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SUMMARY

The paper presents the result of a triennial field experiment (2013-15), aiming to
determine the influence of irrigation, nitrogen fertilization, and cultivars, as well
as their interactions on the yield and chemical properties of the soybean seeds.
Four soybean cultivars (Lucija, Vita, lka and Tena) of different maturity groups were
investigate as a sub-subplot factor (C). The main plot factor (A - irrigation) resulted
in a statistically very significant (P<0.01) seed yield in all three years, and it was
found out by an analysis of variance. The subplot factor (B - nitrogen fertilization)
had an impact on the grain yield depending on the research year, while sub-subplot
factor (C-cultivar) significantly affected all examined traits. The factor interactions
and their significance varied by the research years. The seed yield achieved in
2013 (3883 kg ha’') indicated a great importance of all factors’ interaction. The
correlations between a seed yield and a protein and oil concentration were deter-
mined during the research.

Keywords: soybean, irrigation, nitrogen fertilization, cultivar, seed yield, seed pro-
tein concentration, seed oil concentration, correlations

INTRODUCTION

Soybean (Glycine max (L.) Merr.) is an important
legume that provides a primary source of high-quality
plant proteins and oils. Commercial soybean cultivars
contain approximately 40% of proteins, 20-22% of oils,
34% carbohydrates, 5% of minerals (potassium, phos-
phorus, sulfur, calcium, iron, magnesium, sodium) and
vitamins A, B-complex, D, E and K in the grain (Vratari¢
and Sudari¢, 2008). Due to the quality proteins and a
high concentration of oil, soybean is a substitute for
meat more than other crops (Sudari¢, 2011). Soybean
oil is rich in omega-3 (7-8%) and omega-6 fatty acids
(55%), and thus it serves as a raw material for a large
number of industrial products (List, 2016). An increase
in the soybean seed use in the domestic animals feed-
ing, the processing industry, and human diet resulted
in a greater need for a larger quantity and quality of
proteins and oils (Umburanas, 2018).

Soybean is grown on the areas exceeding the
acreage of 120 million hectares (FAQ, 2017). The
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largest producer of soybean in Europe is Russia, and
globally the United States, Brazil, Argentina, and China.
The Republic of Croatia records a continuous increase
in soybean production (Juki¢ et al., 2010). Pursuant to
the data provided by the Central Bureau of Statistics in
2018, soybean production in 2017 was organized on
85,000 ha, with an average yield amounting to 2.4 t
ha. Increasingly frequent climate change causes crop
cultivation’s dependency on the irrigation application
(Tomié, 2012). Irrigation was recommended as a man-
datory agrotechnical measure, aiming to obtain higher
and more stable yields, since there was a constant lack
of precipitation during soybean growing season in the
study area on a multi-year average (1961-90). Water
scarcity has significant consequences on grain yield
and its quality (Adeboye et al., 2015). Due to a higher
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food demand, there was a need for sustainable solutions
to combat productivity loss caused by a water stress
(Prudent et al., 2015). Thus, irrigation had a statistically
significant effect on water scarcity mitigation (Zhang et
al., 2015). The amount of available nitrogen should be
sufficient to ensure high yields of an appropriate qual-
ity (Buki¢ et al., 2014). Increased nitrogen fertilization
is justified the pertaining to the soils having a lower
fertility at low soilborne pH reactions, where the condi-
tions for the development of nodule bacteria are not
met. Climatic, edaphic, and orographic factors primarily
affect the realization of soybean yield genetic potential.
Registered cultivars of the Agricultural Institute Osijek
significantly contribute to the horizontal and vertical
soybean production increase in the country. They are
known for high yield genetic potential and a wide adapt-
ability to the unfavorable abiotic factors (Sudari¢ et al.,
2012). Quantity and quality of soybean seeds can be
significantly improved by regulating the water content
in the soil, proper nitrogen fertilization, and cultivar
selection.

