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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 cm2, while the total leaf area of
winter wheat rises by 20.8 to 29.7 thousand m2/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 P4AK4 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
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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. Inthis 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 1to 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 N18P9K® 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
0, 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 to 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
NOP4KD 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
at a rate of N18PIK® 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 NOP4K3 and NI8PIK® 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, cm2(2019-2021)

Phases of development

) g a
Variant = -§ % 2 . é g % x ﬁ
Agrofon Qg o © T © [} =4 T =
8E ©s YWe 5§ = 39
o E 2 RS} i = =
w c s
Control 14,7 23,3 37,8 335 207 131
Variant 1 19,1 30,1 477 406 271 19,5
Variant 2 18,6 28,0 445 378 252 18,2
No Variant 3 16,8 23,6 37,4 318 212 15,3
fertilizers Variant 4 16,7 22,8 40,2 30,8 20,5 14,8
Variant5 16,6 26,1 415 352 235 17,0
Variant 6 17,0 27,0 42,8 36,4 24,3 17,5
Variant 7 19,8 31,2 496 421 281 20,3
Control 23,7 33,8 536 456 304 219
Variant 1 25,9 40,7 64,6 549 366 26,4
Variant2 26,5 48,9 77,7 66,0 44,0 31,8
— Variant 3 24,8 46,4 737 62,6 418 302
B variant4 256 44,6 70,8 60,2 402 29,0
Variant5 25,2 48,7 773 657 439 317
Variant 6 25,6 46,9 745 633 423 305
Variant 7 28,1 55,9 88,7 75,4 50,3 36,3
Control 24,6 38,7 615 522 349 2572
Variant 1 28,4 44,7 70,9 60,3 40,2 29,0
Variant2 28,3 50,1 796 67,6 451 326
Variant 3 25,3 435 69,0 587 391 283
NePoK®  \ariant 4 25,4 46,2 733 623 416 300
Variant5 24,7 54,0 85,7 72,8 486 351
Variant 6 25,3 48,9 77,7 66,0 44,0 31,8
Variant 7 29,6 57,5 91,3 776 51,7 374

In the control variant of the agrofon without the application of mineral
fertilizers, the leaf area was measured at 13.1 cm2. In contrast, the vari-
ants utilizing pre-sowing treatment and foliar feeding exhibited leaf area
measurements ranging from 14.8 to 20.3 cm2, indicating an average in-
crease of 1.7 to 7.2 cm2 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 N9OP45K kg/ha, the average leaf area during the wax ripeness phase
reached 26.4 to 36.3 cm2. This represents an enhancement of 4.5 to 14.4
cm2over the control variant, which measured 21.9 cm2. Furthermore, un-
der conditions of the agrofon with the application of mineral fertilizers at
rates of N1I8PIK® kg/ha, the variants utilizing pre-sowing seed treatment
and foliar feeding yielded a leaf area of 28.3 to 37.4 cm2, surpassing the
control variant (25.2 cm2) by 3.1 to 12.2 cm2.

In the conducted research, among the variants studied under agro-en-
vironmental conditions with the application of mineral fertilizers at rates of
NaP4KDand NIBPIKEkKkg/ha, the leaf area index during the wax ripeness
period in two variants was recorded at 31.8 and 32.6 cm2, in five variants
at 31.7 and 35.1 cm2, and in six variants at 30.5 and 31.8 cm2, respective-
ly. These values indicate a significant increase compared to the control
and other variants (Table 1).

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 NaP,cK,nand N,aPQKm kg/ha
not only surpassed the control group but also outperformed other vari-
ants. Specifically, in the agroecosystem with N18P9Ke 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).

Inthe 2nd, 5th, and 6th variants utilizing additional foliar fertilization in
the agroecosystem with mineral fertilizers at the rate of N9OP45K3 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 N90OP45K3J 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% (N9P4KD kg/ha) of the traditional norm of mineral fertilizers
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(N18P9K® 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 N9OP45K3) 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 IfoCombi-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%.1
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A6ayasnmos A.M.1 BagpoeBa M. 6.1
"Kaplwu memiekeT/IK TeXHUKanblK yHuBepcuteT Kapwm k., ©36ekctaH

ThIHAUTKbIWTAPAbI KONOAHYAbIV TVIMALIL

TYWiHgeme. Byn makanaga BaMAKTepAll, Aamy ke3seHaepi 6GoliblHwa KY3gik
Xymcak 6ugangbl xanbipakTbl KOPEKTEHAIPY Xanmnbl Xanblpak 6eTiHe, coHAan-ak
[*34K 6uganabiH apTYpNi MMHepanabl KOpekTeHyi xargarbiHga KY3gik ugaiab
XanblpakTbl KOPEKTEHAIPYAIH 3KOHOMUKaNbIK TUiMAiNiriHe acep ety mepsiMaepi
MEH HopMasnapblH 3epTTey AepekTepi kenTipinrek dp TYpni GuocTumynsatTopnapsbl
6ap xanblpak ThiIHAWTKbIWTapPbIHbIH 1000 A3HHLY, MaccacblHa, Xasnbl akybl3 6eH
LUVKI XenimLLecCiHiH KypambiHa oH acepi atan OTing,.

Beretauuanblk Ke3eHHL, 3p dasacbiHAa Xorapbl arpoHOMUAMbIK DOHAA X3He
KopekTeHzipyZe eH xorapbl KBpceTow b6alikanraHbiMeH, Xxorapblga atanraH 6ap-
NblK KBpceTrawTep 6olibiHWA Xanaylwa XanblpakTapbl nainga 6onraHra Aemid
6lp peT KOpPEKTEHAIPY apKbl/ibl OHTAN/bl AEHTere Kona XxeTwyre 601aTbiHAbITbI
aHblkTanabl. byn xargainga mvHepanabl ThlHANTKbIWTAP 2 ecere AeiiH asasagbl.
XKYMbICTbIH NpakTUKanblK HATWXKeNepi: alblk Cyp TOMblpak aBfaibiHaa KY3gik
6uaaira TbIHaNTKbIWTaPAbl KONAaHy KesiHge AsacTYpni Hopmanap caHblHaH (NPK
180:90:60 kr/ra) 50% (NPK 90:45: 30 kr/ra), coHAaini-ak CyiiblK CyCneH3unsanbIK npe-
napatTapgbl KongaHy kesblge, ap TYpni KOMNOHEHTTEPAIH MaKpO X3He MUKPOane-
MeHTTepiMeH 6aibITbl/iIraH MUHepanbl ToiHAWTKbIWTapAbl YHEMAEYAIH, aCTbIKTbIH
BHlvalnirl meH canacblH apTTbipyAblH 3cepi aHblkTangbl. KY3gik 6uganabl kysrl
KOMCbITY Ke3eHiHAe, Xanaylwa XanblparbiHblH nainga 6051y KeseHiHae XaHe ma-
CaKkTaHraHHaH keiH apTYpni KOMNOHEHTTEPAIH CyCNeH3nsIapbiMeH KOPEeKTEeHAIpY-
nOi 6akblnaymeH canbiCTbipraHfa acTbIKTbIH Taburn canmarbiHa (42,9; 43,7; 36,8
r/n) xaHe AaHgen akybl3 menwepuwe (1,2; 1,2; 1,1%) oH acep eTn.

