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ABSTRACT 
 
 A field experiment was carried out during the summer seasons of 2011 and 2012 on peanut (Arachis 
hypogaea L.) cv. (Giza 6) grown in a sandy soil at a farm at El-Quassasin region, Ismailia Governorate, Egypt, 
to study the effect of sulfur (S) application at rate of 200kg/fed, foliar spraying with Zn, B and their 
combinations on yield and its components as well as seed quality and some chemical contents of seeds. The 
experiment was designed in complete randomized blocks with three replicates. Results indicated that, 
application of sulfur (S) and foliar spraying with micronutrient (Zn and B) together had the significant effect on 
peanut seed yield and its attributes as well as seed quality. Their highest values were obtained when plants 
treated with sulfur (S) combined with foliar spraying with (Zn + B). Meanwhile, the highest amount of nutrient 
contents were obtained with 200 kg S/fed. combined with foliar spraying with 3.33g (ZnSO4 -7H2O) /L/plot, (2.7 
kg Zn SO4/ fed) and 0.83 g (Na2B4O7- 10H2O) /L/plot (0.7 kg borax /fed)), for Zn and B respectively. 
Application of different treatments had the significant effect on available N, P, K and S in soil. The highest 
values of available N, P, K and S were observed with the combined treatment of (S +Zn + B). The highest 
values of available Zn and B were obtained due to the application of sulfur (S).  
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Introduction 
 
 Peanut (Arachis hypogaea L.) is an important oil and protein crop; it contains about 40-50% oil, 25- 30% 
protein, 20% carbohydrates and 5% fiber and ash, and makes a substantial contribution to human nutrition 
(Fageria et al., 1997). In Egypt, peanut is known to be successfully cultivated in the newly reclaimed sandy 
soils. Production of oil crops in Egypt is insufficient for local consumption. So, it is of great importance to 
improve peanut production, which could be achieved by several agricultural practices and application of soil and 
foliar fertilization.  
 Sulphur is the fourth major nutrient and plays an important role in the nutrition of oil-seed crop and as a 
constituent of sulphur containing amino acids (Gangadhara et al., 1990). They considered that the oil-seeds 
require more sulphur than other crops; its concentration and uptake vary with the availability of sulphur in soil. 
Singh (1999) reported that the application of sulphur increased the uptake of various macro and micro nutrients 
in groundnut. Sharma and Gupta (1992) also reported that S fertilization up to 80 kg ha-1 significantly increased 
the uptake of N, P, K and S by soybean. Non-application of sulphur in sulphur deficient soils has often resulted 
in low yield. Sulphur deficient plants have poor utilization of N, P, K and a significant reduction in sulphur 
content.  
 The role of S in plants is to help in the formation of plant proteins, and it is essential for the formation of 
chlorophyll and improves root growth. Sulphur is involved in the formation of vitamins and enzymes required 
for the plant to conduct its biochemical processes (Scherer et al., 2008). Sulphur deficiency in the soil can not 
only reduce grain yield and quality of produce but also make a sharp impact in agro-based economy (Fismesa et 
al., 2000). Sulphur is accumulated in plants in low concentrations compared to N, but is an essential element as 
a constituent of proteins, cysteine-containing peptides such as glutathione, or numerous secondary metabolites 
Scherer et al., (2008)and Abdallah et al., (2010) and synthesis of vitamins and chlorophyll in the cell (Kacar and 
Katkat, 2007). The biochemical oxidation of S produces H2 SO4 which decreases soil pH and solubilizes CaCO3 
in alkaline calcareous soils to make more favorable soil conditions for plants growth including the availability of 
plant nutrients (Abdou, 2006). Erdal et al., (2006) reported that soil pH decreased with the application of S, 
resulting in increases in nutrient concentration, plant nutrient uptake, chlorophyll concentration, root nodules 
and dry matter production. Similar results were also reported by Motior et al., (2011) who found that application 
of S significantly increased nutrient uptake and dry matter accumulation of maize in sandy soils. 



