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Aim. To determine physiologically expedient rates of mineral nitrogen in winter rye production on sod-podzol-
ic soils based on the orientation of the processes of biological nitrogen transformation in the plants rhizosphere.
Methods. Field studies, gas chromatography determination of potential nitrogen fixation activity and potential
emissions of N,O. Results. The results obtained have demonstrated that the rates of mineral nitrogen, not ex-
ceeding 60 kg/ha, can be considered physiologically expedient for winter rye production on sod-podzolic soils.
Under the application of microbial preparation Diazobakteryn, there is a higher physiological need of plants
for nitrogen, which allows increasing the rates of nitrogen fertilizers up to 90 kg/ha. Conclusions. The orienta-
tion of the processes of biological nitrogen transformation in the root zone of plants is a reliable indicator of
determining the appropriateness of nitrogen fertilization of crops.
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INTRODUCTION

Nitrogen fertilizers are known as one of the most
powerful pollutants of environment. The degree of
their consumption by crops is in the range of 35-50 %
[1], which is taken into consideration while calculat-
ing the fertilization rates, required for the harvest (cal-
culation formulas envisage the corresponding increase
in the amount of fertilizers). Non-consumed nitrogen
fertilizers pollute ground waters and cause the emis-
sion of N,O. The problem could be avoided if nitro-
gen fertilizers were used in the range of physiological
needs of plants. However, the standard of truth — what
is the need of plants for nitrogen? — is unknown, thus,
it is frequently deemed that this indicator reflects the
content of nitrogen compounds in the yield of the cor-
responding quality.
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It has recently become possible to determine the phys-
iological need of plants for nitrogen due to numerous
works, proving a high degree of association between
some kinds of microorganisms and plants [2—4]. Here
nitrogen-fixation associative bacteria are unique micro-
organisms. Being in close spatial and trophic interac-
tion with plant roots, they form an integral biological
system, thus tracing the changes in the functional activ-
ity of the bacterial component as a response to some
degree of nitrogen fertilization would allow estimat-
ing the similar response of the very plant to a specific
concentration of mineral nitrogen. In 1985 Umarov et
al. [5] demonstrated the increase in the activity of the
associative nitrogen-fixation due to the application of
specific doses of nitrogen fertilizers, and formulated
the notion of “physiological optimum of nitrogen for
plants” as a rate of fertilizers, ensuring the highest
level of activity of associative nitrogen-fixation. The
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researchers from the Philippines came to the same con-
clusion [6]. The mechanism of stimulating the activ-
ity of associative nitrogen-fixation by physiologically
optimal rates of mineral nitrogen comes down to the
increase in the amount of root exudates which are the
source of carbon and energy for rhizosphere nitrogen-
fixers. For instance, there are data about the 9.5-fold
increase in the root exudation compared to the volume
of root exudates in the control (without nitrogen fertil-
izers) plants [7]. Root exudates may have a larger or
smaller amount of nitrogen compounds depending on
the amount of the introduced fertilizers [8], which has
an immediate impact on the functional activity of rhi-
zosphere microorganisms.

While working at the mentioned issue, microbiologists
tried to substantiate the rate of fertilizers, the applica-
tion of which would result in the highest amount of “bio-
logical” nitrogen (bound to air nitrogen-fixating bacte-
ria) coming into the agroecosystem. We made an effort
of estimating the situation from another point of view.
Based on our understanding that the scale of associative
nitrogen-fixation process in conditions of moderate cli-
mate is not high, our aim was to determine the thresh-
old of the rates of nitrogen fertilizers, exceeding which
would result in the decrease in the activity of associative
nitrogen-fixation compared to the control (variant with-
out any fertilizers). In other words, the rates of nitrogen
fertilizers, not exceeding the mentioned rate, may be
considered to be physiologically expedient.

An additional test (besides determining nitrogen-fix-
ation) of the appropriateness of nitrogen fixation may
be the determination of the activity of biological dini-
trification, as diazotrophs are capable of fulfilling the
functions of dinitrofixators at the excess of the bound
nitrogen [9, 10].

