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YIELD AND QUALITY OF MUSTARD SEEDS DEPENDING
ON MINERAL NUTRITION AND FERTILIZERS
UNDER CONDITIONS OF SOUTHERN BLACK SOIL

Abstract. The biological features of mustard allow it to be widely used as food, medicinal, fodder, green
manure, oilseed and honey plant and in various industries. It is a valuable source of high-quality oil, rich in vitamins,
has phyto-reclamation and phytosanitary properties, and is a good predecessor for other crops. However, despite the
high value and the prospect of use in agriculture, it has been little studied. The requirements for mineral nutrition of
the soil and mineral fertilizers have not been studied, which is very important for the production of stable and high-
quality crops, which was the purpose of our research. The studies were conducted on humus of the southern steppe
zone of Northern Kazakhstan. The experiments were carried out according to a 14 variant scheme, to create different
levels of phosphorus and nitrogen in the soil in order to determine the quantitative relationship between the level of
nutrient content in the soil and the productivity of mustard varieties. Studies have shown the responsiveness of
mustard varieties to nitrogen-phosphorus fertilizers, depending on the content of nutrients in the soil. In the
conditions of southern black soil, the effectiveness of applied fertilizers is determined by the level of nutrients
content in the soil, the conditions of moisture supply, temperature conditions and the biological characteristics of
mustard varieties.
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Introduction. Oilseeds have taken an important place in human nutrition, as they remain the main
sources of calories and protein for a large part of the world's population.They are in high demand in the
global market and highly profitable. Given the great demand for oilseeds in recent years, sown areas in
Kazakhstan have significantly increased. It should be noted that in 2019 the area under mustard increased
by 3.5 times and amounted to 78.3 thous.ha [1].

Mustard is a valuable source of high-quality oil, has phyto-reclamation and phytosanitary properties,
adapted to different growing conditions, even in unfavorable conditions of cultivation. Mustard is widely
used in food, canning, confectionery, bakery, margarine, perfumery and other industries [2,3].

Mustard oil contains many vitamins as A, B6 PP, D, E, K, and P. It has the lowest acid index and
much longer than others retains its properties.Mustard powder, due to its content of essential (allyl) oil,
has strong fungicidal and bactericidal properties [4,5].

Mustard is the third largest source of vegetable oils in the world after soybean and oil palm. The
residue remaining after extraction of the oil (i.e. cake or flour), rich in protein, can be used as livestock
feed [6]. Its oil refers to low-drying oils, so it is used to lubricate car engines and equipment operating at
low temperatures [4].

Mustard seeds have a high energy content, 28-32% oil with a relatively high protein content
(28-36%). Mustard oil has a special composition of fatty acids: 20-28% oleic, 10-12% linoleic acid,
9,0-9,5% linolenic, 30-40% erucic acids [7], contain relatively less carbohydrates [8].

In a balanced diet for human health, 20-25% of calories should come from oils and fats, which are
the main sources of fats and fat-soluble vitamins, which play a significant role in the human diet [4].
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Mustard seeds act as a laxative, stimulating effect on the gastric mucosa and increase the secretion of the
intestine [9].

Mustard cake contains a significant amount of nitrogen, phosphorus, potassium, calcium,
magnesium, iron, copper, sulfur, essential mustard oil [10]. Due to the presence of essential mustard oil in
the cake, it has antimicrobial, antiseptic, bactericidal disinfectants, deodorizing, phytoncidal and
fungicidal properties.

Mustard forms a large green mass and can be used as a green fertilizer. It prevents soil from being
affected by erosion,and it is an excellent good precursor for crops,as a source of control against weed
plants, diseases and pests and is not demanding on soil conditions,can grow in lightly saline soils [11]. A
powerful root system of mustard, deeply penetrating into the lower layers of the soil, uses sparingly
soluble nutrients and water,and how drought-resistant culture can grow inharsh arid climatic conditions of
the steppe zone.

Mustard is demanding for mineral nutrition conditions in the soil. Phosphorus and potassium
contribute to the accumulation of oil in the seeds, and nitrogen fertilizers enhance protein biosynthesis,
but adversely affect the oil production process [12]. As P.Vavilov [13] notes, under white mustard, the
roots of which are more assimilable, it is possible to introduce insoluble phosphorus fertilizers.

Mustard consumes much more nutrients to form a crop and responds well to the application of
mineral fertilizers. Intensive consumption of nutrients by mustard is observed in moderately wet
conditions. According to O.L.Tomashov [14], mustard is responsive to phosphorus fertilizer application.
E.Y.Zotova [15] in her studies notes that the application of nitrogen-phosphorus fertilizers contributes to
an increase in seed collection by 0,42-0,70 t/ha.

