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ABSTRACT 

A field experiment was conducted in the Agricultural 

and Veterinary Training and Research Station of King 

Faisal University (KFU), Al-Hassa region during 2006 

growing season of corn (Zea mays, L.). The objective of this 

work was to investigate the combined ffect of farmyard 

manure (FYM) and elemental sulfur (S) on soil chemical 

characteristics, growth, yield, and leaf water and nutrients 

contents of corn. The experimental soil has a sandy clay 

loam texture. All plots (17.5 m²) cultivated with corn 

received 78.5 kg N/ha in the form of ammonium nitrate 

(33.5% N), 150.0 kg K2O/ha in the form of potassium 

sulfate (48% K2O) and 88.0 kg P/ha in the form of calcium-

superphosphate (15.5% P2O5).  Farmyard manure was 

applied to the soil at rates of 0, 14.0, 28.0 and 56.0 ton/ha 

and elemental sulfur (S) at rates of 0, 360, 720 and 1440 

kg/ha. The farmyard manure and elemental sulfur were 

mixed with the 30 cm top layer of the soil before planting. 

The obtained results revealed that applications of both 

FYM and elemental sulfur significantly altered the 

chemical properties of soil. The electrical conductivity (EC) 

was significantly increased, while the soil pH and 

exchangeable sodium percentage (ESP) were decreased as 

a result of FYM and S applications. Also, the results 

showed a significant effect of FYM and S in improving the 

available soil nutrients (N, P, K, Fe, Mn, Cu and Zn) in 

which significantly increased with FYM and S applications 

at all rates. The results also showed that plant fresh weight 

significantly increased as a result of both FYM and S 

applications. Also, FYM and S applications, especially at 

highest levels had significant effects on increasing the grain 

yield and its components (weight of 100 kernels and grain 

protein content). Grain yield increased by about 5.34 and 

6.20% over the control treatment, respectively. Leaf water 

contents were improved as a result of FYM and S 

applications. In the same time leaf total chlorophyll content 

was significantly increased. Applications of FYM and S 

significantly improved the leaf contents of macro- and 

micro-elements.  

INTRODUCTION 

Sulfur (S), like nitrogen, phosphorus, potassium and 

calcium is needed in relatively large amounts for 

optimal plant growth. It has important metabolic 

functions for plant, it is a component of amino acids and 

proteins and the SH (sulphydryl or thiol) group plays an 

important role in many physiological reactions; also it is 

a constituent of CoA and of the vitamins biotin and 

thiamine (Mengel and kirkby, 1987).  

Acid forming sulfur compounds such as elemental 

sulfur and gypsum (CaSO4) has been used for many 

years in the reclamation and improvement of alkaline 

soils. In this process, sulfur oxidized by soil 

microorganisms to sulfuric acid, which in turn lowers 

soil pH, improves soil structure and increases the 

availability of certain plant nutrients notably P, K and 

several of micro-nutrients (Hassan and Olson, 1966). 

Stromberg and Tisdale (1979) stated that the undesirable 

properties of sodic soils can be corrected by the use of 

several acid-forming sulfur compounds, which increase 

water penetration, lower soil pH and consequently 

increase nutrients availability (Abdel-Nasser and 

Harhash, 2000). As S is oxidized to SO4
-2

 and sulfuric 

acid, CaCOз undergoes dissolution and Ca
+2

 ions are 

released to the soil solution which can replace 

exchangeable Na, thereby lowering the exchangeable 

sodium percentage (ESP), (Abdel-Nasser and El-Shazly, 

2000). Also, Electrical conductivity (EC) was affected 

by elemental S applications (Abdel-Nasser and El-

Shazly, 2000).   

Several investigators reported the importance of S 

in increasing growth and yield of fruit trees; Abo-Rady 

et al. (1988) on date palm, Kassem et al.(1995) on 

guava, Hening et al.  (1991) on pecan, El-Shazly and 

Abdel-Nasser (1999) on Balady Mandarin and Abdel-

Nasser and El-Shazly (2000) on Balady orange.    

One of the practical solutions of N pollution is 

using the organic manures in plant fertilization, so called 

organic farming or Eco-agriculture (U.S.D.A., 1980 and 

Blake, 1990). The organic manures were used after 

increasing the objection against the chemical agriculture 

as a main source of soil and water pollution as well as 

food products.   

Abdel-Naim et al. (1986) with maize, Laila and 

Abdel-Aziz (1992) with wheat, Abdel-Aziz et al. (1996) 

with sunflower, Abdel-Nasser and Harhash (2000) with 

grapevine and Hussein and Abdel-Nasser (2001) with 
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sunflower found a successive increase in the yields with 

increasing the rates of farmyard manure.   

Also, changes in soil chemical properties have been 

found as a result of using of organic manure, but in 

different magnitude due to differences in climate, crop 

rotation, soil type or length of time that soil has been 

under organic management (Clark et al., 1998). In the 

same time, organic manures considered as a source of 

essential nutrients for plant growth (Chen and 

Avnimelech, 1986). Therefore, the present study was 

carried out to clarify the combined effect of farmyard 

manure (FYM) and elemental sulfur (S) rates on soil 

chemical properties, growth, yield, and leaf water and 

nutrients contents in leaves of corn. 

