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Introduction. Corn on the potential catch ex-
ceeds all crops. In addition, it is highly resistant to
drought and provided basic optimization techniques in
agriculture, are capable of forming stable operation
even without irrigation. When growing corn on irrigat-
ed land and without irrigation main factors affecting
the increasing yield is nutrients and hybrids [1-3].

The study of eight new hybrids of maize held
with irrigation and without irrigation because of the
need to improve technological methods of growing
corn hybrids adaptability and determination of patterns
in soil and environmental and technological conditions
of cultivation in southern Ukraine. Scheme experiment
included the introduction of fertilizers in irrigated con-
ditions. It is known that the humidity mode optimiza-
tion increases crop productivity by 2-5 times. [4-8].

The aim of the work was to determine optimal
doses of mineral fertilizers taking into consideration
biological specificities of new maize hybrids of differ-
ent FAO groups in irrigation conditions of the southern
Ukraine and to trace their impact on the formation of
grain productivity of plants.

Materials and Methods. The field method was
used to study the interaction of the investigated object
and both experimental and environmental factors
using the registration of the yield volume and bio-
metric measurements; the laboratory method was
used to determine soil humidity, humidity content in
grain and quality indices of grain; the statistical meth-
od was used to estimate the reliability of the results
obtained; and the computational method was used in
economic and energetic estimation of the employed
cultivation techniques.

Results and Discussion. The studies were car-
ried out in 2011-2013 on the experimental field of the
Institute of Irrigated Agriculture NAAS of Ukraine,
located in the south of Ukraine in the zone of the
Ingulets irrigated area. The soil of the experimental
plot was dark-chestnut, medium loam, weakly alka-
line, the water table was deep.

The following factors were used in the experi-
ments: A — maize hybrids, differing by FAO groups —
Tendra, Kvitnevyy 187 MV, Syvash, Orzhytsia 237
MV, Azov, Krasyliv 357 MV, Sokolov 407 MV, Bystryt-
sia 400 MV; B - irrigation and no irrigation; C — ferti-
lizers and no fertilizers (recommended dose of mineral
fertilizers for the zone of experiments — Nis0Pgo and
the estimated dose — N240Po). The experiments were
repeated four times with the location of variants by
the method of randomized split plots. The area of the
plot for sowing — 84.0 sq.m., the area for registration
—51.2 sq.m..

The agrotechnology of cultivating maize, used in
the experiments, was common for the southern zone
of Ukraine. The predecessor plant was soybean. The
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watering was carried out according to the scheme of
the experiment by the raining method.

The mineral fertilizers (factor C) were introduced
as follows: ammonia nitrate (N — 34 %) — during
presowing harrowing; granular superphosphate (P —
20 %) — during autumn plowing, performed at the
depth of 27-30 cm. The estimated dose of fertilizers
N240PoKo was determined by the optimum parameters
method as the difference between the yield carry-over
and the actual content of nutritive elements in the soil
[9].

Maize hybrids were sown in the first decade of
May when the soil temperature at the depth of sowing
the seeds was 12-14 C.

The sowing, carrying out of the experiments, se-
lection of soil and plant samples, their preparation for
the analysis were conducted according to methodo-
logical instructions and DSTU.

Maize belongs to drought-resistant crops (meso-
phytes). However, the deficiency of moisture in the
soil is a serious factor, limiting the yield of maize
grain. The extreme weather conditions, frequently
observed in the southern steppe of Ukraine (dry hot
winds, high temperature, deficiency of productive
moisture) have negative impact on the growth and
development of these plants and decrease the effi-
ciency of the fertilizers introduced.

In our experiments the plantings of maize were
irrigated by vegetative watering, keeping the humidity at
the level of 75 % from the least moisture-retention
capacity in the soil layer of 0-70 cm.

Noteworthy is the index of the recoupment of the
irrigation water by additionally obtained yield of grain
due to irrigation (Table 1).

