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ADAPTIVE POTENTIAL OF BUCKWHEAT
TO ENVIRONMENTAL CONDITIONS AND WAYS OF INCREASING
ITS ECOLOGICAL SUSTAINABILITY

Averchev O. V.

INTRODUCTION

The grain farming plays a key role in the economy of the state. In order
to ensure the efficient functioning of the grain farming, it is important to fully
meet the country's domestic grain requirements and increase its export potential.
For Ukraine, increasing grain growing is of strategic importance for raising the
national economy, since its successful development creates the conditions for
the effective functioning of a number of related industries. Improving the
efficiency of grain productivity is one of the most important tasks on which the
food security of the country depends. It should be implemented both at the state
and regional levels, where food supply issues are addressed™.

Growing and consumption of cereal crops by the population of Ukraine
is traditional. Cereals are an important component of the Ukrainians diet.

The main cereal crops grown in Ukraine are buckwheat, Panicum and
rice. All of them are of Asian origin, but the first two can be confidently
attributed to traditionally Slavic crops. In Tsarist Russia buckwheat and
Panicum were sown no less than wheat, and buckwheat groats and millet
occupied a significant place in the population’s feeding and were perhaps the
largest export items to other countries. Thus, in the beginning of the
XIX century, over 4 million hectares were sown with buckwheat, which
made 3/4 of its sowings in the world?, and the share of Panicum in some
regions was 40-80% of the total grain area®.

Buckwheat has long been sown in Russia and Ukraine in both main and
post-harvested sowings. It is also was sown as a replacement crop*>®. Back in

! Tlorpimyk B.B. Oprasisanuiiino-ekoHOMiuHi yMOBH (DyHKIIIOHYBAHHS 3€PHONMPOIYKTOBOIO
migKoMmIUIekey Ykpaiuu: acnektu ontumisauii [Teker] / b. B. Ilorpiugyk // ArpoCsit. — 2010. —
Ne 4. -C. 13-17.

2 Apepues O.B. AnanTHBHHIi MOTCHIad MPOCA, IPEUKH Ta LUISXH HOrO ITiABHINEHHS /
O.B. ABepues, 3.M. Tumodees // TaBpiiicbkuil HayKOBHI BICHUK: 30IpHHK HayKOBHX Ipalb. —
Bum. 24. — Xepcomn, 2002. — C. 36-41.

® Kamuposa ®.E. I'pednxa M npoco — IHeHHbe KpymsHbie KyabTypsl / ®.E. Kaguposa //
Bemnenenue. — Ne 3. — 2006. - C. 11.

4 Kpectbsnnkosa T.M. TloxunsHOe BhipammBanue rpeunxu / T.M.KpecTbsiHHHKOB /
[MTox pen. U.H. Enaruna] // buonorus u Bo3nensiBanue rpeunxu. — M.: Cenbxo3usnar, 1962. —
C. 273-302.

® Asepues O.B. AnanTHBHHIi MOTCHIad MPOCA, IPEUKH Ta LUISXH HOro INiABHINECHHS /
O.B. ABepues, 3.M. Tumodees // TaBpilicbkuil HayKOBHI BICHUK: 30ipHMK HayKOBHX IIpamb. —
Bum. 24. — Xepcon, 2002. — C. 36-41.



1913-1916, some biological features of buckwheat were presented, and the
first studies on the intercrop of buckwheat in irrigated lands of southern
Ukraine were conducted at the former Kherson Agricultural Research Station
in 1924-1925 by Podgorny P.I.

Due to a number of biological features of buckwheat, the different
response of this crops to the ecological factors that arise during the growing
season are known, and as a result its yield greatly differs over the years.

Buckwheat — Fagopyrum esculentum Moench. (Synonyms: Fagopyrum
fagopyrum (L.) Karst., Fagopyrum sagittatum Gilib., Fagopyrum vulgare Hill,
Polygonum fagopyrum L.), belongs to the Polygonales, family Polygonacea,
genus Fagopyrum P. Mill.

Until recently, two types of arable buckwheat (common buckwheat,
Tatar buckwheat) and seven types of wild buckwheat were known. However, the
collection is updated annually with new samples, and the updated classification
of buckwheat testifies to the existence of 14 types of buckwheat’.

Among all species, the main place takes common buckwheat.
Currently, its geography includes Russia, Ukraine, Belarus, Kazakhstan,
Serbia, Croatia, Poland, as well as Japan, China, Mongolia, Korea, USA,
Canada, Bhutan and Brazil. In other countries, buckwheat is grown on small
areas, mainly as a replacement crop or green manure crop; it is given less
attention and often attributed to low-yielding cereals®®.

In fact, in terms of grain use in the national economy buckwheat is not
inferior to the main cereal crops, and in some biochemical indicators and
dietary characteristics buckwheat grain exceeds them. In addition, buckwheat
products are environmentally friendly and low investment in production,
which is of particular importance in the modern world***,

Buckwheat in a role of intercrop is attributed to the environmentally
friendly direction of intensification of agricultural production in
Ukraine™®*. Thus, the word "green", which labels organic produce and

® Kanyc FO.A. BiusiHue YC/IOBHil BRIPAIIMBAHKS 1 COPTOBBIX OCOGCHHOCTE IPEUnXH HA ee
ypokail B IOXKHOH CTeNM YKpauHBL: aBTOped. AuC. ... KaHA. c.-X. Hayk: cmem. 06.01.09 —
pactenueBoctso / FO.A. Kamyc. — Onecca, 1973. - 12 c.

" Kano W.W. Poib arpoKiMMaTHYeCKoro (aKTopa B pPeaiM3alli¥ MOTEHIMANa COpTa
Cymuanka / .M. Kanos, B.M. Kiroc, B.I'. Eropos // 3epHoBble KynsTypsl [Mat. I Mexroc.
KOHIp. mpou3Boz. rped.]. — Cren. Bbm. Ne 2. — 1993. — C. 35-37.

€oimenxo I.5. Kpym’sui xymsrypu / J.5. €dimenko, LB.SImoscokuii, b.1.JlakTioHOoB,
.M. ®puu / [3a pen. 1.B. Smoscekoro]. — K.: Ypoxaii, 1982. — 160 c.

® F'opamr O.C. Exonoriuna pisHosKicHicTs Hacins rpeukn / O.C. Topaur // 36ipHiK HayKOBHX
npanp. — Bur. 8. — Kam’sueus-Tloainseekuii, 2000. — C. 26-29.

0 Anexceesa O.C. I'peuka / O.C. Anekceesa. — K.: Vpoxaii, 1976. — 131 c.

" E¢umenxo J[.SI. YcTaHOBJNEHHE ONTHMAIBHBIX CPOKOB IOCEBA IPEUHXH IO YPOBHIO
TeMmepaTypHoro pexxuma nousst / JI.5. E¢umenko. — M.: BJHX CCCP, 1988. - 6 c.

2 Kpecrpannukoa T.M. TToxHuuBHOE Bhipamupanue rpeunxu / T.M. KpecThaHHHKOBa /
[MTox pen. U.H. Enaruna] // buonorus u Bo3nensiBanue rpeunxu. — M.: Cenbxo3usnar, 1962. —
C. 273-302.
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indicates its organic origin, is associated with a narrow range of crops,
among which buckwheat is prominent**

Due to growing demand for eco grain and relatively increasing income,
buckwheat displaced spring wheat in the United States*>°, from year to year, as
well as many other crops in crop rotation where buckwheat prevents the
development of harmful organisms and contributes to clearing fields of weed.
Thus, intercrops of buckwheat in Missouri (USA) provide more additional
income than soybeans'’. In the Czech Republic, the environmental and dietary
properties of grain led to an increase in organic buckwheat production in
1997 (more than 200% compared to 1990), and in 1999, from the total harvest of
1,500 tons the share of organic buckwheat grain was 520 tons, and more than
30 types of products are produced from its grain'®. Recently, buckwheat is in
high demand in Japan, where at own production of 20 thousand tons of grain per
year, it is consumed up to 110 thousand tons of grain so the rest is imported
from China, the US and Canada. Buckwheat sowings are expanding in
Australia, where new acreage is being planted in the south of the country. Thus,
in 1995, its crops first appeared in the arid state of Victoria .

Considering the fact that the Steppe zone is too plowed (82.8%),
including the Kherson region by 89.1%, and the area of arable land per capita
in Ukraine is not increasing but decreasing, it becomes clear that production
growth of crops can be achieved by growing two crops a year from the same
area. It should be noted that even at a yield of 400-500 kg/ha, buckwheat
covers all the costs of its growing™. Buckwheat is of particular relevance in
irrigated areas where it is proven by practice that the agro-climatic resources
of southern Ukraine completely satisfy the needs of buckwheat for the main
factors of life.

¥ Kanyc [O.A. BiusiHHE YCIOBHIT BHIPAILHBAHKS U COPTOBBIX OCODCHHOCTEH TPEUHXH HA e¢
ypoxkail B IXKHOI cTenu YKpauHbL: aBToped. IuC. HA COMCKAHHE yd. CTCHEHM KaHA. C.-X. HayK:
cren. 06.01.09 — pactenneBonctso / F0.A. Kanyc. — Onecca, 1973. - 12 c.

* EnudanoB B.C. CraGumbHbiii ypoxkaii rpeunxu / B.C.Emudanos, M.A. Skomes //
3epHOBBIe KynbTyphL — 1989. — Ne 5. — C. 39.

' Xianshi G. Yingyong shengtai xuebao / G.Xianshi // Chin. J. Appl. Ecol. — 1999. — V. 10. -
Ne 5. — P. 563-566.

6 ApepueB O.B. AnanTuBHHil MOTEHIian Mpoca, TPEYKH Ta IUISXH HOTO IMiIBHIICHHS /
O.B. ABepues, 3.M. Tumodees // TaBpiiicbkuil HayKOBHI BICHUK: 30ipHHK HayKOBHX Ipalb. —
Bum. 24. — Xepcon, 2002. - C. 36-41.

7 Xianshi G. Yingyong shengtai xuebao / G.Xianshi // Chin. J. Appl. Ecol. — 1999. — V. 10. -
Ne 5. — P. 563-566.

® E¢umenxo J[.5I. VcTaHOBJNEHHE ONTHMAIBHBIX CPOKOB IOCEBA I'PEUHXH IO YPOBHIO
TEMIEPATYPHOTO PEXMMA OB / A5 EcbnMeHKO —M.: BIHX CCCP, 1988. -6 c.

ABepqu A.B. IlaiioBa y4acTs /:[ocmmeBaan (akTOpiB y BPOXKAHHOCTI TPEYKH
MOBTOPHUX MOCIBiB Ha 3pOIIyBaHMX 3eMIISIX MiBIAHs Ykpainu / A.B.ABepues, }0.B. ABepues /
30ipHUK HAayKOBHX Ipanb YMaHCBKOI AepxkaBHOI akajgemii. — Bum. 53. — Ymams, 2001. —
C. 40-43.



1. Buckwheat and heat

Although buckwheat is less demanding for heat than, for example,
Panicum, it is attributed to thermophilic plants and an important factor in
ensuring even sprouts is the absence of low temperatures during the initial
growth period. It is known that the sprouts are damaged at a temperature of -
2°C, and at -4°C sowings die completely. The cotyledonary leaves and the
first real leaves are the most affected by frosts?°. The crucial role of heat in the
first days of life is indicated by the following: the minimum air temperature at
10°C and below during the germination of seeds determines the further growth
and development of buckwheat plants.

Obtaining even sprouts also requires a certain soil temperature.
The most favorable temperature for seed germination is 27°C, although the
soil temperature range is quite wide — from 7 to 40°C. Thus Trigub O.V. found
that the middle-ripe group is characterized by the highest thermo-resistance in
the early stages of plant development, the late-ripening sea group of varieties
has the lowest thermos-resistance.

Seed germination intensity and rapid emergence of seedlings are of
particular importance to buckwheat, as indicated by the close correlation
between germination energy and yield (r = 0.99-0.90)?!. The future yield is
also highly dependent on the success of the II-IV stages of organogenesis.
If the optimal conditions are not created at these stages, including at the
beginning of the first true leaf unfolding stage, even the most favorable
conditions in the future cannot increase the yield*.

According to the generalized data of some authors, the minimum
temperature for germination of buckwheat seeds is 5-6°C, for emergence of
seedlings — 8°C, and during the formation of generative organs, fruiting and
ripening — 10-12°C.

After the appearance of the second pair of true leaves, buckwheat
begins to grow vegetative mass. The growth of leaf surface takes 3-6 weeks.
During this period (before the budding phase) buckwheat is less demanding
for temperature due to slow growth. Under optimal conditions, flowering
occurs on 17-22 days in the early-maturing varieties and 23-28 — in the

2 AsepueB O.B. AnanTuBHMI MOTEHIIAN Mpoca, TPEYKH Ta LUIIXU HOTO IiJBHIICHHSA /
O.B. ABepues, 3.M. Tumodeen // TaBpiiicbkuil HayKOBH BiCHHMK: 30ipHHK HAyKOBHX Ipallb. —
Bum. 24. — Xepcon, 2002. — C. 36-41.

! Kpectpaunukosa T.M. IloxuuBHOe BBIpamusanne rpeunxu / T.M.KpecTbsamuukosa /
[TTox pen. WU.H. Enaruna] // buonorus u Bo3mensiBanue rpeunxu. — M.: Cenbxo3usnar,
1962. — C. 273-302.

2 Koryr B.B. Jlo NMuTaHHs BIIHBY METEOPOIOriuHMX (DAaKTOPIiB Ha ypPOKAHHICTH IpPEUKH
copry Bixropis / B.B. Koryt // 36ipHuKk HaykoBHX Ipans. — Bum. 8. — Kam’saens-Ilopinscbkuii,
2000. - C. 59-61.
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middle-ripening varieties. From this moment, the growth and development
of plants become faster®.

With the onset of flowering, the generative period of plant development
begins. During this period, most of the leaves and shoots and 3/4 of the
organic matter crop are formed®. The process of flowering in buckwheat is
extended over time and lasts 4—6 weeks depending on the group of ripeness of
varieties and weather conditions. Flowering takes place not at the same time
both within the plant and one truss. For example, flowers on one plant bloom
for 30-60 days, on the truss — 10-15 days. At the time of bud formation and
flowers blooming, when their pollination begins, there is another threat — dry
air, which causes the plants to wither, even with sufficient moisture in the soil.
Dry hot weather with a temperature of 25°C and higher during this period
dries the anthers and causes "fervor" of the fruit-forming elements, as a result
of which the grain is shrinked or not formed at all. It is set that under favorable
conditions, buckwheat grain is formed 10 days after pollination, after which
reserve oils, starch and protein are actively accumulated in the embryo and
endosperm. After 20 days dry matter accumulation is completed, the water
content in the endosperm decreases at a rate of 850 g/kg on 6th day, up to
220 g/kg on 16th day after pollination. Under unfavorable conditions, the
endosperm does not develop and the weevil does not form, although the
pericarp reaches normal dimensions of the ripe fruit®.

The direct link between the high daytime temperatures during the
buckwheat flowering-fruit formation period and damage of the fruit elements
and ovaries has been extensively enlightened in different works. Scientists
estimate that temperatures above 25°C significantly reduce fruit inception and
grain yield. At the same time, it was found that the July temperature of 26°C
and higher during 18 days causes a fervor and reduces the grain yield by
500-600 kg/ha, and not only the fertilized ovaries dry, but also green fruits.
A number of authors also point to the “criticality” of the "flowering — fruit
formation™ period in relation to the thermal regime. Other scientists provide
data on the inverse dependence of buckwheat crop on the temperature of
the critical period (r = -0.33) and the close relationship with the temperature in
the inter-phase period "flowering — ripening™ (r = 0,86).

% Apepuen A.B. ITaiioBa yuacTh JOCHIIKYBaHHX (DAaKTODIB y BPOXKAHHOCTI FPEUKH MOBTOPHHX
TOCIBIB Ha 3pOIIYBaHHX 3eMJIIX MiBAHs Ykpainu / A.B.Asepues, }0.B. ABepues // 30ipHHK HayKOBUX
Tpalp Y MaHCHKOT iepkaBHOT akafemil. — Bur. 53. — Ymanb, 2001. — C. 40-43.

2 Bopucosa H.A. YpoxaifHOCTh I'PEUHXH 10 BIAro00eCTIeYeHHOCTH Ha fore L{eHTpabHOro
pernona Heuepnozemuoii 3ousl / H.A.bopucosa, M.K. KaromoB // Hayunsie tpynsr PIA3Y. —
M., 2002. - C. 44-46.

% ApepueB O.B. AnanTuBHHil MOTEHIian Mpoca, TPEYKH Ta IUISXH HOTO IMiIBHIICHHS /
O.B. ABepues, 3.M. Tumodees // TaBpilicbkuil HayKOBHIl BiCHUK: 30ipHUK HAayKOBHUX IIpamb. —
Bum. 24. — Xepcon, 2002. — C. 36-41.



The most favorable temperature for the formation of vegetative and
generative organs ranges from 20-25°C, during flowering period the need for
buckwheat in heat is lower, and in the period of fruit-formation it is higher.
The range from 17 to 21°C is considered to be the optimal daily temperatures
for flowering.

According to many years of research by the Polish researcher
Rushkowski M., at the end of flowering period of buckwheat, temperature
should not exceed 17-19°C with precipitation amount 20-30 mm and
humidity 50-60%, and in the period of ripening it should be 17-20°C with
small precipitation.

Due to the fact that buckwheat actively grows and develops at an
average daily temperature of 15-18°C - this is a condition for maximum and
effective use of post-harvest heat before frosts.

The uneven flowering of buckwheat leads to the simultaneous ripening
of the fruit. Thus, the first ripe fruit can crumble, and the plant continues to
grow and forms new shoots, buds and flowers. Researchers have shown a high
correlation between the average daily temperature during the period of
“sowing — beginning of flowering” and the development of buckwheat plants
(r* = 0.84) and low correlation between the average daily air temperature and
ripening of grain (r* = 0.53). It confirms the aforementioned fact that both ripe
fruits and flowers can be present on the plant at the same time. Thus, in the
middle-ripe varieties the period of "flowering — fruit formation" lasts 30—
45 days, "fruit formation — ripening"” period lasts from 43-44 to 56 days
depending on the air temperature, and seed formation (from the beginning of
flowering until ripening the fruit) lasti at an average for 21-24 days. It should
be noted that the early September frosts that occur in certain years at the end
of the growing season in the southern regions can damage buckwheat tops and
lead to brashy stalks, premature leaf fall and fruit crumble, especially in
varieties with a long growing season.

Generally, the fruit formation takes 20 days, their harvesting take place
on 20-25 days and after 10-12 days they have size typical for the variety.
After 7-8 days middle dough stage comes®?’.

A characteristic reaction of buckwheat plants to adverse thermal
conditions is the ability to re-flowering and, accordingly, re-fruiting. This
phenomenon is known as "multistory crop”. It occurs mainly in the case of
high temperatures of air and soil, but after the weakening of the stress factors
buckwheat resumes flowering, fruiting and grain filling periods. As

% ApepueB O.B. AnanTuHHil MOTEHIian Mpoca, TPEYKH Ta IUISXH HOTO IMiJBHIICHHS /
O.B. ABepues, 3.M. Tumocdees // TaBpilicbkuil HayKOBHI BICHUK: 30ipHHMK HayKOBHX Ipamb. —
Bum. 24. — Xepcon, 2002. — C. 36-41.

7 Apepucs A.B. ITaiioBa yuacTh I0CTiKyBaHHX (haKTOPIB y BPOXKAIHOCTI IPEUKH MOBTOPHUX
MOCIBIB Ha 3pOIIYBAaHMX 3eMIIX MmiBIHSA Ykpainm / A.B.ABepues, 10.B. AepueB // 306ipHHK
HayKOBHX ITpalb Y MAHCHKOI JeprKaBHOI akasiemii. — Burm. 53. — Ymans, 2001. — C. 40-43.
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Berestovsky G. G noted, buckwheat resumes flowering and fruiting, if it rains
after the drought. Moreover, the quantity and quality of buckwheat grains are
better than during the first-time harvest®.

The need for heat for the buckwheat plant of 100 cm high, with
15leaves on the main stem and with 3-5 branches during the growing season is
expressed by the sum of effective temperatures (above 5°C) 1200°C. Instead,
other scientists say that for the "sprout — flowering” period of buckwheat
the sum of effective temperatures above 5°C is 310°C, for the period of
"flowering — ripening" — 429°C. And at separate phases of vegetation, the sum
of active temperatures for the growth and development of buckwheat
is: "sowing — sprouts” - 66-77°C, "sprouts — flowering" - 310-320°C,
"flowering — ripening" — 420-489, from sowing to ripening — 796-888°C;
for late varieties, this indicator rises to up 1300°C. However, the required
amount of active temperatures, which for buckwheat is 1000-1300°C,
depending on the sowing time, varies slightly®.

Concerning the intercrop, according to Populida K.H., favorable
climatic conditions for buckwheat with a vegetation period of 70-90 days are
created at the sum of temperatures of 1600°C. Studies have shown a direct
relationship between fruit ripening and the sum of effective temperatures (r* =
0.93), as well as the relationship between temperature summation and the
percentage of ripe grains, which is of some importance for determining the
harvesting time.

In the zone of unstable moisture, the main factors affecting buckwheat
productivity are the combination of heat and moisture, and the hydrothermal
coefficient corresponding to the normal development of plants is 0.8.

2. Buckwheat and moisture

Buckwheat prefers moderate and humid climate, but due to a short
growing season and high plasticity, it can be grown in a fairly wide range of
climatic conditions. However, in summer sowings, in the conditions of the arid
Steppe, the soil cap threatens future plants during seed germination, and soil
cracking threatens during the emergence of seedlings. Therefore, air and soil
moisture are a second vital factor for buckwheat. Thus, with enough soil
moisture, post-harvest buckwheat sprouts appear after 3-5 days, and fast and
even sprouts appear at 18% of soil moisture*’.

% Kanyc FO.A. BiusHuE YCIOBHIT BHIPAIIMBAHUS U COPTOBBIX OCOOEHHOCTEH TPEYHXH HA €e
ypoxail B 10XKHOH cTenu YKpauHbl: aBTOped. AKC. HA COMCKAaHUE Y4. CTEMEHH KaHJ. C.-X. HayK:
crer. 06.01.09 — pactenneBonctso / F0.A. Kanyc. — Onecca, 1973. - 12 c.

» Kamuposa ®.E. I'pednxa M mpoco — LEHHbIE Kpynsubie KyasTypsl / @.E. Kamuposa //
3emnenenue. — Ne 3. — 2006. - C. 11.

Edumenko [I.5I. YcraHOBICHHE ONTHMANBHBIX CPOKOB IIOCEBA TIPEUMXH IO YPOBHIO
TemnepaTypHoro pexuma nousst / J1.51. Epumenko. — M.: BJHX CCCP, 1988. - 6 c.



Kohut V. indicated on the close connection between soil moisture, heat
and the buckwheat crop during separate periods. At the same time, it is set that
for rapid emergence of buckwheat seedlings the moisture reserves in the
0-10 cm soil layer should be at least 10 mm at an air temperature not lower
than 17 C. As the soil temperature and humidity increase, the period from
sowing to germination is reduced, but with lower soil moisture, the
temperature does not affect the seed germination rate. It should be noted that
heavy and prolonged rainfalls, as well as excessive irrigation, are detrimental
to young sprouts. Waterlogging leads to the lodging and shetter losses of grain
in the second half of the growing season. Scientists believe that soil moisture
within 90% of minimum moisture-holding capacity leads to a slowdown in
growth processes. Maintaining soil moisture at 80% of minimum moisture
holding capacity throughout the growing season provides the highest
productivity of buckwheat. Other scientists say that it is necessary to maintain
soil moisture at 70% of minimum moisture holding capacity in summer crops
of buckwheat, which corresponds to the three irrigations™.

A number of researchers point to the influence of soil moisture level
on the growth and development of buckwheat plants in different phases of
vegetation. The period from the beginning of fruit formation to their browning
is called critical for moisture. Scientists believe that the optimum moisture
level of the soil during the interphase period of "flowering-fruit formation”,
which coincides with the beginning of July and lasts until the end of August,
guarantees a high yield. At the same time cool evening and night temperatures
and high humidity provide the most favorable conditions for plant growth and
grain filling.

Buckwheat belongs to water-loving crops: for germination of seeds it
requires 45-50% of water by its weight, and for the formation of 100 kg of
grain and straw plants need 42 000 kg/ha of water, while wheat requires
23800 kg, and panicum — 230 kg. On the basis of experimental studies
conducted in the Odessa region, water consumption for summer crop of
buckwheat was 2250 m® and in dry years it increased to 3152 m®, in wet it
decreased to 1478 m>. Moreover, water consumption is different in the periods
of growth and development of plants and significantly depends on fertilizers
and methods of buckwheat sowing®.

The indicator of the water need for plants is usually the transpiration
coefficient, which indicates the efficiency of use of moisture and the degree of
plasticity to environmental conditions. Transpiration coefficient of buckwheat

' Kamos WM.U. Ponb arpokiMMaTHueckoro (akTopa B pealu3allii TOTEHIMAa CcopTa
Cymuanka / 1.1 Kanos, B.M.Kimoc, B.I'. Eropos // 3eproBsie KynbTyps! [Mart. I Mexxroc. KoHTp.
mpousBof. rped.]. — Cremn. Bem. Ne 2. — 1993, — C. 35-37.

AsepueB O.B. AnanTuBHUMI MOTEHLian Mpoca, FPEYKH Ta IULIXH WOTO MiABUIICHHS /
O.B. Asepues, 3.M. Tumodees // TaBpiiicbkuil HayKOBHI BiCHHK: 30ipHHK HayKOBHX IIpalb. —
Bum. 24. — Xepcon, 2002. — C. 36-41.
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is relatively high — 541, while for panicum it ranges from 140 to 390, for
corn — 140-350, for heard wheat — 300-526.%* Moreover, with the application
of complete mineral fertilizers, the transpiration coefficient is reduced to
70% compared to unfertilized crops, and in the morning and evening it rises
to 700-1300. Scientists have also determined that the greatest water deficit is
found in the late-riparian coastal group of varieties, the lowest — in the middle-
ripe mountain group.

In addition, the researchers point out the relatively weak ability of the
buckwheat root system to provide significant amount of tops with moisture,
since the main mass of buckwheat roots is in a 10-12 cm layer of soil and its
share is only 3% of the total weight of the plant. Due to this, buckwheat is not
able to withstand drought in high summer temperatures, and this fact should
be taken into account during choosing sowing dates. According to other data,
buckwheat of summer crops is able to use soil moisture at a depth of 1.5 m.

The lack of moisture in the soil against the backdrop of air drought and
temperatures above 30 C is particularly unfavorable for buckwheat. If hot dry
wind occurs, in the course of two or three days the ovaries die off, the leaves
lose their turgor, and their absorption of carbon dioxide is more than halved.

It should be noted that the steppe winds, especially in the easterly
direction, are destructive not only during the flowers pollination, but also
during ripening, when the buckwheat stems are tend to lodging and the fruits
are tend to shattering. Because of this, the period from the plumpness to the
browning of the grain is vulnerable to the adverse wind regime.

3. Buckwheat and light

Researchers refer buckwheat to moderately light-requiring plants.
However, buckwheat plants do not tolerate shading, and flowers that have
formed in cloudy weather are sterile and underdeveloped, and flowers that
have formed in cloudless weather form a full grain®.

However, opinions regarding the sensitivity of plants to the lasting light
are divergent. Some authors tend to consider buckwheat a plant for a short
day, at least they are sensitive to such conditions in the first 15 days after
emergence. In a short day (8-12 hours), buckwheat plants bloom faster and
ripe, branch more, but give way to growth and productivity of plants grown
over a long day. Moreover, the decrease in productivity of such plants is often
due to a decrease in their height and leafiness. Other researchers claim that
buckwheat is a long-day plant and that optimum light conditions are created

¥ Asepues A.B. ITaiioBa yuacTh I0CHIKyBaHHX (haKTOPiB y BPOXKANHOCTI TPEUKH MOBTOPHUX
MOCIBIB Ha 3pOIIYBaHMX 3eMIIX MiBIHSA Ykpainm / A.B.ABepues, 10.B. AepueB // 306ipHHK
HayKOBHX ITpalb Y MAHCHKOI JeprKaBHOI akajeMii. — Bum. 53. — Ymansp, 2001. — C. 40-43.
Emudanos B.C. Crabunpnbni ypoxkait rpeunxu / B.C.Emudanos, U.A. fxoBunes //
3epHoBBIC KynbTyphl. — 1989. — Ne 5. — C. 39.



for the light duration of 17-19 hours a day. However, Aufhammer W. draws
attention to the ambiguity of such a statement. He believes that, for certain
environmental factors, prolonged light can adversely affect plant development,
and gives the data that duration of buckwheat flowering in conditions of a long
day at high temperatures extended up to 180 days, and the plants did not bear
fruit. Buckwheat study showed that at relatively low temperatures, high clouds
and humidity during flowering, buckwheat yields were relatively high — from
600 to 1200 kg/ha®.

The duration of sunlight has a significant effect on the buckwheat yield
in certain periods of development: in the second and third decades of May, the
first and second decades of June, the third decade of July and the second
decade of August.

Researchers®®*" believe that buckwheat response to light duration is
neutral. The results of studies conducted in the Rostov region showed that the
plasticity relative to light in buckwheat plants of summer crops is relatively
high. Buckwheat grows well in both short-day and low-light conditions, as
well as in long-day and high-light conditions, which allows it to be grown
successfully in post-harvest sowings. In addition to this it was set that the short
September days at the end of the post-harvest buckwheat vegetation have
some effect on fruit ovaries, but contribute to more even ripening, and this
offsets the potential yield losses®*.

4. Buckwheat and soil and nutrients

Buckwheat grows on different types of soil, but the most favorable of
them are of light and medium mechanical composition. Heavy clay and
submerged soil, with insufficient aeration, inhibiting the development of the
buckwheat root system, are unusable. Although, there are evidences that
buckwheat can normally develop in areas with 0.4-0.6 m of groundwater level.

Buckwheat shows better performance on poor soils rather than other
crops. Fatyga J. also found that buckwheat grows well on soils with a pH of

% AsepueB O.B. AnanTuBHMI MOTEHLIAN Mpoca, TPEYKH Ta LUISXH HOTO MiJBHIICHHS /
O.B. Asepues, 3.M. Tumodeen // TaBpiiicbkuil HayKOBHH BiCHHMK: 30ipHHK HAayKOBHX Ipalb. —
Bum. 24. — Xepcown, 2002. - C. 36-41.

% Kamuposa ®.E. I'peunxa u mpoco — LEHHbIE KpynsiHbie KyabTypsl / @.E. Kaguposa //
3emnenenue. — Ne 3. — 2006. - C. 11.

¥ Kanyc FO.A. BiusHuE YCIOBHiT BHIPAIIMBAHUS U COPTOBBIX OCOOEHHOCTEH TPEUHXH HA €¢
ypoXkail B 10XKHOH cTenu YKpauHbl: aBTOped. AWC. HA COMCKAaHUE Y4. CTEMEHH KaHJ. C.-X. HayK:
crer. 06.01.09 — pactenneBonctso / F0.A. Kamyc. — Onecca, 1973. - 12 c.

® Koryr B.B. Jlo nMuTaHHs BIIHBY METEOPOIOriuHMX (DAKTOPIB HA ypPOKAHHICTH IpPEUKH
copry Bikropis / B.B. Koryt // 36ipHuKk HaykoBHX mpans. — Bum. 8. — Kam’saens-Ilopinscbkuii,
2000. - C. 59-61.

* Apepues O.B. AnanTuHHil MOTEHIiald Mpoca, TPEYKM Ta IUISXH HOTO IMiIBHIICHHS /
O.B. Asepues, 3.M. Tumodees // TaBpiiicbkuil HayKOBHI BiCHHK: 30ipHHK HayKOBHX IIpalb. —
Bum. 24. — Xepcon, 2002. — C. 36-41.
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5 because on such soils it does not respond to liming, and in acid resistance
of soil buckwheat is similar to oats and potatoes. In addition, buckwheat does
not respond to mineral fertilizers on acid soils. The optimum pH for buckwheat
is in the range of 5-7, and soils with a pH of 5 and below should be lime™.

Obendorf R.L., Slawinska I. express the opinion that the use of high
nitrogen soils is inappropriate because buckwheat is relatively undemanding to
the level of nutrition, but because of the considerable nutrient application in soil,
it affects subsequent crop rotations. Thus, the application of nutrients with
buckwheat grain at a yield of 13 kg/ha in the conditions of the state
of Minnesota (USA) is: nitrogen — 10, phosphorus — 4 kg, potassium — 14 kg/ha,
and at a yield of 22 kg/ha — 44,8, 22, 4 and 14.6 kg/ha, respectively, which
corresponds to the application of it with sunflower seeds at an equivalent yield.

Buckwheat root system is characterized by intensive absorption of
nutrients. Despite the fact that the buckwheat root system is twice less in
length than in oats and 10 times smaller than in potatoes, the solubility of its
roots compared to winter rye and spring wheat is 23 and 12 times higher,
respectively. Thus, according to Marchuk I.U., in the first one and a half
months after sowing, buckwheat absorbs more than half of the required
amount of macroelements: 55-65% of nitrogen, 40-45% of phosphorus and
60-70% of potassium accumulate before the flowering phase in plants.

Despite the active absorption of nutrients from the soil, buckwheat
plant is sensitive to the additional mineral elements. Perhaps the high
buckwheat demand for nutrition is due to its inherent ability to form both
vegetative and reproductive organs throughout the growing season. However,
a number of researchers have concluded that buckwheat needs nitrogen
nutrition first.

Thus, with the content of nitrogen of 8 mg/kg of soil, the yield of
buckwheat increases, but with a further increase of nitrogen introduction (from
8 to 60 mg) it decreases. According to Anokhin A.N., high doses of nitrogen
dramatically reduce plant resistance to lodging and reduce the nectar
productivity of flowers, as well as provoke plant damage by botritis disease
in late sowings™.

Since nitrogen fertilizers are effective only when other elements are
present in the soil, there is a need for other fertilizers. This pattern is
particularly relevant for phosphorus fertilizers in the southern areas where
soils are well supplied with potassium. Thus, Marchuk 1.U., Moiseenko A.A.,
Naumkin V.N. believe that in the second half of the growing season (fruit
formation and grain filling) buckwheat requires a large amount of phosphorus.

“ Anekceesa O.C. Tpeuka / O.C. Anekceea. — K.: Yposxaii, 1976. - 131 c.

“ Kanos WM.M. Pomb arpokmuMMaTHueckoro (akTopa B PeaiM3alli¥ MOTEHIHANTA COpTa
Cymuanka / W.J. Kanos, B.M. Kimoc, B.I'. Eropos // 3eproBsle kyabTypsl [Mar. I Mesxroc.
KOHTp. mpou3Box. rped.]. — Cren. Bom. Ne 2. — 1993. — C. 35-37.
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Moreover, scientists are convinced of the need of their use in the same doses
as for wheat. Pannikov V.D, Podvezko V.V., Ronsal G.A. indicate the positive
effect of phosphorus fertilizers in the southern carbonate chernozem, southern
chernozem and dark chestnut soils, bogara and other soils.

The presence of nitrogen fertilizers in buckwheat sowings enhances the
individual efficiency of phosphorus and potassium. Moreover, the combina-
tion of nitrogen and phosphorus fertilizers can reduce the negative effects of
extreme environmental factors. However, according to Tkalich 1.D. research,
nitrogen-phosphorus nutrition of post-harvested buckwheat, even at a low
level, does not contribute to increasing its productivity, but only increases the
cost and energy consumption of production. Instead, in the experiments
of Averchev O.V. application of this rate of fertilizers ensured a maximum
yield of buckwheat in the irrigated sowings of the Kherson region -
2050 kg/ha. And the share of nitrogen-phosphorus fertilizers NgsPso norm
in the formation of buckwheat yield was key and it was 30-43%.

Existing data on the use of potash fertilizers under buckwheat are quite
controversial. At the beginning of the last century, the works of Pryanishni-
kov D.N., Chirikov F.V. and other researchers found that potassium plants
can absorb potassium from the mineral part of the soil — silicates and
aluminosilicates, and not only its mobile forms, but also potassium in the crystal
lattice. Low potassium efficiency on different types of soil or even its negative
effect on buckwheat plants is indicated in a lot of works. The low impact
of potash fertilizers in the conditions of dark-chestnut residual-saline soils of
the Skadovsky region were discovered in the works of Ushkarenko V.O.

The application of complete fertilizer is considered more effective for
buckwheat in all types of soils, however, most references refer to the Forest-
steppe zone of Ukraine. Moreover, the greatest sensitivity of buckwheat is
found on poor sod-podzol and light gray soils in conditions of sufficient
moisture. Thus, complete mineral fertilizer provides grain yield increase in
Lviv, Chernihiv, Rivne, Podillya, Vinnytsia, Sumy and Poltava regions.

CONCLUSIONS

Buckwheat is not demanding for growing conditions. This short-day
crop responds to daylight savings in the second half of summer; it is a warm
and light-loving plant, adapted to short-term droughts and moderate fertility
soils. The realization of maximum productivity of cereal crops in specific
growing conditions is ensured first of all by satisfying the basic agrobiological
requirements of the crop. Due to this, increase of indicators, which are closely
correlated with the yield, can be achieved by minimizing the effects of those
factors that negatively affect the growth and development of plants in the
respective phases of the growing season. Formation of these components
requires the development of certain agrotechnical measures.
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SUMMARY

The article deals with the issues of adaptive potential of buckwheat to
environmental conditions. The reaction of buckwheat to the temperature and
water regime is established. In the zone of unstable moisture, the main
factors affecting buckwheat productivity are the combination of heat and
moisture, and the hydrothermal coefficient corresponding to normal plant
development is 0.8. The duration of sunlight has a significant effect on the
buckwheat yield in certain periods of development: in the second and third
decades of May, the first and second decades of June, the third decade of
July and the second decade of August. The buckwheat relation to soil and
nutrients are discussed. Buckwheat grows on different types of soil, but the
most favorable of them are soils of light and medium mechanical
composition. Heavy clayey and submerged soils with insufficient aeration
that inhibit the development of the buckwheat root system are unsuitable,
although there is evidence that buckwheat can develop normally in areas
where groundwater levels are 0.4-0.6 m.
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THE DYNAMICS OF PLANTS WATER USE,
OPTIMIZATION OF IRRIGATION REGIMES CONSIDERING
REGIONAL NATURAL AND CLIMATIC CONDITIONS

Kokovikhin S. V.

INTRODUCTION

An important element in the formation of irrigation regime of crops is
the total water use or the amount of water that is needed for plants during the
vegetation period to obtain a planned yield in specific natural conditions under
the optimization of all technological processes. Water use consists of the water
expenses on plants transpiration, evaporation from soil surface and formation
of biological mass. In addition, it is necessary to take into account the water
use of plants for individual stretches of the vegetation period. The soil
moisture expenditures for individual stretches of the vegetation period
according to meliorative terminology are called the total evaporation®?2,

Researches directed on the determination of differentiation zones
of water-exchange of crops depending on different stages of growth and
development, as well as abiotic and anthropogenic factors have a great
theoretical and practical value. Firstly, the study of water use dynamics and the
need for nutrients will allow to detect the means of influence on the water and
nutrition soil regimes, to form the optimal model in the "Soil — atmosphere —
plant" system, secondly, these experimental data could be used for the formation
of irrigation regimes (regulation of irrigation, adjustment of calculated layer of
soil, choice of irrigation method), forecasting the actual level of yield,
establishing statistical relations between the intensity of productive process and
content and allocation of the productive moisture storages, etc.*.

In theoretical aspect, such an information is important for the
determination of dynamics of the water regime in the system of functioning
plant relations with the environment and the possibility of its regulation in

! Msbepuk C. HasHaueHWe pPEKHUMOB OpPOIICHHS C MCIONB30BAHMEM METEONAHHBIX.
Pegpepamusnviii scypran C.-x. meruopayuu (@panyus). 1978. Ne 4. C. 3.

Jlatupos H. JI., Kobozes U. B., ITapaxun H. B. Ontummsanus peKHMOB OPOIICHHS
CeIbCKOXO03HCTBEHHBIX Ky nbTyp. Mocksa: MCXA, 1996. 94 c.

8 Iucapenko B. A., Tumenko II. B., Mokuu JI. P., Tumenko A. II. PexomeHnpanuu mo
MIPUMEHEHUIO BOAOCOEpEraloniiX peXUMOB OPOLIEHHS] HA OCHOBE HMHCTPYMEHTAJILHOIO METoa
yIOpaBleHUS IONMBaMH B  XossiictBax Kpeimckoit obmactu. Cumdeponmoms :  MBIJ
KpsiMobmarpompoma, 1989. 25 c.

Muxeea O. B. CoBepuieHCTBOBaHHE HOPMHPOBAHHMS BOAOCOEPEraroIUX pPEXUMOB
OpPOIIECHHS 03UMOH IIICHUIIE! B yCIOBUSIX CapaTOBCKOro 3aBOIDKBS : aBTOped. JHC... KaH]. TEXH.
Hayk: 06.01.02. Caparos: CI'AY, 2005. 21 c.
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various current hydro-thermal and agro-technological conditions. The applied
nature of such materials is determined by the possibilities of their use for the
substantiation of the calculated layer of soil, which is advisable to be humidified
by vegetative watering at the minimization of gravitational expenditures of
irrigation water and precipitation®. Besides, experimental data on the content in
of nutrients and their dynamics in the soil depending on a complex of factors are
required to be used for the optimization of fertilization system, improvement
of economic efficiency and ecological status of agrocenoses.

1. The dynamic of water use by alfalfa and winter wheat depending
on the conditions of vegetation, stages of development and conditions
of humidification

The water use process in an open natural environment depends on
many factors, the main of which is moisturizing of the surface itself and
meteorological conditions: the intensity of solar radiation, air humidity and
wind speed. The dependence of evaporation on the intensity of solar radiation
is very complex. Rays of the sun are the source of those energy evaporation
resources, without which it is almost impossible, since the evaporation
of water requires near 600 calories of heat per 1 g of water®.

Observation on the total water use by alfalfa of different years of use
shows that the total water use is mainly determined by the level of water
supply of the plants (Table 1).

It should be noted that in the non-irrigated variant in all the years it is
less than in the irrigated ones and in humid 2004 year it exceeded other more
arid years. Due to minor irrigation norms in the years of the research,
increasing total water use in the humid year is observed and in the conduct of
watering using various ways.

It should be emphasized that alfalfa plants, regardless on weather
conditions and application of irrigation, used moisture efficiently from the
second meter of the soil. This is testified by the difference between the
indicators of the total water use of two-meter and meter soil layers, which in
the non-irrigated variant is equal on the average to 402 m*/ha, at the surface
method of irrigation — 346 and at the overhead sprinkler irrigation —
289 m*/ha, respectively. Total water consumption of alfalfa in the years of the
research testifies to approximately the same share of soil moisture and
precipitation in the non-irrigated variant.

® Jlucoropos K. C., ITucapenko B. A. HayKoBi 0CHOBH BUKOPHMCTAHHS 3POIIYBAHHX 3EMENb
Y CTEIIOBOMY DErioHI Ha 3acajax iHTErPaJbHOrO YIPABIIHHSA HPHPOJHUMH 1 TEXHOIOTIYHUMHU
npouecamu. Taspiiicokuii naykosuil gicnux. 2007. Bum. 49. C 49-52.
Koncrantunos A. P. Bommblif U TeroBoil pexxuM opomraeMbix moneif. Jlenunrpax, 1979.
112 c.
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Table 1
Total water use of alfalfa of past years from different soil layers, m*ha

Soil
Variant layer, Year of research Average
cm 2003 2004 2005
0-100 2893 4622 2525 3347
Without irrigation
0200 2954 5238 3055 3749
Surface watering 0-100 2711 6043 3340 4031
by strips 0200 3203 6218 3712 4378
Overhead sprinkler | 0~ 100 3125 6014 3397 4179
irrigation 0—200 3225 6388 3789 4467
s 0-100 97.9 115.0 87.3 -
L.SDgs, m*/ha 0-200 119.4 121.8 914 -

An important parameter for planning and operational management of
irrigation regimes is the indicators of the daily use of moisture — yield
evaporation or by the terminology accepted in the EU, USA, Canada, etc. —
evapotranspiration”® by the calendar dates of the vegetation period, as well as
setting this indicator according to individual stages of plant development.
This figure can be used to schedule the terms and norms of irrigation for
crops. The average daily evaporation depends on many factors: the biological
characteristics of crops, physical and mechanical properties of the soil,
weather conditions, intensity of plant productive processes, agro-technological
and meliorative measures, etc.”.

The results of the research determined that the large influence on the
indices of evapotranspiration have a stage of development of individual crops,
which can be linked to certain calendar dates, taking into account regional soil
and climatic conditions. Additionally, the evaporation indices are significantly
affected by the groundwater level. The researches performed found out that

" Frasier G. Runoff farming — Irrigation technology of the future. Future irrigation strategies.
Visions of the Future. Proceedings of the 5-rd National Irrigation Symposium, 2003. Phoenix.
P. 124-137.

8 Harris T., Glover M., Wood T., Ulrich C. Transference of computerized irrigation cost
budget generator. The Nevada experience. Computers Electronics in Agronomy. 1998. Ne5.
P. 161-165.