MATERIALS AND METHODS 

A field experiment was conducted, in the 

Agricultural and Veterinary Training and Research 

Station of King Faisal University (KFU), Al Hassa 

region, during 2006 growing season of corn (Zea mays, 

L.).Some physical and chemical characteristics were 

determined at the beginning of the growing season 

before application of farmyard manure (FYM) and 

elemental sulfur. The analysis of soil samples collected 

from the plough layer (0-30 cm) was done according to 

the methods outlined in Carter (1993) and the results 

obtained are shown in Table(1). Soil application of 

farmyard manure was at rates of 0, 14.0, 28.0 and 56.0 

ton/ha and elemental sulfur (S) at rates of 0, 360, 720 

and 1440 kg/ha. The farmyard manure and elemental 

sulfur were mixed with the 30 cm top layer of the soil 

before planting. Some characteristics of FYM used in 

the study are shown in Table(2). 

Corn (Zea mays, L.) seeds variety Hageen were 

used in this study. Planting took place on September 2
nd

, 

2006 and harvesting was done at June 20
th

, 2007. The 

experimental plot consisted of 5 rows; 5 m long and 0.7 

m wide making an area of 17.5 m
2
. Seeds were planted 

at 0.3 m apart within each row. The experiment was 

conducted in a Split Plot Design with 3 replicates. The 

main plots contain Farmyard manure (FYM) treatments, 

while the subplot was devoted to the elemental sulphur 

treatments. All plots had received the 88.0 kg P2O5/ha 

before planting in the form of calcium-superphosphate 

(15.5% P2O5). Nitrogen fertilization as ammonium 

nitrate (33.5% N) at a rate of 78.5 kg N/ha was divided 

into two equal doses, the first dose was applied with the 

first irrigation and the second dose was applied one 

month later. Potassium fertilization was applied in the 

form of potassium sulphate (48%K2O) at a rate of 150.0 

kg/ha at two equal doses, the first dose was applied with 

the first irrigation and the second dose was one month 

later.  

Table1. The main physical and chemical 

characteristics of the experimental soil 
Soil character Values 
Particle size distribution,%   

sand  69.7 

silt 10.1 

clay 20.2 
Texture  sandy clay loam 
EC, dS/m (soil saturated paste) 2.38 
pH ( soil saturated paste) 8.31 
Organic matter,% 0.83 

CaCO3,% 22.85 

Exchangeable Sodium, % 24.40  

Soluble Nitrate, mg/L 17.3 
Soluble  Cations, meq/L  

Na
+
 1.43 

K
+
 1.83 

Ca
++

 13.01 

Mg
++

 7.76 

Soluble Anions, meq/L   

CO3
=
+HCO3

-
 1.53 

Cl
-
 10 

SO4
=
 11.99 

Available nutrients, mg/kg soil   

N 109.53 

P 12.1 

K 312 

Fe 3.45 

Mn 2.33 

Cu 1.10 

Zn 1.55 

B 2.28 

At harvest, ten plants were randomly collected from 

the three central rows to determine leaf water content 

and elemental composition. Each sample was divided 

into two portions; the first portion had washed with tap 

water, distilled water, air-dried, oven dried at 65Cº for 

72 hrs, and then ground in a stainless steel mill and 

stored for elemental analysis. The second portion of leaf 

sample (fresh sample) was used to determine leaf water 

content and total chlorophyll. Total chlorophyll was 

determined according to the method of Moran and 

Parath (1980). Total water content (TWC), free water 

content (FWC), bound water content (BWC), and 

relative water content (RWC) were determined 

according to (Weathrely, 1950 and Abdel- Rasoul et al, 

1987). 

The ground plant material was digested with 

concentrated sulphuric acid +30% hydrogen peroxide 

according to the method of Wolf (1982). Total nitrogen 

was determined by using the micro-kjeldahl method 

(Jackson, 1973). In the digest, total phosphorus was 

determined colorimetrically according to the method of 
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Murphy and Riley (1962). Total potassium was 

determined by flame photometery according to Jackson 

(1973). Total calcium and magnesium were determined 

by atomic absorption spectrophotometer according to 

Carter (1993). Fe, Mn, Cu and Zn were determined by 

inductively coupled plasma optical emission 

spectrometer (Carter, 1993). Grain protein percentage 

was calculated using suitable constant (N% x 6.25). 

