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ABSTRACT: 
Agricultural utilization of desert marginal soils at El Fayoum 

Governorate edges is of importance to support the local farmer incomes, 
particularly under the best and suitable management practices of land and 
available water resources. The choice a newly reclaimed soil encompassing 
by Eocene limestone at the eastern edge of Tamia district was a matter of 
concern in this work. It is a sandy clay loam in texture, slightly saline, non-
sodic, and calcareous in nature with a subsurface diagnostic horizon of 
calcigypsic one, and classified as Typic Calcigypsids, fine loamy, mixed, 
heperthermic, moderately deep. According to a parametric system, it could 
be evaluated as moderately suitable (S2ws3s4), with soil limitations of 
wetness, soil depth and CaCO3 content, with an intensity degree for each 
lies in the range of slight-moderate (rating = 90-80).  

The obtained analytical data pointed to a considerable decrease in soil 
productivity due to high CaCO3 content and low organic matter content as 
well as a relatively high soil pH value. These factors are the main reasons of 
deficiency for most plant nutritive elements, particularly phosphorus and 
zinc in the soil under study. Hence, suitable agrochemical amendments have 
to be applied to sustain its productivity and to minimize the possible adverse 
effects of both high CaCO3 content and soil pH. Therefore, a field 
experiment was conducted on the chosen soil, where lentil plants (Lens 
esculenta c.v. Giza 9) were sown during the winter season of 2005-2006. 
The investigated soil plots were irrigated with the available irrigation water 
source (mixture of the Nile and drainage waters at a ratio of 1:1) in a 
randomized complete blocks design with three replicates. The agricultural 
management practices were conducted as usual, where elemental sulphur 
was applied to the soil plots (i.e., agrochemical soil amendment) at four 
rates (i.e., 0, 250, 500 and 750 kg S fed-1), while Zn was foliar sprayed on 
the grown plants (i.e., supporting Zn deficient) at three rates (i.e., 0, 450 and 
900 g fed-1).  

The results showed that applied S and Zn, especially at their highest 
rates together, caused more pronounced increases in the vegetative growth 
parameters, i.e., number of bacterial nodules/plant, dry weight of bacterial 
nodules/plant, plant height, number of branches/plant and number of 
pods/plant. The corresponding relative increases at the highest applied rates 
of S and Zn (750 kg S/fed + 900 g Zn/fed) were 92.61, 191.38, 34.27, 69.95 
and 83.58% over the control treatment, respectively. Increase percentages in 
soil organic matter, N, P, K, Fe, Mn and Zn vs decrease percentage in soil 
pH occurred due to the dual application of (750 kg S/fed + 900 g Zn/fed) 
after 55 days from planting were 60.78, 65.02, 78.05, 54.14, 44.76, 51.83 
and 119.74% vs-10.62% over and below the control treatment, respectively.  

At harvest, seed weights/plant or /fed, 1000 seed weight and seed 
protein % as well as N, P, K, S and Zn uptake by seed were also positively 
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affected, where the corresponding relative increases at the treatment of (750 
kg S/fed + 900 g Zn/fed) reached 82.85, 71.59, 77.27, 42.28, 42.31, 87.88, 
28.06,71.79 and 61.01 % over the control, respectively.  As a conclusion, it 
could be deduced that application of S as a soil amendment at a rate of 750 
kg/fed in combination with any micronutrient deficient as foliar spray is 
important to sustain soil productivity and to obtain economically best crop 
yield attributes under such a soil calcareous in nature for avoiding a direct 
restrictive effect of CaCO3 on the nutrients released and their mobility 
towards plant roots. This is true, since the suggested sulphur efficiency at 
the recommended S rate for lentil seeds utilization of N, P, K, S (macro) and 
Zn (micronutrients) was 105.47, 156.82, 88.60, 141.83 and 114.28 %, 
respectively. 

 

Key words: Calcareous soil, limitations of soil productivity, elemental 
sulphur, Zn-foliar spray and lentil. 

 

INTRODUCTION: 
In the few last decades, soil survey data of the newly reclaimed soils at 

the desert areas, especially those calcareous in nature, pointed to a 
considerable decrease in their productivity. This is mainly due to high CaCO3 

content and low organic matter content, which represented the main factors for 
widespread occurrence of essential plant nutrients deficiency, particularly 
phosphorus and some micronutrients for grown crops (Takker and Walker, 
1993). Also, high levels of soil pH due to the occurrence of high CaCO3 

content and low organic matter exert negative influence on the availability of 
these micronutrients (Basyouny, 2005).  

Lentil is a protein rich food legume grown during the winter season in 
Egypt. Such legume crop is of biological nitrogen fixation and frequently 
response to sulphur fertilization due to their high S-requirement. Huang et al. 
(1992) reported that seed yield of lentil increased as inorganic sulphate 
concentration increased in the leaf tissue; indicating that the S nutritional 
status of lentil plants is of importance for obtaining a highest seed yield. The 
critical S concentration has been suggested as that which produces 90% of the 
maximum lentil yield (0.045% SO4-S) at early flowering stage. In this 
connection, Singh et al. (2002) found that application of sulphur increased 
significantly yield attributes. Yield and yield attributes, seed protein content 
and total protein products increased significantly with increasing applied 
sulphur levels.    

