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INTERCROPPING MAIZE — COMMON BEAN ENHANCES
MICROBIAL CARBON AND NITROGEN
IN LOW-PHOSPHORUS SOIL
UNDER MEDITERRANEAN CONDITIONS

Latati Mourad', Aouiche Adel’, Nazih Yacer Rebouh’

'Végétales. Laboratoire d’amélioration intégrative des productions végétale
Avenue Hassane Badi, El Harrach, 16200 Algiers, Algeria

?Ecole Préparatoire en science de la Nature et de la vie d’Alger
Avennue Ahmed Hamidouch Route de Beaulieu, EIl Harrach 162000 Algérie

*Universite Abderrahmane Mira — Bejaia
Bedjaia, Algeria

Abstract. The positive effect of intercropping under low phosphorus (P) conditions has already
been reported in previous works. The aim of this study was to test the hypothesis that intercropping
(common bean — maize) in P deficient soil, can enrich carbon (C) and nitrogen (N) of the microbial
biomass (MB) through a transfer from root nodules of the plant and rhizospheric microbial flora in a field
located in “Setif region” in northern Algerian agroecosystem(Mediterranean climate). The rate of nodular N
sequestered in intercropped common bean was higher compared to sole crops and fallow. However, under
intercropped and low P conditions, the rate of nodular N sequestered is highest over two years. Carbon
of the microbial biomass (MB-C) is higher in the intercropping compared to sole crops and fallow but it
is even higher in P deficient soil. Moreover, a strong correlation is established between nodular C and MB
in intercropping under low P conditions. In these same conditions, the total soil respiration was the highest
and the lowest C:N ratio of MB was recorded. These results showed that in low P soil, intercropping
is a good solution to enhance the rhizospheric MB that can fertilize the soil and recycle mineral elements.

Keywords: Intercropping; P-Deficiency; Microbial biomass; Carbon; Nitrogen; agroecosystem

INTRODUCTION

A soil’s quality affects the agroecosystems services and sustains biological
productivity to promote plant growth and increase bio-availability of the essential
nutrients [1, 2]. However, the effect of intercropping system on agroecosystem
productivity on C and N sequestration have been well documented in either short-
or long-term duration [1, 3]. The increase of C input into the soil through root residues
has been confirmed for both legumes and cereals in intercropping compared to mono-
cropping systems [4]. Indeed, recent studies suggest greater N storage in legumes-cereals
intercropping as a result of enhancing in efficiency in use of rhizobial symbiosis (EURS)
in low P soil compared to high P soil conditions [2]. On the other hand, variation
in C:N ratio of soil microorganisms (fungi and bacteria) has been attributed to evaluated
relative demand of soil microbes for C and N [5]. The changes of C:N ratio in MB may
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have important effect for N and C cycling. Considering the interspecific interaction
(complementarily and facilitation) of legumes on rhizosphere MB in intercropping
system, a hypothesized effect of cereals-legumes intercrops on investigating of the MB
C:N and its relationship with rhizobial N, fixation would be tested.

Our previous studies reported that intercropping common bean-maize might be
an alternative agronomical practice that is scarcely adopted in north-east Algerian agro-
ecosystem under low P conditions [6]. In the studies reported here, we hypothesize that
the presence of common bean as intercrop with maize will enhance both MB-C and
MB-N through greater input of nodules C and N into the soil rhizosphere in either P
deficient or P sufficient conditions. This will also result in a significant change in the C:N
ratio and MB respiration. To address these hypotheses, both the intercrop and sole crop
were grown in two years rotations in the same experiment sites studied in our last
research experiment [2] located in Setif region in northern Algerian agroecosystem.

MATERIALS AND METHODS

The study was performed during 2012—2013; the field experiments were carried
out over the same two experimental sites S1 (35°58, 11°’N and 5°14, 90’E) and S2
(35°53, 37°N and 5°37, 01°E) studied in our last research [2]. Sites are located in the
agroecosystem of Setif (300 km north-east of Algiers) where maize and common bean
are widely cultivated as intercropping. An experiment designed to fulfil the aim of this
study was carried out with one common bean cultivar (Phaseolus vulgaris cv. El Djadida)
and one maize cultivar (Zea mays cv. Filou) cultivated by most farmers’ fields in Algerian
agroecosystem. Split-plot was used as an experimental design with four replicates.
Seventy days after sowing (DAS) that corresponds to a full flowering stage, soil samples
were taken from the rhizosphere of each species and fallow plot. The rhizosphere of both
maize and common bean roots was bulked for each replicate in all crop treatments.
The rhizosphere samples were then stored at 4°C for 72 hours before analysis. Indeed,
the nodules were separated from the common bean roots, dried and weighed separately.

The soil MB-C and MB-N have been measured in physico-chemical laboratories
at the national institute of agronomy research (Montpellier, France). MB-C and MB-
N were determined by chloroform fumigation-extraction method modified and adjusted
from Brookes and Jenkinson methods. The MB-C and MB-N were determined by
calculating the difference between TOC and TN of chloroform-fumigated and unfumi-
gated soil samples. However, the final values of microbial biomass were divided
by conservation factors: KC = 0.45 and KN = 0.54 for MB-C and MB-N, respectively.

To account for problems associated with data estimation, all C and N concentrations
(g plant and pg mll for plant and soil, respectively) in either rhizospheric soil or nodule
were converted and calculated to stock (g C and N m?).

RESULTS AND DISCUSSION

The results of this study showed that the rate of nodular N sequestered by intercropped
common bean is significantly higher compared to the correspondent sole crop as well
as in 2012 and 2013 seasons (Fig. 1). This joins the works of [2, 7—9]. Furthermore,
our results showed a higher nodular N sequestration rates under P deficient soil relative
to P sufficient soil. This suggests a more important symbiotic N, fixation under these
conditions.
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The results show also that the N content in the rhizospheric MB is much higher
under intercropping compared to their respective sole crop and fallow (Fig. 2). This result
is very interesting more especially as fallow crop is currently a widespread practice
in Algeria. The increase of N content in microbial biomass is highly positively correlated
with N and C respectively sequestered in nodules under intercropping and P deficiency
conditions (Fig. 3). That suggests a transfer of nodular nitrogen to the rhizosphere
in favour of rhizospheric microorganisms after senescence of the nodules. The rate of N
in rhizospheric MB is significantly higher in intercropping under low P conditions
as well as in 2012 and 2013 seasons. This is confirmed in this study by the effect exerted
under intercropping in low P soil on MB.

Indeed, the increase of nitrogen content in microbial biomass is highly positively
correlated with nitrogen sequestered in nodules under intercropping and P deficiency
conditions (Fig. 3). This suggests a transfer of nodular nitrogen to the rhizosphere
in favour of rhizospheric microorganisms after senescence of the nodules. The rate of N
in rhizospheric MB is significantly higher in intercropping under low P conditions as well
as in 2012 and 2013 seasons. This is confirmed in this study by the effect exerted under
intercropping in low P soil on MB. The study of Tang et al. has already highlighted
the increasing of carbon in rhizospheric microbial biomass of intercropping compared
to monocultures. As it was notified previously, under low P conditions, the plant
is subjected to a stress that induces it to increase the rate of symbiotic fixation of atmo-
spheric nitrogen. This enriched the soil microbial biomass after senescence of nodules.
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Fig. 3. Relationship between N stocks in common bean nodules and MB-N (A and B) and between C
stock in nodules and MB-C (C and D) in either intercropping (opened circle) or sole crop (filled circle)
under S1 and S2 conditions. All regression functions (intercropping: light gray text; and sole crop:
dark gray text,respectively) were linearly established from 10 replicates and asterisks;

*, **, denote significant difference at p< 0.05, p< 0.01 and p< 0.001, respectively
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Furthermore, evolution of the microbial soil respiration is proportional and positively
correlated with nodule C stock in intercropping under P deficient soil (Fig. 4B). This can
be justified by the fact that the intercropping in low P soil allows efficient use of environ-
mental resources which stimulates plant growth on the one hand. Several studies have
concerned the interaction between the permeability to oxygen nodular (nodular perme-
ability) and nodular biomass [10, 11]. On the other hand, it stimulates the growth of
rhizospheric microorganisms and thus enhancing their respiration [12]. They were able
to show, the nodular permeability to oxygen is increased under P deficiency in controlled
environment in hydroaeroponic [6, 13]. On the other hand, it stimulates the growth of
rhizospheric microorganisms enhancing their respiration. Several studies have concerned
the interaction between the permeability to oxygen nodular (nodular permeability) and
nodular biomass.
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Fig. 4. Relationship between C stocks in common bean nodules and soil
in either intercropping (opened circle) or sole crop (filled circle) under S1 (B) and S2 (A)
conditions. All regression functions (intercropping: light gray text; and sole crop:
dark gray text, respectively) were linearly established from 10 replicates and asterisks;
**, *** denote significant difference at p< 0.05, p< 0.01 and p< 0.001, respectively.

CONCLUSION

An increase of MB-C and MB-N was highlighted in common bean — maize
intercrop under low P conditions. P deficiency causes a stress in the plant that induces
an increase in symbiotic nitrogen fixation which allows increasing P availability in the
soil. This increase of symbiotic N, fixation enriches the rhizosphere with organic matter,
which has accordingly enhanced MB-C and MB-N. Enriched rhizospheric microbial
flora contributes to mineralization of SOM, which stimulates rhizodeposition and growth
of the plant.
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COBMECTHDbIE NOCEBbI KYKYPY3bl
U GACOJIM OBbIKHOBEHHOW YBEJIMNMUBAIOT
MWUKPOBHYIO BUOMACCY ASOTA U YIJIEPOOA
B NO4YBAX C HUSKUM COAEP>XAHUEM ®OCDOPA
B YCJ10BUS CPEAU3EMHOMOPDBSA

Latati Mourad', Nazih Yacer Rebouh?, Aouiche Adel’

'HarmonanbHas mkosa arpoHoMur, OT/IEN PacTEHHEBOICTBA
JlaGopaTopusi HHTErPaTHBHOI'O COBEPILEHCTBOBAHMS TPOM3BOACTB PACTECHUI
Asenio Xacan baou, Inv-Xappauy, 16200 Ansicup, Anocup

[ToAroTOBUTENbHAS LIKOJIA B HAYKE O IPUPOJIE U KU3HH AJKHpa
Ipocnexm Axmeda Xamuoyua Mapwpym 0e boave, Snv-Xappax 162000 Anscup

3YHI/IBepCI/ITeT Abnepaman Mupa ne bemxkaiis
Kamnyc Tapea Yzemyp. beooxcaiisn, Anocup

B npenpiaymmx padoTax yxe cooOImanoch 0 MOI0KHUTEILHOM BIMSHUM CMEIIaHHBIX TOCEBOB B YCIIO-
BUSIX HU3KOTO cozepxanust pocdopa (P). Llens ganHOrO MCCIe0BaHMS 3aKITFOYAIAch B IPOBEpKe HHpOp-
Maly O TOM, YTO CMEIIaHHbIE TTOCEBHI ((hacoib OOBIKHOBEHHAS — KyKypy3a) Ha I0YBax ¢ HU3KKM COIep-
xanueM P moryt yBenuunts noito yriaepoaa (C) u azora (N) mukpoOHoit 6uoMaccsl (MB) myTem ux
TiepeMenIeHrs U3 KOPHEBBIX KITyOSHBKOBBIX PacTeHHI U pr30chepHOi MUKPOMIOPE! HA OJIE, PACTIONOKEH-
HOM B peruone Setif Ha ceBepe Apkupa (cpeau3eMHOMOpCKHi kiMar). KomirdectBo N, cocpenoToueHHOro
B KiIyOeHbKaX (hacoiu 0OBIKHOBEHHOH, OBLIO BBIIIE ITPU BBIPAIIUBAHIHN B IIOJHUKYJIBTYPE 110 CPABHEHHIO
¢ MOHOKYJIBTYpOI1 ¥ mapoM. TeMm He MeHee, HeCMOTpsI Ha HU3KOe cofiepkaHre P B mouse, Mpu CMEIaHHOM
BBIpalIMBaHUH YPOBEeHb N B KITyOeHbKaxX OKa3aJICsi CaMbIM BBICOKHM 3a 1Ba rofa. Cozxeprxanne C B MUKpOO-
Hoit 6momacce (MB-C) 6bLT0 BBIIIE TPH MOJUKYIBTYPE IO CPABHEHHIO C MOHOKYJIBTYPOH M MapoM,
OJTHAaKO 3TOT MOKa3aTeNb yBEINIHUBAJICS B IouBax ¢ gedunutoM P. Kpome Toro, ycraHOBIEHa cHilbHAS
Koppessius Mexay KiyOoeHpkoBbIM C 1 MB mpu MONMHKYIbType B YCIOBHAX HH3KOTO P oOecneyeHust.
B Tex xe ycI0BHAX IMOKa3aTellb OOLIET0 «IbIXaHUs MOYBBD» UMEN caMO€ BBICOKOE 3HAUCHUE U OTMEYa-
sock camoe Huskoe cootHouteHue C: N Mb. [omy4yeHHble pe3ysibTaThl CBUAETENBCTBYIOT O TOM, YTO IIPU
HHU3KOM COJlepKaHuU P B IouBe cMelIaHHbIE TOCEBHI SIBISIOTCS IPOAYKTUBHBIM CIIOCOOOM yBEIUYEHUS
pusocheproit Mb, xotopast criocoOHa MOBBICUTH ILIOJOPOANE TTOYBHI M PELUPKYINPOBATH MUHEPATIbHBIC
aneMeHThl. KimodeBsle cinoa: [TonukynbTypa; HU3K0e coaepkanue P; MUKkpoOHast Ouomacca; yriaepoxn;
a30T; ATpO’KOCHUCTEMA.

KawueBblie cioBa: riaybokas o0paboTka MOYBBI, aHTPOIIOTCHHOE BO3/CHCTBUE, TEXHOIOTHS
CTPUIITHII, TIOJIOCHAST 00pa0OTKa IMOYBBI
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WATER-SAVING IRRIGATION REGIMES
FOR VEGETABLE CROP PRODUCTION
UNDER CONDITIONS OF VOLGA-DON INTERFLUVE

A.D. Akhmedov, E.E. Dzhamaletdinova, A.E. Zasimov

Volgograd State Agricultural University
Universitetskiy pr., 26, Volgograd, 400002, Russian Federation

Abstract. Irrigation regimes and rates of mineral fertilizers for obtaining the expected yields
of vegetable crops under conditions of light chestnut soils of the Volga-Don interfluve are considered
in the study. We established that irrigation regimes and norms of mineral fertilizers proposed in our field
study for table beet (Beta vulgaris) and carrot (Daucus carota) cultivation allow yielding in the range
of 60...80 t/ha. Thus, for example, the maximum yield of table beet 84.1 t/ha was obtained in the variant
with 80% pre-irrigation soil moisture and N,,,P (,K,,, fertilizer at a variable depth of soil moistening
(0.3...0.5 m). Changes in fertilizer dose from N ;P K, to Ny P5K; o contributed to 63.7...84.1 t/ha yield
increase, which is 10—20% higher compared to other variants. Change in soil moisture from 70—80—70
to 80—80—80% of FMC in combination with fertilizer dose from N5,P,,K ¢, to Ny oP00Kso increased
carrot yields from an average of 57.9 to 81.6 t/ha. The highest yields (81.6 t/ha) were obtained when
maintaining pre-irrigation soil moisture of 80—80—80% of FMC and applying N,,P,,,K,, fertilizer rate.
In general, beet and carrot cultivation on light chestnut soils using drip irrigation is the most efficient.
To maintain water regimes of the soil adopted by the experiment, a different irrigation frequency was
required. When increasing humidity level from 70 to 90% FMC frequency of irrigation increases, and
irrigation rate decreases. The total consumption of moisture in the experiments increased with an increase
in moisture content — from 4,417 m’/ha in the variant with 70% of FMC to 5105 m’/ha in the variant
with 90% of FMC. The largest total water consumption of table beet was noted in the variant with
a differentiated depth of soil wetting and averaged 4,530—5,105 m*/ha. The share of irrigation water
in the total water consumption of plants increased from 73.3 to 75.7%. Application of mineral fertilizers
reduces water consumption of table beet. The smallest coefficient was obtained in the second irrigation
regime variant, when humidity was maintained at 80% of FMC with different wetting depth. This situation
was observed in all variants of irrigation regimes and fertilizer applications. This confirms that differentiating
wetting depth according to table beet growth stage makes it possible to use irrigation water more
economically at all rates mineral fertilizer application.

Keywords: drip irrigation of vegetable crops, irrigation regime of vegetable crops, yield of vegetable
crops, table beet and carrot water consumption, pre-irrigation soil moisture

INTRODUCTION

Currently, when growing vegetables, optimization of irrigation regime as a factor
of integral significance has the first importance. It determines productivity per hectare
and yield quality, total costs, water and energy resources demand, and public health
situation. So, irrigation regime, irrigation technique, mechanization and automation
should be improved, and new, more productive methods of irrigation should be created
in order to increase efficiency of irrigation reclamation. Hence, experience of advanced
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farms of the region and the data of research institutions show that proper farming
practices and optimal irrigation regime result in high and stable yields of vegetable
crops. It is well known, that irrigation water costs, soil properties and plant productivity
change depending on the irrigation methods used. Therefore, drip irrigation is promising
in vegetable crop growing [1—35, 6, 7].

Cultivation of vegetable crops, in particular carrots and beetroot, on irrigated lands
of the Volgograd region is important. Hence, we are conducting research, which purpose
is to determine optimal combination of irrigation regime and fertilizer application
in order to obtain carrot and table beet yields at the level of 60, 70, 80 t/ha.

MATERIALS AND METHODS

The research was conducted during 2015—2017 on two plots of Gorodishchensky
district of Volgograd region, located in the zone of unstable moistening according
to the generally accepted recommendations of B.A. Dospekhov, V.N. Pleshakov,
G.F. Nikitenko [8—10]. The soils are light chestnut heavy loam, slightly water-
permeable. Humus content in 0—0.5 m soil layer is 1.87...2.02%, soil density is 1.31 t/m’,
field moisture capacity (FMC) of dry soil is 22.93%. Soils of the experimental plots
have 7.0...8.3 pH and are not saline.

The content of available forms of nitrogen in the first and second plots is
characterized by low availability, mobile phosphorus has medium and high availability,
exchangeable potassium has high and medium availability. Doses of mineral fertilizers
were determined by a conventional method, according to V.I. Filin [11].

