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EFFICIENCY OF FERTILIZER APPLICATION

Abstract. The article presents research data on the influence of the timing and
norms of foliar fertilization on the total leaf area of winter soft wheat throughout
various developmental phases, as well as on the economic efficiency of foliar
feeding under different mineral nutrition conditions for winter wheat. It highlights
the positive effect of foliar fertilization with various biostimulants on the weight of
1000 grains, total protein content, and crude gluten levels. Although the highest
indicators were observed under conditions of high agrochemical background with
fertilization applied at each phase of the growing season, it was established that
optimal levels for all aforementioned parameters can be achieved through a single
foliar application before the emergence of the flag leaves, alongside a reduction
of mineral fertilizers by half. The practical results of the study indicate that under
light gray soils, the application of fertilizers for winter wheat at a rate of 50% (NPK
90:45:30 kg/ha) of the traditional norms (NPK 180:90:60 kg/ha), as well as the
use of liquid suspension preparations enriched with macro- and microelements of
various components, has demonstrated an effect in terms of the conservation of
mineral fertilizers, as well as an increase in both yield and grain quality.
Keywords: wheat, fertilizer, top dressing, suspension, nutrition, phase, leaf area,
efficiency, profitability, quality.

Introduction. The liquid humic biopreparation “BioEcoHum” has
demonstrated a positive impact on the growth, development, and yield of
cereal and leguminous crops. Seed treatment enhances the stress resis-
tance and germination of seeds, while single, double, and triple spraying
of cereal and leguminous plants promotes growth and development, in-
creases seed mass, and ensures a reliable yield increase ranging from 14
to 80 percent. The application of “BioEcoHum” reduces the starch content
and gluten index, while increasing the protein content, gluten in the grain
of winter wheat, and gluten in the flour [1].

Foliar feeding has a positive impact on the growth and development of
winter wheat, resulting in an increase in the height of the main stem by 7.5
to 18.5 cm. The application of foliar fertilization leads to an increase in the
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grain weight per ear by 0.22 to 0.46 grams. Additionally, the leaf area of an
individual plant increases by 15.6 to 42.5 cm?, while the total leaf area of
winter wheat rises by 20.8 to 29.7 thousand m?/ha. This practice enhanc-
es the intensity of photosynthesis and positively affects the physiological
processes within the plants.

Research Methods. In the experiment, relatively high results regard-
ing grain quality were achieved through three applications of foliar feeding.
In these treatments, the protein content in the grain ranged from 13.8% to
14.1%, while the crude protein content was between 29.5% and 30.1%.
With foliar feeding, the increase in biological yield was recorded at 18.1 to
54.9 quintals per hectare, and the increase in grain yield ranged from 6.7
to 22.2 quintals per hectare. The highest grain yield of 74.7 quintals per
hectare was obtained in the treatment where foliar feeding was conducted
three times, utilizing all types of primary mineral fertilizers [2].

The objective of the research is to enhance the yield of hard, soft, and
strong spring wheat. The application of micronutrient fertilizers for foliar
feeding contributed to increased productivity and improved grain quality
of the spring triticale variety Ukro. The highest grain yield of 4.43 t/ha,
with an increase of 1.27 t/ha (40.3%), was achieved through double foliar
feeding during the tillering and heading phases using the microelement
fertilizer Azosol-36 Extra. The content of gluten increased by 3.6%, pro-
tein by 3.5%, and vitreousness by 14% [3].

Research conducted in 2015-2016 indicated that on leached cher-
nozems of the Central Chernozem region, various forms of nitrogen fer-
tilizers (ammonium nitrate, ammonium sulfate, urea), applied against a
background of P, K, at a rate of K, kg/ha of active substance during
cultivation, had a positive effect on increasing the yield of hard, soft, and
strong spring wheat. Notably, under the cold conditions of 2015 (with a
heat deficit of 40%), the ammonium form (ammonium sulfate) proved to
be the most effective, whereas in the arid conditions of 2016, the ammoni-
um-nitrate form (ammonium nitrate) was more effective. Urea demonstrat-
ed consistent effectiveness during these years.

All tested forms of nitrogen fertilizers increased the protein content in
the grain of the studied varieties; however, the most pronounced effect
was observed with urea. Furthermore, the additional application of urea
as a foliar feeding at a rate of N10 kg/ha further enhanced protein content
by an additional 1-1.5% [4].

In the technology of winter wheat cultivation, the application of initial
doses of mineral fertilizers, as well as nitrogen top-dressings throughout

44



Hoeocmu Hayku KasaxcmaHa. Ne 3(166). 2025

the growing season, is a necessary agronomic practice. The highest effi-
cacy is demonstrated by nitrogen top-dressings applied at three key stag-
es: the first in spring on thawed soil using ammonium nitrate at a rate of
34 kg/ha of active ingredient, the second also using ammonium nitrate at
a rate of 34 kg/ha of active ingredient during the jointing phase, and the
third utilizing urea at a rate of 15-18 kg/ha of active ingredient during the
heading phase, irrespective of the background of row fertilizers [5].

The application of increasing doses of nitrogen fertilizers on leached
chernozem in the Central North Caucasus region resulted in a significant
yield increase of winter wheat, relative to the control, by 0.82 to 2.80 t/
ha. The fractional application of fertilizers, in comparison to a single ap-
plication of the entire dose, resulted in an increase in grain yield by 0.18
t/ha. On average, nitrogen fertilizers enhanced the protein content in the
grain compared to the control by 0.8 to 3.9%, and the gluten content by
1.3 to 10.2%. According to the results of the economic assessment, the
application of nitrogen fertilizers is most advantageous when using a split
application of a urea-ammonium mixture at a dosage of 0+70. In this case,
the profit would amount to 47,866 rubles per hectare, with a profitability
level of 139% [6].

Thus, the values of physical and chemical quality indicators of grain
may vary depending on meteorological conditions and the fertilization sys-
tem. During dry years, both wheat and triticale tend to produce yields with
lower physical characteristics (such as 1000 grain weight and bulk densi-
ty), yet with a high content of vitreous grains.

Nitrogen, both in its pure form and as part of a complete mineral fertil-
izer, has a significant impact on the quality attributes of the grain. The first
treatment is conducted during the early spring regrowth period to promote
the regeneration of dead organs and enhance bushiness; the second oc-
curs at the onset of stem elongation to preserve additional shoots and
facilitate the development of leaf area; the third takes place during the
heading phase to extend the lifespan of the flag leaf, thereby enhancing
photosynthetic functions and protein synthesis [7].

By optimizing plant nutrition through the application of boric acid solu-
tions in organic solvents, it is possible not only to significantly increase the
yield of cereal crops but also to markedly improve the qualitative charac-
teristics of agricultural products. The treatment of wheat seeds, specifically
the Moscow 56 variety, with micronutrients resulted in a 7-11% increase in
nitrogen content in the grains compared to the control group. The highest
values were observed in the treatments using the traditional form of the
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element (aqueous solution of boric acid), as well as in those treated with
borate monoethanolamine. The maximum increase in the yield of spring
wheat variety Zlata is observed when fertilizing with a solution of boric acid
in glycerin, yielding 3.26 t/ha, which is 2.1 times higher compared to the
application of the traditional form of the micronutrient. The micronutrient
boron contributed to the enhancement of the structural parameters of the
spring wheat plant across all forms tested. The most significant positive
effect was noted from the application of glycerin borate, where the differ-
ence in the number of grains per spike was 2.4 times greater than that of
the control, and their weight was 2.7 times greater. When using boron, the
gluten quality of spring wheat is characterized as good (Group | quality)
[8].

Methodology. Experimental Design: To compare the efficacy of vari-
ous treatments, we examined a control variant alongside several pre-sow-
ing seed treatments for winter wheat “Gozgon.” The treatments included:
a control variant, pre-sowing treatment of seeds with IfoSeed (2 kg/ton
of seeds) and VI-77 (0.5 kg/ton of seeds) (Variant 1); foliar fertilization
with IfoPZN (2.0 I/ha) and Ankasuper (100 ml/ha) during the plant vege-
tative period from October 15 to November 15 (Variant 2); application of
IfoPZN (2.0 I/ha) and IfoHumatePlus (0.5 I/ha) from February 25 to March
10 (Variant 3); IfoUAN-32 (4 I/ha) and Potex (450 ml/ha) from March 15
to March 30 (Variant 4); IfoCombi-FE (3 I/ha), Enthogumin (1 I/ha), and
IfoUAN-32 (4 I/ha) from April 5 to April 15 (Variant 5); Ifo-Kalifos (1.5 I/
ha) and Ankasuper (100 ml/ha) from May 1 to May 10 (Variant 6); and a
comprehensive application of all products in accordance with the manu-
facturer’s specified rates (Variant 7).