Table2. The main physical and chemical 

characteristics of the farmyard manure 

(FYM) 
Parameters Values 
Bulk density, Mg/m

3
 0.86 

Moisture content, % 10.2 
Organic carbon, % 20.22 
Total nitrogen, % 1.24 
C/N ratio 16.31 
Organic matter, % 34.86 
EC (1:10 water extract), dS/m 5.24 
pH (1:10 water suspension) 6.78 
Total Macro-nutrients, %   

P 0.55 
K 0.94 
Ca 1.31 
Mg 0.54 

Total Micro-nutrients, mg/kg soil   
Fe 1653 
Mn 338 
Cu 68 
Zn 59 

At harvest, soil samples (0-30cm) were collected, 

air-dried, ground, mixed thoroughly and sieved through 

a 2mm mesh screen for chemical analysis. Electrical 

conductivity (EC) was measured in soil saturated paste 

using a conductivity meter (Rhoades, 1982). Soil pH 

was measured in soil saturated paste using pH meter 

(Rhoades, 1982). Exchangeable sodium percentage 

(ESP) was calculated according to the method described 

in Richards (1972). Soil available nutrients; N, P and K 

were extracted using a 0.5 M NaHCO3 solution 

(Schoenau and Karamanos, 1993) and determined 

spectophotometrically (Carter, 1993). The Fe, Mn, Cu 

and Zn were extracted using DTPA-extraction method 

(Lindsay and Norvell, 1978), and measured by 

inductively coupled plasma optical emission 

spectrometer (Carter, 1993). 

The obtained data were tabulated and subjected to 

statistical analysis according to Steel and Torrie (1982). 

Correlation coefficient was done using the method 

described in Draper and Smith (1981). 

RESULTS AND DISCUSSIONS 

1. Soil pH  

Table (3) showed that the soil pH significantly 

decreased as a result of increasing FYM or S 

application. The reduction in pH was more pronounced 

at high rates of application of FYM or S. With regard to 

FYM, the decrease in soil pH is due to organic acids 

produced during FYM decomposition. Similar results 

were obtained by Tester (1990), Abdel-Nasser and 

Harhash (2000) and Abdel-Nasser and Hussein (2001). 

Also, with regard to S, the reduction in soil pH may be 

attributed to acidification resulted from S oxidation (El-

Shazly and Abdel-Nasser, 1999, Abdel-Nasser and El-

Shazly, 2000, Abdel-Nasser and Hussein, 2002 and 

Yanshan et al., 2004). Similar trend was obtained with S 

sources but the elemental sulfur was relatively more 

effective than gypsum (Hassan and Olson, 1966).  

2. Soluble salts     

Soluble salts in soil solution as expressed by 

electrical conductivity (EC) were significantly increased 

as FYM or S rate increased. The higher values of EC 

were related with higher rates of FYM or S materials. 

Such increase may be attributed to the high salt content 

of FYM as shown in Table(2). The present results are in 

agreement with those reported by Abdel-Nasser and 

Hussein, (2001).  Relative higher values of EC for soil 

receiving sulfur application could be attributed to acidity 

produced through oxidation of S by microorganisms. 

This acidity was an efficient solvent (Abdel-Nasser and 

Hussein, 2002).  

3. Exchangeable Sodium Percentage (ESP)  

With regard to Exchangeable Sodium Percentage 

(ESP), it is noticed that both FYM and S materials 

significantly decreased the ESP, but S was more 

effective than FYM. Such reduction in ESP values may 

be attributed to the acidity produced by FYM 

decomposition. This acidity is effective in solubilizing 

the native soil calcium carbonate that produced Ca
2+

 

ions which replace adsorbed Na on soil complex, thus 

reduce the ESP values (Richards, 1972).  Similar results 

were obtained by Abdel -Nasser and Harhash (2000) 

and Abdel-Nasser and Hussein, (2001). This point is 

very important in reclamation of sodic soils (ESP> 

15%). Thus, organic manures such as FYM can be used 

in reducing  the exchangeable sodium percentage (ESP) 

in sodic soil, that contain amount of calcium carbonate 

sufficient to produce Ca²
+
 ions replacing the Na 

adsorbed on soil complex.  

Also, such result can be explained on the basis that 

S when applied to soil exposed to oxidation through the 

activity of microorganisms. It produces free Ca²
+
 ions 

which replace adsorbed Na on soil complex, thus 

reduced the ESP by about 24.01 and 56.82% relative to 

FYM and S, respectively (Richards, 1972). The present 

results are in agreement with those reported by Abdel-

Nasser and Hussein, (2002). The results also showed 

that increasing S rate significantly decreased the ESP to 
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the critical limit of sodicity (15%). The higher reduction 

in ESP was correlated with high S rate of 1440 kg/ha.    

4. Available nutrients  

Table(3) revealed that both FYM and S have a   

significant effect on soil available nutrients (N, P, K, 

Fe, Mn, Cu and Zn) but S is more effective than FYM. 

Table(3) revealed that application of FYM significantly 

increased the level of available nutrients in soil. The 

more availability of soil nutrients due to FYM 

application may be attributed to the acidity produced by 

organic manure decomposition and its effects on 

solubility of some soil minerals or due to releasing the 

nutrients through organic manure decay by micro-

organisms activity. Also, increasing of the soil available 

nutrients may be attributed to the high content of such 

elements in organic manures (Table, 2). However, the 

magnitude of increase in soil available nutrients differed 

according  to  the  source  of   organic  manure  and    its  

elemental content. The present results are in agreement 

with those reported by Abdel-Nasser and Hussein 

(2001).  

Also, increasing S rate significantly increased the 

available nutrients contents. The high values were 

attained at higher S rate. The obtained results can be 

explained on the basis that the oxidation of sulfur 

applied to soil by microorganisms to SO4
=
 ions. The 

SO4
=
 ions can dissolve some minerals and release these 

nutrients or due to the reduction in the soil pH, which 

affect the solubility and availability of soil nutrients 

(Mengel and Kirkby, 1987).  

