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ABSTRACT

This study was conducted to investigate the effect of foliar spray with different forms of P on some growth parameters, yield and nutrients status of maize plant grown on a calcareous soil. For this purpose, five P forms (dipotassium phosphate, monopotassium phosphate, diammonium phosphate, monoammonium phosphate and phosphoric acid) at two rates (2.5 and 5 g/L) were sprayed on maize leaves at 15, 30, 60 and 90 day after sowing. The recommended dose of super phosphate fertilizer as soil application was used as a base for comparison.
The results showed that all treatments exhibited pronounced increases in the vegetative parameters i.e. plant height (cm), stem diameter (cm), ear grain weight (g), 100grain weight (g) and dry weight (g/plant) as compared with the control treatment. The highest values of growth parameters were recorded for the treatment of monoammonium phosphate at 5 g/L, expect for ear grain, which showed highest value due to diammonium phosphate at a rate of 5g/L. The greatest yield of straw, grains and harvest index were obtained for the treatments, monopotassium phosphate at a rate of 5g/L, diammonium phosphate 2.5g/L, monoammonium phosphate 5g/L, respectively. The results also showed that all applied P forms increased the concentrations of N, P and K in both leaves and grains compared with the control treatment. The micronutrients Fe, Zn and Mn concentrations in straw and grains responded to the low rate of P foliar application than the high one. Also, results indicate that the treatment with diammonium phosphate at a rate of 5g/L recorded the highest values of N and P uptake by straw and grains, while the treatment with monopotassium phosphate at a rate of 5g/L recorded the highest values of K uptake. On the other hand, the treatments of monopotassium phosphate at a rate of 2.5g/L, diammonium phosphate at a rate of 5g/L and dipotassium phosphate at a rate of 5g/L gave the highest values of Fe, Zn and Mn uptake by straw and grains, respectively.
 Generally, foliar spray with ammonium phosphate at both the two rates as di and mono ammonium phosphate resulted in the best maize parameters under the prevailing conditions of the current experiment.
INTRODUCTION

Phosphorus (P) is a structural component of nucleic acids and responsible for energy transfer, which is accomplished by phosphate ester and energy rich phosphate (Glass et al. 1980). The formation of insoluble compounds due to soil chemical reactions limits the plant available P making phosphate fertilization use efficiency very low by crops (Barber, 1984). Therefore, appropriate management of phosphate fertilizers is of a major concern. P fertilizers were surface applied or incorporated after broadcast. Banding was a more efficient method of P placement (Sander, et al. 1990). The banded P usually increased early crop growth more than the broadcast placement because of increased plant uptake. In maize (Zea mays L.) variety single cross 10, Stark and Westermann (2003) studied the effect of P placement on P uptake and reported similar results. It is important to improve phosphorus use of the plant by investigating alternative methods including foliar application, (Zhang and Barber, 1992).

The availability of P is strongly dependent on soil pH. The formation of iron and aluminum phosphate minerals results in reduced solubility of P in strongly acidic soil, however, P solubility increases as pH becomes nearly neutral (Hopkins and Ellsworth, 2005). This solubility and plant availability of P achieve maximum at pH 6.5 but declines again as the pH increases up to the alkaline range. This reduced availability of P in alkaline soil might be attributed to the reaction of P with calcium. In calcareous soil, Ca reacts with soil solution P to form insoluble calcium phosphate. However, P may be adsorbed on the surface of CaCO3 particles and becomes in unavailable form. Plants grown in these conditions can be stunted with shortened internodes and poor root systems due to P deficiency (Mengel and Kirkby, 1987). 
In the early 1980s, foliar application of fertilizers was investigated on selected crops including cereals. In relatively recent years, Lewis and Kettewell (1993) and Kaya et al. (2001) studied foliar P fertilization on potato (Solanum tuberosum L.) and tomato (Lycopersicon esculentum L.), respectively. 