TYWiHgi ce3nep: 6uaaii, ThiHATKbIL, YCTEME KOPEKTEHAipY, CyCneH3ns, KopekTe-
Hy, pasa, xanblpak 6en, T"MAWT, peHTabenbaTT, canacol.

A6ayasnmos A.M.1 BagoeBa M. 6.1
IKapLlunHCKuNiA rocyfapCTBEHHbIN TexHUuueckuii yHuBepcuTeT, I. Kaplu, Y36eku-
CTaH

3PPEKTUBHOCTb NPUMEHEHUA YAOBPEHNN

AHHOTauus. B ctaTbe npuBefeHbl AaHHble UCCNefoBaHWi O U3YYeHUU BNUSHUSA
CPOKOB M HOPM BHECEHUS1 JINCTOBbLIX NMOAKOPMOK O3VMIMOW MArKO NileHuLbl Ha 06-
LLLYHO /IMCTOBYH MOBEPXHOCTb N0 (ha3aM pasBUTUSI PACTEHWIA, a Tak Xe Ha 3KOHOMU-
Yyeckyro 3P PEeKTUBHOCTb BHEKOPHEBOW MOAKOPMKM O3MMON MLUEHULbl B YCMOBUAX
pas/IMYHOro MUHEPasIbHOro NUTaHWS 03UMOI NeHUUbl. OTMEYEHO MOIOXUTENb-
HOe BJ/IMSIHWE JIMCTOBbIX MOAKOPMOK Pas3/IMYHbIMKM BUOCTUMYIATOpaMU Ha Maccy
1000 3epeH, cogepxaHne obLLero 6eka u Cblipoii KNEMKOBUHbLI. XOTA HAMGOMbLUWIA
nokasaTenb Habnwganca Korga npu BbICOKOM arpodhoHe M NOAKOPMKM B KaXAoW
haze BereTauMoHHOrO nepuoga, 6bi710 YCTAHOB/EHO, YTO OMNTMMAasIbHOIO YPOBHS
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MOXHO AOCTWYb NO BCEM BblLIENepeync/ieHHbIM nokasatesaM npu OLHOKpaTHOM
NoAKOPMKE NIMCTbEB A0 NosBMAeHNe hNaroBbiX IMCTLEB, MPY CHKEHUN MUHEpasib-
HbIX yAo6peHuii B 2 pasa. MNpakTuyeckme pesynbTaTbl paboTbl 3akno4alTcs B
TOM, YTO B YC/NIOBUSAX CBET/I0-CEPbIX NOYB NPV BHECEHWUM YAOGPEHWI NOJ 03VMMYIO
nwenunyy B konuyectse 50% (NPK 90:45:30 kr/ra) oT KonnyecTBa TpaguLUNOHHbIX
Hopm (NPK 180:90:60 kr/ra), a Tak e npu MCNosib30BaHUMN XUAKNX CYCNEH3NOH-
HbIX NpenaparTos, 0boralleHHbIX Makpo- U MUKPO3NIEMEHTAMWN Pa3/INYHbIX KOMMO-
HEHTOB Obl/1 onpegeneH 3P EKT 3KOHOMUN MUHEpPasbHbIX YA06peHUiA, NoBbile-
HMA YpOXanHOCTN U KayecTBa 3epHa. MNoaKopMKa O3UMOW MLIEeHULbl CyCcneH3us-
MW pasfINYHbIX KOMMNOHEHTOB B (pa3y OCEHHero KylleHus, B nepuof o6pa3oBaHus
chnaroBoro nMcTa M nocne KoMOWEeHUA NOMOXMTENbHO MOBAUSAAA Ha HAaTYpHbIA
Bec 3epHa (42,9; 43,7; 36,8 r/n) n konnyecTtBo 6enka B 3epHe (1,2; 1,2; 1,1%) B
CpaBHEHUW C KOHTPOJIEM.

KntoueBble cnoBa: nuweHuua, yaobpeHvne, NOAKOPMKA, CYCMeH3us, nuTaHue,
hasa, n1cToBas NOBEPXHOCTb, 3(hHEKTUBHOCTb, PEHTA6ENbHOCTb, KaYeCcTBo.
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NEPEBO/ CTATbW / MAKANAHBLL AYJAPMACHI

A6ayasnmos A.M.1 BagpoeBa M. 6.1
IKapLunHCKniA rocyapCTBEHHBIN TEXHUYECKWI YHUBEepcuTeT, I. KapLuu,
Y36ekuctaH

