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Fertilization of crops with untreated natural phosphate rocks, from Epirus (Greece)

The addition of 120 units of P 2 0 5 (kg/Ha), as natural raw phosphate rocks from Epirus area (Greece), or as commerce fertilizer, (type 0-21-0) on an artificial grassland established in slightly acidic soil and rich in organic matter content, showed that the crop responses positively to phosphate rocks. In contrast, for the same added rates of P 2 0 5, on neutral acidity soil containing CaCO 3 , where alfalfa was cultivated, the opposite effect was observed. Nevertheless, in that second soil, the crop showed a positive response to P of phosphate rocks, when it was added to twice rate as much, in comparison to the grassland.

Introduction

The last 15 years in the Greek territory, it was attempted the exploitation of phosphate rocks, poor in phosphorus deposits (about 15% P 2 0 5 ), discovered in various areas of Epirus. The evaluation of phosphates, according to world experience, is extended on two levels:

 To investigate the possibility of using the phosphate rocks without enrichment in P,  To attempt their enrichment (Economou,84). The industrial enrichment of calcareous phosphate rocks [START_REF] Champetier | Enrichissement des phosphates carbonates. Caractérisation géologique et pétrographique -Comportement et traitement thermique, 2eme Congres International sur les composes phosphates[END_REF][START_REF] Champetier | Fragilisation thermique; un nouveau procédé de valorisation des facies phosphate-carbonates indures[END_REF], requires high cost. Thus, the economic importance of the use of natural rocks, only grinded, as crop fertilizers, is evident. The international literature shows that it is possible, but a profitable use, requires adequate research (Cali,1978). This requirement is referred either on the type of soil (Naraynasamy et Sarkar I983, Subramanian et Manjunath 1983) or on the kind of farming crops [START_REF] Debnath | Efficiencies of some rock phosphates and Basic slag as phosphatic fertilizers (in rice, wheat and greengramin in acid laterite soil in west Bengal[END_REF], Ray et Diest 1979). The results of that use depend of rate applications, of combination with other fertilizers [START_REF] Marwaha | Direct and residual effect of Mussorite rock phosphate related to the crop species in acid soil[END_REF] or of soil conditioners, such as sulfur compounds [START_REF] Aguilar | Rock phosphate mobilization induced by the alkaline uptake pattern the legumes utilization symbiotically fixed nitrogen[END_REF][START_REF] Chien | Dissolution of phosphate rock. ln Soils as influenced by nitrogen and potassium fertilizers[END_REF], Marawaha 1984[START_REF] Mishra | Direct and residual effects of Mussorite rock phosphate applied in conjunction with pyrites or superphosphate to maize-wheat rotation on submontane soils[END_REF], Mishra et al., 1983). In previous works [START_REF] Economou | Interférence entre minéralisation du carbone et assimilabilité des phosphates naturels des sols acides[END_REF], Papadopoulos et., 1986), the production of available forms of P from natural untreated phosphates, in various soil types, was investigated in vitro; from the above works it was proved that:

 Factors that enhance biological activity such as organic matter and appropriate temperatures, increase respectively releasing available amounts of P in soil.  The phosphate rocks becomes available nutritious substrate for soil microflora, enhancing soil biological activity.  Acidic soils contribute physico-chemically to phosphate rocks decomposition, releasing soluble forms P, and simultaneously improving soil pH.  The presence of organic matter, increases significantly that production in available P-forms in acidic soils, neutral or slightly alkaline.

The present paper, investigates the importance of raw phosphate rocks application in an acidic soil, with artificial grassland, and on a soil characterized by the presence of active CaCO 3 , cultivated with alfalfa.

Materials & Methods of experiment

Well grinded mineral of phosphate rocks, from the area of Pogoni (Epirus) containing 14,43 % of P 2 0 5, was used. The results of the chemical analysis of that minerals, were stated in previous works. For this experiment, a second source of phosphorus was used, by application of a commerce fertilizer, of 0-21-0 type. The field experiment design, was applied in the same way for both fields. 

Commented Results

Tables 3 and4, present the results of experimental parcels in dry matter (DM). In figure-1, data obtained, are briefly stated. Note the average values, correspond to the return of the parcel in three years of experimentation. The experimental data have been statistically processed with Student test, the assessment of statistical differences are with significance at p=0.3(*) and p=0.2(**).