Acidification due to sulfur application significantly 

increased the extractable soil N. The increase in 

extractable soil N was 21.86% by increasing S rate up to 

1440 kg/ha.  This result may by explained on the fact 

that SO4
=
 formed due to S oxidation can markedly 

reduce the NO3
-
 losses from soil and simulated the  

Table 3. Chemical properties and nutritional status of soil as affected by farmyard manure 

and sulfur applications 
FYM 

Ton/ha 

S rate 

kg/ha 
 pH 

EC  

dS/m 

ESP 

% 

Available Macronutrients, mg/kg Available Micronutrients, mg/kg 

N P K Fe Mn Cu Zn 

0 

  

0 8.39 2.35 24.4 92.9 12.1 307.2 3.0 2.7 0.7 1.5 

360 8.28 2.40 22.0 98.1 13.5 321.8 3.3 3.0 0.7 1.6 

720 8.13 2.43 18.7 103.8 14.6 341.3 3.7 3.3 1.0 1.8 

1440 8.00 2.46 13.0 111.8 16.9 361.2 4.0 3.8 1.4 2.0 

14 

  

0 8.30 2.38 24.3 96.9 12.7 317.0 3.3 2.9 0.7 1.6 

360 8.19 2.42 20.0 102.2 13.8 330.4 3.6 3.3 1.0 1.9 

720 8.09 2.44 16.4 108.3 15.6 354.6 4.1 3.7 1.3 2.0 

1440 7.92 2.48 11.2 117.6 18.0 376.4 4.4 4.3 1.5 2.4 

28 

  

0 8.23 2.42 24.1 101.1 13.5 328.4 3.5 3.1 0.9 1.7 

360 8.11 2.46 18.2 108.8 14.9 342.6 3.9 3.6 1.1 2.0 

720 8.03 2.48 14.1 118.7 16.6 370.5 4.3 4.1 1.5 2.3 

1440 7.88 2.49 9.5 122.2 19.6 391.1 4.6 4.8 1.7 2.6 

56 

  

0 8.15 2.44 23.1 104.2 14.5 335.4 3.6 3.4 1.0 1.9 

360 8.01 2.47 16.1 114.9 15.7 352.4 4.2 3.8 1.4 2.1 

720 7.94 2.48 12.2 121.0 17.7 379.6 4.5 4.3 1.7 2.4 

1440 7.66 2.53 7.8 130.0 20.8 412.8 5.2 5.3 1.9 2.8 

Main effect of farmyard manure, ton/ha             

0 8.20 2.41 19.5 101.6 14.3 332.9 3.5 3.2 0.9 1.7 

14 8.13 2.43 18.0 106.3 15.0 344.6 3.8 3.5 1.1 2.0 

28 8.06 2.46 16.5 112.7 16.2 358.1 4.1 3.9 1.3 2.1 

56 7.94 2.48 14.8 117.5 17.2 370.1 4.4 4.2 1.5 2.3 

LSD (0.05) 0.03** 0.03** 0.24** 2.05** 0.29** 1.39** 
0.30*

* 
0.09** 0.15** 0.20** 

Main effect of sulfur, kg/ha             

0 8.27 2.40 24.0 98.8 13.2 322.0 3.3 3.0 0.8 1.7 

360 8.15 2.44 19.1 106.0 14.5 336.8 3.8 3.4 1.0 1.9 

720 8.05 2.46 15.3 112.9 16.1 361.5 4.2 3.8 1.4 2.1 

1440 7.87 2.49 10.4 120.4 18.8 385.4 4.5 4.5 1.6 2.4 

LSD (0.05) 0.02** 0.02** 0.16** 1.76** 0.33** 1.86** 
0.23*

* 
0.28** 0.15** 0.23** 

Interaction  FYM x S 

LSD (0.05) 0.04** NS 0.32** NS 0.67* 3.72** NS NS NS NS 



A.H.A. Hussein: Combined Effects of Farmyard Manure (FYM) and Elemental Sulfur (S)…  179 

 

reduction of NO3
-
  to NH4

+
 (Kowalenko,1979), 

decreasing N losses in soil led to increase N availability 

and plant uptake,  Table(3).  

Increasing S rate substantially increased extractable 

soil P. Such result may be due to that, increasing S rates 

resulted in an increase of soluble SO4
=
, which lowered 

the soil pH, and consequently increased the extractable 

P. In addition, in soil containing CaCO3, the H
+ 

ions 

increased as a result of S application, the unavailable P 

react with H
+
 and become more extractable and 

available to plant uptake (Yousry et al., 1984). 

Moreover, the lower extractable P in S-untreated soil 

could be attributed to that, when P fertilizers are applied 

to soil containing high CaCO3 content, PO4
3-

 ions can be 

adsorb to CaCO3 granules and precipitate to a form of 

unavailable P (Mattingly, 1975).  