The world record of mustard yield is 5,7 t/ha thanks to GMO mustard in India, using SMI techno-
logy, in the Umariya District, Madhya Pradesh.As a result of the tests, some varieties of GMO mustard
produced 3,0-4,0 t/ha, with an average oil content of 42% in seeds.

The rate of nutrient intake, as indicated by V.D.Pannikov (1964), depends on the formation of
carbohydrates and other organic compounds in plants and the removal of nutrients per unit of yield varies
depending on soil and climatic conditions, precursors, agrotechnics, fertilizers and varieties [15].

From the above it follows that the responsiveness of mustard to the content of the basic elements of
soil nutrition and mineral fertilizersis important in the study of its mineral nutrition.

In the study of mustard in Kazakhstan, the main attention was paid to biology, breeding, and crop
cultivation technologies [16-20], when the issues of mineral nutrition of the soil and the impact of mineral
fertilizers on the productivity and quality of mustard varieties were practically not considered, which was
the purpose of our research.

M aterials and methods. The research was carried out on the humus of the southern carbonate steppe
zone of Kazakhstan. The experiments were laid down according to the 14th variant scheme, where 7 levels
of phosphorus, 3 nitrogen and paired combinations were studied. The scheme provided for the creation of
various levels of phosphorus and nitrogen in the soil (from low to excessively high) in order to establish a
guantitative relationship between the level of nutrient content in the soil and the productivity of mustard
varieties. The soil is southern carbonate black soil. The thickness of the humus horizon is 45-47 cm. Humus
content - 3,8%, total nitrogen 0,25-0,30%, mobile phosphorus - 15-20 mg/kg, potassium 35-50 mg/100g of
soil. pH level - 8,0-8,1. Carbonates in the soil were found from a depth of 28-30 cm.

Fertilizers (ammonium nitrate and ammophos) were applied under the main tillage of the soil. The
area of one plot is 54 m2 The repetition in the experiments is threefold. The Bourgault 3710 sowing
complex planted the mustard. The sowing rate of seeds is 10-15 kg/ha. Varieties - Rushen, Profi. The New
Holland combine carried out mustard harvesting.

The selected samples were determined: soil moisture - by the weight method [GOST 28268-89],
nitrate nitrogen - by reaction with disulfophenolic acid (according to the Grandval-Lyazhu method),
mobile phosphorus and exchange potassium from one extract - according to Machigin (GOST 26205-91),
absorbed by Ca”+Mg”by the trilonometric method (GOST 26428-85).

Mathematical processing of yield data was carried out by the method of dispersion analysis according
to B.A.Dospekhov [21].

Results and discussion. Weather conditions of Akmola region were quite typical for the climate of
Northern Kazakhstan. According to weather conditions, the agricultural year was difficult: only 273 mm
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of precipitation fell, which is less than the average long-term norm by 92 mm and extremely unevenly
distributed by months and periods.

In April, 44 mm fell at a rate of 25, which amounted to 176% of the norm. This created a high level
of moisture in the pre-sowing period. But June and July were arid. Only 61 mm of precipitation fell versus
103 mm or 59%. August was at the average long-term level, but there was an uneven fall over decades.

In terms of temperature regime - May and June were cool, July and August - close to the average
indicators.

Meteorological conditions have significantly affected both the soil processes and the characteristics
of the growth and development of plants and the formation of the mustard crop.

The moisture content of mustard in the experiments depended not only on the conditions of the
growing season, but also on the spring reserves of productive moisture accumulated due to autumn-winter
precipitation.

Reserves of productive moisture in the meter layer before sowing mustard varieties were 169-
170 mm, in the 0-20 cm layer - 25-27 mm. Due to the dry period in June-July, the productive moisture in
the layer 0-20 cm decreased twice (9-12 mm) in the phase of the mustard budding.

Precipitation in August created a good background of humidity, it increased to 155 mm, which
favorably influenced the phase of flowering mustard.High air temperatures without precipitation
contributed to the rapid maturation of mustard seeds, which favorably influenced the formation of a
productive crop.

A diagnostic indicator of the availability of soils with mobile phosphorus and exchange potassium is
their content in the layer of 0-20 cm, and for nitrogen nitrates (due to its high mobility and ability to
migrate) - in the layer of 0-40 cm [22-24].

The existing hydrothermal regime influenced the soil processes and the conditions of the mineral
nutrition of mustard.The content of nitrate nitrogen in the soil according to the varieties of mustard was of
average availability (10-11 mg/kg). In the development phases of mustard varieties, an increase in the
nitrate nitrogen content to 15 mg/kg was noted due to the high air temperature and soil moisture, which
favorably affected the nitrification process.

