Arpoxmmus [MouBoBegeHue n arpoxmmunda, Ne3, 2018

UDC 633.854

G.A Saparov )2, G.T. Isanova *2, A. Saparov *2 T.E. Aitbaev3
EFFECT OF MINERAL AND ORGANIC FERTILIZERS ON GROWTH, DEVELOPMENT,
YIELD CAPACITY AND QUALITY OF CABBAGE
1Research Centerfor Ecology and Environment o f Central Asia, 050060, Almaty, 75
B, al-Farabi avenue, Kazakhstan, e-mail: saparov.g@mail.ru

2UU Uspanov Kazakh Research Institute ofSoil Science and Agrochemistry, 050060,
Almaty, 75 B, al-Farabi avenue, Kazakhstan, e-mail: saparov.g@mail.ru

3Kazakh Research Institute o fPotato and Vegetable Growing, 040917, Almaty Re-
gion, Karasai District, Kainar Village, ul. Nauryz 1, Kazakhstan, e-mail:
niikoh.nauka@rambler.ru

Abstract. Fertilizers play an important role in regulating soil humus concentration and
crop productivity. The optimal and rational application of fertilizer provides higher quality
yield. In this study, the impact of mineral and organic fertilizers (manure) on the growth and
development of cabbage has been explored. The use of mineral fertilizers on natural and organic
backgrounds contributed to the increase in the average plant mass to 2,862 and 3,333 g. The
yield capacity when using mineral fertilizers increased to 41.0 t/ha, the increase in yield to
control was 9,3 t/ha or 29,3 %. The creation of an organic background increased the yield of
cabbage by 3.5 t/ha in comparison with natural, and mineral fertilizers on the organic
background by 10,2 t/ha. The use of fertilizers in agriculture is one of the key factors of
conservation and optimization of soil fertility and crop productivity.
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INTRODUCTION and properties of the used fertilizers.

Irrigated foothill dark chestnut soils Currently, there is a trend of
of the Trans-1li Alatau are agri terrains of biologization of land cultivation, which
intensive farming. On these soils, agricul- assumes the use of organic fertilizers
tural crops are intensively cultivated, in (manure, bird droppings, etc.), straw,
particular white cabbage and potatoes. By siderates, humates combined  with
gross harvest white cabbage takes first moderate doses of mineral fertilizers in
place among vegetable crops. The basis order to preserve and optimize soil
for increasing crop yields and improving fertility.
the obtained product quality and increas- The most important factor in pre-
ing soil fertility is chemicalization of farm- serving soil fertility is the use of fertiliz-
ing. To obtain high harvests of cabbage ers. Fertilizers play an important role in
and improve the quality of cabbage, it is regulating humus concentration and crop
required to apply optimal doses of fertiliz- productivity. Organic fertilizers, as a rule,
ers. The greatest return on fertilizers is determine the formation of humus re-
obtained when they are applied taking serves, the composition of new humus
into account the plants' need for nutrients substances and soil energy potential, have
and provision of soil with mobile nutri- a complex effecton all factors of soil fertil-
ents. ity such as biological, agrophysical, agroe-

The most important condition for cological and phytosanitary. Therefore, in
increasing the effectiveness of fertilizers is  intensive farming, the required optimiza-
the determination of optimal doses and tion of specific parameters of humus state
ratios of nutrients, taking into account the can be achieved by applying organic ferti-
biological characteristics of cultivated lizers into soil [1, 2].
crops, planned yields, soil-climatic, Mineral fertilizers have a direct and
organizational and economic conditions indirect effect on humus concentration
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and composition. Their direct impact is
manifested in the changed conditions of
humus formation: the reaction of the envi-
ronment, peptization of humic substances,
and the effect on soil biochemical activity.
Indirect - in the increased biomass of plant
residues entering the soil in fertilizers ap-
plication, which contributes to the reduc-
tion of humus loss in comparison with not
fertilized soil [3-5].