3POEKTUBHOCTb NMPUMEHEHUA YAOEPEHNI

AHHOTauusA. B ctaTtbe npuBefeHbl AaHHble UcCnefoBaHUi 0 U3yY4eHUn BAUSHUSA
CPOKOB M HOPM BHECEHUSI JINCTOBbIX NOAKOPMOK O3MMOW MSrKON MLeHWLbl Ha 06-
LY IMCTOBYIO MOBEPXHOCTb MO haszam pa3BUTUA pacTeHul, a Tak e Ha 9KOHOMU-
Yyeckyro 3(PEKTUBHOCTb BHEKOPHEBOW MOAKOPMKM O3MMOI MLIEHULbl B YC/IOBUSAX
pasnNyHOro MMUHEPasbHOro NUTaHWA 03MMON MweHUUbl. OTMEYEeHO NONOXMUTENb-
HOe BNUSIHWE INCTOBbIX NOAKOPMOK PasfiMyHbiMU 6MOCTUMYNATOPaMM Ha Maccy
1000 3epeH, cogepxaHune obLLero 6eka u Cblipoii KNEMKOBUHbLI. XOTA HAMGObLUWIA
nokasatenb Habnwpgancsa korga npy BbICOKOM arpopoHe M NOAKOPMKU B KaxaoW
thase BereTaunmoHHOro nepuoga, 6b1710 YCTAaHOBAEHO, YTO ONTMMAasIbHOTO YPOBHA
MOXHO [0CTUYb NO BCEM BblLIENepeync/ieHHbIM nokasatensaM npu O4HOKpaTHOM
NoAKOPMKE NMCTbEB A0 NosBMAeHNe hNaroBbiX IMCTbEB, MPU CHWKEHUN MUHEpasib-
HbIX yAo6peHuii B 2 pasa. NpakTuyeckme pesynbTarbl paboTbl 3aKn04alTcsa B
TOM, YTO B YC/IOBUSIX CBET/I0-CEPbIX MOYB MPY BHECEHUW YAOOpPEHWl nog 03nmMyto
nwenunyy B konuyectse 50% (NPK 90:45:30 kr/ra) oT KonnyecTBa TpaguLUNOHHbIX
Hopm (NPK 180:90:60 «kr/ra), a Tak )xe npv MUCMO/Ib30BaHUMN XUAKNX CYCNEH3NOH-
HbIX NpenaparTos, oboralleHHbIX Makpo- U MUKPO3IEMEHTAMWN Pa3/INYHbIX KOMMO-
HEHTOB Obl/1 onpegesneH 3PAEKT IKOHOMUN MUHEpPasIbHbIX YA06peHUiA, NoBbiLe-
HVA YpOXanHOCTN 1 KayecTBa 3epHa. MogKopMKa O3UMOW MLeHULbl CycneH3us-
MW pasfINYHbIX KOMMNOHEHTOB B (pa3y OCEHHero KylleHus, B nepuof o6pa3oBaHus
chnaroBoro nMcTa M nocne KoMOWeEHUA NOMOXMTENbHO MOBAUSANA Ha HaTYpHbIA
Bec 3epHa (42,9; 43,7; 36,8 r/n) n konnyectBo 6enka B 3epHe (1,2; 1,2; 1,1%) B
CpaBHEHUW C KOHTPOJIEM.

KntoueBble cnosa: nuweHuua, yaobpeHue, NOAKOPMKA, CYCMNeH3us, nuTaHue,
hasa, n1cToBas NOBEPXHOCTb, 3(hDEKTUBHOCTb, pEHTA6ENbHOCTb, KaY4ecTBo.

BeegeHue. Xuaknin rymmHoBblin 6uonpenapat «bnodkolym» okasan
NOMIOKNTENIbHOE BIMSIHME Ha POCT, PasBUTWE WU YPOXAMHOCTb 3€PHOBbIX
N 3epHO6060BbIX KynbTyp. O6paboTka CEMSAH NOBbILWAET CTPECCOYCTOWN-
YMBOCTb U BCXOXECTb CEMSIH, OAHO, ABYX- U TpeXKpaTHOe OonpbiCKMBaHue
3epPHOBbIX Y 3epHO6060BbLIX pacTeHuli ycuamBaeT pocT U pa3suTue, NOBbI-
LWaeT Maccy cemsiH, obecneunBaeT AOCTOBEPHYO Npubasky ypoxas oT 14
0o 80 %. MpumeHeHne «BMoJkolyM» CHMXAET codepXaHue Kpaxmana u
rNI0TEH-NHAEKCA, NOBbIWAET CoAepXaHne NpoTeuHa, KI1enkoBUHbI B 3ep-
HE 03MMOI1 NWEHNLbl 1 KNEWKOBUHbLI B MyKe [1].
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HekopHeBas MoAKOpPMKa NOMOXMTESIbHO BAMSIET Ha POCT U passutue
03UMOW MNLUEeHWLbI, YBEe/IMYMBaEeTCA POCT [M1TaBHOr0 cTebnsa pacteHuli Ha
7,5-18,5 cM. 3a cuyeT NpUMEHEHUs HEKOPHEBOW MOAKOPMKM Macca 3epHa
Ha o4HOM Kosioce nosbiwaetca Ha 0,22-0,46 rp., IMCTOBAsA MOBEPXHOCTb
OAHOr0 pacTeHusl yBenmumBaetcsa Ha 15,6-42,5 cm2 noBbilwaeTcs obuwas
nMcToBasi MOBEPXHOCTb 03MMOIA MeHuubl Ha 20,8-29,7 Tbic. m2ra, MOBbI-
LaeTCd UHTEHCMBHOCTb (POTOCUHTE3a W MOIOXUTENLHO BAUSET Ha npo-
XoxaeHvie hnM3nosIorMYeckmx npoLeccoB pacTeHui.

MeToabl nccnefnoBaHns. B onblTe CpaBHUTENIbHO BbICOKME pe3yflb-
TaTbl MO Ka4yecTBY 3epHa Obl/iv NOJyYeHbl NPU TPEeXKPaTHON HeKOopHeBOW
NoAKOpMKe, B 3TUX BapuaHTax cogepxaHue 6enka B 3epHe COCTaBuUo
13,8-14,1%, a cbiporo npoteuHa 29,5-30,1 %. Mpu HeKOpHEBOW NOAKOPM-
ke npubaska Guonorumyeckoro ypoxas 18.1-54.9 u/ra, npubaBka ypoxas
3epHa 6,7-22,2 u/ra. Camblli BbICOKUIA ypoxaii 3epHa 74,7 u/ ra 6bia1 nony-
YeH B BapuaHTe, rae nposejeHa 3 pasa HekopHeBasi MOAKOPMKa C npume-
HeHVeM BCEX BMA0B OCHOBHbIX MUHepPasibHbIX yaobpeHuii [2].

