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NITRIFICATION IN THE ROOT ZONE OF WINTER RYE
PLANTS UNDER THE USE OF MINERAL FERTILIZERS

AND DIAZOBAKTERYN

I. G. Korotka, V. V. Volkogon

Institute of Agricultural Microbiology and Agroindustrial Manufacture, UAAS
97, Shevchenka str., Chernihiv, 14027, Ukraine; e-mail: chychvaga i@i.ua

The paper depicts the study of mineral nitrogen and pre-sowing seeds bacteryzation on the de-
velopment of nitrogen fixing bacteria and the activity of autotrophic and heterotrophic nitrification.
It was revealed that nitrification activity in the root zone of winter rye plants rises together with the
increase of mineral nitrogen doses. Heterotrophic nitrification plays a significant role in the for-
mation of nitrate pool in the root zone, especially during the early stages of plants organogenesis.
Application of the microbial preparation Diazobakteryn had enhanced the activity autotrophic and
heterotrophic nitrification processes in the rhizosphere soil of plants in the spring, during the early
stages of their development while during the next organogenesis phases the reduction of nitrifica-
tion processes was observed. In plants-free soil the contribution of heterotrophic nitrification to

biological transformation of nitrogen was negligible.
Key words: autotrophic nitrification, heterotrophic nitrification, Diazobakteryn, winter rye,

inoculation, fertilizers.

Microbiological transformation of nitrogen
compounds to nitrates plays an important role in
the nitrogen cycle: on the one hand it increases
the denitrification activity (by increasing the
concentration of nitrates in the soil), on the
other — limits the activity of nitrogen fixation
and microbial immobilization of nitrogen [1].
Nitrification is most active if the sufficient amo-
unt of ammonia nitrogen is present under the
soil pH close to neutral and sufficient aeration.
Since these conditions are also favorable for
plants growth and development, the nitrification
rate in soils is often used for diagnostic purpo-
ses [2].

Peculiarities of autotrophic and hetero-
trophic nitrification depend upon the type of
biogeocenosis [3]. In soils of natural ecosystems
(e. g., forest cenosis) heterotrophic nitrification
is dominant, which mainly occurred due to the
fungal activity [4; 5]. In agrocenosis of cultiva-
ted soils for contrast, the share of autotrophic
nitrifying microorganisms account for almost
84-99 % of ammonium oxidation [3], as the soil
cultivation creates favorable conditions for the
operation nitrification autotrophic bacteria: no
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climax plant groups are present, crop rotation,
enhanced mineralization of nitrogen compo-
unds, increased soil aeration; use of manure, and
ammonium fertilizers, served as an energy sub-
strate for nitrifying autotrophic bacteria. At the
same time, the reduction of fungi population,
many of which are capable of heterotrophic ni-
trification, was observed in the arable soils. All
this leads to almost complete transfer of leading
position to nitrifying autotrophic bacteria.
Kurakov A. V. with his colleagues [6] have
found that in laboratory conditions heterotrophic
microorganisms contribute to the formation of
nitrates in virgin soils in average of 70 %, while
the share of nitrifying autotrophic bacteria is on-
ly 30 %. In cultivated soils, 73-92 % of nitrates
are formed by autotrophic nitrifying bacteria.
Among the issues related to the nitrification
processes, the behavior of rhizosphere microor-
ganisms towards the ammonium oxidation re-
mains unexplored. Theoretically, within given
ecological niche heterotrophs should prevail,
due to the presence of carbon in root exudates,
but plants can also influence the nitrate assimi-
lation. Investigation of ammonium oxidation pe-
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culiarities in the root zone of plants under the
inoculation and application of mineral fertilizers
can be used as the grounds for optimization ni-
trogen fertilization of agricultural crops.

Materials and methods. The nitrification
process orientation in the root zone of winter
rye plants was investigated under the different
agricultural backgrounds and pre-sowing seed
inoculation with microbial preparation Diazo-
bacteryn (agent Azospirillum brasilense 18-2)
(TU 24.1-00497360-002:2005) in a small plots
field experiments on sod-podzolic silty-sandy
cultivated soil on experimental field of the Insti-
tute of Agricultural Microbiology and Agroin-
dustrial Manufacture NAAS (pHs — 6.2, hu-
mus content — 1.2 %, nitrogen content easily
hydrolyzed (by Kornfield) — 54.9 mg/kg,
P,Os — 330 mg/kg, K,O — 148 mg/kg). Close
to neutral soil pH is caused by the soil cultiva-
tion and liming.

