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Abstract. The influence of sowing methods and irrigation regimes on productivity of extra-early
soybean cultivar VNIIOZ 86 has been studied at Russian Research Institute of Irrigated Agriculture.

The use of differential irrigation regimes (70—80—70% and 80—80—70% of FMC) resulted
in 2.42 ... 2.51 t/ha yield and mid-level profitability of grain production (80.6%), which was 0.25 ...
0.34 t/ha more compared to the control (80—80—80% of FMC), as synchronization of vegetative growth
and reproductive development increased grain amount in total biomass up to 36.2%. Differential irrigation
regimes restrained an increase in crude protein level in the seeds (at the level of 35.4 ... 41.2%) compared
with the control (36.5 ... 41%). However, they increased fat content in the seeds (18.1 ... 21.4%) com-
pared to the control variant (16.1 ... 18.6%). Optimization of irrigation regime increased protein (up to
0.68 ... 0.94 t/ha) and fat (0.37 ... 0.46 t/ha) compared to the control (0.64 ... 0.83 t/ha and 0.29 ... 0.35 t/ha,
respectively). The smallest water consumption coefficient was observed in sites with differential irrigation
regimes — 1,174 ... 1,524 m*/t, when in the control site it was 1,651 ... 1,977 m*/t.

Extra-early VNIIOZ 86 plants require 8 ... 14 irrigations at a rate of 190 ... 230 m’/ha. It is enough
to perform 8 irrigations in relatively favorable years (2013), and up to 14 irrigations in dry years (2014—
2015). To maintain a differential irrigation regime, it is necessary to perform 8§ ... 10 irrigations in wet
and up to 10 ... 13 irrigations in dry years.

The highly profitable cultivation of early soybeans (107.9%) was achieved using drilled sowing
(0.30 x 0.042 m) that resulted in significant yield increase (up to 3.02 t/ha) which was 0.41 t/ha higher
compared to wide-space sowing technique (0.70 x 0.024 m).
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INTRODUCTION

Increase in protein and vegetable oil consumption, as well as produce of pharma-
ceutical and other industries, defines the relevance of the research aimed at optimizing
reclamation and other agricultural methods of soybean cultivation, ensuring stable grain
yields under limited resource consumption conditions.

Soybean is a light requiring crop with a positive response to irrigation. Its world
cultivation is concentrated in southern countries such as the USA, Brazil, Argentina,
China, and India. Here, natural soil moisture reaches up to 400 mm and growing season
is long enough (up to 180 days) which make it possible to cultivate medium-late
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maturing high-yielding cultivars (up to 3.0 ... 3.5 t/ha) while world yield level averages
2.6 t/ha.

Despite the rapid increase in soybean plantings (2.6 million hectares) in the Russian
Federation, average soybean yields remain low (1.5 t/ha). The insufficiently favorable
natural hydro-thermal conditions for highly profitable soybean cultivation in the main
agricultural regions of Russia impel to use early soybean cultivars characterized by low
yield level (on average 2 t/ha) without irrigation. Hard weather events that periodically
occur during growing season do not contribute to increasing in the seed protein content,
which reaches 30 ... 35% of dry matter while US standard is over 35%).

Soybean has a high positive response to irrigation, resulting in yield increase from
2.5 to 4.5 t/ha and increase in crude protein content up to 35 ... 45% in seeds depending
on the cultivar, agricultural practices [1—3]. However, cultivation process of early
soybean cultivars under various sprinkling irrigation regimes and sowing methods is
not described enough [4—6].

MATERIALS AND METHODS

The experiments were conducted in Russian Research Institute of Irrigated Agricul-
ture in 2013—2017. Seeds of early soybean cultivar VNIIOZ 86 (Volgograd selection)
included in State Register of breeding achievements approved for cultivating in the
Lower Volga region were used [7]. Irrigation regimes (2013—2015) applied were
a permanent one with §0—80—80% of FMC (control) and changing regimes depending
on basic soybean growth stages: 70—80—70% of FMC (emergence — flowering
at 70%, flowering — seed formation at 80%, maturity at 70% of FMC), and 80—80—
70% of FMC (emergence — flowering at 80%, flowering — seed formation at 80%,
maturity at 70% of FMC). We used two sowing methods: wide-space (0.30 x 0.024 m)
as a control and drilled sowing (0.30 x 0.042 m).