Due to the indirect effect, the effect
of mineral fertilizers is much weaker than
that of organic fertilizers. Nevertheless, the
positive role of mineral fertilizer systems
in preserving humus, reducing its losses,
especially on humus-poor soils, is clearly
manifested.

The data of GP. Gamzikov and M.N.
Kulagin [6] determined that the use of in-
dustrial fertilizers reduces the loss of or-
ganic matter and nitrogen in soils, in many
cases stabilizing their quantity at the initial
level.

Prolonged use of fertilizers increases
the concentration of easy hydrolyzable and
nitrogen-accessible nitrogen compounds,
enriches them with water-soluble, hydro-
philic organic substances, mobile humus
fractions, increases humus activity.

Under the impact of mineral
fertilizers, especially nitrogen fertilizers,
the coefficient of humification of plant
residues increases [7, 8]. It has been deter-
mined that nitrogen of mineral fertilizers is
included in all fractions of soil organic
matter [9, 10].

The aim of these studies is to explore
the effect of mineral fertilizers on the yield
and quality of cabbage.

OBJECTS AND METHODS

The object of the study is the dark
chestnut soil of the foothills of the Trans-lli
Alatau in conditions of irrigation and culti-
vation of vegetable crops, in particular, the
Kharkov winter cabbage variety.

The climate of the foothill belt of lle
Alatau is characterized by large daily and
annual variations in air temperature, cold
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winters, prolonged hot summers. The aver-
age temperature in January is -6-140C frost
and 22-250Cin July

The average long-term annual pre-
cipitation for the period above 100Cis 175-
250 mm, and the sum of air humidity defi-
cits for this period is 1500-1700 mm.

On average, the soil freezes to the
depth of 15-55 cm. The average duration of
the frost-free period is 140-170 days [11,
12].

Heat supply of vegetation period of
the foothill belt allows to grow many heat-
loving crops, including vegetables.

The research was carried out in two
vegetable crop rotations:

1
two backgrounds (natural and organic - 60
tons/ha) with alternation of crops: cereals,
late cabbage, cucumber, tomato and table
root crops. Experimental studies were con-
ducted on the late cabbage - Kharkov win-
ter variety, where fertilizer variants were
studied according to the following scheme:

No PoKo (control)

Nso P30Kso

20P60K60

~80P90K90

Soil research was carried out on two
fertilizer variants:

1. No PoKo- control (without fertiliz-
ers).

2. ™ 20PBoKBo - a moderate dose of
mineral fertilizers.

In the experiments, urea (46 % a.s.),
double superphosphate (46 % a.s.) and
potassium chloride (60 % a.s.) and half-
repulsed manure (60 t/ha) were used. The
area of the experiment is 0,5 ha, the plot
areais 224 m2

Manure and phosphate-potassium
fertilizers were applied in autumn in plow-
land, and nitric fertilizers - in the spring in
deep cultivation.

2. Vegetables - grass-crop rotation
with alternating crops - cereals with sow-
ing perennial grasses, perennial grasses,
potatoes, cabbage, cucumber, tomato, table

In intensive vegetable rotation - on
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root crops. Experimental studies were car-
ried out on fertilizer variants according to
the following scheme:

NO POKO

N60 P60KG0

A20P120K 120

"80P180K180

Soil research was carried out on the
following options:

1. No PoKo (control).

2.
mineral fertilizers.

The experiment area is 0,5 ha, the
plot area is 42 m2

RESULTS AND DISCUSSION

Growth and development of cabbage
plants. In this research, the application of
manure and mineral fertilizers to optimize
the parameters of soil fertility has provided

20P120K120 - optimal dose of
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favorable conditions for the nutrition of
vegetable crops. High supply of plants with
easily digestible forms of nutrients pro-
moted their intensive growth and develop-
ment, the formation of a larger biomass
and, ultimately, production of high yields of
vegetables, in particular cabbage.

The results of our studies have
shown that the intensity of accumulation of
biomass of vegetable plants depends on
the conditions of their mineral nutrition.

