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Abstract: We investigated phosphorus and calcium uptake and their effect on the yield of Eucalyptus grandis L., in response to natural and concentrated phosphate sources at Carbonita and Bom Despacho in the State of Minas Gerais of Brazil.  Application of the natural phosphate rock (Araxa – PA) was at the rates of 500, 1000, 2000 and 4000kg/ha; Patos of Minas (24% P2O5 and 25% Ca) at 500, 1000, 2000 and 4000kg/ha and the concentrated phosphate rock (Arafertil – CA) was at 1000kg/ha. Triple superphosphate (ST) was also applied at 250, 500, 1000 and 2000kg/ha.  ST contributes more to the phosphorous content in the biomass than does PA and PP. Its contribution was 1,76% and 9,39% higher than that PA and PP, respectively. On the two sites, ST contributes more to P while the natural phosphates (PA and PP)both contributes more to Ca in the trees. Comparisons among fertilizers revealed that, the recovery efficiency in ST and PA were similar at Carbonita. Increasing fertilizer rates and the P supply, reduced the recovery percentages for all of the sources tested in the two localities.  The recovery of P was higher at Bom Despacho when compared with Carbonita. The recovery of Ca. was always superior to that of P.
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Introduction.
Mineral nutrient deficiencies constitute one of the major limitations for plant growth on agricultural soils around the world. Specifically, soils of the tropical regions generally are highly weathered; and those with high clay content and acidic present high P fixation. Therefore, the use of P fertilizers is critically needed to improve soil fertility for sustainable crop production in large areas of developing countries.  Phosphorus deficiency limits crop yield on more than 30% of the world's arable land. According to some estimates, world resources of inexpensive P may be depleted between 2040 and 2060 (Hans, et al., 2006).
Balanced supply of essential nutrients is one of the most important factors in increasing crop yields.  In soils of the tropics, there is a close relationship between food production and fertilizer use (Mokwunye and Hammond, 1992). However, high cost and limited access to mineral P fertilizers limit their use by resource-poor farmers in these countries. Chien and Menon (1995) reported that, phosphate rock (PR) for direct application has been tested in tropical acid soils as a potential alternative to conventional water-soluble P fertilizers like single superphosphate (SSP) and triple superphosphate (TSP). The use of indigenous rock phosphate sources, coupled with the quantification of residual effects of broadcast and banded phosphate applications provided long –term ways to alleviate phosphorous deficiency in soils with high phosphorous fixation capacity (Souza and Lobato, 1988; Agyin-Birikorang, et al., 2007 and Resende , et al., 2007). Finely ground rock phosphate is an effective (and often the least costly) P fertilizer source for very acid rain-fed lowland and upland soils (pH < 4.5). The effectiveness of rock phosphates in tropical environments, however, depends on the extent to which the required P uptake rate of the crop plant can be maintained by the dissolution of rock phosphate P in the soil. Rock phosphate also contains Ca, which may help to alleviate soil acidity and Ca deficiency in highly weathered tropical soils (Dobermann and Fairhurst, 2000). 
     There are several  plant anomalies that can be associated with low levels of Ca2+ , including poor root development, leaf necrosis and curling, blossom end rot, bitter pit, fruit cracking, poor fruit storage, and water soaking (Simon, 1978; White and Broadley, 2003 Burstrom, 2008). The myriad processes in which this ion participates is large, growing and involves nearly all aspects of plant development (Harper et al., 2004; Hetherington and Brownlee, 2004; Hirschi, 2004; Reddy and Reddy, 2004; Bothwell and Ng, 2005). Although, acid soil infertility is found worldwide, this limitation is more extensive in south America, where more than 50% of the soils present acidity problems both in surface and subsurface (Eswaran, et al., 1997). In Brazil, soils of the Cerrado area characterized by  low pH; very high aluminum saturation; low and often undetectable levels of available phosphorous and often high phosphorous fixation (Gonçalves, et al., 1997; Resende, et al., 2007 and Martin, et al., 2008), Therefore,  phosphorus application is necessary for improving and maintaining yields. The use of P soluble sources leads to a fast, conversion of P from soluble  into less labile forms before significant plant P uptake (Gonçalves, et al., 1989 Novais and Smyth, 1999).  Rock phosphate release P gradually through time and may represent a strategy to supply and enhance plant P uptake. (Novais and Smyth, 1999).  Improvement of P acquisition and use by plants is critical for economic, humanitarian and environmental reasons. Barros and Novais (1990, 1995) and  Gonçalves, et al., (1997) observed that, there is  substantial productivity gain in response to mineral fertilizer for great majority of eucalypt plantations in Brazil. Response to phosphate fertilizer application seems to give highest eucalypts yield gains (Barros and Novais, 1995,  Barros, et al., 2005),  probably not only due to P but also due to the Ca in the fertilizer. The objective of this study was to evaluate the yield, phosphorous and calcium uptake by of eucalypts in response to phosphate fertilizer application to acidic and high P fixing capacity soils.  
Materials and methods.