During three years of studies of all the hybrids
with vegetative watering without fertilizers, on average
this index was 2.65 kg/m3; on the background of using
the recommended dose of the mineral fertilizer -
N1s0Pgo - it increased up to 4.37 kg/m3, and using the
estimated dose — N2aoPo — up to 4.83 kg of grain per 1
m?® of water. The abovementioned testifies to the rea-
sonability of introducing mineral fertilizers while culti-
vating crops, maize in particular, on irrigated lands.

The results of the registration demonstrated that
on condition of irrigation the mineral fertilizers induced
the productivity of the investigated hybrids on average
from 40.3 to 74.3 % during 2011-2013 (Table 2). This
increase was in direct proportion to the dose of the
introduced nitrogen fertilizers.

The data of Table 2 confirm the tendency of
grain yield surplus in all the groups of hybrid ripening
depending on the irrigation and mineral dose of ferti-
lizers (both recommended and estimated doses).

The maximal yield of maize grain was observed
on the background of irrigation and introduction of the
estimated dose of mineral fertilizers — on average
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during the years of studies of all the hybrids it is 12.71
t/ha, and in 2013 the yield of grain was 12.78 t/ha. In
case of introducing the recommended dose of fertilizer
N1s0Pgo the yield was somewhat lower, amounting to
11.72 and 11.85 t/ha, respectively, which is 8.4 and

7.9 % less. The irrigation with no fertilizers had differ-
ent effect on the yield level of maize grain — the sur-
plus for hybrids of early-ripening group was rather
considerable, during three years of studies it amount-
ed to 210 % on average.

Table 1. — The recoupment of the irrigation water due to the grain yield surplus, kg/m3 (average for 2011-2013 yy.).

Recoupment of irrigation water

. Due to irrigation and recom- Due to irrigation and esti-

Hybrid FAO Due to mended gose of fertilizers mated doge of fertilizers
irrigation NiooP NouoP

15090 24070

Tendra 190 1.91 3.54 3.80
Kvitnevyy 187 MV 190 1.66 3.32 3.54
Syvash 250 1.99 3.10 4.11
Orzhytsia 237 MV 280 2.39 3.80 4.31
Azov 350 3.57 4.47 4.89
Krasyliv 357 MV 352 2.46 5.24 5.65
Sokolov 407 MV 420 2.91 5.05 5.67
Bystrytsia 400 MV 420 3.31 5.08 5.63

Generally, the yield surplus of maize grain after
the irrigation increased from 38.2 % in favorable 2011
to 600.7 % in dry 2012. The highest index was
demonstrated while cultivating mid-ripening hybrid
Azov, the productivity of which due to irrigation for
three years was on average 3.3 times higher than the
absolute control with no irrigation.

The protein content in maize grain changes un-
der the impact of fertilizers, irrigation and biological
specificities of hybrids (Fig. 1). Compared to the culti-
vation with neither fertilizers nor irrigation, the protein
content is somewhat decreased under the impact of
irrigation, fluctuating in the range of 7.63-8.19 and
7.80-8.47 %. During three years of cultivation the
amount of protein in grain for all the hybrids (with

neither fertilizers nor irrigation) was 8.06 % on aver-
age, and with irrigation — 7.89 %.

In case of irrigation the mineral fertilizers in-
creased the protein content in the maize grain consid-
erably. While during the years of studies the protein
content in grain was 7.89 % on average when cultivat-
ing maize hybrids with no fertilizers, in case of intro-
ducing the recommended dose of fertilizers its con-
centration was 8.77 %, and with the estimated dose —
8.92 %.

The determination of conditional yield of protein,
starch and oil from the unit of area revealed its
changes depending on the ripening groups of maize
hybrids (Fig. 2) and its considerable increase under
the influence of mineral nutrition.

