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ABSTRACT

A field experiment was carried out on a sandy soil at the Experimental Farm of Ismaillia Station, Agricultural Research Center, Egypt to study the interaction effect of phosphorus and sulphur fertilization on the beneficial effects of farmyard manure amendment added to a sandy soil. The P rates were 0, 15 and 30 kg P/fed applied as superphosphate and S rates were 0, 50 and 100 kg S/fed applied as elemental sulphur.
A comparison between mean of the control (0P+0S) with the mean of (0 P+ 50 S) and (0 P+ 100 S) treatments. This comparison showed that there was a significant positive response in both grain and straw yield to the increasing S application rate. The analysis of variance showed a highly synergetic significant P by S interaction on wheat yield and nutrient uptake. The highest three yield of either grain or straw were achieved in (30 P+ 100 S), (30 P + 50 S) and (15 P+ 100 S) treatments ranked in descending order. The differences in grain or straw yield among these three treatments were significant (P< 0.05), indicating that fertilizing wheat crop in sandy soil, amended with farmyard manure by about 50% of its total N requirement, by 30 kg P and 100 kg S/fed produced the maximum yield.

Nitrogen, P, K and S uptake by wheat followed the same trend of grain and straw yields. However, no wide variations are occurred on soil chemical properties i.e. pH, EC, ESP and SSP as well as soil available N, P and K at the end of the growing season.

introduction

Increasing the productivity of wheat in sandy soils of Egypt still deserves a further condensed research for many reasons. Among these reasons are: (1) sandy soils are among the promising potential soils for horizontal expansion and (2) wheat is the main cereal crop in Egypt and its shortage is the main factor in the food problem.

Sandy soils are characterized by their poor physical and chemical properties as well as their low capacity to retain water and applied nutrients and consequently their low productivity. Increasing the productivity of the sandy soils has received a great deal of attention from agricultural researches in the past several decades especially through the additions of either natural or synthetic soil amendments Hashem et al. (1992) and Fahim et al. (1994). These researches have shown that soil amendments increase the sandy soil productivity due to improving the chemical, physical and/or biological characteristics as well as its nutrient status.
In order to meet wheat N requirement in sandy soil, Metwally and Khamis (1998) found that the addition of 50% of entire N requirements in organic form (water hyacinth, farmyard manure, or broad bean straw) and the rest in mineral form produces almost the same yield as in the case of 100% in mineral form. On the other hand, El-Maghraby et al. (1997) using different levels of both organic manures and/or elemental sulphur in a sandy loam soil found that the best treatment in reference to improving soil chemical, physical and microbiological properties as well as increasing wheat grain yields and their nutrient contents was the combined treatment of (half ton residual sulphur after two years of application+ 20m3 organic manure) per feddan. Meanwhile, the interaction effect of phosphorus and sulphur on grain and straw yield of wheat and their nutrient contents is documented (Joshi and Seth, 1975 and Ali et al., 1991).
Sulphur is an essential element for plant growth. It plays an important role in protein and chlorophyll biosynthesis and in the activity of certain enzymes (Moss et al., 1981). Elemental S has been used for many years in the reclamation and improvement of calcareous and alkaline soils. However, response of wheat to S fertilization in sandy loam soil supplied with organic matter was reported (Wassif et al., 1995 and Maghraby et al., 1997).

Thus, the current study was carried out to investigate P/S interaction effect on the organic amendment in sandy soil cultivated with wheat.

