Influences of liming on soil fertility in the Eastern Croatia
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Abstract

Acid soils are widespread in Eastern Croatia. In general, liming of these soils is a usual recommnedation for their improvement. Five experiments have been conducted under field conditions during the past 25 years with purpose of exploring this problem. Three experiments were conducted from 1980 to 2000. They included liming with hydrated lime up to 10 t/ha and calcite up to 32 t/ha. In general, maize, soybean and barley grain yields increased due to liming by more than 10% or less than 10%, while wheat showed no response to lime application. Also, the effects of liming differed depending on the soil characteristics and the year of testing. Liming with carbocalk (sugar factory waste with about 37% CaO) was applied in three experiments. Depending on the experiment, the yield increases due to carbocalk application  (15, 30 and 60 t/ha) were 23%, 100% and 43%, respectively.

	Introduction 
Soil acidity is often a limiting factor to the yields of field crops in Croatia. The first report concerning liming in Croatia was published more than 200 years ago (anonymous, 1789). Six experiments with liming were conducted from 1980 to 2000. The aim of this study was to review the results.

Material and methods

The field experiments with liming were conducted during the period from 1980 to 2000. Depending on the trial, hydrated lime (90% CaO), calcite (51% CaO) and carbocalk (waste from the Osijek sugar factory with about 37% CaO) were applied. There were four replicates. An experiment with ameliorative ploughing was conducted in autumn 1965. Materials and methods have been described in detail in earlier studies (Musac et al. 1982, Kovacevic et al. 1993, Antunovic et al. 2001, 2002). The field experiment (Table 4, unpublished data) was conducted in spring 1993 using a split-plot design with four replication on Djakovo pseudogley (pH in 1n KCl = 4.27). Fertilization (experimental plot  352 m2) was as follows: a1) control (normal fertilization: 160 kg N + 52 kg P + 120 kg K/ha) and a2) control + carbocalk (15 t/ha) application. Maize hybrids (Table 4) were grown in 11-m long rows (experimental plot 7.7 m2 ). 

Results and discussion

Ameliorative ploughing to 100 cm depth of acid soil on calcareous loess substrate was carried out about 35 years ago. It increased soil pH (1n KCl) of the surface soil layer from 4.5 to 6.7 and grain yield of maize from 5.36 to 9.01 t/ha. Ameliorative ploughing had multiple positive effects on soil fertility, including destruction of impermeable horizon and liming of surface layer. Combined ameliorative fertilization and ploughing resulted in increases of maize yields near 70% (Table 1). In general, maize, soybean and barley yields increased due to liming 
	by 10% or fell by 10%, while wheat showed no response to lime application (Table 2). With the application of 32 t calcite/ha, the grain yield of maize in the Valpovo trial increased by 10% and in the Mikanovci trial it decreased by 10% (Table 3). 

Table 1. Effects of ameliorative ploughing (AP) and 

fertilization (F) of pseudogley on soil properties and grain 

yields of maize  (Musac et al. 1982)

Soil properties1
(surface layer 0-20 cm)

Maize yield2
      ( t/ha)

AP

pH

%

mg/100 g 

3-yr  means

(cm)

KCl

Ca

P

K

F1

F2

25

40

100

4.5

4.7

6.7

0.25

0.25

0.51

4.39

4.39

1.43

1.42

1.92

9.60

5.36

5.51

6.57

7.31

7.31

9.01

1 soil extractions: AL-solution (P and K) and 1n NaCl (Ca) 

2 fertilization (kg/ha N+P+K): F1 = 120+52+100; F2 = 240+160+390

Table 2. Effects of liming by hydrated lime (90% CaO) 

on the field crops yields (Kovacevic et al. 1993)

Crop

Liming in autumn 1980 (t/ha)

LSD

(m = mean)

0

10

15

20

5%

Maize (10-yr m.)

Soybean (6-yr m.)

Wheat (4-y m.)

