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Abstract. This article highlights the results of the study of environmental problems such as soil contamination
in the application of fertilizers and efficiency of resource-saving technology of soybean cultivation with elements of
intensification of agriculture is the optimum rate of fertilizer in increasing the productivity of agro-ecosystems.

The authors highlighted that, firstly, the use of mineral fertilizers is the effective technique to preserve and
improve soil fertility, yield crop growth and maintain a favorable phytosanitary condition of agroecosystems. And
secondly, in the environmental assessment of the effects of application of chemicals agriculture should take into
account changes in soil, groundwater, air and living organisms under the influence of fertilizers. Since this leads to a
decrease in product quality, improvement in its content, and residual amounts of nitrate fertilizers.

Substantiated environmental problems of use of fertilizers in the cultivation of major crops — soya in the
conditions of the southeast of Kazakhstan. Optimal parameters of elements of resource-saving technologies aimed at
improving the environment and improving the efficiency of agriculture chemicalization also revealed violations of
the ecological balance of the agro-ecosystem and developed.

In determining environmental impacts chemicalization agriculture under specific conditions and for a study of
environmental problems chemicalization agriculture authors studied the ways of rational use bioenergiticheskogo
potential agro-ecosystems, and soil pollution with heavy metals in the application of fertilizers and effective resource
cultivation technology with (elements intensive technology) optimal standards of mineral fertilizers increasing the
productivity of soybean agroecosystems.

Thus, the article proved that mineral fertilizers in optimal standards are one of the main factors of stabilization
of the ecological condition of the soil, to increase productivity of soybean plants at resource-saving technologies of
cultivation in irrigated south-east of Kazakhstan.

Introduction. To date world experience of agricultural development indicates that the use of
chemicals in agriculture is one of the main ways of its intensification, the key to improving the produc-
tivity of arable land, labor productivity, thus improving the economic situation in the sector of agricultural
production [1, 2].

The most efficient way to conserve and enhance soil fertility, increase crop yields and maintain a
favorable phytosanitary condition of agroecosystems is the application of chemical fertilizers and pes-
ticides. However, along with the positive effects should recognize the negative impact of application of
chemicals on the environment in agriculture [3-5]. These negative changes in the agroecosystem are the
result of processes of imbalances and excessive impact on the environment with an inhibitory effect on
agrophytocenoses and soil.

The soil cover is more exposed to contamination, degradation and destruction, as all processes in
agro-ecosystems associated with transformation, accumulation and migration of substances in the soil.
Soil is a filter incoming toxins, and the most important factor in their transformation. When assessing the
impact of environmental chemicalization agriculture should take into account changes in soil,
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groundwater, air and living organisms under the influence of soil application of fertilizers and pesticides
ameliorants, and under the influence of growing crops. This leads to a reduction in the quality of products,
increase its content of nitrates and pesticide residues [6].

Ultimately, the environmental violations results in economic losses due to the lower productivity of
arable land and lower efficiency of invested funds chemicals in agriculture [7, 8]. That is, there are
opportunity costs as additional costs for the preservation of agricultural products, soil fertility, to their
treatment, to clean air, water conservation public health. Despite the violation of environmental and
economic balance in the agroecosystem, there is widespread use of chemicals without considering
environmental factors.

In this connection, it is necessary to justify the environmental aspects of use of fertilizers in the
cultivation of staple crops — soybeans in a south-east of Kazakhstan. Also identify the ecological imba-
lance agro-ecosystems and to develop the optimum parameters of the elements of resource technology
aimed at improving the environment and improving the efficiency of agriculture chemicalization.

Materials and methods Sampling area. The object of research is a unique culture-soybean (cultivar
Eureka), short — rotation shift of crop rotation.

As a control in the experiments served as the traditional technology of soybean cultivation in
accordance with the recommendations of the farming systems Almaty region [9, 10]. Field experiments
and experimental studies conducted by conventional classical methods: experiments and observations.
Methodical withstand all the requirements for the procedure of bookmarks and field experiments
conducted by B. A. Dospehov (1985) and according to the guidelines of Boiko A. T. and Karyagin
Y. G. «Vita»OJSV [11, 12]. Biometric and phenological observations were carried out in accordance with
the recommendations of the Institute of field crop and vegetable production, and techniques STATE
crops — growing of cereals, legumes and oilseeds [13, 14, 15].

