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Abstract. An estimation of various agro-biological methods in crop rotation of dry-steppe zone of
light chestnut soils of the Lower Volga region is given. The effectiveness of a grain-fallow four-field crop
rotation has been established, where green manure crop mass of winter rye, straw and leaf-weed mass
of crops are plowed in soil, which increases organic matter and nutrient content in soil, reduces humus loss,
and stabilizes grain yields. It was noted that only in four-field grain-fallow green manure crop rotation
there is a positive balance of the main nutrients in the soil per hectare, where additional organic matter
enters arable layer of soil in the form of winter rye green manure crop. In this variant, the balance was:
nitrogen +39.7; phosphorus +0.7 and potassium +49.9 kg/ha. In six-field grain crop rotation with ginger
as a sidereal crop, a positive balance is achieved only for phosphorus +14.1 and potassium +35.5 kg/ha,
for phosphorus there is a negative balance of —3.5 kg/ha. In the eight-field grain crop rotation with 50%
of legume crops, a positive balance is achieved only for potassium, +29.8 kg/ha. The balance of humus
can be regulated by the structure of areas, alternation of crops in field crop rotations, application of plant
residues in the form of sidereal crops, straw, leaf-weed mass, decrease in the proportion of fallow and
tilled crops in the structure of biotivated crop rotations. The most complete biologization is possible
in green manure crops, where humus losses decrease 1.5 times or more. A positive balance of organic
matter is ensured in four-field biologized grain-fallow crop rotation — +3.33 t/ha.

Keywords: biologization, field crop rotation, light chestnut soil, organic matter, green manure
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INTRODUCTION

To improve efficiency of agriculture in the Lower Volga region, it is necessary
to develop and introduce field biological crop rotations and resource-saving cultivation
methods of grain crops. The biologization of agriculture assumes introduction of green
manure fallows, leguminous and intermediate crops in crop rotation for green fertilizing,
application of straw and leafy mass of crops into soil. Therefore, complex study of
agro-biological methods in field crop rotations using bioresources capable of restoring
natural balance and soil fertility and increasing yield of grain produce per hectare of
arable land has particular relevance and novelty [1—4].
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MATERIALS AND METHODS

The studies were carried out on experimental field of Nizhnevolzhsky Research
Institute of Agriculture. The soil of the experimental plot is light chestnut heavy loam
with 1.74% humus content in top soil, pH 8.1. Content of easily hydrolyzable nitrogen
is 2—7 mg/100 g soil, mobile phosphorus is 3—11 mg/100 g and exchangeable
potassium is 30—40 mg/100 g soil. Replication was four-fold. The area of the ex-
perimental plot was 200 m?*. Precipitation in 2013—2014; 2014—2015, 2015—2016
and 2016—2017 research years was 435.5 mm; 266.8 mm; 554.8 mm and 374.9 mm,
respectively, compared to average annual value of 339.7 mm. Winter wheat ‘Kamy-
shanka 5°, oat ‘Golozerny’, sorghum ‘Kamyshinskoe 31°, pea ‘Aksaysky usaty 10°,
chick pea ‘Privo 1’, safflower ‘Aleksandrit’, camelina ‘Yubilyar’, winter rye ‘Sara-
tovskaya 7°.

The effectiveness of biologization was studied in field crop rotations:

1) Grain-fallow four-field: black fallow — winter wheat — sorghum for grain —
oats (control);

2) Grain-fallow green manure four-field: green manure fallow (winter rye) —
winter wheat — sorghum for grain — oats;

3) Grain-fallow green manure six-field: green manure fallow (camelina) — winter
wheat — sorghum for grain — chickpeas — safflower — oats;

4) Grain eight-field: peas — winter wheat — chickpeas — safflowers — peas —
sorghum for grain — chickpea — oats.