Two field experiments were conducted at two sites of the Cerrado (savannah type of vegetations) area in Brazil: Carbonita (Longitude 170 441 W and Latitude 430 141S) and Bom Despacho (Longitude 190 351 W and Latitude 450 171E) with a rainfall of 1260 mm and 1476mm; mean temperature of 200C and 23.30C and the altitude of 726 m and 703 m, respectively. The soil in both sites were classified as an Oxisol (Table 1).
Three phosphatic rocks (Araxa rock -PA; Patos rock-PP and concentrated Arafertil -  CAR) and triple super phosphate -ST were tested. Araxa rock and PR contain 24%P2O5 and 25% Ca, CAR 33% P2O5 and 35% Ca, and ST, 45% P2O5 and 13% Ca. The tested rates  were 0, 500, 1000, 2000 and 4000 kg/ha for PA and PP,  0, 250,500,1000 and 2000 for ST, and 1000 for CAR. All the fertilizers were broadcast applied and incorporated into the 20cm of the soil surface layer by discing. Nitrogen and potassium were added as a 20-0-20 mixture at the rate of 150 kg/ha. The fertilizer treatments were replicated three times, and laid out in random blocks. Each experimental plot contained 100 trees and spaced 2 by 2m.
At both sites, soil samples were collected randomly at the 0- 20 cm depth, at five different points in each plot. The soil samples were placed into polythene bags and bulked for routine analysis. Physical characteristics were evaluated based on the equivalent particle size and moisture, in agreement with the methodology of Embrapa (1979) and field capacity was analyzed using transparent column method (Fernandes, 1967).  The pH was determined in a ratio of 1:2.5 soil-water, with contact time of 60 minutes (Embrapa, 1979), potassium and phosphorus by Mehlish-1 (Vettori, 1969), extractable phosphorus by the method Bray-1 (Braga, 1980), and anions by exchange resin IRA-400 (Quaggio and Raij, 1983), exchangeable cations (Al3+, Ca2+ and Mg2+), as presented in the methodology Vettori (1969). Organic matter was determined using Walkley - Black potassium dichromate oxidation method (Embrapa, 1979). Remaining phosphorus in the solution was evaluated using the method describe by  Neves, (1983). The composition of the clay mineralogy was determined by the method of allocation (Resende, et al., 1987).
Eucalyptus grandis L. seedlings, 30cm high were planted in holes of 20cm diameter and 20cm depth. 
Biomass determination, tree diameter (DBH) and height were determined when the trees were 2.5years old. For these measurements a tree of mean DBH and height was felled per plot and its components (leaves, branches, stemwood, and stembark) weighed and sampled for dry matter determination (at 70o C) and chemical analyses. Samples from the forest floor were also collected, weighed and chemically analyzed. The weight per treatment was then used to extrapolate the weight per hectare basis. Using this information and the nutrient content, the amount of P and Ca in tree biomass was calculated.
The efficiency of phosphorous recovery (R) by the plant was estimated using the formula (Prasad et al., 1984)

R = (Em -Et ) x 100/E

R = recovering percentage.

Em  = Amount of P in the fertilized trees.

Et  = Amount of P in the unfertilized trees.

E  = Total amount of P applied as fertilizer.

RESULTS AND DISCUSSION

Soils at both sites were acidic with low native nutrient content (Table 1). The soil at Carbonita was more acidic with pH of 3.9 as against 4.3 at Bom Despacho . However, both values were sufficiently low to promote the solubilization of the phosphate rocks (Novais and Smyth, 2000) and release P to the plants. 
Table 1. Physical and chemical analyses of soil samples collected at the beginning of the experiment in Carbonita and Bom Despacho, Minas Gerais state, Brazil

	Characteristics
	Carbonita
	Bom Despacho

	pH
	3.9
	
	4.3
	

	Al3+ (cmol /dm3)
	1.00
	
	1.4
	

	Ca2+ (cmol /dm3)
	0.00
	
	0.07
	

	Mg2+(cmol /dm3)
	0.01
	
	0.01
	

	K (mg/dm3)
	13
	
	52
	

	P (mg/dm3) 
	1
	
	1.1
	

	Organic matter (%)
	4.35
	
	2.68
	

	Fe2o3( %)
	16.1
	
	9.8
	

	AlO3 (%)
	4.35
	
	23.78
	

	SIO2 (%)
	11.7
	
	20.49
	

	TiO2 (%)
	29.26
	
	0.89
	

	P2O5 (%)
	14.05
	
	0.03
	


	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	Table 2. Biomass and amount of  Ca and P in eucalyptus trees 2  years old after planting at
 Carbonita and Bom Despacho as affected by sources and rates of phosphatic fertilizers.
Source

Dose

Carbonita

 

Bom Despacho

 

 

Ca

P

Ca

P

Kg/ha

ST

250

115.12

10.45

118.76

15.36

500

118.29

11.97

112.89

17.77

1000

169.19

19.48

149.75

20.85

2000

184.89

19.83

180.14

25.98

PA

500

143.93

10.81

110.23

13.15

1000

168.23

13.97

158.94

18.59

2000

235.9

19.67

181.49

21.67

4000

251.18

21.56

214.97

22.75

PP

500

119.79

9.18

115.46

16.04

1000

130.79

10.45

118.87

13.67

2000

184.00

13.09

127.70

14.35

4000

252.76

18.70

166.94

15.63

CAR
1000

136.64

13.88

161.06

19.27

C

0

69.06

4.95

75.39

7.23


	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	Increases in the amount of fertilizer applied does not show a corresponding increases in the values obtained in dry matter yield and the nutrient content values (Tables 2 and 3). This might be attributable to the fact that, crop response to fertilizer application depends not only on the level of available plant nutrients in the soil but also related to crop physiology and morphology (Baligar and Fageria,1997). Myungsu, et al., (2004) reported that levels of different pools of soil P have been affected not only by soil properties and climatic condition but also by rate and type of P applied. The values of dry matter unit in the canopy was 8,52% more in Carbonita than that of Bom Despacho. The value of nutrient units observed in the eucalyptus trunk was 1,02% more than that of Bom Despacho. 

