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ABSTRACT

The environment protection, energy, and resources preservation are especially pronounced under present climate changes.
In agriculture, these changes are recognised as drought, high temperatures, occurrence of stormy winds and hail. The aim of
this study was to determine variations in seed morphology that are a result of different sowing dates in relation with agro-
ecological conditions of maize (Zea mays L.) cultivation. The material used for the study encompassed three inbred lines
(G1,G2, G3) sown every 10 d on five sowing dates (T1, T2, T3, T4, T5) starting from 1 April to 10 May, during 2 yr (Y1:
2018, Y2: 2019). The following physical properties of seeds were estimated: width (W), length (L), thickness (Tk), ratio
of small (SF) to large fraction (LF) and grain yield (GY). The width was the highest in all three inbreeds on T4 (1.00, 1.03,
0.99 cm, respectively); TS5 was the least favourable date for L (1.09, 1.12, 1.09 cm, respectively) while Tk was the lowest
in G1 (0.51 cm) and G2 (0.51 cm) sown on T1. The most significant differences in the formation of physical properties
occurred in seeds sown on TS5 (p < 0.05). The highest differences were observed in width between T5-T4 (-0.223 cm), in
length between T5-T2 (-0.309 cm) and in thickness between T5-T3 (-0.129 cm). Later sowing dates favoured LF (85.2%)
in comparison to SF (14.7%). Seed size variability participated with 50% in yield formation (R*=0.5).

Key words: Maize, seed, shape properties, sowing date, Zea mays.
INTRODUCTION

Although there is only one maize (Zea mays L.) species, it is so variable in its morphological, physiological, and other
properties, which makes it the most variable plant species among cereals. This diversity is especially noticeable on seeds
that are classified according to their shape, structure, and chemical composition. One of the initial classifications is mainly
based on the shape and structure of grain (dent, flint, sweet, popping, soft, waxy, semi-dent and starch sweet maize).

Seed heteromorphism is defined as the ability of a plant to produce multiple types of seeds, which is a common strategy
of survival under the unpredictable climate conditions (Bhatt and Santo, 2016). This seed trait affects the seed ability to
disperse, germinate, to be dormant and persistent in the soil (El-Keblawy and Bhatt, 2015).

The seed number to seed size ratio is a starting point in the theory of ecology and evolution of survival and reproduction
in the plant world. There are few explanations for the existence of advantages of the development of large seeds under
different living conditions (Westoby et al., 1992; Tabakovic et al., 2020).

Consequently, according to some studies different seed morphogenesis and different germination patterns reflect seed
longevity, especially in small seeds compared to large ones, as they are inherently longer-lived (De Pace et al., 2011; Dyer,
2017), not only in maize but also in other plant species.
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The main determinants of the seed size are rate and duration of grain (Prado et al., 2013; Zhang et al., 2013). The
seed size is a yield component and one of the factors of seed quality. According to the physiological and morphological
properties, seed energy, germination, shape, size and the weight are criteria of seed quality (Zhao et al., 2020). The seed
size gradation improves its quality and increases the efficiency of its use. Seed grading according to shape and size is one
of the most efficient procedures to uniform physical and mechanical properties of seeds. During the seed processing, seed
traits are uniformed to the condition suitable for sowing (Varga et al., 2012). Due to it, many companies began to classify
seed by its shape in the early 1990s. Later, the technology of uniformity has been developed in the direction of monitoring
the physiological and morphological properties of seeds. This includes pericarp colour, seed shape, weight, transparency,
density and seed stream. Various software have been designed to recognise maize seeds by their size, shape, colour, while
more advanced software have been also used to recognise some physiological properties such as germination (Sako, 2000).

Not only degradation of nature is among the most serious problems faced by the world, but also the world has to
deal with mitigation of climate changes, feed the growing population and restore biodiversity (Mace et al., 2018). All
such actions depend on an adequate supply of high-quality seeds at the right time and in the right place. In view of the
economic importance of total seed production and primary seed ingredients (proteins, starch, oil), the aim of this study
was to establish the impacts of meteorological conditions on morphological and physical maize traits, and to comprehend
the mechanisms regulating various aspects of seed development.

MATERIALS AND METHODS

Plant material

Seeds of three maize (Zea mays L.) inbred lines derived at the Maize Research Institute, Zemun Polje (G1-217, G2-
G325/75-2 and G3-G335/99) were used in the trial. One inbred (G1) belonged to the FAO maturity group 400, while the
remaining two (G2, G3) belonged to the FAO maturity group 600.

