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Abstract: The successful production of soybeans is largely dependent on the sowing time, because
every sowing outside the optimal time contributes significantly to yield losses. This field study
aimed to evaluate the effects of sowing time (optimal—April 5; late—April 27) on the quantitative
and quality traits of three soybean genotypes (Galina—0 maturity group; Sava—I maturity group;
and Rubin—II maturity group) under dryland conditions in Vojvodina Province (Serbia) during
2017 and 2018. The genotype Sava had higher yield in climatic-unfavorable 2017, while Rubin had a
higher yield in climatic-favorable 2018. The yields significantly decreased when the soybeans were
sown in late April due to reductions in the number of pods per plant, seed weight per plant, and
1000-seed weight. The reduction in yield components was likely due to the accelerated senescence of
plants and the negative effect of high temperature and low precipitation during the seed filling stage.
Accordingly, the various sowing times and properly chosen genotypes provide a better utilization of
soil and water resources. A proper genotype selection and sowing time can contribute to a high yield.
At the same time, the protein and oil contents can be altered by the sowing time, especially under
water stress during the reproductive stage.
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1. Introduction

Soybean (Glycine max [L.] Merr.) is a multipurpose crop suitable for human and animal nutrition
and industry processing due to its high protein content, with a balance of essential amino acids, oil,
and soluble sugar contents in the seeds [1]. It can maintain the fertility of soil [2] and it is the most
widely planted legume. Across the world, in 2018 soybean was planted on about 125 million ha, with a
production of 348.7 million tones and an average yield of 2.8 t ha™! [3]. In Serbia, in the same year the
soybean occupied 7.6% of the arable land (about 200.000 ha) with an average yield of 3.3 t ha™! [3].
The potential yield of Serbian domestic genotypes is about 6 t ha~!. However, unfavorable climatic
conditions during plant growth and development are one of the leading causes of soybean yield loss [4].
That is the reason why is it necessary to choose the best soybean genotypes adapted to the local and
regional conditions [5]. Additionally, the exploitation of the genetic potential of soybeans depends on
applying agricultural practices and technologies, where the proper sowing time plays an essential role
in soybean production and does not make it more expensive. Sowing time affects the phenological
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phase of the plant due to the variation in the environmental factors (precipitation, temperature, relative
humidity, the moisture of soil, and photoperiod) and thus influences the growth, development, and
production of soybean [6]. In Serbia, the soybean is sown at the beginning of April and harvested
in September. Thus, the flowering (R1-R2), pod development (R3-R4), seed development (R5-R6),
and plant maturity (R7-R8) stages of soybean coincide most often with higher summer temperatures
and low precipitation amounts during July and August [4]. These unfavorable climatic conditions
at the soybean reproductive stage can reduce the seed yield by even 74% compared to unstressed
conditions [7]. Essentially, late sowing is thought to decrease soybean seed yield because of summer
drought stress, which occurs during reproductive development and reduces yield components [8-10].
According to Kawasaki et al. [11], late sowing is justified only if irrigation is applied and the sowing
density is increased. Additionally, the physiological and sanitary quality of soybean seeds decline with
delaying the sowing time [12,13]. Likewise, the chemical traits of soybean seeds change with a sowing
time delay. The seed protein content significantly decreases, while the oil content increases with the
delayed sowing [13,14]. However, several studies have suggested that late planting may increase the
protein content of soybean seeds [15] because high temperatures tend to increase the protein content
with little or no effect on the oil content [16].

The aims of this study were to determine the effects of sowing time in two consecutive years on
the morphological, productive, and quality traits of three soybean genotypes belonging to different
maturity groups. We hypothesized that a delayed sowing time causes the yield to decrease due to the
accelerated senescence of plants and the negative effect of high temperature and low precipitation
during the seed filling stage, especially in unfavorable weather conditions. Appropriate agronomic
management, including the best choice of genotypes and an optimum sowing time, could substantially
improve crop performance in regions with different climatic conditions.