In the first control crop rotation straw of winter wheat and oats, leaf sorghum mass
was removed from the field. In the second, third and fourth crop rotations leaf mass
of crops remained in the field was plowed in the soil with a heavy disc harrow. The
main soil cultivation method in all variants was deep chiseling at 0.30...0.32 m with
a surface layer rotation to a depth of 0.20...0.22 m. It was carried out using OCHO-5-40
tool with multifunctional working bodies of the modular type “RANCHO” (blade and
a wide chisel). Before discing of winter wheat and oats straw, leafy mass of sorghum
and safflower, ammonium nitrate was added in the calculation of 10 kg of active ingre-
dient per 1 ton. Green manure crops — winter rye and camelina were sown in spring
because of unfavorable autumn conditions. For this reason, in 2015 and 2016, instead
of winter wheat, spring wheat ‘Kamyshinskaya 3 was sown. The rest crops were sown
on time in established optimal terms.

RESULTS AND DISCUSSION

The circle of organic matter in crop rotations makes it possible to estimate possible
loss of soil fertility due to removing of plant residues of cultivated crops from the
field [5, 6]. Great importance in supply of organic matter to soil in crop rotations
belongs to green manure crops, which compensate loss of organic matter due to
humification of green and root mass entering the soil (Table 1).
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Table 1
Circulation of organic matter in biologized crop rotations,
t/ha of crop rotation area (average for 2014—2017)
Variant Crop rotation Accumulated Removed Applied Balance
1 Grain-fallow four field 5.43 4.31 1.12 -3.19
(control)
2 Grain-fallow green 7.13 1.90 5.23 +3.33
manure four-field
3 Grain-fallow green 5.92 1.75 417 +2.42
manure six-field
4 Grain eight-field 5.64 1.84 3.80 +1.96

Table 1 shows that in biologized crop rotations more organic matter returns
to soil, and all of them exceed control. Applied organic matter in grain-fallow green
manure four— and six-field rotations is higher by 4.11 and 3.05 t/ha respectively,
grain eight-field crop rotation — by 2.68 t/ha. A positive balance of organic matter is
ensured in these crop rotations. The highest value is observed in four-field biologized
grain-fallow crop rotation +3.33 t/ha, the lowest in eight-field grain-cropped rotation
+1.96 t/ha. In six-field grain-fallow green manure crop rotation +2.42 t/ha.

Removal of basic nutrients from soil by field crop yields has reached critical values
recently [7]. Therefore, it is very important to return them annually to soil with organic
matter of cultivated crops in form of straw and leaf mass (Table 2).

Table 2

Circulation of basic nutrients in top soil applied with organic matter of field crops
in biologized crop rotations, kg/ha of crop rotation area (average for 2014—2017)

Variant Accumulated Removed Applied Applied with Balance
ammonium
nitrate

N PO, |KO| N |PO,|KO| N |PO,|KO| N |PO|KO| N |PO,| KO

1 66.7 | 151 | 450|592 | 130|365 75 | 21 | 85 | 75 | 21 | 85 |-51.7|-108| -28.0
(control)

2 978 239 (639|437 116 | 70 | 541 | 123 | 569 | 834 | 123 | 56.9 | 097 | +0.7 | +49.9

3 800|179 | 495|461 107 | 70 [ 339 | 72 | 425|602 | 72 | 425 |+141| -35| +355

4 854 | 171|456 | 559 | 116 | 79 | 295 | 55 | 377|494 | 55 | 377 | 65| 6.1 | +20.8

Table 2 shows that four-field grain-fallow green manure crop rotation is the only
crop rotation which has positive balance of basic nutrients in soil per ha of crop rotation
area, where in addition to straw and leafy mass of cultivated crops organic matter in form
of winter rye green manure crop is additionally supplied to top soil. In this variant the
balance was: nitrogen +39.7; phosphorus +0.7 and potassium +49.9 kg/ha. In six-field
grain-fallow biologized crop rotation with camelina green manure, a positive balance
was achieved only for phosphorus +14.1 and potassium +35.5 kg/ha, for phosphorus
there was a negative balance —3.5 kg/ha. In eight-field grain crop rotation with 50% of
leguminous crops, a positive balance was achieved only for potassium +29.8 kg/ha.
For nitrogen and phosphorus, this rotation showed a negative balance of —6.5 and
—6.1 kg/ha, respectively. The negative nitrogen balance in this variant is due to the fact
that straw of leguminous crops before its plowing was not applied with ammonium
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nitrate, which apparently should be done, as share of legumes in structure of crop
rotation is 50%. Also, when sowing crops in biologized crop rotations, it is necessary
to add phosphorus fertilizer in form of superphosphate due to negative balance of this
element, especially in six- and eight-field crop rotations. In the control variant, where
all straw and leafy mass of field crops is removed from the field, a negative balance
of nitrogen, phosphorus and potassium is provided: —51.7; —10.8 and —28.0 kg/ha of crop
rotation area, respectively.