Llenb nccnepoBaHus - noBbllLEHNE YpoxXasa TBEPAOiA, MATKOW 1 Cub-
HO APOBON NLeHWLUbl. FpUMeHeHne MUKPO3INEeMEHTHbIX yaobpeHuin ans
HEKOPHEBON MOAKOPMKM CMOCOOCTBOBA/IO MOBbLIWEHUIO YPOXANHOCTU U
YNyULWEHUIO KayecTBa 3epHa SipoBOWM TpuTukane copTta Ykpo. Hanbonb-
Wwas ypoxamnHocTb 3epHa 4,43 T/ra, npubaska - 1,27 1/ra (40,3 %) nony-
yeHa npu ABYKpaTHOW HEKOPHEBOW MOAKOpPMKe B hasy KyLLeHWs W KOso-
LUEeHUA MUKPO3NEMEHTHbIM yaobpeHnem A30con-36 IKCTpa, cogepxaHue
KnelikoBUHbI yBeNn4mnaochb Ha 3,6 %, 6enka Ha 3,5 %, CTEKT0BUMAHOCTb Ha
14 % [3].

Wccneposarnna (2015-2016 rr.) nokasanum, 4TO Ha BbILLENOYEHHbIX
yepHo3emax LleHTpanbHoro UepHoseMmbs, passimyHblie (POpMbl a30THbIX
yaobpeHuin (ammmayHas cenutpa, cynbgar aMMOHUS, MOYEBUHA), BHe-
CeHHble Mo (hoHy P40KA B Ao3e KA kr/ra AeicCTBYlOLLEro BellecTBa Mop,
KynbTUBaLMIO, OKasann MNoNoXxutenbHoe AelicTBMe Ha MOoBblleHWe Ypo-
Xas TBepAoi, MArKoOW U CUNbHOM APOBOI NweHuupbl. Mpy 3TOM B yCN0BUAX
xonogHoro 2015 r. (Hego6op Tenna coctaBun 40%) Hambonee adhdpek-
TVMBHOI OKa3zanacb ammMmuadHasa dpopma (cynbgat aMMOHKS), a B YC/I0BU-
AX 3acywnueoro 2016 r. - aMMuavyHo-HUTpaTHas (ammMuayHass cenuTpa).
MouyeBMHa B 3TU rofbl 6blsia 0ANHAKOBO a(PheKTUBHON. Bce ucnbiTaHHble
hopMbl a30THbIX YA0BpeHUI NOBLICUAN codepXaHne 6eska B 3epHe U3-
yyaeMmbIX COPTOB, HO Haubosiee BbICOKOE AeNCTBME Okasasia MO4YeBUHA.
Mpu 3TOM AOMNOSHWUTE/IbHOE BHECEHWe MOYEBUHbI B BUAE BHEKOPHEBOINA
nogkopMku B Ao3e NI0kr/ra noBbicuio 6enkoBOCTb elle Ha 1-1,5% [4].
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B TexHoM0rMmM BO3AeNbiBaHWA 03UMOI NIWEHWLbl NPUMEHEHe cTapTo-
BbIX 403 MUHEpPasibHbIX YA0OPEHUA, a Takke a30THbIX NOAKOPMOK B Teue-
HVe Beretauun KynbTypbl SIBASETCA HeobxoAuMbIM arponpuemom. Hawu-
60/bLWY0 3(PHEKTUBHOCTL MOKA3bIBAKOT a30THble NOAKOPMKMU, MPOBOAU-
Mble B TPM CpoOKa: nepBas - BECHOIM MO Taso-Mep3/10ii NousBe aMMUadvHown
cenutpoi B go3e 34 kr/ra 4.B., BTopas - aMMUayHoOi cennTpoii B Ao3e 34
Kr/ra A.B. B (ha3y TpybkoBaHus, TpeTbsi -MOYEBMHONM B go3e 15-U kr/ra 4.B.
B (hasy konoweHusi, He3aBUCMMO OT hoHa PAAKOBOro yaobpeHus [5).

MpumeHeHVe Bo3pacTallmx [03 a30THbIX yAoOpeHuii Ha Bbileno-
YeHHOM 4epHo3eMe LleHTpanbHOro [lNpeakaBkasbs obecneynso 3Hauu-
Te/IbHY0 NpUBaBKy ypoxas 03UMOI MeHUUbl, OTHOCUTENBHO KOHTPO/IA,
Ha 0,82.2,80 T/ra. [Jpo6HOE NpMMeHeHne ygobpeHnii OTHOCUTENbHO pa-
30BOr0 BHECEHWUs Bcell [03bl YBENMUUNO YPOXaNHOCTb 3epHa Ha 0,18 T/
ra. B cpegHeM a3oTHble NOAKOPMKM yBeNMuUuBanu cogepxaHue 6enka B
3epHe OTHOCUTEesbHO KOHTpons Ha 0,8.3,9 %; knelikoBuHbl - Ha 1,3.10,2
%. CornacHo pesynbtaTaM 3KOHOMWUYECKON OLEeHKN NpUMeHeHMe a3oTHbIX
yAob6peHuin Hanbonee nNpegnoOYTUTENIBHO MYyTEM APOGHOTO BHECEHUS Kap-
6amuaHo-ammMuayHol cmecu B fose 0+70. Mpubbib B 3TOM criyyae Cco-
cTaBuT 47866 py6./ra, ypoBeHb peHTabenoHocT - 139 % [6].

Takum 06pa3om, BeNUYNHbI PU3NYECKNX U XUMUYECKUX KauyeCTBEHHbIX
NPU3HaKoB 3epHa MOryT U3MEHATbLCHA B 3aBUCMMOCTW OT METEeoponoru-
YecKMx YCNoBuii U cuctembl yaobpeHus. MNweHuua v Tputukane B cyxue
roabl (QOPMUPYIOT ypoXxaun ¢ 6o/iee HU3KUMU DU3MYEeCKUMU nokasaTens-
My (Macca 1000 3epeH, 06bEMHAsA Macca), HO C BbICOKMM cOAepXaHueM
CTEK/T0BUAHbIX 3epeH.