Table 2. — Grain yield of maize hybrids depending on doses of mineral fertilizers and irrigation, t/ha

No irrigation (A)

Irrigation (A)

Hybrid No fertilizers (C) No fertilizers (C)

N1s0Pgo (C) Calculated dose (C)

®)  |2011|2012[2013/Av€"
rage

2011{2012|2013

Ave-
rage

Ave-
rage

2011|2012| 2013 | AVE-
rage

2011 (2012|2013

Earl

-ripening

Tendra |5.42|1.42|2.96|3.27|6.39|7.83|7.03

7.08

9.48 |11.02| 1052 |10.34| 1014|1151 | 1096 |10.87

Kvitnevyy

187 MV 539

1.38]2.83|3.20|6.02|6.91|6.62

6.52

9.13 |1057| 1009 | 9.93 |9.46 |1093{10.41|10.27

Mid-ripening

Syvash [4.05|1.47|3.94|3.15/6.47|7.67|7.23

7.12

8.48 |1008| 9.50 | 9.35 |1034|1216| 1158 |11.36

Orzhytsia

237 MV 512

1.4 13.64|3.39|7.54|8.70|8.26

8.17

10.18|1160(11.16{10.98|11.34| 1264 | 1204 |12.01

Mid-ripening

Azov |5.43|1.87|2.08|3.13|9.83|10.72| 1026

10.27

10.87|1296(12.39(12.07|11.98| 1384|12.90|12.91

Krasyliv

357 Mv | 821

1.98|2.83(3.67|7.88|9.20|8.68

8.59

13.50{14.76|14.16|14.14| 1453 | 1542|14.97|14.97

Middle-late

Sokolov |6.87|1.23]2.35|3.48|8.85|9.75|9.29

9.3

12.92|1423|13.57|13.57|1401| 1553|14.93|14.82

Bystrytsia

400 mv | 8-96

1.11)2.02|3.23|9.26|10.34|9.91

9.84

12.73|1406|13.39(13.39|1384| 1516 |14.44|14.48

Note. HIPgs, t/ha A —0.72; AB — 0.77; ABC - 0.85; B — 0.38; AC - 0.81; C - 0.54; BC — 0.49.
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Fig. 1. The impact of investigated factors on the protein content (%) in the maize grain of hybrids of dif-
ferent ripening groups (average for 2011-2013)
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Fig. 2. The conditional yield (t/ha) of protein, oil and starch from the unit of area
(average values for the investigated maize hybrids for 2011-2013).

The economic efficiency of the applied technolo-
gy elements was determined with the purpose of
objective grounding of the most rational combination
of measures in agriculture. The general norms of
performance, prices for manual and automated labor
were accepted pursuant to the recommended produc-
tion standards.

Grain was used in the calculations as the main
kind of products while determining the cost of gross
production from 1 ha. It was determined that the cost
of the products obtained while cultivating maize
changes with the regularity, observed for the culture
productivity (Table 3).

The estimation of economic efficiency revealed
that in case of cultivating the investigated hybrids with
neither irrigation nor fertilizers the production costs
were 2.0-2.8 times less compared to the ones, in-
curred with the introduction of the mentioned factors
to technological ways of maize cultivation. The maxi-
mal expenses (12,528-12,972 UAH/ha) were incurred
in case of irrigation and introduction of the recom-
mended dose of the mineral fertilizer. With the intro-
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duction of the estimated dose the expenses were
reduced, which is related to the reduction in expenses
for phosphoric fertilizers.

The highest net profit in the experiment regard-
less of irrigation was demonstrated by mid-ripening
hybrid Krasyliv 357 MV. It had the maximal values
among all the hybrids in case of the estimated dose of
fertilizers. Compared to the variants with neither ferti-
lizers nor irrigation, the vegetative watering induced
1.7-fold increase in the net profit for hybrids on aver-
age. On the background of irrigation, due to fertilizers
it increased by 52.5 % with the recommended dose of
fertilizers, and by 88.9 % — with the estimated dose.

In 2013 due to the low purchase value of maize
grain the net profit index for all the variants of the
experiment was lower than the average indices for
many years.

For instance, the highest profit — 6,859.2 UAH/ha
— was obtained from Krasyliv hybrid 357 MV and the
introduction of the estimated dose of fertilizers which
was 2.2 times lower than the average value for three
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years. High profit was also obtained from hybrids
Bystrytsia 400 MV and Sokolov 407 MV.

