Abstract. The article presents the results of studies on the effectiveness
of processing of winter wheat crops with modern growth-regulating drugs on
the background of mineral fertilizers, carried out in 2011-2016 on the southern
bleak soils in the southern Steppe of Ukraine. It was studied the influence of
varietal characteristics of winter wheat and nutrition variants on the formation
of yield structure and grain yield. It was determined the fertilization in the pre-
sowing cultivation of two winter wheat varieties at a dose of NzoP3o
(background) and the use of foliar dressing crops at the beginning of the
resumption of spring vegetation and the beginning of the plant stooling by
preparations Organic D2 and Escort-bio created favorable conditions for the
formation of the best indicators of the yield structure, and hence the highest
level of grain yield of the studied varieties. For example, in average for years
of cultivation, in given nutrition variants the grain yield of the Kolchuga variety
was formed at a rate of 4,42-4,48 t/ ha and the grain yield of the Zamozhnist
variety at a rate of 4,96-4,99 t/ ha. These indicators exceeded the control by
52.9-55,0 % and 62.6-63.6 % respectively.

The superior of the studied winter wheat varieties by a set of indicators
was the Zamozhnist variety.

Keywords: wheat, variety, plant nutrition, growth-regulating drugs,
the yield structure, grain yield

UDC 631.452: 631.6.02: 631.584.4: 631.445.4 (477)

AGGREGATE STABILITY AND SIZE DISTRIBUTION IN UKRAINIAN AND
CHINESE MOLLISOLS UNDER DIFFERENT TILLAGE

Y. S.KRAVCHENKO, PhD, Associate Professor,
Soil Science and Soil Conservation Department, NUBIP of Ukraine
E-mail: kravch@i.ua

Abstract. A study was attempted to interpret the effects of land use on
soil aggregates distribution on Ukrainian and Chinese Mollisols. A great
attention was devoted to the studying conservational tillage. These researches
were fulfilled on experimental stations located in the Forest-Steppe zone of
Ukraine (Velykosnyatynsky town, Kyiv region) and in the Heilongjiang Province
of China (Hailun city, North-East China). The results have showed that no-till
and minimum tillage increased amount of agronomical valuable 10-0.25 mm
air-dry aggregates, favored generating of water stable aggregates above 0.5
mm in diameter, formed higher values of the mean weight (MWD) and the
geometric mean (GMD) diameters and lower fractal dimensions ((3-y/x (Df)).
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Introduction.  Soil structure has a profound impact on plant growth
conditions, sustains soail fertility, protects soil organic matter from mineralization,
mediates soil aeration and water infiltration as well as may reduce soil erosion.
Both dynamics and size distribution of soil aggregates effect on soil processes and
agricultural practices applied (Zhao et al., 2017). Such land use as: tillage, crop
rotation, fertilization, water and chemical melioration are direct ways to affect soil
structure and corresponding soil properties. Different tillage practices vary in their
effect the soil aggregate size distribution. Admittedly, that the conventional system
of soll tillage destroys soil structure, accelerates the decomposition of soil organic
matter and nutrient loss, which leads farmland to unstable and declining in crop
yields (Hou et al., 2013). Meanwhile, the long-term minimum tillage causes
considerable improvement in soil properties, SOM and SOC content, cation
exchange capacity and decrease the C/N ratio (Irfan et al., 2013). No- tillage stores
of diverse plant biomass on undisturbed surface, but may extent of subsurface
compaction and bulk density problem as well as the accumulation of soil organic
carbon in surface soil, and a rapid loss of nitrogen (Blanco-Canqui and Lal, 2007).

The effect of tillage practices on soil aggregate size distribution and
water stable aggregates (WSA) content is complex and often variable. An
accumulation of soil organic matter under minimum and no-tillage compared to
conventional tillage confers important improvements in increases of carbon-
rich macro-aggregates and their reduced rates of turnover (Andruschkewitsch
et al., 2014). Six et al., 2000 suggested that slower macro-aggregate turnover
may promote the formation of stable micro-aggregates within macro-
aggregates, which in turn leads to a long-term SOC stabilization. These micro-
aggregates associated with occluded SOC within macro-aggregates may
serve as an indicator for management-induced changes in macro-aggregate
turnover and C stabilization (Denef et al., 2004; Kong et al., 2005). In this
regard, aggregate stability, in this article, is discussed in terms of tillage
influence over long period of time. Wet and dry aggregate size distribution,
MWD, GMD, the 3-y/x (Df) were determined to define the aggregate stability.