B 60nblueli cTeneHn Ha KavyecTBEHHble NPU3HakW 3epHa BAMseT asorT,
Kak B YUCTOM BuAe, Tak U B cOCTaBe MOSIHOrO MWHEpPasibHOro ya06peHuns.
OH yBennMumBaeT cogepxaHue 6esika B 3epHe U yydllaeT ero KayecTso.
B BepxHeBo/mKbe 3(PPEKTUBHBLI MOBbIWEHHbIE A03bl a30Ta M ApP06Hble
noAKOpMKU (ABe unu aaxe Tpu). MNepsBytd NpPoBOAAT B Nepuos paHHero
BECEHHEero oTpacTaHusa ANns pereHepauuy oTMepLUInX OpraHoB U YCU/IeHUs
KYCTUCTOCTU; BTOPYIO - NpY BbiXxofde B TPYOKY ANA COXpaHeHWs AOMOSHU-
TeNbHbIX NO6GEroB, pasBUTUSA NUCTOBOI MOBEPXHOCTU; TPeTbio - B pase
KONOLWeHUs 4719 NPOASEHNS XN3HU (DaroBoro imcta, PyHKUNn hoTOCUH-
Te3a 1 cMHTe3a 6enka [7].

Takum 06pa3om, ONTUMM3NPYSA NUTAHME pPacTeHWUii NyTemMm MCNoMb30Ba-
HMA pacTBOPOB GOPHON KMCNOTbI B OPraHUYeCcKUX pacTBOPUTENAX, MOXHO
He TONbKO CYLLEeCTBEHHO MOBbICUTb YPOXANHOCTb 3€PHOBLIX KYyNbTYp, HO U
CYLLLECTBEHHO YNYULWIUTb Ka4yeCTBEHHbIe MokKasaTtenn pacTeHMeBOoaYeCKol
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npoaykumn. O6paboTka ceMsH nweHuubl MockoBckas 56 MUKpoanemeH-
TOM NpuBena K yBeIMYEHUIO KO/MYecTBa as3oTa B 3epHe OTHOCUTESIbHO
KOHTpoNA Ha 7-11 %. CaMbiMK BbICOKMMW 3HAYEHUSAMW OT/NIMYAlOTCA Ba-
pvaHTbl ¢ 06pabOoTKON CeMAH TPAAULNOHHOW (hopmoii anieMeHTa (BOAHbIN
pactBop 60pHOIT KMCMOTLI), a Takke ¢ 06paboTkoli 6opaTOM MOHO3TAHO-
NamuHa. MakcumanbHasa npubaska ypoxas 3epHa SpoBoi nileHuubl 3na-
Ta HabnwpgaeTca nNpu NOAKOPMKE pacTBOPOM GOPHON KUCNOTbI B rAunuepu-
He - 3,26 T/ra (4TO BbiWe B 2,1 pa3sa No cpaBHEHWIO C NOAKOPMKOWA Tpaau-
LUMOHHOW hopMOli MUKpo3nieMeHTa). MukpoanemeHT 60p cnoco6cTBOBas
YBENIMYEHNIO CTPYKTYPHbIX MokasaTeneli pacTeHus SpOBOW MNWEHWLbl Ha
BCcex hopmax. Hanbonblunii nonoxuTenbHblli adheKkT oTMeYeH OT Aei-
CTBUA 6opaTta rnvuepuHa, rae pasHuua K KOHTPoSIbHOMY BapuaHTy cocTa-
BW/Aa NO KONMUYECTBY 3epeH B Kosoce B 2,4 pasa K KOHTPO/Io, a UX mMacchl
B 2,7 pa3a. lNpu ncnonb3oBaHun 6opa kielikoBuHa APOBOM MLUEHULbI Xa-
pakTepusyeTcs kak xopowas (I rpynna kayecTsa) [8].

MeToguka. Cxema onbiTa: AN cpaBHeHUS apekTMBHOCTU npena-
patoB 6blAN M3y4YeHbl KOHTPOJIbHbIM BapuaHT, a Takke npeanoceBHas
0o6paboTka cemMsaH 03MMOI NwWeHnubl «Fo3roH» npenapaTtamu IfoSeed
(2 xkr/T cemsaH) + Bn-77 (0,5 kr/T cemsiH) (1 BapuaHT), NpYMeHeHWe BHe-
kopHeBoli nogkopmkn IfoPZN (2,0 n/ra) + Ankasuper (100 mn/ra) B nepu-
oA, Beretauuu pacteHuin - 15.10-15.11 (2 sapuaHT), IfoPZN (2,0 n/ra) +
I[foHumatePlus (0,5 n/ra) - 25.02-10.03 (3 BapuaHT), IfoUAN-32 (4 n/ra)
+ Potex (450 mn/ra) - 15.03-30.03 (4 BapuaHT), IfoCombi-FE (3 n/ra) +
OHTOl'yMUH (1n/ra) + IfoUAN-32 (4 n/ra) - 05.04-15.04 (5 BapwuaHT), Ifo-
Kalifos (1,5 n/ra) + Ankasuper (100 mn/ra) - 01.05-10.05 (6 BapuaHT) u
KOMMNAEeKCHoe MpUMeHeHVe BCeX npenapaToB B COOTBETCTBUM C yKa3aHHOW
npovssoauTenem Hopmoi (7 BapuaHT).

Monesble onbIThl NpoBogunch B 2019-2021 rogax Ha KapLinMHCKOM
ONbITHOM YyyacTke Hay4yHO-uccnenoBaTenbCKOro MHCTUTYTa 3emnene-
NINA B KOXKHBbIX palioHax B YCNOBUSAX CBET/bIX CepPO3EMHbIX nous Kallka-
JapbUHCKON o6nactu, a uccnefoBaHns NPoBOAUIUCE NO 06LENPUHATHIM
MeToAuKaM.