Many studies were carried out to investigate the beneficial effects of 
some materials as soil amendments, such as elemental sulphur, Shahin and 
Suliman (1998) reported that elemental sulphur is used to amend high pH soil 
conditions caused by either sodicity or high CaCO3 content, especially 
calcareous deposits. They found also that the blending of elemental sulphur 
with urea slowed down its transformation and reduced volatilization of NH3 to 
20% of urea-N. Awad et al. (2000), Mostafa (2000) and Negm et al. (2002 a 
and b) clarified the importance of sulphur mixed with some organic wastes 
for improving the properties of calcareous soil and its productivity of grown 
plants due to increasing the efficiency of nutrients availability and mobility.  

Technical choices of applying sulphur rates in combination with some 
other plant nutrients or organic manures through enough periods may be one 
of the most important investigations in the newly reclaimed calcareous soils of 
Egypt. The beneficial effects could be achieved through improving some soil 
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physical and chemical properties, i.e., soil water stable aggregates, 
permeability, available moisture retention, bulk density, organic matter, soil 
pH and available nutrient contents. These favourable conditions are actually 
reflected on increasing use efficiency of water and nutrients uptake by plant, 
consequently leads to increase the vegetative growth and crop production 
(Awadalla et al., 2003 and Fathi et al., 2005). The later authors pointed out 
that application of S to alkaline soil media calcareous in nature enhanced the 
availability of phosphorus, which is the most nutrient limiting the growth of 
legumes in tropical environments. This may be due to the efficiency of 
rhizobium inoculation is influenced by a number of factors; one of these 
factors is the availability of phosphorus in soil. This means that released 
phosphorus is directly involved in lentil nutrition and hence improves leaf area 
development and photosynthesis, which enhances the root as well as shoot 
growth, plant height, pod number/plant and seed yield (Krishnareddy and 
Ahlawat, 1996; and Singh et al., 2000 and Tomar et al., 2000).        

The essential roles of micronutrients in plant metabolism, as activators or 
co-factor in all vital processes of a plant, can not be ignored. This leads 
undoubtedly to an increase in crop production, which is considered as the main 
goal in this respect (El Kabbany et al., 1996). Moussa et al. (1998) reported 
that the micronutrients (Fe, Mn and Zn) enhanced the crop yield because of 
their beneficial effect on some bioprocesses, and in turn on the vegetative 
growth of plants. Ghaly et al. (1992) found that application of Zn-EDTA to 
calcareous soil increased the crop yield. In addition, micronutrients application 
in combination with elemental sulphur as a soil amendment to soil is 
considered to be of significant importance if high yields aimed to be produced. 
Salama et al., (2003) found that Zn element at a rate of 12 % Zn chelate plays 
an important role for increasing the growth parameters of wheat, i.e., plant 
height, spike length and number of spikelets/spike as well as biological yield 
and its content of N, P, K and Zn.  

Wahdan et al. (2006) found that the beneficial effects of elemental 
sulphur in combination with some micronutrients were actually reflected on 
increasing the grain and straw yields of wheat plants grown on a calcareous 
soil. They added that these positive effects were more attributed to improve 
the efficiency of micronutrients availability, mobility and uptake by plant 
roots. Moreover, the micronutrient accumulation in the plant organs tissues is 
closely related to the corresponding available contents of this nutrient in the 
treated soils. Therefore, The current work aimed at identifying the effect of 
agrochemical amendment using an elemental sulphur (S) and zinc (Zn), added 
at different rates as S-soil application and Zn-foliar spray, on lentil yield and 
its seed quality. Also, the associated changes in some soil properties as 
affected by applied treatments will be a matter of concern in this investigation.  
 

MATERIALS AND METHODS: 
a. Materials: 

The current work was executed on a newly reclaimed calcareous soil at 
the eastern rim of Tamia district, El Fayoum Governorate; some of its physical, 
chemical and fertility characteristics, as profile mean values, were determined 
according to the standard methods undertaken by Jackson (1973) and Black et 
al. (1965), and results of determinations are presented in Table (1).  
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Table (1): Some physical and chemical properties of the experimental soil (as 
profile mean values). 

 

Soil characteristics Value Soil characteristics Value 

Particle size distribution %: 

Sand 

Silt 

Clay 

Textural class 

 

48.83 

23.65 

27.52 

SCL* 

Soluble cations (soil paste, m molcL-1): 

Ca2+ 

Mg2+ 

Na+ 

K+ 

 

23.25 

10.63 

29.34 

0.75 

Soil chemical properties: 

Soil pH (1.25 soil water suspension) 

CaCO3 % 

Gypsum % 

Organic matter % 

ECe (dS/m, soil paste extract) 

 

8.32 

24.90 

5.67 

0.48 

6.32 

Soluble anoions (soil paste, m molcL-1): 

CO3
2- 

HCO3
- 

Cl- 

SO4
2- 

ESP 

 

0.00 

2.85 

37.67 

23.45 

7.46 

Available macronutrients (mgkg-1): 

N 

P 

K 

 

43.52 

4.71 

324.50 

   Available micronutrients (mgkg-1): 

Fe 

Mn 

Zn 

 

5.21 

2.94 

0.72 

Critical levels of available nutrients in soil (mgkg
-1

), undertaken by Lindsay and Norvell (1978) and 

Page et al. (1982). 