Purpose. The general aim of this paper is to define and summarize the
effects of different tillage practices on soil aggregates changes in Ukrainian
and Chinese Mollisols.

Materials and Methods: field stationary experiments, laboratory
analysis with standard methods, mathematic-statistical calculations.

Ukrainian Typical Mollisol (Typical Chernozem) was studied at the
university experiment site, run by Soil Science and Soil Conservation
Department (NUBIP of Ukraine), located near the town Velykosnyatynka, in
the Kyiv region (lat. 50°5'N, long. 30°2'E). The average annual temperature is
7.9°C, annual precipitation about 588 mm. Tillage treatments included
conventional tillage (CT) based on deep plowing (25-30 cm), and two soil
conservation tillage based on the deep minimum tillage (DT) to a depth of 25-
30 cm, reduced minimum tillage (RT) to a depth of 10-12 cm. The fertilizers
supplied at rates NsoPssKas hat coupled with annual application of cattle
manure at a rate of 12 t hat. Crop rotation was made up of five fields.
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The study of Chinese Mollisol (Isohumusol) were fulfilled near
Guangrong village (47°23'N, 126°51'E), 14.4 km southwest from Hailun city
Heilongjiang province, run by Hailun Monitoring and Research Station of Soil
and Water Conservation, Northeast Institute of Geography and Agroecology,
Chinese Academy of Sciences. Average annual precipitation is 530 mm,
annual average temperature is 1.5 °C. The soil is a typical Mollisols (Udolls),
the treatments included three tillage systems and abandoned plot (Ab): no-till
(NT), reduced-till (RT) and convention tillage (CT). Fertilizer was applied at
138 kg N hal, 51.75 kg P hal, and 15 kg K hal. Major properties of Ukrainian
and Chinese Mollisols are presented in the table 1.

1. Major properties of the studied Ukrainian and Chinese Mollisols

Hu- Particles fractions (mm) and
Sail mus | pH Bulk Full their content, %
depth, con- PPlH, density, |capaci PY;/P’
cm tent, O gcm3 | ty, % 0 sand silt clay
%

Typical Velykosnyatynkiy’s chernozem, Ukraine
(2- (0,25- (0,05- (<0,00
0,25) 0,05) 0,001) 1)
0-25 36 67 1,29 455 10,40 0,48 10,9 57,2 31,42
25-45 34 67 1,33 22,3 10,28 - - - -
45-65 3,1 69 1,34 23,9 10,28 - - - -
Mollisol, China

(2-  (0,25- (0,02- (<0,00
0,25) 0,02) 0,002) 1)
0-20 45 66 127 483 17,0 1,15 3599 2583 37,03
20-50 44 67 119 442 171 1,73 2577 26,47 46,03
50-70 34 66 121 436 169 140 27,85 26,04 44,71

Composite soil samples were taken by using a core sampler in different
soil depths (Soil quality. ACTY 4287:2004). The fractioning of macro- dry
aggregates by use of different sieves was fulfilled by ACTY 4744:2007, water
stable aggregates determination was fulfilled by use of Baksheev device. A
high vacuum slow wetting approach prior to determining soil aggregate
stability was fulfilled to determine MWD, GMD, D in Chinese soil samples. Fifty
grams of air-dried soil sample was fixed on the tray in the desiccator,
submerged for 2—4 min with distilled water at 1.8 Hg pressure. Followed by
transferring to the top sieve of the nest and submerged in distilled water for 8
min for aggregate stability analysis, samples was then set in oscillating motion
3-cm up and down, with a rate of 30 cycles per minute for 2 min. Then, the
stable soil aggregates that stayed above the sieve were weighed after oven-
drying to calculate WSA. The result was summarized by the mean weight
diameter (MWD; mm), the geometric mean diameter (GMD; mm), the fractal
dimension (D):
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MWD = X%, X, W, | (1)

GMD = exp[X7L, W;log. X, | , (2)

o] - - o (). g

max

where Z is the mean diameter of aggregate fraction i;

Wi is the mass proportion of aggregate fraction i, with n=6 including the
class of material <0.25 mm;

W is the cumulative mass of particles smaller than X;;

W is the total mass of any sizes of soil particles; Xmax is the maximum
fraction diameter of aggregates.