MATERIAL AND METHODS

In order to determine the impact of irrigation,
nitrogen fertilization, and cultivars on the yield and
chemical properties of soybean, a three-year (2013-15)
field experiment was conducted on the areas of the
Agricultural Institute in Osijek (45° 32" N and 18° 44’ E,
88 m above sea level). The experiment was performed
according to a plan featuring the divided plots (split-split
plot method in three replications). The influence of three
factors was investigated: factor A — irrigation (main plot
factor), factor B — nitrogen fertilization (subplot factor)
and factor C — soybean cultivar (sub-subplot factor). The
size of the main factor's experimental plots was 360
m?, the subfactor amounted to 120 m?, and the sub-
subfactor amounted to 30 mZ. Four cultivars (C1-Lucija,
C2 - Vita, C3 — Ika and C4 — Tena) of different maturity
groups produced by the Agricultural Institute Osijek
have been used. Each of them was sown in five rows,
three of which were the harvest rows, 20 m long, with
a 50-cm row spacing. The irrigation was conducted in
three treatments: A1 — control treatment (rainfall), A2 —
rational irrigation, whereby the soil water content was
maintained from 60% to 100% RCW (soil water retention
capacity), and the A3 treatment — rich irrigation, from
80% to 100% RCW). It was performed from sowing
to the seed filling by the ration calculated upon the
base of soil water properties. The measurement of soil
water content is performed by a Watermark device. The
moment of irrigation commencement was determined
by an electrometric method according to the current
soil moisture. The sensors were place at depths of 20
and 30 cm, and two depths average were taken for
the moment of irrigation commencement. The sensors
were installed in mid-May in all three years. Mineral
nitrogen fertilization was performed in three variants:
variant B1 — control variant without nitrogen fertilization,

variant B2 — fertilization with 100 kg N ha”!, and variant
B3 —fertilization with 200 kg N ha™'. The right amount of
urea nitrogen (46% N) was applied twice. A half of the
total amount of nitrogen was manually applied on the
denoted plots and the experiment variants in the basic
autumn fertilization. The other half of the total amount
of nitrogen was added in the spring, with a pre-sowing
soil preparation. The sowing was performed by a
pneumatic 12-row sowing machine in the optimal agro-
technical period for this area, whereas harvesting was
performed by a combine harvester for the Wintersteiger
experiment types. The seeds quantity obtained was
weighed for each plot and converted into kg ha'. The
precipitation amount and distribution in the soybean
growing season (from April to September) in a trien-
nial research varied significantly and differently affected
the dynamics of soil water content. Accordingly, the
number and schedule of irrigation ration differed, too. In
the first year of research, 105 mm of water was added
to the variant A2 in three equal irrigation rations. The
total amount of added water in the variant A3 was 210
mm. A total of 140 mm was applied to the variant A2
and 175 mm to the A3 in 2014. In the third year of the
research, the same amount of water was added in the
same number of rations as in the first year. Soybean
was irrigated by the rain method and a self-propelled
sector sprayer (Typhon), with an average speed of 0.18
m min’, ranging from 22 to 25 m. The working pres-
sure of the sprayer water outlet was up to 2.5 bars.
The source of irrigation water was groundwater (a
nearby well). Laboratory analyses of the seed quality
were conducted in the laboratory of the Agricultural
Institute Osijek. The protein and oil concentrations were
determined by the near-infrared transmission (Infratec
S009011 Analyzer). A statistical analysis was perform
using the computer program Statistica 12 (StatSoft Inc.,
2012) and Microsoft Excel. The amount, distribution,
and intensity of precipitation, as well as that of the air
temperature, varied over the research years. All experi-
ment years were warmer than the average (by 0.78°C,
1.49°C, and 1.34°C, respectively). During the growing
season, 30 mm and 132.7 mm more precipitation fell
in the years 2013 and 2014, compared to the average,
whereas in 2015 only 315 mm fell, being 74.7 less than
the average. The drought period in the first year lasted
from July to mid-August, being in line with the stages of
flowering and seed filling. In 2014, there was a shorter
period of a lower-intensity drought. The dry period, com-
mon to this agroecological area, has not been recorded,
and a significant amount of precipitation fell in the esti-
val months. The climate indicators monitored in 2015
manifested a distinct deviation from a multiannual aver-
age for this area. The periods of higher-intensity drought
were recorded from April to June and in July, including
a part of August, which characterized this year as a dry
one, compared to a multiannual average.
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RESULTS AND DISCUSSION

