Original scientific paper

Influence of irrigation and variety on the soybean grain yield and quality in
the no nitrogen fertilization soil condition

Marko Josipovié!, Aleksandra Sudari¢?, Rezica Sudar®, Hrvoje Plavsi¢!, Monika Markovi¢?,
Danijel Jug?, Biserka Stoji¢®

Agricultural Institute Osijek, Juzno predgrade 17, 31103 Osijek, Croatia
(marko.josipovic@poljinos.hr)
University J. J. Strossmayer in Osijek, Agricultural faculty Osijek, Svacic¢eva 1d, Osijek 31000 Osijek,
Croatia,
3Petrokemija d.d., Kutina, Aleja Vukovar 4, 44320 Kutina, Croatia

Abstract

Soybean as wide spread crop in eastern Croatia is planted on 45888 ha with grain yield 2.0 t
hal. The treatments in the field trials were growing season (GS, main factor, A: Al=year
2010; A2= year 2011; A3= year 2012), irrigation rate (IR, sub factor, B: Bl=control, no
irrigation, B2= soil water content maintained from 60% to 100% of field water capacity
(FWC), B3= soil water content maintained from 80% to 100% of FWC) and soybean varieties
(sub sub-factor, C: Cl=Lucija, C2=Vita, C3=lka and C4=Tena, created at Agricultural
Institute Osijek). The objective of this study was testing irrigation and genotype impact on
grain yield, oil and protein content at the soybean in the no nitrogen fertilization soil
conditions. Therefore, the nitrogen potential in three climatically different growing seasons in
natural, field conditions has been tested. Mean soybean grain yields were 3436 kg ha, 3678
and 3633 kg ha in year 2010, 2011 and 2012, respectively. Irrigation and soybean variety
had statistically significant impact on soybean grain yield, while growing season not.
Growing season, irrigation and soybean variety resulted by statistical significant impact on oil
content, while growing season on protein content, only.
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Introduction

Soybean is wide spread crop in eastern Croatia and in the ten years (2000-2009) mean
soybean harvested area was 45888 ha with average grain yield 2.0 t ha (Central Croatian
Bureau of Statistic, 2010). Grain yields of soybean varied in close connection with amount
and distribution of precipitation during the growing season (Vuci¢ and BoSnjak, 1980;
Josipovi¢ et al., 2006; Bosnjak 2008; Kovacevi¢ et al., 2010; Josipovi¢ et al. 2010) and N
fertilization (Bharati et al., 1986), intensity and longings of dry period in different growing
stage (Rao and Reddy, 1990; Dragovié¢, 1994; Brevedan and Egli, 1978; Bosnjak, 2008),
properties of cultivars (Sudari¢ et al., 1996; Sudari¢ et al., 2004; Sudari¢ et al., 2009) soil
properties and performing of other agro-technical measures (Sudari¢ et al., 2009; Fehr, 1983
and Specht et al., 1999 according to Sudaric et al., 2004). Some general aspects of irrigation
effects were shown by Madar and Vratari¢ (1980); Vuci¢ and Bosnjak (1980); Bosnjak et al.
(2008); Josipovi¢ et al. (2010). Studies of Bosnjak (2008), Josipovi¢ et al. (2010) and Peji¢ et
al. (2012) confirmed that the highest soybean grain yield was when the soil water content was
maintained from 60% field water capacity (FWC) to 100% FWC. The mentioned authors also
confirmed that maintenance soil water content from 80% FWC to 100% FWC resulted in
same or lower grain yield on the irrigation control treatment. Vuéi¢ (1976) confirmed that
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irrigation, in most cases of growing soybean, increased grain yield by 30% while Madar and
Vratari¢ (1980) achieved higher grain yield, from 23% to 49%. The ,,very dry and warm
year“, 2012 are in accordance to Madar and Vratari¢ results.

Irrigation is very important factor of stable soybean grain yield (Sorensen and Penas, 1978;
Juri¢ et al., 1995; Josipovi¢ et al., 2010) and soybean cultivar are also important. Thus,
Josipovi¢ et al. (2010) concluded that irrigation and N fertilization resulted in statistically
significant difference in soybean grain yield in the four year investigations. The highest
soybean grain yield, 4.13 t ha achieved when soil moisture was maintained from 60% to
100% FWC and 100 kg ha* N. De Mooy et al. (1973) and Welch et al. (1973), according to
Brevedan et al. (1978a), Brevedan et al. (1978b) confirmed that N fertilization effect on grain
yield soybean reduced soybean grain yield. Bhangoo et al. (1972), Johnson and Hume (1972),
Lyons and Earley (1972) and Mederski et al. (1958, cit. Sorensen and Penas, 1978) confirmed
small increasing soybean grain yield (as influence of N fertilization). Opposite the mentioned
results, Beard and Hoover (1971), Lyons and Early (1952), Mederski et al. (1958), Wagner
(1962), Welch et al. (1973, cit. Sorensen and Penas, 1978), Juri¢ et al. (1995) confirmed that
N fertilization did not result in growing soybean grain yield. Soybean protein and oil content
are in close connection in total amount and usually is from 60% to 65%. It content is property
of cultivar but growing season with soil properties and applied soil cultivation has considered
impact on that. The objective of this study was testing irrigation and genotype impact on
soybean grain yield under the no nitrogen soil fertilization. Thus will be tested nitrogen
potential in three climatically different growing seasons in natural, field conditions.