Soil properties

The soil was a slightly calcareous Chernozem, namely Molcal silt loam (coarse-loamy, mixed, superactive, mesic Vitrandic
Calcixerolls) (USDA-NRCS, 1999). The O to 30 cm layer contained 3.3% organic matter, 0.21% total N, 1.9% organic C,
14 mg available P 100 g' soil, 31 mg extractable K 100 g soil, 9.7% total CaCOs3, and pH 7.8.

Seed production and processing

The 2-yr trial was carried out according to the split-plot system in the location of Zemun Polje (44°52'00" N, 20°19°00” E)
in the vicinity of Belgrade, Serbia, in the period from 2018 (Y1) to 2019 (Y2). Sowing was performed on the following
five dates: 1 April (T1), 10 April (T2), 20 April (T3), 30 April (T4) and 10 May (T5).

Seeds for sowing were divided by size into three fractions by passing through sieves of the appropriate mesh size with
the aid of the Carter Day laboratory maize processing equipment (CEA, Minneapolis, Minnesota, USA). A small seed
size (SD) amounted to 6.5-8 4 mm, while large (LD) and primary (PD) seed sizes amounted to 8.5-11.0 and 6.5-11.0 mm,
respectively. The elementary plot size amounted to 4.0 m x 6.3 m. The plot consisted of nine rows with one inbred (3x3
rows of each seed size - SD, LD, PD). The inter-row distance was 0.7 m and the plant distance was 0.2 m (hence, the plant
density was 71000 plants ha'). Each trial variant was sown in four replicates for each inbred. The trial was performed
under rainfed conditions (Table 1).

Table 1. Mean monthly temperatures.

Apr May Jun Jul Aug Sep

°C
Y1 18.0 21.7 227 23.6 25.7 19.8
Y1-Y3 3.8 6.1 -1.5 -0.7 -0.5 -04
Y2 14.6 15.7 242 24.1 259 18.6
Y2-Y3 04 0.1 0.0 -0.2 -0.3 -1.6
Y3 142 15.6 242 243 26.2 20.2

Y1:2018; Y2: 2019; Y3: reference period (1981-2010).
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Laboratory testing
Physical properties of maize seeds, width (W), length, (L), thickness (Tk), and the ratio of seed fractions on the cob (small
fraction, SF/large fraction, LF), were evaluated under laboratory conditions after harvest of inbreeds.

After harvesting and drying of ears, samples were drawn to determine percentage ratio of large (LF) to small seeds
(SF). Five ears each were selected and shelled and then seeds were passed through sieves of mesh sizes 6.5-8.4 mm (SF)
and 8.5-11.0 mm (LF). Sifted seeds were weighed to determine the proportional ratio of seeds by size.

The seed W, L and Tk were measured with a calliper (accuracy 1/10 mm, range 0-150 mm; Kern, Balingen, Germany)
from five-seed samples drawn from the central part of the ear in three replicates.

The determination of the grain yield was done by measuring seed weight from middle rows of all maize ears, and the
estimation was done at 14% moisture.

Meteorological data
The climate of Serbia can be described as temperate-continental with more or less local characteristics, which correspond
to the climate of South-eastern Europe, the Balkans.

According to the Republic Hydrometeorological Service of Serbia (RHMS, 2021), temperatures in 2018 and 2019
were the highest since the beginning of recording temperatures in Serbia (1888). The average annual temperatures in
relation to the reference period (1981-2010) deviated by 2.0 °C for 2018 and 2.2 °C for 2019. Mean monthly temperatures
in the April-August period were characteristic of hot springs and summers (Table 1).

The precipitation distribution under the conditions of continental climate is uneven, with higher amounts in the warmer
half of the year (April-September) and the annual precipitation sum ranges 540 to 820 mm. Maize is a plant with increased
needs for water, particularly in the stage of intensive growth. The critical period in which the plant needs a sufficient
moisture is 15-20 d after tasselling and 10-15 d after pollination. The precipitation sum during the 2-yr trial was almost
equal for Y1 (336.5 mm) and Y2 (366 mm), which was lower by 130 and 100 mm, respectively, than the sum in the
reference period (1981-2010). The highest differences occurred in April and May in Y1 at the time of sowing (Table 2).

