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CLIMATICALLY VARYING YEARS

Gali¢ Subasic, D., Rapcan, 1., Jurisié, M., Petrovié, D., Radocaj, D.

INTRODUCTION

Original scientific paper
Izvorni znanstveni rad

SUMMARY

The paper presents the results of a three-year investigation of the effect of irrigation
on the germination and yield of soybeans in three climatically different years in the
conditions of eastern Croatia. The experiment was conducted with four soybean
varieties (Lucija, Tena, Ika, and Vita) of different maturity groups and in different
irrigation treatments (control: natural conditions, rational: 60-100% soil-water
retention capacity (SWRC), and abundant irrigation: 80-100% SWRC). An analysis of
variance revealed a statistically significant effect of irrigation on the yield throug-
hout all three study years. The variety selection affected the yield in 2013 and 2014,
while it did not manifest a statistical significance in 2015. The effect of irrigation
on seed germination was exerted only in 2015, and an interaction between the irri-
gation and soybean variety was not observed in any of the study years. According
to the results of the LSD,, ,; test, statistically significant differences were observed
between the irrigation methods, whereby the t largest statistical difference in. seed
germination was achieved with abundant irrigation (LSD, ,; = 1.2039). A correlati-
on analysis between the yield and germination produced a statistically significant
positive correlation, which was weaker in 2013 and 2014, it was more pronounced
in 2015 (r = 0.427%).

Keywords: soybean, irrigation, germination, yield, weather conditions

on about 125 million ha, and a global annual yield is
estimated at 340 million t (FAO, 2022). In 2022, soybean

The grain legumes are a rich source of dietary protein
for millions of people around the world and therefore pre-
sent a key driver for the insurance of global food security
(Jha et al., 2022), while soybean (Glycine max L. Merr.)
is an important legume that provides a primary source of
high-quality protein and oil. It has become increasingly
popular in the cultivation of arable crops due to its role
in livestock diet, as well as in human nutrition. The high
nutritional value of soybean grain, which contains about
40% of protein with a favorable amino acid composition,
as well as 20% of fat with a high proportion of essential
unsaturated fatty acids and other valuable components,
are the primary reasons of an increased soybean culti-
vation (Gaweda, 2020). Soybean in globally cultivated

in the Republic of Croatia was cultivated on 90,699 ha,
and 194,771 t of grain were produced, with an average
yield of 2.1 t ha™' (Ministry of Agriculture of the Republic
of Croatia, 2023). Climate-change predictions emphasize
that the serious water shortages will occur in the near
future. A water deficit negatively affects soybean produc-
tion, and the magnitude is not determined by the inten-
sity of the deficit only but is also related to the growth
stage in which the deficit occurs. A soybean yield varies
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considerably in relation to an abiotic stress, primarily
drought (Basal and Szabo, 2020; Popovi¢ et al., 2020). A
temperate climate is characterized by a great variability
in weather conditions, and on most locations, agriculture
depends on precipitation. Their quantity and distribution
vary from year to year and during the growing season,
which causes a production instability. Production sus-
tainability is seriously hampered by the dry periods, with
the yield reductions of up to 40% (Cotrim et al., 2020).
Soybean is a short-day thermophilic plant whose yield
potential is strongly affected by water scarcity, with a
reproductive phase, more precisely with a phase extend-
ing from the pod enlargement to the seed filling, being
the main critical period (Schoving et al., 2022). Many
studies demonstrated the inhibition of morphological
traits, disease resistance, protein and oil content, and
seed yield when soybean is subjected to drought stress
during the initial growth stages (Basal and Szab6, 2020),
which constitutes a high danger to the global food secu-
rity (Xiong et al., 2020). Seed germination is the most
important indicator of seed quality, and it refers to the
determined number of normal seedlings in relation to the
total number of seeds placed for germination, expressed
as a percentage. Germination and dormancy are the
plant seeds’ complex processes that are influenced by
the genes, plant hormones, and environmental factors.
Germination is a basic characteristic of every healthy
seed, and it begins when certain conditions, such as
water, temperature, oxygen and light, are met (Saraf,
2017). In the grain legumes, in which the dormancy has
been lost through breeding, germination is mainly con-
trolled by the availability of water and soil temperature,
but the influence of environmental factors is strongly
related to a taxonomic affiliation and a climatic area of
legume’s origin (Kigel et al., 2015). It is well-known that
the quality of seed, and thus the establishment of a sus-
tainable and profitable crop (Finch-Savage and Bassel,
2015), affect germination. For this purpose, in this study
the field and laboratory experiments were performed to
more comprehensively describe seed germination and
seedling growth in relation to the air temperature and
water content.