To obtain the expected yields of vegetable crops, there were two factors in the
experiment: the first one is water regime of the soil (factor A), the second one —
fertilizer dose (factor B).

In the first plot we studied optimal water and fertilizer regimes of the soil for
cultivating table beet cultivar ‘Bordo’ from 2015 to 2017. A field two-factor experiment
was conducted on the territory of individual entrepreneur ‘Kolesnikov’ in the Kuzmich
village of Gorodishchensky district according to the following scheme:

1) irrigation regime — water regime of the soil was studied: irrigation was carried
out along with humidity decrease to 70, 80 and 90% of FMC in active soil layer.
2 variants of soil wetting depth were planned: the first — 0.3 m during ‘planting —
root formation” and 0.5 m during ‘root formation — technical ripeness’ and the
second — 0.5 m;

2) mineral fertilizers: rates of mineral fertilizers were calculated by the balance
method for yields of 60, 70, 80 t/ha. In all variants according to the irrigation regime,
they had the following rates: 1) N,30PsKs05 2)N 0P 130Ke05 3) NasoP1s0Kgo-

In the second plot investigations were carried out from 2015 to 2016 to study the
effect of differentiated irrigation regimes and various fertilizer rates on carrot yields.
The experiments were carried out on the territory of the Kuzmich village of "Kuzmi-
chevsky’ farm in Gorodishchensky district. The experiments were based on a two-factor
scheme:

The first factor — irrigation regime: 70—80—70; 70—90—80; 80—80—80%
of FMC (Table 1).
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Table 1
Differentiation of pre-irrigation soil moisture depending on carrot growth stages
Irrigation Pre-irrigation soil moisture, % of FMC
regime . . . L .
variants Emergence — beglnmng Beglnr_ung of root formatlon — E’_:eglnmng of technl_cal
of root formation beginning of technical ripeness ripeness — harvesting
1 70 80 70
2 70 90 80
3 80 80 80

The second factor — fertilizer application. The rates of mineral fertilizers were
calculated by the balance method for yields of 60, 70, 80 t/ha. In all irrigation regime
variants these rates were as following: 1-st — N,5,PK 505 2-nd — N4 PgoKyy0; 3-rd —
N3P 100Ko0 (80 t/ga).

In both studies season irrigation was carried out using drip irrigation.

During carrot cultivation active soil layer was 0.5 m. The irrigation rates were
250...300 m*/ha, 208...300 m*/ha and 250 m*/ha. Carrots ‘Mayor F1” hybrid seeds were
sown using common regional agricultural techniques.

RESULTS AND DISCUSSION

The results of three-year research on light chestnut soils of the Volga-Don interfluve
have shown that the applied irrigation regimes and the application rates of mineral
fertilizers along with drip irrigation make it possible to obtain expected yields of table
beets and carrots at a level of 60...80 t/ha.

In our experiment, to maintain the water regimes of the soil a different number
of irrigations were required. The data shown in Table 2 indicate that increase in humidity
from 70 to 90% of FMC results in increase in number of irrigations and irrigation rates,
and irrigation rate decreases.

Table 2
The irrigation regime of table beet on average for 2015—2017
Pre-irrigation soil Watering rate, Number of season Irrigation rate, m°/ha
moisture, % of FMC m®/ha irrigations
At a depth of soil moistening 0.5 m
70 360 9 3240
80 240 15 3600
90 120 32 3 840
At a depth of soil moistening 0.3—0.5m
70 220—360 7—5 3 340
80 148—240 11—9 3788
90 75—120 21—19 3855

Irrigation regime, crop yield and meteorological conditions of the growing season
have a decisive influence on the amount of total water consumption. The total consump-
tion of moisture in the experiments increased with an increase in water availability
from 4,417 m*/ha in the variant with 70% of FMC to 5,105 m’/ha in the variant with
90% of FMC. The highest total water consumption of table beet was in the variant
with a differentiated wetting depth and averaged 4,530...5,105 m*/ha. Share of irrigation
water in total water consumption of plants increased from 73.3 to 75.7%, as water
availability improved (Table 3).
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Table 3
Total water consumption of table beet and its structure on average for 2015—2017
Pre-irrigation Water source Total water
soil moisture, - . - consumption,
% of FMC watering precipitation soil m*/ha
m°®/ha % fromE | m‘/ha % of E m®/ha % of E
At 0.5 m wetting depth
70 3240 73.3 1045 23.7 132 3.0 4417
80 3600 74.6 1045 21.6 185 3.8 4830
90 3 840 75.7 1045 20.6 190 3.7 5075
At 0.3—0.5 m wetting depth
70 3340 73.7 1045 23.1 145 3.2 4530
80 3788 75.3 1045 20.8 198 3.9 5031
90 3 855 75.5 1045 20.5 205 4.0 5105
Table 4
Yield of table beet on average for 2015—2017
Factors Yield, t/ha
Fertilizer rate, Pre-irrigation soil moisture, Wetting depth, m
kg of active ingredient % of FMC
per 1 ha
N PeoKoo 70 0.5 49.7
N P Koo 70 0.3—0.5 54.9
N0 PaoKoo 80 0.5 59.7
N PeKoo 80 0.3—0.5 63.7
N PeKoo 90 0.5 56.4
N PeKoo 90 0.3—0.5 58.9
NP oK 70 0.5 59.4
NP oK 70 0.3—0.5 62.3
NP oK 80 0.5 67.3
NP oK 80 0.3—0.5 78.3
NP Ko 90 0.5 62.7
NP oK 90 0.3—0.5 65.4
NP Koo 70 0.5 69.3
NP oK 70 0.3—0.5 72.0
NP oK 80 0.5 76.3
N, PeoKio 80 0.3—0.5 84.1
N, P oK 90 0.5 741
N, P oK 90 0.3—0.5 78.2

Our experiments showed that different irrigation regimes and fertilizer applications
had a significant impact on yield and water consumption of root crops. The maximum
table beet yield of 84.1 t/ha was obtained when soil wetting depth was 0.3—0.5 m,

soil moisture was 80% of FMC and N,;(P 5K, fertilizer rate (Table 4).

Depending on the variant, table beet yield increased by 8.8...11.5 t/ha after
Ni50P130Kgo application and by 25.6...29.2 t/ha after N,;,P ., K,,, application compared
to N,5,Pg K, fertilizer application.

While maintaining wetting depth at the level of 0.3...0.5 m and increasing soil
moisture level from 70 to 90% of FMC, table beet yield varied from 54.9 to 84.1 t/ha.
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In all variants of the experiment, the highest table beet yield was obtained when
pre-irrigation soil moisture was 80% of FMC and fertilization rate — N,;,P,¢,K; -
Decrease or increase of pre-irrigation soil moisture in active soil layer to 70 or 90%
of FMC reduced yields of root crops by 10—15%.

According to the data obtained, mineral fertilizers also reduce beet water consump-
tion. The lowest coefficient was in the second variant of irrigation regimes, when soil
moisture was maintained at 80% of FMC with differentiated wetting depth. We observed
it in all variants of irrigation regimes and fertilizer applications. This confirms that
differentiation of wetting depth of the soil according to table beet growth stages makes
it possible to use irrigation water more economically at all rates of mineral fertilizers
(Table 5).

Table 5
Influence of irrigation regime and fertilizer application on water consumption
of table beet on average for 2015—2017
Fertilizer rates, Pre-irrigation soil Yield, t/ha Water Total water
kg of active moisture, % of FMC consumption, consumption,
ingredient per 1 ha m®/ha m®/ha
At 0.5 m wetting depth
N 20PeoKos 70 49.7 88.87 4417
N 20PaoKos 80 59.7 80.90 4830
N P..K,, 90 56.4 89.98 5075
N P...K, 70 59.4 74.36 4417
N P...K, 80 67.3 71.77 4 830
N,20PeKoo 90 62.7 80.94 5075
NoogP 1Ko 70 69.3 63.74 4417
NP 2K 80 76.3 63.30 4 830
NoioP oKy 90 74.1 68.49 5075
At 0.3—0.5 m wetting depth
N,20PeKoo 70 54.9 82.51 4 530
N,20PeKoo 80 63.7 78.98 5 031
N 10PeaKo, 90 58.9 86.67 5105
N 2P 2Keo 70 62.3 72.71 4530
N 0P 1:Keo 80 78.3 64.25 5031
N 0P 0Keo 90 65.4 78.06 5105
NoagP 100K g 70 72.0 62.92 4530
NoagP 100K g 80 84.1 59.82 5031
NoagP 100K g 90 78.2 65.28 5105

In the second plot, carrots were sown on May 15. During the research years,
meteorological conditions had a great influence on irrigation frequency and rates. So,
for example, depending on the variant, 15...20 waterings were conducted, which
amounted to irrigation rate of 4,050...4,780 m*/ha (Table 6).

According to the data of Table 7, differentiating pre-irrigation soil moisture and
different fertilizer rates had a significant impact on carrot yield and water consumption.
The data obtained show that changes in carrot productivity under drip irrigation cor-
relate with changes in total water consumption and water consumption coefficient.
In addition, carrots are very responsive to mineral fertilizer application. The maximum
carrot yield of 81.6 t/ha can be obtained by maintaining constant soil moisture at the level
of 80—80—80% of FMC and applying fertilizers at the following rate — N,, (P, K-
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Table 6
Carrot irrigation regime on average for 2015—2017
Var. Pre-irrigation soil moisture, % of FMC / Irrigation rate, m’/ha Number of Irrigation
. . - waterings rate,
Emergence — Beginning of root Beginning of technical m®/ha
beginning of formation — beginning ripeness — harvesting
root formation of technical ripeness
1 70 80 70 15 4050
300 250 300
2 70 90 80 20 4780
300 208 250
3 80 80 80 18 4500
250 250 250
Table 7
Influence of irrigation regime and fertilizing on carrot yields
and water consumption on average for 2015—2017
Yield Pre-irrigation Mineral fertilizer rates Coefficient Total water
(actual), soil moisture, for the expected yields of water consumption,
t/ha % of FMC - consumption, m®/ha
t/ha kg of active m*/ha
ingredient per 1 ha
57.9 70—80—70 60 NP K. 98.07 5678
62.8 70—90—80 70 N_.P. K., 92.05 5781
71.5 80—80—80 80 N, P Koo 82.38 5890
66.3 70—80—70 60 NP K. 85.64 5678
72.0 70—90—80 70 N.oPaKoso 80.29 5781
73.6 80—80—80 80 N, o P Koo 80.03 5890
68.2 70—80—70 60 N, P Ko 83.26 5678
72.7 70—90—80 70 N P Koo 79.52 5781
81.6 80—80—80 80 N,o P Koo 72.18 5890

The irrigation water was most effectively used at soil moisture levels of 80—80—
80% of FMC, since there was the lowest water consumption and averaged 72.18 m’/ha
over research years.

Carrot yield 60 t/ha is achieved in the variant with pre-irrigation soil moisture
of 70—80—70% of FMC in combination with fertilizer application N, 5,P¢K,¢,. So,
irrigation rate was 4,050 m*/ha, and total water consumption was 5,678 m*/ha.

For carrot yields of 70 t/ha irrigation rate increased to 4,780 m’/ha, and total water
consumption increased to 5,781 m’/ha. The maximum carrot yield 81.6 t/ha was
obtained when soil moisture was 80—80—80% of FMC and fertilizer rate was increased
t0 Ny 6P 100Ka60-

Thus, our studies have shown that table beets and carrots are very responsive to
the optimal combination of irrigation and fertilizer parameters. In general, application
of mineral fertilizers has a significant effect on productivity and water consumption
coefficient of the root crops in all irrigation regime variants.

CONCLUSIONS

Based on the data obtained, the following conclusions can be drawn.
When cultivating table beet under conditions of the Volga-Don interfluve, the opti-
mal variant is a differentiated variant, with a variable wetting depth of soil (0.3...0.5 m).
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The maximum table beet yield in this variant was obtained in the plot with soil moisture
of 80% of FMC, and, depending on the variant, it was 63.7...84.1 t ha, which is 10...20%
higher in comparison with other variants.

The greatest carrot yield (81.6 t/ha) was achieved in the variant with pre-irrigated

soil moisture 80—80—80% of FMC combined with mineral fertilizer application
N210P100K260‘

(1]

© A.D. Akhmedov, E.E. Dzhamaletdinova, A.E. Zasimov, 2018.
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BOAOCBEPEIrAIOLLUE PEXKUMbI
OPOLLUEHUA OBOLWHbIX KYJIbTYP
B YCJIOBUAX BOJITO-A40OHCKOIo MEXKAYPEYbYA

AJl. Axmenos, E.J. IxxamanerauHoBa, A.E. 3acumoB

OI'BOY BO Bonrorpaackuii rocy1apcTBEHHBIN arpapHblii YHUBEPCUTET
np. Yuusepcumemcxuii, 26, Boneoepao, 400002, Poccuiickas @edepayus

PaccMOTpeHBI pexUMBI OPOLIEHUS] U HOPMBI BHECEHUSI MUHEPAJIbHBIX YAOOPEHUH ATl OIy4eHUs
3aIIAHUPOBAHHON yPOXKaHHOCTH OBOILHBIX KYJIBTYP B YCIOBUSIX CBETJIO-KAIITaHOBBIX NouB Bomro-ZloH-
CKOTO MEXIypeubs. YCTaHOBJICHO, YTO MpeJiaraeMple B HAlleM IMOJIEBOM HCCIIECIOBAaHUH PEKUMBI
OpOLICHHSI 1 HOPMBI MUHEPAIBHBIX yIOOpPEHHUH MPH BBHIPALNIMBAHUU CTOJIOBOH CBEKIBI 1 MOPKOBHU
HO3BOJIAIOT MOJy4aTh ypoXkaiHOCTh B npefenax 60...80 1/ra. Tak, Hanpumep, MakCUMallbHasl ypoXKaiHOCTb
CTOJIOBOM CBeKJIBI 84,1 T/ra monmydeHa Ha BapuaHTe ¢ BiIaxHOCTHIO 80% HB B coueTanun ¢ BHeCeHHEM
ynoopenuit HopMoit N3P, K, Ipu mepeMenHoit ryOuHs! yBiakaeHus moussl (0,3...0,5 m). 3Menenune
10361 yRoOpenuit oT N 3,Pg Ky, 10 N,y 0P 50K, CII0cOO6CTBOBANIO NOBBIIIEHHIO ypoKas B Ipeaenax 63,7—
84,1 1/ra, uro Ha 10...20% BEIIIEe IO CPaBHEHHIO C IPYTHMMH BapHaHTaMHu ombiTa. [Ipu Bo3nenbIBaHUN
MOPKOBH M3MeHeHHe BIaXHOCTH 1ouBbl 0T 70—80—70 no 80—80—80% HB B coueranuu ¢ BHECeHHEM
10361 ynoopenuit ot N 5,P;0K gy 10 Ny;P0oKyg CIIOCOOCTBOBAIO MOBBINIEHUIO YPOXKAHHOCTH KOPHEILION0B
B cpenHeM ¢ 57,9 no 81,6 1/ra. Haubomnee BrICOKHE MOKa3aTeNu ypoxaiHocTd 81,6 T/ra mony4eHsl mpu
TIOZIEPKAHUH TIPEIIOIMBHOTO ropora BiaxkHoctn 80—80—80% HB npu HOpMe MHHEpaIbHOTO MUTAHUSA
No1oP100Ks60- B 11€70M, Ha CBETIIO-KAIITAHOBBIX MOYBAX BBIPAIMBAHUE CTOJIOBOM CBEKJIBI U MOPKOBHU
C IPUMEHEHHEM KalelbHOTO T0JIMBA ¥ BHECCHUS YI0OpeHu sBisieTcs Hanbomee 3pPpeKTUBHBIM.

KiroueBble cJ10Ba: KalelbHOE OPOIIEHUE OBOIIHBIX KYJIbTYD, PEKUM OpPOILEHHUS OBOIIHBIX
KyJbTYp, CBEKJIa CTOJIOBAsl, MOPKOBb, YPOXKAMHOCTh OBOLIHBIX KYJBTYP, YAOOpEHHE OBOLIHBIX KYJIBTYD,
K03(PHULIUEHT BOAONOTPEOIICHHS CTOJIOBOM CBEKIIBI 1 MOPKOBH, CYMMapHOE BOJIONIOTPEOICHHE CTOJIOBOM
CBEKJIBI U MOPKOBH, IIPEAINIOINBHASL BIaXKHOCTb IIOYBBI
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Abstract. This study explores the technology of chilling from the point of view of anthropogenic
impact on soil. The influence of the arrangement of workers on technological rocessing is analyzed.
The efficiency of resource-saving deep cultivation technology in production of row crops on example
of sunflower growing in Volgograd region is estimated. We give technical and economic assessment
of sunflower cultivation depending on the technological process of chilling. We defined a competitive
technology of basic soil cultivation. Analysis of data obtained shows that the largest area of cross-section
of the formation is produced when soil is treated with chisel tools as working organs are arranged such
that they form a zone of continuous loosening, accordingly, it has the greatest anthropogenic impact. Field
experiments also showed that deep loosening belts to a depth of 0.25...0.35 m, alternating with strips
without treatment, are characterized by positive processes. Unprocessed areas become overcrowded (more
than 1.3 g/cm’®), so they create less favorable, in comparison with processed, conditions for the development
of some species of perennial weeds. Studies have shown that, with the main soil-free tillage of the soil
to a depth of 0.3 m, from the stubble of winter wheat, stubble conservation was consistent: 69.67% — over
the treated band using striptill technology; 76.33% — on the processed strip by a chisel with a trail
of 0.7 m; 68.67% for a chisel with a trail of 0.35 m. After the passage of the aggregates on the soil surface,
all stubble remains within the requirements for SRT AIST 4.6—2010 (more than 60%). The use of striptill
technology reduces fuel costs by 35.5% relative to the classical chiesel, and by 27.3% relative to
the minimum technology. Accordingly, the cost of wages is reduced by 37.5% compared to the classical
chisel and by 24.8% compared to the minimum chisel technology.

