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[IpencraBnens! pesynsTarsl uccieaoBanuii 3a 2021, 2022 1. mo BAMSHHUIO TOCTENEHCTBHS pas-
JMYHBIX O3 MUHEPAJIbHBIX YIOOPEHUH, BHOCUMBIX I10[] IIOICOITHEUHHUK, Ha IIPOIYKTUBHOCTh U Kade-
CTBO sipoBorO s'uMeHs copta Kamamesckuil. [loneBble OMBITHI 3a7105KEHBI B YCIOBUAX YIIBSHOBCKON
00J1acTH Ha YEPHO3EME BBILIETIOUEHHOM TSKEIOCYIIMHUCTOM. M3ydanu yeTblpe poHa MUHEPATbHBIX
yno6penuit: N, N, . N, P, K, . N P, K ~xr n.B./ra. MeTeoycnoBust ObLIM KOHTPACTHBIMH B TOJIbI
MCCIIeIOBaHUM, YTO TO3BOJIIO OoJiee MOITHO OLEHUTH 3(PPEKTUBHOCTH MOCHeNeHCTBUS YI0OPEHHH.
TexHomoTua BO3JENBIBAHNAS STUMEHS BKIIOYAjia BECEHHIOIO Pa3/ielKy PAacCTHTEIBHBIX OCTAaTKOB IMOJ-
COJTHEYHMKA JAMCKATOPOM W MOIYJTHHON OOPOHOM, IMOCEB 3epHOBOM CESJIKOM W MpHKaThiBaHWE. S4-
MEHb NPOSBUI HauOOJBLIYIO OT3BIBYMBOCTH Ha IMOCIENCHCTBUE MUHEpaIbHBIX yHOOpeHuil B m03e
N,,P,,K,, Kr 1.B./Ta. YpOsKaliHOCTh 3¢pHa Ha JaHHOM BapuaHte cocrasuna 2,11 1/ra, uro Ha 1,05 1/ra
BBIIIIE 110 CPABHEHHIO ¢ HEYAOOpEeHHBIM BapuaHToM. Ha qanHoM arpodoHe monydyeHo 0ojee KpynHoe
3epHo (Macca 100 3epen cocraBmia 48,4 1, Ha KOHTpoJe — 44,4 T) ¢ BBICOKAM COJIEp)KaHUEeM Oelika
12,7% (na xoutpone — 11,5%). IIpoBenenre KOppensIMOHHO-PETPECCHOHHOTO aHaN3a TTO3BOJIHIIO
BBISIBUTDH HPSMYIO ITOJIOKHUTEIbHYIO B3aUMOCBSI3b MEXKY HAKOIUIEHHMEM CYXOrO BEIIEeCTBA U IPOIYK-
THBHOCTBIO stuMeHst (R? = 0,96). YCTaHOBJIEHO, YTO C YBEJIWYEHHEM JI03bI a30THBIX YAOOpEHH Ha
kaxxapie 10 Kr j1.B./ra HaOMOMASTCS MOBBINIEHUE COMEpKaHus chiporo Oenka B 3epHe Ha 0,2%. Co-
Jepkanue Oellka B 3epHE 3aBUCEINI0 OT YCIOBHHU BIaroo0ecreueHHOCTH rojia. BosaensiBanue ssaMeHs
nocJie MOACONTHEYHUKA arpOHOMHYECKH 11eJIeco00pa3Ho Ha (OHE MOCIIeICHCTBHS MUHEPAIbHBIX Y10~
Openwuii. [Ipu oTcyTCTBHM yIOOpEeHUH MPOAYKTUBHOCTD STIMEHS ITOCIIE TIOACOIHEYHNKA PE3KO CHIKA-
ercst. Kpome Toro, HeoOXonnuMBbI TIIATEIbHbBIN KOHTPOJIb 3@ 3aCOPEHHOCTHIO II0CEBOB SUMEHS (B TOM
YHCJIe B CBS3U C MOSIBICHUEM OOJIBIIOr0 KOJIMYECTBA MAAAIHIbI OACOTHEYHNKA) U CBOEBPEMEHHOE
MIPOBEICHNE XUMUYECKOH MPOTIOJIKH.