The initial content of mobile phosphorus in the soil for mustard varieties is average 20,5 mg/kg
(Rushen variety), 21,5 mg/kg by the Profi variety.The main amount of phosphorus is concentrated in a
layer of 0-20 cm. There is a slight increase in the content of mobile phosphorus in conditions of high soil
moisture. Traces of phosphorus were found under the arable layer of the soil.

The availability of soil with exchange potassium is high (770-826 mg/kg). Most of it is located in the
arable layer (0-20 cm) of soil.

Fertilizers had a great influence on the content and ratio of nutrients in the soil (table 1).

Table 1-The effect of fertilizers on the content of nutrients in the soil before sowing mustard, mg/kg

Rushen variety Profivariety
Variants N-NO3in the P205in the K20 in the N-NO3in the P205in the K20 in the
0-40 cm layer 0-20 cm layer ~ 0-20 cm layer 0-40 cm layer 0-20 cm layer ~ 0-20 cm layer

(0] 9,9 20,6 773 10,5 21,6 770
N30 12,1 19,9 771 11,1 19,7 770
N60 135 224 789 12,8 224 769
P60 11,3 26,7 790 11,6 26,7 773
P90 13,0 29,1 763 12,7 28,5 766
P120 134 36,6 819 13,0 37,3 772
P150 14,6 39,7 820 14,7 39,7 812
P180 14,0 42,6 771 14,0 43,7 773
P210 14,8 446 795 16,3 451 826

As can be seen from the table, the use of fertilizers contributed to a significant increase in the content
of nitrate nitrogen in the soil by 2-5 mg/kg due to the active processes of the activity of microorganisms.
Phosphorus fertilizers also increased the content of P205from 26 to 45 mg/kg.
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The content of the exchange potassium was practically unaffected by the application of nitrogen-
phosphorus fertilizers.

An analysis of the effect of fertilizers on the productivity of mustard shows that it depends on
indicators of soil fertility and hydrothermal conditions for its development.

According to the data of V.I.Radchenko [19], the interphase periods of growth and development of
blue mustard strongly depend on soil moisture, and with its high content, the crop gives the maximum
yield. Whereas under unfavorable conditions of humidification, phosphorus fertilizers played the main
role, which was confirmed in our studies.

Backgrounds created by the application of nitrogen-phosphorus fertilizers affected the productivity of
mustard varieties, table 2.

Table 2 - The effect of fertilizers on the yield of varieties (c/ha) and the quality of mustard fat (%)

Rushen variety Profi variety
Variants Productivity at control % Fat content, Productivity at control % Fat content,
and increase to it, c/ha % and increase to it, c/ha %
0] 141 - 28,1 15,6 - 32,9
N30 -01 - 32,7 -0,2 - 35,2
N60 -0,3 - 28,3 -0,4 - 358
P60 5,6 39,7 28,6 1,0 6,4 35,6
P90 6,3 44,7 29,6 34 21,8 36,9
P120 6,5 46,1 29,1 3,7 23,7 375
P150 6,6 46,8 30,4 4,7 30,1 35,6
P180 6,3 44,7 29,1 6,6 42,3 34,9
P210 3,0 21,3 29,0 2,8 17,9 343
m,% 0,32 1,40
HCP® 0,18 4,15

The main purpose of the research was to create several levels of nitrogen and phosphorus - from very
low to excessive levels, to determine the needs and requirements of mustard varieties for the conditions of
mineral nutrition in the soil.

As can be seen from the table, the best result was achieved by different doses of the applied
fertilizers. The yield on the control was 14,1 (Rushen variety) and 15,6 c/ha (Profi variety).

Due to the low productive moisture in the soil, nitrogen fertilizers did not give the desired effect.
Crops in both varieties were low compared to the control option.

The best results were obtained with phosphorus backgrounds. With an increase in the content of
mobile phosphorus in the soil, the productivity of the mustard crop by varieties also increased, the average
increase was from 1,0 to 6,6 c/ha.

Stable increases were obtained from the Rushen variety, an increase of P205in soil to 40 mg/kg gave
an increase to 47%. Further saturation of soils with phosphorus reduced the yield by 3 centner or 20%.

This shows how important it is to determine the most accurately - to what level it is advisable to
bring the phosphorus content in the soil.

