RESPONSE OF SOYBEAN TO FOLIAR FERTILIZATION WITH MAGNESIUM SULFATE (EPSOM SALT)
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Abstract

Six cultivars of soybean (Glycine max (L.) Merr.) maturity groups 0 and I were evaluated in relation to the response to foliar fertilization with two levels of Epsom salt (ESFF) on grain yield, protein and oil content in grain. A field study conducted in Eastern Croatia during four years (1998-2001).The obtained results showed significant increasing of grain yield, protein and oil content in grain affected by ESFF. At investigated traits were non significant differences between two treatment levels. Interaction ESFF with cultivars as well as with years was significant, respectively. 
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Introduction

The importance of magnesium sulfate (Epsom salt and kieserite) in plant fertilization is due to content of considerable amounts of nutrients magnesium and sulfur, which contribute to format quantity and quality of grain. Uebel (1999) summarized results of field experiments with magnesium sulfate conducted in some European countries that have been shown mainly excellent effects on yield of different crops, such as sugar beet, sunflower, potato and legumes. However, there are not many available reports about the effects of these nutrients on soybean yield, i.e., quantity and quality. We presume that soybean yield and quality are possible to increase by adequate fertilization practice, including Epsom salt (MgSO4.7H2O) foliar fertilization.
Material and methods

Six soybean domestic commercial cultivars (cvs.) maturity groups (MGs) 0 and I were evaluated in relation to response to foliar fertilization (FF) with Epsom salt on grain yield and grain quality. A field study conducted in Eastern Croatia during four years (1998-2001) on eutric cambisol soils. Field trials (RCBD, four replications, plot 9.0 m2) were sown in soybean optimal time by small plot drill on the planned plant density 55-60 plantm-2. FF with Epsom salt (product of K+S KALI GmbH, Germany; 5% w/v solution in amount 400 Lha-1) was applied on standard fertilization (kgha-1: 70N+90P2O5+90K2O) in two levels: FF 1x and FF2x, plus control plot (untreated). The amounts (kgha-1) of nutrients added by foliar fertilization were: 3.2 MgO and 2.3 S (FF1x) and 6.4 MgO and 4.6 S (FF2x). The first FF was made in the soybean stage V2-V3 and the second FF ten days later (FF 2x treatment only) before the R1 soybean stage. Harvest was done by a small plot harvest combine. After harvest, grain yield was measured from each plot and converted into kgha-1 on 13% seed moisture. Protein and oil contents in grain were determined from the average grain sample per each plot by Infratec 1241 Analyzer. Data were processed by three-factor analysis of variance and LSD test with the general linear models procedure (GLM) of the SAS software package (SAS, 2001). According to weather conditions during study, mostly there were normal for soybean growing, with partly exceptions during 2000 (dry period) and 2001 (precipitation excess).

Results and discussion

Results of the research showed significant variability of grain yield affected by cultivars, years and ESFF (Table 1), implying on genetic diversity of tested
Table 1. Influences of year, ESFF and cultivar on soybean grain yield (kgha-1)

	Year
	MgSO4
	Soybean cultivar 
	Mean

	(A)
	(B)
	Kuna
	Una
	Nada
	Ika
	Lika
	Tisa
	

	1998

1999

2000

2001
	
	3420

4449

3730

3968
	3336

3548

4154

3393
	3824

4133

3584

4217
	4173

4728

4334

4546
	2999

4615

2917

3980
	3331

4229

4117

4383
	3514

4283

3806

4082

	Mean
	3892
	3608
	3939
	4445
	3627
	4015
	

	
	Control

FF 1x

FF 2x
	3696

3985

3994
	3521

3638

3664
	3769

4015

4034
	4438

4447

4451
	3546

3690

3646
	3885

4047

4113
	3809

3971

3984

	
	
	1998
	1999
	2000
	2001
	

	
	Control

FF 1x

FF 2x
	3458

3556

3528
	4203

4328

4320
	3713

3833

3872
	3863

4166

4215
	

	LSD 5%

LSD 1%
	A: 81

     108
	B:  133

      355
	C: 100

     132
	AB: 136

       185
	AC:105

      169
	BC: 194

        311


materials, environmental diversity during research as well as soybean response to ESFF. At the 4-years average, ESFF resulted by moderate yield increases up to 5% compared to the control. Differences of yield between FF1x and FF2x  were non significant. Concerning to cultivar response to ESFF, non-significant differences of yields were found for cvs. Una, Ika and Lika, while at cvs. Kuna, Nada and Tisa grain yield significant increased. It suggested on cultivars diversity in response to ESFF. Interaction year x ESFF resulted by significant yield increases by 9% compared to the control only in the 2001 growing season. Regarding presented results in Table 2, evidently is that protein content in soybean grain was significantly different among cultivars and years. ESFF resulted by significant increases of protein contents in grain relative to control. 

