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ABSTRACT

Growth retardation, chlorosis and inclination maize to stalk lodging (SL) at maturity were observed on some soils of the Eastern Croatia. Strong K-fixation and excess of Mg were found by soil test. Ameliorative K fertilization is recommended for overcoming this problem, but choice of tolerant hybrids could be also reliable solution. Object of this study was testing maize hybrids on these soils. Nutrient concentrations were determined by inductively coupled plasma (ICP) after their microwave digestion in the laboratory of the RISSAC Budapest.

Fourteen maize hybrids were grown during the growing season of 1990 on drained gleysoil. Seven hybrids contained Os-1-48 (group A), while remaining seven hybrids contained Os 87-24 (group B) genotype as the male parent. The hybrids of the group A had a considerably lower SL, higher grain yields and lower stalk base P at maturity (means 4.9%, 5.64 t ha-1 and 0.13% P) compared to the B hybrids (59.1%, 4.16 t ha-1 and 0.22% P). Ten maize hybrids were grown during the growing season of 1998 on calcaric fluvisol. Four hybrids (OsSK568exp, OsSK602, OsSK444 and OsSK458exp.) could be designated as a more tolerant (MT: 8.01 t ha-1) and four hybrids (OsSK552, OsSK554, OsSK508 and OsSK497exp.) less tolerant (LT: 4.55 t ha-1) to K deficiency. SL of individual hybrids was from 3.4% (OsSK444) to 65.9% (OsSK497exp.) as well as 15.7% (MT) and 43.0% (LT), respectively. Two hybrids (OsSK552 and OsSK554: mean yield 3.93 t ha-1) have very low ear-leaf (silking stage) K (0.55% K) and the higher levels of Ca (1.01% Ca) and Mg (1.47% Mg) in comparison with OsSK568exp and OsSK602 (8.80 t ha-1, 0.74%K, 0.73% Ca and 1.13% Mg).
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INTRODUCTION

     Although in general status of potassium (K) availability range in arable land of Croatia is estimated as satisfied, they has been found the serious examples of K deficiency symptoms, especially in maize and soybean plants which were grown on some soils of Sava river lowland (5). Similar phenomenon is found on calcareous chernozem developed on loess in Hungary (3, 4). Strong K fixation is in close connection with K nutritional problems in these soils (15). Ameliorative K fertilization is recommended for overcome this problem (6, 9, 11), but choice of more tolerant hybrids to soil stress induced by K deficiency could be also reliable solution. Aim of this study was testing of maize hybrids under conditions of low K supplies.

MATERIALS AND METHODS

Two field trials were conducted in order to test maize (Zea mays L.) hybrids response to soil stress as affected by moderate K supplies. 

Fourteen maize hybrids differing in origin (Table 1) were grown under field conditions during the growing season of 1990. These hybrids were created in the Agricultural Institute Osijek, Croatia. Pedigrees of the hybrids were as follows: seven hybrids contained Os1-48 inbred line (group A), while remaining seven hybrids contained Os87-24 inbred line (group B) as the male parent. Field trial was conducted in four replicates. The experimental plot for each hybrid measured 7 m2 (one 10 m row). The experimental plot was fertilized uniformly with 240 kg nitrogen (N), 67 kg phosphorus (P2O5) and 125 kg potassium (K2O) per hectare. Three or four seeds were sown in each place (40 cm apart, inter-row spacing 70 cm) on April 20, 1990. At the 3-4 leaves stage, maize was thinned out so that two plants remained in one seed place (theoretical plant density 71,428 plants ha-1). Stalk bases (three fully developed internodes) were collected at the time of harvest. The samples were dried and ground up.  Ground plant material was wet-ashed with sulphuric acid (2). The results were shown in detail in a previous study (12).

Ten maize hybrids were grown under field conditions (the growing season 1998) on calcaric fluvisol (Zupanja area, Croatia) known to produce K deficiency symptoms in maize. Soil is neutral (pH in 1nKCl=7.19) and adequate humus content (3.14). Potassium deficiency and oversupplies of magnesium and calcium were found by performed soil test. This trial was conducted at four replicates (experimental plot of hybrid 14m2 = two 10-m long rows, interrow spacing 70 cm). Maize was planted at beginning of May 1998 with pneumatic sowing machine at planned density (seed distance in row) in accordance to hybrid as follows: 22.5 cm (theoretical density: 62964 seeds/ha), 24.5 cm (58201) or 26.0 cm (54945). Fertilization was as follows (kg/ha): 160 N + 100 P2O5 + 150 K2O. Maize was harvested manually in term September 24, 1998. Maize grain yields were calculated on 90% theoretical plant density and 14% moisture basis. Ear-leaf was taken for chemical analysis at beginning of the silking stage (July 26, 1998). Mean sample contained about 25 leaves.  At the same time, mean soil sample was taken by auger to 30cm of depth. Plant samples were digested using cc HNO3+H2O2. Nutrient concentrations were determined by inductively coupled plasma (ICP) after their microwave digestion in the laboratory of the RISSAC Budapest. Some results of these investigations were shown by two previous studies (7, 8).