   Foliar P application is very effective in soils of high fixing capacity such as the calcareous soils since P applied to these soils would not help the plant in the long run due to formation of insoluble calcium phosphate.  Foliar application should be made when the plant is not in water stress, either too wet or too dry (Denelan, 1988). Nutrients are best applied when the plant is cool and filled with water (turgid). Applications that are misapplied or too late in the season may not be effective. The most critical times to apply are when the crop is under P stress. Stress periods occur during periods of active growth. This is likely when the plant is changing from a vegetative to a reproductive stage (Cantisano, 2000). 
The mechanism of uptake and transport of foliar applied nutrients involves a complex plant tissue system including dermal, vascular, and ground systems (Rathore, 2000). Foliar applied nutrient passes through the cuticular wax, the cuticle, the cell wall, and the membrane in that order (Franke, 1967). Sometimes, the nutrient will pass through these various layers, while at other times it may pass through the spaces between these layers, which are typical for inorganic ions (Dybing and Currier, 1961). However, it was discovered later that stomata are the major means of foliar applied nutrient absorption into the plant (Eichert et al., 1998 and Eichert and Burkhadt, 2001). When the stomata are open, foliar absorption is often easier ( Burkhardt et al.,  1999). 
Therefore, the objective of this study was to investigate the effect of foliar spray with different P forms on some growth parameters, yield and nutrients status of maize plant grown on a calcareous soil. 

MATERIALS AND METHODS
      A field experiment was conducted at Abou-Massoud village, El-Nubria area Boheria Governorate, Egypt, during the summer season of 2006 to study the effect of different P-sources as foliar application on maize plants grown on a calcareous soil. The recommended dose of super phosphate fertilizer as soil application was used as a base for comparison. Each plot area was 10.5 m2 (3m x 3.5m). Grains were planted on the 10 th of May 2006 in hills at 30 cm apart on one side of each ridge leaving one plant /hill.  Plants were harvested on the 10th of August 2006. At harvest, five plants were randomly selected from each plot and used for determing the growth parameters i.e., plant height (cm), stem diameter (cm), ear grain weight (g) and 100 grain weight (g). The straw and the grain samples were dried in an oven at 70 C0 until constant weight and dry weights were recorded. Dried plant materials were milled and digested to determine N, P, K, Fe, Zn and Mn as described by Chapman and Pratt (1961).  Statistical analysis was done according to Snedecor and Cochran (1980). Table (1) presents initial soil characteristics of the experimental site, which were determined according to Jackson (1973) and Page et al. (1982).
A completely randomized block design with three replications was used to evaluate the investigated treatments. All the treatments were supplied at a rate of 150kg N/fed. as ammonium nitrate (33.5%N) and 50kg K2O/fed. as potassium sulphate (48% K2). The control treatment received super phosphate [Ca (H2PO4)2] (15.5% P2O5) at a rate of 30kg P2O5/fed. as soil application. The five P forms as foliar application were monopotassium phosphate (KH2PO4), dipotassium phosphate (K2HPO4), diammonium phosphate [(NH4)2HPO4], monoamonium phosphate (NH4H2PO4) and phosphoric acid (H3PO4) each at two rates of 2.5 and 5 g/L. P-sources were foliar applied at four times, i.e., 15, 30, 60, 90 day after sowing.

Table (1): Some main properties of the experimental soil at Abou-   

                 Masood village (upper 30 cm layer).
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RESULTS AND DISCUSSION

Vegetative growth Parameters. 
Data presented in Table (2) reveal that under all the applied treatments the values of plant height, dry weight, stem diameter, ear grain weight and 100 grains weights were greater than the corresponding ones of the control treatment. 
The treatment monoamonium phosphate at a rate of 5g/L surpassed the other studied ones for all the studied growth parameters, except for the ear grain weight where the treatment diamomium phosphate surpassed the other treatments. Data also show that foliar application with different P-forms at the two studied rates significantly increased all growth parameters over the control treatment.  Such increases in all the vegetative growth parameters of maize plant may be due to the ease by which sprayed P is assimilated and transported during the biochemical processes (Russell, 1973).   