A soybean seed vyield average of 3,770 kg ha
was determined with the yield variations of 3883 kg
ha-' (2013), 3803 kg ha' (2014), and 3625 kg ha’
(2015). In all research years, the irrigation applied was
justified, since the variants of rational and abundant
irrigation had a statistically very significant (P<0.01)
higher yield than the control one (Table 1-3). Climatic
conditions can cause higher variations in yield per years,
whereby the temperature régime has a slightly lower

impact than precipitation and air humidity (Josipovi¢ et
al., 2011). There were two warm estival periods in the
first and second research year, whereas this period was
extremely warm in 2015. July of the first and of the third
research year was characterized by significantly higher
air temperatures when compared to the average. The
drought period in 2013 lasted from June to August, and
thus the variant rich in irrigation proved to be justified,
since the obtained yield in the A3 variant was by 25%
higher when compared to the control one (Table 1).

Table 1. The impact of irrigation (A), nitrogen fertilization (B), and cultivar (C) on the soybean seed yield (kg ha™),
with the associated LSD (P=0.05 and P=0.01) and F values in 2013

Tablica 1. Utjecaj ¢imbenika navodnjavanja (A), gnojidbe dusikom (B) i sorte (C) na prinos zrna (kg ha’') soje s pripadajuéim

LSD (P=0,05i P=0,01) i F vrijednostima u 2013. godini

Irrigation impact on the soybean seed yield Nitrogen fertilization impact on the soybean seed yield
(kg ha™) (kg ha™)
Utjecaj navodnjavanja na prinos zrna soje Utjecaj gnojidbe dusikom na prinos zrna soje
(kg ha’) (kg ha'’)
A, 3386 B, 3781
A, 4034 B, 3866
A, 4228 B, 4001
LSD 5% LSD 1% F test LSD 5% LSD 1% F test
79.12 104.15 238.68** 98.01 129.00 9.92**
Cultivar impact on the soybean seed yield (kg ha™)
Utjecaj sorte na prinos zrna soje (kg ha™')
C, 3629
C, 3816 Significant interaction A x B
Cs 4063 Znacajna interakcija A x B
Cy 4022
LSD 5% LSD 1% F test LSD 5% LSD 1% F test
64.93 87.69 80,15** 188.72 264.59 13.45%*
Significant interaction A x C Significant interaction B x C
Znacajna interakcija A x C Znacajna interakcija B x C
LSD 5% LSD 1% F test LSD 5% LSD 1% F test
123.98 178.13 9.27** 123.98 178.13 11.83**
Significant interaction A x B x C
Znacajna interakcija Ax B x C
LSD 5% LSD 1% F test
302.07 554.50 15.24**

A1 = control, A2 = 60 — 100% RCW, A3 = 80 — 100% RCW; B1 = 0 kg N ha!, B2 = 100 kg N ha, B3 = 200 kg N ha''; C1 = Lucija, C2 = Vita, C3 = Ika, C4
= Tena; AB = irrigation x fertilization, BC = fertilization x cultivar, AC = irrigation x cultivar, ABC = irrigation x fertilization x cultivar; *=P<0.05; **=P<0.01

Similar results were obtained by Sincik et al. (2008)
in their research. The greatest effect of irrigation on yield
was recorded in 2015 (Table 3), in a longer dry period,
when the soybeans were sensitive to a water shortage
(flowering and seed filling). In the rich irrigation treat-
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ment (A3), the yield was higher by 9%, related to a
rational irrigation (A2) treatment of, i.e., it was higher by
37% when compared to the control treatment (A1). This
is in accordance with the research results by Simuni¢ et
al. (2011) and Kresovic et al. (2016).