Therefore, taking into account the capability of ni-
trogen-fixers to have functional changes depending
on the content of nitrogen in the system, it is possible
to substantiate the rates of nitrogen fertilizers, neither
decreasing the activity of nitrogen fixation in the root
zone of plants nor leading to the excessive activity of
dinitrification, which is an indirect evidence of optimal
fertilization of the crop.

The aim of this work was to experimentally check
the abovementioned assumptions during winter rye
production with the consideration of the nitrogen fertil-
ization impact on the yield capacity, and to determine
the impact of the pre-sowing inoculation on the degrees
of physiological appropriateness of nitrogen fertilizers
for plants.
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MATERIALS AND METHODS

Field experiments were conducted on sod-podzolic
silt-sandy soil (pH_, — 6.2; humus content — 1.2 %;
content of easily hydrolyzed nitrogen according to
Cornfield — 54.9 mg/kg; P,O, — 330 mg/kg; K,O —
148 mg/kg) of the Institute of Agricultural Microbiol-
ogy and Agro-Industrial Production, NAAS of Ukraine
in 2011-2015. The experiments were conducted in two
variants — without inoculation and with the application
of a microbial preparation Diazobakteryn (TC U 24.1-
00497360-002:2005). Winter rye, Syntetyk-38 cultivar,
in both variants was cultivated on the background of
increasing rates of mineral fertilizers:

1. no fertilizers;
2. N, K

120K, (N, inautumn + N, early spring);

3. N, K,, (N, in autumn + N, early spring);

4. N, K, (N, in autumn + N, early spring + N,
in the phase of stem elongation);

5. NUOKSO (N,, in autumn + N45 early spring + N,
in the phase of stem elongation).

The phosphoric fertilizers were not applied due to
high content of mobile phosphates in the soil.

The potential activity of nitrogen fixation in the plant
rhizosphere was determined in dynamics [11]. The ni-
trogenase activity was determined by the acetylene re-
duction method on gas chromatograph Chrom-5 with
flame-ionization detector; the potential activity of di-
nitrification in the rhizosphere soil — with the addition
of the solution of glucose and potassium nitrate [12].
The reduction of nitrogen oxide was determined at the
chromatograph Tsvet-560M with the thermal conduc-
tivity detector.

The yield was registered. The results were statisti-
cally processed by the method of two-factor dispersion
analysis [13] using Microsoft Office Excel 2007.

RESULTS AND DISCUSSION

The highest indicators for potential activity of nitro-
gen fixation in the plant rhizosphere were observed in
the control variant in the tillering phase in spring. Spe-
cific introduction of fertilizers in the doses of N, K,
N, K, No K, N, K demonstrates the decrease in
the process activity with the increase in the dose. The
analyses in the blossoming phase demonstrate high
indices of nitrogenase activity in the variants with
the introduction of N, K, , the tendency to increase —
with the application of N, K,/ and the prolongation

of the process inhibition — in the variants with Ny K/

29



VOLKOGON et al.

20 1 0 No inoculation
B Diazobakteryn
16 } 16 r 16 r
=
2
2 | il F
2 12 12 12
3 i
G
= f " i i T
= 8 hl 8 8
Q
S i
g
=
4 4 4
0 1 1 1 1 o0 Y 1 1 1 o 1 1 1 1
5 M M M 5 8 oS o o 5 o o o o
o N 2 2 B H o .N 2 2 S 8 o N 2 2 S 3
Z g Z z z Z. Z 3 Zz Z z z 25 Z z z z
& & &

Tillering phase

Blossoming phase

Milk-ripe phase

Fig. 1. Potential nitrogenase activity of winter rye plant rhizosphere under the impact of inoculation and fertilizers, field

experiment 2013
and N, K, . The subsequent studies demonstrated the
highest indices in the variants with the introduction of
mineral nitrogen in the rates, not exceeding 60 kg/ha.
It should be noted that even at the end of the vegeta-
tive period of winter rye the rate of mineral nitrogen of
120 kg/ha inhibits the nitrogenase activity in the root
zone of plants, which testifies to its inappropriateness
while cultivating rye on sod-podzolic soil (Fig. 1).