materials and methods

A field experiment at the Agricultural Research Station, Ismaillia, Egypt, was executed to study the effect of phosphorus, (P), and sulphur (S) fertilization on the beneficial effect of organic manure amendment added to the sandy soil and cultivated with wheat crop (Triticm aestivum L., Sakha 8). The physical and chemical characteristics of the soil were determined according the standard methods (Black, 1965) and presented in Table (1). The experiment was arranged in a randomized complete block design with nine treatments and four replications. The treatments were the factorial combination of three rates of phosphorus; i.e., 0, 15 and 30 kg P/fed. as superphosphate and three rates of sulphur; i.e. 0, 50 and 100 kg S/fed as elemental S. The experimental plot area (25 m2) consisted of 25 rows spaced and 20 cm apart. All plots (included the control) received uniform applications of 100 kg/fed K2SO4 (48% K2O) and 100 kg N/fed. The N was applied at 50 kg N/fed as ammonium nitrate in two doses (the day before planting and 70 days later) and 50 kg N/fed as farmyard manure (C:N (20, total N≈1.5%). Farmyard manure was thoroughly incorporated into the top 20- cm soil layer 3 weeks before planting, then the soil was irrigated to establish good microbial activity for organic mater decomposition (Metwally and Khamis, 1998).
Plots were planted to wheat (Triticum aestivum L., Sakha 8) on November 15th 2004. After the plants had matured grain and straw yields were determined and representative plant samples were collected randomly from each plot to determine nutrient uptake of both the straw and grain (N, P, K & S nutrients) according to the standard method (Chapman and Pratt, 1961). At harvest, representative of the 30 cm soil layer samples were taken from each plot to assess the changes in some soil properties and nutritional status as affected by the studied treatments. The studied soil chemical properties were soil salinity (ECe), soil reaction (pH), exchangeable sodium percentage (ESP) and soluble sodium percent (SSP). These parameters were determined according to Black (1965).
Data of grain and straw yield as well as nutrient uptake was subjected to analysis of variance according to Gomez and Gomez (1984).

Table (1): Some physical and chemical characteristics of the studied soil.
	Soil characteristics
	
	Value

	a) Physical properties:
	
	

	Coarse sand
	(%)
	92.20

	Fine sand
	(%)
	3.80

	Silt+ clay
	(%)
	4.00

	Texture class
	
	Sandy

	CaCO3
	(%)
	0.37

	Organic matter
	(%)
	0.55

	b) Chemical properties:
	
	

	pH 1:2.5 soil:water susp.
	
	8.14

	Electrical conductivity (ECe) dS m-1
	
	0.26

	Soluble cations (me/ 100 g soil)
	
	

	Ca2+
	
	0.41

	Mg2+
	
	0.70

	Na+
	
	1.43

	K+
	
	0.03

	Soluble anions (me/ 100 g soil)
	
	

	CO32- + HCO3-
	
	0.39

	Cl-
	
	1.48

	SO42-
	
	0.70

	SSP
	(%)
	55.60


results and discussion
Effect of sulphur and phosphorus on soil properties and fertility:

Soil reaction, pH slightly but consistently decreased with the increasing rate of the applied S either alone or combined with P (Table, 4). At 0 P rate, soil pH was decreased about 0.11 and 0.32 unit with increasing S rate from 0 to 50 and 100 kg S/fed, respectively. Almost the same trend and magnitude were observed in the presence of P with S either at 15 or 30 kg P/fed rate. The changes in soil pH due to P application were negligible. For example, the soil pH decreased from 8.14 to 8.10 and 8.12 due to increasing P rates from 0 to 15 and 30 kg P/fed, respectively.
Soil salinity represented by EC showed no great variation among the studied treatments (Table, 4). Averaged across P treatments, the EC ranged from 0.24 to 0.25 dS m-1 for soils treated with different S rates.
Exchangeable sodium percentage, ESP and SSP as indicators for soil alkalinity confirmed the abovementioned results regarding soil pH, where those parameters showed a slight decrease with the additions of S and/or P (Table, 4).

Soil available N (NH4++NO3-), P and K in the 30 cm soil layer at the end of the experiment tended to increase with the increasing rate of the applied S at any rate of the applied P except soil available P which positively responded only to the applied P as was expected. However, the increases in the three studied nutrients concentrations due to the treatment effects were some what minor. 
Effect on wheat yields and harvest index:

Table (2) show the effect of phosphorus (P) and sulphur (S) fertilization rates on wheat straw and grain yields as well as the harvest index (HI). Highly significant differences (P< 0.01) in the three studied parameters (straw and grain yields and HI) were observed due to application of P, S and their interaction. Increasing the applied P rate significantly increased straw and grain yields as well as HI). The increase in straw yield due to 15 kg P/fed rate was about 32.4% over the control (received N and K but not P). A further increase in straw yield (34.7%) was attained due to increasing P rate up to 30 kg P/fed. Grain yield exhibited a similar trend as that of straw yield in relation to P fertilization rate. The grain yield increased from 654.9 kg/fed in the control treatment to 976.5 and 1251.6 kg/fed in the 15 and 30 kg P/fed treatments, respectively. However, HI showed a little different trend, i.e., both 15 and 30 kg P/fed rates significantly increased the HI over the control treatment but with no significant difference between them. The abovementioned responses of yield parameters to the applied P were enhanced due to S fertilization. For example, the relative increases in wheat grain and straw yields due to 15 kg P/fed application rate alone were about 49% and 32% over the control, respectively, the addition of 50 kg S/fed in combination with this P rate raised these increases to about 86% and 55%. Moreover, increasing the S application rate to 100 kg S/fed in combination with 15 kg P/fed rate resulted in about 93% and 78% increases in wheat grain and straw yields (Table, 2). The beneficial interaction effect between P and S at 30 kg P/fed application rate was more pronounced than that previously discussed at 15 kg P/fed application rate. The highest grain and straw yields (1623.6 and 2549.3 kg/fed, respectively) were achieved due to 30 kg P+ 100kg S per feddan treatment. It is note worthy that this treatment over-yielded significantly (P< 0.05) any of the other factorial treatments used in the current study. 

Data of HI (Table, 2) reveal that the beneficial effect of both S and P on reproductive growth (grain) was about equivalent to their effect on vegetative growth (straw) in spite of the absence of significance of main effect of P.

Effect on wheat yields and harvest index:

Table (2) show the effect of phosphorus (P) and sulphur (S) fertilization rates on the wheat straw and grain yields as well as the harvest index (HI). Highly significant differences (P< 0.01) in the three studied parameters (straw and grain yields and HI) were observed due to P, S and their interaction. Increasing the applied P rate significantly increased straw and grain yields as well as HI). The increase in straw yield due to 15 kg P/fed rate was about 32.4% over the control (received N and K but not P). A further increase in straw yield (34.7%) was attained due to increasing P rate up to 30 kg P/fed. Grain yield exhibited a similar trend as that of straw yield in relation to P fertilization rate. The grain yield increased from 654.9 kg/fed in the control treatment to 976.5 and 1251.6 kg/fed in the 15 and 30 kg P/fed treatments, respectively. However, HI showed a little different trend, i.e., both 15 and 30 kg P/fed rates significantly increased the HI over the control treatment but with no significant difference between them. The abovementioned responses of yield parameters to the applied P were enhanced due to S fertilization. For example, the relative increases in wheat grain and straw yields due to 15 kg P/fed application rate alone were about 49% 86% and 55%. Moreover, increasing the S application rate to 100 kg S/fed in combination with 15 kg P/fed rate resulted in about 93% and increases in wheat grain and straw yields (Table, 2). The beneficial interaction effect between P and S at 30 kg P/fed application rate was more pronounced than that previously discussed at 15 kg P/fed application rate. The highest grain and straw yields (1623.6 and 2549.3 kg/fed, respectively) were achieved due to 30 kg P+ 100kg S per feddan treatment. It is not worthy that this treatment over yielded significantly (P< 0.05) any of the other factorial treatments used in the current study. 

Data of HI (Table, 2) reveal that the beneficial effect of both S and P on reproductive growth (grain) was about equivalent to their effect on vegetative growth (straw) in spite of the absence of significance of main effect of P.

Nutrient uptake of wheat grain and straw:

Nutrient uptake (N, P, K & S) of wheat grain and straw in relation to P and S fertilization is shown in Table (3). Generally, the uptake of all the studied nutrients either by grain or straw were significantly (P< 0.01) affected by P, S and their interaction. Regardless of S fertilization, increasing P application rate significantly increased the studied nutrients taken up by wheat grain and straw and vice versa. Since the P×S interaction was found to be significant, only the interaction effects will be studied in detail.