 Nutrient level  N P K Fe Mn Zn 

Low < 40.0 < 5.0 < 85.0 < 4.0 < 2.0 < 1.0 

Medium 40.0-80.0 5.0-10.0 85.0-170.0 4.0-6.0 2.0-5.0 1.0-2.0 

High > 80.0 > 10.0 > 170 > 6.0 > 5.0 > 2.0 

     * Sandy clay loam 
 
 

The obtained analytical data pointed to a considerable decrease in soil 
fertility due to high CaCO3 content and low organic matter content as well as a 
relatively high soil pH value. These factors are the main reasons of deficiency 
for most plant nutritive elements, particularly phosphorus and zinc in the soil 
under study.  
b. Experimental work: 

So, it should be executed a suitable agrochemical amendments to sustain its 
fertility and to minimize such possible adverse effects. Hence, a field experiment 
was conducted on the chosen soil site, where lentil (Lens esculenta c.v. Giza 9) 
was sown during the winter season of 2005-2006. The investigated soil plots were 
irrigated with available irrigation water source (mixture of the Nile and drainage 
water at a ratio of 1:1) in randomized complete block design, with three replicates. 
The chemical analysis of the water source was executed according to Black et 
al. (1965) and presented in Table (2). The agricultural management practices 
were conducted as usual, where elemental sulphur was applied to the soil plots 
(i.e., agrochemical soil amendment) at four rates (i.e., 0, 250, 500 and 750 kg 
S fed

-1
), while Zn was foliar sprayed on the grown plants (i.e., supporting Zn 

deficient) at three rates (i.e., 0, 450 and 900 g fed
-1

).  
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Table (2): Water characteristics of the used irrigation 
source (drainage water). 

 

Water characteristics Value 

Water pH 7.32 

ECiw (dSm
-1

) 1.35 

Total dissolved salts (mgL
-1

) 864.00 

Soluble ions (m molcL
-1

):  

Ca
++

 2.13 

Mg
++

 1.92 

Na
+
 9.25 

K
+
 0.60 

CO3
--
 0.00 

HCO3- 5.03 

Cl
-
 6.72 

SO4
--
 2.15 

Sodium adsorption ratio     (SAR) 6.50 

Residual sodium carbonate (RSC) 0.98 

Irrigation water suitability degree C2S2 

 

Both S-soil application and Zn-foliar spray were added either solely or 
in combined treatments. The elemental sulphur was thoroughly mixed with the 
surface soil (0-25 cm) during soil preparation processes, while Zn was foliar 
sprayed on the grown plants in the form of zinc sulphate (22 % Zn) after 45 
days from planting. The applied Zn rates in the foliar nutrition solutions were 
1.50 and 3.00 g/L, and sprayed at one volume of 300 L/fed. The lentil seeds 
were sown on the 5

th
 November 2005 in fixed plots of 10.5 m

2 
(3 x 3.5 m) for 

each one. Recommended nitrogen fertilizer dose belongs to legume (15 kg 
N/fed as calcium nitrate, 15.5 % N) was added to activate the nodulation. 
Also, 30 kg fed

-1
 P2O5 as superphosphate (15 % P2O5) and 24 kg fed

-1
 K2O as 

potassium sulphate (48 % K2O) were added before planting. The common 
cultivation practices were followed up till plant harvesting on the 2

nd
 of May 

2006.  
c. Methods of analysis: 

Soil samples were collected from the surface layers (0-35 cm) of each 
plot on the 55

th
 day of planting, and were analyzed to determine soil pH and 

organic matter content (after harvest) according to Page et al. (1982). In 
addition, available N, P and K were extracted by 1 % potassium sulphate, 0.5 
M sodium bicarbonate and 1N ammonium acetate, respectively, and were 
determined according to Jackson (1973). Also, available micronutrients (Fe, 
Mn and Zn) were extracted using ammonium bicarbonate DTPA extract 
according to Soltanpour and Schwab (1977), and measured by using the 
Atomic Absorption Spectrophotometer.  

At the same period (on 55
th

 day), some plants were selected from each 
plot to determine some vegetative growth parameters, i.e., number of bacterial 
nodules/plant, dry weights of bacterial nodules/plant, plant height, number of 
branches/plant and number of pods/plant. In addition, at harvest, seed 
weights/plant or kg/fed and 1000 seed weight were determined. After that, lentil 
seed samples of each treatment were mixed to form composite samples and 
ground using a micro-mill grinder, then subjected to a wet digestion with 
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H2SO4 and H2O2 according to Sommers and Nelson (1972) to determine N, 
P, K, S and Zn uptake by lentil seed according to Chapman and Pratte (1961) 
as well as seed protein % or as kg/fed. The micronutrient contents were 
measured by using the Atomic Absorption Spectrophotometer.  

The data obtained were subjected to variance analysis using least 
significant difference (L.S.D.), which was used to compare the main 
treatments and interaction effects at 0.05 according to Snedecor and Cochran 
(1980).      
 

