapn
mg Ca/dm
Magnez
mg Mg/dm3
Mangan
mg Mn/dm
Zelazo
mg Fe/dm
Siarczany

mg S04/dm 3

Chlorki
mg Cl/dm 3

1994 - 1999

woda powierzchniowa

Samotwor
woda
gruntowa
doptyw
od - do od - do
Srednio Srednio
2 3
6.6-7.5 6.4-6.8
7.2 6.6
1.36-8.2 2.4-6.2
3.77 4.52
2.9-21.2 4.88-8.37
13.02 6.12
19.1-82.98 31.6-60.2
55.33 43
3.5-1 14 3.8-9.87
7.01 7.06
0.2-1.22 0.36-1.23
0.56 0.62
6.5-26.2 9.56-15
18.39 12.2
4.3-19.9 3.2-9.98
8.67 4.96
61-120 59.5-85.9
88.4 70.6
17.8-48.57 21.3-34.24
30.9 24.7
0.2-1.54 0.29-2.08
1.12 0.92
1.15-6.8 1.24-7.33
3.2 3.66
97-205 76-143
136.2 114.7
39.2-69.3 40.8-57.3
53.1 45.8

odptyw
od - do
$rednio
4
6.6-7.3
6.9
3.84-6.93
5.33
1.6-4.63
3.0
20.13-39.1
31.74
3.85-8.14
6.27
0.2-1.22
0.51
9.7-16.8
13.66
4.8-14.07
8.61
63.5-82.6
69.9
21-32.6
25.9
0.72-4.5
2
0.45-1.4
0.84
85-135
112.7
34.5-70.4
50.8

Miekinia 1995 - 1999

woda
gruntowa

od - do
$rednio
5
6.85-7.4
7.1
0.6-4.83
1.95
1.92-4.08
2.96
12.1-23.25
17.6
3.35-10.52
7.16
0.17-0.63
0.31
5.05-8.11
6.3
1.28-2.01
1.61
76.2-89.8
82.6
19.6-31.2
23.7
0.21-0.58
0.38
8.3-36.9
16.5
110-209
139.4
30.5-40
34.7

woda powierzchniowa

doptyw
od - do
Srednio
6
7.08-7.4
7.2
3.7-7.6
6.39
1.93-19.25
6.81
13.5-60.4
29.5
3.85-17.22
9.82
0.21-1.44
0.6
12.22-16.3
14.35
3.53-14.43
7.47
136-188
159.9
24.7-34.6
28.1
0.32-0.58
0.46
0.68-1.38
0.94
208-269
249.6
52.3-65
58.7

odptyw
od - do
Srednio
7
7.16-8.0
7.5
8.15-9.65
8.96
1.45-3.1
2.27
10.3-18
13.87
4-7.22
6.0
0.18-0.51
0.26
10.93-13.7
12.35
2.45-5.3
4.03
162-228
197.5
22.8-38.5
28.9
0.27-0.79
0.51
0.56-1.29
0.9
249-439
332.8
45.5-56
50.2



182
K. Nyc, R. Poktadek

Wode powierzchniowg do oznaczen chemicznych pobierano z ciekéw gtdwnych

przeptywajacych s$rodkiem obiektéw z regulowanym odptywem (w Samotworze row

drenarski A, w Miegkinia ciek Zdrojek) w dwoch przekrojach hydrometrycznych.

Przekroj pierwszy zlokalizowany w gdrnej czesci obiektéw informowat o jakosci wod

doptywajacej do obiektu (doptyw), drugi usytuowany w dolnej czesci obiektow okreslat

jakos¢ wod odptywajgcych z obiektow (odptyw). Odlegtosci miedzy w/w przekrojami

pomiarowymi wynosity: w Samotworze 650 m, w Migkini 3000 m.

Gtowne gatunki roslin porastajacych koryto ciekéw na trasie obiektéw stanowity:

a) W Samotworze: mozga trzcinowata (Phalaris arundinacea), trzcina pospolita
(Phragrnites cammunis), wiechlina zwyczajna (Poa trivialis), rzesa drobna (Lemna

minor), wierzba krucha (Salixfragilis).

b) W Miekini: manna mielec (Glyceria aguatlica), sit rozpierzchty (Juncus effusus),
mozga trzcinowata (Phalaris arunolinacea), turzyca zaostrzona (Carex gracilis),

trzcina pospolita (Phragrnites communis), patka szerokolistna (Typha latifolia).

Prowadzone od 1994 roku w Samotworze i od 1995r w Migkini pomiary chemizmu
wody, raz w miesigcu okresu wegetacyjnego, pozwolity na ocene oddzialywania
roslinnosci na proces oczyszczania wod po przeptynieciu przez okreslony wyzej
odcinek cieku, wzdtuz obiektu wyposazonego w urzgdzenia pietrzace [Nyc K., Hus S,
Pokladek R., 1996; Nyc K., Pokladek K., Czarnecki A., 1998],

Poréwnujac zawartosci niektérych wskaznikow zanieczyszczen wody w Zdrojku,
miedzy dwoma przekrojami hydrometrycznymi (doptyw i odptyw z obiektu Miekinia),
stwierdzono przecietnie w okresie badawczym 1995-1999 zmniejszenie sie na odptywie
/. obiektu BZTs o 66,7%, ChZT - 53,0%, azotu og6lnego - 38,9%, fosforu - 61,7%,
sodu - 13,9%, potasu - 46,0%, zelaza - 4,2%, chlorkéw - 14,5%. Rownocze$nie
zwiekszeniu ulegt odczyn wody pH o 4,2%, wzrosta zawartos$¢ tlenu rozpuszczonego w
wodzie o 40.2%, wapnia -23,5%, Magnezu - 2,7%, manganu o 10,9% i siarczandéw -
33,3%.

Na obiekcie Samotwér redukcja wskaznika zanieczyszczen byta mniejsza i
przyktadowo wynosita: BZTs - 52,4%, ChZT - 18,8%. azotu ogdlnego - 5,1%, fosforu

22,6%.
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Ksztattowanie sie w poszczeg6lnych latach badan niektdrych  wskaznikéw
zanieczyszczen wody w rzece dla dwéch przekrojow pomiarowych na terenie Miegkini
przedstawia rysunek 2. Nie pokazuje on wyraznego zwigzku z wysokoscig opadow
atmosferycznych okresu wegetacyjnego. Jednak sposob rolniczego i melioracyjnego
uzytkowania obiektow znaczaco wplywal na stopien redukcji zanieczyszczen w tych
wodach. Przyktadowo, po przeoraniu zdegradowanych przez powd6dz 1997 r. tgk w
1998 roku na obiekcie Mieknia wystagpit w wodzie powierzchniowej wyrazny wzrost
zawartosci azotu. Wody powierzchniowe przeptywajace przez kilka zastawek na
obiekcie Miekinia wykazaty znaczny ponad 40% przyrost tlenu rozpuszczonego. Byt on
dwukrotnie wiekszy niz w Samotworze.

Brak eksploatacji pietrzen w drugiej polowie 1997r.oraz w 1999 r w warunkach
wysokiego uwilgotnienia gleb obiektu Mieknia, dat sie zauwazy¢ znacznie
gorszymi efektami samooczyszczania sie wéd ptynacych. Gospodarowanie wodg przez
regulowany odptyw na systemach melioracyjnych obiektéw Miekinia i Samotwér, a
takze korzystne dziatanie ro$linnosci porastajacej koryta ciekéw, przyczynialy sie do
znacznej poprawy wskaznikéw tlenowych, obnizenia BZTs i ChZT oraz wzrostu
zawartosci tlenu rozpuszczonego w wodzie. Znaczacej redukcji ulegly tam tez zwigzki
biogenne. Zabiegi konserwacyjne stosowane systematycznie jesieniag na obiekcie
Miekinia nie obnizaty zdolno$ci oczyszczania sie wdd po przeptywie przez system
melioracyjny z regulowanym odptywem.

Na obiekcie Samotwdr w warunkach braku systematycznej konserwacji, parametry
jakosciowe wod byty gorsze. Zbyt mate naturalne zasoby wodne obiektu Samotwor nie
sprzyjaly intensywnemu procesowi samooczyszczania sie wad.

Chemia wod gruntowych na ogdét nie odbiegata wiele od wéd powierzchniowych na
analizowanych obiektach. Gospodarowanie wodg przez regulowanie odptywu na
uzytkach rolnych zmeliorowanych obiektéw Samotw6r i Migkinia korzystnie
ksztaltowato stosunki wilgotnosciowe gleb a takze poprawiato jako$¢ wod
odptywajacych z w/w obiektéw. Przy niskich naktadach inwestycyjnych i
eksploatacyjnych a takze w warunkach oszczednego korzystania z dostepnych zasoboéw

wodnych uzyskiwano korzystne warunki ekologiczne w srodowisku.
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i ] eow (dopiyw) ["] DW (odplyw)

Rys. 2. Srednie roczne wartoéci wybranych wskaznikéw zanieczyszczen wody
w cieku Zdrojek w gérnej (GW) i dolnej (DW) czes$ci obiektu Migkinia.

Fig. 2. Average yearly values of selected water pollution indices in Zdrojek
stream in upper (GW) and lower (DW) part of Miekinia object.
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1 Melioracje dolin rzecznych przez regulowanie odptywu wody w wyniku jej
kontrolowanego pietrzenia, sg dostatecznie skutecznym sposobem eliminowania
niedoboréw wodnych zalecanym na glebach przepuszczalnych, szczeg6lnie w
przypadku wystepowania matych zasobéw wody dyspozycyjne;j.

2. W wyniku stosowania regulowanego odptywu uzyskuje sie poprawe jakosci wod w
$rodowisku. W wodach odptywajacych z badawczych obiektéw uzyskiwano
znaczace zmniejszenie sie BZTs i ChZT, azotu ogdlnego, fosforu i potasu, a takze
wzrost zawartosci tlenu rozpuszczonego, wapnia i siarczanow.

3. Lepsze efekty oczyszczania sie wdd po przeptynieciu przez system melioracyjny
wyposazony w urzgdzenia pietrzagce do regulowania odptywu, uzyskiwano na
obiekcie Migkinia w korzystniejszych warunkach hydrologicznych. Na obiekcie tym
prowadzono systematycznie niezbedne prace konserwacyjne (raz w roku

wykaszanie dna i skarp row6w oraz co 2-3 lata odmulanie dna ciekéw).
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Streszczenie: Ekologiczne skutki gospodarowania wodg na uzytkach rolnych przez regulowanie
jej odptywu Na podstawie wynikéw badan polowych i laboratoryjnych nad oceng ekologicznych
skutkéw gospodarowania wodg przez regulowanie odptywu, stwierdzono korzystne dziatanie
tego systemu melioracji na warunki ekologiczne dolin rzecznych. W wyniku eksploatacji
pietrzen w kontach ciekéw, nastepowato znaczace zmniejszanie sie w wodach odptywajacych z
obiektow wskaznikéw: BZTs, ChZT, azotu, fosforu i potasu. Natomiast wzrostowi ulegta ilos¢
tlenu rozpuszczonego, wapnia i siarczanéw. Udowodniono réwniez, ze prowadzenie
niezbednych prac konserwacyjnych w cieku sprzyjato poprawie jakosci wod odptywajacych z
obiektu nawadnianego.
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Gospodarowanie zasobami wodnymi i nawadnianie ro$lin uprawnych

Water resources management and irrigation of cultivated plants

Mozliwosci eliminowania niedoboréw wodnych gleb w warunkach

ograniczonych zasob6w dyspozycyjnych

KRZYSZTOF NYC

Akademia Rolnicza we Wroctawiu

Abstract: Possibilities of eliminating water deficiencies in soils in conditions of limited water
reserves. The problem of successive increase of water deficiency in the environment and ihc
necessity of its water balance improvement was indicated in the elaboration. The water-
economical systems of pressure and gravitational irrigation were presented. Micro-irrigation on
hill areas and controlled run-off in low land river vallcys were recommcnded for the water
balance improvement of soils in conditions of limited water reserves. Moreover, lhe application
of various forms of smali water retention was suggested for the whole area of hydrological
basin. The experiences of many years show that even the extensive water management systems,
when properly utilized, enable the elimination of water deficiencies to approx. 150-200 mm,
depending on the course of meteorological and hydrological phenomena.

WPROWADZENIE

Racjonalizacja wykorzystania zasobdw przyrody skiania polskie rolnictwo do
inwestowania gtéwnie na glebach o wyzszym potencjale produkcyjnym, natomiast
gleby najubozsze zaleca sie przeznaczy¢ na uzytki ekologiczne, ktére rowniez
przynosza okre$lone korzysci w $rodowisku przyrodniczym. Malejgca powierzchnia
uzytkdw rolnych wymaga intensyfikacji produkcji w warunkach uregulowanych
stosunk6w wodnych, przez wprowadzenie systemow melioracyjnych o dziataniu
odwadniajgcym i nawadniajgcym. Takg potrzebe potwierdzajg wystepujgce cyklicznie
serie lat mokrych i suchych. Z obserwacji terenowych w warunkach doswiadczalnych
i produkcyjnych wynika, ze nawet w latach ekstremalnych klesk zywiotowych, np.
suszy 1992 r., czy nadmiaru wody w 1997 roku na Dolnym Slasku, straty w produkcji

rolniczej byty zdecydowanie mniejsze na zmeliorowanych uzytkach rolnych. Dobrze
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eksploatowane przez stosowanie regulowanego odptywu, doswiadczalne systemy
odwadniajgco-nawadniajagce w dolinie Odry (np. obiekty: Samotwor i Miegkinia
k. Wroctawia) charakteryzowata duza stabilizacja plonowania [Nyc, Pokfadek,
Czarnecki. 1998)
Wg Instytutu Uprawy, Nawozenia i Gleboznawstwa, w Polsce gleby o wiasciwym
(optymalnym) uwilgotnieniu zajmujg ok. 44 % powierzchni, nadmiernie uwilgotnione
20 % oraz okresowo i trwale za suche ok. 36 %; dominujg wiec potrzeby w zakresie
nawodnien [Marcilonek i inni, 1995],
Rozwdj gospodarczy regionéw, intensyfikacja rolnictwa (zwiekszenie plonowania
i ewapotranspiracji), wzrost zuzycia wody przez gospodarke komunalng, przemyst
irzemiosto (dla tych celéw instalowane sg m. in. ujecia wod wgtebnych), powoduja
zubozenie $srodowiska przyrodniczego w wode. Efektem tego jest sukcesywne obnizanie
sie poziomow wody gruntowej, zmniejszanie powierzchni bagien i oczek wodnych,
a w konsekwencji zwigkszenie obszaréw niedostatecznie uwilgotnionych.
Dostosowywanie sie do zasad uzytkowania ziemi w krajach Unii Europejskiej bedzie
wymagato zmniejszenia powierzchni uzytkéw rolnych w Polsce o ok. 20 %, wytaczajac
znich gleby marginalne o bardzo matej zyznoSci naturalnej [Rytelewski,
19951.Dla zachowania niezbednego poziomu produkcji rolniczej ubytek ziemi uprawnej
nalezy rekompensowaé¢ odpowiednim wzrostem plonowania roslin.
Ocenia sie, ze dla zaspokojenia potrzeb rolnictwa a takze dla ochrony walorow
przyrodniczych, w Polsce potrzeby w zakresie nawodnien powinny wzrosnaé
czterokrotnie w stosunku do stanu aktualnego [Nyc, 1999]. Dyspozycyjne zasoby
wodne z przeptywow biezagcych bedg wiec sukcesywnie malaty, przy réwnoczesnym
wzroscie zapotrzebowania na nawodnienia rolnicze. Waznym problemem staje sie
poszukiwanie wodooszczednych izasobooszczednych metod nawadniania a takze
wzbogacania zasobow retencji glebowej przez rozwdj réznych form matej retencji
wodnej O wyborze sposobu nawodnieA powinny m in. decydowac:

potozenie uzytku rolnego na obszarze zlewni hydrologicznej oraz ksztattowanie sie

stosunkéw hydrologicznych i gteboko$¢ zalegania zwierciadta wody gruntowej,

wymagany stopien intensyfikacji rolnictwa,

ekonomika dostarczania wody do profilu glebowego.
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Zaleznie od usytuowania w zlewni hydrologicznej, do grupy wodooszczednych
systemow nawadniania mozna zliczy¢:
a) nawysoczyznie - nawodnienia cisnieniowe, zwaszcza mikronawodnienia,
b) w dolinach rzek - nawodnienia podsigkowe z duzym udziatem regulowanego

odptywu,
C) na obszarze catej zlewni - stosowanie r6znych form matej retencji wodnej.
Wieloletnie badania prowadzone na kilku obiektach doswiadczalnych Instytutu
Melioracji i Ksztaltowania Srodowiska Akademii Rolniczej we Wroctawiu nad
rozwigzaniem problemu nawodnien w warunkach bardzo matych zasobow
dyspozycyjnych, wykazaty realno$¢ rozwoju nawodnien w Polsce nawet w trudnych
warunkach hydrologicznych [Nyc, 1995].
Z melioracyjnego spojrzenia, podstawowymi wskaznikami $wiadczacymi o
mozliwosSciach i sposobie zaopatrzenia roslin w wode sa;

gtebokos¢ zalegania zwierciadta wody gruntowej,

zasoby wody dyspozycyjnej,

rodzaj gleby,

kierunki produkciji rolniczej.

GOSPODAROWANIE WODA NA WYSOCZYZNIE

Na obszarach rolniczych wysoczyzny, gdzie poziomy wod gruntowych zalegajg
gteboko, bez mozliwosci kapilarnego zasilania systemu korzeniowego roslin,
podstawowg role odgrywajg nawodnienia cisnieniowe (mechaniczne). Ws$réd nich na
szczegblng uwage w warunkach Polski zastuguja nawodnienia deszczowniane
i kroplowe, w mniejszym zakresie mikrodeszczowania oraz nawodnienia wgtebne.

Z grupy nawodnien ci$nieniowych w Polsce dominujg deszczownie. Zainstalowane
sg na powierzchni ok. 60 tys. ha, jednak aktualnie, ze wzgledow ekonomicznych,
eksploatuje sie je na nieco mniejszym areale uzytkéw rolnych. Dla systeméw
deszczownianych jednostkowe zapotrzebowanie na wode ksztaltuje sie w granicach
0,8-1,1 Psek”-ha'1 powierzchni efektywnie nawadnianej. Biorgc pod uwage
rzeczywiste zuzycie wody, $rednio na powierzchni wyposazonej w urzadzenia

deszczowniane, przecietne jednostkowe zapotrzebowanie wody maleje nawet do
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potowy przy nawodnieniach duzych, ponad stu hektarowych obiektéw i stosowaniu
racjonalnych ptodozmianéw o zréznicowanych wymaganiach wodnych. Systemy
deszczowniane zuzywajg dos$¢ duzg ilos¢ energii dla wytworzenia ci$nienia roboczego
zraszaczy, rzedu 0,3-0,6 Mpa. Zaleznie od konstrukcji deszczowni i wielkosci systemu
nawadnianego, wymagane cisnienie wody w pompowni jest odpowiednio wigksze.
Rosngce koszty paliw i energii elektrycznej sprawiaja, ze stanowig one znaczacg i stale
rosnacg pozycje w strukturze kosztéw eksploatacji nawodnienia deszczownianego.
Deszczowanie, cho€ to bardzo skuteczna metoda intensyfikacji produkcji roslinnej, staje
sie coraz wiekszym obcigzeniem finansowym rolnictwa. Poszukuje sie¢ wiec metod
nawadniania bardziej energo- i wodooszczednych, a réwnoczes$nie sprostajgcych
wymaganiom wspotczesnego producenta rolnego. Ponadto do produkcji rolniczej
w coraz wiekszym zakresie wprowadza sie techniki i technologie precyzyjnie
zaopatrujagce rosliny w wode, sktadniki pokarmowe i chemiczne s$rodki ochrony.
Pozwala to na tworzenie zréwnowazonych uktadéw przyrodniczo-techniczno-
ekonomicznych, harmonijnie wkomponowanych w lokalne $rodowisko. Coraz czesciej
zasobooszczedno$¢ uzyskuje sie przez precyzyjne regulowanie bilansu wodnego
i pokarmowego [Brandyk; Hewelke, 1995], Do grupy technik nawadniajacych, ktoére
moga w wysokim stopniu spetni¢ warunki oszczednego i racjonalnego zuzycia wody,
energii oraz sktadnikdéw pokarmowych, mozna zaliczy¢ mikronawodnienia [Hewelke,
1993], Polegajag one na podawaniu wody lub roztworéw nawozowych do systemu
korzeniowego roslin. Mikronawodnienia umozliwiajg zachowanie réwnowagi miedzy
dystrybucja wody i sktadnikéw mineralnych, a ich zuzyciem przez rosliny. Mozliwa jest
wiec optymalizacja ich wykorzystania, co sprzyja ochronie $rodowiska, a rownoczesnie
umozliwia uzyskanie wysokiego plonowania roslin. Mikronawodnienia stwarzajg
warunki stosowania niskoci$nieniowych, wodooszczednych nawodnien mechanicznych,
przyjaznych $rodowisku.

Do grupy mikronawodnieA zalicza sie nawodnienia kroplowe, mikrodeszczowania
a takze nawodnienia wgtebne.

Zuzycie wody w mikronawodnieniach jest o 20-70 % mniejsze od deszczownianych.
Rozrzad wody w mikronawodnieniach jest tatwy do peinego zautomatyzowania, dzieki
czemu mozna wydatnie zmniejszy¢ zapotrzebowanie na wode. Straty wody przy

mikrodeszczowaniach siegaja 2-3 %, a rownomierno$¢ nawodnienia osigga wysokie
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wskazniki - rzedu 90-95 %. Zuzycie energii przez mikronawodnienia jest relatywnie
niskie i wynosi 20-25 % potrzeb niezbednych do nawodnieh deszczownianych. Wynika
to z wymogu matych cisnien roboczych w rurociggach, wynoszacych od 0,01 do 0,02
MPa przy nawodnieniach kroplowych i 0,05-0,2 MPa przy mikrodcszczowaniach.
[Jeznach, 1996], Duza réwnomierno$¢ rozprowadzenia wody i skladnikow
pokarmowych, a takze wysoka efektywnos$¢ jej wykorzystania przez rosline, sprzyja
wysokiemu plonowaniu przy zachowaniu zasady réwnowaznego rozwoju $rodowiska
[Somorowski, red. 1993].

Zrédtem wody do nawodnieri ci$nieniowych moga byé gtdwnie rzeki, jeziora, zbiorniki
wodne i stawy o odpowiednich zasobach dyspozycyjnych oraz wymaganej jakosci
wody. Zgodnie z zapisem ustawy ,Prawo wodne” korzystanie z zasobéw waod
podziemnych moze nastgpi¢ tylko przy braku dostepu do wdéd powierzchniowych
Woda zasilajgca systemy mikronawodnien, a szczeg6lnie kroplowe, powinna by¢
odpowiednio uzdatniona ze wzgledu na zagrozenie zatykania sie emiterdw wskutek
wystgpienia przyczyn o charakterze mechanicznym, chemicznym i biologicznym.
Nawodnienia cisnieniowe nalezg do intensywnych metod zaopatrzenia roslin w wode,
sa zasobooszczedne (szczeg6lnie mikronawodnienia), lecz cechujg je stosunkowo
wysokie koszty inwestycyjne i bardzo réznie ksztattujgce sie koszty eksploatacyjne.
Dlatego tez uzasadniony ich rozw6j w warunkach intensywnej produkcji rolniczej
bedzie wymagaé¢ podwyzszania niezawodno$ci eksploatacyjnej urzadzen i catych

systemow melioracyjnych.

GOSPODAROWANIE WODA W DOLINACH RZEK

W dolinach rzek nizinnych, w waainkach stosunkowo ptytkiego zalegania zwierciadta
wody gruntowej, gdzie zasilanie czynnej warstwy gleby moze odbywac sie droga
podsigku kapilarnego, na uwage zastugujag nawodnienia podsigkowe. Zaleznie od
zasobdw wody dyspozycyjnej, poziomu intensyfikacji, stosuje sie rézne rodzaje
nawodnienia podsigkowego. Najbardziej popularne nawodnienie ze zmiennym
poziomem wody gruntowej, wymaga zagwarantowania doptywu wody obcej w
przecietnych ilosciach ok. 1,0-1,5 I-sek *ha’l W poczatkowej fazie nawodnienia,

zapotrzebowanie wody jest znacznie wyzsze. Do$¢ czesto stajemy przed problemem
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niewystarczajacej ilosci wody. Jezeli zasoby wody dyspozycyjnej nie spadajg ponizej
zapotrzebowania na pokrycie parowania terenowego, realizujemy nawodnienie
podsigkowe ze statym zwierciadtem wody gruntowej. Wowczas zapotrzebowanie wody
ksztattuje sie w granicach o,2-0,6 I-sek®-ha'1i zalezy gtdwnie od przebiegu niedoboru
opadu Wystepujg tez sytuacje, kiedy przeptyw dyspozycyjny bywa mniejszy od
zuzycia wody na parowanie terenowe Wowczas hamowanie odptywu staje sie szansg
poprawy bilansu wodnego gleb.

Wi ieloletnie badania prowadzone przez autora na kilku obiektach produkcyjnych w
dolinie Rowu Polskiego k. Wschowy, Baryczy k. Milicza, Bystrzycy i Odry
k. Wroctawia dowiodly o0 znacznych mozliwosciach skutecznego nawodnienia
z zasobow sterowanej retencji gruntowej, stosujgc regulowanie odptywu. Stwierdzono,
ze opady potrocza zimowego, wystepujace w warunkach niskiego parowania,
odgrywajg znaczacg role w ksztaltowaniu bilansu wodnego przez caly rok
hydrologiczny Regulujagc odptyw wody mozna bardzo korzystnie ksztaltowac bilans
wodny zmeliorowanej doliny. Do tego celu nalezy wykorzysta¢ system budowli
pietrzacych  odpowiednio  zlokalizowanych na ciekach  podstawowych lub
szczegbétowych, bez koniecznosci rozbudowy sieci urzadzen rozprowadzajgcych wode
po obszarze nawadnianym (rowy, rurociggi drenarskie). W wyniku takiego dziatania
nastepuje wzbogacenie zasobOw retencji gruntowej z przeznaczeniem jej do
eliminowania niedoboréw wodnych gleb. W okresie wegetacyjnym retencja ta pokrywa
niedobory opadu (NA). W wyniku jej wyczerpywania nastepuje powolne obnizanie sie

poziomu wody gruntowej o warto$¢ Ah ktdrg mozna okre$li¢ z zaleznosci:

Ah=n
a

Wspotczynniki wykorzystania wody (a) wyznaczone empirycznie na wymienionych

wyzej obiektach doswiadczalnych zaleznie od rodzaju gleby wynosity:

- piasek stabogliniasty lekki a=0,33
- piasek gliniasty a=0,30
- piasek gliniasty mocny a = 0,28

- utwor murszowy podsScielony

piaskiem stabogliniastym a = 0,26
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Przyktadowo, utrzymujac wczesng wiosng (na Dolnym Slasku - poczatek marca)
poziom wody gruntowej na gtebokosci zapewniajacej dla warstwy korzeniowej roslin
minimalng przewiewno$¢ s-10 % obj. powietrza, w okresie wystepowania niedoboru
opadu No = 150 mm, na glebie wytworzonej z piasku gliniastego poziom wody
gruntowej obnizy sie o0 Ah = 150mm :0,30 = 500 mm.
Pojemnos¢ retencyjng gleb oceniono na podstawie wynikéw pomiardéw ich sity ssacej
Wykazaty one wystepowanie w porach 0 300 - 30 pm wody podlegajacej odptywowi
(pF 1,0 - 2,0) w ilosciach 15-20% oraz wody kapilarnej tatwo dostepnej (pF 2,0 - 2,87)
w ilosci ok. 13% obj. Z powyzszego wynika, ze w warunkach zahamowania odptywu
wody z profilu glebowego, zasoby efektywnej retencji gruntowej w 50 cm warstwie
badanych laboratoryjnie gleb, ksztattujg sie w przedziale od 0,28 x 500 mm = 140 mm
do 0,33 x 500 mm = 165 mm. Pomiary polowe zmian zapaséw wody w profilu
glebowym, przeprowadzone w dolinie Rowu Slaskiego i Baryczy, wskazaly na
wyczerpanie sie retencji gruntowej w warunkach regulowania odptywu przecietnie
w ilosciach:

150 mm - na piasku stabo-gliniastym,

230 mm na piasku gliniastym

175 mm na utworach murszowych.
W roku suchym wyczerpanie zasobow retencji na glebie piaszczysto-gliniastej

dochodzito do 276 mm.

ROLA MALEJ RETENCJI WODNEJ W POPRAWIE BILANSU WODNEGO GLEB

Dziataniem bardzo pomocnym w rozwigzywaniu problemu eliminowania niedoboréw
wodnych w érodowisku przyrodniczym jest rozw6j matej retencji wodnej. Malg retencje
tworzg mate zbiorniki wodne, stawy hodowlane, oczka wodne, starorzecza, mokradia,
systemy pietrzagce wode, a takze odpowiednie uzytkowanie powierzchni ziemi oraz agro
i fitomelioracje. Problematyka rozwoju malej retencji wodnej dotyczy terenéw
dolinowych i pozadolinowych; obejmuje wszelkie dziatania przyrodniczo-techniczne i
organizacyjne, ktdre sprzyjajag gromadzeniu kazdej ilosci wody, opdzniajg jej odptyw i
zwiekszajg dostepno$¢ wody dla produkcji rolniczej i poza rolniczego ksztattowania

krajobrazu. Wprowadzanie réznych form malej retencji na obszarze zlewni
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hydrologicznej z uwzglednieniem naturalnych waloréw $rodowiska odgrywa zasadnicza
role w uzyskiwaniu odpowiednio wysokich jej zasobow.
Podstawowe zasoby wodne wykorzystywane przez roslinno$¢ pochodzg z retencji
glebowo gruntowej. Jej wielko$¢ wynika z wiasciwosci fizycznych i wodnych gleb,
ksztaltowania sie elementow meteorologicznych i stosunkéw hydrologicznych oraz
antropogenicznych. Zwigkszanie powierzchni zalesionej i zadrzewionej, ochrona
przeciwerozyjna gleb, stosowanie odpowiedniej dla lokalnego $rodowiska agrotechniki
i struktury uzytkowania gruntéw, wprowadzanie zabiegéw agromelioracyjnych oraz
racjonalna eksploatacja systemow melioracyjnych, zwlaszcza prowadzenie nawodnien
z regulowanym odptywem zwieksza retencyjno$¢ gleb i sprzyja efektywniejszemu
wykorzystaniu opaddw atmosferycznych [Cie$linski. red., 1997], Te stosunkowo proste
zabiegi przyrodniczo-techniczne pozwalajg zwiekszy¢ zasoby wodne profilu glebowego
od kilku do ponad 30 mm z mozliwoscig jej odnawiania w sezonie wegetacyjnym.
Tc pozornie nieduze wartosci, ze wzgledu na przestrzenne dziatanie, globalnie dajg
Srodowisku przyrodniczemu znaczace ilosci wody tatwo dostepnej. Prawidtowo
eksploatowane techniczne urzadzenia i systemy melioracyjne umozliwiajg znacznie
wiekszy wzrost retencji, ktéry moze osigga¢ wartosci ok. 150 - 200 mm w okresie
wegetacyjnym. Wieloletnie badania potwierdzaja, ze efekt taki mozna uzyskaé
w wyniku:

stosowania regulowanego odptywu w dolinach rzecznych ,

racjonalng eksploatacje systemu stawow rybnych i innych matych zbiornikéw

wodnych (z siecia kanatow doprowadzajacych spietrzong wode), ktorych

oddziatywanie na teren przylegty jest znaczacy [Nyc, Kamionka, 1996],
Pozyskiwanie zasob6éw wodnych przez kompleksowe tworzenie systeméw malej
retencji na obszarze zlewni hydrologicznej, nalezy do racjonalnych, ekonomicznych i

bardzo korzystnych dla srodowiska przyrodniczego metod poprawy bilansu wodnego.

PODSUMOWANIE

1 W wyniku stalego zmniejszania sie powierzchni uprawnej i potrzeby intensyfikacji

rolnictwa, a takze w wyniku rozwoju gospodarczego regionéw, zapotrzebowanie na

wode dynamicznie wzrasta przy stale majejgcych zasobach dyspozycyjnych.
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2. Ograniczone zasoby wdd dyspozycyjnych oraz wysokie koszty produkcji rolniczej,
zmuszajg do poszukiwania zasobooszczednych systemdw nawadniania. Do nich
mozna zaliczy¢:
nawodnienia mechaniczne, zwitaszcza mikronawodnienie -  stosowane na
wysoczyznie,
nawodnienie podsigkowe, szczeg6lnie regulowany odptyw - w dolinach rzek
nizinnych,
rozwoj réznych form malej retencji wodne;j.

3. Prostota wykonania oraz niskie koszty inwestycyjne i eksploatacyjne, mozliwosé
maksymalnego wykorzystania lokalnych opaddéw atmosferycznych a zwilaszcza
skoncentrowanych (o niskim wskazniku naturalnego wykorzystania) wskazujg na
celowos¢ powszechnego stosowania w dolinach rzek, metod gospodarowania wodg

przez regulowanie odptywu.
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Streszczenie: Mozliwoéci eliminowania niedoboréw wodnych gleb w warunkach ograniczonych
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wody w §rodowisku przyrodniczym i potrzebe poprawy w nim bilansu wodnego. Przedstawiono
wodooszczedne systemy nawodniern ci$nieniowych i grawitacyjnych. Do poprawy bilansu
wodnego gleb w warunkach ograniczonych zasobdéw dyspozycyjnych wskazano:
mikronawodnienia na wysoczyznie oraz regulowany odptyw w dolinach rzek nizinnych.
Ponadto na obszarze catej zlewni hydrologicznej zalecono stosowanie réznych form malej
retencji wodnej. Wieloletnie doSwiadczenia pokazuja, ze nawet ekstensywne systemy
gospodarowania woda, odpowiednio uzytkowane umozliwiajg eliminowanie niedoboréw
wodnych do ok. 150-200 mm, zaleznie od przebiegu zjawisk meteorologicznych i
hydrologicznych.
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Gospodarowanie zasobami wodnymi i nawadnianie ro$lin uprawnych

Water resources management and irrigation ofcultivated plants

Dynamika uwilgotnienia mady $redniej w okresie wegetacyjnym
1999 roku w warunkach naporowych oraz swobodnego potozenia

zwierciadta wody gruntowej

LESZEK PLYWACZYK, BEATA OLSZEWSKA, WOIJCIECH tYCZKO

Instytut Melioracji i Ksztattowania Srodowiska. Akademia Rolnicza we Wroctawiu

Abstract: Dynamics of the medium alltwial soil moisture in the vegetational period 1999 in the
pressure conditions and free position of the groundwater table. The investigations of the soil
moistures were led in the Odra valley in the every monlhs of IV-X 1999. The rcscarches were
done using the drying-weight method. Two profiles were chosen. They are situated on the
arabie lands, they have similar granulometric composition, termal and precipitation conditions.
The position of groundwater table differed them. Soil profile situated in the area of effecting of
dammed up the Odra water, beside of precipitation is additionally supplicd by infiltrating
waters. In the paper for both profiles the groundwater table, soil moisture and sums of water
rcserves in 0,5 and 1,0 m soil layers were analyscd.

WSTEP

Stosunki wodno-powietrzne w wierzchniej warstwie profilu glebowego ksztattowane sg
gtownie przez takie czynniki jak: ilos¢ i rozktad opadow atmosferycznych,
ewapotranspiracja, zdolno$ci retencjonowania i przepuszczalno$¢ gleby, gtebokosé
zalegania zwierciadta wody gruntowej. Potozenie zwierciadta wody gruntowej nie jest
stabilne, zmienia sie pod wptywem czynnikow meteorologicznych,
hydrogeologicznych, glebowych. W dolinach rzecznych dodatkowo oddziatujg stany
wody w rzece. Uwilgotnienie siedlisk roslinnych na wierzchowinach i na zboczach
zalezy przede wszystkim od wysokosci irozktadu opadow atmosferycznych oraz
rozchodéw wody na parowanie. Zbocza réwniez czesto sg zasilane dodatkowo wodami
naptywajgcymi z terenéw wododziatowych. Doliny rzeczne, oprécz zasilania opadami

atmosferycznymi oraz naptywu wod gruntowych i powierzchniowych doptywajacych z
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terenow przylegtych, sg uzaleznione od roli jaka spetnia rzeka w stosunku do terenu
przylegtego (drenujacej lub infiltrujgcej). W ksztattowaniu uwilgotnienia gleb duze

znaczenie odgrywajg wody gruntowe podsigkajgce do czynnej warstwy gleby.

CHARAKTERYSTYKA OBIEKTU BADAWCZEGO

Na sktadowe réwnania bilansu wodnego w dolinie rzecznej wptyw wywiera rzeka
isposéb jej oddziatywania na teren przylegty. Typowym przykladem jest fragment
doliny Odry, w rejonie ostatniego stopnia wodnego w Brzegu Dolnym, gdzie ponizej
spietrzenia rzeka drenuje przylegty teren, a powyzej zasila doling wodami infiltrujgcymi
zc zbiornika.

Dolina Odry na odcinku Brzeg Dolny-Malczyce tworzy dos$¢ rozlegty réwnine
ograniczong od poinocy i potudnia wysoczyzng plejstocenska. Jej ksztatt jest
asymetryczny, cze$¢ prawobrzezna jest waska 0,1-0,5 km, natomiast szeroko$¢
lewobrzeznej czesci wynosi od okoto 4 km do & km. Odra ma tu charakter typowo
nizinnej rzeki, jej $redni spadek dna wynosi okoto 0,25 %o.

Okoto 85 % powierzchni doliny Odry w rejonie Brzegu Dolnego i Malczyc zajmujg
mady, pozostate 15 % to gleby bielicowe, brunatne i organogeniczne. Wsréd mad
przewazajg mady ciezkie, wytworzone z glin $rednich i ciezkich (60 % powierzchni)
oraz mady S$rednie wytworzone z piaskow i piaskdw gliniastych (15%). Obszar doliny
uzytkowany jest w 50 % jako grunty orne, w 14 % jako uzytki zielone, w 26 % jako
uzytki lesSne i zadrzewienia, a pozostale 10 % zajmujg tereny osiedlowe
i komunikacyjne, wody stojace i ptyngce oraz sady (Ptywaczyk, 1997).

W tabeli 1 zestawiono miesieczne sumy opadoéw atmosferycznych dla posterunku
w Brzegu Dolnym oraz $rednie miesieczne temperatury powietrza dla stacji Wroctaw-
Strachowice w okresie I1V-X 1999 roku na tle warto$ci z wielolecia 1954-1992.

Suma opaddw atmosferycznych w okresie 1V-X 1999 roku byta nizsza o 118 mm
w poréwnaniu z wartosciami z wielolecia. W lipcu zanotowano nizsze opady o 30 mm,
w sierpniu o 57,8 mm, we wrze$niu 0 26,6 mm i w pazdzierniku o 19 mm niz $rednie
wartoéci z okresu 1954-1992. W maju iczerwcu wysokos¢ opadéw atmosferycznych

byta wyzsza od $rednich z wielolecia o odpowiednio 16,8 mm i 8,4 mm.
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Srednie miesieczne temperatury w poszczegélnych miesigcach 1999 r. byly zblizone
(w czerwcu, sierpniu ipazdzierniku) lub wyzsze od $rednich temperatur z wiclolecia
(w kwietniu 0 2°C, w maju 0 1,2°C, w lipcu 0 1,9 °C i we wrzes$niu o0 2,9 °C).

Tabela 1
Miesieczne sumy opaddw atmosferycznych [mm] dla posteainku w Brzegu Dolnym
oraz $rednie miesieczne temperatury powietrza [°C] dla stacji Wroctaw Strachowice
w okresie 1V-X 1999 r. oraz w wieloleciu 1954-1992

Lata v \% VI VIl Vil IX X
Opady atmosferyczne [mm]

1954- 41 57 71 79 69 49 43

1992

1999 31 73,8 79,4 49 1,2 22,4 24
Temperatura powietrza [ C]

1954- 8,0 13,0 16,5 17,9 17,3 13,6 9,0

1992

1999 10,0 14,2 16,4 19,8 17,7 16,5 8,9

CEL 1IMETODY BADAN

Uwilgotnienie profilu glebowego zmienia sie w czasie w zaleznosci od typu i gatunku
gleby, gtebokosci zalegania zwierciadta wody gruntowej, warunkéw klimatycznych
oraz rodzaju uprawianych roslin. Catly zesp6t wyzej wymienionych elementéw
ksztattuje, dla danej gleby, charakterystyczny typ stosunkéw wodnych.

Celem pracy byfa ocena i poréwnanie gospodarki wodnej profili glebowych,
uzytkowanych jako grunty orne, zlokalizowanych w dolinie Odry swobodnie ptynacej
oraz przylegtej do spietrzonych wod rzeki. W 1999 roku dla charakterystycznych profili
glebowych w dolinie Odry prowadzono pomiary uwilgotnienia gleb metoda
suszarkowo-wagowg w 3 powtdrzeniach w comiesiecznych terminach 1V-X i obliczano
sumy zapas6w wody w warstwach 0-50 cm, 0-100 cm oraz 0-150 cm.

Analizy dokonano na tle stanéw wody w Odrze (na wodowskazach w Brzegu Dolnym),
gtebokosci zalegania wéd gruntowych oraz wysokosci opadéw atmosferycznych (dla
posterunku opadowego w Brzegu Dolnym). Dla potrzeb niniejszej pracy wybrano dwa
profile, zbudowane w wierzchniej warstwie z utworéw trudno przepuszczalnych (do

gtebokosci okoto 1,0 m-gliny lekkie, gliny $rednie), podscielonych utworami
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przepuszczalnymi (piaski luzne, piaski slabogliniaste). Z uwagi na niewielkg odlegtos¢
od siebie miejsc poboru probek (okoto 4 km) przyjeto, iz zasilane sg takimi samymi
wielkoSciami opadéw atmosferycznych. Czynnik, ktéry rézni analizowane profile
miedzy sobg to potozenie zwierciadta wody gruntowej. W dolinie, gdzie wody Odry sg
spietrzone panujg warunki naporowe izwierciadto wody gruntowej jest w miare
stabilne, wysokos$ci hydrauliczne warstwy wodono$nej wahajg sie w niewielkich
granicach i zalezg przede wszystkim od stanow wody w Odrze. Mozna tu moéwic
0 ztozonym zasilaniu wierzchniej warstwy gleby, z jednej strony opady atmosferyczne
z daigiej za$ podsiak kapilarny z wdéd gruntowych. W dolinie ponizej spietrzenia
zwierciadto wody gruntowej znajduje sie nisko od powierzchni terenu i praktycznie nie
wywiera wplywu na gospodarke wodng profilu glebowego. Wierzchnie warstwy
pozbawione sg zasilania wodami gruntowymi (Olszewska 1998, Olszewska
1Plywaczyk 1999),

Dla oceny zdolnoSci retencyjnych stosuje sie powszechnie zaleznosci pomiedzy
ci$nieniem ssacym gleby a uwilgotnieniem. W tabeli 2 zestawiono zawarto$ci wody
przy charakterystycznych wartosciach sity ssacej dla poszczeg6lnych warstw w
analizowanych profilach glebowych w dolinie Odry.

Tabela 2
Zawarto$¢ wody [%] przy charakterystycznych warto$ciach sity ssacej pF dla
poszczeg6lnych warstw w profilach glebowych doliny Odry

Profil Warstwa Porow. Zawarto$¢ wody [% obj.j przy pF
em] @0 L0 23 284 27 30 47
\%\
. 0-10 43.0 38,7 325 29,0 27.4 25,9 251 6,0
Ponizej

stopnia 10-60 31,6 28,2 25,0 23,2 22,4 21,4 20,7 6.6
60-90 34,5 25,0 21.0 16,8 15,5 14,2 13,2 58
90-150 43.2 33,9 6,5 58 5,0 4,6 4,2 0.7
. 0-30 35,1 31,7 30,2 29,3 27,5 27,1 26,1 8.0
Powyzej
stopnia 30-60 46,9 45,0 41,5 40,5 38,3 38,0 37,2 6.8
60-90 36.9 31.5 27,3 24,8 21,3 20,0 19,2 4,8
90-120 30,6 20.5 4,1 3,2 1,8 1,6 1,2 0,8

120-150 32,0 21,0 11,0 9,2 8,0 7.8 6,9 0,8
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W pracy przyjeto wode trudno dostepng dla roslin z réznicy pomiedzy wilgotnos$cia
przy pF=3,0 i pF=4,2, wode fatwo dostepng z rdéznicy miedzy pF=3,0 i pF=2,0,
natomiast wode grawitacyjng okre$lono z roéznicy pomiedzy pojemnoscia wodng

catkowitg a wilgotnoscig przy pF=2,0.

WYNIKI BADAN

W tabeli 3 zestawiono pomierzone sumy zapaséw wody w dwdéch profilach glebowych
z doliny Odry w wybranych terminach okresu wegetacyjnego 1999 r. Wartosci podano
dla warstw 0-50 cm, 0-100 cm i 0-150 cm. Na rysunkach 11i 2 przedstawiono przebieg
sum zapaséw wody w péimetrowej i metrowej warstwie gleby w obu profilach w
okresie IV-X na tle opadéw atmosferycznych (z posterunku opadowego w Brzegu
Dolnym) i stanéw wody w Odrze (na wodowskazach w Brzegu Dolnym). Dla
poszczegblnych warstw i odkrywek zamieszczono réwniez zapasy wody przy polowej
pojemnosci wodnej, pojemnosci okresu suszy oraz petnej pojemnosci wodnej.
W obu profilach glebowych, potozonych powyzej i ponizej spietrzenia, stwierdzono
odmienny przebieg sum zapaséw wody w analizowanych warstwach oraz rozng
dynamike uwilgotnienia gleby.

Tabela 3

Sumy zapaséw wody [mm] w profilach glebowych, zlokalizowanych ponizej i powyzej
stopnia w Brzegu Dolnym, w wybranych terminach okresu wegetacyjnego 1999 r.

Warstwa 31.03.99 29.04.99 31.05.99 1.07.99 2.08.99 31.08.99 30.09.99 29.10.99

Profil glebowy ponizej stopnia wodnego

0-50 cm 135 145 115 113 85 78 80 84
0-100 CM 211 199 170 154 133 120 114 145
0-150 cm 327 306 246 214 190 168 177 207

Profil glebowy powyzej stopnia wodnego
0-50 cm 186 186 186 186 141 121 136 160
0-100 CM 357 345 342 333 271 272 296 320

0-150 cm 517 505 502 493 431 432 456 480
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200 warstwie 0-50 cm
150 -
100
50 - j.— ——————— pos 050 cm
[ ppw 050 cm
jmmmm———- petna pojem. i
0
31.03.99 29.04.99 31.05.99 1.07.99 2.08.99 31.08.99 30.09.99 29.10.99
200
150
— pos 0-100 cm
ppw 0-100 cm |
—————————— petna pojem. |
31.03.99 29.04.99 31.05.99 1.07.99 2.08.99 31.08.99 30.09.99 29.10.99
Rys. 1 Przebieg zapaséw wody [mm] w warstwach 0-50 c¢cm i 0-100 cm w

profilu glebowym, zlokalizowanym ponizej stopnia wodnego, w okresie 1V-X 1999 r.
na tle opadéw atmosferycznych P [mm] oraz stanéw wody w Odrze na wodowskazie w

Brzegu Dolnym H [m np m ]
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Rys. 2. Przebieg zapasow wody [mm] w warstwach 0-50 cm i 0-100 cm w
profilu glebowym, zlokalizowanym powyzej stopnia wodnego, w okresie 1V-X 1999 r
na tle opadéw atmosferycznych P [mm] oraz stanéw wody w Odrze na wodowskazie w
Brzegu Dolnym H [m n.p.m.]
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Dla profilu zlokalizowanego ponizej budowli w Brzegu Dolnym w wierzchniej,
pétmetrowej warstwie gleby praktycznie przez caly okres badawczy w 1999 r.
obserwowano stopniowe wyczerpywanie sie rezerw wilgoci. Najwyzsze wartosci
zanotowano na poczatku okresu wegetacyjnego tj. na koniec marca 135 mm oraz
w ostatnich dniach kwietnia 145 mm Najnizszg warto$¢ zapaséw wody zaobserwowano
na koniec sierpnia 78 mm. Uwilgotnienie warstwy 0-50 cm w kwietniu i maju
odpowiadato wartosciom wody tatwo dostepnej dla roslin, nastepnie w ciggu kolejnych
miesiecy, utrzymywato sie na poziomie wartosci wody trudno dostepnej dla roslin.
W metrowej warstwie gleby réwniez przez caly okres badawczy obserwowano
stopniowe wyczerpywanie sie zapas6w wody. Najwyzsze wartosci zanotowano
w ostatnich dniach marca 211 mm, a najnizsze na koniec wrze$nia 114 mm. W ciagu
catego okresu IV-X notowano uwilgotnienie warstwy 0-100 cm odpowiadajgce
wartosciom wody trudno dostepnej dla roslin. Przebieg zapaséw wody w warstwie 0-
150 cm miat podobny charakter. Najwyzszg warto$¢ zasobow wody zmierzono
w ostatnim dniu marca 327 mm, a najnizsza w sierpniu 168 mm. Od wrzes$nia
obserwowano stopniowe powigkszanie sie zapasdw wody ina koniec pazdziernika
zanotowano 207 mm. W okresie prowadzenia badan w 1999 r. zwierciadto wody
gruntowej dla analizowanego profilu znajdowato sie na gtebokosci ponizej 1,5 m od
powierzchni terenu ($rednio 1,8-2,5 m).

Dla profilu zlokalizowanego powyzej budowli pietrzacej w wierzchniej, pdtmetrowe;j
warstwie gleby praktycznie przez pierwsze miesigce okresu badawczego obserwowano
state wartosci zapaséw wody zblizone do peinej pojemnosci wodnej 186 mm. Od lipca
notowano stopniowe zmniejszanie sie zapasdw wody i najnizszg wartos¢
zaobserwowano na koniec sierpnia 121 mm. Uwilgotnienie warstwy 0-50 cm od
kwietnia do potowy sierpnia odpowiadato wartosciom wody wolnej i wody tatwo
dostepnej dla roslin, nastepnie do konca wrze$nia utrzymywato sie na poziomie
warto$ci wody taidno dostepnej dla roslin. W metrowej warstwie gleby przebieg
zapasow wody miat podobny charakter. Najwyzsze warto$ci notowano w pierwszych
miesigcach okresu badawczego od 357 mm na koniec marca do 333 mm w lipcu.
Nastepnie obserwowano niewielkie zmniejszanie sie rezerw wilgoci, a najnizsze
warto$ci zanotowano na poczatku sierpnia 271 mm. Od wrze$nia ponownie

nastepowato zwiegkszanie sie zapasdw wody w metrowej warstwie gleby i na koniec
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pazdziernika wynosity one 320 mm. W ciggu catego okresu IV-X uwilgotnienie
warstwy o-100 cm odpowiadato wartosciom wody wolnej i wody tatwo dostepnej dla
roslin. Przebieg zapaséw wody dla warstwy 0-150 cm miat zblizony charakter do
przebiegu zapaséw w metrowej warstwie. Najwyzszg warto$¢ zasobow wody zmierzono
w ostatnim dniu marca 517 mm, a najnizszg w sierpniu 431 mm. Od wrze$nia
obserwowano stopniowe powiekszanie sie zapaséw wody ina koniec pazdziernika
zanotowano 480 mm. W okresie prowadzenia badan w 1999 r. zwierciadto wody
gruntowej dla analizowanego profdu znajdowato sie na gtebokosci $rednio 1,0-1,3 m od
powierzchni terenu.

Zroznicowanie w wielkosciach zapaséw wody pomiedzy analizowanymi profilami
wynika z odmiennego sposobu zasilania gleb. Gospodarka wodna gleb z doliny
przylegtej do Odry swobodnie piynacej zalezy gtownie od wysokosci i rozktadu
opadéw atmosferycznych. Gleby z terenéw potozonych powyzej stopnia wodnego
oprocz opaddéw sa dodatkowo zasilane wodami podsigkowymi z wod gruntowych
W poszczeg6lnych terminach okresu badawczego zasilanie to, okreslone jako rdznica
pomierzonych zapaséw wody w odpowiadajacych sobie terminach i warstwach,
wynosito: w pétmetrowej warstwie od 43 do 76 mm, w metrowej od 138 do 182 mm

i w warstwie 0-150 cm od 190 do 279 mm.

WNIOSKI

1 Dynamika uwilgotnienia charakterystycznych dla doliny Odry profili glebowych
oraz przebieg zapaséw wody w analizowanych warstwach ksztatltowat sie
odmiennie w obu obszarach oddziatywania stopnia wodnego na teren przylegty.

2. Gospodarka wodna gleby w dolinie Odry swobodnie ptynacej zalezata gtownie
od wielko$ci zasilania opadami atmosferycznymi. Zwierciadto wody gruntowej
w ciggu catego okresu IV-X 1999 r. zalegato na gtebokos$ci ponad 1,5 m od
powierzchni terenu. Zapasy wody w warstwie 0-50 cm wahaty sie od 78 do 145
mm, w warstwie 0-100 cm od 114 do 211 mm oraz w warstwie 0-150 cm od 168
do 327 mm. Uwilgotnienie analizowanych warstw najczesciej odpowiadato

warto$ciom wody trudno dostepnej dla roslin.
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3. Gospodarka wodna gleb w dolinie przylegtej do spietrzonych wdéd Odry
charakteryzowata sie zdecydowanie mniejszag dynamikg zmian, zwt#aszcza
w warstwach 0-100 cm i 0-150 cm, z uwagi nha state zasilanie wodami
gruntowymi. Przebieg zapaséw wody w wierzchniej, p6tmetrowej warstwie
wykazywat wiekszg dynamike, o jej charakterze decydowato zasilanie opadami
atmosferycznymi. Zapasy wody w warstwie 0-50 cm wahaty sie od 121 do 186
mm, w warstwie 0-100 cm od 271 do 357 mm, a w warstwie 0-150 cm od 431
do 517 mm. Uwilgotnienie gleby odpowiadato przewaznie warto$ciom wody

wolnej i tatwo dostepnej dla roslin.
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Gospodarowanie zasobami wodnymi i nawadnianie roslin uprawnych

Water resources management and irrigation ofcultirated plants

Metody obliczania dawek polewowych nawodnienn deszczownianych

STANISLAW ZAKOWICZ

Wydziat Inzynierii i Ksztattowania Srodowiska

Szkota Gtéwna Gospodarstwa Wiejskiego w Warszawie
Department of Environmental Development

Warsaw Agricultural University

Abstrakt: Methods for determination of sprinkler irrigation rate. Prescnted mcthods of net
application rate calculation for sprinkler irrigation are based on diversificd input data as: water
retention curves, soil texture curves, bulk density, and organie matter content. This divcrsity
allows in engineering practice to correctly definc net application rate quantity not only hy
directly methods but also used indirect methods. For designing net application rate quantity
good results were obtained using Varellyay analytical method, which determines thc amount of
water available for plants range. Prcsented in table 5 studies of on plant type, growth phase,
evapotranspiration rate, but also for growing conditions i.c. moisture content volume in the root
Zone.

Key words: soil moisture, evapotranspiration, sprinklcrs, irrigation

WSTEP

Ustalenie wielkosci dawki polewowej netto (d,) zalezy przede wszystkim od
wiasciwosci fizyko-wodnych profilu glebowego, rodzaju roélin, a takze od warunkéw
ewapotranspiracyjnych atmosfery. Doktadne wyznaczenie ilosci wody tatwo dostepnej
jako retencji uzytecznej w ujeciu dynamicznym na etapie projektowania jak i w fazie
eksploatacji systeméw nawadnijgcych przedstawiono m. in. w pracach (Boron, 1990),
(Hsiao, 1973), (Zakowicz, 1986, 1990). Obliczenie wielkoéci dawki polewowej netto
(dn mozemy wykona¢ w oparciu o dane z pomiaréw bezposrednich lub metodami
analitycznymi. Z metod  bezposrednich przedstawiono wyniki uzyskane z

laboratoryjnych badan retencyjnej i wilgotnosciowej charakterystyki gleby. Z metod
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analitycznych omowiono metody: Varallyay'a, Slusarczyka, Trzeckiego,

Somorowskicgo oraz Doorcnbosa i Pruitta.

METODYKA

Przedstawienie technologii prowadzenia obliczen przy wykorzystaniu zréznicowanych
metod dokonano na przykladzie profdu gleby pytowej o wiasciwosciach fizyczno-
wodnych przedstawionych w tabeli 1. Na nawadnianym terenie bedzie prowadzona

intensywna produkcja warzyw o gtebokosci korzenienia sie do 50 cm.

Tabela 1WH1asciwosci fizyczno-wodne gleby.