Humus balance can be regulated by structure of areas, alternation of crops in field
crop rotations, application of plant residues in form of green manure, straw, leafy mass,
reduction in proportion of black fallow and tilled crops in biologized crop rotations.
The most complete biologization is possible in crop rotations, where losses of humus
decrease 1.5 times or more. Short-term cereal rotations adopted in the Lower Volga
region contribute to uncompensated and significant humus losses, which reach 500—
700 kg/year/ha of arable land. The most accessible measure to reduce humus deficiency
is application of straw and leafy mass of field crops (average of 2.5...3.0 t/ha), which
reduces annual deficit in three-, four-field grain-fallow crop rotations by about 50—
100 kg [8, 11]. Increased losses of organic matter intensified processes of reducing
soil fertility (Table 3).

Table 3
Humus balance in field biologized crop rotations, t/ha (average for 2014—2017)
Variant Crop rotation Humus balance
Mineralization Humification Balance

1 Grain-fallow four-field 0.76 0.15 -0.61
(control)

2 Grain-fallow green manure four-field 0.48 0.66 +0.18

3 Grain-fallow green manure six-field 0.46 0.45 -0.01

4 Grain eight-field 0.53 0.40 -0.13

Table 3 shows that four-field grain-fallow control rotation with black fallow has
the highest (0.76 t/ha) mineralization degree of organic matter, which is higher by 58.3,
65.2 and 43.4% compared to four-, six- and eight-field rotations, respectively. The
highest humification of organic matter is ensured in four-field grain-fallow crop rotation
with green manure — 0.66 t/ha, which is 0.51 t/ha higher compared to the control.
Six- and eight-field crop rotations exceed the control in humification of organic matter
by 0.30 and 0.25 t/ha, respectively. Favorable positive balance of humus (+0.18 t/ha)
is formed in four-field grain-fallow crop rotation with winter rye green manure. In other
variants a negative balance of humus is observed: —0.61 t/ha in the control, —0.01 t/ha
in six-field and —0.13 t/ha in eight-field rotation.

In the Lower Volga region, the greatest grain yield is provided in four-field
grain-fallow and grain-fallow-cropped rotations, including various groups of field crops
with different vegetation season, which are more resistant to unfavorable weather
conditions. This allows observing principle of technological diversity, which reduces
negative changes in agroecosystems under unilateral anthropogenic influence [9, 10].
To estimate crop rotation, yield of grain from one hectare of arable land was calculated
(Table 4).
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Table 4
Grain yield in field biologized crop rotations, t/ha of crop rotation area
(average for 2014—2017)
Variant Crop rotation 2014 2015 2016 2017 Average

! Grain-fallow four-field 1.53 1.25 240 1.96 1.79
(control)

2 Grain-fallow green manure four-field 1.63 1.25 2.73 1.99 1.90

3 Grain-fallow green manure six-field 1.17 1.29 2.64 1.92 1.75

4 Grain eight-field 0.88 1.65 2.95 1.90 1.84
LSD,, 0.04 0.05 0.05 0.08 —

Table 4 shows that the largest yield of grain from one ha of crop rotation was
achieved in 2016, in other years it was similar. This indicator is the highest in four-field
grain green manure crop rotation with winter rye green manure — 1.90 t/ha, which
exceeds the control by 0.11 t/ha or 6.1%. In eight-field grain biologized crop rotation
(without black fallow but with 50% of legumes) grain yield is 1.84 t/ha, which is
0.05 t/ha or 2.8% higher than the control variant. Six-field grain green manure crop
rotation with camelina green manure is at the same level of grain per hectare of crop
rotation area with control and is 1.75 t/ha.