The amount of extractable K was increased 

significantly as the rate of S application increased. The 

increase in extractable K in soil was about 19.69% over 

the control treatment. Such results may be  attributed   to 

the fact that S application can broke down the K-bearing 

minerals in soil, consequently release more available K 

(Ali, 1974). 

Also, extractable soil micronutrients (Fe, Mn, Cu, 

and Zn) were increased due to S applications (Table, 3). 

Such results could be attributed to that, when soil treated 

with S, the soil pH is lowered which permits the increase 

of micronutrients availability, thus, raising the plant 

tissue contents of these elements. These results are in 

accordance with Wainwright (1984), Abdel-Nasser and 

Hussein (2002) and Yanshan et al., (2004).  

The interaction between FYM and S showed a 

significant effect only on soil pH, ESP, available P and 

K. 

5. Leaf water contents 

The data of leaf water contents i.e. free water 

content (FWC), bound water content (BWC), total water 

content (TWC) and relative water content (RWC) of 

corn  as affected by the application of both FYM and S 

are presented in Table (4). 

Table 4. Leaf water contents and total chlorophyll of corn as influenced by farmyard 

manure andelemental sulfur applications 
FYM S rate Free water  Bound water  Total water Relative water Total chlorophyll 

Ton/ha kg/ha Content (%) Content (%) Content (%) Content (%) Mg/100g FW 

  0 18.88 38.7 57.6 81.23 272 

  360 19.28 38.9 58.2 81.50 285 

0 720 19.43 39.3 58.7 81.90 293 

  1440 19.63 39.5 59.1 82.20 305 

  0 18.98 38.9 57.9 81.50 284 

  360 19.31 39.2 58.5 81.90 293 

14 720 19.73 39.5 59.2 82.30 307 

  1440 20.03 39.5 59.5 82.50 312 

  0 19.18 39.3 58.5 81.90 291 

  360 19.61 39.5 59.1 82.30 302 

28 720 20.13 39.5 59.6 82.70 319 

  1440 20.63 39.7 60.3 82.90 331 

  0 19.48 39.5 59.0 82.40 301 

  360 20.01 39.5 59.5 82.70 315 

56 720 20.63 39.6 60.2 83.00 329 

  1440 21.23 39.7 60.9 83.20 341 

Main effect of farmyard manure, ton/ha 

0 19.31 39.10 58.41  81.71 288.75 

14 19.51 39.28 58.79  82.05 299.00 

 28 19.89 39.50 59.39  82.45 310.75 

56 20.34 39.58 59.91  82.83 321.50 

LSD (0.05) NS NS NS 0.17** 7.88** 

Main effect of sulfur, kg/ha   

0 19.13 39.10 58.23  81.76 287.00 

360 19.55 39.28 58.83 82.10 298.75 

720 19.98 39.48 59.46  82.48 312.00 

1440 20.38 39.60 59.98  82.70 322.25 

LSD (0.05) 0.86* NS 0.90** 0.22** 3.38** 

Interaction  FYM x S 

LSD (0.05) NS NS NS NS NS 
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The data showed that application of FYM 

insignificantly increased FWC, BWC and TWC. The 

RWC significantly increased as a result of application of 

FYM. Also, the results showed that application of S 

significantly increased leaf water contents (FWC, TWC 

and RWC) especially at the highest application rates. 

BWC insignificantly increased as a result of application 

of S. These results could be due to the effect of both 

FYM and S applications on improving soil structure and 

water penetration (Stromberg and Tisdale, 1979) or may 

be due to the increase in root growth, which means an 

increase of water absorption and translocation to leaves. 

Also, increasing the leaf water contents of corn plants 

due to FYM application may be attributed to the 

beneficial effects of FYM in improving the water-

holding capacity of soil (Buschiazzo et al., 1991 and 

Abdel-Nasser and Harhash, 2000). Also, increased the 

availability of soil water for plant absorption, such 

conditions improve the plant growth and increased the 

absorption of soil water and nutrients. Increasing water 

absorption by plants led to improve the plant water 

status (Harhash and Abdel-Nasser, 2000 and Hussein 

and Abdel-Nasser (2001). 

The interaction between FYM and S showed 

insignificant effect on all leaf water contents (FWC, 

BWC, TWC and RWC). This indicates that both FYM 

and S could be able to improve the water status of corn 

plants. 

6. Leaf chlorophyll content  

Table(4) clearly indicates that application of both 

FYM and S significantly increased the leaf total 

chlorophyll content which increased by 3.55, 7.62 and  

11.34% over the control treatment for FYM at rates of 

14.28, 58.56 and 57.12 ton/fed., respectively. While, the 

increases due to S applications were 4.10, 8.71 and 

12.28%, over the control treatment at rates of 360, 720 

and 1440 kg S/ha, respectively. These increases may be 

explained on the basis that both FYM and S applications 

enhanced the plant uptake of N, Mg, and Fe; such 

elements have a close association in chlorophyll 

biosynthesis (Hall and Rao, 1996). Hening et al.  (1991) 

reported that chlorophyll content increased in pecan 

seedlings as a result of S soil application. Also, these 

results are in agreement with those reported by Hussein 

and Abdel-Nasser (2001 and 2002) who found that 

chlorophyll content increased in leaves of sunflower 

plant as a result of FYM and S soil application. The 

interaction between FYM and S showed insignificant 

effect on leaf total chlorophyll content in leaves of corn.  