The experimental materials processed by variance, correlation and regression analysis by Dospe-
hov B.A., and analysis of Novikov A. M., Novikov D. A. [11, 16].

To determine the content of heavy metals in the soil was used atomic absorption spectrophotometer
Shimadzu AA7000, with hollow cathode lamps made of the elements Fe, Zn, Cu, Pb, K. For the sample
preparation method study of RD 52.18.286-91 [17] was used , the comprising treating the samples in a
microwave "Minotaur 2" PU 12-2009.

Sample collection and preparation.The results of research. In determining environmental impacts
and economic evaluation of application of chemicals in agriculture specific conditions we studied ways of
rational use of bioenergetics potential of agro-ecosystems. To justify the environmental dimension of
agriculture chemicalization we studied soil pollution with heavy metals in the use of fertilizers and
resource-efficiency cultivation technology with elements of intensive technology as the optimal rate of
fertilizer in increasing the productivity of agro-ecosystems [18].

According to domestic and foreign researches the use of fertilizers and increase crop yields are
directly dependent [19, 20]. With low fertilizer use, and vice versa in the case of excess of applications,
there are environmental problems with a concomitant deterioration in the economic situation of the local
and global. In case of imbalance of nutrients in the soil plants reduce its productivity and crop quality.
Similarly actions appear redundant rules apply fertilizer.

Fertilizers applied to soil enter into complex interactions with her and their fate depends on its
chemical and physical properties. The soil, as a component of the biosphere is rather specific, since it
stands as a buffer that controls the transfer of chemical elements and compounds.

The disadvantage of many of fertilizers can be attributed to the presence of heavy metals (cadmium,
lead, nickel, etc.). The most contaminated with heavy metals phosphorus and complex fertilizers. The use
of phosphate and complex fertilizers leads to environmental pollution compounds of fluorine, arsenic. Into
the soil soluble phosphate fertilizers, in considerable extent absorbed by the soil and become inaccessible
to plants and do not move in the soil profile. It was found that the first culture use of phosphate fertilizers
only 10-30% P,0s, and the rest amount remains in the soil and undergoes various transformations.

In the context of our research cropping was carried out with intensive technology, which used higher
doses of mineral fertilizers. A striking example can serve NgoR;s0Ko9 recommended rates of mineral
fertilizers for crops of soybeans one of the largest agricultural enterprises - JSC "Vita" located on the
south-east of Kazakhstan and engaged in the cultivation of this valuable legumes, while oilseeds. During
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the comparative assessment of the studied doses of mineral fertilizers were used ammonium sulfate,
superphosphate and muriate of potash.

Ammonium sulfate ((NH4),SO,) — average salt of sulfuric acid contains 21% nitrogen and 24%
sulfur. From the entered norm of fertilizers plants assimilate cation NH, + ammonium sulfate is much
more intense than the anion SO, - as the nitrogen the plants need a much larger amount than sulfur. This
process is accompanied by the destruction of the soil contained in the basic compound that increases the
acidity, especially with long-term use of ammonium sulfate to the same sites. Thus, ammonium sulphate
is a representative of physiologically acidic fertilizers.

In the context of our research meadow-chestnut soil is sufficiently alkaline medium, so ammonium
sulfate, which has an acidic environment, is considered the most optimal type of nitrogen fertilizer.

In the composition of ammonium sulfate from heavy metals contained cadmium not more than
0.5 mg/kg (at MPCwa 0.01/0.005 mg/m®), cobalt — 5.0 mg/kg (0.05/0.01 mg/m’), arsenic not more than
2.0 mg/kg (0.04/0.01 mg/m’), nickel not more than 4.0 mg/kg (0.05 mg/m’), lead is not more than
32 mg/kg (0.01/0.005 mg/m®), copper is not more than 33 mg/kg (1/05 mg/m®).