Research Findings. According to studies conducted on the depen-
dence of the photosynthetic activity of winter wheat on macro- and micro-
nutrients with various components applied through foliar feeding, the low-
est indicators of dry matter accumulation across developmental phases
were identified in all control variants, regardless of the conditions of vary-
ing mineral nutrition. Specifically, the average dry matter content accumu-
lated at the wax ripeness stage in the control variants was recorded as
7.2, 11.1, and 12.8 g, marking it as the lowest outcome among the other
variants. Furthermore, the most pronounced growth dynamics of accumu-
lated dry matter throughout all developmental phases were observed with
the application of mineral fertilizers at the rate of N,, P, K., kg/ha. Under
the given conditions of mineral nutrition, the average dry matter content
during the wax ripeness phase of winter wheat, compared to the control
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variant, was found to be 0.6 g higher during the stem elongation phase,
2.0 g during the heading phase, 3.0 g during the flowering phase, and 3.7
g during the wax ripeness phase.

It has been established that in the variants with pre-sowing seed treat-
ment and the application of foliar feeding on an agronomic background
without the use of mineral fertilizers (control), the ratio of accumulated dry
matter in the composition of winter wheat plants, compared to the control
indicators, was high. When analyzed by developmental phases, the indi-
cators amounted to 2.1-2.5 g during the stem elongation phase, 5.8-7.1
g during the heading phase, 6.7-9.1 g during the flowering phase, and
8.6-11.8 g during the wax ripeness period, which were 0.2-0.6 g, 1.0-2.3
g, 1.1-3.4 g, and 1.4-4.6 g higher than the control indicators, respectively.
The average dry matter content accumulated at the stage of heading in
the control variant was 1.9 g, while at the wax ripeness stage it reached
7.2 g. In the variants utilizing pre-sowing seed treatment and foliar feed-
ing, the dry matter content at the heading stage ranged from 2.1 to 2.5 g,
and at the wax ripeness stage, it was between 8.6 and 11.8 g, indicating
an average increase of 6.5 t0 9.3 g.

A similar pattern was observed under agroecological conditions with
reduced mineral fertilizer usage. For instance, it has been determined that
on the agrophysical background utilizing mineral fertilizers at a rate of
N,,P,K,, kg/ha, the average dry matter content in winter wheat plants
during the stem elongation phase ranged from 2.8 to 3.2 g in the treat-
ments involving pre-sowing seed treatment and foliar feeding, while in
the control variant it was 2.6 g. In conditions applying mineral fertilizers
atarate of N, P, K. kg/ha, this indicator in the treatments with pre-sow-
ing seed treatment and foliar feeding during the stem elongation phase
amounted to 2.9 to 3.3 g, compared to 2.7 g in the control variant. More-
over, it was revealed that the application of growth-regulating biostimu-
lants and the use of various macro- and micronutrient foliar fertilizers pos-
itively influence the dynamics of dry matter accumulation in plants during
the growing season.

According to the research findings, among the studied variants under
agroecological conditions with the application of mineral fertilizers at rates
of Ng,P,.K,, and N, P, K. kg/ha, the average amount of accumulated
dry matter in winter wheat plants at the wax ripeness stage was 14.3 and
13.0 g for the second variant; 15.3 and 14.4 g for the fifth variant; and 13.6
and 14.5 g for the sixth variant. These results demonstrated a significant
increase compared to the control.
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Table 1 — The Impact of Foliar Feeding on Total Leaf Area During Different
Growth Phases of Winter Wheat, cm? (2019-2021)

Phases of development

Variant <2 5= L2 = S < 8
Agrofon é g %g W g _‘é’ K %
o= = (@] o
L E2 L T = =
w c s
Control 14,7 23,3 37,8 33,5 | 20,7 13,1
Variant 1 19,1 30,1 47,7 40,6 | 27,1 19,5
Variant 2 18,6 28,0 445 37,8 | 25,2 18,2
No Variant 3 16,8 23,6 37,4 31,8 | 21,2 15,3

fertilizers Variant 4 16,7 22,8 40,2 30,8 | 20,5 14,8
Variant 5 16,6 26,1 41,5 352 | 235 17,0
Variant 6 17,0 27,0 42,8 36,4 | 24,3 17,5
Variant 7 19,8 31,2 49,6 421 | 28,1 20,3

Control 23,7 33,8 53,6 456 | 30,4 | 21,9
Variant 1 25,9 40,7 64,6 54,9 | 36,6 | 264
Variant 2 26,5 48,9 77,7 66,0 | 44,0 31,8
NP K Variant3 | 24,8 46,4 73,7 62,6 | 41,8 | 30,2

90" 457730 Variant4 | 25,6 446 70,8 60,2 | 40,2 29,0
Variant5 | 25,2 48,7 77,3 65,7 | 43,9 | 317
Variant6 | 25,6 46,9 74,5 63,3 | 42,3 | 30,5
Variant7 | 28,1 55,9 88,7 754 | 50,3 | 36,3

Control 24,6 38,7 61,5 52,2 | 34,9 | 252
Variant 1 28,4 447 70,9 60,3 | 40,2 29,0
Variant2 | 28,3 50,1 79,6 67,6 | 45,1 32,6
N P K Variant 3 | 25,3 43,5 69,0 58,7 | 39,1 28,3

1807 907760 | Variant4 | 25,4 46,2 73,3 62,3 | 41,6 | 30,0
Variant5 | 24,7 54,0 85,7 72,8 | 48,6 | 351
Variant6 | 25,3 48,9 77,7 66,0 | 44,0 | 31,8
Variant 7 29,6 57,5 91,3 776 | 51,7 37,4

In the control variant of the agrofon without the application of mineral
fertilizers, the leaf area was measured at 13.1 cm?. In contrast, the vari-
ants utilizing pre-sowing treatment and foliar feeding exhibited leaf area
measurements ranging from 14.8 to 20.3 cm?, indicating an average in-
crease of 1.7 to 7.2 cm? compared to the control (Table 1).
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In the variants employing pre-sowing treatment methods and foliar
feeding within the agrofon supplemented with mineral fertilizers at rates
of Ny P,.K,, kg/ha, the average leaf area during the wax ripeness phase
reached 26.4 to 36.3 cm?. This represents an enhancement of 4.5 to 14.4
cm? over the control variant, which measured 21.9 cm?. Furthermore, un-
der conditions of the agrofon with the application of mineral fertilizers at
rates of N, P, K., kg/ha, the variants utilizing pre-sowing seed treatment
and foliar feeding yielded a leaf area of 28.3 to 37.4 cm?, surpassing the
control variant (25.2 cm?) by 3.1 to 12.2 cm?2.

In the conducted research, among the variants studied under agro-en-
vironmental conditions with the application of mineral fertilizers at rates of
Ny,P,K,, and N, P, K. kg/ha, the leaf area index during the wax ripeness
period in two variants was recorded at 31.8 and 32.6 cm?, in five variants
at 31.7 and 35.1 cm?, and in six variants at 30.5 and 31.8 cm?, respective-
ly. These values indicate a significant increase compared to the control

and other variants (Table 1).

