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INFLUENCES OF GENOTYPE AND POTASSIUM FERTILIZATION ON NUTRITIONAL STATUS OF MAIZE ON K-FIXING SOIL
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Abstract: 

Five hybrids were grown on Gundinci gleysol for four growing seasons (2001-1004). Two ameliorative  rates of K as KCl were applied  (500 and 1250 kg K2O/ha) on standard fertilization. The ear-leaf of maize was taken at beginning of silking of the second year of testing from the control and 1400 kg K2O ha-1 treatments. n general, heredity was more influencing factor of maize nutritional status  (the ear-leaf composition) compared to KCl fertilization. ery high influences of genotype (in the brackets: % higher value of the highest  compared to the lowest concentration: means in level of the hybrid) were found for chromium (93%), barium (35%), copper and strontium (30%). Considerable lower differences among the hybrids were found for  phosphorus and sulphur (10%), boron and calcium (15%) and zinc (18%),  while for remaining elements  they were between 22% and 24% ( K, Mg, Fe, Na, Mn and Al). The highest rate of KCl resulted in significant increases of maize yield of 14%, 24% and 12%, for 2001, 2002 and 2003, respectively; while in the fourth year similar yields were found. The OsSK552 and Bc5982 hybrids (mean 8.70 t/ha) were more susceptible to soil stress in comparison with OsSK444 and OsSK458 (9.7 t/ha). 
Key words: potassium fertilization, maize hybrids, K-fixing soil, ear-leaf composition, yield

INTRODUCTION
      Low potassium (K) supplies and oversupplies of available magnesium (Mg) have been found in some hydromorphic soils of the Eastern Croatia situating in area of Zupanja and Slav. Brod part of the Sava valley area.  A tendency of maize to stalk lodging at maturity, especially during moist weather in the autumn, as well as typical symptoms of K deficiency (edge necrosis of leaves and growth retardation) could be found in this area. Based on our earlier investigations, by adequate K fertilization (2( (10( and by choice of more tolerant hybrids (9( is possible to overcome problem of unbalanced K supplies. Similar nutritional problems were found on calcareous chernozem in Hungary (7(. In this study, influences of hybrids and fertilization with potassium chloride (KCl) on nutritional status of maize (leaf composition) were tested, while   yields were elaborated in the previous study (9(. 
MATERIALS AND METHODS
The field experiment

      Five maize (Zea mays L.) hybrids (OsSK444, OsSK458, OsSK552, Bc5982 and Florencia) were grown on Gundinci gleysol (Brod-Posavina County) for four growing seasons (2001-1004). Two ameliorative  rates of K as KCl were applied  (500 and 1250 kg K2O/ha) on standard fertilization (kg/ha: 170 N + 100 P2O5 + 150 K2O) at the beginning of April 2001. Standard fertilization in level of control were applied for the complete experimental plot in the next three years of testing. The field trial was carried out by split-plot method in four replicates. Experimental plots measured 165 m2 and 33 m2, for fertilization and hybrid, respectively. The yield and stalk lodging data were  shown in the previous study (9(. 
Sampling and sample chemical and statistical analysis

The ear-leaf of maize was taken at beginning of silking of the second year of testing (July 24, 2002) from the control and 1400 kg K2O ha-1 treatments (25 leaves in the mean sample). Three soil samples were taken with auger to 30 cm of depth before the field experiment conduction (end of March 2001). The total amount of the elements in the leaf samples was measured by the ICP-AES technique after their microwave digestion using concentrated HNO3+H2O2. Plant available P and K in soil was determined by AL-method (4(. Mobile fraction of the elements in soil was also determined by ICP-AES after their extraction by ammonium acetate-EDTA (pH 4.65) solution by Lakanen and Ervio method (11(.  Soil reaction and organic matter were determined according ISO (5( (6(. Statistical calculations of the data were made according the model of two-factorial trial (A = fertilization, B = hybrid) according Mead et al.  (13(.  
The soil characteristics

Moderate supply of plant available K and its unbalance with available Mg are the main characteristics  of the experimental plot. Mobile fraction of other nutrients is mainly adequate for plant growth. Harmful elements status is low with aspect of sustainable environment (Table 1). Similar soil characteristics, but in more degree of nutritional unbalances including strong K-fixation, were found In a circle of about 5 km distance from this plot (10((14((15(.  
Table 1. Chemical properties of the experimental soil

	Soil properties  (means of three samples at end of March 2001; 0-300 mm depth)

	
	