128 
Res. J. Agric. & Biol. Sci., 9(4):127-135, 2013 

 

 Micronutrient deficiency is widespread in plants, animals and humans, especially in many arid countries, 
due to the calcareous nature of soils, high pH, low organic matter, salt stress, continual drought, high 
bicarbonate content in irrigation water and/or imbalanced application of fertilizers (Malakouti, 2008). 
Micronutrients often act as cofactors in enzyme systems and participate in redox reactions, in addition to having 
several other vital functions in plants. Most importantly, micronutrients are involved in the key physiological 
processes of photosynthesis and respiration (Marschner, 1995). However, micronutrient deficiencies can result 
in great deal of limitation in the physiological and metabolic processes even if the plants need only small 
amount of micronutrient for satisfactory crop growth and production, (Nasiri et al., 2010). In order to increase 
production of crops with high yield and quality, an adequate fertilization of macro- and micronutrients should be 
implemented in plant nutrition, (Sawan, et al., 2001).  
 Zinc functions in plants are largely associated with activity. It plays as an activator of several enzymes in 
plants and is directly involved in the biosynthesis of growth substances such as auxin which produces more 
plant cells and more dry matter that in turn will be stored in seeds as a sink. Thus seed yield increase is more 
expected. Some investigators have reported that foliar spraying with Zn could correct Zn deficiency, improve 
growth, yield and seed quality of Peanut. Darwish et al., (2002) found that application of Zn gave the highest 
seed, oil yield/fed.  
 Boron has found a wider use for agronomic and horticultural crops. Boron plays important roles in cell wall 
synthesis and structure and possibly membrane stability Cakmak and Omheld (1997). They added that boron is 
associated with one or more of the following processes: calcium utilization, cell division, flowering and fruiting, 
water relations, and catalyst for certain reactions.  
 The current study was carried out to evaluate the effect of sulfur application, foliar spray with Zn, B and 
their combination on peanut yield, yield components, seed chemical composition, as well as available nutrient 
contents in a newly cultivated sandy soil. 
 
Material and Methods 
 
 A field experiment was carried out during the summer seasons of 2011 and 2012 on peanut (Arachis 
hypogaea L.) cv. (Giza 6) grown in a sandy soil at a farm at El-Quassasin region, Ismailia Governorate, Egypt, 
to study the effect of sulfur (S) application at a rate of 200 kg/fed, foliar spraying with Zn, B and their 
combinations on yield and its components as well as seed quality and some chemical contents of seed. Some 
physical and chemical properties of the experiment soil were analysed using the methods described by Black et 
al., (1965) and the obtained results are given in Table (1). In each season, eight treatments were arranged in 
complete randomized block design with three replicates. The experimental unit area was 10.5 m2 consisting of 
five rows (3.5 m long every 60 cm). Seeds of peanut (cv. Giza 6) were sown on 9th and 11th of May in the first 
and second seasons, respectively under surface irrigation system. 
 Organic manure in the rate of 10m3/fed. was uniformly incorporated into the soil layer of 20 cm depth with 
power tiller two weeks before planting. All the experimental plots received 30kg N/fed in the form of urea 
(46%N) at three equal doses, besides 30 kg P2O5/fed. calcium superphosphate (15.5% P2O5) and 50 kg K2O 
potassium sulfate (48%K2O). The eight treatments were represented by combinations between sulfur (S), zinc 
(Zn) and boron (B). The treatments were as follow: (A) control (B) S, (C) Zn, (D) B, (E) S + Zn, (F) S +B, (G) 
Zn + B and (H) S + Zn + B. Sulfur application was added at rate of 200 kg/fed before planting and during soil 
tillage. Zn and B were applied in spray solutions of 3.33g (ZnSO4 - 7H2O) /L/plot, (2.7 kg Zn SO4 / fed) and 
0.83 g (Na2B4O7- 10H2O) /L/plot (0.7 kg borax /fed)), respectively.  
 
Table 1: Some physic-chemical characteristics of the studied soil before planting. 

