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Abstract. The main limiting factor for increasing yields in the arid steppe conditions of Northern Kazakhstan is moisture.
Shoots are usually uneven due to the lack of moisture at the initial stage of their growing. The main source of moisture in
this period is winter precipitation. Currently, the following methods of winter precipitation moisture accumulation are used
in North Kazakhstan: leaving high standing stubble, seeding coulisses on pure fallow fields, herbicide (chemical) fallow
field, snow ridging, harvesting of crops with continuous combining; and forming stubble coulisses. The most preferable
way of increasing snow moisture accumulation is the formation of stubble coulisses that can be done in two ways. (Research
purpose) Efficiency evaluation of the ways of forming stubble coulisses. (Materials and methods) Agroengineering and
technological evaluation is used as a main research method of different ways of forming stubble coulisses, which is followed
by the selection of a more preferable way. (Results and discussion) It has been found that in snowy winter both ways of
forming stubble coulisses — with alternative passes of a direct combining reaper and a stripping reaper and using a direct
combining reaper with a stripper adapter — have shown the same results. However, when there is a little snow in winter,
the second way provides more intensive snow accumulation. (Conclusions) It has been experimentally found that using the
direct combining reaper with the stripper adapter decreases labour inputs by 17.8% and total costs by 23.8% as compared
to the formation of coulisses by using sequential passes of the direct combining and the stripping reapers. It has been found
that the formation of stubble coulisses every 5-9 meters along with in-line para-plowing at a depth of up to 35 cm provides
the highest yield increase of in snowy winter as compared to the conventional ways of moisture accumulation.
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Pedepar. I1oBbinennio yposxkaifHOCTH B YCIOBHSAX 3acynumnBoii crenn CeBepHoro KasaxcraHa mpemsaTCTBYeT OTCYTCTBHE
Biaru. M3-3a ee HeocTaTKa B MOYBE B HAYANIBHBIN NEPHO]] BETETAlMK 324ACTYIO MONYYAIOT HEAPYXKHbIE 1 U3PEKEHHbIE
BCX0/1bI. OCHOBHOM MCTOYHHUK BIIATH B TIOYBE B 3TOT IIEPHO]] — 3UMHHUE 0caaku. {1 X HaKoruieHus Xo3siicTBa CeBepHOTO
Kazaxcrana mpyMeHSIOT pa3uyHbIe CIIOCOOBI: OCTABJIEHHE BHICOKON CTEPHHU; MOCEB KYJIUC HA YUCTBIX Mapax; repOniu-
HBIH [ap; MEXaHUYECKOE CHET03aIEPKAHNE; 0UEC CETbCKOXO3IHUCTBEHHBIX KYIBTYP B YOOPOUHBIH nepuo, hOpMUpOBAHIE
crepHeBbIX Kyiuc. [Ipeanmoutenne oTnanT HOPMUPOBAHHIO CTEPHEBBIX KYJIUC ABYyMs criocobamu. (Llens ucciedogarus)
OueHuTb 3¢ (HEeKTUBHOCTH CIIOCOO0B (HOPMUPOBAHUS CTEPHEBBIX KyIHC. (Mamepuanst u memodst) IIpuMEHSIN arpoTeXHU-
YECKYIO U IKCIUTyaTAIlMOHHO-TEXHOIOTUYECKYIO OIIEHKY Pa3HBIX COCO00B (hOPMHUPOBAHHS CTEPHEBBIX KYIIHC C MOCIENY-
IOIIUM BBIOOPOM HauOoJIee MPeAOYTUTEIbHOTO BapuaHTa. (Pesyavmamsl u 06cyscoenue) YCTaHOBUIM, UTO B CHEXXHbIE
3UMBI CIOCOOBI POPMUPOBAHMUS CTEPHEBHIX KYITHIC YEPEAYIOMMMH IIPOXOIAMHU Xe/lepa U OUeCHIBAIONIEH KATKHU, U TPUMe-
HEHHIEM XeJlepa C OYECHIBAIOIINM a/IANITePOM MOKA3aId PABHO3HAYHbBIE PE3YIbTAThl. B MalOCHEXKHBIE 3UMBI BTOPOIl Ba-
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pUaHT obecrieunst Haubobllee HaKoIIeHue cHera. (Bvigoost) IloaTBep AU SKCIIEPUMEHTAIBHO, YTO TPUMEHEHUE Xere-
pa ¢ OYECHIBAIONINM aJaNTEPOM CHIKAET 3aTpaThl TpyjAa Ha 17,8 mporieHTa, a COBOKYITHbIE 3aTpaThl — Ha 23,8 mporeHTa
10 CPAaBHEHHUIO CO CITOCOOOM (DOPMHUPOBAHMS CTEPHEBBIX KYJIUC COUETAHMEM MPOXOOB XeIepa W OUeChIBAIONIEH KaTKH.
YcraHoBuim, 4To (GOPMHUPOBAHUE CTEPHEBBIX KYIIUC C MEXKYIUCHBIM PACCTOSHUEM 5-9 METPOB B COUETAHHMH CO IIIENeBa-
HHEM Ha FJ'Iy6I/IHy 0 35 CAHTUMETPOB 06CCHe‘{I/IBa€T HaI/I6OJ'H)H_IyIO HpI/I6aBKy Ypoxas B CHE)KHBIC 3UMbI II0 CPABHEHUIO C