KnioueBbie ci10Ba: suUMeHb SpOBO, MUHEPaJIbHbIEC YIOOpEHHS, TOCIIEeACHCTBUE, TPOLYKTUBHOCTS,
CBIpOIt OeToK

INFLUENCE OF MINERAL FERTILIZERS AFTER-EFFECT
WHEN CULTIVATING BARLEY AFTER SUNFLOWER
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Ulyanovsk Research Institute of Agriculture named after N.S. Nemtsev —

Branch of the Samara Federal Research Center of the Russian Academy of Sciences
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The results of research for 2021, 2022 on the impact of the after-effect of different doses of mineral
fertilizers applied to sunflower on productivity and quality of spring barley of the Kamashevsky vari-
ety are presented. Field experiments were laid in the conditions of the Ulyanovsk region on chernozem

leached heavy loamy soil. Four backgrounds of mineral fertilizers were studied: N, N, N, P, K_ |
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after sunflower

N,,P,K,, kg a.i/ha Meteorological conditions were contrasting in the years of research, which al-
lowed a more complete assessment of the effectiveness of fertilizer after-effect. Barley cultivation
technology included spring cutting of sunflower crop residues with a discator and a modular harrow,
sowing with a grain drill and rolling. Barley showed the greatest responsiveness to the after-effect of
mineral fertilizers at a dose of N, P, K, kg a.i./ha. Grain yield in this variant was 2.11 t/ha, which is
1.05 t/ha higher compared to the unfertilized variant. On this agricultural background, a larger grain
was obtained (the weight of 100 grains was 48.4 g, on the control - 44.4 g) with a high protein content
of 12.7% (on the control — 11.5%). Correlation and regression analysis revealed a direct positive rela-
tionship between dry matter accumulation and barley productivity (R? = 0,96). It was found that with
an increase in the dose of nitrogen fertilizers for every 10 kg a.i./ha, an increase in the crude protein
content of grain by 0.2% was observed. Protein content in grain depended on the moisture conditions
of the year. Cultivation of barley after sunflower is agronomically expedient on the background of
mineral fertilizers aftereffect. In the absence of fertilizers, the productivity of barley after sunflower
sharply decreases. In addition, it is necessary to carefully control the weediness of barley crops (in-

cluding the emergence of large amounts of sunflower fallen seed) and timely chemical weeding.

Keywords: spring barley, mineral fertilizers, after-effect, productivity, crude protein

s uutupoBanusi: Huxugoposa C.A. BiusiHue nocneaeicTBUs MUHEPAIbHBIX YIOOPESHUH IPU BO3/ACIBIBAHUY SUMEHS IOCTIE
nojicoiHeuHuKa // CHOMPCKIiA BECTHUK CelIbCKOX03s1iicTBeHHOM Hayku. 2023. T. 53. Ne 11. C. 5-13. https://doi.org/10.26898/0370-

8799-2023-11-1

For citation: Nikiforova S.A. Influence of mineral fertilizers after-effect when cultivating barley after sunflower. Sibir-
skii vestnik sel'skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2023, vol. 53, no. 11, pp. 5-13. https://doi.

org/10.26898/0370-8799-2023-11-1

KonduukT naTepecos

ABTOp 3asBIISIET 00 OTCYTCTBUH KOH()ITUKTA HHTEPECOB.
Conflict of interest

The author declares no conflict of interest.

INTRODUCTION

Spring barley is the most important fodder
crop occupying annually about 10% of the sown
area in the Ulyanovsk region (95-104 thousand
hectares) withayield of 15-20 c/ha. It is important
to cultivate it according to adaptive technology,
taking into account the responsiveness of the
crop to various agronomic practices — forecrops,
doses and types of applied mineral fertilizers,
crop protection system, etc. [ 1-4].

The role of a forecrop in crop cultivation
technology is difficult to overestimate [5-9].
Studies [6] on leached chernozem showed that
spring wheat and oats are the worst forecrops
for barley due to the increase in weediness
of crops, plant infestation by diseases and,
as a consequence, a decrease in crop Yyields.
Placement of barley on spring wheat and oats
reduced the crude protein content by 0.8-0.9%.

Widespread sunflower crops and late dates
of its harvesting do not always allow to till the
soil in the autumn, which requires the study of
the effectiveness of sunflower as a forecrop for
grain crops from an agronomic point of view.
Often agricultural producers practice cultivation
of barley after sunflower. As experience shows,
barley gives the same yield in direct sowing after
sunflower with a stubble seeder as in traditional
cultivation technology’.