Particle size distribution (%) Textural class Organic matter (%) CaCO3 (%) 
C.sand F.sand Silt Clay 
27.98 51.74 5.67 14.61 Loamy sand 0.78 1.69 

Chemical analysis of soil paste extract 
pH EC dS m -

1 
Soluble ions (meq l-1) 

Ca++ Mg++ Na+ K+ CO3
-- HCO3

- Cl- SO4
--

7.85 7.6 17.3 8.5 49.0 0.78 -- 6.3 34.0 35.28 
Available macro elements (mg/Kg) Available microelements (mg/Kg) 

N P K S Zn B Mo 
30 3.78 159 2.52 0.95 0.86 0.69 

 
 Each nutrient was sprayed separately on the 8thJune and 10th July 2011, in the first season, the 7th, of June 
and 4th of July 2012 in 2nd one.  
 At harvest, ten plants of the middle two rows were taken randomly to determine the yield components as 
follows: Number of pods / plant, number of seeds /plant, weight of pods /plant (g), weight of seeds / plant (g) 
and 100-seed weight (g). Whole plot was harvested and the pods were air dried to calculate total pods yield 
(kg/fed) and seed yield / (kg/fed). Oil and protein yields were calculated (kg/fed). 
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Chemical analyses:  
 
 Nitrogen in seeds was determined using the modified “microkjeldahl” method, phosphorus was 
colerimetrically estimated by using stannous chloride reduced ammonium sulphomolybdate method and 
potassium was determined using the flame photometer as described by Jackson (1973). Total protein in the 
seeds was calculated by multiplying Nitrogen% by 6.25 as described by Stewart (1989). Zinc and boron 
concentrations were determined by inductively coupled plasma – optical emission spectrometry (ICP-OES) 
technique after microwave digestion in the laboratory of the Soil, Water &Environment Research Institute, 
Agriculture Research Center, Giza, Egypt due to Soltanpour (1985). Oil % in seeds was determined by using 
Soxhlet apparatus and petroleum ether as an organic solvent as described by A.O.A.C (1990). Oil and protein 
yield (kg/fed) were estimated by multiplying seed yield (kg/fed.) by seed percentage of each. 
 Results for all studied parameters were statistically analyzed using the combined analysis of the two 
growing seasons according to (Gomez and Gomez 1984). The significant differences among means were tested 
using the least significant differences (L.S.D.) at 5% error level.  
 
Results and Discussion 
 
Yield and its components: 
 
 Peanut yield was significantly influenced with the application of S and micronutrients Table (2) and Fig. 1, 
2and 3 .Maximum yield was obtained with the application of S + Zn +B (TH) causing about 45.37 % over the 
lowest yield which was obtained from control treatment(TA). 
  It may be useful to evaluate the effect of addition of S individually (TB) compared to control (TA) that (TB) 
significantly increased number of pods and seeds /plant, weight of pods and seeds /plant, 100-seed weight as 
well as seed oil and protein yields/fed. with relatively increase percentage 30.00 , 31.07, 11.17, 37.00 , 23.10, 
37.64and 33.30% respectively over (TA). The role of sulfur in increasing seed yield in addition to its direct role 
in plant nutrition may be due to improving soil reaction according to Tabatabaei, (1986) who found that sulfur 
application causes an increase in the absorbable phosphorous of the soil. Similar finding was also reported by 
Sarkar et al., (2002).  
 
Table 2: Effect applications on yield and yield components of peanut plant (Combined analysis of 2011 and 2012 seasons). 

Symbol Treatments Number of Weight of 
 

Weight 
of 100 

seed (g) 

Seed 
Yield 

(kg/fed) 

Seed 
oil 
(%) 

 

Oil 
yield 

(kg/fed) 

Protein 
 

(%) 

Protein 
Yield 

(kg/fed) Pods/ 
plant 

Seeds/ 
plant 

Pods/ 
plant 
(g) 

Seed/ 
Plant 
(g) 