Simple superphosphate (Ca(H,PO,),) — is a highly effective granular phosphorus fertilizer. It is made
from phosphate rock, sulfuric acid and phosphoric acid and ammonia. It is used for the core, pre-plant, at
planting and fertilizing all crops in all types of soil. The heavy metals are contained in the following
ranges: lead (Pb) not more than 20 mg/kg, cadmium (Cd) — not more than 0.5 mg/kg, arsenic (As) not
more than 2 mg/kg, chromium (Cr 6+) — not more than 6 mg/kg.

It is well known that in the year of fertilizer application plants use about 30—50%, the rest remains in
the soil as the aftereffect of fertilizers [19, 20]. It is therefore necessary to monitor the levels of HM.

Given the foregoing, we carried out a comparative assessment of the impact of the application of the
four variants of the mineral fertilizers in conventional and resource-saving technologies of cultivation of
soy on the content of heavy metals. In the traditional technology of cultivation of soy is studied as a
control variant without fertilizers and NgoP;50K9o as recommended dose for area studies.

When use of resource-saving technologies of cultivation of soybean - phosphorus fertilization normal
PsoK30, and full N3gPsoKs0. According to the research content of heavy metals in the 0-20 cm soil layer
was different in exploring options (table).

Soil contamination by heavy metals in the use of mineral fertilizers, depending on the technology of cultivation of soy

Heavy Traditional technology Resource saving technology MAC level,
metals Without fertilizers NioP1s0Koo PsoKso N3oPsoKso mg/k
Cr 0,58 2,78 0,54 0,62 6,0
Pb 0,49 2.34 0,514 0,539 6,0
Zn 0,422 0,46 0,377 0,462 23,0
Cu 0,123 0,37 0,125 0,209 3,0
Cd 0,049 1,18 0,62 0,85 20,0

In conventional technology without application of mineral fertilizers the soil is low in virtually
all elements of heavy metal in particular copper — 0.123 mg/kg and zinc — 0.422 mg \ kg, respectively,
24.4 and 54.5 times lower than the MAC (3.0 and 23.0 mg/kg). There is a tendency to increase a content
of heavy metals [21] in the cases of mineral fertilizers in the resource-saving technologies. Also, a
significant increase in the concentration of heavy metals in application of NgyP50Kg9 — recommended dose
for area studies. When making a long-term dose of fertilizer in the Cr content 0-10sm layer increases from
0.58 to 2.78 mg/kg soil.

By the nature of the accumulation of heavy metals in the meadow brown soil under crops of
soybeans should be noted that the Pb content ranged from 0.49 to 2.34 mg/kg, Zn — 0,422—0,46 mg/kg Cu
changed within 0,123-0,37 mg/kg, Cd — 0,049-1,18 mg/kg of soil and was significantly lower at 17.6
MPC, respectively; 50.0; 8.1; 16.9 times.

Thus, the content of heavy metals in the soil in conventional technology formed a number in
descending order: Cr>Pb>Zn>Cu>Cd. A different picture emerges from a mineral fertilizers with a rather
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exaggerated doses (NgPigoKgp), where the number of contents heavy metals looks as follows
Cr>Pb> Cd> Zn> Cu.

In the distribution of Cd in the soil profile was observed following law-dimensionality. The largest
number of Cd observed in the arable horizon (0,62—0,85 mg/kg) on a variant using P4K3¢ and a complete
set of mineral fertilizers — N3oPsK3¢ at soil safeflat cut tillage.

The highest content of Cr - 0,54-0,62 mg / kg in applications of fertilizers (PsoK3o and N3oPsK30) for
resource-saving technology is much lower than the MPC level (ie, 11.1 and 9.7 times). In this
embodiment, the Cd content was more inflated and 0.62 and 0.82 mg/kg, they were below the MPC level
in 32.2 and 23.5 times. It should be noted that the content in the soil of mobile forms of heavy metals in
the fastest time. Reasons for changes may be different in most cases agefluctuations are explained by
changes in the plants, in the intensity of absorption of chemical elements.

Thus, scientifically based application of fertilizers in the cultivation of soybeans does not lead to the
accumulation of heavy metals in the topsoil. When environmental conditions of resource-saving
technology for soil cultivation of soybeans is optimized, where the content is much lower heavy metals
MPC level 9,7-11,1 times for Cr, Pb 17.6 times, Zn 50.0 times, 8.1 Cu and Cd 16.9 times. It is proved that
an alternative technology in the application of mineral fertilizers in the dose PgoK3o and N3oPeKzo provides
an environmentally safe ecosystem of soybean cultivation with the subsequent improvement in the
nutrient regime of the soil and increase crop productivity.