Noteworthy is the stimulation of nitrogen fixation
process with not high rates of mineral nitrogen at first,
followed by the use of higher rates. The rate of mineral
nitrogen of 60 kg/ha, being compromise regarding the
provision of constructive metabolism of plants and also
not excessive for environment, is capable of stimulat-
ing the activity of nitrogen fixation process, and the in-
crease in the nitrogenase activity in the plant root zone
compared to the control (without the introduction of
nitrogen fertilizers) is a reliable criterion of physiologi-
cal and ecologic appropriateness of nitrogen fertiliza-
tion of the crop.

The application of Diazobakteryn mitigates the nega-
tive impact of mineral fertilizers considerably and re-
stores the activity of the nitrogen-fixation activity sig-
nificantly. This biopreparation stimulates the activity of
the nitrogen fixation process at the introduction of N
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in the highest degree, but the process activity, higher
than control indices, with inoculation is also observed
with the application of N, . This fact may be explained
by the nitrogen consumption from fertilizers by inocu-
lation-initiated plants, and thus by the decrease in the
concentration of nitrogen compounds in the root zone.
Therefore, the threshold of physiological appropriate-
ness of nitrogen fertilizers increases in these condi-
tions. The application of Diazobakteryn does not allow
restoring the nitrogen fixation activity in the variants
with the introduction of high rates of fertilizers (even
at the end of vegetation the indices are lower than the
control ones).

During the studies the absolute indices of nitrogen
fixation activity changed, but the specificities of the
process depending on the rates of nitrogen fertilization
were stable.

The study of potential emission of nitrogen oxide re-
vealed the increase in the mentioned indices regarding
the increase in the rates of mineral nitrogen fertilizers
(Fig. 2). Here the loss of nitrogen is in proportion to the
introduced rates of fertilizers. Diazobakteryn enhances
the emission of nitrogen oxide at the beginning of veg-
etation, especially in the variants with the introduction
of mineral fertilizers. This is explained by the fact that
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Fig. 2. Potential emission of nitrogen oxide from winter rye plant rhizosphere under the impact of inoculation and fertilizers,

field experiment 2013

even small rates of fertilizers are excessive for juvenile
plants. The enzymatic level faces changes, conditioned
by the balance of natural resources: the synthesis of ni-
trogen fixation enzymatic nitrogenase complex is in-
hibited, nitrate reductase is synthesized instead. Here
the bacteria, introduced in the agroecosystem, are tem-
porarily involved in the dinitrification process, which
reflects on the increase in its activity.

During the subsequent phases of plant development, the
application of Diazobakteryn in physiologically appropri-
ate agrobackgrounds promotes the decrease in gasiform
losses of nitrogen, which is explained by exhausting the
excessive amount of nitrogen compounds and the transi-
tion of the bacteria to the nitrogen fixation function.

The comparison of the biological dinitrification in-
tensity in the experimental variants demonstrates that
with the dosed introduction of fertilizers in the norm
of 60 kg/ha of mineral nitrogen, although the emission
of nitrogen oxide has a tendency towards increasing, it
is not statistically different from the control variant in-
dices, starting with the blossoming phase. At the same
time the application of Ny, and N, conditions reliable
losses in gasiform nitrogen compounds during the veg-

etation period.
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Therefore, based on the results of studying the ori-
entation of the processes of biological nitrogen trans-
formation in the root zone of winter rye plant produc-
tion on sod-podzolic soil, it is possible to consider the
rates of mineral nitrogen, not exceeding 60 kg/ha, to
be physiologically expedient in these conditions (with
the dosed application), as their long-term introduction
results in the increase in the nitrogen fixation activity
as a criterion of physiological optimization and eco-
logic well-being along with the insignificant increase in
the loss of gasiform nitrogen compounds. The nitrogen
norm of 60 kg/ha should be considered physiological-
ly threshold due to short-time stimulation of nitrogen
fixation activity and promoting the loss in gasiform ni-
trogen compounds during the whole vegetation period.