Statistical analysis

The descriptive statistics was applied to process each of obtained parameters. Differences among different sowing dates
were determined by the ANOVA and the LSD test at the 5% and 1% risk levels. In order to draw conclusions objectively
about the impact of observed factors on studied traits of maize seeds, parametric tests (ANOVA and LSD-test), Person’s
correlation coefficient, linear regression analysis (Y = o + Bixi + €) and the principal component analysis (PCA) were
applied. The obtained experimental data were processed using the statistical package SPSS 21 (free version, IBM,
Armonk, New York, USA).

RESULTS AND DISCUSSION

Based on the gained mean values of the seed dimensions, width (W), length (L), thickness (Tk), a positive trend of
increasing values up to T4 was observed, after which values decreased. The mean W value on T4 was the highest in all
three inbreeds (1.00, 1.03 and 0.99 cm). The sowing date TS was the most favourable for L, while Tk was the lowest for
G1 and G2 on T1. The percentage of SF was higher on the first three sowing dates, i.e., it was the highest for G3 on T2,
while T4 and TS5 were characterised by a higher percentage of LF (Table 3).

Table 2. Mean monthly precipitation sum.

Apr May Jun Jul Aug Sep Sum

mm
Y1 24.6 39.0 150.1 619 440 169 336.5
Y1-Y3 -522 -103.2 114 18.9 43 92 -130.0
Y2 51.3 129.6 1137 310 19.8 20.6 366.0
Y2-Y3 =255 -12.6 =250 -12.0 -199 -55 -100.5
Y3 76.8 142.2 138.7 43.0 39.7 26.1 466.5

Y1:2018; Y2: 2019; Y3: reference period (1981-2010).
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Table 3. Mean values of seed physical properties according to impacts of sowing dates (T) and genotype (G).

Width Length Thickness Small fraction Large fraction
cm %
Gl
T1 0.90 1.14 051 2448 7552
T2 0.96 1.17 0.54 16.51 83.49
T3 0.95 1.16 0.52 16.64 83.36
T4 1.00 1.13 0.55 15.77 84.23
T5 0.95 1.09 0.52 17.40 82.60
0.95 1.14 0.53 18.23 81.77
G2
T1 0.97 1.14 051 15.58 84.42
T2 0.97 1.16 0.52 15.37 84.63
T3 0.97 1.15 0.55 23.78 76.22
T4 1.03 1.14 0.54 10.76 89.24
T5 0.98 1.12 0.53 7.81 92.19
0.98 1.14 0.53 14.66 85.34
G3
T1 0.88 1.11 0.55 2591 74.09
T2 0.88 1.16 0.55 3224 67.76
T3 0.99 1.16 0.54 18.26 81.74
T4 0.94 1.12 0.55 23.76 76.24
TS 091 1.09 051 19.29 80.71
0.92 1.13 0.54 23.86 76.14

T1: 1 April; T2: 10 April; T3: 20 April; T4: 30 April; T5: 10 May; G1: 217; G2: G325/75-2; G3: G335/99G1.

Ecological conditions in the years of investigation affected the values of seed dimensions, W, L, Tk, and the percentage
participation of fractions. Agro-ecological growing conditions in Y1 significantly affected W, L, and Tk, while in Y2, the
conditions most significantly affected L and Tk on TS5 (Figures la, 1b, 1c). Year 1 was characterised by large seeds (over
75% LF), while the SF to LF ratio in Y2 amounted to approximately 40% to 50% (Figures 2a, 2b). The remaining seeds
were either smaller than 6.5 mm or larger than 11 mm. It is known that weather conditions affect yield, i.e., grain filling,
which directly affects the percentage participation of small and large seeds (Mayer et al., 2016; Gavric and Omerbegovic,
2021). Seeds were formed under unfavourable conditions (high temperatures) during pollination. Both years, Y1 and
Y2, were considered extremely hot, because temperatures of above 35.4 °C lasted for 49 and 48 d, respectively. Even a
relatively large amount of precipitation could not mitigate the adverse effect of tropical days and nights on the formation
and development of seeds of observed maize inbred lines.

The most significant differences in the seed size were determined between T5 and remaining four sowing dates, T1-
T4. Differences caused by the application of the first four sowing dates did not significantly affect variation in seed sizes
(Table 4).

Factors observed in this trial (genotype, year, size, sowing date) were nonsignificant for the variations of W. The length
(L) is a seed trait that varied over seed sizes on sowing dates, over years, sowing dates and their mutual interactions.
The seed Tk depended the least on the seed size at sowing. The LF to SF ratio (LF/SF) depended on both genotypes and
agro-ecological conditions, i.e., production year. Genetic and environmental factors regulate the seed size. Depending
on genetic factors, biochemical and physiological abilities of plants, as well as on temperature, moisture and presence
of available N in the soil, the duration and grain filling rate differ, which results in different seed sizes. The length of the
endosperm formation has a key role in the seed size (Sekhon et al., 2014).