Grain N uptake increased significantly and progressively with increasing application P rate from 0 to 15 and 30 kg P/fed either with the absence or presence of S (Table, 3). However, the presence of S enhanced  the responses of grain N accumulation to the applied P. Plants received no P or S accumulated 11.8 kg N/fed while those treated with 15 or 30 kg P/fed without S accumulated 19.4 and 26.3 kg N/fed (about 64 and 123% increases, respectively). Addition of S fertilizer in the absence of P showed also a similar trend but in a lesser magnitude with no significant difference (P> 0.05) between 50 and 100 kg S/fed rates (about 56 and 69% increases, respectively). Addition of both P and S together increased the accumulated grain N more than any rate of the applied P or S rate solely did, except P at 30 kg P/fed rate which was ranked the fourth largest one (26.28 kg N/fed, Table 3).

Nitrogen taken up by wheat straw increased with increasing P or/and S application rate. However, the ratio of N partitioned to grain as opposed to straw was very high (about 73%, averaged over all treatments). This high ratio of N partition may partly due to the fact that wheat grains contain high concentrations of protein compared to straw.

Whole plant P accumulation responded positively to the increasing rate of applied P and S, (Table, 3). The (0P+0S) treatment (the control) had the lowest P accumulation in either grain or straw (1.17 and 1.23 kg P/fed, respectively). In the absence of S, the grain accumulated P increased to 1.95 kg P/fed ((66.7% increase) and 4.26 kg P/fed ((246% increase) due to increasing the applied P rate to 15 and 30 kg P/fed, respectively. The corresponding increases in straw accumulated-P were 136.6 and 275.6%, respectively. Addition of S in combination with P increased the positive responses to the applied P fertilizer. The (30 P+100 S), (30 P+ 50 S) and (15 P+100 S) were ranked as the highest three treatments in descending order, regarding P accumulation by grain or straw. However, the ratio of P portioned to grain was about equal to that of straw.

Potassium uptake by wheat plants showed almost the same trends as those of N and P. (30 P+ 100 S), (30 P+50 S) and (15 P+100 S) treated plants accumulated the highest K content among different P- by-S combinations followed by (30 P+ 50 S) and (15 P+ 100 S) treated plants. This was hold true for both of grain and straw. The grain accumulated-K for these treatments were 30.9, 24.7 and 20.3 kg K/fed compared to 8.5 kg K/fed of the control. The corresponding values for straw accumulated-K were 2.88, 2.04 and 1.71 kg K/fed compared to 1.02 kg K/fed of the control.

Sulphur uptake of wheat plants was significantly increased with increasing the applied S rate. These increases in S uptake were affected by the applied P rate. Accumulated S by wheat grain increased from 11.79 kg S/fed in the control treatment (0 P+ 0 S) to 19.28 kg S/fed (63.5% increase) and 23.44 kg S/fed (98.8% increase) due to increasing the applied S rate from 0 to 50 and 100 kg S/fed, respectively. The corresponding increases in accumulated-S by wheat straw were 44.4 and 48.6%, respectively. At 15 kg P/fed fertilizer application rate, the increases in accumulated-S by grain due to increasing the applied S rate from 0 kg S/fed to 50 and 100 kg S/fed were 67.6 and 75.7%, respectively, while the corresponding increases at 30 kg P/fed rate were 34.0 and 86.2%.

