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Abstract

Maize (Zea mays L.) is the highest ranking crop in terms of area and production in Serbia.
During the whole growing period maize requires high temperatures and sufficient amounts of
precipitation. High yields could be achieved on loose and porous soil with good capacity for
water and those containing easily-accessible nutrients. The agro-ecological conditions for
maize production differ over various regions of Serbia and meteorological parameters can
seriously influence maize cultivation. Natural hazards, such as the occurrence of frosts, heavy
rains in spring, floods, storms, hail, droughts, cause stress and to a significant degree can
reduce or destroy maize yields. The application of appropriate cropping practices mitigates
adverse effects of climate and soil and provides conditions for the maximum utilisation of the
genetic yielding potential of maize hybrids. A system of measures that encompasses proper
crop rotation, primary soil tillage, fertilisation, sowing date and density, irrigation, as well as
some ecological measures such as intercropping or cover crops, are basic prerequisites for
successful production of maize in Serbia. Many producers do not use these measures at the
appropriate level even though results shows that fertilisation can improve maize yields from
7.87 t/ha to 10.00 t/ha under rainfed and from 9.42 t/ha to 12.32 t/ha under irrigated
conditions. Irrigation can also increase maize yields by more than 30%. In the study, good
agricultural practices as components of an improved technologies that could help to reduce
the impacts of natural hazards and obtain high and stable yields, are identified and validated.

Key words: Maize, Cropping practices, Yield, Natural disasters, Drought

Introduction

Of a total of 5 million ha of agricultural land in Serbia, 3.3 million hectares are arable land.
Maize is traditionally grown on 1.2 or even 1.3 million ha, but in 2018, maize was sown on
about 0.9 million ha (http://www.zitasrbije.rs). Maize hybrids with the genetic potential of 10-
15 t ha have been grown for over 40 years in Serbia, but yielded 5.5 to 6.5 t/ha in average
(Videnovic et al., 2013b). The main reasons for such a difference are drought; soils that are
not suitable in the same degree for intensive production; the insufficient application of
mineral fertilisers, outdated machinery and small and fragmented arable farms (Kovacevi¢ et
al., 2012a; Videnovi¢ et al., 2013b). Drought often occurs, particularly in Eastern Serbia and
only 1/3 of the total maize/soybean production is carried out on favourable soils; the irrigation
is applied in only 2% of the maize production areas. Despite this, the Republic of Serbia is a
significant producer of cereals within the European frames and the largest regional producer
of maize with an average production of about 6 million tons (Statistical Office of the Republic
of Serbia, http://webrzs.stat.gov.rs/WebSite/public/ReportView.aspx).

The effects of climate change, which affect the Western Balkans include increased
temperature, reduced total precipitation, increased number of summer days, extended period
between the last spring and first autumn frost, increased sum of active air temperature above
10 °C, etc. (Custovié et al., 2012; Kovacevi¢ et al., 2013). Drought is a multidimensional
stress affecting photosynthesis and maize growth. No other environmental factor limits global
crop production more severely than water deficit and it is the most important abiotic stress
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that seriously decreases the final grain yield of maize (Videnovi¢ et al., 2013a). In addition,
heavy rains, floods, storms, hails, as well as, extremely low and high temperatures, can cause
stress and may, to a significant degree, reduce or destroy the yield of maize (Kovacevic¢ et al.,
2012b). According to the 2015 World Risk Index, the exposure of the population in the
Western Balkan countries to such hazards is the highest within the European region.
Maximum yield achievement is still the main strategy in agriculture and could be reached by
innovative research orientated towards better understanding of soil-plant relations within the
agro-ecosystem, maximum utilisation of the genetic potential of new genotypes and
optimisation of cropping technology (inputs-outputs) in regard to climate changes (Byerlee et
al., 2014). Crop growing practices can give advantages to the growing plant to maximise its
genetic potential in years with regular and extreme conditions (Dragicevi¢ et al., 2015). It is
very important that maize plant is well-supplied with moisture until the end of flowering,
during the cob formation, and grain filling (Kovacevi¢ et al., 2013). In the fight against
drought, regular and specific cultural practices could be used along with irrigation as the most
direct practice by which water can be added in desired quantities independently of
precipitation and with far-reaching effects (Kovacevic¢ et al., 2012a). The economic effect of
climate changes on agriculture requires different practices for rain-fed (Schlenker et al. 2002)
and for irrigated regions. In dry land farming areas, climate changes are equivalent to an
exogenous shift in the fixed input associated with new supplies. In irrigated regions, the local
climate is not directly connected to water supply. A risk reduction present in forecasting is a
necessary part of any cropping practice (Iglesias et al., 2011).