MATERIALS AND METHODS

The field study was performed on the experimental
parcels of the Agricultural Institute in Osijek (45°32"
N, 18°44" E, 88 m H) during 2013, 2014, and 2015.
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Irrigation was carried out in three treatments, including
a control (natural conditions with a non-irrigated treat-
ment), rational (60—100% of the soil’'s water-retention
capacity [SWRC]), and abundant irrigation (80—100% of
the SWRC), according to the variants from sowing up
to the seed-filling growth stage, having calculated the
irrigation rate on the basis of the soil's water proper-
ties. The soil's water content was determined every
three days in two layers (at 10-15 ¢cm and 20-25 cm
soil layer, respectively) using a watermark device. The
amount of water added in the second treatment was
a total of 105 mm in three rations in mid-June and in
mid- and late July. The third irrigation treatment of 210
mm was distributed from mid-June to the end of July
in the ten-day intervals. These treatments were carried
out in the soybean growth stages, in which the plant is
sensitive to a water shortage. The varieties used were
created by the Agricultural Institute in Osijek: Lucija
(00), Vita (0), Ika (0-1), and Tena (0-l). The amount and
distribution of precipitation in the soybean vegetation
period (from April to September) in the three study
years differed significantly and had varying effects on
the dynamics of the soil’s water content. Accordingly,
the number of irrigation rations and their schedule dif-
fered on a year-to-year basis. Germination was deter-
mined on the processed seeds according to the legal
regulations, applying a usual method of deploying a
rolled filter paper in the laboratory of the Department of
Seed Production of the Agricultural Institute in Osijek.
One hundred seeds per soybean variant were placed
on a moistened filter paper applying the “scheme for
germination and quality testing of seeds,” wrapped in
plastic (PVC) films, and placed in the Binder chambers
at 25°C temperature for germination. After five days,
the number of germinated seeds was determined, and
a germination energy value was obtained for each
variant in three repetitions. Other ungerminated grains
were returned to the chambers, and the number of ger-
minated grains was determined again after three days.
Thus, the obtained germination rate for each variant
was expressed as a percentage.

Climatic conditions significantly affect agricul-
tural production, so monthly precipitation and the
monthly mean air temperatures during a soybean-
growing season were analyzed in the study years to
obtain a long-term average (1981-2010) for the Osijek
area (Table 1).
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Table 1. Monthly precipitation (mm) and average monthly air temperature (°C) in the study years and a long-term

average of the Osijek area (Osijek Airport) (DHMZ, 2015)

Tablica 1. Mjesecne oborine (mm) i srednje mjeseéne temperature zraka ("C) u istraZivanim godinama i viSegodisnji prosjek
za podrucje Osijeka (Zracna luka Osijek) (DHMZ, 2015)

,%ZZ:L 2013 2014 2015 1981-2010
Precipitation (mm) /Oborine (mm)
v 44.9 81.3 12.9 52.4
v 119.0 161.4 113.4 63.9
Vi 63.6 91.0 17.1 87.1
Vil 36.5 66.4 25.6 56.0
Vil 32.9 54.3 105.8 68.3
IX 123.7 68.9 4.1 62.9
uZZLan'o'V/D'_X/x 4206 523.3 315.9 390.6
Average monthly air temperature (‘C) /
Prosjec¢na mjesecna temperatura zraka (°C)
v 13.1 13.2 12.1 11.8
v 16.7 16.1 17.8 171
Vi 20.0 20.5 20.8 20.1
Vil 22.9 21.9 24.6 22.0
Vil 22.9 20.8 23.1 213
IX 15.9 17.0 17.9 16.7
’;,‘;2;73,? III\/I—_II))(( 18.58 18.25 19.48 18.17

A statistical analysis was conducted using SAS
and Microsoft Excel. An analysis of variance was used
to examine the effect of a treatment on the investigated
properties. Statistically significant differences between
the mean values of the examined treatments were deter-
mined by the least significant difference (LSD) test (p
< 0.05), calculated for all observed variables, and the
strength and direction of a connection between them
were tested by a correlation coefficient (r) according to
the Roemer-Orphal scale (Vasilj, 2000).