Material and methods

In this paper influence of three growing seasons, irrigation rate (IR) and soybean varieties was
tested on the grain yield and grain quality on no nitrogen (N) fertilization, under field
conditions in Osijek (Croatia) humofluvisol, semi deep, no calcareous soil type. The soil had
retention water capacity near 38.5% volume. The growing season (GS, main factor, A) were:
Al=year 2010; A2=year 2011; A3=year 2012. Irrigation rate (IR) was sub factor, B:
B1=control, no irrigation, B2=soil water content maintained from 60% to 100% of FWC and
B3=soil water content from 80% to 100% of FWC.

Table 1. Irrigation water distribution on the irrigation treatments (B1, B2 and B3) during the
investigation, 2010 - 2012

No of IR and amount of water, mm  Rainfall ~ Total water amount per trea-

Growing A2 treatment A3 treatment mm tment, irrigation+rainfall, mm
season Noof applied Noof applied inGS

IR water IR water mm Al A2 A3
2010 2 70 4 140 676 676 746 811
2011 4 140 7 245 246 246 386 491
2012 5 175 8 280 293 293 368 573
Mean 3.7 128 6.3 222 405 405 500 625

Amount of water added by IR was as follows: B1=control treatment; B2=twice by 35 mm and
B3=four times by 35 mm (in year 2010); B1l=control treatment; B2=4 time by 35 mm and 7
times by 35 mm (in year 2011); B1= control treatment; B2=5 time by 35 mm and 8 times by
35 mm (in year 2012, Table 1). Average total water amount in tree year was 405 mm, 500 and
625 mm, on the B1, B2 and B3 treatment, respectively. N fertilization was zero kg ha’
(during the last 6 years). The 100 kg ha* P,Os and 150 kg ha? K2O were applied in form of
NPK 0:20:30 fertilizers (500 kg ha as a basic and pre sowing fertilization, split in twice).



Soybean cultivars (sub sub-factor C) were Cl=Lucija, C2=Vita, C3=lka and C4=Tena,
created at Agricultural Institute Osijek.

The field trial experiments were designed as three factorial methods with randomized blocks
design in three replications. Experimental basic plot of soybean cultivar (C) was 30 m?
irrigation plot (B) 120 m?. Self-propelled sprinkler for irrigation was used. Soybean was
planted in the middle of April and harvested at the October. An Infratec 1241 Grain Analyzer
at the Agricultural Institute Osijek was used for the analyses of protein, oil and starch
concentrations with ready-to-use calibrations. Planned plant densities were 550 plants m™.
Soybean grain yield was calculated on 13% grain moisture basis. The given data was
statistically performed by SAS, model GLM, three factorial trial design. Growing season
2010 was very wet, 2011, dry and warm, 2012 very dry and very warm (Table 2). Rainfall
shortage, especially during July is in close connection with low yields of spring crops in
Croatia (Kovacevi¢ et al. 2010), but also wet years in soybean crop production (Josipovi¢ et
al., 2011.).

Table 2 Mean air temperatures (°C) and amount of rainfall (mm) in Osijek region in growing
season 2010-2012, and 30-year mean (Osijek, Weather Bureau)
Osijek Weather Bureau: years 2010-2012 and long-term mean (LTM: 1971-2000)

Month Rainfall in growing season, mm Temperature in growing season, °C

2010 2011 2012 LTM 2010 2011 2012 LTM
April 12.4 13.2 12.5 54.1 71 20 47 11.3
May 16.5 16.7 16.9 58.9 121 81 9 16.5
June 20.4 20.8 22.5 83.5 234 50 68 19.4
July 23.2 22.2 24.8 66.6 32 74 48 21.1
Aug. 21.7 23.1 24.1 59.6 111 5 4 20.3
Sept. 15.6 20.3 18.9 51.8 108 16 32 16.6
Aprl- g3 194 200 3683 676 246 203 175

June

Results and discussion

Grain yield of soybean is one of the most important properties for both breeders and
producers. Seed vyield is comprehensive property and it consists of many components of
guantitative parameters, whose genetic base is polygenic (Sudaric, 1999). Mean soybean grain
yields were 3436 kg ha*, 3678 and 3633 kg ha™ in year 2010, 2011 and 2012, respectively
(Table 3).