® TMucapenxo B. A., Kokosixin C. B., Mimykosa JI. C., ITucapenko II. B. Meroauuni
BKa3iBKH 0  3aCTOCYBAaHHIO  PO3PAXyHKOBOIO METOAY  BHU3HAYCHHA CTpOKiB TOJIUBY
CiJ'II)CI;KOI‘OCHOZ[apCI)KI/IX KYJIBTYp 3a IIOKa3HUKaMU CepeI[HBOHO60BOFO BHUIIApOBYBAaHHS. XepCOHZ
Komoc, 2005. 16 c.
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the average daily evaporation of alfalfa of past years depends on the factors

listed above (Table 2).

Table 2

The average daily evaporation of alfalfa of past years (considered) depending
on the groundwater level, m®/ha

Groundwater level, M

Month Decade Morethan3.0 | 2.0-25 1.0-15
March 3 15.0 9.8 6.0
1 29.0 18.8 11.6
April 2 22.9 14.9 9.2
3 26.6 17.3 10.6
1 40.9 24.5 12.3
May 2 40.5 24.3 12.2
3 41.8 25.1 12.5
1 48.2 28.9 12.0
June 2 41.3 24.8 10.3
3 55.7 30.6 13.9
1 49.3 27.1 12.3
July 2 51.9 28.5 13.0
3 46.7 25.7 11.7
1 48.9 26.9 12.2
August 2 43.1 23.7 10.8
3 46.9 25.8 11.7
1 35.6 19.6 10.8
September 2 321 17.7 9.6
3 22.9 12.6 6.7

Average (X, + Sq) 38.9+2.6 225+1.3 11.0 £0.5
Coefficient of variation (V),% 29.0 26.0 18.2
Confidence interval (min-max) 33.1+44.7 194 +255 | 10.0+12.1

The highest evaporation rates are fixed for deep (more than 3.0 m)
level of groundwater occurrence in the third decade of June (55.7 m*/ha per
day), and also in the first and second decade of July (49.3-51.9 m*ha per day).
As a result of the moisture requirements compensation due to the soil
moisture, the minimum evapotranspiration is fixed under the medium
(1.0-1.5 m) groundwater level, which in the same calendar dates averaged to
13.9, 12.3 and 13.0 m*/ha per day, respectively.

Variable analysis proved the highest amplitude of alfalfa of past years
evaporation fluctuations in the areas with deep occurrence of groundwater
(confidence interval 33.1 + 44.7 m*/ha per day). The smallest variation factor
(V = 18.2%) was observed in the areas with close groundwater level, testifying

about their stabilizing effect.
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Many studies have established that there are two large periods in the
development of plants and water use in winter wheat: the first one — from the
sprouts to the cessation of vegetation (with the termination of vegetation in
winter); the second one is from the spring vegetation renewal and to full
ripeness.

Scientific literature mainly provides information on the second period,
but in some reports there are references and indicators of water use by plants
from the sprouts to the winter period*®**,

However, most researchers do not pay attention to the expenditures of
water in winter wheat during the cessation of vegetation in the winter period,
which is an important part of the water balance of the field occupied by this crop.

The aim of our research was to establish the dynamics of total water
use and value of the evaporation of winter wheat under the optimum irrigation
regime from different layers of soil depending on the stages of plant
development, calendar dates and depth of groundwater.

During the years of observations, the average amount of precipitation
in the periods was: sprouts — cessation of vegetation — 660 m*/ha, cessation
of vegetation — spring regrowth — 1140 m%ha, spring regrowth — full ripeness
of grain — 1897 m*ha, on the whole from sprouts to full ripeness of grain —
3697 m*/ha (Table 3). Analysis of the obtained experimental data on the use of
moisture from different layers of the soil testifies that in the autumn and
during the winter period of winter wheat development there is a gradual
replenishment of water supplies in deep layers of the soil. The tendency to
decrease in the rates of total water use from the soil layer 0-50 cm to the layer
0-200 cm is established. During the spring-summer vegetation, on the
contrary, the total water use rates in these layers increased. The obtained data
testify that in the spring and summer period the plants use water from the
whole two-meter layer of the soil. In general, from sprouting to full ripeness of
winter wheat, the active moisture exchange takes place in the range of the
upper meter layer.

Comparison of the total water use of winter wheat field to the rainfall
during the period from sprouting to full ripeness of grain allows determining
water use deficit, which must be compensated through vegetative watering.
The data provided in the table allows determining specific water use
expenditures in the inter-stage periods. They show that during the winter
period wheat crops lost about 700 m%ha of water, and the rainfall during the
same time was 1140 m%ha. Consequently, owing to the winter period, the
winter wheat field accumulates about 400-450 m*/ha of soil moisture.

0 Tamaronosa B. B., Kyssmuu A. O. Bmms micnsmii opraHo-MiHepaabHOi cHCTeMH
yAOOPEHHS Ha IUIOILY JIMCTKOBOI TIOBEPXHi, MPOIYKTHBHICTh ()OTOCHHTE3Y Ta (POTOCHHTETHUHHIA
MOTEHIia 03UMOi HieHui. 7Taepiticokutl Haykosuil sichux. 2007. Bun. 55. C. 8-13.

" Memuuen B. Moryuuii TBOpeIl KauecTBa 3epHa mueHuIbL. Jepro. 2009. Uionb. C. 80-83.
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Table 3

20

The dynamics of water expenditures by winter wheat crops
for the stages of vegetation under the optimum irrigation, m’/ha

Evapo
transpiration

5313

5531
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160.7

Total period sprouting —
full ripeness of grain

Precipitation

3697

Evapo
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142.5

Spring regrowth —
full ripeness of grain

Precipitation
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As for the spring-summer
period of vegetation, there was the
opposite trend marked — water expen-
ditures for evapotranspiration, and
therefore — to ensure the plants pro-
ductivity processes, are 1.4-1.5 times
higher than its income with of atmo-
spheric precipitation. The shortage of
available moisture, which was over the
years of the research 1842-2330 m*/ha,
should be eliminated by the vegetative
watering.

In the experiment on optimi-
zing productive processes of winter
wheat by choosing the most effective
types of irrigation during the regrowth
of plants moisture storage in two-
meter layer was (in % to the mass of
dry soil): in the variant without pre-
sowing irrigation — 18.7, with pre-
sowing irrigation — 19.4%.

High initial moisture storage in
two-meter soil layer, a significant
amount of precipitation during the
spring-summer vegetation, especially
in humid years, positively affected the
indices of total water use (Table 4).

On the average for two years, in
the variants without irrigation and with
one pre-sowing irrigation they were
almost similar (3092 and 3175 m*/ha).
Carrying out vegetative watering resul-
ted in the increase of the total water
use, but it was not equivalent to irriga-
tion norm. It should be emphasized
thatthe rates of total water use
were determined by the conditions
of the spring-summer vegetation period,
especially in the variants without
irrigation.

In the variant with pre-sowing
and  vegetative  watering  water



consumption by the years averaged to 3788 and 3540 m*/ha, respectively. In
the balance of water use in all the studied variants on the average for two years
the largest share belongs to the rainfall of the vegetation period (53-63%).
Besides, in the variant with vegetative irrigation the percentage of soil water
used decreases at the expense of them.

Table 4

Total water use and its balance depending on the conditions
of water supply of winter wheat

Total Balance of water use from the soil layer 0-200 cm
Variant wat%;huse, Soil moisture Precipitation Irrigation

miha | ha % mha| % | mha | %
Control
(without 3092 1132 37 1960 63 - -
irrigation)
Pre-sowing 3176 | 1215 | 38 | 1960 | 62 | - -
irrigation
Pre-sowing
and vegetation 3664 904 25 1960 53 800 22
irrigation
LSDgs, m*/ha 164.2 51.8

Table 5

Average daily evaporation of winter wheat depending
on the groundwater level, m*ha

Groundwater level, M
Month Decade Over 3.0 2,02,5 1.0-15

March 2 18.7 18.7 16.8
3 19.3 19.3 174
1 22.9 20.6 18.3
April 2 28.9 26.0 23.1
3 35.1 31.6 25.3
1 37.7 33.9 30.2
May 2 40.0 36.0 32.0
3 46.2 37.0 27.7
1 50.3 40.2 30.2
June 2 35.7 28.6 214
3 30.2 21.1 15.1
July 1 27.4 19.2 13.7
2 28.0 19.8 14.0

Average (X, + Sg) 32.3+7.7 27.146.0 21.9+4.5
Coefficient of variation (V),% 85.6 80.0 73.2

Confidence interval (min-max) 15.1+49.6 13.4+40.6 11.9+31.9
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Winter wheat during the spring-summer period of vegetation used
moisture differently by the stages of development depending on the conditions
of water supply of the plants. On average by the years of the research in the
variant with regular irrigation the average daily evaporation for inter-stage
periods was: regrowth — tillering — 17.9 mha, tillering — earing — 50.8,
earing — milk ripeness of grain — 44.1 m*ha and milk — full ripeness of grain —
12.6 m*/ha. Despite the great amount of precipitation, especially in 2004, in
the variant without irrigation the evaporation in the inter-stage periods
"tillering — earing" and "earing — milk ripeness of grain were by 21.5 and
11.5 m*/ha less than the indices in the watering plots.

Summarizing the results of the calculations, it is proved that the
average daily evaporation of winter wheat depends on the calendar dates of the
spring-summer period and on the groundwater level (Table 5).

The highest evapotranspiration (50.3 m*/ha per day) was recorded in
the first decade of June on the arrays with deep groundwater. The minimum
evaporation values of 16.8-18.7 m*ha was at the beginning of regrowth in the
second decade of March. On average for the spring and summer period daily
water use decreased on the plots with the groundwater level of 2.0 m — by
16.1%, and at 1.0 m — by 32.2%, compared to the deep level of groundwater.

Statistical data processing determined very high amplitude of
fluctuations in the studied indices — the coefficient of variation was 85.6, 80.0
and 73.2%, respectively. This testifies about the increased variability in the
daily evaporation of winter wheat and determines the need for careful control
of the availability of easily accessible water to ensure the optimum passing of
the productive processes.

2. Study on the dynamics of water use of corn and soybean under their
cultivation on the irrigated lands of southern steppe of Ukraine
The studies of the scientists'®******1® indicates the uneven spatial
distribution of soil moisture by the surface of the field under the irrigation
with large-scale sprinkler machinery and contains recommendations regarding

2 3otonor O. I, Kupuenko O. I, Illoctak I K. ANropuT™M miaHyBaHHS 3pOIICHHS
3 BUKOPHCTaHHAM T€OiH(OPMAI[IHHIX TEXHONOTIH I CHCTEMHM TOYHOrO 3eMJIepoOCTBa.
Meniopayis i 6oone cocnodapcmeo. 2004. Bum. 91. C. 33-41.

¥ Kyiikos I'. €. EKOHOMiuHi 3acaiu BE/ICHHS 3eMIEpOOCTBA Ha 3POIIYBAHUX 3eMIIAX. XePCOH
: AiinanT, 2003. 288 c.

1 Pomamenko M. I, Xosromor O. I, ®imimenko JI. A., Jemernkosa T. ®. Meromuka
IUTAaHYBaHHS ONTHMAJbHHUX EKOJOTIYHO Oe3nmevHux pexumiB 3pomeHHs. Kuis: YkpHUUI'uM,
1997. C. 43.

% Kosanenko II. I, Cobko O. O., ITucapenko B. A. CyuacHuii cTaH, OCHOBHI TpOGIEMU
BOJIHUX MEJiOpaliii Ta nuixy ix Bupimenss. Kuis: Arpapua nayka, 2001. 274 c.

'8 Weatherhead E. K., Knox J. W. Drip irrigation revisited. Irrigation News. 1997. Ne 25.
P. 77-79.
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the consideration of this inequality in irrigation scheduling to reduce the losses
of yield and unproductive water expenditures.

The task of our study was to determine the spatial irregularity of soil
moisture, average daily losses depending on natural and anthropogenic factors
and to develop the optimized elements of corn cultivation technology.

On average by the years of the research in the non-irrigated variants the
total water use was the minimum and averaged to 3293 m%ha. In the variants
with irrigation, its parameters increased and averaged to (at the irrigation
according to the scheme 60-80-60% FC) 4444 m3ha, and in the variants
of irrigation regime of 80-80-80% FC — 4812 m°/ha (Table 6).

Table 6
Total water use balance of the soil layer 0-200 cm, m*ha
Indices
Irrigation - - .
regimes,% FC moisture used | Precipit | Irrigation | Total water
from the soil ation norm use

Without irrigation 1003 2290 — 3293
60-80-60 FC 687 2290 1467 4444
80-80-80 FC 589 2290 1933 4812
LSDgs, m*/ha 34.0 - - 187.3

60
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Sprouts - 7 7-15 15 leaves — Flowering — Milk-wax
leaves leaves Flowering Milk-wax ripeness —
ripeness Full ripeness

Fig. 1 Average daily evaporation by the inter-stage periods
of self-pollinated lines of corn in the variants without irrigation (a),
with irrigation 60-80-60% FC (b) and 80-80-80% FC (c)
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The proportion of soil moisture in the balance of the total water use of
unirrigated variants of the experiment is 30.6%, including the use from the
second meter of the soil — 11.9%. In the irrigated variants, the share of soil
moisture is much lower (12.2-18.4%) than in the rain-fed conditions, and the
main water supply of the plants was formed by the rainfall and vegetation
watering.

In our researches we determined the average daily evaporation by corn
in different inter-stage periods. It was determined that at the beginning of the
vegetation period (sprouts — 7 leaves) daily expenditures of soil moisture were
the minimum and averaged to 24.2 m*/ha (Fig. 1).

The maximum daily evaporation was in the period of "Flowering —
Milk-wax ripeness” and averaged in the variants without irrigation to
31.5 m*/ha, at the irrigation with 60-80-60% FC to 45.2 m*/ha, at 80-80-80%
FC — 50.8 m*/ha. After the stage of milk-wax ripeness of grain there was a
gradual decrease in this index.

Thus, the studies have shown that the greatest water use is in the period
of "Flowering — Milk-wax ripeness of grain” that must be taken into account
in the formation of the regimes of irrigation of corn hybridization plots.
The average daily evaporation in the irrigated conditions increased depending
on the irrigation regimes and stages of the plant development in 1.1-1.5 times
compared to the non-irrigated plots.

It should be noted that there was no significant effect of growth
regulators and plants density on the value of the indices of water use both in
general and on the daily levels.

The results of the observations for initial soil moisture testify that in the
spring at the beginning of the growing season there is a significant discrepancy
in the magnitude of this index on the different fields of the irrigated crop
rotation. Despite the leveling effect of precipitation of the autumn-winter
period, the difference in productive moisture content on some fields of the
crop rotation was from 73.2 to 323.3 m*/ha, or 6.5-28.6%. We also recorded
the variation in soil moisture by individual sections of irrigated array (Fig. 2).

The experimental data on the dynamics of water use the plants of self-
pollinated lines of corn allowed setting the intensity of water expenditures
from different layers of the soil by stages of growth and development of the
plants, and also depending on hydrothermal peculiarities of the years. At the
beginning of corn plant development (first 15-30 days of vegetation) water is
most intensively used from the soil layer 0-30 cm, where the root system
of the young plants is placed.

While on-surface organs growth and penetration of the root system
water is mainly used from deeper layers of the soil. In the second month
highly intensive use of water begins from the soil layer 0-50 cm, but in the dry
years, this zone extends to the depth of 70 cm. In the second half of the
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vegetation period, non-irrigated corn uptakes water from deeper layers of the
soil. It should be mentioned that the basic water-exchange zone does not go
beyond 0-70 cm, but weather conditions of the growing season and especially
precipitation, correct the areas of intensity of water consumption at different

. - / S8 0eEC /

Fig. 2 Difference in soil moisture by individual plots
of the field No. 3 of the irrigated areas of corn hybridization
after harvesting in the soil layer 0-50 cm

It is noted that in the dry years there is a gradual increase of the soil
layer from which the plants use water intensively. This regularity is also
observed in the moderate by the deficit of evaporation years, but the zone of
intensive water-exchange slightly changes, especially in the second half of
vegetation. On the contrary, in humid years the intensive water requirements
almost does not change and significant amount of precipitation promotes
substantial replenishment of the contents of total and productive moisture.

Ranking the years of the study has shown that at the initial stages of
growth and development of corn plants on the plots of hybridization average
daily evaporation is insignificant (25.7-29.7 m*ha) and slightly depends on
meteorological factors (the difference is only 4.1-13.4%). Further analysis of
daily water expenditures by individual stages of the vegetation period revealed
significant difference in this index, starting with the stage of 7-15 leaves
depending on the level of both natural and artificial humidification.

The highest average daily evaporation during the vegetation period of
self-pollinated lines is observed in the dry years and it was 40.2 m*/ha, and the
minimum (31.1 m%ha) — in humid ones. Regarding individual stages of
development the maximum average daily evaporation (63.0 mha) was
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observed in the period "flowering — milk ripeness of grain™ in the dry years,
and the minimum (14.5 m*ha) it was in the humid years in the period from
milk to full ripeness of grain.

Rapid increase in the indices of evapotranspiration was observed on the
irrigated plots, especially in the dry and moderately humid years. Further
(after the stage of 15 leaves) the expenditures of water increased and reached
the maximum level in the period from flowering to milk ripeness of grain.
Average daily evaporation of middle-late hybrids of corn is significantly
dependent on the stages of the plants development (vegetation calendar dates)
and the depth of groundwater (Table 7).

The maximum evapotranspiration of 59.6 m*/ha per day was recorded
in the second decade of July and coincides with the maximum intensity
of plants productivity processes. The least daily water use (11.8-14.8 m*/ha)
was recorded at the beginning of the vegetation — a period of "sprouts —
3-5 leaves".

The variation analysis approved the maximum variability (V of 92.5,
84.9 and 75.8%, respectively) of the daily evaporation during the growing
season, which predetermined the highest amplitude of confidence interval of
this index — from 11.8 + 32.8 (groundwater level of 1.0-1.5 m) to 15.3 +
56.7 m*/ha per day (at the deep groundwater level).

Table 7
Average daily evaporation of hybrids depending on the groundwater level, m*ha

Month Decade Groundwater level, m
More than 3.0 2.0-25 1.0-15

May 2 14.8 141 11.8

3 17.6 16.7 14.1

1 254 24.1 20.3

June 2 32.8 31.2 25.2

3 37.9 36.0 30.3

1 48.4 36.3 26.6

July 2 59.6 44.7 32.8

3 55.2 414 30.4

1 49.2 36.9 27.1

August 2 38.8 29.1 175

3 32.2 24.2 17.7

September 1 29.0 21.8 16.0

2 26.7 20.0 20.2
Average (Xay. + Sq) 36.0+9.2 29.0+6.8 22.3+4.7

Coefficient of variation (V),% 925 84.9 75.8
Confidence interval (min-max) 15.3+56.7 13.6+44.3 11.8+32.8
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Taking into account the difference in the growing season of corn hybrids of
different ripening groups, we conducted ranking of total and daily evaporation
rates depending on the FAO groups at the deep groundwater level (Table 8).

Through the accounting it was determined that the maximum expen-
ditures regardless the group of ripening were observed in the second decade
of July, but in the middle-late hybrids evapotranspiration was by 10.4% higher,
and on average by the vegetation this difference decreased to 3.7%.

Statistical analysis found out almost identical coefficients of variations
and confidence intervals, which reflect very high variability in water use of
corn plants of different groups of ripening. Statistical analysis of perennial
studies of the Institute of irrigated Agriculture of NAAS allowed constructing
integral curves of yield evaporation from the soil layer 0-100 cm of different
by a group of ripening soybean varieties (Fig. 5).

All the studied varieties demonstrated a rapid increase in daily
evaporation, starting from 15 to 40 days of the growing season. It should be
mentioned that in ultra-early varieties there was a decrease in this index,
starting from the 53 day of the vegetation, and in the early and middle-
ripening ones it was recorded only on the 58 and 64 day, respectively.
According to the polynomial regression equations, indices of daily evaporation
could be predicted in different by the ripening speed soybean varieties and
they could be used to carry out operative control of the irrigation regime.

Systematization of total evaporation indices from the soil layer
0-100 cm of different by the ripening speed soybean varieties showed that
this parameter increases from the ultra-early ripening varieties to the late
ripening ones.

The study of the intensity of water use under the optimum irrigation
regime revealed a clear tendency to the increase in the value of total and daily
evaporation from dry years to humid ones. Data analysis discovered that water
use of crops depends on the conditions of natural humidification and ranges
from 3578-4421 m°ha in dry and moderate by the evaporation deficiency
years, up to 4725-5860 m*/ha — in moderately humid and humid years.

In dry and moderate years, there is a rapid increase in daily evaporation,
starting from the first decade of July. Further, in dry years daily water
expenditures are reduced from the first decade of August, and in the moderate
years, on the contrary, at this period, the maximum value of this index
(68.0 m*/ha) is recorded. In the humid years there is a slight dynamics to an
increase and decrease of daily evaporation by the decades of the growing season.
The maximal average daily evaporation (more than 55 m*/ha) is observed from
the first decade of July. It dramatically increases in the moderate and dry years
and remains high until the third decade of July — the first decade of August.
In addition, the tendency to the increase in daily evaporation from humid years
(29.8 m*/ha) to dry ones (35.4-37.7 m*/ha) was recorded.
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Table 8

The total (E) and average daily E evaporation of different
by the ripening period corn hybrids, m*ha

(mli:('jo(\jclje-zezorlflsgnd FA.O 400-600
Month Decade middle-ripening hybrids) (Middle-late)
E E E E
May 2 130 13.0 110 11.0
3 174 15.8 190 17.2
1 224 22.4 255 25.5
June 2 345 345 362 36.2
3 462 46.2 368 36.8
1 469 46.9 481 48.1
July 2 501 50.1 559 55.9
3 518 47.1 536 48.9
1 426 42.6 462 46.2
August 2 357 35.7 414 414
3 285 28.5 354 35.4
September 1 231 23.1 300 30.0
2 - - 242 24.4
Average (Xay. * Sq) 343.5+109.5 | 33.849.0 | 356.4+109.0 35.1+9.0
Coefficient of variation
(V).% 110.5 91.8 110.3 92.3
Confidence interval | o 6. 569 4 | 137+53.9 | 111.7+601.1 | 15.0:55.3
(min-max)
70 .l
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Fig. 3. Indices of daily evaporation of different
by the ripening speed soybean varieties:
a — ultra-early ripening (y = — 0, 0091x>+1, 456x — 10.232; r = 0.863; R? = 0.745);
b — early-ripening (y = — 0, 0156x*+2, 265x — 20.458; r = 994; R? = 0.916)
¢ — middle-ripening (y = — 0, 0169x*+2, 224x — 9.227; r = 994; R? = 0.963)



CONCLUSIONS

1. Alfalfa plants, regardless on weather conditions and application of
irrigation, effectively used moisture from the second meter of the soil. The
balance of total water use of alfalfa testifies about the same share of soil
moisture and precipitation in the non-irrigated variant and significant
reduction in their specific share on the irrigated areas. The highest indices of
alfalfa evaporation are recorded at the deep groundwater level in the third
decade of June. Variable analysis proved the highest amplitude of fluctuations
in the daily evaporation of alfalfa of past years in the areas with deep
groundwater level.

2. While determining the total water use of winter wheat we should
consider the expenses of water for the period from cessation of vegetation in
the winter to its regrowth in the spring, as well as the income of atmospheric
precipitation during this period. The highest evapotranspiration (50.3 m*ha
per day) was recorded in the first decade of June in the areas with deep
groundwater level. On the average by the spring and summer period daily
expenditures decreased in the areas with the groundwater level of 2.0-2.5 m by
16.1%, and at those ones with the groundwater level of 1.0-1.5 m — by 32.2%,
compared with the deep level of their allocation.

3. The studies approved a significant difference in soil moisture
content depending on the fore-crops, irrigation regimes etc. The differentiation
of water content in the soil is also observed in individual areas of the field, and
this is due to the differences in the relief of the location, unequal distribution
of irrigation water by the irrigation machines, etc., which allows to
recommend conducting planning of irrigation schedules for the local areas of
individual fields within the crop rotation. Mathematical analysis found the
indices of variations and confidence intervals almost identical, which reflect
very high variability water use of corn plants.

4. The average daily evaporation varies by the periods of the
development of soybean plants, at the beginning and at end of the vegetation it
is the minimum - 19.3-33.6 m%ha, and the maximum values of the index are
reached at the period from flowering to the beginning of ripeness of beans
(44.1-63.4 m*/ha). In dry and moderate years, a rapid increase in daily
evaporation, starting from the first decade of July, is recorded.

SUMMARY

The article presents the results of the studies on the dynamics of water
use by plants, optimization of irrigation regimes considering regional natural
and climatic conditions. It was established that alfalfa, regardless on weather
conditions and application of irrigation, effectively used moisture from the
second meter of the soil. The balance of total water use of alfalfa testifies
about the equal share of soil moisture and precipitation on the non-irrigated
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variant and the significant decrease of their specific share on the irrigated
plots. The highest indices of alfalfa evaporation are recorded at the deep
groundwater level in the third decade of June. Variable analysis proved the
highest amplitude of fluctuations of the daily evaporation of alfalfa of past
years in the areas with the deep groundwater level. While determining the total
water use of winter wheat we should consider the expenses of water for the
period from cessation of vegetation in the winter to its regrowth in the spring,
as well as the income of atmospheric precipitation during this period. It was
proved that there is a differentiation in water content in the soil by individual
sub-zones within the field, and this is explained by the variations in the relief
of the location, uneven distribution of irrigation water by the sprinkler
irrigation machines, etc., which allows to recommend scheduling irrigation
regimes by the local areas of individual fields within the crop rotation.
Mathematical analysis revealed almost identical indices of variations and
confidence intervals, which reflect very high variability of water use of corn
plants. The average daily evaporation is changed by the periods of soybean
plants development, at the beginning and at the end of the vegetation it reaches
the minimum, and the maximum values are recorded in the period from
flowering to early ripeness of beans. In dry and moderate years, there is a
rapid increase in daily evaporation, starting from the first decade of July.
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EFFICIENCY OF THE SYSTEMS OF BASIC TILLAGE
IN THE CROP ROTATIONS ON THE IRRIGATED LANDS
OF SOUTHERN STEPPE OF UKRAINE

Maliarchuk M. P.

INTRODUCTION

The Steppe natural and climatic zone occupies southern part of the
territory of Ukraine. The area of agricultural land is 17.617 million ha, of
which 14.848 million ha of arable land that is 84.28%.

In geomorphological relation the territory almost fully coincides with
the Black Sea lowlands.

The surface of the Steppe zone is plain, uneven in genetic and
structural relation. Its southern area is situated on the territory of the Black Sea
lowlands and is a slightly divided, and to the East of the river Ingul flat, with a
great number of closed lowerings, plain. To the South of the Black Sea
lowlands it gradually transforms into low (150-300 m) Besarab, Podil, Dnipro
and Azov rises.

The surface has general incline from the North (altitude of 150-170 m)
to the South (altitude of 1-10 m). Plains are disrupted by river vales with
terraces and right banks with a network of gulls.

Dominant rock in the Steppe is loess, the power of which changes from
1 to 30 m. They are heavy-clay by granulometric structure, lightly clay within
the Black Sea lowlands, moderately-clay — on the Azov rise, moderately and
lightly clay on the terraces of the vale.

Smooth plain relief favored to low erosion tension that provided for
preservation of powerful, uniform on the great arrays clay loess cover.

The soil cover of water-dividing plateau of the Steppe on the loess
rocks is represented by chernozem and chestnut soils®.

Southern arid and Dry Steppe soil and ecological subzones of the
Steppe zone occupy 5 million 761 thousand agricultural lands in five regions
of Ukraine and Crimea, of which arable land occupies 4 million 507 thousand
ha or 78.2%. The soil cover is represented by chernozem southern and
chestnut soils. The main area of chernozem southern — 62.6% is occupied by
model subtypes, 22.2% — micelle-carbonate, 15.1% - alkaline, 25% — eroded.
The soils of the chestnut zone are divided into dark-chestnut and chestnut.
The latter occupy a narrow strip along the Sivash with a total area of

! Knacuoixais rpystis Yipaimu. K.: Arpapra nayka, 2005. 299 c.
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219.4 thousand ha. To the north of the chestnut soils are dark-chestnut soils
with a total area of 1270 thousand ha.

Experimental field studies of the Institute of Irrigated Agriculture of
NAAS were carried out in the Bilozerka natural-agricultural district of Kherson
region in the zone of activity of the Ingulets irrigation system. The soil cover of
the district is represented by dark-chestnut soils and their complexes with
solonetz. They occupy 69.7% of arable land. The soils are characterized by a
developed humus profile with a thickness of 52-58 cm, a low content of humus
(1.9-2.7%), medium and heavy-loamy granulometric composition, deflation-
safe, chemical and physical properties are satisfactory®**.

On the lands irrigated from the Dnipro estuary and the Ingulets River,
secondary alkalination, places of salinization and flooding of the soils are
manifested>®’.

The territory of the district is located in northern part of the Black Sea
lowland on the right bank of the Dnipro River within the Upper Pliocene
terrace.

Geologically, the upper terraces are composed of four horizons of
loess-loam thickness of 25-30 m, dissected by 2-3 horizons of buried soils.
The forests are covered by red-brown clays that lie on Neogene Pontic lime
stones. Sandy and clay deposits occur between lime stones and clays.

The soil of the experimental plot is a dark-chestnut middle-loamy
secondary-alkaline silt-stone one. The granulometric composition of the
studied soil is mainly represented by the large dust fraction (38.1% in the
arable layer), so they are easily susceptible to erosion processes (Table 1).

Due to the fact that irrigation of the experimental plot was carried out
by the waters of low mineralization with an unfavorable ratio of one — and
divalent cations (irrigation waters of the Ingulets irrigation system
according to the DSTU-2730-94 belong to the 2nd class — "limited suitable
for irrigation™), there was observed an increased content of exchangeable
sodium in the soil absorption complex of the arable layer at different
systems of tillage.

2 CucTeMa BEJICHHS CilTbCHKOTO TOCMOJAPCTBA XEPCOHCHKOI 0OmacTi. XepcoH: «AfmaHT»,
2004. 164 c.

® Bonmeipes A. M., Auapycenko M. 1., Casonosa E. I1. BanaHc rymyca B TeMHO- KaIlITaHOBO#
opomaemoii mouse. [TouBoBenenue. 1978. Ne 1. C. 67-76.

* BounapeB A. I'. BojHO-(M3MYECKHME CBOWCTBA MOYB CYXOCTEIHOH 30HBI M TIPHEMBI €¢
yIAydlleHHs @OpH opouleHuH. PusMyeckue ycioBUs MOYBEHHOro miogopoaus. Hayd. Tp.
IMousennoro uu-ta uMm. B.B. [lokyuaesa. X., 1978. C. 53-60.

® Bypsi K. E., Kpacyrcbka H. B., Curmpaa H. T1., Cadoroa O. T1. ConbOBHIA peiKUM PYHTIB
Inrynenpkoro 3ponryBaHoro MacuBy. 3pouryBane 3emuaepooctso. 1971. Bun. 12. C. 63-67.

Jlepunmmua H.M. IlouBbl mOJOB IOXKHBIX PaiOHOB JIHENIPONETPOBCKOM 00TAacTH M HX
ucnone3oBanue. Jnenponerposck: [Ipomins, 1996. C. 44-48.

" Anuen K. A. ParmoHaibHOE MCTIONB30BAaHHE MPUPOJHHX PECYPCOB TpH opolneHuu. K.:

Ypoxai, 1991. 168 c.
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Table 1
Granulometric composition of the dark-chestnut soil of the experimental field
of the Institute of Irrigated Agriculture of NAAS

c o Sum

2 = 2 X Fractions, mm of particles
— e [=) ’ ’
5 [§5|8% mm

< — D =

Q cc| 28

B |SS| 2€E |, 0.25- | 0.05- | 0.01- | 0.005- | <0.00

s | 8222|192 005 | 001 0005|0001 | 1 |001>001
o Q
at'zjl(sl)e 10-20| 1.06 | 0.80 |21.44 | 38.10 | 13.95 | 4.89 | 20.82 |39.66 | 60.34
Hpi |35-45| 1.10 | 0.16 | 17.74 | 41.84 | 11.59 | 5.85 | 22.82 |40.26| 59.74
Phi/x |48-52 | 1.08 | 0.25 | 7.94 | 40.59 | 14.26 | 10.07 | 26.89 |51.22 | 48.78
Pi/k |55-65| 1.08 | 0.32 | 8.74 | 30.72 | 15.90 | 11.60 | 32.72 |60.22| 39.78
P/x |70-80| 1.07 | 040 | 7.10 |31.20 | 16.20 | 12.20 | 32.90 |61.30| 38.70

Mineralization of irrigation water during vegetation period of
2019 fluctuated within 1.538-1.708 g/dm?®. The content of toxic salts in the
equivalents of Chloride that is used to characterize quality of water by
secondary salinization of soil, in average for the studied year was
11.47 meg/dm?® that meets the requirements of the 11 class (limited suitable for
irrigation). By the alkalination hazard and toxic effect on plants the irrigation
water also belongs to this class. The pH value of the water is 8.5.

An Important criterion of irrigation water evaluation is a ratio of
Calcium to Sodium, which was 0.31 in our study, which testifies about high
activity of Sodium cations.

By the results of laboratory studies Chlorides and Sulphates are
dominant anions, while Sodium and Magnesium are dominant cations. That
means that chemical composition of the water is determined as Chloride-
Sulphate Magnesium-Sodium (Table 2).

So, in accordance to the actual standard, the irrigation water belongs to
Il class, and it is limited suitable for irrigation by the risks of secondary
salinization, alkalination and toxic effect on plants.

Analysis of the content of exchangeable cations of absorption complex
at the end of vegetation testifies that the amount of exchangeable Sodium in
the soil layer 0-40 cm increased at the expense of absorbed Calcium, the
content of which relatively decreased (variant 1) under the plowless tillage
methods by 1.52-3.03%, and under the plowing in differentiated soil tillage in
the crop rotation (variant 5) — by 0.76%. At the tillage in the system of
differentiated tillage within the crop rotation (variant 4) the content of Ca®‘was
on the level with plowing (variant 1) and equaled to 13.2 or 67.4% from the
sum of cations (Table 3).
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Therefore, irrigation with water of high
mineralization with unfavorable ratio of
mono- and bi- valent cations leads to changes
in qualitative composition of soil absorption
complex at the end of crops vegetation, where
alkaline leaching of Calcium from soil was
observed, accompanied by an increase in share
of exchangeable Sodium and resulted in
development of irrigation salinization of soil.

Soil alkalinity determines unsatis-
factory water-physical properties of the
arable layer. The low content of water-
resistant aggregates in the arable layer of the
soil complicates its cultivation in the dry
conditions. Under irrigation, the surface layer
over-crusts, which impedes the penetration of
water into the deeper horizons of the soil.
The condition of the physical maturity of the
alkaline soil, which determines its suitability
for cultivation in the spring, is delayed, and
after cultivation — lumpy surface is formed.
The clods in the dry state are strong, difficult
to cultivate, in addition, in such soils at the
depth of 30-35 cm, a compacted illuvial layer
is formed, which impedes the penetration
into the deeper layers not only for water but
also for the root system of plants. Thus,
dark-chestnut soils under the irrigation with
the waters of the Ingulets Irrigation System
require anti-erosion measures and the
development and improvement of their
tilage with accordance to the certain
conditions of the area.

Thus, the dark-chestnut secondary-
alkaline and chernozem southern moderately-
washed soils by physical, chemical and
physic-chemical properties are typical soils
of the meliorated agro-landscapes of
Southern Steppe of Ukraine.

On the central experimental base
of the Institute of Irrigated Agriculture of
NAAS, a study devoted to the determination

Table 2

Irrigation evaluation of the irrigation water of the Ingulets irrigation system in 2019
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of the impact of basic tillage systems on agro physical, chemical and
biological soil properties, phytosanitary conditions of crops, yields and
productivity of various types of irrigated and non-irrigated crop rotations have
been started since 1966.

Approbation of scientific developments and their improvement for the
concrete regional conditions was carried out in research and basic farms of the
Institute of Irrigated Agriculture of NAAS.

Introduction in production of prospective tillage systems in crop
rotations in regard to ecological and technological classification of lands and
their meliorative conditions was conducted on the irrigated lands of Kherson,
Zaporizhzhia, Odesa, Mykolaiv, Dnipropetrovsk regions.

Table 3
The content of exchangeable cations in the soil layer 0-40 cm
at different systems of basic tillage within the crop rotation
on the Ingulets irrigation system (start of vegetation)
. Content of Sum of
S exchangeable exchangeable % from
= Sy.Stem cations, cations, the sum of cations
8| Ofbasictillage | oq/100 g of soil | meq/100 g
S ca* [ Mg** | Na* of sail ca® | Mg** | Na*
No fertilizers

1 | Monuuesa 132 | 56 |0.48 19.3 68.5 | 29.0 | 25
2 | Besnonuresa — 1 130 | 57 |0.59 19.3 67.4 | 295 | 3.1
3 | Besnosmuesa — 2 128 | 59 |0.65 19.4 66.1 | 305 | 34
4 | Iudepenniifopana-1 | 13.2 | 55 | 0.46 19.2 689 | 28.7 | 24
5 | dudepenuiiiopana-2 | 13.1 | 5.7 | 0.60 19.4 675 | 294 | 3.1

LSDgs, meq/100 g of soil: 0.03 0.02 0.006

Efficiency of ways and systems of tillage in crop rotations
on the irrigated lands

Irrigation is the most effective measure to counteract the increasing
aridity of climate, especially in southern part of the Steppe zone. Approaches
to tillage in crop rotations on the irrigated lands differ significantly from those
on the non-irrigated ones, and they are directed to the improvement of the
water regime and ensuring ecological safety at the realization of the natural
and climatic potential of the region and genetically determined productivity
of varieties and hybrids of crops®®.

& Manspuyk M.IT, Hmxeromenko B.M., Pesmivenko H.JI., Bopomiok JLA. Cucremu
3eMiIepoOCTBa B yMOBaX IIBIEGHHOTO IIOCYIUIMBOTO Ta CYXOro cremy. 30ipHUK MatepianiB
MixkHapoaHOi HayKOBO-IpakTH4YHOI KoHpepeHiii "HaykoBi 3acagu e(eKTHBHOrO BeICHHS
CTEIOBOTO 3eMIIepOOCTBa B yMOBax 3MiH kimiMary" 28-29 tpasus 2015 p. Xepcon: I'pins [.C.,
2015. C. 141-145.
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Fruit-changing and row crop rotations forenterprises
with developed dairy and beef cattle

Fruit-changing. Combination for a long time in fruit-changing crop
rotation with the coefficient of use of irrigated arable land of 1.25 of the deep
plow tillage under the row crops — corn for grain and silage, sugar and forage
beetroots, soybean, vegetable crops and alfalfa, with shallow (12-14 cm) disk
loosening under the cereals — winter wheat, winter barley, winter rye and surface
(6-8 cm) or sowing in the previously untilled soil in the post-harvest and post-
mowing terms promoted nitrogen mobilization to a greater extent than the long-
termed plowless tillage. At the differentiated system of tillage in crop rotation in
comparison to the plowless shallow single-depth one (12-14 cm) the bulk
density decreased by 6.3%, the water permeability increased from 1.68 to
2.28 mm/min. (35.7%), the content of waterproof units increased by 9.2%.

Wrapping of plant residues or manure under plowing into the lower
part of the cultivated layer in this crop rotation provided a higher level
of humification process than introducing fresh organic matter into the top
(0-15 cm) soil layer under plowless tillage systems, as evidenced by the results
of the long-term experimental researches.

In the 8-field grain-herb-row crop rotation on the background of
generally accepted irrigation regimes and organo-mineral fertilization system
with the application of NigoP150 and 15 tons of semi-rotten manure per 1 ha of
the crop rotation contributed to the average annual increase of humus at the
level of 1.28-1.57 t/ha, whereas at the long-term use (1976-2006) of the
system of single-depth shallow tillage in the crop rotation the accumulation
was only 0.85 t/ha ¢ 1 2,

The results of the studies, obtained in the first rotation (1966-1976)
of fruit-changing crop rotation on the dark-chestnut irrigated middle-loamy
soil, indicate that for 10 years of irrigation with the use of five tillage systems
with a rotation of the slice to the depth of 20-22 to 38- 40 cm there was
an increase in the content of organic matter in the soil layer of 0-40 cm to
111.4-111.8 t/ha with the content of 1.97%, i.e. the average annual increase
averaged to 0.71-0.75 t/ha.

® Manspuyk M.IL, Boxerosa P.A., MapkoBchka O.€. DOpMyBaHHS CHCTEM OCHOBHOTO
00pOOITKY I'pyHTY B arpo0iolieHO3aX Ha MeTiOpOBAHHUX 3eMJIAX MiBICHHOI MOCYLIIHBOI Ta CyXO
CTEMOBOI TPYHTOBO-CKOJNOTTYHUX Mig30H Ykpainum HaBuampHuii moci6Huk. XepcoH: AiinaHr,
2012. 180 c.

 Manstpuyk MLIL, ITucapenxo I1.B., Mumykosa JI.C., Manspuyk A.C., Korensuukos JL.L,
Hwxkeronenko B.M. EdekTHBHICTh MiHIMi30BaHUX CIOCOOIB OCHOBHOTO OOpOOITKY 1 CiBOM
B IIOTIEPEIHBO-HEOOPOOICHNI TPYHT INPH BHPOLIYBaHHI KYKYypyJ3HM Ha 3pOIIYBaHUX 3EMIIX.
3pomryBaHe 3eMIIepoOCTBO: 30ipHUK HAYKOBUX Ipanb. XepcoH: Aitmant, 2013. Bum. 59. C. 36-38.

! Mansapuyk M.II. Cuctema 0Gpo6iTKy rpyHTy. HayKOBi OCHOBH OXOPOHH Ta PaIlioHALHOTO
BMKO}ZJHCTaHHﬂ 3pouryBaHuX 3eMenb Ykpainu. Kuis: Arpapna Hayka, 2009. C. 299-313.

2 Mansapuyk M.II. ®opMyBaHHs cucTeM 0GPOBITKy TPYHTY B CiBO3MiHAX Ha METiOPOBAHHX
3emisix IliBgennoro Cremy Ykpainu. [TociOHuk Ykpaincbkoro xmi6opoda. 2014.
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In the next decade (1976-1986) along with systems of plow tillage we
studied less energy consuming plowless tillage systems differentiated by the
methods and depth. Irrigation regime, fertilization system and cultivation
technologies remained unchanged. Humus content determination in the
autumn of 1986 revealed that its content in the layer 0-40 cm increased in the
variants of long-term differentiated by depth plowing, differentiated plowless
tillage, and in the variants, where during the crop rotation plowing was
interchanged with flat-cut surface and chisel tillage with one or two slotting
per rotation. In the variant with plowless shallow single-depth tillage a
decrease in the humus content from 111.7 to 109.8 t/ha was fixed. At the
differentiated by depth plowing annual increase was 0.8 t, at surface plowless
tillage — 0.67 t, at differentiated tillage with one slotting — 0.82 t, and with
slotting two times — 0.84 t/ha. In the variant with plowless shallow single-
depth tillage the humus content decreased annually by 0.19 t/ha, mainly in the
soil layer 20-40 cm.

Determination of the humus content at the end of the third crop rotation
period (1996) revealed a significant difference between the studied tillage
systems. At the long-term differentiated by depth plowing the humus content
in the layer 0-40 cm increased to 132.0 t/ha, that is the average annual increase
was 1.25 t/ha of the area of the crop rotation. Differentiated plowless tillage
provided the annual increase of the humus content by 0.2 t/ha lower than on
the control, and its total content in the layer 0-40 cm was lower by 3 t because
of less accumulation during the years of the second rotation. Single-depth
shallow plowless tillage (variant 3) was also favorable for the humus
accumulation. Annual average increase in the variant was 0.12 t/ha in the
years of the third rotation with the total amounts of 111.0 t/ha in the layer
0-40 cm. At the differentiated by depth systems of tillage (variants 4, 5) the
humus content was 131.0 and 126.0 t/ha, respectively, with the annual
increase of 1.1 and 0.8 t/ha.

During the fourth crop rotation (1997-2006) the tendency in the
accumulation and distribution of organic matter, that was observed during the
previous years of the study by the systems of tillage, saved, at the same time,
the increase tempo grew lower, in particular, at the single-depth shallow
plowless tillage (variant 3) it was 0.8 t/ha. At the differentiated by depth plow
and plowless systems of tillage it was, respectively, 1.57 and 1.14 t/ha. Higher
tempo of humus accumulation in comparison to plowless tillage (1.28 t/ha)
remained in the variant with differentiated tillage including one slotting per
the rotation. During the fifth rotation (2007-2016), alfalfa and multicomponent
herb mixtures for green manure in the post-harvest period were excluded from
the crop rotation, and the entire leaf-stem mass of the crop rotation was
used for fertilization. As a result, the tempo of humus accumulation over this
10-year time span decreased in all the variants of the experiment and averaged
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to 0.1-0.3 t/ha, with the highest rate in the variant of the differentiated basic
tillage system, where differentiated by depth plowless methods are inter-
changed with one slotting for the crop rotation on the depth of 38-40 cm
during the rotation (Fig. 1).
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M Plowing on differen depth B Plowless on different depth
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Fig. 1 Dynamics of the humus content in the 0-40 cm layer of dark-chestnut
soil under different systems of basic tillage in 8-field fruit-changing irrigated
crop rotation for the period of 1966-2016, t/ha

In general, experimental studies of the efficiency of different systems of
basic tillage of dark-chestnut soil provided the possibility to find out that the
highest productivity of the eight-crop fruit-changing rotation is provided by the
differentiated system of basic tillage, in which the plowing to the depth
of 20-22 to 30-32 cm under the row crops inter-changes with plowless tillage to
the depth of 12-16 cm under winter wheat and spring barley on the background
of one slotting (38-40 cm) for the rotation under barley with alfalfa.