Cropping technology determines the effectiveness of certain cultivation measures on
morphological and productive traits of the crop, as well as effects of some components of the
agro-environmental complex such as weeds and insects. Variations in cropping practices
enable environmental factors to be overcome. A cropping practices that can help in
overcoming the negative influence of climate changes on maize production and increase grain
yield includes crop rotation, soil tillage, fertilisation, irrigation, sowing time and density,
appropriate choice of hybrids, intercropping, cover crops, etc.
(http://www.fao.org/3/18848RS/i8848rs.pdf). In the three-crop rotation system with soybean
as a legume crop, maize grain yield was higher by 11.4% than in the three-crop rotation
system with winter wheat (Videnovi¢ et al., 2013a); conventional soil tillage that includes
autumn ploughing at a depth of 25 cm or more resulted in the highest ten-year average maize
yield of 10.61 t/ha (Videnovic et al., 2011); fertilisation is one of the most important aspects
in increasing yield and its stability (Berzsenyi et al., 2000; Varvel, 2000); sowing should be
done earlier in case of drought and with a proper density for each hybrid (Kresovi¢ et al.,
2011); irrigation needs to be conducted with adjusted norms in respect to the soil moisture and
monthly water needs of maize (Kresovi¢ et al., 2013). Moreover, some ecological measures,
such as intercropping or cover crops contribute to higher yield achievement (Dolijanovi¢ and
Simi¢, 2016; Janosevic et al., 2017). Previous investigations also showed that soil moisture
was slightly higher during anthesis under no-till in rain-fed cropping in relation to
conventional and reduced tillage (Dragicevi¢ et al., 2012). All of the listed practices are basic
prerequisites for successful production of maize in Serbia, but many producers do not apply
these measures at the appropriate level even though results show that they are effective.
Research results of good agricultural practices and improved technologies that could help
producers to reduce the impacts of natural hazards and obtain high and stable yields are
presented in the manuscript.

Material and Methods
Effects of various cropping practices on maize production have been observed within a long-
term research program of experiments that have been carried out in the fields of the Maize
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Research Institute, Zemun Polje. Maize was cultivated in different crop rotations, soil tillage
systems, under recommended and altered densities, with application of cover crops and within
intercropping systems, as well as with and without irrigation. Standard grain quality hybrids
were grown with modified sowing densities and the application of organic, mineral and
microbiological fertilisers, and various forms of mineral nitrogen.

The soil type in the experimental field was slightly calcareous chernozem with 53% sand,
30% silt, 17% clay; with good fertility and 3.3% of organic matter content and moderate
drainage. The pH was 6.9 and soil structure was a silty clay loam. The meteorological
conditions varied during and between the seasons as evident through results.

Maize grain yield was the main parameter that was evaluated. This parameter was estimated
in the two inner rows and then calculated to 14% moisture.

Results and discussion

The cropping systems were basically defined by crop rotation which means proper
arrangement of crops in time and space to better utilise soil potentials and climate (Kovacevic,
2010). The crop rotation improved soil physical and chemical properties, contributed to
biodiversity by growing different crops and genotypes, and influenced the composition and
structure of field weed communities (Dolijanovi¢ and Simi¢, 2016). Rotation sequences with
row and dense crops, legumes and cereals, also included rotation of cropping technologies and
herbicides with different modes of action (Simi¢ and Dolijanovi¢, 2016). Efficient crop
rotation encompasses crops with deep and shallow root systems, crops that uptake large
quantities of nutrients and crops that enrich the soil, crops that extract and consume large
amounts of water from the soil vs. crops that accumulate and maintain the water in the soil.