Year as main factor have no statistical significant difference in only three years, in spite some
investigations indicate that. But, that is expected that year 2011 was more convenient for
soybean production. In very wet year, 2010 was the lowest grain yield. In spite that year 2012
was very dry and warm, soybean had moderate grain yield, which indicate that soil fertility
potential is very good. These results are in close connection with Kovacevi¢ et al. (2010),
Josipovi¢ et al. (2010) which proved impact of climate conditions (environment effect = clime
conditions + soil conditions + agro technical practice + their interactions).

Irrigation, both treatments (B2 and B3) resulted in high statistically difference (P>0.01), in
soybean grain yield toward control treatment (B1, no irrigation, Table 3). Irrigation treatments
showed statistical almost same results, that is good basis for recommend B2 treatment, well,
reduced irrigation and production costs in soybean production. It is in a close connection with
investigation of Madar and Vratari¢ (1980), Vuci¢ and Bosnjak (1980), but only partly with
Bosnjak (2008) and Josipovi¢ et al. (2010).



Cultivar effect (C) in seed yield resulted in high statistically influence (P>0.01). Thus variety
Tena (C4) yielded 3707 kg ha™, which is better than two other cultivars, and the most
widespread cultivar Ika was on the same level. Interaction effect, year and irrigation and year
and cultivar were statistically high significant.

Table 3. Influence of growing season, irrigation and variety of soybean on grain yield with no nitrogen
fertilization

A B1 (control treatment) B2 (60-100% FWC) B3 (80-100% FWC)
CirL|cc|c3|ca]cr|ca]ca|ca|ci]c2|c3 ]| c4
Soybean grain yield (kg/ha)
Al | 3505 | 3363 | 3571 | 3399 | 3470 | 3393 | 3479 | 3302 | 3595 | 3439 | 3375 | 3344
A2 | 2908 | 2321 | 2926 | 3145 | 3942 | 3843 | 4191 | 4462 | 3510 | 4200 | 4209 | 4477
A3 | 2660 | 3033 | 3183 | 3106 | 3585 | 4224 | 3786 | 3711 | 3240 | 4299 | 4357 | 4416
XBC | 3024 | 2906 | 3227 | 3217 | 3666 | 3820 | 3819 | 3825 | 3448 | 3979 | 3980 | 4079
Interaction AB Interaction AC Mean
Bl B2 B3 Cl C2 C3 C4 A
Al 3460 3411 3438 Al | 3523 | 3399 | 3475 | 3348 | 3436
A2 2825 4110 4099 A2 | 3453 | 3455 | 3775 | 4028 | 3678
A3 2996 3827 4078 A3 | 3162 | 3852 | 3776 | 3744 | 3633
X B 3094 3782 3872 xC | 3379 | 3568 | 3675 | 3707 | 3582
Analyze of variance A B C AB AC BC ABC
LSD 5% n.s. 173 192 332 367 n.s. n.s.
LSD 1% n.s. 227 259 466 527 n.s. n.s.
F test n.s. 46.83** | 5.00** | 13.88** | 4.52** n.s. n.s.

Note: growing season (A: Al=year 2010, A2=year 2011, A3=year 2012), irrigation treatment (Bl=control,
B2=60-100% maintenance of field water capacity, FWC, B3=80-100% FWC) and variety (C: Cl=Lucija,
C2=Vita, C3=lka, C4= Tena)

Table 4. Influence of growing season, irrigation and variety on soybean oil content with no nitrogen
fertilization

Influenced of on soybean grain yield
A B1 (control treatment) B2 (60-100% FWC) B3 (80-100% FWC)
CiL|c2|c3|ca]c1|c2]c3g|cafcr]c2|c3 ]| c4
Soybean oil content (%)
Al | 220 |22.0 | 216 |213 |21.7 |21.2 |20.8 |21.0 [220 |21.3 |21.1 |20.8
A2 | 241 | 233 | 226 |23.0 |23.0 |225 |219 |223 |[226 |221 |21.7 |220
A3 [ 235 | 231 | 225 [223 |23.0 |232 |227 |227 |233 |22.7 |229 |22.7
xBC | 232 | 228 [ 223 | 222 |226 [223 |21.8 | 220 [22.6 |22.0 [219 |219
Interaction AB Interaction AC Mean
Bl B2 B3 C1 C2 C3 C4 A
Al 21.7 21.2 21.3 Al 21.9 21.5 21.2 21.0 214
A2 23.3 22.4 22.1 A2 23.2 22.6 22.1 22.4 22.6
A3 22.9 22.9 22.9 A3 23.3 23.0 22.7 22.6 22.9
x B 22.6 22.2 22.1 xC | 2238 22.4 22.0 22.0 22.3
Analyze of variance A B C AB AC BC ABC
LSD 5% 0.19 0.28 0.16 n.s. 0.30 n.s. n.s.
LSD 1% 0.25 0.37 0.21 n.s. 0.44 n.s. n.s.
F test 128.1** | 7.81** | 47.72** n.s. 2.34* n.s. n.s.