The use of the differentiated basic tillage system, at the insignificant
decrease in the cultivation technologies expenditures, increased the cost
recovery by 9.4% due to the increase in the crop rotation productivity up to
13.0 t/ha of forage units against 11.5 t/ha of forage units at the plowless
single-depth shallow (12-14 cm) system of basic tillage (Table 4).

Row forage. The increase of the coefficient of arable land use in the
irrigated crop rotations up to 1.75 at the expense of inter-crops in early spring,
post-mowing and post-harvest periods makes it possible to increase the
efficiency of irrigated hectare and to obtain more products at the same costs
for the construction of irrigation network and its exploitation, as well as
provides additional accumulation of organic matter, which improves the
physical and chemical properties of the soil and activates beneficial
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microorganisms activity. Owing to inter-crops of leguminous and cabbage
crops, nitrogen reserves are increasing, and the weediness of the following
crops is reduced.

In the arable soil layer, after sowing of the inter-crops, where the
recommended irrigation regime has been maintained, there is sufficient water
for its qualitative preparation to sowing. The decisive value for the crops
cultivation in the post-mowing and post-harvest periods is not the depth, but
the quality of pre-sowing tillage, that is, good seed wrapping and sufficient
compaction of the seed bed for better provision with water of the crops with
large seeds.

Taking into account that their growth and development is limited in
time, it is advisable to observe these conditions. Compliance with the
necessary agrotechnical requirements enables the use of combined tillage
aggregates for simultaneous tillage, sowing and rolling.

As a result of the introduction of differentiated system of basic tillage
in the 4-field row crop rotation with the coefficient of use of irrigated arable
land of 1.75, the high efficiency of its saturation with early spring, post-
mowing and post-harvest crops has been established.

Table 4
Productivity of 8-field fruit-changing crop rotation at irrigation
under the different systems of basic tillage of dark-chestnut soil
of the experimental field of the Institute of Irrigated Agriculture of NAAS

Productivity by the systems, t/ha
Crop of the rotation of forage units
1 2 3 4 5

Annual crops for green

forage+al fa‘l’fa (ha?/) 136 | 131 | 123 | 136 13.2
Alfalfa of the 2" year (hay) 121 121 12.2 12.0 121
Alfalfa of the 3™ year (hay) 9.8 8.4 8.4 9.7 8.3
Winter wheat+post-harvest 69 715 708 712 70,3
(grain+green mass) 39,2 402 376 400 399
Sugar-beet 6.6 5.9 5.5 6.9 6.6
Corn for silage 45.6 42.3 38.3 46.6 47.1
Winter wheat+post-harvest 65,9 70,2 72,9 68.3 67,1
(grain+green mass) 492 517 505 499 482
Grain corn 8.9 7.7 7.5 9.1 8.7
Crop rotation productivity, 128 118 115 13.0 126
forage units

Note: 1-plowing at different depth, 2-plowless at different depth, 3-shallow single-
depth plowless, 4-differentiated-1 with plowing under the row crops and one slotting per
rotation, 5-differentiated-2 with plowing under the row crops
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The loosening effect of the root system, the protective effect of the
vegetative mass of plants in the spring and summer period and the effect of
post-harvest residues of inter-crops, directed to the soil improvement,
contributed to the reduction of the bulk density of dark-chestnut soil in the
layer of 0-30 cm from 1.28 to 1.14-1.19 g/cm®, or 11.0-8.0% to the optimum
values for cereals and row crops.

The highest yield, and correspondingly, the productivity of the crop
rotation, was provided by the differentiated tillage, in which the deep plowing
under sugar-beet inter-changes with the plowless shallow and surface tillage
for intermediate early spring mixtures, winter barley, post-mowing crops of
grain corn and sunflower, with sowing of corn for forage in the previously
unprepared soil after winter barley (Table 5).

Table 5
Productivity of 4-field row forage crop rotation at irrigation under
the different methods of basic tillage of dark-chestnut soil
of the experimental field of the Institute of Irrigated Agriculture of NAAS

T Productivity by the systems, t/ha | LSDgs,

i Crop 1 2 3 4 | tha

1 Annual herb mixtures 324 33.9 33.9 345 2.9
Post-mowing sunflower (seed) 3.0 2.8 3.0 3.2 0.24

9 Annual herb mixtures 31.1 314 32.3 325 2.6
Post-mowing corn for forage 38.9 40.6 42.6 40.9 3.0
Winter barley (grain) 4.2 4.4 4.4 4.2 0.3

3 Eost-harvest corn for green 375 M1 408 393 30
orage

4 | Sugar-beet 52.0 53.3 56.1 55.8 3.6
Crop rotatlop productivity, t/ha 13.8 14.24 147 146 i
of forage units

Note: 1-plowing at different depth, 2-plowless at different depth, 3-differentiated
with slotting, 4-differentiated with plowing under the row crops.

Row crop rotations for the enterprises working
for the industrial processing

Row short crop rotations. During 2007-2019, on the background of
continuous application of five basic tillage systems and three organo-mineral
fertilizer systems, using as the fertilizer of leaf-stem mass of the crops of the
crop rotation, the least experimentally studied and scientifically substantiated
row crop rotations were investigated, which were found at the enterprises
specializing in the production of cereals and industrial crops for industrial
processing. Today, among the total are of the irrigated lands of 510 thousand
ha, 265 thousand ha are covered by the row crops, which is 52.0%.
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In these newly established large-scale enterprises, where there is no
livestock industry, short crop rotations with soybean, corn for grain and
sunflower have the priority. Cereal and perennial herbs are not usually
cultivated there, they occupy just about 10-15% of the croplands.

Crops, which are the part of row crop rotations, have different
requirements for agro-physical properties and nutritional regimes, which are
formed mainly under the influence of basic tillage and fertilization systems.

Nowadays, leaf-stem and root post-harvest residues of crops are the
main source of fresh organic matter for the soil, which under the activity of
microorganisms; oxidation and polymerization processes are transformed into
new substances that are contained neither in the input organic residues, nor in
microorganisms. According to the results of the research, it is established that
on the non-fertilized background every year 4.0 to 4.8 tons of post-harvest
residues are incorporated into the soil per 1 ha of the crop rotation area, on the
background — Ngy5Pgo from 7.4 to 8.3 tons, and on the background of Ni,Pg
application from 7.5 to 9.4 t/ha.

Calculations of humus income into the soil from incorporated post-
harvest residues under the different basic tillage systems and nutrition
background indicate that a negative humus balance is formed for all tillage
systems, while the highest values were at plowless single-depth shallow —
0.33t/ha and the smallest — 0.16 t/ha for the differentiated-1 tillage with
slotting on the depth of 38-40 cm once per rotation.

On the fertilized backgrounds with the application of Ng,sPg and
N1,0Pgo there was an increase in humus content. In the variants of multi-depth
plow and differentiated-1 systems of the basic tillage, the increase of humus
content was+0.78 t/ha, while under the plowless on different depth it was
lower by 14.1% and was+0.68 t/ha.

At the systems of single-depth shallow plowless tillage and the
differentiated-2, the humus content increase was also positive, while it was
lower in comparison to the control (differentiated plowing) by 51.3 and
38.5%, respectively, at+0.38 and+0.48 t/ha.

To compensate the uptake of mineral nutrients with the crops, there
was an input of total nitrogen, phosphorus and potassium into the soil with
root and leaf residues. Thus, on a non-fertilized background, with basic plow
tillage on the different depth (control), there was an income to the soil
of N - 21.8; P,Os — 10.9; K,0 - 26.7 kg, and for the differentiated -1 with one
slotting on 38-40 cm for the rotation — N — 22 kg; P,Os— 11.0; K,0 — 26.4 kg
per hectare of the crop rotation area. A similar tendency was observed on the
fertilized backgrounds, while at the same time the indexes of mineral nutrition
income were significantly higher.

At the application of the dose of Ng,sPso, the income of nitrogen,
phosphorus and potassium into the soil with plant residues was 70-80% higher
than on the non-fertilized background.
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Nitrogen, phosphorus and potassium income into the soil at the doses
of NixPeo application averaged at the plow tillage on different depth to,
respectively: N — 42.6 kg/ha; P,Os — 21.3 and K,O - 51.1 kg/ha, that
is 91.4-95.4% more than in the non-fertilized background (control).

At the multi-depth plowless and differentiated-1 systems of the basic
tillage, the reduction of mineral nutrition inputs in comparison to the control
was not significant and averaged to 1.8%, 1.5 and 1.7%.

Only under the system of single-depth shallow plowless tillage with its
long application in the crop rotation and on all the fertilization backgrounds,
there was a significant decrease in the income of all mineral nutrients
in comparison to the system of plow tillage on different depth.

In general, the application of mineral fertilizers and the use of post-
harvest (leaf and stem) residues as fertilizers contributed to the creation of
different levels of content of available forms of mineral nutrients at the
beginning of the spring regrowth of winter crops and emergence of spring
cereals and industrial crops seedlings.

At the non-fertilized background with the use of post-harvest residues
as a fertilizer at the beginning of vegetation of the crops of the crop rotation,
the highest content of mobile mineral nutrition compounds was in the variant
of the plowing basic tillage system: nitrates 29.8 mg/kg of soil, mobile
phosphorus of 31.8 and exchangeable potassium of 289 mg/kg of soil.

The application of mineral fertilizers with the dose of Ng» 5P €nsured
the increase in the content of all the elements of mineral nutrition, while at
the same time the advantage remained at the system of differentiated by
the depth plowing.

The highest nitrate content of 68.4 mg/kg of soil, mobile phosphorus
of 46.4 and exchangeable potassium of 358 mg/kg of soil was formed under
the application of mineral fertilizers with the dose of NjxPg per hectare
of the crop rotation area under the multi-depth plow system of tillage.

Multi-depth plowless and differentiated tillage systems provided close
performance with the multi-depth plow tillage system, and only the single-
depth shallow plowless loosening system led to a significant decrease in
the content of available mineral nutrients in the soil layer of 0-40 cm at
the beginning of the spring vegetation of the crops of the rotation.

Before the harvesting, the nitrate content of the soil decreased on all
the nutritional backgrounds, while at the same time the smallest indexes were
on the non-fertilized background.

It should be mentioned that the basic tillage affected the content
of mobile phosphorus and exchangeable potassium. It was the lowest at the
plowless shallow single-depth tillage and reached 27.9-38.3 and 259-315 mg/kg
at the beginning of the growing season and 18.7-21.9 and 214-254 mg/kg
of the soil, respectively, before the harvesting. Before the harvesting, their
content reduced and remained within the range of moderate supply.
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Analyzing the crop productivity data in the crop rotation on the non-
fertilized background it was found that its highest values, expressed in the grain
units per 1 ha of the crop rotation area, were obtained at the plowing tillage
on the different depth — 4.00, and differentiated-1 — 4.35 t/ha of grain units.

Under the use of the different-depth plowless tillage and the
differentiated-2 basic tillage, slightly lower yields of grain units of 3.74 and
3.60 t/ha were obtained. A significant decrease in productivity by 30.7 and
32.5% in comparison to the control was observed in the variant of shallow
single-depth plowless tillage.

The productivity of the crops by the variants of the ways and depth
of the basic tillage at the application of mineral fertilizers with the dose
of Ng,5Pgo increased to 116.2%, and the increase of the dose of fertilizers to
NioPso ensured its raise to 140.8%, compared to the non-fertilized
backgrounds.

The increase of the dose of mineral fertilizers on the background with
the application of NP Was favorable for the growth of productivity by
16.0% of grain units in comparison to the Ng, sPgo nutritive background.

Analyzing productivity of the crop rotation by the yield of grain units
per hectare of the crop rotation by the backgrounds of mineral nutrition it is
necessary to note that the highest out pay of fertilizers was at plow and
plowless tillage on different depth and differentiated-1 tillage and was,
respectively, 27.7-29.0; 27.3-28.2 and 30.2-30.3 kg/kg of a.s.

At the shallow single-depth and differentiated-2 tillage it fluctuated
within 20.6 to 21.3 kg/kg of a.s., respectively. Increasing the dose of fertilizers
from NgysPeo t0 NixgPgo provided the increase in fertilizers out pay by
1.3 kg/kg of a.s. at plow tillage on different depth.

Main agrotechnical measure, on which crop cultivation technologies
are based, is basic tillage, which is conducted on the maximum depth. In the
structure of the expenditures for cultivation its share varies from 2 to 10%,
while at the same time it largely depends on the productivity of most crops on
irrigated lands. Assessing the effectiveness of low-cost, shallow and multi-
depth soil tillage systems in the crop rotation, it should be noted that having
provided significant cost savings for their implementation, they have little
impact on the overall expenditures for crop production on the whole. So, if on
a non-fertilized background at the systems of different-depth plowing basic
tillage (control), the expenditures for cultivation technology averaged to
9.6 thousand UAH per hectare of the crop rotation area, then for the systems
of different-depth plowless tillage and differentiated-1 with one slotting per
the rotation and differentiated-2 with one plowing per the rotation (variants 2,
4, 5), they were less by 1.1, 0.9 and 2.4%, respectively.

At the single-depth shallow plowless tillage system (variant 3), expen-
ditures have decreased by 3.3%. The cost of gross production per hectare of the
crop rotation area for various plowing systems on the non-fertilized background

44



was 18.3 thousand UAH. In the variant of the differentiated-1 basic tillage
system, it was higher and averaged to 19.1 thousand UAH, or increased by
4.2% with a profitability level of 89.5 and 99.3%, respectively.

The lowest payback of crop cultivation technology in the irrigated crop
rotation was on the unfavorable background of the single-depth shallow
plowless tillage system, with a gross output of 12.1 thousand UAH, which
is lower than the control by 33.8% with a profitability level of 29.8%.

CONCLUSIONS

On the dark-chestnut soils in the zone of activity of the Ingulets
irrigation system at the irrigation with water of high mineralization we
recommend:

1. In the farms with developed animal husbandry it is advisable to
introduce fruit-changing crop rotations with the coefficient of irrigated arable
land use of 1.25-1.75 and use differentiated systems of tillage, when deep
plowing under row crops and perennial grasses (corn, soybean, beet-root,
alfalfa) is interchanged with plowless shallow tillage under cereal crops and
sowing crops in the unprepared soil in interim terms (early spring, after-
mowing, and after-harvesting mixtures of herbs for green forage).

2. In the farms aimed on the production for industrial processing it is
advisable to use row crop rotations saturated with liquid high-profitable crops
(corn, soybean, sunflower, rape, and winter wheat), leaf-stem mass should be
used for a green manure, and apply differentiated tillage with plowing (from
18-20 to 28-30 cm) under rape and sunflower, disk-chisel tillage (12-14+
38-40 under corn) and shallow (10-12 and 12-14 c¢m) disk tillage under winter
wheat and barley.

Prolonged use of differentiated systems of basic tillage in crop rotation
at irrigation has ensured, on the background of application of different doses
of mineral fertilizers, the formation of the highest level of productivity. Not
significant decrease was observed in the variants of different-depth chisel and
single-depth shallow disk loosening, mainly due to the yield of corn grain.

Sowing in untreated soil over 10 years of the research has led to a
significant decrease in the crop yields and the crop rotation productivity
in general.

REFERENCES
1. Kiacuikaris rpyariB Ykpaiau. K.: Arpapna Hayka, 2005. 299 c.
2. Cucrema BeJIeHHS CUTLCHKOTO TOCTIOApPCTBa XEPCOHCHKOT 00JIACTi.
XepcoH: «AiinmanTy, 2004. 164 c.
3. bonmeipe A. U., Augpycenko M. U., CasonoBa E. II. Bbamanc
ryMyca B TEMHO-KaIITaHOBOH opomaemoii mouse. [louBoBenenue. 1978. Ne 1.
C. 67-76.

45



4. boumapeB A. I'. BogHo-pu3ndecknue CBONCTBA MOYB CYXOCTEITHON
30HBI M TPHUEMBl €€ YIJy4llleHHs Npu opolleHun. Du3nueckue yCIoBHS
IOYBEHHOrO Mmuogopoaus. Hayu. tp. Ilousennoro un-ra um. B.B. [loky4aeBa.
X., 1978. C. 53-60.

5. bypsi K. E., Kpacyrceka H. B., Cunnnuna H. I1., Cagonosa O. I1.
ConboBHH PEXUM TPYHTIB [HryJIeHbKOrO 3pOLIyBAHOTO MAacHBY. 3pOIIyBaHe
3emiepobctBo. 1971. Bun. 12. C. 63-67.

6. Jlepummmua  H.U. [louBsl  NOOOB  IOXKHBIX  palOHOB
JHemponeTpoBCckoif 00acTH W WX UCIONb30BaHHWE. J[HEpOIeTpOBCK:
Ipomins, 1996. C. 44-48.

7. AmmeB K. A. PammonansHOe UCIIONIB30BaHIE MPUPOAHAX PECYPCOB
nipu opoutenu. K.: Ypoxaii, 1991. 168 c.

8. Mamsapuyk M.II., Hmxeronenko B.M., Pesniuenko H.JI., Boponrox
JI.LA. Cuctemu 3emiiepoOCTBa B yMOBaX MiBJICHHOTO MMOCYIUIMBOTO Ta CYXOTO
creny. 30ipHUK MaTepiaiiB MikHapoJHOT HayKOBO-TIPaKTU4HOI KOH(epeHIil
«HaykoBi 3acaau e(peKTHBHOTO BEJEHHSI CTEIOBOIO 3eMJiepoOCTBa B yMOBax
3MiH Kkiimaty» 28-29 tpasus 2015 p. Xepcon: I'pinb [1.C., 2015. C. 141-145.

9. Mansapuyk M.II., Boxerosa P.A., Mapkoscbka O.€. dopmyBaHHs
CHUCTEM OCHOBHOTO OOpOOITKY IPYHTY B arpo0iolleHO3ax Ha METiOPOBAHHUX
3eMJIIX MIBJCHHOI MOCYIIJIMBOI Ta CyXO CTEIOBOI TI'PYHTOBO-EKOJIOTTYHHX
mia3oH Ykpainu HaBuaneamii mocioHuk. Xepcor: Aitmant, 2012. 180 c.

10. Mamsipuyx MLII., [Tucapenxo I1.B., Mumykosa JI.C., Mamspuyk A.C.,
Kotempaukos J1.1., Hwkeronenko B.M. EdeKkTHBHICT MiHIMI30BaHHX CIIOCOOIB
OCHOBHOTO 00pOOITKY 1 CIBOM B TIOIEpEIHBO-HEOOPOONCHUH IPYHT MpU
BUPOIIYBaHHI KyKypyJ3H Ha 3pOLIYBAHUX 3eMJIIX. 3POIIyBaHE 3eMIEepOOCTBO:
30ipHHUK HAYKOBHX Ipailb. XepcoH: Aiinant, 2013. Bum. 59. C. 36-38.

11. Mansgpuyk M.II. Cucrema 00poOiTky rpyHTy. HaykoBi ocHOBH
OXOpPOHHM Ta PAaliOHAIBHOTO BHKOPUCTAaHHSA 3pOLIYBAHUX 3EMENb YKpaiHu.
KuiB: Arpapna Hayka, 2009. C. 299-313.

12. Mamsapuyk M.II. ®DopmyBaHHS CHCTEM OOpOOITKY TPYHTY B
ciBo3MiHax Ha MmeniopoBaHux 3emiisix [liBaenHoro Creny Ykpainu. [TociOHuK
VYkpaincekoro xiaibopoba. 2014.

Information about the author:

Maliarchuk M. P.,

Doctor of Agricultural Science, Senior Researcher,

Chief Researcher Institute of Irrigated Agriculture

of the National Academy of Agrarian Sciences of Ukraine
Kherson, Naddnipryanske, 73483, Ukraine

46



DOI https://doi.org/10.36059/978-966-397-187-2/47-59

SCIENTIFIC SUBSTANTIATION FOR OPTIMIZATION
OF CROP ROTATION STRUCTURE AND IRRIGATION REGIMES
OF INGULETS IRRIGATION SYSTEM CONSIDERING
THE HYDROMODULE OF WATER SUPPLY

Morozov O. V.

INTRODUCTION

The vast majority of irrigated systems of Ukraine were built for solving
problems related to the organization of food security of southern region in all
weather conditions. Their task was to create zones of guaranteed production
of food and feed grains, vegetables and high-quality forages. The design of
irrigation systems envisaged specific structure of acreage: grain crops 40-45%,
of which 55-60% of winter crops; forage crops — 35-40%, of which perennial
grasses 50-60% and in the remaining areas — vegetable, technical and other
crops. Such a structure provided sustainable yield of all crops, irrigation water
and technique were used evenly throughout the watering season, soil fertility
stabilized and improved®.

In the conditions of market relations development and the need to
produce competitive products, there is a need for agricultural producers in
maximum saturation of irrigated crop rotation with technical, vegetable crops,
as the most profitable in modern economic conditions in the south of Ukraine.
That leads to a decrease in irrigated soil fertility and their productivity?.

In solving this problem at the present stage of development of irrigated
agriculture the important role belongs to crop rotations. The latter, in
conjunction with technological measures, increases productivity of arable land
by 25-30% with the simultaneous preservation and increase of soil fertility. At
high saturation of these intensive crops the role of crop rotation as a biological
method of regulation of phytosanitary regime significantly increases®. Under
such conditions, the problem of reproduction of fertility of irrigated lands and
environmental protection acquires a special significance.

The relevance of the subject is justified by the necessity in new
approaches to the exploitation of irrigation systems — concentration on
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irrigated lands of the most profitable and cost-effective crops. In the newly
created agricultural enterprises with limited irrigation area there is a need in
organization of shorter crop rotations, taking into account the hydro module of
irrigation system. Selection of crops in such farms should be determined by
material and technical capabilities and climatic conditions. According to
climatic conditions, selection of the most adapted for the region crops and
their ratio should be settled.

The existing chaotic use of irrigated land now led to a substantial
decrease in soil fertility, their ecological and agromeliorative conditions,
reduced their resistance to self-regulation. Under such conditions it is
necessary to substantiate scientifically the ways of stabilization of soil
processes, one of which can be optimization of irrigation rates, allocation and
ratio of crops.

The purpose of the work is: Scientific substantiation of the calculation
of the project hydro module (consumption of water per hectare of irrigated
area) in comparison with actual (projected) carrying capacity of inter-
economic canals of the Ingulets irrigation system, taking into account land-
bound areas of state irrigated lands (on the example of P-1 canal).

To achieve this goal, the following tasks have been solved:

1. Optimizing the structure of acreage in the area of the inter-
economic canal P-1, taking into account its carrying capacity;

2. Scientific substantiation of the norms of water requirements of basic
crops, taking into account humidification conditions of the year.

1. Research Methodology

Research method: calculative method with a complex of analytical
studies.

Hydro module — specific water consumption per 1 ha of a crop rotation
area. The hydro module of the canal P-1 of the Ingulets irrigation system is
determined by the formula:

Osyst. = Q/ F, L/sec-ha, Q)

Usyst. — Ordinate of hydro module of the canal P-1, L/sec ha;

Q — project limit of water supply;

F — project area of the canal P-1, ha.

Water consumption (hydro module), necessary for irrigation of crops
on one focal hectare of the canal P-1 of the Ingulets irrigation system, is
determined by the formula:

g=am/(3.6 Tt), L/sec ha, 2
where g — ordinate of hydro module, L/sec ha;

a — share of the sown area of a crop rotation, which is occupied by the
crop or the relative area,%;

m — irrigation rate, m*/ha;
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T — duration of irrigation per day, hours;

t — duration of watering the field, days.

The value of the hydro module is determined for each watering of all
crops in the irrigated array. The definition is carried out in tabular form.

For irrigated array (where there is a large number of agricultural
enterprises, farms, crop rotation plots, crops, etc.) the value of hydro module is
determined by summing:

0 irrig. syst. = 00~ X Q1700 X § 4. F0; X (. 3)

The structure of sown areas must be in agreement with the water supply
of the system. In the presence of irrigation systems with a hydro module
of 0.3 L/sec/ha irrigated lands could be saturated with water-resistant crops
and crops with close irrigation regime to 40-45%; with a hydro module
of 0.4 L/sec/ha — 60-70% and more than 0.5 L/sec/ha — 60-75%. The determi-
nation of the ratio of these crops is carried out by the transformed formula
of the hydro module

o 0%8640xT
— @

Where a is the share of a crop or a group of crops with close irrigation
regime,%;

Q - hydro module of the section, L/sec/ha;

T — watering period, days;

m — irrigation rate, m*ha.

The ratio of crops in crop rotation should also ensure even distribution
of labor during the vegetative period.

2. Calculation of the actual hydro module
of the inter-economic canal P-1 of the Ingulets irrigation system
considering land areas of state irrigation

The structure of crops on the irrigated lands should contribute to full
and uniform use of water during the growing season. At the same time, the
largest need in water of all sowing area and individual crops should be fully
supplied by the carrying capacity of the inter-economic canal P-1 of the
Ingulets irrigation system, and promote rational functioning of irrigation
system, prevent idling periods in its work.

Crops included in a crop rotation have different irrigation regime, and
hence, an unequal distribution of irrigation water, different irrigation norms
and rates. For example, winter wheat uses 40% of irrigation water in May, and
the remnants in June and September. For 42 days of the watering season in
spring and summer 1800 m* ha is used, i.e. 42.8 m*ha per day. Spring barley
uses all the irrigation water during the month of May. For 31 days 1400 m*ha
of irrigation water was consumed, i.e. — 45.2 m*/ha per day.
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In corn and soybean, irrigation period started at average in the second
decade of June, that is, after its completion in winter wheat, and lasted about*
54-64 and 75-81 days*®.

During this time, about 54.7 -64.8 and 39.5-42.7 m*/ha of water per day
was used. It should be noted that corn consumes irrigation water during the
irrigation period more even than soybean. Thus, corn in June usese about
31% of irrigation water, in July — 43%, and in August — 26%, and soybean —
in June — 12%, in July — 33%, and in August — 55%.

Since the crops, which are a part of the acreage in the area of an inter-
economic canal P-1, have different irrigation regimes, this affects
the formation of the actual hydro module of the Ingulets irrigation system
(Table 1, 2, Fig. 1).

Analysis of the obtained values by the hydro module of the Ingulets
irrigation system (dated 01.11.2018) under the actual acreage and irrigation
regimes in the month of July was 0.42 L/sec/ha. This indicates that July and
June are critical months for the use of the inter-economic canal P-1 with
53.2% of saturation with grain corn. The project values of the hydro module of
P-1 canal of the Ingulets irrigation system and their parcel stations cannot
satisfy it (Fig. 1).

3. Calculation of the project hydro module of the inter-economic
canal P-1 of the Ingulets irrigation system considering the land
areas of state irrigation.

As a result of the study, the peculiarities of formation of the structure of
acreage are scientifically substantiated, and the norms of water requirements
(taking into account the moisture supply of the year) of main crops taking into
account the carrying capacity of the inter-economic canal P-1 of the Ingulets
irrigation system are determined.

On the irrigation systems with a hydro module of 0.36 L/sec/ha the
most optimal in terms of total water consumption is a combination of water-
resistant (soybean, corn) and more drought-resistant (winter barley and wheat)
crops, with specific weight 50 by 50% (Tables 3-8, Fig. 2, 3, 4).
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3pOLIYBaHHUX 3eMJIIX MIiBJHS YKpaiHH 3a PI3HUX CIIOCOOIB OCHOBHOIO 0OPOOITKY Ta 103 BHECEHHS
a30THUX JOOpUB. 3poutysane 3emaepobcmeo. 36ipnux naykosux npays. Xepcon: Aifmant, 2015.
Bumn. 63. 164 c.
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Fig. 1. The average ordinate of a hydro module of the inter-economic
canal P-1 of the Ingulets irrigation system in case of actual norms
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Fig. 2. The average ordinate of the hydro module of the inter-economic
canal P-1 of the Ingulets irrigation system at the projected norms and terms
of irrigation for dry years (P = 95%), L/sec/ha

Irrigation regime of crops regarding the norms of their water
requirements should be calculated depending on:

- distribution of natural humidification coefficient;

- and by the water supply of the years (dry (p = 95%), moderately dry
(p = 75%) and moderate (p = 50%).

Such an approach to the use of irrigated lands will allow using the
inter-economic canal P-1 of the Ingulets irrigation system in the project mode,
stabilizing the meliorative conditions of the irrigated and neighboring lands,
and, as a consequence, prevention of soil degradation, and increase in
the efficiency of the irrigation system and the irrigated lands.

The increase of the share of corn and soybean over 50.0% leads to an
increase in the specific water feed for irrigation, shortage of water resources
and, consequently, the violation of scientific and reasonable irrigation regimes
and decrease in the productivity of these crops.
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Table 2

The actual average hydro module of the inter-economic canal P-1
of the Ingulets irrigation system in 2018, L/sec/ha (dated 01.11.2018)

Crop
Sowing areas, % to the acreage Average
Corn Winter ordinate
Month middle- “Wheat Vegetables Soybean Sunflower of the
ripening 720.7 ha 681.5 ha 25.0 ha 158 ha hydro
1803.2 ha (21'30/) (53.2%) (0.7%) (4.7%) module
(53.29%) =7
May 05 0.55 0.23 0.27 0.009 - 0.27
June 06 0.57 0.22 0.27 0.007 0.049 0.39
July 07 0.66 - 0.49 0.007 0.059 0.39
Serggmp 0.55 - 0.27 0.009 0.049 031
September - 0.26 0.27 ; ; 0.21
09
Table 3

The average project irrigation norm for dry (P = 95%) by the water supply
years per 1 ha of the crop rotation area of the inter-economic canal P-1
of the Ingulets irrigation system for the irrigation period, m*ha

Crop
Sowing areas, % to the acreage

Corn
1694.2 ha (50%) Wi Barley
Month Late- Winter Winter
Cor_n mi_ddle— ripening 77\3/2?2 (Spring) 84%@
ripening corn (23;%) 67.8 ha ’
847.1 ha 847.1 ha (2.0%)
(25%) (25%)
May 500* 600+500 | 500+500 300+300+300
05 6 ** ) 6+6 5+5 10
June 500+500 500+600 500+500 500 300+300+300+300
06 5+5 5+6 545 5 10
July 500+400+400 | 600+600+600 400+400+400+400
07 5+5+5 5+5+5 ) ) 12
August 500 5004500 300+300
08 5 5+5 ) ) 6
September 500***
09 ) ) 5 ) )
net water
requirements
norms for dry
(P = 95%) 3300 3900 2100 1500 4300
by the water
supply years

* _ jrrigation rate, m*ha;
** _ duration of watering the field, days;
*** _ water-charging irrigation.
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Table 4

The average project irrigation norm for the moderately dry (P = 75%)
by the water supply years per 1 ha of the crop rotation area of the inter-economic

canal P-1 of the Ingulets irrigation system for the irrigation period, m%ha

Crop
Sowing areas, % to the acreage
Corn
1694.2 ha (50%) Winter Barley
Month Corn Late- wheat Winter
medium- ripening 779.3 (Spring) 84\7/_elgre]ta_bzlg'csy
ripe corn ha 67.8 ha -1 ha (25%)
847.1 ha 847.1 ha (23%) (2.0%)
(25%) (25%)
May 500* 400+400 | 400+400 300+300+300
05 6 ** ) 5+5 545 9
June 400+400 500+600 500+400 400 300+300+300+300
06 5+5 5+5 5+5 5 12
July 400+400+400 | 500+500+500 400+400+400+400
07 5+5+5 5+5+5 ) ) 12
August 500 5004500 300+300
08 5 5+5 ) ) 6
September 500%***
09 ) ) 5 ) )
net water
requirements
norms for dry
(P = 95%) 3000 3600 1700 1200 3900
by the water
supply years
* _ jrrigation rate, m*ha;
** _ duration of watering the field, days;
*** _ water-charging irrigation.
Table 5

The average project irrigation norm for moderate (P = 50%) by the water
supply years per 1 ha of the crop rotation area of the inter-economic canal P-1

of the Ingulets irrigation system for the irrigation period, m*ha

Crop
Sowing areas, % to the acreage
Comn Barley
0 .
Month 16942 ha (SO /0.) - Winter Winter
Corn Late-ripening | wheat Soring Vegetables
medium-ripe corn 779.3 ha (_13_9167 S ha 847.1 ha (25%)
847.1 ha 847.1 ha (23%) @ 0% )
(25%) (25%) '
May 400* 500+500 | 500+500 300+300+200
05 5xx ) 545 545 9
June 400+400 500+600 500 300+300+300+200
06 5+5 5+5 5 ) 12
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Table 5 (continuance)

July 400+400+400 | 500+500+500 } 300+300+300+200
07 5+5+5 5+5+5 12
August 400 500+400 ) 3004300
08 5 5+5 6
September ) ) ) )
09
net water
requirements
norms for dry
(P = 95%) 2800 3400 1500 1000 3600
by the water
supply years
* _ jrrigation rate, m*ha;
** _ duration of watering the field, days;
*** _ water-charging irrigation.
Table 6

The average projected ordinate of the hydromodule of the P-1 canal
at the optimization of acreage and scientifically based norms of water
requirements for dry (P = 95%) by the water supply years, L/sec/ha

Crop
Sowing areas,% to the acreage
Corn Average
1694.2 ha (50%) Winter Barley ordinate
Month Corn Late- “Wheat Winter | Vegetables of the
middle- ripening 779.3 ha (Spring) 847.1 ha hydro
ripening corn (2?;%) 67.8 ha (25%) module
847.1 ha 847.1 ha (2.0%)
(25%) (25%)
'\ggy 0.26 0.27 0.03 0.42 0.25
Jgge 0.31 0.32 0.29 0.025 055 0.35
July
07 0.27 0.38 - - 0.61 0.32
A%gg““ 0.32 0.32 - - 0.46 0.28
September
09 - 0.34 - - 0.10
CONCLUSIONS

1. The structure of sown areas and crop rotations must be coordinated
in accordance with the design and technical conditions of the Ingulets
irrigation system and specialization of agricultural enterprises. At the same
time, it is necessary to take into account its specialization, size of the land in
use and water supply.

56



Table 7
The average projected ordinate of the hydro module of the P-1 canal
at the optimization of acreage and scientifically based norms of water
requirements for the moderately dry (P = 75%) by water supply years,

L/sec/ha
Crop
Sowing areas, % to the acreage
corn Average
1694.2 ha (50%) Winter Barley s
Month Corn — Winter Vegetables
- wheat - of the hydro
middle- Late- e (Spring) 847.1 ha
—_— ey 779.3 ha module
ripening ripening (23%) 67.8 ha (25%)
847,1 corn (2.0%)
ra25 847,1 ra25
'\ggy 0.26 - 0.23 0.02 0.46 0.23
Jgge 0.25 0.34 0.26 0.02 0.46 0.32
July
07 0.25 0.32 - - 0.62 0.30
At 0.31 0.32 - . 0.46 0.27
September ) ) ) ) ) )
09
Table 8

The average projected ordinate of the hydro module of the P-1 canal
at the optimization of acreage and scientifically based norms of water
requirements for moderate (P = 50%0) by the water supply years,

L/sec/ha
Crop
Sowing areas,% to the acreage
Corn Average
1694.2 ha (50%) Winter Barley ordinate
Month Corn Late- “Wheat Winter Vegetables of the
middle- | ripening (Spring) 847.1 ha hydro
—— 779.3 ha
ripening corn (23%) 67.8 ha (25%) module
847.1ha | 847.1ha (2.0%0)
(25%) (25%)
l\ggy 0.25 - 0.29 0.025 041 0.23
Jgge 0.25 0.32 0.29 - 0.42 031
July
o7 0.26 0.32 - - 0.42 0.25
AUt 026 0.28 . : 0.46 0.25
September ) ) ) ) ) )
09
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2. On the irrigation systems with a hydro module of 0.36 L/sec/ha the
most optimal in terms of total water consumption is a combination of water-
resistant (soybean, corn) and more drought-resistant (winter barley and wheat)
crops, with a specific weight of 50 by 50%.

3. Increasing the share of corn and soybean over 50.0% leads to an
increase in the specific water feed for irrigation, water scarcity and, as a
consequence, violation of scientific and reasonable irrigation regimes and
decreases productivity of these crops.

SUMMARY

As a result of the study, the peculiarities of formation of the structure of
acreage are scientifically substantiated, and the norms of water requirements
(taking into account the moisture supply of the year) of main crops taking into
account the carrying capacity of the inter-economic canal P-1 of the Ingulets
irrigation system are determined.

On the irrigation systems with a hydro module of 0.36 L/sec/ha the
most optimal in terms of total water consumption is a combination of water-
resistant (soybean, corn) and more drought-resistant (winter barley and wheat)
crops, with a specific weight of 50 by 50%.

Increasing the share of corn and soybean over 50.0% leads to an
increase in the specific water feed for irrigation, water scarcity and, as a
consequence, violation of scientific and reasonable irrigation regimes and
decreases productivity of these crops.

This approach to the use of irrigated land will allow using the inter-
economic canal P-1 of the Ingulets irrigation system in the projected mode,
stabilizing the meliorative conditions of the irrigated and adjacent lands, and,
as a consequence, prevention of soil degradation, and an increase in the
efficiency of the irrigation system and the irrigated lands.
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PRODUCTIVITY AND ADAPTABILITY INDICES
OF CORN HYBRIDS OF DIFFERENT GROUPS OF RIPENING

Naidionov V. H.

INTRODUCTION

Identification of corn genotypes by adaptability parameters should be
performed according to the results of tests in an ecological gradient, which is
formed by the means of agrotechnical measures and, as far as possible, most
fully reflects the range of agroclimatic conditions of possible genotype
propagation. The most informative quantification can be obtained on the basis
of regression models and variance methods®.

Modern agro-economic conditions require a wide range of corn
genotypes that have specific .adaptability to soil-climatic and technological
factors. In recent years, a number of the hybrids have been created at the
Institute of Irrigated Agriculture of NAAS, which are characterized by a wide
range of vegetation periods duration and adaptability to agro-economic
conditions?>. However, one of the problematic issues in crop production
remains a considerable variation in genotype yields under different cultivation
conditions®,

In the conditions of southern region of Ukraine, the main factor of the
yield limitation is moisture. However, the use of optimal irrigation regimes
has become economically unavailable for many farms due to high energy
costs. That is why the development of water-saving technologies for corn
cultivation has become the prerogative of research in the scientific institutions
in southern region®,

! Jlappunenxo FO.A., Tymsp FO.B. Teopus M NpaKTHKA aJaNTHBHON CEEKIMH KYKypY3bl.
Xepcon: bopuchen-nomurpadceepsuc, 1997. 170 c.

JlaBpunenko 10.0., Kokosixin C.B., HaiizponoB B.I'., Herpeba 0.0. Cenekuiiino-
TEXHOJOTIUHI AaCHEeKTH MiJBUINCHHSA CTiHKOCTI BHPOOHMITBA 3€pHAa KyKypyA3d B YMOBax
niBnenHoro Creny. bronemenv Incmumymy 3epnosoco 2ocnooapcmea. 2006. Ne 28-29.
C. 136-143.

® Onemrko O.I. AanTHBHA XapaKTEPHCTHKA FOPHIIB KYKYPY/3H, CTBOPEHHX 3a yJaCTIO JiHii
JIK 633/266-112. broremens Incmumymy 3epnosozo eocnodapcmea. 2003. Ne 21-22. C. 65-69.

* Iucapenko I1.B., [puropenxo €.51., Jlaspunenko F0.0., Iucapenko B.A. IIpoayKTHBHICTb
riOpuIiB KyKypyA3d INPH PI3HHX YMOBaX 3BOJIOXKEHHS Ta TYCTOTI CTOSHHS POCIUH. Haykosi
npobnemu supobnuymea 3epHa 6 Yxpaini ma cyvacui memoou ix eupiwienns. JJHIIPONETPOBCHK.
2000. C. 82-83.
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1. Productivity of hybrids of different ripening groups
and its variation depending on technology and weather conditions

Field experiments with corn hybrids were conducted in the fields of the
State Enterprise "Research Farm" Askaniiske "of Askanian State Agricultural
Research Station of the Institute of Irrigated Agriculture of the National
Academy of Agrarian Sciences of Ukraine, located in Kakhovka district
of Kherson region in the Steppe of Ukraine.

The study of the response of individual genotypes of corn to water
supply showed that there is a significant genotype-environment reaction,
which can significantly change the ranking of hybrids in terms of vyield
(Table 1).

Table 1
Reaction of corn genotypes of different ripening groups by FAO
on water supply and weather conditions of a year

Grain yield (t/ha) depending on Average
Genotype Hybrid FAO the irrigation regime (Factor B)) by the
No. (Factor A) Biologically | Water- | Without Factor
optimal saving | irrigation A
Tendra 190 9.23 8.78 4.30 7.44
Borysfen
2 191MV 190 7.87 7.08 3.65 6.20
Borysfen
3 250MV 280 10.66 9.88 4.01 8.18
4 Syvash 280 10.91 9.86 4.56 8.45
Borysfen
5 380MV 320 10.86 9.72 3.43 8.00
6 Azov 360 11.80 9.83 2.92 8.18
Borysfen
7 433MV 430 12.07 9.59 2.78 8.15
Borysfen
8 600MV/ 550 13.33 7.67 211 7.70
Average by Factor B 10.84 9.05 3.47
LSDys, t/ha: factor A=0.18; B =0.12

It was determined that the highest yielding potential at the optimal
irrigation regime resides to hybrids with FAO over 400 (12.0-13.3 t/ha).
However, even at the water-saving regime of irrigation, there was a critical
decrease in the yield of hybrids with FAO of more than 500, and the first places
by the yield is occupied by the middle-early and middle-ripening hybrids.

Significant change in the ranking takes place under the cultivation
technologies without irrigation. It should be noted that under favorable
weather conditions, there was a significant increase in yield in the irrigated
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variants on the hybrids of all ripening groups, especially in the middle-late and
late hybrids. In general, without irrigation in the sub-zone of southern Steppe,
it is advisable to cultivate hybrids with FAO not exceeding 300.

The most versatile are middle-early hybrids, which quite efficiently use
the autumn-winter moisture reserves, ripen rapidly in late August and have
low grain moisture content. Such hybrids include Borysfen 250MV and
Syvash. More early-ripening hybrids should only be used in water-saving
technologies and on non-irrigated areas.

Hybrids with FAO exceeding 350 should be used at optimal irrigation
and mineral nutrition because their yielding capacity does not have significant
advantages over earlier genotypes and grain moisture has worse indices.

In dry weather conditions, the yield level of late hybrids may not be
adequate to genotype potential. This leads to the fact that selection of high-
yielding FAO hybrids exceeding 400 in dry weather conditions may not be
effective, and the most productive is FAO group 280-390, which, owing to
their plasticity and less water consumption, provide the highest grain yield in
such years.

Hybrids with FAO exceeding 500 have a high yielding potential,
however, the strong negative response of these genotypes to environmental
fluctuations results in a yield decrease below the level of earlier hybrids and
places them outside the group of hybrids suitable for effective use in
the irrigated conditions of southern Steppe at the current stage of development
of agriculture.

The study of the share of influence of the studied factors on grain yield
showed that the irrigation regime is a predominant one (Fig. 1). However,
the presented dependence does not reflect the response of individual hybrids to
the conditions of the year and agrotechnical background.

@Hybrid composition  @lrrigation regime  @Years  @Other

Fig. 1 Distribution of the influence of the studied factors on grain
productivity of the hybrids of different FAO groups, %
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The study of the genotypic variability of the hybrid composition under
different irrigation regimes and in different moisture conditions showed that
the optimum irrigation regime showed the greatest variability (R = 4.05-
6.45 t/ha). The range of genotypic yields at the water-saving regime and
without irrigation was significantly inferior (Table 2).

However, the coefficient of genotypic variability (Vg,%) increased
significantly with the deterioration of cultivation conditions. This phenomenon
is somewhat counterintuitive and contradicts the theory of "environmental
permitting capacity”, which testifies about opening of genotype potential
under optimal technological measures>®”.

However, if we trace back to the analysis of the previous experimental
data (see Table 1), we can see the reason for such a critical increase in
genotypic variability with deterioration of water supply. This was due to a
change in the ranking of the hybrids and a critical decline in the yield of late-
ripening hybrids.

The most potentially productive hybrids (Borysfen 600SV, Borysfen
433MV) produced twice less yield without irrigation than the fast-ripening
ones. This has led to a misleading increase in the coefficient of genotypic
variability.

In favorable by weather conditions years the genotype differences in
yields and the coefficient of variation have also slightly decreased. Thus, the
statistical indices of the genotypic diversity of corn can be distorted by
stressful environmental conditions, so hybrids must be compared by absolute
values in the relevant agro-ecological gradients.

