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ABSTRACT

Soil samples from soil horizons of three representative acid soils were taken in order soil properties and factors affecting crop yield to be investigated. These soils are located in the Prefecture of Kilkis, Northern Greece and occupy an area of about 3.000 hectares. The examined soils P1 and P3 were mainly formed from the weathering of granite, whilst the P2 was also formed from acidic material which is located on an alluvial terrace. These have been classified as Alfisols, belong to the suborder of xeralfs and are usually cultivated by wheat or maize. Recently a decline of yield is observed due to limiting soil factors. A depth distribution of properties, as well as, differences among soils were recorded. The value of pH in the surface layers ranged between 4.2 to 5.5, whilst Cation Exchange Capacity was very low in the upper horizons of P1. An application with limestone material has increased crop yield to a percentage more than 40 for wheat and more than 25 for maize. The required quantity of the lime material that should be added to the soils was estimated 12.870 kg CaCO3/ha for P1, 23.040 for P2 and 7.290 kg CaCO3/ha for P3, respectively. The soil moisture regime is xeric and the temperature regime is thermic. The content of soil organic mater is low and decreases within soil depth. Pronounced differences on soil texture have been observed which affect on other properties such as: water holding capacity, workability and drainage. Available phosphorus was very low in the subsurface layers, whilst an increased concentration was recorded in the surface horizons due to the P fertilization. Potassium ranges between 0.15 to 0.32 meq/100 g soil in the plowing layers, and magnesium was in normal levels in all the examined samples. The highest manganese concentration was observed in the P1 profile and plant available copper was within efficient levels for crops. Low zinc concentration was in the P3 and Zn deficiency in maize could be attributed to the low content of this element. In some irrigated farms cultivated with maize, zinc fertilization has a positive impact on grain yield. Is assumed that in the studied soils which the value of pH is very low, the presence of exchangeable aluminum plays an important role on crop yields. Furthermore, there is clearly a need of further investigation, in order the role of parent material, physical properties, as well as, the impact of nutrient disorders on crop quality to be explained. It should be also stressed the wide variations in nutrient stocks and economic returns observed between farms and crops that indicate how soil fertility is affected by technology and socio-economic factors. Special attention should be paid to farmers in the water shortage during the dry season, and new technologies such as the extension of drip irrigation systems may be applied. In particular, for the maize crop it can be argued that this semi-arid region where fertilizer uptake is less efficient due to certain limiting soil factors and moisture stress, the adoption of new technologies is needed on a cost - benefit basis.       

MATERIALS AND METHODS

Soil samples were taken from three acid profiles in Northern Greece (Prefecture of Kilkis), which have been classified as ALFISOLS (Soil Taxonomy, 1999).

The collected samples were air-dried and sieved in order determinations to be conducted in the fine earth (<2 mm).  

The hydrometer method was used for mechanical analysis (Boyoukos 1951), whilst the pH value was obtained by measuring in 1:1 soil:water suspension (McLean 1982). The organic matter content was measured by a modified wet digestion, (Allison. 1965).

The method of ammonium acetate (IN at pH 7) was used for the exchangeable cations (Thomas 1982). The exchangeable form of K+ and Na+ were determined in a flamephotometer, whilst Ca++ and Mg++ were measured with an atomic absorption spectrophotometer of Varian Techtron. The Cation Exchange Capacity was determined by the ammonium acetate method (Rhoades, 1982), whilst the plant available phosphorus was measured by using a modified Bray method (Kuo, 1996).

The plant available form of micronutrients Fe, Cu, Zn and Mn was conducted by extraction with 0.005 M DTPA (Lindsay ??? Norvell 1969, Lindsay ??? Norvell 1978). The hydrolytic acidity was estimated by acetate Na and phenolphthalein. 

RESULTS AND CONCLUSIONS

The studied soils were formed on alluvial deposits and they have a coarse to medium texture. The Cation Exchange Capacity ranges between 5.4 – 29.6 meq/100 g soil, and productivity greatly differs amongst these soil types. ?he values of pH were found between 4.2 to 6.9 and this property is strongly affects on crop yield. The xero-thermic regime did not favour the formation of rich organic matter, which is low and ranges between 1.3 to 14.4 mg/kg.