DISCUSSION

The positive response of wheat grain and straw yield to the applied S in the studied sandy soil amended with farmyard manure was expected due to the direct and indirect role of S on the one hand and the deficiency of the sand soil in plant nutrients in general and sulphur in particular on the second hand. The direct and indirect role of S was mentioned in the introduction section of the current paper. However, the indirect role of S in the present case in its enhancement in organic manure decomposition and the subsequent release of plant nutrients. These results are in agreement with the finding of Hilal and Kokor, 1990; Feyh et al., 1993; Lamond et al., 1995 and Wassif et al., 1995 who found a positive response of plants to the applied S. On the other hand, the positive response of wheat to P fertilizer was also reported (Makaioi, 1982; Negm et al., 1997). Moreover, the response of wheat yield to the applied S was dependent on the applied P rate and vice versa. These S by P interaction results are in agreement with those of Ali et al. (1991) who concluded that when S was applied at rates up to 500 kg/fed, the maximum amount of superphosphate fertilizer should not exceed 200 kg/fed to obtain maximum grain and straw of wheat yield grown in calcareous sandy loam soils with saline irrigation water.
Total N, P, K and S harvested in grain and straw of wheat followed trends similar to that of yield, especially P and S which were more affected by the increasing applied rate of both nutrients than N and k. These results are in agreement with those of Wassif et al. (1988); Genaidy (1994) and Sarkadi (1995) who reported that combined application of organic matter and Superphosphate resulted in increasing P content in plants and Fazal and Sisodia (1989) and Negm et al. (2002) who reported that addition of P and S increased grain yield and nutrients uptake of wheat.
A small but consistent change in some soil chemical properties such as EC, pH, ESP and SSp as well as soil available N, P and K was detected at the end of the experiment as a result of the applied S and P. These results are consistent with those of Hashem et al. (1997) and Negm et al. (2003).
CONCLUSION

It was shown in a previous study that the addition of 50% of entire N requirement of wheat grown in a sandy soil in organic form such as farmyard manure and the rest in mineral form (ammonium nitrate) produced almost the same yield as the case of 100% inorganic N source (Metwally and Khamis, 1998). The beneficial effect of organic material incorporated into the sandy soil as an soil amendment was attributed the regulation of soil temperature, conservation of moisture and improvement in humic content of the soil which are important factors in increasing the number and activity of microflora and hence greater nutrient availability (Gaur and Mukherjee, 1980 and Metwally and Khamis, 1998). 
The current study was carried out in order to answer the following questions: (i) Is the addition of elemental S to the sandy soil amended with farmyard manure, FYM, increases the beneficial effect of this amendment as related to wheat yield and soil properties, (ii) Is there any interaction between S and P, and if the interaction do exist, what is (are) the best treatment (s) which gives the maximum yield. The first question could be answered by comparing the mean of the control (0P+0S) treatments with the mean of (0 P+ 50 S) and (0 P+ 100 S). This comparison showed that there was a significant positive response in both grain and straw yield to the increasing applied S rate which confirms the enhancement in the beneficial effect of the applied S. The second question could be answered by doing the analysis of variance on the data which showed a highly synergetic significant P by S interaction on wheat yield and nutrient uptake, and consequently, to answer the third question, the nine P×S combination treatments were compared to identify the best among them. These comparisons revealed the followings: the highest three yield of either grain or straw were achieved in (30 P+ 100 S), (30 P + 50 S) and (15 P+ 100 S) treatments ranked in descending order. The differences in grain or straw yield among these three treatments were significant (P< 0.05), indicating that fertilizing wheat crop in sandy soil, amended with farmyard manure by about 50% of its total N requirement, by 30 kg P and 100 kg S per feddan produced the maximum yield under the studied condition.
Nitrogen, P, K and S uptake by wheat followed almost the same trend as those of grain and straw yields. However, soil chemical properties such as pH, EC, ESP and SSP as well as soil available N, P and K showed no great variation at the end of the growing season.
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التأثير المتداخل لكل من الفوسفور والكبريت 
على إنتاجية محصول القمح النامى فى أرض رملية
عادل محمد خليفة – أحمد حسنين أحمد – مصطفى حامد عبد السلام
معهد بحوث الأراضى والمياه والبيئة – مركز البحوث الزراعية – الجيزة – مصر