U3BECTHBIMU CIIOCOOAMHU HAKOIUICHUS BJIary.

KroueBbie ciioBa: 3aCyXa, MOYBECHHA BjIara, CHEro3aJi€pKaHue, BJiarOHaKOIICHUE, (I)OpMI/IpOBaHI/Ie CTCPHEBLIX KYJIUC, X€-

AEP C OUCChIBAIOIINM aJAIITCPOM, ypO)KafIHOCTL.

I 15 uutuposanus: Acradnes B.JI. PannoHanbHbIl crtocod hopMUpOBaHHUs CTEPHEBBIX KyiIuC B CeBepHOM
Kasaxcraue // Cenvckoxozsaiicmeennvie mawunst u mexrnoao2uu. 2019. T. 13. N1. C. 9-13. DOI 10.22314/2073-

7599-2018-13-1-9-13.

the arid steppe of northern Kazakhstan is

moisture. During the year, the region receives
an average of 190-360 mm of precipitation, of which
about 60% accounts for the growing season. Drought
usually repeats every three years out of ten. Crops are
sown in the second half of May. In June, there is an
intensive development of vegetative and setting up of
generative organs of cultivated plants. However, May
and June, the driest months of the growing season, are
accompanied by strong hotwinds that dry the soil. Due
to the lack of soil moisture and intense solar radiation
during this period, farmers often receive uneven and
thinned shoots. The lack of moisture results in low
stemmed crops and low yields. The average annual
indicator of grain yield is 12 centners per hectare with
a variation from 3-5 centners per hectare in dry years
to 17-20 centners per hectare in wet years. The analysis
of climatic conditions revealed that the main source
of the soil moisture at the beginning of the growing
season is the moisture of winter precipitation. Snow
contributes up to 40% of the annual soil moisture
reserves. These reserves will be sufficient enough for
good shoots and ensure the needs of plants in moisture
in the first half of the growing season until the July
precipitation falls. Thus, due to the winter precipitation,
the basis of the future harvest is laid. For the accumulation
of winter precipitation, it is recommended to apply
various methods: leaving high standing stubble, seeding
coulisses on pure fallow fields, herbicide (chemical)
fallow field, snow ridging, harvesting of crops with
continuous combining [1-10]. Studies carried out in
various conditions indicate that the most preferable
way of increasing snow moisture accumulation is the
formation of stubble coulisses. [5, 6, 8-10]. This method
provides the greatest accumulation of moisture and
does not require additional costs for the implementation
of agricultural practices. Stubble coulisses can be
formed in two ways: by alternating passes of a header
and a stripping reaper, as well as the use of a header
with a stripper adapter installed in its center [6].

The main limiting factor in increasing yields in
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THE RESEARCH PURPOSE is to evaluate the effectiveness
of methods for forming stubble coulisses.

MarTeRIALs AND METHODS. Under production conditions,
the author carried out experimental studies and
observations of the compared methods of forming
stubble coulisses and made their agroengineering and
technological assessment followed by the choice of the
most preferable option.