At the beginning of vegetation, the
weight of cabbage in the non-fertilized var-
iant (control) was 11,6 grams, and on the
background of mineral fertilizer, it in-
creased to 17,7 g, which indicates the
growth and development of cabbage under
the influence of mineral fertilizers
(figurel).

Figure 1- Growth and development of cabbage depending on nutrition condition
(weight, g: 1 plant)

The creation of an organic back-
ground by applying 60 t/ha manure con-
tributed to the improvement of growth
and development of cabbage plants. So,
the average weight of cabbage in the con-
trol (without mineral fertilizers) increased
by 2,6 g compared with natural back-
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ground, and in the options of mineral ferti-
lizer-by 1,8 g

Intensive growth and development
of cabbage plants is observed in the first
half of vegetation. The weight of 1 plant
from the phase of 3-5 real leaves to the
phase of head formation increased in aver-
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age 90-100 times and amounted to 910g
on natural background, and 1806 g on the
organic background, in applying mineral
fertilizers, the plant weight increased to
1373 and 1718 g, respectively (figure 1).

The largest biomass of cabbage was
formed by the period of technical ripeness.
On the background without mineral ferti-
lizers, the average weight of cabbage on a
natural background was 1853 g, and on the
organic one - 2262 g The application of
mineral fertilizers on different back-
grounds increased the average weight of
plants to 2,862 and 3,333 g (figure 2)

The same situation was observed on
the background of vegetable-grass crop

Intensive vegetable crop rota-
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rotation, where mineral fertilizers also
contribute to the increase in the mass of
cabbage plants.

In our studies, the late cabbage
heads formation was relativelylow and
made up 60,0% on a control variant of the
intensive vegetable crop rotation on natu-
ral background, and on fertilized variants
63,5% (figure 2).

On an organic background, these fig-
ures were 62,5 and 66,0% (figure 2).

The number of plants that formed
cabbage heads on different backgrounds
was 13,2 and 13,75 thous. pieces/ha, 13,97
and 14,52 thous. pieces/ha on fertilized.

EcTecTBeHHbIN m_| OpraHVIHeCKI/II‘/'I dDH 60r1/ra
700 635 7 660
60.0
50.0 fio
400
30.0 600 & A 597 S
20 2134
188 130 40
Kormqectso 30 25
paCTEHI/III/I D U
3aBs3LEEMOCTD aryCrbl Cpeprss Maoca
Kaeusus®D QIHOMO KOUBHAKT 10 BB 313Q
hlinanblf 1biC -.LLI\ 0
K/Hara 1 2 3
[mNoPoko 600 1320 2408 mNPcKo 625 13,75 2538
aNi20P60K60 63)5 1307 2034 BR120P60KE0 660 14£2 3120
mNoPoKo  miN120P60K60 miNoPoko mN120P60K60
OBOLLE-TPaBOMO/bHb I CEBOOGOPOT

NPeLLECTBEHHVK -KapTohesTb (060pOT rviacTa)

pmammvocrb

KO4aHOB %

mNoPoKo 60,0
mN120P60K60 635

g;%gl, CpepHss vacca
QfHoro
[
KOHaHbIThIC.LLITY
K/Hara
13,20

KOUaHa,KT

2,408

13,97 2,934

mNoPoKo iNi2oP6oK60

Figure 2- Formation of cabbage heads depending on mineral nutrition
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The average weight of cabbage
head on different backgrounds without
the use of mineral fertilizers amounted
to 2,408-2,568 g, and the use of miner-
al fertilizers contributed to the
crease in the average weight of plants
to 2,934-3,130 g (figure 2).

The average weight of cabbage
plants on the background of vegetable-
grass crop rotation was slightly less
than in intensive vegetable rotation.

The conditions of growing, in par-
ticular, mineral nutrition, contribute to
the intensive growth and development
of late cabbage.

in-
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Yield capacity and quality ofcabbage.
The results of our studies showed that the
yield of vegetable crops and cabbage is
largely determined by the conditions of
their mineral nutrition and soil fertility.