Table (2): Effect of different P-sources as foliar application on vegetative growth of  

                 maize plants grown on a calcareous soil. 
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Straw, grains yields and harvest index.
The data presented in Table (3) show that straw and grain yields and harvest index of maize plant were increased under all treatments than the control treatment. Among the studied treatments, the treatment were potassium phosphate at a rate of 5g/L gave the highest straw yield and the treatment diammonium phosphate at a rate of 5g/L recorded the highest grain yield of maize plant, however the treatment monoamonium phosphate at a rate of 5g/L registered the highest value of harvest index (46.51%) which significantly exceeded the corresponding value of the other treatments.                                                       

Benbella and Paulsen, (1998) showed that foliar applications of P after anthesis at rate of 5 to 10 kg P ha-1 as KH2PO4 increased wheat grain yields by up to 1Mg ha-1. 
Green and Racz, (1999) reported that a 300 kg ha-1 grain increment of wheat occurred due to foliar P applied to a P deficient wheat crop.

Table (3): Effect of different P-sources as foliar application on straw, grain and harvest 
               index of maize plants grown on a calcareous soil.

	Treatments
	Straw yield 
	Grain yield 
	Harvest index 

	P- sources
	Rate
	(Kg/fed.)
	(Kg/fed.)
	(%)

	 
	 
	Soil application

	Ca (H2PO4)2
	30kg P2O5/fed
	3159.00
	2572.40
	44.88

	 
	 
	Foliar application

	KH2PO4
	2.50 g/L
	4350.00
	3167.73
	42.13

	
	5.00 g/L
	4740.00
	3273.46
	40.84

	K2HPO4
	2.50 g/L
	4449.00
	3148.00
	41.43

	
	5.00 g/L
	4500.00
	3280.00
	42.00

	(NH4)2HPO4
	2.50 g/L
	4581.80
	3309.46
	41.93

	
	5.00 g/L
	4124.00
	3544.93
	45.62

	NH4H2PO4
	2.50 g/L
	4400.00
	3073.86
	41.12

	
	5.00 g/L
	3744.00
	3256.33
	46.51

	H3PO4
	2.50 g/L
	3639.00
	3073.56
	45.78

	
	5.00 g/L
	3859.20
	3266.61
	45.84

	L.S.D. at 0.05
	4.36
	1.86
	0.53


Concentrations of macro and micronutrients in straw and grains as 

affected by soil and foliar applications of phosphorus.   

The results in Table (4) show that N, P and K concentrations in straw were generally significantly increased due to all sources of applied P (except for K2HPO4 for both N and P and (NH4)2HPO4 for K) as foliar application as compared with the control treatment (P-soil application).                                                                                                                  
       Data represented in Table (4) show that Fe, Zn and Mn concentrations in plants treated with different P-sources as foliar application were greater than the control treatment (P- Soil application). However, the increment in Fe was decreased with increasing rate of the P as foliar application. This finding is in agreement with the results of George and Louchli (1985) who stated that P application at high rates decreased Fe concentration in maize due to decreasing Fe uptake by plants.
Table (4): Effect of different P-sources as foliar application on concentrations 
                 of macro-and micronutrient in straw of maize plants.
	Treatments
	Macronutrients (%)
	Micronutrients (mg/kg)

	P- sources
	Rate
	N
	P
	K
	Fe
	Zn
	Mn

	 `
	 
	Soil application

	Ca (H2PO4)2
	30kg P2O5/fed
	1.20
	0.34
	1.23
	81.40
	37.36
	49.25

	 
	 