For other analyses, the soil properties were estimated using national
standards (ACTY) approaches.

Results and Discussion. Tillage practices impacted the soil aggregates
distribution in different layers of Ukrainian Mollisol. Soil aggregates larger than
10 mm in upper horizon were crashed by field machinery in the spring-summer
period. By this reason the content of macroaggregates in 0-5 cm soil layer was
minimal but increased downwards the soil profile (Table 2). At the same time
the amount of the smallest < 0,25 mm fraction taken from that soil horizon was
the greatest. Variants from minimum tillage and deep minimum tillage formed
the most valuable 10-0,25 mm meso-aggregates on a large quantity versus to
plowing: 77.04 %, 79.71 % versus 74.83 % in 0-5 cm layer; 72.94 %, 76.81 %
versus 70.73 % in 5-10 cm layer, 73,82 %, 62.69 % versus 66.38 % in 10-20
cm layer and 75.64 %, 71.1 % versus 64.81 % in 20-40 cm soil layer. The
amount of deflation proof aggregates larger than 1 mm from 0-10 cm soil layer
was the greatest under deep minimum tillage — 76.57 %. Our findings
demonstrate that the use of tillage practices strongly influences the soil
aggregates distribution in different layers of Mollisols. Agronomical valuable
10-0,25 mm aggregates were formed much better under minimum tillage. The
difference in soil aggregates distribution among tillage treatments did not
significantly affect the level of structural coefficient.

The water stable aggregates in Ukrainian and Chinese Mollisols (Figure
1) are mainly distributed in the peds sized 1-0.25 mm. Plowing practices
favored water stable aggregate generation in peds <0.25 mm. Water stable
aggregates composition of Mollisols (0-10 cm soil layer) is characterized as
“‘good” (54.84-66.78 %) for > 0.25 mm fractions, even with different tillage
effect, but a higher amount one was under RT in Ukrainian and NT in Chinese
Mollisols. The greatest quantity of water stable aggregates stocks was
accumulated at fractions: 0.5 — 10 mm under NT, < 0.5 cm — under CT in
Chinese Mollisol; 1-5 mm and <0.5 mm — under CT, 0.5-1.0 mm — under RT in
Ukrainian Mollisol. The substantival composition of <0.25 mm fraction was
1,21, 1,66 — under CT, NT in Chinese and B 1,64; 1,87; 2,01 - under CT, DT i
RT in Ukrainian Mollisols. The content of 5-10, 2-5, 1-2 mm fractions hadn’t
significant differences between all tillage.
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2. Soil aggregates distribution under different systems of soil tillage in
Ukrainian and Chinese Mollisols

Soll Dry aggregates fractions, %

f‘%er’ >10 | 107 | 75 | 53 | 32 | 21 | 1-05 |05-0,25| <0,25
Ukrainian Mollisol
RT
0-5 1057 657 610 1980 970 1280 12,88 920 12,39

5-10 19,20 5,36 7,23 14,97 9,21 12,82 13,93 9,43 7,86
10-20 21,98 11,75 1486 20,93 8,73 8,15 7,58 1,83 4,21
20-30 19,92 12,88 1495 21,20 8,45 8,64 6,42 4,35 3,18
30-40 16,93 9,57 10,10 1850 9,12 10,70 9,93 6,48 8,68
CT
0-5 6,85 569 764 16,34 9,32 11,65 13,38 10,81 18,31
5-10 22,32 12,25 11,07 1769 790 890 8,03 4,89 6,95
10-20 29,45 10,28 9,97 1482 7,42 8,14 7,42 4,63 7,86
20-30 19,23 760 7,93 16,03 8,85 10,47 10,26 6,94 12,69
30-40 30,00 10,32 8,94 1468 7,23 7,34 6,81 6,24 8,45
DT
0-5 8,20 540 8,07 16,58 9,69 14,19 16,34 944 12,09
5-10 21,27 16,82 13,70 27,99 6,33 491 454 2,53 1,92
10-20 2985 8,71 9,84 17,49 8,44 9,75 8,52 3,65 3,77
20-30 22,73 10,28 13,90 16,85 10,72 10,43 7,33 3,58 4,19
30-40 21,11 10,31 10,33 16,80 8,74 9,22 8,29 5,43 9,77
Chinese Mollisol