1 Gestos¢ fazy statej ps [Mg/m3] 2,657
2 Gestos¢ objetosciowa gleby p,, [Mg/m3] 1,425
3 Porowato$é r%i 46,4
piasek 1,0-0,1 16
pyt gruby 0,1-0,05 57
Sktad mechaniczny w % cz. pyt drobny (0,05-0,02) 20
4 ziarnistych o $mm it pytowy gruby (0,02-0,005) 2
it pytowy drobny (0,005-0,002) 2
it koloidalny (< o0,002) 3
2,5 pF 0,4 457
10 pF 1,0 44,0
Wilgotnos¢ w [% obj ] przy sile 316 PF 15 41,0
> ssacej gleby w [hPa] 100 PF 2,0 326
500 pF 2,7 18,4
2500 pF 3,4 11,1
15000 pF 4,2 55
6 Zawarto$¢ czesci organicznych [%] 0,6
7 Wspotczynnik filtracji [m/d] 0,202

Obliczenie dawki polewowej netto na podstawie pomiaréw bezposrednich
Obliczenie dawki polewowej netto (d,) przeprowadzono wykorzystujagc pomierzone
zdolnosci retencyjne gleby w strefie korzeniowej w oparciu, o ktére ustalimy ilos¢
wody tatwo dostepnej dla roslin Ustalenie wielkosSci dawki (d,) mozemy obliczy¢ ze
WZzOoru:

dn=WLD *h
gdzie:

d,, - dawka polewowa netto [mm],
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h - migzszo$¢ strefy korzeniowej roélin [dm],
WLED - ilos¢ wody tatwo dostepnej dla roslin, okreslana jako rdznica pomiedzy
wilgotnosciag gleby przy polowej pojemnosci wodnej (PPW), a

wilgotnoscig gleby przy pojemnosci okresu suszy (POS) [% obj ],

Obliczenie dawki polewowej netto metodami posrednimi:

Metoda Varallyay’a

W metodzie tej (Varallay i mironienko 1979) oblicza sie 9 wspdtrzednych punktow

krzywej pf w zalezno$ci od uziarnienia i gestoSci objetosciowej gleby, obliczone

warto$ci wilgotnosci gleby dla 9 wielkosci pf pozwalajg na wykreSlenie przebiegu

krzywej retencyjnosci wodnej gleby i odczytanie ilosci wody tatwo dostepnej (wid). w

metodzie varallyay’a wystepujg trzy charakterystyczne typy gleb. w celu dokonania

identyfikacji typu gleby wykonuje sie obliczenia wilgotnosci gleby przy pf = o dla

wszystkich trzech typdw i dokonujemy poréwnania uzyskanych wynikdw z warto$ciami

porowatoséci rzeczywistej, do dalszych obliczen przyjmuje sie typ gleby, ktorego

wilgotno$¢ przy pf = o jest najblizsza porowatosci rzeczywistej obliczenia

przeprowadza sie wykorzystujgc zalezno$¢ opracowang przez varallyay’a w postaci:
opP=bo+ b] X, + b2 X% +b3 Xj X + ba Xj2 + b Xe”

gdzie:

0 - wilgotnos¢ gleby dla odpowiedniej wielkosci pF [% obj ]

bo. bi, b2 bj, b4 bs- wspoétczynniki liczbowe state

X[, x2 - wspotczynniki zmienne.

Wartosci liczbowe wspdtczynnikéw statych i numery wspoétczynnikéw zmiennych dla

trzech typow gleb podano w tabeli 2. Wartosci liczbowe jakim odpowiadajg

poszczeg6lne numery wspotczynnikéw zmiennych x, i X przedstawiono w tabeli 3.

Metoda Slusarczyka

W metodzie zaproponowanej przez Slusarczyka (1979) obliczamy wielko$¢ dawki
polewowej netto przez okre$lenie ilosci wody tatwo dostepnej WED jako 50 %
wielko$ci zapasu wody ogdlnie dostepnej (WOD). Granicami wody ogdlnie dostepnej w
proponowanej metodzie jest potowa pojemnos¢ wodna PPW (pF = 2,4) i wilgotnos¢

trwatego wiedniecia (WTW) odpowiadajaca wartosci pF = 4,2.
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Tabela 2. Wielkosci wspétczynnikow Varallyay’a dla trzech typow gleby.

Typ F Wsp6t. zmienne Wspotczynniki liczbowe
gleby X X bo bi b2 bs ba 0s
0,0 7 1 91,55 -31,0 1,0 2,2 1,0 1,0
0,4 7 1 65,85 1,0 1,0 2,2 -9,6 1,0
1,0 7 6 57,85 1,0 1,0 1,1 -7,6 15,6
15 6 7 50,57 1,0 1,0 -61,1 23,5 -5,8
A 2,0 1 6 32,23 27,8 1,0 1,0 -51,2 47,1
2,7 6 1 18,99 44,3 15,3 1,0 1,0 30,9
3,4 6 1 12,69 49.1 1,0 1,0 1,0 12,4
4,2 6 3 2,28 44,7 24,4 1,0 1.0 1,0
6,2 6 2 0,21 6,8 1,0 1,0 9,7 1.0
0,0 7 6 58,33 1.0 1,0 1,0 -7,2 19.7
0,4 7 6 56,95 1,0 1.0 1,0 -6,9 19,9
1,0 7 6 53,98 1,0 1,0 1,0 -6,5 23.0
15 6 7 49,58 1,0 1,0 1,0 28,6 -5,61
B 2.0 6 7 37,87 32,4 1,0 1,0 1,0 -4,67
2,7 i 6 28.49 -18,4 29,2 1,0 1,0 1,0
3,4 6 1 17,24 38,9 1,0 1,0 1,0 -17,9
4,2 6 1 12,65 31,9 -12.,8 1,0 1,0 1,0
6,2 6 2 1,23 1,0 1,0 1,0 19,0 1,0
0,0 7 2 92,30 -32,7 1,0 1,0 1,0 13,5
0,4 7 2 64,28 1,0 1,0 1,0 -9,8 13,6
1,0 7 2 57,61 1.0 1.0 1,0 -7,2 1.0
15 7 1 -38.76 126,5 1,0 1,0 -49,5 1,0
C 2,0 1 2 38.84 1,0 1.0 1,0 -22,4 1,0
2,7 6 2 19,76 45,4 1.0 1,0 1,0 1,0
3,4 6 5 8,66 61,0 1.0 1,0 1,0 1.0
4.2 6 7 1,58 57,5 1,0 1.0 1.0 1,0
6,2 6 7 0,42 11,9 1,0 1,0 1,0 1.0

Tabela 3. Wartosci liczbowe jakim odpowiadajg poszczeg6lne numery wspoétczynnikéw

zmiennych

Nr wspotczynnikow
Xi ix2

o~ w Or

~N @

Odpowiadajgca wielkos$¢ fizyczna

zawarto$¢ frakcji w przedziale od 1do 0,05 mm (utamek dziesietny)
zawarto$¢ frakcji w przedziale od 0,05 do 0,02 mm (ut. dziesietny)
zawarto$¢ frakcji w przedziale od 0,02 do 0,01 mm (ut. dziesietny)
zawartos¢ frakcji w przedziale od 0,01 do 0,005 mm (ut. dziesietny)
zawarto$¢ frakcji w przedziale od 0,005 do 0,002 mm (ut. dziesietny)
zawaito$¢ frakcji mniejszych od 0,002 mm (utamek dziesietny)
gestos$¢ objetosciowa gleby
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Slusarczyk do obliczania charakterystycznych wilgotnosci zaproponowat dwie gaipy
wzoréw:

1 Dlagleb piaskowych, gliniastych i itowych.

PPW = 5,922 + 0,044 (X, + x2) + 0,342 (x, + + X5) + 1,022 xs
WTW =0,709 + 0,386 xs
gdzie:
PPW - wilgotno$¢ gleby przy polowej pojemnosci wodnej w [% masy]
WTW -wilgotno$é gleby przy punkcie trwatego wiedniecia w [% masy]
X -ilos¢ frakcji w [%] 0 €0,10-0,05 mm
x2 -ilo$¢ frakcji w [%] o () 0,05 - 0,02 mm
x3 -ilo$¢ frakcji w [%] o 90,02 - 0,005 mm
X% -ilo$¢ frakcji w [%] o €0,005 - 0,002 mm
X% -ilos¢ frakcji w [%] o (>< 0,(X)2 mm

x6 -ilo$¢ prochnicy w [%]

2. Dla gleb pytowych

PPW = 304,569 - 2,845 x, - 2,944 x2 - 2,631 x3- 2,803 jc, + 1,43 x5
WTW = 1,901 +0,293 %
gdzie:
X -ilos¢ frakcji w [%] o @ 1,0 - 0,2 mm
x2 -ilo$¢ frakcji w [%] 0 @o.1 - 0,02 mm
x3 -ilos¢ frakcji w [%] 0 €0.,02 - 0,002 mm
X -ilo$¢ frakcji w [%] 0 ()< 0,002 mm

X -ilo$¢ préchnicy w [%]

Metoda Trzeckiego
Okreslenie wielkosci dawki polewowej netto metodg Trzeckiego (1974, 1976) polega
na wyznaczeniu ilosci wody tatwo dostepnej WED jako réznicy uwilgotnienia przy

polowej pojemnosci wodnej PPW, a uwilgotnieniem gleby przy punkcie hamowania
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wzrostu roslin POS. Charakterystyczne uwilgotnienia przy PPW, POS i wilgotnosci

trwatego wiedniecia roslin WTW okreslane sa wzorami:

Dla warstwy ornej:

PPW = 0,0188 x, + 0,0879 x2 + 0,240 x3 + 0,296 X + 0,649 x5 + 0,316 xn+ 2,340 x7
POS =-0,0213 x, - 0,0338 x2 + 0,115 x3 +0,451 X + 0,513 x5 + 0,323 xs + 2,250 X7
WTW = 0,00121 x, - 0,00868 x2 + 0,0488 x3 + 0,0737 % + 0,0485 x5 + 0,142 xt +
1,250 x7

Dla warstwy podornej:

PPW =0,0157 x, + 0,091 x2 + 0,284 x3 + 0,353 x* + 0,105 x5 + 0,603 Xs

POS = -0,000227 x, + 0,0205 x2 + 0,0395 x3 + 0,303 % + 0,260 x5 + 0,524 Xs
WTW =0,00193 x, +0,0243 x2 + 0,0111 x3 + 0,0262 X + 0,193 x5 + 0,272 Xs
gdzie:

X -procentowa zawarto$¢ frakcji 0 () 1,0 - 0,2 mm

X2 - procentowa zawarto$¢ frakcji 0 90,1 - 0,05 mm

X3 - procentowa zawarto$¢ frakcji o0 90,05 - 0,02 mm

xs - procentowa zawarto$¢ frakcji o 0,02 - 0,006 mm

X3 - procentowa zawarto$¢ frakcji o 0,006 - 0,002 mm

Xs - procentowa zawarto$¢ frakcji o $<o0,002 mm

X7 -procentowa zawarto$¢ zwigzkéw organicznych

Metoda Somorowskiego

Wielko$¢ dawki polewowej netto dla strefy korzeniowej o migzszosci 50 cm
(Somorowski 1967) proponuje okreslié w zaleznosci od procentowej zawartosci frakcji
sptawialnych (§» < 0,02 mm). Zapasy wody przy charakterystycznych uwilgotnieniach w
0,5 m warstwie gleby w zaleznosci od zawartosci czesci sptawialnych zestawione
zostaty w tab. 4 W przypadku gleb o zawarto$ci substancji organicznej réznej od 3 %
oraz gleb w ktérych stosunek czesci pytowych do czesci sptawialnych jest inny niz 2

procedura okre$lania dawki polewowej netto jest nastepujgca:
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W zalezno$ci od zawartosci frakcji sptawialnych odczytuje sie z kolumny 2
zapasy wody przy polowej pojemnosci wodnej ZpPW i z kolumny 7 stosunek
dawki polewowej netto do zapaséw przy pojemnosci polowe;j.

Nastepnie do zapaséw wody przy pojemnosci polowej ZpPW wnosi sie
odpowiednie poprawki z tabeli 5 is.

Korzystajagc ze znajomosci stosunku dn/ZppW oblicza sie ostateczng wielko$¢
dawki polewowej netto d,,.

W przypadku gdy zawarto$¢ substancji organicznej w tab. 5. i stosunek frakcji w
tab. 6. wypada poza wartoSciami przedstawionymi w tabelach to do obliczen

przyjmuje sie ostatnie skrajne podane wartosci.

Tabela 4. Zapasy wody w 0,5m warstwie gleb mineralnych przy charakterystycznych

stanach uwilgotnienia w warunkach gtebokiego zalegania wéd gruntowych wedtug

Somorowskiego (1967).

Zawarto$é
frakcji
splaw.

(<o ,02mm)

[%]

10
20
30
40
50
60
70

Zapasy Wo_dy w /[rr_]m] przy l10$€ wody w [mm] Stosun(_e_k
pojemnosci retencji
uzytecznej wzgl.
tatwo dostepnej dawki
ooy 0Ky "5 oo SR WO g
suszy . dostepnej ; . pojemnoscl
Zppw Zpos wiedniecia WOD maksymalne_J dawki polowej
ZpTW polewowej netto dn
WLD (dn) 7
PPV
2 3 4 5 6 7
76 47 7 69 29 0,38
94 61 16 78 33 0,35
126 84 34 92 42 0,33
151 106 52 99 45 0,30
169 122 70 99 47 0,27
181 134 89 92 47 0,26
185 141 107 78 44 0,24
183 143 125 58 40 0,22

Tabela 5. Poprawki dla polowej pojemnosci wodnej w glebach o réznej zawartosci

substancji organicznej:

Zawarto$¢ substancji organicznej w % 1,0 2,0 3,0 4,0 5,0 6,0
Poprawka w mm -20 -11 -2 +7 +15 +24
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Tabela s, Poprawki dla polowej pojemnosci wodnej w glebach pytowych:

Stosunek: trakcja 0, 1-0,02mm/frakcja<0,02 1,0 15 2,0 2,5 3.0
Poprawka w mm -32 -15 +1 +18 +34

Metoda Doorenbosa i Pruitta.

Zaproponowana przez Doorenbosa i Pruitta (1977) metoda zostala przyjeta w
instrukcji IMUZ nr 66 opracowanej przez Roguskiego, Sarnacka i Drupke (1988) jako
zalecane do stosowania dla obszaru Polski. W oparciu o badania fiziologiczno-rolnicze
rodlin uprawnych Doorenbos i Pruitt proponujg okresli¢ stopien wykorzystania zapasow
wody ogdlnie dostepnej WOD od wysokosci ewapotranspiracji dobowej ETm dla
optymalnych warunkéw wzrostu. Szacunkowe ilosci wody ogdlnie dostepnej WOD dla

gleb mineralnych opracowane przez Slusarczyka podano w tabeli 7.

Tabela 7. lloé¢ wody ogélnie dostepnej w mm na glebach mineralnych wg Slusarczyka

(1979).
Woda ogdlnie dostepna /WOD/w mm w warstwie gleby
Lp. Gatunek gleby w [cm]

0-25 25-50 50-75 75-100 0-1(X
1 2 3 4 5 6 7
1 Piasek luzny /pl/ 25 24 23 20 92
2 Piasek stabo gliniasty /ps/ 30 30 30 27 117
3 Piasek gliniasty lekki /pgl/ 35 35 35 38 138
4  Piasek gliniasty mocny /pgm/ 40 40 40 35 155
5 Glina lekka /gl/ 45 45 50 45 185
6 Glina $rednia /g$/ 50 50 50 50 2(40
7 Glina ciezka /gc/ 60 60 60 60 240
8 I /i/ 55 55 55 55 220
9 Pyt zwykty /ptz/ 50 50 50 50 220
10 Pyl ilasty /pti/ 62 58 62 62 244

Proponowana wielko$¢ wspotczynnika wykorzystania wody tatwo dostepnej ,,p”
dla warunkéw ewapotranspiracji dobowej okoto 5 -6 mm podano w tabeli s. Dla
wartos$ci ewapotranspiracji ponad s mm na dobe warto§¢  wspotczynnika ,p”
zwiekszamy o 30 %, a dla ETr < 3 mm/dobe zmniejszamy o 30 %. Proponowana przez
Doorenbosa i Pruitta metoda szacunkowa moze by¢é wykorzystana na etapie
programowania inwestycji melioracyjnych. Na etapie projektowania systeméw

nawadniajacych i w warunkach eksploatacyjnych musimy zna¢ doktadnie przebieg
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stopnia wykorzystania zapaséw wody ogdlnie dostepnej dla roslin w zaleznosci od
wysokosci ewapotranspiracji jak i warunkéw uprawowych. Metodyke doktadnego
wyznaczenia ilosci wody fatwo dostepnej w ujeciu dynamicznym na etapie
projektowania w zaleznosci od intensywnoSci ewapotranspiracji w okresach
bezopadowych jak i w fazie eksploatacji systemdw nawadniajgcych przedstawiono w
pracy Zakowicza (1986). Przykladowy przebieg wspotczynnika dostepnosci wody dla
roslin (p) nazywanego takze indeksem stresu wodnego (ISW) w oparciu o badania
Zakowicza dla kukurydzy, trawy i sataty zamieszczono w tabeli 9. Przedstawione w
tabeli 9 wspdiczynniki (ISW) uzaleznione sg od wysokos$ci ewapotranspiracji dla
optymalnych warunkéw wzrostu roslin nazywanej ewapotranspiracjag mozliwg ETm i
od warunkéw uprawowych charakteryzowanych poziomem uwilgotnienia gleby przy
polowej pojemnosci wodnej w $rodku strefy korzeniowej roslin. W przedstawianych
materiatach uwilgotnienie przy polowej pojemnosci wodnej PPW podane jest dla

czterech wartosci pF (1,8; 2,0; 2,3; 2,4).

Tabela s. Gieboko$¢ ukorzenienia roslin w pelni rozwoju oraz przyblizone
wspotczynniki wykorzystania wody ogolnie dostepnej (p), dla ETr = 56 mm (wg
Doorenbosa i Pruitta 1977).

Wspotczynniki

Lp. Rosliny wykorzystania wody
dostepnej (p)

1 2 4
| Owies*, kukurydza* 0,60
2 Jeczmien, pszenica, lucerna 0,55
Buraki cukrowe, Ien*,,bu_raki ¢wiktowe, bobik, soja, 050

ogorki, trawy '
4 Stonecznik*, fasola, kapusta 0,45
5 Pomidory 0,40
6 Koniczyna, marchew, groch, groch pastewny, peluszka 0,35
7 Satata 0,30
8 Ziemniaki, cebula 0,25
9 Selery, szpinak, inne warzywa 0,20

* -w okresie dojrzewania mozna stosowa¢ wielko$ci wyzsze od podanych p = 0,9



216
S. Zakowicz

Tabela 9. Przebieg wspétczynnikéw dostepnosci wody (p) dla kukurydzy, trawy i sataty
w zaleznos$ci od wysokos$ci ewapotranspiracji mozliwej oraz warunkéw uprawowych, w

ktérych PPW odpowiada pF = 1,8; 2,0; 2,3; 2,4 (Zakowicz 1986, 1990).

Lp ETm Kukurydza Trawa Satata
|[mmvdobe| pF 18 pF 2,0 pF 23 pF24 pF 18 pF 20 pF 23 pF 18 pF20 pF 23 pF24
/ 2 3 4 5 6 7 8 9 10 U 12 13
1 05 094 094 093 094 094 094 093 081 o8 079 078
2 1 092 091 09 089 o488 087 087 075 073 067 0.6
3 15 09 089 087 o086 084 083 083 069 o066 057 0,56
4 088 o086 084 083 078 077 077 o066 061 051 05
5 25 085 083 o8 078 073 072 071 062 057 045 0,44
6 3 082 079 075 073 069 os6s 065 o6 054 04l 04
7 35 077 074 0,7 o8 065 064 o6 057 052 0,38 037
8 4 0,73 o068 063 061 0,62 0,6 0,54 0,56 0,5 0,36 0,34
9 45 066 061 054 052 058 056 048 054 048 0,34 032
10 5 055 05 04 038 055 053 044 052 046 032 03
n 55 039 032 018 016 053 051 04 046 038 025 0,22
12 6 035 027 014 o012 05 047 036 035 026 015 0,12
3 65 032 024 o1 008 048 045 0,32 025 017 o1 0,08
14 7 031 023 0,09 007 045 042 0,29 0419 0,14 008 0,07
5 75 03 o0.22 008 006 043 04 026 017 013 0,07 0,06
16 8 0,29 0,21 007 005 041 0,38 024 016 0,12 0,06 0,05
17 85 028 o2 007 005 04 036 o022 015 o011 005 0,05

WYNIKI OBLICZEN

Wielkosé dawki polewowej netto ustalona na podstawie pomiaréw bezposrednich
Przebieg pomierzonej wilgotnosciowej i retencyjnej charakterystyki gleby
przedstawiono jako linie ciggtg na rys 1 Przyjeto, ze w rozpatrywanych warunkach
uprawowych wilgotno$¢ gleby przy pojemnosci polowej (PPW) w S$rodku strefy
korzeniowej roslin odpowiada wartosci pF = 2,4. Wilgotnos¢ gleby odpowiadajaca
pojemnos$ci okresu suszy (POS) przyjeto dla wartosci pF = 3,0. Odczytana wilgotno$é
gleby w S$rodku strefy korzeniowej przy polowej pojemnosci wodnej PPW wynosi
23,3°,00bj , a przy pojemnosci wodnej okresu suszy POS=14,5% obj. Ilo$¢ wody tatwo
dostepnej (WLD) jako réznica wilgotnosci (PPW-POS) (odczytana z rys. 1) wyniosta

8.8 °0 obj Obliczona wielko$¢ dawki polewowej netto dnwynosi 44 mm.
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[e] 5 10 15 20 25 30 35 40 45 50 55

9 [Yoh]

Rys.I Wilgotnosciowa i retencyjna charakterystyka gleby

Wi ielko$¢ dawki polewowej netto ustalona metodami posrednimi

Metoda Varallyay’a

Dla rozpatrywanego przykitadu w oparciu o krzywa uziarnienia gleby zostaty okre$lone
wartosci liczbowe jakim odpowiadajg poszczegdlne numery wspétczynnikéw x: i x2.
Wartosci liczhowe wspotczynnikéw dla rozpatrywanego przyktadu zestawiono w tabeli

10

Tabela 10. Wartos$ci liczbowe xi i x2 dla analizowanego przyktadu.

Nr wspdétczynnikéw xi i x2 Wartosci liczbowe wspdtczynnikdéw xj i x2
1 0,73

0,20

0,01

0,01

0,02

0,03

1,425

~N o o b wD
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Identyfikacje typu gleby przeprowadzono obliczajgc uwilgotnienie gleby przy pF = 0.

Typ A

epr=0 = 91,55 - 31,0 x 1,425 + 10x 0,73 + 2,2 x 1,425 x 0,73 + 1,0 x 1,4252+ 1,0 x
0,732 = 52,96 %obj.

Typ B

Op=(i=58,33 + 1,0 x 1,425 + 1,0 x 0,03 + 1,0 x 1,425 x 0,03 - 7,2 x 1,4252 + 19,7 X
0,032 =45,22 %obj.

Typ C

epF0=92,30 - 32,7 x 1425 + 1,0x 0,2 + 1,0 x 1,425 x 0,20 + 1,0 x 1,4252 + 13,5 X
0,202 = 48,76 %o0bj.

Z uwagi, ze porowato$¢ rzeczywista gleby wynosi 46,40 % obj. przyjeto typ gleby B.

Obliczone wielko$ci wilgotnosci gleby dla poszczegélnych poziomoéw pF zestawiono

ponizej:

dlapF =0 Q=0 = 45,22 %o0bj
dla pF =0,4 =04 = 44,45 %o0bj
dla pF = 1,0 OpFH0 = 42,30 %0bj
dla pF = 15 OpF=l5 = 39,71 %obj
dla pF = 2,0 0pF=20 = 30,83 %o0bj
dla pF =27 OpF=27 = 16,49 %o0bj
dla pF =34 OpF=34 = 9,62 %obj.
dla pF =4.2 OpF=4,2 = 4,82 %o0bj.
dla pF =6,2 OpF=62 = 1,52 %obj.

Obliczony przebieg krzywej retencyjnosci wodnej gleby przedstawiono jako linie
przerywang na rysunku 1 Odczytana z otrzymanego wykresu wilgotnos¢ gleby przy
PPW wyniosta 21,5%, przy pojemnosci okresu suszy POS=12,8 %. Ilo$¢ wody tatwo
dostepnej (WLD) wynosi 8,7 %. Obliczona wielko$¢ dawki polewowej netto dn= 43,5

mm.
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Metoda Slusarczyka

Dla rozpatrywanego przykitadu obliczenia wykonano jak dla gleb pytowych i uzyskano
nastepujace wyniki: PPW = 143 % masy, WTW = 2,8 % masy. Przeliczajac
wilgotnosci wyrazone w % masy na wilgotnosci w % obj. uzyskamy wilgotnos¢ gleby
przy polowej pojemnosci wodnej PPW = 20,4 % obj., a wilgotno$¢ gleby przy punkcie
trwatego wiedniecia WTW = 4,0 % obj. llo$¢ wody ogoélnie dostepnej WOD = 16,4 %
obj., a przedziat uwilgotnienia dla wody tatwo dostepnej WD = 0,5 * WOD = 8,2 %

obj. Obliczona wielko$¢ dawki polewowej netto wyniosita dn=41,0 mm.

Metoda Trzeckiego

Dla analizowanego przyktadu obliczenia wykonano dla warstwy ornej o migzszosci 30
cm i warstwy podornej 20 cm. Dla warstwy ornej uzyskano nastepujace wyniki: PPW r
20.0 % obj., POS = 13,6 % obj., WTW = 4,7 % obj. Natomiast dla warstwy podornej
uzyskano: PPW = 18,0 % obj., POS = 9,1 % obj., WTW = 3,6 % obj. Wielko$¢ dawki
netto dndla nawodnieA deszczownianych wynosi (6,4 x 3) + (8,9 x 2) = 19,2 + 17,8

37.0 mm

Metoda Somorowskiego

Dla danych z rozpatrywanego przyktadu zawarto$¢ czesci sptawialnych wynosi 7 %, a
stosunek frakcji pylastej do czesci sptawialnych wynosi 11. W tej sytuacji ustalenie
dawki polewowej netto d,, polega na odczytaniu zapaséw przy polowej pojemnosci
wodnej ZPPw i stosunku dawki polewowej netto do ZPPW Odczytane wartosci z tabeli 4
wynosza: ZPPw = 83 mm, a stosunek d,/ZpPw = 0,37. Do odczytanych wartosci ZPPw
wniesiono poprawki z tabeli 5. zmniejszajac zapasy wody ZFPWo 20 mm i z tabeli 6.
zwiekszajgc zapasy wody ZPPw o 34 mm. W wyniku wniesionych poprawek uzyskano
warto$¢ ostateczng zapaséw wody przy polowej pojemnosci wodnej ZPPW= 97 mm.

Ustalona wielko$¢ dawki polewowej netto wynosi: d,,=97 mm x 0,37 = 35,9 mm.

Metoda Doorenbosa i Pruilta
Obliczenie dawki polewowej netto metodg Doorenbosa i Pruitta w oparciu o instrukcje
IMUZ polega na odczytaniu w zaleznosSci od gatunku gleby, ilosci wody ogdlnie

dostepnej WOD z tabeli 7. W rozpatrywanym przypadku ilos¢ wody og6lnie dostepnej
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wynosi 100 mm, a procentowa zawarto$¢ wody tatwo dostepnej odczytana z tabeli s

wynosi 30 %. Wielko$¢ dawki polewowej netto dnwynosi 30 mm.

PODSUMOWANIE

Zestawienie wynikéw przeprowadzonych obliczeA dawki polewowej netto dla

nawodnien deszczownianych przedstawiono w tabeli 11.

Tabela 11. Wyniki obliczen dawki polewowej netto dn dla nawodnien

deszczownianych.

Lp. Metoda Wielko$¢ dawki polewowej netto dn[mm]
1 Pomiar bezposredni 44,0

2 Varallyay’a 43,5

3 Slusarczyka 41,0

4 Trzeckiego 37,0

5 Somorowskiego 35,9

6 Doorenbosa i Pruitta 30,0

1 Z metod posrednich obliczania wielkosci dawek polewowych dla nawodnien
deszczownianych najlepsze rezultaty uzyskano przy wykorzystaniu metody
Varallyay’a. Metoda ta daje takze mozliwo$¢ uzyskania zalezno$ci wilgotnosciowej
i retencyjnej charakterystyki gleby tzw. krzywej pF.

2. W przypadku okreélania wielko$ci dawek polewowych w ujeciu dynamicznym przy
wykorzystaniu metody Doorenbosa i Pruitta nalezy przy ustalaniu wspétczynnika
dostepnosci wody dla roslin (p) uwzgledni¢ takze warto$¢ potencjatu wody
glebowej (pF) odpowiadajgce uwilgotnieniu przy polowej pojemnosci wodnej
gleby Przyktadowy przebieg wspdiczynnika (p) dla trzech roslin uzyskany w
badaniach przez Zakowicza podaje tabela 9.

3. W warunkach eksploatacyjnych wielkosci dawek polewowych przy nawodnieniach
deszczownianych jest zmienna co wynika gtéwnie z warunkéw klimatycznych.
Dlatego dla optymalnego gospodarowania wodg powinno sie posiada¢ retencyjng i

wilgotnosciowa charakterystyke profilu glebowego.
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Stres7Xzenie: Metody obliczania dawek polewowych nawodniefni  deszczownianych.
Przedstawione w pracy metody obliczania dawek polewowych netto (d,) dla nawodnien
deszczownianych opierajg sie o zréznicowane dane wyjsciowe takie jak: krzywa pF. krzywa
uziamienia, gesto$¢ objetoSciowa i zawarto$§¢ substancji organicznych Zr6éznicowanie to
pozwala w praktyce inzynierskiej poprawnie okres$li¢ wielkosci dawki (dn) nic tylko droga
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metod bezposrednich ale i przy wykorzystaniu metod posrednich. Do oznaczen wielkosci (d,,)
dobre rezultaty uzyskano wykorzystujac analityczng metode Varellyay'a, ktdéra w pierwszym
etapie okresla krzywa retencyjnosci wodnej gleby (krzywa pF), a nastepnie umozliwia
okreslenie przedzialu wody tatwo dostepnej dla roslin (WED). Z przedstawionych w tabeli 5
badan zmiennos$ci wspotczynnika dostepnosci wody dla roslin (p) wynika, ze jest on zalezny nie
tylko od rodzaju ro$lin, fazy wzrostu, wysokosci ewapotranspiracji mozliwej ale takze od
warunkéw' uprawowych tzn. od wielkosci uwilgotnienia przy PPW w S$rodku strefy
korzeniowej.
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Water resources management and irrigation of cultivated plants

Metodyka ustalenia wielkosci dawki odsalajacej i przemywajacej
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Abstrakt: The methods of desalination atul leaching doses determination. Taking into account
the increasing salination of water for plant irrigation of dcsalintion and leaching doscs
determination occurs in engineering practice. The methods of those doses determination,
allowable limits of salt concentration in the soil and also irrigation-water requirements witli the
link to the percentage decreasing of some plants crops are shown in the paper.

Key words: salinity, desalination doses, leaching doscs, irrigation, yield.

WSTEP

Przewodno$¢ witasciwa roztworéw glebowych zalezy od rodzaju rozpuszczonych
substancji ich stezenia i temperatury. Teoretyczna przewodno$¢ wiasciwa czystej
chemicznie wody wynosi 5 x 10+ |iS/cm w temperaturze 25 °C, a woda destylowana
wykazuje przewodno$¢ 0,5 - 2 ptS/cm. Przewodno$¢ wiasciwa wod naturalnych waha
sie w granicach od 50 do 1000 pS/cm. Przewodno$¢ wiasciwa wdd zanieczyszczonych
moze przekracza¢ 10 mS/cm. Znajac warto$¢ przewodnosci wilasciwej roztworu,
mozemy w sposéb przyblizony obliczy¢ wielko$¢ suchej pozostato$ci w mg/l mnozac
warto$¢ przewodnosci wiasciwej wyrazonej w S/cm przez wspoétczynnik ustalony
eksperymentalnie; ktérego wielko$¢ znajduje sie w przedziale od 0,55 do 0,90. W
warunkach gleb zasolonych uzytkowanych rolniczo wspétczynnik wynosi okoto 0,64
Przewodno$¢ roztworu wzrasta pod wptywem wzrostu temperatury. W celu obliczenia
wielkosci dawek odsalajgcych i przemywajgcych, a nastepnie opracowania
harmonogramu ich realizacji nalezy skorzysta¢ z wynikéw badan (Ayers i Westcot

1976, Yaron i inni 1969) nad wplywem zasolenia na rozwd6j i plonowanie roslin
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uprawnych. Badania tego typu dla szeregu roslin w warunkach Polski prowadzit miedzy
innymi Zakowicz (1993).
Stosowany w USA podziat na klasy charakteryzujgcy jako$¢ woéd uzywanych do

nawodnien podano w tabeli 1i2.

Tabela 1 Charakterystyka jakosci wo6d do nawodnien wedtug podziatu Thorna i

Pctersona, stosowana w USA

Przewod. Zawartosé
Klasy ECw soli [mg/l] Jakos$¢ wody
[mS/cm] g
Woda o niskim zasoleniu ; moze by¢ uzywano do
cl <0.25 <160 nawodnief wiekszosci roslin na wiekszosci gleb bez obawy

ich zasolenia. Melioracje przemywajagce mogg bvé
konieczne tylko przy matej przepuszczalnosci gleb

Woda o umiarkowanym zasoleniu ; moze by¢ uzywana do
nawodnien wszelkich roslin na glebach przepuszczalnych.
C2 0,25-0,75 160-500 W warunkach malej przepuszczalnoéci nalezy dobiera¢
rosliny odporniejsze na zasolenie oraz zapewni¢ dobre
przemywanie.

Woda o $rednio wysokim zasoleniu : moze by¢ uzvwiana
tylko w glebach o $redniej lub duzej przepuszczalnosci.
Konieczne jest regularne przemywanie i dobo6r roslin
odpornych na zasolenie.

Woda o wysokim zasoleniu ; moze by¢ uzywana do
1500- nawadniania roélin odpornych i tylko na glebach o bardzo

C3 0,75- 225 500- 1500

Klasy konduktywnosci i zawartosci soli

C4 225-4,00 2500  duzej przepuszczalnosci przy zapewnionym intensywnym
przemywaniu.

Woda o bardzo wysokim zasoleniu w zasadzie niewskazana

C5  4.00- 600 2500- do nawodnied. Woyjatkowo moze by¢ uzywana do

TS 3900 nawadniania bardzo odpornych roélin i tylko na glebach

przepuszczalnych przy ich czestym przemywaniu

Co >6.00 >3900 Woda o ngdr,nlernym zasoleniu, nie pow'inna by¢ uzywana
do nawodnien.

Stosowana klasyfikacja intensywnosci i szkodliwosci zasolenia oparta jest na

oznaczeniu przewodnosci elektrycznej roztworu glebowego przy standardowym petnym
nasyceniu gleby wodg. Jednakze uwilgotnienie gleby w warunkach produkcyjnych jest
zmienne i najcze$ciej ponizej petnego nasycenia gleby woda. Przyktadowo jezeli przy
nasyceniu 100 oo gleby woda zawarto$¢ soli w glebie wynosi 0.2 % w stosunku do
suchej masy gleby to przewodno$¢ roztworu EC = 3,0, co jest dla wiekszosci roslin
zupetnie  bezpiecznym  siedliskiem. Jezeli uwilgotnienie gleby w  wyniku

ewapotranspiracji roslin obnizy sie do 75 % petlnego nasycenia to przewodno$¢ gleby
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wzrasta do EC = 4,0. Przy dalszym wysychaniu gleby do wilgotnosci 50 % porowatosci
zasolenie roztworu wynosi 6,0 mS/cm, a przy 25 % nasyceniu gleby wodg przewodnos¢
roztworu glebowego wzrasta do EC = 12,0 co wytrzymujg bez spadku plonowania tylko
nieliczne uprawiane rosliny. Zwigzek miedzy zawartoscig soli w glebie, stopniem
nasycenia gleby woda, a konduktywnoscig roztworu glebowego wedtug badan Thorna i
Petersona (Ostromecki 1973) przedstawiono na rysunku 1

Przy ocenie jakosci wod uzytych do nawodnien poza solami, ktére wplywajg
ujemnie na wzrost i plonowanie roslin oraz witasciwosci fizyczne gleby przy
stosunkowo wysokich koncentracjach, nalezy takze uwzgledni¢ wystepowanie
pierwiastkow toksycznych takich jak np. bor. Klasyfikacje wody do nawodnien w

zaleznosci od stopnia tolerancji roslin wzgledem boru podano w tabeli 3.

Tabela 2. Charakterystyka jakosci wéd do nawodnien z zaleznos$ci od nasycenia
kompleksu sorpcyjnego kationem sodu (Na+) wedtug podzialu Thorna i Petersona,
stosowana w USA

Wskaznik
Klasy  sorpcji sodu Jako$¢ wody
SAR:
Woda o bardzo niskim wskazniku SAR, moze by¢ stosowana

SI 0-10 na wszelkich glebach bez obawy akumulacji sodu
wymiennego.
Woda o niskim wskazniku SAR moze powodowa¢ akumulacje
sodu w glebach o duzej zawarto$ci czesci sptawialnych i matej
iloSci  substancji  organicznej. Nadaje sie do gleb
gruboziarnistych, przepuszczalnych.
Woda o wysokim wskazniku SAR. W wiekszosci gleb nic
zawierajacych gipsu powoduje szkodliwg akumulacje sodu
S3 18-26 Niezbedne sg specjalne zabiegi - drenaz, przemywanie,
gipsowanie, ktdére jednak w przypadku wdd klasy C5 nie sg
skuteczne.
Woda o bardzo wysokim wskazniku SAR w zasadzie nie
nadajaca sie¢ do nawodnien, z wyjatkiem waéd nalezacych do
klasy Cl i C2. Niezbedne sa zabiegi specjalne - obfite
przemywanie, gipsowanie.

S2 10-18

Klasy wskaznika sorpcji sodu SAR

S4 >26

1- wskaznik sorpcji sodu (SAR) wyraza aktywno$¢ jonu Na* w reakcjach wymiany przy dziataniu wody

A . . Na+
na glebe i obliczany jest wzorem: SAR= .— — -

Jca+ + +Mg++
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gdzie:

Na\ Ca™', Mg” - koncentracja kationéw wyrazona w milirbwnowaznikach na litr.

Konduktywnos$¢ [mS/cm]

Rys 1 Zwigzek miedzy zawartoscig soli w glebie, a konduktywnoscig roztworu glebowego wg
Thoma i Petersona (Ostromecki 1973). Klasy zasolenia: A - zasolenie nieznaczne bez wptywu
na plonowanie roslin, B - rodliny mato odporne reaguja zmniejszeniem plonu, C - wiekszo$¢
rodlin uprawnych reaguje zmniejszeniem plonu. D - tylko odporne rosliny plonuja

zadowalajaco, f: - tylko niektore bardzo odporne rosliny wydaja dostateczny plon.

Tabela 3. Dopuszczalna zawarto$¢ boai [ppm] w wodzie do nawodnien roslin o trzech
klasach odpornosci na ten pierwiastek ( Yaron i inni 1969).

Zawarto$¢ boru w wodzie do nawodnien roslin w ppm

Lp. Rodzaj wody Ros$liny o malej Rosliny o $redniej Rosliny o duzej
tolerancji tolerancji tolerancji
1 Bardzo dobra <0,33 <0,67 < 1,00
) Dobra 0,33-0,67 0,67- 1,33 1,00 - 2,00
3 Dopuszczalna 0,67 - 1,00 1,33-2,00 2,00 - 3,00
4  Woatpliwej jakosci 1,00 - 1.25 2,00 - 2,50 3,00-3,75
5 Niedopuszczalna > 1,25 > 2,50 >3,75
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METODYKA

W warunkach produkcyjnych niezbedna jest znajomos$¢ wptywu stopnia zasolenia gleby
i wody na procentowg obnizke plonéw w stosunku do plonu potencjalnego w
poszczeg6lnych fazach rozwojowych danej ro$liny. Syntetyczne zestawienie
dopuszczalnych koncentracji soli w glebie i w wodzie uzytej do nawodnien na

obnizenie plonu 0 0 %, 50 % i 100 % dla szeregu ro$lin przedstawiono w tabeli 4.

Tabela 4. Wplyw zasolenia gleby (ECe) i wody uzywanej do nawodnien (ECw) na

poziom plonowania roslin.

Roslina Obnizenie plonu 00 % Obnizenie plonu 0 50 % Max
ECe’ ECw" ECe ECw Ece’
Jeczmien paszowy 6,0 4,0 13,0 8.7 20,0
Komonica 5,0 3,3 10,0 6,7 15,0
Koniczyna 15 1.0 10,3 6,8 19,0
? Kostrzewa 3,9 2,6 13,3 8,9 23,0
C Kukurydza 18 1,2 8,6 5,7 15,5
5 Kupkoéwka pospolita 15 1,0 9,6 6,4 17,5
Lucerna siewna 2,0 13 8,8 59 15,5
S Mozga 4,6 31 111 7,4 18,0
& Perz 75 5,0 15,0 9.8 22,0
Wyczyniec tgkowy' 15 1,0 6,7 4,5 12,0
Wyka 3,0 2,0 7,6 5,0 12,0
Zycica tryvala 5,6 3,7 12,2 8,1 19,0
Bayveina 7.7 5.1 17,0 12,0 27,0
Béb, bobik 1,6 11 6,8 4,5 12,0
* Burak cukrowy 7.0 4,7 15,0 10,0 24,0
s Fasola 1,3 0,9 4.9 3,2 8,5
% Jeczmiend 8,0 5,3 18,0 12,0 28,0
c1 Kukurydza 1,7 11 5,9 3,9 10,0
Len 17 11 5,9 3,9 10,0
& pszenica 6,0 4,0 13,0 8.7 20,0
Ryz 3,0 2,0 7.2 4,8 11,5
Soja 5,0 3,3 7,5 5,0 10,0
Brokuty 2.8 1,9 8,2 5,5 13,5
Burak zwyczajny 4,0 2.7 9,6 6,4 15,0
(fﬂ Cebula 1.2 0,8 4,3 2.9 7,5
Fasola 1,0 0.7 3.6 2,4 6,5
¥ Kapusta 18 12 7,0 4.6 12,0
Kukurydza stodka 1,7 11 59 3,9 10,0
Marchew 1,0 0,7 4.6 31 8,0
. Melon 2,2 15 9.1 6,1 16,0
Ogoérek 2,5 17 6.3 4.2 10,0

Papryka 15 10 51 3,4 8.5
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cd. Tabela 4. Wplyw zasolenia gleby (ECe) i wody uzywanej do nawodnien (ECw) na

poziom plonowania roslin.

L Obnizenie plonu 0 0 % Obnizenie plonu o 50 % Max
Lp. Roslina ;
ECel ECw ECe ECw Ece5
33 Pomidor 2,5 1,7 7,6 5,0 12,5
34 P £ Rzodkiewka 1,2 0,8 5,0 3,4 9,0
3B 5 " Satata 13 0,9 5,2 3,4 9,0
36 K a Szpinak 2,0 13 8,6 5,7 15,0
37 Ziemniak 1,7 11 59 3,9 10,0
38 Awokado 13 0,9 3,7 2,4 6.0
39 Brzoskwinia 1,7 1,1 4.1 2,7 6.5
40 Cytryna 17 11 4.8 3,2 8,0
41 Grejpfrut 1,8 1.2 4.9 3.3 8,0
42 Grusza 1,7 1,0 4,8 3,2 8,0
43 Jabton 1,7 1,0 4,8 3,2 8,0
44 S Malina 10 0,7 3,2 2,1 55
45 a Morela 1.6 11 3,7 2,5 6,0
46 - Oliwka europejska 2,7 18 8,4 5,6 14,0
47 Orzech wioski 17 10 4,8 3,2 8,0
48 o; Palma daktylowa 4,0 2,7 17,9 12,0 32,0
49 Pomarancza 1,7 11 4,8 3,2 8,0
50 Sliwa 15 1.0 4.3 2,8 7,0
51 Truskawka 1,0 0,7 2,5 17 4,0
52 Winorosl 15 1,0 6,7 4,5 12,0

1 przewodno$¢ ekstraktu glebowego przy standardowym petnym nasyceniu gleby wodg w [mS/cm],
' - przewodno$¢ wody wykorzystywanej do nawodnien w [mS/cm 1
przewodnos$¢ ekstraktu glebowego przy standardowym petnym nasyceniu gleby woda przy spadku
plonu do zera w [mS/cm],

Dla przyktadu rozpatrzmy warunki uprawowe gdzie w pierwszym roku uprawiany jest
jeczmien na ziarno. Zapasy wody przy polowej pojemnosci w strefie korzeniowej gleby
(hk) 0 miazszosci 50 cm wynoszg WPPw = 150 mm. Zasolenie poczatkowe (Ci) gleby
wynosi 23 EC (EC - przewodno$¢ w milisimensach na cm [mS/cm], w amerykanskiej
literaturze gleboznawczej (Yaron i inni 1969) uzywana jest jednostka 1000 razy
mniejsza fjS/crn). Wspotczynnik wymywania (K) ustalony doswiadczalnie w tych
warunkach wynosi 1.70. Koncentracja soli (EC) w wodzie: opadowej wynosi 0, a w
wodzie wykorzystywanej do nawodnien w sezonie wegetacyjnym wynosi Cn= 2,4 EC.
Wielko$¢ dawki okresowej netto pokrywajacej niedobory opadu wynosi Dn= 160 mm.
Wielkos¢ jednorazowej dawki polewowej netto do nawodniefA zwilzajacych wynosi d,, =

40 mm.
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Dawka odsalajgca

W celu odsolenia gleby uzytkowanej rolniczo stosowane sg nawodnienia odsalajgce.
llo$¢ wody niezbedna do wymycia nadmiaru soli z warstwy czynnej gleby okreslana
jest jako dawka odsalajgca. Obliczenie ilosci wody niezbednej do wymycia nadmiaru

soli mozna przeprowadzi¢ stosujac wzér Panina:

gdzie:

D, - dawka odsalajgca netto [mm lub mas/ha],

Cp- wskaznik zasolenia poczatkowego gleby [EC lub mg/l],

Cj - wskaznik zasolenia koncowego gleby, ktéry ma by¢ osiggniety w wyniku
przemywania [EC lub mg/l],

Wp - zapas wody przy polowej pojemnosci wodnej danej warstwy gleby [mm lub
ma/ha]

K - wspotczynnika wymywania (zalezny od rodzaju soli), ktéry w zasadzie powinien
by¢ ustalony doswiadczalnie dla danych warunkéw uprawowych W glebach

zasolonych siarczanami i chlorkami wspétczynnik ten wynosi okoto 1,7.

Dawka przemywajaca

Gdy gleba nie jest nadmiernie zasolona, ale istnieje obawa akumulacji soli mineralnych

wprowadzanych stale podczas nawodnied, nalezy zapewni¢ réwnowage bilansowa

miedzy przychodem soli, ajej rozchodem. Rozchdd soli nastepuje poprzez odciek wody

z czynnej warstwy gleby w gigb profilu. Nawodnienia majg wtedy charakter

zapobiegawczy (nawodnienia przemywajgce) i moga by¢ wigczone okresowo do

systemu normalnych nawodnien zwilzajagcych. Obliczenie dodatkowej dawki

zapobiegajacej nadmiernemu gromadzeniu sie soli w glebie, nawadnianej wodg o

niskiej jakosci lecz nadajgcej sie do nawodnierr, mozna wykonaé¢ majac dane:

Cn- koncentracja soli w wodzie stosowanej do nawodnien, wyrazonych w jednostkach
przewodnosci lub mg/l,

Dn- dawka okresowa netto w mm lub nr/ha, jest to suma dawek polewowych netto
podanych w rozpatrywanym okresie czasu. W wyniku dostarczenia sumarycznej

dawki netto wprowadzamy do czynnej warstwy gleby okreslong sume soli
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Sumaryczna ilosci wprowadzonej soli do strefy korzeniowej gleby wynosi wiec

D. C,.

Aby po okresie nawodnien utrzyma¢ w glebie dopuszczalny poziom zasolenia Cd,
nalezy dostarczy¢ wiecej wody ponad dawke okresowg netto Dn, aby wraz z wodg
odciekajgcg ze strefy korzeniowej gleby w ilosci Dd, usunaé¢ catkowitg ilos¢ soli
wprowadzong z wodg podczas nawodnien. Zaktadajac, ze koncentracja soli w odcieku
moze by¢ przyjeta, jako réwna dopuszczalnej koncentracji Ca, otrzymamy réwnanie
bilansowe:

D, C,+DdCn= DdCd

z ktérego mozemy obliczy¢ dodatkowg dawke okresowg zapobiegajgca zasoleniu:

taczna dawka wody netto dostarczana w formie nawodnien w okresie wegetacji
wynosi:

Dr= D, + Dd.

W warunkach gdy do nawodnien uzywa sie wody o duzym zasoleniu to dodatkowe
dawki przemywajgce nalezaloby realizowa¢ w trakcie kazdego nawadniania poprzez
zwiekszenie dawki polewowej netto dno dawke potrzebng na wymycie soli ze strefy
korzeniowej ro$lin dd. taczna dawka polewowa netto wtedy wynosi dr = d, + dj.
Sposéb obliczania jest podobny jak dla dawki okresowej. Kazdy polew nawodnieniowy
musimy wykonaé¢ dawka dr gwarantujgcg przecigzenie wodg czynnej warstwy gleby i
zrzut wody w gigb profilu do sieci odwadniajgcej.

W warunkach gleb zasolonych obliczenie prowadzimy najczesciej przy
wykorzystaniu wskaznika liczbowego (LR) opisujacego zapotrzebowanie wody dla
wymycia soli. ze strefy korzeniowej profilu glebowego. Stosunek liczbowy (LR)

zapotrzebowania wody do wymycie soli obliczamy z formuty:

Dr Cd Cd
gdzie:

LR wskaznik liczbowy zapotrzebowania wody do wymywania soli [-],

Dr ilo$¢ wody dostarczona w trakcie nawodnienia Dr= Dn+ Dd,
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Cr = C,, - koncentracja soli w wodzie stosowanej do nawodnien [EC w mS/cm] lub
[ma/l],

llos¢ wody (Dr) niezbedna do pokrycia niedoboréw opadu i wymycia soli
(wprowadzanej do gleby podczas nawadniania) do stezenia bezpiecznego mozemy
obliczy¢ ze wzoru:

=D, Cj
1-LR C4-Cr

WYNIKI OBLICZEN

Obliczenie dla rozpatrywanego przyktadu wielko$ci dawki odsalajgcej D,,:

Przed rozpoczeciem siewu jeczmienia nalezy obnizy¢ zasolenie czynnej warstwy gleby
z 23 EC do s EC.

Niezbedna wielko$¢ dawki odsalajacej, przy zatozeniu, ze nie nastapi obnizenie

wysokos$ci plonu wynosi:
D =150 1,70 in—8 = 255 mn2,875 = 255 «1,056 = 269,3 = 270 mm

Jezeli zalozymy, ze obnizenie plonu ziarna moze wynosi¢ 50 % to dawka odsalajaca
D,,° wynosi:

D f =150-1,70- In— = 62,5 mm
18

Obliczenia dla rozpatrywanego przykiadu dodatkowej dawki przemywajgcej
(okresowej - Dd) lub (polewowej - dd).
Wielko$¢ dawki przemywajacej Ddwynosi:

=D Cr —160-22 160 24 ga 6 mm
d n Cd-Cn 8-2.,4 5,6

taczna dawka wody netto dostarczona w okresie nawodnient Dr= D,, + Dd= 160 + 68,6
~ 229 mm. Dodatkowga dawke przemywajaca realizujemy najczesciej w czasie kazdego
nawadniania. W takiej sytuacji polewowg dawke netto (d,,) zwiekszamy o odpowiednig
ilos¢ wody rowng dodatkowej polewowej dawce nawadniajgcej (dd). Dawka polewowa

przemywajgca wynosi:

dH=d — — =40———=140+0,4286 =17,14 —17 mm
d nC,c 8-2,4
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taczna dawka polewowa netto wynosi 40 + 17 = 57 mm.

W warunkach gleb zasolonych czesto obliczenia dawek przemywajacych
przeprowadza sie  wykorzystujagc  wskaznik  liczbowy LR  odwzorowujgcy
zapotrzebowanie wody do wymycia soli ze strefy korzeniowej gleby. W rozpatrywanym

przyktadzie LR jest rdwne:

IR=— =— =— = =

— =0,30
D, d d 228 8

llos¢ wody (Dr) niezbedna do pokrycia niedoboru opadu i wymycia soli do stezenia
bezpiecznego (Ca) wynosi:

Dr=D e— — =160-— ' =160-— =228mm
i- LR 1-0,3

1

PODSUMOWANIE | WNIOSKI

Przy okre$laniu wielko$ci nawadniajacych dawek zwilzajgcych powinnismy w Polsce w
niektérych warunkach uwzglednia¢ dodatkowe ilosci wody niezbedne do przemywania
profilu glebowego i odsalania strefy korzeniowej roslin. Wynika to z faktu, ze wody
powierzchniowe uzywane do nawodnien sa czesto zasolone zwilaszcza w przypadku
poboru wody z rzek i staimieni, do ktérych doprowadzane sg silnie zasolone wody
pokopalniane lub Scieki.

1 W waainkach produkcji roslinnej podane w tabeli 4 dopuszczalne granice zasolenia
gleby i wody uzywanej do nawodnien pozwalajg obliczy¢ wielkosci dawek
przemywajacych i odsalajacych przy zatozonym stopniu obnizenia plonowania
ro$lin.

2. Z uwagi, ze uwilgotnienie strefy korzeniowej jest zmienne i utrzymuje sie ponizej
petnego nasycenia nalezy w warunkach produkcyjnych uwzgledniaé Scisty zwigzek
miedzy zawartoscig soli w glebie, nasyceniem gleby woda, a przewodnoscia

roztworu glebowego (rys. 1).
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Gospodarowanie zasobami wodnymi i nawadnianie roslin uprawnych

Water resources management and irrigation of cultivated plants

Zmienno$¢ opaddéw w sezonach wegetacyjnych ostatniego

dwudziestolecia i reakcja roslin w srodkowej Polsce

LUDWIKA MARTYNIAKL RYSZARD SZYMCZYK:2
'instytut Melioracji i Uzytkow Zielonych k/Warszawy
2Centralny Os$rodek Badania Odmian Roslin Uprawnych w Stupi Wielkiej k/Poznania

Abstract: Variability ofprecipitations during vegetation seasons in the recent twenty years and
reaction of plants in the central region of Poland In the work, twcnty-year series of
climatological observations were presented and the results of the studies on field experiments
with spring harley, conducted in the years 1978-1997, were discussed. The aim of the study to
show the size and variability of precipitations and other meteorological elements in many-year
period, and to determine the mutual relationships and the correlations between the plants and
environment, basing on the example of spring harley. Analysis of precipitation agent showcd its
diversity in respect of smali arcas and during the years of the studies. A high variability of
potential plant evapotranspiration value as a reference point of climatic index in the studied
years, was demonstrated. Variahility of the yield of spring harley grain was mainly caused by
weathcr conditions,causing the stress conditions in defined stages of plant development what
resulted in limitation of their yield - producing potential.

Key words: variabilily, precipitations, vegetation seasons, reaction of plants, spring harley.

WSTEP

Zmiany klimatu wywierajg bezposredni wptyw na poziom oraz strukture produkcji
rolnej. Ocena prognostyczna produkcyjnosci upraw rolniczych w naturalnych
warunkach geomorfologicznych dokonywana bywa przez analize ksztaltowania sie
poszczegblnych elementéw klimatu, w powigzaniu z gospodarkg wodng rodlin.
Miernikiem oceny stosunkéw wodnych, w jakich przebiega rozwdj roslin jest wielkos$¢
ewapotranspiracji oraz stopien pokrycia ich potrzeb wodnych z opadow
atmosferycznych. RoOznice pomiedzy sumami opadéw i ewapotranspiracji roslin
okreslajg wielko$¢ niedoboréw' lub nadmiaré6w wodnych w okre$lonym czasie i

przestrzeni.
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Niedobory opadéw, a czeSciej niekorzystny ich rozktad w okresie wegetacji roslin jest
w Polsce jedng z gtdwnych przyczyn ograniczajagcych wzrost plonéw, powodujacych
ich wahania w latach i zmniejszajagcych efektywnos$¢ nawozenia.

Wielko$¢ i zmienno$¢ opadéw w przedziale wieloletnim oraz reakcja roslin na
przyktadzie jeczmienia jarego byty przedmiotem niniejszego opracowania.

W tym celu wykorzystano dwudziestoletnie serie obserwacyjne oraz wyniki badan
doswiadczen polowych z jeczmieniem jarym przeprowadzonych w stacjach

Doswiadczalnych Oceny Odmian w rejonie srodkowej czesci Polski.

METODYKA BADAN

W pracy wykorzystano wyniki doswiadczen odmianowych z jeczmieniem jarym
przeprowadzonych w latach 1978-1997 w pieciu Stacjach Doswiadczalnych Oceny
Odmian (SDOO), rozmieszczonych w rejonie $rodkowej czesci Polski w obszarze
51"48' - 52°14' szerokosci geograficznej i 15°31' - 21°56° dtugosci geograficznej. We
wszystkich miejscowos$ciach w danym roku wysiewano ten sam zestaw odmian.
Doswiadczenia prowadzono wg jednolitej metodyki. Zakladano je w czterech
powtdrzeniach, w ukfadzie blokéw losowanych. Powierzchnia pojedynczego poletka do
zbioru wynosita 15 nr. Podstawowag jednostkg analityczng byt $redni plon z wszystkich
badanych odmian w pojedynczym doswiadczeniu. Plon ziarna przeliczono przy 15%
zawartosci wody.

Materiaty Zzrédtowe podstawowych elementéw meteorologicznych w latach badan
pochodzity z terminowych obserwacji klimatologicznych wykonywanych w tych
samych miejscowos$ciach, gdzie prowadzono badania eksperymentalne lub z najblizej
SDOO potozonych posterunkéow IMGW.

