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ABSTRACT 
 

This study was carried out on a calcareous sandy loam soil at Sudr Research 
Station, South Sinai for conserving soil from the bicarbonate hazard in saline irrigation 
water. Four bicarbonate levels; 2.5, 5, 10 and 15 meqL-1 in saline irrigation water were 
applied. Also, three farmyard manure rates (0, 10, 20 m3 fed-1) and sulphure rates (0, 
250 and 500 kg fed-1) were applied individual and/or in combined. The organic manure 
and sulphure had positively significant effects on yield. The results also show that the 
highest value of grain and straw yields were obtained from (HCO3)1OM2S2 but the 
best treatment from economic point of view was (HCO3)2OM1S2. The highest values of 
available Fe++, Mn++ and Zn++ were found with OM2S2 under all bicarbonate 
concentrations in saline irrigation water. 
Keywords: Calcareous sandy loam soil, saline irrigation water, FYM, sulphur, wheat 

production and available micronutrients. 

 

INTRODUCTION 

 
In Egypt, calcareous soils represent about 25% of the new reclaimed 

area. Because of the limiting water supply, the need of expanding agricultural 
lands had to use saline water in irrigation which caused soil deterioration in 
some areas. 

Mengel et al., (1984) interpreted the reduction in the yield of plant due 
to HCO-

3 to one or to more of the following reasons (a) the adverse effect of 
HCO3 on the plant metabolic processes, (b) the disturbance of the plant 
nutrient balance, (c) the excess of HCO3 induced the dominance of CO3

--, 
ions which react with free soluble Zn in soil solution. 

El-Shall et al., (1987) found that sulphur was referred to its influence 
on reducing soil pH, improving soil structure and increasing the availability of 
certain nutrients.  

Aich et al., (1997) stated that grain yield of wheat was decreased with 
increasing salinity of irrigation water in all three soils. Application of 
decomposed cow dung decomposed straw, gypsum or lime increased grain 
yield.  

Clarck et al., (1999) mentioned that sorghum aerial plant and root 
production decreased with increasing salinity. Plant Ca, Sr, Mn and Cd levels 
increased with increasing salinity. In contrast, sorghum K, P, and S levels 
declined with increasing salinity.  

The aim of the present work is to understand the interactions between 
bicarbonate, farmyard manure and sulphur. 
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MATERIALS AND METHODS 
 
A field experiment was carried out at Sudr Research Station, South 

Sinai, in split-split design. The field was divided into plots (1/400 fed), 3 X 3.5 
m. All treatments received constant rates, from NPK (80, 30 and 48 kg fed-1) 
as N, P2O5 and K2O, respectively as form ammonium nitrate, super 
phosphate and potassium sulphate respectively. Farm yard manure and 
sulphur were applied at rates of (0, 10 and 20 m3 fed-1) from FYM and 0, 250 
and 500 kg S fed-1. The wheat seeds (Sakha 8) were cultivated through two 
seasons 1999/2000 and 2000/2001. Grain and straw yields were evaluated at 
harvesting. After harvesting of wheat plants, representative soil samples were 
taken from 0-15, 15 -30 and 30 - 45 cm depths of each replicate to determine 
the soil chemical and physical properties under investigation. O.M%, Soil pH, 
EC, soluble cations and anions also ESP were determined according to 
Jackson (1967) and Chapman and Pratt (1961). 
 

Table 1: Some physical properties of the experimental soils at Ras Sudr. 
Soil 

depth 
(cm) 

Particle size distribution (%) 
Texture 
class 

Bulk 
Density 
(g cm-3) 

Field 
capacity 

(%) 

Wilting 
point 
(%) 

Av. 
water 
(%) 

 
CaCO3 

(%) 
Coarse 
Sand 

Fine 
Sand 

Silt Clay 

0-15 39.45 39.69 8.46 12.40  Sandy loam 1.44 18.90 9.52 50.90 50.90 

15-30 37.20 43.31 12.22 7.27 Sandy loam 1.53 17.80 10.48 61.56 61.56 

30-45 37.40 42.22 13.10 7.28 Sandy loam 1.52 17.30 10.63 51.32 51.32 
 

Table 2: Some chemical properties of the experimental soils at Ras 
Sudr. 

Soil 
depth 
(cm) 

 
pH 

 

EC 
(dSm-1) 

Soluble cations  
(meqL-1) 

Soluble anions 
(meq L-1) ESP 

Ca+2 + Mg+2 Na+ K+ CO3
= HCO3

- Cl- SO4
= 

0-15 7.4 14.3 97.71 79.80 0.01 -- 3.54 133.47 50.90 13.60 

15-30 7.4 13.60 84.00 82.54 0.01 -- 6.80 1.70 61.56 14.92 

30-45 7.4 11.70 84.88 58.75 1.80 -- 5.16 74.97 51.32 10.75 
 

Well water analyses were determined as previously mentioned in soil 
extracts and are given in Table 3.  
 

Table 3: Analyses of the saline well water used for irrigation. 

