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Abstract—Winter wheat is a very important cereal crop
in Hungary (~25% of Hungarian arable land). In the last
decades in conventional wheat production used huge
industrial, external inputs to increase the yields which
caused a lot of harmful environmental effects. In long-
term experiments different ecological (crop year),
genetical (variety) and agrotechnical (fertilization, crop
rotation) factors were studied on chernozem soil in
Eastern Hungary. The fertilizer responses of wheat
varieties depended on crop year (6.5-8.9 t ha* maximum
yields in 2011-2015 years) and the genotypes (in 2012 the
difference was ~3 t ha? among varieties). The optimum
N(+PK) doses varied between 30-150 kg ha in different
crop years. In wheat production the fertilization resulted
the highest yield surpluses in average crop years (2.8-5.5
t hal) comparing with dry ones (2.9-3.7 t ha%l),
respectively. The optimum fertilization could improve
WUE in wheat production.
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l. INTRODUCTION
Significant yield increases of small grain cereals
(including wheat) have been achived from 1970’s years in
the developed and developing countries (called “green
revolution”). These yield incensements were based on the
huge industrial, chemical inputs (fertilizers, pesticides,
gasoline etc.). This “industry-like” crop production
resulted high yields and enormous harmful environmental
effects and less agronomy and energy efficiency [1-3].
Traditional cereal production uses a lot of external inputs
to achieve high vyields [4]. Winter wheat has a
determinative role in Hungarian crop production. The
sowing area of wheat is about 1.0 million hectars (~25%
of Hungarian arable land) and the country-average yield
varies from 3.5-5.5 t ha! depending on crop years. Many
foreign and Hungarian experimental results proved that
climatic conditions of crop years strongly modified the
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yield of wheat [5-6]. The vyield-losses and yield
fluctuation of wheat caused by crop year (climate change)
depended on soil conditions, the stress-tolerance of
genotypes [7] and the agrotechniques. According to
literature [8-9] the vyield decreases of cereals varied
between 2-55%. In sustainable wheat production nutrient
supply, fertilization is a key agrotechnical element [10-
13]. It is possible to reduce the unfavourable, negative
agrotechnical, weather effects by using optimum nutrient
supply, fertilization and appropriate variety-selection [9].
Because of climate change the water saving crop
management and water use efficiency are especially
important in cereal production. [14] built up a conceptual
model of the factors impacting on water use of different
users, including drivers and barriers to water saving.

The aim of this study was to evaluate the long-term
experimental date on chernozem soil in Eastern-Hungary
and to show the effect of climatic conditions (crop year)
and nutrient-supply (fertilization) and genotype (variety-
selection) on the yield of wheat. We wanted to study the
nitrogen- and water-use efficiencies in wheat production.

1. MATERIAL AND METHODS
Our long-term experiment was set up in 1983 on a
chernozem soil in Hajdisdg (East-Hungary). The
experimental location is found on L&tokép Research
Farm, 15 km of Debrecen (latitude: 47°30°, longitude:
21°30’, elevation above the Adriatic see: 118 m).
Analytical data for initial soil conditions showed that as
regards its soil physics the area can be classified as
having loam soil with nearly neutral pH value (pHkci
6.46). It has medium humus content (2.76 % in the 0-0.2
m upper soil layer) and a humus layer of about 0,8 m. Its
phosphorous and potassium supplies can be regarded
medium (AL-P,0s 133 mg kg™) and good (AL KO 240
mg kg™?), respectively. The long-term experiment had a
split-plot arrangement with four repetitions. In the
experiment control treatment and equidistantly increasing
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NPK doses were applied (the basic dose was N=30 kg ha
1 P,0s=22.5 kg ha?l, K,0=26.5 kg ha! and its two-,
three-, four- and five hold).

The other long-term experiment was set up in 1983 on
chernozem soil on the Latokép Research Station of the
University of Debrecen in the Hajdusag region (Eastern
Hungary). The following factors were examined in the
long-term experiment:

— crop rotation: biculture (maize, wheat), triculture
(pea-wheat-maize)

- fertilization: control, N = 50 kg ha* P,0Os = 35
kg hat, K,0O = 40 kg ha?, and 2-3-4 folds of this
dose

— irrigation: irrigated and non irrigated.