The revealed regularity of the reaction of mustard of the Rushen variety is also characteristic of the
Profi variety, with the only difference being that the variety itself exceeded the productivity of the Rushen
variety by 1,5 c/ha, but it turned out to be significantly more sensitive to phosphorus deficiency in the soil
and better reacted to the application of phosphorus fertilizers. An increase in P205from 28 to 43 mg gave
an increase from 3,4 to 6,6 kg/ha, almost twice. The best result was obtained according to the variant
P180 kg when the content of mobile phosphorus was 43,7 mg/kg, the yield was 22,2 c/ha (6,6 ¢ to the
control or 42,3%).

This indicates the species differences in mustard on the requirement for the content of nutrients in the
soil and fertilizers, which was the purpose of our research.
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The positive effect of fertilizers is not limited only to productivity. An equally important role is
played by the quality of fat in mustard seeds. As with yields, the best fat content is obtained from Profi,
compared to Rushen, by 4,8-7,1%.

In general, nitrogen fertilizers did not contribute to the increase in the fat of mustard grain. Moreover,
there has been a clear tendency to reduce it, regardless of the level of soil availability with nitrogen.

Phosphorus fertilizers have a positive effect on the accumulation of fat. The fat content ranged from
28,6 to 30,4% in the Rushen variety, 35,6-37,5% in the Profi variety. The best results were obtained,
respectively, according to the variants P120-P150, which indicates the different requirements of mustard
varieties for soil conditions.

From the above data on the productivity and quality of mustard grain, it is visible how important it is
to take into account when applying fertilizers not only the content, but also the ratio of elements, both in
soil and in fertilizers.

Calculations of economic efficiency showed that the use of fertilizers for mustard is highly
profitable. According to the studies, it is clear that even with a yield increase of 1,0 c/ha (P60), a net
income of 36960 tg was obtained with a profitability of 129%.

Thus, the studies showed the responsiveness of mustard varieties to nitrogen-phosphorus fertilizers,
depending on the content of nutrients in the soil. The efficiency of applied fertilizers is determined by the
level of the contents of nutrients in the soil, moisture conditions, temperature conditions and biological
characteristics of mustard varieties.

Conclusion. Studies on southern humus of the steppe zone showed that mustard species, based on
biological and genetic characteristics, present certain varietal requirements for the conditions of mineral
nutrition in the soil. Therefore, it is important to find not only the optimal levels of nutrients in the soil,
but also determine the ways to achieve them in order to realize the maximum potential of the crop.

P.E. EneweBl E. T. HopmaHoB2, b. H. Xam3unHa?2

IKasak MrTulkK arpapfibik yHusepcutet Anmarsl, KasakcTaH;
2C. CeiipynnuH aTbiHfarsl Kasak arpoTexHuKkanblk yHusepcutet HAp-CAntaH, KasakcTaH

OAY CTIK KAPA TOMbIPAK XXATAANBIHAA Lbl W AHbIL BHIMA 111N MEH
CAMACbHIHA TOMbIPAK XXATAAWbl MEH ThILAWTLUbILWLTAPAbIL, 3CEP1

AHHOTaumnsa. KbllwaHblH 6MONOTMANBIK ePeKLenikTepi OHbl a3blKTblK, A3PLIK, XEM as3blKTbIK, CUAEPATThI,
Maiinibl, 6an any XaHe eHAIPICTiH TYpAi cananapbiHAa WWLWI3AT peMHAe KelHeH KongaHyra mYMKiHAik 6epean OHbl
Xorapbl cananbl Mai anyga, K¥pambl fgapymeHgepre 6ail, uTtomMennopaTuBa >K3He (uTOCaHMTapAbl 6arbiTTa
ecipyre 6onagbl, 6acka gakbingapra eTe >akcbl anrbl kK¥B[bl fakbin 60nbin Tabbinagbl. Anaiifa 6onawarbl 30p
JaKbln atanMblll K¥B/bibIKTapbiHa KapaMacTaH orapbl eHiM MeH cana KepCeTKilrepiH anyfa Malbi3bl Xorapbl
TOMbIPAKTbIH MUHEpPanfaHybl MeH ThiHAWTKbIWITapra fAereH KaXeTTiniri 3eptreniHéereH. CoHAbIKTaH 6lsalt 3epTTey
X MblcTapbiMbl3 ConrYCrik KasakcTaHHbIH OHTYCTIK Kapa TonblparbiHAa Xyprisinin, ocbl 6areiTka 6arsiTTanbl.

Kbllwa c pbinTapblHbIH eHIMAiNIriHe Tonbipak K¥paMblHAarbl Heri3ri KOpekTiK 3aTTapfblH 3CepiH 3epTTeyjae
ToMbIpakTarbl a3oT neH dochopablH TYpPAi feHTeiliH )acay MakcaTblHAa ONnapAblH CaHA4blK apakaTblHACbIH aHblKTay
Ywin 14 HAcKanbiK TaHANTbIK T pnbe canbiHAbI.