D. Gali¢ Subasic et al.: THE EFFECT OF IRRIGATION AND NITROGEN FERTILIZATION ON ... 53

Table 2. The influence of irrigation (A), nitrogen fertilization (B), and cultivar (C) on the soybean seed yield (kg
ha™), with the associated LSD (P=0.05 and P=0.01) and F values in 2014

Tablica 2. Utjecaj ¢imbenika navodnjavanja (A), gnojidbe dusikom(B) i sorte (C) na prinos zrna (kg ha’) soje s pripadajuc¢im

LSD (P=0,05i P=0,01) i F vrijednostima u 2014. godini

Irrigation impact on the soybean seed yield Nitrogen fertilization impact on the soybean seed yield
(kg ha™) (kg ha™)
Utjecaj navodnjavanja na prinos zrna soje Utjecaj gnojidbe dusikom na prinos zrna soje
(kg ha'') (kg ha'')

A, 3624 B, 3696

A, 3840 B, 3797

A; 3945 B 3916
LSD 5% LSD 1% F test LSD 5% LSD 1% F test
93.42 122.98 23.50** 56.23 74.02 29.44%*

Cultivar impact on the soybean seed yield (kg ha™)
Utjecaj sorte na prinos zrna soje (kg ha'')

C, 3908

C, 3699 Interakcija A x B

Cs 3792 Interaction A x B

C, 3813
LSD 5% LSD 1% F test LSD 5% LSD 1% F test
72.28 97.61 11.86™* n.s. n.s. n.s.

Significant interaction A x C Significant interaction B x C
Znacajna interakcija A x C Znacajna interakcija B x C
LSD 5% LSD 1% F test LSD 5% LSD 1% F test
108.27 151.80 5.47** 138.01 198.29 46.78**
Significant interaction Ax B x C
Znacajna interakcija A x B x C
LSD 5% LSD 1% F test
336.27 617.27 9.07**

A1 = control, A2 = 60 - 100% RCW, A3 = 80 — 100% RCW; B1 = 0 kg N ha', B2 = 100 kg N ha'", B3 = 200 kg N ha'; C1 = Lucija, C2 = Vita, C3 = Ika, C4
= Tena; AB = irrigation x fertilization, BC = fertilization x cultivar, AC = irrigation x cultivar, ABC = irrigation x fertilization x cultivar; *=P<0.05; **=P<0.01

Mineral nitrogen fertilization had a very significant
effect on the soybean seed yield in the B2 and B3
treatments during all three research years. Significantly
higher soybean yields were achieved in the treatment
with 200 kg N ha, if compared to a treatment with
100 kg N ha and the 2013 and 2014 research control
(Tables 1 and 2). However, in 2015, the control yield
was significantly lower if compared to other fertiliza-
tion treatments, with no justified differences between
them (Table 3). The results obtained are in line with
some other results (Esmaili et al., 2012; La Menza et al.,
2017). The highest grain yields were achieved by the

cultivars lka (4063 kg ha') and Tena (4022 kg ha-1) in
2013 (Table 1). All soybean cultivars obtained the lowest
yield in the conditions without irrigation, whereas each
higher level of irrigation resulted in a significantly higher
soybean yield in the dry year 2015, (Table 3). Similarly,
Garcia et al. (2010) identified the genotypic differences
in the water use efficiency. Chafi et al. (2012) stated
that the irrigation and nitrogen fertilization treatments
significantly affected the seed yield of the investigated
cultivar pointing out the importance of cultivar selection
to achieve optimal yields with reduced water use.