Wartosci ewapotranspiracji potencjalnej (ETo) jako punktu odniesienia wskaznika
klimatycznego obliczono wg wzoru Penmana - Montcitha.

Okreslenie wzajemnych powigzan oraz korelacji roslin i siedliska przeprowadzono za
pomocga Pearson corrclation matrix.

Przy obliczaniu warto$ci ewapotranspiracji rzeczywistej (ET) jeczmienia jarego w
okresie wegetacji roslin postuzono sie modelem matematycznym CROPWAT. Analize

wzajemnych powigzan pomiedzy plonem ziarna jeczmienia jarego, a potrzebami
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wodnymi roélin (ET) i ich zaspokojeniem w okresie wegetacji przeprowadzono za

pomoca regresji prostej.

WARUNKI AGROKLIMATYCZNE W LATACH BADAN

Przebieg warunkdw agroklimatycznych w latach 1978-1997 w rejonie Srodkowej czesci
Polski dla okresow 1 kwiecieh do 30 wrzesien przedstawiono na rys. 1

Analiza opaddéw na przykladzie pieciu punktow pomiarowych ukazata duza ich
zmienno$¢ w czasie i przestrzeni.

Pod wzgledem sumy opadéw wyrdzniono lata suche (co najmniej 25% ponizej Sredniej
z wielolecia 1978-1997, przecietne (75-125%) i lata mokre, gdzie suma opadéw w
sezonie 1.04-30.09 wynosita co najmniej 25% powyzej $redniej wieloletniej. Zgodnie z
powyzszym zatozeniem do lat zdecydowanie mokrych w omawianym obszarze badan
zaliczono 1996 rok oraz lata: 1978, 1980, 1985, 1987 i 1997.

Latami posusznymi byty: 1982 i 1992 oraz lata: 1979, 1983, 1989, 1991. W pozostatych
o$miu latach ostatniego dwudziestolecia, $rednie wartosci liczbowe sum opadow za
okres wegetacji byty zblizone lub miescily sie w granicach $redniej z lat 1891-1930.
Podziat taki nie odzwierciedlat jednak obiektywnie stanu zasilania gleby opadami
atmosferycznymi w poszczegélnych latach i fazach wzrostu zhéz, poniewaz rozktad
opadéw w okresie wegetacji nie byt rGwnomierny. W kazdym sezonie wegetacyjnym w
réznych terminach kalendarzowych notowano diuzsze lub krotsze okresy bezopadowe
(tabela 1). W sezonach wegetacyjnych jeczmienia jarego w latach 1978-1997, w
badanym rejonie wystgpito Srednio s ciggéw bezdeszczowych powyzej 14 dni.
Najdotkliwsze susze wystepowaly w SDOO Lubinicko, miejscowo$ci najbardziej
wysunietej na zachdd w obszarze dtugosci geograficznej 15°, gdzie diugotrwate ciggi
bezdeszczowe wystepowaty Srednio co drugi rok. W pasie srodkowym oraz $rodkowo-
wschodnim Polski susze wystepowaly Srednio raz na trzy lub cztery lata.

W badanym 20-leciu najdotkliwsza susza wystgpita w 1992 roku Bezpos$rednig
przyczyng suszy byt duzy niedobor opadow atmosferycznych w calym okresie
wegetacji rodlin. Susza glebowa w 1992 roku w $rodkowej Polsce wystapita juz w Hf
ciej dekadzie kwietnia. Wystepujace w maju i czerwcu niedobory opadow przypadly na

okres najwiekszego zapotrzebowania na wode zb6z jarych. W efekcie suszy zboza
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ktosity sie i dojrzewaty o 10-14 dni wczes$niej niz przecietnie, co oznaczato drastyczne

skrocenie okresu wegetacji i obnizenie plonu ziarna.

Lata

Rys. 1 Przebieg warunkéw agroklimatycznych w latach 1978-1997 w rejonie $Srodkowej czesci
Polski ($rednic z pieciu SDOO dla sezonu 1V-1X)

Na wzrost , rozw6j i plonowanie roslin, niekorzystny wptyw majg rdwniez nadmiary
opadoéw. Szczegodlnie silny wptyw na plonowanie zb6z wywierajg opady dobowe bardzo
silne (ponad 20 mm) oraz gwattowne opady burzowe wystepujgce w koricowym okresie
wegetacji Powodujg one wyleganie rodlin, co utrudnia nalewanie ziarna i w
konsekwencji obniza plon. W minionym 20-leciu, w badanym rejonie szczeg6lnie
dotkliwe skutki duzych opadéw atmosferycznych u zbéz jarych notowano w latach

1980, 1984, 19S5, 19S8 i 1997.

W wyniku silnego wylegania roslin, w tych latach nastgpito obnizenie plonu ziarna do
20%.



Tabela 1 WARUNKI METEOROLOGICZNE W LATACH 1978 - 1997
Wspotrzedne geograficzne Okres wegetacji Opady mm]
- Miejscowos$¢ Z ciagéw
P s s data i ) £ za okres g
szeroko$¢ diugosé liczba dni bezdeszczowych
kalendarzowa IV-IX . E
powyzej 14 dni')
WARTOSCI SREDNIE 2 LAT 1978-1997
1 Kaweczyn 52°10' 20"21' 8.04.-26.07. 108 316 5
2. Koécielna Wie$ 51°48' 1801 12.04.-27.07. 105 309 4
3. Lubinicko 5214 15"35' 5.04.-27.07. 112 306 10
4 Seroczyn 52°00' 21°56' 10.04.-29.07. 109 342 4
5. Stupia Wielka 52"13’ 17-13' 11.04.-26.07. 105 307 5
1-5. REJON 51"48'-52°14' 15"35'-2021" 9.04.-27.07. 108 316 6
WARTOSCI EKSTREMALNE MAKSYMALNE &
6 Kaweczyn 5210 20-21' 8,04.4.08. 118(84) 432 (85) 1(82,83,92,94,97)
7. Ko$cielna Wie$ 51"48' 18-01' 1.04.-31.07. 121 (78) 442 (96) 2(92)
8. Lubinicko 5214 15-35' 16.04.-16.08. 122 (87) 383 (87) 2(92,97)
9. Seroczyn 5200’ 21“56' 6.04.-14.08. 130 (78) 464 (96) 1(82,83,92,97)
10. Stupia Wielka 5213 17-13' 15.04.-16.08. 123 (93) 422 (96) 1(82,83,86,92,94)
WARTOSCI EKSTREMALNE MINIMALNE
11. Kaweczyn 52°10° 20-21' 11.04.-16.07. 96 (83) 184 (92) 0
12 Koscielna We$ 5148 18-01' 23.04.-23.07. 91 (94) 179 (92) 0
13. Lubinicko 52414 15-35' 7.04.-16.07. 100 (92) 147 (82) 0
14. Seroczyn 52"00" 21"56" 19.04.-24.07. 96 (95) 251 (83) 0
15. Stupia Wielka 52"13' 17413 12.04.-13.07. 92 (79) 139 (82) 0

o za okres IV-IX w latach 1978-1997
2 liczba w nawiasie przy wartosciach ekstremalnych (84) oznacza rok zdarzenia 1984

Srednia dobowa temperatura powietrza

«C]
| dekad z
za okres IV-IX temperaturg 1
£20“C
14,4 20
14,8 39
14,6 32
14,2 24
14,7 39
14 31
16,3 (95) 5(95)

16,8 (84,94) 5 (82,84,94,95)
16,4 (95) 5 (92,95)
16,3 (94) 5(92,94)
17,4 (92) 9(92)

12,6 (78) 0 (78,83,85,87,90,
93,96,97)
12,8 (80) 0 (78,80,87,90,93)
12,9 (80) 0 (78,80,84,85,87,
90,93,96)
122 (78) 0 (78,80,81,63,64,
85,87,90,93,96,97)
12,8 (80) 0 (78,80,85,87,

90,97)



Tabela 4

Wyniki analizy oraz wspétczynniki zmiennos$ci dla plonu ziarna jeczmienia jarego i ewapotranspiracji potencjalnej w miejscowos$ciach

prowadzenia
$rednie z lat 1978-1997.

Plon ziarna (dt/ha)
Srednia

Miejscowos$¢é maksymal . . odchyl.
arytmetyc minimalny
ny stand.
zna

Kaweczyn 48,7 65,8 31,2 10,55
Koscielna 53,1 67.9 38,1 878
Wie$
Lubinicko 50,0 68,6 321 11,08
Seroczyn 53,4 65,3 404 7,58
Stupia Wielka 53,9 69,0 22,7 12,28
Sredniadla, 59 . 615 36,7 6,78

rejonu

btad

stand.

2,36
1,96

2,48
1,70
2,75

1,52

wspoicz. Srednia
zmienno$  arytmetyc
¢ zna
21,7 485
16,5 546
22,1 554
14,2 524
228 558
131 533

doswiadczen;

Ewapotranspiracja potenc alna w okresie IV-IX (mm)

maksymal
a

586
677

659
622
750

640

minimalna

384
439

458
421
403

421

odchyl,
stand.

46,2
61,5

55,9
53,1
84,6

56,2

btad

stand.

10,3
13,7

12,5
11,9
18,9

12,6

wspoicz.
zmienno$
ci
9,5

11,3

10,1
10,1
15,2

10,5
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Analiza wynikow badan na przestrzeni lat wykazuje duzg zmienno$¢ wartosci
ewapotranspiracji potencjalnej (ETo). Ewapotranspiracja ta jako funkcja czynnikéw
meteorologicznych (temperatura, ustonecznienia, ci$nienia pary wodnej i sity wiatru)
dla standardowej rosliny, w warunkach petnego pokrycia potrzeb wodnych nie
uwzglednia wptywu masy roslinne;j.

Przebieg sumarycznej wartosci ETo za okres 1V-IX w S$rodkowej czesSci Polski w
ostatnim dwudziestoleciu charakteryzuje sie szeScioma ekstremami; lata: 1982 i 1983,
oraz cigg lat 1992, 1993, 1994 i 1995. W wymienionych ekstremach najwyzszym
wartosciom ETo odpowiadaly najwyzsze temperatury powietrza oraz z reguly -
najnizsze sumy opadow.

W analizowanym wieloleciu $rednia dobowa temperatura powietrza w okresie wegetacji
IV-IX dla $rodkowej czesci Polski wynosita 14,5°C i byta wyzsza o 0,2°C od $redniej
wieloletniej z okresu 1967-1989, oraz wyzsza o 0,5°C od wielolccia 1891-1930.
Natomiast $rednie za okres 1V-1X sumy opadéw z ostatniego dwudziestolecia dla tego
rejonu byly nizsze o 20 mm od S$redniej z lat 1967-1989 oraz nizsze o 18 mm w

poréwnaniu z wieloleciem 1981-1930 (tabela 2).

Tabela 2.
Srednie dobowe temperatury powietrza oraz sumy opadéw w okresie IV-IX dla

miejscowosci prowadzenia doSwiadczen w wieloleciu

Temperatura powietrza (°C) Opady (mm)
Miejscowos¢ wielo secie

1978- 1967- 1891- 1978- 1967- 1891-

1997 1989 1930 1997 1989 1930
Kaweczyn 14,4 14,3 13,7 316 344 330
Koscielna 148 144 141 309 341 360
Wies
Lubinicko 14,6 14,4 14,0 306 316 290
Seroczyn 14,2 14,1 14,0 342 364 380
Stupia Wielka 14,7 14,4 14,3 307 317 310

Rejon 14,5 14,3 14,0 316 336 334
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Lata

Rys. 2. Sumaryczne wartosci ewapotranspiracji roslin i opadéw na tle plonu ziarna jeczmienia
jarego

PLONOWANIE

Na wielko$¢ plonu rolniczego w gtéwnej mierze wptywajg warunki agroklimatyczne i
wiasciwosci genetyczne roslin.

Sredni z lat 1978-1997 plon ziarna jeczmienia jarego w obszarze $rodkowej czesci
Polski wyniost 51,8 dt z ha. Zmienno$¢ plonowania zaréwno w latach jak i w
poszczeg6lnych punktach byta duza. Ekstremalnie wysokie plony ziarna w granicach
66-68 dt z ha uzyskano w latach 1996, w dwoch SDOO oraz w roku 1993 (w jednym
doswiadczeniu). Ujemny wplyw na ksztatltowanie plonu miaty ponad dwutygodniowe
okresy bezopadowe oraz termin i czesto$¢ ich wystepowania. Na ogét susze wczesno
wiosenne nie wplywaty na obnizke plonu, bowiem rodliny w tym czasie
wykorzystywatly wilgo¢ zgromadzong w glebie w okresie jesienno-zimowym. Jesli

jednak dtugotrwale susze wczesno wiosenne wystepowaty po zimie z niskimi zapasami
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wodnymi w glebie, wdwczas nastepowaty duze spadki plonu ziarna. Przyktadem tego

byly lata 1981.

Lala

Rys. 3. Plony ziarnajeczmieniajarego w latach 1978-1997 w rejonie srodkowej czesci Polski

Analiza skupien - metoda grupowania podziatowego

Ewapotrans-
piracja
Grupa Lata potencjalna fmm]
. . odchyl.
$rednia stand.
1 92 640 0,0
2 9495 622 11,0
79:;82:;83:86;
3 89:91 551 251
78;81;84,85;
4 87,;88; 90;93 511 26,3
5 80;96;97 464 30,5

Analiza skupien (tabela 3) wg pakietu

Temperatura
Opady [mm] powietrza [°C]
. . odchyl. . odchyl.
$redni stand. Srednia stand.
214 0,0 16,2 0,0
352 2,7 16,2 0,05
257 29,5 14,7 0,6
337 23,4 141 0,6
385 30,0 13,7 0,7
statystycznego Systat

Tabela 3
Plon ziarna
[dt/ha]

. odchyl.
Sredni stand
47,2 0,0
55,0 19
52,2 5,6
51,5 75
51,6 78

Balicki 1998]

przeprowadzona dla lat 1978-1997, wykazata r6zne zwigzki miedzy badanymi cechami.

Najwyzsze plony ziarna jeczmienia jarego osiagnieto w latach cieptych o dostatecznej

ilosci i rozktadzie opadow atmosferycznych. Redukcje plonu od 20-30% w stosunku do
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maksymalnego otrzymano w latach 1972, 1982 i 1992, o wysokim niedoborze opadow.
Na zmienno$¢ plonowania jeczmienia jarego w latach badan ujemny wplyw miaty
réwniez opady typu burzowego powodujgce wyleganie roslin, a w nastepstwie tego
niedorozwo6j ziarna oraz nasilenie choréb. Przyktadem tego byt rok 1997, w ktérym w
okresie po wyktoszeniu notowano silne wyleganie roslin, a w nastepstwie tego -
obnizenie plonu.

Obliczone wspoétczynniki korelacji miedzy plonem, a elementami meteorologicznymi w
postaci sum lub $rednich za okres IV-1X dla poszczeg6lnych miejscowosci i rejonu,
wykazujg brak Scistych zaleznosci miedzy tymi cechami. Wynikatoby z tego, ze plon
nic jest obrazem zmiennych klimatycznych. Nie wyklucza to jednak wzajemnych ich
powigzan Wskazuje jedynie na to, ze fizjologiczne reakcje roslin na niekorzystne
czynniki $rodowiska powodujgce obnizenie plonu upraw rolniczych nalezy odnosi¢ do

krotszych okreséw czasowych niz sumy lub Srednie dla sezonéw wegetacyjnych.

WNIOSKI

1 Analiza czynnika opadowego wykazata duzg jego réznorodno$¢ w zakresie matych
obszaréw i w latach badan.

2. Wykazano duza zmienno$¢ wartoSci ewapotranspiracji potencjalnej ros$lin jako
punktu odniesienia wskaznika klimatycznego w latach badan.

3. Na zmienno$¢ plonu koncowego jeczmienia jarego dominujagcy wplyw majg
ekstrema pogodowe powodujace stresowe warunki w okre$lonych fazach wzrostu i
rozwoju roslin, w efekcie czego ograniczaja ich potencjat plonotworczy.

4. Zaréwno niedobory wodne spowodowane diugimi okresami bezopadowymi (ciagi
ponad 14 dni) jak i silne opady dobowe (ponad 20 mm), lub opady typu burzowego

wystepujace w koncowym okresie wegetacji - sg przyczyng spadku plonu.
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Streszczenie: Zmienno$¢ opadéw w sezonach wegetacyjnych ostatniego dwudziestolecia i
reakcja roslin w srodkowej Polsce W pracy przedstawiono dwudziestoletnie serie obserwacyjne
klimatologiczne oraz wyniki badann doswiadczenn polowych z jeczmieniem jarym
przeprowadzone w latach 1978-1997 w Srodkowej Polsce. W obszarze 51°48°-52"14" szerokosci
geograficznej i 15031°-21°56' dhugosci geograficznej. Celem opracowania byto ukazanie
wielkosci i zmiennosci opadéw i innych elementéw meteorologicznych w przedziale
wieloletnim i proba okreslenia, wzajemnych powigzar oraz korelacji rodlin i Srodowiska na
przyktadzie jeczmienia jarego. Analiza czynnika opadowego wykazata duzg jego réznorodno$¢
w zakresie matych obszaréw i w latach badan. Wykazano duza zmiennos¢ wartosci
ewapotranspiracji potencjalnej rodlin jako punktu odniesienia wskaznika klimatycznego w
latach badan. Na zmienno$¢ plonu ziarna jeczmienia jarego dominujacy wplyw maja ekstrema
pogodowe powodujace stresowe warunki w okre$lonych fazach i rozwoju roslin, w efekcie
czego ograniczaja ich potencjat plonotwarczy.
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Abstract: The influence of mineratfertitization and irrigation on the occurrence of leaf lesions,
phyllosphere and arbuscular mycorrhizal fungi in four spring cereal species. In a field
experiment conductcd in 1996, the influence of four rates of minerat fertilizers and irrigation on
the occurrence of leaf lesions, as well as phyllosphere and arbuscular mycorrhizal (AM) fungi in
four spring cereal species was investigated. The NPK rates applied were 150, 300, and 450 kg
ha'l The Controls were plots with no fertitization and irrigation. The cereals comparcd were
wheat cv. Banti, Xtriticosecale cv. Mingo, malting harley cv. Orlik, and fodder harley cv. Boss.
The highest perccnt of leaf area with lesions was found in wheat fertilized with 450 kg of NPK
ha'l The minerat fertitization and irrigation applied gcncrally incrcascd the ovcrail number of
spores of phyllosphere and the underground AM fungi associated with the plants examincd. hut
differently affected the sporulation of the species revealed of the two fungal groups.

INTRODUCTION

Land plants harbour different kinds of microscopic fungi. Of them, phyllosphere and
arbuscular mycorrhizal fungi have an especially high importance for health and
productivity of plants (Smith and Read 1997; Windels and Lindéw 1985).

According to Subramanian (1983), excellent substrates for microscopic fungi arc Icavcs
of monocotylcdonous plants. Investigations of the communities of fungi colonizing the
phyllosphere of cereal plants revealcd different groups of microorganisms, including
non-pathogenic and pathogenic species, whose quantitative and qualitativc composition
highly depended on, e. g., the plant species considered and its growing conditions
(Btaszkowski 1993; Dickinson and Preece 1976). Fluctuations in the occurrence of
individual fungal species have also becn suggested to be causcd by changes in the

number of accompanying fungi (Mills and Wallace 1968).
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Arbuscular mycorrhizal fungi (AMF: Glomales, Zygomycota) form symbiotic
associations with at least 80% of plants of the Earth (Gianina/.zi and Gianinazzi-Pearson
1986), including most cultivatcd plants (Gcrdemann 1968). The plants generally
considered to be good hosts of AMF are members of the family Poaceae (Btaszkowski
1993; Brundrctt et al. 1999; Harley and Harley 1987). Of the cultivated plants of this
family, all ccreals host AMF, although their mycorrhizal depcndency and influence on
sporulation of AMF varied, depending on the cultivar used (Azcon and Ocampo 1981),
stage of plant dcvelopment (Srenivasa and Rajashekhara 1989), and culture conditions
(Hayman 1970). A large number of literature data exist of the protective effect of
arbuscular mycorrhizae towards pathogenic microorganisms (Smith and Read 1997).
The agricultural practices markedly modifying the activity of both plants and associated
microorganisms are minerat fertilization and irrigation (Cook and Baker 1983). Minerat
fertilizers influeneed plant resistance, as well as leaf and root exudation (Cook and
Baker 1983), and the amount and composition of the exudates altered the quantitative
and qualitative composition of co-occurring non- and pathogenic microorganisms (Cook
and Baker 1983; Smith and Read 1997).

Minerat fertilization also affected root colonization and spore production by AMF
(Hayman 1970). For example, nitrogen (N) fertilization has either stimulated (Aziz and
Habte 1989) or inhibited (Buwalda and Goh 1982, Johnson et al. 1984) these fungi,
depending on soil N (Mosse and Phillips 1971) and phosphorous (P; Buwalda and Goh

1982) concentrations, N sourcc and NHa +:No 3 ~ ratios (Johnson et al. 1984), and the

scnsitivity of AMF species to N fertilizers (Hayman 1975). High levels of P in soils and
plants can inhibit both mycorrhiza formation (Douds and Schenck 1990) and spore
production (Smith and Read 1997). Although less documented, potassium (K) added at
low and high rates was associated with high levels of colonization of roots by AMF
(Plenehette and Corpon 1987: Vejsadova 1992). The effects of compounded NPK
fertilizers were complex and depended on many prcvailing variables (Hayman 1975).

Soil moisture has been shown to affect AMF and mycorrhizae. For example, soil water
deficiency has lowered and delayed spore germination (Tommerup 1984), root growth
(Reid and Bowen 1979) and, thereby, mycorrhizal formation (Paula and Siqueira 1987,
Reid and Bowen 1979). In contrast, irrigation has inereased both mycorrhizal

colonization and spore production of AMF. Suggested reasons havc been enhaneed root
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growth (Paula and Sigueira 1987), alterations in moisture and nutrient properties of the
soil (Safir et al. 1990), and improved spore distribution in the soil profile (Lcvi et al.
1983). However, the effects of irrigation on AMF rcvealed were associated with the
stage of plant development, fungal species, rate (Safir et al. 1990) and Chemical content
of the water used (Lcvi et al. 1983).

The aim of this study was to determine the influence of different rates of fertilization
and irrigation on the occurrence of leaf lesions, phyllosphere, and arbuscular

mycorrhizal fungi in four spring cereal species.

MATERIALS AND METHODS

In 1996, a field experiment was conducted to invcsligate the influence of minerat
fertilization and irrigation on the occurrence of leaf lesions, phylloplanc and arbuscular
mycorrhizal fungi in four spring cereal species. The cxperiment was performed on a
sandy soil in the Szczecin Pomerania Region (north-western Poland). The
characteristics of the expcrimenl set up were:
e soil of a good rye complex and a valuation class of IVb: pH in KC1 5.3-56;
orgC 1.5%,
° experimental design - split-split btock with four replicates and 10 x 1.8 m plots,
¢ host plant - malting harley cv. Orlik, fodder harley cv. Boss, wheat cv. Banti,
XTriticosecale cv. Mingo,
o fertilization (kg ha') - N as NH4No 3, P as supcrphosphatc, K as KC1; broadcast
in random order to the plots; wheat and XTriticosecale at 50, 40, 60 (NiPjKi),
100, 80, 120 (N2P2K2), and 150, 120, 180 (N3P3K3); malting harley at 20, 40, 60
(N,P,K,), 40, 80, 120 (N2P2K2), and 60, 120, 180 (N?P,K,); fodder harley at 40,
40, 60(NiP,K,), 80, 80, 120(N2P2K2), and 120, 120, 180 (N3PsK;,),
e irrigation (mm) - tap water applied in the 3rd decade of May and 14 and 2"d
dccadcs of June, at 40 (2 x 20) for malting harley and fodder harley and at 50 (2
x 25) mm for wheat and XTriticosecale. Plants were irrigated with sprinkler
hcads, spaced 4 m apart,

e control - plots without fertilization and irrigation.
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Lcaves and mixturcs of rhizosphcre soils and roots were collected at the milky ripe
stage of plants.

The percent of leaf area with lesions was evaluated according to graphical sales
(Btaszkowski et al. 1999).

Spores of phyllosphcre fungi were isolated following vigorous washing of leaves in a
hulh containing tap water. The spore density was determined using a hemocytometer.
Spores of AMF were recovcred from root-rhizosphere soil mixtures by wet sieving and

decanting (Gerdcmann and Nicolson 1963).

RESULTS

Leaf lesions. The highcst percent of leaf area with lesions occurred in the wheat cv.
Banti combination (Tab. 1). The lowcst values of leaf damage regarded the
XTriticosecale cv. Mingo, 3NPK+W, malting harley, cv. Orlik, ONPK, and malting
harley, cv. Orlik, ONPK+W treatments.

Table 1 The influence of fcrtilization and irrigation on the percent of leaf area with

lesions

Plant spccies Spring wheat Spring Malting harley Fodder harley
cv. Banti Ttriticosecale cv. Orlik cv. Boss

cv. Mingo

Fcrtilization

(NPK) and

irrigation (W)

ONPK 47.0 26.0 24.0 9.0

ONPK+W 23.0 27.0 175 10.0

3NPK 49.5 23.0 16.0 17.0

3NPK+W 27.0 8.0 25.0 17.0

Phyllosphcre fungi
Wheat. The rates of the minerat fertilizers applied did not influence both the overall
spore density of all phyllosphcre fungi and the number of spores of the pathogenic and

saprophytic fungi considcrcd (Tab. 2).



Table 2. The influence of minerat lerilization and irrigation on the abundance of spores of phyllospherc fungi

Treatment

NPK
(kg ha')

Irrigation

NPK
(kg ha')

Irrigation

NPK
(kg hal

Irrigation

NPK
(kg hal

Irrigation

*0 - no irrigation, W - irrigation applied

150
300
450

150
300
450
0
W

Fungi

Alternaria Blumeria
alternata graminis
Spring wheat

5.25 15.01
8.25 6.75
6.75 3.00
7.50 .

4.50 8.62
9.37 3.75
Xtriticosecale

6.75 11.25
450 12.00
4.50 12.25
6.00 12.00
5.62 16.87
5.25 6.37
Malting harley

4.50 8.25
6.75 6.00
3.00 12.75
7.50 12.00
6.00 7.87
4.87 11.62
Fodder harley

3.00 7.50
3.75 12.00
5.25 13.50
8.25 10.50
6.37 9.75
3.75 12.00

Cladosporium Epiccocum

Spp.

0.50
8.25
5.25
4.50
6.00
8.25

8.25
9.75
7.50
6.75
9.00
7.12

5.28
6.75
7.50
7.50
6.75
6.75

4.50
9.00
7.50
10.50
6.37
9.37

nigram

1.50
0.75
3.00
1.12

1.50

0.75
0.75

0.75

3.00

3.00
2.62
0.37

6.75
5.25
3.00
3.00

Fusarium spp.

9.75
3.75
5.25
6.00
8.25
412

2.25
4.50
6.75
4.50
3.37
5.62

2.25
4.50
7.50
8.25
7.12
412

5.25
8.25
6.00
6.75
7.12

6.00

Helminthosporium Puccinia

menae

0.75
0.75
3.00
0.75
1.12
1.50

1.50
2.25
3.00
2.62
0.75

Spp.

23.25
28.50
18.00
18.00
22.50
21.37

24.75
30.75
34.25
39.75
28.12
36.75

15.00
17.25
18.75
15.75
17.25
16.12

17.25
26.25
24.75
23.25
21.75
24.00

other

6.00
6.00
2.25
3.00
4.87
4.50

4.50
5.25
9.75
8.25
6.00

7.87

6.00
6.75
6.00
7.50
5.62
7.50

6.75
6.00
9.75
6.00
9.37
4.87

Total

69.75
63.00
41.25
43.50
55.87
52.87

58.50
67.50
75.00
77.25
69.00
69.75

42.00
51.75
58.50
62.25
54.37
52.87

44.25
66.75
75.75
73.50
66.37
63.75
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Irrigation decreased the overall density of fungal spores and highly lowered the
numbcr of spores of B. graminis and Fusarium spp. In contrast, the sporulation of
Alternaria alternata, Cladosporium spp. and Epiccocum nigrum was higher in the
phyllosphere of irrigated plants than in those with no water application.

XTriticosecale. Increasing rates of fertilizers enhanced the overall spore density
of all fungi and the number of spores of the genera Fusarium spp. and Puccinia spp.,
but did not influence the production of spores by Blumeria graminis, A. alternata,
Cladosporium spp., and E. nigrum (Tab. 2).

Water application did not changc the overall fungal spore density, slightly
inereased the sporulation of Fusarium spp. and Puccinia spp., but highly decreased the
spore production by B. graminis.

Malting barley. Increasing rates of NPK enhanced the overall fungal spore
density (Tab. 2). Although minerat fertilization had no marked influence on the
sporulation of A. alternata, Cladosporium spp., E. nigrum, and Helminthosporium
avenae, it highly inereased the number of B. graminis and Fusarium spp. spores.

Except for H. avenae, irrigation slightly lowered both the overall fungal spore
density and the spore density of the other fungal species considered.

Fodder barley. Minerat fertilization inereased the overall fungal spore density
and the spore density of A. alternata, Cladosporium spp., and E. nigrum (Tab. 2).
Howcver, it did not influence markedly the abundancc of spores of B. graminis,
Fusarium spp., and Puccinia spp.

Dcspitc the water application decreased the overall fungal spore density and that
of A. alternata, Fusarium spp., and H. avenae, a slight enhancement of the sporulation
of B. graminis. Cladosporium spp., and Puccinia spp. was recorded.

Arbuscular mycorrhizal fungi

Wheat. The highest number of spores of AMF was found in the rhizosphere soils of
plants growing in unfertilized plots (Tab. 3). The sporulation of AMF was highest
inhibited following the use of 150 and 450 kg NPK ha'l The species of AMF whose
spore production was highest lowered was G. deserticola. In contrast, the spore
abundancc of Glomus constrictum was highest at a rate of 300 kg NPK ha’l Irrigation

decreased the sporulation of all the AM fungal species considered.



Table 3. The influence of minerat fertilization and irrigation on the spore density of arbuscular mycorrhizal fungi associated with roots of
four cereal plant species

Treatment

NPK
(kg ha')

Irrigation

NPK
(kg ha')

Irrigation

NPK
(kg ha')

Irrigation

NPK
(kg ha'])

Irrigation

150
300
450

150
300
450

150
300
450

150
300
450
0
w

Acaulospom

lacunosa polylamina

Xtriticosecale

1.50
0.75

Malting barley

0.50

0.25
Fodder barley

*0 - no irrigation, W - irrigation applied

Glomus
caledonium
13.50

0.50

7.50

2.50

8.50

3.50

4.00
1.50
4.50
12.00
6.00

5.00

16.50
11.00
6.00
5.50
9.25
10.30

2.50
9.50
5.50
2.00
2.25
7.50

constrictiim
0.50

1.50

10.00

5.00

2.50

6.00

0.50
5.00
6.50
5.50
150
7.25

0.50
2.50
2.50
1.00
2.25

1.00

6.00
1.50
1.50

6.50

2.50

5.25

deserlicola
57.00

0.50

4.00

1.50

30.50

1.00

1.50
2.50
4.00
3.25
0.75

4.00
2.50
1.50
1.00

4.50

dominikii
0.50
6.50
5.00
3.25
2.75

0.50

2.50
1.50

7.00
0.50

3.75

etunicatum
5.00

1.50

2.50
0.75

1.50
2.50
9.50
7.50
4.50

6.00

4.50
1.00
1.00
175

1.50

0.75

fasciculatum  mosseae

2.00
1.50

0.25
1.50

0.50
1.00
10.0
2.50
2.25
4.75

1.00
0.50

1.50
0.75
0.75

0.50
3.00
2.00

1.00

175

3.50

1.50
0.25

Total
77.0
10.0
38.0
115
49.50
18.80

9.00

12.00
24.50
30.50
18.30
19.80

21.50
19.00
16.50
9.00

13.50
19.50

19.00
15.00
8.50
8.50
6.50
19.00
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XTriticosecale. Enhanccment of the rates of minerat fertilizcrs generally
incrcascd the sporulation of AMF (Tab. 3). The highest increase was observed in G.
caledonium and G. etunicatum.

Although water application slightly increased the overall spore abundance of
AMF, the fungal species responded differently to irrigation. For example, G.
constrictum highly increased spore productivity following water application, whcreas G.
deserticola responded inversely.

Malting barley. Increasing rates of NPK accompanied a gradual decline of the
ovcrall spore abundance of AMF (Tab. 3). Most of the fungal species recovcred
responded similarly.

Except for G. constrictum, irrigation enhaneed both the spore density of the
fungal species identified and the overall spore abundance of these fungi.

Fodder barley. Minerat fertitization decreased the ovcrall spore abundance of
AMF, but differently influeneed the sporulation of the fungal species reveaied (Tab. 3).

Fxccpt for G. mosseae, water application increased the spore density of all the
other species and the overall number of spores of AMF associated with roots of fodder

barley.

DISCUSSION

The minerat fertitization and irrigation applied generally increased the overall number
of spores of phyllosphere and the underground AM fungi, but differently affected the
sporulation of the species revealcd of the two fungal groups.

The changes observed may havc resulted from both the direct and indirect effects of the
minerat fertilizcrs and water applied on these fungi.

The direct influences may have been (1) a better supplying of both phyllosphere and
AM fungi with nutrients and water by their fertilizcd and irrigated host plants (Cook
and Baker 1983), (2) inhibition of the activity of some species of the fungal groups
considered by the NPK rates applied (Anderson et al. 1987: Douds and Schenck 1990;
Harinikumar and Bagyaraj 1989: Hetrick et al. 1984: Saif 1986; Thomson et al. 1986),
(3) faeilitation of germination and dissemination of infection propagules of

phyllosphere and AM fungi by the water used (Levi et al. 1983; Tommerup 1984), (4)
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enhancement of the extcnd of mycorrhizal colonization (Paula and Siqueira 1987; Rcid
and Bowen 1979; Safir et al. 1990), and (5) reduction of the number of spores of
phyllosphere fungi due to their bursting or washing down to the ground by water drops
(Harwood 1995).

The indirect reasons of the changes revealed in the activity of phyllosphere and AM
fungal communities after fertilization and irrigation may have bcen (1) enhancement of
leaf and root areas of plants and, thereby, the extension of a niche for these
microorganisms (Brundrett et al. 1999; Cook and Baker 1983; Rcdhead 1975; Safir et
al. 1993), (2) reduction of concentration of soil solution bclow a harmful level to all or
some spccies of AMF because of dilution of the minerat clcments incorporatcd
(Btaszkowski et al. 1993), (3) changes in phyllosphere and rhizosphere pHs (Blakeman
1985; Chambers et al. 1980; Morris and Rouse 1985), (4) alterations in exudation of
roots and leaves (Russell 1977), and (5) inereased activity of non-mycorrhizal soil and
phyllosphere microorganisms not considered in this study (Blakeman 1985; Conner et

al. 1992).
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Streszczenie: Wplyw nawozenia mineralnego i nawadniania na wystepowanie plamistosci lisci,
grzybow fyllosferowych i arbuskularnych grzybéw mikoryzowych u czterech gatunkéw zboz
jarych. W doswiadczeniu polowym przeprowadzonym w roku 1996 zbadano wptyw czterech
dawek nawoz6éw mineralnych i nawadniania na wystepowanie plamistosci lisci i grzybow
fyllosferowych oraz arbuskularnych grzybéw mikoryzowych u czterech gatunkéw zboz jarych.
Zastosowanymi dawkami NPK byty 150, 300 i 450 kg ha'l Kontrolg byty poletka nie nawozone
i nic nawadniane. Pordwnywanymi roslinami byty pszenica odm. Banti, pszenzyto odm. Mingo.
jeczmienn browarny odm. Orlik i jeczmien pastewny odm. Boss. Najwiekszy procent
powierzchni lisci z plamisto$ciami stwierdzono u pszenicy po zastosowaniu 450 kg ha'1 NPK.
Nawozenie mineralne i nawadnianie na og6l zwiekszaty 0g6lng liczbe zarodnikéw grzybow
fyllosferowych i zarodnikéw podziemnych arbuskularnych grzybéw mikoryzowych zwigzanych
ze zbadanymi roslinami, ale roznie wptywaly na zarodnikowanie ujawnionych gatunkéw obu
tych grup grzybow.
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Water resources management and irrigation of cultivated plants

Irrigating potatoes in the Wroctaw region

KAZIMIERZ CHMURA, STANISLAW ROJEK

Department of Environmcntal Effects of Agriculture, Agricultural University of Wroctaw

Abstract: Irrigating potatoes in the Wroctaw region. The investigations wcrc conducted over
1974-97 in the Plant Irrigation Station at Samotwor by Wroctaw, on soil of a rye conrplex (IVb
valuation class). Various earlyness groups of potato (48 cultivars) werc studied. It was found
that irrigation and nitrogen fertilisation increased the yields of all cultivar groups, independent
of year category. Howevcr, the greatest yield was obtaincd in the case of late cultivars in mcan
and medium wet years. Simultaneous irrigation and fertilisation gives best results, independent
of year category and cultivar earlyness.

Key words: potatoes, cultivars, weather course, irrigation, fertilisation, yield

INTRODUCTION

The potato is one of the most popular crops, aside of ccreals. It is cultivatcd as
consumable, industrial and fodder plant. In the crop structure it occupics, depending on
region, about 12%. Hencc the fairly great interest in that crop of scientists and
producers. The potato is a plant typical for cultivation in moderate climate. It yields
quite well on light soils provided the soils are rich in nulrients, that is adequalcly
fertilised and with enough moisture. Howevcr, in Poland it is difficult to insure the
optimal conditions for proper growth and dcvelopmcnt of the plant because of weather
variation and unequal distribution of prccipitation. So, if we want to obtain dependable.
high and good quality yields, irrigation cquipment must be installcd to guard against thc
negative consequences of a drought. The importance of thc problem is suggested by the
numerous investigations and research papers on potato irrigation [4,5,10,14,16,17].
However, fragmentary publications prevail that are conductcd over a short period of
time (usually 3 years). In the present paper we refer to only some of them [1-3,6-9,1 1
13,15,18]. The Department of Environmental Effects of Agriculture in collaboration

with the Potato Institute in Jadwisin and conducting experiments supported by the Stale
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Research Commiltee (KBN), has performed in 1974-1997 investigations on a large
number (48) of sprinkled potato varieties.

The aim of the present work was to make a synthetic elaboration of the effect of
sprinkling and nitrogen fertilisation on yielding of various cultivars of this popular root

crop, dependent on earlyness and type of year (weather course).

precipitations (mm)

mm
500 T
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0 July
Q June
@May
medium dry medium w et w et years
temperature ( C)
20 =
19 «
18 m
17 m
16 =
15 =
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14 - June
13 - -July
medium dry mean mediumw et w et years -August

Fig. 1 Precipitations and temperaturo in May-August, acc. to year catcgory.
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CONDITIONS, METHODS AND SCOPE

Field iiwestigations were conducted over the years 1974-1997 in the Irrigation Station
at Samotwoér by Wroctaw. They were localised on soil of a good rye complex of 1Vb
valuation class. The weather course is shown in Fig.l, where mean precipitation totals
and mean temperatures are given for the period May-September, i.e. for the vegetation
period which is decisive for yielding of the cultivars studicd. The years have been
classified as follows. Precipitation totals for the period May-August were ordered in an
inereasing seguence. The mean value for the multiannual period was calculated, then the
consecutive means for low and high precipitation. On this basis 5 year category
intervals were distinguished. The division into year category, mean temperatures,
precipitation totals and water doses is presented in Table 1

The mean precipitation totals and mean temperatures for dry years were 183.8 mm and
17.1°C, for medium dry 227.4 and 16.7, for mean ones 293.1 and 15.9, for medium wet
382.4 and 16.2, and wet 434.3 mm and 16.1 °C, rcspectively. These data indicatc that
the temperature tends to decrease with inereasing precipitation.

The field experiments were done using the split-block method, in a dependent system
with three variable factors and four repetitions (cultivars, nitrogen fertilisation and
irrigation). The following very early cultivars were studied: Irys, Frezja, Cynia, Ruta,
Malwa, Azalia, Narcyz; early: Dalia, Sasanka, Jasmin, Elipsa, Perkoz, Lotos, Alka and
Kalina; medium early: Pola, Ronda, Elida, Beryl, Bliza, Ibis, Irga, Dukat, Bintje, Kos
and Maryna, medium late: Sokdt, Sowa, Atol, Cisa, Brda, Heban, Fregata, Marta, Leda,
Poprad, Bogna, Ania and Lawina; and late cultivars: Narew, Janka, Bronka, Bébr, Ceza,
Odra, Liwia, Kora and Krab.

Fertilisation was applied: nitrogen 0, 80, 160 and 240 kg/ha (46% as urea), phosphorous
80 kg P20s5/ha and potassium 160 kg K20/ha. Thesc fertilisers were spread in the spring
before planting potatoes. Organie fertilisation 30 tons of manure per hcctare was done in
Autumn of the previous year.

Sprinkling was applied in two variants: without irrigation (WQO) and with irrigation
(W1) dependent on weather course, soil moisture (tensiomctrically measured) and on

the plant developmental phases. Overall doses of water are given in Table 1
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Table 1 Year categories dependent on precipitation total in May-August and mean temperatures
(°C) and water doses (mm).

Dose of Temperatur Precipita- v Dose of  Temperaturo Precipita-
Yem. water QC ¢ tion ‘ em. water tion
categories mm mm categories mm oc mm
1987 67 15,2 269,2
1983 94 17,5 282,5
1994 300 17,8 166,7 1996 100 16,2 294,1
1992 260 19,0 181,3 1981 37 16,7 297,0
1990 166 17,0 186,9 1984 34 15.4 298,3
1979 103 15,5 189.9 1976 53 15,6 304,9
1989 140 16,6 194,3 1978 51 149 305,5
Dry 194 Mean 62
1985 74 16,2 369,6
1986 93 16,6 377,0
1988 94 17,0 217,3 1980 49 14,8 377,5
1982 43 17,2 219,7 1974 60 15,1 382,5
1991 60 15,9 242,3 1997 80 17,1 393.1
1993 160 16,7 247,4 1995 71 17,2 394,4
Medium
Medium dry 89 71
wet
1975 60 16,8 397.8
1977 40 15,5 470,7
Wet 50

RESULTS

In the present work are given mean bulb yields for cultivars, groups of cultivars, N
fertilisation and irrigation. The mean yields for the respectivc groups of earlyness are
prescntcd in Fig. 2. It was found that the highcst yields from control trealments for
medium late and late cultivars werc 22.2 t/ha, smaller yields were given by medium
early cultivars (26.7), and the smallcst by early (15.3) and very early (16.3). In the
rcspective groups of earlyness the following cultivars yielded best: Janka (30.9), Lawina
(27.S), Bintje (26.1), Frezja (21.4) and Kalina (19.7 t/ha).

In order to know how the groups of cultivars werc affected by the respective measures,
mean yields from irrigated, N fertilised and trealments with both measures applied were
compared with the control treatments. The results are presented in Fig. 3. It was found
that the irrigated early and vcry early cultivars incrcased yields by 2.6 t/ha, medium arly

by 5.3. medium late by 3.8, and late by 2.0 t/ha. The weak reaction to irrigation of
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almost all the very early, early and late cultivars is understandable, though the causes
are various. The first ones, due to their short vegetation, were usually irrigated from 0 to
2 times with 20 mm. Gathering took place 75 day after planting, so that vegetation was
very brief and the amount of post-winter water in soil sufficient. In tum, the lifting of
late cultivars took place 160 days after planting, so that consecutive precipitation in 45
days decreased the effects of sprinkling.

Nitrogen fertilisation inereased yield if the very early and early cultivars by 3.3 t/ha,
medium early by 6.3, medium late by 5.2 and late by 6.6 t/ha. One may thus say that the
cultivars of longer vegetation period utilise that component better and yield better as a
result.

Simultaneous application of sprinkling and nitrogen fertilisation induces highesl
inereases in yield. In that case together with inereased vegetation of the cultivars studied
the inerements in yield were the foliowing 5.7, 5.9, 9.9, 11.4 and 10.4 t/ha. (Fig.3).
The invcstigations showed that cultivars reacted to irrigation and nitrogen fertilisation
variously. Some inereased the yield markcdly, while others only at a minimum. The
percentage reaction of the cultivars studied to irrigation is shown in Fig.4. to nitrogen
fertilisation in Fig.5 and co-operation of both factors in Fig.s. The figures inelude only
those cultivars whose inereases were greater than the mean for cultivar groups. In the
respective groups of airlines the highest inereases in yield due to sprinkling gave the
cultivars: Azalia (29.1%), Alka (24.8), Beryl (31.6), Marta (53.3), Cisa (19.0) and
Bronka (19.1). The medium early cultivars reacted strongest to that measure.

Yield inereases due to fertilisation were on average larger than those due to sprinkling
and referred mostly to other cultivars. In the respcctivc groups the strongest reaction to
that factor was found for: Azalia (36.7%), Perko/. (39.6), Dukat (48.1), Cisa (39.8) and
Bronka (75.5); dctails in Fig. 5.

Both the treatments when applied together caused the greatest increase in yield of the
cultivars studied. Of the cultivars represented in Fig. s the largest inereases in yield
were given by: Azalia (92.8%), Dalia (70.5), Dukat (75.1), Bogna (101.5) and Bronka
(110.5).

Interested are potatoes yields as dependent on the treatments applied in year with

various precipitation in the vegetation period.



Fig. 2. Mean yields of potatoe cultivars acc. to carlyness groups, in t/ha.
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Fig. 7 shows the mean yield of all 48 studied cultivars dependent on irrigation, N
fertilisation and combined action of the two measures in various year groups. The
presented data indicate that the yields of potatoes grown on control treatments (manure
fertilised) exhibited an inereasing tendency with inereasing precipitation total.

The applied irrigation gave highest yield inereases in dry years (27.6%), the inerements
being progressively smaller with inereasing soil water content.

N fertilisation indueed largest yield inereases in years of mean precipitation, in dry
years the increase being smallest.

Sprinkling and N fertilisation combined caused largest yield inereases in dry years, and
smallest in wet years (Fig. 7).

Analysing the data on the mean yields of the early cultivar potatoes as dependent on the
group of earlyness and year category (Fig. 8), one can say that on control treatments
(without sprinkling) the highest yields were given hy medium early cultivars (21.3 t/ha),
lower by medium late (20.3) and late (21.1), and the lowcst hy very early and early
(16.6 t/ha). In the foliowing characteristics, the yields of the two last cultivar groups
have been discusscd together owing to the same lifting time, i.e. 75 days after planting.
It should be noted that early cultivars inereased yields with inereasing precipitation
from 13.9 t/ha in dry years to 22.2 t/ha in wet years. This was not the case with medium
early and late cultivars. Medium late cultivars showed a tendency to larger yields with
inereasing moisture (Fig. s).

Irrigation affected most beneficially the yield of medium late cultivars (25.4 t/ha). The
other groups of cultivars yielded weaker. Thus the yield of late cultivars was at the
Icvel of 23.8, medium early 23.3 and early 18.3 t/ha, the latter giving highest yields in
medium wet years (20.3 t/ha). The remaining eultivar groups vyielded best when
irrigated in dry years.

Nitrogen fertilisation inereased yield with inereasing precipitation and length of cultivar
vegetation. Thus the lowest yields were given by early cultivars (20.1 t/ha), higher by
medium early (26.9) and medium late (27.4), and the highest by late (28.4 t/ha).
Simultancous irrigation and fertilisation with minerat nitrogen had the best effect on
development and yielding of potatoes. Due to these measures, best yields were obtanied
for medium late cultivars in dry years (41.8 L/ha). Detailed relations are illustrated in

Fig. s.
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CONCLUSIONS

1 Irrigation of diffcrecnt potato cultivars depcndcd on the weather course, genetic
potcntial (cultivar) and nitrogen fertilisation.

2. The greatest inereases in yields duc to sprinkling are obtaincd in dry years, this effect
becoming smaller with incrcasing precipitation.

3. Comparison of yield from different cultivar groups shows that the largest inereases in
yield can be reached applying irrigation to medium latc cultivars (Fig. 4).

4. In thc respective groups of earlyness thc highest inereases in yield due to irrigation
werc produccd by the cultivars: Azalia, Alka, Beryl, Marta, Ceza and Bronka.

5. Nitrogen fertilisation inereased yield, the highest inereases being reached in year
with mean precipitation (Fig. 7).

6. The highest yields and inereases result from irrigation and nitrogen fertilisation

combined in dry years. This is true especially for medium carly and late cultivars.
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Streszczenie: Nawadnianie ziemniakow w rejonie Wroctawia. Badania przeprowadzono w
latach 1974-1997 w Stacji Nawadniania Ro$lin w Samotworze k. Wroctawia, na glebie lekkiej,
IVb klasy bonitacyjnej. Przebadano fgcznie 48 odmian (7 z grupy bardzo wczesnych. s
wczesnych, 11 $rcdniowczesnych, 13 Sredniopdznych i 9 poznych). Stwierdzono, ze efekty
deszczowania roznych odmian ziemniaka zalezaty od przebiegu pogody, potencjatu
genetycznego (odmiany) i nawozenia azotem. Najwyzsze przyrosty' na skutek deszczowania,
uzyskiwano w lata o niskich opadach w miesigcach maj-sierpien. W lata o wyzszych opadach
zwyzki te byly odpowiednio mniejsze. Najsilniej na nawadnianie reagowaty ziemniaki z grupy
odmian $redniop6znych (przecietnie przyrost o 20%). Szczeg6lnie wysokie przyrosty plonu
stwierdzono w pr/.ypadku odmian: Bogna (14,4 t/ha), Marta (11,6), Fragata (11,1) i
Lawina(10,5). Z nacznic stabiej reagowaty odmiany wczesne. Nawozenie azotem zwiekszato
plony najsilniej w lata o opadach przecietnych. Jednoczesne zastosowanie w uprawie ziemniaka
nawadniania i nawozenia azotem przynosito z reguly dodatnie efekty niezaleznie od kategorii
lat i wczesnosci odmian
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Abstract: Yielding of triticale in Lower Silesia related to soil, cultivar, years, and precipitation
total and its distribution. Part I. Winter triticale Based on a synthesis of agrotechnical
experiments with winter triticale over 1983-96 at 6 locations in Lower Silesia, it was lound that
the factors studied modified the yield as follows: soil 25%, cultivar 29% and years 33%. The
yield was positively correlatcd with precipitation total and the number of days with precipitation
throughout the vegetation season exccpl the brief time from vegetation start to shooting.
Produclivity of 1 mm precipitation was 3.6 kg grain, of 1day with up to 5 mm precipitation -
215 kg grain and 1 day with any precipitation - 20.7 kg grain per ha and maximum and
minimum number of days with precipitation <= 5 mm - 0.86 t grain per ha, and total number of
days with precipitation- 0.97 t grain per ha.

Key words: winter ftriticale, soil, cultivar, precipitation total, precipitation distribution, Lower
Silesia

INTRODUCTION

Triticale, the fifth corn officially allowed for cultivation in the 1984/85 season, has
entered the national crop structure for good. It is distinct for its high yielding potential
and great fodder vaiuc. Therefore, it competes well with other corns, especially on
medium soils, and its cultivation is not demanding on less fertilc soils. The recent
advances with respect to triticale cultivation and varieties induced a dynamie increase in
its cultivation area to about 700.000 ha in 1998. The list of triticale spring and winter
cultivars is long, the investigations on its biology, fodder value and agrotechnical
reguirements - broad (Mackowiak et al., 1993, Starczewski et al. 1993). In spite of

intensive investigations, however, the knowledge about regional natural and agricultural
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rcquirements, particularly regarding the level and distribution of precipitation, must be
judged insufficient (Dmowski, 1998, Makowiecki and Maczka 1993). The objective of
the present work was to determine the dependence of yielding of winter triticale on
overall precipitation and its distribution for multiannual vegetation, and also on soil,

cultivar and years in the Lower Silesia region.

MATERIALS AND METHODS

In the investigations were employed the results of cultivar experiments, conducted over
1983-96 in the foliowing stations of cullivar valuation: Tomaszéw, Lubinicko, Pokoj,
Grabik, Kroscina Mata and Naroczyce. From those stations, aside of yields, were
obtained also precipitation data. The effect of soil complex, cultivar and years was
statistically elaborated using the variation analysis method. The vegetation time of
winter triticale (the spring start of vegetation - wax maturity) was divided into three
phases: phase 1 - spring start of vcgetation until shooting, phase 2 - shooting till
heading, phase 3 - heading till wax maturity. In each of the phases were considered the
foliowing parameters connected with precipitation: overall precipitation, number of
days with precipitation lower or equal to 5 mm and total number of days with
precipitation. The minimum, maximum and mean values were determined, as well as
correlation coefficients with yield of each parameter studied and its significance. Based
on the regression straight line, the productivity of 1 mm precipitation, of 1 day with
precipitation <=5 mm and 1day with any precipitation were determined for each of the
phases. The change in yield of winter triticale induced by each of the parameters studied
was determined by calculating, on the basis of the regression straight, the difference
between the yield for maximum and minimum of the respective parameter. This allowed
to find out which of the parameters studied and in which phase significantly affect the

yield. The same indices were determined for the whole vegetation period.

RESULTS

It is gencrally believed that the soil requirements of triticale are lower than those of

wheat or harley and greater than those of rye. Triticale yielded significantly best on
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wheat good and ryc good complexes - over 7 t/ha (Tab. 1). On other complexcs the yicld
was lower: on whcat very good complex - by 6 %, on wheat faulty and rye good - by 7%
and on rye weak - by 26%. Thus the variation in yield of wintcr triticale due to soil
quality amount to 26%. Aside of soil, strong effects excrted cultivars years. The
investigations included 18 cultivars of winter triticale (Tab. 2). In Lower Silesia best
yielded the Marko eultivar - 7.7 t/ha and the cultivars Alzo - 7.33 t/ha, Moreno - 7.18
t/ha, Bogo - 7.12 t/ha, Tewo - 7.06 t/ha. The yields of the other cultivars did not differ
significantly from the above named except for Largo, which yielded lowest (5.25 t/ha).
Maximum differences in yield of the respective cultivars of winter triticale reached

29%, so that this factor affected yielding morc than soil conditions.

Table 1
Effect of soil on yielding of winter triticale (Lowe Silesia)
Number Yield Significant
No Complcx of data t/ha % differences
between complcxes
1. Wheat v. good (1) 100 6,78 94 1->56
2. Wheat good (2) 109 7,19 100 2->46
3. Wheat faulty (3) 77 6,68 93 5-» 4,6
4. Rye v. good (4) 166 6,66 93 3->5%
5.  Rye good (5) 149 7,17 100
6. Ryeweak (s) 115 5,34 74

The yicld value dcpended also on weather conditions in the respcctive years, grcatcr
yield variation in yielding of winter triticale being caused by years than soils and
cultivars. The cffect of years on yielding of winter triticale was, howcvcr, smallcr than
on yielding of spring triticale due to the stronger and deeper root system, which enables
the plants to take water from deeper levels when precipitation is not sufficient. The
highest yields of winter triticale occurred in 1995 - 7.92 t/ha and without significant
differences in 1990 - 7.63 t/ha and in 1991 - 7.28 t/ha (Tab. 3). In the rcmaining years
the yields were significantly lower, especially in 1984 by 33%, 1987 - 30%, 1983 -
28%, 1986 - 27%, 1988 - 26% and 1996 - 24%. Yield variations throughout the years
caused by weather amounted to 33%. Starczewski et al. (1993) in their studies on the

variation and structure of winter triticale yield record a great cffect of years.
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Number
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40
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17
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t/ha

5,84
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6,55
6,56
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6,42
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7,37
7,33
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%

79
81
82
71
89
89
91
87
87
96
91
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94
96
95
100
99
89

Table 2.

Significant
differences
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16,17-"4

The precipitation conditions in cultivation of winter triticale were considered from the

spring start of vegctation till wax maturity and in the following developmental periods:

spring start of vegetation - shooting, shooting - hcading, hcading - wax maturity (Tab.

4). Precipitation total in Lower Silesia in 1983-96 in the period spring start of vegetation

wax maturity varied from 103 to 315 mm. The mean precipitation was 218 mm. The

correlation coefficient between yield and precipitation was positive in that period

(significant ). Analysing yields of winter triticale with respect to precipitation in the

rcspcctive growth periods we found a negative correlation for the phase spring

vegetation start - shooting, and a positive correlation for the two consecutive phases

(shooting - hcading, hcading - wax maturity).
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Apparently, in spring winter triticalc until shooting has a sufficient amount of water in
the soil form after-winter precipitation, and the spring precipitation at that timc cxcrts a
negative effect sifice they can bring about a lowering of soil and air temperature. The
highest correlation between yield and precipitation occurred during the very intensive
growth in the shooting-heading phase. Koziara (1996) also obtained for that phase the
highest correlation between yield and precipitation, conducting investigations with

triticale over 1987-93 in the Poznan region.