Table 3: Efficiency of P utilization for biomass production by eucalypt tree, 2. 5 years after planting as influenced by sources and rates of phosphatic fertilizers.
Treatment

 

 

Cover

 

 

Trunk

PA

ST

Carbonita   
Despacho

Carbonita

Despacho.

       g/ha

g /hole
Unit of dry matter

Unit of  Nutrient

1000

0

1957

1222

5353

4260

1000

100

1450

1703

5194

5312

1000

200

1690

1374

4486

4953

1000

400

1158

1615

2992

5291

0

0

2425

1402

 

11232

8849


	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


         The highest biomass and calcium amount of the tree treated (Table 3) with PA were in the trend of 10,2% more than that of ST and 5,39% than PP at Carbonita, while treatment with ST gave the highest value for phosphorous content, 9% more than PA and 16,24% more than PP. At Bom Despacho, treatment with PA gave the highest value of calcium in the biomass while PP recorded the lowest values. The action organic chelates in solubilizing phosphates and phosphates minerals might attributes to formation of complexes with Ca, Fe, or Al thereby releasing the phosphate in water-soluble forms, hence more calcium being released (Stevenson and Cole,1999). ST contributes more to the phosphorous content in the biomass than does PA and PP. Its contribution was 1,76% and 9,39% higher than that PA and PP respectively. On the two sites, ST contributes more to the amount of P in the biomass while the natural phosphates (PA and PP) contribute to the higher amount of Ca.  This may be attributable to the reactive nature of these P sources when applied into the soil; ST being water soluble is immediately available. PA and PP sources reacted with the soil solution with time, making P and Ca slowly available (Zaharah, et al.,1996). The content of calcium at Bom Despacho in the biomass was 0,71% less than that of Carbonita but the biomass content of phosphorous was 6,7% more at Bom Despacho after combined treatment of ST and PA were applied to eucalyptus (Table 4). Levels of different pools of soil P are affected not only by soil properties and climatic condition but also by rate and type of P applied (Myungsu, et al., 2004).  This shows that phosphate dissolution was similar in both sites, but P fixation was higher at Carbonita. 
Table 4:  Biomass content of Ca and P in eucalyptus, two and half years after planting at Carbonita and Bom Despacho, as affected by increased rates of ST combined with Araxa phosphate rock. 

	 
	Treatment
	 
	 
	Carbonita
	 
	Bom Despacho

	PA
	 
	ST
	Ca
	 
	P
	Ca
	P

	kg/ha
	
	g/cover
	 
	 
	g/ha
	 
	 

	1000
	
	0
	149.06
	
	12.22
	128.86
	15.45

	1000
	
	100
	191.84
	
	17.44
	194.82
	21.67

	1000
	
	200
	175.9
	
	18.52
	201.78
	22.93

	1000
	
	400
	250.58
	
	27.62
	199.89
	22.14

	0
	 
	0
	60.62
	 
	4.37
	90.9
	9.21


Though, phosphate uptake is strongly influenced by the nutrient availability and Pi status of plants, the low affinity transport system appears to be expressed constitutively in plants, whereas the high affinity uptake system is regulated by the availability of Pi (Furihata,et al.,1992) . Recovery efficiency of Ca and P by Eucalyptus grandis, 2.5 years after planting as influenced by combined and separate phosphate fertilizer sources are presented in table 5 and table 6 respectively. The efficiency of added fertilizer (NPK) is very low in acids soils. Also, the efficiency of nutrient acquisition, transport, and utilization by plants grown in soil is controlled by(i) the capacity of the soil to supply the nutrients and{ii}the ability of plants to absorb, utilize and remobilize the nutrients(Baligar and Fageria, 1997). 

Calcium and P recovery efficiency in Carbonita was higher (19.23% and 9.35%)  than in Bom Despacho  Tree Ca  recovery  values at Carbonita was highest with ST treatment , 31.48% and 47.2% higher than that  of PA and PP respectively (Table 6).On the other hand,  PA gave the highest P values (30.79) recovered when compared with ST and PP that, with values  29.53% and 20.48% higher respectively. The trend in nutrient recovered in trees growing in Carbonita was equally repeated in Bom Despacho .ST gave the highest values (63.53%) of calcium as against 21.24% and 15.21% recorded for PA and PP respectively. The differences in P values recovered by ST were 6.28% and 10.61% over that of PA and PP. Comparatively, 12.57% of Ca was recovered more at Carbonita than that of Bom Despacho, but, the situation was different with P recovery. P values recovered at Bom Despaho, was 12.96% more that of Carbonita. The rates of calcium recovery indicated that the solubilization of natural sources of phosphorus was higher in Carbonita. In short, the natural phosphates utilization, and particularly PA, in reforestation with eucalyptus in the cerrado soils leads to considerable gains of growth; raised the levels of soil phosphorus, calcium  and increase the potential of these soils to keep forest  productivity in subsequent cycles, according to the estimate of nutrient cycling .The percentages of recovery of phosphorus and calcium were established  throughout the dry matter produced in the aerial part of the plant, including organic matter.  Therefore,  the non- inclusion of the estimates of the P  portion that would have returned to the soil from the decomposition of the organic matter   will not  influence  the results of the recovery estimates, because these  values are not  enough to  be expressive over a period of  two years,   especially for the fact that, it was  accomplished  through cultural method. However, immobilization of nutrients in the root system is usually high. Ferreira (1984)  observed  immobilization of  P  up to 12.9% in the roots of Eucalyptus grandis  at 26 months  old at Bom Despacho  and  39%  for 21 months old eucalypts at  Carbonita. Thus, the non-inclusion of the estimates of root system in the estimates could lead to phosphorous recovery values being underestimated.  Relative to the effect of rates, with the increase in supply of phosphorus, there was a reduction in the percentages of recovery, for all sources tested in both localities. Leal (1988) observed decrease in rates of recovery when the supply of NPK was combining with 1000kg/ha of rock phosphate  or when phosphate alone was used and the rates was increased from 1000 to 2000kg/ha. Ballard (1978) cited by Prasad, et al., (1984), observed  low rates of recovery of phosphorus by  Pinus  radiata ,and  attributed  it to  the high phosphorus-fixing capacity of soils and justification of  the higher doses required by the plant.
The recovery of calcium was always higher than that of phosphorus. Thus, increasing the rates provided decrease in rates of recovery of calcium in two localities, for all fertilizers. Among locals, except for treatments with CAR, there was a higher recovery in Carbonita for all rates tested and fertilizers. 
 There was an inverse relationship between the amount of fertilizer applied and the recovery efficiency (Table 5). This is similar to the result reported by Muniz (1983) who found an inverse relationship between P utilization by soybean plants and the dose of P fertilizer. Estimates of overall efficiency of applied fertilizer have been reported to be about or lower than 50% for N, less than 10% for P, and about 40% for K (Baligar et al.,2001)  Efficient plants in the absorption and utilization of nutrients greatly enhance the efficiency of applied fertilizers, reducing cost of inputs, and preventing losses of nutrients to ecosystems. The use of legumes in acid soils may be a strategy to improve P recovery from humid forest agro ecosystems. (Oikeh, et al., 2008).
Table 5. Recovery efficiency of Ca and P by Eucalyptus grandis, two and half  years after planting at Carbonita and Bom Despacho, as affected by the combination of soluble and low soluble P – source.
	Treatment
	 