RESULTS AND DISCUSSION

Man and Modra (2008) concluded that, in addition
to the contamination, drought is the second major prob-
lem facing the world and that it is the main risk factor
in the reduction of food-production potential due to its
impact on agricultural production. Some of the negative
impacts of climate change on crops, as stated by Raza et
al. (2019), are the damages inflicted due to extreme heat,
increased drought, increased soil erosion, increased crop
diseases, a longer growing season, an increased weed
growth, and a thaw stress. In the last few decades, there
is a trend of incremental average daily temperatures
(Carlowicz, 2010). In an analysis of climate change in

Croatia, Sestak et al. (2022) found that, for the Osijek
area, a period with a temperature threshold exceeding
20°C in the successive 28 years was extended by as
many as 25 days if compared to a period from 1961 to
1990. High air temperatures are almost always accom-
panied by a lack of precipitation, which leads to large
losses in crop yields (Milunovi¢ et al., 2022; Svecnjak,
2023; Vasileva et al., 2023). The eastern part of Croatia
also features higher average air temperatures in addition
to a more pronounced lack of precipitation (330 mm from
May to September), so water stress is further increased
when compared to the west of the country (425 mm
in the same months). The same author stated that the
effect of irrigation on agronomic and economic properties
primarily depends on the weather conditions, so a yield
increase will be larger in the drier years if compared to
the years with the normal amounts of precipitation.

A result analysis showed a statistically significant
influence of irrigation on the soybean yield in all three
study years and on the seed germination in the last year
(Table 2). A variety had a significant effect only on the
yield during 2013 and 2014. An interaction of irrigation
and variety had a statistically significant impact on the
yield in 2013 and 2015.

POLJOPRIVREDA 30:2024 (2) 17-24
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Table 2. An analysis of variance of the soybean yield and seed germination

Tablica 2. Analiza varijance za prinos i klijavost zrna soje

Parameter / Irrigation / Variety / Irrigation x Variety /
Parametar Navodnjavanje Sorta Navodnjavanje x sorta
Yield (2013) / Prinos (2013)
F 286.62* 22.7* 4.15%
<.0001 <.0001 0.0053
Seed germination (2013) / Klijavost sjemena (2013)
F 1.632 0.72 1.26
0.2181 0.5500 0.3144
Yield (2014) /Prinos (2014)
F 25.78* 40.08* 1.59
p <.0001 <.0001 0.1928
Seed germination (2014) / Klijavost sjemena (2014)
F 2.04 3.75 0.69
0.1523 0.0243 0.6616
Yield (2015) / Prinos (2015)
F 135.92*% 9.24 3.1
<.0001 0.0003 0.0214
Seed germination (2015) / Klijavost sjemena (2015)
F 8.44% 1.23 1.58
p 0.0017 0.3197 0.1972

Table 3. LSD o; for soybean yield and seed germination
Tablica 3. LSD o5 prinosa i klijavosti zrna soje

Yield (t ha™") / Germination (%) /
Properties /Cimbenici Prinos (t ha™') Kiijavost (%)
LSDyggs LSDy,s
o Control / Kontrola 2.98967 96.508
Imigation / Rational / Racionalno 3.84598 0.1887* 96.398 1.2039*
Navodnjavanje
Abundant / Obilno 4.0359¢ 98.72A
2013 3.7807A 97.28A
Year / A % A
. 2014 3.6958 0.2756 97.39 1.3042 n.s.
Godina
2015 3.39498 96.944
Lucija 3.73538 97.814
Variety /Sort Vita 3.37524 0.3226* 97.034
ariety /Sorta .
Y Ika 3.6583% 96.33 1.4831 nss.
Tena 3.72658 97.81A

Control: non-irrigated treatment, rational irrigation: 60-100% SWRC, abundant irrigation: 80-100% SWRC.

As figured in Table 3, the highest average yield was
achieved in the abundant irrigation treatment in 2013
with the variety Lucija. The Vita variety achieved the
lowest average yield, which was also obtained in 2015
in the control treatment. Regarding the seed germination,
an abundant irrigation achieved the highest germination,
whereas a rational irrigation achieved the lowest one.
Seed germination was very uniform concerning a year
and a variety. According to the LSD,, y; test, statistically
significant differences were observed with regard to the
irrigation treatments, yield (LSD, p; = 0.1887), and seed
germination (LSDy, 55 = 1.039). A year (LSD;, o5 = 0.2756)
and a variety (LSDO o5 = 0.3226) had a statistically signif-
icant effect on the yield but not on the seed germination.