	Foliar application

	KH2PO4
	2.50 g/L
	1.44
	0.41
	1.35
	198.35
	73.54
	84.65

	
	5.00 g/L
	1.44
	0.43
	1.48
	185.24
	77.58
	95.34

	K2HPO4
	2.50 g/L
	1.24
	0.35
	1.52
	144.65
	64.32
	79.32

	
	5.00 g/L
	1.25
	0.36
	1.56
	169.21
	68.94
	81.25

	(NH4)2HPO4
	2.50 g/L
	1.75
	0.44
	1.25
	132.56
	58.32
	65.32

	
	5.00 g/L
	1.93
	0.56
	1.23
	131.00
	61.21
	71.21

	NH4H2PO4
	2.50 g/L
	1.57
	0.36
	1.32
	135.65
	60.21
	75.65

	
	5.00 g/L
	1.61
	0.48
	1.36
	131.21
	62.31
	77.35

	H3PO4
	2.50 g/L
	1.35
	0.41
	1.33
	122.52
	61.21
	64.87

	
	5.00 g/L
	1.32
	0.46
	1.31
	118.65
	60.20
	59.51

	L.S.D. at 0.05
	0.054
	0.050
	0.05
	2.61
	2.17
	1.78


 
Data in Table (5) represent values of N, P and K concentrations in grains of maize plants grown on the calcareous soil as affected by P-soil and foliar applications. Data reveal that P-sources as foliar application at the two studied rates were significantly more efficient than P as soil application. 
The highest N, P and K concentrations were attained due to application of the treatments diammonium phosphate at rate of 5g/L, phosphoric acid at rate of 5g/L and dipotassium phosphate at a rate of 5g/L, respectively. 
In addition, foliar spray with P forms at the two rates gave significantly higher values of Fe, Zn and Mn concentrations in grains of maize plants as compared with the soil application. It was noticed that the highest Fe, Zn and Mn  concentrations were recorded when maize plants  received the treatments monoamonium phosphate at rate of 5g/L, diamonium phosphate at rate of 5g/L and monoamonium phosphate at rate of 5g/L, respectively. On the other hand, Sarhdi et al. (2003) found that Fe, Zn and Mn concentrations in maize plants treated with phosphorus were higher in the control treatment in a calcareous soil. 


Table (5): Effect of different P-sources as foliar application on macro-and 
                 micronutrient concentration in grains of maize plants.
	Treatments
	Macronutrients (%)
	Micronutrients (mg/kg)

	P-sources
	Rate
	N
	P
	K
	Fe
	Zn
	Mn

	 `
	 
	Soil application

	Ca (H2PO4)2
	30kgP2O5/fed.
	1.75
	0.34
	1.12
	52.34
	82.00
	41.23

	 
	 
	Foliar application

	KH2PO4
	2.50 g/L
	1.66
	0.43
	1.42
	95.34
	155.8
	56.78

	
	5.00 g/L
	1.61
	0.46
	1.46
	  89.64
	162.00
	49.62

	K2HPO4
	2.50 g/L
	1.75
	0.51
	1.52
	109.15
	174.68
	59.45

	
	5.00 g/L
	1.76
	0.54
	1.53
	104.10
	187.65
	55.92

	(NH4)2HPO4
	2.50 g/L
	1.89
	0.56
	1.23
	91.48
	195.65
	62.48

	
	5.00 g/L
	1.99
	0.59
	1.24
	102.00
	199.98
	60.32

	NH4H2PO4
	2.50 g/L
	1.81
	0.62
	1.34
	113.65
	176.98
	73.65

	
	5.00 g/L
	1.56
	0.66
	1.41
	126.21
	185.24
	75.68

	H3PO4
	2.50 g/L
	1.72
	0.69
	1.43
	88.52
	172.00
	48.65

	
	5.00 g/L
	1.73
	0.72
	1.46
	72.87
	167.64
	44.89

	L.S.D. at 0.05
	0.05
	0.02
	0.06
	2.37
	2.51
	1.86


Data in Table (6) show the effect of different P-sources as foliar application at the two rates compared to P as soil application on N, P and K uptake by maize plants.
The data indicate that all P-sources recorded significantly higher values of N, P and K uptake by straw, grain and the whole plants compared to the corresponding uptake values attained by the control (P as soil application). Diammonium phosphate [(NH4)2HPO4] foliar application at the rate of 2.5 and 5 g/L resulted in the highest N and P uptake respectively, whereas foliar application of K2HPO4 at a rate of 5 g/L caused the highest value of K uptake by maize straw. Foliar application of (NH4)2HPO4 at a rate of 5 g/L, H3PO4 at a rate of 5 g/L and K2HPO4 at a rate of 5 g/L resulted in the highest values of N, P and K uptake by maize grains, respectively.
Foliar application of P from the different studied sources probably caused the plant root system to increase and hence its ability to absorb the different nutrients increased and consequently values of uptake of the    
Table (6): Effect of different P-sources as foliar application on some       