Note: growing season (A: Al=year 2010, A2=year 2011, A3=year 2012), irrigation treatment (Bl=control,
B2=60-100% maintenance of field water capacity, FWC, B3=80-100% FWC) and variety (C: Cl=Lucija,
C2=Vita, C3=lka, C4= Tena)



Mean soybean oil content in the three year trials was 21.4%, 22.6 and 22.9% in year 2010,
2011 and 2012, respectively (Table 4). Year as main factor, irrigation as sub factor and
variety as sub sub-factor have had statistical significant difference in oil content in soybean
grain. Mentioned results are similar to Breene et al. (1988). B2 and B3 irrigation treatment
resulted by lower oil content then control treatment, which induce that rational irrigation is
good solution for practice application. Variety Lucija have the highest oil content (22.8%).

Interaction of year and variety also resulted by statistical significant effect of oil in soybean
grain.

Protein content resulted with statistical significant impact between all tested growing seasons
and was 40.5, 38.2 and 39.0% in year 2010, 2011 and 2012, respectively (Table 5). In very
wet year 2010, protein content was significantly higher than other two, dry and very dry
years. Irrigation treatments have no statistical significant impact to soybean grain protein
content that is recommended use B2 treatment, as cheaper. Cultivars also have no statistical
significant impact in three tested years what is unusual for four varieties.

Table 5. Influence of growing season, irrigation and variety on soybean protein content with no
nitrogen fertilization

Influenced of on soybean grain yield
A B1 (control treatment) B2 (60-100% FWC) B3 (80-100% FWC)
CirL|cc|c3|ca|cr|ca]ca|ca|ci]c2|c3 ]| c4
Soybean protein content (%)

Al | 405 |399 |399 |40.0 |40.6 |41.0 |41.0 |40.3 [40.6 |41.0 |40.4 |40.6
A2 | 348 |369 |381 |37.2 | 383 |386 (393 |385 394 |395 |39.0 389
A3 [39.2 | 39.2 | 39.6 [40.0 | 39.7 |385 [384 |386 [39.1 |388 |38.0 |38.6
xBC | 38.2 | 387 [39.2 |39.1 [395 |394 |395 [39.1 |39.7 |39.7 |39.1 | 394
Interaction AB Interaction AC Mean
Bl B2 B3 C1 C2 C3 C4 A
Al 40.1 40.7 40.6 Al 40.6 40.6 40.4 40.3 40.5
A2 36.7 38.7 39.2 A2 375 38.3 38.8 38.2 38.2
A3 39.5 38.8 38.6 A3 394 38.8 38.7 39.1 39.0
x B 38.8 39.4 39.5 xC | 391 39.3 39.3 39.2 39.2
Analyze of variance A B C AB AC BC ABC
LSD 5% 0.40 n.s. n.s. 1.10 0.65 0.65 1.58
LSD 1% 0.53 n.s. n.s. 1.55 0.93 0.93 291
F test 63.89** n.s n.s 6.19** | 4.65** | 3.92** | 2.05*

Note: growing season (A: Al=year 2010, A2=year 2011, A3=year 2012), irrigation treatment (Bl=control,
B2=60-100% maintenance of field water capacity, FWC, B3=80-100% FWC) and variety (C: Cl=Lucija,
C2=Vita, C3=lka, C4= Tena)

Conclusions

Year as main factor have no statistical significant difference in soybean grain yield. Irrigation,
both treatments resulted in high statistically difference, in soybean grain yield toward control
treatment. Cultivar effect in seed yield resulted in high statistically influence. Interaction
effect, year and irrigation and year and cultivar were statistically high significant. Year as
main factor, irrigation as sub factor and variety as sub sub-factor have had statistical
significant difference in oil content in soybean grain. Protein content resulted with statistical
significant impact between all tested growing seasons and was 40.5, 38.2 and 39.0% in year
2010, 2011 and 2012, respectively. Irrigation treatments have no statistical significant impact
to soybean grain protein content that is recommended use B2 treatment, as cheaper.
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