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Abstract

Improvement of technology of cultivation of maize in The Northern Kazakhstan was based on
the principles of soil-protective arable farming and harvesting silage was the main purpose.

The advanced technology with the use of early-maturing hybrids (FAO (Food and Agriculture
Organization) 150...199) on the basis of minimizing of the technological cycle has been developed
in The North Kazakhstan Research Institute of Agriculture in the period from 1997 to 2015. The
average output of absolutely dry substance for this period was 4.8 t/ha, that is 45.1% higher than in
the previous period (1987-2008).

However, the advanced technology, based on the cultivation of the only silage crop
(monoculture) can not exclude a sharp decrease of the yields in droughty years and in years when
the summer is short and cool.

The silage conveyor as an alternative for monoculture of maize was substantiated by the
selection of crops with different biological requirements for growth conditions. The yields of crops
of the silage conveyor (sunflower - maize - sweet sorghum) was 5.14 t/ha (absolutely dry
substance), that is 0.73 t/ha higher than the yields of monoculture of maize in the period from 2016
to 2019.

Key words: maize, silage, productivity, the cultivation technology, the Northern Kazakhstan.

Introduction

Maize cultivation in the northern regions of Kazakhstan originates from the 1950s when the
maize began to sow to produce silage. The large areas were sowed for the first time (more than 75
thousands of hectares) in 1954 and the areas about 1.5 miIn hectares that are 2/3 of the total area of
Kazakhstan were sowed in the next 5 years [1,2].

Large-scale introduction of maize and implementation of tilled farming system were carried
out simultaneously. The maize field was the main field in crop rotations in this farming system [3].

The introduction of maize was carried out rapidly and over the large areas, so the zonal
features of the new region of cultivation were not taken into account. Agricultural techniques, the
system of agricultural implements and hybrids of maize were carried over unchanged. Agro
techniques were based on late-ripening hybrids and the use of moldboard plowing, disk plough-
harrows and checkrow planting ensured the ability of two inter-row processing in two directions
during the period of vegetation.

Such unreasonable transfer of a tilled technology into the steppe zone, not protected from
destructive influence of wind, led to the widespread deflation and systematic damage of the plants
in the fields [4,5].

The agricultural science has faced a challenge of development of soil-protecting activities to
overcoming destructive influence of drought, wind erosion. These methods will guarantee the
preservation of soil fertility.

However, there were positive results. A practical expediency and economic efficiency of
cultivation of maize to harvest silage on the basis of imported seeds has been proven during the
period of introduction of maize in the Northern Kazakhstan. [6-8].
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Dairy farming was now based on a fundamentally new type of feeding in virgin areas. The
basis of the ration was silage and concentrates [9].

Scientific research of that period lasted until 1996. Soil-protective technologies were specified
for each agricultural zone. The main tasks of the scientific research were to protect the plants in the
fields from wind erosion and a decrease in the amplitude of fluctuations of the yields of maize.

Researchers of the Northern Kazakhstan have proven that maize is not a tilled crop and there
IS no need of continuous loosening of row-spacing [10,11].

Agro-physical parameters of the soil after plowing do not meet the biological requirements for
the growth of maize. This fact was experimentally determined for the first time in the conditions of
Northern Kazakhstan. When the density of the soil in the rooting zone is 1.05...1.1 g/cm3, the
optimum water, air and food mode for the root system is created [12,13], whereas after the plowing
it is 0.9...0.95 g/cm3. Full substantiation of this theory was given by scientists of Agrophysical
Scientific and Research Institute (Russian Federation) and in the countries of Western Europe
[14,15].

Materials and methods

The trends in change of the yields for the years 1979-1996 were determined on the basis of
statistical reporting in the administrative districts, which are included in the appropriate agricultural
zone. Mathematical processing of data was performed by the method of equal squares [16].

The analysis of the chemical composition of the biomass was performed according to the
conventional technique:
the protein content - by the method of Kjeldahl;
the determination of cellulose - by the method of Ganneberg-Shtoman;
the determination of sugars - by the centrifuge micromethod of Bertrand-Bieri;
the determination of crude fat - by extracting with ethyl ether;
the definition of carotene - on the SF-596 spectrophotometer.

Results and discussion

Soil-protective farming system included new crop rotations with the group of crops "corn-
wheat". The highest yield (absolutely dry substance) per 1 ha was obtained in this group.

Wide-row method of sowing (70 cm) has become an alternative to a checkrow sowing, where
the integrated protection of maize was carried out by applying of soil herbicides and surface
treatment the most littered plots on the field.