3epTTey >XyPrisinreH Xbingarbl MeTeoponornaAnbIK Xargannap AakblgblH €cin-eHyiHe raHa emec, TOMbipak
K¥pamblHAArbl XYypin xaTkaH Ygepictepre fie acep etn. Taxipubegeri Tonblipak binrangbiibirsl fakblffblH Bereta-
LMANbIK KedeHiHAe TYCKeH XayblH-LallblHAap MefwepiMeH raHa emec, KY3ri-KbICKbl, KEKTEMTi XWHaNraH biiran
KopnapblHa C3MKeC XUHangbl.

Erln cebep angbiHgarbl TOMbIpaKTbiH 6ip MeTp KabaTbiHAarbl binrangbiibik 169-170, 0-20 cm kabatta 25-27
mm-gl K¥pagbl. KbiwaHbiH OYPLWIiKTeHY Ke3iHAeri MaycbiM-wWinge annapblHAarbl K¥prakwbliblK Ke3eH OHbIH
MenwepiH ew ecere TemeHaeTTi (9-12 mm). Anaiija TaMbi3 aiiblHAa aya TeMnepaTypacbiHbIH Xorapbl 601ybl X3He
MONT TYCKeH XXayblH-LlallblH Menlepi TOMbIpaK bIAranablibIrbiHbIH XargabliH xakcapTbin (155 mMM-re gewH
Xorapbinafbl), KbllaHblH FYN4eHYy Ke3elHe )X3He gaHnli TONbICHIN MiCYiHe, KbIlWaHbIH eHIM K¥payblHa 3cep eTTi.

TonblpakTarbl HATPaTTbl a30T Mejwepi cpbinTap 6oMbiHWa opTawa kKamTamacbi3 eTingi (10-11 mr/kr).
[akbingapablH XKa3rbl BEretaunsaiblK Ke3eHiHe aya TemMnepaTypachl XorapblfayblHaH X3He bIranfblfiblKTblH MO/
60nyblHaH HATpUUKaLMA Y AepiCiHiH KapKbIHAbI >k ylonapfblH MenwepiH 15 mr/ra-ra gewH xorapbinaTTsl.
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TonblpakTarbl Xbl/HKbIManbl hocthopably Menwepi cypbinTap 60ibiHWa ga opTawa (20,5-21 mr/kr). blarangbi-
NblKKa Calikec onapfblH Mefwepi c3n xorapnagbl. Anmacnanbl Kanuii MefwepLily, KamTamachi3 eTinyi xorapsbl
(770-826 mr/xkr).

Bakbinayparsl eHimginik PyweHa cypnbiHga - 14,1 u, Mpotu cypnbiHga - 15,6 u/ra Kypagbl. TonblpakTbiH
bl/iIran MeflWepiHiH TeMeH 60MyblHa 6aiNaHbICTbl a30TThl ThIHANTKbIWTAPAbIH TUIMAINIri 6akbinay HyCKacbIMeH
canbiCTbipraHia TeMeH 60n4bl.

OHIMAINIK 60bIHLIA XaKCbl HATVKenep (ochop ascbiHaH anbiHAbl. ToMblpakTars! XblMKbiManbl HochopAabiH
MenLepi XorapblnaraH caiiblH Kbilla CypbINTapblHbIH EHIMAINIrI XXorapbinan, ew cypbin 60iblHWA KOCbIMLIA EHIM
opTtawa 1,0-geH 6,6 u/ra-ra geiix eCTi.

Tax1lpnbe 60WbIHWA TypaKTbl eHiMAiNiK PyuwieHa cypnbiHaH anbiHAbl, TonbipakTarbl P205 menwepiHiH
40 mr/kr-ra geiiH xorapbinaybl 47%-ra geiliH KocbiMIla eHimM 6epgi. OfaH api pocopmMeH KaHbIKTbIPY eHimai 3 i
Hemece 20%-ra TeMeHAeTTi.

3epTTey XyMbICTapbl KepceTKeHAel TonbipakTarsl P205 menwepiH 28 Mr-HaH 43 mr-ra fewH >Xorapbiaaty
Mpodu cypnbl 60ibiHWa 3,4-TeH 6,6 w/ra-ra geiiiH KocbiMLa eHiM anyra MYMKiHAiK 6epgi. EH xorapbl H3TUXe
P180 Hyckacbl 60MbliHWA TOMbIPaKTarbl XblMKbiManbl GochopabliH MenwepiH 43,7 Mr/Kr wamacbiHAa eHiMAinik
22,2 u/ra (6,6 L Hemece 42,3%) anblHAbl.