The study of the modifying effect of irrigation regime in different
weather conditions showed that in favorable weather conditions the
coefficients of paratypical variability were significantly less in comparison to
the drier (moderate and moderately dry) years (Table 3).

This phenomenon is quite predictable, since the irrigation regime in the
conditions of southern arid Steppe is a major factor in the formation of high
yields. It is also noteworthy that the coefficients of variation increased in
parallel with the increase in the duration of the vegetation period of hybrids
(up to 82%), which is a confirmation of the high sensitivity of late-ripening
hybrids to drought. Hybrids with FAO 190-300 were the least sensitive to
weather conditions and irrigation regime.

® Eberhart S.A., Russell W.A. Stability parameters for comparing varieties. Crop Sci. 1966.
Vol. 6, N 1. P. 36-40.

® KumpueBcknii A.B., Xorsuiea JL.B. Merox OLEHKHM amaNTHBHOW CIOCOGHOCTH W
CTaOMIIBHOCTH TeHOTHIOB, Auddepennupyromieii ciocodnoctu cpensl. ['emeruka. 1985. T. XXI,
Ne 9. C. 1481-1497.

" Yepuen» B.IO., Anromiok C.II, Onemxo A.A., Jlyna AH. Cenekims CKOPOCIEIbIX
rubpuaos st Crenu YKpauHsl. Broremens [ncmumymy 3eprogozo 2ocnodapcmea. 1997. Ne 3(5).
C.7-9.
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Table 2
Genotype variability in the yields of hybrids depending on different years
and at different irrigation regimes

Vears St_ati§tical Irrigation regimes '
indices Optimal WaFer- _W'ltho_ut
saving irrigation
x, t/ha 11.33 9.70 4.42
Humid R, t/ha 4.05 2.18 2.23
Vg, % 10.66 6.31 18.84
x, t/ha 10.67 8.80 3.12
Moderate R, t/ha 5.86 4.00 2.73
V4% 15.85 15.13 27.14
x, t/ha 10.34 8.66 2.83
Moderately dry R, t/ha 6.45 3.84 2.14
Vo, % 18.03 15.92 24.09
Table 3

Modification variability (V,,, %) of the hybrids’ yields depending
on the influence of modification activity of irrigation regime in different years

Hybrids - Years
Humid Moderate Moderately dry
Tendra 29.42 40..04 42.31
Borysfen 191MV 37..66 34..84 36..87
Borysfen 250MV 38..42 46..64 48..82
Syvash 31..92 43..91 49..97
Borysfen 380MV 45..94 50..91 53..24
Azov 51..31 59..69 57..48
Borysfen 433MV 52..61 61..55 63..21
Borysfen 600SV 59..10 79..48 82..15

The study of the modifying effect of the weather conditions of a year at
certain irrigation regimes showed that the optimal regime and water almost
offset the effects of extreme weather factors (Table 4).

The absence of irrigation greatly increases the variability of the yield
depending on the effects of weather conditions, and in late hybrids (Borysfen
600SV), the weather conditions are almost equal to the effect of the irrigation
factor by the impact. Thus, late-ripening corn hybrids are particularly
demanding to irrigation regime and can increase yield unpredictability under
the extreme weather conditions during the vegetation period. The hybrids
of the middle-early and middle-ripening groups are more stable.

Thus, in dry weather conditions, the yield level of late hybrids may not
be reduced adequately to genotype potential. This leads to the fact that the
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selection of high-yielding hybrids with FAO exceeding 400 in dry weather
conditions may not be effective, and the most productive group is
FAO 280-390, which due to the plasticity and less water consumption in such
years provides the highest grain yield.

Table 4
Modification variability (V,,, %) of the hybrids’ yields
depending on the effect of weather conditions of a year
at different irrigation regimes
. Irrigation regimes
Hybrids Optimal Water-saving Without irrigation

Tendra 6.95 9.94 25.97
Borysfen 191MV 19.49 29.79 19.60
Borysfen 250MB 3.20 4.89 19.41
Syvash 2.14 1.77 27.16
Borysfen 380MB 2.07 2.24 13.53
AsoB 9.43 221 21.28
Borysfen 433MB 1.14 1.15 22.71
Borysfen 600CB 2.17 7.83 61.33

2. Adaptability of hybrids by grain yield in the conditions
of southern Steppe

An important question for crop production is the selection of
genotypes with a specific response to technological support and soil-climatic
conditions. Under controlled environmental conditions, it is advisable to
select for the specific adaptive capacity (SAC). Hybrids of the middle-
ripening, middle-late and late-ripening groups showed high SAC, that is, all
of them are capable of increasing the yield while improving cultivation
conditions (Table 5). The relative stability of the reaction prediction is also
inherent in these hybrids.

The coefficient of plasticity (b;) is the most informative index of
genotype’s reaction on the changes of environmental conditions. The hybrids
are divided into the groups by the coefficient of plasticity:

1. Homeostatic (b; <1) — hybrids, which are characterized by a weak
response to changes in cultivation conditions and providing stable yields under
deteriorating conditions. This group includes early maturing hybrids Tendra
and Borysfen 191MV.

2. Intensive type (b;> 1) — high-plastic hybrids with high genetic potential, but
with low stability in yields. This group includes middle and late hybrids Azov,
Borysfen 433MV, Borysfen 600SV. These hybrids have a very high yielding potential
(over 14 t/ha), but require careful and timely execution of technological operations.
Disruptions in technology, or weather extremeties, dramatically reduce yields,
sometimes to a complete loss.
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For the simultaneous selection for the overall adaptive capacity and
stability, the index of "genotype breeding value" (GBV) is used. The highest
breeding value under these conditions was shown by Syvash hybrid, which
showed a rather stable grain yield in different ecological gradients. Hybrids
of this type can produce maximum yields even in unfavorable conditions.

Overall adaptive capacity (OAC), an index that combines all previous
parameters, also reached the highest values in Syvash hybrid, which
emphasizes its prospect for tyhe use in these agro-economic conditions.

To improve the plant breeding theory, determining the environment as
the background for plant breeding is of great importance. It is generally
accepted to divide the background into a stabilizing one, in which the
genotypic polymorphism of the population is narrowed by stabilizing factors;
analyzing one, which contributes to the phenotypic manifestation of genotypic
inclinations; leveling one, at which the differences between genotypes are
minimized ®. Researchers are usually attracted by the analyzeingbreeding
background. To assess the environment as a background for plant breeding,
use the indicator DCE (differentiating capacity of the environment). In our
experiments, the DCE reached the highest values under the optimal irrigation
regime (Table 5).

Table 5
Evaluating environment as a background for plant breeding
: DCE .
Ecological | yitterentiating | . Variance ofthe | oo dictability
gradient . interaction gene x - Background
No. capacity of the environment index
environment)

1 166.6 124.1 0.05 Stabilizing
2 326.9 190.4 0.12 Analyzing
3 396.8 2435 0.14 Analyzing
4 42.8 63.7 0.02 Stabilizing
5 202.7 63.2 0.15 Analyzing
6 217.0 80.7 0.15 Analyzing
7 80.0 128.2 0.001 Leveling
8 81.7 134.1 -0.001 Leveling
9 52.9 103.2 -0.004 Leveling

The genotype x environment interaction variance reahed the highest
value in the dry years at the optimal irrigation regime (gradients number 2, 3)
Also, significant interaction between genotype and ecological gradient was
observed in the non-irrigated variants.

8 Kosybenko JIL.B., TI'yppea M.A. Cenekuus KyKypy3bl Ha DPaHHECTIEIOCTh. XapbKOB,
2002. 239 c.
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However, the predictability was positive for dry land only in humid
years (gradient number 7), and in drought conditions the predictability was
negative, indicating a change in the ranking of the hybrids in the rainfed
conditions.

The reaction of the hybrids to agrotechnical measures is reflected in the
Fig. 2. At the ecological gradient that provides yields at the level of 6-8 t/ha,
the potential of most hybrids is at the verge of opening. Optimization of the
agricultural background results in higher yields exceeding 12 t/ha in the
hybrids with genotypical high-yielding inclinations and their separation from
homeostatic ones. When the background is lower than 5 t/ha, the ranking of
the hybrids changes, which can lead to mistaken conclusions during the
selection of high-yielding hybrids.

Without irrigation Water-saving Optimal

130 1 - T
Tendra

120 T — — Borysfen 191MV
1 ---- Borysfen 250MV
110 — . = Syvash

100 4+ =+~ Borysfen 380MV
Azov

Q) + e~ Borysfen 433MV
Borysfen 6008V
80 T —— Average

2004 ateg

70 1
60 -
50
40
30
20
10

0

Grain yield, cwt/ha

20 30 40 50 60 70 80 20 100 110 120
Ecological gradient, cwt/ha

Fig. 2 Regression lines for the index of environmental conditions
by the yields of corn hybrids

Thus, the most favorable backgrounds for the selection of corn hybrids
of certain ripeness groups and predictable response to technological support
are the conditions of the optimal irrigation regime in the years, which are
characterized by average (typical) indices of rainfall and air temperature
during the vegetation period.

Homeostatic hybrids have been identified, which are characterized by a
weak response to the changes in cultivation conditions and provide stable
yields under worsening conditions. This group includes early ripening hybrids
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Tendra and Borysfen 191MV. Highly plastic hybrids (Azov, Borysfen
433MV, Borysfen 600SV) have been determined as ones owing high genetic
potential, but with low stability of yield, that requires careful and timely
performance of technological operations. Disruptions of technology
or weather extremities critically reduce their productivity.

The most versatile are moderately plastic middle-early hybrids, which
use the autumn-winter moisture reserves quite efficiently, have an adequate
response to the improvement of cultivation conditions, and are characterized
by a restrained response to adverse weather fluctuations and fluctuations in
agriculture level. Such hybrids include Syvash hybrid.

3. Manifestation of plants height of corn hybrids depending
on irrigation regime

The height of corn plants has received much attention in research
because it is closely linked to overall adaptive capacity and potential
productivity °. Plant height can be a side indicator of total biomass yield,
photosynthetic potential, and its less variability in the years of insufficient
humidification can be considered as a higher resistance of an individual hybrid
to unfavorable conditions, and especially to drought*®**,

Analysis of plant height of corn hybrids showed that this index
increased with the elongation of the vegetation period (Table 6). The highest,
on average by years, was the late-ripening Borysfen 600SV hybrid. The fast-
ripening hybrids had the lowest height of 226 cm, while others occupied an
intermediate position.

Weather conditions of the year had a certain influence on the
manifestation of the features, as it is evidenced by the decrease in the plant
height in the dry years. The most critical decrease in the indices of this feature
was observed in the variants without irrigation.

If the decrease in plant height with water-saving irrigation regime was
limited to 13-16 cm in hybrids Borysfen 380MV, Borysfen 433MV, Borysfen
600SV, then without irrigation, the later ripening hybrids critically reduced
the height of the plants in unfavorable weather conditions by 30-33 cm.
The reaction of the hybrids with FAO 190-300 was more restrained, indicating
their increased adaptability to drought.

® Herpe6a O.0., Jlappunenko F0.0. YcnankyBaHHs Ta MiHIHBICTb 03HAKH «BHCOTA POCITHHY
y TiOpuAiB KyKypy3H Pi3HUX IOKOJIHb CaMO3AIMJICHHS, CTBOPEHUX Ha 0asi JiHil, KOHTPAaCTHHUX
3a TOBKHHOIO BereTawiiiHoro nepioxny. 3poutysane semnepobecmso. 2005. Bun. 44. C. 99-102.

Jomammes ILIL, [I3ro6enkumii b.B., Kocriouenxko B.J. Cenexuust KyKypy3sl.

Tp. BACXHHJI. Mocksa: Arponpommsaart, 1992. C. 11.

™ Masyp O.B. Cenekuiiinuii MaTepian 1 CTBOPEHHS TiOPHIB KyKypya3H, IPHIATHHX J0
MEXaHi30BaHOTO 00MONOTYy: aBToped. amuc. ... K-Ta c.-T.Hayk: 06.01.05. Kwuis: ImctutyT
3emisiepoberBa YAAH, 2005. 19 c.
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Table 6

Effect of irrigation regimes on the plants’ height of different ripeness groups
of corn by the years of the study, cm

Years
>
@ > 2 g
Hybrid Irrigation ke, © 2 . % % s
(Factor A) | regime (Factor B) g 2 35 5 s §
T | §|87 2 |&E
2 | s
Without irrigation 218.8 |217.3 | 2148 | 217.0
Tendra Water-saving 2305 |[2275 | 2245 | 2275 | 226,0
Optimal 236.8 |233.8 | 230.0 | 2335
Without irrigation 216.8 |216.3 | 2148 | 216.0
Borysfen -
19IMV Water-saving 230.8 [229.0 | 227.8 | 229.2 | 226,7
Optimal 236.3 |2353 | 2335 | 235.0
Without irrigation 2238 [2220 | 221.0 | 2223
Borysfen -
250MV Water-saving 238.0 [236.0 | 2348 | 236.3 | 234,0
Optimal 2458 |244.5 | 240.0 | 2434
Without irrigation 2333 [ 2228 | 2225 | 226.2
Syvash Water-saving 2428 |2385 | 236.3 | 239.2 | 239,1
Optimal 266.0 |246.3 | 243.0 | 251.8
Without irrigation 249.8 |219.0 | 216.3 | 2284
Borysfen -
380MV Water-saving 253.0 | 244.3 | 240.5 245.9 243,0
Optimal 256.8 |255.3 | 252.0 | 254.7
Without irrigation 2385 [223.0 | 219.0 | 226.8
Azov Water-saving 2515 | 246.0 | 240.5 246.0 248,8
Optimal 280.3 |272.3 | 268.0 | 2735
Without irrigation 2343 |2235 | 2180 | 225.3
Borysfen -
433MV Water-saving 259.8 | 249.0 | 245.8 2515 248,3
Optimal 278.8 |265.3 | 260.3 | 268.1
Without irrigation 226.3 [2175 | 1965 | 2134
Borysfen -
600SV Water-saving 279.8 | 2733 | 263.8 | 2723 | 259,9
Optimal 302.8 [294.0 | 285.0 | 293.9
A. Evaluation of the significance of partial differences:
A= 8.8
LSDgs 5= 81
B. Evaluation of the significance of means (main effects):
A= 51
LSDgs . 31
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The hybrid composition and irrigation regime had a much greater effect
on the height of corn plants (Fig. 3). Analyzing the obtained experimental
data, we can observe that the share of hybrids in the formation of plant height
was the highest in favorable wet by the weather conditions years and
was 37%.
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Fig. 3 Share of the hybrid composition (Factor A) and irrigation regime
(Factor B) in the formation of the height of corn plants
in the years of the study, %

Factor B |/
S0%

Irrigation regimes this year affected the height of the plants little less —
33%. However, in subsequent, drier years, the irrigation regime (50-51%) was
the undisputed major factor in the formation of plant height.

The interaction of irrigation regimes and genotype was most significant
in the dry years and reached 22%. This indicates that the features of plant
height formation are inherent for individual corn genotypes, and they will be
completely determined by the irrigation conditions in severe weather
conditions, and the genotype factor may be reduced from 37 to 15%. On
average, by the years of the research, the water supply of corn crops
determined the formation of plant height by more than a half and the impact of
hybrid composition — by 29%.
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By the results of the analysis of variances it was found that the least
environmental variability was observed in the fast-ripening hybrids (3.4, 4.3%)
as well as in the middle-early ones (Table 7).

Table 7
Results of the analysis of variances of variability of the plants height
depending on the hybrid composition and irrigation regime, cm

Variants of the _ Indices of the analysis of variancg
experiment X Sy V, % - Lim
min | max
Hybrid composition (Factor A)
Tendra 226.0 4.8 3.4 210.7 241.3
Borysfen 191MV 226.7 5.6 4.3 208.8 244.6
Borysfen 250MV 234.0 6.2 4.6 214.3 253.7
Syvash 239.1 7.4 5.4 215.6 262.6
Borysfen 380MV 243.0 7.7 5.5 218.4 267.6
Azov 248.8 13.6 9.4 205.6 291.9
Borysfen 433MV 248.3 12,5 8.7 208.7 287.9
Borysfen 600SV 259.9 24.1 16.0 183.3 336.4
Irrigation regime (Factor B)

Without irrigation 221.9 2.0 2.6 217.3 226.6
Water-saving 243.5 5.1 5.9 231.8 255.2
Optimal 256.7 7.3 8.1 239.8 273.6

The steep increase in the coefficient of variation of up to 16% in the
late-ripening Borysfen 600SV hybrid testifies about a high instability of
manifestation of the feature. The moderate variability of the plant height was
demonstrated by hybrids of the middle-late group Azov and Borysfen
433MV. It should be mentioned that the same variability was also fixed in
the vyield of these hybrids, so it is possible to predict under some
circumstances the level of instability of the grain yield of corn hybrids by
the variability of plant height.

Thus, the height of plants of corn hybrids in the conditions of
southern Steppe is determined mainly by the conditions of moisture supply.
The prevailing influence of the hybrid on the plant height is manifested
under the conditions of optimal irrigation regime and favorable weather
conditions by the years. Variability of the height of the plants of a hybrid
depending on weather conditions of a year and conditions of humidification
can be used as the express method of determination of stability of
manifestation of grain yield.
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4. Manifestation of cob setting in corn hybrids depending on irrigation
regime and weather conditions

The use of energy-saving corn cultivation technologies has specific
requirements to the habitat of hybrids. One among them is the ability to be
mechanically harvested through direct threshing in the field. Plants with
medium height of 2.0-2.5 meters with a height of the top productive cob
setting at least at 50 cm from the soil level are the most suitable for
mechanical harvesting*2.

The height of the cob setting is positively correlated with the plant
resistance to lodging and the synchrony of flowering in different ripening
groups of corn. These are important factors at the use of intensive cultivation
technologies. In addition, this feature is one of the main factors affecting the
yield of grain, which in its turn determines the potential and actual yield of a
particular variety™.

In the complex of physiological and morphological features that
provide adaptation in the conditions of intensive agriculture, an important role
belongs to the architectonics of plants. The height of the cob setting is one of
the important features that determine the adaptability to modern intensive
technologies for cultivation corn hybrids*.

In our studies, the height of the cob setting was quite variable.
Unfavorable dry conditions of the year significantly reduced the height of the
cob, even in the conditions of optimal moisture supply (Table 8). Particularly
noticeable decrease was observed in the middle-late and late-ripening hybrids
(by 20-24 cm). An even more drastic decrease in the height of the cob setting
was caused by the water supply restriction. Thus, in the late and middle-late
hybrids (Borysfen 600SV, Borysfen 433MV), the height of the cob setting was
reduced in the variants without irrigation by more than two times compared to
the optimal irrigation regime. Early and late ripening hybrids in the dry years
showed the same negative adaptive reaction and had plant architectonics that
did not meet the requirements of harvesting (below 50 cm).

It should be mentioned that the height of the cob setting, on average by
the factor A, had a positive relationship with the duration of the vegetation
period of the hybrids, but this relationship was completely absent in the
variants without irrigation. Therefore, the true habitat of plants can only be
determined under the conditions of optimal irrigation regime.

12 JlaBpunenko 10.0., ITnotkin C.51. MiHIMBiCTh KOpESLIHHOI 3aJI€KHOCTI aJanTHUBHUX
O3HaK y TiOpUIiB KYKYPYA3U 3aICKHO Bl Ipyn cTHrIocTi. Taepitcvkuil naykosuu gicnux. 2005.
Bum. 38. C. 17-23.

% Vera G.A., Crane P.L. Effects of selection for lover ear height in synthetic populations of
maize. Crop Sci. 1970. Ne 10. P. 286-288.

Maptunenko O.I. Pict i amanTaris pocnuH: KinbkKicHuil minxig. Cerekiis i reHeTuka
B Ykpaini Ha Mexi Tucssuoiite. Kuis: Jloroc, 2001. Tom 2. C. 115-122.
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Table 8
The influence of irrigation regimes on the height of the cob setting in different
hybrids of corn by the years of the research, cm

Years
>
Hybrid Irrigation regime o % [ . % Ab\;etrhaege
(Factor A) (Factor B) € § % £ 5 Factor A
I s o <
=
Without irrigation 48.8 48.5 40.8 46.0
Tendra | Water-saving 60.5 58.5 50.5 56.5 55.0
Optimal 66.8 64.8 56.0 62.5
Borysfen Without ir_rigation 46.8 443 40.8 44.0
191MV Water-saving 60.8 58.8 53.8 57.8 55.0
Optimal 66.3 64.3 59.5 63.4
Borysfen Without irrigation 53.8 51.8 47.0 50.9
250MV Wat_er-savmg 68.0 66.0 60.8 64.9 62.6
Optimal 75.8 73.8 66.0 71.9
Without irrigation 63.3 59.8 48.5 57.2
Syvash Water-saving 72.8 70.8 62.3 68.6 67.4
Optimal 81.0 79.0 69.0 76.3
Borysfen Without ir_rigation 79.8 57.3 42.3 59.8
380MV Wat_er-savmg 83.0 81.0 66.5 76.8 73.3
Optimal 86.8 84.8 78.0 83.2
Without irrigation 68.5 57.5 45.0 57.0
Azov Water-saving 81.5 79.5 66.5 75.8 78.7
Optimal 110.3 | 1053 | 94.0 | 103.2
Borysfen Without ir_rigation 64.3 57.3 44.0 55.2
433MV Wat'er-savmg 89.8 86.3 71.8 82.6 79.3
Optimal 108.8 | 104.8 | 86.3 | 100.0
Borysfen Without irrigation 56.3 52.8 40.5 49.9
6005V Wat_er-savmg 109.8 | 104.3 | 89.8 101.3 89.9
Optimal 132.8 | 113.8 | 109.0 | 1185
A. Evaluation of the significance of partial effects:
A= 9.2
LSDgs B= 81
B. Evaluation of significance of the means (main effects):
A= 5.3

The weather conditions of the year had a considerable influence on the
proportion of participation of individual factors on the height of the cob
setting. If, under favorable weather conditions, the proportion of factor
A (hybrids) was dominant (41%), then with the worsening of the weather, the
impact rate decreased to 22%. At the same time, the influence of factor B
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(irrigation regime) increased from 32 to 51%. On average, by the years of the
research, the regime of irrigation (46%) had stronger effect on the height
of the cob setting.

Under the determination of the indices of variability in the height of the
cob setting, it was found that this feature has medium and high coefficients
of variation (Table 9).

Table 9
Results of analysis of variance of the variability of the height of the cob setting
depending on the hybrid composition and irrigation regime, cm

. Indices of the analysis of variance
Variants of the -
experiment X Sy V, % - Lim
min | max
Hybrid composition (Factor A)
Tendra 55.0 4.82 15.2 39.7 70.3
Borysfen 191MV 55.1 5.8 18.1 36.7 73.4
Borysfen 250MV 62.6 6.2 17.1 42.9 82.2
Syvash 67.4 5.6 14.3 49.7 85.0
Borysfen 380MV 73.3 7.0 16.5 51.0 95.5
Azov 78.7 13.4 29.5 36.0 121.3
Borysfen 433MV 79.3 13.0 28.5 37.8 120.8
Borysfen 600SV 89.9 20.6 39.7 24.3 155.5
Irrigation regime (Factor B)

Without irrigation 52.5 2.0 10.8 47.9 57.1
Water-saving 73.0 5.2 20.1 61.1 85.0
Optimal 84.9 7.2 24.0 68.3 101.5

The increase in the coefficient of variation from early to late-ripening
hybrids was remarkable and reached 39.7% in Borysfen 600SV hybrid.
Although the average index for this hybrid was the largest (89.9 cm), the
confidence interval overlapped all possible variants of the previous hybrids,
which did not give a high predictability of comparing significant differences
with other hybrids. However, such high variability and unpredictability were
observed at all moisture levels, which do not interfere with provision of more
detailed and reliable evaluation of hybrids under the optimal irrigation regime.
Confirmation of this is the indices of variability of hybrids under different
humidification conditions.

Under the optimal irrigation regime, the coefficient of variation of the
hybrid composition exceeded the variant without irrigation by more than
2 times (24%). This provides pre-conditions for an objective assessment of the
potential of hybrids only under the conditions of the optimal cultivation
technology. The disruption of technology or the effects of extreme weather
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conditions of the year can significantly mask the potential of corn hybrids,
alter the correlation or even change their direction, and in general, create
additional barriers to identifying the most promising hybrids by manifestation
of phenotypic features.

CONCLUSIONS

1. It is advisable to cultivate hybrids with FAO not exceeding 300 at
energy-saving technologies and rain-fed conditions in southern Steppe sub-
zone. Such hybrids include Borysfen 250MV and Syvash (grain yields
of 8.1-8.4 t/ha). More fast-ripening hybrids should be used at water-saving
technologies and on rain-fed lands as previous crops for winter crops (yield
6.2-7.4 t/ha). The hybrids with FAO exceeding 350 should be used at the
optimal irrigation and mineral nutrition because their yields have significant
advantages over the earlier ripening genotypes only under the mentioned
technologies (yield 12.1-13.3 t/ha).

2. In dry weather conditions, the yield level of late hybrids may not be
adequate to genotype potential. This leads to the fact that identifying and
opening the potency of high-yielding hybrids with FAO exceeding 400 in dry
weather may not be effective, but the most productive is the FAO group of
280-390, which, due to its plasticity and less water consumption, provides the
highest grain yield in such years. Hybrids with FAO exceeding 500 have a
high yield potential, however, the strong negative response of these genotypes
to environmental fluctuations results in a decrease in the yield below the level
of earlier ripening hybrids and places them outside the group of hybrids,
which are suitable for efficient use in southern Steppe in the irrigated
conditions at current stage of development of agriculture.

3. The absence of irrigation greatly increases the variability in yield
from the influence of weather conditions, and in late-ripening hybrids
(Borysfen 600SV), the impact of weather conditions is almost equal to the
effect of the irrigation factor. The plasticity factor (b;) is the most informative
index of the genotypes response to the changes in cultivation technology and
weather conditions. The most favorable backgrounds for plant breeding of the
best corn hybrids of certain ripening groups and predictability of technological
support are the conditions of the optimal irrigation regime in the years, which
are characterized by average (typical) indices of rainfall and air temperature
during the vegetation period.

SUMMARY

The article presents the results of the studies on the effect of
hydrothermal conditions on the productivity of corn hybrids of different
ripening groups. It has been established that the fast ripening hybrids should
be used at the water-saving technologies and on the rain-fed land as previous
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crops for winter crops (yield 6.2-7.4 t/ha). The hybrids with FAO exceeding
350 should be used at the optimal irrigation and mineral nutrition because their
yields are significantly superior to earlier ripening genotypes only in such
technologies (yield 12.1-13.3 t/ha). The interaction of hybrid composition and
moisture content was less noticeable compared to plant height and did not
exceed 16%. Therefore, by the feature of the "cob setting height™ significantly
greater differences were observed depending on the studied factors. The height
of corn hybrid plants and the height of the cob setting have some specific
dependencies on grain yield, which can be used as a marker feature in
determination of the productivity of corn hybrids, their level of stability and
adaptability to the conditions of mechanized harvesting. The manifestation of
correlation can be greatly complicated by the influence of weather and
moisture conditions. The height of corn plants, as well as the height of the cob
setting, can serve as a marker of grain yield only under the conditions of
optimal cultivation technology. Violation of the elements of technology can
lead to mistaken conclusions.
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ORGANIZATION OF ECOLOGICAL MONITORING
OF CONSTRUCTION

Osypova A. A, Savenko V. I.

INTRODUCTION

The volume of construction in Ukraine, as a country with developed
industry, is characterized as large-scale, which is why the construction industry
occupies an important place among the factors of transformation and
environmental pollution. However, existing organizational and technological
solutions and measures for environmental protection in the process of
construction of industrial and civil objects are insufficiently developed and de-
tailored, not integrated into an orderly system, which significantly increases the
costs of construction entities for their reconstruction. The issues of operational
environmental monitoring and decision-making regarding the localization
of identified negative emissions of substances and impacts remain open.

Various aspects of the problematic question raised, concerning
the improvement of the basics of environmental protection measures
in construction, including the organization of environmental monitoring,
are covered in the works of authors and other works of scientists of the world
community.

Developed by the author of the classification of factors and major
sources of negative impact, as well as a system of typical organizational and
technological solutions for the revitalization of construction production
processes, ordered by the importance of protected and restored environmental
objects, are sufficient only for effective use when designing technology and
organizing the construction of facilities. Therefore, the issues of prompt
elimination of the effects of environmental pollution during construction
remain open.

The scientific substantiation of the organizational and functional
structure of environmental monitoring during the construction of structures
was chosen for the purpose of this article. The purpose of environmental
monitoring is to respond promptly to changes in controlled parameters that
describe the current state of the environment where the construction takes
place. Therefore, the task of monitoring is, firstly, to receive timely
information on the state of the environment and, secondly, to localize the
negative impact quickly.
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1. Substantiation of the proposed organizational and functional
structure of environmental monitoring

The substantiation of the organizational and functional structure of
environmental monitoring is carried out by experimental modeling of possible
organizational and technological decisions; the subject of modeling were:

A. Organizational structure of the environmental safety point (PEB)
with an automated environmental monitoring system (ASEM);

B. Functional structure of environmental monitoring.

Models of organizational and functional structures include: 1. The pur-
pose of creating a structure; 2. The main purpose (function) of the structure;
3. Organizational or functional scheme; 4. Logistical support.

A. Organizational structure of the environmental safety point (PEB)
with an automated environmental monitoring system (ASEM).

1. The goal of creating and operating an environmental safety facility is
to protect environmental objects from the adverse effects of construction
processes.

An environmental safety facility is created at each site and operates
throughout the life of the facility.

2. The main purpose of the environmental safety point is the immediate
and rapid removal of hazardous contaminants from the construction site and
prompt localization of the negative impact revealed by the environmental
monitoring means.

3. Organizational scheme of PEB (Fig. 1).

The personnel of the point of environmental safety is appointed by
order of the head of the construction organization, whose staff is formed
within the existing staffing of the construction organization.

Head of PEB

the headman

| !

Responsible Performer
executor Electronic
master engineer

Fig. 1. Organizational chart of the environmental safety point (PEB)

The functions of the PEB chairman are given to the responsible
contractor (superintendent, head of the site), the responsible contractor to the
master (superintendent), and the executor to the electronic engineer who is
involved in permanent work at the construction site.

79



Additional revitalization works and activities are performed by
construction workers engaged in construction and assembly work and are
reimbursed at the expense of general construction costs.

2. Logistics of PEB.

Logistical support is provided on the basis of picking up of PEB with
a complex of specially selected inventory, devices and equipment and
consisting of:

1. A complete set of equipment for immediate and quick removal of
dangerous contaminants; containers with sorbents, containers for the transport
of radiation substances, containers with sand for the collection of oil, fuel,
chemical additives;

2. Complete set of instruments and laboratory equipment: — gas, dust
and noise analyzers, electromagnetic radiation and radiation meters, integrated
into an automated information collection and analysis system (ACEM) for
ongoing monitoring of the state of degraded environmental elements — extent
pollution of atmospheric air, waters of reservoirs, soil and groundwater, levels
of noise impact, electromagnetic and radiation radiation, nature and levels of
damage to vegetation and fauna.

The structure of these kits by their composition and quantity depends
on the volume of possible release of hazardous substances, construction
conditions, the nature of its distribution into technological zones and the
accepted composition of contractors — the number of simultaneously working
units of workers.

B. Functional structure of environmental monitoring regulates the
interaction of the information and control system with the sensor system and
the object of construction (Fig. 2)

The timely receipt of information about the state of the environment is
ensured by the functioning of an automated environmental monitoring system
(ASEM), as an information and control system within the hardware and
software system in the form of a computer system of the required performance
and a system of connected sensors, fixing the magnitude of the controlled
parameters (Fig. 2 ): 1) degree of air pollution (gas and dust analyzers);
2) the degree of pollution of the waters of reservoirs, soil and groundwater
(analyzers of water, soil, sediments); 3) noise exposure levels (noise
analyzers); 4) levels of electromagnetic and radiation radiation (meters of
electromagnetic radiation and radiation).

To automate the processes of gathering current information and its
statistical processing, a developed application subroutine implemented in MS
Excel, PPMDovkilliaOsypovaAnastasia (see Fig. 3) is used.

An example of the statistical processing of current information on the
maximum daily sound pressure levels measured directly at a construction site
is shown in Fig. 4.
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Fig. 4. Dynamics of sound pressure (P, dB) at the construction site
(noise source)

The analysis shows that on 21 and 27 and 28 December this year,
sound pressures exceeded the maximum permissible for residential
development (up to 70 dB).

Operational localization of the negative impact is carried out by
performing additional revitalization work and measures, including the use of
an existing set of equipment for immediate and rapid removal of dangerous
contaminants.

Additional revitalization works and measures, in the form of
managerial influence (CV, see Fig. 2), are formed by ODA on the basis of:

- information received on the current state of the environment, the
presence and levels of exceedances of MPC by environment (air, water, soil,
etc.) and by the levels of negative impacts (noise, light, etc.);

- volumes of revitalization works and measures actually completed in
the preparatory period;

- Databases (DBs) about typical OTP-complexes [14] and data on
earlier performed revitalization measures at other objects of the construction
organization.

For example, an analysis of the dynamics of sound pressures at a
construction site (see Figure 4) and the sources of their origin (be it the work
of hand-held perforators) need to equip jobs with sound-absorbing screens.

The structure and quantitative composition of the sensor system and
their location on a particular construction takes into account:

1) there are negative emissions and impacts generated during the
execution of the processes of selective-extreme structure;

2) physical and geographical location, microclimatic, geological and
hydrological characteristics of the construction site; are determined according
to the relevant sections of the EIA developed within the work project;
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Typical structure of sensors-devices is recommended
of environmental safety

Appliance name and scope

Table 1

Gas analyzer testo 535,

industrial gas analyzer testo 350

Price*: 267,60 — 10 278,55 USD.

Control of air pollution by the exhaust gases

1. Walcom HT-9600 dust dust analyzer

Price *: 208,04 USD

Assessment of air quality by determining the reducing
microdispersed dust particles and inhalation dust particles in the air,
as well as for measuring temperature and relative humidity

1. Sound recorder with PC connection Tenmars TM-103
Price *: 7000,00 UAH

Control of noise pollution in the general frequency range
30...130dB

1. EZODO EM-191 industrial frequency magnetic field intensity
analyzer

Price *: 2230.00 UAH

Measurement of magnetic induction in the low frequency range
(EMF) from 30 to 300 Hz.

1. MKS-05 "TERRA" dosimeter radiometer
Price *: 7896,00 UAH
Dosimetric and radiometric monitoring at the construction site

1. TSS PORTABLE analyzer

Price *: 7530,00 UAH

Surface water, soil and groundwater monitoring in ditches,
vegetation and sediment analysis

* — the price is given at the beginning of April 2019 (the total cost of a set of

devices — 36,2... 37,0 thousand UAH)
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3) urban planning features: the type of anthropogenic landscape that is
being transformed (quiet or noisy street, park area, etc.);

4) proximity to nature, residential and industrial areas, architectural and
historical monuments and more.

An example of the location of the environmental monitoring system is
shown in Fig. 5, and their recommended typical structure — in Table. 1.

The location of the sensors takes into account the wind direction
(sensor # 2 — Walcom HT-9600 air dust analyzer) and the available natural
terrain — sensor No. 6, which controls surface and groundwater located in the
monitoring well at the foot of the slope, and the sound level meter TM 103 .

CONCLUSION

Established and developed organizational and functional structures are
applied bases of organization of ecological monitoring of construction aimed
at eliminating the causes of negative impact of construction production
processes on the environment.

SUMMARY

The scientific substantiation of the organizational and functional struc-
ture of environmental monitoring during the construction of industrial and
civil structures has been performed. Models of organizational and functional
structures include the purpose of creation and the main purpose (function)
of the structure, organizational or functional schemes, as well as logistics.
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MORPHO-BIOLOGICAL PARAMETERS OF CORN CROPS
AND PHOTOSYNTHETIC PRODUCTIVITY

Piliarska O. O.

INTRODUCTION

In southern part of the steppe zone of Ukraine, the main factors limiting
the intensity of productive processes and the level of grain yield of corn seeds
are: water regime, content and availability of nutrients, the amount of fertilizer
application, the lack of which hinders obtaining of high and stable yields*?.

Therefore, development of new and improvement of existing elements
of the scientifically based cultivation technology of new hybrids of corn,
studying of action and interaction of irrigation regimes, doses of mineral
fertilizers and plant density, which most significantly influence on their
productivity in the conditions of southern Ukraine, is relevant. By the scale of
distribution, versatility of use and energy nutritive value corn is the most
important grain and fodder crop®.

The aim of our study was to improve the elements of cultivation
technology of corn hybrids in the conditions of irrigation in the South of
Ukraine.

The processes of productivity formation of corn hybrids depending on
the conditions of humidification, doses of mineral fertilizers and density of
plants were investigated in the conditions of the South of Ukraine on dark-
chestnut middle-loamy soil. Growing patterns, patterns of the development
and dynamics of plant productivity formation were determined, the indicators
of water consumption of corn plants and efficiency of water use by the stages
of their growth and development were defined. The elements of the
technology of corn seeds growing in the conditions of irrigation in the South
of Ukraine, which ensure lower costs of irrigation water and other resources to
obtain the seed unit, the reaction of corn plants on changing background of
mineral nutrition and a plants density were improved.

! Jlappunenko 10.0., Boxerosa P.A., Kokoixin C.B. Ta in. Kykypya3a Ha 3pouIyBaHHX
3eMJIIX MiBAHS Ykpainu: MoHorpadis. Xepcon: Aimanrt, 2011. 468 c.

2 Hikimenxo B.JL., ITncaperko B.A. ta in. MeToauuHi BKa3iBKH 3 IIaAHYBAHHS T4 yIPaBITiHHS
€KOJIOr0-0e3MeYHIMH, BO030epirarodMMH it eKOHOMIYHO OOTPYHTOBAHMMH PEKMMaMH 3POLICHHS
CLIBCBKOTOCIIOAAPCHKHX KyIbTYp. Xepcon: Onai-mumoc, 2010. 152 c.

® Boxerosa P.A., Jlaepunenko 10.0., Manspuyk M.IL, Bnacenxko O.0. Ta in. Haykosi
migxoau a0 (pOpMyBaHHs TEXHOJIOTII BHPOIIYBAHHS 3CPHOBHX Ta TEXHIYHHX KYIbTYp B yMOBax
2011 poxy: HaykOBO-MeTOMYHI pekoMeHaawil. Xepcon: Aiinanr, 2011. 36 c.
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Experiments were conducted with the hybrid of the middle-ripening
group (FAO 240), Kros 221M, which is as a maternal form for many modern
corn hybrids (Syvash, Ingulsky, Genichesky, etc.).

An important condition for the formation of high crop yields is a
sufficient increase in vegetative mass. The absolute value of its increase is the
external manifestation of internal processes, which take place in plants.
Therefore, the rate of increase in the surface mass could be used to
contemplate about the impact of any factor on the plant*®.

Scientists note the close link between the crop yield and the mass of its
vegetative bodies. After all, plants mobilize from vegetative biomass
carbohydrates, nitrogen and other substances for the formation of the
reproductive part of their yield® .

Field experiments, laboratory and analytical studies for 2009-2018
years were carried out at the Institute of Irrigated Agriculture of the National
Academy of Agrarian Sciences of Ukraine, located on the right bank of the
Dnipro River in the zone of the Ingulets irrigation system. According to the
schemes the study provided for investigation of such factors as density of
plants, various nutritional and watering regimes.

1. Dynamics of crude plant biomass accumulation

According to the scientific sources, the biggest crude biomass per one
plant of corn in the conditions of irrigation is reached at the wax ripeness stage
of grain”®.

It should be noted that in the initial stages of plant growth and
development (sprouts — 7 leaves) the intensity of accumulation of surface
biomass was not high, the indicator of which fluctuled within 106-112 g per
1 plant (Table 1).

The greater increase in crude biomass per plant of corn in our
observations was fixed on all the variants of the experiment starting from an
inter-stage period of 11 leaves — flowering. So, if at the stage of 7 leaves the

4 Amume JI.A. DoTOCHHTeTHUECKAs IEATEIHHOCTh PACTEHHII B IOCEBAX, MHHEDPAILHOE
MUTaHUE U POAYKTUBHOCTh pacTeHuid. baky: DJIM, 1974. 335 c.

® Kocapcekuii B.FO., I'puuysn O.JI, Ilatomenko C.O. BIumB TycTOTM pOCIHH Ha
BPOXKANHICTB 3epHa KYKypyazu. Aeponom. 2010. Ne 3. C. 70-72.

® Boskerosa P.A., JlaBpunenko 10.0., Kokosixin C.B., I'paboBcekuii I1.B. Ta in. Exomnoro-
MeTiopaTHBHE Ta €KOHOMIUHE O0IPYHTYBaHHS €(h)eKTUBHOCTI CUCTEM YIIPABIiHHS IPOLYKIIHHUMHI
i TEXHOJIOTIYHUMH IPOIIECAMH OCHOBHMX KYJIBTYp HA 3pOIIYBAHMX 3€MIISIX MiBJICHHOTO PETiOHY.
Xepcon: BII I3TIP HAAH VYxpainu, 2010. 26 c.

"I'ynsen B.JM. KonnuecTBeHHBIE OCHOBBI B3aMMOCBS3HM (DOTOCHHTE3a, POCTA M MPOIYKTHB-
HOCTH PACTEHUH: aBTOp. AHC. paboTH JoKTOopa Omon. Hayk, UDP AH YCCP / B.U. I'ynses.
K., 1983.49 c.

® Jlaepunenxo 10.0., Py6an B.B., Muxanenxo I1.B. HaykoBe OGIpyHTYBaHHS TEXHONOTii
BUPOIIYBaHHS KyKypyA3U IIpH KpaIUIMHHOMY 3pomlleHHi: MoHorpadis. Xepcon: AifmaHT,
2014. 194 c.
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difference between the variants was low and averaged to about 1-6 g per plant,
then at the stage of 11 leaves, comparing the variants with and without

irrigation, the difference was 35-38 g.

Table 1

Dynamics of accumulation of crude biomass by corn plants, g per 1 plant

Conditions of

Mineral nutrition

Density of plants, thousand

humidification background pesiha
20 | e | &
Inter-stage period 6 —7 leaves

Without fertilizers 107 106 106

Without irrigation Calculated dose 110 107 108

Recommended N;5oPgo 112 109 109

Inter-stage period 9-11 leaves

Without fertilizers 272 265 264

Without irrigation Calculated dose 278 268 270

Recommended N;»oPgo 282 270 273

Biologically Without fertilizers 314 309 296

optimal 70-80-70% Calculated dose 317 310 302
FC in the soil layer

0-50 cm Recommended N15oPgo 324 312 304

Water-saving 70- Without fertilizers 311 306 294

70-70% FC in the Calculated dose 314 308 299

soil layer 0-50 cm ™ 0 imended NysoPeo 321 309 301

Soil-protective Without fertilizers 310 305 293

70-70-70% FC In Calculated dose 313 307 | 298
the soil layer 0-30

cm Recommended N15oPgo 320 308 300

Inter-stage period flowering — grain formation

Without fertilizers 620 609 603

Without irrigation Calculated dose 680 647 632

Recommended N;5oPgo 692 654 646

Biologically Without fertilizers 732 679 666

optimal 70-80-70% Calculated dose 792 700 | 698
FC in the soil layer

0-50 cm Recommended N;,0Pgg 804 767 718

Water-saving 70- Without fertilizers 731 678 664

70-70% FC in the Calculated dose 791 708 693

soil layer 0-50 cm Recommended N;50Pgo 803 765 707




Table 1 (continuance)

Soil-protective 70- Without fertilizers 728 676 662
70-70% FC in the Calculated dose 789 735 681
soil layer 0-30 cm [ Recommended Nyp Pog 800 763 704
Inter-stage period milk and milk-wax ripeness of grain
Without fertilizers 754 720 701
Without irrigation Calculated dose 778 746 726
Recommended N;50Pgo 816 776 753
Biologically Without fertilizers 1087 908 839
i -80-7009
optl_mal 70 8.0 70% Calculated dose 1113 954 871
FC in the soil layer
0-50 cm Recommended Nj»oPgo 1118 1015 894
Water-saving Without fertilizers 1042 935 832
-70-7009
_ 710-70-70% FC Calculated dose 1060 955 856
in the soil layer 0-
50 cm Recommended N;50Pgo 1085 996 869
Soil-protective Without fertilizers 1032 930 760
_70-70-70% FC Calculated dose 1069 940 831
in the soil layer 0-
30 cm Recommended N;50Pgo 1076 975 840
Inter-stage period wax-full ripeness of grain
Without fertilizers 716 672 613
Without irrigation Calculated dose 741 678 648
Recommended N;50Pgo 748 678 665
.Biologically Without fertilizers 999 820 751
optimal 70-80-70% Calculated dose 1025 866 | 783
FC in the soil layer
0-50 cm Recommended Nj»oPgo 1030 927 806
Water-saving Without fertilizers 954 847 744
- - 0, i
70-70-70% FC in Calculated dose 972 867 768
the soil layer 0-50
cm Recommended N;50Pgo 997 908 781
Soil-protective Without fertilizers 944 842 672
70-70-70% FC Calculated dose 981 852 743
in the soil layer
0-30 cm Recommended Nj»oPgo 988 887 752

The maximum amount of crude corn biomass was fixed at the stage of
milk-wax ripeness of grain, regardless the influence of factors studied. But the
greatest manifestation to the increase of crude biomass of corn accumulation
was contributed by the improvement of conditions of humidification of plants
through vegetative watering.
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A significant amount of crude corn biomass was fixed at the stage of
milk grain ripeness, and in the variants with the biologically optimum regime
of irrigation 70-80-70% FC in the soil layer 0-50 cm its figure was maximal
and averaged by the factors to 978 g. With regard to water-saving and soil-
protective regimes, their values were close to the optimum and, accordingly,
were 959 and 939 g. Comparing with non-irrigated variants, where the value
of the surface crude biomass was 752 g, we found that irrigation provided an
increase in biomass by 27.5-30%. Application of mineral fertilizers positively
influenced on the indicators of accumulation of green mass by corn plants.
The maximum difference between the variants without fertilizers and plots
with the application of Ny,oPgg and calculated dose was observed at the stage
of milk ripeness and averaged to 3.4-5.5%.