RESULTS AND DISCUSSION

The experiments showed that extra-early soybean cv. VNIIOZ 86 requires 2,135 °C
of active temperatures during emergence-maturity (92 days) under irrigation to form
yield. Soybean plants need most heat (26.1%) during seed formation-maturity, and the
smallest heat (9.4%) is required at emergence. In emergence-flowering period the mean
temperature is 22.1 °C, and in flowering — beginning maturity period the mean tempera-
ture approaches 24 °C, therefore, it is important to coordinate improvement of irrigation
regimes with heat availability in crops during different growth and development stages
of particular cultivar, smoothing out temperature extremes.

Analysis of the photosynthetic activity of VNIIOZ 86 plants showed low for-
mation level of the maximum leaf surface area (25.7 ... 31.3 thousand m?/ha), which
is characteristic of early cultivars. The photosynthetic potential (FP) was 1,480 ...
1,880 thousand m? days/ha, the average daily increase in organic matter was 84.6 ...
95.5 kg/ha, dry biomass was 6.92 ... 7.83 t/ha, and yield was 2.17 ... 2.51 t/ha.

The use of differential irrigation regimes resulted in significant increase in VNIIOZ 86
grain productivity (Table 1).
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Table 1
Influence of irrigation regime on cv. VNIIOZ 86 productivity
Irrigation regime, % of FMC Yield, t/ha Deviation from the
control

2013 2014 2015 average t/ha %
70—80—70 2.74 2.5 2.25 2.51 0.34 15.7
80—80—70 2.61 2.46 2.19 2.42 0.25 11.5
80—80—80 2.35 2.13 2.04 2.17 — —
LSD,, (factor A) 0.16 0.03 0.05 0.05
LSD,, (factor B) 0.16 0.04 0.06 0.06
LSD,, (factor AB) 0.23 0.04 0.06 0.06

The yield increase reached 0.25 ... 0.34 t/haor 11.5 ... 15.7% compared to the con-
trol irrigation regime (80—80—80% of FMC). High VNIIOZ 86 yields under changing
irrigation regimes were formed in 2013 and amounted 2.61 ... 2.74 t/ha, which was
significantly higher than in the control variant (2.35 t/ha).

Analysis of the plant productivity structure showed that irrigation regimes coor-
dinated with the main stages of organogenesis led to increase in plant number —
up to 27 plants/m?, grain mass — up to 9.6 g/plant, grain size — up to 149.8 g/1000 seeds
and grain part in the total biomass — up to 36.2% which contributed to yield increase.

Differential irrigation did not increased protein content in seeds (35.4 ... 41.2%)
compared to permanent irrigation (36.5 ... 41%), since process of crude protein accu-
mulation in seeds is negatively correlated with crop yield, even under irrigation condi-
tions (» = —0.7) [8]. Considering the negative correlation between protein and fat content
in seeds (r = —0.5), we established that the differential irrigation regime increased fat
concentration in the seeds (18.1 ... 21.4%) compared to the permanent one (16.1 ... 18.6%).

Analysis of grain quality characteristics in irrigated soybean showed that it is
important to count protein and fat amount per unit of area harvested. Optimization of
irrigation regime led to increase in gross yield of crude protein up to 0.68 ... 0.94 t/ha
compared to the control (0.64 ... 0.83 t/ha); and fat (0.37 ... 0.46 t/ha) compared to the
permanent irrigation regime (0.29 ... 0.35 t/ha). Therefore, it is important to apply
differential irrigation regimes concerning growth stages of certain cultivar in order
to obtain significant protein and fat levels.

