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Soybean quality indices, like yield, can be influenced by factors such as climatic
conditions, applied technology or biological material. Soybean is a short-day species
with moderate temperature requirements, especially during flowering, a critical period
for achieving yield and crop quality, air temperature in the range of 17-18°C is
considered the biological minimum, while the range of 22-25°C is considered optimal.

fte)o“tm;ds High temperatures during the flowering period can cause significant yield losses
‘at conten . . . . ~ . .. .
Protein through flower abortion especially when correlated with insufficient humidity. This
Zo“'ti)ng season paper presents summary data obtained in soybean cultivation under the conditions of
Uy ean

Yield the Transylvanian Plateau at Agricultural Research and Development Turda on the
influence of sowing time on some quality indices. The experiment was realized using
the block method in subdivided plots with 3 factors AxBxC on a type soil chernozem,
characteristic of the Transylvanian Plateau with chemical description, the soil has a
neutral to low alkaline pH, neutral to high humus content, well supplied in nitrogen
and potassium, medium supplied in phosphorus. During three experimental years 2021
- 2023 climatic conditions and sowing times influenced differently the protein and fat
content of 5 soybean varieties. The results obtained were statistically processed by the
analysis of variance method and determination of the least significant difference - LSD -
(5%, 1% and 0.1%).

Contribution/Originality: Soybean is a plant that occupies important areas. Therefore, the challenge of this
study is to conduct an experience to evaluate the behavior of soybean cultivation in agro-climatic conditions in the
ARDS Turda region, which is the representative area of the Transylvanian Plateau. The research has resulted in
the presentation of quality results for 5 soybean varieties created at ARDS Turda during the sowing period for 8

years.

1. INTRODUCTION

The importance and wide variety of uses of soybean, which has been cultivated and used for almost 5,000 years,
continue to attract attention today (Sin, 2000).

Soybean (Glicine max L. Merrill) is the world's main source of protein and oil (Fekadu, Hussein, & Getinet,

2009), used in the food and feed industry (Yilmaz, 2008), with 85% of its production going to animal feed and the
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rest to human consumption (Thrane, Paulsen, Orcutt, & Krieger, 2017). The protein content of soybeans is around
40% and the oil content is 20% (Medic, Atkinson, & Hurburgh, 2014).

The production of soybean oil makes up 20-25 percent of total global fat and oil and 30-35% of total edible
vegetable oil production (Tunde-Akintunde, Olajide, & Akintunde, 2005). Linolenic acid makes up around 5 to 11%
of soybean oil, whereas linoleic acid makes up 48 to 56%, oleic acid makes up 15 to 88%, and saturated acids make
up 11 to 26%. (Collins & Sedgwick, 1959).

Soybean is a species that requires moderate temperatures, especially during flowering, which is a critical period
for achieving yield and crop quality, the biological minimum temperature is 17-18°C, while the optimal temperature
is 22-25°C. High temperatures during the flowering period can result in significant yield losses due to flower
abortion, especially when they are linked to insufficient humidity.

By adapting cropping technology to new climatic changes, high yields can be achieved without the need for
additional costs, thus, some authors believe that sowing date is a significant factor in influencing soybean growth,

yield (Zhang, Gao, Herbert, Li, & Hashemi, 2010) and seed quality (Rahman, Hapton, & Hill, 2005).

2. MATERIAL AND METHOD

The research was conducted during 2021-2023 at the Agricultural Research and Development Station (ARDS)
in Turda on chernozem soil type, which is characteristic of the Transylvanian Plateau. The soil's chemical profile
consists of a pH range between neutral and low, humus content between neutral and high, a high amount of
nitrogen and potassium, and a moderate amount of phosphorus.

The proposed objectives were achieved through the organization of a two-factor experiment with the following
factors: factor A year 2021, 2022, 2023; factor B - sowing period with two graduations: season I - when 5°C is
recorded for three consecutive days in the soil; season II - when 7°C is recorded for three consecutive days in the
soil; factor C - soybean variety with five graduations: Felix (00), Iris TD (00), Ziana TD (00), Raluca TD (0), Isa
TD (000) created at ARDS Turda (TD — Turda).