     macronutrient uptake by maize plants (kg/fed.).
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different nutrients seemed higher than the corresponding ones of the control treatment. The highest uptake values of total N and P were attained due to foliar application of diammonium phosphate [(NH4)2HPO4] at a rate of 5 g/L, while the highest total K-uptake value was obtained due to foliar application of dipotassium phosphate (K2HPO4) at a rate of 5 g/L. On the other hand, the lowest values of total N and K uptake by maize plants were obtained due to foliar application of the phosphoric acid (H3PO4) at a rate of 2.5 g/L while the lowest values of total P uptake were achieved due to foliar application of K2​HPO4 at a rate of 2.5 g/L.  

Data presented in Table (7) show values of Fe, Zn and Mn uptake by maize plants grown on the calcareous soil as affected by P soil application and different P-sources as foliar application. Data reveal that all P-sources as foliar application at both the two studied rates resulted in significantly higher values of Fe, Zn and Mn uptake by straw, grains and the whole maize plant compared to the control treatment (P as soil application). The highest values of total Fe, Zn and Mn uptake were attained due to application of monopotassium phosphate (KH2PO4​​) at a rate of 2.5g/L, diammonium phosphate [(NH4)2HPO4] at a rate of 5 g/L and dipotassium phosphate (K2HPO4) at a rate of 5 g/L, respectively while the lowest ones were obtained by the plants received phosphoric acid (H3PO4) at a rate of 2.5 g/L for both Fe and Mn and  H3PO4 at a rate of 5 g/L for Zn uptake.
Table (7): Effect of different P-sources as foliar application on some     

     micronutrient uptake by maize plants (g/fed.).
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الملخص العربى
استجابة النمو الخضرى و المحصول و المحتوى من المغذيات لنباتات الذرة النامية فى أرض جيرية للرش بصور مختلفة من الفوسفور
محمد سعيد عواد - أحمد حسنين أحمد - عادل محمد خليفة
معهد بحوث الاراضى و المياه و البيئه ، مركز البحوث الزراعية ، الجيزة – مصر