RESULTS AND DISCUSSION

The response of maize hybrids to low K supplies was very different because grain yields ranged from 2.83 to 7.20 t ha-1. Also, resistance to stalk lodging (stalk strength) at maturity stage was very dependent upon genotype: it ranged from 0.7 to 95.6 %. These properties have their origin in the different degrees of tolerance (susceptibility) to soil stress conditions ( K deficiency and excess of Mg and Ca) accompanied by drought. Some connection has been found between the degree of tolerance and the chemical composition of basal part of stem at maturity stage. The hybrids that included Os1-48 line as the male parent had considerably lower contribution of stalk lodging compared to those hybrids with Os87-24 as the father. However, the parental combination of these two lines (Os1-48 x Os87-24) resulted in about 5% of lodging only, while in reciprocal hybrid the lodging was less than 1%. A very high contribution of stalk lodging (about 68%) was found in the remaining six hybrids with Os87-24 line as the male (Table 1).

Table 1. Response of ten corn hybrids on Mikanovci strong K-fixing soil (12)

	Pedigree of
	Results of the harvest
	Stalk base (three developed the lowest nodes) 

	 maize hybrids
	Yield
	%
	at maturity (% on dry matter basis)

	(female x male)
	(t/ha)
	SL
	SP
	Ca
	K
	Mg
	P

	Maize hybrids of  Os1-48 inbred line (the A group)

	Os87-44 x A

Os84-15 x A

Os84-25 x A

Os84-24 x A

Os86-39 x A

Os89-24 x A

          B x A
	5.23

6.30

5.56

5.89

4.45

7.20

4.83
	8.8

4.8

4.1

4.6

7.5

4.1

0.7
	7.1

0.0

1.4

4.0

3.4

3.4

0.0
	0.48

0.67

0.43

0.48

0.52

0.56

0.69
	0.30

0.30

0.18

0.17

0.18

0.30

0.21
	0.48

0.55

0.52

0.48

0.71

0.45

0.52
	0.11

0.07

0.14

0.08

0.16

0.07

0.27

	Maize hybrids of Os87-24 inbred line (the B group)

	Os87-61 x B

Os88-15 x B

Os86-92 x B

Os87-56 x B

Os84-24 x B

Os87-57 x B

           A x B
	2.83

4.71

2.90

3.52

5.45

4.28

5.40
	79.0

83.3

23.7

52.1

95.6

74.1

 5.3
	3.4

7.4

1.4

8.3

0.0

5.4

0.0
	0.83

0.89

0.71

0.80

0.72

0.92

0.62
	0.18

0.21

0.17

0.21

0.18

0.19

0.18
	0.64

0.88

0.74

0.74

0.68

0.68

0.69
	0.18

0.29

0.22

0.21

0.24

0.22

0.19

	LSD 5%

LSD 1%
	0.53

0.72
	
	0.12

0.16
	0.04

0.05
	0.04

0.05
	0.03

0.04

	Mean the A group
	5.64
	 4.9
	2.8
	0.55
	0.24
	0.53
	0.13

	Mean the B group
	4.16
	59.1
	3.7
	0.78
	0.19
	0.72
	0.22


SL=stalk lodging; SP = sterile plants contribution

Table 2. Response of maize hybrids on K-deficient Zupanja calcaric fluvisol
	
	Maize
	Results of the harvest*
	The ear-leaf concentrations  at 

	
	hybrid
	t ha-1
	Percent
	silking stage (% in dry matter)

	
	
	Yield
	PDR
	SL
	SP
	N
	P
	K
	Ca
	Mg

	1

2

3

4

5

6

7

8

9

10
	OsSK382

OsSK444

OsSK458exp.

OsSK497exp.

OsSK552

OsSK554

OsSK558

OsSK568exp.