With row spacing of 50 cm and seed rates of 55 germinable grains/m2, the soybeans were sown without
fertilization. The seeds were not treated before sowing or bacterized.

Using the analysis of variance method, the statistically processed results were determined to be the least
significant difference, LSD, (5, 1%, and 0.1%) (ANOVA, 2015).

The temperature and humidity information presented is compiled from the Turda Meteorological Station,

which is situated at 23°47', 46°35', and 427 m elevation.
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Figure 1. Average temperatures in Turda in the period 2021-2023.
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Climatic analysis Figure 1 of the growing season in the three experimental years shows an increase in the
average monthly temperature with deviations between 1 and 8.1°C in June, between 2 and 3.3°C in July and
between 0.2 and 2.6°C in August, these months being very important for production and quality. An exception
according to growing season temperatures are the spring months, especially April, which in the last three years has
seen temperatures lower than the multi-year average, which is a hindrance to earlier sowing of the crop.

Rainfall conditions Figure 2 over the three years show a variation in rainfall, with a deficit of 42.8 mm in June
and 52.8 mm in July 2022 and 42.8 mm in June 2021. This rainfall deficit coupled with high temperatures had a
large impact on soybean cultivation, with two of the three years being considered less favorable years for soybean
cultivation.

The rainfall regime was different for the two years, in 2021 the recorded rainfall was within normal limits,
except in June when there was a deficit of -39.8 mm, but in 2022 the rainfall deficit in June (-42.8 mm) and July (-
52.8 mm) led to a significant drought that affected the development of plant vegetative processes.

Drought coupled with high temperatures played an important role in soybean cultivation, and from a climatic

point of view both experimental years can be considered less favorable for soybean.
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Figure 2. Amount of precipitation recorded in Turda in the period 2021-2023.

3. RESULTS AND DISCUSSIONS

Improving agricultural technologies is the main way in which agriculture can adapt to current and future
climate change, thus avoiding its negative influence on good plant growth, with the aim of achieving satisfactory
yields per unit area. Soybean quality indices, like yield, can be influenced by factors such as climatic conditions,
applied technology or biological material. Changes in technology can have a great influence on the components of
crop quality, as stated by Soliman, Rabie, and Ragheb (2007), such an analysis provides an opportunity to make a
precise decision on the purpose of sowing soybeans at a specific time.

Although there is an inverse relationship between protein and oil, the results show that after sowing soybeans
at two different times, in the conditions at Agricultural Research and Development Station Turda this relationship
is not confirmed. Following the change in sowing date, an increase in protein and fat content was observed at early
sowing, with the difference from optimal sowing statistically assured as highly significant.

The results obtained are like those obtained by Calvifio, Sadras, and Andrade (2003) who stated that sowing
affected the fat percentage, the highest percentage being observed at early sowing, but Khan, Akhtar, Ahmad, and
Shah (2001) obtained different results for protein content, the highest content being determined at later sowing
than at early sowing. In contradiction to our results, Robinson, Conley, Volenec, and Santini (2009) showed that

sowing after the optimum period led to an increase in protein content but a reduction in kernel fat content.
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Table 1 presents influence of sowing season factor on protein and fat content in soybean (ARDS Turda 2021-

2023).
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Table 1. Influence of sowing season factor on protein and fat content in soybean (ARDS Turda 2021-2023).

Experimental variant % +/- (%)
Protein Fats Protein Fats

Sowing season II (Control variant) 33.56% 20.25 o 0 0

Sowing season | 33.81%*%% | 90.48%** 0.25 0.22

LDS (5%) 0.08 0.09

LDS (1%) 0.12 0.13

LDS (0.1%) 0.20 0.21

Note: *** = significant at 0.1% probability levels, positive superior values.