Keywords: chiseling, band ripping, deep tillage, anthropogenic impact, striptill technology

INTRODUCTION

One of the most important ways of stabilizing and improving the economic
efficiency of agricultural organizations is the further development of the intensification
of production through the use of resource-saving technologies for the cultivation
of agricultural crops. The right choice and rational use of soil-cultivating tools, as
an executive tool of a sound manufacturing technology, is the main condition for
ensuring the growth of productivity and profitability in agriculture. The greatest
potential for cost reduction is in the area of basic deep tillage, while a stable reduction
in costs is possible with a change in the tool setting that affects the process.
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The working organs of machines for processing soil of any type affect the natural
environment. Such influence over time leads to a disturbance of the ecosystem. One
of the main reasons for this phenomenon is the inconsistency of farming technology.
For example, ploughing often leads to erosion of the fertile layer, salinization of soils
may be an undesirable consequence of irrigation, and pasture of cattle is accompanied
by degradation of grass cover with appearance of conditions for erosion. Anthropogenic
impact on soil can be characterized, in particular, by the mechanical destruction of natural
environment, determined not only by depth, but also by cross-sectional area. The result
of such undesirable effects is described by anthropogenic factor [1]. To study degree
of influence of strip farming on environment, we have chosen anthropogenic impact.
This made it possible to compare the various technological processes of soil cultivation,
on the basis of an implement with chisel working tools, arranged with various inter-
inheritance, providing outcropping to surface [2] and additional device [3] limiting zone
of deformation (Strip-till) with a classic chisel, providing a zone of continuous loosening.

MATERIALS AND METHODS

To minimize anthropogenic impact on the soil, it is recommended to reduce energy
costs, in particular, depth of processing. That is, change in anthropogenic impact can be
characterized by the cross-sectional area of the treated formation. This fact is actual
in the production of row crops, the cultivation of which provides a strip mechanical
effect on the medium to be treated, as a promising environmental and economical
technology. Indicators of rational use and economical use of material and energy
resources, expressed in quantitative form, are the requirements of resource use and
resource saving [4]. The established indicators of resource use should provide an
opportunity to effective assess of resource-saving requirements. The indicator, de-
termined by the ratio of a particular parameter to another, is the specific indicator
of resource use.

Considering the fact that for different technologies ratio of treated part of soil to
untreated part differs significantly, it can be assumed that the smaller the given
dependence in terms of the perimeter of tool capture width, the more effective the
technology of soil cultivation from the resource saving point of view. Given that the same
chisel tool, working at the same depth, but tuned to a different technological process,
it is logical to compare their anthropogenic impact on the meter. In this regard, we
introduce the concept of anthropogenic impact coefficient of soil-cultivating tools.

Anthropogenic impact on soil can be characterized by coefficient K, determined
by ratio of loosening area S, in the transverse plane to working width B,, of the tool
gripping, taking into account the depth /4, of its processing:

Kai = r >
Bwhch

(M

where F' — area of loosening of the formation in the transverse plane, m? B, — working
width of the tool, m; /., — depth of processing (chiseling), m.

Figures 1—3 show transverse profile diagrams of formation when chisel tool is
operated using solid, strip and striptill technologies, respectively.
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Fig. 2. Scheme of transverse profile of formation during operation
of chisel tool using technology of strip processing of soil
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Fig. 3. Scheme of transverse profile of formation during operation
cultivation tools for striptill technology
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Taking into account the scheme of transverse profile of formation during the
operation of chisel tool using continuous loosening technology (Figure 1) and assuming
value of soil deformation angle 90°, the loosening area F,, transverse plane within
working (technological) width of the B,, tool is determined by depth product difference
processing 4, on the interfluve M and area of intrasoil comb multiplied by the number
of working bodies n. After the transformation, the relationship takes the form:

(M-b)’
Fy=n| M ——— | ©)

Taking into account the above, cross-sectional area of loosened part of formation,
when processed using strip-chisel technology, the form is:
Fy, =n.h, (hq +b). 3)

Accordingly, cross-sectional area of loosened part of formation when processing
the soil using stripteel technology,

2
F.=n han—(Bﬂ_bJ . 4)

2

Figure 4 shows the dependence of cross-sectional area of loosened part of formation
from depth, taking into account technology of soil cultivation. As can be seen from the
graph, the largest cross-sectional area of loosened part of formation is formed with
continuous chiseling. This is explained by the increment of the zone of continuous
loosening with increasing depth of processing. The least intensity is the strip technology
as a result of cutting zone of deformation of soil with disc knives.

(Wil

Cross-sectional area, m2

chiseling = = strip = === striptill

Fig. 4. Dependence of cross-sectional area of loosened part of formation from depth,
taking into account processing technology

AGRICULTURAL TECHNOLOGIES AND LAND RECLAMATION 197



bopucenko W.b. u np. Becmnux PY/IH. Cepus: ATPOHOMUA U 2KUBOTHOBO/CTBO. 2018. T. 13. Ne 3. C. 194—206

The product of the working width B,, of tool gripping to depth 4, is equal to the
area of loosening with chiseling, without taking into account intrusive grooves, which
determines cross-sectional area when flat-cutting tool is operating.

The theoretical working width of the tool is determined by product of number
of working tools on inter-stage of their arrangement in transverse plane. Taking into
account the above, expressions for determining the coefficient of anthropogenic impact
on soil in case of chilling depending on the technological process of processing are:

for continuous chilling

2
M—-b
Kaich = hchM_( ) thh > (5)
for strip chiseling
Kogn =(hy +D)[M,, (©)
for striptill technology
2
K,.=|h,B, _[an—b j M_h,. (7

According to the given expressions (5, 6 and 7), taking into account the adopted
values of width of inter-trace (for chiseling — 0.35 m, strip and striptill treatments —
0.7 m), bit 0.05 m, strip 0.25 m. Calculated dependences are obtained and graphs are
plotted (Fig. 5) for the effect of chilling depth on change in the coefficient of anthropo-
genic treatment effect for various technological processes of chilling.

According to the graph, the coefficient of anthropogenic impact on the soil with
technology of strip chiseling with respect to classical chiseling decreases with increasing
depth of processing from 2 to 1.43 times. With striptill it increases from 2.18 to 2.58 times.

Intensity of increase in coefficient of anthropogenic impact on soil with striptill
technology relative to band-wise chiseling also increases with increasing depth of
processing, but with greater intensity, from 1.09 to 1.81 times. This situation is explained
by different intensity of increment in the area of soil cultivation for selected techno-
logical processes.

K r
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Fig. 5. Dependence of change in coefficient of anthropogenic impact on depth,
for various technologies of soil cultivation
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Thus, when comparing the studied soil treatment technologies by the factor
of anthropogenic impact, it was found that the least coefficient of anthropogenic
impact in striptill technology is due to the fact that only a part of the strip is processed.
And taking into account running meter, this technology favorably differs from classical
and strip chisel processing concerning anthropogenic factor.

RESULTS AND DISCUSSION

During the field experiments, we obtained results of measuring loosening area
of cross section of running meter of cultivated crop for various soil cultivation techno-
logies. The studies were carried out for a chisel tool with a trace of working tools of
0.35 m; chisel tool for strip processing of soil with a trace of working bodies 0.70 m;
tools for strip processing by striptill technology (with working tools on the frame
of the tool with a trail 0.7 m). The data obtained were analyzed for determination
of technological unloading coefficient K. This coefficient represents the share of
the processing area of the applied technology relative to the area under continuous
processing at the same depth and is determined by the ratio of processing areas of
technology under consideration with respect to continuous loosening, per running meter
of the cultivated crop:

h*B_,
K,= R

oM

b

where B,,, — the width of the running meter of the cultivated crop, equal to the width of the aisle
or between strip distance with the cultivated crop; # — depth of processing; S,,, — the processing
area of technology under investigation per meter of cultivated crop.

The results of measurements and calculations are presented in Table 1.

Table 1
Area of loosening by types of basic processing

Depth Loosening area, m* / Coefficient of technological unloading
he,, m Chisel Strip processing Striptill

0.2 0.097/1.45 0.049/2.85 0.041/3.43

0.25 0.146 /1.20 0.083/2.10 0.055/3.18

0.3 0.157/1.34 0.110/1.91 0.064 /3.27

0.35 0.190/1.29 0.133/1.84 0.076 /3.23

0.4 0.204 /1.37 0.163/1.72 0.093/3.00

According to the results of the study of loosening area, depending on the depth
for different processing technologies, a graph was made (Figure 6).

Change in the coefficients of technological unloading for chilling, strip processing
and striptill technology depending on the depth of treatments is shown in Figure 7.

Analysis of the data shows that the largest cross-sectional area of formation
is formed when soil is treated with a chisel tool with working organs arranged so that
they form a zone of continuous ripping, and accordingly it has the greatest anthropo-
genic impact.
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Fig. 7. Dependence of coefficient of technological unloading on depth
of processing depending on technology

When chiseling in technology of strip processing, the area of loosening is much
lower. This is explained by arrangement of chisel working tools on tool frame without
formation of continuous loosening zone. With striptill technology (with disc knives),
loosening area is the smallest with the same depth of processing. This is due to cutoff
of deformation zone from chisel bit by means of disc knives.

Field experiments also showed that deep loosening belts to a depth of 0.25...0.35 m,
alternating with strips without treatment, are characterized by positive processes. Unpro-
cessed areas become overcrowded (more than 1.3 g/cm?), so they create less favorable
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conditions for development of some species of perennial weeds in comparison with
processed areas. Studies [5] indicate presence of cyst-forming nematodes in dense soil
(9 cysts per 100 cm?). There is an increase in nematode number in loose soil. In untreated
areas, a sharp decrease in density of pathogen population (F. graminearum and R. solani)
was found, and disease developed less frequently. Remaining stubble on untreated soil
surface delayed this process by approximately 50% (104 weeks) compared to treated
soil. Studies have shown that with the basic soil-free tillage of the soil to a depth of
0.3 m, along the stubble of winter wheat, the stubble conservation corresponded to:
69.67% — over the treated band using striptill technology; 76.33% — on processed
strip by a chisel with a trail of 0.7 m; 68.67% — for a chisel with a trail of 0.35 m.
After passage of aggregates on soil surface, all stubble remains within the requirements
for STO AIST 4.6-2010 (more than 60%).

Figure 8 shows the results of influence of soil tillage technology on stubble con-
servation, as well as the conservation of stubble, taking into account the conversion to
a linear meter in the production of row crops with row spacing of 0.7 m.

The production check of effectiveness of strip-technology was carried out on the
basis of data obtained at the Elansk branch of Volgograd Agro-Industrial Company at
the price level for 2017. Calculation of technical and economic efficiency of the techno-
logy of soil strip processing was carried out on the basis of the technique [6]. For execu-
tion of settlement operations the software product Microsoft Excel was used.
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Stubble conservation, %
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Chisel Strip Striptill

M treatedrow 69,67 76,33 68,67
® perlinear meter 69,67 79,71 88,81

Fig. 8. Effect of soil tillage technology on stubble conservation

Currently, several basic tillage types are used in sunflower cultivation in Yelansk
branch of Volgograd Agro-Industrial Company. In one part of the area two-phase
processing using strip-till technology is used. According to the technology, in autumn
soil is treated with strips to a depth of 0.23...0.25 m, and in spring it is produced by
sowing agricultural crops. The other part of the area is treated according to minimal
technology based on chisel processing, and weed control is carried out both mechanically
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(intercultural cultivation) and chemical (application of pesticides). In the first and third
cases, processing with a rate of application of 1 1/ha is used for this purpose. In addition,
in strip technology for preventive purposes during the autumn processing of strips,
glyphosate was used to control weeds in the fields during the spring period.
According to the program on the basis of the MicrosoftExcel we developed product,
composition and need for number and employment of units, taking into account area
of production of agricultural products. Table 2 summarizes use of machines and

aggregates in sunflower production for various technologies used in the farm.

Table 2
Use of machines and aggregates in sunflower production
depending on various cultivation technologies
Ne Model Number Price, rub. Earning Costs per Total
rub/h hectare
rub/ha

1. | JohnDeere 9430 1 9,745,763 1804.77 9,745,763

2. | MT3-1221 1 2,240,000 553.09 2,240,000

3. | ClaasTucano 450 2 8,474,576 6277.46 1393.44 16,949,152

4. | Amazone ZAM-900 1 169,492 125.55 6.15 169,492

5. | Orthman 1 tRIPr 1 1,881,356 1393.60 215.73 1,881,356

6. | Bourgault 8910 1 5,254,237 3892.03 572.36 5,254,237

7. | Hardi-Commandor 3200 1 1,694,915 1255.49 61.54 1,694,915

8. | Zhatka 2 1 0.00 0.00 0

9. | Striegel 1 336,441 249.22 16.29 336,441
10. | John Deere-512 1 750,000 555.56 134.21 750,000
11. | KKZ-10 1 452,210 334.97 34.27 452,210
12. | KRN-5,6 2 195,510 144.82 30.42 391,020
Total for striptill technology 37,934,915
Total for classical chisel technology 36,288,315
Total for minimal chisel technology 37,140,000

Cost of machines for classical chisel processing requires an investment of
851,685 rubles which is less than for minimal chisel technology. This is due to the need
to purchase machines for combating weeds. In one case, the machines are used for
mechanical control of weeds, in another case — for chemical control. Cost of machines
for strip technology from the presented technologies is the highest (in comparison with
classical chisel which is 1,646,600 rubles more, compared to the minimum chisel which
is 794,915 rubles more). This is due to the high cost of machines for strip cultivation.
Virtually all of the tools for strip production are imported, and in the face of ambiguous
conditions in the economic arena, their prices are continuously rising. In this regard, we
would like to focus our current work on development and introduction of domestic
production machines for strip processing. This will reduce the cost of such machines
significantly and consequently make strip technology the most attractive for farmers.

Figure 9 shows histogram of influence of sunflower cultivation technology
on amount of direct technical costs.

Based on calculation, histograms of influence of sunflower cultivation technology
on value of direct production costs have been constructed (Figure 10).
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Fig. 9. Influence of sunflower cultivation technology on direct technical cost

a) Striptill
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Fig. 10. Structure of direct production costs in sunflower cultivation
depending on technology of basic processing:

a) striptill technology; b) chiseling with inter-row machining;
c) chiseling with application of chemical pesticides
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CONCLUSIONS

Analysis of the data obtained shows that degree of anthropogenic impact depends
on arrangement of working organs on tool frame. The lowest coefficient is in strip
processing technology.

Striptill technology has the lowest costs (3,288 rubles per hectare). This is due to
both a reduction in operations and a smaller number of units in the ICC. In terms of
direct costs the most expensive is classical chisel technology (4,544 rubles per hectare).
Minimal chisel technology takes middle position (4,266 rubles per hectare). Striptill
technology reduces fuel costs by 35.5% compared to classical chisel, and by 27.3%
compared to minimum technology. Wages is reduced by 37.5% and 24.8% compared
to classical chisel and minimum chisel technology, respectively. The magnitude of these
changes is explained by decrease in number of technological operations of mechanical
tillage, which reduces range of agricultural machines at the same time as costs of their
purchase and depreciation charges, as well as required amount of fuel. Accordingly,
the total direct technical costs for the classical chisel are lowered by 22.9% and for
the minimal chisel technology are reduced by 27.6%.

© 1.B. Borisenko, O.G. Chamurliev,
G.0. Chamurliev, M.V. Meznikova, 2018.
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'Bonrorpajckuii rocy1apcTBEHHbI arpapHblil yHUBEPCUTET
Yuusepcumemckuii np., 26, Boazoepao, 400002, Poccuiickas ®edepayus
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Cesepuwiti ksapman, c. Conenoe 3atimuwe, Yeproapckuii patiow,
Acmpaxanckasn obnacms, 416251, Poccuiickaa @edepayus

B crartbe paccMOTpeHa TEXHOIOTHS YH3eIeBaHMs C MO3UIHH aHTPOIIOI€HHOTO BO3ICHCTBIS Ha TIOUBY.
IIpoaHaIM3MpPOBAHO BIUSHHUE PACCTAHOBKU pabOYMX Ha TEXHOJOTHYECKHUil mpouecc o6padbotku. [laHa
orieHKa 3G PEKTUBHOCTH pecypcocOeperaroniei TeXHOIOTHH TIyO0OKoH 00pabOTKH MOYBBI MPH MPOU3BO/I-
CTBE MPOMAIIHBIX KYJIBTYp Ha IIPUMepe BHIPAIIUBAHU ITOJICOTTHEYHNKA HA TEPPUTOpUH Bosrorpaackoit
obnactu. JlaHa TEXHUKO-9KOHOMHYECKAs OLICHKA BO3JICIBIBAHUS [OJICOTHCYHHKA B 3aBUCHMOCTH OT TEXHO-
JIOTHYECKOTO TIporiecca mseneBanus. OnperneneHa KOHKYPEHTOCTIOCOOHas TEXHOJIOTHST OCHOBHOH 00palbOTKH
MOYBEL. AHAJIU3 MONYYEHHBIX JaHHBIX MOKAa3bIBaeT, YTO HAHOOJNBINAs TUIONIAh MONEPEIHOTO CEUEeHHS
racta obpasyercs mpu o0padoTKe MOYBHI OYPOBBIMH MHCTPYMEHTAMH, IOCKOJIBKY pabo4yue opraHsl
PAcCIIONOKEHBI TaK, YTO OHH 00Pa3yIoT 30Hy HENPEPHIBHOTO PBHIXJICHUS, COOTBETCTBEHHO, OHA OKAa3bIBaeT
HauboJblIee aHTPONIOTeHHOE Bo3eiicTBUe. [oNeBble IKCTIEPUMEHTHI TaKXKe TTOKa3alld, U4To IIyOoKue
pbIxuible JieHThl Ha niryouny 0,25...0,35 M, yepenyromuecs ¢ oJlockaMu 0e3 00paboTKH, XapaKTepU3yOTCs
HONOXKHUTEIBHBIMY TporieccaMy. HeoGpaboTaHHble MIONIIAAM CTAHOBATCS 3aryIieHHbIMU (Gornee 1,3 r/em’),
TIO3TOMY OHH CO3JalOT MeHee OJaronpusTHBIE IO CPAaBHEHUIO ¢ 00PaOOTaHHBIMHU YCIIOBHUS JUTS Pa3BUTHS
HEKOTOPBIX BUJIOB MHOT'OJISTHHX COPHSKOB. VcClie[oBaHMS MOKa3aId, YTO MOCIEC OCHOBHON 00paboTKH
MoYBHl Ha TIyOouHy 0,3 M C HCHOJIB30BAaHHEM TEXHOJOTHHU MOJOCHOH 00pabOTKH MOYBBI COXPAHSIIOCH
69,67% cTepHM 03UMOM MIIEHUIBI. McIIoabp30BaHNe TEXHOIOTHH TTOJIOCHOH 00pabOTKHU IMTOYBBI CHIKAET
3aTpaThl Ha TOILIUBO Ha 35,5% 10 CpaBHEHHIO ¢ KJIacCuueckuM 00paboTkoi u Ha 27,3% OTHOCUTEILHO
MUHHUMAaJIbHOHW TeXHOJIOTHH. COOTBETCTBEHHO, CTOMMOCTD 3apabOTHO¥ IaThl cHUXkaetcs Ha 37,5%
10 CPAaBHEHUIO C KJIACCHYECKOM cxeMoi 1 Ha 24,8% 10 CpaBHEHHIO C MUHUMAJILHOIN TEXHOJIOTHEH.