Full bloom, an initial pod, and a full pod occurred
during June and July, when a pronounced lack of pre-
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cipitation but also a slightly higher air temperature if
compared to the long-term average were recorded in
2015, Egli et al. (2005a) concluded that an evaluation of
long-term temperature records suggests that a tempera-
ture, in some soybean production areas, will routinely
reduce the grain vigor of some soybean varieties. Heat
stress accelerates seed filling but reduces the duration
of this growth stage (Boote et al., 2005) and causes
a smaller and wrinkled grain (Egli et al., 2005b). In a
drier year, for instance in 2003 if compared to 2005, an
increase in the soybean yield from 1.85 to 2.68 t ha™
(44.9%) if compared to an increase of 0.42 t ha™' (16.1%)
in 2005 was recorded in a research by Simunié¢ et al.
(2008). Kovacevi¢ et al. (2010) noted that an average
soybean yield in the study area during three consecutive
years amounted to 2.29 t ha™', 2.98 t ha' and 1.92 t
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ha™!, respectively. These yield values were significantly
lower than an average yield (3.62 t ha™') in this study.
The lowest yield of 3.39 t ha™' was achieved in 2015,
which was significantly drier (only 315.9 mm) than
the first (420.6 mm) and the second (523.3 mm) study
years and a long-term average for this area (390.6 mm)
during the soybean-cultivation season. Svecnjak (2023)
pointed out that the effect of irrigation on the agronomic
and economic properties of soybeans primarily depend
on the weather conditions during the growing season,
so the yield increase will be significantly higher in the
drier growing seasons if compared to the years with the
normal amounts of precipitation. An abundant irrigation
in this study achieved the highest average yield of 4.06
t ha~!, which is an increase of 35% if compared to the
control. Heatherly (1993) also reported an increase in the
yield in the irrigation experiments at different stages of
1.54-2.98 t ha™' if compared to the control (0.74-1.28
t ha™"). In a four-year research project, Josipovié et al.
(2011) obtained the soybean yields from 2.98 (control) to
4.02 t ha™' (60-100% SRWC) with the different irrigation
variants, which is very similar to the yield obtained in
this study. By irrigating the soybeans at different growth
stages, Candogan and Yazgan (2016) achieved yields of
2.93 to 4.00 t ha™', with a control treatment in which
they recorded 1.97 t ha™!, and the average yield in this
study (3.62 t ha™") is within this range, while Jaybhay et
al. (2019) recorded a yield of 2.92 to 3.22 t ha™'. In the
two-year experiments with six soybean varieties and
three irrigation treatments, Shirazi et al. (2024) recorded
a yield of 0.45 to 3.75 t ha™'. The lowest yield in these
studies was achieved with the smallest amount of irriga-
tion water and the highest yield with the largest amount
of irrigation water. The different soybean varieties also
react differently to the weather conditions and agrotech-
nical measures. Thus, Sudari¢ and Vratari¢ (2008) stated
that the average yields of tested varieties in the eastern
part of Croatia were 3.99-5.00 t ha™' (Lucija), 3.80—4.70
t ha™' (Vita), 4.10-4.60 t ha™' (Tena), and 4.06-5.10 t
ha' (lka). Vianna et al. (2019) examined 20 soybean
genotypes and recorded yields from 1.90 to 4.79 t ha™!,
and Juki¢ et al. (2021) recorded an average yield of 2.65
t ha™' (less than in this research), analyzed the differ-

ences between the varieties in an experiment with the
12 domestic and 10 foreign varieties, and detected that
the influence of a variety on the yield was statistically
significant, as was the case in this study. In the two-
year experiments with two soybean varieties, Veas et al.
(2022) noted the average yields of 6.40 and 7.64 t ha™" in
the control treatment. However, when the varieties were
exposed to heat and water stress, the yield decreased,
and the greatest decrease was in the combination of
these two stresses (2.81 to even 5.25 t ha™).

Seed germination is one of the biological proper-
ties of grain that is influenced by the environment, so
Vieira et al. (1992) detected reduced germination under
drought stress during two study years. Svecnjak (2023)
also stated that the soybeans produced in dry conditions
had a lower germination. In the irrigation experiments
at different soybean growth stages, Heatherly (1993)
observed a seed germination of 72-92%, if compared
to the control of 56—-78%. From the results of the four-
year experiments with four soybean varieties at three
locations, Duvnjak et al. (2008) concluded that the
environment had a stronger influence on seed germina-
tion than the variety. Miladinovi¢ et al. (2009; 2024)
stated that the high temperatures in the last decade of
July and throughout August, accompanied by a lack of
precipitation, had a negative effect on the soybean seed
germination, while Kovac et al. (2009) determined that
the insufficient amounts of water and a high air tem-
perature at the time of seed pouring significantly affected
the seed germination. This was also confirmed by this
research, because a lower soybean seed germination
(96.94%) was observed in a year characterized by a dry
and warm weather during the soybean growing season.
In the experiments with several soybean populations,
Pereira et al. (2017) found the statistically insignificant
and significant correlations of yield and seed germina-
tion. A statistical analysis of a relationship between the
yield and seed germination in all three years of monitor-
ing shows a positive correlation. In 2013 and 2015, the
correlation was weak (r = 0.303 and r = 0.219), while
it was of medium strength (r = 0.427) in 2014, as dis-
played in Figure 1.