It is known that barley shows increased
requirements to the level of mineral nutrition,
because of this it is responsive to the direct action
of mineral fertilizers and, first of all, starting
doses [10-13]. Feeding during the growing
season is ineffective due to the short growing
season of the crop.

Applying mineral fertilizers to the preceding
crop allows providing barley with accessible
elements of mineral nutrition in the early

Pat. No. 2714706 C1 Russian Federation, MPK A01C 7/00, No. 2019124821. Method of spring barley cultivation by direct
sowing / A.L. Toigildin, D.E. Ayupov, A.S. Galkin; applicant — Ulyanovsk State Agrarian University named after P.A. Stolypin;

applied 02.08.2019; published 19.02.2020.

6 Siberian Herald of Agricultural Science ¢ 2023 « 53 « 11

Agriculture and chemicalization



Brnsaue nocnenecTBHS MUHEPATbHBIX ynoOpeHuil mpu
BO3JICJ/IBIBAHUM SUMEHS 110CIIE TOJICOJIHEUHUKA

Huxudoposa C.A.

development period [14—16]. However, in this
case, it is important to assess the productivity
of the crop depending on the background of
mineral fertilizers of the preceding crop. With
the high cost of mineral fertilizers, this issue
becomes particularly relevant.

The purpose of the research is to present a
comprehensive assessment of the after-effect of
mineral fertilizers when cultivating barley after
sunflower.

MATERIAL AND METHODS

In 2020 and 2021, studies were conducted
to develop elements of sunflower cultivation
technology using various doses of mineral
fertilizers, then assessing the after-effect of the
studied factors on the productivity of spring
barley. Sunflower harvesting was carried out
late (October — December). The field was not
tilled in autumn. Soil preparation for sowing
was done in the spring period: the first treatment
with a disk harrow BDM 3 x 4, the second with a
modular harrow BM-4.5. The beginning of crop
germination was noted on May 18-25. Care for
the crops during vegetation included protection
from weeds in the tillering phase with the Balet,
EC (in a dose of 0.4 1/ha) preparation.

The field experiment studied four
backgrounds of mineral fertilizers in after-
effect: N, N,, N, P, K,, NP, K, . The

experiment was repeated three times, with
systematic placement of the plots. The
accounting area of the plot was 15 x 224 =
336 m®. Barley sowing in 2021 was carried
out on May 17, in 2022 — on May 9 with a
grain seeder SZ-3.6 across the sowing of the
previous crop without fertilizers, at a depth
of 5-6 cm with a seeding rate of 4.5 million
germinating seeds/ha. The harvest was carried
out with a selective combine Sampo-500 at the
stage of full ripeness, with further translation
of the data to 100% purity and 14% moisture.
As mineral fertilizers, azophoska with a
content of N P K and ammonium nitrate

15715
with a nitrogen content of 34.4 kg a.i./ha were

used. Fertilizers were applied before sowing
sunflower in the previous year.

The object of the study was a promising,
zoned in the Middle Volga region medium-ripe
variety of spring barley (Hordeum vulgare L.)
grain-forage direction Kamashevsky. The variety
is a steppe morpho-biotype, moderately resistant
to fungal diseases, resistant to loose smut. It is
prone to lodging with the application of high
rates of nitrogen fertilizers and an excessive
seeding rate. The protein content in the grain
reaches 14%. The variety is valuable for quality?.

Before sowing, the reserves of productive
moisture were unsatisfactory (in the layer 0-10
cm — 4.7-6.5 mm, 0-30 cm — 17.9-21.5 mm).
The low moisture reserve was also due to the
fact that spring mechanical soil treatments were
carried out for the disintegration of sunflower
plant residues, which led to additional loss of
moisture reserves.

From May to July, the sum of active
temperatures amounted to 1947°, with the norm
being 1600°. The intensely high temperature
regime in June contributed to the accelerated
pace of barley development. During the plant
development period from the third ten-day
period of May to the first ten-day period of
August, 105.5 mm of precipitation fell, with the
norm being 166 mm.