-60,0 -40,0 20,0 0,0 20,0 40,0 60,0 20,0 100,0

u N180P90K60 mN90P45K30 = KonTpons

Figure 1 — The economic efficiency of foliar feeding of winter wheat under condi-
tions of different mineral nutrition,%.
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The experiments revealed that, depending on the nutrient medium
and the application of additional foliar feeding, the average grain yield
of winter wheat ranged from 17.5 to 78.9 centners per hectare, with the
gross income proportionately reflecting the yield, varying from 2,712.5
thousand sums to 12,224.3 thousand sums. The total expenditure per
hectare was noted to be between 4,496.4 thousand sums and 8,949.7
thousand sums, while the conditional net profit fluctuated from 1,120.9
thousand sums to 3,274.6 thousand sums. The cost of production per
kilogram of grain ranged from 867.7 sums to 2,569.4 sums, and the
profitability level varied from 18.5% to 75.6%. Moreover, the lowest ef-
ficiency was observed in conditions of an agro-background without the
use of mineral fertilizers, where expenditures exceeded gross income by
1,783.9 thousand sums, resulting in a profitability of 39.7%.

In the analysis of the economic efficiency and profitability of additional
foliar fertilizations applied in experimental trials aimed at optimizing min-
eral fertilizer usage in agroecosystems during the cultivation of winter
wheat with preparations enriched with various macro and microelements,
it was observed that under the conditions of irrigated light chestnut soils
in the Kashkadarya region, the yields obtained in the 2nd, 5th, and 6th
variants with mineral fertilizers at rates of N, P,.K, and N, P, K. kg/ha
not only surpassed the control group but also outperformed other vari-
ants. Specifically, in the agroecosystem with N, P, K. kg/ha, the yield
in the 7th variant was recorded as the best result, amounting to 78.9
centners per hectare (36.6%) across all agroecosystems (Figure 1).

In the 2nd, 5th, and 6th variants utilizing additional foliar fertilization in
the agroecosystem with mineral fertilizers at the rate of N, P,.K, kg/ha,
the lowest cost price was noted (867.7; 882.6 and 885.4 sum) among
the studied variants. The highest cost of production was observed in
the control variant under the control agrobackground, amounting to
2569.4 sum.

When analyzing the cost indicator per kilogram of grain across dif-
ferent agrobackgrounds, it was noted that in the agrobackground that
utilized mineral fertilizers at a rate of N, P,.K, kg/ha, the cost was rel-
atively lower compared to the other agrobackgrounds. Specifically, in
the control variant, the cost amounted to 1308.4 sum, whereas in the
variants with the application of foliar fertilizers, it ranged from 882.6 sum
to 1014.5 sum.

Consequently, when cultivating winter wheat, the application of

50% (Ng,P,K,, kg/ha) of the traditional norm of mineral fertilizers

50



Hoeocmu Hayku KasaxcmaHa. Ne 3(166). 2025

(N,gPgoK¢, kg/ha), in conjunction with the use of additional foliar feeding
with products enriched with various macro- and micro-nutrients during
the plant’s vegetative period, proves to be economically advantageous.

Conclusion. The highest economic efficiency was observed under
mineral nutrition calculated at N, P, K. kg/ha with the application of foliar
feeding IfoPZN+Ankasuper during the autumn tillering phase, where prof-
itability reached 78.6%. This was followed by the use of foCombi-Fe+Ento
Humic+IfoUAN-32 during the flag leaf formation phase, achieving a prof-
itability of 75.6%, and the application of IfoKalifos+Ankasuper post-head-
ing, which resulted in a profitability of 75.1%.
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A6dya3umoe A.M.", Baghoeea M. B."
KapLum MmemnekeTTik TexHMKanblk yHuBepcuTeTi, Kapum K., ©36ekcTaH

ThIHAATKbIWTAPObLI KONOAHYABIH TUIMAINITI

Tyninpeme. byn makanaga ecimgiktepdid gamy keseHzepi OoliblHWwa Ky3gik
Xymcak buaanabl xkanblipakTbl KOPEKTEHAIPY >Kannbl Xanbipak 6eTiHe, coHgan-ak
Ky34ik 6upangbiH, apTypni MUHepanbl KOPEKTeHYi xaFaanbiHaa Ky3aik ouaanabl
XanblpakTbl KOPEKTeHAIpyaAiH 9KOHOMUKanbIK TuiMainiriHe acep ety mepsiMaepi
MEH HopManapblH 3epTTey AepeKTepi KenTipinreH. Op Typni buoctumynsTopnapbl
6ap xanblpak TeiHaWTKbIWTapbIHbIH 1000 A8HHIH MaccacbiHa, >xanmnbl akybl3 6eH
LLUMKI XKeniMLECiHIH KypaMblHa OH, 8cepi atan eTingi.

Beretauuanblk ke3eHHiH ap dasacbiHOa >KOFapbl arpOHOMUANbLIK (OHAA >KoHe
KOPEKTeHAipyae eH xofapbl kepceTkill HalikanFaHbIMeH, XoFapbiaa aTanfaH bap-
NblK, kepceTkilTep OolblHWA >kanayla >Xanblpakrtapbl nanga GonFaHra OeniH
Oip peT KOpeKTeHAipy apKbinbl OHTaWsbl AEHrenre Ko xeTkidyre 6onaTbIHAbIFbI
aHblKkTanabl. byn xafganga muHepanibl ThiHAWTKbILWTaP 2 ecere AeniH asasgbl.
JKyMbICTbIH MpaKTuKarnblk HOTWPKENepi: allblk Cyp ToMblpak >ardarblHaa Ky3gik
OupariFa TeIHaNTKbILLTapAbl KonaaHy KkesiHae AacTypni Hopmanap caHbiHaH (NPK
180:90:60 kr/ra) 50% (NPK 90:45: 30 kr/ra), coHAan-ak CymblK CyCNeH3nsAnbIK npe-
napatTapbl KongaHy KesiHae, ap TYprii KOMMNOHEHTTEPAiH MaKpo XaHe MUKpO3re-
MEHTTEepPIMEH BanbITbINFAH MUHEPanAbl ThIHAWTKbILLTApAbl YHEMAEYAIH, aCTbIKTbIH,
eHimMAiniri MeH canacblH apTTbipyablH acepi aHblkTanabl. Ky3gik Gupanabl Ky3ri
KOMCbITY Ke3eHiHae, anaylua >anblpafblHblH, nanga 6ony keseHiHge xeHe ma-
CcaKTaHFaHHaH KeWiH apTypIni KOMMOHEHTTEPAIH CyCneH3nanapbiMeH KOPEKTEHAIpY-
ai 6akblnayMeH canbICTblpFraHia acTbIKTbiH Tabufn canmarbiHa (42,9; 43,7; 36,8
r/n) xxeHe osHAeri akybi3 menwepine (1,2; 1,2; 1,1%) oH acep eTTi.

Tyninai cespep: 6uaan, TeIHANTKBILL, YCTEME KOPEKTEHAIPY, CYCNEH3NSsI, KOPEKTe-
Hy, dbasa, xanblpak 6eTi, TMiMainiri, peHTabeneainiri, canacol.

* % %

A6dya3umoe A.M.", Bagpoeea M. B."
'KapLumHCkuiA rocyaapCTBEHHBIN TEXHUYECKUI YHUBEPCUTET, T. Kapluu, Y3beku-
cTaH