CT
0-5 20,3 31,3 26,1 5,8 6,7 4,6 5,2 74,5 2,9
5-10 33,3 26,5 231 4,0 3,6 2,8 6,7 60,0 1,5
10-20 419 20,8 21,0 3,1 3,4 3,0 6,8 51,3 1,1
DT
0-5 13,5 29,7 30,5 7,9 8,2 5,8 4.4 82,1 4,6
5-10 28,8 29,8 26,0 5,8 4,7 2,2 2,7 68,5 2,2
10-20 32,3 27,0 25,8 5,8 4.1 2,8 2,2 65,5 1,9
NT
0-5 109 274 354 115 7,9 3,5 3,5 85,7 5,9
5-10 26,8 249 28,6 8,8 5,3 3,3 2,3 70,9 2,4
10-20 29,2 248 27,1 8,1 5,9 3,0 1,8 68,9 2,2
HIPos
0-20 41 2,9 2,8 1,7 1,1 1,4 2,3 47 0,4
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Fig. 1. Tillage effect on WSA fractions from 0-10 cm layer

(a) Ukrainian, (b) Chinese Mollisols (Kravchenko et al., 2015)

of:

A high vacuum slow wetting approach demonstrated the predominant
accumulation of the water stable aggregates in >1mm and 1-0.25 mm fractions in
Chinese Mollisol (Fig. 2). No-till practices were favored in generation of water
stable aggregates > 1 mm, rotatory tillage and moldboard plow — 1-0.25 mm
aggregates, moldboard plow and combined tillage — < 0.25 mm aggregates.

Another important factor of the land surface resistance to erosion may
be determined by MWD, GMD and (3-y/x (Df). Every index has a different
evaluation purpose. MWD displays the percentage of large aggregates
retained in the sieves increases, GMD estimates the sizes of the most frequent
aggregate size classes, 3-y/x (Df) are suited to characterize soil structural
stability. Smaller fractal dimensions are associated with more stable soll
aggregates. Conventional soil tillage accelerated soil aggregates destruction

and decreased of aggregate stability (Table 3).
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Fig. 2. The distribution of water-stable aggregates in Chinese mollisols

under different soil tillage systems
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3. Mean weight diameter (MWD), geometric mean weight diameter (GMD)
and fractal dimensions ((3-y/x(Df)) of 0-10 cm layer Chinese Mollisol under
different tillage

| Land use | GMD | MWD | 3-y/x (Df) |
NT 1.64 2.51 2.36
RT 1.71 2.59 2.28
CT 1.41 2.07 2.53
Ab 2.00 2.97 2.09

NT and RT had higher values of GMD (1.64, 1.71 mm) and MWD (2.51,
2.59 mm) compared to CT (1.41, 2.07 mm). The highest mean values of MWD,
GMD and lowest of 3-y/x (Df) were in abandoned land (Ab): 2.00 mm, 2.97 mm,
2.09 correspondingly.

Conclusions. Tillage practices strongly influence the soil aggregates
distribution in Ukrainian and Chinese Mollisols. Agronomical valuable 10-0.25 mm
air-dry aggregates were formed much better under no-till and minimum tillage.
Water stable aggregates composition of all Mollisols is characterized as “good” for
> 0.25 mm fractions. A high vacuum slow wetting approach provided the more
reliable and accurate description of WSA, had the lowest coefficient of variation
and variance. The smallest 3-y/x (Df) and highest MWD and GMD indexes were
defined under Ab, NT and RT NT and CT in 0-10 cm layer of Chinese Mollisol.
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CTIUKICTb TA ®PAKLIMHUN NMEPEPO3MOAIN FPYHTOBUX ATrPElATIB
YKPAIHCBbKMUX TA KATAUCbKUX MOMJICONIB 3A PIBHOIO
OBPOBITKY 'PYHTY