Table 1. Efficacy of crop rotation in maize cultivation (grain yield), Zemun Polje, 1998-2015

Fertiliser level

Cropping systems 1 %) 3 Fa Average
Continuous maize 3.89 6.39 6.69 6.90 5.97
Maize - Soybean 6.95 7.99 7.80 7.66 7.60
Maize - Winter 6.33 7.67 7.81 7.66 737
wheat

Maize - W. wheat - 8.01 8.78 8.77 8.65 8.55
Soybean

Average (tha™) 6.29 7.71 7.77 7.72 7.37

F1 - 0kgha' NPK; F2 - 180 kg ha NPK; F3 - 270 kg ha” NPK; F4 - 360 kg ha NPK

In Serbia, maize is grown on approximately 70% of areas after small grains, usually winter
wheat (Videnovi¢ et al., 2013a). These crops are good preceding crops, as they are dense and
inhibit the development of weeds and there is also enough time after harvest for summer and
autumn tillage. Continuous cropping or maize monoculture is applied on approximately 20%
of arable areas in Serbia. It brings higher infestations with perennial, especially grass weeds
potentially resistant to herbicides, and increased damage caused by western corn rootworm.
For these reasons, this system is not spreading and in some regions its application even
declines. Maize is grown on about 10% of areas in which soybean was a preceding crop
which is a very important advancement in the improvement of maize growing practices in
Serbia; it is well-known that soybean is one of the best preceding crops for maize, Table 1.
Results from investigations showed that presence of plants from the family Fabaceae
significantly contributes to the efficiency of crop rotation through the reduction of mineral
nitrogen fertilisers by 50%, maize yields increase, accompanied by soil preservation and
improvement (Videnovi¢ et al., 2013a; Jovanovi¢ et al., 2004). A cropping system such as
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double-crop rotation of maize and winter wheat and three-crop rotation of maize, soybean and
winter wheat influences maize plant height and grain yield after only one rotation in
comparison with maize continuous cropping (Spasojevi¢, 2014; Simi¢ et al. 2017). In years
with unfavourable conditions for maize production, the beneficial effects of the crop rotation
are even more pronounced.

Soil tillage supports efficient water use and prevents erosion, increases crop competitiveness,
reduces the concentration of CO, and soil compaction and gives better texture etc. In most
production regions in Serbia, a variety of measures such as proper tillage and fertilisation,
autumn ploughing, summer ploughing etc., are employed to collect and store moisture in the
soil. Maize plants can use the stored water during periods of drought. It is well known that
accumulated water increases maize yield.

Recently, systems of reduced tillage, particularly direct sowing, have entered into widespread
use (Fulton, 2010). In dry years and on chernozem as a rich and quality soil, no-till could be
an effective measure for soil moisture preservation in relation to conventional and reduced
tillage (Dragicevi¢ et al., 2012). The effectiveness of reduced tillage systems should be tested
for other types of soils and agro-ecological conditions in Serbia. However, these systems
require the implementation of measures for intensive weed control (herbicides).

Table 2. Effects of soil tillage on maize grain yield (t ha™), Zemun Polje, 2000-2013

ST;lltaegnf 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Average
Notill 3.0 60 85 60 115 89 80 64 39 116 81 67 28 55 69
Reduce 12 10

d 52 80 88 75 128 0 ') 76 63 1.1 89 80 35 76 85
tillage

Conv. 10, 3. 12, 10,10,

e 88 90 w8 wa3 0 s o6 s T 33 87 100
?Verag 57 77 92 74 129 171' 1;)' 74 66 117 91 84 32 73 85

Under the agro-ecological conditions of Serbia, the highest maize yields and the most
efficient weed suppression, especially perennial, are achieved by using a conventional soil
tillage which is also most suitable in regard to changeable climatic conditions. In average for
fourteen years, conventional tillage contributed to higher yield of maize for 1,5 t/ha and 3,1
t’/ha in comparison to reduced and no-till under agro-ecological conditions of Zemun Polje,
Table 2. The conventional tillage includes ploughing in autumn (20-25 cm) - soil remains in
the form of open furrows to freeze during winter; a single pass land preparation is applied in
spring - shallow tillage 10-12 cm. In such a way a good soil structure is provided, moisture is
maintained, the soil is not trampled, and weed seedlings are destroyed, which is all of
particular importance for efficient herbicide actions.