The vegetation period of 2022, on the
contrary, was characterized by cool and rainy
weather in May, moderate temperature regime
and precipitation in June, intensive torrential
rains in July, and hot, dry weather in August.
The amount of precipitation in May was
65.7 mm with a norm of 39.0 mm (168% of the
norm). The rains were significant, so early in
the second ten-day period of May, a dangerous
phenomenon was noted — soil overmoisture.
In June, the weather was unstable: periods of
warm, and on some days hot weather alternated
with short periods of cooling. In July, the
weather was predominantly very warm with
rains of varying intensity.

“New super variety of barley Kamashevsky — what is its strength, the scientists are explaining. URL: https://www.agroxxi.ru/zhurnal-agromir-
xxi/stati-rastenievodstvo/novyi-super-sort-jachmenja-kamashevskii-v-chem-ego-sila-rasskazyvayut-uchenye.html (accessed on 05.07.2023).
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after sunflower
The maximum air temperature on the warmest The research results revealed a high

days rose to 30-32 °C. The showers were local,
accumulating 140 mm over the month (the long-
term average norm is 69 mm). The sum of active
temperatures from May to July was 1544°, with
the norm being 1600°. During the development
period of the plants from May to July inclusive,
250 mm of precipitation fell. In 2021, the HTC
was 0.5, in 2022 — 1.6, with the norm being 1.0.

All registrations, observations, and analyses
were conducted according to generally accepted
methods and corresponding GOST standards.
Mathematical processing of experimental data
was carried out using methods of dispersion and
correlation analysis.

RESULTS AND DISCUSSION

In all years of research, sunflower harvesting
took place late (October — December) due to
the prolonged ripening of the crop caused by
prolonged precipitation in the autumn period.
Consequently, the chopping of sunflower stubble
was carried out in the spring period. It should be
noted that shallow soil tillage (8—10 cm) caused
the growth of sunflower volunteers, as well as
weeds. Conducting chemical weeding with a
tank mixture against perennial and annual weeds
became a mandatory and effective agricultural
practice.

responsiveness of the spring barley variety
Kamashevsky to the after-effect of mineral
fertilizers applied under sunflower in the
preceding year, the effectiveness of which
primarily depended on the moisture conditions
of the year.

Depending on the background of mineral
fertilizers, barley sowing significantly differed
in the rates of biomass accumulation and
in the content of nutrients in the plants (see
Fig. 1, Table 1). The highest accumulation of
dry matter was noted in the N, P, K. variant
(56 c/ha), which was 1.9 times higher than the
control (30 c/ha).

Due to insufficient moisture, the plants were
in a suppressed state, with accelerated passage
of interphase periods observed. For instance, the
total nitrogen content in barley plants during the
shooting stage varied from 2.32 to 2.66% and
was assessed as low. By the end of vegetation, in
terms of total nitrogen content in the vegetative
mass of barley, the advantage was with the
experimental variants — 1.27-1.37% (on the
control — 1.16%). No clear dependence on the
after-effect of mineral fertilizers was found for
the total phosphorus and potassium content in
the green mass of plants.

The after-effect of mineral fertilizers
manifested in the improvement of nitrogen

120 -

o
-
(]

[oN]
<
[

NARY

409

Dry matter content, c/ha

[\
<
1

= Filling
B Earing

=}

Control N,

N30P SOKSO

EB i
Ny PK, ooting

Puc. 1. Bousaue HOCHeHeﬁCTBHH MHHCPAJIbHBIX yqupeHHﬁ Ha HaKOIICHUC CYXOI'0 BEHICCTBA IIOCCBAMH

SAYMCHS

Fig. 1. Effect of mineral fertilizers on dry matter accumulation in barley crops
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Taoua. 1. [lunamuka 31€MEHTOB MUHEPAJIBLHOTO MUTAHUS B PACTCHUAX SUMEHS 10 (a3aM Pa3BUTHUSA
Table 1. Dynamics of mineral nutrition elements in barley plants by phases of development

Barley development phase
Experiment booting earing filling
option N P,0, K0 N PO, K,0 N PO, K,0
N, 2,32 1,48 5,59 1,47 1,06 2,58 1,16 1,11 1,68
N,, 2,66 1,24 5,42 1,37 0,95 2,66 1,37 0,89 1,50
N, P, K, 2,42 1,37 4,56 1,57 1,02 2,42 1,33 0,98 1,63
N, P, K, 2,43 1,2 4,59 1,30 0,93 2,63 1,27 0,96 1,47

nutrition in barley and, consequently, contributed
to the formation of a larger above-ground mass
compared to the unfertilized variant already at the
initial stages of barley development (see Fig. 2).

