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DEVELOPMENT OF TILLAGE THEORY
IN NORTHERN KAZAKHSTAN

AHHOTauus. B nocneaHue rogsl B Teopui no o6paboTke NoYBkl oTAaeTCA Npea-
noyYTeHWe HyneBbIM TeXHONMOrUAM. B cTaTbe npoaHanuaupoBaHbl peaynbTaTh
MPEXHUX U HOBbIX WCCIeaoBaHWi Mo obpaboTke MOYBbI Ha HXKHOM KapboHaT-
HOM TSDKENOCYIITMHUCTOM YepHoseMe. CpaBHeHWe BapuaHTa TpaguLWOHHOM
rny6okon oceHHen 0B6paboTKU MOUBLI C BAPUAHTOM MCKIIOUEHUS] OCEHHen 06-
paboTkK MOYBLI UMM C BAPUAHTOM HYJIEBOWM TEXHOMNOIMMM Mokasano npeumylle-
CTBO TpaauUUOHHOW 06paboTKM NouBbl B 060MX Cryyasx Grarodaps nydllen Bo-
JOMPOHMLAEMOCTU MOUBLI B Nepuog, cHerotasHus. Ona coxpaHeHust nnodopo-
Vs MOYBbI PEKOMEHAYETCA NPUMEHATb CokpalleHHble 06paboTKM MoYBbLI U Mo-
JoCcMeHHble ceBooBOopOThI, a Takke YMeHbLUEHHble MIoWaan YACTLIX NapoB.
KnioueBble cnoBa: o6paboTka nousbl, CeBepHbIn KazaxcTaH, YepHo3eM, nro-
JopoaHble NoYBbl, ceBOOGOPOTHI.

V/4

Tyningeme. CoHfbl Xblndapsbl Xepai eHaey TeopusicbiHAa Heraik TeXHomnorus-
cblHa Bacbimpablk ken Gepineni. Makanaga oHTYCTik kapboHaTTbl aybip cas
GanwbIKThl kapa ToMbIpaKThl Xepai eHaey OolbiHWA BGYpbIHFBI KeHE KaHa 3epT-
TeynepaiH HoTuxenepi TanaaHraH. XXepai kysri TepeH eHaeyaiH A4scTypni TaciniH
Xepai Ky3ri eHaeycis Hemece Henpgik TeXHoMorus TypiMeH canbicTbipy Gapbi-
cblHOa eKi xafganaa ga xepdi AscTypni eHAeyAiH apTbIKWbIMbIFLI Kap epy Kes-
iHAeri Xepre cyablH Xakcbl CiHipinyiHiH apkacbiHAa 6onaTtbiHbIH GankaTThbl.
TonblpakTblH KYHApPNbIMbIFBIH cakTay YLWiH Xepai eHaeyaiH TeMeHaeTinreH TypiH
KeHe aybicranbl eric XXyNeciH aHe Tasa nap ankanTapblH KbiICKapTyabl konga-
HY yCbIHbINagbl.

Tyninai cespep: xepai eHaey, ConTycTik KasakcTaH, kapa Tonblpak, xepaiH
KyHapnbinbiFbl, aybicnansl eric.
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7

Abstract. Recently, the zero technology in the theory of tillage is preferred. The
paper analyzes the results of previous and new research on the treatment of the
soil on the southern carbonate heavy loamy black soil. Comparison of the
traditional version of late autumn tillage with exceptions option autumn tillage or
zero technology showed the advantage of conventional tillage in both cases due
to better soil permeability during snowmelt. To preserve the fertility of the soil is
recommended to apply reduced tillage and crop rotation crop rotation and
reducing the area of pure vapor.

Key words: tillage, the Northern Kazakhstan, black soil, soil fertility, crop rotation.

Introduction

Development of the bases of conservation agriculture in northern
Kazakhstan began under leadership of A. Barayev during period of
new land development in the mid- 1950s. First studies were conducted
under strong influence of ideas on farming practices of T. Maltsev
which were officially recognized during an All-Union conference on
tillage conducted in 1954 [1]. The base of new theory of farming
practice, suggested by an agronomist from a collective farm, was
deny of existing theory of V. Williams on big role of perennial forages
in soil fertility conservation. Malstev suggested that one can maintain
soil fertility under annual crop growth provided you don't use
moldboard plows. In fact Maltsev's theory was very similar to modern
theory of No-Till. But he had no equipment for direct seeding at that
time. And he suggested removing moldboards from plow or using
disk for shallow tillage.

The first results of tillage studies in northern Kazakhstan were in
agreement with Maltsev's conclusions. They were as follows: crop
rotations with perennial forages can be replaced by grain-fallow
rotations, whereas moldboard plowing can be replaced by disks [2].

The next stage of tillage studies began after Dr. A. Barayev visited
Canada in 1956. The Canadian farming practices made deep
influence on further development of conservation agriculture theory
in Kazakhstan [3]. The decision was taken to purchase samples of
Canadian equipment for testing. This machinery became prototypes
of equipment for local conservation agriculture. In fact all new
equipment was copies of Canadian machinery. The only original

116



Hosocmu Hayku Kaszaxcmana. Ne 1(123). 2015

equipment was sweep for deep tillage because Canadian farmers
didn't do deep tillage using only blades. At that time tillage in the fall
was not used in western Canada because all wheat was sown on
summer fallow which was not tilled deep. Deep tillage in the fall was
found by us and to do that type of tillage sweep was developed.