7.94

3.01

5.88

8.84

3.44

5.96

8.81

3.42

6.02

8.77

3.43

6.05

0.44

0.14

0.17

Table 3. Response of maize, barley and wheat to liming 

(Kovacevic et al. 1993) 

Calcite  (about 50% CaO ) in t/ha

0

10

20

32

0

32

The Valpovo trial (3-year means of yields)

Maize (t/ha)

pH (1n KCl)

6.24

6.52

6.67

6.61

3.86

6.16

Barley (t/ha)

5.17

5.54

5.63

5.58

3.86

6.16

The Mikanovci trial (4-year means of yields)

Maize  (t/ha)

pH  (1n KCl)

4.54

4.35

4.27

4.10

4.24

7.00




Table 4. Response of ten maize hybrids to liming with carbocalk on Djakovo pseudogley 
	
	Influences of liming with carbocalk (the factor A: 0 and 15 t/ha) on maize yield and leaf composition

	Hybrid
	Grain yield (t/ha)
	The ear-leaf composition ( % in dry matter) at silking stage

	(the factor B)
	
	Nitrogen (N)
	Phosphorus (P)
	Potassium (K)

	
	0
	15
	Mean
	0
	15
	Mean
	0
	15
	Mean
	0
	15
	Mean

	OsSK218

OsSK262

OsSK377

OsSK382

OsSK456

OsSK502

OsSK552

OsSK553

OsSK644

Bc6661
	5.48

5.45

5.71

7.07

6.35

6.42

7.75

5.51

8.18

6.65
	7.63

6.35

6.33

7.46

7.55

9.31

9.14

6.53

10.7

8.37
	6.56

5.90

6.02

7.27

6.95

7.87

8.45

6.02

9.44

7.51
	3.02

2.90

3.15

3.27

3.08

2.95

2.99

2.93

2.70

2.90
	3.30

3.39

3.13

3.24

3.01

3.04

3.26

3.03

3.06

3.01
	3.16

3.15

3.14

3.26

3.05

3.00

3.13

2.98

2.88

2.96
	0.257

0.282

0.296

0.296

0.295

0.265

0.258

0.276

0.233

0.260
	0.285

0.333

0.309

0.302

0.268

0.261

0.280

0.287

0.251

0.259
	0.271

0.308

0.303

0.299

0.282

0.262

0.269

0.282

0.242

0.260
	1.97

1.89

1.80


2.05

1.84

1.87

2.16

2.12

2.13

2.11
	1.96

1.73

1.76

2.16

1.77

1.72

2.04

2.03

1.98

1.92
	1.97

1.81

1.78

2.11

1.81

1.77

2.10

2.08

2.06

2.02

	Mean (A)
	6.47
	7.94
	7.20
	2.99
	3.15
	3.07
	0.272
	0.284
	0.278
	1.99
	1.91
	1.95

	LSD values
	A
	B
	AB
	A
	B
	AB
	A
	B
	AB
	A
	B
	AB

	LSD 5%

LSD 1%
	0.23

0.42
	0.53

0.71
	0.75

0.98
	0.03

0.05
	0.11

0.14
	0.18

0.25
	0.008

0.012
	0.015

0.020
	0.027

0.038
	0.05

0.08
	0.08

0.10
	0.14

0.20


1 calculated on 14% grain moisture and 90% RPD (realized plant density) basis 

   100% RPD = theoretical plant density (TPD) = 57144 plants/ha.

	Waste products from manufacturing processes using limestone or similar raw materials can be used for neutralizing soil acidity (for example, carbocalk). 

Grain yield increases of maize hybrids on pseudogley in the Djakovo area due to liming were from 6% to 45%. In general, genotype influences on ear-leaf N, P and K concentrations were higher than liming influences (Table 4).Liming with carbocalk was especially useful for maize under the drought stress of the 2000 growing season (Table 5). For example, at Slatina some 10 km away, precipitation during August amounted to only 14 mm or only about 20% of the long-term mean. At the same time, air-temperatures were 2.0oC higher (Antunovic et al. 2001). In the third trial liming with carbocalk up to 60 t/ha resulted in increases of maize yields up to 50% and 36%, during the 2001 and 2002 growing seasons respectively (Table 6).

Table 5. Maize response to liming with carbocalk on Sopje pseudogley (Antunovic et al. 2001) 

Realized  plant density (RPD in% TPD), female-sterile plants (SP), grain yield of maize and soil pH

Lime

%

Grain yield

pH

t/ha

%TPD1
SP

t/ha2
g/plant

(KCl)

0

30

88.2

95.5

41.9

6.7

3,97

7.98

63

117

4.21

7.32

LSD 5%

LSD 1%

1.42

2.26

22

32

1 theoretical plant density (TPD): 71429 plants/ha 

2 on the basis of RPD and 14% of grain moisture  

Table 6. Response of maize to liming on the Pleternica pseudogley

Year

Liming (carbocalk: t/ha)

LSD

pH (KCl)

0

30

90

5%

0

90

2001

2002

5.04

5.51

7.56

7.50

4.46

5.18

1.05

0.81

3.89

7.30

Mean

5.28

7.53

4.82


	Based on our studies, we can recommend liming with different materials as a useful procedure for the improvement of soil fertility.
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