Comments

The application of commerce phosphoric fertilizer (0-21-0) in alfalfa, showed a positively significant (**) response, in comparison to the control. On the contrary, the phosphate rocks, showed a significant difference, compared with the control, only at a rate that contains twice the amount of fertilization units in P 2 O 5 (0-240-0). In contrast, artificial grassland, showed positive reaction (**) as it was compared to the control, when rates applied at ratio 0-120-0, either as commerce fertilizer, or as rock phosphate either as a mixture made with commerce fertilizer and rock phosphate. This apparent contradiction observed in the two cultivations, can be interpreted if physico-chemical characteristics of the soils are taken into account (Table 1). The slightly acidic soil (pH=6.6) provided with organic matter, is drastically decomposing rock phosphates, and released available P forms. Decomposition of calcareous phosphate rock in acid soils is given, but rock phosphates, behave differently in different soils upon dissolution.

. [START_REF] Economou | Interférence entre minéralisation du carbone et assimilabilité des phosphates naturels des sols acides[END_REF], showed in vitro, after applying 2% natural rock phosphates in an acidic soil, after an incubation period of two months, it released 7,5 ppm of P -Olsen, while the pH of the soil was improved from 5,25 to 5.80. According to [START_REF] Datta | Comparative efficiency of single super phosphate, bone meal and rock phosphate alone in various combinations in augmenting crop yields in Nagaland soils[END_REF], the rock phosphate leads to increased presence of ions of Ca ++ and reduced the soluble amounts of trace elements Cu, Zn, Fe. Smyth et Sanchez 1982, noted particularly the positive role of the binding capacity of soil to phosphorus, to rock phosphate dissolution. Finally, [START_REF] Cabala | Direct use of rock phosphate from Brasil as fertilizer. Effect of reaction in soil[END_REF], found that rock phosphates dissolution rate, is greater at low pH, and it is enhanced with buffer capacity of soils, to ions Ca ++ and PO 4 ---.

Conclusions

The phosphate rocks of Epirus (Greece), poor in P 2 O 5 can be used after grinding as fertilizers in acidic soils. Besides, their application in these soils can improve levels of available amounts of Ca ++ , particularly for demanding Ca crops. The above result, is favored by the increased presence of soil organic matter, enhancing soil biological activity. However, the possible occurrence of deficiencies in micronutrients, sensitive to increasing pH, must not be omitted. .

  

  The grassland experiment was established in the area of Agricultural Research Station of Ioannina. The second alfalfa experiment, was established in the area of Drosochori of Ioannina. The application of the commerce fertilizer and of phosphate rocks, was done on 23/02/1978, and not other fertilization rates were added, for all the duration of the experiment. The used rates of fertilizers are indicated in table-1. The general characteristics of the used soils are listed in Table-2. For three years, each experimental parcel, was harvested separately, and the dry weight of plant mass, of each intervention was weighed. Each experimental unit, had the dimensions of 6x7m i.e. 42 m 2 .

Table -

 - 

1: Experiment design

Table 2 :

 2 Properties of soils used (Alluvial soils, without slopes)

							EC	
	Treatments (crop)	Soil depth cm	texture	CaCO3 (%)	pΗ (SP)	Soil org. (%) matter	(saturation dS/m extract)	Soil taxonomy
	grassland	0-30	C	0	6,6	3,4	<3	UDORTHENTS
		.						
		30-60	C	0	7,8	1,0	<3	
	alfalfa	0-30	SiL	2,8	7,1	1,6	<3	UDORTHENTS
		30-60	SiL	2,4	7,1	1,6	<3	

Table 3 :

 3 Artificial grassland (return of experimental parcels in dry matter, slightly acid soil)

	treatment	Return	of	repetitions	C.V.
		parcel	in	(Ν)	Variability
		Dry Matter		(%)
		kg/parcel			
	1	45,50		4	12,5
	2	47,11**		4	23,0
	3	52,12**		8	16, 2
	4	51,86*		4	15,8
	5	50,69**		4	5,3
	Significance, Statistical level *p=0,3, ** p=0,2	

Table 4 :

 4 Alfalfa (return of experimental parcels in dry matter, neutral acidity soil)

	treatment	Return	of	repetitions	C.V.
		parcel	in	(Ν)	Variability
		Dry Matter		(%)
		kg/parcel			
	1	162,88		4	6,6
	2	174,75**		4	5,6
	3	167,71		8	5,2
	4	166,76		4	11,7
	5	172,30**		4	5,8
	Significance, Statistical level *p=0,3, ** p=0,2	
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