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ABSTRACT

The aim of these investigation to study the effect of sulfur and gypsum alone or combination at saline sodic soil on some physical, chemical ,some nutrients and the yield of wheat Triticum vulgare Vill. (Sakha 93)  crops.
 A field experiment was conducted during winter season 2005 in a saline sodic soil at Koam Oshem Agricultural Research Station (El-Fayoum Governorate). Gypsum and elemental sulfur which was added alone or combined with them .The treatments that subjected in this study were nine treatments of amendments untreated i.e. control, gypsum at a rate 3 (ton /fed) (G1) and at rate 4.5 (ton/fed )(G2)  and three treatment with elemental sulfur at control , 0.6 (ton/fed) (S1) and 0.9 ton/fed (S2) as well as their combination. Three replication were used in complete randomized block design .each block has area 14 m2 (4 m length and 3.5 m width), wheat crop (saka 69) were planted at growing season 2005-2006. 
In regard  to soil physical properties, i.e bulk density (g/cm3), pore size distribution %, total porosity %, total stable aggregates % , instability index. Chemical properties i.e pH ,EC ( dS/m) ,CEC(me/100 g soil) and  ESP %. Available Macro and Micronutrients i.e N,P,K,Fe,Mn Zn and Cu (mg/kg in the surface studied soil) . and grains yield and grain + straw yield of wheat (ton/fed). 
Data revealed that application of amendments alone are combination on bulk density (g/cm3) , fine capillary pors % (FCP) ,pH, EC dS/m  instability index, ESP % decreased with increasing the dose of the studied amendments while total porosity % , pore size distribution % ie Quickly drainable pore ( > 28.8 µ) % (QDP) and slowly drainable pore % (28.8-8.60 µ) (SDP), Water holding pore % (8.62-0.19 µ) (WHP) , cation exchangeable capacity( ml/100g soil) (CEC) , availability N,P,K (mg/kg in the surface studied soil) availability of Fe,Mn ,Zn and Cu (mg/kg in the surface studied soil) with application of the studied amendments.  
Grain yield was recorded  3.5 ton/fed while it was 1.05 ton/fed in untreated soil . The best increasing in grain +straw and it was 9.15 ton /fed , while it was 3.52 ton/fed in untreated soil. 
INTRODUCTION
Saline sodic soil is likely a more important problem to mange in Nile Delta, Egypt. Chorom and Rengasamy (1997) evaluted some of soil amendments on some physical properties of an alkaline sodic soils. They concluded that green manure plus gypsum caused a significant reduction on bulk density g/cm3 and increased total porosity %. Wahadan et al (1999) studies the effects of various amendments on salt affected soils in Al-Fayoum Oasis. They maintained that the different reclamation treatments showed slight change in total porosity % and increased the volume of drainable pore %(VDP) which consists of quickly and slowly drainable pore % .Falts and Naguib (2001) reported that the increase of aggregates with the decrease of ESP % and EC dS/m
Abdel Aziz et al (1998) added sulfur was more effective in decreasing pH than farmyard manure and gypsum,  and that gypsum was more effective than the other in decreasing ESP values. Gypsum also increased yield in corn (Zea mays L.) and alfalfa (Medicago sativa L.) up to 50%. This yield response was partially attributed to higher exchangeable Ca and S, and a complementary reduction in exchangeable Al (Toma et al., 1999) Other research showed a yield increase of 15% in wheat (Triticum vulgare Vill.) and sorghum (Sorghum vulgare Pers.) with gypsum addition Thomas et al., 1995  elemental sulfur is used as soil amendments to decrease soil pH and increase availability of P and some micronutrients Abd El-Fattah et al 1990 and 1996 ; Abd El –Moez et al 1995; Mohmoud 1999)  
Bijay et al (1992) found that application of gypsum caused to improvements in availability N,P and K contents and Mn, Zn and Cu Hilal et. al. (1993) studied the potential use of sulfur in controlling salt accumulation in the root zone of many crops including wheat .They results showed that the yield of wheat was increased as a result of sulfur application 
Abdel Aziz et al (1998) conducted a field experiment to study the influence of some amendments on wheat production. The results showed that the yield of wheat was increased with application of gypsum, sulfur and farmyard manure. They added that uptake of N,P,K increased specially in the case of sulfur which was superior to that FYM and gypsum. Eisa and Borhamy (2006) found that  there were a marked increase grain yield (ton/fed), 1000 grain (g) and stover yield (ton/fed) of maize by tafla application, especially at 20 ton/fed    Ahmed et al (2006) found that the best treatment in reference to improve certain soil structure, microbiological properties as well as increasing wheat grains and straw yields and their nutrient contents was combined treatment of (4.6 ton/fed sugar lime + 1.0 ton/fed elemental sulfur). 
The aim of this investigation to study the effect sulfur and gypsum alone or combination at saline sodic soil on some physical , chemical , availability of some macro and micro nutrients and the yield of wheat Triticum vulgare Vill.crops.
MATERIALS AND METHODS
A field experiment was carried out at Koam Oshem Agricultural Research Station (El-Fayoum Governorate) to study the effect of some of applying gypsum and sulfur amendments alone or combination .The treatments that subjected in this study were nine treatments of amendments untreated i.e. control, gypsum at a rate 3 ton /fed (G1) and 4.5 ton/fed (G2) and three treatment with elemental sulfur at control , 0.6 ton/fed (S1) and 0.9 ton/fed (S2) as well as their combination.
      Three replication were used in complete randomized block design .Each block has area 14 m2 (4 m length and 3.5 m width). wheat crop were planted at growing season (2005-2006) seeding date 15/11-2005 and harvest at ( 20-5-2006.) The plant received the recommended fertilizer and irrigation 100 kg /fed nitrogen ( N) as NH4SO4 two equal doses one before tiller and second at vegetative stage of plant growth, 100 kg /fed phosphorus ( P) as Ca superphosphate 6.5 % .No potassium (K) was added since the K  in soil was sufficient .wheat crops (saka 69) were planted at the investigated area .At harvest stag grain yield of each treatment was determined . A sample of grain was taken from each plot dried at 70 0C and grounded , for analysis using wet digestion H2SO4 mixture digest were plant analysis. 
Soil analysis each plot was sampled after harvest. The samples were taken in two successive depths (0-25 cm) and (25-50 cm) bulk density (g/cm3) according to black (1965), pore size distribution % were the pore diameters corresponding to the pressures of 0.10 , 0.33 and 15.0 atmosphere are equal to 28.8, 8.60 and 0.19 µ respectively, the values of moisture content on volume basis were used for calculating the percentage of quickly drainable pores (QDP) . slowly drainable pores (SDP), water holding pores (WHP) and fine capillary pores (FCP)  which have the diameter > 28.8, 28.8-8.62, 8.62-0.19 and < 0.19 µ respectively. according to Deleenher and De Boodt (1965), Water stable aggregates ; the aggregate size distribution was obtained from the dry sieving method of (Deleenheer and De Boodt 1965). The opening diameter of the sieves used were 2,1,0.5 and 0.25 mm. The percent of aggregation was calculated as percentage of the weight of aggregates > 2mm from the total weight . The wet sieving was done on the same sieves diameter as explained by (Deleenheer and DeBoodt, 1965) under water using . The mean weight diameters (MWD)  were calculated in both dry and wet sieving .The instability index was calculated from the difference between MWD of the dry aggregates and that of the water stable aggregates.
 pH According to Jackson(1958), cation exchangeable capacity (ml/100 g soil ) CEC According to Richards (1954) , available nutrients as described by soltanpour (1977) 
Available nutrients; in the studied soils were determined using (DTPA) extractant as described by Soltanpour ,1977) 
1-Physical and chemical properties of the studied soils 