Water reserves in the snow between the coulisses
was calculated by the formula:

Zw =10 hy pins M

where Z,,— water reserves in the snow between the
coulisses, mm;

h.,—the average depth of snow between the coulisses,
cm;

pm—theaverage density of snow between the coulisses,
glem’.

Water reserves in the coulisse snow was calculated
by the formula:

Zk = 10 hk U (2)

where Z, — water reserves in the coulisse snow, mm;
hy — the average depth of snow in the coulisse, cm;
pi—the average density of snow in the wings, g/cm’.
The total water reserves in the snow of stubble

coulisses taking into account the distance between the

coulisses and the coulisse width, were calculated using
the formula:

L b
Zy =10 —h +——h
Y (L+b mpm L+b kpk)a (3)

where L — the distance between the coulisses, m;

b — coulisse width, m.

Soil moisture reserves and wheat yield were determined
by standard methods.

For forming stubble coulisses with alternating passes
of the header and the stripping reaper in the conditions
of Northern Kazakhstan, use is made of direct combining
headers with an operating width of 7,9, and 12 m and
stripping headers with an operating width of 6 m.
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Combine harvesters with direct combining headers
usually work at a working speed of 5-8 km/h, and with
stripping headers — at a speed of 9-10 km/h. The
difference in speeds causes the downtime of combine
harvesters with stripping headers. Therefore, the
technological process is usually performed as follows:
first, 4-5 combines with direct combine harvesters
operate a field with an area of about 400 hectares and
leave for stripping unmown coulisses 3-5 m wide. After
their work is completed, a combine with a stripping
header strips the unmown coulisses at a higher speed [6].
The width of the formed stubble coulisses is 3-5m, and
an inter-coulisse width is 7-18 m.

A stripper adapter with an operating width of up
to 1.5 mis installed in the center of the header with an
operating width of 7 or 9 m (Fig. I). A combine harvester
of class 4, 5, or 6 equipped with such headers usually
works at speeds of up to 8 km/h when forming stubble
coulisses.

Fig. 1. Header with a stripper adapter:
a) on the basis of Essil-760 with a header of 9-m width
b) on the basis of Essil-740 with a header of 7-m width

When using direct combining headers with an
operating width of 7-9 m equipped with a stripper
adapter, the width between the stubble coulisses is 5.5-
7.5 m (Fig. 2).

Fig. 2. Stubble coulisses left after the header with a stripper
adapter

REsuLTSs AND DIscussION. In snowy winters, moisture
reserves in the background of stubble coulisses with
an inter-coulisse distance of 5-14 m were 3.5 times
higher than those in the stubble background and 2 times
higher in the continuous stripping background. Thus,
in snowy winters, both ways of forming stubble coulisses
- with alternative passes of a direct combining reaper
and a stripping reaper and using a direct combining
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reaper with a stripper adapter — have shown the same
results. However, in the low-snow winter of 2017-2018,
with the width between the coulisses over 8 m, the snow
moisture reserves sharply decreased. Under these
conditions, stubble coulisses with an inter-coulisse
distance of 5.5-7.5 m, formed by a header with a stripper
adapter installed at its center, ensured the greatest
accumulation of snow, 1.5-3.0 times higher as compared
with other methods (stubble after direct combining,
stubble coulisses with an inter-spacing distance of more
than 8 m and continuous stripping).

The use of a header with a stripper adapter reduces
labor costs by 17.8% and total costs by 23.8% as compared
with the method of forming stubble coulisses using a
combination of header passes and a stripping header
(Table 1).

Stubble coulisses are used to increase snow and
moisture accumulation in combination with deep
tillage. At the same time, stubble coulisses increase
snow accumulation, and deep soil tillage enhances the
absorption of moisture into the soil.

Stubble coulisses not only help to accumulate
moisture, but also retain it. The use of stubble coulisses
in combination with para-plowing (slitting) saves
moisture reserves better: its content in the soil is by 12-
27% higher as compared with deep tillage and by 33-
40% — as compared with the stubble background
(Table 2).

In spring, during the period of dry hotwinds, there
is practically no wind at the soil surface in stubble
coulisses, as a peculiar microclimate is ensured, and
the desiccation of the soil sharply decreases.