A Control 30 46.38 44.75 24.95 59.87 1025 42.20 433 24.4o 250 
B S 39 60.79 49.75 34.18 73.70 1306 45.66 596 25.50 333 
C Zn 36 58.37 47.83 30.76 65.50 1250 44.63 558 25.66 321 
D B 40 55.98 50.61 32.51 79.51 1176 44.65 525 25.88 304 
E S+Zn 46 60.13 53.61 33.41 71.13 1225 46.69 572 25.63 314 
F S+B 44 67.50 54.70 36.70 79.17 1307 47.70 623 25.95 339 
G Zn+B 37 72.70 45.59 32.53 63.81 1260 44.36 559 24.96 315 
H S+Zn+B 49 79.09 59.51 40.81 82.05 1490 48.97 730 26.50 395 

L.S.D. at 0.05 1.36 1.73 1.72 1.83 2.35 30.80 0.75 9.41 0.74 10.37 

 

 
 
Fig. 1: Yield of peanut as influenced by applications. 
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Fig. 2: Oil yield of peanut as influenced by applications. 
 

 
Fig. 3: Protein yield of peanut as influenced by applications.  
 
 Highest values for yield and yield components such as number of pods and seeds /plant, weight of pods and 
seeds /plant, 100-seed weight as well as seed oil and protein yields/fed. with relatively increase percentage 
63.33, 70.53, 32.98, 63.57 , 37.05, 68.59 and 58.00 % respectively were obtained from the treatment 
combination of S + B + Zn (TH) over (TA) followed by (TF) in protein yield and oil yields. Fig 1, 2and 3 showed 
seed, protein and oil yields which illustrated that findings. It might be due to involvement of sulfur in the 
synthesis of fatty acids and also increases protein quality through the synthesis of certain amino acids such as 
cystene, cysteine and methionine. It is evident from the results that sulfur had remarkable influence on protein 
and oil content. Similar finding was also reported by Havlin et al., (1999) and Kandpal and chandel (1993).  
 Also, foliar spraying of Zn, B singly or in combination significantly increased seed yield/fed. over that of 
the control due to the increase of the yield components characters. In this concern Ved et al., (2002) stated that 
foliar applied zinc enhances photosynthesis at early growth of mung bean plants, improves their nitrogen 
fixation, grain protein and yields. The increase percentages for the seed weight (g/plant), 100-seed weight, seed 
yield (Kg/fed), seed oil % and protein %, as a result of foliar spraying with Zn and B (TG) were 30.38, 6.58, 
22.93,4.89, and 2.30% respectively over the control (TA). This may be due to the role of zinc in the synthesis of 
amino acid tryptophan which is a precursor the auxin of indole acetic acid which has a role in symbiotic N2 – 
fixation by legumes. Marschner (1995) reported that Zn-deficient plants reduced the rate of protein synthesis 
and protein content drastically but increase the accumulation of amino acids. The positive effect of B application 
on groundnut yield and yield components is in harmony with that obtained by Noor et al., (1997) and Khalifa 
(2005) who stated that pods yield and some yield components, i.e. number of pods /plant, weight of pods/plant 
and seed weight /plant were significantly increased with foliar application of B as compared with control (Table 
2). B has an essential role in plant, where it plays a role in plant metabolism and in the synthesis of nucleic acid. 
Also, Du Ying Qiong et al., (2002) reported that application of B significantly enhanced chlorophyll content and 
photosynthetic intensity of the leaves, increased dry matter accumulation of the plants, advanced their flowering 
and promoted the transport of the photosynthesis from the vegetative organs to the reproductive organs, thus 
resulting in significant improvement of the groundnut yield. Data in Table (2) also show that oil and protein 
percentages were progressive increase with B application. The beneficial effect of spraying with B may be 
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attributed to the role of B element on fundamental metabolic reactions and acceleration protein synthesis, also B 
is involved in a number of metabolic pathways (sugar transport, respiration, carbohydrate, RNA, IAA and 
phenol metabolism or a cascade effect which is known for photo hormones, Parr and Loughman (1983).  
 