The yield of white cabbage, depend-
ing on the type of crop rotation
(predecessor), the system of fertilizer ap-
plication varies widely.

In intensive vegetable rotation with-
out the use of organic-mineral fertilizers,
the yield of late cabbage heads (Kharkov
Winter), planted after barley, was 31,7
tons/ha. The use of a full mineral fertilizer
contributed to the increased crop yield to
41,0 t/ha (figure 3), while the yield in-
crease to the control was 9,3 t/ha or 29,3 %.

Figure 3 - Cabbage yield in intensive crop rotation t/ ha

Creation of organic background
(60 t/ha manure) increased the yield of
cabbage by 3,5 t/ha in comparison with
natural, and mineral fertilizers on organic
background - by 10.2 t/ha.

The wuse of mineral fertilizers in
crops of cabbage contributed to the in-
creased yield of cabbage, both on a natural
background and on organic (figure 3). A
similar change in the yield of cabbage was

also observed in the conditions of vegeta-
ble-grass crop rotation, where it was
grown in terms of the turnover of the per-
ennial leguminous grass. Without applica-
tion of fertilizers 31,0 t/ha of cabbage
heads were harvested. The introduction of
a full mineral fertilizer contributed to the
increased yield of cabbage to 37,3 t/ha
and the increased yieldsto 20,3 % (table 1).
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Table 1 -Yield capacity of crops of vegetable-grass crop rotation, t/ha

Yield capacity of cabbage and potato

Variants Yield gain
Uha t/ha ’ %
Potato
NbPoKo 17,2 - -
Nt20P120Ki20 22,8 5,6 31,6
Late Cabbage
NOPOKO 31,0 - -
Ne20P120Ki20 37,3 6,3 20,3

White cabbage, when forming a
powerful biomass, can form high harvests
of cabbage heads. Among vegetable crops,
it is characterized by a long period of ab-
sorption of nutrients and a high level of
their removal. Therefore, cabbage is very
responsive to the application of both or-
ganic and mineral fertilizers. In our stud-
ies, the use of fertilizers contributed to the
significant increase in the yield of cabbage.

Along with productivity of agricul-
tural crops, their quality indicators are
also of great importance. This is especially
important in growing vegetables, as many
of them are eaten fresh. Vegetables are a
"storehouse" of vitamins and valuable raw
materials for the processing industry.

Every day the adult person needs
about 400 g of vegetables and melons to
meet the need for carbohydrates,

vegetable proteins, salts, acids, vitamins
and other vital substances. Annual per
capita should be 126 kg of vegetables, 20
kg of melons and 100 kg of potatoes,
including 35 kg of white cabbage [13].

The quality and shelf life of
vegetable products are closely interrelated
with the conditions of cultivation, in
particular, mineral nutrition. Therefore, in
our studies we also studied these issues.

The results of the research showed
that the conditions of mineral nutrition
have a significant effect on the quality and
keeping quality of cabbage and vegetables.
The dry matter content in the cabbage
heads was 9,46 % on the background
without fertilizer application, and in appli-
cation of mineral fertilizers a slight
tendency to decrease the dry matter was
observed (9,20 %) (table 2).

Table 2 - Effect of mineral nutrition on the quality of cabbage

Fertilizer ;z;jces, kg/ha Dry matter Vlt:g:/:,] G Total o/zugar, Nitrates, mg/kg
Intense vegetable crop rotation, Natural background

NOPOKO 9,46 32,72 4,60 236

N:20PsoKso 9,20 37,11 4,60 323
Organic background 60 t/ ha

NOPOKO 8,81 37,21 4,55 291

Ni20Peo Kso 9,12 40,38 4,60 420
Vegetable-grass crop rotation

NOPOKO 11,00 33,24 5,00 261

Ni20P120Ki20 11,06 37,44 5,31 465
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On an organic background without
the use of mineral fertilizers, 8,81 % dry
matter was contained in the cabbage, and
on the fertilized variant - 9,12 %. Of the
guality indicators of cabbage, the most
valuable is the content of vitamin C It was
relatively high (32-40 mg %) and marked-
ly increased under the influence of fertiliz-
ers.