	Carbonita
	 
	 
	Bom Despacho

	PA
	ST
	Ca
	P
	 
	Ca
	P

	  Kg/ ha
	  g/hole
	 
	 
	%
	 
	 

	1000
	0
	35.38
	7.50
	
	15.18
	5.96

	1000
	100
	41.66
	6.44
	
	32.99
	6.14

	1000
	200
	30.34
	4.70
	
	29.18
	4.56

	1000
	400
	37.25
	4.67
	
	21.37
	2.66

	0
	0
	          _
	           _     
	
	          _
	             _

	 
	 
	 
	 
	 
	 
	 


Comparisons among fertilizers revealed that, the recovery efficiency of  ST and PA were similar at Carbonita . This, is in agreement with the work of Szilas, et al., (2006), who reported that,  except for the first season, where Minjinju phosphate rock (MPR) was slightly inferior to Triple super phosphate (TSP), direct application of MPR gave the same yields as TSP indicating that MPR can replace TSP on acid, severely weathered tropical soils low to very low in available P and exchangeable Ca and with high to very high phosphate adsorption capacity.   The recovery of P by eucalypts was higher at Bom Despacho when compared with Carbonita.. This may be attributable to the best distribution of rain in the first site (Leal,1988).  High moisture content in the soil facilitates the diffusion, transport and absorption of P by plants (Ruiz,1986). 
Table 6:  Eucalypt P and Ca recovery efficiency as influenced by different phosphate source and rates, 2.5years after planting at Carbonita and Bom Despacho, Brazil.
	Source
	Dose
	Carbonita
	 
	 
	Bom Despacho.

	 
	 
	Ca
	P
	 
	Ca
	P

	
	Kg /ha
	 
	 
	%
	 
	 

	ST
	250
	141.75
	11.19
	
	133.44
	16.55

	
	500
	75.75
	7.15
	
	57.69
	10.73

	
	1000
	77.03
	7.40
	
	57.19
	6.93

	
	2000
	44.55
	3.79
	
	40.29
	4.77

	PA
	500
	59.9
	11.19
	
	27.97
	11.29

	
	1000
	39.67
	8.61
	
	33.42
	10.84

	
	2000
	33.37
	7.03
	
	21.22
	6.89

	
	4000
	18.21
	3.96
	
	13.96
	3.70

	PP
	500
	40.59
	8.07
	
	32.06
	16.81

	
	1000
	24.69
	5.25
	
	17.39
	6.15

	
	2000
	22.99
	3.88
	
	10.46
	3.40

	
	4000
	18.37
	3.28
	
	9.15
	2.00

	CAR
	1000
	19.31
	6.20
	
	24.48
	8.36

	C
	0
	_
	_
	 
	_
	_
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           According to Smyth and Sanchez (1982), Calcium is a product of the dissolution of rock phosphate which liberation to the soil solution occurs in quantities below the rates at which phosphorus is released. According to these authors, while phosphorus is adsorbed on the surface or reacts with iron and aluminum to form compounds of lower solubility in the rock phosphate, calcium remains in the soil predominantly as exchangeable cation. Therefore, recovery rates of calcium can be interpreted as an estimation of the rock solubilization . From this reasoning, it could be inferred that the condition for phosphate solubilization in Carbonita, are more favourable as indicated by the greater recovery of calcium in this locality. Similarly, it can be inferred that the PP was less soluble than the other natural sources in both locations (Table 6). These observations confirm the estimates of solubilization and the increase of exchangeable calcium in soil and nutrient content of the total biomass. Moreover, the relationship between calcium and phosphorus was always higher in Bom Despacho which confirms the evidences on the passage of more P-labile to non-labile  form in Carbonita, which was also observed by Leal (1988).
Conclusion. 
 
Soil acidity, Fe and Al oxides increased the solubilization of phosphatic rocks as indicated by soil Ca content but reduced the availability of P to eucalypt.

 Phosphates sources from indigenous phosphate rocks under specific conditions may supplement/replace the expensive imported P fertilizers, and allow a saving of much needed foreign exchange. Phosphate rocks fertilizers can be made to be agronomically effective and economically competitive to improve soil fertility for sustainable crop production in large areas of developing countries.  
Acknowledgement

The authors acknowledge the scholarships as Post-doctor (the first author) and Research Productivity given by TWAS and CNPq.
References.
	