يهدف هذا البحث الى  دراسة تأثير الرش الورقى بصور مختلفة من الفوسفور على بعض قياسات  نمو و محصول نباتات الذرة الشاميه و كذلك حالته الغذائية  فى الاراضى الجيريه.     و لتحقيق هذا الهدف أجريت تجربة حقلية فى أرض جيرية ، استخدام فيها خمسة مصادر لعنصر الفوسفور هى:-
فوسفات البوتاسيوم احادى القاعدية - و فوسفات البوتاسيوم ثنائى القاعدية - و فوسفات الامونيوم احادى القاعدية - و فوسفات الامونيوم ثنائى القاعدية - وحامض الفوسفوريك0
 بمعدلين (2.5و5 جم/لتر) على فترات متتالية هى 15 و 30 و 60 و 90 يوم من بداية الزراعة وقد استخدمت المعدل الموصى به من سماد السوبر فوسفات 30 كجم فو2ا5 للفدان كتسميد أرضى كأساس للمقارنة.
وتشير أهم النتائج المتحصل عليها الى :-
  1- حدوث تأثير ايجابى  لمعاملات الرش بصور الفوسفور المختلفة على النمو الخضرى  من حيث طول النبات و قطر الساق و ووزن الكوز و الوزن الجاف للنبات مقارنة بالكنترول  ( المعاملة الأرضية). كما ان المعاملة بالفوسفات الامونيوم احادى القاعدية بمعدل 2.5 جم/لتر أعطت أفضل النتائج لجميع القياسات النباتية السابقة اذا ما قورنت بجميع المعاملات الأخرى ماعدا وزن الكوز حيث سجلت المعاملة بالفوسفات الامونيوم ثنائى القاعدية بمعدل 5 جم/ لتر أفضل  القيم.
2- سجلت المعاملة بالفوسفات الامونيوم ثنائى القاعدية بمعدل 2.5 جم/لتر و 5 جم /لتر أعلى قيم  بالنسبة لمحصول القش و الحبوب على التوالى ، بينما سجلت المعاملة بالفوسفات الامونيوم احادى القاعدية بمعدل 5جم/لتر أعلى القيم لدليل المحصول مقارنة بجميع المعاملات.
         قد أوضحت أيضا هذه الدراسة  أن الرش الورقى بعنصر الفوسفور بالصور السابقه قد أدى الى زيادة المحتوى من العناصر الكبرى ( النيتروجين و الفوسفور و البوتاسيوم) مقارنة بالكنترول (المعاملة الارضية) فى كلا من محصولى  القش و الحبوب. اما بالنسبة للعناصر الصغرى ( الحديد و الزنك و المنجنيز ) فقد لوحظ زيادة تركيز هذه  العناصر مع الرش الورقى لعنصر الفوسفور وذلك فى التركيز المنخفض من الرش (2.5 جم/لتر) عنه فى التركيز المرتفع (5 جم /لتر).
3- سجلت المعاملة بالفوسفات الامونيوم ثنائى القاعدية بمعدل 5 جم /لتر أعلى قيم  بالنسبة لعنصرى النتروجين والفوسفور الممتص بواسطة محصولى القش و الحبوب0 بينما سجلت المعاملة بالفوسفات البوتاسيوم ثنائى القاعدية بمعدل 5جم/لتر أعلى قيم لأمتصاص عنصر البوتاسيوم0
4- سجلت المعاملات بالفوسفات البوتاسيوم ثنائى القاعدية بمعدل 2.5جم/لتر وبالفوسفات الامونيوم ثنائى القاعدية بمعدل 5 جم /لتر وبالفوسفات البوتاسيوم احادى القاعدية بمعدل      5 جم /لتر أعلى قيم لأمتصاص عناصر الحديد والزنك والمنجنيز على التوالى بواسطة محصولى القش و الحبوب0
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		Particle size distribution in presence of CaCO3 :

												EC (dSm-1)						0.80

		Clay                 ( % )						15.24				T.S.S.		( % )				0.05

		Silt                 ( % )						20.67				SP		( % )				39.00

		Fine sand       ( % )						43.12				Cations mmolc /100g soil:

		Coarse sand   ( % )						20.97				Ca2+						0.26

		Textural class :				Sandy clay loam						Mg2+						0.16

		CaCO3		( % )				33.5				Na+						0.36

		O.M.		( % )				1.09				K+						0.02

		pH (1-2.5 susp.)						8.15				Anions mmolc /100g soil:

		CEC cmolc kg-1 soil						21.13				CO32-						0.00

		Total N mg/100g soil						424.00				HCO3-						0.13

		Available P  mmolc /100g soil						10.65				Cl-						0.28

		Available K mmolc /100g soil						335.00				SO42-						0.39
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		Treatments				Plant height		Dry weight		Stem diameter		Ear grain weight		100 grainl weight

		P-sources		Rate		(cm)		g/plant		(cm)		(g)		(g)