3®DEKTUBHOCTb NPUMEHEHUA YOOBPEHUA

AHHOTauums. B cTaTbe npvBeaeHbl aHHbIE UCCNEAOBAHUA O U3YYEHUUN BINUSHUSA
CPOKOB 1 HOPM BHECEHWS JIMCTOBBLIX NOAKOPMOK O3MMOWM MSATKOW MLUEHULbl Ha 06-
LLIyIO NINCTOBYIO MOBEPXHOCTL MO haszaM pa3BUTUSA PaCTEHMN, @ TaK XKe Ha SKOHOMU-
Yyeckyto 3h(PEKTUBHOCTL BHEKOPHEBOW MOAKOPMKM O3MMON MLLEHULIbI B YCITOBUAX
pPasnMyHOro MUHEPAarbHOro MMTaHMUS 03UMON MweHnLbl. OTMEYEHO NOMNOXUTENb-
HOe BNWSIHWE JNIUCTOBLIX MOAKOPMOK pPasfnyHbIMU BUOCTUMYNATOpPaMy Ha Maccy
1000 3epeH, cogepxaHue obLuero 6enka 1 Cbipoli KNENKOBUHbLI. XOTst HanbonbLINiA
nokasarenb Habniogancsa Koraa npy BbICOKOM arpodoHe U MOAKOPMKN B KaXKaon
(base BereTaLMoOHHOro nepuoaa, 6bino YyCTaHOBMEHO, YTO ONTMMAIIbHOTO YPOBHS
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MOXHO AOCTMYb MO BCEM BbILLENEPEYNCIIEHHBIM MOKa3aTensiM Npu O4HOKPATHOW
NOAKOPMKE NNCTLEB A0 NOsIBNEHNE prnaroBbiX NMUCTLEB, MPU CHYKEHUN MUHEParb-
HbIX yaobpeHuii B 2 pasa. [NpakTnyeckme pesynbTaTbl paboThl 3aknoyaoTcs B
TOM, YTO B YCIOBUSIX CBETNIO-CEPbIX NMOYB NPW BHECEHUUN YA0OpeHuii nog 03nmMyto
nweHuuy B konndectee 50% (NPK 90:45:30 kr/ra) oT konuyecTsa TpaauLMOHHbIX
HopMm (NPK 180:90:60 kr/ra), a Tak >xe npu UCMosib30BaHUN XUOKUX CYCMEH3NOH-
HbIX NpenapaToB, 06oraleHHbIX Makpo- 1 MUKPOINIEMEHTaMWN Pa3NMYHbIX KOMMO-
HEHTOB ObIn onpepaerneH 3 deKT IKOHOMUM MUHEPasbHbIX YA0OPEHUIA, NOBbILLEe-
HUS YpOXamHOCTW U KayecTBa 3epHa. [TogkopMKa O3UMON MLUEHWLbI CyCreH3ns-
MU pasfn4YHbIX KOMMOHEHTOB B a3y OCEHHero KylleHus, B nepvog obpasoBaHus
naroBoro nucta 1 nocrie KOroLEeHNs MONOXUTENbHO MOBMUSANA Ha HaTYypPHbINA
Bec 3epHa (42,9; 43,7; 36,8 r/n) n konuyecTtBo Oenka B 3epHe (1,2; 1,2; 1,1%) B
CpaBHEHWUW C KOHTPOIEM.

KntoyeBble cnoBa: niweHuua, yaobpeHue, NOAKOPMKa, CYCMeH3usi, nuTaHue,
hasa, NMcToBas NOBEPXHOCTb, 3PP EKTUBHOCTb, peHTabenbHOCTb, Ka4ecTBO.
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NEPEBOL CTATbU /| MAKAINTAHbIH AYOJAPMACHI

A60dya3umoe A.M.", Baghoeea M. B."
'KapLumHCKkuii rocyjapCTBEHHbI TEXHUYECKUI YHUBEPCUTET, I. KapLuw,
Y3bekuncraH

3®PEKTUBHOCTb MPUMEHEHUA YOOBEPEHUN

AHHOTaums. B cTatbe npvBeaeHbl aHHbIE NCCNEA0BaHUA O N3yHeHUN BNUSHUS
CPOKOB 1 HOPM BHECEHMWS NINCTOBBLIX NOAKOPMOK O3UMMOWN MSATKOW MLLUEHULIbI Ha 06-
LLLYO MTMCTOBYO MOBEPXHOCTb MO ha3amM pasBUTUSA PaCTEHWI, @ Tak e Ha SKOHOMMU-
YecKyro aPdEKTMBHOCTb BHEKOPHEBOW MOLKOPMKM O3MMON MLUEHULIbI B YCIIOBUSAX
pasfnMyHOro MMHEPanbHOrO MUTaHWSA O3UMON NiueHULbl. OTMEYEHO NONOXUTENb-
HOe BNWSHWE NNCTOBBIX MOAKOPMOK PasfuyHbIMU BMOCTMMYNATOPaMy Ha Maccy
1000 3epeH, coaepxaHue obLuero 6enka v Cbipol KNerMKOBUHbI. XOTs HanbonbLUniA
nokasaTenb Habnogancs Korga npu BbICOKOM arpodoHe U MOOKOPMKM B KaXKaom
hase BereTaunoHHOro nepunoaa, bbino yCTaHOBMEHO, YTO ONTUMArbHOrO YPOBHS
MOXHO [OCTWYb MO BCEM BbILLEMNEePEeYMCIIEHHbIM NokasaTensam npu OgHOKPaTHOM
NMOAKOPMKE NMUCTbEB A0 MOosiBIEHNE (h1aroBbIX IMCTLEB, NPU CHYXXEHUN MUHEPaslb-
HbIX yaobpeHun B 2 pasa. [Npaktudeckve pesynbraTbl paboTbl 3aknioyarTcsa B
TOM, YTO B YCIOBUSIX CBETNIO-CEPLIX NOYB NPU BHECEHUN YA0OPEHUA nog 03nMyLo
nweHuyy B kKonmdectee 50% (NPK 90:45:30 kr/ra) oT konuyecTBa TpaauLMOHHbIX
HopMm (NPK 180:90:60 kr/ra), a Tak >xe npu UCrnofib30BaHUN XUOKUX CYCMEH3NOH-
HbIX MpenapaToB, 060raLleHHbIX MaKpo- 1 MUKPOSNIEMEHTaMN PasfnnyHbIX KOMMO-
HEHTOB ObIn onpeaernieH ahdEKT SKOHOMUN MUHEPATbHbIX YA0OpEeHnii, NoBbILLEe-
HWUS YPOXaMHOCTM U kavecTBa 3epHa. [logkopmKka 03MMON MLIEHULbI CYCNeH3uns-
MU PasfnYHbIX KOMMOHEHTOB B a3y OCEHHero KyLleHus, B nepuog obpa3oBaHus
hnaroBoro nuMcTa 1 nocie KoroLeHNs MOMOXUTENbHO MOBAMANA Ha HaTypPHbIA
Bec 3epHa (42,9; 43,7; 36,8 r/n) n konuyecTtBo benka B 3epHe (1,2; 1,2; 1,1%) B
CPaBHEHWUN C KOHTPOJIEM.

KnioyeBble cnoBa: niweHvua, ygobpeHue, NogkopMKa, CyCneH3us, nuTaHue,
dasa, nMcToBasi NOBEPXHOCTb, 3PEKTUBHOCTb, PEHTAbENbHOCTD, KAaYeCTBO.

BBepneHue. XXngkun rymmHoBbin Guonpenapat «bnodkol'ym» okasan
MONOXUTENbHOE BAMSHME HA POCT, PasBUTUE N YPOXaNHOCTb 3€PHOBbIX
1 3epHOB6060BbIX KynbTyp. OB6paboTka CEMSH MOBbLILLAET CTPECCOYCTOM-
YMBOCTb M BCXOXECTb CEMSIH, OAHO, ABYX- N TPEXKPaTHOe OMpbICKMBaHWE
3€pPHOBbIX U 3epHOB0BOBLIX pacTeHNI yCUNMBAET POCT U pa3BUTUE, NOBbI-
LaeT Maccy ceMsiH, obecnedvBaeT JOCTOBEPHYO NpubaBky ypoxas ot 14
00 80 %. MNpumeHeHne «Brodkolym» CHUXaeT coaepkaHue Kpaxmana u
rMIOTEH-MHAEKCA, NOBbILAET COAepKaHWe NpoTerHa, KIenkoB1HbI B 3ep-
HE 03UMOM MLUEHNLIbI U KIENKOBUHBI B Myke [1].
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HekopHeBas NoAKOPMKa MOMOXWUTENBHO BAMSIET HA POCT U pa3BuUTUE
O3UMOWN MLUEHULbI, YBENMYMBAETCA POCT FMaBHOro CTebns pacTeHun Ha
7,5-18,5 cm. 3a cyeT npuMeHeHNs1 HEKOPHEBOW MOAKOPMKM Macca 3epHa
Ha ogHOM konoce noBblwaeTcd Ha 0,22-0,46 rp., MMcToBasi NOBEPXHOCTb
O[HOFO pacTeHusi yBenuumeaeTcs Ha 15,6-42,5 cm?, noBbillaeTcs obLuas
nMcToBasi NOBEPXHOCTb 03UMOWN MieHuLbl Ha 20,8-29,7 Tbic. M?/ra, NoBbI-
LIAETCH MHTEHCUBHOCTb (DOTOCUMHTE3A U MONOXUTENbHO BIMSAET Ha Mpo-
XOXAeHne (Pr3nonorm4ecknx npoLeccoB pacTeHNN.