	

	

	

	


1. 1. 
2. Baligar, V.C and Fageria, N.K (1997). Nutrient use efficiency in acid soils; nutrient management and plant use efficiency. In: Moniz, A. C., Furlani, A. M. C., Shaffert, R. E., Fageria, N. K., Rosolew, C. A and  Cantarella, H.(eds) Plant soil interaction at low pH, sustainable agriculture and forestry production. Campinas .  Brazilian  Soil Science  Society. P 159 – 164.  

3.  Baligar;  V. C.; Fageria; N. K.  and He, Z. L. (2001). Communication in soil science and Plant analysis. Vol.32 Issue 7 and 8. P 921 – 950.

4. Barros, N.F. and Novais, R.F. 1990. Relaçao solo-eucalyto. Vicosa. Editora Folha de Vicosa. 430p.

5.  Barros, N.F and Novais, R.F. (1995). Eucalypt nutrition and fertilizer regimes in Brazil. In: Attiwill, P.M and Adams, M. A. (eds) Nutrition of the Eucalypts. Collingwood. CSIRO Publishing. P 335 -356.

6. Barros, N. F.  and Novais, R. F. (1996). Eucalypt Nutrition and fertilizer regime in Brazil. In; Nutrition in Eucalypts.{eds} Peter, M. Attill and Mark, A. Adam. CSIRO. Pp 335-355.

7. Barros, N.F.; Neves, J.C.L  and Novais,R.F. (2005). Fertilidade de solos, nutrient e producao florestal. Visao agricola, Piracicaba, v 4.p.76-79.

8. Bothwell, J H F and Ng, C. K.Y(2005). The evolution of Ca2+ signaling in photosythentic eukaryotes. New Phytol.166, 21–38.

9. Braga, J. M (1980). Availiaçao da fertilidae do solo. Vicosa. UFV. Imprensa Universitaria. Parte 1: Analise quimica 87p.

10.  Burstom,  H.G. (2008). Calcium and Plant growth. Biological Reviews. Vol. 43, Issue 3, Pp 287 -316.

11. Chen, L.; Boeckx, P.;  Zhou, L. ; Cleemput, O. V. and Li, R. (2006). Effect of hydroquinone, dicyandiamide and encapsulated calcium carbide on urea N uptake by spring wheat, soil mineral N content and N2O emission. Soil use and Management. Vol.14. Issue 4. P 230 – 233.

12.  Chien, S. H. and  Menon, R. G. (1995). Factors affecting the agronomic effectiveness of phosphate  rock   for direct application. Nutrient Cycling in Agroecosystems. Volume 41, No: 3; p 227 – 234.
13. Dobermann,  A, Fairhurst,  T.  (2000).  Rice. Nutrient disorders and  nutrient management. Handbook series. Potash & Phosphate Institute (PPI), Potash and Phosphate Institute of Canada (PPIC) and International Rice Research Institute. 191 p.
14. Embrapa. (1979). Manual de metodos de analyses de solo. Rio de Janeiro Servico National de Levantamento e Conservaçao de Solos.

15. Eswaran, H., Reich, P. and Beinroth, F. (1997). Global distribution of soils with acidity. In: Moniz, A. C., Furlani, A. M. C., Shaffert, R. E., Fageria, N. K., Rosolew, C. A and  Cantarella, H.9 (eds) Plant soil interaction at low pH, sustainable agriculture and forestry production. Campinas  Brazilian  Soil Science  Society. P 159 – 164. 

16. Fernandes, B. (1967). Retençao e movimento de agua no solo. Vicosa. UFV. Impresa Universitaria. 48p (Tese. M.S).

17. Ferreira, M. G. (1984). An analysis of the future productivity of Eucalyptus grandis plantations in the cerrado region in Brazil: a nutrient cycling approach. Vancouver. The University of British Columbia. 230p. (Ph.D Thesis). 

18. Furihata, T.;  Suzuki, M. and Sakarai, H. (1992). Kinetic characterization of two phosphate uptake systems with different affinities in suspension- cultured Catharanthus  roseus protoplasts. Plant Cell. Physiol. 33: 1151 – 1157.

19. Goedert, W. J., Sousa, D. M. and Rein,  T. A. (1986). Principies metodologicos para avaliacao agronomica de fonts de fosforo .Planltina, DF, EMBRAPA-CPAC. 23p (Documento, 22).

20. Gonçalves, J. L. M.; Firme, D. J.; Novais, R. F. And Ribeiro, A. C. (1989). Cinetica de transformaçao de fosforo-labil em nao labil em solos de cerrado. R. Bras. Ci. Solo. 3, 105 – 111.

21. Gonçalves, J .L.M., Raiji,  B. Van., Gonçalves, J. C. (1997). Florestais. In: Raiji,B. Van., Cantarella, H., Quaggio, J . A.,Furlani, A.M.C. Recomendação de adubação de calagem para o estado de São Paulo. 2 Ed. Compinas: Institut Agronômico de Compinas, p 247-259. { Boletim Técnico, 100 }

22. Gonçalves, J. L. M; Barros, N. F. ;Nambiar, E. K.S. and Novais, R.F. (1997). Soil and stand management for short rotation plantations. In: Nambiar, E. K. S and Brown, A. G. (eds) Management of soil, nutrients and water in tropical plantation forests. Canberra. ACIAR. p 379 - 417.

23. Hans, L.; Michael, W.S.; Michael, D. C.; Stuart, J. P. and Erick, J.V. (2006). Root structure and functioning for efficient acquisition of phosphorous: Matching morphological and physiological traits. Annals of Botany. Vol; 98,No;4, Pp 693 -713.  http://aob.oxfordjournals.org.

24.  Harper,J.F., Breton, G.,and Harmon, A. (2004). Decoding Ca2+ signals through plant protein kinases  Annu. Rev. Plant Biol. 55, 263–288.