Pe3ynbTaTbl uccnegosaHuii. CornacHo uccnefoBaHusM, npoBeaéH-
HbIM MO 3aBUCMMOCTU (POTOCMHTETUYECKOI aKTUBHOCTU O3UMOI MLLEHNLbI
OT Makpo- U MUKPOYAO0OpeHUiA ¢ pasfIMiyHbIMN KOMNOHEHTaMW, BHECEHHbI-
MV BHEKOPHEBbIM MeTOOM, He3aBWCUMO OT YC/I0BUI Pas/InyHOro MuHe-
pasibHOro NUTaHWA onpefesnieHbl HauMmeHbLUne nokasaTesiv Cyxoro Belle-
CTBa, HaKOMN/EeHHOro no ghasam pasBUTUS BO BCEX KOHTPOJIbHbIX BapuaH-
Tax. B yacTHocTW, cpegHuUin nokasaTesib CyXOro BelecTsa, HakonieHHOro
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B (pa3y BOCKOBOW CNenocTu, B KOHTPOJIbHbIX BapwaHTax coctasun 7,2;
111 n 12,8 1 1 6bI1 3ahUKCUPOBAH Kak HaMMeHbLIWiA pesynbTaT cpegu
OCTa/lbHbIX BapuaHTOB. Takke Haubosnee BbiCOKas AMHaMMKKa pocTa Ha-
KOMN/IEHHOro Cyxoro BellecTBa Nno Bcem hasam pas3BuTusa Habnwpanach
NPy BHECEHUU MUHepanbHbiX yao6peHunii N1BPIKE kr/ra. B AaHHbIX
YCNOBUAX MWHEpPasibHOro NUTaHWUA CpefHsAs [0/ CyXOoro BelecTsa B
cha3y BOCKOBOW CNenocTyv 03MMOI MLeHWLbl, N0 CPaBHEHMIO C nokasaTe-
SleM KOHTPOJ/IbHOTo BapmaHTta, okasanacb Ha 0,6 r 6onblue B hase BbIXO-
Aa BTpyb6Ky, Ha 2,0 r B chase KonoweHus, Ha 3,0 r B ha3e UBETEHUS M Ha
3,7 r B (hase BOCKOBOW CNesiocTu.

YcTaHOBNEHO, YTO B BapuaHTax ¢ npeanoceBHOl 06paboTKoin ceMsH
N NPUMEHEHNEM BHEKOPHEBOIN NOAKOPMKM Ha arpodoHe 6e3 UCnosib30-
BaHMs MUHepasbHbIX YA06peHuit (KOHTPOJIb) COOTHOLLIEHME HaKOMN/IeHHO-
ro B COCTaBe pacTeHWUin 03MMOW MLUEeHWLbl CyXOro BelecTsa, no cpaBHe-
HWIO C MokKasaTenssMu KOHTPO/IbHOT0 BapuaHTa, 6bl710 BbICOKMM. Ecnn
npoaHanun3vpoBaTtb MO aszam pasBuTUSA, TO MNokKasaTenum cocTaBuan
2.1- 2,5r B (hase Bbixoga BTpy6KY, 5,8-7,1 r B hase konoweHus, 6,7-9,1 r
B (pa3e uBeTeHus u 8,6-11,8 r B nepunos BOCKOBOM CNenoctu, 4To Ha
0,2-0,6 r; 1,0-2,3r; 1,1-3,4 rn 1,4-4,6 r Bblle MoOkasaTefniein KOHTPO/Ib-
HOro BapuaHTa COOTBETCTBEHHO. Takxe cpefHee cOofepXaHue Cyxoro
BellecTBa, HakoM/eHHOro B ¢pa3y Bbixoda B TPYOKY KOHTPOJSIbHOTO Ba-
puaHTa coctasBuio 1,9 r, a K nepuogy BOCKOBOI cnesoctn 7,2 T, B Ba-
puaHTax ¢ NpuMMeHeHnem npeanoceBHO 06paboOTKM CEMSH U BHEKOPHe-
BOW NOAKOPMKM B (hasy BbIxoda B TPYyOKy 3TOT nokasatefnb COCTaBW/
2.1- 2,5 r n B Nnepnofa BockoBoOW cnenoctn 8,6-11,8 r, To ecTb B CpegHEM
yBenuyunaca Ha 6,5-9,3 r.

AHasnornyHas 3aKOHOMepHOCTb Habnwaanacb U B YC/10BUSIX arpodo-
HOB C 3KOHOMWEN MWHepanbHbIX yoobpeHuil. Tak, Hanpumep, onpeae-
NINNOCb, YTO Ha arpooHe € MCNO/Ib30BaHMEM MUHepasbHbIX yaobpe-
HUli 13 pacuyéta NIOP4KI) kr/ra B BapuaHTax ¢ NpUMeHeHMeM MeToA0B
npegnoceBHON 06paboTKM CEMSH M BHEKOPHEBONM MOAKOPMKW cpepHee
coepxaHue Cyxoro BellecTBa B pacTEHUAX O3MMON NWeHUUbl B dasy
BbIxo4a B TpybKy coctaBuio 2,8-3,2 I, a B KOHTPO/IbHOM BapuaHTe -
2,6 I, B YC/IOBUSAX Xe NPUMEHEHUS MUHepasibHbIX yaobpeHuii n3 pacyérta
N180P9K®) kr/ra AaHHbIi Moka3aTesb B BapuaHTax € npeanoceBHOl 06-
paboTKoil ceMsaH 1 BHEKOPHEBOI NOAKOPMKON B ha3e Bbixoda B TPYyOKy
coctaBun 2,9-3,3 1 1 B KOHTPO/IbLHOM BapuaHTe 2,7 T, TakXe BbISB/IEHO,
4yTo 06paboTKa C NOMOLLLID perynupylwmx poct 6UoOCTUMYNATOPOB U
nNpYMeHeHVe MeTOAOB BHEKOPHEBOW MOAKOPMKM Pa3HOKOMMOHEHTHbIMMU
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MaKpo- 1 MUKPOYAO6PEHMAMY MONOXKUTENIbHO BAMAET Ha AUMHAMUKY Ha-
KOMJ/IEHUA CYXOro BellecTBa B pacTeHWM B NMepuog Beretauumu.

Mo pesynbTaTaM uccrefoBaHus, Cpefn N3yyeHHbIX BapuaHToB B YC-
NoBUSAX arpoPOHOB C BHECEHMEM MUHEepasibHbIX YA06peHnin u3 pacyéta
NOP4KD 1 NIBPIK® krira, cpegHee KOMNYECTBO HAKOM/IEHHOrO CyXOro
BeLlecTBa B pacTeHWsX O3MMOI MNLeHWLbl B Nepuoj BOCKOBOW cnenocTu
BO 2-OM BapuaHTe coctasuio 14,3 n 13,0, B 5-om BapunaHTe 15,3 Ba 14,4,
B 6-oM BapuaHte 13,6 n 14,5 r, KoTOpbIE BbLIAENU/IACL BbICOKUM pe3ysb-
TaroMm Mo CPaBHEHWUIO C KOHTPOJIEM.