0. C. KpaBueHko

AHomauin. [JocnidxeHHs1 6yriu 8UKOHaHI 3 HaMipoOM 8U3Ha4YeHHS 8rusy
3emreKopucmygeaHHs Ha nepepo3snodin rPyHMosuUx azpeaamie 8 yKpaiHCbKUX i
KumaucbKux  Monniconsax. 3HayHa  yeaza  npulinsnacb  8UBYEHHIO
rpyHmMo3axucHo20 o6pobimky. [aHi Haykosi 0ocniOxXeHHs byriu 8UKOHaHI rnpu
eKkcriepuMeHmarsbHUX HayKoeux cmaHuisx, po3mawosaHux e Jlicocmeny
YkpaiHu (c. BenukocHimuHcbke, Kuiecbka obriacmb) ma y KumaucbKil
nposiHuii XednyHy3sH (M. XatnyHb, [lieHiuHo-CxiOHUt Kumad). OoOepikaHi
pesynbmamu ekasanu Ha nepesaau no-till ma miHiManbHo20 06pob6imKy
rpyHmy w000 36ifibWeHHs1 eMmicmy  ag2poHOMIYHO-UiHHUX 10-0,25 cm
r10BIMPSIHO-CYyXUX agpeaamie rpyHmy, CripusiHHs y 2eHepysaHHi 8000MPUBKUX
acpezamie (b6inbwe 0,5 Mm), opmyeaHHi azgpezamie i3 6inbWUM
cepedHbo3gaxxeHum (MWD) ma eseomempuy4Hum cepedHim diamempom (GMD)
ma HUX4YumMu ppakmarnbHuUmMu xapakmepucmukamu (3-y/x (Df)).

Knroyoei cnoea: 4YopHOo3emMu, azpez2amu, [rpPyHmMoO3axucHuUu
06pobimok, 2ceomempu4yHUl diamemp

CTOMKOCTb U ®PAKLUMOHHOE NEPEPACMNPEAENIEHUE NOYBEHHbIX
ArPErATOB YKPAUHCKUX U KWTANCKUX MOJINMUCONEN NPU
PA3HOU OBPABOTKE NMOYBbI

lO. C. KpaB4eHkKo

AHHOMauyusi. ViccnedosaHusi ObinU  BbIMOIHEHbI C  HaMepeHUeEM
onpedeneHusi 8rUSHUS 3eMJIENob308aHUsI Ha nepepacrpedernieHUe MoY8eHHbIX
aspeaamos 8 yKpaUHCKOM U KumaliCKUX MOJIIUCOSISIX. S3Ha4YumesribHoe 8HUMaHue
yoenanocb  U3ydeHUr  royeolawumdol  obpabomke. [aHHble  Hay4YHble
uccriedogaHusi bbiriu 8bIMOTHEHbI MPU 3KCrepUMEHMarlbHbIX Hay4YHbIX CMaHUUSsIX,
pacrionioxxeHHbIx 8 Jlecocmenu YkpauHbl (c. BenukocHumuHcbke, Kueeckas
obnacme) u 6 Kumautckou nposuHUUU XaumnyHU3sH (M. XalnyHb, Cegepo-
BocmoyHbiti Kumad). llonydeHHble pes3yribmambl yKasanu Ha rfpeumMmyuecmsa
no-till u MmuHuUmarnbHol 0bpabomku ro4Yebl 8 ye8eslUYeHUU COOepXKaHUs
agpoHomu4yecku UeHHbIx 10-0,25 cm 8030ywWHO-Cyxux agpeaamos [1048bl,
codelicmeuu 8 2eHepuposaHUU 8000rMpPoYHbIX azpezamos (bonee 0,5 mmy),
gopmuposaHuUU aepezamog Cc bonbwum cpedHessgeweHHbIM (MWD) u
2eomempuyeckuMm cpedHum Ouamempom (GMD), meHbwumu bpakmarbHbIMU
xapakmepucmukamu (3-y | x (Df)).

Knro4deeblie cnioga: 4YepHO3eMbl, az2pe2ambl, o4Yso03aWumHas
obpabomka, ceomempu4eckuli duamemp
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