	Concentrations (mg/kg) in 0-30 cm soil depth

	pH
	%
	AL-method
	Lakanen-Ervio (11( method

	H2O
	KCl
	Humus
	P2O5
	K2O
	P
	K
	Ca
	Mg

	6.72
	6.15
	2.64
	199.0
	92.7
	128
	122
	4770
	768

	Concentrations (mg/kg) in 0-30 cm soil depth – Lakanen-Ervio method (11(

	S
	Fe
	Zn
	Mn
	Cu
	Ba
	Sr
	Cd
	Pb

	10.4
	215
	2.6
	112
	4.7
	48
	10.8
	0.11
	8.2

	Na
	Ni
	Co
	Al
	B
	Mo
	Hg
	Se
	As

	18.9
	0.74
	1.39
	132
	<0.23
	<0.02
	<0.24
	<0.46
	<0.32


RESULTS AND DISCUSSION 
    In general, heredity was more influencing factor of maize nutritional status  (the ear-leaf composition) compared to KCl fertilization (Table 2). For example, only molybdenum status had non-significant differences among the hybrids. Very high influences of genotype (in the brackets: % higher value of the highest  compared to the lowest concentration: means in level of the hybrid) were found for chromium (93%), barium (35%), copper and strontium (30%). Considerable lower differences among the hybrids were found for  phosphorus and sulphur (10%), boron and calcium (15%) and zinc (18%),  while for remaining elements  they were between 22% and 24% ( K, Mg, Fe, Na, Mn and Al).

    The Florencia  had the lower leaf P ( 0.31% P) compared to remaining four hybrids (mean 0.33% P). The Bc5982  had  the highest  leaf K (1.79% K) and it was significant higher than in OsSK444 and Florencia (mean 1.46% K). The OsSK552 and Bc5982 had the significant higher leaf Ca (mean 0.73% Ca)  compared to remaining three hybrids (mean 0.65% Ca). The OsSK552 had theconsiderably higher leaf Mg (0.61% Mg) compared to the OsSK444 (0.49% Mg). The OsSK458 and OsSK552 had the higher leaf S (0.24% S) comapred to remaining three hybrids (0.22% S).  OsSK444 and Florencia had the significant higher leaf Zn (mean 19.6 mg Zn kg-1) than OsSK552 (16.9 mg Zn kg-1). OsSK552 had considerably higher leaf Fe (236 mg Fe kg-1) compared to remaining four hybrids (mean 194 mg Fe kg-1). Also, OsSK552 characterized  considerably higher leaf Cu (19.7 mg Cu kg-1) compared to  OsSk444 and Florencia (mean 15.7 mg Cu kg-1). OsSK444 had  considerably higher leaf Mn (35.2 mg Mn kg-1) compared to Bc5982 and Florencia (mean 29.2 mg Mn kg-1). Also, OsSK444 had the considerably higher leaf B and Na (6.0 mg B and 25.7 mg Na g-1) compared to remaining four hybrids (means 5.3 mg B and 21.4 mg Na  kg-1).   

Table 2. Influences of KCl fertilization (spring 2001) and hybrid on maize nutritional status 
	The ear-leaf composition (in dry matter) of maize at silking stage (July 24, 2002): influences of KCl fertilization in spring 2001 (factor A) and hybrid (factor B)

	K2O
	Maize hybrid (factor B)*
	Mean
	Maize hybrid (factor B)*
	Mean

	kg ha-1
	H1
	H2
	H3
	H4
	H5
	A
	H1
	H2
	H3
	H4
	H5
	A

	
	Phosphorus (% P)
	
	Potassium (% K)
	

	150
	0.34
	0.36
	0.35
	0.34
	0.31
	0.34
	1.18
	1.32
	1.28
	1.37
	1.13
	1.26

	1400
	0.34
	0.31
	0.31
	0.32
	0.32
	0.32
	1.70
	1.99
	1.88
	2.22
	1.85
	1.93

	Mean B
	0.34
	0.33
	0.33
	0.33
	0.31
	
	1.44
	1.66
	1.58
	1.79
	1.49
	

	LSD 5%
	A: 0.010
	B: 0.016
	AB: 0.023
	
	A:0.07
	B: 0.10
	AB: 0.15
	

	LSD 1%
	     0.014
	     n.s.
	        n.s.
	
	    0.09
	    0.14
	        0.20
	

	
	Calcium (% Ca)
	
	
Magnesium (% Mg)
	

	150
	0.67
	0.70
	0.76
	0.81
	0.69
	0.72
	0.59
	0.64
	0.74
	0.71
	0.69
	0.67

	1400
	0.61
	0.63
	0.68
	0.67
	0.64
	0.64
	0.39
	0.43
	0.48
	0.43
	0.43
	0.43

	Mean B
	0.64
	0.66
	0.72
	0.74
	0.66
	
	0.49
	0.53
	0.61
	0.57
	0.56
	

	LSD 5%
	A: 0.02
	B: 0.03
	AB: 0.04
	
	A:  0.03
	B: 0.05
	AB: n.s.
	