Contents in seeds: 
 
 Data in Table (3) and Fig. (4-7) pointed out that application of sulfur fertilization and foliar spraying and 
their combinations with Zn or B increased significantly the nutrient content of N, P, K and S in peanuts seeds as 
compared to the control (TA) .Combination of sulfur and micronutrients had marked influence on nutrient 
uptake. Application of sulfur, boron and zinc recorded the higher uptake and was significantly superior to 
control and on par with treatments receiving sulfur, boron and zinc individually. This trend might be due to 
increased growth and growth components, total dry matter production and yield and yield components and 
higher content of K could be attributed to the combined application of sulfur and micronutrients helped in better 
absorption and translocation. Similar results were obtained by Babhulkar et al., (2000). Sulfur in seeds showed a 
significant variation with the application of sulfur (Table 3). The highest sulfur content was found when sulfur 
was applied and the lowest from no sulfur application. These results are in agreement with those of 
Ganeshamurthy (1996) who reported that sulfur significantly increased the sulfur uptake. Von Uexkull, 1986) 
who found that Sulfur availability may influence photosynthetic rate since ferredoxin and acetyl-CoA contain S 
and play a significant role in the reduction of CO2 and production of organic compounds. Also, sulfur is 
necessary for enzymatic reactions, chlorophyll formation, synthesis of certain amino acids and vitamins, hence, 
it helps to have a good vegetative growth leading to have a high yield (Marschner, 1998). 
 Concerning the effect of foliar application with micronutrients Zn or B and/or their combination on peanut 
chemical composition, results in the same table showed that foliar application with micronutrients resulted in the 
high values of N, P and K uptake in peanut seed with significant improvement over control (TA).These increases 
in elemental constituents of seed may be due to the effect of micronutrients on stimulating biological activities, 
i.e. enzyme activity, chlorophyll synthesis, rate of translocation of photosynthetic products and increased 
nutrient uptake through roots after foliar fertilization. Such improvement could be explained by the role of these 
elements in increasing adsorbing surface of the root and the improvement transportation of the nutrients from 
the soil to plant organs via the roots. Similar results were obtained by Abd El-Magid et al., (2000) and Shaban et 
al., (2010). Application of sulfur, Zn and B together significantly increased the nutrient uptake and produced the 
highest content of nitrogen, phosphorus, potassium and sulfur in seeds.  
 
Table 3: Effect applications on nutrients contents in peanut seeds (Combined analysis of 2011 and 2012 seasons). 

Symbol Treatments N P K S 
% Kg/fed. % Kg/fed. % Kg/fed. % Kg/fed. 

A control 3.89 39.98 0.40 4.10 0.70 7.18 0.17 1.74 
B S 4.08 53.29 0.42 5.49 0.72 9.40 0.22 2.87 
C Zn 4.10 51.38 0.54 6.75 0.74 9.25 0.19 2.38 
D B 4.13 48.69 0.44 5.17 0.76 8.94 0.21 2.47 
E S+Zn 4.10 50.23 0.55 6.74 0.77 9.43 0.28 3.43 
F S+B 4.14 54.24 0.52 6.80 0.75 9.80 0.31 4.05 
G Zn+B 3.98 50.27 0.40 5.04 0.76 9.58 0.26 3.28 
H S+Zn+B 4.24 63.18 0.50 7.45 0.78 11.62 0.33 5.25 

L.S.D. at 0.05 0.07 0.81 0.02 0.89 0.02 0.76 0.01 0.09 

 

 
 
Fig. 4: N-content in seeds of peanut as influenced by applications. 
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Fig. 5: P- content in seeds of peanut as influenced by applications. 
 

 
Fig. 6: K- content in seeds of peanut as influenced by applications. 
 

 
Fig. 7: S- content in seeds of peanut as influenced by applications. 
 