7. Leaf elemental content  

Table (5) showed that application of both FYM and 

S significantly increased the corn leaf elemental content, 

except for P where it was decreased by increasing S 

application rate. The data showed that both 

macronutrients (N, K, Ca and Mg) and micronutrients 

(Fe, Mn, Cu and Zn) contents increased gradually with 

increasing levels of both FYM and S application. Such 

increases in leaf nutrients contents may be attributed to 

the increases of nutrients availability in the root zone 

(Abd El-Naim et al., 1986). These results agree with 

those obtained by Awad et al.  (1996), Hussein and 

Abdel-Nasser (2001 and 2002) and Rehana et al., 

(2008). The interaction between FYM and S showed a 

significant effect only on Mn and Zn contents of corn 

leaves. 

8. Growth, yield and yield parameters 

Table(6) showed that addition of FYM and S 

significantly increased the plant fresh weight, grain yield 

and yield components. Plant fresh weight increased 

gradually as the application rate of FYM increased. It is 

increased by 6.10, 9.57 and 12.42%, for rates of 14, 28 

and 56 ton/ha, respectively, relative to the control 

treatment. The highest values of grain yield, weight of 

100 kernel and grain protein content were attained at the 

highest level of FYM (56 ton/ha). The increases in grain 

yield were 2.27, 3.73 and 5.34%, respectively relative to 

the control treatment. The corresponding values for 

grain protein content were 1.99, 5.52 and 6.70%, 

respectively. Also, the weight of 100 kernel, behaved 

the same trend because of the total seed yield is 

correlated with weight of seed. Concerning the effect of 

S, the highest values of fresh weight, weight of 100 

kernel and grain protein content were attained at the 

highest level of S (1428 kg/ha). Plant fresh weight was 

increased by 2.19, 4.85 and 6.68%, for 360, 720 and 

1440 kg S/ha, respectively, over the control treatment. 

The S application increased grain yield of corn by about 

1.71, 5.09 and 6.20% for rates of 360, 720 and 1440 kg 

S/ha, respectively over the control treatment. The 

corresponding values for grain protein content were 

12.47, 24.60 and 34.25%, respectively. 

Farmyard manure as organic manures are 

considered as a source of essential nutrients for plant 

growth (Chen and Avnimelech, 1986). Many 

investigators such as Laila and Abdel-Aziz (1992) with 

wheat, Abdel-Aziz et al. (1996) with sunflower and 

Rehana et al., (2008) with maize found successive 

increases in the yields with increasing the rates of 

farmyard manure. Also, Hussein and Abdel- Nasser 

(2001) found that application of farmyard manure 

significantly increased the growth (fresh weight, disk 

weight and disk diameter) and the yield (seed yield, 
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weight of 100 seeds, oil seed percent and oil yield) of 

sunflower. Soil properties such as plow layer thickness, 

organic matter and clay content affect crop productivity 

(Rogaski and Smukalski, 1988 and Diaz-zorita et al. 

1999). Organic matter content has been found to be a 

reliable index of crop productivity (Pierce et al., 1983), 

because it positively affects soil water-holding capacity 

(Buschiazzo et al., 1991).  

Such increases in plant growth parameter (fresh 

weight of corn) due to the S applications could be 

attributed to its positive effect on solubilizing some 

elements making them more readily available for plant, 

and consequently growing shoot and the associated soil 

micro-organism activity that responsible for organic 

matter decomposition and release its content of available 

nutrients (Alexander, 1977). In addition, lowering the 

soil pH may be enhancing the solubility of soil nutrients 

(Alawi et al., 1980 and Yousrey et al., 1984). Also, the 

increase in vegetative growth as a result of S application 

may be due to the improvement of nutrient availability 

and uptake, consequently increasing plant growth. 

Similar results  were  found  by  Peterson  et  al.  (1987),  

Hening et al. (1991), Kassem et al. (1995) and Abdel-

Nasser and El-Shazly (2000). They noticed that S 

application increased vegetative growth of Blueberry, 

pecan, guava and Balady orange trees, respectively. In 

addition, Kowalenko (1979) stated that S application 

enhanced N availability and uptake by reducing nitrate 

losses and stimulated the reduction of NO3
-
 to NH4

+
 

thereby, increasing N uptake and consequently 

increasing plant growth. On the other hand, Spires and 

Braswell (1992) reported that application of S at rates 

up to 1120 kg/ha was not detrimental to tree vigor and 

had no effect on tree growth.   

The increase of corn yield as a result of S 

application may be attributed to the effect of S in 

decreasing soil pH (Kassem et al., 1995) and 

consequently increasing the nutrient uptake and 

translocation (Stromberg and Tisdale, 1979, Shadfan 

and Hussen, 1985 and Hening et al., 1991), thereby 

improving tree condition and increasing the total yield.  

The interaction between FYM and S showed 

insignificant effects on plant fresh weight, grain yield 

and yield components of corn plant.