KuroueBble cioBa: 1iy0okast 06paboTKa MOYBBI, AaHTPOIIOTCHHOE BO3JICHCTBHE, TEXHOIOTHS
CTPUITHIL, IOJIOCHAsE 00pabOTKa MOYBBI
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RICE CULTIVATION IN AMUR REGION
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Abstract. Rice plays an important role in the modern diet of Russian people. It occupies a leading
position in area, yield, and gross grain harvest among all cereal crops. The aim of the research is development
of optimal irrigation regimes that ensure rational use of water resources in southern agricultural zone of Amur
Region. Setting and conducting field and laboratory experiments, system approaches and modern research
methods were used. The article presents the results of studies on rice cultivation under different irrigation
regimes. In the southern zone of Amur Region, along with water regimes of 70, 80, 90% of FMC, differen-
tiated rice irrigation regimes were studied, combining differentiation of presumed humidity thresholds
and wetting depth of active soil layer 75...85% of FMC (0.4 and 0.6 m); 80% of FMC (0.4 and 0.6 m).
In addition, various flooding regimes of rice field (short and intermittent flooding), seeding rates, timing
of sowing, rice cultivars were studied. Obtaining a rice grain yield of more than 4 tons per hectare is
ensured by application of mineral fertilizers in the dose of N,,,P,,K, and seeding rate of 5 million seeds.
Optimum seeding time was set from 20 to 25 May. Based on the results of the research, irrigation water
was saved, as well as yield increased by optimizing irrigation rice regimes using sprinkling by differentiating
presumed moisture thresholds and wetting depth. When rice was cultivated under flooding system
of irrigation, it was established that regime of shortened flooding turned to be optimal. When sprinkling
in conditions of southern agricultural zone of Amur Region, differential irrigation regime of 75...85% of
FMC in active soil layer was 0.4 and 0.6 m.

Keywords: rice, water regimes, sprinkling, flooding, fertilizer doses, seeding rates, varieties

INTRODUCTION

Rice is one of the most important crops in diet of Russian people. It occupies
a leading position in area, yield, and gross grain harvest among all cereal crops.
The demand for rice is increasing every year. Growth and stabilization of grain produc-
tion in Amur region can help in solving problem of providing the population with own
grain by increasing crop diversity. Amount of heat and light in the southern zone of Amur
Region is sufficient to cultivate rice. Rice cultivation can contribute to increasing grain
production in the area. According to the Ministry of Agriculture of the Russian Federa-
tion, area suitable for cultivating rice in the Far East is at least 240 thousand hectares.
Thus, not only the population of this region, but also all of Eastern Siberia, can be
provided with rice grains [1—3]. Currently in the Far Eastern Federal District rice is
cultivated only in Primorsky region, but production is not enough to meet the growing
food needs of the Far East [4]. Therefore, the relevance of our research is determined
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by the need to develop effective water regimes for rice cultivation in compliance with

principles of water conservation and environmental safety requirements of production.
The aim of the research is the development of optimal irrigation regimes that ensure

rational use of water resources in the southern agricultural zone of Amur Region.

MATERIALS AND METHODS

Field research has been conducted since 2005 on experimental field of Far East State
Agrarian University, p. Gribskoye of Blagoveshchensk district of Amur region, located
in the zone of Gribskoye irrigation system. Observations and records have been docu-
mented, while observing the requirements of techniques of the experimental case [5—7].
We studied water regime of soils: pre-irrigation soil moisture content of 70, 80, 90%,
75—85% of field moisture capacity (FMC) (0.4 and 0.6 m); 80% of FMC (0.4 and
0.6 m); 80% of FMC (0.6 m) (control) — sprinkling, shortened flooding: creating
a water layer of 0.10...0.12 m after sowing, after 0.10...0.12 m seedlings till tillering
phase, decreasing water layer to 0.05m before tubing phase, increasing water layer to
0.15 m until the end of milk ripeness (control); intermittent flooding: after sowing 0.10 m
(10 days), then water removing, after emergence 0.07 m (2...3 days), water removing,
then 0.10...0.12 m and maintained till tillering phase, water layer decreasing up to
0.05 m (10 days), increasing water layer to 0.15 m and maintaining until the end of grain
ripeness; intermittent flooding: creating a layer of water 0.12 m after sowing, no water
in rice field during 7 days, on the 8th day the whole cycle repeats. Then 0.10...0.12 m
to tillering phase, followed by a water decreasing to 0.05 m (10 days), further increasing
water layer to 0.15 m and maintaining till the end of grain milky ripeness. Fertilizer doses
were control without fertilizers; N P5o; NooP3oK,s; Nj,oP;30K;5,. Seeding rates were
4 million (control); 5 and 6 million of seeds. Rice cultivars: dry-bottomed (early cultivar
‘Volgogradskiy’ of Research Institute of Irrigated Agriculture, high-yielding, resistant
to sharply continental climate), and rice cultivars regionalized in Primorsky Krai, which
are related to early ripening groups: round-grained — ‘Dariy 23°, ‘Priozerny 61°; long-
grained — ‘Khankaisky 429°, ‘Khankaisky 52°, ‘Lugovoy’, ‘Rassvet’ and ‘Kaskad” with
high technological and culinary quality. Sowing terms: 10.05—15.05; 20.05—25.05;
30.05—04.06.

The soil cover of the site is represented by meadow-brown soils. The density of soil
in calculated layers (0.6 m) is 1.33 t/m’, the lowest moisture capacity of the soil is
22.50%, porosity is 49.18%. Humus content is low 2.13%, easily hydrolyzable nitrogen
is 2.7 mg/100 g, mobile phosphorus content is 37.8 mg/kg, exchange potassium content
is 122.5 mg/kg.

The years of research differed significantly in the magnitude and distribution of
atmospheric precipitation, which made it possible to assess effectiveness of the irrigation
regimes studied.

Rice cultivation in field experiments was carried out on the basis of existing zonal
recommendations supplemented by variants of studied methods. To control weed vegeta-
tion a broad spectrum post-emergence herbicide Segment was used.
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Phenological observations of rice growth stages, plant density, determination of crop
structure by the method of Gossortoseti (1995), photosynthetic indicators of crops accord-
ing to the method of A.A. Nichiporovich (1979, 1985) were carried out in the field
experiments. Humus content was determined by the method of I.V. Tyurin and B.A. Ni-
kitin in the modification of CINAO in accordance with GOST 26213-84, aqueous and
salt pH — according to potentiometric method in accordance with GOST 26483-90,
total nitrogen — according to Kornfeld, easily hydrolyzed nitrogen — by the method
of M.M. Konova and I.V. Tyurin, mobile phosphorus and potassium — according to
B.P. Machigin — GOST 26205-91. In determining water-physical properties of the soil
granulometric composition was studied according to the method of N.A. Kachinsky,
density of solid phase — pyknometric method, soil density — method of cutting ring,
and field moisture capacity (FMC) — by flooded areas.

Analyzes for determination of water-physical and agrochemical properties of soils
were carried out in agrochemical laboratory of Department of Ecology and Soil Science
of Far East State Agrarian University and in laboratory of Soybean Research Institute.

Weed infestation of seedlings and before harvesting was carried out by applying
a marking — 0.25 m” in 10 replicates. Water balance calculations for rice checks were
carried out according to the method of Rice Research Institute (1979). Total water
consumption — by A.N. Kostyakov (1975).

RESULTS AND DISCUSSION

We found that irrigation frequency varied during experimental years, depending
on irrigation regime and cultivar [6, 7].

To maintain soil moisture at the level of 70% of FMC depending on meteorological
conditions in 2005—2007 it was required to conduct 5...8 waterings with a rate of
670 m*/ha. Increase in pre-irrigation humidity threshold to 80% of FMC was accom-
panied by increase in number of waterings to 8...12 with irrigation rate of 450 m’/ha.
Maintenance of 90% of FMC in calculated soil layer was achieved by 11...15 waterings
with a rate of 220 m’/ha. In 2008, all irrigation water for entire growth season was used
during 8 waterings, in 2009 — during 6 waterings and in 2010 — during 10 waterings
(Table 1).

Total water consumption of irrigated rice under different weather conditions varied
from 6,179...9,199 m’/ha. The greatest average for research years was noted in the variant
with maintaining soil moisture of at least 90% of FMC and amounted to 8630 m*/ha.

As field studies showed, the most favorable for rice cultivation in terms of water
availability was 2013, when precipitation during the growing season was 166 mm higher.
In the variant of differentiated moistening in 2013, it was necessary to conduct 2
vegetative waterings with irrigation rate 560 m*/ha for cultivar ‘Khankaisky 429’ and
530 m’/ha for cultivar ‘Rassvet’. In 2011, in the same variant, it was necessary to
conduct 8 watering operations with the rate of 2,060 m*/ha for cultivar ‘Khan-
kaiskiy 429°, 6 waterings with the rate of 1560 m*/ha for cultivar ‘Rassvet’; in 2012,
irrigation rate was 1,810 m*/ha and 1,560 m*/ha for ‘Khankaiskiy’ and ‘Rassvet’,
respectively (Table 2).
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Table 1
The structure of rice total water consumption, 2005—2010
Pre- Research Total water Irrigation Rate Precipitation Soil moisture
irrigation years consumption moisture reserves
moisture, (E), m*/ha " " .
% of FMC m’/ha | % of E | m’/ha % from E m’/ha % from E
70 2005 7585 5460 72.0 2 050 27.0 75 1.0
2006 8 680 3450 39.7 5110 58.9 120 1.4
2007 8 635 5460 63.2 3070 35.6 105 1.2
average 8 300 4790 58.3 3410 40.5 100 1.2
80 2005 7 640 5510 721 2 050 26.8 80 1.1
2006 8 945 3710 41.5 5110 57.1 125 1.4
2007 8 900 5720 64.3 3070 34.5 110 1.2
2008 6885 4270 62.0 2415 35.1 200 2.9
2009 6179 2700 43.7 3325 53.8 154 2.5
2010 8 587 4 450 51.8 4962 57.7 125 1.4
average 7 856 4 393 55.9 3488 441 132 1.8
90 2005 7931 5810 73.3 2050 25.8 71 0.9
2006 9199 3970 43.2 5110 55.5 119 1.3
2007 8 760 5590 63.8 3070 35.0 100 1.2
average 8630 5123 60.1 3410 38.8 96.7 1.1

The structure of total water consumption of rice varieties

under different sprinkler irrigation regimes

Table 2

Pre-irrigation Research Total water Irrigation Rate Precipitation Soil moisture
moisture, % of years consumption moisture reserves
FMC (E), m*/ha ; ; ;
m’°/ha % of E m°/ha % of E | m/ha |%of E
Va(r)iant 1: . ‘Khankayskiy 429’
Zﬁn@ 85% of 5017 3750 2060 54.9 2410 | 643 [-720 |-19.0
0.42nd 06m 2012 4830 1810 37.5 3520 72.9 | -500 [|-10.4
' : 2013 5598 560 10.0 5460 | 975 [-422 |-75
average 4726 1476 31.3 3797 | 80.3 [-547 |-11.6
‘Rassvet’
2011 3010 1560 51.8 2170 721 [-720 [-23.9
2012 4180 1560 37.3 3120 746 | -500 |-11.9
2013 5198 530 10.2 5090 | 97.9 |-422 |[-8.1
average 4129 1216 294 3460 83.8 -547 |-13.2
Vagiant? ‘Khankayskiy 429’
804/; of FoMecrh 2011 3780 2160 57.1 2410 | 638 [-790 |-20.9
: ' 2012 5 040 2160 42.8 3520 69.8 | -640 |-12.6
2013 5 646 690 12.2 5460 | 96.7 | -504 |-8.9
average 4822 1670 34.6 3797 | 787 [-645 |-13.3
‘Rassvet’
2011 3200 1820 56.9 2170 67.8 | -790 [-24.7
2012 4300 1820 42.3 3120 725 | -640 |-14.8
2013 5 306 800 15.1 5010 | 94.4 |-504 |-9.5
average 4 269 1480 34.7 3434 80.4 |-645 |-15.1
Vagiant& ‘Khankayskiy 429’
SOGA’mOf FMC, 2011 4420 2380 53.8 2410 | 545 [ 370 [-8.3
(control) 2012 5780 2380 41.1 3630 | 62.8 | -230 |-3.9
2013 6 190 680 11.0 5 460 88.2 50 0.8
average 5463 1813 33.2 3833 70.1 [ -183 [-3.3
‘Rassvet’
2011 4010 2040 50.9 2340 [ 583 [-370 [-9.2
2012 4930 2040 41.4 3120 | 63.2 | -230 |-46
2013 5820 680 11.7 5090 87.5 50 0.8
average 4920 1587 32.3 3516 714 | -183 -3.7
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In structure of the total water consumption of rice varieties under different
irrigation regimes, share of atmospheric moisture over whole growing season in 2011 was
54.5..72.1%, in 2012 — 62.8...74.6%, in 2013 — 87.5...97.9%. The results of field
studies showed that soil moisture is used only in the initial period of rice development,
and it accounts for about 1% of total water consumption. The share of irrigation water
in the structure of rice total water consumption varied 10.0—15.1% (in 2013) to
50.9...57.1%.

The results of the research showed that the optimal parameters of rice irrigation
regime during sprinkling are formed under differentiated moistening: maintaining
the pre-irrigation humidity at level more than 75% of FMC in 0.4 m layer during
the sowing — tillering period, in 0.6 m layer — at level more than 85% of FMC during
tillering — wax ripeness of grain, which contributes to reduction of irrigation water costs
for obtaining projected grain yield.

The water balance of rice card-check is represented by income and expense items.
In the incoming part there is an irrigation norm, which is supplied to maintain necessary
water layer in checks, and precipitation. The expenditure part includes balance items
used to maintain water layer in checks, water consumption, filtration, leakage, flow,
and technological water removing.

In structure of water balance of irrigation card-check, the largest water consumption
was 4,224 m’/ha of expenditure part in the first variant of shortened flooding in cultivar
‘Khankayskiy 429°.

The lowest water consumption was noted in the second variant of intermittent
flooding in ‘Rassvet’ cultivar and amounted to 2,859 m*/ha of expenditure part.

The main indicators of water balance of card-check in experiment variants did not
change significantly. The filtration was 1,726...2,480 m*/ha of expenditure part. The flow
rate for water was 417...631 m*/ha in the first variant with shortened flooding. The
volume of technological water removing varied from 3,200 to 4,367 m’/ha on average
over the research years (Table 3).

The highest irrigation rates 12,534 m*/ha and 11,249 m’/ha were established in the
third variant with intermittent flooding for ‘Khankayskiy 429 and ‘Rassvet’, respectively.
The lowest irrigation rates were established at shortened flooding regime (9,811 m’/ha
and 8,758 m’/ha for ‘Khankayskiy’ and ‘Rassvet’ cultivars, respectively), which is
connected primarily with check flooding scheme and water layer.

The study of influence of seed rates on rice yield showed that the maximum
yield was obtained at a rate of 5 million seeds. Increase in seed rate resulted in high
plant density which consequently led to yield decrease.

Cultivating ‘Volgogradskiy’ rice cultivar under sprinkling irrigation with 80%
of FMC, applying mineral fertilizers N,,,P;,K;,and at seeding rate of 5 million seeds,
yield was 4.6 t/ha.

Depending on soil and climatic factors and factors studied, Primorsky rice cultivars
formed the following grain yields: ‘Dariy 23’ (3.52 t/ha), ‘Priozerny 61° (3.85 t/ha), ‘Ras-
svet’ (sprinkling — 4.19 t/ha, shortened flooding — 5,4 t/ha), ‘Lugovoy’ (4,2 t/ha),
‘Kaskad’ (sprinkling — 4.8 t/ha, flooding — 5.5 t/ha), ‘Khankayskiy 429’ (sprinkling —
4.38 t/ha, intermittent flooding of the IV type — 5.6 t/ha) [8—10]. The optimum time
for rice sowing — 20 to 25 May — was established in the southern zone of Amur Region.
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Table 3
Water balance of card-check under different regimes of rice flooding, average for 2011—2013
Indicators Cultivar
‘Khankayskiy 429’ ‘Rassvet’
irrigation regime
D = § — é I (2] — g — é I .
3 N 3 (qV]
8E E£5485 |£=8 8 ES g5 |g-8s=
2%2g CEEo-g=Ccp | 2673 S2EZ-9=QSE
TEcy ProleodPass TECQY PENLCS G255
o5 . = PN 5o =8 & OG0 S € Ec"-omggd=8¢g
o s B>« lgBoEQy ) 2o [Bgo 2gooED
Y28 BEat5g8ro58| =¥ge 854 598~86
8O FEoESSJEEEES| 89as Cvaboldl=27
o ETNS-EEREEYL| G- =F EZCo"2EREEY
£Oc-E Ble2Sedge - | £OcE BRBmoedE ¢
6 € E Ecos - JEJELR S| g558 ES s dEdJEES
£O0n%s EESYVEYECOSS| €996 ELLE8EECoES
0 ;_OOQ___CLg,_O._ U’EQU = ﬂS"ch“Lo':
,_No'-g -0 go d8°%2s s E e c 2| gepogLOs =
TE .0 EC20gdEEg2s| RN 50 Een2835TEEgo
§0 22 KNOSSELHsNFD SSE? Ko9cE 86Ny
So55 ESSBIIEoSe | §28% Fog2iitocs
SSE° B8ceEqsSot” | 5558 8G°EE9 8ot
== 1SS o B o=~ = o
3o 5?0 = 5E 0 3o & £ © = 5E 00O
a2 > 7 |>3% a* > 2 = |>35"
o 3 3 3
Water input, m°/ha
Irrigation Rate 9811 11786 12534 8758 9543 11249
Precipitation 4 250 4243 4237 3697 3720 3907
Total 14061 16 029 16 788 12455 13 263 15156
Expenditure water, m*/ha
Maintaining 2200 4600 4 300 2200 3900 4333
water level
Change in mois- -254 -146 -136 -254 -146 -136
ture reserves in
aeration zone
Filtration 2470 2201 2480 2015 1726 1846
Water 4224 3705 3870 3470 2859 3201
consumption
Leakage loss 651 614 693 567 459 574
Flowing 591 543 631 515 417 523
Technological 3333 3967 4 367 3200 3400 4 367
water removing
Total 13723 15776 16 477 12 221 12907 14 980
Discrepancy, 338 254 311 234 356 176
m®/ha
Discrepancy, % 2.4 1.6 1.8 1.8 2.7 1.2

CONCLUSIONS

The possibility of rice cultivation is proved on the basis of effective use of irrigation
water by optimizing water regime of soil. When sprinkling under conditions of the
southern zone of Amur Region, optimal regimes were: differential irrigation regime
with 75...85% of FMC in 0.4 and 0.6 m active soil layer, intermittent flooding of the

212 ATPOTEXHOJIOI'MY 1 MEJIMOPAILIMA 3EMEJIb



Borovoy E.P. et al. RUDN Journal of Agronomy and Animal Industries, 2018, 13 (3), 207—215

IV type of cultivar ‘Khankayskiy 429 and shortened flooding of ‘Rassvet’ cultivar.
Grain rice yield of more than 4 tons/ha is achieved by application of mineral fertilizers
in the rate N, P;,K;,and seeding rate of 5 million seeds. The optimal sowing time was
also identified — May 20—25.