25. Hetherington, A.M and Brownlee, C. (2004). The generation of Ca2+ signals in plants. Annu. Rev.Plant Biol. 55, 401–427.

26. Hirschi, K. D. (2004). The Calcium conundrum. Both versatile nutrient and specific signal.Plant  Physiol. 136,2438–2444.

27. Leal,P. G. (1988). Produçao de biomassa e distribuiçao de nutrients em Eucalyptus grandis influenciadas pela applicaçao de fosfato natural em solos de cerrado.Vicosa, UFV, Imprrensa Universitaria. 44p {Tese, M.S].
28. Martin, R., Carter, E. and Gregorich, G. (2008). Soil Sampling Methods of Analysis. Technology and Engineering. 1224p.

29. Mokwunye, A.U and Hammond, L.  L. (1992). Myths and science of fertilizer use in the tropics. Soil Science Society of America. Special Publication.29 , 121 – 134.

30. Muniz, A. S.  (1983). Diponibilidade de fosforo avaliada por extractor quimicos e pelo cresimento de soja. {Glycine max L Merill} em amostras de sols com diferntes valores do fator capacidade Vicosa, UFV. Impresa Universitaria. 73p.{Tese, M.S}
31.  Myungsu, P.;  Olayvanh, S.;  Wansik, S.;  Eunhee, K.;  Jongbae, C. and Tongmin, S. (2004). Effects of long –term compost and fertilizer application on soil phosphorous status under paddy cropping  system. Communication in Soil Science and Plant Analysis, Vol. 35, Issue 11 and 12. Pp 1635 - 1644.

32. Novais, R.F. and Smyth, J. T (1999). Fosforo em Solo e Planta em Condiçoes Tropicas. Universidade Federal de Vicosa. Vicosa. Brazil.

33. Neves, J. C. L (1983). Aspectos nuticionas em mudas de eucalyptus spp tolerancia ao alummino e niveis de fosforo no solo Vicosa, UFV, Impresa Universitaria.87p (Tese. M.S).
34.  Oikeh, S. O ;  Somado, E. A.;  Sahrawat, K. L.; Toure , A. and  Diatta, S. (2008). Rice  yields enhanced through integrated management of cover crops and phosphate rock in phosphorus-deficient Ultisols in West Africa.  Communication in Soil Science and Plant Analysis, Volume 39, Issue 19 & 20. P 2894 – 2919.

35. Prasad, K.G., Gupta, G. N., Mohan, S., Subramanian, V. and Manivachakam, P.(1984).  Fertilization in Eucalyptus  grandis on severely truncated soil. Indian Forester. Dehra Dun.110; 1033-48.

36. Quaggio, J. A. And Raij, B (1983). Metodos de analyses de solo para fins fertilidade. Campinas, Instituto Agronomico. 39p. (Boletim Tecnico, 81).

37. Reddy, V.S and Reddy, A.S.N. (2004). Proteomics of calcium-signaling components in plants. Phytochemistry 65, 1745–1776.

38. Resende, M.; Bahia, A. F. C. and Braga, J. M.  (1987). Mineralogica de argilla de latosssols estimada por alocaçao a patir do teor total de oxidos do ataque sulurico. R. Bras. Ci. Solo Campinas. 11: 17 – 23.

39. Resende, A.V., Furtini, A. E., Alves, V. M. C., Curi, N. J., Muniz, J.A., Faquin, V and Kinpara, D. J. (2007). Phosphate efficiency for corn following Brachiaria grass pasture in the cerrado region. Better Crops with Plant Foods. Vol.xci {91} No 1.pp 17-18.

40. Ruiz, H.A. (1986). Efeito do conteudo de agua sobre o transporte de fosforo em dois Latossolos. Vicosa, UFV, Impressa Universitaria. 86p. {Tese . D. S}

41. Simon, E.W. (1978). Symptoms of calcium deficiency in plants. New Phytol. 80, 1–15. 

42. Souza, D. M.G and Lobato, E. (1988).  Adubaçao fosfatada. In; Savannna alimento ebnergia. VI Simposio sobre a Cerrado. EMBRAPA-CPAC, Planatina; DF. Brazil.p 33 – 60.

43. Smyth, T. J. And Sanchez, P.A. (1982). Phosphate rock dissolution and availability in the cerrado soils as affected by phosphorus sorption capacity. Soil Sci Soc. Am. J.  Madison, 50: 480-484. 

44. Stevenson, F. J and Cole, M.A. (1999). Cycles of Soil. Carbon, Nitrogen, Phosphorous ; Sulfur  Micronutrients. 2nd  Edition pp 427. John Willy & Sons. Inc.

45. Szilas, C.; Semoka, J. M. R and  Borggaard, O. K. (2006). Can local Minjingu phosphate rock replace superphosphate on acid soils in Tazania.  Nutrients Cycling in Agroecosystems. Vol.  77, No:3 Pp 257-268.

46. Vettori, L. (1969). Metodos de analyses do solo. Rio de Janeiro . Equipe de Pedologia e fertilidade do solo. Rio de Janeiro, Ministerio da Agricultura. 24p. (Boletim Tecnico,7). 

47.  White, P.J. and Broadley, M.R. (2003). Calcium in plants. . Ann. Bot. (Lond.) 92, 487–511
48. Zaharah, R . Zulkitfli, H and Sharifuddin, H. A.  (1996). Evaluating the efficacy of various phosphate fertilizer sources for oil palm seedlings. Nutrients in Agro ecosystems, Vol. 47, No : 2 pp 93 – 98.

49. " 
Agyin-Birikorang, S.;  Abekoe, M.K. and  Oladeji, O. O. (2007). Enh BIOMASS, PHOSPHORUS  AND CALCIUM UPTAKE BY EUCALYPTS ancing the agronomic effectiveness of natural rock with poultry manure: a way forward to sustainable crop production. Nutrient  Cycling in Agroecosystems. Volume  79, No; 2. Pp 113 – 123.