Year 2013 Yaar 2014 Year 2015
100 4 . - L] . . - »e - =
L] . - e .e . - L] L] L] LK
68 4 . 8 8. 8™ 1 - as s s w w 1 . » L] .-
E = - . s m-awh ]
= 9§ 4 ., . . . . - . =
g L] - L ] -
= 94 4 s = ® . .
2 .
‘E 92 4 -
& 90 4 .
= -e w
2 &8 . .
-] = -2E-0Bx2 + D.014x + 70.912 - G ; ’
= 86 1 ’ r= n_su;_n= chwfz y = 1E-06x7 - 0.007x + 106,32 ¥ = GE-07x2 — 0.0027x + 99,245
r=0427, p=0.009 r=0.219, p=0.188
B4 T v 1 T T 1 T T T
2.0 30 4.0 50 3.0 35 4.0 45 15 25 as 4.5
Yield {t ha™)

Figure 1. A correlation between the soybean yield and seed germination in the study period (2013-15)
Grafikon 1. Korelacija izmedu prinosa zrna i klijavosti zrna u periodu istraZivanja (2013. — 2015.)
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CONCLUSIONS

This study confirmed the findings of the several
previous studies that water is the main limiting factor in
the achievement of high-quality soybean vyields. These
research results concerning the yield, quality, and soy-
bean-seed germination can be of importance to the breed-
ers and soybean growers for the sake of a development
of varieties in specific agroecological conditions. A basic
indicator of seed viability is germination, be it for two rea-
sons. The first one is that this physiological indicator also
reflects other qualities, such as the state of health and the
state of seed moisture, while the second one is a possibil-
ity that the high-quality seeds will produce the seedlings
and subsequently the plants that will achieve a good set
in the field. Due to a high economic value of soybean as a
crop, it is important to initially ensure the most favorable
productional conditions for growth and development. To
this end, a high seed quality, according to the germination
and germination energy, is of primary importance, since
such seeds ensure a faster and stronger germination and
thus better initial conditions for growth and development.
A better understanding of the key biotic and abiotic fac-
tors that influence a crop’s establishment remains critical
and is the first step to the obtainment of this goal.
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UTJECAJ NAVODNJAVANJA NA PRINOS
| KLIJAVOST SJEMENA SOJE (Glycine max L. MERR)
U TRI KLIMATSKI RAZLICITE GODINE

SAZETAK

U radu su predstavljeni rezultati trogodisnjih istraZivanja uc¢inka navodnjavanja na klijavost i prinos zrna soje
u tri klimatski razlicite godine u uvjetima istoéne Hrvatske. Pokus je proveden s cetiri sorte soje (Lucija, Tena,
Ika i Vita) razli¢itih grupa zriobe i u razli¢itim tretmanima navodnjavanja (kontrola: prirodni uvjeti, racionalno:
60 - 100 % retencijskoga kapaciteta tla za vodu (RKV) i obilno navodnjavanje: 80 - 100 % RKV-a). Analizom
varijance utvrden je statisticki znacajan ucinak navodnjavanja na prinos tijekom svih triju godina istraZivanja.
Sorta je utjecala na prinos u 2013. i 2014. godini, dok u 2015. nije pokazala statisticku znacajnost. U¢inak
navodnjavanja na klijavost zrna ostvaren je samo tijekom 2015., a interakcija navodnjavanje — sorta ni u
]ednm godini istrazivanja. Prema rezultatima LSD,, o5 testa uocCavaju se statistiCki znacajne razlike izmedu
nacina navodnjavanja, pri éemu je najveéa statisticka razlika s obzirom na klijavost zrna ostvarena obilnim
navodnjavanjem (LSD,,; = 1.2039). Tijekom istraZivanja utvrdena je analiza jednostruke korelacija izmedu
prinosa i klijavosti, koja pokazuje statisticku znacajnost pozitivnoga smjera, a slabiju 2013. i 2014. godine, dok
je u 2015. godini korelacija bila jace izraZena (r = 0.427%).

Kljucne rijeci: soja, navodnjavanje, klijavost, prinos, vremenske prilike
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