The classification of seeds at sowing into LD, SD and PD was not important for the formation of physical traits of
seeds, except for L (Table 5).

The extent to which the seed size will be expressed depends on a genotype, production year and a pheno-phase (Mayer
et al., 2019). The size (dimension) and number of fractions have to be adjusted to the properties of the genotype, i.e., to
the seed material composition for each genotype.
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Figure 1. Effects of different production years (Y1: 2018, Y2: 2019) and sowing dates (T1-T5) on physical properties
(width, length, thickness) of maize hybrid seeds.
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Figure 2. Effects of production years (Y1: 2018, Y2: 2019) and sowing dates (T1-T5) on the large (LF) to small fraction
(SF) ratio (LF:SF) of maize hybrid seeds.
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Table 4. Multiple comparison tests (LSD test) of average values of physical properties of seeds according to the sowing
dates (T1-T5).

Width Length Thickness
T1 T2 T3 T4 T5 T1 T2 T3 T4 T5 T1 T2 T3 T4 T5
T1 0.02 002 003 -0.19% 0.03 002 -002 -0.28* 0.02 0.02 000 -0.10%
T2 -0.02 000 001 -020% -0.03 000 -004 -0.30*% -0.02 000 -0.02 -0.12%
T3 -0.02 0.00 001 -021% -002  0.00 -004 -030%* -0.02  0.00 -002  -0.12%
T4 -003 001 -001 -022% 002  0.04 0.04 -026%  0.00  0.02 0.02 0.10*
T5 0.19*  0.20* 0.21* 0.22* 0.28* 0.30* 0.30* 0.26* 0.10* 0.12* 0.12*  0.10*

*Significant at the 0.05 probability level according to LSD test (P < 0.05). No markings: nonsignificant differences.
T1: 1 April; T2: 10 April; T3: 20 April; T4: 30 April; T5: 10 May.

Table 5. Parameter tests (ANOVA).

Small Large
Width Length Thickness fraction % fraction %
Treatment (T) ns wE *% *% Hk
Genotype (L) ns ns * ok ok
Year (G) ns sk sk sk sk
Fraction (F) ns wE ns ns ns
TxL ns sk £ £ sk
T x G ns ek ek ek ek
T X F ns Kok * Kok *
LxG ns ns ns ok ok
LxF ns sk sk sk sk
GxF ns o ns ns o
TxL x G ns sk sk sk sk
TxLxF ns sk sk sk sk
TxGxF ns o o o ns
LxGxF ns * * ok *
TxLxGxF ns wE wE ok ok

*, *#*Significant at 0.05 and 0.01 probability levels according to F-test; ns: nonsignificant at the 0.05 probability
level.

Yield in relation to seed physical properties

By the observation of factor loads for the seed size traits (W, L, Tk, SF, LF) and GY, PCA analysis shows that two
components represented 88.28% of the obtained variation. Length, Tk, SF, LF and GY were positively correlated with
the first component (73.37%). On the other hand, the physical seed trait W was correlated with the second component
(15.91%) (Figure 3b). By observing the distribution of regression factor score values of the research variant sowing date
+ seed sizes at sowing, it was determined that the most of the coefficients were located on the right side of the diagram
as well as the component matrix of physical seed properties (Figure 3a). It can be concluded that the first component was
a set of cropping practices that determined the formation of physical seed properties and yield. Late sowing, TS, was
negatively correlated with all properties (W, L Tk, SF, LF) and GY. The second component, which was far less efficient
than the first, was seed quality at sowing, responsible for W variability (0.964).

All properties of the seed size participate with over 50%,r=0.500, in the yield variance (Table 6). Across environmental
and genotypic sources of variation, the grain yield is more closely related to the seed number than to the seed weight
(Dokic et al., 2020). The variation in seed weight is genetically determined, but it is often a result of adjusting to the
number and shape of seeds.

The seed size variability mainly affected the grain yield of the genotype G1 (R* = 0.600), while variability in seed W,
L and Tk had lesser effect on genotypes G2 and G3 (0.24 < R? = 0.50).

The highest effect of variability in seed morphological traits on GY was related to the sowing date. The seed size had
nonsignificant effect on yield variability related to the first four sowing dates (R* < 0.10). On the other hand, all seed size
properties (W, L, Tk) on T5, equally affected GY (R? = 0.580).