1. RESULTS AND DISCUSSIONS
The basic element of sustainable wheat production is to
select the suitable, adaptable genotypes into
agroecological and agrotechnical conditions. The nutrient
supply and fertilization have the key-role in the
sustainable wheat production because on the one hand
fertilization directly and indirectly modifies all other
agrotechnical factors (crop protection etc.) and the other

hand the over-optimum fertilization causes different
harmful effects (NOs-N accumulation in different soil
layers etc.). Our long-term experimental results proved
that weather conditions (mainly the rainfall quantity and
its distribution) strongly modified the yields of winter
wheat genotypes even on chernozem soil characterized by
excellent water- and nutrient husbandry. In the average of
wheat varieties and crop years the yield was 7631 kg ha'
but the yields varied depending on the crop years (Table
1). The minimum yield was in 2013 (6514 kg ha*) and we
got the maximum yield in 2015 (8921 kg ha'?). The winter
wheat genotypes could differently adapt to the crop year.
According to our long-term experimental data we could
state that the differences among the varieties were about 3
t hal in the same agrotechnical conditions (in 2012 the
yields varied between 6075-8919 kg ha). The crop year
(mainly the water supply during the vegetation period)
can modify the optimum N+PK doses, too. In crop year
characterized by average water supply the optimum
N+PK doses varied between N=90-150 kg ha* +PK and
in crop year after very mild winter the Noy +PK dropped
down to N=30-60 kg ha?' +PK (because of very high
mineralization of organic matter in the chernozem soil).

Table.1: Fertilizer response of winter wheat genotypes in different crop years

(Debrecen, chernozem soil, 2011-2015)

Variety 2011 (Nopr) 2012(Nopr) 2013(Nopt) 2014(Nopt) 2015(Nopr) Average
GK Othalom 6819 (150) 6175 (150) 5983 (150) 8713 (30 8862 (150 7310
Pannonikus 8123 (90) 8139 (150 6576 (150) 7996 (30) 8864 (90) 7940
Euclide 9586 (150 8919 (150 7590 (150 - - 8698
GK Csillag - 7263 (150) 6562 (150) 8350 (60 9150 (150 7831
Bitop - 6075 (150) 6089 (120) 6663 (30) - 6276
GK Békés - 7917 4s) 6281 120) 7915 (30) 8809 (90) 7731
Average 8176 7415 6514 7927 8921 7631
Yield interval, t/ha 6.8-9.6 6.1-8.9 6.0-7.6 6.7-8.4 8.8-9.2 6.3-8.7
Min-Max, % 83-117 82-120 92-117 84-105 99-103 82-114
Interval of yield fluctuation, % 34 38 25 21 4 32
Interval of Nop kg ha* 90-150 120-150 120-150 30-60 90-150 90-128
LSDs 457 355 600 674 614 -

The winter wheat is one of the best fertilizer-responding
field crops. Our long-term experimental data proved that
the fertilization of wheat resulted good yield surpluses on
chernozem soil characterized by excellent natural nutrient
stock (Table 2). The yield surpluses of wheat varied
between 2659 kg ha (2013/2014 crop year) and 6020 kg
hal (2015/2016 crop year). The yields of control
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treatment proved the excellent natural nutrient avaibility
of chernozem soil (1816 kg ha* and 5897 kg ha'). The
other meteorological parameters could modify the yield
surplus of wheat genotypes (in 2013 the strong and long
frosting period in March decreased the yields, in 2014 the
very mild winter period accelerated the N-mineralization
in chernozem soil).

Page | 687


http://dx.doi.org/10.22161/ijeab/3.2.50
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)
http://dx.doi.org/10.22161/ijeab/3.2.50

Table.2: Effect of crop year on the control and maximum yield of winter wheat
(Debrecen, 1999-2017) (average of varieties)

Vol-3, Issue-2, Mar-Apr- 2018
ISSN: 2456-1878

Control Maximum Yield- Rainfall in . - Nopt (+PK)
: ) . Rainfall deviation from .

Crop year yield yield surplus veg. period 30 year average (mm) kg hat

kg ha' kg hat kg ha! (mm)
2010/2011 4023 8043 4020 340.9 -60.0 133
2011/2012 3906 7303 3397 320.7 -80.2 144
2012/2013 1816 6674 4858 480.2 +79.3 145
2013/2014 5897 8556 2659 284.0 -116.9 49
2014/2015 4662 9024 4362 350.9 -50.0 110
2015/2016 3927 9947 6020 561.7 +160.81 115
2016/2017 5226 8028 2802 379.6 -21.3 133