CornacHo npefcTaB/fieHHbIM B gucceprauumn gaHHbIM, B 3aBUCMMOCTU
OT YCNOBWIA MUHEPaNbHOro NUTaHus, B hasy KylieHus chopmMmmpoBanach
nuctoBas noBepxHocTb 14,7-29,6 cM2u K (pase BOckoBoii cnenoctn 13,1-
37,4 cm2 Camblli H3KUIA Noka3aTenb NMCTOBOW NOBEPXHOCTM NO hasam
pasBUTUSA, HE3aBUCMMO OT Pa3fINYHbIX YCNOBUA MUHEpPasIbHOro nNuTaHus,
6bl71 OTMEYEH BO BCEX KOHTPOJIbHbIX BapuvaHTax. Takxe 3a nepuos c Ky-
LLIeHVs 40 BOCKOBOI CNenocTn cpefHne nokasaTenu SIMCTOBON NOBEPXHO-
CTW B KOHTPOJIbHbLIX BapunaHTax coctasunu 14,7; 23,7; 24,6 v 13,1; 21,9;
25,2 cM2COOTBETCTBEHHO, U OTMEYEH Kak caMbllii HU3KWIA pe3ynbTaTt cpeamn
OCTa/lbHbIX BapuaHToB (Tabnuua 1).

Ta6bnuua 1- BAusiHe BHEKOPHEBOI MOAKOPMKM Ha O6LLYyH0 INCTOBYIO MO-
BEPXHOCTb MO (pazaM pasBUTUS PaCTEHUn 03UMOIA NILEHULbI, CM2
(2019-2021 rr.)

da3bl pa3BuTUA
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n

[21]
KoHTponb 14,7 23,3 37,8 33,5 20,7 131
BapuaHTtl 19,1 30,1 47,7 40,6 27,1 19,5

BapuaHT-2 18,6 28,0 445 37,8 25,2 18,2

Bes BapunaHT-3 16,8 23,6 374 31,8 212 153
yAo6peHuii BapuaHT-4 16,7 22,8 40,2 30,8 20,5 148
BapuaHT-5 16,6 26,1 41,5 352 235 17,0

BapuaHT-6 17,0 27,0 42,8 36,4 24,3 175

BapuaHTt-7 19,8 31,2 49,6 42,1 28,1 20,3
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KoHTposnb 23,7 33,8 53,6 456 30,4 219

BapuaHTt-1 25,9 40,7 64,6 549 36,6 264

BapuaHT-2 26,5 48,9 77,7 66,0 44,0 31,8

BapuaHT-3 24,8 46,4 73,7 62,6 41,8 30,2

NIPAKD Bapuant-4 256 44,6 70,8 60,2 402 29,0
BapuaHT-5 25,2 48,7 77,3 65,7 43,9 31,7

BapnaHT-6 25,6 46,9 74,5 63,3 42,3 305

BapuaHTt-7 28,1 55,9 88,7 75,4 50,3 36,3

KoHTponb 24,6 38,7 61,5 52,2 349 25,2

BapuaHTt-1 28,4 44,7 70,9 60,3 40,2 29,0

BapuaHT-2 28,3 50,1 79,6 67,6 451 32,6

N BapuaHT-3 25,3 43,5 69,0 58,7 39,1 28,3
BPKe BapuaHTt-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

BapunaHTt-7 29,6 57,5 91,3 776 51,7 37,4

Ecnu B KOHTpPO/IbHOM BapuaHTe arpodoHa 6e3 NpUMEHEHUs MUHe-
panbHbIX yAOBpeHWA nucToBass NOBEPXHOCTb cocTaBuna 13,1 cm2, TO B
BapuMaHTax C MpuUMeHeHWeM npeanoceBHOW 06pabOTKM W BHEKOPHEBOINA
NMogKOPMKN 3TW nokasaTtesnu coctasunu 14,8-20,3, T. e. B cpegHem Mo
CpaBHEHUO C KOHTpOsieM Obln Bbiwe Ha 1,7-7,2 cm2(Tabnuua 1).

B BapuaHTax ¢ NpMMeHeHMeM MeTO[OB NpearnoceBHON 06paboTKu ”
BHEKOPHEBOI MNOAKOPMKM Ha arpooHe C NpUMEHEHMEM MUHepasbHbIX
yAo6peHunin n3 pacuéta NIOP4KI) kr/ra cpeaHnin NnokasaTenb IMCTOBOW Mo-
BEPXHOCTU B (ha3y BOCKOBOI cnenocTu coctaBun 26,4-36,3 cM2, 4to Ha 4,5-
14,4 cm2Bbile KOHTPO/IbLHOTO BapuaHTa (21,9 cm2), a Bycnosusx arpodo-
Ha C NMpUMeHeHVeM MWHepasbHbIX yaobpeHuii n3 pacuéta NIBPIK® kr/ra
B BapuaHTax C nNpuMMeHeHeM npeanoceBHON 06paboTKM CEMSIH U BHe-
KOpHEBOI MoAKkopmku coctaBun 28,3-37,4 cm2, 4to Ha 3,1-12,2 cm2
BbllLe KOHTPOJIbHOro BapuaHTa (25,2 cm2).

B pamkax npoBefEHHbIX UccefoBaHuii cpenn BapuaHTOB, U3YYEHHbIX
B YC/N0BUSIX arpopoHa ¢ NpYMeHeHMeM MUHepasbHbIX YA06peHuid 13 pac-
yéta NIPAKI) 1 NIBPIKE kr/ra, nokasatesb /IMCTOBON NOBEPXHOCTU B
nepuoj BOCKOBOW cnesocTn B 2 BapumaHTax coctaBun 31,8 n 32,6 cm2,
B 5 BapuaHTax 31,7 n 35,1 cm2 a Takke B 6 BapuaHtax 30,5 n 31,8 cm2
COOTBETCTBEHHO, re OTMeYeH BbICOKUI MokasaTesib N0 CPABHEHMIO C KOH-
Tponem u ocTasbHbIMW BapuaHTamu (Tabnuua 1).
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PucyHoK 1- OKoHOMUYeckas aPPEKTUBHOCTb BHEKOPHEBOI NOAKOPMKM 03UMOIA
MLEHNLbI B YC/TIOBUAX PA3/IMYHOT0 MUHEPANILHOTO NUTaHus, %.