The water balance of VNIIOZ 86 soybean plants is composed of irrigation rate
(62.9 ... 68.2%), precipitation (24.5 ... 29.2%) and soil moisture (7.2 ... 7.9%). When
analyzing dependence of number of irrigations on irrigation regime, weather conditions
and water consumption at different VNIIOZ 86 growth stages, it was established
(Table 2) that soybean plants required § ... 14 irrigations with rates 190 ... 230 m*/ha.
In 2013, which was more favorable, plants required 8 irrigations with rate of almost
190 m’/ha. To ensure differential irrigation regimes with irrigation water, it is necessary
to perform 8 ... 10 irrigations in wet years (2013) and up to 10 ... 13 irrigations in dry
years (2014, 2015).
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Table 2
Dependence of irrigation regime on weather conditions
and growth stages of soybean cv. VNIIOZ 86
Growth stage Irrigation regime Year
% of FMC
2013 2014 2015

1 2 1 2 1 2

Emergence — shoot 70—80—70 20.7 0 26.6 1 21.8 1
development 80—80—70 32.3 1 35.6 2 30.9 2
80—80—80 30.5 1 35.6 2 31.1 2

Shoot develop- 70—80—70 27.8 0 33.1 1 291 0
ment — flowering 80—80—70 40.4 1 43.8 2 40.6 1
80—80—80 40.7 1 47.8 2 40.4 1

Flowering — 70—80—70 46.5 2 48.9 2 421 2
pod formation 80—80—70 46.4 2 454 2 41.9 2
80—80—80 46.8 2 48.8 2 42.0 2

Pod formation — 70—80—70 48.5 2 541 3 64.2 3
seed formation 80—80—70 48.8 2 54.3 3 64.4 3
80—80—80 48.9 2 59.2 3 64.0 3

Seed formation — 70—80—70 33.2 3 34.8 3 40.0 3
beginning maturity 80—80—70 33.3 3 36.3 3 42.6 3
80—80—80 35.6 3 38.3 3 44.0 3

Beginning maturity — 70—80—70 19.5 1 17.5 1 16.8 1
full maturity 80—80—70 19.7 1 18.2 1 16.5 1
80—80—80 34.5 2 34.2 2 33.8 2

Total (emergence — 70—80—70 196.2 8 215.0 11 214.0 9
full maturity) 80—80—70 220.9 10 233.0 13 236.9 12
80—80—80 237.0 11 263.9 14 255.3 13

1 — average daily water consumption, m°/ha; 2 — number of irrigations.

Permanent water regime was maintained by conducting 11 irrigations in wet and
14 irrigations in dry years.

An important characteristic of cultivar in agricultural production is ability to use
moisture sparingly when forming yield. Studies have shown that the lowest water con-
sumption — 1,174 ... 1,524 m*/t — was observed in crops grown under differential
irrigation regimes, while under permanent irrigation regime it was 1,651 ... 1,977 m’/t.

Irrigation is a fairly expensive item in calculation of all production costs (27.8 ...
29.7 thousand rub./ha), which is 29.9 ... 33.3%. Hence, cultivars forming yields at
the level of 2.5 t/ha are characterized by medium profitability (80.6%) and cost value
(11.1 thousand rub./t) ensuring low margins. Therefore, it is also important to optimize
agricultural practices for early cultivars. For light requiring soybeans these are sowing
methods.

Cultivar is an important factor in the discussed question about advantages of drilled
sowing compared to wide-space sowing under irrigation [8—10]. The early soybean
cv. VNIIOZ 86 is characterized by low branchiness and low leaf formation. When crop
density is higher (up to 500 thousand plants/ha) beans are formed higher on plants
(0.16 m), grain losses during harvesting are smaller (by 0.25 ... 0.45 t/ha as compared
to low crop density in wide-space plantings (to 400 thousand plants/ha). Therefore,
the research showed that drilled sowing with more uniform placement of plants in rows
(0.30 x 0.042 m) resulted in 3.02 t/ha, exceeding the yield of wide-space sowed crops
(0.70 x 0.024 m) by 0.41 t/ha. Cost value of grain produced amounted to 10 thousand rub./t,
profitability was 107.9%.
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CONCLUSIONS