EC (dS m-1)  
Soluble cations (meq L-1) Soluble anions (meq L-1) 

SAR 
Ca ++ + Mg++ Na+ K+ CO3

= HCO3
- Cl- SO4

= 

10.20 62.80 80.13 1.18 -- 2.50 81.90 39.60 10.70 

 
FYM analyses were determined according to Jackson (1967), 

Lindsay and Norvell (1978) and Frie et al., (1964). The obtained data are 
showed in Table 4.  
 
Table 4:  Analyses of the applied farmyard manure. 

EC 
(dSm-1) 

pH 
O. C. 
(%) 

Water 
holding 
capacity 

(%) 

Total  
N 

(%) 

C/N 
(ratio) 

Total 
P 

(%) 

Total 
 K 

(%) 

Total 
sulphate 

(%) 

Total 
micronutrients 

(mg kg -1) 

Fe Mn Zn 

34.9 7.3 20.3 180 1.52 13.4 0.92 1.48 1.24 212 127 98 
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Finally, the statistical analysis of the obtained data was done 
according to the method described by Gomez and Gomez (1984) using LSD 
to compare the mean values of treatments. 

 

RESULTS AND DISCUSSION 
 
Data in Tables 5 and 6 reveal that grain and straw yields of wheat (ton  

fed-1) were affected by the interaction between bicarbonate, organic manure and 
sulphur application during the two seasons. Table 5 shows that the effect of 
organic manure and sulphur was the best in case of OM2 S2 through the 
concentration of 5 meqL-1 bicarbonate, while the same effect was in case of 10 
meqL-1 HCO-

3 less than 5 meqL-1 where, the bicarbonate increased the deterious 
effect, while the more pronounced effects of FYM and S applications were 
noticed in the 1st season. 
 
Table 5: Grain yields of wheat (ton fed-1) as affected by bicarbonate, 

organic manure and sulphur application during the two 
studied seasons.   

 
Treatments 

1st season 

Control HCO3 
-  (5meq L-1) HCO3

- (10meq L-1) HCO3
 - (15meq L-1) 

OM0 OM1 OM2 OM0 OM1 OM2 OM0 OM1 OM2 OM0 OM1 OM2 

S0 1.17 2.10 2.22 1.16 2.05 2.21 0.92 1.46 1.50 0.50 0.74 0.86 

S1 1.51 2.20 2.36 1.49 2.17 2.35 0.98 1.47 1.62 0.55 0.88 0.93 

S2 1.94 2.25 2.45 1.91 2.24 2.44 1.10 1.51 1.70 0.68 0.91 0.97 

LSD at 0.05 0.28 

                     2nd season 

S0 0.80 0.84 0.85 0.51 0.62 0.71 0.50 0.52 0.71 0.38 0.39 0.41 

S1 0.86 0.93 0.94 0.56 0.69 0.82 0.56 0.68 0.81 0.53 0.64 0.71 

S2 0.94 1.04 1.26 0.64 0.75 1.11 0.63 0.72 0.86 0.60 0.70 0.77 

LSD at 0.05 0.21 

 
Table 6: Straw yields of wheat (ton fed-1) as affected by bicarbonate, 

organic manure and sulphur application during the two 
studied seasons.   

 
Treatments 

1st season 

Control HCO3 
-  (5meq L-1) HCO3

- (10meq L-1) HCO3
 - (15meq L-1) 

OM0 OM1 OM2 OM0 OM1 OM2 OM0 OM1 OM2 OM0 OM1 OM2 

S0 2.65 2.96 3.46 2.61 2.69 2.80 1.83 2.12 2.25 1.65 1.70 1.97 

S1 3.63 4.27 4.62 2.74 3.46 4.15 2.12 2.24 2.28 1.68 2.06 2.10 

S2 4.15 4.59 5.28 3.30 4.07 4.18 2.15 2.32 2.90 1.75 2.25 2.56 

LSD at 0.05 0.78 

                    2nd season 

S0 1.76 1.90 2.79 1.52 1.78 1.91 1.35 1.51 1.61 1.10 1.15 1.57 

S1 1.94 2.34 2.88 1.90 2.06 2.62 1.88 2.06 2.39 1.26 1.67 2.03 

S2 2.40 2.71 2.98 2.27 2.59 2.78 2.18 2.54 2.64 1.56 2.24 2.34 

LSD at 0.05 0.69 

 
The second season data (2000-2001) show that there is sharply 

decreasing trend was noticed in grains yield. This may be due to bicarbonate 
salt accumulation. The treatment of (HCO3)1 OM2S2 was the best treatment, 
but from economic point of view the best treatment was (HCO3)2OM1S2. The 
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bicarbonate concentration at 10 and 15 meqL-1 had harmful negatively effect 
on the yield for both grains and straw. 

The reduction in the yield of plant may be due to the following reasons, 
a) Adverse effect of HCO3

- on plant metabolic processes; b) Disturbance of 
nutrients balance; and C) Excess of (HCO3

-) induce of CO3
-- ions, which react 

with free soluble Zn++ in soil solution and induce chlorosis. Similar results 
were obtained by Mengle et al. (1984). 

Sulphur was referred to its influence on reducing soil pH, improving soil 
structure and increasing the availability of certain plant nutrients (El-Shall et al., 
1987 and Aziz, 1998). 