The total sugar content in the cab-
bage was more leveled on the background
of intensive vegetable crop rotation
(4,60 %) and slightly increased on the
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background of vegetable-grass crop rota-
tion (5,0-5,31%). The increased content of
nitrates in production was noted in vari-
ants with fertilizer applications (323-465
mg/kg), at the maximum permissible con-
centration (MPC) of-500 mg/

kg wet weight (table 3).

The high concentration of nitrates in
cabbages is also noted in conditions of
vegetable-grass crop rotation, which is
associated with a large amount of nitrogen
in soil after alfalfa.

Table 3 - Effect of fertilizers on the shelf life of white cabbage

Including
. Partiall
Variants She(l;llfe, Total !)OSS- Natural los of disease?j/ Completely
() es, % -
weight cabbage decayed
heads
Cabbage heads grown on natural background
NbPo Ko 74,8 25,2 9,7 71 8,4
Nt20PsoKso 75,2 24,8 9,7 8,7 6,4
Cabbage heads grown on organic background (60 t/ha manure)

NOPOKD 74,0 26,0 9,5 8,2 8,3
NI120PEOKE0 73,6 26,4 10,1 79 8,4

The results of the research have
shown that conditions of mineral nutrition
have a significant effect on preservation of
the products for a long-term storage.

After storage (November-March),
total loss of cabbage without the use of fer-
tilizers amounted to 25,2 % (Table 3).

Preservation of cabbage heads,
grown with the use of mineral fertilizers,
was at the level of control. The use of min-
eral fertilizers on the background of 60 t/
ha of manure affected the preservation ca-
pacity of cabbage (73.6 %) in 74,0-74,8 of
control variant.

CONCLUSION

In order to preserve and enhance bio-
productivity of dark chestnut soils in vege-
table crop rotations, it is necessary to cre-
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ate a background for late cabbage by apply-
ing 60 t/ha of manure and mineral fertiliz-
ers in optimal doses (N120PsoKaeo).

Intensive-vegetable crop rotation
against the background of organic and or-
ganic-mineral fertilizers increases humus
concentration and elements of fertility of
dark chestnut soils. From manure (60 t/ha),
humus concentration increased by 4,1 %,
from mineral fertilizers by 55 %, and by
combination of organic-mineral fertilizers
by 9,6 %.

The use of fertilizers in late cabbage
in intensive crop rotation increases its
yield on the natural background to 9,3 t/ha,
on organic background - up to 10,2 t/ha, in
vegetable-grass crop rotation - up to 6,3 t/ha.
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OPAMXKAIBIPALITBIH, 0CY1, AAMYbI, OHIMAUI1IT MEH CAIMNACBIHA MUHEPAJ1AbI
YKOHE OPTAHNKAJILIK; TBILANTKbILUTAPAbBIL, 3CEP1

10pTanbiy, A3uns 3KOOTMS X3He LopLiaraH opTa rblibIMU-3epT Tey opTanbirbl,
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20.0. OcnaHoB aTbiHAarbl Llasal, TonbipalTaHy >XaHe arpoXMMUnS rbliibiMun-
3epT Tey MHCTUTYTbI, 050060, AnmaThl, an-dPapabu gauyroinsl, 75 B, LjasaucTaH,
e-mail: saparov.g@mail.ru
dlasay, KapTon XX3He KBKBHK IblfIbIMU-3epTTeY MHCTUTYThl, 040917, AnMaThl
06n, Llapacai aygaHbl, Haypbi3 1, LlasaucTaH e-mail: niikoh.nauka@rambler.ru