Experimental design:

1. Without bacterization
1. Without fertilizers (control)
2. N3oKyo (Nyg in fall + Ny early spring)
3. NeoKao (N3¢ in fall + N3y early spring)
4. NooKeo (N3 in fall + N3j early spring +
+ N3¢ at stem elongation stage)
5. N120Ksgo (N3g in fall + Nys early spring +
+ Nys at stem elongation stage)
II. Diazobacteryn bacterization
6. Without fertilizers
7. N3oKoo (Nygin fall + Ny early spring)
8. NeoKao (N3g in fall + N3y early spring)
9. NooKeo (N3¢ in fall + N3y early spring +
+ N3¢ at stem elongation stage)
10. Ni20Kso (N3 in fall + Nys early spring +
+ Nys at stem elongation stage)

Calculation of NPK rates was performed
taking into the account the nutritional contents
in the soil and its removal with the planned
yield of 3.5 t/ha. The size of experimental plots
was 9 sq. m. In order to exclude the plants role
in the nitrification processes the fallow plots
(1 m x 1 m) were used.

The number of autotrophic nitrifying bacte-
ria of phase I was determined by gradual dilu-
tion in Vinogradsky liquid medium. The number
of autotrophic nitrifying bacteria of phase Il —
on the Watson-Waterbern culture medium [7].
The number of cells per volume unit was calcu-
lated using McCready table based on variation
statistics methods.
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Composting method by D. Zvyagintsev [8]
was used to study the nitrification process and
evaluation of the contribution of autotrophic and
heterotrophic nitrifying microorganisms in the
nitrate formation. To determine the potential ni-
trifying activity some bottles were not only wa-
tered but have received the ammonium sulfate
(100 mg N-NH4/ g soil) and thoroughly mixed.
In order to isolate the heterotrophic component
in nitrate accumulation, the course of auto-
trophic nitrification was inhibited with 4-amino-
1,2,4-triazole (100 mg / g soil). Nitrate contents
was determined using ion-selective electrodes
[9]. The three-fold experimental replication was
used.

Results and discussion. Under the favora-
ble conditions large portion of nitrogen fertili-
zers are subject to nitrification. According to
A. 1. Nesterova [10] in well aerated slightly acid
soils with high biological activity more than half
of the introduced ammonium is nitrified in
15 days. The studies of the influence of mineral
nitrogen and seeds inoculation with Diazobacte-
ryn on the number of nitrifying autotrophic bac-
teria in rhizosphere soil of winter rye plants
have revealed that the introduction of nitrogen
fertilizers had contributed to the increase of au-
totrophic nitrifying bacteria. Seeds inoculation
with Diazobacteryn had no clear patterns re-
garding the influence of biological preparation
on the development of nitrifying bacteria in
2011 (Table 1). However, the studies performed
in 2012 and 2013 have indicated its positive im-
pact on the development of nitrifying bacteria
(Tables 2-3).

Thus, Diazobacteryn use can provide a
comfortable environment for plants growth and
development by contributing to the increase of
the number nitrifying bacteria and their activity
due to their better nutrition supply with nitrates.

Inhibitory approach in determining the ni-
trification activity can provide a differentiated
evaluation of auto- and heterotrophic nitrifying
microorganisms’ part in oxidative link of nitro-
gen cycle.

Determination of the total nitrification ac-
tivity in 2013 had showed an process activity
increase according to the introduced doses of ni-
trogen fertilizers. The highest nitrification acti-
vity was observed at the beginning of the gro-
wing season (Fig. 1), with the subsequent reduc-
tion during the plant ontogenesis (Fig. 2-3).