CONCLUSIONS

The highest positive balance of organic matter is ensured in four-field biologized
grain-fallow crop rotation (+3.33 t/ha), the lowest one is in eight-field grain crop
rotation (+1.96 t/ha).

A positive balance of nutrient elements is ensured only in four-field grain-fallow
crop rotation, where in addition to straw and leaf-weed crops, additional organic matter
enters the arable soil layer in the form of winter rye green manure crop. Here the balance
was +39.7; phosphorus +0.7 and potassium +49.9 kg/ha. In six-field grain-fallow crop
rotation with camelina green manure, a negative balance was achieved only for
phosphorus —3.5 kg/ha. In eight-field grain with 50% leguminous crops nitrogen and
phosphorus have negative balances of —6.5 and —6.1 kg/ha, respectively. Therefore,
it is necessary to apply phosphorus fertilizer in form of superphosphate when planting
in rows, and in eight-field crop rotation ammonium nitrate should be added to straw
of legumes.

Four-field grain-fallow crop rotation with winter rye green manure has a positive
effect on improvement of soil fertility, where the most favorable humus balance is
+0.18 t/ha. A negative balance of humus was observed in the control variant (—0.61 t/ha),
six-field (—0.01 t/ha) and eight-field biologized crop rotations (—0.13 t/ha).

The use of effective resource-saving methods of cultivating field crops using
renewable bioresources (straw, leaf, stubble and root residues, green manure crops)
provides an increase in productivity of arable land in four- and eight-field crop rotations
by 6.1 and 2.8%, respectively.

© A.V. Zelenev, Yu.N. Pleskachev, E.V. Seminchenko, 2018.
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NMOJIEBbIE CEBOOBOPOTbI, OBECIMNEYUBAIOLLUE
HAMBOJIbLUUU BbIXO4 PACTEHMEBOAYECKOU NPOAYKLINN
B YCJIOBUAX CYXOCTEMHOM 30HbI HWXKHEIO MOBOJIKbS

A.B. 3eaenes’, J0O.H. Ilneckaues’, E.B. Cemunuenko’

'®I'5OY BO Bonrorpackuii rocy1apcTBEHHbIH arpapHblii yHHBEPCUTET
np. Ynueepcumemckuii, 26, Boneoepad, 400002, Poccuiickaa @edepayus

*OI'BHY HwxueBomxkckuit HUMCX — ¢umuan OHII arposkonorud PAH
n. Obracmuoti cenvckoxoszaiicmeentol cmanyuu, Poccutickas @edepayus

[IpuBomuTCS OIEHKA PAa3IMYHBIX arpoOHOJIOTMYECKHX PHEMOB B MOJIEBBIX CEBOOOOPOTAX CyXOCTETI-
HOM 30HBI CBETJIO-KaITaHOBBIX 1OuB HimkHero IToBomkbs. YcraHoBieHa 3G QEKTHBHOCTh 3epHOIAPOIIPO-
TIAIIHOTO YETHIPEXIIOIBHOTO CEBOOOOPOTA, B KOTOPOM 3a/IeIBIBASTCSI B TIOUBY CHIIEpAIbHAsI Macca O3UMOM
PXH, COJIOMa U JINCTOCTeOeIbHAast Macca KyJIbTYyp, UTO YBEJIUYUBAET MOCTYIIEHUE OPraHHYECKOTo
BELIECTBA U 3JIEMEHTOB ITUTaHMS B MOYBY, CHIDKAET IMOTEPU TyMyca B IOYBE, CTAOMIN3UPYET BHIXO/T
3epHOBO MPOYKIINH.

KnroueBble cioBa: Ouonorusanysi, mMojaeBoi ceBOOOOPOT, CBETIIO-KAITAaHOBAs TI0YBA, OpraHHYe-
CKO€ BEIIECTBO, 3JIEMEHTHI IUTaHUsL, TYMYC, BEIXO 3epHa, HrkHee [ToBomkbe
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