أجريت تجربة حقلية بأرض محطة التجارب الزراعية بالأسماعيلية، مركز البحوث الزراعية، مصر لدراسة التأثير المتداخل لكل من الفوسفور والكبريت على الأثار المفيدة للسماد البلدى المضاف إلى الأرض الرملية. كانت معدلات إضافة الفوسفور هى صفر، 15 و 30 كجم فوسفور/فدان فى صورة سماد السوبرفوسفات، بينما كانت معدلات إضافة الكبريت المعدنى هى صفر، 50 و100 كجم كبريت/فدان.
أوضحت مقارنة متوسط معاملة الكنترول (صفر فوسفور+صفر كبريت) مع متوسطات المعاملات (صفر فوسفور+ 50 كبريت) و (صفر فوسفور+ 100 كبريت) وجود إستجابة موجبة معنوية فى كلاً من محصولى الحبوب والقش بزيادة معدل إضافة الكبريت.
أظهر تحليل التباين وجود إرتباط عالى المعنوية للفوسفور والكبريت على زيادة محصول القمح وإمتصاص العناصر. ويمكن ترتيب افضل ثلاثة معاملات فى إنتاج محصولى الحبوب والقش من القمح تنازلياً كما يلى: (30 فوسفور+100 كبريت) ثم (30 فوسفور +50 كبريت) ثم (10 فوسفور +100 كبريت). هذا وقد كانت الأختلافات فى المحصول بين هذه المعاملات معنوية عند 5% موضحة أن تسميد نباتات القمح المنزرعة بأرض رملية مضاف إليها السماد البلدى بـ30 كجم من الفوسفور و 100كجم من الكبريت/فدان تعطى أعلى إنتاجية.
أشارت النتائج أيضاً أن إمتصاص النتروجين والفوسفور والبوتاسيوم والكبريت بواسطة نباتات القمح تأخذ نفس الإتجاه. إلا أنه لم تظهر إختلافات واسعة فى الخواص الكيميائية لهذه الأراضى (حموضة التربة، التوصيل الكهربى، نسبة أدمصاص الصوديوم ونسبة الصوديوم الذائب، بالأضافة إلى الكمية الميسرة من النتروجين والفوسفور والبوتاسيوم فى نهاية موسم النمو.

Table (2): Effect of P and S fertilization on yield and harvest index (HI) of wheat.

	Treatments
	Yield (kg/fed)

	P
	S
	Grain§
	Straw§
	Biological†
	HI‡

	0
	0
	654.9g
	1203.3g
	1858.2
	35.24d

	
	50
	968.8f
	1503.8f
	2472.6
	39.01ab

	
	100
	1019.1e
	1618.3f
	2637.4
	38.76abc

	15
	0
	976.5ef
	1593.3f
	2569.8
	38.01abc

	
	50
	1216.8d
	1863.5e
	3080.3
	39.51a

	
	100
	1267.0c
	2139.5c
	3406.5
	37.21c

	30
	0
	1251.6cd
	2010.5d
	3262.1
	38.24abc

	
	50
	1426.0b
	2431.5b
	3857.5
	37.85bc

	
	100
	1623.6a
	2549.3a
	4172.9
	38.82abc

	Mean
	
	
	
	
	

	0
	
	880.9c
	1441.8c
	2322.7
	37.67

	15
	
	1153.4b
	1865.4b
	3018.8
	38.24

	30
	
	1433.8a
	2300.4a
	3734.2
	38.30

	LSD
	
	28.76
	74.02
	---
	0.94

	
	0
	961.0c
	1602.3c
	2563.3
	37.16b

	
	50
	1203.8b
	1902.9b
	3106.7
	38.79a

	
	100
	1303.3a
	2102.3a
	3405.6
	38.26a

	LSD
	
	28.76
	74.02
	---
	0.94


§ Within column, means followed by the same letter are not significantly different according to the protected LSD test (P= 0.05).
† Biological yield = grain weight + straw weight
‡ Harvest index = grain weight/biological weight
Table (3): Effect of P and S fertilization on N, P, K and S uptake of grain and straw of wheat grown on sandy soil.