	LSD 1%
	     0.03
	    0.04
	       n.s.
	
	      0.05
	     0.07
	
	

	
	Sulphur (% S)
	
	
Zinc (mg Zn kg-1)
	

	Mean B
	0.22
	0.24
	0.24
	0.22
	0.22
	
	20.0
	18.6
	16.9
	18.0
	19.2
	

	LSD 5%
	A: n.s.
	B: 0.01
	AB: n.s.
	
	A: n.s.
	B: 1.8
	AB:  n.s.
	

	LSD 1%
	
	    0.02
	
	
	

	     n.s.
	
	

	
	Iron (mg Fe kg-1)
	
	Copper (mg Cu kg-1)
	

	Mean B
	197
	190
	236
	198
	191
	
	16.3
	18.5
	19.7
	18.7
	15.1
	

	LSD 5%
	A: n.s.
	B: 32
	AB: n.s.
	
	A: n.s.
	B: 1.6
	AB: n.s.
	

	LSD 1%
	
	    n.s.
	
	
	
	     2.1
	
	

	
	Manganese (mg Mn kg-1)
	
	Boron (mg B kg-1)
	

	150
	36.9
	37.5
	36.7
	31.5
	30.8
	34.7
	5.8
	5.4
	4.9
	5.0
	5.1
	5.2

	1400
	33.6
	28.6
	31.1
	26.3
	28.2
	29.6
	6.1
	5.1
	5.4
	5.6
	6.1
	5.7

	Mean B
	35.2
	33.1
	33.9
	28.9
	29.5
	
	6.0
	5.2
	5.2
	5.3
	5.6
	

	LSD 5%
	A: 1.6
	B: 2.5
	AB: n.s.
	
	A: 0.3
	B: 0.4
	AB:  n.s.
	

	LSD 1%
	     2.2
	     3.5
	
	
	    0.4
	    0.6
	
	

	
	Molybdenum (mg Mo kg-1)
	
	Sodium ( mg Na kg-1)
	

	Mean B
	0.92
	0.85
	0.,85
	0.86
	0.94
	
	25.7
	20.5
	21.8
	20.9
	22.3
	

	LSD 5%
	A: n.s.
	B: n.s.
	AB: n.s.
	
	A: n.s.
	B: 3.0
	AB: n.s.
	

	
	Barium (mg Ba kg-1)
	
	Chromium (mg Cr kg-1)
	

	150
	2.55
	2.66
	2.77
	2.81
	2.17
	2.59
	0.50
	0.35
	0.81
	0.32
	0.32
	0.46

	1400
	1.86
	2.25
	2.47
	2.55
	1.80
	2.19
	0.30
	0.27
	0.28
	0.31
	0.24
	0.28

	Mean B
	2.21
	2.46
	2.62
	2.68
	1.99
	
	0.40
	0.31
	0.54
	0.32
	0.28
	

	LSD 5%
	A: 0.23
	B: 0.37
	AB: n.s.
	
	A: 0.04
	B: 0.06
	AB: 0.09
	

	LSD 1%
	    0.32
	    0.51
	
	
	    0.06
	     0.09
	       0.13
	

	
	Aluminium (mg Al kg-1)
	
	Strontium (mg Sr kg-1)
	

	150
	145
	87
	123
	95
	111
	112
	18.5
	18.7
	20.4
	19.5
	16.2
	18.7

	1400
	109
	123
	131
	132
	118
	122
	15.3
	16.0
	17.3
	16.0
	13.1
	15.5

	Mean B
	127
	105
	127
	113
	115
	
	16.9
	17.3
	18.9
	17.8
	14.7
	

	LSD 5%
	A: n.s.
	B: 21
	AB: 29
	
	A: 0.9
	B: 1.5
	AB: n.s.
	