The effect of the year of production on the seed size to GY ratio was expressed in Y2, in which the yield was determined
by the variability in the seed size (R?=0.49). It varied the most with the change of seed L (R?=0.60). In Y1, the seed size
did not affect the yield.
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Figure 3. Principal component analysis of the variables in the study concerning effects of sowing date (T1-T5) and seed
size on physical properties width (W), length (L), thickness (Tk) and grain yield (GY) (a) and eigenvectors of principal
component, sowing date and seed sizes at sowing (SD, LD, PD) (b).
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SF: Small fraction; LF: large fraction; SD: small seeds 6.5-8.4 mm; LD: large seeds 8.5-11.0 mm; PD: primary seed sizes 6.5-11.0 mm; SDT1:
seeds of small size sown on 1 April; LDT1: seeds of large size sown on 1 April; PDT1: seeds of primary size sown on 1 April; SDT2: seeds of
small size sown on 10 April; LDT?2: seeds of large size sown on 10 April; PDT2: seeds of primary size sown on 10 April; SDT3: seeds of small
size sown on 20 April; LDT3: seeds of large size sown on 20 April; PDT3: seeds of primary size sown on 20 April; SDT4: seeds of small size
sown on 30 April; LDT4: seeds of large size sown on 30 April; PDT4: seeds of primary size sown on 30 April; SDTS5: seeds of small size sown
on 10 May; LDTS5: seeds of large size sown on 10 May; PDTS5: seeds of primary size sown on 10 May.

Table 6. Pearson’s coefficient of correlation.

Grain yield Width Length Thickness
Grain yield 1.000 0.605 0.681* 0.597*
Width 0.605* 1.000* 0.885* 0.741*
Length 0.681* 0.885% 1.000 0.841*
Thickness 0.597* 0.741%* 0.841* 1.000

*Significant correlation among seed physical properties (width, length,
thickness) according to the F-test (P < 0.05).

The yield varied mostly when SF seeds were sown. Within this fraction, all seed size properties equally contributed to
the variation of GY, R? > 0.40.

There were nonsignificant differences in the obtained yields related to the first four sowing dates. The lowest yield and
the highest variability 0 = 8.029 were obtained with the latest sowing date, TS. The sowing date determined the weather
conditions to which maize is exposed. The sowing date was determined by the weather conditions to which maize was
exposed. Variations in weather conditions associated with the sowing date were the main factors influencing the maize
growth. The significant reduction in yield occurred due to late sowings because of the reduced post-silking DM production
(Zhou et al., 2016). An interesting approach in interpreting the key role of the seed size in determining the number of seeds
per plant is that the seed size plays a significant role in modulating genetic and external control of the seed number.

The sowing dates that contribute to a better relationship between the seed size and the yield is the consistency of drying
temperature, duration of the treatment and biological effect of the process (Egli and Rucker, 2012).

Late sowing reduces the effective grain filling rate compared to early sowing. The plant growth rate in the grain
filling stage was slowed down in late sown plants due to a low level of daily radiation and radiation use efficiency. Daily
temperatures significantly affected the grain filling rate increasing the weight by 0.3 mg per day per °C. Furthermore,
there was a reduction in the source of assimilative, which caused the reduction of the seed weight (Kanatas et al., 2020).

Studies aimed at more complete understanding, estimation and evaluation of the properties of hybrid maize seeds
provide the correct perception of new production conditions due to changes that occur in the form of temperature
extremes and water deficits. Under the impacts of continental climate, weather can act as a strong abiotic factor affecting
the maize seed yield (Li et al., 2019; Ghete et al., 2020). Climatic parameters such as water availability and temperature
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levels have been identified as key factors responsible for maize crop productivity (Tokatlidis, 2013; Butts-Wilmsmeyer
etal.,2019). The precipitation sum in the April-August period affects maize yields more than N fertiliser does (Halmajan
et al., 2017). Maize is particularly susceptible to drought stress during pollination and grain filling (Wang et al., 2019;
Igbal et al., 2020).