Table 3.
Yielding of winter triticale in the years 1983-96 (Lowe Silesia)
Number Yield Significant
No Year of investigation of data t/ha % differences
1. 1983 12 5,67 72 13 >
2. 1984 15 5,34 67 1,2,3.456,
10.11,12,14
3. 1985 18 6,07 77
4. 1986 32 5,78 73
5. 1987 50 5,55 70
6. 1988 60 5,83 74
7. 1989 44 6,98 88
8. 1990 52 7,63 96
9. 1991 78 7,28 92
10. 1992 60 5,89 74
11. 1993 72 6,57 83
12. 1994 92 6,68 84
13. 1995 70 7,92 100
14. 1996 70 6,01 76

The correlation was also calculated for yield and days with precipitation cqual or lower
than s mm, and with the total number of days with precipitation for the abovc
mentioned phases of triticale development. The obtained correlation coefficicnl for days
with precipitation <= 5 mm and total number of days with precipitation were significant
and in generat higher than for yield and precipitation total. Only for the time sirice
vegetation start till shooting the correlation coefficients were lower than for thc yield-

precipitation total correlation.



Table 4
Precipitation conditions in cultivation of winter triticale in Lower Silesia and their correlation with yield

Develop. Productivity Difference in
Phase'1 Parameters studied Min. Max. Avera Correlation 1 mm/l day yield for max
value value ge coefficient with with and min
yield precipitation parameter [t]
int
precipitation total [mm] 3 133 46 -0,1345"" -0,0068 -0,88
1 number of days with precipitation <= 5 mm 2 28 12 -0,050 -0,0123 -0,32
total number of days with precipitation 3 35 15 -0,0742 -0,0147 -0,47
precipitation total [mm] 7 121 49 0,1631 0,0097 1,11
2 number of days with precipitation <= 5 mm 2 23 9 0,2008 0,0620 1,30
total number of days with precipitation 3 29 12 0,1938 0,0505 1,31
precipitation total [mm)] 45 264 123 0,0989 0,0035 0,77
3 number of days with precipitation <= 5 mm 6 35 18 0,1221 0,0335 0,97
total number of days with precipitation 10 43 25 0,1542 0,0369 1,22
precipitation total [mm)] 103 315 218 0,1005 0,0036 0,70
§ § number of days with precipitation <= 5 mm 23 63 40 0,1383 0,0215 0,86
23 total number of days with precipitation 35 82 54 0,1451 0,0207 0,97

* Phase 1- spring start of vegetation - shooting
Phase 2 - shooting - heading
Phase 3 - heading - wax maturity
Whole period - spring start of vegetation - wax maturity
' Bold face denotes correlation coefficients significant at 0.05 level, and the corresponding productivity and yield difference
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An important problem for winter triticale water cconomy has bcen the determination of
productivity of 1 mm precipitation, of 1 day with precipitation lower or equal to 5 mm
and 1 day with any precipitation, sifice there are no such data in the literature.

Based on the regression straight line, the above mentioncd indices were calculated in kg
of grain yield per ha. Productivity of 1 mm precipitation sifice the spring start of
vegetation till shooting was negative and etjual to - 6.8 kg grain, sifice precipitation in
that time lowered yielding. It was positive in the remaining periods. The highest
productivity of 9.7 kg grain per 1 mm precipitation took place in the shooting-heading
phase, and then decreased to 3.5 kg grain in the heading- wax maturity phasc. Howcvcr,
for the whole vegetation season, i.e. sifce the spring vegetation start till wax maturity, it
3.6 kg grain per 1 mm precipitation.

Productivity of 1 day with precipitation lower or equal 5 mm and 1 day with any
precipitation, sifce vegetation start till shooting was negative and equal 12.3 and 14.7
kg grain, respectively, per each day with precipitation in that period. In the subscquent
periods it was positive; in the shooting-heading phase being 62.0 and 50.5 kg grain and
in the hcading-wax maturity phase 33.5 and 36.9 kg grain. Instcad, in the whole
vegetation season productivity of day with precipitation was 21.5 and 20.7 kg grain. In
the investigations were also determincd the differences in yielding between minimum
and maximum precipitation, between minimum and maximum number of days with
precipitation lower or equal to 5 mm and the total number of days with precipitation in
the respective phases and in the whole spring vegctation. The results obtained are as
follows: in the whole period (spring start of vegetation - wax maturity) the diffcrence in
yielding caused by precipitation was 0.7 t grain per ha, number of days with
precipitation <= 5 mm - 0.86 t grain per ha and total number of days with precipitation
0.97 t grain per ha. In the respective developmcntal phases of triticale the differences
were very high. In the first period sifice vegetation start to shooting all the precipitation
parameters affectcd the yield negatively, namely the precipitation total differentiated
yield by 0.88 t, the number of days with precipitation <= 5mm by 0.47 t and the number
of days with any precipitation by 0.47 t per ha. In the following phases the cffecl was
positive. The greatest differences occurred in the shooting - heading phase, bcing then

1.1 t grain per ha for minimum and maximum precipitation, 1.3 t grain per ha for the
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number of days with precipitation <= 5 mm and 1.31 t/ha for the total number of days

with precipitation.

CONCLUSIONS

On the basis of the synthesis of agrotechnical cxperiments with winter triticale over the

years 1983-96 in Lower Silesia, the foliowing conclusions can be formulated:

1 In the 14 years studied, a great variation in winter triticale yielding occurred due to
soil ca. 26%, cultivar ca. 29%, and weather over the years ca. 33%.

2. The yields of winter triticale were positively correlated to precipitation, the number
of days with precipitation lower or equal to 5 mm and the total number of days in the
wholc period of spring-summer vegetation, and in the phases shooting-heading and
heading-wax maturity.

3. During spring-summer vcgetation of winter triticale the productivity of 1 mm
precipitation, 1 day with precipitation lower or equal 5 mm and 1 day with any
precipitation was: 3.6, 21.5 kg and 20.7 kg grain, respectively.

4. During spring-summer vegetation of winter triticale the difference in yield due to
minimum and maximum precipitation was 0.7 t grain per ha and the minimum and
maximum number of days with precipitation lower or equal to 5 mm was 0.86 t grain

per ha and total number of days with precipitation - 0.97 t grain per ha.
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Streszczenie: Plonowanie pszenzyta na Dolnym Slasku w zaleznoéci od gleby, odmiany i lat
oraz od sumy i rozktadu opadéw. Cz.l. Pszenzyto ozime. Na podstawie syntezy do$wiadczen

agrotechnicznych z pszenzytem ozimym opracowano zalezno$¢ plonowania od odmiany, gleby,

lat oraz od sumy i rozktadu opadéw w okresie od wiosennego poczatku wegetacji do dojrzatosci

woskowej. Badania dotycza lat 1983-1996 w s miejscowosciach Dolnego Slaska.

Uwzgledniono 18 odmian na kompleksach od pszennego bardzo dobrego do kompleksu

zytniego stabego. W badanych 14 latach wystapito duze zr6znicowanie plonowania pszenzyta
ozimego powodowane glebg - okoto 26%. odmiang - okoto 29% i rozktadem opadéw - okoto

33%. Plony pszenzyta ozimego byly dodatnio skorelowane z iloscig opadow w caty okresie

wegetacji oraz iloScig opadow w fazach strzelanie w zdzbto - ktoszenie i kioszenie - dojrzatosé

woskowa. Opady w okresie od poczatku wiosennej wegetacji do fazy strzelania w zdzbto

ujemnie korelowaly z plonem, czego powodem moze by¢ wystarczajgca ilos¢ wody pozimoweyj.

Liczba dni z opadem <= 5 mm i liczba dni z opadem niezaleznie od jego wysokosci w catym

okresie wiosenno-letniej wegetacji dodatnio wptywata na plon, podobnie jak w fazach strzelanie

w zdzbto - ktoszenie i kloszenie - dojrzato$¢ woskowa. Stwierdzono natomiast ujemny wplyw

na plon liczby dni z opadem <=5 mm i liczba dni z opadem niezaleznie od jego wysokosci w
fazie od wiosennego poczatku wegetacji do strzelania w zdzbto. Produktywno$é¢ 1 mm opadow

oraz 1dnia z opadem <=5 mm i opadem niezaleznie od jego wysokosci od poczatku wegetacji

do fazy strzelania w Zdzbto byla ujemna - opady w tym okresie obnizaty plonowanie. W
pozostatych okresach byfa dodatnia. W catym okresie wegetacyjnym produkcyjno$é wynosita

3,6 kg ziarna na 1 mm opadéw. 21,5 kg ziarna na jeden dzien opadéw <=5 mm i 20.7 kg ziarna
na jeden dzien opadéw niezaleznie od wysokosci. R6znice plonowania pomigedzy minimalnymi

a maksymalnymi opadami w okresie wiosennoletniej wegetacji pszenzyta ozimego wynosity 0.7

t ziarna z ha, a plonowania przy minimalnej i maksymalnej liczbie dni /. opadem <= 5mm -
0.86 t ziarna z ha. W przypadku liczby dni z opadem niezaleznie od jego wysokosci réznica

plonowania wynosita 0,97 t ziarna z ha.
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Abstract: Yielding of triticale in Lower Silesia related to soil, cultivar, years, and precipitation
total and its distribution. Part 1l. Spring triticale. Based on a synthesis of agrotechnical
experiments with spring triticale over the years 1983-96 at 6 locations in Lower Silesia, it was
found that the factors studied modified the yield as follows:, cultivar 3%, soil 27% and years
46%. The yield of triticale was positively correlated with precipitation total, the number of days
with precipitation smaller or cqual to 5 mm and the total number of days with any precipitation
from sowing to wax maturity, and also in the phases: propagation - shooting and heading - wax
maturity. Productivity of 1 mm precipitation in the period since sowing till wax maturity was
8.6 kg grain, whereas productivity in that period of 1day with precipitation <=5 mm was 49.0
kg grain and 1 day with any precipitation 54.7 kg grain. Differences in yield due to maximum
and minimum precipitation in the whole vegetation season amounted to 2.62 t grain per ha, and
minimum and maximum number of days with precipitation <= 5 mm 181 | grain per ha, and the
total number of days with precipitation 2.57 t grain per ha.

Key words: spring triticale, soil, cultivar, precipitation total, precipitation distribution, Lower
Silesia

INTRODUCTION

Though spring triticale has not becn in cultivation for long, it counts, howcvcr, in the
production of fodder cereals in Poland. The first Polish cultivar Jago was registered in
1987. In the following year Maja joined cultivation, and in 1991 Gabo - a cultivar of
lower straw, whereas in 1994 Migo. According to investigations (Dmowski, 1998), the
cultivars registered under middle conditions yiclded higher than spring coms or at
similar level. Those cultivars are better adapted to cultivation under worse soil

conditions and are more resistant to acidic soil than barley and spring wheat. Corn grain
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yields remain, however, closely related to soil guality (Dmowski, 1998, Mackowiak et
al. 1993) and environmental factors, among which of high importance is the amounl of
precipitation, especially on lighter soils (Koziara, 1996, Rudnicki and Kotwica, 1993,
Rudnicki et al.,, 1997). Of no lesser importance than the precipitation total is their
distribution throughout thc vegetation season (Koziara, 1996, Rudnicki et al., 1997).

The objcctive of thc investigations was to determine the dependence of spring triticale
yield in Lower Silesia on soil, cultivar, years as well as precipitation total and their

distribution.

MATERIALS AND METHODS

Bascd of the results of cultivar expcriments with spring triticale and precipitation data
from thc years 1987-96, obtained from the following expcrimcntal stations of cullivar
valuation in Lower Silesia: Tomaszow, Lubnicko, Pokdj, Grabik, Krooecina Mata and
Naroczyce, thc dependence was delermined of yield on soil, cultivar, years as well as

precipitation total and their distribution. The method of study was given in Part 1

RESULTS

In spite of the large tolerance for changing soil conditions, spring triticale reacted
clearly to soil condition with yield levcl (Tab. 1). The highest yields were obtained on a
wheal good complex - 5.45 t/ha. On the other complexes the yield was lower: on a rye
very good complcx by 3%, and on rye good (markedly weaker) by 10%. Spring triticale
yiclded lowest on a rye weak complex, as much as 27% compared with winter triticale,
and yield variation due to soil guality were similar.

In the invcstigations 4 cultivars of spring triticale were considered: Jago, Maja, Migo
and Wanad (Tab. 2). The spring triticale cultivars registered in Poland are competitive
with other corns grown on light soils, owing to its tolerance to soil acidification, fungal
diseases as well as yield reliability and high protein content (Mackowiak et al., 1993).
Mean vyields for thc respective cultivars were from 4.78 to 4.95 t/ha, while the
difference between the lowest yielding cultivar Maja and thc highest Jago and Wanad

was barely 3%, which may be viewed as a very eguitable yielding in Lower Silesia.
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Yield variations of spring triticale over the years were by far greatcr than those of
winter triticale (Part I). Spring corns make less use of the aftcr-winter water rescrves.
They develop a less deep root system, with yield depending mostly on precipitation
course during vegetation season. Over the years 1987-96 in Lower Silesia the highest
yields of spring triticale in investigations occurrcd in 1991 - on average over s | grain
per ha, whereas the lowest (by 46% lower) were obtained in 1992. Surely, the difference
in yielding of spring triticale in those years was most of all due to precipitation
distribution, and to a lesser degree to precipitation total. Namely, in 1991 when the
highest yields were obtained, sifice sowing to wax maturity of triticale the average
precipitation total from e localities was 213 mm and was not the highest for the years
investigated. While the precipitation distribution exprcssed in days with precipitation
lower or equal to 5 mm and the number of days with any precipitation was the highest

and equal to 43 and 55 days, respectivcly.

Table 1
Effect of soil on yielding of spring triticale (Lower Silesia)

Number Yield Significant

No Complcx of data t/ha % differcnces

betwecn

complexes

1 Wheat good (2) 30 5,45 100,0 2,45 -» 6
2 Rye v. good (4) 43 5,28 97
3 Rye good (5) 53 4,89 90
4 Rye weak (s) 41 3,97 73

The lowest yields took place in 1992. The precipitation total then registered was barcly
102 mm and was the lowest of all the years invcstigated, the smallest number of days
with precipitation being registered then also. During triticale vcgctation only 34 days
with precipitation occurred, including 28 days with precipitation lower or equal to 5
mm. In the remaining years investigated the differcnces in yielding were lower, bcing
from s to 35%.

The vyields differed significantly in some years only; namely, 1992 vyields were

significantly different from those of 1988, 1994, 1995 and 1996.



288
Z. Dmowski, H.Dziezyc, L. Nowak

Table 2

Yield of spring triticale cultivars in Lower Silesia

No Cultivar Number of data Yield Significant

t/ha % differences

1 Jago 39 4,95 100 No

2 Maja 51 4,78 97 s!gnlflcant

; differences
3 Migo 42 4,89 99
4 Wanad 28 4,93 100

The prccipitation conditions in the cultivation of spring triticale were considered from
sowing to wax maturity and in the rcspective developmental phases; namely, sowing-
propagation, propagation-shooting, shooting- heading and heading- wax maturity (Tab.
4).

The precipitation total in 1987-96 in Lower Silesia for the period sifce sowing till wax
maturity of spring triticale varied from 38 to 343 mm, the mean for the multiannual
period being 207 mm. The positive and significant correlation coefficients between
yicld and prccipitation were found only in the phases: propagation- shooting and
heading- wax maturity as well as for the whole spring triticale vegetation. A greater
correlation between precipitation total with yield was obtained for the whole vegetation
period (sowing- wax maturity )then for single developmental phases. A similar
relationship was obtained by Koziara (1996) analysing spring triticale yielding versus
precipitation in the region of Paznan. Rudnicki and Kotwica (1993) report also high
correlation coefficients for spring triticale yield and precipitation total.

An analysis of the correlation between vyield and precipitation dislribution gives
significantly positive correlation coefficients between the number of days with
precipitation lower or cqual to 5 mm and the total number of days with precipitation and
grain yield in the same dcvelopmental phases in which a depcndcnce on prccipitation
total was found. In should be noted herc that normally in the literature precipitation
dislribution is meant to bc as precipitation total in the respective dcvelopmental phases
(Koziara, 1996) or months of vegetation (Rudnicki et al., 1997).

Triticale rcacted negatively to precipitation total and number of days with prccipitation

only in the first period from sowing to propagation, although the coefficients obtained
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were not significant. An important problem of spring triticale water relation was the
determination of productivity of 1 mm precipitation, 1 day with precipitation lower or
equal to 5 mm and 1 day with any precipitation. Those coefficient were calculated on

the basis of the regression straight line and presented in kg grain yield per unit of factor

(mm, day).
Table 3
Yielding of spring triticale over the years 1987-96 (Lower Silesia)

Number of Yield Significant
No Years investigated data t/ha % differences
1. 1987 10 5,65 93
2. 1988 15 4,44 73 5->2,6,8,
3. 1989 15 4,96 82 9.10
4. 1990 12 5,72 94
5 1991 20 6,07 100
6. 1992 16 3,25 54
7. 1993 20 5,41 89
s. 1994 20 3,92 65
9. 1995 20 4,72 78
10. 1996 16 4,51 74

The productivity of 1 mm precipitation for the period sifnce sowing till wax maturity of
triticale was &.s kg grain, in the phase sinee heading till wax maturity 6.3 kg grain and
sifce propagation till shooting 13.3 kg grain.

In the same developmental phases of triticale the produclivity of 1 day with
precipitation lower or equal to 5 mm was 49, 45 and 186.6 kg grain, rcspcctivcly, and of
1day with any precipitation 54.7, 44.3 and 119 kg grain.

It was also calculated the differcnce in yield for maximum and minimum valuc of
precipitation total in the whole vegetation period and in the respective developmental
phases as well as maximum and minimum number of days with precipitation lower or

equal to 5 mm and generat number of days with precipitation.
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CONCLUSIONS

On the basis of a synthesis of agrotechnical experiments with spring triticale over the
years 1987-96 in Lower Silesia, the foliowing conclusions observations can be
registered:

1 For the 10-year investigation of spring triticale it was found that yield variations
were due to cultivar by 3%, soil by 27% and weather course by 46%.

2. The yields of spring triticale were positively correlated with precipitation total,
number of days with precipitation lower or equal to 5 mm, as well as with the
number of days with precipitation in the period sifice sowing till wax maturity and in
the phases: propagation-shooting and heading- wax maturity.

3. The productivity of 1 mm precipitation in the period sifice sowing till wax maturity
was 8.6 kg grain, whereas productivity of 1day with precipitation lower or equal to 5
mm and 1 day with any precipitation was 49.0 kg and 54.7 kg grain per day,
rcspectively.

4. The differcnccs in yielding causcd by the minimum and maximum precipitation in
the period since sowing till wax maturity of triticale was 2.6 t grain per ha, and in the
case of the number of days with any precipitation the differences amounted to 1.81
and 2.57 t grain per ha, respectively.

5. The level of spring triticale yield was markedly more dependent on precipitation total
and their distribution in the multiannual vegetation than the yield of winter triticale,
since the productivity of precipitation and day with precipitation is few time higher
in the case of spring triticale; namely, 1 mm precipitation by 2.4 times, 1 day with
precipitation <= 5 mm by 2.3 times and 1 day with any precipitation by 2.6 times

higher than that of winter triticale (based on comparison of Part | and U of the paper).



Table 4
Precipitation conditions in spring triticale cultiyation in Lower Silesia and their correlation with yield

Dcvel Productivity Difference in
opm. Parameters studied Min. Max.  Average Correlation 1 mm/l day yield for max
phase value value coefficient with with preci- and min
yield pitation in t parameter [t]
precipitation total [mm] 3 82 35 -0,0645 -0,0043 -0,33
! number of days with precipitation <= 5 mm 2 16 8 -0,0031 -0,0011 -0,02
total number of days with precipitation 3 19 10 -0,0429 -0,0137 -0,22
precipitation total [mm] 0 154 35 0,2351 0,0133 2,05
2 number of days with precipitation <= 5 mm 0 13 5 0,3737 0,1866 2,43
total number of days with precipitation 1 19 7 0,3313 0,1190 2,14
precipitation total [mm] 0 121 35 0,0072 0,0004 0,05
3 number of days with precipitation <= 5 mm 0 19 6 0,3737 0,0473 0,90
total number of days with precipitation 0 22 8 0,0825 0,0246 0,54
precipitation total [mm)] 7 277 102 0,2616 0,0063 1,70
4 number of days with precipitation <=5 mm 4 28 14 0,1749 0,0450 1,08
total number of days with precipitation 5 38 20 0,2398 0,0443 1,46
precipitation total [mm] 38 343 207 0,3477 0,0086 2,62
E E number of days with precipitation <=5 mm 18 55 33 0,2961 0,0490 1,81
=3 total number of days with precipitation 21 68 46 0,3596 0,0547 2,57
Phase 1: sowing-propagation. phase 2: propagation-shooting,
phase 3: shooting-heading, phase 4: heading- wax maturity Whole period: sowing- wax maturity

bold tace for coefficients significant at 0.05, and the respective productivity and yield difference
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Streszczenie: Plonowanie pszenzyta na Dolnym Slasku w zaleznoéci od gleby, odmiany i lat
oraz od sumy i rozktadu opadéw. Cz. Il Pszenzyto jare. Na podstawie syntezy do$wiadczen
agrotechnicznych z pszenzytem jarym opracowano zalezno$ci plonowania od odmiany, gleby,
lat oraz od sumv i rozktadu opadéw w okresie od siewu do dojrzatosci woskowe;j.

W badaniach uwzgledniono odmiany: Jago. Maja Migo i Gabo na kompleksach: pszenny
dobry, zytni bardzo dobry, zytni dobry i Zzytni slaby. Uzyskane yvyniki yvskazuja na
zréznicowane plonoyyanie pszenzyta jarego poyvodoyvane odmiana y okoto 3%. gleba w okoto
27% i przebiegiem pogody w latach w 46%. Stwierdzono dodatnie korelacje plonu z sumg
opadéw i liczba dni z opadem od sieyvu do dojrzato$¢ yvoskoyvej oraz w fazach krzewienie -
strzelanie yv zdzbto i kloszenie - dojrzato$¢ yvoskoyva. Pszenzyto tylko w picryvszym okresie od
sielyu do krzeyyienia reagowato ujemnie na sume opaddyy i liczbe dni z opadami, chociaz
uzyskane yyspétczynniki byty nieistotne. Produktywno$¢ 1 mm opadu od sieyyu do dojrzatosci
yyoskoyycj yyynosita 8,6 kg ziania, 1dnia z opadem <=5 mm 49,0 kg ziarna i 1 dnia z opadem
niezaleznie od yyysokosci 54,7 kg ziarna. Réznice plonoyyania poyvodoyvane minimalnym i
maksymalnym opadem, liczbg dni z opadem <=5 mm i 0ogélng liczbg dni z opadem w okresie
siew-dojrzato$¢ yvoskoyva pszenzyta jarego yyynosita odpowiednio: 2,60, 1.81. 2.57 tony ziama
/. ha.
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Effect of sprinkling medium-early cuitivar potatoes in Wroctaw region

dependent on precipitation
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Abstract: Effect of sprinkling medium-early cultivar potatoes in Wroctaw region dependent on
precipitation The work makes use of exact field experiments with sprinkling medium-early
cultivar potatoes, conducted ovcr the years 1974-98 in RZD Swojec and Samotwér by Wroctaw,
on a soil of good rye complex. The effects of sprinkling were calculated with allowance for the
amount of precipitation, in the period of maximum water demands of potato, i.e., from flowcring
start to potatoes stalks drying. On treatments that were not sprinkled potato yielded hast (29.7
t/ha) with precipitation of 117-167 mm (averagc years). A much greater decrease in yields,
relative to mean ones, was observed in dry years than in wet ones. The mean increase in yield for
the years caused by sprinkling was 7.7 t/ha, i.e. 29%; and varicd from 1.7 t/ha in wet years to
14.8 t/ha in dry years. Productivity of 1 mm sprinkled water increased with incrcasing seasonal
norm of sprinkling, and varied from 47.7 kg bulbs in wet years to 105.4 kg in dry years.

Key words: medium-early potatoes, yield, sprinkling, productivity

INTRODUCTION

From expcriments conducted up to date, it follows that sprinkling of mcdium-carly
potatoes has, as a rule, positive effects. But the increase in yield is clcarly differentiated,
and depends on climatic region, type of soil, lcvel of minerat fertilisation, wcather
course, and most of all on the amount and distribution of precipitation [1,2,3,4,5,6 ).

The aim of the work was to evaluate the effect of sprinkling mcdium-carly potatoes,
grown in the Wroctaw region on the soil of a good rye complex, in years of differentiated

precipitation.
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CONDITIONS, METHODS AND SCOPE OF INVESTIGATION

In the present paper have been used the results of exact field invcstigations with
sprinkling medium-early potatoes, done in 1974-98 and puhlished in the consecutive
numbers of Zeszyty Problemowych Postepéw Nauk Rolniczych and Zeszyty Naukowe
Akademii Rolniczej.

The field investigations were conducted in RZD Samotwo6r and RZD Swojec by
Wroctaw , on pseudo-podzolic soil, formed of strongly loamy sand on gravel, belonging
to good rye complex, of IV b cvaluation class. The following doses of minerat fertilisers
were applied in the expcriments: N 130-160 kg/ha, P? Os 70-80 kg/ha and K?0 140-160
kg/ha. The manure dose was 30 t/ha. The potatoes were sprinkled in the period sirice
fiowering lill the start of stalks drying. A drop in soil moisture below 75 fwc signallcd the
start of sprinkling. A single dose of water was 20 mm.

Using the method of step-by-step analysis of regression, was determined the
relation between the yield of medium-early potatoes and precipitation total in the
periods: emergence-fiowering, fiowering- stalks drying. In the starting model of the
analysis were considcred linear and square terms as well as precipitation interactions in
the periods. The model obtained was studied in the variation interval 50-125 mm for the
phase emergence - fiowering and 75-200 mm for the phase fiowering - stalks drying,
which roughly corresponded to the intervals: mean sum of precipitation in the phases +
standard dcviation.

Employing an analogous method, as the above described, a model of yield growth
due to sprinkling under various precipitation conditions for the phases emergence-
fiowering and fiowering- stalks drying, was also crcatcd. The model was analysed in the
variation intervals described above. From the analysis it follows that the yields of
potatoes were considerably more affeeted by precipitation occurring when water
demands were greatest, i.e. sifice the beginning of April till stalks drying. On the basis of
precipitation totals in the consecutive years, wet, medium-wet, mean. medium-dry and
dry years were distinguished. and for those years the effects of sprinkling and

productivity of 1 mm sprinkled water were calculated.
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RESULTS OF THE INVESTIGATIONS

The bulb yields of medium-early potatoes as dependent on precipitation in the periods
emergence - flowering and flowering - stalks drying are shown in Fig. 1 From the
analysis of the model it follows that the yield is significantly affected by precipitation in
the phase flowering- stalks drying. In the interval investigated (75-200 mm) it changes
the yield by about ¢ to 9 t/ha (depending on precipitation during emergence-flowering),
the optimum value being within the range 150-170 mm, while the least favourable is at
the beginning of the range studied, i.e. for 75 mm. Precipitation in the emergence-
flowering phase modify the yield only slightly and dependent on precipitation conditions

in the next phase the difference in yield is from 1to 3 t/ha.

z=7,86+0,2748*x-0,000968* $r-0,000464* f +0,000512*x*y

Fig. 1Yield of medium-early potatoes as dependent on precipitation in the period
emergence-flowering and flowering-stalks drying

The effect of sprinkling medium-early potatoes is shown in Table 1. The bulb yields in
the multiple-year period were 26.63 t/ha. The highest yields (29.66 t/ha) were obtained in
mean years, where the precipitation in the period flowering - stalks drying were within
the range 117-161 mm. In wet years (precipitation over 208 mm) the bulb yield was
lower by 10.1 % and by 27.3% in dry years. The mean yields for multiple-year period
from sprinkled treatments amounted to 34.37 t/ha and were by 29.1% higher than those

from control treatments. The increase in yield due to sprinkling depended on
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precipitation in the period flowering-stalks drying. Sprinkling of potatoes resulted in

greatest effects in dry years, where the increase in yield induced by sprinkling was 14.75

t/ha.

Type
of years

Wet

Medium wet
Mean
Medium dry
Dry

Table 1
EfFects of sprinkling medium-early potatoes
Precipitation in ~ Num
flowering - stalks ber of  Bulb yield t/ha Bulb yield increase
drying period in  years o> W in t/ha in %
mm
over 208 4 26,70 28,37 1,67 6,3
162-207 3 27,47 30,83 3,36 12,2
117-161 9 29,66 36,33 6,67 22,5
85-116 3 25,53 36,07 10,54 41,3
above 85 6 21,60 36,35 14,75 68,3
On average 26,63 34,37 7,74 29,1

*control treatments  1sprinkled treatments

With increasing precipitation the increase in yield diminished consistently, and in wet

years was only 1.67 t/ha. The increase in yield under sprinkling depended not only on

precipitation in the phase flowering - stalks drying but also, though to a lesser degree,

the precipitation from the previous phase, i.e. emergence - flowering.

z=37,48-0,16732*x-0,24472*y+0,00123*x*y

Fig 2 Bulb yield increase of medium-early potatoes due to precipitation dependent on
sprinkling in the periods emergence-flowering and flowering-stalks drying
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Table 2
Productivity of 1 mm sprinkled water in kg bulb
Mean Productivity of
Year type total water dose 1 mm sprinkled
water in kg bulb
Wet 35 47,7
Medium wet 55 61,1
Mean 90 741
Medium dry 115 91,6
Dry 140 105,4

Using a method similar to the abovc described, a model was created for the increasc in
yield under sprinkling in various precipitation conditions in the phases cmcrgcnce -
flowering and flowcring - stalks drying. The model shows (Fig. 2) that the grcatcsl effect
of sprinkling obtains (17.4 t/ha increasc ) whcn the precipitation is lowest, both in the
emcrgence -flowering and flowering - stalks drying phases. Whcn precipitation in thosc
phases are highest, the yields obtained increase in yield was only 4.3 t/ha. Similar
incrcases in yield due to sprinkling are obtained when precipitation in the first phase is
low and high in the second. However, in a reversed situation (first phase wet and second
dry) the yield increasc is about 6 t/ha.

y=-2,523+0,113*x

dose [mm]

Fig 3. Bulb yield increase of medium-early potatoes dependent on the amounl of
sprinkled water



298
L. Nowak

The effect of the quantity of sprinkled water (seasonal norm of irrigation) on bulb yield
increase is well described by the positive linear relation (Fig. 3). With inereasing seasonal
norm of irrigation the yield inereases regularly.

Productivity of 1 mm sprinkled water is shown in Tab. 2. In wet years the seasonal norm
of sprinkled water was 35 mm, and productivity of 1 mm was 48 kg bulb. This index
incrcased regularly with inereasing amount of sprinkled water and in dry years amounted

to 105 kg bulb per 1 mm of sprinkled water.

CONCLUSIONS

1 Precipitation during vegctation of medium-early potatoes modified the yield of bulbs
significantly, the greatest effect having precipitation during the flowering - stalks
drying phase.

2. The highest bulb yields were obtained in years with mean precipitation. In wet years
the yield was lower by 3 t/ha on average, and in dry years by over s t/ha.

3. Sprinkling medium-early potatoes grown on soils of good rye complex in the
Wroctaw region, one can expect that the mean increase in bulb yield will be about 7.7
kg/ha.

4. The effects of sprinkling and productivity of 1 mm sprinkled water were highest in dry
years. With inereasing amount of precipitation those indices dccreased regularly.

5. The region of Wroctaw should be regarded as favourable for irrigation, because dry

years occur more often (24%) than wet (16%).

REFERENCES

1 DZIF.ZYC J. DMOWSKI Z.. NOWAK L, PANEK K 1987: Results and productive
effectivity of sprinkling plants in field cultivation. Zesz. Probl. Post. Nauk Roi. 326, potatoes.
27-43.

2. JANKOW1AK J., TOMASZEWSKA J. 1987: Results of plant sprinkling as dependent on
climatic and soil conditions. Zesz. Probl. Post. Nauk Roi 314, potatoes. 173-192.

3. NOWAK L. 1997: Effects of irrigation on root crops in various regions of Poland. Conf.
Israel, 5-16 December 1997 ,.Water rcquirements and irrigation effects of plants cultivatcd in
arid and semiarid climates”, 77-81.

4. NOWAK L. 1992: Effect of precipitation and sprinkling on yielding of root crops under
various habitat conditions. Zesz. Nauk. Agr.Univ.Wroctaw. Thesis 106



299
Effect of sprinkling medium-early cultivar potatoes in Wroctaw region ...

5. ROJEK S. 1987 Effects of irrigation on various potato cultivars. Zesz. Probl. Post. Nauk Roi.
314, p. 229-240.

6. ROJEK S., CHMURA K. 1987: Production effcctivity of potato sprinkling. Zesz. Probl. Post.
Nauk Roi. 326, potatoes.77-88.

Streszczenie: Efekty deszczowania ziemniakow $rednio wczesnych w rejonie Wroctawia
zaleznie od ilosci opadéw. W pracy wykorzystano wyniki Scistych doswiadczen polowych z
deszczowaniem ziemniakow $rednio wczesnych przeprowadzonych w latach 1974-1998, w RZD
Swojec i Samotwoér k.Wroclawia, na glebie zaliczanej do kompleksu zytniego dobrego. W
doswiadczeniu stosowano obornik w ilosci 30 t/ha. oraz nastepujgce dawki nawozéw
mineralnych: N 130-160 kg/ha, P20s.kg/ha i K20 140-160 kg/ha. Ziemniaki deszczowano przy
spadku wilgotnosci gleby do 75% ppw. Jednorazowa dawka wody wynosita 20 mm. Efekty
deszczowania obliczono zaleznie od ilosci opadéw w okresie najwiekszych potrzeb wodnych
ziemniaka tj. od poczatku kwitnienia do zasychania fetdw. Na obiektach nie nawadnianych
ziemniak najwyzej plonowat (29,7 t/ha) przy opadach wynoszacych 117-161 wun (lata
przecigtne). W latach wilgotnych plon byl nizszy $rednio o 3 t/ha, a w latach suchych o ponad s
t/ha. Sredni w wielolcciu przyrost plonéw w wyniku deszczowania wynosit 7.7 tllia tj. 2991/ i
wahat sie od 1,7 t/ha w latach wilgotnych do 14,8 I/ha w latach suchych. Produktywno$¢ 1 min
rozdeszczowanej wody wzrastata wraz ze wzrostem sezonowej normy deszczowania i wahata sie
od 47,7 kg bulw w latach wilgotnych do 105,4 kg w latach suchych
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Production effects of sprinkling sugar beet grown on good rye complex
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Abstract: Production effects of sprinkling sugar beet grown on good rye complex in Wroctaw
region. In the work were used the results of exact field experiments with sprinkling sugar beet,
conducted over 1962-90 in RZD Swojec and Samotwér by Wroctaw, on a good ryc complex soif
The results of were calculated as dependent on precipitation in the peri<x! of greatest water
demands of beet, i.e. sifice the 3 decade of June till the 1 decade of Scptember. On the control
treatments beet yielded best (39.8 t/ha) when precipitation was 227-280 mm (medium-wct years).
The mean increase in yield for the multiple-year period on sprinkled treatments was 11.5 t/ha i.e.
32% and varied from 1.5 t/ha in wet years to 22.9 t/ha in dry years. Productivity of I mm
sprinkled water inereased with inereasing seasonal norm of irrigation and varied from 38 kg root
in wet years to 122 kg root in dry years.

Key words: sugar beet, precipitation, yield

INTRODUCTION

The beet belongs to plants with high water and soil requiremenls. The long vegetation
period, mild climate and a little greater precipitation than in other Polish lowlands are the
rcasons why Lower Silesia is a good region for beet cultivation, where the effects of
sprinkling the plant are high. This is confirmed by both single expcriments (3,5,6,7) and
syntheses made so far [1,2,4].

The aim of the work was to estimate the production effects of sprinkling sugar beet

grown on soil of good rye complex.
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CONDITIONS, METHODS AND SCOPE

In the present work have been used the results of exact field investigations with
sprinkling sugar beet, conducted over the years 1962-90 and published in consecutive
numbers of Zesz. Probl. Post. Nauk Roi. and Zesz. Nauk. Acad. Roi. Exact field
experiments were performed in RZD Swojcc and Samotwor by Wroctaw, on a soil of
good ryc complex of IVb valuation class. The following doses of minerat fertilisers were
applied in the cxperiment: N - 140-180 kg/ha, P;Os - 80-90 kg/ha and ICO - 150-170
kg/ha. Sugar beets were grown on manure (30 t/ha). Sprinkling was applied in the period
regarded by Dziezyc [1] as critical in beet water management, i.e. from the 3rd decade of
June to the Ist decade of Septembcr, based on the tensiometric method (whcn soil
moisture dropped below 75% of field water capacity). A single dose of water was 30
mm. Using the method of step-by-step analysis of regression, the relation was found
between sugar beet yield and precipitation total in the periods: sowing - 2. VI and 3d. VI

Id. IX. In the initial model of the analysis were considered linear and sguare terms, as
well as precipitation interaction in the above periods. The model obtained was studied in
90-170 mm intcrval for the period sowing - 2d.VI and itr 140-260 mm for the period
3d.VI - Id.IX, which roughly corresponded to the intcrvals: mean precipitation total in
the periods studied + standard deviation. Analysis of the model allows to State that more
important for yield value iias precipitation in the period 3d.VI-1d.IX. Hence, the effects
of sprinkling have been calculated depending on precipitation in the period of greatest

water demands of beet, i.e. sifnce the 3rd decade of June till the Ist decade of September.

Taking into account the precipitation total in the period, in the 29 years studied wert
distinguished wet, medium wet, mean, medium dry and dry years.
RESULTS

The yields of sugar beet as dependent on precipitation in the period sowing-2nd decade
of June and 3rd decade of June - Ist decade of September are shown in Fig. 1 Inthe

first of the periods discussed the yields of beet were favoured by lower precipitation.
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z=15,61-0,057*x+0,23065*y-0100042*"

Fig. 1Yield of sugar beet roots dependent on precipitation in the periods: sowing-2d. VI
and 3d. VI-1d. IX.

Yield increase [t/ha]

Fig. 2 Yield increase of beet roots due to irrigation, dependent on precipitation during

3d. VI-1 d.IX.
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With increasing precipitation within the range 90-170 mm the root yield decreased, and
in an extreme ca.se the difference in yield was about 4.0 t/ha. While in the critical period
of bcet water management (3rd decade of June till Ist decade of September), in the
studied range of precipitation 140-260 mm, the root yields increased with increasing
precipitation and in extrcme cases differed by about 7.5 t/ha.

The optimum precipitation in the critical period was 227-280 mm (Table 1). Under such
conditions the mean yield of roots was 39.75 t/ha. The bcet proved to be much more
scnsitive to water deficiency than to its excess. In wet years the yield was lower by 5.5%,
whcrcas in dry ones by 30.7%, compared with years with optimum precipitation. It
should be underlincd that in the 29-years period of investigation years with lower
precipitation occurred markcdly more often (41% of years) than those with highcr than
mean precipitation (24% of years).

The average root yield from control treatments for the multi-year period was 35.63%
I/lha, and 47.10 t/ha from sprinkled ones (Tab. 1). Thus due to sprinkling the average
increase of root yicld was 11.47 L/ha, i.e. 32%. The result of sprinkling depended clearly
on precipitation in the critical period of sugar beet water management (Fig. 2). Within
the precipitation range 140-260 mm increasing precipitation caused a systematically
smaller increase in yield from 175 t/ha to 4.7 t/ha. In the extreme cases (with
precipitation highcr than 280 mm and lower than 143 mm) the increase in root yield was

15 and 22.9 t/ha, respectively (Tab. 1).

Table 1
Effects of sprinkling sugar bcets

Year Prccipitation in  Number Root yield t/ha Root yield increase
type mm of years o) w in t/ha in %
Wet ovcr 280 3 37,57 39,07 1,50 3,8
Medium wet 227-280 4 39,75 44,65 4,90 11,0
Mean 176-226 10 37,33 47,71 10,38 27,8
Medium dry 143-175 8 34,76 48,91 14,15 41,4
Dry above 143 4 27,55 50,43 22,88 83,0
On average 35.63 47,10 11,47 32,2
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The productivity of 1 mm sprinkled water is given in Tah. 2. That index inereased
systcmatically with the amount of sprinkled water in the season. In the period studied,
depending on the course of precipitation, 1 to 7 doses of water 30 mm each were
applied. In wet year the sprinkled dose of water was 40 mm on average, and productivity
of 1 mm was about 37 kg roots. Whereas in dry seasons the mean overall dose of water

was 187 mm, and productivity of 1 mm sprinkled water inereased to 122 kg roots.

Table 2
Productivity of 1 mm sprinkled water (kg of root yield)
Year Average overall Productivity of
typc dose of water in mm 1 mm sprinkled
water

Wet 40 37,5
Medium wet 75 65,3
Mean 105 98,9
Medium dry 135 104,8
Dry 187 122,4

CONCLUSIONS

1 The mean multiannual yields of sugar bect roots grown on a good rye complcx in the
Wroctaw region were higher than the average for Poland

2. Precipitation during beet vegctation modified the root yields of the plant, the greatest
effect having precipitation during the critical period of water management.

3. The beet proved to be markcdly more scnsitive to precipitation shortage than to its
excess. In dry years the yield of roots was lower by 31 % than in years with optimum
precipitation, while only by 5.5% in wet years.

4. Sprinkling beets grown on a good rye complex in the Wroctaw region, one can expect
that the mean increase in root yield will be 11.5 t/ha.

5. With inereasing precipitation during the critical water management period the increase

in root yield due to sprinkling and productivity of Imm sprinkled water diminished.
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Streszczenie: Efekty produkcyjne deszczowania burakéw cukrowych uprawianych na glebie
kompleksu zytniego dobrego w rejonie Wroctawia. W pracy wykorzystano wyniki $cistych
doswiadczen polowych z deszczowaniem burakéw' cukrowych, przeprowadzonych w latach
1962-1990 w RZD Swojec i Samotwor koto Wroctawia na glebie kompleksu zytniego dobrego,
IV b klasy bonitacyjnej. W do$wiadczeniu stosowano nastepujace dawki nawozéw mineralnych:
N - 140-180 kg/ha, P10s - 80-90 kg/ha i KO - 150-170 kg/ha. Buraki cukrowe uprawiano na
oborniku (30 t/ha). Deszczowanie wykonywano w okresie Kkrytycznym gospodarki wodnej
burakéw tj. od 3 dekady czerwca do 1 dekady wrze$nia w oparciu 0 metode tensjometryczng
(przv spadku wilgotnosci gleby do 75% ppw). Jednorazowa dawka wody wynosita 30 mm.
Efekty deszczowania obliczono zaleznie od ilosci opadéw' w okresie najwiekszych potrzeb
wodnych burakéw tj. od 3 dekady czerwca do 1 dekady wrzesnia. Uwzgledniajac sumy opadow
w tym okresie w 29 latach badan wydzielono lata wilgotne, $rednio-wilgotne. przecietne, Srednio
suche 1suche Na obiektach kontrolnych burak cukrowy najlepiej plonowat (39,8 t/ha) przy
opadach wynoszacych 227-280 mm (lata $rednio wilgotne). Przecietny w wieloleciu przyrost
plonéw na obiektach deszczowanych wynosit 11.3 t/ha tj 32% i wahat sie od 15 t/ha w latach
wilgotnych do 22,9 t/ha w latach suchych. Produkcyjno$¢ 1 mm rozdeszczownnej wody wynosita
okoto 38 kg korzeni w latach wilgotnych, okoto 100 kg w latach przecietnych i Srednio suchych
oraz 122 kg w latach suchych.
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Water resources management and irrigation of cultivated plants

Influence of irrigation and minerat fertitization on the yield of smali
bean and tupine grown on sandy soil

Part I. Seed and straw yield

CEZARY PODSIADLO, STANISELAW KARCZMARCZYK,
ZDZISLAW KOSZANSKI

Department of Plant Production and Irrigation, Agricultural University in Szczecin

Abstract: Influence of irrigation and mineratfertitization on the yield of smali bean and lupine
grown on sandy soil. Part I. Seed and straw yield. Ovcrhead irrigation and high doses of
minerat fertilizer increased the yield of smali bean, white and yellow lupine, cultivated on sandy
soil. Best effects were obtained with smali bean, which provcd the possibility of growing this
rather demanding plant on sandy soil. The irrigated and well fertilized plants grew larger leaves,
more pods with more seeds per pod. A short economical analysis of the application of irrigation
and intense fertitization did show these measures to be profitable for smali bean and wbite
lupine, whereas the yellow lupine yield increases did not pay for the applied agrotechniquc.

Key words: irrigation, minerat fertilizcrs, smali bean, lupine
INTRODUCTION

Leguminous plants are the main source of protein rich fodder, increase the nitrogen and
humus content of soil, and improve other properties of the soil. These plants play an
important role in agricultural production, which was stressed by many authors, such as
Andrzejewska (1993), Bobrecka-Jamro (1989), Borédwczak et al. (1992), Dmowski
(1986), Dziezyc (1988), Grabarczyk et al (1987), Jasinska and Kostecki (1993), Nowak
et al. (1995), Panek (1983), Paprocki (1972), Songin (1975). Despilc many advantagcs
of these plants they are not as widely grown in Poland as could be cxpected considering
the climatic conditions and economy needs. This situation is caused a.o. by a low yield
stability. due to wealher conditions variability, low mechanisation of their cultivation
for seeds, lack of high quality seeds and intensive cullivars.

This study was aimed at the assessment of the influence of overhead irrigation and

minerat fertitization on the yield of smali bean, and white and yellow lupine, cultivated
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on sandy soil. An attempt at showing a possibility of growing intensive species of

legumc plants on light soils, supplied with water and fertilizer was also made.

METHODS AND MATERIALS

Field experiments were done at the Lipnik Experiment Station in Western Pomerania, in
1995-1998, on an acid brown soil.

The cxperiment was set up by the split plot method of two variables: no irrigation,
overhead irrigation; 4 levels of minerat fertilization - control, 1 NPK (120 kg to smali
bean and white lupine, 60 kg to yellow lupine), 2 NPK (double dose), 3 NPK (triple
dose).

Table 1 Rain and temperaturo during vegetation

Rain (mm) Temperature (°C)
Year  Month 10-day period Month total ~ Deviation Month  Deviation
| 1l " from aver. mean  from aver.
April 8.60 9.10 1.00 19.7 -20.3 8.06 +1.06
May 114 179 111 40.4 -12.6 123 -
1995 June 163  50.9 117 78.9 +21.9 15.2 -0.80
July 040 o0.20 0.20 0.8 -68.2 20.5 +2.80
April 0.80 3.00 7.20 11.0 -29.0 8.50 +1.50
May 39.4 860 420 90.0 +3..0 11.8 -0.80
June 0.60 260 36.0 39.2 -17.8 16.6 +0.50
1996 July 988 7.20 240 130.0 +61.0 156 -1.80
August 5.00 130 62.0 80.0 +18.0 184 +1.50
September 174 128 10.2 40.4 -7.60 10.7 -2.10
April 11.8  6.00 12.0 29.8 -10.2 6.06 -0.94
May 850 4.10 229 355 -17.5 13.0 +0.40
1997 June 570 112 57.0 73.9 +16.9 17.1 +1.00
July 21.8 81.0 36.2 139.0 +70.0 18.3 +0.90
August 19.5 - 250 445 -17.5 19.3 +2.40
April 153 365 1.20 53.0 +13.0 9.51 +2.51
May 10.0 - 22.3 32.3 -20.7 151 +2.50
1998 June 213 550 249 51.7 -5.30 16.8 +0.70
July 238 330 286 55.7 -13.3 17.8 +0.40
August  3.60 2.20 571 62.9 +0.90 17.0 +0.10

Irrigation was applied accordingly to the plants 10-day water reguirement (Dziezyc et
al., 1987).

The weathcr was avcrage, only in 1995 the growing season was rather dry. hence largcr
doses of irrigation had to be applied - for lupine 100 mm. for smali bean 120 mm. In the

other years the amount of water applied was 40 mm in 1996, up to 90 mm in .. (table 2).
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Table 2. Supplemental irrigation doses (mm)

Smali bean White lupine Ycllow lupine
Ycar Month 10-day period 10-day period 10 -day period
I 11 1l total | o total 1 I 1 total
May 20 20 20
1995 June 20 20 120 20 100 20 100
July 20 20 20 20 20 20 20 20 20
1996 June 20 20 40 20 20 40 20 20 40
May 10 10 10
1997 June 30 20 70 30 20 70 30 20 70
July 10 10 10
May 10 10
1998 June 20 20 20 90 10 20 20 80 20 20 20 80
July 20 20 20

In 1995 rain shortages occured in April, May and July, in 1997 in May and August, in
1998 from May til July. Irrigation was applied at 20 mm doses. The temperature was
close to multiycar average, only in July 1995 it was by 2.8HC higher, and in April and
May 1998 by 2.5°C higher, and in April and May 1998 by 2.5°C higher.

During the growith season, the influence of irrigation and fertilization on the plants’
morphology, leaf area, number and seed weight was mcasured. After harvest the field
use of water was calculated. The short economical analysis of the applied measures was

done considering prises of 1999. Statistical analysis of the reaults was done by the

analysis of variance, Tukey test.

RESULTS

Table 3 presents data pertaining to the yield of seeds and straw. The applied
agrotechnical measures significantly inereased the yield, that of smali bean to the
greatest extent, less that of white lupine. The smallest yield inereases resulting from
irrigation and fertilization gave ycllow lupine, a leasl dcmanding plant. The years of the
experiment were not extremely dry, nontheless supplemental irrigation inereased the
smali bean yield by 36% (seeds), and of straw by 30%. The yield inereases of white
lupine were 19 and 15%, and of yellow lupine 15% higher, respcctively. The influence

of minerat fertilizer was much higher than that of irrigation.
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Table 3. Smali bean and white lupine yield (4-year average, t «ha’)

X Plant

Object smali bean white lupine yellow lupine
irrigation fertilization seed straw seed straw seed Straw

0 NPK* 2.33 3.22 2.14 2.75 1.86 2.99

0 1NPK 3.07 3.72 2.96 3.78 2.18 3.44

2 NPK 3.68 4.25 3.61 4.44 2.35 3.66

3 NPK 3.78 4.27 3.64 4.46 2.20 3.61

0 NPK 2.97 3.83 2.56 3.17 2.12 3.34

w 1 NPK 4.14 4.74 3.48 4.32 2.48 3.95

2 NPK 5.00 5.61 4.28 5.08 2.77 4.25

3 NPK 5.33 5.83 4.45 5.14 2.49 4.15

Means for 0 3.21 3.86 3.09 3.86 2.15 3.42
irrigation W 4.36 5.00 3.69 4.43 2.47 3.92
Means for 0 NPK 2.65 3.52 2.35 2.96 1.99 3.17
fertilization 1 NPK 3.60 4.23 3.22 4.05 2.33 3.69
2 NPK 4.34 4.93 3.95 4.76 2.56 3.95

3 NPK 4.55 5.05 4.05 4.80 2.34 3.88

LSD,,,5 for: irrigation 0.77 0.11 0.15 0.18 0.18 0.31
fertilization 0.43 0.26 0.16 0.20 0.38 0.41

inleraction 0.52 0.25 0.23 n.s. n.s. n.s.

* - dawki nawozowe pod bobik i tubin biaty w kg/ha: 0 NPK- (kontrola bez nawozenia);
I NPK-120; 2 NPK-240; 3 NPK-360. pod tubin z6ty: 1NPK-60; 2 NPK-120; 3NPK-180.

The crop of smali bean and white lupine seeds inereased by 72%, of yellow lupine by
18%. It should be stressed that the highest NPK dose applied to yellow lupine did not
increase its yield. and if no irrigation was applied, the yield was lower. Considering the
effects of minerat fertilization it should be mentioned that the high doses of NPK caused
yield inereases, also if compared to the basie dose of 1 NPK. The smali bean seed yield
was by 26%, and that of white lupine by 19% higher.

The combincd effect of irrigation and minerat fertilizer is shown in table 3, which data
eonfirm that as result of the applied measures the yield of smali bean seeds inereased by
12991 - in comparison to the control (no irrigation, 0 NPK), and by 74% if compared
with | NPK. The yield of white lupine was highei by 108 and 50%, respectively, and
that of yellow lupine by 34 and 14%. These results indicate that the application of
supplemcntal irrigation and high doses of minerat fertilizer to smali bean and white
lupine cultivatcd on sandy soil is successful, and the data eonfirm the results of studics
done by Dziezyc at al. (1987), Karczmarczyk et al (1978), Grabarczyk et al (1987),
Songin (1975), Czyz (1987).

Dziezyc ot al. (1987) and Gromadzinski (1989) reported yield inereases of lupine seed

by 40%. Karczmarczyk ct al. (1978) obtained lupine seed yield inereases by 113%, and
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smali bean by 230% - as effect of fertilization and irrigation in years of large rain
deficite. Grabarczyk et al. (1995) who did their experiments in the Kraina Wielkich
Dolin reported smali bean seed yield inereases of 160% as result of irrigation of sandy
soil plantations.

The productivity of the applied water inereased as effect of large NPK doses (table 4),
the productivity of NPK was larger on irrigated plots, at the same time the fertilizer

productivity decreased with elevatcd NPK doses (table 5).

Table 4. Water productivity (kg seed per 1 mm)

Minerat Plant

fertilization smali bean white lupine yellow lupinc
0 NPK 2.05 1.38 0.88
1 NPK 3.53 1.69 1.00
2 NPK 4.38 2.24 1.43
3 NPK 5.23 2.66 0.98
Mean 5.06 1.99 1.07

Table 5. Fertilizer productivity (kg seed per 1kg NPK)

Object Plant
smali bean white lupine Yellow lupinc
irrigation fertilization

1 NPK 6.17 6.81 5.33
0 2 NPK 5.64 6.12 4.09
3 NPK 4.05 4.17 1.89
1 NPK 9.73 7.68 6.46
W 2 NPK 8.46 7.19 5.44
3 NPK 6.55 5.27 2.28
Means for (¢} 5.28 5.70 3.77
irrigation w 8.25 6.71 473
Meand for 1 NPK 7.95 7.24 5.90
fertilization 2 NPK 7.05 6.65 4.76
3 NPK 5.30 4.72 2.08

The productivity of the applied water expressed as smali bean yield increase, was by
155% higher on plots fertilized with 3 NPK, that of white lupinc by 93%, of ycllow
lupine by 11%. The productivity of 1 kg NPK on irrigated plots was by 57% higher
(smali bean), and that of lupine by 18 to 25%. With the increase of thc NPK doses their
effectivity was in the case of smali bean by 50% lower, of white lupine by 53, and of

yellow lupine even by 184%.
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Irrigation and fertilizer doses modified also the growth and development of the plants.
As can be seen in Table 6 the leaf surface of smali bean grown on irrigated plots
increased by 44%, that of the lupines by 20%. High doses of minerat fertilizer caused an
increase of the leaf surface by 124% (smali bean), 93% (white lupine), 41% (yellow

lupine).

Table 6. Leaf surface (cmz per 1plant)

Object Plant
irrigation fertilization smali be;m white lupine yellow lupine

0 NPK 354.2 313.8 397.8
1 NPK 556.7 427.0 496.7
0 2 NPK 728.6 536.4 607.8
3 NPK 735.1 556.6 588.4

0 NPK 522.6 347.8 499.3
W I NPK 674.0 478.7 610.4

2 NPK 1001.8 685.0 716.3

3 NPK 1226.7 717.5 672.7

Means for (] 593.7 458.4 522.7
irrigation w 856.2 557.3 624.7
Means for 0 NPK 438.4 330.8 448.5
fertilization 1 NPK 615.4 452.9 553.6
2 NPK 865.2 610.7 662.0

3 NPK 980.9 637.0 630.6

LSD,,u for: irrigation 36.1 35.4 51.2
fertilization 26.4 25.6 41.3

interaction 37.3 36.2 n.s.