The studies performed have indicated that
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Table 1. Influence of seeds inoculation and mineral fertilizers on the development of nitri-
fying bacteria in rhizosphere soil of winter rye plants, 2011

Number of bacteria, tsnd. in 1 g dry soil
Autotrophic nitrifying bacteria Autotrophic nitrifying bacteria
Variants of I phase of I phase
eloigegion Flowering | Milk stage eloigegion Flowering | Milk stage
Without inoculation
Without fertili- 0.5 1.0 0.5 0.3 0.3 0.3
zers, control
N30Kao 2,6 1,0 0,3 0,3 0,3 0,5
NooKao 9,9 2,6 0,3 0,3 0,3 0,9
NooKeo 10,0 4,7 2,9 0,5 2,6 28,7
Ni20Ks0 9,9 7,7 5,2 2,1 4,6 51,6
Inoculation with Diazobacteryn

Without 03 0,5 03 03 03 0,5
fertilizers
N30Koo 1,0 0,5 0,3 0,3 0,3 1,1
NeoKao 4,7 1,0 0,3 0,3 0,5 5,2
NooKeo 7,9 2,6 1,7 1,6 2,6 5,2
Ni20Ks0 10,0 9,8 1,1 2,6 4,6 8,6

Notes: * — determination on Vinogradskiy medium; ** — determination on Watson-Waterbern medium.

Table 2. Influence of seeds inoculation and mineral fertilizers on the development of nitri-
fying bacteria in rhizosphere soil of winter rye plants, 2012

Number of bacteria, tsnd. in 1 g dry soil
Autotrophic nitrifying bacteria Autotrophic nitrifying bacteria
Variants of I phase of I phase
eloigegion Flowering | Milk stage eloigegion Flowering | Milk stage
Without inoculation
Without fertili- 4.8 7.9 2.1 2.6 1.0 0.5
zers, control
N30Kao 4,8 9,9 2,1 2,7 1,0 2,6
NeoKao 26,7 9,9 10,1 2,7 1,0 2,7
NooKeo 26,7 15,6 26,1 4,8 2,6 9,9
Ni20Kso 26,2 20,8 26,0 4,7 4,7 9,9
Inoculation with Diazobacteryn

Without 8,0 10,0 1,6 2,7 1,0 1,0
fertilizers
N30Kao 10,1 12,2 8,50 2,7 2,7 1,0
NeoKao 10,2 15,8 48,4 2,7 2,6 2,7
NooKeo 79,1 15,7 47,8 10,0 4,7 2,7
Ni20Kso 78,3 26,1 100,6 15,7 9,9 4,8

Notes: * — determination on Vinogradskiy medium; ** — determination on Watson-Waterbern medium.

the activity increase at the beginning of the gro-
wing season (tillering stage) was caused by the
heterotrophic nitrification. Further contribution
of heterotrophs to the formation of a pool of ni-
trates was insignificant and was stable during
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the growing season. Using the microbial prepa-
ration Diazobacteryn in the technology of win-
ter rye growing had magnified the nitrification
process during the early stages of plants organ-
ogenesis. Comparison of autotrophic and hete-

Cinmbscbkorocmnoaapcbka Mikpoobiosoris. — 2015, — Bum. 21.



Table 3. Influence of seeds inoculation and mineral fertilizers on the development of nitri-
fying bacteria in rhizosphere soil of winter rye plants, 2013

Number of bacteria, tsnd. in 1 g dry soil
Autotrophic nitrifying bacteria Autotrophic nitrifying bacteria
Variants of I phase of I phase
eloigegion Flowering | Milk stage eloigegion Flowering | Milk stage
Without inoculation
Without fertili- 53 2.6 2.8 3.0 1.0 1.7
zers, control
N30K2o 5.4 2,7 2,9 3.0 1,6 2,9
NeoKao 29,9 2,6 5,3 3,0 2,1 2,9
NooKso 29,6 4,7 8,6 5,3 2,6 5,2
Ni20Ksg0o 29,6 7,9 11,1 5,3 4,7 5,2
Inoculation with Diazobacteryn

Without 8,9 2,6 2,9 3,0 1,0 11
fertilizers
N30Kao 8,9 2,6 3,0 3,0 2,6 1,8
NeoKao 11,3 4,6 2,9 3,0 2,6 2,9
NooKso 55,1 9,8 5,3 9,2 4,6 3,0
Ni20Ksg0 54,5 26,2 11,4 9,1 10,0 5,4