50. Baligar, V.C and Fageria, N.K (1997). Nutrient use efficiency in acid soils; nutrient management and plant use efficiency. In: Moniz, A. C., Furlani, A. M. C., Shaffert, R. E., Fageria, N. K., Rosolew, C. A and  Cantarella, H.(eds) Plant soil interaction at low pH, sustainable agriculture and forestry production. Campinas .  Brazilian  Soil Science  Society. P 159 – 164.  

51.  Baligar;  V. C.; Fageria; N. K.  and He, Z. L. (2001). Communication in soil science and Plant analysis. Vol.32 Issue 7 and 8. P 921 – 950.

52. Barros, N.F. and Novais, R.F. 1990. Relaçao solo-eucalyto. Vicosa. Editora Folha de Vicosa. 430p.

53.  Barros, N.F and Novais, R.F. (1995). Eucalypt nutrition and fertilizer regimes in Brazil. In: Attiwill, P.M and Adams, M. A. (eds) Nutrition of the Eucalypts. Collingwood. CSIRO Publishing. P 335 -356.

54. Barros, N. F.  and Novais, R. F. (1996). Eucalypt Nutrition and fertilizer regime in Brazil. In; Nutrition in Eucalypts.{eds} Peter, M. Attill and Mark, A. Adam. CSIRO. Pp 335-355.

55. Barros, N.F.; Neves, J.C.L  and Novais,R.F. (2005). Fertilidade de solos, nutrient e producao florestal. Visao agricola, Piracicaba, v 4.p.76-79.

56. Bothwell, J H F and Ng, C. K.Y(2005). The evolution of Ca2+ signaling in photosythentic eukaryotes. New Phytol.166, 21–38.

57. Braga, J. M (1980). Availiaçao da fertilidae do solo. Vicosa. UFV. Imprensa Universitaria. Parte 1: Analise quimica 87p.

58.  Burstom,  H.G. (2008). Calcium and Plant growth. Biological Reviews. Vol. 43, Issue 3, Pp 287 -316.

59. Chen, L.; Boeckx, P.;  Zhou, L. ; Cleemput, O. V. and Li, R. (2006). Effect of hydroquinone, dicyandiamide and encapsulated calcium carbide on urea N uptake by spring wheat, soil mineral N content and N2O emission. Soil use and Management. Vol.14. Issue 4. P 230 – 233.

60.  Chien, S. H. and  Menon, R. G. (1995). Factors affecting the agronomic effectiveness of phosphate  rock   for direct application. Nutrient Cycling in Agroecosystems. Volume 41, No: 3; p 227 – 234.
61. Dobermann,  A, Fairhurst,  T.  (2000).  Rice. Nutrient disorders and  nutrient management. Handbook series. Potash & Phosphate Institute (PPI), Potash and Phosphate Institute of Canada (PPIC) and International Rice Research Institute. 191 p.
62. Embrapa. (1979). Manual de metodos de analyses de solo. Rio de Janeiro Servico National de Levantamento e Conservaçao de Solos.

63. Eswaran, H., Reich, P. and Beinroth, F. (1997). Global distribution of soils with acidity. In: Moniz, A. C., Furlani, A. M. C., Shaffert, R. E., Fageria, N. K., Rosolew, C. A and  Cantarella, H.9 (eds) Plant soil interaction at low pH, sustainable agriculture and forestry production. Campinas  Brazilian  Soil Science  Society. P 159 – 164. 

64. Fernandes, B. (1967). Retençao e movimento de agua no solo. Vicosa. UFV. Impresa Universitaria. 48p (Tese. M.S).

65. Ferreira, M. G. (1984). An analysis of the future productivity of Eucalyptus grandis plantations in the cerrado region in Brazil: a nutrient cycling approach. Vancouver. The University of British Columbia. 230p. (Ph.D Thesis). 

66. Furihata, T.;  Suzuki, M. and Sakarai, H. (1992). Kinetic characterization of two phosphate uptake systems with different affinities in suspension- cultured Catharanthus  roseus protoplasts. Plant Cell. Physiol. 33: 1151 – 1157.

67. Goedert, W. J., Sousa, D. M. and Rein,  T. A. (1986). Principies metodologicos para avaliacao agronomica de fonts de fosforo .Planltina, DF, EMBRAPA-CPAC. 23p (Documento, 22).

68. Gonçalves, J. L. M.; Firme, D. J.; Novais, R. F. And Ribeiro, A. C. (1989). Cinetica de transformaçao de fosforo-labil em nao labil em solos de cerrado. R. Bras. Ci. Solo. 3, 105 – 111.

69. Gonçalves, J .L.M., Raiji,  B. Van., Gonçalves, J. C. (1997). Florestais. In: Raiji,B. Van., Cantarella, H., Quaggio, J . A.,Furlani, A.M.C. Recomendação de adubação de calagem para o estado de São Paulo. 2 Ed. Compinas: Institut Agronômico de Compinas, p 247-259. { Boletim Técnico, 100 }

70. Gonçalves, J. L. M; Barros, N. F. ;Nambiar, E. K.S. and Novais, R.F. (1997). Soil and stand management for short rotation plantations. In: Nambiar, E. K. S and Brown, A. G. (eds) Management of soil, nutrients and water in tropical plantation forests. Canberra. ACIAR. p 379 - 417.

71. Hans, L.; Michael, W.S.; Michael, D. C.; Stuart, J. P. and Erick, J.V. (2006). Root structure and functioning for efficient acquisition of phosphorous: Matching morphological and physiological traits. Annals of Botany. Vol; 98,No;4, Pp 693 -713.  http://aob.oxfordjournals.org.