POLJOPRIVREDA 26:2020 (2) 50-57
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Table 3. Influence of irrigation (A), nitrogen fertilization (B) and genotype (C) on soybean seed yield (kg ha") with

associated LSD (P=0.05 and P=0.01) and F values in 2015

Tablica 3. Utjecaj ¢imbenika navodnjavanja (A), gnojidbe dusikom (B) i sorte (C) na prinos zma (kg ha™') soje s pripadajuéim

LSD (P=0,05i P=0,01) i F vrijednostima u 2015. godini

Irrigation impact on the soybean seed yield Nitrogen fertilization impact on the soybean seed yield
(kg ha™) (kg ha™')
Utjecaj navodnjavanja na prinos zrna soje Utjecaj gnojidbe dusikom na prinos zrna soje
(kg ha'') (kg ha'')

A, 2999 B, 3395

A, 3772 B, 3705

A, 4104 B 3775
LSD 5% LSD 1% F test LSD 5% LSD 1% F test
159.31 209.70 97.19** 95.26 125.39 34.64**

Cultivar impact on the soybean seed yield (kg ha')
Utjecaj sorte na prinos zrna soje (kg ha™')

C, 3646

C, 334 Significant interaction A x B

C; 3761 Znacajna interakcija A x B

C, 3752
LSD 5% LSD 1% F test LSD 5% LSD 1% F test
137.75 186.01 17.14%* 183.43 257.17 18.19%*

Interaction A x C Interaction B x C
Interakcija A x C Interakcija B x C

LSD 5% LSD 1% F test LSD 5% LSD 1% F test

n.s. n.s. n.s. n.s. n.s. n.s.

Significant interaction Ax B x C
Znacajna interakcija Ax B x C
LSD 5% LSD 1% F test
640.81 1176.29 4.14%

A1 = control, A2 = 60 — 100% RCW, A3 = 80 — 100% RCW; B1 = 0 kg N ha!, B2 = 100 kg N ha, B3 = 200 kg N ha''; C1 = Lucija, C2 = Vita, C3 = Ika, C4
= Tena; AB = irrigation x fertilization, BC = fertilization x cultivar, AC = irrigation x cultivar, ABC = irrigation x fertilization x cultivar; *=P<0.05; **=P<0.01

Numerous researches have concluded that the
soybean seed oil and protein concentrations are sig-
nificantly influenced by genetic specificity, and that
the grain yield and its quality are the primary targets of
soybean breeding (Sudari¢ et al., 2009). A statistically
very significant difference (P<0.01) in the soybean
seed yield in certain experiment variants was record
in the interaction of all three factors — the irrigation,
nitrogen fertilization, and the soybean cultivar (AxBxC)
in 2013. As per all factors’ interaction, the yield range
amounted to 2,634 kg ha™' in the experiment with the
A1B1C2 variants, with a yield increase (by 2130 kg
ha') in the variant A3B3C3. An interaction of all three
factors on the 2014 yield also demonstrated a statisti-
cally very significant difference. The highest average
yield was achieved in the A1B2C3 combination of
the treatments set with the /ka cultivar (4513 kg ha™)
and the lowest one with the Vita cultivar, amounting
to 3,198 kg ha' and in the A1B2C4 combination. A
statistically significant (P<0.05) interaction of irriga-
tion and nitrogen fertilization (AxB) was found in the
seed yield in 2015. The highest yield (4,285 kg ha™)
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was obtained in the A3B3 combination, whereas the
lowest, 2,468 kg ha’', was achieved in the control
treatment. A triennial research average demonstrates
two experiment variants, characterized by a high and a
very high seed yield, compared to all other variants. In
2013, the A3B3C3 variant resulted in a yield amounting
to 4,764 kg ha’', whereas the A3B3C4 variant obtain
a yield of 4,557 kg ha™' in 2015. The A1B1C2 variant
was low and had a significantly lower yield (1981 kg
ha') in 2015. In all three research years, the protein
and oil concentrations in the soybean seeds were
recorded (data not shown) and correlations with seed
yield were established, with the significant ones being
depicted in Graph 1. The strongest negative correlation
was determined in the experiment’s last year between
the soybean seed protein and oil concentrations (r =
-0.767**, Graph 1e) and in the first year (r = -0.560%,
Graph 1b), being in harmony with some previous
researches (Popovi¢ et al., 2012). An observed nega-
tive correlation between the yield and oil concentration
(Graphs 1a, 1d) in 2013 in 2015 was confirmed by
Chung et al. (2003).
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Graph 1. The correlations between an oil concentration and the seed yield in 2013 (a), between the oil and
protein concentrations in 2013 (b), between a protein concentration and the seed yield in 2015(c), between an oil
concentration and the seed yield in 2015 (d), and between the oil and protein concentrations in 2015 (e)