Table 7. Number and weight of smali bean pods and seeds per 1plant

Object Number of pods Weight of Number of Weight of
pod (g) seeds seeds (9)
irrigation fertilization produclivc non fertile

0 NPK 6.80 0.92 6.98 14.7 5.21
(0] 1NPK 7.84 1.27 8.24 17.6 6.46
2 NPK 8.85 1.30 10.4 21.6 8.21
3 NPK 9.08 1.34 10.9 22.8 8.71
0 NPK 7.80 0.70 8.74 18.3 6.70
W 1NPK 8.96 0.74 10.5 21.4 8.15
2 NPK 10.7 1.27 133 26.5 10.5
3 NPK 114 161 145 29.3 115
Means for o 8.14 121 9.16 19.2 7.15
irrigation w 9.73 1.08 11.7 23.9 9.24
Means for 0 NPK 7.30 0.81 7.86 16.5 5.95
L 1NPK 8.40 1.01 9.37 19.5 7.30
fertilization 2 NPK 9.79 1.29 11.9 24.0 9.36
3 NPK 10.2 1.47 12.7 26.0 10.1
LSD.,.a for: irrigation 0.71 0.09 0.39 1.23 0.23
fertilization 0.41 0.13 0.32 1.14 0.12

interaction 0.58 0.18 0.45 1.62 0.17
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Table s. Number and weight of white lupine pods and seeds per 1 plant

Object Number of pods Weight of Number of Weight of
irriaadon fertitization productive non ferule po<J (9) seeds seeds (g)
0 NPK 8.64 1.04 9.40 25.6 6.04
0 1 NPK 9.68 1.28 111 29.6 7.16
2 NPK 115 1.28 13.9 36.5 8.80
3 NPK 11.9 1.39 14.2 38.4 9.23
0 NPK 10.9 1.36 13.0 34.1 8.25
w 1 NPK 11.8 1.30 14.0 39.3 9.58
2 NPK 14.3 131 175 49.3 12.1
3 NPK 14.7 1.40 18.4 51.2 12.6
Mcans for 0 10.4 1.25 121 32.5 7.81
irrigation w 12.9 1.34 15.7 435 10.6
Mcans for 0 NPK 9.81 1.20 11.2 29.8 7.15
fertitization 1NPK 10.7 1.29 125 34.4 8.37
2 NPK 129 1.30 15.7 42.9 10.4
3 NPK 13.3 1.40 16.3 44.8 10.9
LSD«o5 for: irrigation 0.77 n.s. 0.67 2.66 0.21
fertitization 0.94 0.17 1.20 3.36 0.41
interaction n.s. n.s. n.s. n.s. 0.57

Table 9. Number and weight of yellow lupine pods and seeds per 1plant

Ob ect Number of pods Weight of Number of Weight of

irrigahon fertitization produclive  non ferule pod (g) seeds seeds (g)
0 NPK 7.18 0.96 4.96 21.3 2.66
o 1NPK 8.26 0.97 6.26 26.2 341
2 NPK 8.83 0.93 6.91 29.8 3.92
3 NPK 8.12 1.08 6.28 27.4 3.53
0 NPK 8.37 1.54 6.07 27.4 3.46
W 1 NPK 9.64 1.52 7.48 33.0 4.20
2 NPK 10.6 1.53 8.66 38.3 4.95
3 NPK 10.1 1.43 791 34.8 4.44
Mcans for (0] 8.10 0.98 6.10 26.2 3.38
. W 9.68 1.50 7.53 33.4 4.26

irrigauon

Means for 0 NPK 7.78 1.25 551 243 3.06
L 1 NPK 8.95 1.24 6.87 29.6 3.80
fertitization 2 NPK 9.72 1.23 7.78 34.0 4.43
3 NPK 9.11 1.25 7.09 311 3.99
LSDoo'". for: irrigation 0.54 0.13 0.13 2.63 0.54
fertitization 0.58 n.s. 0.21 2.15 0.98

interaction n.s. n.s. 0.29 n.s. n.s.
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Table 10. Weight of 1000 seeds (g)

Object Plant
irrigation fertilization smali bean white lupine yellow lupine
0 NPK 368 221 119
O 1 NPK 374 227 124
2 NPK 381 239 128
3 NPK 387 235 124
ONPK 389 231 126
w 1 NPK 399 238 132
2 NPK 414 247 135
3 NPK 433 250 133
Mcans for (¢} 377 231 124
irrigation W 409 241 131
Mcans for ONPK 378 226 122
fertilization 1NPK 386 233 128
2 NPK 397 243 132
3 NPK 410 242 128
LSDoos for: irrigation 20.7 n.s. n.s.
fertilization 18.8 13.3 n.s.
interaction 1s. n.s. n.s.

The number of pods per 1plant, their weight, the number of seeds in one pod and their
weight inereased as the result of irrigation by 20-35%, and as effect of fertilization by
35-to ovcr 60% (table 7,8,9). The weight of 1000 seeds inereased as the result of the
applied measures only by 5-8% (table 10). The architecture of the canopy and the
structurc of the crop is closely linked to the yield. The coefficients of correlation
between the yield and the leaf surface and some other elements of the yield structure
(table 11) confirm the highly significant relations between these features.

This study assessed also the water use in the field by the cultivated plants and its
productivity (table 12, 13). It was shown that the irrigated smali bean used 20% more
water than the control one, and the lupines 15% more. High doses of NPK contributed
to a smali increase of the water uptakc, whercas the coefficient of the water productivity
(expressed as the amount of water used for the production of 1 crop unit) was smaller on
intcnsly fertilized plots, by 60% - smali bean, and white lupine, by 15% - yellow lupine.
Irrigation alone decreased this coefficient by 11% in the case of smali bean (table 13).
Similar relations concerning the water use and effectiveness in cereal production were

reported by Karczmarczyk et al. (1989), Zbie¢ et al. (1996).
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Table 11. Factors of linear correlation (mean of 4 years)

Yield of No of No of  Weight of No of Weight of Weight Leafarea
Specification seeds productive barren pods per  seeds oer seeds per o f1000 por
per ha pods pods plant pods pods seeds 1plant
Smali bean
Yield of seeds X
per ha
No of 0.79 X
producLive pods
No of barren 0.12 0.46 X
pods
Weight of pods 0.81 0.97 0.48 X
No of seeds per 0.87 0.89 0.40 0.93 X
pod
Weight of seeds 0.84 0.96 0.43 0.98 0.97 X
per pod
Weight of 1000 0.48 0.82 0.33 0.73 0.51 0.68 X
seeds
Leaf area per 1  0.72 0.57 0.17 0.60 0.73 0.68 0.24 X
plant
White lupine
Yield of seeds X
per ha
No of 0.68 X
productive pods
No of barren -0.22 0.35 X
pods
Weight of seeds 0.70 0.98 0.39 X
per pods
No of seeds per 0.66 0.96 0.34 0.96 X
pod
Weight of seeds 0.72 0.91 0.20 0.91 0.97 X
per pod
Weight of 1000 0.80 0.62 -0.17 0.67 0.72 0.83 X
seeds
Leaf area per 1  0.72 0.77 0.23 0.80 0.73 0.67 0.53 X
plant

Yellow lupine
Yield of seeds X

per ha

No of 0.49 X

produclive pods

No of barren -0.01 0.25 X

pods

Weight of pods 0.69 0.93 0.24 X

No of seeds per 0.84 0.80 0.21 0.93 X

pod w straku

Weight of seeds 0.19 0.21 0.20 0.22 0.21 X

per pod

Weight of 1000  0.42 0.89 0.18 0.84 0.73 0.25 X
seeds

Leaf area per 1  -0.03 -0..2 0.25 0.10 0.11 0.02 0.21 X

plant
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Table 12. Field use of water from ()-I(X) cm soil layer ( mm)

Objcct Plant
smali bean white lupine yellow lupine
irrigation fertilization
0 NPK 317 326 350
0 1NPK 319 336 357
2 NPK 324 344 370
3 NPK 328 353 364
0 NPK 369 371 412
w 1 NPK 374 381 411
2 NPK 386 389 419
3 NPK 394 403 418
Mcans lor 0 322 340 361
irrigation W 381 386 416
Means for 0 NPK 343 349 381
fertilization 1 NPK 347 358 385
2 NPK 355 367 395
3 NPK 361 378 391
LSDo.os for: irrigation 23.7 22.8 13.1
fertilization 14.8 23.3 ns.
intcraction ns. ns. s,

Table 13. Water use coefficient ( mm oT dry matter of sceds)

Plant
Object
L e smali bean white lupine yellow lupine
irrigation fertilization
0 NPK 137 155 191
0 1 NPK 103 121 166
2 NPK 87 96 158
3 NPK 85 97 167
0 NPK 126 151 199
W 1NPK 91 117 169
2 NPK 77 93 153
3 NPK 74 92 171
Mcans for 0 103 117 171
irrigation W 92 113 173
Means for 0 NPK 131 153 195
fertilization 1 NPK 97 119 168
2 NPK 82 95 155

3 NPK 80 95 169
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For a better evaluation of the applied irrigation and fertilization of the leguminous
plants cultivatcd on sandy soil, a short economical analysis was done, the results are
shown in Table 14. As cxpected, the largest income yielded smali bean and white lupine
- if irrigated and well fertilized; yellow lupine, being an extensive plant, did not yield
crops which would pay for the applied measures.

Smali bean and white lupine can be cultivatcd on poor soils, providing the application
of water and fertilizer is ensured. Of the compared plants, it was smali bean which
brought the largest profit. White lupine reacted to the applied agrotechnique positively,
although the difference of profit between 2 and 3 NPK was low. The yield increase of
yellow lupine seeds was not high enough to compensate for the cost of irrigation and

fertilizer, hence the 120 kg NPK was the limit not to be excecded.



Table 14. Simplified economical analysis of applied irrigation and fertilization (zt/ha)

Objec
t

0
NPK
1
NPK
2
NPK
3
NPK
Mean

Yield increase

bobik

0.64

1.7

1.32

1.54

1.14

(0

tubin
biaty
041

0.52

0.67

0.81

0.60

tubin
z0hty
0.26
0.30
0.42
0.29

0.32

Value of stand1

(z+*ha")
bobik tubin
biaty
107 147
134 173
269 269
269 269
195 215

tubin

z0hy
195
201
254
234

221

Value of yield
increase AP
(z+*ha")
bobik tubin tubin

biaty zéty
359 244 149
606 310 176
751 399 244
879 478 168
649 358 184

Expense for
irrigation 2 Kj

(z¥*ha')
bobik tubin
biaty
417 393
460 406
484 424
507 439
467 415

tubin

zohy
374
379
393

378

381

o value of yield increase of wheat grain, which can be obtained in a stand after legume plants,
2 total constant and varying costs plus inereased agricult. costs,
3 (A P + stand value) - Kj,
4)

W ,=

value of product increase due to irrigation

expenses for the additional product

—x100,

(numbers lower than 100 indicate a non profitable application of the measure)

Income 3

(z+*ha*))
bobik tubin
biaty
49 -1.3
280 77
536 244
641 308
376 157

Profit index 4)

Wo

tubin bobik tubin

z06tty

-29.4 112
-2.6 160
106 208
24 220
24 175

biaty

98

116

155

168

134

tubin

z6hty
90
98
125

105

105
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CONCLUSIONS

1 Overhead irrigation and high doses of NPK significantly increased the yield of smali bean,
white and yellow lupine grown on sandy soil. The largest crop inereases gave smali bean.
Irrigated smali bean yielded 36% more seeds, and well fcrtilized 72% more. As result of
irrigation combined with high fertilizer dose the seed yield was by 129% higher. The yicld
of white lupine seeds was by 19; 72 and 108% higher, that of yellow lupine by 15; 18 and
34%, respectively.

2. The productivity of water was higher on well fertilized plots, whereas the effectiveness of
NPK decreascd if the fertilizer doses were higher.

3. Short economical analysis of the irrigation and fertilization impact on the crops provcd a
high profitability of the measures in the casc of smali bean and white lupine, yield

inereases of yellow lupine seeds did not pay for the expenses.
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Streszczenie: Wplyw deszczowania i nawozenia mineralnego na plonowanie bobiku i tubinu
uprawianych na glebie lekkiej. Cz. I. Plony nasion i stomy. Celem przeprowadzonych badan byto
okreslenie wptywu uzupetniajgcego deszczowania oraz nawozenia mineralnego na plonowanie
bobiku, tubinu biatego i zéttego uprawianych na glebie lekkiej. Deszczowanie i wysokie dawki NPK
istotnie roznicowaty plonowanie tych roslin. Najwieksze przyrosty plonu nasion pod wplywem
intensywnej agrotechniki uzyskano w przypadku bobiku, réwnie wysokie #tubinu bialego, a
najmniejsze tubinu z6kego. Stosujgc deszczowanie i wysokie dawki NPK mozna z powodzeniem
uprawia¢ rosliny intensywnie (bobik) na glebach lekkich. Zastosowane zabiegi agrotechniczne
modyfikowaty wzrost i rozw6j uprawianych roélin, a to wyrazato sie zwiekszeniem powierzchni lisci,
liczby i masy strakéw na ro$linie oraz liczby i masy nasion w strgku. Ekonomiczna analiza stosowania
deszczowania oraz intensy wnego nawozenia mineralnego wykazata wysoka optacalno$¢ stosowania
tych zabiegébw pod bobik i tubin biaty, natomiast przyrosty plonu nasion #tubinu zo6tego nie
rownowazg naktadéw ponoszonych na zabiegi intensywnej agrotechniki.
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Water resources management and irrigation of cultivated plants

Influence of irrigation and minerat fertilization on the yield of smali
bean and lupine grown on sandy soil

Part Il. Pigment content and enzyme activity in leaves

CEZARY PODSIADLO, STANISLAW KARCZMARCZYK,
ZDZISEAW KOSZANSKI, IRENA zZBIEC

Department of Plant Production and Irrigation, Agricultural University in Szczecin

Abstract: Influence of irrigation and mineratfertilization on the yield of smal! bean and lupine
grown on sandy soil. Part Il. Pigment content and enzyme activity in leaves. High doses of
minerat fertilizer inereased the content of photosynthetic pigments in Icavcs of smali bean and
lupine, and elevated the activity of nitrate rcductasc, peroxydase and acid phosphatasc.
Irrigation decreased the nitrate rcductase activity in the leavcs. The assimilation of C02 and
transpiration inereased as the result of the applied measures, and the concentration of carhon
dioxide in the substomatal cells decreased, The activity of thesc processes was much more
pronounced in the leaves of smali bean and white lupine as comparcd to the ycllow lupine.

Key words: enzyme activity, photosynthesis, smali bean, lupine, irrigation, minerat fertilization.

INTRODUCTION

The activity of plant physiological processes is elosely connccted with their gcnctic
properties, but can be modified by the environmenl, particularly the temperature,
insolation, nutrient availability, and water supply (Nalborczyk 1981, Karczmarczyk et
al. 1990, 1999, Wojcieska et al. 1981, 1991, Zbiec et al. 1989). The activity of thesc
processes, the content of photosynthetic pigments affect the intensity of assimilation,
thus influence the crop.

This study aimed at the assessment of the impact of supplemental irrigation and various
doses of minerat fertilizer on the content of chlorophyll and carotcnoides, intensity of
photosynthesis and activity of some red-ox enzymes in the lcaves of smali bean, and

white and yellow lupine.
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METHODS AND MATERIALS

The layout of field experiments, climate and soil conditions, the applied
agrotechnique were described in the 1. part of the paper. Leaf tissue for Chemical
analyses was samplcd from thc top Icaves of the plants. The content of chlorophyll was
assessed by thc Arnon et al. method (1956), that of carotenoides by Schnarrenberg and
Mohr (1970). The pigments were extracted by N,N, - dimethylformamide for 24h. The
cxtinction of the cxtracts was measured at 645, 663, 440 nm. The sampling was done at
the stage of pod formation. The same materiat was used for the enzyme activity assay.
Nitrate content was measured by an ionselective electrode, nitrate reductase activity
using NADH as hydrogen donor, the activity of peroxydase and phosphatases was
assessed by colorymetry.

The intensity of C 02 assimilation and concentration, transpiration, leaf conductivity and
temperature were measured by the LCA-4 gas analyzer. Ali the measurements were

taken from leaves of the 0, 1,3 NPK, O and W plots.

RESULTS

The applied agrotechnical measures clevated the content of photosynthetic pigments in
thc leaves. As shown in Table 1 the chlorophyll content inereased as effect of irrigation
by 9% in lupine and by 13% in smali bean.

High doses of minerat fertilizer caused a 22% increase of the chlorophyll content in
smali bean leaves, 18% in white lupinc and 10% in yellow lupine. The content of
carotenoides inereased in leaves of well fertilized plants by 24, 13, and 8%), respectively
(Table 1). These results confirm those of Karczmarczyk et al. (1990, 1999), Zbiec et al.
(1989), Wojcieska  Wyskupajtys (1996). As shown by Wojcicska et al. (1983) the
pigment content alone does not influence the assimilation process, but if combined with
a larger leaf arca (Part 1), contributes to a greater accumulation of biomass, hence larger
crop.

Enzymcs are thc enginc of all biological processes, and their activity depends a.o. on
nutrients and water availability. Of the red-ox enzymes the role of nitrate reductase
should be stressed, since it partakes in the processes of nitrogen incorporation, the

phosphatases are involved in phosphorus convcrsion, the peroxydasc is active in
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protection of the plant phytohormons. The results pertaining to the activity of thcse

enzymes are presented in Tables 2, 3, 4.

Table 1. Photosynthetic pigment content in leaves (Jlig/g f.m.)

Irrigation Minerat Smali bean White lupine Yellow lupine
fertilization  chlorophyll  carotenoids  chlorophyll ~ Carotenoids  chlorophill  carotenoids
ONPK 2176 852 1620 678 1639 684
0 1 NPK 2365 966 1795 737 1778 723
3 NPK 2523 1032 1860 757 1764 728
Mean 2355 950 1758 724 1727 712
ONPK 2357 925 1729 699 1768 705
w 1 NPK 2657 1022 1950 767 1916 748
3 NPK 2998 1172 2074 798 1965 767
Mean 2671 1040 1918 755 1883 740
Mean for ONPK 2266 889 1674 688 1703 695
fertilization 1NPK 2511 994 1873 752 1847 736
3 NPK 2760 1103 1967 778 1864 748
LSDoosfor: irrigation 381 23.0 15.7 ns. 244 ns.
fertilization 325 21.0 26.0 13.4 37.1 10.7
interaction 45.9 29.7 n.s. ns. 52.4 152

Table 2. Dry matter, nitrate content, and enzyme activity in smali bean Icaves

Minerat Dry matter N-NO, Nitrate reductase  Peroxydasc Phosphatase

Irrigation fertilization % mgkg'l uMNaNCY gh'1 AE mM100g(),5h
dm. 10095 alkalinc acid

ONPK 15.8 307 207 25.9 411 121

0 1INPK 16.9 316 226 28.2 341 12.7
3NPK 17.4 325 256 29.9 3.22 12.3

mean 16.7 316 230 28.0 3.58 124

ONPK 14.8 279 178 27.4 3.77 12.3

W INPK 15.8 295 207 31.3 3.59 13.3
3NPK 17.0 302 251 36.8 3.45 14.3

mean 15.9 292 212 31.8 3.60 13.3

Means for ONPK 15.3 293 192 26.7 3.94 12.2
fertilization INPK 16.4 306 216 29.7 3.50 13.0
3NPK 17.2 313 254 334 3.34 133

mean 16.3 304 221 29.9 3.59 12.8

LSDo.osfor: irrigation n.s. ns. ns. 3.46 ns. 0.61
fertilization 181 n.s. 13.2 3.19 0.20 0.38

interaction n.s. n.s. ns. n.s. 0.29 0.54

High doses of fertilizer which had becn applied to the plants, caused an increase of the
nitrate reductase activity - in smali bean by 32%, white lupine by 23%, yellow lupine
by only 4%. The activity of this enzyme decreased by a few percent as result of

supplemenlal irrigation.



324
C. Podsiadto, S. Karczmarczyk, Z. Koszanski, I. Zbiec

Table 3. Dry matter, nitrate content, and enzyme activity in white lupine leaves at
blooming

Minerat Dry matter  N-NO3 Nitrate reductase  Peroxydase Phosphatase
Irrigation fertitization % mg-kg’l uMNaNO, gh'l AE

mM100g'0,5h"
dm. 100gs  alkaline  Acid
ONPK 111 273 169 28.0 7.99 21.7
] INPK 12.0 293 184 31.3 7.81 25.2
3NPK 121 317 217 35.0 7.09 27.1
mean 11.8 295 190 314 7.63 24.7
ONPK 10.8 173 162 29.0 9.08 22.4
w 1INPK 11.7 293 174 32.3 6.89 27.3
3NPK 12.6 305 191 37.0 6.74 27.9
mean 11.7 257 176 32.8 7.57 25.9
Means for ONPK 11.0 223 165 28.5 8.54 22.1
fertitization INPK 11.9 294 179 31.8 7.35 26.3
3NPK 124 311 204 36.0 6.92 27.5
mean 11.7 276 183 32.1 7.60 25.3
LSDo.osfor: irrigation n.s. n.s. 171 n.s. n.s. n.s.
fertitization 0.34 9.03 7.00 1.14 0.45 0.84
interaction n.s. n.s. n.s. n.s. n.s. n.s.

Table 4. Dry matter, nitrate content, and enzyme activity in yellow lupine leaves at
blooming A i

Irrigation Minerat Dry matter ~ N-NO, Nitrate reductase  Peroxydasc Phosphatase
fertitization % mg-kg'l uMNaNOj gh'l AE mM100g(),5h"

d.m. 100gs alkaline  Acid

ONPK 12.5 179 169 29.0 6.47 22.7

0 INPK 129 187 178 40.0 8.15 26.1
3NPK 12.8 169 179 42.7 6.69 25.4

mean 12.7 178 175 37.2 7.11 24.7

ONPK 11.8 138 167 27.7 7.93 23.7

W INPK 121 169 176 37.0 8.78 27.1
3NPK 12.3 187 172 37.0 7.13 27.2

mean 121 165 171 33.9 7.94 26.0

Meand for ONPK 12.2 158 168 28.3 7.20 23.2
fertitization INPK 125 178 177 38.5 8.47 26.6
3NPK 125 178 175 39.8 6.91 26.3

mean 124 171 173 35.6 7.53 25.4

LSDooifor: irrigation n.s. n.s. n.s. n.s. 0.35 n.s.
fertitization n.s. 8.71 n.s. 8.50 0.45 1.24

interaction n.s. 9.12 n.s. 9.71 0.61 1.54



Table 5. Photosynthetic activity in smali bean, and lupine leaves

Obiect Smali bean
Transpi-
Irrigation Fertilizatio Photosynthesis ration mol-m Cc*
n (lamol m “s ) V u mol-
mol'
o O NPK 7.54 1.45 252
3 NPK 8.82 151 244
w 0 NPK 10.7 2.09 294
3 NPK 11.2 2.35 264
Efcct of
irrigation o 8.18 1.48 248
w 10.9 2.22 279
Effect of
fertilization 0 NPK 9.10 1.77 273
3 NPK 10.0 1.93 254
LSDOGb lor;
Irrigation ri. i, ri.
Fertilization . _ .
R r.l. r.1. r.1.
Intcraction
r.i. ri. ri.

*/ C, - sub - stomatal CCT concentration:

rc)

22.5
22.4
21.8
21.7

224
21.7

221

r.n.
r.n.

r.n.

fr*

mol-rrO-s'l

0.13
0.15
0.29
0.34

0.14

0.31

0.21

r.i.
r.i.

r.i.

Photosynthesis
(pmol-m:s’)

6.47
7.07
7.78
9.16

6.77

8.47

8.11

r.i.
r.i.

r.i.

T|eaf - leaf temperature:

White lupine
Transpi- Q*
ration pmol-moll
mol-m'2-s*
2.19 336
2.33 306
3.12 375
3.45 344
2.26 321
3.29 359
2.65 356
2.89 325
ri. ri.
r.i. r.i.
r.i. r.n.

Taa*

Cco

23.8
22.6
20.7
20.6

23.2

20.6

22.3

21.6

r.n.

r.n.

gc- stomatal conductance

ntol-m 2-s 1

0.51
0.67
0.82
0.95

0.59

0.89

0.66

0.81

Photosynthesis

pmol-m'2-s'

5.95
6.23
6.83
7.14

6.09

6.98

6.39

6.68

r.i.
r.n.

r.n.

Yellow lupine

Transpi-
ration
molm2s1

1.46
1.50
1.94
211

1.48

2.03

1.70

1.80

r.n.

r.n.

Ci*
pmol-m
ol

354
344
369
360

349

364

361

352

Tt g~
CC) mol-m
\
23.3 0.48
23.2 0.50
225 0.52
22.3 0.56
23.2 0.49
22.4 054
229 0.50
22.7 0.53
r.n. r.i.
r.n. r.n.
r.n. r.n.
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The nitrate reductase activity was closely linked to the content of nitrate nitrogen in the
Icaves. The lower content of nitrates in the irrigated plant leaves, and hence lower
activity of nitrate reductase, could be connected with a rapid reduction of the nitrates
and incorporation of the nitrogen into aminoacids in plants of inereased photosynthesis.
Sueh explanation is feasible also because thesc plants contained more chlorophyll and
carotcne (Table 1), developcd a larger leaf surface (Part 1), and showed inereased
photosynthesis (Table 5).

The activity of pcroxydasc inereased by 25-40% as result of fertilization, and by 4-13%
as cffect of supplemental irrigation of smali bean and white lupine. Irrigation of yellow
lupine caused a decrcasc of this enzyme activity by 10%. A stimulation of the
pcroxyda.se activity by minerat fertilizers was also described by Zbiec et al. (1986),
Karczmarczyk et al. (1993), Gurgul and Haman (1994), Biczak et al. (1999). The
activity of the phosphatases was hardly dependent on the applied measures, the only
cxception being a slight increase of the acid phosphatase activity as result of irrigation,
and a 10-24% increase caused by fcrtilization. The acid phosphatase acts as the enzyme
which catalyses the hydrolysis of phosphoric acid esters in acid environment, thus
rcgulatcs the Icvel of inorganic phosphorus in the cclls. The opinions on the connection
of minerat fertilization with the activity of this enzyme vary, Rao et al. (1997) suppose
that the enzyme is more active if the level of phosphorus in the soil is low, Goldstein et
al. (1988) think that the activity of acid phosphatase is quite random. Our earlier study
(Kaczmarczyk et al., 1989), and that of Biczak et al. (1999) showed that a high contet of
phosphorus in the soil caused an increase of the acid phosphatase activity in plants.

An inereased activity of enzymes, high level of chlorophyll and carotenoides, caused by
irrigation and fertilization, enhanced the photosynthesis and biomass production. The
measurements of photosynthesis which results are shown in Table 4 demonslrale a 33%
increase of the photosynthesis of smali bean leavcs as result of irrigation, white lupine
by 46%, yellow lupine by 15%. Minerat fertilizers inereased the photosynthesis by 10,
14, and 4%, respectively. Transpiration was also elevated by irrigation: of smali bean by
50%. white lupine by 46%, yellow lupine by 37%. The transpiration increase caused by
fertilization was smaller by 9% in smali bean and white lupine, by 6% in yellow
lupine. These two proccsses - photosynthesis and transpiration are closely linked. A

larger production of organie compounds inereases the demand for minerals uptake from
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soil and their transport to the green parts of the plant, on the other hand, the inereased
supply of minerals, particularly magnesium, also nitrogen, stimulates the assimilation
and pigment synthesis.

The concentration of carbon dioxide in substomatal cells was smaller in plants well
fertilized, which photosynthesis was inereased.

The reason of this phenomenon was a larger uptake and use of carbon dioxidc during
assimilation. The leaf conductivity was also inereased as result of the applied measures,
in the irrigated white lupine - by 51%. The enhaneed conductivity of the leaf stimulates
the transport of C02 to the photosynthetic apparatus. The temperature of leaves of the
irrigated plants was slightly lower than that of the control ones.

The results pertaining to the photosynthetic aclivity of plants confirmed earlier studics
done by Wojcieska (1994), Wojcieska and Szczypa (1971), Wojcieska-Wyskupajtys
(1996), Karczmarczyk et al. (1999), Zbiec et al. (1988).

The inereased leaf surface, pigment content, enzyme activity, and intensity of C02
assimilation, which resulted from the supplemental irrigation and high doses of fertilizer
stimulated the assimilation process and biomass production, hence caused significant

yield inereases.

CONCLUSIONS

1 Supplemental irrigation and high fertilizer doses caused a significant increase of the
chlorophyll and carotenoides content in the leaves of smali bean, white lupinc and
yellow lupine. The combined effect of both applied measures was shown in an 38%
increase of the chlorophyll content in smali bean Icaves, 28% in white lupine, and
20% in yellow lupine. The content of carotenoides inereased by 38, 18, and 12%,
respectively.

2. High doses of NPK inereased the activity of nitrate reductase, particularly in smali
bean and white lupinc leaves, and of pcroxydase in all three plants. The activity of
acid phosphatase was higher in plants from well fertilized plots, irrigation was less
effective, which concerned also the nitrate reductase.

3. High fertilizer doses and irrigation caused an increase of thc C02 assimilation and
transpiration, also a decrease of the carbon dioxide concentration in the substomatal

cells. The leaf conductivity was clevated as result of irrigation and fertilization.
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Thesc effects were much more exprcssed in the leaves of smali bean and white

lupine than of the ycllow lupine leaves.
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Streszczenie: Wplyw deszczowania i nawozenia mineralnego na plonowanie bobiku i tubinu
uprawianych na glebie lekkigj. Cz. Il Zawartos¢ barwnikéw i aktywno$¢ enzyméw w roslinach
W przeprowadzonych badaniach okreslono wplyw uzupetniajagcego deszczowania oraz
wysokiego nawozenia mineralnego na zawarto$¢ chlorofilu i karotenoidéw. intensywnosé
fotosyntezy oraz aktywno$¢ enzyméw' oksydacyjno-redukcyjnych. w lisciach bobiku, tubinu
bialego i zdttego uprawianych na glebie lekkiej. Stwierdzono, zc zastosowane zabiegi
spowodowaty w'zrost zawartosci barwnikow fotosyntetycznych w lisciach oraz modyfikowaty
aktywno$¢ enzymow. Pod wplywem nawozenia mineralnego wzrosta aktywno$¢ reduktazy
azotanowej, peroksydazy i kwasnej fosfatazy. Nawadnianie obnizyto aktywnos$¢ reduktazy
azotanowej. Ponadto stwierdzono, zc pod wplywem zastosowanych zabiegow wzrosta
asymilacja C02 i transpiracja. a zmniejszyto sie stezenie dwntlenku wegla w komérkach
przyszparkowych. Aktywnos¢ tych procesow byta znacznie wieksza w lisciach bobiku i tubinu
biatego niz tubinu z6kego.
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Influence of irrigation and minerat fertilization on the yield of smali
bean and lupine grown on sandy soil

Part 11l. Chemical composition and nutritional value of the crop
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Abstract: Influence of irrigation and minerat fertilization on the yield of smali bean and
lupine grown on sandy soil. Part Ill. Chemical composition and nutritional value ofthe crop.
This study concerned the influence of supplemental irrigation and NPK doses on the Chemical
composition and nutritional value of smali bean, white lupine and yellow lupine seeds. It was
found that irrigation caused a decrease of the contenls of nitrates, protein, lipids and ash in
seeds, whereas high NPK doses inereased the contents of nitrogen compounds, protein, Uber
and ash. The protein yield was higher from irrigated and well fertilized plants. The biological
value of the seeds’ protein (CSI, EAAI, Total AA) was higher in seeds of irrigated plants, high
doses of NPK had a negative cffect. The content of alkaloids and tannins in the seeds of
irrigated plants was lower than that of the non irrigated ones.

Key words: irrigation, minerat fertilizer, smali bean, white and yellow lupine, Chemical
composition, aminoacids, nutrition.

INTRODUCTION

Seeds of leguminous plants are the only kind of protein-rich crop which the farmer can
produce on his own farm. Cultivation of these plants is the least expensive manner of
producing valuable fodder covering the demand for high-protein fced. This leads to an
intensification of animal production without high costs. The yicld of leguminous plants,
their Chemical composition and nutritional value can be allered, among others by
minerat fertilization, supplemental irrigation, which was shown by Dziezyc (1993),
Dziezyc and Biskupski (1974), Karczmarczyk et al. (1990. 1999), Buniak and Zbiec
(1997), Szukata et al. (1997). Studies concerning the influence of intense agrotechnicjuc

on the Chemical composition of crops are of great importance. For that reason, this
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study was undertaken to assess the influence of supplemental irrigation and high doses
of minerat fertilizer on the content of minerals and nutritional value of seeds of smali

bean, white lupine and yellow lupine.

MATERIALS AND METHODS

The layout of the expcriment has been described in Part 1 of the paper. The Part 3
concerns the content of some macro- and microelements, aminoacids content, alkaloid
content in the seeds, thus to cvaluatc their nutritional value.

The nitrogen content was assesscd by Kjeldahl, nitrate by ionselective electrode, K, P,
Ca by photometry, Mg, Fe, Zn by atomie absorption.. The protein content was
caleulatcd by multiplying the N content by 6.25. Aminoacids were analyzed in 6N HC1-
hydrolysate, by automatic AA analyzcr (AAST-88), the EAAI - by Oser, the CSI by
Btock and Mitchell. The AA analyses were done for the watered and non watered

objects, and for the non fertilized and 3 NPK fcrtilized ones.

RESULTS

The applied irrigation and fertilizers influenced the content of nitrogen compounds, the
yield of protein and the Chemical composition of the plants (Table 1,2).

Supplemental irrigation caused a decrease of nitrate content in the seeds of smali
bean by 13%, and of lupine by 7 and 5%. The protein content was not altered, though
the protein yield inereased in the casc of smali bean by 37%, of white lupine by 17% of
yellow lupine by 12%. Minerat fertilizer doses had a greater impact on the content of
nitrogen compounds than irrigation. The content of nitrates in the smali bean seeds
inereased by 15%. in those of the lupines by 8 and 7%. The total nitrogen and protein
content was inereased by 4 to 6%, the total protein yield from an area unit inereased by
83% (smali bean), 79% (white lupine), 25% (yellow lupine). Supplemental irrigation of
the plants had only a minor effect on the content of nutrients. The seeds containcd 0.5 to
2% less crudc protein, less lipids and ash, a little more non- nitrogen compounds. The
seeds of plants which had been fertilized with high NPK doses containcd more protein,

fiber and ash than the low fcrtilized ones.
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Table 1. Content of total nitrogen, nitrate nitrogen, total protein and yield of protein in

smali bean, white lupine and yellow lupine seeds (mean of 4 years)

Object
Means for 0
irrigation W
Means for ONPK
fertitization 1NPK
2 NPK
3 NPK

LSD - for: irrigation
fertitization

Means for (o]
irrigation W
Means for ONPK
fertitization 1NPK
2 NPK
3 NPK

LSDo.os for: irrigation
fertitization

Means for ¢}
irrigation W
Means for ONPK
fertitization 1NPK
2 NPK
3 NPK

LSDoos for: irrigation
fertitization

N-NOj
(mg*kg") (%)
Smali bean
207 4.37
180 4.40
178 4.25
191 4.37
200 441
205 4.50
23.4 n.s.
15.2 0.15
White lupine
231 5.45
220 5.34
217 5.29
222 5.38
227 5.41
235 5.50
n.s. n.s.
143 n.s.
Yellow lupine
215 6.19
200 6.00
193 5.90
204 6.05
217 6.18
215 6.23
n.s. n.s.
19.1 0.23

Total nitrogen Total protein

(%)

27.3
27.5
26.6
27.3
27.6
28.2
n.s.
0.95

34.1
33.4
331
33.7
33.8
34.4
n.s.
n.s.

38.7
37.5
36.9
37.4
38.7
39.3
n.s.
1.74

878
1201
701
983
1195
1279
531
37.2

1062
1242
780

1090
1341
1396
57.0
46.5

829
924
734
871

985

916
515
31.6

Yield of
protein

(kg-ha)
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Tabie 2. Chemical composition of smali bean, white lupine and yellow lupine seeds (%)

Object

Irrigation 0

W
Minerat 0 NPK
fertilization 1NPK
2 NPK
3 NPK

LSDo.os for : irrigation
fertilization

Irrigation 0

W
Minerat 0 NPK
fertilization 1NPK
2 NPK
3 NPK

LSDo.os for:irrigation
fertilization

Irrigation 0]

W
Minerat 0 NPK
fertilization 1 NPK
2 NPK
3 NPK

LSD,ni? for : irrigation
fertilization

Dry

matter

88.9
88.8
89.0
88.9
89.0
88.7
n.s.
n.s.

90.0
89.9
90.0
89.9
89.8
90.2
n.s.
n.s.

89.5
89.6
89.5
89.4
89.4
89.8
n.s.
n.s.

Crude  Fibre
protein
Smali bean
30.3 9.36
28.3 9.61
28.8 9.22
29.0 9.49
29.4 9.66
30.0 9.57
1.11 n.s.
1.07 ns.
White lupine
34.8 18.1
34.0 17.9
33.9 17.6
34.2 18.3
34.5 18.1
35.1 18.1
n.s. n.s.
0.89 n.s.
fellow lupine
41.9 16.9
40.0 17.3
39.9 16.6
40.4 171
41.2 17.3
42.2 17.3
0.98 n.s.
0.87 n.s.

Lipides

1.73
153
1.69
1.64
1.60
1.60
0.13
0.08

9.96
9.21
9.87
9.70
9.41
9.35
n.s.
0.54

6.24
5.93
6.24
6.26
6.00
5.84
n.s.
0.39

Ash

3.46
3.39
3.25
3.43
3.49
3.54
n.s.

4.18
3.95
3.78
4.03
4.20
4.25
n.s.
0.43

5.15
5.35
5.33
5.27
5.28
5.13
n.s.
n.s.

Nitrogen
free
extract

55.2
57.1
57.0
56.4
55.9
55.3
1.08
1.04

32.9
34.9
34.9
33.8
33.7
331
131
1.12

29.9
31.5
31.9
31.0
30.2
29.6
0.83
0.69
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Table 3. Content of macroelements and some microelements in smali bean, white lupine
and yellow lupine seeds (mean of 4 years)

Object P K Ca Mg Fe Zn
{%) (mg mkg 1)
Smali bean

Mean for 0 0.57 1.19 0.08 0.10 70.1 49.4
irrigation W 0.56 1.20 0.09 0.11 721 51.4
Mean for 0 NPK 0.52 1.12 0.07 0.10 59.6 45.8
fertilization 1NPK 0.56 1.17 0.07 0.10 64.0 48.1
2 NPK 0.59 1.22 0.10 0.11 75.9 52.9

3 NPK 0.59 1.27 0.10 0.11 84.9 54.8

LSDo.os for: irrigation n.s. n.s. n.s. n.s. n.s. n.s.
fertilization 4 0.11 0.01 n.s. 8.89 5.79

White lupine

Mean for 0 0.54 1.34 0.21 0.14 64.2 38
irrigation W 0.51 1.40 0.22 0.14 63.3 39
Mean for 0 NPK 0.49 1.29 0.20 0.14 59.1 38
fertilization 1NPK 0.53 1.34 0.22 0.14 65.6 39
2 NPK 0.55 1.40 0.22 0.14 64.4 39

3 NPK 0.55 1.44 0.22 0.14 65.9 38

LSDo.o? for: irrigation n.s. n.s. n.s. n.s. n.s. n.s.
fertilization 0.05 0.07 n.s. n.s. n.s. n.s.

Yellow lupine

Mean for 0] 0.73 1.47 0.21 0.20 77.6 68.6
irrigation w 0.74 1.54 0.23 0.23 76.8 72.6
Mean for 0 NPK 0.71 1.40 0.22 0.22 69.1 70.6
fertilization INPK 073 1.53 0.22 0.22 74.4 70.9
2 NPK 0.76 1.54 0.22 0.21 80.8 70.5
3 NPK 0.76 1.55 0.21 0.21 84.5 70.4
LSDo.os for: irrigation n.s. n.s. n.s. n.s. n.s. n.s.
fertilization ns. s, ns. ns. 8.52 .

High fertilizer doses caused some increase of macroelements content in smali bean
seeds, so was the effect of fertilizer on the content of Fe and Zn.
The nutritional value of protein depends mainly on its aminoacid composition,

particularly on the content of essential aminoacids.
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According to Pastuszewska (1997), the hiological value of leguminous plant seeds is

determined by the content of methionine and tryptophan. The results concerning the AA

composition of the protein are given in Tables 4,5,6.

Table 4. Chemical Score Index (CSl), Essential Amino Acid Index (EAAI) and sum of

Essential amino acids (Z EAA) in smali bean seeds

Objcct

w

Mean for
irrigation
Mean for
fertilization

0 NPK
3 NPK
0 NPK
3 NPK
o}
W
0 NPK
3 NPK

Mct+Cys

33.3
32.9
36.3
34.2
331
35.3
34.8
33.6

CSlI
T™P
43.9
41.7
51.0
47.2
42.8
49.1
47.5
445

Phe+Tyr

57.1
55.7
62.8
57.8
56.4
60.3
60.0
56.8

EAAI

69.1
68.1
75.0
70.4
68.6
72.7
721
69.3

Z EAA

931
89.6
1011
92.9
91.4
97.0
97.1
91.3

Table 5. Chemical Score Indcx (CSI), Essential Amino Acid Index (EAAI) and sum of
Essential amino acids (Z EAA) in white lupine

Objcct
O
W
Mean for
irrigation

Mean for
fertilization

0 NPK

3 NPK

0 NPK

3 NPK
0
W

0 NPK

3 NPK

Met+Cys

42.8
40.1
46.5
447
415
45.6
44.7
42.7

Csi
Trp
39.8
38.5
47.0
441
39.2
45.6
43.4
41.3

Phe+Tyr

69.1
67.4
75.1
721
68.3
73.6
721
69.8

EAAI

70.3
68.8
75.7
72.7
69.6
74.2
73.0
70.8

Z EAA

91.0
86.8
98.3
94.1
88.9
96.2
94.7
90.5

Table 6. Chemical Score Index (CSI), Essential Amino Acid Index (EAAI) and sum of
Essential amino acids (Z EAA) in yellow lupine

Object
o
W
Mean for
irrigation

Mean for
fertilization

0 NPK
3 NPK
0 NPK
3 NPK

0 NPK
3 NPK

Met+Cys

453
43.8
49.8
47.9
44.6
48.9
47.6
45.9

Csli
Trp
42.7
41.2
48.3
48.5
42.0
48.4
45.5
44.9

Phe+Tyr

54.2
51.7
59.6
57.3
53.0
58.5
56.9
54.5

EAAI

67.0
64.9
72.0
70.1
66.0
711
69.5
67.5

Z EAA

931
89.1
102.1
97.8
911
100.0
97.6
93.5
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It was shown that irrigation caused an increase of the limiting AA factor (CSI),
tryptophan and sum of phenylalanine and tyrosine. The essential aminoacid indcx
(EAAI) also inereased as effect of supplemental irrigation, so did the total AA content.
High doses of NPK had an adverse effect, all the indeces mentioned above decrcased,
which means that the nutritional value was lower. Thesc results confirmcd carlier
findings of Karczmarczyk et al. (1996, 1999), Koziar (1996), who also found a
beneficial effect of supplemental irrigation on the nutritional value of cereals. Papcrs of
Jasinska and Kotecki (1993), Pastuszcwska (1997) mentioned differences of the
biological value of cereal and leguminous plants species and varicties, but studies on the

effect of agrotechnical measures on their nutritional valuc are rather scarce.

Table 7. Content of anti-nutritional compounds in smali bean (tannin) and lupincs
(alkaloids) seeds (in %)

Object Smali bean White lupine Yellow lupine

0 0 NPK 1.50 0.043 0.183

3 NPK 1.26 0.041 0.181

W 0 NPK 141 0.030 0.130

3 NPK 1.16 0.029 0.128

Means for ] 1.38 0.042 0.182
irrigation W 1.29 0.030 0.129
Means for 0 NPK 1.46 0.037 0.157
fertilization 3 NPK 121 0.035 0.155

Assessment of a crop’s nutritional value must inelude the content of anti-nutrition
compounds. Lupine seeds contain alkaloids, which Icvel in fodder lupine seeds should
not exceed 0.2%. Smali bean seeds contain trypsine and protease inhibitors, and also
tannins and hemaglutyninc. Thcse substances deerease the uptake of nutrients by
animals, thus have an adverse effect on their well being and growth.

Seeds of lupine from irrigated plots containcd less alkaloids than thosc from non
irrigated, and so was the content of tannine in smali bean seeds. Minerat fertilizer had
no influence on the content of these substances in seeds.

The production of leguminous plants in Poland should be inereased. Studies concerning

the cultivation of plants yielding seeds of high nutritional value are necessary if we
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want to promote animal production and also plant production by inereasing the number

of fertilc fields for the cultivation of cereals.

CONCLUSIONS

1. As the result of supplemental irrigation of smali bean, white lupine and yellow
lupine, dccrcased the content of protein, lipids and ash in their seeds. High doses
of minerat fertilizer caused an increase of nitrate content, and also of total
nitrogen, protein, fiber and ash. Both measures caused an increase of protein
yield, since it dependcd on the total yield of seeds.

2. lrrigation inereased, fcrtilization decreased the indeces of the biological value of
the protein containcd in the seeds. The content of alkaloids and tannins in the
seeds of the irrigated plants was lower than of the non irrigated ones. The dose
of fertilizer had no effect on the content of the anti-nutritional substances in

seeds.
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Streszczenie: Wplyw deszczowania i nawozenia mineralnego na plonowanie bobiku, tubinu
biatego i 4tubinu zétego uprawianych na glebie lekkiej Cz. Ill. Skiad chemiczny i warto$¢
odzywcza plonu. W przeprowadzonych badaniach okreslono wplyw uzupehniajacego
deszczowania i wysokich dawek NPK na sklad chemiczny i wartos¢ odzywcza nasion bobiku
oraz hibinu biatego i zottego. Stwierdzono, ze pod wplywem deszczowania zmniejszyta sie
zawarto$¢ N-NOs, biatka, tluszczu i popiotu, natomiast wysokie dawki NPK powodowaty
wzrost zawartosci zwigzkoéw azotu, biatka, wiokna i popiotu. Plon biatka wzrastat pod
wpltywem obu zastosowanych zabiegéw. Deszczowanie polepszyto, a wysokie dawki NPK
pogorszyly wskazniki (CS. EAAI, EAA) biologicznej wartosci biatka nasion. Réwniez
zawarto$¢ substancji antyzywieniowych (alkaloidy i tanina) ulegata obnizeniu w nasionach /
obiektow nawadnianych.
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Water resources management and irrigation of cultivated plants

Srrigation effects on setected forage crops in the Wroctaw region

STANISEAW ROJEK, KAZIMIERZ CHMURA
Department of Environmental Effects of Agriculture, Agricultural University of Wroctaw

Abstract: Irrigation effects on selectedforage crops in the Wroctaw region. The investigatioas
were conducted over the years 1962-97 in the Plant Irrigation Station at Samotwor by Wroctaw
on soil of IVa and b valuation class belonging to a rye complex. The crops studial were: cereals
(3), silage crops (3), root crops (4), forage perennial (7), perennial grass-papilionace mixtures
(3). Experiments were also conducted with a red fescue meadow and pasture. It was found that
irrigation and nitrogen fertilisation inereased the yield of all the plants studied. except for white-
pink clover which lowered yield under N fertilisation. Productivity of 1 mm irrigation was fairly
high. Sprinkling decreased the content protein and crudc fibre, whereas nitrogen fertilisation
inereased protein content and decreased crude fibre content.

Kev words: forage crops, irrigation, fertilisation, yield, fceding value

INTRODUCTION

One of the important problems of Polish agriculture is the production of chcap and
healthy food obtained from plants and animals. Increasing of animal production, and thus
of high guality, healthy food, is possible on the basis of a good fodder, which is the raw
materiat for production of milk, animal stock, eggs, wool, etc. Fodder plants are grown
mostly on light soils, where grasslands are also localised. On such soils in dry years the
predominate factor limiting yield of fodder crops is not enough moisture in the soil.
Drought in summer exerts especially negalive effect on the dynamics of growth of
perennial plants (meadow, pasture, grass). In order to prevcnt those harmful effects,
farms should havc irrigation cguipment in their disposal to insurc thc optimal conditions
for plant growth.

At present in Poland the agricultural production is in a crLsis caused by imports of chcap,
subsidised fodder and food of plant and animal origin, reorganisation of thc state
agricultural sector as well as falling dcmand on thc home and foreign markets for animal

produets.
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It should, howcvcr, be emphasised that it is a tcmporary situation, and the economical
conditions will make farmers to utilise modem technology in crop cultivation. One
element of such technology is the creation of optimal conditions for plant development.
Previous investigations and literature on irrigation of forage crops are numerous but
mostly fragmentary. Thcre are no studies based on multiannual investigations analysed in
a synthetic way [1-21],

Therefore, the main aim of the present work is an evaluation and synthesis of multiannual
investigations on the effect of irrigation and fertilisation on yielding of the main forage

crops and grasslands, as well as how thesc measures effect the fodder quality.

CONDITIONS, METHOD AND SCOPE

The experiments with sprinkling forage crops and grasslands were conducted over the
years 1962-97 in the Plant Irrigation Station of Agricultural University at Samotwor by
Wroctaw, on a light alluvial soil, formed of a weak-loamy sand with an underlying loose
band, of IVa and b evaluation class on a strong rye complex.

The weather course is represented in Fig. 1 There are extreme deviations of temperature
and precipitation rclative to the mean from 35 years of investigation (1962-1997). The
avcrage sum of precipitation for a half-year of that period was 379.9 mm, and the mean
temperaturo 14.5°C. The lowest precipitation occurred in 1992 (221.3 mm), and the
highest in 1977 (548.7 mm). The lowest mean temperature for vegetation period (13.0
°C) was recorded in 1980, and the highest (16.4 °C) in 1992.

The thermal data indicate that the lowest deviations from the multiannual mean occurred
in April. September and May; whereas the highest in June, July and August. Likewise
were the precipitation deviations.

The field expcriments were performed using the split-block method in dependent system,
with ihree variables (water. N fertilisation and cultivar) in 4 repeats, whereas the
laboratory investigations - with standard methods. The investigation included three
groups of annual forage plants aimed for nutritive fodder (cereals), bulky wet (silage and

fodder crops) and bulky dry (pcrennial papilionaceae and grasses). Names of the plant
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species studied, mbcture compositions. minerat fertilisation used and mean number of
doses, as well as overatt irrigation doses during vegetation are given in Table 1

Sprinkling was applied dependent o011 weather course and plant developmcnt. The
irrigation started when the suction force of soil dropped below 200 mm mercury at

tensiometers.

\% \ Vi Vil Vil IX IV-IX

precipitation min *"TOmean |gHHmax . temperature min — mean —A— max

Fig.l. Exlremal temperature and precipitation in 1962-1997

RESULTS

The effect of sprinkling and nitrogen fertilisation on yielding of the crops studied and the
percent inereases and decreases in yield due to the measures applied are presented in
Table 1. The data there are averagcs for the mulli-year period. From the investigations it
follows that of the corn crops the highest grain yields gave winter triticale (5.0 t/ha),
while the straw yield from maize grown for grain was 10.1 t/ha.

Irrigation inereased the grain yield of the corns studies by 10% on avcrage, that of straw
by 11%, whereas nitrogen fertilisation 15% grain and 27% straw, respcctively. Maize
fertilised with nitrogen fertilisers decreased the straw yield by 2%. The greatest inereases

in yield were obtained with simultaneous application of sprinkling and nitrogen
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fertilisation (grain 25% and straw 39% average). The highest results were obtained in
triticale cultivation, the lowest with maize (Tab.2). The weak reaction of maize to the
treatments can be explained by its high nceds with respect to temperature. Hence, in our
climatic conditions the yield is restricted by the thermal conditions.

Of the silage plants the hest yields resulted from fodder cabbage crops - 62.9 t/ha green
mass, and the lowest from fodder maize (51.2 t/ha g.m.). The yield increases due to
sprinkling were within the range 22-44 %, due to N fertilisation 13-19%, and due to the
two combincd (W+N) 38-62%.

Fodder root crops yield well on averagc, the highest yields being obtained from fodder
bects (70.3 t/ha roots). The applied irrigation increased the root yields by 11-34% and
bulbs by 17%. Nitrogen fertilisation caused the greatest increase in fodder potatoes
(32%), smaller for half-sugar beets (27%), and smallest for fodder carrots and fodder
bects. Irrigation and nitrogen fertilisation together gave best results. These measures
induced fresh mass yield increase by 47% on average.

The next group sludied are percnnial plants grown for hay mainly, sown pure or in
mixturcs. It was found that despitc the lairly high yields of hay - 9.8 t/ha on average, the
applied sprinkling caused 27% increase in yield, nitrogen fertilisation 86%, and irrigation
and fertilisation 125%. Especially high increases in yield were obtained from plantations
of Cocksfoot, mcadow, Italian ryegrass, Timothy grass and Rescue grass.

Productivity of Imm water from irrigation was rather high and amounted on average to
67 kg of fresh mass for root crops, 15 kg hay for perennial fodders, and 4 kg grain and 7
kg straw for cereals (Tab. 2).

The pcrcent content of protein is given in Tab. 3 and crude fibre in Tab. 4. The data
show that the grain of fodder cereals contained 11.1% protein, straw 4.4%, root crops
and silages 6.3 - 14.7%, whereas percnnial fodders 13.8%.

Sprinkling, as a rule, decrcased the amount of crude protein and N inputs decreased it.
The two factors together effected protein content variously. It increased the content in
the hay of perennial forage crops and in smali grains (Tab. 3).

The mean content of crude fibre in the grain of fodders was at the level of 4.1%, straw
43.9%, silage and root crops 16.2%, and perennial fodders 29.5%. Irrigation decrease

that content. Also nitrogen inputs and simultaneous use of both factors, in generat,
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decreased the crude fibre content. An exception were fodder potatoes whose fibre
content did not change due to irrigation and N fertilisation.

Summing up, from the nutritional point of view, irrigation unfavourably affected the
content of crude fibre, diminishing it, whereas nitrogen fertilisation gavc positive results.
The effect of both factors on crude fibre in dry mass was positive in the two cases, as in

forage there should bc much protein and little crude fibre.

Table 1 Irrigation and minerat fertilisation applied to the forage crops studied.

Irrigation Fertilisation (kg of componcnt per 1ha)
Species on average, nitrogen (N) phosphorus potassium

mm/doses (P20s) (KD)

fodders annual
Spring barley 106/4 100 50 60
Winter triticale 106/4 125 50 60
Maize for grain 90/3 200 142 200
Fodder cabbage 125/4 140 80 120
Maize for green fodder 125/4 140 80 120
Mixture 1 125/4 140 80 120
Forage potato* 150/5 125 60 170
Forage carrot 134/5 140 80 120
Forage beet* 134/5 140 80 120
Half-sugar beet* 142/5 150 105 180
perennial fodders

White-pink clover 159/5 20 60 80
Red clover 159/5 20 60 80
Alfalfa 159/5 20 60 80
Pasture 175/4 360 72 120
Meadow ) 174/5 360 72 120
Mixtured 128/4 240 72 120
Mixture4) 100/5 360 72 120
Mixtures 5 130/4 240 92 120
Italian ryegrass 107/5 360 72 120
Timothy grass 115/5 360 82 120
Rescue grass 130/4 360 92 120
Cocsfoot 118/5 360 82 120

1) - field pea+spring vetch+sunflowcr

2) - red fescue type grassland

3) -red clover+timothy grass

4) - chicory+red clovcr+white clover+mcadow feseue+timothy grass+Italian ryegrass
5) - alfalfa+cocksfood+rescue grass+timothy grass

*- manure fertilization 30 t/ha



346

S. Rojek, K. Chmura

Table 2. Yield of annual and pcrennial forage crops (t/ha) and results of the agrotechnical

measures applied (%).

Plant

Spring harley
Winter triticale

Maize

On average

Foddcr cabhage
Maile
Mixturc 1

Forage potato
Forage carrot
Forage bcet

Half-sugar bcet

On average

White-pink clover
Rat clovcr
Alfalla

Pasture
IMcadow 2
Mixture 2
|Mixturcd
Mixturcs "
Italian ryegrass
Timothy grass
Rescue grass
Cocsfood

On average

grain
straw
grain
straw
grain
straw

grain
straw

green forage
green forage
green forage

bulbs
roots
roots
foliage
roots
foliage

Yield t/ha

4,2
4,7
50
91
4,3
10,1

4,6
8,0

62,9
51,2
56,3

28,5
48,4
70,3
21,0
45,8
33,3

X

83
10,4
11,2

59
10,2
10,5
10,7
141

5,6

8,9
119

9,9

9.8

Yield increase (%) - treatments:

Productivity

kg/Imm irrigated
(W)
fodders annual

4 10
7 16

5 10
10 13
4 10
3 3

4 10

7 11
92 22
138 44
90 24
30 17
97 34
57 12
34 28
33 n
32 14
67 23

perennial fodders (hay)

21 50
17 30
16 26
7 5
10 18
39 45
13 16
2 2
30 80
16 27
5 5

9 13
15 27

fertili-
sation* (N)

16
37
26
45
2
-2

15
27

13
19
14

32
16
15
26
27
35

22

129
13
106

210
179
135
224

86

+ dependent on specics, nitrogen input for highest yields (comparcTab. 1)
Other denotations as in Tab. 1

NxW

27
54
36
63
12

25
39

39
62
38

51
53
31
59
35
57

a7

43
30
29

28
167
59
124

350
251
138
277

125
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Table 3. Contents of crude protein in annual and perennial forage plants (% of dry mass),

and effect of the agrotechnical measures used (increase, decrcase)

Crude Increase (decrcase) of contents (%) -

Plant frotein, o treatm_e_nts:

% ofdry irrigated Lertili- NxW
mass (W) sation* (N)
fodders annual
Spring barley grain 10,6 0,1 21 13
straw 3,7 -0,2 0,9 1,0
Winter triticale grain 12,4 0,1 2,0 1,9
straw 3,9 0,1 16 1,2
Maize grain 10,4 0,0 0,6 0,3
straw 57 -0,1 0,6 0,3
On average grain 11,1 0,1 1,6 1,2
straw 4,4 -0,1 1,0 0,8
Fodder cabbage green forage 114 -0,9 11 -04
Maize green forage 7,8 -0,8 1,0 0,0
Mixture 0 green forage 14,7 0,8 18 2,3
Forage potato bulbs 8,5 0,0 17 12
Forage carrot roots 6,3 -1,1 12 04
Forage beet roots 6,6 -0,4 0,9 0,2
foliage 10,9 0,8 2,2 23
Half-sugar beet roots 55 -0,6 1,4 0,5
foliage 13,0 11 18 3,0
On average 9 -0,2 13 0,7
perennial fodders (liay)

White-pink clover 15,0 19 18 25
Red clover 148 11 11 2,7
Alfalfa 15,4 08 10 15
Pasture 14,6 -1,3 -0,5 -2,4
Meadow 2 134 0,6 2,4 3.2
Mixture3 13,7 0,1 34 3,9
Mixtured 15,6 -0,9 21 10
Mixtures 81 15,2 1,7 2,5 3!
Italian ryegrass 12,0 -0,1 2,9 2,3
[Timothy grass 119 -0,5 34 3,0
[Rescue grass 12,0 0,7 3,2 34
[Cocsfood 12,2 -0,6 3,0 2,6
L On average 13,8 0,2 2,5 22!