Fertilisation provides the necessary elements for growth and development of maize.
Fertilisation with manure improves soil properties, particularly water - air capacity, which is
especially evident when plants are exposed to stress in conditions of natural disasters (Simic¢
et al., 2016a). The application of mineral fertilisers to maize can be managed by time, place
and amount of fertilisers (Liu and Wiatrak (2011). Fertilisation changes the relationship in
crop competition to weeds, not only for nutrients, but also for other resources, so it is essential
that the optimal quantity of fertilisers is provided to the plant at the right time and at the place
from which it will best be used (Simi¢ et al., 2016b). The most intensive and the highest rate
of nitrogen intake occurs at the beginning of the growing season, and in the period of
flowering, respectively. After the start of the milk grain stage, the absorption of nitrogen
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slows down. Phosphorus is taken by plants in significantly smaller amounts than potassium
and nitrogen, in the period of tillering until the beginning of flowering. Potassium is most
quickly absorbed from the soil during germination and the formation of tillers. On heavy and
substantially sandy soils, maize responds very well to manure fertilisation. Application of
mineral fertilisers in maize cultivation can contribute to obtaining higher yields, under rain-
fed and especially irrigated soils, Table 3. In Central Serbia, soils are porous with a good
water availability, but recently the climate has altered towards an increased frequency of
drought years. The use of N fertilisers with inhibitors may reduce the risk of environmental N
loss associated with application of conventional N fertiliser sources under variable-climatic
conditions (Simi¢ et al., 2016c). The highest yield of a late-maturing hybrid in the
experimental plot with long-term continuous cropping (over 35 years) was achieved when
manure was applied, harvest residues ploughed down completely and N fertiliser applied in
spring at the beginning of the growing season (Simi¢ et al., 2013).

Table 3. The influence of fertiliser level on maize grain yield (t ha™) in different soil tillage
systems, Zemun Polje, 2000-2017

No till Reduced tillage Convent. tillage =~ Average
Rainfed
F1 - 0kg NPK 5.84 7.39 10.39 7.87
F2- 150N, 105 P, 75K 7.76 9.43 11.50 9.56
F3-330,211P, 150 K 8.85 9.93 11.22 10.00
Average 7.48 8.92 11.04 9.14
Irrigation
F1-0kgNPK 7.24 9.15 11.88 9.42
F2- 150N, 105 P, 75K 10.15 11.27 13.40 11.61
F3-330,211P, 150K 11.02 12.19 13.74 12.32
Average 9.47 10.87 13.00 11.12

Irrigation helps to reduce the impact of soil and air drought on maize. This concerns the
application of water in controlled quantities and certain intervals to the soil or plants to
support the optimal growth and development of crops. The achievement of high yields under
conditions in Serbia is limited by two factors: - the uneven distribution and deficit in
precipitation. In Serbia, six of ten years are dry (extreme to moderate and weak drought), two
years have moderate conditions and two are optimum for maize production. In the case of
maize, the critical period begins 15-20 days prior to tasselling and lasts until the beginning of
the milk stage. When the years are average in terms of weather conditions, maize production
under irrigation conditions will result in higher yields by 15-30% or even by 50% in seed
maize production (Simic et al.,, 2016d). Irrigation provides the optimum water supply,
activates soil microorganisms and nutrient reserves, and contributes to a better utilisation of
incorporated fertilisers.

Sowing and crop density - Maize sowing involves several operations (selection of hybrids,
preparation of seed for sowing, sowing time, sowing depth, number of plants per ha, i.e.
sowing density, and plant arrangement). High yields of today's maize hybrids can be obtained
only if the necessary number of plants is sown per area unit: 70-80,000, 60-70,000 and 60,000
plants ha™' for hybrids of FAO 300-400, FAO 500-600 and FAO 700, respectively.