© E.P. Borovoy, M.V. Makannikova, L.A. Lapshakova, 2018.
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OCOBEHHOCTU BO34EJIbIBAHUA PUCA
B YCJIOBUAX AMYPCKOW OBJIACTU

E.IL. Bopogoii', M.B. MakanHHKOBAa?,
JI.A. JlanmakoBa®

'®I'6OY BO Bosrorpaackuii rocy1apcTBEeHHbIH arpapHblii yHUBEPCHTET
np. Yuusepcumemcxuii, 26, Boneoepao, 400002, Poccuiickas @edepayus

2®I'BOY BO JlanbHeBOCTOUYHBIH FOCY1apCTBEHHbII arpapHbIii YHUBEPCUTET
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B crarbe npeacTaBiieHbl pe3yabTaThl HCCIEN0BaHUI BO3ENBIBAHIS pHca IPU Pa3HBIX PEKUMAax
opomenus (70, 80, 90% HB). B ycioBusix 10:xHOH 30HBI AMYpPCKO#l 00J1aCcTH TakXke ObLIN U3Y4YCHBI
PEXKUMBI OPOLICHNUS PHCa, COYeTAroNMe B cede TuddepeHIpoBaHIe IPENONTUBHBIX TOPOTOB BIAYKHOCTH
U IITyOMHBI IPOMAYMBaHU aKTUBHOTO cios 1nouBsl 75—85% HB (0,4 u 0,6 m); 80% HB (0,4 u 0,6 m).
Kpome Toro, ObIIIM N3y4eHBI pa3HBIC PEKUMBI 3aTOILICHUS. PHCOBOTO IOJIS CJIOEM BOJBI (YKOPOUYCHHOE
U IIPEPBIBACTOE 3aTOILUICHHE), HOPMBI BBICEBA CEMsH, CPOKH CeBa, copTa prca. IloiydeHne yposkaitHOCTH
3epHa puca Oornee 4 T/ra o0ecrieYnBaeTCs BHECEHHEM MUHEPAIBHBIX yIoOpeHuii B 1o3e NP, K, 1 Hopmoit
BBICEBA 5 MJTH BCXOXKUX ceMsiH. OnTUMasbHbIE CPOKU ceBa ObLTH ycTaHoBIeHHI ¢ 20 mo 25 mast. [To pesymnb-
TaTaM HCCJICIOBaHMIL, 3a CYET NPOBEJCHUS ONTHMH3ALMU PEKUMOB OPOLICHHS PHCa B YCIOBUSIX JIOXKJE-
BaHMs, TIOCPEACTBOM (D PEpeHIMPOBAHHUS MIPEAIIOINBHBIX TOPOTrOB BIKHOCTH M TTyOHUH MPOMavYMBaHHS
HaOMo0Ia1ach SKOHOMUS OPOCHTENLHOW BOABI U YBEIMUEHUE yporkaitHOCTH. [IpH BO3IENBIBAHUHU pHca
B YCJIOBHSX 3aTOIUICHHS OBUIO YCTAHOBJIEHO, YTO ONTUMAJIbHBIMH CUUTAIOTCS PEKUM YKOPOUEHHOTO
3aTOIUICHUSL.

KiroueBble ciioBa: puC, BOAHBIC PEIKUMBI, TOXKACBAHUC, 3aTOIIJICHUEC, NO3bL yﬂOGpeHMﬁ, HOPMBI
BBICCBA, COpTa
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CROP ROTATIONS ENSURING THE GREATEST YIELDS
UNDER DRY CONDITIONS OF THE LOWER VOLGA REGION
WATER-SAVING IRRIGATION REGIMES
FOR VEGETABLE CROP PRODUCTION
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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
crop, humus

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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OPTIMIZATION OF INNOVATIVE STRIP-TILL TECHNOLOGY
OF MAIZE CULTIVATION FOR GRAIN ON BLACK SOILS
IN STEPPE ZONE OF VOLGOGRAD REGION

V.M. Ivanov, A.V. Kubareva

Volgograd State Agricultural University
Universitetskiy pr, 26, Volgograd, 400002, Russian Federation

Abstract. Studies carried out in steppe zone of chernozem soils of Volgograd region have established
that winter wheat after fallow and maize are the best precursors for maize, cultivated for grain under
strip-till technology. Growing maize after sunflower annually led to a significant decrease in crop yields.
NgoP3.Ks, turned to be the best rate of mineral fertilizers. Seeding rate of 60 thousand seeds per ha was
optimal for early maize hybrids. It was found that total water consumption over the three-year period was
2653 m’/ha with fertilizer rate NP,,K,,, and corn and sunflower rose to 2,700 and 2,695 m*/ha. At NP,,K,,,
winter wheat plants used moisture most economically. The water consumption coefficient, which shows
moisture consumption for creation of a ton of produce, was 421.0 m*/t. For corn, it increased by 34.1, and
for sunflower by 247.7 m®t. In control after all precursors, moisture consumption per ton of grain sharply
increased: according to winter wheat, water consumption coefficient was equal to 551.9 m*/t, corn and
sunflower were 53.0 and 360.1 m*t more. The maximum values of dry matter accumulation in 2013 and
2015 were recorded at flowering stage: depending on precursor, after winter wheat — 9.07 and 7.24 t/ha,
after maize — 8.67 and 6.77, and after sunflower — 6.64 and 4.76 t/ha, respectively. Over the research
years the largest daily increasing of dry biomass during germination-flowering was observed after winter
wheat — 452 and 361 kg/ha, decreased slightly after corn — 432 and 337 kg/ha, and a significant decrease
was noted after sunflower — 331 and 237 kg/ha. In arid 2014 season, during the period of precipitation
deficit, the indicators were significantly lower. The best yield results were obtained in more favorable
2013 and 2015 research years. The studies showed that the best maize precursor was winter wheat —
5.524 t/ha. The lowest yield was obtained after sunflower — 3,456 t/ha. Moreover, maximum yield was
achieved at fertilizer application NP,,K;,— 5.324 t/ha, N;,P,;K,, — 4.813 t/ha and in the control —
4.015 t/ha.

Keywords: maize for grain, mineral fertilizers, seeding rate, precursor, strip-till, yield

INTRODUCTION

It is important to preserve and enhance natural fertility of soil based on development
and introduction of new technologies. It is essential to achieve a sharp reduction
in material and energy costs [1]. A promising method is the innovative strip-till system,
which allows increasing grain production, increasing yield, saving fuel, since entire soil
surface of field is not processed [2—4]. The peculiarity of strip-till technology is that
soil is treated with strips, while in intermediate regions the soil remains unplowed,
and natural structure remains intact as in direct sowing [5—7]. Strip-till technology
also contributes to better warming of soil and better contact of seeds with it [8]. Intensive
cultivation of maize for grain allows for higher yields 2.4 times under unfavorable
conditions and 2.1 times — in good weather conditions in comparison with the
control [9, 10].
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MATERIALS AND METHODS

The research was carried out on Krasnokorotkovsky experimental field in Novo-
anninskiy district of the Volgograd region in 2013—2015 to develop elements of the
innovative strip-till technology. A three-factorial experiment was laid by the split plot
method. Factor A was precursors — winter wheat after black fallow, maize for grain,
sunflower; factor B — rates of mineral fertilizers — control (without fertilizers),
NP K6 (N,¢P6K;s — for the main application + N,, for fertilizing, N.P;,K;,
(N5,P;,K;, + N, for fertilizing) and factor C — seeding rates: 50, 60 and 70 thousand
of seeds per ha. The registration area of third-grade plot was 182 m?. The soil in the
experiment is southern chernozem with a humus content of 4.7%, pH 8, total nitrogen —
84.7 mg/kg (very low), mobile phosphorus — 43.4 mg/kg (increased), exchange
potassium 395.0 mg/kg (increased). Early hybrid ‘NK Gitago’ (FAO 200) was used.

In autumn systemic herbicide Rap was used, 36% water solution (A) at a dose of
4 1/ha with a working fluid consumption of 50 I/ha. The strips were cut in October by
Ortman cultivator with a depth of 23—25 cm and a width of 25 cm with simultaneous
application of main fertilizer in liquid form. The sowing was carried out by 6-row
Monosem seed drill to 6...7 cm depth. In 2013 sowing was carried out on April 22,
in 2014 — May 5 and in 2015 — on May 26. Herbicide Ballerina, 41.7% suspension
emulsion was applied at 0.4 1/ha with a working fluid consumption of 200 I/ha for crop
protection in the phase of 3—25 leaves, and Vetter cultivator was used to carry out N,
ammonium nitrate fertilizing in variants N,P,(K,, u N;,P;,K,,. In 2014 pests population
(stem moth, cotton scoop) reached Economic Threshold Limit (ETL), and therefore,
Karate Zeon insecticide was used for their destruction, at a dose of 0.2 I/ha. Harvesting
was carried out by Akros-530 combine harvester with corn mower Orosh.

RESULTS AND DISCUSSION

The weather conditions were different. Amount of precipitation was 199 mm during
sowing-full ripeness period in 2013, 127 mm in 2014 and 235 mm in 2015. The average
humidity was 30% in 2013, 27% in 2014 and 31% in 2015, and the average daily air
temperature was 23.0 °C, 27.1 °C and 23.7 °C, respectively. The hydrothermal
coefficient was 0.75 in 2013 and this period was estimated as dry, in 2014 — 0.42
(very arid), and in 2015 — 0.92 (arid).

Field maize germination was high and averaged for 3 years 91.4% after winter
wheat, 91.0% after maize and 89.9% after sunflower. Total survival reached 87.4%,
85.3% and 83.5%, respectively.

Maize vegetative period in 2013 and 2015 in fertilized variant NP;,K;, after
winter wheat and maize lasted 100 days, and after sunflower — 98 days. In the control,
it decreased by one day according to experiment variants. In arid 2014 vegetative
period was 2 days shorter: in the first fertilizer variant it was 98, 98, 96 days, and
in the second — 97, 97 and 95 days.

The total water consumption over three-year period at N¢P;,K;, fertilization after
winter wheat was 2653 m3/ha, after maize and sunflower it increased to 2700 and
2695 m?/ha, respectively (Table 1). Moisture was used most economically at N,P;,K;,
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fertilization after winter wheat. The water consumption coefficient was 421.0 m’/t. After
maize and sunflower it increased by 34.1 and 247.7 m3/t, respectively. In control variant
after all precursors moisture consumption per ton of grain sharply increased: after
winter wheat water consumption coefficient was 551.9 m?/t, after maize and sunflower
it was 53.0 and 360.1 m?/t more.

Table 1
Total water consumption of maize for grain depending on precursor
and fertilizer application at seeding rate 60 thousand of seeds per ha
(average for 2013—2015), mi/ha
Indicators Precursor
Winter wheat Maize Sunflower
untreated NgePaoKss untreated NgePaoKss untreated NgePooKso
Available moisture 1605 1604 1577 1577 1530 1529
in 0—1,0 m (sowing), mi/ha
Precipitation during growing 187 187 187 187 187 187
season, mm
Precipitation used, 130.9 130.9 130.9 130.9 130.9 130.9
C=0.7, mm
Available moisture in 0—1,0 m 252 260 178 186 134 143
(before harvesting), mi/ha
Total water consumption, 2662 2653 2708 2700 2705 2695
mi/ha
Precipitation in total water 49.2 49.3 48.3 48.5 48.4 48.6
consumption, %
Soil moisture in total water 50.8 50.7 51.7 51.5 51.6 51.4
consumption, %
Average daily water 26.9 26.7 27.6 27.2 28.1 27.7
consumption, mi/ha
Yield, t/ha 4.823 6.302 4.477 5.933 2.966 4.030
Coefficient of water 551.9 421.0 604.9 455.1 912.0 668.7
consumption, mi/t
The amount of grain per 1 mm 18.1 23.8 16.5 21.9 10.9 14.9
of productive moisture, kg

The least amount of grain per mm of productive moisture (10.9 kg) was formed
after sunflower at zero fertilizer application, and the largest (23.8 kg) — after winter
wheat at N P;,K,, fertilization.

Most leaves were formed during heading stage, and winter wheat, maize and sun-
flower leaf mass averaged 35.07, 33.81 and 27.20 thousand m*hectare. In terms of mine-
ral nutrition, control was the least responsive, and amounted 29.30 thousand m*ha,
at N P,K,s and N.P;,K;, this indicator reached 32.36 and 35.67 thousand m? ha.
Increase in seeding rate resulted in increasing leaf area: for 50 thousand seeds/ha
it was 30.74 thousand m*ha, for 60 thousand seeds’ha — 31.89 and for 70 thousand
seeds/ha — 33.45 thousand m*/ha.

Accumulation of dry matter in 2013 and 2015 had maximum values at flowering
phase: after winter wheat — 9.07 and 7.24 t/ha, maize — 8.67 and 6.77 t/ha, and sun-
flower — 6.64 and 4.76 t/ha. The greatest average daily increase in dry biomass during
seedlings — flowering was observed after winter wheat — 452 and 361 kg/ha, it
decreased slightly after maize — 432 and 337 t/ha, and a significant decrease was
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recorded after sunflower — 331 and 237 kg/ha in 2013 and 2015, respectively. In dry
2014 these indicators were significantly lower. Accumulation of dry biomass was the
best at N¢P;,K;, fertilizing: in 2013 — 9.30 t/ha, in 2014 and 2015 — less by 3.55 and
2.54 t/ha. Average daily growth for 2013, 2014 and 2015 was as follows: 463, 286
and 337 kg/ha, respectively. According to the factor C, on average, over the years of
study, Accumulation of dry matter at seed rates 50,000, 60,000 and 70,000 seeds/ha
was 6.37, 6.60 and 6.61 t/ha. The average daily increase in the factor of seed rate was
slightly lower at 50,000 seeds/ha — 317 kg/ha, and at 60,000 and 70,000 seeds/ha —
329 kg/ha. In full ripeness weight of maize dry matter after winter wheat reached 6.03
and 4.87 t/ha, after maize — 5.77 and 4.51 t/ha, after sunflower — 4.42 and 3.16 t/ha.
Accumulation of dry biomass in 2014 was 4.35 t/ha after winter wheat, and after maize
and sunflower it decreased by 0.35 and 2.33 t/ha.

Average daily growth of dry biomass for three-year data in flowering — full
ripeness period after winter wheat was 319 kg/ha, after maize — 300 kg/ha and after
sunflower — 206 kg/ha. Application of mineral fertilizers contributed to an increase
in dry matter accumulation. So, at N,,P,K,, for research years it was 4.46 t/ha, at
NgP3.K5, — 4.84 t/ha, and at zero fertilizing — only 3.86 t/ha have accumulated.
The average daily growth of dry biomass was: without fertilizer — 240 kg/ha, at
NP 6K s — 281 kg/ha, at N¢P,,K;, — 304 kg/ha. Accumulation of dry biomass at
seed rate of 50, 60 and 70 thousand seeds/ha was 4.24, 4.39 and 4.42 t/ha. The average
daily plant biomass increase at seed rate of 50 thousand seeds/ha was 267 kg/ha, at 60
and 70 thousand seeds/ha it was 279 kg/ha.

Photosynthetic potential (PP) in 2013 and 2015 was maximum, it reached 2217
and 1883 thousand m? x day/ha after winter wheat, 2159 and 1765 m? x day/ha after
maize, 1773 and 1400 thousand m? x day/ha after sunflower. PP in 2014 amounted
to 1772, 1658 and 1068 thousand m* x day/ha after winter wheat, maize and sunflower.
Application of N P,K,,and N(P;,K;, increased PP for three-year data to 1764 and
1897 thousand m? x day/ha, and without fertilizing it reached 1583 thousand m? x day/ha.
As seed rate increased, photosynthetic potential of crops increased: at 50, 60 and
70 thousand seeds/ha it amounted to 1681, 1745 and 1818 thousand m* x day/ha.

In 2013, 2014, 2015 net photosynthetic rate (NP) for precursors studied was 6.39,
6.35 and 5.53 g/m?/day, respectively. The best results were obtained in N P;,Ks, variant,
when NP averaged 6.25 g/m?/day, while in N4,P, K, and in control fertilizer variants
it decreased by 0.06 and 0.42 g/m*day, respectively. Optimal seed rates were 50 and
60 thousand seeds/ha, (6.19 and 6.16 g/m?/day) and at 70 thousand seeds/ha NP was
5.92 g/m? /day.

On average over the research years, the largest mass of grain from commodity
cobs was formed when corn was grown after winter wheat — 104.5 g. After maize and
sunflower it decreased to 100.0 and 68.9 g. The weight of 1000 grains for these
precursors was 255.6, 248.3 and 219.9 g, respectively. Grain mass was the best at variant
with N¢P;,K;,, 50 thousand seeds/ha seed rate (100.6 g and 101.3 g, 255.2 and 2524 g,
respectively).