The increase in plant density, on the contrary, negatively affected on
the raw weight of a plant. Thus, in the period of milk ripeness of grain the
increase in the density of crops from 40 to 60 and 80 thousand/ha led to the
reduction of raw plant weight by 9.8 and 18.8%, respectively.

Table 2
Dynamics of biomass accumulation at the milk ripeness stage, t/ha
. . . Density of Average by
h%?:i%'it;i% I;iig]; M 'S;Eig:g&ggon plants, thousand/ha the factors
40 60 80 A B
Without fertilizers 30.2 43.2 56.1 15.2
Without Calculated dose 31.1 44.8 58.1 16.6
irrigation Recommended 124
326 46.6 60.2 17.2
N120Pgo
Biologically Without fertilizers 435 54.5 67.1
optimal 70-80-
70% FC in the Calculated dose 445 57.2 69.7 | 18.2
soil la -
g/rir 0-50 Rec&mmended 447 | 809 | 715
120P90

Water-saving Without fertilizers | 41.7 56.1 66.6

_70'70'79% FC Calculated dose 42.4 57.3 68.5 175
in the soil layer

0-50 cm Recommended
N120P90

Without fertilizers 41.3 55.8 60.8

43.4 59.8 69.5

Soil-protective

70-70-70% FC | cacylated dose | 42.8 | 564 | 665 | 172
in the soil layer

0-30 cm Recommended 43.0 58.5 67.2
N120P90

Average by the factor C 11.7 16.6 20.7
LSDgs, t/ha: factor A — 0.8; factor B — 1.4; factor C-0.9
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At the full ripeness of grain there was a decrease in the productivity of
crude biomass of plants in all the variants and in all the years of the study.
This is because plastic substances move from the vegetative mass to the grain.

The effectiveness of irrigation, application of mineral fertilizers and
increase in the density of corn are also confirmed by the productivity of crude
biomass per hectare.

Accumulation of vegetative mass per 1 hectare of crops, on average by
the studied factors, during the growing season of corn was rather uneven and
depended mainly on the stages of growth and development of the plants.
However, the maximum values it reached at the stage of milk ripeness of grain
(Table 2).

Analyzing the data of the study, the dynamics of accumulation of
raw vegetative mass of the plants concerning irrigation regimes and
mineral nutrition effects was like the dynamics of biomass indices per
plant. That is, the improvement of water and nutritive regimes of corn
plants positively affected the yield of green mass per 1 hectare of the
crops, either as per each plant. However, the increase in density of corn
plants, in this case, showed positive effect on the weight of surface
biomass per hectare of the crops.

Thus, the value of the crude biomass accumulation at the use
of irrigation regimes changed in the range from 54.7 to 57.1 t/ha, this is by
22.2-27.5% bigger than at the non-irrigated variant.

Mineral nutrition increased the green mass yield of corn plants
by 1.9-3.4 t/ha, or by 3.6-6.7%.

Thickening of the crops resulted in the increase in raw biomass per
hectare. Thus, at the density of 40 thousand/ha weight of surface biomass was,
on average by the factor, 40.1 t/ha, at 60 thousand/ha — 54.25 t/ha, that is by
35.3% bigger than the previous value. The maximum value of vegetative mass
was obtained at the density of plants of 80 thousand/ha, and averaged to
65.15 t/ha, that is by 62.5% bigger than at the density of 40 thousand/ha.

2. Influence of conditions of humidification, background
of mineral nutrition and density of plants on the indicators
of accumulation of dry matter in the plants of corn

The dynamics of accumulation of dry matter is mostly determined by
the conditions of water supply, mineral nutrition and density of plants.

At the beginning of the growing season, the process of accumulation of
dry biomass was slow (Table 3). Further, and especially during the intensive
formation of leaf apparatus system, the daily gain of dry matter has increased
significantly. So, if at the stage of 7 leaves its weight was only 19.0-21.7 g per
1 plant, then in the period of 11 leaves this figure drastically increased and
was, on average by the studied factors, 41.7-68.8 g per plant.
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Table 3

Dynamics of accumulation of dry biomass by the plants of corn, g per plant

Conditions of

Mineral nutrition

Density of plants, thousand

humidification background pesha
40 60 80

Inter-stage period 6-7 leaves
Without fertilizers 20.9 204 20.0
Without irrigation Calculated dose 23.7 22.6 22.0
Recommended N1,0Pgg 24.6 23.7 23.1

Inter-stage period 9-11 leaves
Without fertilizers 45.1 43.7 41.7
Without irrigation Calculated dose 51.0 49.9 47.3
Recommended N15oPgo 52.9 51.0 47.4
Biologically optimal Without fertilizers 61.0 59.6 57.6
70-80-70% FC in the Calculated dose 66.9 65.8 63.2
soil layer 0-50 cm ™ o commended NioPss | 688 | 669 | 63.3
Water-saving 70-70- Without fertilizers 57.7 56.3 54.3
70% FC in the soil Calculated dose 63.6 62.5 59.9
layer 0-50 cm Recommended N;50Pgo 65.5 63.6 60.0
Soil-protective 70-70- Without fertilizers 56.0 54.6 52.6
70% FC in the soil Calculated dose 61.9 60.8 58.2
layer 0-30 cm Recommended Ni20Pg 63.8 61.9 58.3

Inter-stage period flowering-grain formation

Without fertilizers 103.0 86.7 76.4
Without irrigation Calculated dose 123.9 107.8 88.8
Recommended N;»oPgo 134.7 125.6 99.9
Biologically optimal Without fertilizers 129.0 112.7 | 102.4
70-80-70% FC in the Calculated dose 149.9 133.8 114.8
soil layer 0-50 cm Recommended NizoPg 160.7 | 151.6 | 1259
Water-saving Without fertilizers 123.7 107.4 97.1
70-70-70% FC in the Calculated dose 144.6 128.5 109.5
soil layer 0-50 cm Recommended Ni20Pg 1554 | 1463 | 120.6
Soil protection Without fertilizers 1221 105.8 955
70-70-70% FC in the Calculated dose 143.0 126.9 107.9
soil layer 0-30 cm Recommended NizoPg 1538 | 1447 | 119.0
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Table 3 (continuance)

Inter-stage period milk and milk-wax maturity of grain

Without fertilizers 130.5 114.2 103.9
Without irrigation Calculated dose 151.4 135.3 116.3
Recommended N;50Pgo 162.2 153.1 127.4
Biologically optimal Without fertilizers 186.5 170.2 159.9
70-80-70% FC in the Calculated dose 207.4 191.3 172.3
soil layer 0-50 cm Recommended Ni,0Po 2182 | 209.1 | 1834
Water-saving Without fertilizers 181.2 164.9 | 154.6
70-70-70% FC in the Calculated dose 202.1 186.0 167.0
soil layer 0-50 cm Recommended Ni,,Pgo 212.9 2038 | 1781
Soil protection Without fertilizers 179.6 163.3 | 153.0
70-70-70% FC in the Calculated dose 200.5 184.4 165.4
soil layer 0-30 cm Recommended Ni,,Pgo 211.3 202.2 | 176.5
Inter-stage period wax-full ripeness of grain
Without fertilizers 208.5 192.2 181.9
Without irrigation Calculated dose 229.4 213.3 194.3
Recommended N;50Pgo 240.2 231.1 205.4
Biologically optimal Without fertilizers 299.5 278.2 267.9
70-80-70% FC in the Calculated dose 3394 320.3 290.3
soil layer 0-50 cm Recommended Ni,0Pop 3452 | 3281 | 3004
Water-saving Without fertilizers 289.2 2729 | 262.6
70-70-70% FC in the Calculated dose 315.1 300.0 285.0
soil layer 0-50 cm Recommended Ni0Pgo 3209 | 311.8 | 296.1
Soil protection Without fertilizers 287.6 2713 | 261.0
70-70-70% FC in the Calculated dose 308.5 292.4 273.4
soil layer 0-30 cm Recommended Ni,0Po 3193 | 3102 | 2845

The maximum level the dry mass indicators, in contrast to the raw
surface biomass, corn plants have reached at the end of the growing season, in
the inter-stage period from wax to full ripeness of grain.

The highest value of dry mass of corn was fixed in the variants with the
biologically optimal irrigation mode 70-80-70% FC in the soil layer of 0-
50 cm, on average by the factors, — 307.7 g per plant. The variants with water-
saving and soil-protective regimes are slightly different, their productivity
was, respectively, 289.8 and 294.8 g.

Comparing with the variants without irrigation, the amounts of dry
mass of which were 181.9-240.2 g, it was determined that irrigation provided
the mass increase by 37.5-46.0% depending on the regime of irrigation.
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The use of fertilizers positively affected the increase in weight of the
dry mass of corn plants. Unlike the plots without fertilizers, the variants with
the application of Nj,Pgy and calculated doses provided the increase, on
average by the factors, by 9.4 and 13.7%, respectively.

Plant density, on the contrary, negatively affected the dry weight per
plant. Thus, during the wax ripeness of grain the increase in the density of
crops from 40 to 60 thousand/ha led to the reduction of the dry mass per plant
by 5.2%, and to 80 thousand/ha — by 11.4%, respectively. However, the
recalculation per hectare showed that thickening of corn plants positively
affected the weight of the surface dry mass. That is, at the density of
40 thousand/ha at the stage of wax ripeness the weight of surface dry mass
was, on average by the factor, 11.7 t/ha, and with the increase in density to 60,
80 thousand/ha — 16.6 and 20.7 t/ha, respectively, or by 42.2 and 77.2% bigger
than at the previous values.

3. Dynamics of growth of leaf surface

An important influence on quantitative and qualitative indices of
productivity formation are physical and physiological processes that
transform solar energy into organic matter in the system atmosphere — leaf —
plant — agrocenosis. The intensity of this process depends significantly on
the characteristics and spectral composition of solar radiation, the energy
balance between the absorbed energy and the expenses on photosynthesis,
transpiration, heat and moisture exchange, availability of nutrients and easily
accessible moisture, etc®. To optimize productive processes and to form the
maximum possible corn yield a great value has the size of the plant leaf,
which accumulates solar radiation during photosynthesis and provides
the creation of organic matter™.

Researches studied the reaction of corn plants on irrigation regimes,
application of mineral fertilizers and density of plants by defining their indices
of photosynthetic activity. The area of leaf surface of the crop was rather
volatile and depended both on weather conditions during the years of the
researches and on the investigated factors (Table 4).

At the beginning of the vegetative period (6-7 leaves), the area of leaf
apparatus, on average for the years of the study, in all the plots fluctuated
within 4.8-10.3 thousand m?%ha. Since in this period the leaf apparatus was
formed only under natural humidification, there was no significant difference
between the variants. At the same time, the area of the assimilation apparatus
per plant in this period was the minimum — 1.14-1.38 cm?.

® Cucremu 3eMIepO6CTBA HA 3PONTYBAHUX 3eMiIAX Ykpainu / 3a Hayk. pen. P.A. Boxerosoi.
K.: Arpaps. Hayka, 2014. 360 c.

0 Anppienko A.JI. OCHOBHi 3aXO0/H COPTOBOT ArPOTEXHIKH MiOPUIIB KyKypYaA3H Pi3HHX Py
cturnocTi B miBHiuHOMY Cremy Ykpainum: aBToped. Iuc. Ha 3100yTTS HayK. CTYIEHS KaHZ.
c.-T. Hayk: crent. 06.01.09 “Pocnuuunureo” / A.JI. Anapienko. [{Hinponerposcbk, 2004. 19 c.
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Leaf area of the plants of corn per 1 ha, thousand m?
(the average for 2009-2018)

Table 4

. . . Density of plants, thousand
Conditions of Mineral nutrition pcs/ha
humidification background 20 60 80

Inter-stage period 6-7 leaves
Without fertilizers 4.8 6.9 9.3
Without irrigation Calculated dose 5.3 7.3 9.6
Recommended N;50Pgo 5.5 7.8 10.3
Inter-stage period 9-11 leaves
Without fertilizers 16.7 22.1 24.2
Without irrigation Calculated dose 18.3 23.0 26.3
Recommended N;50Pgo 195 25.2 27.2
. . . Without fertilizers 224 285 31.7
Biologically optimal
70-80-70% FC in the Calculated dose 23.3 30.0 32.8
soil layer 0-50 cm Recommended Ni,,Pgo 24.7 31.2 33.1
Water-saving Without fertilizers 18.2 24.7 30.0
70-70-70% FC in the Calculated dose 19.8 25.2 31.7
soil layer 0-50 cm Recommended Ni,,Pgo 21.3 28.8 324
Soil-protective Without fertilizers 17.9 235 29.2
70-70-70% FC in the Calculated dose 19.1 24.9 30.8
soil layer 0-30 cm | Recommended NypPgy | 209 25.5 31.0
Inter-stage period flowering — grain formation
Without fertilizers 20.8 25.9 27.6
Without irrigation Calculated dose 21.7 26.4 29.2
Recommended N;50Pgo 22.1 27.6 30.4
Biologically optimal Without fertilizers 29.7 35.6 41.8
70-80-70% FC in the Calculated dose 31.9 37.8 459
soil layer 0-50 cm Recommended Ni,,Pgo 33.2 38.1 47.3
Without fertilizers 24.3 29.0 36.2
' Calculated dose 27.3 35.3 41.8
Water-saving Recommended NyyPgo |  30.9 36.9 43.7
70-70-70% FC in the - —
soil layer 0-50 cm Without fertilizers 23.0 28.3 32.9
Calculated dose 25.5 335 40.6
Recommended N;50Pg 28.8 34.8 425
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Table 4 (continuance)

Inter-stage period milk and milk-wax ripeness of grain
Without fertilizers 18.7 20.4 27.3
Without irrigation Calculated dose 19.1 21.7 28.1
Recommended N;»oPgo 20.1 22.8 28.9
Biologically optimal Without fertilizers 22.0 27.9 34.8
70-80-70% FC in the Calculated dose 255 31.0 38.2
soil layer 0-50 cm | Recommended NypoPgy | 260 31.9 39.3
Water-saving Without fertilizers 19.1 25.0 30.0
70-70-70% FC in the Calculated dose 23.6 289 32.0
soil layer 0-50 cm Recommended N;50Pgo 24.4 30.9 342
Soil-protective Without fertilizers 18.8 24.2 29.1
70-70-70% FC in the Calculated dose 22.3 27.4 31.7
soil layer 0-30 cm Recommended N;50Pgo 23.8 29.2 32.7

Inter-stage period wax-full ripeness of grain

Without fertilizers 12.4 18.5 21.7
Without irrigation Calculated dose 13.9 19.6 22.3
Recommended N15oPgo 14.7 20.1 22.8
Biologically optimal Without fertilizers 144 20.5 27.4
70-80-70% FC in the Calculated dose 17.0 235 30.8
soil layer 0-50 cm [ Recommended NypoPoy | 17.8 238 319
Water-saving Without fertilizers 14.6 19.6 24.0
70-70-70% FC in the Calculated dose 16.3 22.6 25.9
soil layer 0-50 cm Recommended N;50Pgo 16.9 23.0 26.6
Soil-protective Without fertilizers 13.0 19.0 22.6
70-70-70% FC in the Calculated dose 14.3 21.1 23.3
soil layer 0-30 cm | Recommended NypoPg | 15.1 22.0 24.6

After the first vegetative waterings (10-11 leaves) the indicators of the
leaves' area were considerably increased in comparison with the previous
stage. The highest values were achieved in the irrigated plants, comparatively
to the variants without irrigation, regardless on the plant density and
background of mineral nutrition. Thus, on the plots without irrigation the leaf
area reached 22.5 m’/ha, whereas in the variants with the biologically optimal
regime of 70-80-70% FC in the soil layer 0-50 cm, it was 28.6 m*/ha, at the
water-saving regime (70-70-70% FC in the soil layer 0-50 cm) — 25.8 m%/ha,
and at the soil-protective one (70-70-70% FC in the soil layer 0-30 cm) —
24.8 m¥ha. Therefore, irrigation provided an increase in the leaf apparatus
area by 10.0-27.3%.
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Application of mineral fertilizers, in contrast to the unfertilized plots,
provided the increase in the area of the assimilation apparatus only by
1.6-2.3 m%ha. A little more increase of this indicator was provided by
thickening of the crops from 40 to 60 and 80 thousand/ha, and it was
5.9-9.9 m?/ha, or 29.1-48.9%, depending on the variant of the experiment.

It was established that the maximum development of the leaf area is
reached at the stage of flowering on all the studied variants. However, there is
a significant difference between the influence of the studied factors.

The largest area of the leaves of corn plants averaged to 47.3 thousand
m?/ha at the biologically optimal irrigation regime with the application
of the recommended norm of fertilizer Nj,Pg and the density of plants
80 thousand/ha, and the smallest one was in the same period on the variant
without irrigation, without fertilizers at the density of 40 thousand/ha, and it
averaged to 20.8 thousand m?/ha.

In the inter-stage flowering-grain formation the area of leaf apparatus
per plant reached its peak and was 8.3 thousand cm? on the above-mentioned
variants, but at the density of 40 thousand/ha. The smallest value was fixed on
the plots without irrigation, no fertilizers applied at the density of
80 thousand/ha — 3.45 thousand cm?, which is 58.4% less.

In the inter-stage period of milk-milk-wax ripeness we observed the
reduction in the area of leaf index on all the variants of the experiment due to
the death of the lower leaves. This process in the variants with vegetative
irrigation was slower than on the plots without irrigation.

Observing the growth and development of corn plants we found out
that the average daily increase in the area of the assimilation surface reached
its maximum in the inter-stage period from 7 leaves to 11 leaves and
fluctuated within 0.85-1.48 thousand m?/day. Further the tendency to gradual
reduction in this indicator with a critical decrease in the end of vegetation
in all the studied variants was observed.

4. Net productivity of photosynthesis and photosynthetic potential
of corn plants

In the field conditions the volume of corn yield under the improved
water supply and mineral nutrition and the change in plant density depends
mainly on the tempo of formation and the size of the photosynthetic apparatus
and the intensity and duration of its work.

Photosynthetic potential accumulates solar energy in the process
of photosynthesis and provides the creation of organic matter, which is
essential for the accumulation of biomass. This parameter can serve as an
indicator of potential of a particular crop and it significantly changes under the
influence of soil-ecological, technological conditions and genetic features of a
hybrid. The study of morpho-physiological indicators of corn hybrids can
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provide specific recommendations for the opening of reserved hybrids™
potential under specific conditions.

According to many scientists, one of the important indicators, which
reflects the effectiveness of agro-technical activities of cultivation, is the pure
productivity of plant photosynthesis in corn. The value of which ranges from
2 to 25 g/m? per day, and this figure reaches the maximum in the inter-stage
period from 15 leaves to the beginning of grain **formation.

The performed calculations indicate that on the average for 2009-2018
the values of the net performance of photosynthesis in corn crops has
significantly changed by the stages of growth and development and strongly
depended on the conditions of moisture supply. Thus, under different
conditions of humidification at the nutritive background of NjxPg and the
density of plants 80 thousand/ha this figure had the following values.

It was determined that in the initial stages of the plant growth and
development (inter-stage 7-11 leaves), the net the productivity of
photosynthesis was not great — 3.3 g/m? per day but did not depend on the
studied factors. Significant difference between the variants of natural and
artificial humidification was observed in the inter-stage of 11 leaves-
flowering, when at the variant without irrigation this figure did not exceed
7.5 g/m® per day, and in the variant with irrigation regime 70-80-70% FC in
the soil layer 0-50 cm it increased almost 1.5 times to 11.4 g/m® per day.
At the irrigation with pre-watering threshold of 70% FC in the soil layer
0-50 cm throughout the vegetation, and 70-70-70% FC in the soil layer
0-30cm, it should be noted that the indicator of net photosynthesis
productivity slightly decreased in comparison with the biologically optimal
irrigation regime, but considerably exceeded the non-irrigated variants, and
it averaged to 9.5 g/m? per day (Table 5).

The maximum values of net photosynthesis were in the inter-stage
period of flowering —grain formation on all the variants of humidification
conditions. On the plots without irrigation, this figure did not exceed 10.4 g/m’
per day, whereas under the use of water-saving and soil-protective regimes
of irrigation it was 12.7 and 12.5 g/m? per day, respectively. The highest value
in this inter-stage period was obtained at the irrigation regime 70-80-70% FC
in the soil layer 0-50 cm — 13.2 g/m? per day.

" NsioGenpkuii B.B., Tucapenko B.A., Jlappunenko F0.0., Kokosixin C.B. Mopdo-@izio-
JIOTiYHI MOKa3HUKH MPOAYKLIHHOrO MPOLECY Ta BpOXKail HACIHHSA MATEPHHCHKOI (GopMH ribpuia
kykypyn3u bopuchen 433 MB B ymoBax 3pomerHs. broa. Incmumymy 3epnogoco eocnodapcmea
VAAH. 2000. Ne 14. C. 20-22.

%2 Jlappunenxo 10.0., Kokosixin C.B., IIncapenko I1.B.Exonoriuna MiHIHBICTb MOKA3HHKIB
TEMIIB PO3BUTKY POCIHH KYKYpym3H. Taspiticokuil Haykoguii 6iCHUK: 36. HAyK. np. XepCOH:
Aiinant, 2005. Bum. 40. C. 46-55.
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Table 5

Dynamics of net productivity of photosynthesis in corn crops depending
on humidification conditions, g/m? per day (average for 2009-2018)

Conditions of humidification, % FC
Inter-stage periods | = o 70-80-70% 70-70-70% 70-70-70%
of growth 2% FCinthe | FCin the soil FCinthe
and development § £ soil layer layer soil layer
= 0-50 cm 0-50 cm 0-30 cm
7 leaves — 11 leaves 3.3 3.3 3.3 3.3
11 leaves - flowering 75 11.4 9.5 9.5
flowering — grain 10.4 13.2 12.7 12,5
formation ' ' ' '
grain formation — milk 6.2 9.9 81 71
ripeness of grain ' ' ' '
milk ripeness of grain — 30 56 48 45
wax ripeness of grain ' ' ' '
Average 6.1 8.7 7.7 7.4

Notes: mineral nutrition background — NixPg; density of plants 80 thousand
pcs./ha.

Starting from the inter-stage period of formation — milk ripeness of
grain, the indicators of net photosynthesis productivity are gradually
decreasing and in the stage of wax ripeness it is in the non-irrigated conditions
3.0 g/m? per day. In the variant of the biologically optimal irrigation regime —
5.6, and at the water-saving and soil-protective ones — 4.8 and 4.5 g/m? per
day, respectively.

The volume of grain yield of corn is mainly determined by the
development of the leaf apparatus of the plant and photosynthetic potential of
the crops, which accumulates solar energy in the process of photosynthesis™.
Photosynthetic potential is essential for the accumulation of biomass.
This indicator can serve as an indicator of potential capacities of the crops
of a particular type and significantly changes under the influence of soil,
ecological, technological conditions, and hybrid’s genotype. Therefore, the
study of morpho-physiological parameters of corn plants can provide specific
recommendations for opening of the reserved potential of plants under specific
conditions™.

In our study, the photosynthetic potential during the vegetation period
differed significantly in various conditions of humidification, application
of mineral fertilizers and an increase in the density of plants.

*® HuunriopoBuu A.A. OCHOBBI (JOTOCHHTETHUECKOH MPOMYKTHBHOCTH pacteHmii. CoBpe-
MEHHEIE IIpobaeMsl poTtocuuTe3a. M.: MI'Y, 1973. C. 5-28.
“ Hanp STsom Kykypynsa. Biruums: ®OIT Kopays J1.FO., 2012. 580 c.
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The largest values were obtained at the variant with the biologically
optimal regime of irrigation and was, on the average by the factor,
1743.9 thousand. m?x days. A little bit lower values were obtained in the
variants with water-saving and soil-protective regimes — 1606.8 and
1584.5 thousand mx days, respectively.

Consequently, the application of artificial humidification caused the
increase of the photosynthetic potential of corn by 12.2-20.1%, compared to
the plots without irrigation.

The use of mineral fertilizers increased the photosynthetic potential by
8.7-11.8%. Thus, application of recommended fertilizer dose of Ni,oPgg This
figure was 1665.7 thousand m*x days and the calculated dose for the planned
yield — 1609.9 thousand m?x days (Table 6).

Table 6
The photosynthetic potential of corn plants, thousand m? x days
(average for 2009-2018)

. . . Density of plants, A
Conditions of | Mineral nutrition thousand/ha verage
humidification background 20 60 80 A B

Without fertilizers | 1068.4 |1348.9 |1570.1 1469.8
Without Calculated dose | 1117.1 |1379.0 |1682.6 |1391g |1609.9
irrigation Recommended .
1149.7 |1471.0 |1739.4 1665.7
_ N120Pg0
Biologically | ithout fertilizers | 1269.0 |1543.6 |2056.0
optimal
70-80-70% Calculated dose 13774 |1784.9 (22145
. . 1743.9
FC in the soil Recommended
layer NP 1408.0 |1824.2 |2218.1
0-50 cm 120790
Water-saving | Without fertilizers | 1128.7 |1444.2 18085
70-70-70% Calculated dose | 1245.0 |1657.9 |2000.8 |1606.8
FC in the soil Recommended '
layer 0-50 cm 1332.1 |1775.9 |2068.5
: ' N120Pg0
Soil-protective | vithout fertilizers | 1251.5 [1414.0 |1734.7
70-70-70%
FC in the soil Calculated dose 1296.8 |1592.2 |1970.3 |1584.5
layer Recommended
0-30 cm Ni20Pso 1316.8 |1679.8 |2004.7
Average by the factor C 1246.7 |1576.3 |1922.3
LSDgs, t/ha: humidification conditions — 25.6; mineral nutrition background —
45.4; density of plants — 28.6
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The photosynthetic potential increased with the increase in the density
of corn plants. At thickening of the crops from 40 to 60-80 thousand/ha, on the
average by the studied factors, its indicators increased by 20.9-35.1%,
respectively.

The yield of conditioned seeds of corn hybrid Kros 221M at the plots
of hybridization fluctuated by the years of the study within 3.89-9.10 t/ha
depending on the regimes of irrigation, background of mineral nutrition and
plant density (Table 7).

Table 7
The yield of conditioned seeds of corn at the plots of hybridization depending
on the studied factors by the years of the study

Density of plants, | Average b
Conditions of Mineral nutrition thojgancri)/ha the fa%tory
humidification, background, (Factor C)
Factor A Factor B
( ) ( ) 40 60 80 A B
_ Without fertilizers 3.89 | 4.11 | 4.61 5.77
Without Calculated dose 458 | 493 | 5.23 | 4.66 | 7.07
irrigation
Recommended NiPgy | 4.63 | 4.81 | 5.11 7.18
Biologically Without fertilizers 5.65 | 6.17 | 6.98
1 - - 0,
optimal 70-80-70% Calculated dose 7.00 | 8.13 | 8.92 | 7.45
FC in the soil layer
0-50 cm Recommended NixPg | 6.96 | 8.16 | 9.10
Water-saving Without fertilizers 5.68 | 6.26 | 6.99
70-70-70% FC Calculated dose 6.68 | 7.66 | 8.44 | .61
in the soil layer '
0-50 cm Recommended NiyPgo | 6.79 | 7.85 | 8.73
Soil-protective Without fertilizers 5.59 | 6.50 | 6.81
70-70-70% FC Calculated dose 6.76 [ 7.97 | 851 | 735
in the soil layer '
0-30 cm Recommended Ny,0Pg | 6.82 | 8.23 | 8.93
Average by the factor C 5.92 16.73 | 7.36
LSDys, t/ha: Factor A —0.37; Factor B — 0.41; Factor C — 0.39

The results of the study revealed that in the variants without irrigation
the yield of conditioned seeds of the hybrid Kros 221M was 3.89-5.11 t/ha,
depending on application of mineral fertilizers and density of plants.
Application of vegetation watering contributed to the significant increase in
grain yield of corn by 1.95-2.79 t/ha or 47.8-59.9%.

Thus, at the biologically optimal regime of irrigation (70-80-70% FC in
the soil layer 0-50 cm), the seed yield of 7.45 t/ha was obtained, on the
average by the factor. Whereas in the variants with irrigation regime
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70-70-70% FC in the soil layer 0-50 cm it was 6.61 t/ha, and on the plots with
irrigation regime 70-70-70% FC in the soil layer 0-30 cm — 7.35 t/ha.

The use of fertilizers provided the increase in the yield of conditioned
seeds of the hybrid Kros 221M, in comparison to the unfertilized variant, on
the average by the factor, by 1.30-1.41 t/ha. Thickening of the crops on the
plots of hybridization from 40 to 60 and 80 thousand/ha, on the average by the
factor C, contributed to the increase in the yield by 0.81-1.44 t/ha.

CONCLUSIONS

The maximum development of the leaf area was reached during the
flowering period on all the studied variants. The largest value it has acquired
in the variant with the biologically optimal regime of irrigation at the
application of the recommended dose Ni,oPg and the density of plants
80 thousand/ha, where it exceeded 47.0 thousand m/ha.

The photosynthetic potential during the vegetation period significantly
differed by the studied variants. The largest values it acquired in the variant
with the biologically optimal irrigation regime with the application of the
recommended fertilizer dose N1Pgy and the density of plants 80 thousand/ha.

The optimum humidification of corn crops provided obtaining of
7.45t/ha of conditioned seeds. Irrigation at the pre-watering threshold
of moisture 70-70-70% FC in 0-30 and 0-50 cm soil layers reduced the yield,
on average by the factor, by 0.10-0.84 t/ha. The use of fertilizers provided the
increase in the yield of corn seeds, in comparison with the unfertilized variant,
on the average by the factor, by 1.30-1.41 t/ha. Thickening of the crops on the
hybridization plots from 40 to 60 and 80 thousand/ha, on the average by the
factor, contributed to the increase in the yield by 0.81-1.44 t/ha, respectively.

SUMMARY

The goal of the study was to substantiate and improve the elements
of the cultivation technology of the corn hybrid Kros 221M on the plots
of hybridization in the irrigated conditions of the South of Ukraine.

The cultivation technology elements for corn seeds growing in the
conditions of irrigation in the South of Ukraine were improved, thus reducing
the expenditures for irrigation water and other resources on the obtaining of a
seed unit, the reaction of corn plants to change in the background of mineral
nutrition and density of plants were determined.

The article presents the results of the study on the determination of
the effect of irrigation, doses of mineral fertilizers and plant density on the
photosynthetic parameters of grain corn. It was determined that the maximum
development of the leaf area was reached in the period of flowering on all the
studied variants. The highest level of photosynthetic activity of plants and the
yield of corn grain was fixed at the biologically optimal regime of irrigation,
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application of mineral fertilizers in the dose Ni,0Pgg and the density of plants
80 thousand/ha. The study determined that the yield of corn seeds on the plots
of hybridization reached the maximum level of 9.1 t/ha in the variant with the
biologically optimal regime of irrigation (70-80-70% FC in the soil layer
0-50 cm) at the recommended dose of fertilizers Nj,0Pgo and plant density
80 thousand pcs/ha.
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THE EFFECT OF DRIP IRRIGATION, PHOSPHOGYPSUM
AND VARIOUS DOSES AND FORMS OF MINERAL FERTILIZERS
ON CHEMICAL, PHYSICAL AND PHYSICO-CHEMICAL
PROPERTIES OF DARK CHESTNUT SOIL

Shkoda O. A.

INTRODUCTION

The water reclamation of lands is one of the main factors of
intensification of agriculture in the areas with insufficient and unstable
humidification. At the same time, irrigation is one of the most active factors of
anthropogenic pressure on environment in general and, in particular, on the
meliorated land.

The practice of the use of drip irrigation in the conditions of the South
of Ukraine has shown that its use without considering regional peculiarities
and quality of irrigation water can lead to negative changes in soil processes
and regimes and, first of all, to the manifestation of the secondary alkalination
and salinization of soils"?2,

In this regard, it is necessary to scientifically substantiate patterns and
nature of changes in soil properties, their indices of fertility and ecological
state in specific conditions of local humidification, development of measures
for prevention of degradation of agro-meliorative state of lands at drip-
irrigation with waters of low quality (mineralized water with unfavorable ratio
of mono- and divalent cations). Solving these issues is a relevant scientific
direction, which promotes preservation of ecological and agro-meliorative soil
conditions and obtaining sustainable levels in yields of crops.

The study was carried out at the research field of the Institute of
Irrigated Agriculture of NAAS in the short-field experiment, placed in the
zone of action of the Ingulets irrigation system. Field study scheme was as
follows: 1) without irrigation, fertilizers and ameliorant — control 1; 2) irriga-
tion, without fertilizers and ameliorant — control 2; 3) irrigation+N1,0Pgq
(recommended fertilizer dose); 4) irrigation+calculated dose of fertilizers
(nitrogen fertilizer — ammonium nitrate); 5) irrigation+calculated dose of
fertilizers (nitrogen fertilizer — calcium nitrate); 6) irrigation+phosphogypsum

! 3emi IHrysenpkoi 3pONIyBaNBHOI CHCTEMH: CTaH Ta e()eKTHBHE BUKOPHCTAHHA. 32 HAyK.
pexn. B.O. Ymkapenxo, P.A. Boxerosoi. K.: Arpapna nayka, 2010. 352 c.

2 Kykob6a ILIL, Bamox C.A., Jlagapix B.Sl. IloBbllIeHHE TUIOZOPOAMS METHOPATUBHOTO
tdouna. Iousvr Ykpaunwl u nogviuenue ux nrodopoous, T. 2. K.: Ypoxaii, 1988. C. 92-103.

® PaGouen U.C. Mcronb30BaHHEe MUHEPAIH30BAHHBIX BOJL JUIS OPOLICHHS H PACCOJICHHS TOYB,
OCHOBHOE HampapJeHHs JanbHeimmx uceienosanuid. M.: Konoc, 1973. C. 6-25.
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3.0 t/ha (under pre-sowing cultivation); 7) irrigation+phosphogypsum 1.9 t/ha
(in the sowing strip); 8) irrigation+calculated dose of fertilizers (nitrogen
fertilizer — calcium nitrate)+phosphogypsum 1.9 t/ha (in the sowing strip);
9) irrigation with improved water (calcination)+calculated dose of fertilizers
(nitrogen fertilizer — ammonium nitrate). The crop — annual green onion,
variety Khaltsedon. The technology is generally accepted for the Steppe zone
of Ukraine, excepting the studied factors. In the experiment we used a strip
sowing scheme 7+20+7+20+7+20+7+52,

1. lon-salt composition of soil solution of dark chestnut
at drip irrigation with applications of phosphogypsum
and mineral fertilizers

It is known that irrigation engages into production process such
important components of biosphere as soil, moisture and plants that are closely
interconnected by streams of water, energy, substance and information.
The practice of irrigation of dark chestnut soils with mineralized waters in the
zone of unstable humidification confirms the ability to obtain high and stable
crop yields. At the same time, there is a number of negative effects of
irrigation, affecting soil fertility, agro-meliorative conditions and, in particular,
the salt regime*.

Soil solution is the most dynamic and active component of soil.
The composition of soil solution is formed at the expense of intra-soil
processes — biological, chemical, biochemical, that closely depend on
environmental conditions, including adjacent phases of the soil (solid, gaseous),
with which the liquid phase is in a dynamic hydrological equilibrium?®.

The studies found that drip irrigation with slightly mineralized water
led to accumulation of soluble salts, mainly in the soil layer 0-30 cm (Table 1).

The salt content at the end of the vegetation of the crop increased not
only in the area of humidification (sowing strip), but also in the non-
irrigated spacing (between the strips). So, in the variant without fertilizer
and meliorant, the amount of salts increased on the average for three years of
the study in the strip by 0.0382, and between the strips — 0.014 percent
points in comparison with the control without irrigation. The increase of
salts content in the soil occurred due to the anions of chloride and sulphate
and magnesium and sodium cations. In this case, their number in the sowing
strip (humidifying) increased by 0.39; 0.25 and 0.14; 0.44 meq/100 ¢, and
between the strips (large inter-row spacing) — by 0.16; 0.08; 0.10 and 0.14
meq/100 g of soil, respectively.

*# Ocranos B.., Cadouosa E.I. BiusHue OpolICHUS HA TIIOAOPOIHE TIOUB CTEITHOH 30HbBI
VYxpaunsl. [ udpomexnuxa u menuopayusi, Ne 5. 1986. C. 54-57.

® loporynmos C.I, MyxoBukoB A.M. Ontumisauisi NpUPOIOKOPHUCTYBAHHA. [IpupodHi
pecypcu: exonozo-exonomiuna oyinka. K.: Konnop, 2004. T. 1. 291 c.
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The increase in sodium content in the soil solution was the cause of
reduction in the ratio of calcium to sodium by 0.2 units, indicating an increase
in the intensity of development of soil salinity. The study of ion-salt
composition of the water extraction of the sub-arable layer of the soil
(30-50 cm) showed that drip irrigation somewhat increased the content of
water-soluble salts only in the humidification zone (Table 2). Thus, their
number in the control at irrigation increased by 0.0066%, and in the variants
with application of mineral fertilizers and ameliorant — by 0.0053-0.0079%
compared with the variant without irrigation. The increase in salt content was
due to the toxic salts of chloride and sulphate of sodium.

Application of mineral fertilizers Ni,Pgg and calculated dose of
fertilizers (nitrogen in the form of ammonium, calcium nitrate) has not
significantly changed the qualitative composition of exchangeable cations in
the soil absorbtion complex, both in the sowing strip and between strips,
compared to the irrigated control. However, it should be noted that application
of the calculated dose of fertilizers (nitrogen fertilizer — ammonium nitrate) in
the soil of sowing strip there was a tendency to form the highest number of
the absorbed sodium — 0.75 meq/100 g, which by 0.5% exceeds the sum
of exchangeable cations in the variant with the application of calcium nitrate.

The use of phosphogypsum both in pre-sowing application in the dose
3.0 t/ha and in the sowing strip in 1.9 t/ha had a positive effect on the qualitative
composition of the absorbed bases in comparison with the irrigated control.
The content of absorbed calcium in the soil in the zone of humidification
increased by 1.29-1.66 meqg/100 g, and the number of exchangeable magnesium
and sodium decreased by 0.35-0.39 and 0.14-0.20 meq/100 g , respectively.
The soil after gypsum application belonged to non-saline by the content
of exchangeable sodium (2.3-2.6% of the sum of cations).

Combined use of phosphogypsum and calcium nitrate did not contri-
bute to further improvement of qualitative composition of the soil, i.e.,
reduction of the amount of exchangeable sodium in the soil of sowing strip
of green onions. It remained at the level of 2.4% of the sum of cations.

Irrigation with the water of improved quality (after calcination) by the
effect on the qualitative composition of the absorbed bases in the soil of the
zone of humidification was not inferior to the phosphogypsum fed sowing
strip and it was compatible to the use of calcium nitrate. Quantitative indices
of exchangeable cations of SAC were approaching the values of the control
variant without irrigation.

It should be noted that, according to the total indicator of monovalent
cations (Na™+K"), the soil in all the variants of the experiment was classified
by the degree of secondary salinity as slightly saline.
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3. Agrophysical properties of the soil in the conditions
of drip irrigation at the cultivation of green onion

Agrophysical degradation is one of the most common phenomena on
irrigated lands. Under the influence of irrigation, agrophysical properties of soils
(black, chestnut) undergo significant changes manifested in the destructure of
an arable layer, the increase of clodding and the reduction of the agronomically
valuable units' content; reduction of porosity, water permeability and
compaction of the profile® .

The greatest value amonh the agrophysical properties belongs to the
bulk density and structural composition. These indicators depend mainly on
the granulometric and mineralogical composition of the soil and the content of
humus in them. However, the intensity and direction of changes in the soil
processes depends on the quality of irrigation water, the regime of irrigation
and agricultural machinery used in the cultivation of crops.

One of the important dynamic characteristics of the physical properties
of soil is its structure. It is characterized by such values as bulk density and
porosity.

The analysis of the data obtained in our researches regarding the bulk
density of the soil showed that it was 1.35 g/cm?® in the control variant without
irrigation, and in the variants with the application of mineral fertilizers and
phosphogypsum it was 1.35-1.38 g/cm®.

Therefore, there is no significant difference in the above-mentioned
variants. However, a detailed analysis of our research findings showed that the
coefficient of variation in the soil bulk density indicators on the variants with
irrigation increased in 2.1-4.7 times compared with the control without
irrigation, pointing out to a significant imbalance in this indicator in the drip-
irrigated conditions.

For the soils of homogeneous granulometric composition the total
porosity of the soil is a function of the bulk density. Therefore, the total
porosity of the soil layer was also independent on the factors that we have
studied. It was almost identical — 46.9-48.1%. The coefficient of variation of
the total porosity of the soil in the variants with irrigation was also
2.2-3.7 times higher than in the control without irrigation.

It is known that soil has the ability to form aggregates of different sizes,
shapes and durability from mechanical elements. The formation of aggregates
is a complex physico-chemical process determined by the action of forces
of different nature (capillary, gravity, adhesion, coagulation, etc.).

In the studies, dry sifting of the layer of dark chestnut soil 0-30 cm
found out that at the end of vegetation of the plants (technical maturity

® Pomamenko M.L 3poumenns 3semens B Vkpaimi. Crad Ta musxum nojimmenns. K.:
«Csitanok», 2000. 114 c.
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of green onion) drip irrigation in the variant without the use of mineral
fertilizers and phosphogypsum led to an increase of soil clodding. The content
of aggregates larger than 10 mm in the variant increased by 23.42% compared
with a control option without irrigation (Table 4). The increase in this fraction
was mainly due to the little fractions of the size of 0.25-1.00 mm and
microaggregates (less than 0.25 mm). There was a decrease in the number of
agronomically valuable aggregates by 16.61% and the most agronomically
valuable aggregates of the size 1-5 mm — by 9.82%.

It was determined that quantitative changes of the aggregate state of the
soil under the influence of drip irrigation with slightly mineralized waters of
the second class resulted in the decrease of its structural coefficient twice
compared with the non-irrigated analogue.

The determination of water resistance aggregates (wet sifting) testified,
that the amount of the aggregates with dimensions of more than 0.25 mm in
the control variant without irrigation was 36.56%, and under the influence
of irrigation on the variant with no fertilizers and phosphogypsum it decreased
by 3.99%. Particularly noticeable changes in the water-resistant structure
of the irrigated soil were observed in the amount of agronomically valuable
aggregates of size 0.25-1.00 mm and the most agronomically valuable
(1-3 mm) fractions. Thus, in the conditions of irrigation, the content of
agronomic aggregates had a tendency to increase (by 1.84%), which was
explained (as noted above), by the formation of dense waterproof (almost
without pores) aggregates. At the same time, the most agronomically valuable
components of the arable layer of the irrigated soil decreased by 1.9 times.
In the determination of the coefficient of water resistance for dry and wet
sifting, we found that in the conditions of irrigation, this figure also had a
tendency to decrease.

The evaluation of agrophysical state found that at drip irrigation, the
degree of degradation of the bulk density of the arable layer (0-30 cm)
remains, as in the non-irrigated soil and, at the level of the slight, and by the
content of air-dry aggregates with dimensions 0.25-10 mm and waterproof
aggregates of more than 0.25 mm — passes from slight to moderate degree
of degradation.

So, it was determined that application of mineral fertilizers (Ny20Pgo,
calculated doses of fertilizers (nitrogen fertilizer — ammonium and calcium
nitrate) did not substantially affect the aggregate composition of 0-30 cm layer
of the irrigated soil (in the area of the sowing strip) comparatively to the
control with irrigation. In this case, the parameters of the main indices of the
macrostructure of the soil were close: the content of aggregates with
dimensions of more than 0.25-1.00 mm - 7.92-8.37% and 0.25-10 mm -
54.39-54.95%, the sum of water-resistant aggregates larger than 0.25 mm —
30.20-32.04%.
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The use of phosphogypsum (under the pre-sowing cultivation, in the
strip of sowing against the background of mineral fertilizers) and
irrigation with the water of improved quality significantly slowed down
the level of negative influence of mineralized waters on the soil structure.
In this case, the content of the aggregates larger than 10 mm was within
24.44-24.83%, which is by 7.03-7.42% more than on the control variant
without irrigation, and by 16.39-16.00% less than in the soil layer
of 0-30 cm with drip irrigation.

On the variants with the use of chemical reclamation of soil and
irrigation water, the contents of dry sifted of agronomically valuable and the
most agronomically valuable aggregates (the amount of fractions 1-5 mm) was
by 4.23-4.72% and by 2.80-2.13%, respectively, lower than on the variant
without irrigation. However, compared with the irrigated control, their number
increased by 11.89-12.38% and 6.98-7.69%, respectively.