RESULTS AND DISCUSSION: 
Agriculture utilization of marginal desert soils located on El Fayoum 

depression rims is of importance to support the local farmer’s inputs, particularly 
under the best management practices of land and available water resources.  
I. A general view on the initial state of the experimental soil: 
a. Soil morphology and some physical properties: 

The soil site under consideration is mainly encompassing the eastern 
desert rim of El Fayoum depression and developed on the Eocene limestone, 
as sources of soil parent materials, under climatic conditions of long hot 
rainless summer and short mild winter. Soil colour is pale brown (10YR 6/3) 
in the surface layer (Ap, 0-25 cm) underlain brownish yellow (10YR 6/8) 
owing to the occurrence of mottling phenomena of reddish brown patches 
(2.5YR 4/4) in the upper oxidized zone.  

The obtained results in Table (1) reveal that soil texture tended to be 
medium grade, where the clay content was less than 30 %. Soil structure was 
granular in topsoil and subangular blocky in the subsoil layers, which reflected 
the signs of the pedogenic formations of calci-gypsic concretions (Byz, 25-60 
cm) that originated from sediment origins (Cyz, 60-95 cm), due to the 
intensive of geo-chemical weathering under the ancient aquic conditions and 
the environments of depositional regime. These pedo-secondary formations 
throughout the studied soil profile could be mixed in the form of calci-gypsic 
concretions. Moreover, these accumulations in the subsurface horizon are 
enough qualified the requirements of diagnostic horizon formation such as 
calcigypsic one.  
b. Some soil chemical properties and nutrients status:   

Concerning the studied soil chemical properties, data illustrated in Table 
(1) indicate that soil organic matter content is relatively low, may be due to the 
mineral nature of soil deposits and the prevailing hot and arid climatic 
conditions. In general, the relatively low values of soil ECe, pH and ESP (i.e., 
< 4 dS/m, < 8.5 and < 15, respectively) led to classify the studied soil as non-
saline and non-sodic soil. It is noteworthy that the studied recorded available 
contents of N, P, K, Fe, Mn and Zn, in general, lie at the medium levels, with 
exception of P and Zn contents which lie at the low level (Lindsay and 
Norvell, 1978 and Page et al., 1982), as shown in Table (1). Undoubtedly, S-
soil application and Zn-foliar spray will be a matter of concern in this work, 
c. Soil taxonomy and evaluation: 

Taxonomic unit of the current experimental soil is identified and named 
according to the results of soil morphological and physio-chemical 
characteristics at the family level according to Soil Survey Staff (1999) as 
Typic Calcigypsids, fine loamy, mixed, hyperthermic and moderately deep. 
Also, according to a parametric system undertaken by Sys and Verheye 
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(1978), the intensity degrees of soil limitations and suitability categories for 
the studied soil were calculated and presented in Table (3).  
 

Table (3): Soil limitations and rating indices for evaluating the 
studied soil at the current experiment.  
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It is cleared from data obtained that wetness, soil depth and CaCO3 
content are the most effective limitations for soil productivity. This means that 
oil wetness is negatively affected by the moderate soil depth (95 cm depth 
underlain limestone bedrock) due to the limitation of water downward 
movement and possibly the adverse conditions of soil moisture regime. Also, 
the relative high CaCO3 content is more effective limitation for soil 
productivity, due to its restrictive effect on nutrients availability and mobility 
towards plant roots and in turn their uptake. Also, the experimental soil could 
be evaluated as moderately suitable (S2ws3s4), with an intensity degree for each 
of wetness, soil depth and CaCO3 content, as soil limitations, lies in the range 
of slight-moderate (rating = 90-80).  
II. Available irrigation water source: 

Usage of such a mixture of irrigation sources between the Nile and 
drainage water, with a ratio of 1:1, is considered one of the most additional 
developments for agricultural local policy, which have accelerated the 
direction towards soil agricultural utilization in El Fayoum region. According 
to the water salinity and sodicity classes undertaken by Ayers and Westcot 
(1985), data in Table (2) indicated that the used irrigation water source (a 
mixture of the Nile and drainage water) lies in the second category of C2S2, 
where ECiw and SAR values lay within the range of 0.75-3.00 dS/m and > 
6.0, respectively.  
III. Effect of S-soil application and Zn-foliar spray on some soil properties: 

The resultant agrochemical properties after either on the 55
th

 day (for soil 
pH) and about six months of cultivation (for organic matter content) due to S-
soil application and Zn-foliar spray are presented in Table (4). It could be 
noticed that values of soil organic matter content exhibited gradually 
pronounced increases with increasing the applied rates of S and Zn, while the 
reverse was true for pH values. The corresponding greatest and lowest 
percentages were 60.78 and 10.62 %, respectively, achieved due to application 
of the highest rates of S and Zn together (750 kg S/fed+ 900 g Zn/fed). These 
positive changes in soil pH of rhizosphere occurred as a result of bio-oxidation 
of applied S to SO4

2-
, which resulted in reduction of soil pH.  
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Table (4): Organic matter content (at harvest), pH and some available nutrient contents on the 55
th

 

day as affected by S-soil application and Zn-foliar spray.    
   