	LSD 1%
	
	
	
	
	     1.3
	     2.0
	
	

	
	Under detectable ranges (<mg kg-1): Lead <0.53 Pb, Selenium <0.46 Se, Arsenic <0,32 As, Cadmium <0.05 Cd, Cobalt <0.078 Co, Mercury  <0.24 Hg


*  factor B: H1=OsSK444, H2=OsSK458, H3=OsSK552, H4=Bc5982, H5=Florencia 

     By KCl fertilization  was significantly  increased  leaf K, Cr and B (up to 53%, 43% and 10%, respectively) and decreased leaf Mg (up to 36%), leaf Ca, Mn, Ba, Sr and Ca (up to 11 to 17%) and leaf P (up to 6%) compared to the control, while for remaining elements (S, Zn, Fe, Cu, Mo, Na and Al) differences among fertilization treatments were in range of statistical errors (Table 2).
     In general, concentrations of harmful elements were very low (Table 2). OsSKK444 and Florencia had  lower  leaf Ba (mean 2.10 mg Ba kg-1) compared to remaining three hybrids (mean 2.59 mg Ba kg-1).  OsSK552 had considerable  higher leaf Cr  and Sr (0.54 mg Cr and 18.9 mg Sr kg-1) compared to remaing four hybrids (mean 0.33 mg Cr and 16.7 mg Sr kg-1). Concentrations of Pb, Se, As, Cd, Co and Hg in maize were under detectable ranges of ICP-analytical procedure.

Table 3. Influences KCl fertilization (spring 2001) and hybrid on maize yields (9(
	Year
	K2O
	Maize hybrid (factor C) *
	Year
	kg K2O/ha (B)**
	Mean

	(A)
	(B)
	H1
	H2
	H3
	H4
	H5
	(A)
	150
	650
	1400
	A

	
	
	Maize yield (t/ha)

	2001

2002

2003

2004
	
	11.02

9.74

5.06

10.07
	11.34

10.18

5.51

9.65
	10.55

10.84

4.53

8.85
	10.66

10.44

4.12

9.53
	10.88

10.52

6.00

10.08
	2001

2002

2003

2004
	10.09
9.13

4.72

9.49
	11.04

10.63

5.28

9.64
	11.54

11.28

5.10

 9.77
	10.89

10.35

5.03

9.63

	
	150

650

1400
	8.33

8.89

9.68
	8.38

9.40

9.72
	7.98

9.12

8.99
	8.01

8.87

9.20
	9.09

9.47

9.54
	

	Mean  C
	8.97
	9.17
	8.70
	8.69
	9.37
	Mean B
	8.36
	9.15
	  9.42
	

	
	Statistical analysis ( LSD values in levels 5% and 1% of significance)

	
	A
	B
	C
	AB
	AC
	BC

	LSD 5%
	0.30
	0.23
	0.31
	0.49
	0.68
	0.57

	LSD 1%
	0.39
	0.30
	0.40
	0.67
	0.96
	n.s.

	
	Stalk lodging (SL) at maturity (%): means 2001+2002+2004 (2003 = 0 %)

	Hybrid
	H1
	H2
	H3
	H4
	H5
	K2O
	150
	650
	1400

	SL %
	3.5
	20.9
	21.9
	15.9
	5.5
	SL %
	20.7
	11.1
	8.8


*   factor C: H1=OsSK444, H2=OsSK458, H3=OsSK552, H4=Bc5982, H5=Florencia 

** in spring 2001 only
     The highest rate of KCl resulted in significant increases of maize yield of 14%, 24% and 12%, for 2001, 2002 and 2003, respectively; while in the fourth year similar yields to the control were found (Table 3). The OsSK552 and Bc5982 hybrids (4-year mean 8.70 t/ha) were more susceptible to soil stress in comparison with OsSK444 and OsSK458 (mean 9.07 t/ha). At the same time, Florencia hybrid yielded 9.37 t/ha. Four hybrids responded similarly to applied fertilization (yield increases from 13 to 16% in comparison to the control), while Florencia had low response to KCl (yield increase for 5% only). Under these conditions we recommend combined solution using 1000 kg K2O/ha every third  year and a choice of tolerant hybrids (9(.
      Adequate K nutrition is important factor of maize resistance to diseases, including diseases promoting stalk lodging (SL) at maturity stage. Heredity and KCl fertilization both were considerable factors of SL frequencies. For example, SL was decreased as affected by KCl fertilization from 20.7% (control) to 8.8% (1400 kg K2O/ha). Our findings are in accordance with literature data (1( (2( (3( (12(. Differences of SL among tested hybrids were in the range from 3.5% to 21.9%.  OsSK444 and Florencia are tolerant to SL  in comparison with OsSK458 and OsSK552 (Table 3). However, weather conditions for individual growing season was the most influencing factor of SL frequencies because it was depending on year in the range from 0 to 26.5%. In general,  oversupplies of precipitation, especially in the second part of maize growing season is in close connection with tendency of maize to SL, while under dry condition of 2003  SL incidences did not find (9(.
CONCLUSION
      Fertilization with KCl was useful solution for improvement of K nutritional status and yields of maize on with potassium  moderate supplied soil. However, by choice of more tolerant maize hybrids to this type of soil abiotic stress is possible to alleviate this problem.
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