Maize yield was influenced not only by meteorological conditions, but also by
cultivation technology studied (Table 2). The best results were obtained in more favorable
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2013 and 2015 research years. Winter wheat turned to be the best maize precursor —
5.524 t/ha. The lowest yield was obtained after sunflower — 3.456 t/ha. The maximum
yield was achieved at N¢P;,K,, fertilizer application — 5.324 t/ha, and then NP, K,
(4.813 t/ha) compared to the control (4.015 t/ha). The optimal seed rate for average
of 3 years was 60 thousand seeds/ha, and in unfavorable year 2014, the best was
50 thousand seeds/ha, which is confirmed by the statistical processing data.

Table 2

Corn grain yield depending on precursors,
fertilizer doses and seed rates in 2013—2015, t/ha

Factors 2013 2014 2015
and
combi- average 2013—2015
nations | Winter Maize Sun- Winter Maize Sun- Winter Maize Sun-
wheat flower wheat flower wheat flower
A 6.615 6.310 4.790 4.695 4.293 2.142 5.263 4.926 3.421
5.524 5.176 3.451
B control — 4.842 control — 3.190 control 4.012
N50P16K16 — 6.039 N50P16K16 —3.785 4.024
N66P32K32— 6.835 N66P32K32 —4.154 N50P16K16 4.614
4.813
N66P32K32 4.984
5.324
C 50 thousand — 5.570 50 thousand — 3.814 50 thousand 4.488
60 thousand — 6.081 60 thousand — 3.734 4.624
70 thousand — 6.065 70 thousand — 3.581 60 thousand 4.615
4.810
70 thousand 4.506
4.717

LSD,; 2013: A,B,C = 0.064, AB, AC, BC = 0.110, ABC = 0.064
LSD,; 2014: A,B,C = 0.061, AB, AC, BC = 0.106, ABC = 0.061
LSD,; 2015: A,B,C = 0.066, AB, AC, BC = 0.114, ABC = 0.066

CONCLUSIONS

The experiments showed that the best maize precursors were winter wheat after
black fallow and maize in cultivation of maize for grain using strip-till technology
in steppe zone on chernozem soils in Volgograd region,. Sunflower was the worst maize
precursor.

The best mineral nutrition was N.P;,K,.

Optimal seed rate for early maize hybrid was 60 thousand seeds/ha.

© V.M. Ivanov, A.V. Kubareva, 2018.
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onTMMU3ALUUA SJIEMEHTOB
MHHOBALIMOHHOW TEXHOJIOTUU CTPUM-TUJ
NP BO3AEJIbIBAHUM KYKYPY3bl HA 3EPHO B CTENMHOW 30HE
YEPHO3EMHbIX NO4YB BOJIFOrPAACKOW OBJIACTU

B.M. UBanog, A.B. Kybapesa

OI'bBOY BO Boarorpaackuii rocy1apcTBEHHbIN arpapHblil YHUBEPCUTET
np. Yuusepcumemckuu, 26, Boazoepao, 400002, Poccuiickas @edepayus

TIpoBeieHHBIME HCCIICIOBAHUSMH B CTEITHOHM 30HE YepHO3EMHBIX MO4B Bosrorpaackoit o6mactu
YCTaHOBJIEHO, UTO IJIsi KYKYPY3bl, BO3/IEIBIBAEMON Ha 3epHO MO TeXHOJOTHH CTPHIT-THII, Ty IIIAMH
IpenIecTBeHHUKaMH SBIBIIOTCS O3UMasl MILIEHHUIIA 110 TTapy U caMa KyKypy3a. PazMmemnieHue KyKypy3sl
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ocJyIe MOJCOHEYHUKA €KETOTHO 00YCIOBINBAIIO 3HAYUTENEHOE CHIKEHUE YPOXKAHOCTH KYJIBTYPHL.
W3 McHBITaHHBIX 103 MHUHEPAIBHBIX yIoOpeHuit myumeit Oputa N P,,K,,. OnTuMansHol 11 paHHeCTIebIX
THOPUIOB KYKYpY3bl SIBJIsUIach HOpMa BbiceBa 60 ThIC./Ta BCXOXKUX CEMsH. BbUIO yCTaHOBIICHO, YTO CyM-
MapHOE BOAOIIOTPEOIICHHE 32 TPEXJIETHHH ITEPHOJI COCTaBIIIO 2653 M*/ra ¢ HopMmoit ynooperus N P;,Ks,,
a KyKypy3a u nofacomaedHuk — 10 2700 u 2695 m*/ra. C no3oit ynoopenunit NP, K,,, pactenus o3umoit
MIIEHUIB UCIIOIb30BAIM BiIary Haubosee 5koHOMUYHO. KoaddunueHt BononorpedieHus, KOTOphIi
TOKA3bIBAET TOTpeOIeHre BIAru s CO3aHMs TOHHBI TIPOAYKIMH, cocTaBua 421,0 M/, Jlns Kykypyssl
OH yBenuumics Ha 34,1, a g noxconaHeyHnka — Ha 247,7 mM%/T, coorBeTcTBeHHO. Ha KOHTpoJe mocie
BCEX IPEJIIECTBEHHUKOB IOTPeOJICHUE BIard Ha TOHHY 3€pHA PE3KO yBEJIMUYMIOCH: 10 03UMOM MIIEHUIIe
ko3 durmeHT BogonoTpedieHus coctapisit 551,9 M3/T, kykypysa u nogconsedHuk — 53,0 u 360,1 m%/T.
MakcuMaltbHbIE 3HaYeHHsT HaKOTUIeH!s cyxoro BemiecTBa B 2013 u 2015 TT. BBISBIICHBI HA CTAAUH [IBETCHHUS:
B 3aBUCHMOCTH OT INPEAUISCTBEHHUKA, T10CIe 03UMOM meHulsl — 9,07 u 7,24 1/ra, mocie KyKypy3bl —
8,67 u 6,77, a mocie MoaCcoNHeYHNKa — 6,64 u 4,76 T/ra, COOTBETCTBEHHO. 3a rOJbI UCCICAOBAHUN
HauOoJpllee €XEAHEBHOE YBEIHMUCHUE CYXOH OuoMacchl BO BpeMs IPOpacTaHUSI-LBETEHUsI HAaOJI0aa-
JIOCH 1ociie 03UMOM nieHuIsl — 452 1 361 Kr/ra, HECKOJIBKO YMEHBUIMIIOCH 110CIIE KYKYpy3bl — 432
u 337 Kr/ra, a mocie MOJICOIHEYHNKA OTMEUEHO 3Ha4YuTeIbHOe CHIbKeHue — 331 u 237 xr/ra. B 3acynum-
BbIi ce30H 2014 roza, B meproa neduimra 0CagKoB, MOKa3aTean ObUIA 3HAUUTENBbHO HbKe. Hammyudmue
pe3yNbTaThl YpOKalHOCTH OBUTH MOJTyYeHBI B OoJiee ONaronpusTHBIE MO YBIaKHEHHIO TO/IBI HCCIIEIOBAHHI
B 2013 u 2015 rr. UccremoBanus mOKa3aid, 4To JYYIIUM MPEANICCTBCHHUKOM KYKYpy3bl OblIa 03MMast
meHuna — 5,524 1/ra. CaMblii HU3KUE ypokail ObLI MOJIyYeH MOCie MoJACoTHeYHnKka — 3,456 T/ra.
Kpome Toro, MakCHMabHBII BBIXOI OBUT JOCTHTHYT NpH NpuMeHeHnH ynoopennit NP, K,, — 5,244 1/ra,
N;oP K¢ — 4,813 T/ra, a Ha koHTpONIe — 4,015 T/Ta.

KroueBble ciioBa: KyKypy3a Ha 3epHO, MUHEpaJIbHbIE Y100pEHH s, HOpMa BbICEBA, MPEAIIECTBEHHHUK,
Crpun-tui, ypoxxaitHOCTb
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LOCAL IRRIGATION METHODS
FOR VEGETABLE PRODUCTION IN SOUTH OF RUSSIA

A.S. Ovchinnikov, E.A. Hodyakov, S.G. Milovanov

Volgograd State Agricultural University
Universitetskiy pr, 26, Volgograd, 400002, Russian Federation

Abstract. In the Southern Federal District, where the Volgograd region occupies a significant territory,
cultivation of vegetable crops is impossible without irrigation. There was a large number of wide-spread
sprinklers in the USSR. Each unit of this system watered at least 60 to70 hectares, required a lot of water
pressure that resulted in high operating costs. Therefore, currently, such local irrigation methods as drip
and subsoil irrigation have a broad development perspective. Both irrigation methods favorably differ
from sprinkling by a significant increase in yield of vegetable crops, irrigation water saving, ease of operation
and rapid investment return. In this regard, the main goal of our research, conducted at Volgograd State
Agricultural University, is development of techniques and technologies for drip and subsoil irrigation
that allow receiving projected vegetable yields while maintaining soil fertility and environmental safety.
The research have shown that it is possible to obtain planned yields of 60, 70 and 80 t/ha of zucchini and
table beet using drip irrigation in steppe zone of southern Russia on light chestnut soils. Therefore, it is
necessary to observe irrigation regimes with maintaining pre-irrigation moisture (PIM) 75—85—75 and 85%
of field moisture capacity (FMC) simultaneously with application of calculated doses of mineral fertilizers.
Moreover, it is important to apply increased doses of mineral fertilizers with decrease in intensity of irrigation
regime due to reduction in soil moisture content to 75% of FMC. The planned radish yield of 80 tons
per hectare with subsoil irrigation can be obtained in variants with differentiated soil moisture
75—85—75% of FMC and 1.4 m distance n t between humidifiers, and also maintaining constant soil
moisture at 85% of FMC at plots with 1.2 and 1.4 m distances.

Key words: planned yield, table beet, squash, radish, drip and subsoil irrigation

INTRODUCTION

In conditions of market relations, in which Russia is today, agricultural producers
have lost desire to get the maximum possible yields of vegetable crops. Currently,
the main issue is the need to grow such a quantity of products that can be grown
considering available water, labor, financial resources [1—3].

In the Southern Federal District, where the Volgograd region occupies a significant
territory, cultivation of vegetable crops without irrigation is impossible. In Soviet times,
a large number of broad sprinkling equipment was used for this purpose. Each unit of this
system watered at least 60 to 70 hectares, required a lot of water pressure, resulting
in high operating costs. Therefore, in the present time such local methods of irrigation
as drip and subsoil irrigation have a further development perspective [4—7].

Both irrigation methods favorably differ from sprinkling by a significant increase
in yield of vegetable crops, irrigation water saving, ease of operation and a rapid
investment return.
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So, the main goal of our research was development of drip (DI) and subsoil
irrigation (SI) technologies, in order to produce planned crop yields while maintaining
soil fertility and environmental safety in conditions of steppe zone of southern Russia.

METHODS AND MATERIALS

The research was carried out as part of complex long-term field experiments
in Research Center “Gornaya Polyana” of Volgograd State Agricultural University.

Irrigation regimes and application of mineral fertilizers were studied in 2002—
2005 to obtain planned yields of 50, 60, 70 tons per hectare of pepper and aubergines,
and 70, 80 and 90 tons per hectare of tomatoes under drip irrigation. After that similar
studies were carried out in 2012—2014 with zucchini and table beets to produce 60,
70 and 80 t/ha of planned commercial produce under drip irrigation, and in 2014—
2017 — 80 t/ha of radish using subsoil irrigation.

In field experiments with beets, zucchinis and radish, the main studied crop-forming
factor was water regime of soil, which was studied in 3 variants (two permanent and
one differentiated). The calculated irrigation rates were given regularly with a decrease
in pre-irrigation soil moisture up to set figures.

Two of three-four years of each crop were characterized as arid. This indicated
that given yield levels of vegetable crops were obtained even in the most severe weather
conditions.

Zucchini ‘Nevira’ seeds were sown 1.4 x 0,7 m apart with drip lines along each row.

Table beet ‘Egipetskaya ploskaya’ seeds were sown according to the scheme: 4 rows
of plants 0.4 m apart and then — row spacing 0.6 m wide; plants in a row — 0.10...0.12 m
apart; drip lines were placed equidistantly between 1 and 2, 3 and 4 rows.

Black radish was sown in 3 rows 0.45 m apart, and then — row spacing 0.7 m wide.
After thinning in a row, the plants were left at a distance of 0.08 m from each other.

Zonal system of vegetable growing was used, with adjustment for water regime
maintaining and fertilizer rate in the variants studied.

All observations were made according to well-known procedures [8, 9]. Doses of
fertilizers for obtaining planned zucchini yields were calculated according to the metho-
dology of Professor V.I. Filin [10, 11].

The soils of the experimental section are light chestnut, typical for steppe zone
of southern Russia and Volga-Don interfluve, characterized by low humus (not more
than 1—2%) and low nitrate nitrogen content, medium mobile phosphorus and high
exchange potassium content.

The DI plot represented a net of Netafim strips (Israel) laid either along or between
plant rows. The SI system is a network of polyethylene pipes-humidifiers with point
perforations laid at 0.4...0.5 m depth with protective polyethylene film screen on top
and bottom along the entire length maintaining uniform moistening of the entire plot area.

RESULTS AND DISCUSSION

Studies on zucchini under DI showed (Table 1) that when applying calculated doses
of mineral fertilizers, planned yields of 60, 70 and 80 t/ha can be obtained only in variants
with maintaining pre-irrigation moisture threshold of 75—85—75 and 85% of FMC,
since in areas with a pre-irrigation moisture of 75% of FMC deviations from planned
yields were more than 10% (14.1...16.5%)).
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Table 1
Zucchini yield under drip irrigation (average for 2012—2014)
Yield, t/ha Yield deviations Variants
planned | actual t/ha % Pre-irrigation moisture, Fertilizer rate
% of FMC - -
planned yield, t/ha kg a.i./ha
initial analysis
60 50.1 -9.9 -16.5 75 60 N.. P.K
61.0 +1.0 1.7 75—85—75 100 Tee
62.1 +2.1 3.5 85
70 58.4 -11.6 -16.6 75 70 Ny1oParKos
71.3 +1.3 1.9 75—85—75
73.0 +3.0 4.3 85
80 68.8 -11.2 -141 75 80 N,0PosK110
82.4 +2.4 3.0 75—85—75
83.9 +3.9 4.9 85
repeated analysis
60 58.4 -1.6 2.7 75 70 N, 1oPerKag
61.0 +1.0 1.7 75—85—75 60 N, 50P75Kes
62.1 +2.1 3.5 85
70 68.8 -1.2 1.7 75 80 N,uoPooKi 10
71.3 +1.3 1.9 75—85—75 70 N.. P. K
73.0 +3.0 43 85 210 e
80 82.4 +2.4 3.0 75—85—75 80 NaoPooK110
83.9 +3.9 4.9 85
Table 2
Table beet yield under drip irrigation (average for 2012—2014)
Yield, t/ha Yield deviations Variants
planned | actual t/ha % Pre-irrigation moisture, Fertilizer rate
% of FMC -
planned yield, t/ha kg a.i./ha
initial analysis
60 48.2 -11.8 19.7 75 60 NP 150K 105
57.2 -2.8 4.7 75—85—75
60.9 +0.9 1.5 85
70 58.9 -11.1 15.9 75 70 N,goP 175K 12
69.6 -0.4 0.6 75—85—75
73.3 +3.3 4.7 85
80 72.8 -7.2 9.0 75 80 NeooPo0oK 140
82.7 +2.7 3.4 75—85—75
87.1 +7.1 8.8 85
repeated analysis
60 58.9 -1.1 1.8 75 70 N, P.K..
57.2 -2.8 4.7 75—85—75 60 N,.0P 150K 10
60.9 +0.9 1.5 85
70 72.8 +2.8 4.0 75 80 N0 PoKia
69.6 -0.4 0.6 75—85—75 70 NoeoP 175K 12
73.3 +3.3 4.7 85
80 82.4 +2.4 3.0 75—85—75 80 Na20P 00K 120
87.1 +7.1 8.8 85

However, a re-analysis shows that the planned productivity of zucchini of 60 and
70 t/ha can be obtained by maintaining moisture threshold of 75% of FMC and appli-
cation of increased doses of fertilizers — N,,,P¢,Kq¢ and N,,,PyK,,, with very small
deviations from expected yields (-2.7) and (-1.7)%.
The results of three-year field experiments on table beets are shown in Table 2.
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Mineral fertilizer application in calculated doses with irrigation water to DI system
helped to obtain planned yield of table beet at the level of 60 and 70 t/ha only in variants
with maintenance soil moisture threshold 75—85—75 and 85% of FMC, since in plots
with a moisture 75% of FMC deviations from planned yields were 15.9% and 19.7%,
respectively, which was significantly more than 10%.

Repeated analysis shows that these levels of planned table beet yield could be
obtained by maintaining moisture threshold of 75% of FMC and application of increased
fertilizer doses N,gP,,5K .3 and Ny, P, K4 With deviations of 1.8 and 4.0%, respectively.

The results obtained are of great practical importance, because of at current price
disparity agricultural producer is allowed to plan structure of sown areas based on rising
costs of both electricity for supplying irrigation water and mineral fertilizers.

The investigated regimes of zucchini and table beet drip irrigation allow to provide
planned yields (Table 3).

In order to maintain a constant less intensive irrigation regime with a moisture
threshold of 75% of FMC, 31 waterings (108 m*/ha) with irrigation rate of 3348 m’/ha
were performed in experiments with zucchini: 11 waterings during the interphase
periods ‘sowing — flowering’, ‘fruit formation — last harvesting’ and 2 waterings less
during the period ‘flowering — beginning of fruit formation’.

Table 3
Drip irrigation regime for zucchini and beetroot(on average for 2012—2014)
Pre-irrigation Interphase periods Waterings Irrigation
moisture threshold, - - - - for season rate,
% of FMC sowing — flowering — fruit formation — m*/ha
flowering beginning of fruit last harvesting
formation
amount of irrigation / irrigation rate m*/ha
Zucchini
75 11/108 9/108 11/108 31 3348
75—85—75 11/108 21/54 12/108 44 3636
85 20/54 17/54 32/54 69 3744
table beet
sowing — root formation — | technical maturity —
beginning of | technical maturity harvesting
root formation
75 9/134 18/134 8/134 35 4690
75—85—75 9/134 47/54 8/134 64 4816
85 25/54 49/54 27/54 101 5454

While maintaining a differentiated irrigation regime with a pre-irrigation moisture
threshold of 75—85—75% of FMC irrigation frequency during the season increased
to 44, and irrigation rate — to 3636 m*/ha due to 11 and 12 irrigation flows of 108 m*/ha
during periods ‘sowing — flowering’ and ‘fruit formation — last harvesting’, respec-
tively, as well as carrying out 21 waterings of 54 m’/ha in ‘flowering — beginning
of fruit formation’.