The pre-sowing inoculation using Diazobakteryn
leads to a considerable increase in the physiological
optimum in bound forms of nitrogen for inoculation-
initiated winter rye plants and the mentioned rate be-
comes physiologically expedient. It is not reasonable
from the physiological point of view to introduce
higher rates, as this leads to the long-term decrease in
nitrogenase activity and the excessive loss of gasiform
nitrogen compounds, which testifies to the excessive
dose of nitrogen nutrition of plants.
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It is worth mentioning while analyzing the yield data
that the increase in the rate of mineral nutrition leads to
the decrease in the yield return (Table).

Thus, the application of the smallest rate of fertil-
ization in the experiment ensures the yield surplus by
37.5 %, and that of the highest one — only by 5.2 % from
the previous one. The application of Diazobakteryn cor-
rects the situation considerably. The return of fertilizers
is much higher. In particular, the crop yield with the in-
troduction of N, K, and inoculation ensures the forma-
tion of almost the same yield, achieved with the introduc-
tion of fertilizers at the rate of N K, . The combination
of the biopreparation and the rate of fertilizers N, K,
promotes obtaining the same yield, observed for the in-
troduction of Ny K~ (without inoculation) — 4.81 and
4.84 t/ha respectively. Taking into consideration the data
of the experimental yield, we may state that the impact
of Diazobakteryn and the effect of mineral fertilizers on
the crop productivity at the rate of N, K, are equivalent.
The positive effect of the pre-sowing inoculation of the
seeds on the formation of crop productivity is explained
by a number of reasons. These are the increase in the

nitrogen fixation activity, the enhanced immune status

of plants, and the direct limitation of the development of
harmful microorganisms in the root spheres. However,
it may find its best explanation in the effect on the de-
velopment of the root zone, its consumption ability and
the increase in the coefficients of plants, consuming the
active substance from the fertilizers, which is confirmed
by the literature data [14, 15].

The studies demonstrate the possibility of determin-
ing the rates of mineral nitrogen, appropriate from the
physiological and ecological points of view, as the ni-
trogen fixation process is not possible in the presence
of excessive amount of nitrogen fertilizers.

The results obtained may be used to highlight that the
ecologic situation in agroecosystems is optimized using
the presence of specific (physiologically appropriate)
rates of fertilizers, not their absence, as it could have
been expected. This does not testify in favor of the con-
cept of complete refusal from the application of min-
eral fertilizers in the technologies of cultivating crops.
On the contrary, fertilizers should be applied, but only
on the grounds of their physiological appropriateness
for the crops. The consideration of the abovementioned
methodological approaches to the ecologic estimation

The yield of winter rye at the impact of mineral fertilizers and microbial preparation Diazobakteryn

Yield, t/ha Surplus after each subsequent
] ) (average dose Surplus due to inoculation
Experiment variant for 2011— of fertilizers™*
2015) tons/ha % tons/ha %
No inoculation
No fertilizers, control 2.75 - - - -
N, K, 3.78 1.03 37.5 — -
N K, 4.33 0.55 14.6 — -
N, K., 4.84 0.51 11.8 — —
N, K 5.09 0.25 5.2 - -
Inoculation with Diazobakteryn

No fertilizers, control 2.95 0.20 7.3 0.20 7.3
N, K, 4.15 1.20 40.7 0.37 9.8
N K, 4.81 1.03 27.2 0.48 11.1
Ny Ky, 5.24 0.91 21.0 0.40 8.3
N,.K 5.43 0.59 12.2 0.34 6.7
HIP
for experiment 0.67
for fertilizers 0.42
for inoculation and interaction 0.31

*Including the combination with inoculation.
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of the rates of mineral nitrogen could approximate the
positions of such sciences as agrochemistry, microbiol-
ogy, and plant physiology in terms of selecting rational
strategies of fertilization for crops. It is known that the
optimization of mineral nutrition for crops should be
aimed at solving rather various tasks, including stable
yields with optimal indices of biological quality and
hygienic purity, decrease in relative loss of nutrients
during the production process of crops, minimization
of loading chemization means on soils to preserve their
fertility and ecologic functions [16]. Therefore, the ef-
ficiency of applying fertilizers should be estimated not
only from the position of maximal provision of crops
with the compounds of biogenic elements and econom-
ic indices of a specific vegetation period, but also from
the point of view of their impact on environment.