Notes: * — determination on Vinogradskiy medium; ** — determination on Watson-Waterbern medium.
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Fig. 1. Nitrification activity in rhizosphere soil of winter rye plants under the influence of mineral
fertilizers and inoculation, 2013, Tillering stage (in 14 days after spring application of planned
dose of mineral fertilizers); ug N-Noz /g soil.
Notes: LSDys for total nitrification activity: for experiment — 6.07, for fertilizers — 4.29, for inoculation
and interaction — 2.48; LSDys for autotrophic nitrification activity: for experiment — 0.82, for fertili-
zers — 0.58, for inoculation and interaction — 0.34; LSDys for heterotrophic nitrification activity: for ex-

periment — 5.79, for fertilizers — 4.09, for inoculation and interaction — 2.36.
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Fig. 2. Nitrification activity in rhizosphere soil of winter rye plants under the influence of mine-
ral fertilizers and inoculation, 2013, Flowering stage (in 50 days after the early spring fertili-
zers application and 13 days after the plants dressing with mineral nitrogen in corresponded
variants); ug N-NOz / g soil.

Notes: LSDys for total nitrification activity: for experiment — 3.90, for fertilizers — 2.76, for inoculation
and interaction — 1.59; LSDys for autotrophic nitrification activity: for experiment — (.76, for fertiliz-
ers — 0.54, for inoculation and interaction — 0.31; LSDys for heterotrophic nitrification activity: for
experiment — 0.99, for fertilizers — 0.70, for inoculation and interaction — 0.40.
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Fig. 3. Nitrification activity in rhizosphere soil of winter rye plants under the influence of mi-
neral fertilizers and inoculation, 2013; Milk stage; ug N-NOz / g soil.

Notes: LSDys for total nitrification activity: for experiment — 1.62, for fertilizers — 1.14, for inoculation
and interaction — 0.66, LSDys for autotrophic nitrification activity: for experiment — 1.97, for fertili-
zers — 1.39, for inoculation and interaction — 0.80; LSDys for heterotrophic nitrification activity: for
experiment — (.54, for fertilizers — 0.38, for inoculation and interaction — 0.22.
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rotrophic nitrification indicators had indicated
that the observed increase was caused by the in-
tensification of heterotrophic microorganisms.
Later, with the development of plants, its activi-
ty in the variants with bacterization have re-
duced, probably due to the intense plant growth
and, consequently, with a decrease of ammoni-
um content in soil.

As for almost a century (since the discovery
of autotrophic nitrification process by S. M. Vi-
nogradskiy) it was believed that nitrification is
performed only by autotrophic nitrifying bacte-
ria of the first and second phases and only re-
cently the existence of heterotrophic nitrifica-
tion process was established. This naturally
raises the question whether for a prolonged time
the statement on the exclusive role of auto-
trophic nitrification was based on outdated
methods or the whole process was studied ex-
clusively in topsoil without taking into the ac-
count the plants role in the process of nitrogen
transformation. In our studies we’ve tried to
clarify this.

In order to exclude role of plants in the ni-
trification process we have determined the po-
tential autotrophic and heterotrophic nitrifica-
tion activity on fallow fields and have compared
data with the one obtained from the rhizosphere
soil. As noted above, plants play the main role
in the intensification of nitrification process at
the beginning of the growing season, providing
carbon compounds to the bacteria along with the
soil root exudates (Table 4). Thus in rhizosphere

soil of winter rye plants the total nitrification ac-
tivity was in 1.5-3 times higher comparing to
the activity of the process in the fallow soil
plots.

It should be noted that at the beginning of
vegetation the activity of heterotrophic nitrifica-
tion in the rhizosphere soil of winter rye plants
was in 1.5-5 times higher comparing to the fal-
low soil (Table 5). The potential activity of he-
terotrophic nitrification in the fallow soils was
11.08-12.09 pg N-NOs / g soil, while the nitri-
fication activity in rhizosphere soil of winter rye
plants had ranged from 17.96 to 70.34 png
N-NO; / g soil depending upon the dose of ferti-
lizers.