The physical properties of soil of the investigated which characterized that the clay fraction is dominant fraction in the tested soil it constitutes more than 69.86 % of the total of soil fraction in the surface layer and more than 78.14 in the subsurface layer. The percentages of silt are 7.10 and 7.12 in the surface and subsurface layer respectively. The percentages of sand are 23.04 and 14.74 % in the surface and subsurface layer respectively.

Regarding total carbonate contents of the sub surface contained slightly carbonate more than surface . The percentage of organic matter (OM) at 1.40 and 0.6 % in the subsurface layer. Hydrogen ion activity (pH) value in the surface layer is higher 8.4 than in the subsurface layer 8.10. The mean value of two layers is 8.3 Electrical conductivity Ds/m (EC) of the surface layer was 15.11 (Ds/m) whereas it was 13.11 dS/m in the subsurface layer .Exchangeable sodium percentage (ESP) % of the surface layer is 27.32 and that of the subsurface is 23.60

The dominant soluble anion in the soil is Cl- . This anion represented 124 mmol/L followed in decreasing order by sulfate (SO4=) 67 mmolc /L and HCO3- 18 mmolc/L 

RESULTS AND DISCUTION
1-The effect of Sulfur and Gypsium on some physical properties of the studied soils  
 Bulk density  
Fig (1) represent the influence of the applied amendments on bulk density values (g/cm3) of surface and subsurface layers respectively. Comparing the mean values of bulk density of the studied soil to the value of control results indicate that ,there is a reduction in Bulk density (g /cm3) which accounted for more than 10 %  applied gypsum treatments caused  reduction in Bulk density .
Values of Bulk density are 1.415,1.285, and 1.265 (g /cm3)  for control , 3 ton/fed gypsum (G1) and 4.5 ton/fed gypsum (G2) respectively. Similarly applied sulfur caused reduction in Bulk density .The values of Bulk density are 1.415,1.395 and 1.33 (g /cm3) for non treatments, 0.6, ton /fed sulphur (S1) and 0.9 ton/fed sulfur (S2) . The reduction % is about 6%.