Based on experiments, some authors state that the amount of oil and protein in soybeans can vary, depending
on the environment (Bianculli, Aguirrezabal, Irujo, & Echarte, 2016) and genotype (Jin et al., 2010).

From the determinations made on the five soybean varieties, compared to Felix, which is the most cultivated
soybean variety in Transylvania, the other four varieties behaved differently in terms of protein and fat content in
the beans. Iris TD soybean showed a very significant increase in protein content but also a very significant
decrease in fat %. Raluca TD had lower quality index values than the control, being a variety with a longer growing
season and better production results and where the inverse relationship between yield and quality applies. Ziana
TD and Isa TD did not differ significantly from the control variety for either of the two indices analyzed.

Table 2 presents protein and fat content of the five soybean varieties (ARDS Turda 2021-2023).

Table 2. Protein and fat content of the five soybean varieties (ARDS Turda 2021-2023).

Experimental variant % +/- (%)
Protein Fats Protein Fats

Felix (Control variant) 33.5°V: 20.54 V- 0 0

Iris TD 35.36%** 20.12000 1.86 -0.43

Ziana TD 33.81" 20.62"8 0.31 0.07

Raluca TD 81.88000 19.82000 -1.67 -0.72

Isa TD 338.93% 20.73"8 0.43 0.18

LSD (5%) 0.39 0.19

LSD (1%) 0.53 0.25

LSD (0.1%) 0.69 0.33

Note: *, **% = significant at 5% and 0.1% probability levels, positive superior values; 000=
significant at 0.1% probability levels, negative inferior values; ns= not significant.

Climatic conditions are one of the most important factors that can influence the yield and quality of a crop.
Research executed between 2021 and 2023 under different climatic conditions shows that they can influence the
protein and fat content of the grain to a quite large extent. Protein percentage was negatively influenced by
conditions in 2021, in contrast to the statistically assured increase in fat percentage, a year with low rainfall in June
and August correlated with high temperatures, but positively influenced in 2023, when rainfall was quantitatively
high enough for the grain formation and filling period and temperatures were above the multi-year average in all
months of the grain formation and filling period.

Some authors state that climatic factors are most important in achieving yield and quality in soybean, as
Benzian and Lane (1986) found in their research and hypothesized that protein content is four times more
dependent on environmental conditions than genotype.

Table 3 presents influence of climatic conditions in the three experimental years on protein and fat content in

soybean (ARDS Turda 2021-2023).
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The protein percentage showed increases with significant differences for of Felix variety cultivated in 2022, the

very significant negative differences in 2021 following the first season cultivation indicate that the protein

percentage of Felix is strongly influenced by environmental conditions.

Table 3. Influence of climatic conditions in the three experimental years on protein and fat content in soybean (ARDS Turda 2021-2023).

Experimental variant % +/- (%)
Protein Fats Protein Fats

Average years (Control variant) 33.69 c- 20.37¢Y: 0 0

2021 32.96% 20.70%* -0.73 0.33

2022 83.51" 19.95% 0.17 -0.42

2023 34.59%* 20.45" 0.90 0.08

LSD (5%) 0.32 0.14

LSD (1%) 0.52 0.23

LSD (0.1%) 0.98 0.43

Note:
significant.

*%*, = significant at 1% probability levels, positive superior values; 00= significant at 1% probability levels, negative inferior values; ns= not

For variety Raluca TD the differences from the control are mostly positive, except for 2022 where there are

decreases in protein content with statistically significant differences.

Protein content of Iris TD and Isa TD varieties was positively influenced, with statistically assured differences

as distinctly significant only in year 2022.

Table 4. Protein and fat content for soybean cultivation (ARDS Turda 2021-2023).