2. Materials and Methods

2.1. Details of the Field Trial

The field experiments were carried out under dryland conditions at an experimental station
in northwestern Serbia at Stara Pazova, Vojvodina Province, Serbia (latitude: 44°98’ N; longitude:
20°16’ E; elevation: 82 m) during 2017 and 2018. Three genotypes of soybeans belonging to three
different maturity groups were tested: Galina (0 maturity group), Sava (I maturity group), and
Rubin (II maturity group). The tested genotypes have an indeterminate plant growth with habit
erect. The tested genotypes are highly adaptive to a wide range of climate and soil conditions.
In Serbia, they are very widespread in production. Two sowing times were examined: an optimum
(5 April) and late sowing time (27 April). Before sowing, the seed was treated with the inoculant Rizol
(200 ml 100 kg textsuperscript-1 of seeds, Agrounik doo, Belgrade-Zemun, Serbia), which contains
Bradyrhizobium japonicum (min 107 CFU mL™') and Azotobacter spp. (min 102 CFU mL™). The maize
((Zea mays L.) hybrid NS 6010) was a preceding crop. The soybean genotypes were planted in 4 rows
that were 5 m long, with a distance between rows of 0.5 m. Two additional rows on both sides of the
elemental plot were included as a protection and to provide the optimal conditions for plant growth.
A total of 500,000 plants ha~1, 450,000 plants ha~!, and 400,000 plants ha~! were sown for Galina, Sava,
and Rubin, respectively. Weeds were controlled with the herbicide Corum (1.8 L ha~1, active substance:
480 g L~! bentazone and 22.4 g L~! imazamox; BASF, Ludwigshafen, Germany) with the addition of
Dash adjuvant (1 L ha™!, BASF, Ludwigshafen, Germany) applied between the first and third trifoliate
leaf stages. The herbicide was applied as a split with an interval of 10 days. The harvest was carried
out in the beginning of September each year, at the full maturity stage (R8) when the 95% of the pods
turned a mature pod color and when the seed had a low moisture content (<15%).

2.2. Soil Properties and Meteorological Conditions

Field trials in 2017 and 2018 were conducted on a chernozem soil with the following parameters
at the 0-30 cm depth: pH in KCl = 6.5 and 6.5, CaCOj3 = 7.1, and 6.9%; organic matter = 4.02% and
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3.88%; total N = 0.20 and 0.19%; P = 10.13 and 7.55 mg 100 g_l soil; and K = 21.5 and 22.0 mg 100 g_l
soil, respectively.

Soil pH was determined in a suspension of soil with a 1.0 M KCl solution using a potentiometer
with a glass electrode. The Scheibler calcimeter method was used for the determination of CaCOjs.
Kotzmann’s method was used for the determination of the organic matter content. Kjeldahl’s method
was used for the determination of the total N. The Al-method, according to Egner—Riehm, was used
for the determination of the phosphorus and potassium content.

Precipitation and temperature are important factors limiting the growth, development, and yield
of soybean. A climate diagram by Walter and Lieth [17] across study periods showed that, in 2017,
dry periods were present in July and August, while in 2018 they were present in September—i.e.,
at harvest time (Figure 1). The vegetation period of 2018 saw more precipitation (65.5 mm) and a lower
mean temperature (0.9 °C) than 2017, with 399.5 mm and 21.2 °C, respectively.
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Figure 1. Climate diagram by Walter and Lieth [17] across study periods.
2.3. Data Collection

The soybeans were harvested in September at the full maturity stage. The seed yield (SY, kg ha™!)
was determined for each plot and converted into kg per hectare at the standard 13% moisture content.
Morphological traits (plant height (PH, cm), first pod height (FPH, cm), number of nodes per plant
(NN), number of pods per plant (NP), seed weight per plant (SW, g), and 1000-seed weight (TSW, g))
were recorded from ten plants in the central part of each subplot. The quality traits of seeds, including
the oil content (OC, %), was determined using the Soxhlet extraction method, while the protein content
(PC, %) was determined with the Kjeldahl method.