MeToabl uccnenoBaHuA. B onbiTe CpaBHUTENBHO BbICOKME pe3yiib-
TaTbl MO Ka4yecTBY 3epHa Obiny MomyyYeHbl NpU TPEXKPATHON HEKOPHEBOW
NOAKOPMKE, B 3TUX BapuvaHTax cogepkaHve berka B 3epHe COCTaBuUIO
13,8-14,1%, a cbiporo npoteunHa 29,5-30,1 %. Npu HeKOPHEBOM NOAKOPM-
ke npubaBka Guonornyeckoro ypoxas 18.1-54.9 u/ra, npnbaska ypoxas
3epHa 6,7-22,2 u/ra. Cambli BbICOKUI yporkan 3epHa 74,7 1/ ra 6bin nony-
YeH B BapuaHTe, rge npoBefeHa 3 pasa HeKOpHeBas NogKopMKa ¢ npume-
HEHMEM BCEX BNAOB OCHOBHbIX MUHEParbHbIX yA00peHun [2].

Llenb nccnepoBaHus — noBbILLEHNE YpOXKast TBEPLAON, MSATKON U CUMb-
HOWM APOBON MLeHNLbI. [TpMMeHeHne MUKPOSNEMEHTHbBIX yaobpeHun ans
HEKOPHEBOV MOAKOPMKM CMOCOBCTBOBANO MOBLILLEHNIO YPOXAWMHOCTU U
yNyyLIEHNI0 KayecTBa 3epHa SpOBON TpuTukane copTta Ykpo. Hambornb-
LWas ypoXxanHocTb 3epHa 4,43 T/ra, npubaska - 1,27 t/ra (40,3 %) nony-
YeHa npu OBYKPaTHOW HEKOPHEBOW MOOKOPMKE B a3y KyLLEeHUS U KOmo-
LLEHUS MUKPO3SIEMEHTHbIM yYaobpeHnem A3ocon-36 JKcTpa, cogepaHue
KINerKoBMHbI yBenuynnocb Ha 3,6 %, 6enka Ha 3,5 %, CTEKNOBMAHOCTb Ha
14 % [3].

WccrnepoBaHusa (2015-2016 rr.) mokasanu, YTO Ha BbILLENOYEHHbIX
YyepHo3emax LleHTpanbHoro YepHosembs, pasnuyHble OpMbl a30THbIX
yoobpeHun (ammuadHasi cenutpa, cynbdaTl aMMOHUS,, MOYEBMHA), BHE-
ceHHble no coHy P, K, B nose K, kr/ra gencTeyiowlero sewectsa nog
KyNbTMBALMIO, OKasanu NosioXuUTenbHOe AENCTBME Ha MOBbILLUEHNE YPO-
Xas TBEPAON, MATKOA U CUITbHOW SPOBOM MLleHuLbl. [1py 3TOM B YCNOBUAX
xonogHoro 2015 r. (Hego6op Tenna coctaBun 40%) Hanbonee adhdek-
TMBHOM OKasanacb ammuadyHasi opma (cynbaTt aMMOHWsI), a B YCrOBU-
Aax 3acywnueoro 2016 r. - amMMmavyHo-HUTpaTHas (aMMuadHas cenutpa).
MoueBnHa B 9T rogbl Obina ogMHakoBo addekTnBHON. Bce ncnbitaHHbIe
¢opMbl a30THbIX YA0OpEHNIA NOBLICUNN codepXaHne Benka B 3epHe U3-
y4aeMbIX COPTOB, HO Hauboriee BbICOKOe AEVCTBME OKasana MOYEBUHA.
[Mpn 9TOM OOMONMHUTENBHOE BHECEHWE MOYEBMHbI B BMOE BHEKOPHEBOW
noakopmku B fose N, kr/ra nosbicusio 6enkoBocTb ewe Ha 1-1,5% [4].
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B TexHoMnormn Bo3genbiBaHNsi 03MMON MLLUEHULbI MPUMEHEHNE CTapTo-
BbIX JO3 MUHEpParbHbIX YA0OPEeHWi, a Takke a3oTHbIX MOAKOPMOK B Teve-
HVe BereTauum KynbTypbl SBAsSeTCA HeobxoanmbiM arponpuemom. Hau-
GonbLuyto 3hPEKTUBHOCTb MOKA3bIBAKT a30THbIE MOAKOPMKU, NMPOBOAMU-
Mbl€ B TPU CPOKa: nepsas - BECHOW MO Tano-Mep3ron no4yse aMmmuadHom
cenuTpon B go3e 34 kr/ra A4.B., BTOpasi - aMMNaYHoON cenutpon B gose 34
Kkr/ra 4.B. B (pady TpybkoBaHus, TpeTbs -Mo4eBMHON B Ao3e 15-U kr/ra a.B.
B (basy KOJOLLEHMS], He3aBNCUMO OT hoHa pSLKOBOro yaobpeHus [5].

[MpumeHeHne BoO3pacTaroWmx 003 as30THbIX yAOOpPEeHUN Ha BbILLENO-
YeHHOM yYepHo3eme LleHTpanbHoro lNpenkaBka3bs o6ecneynno 3Hauu-
TenbHY NpubaBKy ypoxas 03MMON MLUEHMLbI, OTHOCUTENbHO KOHTPOIS,
Ha 0,82.2,80 T/ra. [JpobHOe MpuMeHeHne yaobpeHnn OTHOCUTENbHO pa-
30BOr0 BHECEHMSI BCEW A03bl YBENMYUIIO YpOXaMHOCTb 3epHa Ha 0,18 T/
ra. B cpegHem a3oTHble NOAKOPMKM YBENWYMBANIM cogepxaHune b6enka B
3epHe OTHOCUTENbHO KOHTpons Ha 0,8.3,9 %; knenkoBuHbl - Ha 1,3.10,2
%. CornacHo pesyrnbTataM 3KOHOMUYECKOM OLEHKN MPUMEHEHNE a30THbIX
ynobpeHun Hanbornee NpeanoyTUTENbHO NyTeM ApOBHOro BHECEHUS Kap-
6ammgHo-ammMmmadHonm cmecu B aose 0+70. MNpubbinb B 3TOM criydae co-
ctaBuT 47866 py6./ra, ypoBeHb peHTabenbHocTu - 139 % [6].

Takum obpasom, BeNnUnHbl HPUINYECKMX U XMMUYECKMX Ka4ECTBEHHbIX
MPW3HAKOB 3€pHa MOryT U3MEHSTbCS B 3aBMCUMOCTM OT METEOpPOsoru-
YeCKMX YCITOBMIN N cUCTEMbI yaobpeHus. MNweHnua n Tputukane B cyxme
rogbl OPMUPYIOT ypoxaun ¢ boree HU3KNMMU PU3MHECKUMN nokasaTens-
mMu (macca 1000 3epeH, 06bEMHas Macca), HO C BbICOKMM COAEPKaHNEM
CTEKINOBUOHbIX 3E€PEH.

B Gonbluen cteneHn Ha ka4eCcTBEHHbIE MPU3HaKM 3epHa BAMSET asoT,
Kak B YNCTOM BuAe, Tak 1 B COCTaBe MOMHOIO MUHEparibHOro yaobpeHus.
OH yBenuumBaeT cogepaHne G6enka B 3epHe 1 yny4dllaeT ero ka4yecTso.
B BepxHeBomkbe 3apdeKTVBHbI MOBLILEHHbIE 003bl a3oTa U OpobHble
NMOAKOPMKM (OBe unu Aaxe Tpu). [epByto NpoBOAAT B MEPUOA pPaHHEro
BECEHHEero oTpacTaHus Ans pereHepauym oTMEPLUNX OPraHoB U YCUIIEHUS
KyCTMCTOCTU; BTOPYIO - MpUY BbIXOAe B TPYOKy ANsi COXpaHeHUs LOMNOSHM-
TenbHbIX Noberos, pasBUTMS JIMCTOBOV MOBEPXHOCTU; TPETbIO - B dhase
KOMNOLLIEHUS AN MPOANEHNS XXM3HW PriaroBoro nucta, MyHKUMn QOTOCUH-
Te3a u cuHTe3a benka [7].