Experimental variant % +/- (%)
Protein Fats Protein Fats
Sowing season II x 2021 x Felix 34.50 ¢V 20.43 V- - -
Sowing season I x 2021 x Felix 32.80000 21.00% -1.70 0.57
Sowing season II x 2021 x Iris TD 35.07 V- 20.27 V- - -
Sowing season I x 2021 x Iris TD 35.70 20.20 0.63 -0.07
Sowing season II x 2021 x Ziana TD 33.70 &-v- 20.70 V- - -
Sowing season I x 2021 x Ziana TD 33.63 20.63 -0.07 -0.07
Sowing season II x 2021 x Raluca TD 27.50 V- 21.08 V- - -
Sowing season I x 2021 x Raluca TD 28.70%* 20.77 1.20 -0.27
Sowing season II x 2021 x Isa TD 34.10 V- 20.98 V- - -
Sowing season I x 2021 x Isa TD 33.87 21.00 -0.28 0.07
Sowing season II x 2022 x Felix 32.18 V- 20.07 &V- - -
Sowing season I x 2022 x Felix 33.28% 20.20 1.10 0.13
Sowing season II x 2022 x Iris TD 33.70 &-v- 20.17 &v- - -
Sowing season I x 2022 x Iris TD 85.28%* 19.80 1.58 -0.37
Sowing season II x 2022 x Ziana TD 32.98 V- 20.80 V- - -
Sowing season I x 2022 x Ziana TD 33.08 20.43 0.10 0.18
Sowing season II x 2022 x Raluca TD 35.18 ¢-v- 18.80 ¢V - -
Sowing season I x 2022 x Raluca TD 38.8700 19.28%%% -1.27 0.93
Sowing season II x 2022 x Isa TD 32.83 V- 20.53 V- - -
Sowing season I x 2022 x Isa TD 38.53%* 20.47 1.2 -0.07
Sowing season II x 2023 x Felix 34.27 V- 20.77 &V- - -
Sowing season I x 2023 x Felix 34.07 20.80 -0.20 0.03
Sowing season II x 2023 x Iris TD 36.63 V- 19.87 ¢v- - -
Sowing season I x 2023 x Iris TD 35.83 20.40%* -0.80 0.53
Sowing season II x 2028 x Ziana TD 34.70 V- 20.70 V- - -
Sowing season I x 2023 x Ziana TD 34.83 20.93 0.13 0.23
Sowing season II x 2023 x Raluca TD 32.08 V- 19.27 ¢v- - -
Sowing season I x 2023 x Raluca TD 38.7THR* 20.38%%* 1.78 1.07
Sowing season II x 2023 x Isa TD 34.67 V- 20.47 V- - -
Sowing season I x 2023 x Isa TD 35.07 20.97% 0.40 0.50
LSD (5%) 0.88 0.44
LSD (1%) 1.17 0.60
LSD (0.1%) 1.54 0.80
Note: *, kR — significant at 5% 0.1% and 0.1% probability levels, positive superior values; 000= significant at

0.1% probability levels, negative inferior values; ns= not significant.
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Fat percentage was less influenced by the triple interaction, with differences from the control observed only in
Raluca TD, which in 2022 and 2023 showed very significant increases in fat content following its early season
cultivation.

Results obtained by Ksigzak and Bojarszczuk (2022) show that sowing date (season) and weather conditions
during the growing season significantly affected the quality of seed yield, indicating a greater influence of total
rainfall on protein content.

The analysis by the interaction of the three experimental factors shows that five varieties reacted differently to
the technological factor and to the environmental conditions, as reported by Pierozan et al. (2017) following in their
research some varieties can be recommended for early sowing while others are useful for delayed sowing.

Table 4 presents protein and fat content for soybean cultivation (ARDS Turda 2021-2023).

4. CONCLUSION

Although early sowing of soybeans has attracted attention because it offers benefits in harnessing early rainfall,
avoids drought and high summer temperatures, for quality indices, early sowing ensures a significant increase in
protein and fat percentage.

The results present that weather factors are very important in production, but heat stress during the growing
season has a significant influence in achieving high quality indices.

According to the results obtained it can be observed that the biological material represented by the five
varieties responded differently to the climatic conditions of the three experimental years, from this we conclude that
each soybean variety has a better yield of some qualitative index for a given sowing period, some varieties can be

recommended for early sowing while others for late sowing.
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