The methods of moisture accumulation in the soil
after snowy winters affect the wheat yield (Table 3).
The formation of stubble coulisses with an inter-coulisse
distance of 5-9 m in combination with para-plowing
(slitting) to a depth of 35 cm provides the greatest yield
increase in snowy winters of northern Kazakhstan as
compared to the conventional methods of moisture
accumulation.

The results obtained indicate the preference of
stubble coulisses over full stripping and stubble background.
This contradicts the ideas of K.J. Kirkland and C.H. Keys
(1981) that the maximum accumulated moisture is
observed in standing stubble [7].

However, these results are consistent with the
statements of H. Steppuhn, M. Stumborg, G. Lafond
and B. McConkey (2009), JW. Pomeroy, and D.M. Gray
(1995) on the advantage of stubble coulisses with an
inter- coulisse distance of 10 m over other methods of
snow accumulation [9, 10]. However, in contrast to
these studies, our results allow to specify the exact
value of the inter-coulisse distance in snowy or little-
snow winters.

CoNCLUSIONS

1. It has been found that in the conditions of Northern

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 13 + N1+ 2019



- MW HOBbIE TEXHOJOMAM M OBOPY OBAHMUE
-

NEW TECHNICS AND TECHNOLOGIES

Table 1
TECHNICAL AND ECONOMIC CHARACTERISTICS OF DIFFERENT WAYS OF FORMING STUBBLE COULISSES
Ways
Characteristics Using head Index indicator, %
. g header >
Sequential passes with stripper adapter

Efficiency per 1 h of operating time/ha 3.6;2.0 3.6 -17.8

Specific fuel consumption, kg/ha @ ;Hé 0) 4.8 0

Labour costs, man-h/ha 0.33 0.28 17.8

Total costs, tg/ha (rub/ha) 18054 (3224) 13750 (2455) 23.8

Table 2

MOISTURE CONTENT DEPENDING ON FIELD SURFACE

Soil moisture content within 1 m soil layer, %

Variants of tests ; . ; :
during soil moisture conservation before sowing

In-line para-plowing (slitting) at a depth of 35 cm on

; 100 88
stubble coulisses arranged every 5-9 m
In-line para-plowing (slitting) at a depth of 35 cm on 9 81
stubble coulisses arranged every 14-18 m
In-line para-plowing (slitting) at a depth of 35 cm on 80 69
stubble field
Subsurface tillage at a depth of 30 cm on stubble field 73 61
Untreated stubble field (check plot) 58 68

Table 3

INFLUENCE OF DIFFERENT WAYS OF SOIL MOISTURE ACCUMULATION ON YIELD LEVEL

Ways of moisture accumulation Average yield, t/ha Increase in check plot, t/ha
Stubble field (check plot) 1.2 -
1,5 m stubble coulisses every 5-9 m + in-line para-plowing (slitting)
1.7 0.5
at a depth of 35 cm
3-4 m stubble coulisses every 14-18 m + in-line para-plowing 16 0.4
(slitting) at a depth of 35 cm : :
In-line para-plowing (slitting) at a depth of 35 cm on stubble field 1.5 0.3
Deep subsurface tillage at a depth of 30 cm on stubble field 1.4 0.2

Kazakhstan, a comparison of the methods of stubble
coulisse formation in snowy winters by alternating passes
of direct-combine harvesters in combination with a
stripping header, a wide-cut direct combine harvester
with a stripper adapter installed at its center have shown
equivalent results. However, in the little-snow winter of
2017-2018 the stubble backstage formed by the direct
combine harvester with a stripper adapter installed in
its center provided the greatest accumulation of snow.
2. The results of operational and technological
evaluation have shown that the use of a header with a

stripper adapter reduces labor costs by 17.8% and total
costs by 23.8% as compared with the method of forming
stubble coulisses using a header and stripping header
combination.

3. Ithas been established that even in snowy winters,
the formation of stubble coulisses with an inter- coulisse
distance of 5-9 m in combination with para-plowing
(slitting) to a depth of 35 cm provides the greatest yield
increase in the conditions of Northern Kazakhstan as
compared to the conventional methods of moisture
accumulation.
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