72.  Harper,J.F., Breton, G.,and Harmon, A. (2004). Decoding Ca2+ signals through plant protein kinases  Annu. Rev. Plant Biol. 55, 263–288.

73. Hetherington, A.M and Brownlee, C. (2004). The generation of Ca2+ signals in plants. Annu. Rev.Plant Biol. 55, 401–427.

74. Hirschi, K. D. (2004). The Calcium conundrum. Both versatile nutrient and specific signal.Plant  Physiol. 136,2438–2444.

75. Leal,P. G. (1988). Produçao de biomassa e distribuiçao de nutrients em Eucalyptus grandis influenciadas pela applicaçao de fosfato natural em solos de cerrado.Vicosa, UFV, Imprrensa Universitaria. 44p {Tese, M.S].
76. Martin, R., Carter, E. and Gregorich, G. (2008). Soil Sampling Methods of Analysis. Technology and Engineering. 1224p.

77. Mokwunye, A.U and Hammond, L.  L. (1992). Myths and science of fertilizer use in the tropics. Soil Science Society of America. Special Publication.29 , 121 – 134.

78. Muniz, A. S.  (1983). Diponibilidade de fosforo avaliada por extractor quimicos e pelo cresimento de soja. {Glycine max L Merill} em amostras de sols com diferntes valores do fator capacidade Vicosa, UFV. Impresa Universitaria. 73p.{Tese, M.S}
79.  Myungsu, P.;  Olayvanh, S.;  Wansik, S.;  Eunhee, K.;  Jongbae, C. and Tongmin, S. (2004). Effects of long –term compost and fertilizer application on soil phosphorous status under paddy cropping  system. Communication in Soil Science and Plant Analysis, Vol. 35, Issue 11 and 12. Pp 1635 - 1644.

80. Novais, R.F. and Smyth, J. T (1999). Fosforo em Solo e Planta em Condiçoes Tropicas. Universidade Federal de Vicosa. Vicosa. Brazil.

81. Neves, J. C. L (1983). Aspectos nuticionas em mudas de eucalyptus spp tolerancia ao alummino e niveis de fosforo no solo Vicosa, UFV, Impresa Universitaria.87p (Tese. M.S).
82.  Oikeh, S. O ;  Somado, E. A.;  Sahrawat, K. L.; Toure , A. and  Diatta, S. (2008). Rice  yields enhanced through integrated management of cover crops and phosphate rock in phosphorus-deficient Ultisols in West Africa.  Communication in Soil Science and Plant Analysis, Volume 39, Issue 19 & 20. P 2894 – 2919.

83. Prasad, K.G., Gupta, G. N., Mohan, S., Subramanian, V. and Manivachakam, P.(1984).  Fertilization in Eucalyptus  grandis on severely truncated soil. Indian Forester. Dehra Dun.110; 1033-48.

84. Quaggio, J. A. And Raij, B (1983). Metodos de analyses de solo para fins fertilidade. Campinas, Instituto Agronomico. 39p. (Boletim Tecnico, 81).

85. Reddy, V.S and Reddy, A.S.N. (2004). Proteomics of calcium-signaling components in plants. Phytochemistry 65, 1745–1776.

86. Resende, M.; Bahia, A. F. C. and Braga, J. M.  (1987). Mineralogica de argilla de latosssols estimada por alocaçao a patir do teor total de oxidos do ataque sulurico. R. Bras. Ci. Solo Campinas. 11: 17 – 23.

87. Resende, A.V., Furtini, A. E., Alves, V. M. C., Curi, N. J., Muniz, J.A., Faquin, V and Kinpara, D. J. (2007). Phosphate efficiency for corn following Brachiaria grass pasture in the cerrado region. Better Crops with Plant Foods. Vol.xci {91} No 1.pp 17-18.

88. Ruiz, H.A. (1986). Efeito do conteudo de agua sobre o transporte de fosforo em dois Latossolos. Vicosa, UFV, Impressa Universitaria. 86p. {Tese . D. S}

89. Simon, E.W. (1978). Symptoms of calcium deficiency in plants. New Phytol. 80, 1–15. 

90. Souza, D. M.G and Lobato, E. (1988).  Adubaçao fosfatada. In; Savannna alimento ebnergia. VI Simposio sobre a Cerrado. EMBRAPA-CPAC, Planatina; DF. Brazil.p 33 – 60.

91. Smyth, T. J. And Sanchez, P.A. (1982). Phosphate rock dissolution and availability in the cerrado soils as affected by phosphorus sorption capacity. Soil Sci Soc. Am. J.  Madison, 50: 480-484. 

92. Stevenson, F. J and Cole, M.A. (1999). Cycles of Soil. Carbon, Nitrogen, Phosphorous ; Sulfur  Micronutrients. 2nd  Edition pp 427. John Willy & Sons. Inc.

93. Szilas, C.; Semoka, J. M. R and  Borggaard, O. K. (2006). Can local Minjingu phosphate rock replace superphosphate on acid soils in Tazania.  Nutrients Cycling in Agroecosystems. Vol.  77, No:3 Pp 257-268.

94. Vettori, L. (1969). Metodos de analyses do solo. Rio de Janeiro . Equipe de Pedologia e fertilidade do solo. Rio de Janeiro, Ministerio da Agricultura. 24p. (Boletim Tecnico,7). 

95.  White, P.J. and Broadley, M.R. (2003). Calcium in plants. . Ann. Bot. (Lond.) 92, 487–511
96. Zaharah, R . Zulkitfli, H and Sharifuddin, H. A.  (1996). Evaluating the efficacy of various phosphate fertilizer sources for oil palm seedlings. Nutrients in Agro ecosystems, Vol. 47, No : 2 pp 93 – 98.




12/12/2011
68

_1388125586.unknown