Under irrigation conditions efficiency of cultivation of early soybean cultivars
(VNIIOZ 86) is enhanced by optimizing the irrigation regime and plant growing space.
Differential irrigation regimes (70—80—70% of FMC and 80—80—70% of FMC)
resulted in yield increase up to 2.51 t/ha, protein and fat content increased up to 0.94 t/ha
and 0.46 t/ha, respectively. Drilled sowing of early soybean cultivars led to significant
yield increase — up to 3.02 t/ha and profitability of grain production rose up to 107.9%.
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ArPOMEJIMOPATUBHbIE NPUEMbI
PEHTABEJIbHOIo BO34EJIbIBAHUA
PAHHEIo COPTA COM BHUNO3 86
B YCJIOBUAX OPOLLUEHUA
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Bo BcepoccHiickoM Hay4YHO-HCCIEA0BATENECKOM HHCTUTYTE OPOIIAEMOTo 3eMIICICIIHS H3YYCHO
BIIMSTHAE PEKMMOB OPOILIEHUS M CIIOCOOOB ITOCEBa Ha MPOIYKIHOHHBIN IPOIECC yIBTPACKOPOCIIENIOTO
copra cou BHMNO3 86.

ITpumenenue nuddepeHpoBaHHbIX pexxuMoB oporerus (70—80—70% HB u 80—80—70% HB)
C11ocoOCTBOBAIO (hOpMHUPOBaHHUIO 2,42—2,51 T/ra M NOCTIKEHUIO CpeHero YpoBHs peHTabensHocTH (80,6%)
MPOM3BOJICTBA 3€pHA, YTO cymiecTBeHHO (Ha 0,25—0,34 1/ra) NpeBBICHIIO YPOXKAHHOCTb Ha KOHTPOJIE.
(80—80—80% HB) 3a cueT AOCTHXEHUS CHHXPOHHOCTU BET€TaTUBHOTO POCTAa U PENPOSYKTUBHOIO pas-
BUTHSI M TaKUM 00pa3oM — MOBBIICHUS O 3epHa B 001ei Ouomacce — 110 36,2%. JIpoOHBIE pexkxuMBI
OpOILICHHS CIICPKUBAIIA POCT COACPIKAHUS CHIPOTO MPOTEHHA B ceMeHax (Ha ypoBHe 35,4—41,2%)
0 CPaBHEHHUIO ¢ KOHTposeM (36,5—41%), oHaKo NPUBOAWIN K OOJIBILIEMY YBEITHIEHHUIO KOHIIEHTPALUH
xwupa B cemeHax (18,1—21,4%), uem Ha KOHTpodbHOM Bapuante (16,1—18,6%), Onrumusaims pexiuMa
opoleHHs yBennduBaia Bbixoa Oenka (1o 0,68—0,94 t/ra) u xwupa (0,37—0,46 1/ra) OTHOCUTEIHHO
KoHTpoJst (coorBercTBeHHO 0,64—0,83 1/ra n 0,29—0,35 1/ra). HaumeHbmmM k03¢ HUIHEHTOM BOJONO-
TPEOJCHHUS XapaKTePU30BAIKMCh TIOCEBBI ¢ TU(PPEPECHIIUPOBAHHBIMU PEKUMaMH opotieHust — 1174—
1524 M*/T, O cpaBHEHUIO ¢ KOHTpoJieM — 1651—1977 M*/T.

[ToceBsr ouens ckopocmenoro copra BHUNO3 86 nyxmatorcs B mpoBeneranu 8—14 monuBoB
HopMamu 190—230 m*/ra. B oTHOcuTeNnbHO GraronpusTHbie roabl (2013) 10CTaTOYHO OCYLIECTBUTH
8 nonuBos, B 3acynumisble (2014—2015) — no 14. lna nognepxkanus quddepeHIUpOBAHHOTO pexXuMa
opolieHns: Heo0XoauMo 1aTh 8—10 MOJUBOB BO BlaKHbIe U 10 10—13 — B 3aCyILIHBBIE TOIBI.

BricokopenTabenbpHoe Bo3zenbiBanue paHueit con (107,9%) mocturanock NpUMEHEHUEM PSIIOBOTO
nocesa (0,30 x 0,042 M), cnocoOCTBYIOIIEro 3HaYUTEIbHOMY pocTy (no 3,02 T/ra) yposkaliHOCTH
(ua 0,41 1/ra) OTHOCUTENBHO MIUPOKOPsIHOTO arporieHo3a (0,70 x 0,024 m).

KarueBbie ciioBa: cosi, COpTa, PEXKUMBI OPOLICHUS, YPOXKAUHOCTD, (pa3bl POCTa U PA3BUTHS,
cojiepkaHue 1 cOop OenKa U KHpa B cCeMeHax
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