A distinctive feature of the soil-protective technologies that were being developed already
now at the zonal level, is to minimize a technological cycle by consolidating of manufacturing
operations, increasing the width of capture of units and decreasing of the depth of processing.

We carried out a comparative assessment of energy consumption for a tilled technology
(during the period 1979-1996) and for a soil-protective technology (during the period 1997-1996) at
the experimental field of The North-Kazakhstan Scientific and Research Institute of Agriculture.
The experimental field is located in agricultural steppe zone of the Northern Kazakhstan.
Abandoning the plough began to use the cultivator and this has led to increased productivity of
labor and to reducing of material resources. The maize seeder has been upgraded for stable
operation after treatment of the ground with a cultivator and performed a number of operations in a
single pass: seed placement, fertilizing, introduction of soil herbicides and soil loosening in the row
zone [17].

Thus, the number of passes on the field has decreased almost by half (Table 1).

A labor costs per unit of area has decreased accordingly. The average yield for the period of
improving of soil-protective technology (1987-1996) increased 1.5 times in comparison with the
previous period (1979-1996) and amounted to 3.3 t/ha (absolutely dry substance).

However, soil-protective technology did not guarantee an annual maturation to milky-wax
ripeness. Only in this phase maize is the standard raw material (more than 25% of absolutely
dry substance) for the production of high-quality silage [18]. There are not enough effective
temperatures for late-maturing hybrids to reach the milky-wax ripeness until the autumn frosts in
the climatic conditions of the Northern Kazakhstan.
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Table 1 - The technological cycles in the different periods of cultivation of maize at the
experimental field of the North-Kazakhstan Scientific and Research Institute of Agriculture

Technology
Technological operation Tilled Soil-protective
(1979-1996) (1987-1996)
Ploughing + -
Treatment of the ground with a cultivator — +
Harrowing with spike-tooth harrows + -
Harrowingwithneedleharrows — +
Treatment of the ground by disk plough-harrow before + B
sowing
Treatment of the ground with a cultivator before B 4
sowing
Packing soil before sowing + —
Checkrow planting + —
dotted sowingwith fertilizers and herbicides — +
Packing soil after sowing + —
Double harrowing ++ ++
Treatment of soil in row-spacing + +
Treatment of soil in row-spacing with introduction of + B
fertilizers
Treatment of soil in row-spacing crosswise the et B
direction of sowing, 2 passes
Treatment of plants with herbicides + -
Harvesting + +
Thenumberoftreatments 14 8
The average yield for the period, t/ha 2,2 3,3

The dynamics of the yield of maize in selected agricultural areas during this period and
quality of the yield can be seen in a typical example of the North-Kazakhstan region. We analyzed
the maize cultivation in the region by the equal squares method during the 17-year period. As
convincingly demonstrated by mathematical analysis (table 2), in all agricultural areas during the
period of years 1979-1996 the transition to soil-protective technology has affected on the trend of
growth of the yields, expressed as a positive value of the parameter x (average annual factor).

Table 2 - The tendency in dynamics of the yield of maize in agricultural areas of the North-
Kazakhstan region (during the period of years 1979-1996)

The tendency in Yield
Agriculturalzone dynamics of the Nat_ur_al Absolutelydrysubstan_ce
yield humidity, Concentration, % Yield,
t/ha ' t/ha
Moderately arid steppe 92,6 +4,4 x 14,9 20,4 3,03
Arid steppe 76,0 +5,5 x 13,2 23,0 3,03
Forest-steppe 112,0 +1,5 x 13,6 21,4 2,91
Hilly steppe 121,0 +2,7 x 15,6 19,5 3,04
Steppe on chernozem soils 105,0 +2,3 x 13,4 19,2 2,57
Steppe on chestnut soils 37,9 +2,2 x 7,09 20,0 1,41
Experimental field of The
North-Kazakhstar! Scientific 160.3 +5.7 x 226 231 5,22
and Research Institute of
Agriculture (hilly steppe)
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Despite the fact that high technological discipline was maintained on the experimental field,
as evidenced by the highest yield here, there was no guarantee for the milk-wax ripeness also on
this field. The concentration of absolutely dry substance was lower than 25% that did not provide a
producing of high-quality silage.

The concentration of absolutely dry substance in mid-season hybrids (FAO 200...250) which
have been approved for use in the Northern Kazakhstan was reaching 20...23% before the first frost.
The main cause of low-quality silage is the biomass with high humidity.

Since 1997, the team of scientists of The North-Kazakhstan Scientific and Research Institute
of Agriculture started to develop an improved technology. This technology was based on the
introduction of early-maturing hybrids (FAO 150...199).These hybrids had milky-wax ripeness
every year in this region [19].