A30TTbl ThIHAATKbIWTAP Kbllla A3HLWL, KypaMblHAarbl MainfablH KypambiHa acepi 60nMagbl, TiNTi Keid HycKaga
0NapAblH MeNWepiHiH TeMeHAereHi 6ankangbl.

dochopnbl ThIHANTKbIWTAP KepiCiHWe 43H KypaMblHAarbl MaiiblH MenwepiHe OH 3cep eTin, PylieHa cypnbl
6oiibiHWa on menwepi 28,6-gaH 30,4%-ra, Mpodwu cypnbl - 35,6-37,5% fewH xorapbiiagbl. EH xorapsl HaTvXe-
nep P120-150 Hyckanapbl 60lbIHIWA anbiHAbI, 6y CypbiNTapAblH TOMNbIpaK XargainapbiHa gereH Kaxettwn TYpai
eKeHJIriH KepceTTi.

KenTipinreH mManiMeTTep KbillaHblH €HIMi MeH canacblH apTTbipyfa TblHAWTKbIWTapAbl eHri3yre >xocnapna-
raHzga, onapfblH TOMblpakTarbl MejlepnepiH raHa emMec, 31eMeHTTePAL, apakaTbiHaCblH TOMbIPaK NeH ThIHANTKbILW
KypamblHaH eCKepy KaHLLafibIKTbl MaHbI3bl eKEHAIriH agpceTear

TbIHANTKbIWTaPAbl €HFi3yAiH 3KOHOMMKANbIK TUIMAINITIH ecenTey Kblllara ThIHAWTKbIWITAP KOM4AHYZAbIH
TUIMAINIri Xorapbl eKeHALWH KepceTTi, ArHM 1 u/ra-ra KocbiMILa eHiM anraH arganga tasa nanga 36 960 Tr-Hi,
peHTabenbawk 129%-abl Kypagbl.

COHbIMEH 3epTTey >KYMbICTapbl Kbllla CYpbINTapblHbIH TOMbIPAK KypamblHAarbl KOPeKnkK 3aTrTapibliH
MenlepiHe callkec a3oTTbi-hoCOpPbl ThiHANTKbILWITApPra AereH KaXeTTifiri orapbl ekeHiH M pceT. OHTYCTIK
Kapa Tonblpak XarAaiblH4a KoAfaHbliraH ThiHARTKbILWTapAblH TUIMAINITT TONbIpaK KypamblHAarbl KOPeKnkK 3aTTap
MefillepiHe, OHbIH bIAraMEH KamTaMmacbl3 enny [feHreiliHe, Temnepatypa peXuMiHe >X3He CypbinTapAbliH
6UONOrNANbIK epeKLenikTepiHe CaliKec e3repreHiH KepceTTi.

TYWiH cesmep: Kbllla, HUTPATThl a30T, XbIMKbIMaNbl (Gochop, TbiHAWTKLIITAp, O YCMK Kapa TOMbIpak,
eHiMAiniK.

P. E. Enewesl E. T. HypmaHoB2, b. H. Xam3nHa2

1Ka3axcKuii HaLMOHaNbHbIA arpapHblii yHUBepcuTeT, Anmatbl, KasaxcTaH;
2Kaszaxckuii arpoTexHuyeckuii yHnsepcuteT um. C. CelidhynnuHa, Hyp-CyntaH, KasaxcTaH

YPOXAMHOCTb M KAYUECTBO CEMSAH FOPYMLLbI
B 3ABUCMMOCTUN OT MUHEPANTIBHOTO NMNTAHWNA
N YONOBPEHWN B YCNOBUAX KOXXHOIO YEPHO3EMA

AHHOTaumMs. Bruonoruyeckne ocO6EHHOCTU FOPUMLbI NO3BONAIOT €€ UCMO/b30BaTh KaK NULLEBOE, eKapCTBeH-
HOe, KOPMOBOE, CUAepanbHOe, MaC/IMYHOE U MeJOHOCHOE PacTeHWe W LUMPOKO WUCMOMb30BaTh B PAasHbIX OTPacnax
NPOMbILWNEHHOCTH. OHa SBNAETCA LEHHbIM WCTOYHUKOM MO/yYeHUs BbICOKOKAYecTBEHHOro Macna, 6oraTa
BUTaMUHaAMU, 06/1afaeT PUTOMENOPATUBHBIMU U (PUTOCAHUTAPHLIMUW CBOMCTBAMU, SBMSETCA XOPOLIMM NpeaLiec-
TBEHHWUKOM AN5 APYTUX KYNbTYp.