2.4. Statistical Data Analysis

The experiment included three factors, two years, genotypes at three levels, sowing time at two
levels, and four replicates arranged by a completely randomized block system design. An analysis
of variance (ANOVA) was used for the analysis of the data using the STATISTICA software version
10.0 (StatSoft, Tulsa, OK, USA). The p < 0.05 and p < 0.01 significance levels were used. Tukey’s test at
p < 0.05 detected the difference between the parameter means. Pearson’s correlation coefficients were
used for the relationship between the obtained traits.

3. Results

3.1. Analyses of Variance for Effects of Year, Genotype, and Sowing Time, and their Interactions on Quantitative
and Quality Soybean Traits

According to the analyses of variance, the effect of year had a significant effect on the morphological
and productive traits (Table 1). The genotypes significantly differed in all traits except NN and TSW.
The sowing time affected all traits except OC. Due to the large impact of weather factors, the results are
presented for each year.
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Table 1. ANOVA for the effect of year, genotype, and sowing time on the investigated parameters.

Factor PH FPH NN NP SWP TSW  PC oC SY

p Value
Year (Y) 0000 0000 0000 0000 0000 0001 0078 0461  0.000
Genotype (G) ~ 0.000 0000 0084 0000 0000 0151 0021 0015  0.002
Sowz‘s‘%“me 0000 0000 0000 0000 0000 0.000 0.000 0822  0.000
Y xG 0000 0093 0000 0000 0000 0000 0537 0.000 0.000
Y x ST 0816 0036 0221 0031 0000 0034 0011 0238  0.000
G x ST 0000 0830 0005 0000 0000 0211 0920 0.000  0.004
Y x G x ST 0000 0034 0065 0281 0003 0047 0.000 0000  0.000

PH—plant height; FPH—first pod height; NN—number of nodes per plant; NP—number of pods per plant;
SWP—seed weight per plant; TSW—1000-seed weight; PC—protein content; OC—oil content; SY—seed yield.

Significant differences between genotypes were established for the studied traits, except for quality
traits in 2018 (Tables 2 and 3). Averaged across sowing times, in 2017 the genotype Sava had the highest
values of all traits, except for OC. However, no differences were found between the genotypes Sava
and Galina for the NN, NP, TSW, and SY. In 2018, genotype had a significant effect on the PH, NN, NP,
SWP, TSW, and SY. The genotype Rubin had the highest values of studied traits, except for TSW, PC,
and OC. The genotypes Galina and Rubin did not present significant differences in the NN, SWP, and
TSW. Averaged across genotypes, the sowing time expressed a significant effect on all the measured
traits, except for PC and OC in 2018. In both years, the highest values of traits were recorded for the
standard sowing time (early April).

Table 2. Genotype and sowing time effects on the quantitative and quality traits in 2017.

Factor PH FPH NN NP SWP TSW PC ocC SY
Genotvpe Galina 87.6° 109°¢ 13.72 3402 10.1® 13533  408°¢ 1672 1658.12
(Gt)yp Sava 10852 1262 1392 3502 1192 14172 4162 150¢ 1726.8%
Rubin  979b  124P 128P 302b 92¢ 130.7%  412P 158P  1576.2P
F test G 3k 3 *% 3% *% * *3F *% *%
Sowing time Standard 10572 13.02 1492 3492 1112 14632 4182 1592  1819.32
(ST) Late 902 11.0® 120b 312b 97b 1255 406 157P  1488.1P
ST *3% *3% *% *3% *% *3% *3F * *F
F test
G X ST *% *¥ * * * * *% *% *%
Mean 98.0 12.0 13.4 33.0 10.4 135.9 412 15.8 1653.7

PH—plant height (cm); FPH—first pod height (cm); NN—number of nodes per plant; NP—number of pods per
plant; SWP—seed weight per plant (g); TSW—1000-seed weight (g); PC—protein content (%); OC—oil content
(%); SY—seed yield (kg ha™!). Means with different superscript letters in a column are significantly different by
Tukey’s test at the 5% level. ** Significant at 1%; * significant at 5%.