Grafikon 1. Korelacije izmedu koncentracije ulja i prinosa zrna u 2013. godini (a), izmedu koncentracija ulja i bjelan¢evina
u 2013. godini (b), izmedu koncentracije bjelanCevina i prinosa zrna u 2015. godini (c), izmedu koncentracije ulja i prinosa
zrna u 2015. godini (d) te izmedu koncentracija ulja i bjelancevina u 2015. godini (e)

Popovi¢ et al. (2012) stated that a correlation of
the opposite direction led to the conclusion that the
oil content was a cultivar property. A weak correlation
of the positive direction (r = 0.376%) was determined
in 2015 between the yield and a protein concentration
(Graph 1c). The similar results were report by Esmaili
et al. (2012) and Varnica et al. (2018) in their research.

CONCLUSION

The levels of factors’ significance and justification
pertaining to the examined properties of soybeans were
determined by the research in a triennial experiment.

Irrigation affected the seed yield in all three investigated
years, since the variants of rational and rich irrigation
have demonstrated a statistically very significant higher
yield when compared to the control treatment. The
highest seed yield (4,228 kg ha') was achieve in 2013,
in the rich irrigation variant. The significantly higher
soybean yields were obtained in the treatment with 200
kg N ha', if compared to the treatment with 100 kg N
ha' and to the control one, in the research conducted in
2013 and 2014. However, in 2015, the yield in the con-
trol treatment was significantly lower when compared
to other fertilization treatments. The highest grain yields
were achieved by the cultivars /ka and Tena. Numerous

POLJOPRIVREDA 26:2020 (2) 50-57
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correlations between the investigated properties were
determined by the experiment conducted. The Strong
negative-direction correlations were found between
the oil and protein seed concentrations in the first and
in the third year of experiment. The results obtained in
the triennial research can be useful for the producers in
Eastern Croatia when selecting the cultivars and apply-
ing the agrotechnical measures (irrigation and fertiliza-
tion) to achieve the high yields and a good soybean
seed quality.
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EFEKT NAVODNJAVANJA | GNOJIDBE DUSIKOM
NA PRINOS SJEMENA SOJE S KORELACIJOM U ODNOSU
NA KONCENTRACIJU BJELANCEVINA | ULJA

SAZETAK

U radu su prikazani rezultati trogodisnjih poljskih pokusa (2013. — 2015.), s ciljem utvrdivanja utjecaja
navodnjavanja, gnojidbe dusikom i sorte te njihove interakcije na prinos i kemijska svojstva zrna soje.
Ispitivane su Cetiri sorte soje (Lucija, Vita, lka i Tena) razlicitih grupa zriobe kao pod--podc¢imbenik (C).
Analizom varijance utvrdeno je da se glavni ¢cimbenik (A — navodnjavanje) statisti¢ki vrlo znac¢ajno (P<0,01)
odrazio na prinos zrna u svima trima godinama. Podc¢imbenik (B — gnojidba dusikom) imao je utjecaja na prinos
zrna zavisno o godini istraZivanja, dok je pod-pod¢imbenik (C — sorta) znacajno utjecao na sva ispitivana
svojstva. Interakcije ¢imbenika i njihova znacajnost razlikovale su se prema godini istraZivanja. Ostvareni
prinos zrna u 2013. godini (3883 kg ha'') ukazuje na veliko znaéenje medusobnoga djelovanja svih éimbenika.
Tijekom istraZivanja utvrdene su korelacije izmedu prinosa sjemena i koncentracije bjelancevina i ulja.

Kljuéne rijeci: soja, navodnjavanje, gnojidba dusikom, sorta, prinos sjemena, koncentracija bjelancevina
sjemena, koncentracija ulja sjemena
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