B akcnepuMMeHTax BbISICHWIOCb, YTO B 3aBUCUMMOCTW OT NUTaTesibHOM
cpeabl U MPUMEHEHWS O0MNOMHUTENbHOW BHEKOPHEBOW NOAKOPMKM cpef-
HWIA nokasaTesib YpPOXanHOCTM 3epHa O3UMOI MNWeEeHWLbl CcOoCcTaBua OT
17,5 po 78,9 u/ra, BasioBO [0X0A4 NPOMOPUUOHA/IBHO YPOXalHOCTU -
OoT 2712,5 Tbic. cyM g0 12224,3 Tbic. cym, 06wWmnii pacxog Ha 1 ra ot
4496,4 Tbic. cyM A0 8949,7 TbiC. CyM, YCNOBHas 4uctas npubbinb OT
1120,9 Tbic. cym go 3274,6 Tbic. cym, cebecTtommocTb 1 Kr 3epHa OT
867,7 cym po 2569,4 cym, ypoBeHb peHTabenbHocTh oT 18,5% no 75,6%.
Takke HaumeHbllas 3(PEKTUBHOCTb Oblna ycTaHOBMEHA B YC/I0BUAX
arpocdoHa 6e3 NpUMEHEHUS MUHePasibHbIX YA06peHuii, rae 6110 nspac-
X040BaHO Ha 1783,9 TbiCc. cymM 60/blle MO CPAaBHEHUIO C BasIOBbIM [OXO-
OOM, peHTabenbHOCTb cocTaBuna 39,7%.

Mpn aHanmM3e 3KOHOMWYECKON IPIEKTUBHOCTU W peHTabenbHOCTU
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OOMNOMHUTE/IbHbIX BHEKOPHEBbLIX MOAKOPMOK, MPUMEHEHHbLIX B WCMbITa-
Te/bHbIX OMbITax Ha 3KOHOMSALLUX MUHepasibHble yaobpeHnsa arpodpoHax
npu 06paboTKe 03MMOI MeHWLbl npenaparamu, oboralleHHbIMU pasHo-
KOMMNOHEHTHbIMW Makpo- U MUKPO3/IEMEHTaMU, B YC/I0BUAX OpOLUaeMblX
CBET/IbIX Cepo3éMHbIX no4ys KalkagapbvHCKOW 06/1acTn YpOXamnHoCTb,
nosyyeHHas B 2, 5 1 6 BapuaHTax Ha arpogpoHax ¢ NpUMMeHeHWeM MUHe-
panbHbIX yaobpeHuin n3 pacuéta NIOP45K) n NI8PIKE kr/ra npesbilana
He TONIbKO KOHTPOJIbHbIM, HO U ApyrMe BapuaHTbl. A B yCNI0BUSX arpodhoHa
N1BPIK®) kr/ra ypoxaliHOCTb 7 BapuaHTa Oblna 3adhukcMpoBaHa B Kaye-
CTBE Haumnydwero pesynbTaTta - 78,9 u/ra (36,6%) Ha Bcex arpocoHax
(pucyHok 1).

Bo 2, 5 n 6 BapuaHTax ¢ Mcnonb3oBaHMeM AOMNOSHUTENbHOW BHEKOP-
HEeBOW MOAKOPMKM Ha arpodoHe ¢ NpUMEHEeHUEM MUHepasbHbIX yaobpe-
HWiM 13 pacyéta NIOP4KI kr/ra 6bl/1 OTMEUEH CaMblil HU3KWIA nokasaTtesb
cebectonmocTn (867,7, 882,6 n 885,4 cym) cpeam U3yUYeHHbIX BapuaHToB. A
camas BblCOKas cebecToMMOCTb Habntoganacb B KOHTPOSIbHOM BapuaHTe B
YCNOBUSAX KOHTPOIbHOTO arpodioHa 1 coctasuna 2569,4 cym.

Mpn aHanu3e nokasaTess cebecToMmocT 1 Kr 3epHa B paspese arpodo-
HOB 6bl/I0 OTMEYEHO, YTO B YC/I0BUSX arpohoHa C NpUMEHEHNEM MUHEpPasb-
HbIX yA06peHuin u3 pacuéta NIOP4SKI) kr/ra 6bl1a OTHOCUTESLHO HWKE, Yem
B YCNOBUSIX OCTa/IbHBLIX arpodOHOB, TO €CTb B KOHTPOSIbHOM BapuaHTe oHa
cocTtaBuna 1308,4 cym, a B BapuaHTax C NpUMEHeHNeM BHEKOPHEBOIN NOAKOp-
MKM 0T 882,6 cym go 1014,5 cym.

CnepoBatesibHO, Npy BO3A4e/bIBaHUN 03MMOI MweHuUbl BHeceHre 50%
(NOP45K kr/ra) OT KONMYecTBa TPaAULMOHHBIX HOPM MUHEpPasbHbIX YA0-
6peHunin (N18PK®) kr/ra) n BMecTe C TeM NpYMeHeHue AO0MOHUTENbHOro
BHEKOPHEBOro NMTaHMsA npenapatamu, oboraleHHbIMU Pa3HOKOMMOHEHT-
HbIMWU Makpo- 1 MUKPOyA0OpeHusaMU B Mepuoj Beretaumm pacteHuid, ako-
HOMWYECKN BbIrOAHO.

BoiBog. Hambonbliaa akoHOMM4Yeckas 3hPeKTUBHOCTb Habnwaa-
nacb B YCNOBUAX MUHEPasIbHOro nuTaHus n3 pacyéta NIOP4KD kr/ra npu
NpYMeHeHUN BHEKOPHEBOWN noakopmkn IfoPZN+Ankasuper B a3y oceH-
Hero KylieHus, rae peHtabenbHOCTb cocTaBuna 78,6%, npyv NpUMeHeHuu
IfoCombi-Fe+3HTO0 T'YMUH+VbnA”*32 B nepuog opmupoBaHus doiaro-
BOro nucrta - 75,6%, npu npumeHeHumn IfoKalifos+Ankasuper nocne kono-
weHus - 75,1%.
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