The yield of early-maturing hybrids was higher than that of the mid-season hybrids, as was
proven by our research and confirmed by verification in production.

It is well known that the maximum daily gain of maize falls on the phase of milky-wax
ripeness and significantly exceed the rates of all the previous phases [20-22].

Early maturing hybrids grow intensively 12...15 days until frost, while for the mid-season
hybrids this period is 1-3 days and is interrupted by frost. Therefore, the mid-season hybrids who
have a higher potential of productivity in comparison with the early-maturing hybrids, inferior to
them in the yield of absolutely dry substance in the short summer.

The average yield for the 1997-2005 period was higher (advanced technology) than for the
prior periods (Fig.1).
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Figure 1 - Dynamics of the yield of maize in the experimental field of The
North-Kazakhstan Scientific and Research Institute of Agriculture as shown by the periods of
cultivation

However, the improved technology does not guarantee the annual high yields in difficult
climatic conditions of the Northern Kazakhstan. Maize was the main silo crop in the region, other
silage crops occupied 6...17% of the total area. Therefore, fluctuations in yield depended only on
one culture. Maize harvest is increasing slowly in years with cool summers; the moisture content of
the plants will be high. Maize also gives low yields in dry years (Table 3).
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Table 3 - The amplitude of fluctuations of yield of maize in the experimental field of The
North-Kazakhstan Scientific and Research Institute of Agriculture

The sum of | The amount of Absolutely The
Year temperatures precipitation The period without dry decrease
above +10°C, | (May-August), | effective rainfall,(days) | substance, in yield,
°C mm t/ha t/ha
1997 1775 132,2 30.VI-7.VII (37) 3,0 1,8
1998 2120 129,3 27.V1-10.VII (15) 57 -
1999 2178 133,1 27.V1—-21.VIII (51) 2,0 2,8
2000 2077 304,2 29.V —15.VI (16) 7,3 -
2001 2124 132,2 31.V - 7.VII (37) 4,2 0,6
2002 1890 2814 8.VI-21.VI (12) 7,6 -
2003 1951 238,9 3.VI-5.VII (32) 4,0 0,8
2004 1960 287,6 20.VI—-7.VII (16) 5,8 -
2005 1627 122,4 20.V1 -9.VII (19) 3,7 1,1
2006 1886 219,0 21.VI-8.VII (16) 4,8 -
2007 2230 144,0 17.VI-5.VII (18) 4,7 0,1
1997-
2006 1983 194,5 (24) 4,8

Note: Rainfall of more than 5 mm per day classified as effective

To the main silo crop needs a set of other cultures for a particular agricultural zone. This set
of other cultures will reduce the fluctuations of annual yield. Average yield of these crops should be
higher than the yield of maize. In this case, we obtain the optimal set of crops.

The optimal period for harvesting of maize corresponds to the phase of milky-wax ripeness
and lasts 8-10 days. In fact, this period lasts 18-20 days, if maize is a monoculture. Therefore,
harvesting silage ends, usually at subzero temperatures, which affect the quality of biomass. Typical
results were obtained by us in 2006, when the first frost was on August, 26 (Table 4).

Table 4 - Chemical composition of maize in different periods of harvesting (2006)

Indicators of the quality of Unit of Period of harvestmg .
the yield measurement | Milk ripeness Milky-wax ripeness
Before the frost | After the frost
Date of sampling 20.VIII 25.VIII 30.VIII
Humidity % 79,3 75,3 77,8
Absolute dry substunce % 20,7 24,7 22,2
Including

Protein % 3,0 2,6 2,5
Fat % 0,4 0,8 0,2
Cellulose % 7,4 6,9 11,5
Nitrogen-free extractives % 8,0 12,6 6,6
Ash % 1,9 1,8 1,4
The amount of carotene mg / kg 23,5 15,9 8,6

The researchers had to find the set of crops in the system of silage conveyor to decrease the
amplitude of harvest variations in years with extreme conditions. At the same time maize should
remain the main silo crop. The results of the research (2011-2019) showed that in years with cool
summers, when the number of active temperatures is insufficient, sunflower gives the greatest yield.
The yield of sugar sorghum is much greater than yield of maize and sunflower in dryland conditions
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when the period of vegetation is prolonged. The yield of maize, sweet sorghum and sunflower differ
from each other and depended on the period of harvesting (Table 5).