Quite a different situation was observed while
determining the profitability level of cultivating maize
hybrids. On average for the years of studies with neither
fertilizers nor irrigation it was 132.1 % for all the hybrids,
and in 2013 — 39.2 %. With vegetative watering this

index decreased to 69.0 and 24.5 % respectively, which
is related to the cost of the irrigation water and expenses
for vegetative watering. In case of using the
recommended dose of fertilizer NisoPgo the profitability
level increased up to 69.7 % compared to the plots with
no fertilizers, and in case of introducing the estimated
dose of the mineral fertilizer — up to 88.8 %.

Table 3. -  Economic efficiency of cultivating maize hybrids of different ripening groups depending on
the conditions of irrigation and the nutritious background in 2011-2013 yy.
Factor A Factor Factor Yield, Cost of products, Net proft, Profit-ability,
B C tons/ha UAH/ha UAH/ha %
Tendra 2.96 38480 1201 45.4
Kvitnevyy - 2.83 36790 1036 39.2
Syvash 2 3.94 5122 2488 94.5
Orzhytsia g . 3.64 4732 2082 78.6
Azgtv £ No fertilizers 2.08 2704 77 2.9
Krasyliv g 2.83 3679 1016 38.1
Sokolov 2.35 3055 410 15.5
Bystrytsia 2.02 2626 -3 -0.1
No fertilizers 7.03 9139 141 1.6
Tendra N150Pgo 10.52 13676 1010 8.0
N240Po 10.96 14248 1973 16.1
Kvitnevyy 187 No fertilizers 6.62 8606 -299 -3.4
MV N150P90 10.09 13117 544 4.3
N240Po 10.41 13533 1298 10.6
No fertilizers 7.23 9399 403 4.5
Syvash N150Pg0 9.50 12350 -179 -1.4
N240Po 11.58 15054 2688 21.7
Orzhytsia 237 No fertilizers 8.26 10738 1623 17.8
MV s N150Pao 11.16 14508 1871 14.8
= N240Po 12.04 15652 3243 26.1
_% No fertilizers 10.26 13338 3957 42.2
Azov E N150Pg0 12.39 16107 3273 25.5
N240Po 12.90 16770 4306 34.5
No fertilizers 8.68 11284 2146 235
Krasyliv 357 MV N150Pg0 14.16 18408 5436 41.9
N240Po 14.97 19461 6859 54.4
No fertilizers 9.29 12077 2831 30.6
Sokolov 407 MV N150Pg0 13.57 17641 4712 36.4
N240Po 14.93 19409 6823 54.2
. No fertilizers 9.91 12883 3601 38.8
Bystrylsia 400 NisoPoo 13.39 17407 4490 348
N240Po 14.44 18772 6208 49.4
It is noteworthy that while cultivating maize hy- REFERENCES:

brids with longer vegetation period the profitability was
at a considerably higher level, and the cost of produc-
tion per one production unit was reduced.

Conclusions. To obtain maize grain yield at the
level of 11-14 t/ha with the irrigation of dark-chestnut
soil of the southern Ukraine, it is reasonable to intro-
duce the estimated dose of the mineral fertilizer,
which is defined by the difference between the re-
quired amount of nutritious elements for the formation
of productivity of the desired level and their content in
the soil of a particular plot. It is also reasonable to use
maize hybrids of mid-ripening and middle-late groups
— Azov, Krasyliv 357 MV, Sokolov 407 MV, Bystrytsia
400 MV.

The hybrids of early-ripening and mid-ripening
groups — Tendra, Kvitnevyy 187 MV, Syvash, Orzhytsia
237 MV, capable of better utilization of the moisture of solil
resources and forming higher yield, — should be used
when cultivating maize with no irrigation.
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EKOJNNIOro-reorpA®I4HI BIAMIHHOCTI COPTIB AYMEHIO O3UMOIO
3A AOANTUBHICTIO TA KOMIMJIEKCOM O3HAK

XOXIOB O.M. — kaHAMAAT C.-T. HayK, CT.H.C.
CEYHAK B.1O. — kaHoupaT c.-r. Hayk

HArynsK o.l.

