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Abstract

Cereals are currently the World’s most important field crops and they have determinative
part in Hungarian crop production, too. Yield levels of winter wheat were determined mostly by
climatic effects (environmental risks) of cropyears — limited partly by water deficiency in interaction
with other external, agrotechnical factors. Our long-term experimental results proved that the
optimum agrotechnical elements (crop rotation, fertilization, crop protection etc.) have decision role
in the reducing of the harmful environmental factors (risks) in cereal production. The two major
determining factors were the fertilization and crop rotation in wheat and maize production. Our long-
term experimental results proved that winter wheat could adapt better to the environmental risks
(climate change, soil properties etc.) than maize.
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INTRODUCTION

Nowadays, the local effects of global climate change have to be
considered seriously. On the one hand, this means a reduction in the amount
of precipitation, its extreme distribution, the increase in temperature and
more frequent and more severe extreme weather phenomena. The frequency
of different year types had significantly changed for the last 150 years in
Hungary (since the starting of exact meteorological measurements). The
former 22% frequency of dry years increased to 52% recently, that is —
statistically — every second year is dry, which is unfavourable for crop
production.

Olesen and Bindi (2002) pointed out that the yield of field crops had
reduced and the yield fluctuation had increased as a result of climate
change. According to Brown and Rosenberg (1999), a 7% yield reduction
(as an average of the different climate change scenarios) can occur in World
crop production in the near future. Menzhulin et al. (1995) forecast a 20%
and 30% vyield reduction in the case of an increase in annual average
temperature by +2°C and +4°C, respectively.

Numerous Hungarian and foreign literature data proved that a smaller
or larger yield fluctuation should be expected between the different years
even at a favourable agrotechnical level (Szab6 et al. 1987, Lorenzetti and
Pitzalis 1994, Hrezo 1996, Takac 1996, Lopez-Bellido et al. 2001).
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The unfavourable weather effects can be moderated by a proper
fertilization (Sonko and Sonko 1980, Pelikan et al. 1986, Budennyi and
Polesko 1994, Pep6 2002a, Fowler 2003).

In numerous cases, the unfavourable weather effects result indirectly
in a yield reduction of wheat. From among these indirect effects the lodging
and higher disease infections can be yield reducing factors (Fitt et al. 1988,
Pepd 2002b, Pietravalle et al. 2003).

The degree of yield reduction caused by unfavourable weather can
differ greatly (Pep6 2005). Accoding to Kosminski et al. (1994), yield loss
varied between 2 and 40% depending on the year.

MATERIAL AND METHOD

The long-term experiment was set up in 1983 on chernozem soil in
HajdUsag (eastern Hungary). As regards its soil physical properties the area
can be classified as loam and has a nearly neutral pH value (pHkci = 6,46).
It has a medium level humus content (2.8%) and a humus depth of about 80
cm. Its supply of phosphorous is medium (133 mg kg?) and its supply of
potassium can be said to be a good one (240 mg kg™). The structure of the
polifactorial experiment is as follows:

- crop rotation: monoculture (maize), biculture (wheat-maize),
triculture (peas-wheat-maize)
- fertilization: control, one-, two-, three- and fourfold amounts
of the basic dose of
N =50 kg ha, P,0s = 35 kg ha, K;O = 40 kg ha* (wheat)
N = 60 kg ha*, P,Os = 45 kg ha, K,0 = 45 kg ha™* (maize)
- irrigation: O=not irrigated, O,=irrigated with half dose,
Os=irrigated with full
- other agrotechnical elements
crop protection (extensive, average, intensive) in wheat
plant density (40, 60, 80 thousand ha™) in maize

RESULTS AND DISSCUSIONS

The agro-ecological conditions of wheat production had changed
significantly in the past decades. This partly meant a —generally negative —
change in the soil parameters (physical, chemical and biological).
Unfortunately, the physical structure of the soils deteriorated, their pH and
nutrient content decreased and the microbial soil life became less active
(environmental risk). Even more negative changes have occurred in the
weather. The amount of precipitation diminished, temperatures increased
and weather extremes became more frequent (environmental risk). Our
long-term results also proved that the yield of the same genotype (GK
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Othalom) changed significantly both in the control (non-fertilized) and the
optimum fertilization treatment due to the year effect (Figure 1).
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Fig. 1 The effect of fertilization on the yield of GK Othalom variety (Debrecen, 1986-2015)

In the control treatment- under optimum agrotechnique — yields varied
between 1418 and 5253 kg ha™. This meant a difference of 3835 kg ha*
between the worst (dry, warm) and best (optimum water supply and
temperature). In optimum fertilizer treatments, yields ranged from 4343 kg
ha to 8862 kg ha™*, meaning a difference of 4519 kg ha™.

The effect of years on yield quantity and quality cannot be eliminated,
but with the application of a modern production technology, we aim to
minimize the unfavourable, negative effects (environmental risks) and to
maximally exploit the favourable, positive effects. Our research proved that
the unfavourable effects of extreme weather can be moderated partly by a
proper variety selection and partly by the application of a modern, optimal,
site- and variety-specific technology.