3.2. Interaction of Factors Affected Quantitative and Quality Traits

The PC was not significantly affected by the interaction of year x sowing time (Table 1). The PH,
NN, and OC were not significantly affected by the interaction of year and sowing time. The FPH, TSW,
and PC were not significantly affected by the interaction of the genotype and sowing time. In essence,
most of the traits, including SY, at different genotypes reacted differently to changes in sowing time
in different years (year X genotype X sowing time). Only the NN and NP were not significantly
affected by this interaction. The standard sowing time produced a greater value of traits, except for
OC, compared to the late sowing time for genotypes.

The interaction of genotype and sowing time significantly affected all the traits in 2017 (Table 2).
The FPH and PC in 2018 were not significantly affected by the interaction of genotype and sowing
time (Table 3). The standard sowing time in both years produced a greater value of all traits, except
for OC, compared to the late sowing time for genotypes. In 2017, the highest PH, NN, SWP, and SY
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were obtained from the genotype Sava at the first sowing time. The genotypes Sava and Rubin had the
highest and similar values for FPH and PC in the first sowing time. The lowest NP was found from the
genotype Sava in the second sowing time. The highest OC was achieved from genotype Galina in the
second sowing time. In 2018, the highest PH, NP, and OC were obtained from genotype Rubin in the
first sowing time. The highest NN and SY were recorded from the genotypes Galina and Rubin in the
first sowing time. All three genotypes had the highest values of SW and TSW at the first sowing time,
with respect to Rubin, which had the highest values of both traits in 2018.

Table 3. Genotype and sowing time effects on the quantitative and quality traits in 2018.

Factor PH FPH NN NP SWP TSW PC ocC SY
Genotvoe Galina 107.3¢ 125 1572 333¢ 1192 14532 40.7 155  3790.6°
(G)y P Sava 1179® 133  151% 410® 11.1b  1366° 411 162  3700.0°¢
Rubin 12852 134 1602 4613 1202  142.3% 41.0 160  3971.02
F test G *3% ns % L % *3% ns ns *%
Sowing time Standard 12572 1373 1692 43323 13223 14832 411 159 422082
(ST) Late  110.0P 124b 143P 369P 101P  1345P 40.8 160  34203P
F test ST ns ns
G X ST *% ns * 3 *% *3% ns * *F
Mean 117.9 13.0 15.6 40.1 11.7 141.4 409 15.9 3820.5

PH—plant height (cm); FPH—first pod height (cm); NN—number of nodes per plant; NP—number of pods per
plant; SWP—seed weight per plant (g); TSW—1000-seed weight (g); PC—protein content (%); OC—oil content
(%); SY—seed yield (kg ha™!). Means with different superscript letters in a column are significantly different by
Tukey’s test at the 5% level. ** Significant at 1%; * significant at 5%; ns—not significant.

In general for both years, the late sowing time showed a significantly lower value of all the
investigated traits, however not all the genotypes showed a significant decrease at the late sowing date.
Thus, in 2017 the NP for all genotypes and PC in Galina were not significantly changed. In 2018, the
OC for all genotypes, NP, and TSW in Galina were not significantly changed.

3.3. Pearson’s Correlation Coefficient (r) among Studied Traits

Estimates of the phenotypic correlations among the investigated traits are shown in Table 4.
The seed yield positively and significantly correlated with the plant height, first pod height, number of
nodes per plant, number of nodes per plant, number of pods per plant, seed weight per plant, and
1000-seed weight. In essence, these are the yield component traits that are important in determining
the seed yield. Additionally, the yield component traits had significant positive correlations with
each other.

Table 4. Correlation matrix (Pearson) between the studied traits for both years (n = 48).