?he exchangeable K+ was found between 0.1 to 0.4 meq/100 g soil, whilst the exchangeable Mg++ was from 0.2 to 6.9 meq/100 g soil, and according to previous Greek experience is in a sufficient level. The increased available phosphorus in the surface layers could be attributed to over fertilization practices.

The micronutrients concentration was found as following: Fe 11.6-200 meq/100 g, Cu 0.5-33 meq/100 g and Mn 8.9-99.2 meq/100g. These levels are normal for the main crops in terms of efficiency. Zinc content ranges between 0.3 to 7.1 meq/100 g soil, but deficiency symptoms were observed in the surface soil layers, mainly in maize.

Liming could increase the value of pH and the application of neutral or alkaline fertilizers is introduced. Future research should focus on detailed studies concerning mechanisms for cation exchange in soils, impact of liming after application to acid soils, as well as, role of nutrient disorders at farm or regional level. 

The deep plowing could assist in the improving of some physical soil properties as, structure, compaction decreasing, and soil water storage capacity. Access to more irrigated land can make farming systems in the Prefecture of Kilkis more stable and financially viable, as cultivating cotton, maize, orchards and fruit trees with irrigation is less risky than growing rainfed wheat.     

The cultivation of arable land with crops and varieties which are very resistant to drought, the early winter sowing and the application of a rational rotation system are strongly recommended.

Furthermore, the avoidance of plant residues burning in order the soil system to be supplied with organic matter and inorganic nitrogen by means of mineralization, is of great importance.      


Special attention should be paid on the use of drip irrigation system that is recommended for reasons of water saving, and better efficiency of fertilizers. The recommendation systems for determining application rates must be based on  economic optima and farmers should be advised with management flexibility.   
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PROFILE 1

ORDER: ALFISOL

SUBORDER:XERALF

	DEPTH

cm


	HORIZON
	COLOR
	PARTICLE SIZE DISTRIBUTION

S      Si         C
	TEXTURE
	STRUCT.
	O.M.

mg/kg
	pH

(1:1)


	CaCO3 requirements

kg/ha
	EXCHANGEABLE CATIONS

K+       Na +       Ca++     Mg++

meq/100 g
	CEC

meq/100 g



	0-28
	Ap
	7.5YR4/4
	62
	24
	14
	SL
	Massive
	10.0
	4.2
	12.870
	0.25
	0.22
	2.9
	0.2
	5.4

	28-60
	AB
	7.5YR4/4
	62
	22
	16
	SL
	1msbk
	2.6
	5.2
	
	0.32
	0.22
	3.8
	0.6
	6.6

	60-84
	Bt1
	5YR4/6
	62
	18
	20
	SCL/SL
	2msbk
	3.3
	6.2
	
	0.30
	0.22
	5.3
	1.2
	9.0

	84-108
	Bt2
	5YR4/4
	54
	18
	28
	SCL
	2msbk
	2.6
	6.0
	
	0.36
	0.22
	10.2
	3.5
	21.7

	108-130
	Bt3
	5YR4/6
	50
	20
	30
	SCL
	1msbk
	1.3
	5.9
	
	0.36
	0.27
	12.1
	4.2
	21.7

	130-150
	C
	5YR4/8
	55
	19
	26
	SCL
	1msbk
	2.0
	6.2
	
	0.25
	0.27
	10.6
	4.1
	19.1


	DEPTH

cm


	Available P

Ppm
	MICRONUTRIENTS (0.005M DTPA)

Fe         Cu           Zn             Mn

ppm

	0-28
	24.0
	208.0
	1.5
	1.0
	69.0

	28-60
	7.0
	23.0
	1.2
	1.1
	23.1

	60-84
	3.0
	19.2
	0.8
	1.5
	22.9

	84-108
	3.0
	23.0
	1.4
	7.1
	14.4

	108-130
	3.0
	25.6
	1.0
	1.2
	14.0

	130-150
	5.0
	20.8
	0.9
	1.9
	12.1


PROFILE 2

ORDER: ALFISOL

SUBORDER:XERALF

	DEPTH

cm


	HORIZON
	COLOR
	PARTICLE SIZE DISTRIBUTION

S        Si          C
	TEXTURE
	STRUCT.
	O.M.