Barley sowings on the variants with the
application of mineral fertilizers had more
intense coloration and stem density.

At the beginning of barley vegetation, a
higher nitrate content was noted in the soil
compared to the control (+2—-5 mg/kg of soil
to the control). The trend of increased nitrogen
provision remained before the barley harvest.

Correlation-regression analysis showed a
strong relationship between the accumulation
of dry matter in plants (y) and the dose of
nitrogen fertilizers (x) in after-effect. The linear
dependence is described by equations of the type:

shooting y=0,17x+ 9,31 (R>=0,90); (1)

Equation (3) shows that for every 10 kg a.i./ha
of applied nitrogen in after-effect, there was an
average increase in the dry matter accumulation
in plants of 4.2 c/ha.

The productivity of barley significantly
depended on the after-effect of mineral fertilizers
applied under sunflower in the previous year,
proportionally to the level of mineral nutrition
(see Table 2).

Despite the fact that barley sowing in 2022
was carried out 8 days earlier than in 2021, the
crop reached full ripeness 9 days later (August 5)
due to increased precipitation.

In 2021, due to the late sowing date and dry
conditions in June, low productivity of barley
was formed. Nevertheless, a significant after-
effect of mineral fertilizers was observed. The
grain yield increase compared to the control
was 0.24-0.33 t/ha (20.7-28.5%), with no

earing y=0,19x +24,27 (R* = 0,93); (2) significant differences between the fertilized
filling  y=0,42x + 30,0 (R*=0,99). (3) variants. In 2022, a reliable increase in barley
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Fig. 2. Nitrate content in soil depending on the after-effect of mineral fertilizers, mg/kg of soil
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Taoa. 2. Brusaue nocineaedcTBUs MUHEPAIbHBIX YIOOPEHUH HA MPOLYKTUBHOCTD M KaU€CTBO SUMEHS

(2021, 2022 rr.)

Table 2. Impact of the mineral fertilizers after-effect on productivity and quality of barley (2021, 2022)

. . Grain yield, t/ha Weight of Crude Gr. 0SS pro-
Experiment option 1000 erains rotein. % tein yield,
2021 2022 | Average | =t/ha grams, & | protein, 7o kg/ha

Control 1,16 0,95 1,06 - 44,4 11,5 122
N,, 1.4 1,31 1,36 +0,3 46,0 11,8 161
N, P, K, 1,43 1,45 1,44 +0,38 45,9 11,9 172
N, P, K, 1,49 2,72 2,11 +1,05 48,4 12,7 268
LSD . 2021 p = 3,05%,
20220 = 3,95% 0.14 0,19

yield was also observed at all levels of mineral
nutrition. The greatest responsiveness of barley
was shown to the after-effect of N, P, K, kg
a.i./ha (+1.77 t/ha).

On average, over the years of research,
cultivating barley after sunflower, depending on
the doses of mineral fertilizers in after-effect,
allowed to obtain an additional 0.30-1.05 t of
grain/ha compared to the unfertilized variant.

A direct positive correlation was established
between the accumulation of dry biomass in
plants and the productivity of barley, which is
described by a linear equation of the type

y=0,42x-2,97 (R* = 0,96),

where y — barley yield; t/ha, x — dry biomass of
plants, c/ha.

The application of mineral fertilizers
contributed to the improvement of quantitative
and qualitative indicators of the grain. For
instance, the weight of 1000 grains on the
control was 44.4 g, on the fertilized variants —
46.0-48.4 g. The largest grain was obtained in
the variant with the after-effect of an increased
dose of mineral fertilizers (N, P, K., ).

On average for 2021 and 2022, in terms of
raw protein content in the grain, the advantage
was also with the experimental variants. A
direct positive correlation was found between
the content of raw protein in barley grain and
the dose of mineral nitrogen. The equation is as
follows

y=0,02x + 11,36 (B> = 0,91),

where y — raw protein content in grain, %;
x — dose of nitrogen fertilizers, kg a.i./ ha

(the equation is valid for raw protein content
of 11.5-12.7% and nitrogen doses of 0-60 kg
a.i./ha). The equation shows that with an
increase in the dose of nitrogen fertilizers by
every 10 kg a.i./ ha, there is a 0.2% increase in
the protein content.