Takum obpas3om, ONTMMU3UPYS NUTaHUE pacTeHW MyTEM UCTONb30Ba-
HVS pacTBOPOB OOPHON KUCIOTbI B OPraHUYECKNX PacTBOPUTENSX, MOXHO
HEe TOJMbKO CYLLECTBEHHO MOBbICUTb YPOXKaNHOCTb 3€PHOBbIX KyIbTYpP, HO U
CYLLECTBEHHO YMyYLUNTb KA4YECTBEHHbIE MOKa3aTeny pacTeEHNEeBOAYECKON
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npoaykumnn. ObpaboTka cemsiH nweHuLbl MockoBckas 56 MUKPOIrEMeH-
TOM MpUBENa K yBENIMYEHUIO KOMMYeCcTBa a3oTa B 3epHe OTHOCUTENbHO
KoHTpons Ha 7-11 %. CaMbiMU BbICOKUMUN 3HAYEHUSMU OTAMYAOTCA Ba-
puaHTbl C 06paboTKON CEMSAH TPaAMLIMOHHOM (POPMOV arieMeHTa (BOOHbIN
pacTBop GOpHOM KUCNOThI), @ Takke ¢ 0bpaboTkori GopaTtomMm MOHO3ITAHO-
namvHa. MakcrmanbHasi npubaBka ypoxkas 3epHa SSpoBOV MLeHnLbl 3na-
Ta HabnogaeTcs Npu NoAKOPMKEe pacTBOPOM BOPHONM KUCMOThI B FNLIEPU-
He - 3,26 T/ra (47O Bbiwe B 2,1 pasa No CpaBHEHMIO C MOAKOPMKOW Tpaau-
LMOHHON bopmor MUKpoanemeHTa). MukpoanemeHT 6op cnocobcTBoBan
YBEJTMYEHNIO CTPYKTYPHbIX MOKasaTenien pacTeHns ApOBOW MLUEHWLbl Ha
Bcex hopmax. HanbonbLumnin nonoxmtenbHbIi 3dEKT OTMEYEH OT Aen-
cTBus BopaTa rmmuepviHa, rae pasHuua K KOHTPOrbHOMY BapyaHTy cocTa-
BWfa No KONMYeCTBY 3epeH B Konoce B 2,4 pasa K KOHTPOr, a UX Macchbl
B 2,7 pa3sa. [pu ncnone3oBaHuny 6opa KrerkoBMHa APOBON MLLEHNLIbI Xa-
pakTepuayeTtca kak xopowias (I rpynna kayectsa) [8].

MeTtoguka. Cxema onbiTa: Ana cpaBHeHUs1 3¢hEeKTUBHOCTU Mpena-
paToB ObINM U3yYeHbl KOHTPOSbHBLI BapuaHT, a Takke mnpeanoceBHas
06paboTka CemMsiH 03MMOW MLeHuLbl «03roH» npenapatamu IfoSeed
(2 kr/T cemaH) + Bn-77 (0,5 kr/T cemsiH) (1 BapuaHT), NPMMEHEHNEe BHe-
kopHeBon nogkopMku IfoPZN (2,0 n/ra) + Ankasuper (100 mn/ra) B nepu-
of, Beretaumm pacteHun — 15.10-15.11 (2 BapwmaHT), IfoPZN (2,0 n/ra) +
IfoHumatePlus (0,5 n/ra) — 25.02-10.03 (3 BapwuaHT), IfoUAN-32 (4 n/ra)
+ Potex (450 mn/ra) — 15.03-30.03 (4 BapwuaHT), IfoCombi-FE (3 n/ra) +
OHTol'ymMuH (1n/ra) + IfoUAN-32 (4 n/ra) — 05.04-15.04 (5 BapwmaHT), Ifo-
Kalifos (1,5 n/ra) + Ankasuper (100 mn/ra) — 01.05-10.05 (6 BapwaHT) n
KOMMIEKCHOEe NPYMeHeHVEe BCEX NMpenapaToB B COOTBETCTBMM C YKa3aHHON
NpoV3BOAMTENEM HOPMOW (7 BapuaHT).

MoneBble onbiTel NpoBogunmck B 2019-2021 rogax Ha KapLumHckom
OMNbITHOM y4acTke Hay4yHo-uccrnegoBaTenbCKOro MHCTUTYTa 3emnene-
NnA B OXKHbIX panoHax B YCNOBUSAX CBETIIbIX CEPO3EMHbIX NoYB Kaluka-
AapbMHCKOM 06nacTtu, a uccrnefoBaHnsi MPOBOAWIMCE MO OBLLENPUHATEIM
MeTOoAMKaMm.

PesynbTtaTtbl nccnegoBaHun. CornacHo nccrefoBaH1sMm, NpoBeaéEH-
HbIM MO 32aBUCMMOCTU POTOCUHTETUYECKON aKTUBHOCTN O3MMOW MLLEHUL|bI
OT MakpO- U MUKPOYAOOPEHNI C PasnMYHbIMN KOMMOHEHTaMMW, BHECEHHbI-
MW BHEKOPHEBLIM METOAOM, HE3aBUCUMO OT YCIOBMIN PasfiM4HOIO MUHe-
panbHOro MMTaHWS OMNpPeAerieHbl HaMMeHbLLME NOKa3aTenu Cyxoro Belle-
CTBa, HAKOMMEHHOrO Mo ha3am pasBUTUS BO BCEX KOHTPOSIbHbIX BapuaH-
Tax. B yactHocTun, cpegHuin nokasaTtenb CyxOoro BeLeCcTBa, HaKOoMIeHHOro
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B (pasy BOCKOBOM CMENIOCTU, B KOHTPOSbHbIX BapuaHTax coctaBun 7,2;
11,1 n 12,8 1 n 6bIN 3ahMKCMpPOBaH KaKk HAUMEHbLLWIA pe3ynbTaT Cpeaun
ocTarnbHbIX BapMaHToB. Takke Hanboree BbiCOKas AMHaMMKa pocTa Ha-
KOMMEHHOr0 CyxOro BellecTBa no BceM hasam pasBuTtns Habnoganaco
Mpu BHECEHUM MuHepasbHbIX yaobpenuin N, P K. - kr/ira. B gaHHbix
YCMOBUSAX MUHEPanNbHOro MUTaHUs CpedHss OONis CyxOro BelwecTsa B
(hbasy BOCKOBOW CMENOCTU 03UMOM MLUEHULbI, MO CPaBHEHMIO C MOKasaTe-
NieM KOHTPOJIbHOIO BapuaHTa, okasanacbk Ha 0,6 r 6onbLue B hade BbIXO-
Oa B TpyOky, Ha 2,0 r B dhase konoLueHus, Ha 3,0 r B chbase LBETEHMs U Ha
3,7 r B (ha3e BOCKOBOW CMESIOCTMU.

YCTaHOBIIEHO, YTO B BapuaHTax C NpeanoceBHon ob6paboTkon ceMsH
N NPUMEHEHNEM BHEKOPHEBOM MOAKOPMKM Ha arpodoHe 6e3 ncnonb3o-
BaHWS MUHEpPasnbHbIX YA0OPEHMI (KOHTPOSb) COOTHOLLEHWNE HAKOMIIEHHO-
ro B COCTaBe pacTeHW 03MMOW MLIEHNLbI CyXOro BeLecTBa, N0 CpaBHe-
HUIO C NnokasaTensMu KOHTPOJIbHOrO BapuaHTa, Oblrio BbicOkMM. Ecnu
npoaHanuM3mpoBaTtb Mo as3am pas3BuTMS, TO MOKa3aTenu COCTaBuNn
2,1-2,51 B (pase BbIxoga B TpyOKy, 5,8-7,1 r B hase konowenns, 6,7-9,1 r
B (base uBeteHus u 8,6-11,8 r B meprMoa BOCKOBOMW CMENOCTU, YTO Ha
0,2-0,6 r; 1,0-2,3r; 1,1-3,4 r 1 1,4-4,6 T BbllLe Noka3aTenen KOHTPOSIb-
HOrO BapuaHTa COOTBETCTBEHHO. Takke cpefHee codepXaHue CyXoro
BeLLEeCTBa, HaKOMMeHHOro B dasy Bbixoda B TPYOKy KOHTPONbHOroO Ba-
puaHTa coctasuno 1,9 r, a K nepuony BOCKOBOW cneroctu 7,2 1, B Ba-
puaHTax ¢ NpMMeHeHNeM NpeanoceBHON 06paboTkM CEMSAH U BHEKOPHE-
BOW MOAKOPMKM B (pady BbIxoda B TpyOKy 3TOT nmokasaTernb COCTaBwil
2,1-2,5 1 n B nepuoa BockoBow crnenoctu 8,6-11,8 r, To ecTb B cpeaHeEM
yBenuyuncs Ha 6,5-9,3 r.