The focus of many researchers was concentrated on
the ecologic side of the problem of applying mineral
fertilizers in agricultural production. However, the es-
timates of the required amount of fertilizers, including
nitrogen ones, are traditionally made for the anticipated
yield with the consideration of possible coefficients of
plants, consuming the active substance from fertilizers,
agrochemical indices of soil, the after-effect of fertil-
ization of previous crops in the crop rotation, nitrogen
content in after-harvest remains, etc. There are several
dozens of modifications of this method, the essence of
which being the estimation of the return of the elements
with the anticipated yield [17]. Possible ecologic prob-
lems are ignored here. Therefore, we suggest determin-
ing the rates of nitrogen fertilization of crops by physi-
ological needs. The rates of phosphate and potassium
fertilizers may be estimated by the known principle of
balance for the rate of nitrogen fertilizers, taking into
account the results of previous diagnostics of soils.

The materials, presented in the article, demonstrate
that the physiological optimum of plants regarding nitro-
gen may change. In particular, the inoculation-initiated
plants demand a larger amount of nitrogen for construc-
tive metabolism. Here is the corresponding possibility
of introducing a larger amount of fertilizers to ensure the
additional yield without any risk of environmental pol-
lution. Indeed, the indicators of the increase in the physi-
ological need of plants for nitrogen may be other agents,
besides microbial preparations, for instance, stimulators
of growth and development, microelements, efc.

CONCLUSIONS

The studies have demonstrated that the rates of min-
eral nitrogen, not exceeding 60 kg/ha, can be consid-
ered to be physiologically expedient for winter rye
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production on sod-podzolic soils. Under the applica-
tion of microbial preparation Diazobakteryn, there is a
higher physiological need of plants for nitrogen, which
allows applying the rates of mineral nitrogen at the rate
of 90 kg/ha. The impact of the pre-sowing inocula-
tion of seeds on rye productivity while cultivating the
crop on physiologically expedient agrobackgrounds is
equivalent to the effect of mineral fertilizers at the rate
of N, K. The orientation of the processes of biological
nitrogen transformation in the root zone of plants is a
reliable indicator of determining the appropriateness of
nitrogen fertilization of crops.

CopsiMmoBaHicTh mpomneciB diooriunoi Tpancpopmanii
a30Ty B arpoLeH03ax 3 JKHTOM 03UMHUM
3a pi3HHUX pPiBHIB y100peHHS KyJIbTYpH

B. B. Bonkorows, I. T. Kopotka
e-mail: chychvaga i@i.ua

[HCTHTYT CiTLCHLKOTOCTIONAPCHKOT MiKp0OioIoTii Ta
arpomnpomucioBoro Bupoonunrsa HAAH
Byn. IlleBuenka, 97, UepHiris, Ykpaina, 14027

Meta. 3a cnpsMOBaHICTIO TpolEeciB 0i0J0TiYHOI TpaHCc-
dopmarii a30Ty B pusocdepi POCIHH KUTa O3MMOTO BH-
3HAYUTH (Pi310JIOTIUYHO JOULIBHI HOPMH MIHEPaJIBHOTO a30-
Ty TIPH BHUPOIIYBAaHHI KyJIbTypH Ha JEPHOBO-II/I30JIUCTO-
My IpyHTi. MeTtoan. [1oipoBi 1oCiUKEHHS, Ta30XpoMaTo-
rpadivyHe BU3HAUCHHS MMOTCHIIIITHOT aKTHBHOCTI a30Tdikca-
il Ta MOTEHIIHHOIT eMicii N,O. Pesyinbraru. ®di31010r19HO
JIOLUIBHUMH HOPMaMH MIiHEpaJbHOTO a30Ty HPH BHPOILY-
BaHHI )KUTa O3UMOTO Ha JEPHOBO-TIJ30JIMCTOMY TPYHTI €
Taki, M0 HE MEPeBHIIyIOTh 60 Kr/ra. 3a BUKOPHUCTAHHS
MikpoOHOro mpemapary [liazo0akTepuHy ¢i3ionorivHi IMo-
TpeOH POCIIUH B a30Ti 3pOCTAIOTH, 1110 AO3BOJISE ITiIBUIIUTH
HOpPMH a30THUX 1Mo0puB 10 piBHI 90 kr/ra. BucHOBKH.
CrpsiMOBaHICTh TIpoIIeciB 0i070TigHOI TpaHCchopMarii a3o-
Ty B KOPCHEBi 30HI POCIMH € HaIifHUM IHIAKATOPOM
BU3HAUEHHS JOIMJIBHOCTI a30THOTO >KHMBJIEHHS CUIBCHKO-
TOCTIOZIapCHKUX KYJBTYP.