Micronutrient concentrations in seeds: 
 
 Data presented in Table (4) and Fig. (8) Showed that the highest micronutrient zinc and boron 
concentrations content were recorded in treatment receiving combined application of sulfur, boron and zinc (TH) 
which was significantly superior to control (TA) and the other treatments. Combination of sulfur and 
micronutrients had marked influence on content Zn and B in the seed as compared to the control. Boron and 
zinc concentration in peanut seed was 6.86 and 10.93mg per kg in control and increased significantly to 17.31 
and 22.96 mg per kg respectively .These results are supported by the findings of Dineshkar and Babhulkar 
(1998). They noticed combination of sulfur and micronutrients had marked influence on micronutrient (zinc and 
boron) content and opined that this could be due to interaction effect of sulfur, boron and zinc Bhagiya et al., 
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(2005) also obtained similar results. Data showed that the double interactions of Zn or B with S (TE and TF ) 
increased significantly the concentrations of Zn and B by peanut seeds in comparison with those obtained by 
using only foliar spraying with B or Zn (TC and TD). This may be attributed to the enhancing of these elements 
assimilation and translocation from the leaves to seeds. These results are further supported by the findings of 
Ishag, (1992) and Abd El-Hady, (2007)),who mentioned that foliar application of micronutrients led to an 
increase in concentrations of macro and micronutrients in peanuts seeds and this is mainly due to the vital 
physiological roles in plant cells which promote the uptake of plant nutrients. 
 
Table 4: Effect of applications on micronutrient concentrations in peanut seed (Combined analysis of 2011 and 2012 seasons). 

Symbol Treatments Zn 
(mg/kg) 

B 
(mg/kg) 

A Control 10.93 6.86 
B S 13.47 9.76 
C Zn 17.67 9.83 
D B 14.09 11.66 
E S+Zn 21.07 12.17 
F S+B 19.56 14.51 
G Zn+B 22.08 16.28 
H S+Zn+B 22.96 17.31 

L.S.D. at 0.05 0.33 0.83 
 

 
 
Fig. 8: Zn and B concentrations of peanut seeds as influenced by applications. 
 
Nutrient Status of Soil: 
 
 The data presented in Table ( 5) showed that all the applications increased the soil available nutrient N, P, 
K, S , Zn and B contents compared with the control in spite of non-significance between treatment differences in 
case of P, Zn and B. Application of S, Zn and B and recorded maximum available sulfur contents in soil over 
other treatments. The lowest value was registered in control (TA). These results may be attributed to the 
oxidation of S to SO4 

2+ by microorganisms, and in turn decreased soil pH and which enhancing the availability 
of soil nutrients. Also, S application have a great effect on soil physical and chemical properties, such as soil 
bulk density, pore size distribution and soil water retention. The results of present investigation are in 
conformity with the findings of Chatterjee et al., (2000). Combination of sulfur and micronutrients had marked 
influence on available Zn and B in the soil as compared with the control. Boron and zinc status in soil was 0.90 
and 1.03 mg per kg in control (TA) and increased to 1.18 and 1.35 mg per kg (TH) respectively. This may be due 
to beneficial effete of S in increasing the availability of other nutrients in soil. 
 
Table 5: Effect of applications on available nutrient contents in the studied soil (Combined analysis of 2011 and 2012 seasons). 

Symbol Treatments N(mg/kg soil) 
 

P(mg/kg 
soil) 

K(mg/kg 
soil) 

S(mg/kg 
soil) 

Zn 
(mg/kg) 

B 
(mg/kg) 

A Control 32.5 4.40 169.5 3.23 1.03 0.90 
B S 42.0 4.85 178.5 6.11 1.08 0.95 
C Zn 34.5 5.05 183.0 5.03 1.16 0.97 
D B 41.5 5.14 187.0 5.07 1.15 1.07 
E S+ Zn 45.0 5.76 192.5 5.93 1.25 1.09 
F S+B 50.0 5.84 194.0 5.96 1.21 1.13 
G Zn+ B 48.0 5.99 191.0 5.82 1.27 1.15 
H S+ Zn +B 54.5 6.08 203.0 6.31 1.35 1.18 

L.S.D. at 0.05 1.34 N.S. 1.70 0.59 N.S N.S 
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Conclusion: 
 
 Application of sulfur in combination with foliar application of zinc and boron had the highest effect on all 
quantitative yield characteristics. Foliar application of treatment Zn and B with S gave the highest values, 
whereas, control-treatment gave the lowest values in all studied yield characteristics compared with the other 
treatments. Foliar application of micronutrients led to an increase in concentrations of macro and micronutrients 
in peanut seeds.  
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