ThILANTKbILLITAp TOMblpakTarel kapawlpuial K¥pamblH XK3HE AakbUigapabiy, eLMAbITH
petTeyge Y/KeH posibre me. ThiLalTKbIWTapabl TUIMAI XK3HE YTbIMAbl KOMAAHY eLIMIbDKTLL,
»KOoraprbl caracblH KamTamacbl3 eTefp ATa/raH 3epTTey K MbICbIHAA MWHepanibl
ThILLANTKbILUTAPABIL, XK3HE KeLHLL, opamdKarblpak MeH KapToMTbil, AaMyblHa XK3He ecylue 3cepi
3eptTengb 3p TYpri oHfa MuHepanbibl ThILAATKbILLTAPAbI KONdaHy eMMKTLY, opTalla
MaccacblH 2862 >kaHe 3353 r AeLUH eapyre >kargai »kacagabl. Jaksingbiy, el MAbl T MUHEpPasibabl
ThILANTKbILTapAbl KongaHy apkbuibl 41,0 T/ra gewH >keTn, KocbiMwia ewm 9,3 T/ra Hemece
29,3 % k¥pafbl. OpraHuKanblK (OH K¥py apKblibl OpamdKarnblpakTbil, emMAaTrul Tabmru
thoHMeH canbicTbipraHga 3,5 T/ra, ann opraHMKanblK QOHAArbl MMHepasibabl ThILAATKbILLTaPMEH
10,2 T/ra KeTepblfb Aybl1 LWapyallbibirbiHAA ThILARTKbILLTAPAbI KOMAAHY AaKbliaapabily
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ewMgLLINH  >k3He ToMblpaBAHapP/bIMbITbIH  caTay MeH ouTainaHabipyably — Heri3ri
(hakTopnapbIHbIH Gipi 60/bIN TabblIaabI.
TYTiHgi cB3Aep: ThILAUTLILLAOPEKTEHY YKaraainapbl, opavpkarbipak, eHiM cana.
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YnobpeHus nrpatoT 60MbLLUyH0 POSib B PEry/IMPOBaHUN COLEpPXKaHUS cocTasa rymyca
MOYBbI N MPOAYKTUBHOCTU Ky/bTyp. ONTUMa/IbHOE U pauyioHaslbHOE MPUMEHEHWE Ya00peHn
obecneyvBaeT 60/1ee BbICOKOE KauecTBO YpoXkas. B JaHHOM uvcCnefoBaHUM M3YYEHO BAUSIHWE
MWHepasbHbIX U OpraHuYeckMx YyaobpeHMM (HaBo3a) Ha pPOCT W pasBUTUE  KarlycTbl.
MprMeHeHNe MWHepasibHbIX YAOOPeHUM Ha €eCcTeCTBEHHOM W OpraHM4YeckoM  (poHax
CMOCOGCTBOBA/IO YBE/IMYEHUIO CPEAHEM MacChbl pacTeHnn Ao 2862 u 3353 . YporKamHOCTb
KyNbTypbl MpY MUHEPaUTbHOM YA00peHnU yBenunumnace o 41,0 T/ra, npubaska ypoXkasa K
KOHTpoMto coctasuna 9,3 1/ra mm 29,3 %. Co3gaHve OpraHMYeckoro oHa MoBbICKUIIO
YPOXKanHOCTb KanycTbl Ha 3,5 T/ra no cpaBHeHWUIO C eCTECTBEHHbLIM, MUHepasibHble YA00peHNs
Ha opraHunyeckoM ¢oHe Ha 10,2 T/ra. Wcnosnb3oBaHWe ynobpeHUU B CEIbCKOM XO3SMCTBE
ABNAETCA OAHUM U3 KJ/IHOYEBLIX (PAKTOPOB COXPaHEHUA W OMTUMM3AUUM  MOYBEHHOro
M/1I040POAVSA N MPOAYKTUBHOCTU KY/bTYP.

Krtoyesble €10Ba: yao6peHue, ycrioBre NNTaHWUS, Karycra, ypoXau, Ka4ecTso.
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