    The results also show that gypsum amendment are more effective in reducing bulk density than sulfur treatments .These finding may be attributed to the need of sulfur mending to be oxidized and convert into sulfuric acid which would dissolution of Ca bearing mineral in soil. 
The interactions between gypsum treatments and sulfur The highest reduction in bulk density account 17% compared with control in treatment (0.9 ton/fed  Sulphur+4.5 ton /fed gypsum) (G2S2) treatments The influence of  the tested amendments on Bulk density are discussed  by Wahadan et. al .(1999)
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Fig (1) Effect of gypsum and sulfur amendments on bulk density (g /cm3)  of   the studied soils

Total porosity 
Fig 2 show that With regard to gypsum amendments The mean values for gypsum treatments are 46.14, 50.63 and 52.88 for control , 3 ton/fed and 4.5 ton/fed respectively. Comparing the mean values of total porosity of the studied soil to the value of control results indicate that ,there is increasing percent more than 13 % compared the non receiving materials treatments. The same trends are also observed by sulfur treatments there is increasing percent more than 7 % compared to the control . 
The best treatments is ( 0.6 sulfur + 4.5 gypsum (ton/fed) (G2S1) the increase percent reach up to 18% .
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Fig (2) Effect of gypsum and sulfur amendments on total porosity %)  of  the studied soils
Pore size distribution %
1-Quickly drainable pores (> 28.8 µ) (QDP) 
Fig ( 3 )The influence of the main effect of gypsum treatments on QDP indicates that significant increase progressed with increased rate of application.  The mean values of or gypsum treatments are 15.97,25.79 and  23.63 for control , 3 ton/fed (G1) and 4.5 ton/fed (G2) respectively 
Comparing the mean values of QDP of the studied soil to the value of control results indicate that ,there is increasing percent more than 47.9% Compared the non receiving materials treatments With regard to sulfur treatment the same trend there is increasing percent more than 55.54 % .
The highest treatments is (0.6 sulfur + 4.5 gypsum) (G2S1) (ton/fed) the increase percent reach up to 100.06 % .

2- Slowly drainable pores ( 28.8-8.60 µ )SQP
 The percentage of SDP as affected by the tested amendment are in  Fig 3 The data refers to the influence of the various amendments on SDP of the surface and sub surface layer of the studied soils The influence of the mean effect of gypsum treatments on SDP indicates that significant increase progressed with increased rate of gypsium (G ) application.

The best treatment was at 4.5 ton/fed (S2) showed an increase 28.8 % ,In sulfur treatments  with percentage increase 36.01% . 
The interaction effect between gypsium (G) and sulphur (S) treatments, the pronounced effect (4.5 G+0.9 S) (G2S2) treatment are caused increased 64.07 % in SDP is compared with control .for in general, 
3-Water holding pores ( 8.62-0.19 µ )(WHP)
From the fig 3 noticed that the effect of gypsum and sulfur treatments on WHP increased by 30.14 and 13.40 5 % for both Gypsum , sulfur treatments respectively .The highest value observed in treatment (4.5 G+0.9) ton/fed (G2S2) . 
4-Fine capillary pores % ( > 0.19µ )(FCP)
The data show that the applied amendments on FCP is presented in Fig 3 caused reductions in FCP values compared with the non receiving of materials. FCP in treated  soil decreased by 13.43 and 19.43 in gypsum and sulfur treatments. The same trend the interaction between G and S treatment the lowest FCP was caused by 4.5 G +0.9 S treatment compared to the control. Their value was 67.48% As shown from Fig 2 that total aggregates in the surface layer and subsurface increased progressively with  the tested materials . On average basis , 
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Fig (3) Effect of gypsum and sulfur amendments on pore size distrbution %)  of  the studied soils
Soil aggregates 
As well known soil aggregation may be characterized in  term of aggregates distribution percentages and water stability of those aggregates
a-Total aggregate
 Data in fig (4) show that increased by 30.09,and 10.82 using gypsum and sulfur treatments The interaction effect between G and S treatment the pronounced effect (3 G+0.9 S ) (ton/fed) (G1S2) treatment are caused by treatment and total aggregates  is 40.98% compared with control.
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Fig (4) Effect of gypsum and sulfur amendments on total aggregates %)  of  the studied soils
b-Instability Index  
Data in (fig 5)  revealed that the influence of the tested amendments decreased on   instability index.  The lowest values were 18.34 and 15.70 for gypsum and sulphur treatments compared with control. These results agree with those obtained by Chorom and Rangasmy (1977) and Wahadan et al (1999) . (Toma et al., (1999). stated that Other research showed a yield increase of 15% in wheat (Triticum vulgare Vill.) and sorghum (Sorghum vulgare Pers.) with gypsum addition.
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Fig (5) Effect of gypsum and sulfur amendments on instability index of the studied soils
2-The effect of sulphur and gypsium on some chemical properties of the studied soils 
The present data in Fig  6  revealed that treatments receiving any or more than one of the materials decreased soil pH value and average 7.76 for (4.5 Gypsum +0.9 Sulfur) Ton/fed (G2S2) .