Table 2. Influences of year, ESFF and cultivar on soybean grain quality traits 

	Year
	MgSO4
	Soybean cultivar (C)
	Mean

	(A)
	(B)
	Kuna
	Una
	Nada
	Ika
	Lika
	Tisa
	

	
	Protein content in grain (%  in ADM)

	1998

1999

2000

2001
	
	38.53

38.46 37.68  39.47
	38.87

39.44

38.87

39.67
	39.49

39.53

39.27

39.60
	38.78

38.79

38.49

39.49
	38.98

38.18

37.53

38.51
	39.49

39.44

39.34

39.53
	39.03

38.97

38.53

39.38

	Mean
	38.54
	39.21
	39.47
	38.89
	38.30
	39.45
	

	
	Control

FF 1x

FF 2x
	38.03

38.73

38.85
	39.07

39.25

39.39
	39.10

39.58

39.72
	38.37

39.09

39.20
	37.98

38.45

38.48
	39.18

39.58

39.60
	38.62

39.11

39.21

	
	
	1998
	1999
	2000
	2001
	

	
	Control

FF 1x

FF 2x
	38.66 

39.13 

39.28 
	38.65 

39.02 

39.25 
	38.20 

38.69 

38.70 
	38.93 

39.61 

39.60 
	

	LSD 5%

LSD 1%
	A:  0.31

      0.57
	B: 0.27

     0.50
	C: 0.31

    0.48
	AB: 0.41

       0.63
	AC: 0.51

        0.71
	BC: 0.46

       0.66

	
	
	Oil content in grain  (% in ADM)

	1998

1999

2000

2001
	
	20.81

20.35

21.40

21.17
	21.50

20.25

21.40

20.81
	21.73

20.34

21.62

20.14
	20.64

20.44

21.65

20.37
	21.19

20.54

20.79

20.99
	21.38

20.49

21.05

20.73
	21.21

20.40

21.32

20.70

	Mean
	20.93
	20.93
	20.96
	20.77
	20.88
	20.91
	

	
	Control

FF 1x

FF 2x
	20.50

21.20

21.10
	20.39

21.31

21.25
	20.40

21.23

21.24
	20.32

20.95

21.05
	20.66

20.98

21.00
	20.42

21.21

21.11
	20.45

21.15

21.12

	
	
	1998
	1999
	2000
	2001
	

	
	Control

FF 1x

FF 2x 
	20.76

21.47

21.40
	19.93

20.60

20.67
	20.72

21.66

21.58
	20.39

20.86

20.85
	

	LSD 5%

LSD 1%
	A: 0.31

    0.57
	B: 0.36

    0.84
	C:  n.s.

     n.s.
	AB: 0.41

       0.63     
	AC: 0.51

        0.71
	BC: 0.46

       0.66


Differences between FF1x and FF2x was non significant. Interaction ESFF x cultivar was significant, only at cvs. Una and Tisa was non-significant. Significant influence of ESFF on protein contents every year were found by increases up to 0.67% compared to the control. Analysis of variance showed significant variability in oil content under influence of year and ESFF and non significant under influence of cultivars (Tab. 2). ESFF resulted by moderate oil content increases, but without significant differences between FF1x and FF2x. Interaction ESFF x cultivar was non-significant only at cv. Lika. At remaining cultivars, oil increases was from 0.70% to 0.92%. Significant influences of ESFF on oil contents in every tested year were found. The highest effect was in the arid 2000 year. Similar findings about soybean grain yield and grain quality response to foliar fertilization with magnesium and sulfur have been reported by Kovacevic et al. (1991), Araie and Chapie (1999), Sfredo and Klepker (2004) as well as general report given by deMooy et al (1973), Johnson (1987), Uebel (1999), Vrataric and Sudaric (2000), Heatherly and Elmore (2004). 

In conclusion, the obtained results of this research suggested on positive effect of foliar fertilization with Epsom salt on soybean grain yield and grain quality without significant differences between studied levels of treatments, what is important factor by economic aspect of plant fertilization. 
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