O[HaKo, HECMOTPS Ha BbICOKYIO LIEHHOCTb M MepcreKkTMBY MCMONb30BaHWUS B CENbCKOM XO03A/WCTBE, OHA Maso
u3yyeHa. He usyueHbl TpeGOBaHNUSA ee K MUHEPANbHOMY MUTAHWUIO NOYBbI U MUHEPANbHLIM YA06PEHUSM, UTO OUeHb
BXHO 4N MOAYyYeHUS CTaBUNLHOTO U Ka4eCTBEHHOTO YpOdXKasl, UTO W SABNANOCH Le/bi0 HAW WX UCCNeA0BaHNIA.

WccnepoBaHns NPOBOAWAUCL HA YEPHO3EME t0XXHOM CTenHOM 30Hbl CeBepHOro KasaxcraHa. OnbiTbl 3aKnafbl-
Ba/NCb MO 14-BapMaHTHOW CXeMe AN CO3faHWe Pas3fiMuUHbIX YPOBHEl cofepxaHus B mouyse docdopa M asoTa
Lenbio onpefeneHns KoNMUYeCTBEHHON B3aMMOCBA3N MEXAY YPOBHEM COAepXKaHUs 31eMeHTOB MUTaHWUs B NouBe W
NPOAYKTUBHOCTbIO COPTOB FOPUMLbI.
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MeTeoposiornyeckne ycnosus B rofi UCCnefiloBaHNA CyLLECTBEHHO OTPasuINCh KakK Ha NOYBEHHbIX Npoueccax,
TaKk M 0COBEHHOCTAX pocTa WM PasBUTWA pacTeHWii U GopmMupoBaHUKM ypoxkas ropumubl. BnaroobecneyeHHOCTb
ropuunubl B OMNbliTax 3aBucena He TONbKO OT YC/MOBWI BereTauMoOHHOrO Mepuoja, HO M BECEHHMX 3anacoB NPoAykK-
TWBHOI BNaru, HaKOMMBLUENCA 3a CHET 0CEHHEe-3MHMX 0CafKOB.

3anacbl NPOAYKTUBHOIA BNarn B METPOBOM C/I0€ Mepef MOCEBOM COPTOB ropyuubl coctasunn 169-170 mm, B
cnoe 0-20 cm - 25-27 MM. M3-3a 3acyLUIMBOrO Nepuoja B UOHe-nioe B (pasy 6yTOHM3aLMM ropunLbl NPoAYKTUBHAA
Bnara B cnoe 0-20 cm cHU3MNach B ABa pasa (9-12 mm).

BbinaBwue ocafgky B aBrycTe mecsie CO34any XOpPOWMWA (POH BNAXHOCTW, OHa yBennumnacb o 155 mm, yto
61aronpuATHO MOBAMANO Ha (dasy LBETEHMs ropynubl. Bbicokne Temnepatypbl Bo3ayxa 6e3 ocafikoB cnoco6CcTBO-
Bann 6bICTPOMY CO3pEBAHWUIO 3epeH ropyuubl, YTo 6NaroNpPUATHO CKas3anocb Ha (GOPMUPOBAHUWU MPOAYKTUBHOIO
ypoxas.

CNoXuBLIMIACA TUAPOTEPMUYECKUA PEXMUM MOBAUAN Ha MOYBEHHble MPOLLECCHl U YCNOBUA MUHEpPanbHOro
nuTaHnsa ropunubl. CofepXaHue HMTPATHOrO asoTa B NMOYBE MO COPTaM ropyuubl 6bi0 cpefHeil obecneyeHHOCTH
(10-11 wmr/kr). Mo dasam pa3BUTUSA COPTOB rOPYMLbl OTMEYaNoCh MOBbILEHNE COLEPXKaHWA a3oTa HUTPaToB [0
15 Mr/Kr 3a cyeT BbICOKOW TemMnepaTypbl BO3AyXa W BAXHOCTY NOYBbI, 4TO 6/1aronpuATHO 0TPasnIoCh Ha npouecce
HUTpUMKaL K.

VicxogHoe cofiep>kaHue NofBMXXHOTo (hoctopa B MoYBe Mo copTam ropyunubl cpegHee - 20,5 mr/kr (copT Pyuie-
Ha), 21,5 mr/kr - no copty Mpotun. Habnogaetca He3HaUNTENbHOE YBENIMYEHNE COAEPXKaHWA MOABVKHOIO (ochopa
B YC/IOBMAX BbICOKOM BMaXHOCTU NoYBbl. O6ecnevyeHHOCTb MOYBbI 06MEHHbIM Kannem Bbicokas (770-826 Mr/kr).