Denotations as in Tab. 1
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Table 4. Contents of crude fibre in annual and perennial forage plants (% of dry mass),

and effect of the agrotechnical measures used (increase, decrease)

Increase (decrease) of contents (%) -

Crude fibre, treatments:
: :
olant wordy y igated  lertli- NXW
mass

(W) sation* (N)

fodders annual

Spring harley grain 6,6 01 0.7 07
straw 45,4 0,5 0,0 1,0
Winter triticale grain 4,8 -0,3 -0,2 -0,2
straw 53,8 -0,6 1,9 19
Maize grain 1,0 -0,1 -0,1 -0,2
straw 32,4 -0,9 -0,5 -1,3
On average grain 41 -0,2 0,1 0,1
straw 43,9 -0,3 0,0 0,5
Fodder cabbage green forage 20,4 -19 -1,7 -3,6
Maize green forage 28,3 -1,7 -15 -31
Mixture 1 green forage 25,5 -2,4 -2,5 -4,4
Forage potato bulbs 29 04 0,6 0,6
Forage carrot roots 7,8 -2,8 -0,8 -2,6
Forage beet roots 58 -0,7 -0,8 11
foliage 10,6 -1,0 -0,6 -1,0
Half-sugar beet roots 53 -0,4 -0,8 -0,6
foliage 11,7 0,6 0,2 01
On average 16,2 -1,0 -0,9 -1,7
perennial fodders (hay)
White-pink clover 28,8 -1,6 -1,8 -2,5
Red clover 29,4 -2,8 -0,4 -2,7
Alfalla 30,0 -3,0 -1,8 -5,0
Pasture .
Meadow 2 28,0 -0,8 51 -6,7
Mixturc 25.9 -1,8 -1,5 -8,4
Mixturc 4> .
Mixtures s’ 29,1 -0,6 -1,7 -2.4
Italian ryegrass .
Tiniothy grass 311 -0,3 -2,3 -1,2
Rescue grass 31,3 -0,3 2,1 -3,2
C(KStixxl 31,6 0,1 -0,9 -2,8
On average 29,5 -1,2 -2,6 -3,91

Denotations as inTab. 1
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CONCLUSIONS

1 VYielding of the forage crops studied depended on the weather course, plant species,
time and amount of sprinkled water, and on nitrogen input.

2. The highest yields are obtaincd using sprinkling and minerat fertilisation together.

3. Sprinkler irrigation induces vyield inereases of all the crops studied (Table 2).

4. Nitrogen fertilisation affects the yield favourably, with the exception of white-pink
clover (Tab. 2).

5. High productivity of 1 mm sprinkled water was found, which was on averagc 67 kg
fresh mass for root crops, 15 kg hay for perennial fodders and 4 kg grain and 7 kg
straw for cercaLs (Tab. 2).

6. Sprinkling decreases the content of protein content and crude fibre in dry mass of the
species discussed.

7. Nitrogen fertilisation inereases protein content (pasturc is an cxception) and as a rule

decreases percentage of crude fibre in dry mass of plants.
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Streszczenie: Efekty nawadniania wybranych roslin pastewnych uprawianych w rejonie
Wroctawia. Badania przeprowadzono w latach 1962-1997 w Stacji Nawadniania Roslin w
Samotworze k. Wroctawia, na glebie lekkiej, 1Va i b klasy bonitacyjnej, zaliczonej do kompleksu
zytniego. Badano nastepujace gatunki roslin: pastewne jednoroczne (burak, marchew, ziemniak,
kapusta, kukurydza, jeczmien, pszenzyto ozime), pastewne wieloletnie (kupkéwka pospolita,
rajgras wyniosty, stoktosa obiedkowata, tymotka fgkowa, zycica wielokwiatowa, koniczyna
bialor6zowa. koniczyna czerwona, lucerna mieszancowa oraz ich mieszanki) a takze roslinno$¢
takowsg i pastwiskowa. Stwierdzono, ze nawadnianie powodowato wzrost plonu wszystkich
badanych ro$lin. Przyrost plonu byl zalezny od przebiegu pogody, gatunku rosliny, terminu i
dawki polewowej. Nawadnianie powndowalo przyrosty plonu roslin zbozowych - 10% (ziarno) i
3-16% (stoma), okopowych w granicach 11-34% (korzenie). 14-28% (liscie). 17% (bulwy),
innych jednorocznych (22-44% $wiezej masy) oraz motylkowych (26-50%). traw (Srednio 31%).
roslinnosci gk i pastwisk (5-18% masy siana).
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Water resources management and irrigation of cultivated plants

The impact of sprinkler irrigation and Nitrogen fertilisation upon the
yield volume and guality of triticale and winter wheat cultivated on

light soils nearby Krakow
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'Department of Melioration and Environmenta! Engineering , Agricultural Univcrsity, Krakow
2Department of Ecological Basis of Environmental Engineering, Agricultural University, Krakow

Abstract: The impact of sprinkler irrigation and Nitrogen fertilisation upon the yield volume
and guality of triticale and winter wheat planted on light soils nearby Krakéw. The experiment
was conducted on light soil, on the premises of Agricultural Expcrimental Farm in Mydlniki. The
investigation objeclivc has been defined as the impact assesment of sprinkler irrigation and
different level of Nitrogen fertilisaton upon the yield of winter triticale ,,Grudo™ and winter wheat
»Grana”. The first level factor consisted in two variants of irrigation, the second level factor was
N fertilisation in variants of 0, 75, 100, 125, and 150 kg purc component per 1 ha. The needs and
terms of sprinkler watering were defined on the basis of regional precipitation needs. In the three
years period of rescarch, it can be observed that sprincler irrigation raised yield of triticale by
18,0%, on the averege, and the yield of wheat - by 12,6%. The highest yields of grain were
obtained in the plots lertilised with the dose of 150 kg N ha'l Watering and intensification of N
fertilisation resulted also in higher yields of generat protein from 1 ha.

Key words: sprinkler irrigation, fertilisation, triticale, winter wheat, yield.

INTRODUCTION

The intensive use of minerat fertilisers is a very effcclive method leading to high yields in
plantations. This finding has been corroborated by agricultural practice and rescarch ovcer
the traditionally raised cereals, including the experimcnts with triticale. Howcver, at the
recommcnded dosages of fertilisers amounting to 300 - 400 kg NPK ha 1lin the case of
intensive varieties of winter wheat, a decline in yield was observed (rather than increase)
in the years indicating pcriodical shortage of precipitation. This finding proves that - in
conditions of appropriatcly rich soils - water content becomes a limiting factor.

Research shows that the highest yields are obtained when optimum water content ( 60
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80% of total water holding capacity) is preserved throughout the vegetation period.
Considering polish climatic conditions, in the case of light soils it is possible through

irrigation. (Rajda 1987, Ruzyczka 1992).

The optimisation of water conditions is practically limited to the periods of highest water
demand , which are dcfined as critical. In relation to cereals, the critical periods overlap
with the timc of car formation and wax maturity. The phases of spreading and sprouting
are also sometimes included in the category of critical periods (Dziezyc, Nowak and
Panek 1987). In the case of winter wheat, in the spring/summer period, water demand
measured in mm of in-field water consumption or optimum precipitation distribution has
bcen found as follows:

v \Y VI VIl sum total IV - VII
30-44 65-74 60-84 43-70 198-272 mm.
In the national scale the precipitation shortages for winter wheat are significant,
amounting to 135 mm in dry year and 75 in average year for plantations on light soils. In
the case of medium soils, the shortages are smaller (approx. 35 mm), and occur only in
dry years. Water shortages are additionally compounded by the uneven precipitation
distribution during the vegetation period, the frcauent dry years, and high percentage of
agricultural areas with light soils which have low water retention capacity. Water
deficiency has bcen growing also in effect of intensive minerat fertilisation and the
concomitant water demand growth (Gatka 1990)
The most numerous experiments and research over the influence of sprinkler irrigation
and minerat fertilisation have been cffected in Central and Western Poland, where the
discussed shortages are highest. According to Drupka’s classification (Drupka 1975) ,
these areas are listed in spheres | and Il . with the highest and medium justification of
sprinkler irrigation use. Research effectcd in the regions of Wroctaw, Poznan, Szczecin,
Bydgoszcz, and Warsaw showed a good efficiency level of light soils irrigation (Dziezyc
et al. 1987, Grabarczyk et al. 1997, Karczmarczyk 1979, Zarski 1993).
Numerous research ovcr the effects of sprinkler irrigation in plantations, implemented in
various regions of Poland , included also the reccntly introduced new cereal - ftriticale .
The constantly improved lineage generations of triticale indicate many advantagcous

features. Triticale has high potential fertility; it is resistant to most diseases and tolerant
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to low pH of soil; fertilisation requirements are low while the fodder value of grain very
significant. (Ruzyczka 1992).

Alongside the regional localisation researeh over triticale plantations, studies are madc
concerning the impact of sprinkler irrigation and diversified minerat fertilisation over the
volume and guality of yields. Such studies will allow to dcvclop optimum plantation
methods, and to identify the micro-regions and soils where triticale plantations can be
expected to provide best economic effects.

The water content in soil is related to the effectiveness Icvel of fertilisation. The
effectiveness of fertihsation, consisting basically in supplying the plants with necessary
nutritional components, depends on the composition of soil and the synchronisation of
fertilisation procedures with the rhythm of nutrients absorption by the plants.
Consequently, it is cssential to define precisely the dosages of minerat fertilisers in
irrigation conditions, in order to obtain their optimum level in soil.

In the past, research over the introduced triticale plantations focussed on the selection of
best lineage generations, and the comparalive study of yield levels in relation to other
cereals. Currently, a number of Polish agricultural research ccntrcs havc initiated
research over the volume and quality of triticale yield in conditions of variablc minerat
fertilisation and sprinkler irrigation (Karczmarczyk et al. 1999).

The present paper is meant as contribution to studies aiming at triticale yield growth and
quality improvcment through the amelioration of a single development factor
conslsting in water-content in soil during vegetation period.

The analysis objective has been defined as the impact assessment of sprinkler irrigation
and Nitrogen fertihsation upon the yield volumc and Chemical composition of winter
triticale “Grado” , planted in light soils nearby Krakdéw. The systematically improved
new varieties of triticale have high economic potential in Polish agriculture, due to the
very considerable fodder value. For comparative purposes, the paper discusses also the

results of similar and simultaneous research over winter wheat varicty "Grana" .

METHODS OF INVESTIGATION
The natural conditions of agricultural facility.

The experiment was effected in the premises of Rolniczy Zaktad Doswiadczalny AR
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(Expcrimcntal Agricultural Farm of the Agricultural University in Krakéw) in MydlIniki,
lying within the administrative limits of the city of Krakéw. The experimental facility lies
between the road leading from Krakéw to Balice, and the Miyndwka Krolewska rivuiet.
The facility lies at the height of 240 m over sea level; it is fiat, with insignificant slope
(0.5%) towards the. Mtynéwka Krolewska.

From the vicwpoint of climatic characteristics, defined according to Guminiski’s
classification, the facility lies in the Southern section No XV within the Czestochowa-
Kielce climatic/agricultural region. In the period 1891 - 1930 , the average annual
precipitation amounted to 721 mm , mean annual temperaturo was 8.4°C , and 19.0°C ,
in July. On the average, snow cover lies here for 80 days, while 20-40 days are frosty.
The vcgctation period cxtends for 220 - 230 days - starting on Ig April and lasting until
the first decade of Novcmber. The multiyear (1891-1930) precipitation mean in the

period April-July, amounted to 334 mm.

The soil of cxperimental fields is classified as brown type and subcategory of proper
brown soil, developed on the basis of glacier waters sand.

The surroundings of Krakow are classified in the IV-th zone of least usefulness of
sprinkler irrigation. Howevcr, the precipitation index is highly variable here in the period
May through July. Vcry detailed analysis effectcd by Nogawiecka (1978) showed that
the monthly balance of precipitation and potential evaporation has often been negative.
Soil drought has been demonstrated to occur in the years with precipitation lower than
multiyear average, while vyield volume of plantations grew considerably in effect of
irrigation. lrrigation has infiueneed also considerably the yield volume fiuctuations
between particular years (Rajda 1987, Gatka 1997).

Methods

Experimental research was effectcd on light soil, in the field of total surface of 2.5 ha.
Eighty plots of the dimensions of 8 m x4 m (8 m x 3.5 m for harvcsting) were prepared.
The variable factors were distributed in four rc-iterations according to random sub-
groups method.

The cxperiment schedule included two managed factors. The first Icvel factor consisted
in sprinkler irrigation in two variants: W, - the control facilities (with no sprinkler

irrigation), and Wi - facilities managed according to the method of regional precipitation
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demand (Dziezyc et al. 1987). The second level factor was Nitrogen fertilisation in
variants of 0, 75, 100, 125, and 150 kg of pure component per 1 ha. The dosage of 75
kg N ha'lwas applied in all variants (except for Controls) prior to sowing. All the other
higher fertiliscr dosages were applied in the period of sprouting. The Phosphorus and
Potassium fertilisation was applied in similar dosages equal to 40 kg P20 5 ha'l and 55
kg of KM"Oha'l prior to sowing. The agro-technical proccdures were implemcnted
mechanically, according to generally adopted rules. Meteorological data were obtained
from own observations in the area of Mydlniki. Water content in soil was defincd
through drying-and-weighing method.

Irrigation was effected with the application of sprinkler-system produced by Yugoslav
company Agrostroj , based on short range “Rinka" rotating sprinklers. The avcragc
combined intensity of precipitation was 5 mm per hour. Water used in irrigation was
drawn from Mtynowka Krélewska rivulet.

In the course of harvesting, samples of grain and straw were collccted for laboratory
analysis. Independently of watering intensity variant and the levcl of Nitrogen
fertilisation, the plantation of cereals was effected according to generally acccptcd rules.
In the entire research period, no damages to plantation or cereal lodging cases were
observed. Conclusions were formulated on the basis of statistical analysis of cmpirical
data. ANOVA method was applied which led to the finding of significant differcnces
between the impacts of givcn factor, at significance levels a = 0.05 and a = 0.01 at

Snedecor F - test.

RESULTS

Meteorological conditions in the course of yegetation periods

The vegetation periods of cercals ( April through August) , in the years 1987-1989,
indicatcd lower precipitation in comparison the multiyear averagc 1956-1989 (Table 1).
The lowest precipitation was observed in 1988 ( 81% of the multiyear averagc) . In
1988, a precipitation shortage of 33.2 mm (12%) was registered for winter wheat, in
relation to decade precipitation requirements. High unevenness of precipitation was

observed - not only in month scale but also in decades. Research showed pcriodical
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precipitation shortages in particular decades, in relation to needs, while in each studied
vegctation period, clusters of two successive decades with no precipitation whatsoever
were rcgislercd. In 1987 and 1988, it was the third decade of April and the first decade
of May :in 1989, the third decade of June and the first decade of July.

Mean temperature in each one of the studied vegetation periods did not deviate more
than 0.5°C from the avcrage multiyear value, while 1987 proved to be the coolest.

Table 1
Distribution of atmospheric precipitation for 1987-89 period in the MydIniki RZD on the
basc of earliest observations and foundcd by Dziezyc et al. (1987) decades water
dcmands for winter wheat (in mm)

Month
Year Decade Sum Yearly
\Y \ Vi vn iv-vii sum
1987 1 26,9 0,5 42,5 17,2
2 6,5 67,5 56,8 21,6
3 0,0 14.0 13,0 18,3
Sum 33.4 82,0 112,3 57,1 284.,8 666,1
1988 1 115 0.0 23,2 22,2
15,0 39,0 26,1 33,2
3 0,4 59,4 11,0 6,8
sum 26.9 98,4 60.3 62,2 247.8 566,1
1989 1 45,7 134 50,6 0,2
2 1,9 28,9 29.2 39,5
3 48,7 21,3 0.0 2.5
Sum 96,3 63.6 79,8 42,2 281,9 473.4
1987-89 1 28,0 4.6 38,8 13,2
2 7,8 45.1 37,4 31,4
3 16.4 31.6 8,0 9,2
sum 52 2 81.3 84.1 53,8 271,4 568,5
Mean for Monthly 44,8 74.6 93,3 90,6 303.3
1956-89 sum
Exccpt for
1980
Decades 1 15.0 20.0 26.0 28,0
water 2 15.0 23.0 28,0 27.0
dcmands for 3 18.0 23.0 33.0 25.0
winter wheat Monthly
sum 48.0 66.0 87.0 80.0 281.0

Sprinklcr irrigation management:

The needs and terms of sprinklcr watering were defined on the basis of regional
precipitation needs. This method relied cssentially on the comparison of so called model
needs curve lor given plant, developed on the basis of decade requirements indicators,
depending on the soil cohesion and region of plantation, with the observed precipitation

cunr corrected tor the water retention of soil and air temperature. Sprinklers are
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activated when the sum of observed precipitation is lower than the sum of precipitation
needs by 0.5 of the sprinkler-watering dose. The unfavourable distribution of
precipitation indicated the need for sprinkling even in the case when overall precipitation
sums exceedcd (except for 1988) the precipitation needs in this region of the Poland.

The yield

In particular years of observation, the yield of triticale grain was less differentiated in
comparison to winter wheat, though triticale yield was on the avcrage 9.8% lower

compared to wheat, except for 1987 (Table 2).

Table 2
The yield of grain triticale ,,Grado” and winter wheat ,,Grana” in thc 1987-89 period

(thal)
Variant Nitrogen fertilization in kg'ha’]
of sprinkling Year Mean
0 75 100 125 150
Triticale ,GRADO"

1987 2,66 2.88 3,11 3,47 3,85 3,19

Non sprinklcd 1988 3.04 3,33 3,45 3,74 4,44 3.60
1989 3,20 3,45 3,51 3,74 4,64 3,71

Mean 2,97 3,22 3,35 3,65 431 3,50

1987 3,66 3,76 4,04 4.29 4,34 4,02

Sprinkled 1988 3,34 3,14 3,99 4.69 5,15 4,06
1989 3,39 3,46 4,06 4.98 5,37 4,25

Mean 3,46 3.46 4.03 4,66 4,95 4.11

1987 3.16 3,32 3.57 3,88 4,10 3,61

Mean sum 1988 3,19 3,24 3,72 4,22 4,80 3,83
1989 3.29 3,46 3,79 4.36 5,00 3,98

Mean 3,22 3,34 3,69 4,15 4,63 3,81

1750(0,05) for irrigation trcatmcnts = 0,14 1,,SD((0,05) for N fertilization trcatments = 0,21
Wi inter wheat ,GRANA"

1987 2,26 2,76 2,89 3,25 3,75 2,98

Non sprinkled 1988 2,82 3,59 4,87 5,35 5,37 4,40
1989 2,88 3,86 4,95 5.35 571 455

Mean 2,65 3,40 4,23 4,65 4,95 3.98

1987 2.87 3,58 3,88 3,99 4,15 3,70

Sprinkled 1988 3,05 4,06 4,91 5,61 5,87 4,70
1989 3,00 4,19 5,49 6,21 6,43 5.07

Mean 2.97 3,94 4,76 5,27 5,48 4,49

1987 2,56 3,17 3,39 3,62 3,95 3,34

Mean sum 1988 2,93 3,82 4,89 5,48 5,62 4.55
1989 2,94 4,02 5,22 5,78 6,07 4,81

Mean 2,81 3,67 4,50 4,96 5,21 4,23

LSD(0,05) for sprinkling treatmcnt =0,13  LSD(0,05) for N fertilisation trcatments = 0,21
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In the three years period of research, the mean yield of triticale grain for various
fertilisation variants amounted to 4.13 t ha' , in sprinkler-irrigated facilities, and 3.5 tha'l
- in non-irrigated ones, while in the case of winter wheat the respective yields were 4.48 t
ha'l, and 3.98 t ha 1. Thus, it can be observed that sprinkler watering raised the yield of
triticale by 18.0% , on the average, and the yield of wheat - by 12.6%. In the case of
both studied plants, highest yields of grain were obtained in the plots fertilised with the
dose of 150 kg ha 1. The mean yields were as follows : triticale - 4.95 t ha'l wheat -
5.48 t ha'l, with sprinkler watering , while respectivcly 4.31 t ha'land 4.95 t ha'l In
conditions of sprinkler watering, the maximum yields of grain , reaching 5.37 t ha'lfor
triticale, and 6.43 t ha'lfor wheat were obtained in 1989 , with the dose of 150 kg ha'l
On the basis of ANOVA , it was found that both the watering and Nitrogen fertilisation
influeneed significantly the yield of both studied cereals.

The mass of 1KK) grains of both cereals indicated significant dependence on both
watering and Nitrogen fertilisation. Sprinkler watering resulted in average mass growth
from 50.1 g to 54.2 g , i.e. 8.2 % in the case of triticale , and from 46.5 g to 49.6 g , i.e.
6.7% - in the case of winter wheat.

The above indcx grew when increased dosages of Nitrogen applied. In both water
variants, the highest values were observed at the Nitrogen dose of 150 kgha'l. For
sprinkler watered cereals the index values were 57.7 g (triticale) and 50.1 g (wheat),
while in the case of non-irrigated cereals , the respective values were 55.1 g and 51.0 g.
Watering and intensification of Nitrogen fertilisation resulted also in higher yields of
generat protein from 1 ha. When highest dose of Nitrogen was applied, protein yields
avcraged 570 kg ha 1in triticale grain , and 66 kg ha'l in straw , if sprinkling watering
was applied ; rcspeclively 434 kg haland 51 kg ha'l - with no sprinkler watering.

In both water variants, the highest yields of cereal straw were obtained at the fertilisation
dosage of 150 kg N hal Per one hectare , the yields of straw averaged 5.27 t of triticale
straw and 5.12 t of wheat straw , in sprinkler-watered facilities, and respectively 3.92 t
and 4.68 (, in non-irrigated ones. In conditions of sprinkler watering, maximum yields of
straw reacbed 5.98 t halfor trticale , and 6.01 t ha'l - for wheat.

Statistical analysis corroborated the significant impact of both watering and Nitrogen

fertilisation . as well as the synergy of both above factors, upon the straw yield of studied
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cereals, at the significance level of a = 0.05.

The highest unit effectiveness of Nitrogen fertilisation for triticale was observed at the
dosage of 150 kg N ha'L It amounted to 9.89 kg kg N"1 , in conditions of sprinkler
watering , and 8.95 kg kg N"1, with no irrigation. In the case of straw, the respective
values were 10.82 kg kg N"1, and 7.64 kg kg N'L

The highest unit effectiveness of Nitrogen fertilisation for wheat was usually observed at
the dosage of 125 kg N' ha"l. For grain , the unit productivity amounted to 18.37 kg kg
N™ , in conditions of sprinkler irrigation, and 15.95 kg kg N"lin control facilities. In the
case of straw, the rcspective values were 12.48 kg kg N"land 13.78 kg kg N'L

The average unit effectiveness of sprinkler watering was 13.57 kg ha"l mm1l for
triticale, and 12.20 kg ha"l mm"1 for winter wheat. Avcrage unit effcctivencss was
much Itigher than earlier observed effectiveness values of sprinkler watering of wheat in
this region of Poland.

In the case of both triticale and wheat, the highest sprinkler watering effectivcness was

obtained with the dosages of Nitrogen fertilisation of 125 kg N ha"1.

CONCLUSIONS

1 Sprinkler irrigation and Nitrogen fertilisation contributed to significant yield growth
of grain and straw in studied cereals. The irrigation-induced increase in yields
amounted to 18% for triticale grain , and 12.6% for wheat grain.

2. Unit effectiveness of sprinkler irrigation was higher in the case of triticale,
compared to winter wheat. For both cereals grain, the highest effectiveness valucs
were observed at the fertiliser dosage of 125 kgN ha"1, amounling to 20.53 kg ha"l
mm"land 14.20 kg ha'lmm"1, respectively.

3. For both cereals, the effectivencss of Nitrogen fertilisation was higher in conditions
of sprinkler irrigation, while the Nitrogen utilisation level was lower in the case of
triticale, compared to wheat.

4. Sprinkler watering and Nitrogen fertilisation influenced positively the growth of

1000 grains mass, and resulted in higher sharc of generat protein in grains.
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Streszczenie: Wspotdziatanie nawadniania deszczownianego i nawozenia azotowego na
wysokos$¢ i jako$¢ plonu pszenzyta oraz pszenicy ozimej uprawianych na glebie lekkiej koto
Krakowa. Do$wiadczenie prowadzono na glebach lekkich na terenie Rolniczego Zaktadu
Doswiadczalnego w Mydinikach kolo Krakowa. Celem badan bylo okreSlenie wpltywu
nawodnienia deszczownianego i zréznicowanego poziomu nawozenia azotowego na plonowanie i
jako$¢ plonu pszenzyta ozimego ,,Grado” i pszenicy ozimej ,,Grana”. Czynnikami do$wiadczenia
byty' dwa warianty nawodnieniowe (wariant kontrolny bez nawodnienia i obiekty nawadniane)
oraz nawozenie azotowe w ilosci 0. 75. 125 i 150 kg czystego skiadnika na Iha. Potrzeby i
terminy deszczowania byty okreslane w oparciu o metode regionalnych potrzeb opadowych.

Na podstawie danych z trzech lat doSwiadczen stwierdzono, ze deszczowanie wplyneto na
zwyzke plonu pszenzyta $rednio o 18.0% a plonu pszenicy $rednio o 12,6%. Najwyzsze plony
otrzymano na obiektach nawozonych dawkag 150 kg N hal Nawadnianie i intensyfikacja
nawozenia azotowego wptynela tez na wzrost ilosci biatka ogdlnego osigganego z llia.
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Gospodarowanie zasobami wodnymi i nawadnianie roslin uprawnych

Water resources management and irrigation of cultivated plants

Wieloletnie upraszczanie uprawy roli, a stosunki wodne gleby ciezkiej

LESZEK MALICKI, ELZBIETA PODSTAWKA-CHMIELEWSKA,
KRYSTYNA KISIEL

Katedra Ekologii Rolniczej, Akademia Rolnicza w Lublinie

Abstract: Water status of heavy soil after many-year tillage simplification. The paper presents
the results of studies on moisture dynamics in the 0-25 cm layer of soilunder simplified crop
rotation: horse-bean - winter wheat - spring barley, cultivated as follows: 1 classical
(ploughing); zero tillage; 3. dircct sowing. It was stated that regardless of seasonal conditions,
abandonment of ploughing had not deteriorated the moisture relations. In case of smallcr
amounts of rainfall, simplifying the cultivation may evcn favor the better moisture of the soil
under horse-bean. Direct sowing can improve the supply of water for wheat. On averagc. the
way of cultivation does not modify the moisture of the soil under barley. However, when
connected with significant rainfall, direct sowing creatcs the threat of exccssivc soil moisture
under spring barley.

Key words: soil tillage, soil moisture, rendzina

INTRODUCTION

Wiedza dotyczaca wpltywu uproszczen uprawy roli na plony roslin w réznych
siedliskach jest do$¢ bogata (Pudetko ii. 1994). Niestety, wciaz nie znamy peinego
obrazu skutkow ich wieloletniego oddziatywania jesli chodzi o wptyw na glebe, w tym
na stosunki wilgotnoSciowe, a poglady na ten temat zawarte w pisSmiennictwie sg dos¢
rozbiezne. Niniejsza praca stanowi przyczynek do o$wietlenia tego problemu w oparciu
o wyniki badan uzyskane na redzinie - glebie nader interesujacej z poznawczego punktu

widzenia.
METHODS OF INVESTIGATION

Badania przeprowadzano w latach 1997-1999, w drugiej rotacji doswiadczenia
zlokalizowanego w G.D. Bezek (wschodnia Lubelszczyzna), nalezacym do AR w

Lublinie Pole doswiadczalne znajdowato sie na glebie ciezkiej - redzinie mieszanej, o
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sktadzie granulometrycznym gliny $redniej pylastej, podscielonej marglem, nalezacej
do kompleksu przydatnosci rolniczej pszennego wadliwego.

Schemat $cistego doswiadczenia polowego (bloki kompletnie zrandomizowanc, w 4
powtdrzeniach, poletka ustalone) uwzgledniat trzy sposoby przedsiewnej uprawy roli: 1
klasyczny (ptuzny), 2. bezorkowy, 3. siew bezposredni pod rosliny uproszczonego
zmianowania: bobik - pszenica ozima - jeczmien jary. Szczegbétowa uprawe roli
przedstawiono w tabeli 1

Od poczatku prowadzenia eksperymentu uprawiano te same odmiany roslin: bobik -
Nadwislanski, pszenice - Almari oraz jeczmieh - Klimek. Nie ulegaly zmianie takze
poszczegblne elementy ich agrotechniki, zgodne z zasadami ogoélnie uznanymi za
optymalne w tym siedlisku.

Corocznie w czasie wegetacji, poczawszy od Il dekady kwietnia, a na Il dekadzie
pazdziernika skonczywszy, w odstepach 10- dniowych oznaczano dynamike
wilgotnosci 0-25 cm warstwy gleby kazdego poletka. Postuzono sie przy tym metoda
suszarkowo-wagowg ze wzgledu na niehomogeniczno$¢ gleby, wykluczajaca
zastosowanie sposobu wygodniejszego i mniej pracochtonnego, jakim jest np. pomiar
tensjometryczny (Malicki i Reszel 1983). Do wierzchniej warstwy redziny ograniczono
sie za$ ze wzgledu na fakt, iz ona witasnie decyduje o zaopatrzeniu roslin w wode
(Kuzniar 1973).

Uzyskane wyniki opracowano statystycznie, co polegato na analizie wariancji oraz
wyliczeniu najmniejszych istotnych réznic w oparciu o procedure Tukeya (Oktaba

1986) Wnioskowanie przeprowadzono z ryzykiem btedu a=0,05.
RESULTS

Przecietnie, niezaleznie od warunkow sezonu wegetacyjnego, wierzchnia warstwa gleby
pod bobikiem uprawianym z siewu bezposredniego oraz w systemie bezorkowym,
okazala sie istotnie lepiej uwilgotniona niz wéwczas, kiedy stanowisko pod te rosline
przygotowywano w sposob klasyczny (tab. 2). Wynik ten rézni sie nieco od uzyskanego
w poprzedniej rotacji badanego cztonu zmianowania (1994-1996), w ktérym wprawdzie
siew bezposredni okazat sie rowniez najkorzystniejszy dla warunkéw wodnych redziny,
ale uprawa ptuzna i bezorkowa nie réznity sie pomiedzy sobg w sposéb udowodniony

(Malicki i Podstawka-Chmielewska 1999).
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Nalezy jednak zaznaczy¢, ze taki uktad Srednich uksztattowat jedynie najsuchszy ws$rod
uwzglednionych sezon wegetacyjny 1999 r (320,6 mm), bowiem w przecietnym pod
tym wzgledem sezonie 1998 r. (343,3 mm) sposob uprawy wptywat na wilgotnosé
gleby analogicznie jak w poprzedniej rotacji, za$ w stosunkowo najbardziej
przekropnym sezonie 1997 r. (431,3 mm) rdznice wywotane przez rdzne sposoby
uprawy roli lezaty w granicach btedu eksperymentalnego (tab. 2).

Brak stwierdzenia statystycznej zmiennosci interakcji sposob uprawy x lata x terminy
pozwala uznaé, ze sposob przedsiewnego przygotowania roli pod bobik dtugofalowo
modyfikuje stosunki wodne gleby pod tg rosling - zaleznie od aktualnych warunkéw
opadowych - przez caty okres wegetacji. Siew bezposredni, podobnie jak uzycie nie
odwracajacego roli gtebosza w uprawie bezorkowej, na og6t sprzyja zwiekszaniu

wilgotnosci gleby, w zadnych warunkach nie grozac jej obnizeniem

Wi ilgotno$¢ wierzchniej warstwy gleby pod pszenicg ozima, jako przecietna, niezalezna
od warunkow sezonowych iterminu oznaczen, uksztattowata sie niemal identycznie, jak
pod bobikiem. To znaczy zaniechanie orki przedsiewnej w uprawie klasycznej i
zastgpienie jej siewem bezposrednim, badz uzyciem glebosza, dato istotnie
korzystniejszy efekt w postaci zapasu wody w glebie (tab. 3). Obserwacja ta nie
pokrywata sie w pelni z poczyniong w poprzedniej rotacji zmianowania, w ktorej
najkorzystniejszy dla wilgotnosci gleby okazat sie siew bezposredni, istotnie gorsza
byta uprawa tradycyjna, najbardziej za$ przesuszajgca glebe - bezorkowa uprawa
(Malicki i Podstawka-Chmielewska 1999).

Warto podkresli¢, ze omowiony uktad $rednich nie znajdowat odbicia w zadnym z lat
badan (tab. 3). Wynikat za$ z nawarstwienia sie niewielkich ro6znic, zacieranych
dodatkowo przez opady jesienno - zimowe i wczesnowiosenne, skutkiem czego w
latach 1997 i 1998 roznic pomiedzy obiektami uprawowymi nie udowodniono, za$ w
1999 r. jedynie rola pod pszenicg z siewu bezposredniego okazata sie istotnie lepiej
uwilgotniona niz uprawiona przedsiewnie sposobem klasycznym i bczorkowo.
Spostrzezenie to musi sktania¢ do refleksji, bowiem teoretycznie rzecz biorac
spulchniona gleba czy to plugiem czy gteboszem, powinna nasila¢é magazynowanie
zarowno wody z opadéw deszczu, jak tez z topniejgcego $niegu Tymczasem nawet w
sezonie najubozszym podczas badan w opady, co wyrazito sie najnizsza przecietng

wilgotnoscia gleby (1999r ), siew bezposredni zapewnit wyzszg warto$¢ tego wskaznika
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jej stanu fizycznego. Wymaga to dokladniejszego zbadania i wyjasnienia przyczyn,
zwiaszcza, ze zjawisko ma wyrazny charakter prawidtowosci - powtorzyto sie nie tylko
w kolejnych terminach oznaczen dynamiki wilgotnosci, na co wskazuje nieistotnos¢
interakcji uprawa x termin oznaczen oraz interakcji lata x uprawa x termin, ale i w
drugiej juz rotacji badanego zmianowania. By¢ moze przyczyny nalezatoby szuka¢ w
swoistych wiasciwosciach fizycznych redziny, znacznie odbiegajgcych od cech innych

gleb w tym takze ciezkich.

W odr6znieniu od wyzej wymienionych roslin, a takze od stwierdzen poczynionych w
badaniach poprzedniej rotacji zmianowania (Malicki i Podstawka-Chmielewska 1999),
wilgotnos¢ wierzchniej warstwy gleby pod jeczmieniem jarym, rozpatrywana
niezaleznie od uwarunkowan sezonowych, nie zalezala w sposéb statystycznie
udowodniony od zastosowanego sposobu przcdsiewnej uprawy roli (tab. 4).
Tymczasem nalezato oczekiwaé, ze zruszenie roli przygotowujgce stanowisko pod te
rosline jarg péznego siewu okaze sie niekorzystne dla wilgotnosci gleby, co zresztg
miatlo wyraznie miejsce w poprzedniej rotacji. Jedynie w jednym sezonie 1997r.,
odznaczajagcym sie najkorzystniejszym uktadem warunkow opadowo-
wilgotnosciowym, wilgotno$¢ gleby okazata sie zgodna z oczekiwaniami - na poletkach
z jeczmieniem z siewu bezposredniego byta istotnie wieksza niz tam, gdzie wykonano
uprawe klasyczna i bezorkowsa.

Jak z powyzszego wynika, wilgotno$¢ wierzchniej warstwy redziny po wieloletnim
naktadaniu sie wptywu zréznicowanej przedsiewnej uprawy roli okazata sie pod dwoma
ro$linami (bobik, pszenica ozima) wieksza w przypadku ich siewu bezposredniego oraz
zastosowania systemu bezorkowego, niz wowczas gdy role poddano uprawie klasycznej
(ptuznej)

Analogiczne oddziatywanie siewu bezposredniego na stan uwilgotnienia gleby
stwierdzili rowniez Bcnnct ii. (1976), Dzienia i Hoffman-Kgkolowa (1988), Gantzer i
Blakc (1978), Miller i Shrader (1976), Mitchell i Tell (1977), Novacek (1976) oraz
Malicki i Podstawka-Chmielewska (1999) w poprzednim etapie omawianych tu badan.
W przeciwienstwie do tego Baranowski ii. (1988b), Jabtonski i Szumilak (1972),
Laskowski i Zbie¢ (1970), Malicki i Podstawka-Chmielewska (1996), Nowicki (1988a),
Nowicki ii. (1988b) oraz Szymankiewicz (1988) odnotowali negatywny wplyw

uproszczen uprawy na te wiasciwosc gleby.



Tabela 1. Charakterystyka pordwnywanych systemow

Roélina

Bobik

Pszenica
ozima

Jeczmien
Jary

klasyczna

Jesienia:

podorywka (6-12 cm) + bronowanie,
bronowanie brong ciezkg po wschodach
chwastéw, kultywatorowanic + bronowanie,
orka zimowa (25 cm)

Wiosha:

bronowanie, kultywatorowanie + bronowanie,
siew + bronowanie posiewne

Jesienia:

podorywka + bronowanie, bronowanie brong
ciezka, orka siewna (18-20 cm) +
bronowanie, agregat uprawowy, siew +
bronowanie posiewne

Jesienia:

podorywka (6-12cm) + bronowanie,
bronowanie brong ciezkg po wschodach
chwastow, kultywatorowanie + bronowanie,
orka zimowa (25 cm)

Wiosna:

bronowanie, kultywatorowanie + bronowanie,
siew + bronowanie posiewne

uprawy roli

Uprawa roli
bezorkowa

Jesienia:

gruberowanie + bronowanie, bronowanie
brong ciezka, gruberowanie (18-22 cm) +
bronowanie, gleboszowanie (35-40 cm)
Wiosna:

bronowanie, gruberowanie + bronowanie,
siew + bronowanie posiewne

Jesienia:

gruberowanie + bronowanie, bronowanie
brong ciezka, gruberowanie (18-22 cm) +
bronowanie, agregat uprawowy przed
siewem + bronowanie posiewne

Jesienia:

gruberowanie + bronowanie, bronowanie
brong ciezka, gruberowanie (18-22 cm) +
bronowanie, gleboszowanie (25-30 cm)
Wiosna:

bronowanie, agregat uprawowy, siew +
bronowanie posiewne

siew bezposredni

Jesienia:

siew gorczycy biatej (20 kg/ha) siewnikiem
do siewdw bezposrednich

Wiosha:

oprysk Bastal50 SL (61/ha), po 3-4 dniach
siew bobiku siewnikiem do siewdw
bezposrednich

Jesienia:

oprysk Roundup (3 I/ha) + siarczan amonu
10kg/ha, po 3-4 dniach siew pszenicy
ozimej siewnikiem do siewow
bezposrednich

Jesienia:

siew gorczycy biatej (20 kg/ha) siewnikiem
do siewdw bezposrednich

Wiosna:

oprysk Basta 150 SL (31/ha), po 3-4 dniach
siew jeczmienia jarego siewnikiem do
siewOw bezposrednich
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Tab 2. Wilgotno$¢ 0-25 cm warstwy gleby pod bobikiem w % wagowych

Uprawa Lata ]
. Srednio
roli 1997 1998 1999
klasyczna 33,7 29,9 27,0 30,2
bezorkowa 33,6 30,0 29,4 31,0
siew bezposredni 33,2 31,9 29,2 31,4

pomiedzy sposobami uprawy = 0,7;
NIR p=0,05
we wspotdziataniu: lata x sposéb uprawy = 1,5

Tab. 3. Wilgotno$¢ 0-25 cm warstwy gleby pod pszenicg ozimg w % wagowych

Uprawa Lata .
Srednio
roli 1997 1998 1999
klasyczna 31,6 31,3 29,6 30,8
bezorkowa 32,6 31,7 30,6 31,6
siew bezposredni 32,7 30,4 33,0 32,0

pomiedzy sposobami uprawy = 0,8;
NIR p=0,05
we wspoétdziataniu: lata x sposoby uprawy = 1,9

Tab 4. Wilgotno$¢ 0-25 cm warstwy gleby pod jeczmieniem jarym w % wagowych

Uprawa Lata )
Srednio
roli 1997 1998 1999
klasyczna 32,9 30,6 33,2 32,3
bezorkowa 32,7 30,0 33,4 32,0
siew bezposredni 35,1 30,8 33,0 33,0
NIR p = 0,05 we wspotdzia aniu: lata x sposéb uprawy = 2,3

W omawianych badaniach nie stwierdzono natomiast aby przecietnie, niezaleznie od
warunkéw sezonowych, zréznicowana uprawa roli modyfikowata uwilgotnienie 0-25
cm warstwy gleby pod jeczmieniem jarym. Jest to wynik sprzeczny z obserwacjami
wszystkich wyzej zacytowanych autoréw, pokrywa sie za$§ z wynikami badan
Baranowskiego ii. (1988a. 1988b). Nowickiego (1988a) oraz Smierzchalskiego ii.
11088).
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Ta znaczna rozbiezno$¢ wynikéw zaréwno w zestawieniu z uzyskanymi w poprzedniej
rotacji zmianowania, jak tez w odniesieniu do zacytowanej literatury tematu, a nawet
uzyskiwanych przez tych samych autoréw, moze mie¢ réznorakie przyczyny Przede
wszystkim poszczegdlni autorzy mieli do czynienia z rozmaitymi warunkami
klimatyczno - glebowymi, jak rowniez - w nie mniejszym stopniu - rozpatrywali stan
przecietny, bedacy wynikiem opartym na réznej liczbie badan, ergo dtuzszego badz
krotszego czasu nawarstwiania sie skutkéw poréwnywanych sposobdw uprawy roli a
takze zajmowali sie ré6znymi roslinami. Tymczasem, jak dowodzg wyniki uzyskane w
Bezku, wszystkie te uwarunkowania znamiennie oddzialywujg na ksztattowanie sie
wilgotnosci gleby. Szczegdlng role odgrywajg tu warunki opadowe, wplywajac
modyfikujgco na oddziatywanie zréznicowanej uprawy na wilgotno$¢ gleby, co
przejawiato sie istotnoScig interakcji lata x sposoby uprawy, w przypadku kazdej rosliny
ogniwa zmianowania. | tak np. wysoka wilgotno$¢ gleby wywotana przez obfite opady
sezonu wegetacyjnego 1997 r., a ksztaltujgca sie przecietnie na poziomie polowej
pojemnosci wodnej, rownej 33,5%, zupetnie zatarta wptyw zréznicowanej uprawy na
wilgotnos¢ gleby tak pod bobikiem - ros$ling jara, jak i pod pszenicg - zbozem ozimym.
Inny czynnik raczej nie wchodzit tu w rachube, gdyz doswiadczenie prowadzono nie
tylko na tej samej glebie, ale na poletkach ustalonych, a w dodatku wysiewano te same
odmiany roslin, tak samo je nawozono, pielegnowano etc. Oczywiscie, nie bez
znaczenia byta przy tym roslina, a Scislej lokalizacja w czasie jej okresu wegetacji. W
tym samym bowiem roku pod jeczmieniem - jarzyna p6znego siewu, siew bezposredni
zapewnial znamiennie lepsze uwilgotnienie gleby niz przedsiewna uprawa roli
klasyczna i bezorkowa. W koncu nalezy stwierdzi¢, ze przecietny wplyw takiego czy
innego sposobu uprawy roli na stosunki wilgotno$ciowe jest w stanie scharakteryzowac
dopiero wynik wieloletniego naktadania sie jego oddziatywania na catoksztatt
fizycznych wiasciwosci gleby. Badania trzyletnie nie wydajg sie pod tym wzgledem
wystarczajace, cho¢by z tego wzgledu, ze nawet catkowite zaniechanie oddziatywania
narzedziami na glebe nie jest w stanie z jednej strony doprowadzi¢ do zaniku stanu
strukturalnego gleby, wytworzonego w niej przez wielowiekowg uprawe ptuzng, z
drugiej za$ jest to czas zbyt krotki, aby mogta sie w niej odrodzi¢ struktura naturalna
Najlepszy dowdd, to nieco inne wyniki uzyskane w omawianej drugiej rotacji
zmianowania, niz uzyskane w rotacji pierwszej (Malicki i Podstawka-Chmielewska

1999).
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CONCLUSIONS

1 Zastgpienie klasycznej (ptuznej) przedsiewnej uprawy roli uprawg bezorkows, czy
nawet siewem bezposrednim, nie zagraza zakldéceniem stosunkéw wodnych
wierzchniej warstwy redziny.

2. W sezonie ubozszym w opady oba sposoby uproszczenia uprawy pozwalajg
oczekiwac lepszego uwilgocenia wierzchniej warstwy gleby pod bobikiem, zas w
przypadku pszenicy ozimej najkorzystniejszy pod tym wzgledem moze sie okazaé
siew bezposredni.

3. Przecietnie, niezaleznie od warunkéw sezonowych, wilgotno$¢ wierzchniej warstwy
redziny pod jeczmieniem jarym nie zalezy od sposobu uprawy roli. Natomiast w
latach przekropnych jego siew bezposredni stwarza pewne niebezpieczenstwo

nadmiaru wody w glebie, a co za tym idzie pogorszenie stosunkéw powietrznych.
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Streszczenie: Wieloletnie upraszczanie uprawy roli, a stosunki wodne gleby ciezkiej Praca
przedstawia wyniki badan dynamiki wilgotnosci 0-25 cm warstwy gleby pod roslinami drugiej
(1997-1999) rotacji uproszczonego zmianowania: bobik - pszenica ozima - jeczmien jary, w
stanowiskach uprawionych przedsiewnie: 1. klasycznie (ptuznie), 2. bezorkowo, 3. z siewu
bezposredniego.Stwierdzono, ze niezaleznie od warunkéw sezonowych, odstapienie od uprawy
pluznej nic pogarsza stosunkéw wilgotnosciowych. W przypadku mniejszej ilosci opadow
uproszczenie uprawy moze nawet sprzyja¢ lepszemu uwilgotnieniu gleby pod bobikiem, a siew
bezposredni poprawia¢ zaopatrzenie pszenicy w wode. Przecietnie sposéb uprawy roli nie
modyfikuje wilgotnosci gleby pod jeczmieniem, ale w potaczeniu z obfitymi opadami siew
bezposredni stwarza mozliwo$¢ nadmiernego uwilgotnienia gleby pod jeczmieniem jarym.
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Gospodarowanie zasobami wodnymi i nawadnianie roslin uprawnych

Water resources management and irrigation of cultivated plants

Cost - effectiveness of sprinkler irrigation of field crops and vegetables
in central Poland
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ROMAN ROLBIECKI, STANISLAW DUDEK, BOGDAN GRZELAK
Department of Land Reclamation and Agrometeorology, University of Technology and
Agriculture in Bydgoszcz

Abstract: Cost-effectiveness of the sprinkler irrigation nsage in cultivation offield crops and
vegetables in central Poland. Cost-effecliveness of the sprinkler irrigation usage in cultivation
of field crops and vegetables, based on long-term field experiments carried out by investigators
from the Department on the very light soil in the vicinity of Bydgoszcz, is presented in the
work. In general, 90 one-year experiments on sprinkler irrigation of 10 field crop species, and
17 experiments oh sprinkling irrigation of 7 vcgetable species were used. Cosl-effectiveness
calculation of sprinkler irrigation was carried out on the basis of current (1999) value Icvel of
produce and minima] investment costs. Computed cost-effec(ivencss indiccs indicate that thc
use of sprinkler irrigation in vegetable cultivation is cost-effectivc. Among thc field crops, the
use of sprinkler irrigation was economically feasible only for table potato, faba bean and grain
maize.

Key words: sprinkler irrigation, vegetables in the open field, field crops, effectiveness of
sprinkler irrigation, cost-effectiveness of sprinkler irrigation

INTRODUCTION

In spite of many researches indicating the indisputed purposefulness of sprinkler
irrigation of most of field crops and vegetables, the measure is conducted only on an
area of 60 thousands ha. Because of this, thc use of sprinkler irrigation is a marginal
project on horticultural and agricultural activities.

According to numerous opinions, thc main rcason of this is a low cost-
effectiveness of the sprinkler irrigation usage. It is caused not only by loo low inereases
in yields obtained due to irrigation, but first of all it is caused by the high cost
consumption and labor consumption of irrigation. Production results of sprinkler
irrigation of field and vegetablc crops, obtained in Poland under different soil and
rainfall conditions, are in our opinion, vcry good recognized (Bornwczak et al.. 1996,

Dziezyc 1988, Dziezyc and Nowak 1993, Grabarczyk 1987b, Grabarczyk et al., 1997,
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Kaniszewski 1987, Kaniszewski et al., 1987, Kaniszewski and Knaflewski 1997) but
they are insufficiently spread.

Estimation of cost-effectiveness of sprinkler irrigation is characterized by much
more higher difficulties than those mentioned above. The reason of this is lack of
calculation methodics elaborated, and first of all a difficulty in defining irrigation costs
and market prices of the agricultural products changing rapidly due to the unbalanced
agricultural policy.

As a result, Polish literary on this matter is rather very limited, and in addition
it’s methodology is not homogenous (Jankowiak 1982, Grabarczyk 1987a, Gruszka
1996, Nyc 1996, Podsiadto 1999, Rolbiecki et al., 1999, Rutkowski and Matecka 1986,
Rutkowski 1987, Zarski et al,, 1999).

Because the knowlcdge propagation on production results of sprinkler irrigation
is insuficicnt and the scientific achicvements on cost-effectiveness of this measurc is
limited, an opinion about lack of synonymous, credible and scientifically documented
data on cost-effectiveness of the sprinkler irrigation usage under free market economy

in Poland is formed (Rytelewski 1997).

METHODS OF INVESTIGATION

The paper is based of on the results of field experiments on sprinkler irrigation
of field and vegetable crops, carried out in the years 1981-1999 at Kruszyn Krajenski
ncar Bydgoszcz. In generat, 90 onc-year expcriments on sprinkler irrigation of 10 field
crop species and 17 onc-year experiments with 7 vegetablc species were used. Average
yields of the particular species obtained under control and irrigation conditions, were
considered apart from other factors of the experiments mentioned above, such as - for
instance - different cultivars or fertilization.

These experiments at Kruszyn Krajenski were located on degraded meadow
black carth classified as Gradc VI (in part Grade V) in Polish system of land suitability
or as the very weak rye complex (in part as the weak rye complex). The characteristic
fcature of the soil was the low content of clay particles ranging from 3 to 7 % and the

low field water capacity cqualcd about 90mm in 1-m thick layer of the soil.
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Sprinkling economic calculation was followed the methodology suggestcd by
Grabarczyk (1987a) as well as current (1999) values of producc and minimal investment
costs. The increase of agricultural income obtained due to sprinkling irrigation was
found as the basie index of cost-effectiveness of the irrigation.

The increase in agricultural income was calculated as a difference between
increase in produce value and irrigation costs and increase in agricultural costs resulting
from additional producc. The increase in produce was calculated as a multiplication of
mean multi-year results of irrigation obtained from field experiments by pricc of a
particular agriculture product. Medium-yearly prices of agicultural products and
minimal - during the year 1999 - trade prices of vegetables were fixed. Calculation of
sprinkler irrigation costs was based on the assumption, that in 1999 minimal investmcnt
costs equaled, according to firm ,,Lukomet” (Luszczek, 1999), 3500 zt/ha Dcprecialion
(10%), interest on Capital (5%) as well as costs of perishable materials, sparc parts and
repairs (2%) were taken into consideration in calculation of the sprinkler irrigation
costs.

In addition, also costs of fuel were considcred on the base of the spccific fucl
consumption (L number per Imm of irrigation ratc) and fucl price (2 zt per 1 litre of
diesel oil). An increase in agricultural costs resulting from additional produce was
defined with an indcx (30% of the produce inrease value). Other indicators of the costs-
effectiveness of sprinkler irrigation were also calculated: minimal production
effectiveness of irrigation covering the purchase costs of sprinkling machine
(agricultural income equals zero) as well as production cffectiveness covcring the

investment costs fixed (3500 zt/ha) after one season of irrigation.

RESULTS

The use of sprinkling irrigation in cultivation of field crops on the vcry light soil
in the vicinity of Bydgoszcz, caused very high production results. Thcy ranged from 72
to 191%, depending on spccics (Tab. 1). Mean multi-year incrcases in grain yields of
ccreals due to irrigation ranged from 2,09 to 2,52 t/ha and in case of grain maizc thcy
equaled 4,15 t/ha. Sprinkler irrigation inereased yields as follows: 16,0 t/ha for roots of

sugar beet, 14,6 t/ha for tubers of table potato and 3,06 t/ha of faba bean seeds. Yellow
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lupine cultivated for seeds was characterized by the weakest response to sprinkler
irrigation.

Mean long-tcrm production results of sprinkler irrigation of vegetables grown in
the open field ranged from 72 to 233% depending on species (Tab. 2). In growing radish
and root vegetablcs the yields obtained on irrigated plots were threefold, and in case of
snap bean or lettuce - twofold, as comparcd to those obtained on control plots (without
irrigation). Cucurbit plants response (as in % as well as in t/ha) to sprinkler irrigation
was similar. Their yields were high under irrigation conditions and egualed about 60

t/ha.

TABLE 1 Mean long-term production effcctiveness of sprinkler irrigation in growing field
crops on the very light soil in the vicinity of Bydgoszcz

Species No. of one- Mean seasonal Mean yield Mean long-term production

year water rate t/ha effectiveness of sprinkler irrigation

cxperiments

mm o w tha % kg/mm
Spring barley 13 113 2,00 4,37 2,37 118 21,0
Spring wheat 13 116 1,78 4,06 2,28 128 19,7
Winter wheat 5 136 1,14 3,28 2,14 188 15,7
Winter triticale 5 136 1,65 4,17 2,52 153 18,5
Oats 5 128 1,98 4,07 2,09 106 16,3
Grain maize 9 138 2,80 6,95 4,15 148 30,1
Faba bean 9 137 1,60 4,66 3,06 191 22,3
Yellow lupine 4 145 1,09 197 0,88 81 6,1
Table potato 14 127 19,0 33,6 14,6 77 115,0
Sugar beet 13 158 22,3 38,3 16,0 72 101,3

Analysis of cost-effectiveness showed that sprinkler irrgation of some field
crops cultivated on the very light soil is the profitable measure. The best results of all
were obtained for table potato (Tab. 3). The mean long-term increase in produce value
of this crop due to irrigation egualed approximately the value of invcstment costs fixed
in the study. Positivc agricultural income, but sevcral times lower than that from potato,

was obtained for faba bean and grain maize. The economical result of sprinkling
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irrigation calculated for the remaining crops was ncgative. The highest losses were

obtained in cultivation - under irrigation - of oats and yellow lupine.

TABLE 2. Mean long-term production effectiveness of sprinkler irrigation in growing
vegetables on the very light soil in the vicinity of Bydgoszcz

Species No. of one- Mean scasonal Mean yield Mean long-term production
year water rate t/ha cffectivencss of sprinkler irrigation

experiments

mm o w t/ha % kg/mm
Carrot 4 161 11,3 33,9 22,6 200 140,4
Red beet 4 161 8,4 23,3 14,9 177 92,5
Snap bean 3 95 2.96 6,49 3,53 119 37,2
Squash 2 255 35,8 62,2 26,4 74 103,5
Zuccini 2 267 33,2 57,1 23,9 72 89,5
Radish 1 60 3,84 12,78 8,94 233 149,0
Iccberg lettuce 1 95 158 29,1 133 84 140,0

TABLE 3. Indices of cost-effectiveness of sprinkler irrigation of field crops on the very light

soil in the vicinity of Bydgoszcz (zl/ha)

Species Price Increase  lIrrigation Increase in  Index of cost-effectiveness of Ranking
it in costs agricultural sprinkler irrigation

produce costs

value A B C
Spring harley 300 711 825 213 -327 3,93 11,67 8
Spring wheat 460 1049 832 315 -98 2,58 7,61 5
Winter wheat 460 984 872 295 -183 2,71 7,61 6
Winter triticale 350 882 872 265 -255 3,56 10,(¥ 7
Oats 250 522 856 157 -491 4,90 14,00 9
Grain maize 400 1660 877 498 285 3,13 8,75 3
Faba bean 550 1683 874 505 304 2,27 6,36 2
Yellow lupine 550 484 891 145 -552 2,32 6,36 10
Table potato 250 3650 854 1095 1701 4,9 14,0 1
Sugar beet 80 1280 917 384 -21 16,4 43,7 4

A - agricultural income
B - minimal production cffectivencss sccuring the profitability of sprinkler irrigation (t/ha)
C - increase in yield sccuring the return of investment costs in one year (t/ha)
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The usage of sprinkler irigation in growing vegetable crops on the very light
soil, was very profitable as compared to cost-effectiveness of irigation of field crops
(Tah. 4). Of the vegetables tested, the highest agricultural incomes were obtained due to
sprinkler irrigation of cucurbit plants, lettuce and radish. The value of agricultural
incomc from 1ha covered several times the investment costs (35(X) zt/ha). Return of the
investments costs after one season of irrigation was also obtained as a result of sprinkler
irrigation of carrot and red beet. The lowest economical result was obtained, among the
vcgctablces, for snap bean. But, also in this case the agricultural income obtained was by

72% higher than that from table potato irrigated.