The obtained results were absolutely logical
as in rhizosphere soil the number of easily ac-
cessible for heterotrophic nitrifying microorga-
nisms organic substances is significantly higher
(1. e., “rhizosphere effect” already known for
other groups of microorganisms). Throughout
the growing season activity heterotrophic nitri-
fication in the rhizosphere soil of winter rye
plants was also higher than in fallow soils.
However, the highest indicators was observed in
during the tillering stage, when the root exuda-
tion is likely the highest.

We should also note the positive impact of
plants on the activity of autotrophic nitrifying
bacteria, which, we assume, is related to the in-
crease of CO, flow to the root zone of plants
because of metabolic conversion of organic
compounds of root exudates.

Table 4. Total nitrification activity in rhizosphere and fallow soils, field experiment, 2013,

ug N-NO; / g soil
Variants | Tillering stage Flowering stage | Milk stage
Without fertilizers

Fallow soil 82,66 £ 5,68 44,65 £ 1,52 43,01 + 5,69

Rhizosphere soil 302,45+9,45 71,36 + 7,41 101,20 + 6,74
N30K>9

Fallow soil 108,31 £2,19 70,06 + 5,77 78,99 +£ 3,11

Rhizosphere soil 343,53 £2,40 92,08 + 8,82 107,93 £ 7,00
NsoKao

Fallow soil 138,35+ 13,09 87,03 £2,34 92,91 + 1,89

Rhizosphere soil 332,12+ 6,39 117,97 £ 5,15 118,12 £ 8,77
NooKs9

Fallow soil 290,08 + 6,32 214,65 £ 20,45 152,67 £9,12

Rhizosphere soil 362,48 + 7,62 29321 £27,13 175,62 £ 11,65
Ni20Kso

Fallow soil 297,94 + 10,99 238,63 £ 8,29 160,09 + 10,60

Rhizosphere soil 389,56 + 6,31 319,59 +£22,93 218,56 £ 5,98
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Table 5. Activity of heterotrophic nitrification in rhizosphere and fallow soils, field experi-

ment, 2013, ug N-NO; / g soil

Variants | Tillering stage | Flowering stage | Milk stage
Without fertilizers

Fallow soil 11,80+ 1,14 2,17+0,03 1,26 £0,16

Rhizosphere soil 17,96 + 0,59 2,17+0,18 2,40 £ 0,26
N30K39

Fallow soil 11,34 £ 0,56 2,50+0,23 1,80 £ 0,10

Rhizosphere soil 37,80 £ 0,79 2,63+0,18 3,38 £0,47
NsoK4o

Fallow soil 12,09 +£ 0,15 2,12 +0,41 2,08 £0,03

Rhizosphere soil 54,45 + 0,40 3,25+ 0,45 3,84+ 0,34
NooKs9

Fallow soil 11,83 +£ 0,26 3,56+ 0,21 3,29 £ 0,39

Rhizosphere soil 60,89 + 0,82 4,71 £ 0,47 4,88 +0,33
Ni20Rso

Fallow soil 12,06 £ 0,17 5,16 £0,23 5,17 £0,39

Rhizosphere soil 70,34 + 1,10 7,62 +0,55 7,45 £ 0,48

Consequently, the nitrification activity in
the root zone of winter rye plants rises with the
increasing doses of mineral nitrogen. Hetero-
trophic nitrification plays a significant role in
the formation of nitrate pool in the root zone of
plants, especially during the early stages of
plants organogenesis. Pre-sowing bacterization
of winter rye seeds ensures the growth of auto-
trophic and heterotrophic nitrification process
activity in the rhizosphere soil of plants during
the early stages of their development and its re-
duction during the next phases of ontogenesis.
In fallow soils the contribution of heterotrophic
nitrification process into the biological trans-
formation of nitrogen was negligible.
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OCOBJINBOCTI TPOIIECIB
ABTOTPO®HOI I TETEPOTPO®HOI
HITPU®IKAILII B KOPEHEBIH 30HI
POCJIMH )KUTA O3UMOI'O

3A BILJIMBY MIHEPAJIbHUX JOBPUB
TA JIASBOBAKTEPUHY

I. I'. Koporka, B. B. BoJsikoron

[HCTUTYT cibehKOTOCTIONAPCHKOT MiKpOOiooTii
Ta arpornpoMucioBoro BupooHuirea HAAH,
M. UepHiris

