ISSN: 2312-3370, Agricultural Science and Practice, 2014, Vol. 1, No. 3

UDC 631.84

Use of anhydrous ammonia in improving the nitrogen utilization efficiency
in winter wheat plantings

M. M. Miroshnychenko ', Ye. Yu. Hladkikh !, A. V. Revtye !,
S. V. Halushka 2, L. M. Mykhal’ska 3, V. V. Schwartau 3

! NSC Institute for Soil Science and Agrochemistry Research named after O. N. Sokolovsky
4, Chaikovsky Str., Kharkiv, Ukraine 61024
2 The Eastern Regional Office, PrivJSC Rise-Maksymko
10, Matrosova Str., Chervonozavodske, Lokhvytsia District, Poltava Region
? The Institute of Plant Physiology and Genetics, NAS of Ukraine
31/17, Vasylkivska Str., Kyiv, Ukraine 03022

e-mail: schwartau@ifirg.kiev.ua

Received on Jule 4, 2014

Aim. To study the specificities of the effect of anhydrous ammonia on the indices of soil fertility, yield and
quality of winter wheat grain compared to granular nitrogen fertilizers in order to elaborate intensive produc-
tion technologies. Methods. The content of mineral nitrogen in the soil was determined according to DSTU
4729-2007, the content of movable phosphorus and potassium forms — by Chirikov’s method (DSTU 4115-
2002). The abundance of the main ecological and trophic groups was registered after sowing the soil suspen-
sion on dense nutrient media. The concentration of total nitrogen, phosphorus, and potassium in plant samples
was determined according to the measurement procedure 31-497058-019-2005. The quality indices of grain,
i.e. protein and crude fiber content as well as general glassiness were determined using Inframatic 8600 NIR
analyzer, Perten Instruments AB (Sweden). Results. The specificities of the effect of anhydrous ammonia on
the indices of soil fertility, the use of nutrients from fertilizers and soil, the yield and quality of winter wheat
grain were demonstrated. Conclusions. The advantages of anhydrous ammonia application prior to sowing
compared to the use of ammonia nitrate, traditional for Ukrainian agriculture after the growing season, were

established.

Keywords: anhydrous ammonia, ammonia nitrate, fertilizer elements, winter wheat, grain quality, yield.

INTRODUCTION

Recent years have witnessed ever growing anxiety
of the world community about the global food safety
which could be improved, firstly, via the crop produc-
tion intensification and the implementation of tech-
nologies, ensuring the increase in the efficiency of re-
source management along with the minimization of the
environmental effect [1].

Grain crops, which occupy half the arable area in the
world, are attributed the central place in solving the
food problem. They are remarkable “nitrogenphiles” as
they use a considerable amount of nitrogen for their
yield formation. In Ukraine traditional means of plant
fertilizers are solid substances: ammonia nitrate, carb-
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amide, ammonium sulfate, usually introduced in the
dispersion. However, the utilization efficiency of nitro-
gen from the fertilizers by the crops in the world in
general, and in Ukraine in particular, is rather low, not
exceeding 33% [2]. Therefore, the improvement of uti-
lization efficiency for nitrogen fertilizers is an impor-
tant trend in increasing the yield and quality of grain
products.

The known technological ways of diminishing non-
productive losses of nitrogen from fertilizers include
the pelleting of granules with inert materials (sulfur,
wax), the encapsulation with polymer coating (for in-
stance, with aminoformaldehyde resin), the introduc-
tion of nitrogen to compounds with relatively low solu-
bility or addition to the chelates [3—5]. The coating of
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fertilizer granules with a thin film of low permeabil-
ity allows prolonging the lifetime of fertilizers in soil
considerably, decreasing their ability to become com-
pressed and start absorbing water as well as solving the
issue of fertilizer transportation in bulk.

At the same time one of the most promising solutions
for the improvement of the system of fertilizing the
winter wheat plantings with nitrogen is extending the
areas of using the liquid nitrogen fertilizers, in particu-
lar, anhydrous ammonia. This will allow increasing the
utilization efficiency of nitrogen from the soil and pre-
venting the non-target losses of the mentioned element
[6—8]. It is known that ammonium, into which ammo-
nia transforms during the introduction into the soil, is
fixed by soil collodions and is not washed out together
with the infiltration moisture. It is assumed that the in-
troduction of ammonia prior to sowing should provide
for the sufficiency of the nitrogen amount for plants
during the whole vegetation period.

Long-term experience of using anhydrous ammoni-
um in the USA and Canada testifies to practical equi-
potency of its effect on the yield of agricultural crops
compared to the granular nitrogen fertilizers [9, 10].
Its utilization is possible for all the agricultural crops,
but the preference is given to winter wheat, sugar beet,
corn and spring cereals. Unfortunately, there were
scarce agrochemical studies of the specificities of this
fertilizer impact in the ground and climatic conditions
of Ukraine, and in practice it is usually used for corn,
predominantly [11].