Table 5 - The yield of silage crops by calendar dates(absolutely dry substance), t/ha

Year Date of harvesting
August, 20 | August, 25 | August, 30 | September, 5
Maize (control)
2017 18,2 40,1 48,0 -
2018 30,2 62,3 68,4 -
2019 24,6 50,3 55,5 -
2017-2019 24,0 50,2 57,3 -
Sun flower
2017 59,1 65,2 - -
2018 38,3 45,0 - -
2019 49,5 56,9 - -
2017-2019 48,0 55,0 - -
Sweet sorghum
2017 19,3 24,5 26,3 38,5
2018 24,5 36,0 47,6 69,2
2019 22,4 35,2 44,7 62,4
2017-2019 21,0 31,2 39,6 56,7

Yield of sunflower, compared with yield maize and sorghum, has the maximum value on the
25 of August. Because the maize has not reached milk-wax ripeness yet, as well as sorghum has not
reached the stage of flowering. Maize has reached milky-wax ripeness on the 30 of August, and on
this day the yield of maize was higher than that of sunflower and sugar sorghum. In turn, sweet
sorghum has reached its maximum yield in the first five days of September.

The interpretation of these data allows to calculate the yield of silage crops in the system of
silage conveyor, if the harvesting period will fit: for sunflower - August, 20...25 (flowering stage);
for maize - August, 26...30 (milky-wax ripeness), sweet sorghum - August, 31 ... September, 5
(flowering of panicles).

We compared the average yield of crops in the system of silage conveyor (maize, sunflower
and sugar sorghum) with a yield of monoculture of maize over 3 years (2017-2019). It was found
(table 6) that the amplitude of fluctuation of yield for the monoculture of maize higher from year to
year. The average yield of monoculture (2017-2019) was lower, because the harvesting period was
prolonged. Harvesting of monoculture of maize began before reaching the milk-wax ripeness.

Table 6 - Comparison of different systems for the production of silage

The system of the production 2017 2018 2019 2017-2019

Monoculture of maize, t/ha 3,54 5,36 4,34 4,41
The deviation from the mean value

t/ha -0,87 +0,95 - 0,07 -

% -19,7 +215 -15

The system of silage conveyor, t/ha 4,61 551 5,32 5,14
The deviation from the mean value

t/ha -5,53 0,37 0,18

% -10,3 +7,1 +3,5
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The yield of crops in system of silage conveyor will be higher if corn, sunflower and sweet
sorghum will not occupy equal areas. They should occupy the acreage according to the probability
of occurrence of certain weather conditions.

It was established by us that the number of years with high solar activity and prolonged
summer in the hilly-steppe zone was 8 of 30 (1971...2000).Therefore, the acreage of sweet
sorghum should be no more than 25%, which corresponds to the theoretical frequency of coming of
favorable years. The theoretical frequency of coming of favorable years for sunflower corresponds
to 25-27%

Conclusion

Scientific search has developed from tilled technology to soil-protective and further to
advanced technology on the principles of the increasing yield, the quality of yield and minimizing
of the technological cycle during the 5 decades of cultivation of maize in the Northern Kazakhstan.

The average yield was 4.8 t/ha (absolutely dry substance) over the years of the introduction of
improved technology (1977-2007) at the experimental field of the North-Kazakhstan Scientific and
Research Institute of Agriculture. Yields increased 2.2 times compared to the tilled technology
(1979-1986). Labor costs decreased 4.9 times per 1 ton of product.

Silage conveyor was developed on the basis of the set of crops, which supplemented maize,
for production of sustainable by years raw material silage. Yields of maize as a monoculture for
production of silage amounted to 4.41 t / ha during 2017-2019, that is 0.73 t / ha less than the
average yield of crops of the system of silage conveyor (sunflower - corn - sugar sorghum). The
amplitude of fluctuation of yield decreased from 19.7% (monoculture) to 10.3% (silage conveyor).
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COJITYCTIK KABAKCTAH/IA KYTEPIHIH OHIM/ILIITT

Anoamna

Conrycrik Kazakcranga »xyrepi ecipy TE€XHOJOTHSCBIH JKETLIAIPY TOMBIPAKTHI KOPFAUTHIH
€riH IapyallblUIbIFbl KaFUJaTTapblHa HET13/1€M1/11 )KOHE HEeT13r1 MaKkcaThl CypiieM JaiibiHaay OOJbl.

Contycrik Kazakcran aypll MIapyamibUIBIFBI FBUIBIMH-3€PTT€Y MHCTUTYTHIHAA 1997-2015
KbUIAp apajibIFbIHA epTepeK JKeTuly OylaHAapblH NaiijjalaHa OTBIPBIT O3BIK TEXHOJIOTHUS
azipnenai (PAO) 150... 199) TexHOMOTUANBIK LIMKIABI OapblHIIa a3aiTy HeriziHzae. Ochl Ke3eHae
MYJIIEM KYpFakK 3aTThIH opTalia eHjipici 4,8 T/ra Kypazsl, Oys eTkeH ke3eHre (1987-2008 xbpuiaap)
Kaparanga 45,1% -ra xorapsbl.