The most intensive irrigation regime with a constant moisture threshold of 85%
of FMC was provided by 69 irrigation cycles (54 m*/ha) with the highest total irrigation
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water for season of 3744 m’/ha: 20, 17 and 32 irrigation cycles were carried out in 1,
2 and 3 phase periods of zucchini development, respectively.

In table beet field experiments maintenance of a constant least intensive irrigation
regime with an expected moisture threshold of 75% of FMC was ensured on average
by 35 irrigation cycles (134 m’/ha) with irrigation rate of 4690 m*/ha (higher than
in zucchini): 9 irrigations in the interphase period ‘sowing — beginning of root for-
mation’, 18 during root formation — technical maturity and 8 — in subsequent period
before harvesting of root crops.

While maintaining a differentiated irrigation regime with a moisture threshold of
75—85—75% of FMC, number of irrigations during the season increased to 64, and
the irrigation rate was increased to 4816 m’/ha due to 47 irrigation operations
(54 m’/ha) during inter-phase period ‘sowing — beginning of root formation’.

The most intensive irrigation regime with a constant preliminary moisture threshold
of 85% FMC was achieved by performing 101 irrigations (54 m’/ha) at the highest
irrigation rate of 5454 m*/ha: 25, 49 and 27 irrigations — in the 1st, 2nd and 3rd periods
of table beet development, respectively.

The results of field experiments on obtaining the planned radish harvests are shown
in Table 4.

In these field experiments, the variants for obtaining a planned yield of 80 t/ha were
investigated while maintaining soil moisture thresholds on the plots with laying of
humidifiers in SI system at a distance of 1.2; 1.4 and 1.6 m apart.

Table 4
Radish yield under subsoil irrigation (average for 2014—2017)
Yield, t/ha Yield deviations Variants
planned actual Pre-irrigation moisture Distance between
t/ha % threshold, % of FMC humidifiers, m
initial analysis
80 59.5 -20.5 25.6 75 1.2
58.4 -11.6 14.5 1.4
53.5 -26.5 33.1 1.6
79.3 -10.7 13.4 75—85—75 1.2
78.2 -1.8 2.2 1.4
71.0 -9.0 11.2 1.6
83.6 +3.6 4.5 85 1.2
82.2 +2.2 2.8 1.4
72.9 -7.1 8.9 1.6
repeated analysis
60 58.9 -1.1 1.8 75—85—75 1.4
57.2 -2.8 4.7 85 1.2
60.9 +0.9 1.5 4

The results obtained showed that such crop yield could be obtained in variants
with a differentiated lower soil moisture threshold 75—85—75% of FMC and 1.4 m
distance between humidifiers, maintaining a constant soil moisture of 85% of FMC
at plots with inter-axis distances of 1.2 and 1.4 m, because of 9 combinations of the
factors studied, only these three deviations from planned yield did not exceed 5%.
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Table 5
Subsoil irrigation regime of radish (average for 2014—2017)

Pre-irrigation Interphase periods irrigations for | Irrigation rate,

moisture season m®/ha
threshold, sowing — flowering — technical maturity —
% of FMC flowering | technical maturity harvesting
Number of waterings/ irrigation rate, m*/ha

75 1/50+3/167 6/167 5/167 15 2722
75—85—75 1/50+3/167 19/100 5/167 28 3286
85 1/50+9/100 16/100 9/100 35 3450

Study on similar irrigation regimes for subsoil irrigation is shown in Table 5.

In all variants one sprinkling irrigation (50 m’/ha) was conducted after radish
sowing for better seed germination.

In order to maintain a constant less intensive irrigation regime with moisture
threshold 75% of FMC, 14 vegetative irrigations (167 m’/ha) with irrigation rate of
2,722 m’/ha were carried out: 3 vegetative irrigations during interphase period ‘sow-
ing — flowering’, 6 — in period ‘flowering — technical maturity’ and 1 watering less
during ‘technical maturity — harvesting’.

Maintaining differentiated irrigation regime with moisture threshold 75—85—75%
of FMC, number of vegetation irrigations during the season increased to 27, irrigation
rate was increased to 3286 m’/ha due to increase in irrigation number to 19 (100 m*/ha)
(instead of 6, 167 m*/ha) in period ‘flowering — technical maturity’.

The most intensive subsoil irrigation regime of radish with a constant preliminarily
humidity threshold 85% of FMC was achieved by 34 vegetation irrigations (100 m’/ha)
supplying highest total amount of irrigation water of 3450 m*/ha in season: 9 vege-
tative irrigations in 1 and 3 radish development phases and 16 waterings — in the
second phase.

CONCLUSIONS

Thus, the studies conducted showed that it is possible to obtain the planned yield
of 60, 70 and 80 t/ha of zucchini and table beet using drip irrigation in steppe zone of
southern Russia on light chestnut soils. It is necessary to observe irrigation regimes
maintaining preliminary moisture threshold 75—85—75 and 85% of FMC with
application of calculated doses of mineral fertilizers or to apply higher doses of mineral
fertilizers reducing irrigation regime intensity by reducing soil moisture content to
75% of FMC.

Radish planned yield of 80 t/ha under subsoil irrigation can be obtained in variants
with a differentiated soil moisture threshold 75—85—75% of FMC and 1.4 m distance
between humidifiers, and maintaining a constant soil moisture 85% of FMC at plots
with 1.2 and 1.4 m interaxial distances.

© A.S. Ovchinnikov, E.A. Hodyakov, S.G. Milovanov, 2018.

AGRICULTURAL TECHNOLOGIES AND LAND RECLAMATION 237



OpunnHuKoB A.C. u 1p. Becmuux PY/]H. Cepus: AIPOHOMMA U 2KHBOTHOBO/CTBO. 2018. T. 13. Ne 3. C. 232—240

REFERENCES

[1] Ovchinnikov A.S., Gavrilov A.M. Improving efficiency of irrigated farming in arid conditions
of south-east of Russia. Izvestiya Nizhnevolzhskogo agrouniversitetskogo kompleksa: nauka
i vysshee professional’noe obrazovanie. 2010;(2):5—10. (In Russ).

[2] Ovchinnikov A.S., Bubenchikov M.M., Pakhomov A.A. Status and prospects of land reclama-
tion development in the Volgograd region. Prirodoobustroistvo. 2011;(4):12—15. (In Russ).

[3] Dubenok N.N. Land reclamation is the basis of national agricultural complex improvement.
Melioratsiya i vodnoe khozyaistvo. 2013;(3):7—9. (In Russ).

[4] Ovchinnikov A.S., Bocharnikov V.S., Bocharnikova O.V., Meshcheryakov M.P. Innovative
irrigation of vegetable crops. Izvestiya Nizhnevolzhskogo agrouniversitetskogo kompleksa:
nauka i vysshee professional’noe obrazovanie. 2011;(4):13—17. (In Russ).

[5] Ovchinnikov A.S., Meshcheryakov M.P. The use of resource-saving irrigation methods in crop
cultivation. Izvestiya Nizhnevolzhskogo agrouniversitetskogo kompleksa: nauka i vysshee
professional’noe obrazovanie. 2007;(1):46—49. (In Russ).

[6] Ovchinnikov A.S., Bocharnikova O.V., Bocharnikov V.S. Assessment of profitability of vegetable
production in the Lower Volga Region. Izvestiya Nizhnevolzhskogo agrouniversitetskogo
kompleksa: nauka i vysshee professional'noe obrazovanie. 2007;(1):49—53. (In Russ).

[7] Ovchinnikov A.S., Meshcheryakov M.P. Efficiency application and subsurface and drip
irrigation systems in the cultivation of sweet pepper. Vestnik Saratovskogo gosagrouniversiteta
im. N.I. Vavilova. 2007;(5):74—78. (In Russ).

[8] Dospehov B.A. Metodika polevogo opyta [Methodology of field experiment]. Moscow: Agro-
promizdat Publ.; 2014. 351 p. (In Russ).

[9] Litvinov S.S. Metodika polevogo opyta v ovoshchevodstve [Technique of field experiment
in vegetable growing]. Moscow: Rossel'khozakademiya Publ.; 2011. 650 p. (In Russ).

[10] Filin V.I. Spravochnaya kniga po rastenievodstvu s osnovami programmirovaniya urozhaya
[A reference book on plant growing with basics of harvest programming]. Volgograd: VGSKhA
Publ.; 1994. 274 p. (In Russ).

[11] Pashkovsky A.IL., editor. Sovremennoe ovoshchevodstvo zakrytogo i otkrytogo grunta [Modern
vegetable growing in protected and open ground]. Kiev: Kievskaya pravda Publ.; 2006. 528 p.
(In Russ).

Author’s personal data:

Alexey Semenovich Ovchinnikov — Doctor of Agricultural Science, Professor, Corresponding
Member of the Russian Academy of Sciences, Rector of Volgograd State Agricultural University;
e-mail: e419829@yandex.ru

Evgeny Alekseevich Khodyakov — Doctor of Agricultural Science, Professor of Volgograd State
Agricultural University; e-mail: e419829@yandex.ru

Sergey Gennadievich Milovanov — PhD Student of Volgograd State Agricultural University;
e-mail: e419829@yandex.ru

For citation:

Ovchinnikov A.S., Hodyakov E.A., Milovanov S.G. Local irrigation methods for vegetable production
in south of Russia. Journal of Agronomy and Animal Industries, 2018, 13 (3), 232—240. doi:
10.22363/2312-797X-2018-13-3-232-240.

238 ATPOTEXHOJIOTUU Y MEJIMOPALIUA 3EMEJIb



Ovchinnikov A.S. et al. RUDN Journal of Agronomy and Animal Industries, 2018, 13 (3), 232—240

DOI: 10.22363/2312-797X-2018-13-3-232-240

NONYHEHUE NJIAHUPYEMbIX YPOXXAEB OBOLUHbIX KYJIbTYP
NMPU UCMNOJIb3OBAHUUN JIOKAJIbHbIX CITOCOBOB NOJIUBA
HA IOFE POCCUMN

A.C OBunnnukoB, E.A. Xoaskos, C.I'. MujioBaHoB

®OI'BOY BO Boarorpaackuii rocy1apcTBEHHBIN arpapHblil YyHUBEPCUTET
np. Yuusepcumemckuu, 26, Bonzoepao, 400002, Poccuiickas @edepayus

B IOxHOM (enepanbHOM OKpyre, rae Bonrorpajackast o0iacTh 3aHUMAaeT 3HAYHTEIBHYIO TEp-
PUTOPUIO, BHIPAIMBAaHUE OBOLIHBIX KYJIBTYp O€3 OpOLIEHHS HEBO3SMOXKHO. B coBeTckoe BpeMs i 3TOro
UCIIOIb30BAJIOCH OOJBIIOE KOJHMUYECTBO IIMPOKO3aXBATHOM HOXKIeBalbHON TexHuku. Kaxnas enuHuna
TaKo# TeXHUKHU nosmBaia He MeHee 60...70 ra, TpeboBasia OOJIBIIOTO HAMOPa BOABI M OOJBIINX YKCILTY-
aTallMOHHBIX 3aTpaT. [loaToMy B HacTosIee BpeMsi UMEIOT NEePCIEKTUBY IIUPOKOr0 pa3BUTHS TaKue
JIOKaJbHBIE CIIOCOOBI MOJIMBA, KaK KarelbHOe M BHYTPHIIOUBEHHOE oporreHue. Oba crmocoba momusa
BBITO/IHO OTJIMYAIOTCS OT JO0KJI€BaHUS 3HAYUTEIIbHBIM TOBBILICHUEM YPO)KaifHOCTH OBOLIHBIX KYJIBTYD,
HKOHOMHUEH OPOCUTENBHOM BOJIBL, IPOCTOTOH SKCILTyaTalluy U OBICTPOIl OKYIIaeMOCTBIO BIOXKCHHBIX 3aTpar.
B cBs131 ¢ 3THM OCHOBHO# IIENBIO HAIIMX UCCIIEAOBAHUIM, MPOBOJMMBIX B BonrorpaackoM rocy1apcTBEHHOM
arpapHOM YHHBEpCHUTETE, SBIISIETCS pa3pab0TKa TEXHUKH M TEXHOJIOTUH KareIbHOTO U BHYTPHIIOUBEHHOTO
OpOLIEHUs], MO3BOJIIONIMUX MOTy4aTh IUIAHUPYEMbIE YPOXKal OBOIIHBIX KyJBTYp IPH COXPAHEHUH ITOYBEH-
HOTO TUIOZOPOAMS M SKOJOTHIECKOH Oe3omacHocTH. [IpoBeieHHbIe HCCIeI0BaHUs TIOKa3ally, YTO B CTeTl-
HOH JacT tora Poccun Ha CBETJI0-KaIITaHOBBIX ITOYBAX MOYKHO MOJIYYaTh INIAHUPYEMYIO YPOKaitHOCTh
60, 70 u 80 1/ra KaGayKOB U CTOJIOBOM CBEKJbI IIPU NMPOBEACHUM KaIeIbHOIo opoulieHus. s 3Toro
HEOOXOIMMO COOTIONATh PEKUMBI OPOIIEHHS ¢ MOAJEPKAHUEM MPEIIOIUBHOTO MOPOTra BIaKHOCTH
75—85—75 u 85% HB onHOBpeMEHHO C BHECEHHEM PACUETHBIX 103 MUHEPAIbHBIX ynoOpeHuit. JInbo
HEOOXOJIMMO BHOCHUTbH IOBBIIICHHBIE J103bI MUHEPAIBLHBIX YAOOPEHUH NMpPU CHIKEHUHU WHTEHCHUBHOCTU
MIOJIMBHOTO PEKMMAa 3a CYET YMEHBIICHHS IIPEIIOIMBHOM BIaXHOCTH 1ouBbI 10 75% HB. ITnanupyemytro
ypoxaitHocTs 80 T/ra peAbKH NPH BHYTPHIIOUYBEHHOM ITOJIMBE MOYKHO ITOJYYHTh Ha BapHaHTax ¢ audde-
PEHLIMPOBAaHHBIM HIDKHUM [OPOTOM BJIAXKHOCTH 1OUBBI 75—85—75% HB u paccrosHueM Mexmy yBlax-
HuTersiMa 1,4 M, a Takke Ipu MOAJEeP)KaHUH MOCTOSHHOM IPEINOIMBHON BaXHOCTH 1ouBkl 85% HB
Ha y4JacTKax ¢ paccrossausmu 1,2 u 1,4 m.

KaioueBble cjioBa: ImiaHupyeMasi ypoKaifHOCTh, CTOJIOBAsI CBEKJIA, KaOayky, pelbka, KaleIbHOe
Y BHYTPHUIIOYBEHHOE OPOILICHHE
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WATER-SAVING IRRIGATION REGIMES
FOR VEGETABLE CROP PRODUCTION UNDER CONDITIONS
OF VOLGA-DON INTERFLUVE

V.D. Nagornyy, K. Kamssou, M.U. Lyashko

Scientific Research Institute of Design “Vid Project”
172, Vidnoe, 142701, Russian Federation

Abstract. Soils of the southern region of Chad are developed on wind-drawn sand and colluvio-
alluvium deposits of two main rivers Logone and Chari. This region of Chad is principal agricultural
zone of Chad. Evaluation of physical and chemical properties of sandy soils and their fertility in this region
revealed that some soils have very high content of strontium. With aim to locate areas with high content
of srontium in soil, and to study its dependence on physical properties of soil and translocation of stron-
tium in soil profile nine pedons were dug on different fields intensively used for agricultural production.
Using X-ray spectrometric analysis and radiometric measuring of soil samples it has been revealed that
Sr content in soil samples varies from 10 to 270 mg/kg of soil depending on type of soil, depth of soil layers,
clay and organic content. Strontium content negatively correlates with total content of calcium and
phosphorus in layers of soil. Low CEC of soil may be a reason of translocation of strontium from higher
to lower layers of soils. Strontium content in soils do not relates with level of radioactivity of soils under
study. The highest content of strontium has been found in soils developed on colluvio-alluviumdeposits.
Very wide Ca/St ratioin soil samples of alluvial hydromorphic soils may cause increase of Sr content
in vegetable food and drinking water. This may be one of etiological factors which directly or indirectly
may cause misbalance in mineral nutrition and severe diseases of a man. It worth of considering necessity
of further studies of Sr dynamic in soils under different crop production systems and how to mitigate
negative effect of natural pollution of soils with this element.

Keywords: strontium, Ca/Sr ratio, sandy soil, eolian/alluvial deposits, Kashin-Beck disease,
osteoarthritis

INTRODUCTION

Analyzing physical, chemical composition and level of fertility of sandy soils
on agricultural fields in Southern part of Republic of Chad we found that some soils
have extremely high content of strontium. Soils of this area have very specific physical
and chemical properties for they are have been formed on eolian and colluvio-alluvium
deposits. These deposits are historically very young and time to time are covered
by new wind and flood-drawn deposits. In some low places along the rivers there are
clay soils of hydromorphic type. On sandy soils at higher places farmers usually grow
corn, peanut, cassava, and taro. On lower places along the river they cultivate rice, root
vegetables, banana, and green vegetables. Commercial produce of these crops compose
main part of people’s diet.

General information known on etiological factors which may cause Kashin-Beck
disease and other diseases, mostly bone abnormalities [1, 2], led us to analyze more
deeply strontium status of sandy soils in mentioned area.