In this paper we are going to discuss development of tillage issues
as one of major elements of farming systems. In northern Kazakhstan
tillage systems are composed from tillage in the fall or main tillage,
early spring tillage and seedbed preparation. Main tillage was studied
at many research stations and main conclusion was that the
moldboard plows should not be used for tillage and replaced by
sweeps for deep tillage and blades for shallow tillage [4]. As a result
of main tillage studies in grain- fallow rotations conducted at Shortandy
on heavy clay loam chernozem soil the conclusion was that soil should
be tilled in rotation with the sweeps and the blades.

Materials and methods

In 2002-2005 at Shortandy study was conducted in 5 year rotation
fallow-4 year wheat. The treatments included various depth of tillage
with different equipment in fallow: the moldboard plow (25-27 cm
deep), the sweep (25-27 cm deep) and the blade (12-14 cm deep).
The tillage in the fall on stubble land included various combinations
of tillage with the sweep, the blade and no tillage. For the first crop
after fallow 4 year data was obtained, for the second, third and fourth
crop after fallow 3, 2 and 1 year data was obtained respectively. On
all treatments of tillage in the fall early spring tillage was done using
a needle harrows and sowing with a cultivator-drill.

In other study in 2002-2005 three tillage treatments were tested
in 4 year rotation with fertilizers (15 kg/ha of P205 and 30 kg/ha of N)
and without fertilizers. Treatments of tillage in the fall were deep (25-
27 cm deep), shallow (12-14 cm deep) and no tillage. Across all
treatments of tillage in the fall early spring harrowing and sowing with
the cultivator-drill was done.

In 2009-2012 traditional tillage was compared with no-till for barley
crop sown after wheat. Traditional tillage was done 25-27 cm deep,
in winter snow ridging was made to collect snow, in early spring
harrowing was done with the needle harrows and sowing was done
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with the cultivator-drill in the second half of May. No-till plots were
seeded directly without any tillage.

Results

The results of the first trial conducted in 2002-2005 have shown
that tillage method and its depth significantly affected spring wheat
yield (Table 1).

Table 1

Tillage method Crop after fallow and number of years
On fallow | Onstubble | 1(yr) | 2@yn | 3@y | 41y

sweep Rotating 2.41 1.98 1.81 1.68
sweep Blade 2.31 1.96 1.81 1.71
sweep No tillage 2.30 1.84 1.59 1.50
Blade Blade 2.28 1.95 1.69 1.61
Blade No tillage 2.28 1.75 1.65 1.48
Plow Blade 2.51 2.22 1.84 1.65
Plow No tillage 2.51 2.24 1.68 1.53

Four year data have shown that in the first year after fallow there
was advantage of plowing deep in fallow year. This can be explained
by improvement of nutrition regime because during several years of
conservation tillage top soil becomes more fertile and placing it to
deeper horizons gives positive result. Besides, intensive tillage
facilitates nitrogen production from soil organic matter.

In the second year after fallow one can see advantage of deep
plowing in the fallow year irrespective of tillage method on stubble.
No tillage in the fall on stubble land made negative result on crop
yield. The wheat yield reduction was more remarkable after shallow
tillage in the fallow (10%) as compared to deep tillage in the fallow
(6%).

In the third year after fallow the best treatment was shallow tillage
both after sweep and plow in the fallow year. Shallow tillage conducted
over three years gave yield reduction by 7% as compared with rotation
of deep and shallow tillage. No tillage in the fall after plowing in the
fallow year reduced yield by 9% as compared with shallow tillage. No
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tillage in the fall after deep subsurface tillage by the sweep reduced
wheat yield by 12%. One of the reasons of poor yields on no tillage
can be explained by higher bulk density. It was 1.01-1.17 g/cm? after
traditional tillage against 1.13-1.25 g/cm3 on no tillage. The infiltration
of snowmelt water may be reduced on more compacted soil. Besides,
infiltration of snowmelt water was improved remarkably when soil was
tilled deep in the fall leaving big cracks in the soil. The weed infestation
was also increased on no tillage plots. Tillage in the fall also improvise
decomposition of nitrogen in soil organic matter.

On the fourth year after fallow also the lowest grain yields were
noted when soil was left in the fall with no tillage.

Economical assessment of tillage methods has shown that lowest
cost of production was when soil was shallow tilled or left with no
tillage in the fall. In all, profit margins was highest in the system
including plowing in the fallow year combined with no tillage on the
stubble land.

In the second experiment in the same years three tillage
treatments were tested in the four year crop rotation of summer fallow
with wheat. In this trial soil water storage in 0-100 cm soil layer prior
to sowing of spring wheat was 108 mm on no tillage compared with
119-126 mm in soil tilled in the fall. Again this data indicates on
necessity of tillage in the fall for better snow melt water infiltration.
This result is in conformity with previous research on southern heavy
clay loam chernozem.