Treatment Organic 

matter 

% 

Soil  

pH 

(1:2.5) 

Macronutrients (mg/kg 

soil) 
Micronutrients (mg/kg soil) 

S-soil 

(kg/fed) 

Zn-foliar 

(g/fed) N P K Fe Mn Zn 

0 

0* 0.51 8.29 48.75 4.92 342.15 5.63 3.01 0.76 

450 0.57 8.21 53.08 5.13 366.46 6.07 3.24 0.81 

900 0.61 8.14 59.69 5.24 375.13 6.16 3.39 0.84 

Mean 0.56 8.21 53.84 5.09 361.24 5.95 3.21 0.80 

250 

0 0.56 7.95 52.34 5.96 363.08 6.33 3.59 0.91 

450 0.65 7.89 58.02 6.07 376.25 6.52 3.66 0.96 

900 0.69 7.83 64.10 6.15 389.78 6.71 3.72 1.02 

Mean 0.63 7.89 58.15 6.06 376.37 6.52 3.66 0.96 

500 

0 0.59 7.76 58.73 6.92 391.39 6.85 3.95 1.23 

450 0.69 7.69 64.15 7.17 402.02 6.91 4.07 1.29 

900 0.74 7.61 69.84 7.35 436.45 7.09 4.13 1.34 

Mean 0.67 7.69 64.24 7.14 409.95 6.95 4.05 1.29 

750 

0 0.62 7.53 66.03 8.54 474.56 7.95 4.46 1.56 

450 0.73 7.48 73.97 8.69 489.77 8.02 4.51 1.61 

900 0.82 7.41 80.45 8.76 527.39 8.15 4.57 1.67 

Mean 0.72 7.47 73.48 8.66 497.24 8.04 4.51 1.61 

L.S.D. at 

0.05 

S 0.04 0.18 1.56 0.41 11.07 0.29 0.27 0.14 

Zn 0.10 0.51 1.92 0.32 20.73 0.12 0.50 0.30 

S x Zn 0.03 0.05 2.10 0.91 12.54 0.76 0.07 0.12 

*The control treatment 
 

The resultant favourable conditions enhanced the availability of nutrients 
in the soil, and in turn encountered the vegetative growth and hence increased 
organic matter accumulation at harvest. These results are in harmony with 
those of Abd El Halim (2001) and Fathi et al. (2005) who reported that 
application of sulphur or increasing its rate resulted in an increase in soil 
organic matter content, this may be due to sulphur enhanced or accelerate the 
decomposition of plant residues. Such soil medium was superior for lowering 
soil pH values from 8.29 to 7.86, 7.61 and 7.41 at S rates 250, 500 and 750 
kg/fed in combination with 900 g Zn/fed, respectively. These findings are in 
harmony to those of Johnson and Tucher (1982), since the studied calcareous 
soil is slightly alkaline with a light buffer capacity of CaCO3, and the acidity 
that is produced is beneficial. In addition, nutrients availability is mostly 
dependent upon biological activity that is markedly affected by soil 
temperature, moisture, aeration and original soil pH (Jones et al., 1991). The 
relative increases in the released nutrients of N, P, K, Fe, Mn and Zn at the 
highest rates of applied S and Zn of the combined treatment (750 kg S/fed+ 
900 g Zn/fed) reached 65.02, 78.05, 54.14, 44.76, 51.83 and 119.74 % over the 
control treatment, respectively.    
IV. Effect of S-soil application and Zn-foliar spray on the vegetative growth 

parameters: 
Under such desert conditions, adding S-soil application to the calcareous 

soil cultivated with the tested lentil crop showed that the highest rates of S and 
Zn together recorded the highest averages of lentil vegetative growth 
parameters, as shown in Table (5).  



RESPONSE OF A NEWLY RECLAIMED CALCAREOUS SOIL AT... 71 

Fayoum J. Agric. Res. & Dev., Vol. 21, No.1, January, 2007 

Table (5): Number of bacterial nodules/plant, dry weights of bacterial nodules/plant, 

plant height, number of branches/plant and number of pods/plant on the 55
th 

day as affected by S-soil application and Zn-foliar spray.    
   

Treatment 
No. of 

nodules/plant 

Dry weight 

of nodules/ 

plant (g) 

Plant height 

(cm) 

No. of 

branches/ 

plant 

No. of 

pods/plant 
S-soil 

(kg/fed) 

Zn-foliar 

(g/fed) 

0 

0* 21.52 0.58 39.28 2.13 22.53 

450 23.95 0.65 40.30 2.18 23.02 

900 26.75 0.70 40.74 2.23 24.15 

Mean 24.07 0.64 40.12 2.18 23.23 

250 

0 25.98 0.86 41.61 2.36 28.97 

450 29.54 0.91 42.32 2.43 30.11 

900 32.96 0.98 43.55 2.49 32.43 

Mean 29.43 0.92 42.49 2.43 30.50 

500 

0 29.35 0.97 44.05 2.6 5 33.81 

450 32.36 1.06 45.16 2.71 35.78 

900 36.54 1.29 47.38 2.79 36.79 

Mean 32.75 1.12 45.53 2.73 35.46 

750 

0 35.63 1.21 48.52 3.23 38.40 

450 38.07 1.45 50.31 3.35 39.54 

900 41.45 1.69 52.74 3.62 41.36 

Mean 38.38 1.45 50.52 3.40 39.77 

L.S.D. at 

0.05 

S 1.94 0.23 0.43 0.41 1.19 

Zn 2.59 0.32 1.34 0.73 2.34 

S x Zn 3.24 0.13 1.11 0.51 1.23 

*The control treatment 
 

These vegetative growth parameters were represented by number of 
bacterial nodules/plant, dry weights of nodules/plant, plant height, number of 
branches/plant and number of pods/plant. The corresponding increase 
percentages were 92.61, 191.38, 34.27, 69.95 and 83.58, respectively, 
achieved due to application of at the highest rates of S and Zn at the combined 
treatment (750 kg S/fed+ 900 g Zn/fed) over the control treatment, 
respectively. These beneficial responses are possibly due to the positive role of 
rhyzobia in providing the legume plants with adequate requirements of 
nitrogen with encouragement of S application.  
V. Effect of S-soil application and Zn-foliar spray on the lentil seed yield and 