AHanornyHasi 3aKkoHOMepHOCTb Habrtoganack U B yCrnoBusx arpogo-
HOB C 9KOHOMMEW MUHepanbHbIX yaobpeHun. Tak, Hanpumep, onpeae-
NUIIOCb, YTO Ha arpodOHe C MCMOSIb30BaHMEM MUHEparbHbIX yaobpe-
HU 13 pacyéta Ny P, K. kr/ra B BapuaHTax ¢ npuMeHeHMem MeTonoB
npennoceBHoON o06paboTKM CEMSAH M BHEKOPHEBOW MOLKOPMKM CpeaHee
cofepxaHne Cyxoro BellecTBa B pacTEHUAX 03MMOWN MLUEHULbl B dasy
BbIxoda B TPybky coctaBuno 2,8-3,2 r, @ B KOHTPONbHOM BapuaHte —
2,6 1, B YCIOBUSAX e NPUMEHEHNS MUHEpPanbHbIX YA0OpeHu n3 pacyéra
N, 5PooKs, KI/Ta AaHHbI NOKasaTens B BapuaHtax C npeanocesHon 06-
paboTKOM CEMSH U BHEKOPHEBOW MOAKOPMKOM B dpa3e Bbixoda B TPyOKy
coctaBun 2,9-3,3 I 1 B KOHTPOSILHOM BapuaHTe 2,7 T, TakKe BbISBIIEHO,
4TO 06paboTKa C MOMOLLBI PErynupyrLLUMX pocT GMOCTUMYNATOPOB U
NPYMEHEHNE METOAO0B BHEKOPHEBOW MOAKOPMKM Pa3HOKOMMOHEHTHbIMU
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MaKpO- 1 MMKPOYOO0OPEHUAMUN MONTOXKNTENBHO BAUSET Ha OUHAMUKY Ha-
KOMMEHNS CyXOro BELLeCTBa B paCTEHUN B Nepuog Beretaumu.

Mo pesynbTatam mccrnegoBaHusi, cpean U3ydYeHHbIX BapuMaHToB B YC-
noBusX arpopOHOB C BHECEHMEM MUHEpasbHbIX yoobpeHun u3 pacyéra
Ng,P Ky 1 N g Py Ky, Kr/ra, cpeaHee KOnMYecTBO HaKOMIIEHHOTO CyXOro
BeLLEeCTBa B PaCTEHMSAX O3MMOM MLUEHWLIbI B MEPUOA BOCKOBO/ CNENOCTU
BO 2-0M BapuaHTe coctaBuio 14,3 n 13,0, B 5-om BapuaHTe 15,3 Ba 14,4,
B 6-oMm BapuaHTe 13,6 n 14,5 r, KOTOpble BbIAENUNNCE BbICOKNM pe3yilb-
TaToOM MO CPaBHEHMIO C KOHTPOSEM.

CornacHo npeacTasrieHHbIM B AMccepTaumy AaHHbIM, B 3aBUCUMOCTU
OT YCMNOBUI MUHEPAnNbHOro NUTaHus, B a3y KyLueHns copmmupoBanach
nucToBas noBepxHocTb 14,7-29,6 cm? 1 k dha3e BockoBow cnenocty 13,1-
37,4 cm?. Camblii HU3KWIA NoKasaTernb NUCTOBON MOBEPXHOCTM MO chasam
pasBUTKS, HE3ABMCMMO OT Pa3sfMYHbIX YCIIOBUA MUHEPArbHOrO MUTaHWS,
ObIN OTMEYEH BO BCEX KOHTPOJIbHBLIX BapyaHTax. Takke 3a nepvop, C Ky-
LLIeHMS 4O BOCKOBOM CMNENOCTN CpedHMe nokasatenu nnMcToBon NOBEPXHO-
CTW B KOHTPOJSbHbIX BapuaHTax coctaBunu 14,7; 23,7; 24,6 n 13,1; 21,9;
25,2 cM? COOTBETCTBEHHO, M OTMEYEH KaK CaMblii HU3KWI pe3ynbTaT cpeau
ocTanbHbIX BapyaHToB (Tabnuua 1).

Tabnuua 1 — BnnaHne BHeKOPHEBON NOAKOPMKM Ha OOLLYHO IUCTOBYHO NO-
BepPXHOCTb No dhazam pa3sBUTUA pacTEHUA O3MMOWN MLUEHULbl, CM?
(2019-2021 rr.)

dasbl pa3BuTuA

ArpocdoH BapuaHt

KyLLieHne
LBETEHUNE
Mosio4Has
cnenocTb
BOCKOBast
crnesnocTb

BbIXOZ B TPYOKy
KonoLueHve

KoHTponb 14,7 37,8 |33,5 (20,7 | 13,1
BapuaHT1 19,1 477 | 40,6 |27,1 | 19,5
BapuaHT-2 18,6 28,0 445 |37,8 |252 | 18,2

Bes BapuaHT-3 16,8 23,6 374 | 31,8 |21,2 | 15,3
yno6peHun BapuaHT-4 16,7 22,8 40,2 |30,8 [20,5| 14,8
BapuaHT-5 16,6 26,1 415 |352 [23,5| 17,0
BapuaHT-6 17,0 27,0 428 [36,4 (243 | 17,5
BapuaHT-7 19,8 31,2 496 |421 |28,1 | 20,3

w

w [N
oS|w
-
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KoHTponb 23,7 33,8 53,6 |45,6 |30,4 | 21,9
BapuaHT-1 25,9 40,7 64,6 |54,9 |36,6 | 26,4
BapuaHT-2 26,5 48,9 77,7 | 66,0 {44,0 | 31,8
NP K BapuaHT-3 24,8 46,4 73,7 |62,6 (41,8 | 30,2
Y A BapuaHT-4 25,6 44,6 70,8 |60,2 |40,2 | 29,0
BapuaHT-5 25,2 48,7 77,3 |65,7 |43,9 | 31,7
BapuaHT-6 25,6 46,9 74,5 |63,3 |42,3 | 30,5
BapuaHT-7 28,1 55,9 88,7 | 754 |50,3 | 36,3
KoHTpornb 24,6 38,7 61,5 |52,2 |34,9 | 25,2
BapuaHT-1 28,4 447 70,9 |60,3 |40,2 | 29,0
BapuaHT-2 28,3 50,1 79,6 | 67,6 (451 | 32,6
N P K BapuaHT-3 25,3 43,5 69,0 |58,7 [39,1 | 28,3
iy & ey BapuaHT-4 25,4 46,2 73,3 [62,3 |41,6 | 30,0
BapuaHT-5 24,7 54,0 85,7 | 72,8 |48,6 | 35,1
BapuaHT-6 25,3 48,9 77,7 | 66,0 44,0 | 31,8
BapuaHT-7 29,6 57,5 91,3 (77,6 [51,7 | 37,4

Ecnu B KOHTpoOrnbHOM BapuaHTe arpodoHa 6e3 npumeHeHWss MuHe-
panbHbIX yOobpeHuii nMcToBasi MOBEPXHOCTb cocTaBuna 13,1 cm?, 170 B
BapuaHTax C MpMMEHEHUeM MpeanoceBHOM 0BpaboTKM M BHEKOPHEBOW
NOOKOPMKM 3TW nokadatenu coctaBunu 14,8-20,3, T. e. B cpegHeM no
CPaBHEHWIO C KOHTpOreM 6binu Bbilwe Ha 1,7-7,2 cm? (Tabnuua 1).