Thus, the aim of our study was to determine the spec-
ificities of the effect of anhydrous ammonium on the
indices of soil fertility, yield and grain quality of win-
ter wheat compared to the traditional granular nitrogen
fertilizers.

MATERIALS AND METHODS

The study was conducted on the winter wheat plant-
ings, Bohdan cultivar, during 2012-2013 vegetation
period at the premises of the demonstrative and experi-
mental field of Lokhvytsia division of PrivISC Rise-
Maksymko (Poltava Region), at podzolic medium-loam
black soil. The plant-predecessor was grain maize. The
scheme of experiment comprised primary cultivation
of soil (two-disk plowing, 12 cm deep, and tillage, 20
cm deep) and the introduction of nitrogen fertilizers for
the cultivation prior to sowing (anhydrous ammonia in
the dose of N, in 18 cm deep lines at 56 cm stepouts
prior to sowing and ammonia nitrate in the dose of N,
dispersed after the vegetation period). Diammophos in
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the dose of 150 kg per ha was used as the degree of
ground fertilization for the whole area of the experi-
mental field. The area of the latter amounted to 120
square meters, the location was systematized into five
repeats.

Soil samples were taken at the beginning and the end
of the vegetation period in order to determine the effect
of the anhydrous ammonia application on the fertility
indices of the podzolic black soil. The content of min-
eral nitrogen in the soil was determined according to
DSTU 4729-2007, the content of movable phosphorus
and potassium forms — by Chirikov’s method (DSTU
4115-2002).

The abundance of the main ecological trophic groups
was registered after sowing the soil suspension on
dense nutrient media.

The plant samples were studied for the content of
total nitrogen, phosphorus and potassium in one batch
(measurement procedure 31-497058-019-2005); the
grain — for the content of protein, crude fiber and gen-
eral glassiness, using Inframatic NIR analyzer 8600,
Perten Instruments AB (Sweden).

RESULTS AND DISCUSSION

The prospects of nitrogen application in the form of
anhydrous ammonia in the agriculture of the future
seem to be evident. This technology is especially rea-
sonable for large planting areas due to the possibility of
complete mechanization of transportation and the in-
troduction of fertilizers into the soil, which allows de-
creasing the expenses by 20—30 % compared to the uti-
lization of their solid granular forms. Local disposition
of nitrogen fertilizers below the soil surface promotes
longer nitrogen retention and its more exhaustive con-
sumption by plants. The decrease in the total amount of
precipitation in spring and summer period, observed in
all the regions of Ukraine in recent years, leads to the
decrease in the efficiency of the surface fertilizers of
winter wheat plantings. Thus, one-time introduction of
anhydrous ammonia at a certain depth for the primary
tillage may result in considerable increase in the effi-
ciency of nitrogen utilization by winter wheat due to
its better local availability and increased humidity of
this soil layer.

The researchers from the USA and Canada who stud-
ied the effect of anhydrous ammonia on soil properties
revealed negative changes in soil microbiocenosis, the
acceleration of organic substance mineralization, the
washing-out of nutrients from the soil layer, containing
roots, and pH changes [9, 10]. According to our data
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Fig. 1. The number of heterotrophic microorganisms after the end of the vegetation period of winter wheat in the tilth top soil

(0-20 cm) and subsurface soil (2040 cm)

the introduction of this fertilizer actually causes the
changes in the microbiological activity and the nutrient
regime, but in moderate doses it only promotes better
realization of the efficient soil fertility.

Firstly, contrary to the introduction of ammonia ni-
trate in dispersion, the center of mineral nitrogen,
which is in the ammonium form, gets developed in the
zone of anhydrous ammonia introduction (during the
restoration of spring vegetation the NH,:NO, ratio is
1.7:1 whereas after the introduction of ammonia nitrate
it is only 1:1.4). As a result, the introduction of anhy-
drous ammonia ensures higher content of mineral ni-
trogen in the tilth top soil until the end of winter wheat
vegetation (Table 1) and its washing out from the soil
profile in a lesser degree compared to the variant with
ammonia nitrate [10].

It was established that there is no long-term negative
after-effect of the introduced anhydrous ammonia on

the activity of the main ecological and trophic groups
of microorganisms. After the vegetation restoration in
the top 20-cm layer, 8.7-13.2 million of colony-form-
ing units (CFU) were detected in 1 g for the introduc-
tion of both investigated forms of nitrogen fertilizers,
which is much higher compared to the variant with the
non-fertilized ground (4.4 million/g). Due to the effect
of NH, on the organic substance of soil there are bet-
ter nutritional conditions for heterotrophic organisms
which lead to the increase in their number even after
the end of the vegetation period (Fig. 1).