its quality: 
Data of lentil seed yield and its quality are presented in Table (6), and 

show that the seed yield was significantly increased at all the S-soil 
application and Zn-foliar spray treatments as compared to the control 
treatment. The increases insignificantly graduated from the low to the higher 
rates of applied Zn without addition of S. The highest rates of S (750 kg/fed) 
and Zn (900 g/fed) together caused the highest values of seed weight/plant and 
yield/fed, which reached 13.75 g and 914.02 kg, respectively with increase 
percentages of 82.85 and 71.59 %, respectively, as compared to the control 
treatment. 
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Table (6): Seed weights/plant or yield/fed, 1000 seed weight, seed protein % or kg/fed at 

harvest as affected by S-soil application and Zn-foliar spray.    
   

Treatment Seed 

weights/plant 

(g) 

Seed 

weights/fed 

(kg) 

1000 seed 

weight (g) 

Seed protein 

S-soil 

(kg/fed) 

Zn-foliar 

(g/fed) 
(%) (Kg/fed) 

0 

0* 7.52 532.67 23.76 17.88 95.24 

450 7.93 575.35 25.74 18.31 105.35 

900 8.14 586.45 27.01 19.06 111.78 

Mean 7.86 564.82 25.50 18.42 104.12 

250 

0 8.77 616.72 29.13 20.13 124.15 

450 8.96 653.95 32.45 21.06 137.72 

900 9.23 713.25 34.05 21.31 151.99 

Mean 8.99 661.31 31.89 20.83 137.95 

500 

0 9.99 764.36 35.27 21.75 166.25 

450 10.62 792.07 36.09 22.31 176.72 

900 11.09 804.29 37.47 22.56 181.45 

Mean 10.57 786.91 36.28 22.21 174.81 

750 

0 12.52 837.85 38.56 23.69 198.49 

450 13.03 893.76 40.78 24.44 218.43 

900 13.75 914.02 42.12 25.44 232.53 

Mean 13.10 881.88 40.49 24.52 216.48 

L.S.D. at 

0.05 

S 0.66 64.71 0.75 0.36 12.34 

Zn 1.21 96.22 1.33 0.76 21.31 

S x Zn 0.77 33.21 0.92 0.32 10.03 

*The control treatment 
 

Concerning lentil seed quality, data in Table (6) show insignificant 
increases in values of 1000 seed weight (g) and seed protein % due to Zn 
application. The increase seemed more obvious with increasing rate of the 
applied Zn. Similar increases occurred due to application of S, which might 
exert a positive role in activating rhyzobia that providing the legume plants 
with adequate requirements of bio-fixed nitrogen. The highest increase 
percentages in weight of 1000 seed and protein content % were 77.27 and 
42.28, respectively, recorded at the highest rates of applied S and Zn at the 
combined treatment (750 kg S/fed+ 900 g Zn/fed). Similar results were 
obtained by Varavipour et al. (1999) who studied crop yield and its quality as 
affected with S application to Typic Ustochrept and found that 8.92 mg S/kg 
soil represented an optimum rate for overall yield and quality of crop. 
VI. Effect of S-soil application and Zn-foliar spray on seed contents of some 

nutrients: 
a. Seed contents of the studied nutrients: 

The successful diagnosis of nutritional status of any crop is a function of 
the relationship between growth at a certain stage of development and crop 
yield response. The magnitudes of the available nutrient contents in soil 
(Table, 4) seemed to be as seed contents of N, P, K, S and Zn (Table, 7). The 
highest nutrient contents were attained due to the highest rates of applied S 
and Zn together, which exert the lowest soil pH value (7.41), possibly due to 
the beneficial effects of produced acidity (H

+
 ions) on enhancing nutrients 

availability. Such favourable conditions also resulted in increasing the net 
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photosynthesis, stomata conductance and transpiration rate (Naire and 
Khuble, 1990).    
 

Table (7): N, P, K, S and Zn uptake by lentil seed at harvest as affected by S-soil 
application and Zn-foliar spray.    

 
  Treatment Lentil seed contents of some nutrients (mg/kg) 

S-soil 

(kg/fed) 

Zn-foliar 

(g/fed) 

Macronutrients (%) 
 Micronutrient 

(mg/kg) 