B BapuaHTax c npumeHeHMeM MeTOAOB NpeanoceBHON 06paboTkn u
BHEKOPHEBOW MOOKOPMKM Ha arpodoHe C MPUMEHEHUEM MUHepasbHbIX
ynobpenui ns pacuéta Ny P, K, kr/ra cpeHuii nokasarerb JIMCTOBOW Mo-
BEPXHOCTU B (ha3y BOCKOBOW CNenocTy coctaBun 26,4-36,3 cm?, uto Ha 4,5-
14,4 cm? BblLLe KOHTPOMLHOTO BapuaHTa (21,9 cm?), a B ycrnoBusix arpodo-
Ha C NpYMeHeHeM MyHepanbHbIX yaobpenui us pacyéta N, P, K. kr/ra
B BapuaHTax C MNpuYMeHeHeM npeanoceBHoM o6paboTkM CeMsiH U BHe-
KOpHeBOW nogkopmkm coctaeBun 28,3-37,4 cm?, yto Ha 3,1-12,2 cm?
BblLLIE KOHTPOMbLHOrO BapuaHTa (25,2 cm?).

B pamkax npoBegéHHbIX NccriefoBaHn cpeay BapyaHToB, U3YYEHHbIX
B YCMNOBUSIX arpooHa C NpUMEHEHNEM MUHEpPanbHbIX yoobpeHun ns pac-
uéta Ny P, K, 1 N P, K. Kkr/ra, nokasarenb n1CTOBON NMOBEPXHOCTU B
nepvon BOCKOBOW cnenoctu B 2 BapuaHTax coctaeBun 31,8 n 32,6 cwm?,
B 5 BapuaHTax 31,7 n 35,1 cm?, a Takke B 6 BapmaHtax 30,5 n 31,8 cm?
COOTBETCTBEHHO, rje OTMEYEeH BbICOKMI MoKa3aTerb N0 CPABHEHUIO C KOH-

TporieM 1 ocTanbHbIMU BapuaHTamu (Tabnuua 1).
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PucyHok 1 — SkoHoMMYeckasn ahPeKTMBHOCTb BHEKOPHEBOV MOAKOPMKU 03MMOW
MNLEeHNLbI B YCITOBMAX PA3NMYHOrO MUHEPANbHOro nutanus, %.

B akcnepumeHTax BbISICHUIOCh, YTO B 3aBUCMMOCTM OT MUTaTENbHON
cpedbl U NPUMEHEHNUS LOMONHUTENbHOM BHEKOPHEBOW MOOKOPMKU cpef-
HUIA MOKasaTesNlb YPOXXaAMHOCTM 3epHa O3UMOM MLIEHULbI COCTaBUIT OT
17,5 po 78,9 u/ra, BanoBoW [0OXOA MPOMOPLMOHANBHO YPOXaANHOCTU —
oT 2712,5 Thic. cym o 12224,3 Tbic. cym, obwmi pacxog Ha 1 ra ot
4496,4 Tbic. cym o 8949,7 TbiC. cyMm, yCcrnoBHas umucrtas npubbinb OT
1120,9 TbiC. cym go 3274,6 Tbic. cym, cebectommocTb 1 Kr 3epHa OT
867,7 cym 0o 2569,4 cym, ypoBeHb peHTabenbHocTu ot 18,5% [o 75,6%.
Takke HanmeHbluas 3hdeKTMBHOCTL Obina yCTaHOBMEHA B YCMOBUSAX
arpochoHa 6e3 NpMMeHeHN MUHeparbHbIX yOo0OpeHun, rae Obio nspac-
X040BaHO Ha 1783,9 TbiC. cyM GorbLie MO CPaBHEHUIO C BalOBbIM [AOXO0-
OO0M, peHTabenbHocTb coctasuna 39,7%.

lMpn aHanuse SKkOHOMMYECKON 3PDEKTUBHOCTU U peHTabenbHOCTU
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OOMOSTHUTENbHbBIX BHEKOPHEBbLIX MOOKOPMOK, MPUMMEHEHHbIX B WUCMbITa-
TenbHbIX OMbITax Ha AKOHOMSLLMX MUHEPanbHble yA0OpeHusa arpodoHax
npv o6paboTke 03MMON MLUEHMLbI NpenapaTtammn, oboralleHHbIMU pasHo-
KOMMOHEHTHLIMU Makpo- U MUKPOINIEMEHTaMM, B YCIIOBMSAX OPOLLAEMbIX
CBETNbIX CEepO3éMHbIX MoyB KalukagapbMHCKOM 06nactu ypoxxanHOCTb,
nonyyeHHas B 2, 5 n 6 BapmaHTax Ha arpooHax C NMPMMEHEHNEM MUHe-
panbHbIx yaobpenuin ns pacyéra N, P, K, n N, P, K. kr/ra npesbiwana
He TOMbKO KOHTPOSbHbIW, HO U Apyrue BapuaHTbl. A B yCnoBusaX arpodoHa
N, 5,PgoKe, Kr/ra ypoxanHocTb 7 BapuaHTa 6bina 3agukcuposaHa B kade-
CTBe Haunydwero pesdynbTtata — 78,9 u/ra (36,6%) Ha Bcex arpodoHax
(pucyHok 1).

Bo 2, 5 n 6 BapmaHTax C NCMONb30BaHMEM AONOSHUTENBHON BHEKOP-
HEBOV MOOKOPMKM Ha arpodoHe C NMPUMEHEHNEM MUHepanbHbIX yaobpe-
HUM 13 pacyéta Ny P, K, kr/ra Gbin oTMEYeH camblil HU3KUI MokasaTenb
cebectonmocTn (867,7, 882,6 n 885,4 cym) cpeav U3ydeHHbIX BapyaHToB. A
camasi BbiCOKkasi cebecToMmocTb Habnoganacb B KOHTPONbHOM BapuaHTe B
YCIOBUSIX KOHTPOJIBLHOTO arpodhoHa 1 coctaBuna 2569,4 cym.

[Mpy aHanu3e nokasatens cebectoumocTy 1 Kr 3epHa B pa3pese arpodo-
HOB ObII0 OTMEYEHO, YTO B YCIOBUSX arpodpoHa C MPMMEHEHMEM MUHEParib-
HbIX yaobpernii 3 paciéta Ny P, K, Kr/ra 6binia OTHOCUTENBHO HIKE, Yem
B YCMOBUSIX OCTarlbHbIX arpohOHOB, TO €CTb B KOHTPOSIbHOM BapuaHTe oHa
coctaevna 1308,4 cym, a B BapuaHTax C NPpUMEHEHNEM BHEKOPHEBOW MOAKOP-
Mkm oT 882,6 cym go 1014,5 cym.

Cne,qosaTeano npv BO3AenNbIBAHNN 03UMON NLLEHULbI BHeceHne 50%
(Ng,P,sK,, Kr/ra) oT konmnyecTea TpagnLMOHHLIX HOPM MUHEPATIbHBIX YA0-
6penHunin (N, Py K, Kr/ra) n BMecTe ¢ TemM NprvmeHeHne LOMOSTHUTENBHOTO
BHEKOPHEBOIO NMUTaHMSA npenapatamm, oboralleHHbIMY Pa3HOKOMMOHEHT-
HbIMW Makpo- 1 MUKPOYAOOpPEHNsMM B Nepuog, Beretauum pacTeHni, 3Ko-
HOMWYECKN BbIFOAHO.

BbiBog. Hambonbliaa skoHoMuyeckas 3hdeKkTMBHOCTL Habnwona-
nacb B YCroBUsAX MyHeparnbHoro nutaHus us pacyéra Ny P, K. kr/ra npu
npyvMeHeHMn BHekopHeBon nogkopmky IfoPZN+Ankasuper B dasy oceH-
Hero KyLleHusi, rae peHTabenbHocTb coctaBuna 78,6%, npy NpuMeHeHnn
IfoCombi-Fe+3HT0 NymMuH+IfoUAN-32 B nepuoa cdopmmnpoBaHus cnaro-
BOro nucra — 75,6%, npun npumeHeHun IfoKalifos+Ankasuper nocne kono-

weHnsa — 75,1%.
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