The results of wet sifting of the soil testified that under the
application of melioration measures, the main indicators of the water-
resistant structure of the surface layer of the soil were preserved close to the
control variant without irrigation: the content of water-resistant aggregates
(the sum of the aggregates of more than 0.25 mm) — 35.55-36.19%, and the
most agronomically valuable aggregates (the amount of the aggregates with
the size of 1-3 mm) — 9.14-10.14 at the amount on the control variant
without irrigation of 36.56 and 10.23%, respectively. The coefficients of
structure and water resistance of 0-30 cm layer of the irrigated soil on the
variants with the use of chemical reclamation were the same and close to the
indicators on the control version without irrigation.

Assessment of the agro-physical state of 0-30 cm layer by the criteria
of the degree of irrigated soil degradation allows us to conclude that the use
of phosphogypsum (under pre-sowing cultivation in the dose of 3 t/ha,
in the sowing strip of 1.9 t/ha, against the background of mineral fertilizers)
and the use for irrigation of the water of improved quality (calcinated one)
led to the development of irrigative soil degradation at the level of low degree
by the content of air-dry aggregates with the size of 0.25-10 mm, water-
resistant aggregates of more than 0.25 mm.

4. Nutrition regime of the dark-chestnut soil under the crops
of onion at the application of phosphogypsum
and mineral fertilizers
Modern approaches to the development of practical aspects of
fertilizers use are associated with the assessment of nutrition conditions of
soil. Spatial and timeline dynamics of nutrients, their transformation in the soil
is one of the main factors that determine the condition of mineral nutrition,
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and, as a consequence, the effectiveness of fertilizers, yield and quality
of products of crops, including onion’.

Ammonium nitrogen in the life of plants has much less value as nitrate.
This is primarily due to the high nitrification ability of soils. According to the
data of scientific literature®, even under the application of nitrogen fertilizers
in the ammonium form after 8-12 days there is no more than 10-15%
of ammonium nitrogen from the original quantity available in the soil.
Therefore, the analysis of nitrogen soil regime, especially on the irrigated
lands, is advisable to be carried out by the mineral nitrogen (the amount of
nitrate and ammonium nitrogen).

The results of the study indicate that the amount of mineral nitrogen
at the cultivation of onion from seeds in the drip-irrigated conditions in the
soil layer 0-30 cm on the control variant without fertilizers was 8.2-8.3,
and in the layer 0-50 cm — 7.3 mg/kg of soil (Table 5). Application of
mineral fertilizers has increased its content in 0-30 cm layer by 12.6-15.6
and in the layer 0-50 cm — by 7.3-8.9 mg/g of soil, compared with the
variant without fertilizers. The highest content of mineral nitrogen was
found in the variants with application of the calculated doses of mineral
fertilizers regardless on the form of nitrogen in them. We should note that
the use of phosphogypsum as an ameliorator did nor significantly affect
the amount of nitrogen in the soil.

At the stage of bulb formation the content of mineral nitrogen in the
soil layer 0-30 cm decreased in all the variants of the experiment by 3.0-13.0;
and in 0-50 cm - by 2.0-7.6 mg/kg of soil. Significant changes in the amount
of mineral nitrogen took place mainly in the top 0-30 cm layer of the soil.

The analysis of the obtained results allows to assert that at the
beginning of formation of bulbs the reduction of the content of mineral
nitrogen in the soil on the control without irrigation (the layer of 0-30 cm) was
36.6% from the content at the beginning of the vegetation (stage of sprouting),
whereas in the soil on the control with irrigation it was a little higher — 45.8%.

Phosphogypsum application both under pre-sowing cultivation
(3.0t/ha), and in the sowing strip (1.9 t/ha) without the use of mineral
fertilizers did not promote further increase in the intensity of nitrogen
reduction compared to control with irrigation.

The highest loss of mineral nitrogen from the soil layer of 0-30 cm for
the period sprouting- beginning of the formation of bulbs were observed on
the variants with the application of mineral fertilizers (N1,0Pg0, calculated dose

7 Bpursua M.JI., Tonuaperko B.FO. Brums 106puB Ha BposkaifHicTs MUOYIT 3aIeHKHO Bia cOpTY i
HOPMH BHCIBY HaciHHs. Ogouignuymeo i bawmannuymeo, suil. 31. K.: Ypoxait, 1986. C. 12-13.

® Tpuxoapko B.E. MenuopaTHBHOE COCTOSIHHE, CBOMCTBA M MPOAYKTHBHOCTh OPOMIACMBIX
nouB. Tesu doknady lll cvesda nousosedos u acpoxumuxos Yrpauncrou CCP. Menuopayus u
oxpana nous. X.: YHUUIIA, 1990. C. 73-74.
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of fertilizers — nitrogen in the form of calcium and ammonium nitrate) —
51.9-57.4%.

As the study testified, at the end of the vegetation of the crop the
content of mineral nitrogen decreased in the layer of 0-30 cm on the control
variant with irrigation to 4.2 and in 0-50 cm — to 4.7 mg/kg of soil. On the
variants with application of mineral fertilizers (N;,0Pgo, calculated doses of
fertilizers — (nitrogen in the form of calcium and ammonium nitrate) its
remained content was higher (in the layer 0-30 cm by 3.5-6.4, in the layer
0-50 cm - by 2.4 — 3.9 mg/kg of soil).

During this period, the mineral nitrogen at the application of
phosphogypsum (3 t/ha under the pre-sowing cultivation, 1.9 t/ha in the
sowing strip) was at the level of the control version with irrigation. It should
be noted that the amount of mineral nitrogen in the layer of 30-50 cm almost
unchanged during the vegetation of onion due to its intense use by the plants
from the topsoil.

Reserves of mobile compounds of phosphorus relate to the basic
indices of soil fertility. They depend on the soil granulometric composition,
fertilization and agricultural activities®. The results of the study testified that
the content of the mobile compounds of phosphorus in the soil dynamically
changed during the vegetation of onion. The maximum amount of available
phosphorus was observed in the stage of the onions sprouting. In the arable
layer of the control variant (without irrigation, irrigation without fertilizer)
the content of mobile phosphorus was 73.3-73.4 mg/kg of soil. Application
of nitrogen fertilizers (calculated dose of fertilizers — nitrogen in the form
of calcium and ammonium nitrate) and phosphogypsum significantly affected
its quantity in the soil. Application of the recommended dose of mineral
fertilizers (N120Pg0) increased the content of mobile phosphorus by 13.6 mg/kg
of soil compared with the irrigated control.

In the subsequent stages of the onion development, the reduction in the
content of mobile phosphorus in the soil on all the variants of the experiment
has been developed. The smallest amount in the soil was observed at the stage
of technical ripeness of onion.

On the control variant without irrigation the content of mobile
phosphorus in the soil compared to the beginning of vegetation of onion
reduced by 28.3%, and in the variants with application of mineral fertilizers
and phosphogypsum — by 33.6-42.6%.

It should be noted that in the period "beginning of bulbs formation —
technical ripeness" on the variants with the increase of intensity of mobile
phosphorus in the soil was almost 2 times higher than in the period of

° Kucenes B.JI., KpuonocoBa I'M. Arpoxummueckas XapaKTEDHCTHKA YEDHO3EMOB U
KaIlTaHOBBIX MMOYB. Aepoxumuueckas xapakmepucmuxa nous CCCP. M.: Hayka, 1973. C. 227-246.
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"sprouts — beginning of bulbs formation". This phenomenon can be explained
by the fact that at this time the plants used this nutritive element more intense.

It is known that the chestnut soil has relatively high reserves of
potassium, so the dynamics of its exchangeable form under the crops had
weak manifestations. In the irrigated conditions changes in the content of
exchangeable potassium in the soil are mainly due to the use of it by the plants
and transformation of its non-exchangeable form into exchangeable.

The study helped to find that high content of exchangeable potassium
358.0-376.0 mg/kg of soil was observed at the beginning of the crop
vegetation in the 0-30 cm soil layer at the start of the onions growing
(germination). In the process of the plant development, its number decreased
in the soil on all the variants of the experiment. The smallest amount
of exchangeable potassium in the soil is fixed in the technical ripeness stage of
onions. It should be noted that in this stage its amount reduced in comparison
to the stage of sprouting by 13.7-15.1%.

Analyzing the dynamics of potassium content in the soil, it was
established that in the period of "sprouts — the beginning of bulbs formation™
the reduction of the content of exchangeable potassium due to the uptake by
the plants was 3.4-6.4% in comparison to the beginning of the crop growth,
and for the period "the beginning of bulbs formation — technical ripeness”
it was 1.4-2.9 times higher. Therefore, the maximum amount of potassium was
used by onion in the second half of the vegetation period.

CONCLUSIONS

1. Drip irrigation with low mineralized waters of the second class led to
the increase in the zone of "humidification™ both of total amount of salts and
toxic ones. In this case, the transformation of the salts' composition was due to
the reduction of calcium salts in the soil layer of 0-30 cm by 8.3% and
the increase in sodium salts by 7.6% of the total amount.

2. The application of phosphogypsum and irrigation with the water of
improved quality contributed to the increase in the ratio of water-soluble
calcium to sodium in the sowing strip (soil layer 0-30 cm) by 0.5-0.8 units that
ensured the transition of the active degree of salinity into passive.

3. Irrigation with the water of improved quality and application of the
calculated dose of mineral fertilizers with the use of calcium nitrate against the
background of phosphogypsum in the sowing strip ensured the stabilization of
the content of monovalent cations (Na'+K™) at the level of the control variant
without irrigation — 3.8-4.0% against 3.7%, respectively (soil layer 0-30 cm).

4. In the arable layer of soil (0-30 cm) on the chemically ameliorated
variants there was a tendency to the improvement of the structure compared to
the control with irrigation, which was confirmed by a greater number
of agronomic aggregates and higher coefficient of structure.
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5. Application of mineral fertilizers provided the increase in the content
of nutrients for the plants of onion throughout the vegetation. The highest
expenditures of mineral nitrogen (N-NO3z;+N-NH,) in the soil layer 0-30 cm
were observed on the variants with application of fertilizers (N;,Pgo, calculated
doses of fertilizers — nitrogen in the form of calcium and ammonium nitrate)
during the period of "sprouts — the formation of bulbs" — 51.9-57.4% of the
initial quantity. The intensity of reduction in the content of mobile phosphorus in
the soil on the irrigated variants during the "beginning of bulbs formation —
technical ripeness” was 2 times higher than in the period of "sprouts-the
beginning of bulbs formation". The largest amount of exchangeable potassium
used by onion was in the second half of the vegetation period.

SUMMARY

The article presents the results of the study on the impact of drip
irrigation with low mineralized waters with adverse ratios of mono- and
divalent cations, and methods of phosphogypsum application (scattering of
3t/ha, 1.9 t/ha in the strip of sowing and calcination of irrigation water) on the
agro-meliorative state of soil, taking into account the chemical, physical,
physico-chemical properties of dark-chestnut slightly saline soil. The nature
and direction of changes in its properties under various ways of the use of
ameliorator improved onion’s productivity. It was established that
phosphogypsum fertilization contributes to the stabilization of secondary
salinity at the level of the slight degree.

The method of chemical reclamation with the use of mineral fertilizers
(calcium nitrate) and phosphogypsum (in the sowing strip) is offered, which
ensures the preservation of agro-meliorative state of the dark-chestnut soil.
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PECULIARITIES OF GROWTH AND DEVELOPMENT
OF RICE PLANTS DEPENDING ON BIOLOGICAL PROPERTIES
OF VARIETIES AND CULTIVATION CONDITIONS

Vozhehova R. A.

INTRODUCTION

It is typical for rice, as for other higher plants, to form organs during
ontogenesis according to the stages of organogenesis. Instead, not all
researchers stick to clear boundaries of the division into organogenesis stages.
Considering the fact that rice has no clear boundaries between VIII and
IX stages, the crop has 11 stages of organogenesis. Such a distribution of
stages of organogenesis in rice is inappropriate because of two reasons.
Firstly, the characteristics of organs formation peculiarities in all studies
related to the species of higher plants at each stage of the organogenesis has
been widely introduced in biological literature, and the corresponding number
of the stage of organogenesis is perceived not simply as a sequence number,
but as a set of organ formation processes. Due to this fact the change in
numbering of the last stages brings some confusion. Secondly, VIII and
IX stages of organogenesis in rice are not always indistinct. It is established
that at lowering of air temperature during the period of panicleing, flowering
starts with a delay of 1-3 days and more, that is development of plants at
V11 stage of organogenesis is prolonged?>.

Most of the above mentioned researchers did not succeed in learning
phenotypal variability of features depending on genotype, as their experiments
were performed on the example of one or three varieties. In addition, the
potential opportunities for the development of quantitative features of rice,
which could reveal the conditionality of these features by genotype, have not
been studied at the time. Without such studies, it is almost impossible to clearly
formulate the directions of selection, a model of rice varieties of rice regions of
Ukraine and develop backgrounds for effective selection of elite plants*”.

! Epbirun I1. C. ®usunonorus puca. Mocksa: Koo, 1981. 208 c.

2 Cennorckwuii A. U., Konrounuk C. H., Konrournk M. M. ®opMHPOBaHHE KONHYECTBEHHBIX
IIPU3HAKOB y puca. Anma-ATa, 1985. 214 c.

® Meroauka IepKaBHOTO COPTOBUIPOBYBAHHS CilTbChKOrOCTIONAPCHKUX KyIbTyp. Kuis, 2000.
Bum. 1. 100 c.

4 Conne T. A., Macnuseny B. A., baprykoBa A. SI. ®oTtocuHTETHYECKAsT ACATENBHOCTh U
YpO’KalfHOCTb COPTOB pHCAa B 3aBUCUMOCTH OT PEKMMa OPOLIEHUS] U YPOBHSI a30THOTO IMHMTAHHS.
Yemoiiuugoe npoussodcmeo puca: macmoswee u nepcnekmugvl: Marep. Mexnd. Hayd.-TIpakT.
KoH(., 5-9 centsi6ps 2006 r. Kpacuomap, 2006. C. 159-165.
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1. Plant height and stem foliaceous dynamics

The research was conducted at the Institute of Rice of the National
Academy of Agrarian Sciences of Ukraine in order to define the peculiarities
of the formation of quantitative features during the ontogenesis, which
determine the productivity of rice in the South of Ukraine. In the study, we
used different by the duration of vegetation period varieties: early ripening —
Mutant-428, Malysh; middle-ripening Ukraine-96, Myrnyi; late-ripening
Krasnodarskyisky-424 and Don-883. To determine the potential opportunities
for the development of quantitative characteristics of plants they were
cultivated at different density (2x15, 15x15, 30x30) and various doses of
nitrogen fertilizers (ammonium sulfate was applied in the doses Ng, Ngo, N1gg).
Fertilizers were applied in two periods: sowing (70%) and at the stage
of 3-4 leaves of the crop (30%).

For biometric processing we selected 20 plants on each variant in the
field conditions. We measured their height, the leaves dimensions, the length
of the main and lateral panicles, the number of internodes in the main and
lateral stems, counted the total number of lateral stems of each order, the
number of ears and grains in the main and side panicles, the weight of grain
from individual panicles and a plant on the whole.

Vegetative features: the length and foliaceous of the stems, tillering
of the plants are not direct elements of productivity, but have a significant
impact on its formation, since the plant height depends on the resistance to
lodging, and the shape, size and location of leaves determines the level of
physiological processes that are associated with yield °.

Plant height varies significantly depending on the place of cultivation,
sowing norms and plant density, doses of nitrogen fertilizers, air temperature
and other factors. It is established that the increase in the duration of the day,
doses of nitrogen fertilizers, flooding depth predetermine the intense growth
of rice plants, and low air temperatures inhibit plant growth’.

According to Ukrainian researchers®®'®*modern rice varieties differ
significantly in the height of plants, which depends primarily on their genetic

® Bannoschknii A. A., Boxeros C. I'., Boxerosa P. A. ArpoeKosioTiuHi acriekTH BUPOIIyBaHH
pucy. Taspiticokuil nayrkosutl sichuk: 30. Hayk.np. Xepcon: Aitnant, 2004. Bum. 32. C. 220-224.

® Opmiok A. II., Boxerosa P. A., ®enopuyk M. I. Cenekiist i HaciHHUITBO pHCy. XepCOH:
Aiinant, 2004. 250 c.

" Boxerosa P. A. TeopeTHuHi OCHOBH i pe3ybTaTH celekiii pucy B YKpaini: MOHOrpadis.
Xepcom, 2010. 345 c.

® Boserosa P. A., IlInak JI. B., [Terkesuy 3. 3. BiusiHMue MOTOIHBIX YCIOBHIT Ha Peai3aLinio
MOTEHIHANa HPOMYKTUBHOCTH OOpa3oB HAIMOHATPHOM KOJUIEKIHMH pHCa Da3IHIHBIX TPYII
crenocTu. Marepuais! MexyHapoaHoi koH(pepenuu. Cxagosesk, 2008. C. 152-155.

® Konb1ioB A. B. Texnonorust Bo3aensipanus puca 8 Kpeimy. Cumdeponons, 1991. 415 c.

0 lerkesnu 3. 3., Illmax T. H., Boxeropa P. A. BiusHue TeMIepaTypHHX YCIOBHH Ha
YPOXKAHHOCTh pHCa COPTOB pa3HBIX Ipymn crenoctd. Haykoei npayi Iliedennozo  piniany
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characteristics, technology of cultivation and weather conditions. Among non-
genetic factors, a large influence on the development of features has a plant
nutrition area and the level of nitric supply.

Regarding the effect of the area of nutrition on the plant height there
are different conclusions in the scientific literature. In particular, D. H. Mame-
dov'?, N. P. Volkova® note that under the thickening of crops the height
of plants decreases, but at the same time, 1. B. Byzhanov** believe that the
height of plants, on the contrary, increases with increasing in their number
per 1 m?. Such ambiguous and even opposite conclusions in the researches
could be explained by the fact that the works were performed in different
geographical points and with different varieties, which react differently
on agroecological factors.

Rice plants at the early stages of organogenesis, until V-VI stages,
grow very slowly, but at the stage of intensive growth and panicleing
(V1-VIII stages of organogenesis) the stem growth is increasing rapidly, as a
result, panicle is quickly imposed from the sinuses of the leaf. Further growth
is slow. Our research has shown that the decrease in plant density affected
differently on the growth intensity of the main stem of rice plants (Table 1):
at the early ripening and middle-ripening varieties increase the nutrition area
of plants that led to more intensive growth. As you can see, the largest plant
height is observed by the nutrition area 30x30 cm, less — in the variant
15%15 cm, and the smallest — in the variant 2x15 cm.

Another reaction on the increase of plant nutrition area was in late-
ripening varieties Krasnodarskyi-424 and Don-883. Their largest plant height
is defined at the smallest nutrition area — 2x15 cm, and as the nutrition area
increases, the height of the plants decreased.

By the nature of the stem growth, the studied rice varieties differed
somewhat. After analyzing the experimental data, it could be seen that at the
early ripemimg variety Malysh growth of a stem after a massive flowering
regardless on plant nutrition area almost stopped, and in other varieties,

«Kpumcvruii azpomexnonociynuil ynieepcumemy Hayionanvhoeo azpaprozo yn-my. Cimpeponons,
2007. Bum. 100: Cinecpkorocnonapcebki Hayku. C. 186-191.

" Jlyneuxo B. IL, Baitryno II. T., Yerbsuuena P. H. YioGpeHue puca Ha HE3aCONCHHBIX
TaKBIPOBHIHBIX cepo3eMaX AKIaIMHCKOTO Mac CHMBA. buonoeus u MmunepanvHoe numanue puca.
Anma-Ata, 1976. C. 184-200.

2 Mamenos [, X. I'yctota CTOSHHS Kak (pakToOp TOBBIMIEHHS ypOYKas pHca TIpH KyJTbType
nepecankoil B Azep6aiimkanckoit CCCP: aBroped. muc. ... kaHa. c.-X. Hayk. baky, 1964. 23 c.

® Bonkosa H. I1. K Bompocy u3ydeHHs arpoGHOIOrHUECKHX OCOOCHHOCTEH MePCIEKTHBHBIX
coptoB puca. Mamepuanwr Bcec. koopo.-memoo. cosewjanus no ceiekyuu, Cemenogoocmsy u
Kawecmay pucd, npoeKmuposanus i IKCHIyamayuu pucogvlx opocumenviuix cucmem. Kpacuonap,
1972. C. 37-39.

 Buxanos U. B. Cpokw, criocobbl 1 HOpMbI BhiceBa prca B Tanawl-Kyprasckoii oGmactu:
aBToped. AucC. ... KaHI. ¢.-X. HayK. Anma-Ata, 1972. 23 c.
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including early-ripening Mutant-428, although it slowed down after massive
flowering, it continued to the end of the vegetation.

Table 1
The dynamics of plant height in rice varieties at different nutrition areas, mm
. Nutrition Number of days after sprouting
Variety | areacm [ 15 [ 25 [ 35 | 55 | 65 | 75 | 95
2x15 2 2 4 492 | 562 | 570 653
Mutant-428 15x15 2 2 4 615 | 648 | 690 750
30x30 2 2 4 530 | 585 | 695 785
2x15 2 2 4 480 | 505 | 635 645
Malysh 15x15 2 2 4 585 | 615 | 695 705
30x30 2 2 4 520 | 570 | 690 715
2x15 2 2 4 615 | 665 | 745 903
Ukraine-96 15x15 2 2 4 670 | 710 | 810 | 1051
30x30 2 2 4 685 | 720 | 815 | 1223
2x15 2 2 4 605 | 650 | 740 895
Myrnyi 15x15 2 2 4 680 | 695 | 753 915
30%30 2 2 4 715 | 725 | 790 925
. 2x15 2 2 4 325 | 612 | 840 945
Krosnotarsky | 15x15 | 2 | 2 | 5 | 452 | 548 | 815 | 920
30%30 2 2 4 330 | 510 | 810 900
2x15 2 2 4 330 | 615 | 842 950
Don-883 15x15 2 2 5 448 | 550 | 805 942
30x30 5 5 4 332 | 512 | 800 938
2x15 13 12 19 20
LSDgs 15x15 15 14 21 22
30x30 15 14 23 22

There is a close connection between the height of the plant and the
length of the individual internodes changes (Table. 2). In all the studied
varieties of rice, starting from the VI stage of organogenesis, the first one,
counting from panicle, inter-node, which is characterized with the most
intensive growth at VII stage of organogenesis. This internode at the end of
the vegetation period has the largest value.

It is established that most varieties of rice develop only 4-6 internodes,
with only the first 3-4, counting from the panicles, have a relatively large
length, they can be assessed visually or using special equipment.

The next 2-3 internodes are elongated only for a few millimeters, and
the remaining internodes in the rice are very close to each other.
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Table 2
Length of internodes (mm) in rice varieties at different plant nutrition areas

. Nutrition | Number of internodes counting from panicle
Variety
area, cm 1 2 3
2x15 351 203 99
Mutant-428 15x15 424 225 101
30x30 440 230 114
2x15 346 208 91
Malysh 15x15 380 234 96
30%30 385 236 93
2x15 469 315 96
Ukraine-96 15x15 485 334 97
30x30 494 342 97
2x15 472 320 103
Myrnyi 15x15 483 326 104
30%30 498 328 104
2x15 481 350 114
Krasnodarskyi-424 15%x15 478 328 112
30x30 461 329 110
2x15 479 349 122
Don-883 15x15 476 345 120
30%30 474 343 119
2x15 11 9 5
LSDgs 15x15 10 8 5
30%30 13 10 5

At different nutrition areas, the change in the length of individual
internodes is similar to the changes in the overall length of the stem in
different varieties. The first, starting from the panicle, internode occupies 51-
56% of the total length of the stem. As it is evident from the Table 3, the
largest changes were observed in the first and second internodes of early- and
middle-ripening varieties: as the plant nutrition area increases, the indicators
of these morphostructural elements increased either. The length of the third
internodes, starting from the panicle, was stable.

As in other varieties, late-ripe genotypes (Krasnodarskyi-424 and Don-
883) had the largest internodes located first starting from the panicle, but their
change in different supply areas was slightly different in comparison to more
fast-ripening varieties. It turned out that with the increase in the nutrition area
the length of internodes in the late varieties decreases. The same regularity
was observed in other internodes.
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The number of leaves on the plant serves as a varietal feature and
fluctuates in the different by vegetation period duration varieties within 10-13.
The speed and duration of the formation of leaves depends essentially on
theenvironmental conditions.

The foliaceousness is increased by 1-3 leaves under the increasing
doses of nitrogen fertilizers, plant nutrition area, and also under the influence
of other factors. It is established that in the period of panicleing varietal
differences in the number of green leaves disappear or are unclear. There are
on average 4, and on a rich agrobackground — 5 green leaves per the stem.
The most significant impact on the yield formation has the length and width
of the leaves™.

Dark color of leaves is regarded as an indicator of increased content of
chlorophyll. It is assumed that the dark green leaves are more productive
in photosynthesis and more intensively accumulate dry matter. Instead, in
practice, the forms with wide light-green large leaves appear to be quite
productive and not inferior to the yield of dark-coloured™®. Obviously, in order
to use the coloring of the leaf as an indicator (marker) of productivity of
plants, it is necessary to possess information about the connection between
chlorophyll and yield. But at present there are no works which would reveal
the photosynthetic activity of different types of rice plants according to the
structure of bush, color of leaves, degree of thickening, etc.

The duration of leaves life and the intensity of utilization of organic
matter from vegetative organs to generative have some positive effect on the
yield of variety. By the beginning of ripening of rice seeds, in the plants of
medium-and late-ripening varieties there remain viable 3-4 upper leaves, and
2-3 ones in early-ripening varieties. The remaining 6-8 leaves die. The dying
out is in different forms at different ages both of the leaves themselves and
the plants on the whole and depends on the biological characteristics of the
samples and the vegetation conditions. Thus, early sowing, elevated doses of
nitrogen fertilizers lead to an increase in life-time of leaves®’. The later leaves
die out, the greater is the period they can perform photosynthesis and the more
their lives will affect on the productive processes.

Unlike many cereal crops, leaves and straw of rice before the full
ripening of grain contains 60-70% of water, they are still viable and contain
asignificant amount (0.8-1.0 t/ha) of reserved matter that is practically
unused. Application of Potassium fertilizers can strengthen the outflow of the

8 3rmnckas H. JI., MiBanoBa A. B. BiustHue Kaus Ha ypoxail puca B YCIOBHAX PasIHUHOTO
coiep)KaHus yCBOsieMbIX (opm ero B mouBax. bion. HTH BHHUHU puca. Kpacuomap, 1972.
Bem. VIIL C. 71-75.

" Bonkopa H. II, Cmeramun A. II. JIucTooGpa3oBaHHE y HEKOTOPBIX COPTOB pHCA.
bion. HTU BHUU puca. Kpacuonap, 1973. Bem. IX. C. 10-14.

7 Topowenko T. H., Tletu6ekas B. C. OcoGeHHOCTH (JOTOCHHTE3a M JIBIXaHHS COPTOB PHCA
uHTeHcHBHOTO THIA. Bron. HTU BHUH puca. 1980. Bem. 28. C. 38-42.
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substances from the lower leaves to the upper ones®, but such artificial
measures lead only to a partial increase in the attraction of the substance by
kernels, resulting in a slightly increased kernel size, but they do not cause a
significant increase in the yield.

Thus, the extension of the life of leaves and stems increases the
absorption capacity of panicle on the whole and of kernels, in particular,
remains an important and relevant question of rice breeding for productivity.
The end of functing of the upper leaves should occur simultaneously with
grain ripening. This synchronization in the development of rice plants is quite
real, because among the collection samples there are forms in which the dying
out of all leaves takes place simultaneously with the ripening of grain.

It was established that in the early ripening varieties (Mutant-428,
Malysh) at the final stage (Il stage of organogenesis) ther is formed, basically,
9-10, only in some years — 11 leaves; in the middle ripening ones (Ukraine-96,
Myrnyi) — 11-12, rarely 13 leaves; in the late ripening ones (Krasnodarskyi-
424, Don-883) — 12-13 leaves (Table 3). The number of leaves in the same
varieties in different years varied insignificantly, it was manifested in different
periods of ontogenesis. The slightest differences were manifested on 2-3 day
from the beginning of sprouting, then they were slightly increased, but certain
patterns in this increase were not found.

Increasing the area of plant nutrition leads to some increase in the
number of leaves, but again it was insignificant, by 1-2 leaves (Table 4).

The largest number of leaves was formed in the different area of plants
nutrition in the late-ripening varieties; it is somewhat less in middle-ripening
and the least — in the early-ripening genotypes.

With more intense mineral nutrition, rice plants’ productivity increased.
Our research has shown that the dynamics of the formation of leaves depends
on the group of ripeness of rice varieties (Table 5). In early and middle-
ripening varieties increase in the dose of nitrogen did not lead to changes in
the number of leaves in different periods of the plants’ ontogenesis. Instead
the late varieties (Krasnodarskyi-424 and Don-883) significantly increased the
number of leaves at the application of nitrogen fertilizers. This increase was
particularly noticeable in the variant of Ng.

Thus, late-ripening varieties form not only more leaves per plant, but
also have stronge reaction on the increase of nitrogen fertilization by this
parameter.

The photosynthetic potential of the plants determines and provides one
or another level of productivity, it depends on the size of the leaf surface, other
factors and the duration of their life.

" Amemmm E. II, Cwmeramun A. II. MuHepanbHoe muTaHHe puca. KpacHozap:
KpacHonapckoe KHHKHOE M3aTenbeTBO, 1965. 95 c.
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Dynamics of setting of leaves at different varieties of rice

Table 3

. Number of days after sprouting
Varieties vear 2:3 1415 | 2325 | 37-38
2003 5.0 7.8 9.7 105
Mutant-428 2004 5.5 8.4 10.3 11.0
2005 5.6 8.1 10.1 10.6
2003 5.1 7.6 8.5 9.3
Malysh 2004 5.6 8.2 8.8 9.7
2005 5.7 7.9 8.7 9.1
2003 5.1 7.5 9.4 111
Ukraine-96 2004 5.4 7.8 9.6 11.7
2005 5.7 8.0 10.3 12.0
2003 5.8 8.1 10.9 11.4
Myrnyi 2004 6.0 8.3 10.9 12.0
2005 5.8 7.9 105 12.3
2003 5.3 8.4 10.6 12.9
Krasnodarskyi-424 2004 5.0 8.8 104 12.6
2005 5.7 8.7 111 124
2003 5.0 7.8 10.9 13.0
Don-883 2004 5.6 8.7 10.1 13.1
2005 6.0 8.4 10.8 12.7
2003 0.01 0.15 0.27 0.27
LSDgs 2004 0.05 0.16 0.31 0.28
2005 0.04 0.15 0.24 0.25
Table 4
The number of leaves in different varieties of rice,
depending on the nutrition area, pcs.
Variety Plant nutrition area
2x15 15%15 30x30
Mutant-428 10.3+0.22 10.7+0.21 11.0+0.20
Malysh 9.740.21 10.2+0.21 10.5+0.21
Ukraine-96 11.8+0.20 12.0+0.20 12.1+0.19
Myrnyi 12.1+0.23 11.8+0.22 12.6+0.19
Krasnodarskyi-424 13.0+0.19 12.7+0.21 13.1+0.21
Don-883 13.1+0.21 12.6+0.19 13.0+£0.21

We have established that rice varieties in Ukraine also differ in the
area of leaf surface of plants (Table 6). These differences are more clearly
manifested between early- and late-ripening varieties; middle-ripening
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varieties (Ukraine-96, Myrnyi) do not differ from the early-ripening
varieties Mutant-428 and Malysh, and the variety Ukraine-96 has a much
larger leaf surface than other mentioned varieties of early- and middle-
ripening group.

Table 5
Dynamics of setting of leaves on the main stem of rice at different doses
of nitrogen fertilizers and nutrition area 30x30 cm, days

_ Nitrogen Number of days aftelj the beginning
Variety dose, kg/ha of sprouting

' 2 9 16 23 40

0 5.1 6.4 7.5 9.6 10.1

Mutant-428 90 5.5 6.1 8.0 10.2 10.6

180 5.0 6.6 7.6 10.0 10.7

0 5.0 6.3 7.4 9.2 10.3

Malysh 90 5.2 5.9 8.0 9.5 10.2

180 5.2 6.4 7.8 9.4 10.1

0 5.3 6.1 7.6 9.3 115

Ukraine-96 90 5.2 6.3 7.8 9.5 11.8

180 5.4 5.8 8.0 9.4 11.6

0 5.7 6.3 8.0 10.7 11.8

Myrnyi 90 5.9 6.7 8.5 11.0 12.0

180 5.8 6.6 8.7 10.9 11.9

0 5.5 7.7 8.1 10.2 11.2

Krasnodarskyi-424 90 5.8 8.3 8.8 11.0 12.0

180 6.0 9.0 9.0 11.8 13.1

0 5.3 7.8 8.2 10.1 11.0

Don-883 90 5.6 8.2 9.0 10.9 12.2

180 5.8 9.1 9.4 12.0 135

0 0.06 | 0.11 0.18 0.22 0.18

LSDgs 90 0.10 | 0.11 0.17 0.21 0.21

180 0.09 | 0.12 0.19 0.19 0.26

It should be noted, according to the average group characteristics of the
ealy- and middle-ripening rice varieties may be distinguished by the area of
leaf surface, but within each group there is a differentiation of genotypes by
the investigated characteristic. It is obvious that late-ripening varieties form a
much larger leaf surface than the genotypes of other groups of ripeness.

Given in the Table 6 data indicate that the increase in the nutrition area,
as a rule, leads to an increase in the total area of the leaf surface of plants in
the varieties with a different type of growth and development. This process of
growth of the total leaf area is pre-conditioned by the corresponding increase
in the leaves of different layers, Table 6 presents presents the dynamics of the
leaf area of the 1 and 2™ leaves from panicle areas.
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Table 6
Leaf area of rice varieties depending on the plant nutrition area

The total area The area of

Variety Nutrition of the leaf leaves, cm?
area, cm surface of 1st from 2nd from

plants, cm? panicle panicle

2x15 70.841.2 26.1+0.6 18.9+0.4
Mutant-428 15x15 75.6+1.8 28.310.7 20.0+0.4
30x%30 80.4+£1.9 29.4+0.7 22.4+0.5
2x15 65.7£1.1 22.1+05 24.4+0.5
Malysh 15%15 68.3+1.2 23.5+0.4 25.5+0.5
30x%30 70.7£1.4 24.0+£0.6 27.2+0.5
2x15 86.3+1.0 28.310.9 32.040.7
Ukraine-96 15%x15 91.6+1.2 30.1+0.7 34.0+0.7
30x%30 99.3+1.2 32.4+0.9 35.3+0.8
2x15 67.2+0.7 20.4+0.3 21.240.3
Myrnyi 15%x15 71.3£0.7 21.240.3 22.6+0.3
30x%30 73.5£0.7 23.240.3 24.0£0.3
2x15 85.6+0.9 30.5+0.6 28.4+0.5
Krasnodarskyi-424 15%x15 92.2+1.0 33.320.6 30.3£0.6
30%x30 97.6+1.2 35.6+0.7 32.3+0.6
2x15 98.5%1.2 32.2+0.7 33.1+0.4
Don-883 15%x15 111.4+1.3 34.0+0.8 35.1+0.7
30%x30 118.6+1.2 35.4+0.9 36.6+0.7

It is necessary to point out one important detail of the varietal, i.e.
genotypical specificity in the formation of leaves. It was found out that in
some varieties (Mutant-428 and Ukraine-96) a larger area is in the upper
leaves, while in others (Malysh, Krasnodarskyiskyi-424), on the contrary,
higher values of the leaf area are in the second layer. The varieties Myrnyi and
Don-883 are characterized by their original feature: they have almost the same
area of the first and the second layer leaves, but the reaction to the change of
the area of nutrition is the same as in other varieties: in the thickened crops the
area of leaves is the least and with an increase in the area of nutrition it
increases respectively by the layers of leaves.

Analyses have shown that in early-ripening and middle-ripening
varieties, the length of the 1% from a panicle leaves is less than the length of
the 2" leaves. The width of the same leaves, on the other hand, is greater than
in the 1% layer. In addition, the data of the Table 7 indicate that the difference
between the varieties in the indices of dimensions of the top leaves (length,
width, area) is small; we can only draw conclusions, that there is a tendency to
higher values of width and area of the upper leaves in the middle-ripening
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varieties. The same tendency to some increase in the parameters in the middle-
ripening genotypes exists in the 2™ from the panicle leaves.

2. Indices of plants tillering

The term of "tillering of plants" has combined such signs as the total
number of stems per plant, the number of productive and unproductive stems,
as well as the number of buds per plant, which to a certain extent serve as an
indicator of the potential of plants to tillering™®.

Studies have shown that each variety at cultivation in equal conditions
has permanent number of stems that is the named feature clearly defines the
varietal specificity. Under normal conditions, buds of side shoots are set in the
leaf sinuses regardless on varietal features, but grow and form side shoots only
by those buds that are in the most favorable conditions®.

It is known that the number of side shoots increases under the
increasing dose of nitrogen fertilizers, reducing plant density, lowering water
temperature at the stage of tillering, changing water regime, etc. It is
established that by changing the conditions of the environment at different
stages of ontogenesis, it is possible to control the process of shoots formation,
causing them to appear in different parts of the bush?.

There is a positive correlation between the productive tillering and
yield. Instead, the maximum productivity varieties form not at the expense of a
certain number of productive stems per plant, but as a result of the formation
of the optimum number of stems per the unit of area. The highest yield,
especially for highly thinned sprouts, will have the varieties with a greater
potential ability to create side shoots?. In this regard, the study of potential
ability to create side shoots in the promising varieties and rice samples is of a
practical importance, especially for the northern areas of rice cultivation.

The main stem has the largest number of leaves and nodes. Under
normal conditions, it is the most productive . All shoots of the first, second
and other orders are less productive. In this case, the performance decreases
with increasing order and place of attaching the shoots on the mother plant.

In our experiments, increasing the nutrition area from 2x15 to
30%30 cm led to an increase in the total number of shoots in 1.8-2.2 times

¥ MeTo/uKa ONBITHBIX PaBOT 1O CENEKITHH, CEMEHOBOJICTBY, CEMEHOBEIEHHIO H KOHTPOJIb 32
kadecTBOM puca. Kpacuomap, 1972. 155 c.

2 Eppirun I1. C. TIpoHCXOK/ICHHE KYIbTYPHOTO pUca. DUBUONOLUYECKIUE OCHOBbE OPOUEHUs
puca. Mocksa; Jleaunrpaz, 1950. C. 165-182.

2 Cayria M.A. ®opmupoBanue Kycta puca. Mopgonozus pacmenuii. Mocksa, 1961. T. 1.
C. 124-127.

2 Mamxuposa JI. JI., Kynepman ®. M. OCHOBHbIC 3Tambl OpraHoreHesa y puca. Kpamxue
umoeo Hayuno-ucciedogamenvckoi pabomul 3a 1953-1954 ce. Kpacuonap, 1955. C. 69-72.

% Typ H. C. [IpuuuHbI H3PEKHBAHUSA TIOCEBOB OT 3aCOICHUSA U PONIb KYIICHHS B (HOPMUPOBAHHH
cTebst prca: aBToped. auc. ... kaHa. 6uoin. Hayk. Poctos-Ha-JloHy, 1968. 20 c.
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(Table 7). It is discovered that the number of shoots of the 2™ order has
slightly changed in most varieties, and the biggest changes took place with the
shoots of the 3" and 4™ orders. The studied varieties significantly differed by
the total number of shoots and shoots of different order. The largest number
of stems was formed by the varieties Antey and Ukraine-96. The first variety
refers to the middle-late ripening group, and the second one — to the middle-
ripening group.

Table 7
The number of shoots of different orders in the varieties at different areas
of plants nutrition, pcs.

Variety Nutrition Order of the shoot
area, cm 2 3 4 5 6
2x15 6.5 13.6 9.4 0.0 0.0
Mutant-428 15x15 7.0 18.1 22.3 0.0 0.0
30x30 7.2 25.3 31.4 2.3 0.0
2x15 6.1 11.3 134 0.0 0.0
Malysh 15x15 7.0 16.4 18.2 0.0 0.0
30x30 7.5 25.8 29.3 0.0 0.0
2x15 6.3 11.7 12.0 0.0 0.0
Ukraine-96 15x15 7.6 15.3 19.5 3.3 0.0
30x30 8.5 24.0 41.6 125 0.0
2x15 6.0 9.7 12.4 0.0 0.0
Krasnodarskyi-424 15%15 6.6 13.7 18.7 7.8 0.0
30x30 7.2 19.5 26.0 6.3 2.2
2x15 5.3 8.9 13.0 0.0 0.0
Dnipro 15x15 7.0 12.3 16.4 1.6 0.0
30x30 7.8 19.0 28.4 8.5 0.0
2x15 6.4 13.1 14.0 1.3 0.0
Antey 15x15 7.2 26.0 28.4 8.0 0.0
30x30 8.1 29.1 32.6 9.2 2.2

It was found out that even at the absence of fertilizers in thinned crops
(30x30 cm) there was formed a much larger total number and number of
productive stems, than in the conditions of fertilization.

The varieties differ in nature of tillering under the influence of various
doses of nitrogen fertilizers, but the differences between them were
insignificant.

According to the Table 8 it is possible to conclude that in the reaction
of the varieties there is only a tendency to increase the indicated number of
stems: productive stems in the variety Ukraine-96 compared with Mutant-428.

Obviously, the differentiation of genotypes by the sensitivity to mineral
nutrition, especially nitrogen, is manifested against the background of
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contrasting by the vegetative period varieties: the longer the vegetation period
of the sample is, the greater the need for elements of root nutrition is, which is
met by additional doses, and elevated doses of fertilizers contribute to the
setting and development of additional shoots.

Table 8
Number of productive and unproductive stems of different orders
in rice varieties under different cultivation conditions, pcs.

% Power | Nitrogen The order of the stems
= area, dose, 2 3 4 5
> SM kg/ha | | I I I I 1 I I
0 5.4 25 1131 | 23 88 |15 | 0.0 | 0.0
2x15 90 60 | 41 |164 | 36 | 95 [ 17| 06 | 0.0
o 180 6.3 45 (172 | 3.7 | 102 |16 | 1.2 | 0.0
% 0 68 | 3.7 | 183 | 35 | 225 |06 | 0.0 |00
§ 15x 15 90 73 | 49 |195| 41 | 230(10| 22 |00
g 180 7.6 50 | 201 | 53 [ 252 |09 | 26 |05
0 72 | 36 | 249 | 40 | 306 |07]| 25 |03
30 x 30 90 7.8 46 (251 | 45 | 313 (11| 31 |10
180 8.2 50 | 263 | 52 [ 335 |06 | 36 |13
0 58 | 36 | 124 | 18 | 120 | 00| 0.0 | 0.0
2x15 90 6.1 40 (143 | 24 | 128 |00 | 0.3 | 0.0
© 180 65 | 47 | 178 | 3.7 | 140 (04| 08 | 0.0
T.) 0 72 | 36 | 161 | 22 | 206 |10 | 35 |09
-% 15x 15 90 7.8 41 (214 | 28 | 213 (08| 46 |11
% 180 83 | 45 | 235 | 30 | 234 |07 | 50 |05
0 7.6 36 | 256 | 25 [ 397 |08 | 116 | 05
30 x 30 90 8.1 39 | 263 | 28 [ 405|109 | 124 | 0.6
180 85 | 45 | 278 | 3.1 | 418 |09 | 13.0| 0.7
o |PYA€aOT |60, 1005 | 008 | 212 | 003|092 - |00t -
S | nutrition
3 t]’cy doseof | 443 | 005|007 | 196 | 003|087 | - | 001 ]| -
ertilizers
Note: | — The total number of shoots; Il — The number of productive shoots of each
order

The total number of shoots included all shoots that were formed. As a
rule, at the ninth stage of organogenesis of the rice plant there can be observed
shoots, which are at all stages of organogenesis, this is a biological specificity
of rice. In the transition of the main panicle to the XI-XII stages of
organogenesis, the correlation in the development of shoots changes
significantly. Shoots, which are on V-VI stages, continue to develop and in
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favorable conditions reach the XII stage, that is mature; shoots that do not
achieve until this time to the V stage, slow down their development and do
not form after this stage, i.e. remain unproductive.

Moreover, a part of the fully formed stems under different unfavorable
conditions (diseases, pests) does not realize its potential possibilities, that is,
does not form kernels.

On the basis of the performed studies, we can conclude that side shoots
of rice plants in the South of Ukraine are formed throughout the vegetation
period, but the potential and real productivity is determined only by the shoots
that begin to develop intensively at the early stages of organogenesis, reach to
the onset of ripeness of the main panicle the V-VII stages of organogenesis,
and the rest shoots stop their development until the maturation of the main
one. Rice varieties differ in the proportion of the shoots of different orders,
especially in the number of shoots of the 3-4 orders. The formation of lateral
shoots is greatly affected by the nutrition area of plants than by the amount of
nitrogen nutrition.

3. Duration and intensity of flowering

Flowering, pollination and fertilization occur at the 1X stage of
organogenesis. This is a very important period in ontogenesis of rice, because
all the processes that occur at this stage have a direct relation to grain
formation, and productivity of plants.