The long-term experiment provides an opportunity to determine the
effects of crop rotation on wheat yields (Table 1). In the studied long period,
the ratio of dry years, average years and years with favourable water supply
was 39%, 43% and 18%, respectively. In biculture (after maize forecrop),
the wheat yield was considerably lower than in triculture (after pea
forecrop) in all three year types. The difference between the two crop
rotations was especially high in dry years. In a dry year, the average wheat
yield was 5127 kg ha? without irrigation in the optimum NPK treatment,
while in triculture, the yield was 6549 kg ha? (the difference was 1422 kg
ha). In an average year, the obtained yields were 7179 kg ha* in biculture
and 7238 kg ha* in triculture (a difference of 59 kg ha).
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Table 1

The effects of cropyear, irrigation and fertilization on the yield ofwinter wheat
(Debrecen, 1986-2008)

BICULTURE
Fertilization Dry Average Rainy
(9 years) (10 years) (4 years)
Yield (kg ha™)
Non irrigated @ 2240 2980 3368
Nopt +PK 5127 7179 7500
Irrigated %) 2717 3065 3120
Nopt +PK 6550 7216 7264
TRICULTURE
Fertilization Dry Average Rainy
(9 years) (10 years) (4 years)
Yield (kg ha™)
Non irrigated @ 2240 2980 3368
Nopt +PK 5127 7179 7500
Irrigated %) 2717 3065 3120
Nopt +PK 6550 7216 7264
Yisld surplus,
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Fig. 2 Yield surpluses of fertilization in winter wheat
(Debrecen, 1986-2008, chernozem soil)

Fertilization has a determining role in the production technology of
winter wheat, because directly or indirectly, it influences the effect and
efficacy of all the other agrotechnical elements. Our long-term experiments
on chernozem soil proved that the yield level of wheat and the efficacy or
yield-increasing effect of fertilization were greatly influenced by crop
rotation and water supply. In the polyfactorial long-term experiments in the
optimum NPK treatment without irrigation, the maximum vyield ranged
between 5100 and 7500 kg ha™ in biculture and between 6600 and 8300 kg
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ha in triculture. The yield of the control was much lower (2200-3400 kg
ha) in biculture than in triculture (4800-7400 kg ha?). Accordingly, the
yield-increasing effect of fertilization varied between 2900 and 4200 kg ha™
in biculture and between 900 and 2300 kg ha in triculture depending upon
the year (Figure 2).

For environmental and economic considerations, it is important to
know the optimum N+PK dosages in the different crop rotation systems. In
our long-term experiment, the optimum dosages on chernozem soil as an
average of years were

N = 110-150 kg ha! +PK in biculture (after maize as a forecrop)
N = 40-100 kg ha +PK in triculture (after peas as a forecrop).

The different wheat genotypes differ not only in yield potential,
quality and abiotic stress tolerance (e.g. drought tolerance), but also in their
response to the different agrotechnical elements. From among these, one of
the most important tasks is to determine the variety-specific fertilizer
response of winter wheat genotypes.

From the data series of several decades, the results of 2009 year are
presented here. In the control, yields of the varieties varied between 2383
and 4618 kg ha?, that is there were twofold differences between the
varieties.
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Fig. 3 The control and maximum yields of different winter wheat varieties
(Debrecen, 2009)

Part of the varieties could utilize less the natural nutrient stock of
chernozem soils (Mv Mazurka, GK Othalom), while others utilized it very
effectively (e.g. Mulan, Bitop, GK Csillag) (Figure 3). There were large
differences also in the maximum yields of the varieties. In 2009, the
difference between the highest (GK Csillag, 9117 kg ha) and lowest yield
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(Lupus, 6800 kg ha) was 2317 kg ha™. The fact that the optimum N+PK
dosage of wheat varieties varied between 90-120-150 kg ha’ N+PK also
draws the attention to the importance of variety-specific fertilization. This
means that the species-specific N+PK optimum value should be determined
specifically for each variety.

CONCLUSIONS

Our scientific results proved that the environmental and agrotechnical
factors have the risks in crop production. Both in the favourable and dry
years, fertilization (49% and 48%) and crop rotation (31% and 28%) had a
determining importance. The role of crop protection increased in rainy years
(17%), while in dry years, the effect of irrigation became higher (15%).
Year had a 23% share in determining winter wheat yields. The role of crop
rotation was similar (23%), while fertilization had the highest impact on
yields (38%). As an average of the years, the role of other agrotechnical
elements was significantly lower (crop protection 13%, irrigation 3%).

The same evaluation was also done for maize. According to our
results, the ecological sensitivity of maize to the year was considerably
higher (43%) than that of winter wheat (23%). The effects of the
agrotechnical elements on yield were also different. However, the two major
yield-determining factors were fertilization and crop rotation in both crops.
According to our results, winter wheat could adapt better to the changing
climate conditions than maize.

Our long-term experiments provided an opportunity for a comparative
analysis of wheat production models of different intensity in different years.
In the extensive crop production model, the yield of winter wheat varied
between 1773 and 3014 kg ha? in biculture (maize-wheat) and between
4573 and 7220 kg ha in triculture (peas-wheat-maize). In these extensive
models, the yield fluctuation of winter wheat was very high in both crop
rotation systems in the different years (difference, D = 5447 kg ha™). When
the intensive crop production model was applied, the yield of winter wheat
was considerably higher than that of extensive models. By the application of
an intensive wheat production model, the yields varied between 7669 and
9839 kg ha in biculture and between 7977 and 10635 kg ha in triculture
during the experimental period (2004-2009). By applying the intensive crop
production model, the effect of year on yields could be greatly moderated.
In intensive technologies, the yield fluctuation due to the year effect
(environmental risk) reduced to its half (difference, D = 2966 kg ha?). By
optimizing the agrotechnical factors and applying an intensive technological
model, the yield of winter wheat ranged within the 8000-10000 kg ha*
interval on chernozem soil in a small plot experiment.
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