AGRICULTURAL TECHNOLOGIES AND LAND RECLAMATION 241



Haropunetii B.J1. u np. Becmuux PY/]H. Cepusa: AIPOHOMMA U 2KUBOTHOBO/CTBO. 2018. T. 13. Ne 3. C. 241—249

Chemical properties of strontium are very similar to those of barium, calcium, as
they may form same salts and basis, but being heavier strontium forms less mobile
hydroxide, what causes its accumulation in soils, plant and live organism tissue. The
origin of Sr in soils in fact is soil-forming material usually brought by wind and floods
from areas where contemporary Earth surface was an ocean bottom at Pleistocene epoch.
Ocean sediments at Tibetsy area where usually strong wind is born contain the rests
of sea acantarium (radiolarium) which is mainly composed of SrSO,. Even the present
sea weeds in oceans contain 26—140 mg per 100 g of dry matter, whereas grasses
contain only around 2—3 mg/100 g d.m. Main forms of strontium salts in sea sediments
are carbonate and phosphate. In all geochemical and biochemical processes calcium and
strontium accompanies each other. The ratio Ca/Sr in soils formed on mother rock of
eolian and alluvial sediments unavoidably determines content of strontium in soils and
plants. Of course, it worth mentioning that soils and plants may be polluted by radioactive
Sr precipitated after nuclear explosions or accidents at nuclear objects, but this is
a special case.

In any case, while evaluating qualities of soil, as an agricultural object, it worth
paying attention to total content of strontium and its ratio to calcium. It will be helpful
in finding coincidence with such diseases as Kashin-Beck and other bone abnormalities
and finding means of its prevention [2—S5].

MATERIALS AND METHODS

City Moundou is a capital of the southern province in Chad. All fields around the
city are allocated for crop production and pastures. Soils may be considered as very
young as they are formed by periodic wind-driven and alluvial deposits. With aim
to study geographical distribution of strontium in soils nine pedons up to 1...1.2 m depth
were dug. Locations of pedons excavated (see table 1) were purposely chosen to study
influence of height above sea level, hydrology, mode of soil use (arable, pasture, crops
cultivated). Having in mind to do further study on soil fertility management in this area
all pedons were GPS fixed. As there are no distinguished genetic horizons of soil profile,
samples were taken from regular layers 0...30, 30...50 and 50...100 cm. All agrochemical
properties such as pH of water and salt extractions, cation-exchange capacity (CEC),
content of total and exchangeable phosphate, calcium, magnesium, potassium in soil
samples were determined by appropriate techniques [4]. Total content of P, Ca, Sr, Fe,
Mn, Mg, K was determined using by X-ray spectrometer “Spectroscan Max G'.

RESULTS AND DISCUSSION

According to Atlas Cartographique of Chad main part of in the province belong
to three main groups, Arenosols, Ferrasols, Flivisols. Soils in pedons: # 1, 3, 4, 5, 6,
7 pertain to sandy ferritique and ferrallitic groups. Upper layers of sandy ferrallitic soils
have light brown or gray-brown color. Soils, which suffer periodic but prolong flood-
ing, have some hydromorphic features and dark gray color (pedons # 2, 8, 9). All soils
have sandy granulometric composition. Clay content in soils is in the range 2...3%, cation
exchange capacity varies from 1 to 2 meq/100g.
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Table 1
Geographical location and average content of Ca and Sr
in main soils studded in province of Moundou (Chad)
Ne Geographical location Height Total content Ca/Sr ratio
Pedon Above sea level in0—30 cm layer
m mg/kg
Sr Ca mass atomic

1 8°37/26.94” N 474 15 469 31 69
15° 59 33.28” W

2 8°35"57.96” N 400 235 827 4 7.7
16° 03’ 33.34”W

3 8°35"22.52” N 389 16 714 45 99
16° 06" 20.28” W

4 8°37/49.24” N 411 14 851 61 125
16° 05" 51.60”W

5 8°33"58.79”N 412 11 422 38 82
16° 00" 18.10”W

6 8°39"52.64” N 481 8 500 63 139
16°01738.36” W

7 8°34730.40” N 409 12 347 29 63
16° 00’ 38.06” W

8 8°32"59.59” N 396 9 381 42 95
16° 05 49.36” W

9 8° 36" 14.68” N 396 273 2310 9 19
16° 04’ 46.58” W

NB: Level of water above sea level in the river = 380 m.

Soil acidity measured in KCL extraction was in the range 3.9...5.2. Content of
exchangeable aluminum was very low (0.2...0.5 meq/100 g). Organic matter (OM)
content in soils on higher places was in the range 0.6—0.8%. In hydromorphic soils OM
content was in the range 1.1...1.3%. Granulometric composition and content of OM,
phosphorus, calcium and strontium is represented in Table 2.

Table 2
Content of OM, clay, sand and selected elements in soil layers of different pedons

Pedon Layer, OM,% Sand,% Clay,% Silt,% pH P | Ca | Sr

em H,0 KCI content, mg/kg
1 0—30 0.79 98.67 0.8 0.6 5.3 4.8 0.075 469 75
30—50 1.18 96.6 1.6 1.8 5.3 5.0 0.067 664 105
>100 0.99 95.8 3.2 1.0 4.8 4.8 0.063 796 125
2 0—30 1.13 943.0 2.6 3.4 4.8 4.5 0.086 827 1175
30—50 0.78 97.2 1.4 1.4 4.8 41 0.095 510 1170
>100 0.45 96.6 1.6 1.8 4.6 4.2 0.068 880 1035
3 0—30 1.43 99.2 0.4 0.4 5.3 5.2 0.066 714 80
30—50 0.53 98.6 0.6 0.8 5.0 5.4 0.078 246 65
>100 0.59 96.2 1.6 2.2 4.8 4.1 0.074 389 105
4 0—30 0.84 97.6 1.0 1.4 5.2 4.9 0.109 851 70
30—50 0.64 97.6 0.8 1.6 4.9 4.5 0.104 536 105
>100 0.96 99.2 0.6 0.2 4.8 4.0 0.081 263 130
5 0—30 0.58 98.6 0.4 1.0 5.1 4.6 0.096 422 55
30—50 0.71 98.2 0.8 1.0 4.6 4.0 0.080 274 85
>100 0.51 99.2 0.6 0.2 4.3 3.9 0.083 137 130
6 0—30 0.65 99.6 0.2 0.2 5.4 4.9 0.064 499 40
30—50 0.51 99.0 0.2 0.8 5.3 4.7 0.080 370 55
>100 0.72 98.2 0.4 0.6 4.8 4.2 0.080 290 75
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End of the Table 2

Pedon Layer, OM,% Sand,% Clay,% Silt,% pH P ‘ Ca ‘ Sr
em H,0 KCI content, mg/kg

7 0—30 0.85 97.8 0.8 1.4 5.3 4.5 0.087 347 60
30—50 0.45 97.8 1.2 1.0 5.1 4.2 0.076 312 75

>100 0.26 97.2 2.2 0.6 4.7 3.9 0.044 279 145

8 0—30 1.04 99.4 0.4 0.2 5.6 5.0 0.084 381 45
30—50 0.45 98.3 0.6 1.2 5.1 4.3 0.072 187 50

>100 0.52 98.0 1.2 0.8 4.8 4.0 0.068 470 95

9 0—30 1.54 95.0 2.2 2.8 5.5 4.8 0.136 | 2310 | 1365
30—50 0.84 98.0 1.2 0.8 5.3 4.3 0.075 | 1322 | 1260

>100 0.51 94.3 2.7 3.1 5.0 41 0.101 | 1249 | 1185

As other researchers found mobility of strontium very much depends on granu-
lometric composition of soil, OM content, soil acidity, calcium and phosphate content
[3, 5—7].

Eolian nature of soil formation at the area and very high content of sand allow us
to expect high risk of mobility of strontium in soil profiles and high content of strontium
in ground water.

The main goal pursued in our research was to evaluate dependence of strontium
content on physical, chemical, hydrological properties of soils used for crop production
in the province Moundou in Chad. Data presented in the Table 2 shows that the range
of strontium content in soils varies very much: from very low (8...12 mg/kg) to extremely
high (235...273 mg/kg). Low content of native strontium prevails in upper layersof most
soils on fields located on higher elevations, and which are usedfor production of corn,
peanut and cassava. It’s worth mentioning that in some soils lower layers have higher
content of strontium, what may be explained by (a) different content of strontium in
wind-brought material in previous times, and (b) by lixiviation of strontium together
with silt into lower layers of soil. But, as it has been suggested by soil scientists [1, 7],
abundance of strontium is to be compared to that of its homologous element which is
calcium. Statistical analysis of the data obtained confirms close correlation between
strontium and calcium content in soils. Content of both elements positively correlates
with amount of clay and silt in soils. But very low CEC of soils (less than 2 meq/100 g)
suggests that larger amount of these elements is in form of poorly weathered material
than in the form of extractable salts. This fact is also confirmed by absence of any correla-
tion between acidity of soils and contents of Ca and Sr in soils (Table 3).

Table 3
The Pearson’s correlation matrix among measured levels of OM,

clay and selected elements (n = 27)

Parameter | OM, % Sand,% | Clay,% Silt,% pH Total content, mg/kg
H,0 KCI P Ca Sr

OM, % 1
Sand, % 0.2397 1
Clay, % 0.1511 0.3455 1
Silt, % 0.2065 0.0118 0.6737 1
pH-H.,O 0.0600 —-0.0384 | -0.0878 0.0469 | 1
pH-KCI 0.5074 0.0118 | -0.1815 | -0.0668 | 0.0104 1
P 0.3669 0.0516 0.0434 0.4845 | 0.0654 0.1132] 1
Ca 0.5484 0.0975 0.5260 0.5851 [-0.1074 0.1914 | 0.5556 | 1
Sr 0.2512 0.3501 0.5556 0.6445 |-0.1143 |-0.190 | 0.4085 | 0.7481 |1
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Soil exchangeable acidity varies in the range from 4 to 5 units providing average
coefficient of variation around 9.6%, which is very low for the territory under study.
Calcium content in soils correlatespositively with organic matter and phosphorus content
in soils, whereas content of strontium does not show such interrelation. As other
researchers suggest, it can be governed by lesser activity of this element in biotic
system [5, 6, 8].

Nowadays it is recognized that high accumulation of strontium in human body
may cause Kashin-Beck disease, osteoarthritis and different metabolic disorders [1—4,
9—12]. That is why it is a reason of big concern for researchers, pathologists and
administration in the area. Here we do not mention negative effect of radioactive
strontium and other radio nuclides on wild life and human beings, as it is a specific
case in quite ordinary situations.

Data presented in Tables land 2 shows, that high content of Sr in soils and its
high mobility along the profile of soils should be of big concern as cultivation of food
crops may bring problems with health of people living there. Higher content of strontium
in low layers of some soils may be explained at least by two obvious factors. Firstly,
it may be caused by downward movement of strontium in sandy soils during rainy
season. Sandy soils with low content of clay and silt and, as consequence, with low CEC
are not able to hold basic elements in upper layers of soil. Wind-translocation of
weathered material from northern part of the country (Tibetsy area) is the second factor.
That area is rich in strontium-containing material originated from ocean deposits of
Pleistocene period. Lowest layers of soil may be formed from sandy deposits brought
by the North-West wind centuries before, whereas upper layers of soils have been
formed later from sand and dust delivered by wind from other directions.

Russian researchers have accumulated much information on nature of strontium
content in soils and biological tissues, its mobility in different conditions, and its
influence on health of people. They classified soils on basis of strontium content and
established level of Ca/Sr ratioin soils which may be dangerous for human being, and
find the way for soil remediation. Moreover, on basis of this data a special State regu-
lation has been adopted which classifies soils and water on basis of strontium content.
Having this information we are trying to evaluate data obtained on strontium content
in sandy soils of the province Moundou in Chad.

It has been found, that mobility of strontium depends highlyon mass or atomic Ca/Sr
ratio [1, 3, 5, 6, 10].Value of these ratios matters for assessment of strontium status of the
soils, and this value have been used in Russia for classifying soils and drinkable water
usability. For example, water which contains more than 7 mg of water soluble strontium
per one liter is not portable, and not to be used in kitchen [1, 11]. Soils which have very
low ratio total amount of Ca and Sr are not to be used for production of food crops.
In Russia and Ukraine it has been approved that soils which have Ca/Sr ratio of
extractable form is less than 140 are not suitable for agricultural production [5, 11, 13].
The reason is much recognized: such levels of strontium in water and wide ratio Ca/Sr
may cause Kashin-Beck disease, osteoarthritis, ‘strontium-caused rachitis’, other physio-
logical abnormalities [3, 4, 8, 10, 12, 14]. It is accepted that these diseases are a con-
sequence of misbalance between Ca and Sr in water and food diet, that causes displace-
ment of Ca by Sr [2, 10, 12, 14, 15].
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Very high total content of strontium in sandy soils may be the cause of exhaustible
supply of it by winds and floods. Furthermore, its mobility in sandy soils is very high.
Strontium translocation along the soil profile and sorption of this element by soil depend
on prevailing chemical composition of soil salts (sulphate, carbonate, chloride, and
phosphate; OM, clay and silt content). All these factors suggest possible measures of
soil remediation. Such measures may include enrichment of soil with organic material
[5, 6, 9], use of phosphate fertilizers [3, 6, 9, 10]. These measures may reduce transfer
factor of strontium from 0.2...0.3 to as low as 0.01...0.008 [5, 16, 17].

CONCLUSIONS

Vast majority of soils in Moundou province in Chad pertain to light sandy
Arenosols, Ferralsols, and Fluvisols, which are of low fertility. Some soils have high
content of strontium and calcium due to their formation from wind-brought materials
originated from ocean deposits of Pleistocene period. Such soils have mostly low Ca/Sr
ratio what may cause higher translocation of strontium from soil to plant and ground
water, and consequently to human nutrition chain.

Future many-side and versatile research in Chad is needed to establish correlation
between strontium content in soils, rate of transfer of this element to plant produce,
and frequency and severity of diseases thought to be caused by high accumulation of
strontium in human body.

© V.D. Nagornyy, K. Kamssou, M.U. Lyashko, 2018.
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COAEP>XAHUE CTPOHLMA B NECHAHBIX MO4YBAX
FO)KHOWU NPOBUHLUMN HAOA

B./1. Haropnsiii, K. Kamccy, M.Y. JIsmko

Hay4yHo-uccnenoBaTenbCKuil U MPOEKTHBIA MHCTUTYT «Bup IIpoext»
Onumnuiickas ya., 1 kopn. 2, Buonoe, Mockoeckas 06a., 142703, Poccutickas @edepayus

Iouss! roxxHOM npoBuHINH Yana cOpMUPOBAHBI Ha BEKOBBIX HAHOCAX NECKa, IPHUBHECEHHOTO
13 ITyCTBIHHON CeBEepHOM uacTh cTpaHbl — Caxenu, ¥ Ha OTJIOKEHUS IByX OCHOBHEIX pek Uama — Jloron
u Yapu. Orta npoBUHIIKS SBIISIETCS OCHOBHOH CeNbCKOX03s1iicTBeHHOI 30HON Yana. OneHka pu3ndecKkux
Y XUMHYECKHX CBOWCTB OTJEBHBIX 00Pa3IOB [OYB ATOW IMPOBUHIIMH BBISIBHJIA OYEHb BHICOKOE CO/ICPIKAHUE
CTPOHIIMSA B HEKOTOPBIX U3 HUX. C LENbI0 JOKATH3ALUHI MECT C BHICOKHM COZIEPKaHHEM CTPOHIIMSA B II0YBE
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U M3y4EHHs 3aBUCHMOCTH PACIIPE/ICNICHHs] 3TOr0 3JIeMEeHTa B Ipoduie IOYB ObUIO OTKPBITO 9 MOYBEHHBIX
pa3pe30B Ha Pa3IHYHBIX MOJSIX, HHTCHCHBHO HCIIONB3yEMbIX B CEIBCKOM XO3SHCTBE. JJaHHBIC aHAIIN30B
TI0YB, MOJTyYeHHBIC C UCHOB30BAHINEM PEHTTCHOBCKOTO CIIEKTPOMETPA U PaJHOMETpPa, CBHACTEIBCTBYIOT
0 IIMPOKOM BapbUPOBAHUH COJICP>KAHUS CTPOHLUS B IOUBEHHBIX 0Opasuax ot 10 1o 270 MI/Kr B 3aBU-
CHMOCTH OT THIIA TI0YB, TIyOWHBI TIOYBEHHOTO CJIOS, COACP KAHMS TIMHBI 1 OPTaHWIECKOTO BEIIECTBA.
Cozmep:kaHne CTPOHINS OTPHIATEIFHO KOPPENHPOBANO C OOMMM KONMYECTBOM KaibIms U (ocdopa
B [IOYBEHHBIX 00pasiax. Hu3kuil ypoBeHb KaTHOHHOTO OOMEHA B BEPXHHUX CJIOSIX ITOUBBI MOXKET ObITh OIHOM
U3 IPUYMH NIepEMEIEHNs CTPOHLIUS U3 BEPXHUX TOPU3OHTOB B HIbKHUE. CozlepskaHue CTPOHIUS B I10YBAX
HE 3aBHCETIO0 OT YPOBHS 00IIeHl paJHoaKTUBHOCTH H3ydaeMbIX mouB. Hanbomee BrIcOKOE comepikaHne
CTPOHIUS OBIIO BEIABICHO HA MOYBAX, COOPMUPOBAHHEIX Ha aJUTIOBHANBHBIX OTIOXKEHHAX. CremaHo
IPeNoJIoKeHNe, 4TO OYeHb Inpokoe oTHoueHue Ca/Sr B o06pa3lax ruipoMopdHbIX OUB MOXKET OBITH
IPUYNHON MOBBIIMIEHHOTO COAEPXKAHUS CTPOHIMS B PACTUTENbHBIX MPOJAYKTaX U MUTHEBOH Boje. OTo
MOXeT ObITh OTHUM (HaKTOPOB, MPSIMO HIIE KOCBCHHO BBI3BIBAIONINM IMCOATAHC B MAHEPAIBHOM IHTaHHI,
BBI3bIBAIOLINM TsDKEIIbIe 3a00ieBaHys uenoBeka. CrenaH BbIBOJ 0 HEOOXOIUMOCTHU JalbHEHIIero u3y4eHus
JUHAMUKH CTPOHLUSAX B IIOUBAX, UCIOIb3YEMBIX B PA3JIMUHBIX CUCTEMAaX 3eMJIEJEeNUs, U CHUXKECHUS
OTPHIATENHHOTO 3(P(PEeKTa eCTECTBEHHOTO 3aTPA3HEHHS IT0YB ATUM 3JIEMEHTOM.

KiroueBble cjioBa: cTpoHuui, otHoteHue Ca/Sr, necyaHnsie MOYBBI, BETPOBBIC U AJTFOBHAJIbHBIC
oTJI0XeHus, 6one3Hs KammHa, octeoapTpuT
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