The duration, intensity, and character of rice flowering in various
environmental conditions have been studied by many researchers. According
to A. I. Siedlovsky and collaborators, in the Krasnodarskyi territory flowering
of rice usually starts at 9-10 a.m. and ends at 14-16 o'clock. In the Primorsky
Krai at the air temperature of 19-20°C rice begins to flower from 10-11 hours
in sunny weather and from 13-15 hours in cloudy. At the temperature of 23°C
and higher flowering lasts from 8-10 hours to 16-17 hours .

According to our observations in the conditions of Skadovsky and
Kalanchaksky districts of Kherson region flowering of rice in most cases starts
from 10 o'clock in the morning and lasts up to 15-16 hours; in some days with
high temperatures (above 20°C in the morning) flowering can be finished by
17 o'clock. The duration of flowering of different varieties of rice varies
within 10-30 days, and the period of flowering of individual plants is
5-10 days. It depends on weather conditions and genetic features of a variety.
The most intense rice flowering is on the 3", 4™ and 5" day. It is possible to
conclude that the nature of rice flowring depends on the biology of variety and
meteorological conditions of the environment®.

2 Shibata M. progress in breeding cold — tolerant rice in Japan. Per. Rice Cold Tolerance
Work Shop. Manila: IRRI, 1979. P. 21-124.
Cwmerannn A. II. CosmaHume cOpTOB pHca UL CEBEPHBIX DPAHOHOB OTEUECTBEHHOTO
pHCOCesHUS: AUC. ... I-pa 6uoin. Hayk. Kpacnomap, 1975. 393 c.
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We have studied the peculiarities of flowering of different varieties of
rice in the field researches at the Institute of Rice of NAAS (Skadovsk,
Kherson region) and Kiliyska Research Station of Rice (Odesa region).

It is established that in the studied varieties that belong to different
groups of ripeness, the duration of flowering is different (Table 9).

In the early-ripening varieties Mutant-428 and Malysh flowering lasts
within 6-9 days, in the early variety Ukraine 96 and Mutant-428 — 7-10 days
and in the late ripening ones Krasnodarskyi-424 and Don-883 — within 9-12 days.
Data show that in the studied genotypes under different environmental
conditions flowering of the plants lasts within the period of 6-12 days, with
the influence of environmental conditions (conditions of the years/
geographical point of research) the duration of the flowering period may
vary by 2-3 days.

The shortest period of flowering was in the early-ripening samples
among the existing genetic collection (27 samples were investigated). It was
found out that in this group of samples the genotypical differences on the
flowering of panicles in different weather conditions is limited to 2-3 days
(Table 10).

In the middle-ripening samples genotypical diversity by the duration of
flowering is more essential and it is within 6-7 days. The biggest differences
by the studied biological feature of rice were established between the late-
ripening samples, 9-10 days. Krasnodarskyi-424, Don-7115 belongs to the
varieties with the shortest period of flowering; the genotypes of the longest
flowering — Aromatica 834, MGR, AzROS / Corbetta. Rice varieties that are
on the list of the State Register of Plant Varieties of Ukraine, the period of
massive flowering lasts: Dniprovskyi — 6-8, Yantarnyi — 6-8, Agat — 6-8,
Prestyzh — 7-9; Ukraine-96 — 9-11, Pamiati Hychkina — 9-12, Slavutych -
9-11 days, respectively.

Table 9
The duration of flowering of rice varieties in different
environmental conditions, days
Skadovsk, Kherson region Kiliya, Odesa region
Variety Years Years

2002 2003 2004 2002 | 2003 | 2004
Mutant-428 7 6 8 8 7 9
Malysh 7 6 7 8 7 8
Ukraine 96 8 7 9 9 8 10
Myrnyi 8 7 10 9 8 10
Krasnodarskyi-424 9 10 11 10 10 11
Don-883 9 11 12 10 10 12
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Table 10
The duration of flowering of rice samples of different ripening groups, days

Group Number of samples Years
of ripening studied 2001 2002 2003 2004
Early-ripening 27 7-9 6-9 6-7 8-11
Middle-ripening 56 8-15 8-15 7-13 10-16
Late ripening 25 10-20 9-18 10-19 11-21

CONCLUSIONS

1. The growth of rice stems depends on the biological characteristics
of the varieties and plant nutrition area. In the South of Ukraine in some early-
ripening varieties (Malysh) stem growth is stopped after flowering, but in most
varieties (including early-ripening variety Mutant-428 and others) the growth
of the stem continues until the end of the vegetation. An increase in the plant
nutrition area leads to increased length and more significant accumulation of
biomass in the plants until the end of vegetation.

2. The number of the formed leaves varies by the duration of the
vegetation period: in the early-ripening varieties of rice — 9-10 leaves, middle-
ripening ones — 11-12, late-ripening ones — 12-13 leaves. Late-ripening
varieties form a much larger leaf surface than the genotypes of other groups of
ripening. Under the increase in the plant nutrition area the total leaf surface
area of the plants, including the area of the upper leaves, increases.

3. Side shoots of rice plants are formed throughout the vegetation
period, but the potential and real productivity of plants is determined only by
those shoots, which develop intensively at the early stages of organogenesis
and reach to the beginning of the full ripeness of the main panicle to the
V-VII stages of organogenesis. Flowering of rice plants in the early-ripening
varieties takes place for 6-9 days, in the middle-ripening ones — 7-10 days and
in the late-ripening ones — 9-12 days. The most intense flowering is attributed
to the early-ripening varieties; the middle-ripening varieties have prolonged
flowering period; and the least intensity and most prolonged flowering is in
the late-ripening genotypes.

SUMMARY

The article contains the results of the researches on the dynamics of
processes of growth and development of the plants depending on biological
properties of varieties and cultivation conditions. The growth of rice stems
depends on biological characteristics of varieties and plant nutrition area. In
the South of Ukraine in some early-ripening varieties (Malysh) the stem
growth is stopped after flowering, instead, most varieties (including early-
ripening varieties Mutant-428 and others) are characterized with the
continuous growth of stem to the end of the vegetation. Increase in the plant
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nutrition area leads to the increased length and more significant accumulation
of biomass in the plants before the end of vegetation. The early-ripening
varieties of rice form, mainly, 9-10 leaves, middle-ripening ones — 11-12, late-
ripening — 12-13 leaves. Late-ripening varieties form a much larger leaf
surface than the genotypes of other ripening groups. With the increase in the
plant's nutrition area, the total area of the leaf surface of the plants, including
the area of the upper leaves, increases. Lateral shoots in the rice plants are
formed during the entire vegetation period, but the potential and real
productivity of the plants is determined only by those shoots that develop
intensively at the early stages of organogenesis and reach by the ripening of
the main panicle to the V-VII stages of organogenesis. Flowering of rice
plants in the early-ripening varieties lasts for 6-9 days, in the middle-ripening
— 7-10 days and in the late ripening — 9-12 days, respectively. The most
intense flowering is attributed to the early-ripening varieties; the middle-
ripening varieties are characterized with prolonged flowering period and the
least intensity and the longest time span of flowering is a feature of the late-
ripening genotypes.
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SCIENTIFIC AND PRACTICAL PRINCIPLES
OF THE NATIONAL VARIETAL RESOURCES FORMATION:
CURRENT STATE AND PROSPECTS

Melnyk S. 1.

INTRODUCTION

The main task of the agricultural policy of Ukraine today is to raise
productivity and improve the quality of crop production by increasing and
maintaining varietal plant resources which determine the food security of the
state and can be used in the further selection process®.

With the biological science development and the increase demands of
agrarian market in providing agriculture with high-quality resources of plant
varieties, the state ensures the quality of registration of cultivated in Ukraine
varieties, the protection of plant breeders' rights and the introduction of seed
certification in Ukraine in accordance with the international requirements.

Variety plant resources play a special role in the economic and social
development of Ukraine, first of all, in stabilizing and increasing the volume
of crop production as a basis for the country's food security.

The State Register of varieties, valuable for cultivation in Ukraine,
includes more than 11 thousand varieties of about 450 botanical taxa of
agricultural, cereal, vegetable, fruit, ornamental and other groups of plants
which varieties are cultivated now?

Formation of the national plant variety resources is based on the results
of state scientific and technical examination of plant varieties. Every year, the
State Register of varieties, valuable for cultivation in Ukraine, is replenished
by the new varieties that meet the criteria of distinctness, uniformity and
stability and meet the needs of consumers, do not endanger the human health
and do no harm to the environment by commercially valuable characteristics °.
It is exactly this testing that ensures the quality of national varietal resources

! Shubravska O. V. (2010) Innovatsiini transformatsii ahroprodovolchoho sektora
ekonomiky: svitovi tendentsii ta vitchyzniani realii. [Innovative transformations of the agri-food
sector of the economy: global trends and domestic realities] Ekonomika i prohnozuvannia
[Economzy and forecasting] Ne 3, pp. 90-102.

Derzhavnyi reiestr sortiv roslyn, prydatnykh dlia poshyrennia v Ukraini na 2019 [State
register of plant varieties valuable for distribution in Ukraine for 2019] https://sops.gov.ua/reestr-
sortiv-roslin.

® Mizhnarodna Konventsiia z okhorony novykh sortiv roslyn vid 2 hrudnia 1961 r.,
perehlianuta v m. Zheneva 10 lystopada 1972 r., 23 zhovtnia 1978 r. ta 19 bereznia 1991 r. Ofitsiinyi
pereklad. (2006). [International Convention for the Protection of New Varieties of Plants of 2 December
1961, revised in Geneva on 10 November 1972, 23 October 1978 and 19 March 1991]. Kyiv: Alefa.
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formation and use. Finally, varietal research is the scientific study of plant
varieties in the field and laboratory conditions in order to obtain complete
knowledge of valuable characteristics (morphological, physiological,
economical, etc) and worthiness of using them to meet the needs of consumers
and in the further selection process®.

The lack of information related to the response to extreme
environmental factors, resistance to pathogens and pests of the new cultivated
in Ukraine varieties remains as an urgent problem. Comparative analysis
between the degree of these characteristics manifestation and the results of
scientific and technical expertise can be conducted by post-registration study
(hereinafter PRS), which will allow to determine not only the economic
feasibility of further cultivation, but also influence on the volume and structure
of the sown areas in the certain regions of the country.

The quality characteristics of the varieties obtained during PRS will
allow identifying the most environmentally friendly zones for processing, food
and pharmacological industries®.

The optimal solution to the problem of the national plant variety resources
formation is based on the results of the monitoring in countries of the
Commonwealth of Independent States (CIS), the European Union (EU) and
the International Union for the Protection of New Varieties of Plants (UPOV)°®.

This makes it possible to say that the development of breeding in plant-
growing plays a crucial role in the varietal plant resources formation, and the
state scientific and technical examination of plant varieties through the
regulatory, controlling and advisory mechanisms is the single-source to ensure
the formation and legal protection of varietal plant resources.

Analysis of the variety quality characteristics in dynamics along the
process of economic, biological, consumer and intellectual value
transformation will create the conditions for fund and effort targeting in the
genetic bank formation and certification of the plant varieties as the basis
for state food security’.

4 Pro nasinnia i sadyvnyi material: Zakon Ukrainy vid 26.12.2002 roku Ne 411-IV [Law
on Seeds and Planting Materials dated 26 December 2002, Ne 411-1V]. http://zakon4.rada.gov.ua/
laws/show/411-15.

® Ukrainian Institute for Plant Variety Examination (2016) Metodyka provedennja
kvalifikacijnoji ekspertyzy sortiv roslyn na prydatnistj do poshyrennja v Ukrajini. Zaghaljna
chastyna. [Methods of conducting qualitative examination of plant varieties valuable for
distribution in Ukraine. The common part] Kyiv: Niland-LTD.

® Dyrektyva Rady 2002/53/YS vid 13 chervnia 2002 roku pro spilnyi kataloh sortiv vydiv
silskohospodarskykh roslyn (OB L 193, 20.07.2002, s. 1) [Council Directive 2002/53 / EU of
13 June 2002 on the common catalog of varieties of agricultural plant species (OB L 193,
20.07.2002, p. 1). https://www.kmu.gov.ua/storage/app/media/uploaded-files/es-2015412.pdf.

" Volkodav V.V. (2005) Pravova okhorona sortiv roslyn v Ukraini [Legal protection of
plant varieties in Ukraine] Sortovyvchennia ta okhorona prav na sorty roslyn [Plant Varieties
Studying and Protection], Ne 1, pp. 98-109. DOI: https://doi.org/10.21498/2518-1017.1.2005.66870.
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1. Historical aspects of the plant variety resources formation

in Ukraine

The year 1923 is considered to be the beginning of the system of
domestic variety examination, when the All-Ukrainian Society of Seed
Production created a special research network, the tasks of which included
only varietal testing of maize,

spring and winter wheat and potatoes®. Later (1927-1930) the program
of variety examination was significantly expanded — all major field and garden
crops were involved to it. Then, a universal methodology to study the plant
varieties was developed for the first time and the list of plant varieties with the
main variety features was formed in accordance with the local soil-climatic
conditions of different regions. The autonomous network of variety
examination of the Ukrainian People's Commissariat of Agriculture and the
All-Ukrainian Society of Seed Production, as on 1928 with the main State
Variety Network numbered 26 units. Economic and organizational work in the
units of plant examination is shown in the Figure 1.

In 1932, the Ukrainian variety network for plant examination of the
Ukrainian People's Commissariat of Agriculture was merged with the variety
testing department of the All-Union Institute of Plant Growing (Moscow) and
the All-Union State Variety Testing Network (State Grid Network) was
created (later the State Commission on Variety Testing).

f » o T s "

Fig. 1. Plant care at the maize experimental plot

8 Vasyliuk P. M. (2013) Stanovlennia ta rozvytok naukovykh zasad sortovyprobuvannia
v Ukraini [Formation and development of scientific foundations of variety testing in Ukraine].
Kyiv: Niland-LTD.
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The decree of the Soviet People's Commissar of the USSR of
29.07.1937 "On Measures to Improve Cereal Seeds" laid out the principles
of testing the varieties of cereals, including the establishment of a network
of state variety experimental plots.

During the period 1937-1938, 193 plots were organized in the
Ukrainian Republic: Vinnytsia region — 25, Dnipropetrovsk — 30, Donetsk —
26, Odessa — 30, Kharkiv — 35, Chernihiv — 16.

In Ukraine, even before the World War 11, 150 plots were organized to
test cereals, oilseeds and herbs. The network of variety centers was formed
according to the district principle (each district or group of districts with
similar soil and climatic conditions).

Almost all cultivated plants were under examination and field testing
was designed in accordance with 2, 3 or 6-fold replications. Due to seed
control laboratory tests, the varieties were examined not only for yield, pest
resistance, climatic conditions resistance, but also determined flour and baking
quality of grain, protein and gluten content, diastatic activity of flour, etc.

The results obtained together with the results of the soil survey made
it possible to develop varietal zoning.

In 1940, the variety experimental plots of extended set and of main
network were formed in order to improve the quality of work, to ensure a
comprehensive study of the economically valuable features of the variety and
to ease strains on the main “State Variety Network”. The general view of field
experiments on experimental plots is shown in Fig. 2.
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In the early 50es of the last century, through the organization of variety
examination plots at the collective and state farms the variety examination
activity was raised up to the pre-war level.

The number of variety experimental plots in the Soviet Ukrainian
Republic increased to 225.

As of the beginning of 1970, the main functions of the state variety
examination network were and remain to give an objective and accurate
comparative evaluation of varieties and hybrids of crops, identification of
more yielding and valuable varieties for zoning and their introduction into
agricultural production.

The general provisions of the variety examination methodology are
uniform for all experimental plots, regardless of their specialization,
production base and geographical location.

As of November 1, 1985, the network of variety examination stations
and plots of the Ukrainian SSR included 258 units, of which, on the basis
of collective farms — 154, state farms and other enterprises — 86, on an
independent balance — 17, 1 — specialized variety examination station.

In accordance with the Decree of the Council of Ministers of the
UkrSSR of 27.12.1989 Ne292 "On the organizational structure of state
examination and zoning of crop varieties" the Inspectorate of the State
Commission for Crops Variety Examination in the UkrSSR was reorganized
into the State Commission for Agricultural Crops Examination of the Main
State Agricultural Industry (hereinafter Commission), which included the
network of institutions: 25 regional inspectorates, 8 regional state stations
for plant variety examination, 17 state experimental plot centers and Ukrainian
central laboratory for testing the quality of variety examination in Kyiv. Field
experiment is shown in Fig. 3.

‘ Y I3 '|" = b e N
Fig. 3. Feald examinatin of maize varieties
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In accordance with the Decree of the Council of Ministers of the
UkrSSR of 27.12.1989 Ne 292 "On the organizational structure of state
examination and zoning of crop varieties" the Inspectorate of the State
Commission for Crops Variety Examination in the UkrSSR was reorganized
into the State Commission for Agricultural Crops Examination of the Main
State Agricultural Industry (hereinafter Commission), which included the
network of institutions: 25 regional inspectorates, 8 regional state stations for
plant variety examination, 17 state experimental plot centers and Ukrainian
central laboratory for testing the quality of variety examination in Kyiv.

The main task of the Commission was to implement state examination
of all new varieties, hybrids and lines of domestic and foreign breeding®.

In 1992 the State Commission for Agricultural Crops Examination
of the Main State Agricultural Industry of the UkrSSR was renamed to
the State  Commission of Ukraine for Examination and Protection of
Plant Varieties of the Ministry of Agrarian Policy and Food of Ukraine (State
Commission), which carried out state administration of field plant variety
examination.

The purpose of its creation was to ensure public administration
of the plant varietal resources formation of Ukraine and the protection of
breeders’ rights.

The State Commission numbered 25 regional inspectorates, 66 regional
state stations for plant variety examination, 122 stations for plant variety
examination, 8 laboratories and 4 enterprises.

Decree of the Cabinet of Ministers of Ukraine 3116-XII of 21.04.1993
adopted the Law of Ukraine "On Protection of Plant Variety Breeders’
Rights", which provides regulation of property and personal non-property
relations arising in connection with the acquisition, exercise and protection of
intellectual property rights on plant varieties.

Pursuant to the Law, the Decree of the Cabinet of Ministers of Ukraine
Ne 935 of 22.11.1993 “On the Register of Plant Varieties of Ukraine”
approved the Regulation on the Register of Plant Varieties of Ukraine, and
adopted a number of by-laws regulating acts for the Register introduction™.

Formation of the State Register of Plant Varieties of Ukraine allowed
to create internal market for varieties and hybrids and accelerate
their introduction into production, eliminates artificial restrictions of their
use and gives producers more rights to choose the best varieties according to
seed potential.

® Diialnist ta istoriia Ukrainskoho instytutu ekspertyzy sortiv roslyn (2019) [Activity and
History of Ukrainian Institute for Plant VVariety Examination] https://sops.gov.ua/istoria-uiesr-2.

0 Pro okhoronu prav na sorty roslyn: Zakon Ukrainy vid 21.04.1993 roku Ne 3116- XII
[The Law On Protection of Rights to Plant Varieties of 21.04.1993 Ne 3116-XIl].
http://zakon4.rada.gov.ua/laws/show/3116-12.
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In 1995, Ukraine became a member of the International Union for the
Protection of New Varieties of Plants (UPOV). The Verkhovna Rada
of Ukraine adopted the Law of Ukraine of June 2, 1995 Ne 209/95-VR
“On Accession of Ukraine to the International Convention for the Protection
of New Varieties of Plants”.

And in 1997, cooperation between Ukraine and the Organization
for Economic Co-operation and Development (OECD) was initiated through
the signing Agreement on Privileges, Immunities and Benefits Granted to
the OECD in Ukraine.

The agreement was ratified by the Verkhovna Rada of Ukraine in July
1999 (Law of Ukraine dated 07.07.99 Ne 850-XI1V).

In 2000, the variety examination network of the State Commission
of Ukraine for Plant Varieties Examination and Protection of the Ministry of
Agriculture and Food of Ukraine numbered 92 regional state stations for plant
variety examination, and 47 experimental plot centers.

‘-!i \'{1

Fig. 4. Ukrainian Institute for Plant Variety Examination

New approaches to the concept of the variety and the world experience
inright protection have prompted the government to take appropriate steps
to develop legal, scientific, methodological and international components
of the system of variety examination and rights protection. The decree
of the Cabinet of Ministers of Ukraine in 2001 approved a number of top
priority measures for solving the most important tasks of seed production and
crop breeding, and provided the establishment of the Ukrainian Institute
for Plant Variety Examination™.

™ Analitychna zapyska pro riven rozvytku naukovoho (naukovo-tekhnichnoho) potentsialu i
rezultatyvnosti diialnosti Ukrainskoho instytutu ekspertyzy sortiv roslyn ta obgruntuvannia napriamiv
i zakhodiv z optymizatsii diialnosti Ustanovy za 2015-2017 roky. [Analytical note on the level of
development of scientific (scientific and technical) potential and performance of the Ukrainian
Institute for Plant Variety Examination and substantiation of directions and measures for optimization
of the Institute's activities for 2015-2017]. https://sops.gov.ua/uploads/page/images.
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In 2002, the Ukrainian Institute for Plant Variety Examination (UIPVE)
was created through the reorganization of the State Center for Certification,
Identification and Quality of Plant Varieties of the State Commission for Plant
Varieties Examination and Protection of the Ministry of Agrarian Policy
(Cabinet of Ministers of Ukraine of 01.06.2002, Ne714 “On Establishment
of the State Service for plant varieties protection and UIPV/”)"2,

Within the Ministry of Agrarian Policy and Food, the State
Commission for Plant Variety Rights Protection was established on the basis
of the State Commission of Ukraine for Plant Varieties Examination
and Protection, and UIPVE and experimental plot centers were subordinated
to this governmental body.

In 2003, the UIPVE launched the publication of the official Bulletin
"Protection of Plant Variety Rights", aimed officially publishing the results of
research on the basis of which state registration of the variety and/or its rights
is conducted. In 2003, the Verkhovna Rada of Ukraine adopted the Law of
Ukraine Ne 411-1V of 26.12.2003 "On seeds and planting material”, which
defined the basic principles of production and circulation of seeds and planting
materials, as well as the procedure for state control over them®®,

Cooperation between Ukraine and the Community Plant Variety
Office (CPVO) was initiated in 2005. On April 25, 2005, a Memorandum
of Understanding between the CPVO and the State Commission for Plant
Variety Rights Protection was signed in Kyiv, that include exchange
of information, experience, training and technical cooperation (training
of technical staff, participation of Ukrainian representatives as observers
in CPVO expert meetings) ™.

The Verkhovna Rada of Ukraine adopted the Law of Ukraine of
02.08.2006 Ne 60-V “On Accession of Ukraine to the International
Convention for the Protection of New Varieties of Plants”.

Ratification of the 1991 Act of the International Convention for the
Protection of New Varieties of Plants allowed protecting plant varieties of all
botanical taxa.

%2 eshchuk N. V., Rudnyk O. I. (2002) Isnuiucha systema sortovyprobuvannia ta identy-
fikatsiia sortiv silskohospodarskykh kultur [Existing system of variety testing and identification
of crops varieties] Naukovyi visnyk Natsionalnoho ahrarnoho universytetu [Scientific Bulletin
of the National Agrarian University], Ne 57, pp. 143-146.

¥ Volkodav V. V. (2012) Zakonodavche udoskonalennia haluzi nasinnytstva — zaporuka
vysokykh i stalykh vrozhaiv [Legislative improvement of the seed industry is the key to high and
sustainable crops]. Naukovyi visnyk Natsionalnoho universytetu bioresursiv i pryrodo-
korystuvannia Ukrainy. [Scientific Bulletin of the National University of Life and Environmental
Sciences of Ukraine] Ser.: Ahronomiia, Ne 176. Pp. 301-306.

“ pushkar M. V. (2005) Do pytannja systematyzaciji zakonodavstva Ukrajiny u sferi
intelektualjnoji vlasnosti na sorty roslyn [On the systematization of the legislation of Ukraine in
the field of intellectual property for plant varieties] Visnyk ghospodarsjkogho sudochynstva
[Bulletin of economic justice]. Ne 5. Pp. 167-173.
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Year by year the material and technical base of the state system for
plant varieties protection was strengthened and a team of professional
specialists was formed. Today, there are 24 regional state centers for plant
varieties examination (branches) in the structure of the Ukrainian Institute for
Plant Variety Examination with 96 scientists, including 4 professors and 24 —
doctors. Scientific and methodological support provides high quality of field
and laboratory researches for plant examination, Fig. 5.

In 2013, Ukraine ensured the holding of the 42nd session of the UPOV
Technical Working Group on Field Crops in Ukraine (Kyiv), which was
attended by 58 foreign participants from 30 countries (UPOV member
countries)™.

Fig. 5. Field examination 2013

Ukraine also closely works with the intergovernmental Organization
for Economic Cooperation and Development (OECD) as an associate member:
it has joined the OECD Seed Schemes for the certification of cereal, maize,
sorghum, oilseed, cruciferous and sugar beet seeds. The OECD conducts
regular peer reviews in the member countries.

Conducting such a review in Ukraine contributes to the deepening
of cooperation with the OECD, is of great practical importance as it contains
specific recommendations for improving public policy in the field of variety
identification and variety certification of seeds and planting materials™.

%5 Dehtiarenko Yu. (2018) Aktualni ta problemni pytannia zakonodavstva Ukrainy u sferi
okhorony sortiv roslyn u spivvidnoshenni z uhodoiu pro asotsiatsiiu z YeS [Current and problem
issues of Ukrainian legislation in the field of protection of plant varieties in the context of the
European Union Association Agreement] Teoriia i praktyka intelektualnoi vlasnosti. [Theory and
Practice of Intellectual Property], Ne 5, pp.75-82.

% Tkachyk S.0., Leshchuk N.V., Hryniv S.M., Kostenko N.P. (2018) Metodyka
provedennja diljankovogho (gruntovogho) ta laboratornogho sortovogho kontrolju (POST-
control). [Methods of conducting the site (soil) and laboratory varietal control (POST-control)],
Vinnytsia: Niland-LTD.
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2. Concept of national varietal resources formation

The market of seeds and planting materials of plant varieties puts
forward urgent requests, namely: assortment, pure-seed, its authenticity;
maximum of criteria, minimum of conditions; State Register of Plant Varieties
(National Catalog): support examination on distinctness, uniformity, stability
and suitability for cultivation in Ukraine; quality certification system:
compliance with international requirements, coordination and transparency of
actions; pre-registration and post-registration study of varieties, with further
formation of regional lists*’.

Modern methods and directions of plant variety selection provide
quality product for market needs.

Current priorities in the selection practices of plant varieties are the
criteria that should ensure: yield (positive dynamics), resistance against
pathogens and pests, resistance to abiotic stress, productivity potential, product
quality, yield efficiency, nutritional quality and product safety, qualitative
storage, optimal cost, more efficient land use, economic viability, new markets
and variety competitiveness®®.

An important factor is the annual filling of the Register of Ukraine by
the new competitive plant varieties. The analysis of variety replacement along
the last 5 years for strategic crops of grain group in Ukraine is 55-71%
(Table 1).

Further formation of the national varietal plant resources requires
improving the mechanism of its legislative, regulatory, methodological,
organizational, staff, scientific, technical, technological and financial
regulation in accordance with international and European requirements®.
The concept of the national varietal plant resources formation for
2006-2011 revealed the causes of unbalanced system of its formation:

- mismatch of actual crop production volumes to the needs of the
internal and external markets due to inefficient use of varietal plant resources
induced by the post-registration research absence;

- unregulated market relations in the civil circulation of plant varieties,
which leads to imbalance in supply and demand on the market of plant
varieties;

¥ Andriushchenko A. V., Tkachenko V. M. (2011) Pro neobkhidnist perehliadu
Metodyky derzhavnoho vyprobuvannia sortiv roslyn na prydatnist do poshyrennia v Ukraini. [On
the need to review the methodology of state VCU testing of plant varieties Ukraine]
Sortovyvchennia ta okhorona prav na sorty roslyn. [Plant Varieties Studying and Protection] Ne 1,
pp. 55-57. DOI: https://doi.org/10.21498/2518-1017.1(13).2011.60076.

*® Haievets M. V. (2012) Superechlyvist norm zakonodavstva Ukrainy u zdiisnenni
derzhavnoi reiestratsii prav intelektualnoi vlasnosti na sorty roslyn. [The controversy of the norms
of Ukrainian legislation in the registration of intellectual property rights to plant varieties]. Teoriia
i praktyka intelektualnoi vlasnosti [Theory and Practice of Intellectual Property], Ne 3, pp. 6-10.

19 Zakharchuk O. V. (2009) Sort yak innovatsiina osnova rozvytku roslynnytstva [Variety
as an innovative basis of crop development] Ahroinkom, Ne 5/8, pp. 17-22.
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Table 1
Rates of variety replacement in the State Register
of Plant Varieties Valuable for Cultivation in Ukraine

Variety amount
; in the Register % of replacement during
Botanical taxa 2015-2019
2005 2015 2019
soft winter wheat 111 313 218 70
sowing rye 29 34 19 56
spring barley 79 129 71 55
soft spring wheat 35 45 32 71
maize 291 880 568 65
sunflower 138 583 363 62
sugar beet 96 169 87 52
potatoes 107 180 43 24
soybean 72 166 115 69

- low rates of scientific and technical potential realization in plant
selection;

- insufficient state motivation and support in plant variety domestic
breeding and seed development;

- the lack of a modern genetic bank of varietal plant resources;

- insufficient financial, material, technical, scientific, staff, information
and consulting support in the state scientific and technical examination
of plant varieties?.

With that in mind, appeared the need to create a new concept of
national varietal plant resources formation and their effective use?’. The main
tasks of the concept of national varietal plant resources formation are:

- state regulation of plant varieties civil circulation and creation of
competitive varieties of domestic breeding, variety certification introduction
and international market entry;

2 Kontseptsiia formuvannia natsionalnykh sortovykh roslynnykh resursiv na 2006-2011 roky.
Rozporiadzhennia Kabinetu Ministriv Ukrainy vid 2 serpnia 2005 r. Ne 302-r [The concept of national
varietal plant resources formation for 2006-2011. Ordinance of the Cabinet of Ministers of Ukraine
of August 2, 2005 Ne 302-p]. https://zakon.rada.gov.ua/laws/show/302-2005-%D1%80.

! Lypchuk V. V., Malakhovskyi D. V. (2015) Sortovi resursy zernovykh kultur
v Ukraini: stan ta problemy rozvytku [The sorts resources of grain crops in Ukraine: status and
problems of development] Innovatsiina ekonomika [Innovative economy], Ne 1, pp.12-17.
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- harmonization of the domestic policy related to intellectual property
rights on plant varieties with the state policies of the countries — members
of the European Union and other world leading countries;

- increasing the competitiveness of domestic crop production and
products of its processing on the domestic and foreign markets.

The state funds allocated for the state scientific and technical
examination of plant varieties are not enough, and the issue of attracting non-
state investments has not been resolved.

The issues of scientific and technical, personnel and information —
consulting support remain also unresolved. There is no mechanism for
interaction between state and non-governmental scientific institutions and
organizations in the process of national varietal plant resources formation?.

Such researches will form the organizational principles for scientifically
sound monitoring of varieties and hybrids involved into commercial circulation
based on the analysis of studies and modern European practice to decide
independently the state registration of plant varieties for cultivation in Ukraine
and the state registration of their rights.

This solution creates the conditions for involving community and the
institute of intellectual property representatives for plant varieties as an expert
bodies for consideration this issue®.

The problem of varietal plant resources formation is supposed to be
solved through:

- ensuring the priority of the development of state system of plant
variety rights protection in the implementation of domestic and foreign state
policies in the budget, credit, price, insurance, tax and regulatory spheres;

- improving the legal framework related to the plant variety rights
protection;

- development of mechanisms of interaction between state and non-
governmental institutions and organizations in ensuring the varietal plant
resources formation;

- development of scientific and technical, innovative activity and
standardization in the field of intellectual property for plant varieties,
including varietal study;

- formation of information, communication and consulting system
of economic usability and protectability of plant varieties.

The varietal plant resources formation will be carried out at the expense of:

22 gabluk P.T., Khadzhymatov V. A., Kisilj M. 1., Zakharchuk O. V. (2009) Normatyvni
vytraty na provedennia ekspertyzy sortiv roslyn. [Standard costs for the examination of plant
varieties]z. Kyiv.

® Leshchuk N. V., Zribniak M. M. (2005) Derzhavna reiestratsiia sortiv ovochevykh
kultur — osnova formuvannia natsionalnykh sortovykh resursiv [State registration of vegetable
varieties is the basis for the national varietal resources formation] Sortovyvchennia ta okhorona
prav na sorty roslyn [Plant Varieties Studying and Protection], Ne 2, pp. 86—96.
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- state budget funds, including revenues from payment of fees for
actions related to the acquisition, exercise and protection of plant variety
rights, as well as the provision of paid services for conducting a field and
laboratory VCU research and other types of expertise and by-products
realization, carrying out scientific-production activity of the state examination
institutions of the system of plant varieties rights protection;

- funds of the International Charitable Foundation for the Protection
of Intellectual Property and grants of international technical assistance;

- state fund for varietal plant resources formation.

The implementation of the concept will provide: solution of the state
food security, creation of new domestic highly productive adapted plant
varieties and introduction of varietal certification of seeds according to OECD
requirements, production volume increase, quality and competitiveness of
domestic production on the domestic and foreign markets, that will help to
increase the annual gross income in the field of crop production.

CONCLUSIONS

The implementation of scientific research on the development of the
Concept of national varietal plant resources formation for 2020-2025 will
provide:

1. Solving the national food security question, creation of new domestic
high-performance, adapted, competitive plant varieties.

2. Substantiation of post-registration variety study to form regional lists
of plant varieties on request of economic entities of different forms
of ownership.

3. Implementation of varietal certification of seeds and planting
materials according to the international requirements of the Organization for
Economic Cooperation and Development.

4. Increasing production and improving the quality of marketable
products and seeds on the domestic and foreign markets.

5. Increase in the annual gross income in the field of crop production
by the category "Sort" by 25-50%.

SUMMARY

Varietal plant resources play a special role in the economic and social
development of Ukraine, first of all, in stabilizing and increasing the volume
of crop production as a basis for the country's food security.

Varietal quality is a reliable and cost-effective factor in increasing crop
yields under any growing technology. Modern varieties and hybrids must be
distinctive, uniform and stable, meet the needs of consumers, without
endangering the environment and human health.
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Research methods. Methods were used for research: field, laboratory,
statistical, historical with elements of extrapolation, analysis and synthesis.

Research results. The historical aspects of the national varietal
resources formation, the current state and prospects of development of the
plant varieties rights protection are revealed. The reasons for the development
of the Concept of National Varietal Resources Formation are substantiated,
the tasks and ways of their realization are determined.

Conclusions. The implementation of the concept will provide:
addressing the food security of the state, creation of new domestic highly
productive adapted plant varieties and introduction of varietal certification of
seeds according to OECD international requirements, increase production
volumes, quality and competitiveness of domestic production on the domestic
and foreign markets, which will help to increase the annual gross income in
the field of crop production.
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LIQUID COMPLEX FERTILIZERS ON THE CULTURES
OF AGRICULTURAL CULTURES OF THE BLACK SEA STEP
OF UKRAINE

Krivenko A. 1.

INTRODUCTION

In Ukraine, the production of liquid complex fertilizers (LCF) of the
brands 11:37 and 10:34 (nitrogen: phosphorus), in which phosphorus is
presented in the form of ammonium ortho- and polyphosphates, is set up
again, with the share of the latter being 65-75%. Polyphosphates become
available to plant roots after their transformation under the action of the soil
enzyme pyrophosphatase, while phosphor phosphate is available to plants
directly. Managers of agricultural enterprises are attracted by their numerous
advantages®:

- can be brought to the soil surface without the need for immediate
tillage; compared to solid fertilizers more evenly distributed over the surface
of the field; uniformity of composition: each drop of liquid fertilizer has
the same composition;

- other components (microelements, growth regulators, pesticides) can
be introduced into their composition, with the added components being
distributed throughout the fertilizer and this allows them to be introduced as
evenly as possible;

- in comparison with liquid nitrogen fertilizers LCF do not contain free
ammonia, so they can be transported and stored in leaky containers;

- works with the LCF are fully mechanized, losses during overloading
and storage do not exceed 1%, whereas for solid fertilizers this figure
is 10-15% and more;

- the cost of LCF is lower than solid fertilizers due to the exclusion
of energy-intensive technological stages (granulation, drying, dust collection,
etc.).

In the period up to 1990, agricultural research institutions have shown
in numerous experiments the high efficiency of the use of LCFand
CAS(Ammoniac mixture) for basic crops®. But over time, there have been and

! Loginova I. (2016) Liquid complex fertilizers. Agronomist. No. 2 (52). URL:
https: //agronom.com.ua/zhydkye—kompleksnye—udobrenyya/.

Getmanets A.Ya., Kramarev S.M., Bondar V.P., Usenko Yu.l. (1990) Efficiency of co-
application of liquid complex fertilizers and herbicides in crops of corn cultivated using intensive
technologies. Collection of scientific papers of the All-Russian Research Institute of Corn. S. 55-62;
Kramarev S.M. (1990) The effect of co-administration of LCF, KAS-28 and herbicides on some
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are changing climatic conditions, soil fertility, and some elements of culti-
vation technologies are being improved, which necessitates an assessment
of the efficiency of the LCF for the present.

Active and scientifically based use of LCF in some measure will help
to solve the problem of phosphorus state of the black soil of Ukraine.
According to statistics, between 1966 and 1990, the use of phosphorus
fertilizers increased steadily and reached 40 kg of active substance per hectare
. In this case, the weighted average content of mobile phosphorus in the steppe
zone increased from 67 mg per 1 kg of soil to 93 mg/kg.

A sharp decrease in the level of application of phosphorus fertilizers
begins in 1991 and already in 1997 it amounted to 4.1 kg bw/ha; the annual
deficit of mineral phosphorus reached 15-20 kg/ha (4-5 mg/kg)®. The minimum
amount of phosphorus fertilizers (2-3 kg/ha) was introduced in 2000-2003,
since 2004 the gradual increase in the volumes of introduction of phosphorus
fertilizers began, although it remained unacceptably low (7-10 kg/ha).

Under the harvest 2017-2019. in the Odessa region, phosphorus
fertilizers of 5-6 kg dw/ha were introduced and in the total amount of mineral
fertilizers introduced the share of phosphorus was 18%, potassium — 14% and
nitrogen — 68%.Prolonged application of low rates of phosphorus fertilizers
has led to a significant deterioration of the phosphate regime of soils of
Ukraine as a whole and of the Steppe zone as well.

1. Material and Methods

To determine the effectiveness of liquid complex fertilizers (LCF) 10:
34: 0 in the conditions of the Black Sea agricultural zone of the Odessa region
were done trial with the main crops in the field of field crop rotation: corn for
grain, peas, winter wheat, sunflower.

In addition, LCF was applied into black fallow and explored the
possibility of its use for pre-sowing seed treatment as an adhesive.

Soil of the trial field of the Odessa State Agricultural Experimental
Station — chernozem southern low humus heavy loam.

The arable layer of the experimental plot was characterized by the
following indicators: humus content — 3.11%, mobile phosphorus and

physiological and photosynthetic indicators of corn plants. Alma-ata. Thes. doc. (Republican
scientific and practical conference of young scientists and specialists). S. 117-118; Nevskaya V.N.
(1988) CAS solutions with trace elements, nitrification inhibitors, and pesticides. Chemicalization.
Number 3. S. 30-32; Radchenko V.V., Berezina N.L. (1988) Specialization issues in the use of solid
and liquid mineral fertilizers. Improving the economic mechanism in the agricultural sector. Thes.
reports of the 2nd Belarusian scientific and practical. conf. young scientists and specialists. Minsk.
S. 477-478.

® Kramaryov S. Phosphor, the problem of Ukrainian black soil and the possibility
of hatches of the Russian Federation. Farmer. URL: https://imptorgservis.uaprom.net/al70873-
fosforna-problema-ukrayinskih.html.
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potassium — 100.0 mg/kg soil and 105.0 mg/kg, respectively. The size of the
plot is 140 square meters, the accounting area is 84.0 m?, the repetition rate is
four times. In the trials was used recognized variety.

Fertilizers were used as ammonium nitrate, simple granulated
superphosphate, potassium salt and LCF 10: 34: 0. Schemes of experiments on
individual cultures are given in the presentation of the results. Time
of experiments 2018-2019 agricultural year.

1.1. Weather conditions of time of experiments

Summarizing long-term meteorological data it is proved that in the
Odessa region 444 mm of precipitation falls during the year. It should be noted
that rainfall is very unevenly distributed, leading to an acute shortage of
moisture and a sharp decrease in yield. During the summer, 34-40% of the
total annual rainfall occurs, and in other seasons fall by 20%, which
emphasizes a distinct continental character.

The hydrothermal coefficient of the Black Sea Steppe is 0.5-0.8.
According to long-term observations of the Odessa Hydrometeorological
Station, the frost-free period lasts 175-180 days, the sum of effective air
temperatures (above + 10°C) is 3200-34000.

The average annual air temperature is 9-10°C. The rainfall here
is 330-380 mm. Precipitation is a very variable element of the climate of the
area. Their distribution during the growing season, both in time and in
intensity is very uneven, which prevents their effective use.

The productivity of the crop industry, as well as of agriculture in general,
depends to a large extent on the influence of climatic factors, especially on the
amount and uniformity of the rainfall, as well as on the temperature and relative
humidity. March 2019 was at the level of 2015 (Picture 1). The average monthly
temperature in the south of Ukraine for this month was 5.0°C, which is
higher than the long-term norm by 2.3°C. For comparison, we show the average
monthly outdoor air temperature in March for the last 5 years.

This year, the transition of the average daily air temperature through
the mark of plus five degrees, which is considered to be during the steady
spring resumption of the vegetation of winter crops in the conditions of the
Odessa Agricultural Experimental Station, was noted on March 17, which was
noticeably earlier than last year — March 31 and later in Compared with 2017 —
March 5. In general, in April there was a rapid increase in heat in the third
decade. If in the first ten days of April it was 6.7°C, in the second 7.7°C, and
in the third — 14.5°C (Picture. 2). The average temperature for the month was
9.8°C, which corresponds to a long-term norm.

In May, a high air temperature was observed with an excess of the
average annual norm of 4.8°C. The ten-day increase in temperature was
gradual: in the 1st decade, the temperature was 11.3°C, in the 2nd decade —
16.3°C and in the 3rd — 20.5°C.
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Pic. 2. Ten-day average air temperature in the spring of 2019
according to the weather station of Odessa State Agricultural
Experimental Station

The spring period of 2019 turned out to be largely arid: in March there
was no precipitation (Picture. 3), in April it fell in the second decade (23 mm),
which is 10.3 mm lower than the average long-term norm; in May there was
very little rainfall of -10.5 mm (28.7% of the average annual norm). The lack
of precipitation in sufficient quantities and the high temperatures of the spring
period negatively influenced the growth and development of all crops.
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2. Results
2.1. Corn for grain

The equivalence of LCF and solid mineral fertilizers for corn is shown
in Table 1. There was a tendency to an increase in yield (+2.8 c/ha) during the
spring application of liquid complex fertilizers before sowing corn in
combination with the main nitrogen-potassium fertilizer in comparison with
the similar option, where liquid complex fertilizers served as the main
fertilizer (options 3.4).The use of liquid complex fertilizers in its pure form led
to a certain decrease in yield relative to its integrated application, but there
was also a tendency to higher yields during spring to sowing. The use of liquid
complex fertilizers for top dressing in phase 12-17 (according to the European
classification of BBCH) increased the yield in comparison with the pure
control by 7,1%.

An analysis of the available nutrients in the soil by the phases of corn
organogenesis showed a higher content of mobile phosphorus in the variants
of spring application of LCF and in top dressing: on average, the excess was
from 43.5% (5 days after application) and 10.9% after 20 days, both in relation
to pure control, and to solid mineral fertilizers. In the content of available
forms of nitrogen, no significant differences were observed.

The nitrogen content in the corn grain of all variants was slightly (1.3
... 10.3%) higher than the control variant, but the maximum protein yield per
unit area was observed in the variants where phosphorus in the composition of
solid mineral fertilizer was replaced by 10:34 equivalent grade liquid-fat
formative agents and applid LCF in the spring before sowing or in top
dressing in phase 12-17 BBCH. The excess was 26.8% and 31.6% compared
with the pure control and 8.1%, 12.2% — in relation to the main application of
solid mineral fertilizers.
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Table 1
Harvest of corn grain, depending on the form of fertilizers, kg/ha

No repetition * control
N Option Content Average

plot R tha | %
Control

L | (without fertilizer) 4241430 412 | 414 420 - -

2. | N9OPGOPEO * 476492 | 483 | 495| 486 | 66 | 157

3. [LCF ** + NP 461491 506 |474| 483 | 63 | 150

LCF in the spring
4. |before crops + NP the 498|526 | 52,4 | 49,7 51,1 91 |219
main application

LCF in top dressing +

5. - < 51,1| 51,1 | 49,5 | 49,8 50,4 8,4 | 20,0
NP the main application
Liquid Complex

6. | Fertilizers in the fall — 473 | 46,9 | 455 | 46,9 46,6 46 | 11,0

the main

Liquid Complex
7. | Fertilizersin the spring | 45,6 | 47,8 | 47,4 | 48,0 47,2 52 | 12,4
before crops sowing

8. | LCF in top dressing 44,7 | 44,3 | 452 | 459 45,0 30 | 71
experimental error,% 15
Least significant difference 95% (LSDg g5) 2,0

* — solid mineral fertilizers (SMF) — the main application in the fall;
** — LCF is normally equivalent to P60 (in all cases) and NP is equivalent to
option 2 (in all cases) — main application.