Ypoxaii Ha koHTposne cocTaBun 14,1 (copT Pywena) n 15,6 u/ra (copt Mpodw). N3-3a HU3KON NMPOAYKTUBHOIWA
BNnary B MOYBE a30THblE YAOOPEHMA He Jdanu AO0/MKHOro addekta. Ypoxaih no o6oum coptam O6bll HU3KMM MO
CPaBHEHUIO C KOHTPONbHbLIM BapuaHTOM.

Haunydlwive pesynbtatbl nosyyeHbl no goHam ¢ocgopa. C yBennyeHVeM COAep>KaHUA MOABMXKHOIO docdopa B
MoyBe NoBbICUNACh U NPOLYKTUBHOCTbL ypOXas ropuumLbl no coptam, B cpefHem npubaska coctasuna ot 1,0 1o 6,6 u/ra.

CTtabunbHble NpubaBky 6bIAN NONYy4YeHbl N0 COPTY PylieHa, yBenuyeHue P205 B nouse fo 40 mr/kr gano
npnbaBky o 47%. [anbHelilee HacbiWeHMe MOYB POCHPOPOM CHM3NUIO ypoxKal Ha 3 1 unum 20%.

Kak nokasanu uccnefosaHus, oT yBenuveHus P205 nousbl oT 28 o 43 mr no copty lpodu nonydyeHa
npubaska ot 3,4 oo 6,6 u/ra. Hannyywuin pesynbtat nonyyeH no P180 Kr A.B., NpW COLEPXaHWW MOABUXHOIO
thocopa - 43,7 Mr/Kr, ypoxalHOCTb cocTaBuna 22,2 u/ra (6,6 1 K KOHTponto unu 42,3%).

A30THble yf06peHns He cnocoBCTBOBANY MOBLILIEHUIO XUpa 3epHa ropunLbl. bonee Toro, Habnoganacs ABHas
TEHJEHLMA K €r0 CHVXKEHWNIO HEe3aBMCUMO OT YPOBHA 06ECMeYeHHOCTM NOYB a30TOM.

dochopHble YyA0OpPeHUsA NOMOXUTENbHO BAUANKU Ha HakonneHue xxupa. CofepxaHue Xupa Bapbuposana ot
28,6 po 30,4% no copTty PyweHa, 35,6-37,5% - no copty Mpogu. Haunyudwine pesynbTatbl NOAYYEHbI MO
BapuaHTam P120-P150, 4To roBOpuT 0 pa3HbiX Tpe6OBaHUAX COPTOB FOPUMLLbI HA MOYBEHHbIE YC/TOBUS.

M3 npuBefieHHbIX Bblle faHHbIX MO NPOAYKTUBHOCTU W KayecTBY 3epHa ropyulibl BUAHO, HACKO/IbKO BaXXHO
YUNTbIBaTb NPU BHECEHWNMN YL,06PEHUI He TONbKO COAEepXKaHue, HO U COOTHOLUEHWe 31EMEHTOB Kak B NOYBe, TaK U B
yA06peHnsx.

PacueTbl 3KOHOMWUYECKON 3hPEeKTUBHOCTM NOKasanm, 4to NpUMeHeHne y400peHnidn nog ropyny BbICOKOOKY-
naembl, 4TO Jaxe npu npupocte ypoxasa Ha 1,0 u/ra (P60) nony4yeH uucTblii goxoa Ha 36 960 Tr c peHTabenb-
HocTblo 129%.

Takum 06pa3om, NPoBefeHHble UCCNeA0BaHNA MOKa3anu 0T3bIBUNBOCTb COPTOB rOpPYMLIbI Ha a30THO-(hocdop-
Hble YA00pEeHMs B 3aBUCMMOCTM OT COLEPXKAHWA 3N1EMEHTOB NUTaHUA B noyse. SPHPEKTUBHOCTb MPUMEHAEMbBIX
yA06peHnii onpeaenseTca ypoBHEM COAEPXaHWA 3/1eMeHTOB NMUTaHWA B NOYBE, YC/I0BUAMMW BNaroo6ecneyeHHoCTH,
TeMnepaTypHbIM PEXNMOM 1 6MONOTMYECKUMU 0COBEHHOCTAMY COPTOB FOPUNLLbI.

KnioueBble CnoBa: ropumua, HUTPaATHbIA a30T, MOABMXHbLIA (ochop, yA06PEHUs, YEepPHO3EM HOXKHbIN,
YPOXanHOCTb.
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