TABLE 4. Indices of cost-effectiveness of sprinkler irrigation of vegetables on the very light

soil in the vicinity of Bydgoszcz (zl/ha)

Species Price Increase Irrigation Increasc in  Index of cost-effectiveness of Ranking
it in costs  agricultural sprinkler irrigation

produce costs

value A B C
Carrot 400 9040 923 2712 5405 3,3 8,75 5
Red beet 400 5960 923 1788 3249 3,3 8,75 6
Snap bean 1500 5295 789 1588 2918 0,8 2,33 7
Squash 1000 26400 1115 7920 17365 16 3,50 1
Zuccini 1000 23900 1140 7170 15590 17 3,50 3
Radish 1600 14304 717 4291 9296 0,7 2,19 4
Ice lettuce 1900 25270 789 7581 16900 0,6 1.84 2

A - agricultural income
B - minimai production effcctiveness securing the profitability of sprinkler irrigation (t/ha)

C increasc in yield securing return of investment costs in one year (t/ha)

CONCLUSIONS

Results of long-term field experiments and the simplified economical calculation
carried out on the base of them, indicate that sprinkler irrigation of vegetablc crops

grown in the open field is cost-effective. The agricultural income obtained as a result of
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the use of irrigation in growing all the vegetable species tested, excepting snap bean,
covered investment cocts after one season of irrigation.

Of the field crops, the positive agricultural incomc was dctccted only in case of
table potato irrigated and next for faba bean and grain maize. It should be added that the
statement mentioned above concerns results obtained on the very light soil in the zone
of the highest purposefulness of installation of sprinkling machincs regarding the
climatic criterion. These results are situated among the highest in Poland. It can be
assumed that under better soil conditions (light soils, and especially medium soils) and
into the zones of the higher rainfall, cffectiveness and cost-effectiveness of sprinklcr

irrigation of field crops could be much lower than those describcd in the paper.
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eksperymentéw polowych prowadzonych przez pracownikéw Katedry na glebie bardzo lekkiej
w okolicach Bydgoszczy. Ogétem wykorzystano 90 jednorocznych dos$wiadczen z
deszczowaniem 10 gatunkéw towarowych upraw rolniczych oraz 17 doswiadczen, wlktorych
zastosowano deszczownie w uprawie gruntowej 7 gatunkow warzyw. Kalkulacje optacalnosci
deszczowania przeprowadzono w oparciu 0 aktualny (1999 rok) poziom wartosci produkcji i
minimalnych kosztéw inwestycji. Obliczone wskazniki efektywnosci ekonomicznej wskazujg
na optacalno$¢ zastosowania deszczowania w uprawie warzyw. Sposréd roslin polowych,
efektywne ekonomicznie byto jedynie deszczowanie ziemniaka jadalnego, bobiku i kukurydzy
uprawianej na ziarno.
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Gospodarowanie zasobami wodnymi i nawadnianie roslin uprawnych

Water resources management and irrigation ofcultivated plants

Optymalizacja warunkéw wilgotnosciowych i agrotechniki buraka

cukrowego na redzinie

ELZBIETA PODSTAWKA-CHMIELEWSKA, JOANNA KWIATKOWSKA

Katedra Ekologii Rolniczej, Akademia Rolnicza w Lublinie

Komunikat

Abstract: Optimization of moisture conditions and agrotechnics of sugar beets on rendzina.
The paper presents the results of comparative studies of four ways of post-harvest - prc-winter
tillage of rendzina for sugar beets, on the background of different water conditions (irrigated
and non-irrigated objeets). It was found that watering of sugar beets at the time of their greatest
water requirements caused inerement of the beet root mass by 4.4 t/ha on average, and of Icavcs
by 7.0 t/ha. Regardless of the water conditions, the best effects were obtained in case of the
posl-harvest - auturnn cultivation with skimming and dcep-looscning of in the shallow prc-
winter tillage. Deep-loosening performed after forccrop harvesting in the set of post-harvcst
tillage, inereased water reserves in the soil.

WSTEP

Celem uzyskania wysokich i stabilnych plonéw konieczne jest nr.in..
uniezaleznienie wzrostu i rozwoju roslin od naturalnych warunkéw opadowych Rola
nawadniania uzupetniajgcego jest w tym procesie bezdyskusyjna, zwtaszcza, ze szereg
doswiadczen, jak tez praktyka rolnicza, wskazujg na wysokag efektywno$¢ tego
zabiegu [1],

W miare wprowadzania do rolnictwa wydajnych, ale jednocze$nie ciezkich
maszyn i narzedzi (ciggniki duzej mocy, agregaty uprawowe, kombajny itp.) coraz
wazniejsze staje sie tez zapewnienie w#asciwego stanu strukturalnego gleby,
warunkujgcego istnienie w niej wiasciwych stosunkéw wodnych Nadmierne
ugniecenie warstw gleby lezagcych poza zasiegiem tradycyjnych narzedzi uprawowych
staje sie czynnikiem ograniczajgcym wydajnos$¢ buraka cukrowego [3,4,5], Dlatego
czesto, zwiaszcza na glebach ciezkich, konieczne jest okresowe wgtebne spulchnienie
warstwy podornej, czyli tzw. gteboszowanie p6l przeznaczonych pod te rosline [3,6,7]

Zdaniem niektorych autorow [2,3,6] gteboszowanie przywraca prawidtowe stosunki
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wodno-powietrzne gleby oraz sprzyja rozwojowi systemu korzeniowego roslin. Na
pytanie czy tak dzieje sie w kazdym przypadku maja odpowiedzie¢ badania, ktorych

wstepne wyniki przedstawia niniejszy komunikat.

METODYKA BADAN

Praca przedstawia wstepne wyniki doswiadczenia przeprowadzonego w 1999 r.
w Gospodarstwie Doswiadczalnym Bezek, niedaleko Chetma. Zlokalizowano je na
redzinie mieszanej wytworzonej z opoki kredowej, o skiadzie granulometrycznym
gliny $redniej pylastej. Gesto$¢ statej fazy wynosita 2,50 G/cm3 zawarto$¢ za$ wegla
0g6lnego 4%. Rosling przedplonowa dla buraka byta pszenica ozima.

Pod wzgledem warunkéw pogodowych sezon wegetacyjny 1999 r. rdznit sie
nieco od przecietnego. Charakteryzowat sie bowiem wiekszg cieptotg powietrza oraz
mniejszg iloscig opadow (321 wobec 368 dla wielolecia).

Schemat doswiadczenia uwzgledniat dwa czynniki: warunki wodne
zréznicowane na obiekty bez deszczowania (WO0) i obiekty deszczowane (W[) oraz
sposob uprawy pozniwno-przedzimowej stanowiska pod buraki, ktory obejmowat
nastepujace warianty:

1 podorywka (8 cm) + Dbronowanie, orka przedzimowa (ok.28 cm)
przykrywajgca obornik,

2. kultywatorowanic (8 cm) + bronowanie, orka przedzimowa (ok.28 cm)
przykrywajaca obornik,

3. podorywka (8 cm) + bronowanie, po kilku dniach gteboszowanie (ok. 40 cm),
orka przedzimowa (ok. 18-20 cm) przykrywajaca obornik,

4. kultywatorowanic (8 cm) + bronowanie, po kilku dniach gteboszowanie (ok.

40 cm), orka przedzimowa (ok 18-20 cm) przykrywajgca obornik.

Podorywke oraz kultywatorowanie kultywatorem o zebach sztywnych
wykonano 20 sierpnia 1998 r., gteboszowanie za$ 6 dni pozniej. Orka przedzimowa na

wszystkich obiektach miata miejsce 19 pazdziernika 1998 r.
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Doswiadczenie zatozono wg modelu split-plot, w 4-ech powtérzeniach.

Rozstawa rzedow wynosita 45 cm, za$ roslin w rzedzie, po pojedynkowaniu,
20-25 cm. Do siewu uzyto nasion jednokietkowych odmiany buraka ,,Polko”.

Wiosenna uprawa, jednakowa na calym doswiadczeniu, obejmowata
bronowanie roli po zimie, wysiew nawozow fosforowych, potasowych i czesci
azotowych oraz doprawienie pola do siewu odpowiednim zestawem uprawowym
(brona + wat strunowy). Bezposrednio po siewie burakéw (26.04.1999 r), celem
ograniczenia zachwaszczenia pierwotnego, wykonano oprysk Pyramincm Turbo (5
I/ha). Dodatkowo w pézniejszym okresie (15.06.) nalistnie zastosowano Betanal (2,0
I/ha).

Poza obornikiem (30 t/ha) buraki otrzymaly nawozenie mineralne w ilosci:
P205-60 kg, K20-120 kg i N-120 kg/ha. Nawozenie azotowe, podzielone na dwie
réowne dawki, wniesiono przcdsiewnie (mocznik) i po pojedynkowaniu (saletra
amonowa).

Na poczatku czerwca wykonano pojedynkowanie roslin polaczone z
motyczeniem. W potowie czerwca dodatkowo zastosowano opielacz.

Buraki deszczowano w ich krytycznym okresie gospodarki wodnej, tj. przez
caty lipiec, sierpien, do 1 dek. wrzes$nia, co miato miejsce: 9.07, 21.07, 6.08, 21.08,
4.09.1999 r. Jednorazowa dawka polewowa wynosita 25 mm, za$ sezonowa norma -
125 mm. Decyzje o potrzebie deszczowania podejmowano na podstawie pomiarow
wilgotnos$ci 0-25 cm warstwy gleby, wykonywanych metodg suszarkowo-wagowa, w
odstepach dekadowych, z uwzglednieniem przebiegu pogody oraz stanu roslin.

W czasie zbioru wazono mase korzeni i lisci, ponadto mierzono ich dtugos¢ i

$rednice na losowo pobranej probie korzeni burakéw na kazdym poletku

WYNIKI BADAN

W warunkach przeprowadzonego doswiadczenia deszczowanie powodowato
przyrost masy korzeni $rednio o 4,4 t/ha (tab.1). Z pewno$cig zadecydowata o tym
wieksza dorodno$¢ korzeni na obiektach deszczowanych niz kontrolnych, co
przejawito sie w zwiekszeniu ich dtugosci i Srednicy (tab.2). Rosliny nawadniane
tworzyty $rednio o 2,3 c¢cm diuzsze oraz o 0,4 cm grubsze korzenie niz buraki

korzystajagce wytgcznie z naturalnych opadow
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Przyrost masy lisci pod wptywem deszczowania byt nieco wiekszy niz korzeni,
wynosit bowiem 7,0 t/ha mimo silnego porazenia przez chwoscik burakowy. Jest to o
tyle oczywiste, ze buraki wykorzystujag wode w pierwszym rzedzie na powiekszanie
swojego aparatu asymilacyjnego.

Sposrod poréwnywanych sposob6w uprawy pozniwno-przedzimowej pod
buraki, $rednio - niezaleznie od warunkéw wodnych - najlepszy okazat sie wariant z
gteboszowaniem po wczesniej wykonanej podorywce, jakkolwiek réznit sie on od
uprawy tradycyjnej, obejmujacej podorywke oraz gieboka orke przedzimowsa,
wiekszym plonem korzeni zaledwie o 0,8 t/ha (tab.1).Réwniez bardzo podobne
okazato sie oddziatywanie obu tych sposobdw uprawy roli na ksztatt korzeni (tab.2).
Zdecydowanie najgorzej, zarowno w odniesieniu do plonu korzeni jak tez ich cech
morfologicznych, wypadt wariant z uprawg pozniwng za pomocg kultywatora o
sztywnych zebach oraz z gteboka orkg przedzimowg (tab. 1 i 2). Z kolei potgczenie
takiego sposobu uprawy pozniwnej z gteboszowaniem i sptycong orkg przedzimowsg
dawato lepsze efekty, zardwno jesli chodzi o oddzialywanie na mase korzeni jak tez

ich morfometrie.

Tab. 1 Plon korzeni i lisci buraka cukrowego w t z ha

Korzenie Liscie
Spos6b uprawy X XX
WO w,

53,0 60,1 56,6 15,7 23,7 19,7

$rednio Wo W,  Srednio

podorywka + bronowanie,
gteboka orka przedzimowg
kultywatorowanie +
bronowanie, gteboka orka 54,2 53,2 53,7 17,6 20,6 19,1
przedzimowg

podorywka + bronowanie,

gfeboszowanie, sptycona orka 53,4 61,5 57,4 16,1 30,7 23,4
przedzimowg

kultywatorowanie +

bronowanie, gteboszowanie, 54,0 57.2 55,6 20.2 22,4 21,3
sptycona orka przedzimowsg

$rednio 53,6 58,0 - 17,4 24,4

NIR pomiedzy wariantami

0=0,05 - wodnymi = 3,5

X - obiekty nie deszczowane
XX  obiekty deszczowane
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Tab. 2. Dtugos¢ i srednica korzeni buraka cukrowego w cm

Spos6b uprawy

Wo
podorywka + bronowanie, 26.4
gteboka orka przedzimowa '
kultywatorowanie+ bronowanie, 24.4

gteboka orka przedzimowa

podorywka + bronowanie,
gteboszowanie, sptycona orka 26,6
przedzimowa

kultywatorowanie + bronowanie,

gteboszowanie, sptycona orka 26,0
przedzimowa
$rednio 25,8

X - obiekty nie deszczowane
xX - obiekty deszczowane

Dtugosé

XX
Wi

29,8

27,1

28,9

26,7

28,1

$rednio

28,1

25,8

27.8

26,4

Wo

8,8

8,8

9,2

8,8

8,9

Sred
w

9,6

8,8

9,6

9,2

9,3

387

nica

i $rednio

9,2

8,8

9,4

9,0

Ryc.l. Wilgotnos$¢ 0-25 cni warstwy gleby pod burakami, w % wag.

40

VII

miesigce i dekady

VIl

a - podorywka + bronowanie, gteboka orka przedzimowa

b - kultywatorowanie + bronowanie, gteboka orka przedzimowa

¢ - podorywka + bronowanie, gteboszowanie, sptycona orka przedzimowa
d - kultywatorowanie + bronowanie, gteboszowanie, sptycona orka przedzimowa
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Wprawdzie nie udowodniono wspotdziatania warunkéw wodnych ze
sposobami uprawy roli, to jednak zaznaczyly sie pewne tendencje godne odnotowania.
By¢ moze potwierdzg je nastepne lata badan. Ot6z na obiektach nie deszczowanych,
wyzsze plony korzeni stwierdzono tam, gdzie zamiast podorywki wykonano
kultywatorowanie, a nastepnie gteboka lub ptytsza orke przedzimowa w zaleznosci od
tego czy wczesniej stosowano gtebosz czy tez nie Z kolei na poletkach
deszczowanych zdecydowanie lepiej plonowaly buraki tam, gdzie po zbiorze
przedplonu wykonywano podorywke, niezaleznie od dalszego postepowania.

Analogicznie jak plony korzeni uktadaty sie plony lisci w zaleznosci od
sposobu uprawy. Przecietnie, niezaleznie od warunkéw wilgotnosciowych, najwyzsze
plony lisci zbierano z poletek, na ktérych w uprawie pozniwno-przedzimowej
stosowano gteboszowanie, z tym ze S$rednio o 2,1 t/ha wiekszg mase lisci tworzyty
buraki tam, gdzie zabieg ten zastosowano po podorywce. Uwzgledniajgc jednak
warunki wodne widac¢ ,ze na obiektach nie deszczowanych, niezaleznie od gtebokosci
orki przedzimowej znacznie lepiej pod tym wzgledem wypadia uprawa z
kultywatorem o sztywnych zebach. Natomiast na obiektach deszczowanych wyraznie
lepiej plonowaty rosliny na poletkach, gdzie uprawe rozpoczynano od podorywki,
zwhaszcza w wariancie z gleboszem. W tym ostatnim przypadku roznica miedzy
obiektem z podorywka i gteboszem, a podorywka i gteboka orka siegata az 7,0 t/ha.

Taki uktad $rednich plonéw korzeni i lisci w zaleznosci od sposobu uprawy
pozniwno-przedzimowej znajduje potwierdzenie w dynamice wilgotnosci w okresie
najwiekszych potrzeb wodnych buraka oraz w wilgotnosci gleby pod koniec jego
wegetacji Ot6z analiza zapasu wody w glebie w okresie deszczowania roslin
wykazata, ze w wigkszos$ci termindéw oznaczania tego wskaznika gleba spulchniona po
podorywce wgtebnie za pomocg giebosza, a nastepnie poddana splyconej orce
przedzimowej byla znacznie lepiej uwilgotniona niz w pozostatych wariantach
uprawowych. Szczegdlnie silnie réznice te zaznaczyty sie przed zbiorem burakéw, z
tym ze wptyw obu wariantow z gleboszowaniem, zaréwno po podorywce jak i po
gruberowaniu okazat sie identyczny. W stosunku do uprawy klasycznej oba te obiekty
charakteryzowaty sie $rednio o 4,4% wiekszym uwilgotnieniem warstwy ornej. Jak
wiec widac¢ gteboszowanie wykonane po zbiorze przedplonu wywiera duzy wplyw na

gospodarke wodng gleby pod burakami, co rzutuje takze na ich plonowanie.
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WNIOSKI

1 Deszczowanie burakow w okresie ich najwiekszych  potrzeb wodnych
powodowato przyrost masy korzeni $rednio o 4,4 t/ha za$ lisci o 7,0 t/ha.

2. Przecietnie, niezaleznie od warunkéw wodnych, najlepsze efekty wyrazone
plonem korzeni i lisci oraz oddziatywaniem na wielko$¢ korzenizapewniat
wariant pozniwno-jesiennej uprawy z podorywka, gteboszowaniem roli oraz
sptycong orka przedzimowsg.

3. Gieboszowanie wykonane po zbiorze przedplonu w zespole uprawek

pozniwnych, wptywato na wzrost zapasu wody w glebie pod burakami.
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Streszczenie: Optymalizacja warunkéw wilgotnosciowych i agrotechniki buraka cukrowego na
redzinie. Praca oparta jest na wynikach badan przeprowadzonych w 1999 r. w miejscowosci
Bczek k/ Clietma. na redzinie mieszanej o sktadzie granulometrycznym gliny $redniej pylastej.
Schemat dos$wiadczenia uwzgledniat dwa czynniki: warunki w'odne zréznicowane na obiekty
deszczowane i nie deszczowane oraz sposob uprawy pozniwno-przedzimowej pod buraki, ktory
obejmowal nastepujagce warianty: 1/ podorywka, gleboka orka przedzimowa, 2.
kultywatorowanic. gleboka orka przedzimowa. 3. podorywka, gieboszowanie, sptycona orka
przedzimowa, 4. kultywatorowanic, gteboszowanie. sptycona orka przedzimowa. Stwierdzono,
ze deszczowanie burakéw w okresie ich najwiekszych potrzeb wodnych powodowato przyrost
masy korzeni $rednio o 4,4 t/ha. zas$ lisci o 7.0 t/ha. Najlepsze efekty wyrazone plonem korzeni
i lisci oraz oddziatywaniem na wielko$¢ korzeni zapewniat wariant pozniwno-jesiennej uprawy
z podorywka. gleboszowaniem roli i sptycong orkg przedzimowa. Gleboszowanie wykonane po
zbiorze przedplonu w zespole uprawek pozniwnych, wptywato na wzrost zapasu wody w glebie
pod burakami
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Gospodarowanie zasobami wodnymi i nawadnianie ro$lin uprawnych

Water resources management and irrigation ofcultirated plants

Ogdlne zasady eksploatacji systemow nawodnien kroplowych w Polsce

JERZY JEZNACH
Katedra Ksztattowania Srodowiska SGGW w Warszawie

Abstract: Operation principles of drip irrigation systems in Poland. The paper presents
operation principles of drip irrigation systems in Poland. The dccisive factors for operation
guality level are analyzed, such as: design Solutions, guality of cauipnient, installation,
instruction of operation. training of farmers, methods of control and estimation of effects. The
generat Information needed for system element selcction and methods of inspection during
operation are given. The principles for preparation of operation instruction including
organization, technical, technological, cnvironmcntal and cconomic issues connected with
system operation, maintenance and management were proposed.

Key words: drip irrigation, operation, emitter selection, management.

WPROWADZENIE

W warunkach Polski o efektywnosci systemoéw nawodnien kroplowych, decyduje
poziom jakosci prowadzonej eksploatacji, obejmujgcej caloksztatt zagadnien
organizacyjnych, technicznych, technologicznych, $rodowiskowych i ekonomicznych
zwigzanych z uzytkowaniem, utrzymaniem i zarzagdzaniem systemu [Jeznach; 1996], Na
podstawie badan wiasnych oraz wielokierunkowego rozpoznania probleméw podjeto
prébe ich uogdlnienia i sformutowania zasad eksploatacji systemdéw nawodnien

kroplowych.

POZIOM JAKOSCI EKSPLOATACII SYSTEMOW NAWODNIEN KROPLOWYCH

O poziomie jako$ci prowadzonej eksploatacji systemu nawodnien kroplowych decyduja
nastepujace czynniki:
- wilasciwe rozwigzania projektowe,

- jakosc¢ urzadzen,
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- solidno$¢ wykonawstwa instalacji,
przestrzeganie zalecen zawartych w instrukcji eksploatacji,
przeszkolenie uzytkownika,

kontrola, analiza i ocena efektéw.

Rozwigzania projektowe
Wiasciwe rozwigzania projektowe, obejmujace dobdr urzadzen i optymalizacje
parametrow sieci nawadniajacej, mozna zaliczy¢ do czynnikéw najwazniejszych.
Przed dokonaniem doboru urzadzen nawadniajgcych nalezy okresli¢ cel lub cele, ktére
mayjg by¢ realizowane [Jeznach, Pierzgalski; 1993], Mogg by¢ nimi:
zwilzenie gleby,
- nawozenie,
- ksztattowanie mikroklimatu,
ochrona przed przymrozkami lub schtodzenie roslin,
inne zabiegi ochronne jak, np. rozprowadzanie $rodkéw chemicznych.
Na podstawie waainkéw przyrodniczych, ekonomicznych itechnicznych niezbedne jest
okreslenie kryteriow dotyczacych jakoSci systemu ijego poszczeg6lnych urzadzen, tzn.
wymaganej réwnomiernosci nawadniania i nawozenia,
niezawodnosci eksploatacyjnej,
trwatosci,

- zakresu obstugi i poziomu automatyzacji.

Jakos$¢ urzadzen

W systemach nawodnienn kroplowych zasadg powinno by¢ stosowanie urzadzen
wysokiej jakosci. Dotyczy to w jednakowym stopniu wszystkich elementéw systemu,
gdyz nieprawidtowa praca jednego z elementéw moze decydowac¢ o funkcjonowaniu
catego systemu. Jako$¢ krajowych urzadzen, gitdwnie emiterow, przewodow
nawadniajacych i filtrow nie zawsze odpowiada obowiazujacym normom. Do czasu
uruchomienia produkcji wysokiej jakosci emiteréw i filtrow zaleca si¢ stosowanie
urzadzen z importu Nalezy dazy¢ do poprawy jakosci krajowych przewodow

nawadniajacych wykonywanych z rur polietylenowych, przez zastosowanie nowych
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technologii produkcji, zapewniajacych stabilno$¢ sktadu materiatowego z dodatkami
uszlachetniajgcymi i ochronnymi przed wptywem promieniowania ultrafioletowego

Wszystkie elementy systemow nawodnien kroplowych, przed wprowadzeniem na
rynek, powinny by¢ poddane testom standaryzacji, zgodnie z wymogami
obowigzujgcymi w Unii Europejskiej. Testy te moga by¢ wykonywane przez
wyznaczong jednostke naukowo-badawcza, wspoétpracujacg z Polskim Centrum Badan i

Certyfikacji.

Wykonawstwo instalacji

Jako$¢ wykonawstwa instalacji nawadniajacej ma takze istotny wptyw na warunki
eksploatacji. Wszelkie niedoktadno$ci powodujg znaczne zwigkszenie naktadéw pracy i
energii na utrzymanie systemu w pelnej sprawnosci. Najbardziej typowe bledy
wystepujg przy budowie uje¢ wody, wezta i przewoddéw magistralnych. Ich naprawa,
trwajagca kilka dni w okresie wegetacji, znacznie obniza efektywno$¢ nawodnien.
Systemy nawodnien kroplowych powinny by¢é wykonywane przez specjalistyczne
zaktady instalacyjne. Tylko niewielkie, proste systemy moga montowa¢ sami

uzytkownicy pod nadzorem technicznym.

Podnoszenie poziomu technicznego uzytkownikow

Przed uruchomieniem systemu nawodnied kroplowych projektant lub wykonawca
powinien przeszkoli¢ uzytkownika w zakresie niezbednym do realizowania prawidtowej
eksploatacji systemu. Wskazane jest, by organizacje rolnikow, osrodki doradztwa i
instytucje naukowe przeprowadzaly wyktady, pokazy i zajecia warsztatowe dla

podniesienia kultury technicznej uzytkownikéw systemu nawodnien kroplowych

ZASADY DOBORU ELEMENTOW SYSTEMU NAWADNIAJACEGO

Do czynnikéw przyrodniczych rzutujagcych na dobdr elementow  systemu
nawadniajgcego naleza:

jakos$¢ i ilos¢ wody dostepnej do nawodnien,

rodzaj gleby na obiekcie,

- uksztattowanie terenu,
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- uzytkowanie,

- sposéb produkcji (uprawy polowe, szklarnie, tunele).
Wobec szerokich mozliwosci zakupu krajowych i zagranicznych urzadzen nie ma
obecnie zasadniczych ograniczen technicznych. Istnieje natomiast potrzeba
wykonywania precyzyjnej analizy techniczno - ekonomicznej, uwzgledniajacej z jednej
strony stan organizacyjno - ekonomiczny gospodarstwa, z drugiej za$ przewidywany

wskutek nawodnien wzrost kosztéw inwestycyjnych i eksploatacyjnych oraz dochoddw.

Emitery
Uwzgledniajac role poszczeg6lnych czynnikoéw oraz problemy zwigzane z doborem
elementéw systemu nawodnienn kroplowych, mozna zaproponowaé nastepujace og6lne
zasady doboru emiteréw [Jeznach; 1996]:
w uprawach pod ostonami, ze wzgledu na zwykle krotkie przewody
nawadniajace, uzasadnione jest uzycie najprostszych emiteréw kapilarnych. W
wiekszych szklarniach, przy intensywnej produkcji i wysokich wymogach
jakosciowych, konieczne moze by¢ stosowanie emiterow z kompensacja
ci$nienia,
przy nawodnieniach warzyw w uprawie polowej bardziej przydatne wydajg sie
linie nawadniajgce z zamontowanymi wewngatrz przewodu emiterami, gdyz sg
one mniej podatne na uszkodzenia w trakcie prac agrotechnicznych,
w sadach przy podawaniu nawozéw przez system nawadniajacy nalezy
stosowa¢ emitery z kompensacja ci$nienia, przy gestych nasadzeniach drzew
(rozstawa ponizej 1 m) zaleca sie instalowanie kompensacyjnych linii
nawadniajgcych z emiterami wewnatrz przewodu (tzw. linie kroplujace). W
szkétkach i sadach bardzo intensywnych nalezy stosowa¢ emitery

kompensacyjne z wiekszg liczbg otwordéw.

Sie¢ nawadniajgca

Parametry sieci nawadniajgcej powinny by¢ okreslone przy uwzglednieniu kryteriow
technicznych (analiza hydrauliczna sieci), technologicznych (rozdziat wody na
kwatery), niezawodnosciowych (wymagany poziom niezawodnosci) i ekonomicznych

(najbardziej uzasadnione $rednice i dtugosci rurociggéw). Najodpowiedniejszg metodg
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obliczen spetniajacg te kryteria jest modelowanie matematyczne. W Polsce opracowano
wiele programow komputerowych dotyczacych optymalizacji parametréw sieci
przewoddéw, pozwalajacych nie tylko na zwiekszenie doktadnosci obliczen, ale takze na

symulacje dziatania systemu w réznych warunkach uzytkowania.

Urzadzenia uzdatniajgce wode

Dob6r urzadzen uzdatniajgcych wode jest uzalezniony od jakosci wody uzywanej do
nawodnien oraz jej zmiennosci w sezonie wegetacyjnym. Uwzgledniajgc standardowgq
jakos¢ wod powierzchniowych i podziemnych w Polsce mozna zaproponowad,
niezaleznie od koniecznosci wykonania analiz wody, og6lne zasady doboru tych
urzadzen:

- przy korzystaniu z powierzchniowych wod ptyngcych, zawierajacych gtdwnie
zanieczyszczenia mechaniczne, wystarczajg filtry siatkowe, witdkninowe lub
dyskowe,

- wody stojace, ze wzgledu na niebezpieczenstwo rozwoju glonéw, wymagajg
zastosowania filtrow zwirowych,

- wiekszo$¢ wadd podziemnych wymaga odzelazienia przez zastosowanie
zamknietych odzelaziaczy z samoczynnym napowietrzaniem. Urzadzenia te
nalezy stosowac juz przy zawartosci zelaza powyzej 0.2 mg dm'\ przy Fc
powyzej 4.0 mg dm 3zaleca sie uktad dwustopniowy, przez zastosowanie dwoch
potgczonych szeregowo odzelaziaczy,

- przy podawaniu nawozow za dozownikiem musi byé zainstalowany filtr
siatkowy, widkninowy lub dyskowy,

w duzych systemach nawodnien i przy uzywaniu wody zlej jakosci konieczne

jest zastosowanie filtrow 1 lub Il stopnia.

INSTRUKCJA EKSPLOATACII

Do kazdego systemu nawodnien kroplowych niezbedne jest sporzadzenie szczeg6towej
instrukcji eksploatacji, obejmujgcej zaré6wno czynnoSci zwigzane z uzytkowaniem
systemu, jak réwniez z jego utrzymaniem. Instrukcja powinna by¢é opracowana juz na

etapie projektu i stanowic jego cze$¢ integralng [Marcilonek; 1994]
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Elementy instrukcji
Instrukcja eksploatacji powinna sktadac¢ sie z nastepujacych czesci:
- przyrodniczo-rolniczej,
- technologicznej,
- techniczno-organizacyjne;j.
W czeSci przyrodniczo-rolniczej nalezy scharakteryzowa¢ warunki klimatyczne oraz
aktualny i przysztosciowy kierunek produkcji.
Przyjecie odpowiedniej technologii nawodnienia, odpowiadajgcej danym warunkom
przyrodniczo - produkcyjnym, wymaga okreslenia:
- okresdw nawadniania w sezonie wegetacyjnym,
potrzeb wodnych roslin w okreslonych przedziatach czasowych,
- wielkosci dawki polewowej,
- potrzeb nawozowych, dawek i stezen,
dopuszczalnego natezenia wydatku emiteréw,
- metod wyznaczania terminéw nawodnienia,

- sposobu obstugi systemu.

Technologia nawadniania

Specyficzng cechg technologii nawadniania kroplowego jest odmienna gospodarka
wodna i pokarmowa w profilu glebowym. Podstawowg zasadg jest podawanie matych i
czestych dawek polewowych i nawozowych. Jednorazowe dawki oscylujg wokot
dobowych lub kilkudniowych potrzeb wodnych i pokarmowych roslin, stosownie do
aktualnych warunkéw pogodowych Na glebach lekkich, charakteryzujgcych sie duzg
odciekalnoscia, dobowe zapotrzebowanie na wode jest realizowane kilkakrotnie w ciggu
dnia w celu uniknigecia strat wody na przesigki w gigb profilu glebowego.
Zautomatyzowane systemy nawodnien umozliwiaja podawanie bardzo niewielkich
ilosSci wody kilkunastokrotnie w ciggu dnia Uzyskuje sie w ten spos6b bardzo
oszczedne zuzycie wody Dawkowanie wody z duza czestotliwos$cia pozwala ponadto
na utrzymywanie optymalnego dla danej fazy rozwoju rosliny i warunkéw glebowych
potencjatu wodnego gleby Unikniecie wiekszych streséw wodnych w roslinie prowadzi

w efekcie do wyzszych ijakosciowo lepszych plonéw Ponadto precyzyjna i oszczedna
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gospodarka woda, a takze nawozami i $Srodkami ochrony roslin w zasadniczy sposéb

ogranicza negatywny wptyw intensywnej produkcji roslinnej na srodowisko naturalne.

Sterowanie nawodnieniami
Realizowanie nawodnienia i nawozenia wedtug powyzszych zasad wymaga bardziej
precyzyjnych metod sterowania. Moze odbywac sie to na podstawie:
- pomiarow wilgotnosci lub potencjalu wody w glebie (m in. metoda
grawimetryczna, tensjometryczna, oporowa, neutronowa, izotopowa),
- warunkow atmosferycznych (bilans klimatyczny korygowany
bezposrednimi pomiarami zawartosci wody w glebie),
pomiaréw parowania terenowego (lizymetry) lub parowania z wolnej
powierzchni wody (ewaporometry),
pomiaréw potencjatu wody w roslinie,
- pomiaréw rdéznic miedzy temperaturg liSci a temperaturg otaczajagcego ich
powietrza,

- modelowania matematycznego procesu cwapotranspiracji.

Przy uprawach polowych sposrod powyzszych najbardziej akceptowana przez
uzytkownikow jest ocena warunkéw wodnych w glebie za pomoca tensjometrow, a
takze opracowana dla nawodniei deszczownianych metoda bilansowa Natomiast w
szklarniach przewaza obecnie sterowanie nawodnieniami za pomocg mechanizmdw
czasowych, tzn. wiaczajacych urzadzenia w okreSlonym czasie z zadang
czestotliwoscig. Panuje zgodny poglad, ze jest to metoda prosta, a jednoczesnie

wystarczajgco doktadna.

Zarzadzanie systemem
W czesci techniczno-organizacyjnej instrukcji eksploatacji nalezy okresli¢:
- zasady obstugi systemu ijego poszczeg6lnych elementéw,

- szczegOtowy zakres prac i zabiegow konserwacyjnych,

metody oceny i sposoby poprawy funkcjonowania systemu,
- zasady organizacji.
W pierwszym okresie uzytkowania systemu nawodnien kroplowych, szczeg6lnie po

jego uruchomieniu, muszg by¢ sprawdzone i zweryfikowane przyjete rozwigzania



398
J. Jeznach

projektowe, gtdwnie dobor urzadzen oraz zabiegdw konserwacyjnych. W trakcie
eksploatacji obiektu przyjete w instrukcji zasady powinny by¢ modyfikowane w
zaleznosci od zmieniajagcych sie warunkéw S$rodowiskowych oraz technicznych i

eksploatacyjnych.

Kontrola poziomu jakosci eksploatacji

Warunkiem prawidtowej eksploatacji jest biezace zbieranie i przetwarzanie informacji o
aktualnym stanie systemu Stad m in. wynika konieczno$¢ wyposazenia obiektu w
odpowiednig aparature kontrolno - pomiarowa. Korzystajac z niej uzytkownicy powinni
sami prowadzi¢ systematyczne inspekcje i kontrole w celu oceny stanu funkcjonowania
systemoéw W przypadku stwierdzenia jakichkolwiek nieprawidtowosci lub pogorszenia

stanu powinni korzysta¢ z porad specjalistow.

Przeglady systemu

Staranny przeglad wszystkich urzadzen i ptukanie instalacji nalezy wykonywac:
- przed uruchomieniem systemu,
- na poczatku i koAcu sezonu wegetacyjnego,

w przypadku stwierdzenia uszkodzen lub nieprawidtowosci.

Rola uzytkownikéw systemu

Przedstawione czynniki sktadowe zasad eksploatacji systeméw nawodnien kroplowych
sg ze soba SciSle polgczone i sprzezone, a zaniedbywanie jednego z nich pocigga za
sobg negatywne oddziatywanie innych. Wyrézni¢ nalezy jedynie role czynnika
ludzkiego, ktéry ma decydujacy wplyw na funkcjonowanie systemoéw nawodnien
kroplowych. Osobiste zaangazowanie uzytkownika, przestrzeganie przez niego
ustalonych zasad eksploatacji, kontrola i ocena efektow dziatania decydujg o
sprawnosci systemu W trakcie sezonu wegetacyjnego realizacja nawodnienia
kroplowego wymaga stosunkowo niewielkiego naktadu pracy, jednak prace i zabiegi

konserwacyjne muszg by¢ wykonywane starannie i terminowo.
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PODSUMOWANIE

W warunkach Polski przestanki $rodowiskowe, ekologiczne i spoteczno-ekonomiczne
sprawity, ze nawodnienia kroplowe stanowi¢ bedg w przysztosci jeden z podstawowy
systemow nawodnied. Ich dalszy rozwdj jest wazny ze wzgledu na potrzebe
intensyfikacji produkcji rolnej przy uwzglednieniu standardéw Unii Europejskiej, a
przede wszystkim: zachowania rownowagi ekologicznej $rodowiska, produkcji
zywnos$ci o wysokiej jakosci i zwiekszenia efektywnosci naktadow oraz ograniczenie
niekorzystnych warunkéw wynikajacych z globalnych zmian klimatu.

W ciggu niespetna dwudziestu lat stosowania nawodnien kroplowych dokonano w kraju
znaczacego postepu technicznego i technologicznego, ktory bedzie przyblizat sie do
poziomu $wiatowego. Jednak za postepem technicznym wyraznie nie nadaza postep w
organizacji i eksploatacji systemow.

Warunki eksploatacyjne powoduja, ze funkcjonowanie systemdédw nawodnien
kroplowych czesto jest niezadowalajgce. Techniczne starzenie sie urzgdzen nastepuje po
kilku latach uzytkowania. Réwnomierno$¢ nawodnienia obniza sie, a liczba emiteréw
catkowicie lub czesciowo niesprawnych jest zbyt duza. Problemy te w naszych
warunkach, oprécz kosztdw, stajg sie barierg ograniczajgca dalszy rozwdj nawodnien
kroplowych.

Niski poziom eksploatacji systemoéw nawodnienn kroplowych ma istotny wplyw na
wielko$¢ i jakos$¢ produkcji roslinnej oraz degradacje naturalnego $rodowiska poprzez
nadmierne zuzycie zasobdw (woda, nawozy, energia, sita robocza) i zanieczyszczenie
waéd gruntowych nawozami i srodkami ochrony roslin.

Funkcjonowanie system6w nawodnien kroplowych zalezy od poziomu jakosci
eksploatacji obiektu, obejmujacej catoksztatt zagadnien organizacyjnych, technicznych,
technologicznych, $rodowiskowych i ekonomicznych zwigzanych z uzytkowaniem i
utrzymaniem systemu.

Warunkiem racjonalnej eksploatacji systeméw nawodniern kroplowych, przy wysokiej
sprawnos$ci organizacyjnej i produkcyjnej gospodarstwa, jest przestrzeganie zasad
eksploatacji, opracowanych w instrukcji eksploatacyjnej juz na etapie projektowania

inwestycji.
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Gospodarowanie zasobami wodnymi i nawadnianie roslin uprawnych

Water resources management and irrigation ofcultirated plants

Réwnomierno$é natezenia wydatku emiteréw w systemach nawodnien

kroplowych

JERZY JEZNACH

Katedra Ksztattowania Srodowiska SGGW w Warszawie

Abstract: Uniformily of the emitters discharge in drip irrigation systems. Crops production
dcpends on the water-air-nutrients system in the soil, regulated by precipitation, irrigating and
fertilization. Those relations depend mostly from uniformity of emitters discharge. Uniformily
of emitters discharge decides about crops production. In this reason uniformity criterion is
practical universally to estimations of operation of the systems. In thc paper was given the
analysis of factors witch decided of the uniformity of emitters discharge as cmitter exponent,
manufacturing coefficient and operation factors. Also selection of uniformity coefficienl and
criterions of estimation.

Key words: drip irrigation, uniformily, coefficients of uniformity, criterions.

WPROWADZENIE

Specyfika nawodnien kroplowych, polegajaca na doprowadzaniu wody lub roztworéw
nawozéw do pojedynczych rodlin w dawkach zblizonych do potrzeb dobowych,
sprawia, ze rownomierno$¢ nawodnienia jest jednym z podstawowych kryteriéw oceny
funkcjonowania systemu nawadniajgcego.
Nierbwnomierno$¢ wynika z roéznic natezenia wydatku emiteréw' na jednostce
nawadnianej powierzchni. Do najwazniejszych czynnikéw  technicznych,
technologicznych i eksploatacyjnych powodujacych te réznice zalicza sie.
jakos$¢ wykonania emiteréw, wyrazang tzw. wspdtczynnikiem fabrycznym,

- charakterystyke hydrauliczng emitera,

- spos6b podigczenia emitera do przewodu, wyrazany przez straty lokalne,

- zmiany cisnienia wody w przewodach wywotane tarciem cieczy o Scianki i

uksztattowaniem terenu,
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charakterystyke roztworu nawozowego,
czynniki wystepujace w trakcie eksploatacji systemu: zmiany temperatury wody
w przewodach, czesciowe lub catkowite zatykanie sie emiteréw,

inne (czynniki Srodowiskowe; jakos$¢ i ilos¢ dostepnej wody).

CZYNNIKI TECHNICZNE DECYDUJACE O ROWNOMIERNOSCI NATEZENIA
WYDATKU

Jakos$¢ wykonania emiteréw

Jako kryterium oceny jakosci wykonania emiteréw przyjeto wspotczynnik zmiennosci
Cv, okreslany zgodnie z miedzynarodowymi normami: 1SO 09260, 1SO 09261, ASAE,
UNI oraz krajowymi normami branzowymi BN-85/9191-15, BN-88/9191-16 i BN-
89/9191-17 [Cyt Jeznach; 1996] wedtug zaleznosci:

Cv = f 100% (1)
gdzie:
Cv - wspotczynnik zmiennosci,
S - odchylenie standardowe natezeniawydatku badanej proby,
q - $rednie natezenie wydatku.

Na podstawie normy 1SO, przy wspotczynniku Cv < 5% emitery kwalifikuje sie jako
dobre (klasa A), przy 5 % < Cv <0 % jako srednie (klasa B), a jesli Cv > 10 %, to
emitery nie kwalifikujg sie do zastosowania. Wedtug polskiej normy do pozaklasowych
zalicza sie emitery przy wspotczynniku Cv> 15 % .

W ostatnich latach, w zwigzku z wprowadzeniem nowych materiatdw i stosowaniem
nowoczesnych technologii produkcji, obserwuje sie tendencje zwiekszania jakoSci

stosowanych emiteréw, tj. zmniejszania wspdtczynnika zmiennosci Cv .

Charakterystyka hydrauliczna emiterow
Zalezno$¢ pomiedzy natezeniem wyplywu z emitera a cisnieniem wody w przewodzie

mozna ujg¢ rownaniem:

g=a H" )
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gdzie:

- natezenie wyptywu z emitera,

H - cisnienie wody w przewodzie,

a - wspotczynnik empiryczny, statydla danego typu  emitera,

n - wyktadnik potegowy, charakteryzujgcy rodzajprzeptywu w
emiterze.

Warto$¢ wyktadnika n waha sie w granicach od 0 do 1, przy czym wartosci zblizone
do 1 wskazujg na laminarny charakter przeptywu a tym samym duzg roznice natezenia
wyptywu przy zmianie ci$nienia RoOznice te zmniejszaja sie, gdy wartosci n malejg i
przy n mniejszym od 0,3 sg nieznaczne (emitery z kompensacja ci$nienia).

Przy podawaniu nawozow przez system nawadniajacy zaleca sie stosowanie emiteréw z
kompensacja cisnienia.

Wptyw jakosci wykonania emiterow na projektowang réwnomierno$¢ nawadniania
przedstawit Jeznach [1996], przeksztatcajac wzdr na wspoéiczynnik réwnomiernosci

emisji EU (Rys. 1.).

Logonda
# — n=0.20
n=0.50

Ar— n=0.72

CvI[%

Rys. 1 Wplyw jakosci wykonania emiteréw na projektowang réwnomierno$c
nawadniania
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Jako$¢ wykonania emiterow ma wiec znaczacy wptyw na efektywno$é funkcjonowania
systemu nawodnien. Przy stosowaniu emiterow o wyktadniku potegowym n > 0,6
trudno osiggnag¢ wymagang rownomierno$¢ nawadniania. Dla jej zapewnienia
niezbedna moze by¢ wtedy konieczno$¢ zwiekszania parametréw technicznych
(Srednice przewoddw) instalacji nawadniajacej, co przyczyni sie do znacznej zwyzki

kosztow inwestycyjnych.

Spos6b podigczenia emitera

Sposéb podigczenia emitera do przewodu wyrazany jest przez straty lokalne, okreslane
jak w obliczeniach deszczownianych i wodociggowych przez wprowadzenie zastepczej
dlugosci przewodu. Zastepcza diugo$¢ przewodu zalezy od typu emitera, jego

wymiardw, parametrow przewodu oraz natezenia przeptywu (Rys. 2, 3).

EMITERY NAPRZEWODZIE

WIELKOSC
WYMIAR [mm]
EMITERA
a b
DUZY 5 8
SREDNI 5 5
MALY 5 4

EMITER "W LINIE"

15 20

SREDNICA PRZEWODU [mm ]

Rys. 2. Warto$¢ zastepczej dtugosci przewodu I?w zaleznos$ci od $rednicy rurociggu i

typu emitera [Watters, Keller; 1978]; 1- emitery mate, 2 - emitery duze
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Rys. 3. Straty hydrauliczne spowodowane zamocowaniem emitera wyrazone jako
zastepcza dlugo$¢ przewodu le [Howcli, Barinas; 1980]

W celu okre$lenia strat lokalnych zwigzanych z zamontowaniem emiteréw wykonano

badania laboratoryjne. Wyniki badan przedstawiono na rysunku 4 [Jeznach; 1996]

Q [1*h']
Rys. 4. Straty hydrauliczne spowodowane zamontowaniem na przewodzie

nawadniajgcym emiteréw kapilarnych i emiteréw z kompensacjg cisnienia

Okreslono takze diugos$¢ zastepczg przewodu nawadniajgcego rekompensujgcg straty

hydrauliczne spowodowane zamontowaniem emiteréw. Wyniki zestawiono w tabeli 1
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Tabela

Straty hydrauliczne spowodowane zamontowaniem emiteréw
wyrazone jako zastepcza dtugos$é przewodu nawadniajgcego

Typ emitera Zastepcza dtugos$é przewodu

[m]
Kapilarne 0,0629
Z kompensacja 0,0636

Wyniki te sg zgodne z danymi Wetters a i Kellera [1980] oraz Howella i Barinas'a

[1978] przedstawionymi na rysunkach 2 i 3.

Zmiany ci$nienia wody w przewodach
Straty hydrauliczne spowodowane tarciem dla przewodéw wydatkujagcych po drodze
mozna okresla¢ dwoma metodami przez przyjecie [Jeznach; 1981]:

przeptywu zastepczego,

wspotczynnika redukcyjnego.
Podstawy hydrauliczne przewoddw nawadniajgcych w systemach nawodnien
kroplowych przedstawi! Ostromecki [1978], Prace nad tym zagadnieniem podjat
Jeznach [1981], ktéry opracowal metode obliczania przewodéw nawadniajacych.
Polegata ona na wprowadzeniu do wzoru na straty hydrauliczne parametru m
uwzgledniajgcego charakter ruchu cieczy w przewodzie. Generalnie mozna to

przedstawi¢ wedtug nastepujacej formuty:

m
AH A LU 3)
gdzie:
AH straty hydrauliczne,
A wspotczynnik uwzgledniajacy: parametry przewodu,

wspotczynniki  oporéw hydraulicznych oraz przyspieszenie
ziemskie,
dtugos¢ przewodu,

Q natezenie przeptywu zastepczego,

wyktadnik potegi
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Warto$¢ wyktadnika potegi m zmienia sie od 1 przy ruchu laminarnym do 2 przy mchu
burzliwym. Wyniki badan laboratoryjnych [Jeznach; 1981] wskazujg na Scistg zaleznosé

wartosci m od liczby Reynoldsa (Tabela 2).
Tabela 2.

Warto$¢ wyktadnika potegi m w zaleznosci od liczby Reynoldsa

Przeptyw Liczba Wspétczynnik  Wykitadnik
[l h’] Reynoldsa oporéw potegi
Q Re hydraulicznych m

A
19,7 628,0 0,1020 1,00
32,5 1266,0 0,0510 1,23
49,8 1941,8 0,0329 1,44
89,1 2085,0 0,0310 1,45
108,7 2543,6 0,0456 1,53
173,0 4048,6 0,0397 1,75
217,8 5062,5 0,0375 1,85
3149 7370,5 0,0340 2,00
507,9 11886,4 0,0300 2,00

Aktualnie wiekszo$¢ autoréw straty hydrauliczne okresla wedtug formuty 3.

CZYNNIKI TECHNOLOGICZNE

Jako$¢ wody
Jako$¢ wody uzywanej w nawodnieniach kroplowych odgrywa bardziej istotng role niz
w innych systemach nawadniajacych. W nawodnieniach kroplowych moze by¢
stosowana w zasadzie woda, odpowiadajaca Il klasie czystosci, z kazdego zrédia
(rzeki, kanaty, jeziora, stawy, wody podziemne), lecz przed wprowadzeniem do sieci
nawadniajacej musi zosta¢ poddana procesowi oczyszczenia, uzdatnienia i ewentualnie
wzbogacenia (poprzez dodanie nawozow i innych srodkéw chemicznych) stosownie do
wymaganych kryteribw. Woda uzywana w nawodnieniach kroplowych powinna
spetniac trzy kryteria jakosciowe [Jeznach, Pierzgalski; 1993(a)]:

- sanitarne,

- fizjologiczne,

techniczne.
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Nawodnienia nie mogag by¢ zrédtem zakazen i zatrué konsumentéw, ani wpltywaé na
pogorszenie smaku i wartosci odzywczych warzyw i owocow. Kryterium fizjologiczne
dotyczy ilosci soli lub innych zwigzkéw chemicznych, ktérych stezenie mogtoby
ogranicza¢ wzrost roslin Techniczne kryterium jakosci wody zwigzane jest z procesem
zatykania urzadzen i w nawodnieniach kroplowych jest znacznie bardziej zaostrzone niz
przy innych systemach mikronawodnien, np. mikrodcszczowniach.

Zatykanie sie urzadzen moze by¢ spowodowane zanieczyszczeniami pochodzenia
fizycznego, chemicznego i biologicznego. W Polsce nie opracowano dotychczas norm
jakosciowych dla wody uzywanej w nawodnieniach kroplowych. Do$¢ powszechnie
znana jest natomiast klasyfikacja wody, ze wzgledu na niebezpieczenstwo zatykania sie
emiteréw, podana przez Bucksa [Bucks i in.; 1982],

W Polsce do nawodnien kroplowych powszechnie uzywa sie wéd podziemnych. Ich
jakos$¢ jest bardzo zmienna, zaleznie od pochodzenia tych wod i charakterystyki warstw
wodonos$nych. Dlatego tez w kazdym przypadku projektowanej instalacji konieczna jest
ocena jakosci wody uzywanej do nawodnien.

Na podstawie obszernego materiatu obserwacyjnego i analiz statystycznych Jeznach i
Pierzgalski [1993(aj] podali zawarto$¢ wybranych wskaznikéw wystepujacych w
Polsce w wodach podziemnych z 90 % prawdopodobienstwem.

Poréwnanie tych wartosci ze wskaznikami klasyfikacji Bucka wskazuje, ze przy
uzywaniu  wod podziemnych do nawodnien  kroplowych istnieje  duze
prawdopodobienistwo koniecznosci ich uzdatniania. Ogélnie stwierdza sie, ze 66 %
wdd podziemnych wymaga odzelazienia co najmniej do poziomu jakosci dla wody
pitnej (0,5 mg dni'), a 50 % wod wymaga odzelazienia i odmanganiania (do poziomu
okoto 0,1 mg dnr) Ocenia sig, ze jedynie 23 % wod podziemnych nie wymaga
uzdatniania.

Wody powierzchniowe zawierajg znaczne iloSci zanieczyszczen pochodzenia

mineralnego (np. piasek) iorganicznego (np. glony).

Zasoby wodne
Przy ograniczonych zasobach wodnych wielko$¢ dyspozycyjnego doptywu
jednostkowego decyduje o:

powierzchni objetej nawodnieniami,
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- odmianie systemu nawadniajgcego,

- technologii prowadzenia nawodnien.
Przy niewielkich zrédtach wody niezbedne moze by¢ stosowanie zbiornikéw
retencyjnych o roéznorodnej konstrukcji i prowadzenie nawodnief sposobem
grawitacyjnym. Przy korzystaniu ze zbiornikéw nie nalezy dopusci¢ do pogarszania

jakosci wody (rozwo6j glonow, wtorne zazelazienie na skutek korozji).

Eksploatacyjne
Zmiany temperatury wody w przewodach
Przewody nawadniajgce wykonane sg z czarnego polietylenu i uktadane zwykle na
powierzchni terenu, co zwieksza absorpcje promieni stonecznych i w efekcie podnosi
temperature wody. Moze to zmienia¢ parametry emiterow i przewodoéw ($rednice),
napiecia powierzchniowe, gesto$¢ i lepkos¢ wody oraz przyspieszy¢ koagulacje
koloidéw i wytracanie sie weglandw, sulfatéow i fosfatow na $ciankach przewodéw i
emiteréw.
Badania prowadzone w warunkach klimatycznych Polski [Jeznach; 1981] wykazaty
podnoszenie temperatury wody w przewodach o 4 C na dtugosci 26 m i o 8C na
dlugosci 52 m. Zmiany te powodujg zwiekszenie natezenia przeptywu wody w
przewodach i wydatku emiteréw na dtugosci przewoddw nawadniajagcych Wedtug
badan Gai-Fang Peng, I-Pai Wu i Phene [1986] zwiekszenie natezenia przeptywu wody
w przewodach o 10 % powoduje zwiekszenie strat hydraulicznych o 18 %.
Wplyw temperatury wody na zmiany parametrow przewodow (Srednice) jest maty i
moze by¢ pominiety w obliczeniach.
Zatykanie sie emiterow
Wykonane badania funkcjonowania systemow nawodnien kroplowych w Polsce
wykazaty, ze gtéwnym problemem eksploatacyjnym tych systeméw byto zatykanie sie
emiterbw i zwigzana z tym niska réwnomierno$¢ nawadniania. Na podstawie
wieloletnich badadn mozna przedstawi¢ ogdlne zasady zapobiegania zatykaniu sie
emiteréw [Jeznach; 1996]:

- dobdr urzadzen uzdatniajgcych powinien byé dostosowany do jakosci wody i

jej zmiennosci.
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zastosowanie, w zaleznosci od jakoSci wody, jedno- lub dwustopniowego
systemu filtrowania,
typ emiterbw powinien by¢ odpowiedni do warunkéw przyrodniczo-
produkcyjnych obiektu,
wszystkie elementy systemu powinny by¢é wiasciwie uzytkowane i
konserwowane.
Zatykanie emiteréw jest jednym z trudniejszych do rozwigzania probleméw w
systemach nawodnien kroplowych. Zatykane emitery zmniejszajg natezenie przeptywu
w przewodach wskutek zwiekszania wydatku emiteréw pracujacych. Powoduje to
zmniejszenie strat hydraulicznych na dtugosci.
Badania Bralts a i I-Pai Wu [1982] wykazaly, ze 10 % zatykanych emiterow redukuje
natezenie przeptywu o 8,7 %. Zmiany te, okreslone dla polskich emiterow kapilarnych i
z kompensacjg ci$nienia wynosza odpowiednio 8,1 % i 9,7 % [Jeznach; 1996],
Nawozenie przez system nawadniajacy
Wykorzystanie sieci nawadniajgcej do nawozenia staje sie coraz bardziej powszechne.
Ten spos6b nawozenia umozliwia optymalne zaopatrzenie rodlin w makro- i
mikrosktadniki.
Nawozenie przez system nawadniajgcy musi spetniaé nastepujace kryteria:
nie powodowa¢ korozji urzadzen,
nie reagowac z substancjami, ktére zawiera woda uzywana do nawodnien,
nie niszczy¢ elastycznosci przewoddéw i powiekszac strat hydraulicznych,
nie zatyka¢ zadnych urzadzen systemu.
Podawanie nawozéw wraz z wodg moze odbywaé sie okresowo lub z kazdym
nawadnianiem. Okresowe dokarmianie ro$lin polega na podawaniu roslinom
sktadnikéw pobieranych w duzych iloSciach tj gtdwnie azotu i potasu. Pozywki dla
upraw hydroponicznych np. uprawy na wetnie mineralnej, wymagajg ciggtego
dostarczania roslinom wszystkich sktadnikéw w jednym roztworze. Stwarza to wieksze
niebezpieczeAstwo wytracania sie réznych soli, co prowadzi do zatykania emiteréw i
uwstecznienia sktadnikéw pokarmowych
Zatykanie sie emiterbw moze byé spowodowane odparowywaniem wody z pozywki
znajdujacej sie na ich koncéwce. Mozna temu zapobiec poprzez przemywanie instalacji

wodg bezposrednio po kazdym zakonczeniu nawozenia.
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Wykorzystanie systemu nawadniajagcego do nawozenia, oprécz oczywistych
pozytywnych efektoéw, moze spowodowaé pogorszenie sie funkcjonowania systemu
nawadniajgcego. Dla unikniecia tego zjawiska nalezy przestrzega¢ nastepujacych zasad:
- dozowniki nawozéw powinny by¢ dostosowane do warunkéw przyrodniczo-
technicznych obiektu,
- stosowane nawozy musza by¢ catkowicie rozpuszczalne,
nie nalezy uzywaé nawozow zawierajgcych wapn, magnez i polifosforyty,
- nie wolno uzywa¢ mikroelementdw w stanie zjonizowanym,
- stezenie roztworu nawozowego nie powinno by¢ wieksze niz 1:500,
- podawanie nawozdw nalezy konczy¢ przed zakonczeniem nawadniania tak, aby
nastgpito przemycie catego systemu nawadniajgcego.
Rownomierno$¢ podawania nawozOow zalezy od stopnia rozpuszczania podawanej
substancji oraz sprawno$ci systemu nawadniajgcego. Z doswiadczen [Jeznach,
Pierzgalski; 1993(b)] wynika, ze podawanie nawozdw jest rownomierne, jesli system
nawadniajacy zapewnia wysokg réwnomierno$¢ nawodnienia. Wiekszg rownomiernos$¢
nawozenia uzyskuje sie wowczas, gdy przed nawozeniem i po nim przeprowadza sie

nawadnianie.