Soybean yields under control with conventional technology without fertilizers is only 19,8 c/ha.
Against this background, when soybean seeds were treated before sowing nitragin, soybean yields
increased by 2.8 ¢/ ha. (figure).

harvest, c/ha

35

30

25
20
15
10
5
0

Without Nitragin |[N60P180K90| P60K30 |N30P60 K30
fertilizers

Traditional Resource saving

B harvest, c/ha

Soybean yields, depending on the application of mineral fertilizers, kg/ha

Application nitragin has on symbiotic activity, increases the number and weight of nodules on the
roots of soybean plants that improve nitrogen nutrition of crops.Soybean responds well to make phosphate
fertilizers, especially against the background of low levels of available phosphorus in the soil, in our case
studies.

When resource-saving technology of phosphorus fertilization on the background of seed treatment
nitragin soybean yields increased from 19,8 to 27,4-28,9 c/ha.

Full fertilization N3oPgoK30 for the study of resource-saving technologies has contributed to a further
increase, ie, yield increase of 9.1 c/ha.
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Thus, it is proved that fertilizers are major factor in the stabilization of the ecological condition of the
soil, to increase productivity of soybean plants in the resource-saving technologies of cultivation under
irrigation in the southeast of Kazakhstan.

Conclusion. Established optimal standards (PsKszop and N3oPgKsp) of fertilizers allow to reveal
hidden forms of violations of ecosystem resilience in comparison with the traditional technology of
soybean cultivation in the inflated standards NgoP150Koo prolonged use. When making this recommended
dose observed increase in the content of heavy metals, where Cr content 0-10 sm layer increased
significantly from 0, 58 mg/kg to 2,78 mg/kg soil. In the context of the south-east of Kazakhstan
prolonged use of excessive regulations NgoPig0Kogo disturbs the stability of the agro-ecosystem, which
increases the level of soil contamination with heavy metals, disrupted ecological condition
agrophytocenosis and reduced productivity of crops to 13,1%.
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MUHEPAJIJIbI TBIHAMTKBIIITAPABI KOJJIAHY IbIH
IKOJIOTUSLIBIK ITPOBJIEMAJIAPBI

H. III. CyneiimenoBa, C. M. ’Kapacnaesa
Kazak yiTThIK arpapiblK yHUBepcuTeTi, Anmatel, Kasakcran

Tyiiin ce3aep: eriHIIUTIKTI XUMHUSIAHABIPY, SKOJOTHSUIIBIK MTpo0iemMernap, MUHEPaN/bl THIHAWTKBIIITAP, TOIbI-
PaKThIH JIACTaHYbI, pECYPCYHEMEY TEXHOJIOTHSCHI, MalOypIlaK.

AHHOTanusi. Makanana MUHEpaIIbl THIHAWTKBILTAP KOJJAHFaHJAFbl TOIBIPAKTHIH JIACTAHYBI CHSAKTBI KO-
JIOTHSUIBIK MPOOJeManap »oHE MHUHEpaIbl THIHAMTKBIITAP/BIH ONTUMAIIbl HOPMAaJIApblH KOJIaHAa OTBHIPBII COSI
ecipyzieri pecypcyHeMzey TEXHOJOIUSCHIHBIH arpodKoXKyHeci OHIMAUIIH apTThIpyAarbl THIMAUIIIH 3epTTey
HOTH)KENEPi KOPCETIIreH.

ABTopnap OipiHINIZEH MHUHEpaJAbl THIHAWTKBIITAP KOJIAHY TOMBIPAKTHIH KYHAPJIBUIBIFBIH apTTHIPY, aybul-
HIapyanbUIbIK JaKbUIIAPBIHBIH OHIMJIUIINH KOTEpY KOHE arpodKOKYHEeHiH KOJaiiabl (PUTOCAaHUTAPIIBIK JKaFIaibIH
cakTay YIIIH THIMI TOCUI KeHiH, eKIHIIICH eriHIUIKTI XUMHUSIIBIK OHICY Il SKOJIOTHSUIBIK Oarajay sKarnaibiHaa
MUHEPAIIBIK THIHAUTKBIIITAD OCEPIHEH TOMBIPAKTHIH, KEPACThl CYJIAPBIHBIH, ayaHbIH OHE Tipi OPraHU3MICPIiH
©3repicKe YIIBIPaUTBIHBIH €CKepY KepeK JIeTl aTall oTel.