N P K S Zn 

0 

0* 2.86 0.33 1.96 0.39 39.06 

450 2.93 0.35 2.04 0.41 44.54 

900 3.05 0.36 2.10 0.44 47.15 

Mean 2.94 0.35 2.03 0.41 40.91 

250 

0 3.22 0.40 2.09 0.47 43.92 

450 3.37 0.43 2.18 0.49 49.08 

900 3.41 0.45 2.23 0.50 52.12 

Mean 3.33 0.43 2.17 0.49 49.70 

500 

0 3.48 0.47 2.21 0.54 49.56 

450 3.57 0.48 2.29 0.56 54.92 

900 3.61 0.50 2.36 0.59 57.35 

Mean 3.55 0.48 2.29 0.56 55.28 

750 

0 3.79 0.54 2.35 0.60 53.76 

450 3.91 0.59 2.42 0.64 57.45 

900 4.07 0.62 2.51 0.67 62.89 

Mean 3.92 0.58 2.43 0.68 60.37 

L.S.D. at 

0.05 

S 0.31 0.02 0.05 0.03 0.92 

Zn 0.53 0.05 0.09 0.06 1.32 

S x Zn 0.39 0.03 0.05 0.03 1.44 

*The control treatment 
 

Summation of nutrients uptake by lentil seeds revealed that all combined 
treatments produced significant increases as compared with the control 
treatment, particularly in case of P, S and Zn. In addition, the highest rates of 
S-soil application and Zn-foliar spray (750 kg S/fed + 900 g Zn/fed) resulted 
in higher contents of nutrients taken up by lentil seeds as compared with the 
control treatment. These results are in agreement with those of Negm et al. 
(2001), Negm et al. (2002b) and Fathi et al. (2005). 

The highest rates of applied S (750 kg/fed) and Zn (900 g/fed) together 
caused higher seed contents of N, P, K, S and Zn, with increase percentages 
reached 42.31, 87,88, 28.06, 71.79 and 61.01 %, respectively, as compared 
with the control treatment. 
b. Nutrient recoveries or S-soil application efficiency: 

Data in Table (8) show the values of sulphur efficiency to provide the 
plant with a nutrient according to obtaining the percentage of consumed 
portion of the nutrient from the sulphur to the added quantity of that nutrient. 
Concerning the first rate of elemental sulphur (250 kg/fed), S-efficiency to 
provide plan with K was relatively low (23 %), then it increased with Zn and 
N to 29 and 30%, respectively, however, higher efficiency values were 
recorded with P and S (40 and 39%, respectively). Also, P and S utilization 
percentages due to the applied sulphur were relatively high (104 and 99%, 
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respectively, when S was added at a rate of 500 kg S/fed) and achieved their 
highest values, i.e., 157 and 142%, respectively. with increasing the rate of 
applied sulphur to750 kg/fed.  
 

Table (8): The suggested sulphur efficiency according to the studied season for 
lentil seeds utilization macro and micronutrients. 

Nutrient 

(kg) 

Total nutrient uptake by seeds  

 (kg or g/fed)  

Rate of S-soil application (kg/fed) 

0 250 500 750 

N 
Amount utilized from sulphur  15.23 19.86 26.60 31.75 

Sulpher efficiency % -- 30.40 74.65 105.47 

P 
Amount utilized from sulphur  1.76 2.47 3.59 4.52 

Sulpher efficiency % -- 40.34 103.98 156.82 

K 
Amount utilized from sulphur  10.44 12.89 16.89 19.69 

Sulpher efficiency % -- 23.47 61.78 88.60 

S 
Amount utilized from sulphur  2.08 2.89 4.13 5.03 

Sulpher efficiency % -- 38.94 98.56 141.83 

Zn 
Amount utilized from sulphur  0.21 0.27 0.38 0.45 

Sulpher efficiency % -- 28.57 80.95 114.28 
 

Zinc, nitrogen and potassium utilization percentages increased 
progressively with increasing rate of the applied S, where S efficiency at the 
rates 500 and 750 kg S/fed were as follows: Zn (81-114 %) > N (75-105 %) > 
K (62-89%). This means that the efficiency of S for enhancing the availability 
and uptake of these nutrients following the descending order of Zn > N > K. 
Generally, it could be concluded that sulphur application enhancing the 
released nutrients from non-available forms to available ones and 
consequently their uptake by lentil seeds with different values of S-efficiency. 

The beneficial effects of S application in such soil calcareous in nature 
may be due to the effective role of sulphur on decreasing soil pH via release of 
sulphate during the biological oxidation of sulphur and this had a beneficial 
effect on the multiplication and activity of microorganisms. In this regard, 
Azzazy et al. (1994) reported that adding sulphur to the calcareous soil, in the 
occurrence of energy source such as organic materials, produced better results 
for releasing nutrients and their uptake by plants. 
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إستجابة أرض جيرية مستصلحة حديثا عند الحافة الشرقية لمنخفض الفيوم لمعالجة كيميائية زراعية لتعضيد 
 تنميتها زراعيا

 

 على عويس   سمير عبد الله محمد موسى* عاطف عبد التواب عوض الله   محمد صابر  
 مصر –جامعة الفيوم  –كلية الزراعة  –قسم الأراضى والمياه 

 مصر –جيزة  –مركز البحوث الزراعية  –راضى والمياه والبيةة *معهد بحوث الأ
 

إن إدخال الأراضى الصحراوية الهامشية الواقعة عند حواف محافظة الفيوم فى برامج التنمية الزراعية 
والنهوض بانتاجيتها من الأهمية لتدعيم دخل مزارعى المنطقة، خاصة عند إتباع أفضل وأنسب طرق الخدمة 

رضية والماةية المتاحة  فى هاا الخصو،، فان إختيار أرض مستصلحة حدياا نشت  على الصخر للموارد الأ
الجيرى الأيوسينى عند الحافة الشرقية لمركز طامية كان محل إهتمام هاه الدراسة، حيث تتميز تربتها بقوام 