CenekuiiHO-reHeTUYHUI IHCTUTYT —
HauioHanbHWA LEeHTP HaCiHHE3HABCTBA Ta COPTOBMBYEHHS

MocTaHOBKa npo6nemu. CenekuiiHo-
reHEeTUYHUIN [HCTUTYT BXOAUTb OO CKMady YCTaHOB
Curctemn reHeTUYHUX PecypciB POCnuH YKpainu i mae
nabopartopito  reHeTUYHUX pecypceiB, TFONMOBHWM 3a-
BAAHHAM $KOI € MocTiHe 36aravyeHHs reHodoHay
3EPHOBUX KYNbTyp 3@ PaxyHOK iHTPOAYKLiIMHUX HaaXo-
[PKEHb, OLHKM Ta BUAINEHHSA NOTEHLUINHO LiHHWUX 3pas-
KiB, MOLUYKY [pKepern Ta LOHOPIB rocnoAapCbKo-LiiHHNX
0O3HaK 3 MEeTOK iX ONTUManbHOro NOeAHAHHSA B HOBUX
copTtax [1]. NonoBHeHHA Konekuii nabopaTtopii npoBo-
ONTbCA MpWU TiCHIN cniBnpaui 3 HayKOBO-AOCNIAHUMMU
ycTaHOBaMu, O BeOyTb CEMNeKLito 3epHOBUX KyNbTyp
- Ak 3 YKpaiHu, Tak i 3 kpaiH 6nmM3bkoro Ta ganekoro
3apybixoksa. |HTpoOyKOBaHi 3-3a KOPAOHY 3pasku Mpo-
XOOATb KapaHTUHHY MEePEBIPKY i NEPBUHHE BMBYEHHS
B kapaHTMHHOMY po3scagHuky CI'l - HLIHC.

CtaH BUMBYeHHs npo6nemu. Ha niBgHi Ta 3axo-
Ai YKpaiHu cepep nociBiB 3epHOBUX KynbTyp 3HayHe
Micue 3arMMae A4MiHb 03UMUA. BiH xapakTepunsyeTbes
CKOPOCTUIMICTIO, BUCOKOK MNPOAYKTUBHICTIO, MOXMB-
HOK SKICTHO 3epHa. 3a BPOXAWMHICTIO SYMiHb 03UMUIA
nepeBuLLYE APWIA, MPOTE CEPNO3HOK MepeLlKoao B
ofepKaHHi cTabinbHUX BPOXaiB 3epHa i pO3LUMPEHHS
nrow, nociBy € MOro HeJOCTaTHA 3UMOCTINKICTb. Yuc-
JNIEHHI CMOCTEepPEeXEeHHA MOKa3ylTb, WO 3pidKeHHS
nociBiB Liei KynbTypu HandacTiwe BiabyBaeTbca Ye-
pe3 BUMeEp3aHHA. 3a TBEPAXEHHsIM akagemika A.A.
JliHyeBcbKkoro [2], BTpaTy BpoOXak SYMEHK O3UMOro
BiJ BMMep3aHHs BinbLU CYTTEBI, HiX Bif 3aXBOPOBaHb,
LWKIOHWKIB Ta Oyp'aHIB, pa3oM B3ATUX.

[eHeTUYHNIA Nyn SYMEHI0 03MMOro 3a MOpPO30C-
TiVKiCTIO Oyxe obmexeHui [3] i ToOMy ronoeHe 3a-
BOAHHS CerekUioHepiB, reHeTukiB, isionoris B cene-
KLiT IYMEHI0 03MMOTO0 - 4OBUPaTK CTiliKi FTeHOTUMN.

B ymoBax iHTeHCuBHOro 3emnepobcTBa e ofHi-
€10 BaXINNBOK Npobnemoro 3nakie B3arani, a S4MEH0
03MMOro — B OCOOMMBIN Mipi € CTBOPEHHSI COPTIB,
CTIViIKNX A0 BUNAraHHs [4].