KazakcTaHHBIH OHTYCTIK HIBIFBIC aliMarblHIa KOPHEKI JaKbUl — COSIHBI — ©CIpyJle MUHEPAJIbl THIHANTKBIIITAD
KOJIIaHYIbIH DKOJIOTHSUIBIK NpoOiiemMenapbl aHbikTanraH. CoHIal-ak arposKoKyHEHIH JKOJOTHSUIBIK Tere-TeHJIT
Oy3bUTYBl allKbIHIAJIBII, SKOJOTHSUIBIK MKaFAaiIbl JKaKcapTyFa jKOHE EriHIIUTIKTI XUMHUSUIAHIBIPY THIMALUITIH apT-
TBIpYFa OaFbITTaJIFaH PECYpPCYHEMIEY TEXHOJIOTHACHI 3JIEMEHTTEPIHIH ONTUMAJI/Ibl TapaMeTpIiepi )Kacaibl.

EriHminikTi XUMUSUIIaHABIPYABIH HAaKThI KaFIaiarbl SKOJOTHSUIBIK CajlapblH aHBIKTAY JKOHE SKOJIOTHUSUIIBIK
npoOJiemManapbl JIaJieNiey YIIiH aBTopiap arpodKOXKYHEeHiH OMOIHEPreTHKANIBbIK MOTEHIIMAIBIH PAMOHAIbI Maii-
JlallaHy JKOJIapblH, COHJA-aKk MUHEPaIIbl THIHAWTKBIITAPAbl KOJJIAHFaHAA TOIBIPAKTHIH ayblp MeTalliapMeH
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JIACTaHYybIH JKOHE PECYPCYHEM/IEY TEXHOJIOTHICHIHBIH arpOdKOXKYiHe OHIMIUIINH apTThIpyAaFbl TUMIALIITT KapacThbl-
PBUIFaH.

Maxkanaga MUHepanasl THIHAWTKBIIITAP ONTHMAJIbl HOpMaa MaiaaJaHbUIFaH JKaFIaia TOMBIPAKTHIH YKOJIO-
THSUTBIK KaFIaiiblH TypakTaHAbIpyaa 0acTsl daktop 0oJajbl Jem Haienaeiai, o o3 keserinae Kasakcran OHTYCTIK
HIBIFBIC YKaFAalbIHIa PECYpPCYHEMICY TEXHOJIOTHSICHIH KOJIJaHa OTBIPBIN OHIM/UTIKTI KOTePY/Ii KAMTaMachl3 eTe/Ii.

3KOJIOTHYECKHUE ITPOBJIEMBI
MPUMEHEHUS MUHEPAJIbHBIX YOBPEHUI

H. III. CyaeiimenoBa, C. M. ’KapacnaeBa
Kasaxckuit HallMOHANBHBIN arpapHbIil yHUBepcUTET, AnMatel, Kazaxcran

KaroueBble ciioBa: Xxumu3aius 3eMyIeIelis, KOJIOrHIecKrue MpodiieMbl, MUHEpalibHbIe yI00peHH s, 3arps3-
HEeHHe [TOYBBI, pecypcocOeperarolasi TeXHOIOTHsI, COsl.

AHHoTanusi. B craTbe ocBelleHbl Pe3yJIbTaThl H3YUYEHHS IKOJIOIHYECKOM MPOOIeMbl, KaK 3arpsi3HEHHE ITOYBBI
NpU TIPUMEHEHUH MUHEPAIbHBIX y10o0peHuid U 3((GEeKTUBHOCTh pecypcocOeperaroleil TEXHOJIOTHH BO3/Ie/IbIBAHHS
COU C ONTHUMAIbHBIMH HOPMaMK MUHEPAIIbHBIX YA0OPEHHIi B MOBBIILICHUH ITPOLYKTUBHOCTH arpOdKOCUCTEMBI.