Wheat is a sensitive arable crop to agroecological and
agrotechnical factors. Our multifactorial long-term
experimental data (between 1986-2017) proved that the
effects of fertilization were different depending on the
crop rotation and the weather of crop year. In Eastern
Hungary characterized by continental climate the
precipitation quantity and its distribution are the
decisiveagroecological factor on chernozem soil. The
effects of crop year were significant on the yields of
wheat in different (bi- and triculture) crop rotation (Table
3). We obtained the strongest effect of crop year in
biculture (the yields of wheat varied between 1892-3162
kg ha! in control and 5419-8029 kg ha?l in Ngp +PK,

respectively). In diversed crop rotation (triculture) the
yield-fluctuations of wheat were less (in control 4426-
5763 kg ha', in Nex +PK 6190-8600 kg ha?,
respectively). The efficiency of fertilization was modified
by crop year and crop rotation. The highest vyield
surpluses of wheat were obtained in average crop year in
different crop rotation, but the efficiency of nutrient
supply was much higher in biculture (5513 kg ha?)
comparing with triculture (2837 kg hat). The optimum N
(+PK) doses were much lower (Nop: = 50-100 kg ha?
+PK) in triculture than in biculture (Nop: = 150-200 kg ha’
1 +PK) because of peas forecrop.

Table.3: Effect of crop year, crop rotation and fertilization on the yield of wheat in long-term experiment
(Debrecen, chernozem soil, 1986-2017)

Yield kg hat

Crop rotation Dry crop year Average crop year Rainy crop year

9 years (28%) 18 years (56%) 5 years (16%)
Biculture
(after maize)
Control 1892 f . 2516 ef . 3162 e .
Nopt +PK** 5590 cd 3698 8029 ab 5513 5419 cd 2251
Triculture
(after peas)
Control 4426 de . 5763 cd . 5763 cd N
Nopt +PKX¥** 7279b 2853 8600 a 2831 8600 a 1305
* yield surplus of fertilization (kg ha't)
a,bcdef Letters are significantly different at P < 0,05 level
xx Nopt +PK = 150-200 kg ha! +PK in biculture

xxx Nopt +PK = 50-100 kg ha* +PK in triculture

Our long-term experimental data proved that the using
optimum fertilizer doses (N+PK) can increase the water
use efficiency (WUE = kg yield/l mm rainfall in
vegetation period) of wheat both in dry and average crop
years (Table 4). In different crop rotation the WUE of
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control varied between 6.00-16.57 kg mm™ in dry and
6.00-09.27 kg mm™ in average crop years, respectively. In
optimum N+PK treatment the WUE values were much
higher (21.31-24.04 kg mm™ and 24.71-29.48 kg mm?,
respectively).
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Table.4: Water use efficiency (WUE) of wheat in different crop years
(Debrecen, chernozem soil, non irrigated)

Crop rotation Fertilizer treatment bry Cr.o P year - - A.\verage. CTop year
yield kg/1 mm rainfall in vegetation period
Biculture Control 6.03d 6.00d
Nopt +PK 21.31bc 24.71b
Triculture Control 16.57 cd 19.27¢
Nopt +PK 24.04 be 29.48 a
a,b,cd Letters are significantly different at P < 0,05 level

V. CONCLUSIONS

Our long-term experiments proved that we have to
harmonize the ecological, biological and agrotechnical
factors to increase the nutrient- and water-use efficiency
and decrease the harmful environmental effects in wheat
production. According to our fidings there were huge
differences among the maximum yields and the optimum
N+PK doses of winter wheat genotypes. The wheat
varieties differently responded to the N+PK fertilizer
doses and they differently utilized the natural nutrient
sources of chernozem soil. The yields of wheat varieties
varied between 6075-9586 kg ha' and the Nopt +PK
doses fluctuated between N = 30-150 kg ha! +PK
depending the crop year (mainly water supply) and
genotypes. So under climatic change the optimum
fertilization is a key-element to change the conventional
wheat production into a sustainable one [1-2, 5, 15].
Monitoring the sustainability of wheat production needs
different indicators [16]. The nutrient- and water-use
efficiency were modified by crop year, crop rotation and
fertilization. We obtained the highest yield surpluses of
wheat in average crop year, in diversified crop rotation
with using less Nept +PK doses (N = 50-100 kg ha* +PK)
comparing with the dry and rainy crop years, simplified
crop rotation (biculture) simiraly to [17], [18] and [13]. A
nutrient (mainly nitrogen) efficiency was modified by
climatic factors, genotypes and agrotechnical elements
[19-22]. The water use efficiency of wheat (WUE) was
better in triculture and Nopt +PK treatment (in control
16.57-19.27 kg mm™, in Nopt +PK 24.04-29.48 kg mm-1)
than in biculture (6.00-6.03 kg mm™ and 21.31-24.71 kg
mm-?, respectively) crop rotation. The optimum N+PK
fertilization could increase the WUE of wheat.
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