Table 5. Corn leaf elemental contents as affected by farmyard manure and elemental sulfur 

applications 
FYM S rate Macronutrients content, % Micronutrients content, mg/kg 

Ton/ha Kg/ha N P K Ca Mg Fe Mn Cu Zn 

 0 2.12 0.33 1.25 2.33 0.91 265.0 57.0 11.0 24.0 

 360 2.21 0.25 1.40 2.39 1.01 276.0 70.0 16.0 29.0 

0 720 2.26 0.23 1.46 2.48 1.04 291.0 91.0 19.0 36.0 

  1440 2.52 0.18 1.51 2.76 1.09 303.0 98.0 26.0 43.0 

 0 2.31 0.35 1.30 2.36 1.00 286.0 72.0 15.0 29.0 

 360 2.35 0.29 1.45 2.43 1.07 293.0 87.0 18.0 37.0 

14 720 2.4 0.27 1.56 2.59 1.11 315.0 101.0 27.0 46.0 

  1440 2.62 0.22 1.66 2.84 1.17 327.0 105.0 34.0 50.0 

 0 2.37 0.41 1.35 2.43 1.12 295.0 83.0 20.0 33.0 

 360 2.49 0.35 1.51 2.51 1.19 299.0 96.0 31.0 38.0 

28 720 2.57 0.31 1.64 2.66 1.23 310.0 108.0 37.0 44.0 

  1440 2.73 0.25 1.77 2.81 1.29 324.0 115.0 42.0 52.0 

 0 2.53 0.45 1.49 2.46 1.18 301.0 96.0 26.0 34.0 

 360 2.6 0.41 1.68 2.57 1.24 312.0 110.0 31.0 37.0 

56 720 2.75 0.36 1.78 2.74 1.28 331.0 129.0 39.0 54.0 

  1440 2.92 0.32 1.92 2.89 1.39 348.0 153.0 48.0 62.0 

Main effect of farmyard manure, ton/ha           

0 2.28 0.25 1.41 2.49 1.01 283.75 79.00 18.00 33.00 

14 2.42 0.28 1.49 2.56 1.09 305.25 91.25 23.50 40.50 

28 2.54 0.33 1.57 2.60 1.21 307.00 100.50 32.50 41.75 

56 2.70 0.39 1.72 2.67 1.27 323.00 122.00 36.00 46.75 

LSD (0.05) 0.19** 0.05** 0.07** 0.03** 0.07** 9.05** 3.64** 3.79** 4.90** 

Main effect of sulfur, kg/ha           

0 2.33 0.39 1.35 2.40 1.05 286.75 77.00 18.00 30.00 

360 2.41 0.33 1.51 2.48 1.13 295.00 90.75 24.00 35.25 

720 2.50 0.29 1.61 2.62 1.17 311.75 107.25 30.50 45.00 

1440 2.70 0.24 1.72 2.83 1.24 325.50 117.75 37.50 51.75 

LSD (0.05) 0.10** 0.07** 0.07** 0.08** 0.05** 7.88** 4.82** 2.60** 1.67** 

Interaction  FYM x S 

LSD (0.05) NS NS NS NS NS NS 9.64* NS 3.35** 
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Table 6. Plant growth, yield and yield components of corn as influenced by farmyard 

manure and elemental sulfur applications 
FYM S rate Fresh weight Grain yield Weight of 100 Grain protein 

ton/ha Kg/ha g/plant kg/ha kernel, g content, % 

  0 604.1 3596.63 20.48 10.99 

  360 610.1 3648.99 22.17 12.29 

0 720 616.3 3755.64 22.47 13.79 

  1440 620.5 3786.58 23.65 14.59 

  0 628.6 3670.53 21.37 11.20 

  360 640.4 3732.13 22.37 12.56 

14 720 656.3 3848.46 23.77 14.16 

  1440 675.3 3872.26 24.04 14.77 

  0 639.6 3703.28 21.62 11.46 

  360 660.4 3765.99 22.49 13.06 

28 720 688.1 3917.48 23.99 14.27 

  1440 697.4 3953.18 24.44 15.72 

  0 663.8 3758.02 21.89 11.75 

  360 680.7 3833.75 22.67 13.15 

56 720 698.5 3956.92 24.23 14.35 

  1440 712.4 4029.34 24.87 15.87 

Main effect of farmyard manure, ton/ha       

 0 612.8 3696.96 22.19 12.92 

14 650.2 3780.84 22.89 13.17 

28 671.4 3834.98 23.14 13.63 

 56 688.9 3894.51 23.42 13.78 

LSD (0.05) 8.17** 50.59* NS 0.93** 

Main effect of sulfur, kg/ha       

0 634.0 3682.12 21.34 11.35 

360 647.9 3745.22 22.43 12.77 

720 664.8 3869.62 23.62 14.14 

1440 676.4 3910.34 24.25 15.24 

LSD (0.05) 5.41** 33.13* 1.43** 0.66* 

Interaction  FYM x S 

LSD (0.05) NS NS NS NS 

CONCOLUSION 

The important outcome of this study is to clarify the 

role of combined application of FYM and elemental S in 

improving the chemical properties of sodic soil. It can 

be recommended that in case of sodic soils, the addition 

of S with FYM is advisable to improve soil properties 

that reflected in improving the growth, yield and 

utilization of soil nutrients by plant. 
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 الملخص العربي
 المحصول و التأثير المشترك لسماد المزرعة والكبريت الزراعي على الخواص الكيميائية للتربة، النمو، 