In the conducted studies, there were several groups of factors: controlled, partially controlled and absolutely uncontrolled
ones. The genotypic combination and crop sowing were completely controlled factors. The seed size was a partially
controlled factor, while agro-ecological conditions and the production location were absolutely uncontrolled factors.
The degree of effects of the stated factors varied. Effects of sowing dates were just of partial importance. Such pattern of
expression of sowing dates was contributed by ecological conditions in the period of studying. High temperatures (18.0-
22.7 °C) at sowing (April-May, in Y1) and low levels of soil moisture (24.6-39.0 mm) resulted in a delay of germination,
and thus the effect of sowing intervals was reduced. The fifth sowing date, TS, caused the greatest variations. The effect
of ecological conditions at sowing on the seed size was even over 70% (R*>0.70). The yield variance for T5 amounted to
0 = 8.029. Later sowing dates coincided with high temperatures and drought. Moreover, T5 unfavourably affected stages
of pollination and grain filling. In Y1 poor pollination was a result of high percentage of large fraction seeds (LF > 70%),
and in Y2 poorer grain filling and lower GY.

A comparison of weather parameters across years of investigation showed that the daily mean temperature was the
highest during most of the flowering stage. This stage is the most susceptible stage of the maize growth in terms of the
impacts of high temperatures (Sharon et al., 2013; Hatfield and Prueger, 2015; Vinayan et al., 2020), causing significant
losses in grain yields, mainly by affecting pollen viability (Windhausen et al., 2012; Alam et al., 2017). The variability of
the seed size indicated that production conditions had the greatest impact within the hybrid combination and then within
the growing practices, particularly sowing dates (Nave et al., 2016). The influence of the seed size at sowing was small
and not so significant for the formation of good morphological properties of seeds, but it was significant for the creation
of conditions for uniform germination that was a prerequisite for stable yields.

It is more than likely that the temperature and precipitation will increase in the near future, as projected in most weather
modelling studies. However, the increase in precipitation will not compensate for the water loss on the surface of the
planet due to intense thermal variations, which will increase the significance of irrigation. In addition, changes in heat
resources due to regional warming will accelerate the crop growth. It has been predicted that the period of maize growth,
especially in the grain filling stage, would be shortened by about 10 to 30 d in the current maize growing regions, which
would lead to reduced yields (Wang et al., 2011).

The results of the simulation of climate changes in the temperate continental climate indicate that agriculture cannot
avoid effects of climate changes, and unfortunately most of these effects will be adverse (Fodor and Pasztor, 2010).

CONCLUSIONS

Climate changes that cause an increased frequency of extreme temperatures and uneven precipitation also result in
variability in the physical properties of seeds. The year of production, together with other factors (genotype, sowing
date, seed size at sowing) is a factor that affected all observed seed properties. The intensity of variations in properties
depended on the genotype, while the sowing date indicated the importance of adjusting production to climatic conditions.
The effects of the genotype, year, seed size, sowing date observed in the performed trial had the least significance on
seed width. Seed length and thickness varied under the influence of the genotype, sowing date, year and the seed size at
sowing. The mutual relationship of factors (Treatment x Genotype x Year x Fraction) is also very important for the degree
of expression of physical properties of seeds.

By changing the seed size, each genotype (G) in its own way affected the yield: G2 and G3 had more stable physical
properties, which resulted in more stable yield.

A properly selected sowing date that is important for mitigating unfavourable effects of climatic extremes has the
strongest impact on the yield and oscillations in the yield.

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 81(4) OCTOBER-DECEMBER 2021 488



ACKNOWLEDGEMENTS

The authors thank the Ministry of Education, Science and Technological Development, Republic of Serbia, for the
financial support of the Project, Grant N° TR31037.

REFERENCES

Alam, M.A., Seetharam, K., Zaidi, PH., Dinesh, A., Vinayan M.T., and Nath, U.K. 2017. Dissecting heat stress tolerance in
tropical maize (Zea mays L.) Field Crops Research 204:110-119. https://doi.org/10.1016/j.fcr.2017.01.006.

Bhatt, A., and Santo, A. 2016. Germination and recovery of heteromorphic seeds of Atriplex canescens (Amaranthaceae) under
increasing salinity. Plant Ecology 217:1069-1079. https://link.springer.com/article/10.1007/s11258-016-0633-6.

Butts-Wilmsmeyer, C.J., Seebauer, J.R., Singleton, L., and Below, F.E. 2019. Weather during key growth stages explains grain
quality and yield of maize. Agronomy 9(1):16. https://doi.org/10.3390/agronomy9010016.

De Pace, C., Vaccino, P., Caceres, M.E., and Corbellini, M. 2011. Development of valuable wheat inbred lines through the
introduction of Dasypyrum villosum germplasm in their pedigree. p. 121-136. In Transferring genes from the wild species
D.villosum to wheat for increasing adaptation to sustainable agricultural systems. Accademia Nazionale Delle Scienze Detta
Dei XL, Roma, Italia.