جبسى  -صى كالسىطميى طينى رملى، خفيفة التملح وغير صودية، اا  طبيعة جيرية، مع وجود أفق تشخي
(Calcigypsic horizon) تح  سطحى، ومن ام فانها تنتمى إلى وحدة تقسيمية: 

Typic Calcigypsids, fine loamy, mixed, hyperthermic, moderately deep. 
 Moderatelyوطبقا لنظام التقييم الكمى فانها تنتمى إلى رتبة الأراضى المتوســطة الصلاحـــية للزراعة:

suitable (S2ws3s4) كما تسود بها بعض محددا  لإنتاجية التربة ممالة فى خاصية قوام التربـة، ومحتواها ،
(  وتشير نتاةج التحليل إلى إنخفاض 09 -09متوسـط ) –، الجبس بدرجة شدة تقع فى مدى بسيط  CaCO3من 

نخفاض المحتوى من المادة فى إنتاجية التربة كنتيجة لتواجد محتوى مرتفع من كربونا  الكالسيوم مع إ
  ولاا وجب إجراء معالجة كيمياةية زراعية  Soil pHالعضوية، ومن ام إرتفاع قيمة الرقم الهيدروجينى 

لتعضيد إنتاجيتها وتقليل التتايرا  المعاكسة والمحتملة، حيث أجري  تجربة حقلية على أرض الموقع المختار 
  وقد تم رى 5992 -5992خلال الموسم الشتوى  0ف جيزة صن (Lens esculenta)ام فيها زراعة العدس 

( فى تصميم 1:1تربة قطع التجربة بمصدر مياه الرى المتاح )خليط من مياه النيل والصرف الزراعى بنسبة 
قطاعا  كاملة العشواةية ومن خلال الاث مكررا   وقد أجري  عمليا  الخدمة الزراعية المعتادة لهاا 

فة الكبري  المعدنى للتربة كمصلح كيمياةى زراعى، والزنك رشا على النباتا  النامية المحصول، كما تم إضا
فى أراضى قطع التجربة تح  الدراسة لتعويض نق، الزنك فى التربة، والك من خلال معدلا  أربعة 

جم/فدان( فى صورة  099، 029كجم/فدان( والااة للزنك )صفر،  029، 299، 529للكبري  )صفر،
    (Zn %22)زنك كبريتا  

وتوضح النتاةج أن إضافة الكبري  والزنك، خاصة عند أعلى معدلاتهما وفى صورة مشتركة، قد تسبب 
فى زيادا  ملموسة فى قياسا  النمو الخضرى ممالة فى عدد العقد البكتيرية/نبا ، الوزن الجاف للعقد 

ا ، ويتضح هاا التتاير الإيجـابى من خـلال البكتيرية/نبا ، طول النبا ، عدد الأفرع/نبا ، عدد القرون/نب
جم زنك/فدان(  099كجم كبري /فدان +  029الزيادا  المـقابلة عـند أعـلى المعدلا  فى المعاملة المشــتركة )

أعلى من معاملة المقارنة على التوالى   ٪ 20 09، 02 20، 50 90، 90 101، 21 05والتى وصل  إلى 
لإيجابية لإضافة الكبري  من الزيادا  النسبية فى محتوى التربة من المادة العضوية، وقد تتكد  هاه التتايرا  ا

ند المعاملة النتروجين، الفوسفور، البوتاسيوم، الحديد، المنجنيز، الزنك مقابل إنخفاض الرقم الهيدروجينى ع
، 95 22، 00 29يوم من الزراعة ب  22جم زنك/فدان( بعد  099كجم كبري /فدان +  029تركة )المش

 على التوالى  ٪25 19 –أعلى من معاملة المقارنة مقابل  00٪ 110،  09 21، 02 00، 10 20، 92 00
حبة، ومحتوى  1999عند الحصاد، حدث أيضا تتاير إيجابى لوزن الحبوب/نبا  أو فدان، وزن 

وصل  الزيادا   ، حيثN, P, K, S and Zn، بالإضافة إلى محتوى الحبوب من ٪الحبوب من البروتين 
، 02 05جم زنك/فدان( إلى  099كجم كبري /فدان +  029النسبية المقابلة عـند المعاملة المشــتركة )

أعلى من معاملة المقارنة على التوالى   ٪ 91 21، 00 01، 92 50، 00 00، 50 05، 50 00، 20 01
كجم/فدان فى صور مشتركة مع  029 وتخل، هاه النتاةج إلى أن إستخدام الكبري  كمصلح للتربة عند معدل

أى من العناصر الصغرى المفتقرة فى التربة رشا على النبا  من الأهمية بمكان لتعضيد إنتاجية التربة 
وللحصول على أفضل محصول إقتصادى تح  ظروف التربة اا  الطبيعة الجيرية والك لتجنب التتاير 

المغايا  صوب جاور النباتا ، و هاا حقيقى حيث  على إنطلاق وحركة CaCO3المباشر والمعاكس لمكون 
أن كفاءة إستخدام الكبري  عند المعدل الموصى به لمحتوى حبوب العدس فى الموسم تح  الدراسة من عناصر 

N, P, K and S كعناصر كبرى والZn  29 00، 05 122، 00 192كعناصر صغرى وصل إلـى ،
 على التوالى  50٪ 110، 09 101