OsSK602

OsSK617exp.
	6.91

7.31

7.14

5.27

3.61

4.24

5.08

9.59

8.01

5.98
	85.9

82.0

87.0

95.8

75.5

85.7

83.3

68.4

72.3

81.9
	38.7

3.4

22.9

65.9

40.5

23.1

42.4

23.1

13.2

10.9
	0

0

0

8.6

0

2.1

0

2.9

4.4

7.8
	3.58

2.68

2.62

2.83

2.84

2.86

3.11

3.01

3.17

2.96
	0.493

0.516

0.582

0.477

0.482

0.602

0.586

0.515

0.597

0.547
	0.695

0.786

0.525

0.517

0.556

0.539

0.667

0.752

0.729

0.593
	0.875

0.992

0.845

0.909

1.061

0.967

1.050

0.688

0.767

0.850
	1.192

1.128

1.243

1.268

1.463

1.482

1.500

0.996

1.263

1.220

	
	Mean
	6.31
	82.0
	28.4
	2.6
	2.97
	0.531
	0.636
	0.900
	1.275

	
	LSD 5%  

LSD 1% 
	1.42

2.02
	
	0.20

0.27
	0.037

0.048
	0.128

0.168
	0.069

0.090
	0.074

0.097


* Yield calculation on 14% grain moisture and 90% of theoretical plant density (TPD); plant density realization (PDR in % TPD); stalk lodging (SL) at maturity stage; sterile plants (SP) contribution;  TPD of individual hybrids (plants/ha) = 62964 (1+2+3+4), 58201 (5+6+7+8) and 54945 (9+ 10).

In the second field trial (Table 2), mean grain yield (6.31 t/ha) was 38% lower than in the identical trial conducted at same period on normal soil (eutric cambisol distanced 4 km by air-line: 10.25 t/ha). Also, considerable differences of corn yield were found among the hybrids from 3.61 to 9.59 t/ha. Four hybrids (OsSK568exp, OsSK602, OsSK444 and OsSK458exp.) could be designated as a more tolerant (mean yield 8.01 t/ha), four hybrids (OsSK552, OsSK554, OsSK508 and OsSK497exp.) less tolerant (mean yield 44.55 t/ha) to soil stress induced by K deficiency, while remaining two hybrids (OsSK382 and OsSK617exp.) are in mean range (6.45 t/ha). Stalk lodging incidences of individual hybrids were from 3.4% (OsSK444) to 65.9% (OsSK497exp.). Stalk lodging of two groups hybrids were as follows: 15.7% (the high yielding group) and 43.0% (the low yielding group), respectively. Mean ear-leaf composition was (% in dry matter) as follows: 2.97% N, 0.53%P, 0.64%K (acute K deficiency), 0.90% Ca and 1.28% Mg (moderate Mg oversupply). In general, differences among the hybrids were high significant and they were in ranges as follows: from 2.62 to 3.58% N, from 0.48 to 0.60% P, from 0.52 to 0.79% K, from 0.69 to 1.06% Ca and from 1.00 to 1.48% Mg. The hybrids characterizing low yield (OsSK552 and OsSK554: mean yield 3.93 t/ha) have very low ear-leaf K status (mean 0.55% K) and the higher levels of Ca (mean 1.01% Ca) and Mg (mean 1.47% Mg) in comparison with two hybrids of the high yields (OsSK568exp. and OsSK602: 8.80 t/ha, 0.74%K, 0.73% Ca and 1.13% Mg).

The other field crops were also grown under conditions of low K supplies. Based on our experiences, sugar beet and wheat are more tolerant on strong K-fixing soil in comparison with maize and soybeans (10, 13).

The problem of nutrients supplies is more expressed in the last 15-year period because considerable decrease of fertilizer consumption in the middle/eastern European countries (1, 14), including Croatia. Low corn yields, especially for the growing seasons including drought stress, inclination of corn to stalk lodging at maturity stage, could be in close connection. A combination of higher fertilization and growing of more tolerant genotypes of the field crops could be acceptable solution for improvement of efficiency of less fertile soils.
CONCLUSIONS

Besides adequate fertilization practice – increased potassium fertilization – the use of suitable maize hybrids could either alleviate or overcome nutritional stress induced by potassium deficiency and nutritional imbalances in soil. In that regard, the maize inbred line Os 1-48 is possible genetic source of stalk strength because its hybrids have tolerance to lodging under stress conditions. Also, many nutritional problems may be overcome by the use of plant types, which respond differently to mineral element supplies.
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