With respect to gypsum amending the results show the lowest value was due to (3 ton/fed) gypsum (G2). The same trend is also observed in case of sulfur treatments the (0.6 Ton/fed  Sulphur) (S2) give value of 8.20  compared for control (8.31). The combination between sulfur and gypsum treatments show that the effective treatment is (4.5 G+0.9 S) Ton /fed (G2S2) treatment compared with 8.31 for control. Similar observations were also reported by Thomas et al., (1995)  elemental sulfur is used as soil amendments to decrease soil pH and increase availability of P and some micronutrients .
Electrical conductivity (EC) dS/m also decreased with increasing the rate of gypsum The mean value  of EC dS/m are 13.295, 9.2 and 8.06 for  control,(3 ton/fed ) and (4.5 ton/fed) gypsum respectively. It is clearly shown , that the lowest value occurred with (4.5 ton/fed  gypsum +0.6 ton/fed Sulfur) (G2S2).  
Fig (6) also reveals that mean values for sulfur treatments are 13.29,10.64 and 10.13 for  control , 0.6 t/fed and 0.9 t/ed sulfur respectively . The interaction effect between gypsum and sulfur show that with percentage decrease   more than 45%.
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Fig ( 6  ) The effect various amendments on some chemical properties of the studied soils

compared to non treatments. The influence of amendments on Cation exchangeable capacity (ml/100 g) soil (CEC) is listed in Table 3 and illustrated in Fig 6 The data show that increasing gypsum results in slight decrease in CEC Sulfur caused a small increase in CEC  was observed.ESP The effect of the tested amendments on ESP are Fig 6  The results show the treatment receiving amendments in comparison with the treatment receiving none showed ESP lower by 30.60,  22.83 for gypsum and sulfur treatments respectively It is clearly shown , that the lowest value occurred with (4.5 gypsum +0.9 Sulfur) ton/fed (G2S2) compared with non treated soil These results are in agreement with those obtained by Srivastava ( 1993)
4-The effect of sulfur and gypsum on some availability of  micro and macro nutrient and yield of wheat 
The effect of the tested amendments on availability of nitrogen ( N) phosphorus (,P), and potassium (K) (mg /kg soil)  is shown in fig (7,8 and 9) Chauhan (1995) observation that the alkali and saline soil are usually low in N, medium to high in P and high in K The figurers  show that when the tested materials were applied contents of available macronutrients increased , the increase was progressive with the increase of applied amendment. On average basis , the increase in N due to amendments application accounts 83.224 and 39.978 for gypsum and suture respectively in comparison with the initial N value before start of experiment. Fig 7 shows that  (0.6 ton/fed S+4.5t/fed G) (G2S2)  treatment has the most pronounced effect on values of available N compared with control From the data the influence of the amendments on increasing the availability of N could be arranged as follows Gypsum > sulfur.  Increase in nutrients is reflection of improving the permeability and aeration of the amended soil. 
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Fig (7) The effect various amendments on available nitrogen mg/kg soil of the studied soils 

The influence of the amendments on P increased due to the application . The effect of the tested mateials in the availability of P may be ranked as follows 4.5 G ton/ fed .>0.9S ton/fed their values were 7.08 and 5.54 of available p respectively   
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Fig (8) The effect various amendments on available phosphorus  mg/kg soil of the studied soils 

The effect of the availability of K due to the application of the tested materials are listed in table 4 the table reveals that K availability increased with increasing the rate of the tested materials the highest K availability was due to treatment ( 0.9 S+4.5 G) ton/fed  (G2S2)their value was 303.42 compared to control. 
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Fig (9) The effect various amendments on available potassium mg/kg soil of the studied soils 

Fig 10 revealed that the availability of Fe ,  Mn  , Zn and Cu in the tested soil increased with application of the tested amendments. The increasing pattern follows the order gypsum > sulfur
[image: image10.emf]0

5

10

15

20

25

30

control S1 S2 G1 G2 S1G1 S1G2 S2G1 S2G2

Treatments

mg/kg soil

Fe Mn Zn Cu


Fig (10) The effect various amendments on available micronutrients (mg/kg soil) of the studied soils.