With respect to available micronutrients in soil, Figs 1 to 3 show that 
the highest values of available Fe, Mn and Zn were obtained in case of 
OM2S2 at all treatments of HCO3

- in saline irrigation water. This may be due 
to the nutrients content of FYM and the different acids, which were produced 
from decomposition of FYM and may decrease soil pH. Sulphur application 
also may have a role in decrease soil pH and increasing micronutrients 
availability.   

  
Fig. 1: Available Fe in (mg kg soil-1) as affected by bicarbonate, organic 

manure and sulphur application. 
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Fig 2: Available Mn in (mg kg soil-1) as affected by bicarbonate, organic 

manure and sulphur application. 
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Fig. 3: Available Zn in (mg kg soil-1) as affected by bicarbonate, organic 

manure and sulphur application. 

 
Conclusion 

Grains and straw yield of wheat was the highest value in case of 
(HCO3)1 OM2S2 in the first and second seasons. The harmful negatively 
effect of HCO3 ions was clear through the second season. This due to 
HCO3 salt accumulation at 10 and 15 meqL -1. 

From the economic point of view the best treatment was (HCO3)2 
OM1S2. Available micronutrients in soil raised with increasing FYM and S 
rates. 

The highest values of available Fe, Mn and Zn were in case of 
OM2S2 at all treatments of HCO -

3.  
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ممتأثير محتتأ ممحرأالمي أ ممحأيمي ورا و سأادم لأحاعمي حل بأيم ي او رأدمبةأ ميستا رأيم م م مممممم مم مم م م ممممم مم م م م م مممممم م م مم مم م مم ممممممم م مم م مممممم م مم م م م م مم مممم
مي قححم ترسمي عساص مي صغ ى م مم مممم م ممممممم ممم مم م مممم
محتحأأأأ عم أأأأراامي أأأأعريمي  أأأأ  م م ممم ممم ممم ممم ممم م م م،م أفأأأأدملأأأأ   بوعمي عأأأأا **،مبةأأأأ مبوأأأأعمي تحرأأأأع**م م*م مم م مم م م ممممم م مم م م ممم م م مم مممممم م م م م مم م مم ممم

ممممبلحيمبوعم مم م م مي ة محتحعمح ل **م م م م م م ممم م م مم مممم
ممقلممم*م مصراسيممم مي مممممم مم ي يمم م ممح الموت ثمي صت ياممم-مم مم م م مممم م م ممم مم ممي قاه ةمم–م م ممحص ممم-مممم م مم

مم**مقلممي  ي يم م مم م مممم ممم ماةريمي ل يبيموحشته مم-م م مم م ممم م مم م مممم مم احعيموسهامم-ممم مممم مم ممممحص ممممم-مم م مم
                                ث التربة جيرية رملية طمييةة ومةاء             جنوب سيناء حي   ر  سد    رأس                                أجريت تجربة حقلية فى محطة بحوث 

   .     0229 /    0222  و       0222 /    9111          خلال موسمي            الرى مالح
         بالمعةةد ت  FYM       مزرعةةة                 فةةى اللتةةر وسةةماد                    مليمكةةافب بيكربونةةات    92  و   92 ،   2  ،    0.2           المعةةاملات 

           كجة  للفةدا       222  و      022   ، 2          بالمعةد ت      أضةي                 الكبريةت المعةدنى       أيضةا   .               متةر مكعةب للفةدا     02  و   92   ،     صفر
   لت      واشةةتم   8                               فةةدا و والمحصةةول المنةةزرس امةةح سةةخا      022 / 9                متةةر مكعةةب للحةةو        2.2              التجربةةة بمعةةدل      وري

           التقديرات.                الدراسة على بع  
مممتتةخصمف مميلات م: مم مممم ممم م مممم

           مةة  الناحيةةة        الأفضةةل    لكةة    2S2OM 0)3(HCO        معاملةةة      أفضةةل                         الحبةةوب لمحصةةول القمةةح كانةةت          إنتاجيةةة    . 9
   مة        أكثةر             البيكربونةات       معنةوي        كةا  ييةر       الفةر      أ     حيث   2S1OM 1)3(HCO                        ا اتصادية كانت المعاملة 

  .                 المعاملة السابقة 
      أفضةل         القةش حيةث          إنتاجيةة          وجيةدا علةى      ويةا   معن        تةثثيرا                                       القش : السماد العضوى والكبريةت كةا  لامةا          إنتاجية  . 0

HCO)3(1                           مةة  الناحيةةة ا اتصةةادية كانةةت        الأفضةةل          المعاملةةة    لكةة    HCO)2S1OM 0)3             معاملةةة كانةةت
 2S1OM  .  

                            زادت مةةز زيةةاد  السةةماد العضةةوى    Fe, Mn and Zn)  (                         الصةةغرى الميسةةر  فةةى التربةةة           المغةةايات  . 3
  .                                البيكربونات فى ماء الرى المالح         تركيزات       تحت كل   2S2OM                 اي  لا  فى معامله      أعلى               والكبريت وكانت 