Anaiiia Kanfbl3 CypsieM JaKblUIblH (MOHOJAKBLI) ©Cipyre HETi3JeNreH O3bIK TEXHOJIOTHUs
KYaHIITBUIBIK SKBIIAAPBI JKOHE jkKa3 KBICKA JKOHE CaJKbIH OOJIFAaH JKbUIIAPBI OHIMIUTIKTIH KYPT
TOMEH/ICYiH JKOKKa ILIbIFapa aJMaiibl.

Cypriem KoHBeHepi KyrepiHiH MOHOJIAKBIIIBIHA OajamMa PETiHAe oCy KaFAaiibiHa KOWBIIATBIH
OpTYpJli OMONOTHSUIBIK TajlanTapbl Oap HakbUIIapAbl ipikTeyre HerizgenreH. Cypiem KoHBelepi
(xyHOaFBIC - )Kyrepl — KaHTTHI IIai *Kyrepi) JakbUIIapbIHbIH OHIMALTIT 5,14 T/ra (MyJaaeM Kyprak
3aT) Kypajsl, sFHU 2016-2019 xpiiaap apanbiFbIHAA KYyrepi MOHOJaKbUIbIHAH 0,73 T/Ta jKOFaphl.

Kinm ce30ep: xyrepi, cypiem, eHIMILUTIK, ecipy TexHomorusicel, Contyctik Kazakcras,
KYpFaK 3aT, aCThIK.
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IMPOAYKTUBHOCTD KYKYPY3bl B CEBEPHOM KA3AXCTAHE

Annomauus

CoBepIlIeHCTBOBAaHUE TEXHOJOTUU BO3JeNbIBaHuA KyKypy3sl B CeepHom Kazaxcrane
0a3upoBajoCh HA MPUHLHUIIAX MOYBO3AIKUTHOTO MaXOTHOTO 3eMJIe/IeNsl U OCHOBHOM IENbI0 ObLIO
3aroTOBJIEHHUE CUJIOCA.

B CeBepo-KazaxcTtaHCKOM Hay4HO-HCCIIEIOBATEILCKOM HHCTHTYTE CEIBCKOrO XO3siicTBa B
nepuoa ¢ 1997 no 2015 rox pa3paboraHa nepenoBas TEXHOJOTHSI C MCIOJIb30BaHUEM THOPHUIOB
pannero co3peBanuss (PAO) 150... 199) Ha ocHOBE MHMHMMH3AIMH TEXHOJOTHYECKOTO ITHKJIA.
Cpennsisi BBIpaObOTKa aOCOIOTHO CYXOTO BEIIECTBA 3a 3TOT Mepuoja cocraBmwia 4,8 T/ra, 4To Ha
45,1% Bbitne, yem 3a npeasiayiumii nepuosa (1987-2008 roasr).

Onnako mepenoBas TEXHOJIOTHS, OCHOBAaHHAs Ha BBIPAIIMBAHUU €IMHCTBEHHOW CHUIJIOCHOU
KYIbTYpbl (MOHOKYIBTYpBI), HE MOXET HCKIIUYUTh PE3KOTr0 CHIKEHHUS YpOXKAHOCTH B
3aCyIUIMBBIC TO/IBI U B TOJIbI, KOTJA JIETO KOPOTKOE U MPOXJIATHOE.

CunocHbIil KOHBeWep B KauecTBE aJbTEPHATUBBI MOHOKYJIbTYPE KYKYpy3bl ObLI 00OCHOBaH
OTOOPOM KYIBTYp C pa3IUYHBIMH OHOJOTHYCCKHMH TpPEOOBAHHUSIMH K YCIOBHSM POCTa.
YpoxailHOCTh KyJIbTYp CHIJIOCHOTO KOHBeiepa (MOACONHEYHUK - KyKypy3a - CIAJAKUH COpro)
cocraBimsuia 5,14 T1/ra (aOCONMIOTHO cyXxoe BemecTBo), To ectb Ha 0,73 T/ra BbINIC ypoOXKacB
MOHOKYJIBTYPBI KyKypy3bl B iepuos ¢ 2016 o 2019 roa.

Kntouesvle cnosa: xykypy3a, CHIOC, MPOAYKTHBHOCTb, TEXHOJOTUS BO3/CIIbIBAHUS,
Cesepnbiii KazaxcraH, cyxoe BeIIecTBO, 3€pHO.
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