3aBgaHHA i MeToguka pocnigxeHb. MeTowo
pocnigXeHHs 6yB MOLLYK Y KONEKLiSX SYMEHI 03MMO-
ro MOTEHUIHMX [OOHOPIB BaXMMBUX TOCNOOAPCHKO-
LliHHMX O3HaK Ansi BUKOPUCTAHHS B CENeKuiHMX npo-
rpamax.

MonboBi gocnian 3 aumeHem nposedeHi y 2013 Ta
2014 pp., BignosigHo. BoHM € YacTMHOK NpoBeaEHOro
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Halo nabopaTopierd EeKOMoriYHOro CopTOBUMPOOY-
BaHHS1 3paskiB 03MMOr0 S4MEHIO Pi3HOro reorpadiyHoro
MOXO[DKEHHS i3 3aranbHOK KinbkicTio 425 copTiB y
2013p. i 358 — y 2014p. Y paHin poboTi BuKNageHo
pe3ynbTaTu O[HOro i3 OCHOBHMX AOCNIAIB, Y SKOMY Y
2013 p. 6yno 3any4deHo 133 3paskuy, Wo noxoasTb i3 13
KpaiH, a y 2014 p. — 91 3pasok i3 12 kpaiH. BusHadanu
03Haku: nepesumiBns (MowwkomkeHHs, 1-9 6anis), foB-
XMHa BereTauinHoro nepiogy, AaTa KOIOCIHHSA, BWMs-
raHHs (1-9 6anis), BucoTta pocnuH. CTyniHb nepevmisni
BM3HAYanM 3rigHo MEeTOAUYHMX pekoMeHAauii Loao
OLiHK/ O3UMMKX Ha TEPMOPE3UCTEHTHICTb [6]. OckKinbku
Len MOKa3HWMK MNEepBUHHO OLUiHOBanM 3a "crtapow” 5-
GanbHOM LWKanol, AaHi nepen aHanisom TpaHcdop-
MyBanu OO0 CTaHgapTHOI 9-6anbHOI LUKanM 3a PiBHSIH-
HAM eMnipUYHOI NPAMONIHINHOI perpecii. MNpu LbomMy 3
METOK MaKCUMMarbHOro 30epeXeHHst iHdopmalii ocTa-
TOYHWIA pe3ynbTaT NpeacTaBneHo 3 TOYHICTIO A0 Aecs-
TUX.

OCHOBHI BMAWN CTAaTUCTUYHOI 0OPOOKM BUKOHYBA-
N 'y nporpamMax:

[Maketr AGROBASE 99 komnaHii Agronomix
Software, Inc., Canada, www.agronomix.mb.ca. (3a-
ranbHa cratuctuka). JlineHsis: AGX-98-118;

[MakeT iHCTpPYMeHTIB aHanidy AaHux y nporpami
EXCEL i3 Microsoft Office 2010, ver. 14.0.7128.5000,
Microsoft Corporation, USA, www.microsoft.com.
(perpecii, rpadpika).  Ne npogykty:  01631-551-
4295762-27539

KnactepHuii aHania Ta 4acTuHy aHanisy perpe-
Cin BuKOHyBanu y nporpami SimFit, ver.7.0.5
Academic 32-bit, aBTop: W.G. Bardsley, University of
Manchester, UK, www.simfit.org.uk. JliueHsia: He
noTpibHa. MNpu ubOMy ANA BUPIBHIOBaHHS MpiopuTeTIB
O3HaK i3 Oyxe pisHUMW LiKanamu Aadi nonepefHbo
nepeBoaunu y 9-6anbHy LwWKany 3a emnipudHnMm
perpecismu.

PesynbTaTtu gocnigkeHb.

Y 1abn.1 npeactaBneHi pesynbTati SOCHIOXKEH-
Ha 133 3paskiB o3umoro sumeHo y 2013 poui. Lli 3pa-
3K1 NepeKkpMBany LUMPOKUIA Adiana3oH O3HaK i BnacTu-
BOCTEN: BeretauinHui nepiog — Big 223 0o 246 gHis,
BucoTa pocnuH — Big 70 go 130 cm; nepesunmisng —
BiA 5 go 8 6anis, BunaAraHHa — Big 3 Ao 8 6anis..