ABTOpaMH BBIIENSIOTCS, YTO, BO-NIEPBBIX, IPUMEHEHNE MUHEPAIIBHBIX yI00peHuit — 3pexTHBHBIN npueM Jyis
COXpaHEHHs W TOBBIIICHHS TUIOJIOPO/NS TIOUBBI, POCTa YPOXKAHMHOCTH CENIbCKOXO35HCTBEHHBIX KYJIBTYD U HOAIEP-
KaHUsl ONaronpuaATHOr0 (pUTOCAHUTAPHOTO COCTOSHHS arpodKocHcTeM. M1 BO BTOPBIX MPH HKOJOIMYECKOW OLEHKE
MOCJEACTBUH XMMHU3AIMU 3eMJIeNIeNIUs CIeyeT YYUThIBaTh M3MEHEHHE IO0YB, TPYHTOBBIX BOJ, BO31yXa, JKUBBIX
OpraHu3MOB I0J] BO3ZEHUCTBHEM ynoOpeHuid. Tak Kak 3TO MPUBOAUT K CHIDKEHHIO KauecTBa MPOAYKIIMH, MOBbI-
LICHHIO COJICP)KAHMUS B HEM HUTPATOB M OCTATOYHBIX KOJIMYECTB MUHEPAIBHBIX YIO00pEHHI.

O060CHOBaHBI HKOJIOTHYECKHE MPOOJIEeMBI MPUMEHENs YIOOpEeHHA MpH BO3ACIBIBAHUH BEAyIIeH KyJIbTYpHI —
cou B ycloBusiXx roro-Bocroka Kazaxcrana. Takke BbISIBICHBI HAPYIICHUS SKOJOTMYECKOTO PABHOBECHS arpodKo-
CHCTEMBI U pa3paboTaHbl ONTUMAJIbHbIC TTAPAMETPhI JIEMEHTOB pecypcocOeperaoliell TeXHOJIOTHH HaIPaBJICHHON
Ha yJIy4IlIeHHe SKOJOTHYEeCKON CUTYalMHU U TIOBbIIeHHE 3()(HEKTUBHOCTH XUMH3ALUH 3eMIIE/ICIHSI.

[Ipu ompeneneHny 3KOJOTHUECKUX MOCIEACTBUN XMMH3ALUKU 3eMJIeeiss B KOHKPETHBIX YCIOBUSIX W IJIS
00OCHOBaHHMS IKOJIOTHYECKOI MPOOIeMbl XUMHU3ALUK 3EMIIC/ICINSI ABTOPbI U3YYald MyTH PALMOHAIBHOTO HCIIOJb-
30BaHMsl OMOIHEPTUTHYECKOrO MOTEHIMANa arpo3KOCUCTEMBbI, TAKXKe 3arps3HEHHE MOYBBI TSIKEJIBIMUA MeTalUIaMH
NPU IPUMEHEHUH MUHEPAJIbHBIX yA00peHHil U 3 (heKTHBHOCTH pecypcocOeperarolieil TeXHOIOTUH BO3/ICIbIBAHUS C
(371eMeHTaMHu MHTEHCUBHOM TEXHOJIOTMH) ONTHMAIbHBIMA HOPMaMH MUHEPAJIbHBIX yIO0OPEHUI B MOBBIILIEHUH IPO-
JYKTUBHOCTH arpO3KOCHCTEMBI COH.

Takum 00pa3om, B cTaThe JIOKa3aHO, YTO MHHEpaIbHbIE YAOOPEHHs IMPU ONTHMAILHBIX HOPMaXx SIBIISIOTCS
OJTHUM M3 TJIaBHBIX (DaKTOPOB CTAOMIIM3AIMU JKOJOTMYECKOTO COCTOSIHUSI MOYBBI, 00ECIEYHBAIOIINE MOBBILICHHE
MPOJIYKTUBHOCTH PAaCTEHUH COM MPH pecypcocOeperaroieil TeXHOIOTUH BO3/IE/IbIBAHHS B YCIIOBHSX OPOIICHHS FOTr0-
BocToka Kazaxcrana.

Hocmynuna 14.03.201 6e.
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