Hocniosxceno eniue MminepaibHo2o azomy
ma nepeonocieHoi baxmepuzayii Ha po36UMOK
HIMPUDIKYBANIbHUX MIKPOOP2AHIZMI6 MA aKMUs-
Hicmb npoyecie asmompoghnoi i eemepompodh-
Hoi Himpugikayii. AkmusHicms Himpugikayii 6
KOpeHesill 30Hi POCIIUH JHCUMA 03UMO20 3POCMAE
npu 30inbuienni 003 MinepaivHozo asomy. Ie-
mepompoghna Himpugikayia gidiepac nomimmy
PpoTb ¥ hopmyeaHui HiImpamHo20 nyiy 8 KopeHe-
il 30HI pOCIUH, O0COOIUBO HA NOYAMKOBUX
emanax opz2anozenesy. 3acmocysamHs MiKpoo-
Ho2o npenapamy Jliazobakmepuny 3abesneuye
3pOCMAHHA AKMUBHOCMI npoyecie asmompog-
HOi i eemepompoghnoi Himpugixkayii 6 puzo-
cghepromy TpYHMI pOCIUH HABECHI, HA NEPUIUX
emanax ix po3eumky, i 3MeHuleHHs — Y nooajib-
wi ¢azu opeanocenesy. YV tpynmi 6e3 pociun
8HeCcOK eemepompodnoi Himpughikayii 6 npoye-
cu bionociunoi mpaucgopmayii azomy He3HaAU-
HU.

KirouoBi cnoBa: asmompogua nimpughixa-
yis, eemepompoghna nimpugikayis, [iazobax-
MEePUH, JHCUMO O03UMe, IHOKYAAYIA, MIHEPATbHI
dobpusa.
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OCOBEHHOCTH IMPOILIECCOB ABTO-
TPO®HOM U TETEPOTPO®HOMN
HUTPUOPUKALIUU B KOPHEBOW 30HE
PACTEHUI O3UMOMH PKHU MO
BJUSIHUEM MUHEPAJIbHBIX
YIOBPEHUMN U JTUA3OBAKTEPUHA

N. I'. Koporkas, B. B. Bosikoron

HHCTUTYT cenbCcKOX03sICTBEHHON MUKPOOUOTIOTHH
Y arponpoMBIIIIeHHOTo mpon3BoacTBa HAAH,
r. UepHuros

Hccneoosano enusanue mMunepanrvbHo2o aso-
ma u npeonocesHou bakmepuzayuu Ha pazeu-
mue HUMpUGUYUPYIOWUX MUKPOOPSAHUIMOE U
AKMU8HOCMb NPoYeccos aemompognol u 2e-
mepompoghnoti Humpuguxkayuu. AxmugHocmo
HUmMpugukayuu 6 KOPHEeBol 30He pAacmeHul
DpoKcU 03UMOU 8o3pacmaem Npu y8eauyeHuu 003
MuHepanbHoz2o asoma. Iemepompogpuas num-
pugukayus uepaem 3amMemuyro poib 8 Qopmu-
POBAHUU HUMPAMHO20 NYIAd 8 KOPHEBOU 30He
pacmenuti, 0COOeHHO HA HAYAIbHBIX IMANAX Op-
eanocenesa. Illpumenenue MukpobHo2o npena-
pama [uazobakxmepuna obecneuusaem ycuie-
HUe aKMueHOCMU NpPOYecco8 aemompogHol u
cemepompo@Hol Humpugurayuu 8 pusocgpep-
HOU nouge pacmenull 8eCHOU, HA Nepevlx dma-
nax ux pazeumus, u yMeHbuieHue — 8 nocie-
oyrwue gasvl opeanoeenesa. B nouge be3 pac-
meHull 8K1a0 eemepompo@dHol Humpugukayuu
8 npoyeccvl OUONO2UYECKOU MpaHchopmayuu
asoma He3HauumereH.

KiroueBble cnoBa: asmompoghnas numpu-
Qukayus, eemepompoHas Humpugurayus,
Jluasobakxmepun, poowce o3umas, UHOKVAAYUS,
MUHepabHvle YOOOpeHusl.
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