Under the influence of the after-effect of
mineral fertilizers, significant changes were
observed in the structure of the barley yield (see
Table 3).

The after-effect of fertilizers manifested in
the formation of a greater number of productive
stems in the experimental variants (25—
98 pcs./m? higher than the control). An increase
in the length of the ear by 0.4-2.4 cm, the grain
weight per ear by 0.08-0.18 g, and the ear grain
content by 1.4-3.3 pcs./plant were noted. An
increase in plant height was directly proportional
to the doses of mineral fertilizers applied under
sunflower (44 cm in control, 48-59 cm in the
experimental variants).

Correlation analysis of productivity elements
revealed a direct positive relationship between
barley yield and the number of productive stems
(r=0.99), length of the ear (» = 0.98), and the ear
grain content ( = 0.97), as well as the weight of
grain from one ear (r = 0.96) (see Table 4). The
grain weight directly depended on its quantity
from one ear (» = 1.0).

CONCLUSIONS

1. Thestudiesrevealedahighresponsiveness
of the spring barley variety Kamashchevsky
when cultivated on leached chernozem to the
after-effect of mineral fertilizers applied under
sunflower.
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Ta6a. 3. Crpykrypa ypoxasi SYMEHS B 3aBUCHMOCTH OT MOCIIECHCTBHS MUHEPAIbHBIX yI0OpEeHUH

Table 3. Barley yield structure depending on the after-effect of mineral fertilizers

Barley yield structure indicator
Experiment
(r))ption Number of produc- | Tillering coef- | Ear length, | Grain weight Ij;f:erczt; Straw weight, | Plant height,
tive stems, pcs./m? ficient cm per ear, g & pla’nl'z ’ g/plant cm
Control 330 1,26 4,7 0,46 9,9 0,43 44
N,, 355 1,30 5,1 0,54 11,3 0,52 50
N, P, K, 375 1,43 5,0 0,57 11,8 0,56 48
NP, K, 428 1,47 6,3 0,64 13,2 0,59 59

Taoxa. 4. Marpuna kod3pPUIHEHTOB KOPPEISUHA MEKIY TPOAYKTHBHOCTBIO U 3JIEMEHTaMHU CTPYKTYPBI

ypoxast

Table 4. Matrix of correlation coefficients between productivity and elements of the yield structure

. Yield, t/ha 1\(1132?:2 :tiﬁlr: Ear length, Grair;greight Number of grains St;?ymvi)erifht hzliz;ltt,

Indicatoe pes./m? om plant, g per plant, pes. plant, g cm
1 2 3 4 5 6 7

1 1,0

2 0,99* 1,0

3 0,98%* 0,95% 1,0

4 0,96* 0,97* 0,89 1,0

5 0,97* 0,98%* 0,91 1,0%* 1,0

6 0,87 0,9 0,77 0,97* 0,96* 1,0

7 0,98* 0,95 0,99* 0,92 0,94 0,82 1,0

* Significant at the level of p = 0,05.
** Significant at the level of p=0,01.

2. Barley sowing on the background of
fertilizers formed 11-26 c of dry matter/ha more
than the control. Experimental plants throughout
the vegetation period had a higher content of
total nitrogen in the green mass.

3. The highest productivity of barley was
found in the after-effect of N, P, K. kg a.i./ha,
which provided an increase of 1.05 t/ha compared
to the unfertilized variant. In the experimental
variants, larger grains were obtained (weight of
1000 grains 46-48.4 g, in the control — 44.4 g)
with a high protein content of up to 11.8-12.7%
(in the control 11.5%).

4. The correlation-regression  analysis
revealedadirect positiverelationship between the
accumulation of dry matter and the productivity
of’barley (R?=0.96). It was established that with
an increase in the dose of nitrogen fertilizers by
every 10 kg a.i./ha, there is an increase in the
raw protein content in the grain by 0.2%.

5. Cultivating barley after sunflower is
effective against the background of the after-
effect of mineral fertilizers in the dose of N,

P, K,, kg ai/ha, which is reflected in the

60" 30
increase in productivity and quality of the grain.
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