						Soil application

		Ca (H2PO4)2		30kg P2O5/fed		215.00		105.30		1.68		192.93		35.00

						Foliar application

		KH2PO4		2.50 g/L		240.00		145.00		1.70		237.58		38.85

				5.00 g/L		255.00		158.00		1.73		245.51		39.94

		K2HPO4		2.50 g/L		242.01		148.30		1.74		236.10		38.21

				5.00 g/L		256.32		160.00		1.75		246.00		40.71

		(NH4)2HPO4		2.50 g/L		260.00		166.06		1.77		248.21		39.00

				5.00 g/L		263.40		170.80		1.77		265.87		42.00

		NH4H2PO4		2.50 g/L		265.00		160.00		1.81		230.54		42.01

				5.00 g/L		276.00		187.20		1.84		244.00		46.61

		H3PO4		2.50 g/L		225.10		121.30		1.72		230.54		36.54

				5.00 g/L		233.00		128.64		1.75		245.00		38.54

		L.S.D. at 0.05				1.69		1.55		N.S.		2.53		1.31
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		Treatments				Macronutrients uptake by

		P-sources		Rate		Straw						Grain						Whole plants

						N		P		K		N		P		K		N		P		K

		Ca (H2PO4)2		13kg		Soil application

				P/fed.		37.91		10.74		38.86		45.01		8.75		28.81		82.92		19.49		67.67

						Foliar application

		KH2PO4		2.50 g/L		62.64		17.84		58.37		52.58		13.62		44.98		115.22		31.46		103.71

				5.00 g/L		68.26		20.38		70.15		52.70		15.06		47.79		120.96		35.44		117.94

		K2HPO4		2.50 g/L		55.17		15.57		67.62		55.09		16.05		47.85		110.26		31.62		115.47

				5.00 g/L		56.25		16.20		70.20		57.73		17.71		50.18		113.98		33.91		120.38

		(NH4)2HPO4		2.50 g/L		80.18		20.16		57.27		62.55		18.53		40.71		142.73		38.69		97.98

				5.00 g/L		79.59		23.09		50.73		70.54		20.92		43.96		150.13		44.01		94.69

		NH4H2PO4		2.50 g/L		69.08		15.84		58.08		55.64		19.06		41.90		124.72		34.90		99..98

				5.00 g/L		60.28		17.97		50.92		50.80		21.49		45.91		111.08		39.46		96.83

		H3PO4		2.50 g/L		49.13		14.92		48.40		52.87		21.21		43.95		102.00		36.13		92.35

				5.00 g/L		50.94		17.75		50.55		56.51		23.52		47.69		107.45		41.27		98.24

		L.S.D. at 0.05				2.16		0.86		1.52		1.49		0.98		0.97		2.42		2.10		2.17
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		Treatments				Macronutrients uptake by

		P-sources		Rate		Straw						Grain						Whole plants

						Fe		Zn		Mn		Fe		Zn		Mn		Fe		Zn		Mn

		Ca (H2PO4)2		13kg		Soil application

				P/fed.		257.43		118.02		155.58		134.66		210.94		106.06		392.07		328.96		261.64

						Foliar application

		KH2PO4		2.50 g/L		862.82		319.90		368.23		302.01		493.53		179.86		1164.83		813.43		548.09

				5.00 g/L		878.04		367.73		451.91		293.43		530.30		162.43		1171.47		898.03		614.34

		K2HPO4		2.50 g/L		643.55		286.16		352.89		343.60		549.89		187.15		987.15		836.05		540.04

				5.00 g/L		761.45		310.23		365.63		341.45		615.49		183.42		1102.90		925.72		549.05

		(NH4)2HPO4		2.50 g/L		607.36		267.21		299.28		302.75		647.50		206.78		910.11		914.71		506.06

				5.00 g/L		540.24		252.43		293.67		361.58		708.92		213.83		901.82		961.35		507.50

		NH4H2PO4		2.50 g/L		596.86		264.92		332.86		349.34		544.01		226.39		946.20		808.93		559.25

				5.00 g/L		491.25		233.29		289.60		410.98		603.20		246.44		902.23		836.49		536.04

		H3PO4		2.50 g/L		445.85		222.74		236.06		272.07		528.65		149.53		717.92		751.39		385.59

				5.00 g/L		457.87		232.31		229.15		238.04		547.61		146.64		695.91		779.92		376.29

		L.S.D. at 0.05				4.66		3.83		5.22		4.16		7.77		5.48		3.90		2.08		2.90