In addition to the direct fertilizing effect, some au-
thors [12, 13] note the increase in the content of soluble
forms of phosphorus and potassium in the zone of am-
monium introduction, but there are opposite opinions
in the literature as well [14]. The results of our inves-
tigations demonstrate that after the introduction of an-
hydrous ammonia the amount of available phosphorus

Table 1. The content of nutrient elements in the tilth top podzolic black soil depending on the introduction of different forms

of nitrogen fertilizers and primary tillage of soil

Content of nutrient elements, mg/kg of soil

PO K,0 NO, +NH,
Experiment variant ;
Vegetation
Start End Start End Start End
Control — tillage with no fertilizers 230.0 237.0 141.0 136.0 6.3 7.0
Two-disk plowing Anhydrous ammonia 285.5 251.0 166.6 155.0 13.0 8.2
Ammonia nitrate 279.0 261.9 151.5 148.0 44.2 6.5
Tillage Anhydrous ammonia 284.0 249.8 154.5 140.0 15.5 11.0
Ammonia nitrate 296.0 235.9 136.6 152.0 42.7 7.6
LSD,, 7.0 6.9 11.0 9.5 4.2 1.9
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Fig. 2. The utilization of nutrient elements from fertilizers and soil depending on the form of nitrogen fertilizers: / — nitrogen
from fertilizers; 2 — utilization of phosphorus from soil; 3 — utilization of potassium from soil

and potassium is actually increasing at the beginning
of the vegetation period of winter wheat, but later this
effect is not statistically reliable (Table 1). A possible
reason for this fact may be soil acidification (pH from
5.2 to 5.0-4.8) and the increase in the concentration of
water-soluble organic carbon.

The abovementioned specificities of the effect of
anhydrous ammonia on soil have positive impact on
phosphorus and potassium nutrition of winter wheat.
The comparison of the application of ammonia nitrate
and the variants with anhydrous ammonia demonstrat-
ed 1.3-fold higher coefficients of phosphorus and po-
tassium utilization from the soil for the latter (Fig. 2).

The estimation of the coefficients of nitrogen utiliza-
tion from fertilizers also testify to considerable advan-

tage of the beneficial effect of nitrogen in the composi-
tion of liquid ammonia — it is 89.2-68.7 % depending
on the primary tillage of soil; as for ammonia nitrate,
the level of utilization of nitrogen therefrom by winter
wheat plants does not exceed 40 %.

The results of winter wheat grain productivity dem-
onstrate practical equipotency of both investigated
forms of fertilizers on condition of disk tillage as the
primary method and the preference to anhydrous am-
monia on condition of tillage (Table 2).

After the introduction of 100 kg/ha of nitrogen in
the form of liquid ammonia the yield excess and the
cost recovery of 1 kg of the active substance was
1.5—1.9 times higher compared to ammonia nitrate.
The application of nitrogen fertilizers increases grain

Table 2. The effect of different forms of nitrogen fertilizers and the primary method of soil cultivation on the yield and quality

of winter wheat grain

Control excess | Cost recovery Grain quality index, %
. . Yield, of 1 kg
Experiment variant of active
tons/a | ons/ha | % substance with | Protein |  Fiber | Glassines
grain, kg
Control — tillage with no fertilizers 4.38 - - - 14.2 30.2 38.1
Two-disk plowing | Anhydrous ammonia 5.18 0.80 18.3 8.0 15.8 33.7 42.1
Ammonia nitrate
491 0.53 12.1 53 15.3 32.7 39.9
Tillage Anhydrous ammonia 5.34 0.96 21.9 9.6 15.2 324 40.4
Ammonia nitrate
4.88 0.50 11.4 5.0 15.6 333 39.8
LSD,, 0.45 - - - - - -
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Table 3. The effect of the primary introduction of different forms of nitrogen fertilizers on the removal of nutrients by winter

wheat, kg/ha

Removal by grain Removal by chaff Total removal
Experiment variant

N PO, | KO N PO, | KO N PO, | KO

Control — tillage with no fertilizers 105 31 17 46 10 56 151 41 73
Two-disk plowing | Anhydrous ammonia | 172 38 21 68 16 98 240 54 119
Ammonia nitrate 135 32 19 58 13 81 193 45 100
Tillage Anhydrous ammonia | 147 39 22 73 15 102 220 54 124
Ammonia nitrate 130 37 20 61 13 88 191 50 108

quality of winter wheat — its protein content increases
by 1.0—1.6%. In addition, anhydrous ammonia pro-
motes the increase in the general glassiness of grain.
Similar results for fertilizing winter wheat with anhy-
drous ammonia were also obtained on the low-humic
black soil in the Stavropol Territory, the Russian Fed-
eration [15].