PH FPH NN NP SWP TSW PC ocC

FPH 0.79 **

NN 0.79 ** 0.67 **

NP 0.83 ** 0.53 ** 0.67 **
SWP 0.72 ** 0.53 ** 0.79 ** 0.65 **
TSW 0.60 ** 0.59 ** 0.78 ** 0.47 ** 0.79 **

PC 0.26 0.30 * 0.26 0.07 0.16 0.33*

oC -0.03 -0.10 0.06 0.20 -0.12 0.01 -0.22

SY 0.77 ** 0.53 ** 0.77 ** 0.66 ** 0.55 ** 0.41 ** -0.05 0.05

PH—plant height; FPH—first pod height; NN—number of nodes per plant; NP—number of pods per plant;
SWP—seed weight per plant; TSW—1000-seed weight; PC—protein content; OC—oil content; SY—seed yield.

** Significant at 1%; * significant at 5%.
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4. Discussion

4.1. Year and Genotype Affected Quantitative and Quality Traits

The high SY depended on the selection of genotypes, their adaptability to environmental conditions,
and the applied cropping practices. The years affected all indicators except PC and OC. Higher values
of quantitative traits were recorded in the second year under favorable meteorological conditions
for soybean growth and development. According to Tables 2 and 3, this study showed that all the
genotypes were significantly different for all traits except for PC and OC in 2018. However, according
to Table 1 the genotypes did not differ significantly for TSW and NN. Therefore, the fact cannot be
ignored that the influence of the year reduces the reliability of the influence of the genotype and sowing
time, which is partly due to the two years of observations. This indicates that the tested genotypes
have significant differences in performance for the assessed traits. The genotype Sava—I maturity
group—was more productive under low precipitation conditions in 2017. However, the genotype
Galina did not differ in SY from Rubin and Sava. On the contrary, the genotype Rubin (Il maturity group)
was more productive under high precipitation conditions in 2018. Additionally, Rehman et al. [18]
reported that the PH, NP, number of seeds per plant, and SY were affected significantly by the genotype.
As we have already pointed out, the weather conditions differed during the investigated years. In 2017,
the dry periods (higher temperatures accompanied with lower precipitation amounts) were in the
summer (July and August), which has the most significant impact on the seed yield. In July, the
soybeans were in the flowering stage (R1 to R2) and pod formation (R3 to R4), while in August there
were the seed-filling stages (R5 to R6). The present dry periods in July and August cause the abortion of
flowers and young pods, thus the NP was smaller than in 2018. Dry stress during August shortens the
seed-filling duration and accelerates the maturity of plants, which is why the weights and sizes of the
seeds were small [4]. Kron et al. [19] pointed out that the soybeans have a long flowering period and
can compensate for short periods of dry stress to the R5 stage. However, the long hot and dry stress in
the R4 stage (full pod stage when the pod growth is rapid and seed development begins) drastically
reduced the yield. The NP, SWP, and TSW are essential components of yield. These yield components
are strongly conditioned by each other, and the maximum yields are achieved when they are optimally
balanced, because a change in one component is only to a certain extent compensated by changes in
another. The dry stress during summer months in 2017 caused yield loss due to a decrease in the yield
component traits, similarly to Mandi¢ et al. [20]. Therefore, the recommendation for soybean growers
is to sow at the beginning of April, so that the plants can make the most of the available precipitation.
The dry stress during September 2018 did not affect the yields. Accordingly, the breeding of soybean
should aim to create genotypes with a deeper rooting system for better drought stress tolerance [21].
Additionally, cold—tolerant genotypes that can be sown early in order to avoid the risks of drought in
July and August should be created [22].

4.2. Sowing Time Affected Quantitative and Quality Traits

In Serbian agro—climatic conditions under dry farming, the general recommendation is to sow
soybeans in April. Our results have proved that soybeans should be sown in early April, regardless of
their maturity group. Early-maturing genotypes can be sown later on in April or even in May, but
this is not recommended. Thus, avoiding drought stress during the critical period of development
and ensuring a stable and safe yield is crucial to achieving a high yield. In addition, late sowing
shortens the vegetation period of soybean plants from sowing to flowering and to maturity (R1-R8),
which reduces the PH, NN, leaf area, and components of seed yield (NP, SWP, and TSW) [23,24] and
SY [10,25]. Late sowing contributes to a significant reduction in the 1000-seed weight, especially in
conditions of high temperatures during the seed-filling period, such as in 2017.