Analysis of nitrates content in 0-40 cm soil layer prior to sowing
spring wheat has shown that on no tillage in the fall treatment
reduced amount of nitrates was observed as compared with deep
or shallow tillage in the fall from 82 to 38 mg/kg of soil. Thus reduction
of soil moisture and nitrates caused reduction of spring wheat yield
(Table 2).

In the first year after fallow there was no difference in grain yields
between shallow tillage and no tillage in the fall whereas deep tillage
gave lower yield both with fertilizers and no fertilizers. But on the
stubble land no tillage in the fall reduced grain yield remarkably as
compared with tilled soil with greater difference on non-fertilized plots.
On the second and third years after fallow no tillage in the fall reduced
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Table 2

Spring wheat yield as affected by tillage in the fall and fertilizer
application, t/ha (average for 2002-2005)

Year after fallow

Tillage in the fall first second third
fertilizer | no fertilizer | no fertilizer | no
Deep 1.82 1.77 1.95 1.65 1.62 1.43
Shallow 1.93 1.89 1.84 1.60 1.64 1.48
No tillage 2.00 1.92 1.70 1.33 1.37 1.18

wheat yield compared with shallow tillage by 8-17% on fertilized plots
and by 17-20% on non-fertilized plots.

Later on in 2009-2012 traditional tillage was compared with no-
till on barley sown after wheat. The plots were continuously tilled as
traditional and no-till since 2006. Traditional tillage included deep
tillage with the sweep in the fall, snow ridging in winter, early spring
harrowing and seeding with the cultivator-drill while no-till plots were
direct drilled continuously on tall stubble. Barley yields were in favor
of traditional tillage in all years (Table 3).

Table 3
Barley yield as affected by tillage technologies, t/ha
Tillage Year Average
2009 | 2010 | 2011 | 2012
Traditional 4.04 1.65 4.13 2.20 3.01
No-till 3.89 1.32 4.03 1.91 2.79

This can be explained similarly as it was observed in previous
research on tillage in the fall by better snowmelt water infiltration on
deep tilled soil. It is especially important when snow ridging was done
to collect more snow. In two years out of four advantage of traditional
tillage was significant. These two years were extremely dry and
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advantage in water storage prior to sowing was more critical during
long drought in June and first half of July.

Discussion

Comparison of tillage in the fall methods in two trials on heavy
clay loam soil has shown advantage of deep tillage. Improved
snowmelt water infiltration in early spring during thawing of snow was
major reason for better soil water storage prior to sowing spring wheat.

When shallow tillage in the fall was compared with no-till for two
varieties of dry pea and under three seeding dates of spring wheat in
2006-2008 on average there was no significant difference in crop
yields [5,6] In 2009-2012, when no-till was compared with traditional
deep tillage in the fall barley yield advantage was in favor of traditional
tillage especially profound in extremely dry years when difference in
soil water storage prior to seeding of barley was critical. In other words
advantage of deep tillage in the fall was observed both against no
tillage in the fall and no-till.

In Kostanai area on sandy loam chernozem soil minimum tillage
had advantage against deep tillage in the fall [7]. Later on no-till was
tested and it provided higher wheat yields as compared with traditional
deep tillage This can be explained by good snowmelt water infiltration
on untilled light textured soil whereas soil moisture conservation was
better on no-till.

Main advantage of no-till is soil fertility conservation. It is obvious
that no-till leads to slower decomposition of soil organic matter. But
role of no-till in conservation of soil fertility should not be
overemphasized. In the studies at Shortandy (l.A. Vasko) mulching
with straw was done at rates 2 and 4 t/ha during three times 4 year
rotation of fallow-3 wheat. After 12 years of trial at two rates of
mulching, organic matter content in 0-10 cm soil layer, increased from
3.52% up to 3.69 and 4.10% respectively, and in 10-20 cm layer from
3.30% up to 3.3 and 3.65% respectively. But nobody will transfer
straw from one field to another to accumulate thick mulch layer. One
should remember that average wheat yield in the region is about 1-
1.2 t/ha. Thus in addition to reduced tillage one should introduce
diversified crop rotations with less summer fallow area instead of wheat-
fallow monoculture.
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Long-term comparison of no-till with traditional tillage was carried
out in the prairies of western Canada [8,9]. It should be noted that
Canadian farmers never practiced deep tillage. If tillage in the fall
was done heavy duty cultivators were used for this purpose. Besides,
additional nitrogen fertilizer was applied on no-till plots. Under this
conditions no-till had some advantage against traditional tillage in
long-term trials. Widespread adoption of no-till in western Canada is
associated not so with yield advantage but as the way to move away
from fallow-wheat system and conserve better soil fertility.

Conclusions

1. Comparison of results of studies with no tillage in the fall with
later studies with direct seeding shows many similarities in conclusions.

2. On heavy clay loam soil in most cases deep tillage in the fall
is needed to facilitate snowmelt water infiltration especially when snow
ridging is done for snow accumulation.

3. On sandy loam soil both no tillage in the fall and direct seeding
had advantage against traditional deep tillage.

4. Reduced tillage and no-till are important for soil conservation.
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