Dokic, D., Stanisavljevi¢, R., Milenkovié, J., Koprivica, R., KneZevic, J., Vukovi¢, A., et al. 2020. Effectiveness of the process
of cleaning natural alfalfa (Medicago sativa L.) and red clover (Trifolium pratense L.) seeds. Journal on Processing and
Energy in Agriculture 24(1):9-12.

Dyer, A.R.2017. The seed ecology of Aegilops triuncialis: Linking trait variation to growing conditions. Seed Science Research
27(3):183-198.

Egli, D., and Rucker, M. 2012. Seed vigor and the uniformity of emergence of corn seedlings. Crop Science 52(6):2774-2782.
https://doi.org/10.2135/cropsci2012.01.0064.

El-Keblawy, A.A., and Bhatt, A. 2015. Aerial seed bank affects germination in two small-seeded halophytes in Arab Gulf desert.
Journal of Arid Environments 117:10-17.

Fodor, N., and Pédsztor, L. 2010. The agro-ecological potential of hungary and its prospective development due to climate
change. Applied Ecology and Environmental Research 8(3):177-190.

Gavric, T., and Omerbegovic, O. 2021. Effect of transplanting and direct sowing on productive properties and earliness of sweet
corn. Chilean Journal of Agricultural Research 81:39-45. doi:10.4067/S0718-58392021000100039.

Ghete,A.B.,Has, V., Vidican,R.,Copandean,A.,Ranta,O.,Moldovan,C.M.,et al. 2020. Influence of detasseling methods on seed
yield of some parent inbred lines of turda maize hybrids. Agronomy 10(5):729. https://doi.org/10.3390/agronomy 10050729.

Halmajan,H.-V., Sitaru, B.,Dosinescu, S., Surca E., and Petre, 1. 2017. Maize yield evolution in romania and farmers’involvement
to increase it. Scientific Papers-Series A, Agronomy 60:270-274. http://agronomyjournal.usamv.ro/pdf/2017/Art44 pdf.

Hatfield, J.L., and Prueger, J.H. 2015. Temperature extremes: Effect on plant growth and development. Weather and Climate
Extremes 10:4-10. https://doi.org/10.1016/j.wace.2015.08.001.

Igbal, H., Yaning, C., Waqas, M., Ahmed, Z., Raza, S.T., and Shareef, M. 2020. Improving heat stress tolerance in late
planted spring maize by using different exogenous elicitors. Chilean Journal of Agricultural Research 80:30-40.
http://dx.doi.org/10.4067/S0718-58392020000100030.

Kanatas, P., Travlos, I., Kakabouki, I., Papastylianou P., and Gazoulis, I. 2020. Yield of organically grown maize hybrids as
affected by two green manure crops in greece. Chilean Journal of Agricultural Research 80:334-341. doi:10.4067/S0718-
58392020000300334.

Li, H., Yue, H., Li, L., Su, C., Zhang, X., Liu, J., et al. 2019. A comparative analysis of the hybrid maize (Zea mays L.) seed
quality in China from 2013 to 2018. Agronomy 9(10):625. https://doi.org/10.3390/agronomy9100625.

Mace, G.M., Barrett, M., Burgess, N.D., Cornell, S.E., Freeman, R., Grooten, M., et al. 2018. Aiming higher to bend the curve
of biodiversity loss. Nature Sustainability 1(9):448-451.

Mayer, LI, Cirilo, A.G., and Maddonni, G.A. 2019. Kernel hardness-related traits in response to heat stress during the grain
filling period of maize crops. Crop Science 59(1):318-332. https://doi.org/10.2135/cropsci2018.04.0245.

Mayer, L.I., Savin, R., and Maddonni, G.A. 2016. Heat stress during grain filling modifies kernel protein composition in field-
grown maize. Crop Science 56(4):1890-1903. https://doi.org/10.2135/cropsci2015.09.0537.

Nave, M., Avni, R., Ben-Zvi, B., Hale I., and Distelfeld, A. 2016. QTLs for uniform grain dimensions and germination
selected during wheat domestication are co-located on chromosome 4B. Theoretical and Applied Genetics 129:1303-1315.
doi:10.1007/s00122-016-2704-4.