KRYTERIA OCENY ROWNOMIERNOSCI NAWADNIANIA

Kryteria oceny réwnomiernosci systemu nawodnien kroplowych podawane w
literaturze Swiatowej sg zréznicowane Keller i Karmelli [1974] przyjmuja jako
graniczne warto$ci minimalnego wydatku emiteréw nie mniejsze o 10% od wydatku
Sredniego.

Howell i Hiller [1974] - maksymalna roznica wydatku moze wynosi¢ + 10% wydatku
$redniego. Wu i Gitlin [1974] - dopuszczalne odchylenie $rednie mniejsze od 5%, co
odpowiada w przyblizeniu + 10% réznicy od wydatku $redniego.

Stosowany powszechnie do oceny réwnomierno$ci nawodnien wzor Christiansena, nie
jest zbyt precyzyjnym wskaznikiem, gdyz obejmuje tzw odchylenie przecietne
poszczegblnych wartosci w zbiorze od $redniej arytmetycznej, co nie uwypukla

dostatecznie skrajnych odchylen od wartosci S$redniej. Zadanie to lepiej wyraza
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odchylenie standardowe, w ktérym warto$ci réznic poszczeg6lnych wynikéw w
stosunku do $redniej wystepujg w drugiej potedze.

Bucks, Nakayama i Warrick [1982] przedstawili zalecane projektowane wartosci
wspotczynnikow emisji EU i Cd dla strefy aridowej. Wartosci te po przeliczeniu

[Jeznach; 19961dla strefy umiarkowanej podano w tabeli 3.

Tabela 3.
Zalecane wartosci wspotczynnikéw emisji EU i Cd
przy projektowaniu systemdw nawodnienn kroplowych
Typ emitera Rozstawa Spadek EU Cd
Roslin Terenu [%] [%]
[961
Punktowy Powyzej 4 m <2 81 - 86 84-88
>2 77-81
Punktowy Ponizej 2 m <2 77 -81 81 - 86
>2 72-81
Liniowy Ponizej 2 m <2 72-81 77-86
> 2 68-77
Nakayama i Bucks [1986] zalecajg nastepujace ogdlne kryteria rownomiernosci: EU

= 90 % i wiecej - bardzo dobra, 80-90 % - dobra, 70-80 % - dostateczna, ponizej 70 % -
staba, a ponizej 60 % - zia.

Sciste kryteria oceny funkcjonowania systeméw nawodnieri kroplowych nie zostaty w
Polsce ustalone. Przyjmuje sie, ze przy Cu > 90 % funkcjonowanie systemu mozna
oceni¢ jako dobre. Przy wspotczynniku Cu mniejszym od 80 % nalezy okresli¢

przyczyny niskiej rownomierno$ci i podja¢ odpowiednie $rodki zaradcze.

PODSUMOWANIE

Specyfika nawodnienn kroplowych, polegajgca na doprowadzaniu wody lub roztworéw
nawozoéw do pojedynczych roslin w dawkach zblizonych do potrzeb dobowych,
sprawia, ze rGwnomierno$¢ nawodnienia jest jednym z podstawowych kryteriow oceny

funkcjonowania systemu nawadniajgcego.
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Nier6wnomierno$¢ wynika z roznic natezenia wydatku emiterbw na jednostce
nawadnianej powierzchni. Do najwazniejszych czynnikéw  technicznych,
technologicznych i eksploatacyjnych powodujacych te réznice zalicza sie jakos¢
wykonania emiteréw, charakterystyke hydrauliczng emitera, sposéb jego podigczenia do
przewodu, zmiany ci$nienia wody w przewodach, charakterystyke roztworu
nawozowego, czynniki wystepujagce w trakcie eksploatacji systemu (zatykanie sie
emiteréw) i inne czynniki srodowiskowe.

Wielko$¢ plonu roélin zalezy przede wszystkim od stosunkéw powietrzno-wodno-
pokarmowych w glebie, regulowanych przez opady atmosferyczne, nawodnienia i
nawozenie. Przy stosowaniu nawodnien kroplowych stosunki te zalezg gtownie od
rownomiernosci podawania wody i roztworow nawozowych przez urzadzenia
wydatkujace (emitery). Rownomierno$¢ natezenia wydatku decyduje wiec o wielkosci
produkcji. Dlatego tez kryterium réwnomierno$ci jest stosowane powszechnie do oceny
funkcjonowania systemdw.

Stosowany dotychczas wsp6tczynnik réwnomiernosci Christiansena Cu nic  jest
wskaznikiem precyzyjnym.

Najbardziej miarodajnym wskaznikiem réwnomiernosci natezenia wydatku emiteréw
wydaje sie wspotczynnik emisji EU i Cd, ktéry moze by¢ stosowany przy
projektowaniu i eksploatacji systeméw nawodnien kroplowych.

Niezbedne staje sie usciSlenie kryteriow rownomiernosci wydatku emiterow zaréwno
dla instalacji projektowanych jak i oceny emiterow eksploatowanych w warunkach

polowych i pod ostonami.
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Streszczenie: ROwnomierno$¢ natezenia wydatku emiterébw w systemach nawodnien
kroplowych. Wielkos$¢ plonu roslin zalezy przede wszystkim od stosunkéw powietrzno-wodno-
pokarmowych w glebie, regulowanych przez opady atmosferyczne, nawodnienia i nawozenie.
Przy stosowaniu nawodniefn kroplowych stosunki te zalezg gtdwnie od réwnomiernosci
podawania wody i roztwordw nawozowych przez urzadzenia wydatkujace (emitery).
Réwnomierno$¢ natezenia wydatku decyduje wiec o wielkosci produkcji Dlatego tez kryterium
réwnomiernosci jest stosowane powszechnie do oceny funkcjonowania systeméw. W pracy
poddano analizie czynniki wplywajace na zmiany wydatku emiteréw, dobor miarodajnego
wskaznika réwnomiernosci oraz okreslono kryteria oceny réwnomiernosci.

Slowa kluczowe nawadnianie kroplowe, réwnomiernos¢, wskazniki réwnomiernosci, kryteria.
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Agricultural Practices, soil fertility management modes and resultant
nitrogen leaching rates under semi-arid conditions
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P.O.Box 6, Bet Dagan 50250, Israel.

Abstract

Under semi-arid or and conditions, growing needs for agricultural commodities diclate
the intensification of agricultural activities through the application of irrigation and
fertilization practices aimed at inereasing crop yields. A ccrtain amount of the added
irrigation water is designed to seep below the root zone and leach excessivc salts
accumulated in the irrigated soil. This entails, in part, recharging the ground watcr-tablc
aguifers. Hence, intensification of agricultural activities introduces a long-term risk of
groundwater pollution by unuscd fertilizers, c.g., nitrogen, salts and pesticides,
herbicides, leached from the irrigated fields. To avert or minimize this risk, the
amounts of applied water and fertilizer should be determined and minimized by
optimizing them to match crop requirements. The objectives of the present work were
to determine the amounts of water and salts leached below sevcral agricultural areas
subjccted to differing soil fertility practices, and to try to relate them to the yields
obtained. Published data and experimental data sets of water, chloridc and nitrate
concentration - depth distributions were used and analyzcd. The results show that
intensification of agricultural activities leads to inereased hazards to surface and
groundwater pollution and this can be diminished provided balanccd irrigation

fertilization programs are developed for different crops, by using the results of Icachatc
loads seeping from long-term fertility and irrigation studies (permanent plot

expcriments).
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Dynamie of Soil Moisture in the Root Zone and its Effect on Irrigation
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Environmental Quality Sciences, The Hebrew University of Jerusalem, P.O. Box 12,
Rehovot 76100, Israel

Abstract

The hypothesis in this research is that water availability to the plant roots depends
highly on soil moisture dynamie in the root zone and should hc used to optimize water
use efficiency and crop yield production. A field study was performed in an orchard at
the Faculty of Agriculture Experimenlal Station in Rehovot, Israel. The continuous
varialion of soil moisture at the vicinity of 12 trees during and between successivc
irrigation events was monitored by a Time Domain Refiectometry (TDR) System. A 30-
cm long TDR probe was installed vertically 10 cm below the soil surface and an
additional probe was installed vertically below that probe (40-70 cm below the soil
surface) on each side of 12 trees in the plot. The simultaneous variation of the tension
at the vicinity of the TDR probes was measured by gypsum blocks installed nearby.
Irrigation non-uniformity and spatial variability of soil hydraulic properties were
measured as well. The variation in moisture content measured by the TDR probes
between successivc irrigation cvents was qualitatively divided into four stages: the first
was during water application: the second initiated when irrigation stopped and the
moisture content in the layer sharply decrcascd, mainly due to free drainage. The
succeeding moderate soil-moisture decrease, caused by the simultaneous diminishing
free drainage and root uptake, was the third stage. During the fourth stage, moisture
depletion from the layer was solely by root uptake. The slopes of moisturc-contcnt
variation with time throughout this stage enabled the monitoring of water availability to
the plant. The range of moisture-content variations and moisture depletion rates
between subsequent irrigation events was higher in the shallow (10-40 cm) than in the
deeper (40-70 cm) layer. Irrigation non-uniformity and spatial variability of soil
hydraulic properties contributed to the unevenness of the moisture distribution in the

soil profile. However, as soon as moisture content within a layer reached field capacity,
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namcly the free drainage had stopped, irrigation uniformity had a negligible effect on
water flux to the plant roots. The measured data indicate that soil moisture is fully
availahle to the plant as long as the momentary moisture flux from the soil bulk to the
soil root interface can replenish the moisture bcing depleted to supply, under non-
stressed conditions, the atmospherie water demand. This flux is dominated by the local
momentary value of the soiTs bulk hydraulic conductivity, Kr, and it stays constant for
a certain range of Kr values, controlled by the inereasing root suction. A decrease in
water availabiliiy to the plant appears for longer irrigation intervals as a break in the
constant soil-moisture depletion rate during stage 4. This break is better corrclated to a
threshold Kr value than to threshold values of moisture content or suction. Therefore, it
is suggested that moisture content or suction used to measure water availability or to

control irrigation first be calibratcd by Kr(0) or Kr(\|/) curves, respectively.
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IRRIGATION-INDUCED CHANGES OF RAINFALL PATTERNS
IN SOUTHERN ISRAEL
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(2) Tel-Aviv University, Dept. of Geography and Human Environment
(3) Tel-Aviv University, Dept. of Geophysics and Planetary Sciences

Abstract

The Southern part of Israel is semi-arid and arid, with a steep south-north gradient in
rainfall amounts. The summer season is rainless, with the sub-tropical high blocking
completely the intrusion of upper air troughs from higher latitudcs, while spontaneous
deep convection is impaired by thc elevated, almost permanent, inversion layer,
prevailing during the summer season. Only in October, thc transition month from thc
summer circulation to thc winter one, and the gradual retreat of the sub-tropical high,
convective rainfall may develop in thc region. Agricultural aclivity has intensified
considerably from the 1%0’s, mainly in the north-wcstem part of thc Ncgcv desert,
based on extensive use of irrigation. Although the main sourcc of water for irrigation
was the National Water Carrier, pumping fresh water from the Lake Kinnerel and
transporting it to the south, other sources of water, including brackish water, were also
used for irrigation. According to the Mekorol Water Company, the annual avcragc
amount of water used for agriculture in the Southern part of Israel, during thc period
1990-2000, is estimated at about 170 million cubic meters. It was, thercforc,
hypothesizcd that such large amounts of irrigation water applied to a relativcly smali
region at the fringe of the planetary desert, may affect appreciably the convectivc
rainfall patterns, especially at the beginning of the rainy season. A change of surface
conditions from dry to cultivated land modifies surface parameters, i.e. albedo, soil
moisture, roughness length and leaf arca index. Recent numerical simulations havc
shown that such changes of surface conditions may influence the surface energy budget,
which in tum may affect thc Planetary Boundary Layer (PBL) formation and convcctive
development. To test experimentally the above hypothesis, advantage was taken from

the long-term rainfall records available at 51 rainfall stations at the study region (the
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north-westcrn part of the Negev). The analyses show a statistically significant
increasing trend of early season rainfall in the study region. Maoreover, some retreat
from aridity is shown also to be the increase of the shape parameter of the fitted gamma
distributions, decrease in inter annual variability, and decrease of spottiness of rainfall
events. The observed, irrigation-induccd, increasing trend of early season rainfall in the
north-westcrn Negcv seems to oppose the apparent trend of enhanced drought

conditions at the Meditcrranean region, which may result from global climate change.
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ISRAEL
An Example of the Management of Scarce Water Resources

Otto Nagler,
Consultant to CINADCO, Centrefor International Agricultural Development
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Abstract

The supply of fresh water to the worlcTs ever-growing human population has becomc
one of the most critical issues facing humanity at the beginning of the 21t Century.
Despite the existence of sufficient fresh water resources on earth, due to their uneven
temporal and spatial distribution, many regions in arid and semi-arid zones suffer from
modcrate to severe water shortages. Add to this the increasing contamination of the
water resources due to increasing human activities, agriculture, industrial wastes, etc.
countries with sufficient or even abundant water resources are beginning to fecl the
stress of water shortages.

Only a short while ago, at the La Plata Conference, high reaching goals were proposed
to supply potable drinking water and reasonable sanitary facilities to almost the entirc
world’s population by the year 2(XX). Such a goal, at the dawn of the 21d Century, is
becoming more distant than ever before.

As we enter the new millenium, the reason for increasing water shortages can bc seen as
a result of unprecedented population growth and technological devclopment during the
20th Century. Between 19(X) to 2000, the world’s population jumped from 1.3 to 6.3
billion, an increase of nearly fivefold in only one hundred years, an unknown
phenomena since the appearance of the human race. The world’s water supply also
inereased by nine times during the same period, from 600 to 5,300 MCM, due to the
increase in population, but also due to a higher per capita consumption, i.e. from 460 to
840m3/p.c.

Water resource management is of important significance for the prevention of water
waste and contamination. For the past hundred years, the “supply-oriented
management” scheme was the rule for the construction of large and smali water supply
projects which provided water to as many people as possible, and to all the economic

sectors, domestic, industry, agriculture, etc. Technical skills, manpower and financial
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resources were rclatively easily available. However, the “supply oriented management”
scheme being replaced by “demand-oriented management”, in order to achieve more
efficient and cconomic viability of our limited water resources.

Israel is a good cxample of how it is possible to manage extremely limited water
resources, while maintaining an adeguate water supply for the entire population and
economic sectors. Although the country has only 250 m3/p.c of potable water, which is
much below the standard set by inlernational organizations of 1,000 m3/p.c.(below
which a country is considered to be suffering from water scarcity), Israel has succeeded
in mecting its varicd water requirements. This could only be achieved by strict water
management, including proper legat and organizational measures, price policy, research
for advanced tcchnologies in water uses, and the development of marginal and

unconventional water resources.
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Abstract

The use of manufactured fertilizers is prohibited in organie production systems;
therefore nutrients are added to crops in the form of natural organie materials, which
after microbial decomposition release available nutrients to plants. Composted manure
is used to sustain soil organie matter and provide a steady supply of nutrients, whereas
organie fertilizers, that decompose more rapidly, are used to supplement availablc N

supply when N uptake by the crop is rapid.

Intensively irrigated crops receive their side dressing through drip irrigation with licjuid
fertilizers. These are obtained either by fermenting solid organie materials that
decompose rapidly in water, or as commercial liguid preparations. The solid materials
are guano and poultry manure. Guano releases most of its N as ammonium in water in
10 days; the potential N concentration of a 1:10 solution of guano in water could get to
1.5%, but at the farm site concentrations are considerably smaller. Poultry manure is
much more abundant and less cxpcnsive than guano, but it contains 3-5 times less N.
Half of its N is released very rapidly in water, producing Solutions with no more than
0.15% N and a large amount of sludge, which poses problcms of filtering the solution
and disposing of the sludge. Commercial liguid fertilizers, produced from animal
excretions, have potential N contents similar to fermented guano. The cost of these
dilute Solutions per unit fertilizer-N is approximatcly 10 times higher than of
conventional fertilizers. Moreover, these Solutions often cause biological and Chemical
clogging of the filters and tubes, while rinsing with acid is prohibited. =~ More
concentrated liguid fertilizers (4-6% N), from animal processing by-products, are

explored, but these are even more expensive.
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Bccause in ideat organie farming nutrients should be supplied primarily from the soil
rather than from nutrient Solutions, and because the cost of organie fertilizers is very
high, large amounts of eomposted manure are applied to the soil each year, particularly
in greenhouses, where the plants grow on sand. N release from composts is slow, but
difficult to control and match with crop demands. Continuous annual applications of
compost load the soil with organie N that will mineralize not necessarily when plants
are rcady to take it up, thereby causing excess nitrates to move below the root zone, as

shown by the N balance in an irrigated organie field.
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Irrigation of greenhouse tomatoes with low-quality water:
Effects on productivity and fruit guality

Zvi Plaut

Institute of Soil, Water and Environmental Scients, ARO, The Volcani Center, Beit
Dagan

Abstract

Low quality water is defined as water with a relatively high content of impurities.
Among those, salts are the most important factor responsible for the deterioration of
water quality. Water containing low salt content can still be used for irrigation of
several horticultural crops, among which tomatoes are of the most important ones.
Moreover, the use of such water for irrigation may even lead to improved fruit quality,
provided a proper irrigation management is adopted. This will, however, depcnd on the

possibility to minimize environmental hazard.

Fruit yield is generally dccrcased when saline water is used for irrigation. The intensily
of this decrease was found in our studies to depend on salt concentration, amount of
water applied, climatic conditions and switches from low to high water quality or vicc
versa. Salinity dccreased fruit size, but had a much smaller effect on fruit number. The

decrease in fruit size could account only partly for the increase in solute content.

Fruit quality is mainly determined by two major factors: appearance (shape, size, color,
firmness, and lack of blemishes) and taste, which is associated with glucosc and acid
content. The use of brackish irrigation water was found to raise glucose content of the
fruit and to improve its taste throughout the picking season. This raise is mainly of
importance during the initial period of picking, when its level is low and insufficient.

Glucose was in-fact increased from approximately 100 to ncarly 200 mg/dl.
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A major finding of the present studies was that an adeguate irrigation management
resultcd in yield, which was similar to the control, while fruit guality could be
maintaincd. This irrigation management, which is recommended for irrigation with

brackish water, will be outlined and described.



Gospodarowanie zasobami wodnymi i nawadnianie ro$lin uprawnych

Water resources management and irrigation ofcultivated plants

Using TDR to measure water content in tree stem for monitoring
irrigation

Arie Nadler
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Environment, ARO, Ministry of Agriculture, POB 6 Bet Dagan, 502050, Israel

Abstract

Precise irrigation is necded in order to reduce irrigation rates wilhout reducing yield or
cultivated area. This can be achieved by continuous, accuratc, and automatic monitoring
of moisture content in the soil and plant. The most accuratc methodology for measuring
water content is the specific capacitance of the medium, easily obtained by the TDR
Technology. Still, the optimal location of the TDR probes for the best illustration of the
water storage status as a function of soil type, irrigation technology, crop and time.
This implies the nced of using several probes to cover the wide, spatial distribution of

the activity of root system.

The tree stem may be considered as a junction through which water fiows from the roots
to the leaves. Assuming the stem serves as a temporary buffer we could relatc depletion

of moisture in the stem to the degree of water stress in the tree.

Five 50-mm-long three-rods TDR probes were installed in a tree. The apparent length
of the probes (directly related to capacitance) was monilored for 400 days, cvcry 30

min. Also measured were temperature, radiation, and rainfall.

A separate calibration was obtained between gravimetric water content and diclectric

properties of artificially saturated and drained wood blocks.

It was shown that the TDR Technology could detect daily cycles of moisture changes
and the response to rain events. (Under the natural conditions prevailing in the

experimental site even modest degrees of water stress could not be obtained).

Further research is needed to isolate the contribution of the different plant componenl to

the cycling capacitance.
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INTRODUCTION

In recent years, the interest in methods of natural treatment of wastewatcr in the
soil and plant, water and also the water and plant environmcnts has inereased. Drip
irrigation could be also interesting solution for the purpose of climinating biogenic

compounds from low cjuality waters as a supplementary treatment.

MATERIALS AND METHODS

The main objective of the research performed in the laboratory was to analysc
the water balance components and assessment of nutrient reduction in the soil column
irrigated by low quality water using drip irrigation system. The cxperiment was carried
out on undisturbed sandy soil column (20 cm in diameter and 20 cm in high). The
bottom of the column was protected by mesh to avoid leaching of soil particles. The soil
column was situated on special stand to make gravitational outflow measurements
possible. The following parameters were measured during the cxpcriment: soil moisture
content, bulk electrical conductivity, pressure head by TDR reading device and volumc
of low quality water used for irrigation as well as volumc of outflow. For irrigation
water from tobacco manufacture treated in conventional biological wastewatcr
treatment plant was used. The concentration of ammonia and phosphorous in waters
were determined. Evapotranspiration from soil column and open water cvaporation
were also measured. In the soil column bean was cultivated and the experimenl was

conducted during 177 days.
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RESULTS AND CONCLUSIONS

To convert collected data of soil dielectric constant measurements to the soil
moisture content calibration eguation was used. The eguation reguires also determine of
soil bulk density which was measured by gravimetric method. During the experiment
soil moisture content valucs were higher than 30% and pressure head values were lower
than 200 cm. Moisture redistribution in the soil column was measured before, during
and after irrigation for two different doses (3 and 5 mm). Redistribution process stopped
after eight hours and major moisture changes were observed for 3 mm dose. Gencrally,
during the experimcent, relatively wet conditions were maintained in the soil column.

The water storage in the soil column was calculated from the soil moisture
measurements. Cumulativc values of water outflow were less then 12 mm and it was
only 2.5 % of the total dose of low guality water introduced to the surface of soil.
Cumulative values of evapotranspiration were almost egual to the total applied dose of
wastewater. Mean value of bean evapolranspiration measured in the laboratory was
egual to 2.7 mm and was nearly 2 times higher than open water evaporation.

The bulk clectrical conductivity showed inereasing values with time sifice the
beginning of the cxpcriment. The analysis of the salinity index and -eiectrical
conductivily of the liguid phase showed that both were inereasing in the time, especially
in the deeper layer of the soil column. It means that some substances are accumulated in
the soil.

Based on performed research it can be concluded that application of the
appropriate irrigation norm using drip irrigation system allowed water retention in the
root /.one and minimisc drainage outflow from the soil. Calculated nulrients reduction
coefficients were relativcly high (N-NCL - 91.3 %, N-NEL - 95.5 % and P - 98.5 %),
however measured nitrogen concentration in drainage water was higher (4 times for
nitrate) than in the low guality water used for irrigation. In the case of phosphorous the
opposite tendency was observed. The inereased values of eiectrical conduclivity of the
liguid phase of the soil the experiment suggest that irrigation using low guality water

lead to accumulation of nutrients in the root zone.
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Abstract: The effect of irrigation and fertilisation in repiand orchard. In thc years 1994-1999
on the Agricultural Experimental Farm in Przybroda, sludies were carried out on the effect of
different fertilisation and irrigation regimes on apple tree growth and yield in the replanted area.

Key words: replantation, irrigation, fertilisation, apple-tree, water management.

INTRODUCTION

Increasing production demands and specialisation of horticultural farms have crcalcd thc
need for plantation of new trees directly or in a short time after liquidation of the carlier
orchard. Replantation should be performed having previously restored the production
properties of the soil, and one of thc conditions determining success of thc proceduro is
the restoration of the soil resources. Plantation of the same species on thc arca it had
previously occupied may lead to the replantation disease manifested as poor assimilation
of new trees, their delayed growth, delayed vegetation and in extreme cases dcath of thc
newly planted trees (Rebandel 1987, Szczygiet 1988), The disease may be caused by
specific (pathogenes and toxins) as well as non specific rcasons (soil structure
degradation, deficiency or excess of water, inappropriate nutrient componcnts (Swcll &
Whithe 1979). It has been recognised that the occurrence of thc replantation disease can
be restricted by applying proper fertilisation and irrigation proccdures (Pacholak 1992,
Pacholak, Przybyta 1996, 1997, 1999, 2000, Rebandel 1998).

The necessity for replantation has created the need to find the best possible proccdures
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and cstablish their right timing in order to minimise the negative consequences of the
process. The factors which should be taken into regard inelude: The time interval
between replantations, fertilisation and irrigation prior to and after replantation.
Irrigation of the orchard after replantation is particularly important because of the
changcs in the soil environment. The aim of the study reported was to assess the effect of
many year applications of different fertilisation and irrigation procedures on the growth
of and yield from replanted apple trees as well as on the physical and Chemical properties

of the soil.

MATERIAL AND METHODS

The study was conducted in the years 1994-1999 in the orchard of the experimental
farm of the Agricultural University, in Przybroda (Poland). In the autumn of 1993 the
apple trees which had been growing there since were dug up and in the spring of 1994,
prcscrving the same combination of fertilisation and irrigation, new tress were planted.
Having prepared the soil, apple trees Sampion were planted in special P60 supports, in
spacing of 3.5 x 1.5 m (1900 trees/ha), in the Drilling from and supported with special
constructions.

The soils in Przybroda are typical of Wielkopolska. The soil in the orchard studied is
pdwa, wlaoeciwa, with the upper layer from 0 to 50 cm of light sandy - clay or strong
sandy - clay. The deeper support layer is light clay, Table 1. The ground water table
varied from 130 cm in spring to 180 cm in autumn. The soil analysis was based on
determination of granulometric composition as well certain physical - water
characteristics and Chemical properties for 6 soil profiles, Tables 1 and . In the years
1976 1993, on eacli lcvel of irrigation, 4 modes of fertilisation were applied, while in
1994 eight modes of fertlisation were used, designed on the basis of analysis of the
growth and devclopmcent of tree and nutrition qualities of the soil.

The area of the fertilised plots was 84 nr till 1993, and since 1994 their area was
reduced to 42 nr, there were 8 trees growing in each plot. Each mode of fertilisation
was four times repeated.

A far as irrigation is concerned, the effects of three variants were comparcd (sifnce 1976):

1 WO control plots with natural precipitation only,
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2. W1 - sprinkling applied to maintain the soil moisture at the level of 0.03 MPa of the
water potential,
3. W2 - sprinkling applied to maintain the soil moisture al the level of 0,01 MPa of the

water potential.

Table 1 Texture of the soils studied.
Profile Depths I'extu- Selection particles Soil sizefraction /% /
No [cmj re %! (mm)
symbol >2mm 2-1mm 1-0,5 05- 0,25- 0,1- 0,05- 0,02- 0,006- <
0,25 01 0,05 0,02 0,006 0,002 0,002

1 0-50  Ppfil 2,1 1 82 175 363 13 9 6 5 5
50-95 1 11 75 153 30,2 11 6 7 4 19
95-100  fi| 2,7 1,3 7,3 147 31 13 8 7 3 16

2. 0-50  Pfil 1,6 1,5 8 17,7 343 16 10 8 3 3
50-95  fil 1,5 1,3 6,7 14,2 30 1 7 8 3 20
95-100 fil 1,7 1,2 75 16 31,5 13 7 8 4 13

3 0-30  PRin 0,9 1 92 17 34,8 16 8 6 5 4
[30-50 il 0,9 1,2 67 14 30,3 10 7 7 3 22
50-80  fil 1,9 1,9 82 148 33 11 8 8 4 15
80-120 fil 1,9 1,3 87 155 31,8 12 9 7 5 13

4, 3-60  Pfil 3.6 15 87 173 37 14 9 6 5 3
60-110 il 11 0,9 75 165 31 1 7 6 4 17
110-150 fi| 1,6 1,4 73 15 30,7 12 8 7 5 15

S, 0-45 fil 11 0,9 77 173 35 15 10 6 5 4
45-90 il 1 1,2 6,5 13 285 12 9 7 6 20
90-145 fj| 2 15 75 145 29 13 7 10 6 13

6. 3-35 pfil 1 0,9 73 167 35 15 10 6 5 4
35-70 il 0,7 1 6,5 13,8 287 12 6 7 3 23
70-100 il 1,8 1 73 142 305 11 7 7 4 19
100-150 | 2,9 1,2 75 147 288 12 7 1 5 14

The sprinkling was performed which a permanent sprinklcr of the nozzle diametcr of 4
and 6 mm, the rate flow of the water of 7 mm/h and doses ranging from 14 to 35 mm.
The source of sprinkling water was the PamiHkowskie Lakc was pumped to an
equalising tank near the orchards, its guality corresponded to that of the third gradc
purity.

The results were subjected to many - ways analysis of variance, and the significancc of

differences was established by the Duncan test at the probability level of a=0.05.
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Table 2 Physical and Chemical properties of the soil profiles studied.

Profile Depths Texture Organie Densini- Water Hygrosc PH (aC() Fex3
No leml  symbol mater ty hygro- opic  InH,0 InKClI 1%] [%]
[%] particie skopicity water
Igecm3] capacity
%I

1 0-50 Pgl 0,93 2,62 0,55 0,94 5,3 4,7 0 0,46
50-95 1,47 2,65 2,65 4,16 7.1 6,2 0 1,73

95-100 1,14 2,65 2,2 3,67 7,3 6,3 0 1,4

4 0-50 Pgl 0,58 2,63 0,32 0,73 4,6 43 0 0,48
50-95 w . 1,44 2,65 2,83 4,57 6,1 51 0 1,71

95-100 . 0,9 2,65 1.82 2,9 7 6,2 0 1,27

5. 0-30 pgm 1,39 2,6 0,67 1.55 4.4 3,9 0 0,43
30-50 gl 1,64 2,66 3,14 5,05 5,2 4,4 0 1,81

50-80 s L 128 2,68 2,19 3,57 7 6,1 0 1,57

80-120 <. . 087 2,62 1,29 2,03 8,1 7.6 6,6 0,98

6. 0-60 Pgl 0,46 2,64 0,4 0,63 5,1 4,9 0 0,43
60-110 gl 0,92 2,67 2,51 3,6 5,4 4,6 0 1,61

110-150 gl 0,58 2,65 2,22 3,39 7,9 71 1,5 1,3

7. 0-45 gl 1,15 2,57 0,7 1,15 4,9 4,4 0 0,38
45-90 gl 1,18 2,63 3,03 4,71 6,4 5,8 0 1,82

90-145 gl 0,73 2,61 1,44 2,59 8,2 7,6 10,2 11

8. 0-35 Pgl 1,08 2,6 0,66 1,19 5,5 5 0 0,4
35-70 gl 1,28 2,68 3,08 4,79 5,9 5 0 1,98

70-100 gl 0,99 2,67 2,81 4,4 6,9 6,4 0 1,86

100-150 gl 0.38 2,67 1,45 2,6 8,1 7,6 10,4 1,09

CHARACTERISTICS OF METEOROLOGICAL CONDITIONS AND THE
IRRIGATION APPLIED

Over the 20 years of study climatic conditions in Przybroda wcrc caracteriscd by variable
total precipitation and its unfavorable distribution in vegetation season. The periods of
water deficiency were irregular, there were 7 dry years, 6 medium moist years and 7
moist years.

Table 3 presents the total monthly precipitation (P), potential evapotranspiration (ETP),
real evapotranspiration (ETR) and water deficiency calculated from the difference
between the real precipitation in deficiency months of the vcgetation season and the
potential evapotranspiration calculated by the Penmann method in the simplified version,

for subscquent vegetation seasons from 1994 to 1999.
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Table 3 Monthly totals of precipitation, evapotranspiration and water deficiency in the
years 1994-1999.

Year
1994

1995

1996

1997

1998

1999

Mean 1994-1999

Month

Vil

Suma

Precipitation P in
42
59
40
82
55
37
315
13
56
86
16
66
61
298
10
56
47
224
7
50
464
34
63
56
119
23
34
329
42
37
79
50
57
73
338
72
27
85
30
33
16
263
35
50
65
87
52
45
334

ETPImmI
59
68
98
89
7
32

423
51
68
102
130
72
35
458
49
75
91
125
126
78
544
46
68
97
90
83
35
419
50
84
104
98
74
37
447
42
70
70
87
65
42
376
49
72
91
103
83
43
447

ETR/mml
43
42
Al
64
60
29
285
41
55
88
80
45
30
339
39
65
85
44
22
55
310
39
53
55
76
44
26
293
39
68
99
83
51
27
367
33
60
65
73
24
37
292
39
57
73
70
41
34
314

N=P-ETP Imml

-114

-160
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In the years 1994 -1999 the totals of precipitation in the vegetation seasons varied from
298 mm (1995) to 464 mm (1996). The total potential evapotranspiration was 423 mm
in 1994, 458 in 1995 and 544 mm in 1996, whereas the total real evapotranspiration was
285, 339 and 310 mm in the same years. The precipitation deficiency was the greatest in
1995 - 160 mm and the lowest in 1996 -only 108 mm. These values indicate the need
for irrigation of the area (Przybyta 1994). The irrigations applied expressed as total doses

are given in Table 4, for particular years.

Table 4 Total doses of irrigation water applied in the deficiency vegetation periods in the
years 1994- 1999.

Year Precipitation Combination of irrigation
WO ImmJ tV; fmmj W2/mml
1994 315 419 535
1995 298 414 534
1996 463 519 597
1997 329 409 479
1998 338 429 506
1999 263 331 399
Mean 1994-1999 334 420 467

Table 5. Fertilization and the content of availablc nutrient in the soil (mg/IOOg of soil).

No Fertilisation variants kg/ha Nutrient (mg/lIOOg o fsoil)
P K .M PH
1 Control 2,6a* 6,a 6,4d 5f
2 65N 2,9ab 6,2a 6,2cd 4,8f
3 65N; 95K,() 3,0ab 10,3b 5,4bc 4,6de
4 65N; 95K20+Ca 3,lab 10,3b 5,4bc 4,4cd
5 130N; 190K20+Ca 3,3b 12,3c 4,3a 4,1b
6 130N; 190K,0+Ca 3,2b 14d 4,8ab 4,2bc
7 No fertilization 3,5b 10,8b 4a 3,9a
8 No fertilization +Ca 3,3b 9,7b 3,8a 3,8a

*Means foliowed by the same letter do not differ at of significance a = 0,05

Table 6. Irrigation and the content of available nutrients in the soil (mg/I0OOg of soil).

No Irrigation rariants Nutrient (mg/I00g)

P K Mg pH
1 W,, No irrigation 3.2a 8.4a 3,2a 4,0a
2 W, (-0,03 MPa) 3.1a 11,0b 5,1b 4,4b
3 W; (-0,01 MPa) 3,0a 10.8b 6,8e 4,7c

*Means tollowed by the same letter do not differ at the level significance a = 0,05
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Table 7. Increase in the circumference of tree trunks and the percent ofdead trecs.

Fertilisation Irrigation yariants
yariants (dosage in Wo No irrigation W, (-0,03 MPa) M2 (-0,01 MPa)
kg/ha) The lost The lost trees The losttrees  The lost  The lost  The lost
trees [%] [em] [%1 trees [cml trees [%/ trees/cm]
Control 4,16 l4c-e** 16,64 0,8a 33,28 0,7a
S5N 4,16 1,6ef 8,32 I,1b 24,96 0,9a
65N; 95K20 0 2,1h 8,32 0,9ab 12,48 1,3c
65N; 95K +Ca 0 2h 16,64 I,2bc 4,16 1,1b
130N; 190K20+Ca 0 1,5d-f 8,32 1,3cd 12,48 l,6ef
130N; 190K20+Ca 0 1,5d-f 12,48 1,3cd 4,16 I,5de
No fertilization 0 2h 0 1,7fg 4,16 1,8gh
No fertilization +Ca 0 1,9gh 0 2h 4,16 1,7fg
Mean for irrigation 1,04 1,8b 8,84 |,3a 12,36 1,3a

* Circumference in 1996 minus circumference in 1994.
** Means followed by the same letter do not differ at the level significancc a = 0,05

Table 8. The yield of Sampion apple trees in the year after rcplantation.

Fertilisation Irrigation yariants
yariants (dosage VloNo irrigation IV/ (-0,03 MPa) 2 (-0,01 MPa)
in kg/ha) kg per tree t/ha kg per tree t/ha kg per tree t/ha
1. Control 2,2 de 4,2 1,2 el 2,3 05 f 1,0
2. 65N 48b 9,1 1,9 de 3,6 1,2 ef 2,3
3. 65N; 95K20 78 a 14,8 25d 4,8 2,1 de 4,0
4. 65N; 95K20+Ca 6,6 a 12,5 29d 55 1,3 ef 2,5
5. 130N; 59 a 11,2 2,6d 49 52 ab 9,9
190K20+Ca
6. 130N: 52 ab 9,9 3,7cd 7,0 480D 9,1
190K20+Ca
7. No fertilization 5,8 a 11,0 3,5¢cd 6,6 3,6 cd 6,8
No fertilization 5,7 a 10,8 3,0 cd 5,7 4,1 bc 7.8
ut-Ca
Mean for irrigation 55 a 10,4 26 b 4,9 24b 4,6

* Means followed by the same letter do not differ at the level of significance a= 0,05

RESULTS OF THE STUDY

Analysis of the nutrients in the soil of the orchard studied proved a significant
effect of fertilisation and irrigation procedures on their amount and composition.
Fertilisation (Table 5) caused a substantial increase in the amounts of phosphorus and
potassium (in a 60 cm deep soil layer ), while the content of magncsium and pH valuc
decreased. Irrigation ( Table 6) irrespective of the levcl of fertilisation did not affect the
contents of phosphorus in the soil. Under the effect of irradiation, the amount of

potassium inereased, however, the differences between the variants D1 and D2 were not
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statisticaUy significant. Moreover, the contents of magnesium and pH depended on the
size and frequency of irradiation applied.

The results led to a.conclusion that in the optimum conditions of fertilisation and
irrigation, much diversity was obscrved in the growth and yield of the orchard.

Although thc Sampion apple trees planted on P-60 supports were of approximately the
same size, much diversity was observcd in their growth already in the first year after
replantation. With incrcasing intensity of irrigation, the percent of dead and dying trees
inereased. The variants under intense irrigation were characterised by a low dynamics of
growth measured as an increase in tree trunk circumference. The application of
fertilisation significantly inereased the yield (Table 8). The lack of minerat fertilisation for
20 subsecjuent years rcsultcd in inhibition of tree growth and an increase in the percent of
dying trees.

The most surprising result of the studics is the decrease in yields with growing intensity
of irrigation. The highest yield of the orchard was observed in the variant for which

natural conditions of tree growth were preserved.

CONCLUSIONS

1. Fertilisation and irrigation procedurcs applied in replanted orchard had significant
influence on thc contents of assimilable nutrients in the soil.

2. Minerat fertilisation and irrigation doses applied significantly affected the rate of
growth and yield in the replanted orchard.

3. Irrespective of the intensity of fertilisation and irrigation applied, thc yield in the
replanted orchard of Sampion trees on P-60 supports was lower than in the

conditions of the original plantation.

REFERENCES

PACHOLAK E. (1992): Nawozenie i nawadnianie a wzrost i plonowanie jabtoni po
replantacji. Prace Insi. Sad. | Kwiac. Z. 3-4, 54-53
PACHOLAK E, PRZYBYLA CZ (1996) Wplyw nawodnienia i zasobnosci gleb na

jakos¢ plonow jabtoni odmiany idared. Zesz Post Nauk. Roi. Z. 438, 165-173.



439
The effect of irrigation andfertilisation in repland orchard

PACHOLAK E., PRZYBYLA CZ. (1997): Przyrodnicze i techniczne aspekty
nawadniania i nawozenia w replantowanym sadzie jabtoniowym. Rocz. AR Poznan.
Przyrodnicze i techniczne problemy ochrony i ksztattowania srodowiska: 209-289

PRZYBYLA CZ. (1994) : Gospodarka wodna i potrzeby nawodnieA w warunkach
klimatyczno- glebowych Wysoczyzny Poznanskiej. Rocz, AR Poznan, CCLXVIU,
147-155

PRZYBYLA CZ, PACHOLAK. E. (1999): The role of water from irrigation in
preparing soil for replanting an orchard. Rocz. AR Poznan, CCCX,223-231

PRZYBYLA CZ., PACHOLAK. E. (2000): Rola nawodnieAn w replantowanym sadzie
jabtoniowym. Prace Komisji Nauk Rolniczych i Komisji Nauk Lesnych PTPN, 165-
174

REBANDEL Z. (1987): Problemy zmeczenia gleby w sadownictwie. ,,Sadownictwo w
Wielkopolsce”, PWRIL Warszawa.

SWELL G., WHITE G. (1979): The effect of formalin and ather soil treaments on the
replant disegse of apple. J. Hat. Sei. 54, 333-335.

SZCZYGIEL A. (1988): Zmeczenie gleby przy replantacji sadéw. 1 Miedzynarodowe

Sympozjum w Bonn. Sad nowocz. 2,9-11.



Gospodarowanie zasobami wodnymi i nawadnianie ro$lin uprawnych

Water resources management and irrigation ofcultivated plants

Technologia nawadniania i nawozenia jako istotny czynnik

kompleksowego zarzadzania jakoscig Swiezych warzyw

MARIA JEZNACH

Katedra Organizacji Ekonomiki i Konsumpcji
Wydziat Nauk o Zywieniu Cztowieka i Konsumpcji
SGGW w Warszawie

Abstract: Irrigation and fertigation technology as an important factor in the total guality
management of fresh vegetables. The basie of the total quality management (TQM) is
satisfaction of consumer and for many of them it means a high guality. Satisfaction of
consumers is connected with many kind of needs. The term ,,guality” is very often used but it is
difficult to define. In literature the term guality is closely related to commercial and functional
usefulness and also with nutritional value. The most important determinants of the guality of
nutritional products are for example: food and product safety, sensory value and easy to use.

Key words: irrigation, fertigation, guality management.

Imperatywem kompleksowego zarzgdzania jakoscig (TQM) jest satysfakcja klienta.
Oznacza to konieczno$¢ doktadnego rozeznania waznych z punktu widzenia
konsumenta determinantow jakosci oraz oczekiwan z tym zwigzanych i stopniem
satysfakcji z zaspokojenia potrzeb. W przewidywaniu ksztatltowania sie zachowan
nabywczych potencjalnych konsumentéw nalezy uwzgledni¢ czynniki zwigzane z
reakcjg na zaspokajanie potrzeb. Przyjeto nastepujacg klasyfikacje potrzeb:
e potrzeby realnie zaspakajane przez produkt (podstawowe jego wiasciwosci i
cechy wymierne takie jak: wyglad zewnetrzny, ksztatt, wielkos¢, barwa, potysk,
faktura, funkcjonalno$¢, ktére powodujg zasadnicze zainteresowanie

konsumenta),
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e potrzeby spoteczne (odnoszg sie do wymagan i oczekiwan przez speinienie
ktérych konsument czuje sie usatysfakcjonowany),

e potrzeby ukryte (specjalne witasciwosci i cechy niewymierne, ktére mogg by¢
okre$lone po pewnym czasie np. trwato$¢, bezpieczenstwo, skutki zdrowotne,
zwiekszajace atrakcyjnos$é dla konsumenta, naktaniajace go do kupna tego a nie
innego produktu).

Pojecie jako$ci, cho¢ powszechnie uzywane nie jest jednoznacznie interpretowane.
Bywa w literaturze utozsamiane z przydatnoscig uzytkowa, handlowg, funkcjonalng,
warto$cig odzywczag czy wrecz klasg. Wsréd czynnikéw charakteryzujacych jakosé
produktéw spozywczych nalezy rozpatrywaé zaréwno zdrowotno$é, atrakcyjnosc
sensoryczng i dyspozycyjnosc.

Jako$¢ definiowana jest jako (Polska Norma PN-1SO 8402): ,,0g64 cech i whasciwosci
wyrobu lub ustugi, decydujacy o zdolnosci wyrobu lub ustugi do zaspokojenia
stwierdzonych lub przewidywanych potrzeb”.

W pracy przedstawiono wyniki badaf Swiezych warzyw, przy r6znej technologii
nawadniania i nawozenia oraz mozliwo$¢ zarzadzania jakos$cig poprzez technologie
uprawy.

Ponadto zaprezentowano badania dotyczace preferencji konsumenckich zakupu i

uzytkowania $wiezych warzyw na prébie 1186 respondentow.
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Abstract: Terraces and water resources management. Contour banks as soil conservation
measures with water harvesting function were described in the paper. Design parameters of
terraces was analysed. The investigation on runoff with various horizontal spacing of terraces
were carried out in the Agricultural Experimental Station Puczniew. The results shows that
coefficient of runoff depends between others on the length of terraces, rainfall intcnsity and soil
moisture.

Key words: terraces, contour banks, erosion, water harvesting

WPROWADZENIE

Na obszarach wyzynnych i podgorskich spltyw powierzchniowy wod roztopowych i
opadowych wyrzadza duze szkody w rolnictwie, S$rodowisku naturalnym i
infrastrukturze technicznej. Zmywy powierzchniowej warstwy gleby pogarszaja jej
zyzno$¢ i obnizaja efektywnos$¢ ekonomiczng produkcji rolniczej. Wymywane z gleby
sktadniki nawozowe wraz ze $rodkami ochrony roslin zwiekszajg zanieczyszczenie
woéd powierzchniowych. Sedymentacja zmywanych czastek glebowych w rowach,
zbiornikach i budowlach wodnych pogarsza ich funkcjonalno$¢ i skraca okres
przydatnosci technicznej. Intensywny sptyw wody koncentruje sie czesto wzdtuz sieci
komunikacyjnych powodujac uszkodzenia drég. W skali zlewni hydrologicznej sptyw
powierzchniowy ma takze istotny wptyw na kulminacje fal wezbraniowych i
wystepowanie powodzi.

W celu ograniczenia szkodliwych skutkéw sptywu powierzchniowego stosuje sie rozne
srodki ochrony przed erozjg gleb. lednym ze znanych sposobow stosowanych w

Swiecie, z zakresu
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srodkow technicznych, sa tarasy grzbietowe. Podstawowym zadaniem taraséw
grzbietowych jest skrécenie drogi sptywu powierzchniowego wraz z zatrzymaniem
opadu na czesci pola ograniczonej tarasami. Wskutek tego warstwa i predkosc
sptywajacej wody sg mate, a sity oddziatywujace na czastki gleby mniejsze od
inicjujacych proces ich wymywania.

Praktyka wskazuje, ze wilasciwie zaprojektowane i wykonane tarasy grzbietowe sg
skutecznym sposobem ochrony przed erozja. Stanowig takze narzedzie do sterowania
obiegiem wody w zlewni umozliwiajgc zamiane sptywu powierzchniowego na
gruntowy lub retencjonowanie wod w zbiornikach realizujac w ten sposob idee
spowalniania obiegu wody, badZ jego zamykania w czesci zlewni rzecznej.

W Polsce tarasy grzbietowe dla celéw rolniczych praktycznie nie sa stosowane.
Wykonuje sie je na rekultywowanych obszarach powstatych z urobisk kopalnianych
(Betchatow, Turoszow) oraz sporadycznie w lasach gdrskich. Za jedng z przyczyn nie
stosowania taraséw grzbietowych na gruntach ornych w Polsce mozna uzna¢ brak
podstaw ich projektowania. Wiagczenie w Polsce taraséw grzbietowych do arsenatu
srodkow antyerozyjnych na gruntach ornych jest celowe, gdyz w warunkach
klimatycznych naszego kraju witasnie w okresach roztopéw oraz w okresach letnich
opadow nawalnych, wskutek braku nalezytego pokrycia roslinnego, grunty orne sg
szczeg6lnie narazone na erozje wodng. Poprzez ograniczenie odptywu waéd z pol
uprawnych lub obszaréw lesnych tarasy grzbietowe umozliwiajg istotne ksztattowanie

zasobow wodnych.

RODZAJE TARASOW GRZBIETOWYCH

Konstrukcja tarasow grzbietowych jest stosunkowo prosta réznigca sie w zaleznosci od
funkcji tarasu, ktérymi moga by¢: zmiana sptywu powierzchniowego w gruntowy,
zwiekszenie retencji powierzchniowej oraz ograniczenie erozji powierzchniowej
wskutek skrdécenia drogi i predkosci sptywu wody. NajczeSciej sa to niskie groble
zatrzymujace sptywajaca ze stoku wode wraz ze znoszong gleba.

Na gruntach przepuszczalnych najczesciej wykonuje sie tarasy bezodptywowe (rys. 1).

Ich celem jest zatrzymanie przed groblg wody sptywajacej z czeSci pola miedzy
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groblami. Wysoko$¢ grobli jest tak dobierana, aby zatrzymywaty catg ilos¢ wody

sptywajacej z obszaru miedzy groblami.

Rys. 1 Przekroj poprzeczny tarasu bezodptywowego (H - rozstawa pionowa, L -

rozstawa pozioma,, d - szeroko$¢ grobli)

Zatrzymana woda infiltruje w glagb gleby zamieniajagc w ten sposdb spltyw
powierzchniowy w odptyw gruntowy. Cze$¢ wody ulega ewaporacji. W tarasach tych
powinny by¢ wykonane przelewy umozliwiajagce odptyw wody z ekstremalnych
opadéw nawalnych.

W sytuacjach, gdy niewskazane jest dtuzsze stagnowanie wody przed groblg lub celowe
jest magazynowanie sptywu powierzchniowego, wykonuje sie tarasy z odptywem.
Wyro6zni¢ ws$réd nich mozna tarasy z odptywem powierzchniowym oraz tarasy z
odptywem podziemnym. W tarasach z odptywem powierzchniowym groble projektuje
sie z niewielkim spadkiem w kierunku odbiornika, ktérym najczesciej jest row
odprowadzajgcy wode do zbiornika retencyjnego lub cieku wodnego.

Nowocze$niejsze sg rozwigzania konstrukcyjne tarasow z odptywem podziemnym, w
ktérych woda odprowadzana jest za pomocg studzienek i podziemnych rurociggéw do
nizej zlokalizowanych odbiornikdw w postaci rowéw, rzek lub zhiornikéw retencyjnych

(rys.2).



446 . .
A. Baryta, E. Pierzgalski

Rys.2 Przekr6j poprzeczny tarasu odptywowego (1 - studzienka, 2 - rurocigg, 3 -

odbiornik)

ZWIEKSZANIE RETENCJI WODNEJ ZA POMOCA TARASOW
GRZBIETOWYCH

Tarasy grzbietowe przecinajagc droge sptywu wody po zboczu wptywajg na obieg wody
w zlewni rzecznej lub w mniejszej jednostce hydrograficznej. Zatrzymana przez tarasy
woda nie bierze udziatlu w bezposredniej transformacji opad-odptyw i w ten sposob
zmniejsza ryzyko powstawania powodzi oraz zwieksza zasoby wodne obiektu. Ilo$¢
wody, ktéra za pomocg tarasow grzbietowych moze by¢ zamieniona w odptyw
podziemny lub zmagazynowana w odbiornikach zalezy przede wszystkim od
charakterystyki opadu, czyli jego wielkos$ci i natezenia, od zmiennego w czasie procesu
infiltracji oraz od uksztattowania terenu. Na rys. 3 przedstawiono hydrogram sptywu

powierzchniowego na tle relacji opad-infitracja.
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Czas [h]
Rys. 3 Hydrogram sptywu powierzchniowego

Wielkos¢ sptywu powierzchniowego oblicza sie wedtug kilku metod. W warunkach

ustalonych stosowa¢ mozna zalezno$¢:
V=(P-i) L cosa [}

gdzie: V - sptyw powierzchniowy, P -opad, i- infiltracja, L- dtugo$¢ zbocza,

a - kat nachylenia zbocza

Najbardziej doktadne wyniki mozna uzyska¢ stosujac modele matematyczne sptywu
powierzchniowego. Wymagajg jednak one znacznej ilosci danych wejsciowych i
okre$lenia wzajemnych zalezno$ci miedzy niektorymi czynnikami wplywajagcymi na
przebieg sptywu wody. Prébe zastosowania modelu sptywu powierzchniowego podjat
Szafranski (1993). Dla oszacowania wody z wiekszego obiektu stosuje sie znang w
hydrologii metode SCS. Najbardziej miarodajne  oszacowanie sptywu
powierzchniowego dokonuje sie za pomocg pomiaréw polowych. Na ich podstawie
ustala sie wspotczynnik sptywu. Analiza wynikow badan dowodzi, ze jest to wskaznik

zmienny w dos¢ szerokim zakresie.
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W eksperymentach Huibbersa (1985) prowadzonych na glinach piaszczystych i
piaskach gliniastych wspotczynnik sptywu na tym samym obiekcie wahat sie od 0,02 do
0,24 przy dobowych wielkosciach opadu od 14,7 mm do 114,8 mm. Wedilug badan
Szafranskiego (1992) wspotczynnik splywu powierzchniowego z deszczowanej
powierzchni wynosit dla zblizonej dawki polewowej o natezeniu 12 mm/h od 0,04 przy
4% spadku terenu, do 0,22 przy spadku terenu rownym 11,6%.

Od 1999 roku Autorzy prowadzg badania w celu opracowania metody wymiarowania
tarasow grzbietowych. Badania prowadzone sa3 w RZD Puczniew na glinie zwatowej
pozostawionej w czarnym ugorze. Pomiarami objete sg poletka doswiadczalne o réznej
dtugosci: 40,60 i 80 m.

Dotychczas uzyskane wyniki wskazujg, ze dlugos¢ stoku ma istotny wplyw na
wspotczynnik sptywu. Pomierzone wspotczynniki sptywu przy opadach od 10 do 16
mm wahaly sie w granicach 0,12 - 0,41 przy stoku o dtugosci 40 m, i 0,17- 0,29 przy
stoku 80-metrowym. Dane te dowodzg, Ze tarasy grzbietowe mogg by¢ bardzo dobrym
$rodkiem ograniczania ekstremalnych zjawisk hydrologicznych. Podstawowym jednak
warunkiem wiasciwego funkcjonowania taraséw grzbietowych jest okre$lenie ich

odpowiednich parametrow.

DOBOR PARAMETROW PROJEKTOWYCH TARASOW

Przy projektowaniu taraséw grzbhietowych podstawowymi parametrami projektowymi
sg pozioma i pionowa rozstawa oraz wymiary przekroju poprzecznego. Za duza
rozstawa przy matej pojemnosci tarasu moze spowodowaé przelanie sie wody przez
groble i jej zniszczenie, co z reguty prowadzi do przerwania kolejnych grobli i
zniszczenia calego systemu ochronnego. Zbyt mala rozstawa poza utrudnieniem
wykonywania prac agrotechnicznych pogarsza efekty ekonomiczne gospodarstwa
wskutek zmniejszenia powierzchni produkcyjnej. W literaturze istnieje kilka metod
obliczania rozstawy tarasow grzbietowych. Hydrauliczny wzor na rozstawe ma postaé

nastepujacg (Morgan, 1986):
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v5/2n3/2
(R - i)sin3/4 9cos 0

L=

[2]

Gdzie : v - dopuszczalna predkos$¢ sptywajacej wody, n - wspdtczynnik zalezny od
szorstko$ci powierzchni, pozostate oznaczenia jak w réwnaniu [1].

Czerkasow (1981) podat nastepujaca zalezno$¢ na odlegto$é miedzy groblami:

h (d
—h [3]
20A 2 S

gdzie: A - opad, a - wspotczynnik sptywu zalezny od spadku i typu gleby, h -
wysokos¢ grobli, d - szeroko$¢ stopy grobli,
W niektérych krajach, np. w USA, lzraelu, Algierii, Libii doboér parametrow tarasow
odbywa sie za pomocag zaleznosci empirycznych, opracowanych dla warunkow
lokalnych (Morgan, 1986):
TT VI *100
S [4]
gdzie: VI=aS+b,
a, b wspétczynniki empiryczne, S - spadek terenu.
Wspobtczynniki a i b sg zalezne od opadéw oraz podatnosci gleb na erozje i sg

miarodajne jedynie dla warunkoéw, dla ktorych je okreslono.

WNIOSKI

1. Tarasy grzbietowe sg urzgdzeniami, ktére oprdcz ochrony gleb przed erozja,
umozliwiajg spowalnianie obiegu wody w zlewni rzecznej poprzez zwiekszenie
retencji gruntowej lub powierzchniowej.

2. Wyniki prowadzonych badan wykazaly, ze wspdtczynnik sptywu zmienia sie w
znacznym zakresie w zaleznosci od spadku terenu, wiasciwosci wodnych gleby oraz
intensywnos$ci opadu. Na obiekcie badawczym w RZD Puczniew wspotczynnik
sptywu powierzchniowego na poletkach z ugorowang gling zwatowg wahat sie od
0,12 do 0,41.

3. Stosowanie taraséw grzbietowych w Polsce wymaga opracowania podstaw ich

projektowania.
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Streszczenie: Tarasy grzbietowe a ksztattowanie zasobéw wodnych. W pracy opisano funkcje
tarasow grzbietowych jako urzadzen stosowanych w ochronie gleb przed erozjg i
umozliwiajgcych sterowanie obiegiem wody w zlewni. Przedstawiono podziat taraséw i
scharakteryzowano ich konstrukcje. Na tle danych z literatury podano wyniki wiasnych badan
prowadzonych w RZD Puczniew dotyczacych wpltywu warunkéw $rodowiskowych —na
wielko$¢ wspoétczynnika sptywu powierzchniowego. Uzyskane rezultaty potwierdzajg
mozliwo$¢ znacznego zwiekszania retencji gruntowej i powierzchniowej za pomocg tarasow
grzbietowych.
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