Kmrouosi cioBa: asordixcauis, emicia N O, Gionoriuna
TpaHcdopmallist a3oty, (izionoriuxi norpedu B a3oTi.

HanpaBiieHHOCTH NPO1ecCOB OMOJIOTHYeCKOI
TpaHc(popMaLiu a30Ta B arpoLEH03aX € POKbIO 03MMOM
NIPU Pa3HbIX YPOBHSAX YA00peHHs KYJIbTYPbI

B. B. Bozxoron, 1. I'. Kopotkas
e-mail: chychvaga i@i.ua

WHCTUTYT CeNbCKOXO3IHCTBEHHOH MUKPOOHOIIOTHU 1
arpomnpoMbIIIeHHOTO Tpon3BoacTa HAAH
Vn. llleBuenxo, 97, Yepnuros, Ykpauna, 14027

Heab. Ilo HanpaBIeHHOCTH NPOIECCOB OMOIOTHYECKOM
TpaHcopManuyu a3oTa B pu3ochepe pacTeHUH pPHKU O3H-
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MOH ompenennuTh (HU3NOIOTHUESCKH IIesiecooOpa3Hble HOP-
MBI MUHEPAJTHHOTO a30Ta MPH BBIPANINBAHUH KYJIBTYypHI Ha
JepHOBO-1I0301McTON nouBe. Meroabl. Ilonesrie uccie-
JOBaHUS, Ta30XpOMaTorpauuecKkoe ONpeNelIeHne MOTeH-
UAIbHOW AaKTUBHOCTH a30T()HMKCAIIMH W TOTCHIIHAIHEHOU
SMHUCCUN NZO. Pesyabrarbl. DU3MONIOIMUECKH LIETECO-
00pa3HBIMH HOPMAaM{ MHHEPAIHHOTO a30Ta MPU BBIPAIIH-
BAHUM PXKU O3UMOM Ha JEPHOBO-IOA30JIUCTOM TMOYBE SIB-
JISIOTCS Takue, KOTophle He TpeBbmaroT 60 kr/ra. Ilpu
HCIIONIb30BAaHUU MHKPOOHOTO mpemnapara J[nazobakTeprHa
¢dusronornyeckre noTpedHOCTH PacTeHUil B a30Te BO3pac-
TalOT, YTO MO3BOJISIET MTOBBICUTH HOPMBI A30THBIX YAOOpCHUN
110 ypoBHst 90 kr/ra. BeiBoabl. HarpaBieHHOCTh Ipo1ieccoB
OHMOIOTHYECKON TpaHC(OPMAIMK a30Ta B KOPHEBOM 30HE
paCTeHI/Iﬁ ABJIAACTCA HAACKHBIM MHAUKATOPOM OIIPCACIICHUA
LIEJIECO00PAa3HOCTH a30THOTO YNOOpPEHHsI CEeNbCKOXO3sHCT-
BEHHBIX KYJIBTYP.

Karouenbie cioBa: asorpukcanus, smuccus N,O, Guoro-
rudeckasi TpaHchopManus azora, (pU3MOIOTHYECKHE IO-
TpeOHOCTH B a30Te.
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