2.2. Peas

In preliminary studies in a long stationary experiment, we found” that
to obtain a high yield of peas in a crop rotation with organic fertilizers
directly under the peas, it is sufficient to apply phosphorus-potassium
fertilizers. But, since according to the last round of agrochemical
examination, the soils of most agricultural enterprises in Odessa region have
sufficient reserves of exchange potassium and an insufficient potential for
producing available nitrogen, as well as a low content of mobile phosphorus,
then under such conditions liquid complex fertilizers grade 10:34 should be
ideal for this culture.

The excess of the pea grain harvest relative to the pure control in the
variants with liquid complex fertilizers(LCF) application was 22,9% and
28,2%, relative to solid mineral fertilizers (SMF) — 5,55 and 10,1%, moreover,
higher growths were observed when using LCF in the spring before sowing

4 Burikina S.I. (2009) Norms of payback — the basis for formulating the regulatory
framework for planning and forecasting the development of crops. Newsletter of agrarian science
of the south region. Odessa: SMIL, 2009. Issue 10, pp. 9-13.
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the crop. Due to the higher yield, the protein yield per unit area also
increased — by 19,7% and 26,7% relative to the variant without fertilizers and
small (2,5% and 8,5%), but still an excess compared to SMF. The absolute
nitrogen content in the pea grain varied according to the experimental variants
in a narrow range of values — 3,39 ... 3,49%.

Table 2
The Impact of the terms of liquid complex fertilizers on the crop
and the main indicators of the quality of pea grain, variety Light

Harvest, c/ha Weight The
Ne Optlon Content Repetition 1000 yleld -Of
plot Average| seeds, |protein,
I I I v grams kg/ha
Control

1. (without fertilizer) 18,8 119,3(18,3|19,0| 18,8 224,1 408,9
2, | N20P68 — main 212|215 228|220 219 | 2318 | 4777

application

LCF, 200 kg/ha
3. |physical. weights — 2251223242234 | 231 231,3 489,4
the main application
LCF, 200 kg/ha
physical. weights —

4. |: . 244 1242|236 (241| 241 231,8 518,2
in the spring before
sowing
experimental error,% 1,7 3,8 -
Least significant difference 0,95 1,1 5,6 -

The content of mobile forms of nitrogen in the soil of the control
variant is lower than in the experimental plots. The concentration of ammonia
nitrogen in the flowering phase was higher when applying LCF, both in the
main application and when sowing in comparison with the variant of fertilizers
by 70% and 63%, and in comparison with the main application of solid
mineral fertilizers by 30,8 and 28,5 percent. To full ripeness, the content of
ammonium nitrogen decreases to very small values (1 ... 4 mg/kg), but the
patterns remain.

A relatively higher content of nitrate nitrogen in the soil layer of 0-30 cm
is observed in Flowering during the main application of SMF; to full ripeness,
the difference in its concentration by fertilizer options is almost leveled. At the
same time, the nitrification ability, which characterizes the level of accumulation
of nitrate nitrogen in the soil when it is composted for 14 days under optimal
temperature conditions and moisture, is in the option of pre-sowing application
of LCF by the end pea vegetation, almost twice exceeded the net control
(1.8 times) and the options for the main application of both SMF and LCF
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(by 61.5% and 53.7%, respectively). By the flowering phase, the differences in
soil nitrification ability in the control variant and with the main addition of SMF
were insignificant (4.8% higher in the second case); the basic application of LCF
exceeded SMF with the same method of application by 23,0% and by 16,3% —
LCF when applied before sowing peas. Obviously, the application of LCF brand
10:34 activates the nitrifying microflora of the southern chernozem, regardless
of the period of application.

The utilization rate of fertilizer phosphorus by pea plants during the
main application of SMF was 2.5 times lower than with the LCF 10:34 with
the same application period.

N-NH4, mg/kg N-NO3, mg/kg

kontrol N20P68 SMF, LCF -2,basic  LCF -2, before kontrol N20P68 SMF, LCF -2, basic LCF -2, before
basic sowing basic sowing
mflowering ®full ripeness mflowering full ripeness

Pic. 4. The content of ammonium and nitrate nitrogen under sowing peas
(layer 0-20 cm)

2.3. Winter wheat pre-crop peas

Options for experience:

1. Control of fertilizers;

2. NgoP3oKgo — the main application of solid mineral fertilizers —
background;

3. Background + NysPs; _ solid mineral fertilizer was applied locally at
the beginning of spring tillering;

4. Background + LCF is equivalent to NysPs; — foliar application to
plants at the beginning of spring tillering;

5. Background + LCF is equivalent to N;5Ps; foliar application to plants
in the phase of the beginning of exit into the tube.
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The grain yield of winter wheat Cantata variety when grown on peas
amounted to 45,7 c/ha without fertilizing, against the background of SMF —
53,6 c/ha. When the top dressing was introduced in the form of SMF, the grain
yield increased to 55,6 c/ha, the same was the crop when using LCF for spring
top dressing (55,6 c/ha). Using the background of the main application
of LCFin the phase of the beginning of the exit to the tube, 54,4 c/ha of winter
wheat was obtained. The yield growth due to top dressing amounted to (t/ha)
2,9; 2,9 and 0,8, and due to the whole norm — 9,9; 9,9 and 7,3 with a LSD
of 0,95 = 1,7 c/ha.

The physical quality parameters of winter wheat grains such as
the mass of 1000 kernels and bulk density did not differ significantly in
the options for the use of LCF, and in the case of the background fertilizer,
the mass of 1000 kernels significantly less control without fertilizers (table 3).

The vitreousness of the grain from the plots of fertilizer application did
not differ, but in relation to the non-fertilized version — they are significantly
higher.

Table 3
Quality of winter wheat grains with various technologies for making housing
and communal services

Ne \ivle_lght V\{%Igg ‘ vitreousness,| Gluten, | protein, Protein P,0s,
plot Iter, grains, % % % harvest, %
grams grams kg/ha

1. 795,2 45,8 82,5 19,9 11,32 517,3 0,71
2. 793,5 42,6 96,0 26,4 13,31 7134 0,79
3. 799,0 44,3 97,5 29,6 13,82 768,4 0,79
4, 800,0 446 98,0 33,2 15,12 840,7 0,86
5. 797,8 43,0 98,5 31,1 14,87 808,9 0,91
LSDoes | 12,6 2,9 4,0 3,0 1,02 - 0,14

In terms of gluten content, applying fertilizers had a significant
advantage, both in relation to the control and the background variant, and a
significant increase in protein concentration in winter wheat grain in relation
to the main use of SMF was observed during the feeding of LCF in both of the
studied vegetation phases . The phosphorus content in the grain significantly
exceeded the control also in the case of using LCF for spring feeding (table 3).

2.4. Sunflower
The experiment with sunflower was carried out according to a scheme
similar to peas, the difference consisted in the dose of fertilizers. N3yP1g, Was
added under the sunflower, which amounted to 300 kg/ha of physical weight
in the form of LCF. The crop increased from 24,0 c/ha in the control to
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26,6 c/ha with the introduction of solid mineral and up to 27,0-27,8 c/ha with
the application of LCF. Crop growth with the use of LCF amounted
to 4,3-5,3 c/ha, SMF - 3,1 c/ha with a LSD of 0,95 = 1,1 c/ha.In the arid
conditions of 2019, sunflower seeds were small: the mass of 1000 seeds from
the fertilized varieties did not go beyond 69,2-701 grams against 65,8 grams
on unfertilized ones. Seed huskiness was 21,6-21,8% versus 22,5%.

The fat content in the core (56,32-57,17%) did not differ much in
fertilizer options, but its collection from 1 ha significantly (by 11,3-12,9%)
increased in the plots of the main fertilizer application, including when apply
LCF for sowing — by 15,8%.The utilization rates of phosphorus from liquid
fertilizers were 1,8-2,0 times higher than from solid mineral fertilizers
at equal application doses.

2.5. Using liquid complex fertilizers in the black fallow
In 2018, in a specially designated area for the trial with black fallow,
fertilizers were applied according to the scheme shown in table 4.

Table 4
The presence of mobile nutrients in the soil under fallow

Sample in fallow Sample in germinate

. Sample winter wheat —
Ne Opt|0n Dep{)h‘ 18.05 2019 11.10.2019
plot Content cm  |N-NOs| P,05 [ K,0 [N-NO,| P,05 | K,0

mg per kg of soil

0-10 | 132 [1000]1250] 7,0 [1125 [150,0
1. |No fertilizer 1020 | 9,7 | 875 | 955 | 58 |120,0 [150,0
20-40 | 89 | 875 | 775 | 43 [1200] 77,5
0-10 | 20,8 1475|1352 | 89 |1125 |120,0
10-20 | 204 | 850 |101,2| 80 |107,5| 95,0
20-40 | 85 | 875 | 725 | 6,0 | 950 |105,0
NuPi,— LCF with | 0-10 [ 190 [1475[1355| 89 |1625 1925
3. |equalization of black | 10-20 75 | 925 | 915 | 6,0 |140,0|185,0
fallow in the fall 20-40 | 66 | 875 | 650 | 9,5 |147,0 [ 170,0
NyPu, LCFinthe | 0-10 | 217 [1325[1355 | 10,8 |1250 | 1850
4. | spring with black 10-20 | 83 |1050 |1355| 10,8 | 1250 | 157,5
fallow cultivation 20-40 | 51 [1125] 725 | 56 |1000 |170,0

N3P 102, — SMF when
fallow was plowing

NagP 10, — LCF 0-10 | 12,2 1275|1325 | 10,8 |154,0 | 150,0
5. | before sowing 10-20 | 9,1 |1015|1155 | 10,9 | 1450 |150,0
of winter wheat 20-40 | 85 | 875 | 725 | 9,6 |129,0 | 135,0
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When LCF was applied to black fallow in a soil layer of 0-20 cm,
slightly less nitrate nitrogen was contained in comparison with simple
mixtures of solid mineral fertilizers in the spring of 2019. When LCF was
applied before fallow cultivation and before winter wheat sowing, winter
seedlings showed a higher content of nitrate nitrogen (by 21.3%) in layers of
0-10 cm and 10-20 cm, and the availability of mobile phosphorus to these soil
layers was higher in all cases use of LCF.

2.6. The use of LCF as an adhesive
When dressing seeds of winter cereal crops even when diluted with
water in a ratio of 1: 2 reduced laboratory and field germination by 4.0%
to 12%.

3. Discussion

In our studies on the southern chernozem, there was a significant
difference in the agronomic efficiency of 10:34 LCF and solid mineral
fertilizers when they are used on crops of corn and winter wheat, and only
LCF on peas.

Nosov V.V. also notes that there is no difference in the effectiveness
of liquid and solid phosphorus fertilizers in most soil types, therefore, the
decision to use a particular product depends on its cost and ease of use in each
specific condition. Nevertheless, according to the results of several studies, in
some soil and climatic conditions (on carbonate soils), liquid phosphorus
fertilizers, including ammonium polyphosphate, can have certain advantages
over solid fertilizers®.

So, in his experiments on winter wheat with the addition of ammonium
nitrate in the spring (N69), a yield of 7.32 t/ha was obtained, with the use of
diammonium phosphate in the fall and ammonium nitrate in the spring with a
total dose of N105P92 — 8.14 t / ha and with the application of LCF in autumn
+ in the spring, ammonium nitrate (N100-101P104-109) — 8.90 t/ha.

Studies by the University of Minnesota (USA) showed that starting
application of P-fertilizers for sugar beets is more effective than spreading.
Starting application of P contributes to a better development of plants
in the initial period of vegetation. A decrease in the dose of phosphorus
at the initial application can reach 50% compared with the introduction
of scatter®.

® Nosov V. V. (2016) Efficiency of using diddy complex fertilizers containing
ammonium polyphosphates. Plant nutrition. No. 1. S. 11-16.

® The effect of starting application of LCF 10-34-0 on sugar beet yield in the USA
Adapted from: American Crystal Sugar Company URL: https: //www.crystalsugar.com/
media/18371/ag_starter_fertilizer_Ir.pdf.
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At the day of the field in the Republic of Moldova’, many speakers
noted such advantages of liquid phosphorus fertilizers as the convenience of
storage on farms, as well as more accurate and more uniform application of
phosphorus to the soil.According to the Lithuanian N11Z, when applying LCF
10: 34: 0 under winter rye, the norm is 45 kg per 1 ha NP, the operating costs
for the use of fertilizers were 17% lower than the application of the dry mix.
Labor costs, in accordance with the accepted average costs for the use of LCF
10: 34: 0, are 1.5 times less than for a mixture of double superphosphate®.
In the experiments Marchenko L.A. and Mochkova T.V., the technologies
of differential application of LCF and pesticides were developed and
tested®. As an effective way of introducing micronutrients, many researchers
used the addition of micronutrient fertilizers in LCF solutions™. At the same
time, they noted that each drop of the solution contains the same amount
of components.Liquid ammonium polyphosphate, as in our experiments, was
also successfully used for foliar application of plants™.

CONCLUSIONS

In the conditions of 2019:

- on corn crops, equivalent effect of LCF 10:34 and a mixture of simple
solid fertilizers with main application were obtained; there was a tendency to
an increase in grain yield, when LCF was introduced in the spring
before sowing corn in addition to the main one (increase due to LCF was
2.8 centner/ha with LSD 0.95 = 2.0 centner/ha);

- on peas of the Light variety, before sowing the application of LCF in
the norm of N20P68, it had higher agronomic efficiency compared to the main
application of the same dose of solid mineral fertilizers — the payback of 1 kg
of active ingredient of LCF was 6.0 kg/kg, and SMF — 3.5 kg/kg;

- for sunflower, applying LCF 10:34 in the norm of 300 kg of physical
weight per 1 ha (N30P102) was equivalent to solid mineral fertilizers during
main application and insignificant advantage (+0.8 c/ha) of applying LCF
before sowing before its main application was noted;

" Day of the sugar beet field (2017), Balti, Republic of Moldova, 06/14/2017. URL:
http://eeca-ru.ipni.net/ipniweb/region/eecaru.nsf/$FILE/Moldova_Sugar%20beet_RUS.pdf.

® Application of liquid complex fertilizers URL: http: //agrohimija24.ru/compleksnye-
udobrenig/a/2130-zhidkie-kompleksnye-udobreniya-i-ih-primenenie.html.

Marchenko L.A., Mochkova T.V. (2009). Ecology and agricultural machinery. 2: 44-50.

0 Krivoruchko G.l. (1989). Subtropical and ornamental horticulture, 36: 121-129; Fluid
Fertilisers: A South Australian Manual. (2008). Holloway B., McLaughlin M., McBeath T., Kelly
J. (eds). The University of Adelaide, GRDC, SARDI, CSIRO, Australia. 111 p.

" sergeeva N.N. (2015). Leaf diagnostics in the technological apple fertilizer system.
Scientific conference "Modern problems of horticulture intensification and innovative approaches
to their solution". SKZNIISiV, Krasnodar.S. 9; Lynch J., L&uchli A., Epstein E. (1991). Crop
Science. 31. 2.R. 380-387; Krivoruchko G.l. (1994). Subtropical and ornamental gardening. 38.
S. 280-295.
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- the use of LCF in spring for foliar top dressing of winter wheat crops
at a dose of N15P51 against the background of the main application of a
mixture of solid mineral fertilizers at a dose of N60P30K60 was equivalent to
solid mineral fertilizers in agronomic efficiency; the protein and gluten content
in the grain, when used for top dressing of LCF, although it was significantly
higher than when used for early spring top dressing of SMF, was within
the requirements of one quality class (first).

SUMMARY

The article discusses the effectiveness of the use of liquid complex
fertilizers based on ammonium polyphosphates in comparison with solid
phosphorus fertilizers in the crop rotation link for corn — peas — winter wheat —
sunflower — black fallow in the Black Sea Steppe of Ukraine on the southern
chernozem. According to research results, when applied to the crops of the
main field crops, liquid ammonium polyphosphates have the same agronomic
efficiency as solid phosphorus fertilizers.

Nevertheless, on peas, before sowing, application of LCF in the norm
of N20P68 was more effective in comparison with the main application of the
same dose of solid mineral fertilizers — the payback of 1 kg of active
ingredient of LCF was 6.0 kg/kg, and SMF - 3.5 kg/kg.

The concentration of protein and gluten in winter wheat when grown
with peas was significantly higher with early spring feeding of LCF 10:34 at a
dose of N15P51 than when using a mixture of solid mineral fertilizers at the
same dose and at the same time: protein 15.12% versus 13.82% (LSD 0.95 =
1.02%), gluten — 33.2% versus 29.6% with LSD 0.95 = 3.0%, although in both
cases the indicators remained within the requirements of the first quality class.

To apply of LCF before cultivation of fallow and before sowing winter
wheat in pairs at a dose of N30P102 increased nitrate nitrogen content
by seedlings of winter at 21.3% in layers of 0-10 cm and 10-20 cm, and the
supply of these soil layers with mobile phosphorus is higher in all cases use
of LCF.

The utilization factors of phosphorus from LCF are 1.6-2.0 times
higher than from solid mineral fertilizers with their equal application doses.
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SCIENTIFIC ASPECTS OF WATER MANAGEMENT
IMPROVEMENT IN UKRAINE

Hranovska L. M.

INTRODUCTION

The water-economy and meliorative complex is one of the most
powerful segments of the economy in Ukraine and on the whole, and in
Kherson region in particular. It is represented by a significant number of water
economy and melioration facilities that are designed to meet the needs of the
population and sectors of the economy in qualitative water and, creation of the
optimal conditions for crops cultivation and rational use of reclaimed lands in
the context of food security of Ukraine.

Attraction of large volumes of water resources of southern region into
economic exchange to ensure the development of branches of economy:
industry, recreation, agriculture, including irrigation melioration, has led to a
change in the hydrological regime in the water-catching areas, violation of
natural balance, a sharp decrease in the quality of water-resource potential, the
superiority of degradation processes over self-healing and self-purifying
capacities of water ecosystems. At present, there is a great need to solve the
problems of integrated development of water economy as a holistic ecological
and economic system of the region taking into account the needs for insurance
of protection and rational use of all natural resources, modern changes in
environmental management and social development strategy of the region.

Today, there is almost no area on the globe, wherever there was no
manifestation of direct or indirect effect of anthropogenic change on the
natural landscape, including hydrosphere. Hydrosphere contains about 1.6
billion km?® of free resources, including 1.37 billion km?® of the oceans share.
On the continents — 90 million km®, 60 million km?® of them — groundwater
(almost all are saline), 27 million km?® — the glaciers of Antarctica, Arctic and
mountains. A useful volume of available fresh water concentrated in the
rivers, lakes, ponds, reservoirs, subsurface waters to the depth of 1 km is
3 million km® *. This is a relatively small supply of fresh water, but due to
recycling, it is constantly replenished and solves the problem of water supply
of the planet. However, unfortunately, the condition of full preservation of the
quality of water resources is not provided at all. Even the most advanced

! Cepbina P.A. EkonoriuHe CTpaxyBaHHsA MENiOPOBAHHX 3€Melb — METON KOMIEHCAlli
IMOBIPHOCTI BUHUKHEHHS €KOJIOr0-eKOHOMIYHUX pu3uKiB. Exonomika. Pisue, 2011. C. 40-46.
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purification technologies, including biological one, do not provide complete
and qualitative purification of wastewater. All dissolved inorganic substances
and about 10% of organic pollutants remain in the purified wastewater.
The World watershed balance states that about 2200 km® of water per year is
used for all directions of water use. Dissolving wastewater consumed 20% of
freshwater resources, and 1 km? of treated sewage contaminates 10 km? of the
river water, untreated ones — 3-5 times more?,

According to the state Water Resources Agency of Ukraine, the volume
of water resources of Ukraine, which consists of surface and groundwater, is
73.1 km? per year, and the volume of an annual use is 19-24 km®. Almost one
third of the total reserve of water resources is annually used by the industrial
complex of Ukraine and in the form of waste waters, purified, insufficiently
purified and non-purified, it is dropped into water sources. Thus, the amount
of fresh water in a voluminous expression does not decrease, but its quality
worsens dramatically, and the consequence of this is an increase in the deficit
of qualitative fresh water resources. The provided examples of the
development of anthropogenic processes indicate the presence of real
ecological risk, which is formed both at the regional and at the global level
under the poorly balanced further development of the economic and industrial
complex of the region.

The process of management of the water and meliorative complex of
southern region as a complex ecological-economic system provides the
complex systematic approach to solving all the problems of development of
each subsystem and the ecological and economic system, ensuring the water
use and preservation of the environment. The development of each of the
subsystems and individual industries have different, and sometimes quite
opposite requirements for water resources, which leads to conflicts of interest
in the field of water use of the region. While solving these conflicts, water
users' attention focuses on the use of water resources and conditions, and the
issue of protection and reconstruction of resources relies on state power
structures, or even is inherited by further generations®.

Complexity of management of the catchment area of the region
provides for the solution of questions concerning the use, protection and
restoration of water resources of the country. In this connection, there is an
indisputable need to intensify the process of ecologization of water activities
in the system of the watershed and meliorative complex, as well as public
relations on ensuring the sustainability and balance of the development of a
complex water ecological and economic system of the region.

2 Pomamenko M.L. KonuentyanbHi 3acaqu BiIHOBJIEHHS 3polleHHS y [liBIEHHOMY perioHi
VYxpainu. Memniopais i Bogse rocrogaperso. Kuis, 2013. Bun. 100. C. 7-17.
lamymkina T.II., I'panoBceka JLM.  Exomoro-zbamaHcoBaHi NpPiOPUTETH PO3BHTKY
TEpHUTOPIil: KOHLIENTYaNbHI 3acaay Ta opranizauiiinuit mexauniam. Opneca: IPPEEIL, 2009. 372 c.
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To restore and expand the irrigation areas according to the approved
by the Cabinet of Ministers of Ukraine in 2019, Irrigation and drainage
strategy in Ukraine for the period until 2030% and ensuring the ecological
and sustainable development of water systems it is necessary to solve a
number of environmental and meliorative problems, first of all, it is
necessary to introduce the systems of environmental management in the
water economy of Ukraine, conduct ecological audit and define
modern technological facilities of irrigation systems and hydrotechnical
constructions, improve the system of ecological monitoring in order to
assess ecological and meliorative conditions of agricultural land, provide
integrated water management, adapt the work of irrigation systems and
regimes of irrigation of crops to change in climate, improve the quality and
fertility of irrigated soils, introduce innovative methods of irrigation,
improve the system of land ownership and land use, as well as the system of
institutional support for effective management of water resources. All these
will create conditions for the sustainable socio-economic development of the
agricultural sector in the zone of irrigation and rural areas. The issues of
renewal and expansion of irrigation areas in southern region of Ukraine
remain relevant, and the issues of combination of the current ecological
conditions of the irrigated land by the directions of legislation improvement
and the introduction of environmental management both in the water
management system at the national level and at the regional and local levels
remain unresolved.

1. Theoretical justification of principles and trends
in introduction of environmental management and audit
in the water economy sector of Ukraine

The first definition of “"environmental management"” was proclaimed in
"Agenda for the XXI century”, adopted in Rio de Janeiro in 1992, which
emphasized that "environmental management is attributed to key dominant
sustainable development and at the same time to higher priorities of economic
activity and entrepreneurship".

For the realities of Ukraine it is necessary to specify this concept,
taking into account that without transformation of the general system of
management of sectors of the economic and industrial complex, it is
impossible to speak about the reformation of the management system at the
local level, i.e. at the level of the organizations. Such a quotation is defined by
the motivation and incentives to implement the system of environmental
management. We are talking about the preparation of the appropriate basic

4 TIpo cxBanenns Crparterii PO3BUTKY arpapHOrO CEKTOPY EKOHOMIKM Ha mepion 10 2020 poky.
Kabiner MinictpiB Ykpainu; Posnopspxenns. Ctpareris Bix 17.10.2013 Ne 806-p. BepxosHa paja.
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basis (legislative, regulatory, economic), which would ensure the development
of environmental management in Ukraine. At present, it can be argued that the
systems of motivation incentives for the introduction of environmental
management and auditing in Ukraine and elsewhere are somewhat different.
For the West — it is a conscious desire to improve the image and enter the
market leaders, which gives additional chances to obtain a guarantee of the
bank for credit, and for Ukraine — the desire of the enterprise to get the system
of privileges in the legislative order (in taxation, crediting, social programs).
This is explained by the fact that for Ukrainian environmental management
there is not yet formed that benevolent macro-environment that would have
prompted them to independently seek an effective management decisions on
ecologiztion of the system of existing management.

Thus, it can be claimed that the most important factor of reforming the
existing water management system at the current stage is the creation of
organizational bases and corresponding motivation incentives to introduce in
the water industry of innovative management with the elements of
environmental management. Today, however, this direction is still insufficient,
whereas the strategic goal of Ukraine's development is transformation of its
natural resource potential into the main resistance of economic growth for
sustainable development from the point of view of the global community®.
Environmental management should be regarded as a qualitatively new
ideology of management of water economy activities in the market conditions,
which is based on the following principles:

e Importance of the role of water industry branch for the development
of the country's economy. Water industry provides sectors of the economy,
including agriculture and the population with water for drinking needs,
irrigation and communal needs. All these create jobs, allows the development
of the economy of regions and the country on the whole. The strategy of
irrigation and drainage in Ukraine for the period until 2030, which is
implemented in the water industry, will solve the priority tasks of the Strategy
of agriculture and rural areas development for the period until 2020°;

o Complexity of the development of the economy, settlements and rural
areas. Complex principle will allow to send investment resources in the
innovative development of the water industry, agriculture and rural areas; will
ensure the creation of a legislative institutional environment for the formation
and development of decentralized and environmentally balanced enterprises
and associations in the agricultural sector of the economy in the zone

® [porpama exoHoMiunHX pedopm IIpesuenTa «3aMOKHE CYCTIUIBCTBO, KOHKYPEHTOCIIPO-
MOXKHA €KOHOMiKa, e(peKTHBHA aepkaBay. http://www.president.gov.ua/docs/Programa_reform
FINAL_1.pdf.

® Crpareris 3pomenns Ta apenaxy B Ykpaini Ha nepion 10 2030 poky. https//zakon.rada.gov.ua/
laws/688-2019-p/print.
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of irrigation through the introduction of state-private partnerships in the
water economy’;

e Complex management of water resources. Agriculture in southern
region of Ukraine is a powerful user of water resources, but the complex
management of water resources should provide for conflict-free supply with
water resources of all the water users: agriculture, industry, municipal
economy, population and recreation;

e Separation of the water management functions and water economy
infrastructure. Today, these two functions of water management are carried
out by the state Water Resources Agency of Ukraine that sometimes leads to
contradictory actions and decisions. Hydrotechnical constructions and water
facilities are built for the needs of industries and have the most regional
significance (anti-flood protection, drinking water supply, land reclamation,
groundwater level control), so the management of these objects should be
decentralized and not combined with the function of water resources control.
Water users have to be involved into water management at the level of the
amelioration system;

e Introduction of state-private partnerships in water management. This
principle involves the transfer of management of irrigation and drainage
systems to a lower level, that is, the unification of water users (associations,
etc.). On the basis of researches of the Sumy school scientists it was proved
that state-private partnership in the field of natural resources can be defined as
legally designed for a certain period mutually beneficial cooperation of bodies
and organizations of State power and business-entrepreneurial structures
(environmental) infrastructure. Such a partnership provides for the allocation
of responsibility, risk and results between partners with the purpose of the
most effective implementation of environmental projects that have important
state, regional and social values. Therefore, the system of state-private
partnerships in the water sector can be stated as a mutually beneficial
cooperation between the bodies of the state control system with private
ownership of engineering infrastructure. The management of main canals and
pipelines and water economy objects of interregional significance is carried
out by regional state operators and the management of amelioration system
objects must be carried out by water users, which are united in an organization
or association of water users.

The law of Ukraine "on state-private partnership” (2010) defined the
organizational and legal principles of interaction of State partners with private
partners and the basic principle of a state-private partnership on a contractual
basis, defined the spheres and applications of state-private partnerships

" 3akon Vkpainn «IIpo jepaBHO-IPHBATHE MapTHEPCTBO». Bimomocti BepxoBHoi Pamu
VYkpainu (BBP), 2010. Ne 40. Cr. 524.
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including the water industry, and defined the forms of a state-private
partnership and the types of contracts , which could be concluded between the
State and private partners (concession, cooperation and others);

e Reconstruction and modernization of water facilities with the aim of
their ecological safety and ecological reliability. To perform this principle, it
is necessary to introduce a system of ecological audit of the entire
infrastructure of the water industry and irrigated agricultural lands, because
the base for the development of the stages of reconstruction and expansion of
irrigation areas and the construction of melioration systems are to be
the results of ecological audit.

e Environmental audit as a basis for the reconstruction and
development of the water industry. Environmental audit is one of the most
important tools of the environmental management in the field of
environmental activity. The audit, as an individual control, has been
developing in the United States since the early 70's and at the end of the
80's years of the XX century, some companies have reached a high, compared
with the provided by the legislation, environmental indices. The active
environmental audit, as well as environmental management, has begun to be
implemented not only in the U.S. companies, but also was honored with a
great trust in European companies. At present, environmental audit is actively
introduced in the enterprises of Canada, Great Britain, Sweden and other
countries. The leader in the development of environmental audit is the United
Kingdom, where in 1992 the British Institute of Standardization has developed
the standard of management of surrounding natural environment BS 7750
(Specification for Environmental Management System). Since the 80’s of the
last century, Europe adopted a system of ISO 14000 standards for
environmental management and 1SO 9000 for quality management, which in
1997 were approved to be the State standards of Ukraine and are the legal
basis for the activities in the sphere of environmental audit. The need in the
organization of environmental audit of the meliorated lands and water-
melioration objects is substantiated by deterioration of the ecological
conditions of irrigated, drained and adjacent lands, reduction in the volume of
repair and reconstruction works on water economy facilities and
hydrotechnical constructions, decompiling the lands of the meliorative fund,
changing the ownership forms on agricultural land and water-melioration
objects, transformation of the economic conditions in the country and in the
system of the water economy. Environmental audit of water economy objects
is a tool of management of anthropogenic economic activity with the aim of
protection of the environment, increasing environmental safety and reduction
of the risks probability as a result of economic activity and in the interests of
sustainable development. The results of environmental audit are the basis for
the development of directions and measures for the reconstruction and
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modernization of the infrastructure of the water industry and the restoration
and expansion of irrigated areas with different technologies and ways of
crops irrigation;

¢ Principle of financial and ecological balance. Reconstruction and
modernization of the infrastructure of water industry can be carried out only if
there is an investment, since this process is long-term, gradual and costly.
Modernization is not just the replacement of the "old" infrastructure, it is a
complex system of activities, for which it is necessary to define the specific
directions and priorities. To ensure ecologically balanced and environmentally
safe use of water it is necessary to carry out the reconstruction of irrigation
canals, pumping stations, hydrotechnical constructions, sprinkler machinery
and equipment. The methodology of estimation of the expenses for water
supply for the needs of irrigation and drinking needs remains topical. Water
tariffs should be calculated clearly with accordance to the expenses for water
transportation and cost of water as a natural resource.

e Environmental management as a condition of providing
environmentally-safe functioning of water economy in Ukraine. To implement
an effective environmental management system in the water sector of the
economy it is necessary to:

e Create the effective institutional infrastructure of environmental
management taking into account the clear division of functions, rights and
responsibilities of central, regional and local bodies of state and executive
power in respect of water activities;

e Develop a stimulating tax system and benefits mechanism to ensure
environmentally-safe and complex use of water resources;

e Form a flexible system of ecological insurance for water
management objects with the aim of accumulation of financial funds for the
elimination of losses that may be inflicted to the natural environment;

o Implement special regimes of an investment activity to stimulate
investors, which comprehensively promote ecologization of water economy
infrastructure and contribute to the introduction of environmentally-safe
projects in the water economy;

o Improve the organizational and economic mechanism of introduction
of the environmental management system in Ukraine, which is based on the
development of methodology for the formation of environmental management;
implementation of monitoring of current legislation in the system of water
activities so that it could be improved.

Thus, ensuring the improvement of environmental quality should be the
task of national value, and the main way of its solution is the state support,
development and implementation of environmental quality management
systems in accordance with the standards of DSTU ISO Series 9000 and
14000, the principles of environmental initiatives recognized in Europe and
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inthe world. In this respect, the aim of introduction of environmental
management is to determine the strategic directions and priorities,
environmental and economic foundations for the implementation of the State
policy in water management, protection and reproduction. However, the
mechanism for the introduction of environmental management is impossible
without evaluation of the ecological and meliorative conditions of the irrigated
and adjacent lands. This evaluation is provided by environmental monitoring,
which is not currently perfect and requires development of directions and
mechanisms for its improvement.

2. Theoretical aspects of the development of environmental monitoring
of agricultural lands in the zone of irrigation

Agricultural land use is one of the main forms of negative impact on
the environment. Ignoring the environmental principles of agricultural
environmental use will inevitably accelerate the degradation and depletion of
unique natural resources in southern region of Ukraine, reduce ecological and
economic efficiency of agricultural production and, all in all, deepen the
economic and socio-ecological problems of food security.

Ecologization of land use and limiting the negative impact of economic
activity on the conditions of land and water resources in the zone of irrigation
requires the formation of an effective system of ecological control, directed to
checking the implementation of plans and measures for the rational nature and
land conservation, compliance with the requirements of environmental
legislation and environmental norms, especially in the zone of active
development of irrigated agriculture. The decisive consideration in solving
these tasks belongs to the introduction of an effective mechanism of
environmental monitoring of agricultural land, which requires special attention
in the context of transformation of the environmental legislation of Ukraine to
the requirements of the European Union.

At the same time, there is a need to improve theoretical, methodical and
scientific-practical foundations for the improvement of the environmental
monitoring system of irrigated lands considering the existing legal and
regulatory base, environmental limitations and incentives for rational nature.

Analysis of the existing situation in the agricultural land use in the zone
of irrigation shows that irrigated land have been playing an important role in
the food security of the country. This is due to the fact that a significant part
of the country is allocated in the zone of insufficient and unstable
humidification, and therefore, sustainable agriculture in these regions is
possible only under the conditions of irrigation. Irrigated lands are an
insurance foundation for sustainable agricultural production, especially in dry
and extremely dry years. One of the key barriers to the reconstruction and
further development of crops irrigation in Kherson region is the lack of an
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effective system of ecological monitoring of both irrigated and other
agricultural lands, the result of which forms the base for the formation of
systems of economic activity. The study of a change in the conditions of the
irrigated soils after cessation of their irrigation is of a particular value because
these lands are marked by the complex of negative processes, namely:
secondary salinization and secondary alkalination of the soils. In addition, the
irrigated lands have problems that are connected with the imperfect system of
organization of agricultural production and land regulation, violation of the
technological unity of the irrigated arrays, which is caused on the one hand,
by distribution of the land between shareholders, and, as a consequence,
by crushing and increasing the number of land users, and on the other hand —
by transfer of intra-economic systems in communal ownership and the balance
of farmer and collective enterprises under the state ownership on the inter-
economic network.

The structure of the monitoring system of the lands, soils and of the
environmental monitoring of agricultural land in the zone of irrigation,its
implementation is ineffective because the system uses parameters and indices
that are not harmonized with the requirements of the European standards.
Therefore, the issue of scientific substantiation of the directions for the
improvement of environmental monitoring system as one of the functions of
natural and environmental protection is closely linked to the features such as
environmental expertise, environmental control and environmental audit.

As a result of scientific researches, a methodological approach to
ecological and economic evaluation of agricultural land was developed on the
basis of environmental monitoring as the basis for rehabilitation of agricultural
lands by quantitative and qualitative parameters. Land use methodology is
proposed to characterize the coefficient of ecological stability of the territory
(Keest), which further determines the land use structure 8,

The scale of gradation of the ecological stability coefficient of a
territory was developed on the basis of expert estimates: unstable territory
(Kecstt) < 0.33; seesaw stable (Kecs) varies within 0.34 — 0.50; moderately
stable (Kecst) — 0.51 — 0.66; stable (Kecst) > 0.67. The basis of the methodical
approach is a theoretical approach to evaluating the level of environmental
and economic efficiency of the use of agricultural landscapes of the south
of Ukraine as a whole territorial system, which is described in the inter-
regional aspect.

On the basis of the methodological approach integral evaluation of the
irrigated agricultural lands was carried out, which includes criteria and indices
according to the following groups: sanitary-hygienic state of soil, ecological

® Koncepsallis JerpaioBaHux, MalONPOTYKTHBHHX | TEXHOTEHHO 3a0pyIHEHHX 3eMeb. 3aKOH
Vkpairn «IIpo oxopony 3emenby». Crarrsa 172. [ie Bix 27.06.2015 p. URL: http://zakon3.rada.gov.
ua/laws/show/962-15.
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resistance of soil, agrochemical parameters of soil fertility and
hydrogeological-meliorative indices of land resources. The totality of these
indices diagnoses the degree of environmental stability of different types of
degradation processes in soils in the irrigated conditions. In this case, the
integral evaluation is performed by the complex of indices that characterize
the composition, properties, structure and condition of the main components of
the ecosystem, the orientation and intensity of its transformation in the
conditions of irrigation, the condition of water and soil pollution and other
environmental changes. The integrated evaluation should be the basis for the
conduction of natural-agricultural, eco-economic, anti-erosion and other types
of zoning of the irrigated lands, the introduction of tools and levers of
economic stimulation, rational use of soil protection technologies and increase
in soil fertility (Fig. 1). The results of the study proved that the improvement
of the existing monitoring system is possible only through the formation and
introduction of the Unified State Ecological Monitoring System (USEMS)
of a regional nature and defining the territorial subsystems in the formation of
the regional environmental monitoring system.

Vmosni noznauenns
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Fig. 1. Integral evaluation of suitability of the irrigated lands of Kherson region
for cultivation ecologically safe agricultural products

In order to increase the level of ecological safety of epy irrigated
agricultural land use a scientifically based scenario of ecologically-oriented
systems of land use in the zone of irrigation were developed, namely: the use
of the irrigated lands for cultivation ecologically safe products; the use of the
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irrigated lands in generally accepted zonal systems of irrigated agriculture;
removing land from irrigation by conservation and separation of the arrays
of the irrigated lands, which are in a degraded conditions.

The direction of processes, frequency and speed of transformation of
soils under the influence of irrigation determine the quality of irrigation water,
initial condition of soils, and degree of natural drainage of the territory,
irrigation technology and usage intensity of the irrigated lands. Environmental
monitoring of the irrigated lands provides a systematic evaluation of
environmental situation, shows the area of the territory, which is under
harmful phenomena, and the ability to develop proposals for the elimination of
degradation processes (Fig. 2).
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Fig. 2. Scheme of evolution of the irrigated soils

- alkalination, etc.

Choosing models of optimal development of environmental situations
for further use of the irrigated lands is carried out by multifactor analysis of
distributed in space and time information that describes the variability of
sanitary and hygienic conditions of the soils (contamination by Cesium,
Strontium, heavy metals, pesticides), indices of ecological stability of the soil
(the content of humus in the arable layer, chemical reaction of the soil
solution, bulk density, etc.), agro-chemical indices (the content of macro- and
micro-elements) and hydrogeological-meliorative indices (quality of irrigation
water, depth of occurrence and mineralization of groundwater, etc.).

183



For each condition of the irrigated land there was developed a system
of environmental measures directed on the prevention of the development of
degradation processes in the conditions of irrigation, protection and
reproduction of soil fertility and improved systematical complex of
environmental standards of land use on the irrigated lands. Normative base of
soil protection and rational use of land resources in the conditions of irrigation
should be created on the hierarchical principle and include the following
blocks: eco-technical and eco-technological norms; eco-economic and socio-
ecological norms; safety standards®.

Organizational and economic mechanism of introduction of the
environmental monitoring of agricultural land in the irrigation zone is carried
out by the means of land policy: norms, standards, orders, recommendations
and instructions. The normative base of soil protection and rational use of land
resources in the conditions of irrigation in the system of environmental
monitoring should be built on the hierarchical principle and include the
following blocks: eco-technical and eco-technological norms; eco-economic
and socio-ecological norms; protection standards; coordination of the
development and execution of the programs of environmental monitoring;
regulation and control of collection and processing of reliable and comparative
data; storage of information, special data banks creation and maintenance and
their harmonization (coordination, telecommunication) with international
ecological and information systems; activity on the evaluation and prediction
of environmental objects, natural resources, ecosystem reviews and public
health under anthropogenic impact; availability of integrated environmental
information for a wide range of consumers.

One of the measures that should be particularly pointed out due to its
capacity to ensure the introduction of ecologically oriented systems of the land
use on the basis of environmental monitoring in the conditions of irrigation is
a withdrawal of land from irrigation’®. Now this process takes place
spontaneously, without complying with any rules and requirements. It often
happens that irrigation is going on while it had to being stopped and, in
contrary, irrigation is not carried out only because there is no technical means
for this. One of the ways of rehabilitation of agricultural lands is their
conservation — a withdrawal from the agricultural use for a certain period to
carry out measures to restore their fertility. The priority of removal from
agricultural use is subjected to low-productive and erosion-hazardous lands.
Conservation of land is carried out by the means of turning them into
grasslands or afforestation.

® 3emenbHuit kogeke Vipainm Bin 25.10.2001 p. Ne 2768. I3 sminamu. [lie 3 05.12.2013 p.
http: // search.ligazakon.ua/l_doc2.nsf/link1/T012768.html.

10 3akon Vipainn «[Tpo oxopony 3emenby. [lie Bin 27.06.2015 p. URL: http://zakon3.rada.gov.ua/
laws/show/962-15.
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It is possible to preserve both specific land plots and large land arrays.
National and regional conservation programs for land can be developed to order
interested executive authorities or local governments. After the coordination and
approval of these programs by the relevant bodies of executive power or local
self-government development of land conservation projects and their
implementation are carried out within the respective administrative units (order
of the State Committee of Ukraine on land resources from 17.10.2002 No. 175
"About the procedure of land conservation™).

According to Art. 172 of the Law of Ukraine the conservation is
subjected to degraded, low-productive and contaminated lands. The above-
mentioned points are almost literally reproduced in Art. 51 of the Law of
Ukraine "About the protection of lands", they are detailed in the Order of the
State Committee of Ukraine on land resources from 17.10.2002 No. 175 "About
the procedure of land conservation”. Legal concepts of technogenously
contaminated lands are given in Art. 169, and of degraded and underproductive
lands — in Article 171"

The choice of conservation forms depends on the specific
characteristics of the land plot. In particular, it is advisable to implement the
afforestation in case of ravines, steep slopes, land plots along the roads, along
the banks of reservoirs. It is advisable to turn the land plot into grassland
before involvement of it in agricultural cultivation, etc.

According to the results of scientific researches it is possible to draw
the conclusion that in order to improve the system of environmental
monitoring of agricultural land, it is necessary to transform the existing
legislation with accordance the requirements of the EU by introducing a
unified state environmental monitoring system that should take into account
the impact of irrigation and quality of irrigation water on soil conditions. It is
necessary to add to the Land Code of Ukraine and the Law of Ukraine "About
land reclamation"*? the point about giving the irrigated lands a special status,
taking into account the personal responsibility of owners and tenants of such
land for their intended use not only as agricultural, but also as irrigated lands
and in order to stimulate their unification into holistic technological arrays.

SUMMARY

The article provides the principles of introduction of the system
of environmental management, audit and monitoring in the water economy of
Ukraine in order to ensure its ecologically safe functioning. Environmental
audit and its results both for water economy and hydrotechnical objects and

1 KoHueniis HaioHaIbHOT €KOIOTT9HOT MIOJITHKH VYxpainu Ha nepiog 10 2020 poky. i€ Big
17.10.2007 p. URL: http://zakon2.rada.gov.ua/laws/show/880-2007-%D1%80.

2 3akom Ykpainu «IIpo Memiopaito 3emenby. Bizomocti BepxosHoi Paju Vkpainu (BBP).
2000. Ne 11. Cr. 90. URL: https://zakon.rada.gov.ua/laws/show/1389-14.

185



agricultural land are the basis for the introduction of engineering, melioration
and environmental measures in the system of environmental management and
audit. It is proved that the existing system of monitoring and environmental
monitoring is the basis for the introduction of environmental management in
the water economy of Ukraine and needs improvement. The proposals to
extend the Land Code of Ukraine and the Law of Ukraine "About land
reclamation” with new points in order to give the irrigated lands a special
status taking into account the personal responsibility of owners and tenants of
such land for their intended use are proved. Methodological approach to
ecological and economic evaluation of agricultural land on the basis of
environmental monitoring as a basis for the rehabilitation of agricultural lands
for quantitative and qualitative indices was improved. In order to increase the
level of environmental safety of the irrigated agricultural land use on the basis
of the unified State system of ecological monitoring of irrigated land was
developed and scientifically substantiated scenarios of ecological-oriented
land use systems in the irrigation zone were proposed.
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