mg/kg
	pH

(1:1)


	CaCO3 requirements

kg/ha
	EXCHANGEABLE CATIONS

K+        Na +       Ca++     Mg++

meq/100 g
	CEC

meq/100g

	0-22
	Ap
	7.5YR4/6
	45
	25
	30
	SCL/L
	Massive
	14.4
	4.4
	23.040
	0.32
	0.22
	5.3
	1.7
	17.3

	22-46
	AB
	7.5YR4/4
	43
	26
	31
	CL
	1msbk
	11.3
	5.5
	
	0.25
	0.27
	6.7
	2.1
	18.9

	46-71
	B1
	5YR4/6
	39
	25
	36
	C/CL
	2msbk
	4.6
	6.4
	
	0.27
	0.27
	10.8
	5.3
	23.3

	71-105
	Bt2
	5YR4/8
	39
	21
	40
	SC
	2msbk
	3.0
	6.5
	
	0.32
	0.29
	14.0
	6.8
	29.6

	105-132
	BC
	5YR4/4
	47
	17
	36
	SC
	1msbk
	2.0
	6.6
	
	0.22
	0.29
	11.0
	6.9
	23.9

	132-164
	C
	5YR4/4
	43
	21
	36
	CL
	
	2.3
	6.5
	
	0.22
	0.32
	10.4
	6.4
	21.9


	DEPTH

Cm
	Available P

ppm
	MICRONUTRIENTS (0.005M DTPA)

        Fe            Cu            Zn           Mn

ppm

	0-22
	33.0
	135.6
	3.1
	1.2
	99.2

	22-46
	20.0
	99.6
	3.3
	2.5
	70.4

	46-71
	3.0
	17.2
	1.1
	1.1
	28.1

	71-105
	3.0
	17.2
	1.4
	2.3
	27.0

	105-132
	4.0
	18.6
	1.1
	1.4
	25.1

	132-164
	8.0
	21.0
	2.0
	2.4
	30.1


PROFILE 3

ORDER: ALFISOL

SUBORDER: XERALF

	DEPTH

cm


	HORIZON
	COLOR
	PARTICLE SIZE DISTRIBUTION

S        Si          C
	TEXTURE
	STRUCT.
	O.M.

mg/kg
	pH

(1:1)


	CaCO3 requirements

kg/ha
	EXCHANGEABLE CATIONS

   K+        Na +      Ca++     Mg++

meq/100 g
	CEC

meq/100g

	0-28
	Ap
	5YR4/4
	73
	11
	16
	SL
	Massive
	9.0
	5.5
	7.290
	0.1
	0.1
	7.2
	1.5
	11.9

	28-53
	Bt1
	5YR4/3
	65
	11
	24
	SCL
	3msbk
	5.7
	6.2
	
	0.2
	0.1
	12.0
	5.0
	21.7

	53-76
	Bt2
	5YR3/4
	61
	13
	26
	SCL
	3msbk
	4.0
	6.3
	
	0.1
	0.2
	11.7
	6.1
	23.0

	76-104
	BC
	5YR4/4
	61
	21
	18
	SL
	3msbk
	4.0
	6.7
	
	0.2
	0.2
	11.9
	6.7
	24.0

	104-125
	CB
	5YR5/6
	69
	13
	18
	SL
	2msbk
	3.7
	6.9
	
	0.1
	0.1
	10.7
	6.2
	21.7

	125-150
	C
	5YR5/6
	66
	23
	16
	SL
	1msbk
	2.3
	6.9
	
	0.1
	0.1
	10.4
	6.3
	21.7


	DEPTH

cm


	Available P

ppm
	MICRONUTRIENTS (0.005M DTPA)

Fe          Cu           Zn           Mn

ppm

	0-28
	24.0
	55.2
	1.2
	0.8
	17.4

	28-53
	4.0
	20.0
	1.1
	0.9
	8.9

	53-76
	4.0
	14.8
	0.8
	0.6
	10.0

	76-104
	4.0
	18.4
	0.9
	0.6
	11.7

	104-125
	4.0
	11.6
	0.5
	0.3
	10.7

	125-150
	3.0
	13.4
	0.5
	0.8
	15.1
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