In case of variants with anhydrous ammonia the in-
crease in the productivity also demonstrated higher re-
moval of nutrients compared to the control, amounting
to 1.6 for nitrogen, 1.3 — for phosphorus, and 1.7 — for
potassium, on average (Table 3).

Therefore, regardless of the stimulating effect of an-
hydrous ammonia pertaining to the utilization of phos-
phorus and potassium from the soil, it is insufficient
to confine oneself only to this fertilizer or to introduce
100 kg/ha of ammonium nitrate phosphate fertilizer,
which is typical for many farms. The application of
high amounts of nitrogen introduction should presup-
pose the corresponding level of phosphorus and potas-
sium nutrition of plants.

In addition, it should be noted that systematic appli-
cation of residual acid-forming anhydrous ammonia
leads to further acidification of soil, which may ulti-
mately cause the decrease in crop productivity [7, 16].
This fact testifies to the relevance of using scientifically
grounded approaches to determining optimal nitrogen
doses, taking into consideration both economic effi-
ciency and soil conservation and ecological require-
ments which is also proven by long-term experience of
other countries [8, 9].

Conclusions. A promising approach of improving the
system of nitrogen fertilizing for winter wheat plant-
ings in Ukrainian conditions is the application of an-
hydrous ammonia during or prior to tillage at the depth
of 14—18 cm, which allows increasing the efficiency of
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nitrogen utilization from the fertilizer and decreasing
its non-target loss from the soil.

The application of anhydrous ammonia ensures in-
crease in winter wheat productivity and in its quality
indices compared to ammonia nitrate, traditional for
Ukrainian agriculture, and is efficient in increasing the
cost recovery for mineral nitrogen with the yield con-
siderably.
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Heab. [ns co3naHus MHTEHCUBHBIX TEXHOJOIMH MPOU3-
BOZICTBA 3€pHA O3UMOM MIIEHHIIBI UCCIIEI0BaTh OCOOCHHOCTU
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no MBB 31-497058-019-2005. KauecTBenHble noka3areian
3epHa — cozepKaHue OenKa, ChIpoil KIEHKOBUHBI U OOIIYyIO

AGRICULTURAL SCIENCE AND PRACTICE Vol.1 No.3 2014



USE OF ANHYDROUS AMMONIA IN IMPROVING THE NITROGEN UTILIZATION EFFICIENCY

CTEKJIOBUIHOCTE — ompenemnstan Ha NK-anammsarope Infra-
matic 8600 ¢upmer «Perten Instruments AB» (LLIBerus).
Pesyabrarnl. [IposeMoHCTpHpOBaHE 0COOCHHOCTH BIIHS-
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BIUTMBY O€3BOJIHOTO amiaKy Ha MOKa3HUKH POIFOYOCTI IPYHTY,
BPOXKAMHICTh Ta SIKICTh 3€pHA MIICHUII 03UMOI ITOPIBHIHO
3 TPaHyIbOBAHMMH TPAAULIHHAMH a30THUMH JOOPHBAMHU.
Metoau. Bwmict MiHepanbHOTO a30Ty B TPYHTI BH3HAYaIlH
3a ICTY 4729-2007, BmicT pyxiauBux (hopm pocdopy i ka-
mito — 3a YwupikoBum (JICTY 4115-2002). YwucenbHicTh
OCHOBHHUX €KOJIOTO-TpO(IYHUX TIPyN MIKpOOpPraHi3MiB pe-
€CTPYBaJIM, BUCIBAIOYM IPYHTOBY CYCIIEH3iI0 Ha LIUIbHI HO-
JKUBHI cepenoBuina. KoHIeHTpallifo 3araabHux (HopMm aso-
Ty, pocdopy i Kaito y pOCIMHHHUX 3pa3kax 3HAXOIWIN 3a
MBB 31-497058-019-2005. SIxicHi MOKa3HWKH 3epHa —
BMICT OlJIKa, CHPOi KICHKOBUHU Ta 3arajbHy CKIOBHIHICTH
BuzHayamu Ha [Y-anamizatopi Inframatic 8600 ¢ipmu
«Perten Instruments AB» (IlBeuis). PesyabraTn. Ilpo-
JICMOHCTPOBAaHO OCOOJIMBOCTI BIUIMBY 0€3BOJHOTO aMi-
aKy Ha TIOKa3HMKU POJIOYOCTI IPYHTY, BUKOPHCTAHHS elie-
MEHTIB JKUBJICHHS 3 JTOOpWB Ta TPYHTY, BPOKaWHICTH 1
SIKICTh 3epHa 03WMOi mmieHnIli. BucHoBKH. BcTanoBmeHO
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