	Treatments
	Grain
	Straw

	P
	S
	N
	P
	K
	S
	N
	P
	K
	S

	0
	0
	11.79f
	1.17g
	8.51h
	11.79g
	5.04g
	1.23h
	1.02g
	9.99e

	
	50
	18.40e
	2.42e
	12.79g
	19.28e
	6.67f
	2.46g
	1.52ef
	14.43d

	
	100
	19.87de
	2.35e
	14.27f
	23.44d
	6.45f
	2.24g
	1.40f
	14.85d

	15
	0
	19.43de
	1.95f
	13.67f
	17.31f
	7.44e
	2.91f
	1.67cd
	13.92d

	
	50
	24.21cd
	3.65d
	18.62d
	29.02c
	8.56d
	3.49e
	1.56fe
	19.19c

	
	100
	26.61bc
	4.31c
	20.27c
	30.42b
	10.25c
	5.06c
	1.71c
	24.61b

	30
	0
	26.28c
	4.26c
	17.78e
	22.76d
	9.65c
	4.62d
	1.61cde
	18.10c

	
	50
	31.37b
	5.42b
	24.69b
	30.52c
	11.85b
	5.86b
	2.04b
	24.82b

	
	100
	37.51a
	8.12a
	30.85a
	42.39a
	13.66a
	6.88a
	2.88a
	33.38a

	Mean
	
	
	
	
	
	
	
	
	

	0
	
	16.69c
	1.98c
	11.86c
	18.17c
	6.05c
	1.97c
	1.31e
	13.09c

	15
	
	23.42b
	3.30b
	17.52b
	25.60b
	8.75b
	3.82b
	1.65b
	19.24b

	30
	
	31.72a
	5.93a
	24.43a
	31.22a
	11.72a
	5.79a
	2.18a
	25.43a

	LSD
	
	2.88
	0.10
	0.44
	0.63
	0.38
	0.15
	0.08
	0.89

	
	0
	19.17c
	2.46c
	13.32c
	17.29c
	7.38c
	2.92c
	1.73c
	14.00c

	
	50
	24.66b
	3.83b
	18.69b
	25.63b
	9.02b
	3.93b
	1.70b
	19.62b

	
	100
	28.00a
	4.93a
	21.80a
	32.08a
	10.12a
	4.73a
	2.00a
	24.14a

	LSD
	
	2.88
	0.10
	0.44
	0.63
	0.38
	0.15
	0.08
	0.89


†  Within column, means followed by the same letter are not significantly different according to the protected LSD test (P= 0.05).
‡ Sulphur is reported as SO4=.
Table (4): Effect of phosphorus (P) and sulphur (S) fertilization onsome chemical properties and fertility status of the studied soil.
	Treatments
	Chemical properties
	Fertility status

	P
	S
	EC
	pH
	ESP
	SSP
	N
	P
	K

	
	
	dS/m
	
	%
	%
	__________ ppm __________

	0
	0
	0.26
	8.14
	9.43
	55.42
	38.50
	7.30
	19

	
	50
	0.24
	8.03
	9.10
	53.06
	39.10
	8.00
	195

	
	100
	0.24
	7.82
	8.96
	51.35
	40.30
	8.00
	201

	
	x
	0.25
	8.00
	9.16
	53.28
	39.30
	7.77
	196

	15
	0
	0.23
	8.10
	9.04
	52.00
	42.40
	10.20
	203

	
	50
	0.23
	8.00
	8.90
	51.63
	45.00
	11.10
	202

	
	100
	0.25
	7.80
	8.68
	51.34
	47.00
	11.10
	205

	
	X
	0.24
	7.97
	8.87
	51.66
	44.80
	10.80
	203

	30
	0
	0.22
	8.12
	8.98
	53.02
	42.20
	12.00
	208

	
	50
	0.23
	8.00
	8.86
	52.88
	46.00
	12.00
	210

	
	100
	0.23
	7.82
	8.41
	50.90
	46.00
	12.00
	211
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	X
	0.23
	7.98
	8.75
	52.27
	44.73
	12.00
	210

	Mean P
	
	
	
	
	
	
	
	

	
	Mean S
	
	
	
	
	
	
	

	
	0
	0.24
	8.12
	9.15
	53.48
	41.03
	9.83
	201

	
	50
	0.24
	8.01
	8.95
	52.52
	43.37
	10.37
	202

	
	100
	0.25
	7.81
	8.68
	51.20
	44.43
	10.37
	206
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