Prado, S.A., Lépez, C.G., Gambin, B.L.., Abertondo, V.J., and Borrds, L. 2013. Dissecting the genetic basis of physiological
processes determining maize kernel weight using the IBM (B73xMo17) Syn4 population. Field Crops Research 145:33-43.
http://dx.doi.org/10.1016/j.fcr.2013.02.002.

RHMS. 2021. Statistical yearbook. Republic Hydrometeorological Service of Serbia (RHMS), Belgrade, Serbia.

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 81(4) OCTOBER-DECEMBER 2021 489



Sako, Y. 2000. Systems for seed vigor assessment and seed classification. MSc thesis. The Ohio State University, Columbus,
Ohio, USA.

Sekhon, R.S., Hirsch, C.N., Childs, K.L., Breitzman, M.W., Kell, P., Duvick, S., et al. 2014. Phenotypic and transcriptional
analysis of divergently selected maize populations reveals the role of developmental timing in seed size determination. Plant
Physiology 165(2):658-669. https://doi.org/10.1104/pp.114.235424.

Sharon, M.G.,Adam, M.S., and David, B.L. 2013. Global crop exposure to critical high temperatures in the reproductive period:
Historical trends and future projections. Environmental Research Letters 8:024041 doi:10.1088/1748-9326/8/2/024041.
Tabakovic, M., Simic, M., Stanisavljevic, R., Milivojevic, M., Secanski, M., and Postic, D. 2020. Effects of shape and size of
hybrid maize seed on germination and vigour of different genotypes. Chilean Journal of Agricultural Research 80:381-392.

doi:10.4067/S0718-58392020000300381.

Tokatlidis, I.S. 2013. Adapting maize crop to climate change. Agronomy for Sustainable Development 33(1):63-79.
https://doi.org/10.1007/s13593-012-0108-7.

USDA-NRCS. 1999. Soil taxonomy: A basic system of soil classification for making and interpreting soil surveys.
2" ed. Natural Resources Conservation Service. U.S. Department of Agriculture Handbook 436. Available at
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_051232 pdf.

Varga, P., Berzy, T., Anda, A., and Ertsey, K. 2012. Relationship between seed harvesting method and seed physiological quality
for a number of pioneer maize hybrids. Maydica 57(3):220-225.

Vinayan, M., Zaidi, P., Seetharam, K., Rani Das, R., Viswanadh, S.,Ahmed, S., et al. 2020. Genotype-by-environment interaction
effects under heat stress in tropical maize. Agronomy 10(12):1998. https://www.mdpi.com/2073-4395/10/12/1998/pdf.
Wang, M., Li, Y., Ye, W., Bornman, J.F., and Yan, X. 2011. Effects of climate change on maize production,
and potential adaptation measures: A case study in Jilin province, China. Climate Research 46(3):223-242.

https://doi.org/10.3354/cr00986.

Wang, X., Zenda, T., Liu, S., Liu, G., Jin, H., Dai, L., et al. 2019. Comparative proteomics and physiological analyses reveal
important maize filling-kernel drought-responsive genes and metabolic pathways. International Journal of Molecular
Sciences 20(15):3743. https://doi.org/10.3390/ijms20153743.

Westoby, M., Jurado, E., and Leishman, M. 1992. Comparative evolutionary ecology of seed size. Trends in Ecology & Evolution
7(11):368-372. https://www.jstor.org/stable/56206.

Windhausen, V.S., Atlin, G.N., Hickey, J.M., Crossa, J., Jannink, J.-L., Sorrells, M.E., et al. 2012. Effectiveness of genomic
prediction of maize hybrid performance in different breeding populations and environments. G3: Genes, Genomes, Genetics
2(11):1427-1436. https://dx.doi.org/10.1534%2Fg3.112.003699.

Zhang, Z., Liu, Z., Cui, Z., Hu, Y., Wang, B., and Tang, J. 2013. Genetic analysis of grain filling rate using conditional qtl
mapping in maize. PLOS ONE 8(2):56344. https://doi.org/10.1371/journal .pone.0056344.

Zhao,H.,Mo,Z.,Lin, Q.,Pan, S., Duan, M., Tian, H., et al. 2020. Relationships between grain yield and agronomic traits of rice
in southern China. Chilean Journal of Agricultural Research 80:72-79. doi:10.4067/S0718-58392020000100072.

Zhou, B., Yue, Y., Sun, X., Wang, X., Wang, Z., Ma, W., et al. 2016. Maize grain yield and dry matter production responses to
variations in weather conditions. Agronomy Journal 108(1):196-204.

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 81(4) OCTOBER-DECEMBER 2021 490