 ومحتوى الأوراق من الماء والعناصر الغذائية لنبات الذرة النامي في أرض رملية طينية لومية
 عادل حسين أحمد حسين

ا قكككاف علاعكككة لالس ككك    سككك   ذلكككلى زيا ة دلأ لاح كككلي لاللذاككك  لالملا  ككك   ا  ككك
لالصككيدميا لابا كككادل  عصكككن  ج ككي   االاككك  زدكككار   ككل  ككك   كككاد لاب  عككك  

 أن ه ككككاير معككككل  ج ككككي  للككككل  كككك   ككككاد لاب  عكككك  .  لاللبرمككككن لابجككككدي
 لاللبرمكن لابجككدي س  سكين حالكك  لالج اذكئ لالاملا اكك  لاباسكئلأ  لس كك    ككة 

لال حكككككا   -لاب لا اككككك  -لالحدمكككككد -لال يتاسكككككايا -لالليسكككككلي  -لال اس جكككككين
أمضا أ دحن لال اا ج لاباحصة عذاها .  لال  لى حاث أنها ةلادت  ج ي 

أن لالككيةن لاحرضككئ ةلاد  ج ككي   ككع ة دلأ  جككدات  ككل  كك   ككاد لاب  عكك  
  ككككا أن  ككككاد لاب  عكككك   لاللبرمككككن  ككككان   ككككا معككككل .  لاللبرمككككن لابجككككدي

 ج كككككككي  رصيذكككككككا ع كككككككد لابجكككككككدات لالجالاككككككك  عذككككككك   صكككككككيل لالح كككككككي  
 قد  ا ن لالك  دلأ (. ح     س   لالبر عين س لالح ي 011 ةن) ليناعه  

عكككككك   جا ذكككككك  لالل ككككككس ل عذكككككك   %03.1  43.5س  صككككككيل لالح ككككككي 
أمضكككا عاكككل لال اكككا ج زيا  سككك   اكككيء لاح  لا   ككك  لابكككا   االاككك  . لالاكككيلاي

س  لك  لاليقككن رككان  اككيء لاح  لا  . لإدكارات  ككاد لاب  عكك   لاللبرمككن
ذككز ةلاد  ج كي   قكد  ا ككن لالك  دلأ  ئع لاك   بجككدات  ك  لاللذي  راكة لالل
زدككككار   ككككاد لاب  عكككك   لاللبرمككككن أدء زيا  سكككك  . لالجالاكككك   كككك  لالإدككككار 

 .   لا ا ام ايء لاح  لا     لالج اذئ لال
 
 
 
 
 
 
 
 
 
 
 
 

 لاك  لالاكد مو  لاحثكال لال  لاعاك   لال الائمك   أجئمن تجئ   حعذاك  س
عذك   110.بجا ج  لابذلى راصة بم لاع  لالإحسا  ركلل  يسكف لال  كي 

هكي  جئرك  لالاك عل لاباكسير للكل   لالائض    همه لالد لاس.  صيل لالم لأ
 ككك   كككاد لاب  عككك   لاللبرمكككن لال  لاعكككز عذككك  لاتركككيلا  لاللا اا اككك  لذس ككك   

.   اككيء لالج اذككئ لالاملا اكك  وصككيل لالككم لأ لال  ككي  لاوصككيل  لالحالكك  لابا اكك 
تم ة لاعاهككككا  لككككم لأ ( .ا0.34)جماكككع لالعلاككككع لالالائم اكككك  ح ض لالالائ كككك  

هلاككككككا  س ذككككككي لأ  ككككككسلات / لاككككككف  اس جككككككين      34.. قككككككد تم زدككككككار  
هلاككا  س ذككي لأ سككذلات /أ . ككي % لاككف  041 ( ن%34..)أ ي اككيا

اد هلاكككا  س ذكككي لأ  ككك/ لاكككف  ريسكككلي   .. ( أ. كككي %.5) يتاسكككايا
 قكككككد تم زدكككككار   كككككاد لاب  عككككك  (.  4أ.ركككككي %0434)لالسكككككي ئ ريسكككككلات 
هلاككككككا   لاللبرمككككككن لال  لاعككككككز /طكككككك  40  ..  05بمجككككككدات ذككككككلئ  
 كل  ك   كاد . هلاا / لاف0551   1..  01.بمجدات ذلئ  

ق كة ( سكف1.)لاب  ع   لاللبرمن تم رذلاه ا  كع لاللا عك  لالسكلاحا  لذس ك 
 ككككاد  زدككككار   كككل  ككك  هكككا أنأ دكككحن لال اككككا ج لاباحصكككة عذا .لال  لاعككك 

لاب  عكككك   لاللبرمككككن قككككد أدت زيا زحككككدلال عااككككل جككككيهئ  س لالصككككلات 
 رعد أدء لذس  لاللا اا ا  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