The sowing time and density are important because they affect crop biomass, lodging,
efficiency of nutrient use, harvest time, etc. The optimum sowing time of maize should be
harmonized with weather forecasts for a given year, with particular reference to the possible
occurrence of drought, floods, etc. Late sowing does not give satisfactory yields, especially in
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no-irrigation conditions, and in the case of FAO 600-700 hybrids. In such conditions, it often
happens that later FAO groups do not complete their vegetation.

Producers in the regions with frequent occurrence of drought such as Banat, East Serbia and
South Serbia, usually grow hybrids with shorter vegetation, FAO 300-400 or FAO 500, with
115-125 days of vegetation period. In dry years, it is more efficient to conduct early sowing at
the beginning of April with maximum density of 55-65,000 plants/ha and adapt cropping
technology to dry conditions.
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Figure 1. Average yields (t/ha) of maize hybrids of different FAO groups — ZP 366 (A) and
ZP 606 (B) in different sowing densities under irrigation conditions (2015-2016 in Zemun
Polje)

Increasing the number of plants per hectare up to a certain extent increased the grain yield of
maize, but once this limit was achieved the yield decreased. This is, for both hybrids,
particularly observable in 2016, a very favourable year for maize production. In this year,
yield slowly decreased only when maize was sown in very high densities (more than 70,000
plants per ha),-Figure 1. On the other hand, in the dry 2015 year, increased plant density lead
to the reduction of grain yield of maize hybrids. The intraspecific competition occurs when
the number of maize plants per ha increases and the full yield potentials are manifested only
in good years, such as 2016. The impact of meteorological conditions in some years could be
very important and similar results were presented for other years, which were not optimal
regarding precipitation (Kresovic et al., 2011).

Maize hybrids with a rapid initial growth rate are more competitive than the other hybrids
and, a careful selection of competitive hybrids can dramatically reduce grain yield losses and
weed biomass, as well as seed production (Simi¢ et al., 2009; Travlos et al., 2011).

Cover crops and intercropping - The cultivation of cover crops is a special way of
overlaying/covering the soil. Thus cover crops contribute to the sustainable management of
soil structure and soil functioning for water infiltration and storage in crop production
(Bodner et al., 2014). Cover crops reduce the runoft/leaching of nutrients from the soil and
increase the content of organic matter and they should be cultivated to preserve the fertility of
the soil. In a study recently conducted in Zemun Polje, sweet maize yield was highest after a
fodder kale and field pea cultivation, but smallest after winter oat and common vetch as cover
crops. Different autmn-winter cover crops and microbiological fertiliser showed more
efficiency in the dry year on nitrogen utilisation in the soil and sweet maize yield (Janosevic
et al., 2017).

Inter-cropping provides greater stability and diversity of production and better use of
nutrients, light, heat, air, and vegetation space. Maize can successfully be intercropped with
legumes (soybeans, beans and lupines). The choice of genotype in intercropping depends on

636



Proceedings of the IX International Agricultural Symposium “Agrosym 2018

the aim of the cultivation. For stock production, usually specific maize hybrids are grown that
would be most productive in intercropping with soybean. However, in addition to numerous
advantages, this cropping system encounters numerous limitations (e.g. mechanical sowing
and harvesting, weed control), which prevent its greater application in practice. Despite this,
many results suggest that intercropping is a potential strategy to increase agro-ecosystem
preservation by enhancing crop production, improving soil quality and mitigating greenhouse
gas emissions (Dolijanovi¢ and Simi¢, 2015).

Conclusion

Based on the analysis of many results it could be concluded that maize production in Serbia
significantly depends on meteorological conditions. Genetic potential of maize hybrids was
not used enough. Good agricultural practices within maize cropping technology proved in the
experimental work must be implemented in order to increase maize yield. In regard to present
climate changes, precipitation deficiency is the main limiting factor in maize production in
Serbia, so the irrigation is one of the most important measures which could contribute to
significant maize production improving. All recommended practices contribute to the crop
withstanding negative effects of climate changes and maintaining yield and grain quality with
the least possible adverse consequences. Recommendations for their application are
particularly emphasised when certain natural hazards are expected or it is known that they
will occur.
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