Fig (11) show that wheat grain yield increased with using amendments and maximum yield was recorded with ( 4.5 G +0.6 S ton/fed) (G2S2) their value was 3.59 compared to control 1.05 ton/fed . The best increasing in (grain +straw ) yield ( ton/fed ) was recorded in case of (4.5 ton/fed  G +0.9 ton/fed S) (G2S2)  their value was 8.8 mg/kg soil compared with 3.52 mg/kg soil in control treatments. This result agree with Ahmed et al (2006) found that the best treatment in reference to improve certain soil structure, microbiological properties as well as increasing wheat grains and straw yields and their nutrient contents was combined treatment of (4.6 ton/fed sugar lime +09  ton/fed elemental sulfur)( G2S2)
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Fig (11) The effect various amendments on yield of grain and grain +straw of wheat crops
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الملخص العربى

تاثيرمعاملات الكبريت والجبس على الخواص الطبيعية والكيماوية وعلى تيسر بعض العناصر فى الاراضى الملحية القلوية
احمد عمر احمد عبد الدايم – عزة راشد- محمد عبد العليم فايد- محسن صبرى محروس
معهد بحوث الاراضى والمياه والبيئة –مركز البحوث الزراعية

الهدف من هذا البحث دراسة تاثير الكبريت والجبس بمفردة او مختلطا فى الاراضى الملحية الصودية على الخواص الطبيعية والكيماوية و تيسر بعض العناصر وعلى محصولية نبات القمح اجريت .التجارب الحقلية  فى شتاء 2005 بمنطقة كوم اوشيم  (محافظة الفيوم) وكان عدد المعاملات تسع معاملات الكنترول والجبس بمعدل 3 طن /للفدان و بمعدل 4.5( طن / فدان) و 0.6 (طن /للفدان) من الكبريت و 0.9 طن للفدان من الكبريت و(3 طن جبس+ .6طن كبريت) /للفدان  و( 3طن جبس +0.9 طن كبريت )/ للفدان  و  (4.5 طن جبس+0.6 طن كبريت)/فدان و (4.5 طن جبس+0.9 طن كبريت) / فدان و صممت التجربة احصائيا وكانت تجربة كاملة عشوائية ومساحة البلوط 14 م2 (3.5 x  4) وكررت المعاملة 3 مكررات وتم زراعتها بمحصول القمح فى موسم( 2005-2006) وتم دراسة الخواص الطبيعيةالتى اشتملت على الكثافة الظاهرية والتوزيع الحجمى للمسام والمسامية الكلية والتجمعات الثابتة الكلية ودليل ثبات التجمعات  والخواص الكيماوية : قيم درجة حموضة التربة pH  وقيم التوصيل الكهربى EC  والسعة التبادلية الكاتيونية  CEC ونسبة الصوديوم المتبادلESP  وتيسر بعض العناصر الكبرى (N,P,K) وبعض العناصر الصغرى Fe, Mn,Zn ,Cu)) ومحصول حبوب القمح ومحصول( الحبوب + القش)

  واوضحت النتائج اضافة المصلحات بمفردها او مختلطة معا ادت الى  انخفاض قيم كل من الكثافة الظاهرية bulk density  والمسام FCP ودرجة الحموضة pH, وقيم التوصيل الكهربى EC ودليل ثبات التجمعات  instability index ونسبة الصوديوم المتبادلESP  مع زيادة معدل المصلحات المستخدمة فى الدراسة بينما ادت الى زيادة كل من  المسامية الكلية total porosity والتوزيع الحجمى للمسام QDP and SDP,WHP  وتيسر بعض العناصر الكبرى والصغرى والسعة التبادلية الكاتيونية CEC,وقيم محصول الحبوب كان 3.5طن /فدان بينما كان1.05 طن /فدان  فى التربة الغير المعاملة وقيم الحبوب والقش كانت 9.15 طن /فدان بينما كانت 3.52 طن /فدان فى التربة الغير معاملة. 