On the other hand, sowing in early April stimulates the early initiation of the R5 stage and
lengthens the duration of the R5-R6 period, contributing to an increase in SY [25,26]. The genotypes
that were sown in the early sowing time accumulated more photo-assimilates because they had a more
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extended growth period. The PH and FPH were higher in the first sowing time probably due the more
extended growth period with optimal environmental conditions, especially during the second year of
the study. A low FPH makes mechanical harvesting difficult and can cause significant yield loss [27].
Similar to our research, Rehman et al. [18] reported that the NP, number of seeds per plant, SWP, and
SY of two soybean genotypes from early sowing were significantly higher than those from late sowing.
In general, a delayed sowing time in soybean drastically decreases the yield due to the reduction in
vegetative and reproductive growth. Our results showed that a late sowing time resulted in a lower
PC of seeds in the year with unfavorable weather conditions. A similar result was established by Lima
et al. [28]. In essence, the PC in soybean is caused by genetic factors and environmental factors during
the grain-filling stage [29]. Benzain and Lane [30] defined that the protein content is four times more
dependent on environmental conditions than on the genotype. Thus, the sowing time influenced the
quality of soybean seeds during unfavorable weather conditions in 2017.

4.3. Interaction of Genotype and Sowing Time and Correlation between the Studied Traits

The interaction of genotype with sowing time induced significant variation in all the traits, except
for the FPH and PC in 2018. According to Table 1, there is also no genotype X sowing time interaction
for TSW. These significant interactions of genotype with sowing time indicated the inconsistent yield
traits of genotypes across the sowing time. Accordingly, the interaction found for the yield components
and SY suggests the existence of genetic variability for traits related to specific adaptation to sowing
time. The genotype X sowing time interaction indicated that soybeans sown in early April in both
years gave the highest SY. In 2017, the Sava gave the highest seed yield, while in 2018 it was Rubin.
The increase in the yield and the components of yield (NN, NP, SWP, and TSW) at the early sowing
time may be due to the prevailing favorable temperature and weather conditions and day length,
leading to the greater expression of these traits, similarly to Setiyono et al. [31]. Additionally, Hu and
Wiatrak [32] reported that the changes in photoperiod (shorter day length) with a delayed sowing
time and unfavorable climatic conditions shorten the duration of the vegetative and reproductive
stages of soybean genotypes, contributing to reduced values of yield component traits and yield loss.
The significant genotype x sowing time interaction allowed improving the quantitative traits by the
application of sowing time, which could facilitate soybean crops to achieve higher values of traits even
in drought conditions.

SY is a complex trait. Our results showed that the SY depends on the NP, SWP, and TSW, similarly
to earlier research by Ohyama et al. [33]. Additionally, Carvalho et al. [34] concluded that the NP,
number of seeds per pod, and TSW were strongly associated with soybean SY. A negative correlation
between PC and OC was observed, which indicates that it is challenging to obtain soybean genotypes
with a high PC and OC, as has been reported by Carrera et al. [35]. The selection based on PC and OC
complicates the breeding and management efforts for soybeans.

5. Conclusions

Genotype selection and sowing time are important management strategies to improve soybean
yields and economic benefits. This study suggests that a proper genotype selection and sowing time in
early April could contribute to a high yield. The delay of the sowing time significantly decreased the
PH, NN, NP, SWP, and TSW and led to SY loss. The lower SY can be explanted by a shorter vegetation
period and/or unfavorable climatic conditions (high temperatures and low precipitation) during the
reproductive stage in July and August. Under drought stress, the genotype Sava had the maximum
yield. On the contrary, under favorable climatic conditions the genotype Rubin had the highest yield.
Positive correlations existed between the seed yield and its components. These results suggest that the
early April sowing time was optimal for achieving a greater SY for all genotypes by extending the
duration of the development stages and drought stress during the seed-filling stage.
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