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ABSTRACT

A field experiment was carried on peanut (Archis hypogaea L., cv. Giza 6)
grown on a soil. At El-Quassasin region, Ismailia Governorate, Egypt during two
successive seasons of 2006 and 2007 to study the effect of S application and foliar
spraying with Zn, B and Mo their combinations on seed /plant, seed yield /fed, 100
seed weight, oil, sugar, protein as well as seed contents of some macro and
micronutrients.

The obtained results could be summarized as follows:-

1-The highest values of peanut seed yield and its attributes as well as seed quality
were obtained when plants treated with S combined with foliar spraying with (Zn
+B).

2-The highest nutrient content were obtained with S combined with foliar spraying
with (Zn+B).

3-Soil available N, P, K and S were increased due to the applied different treatments.
The highest N, P, K and S values were observed with the combined treatment of
(S+Zn+B).

4-The highest values of available Zn, B and Mo were obtained due the combined
treatment (S+Zn+B).

INTRODUCTION

Peanut is one of the most important oil crops and food seed legume,
it contains about 50% oil, 25-30% protein, 20% carbohydrate and 5% fiber
and ash and make a substantial contribution to human nutrition (Fageria et
al.,, 1997). Peanut is one of the most important crops which cultivated
successfully in a newly reclaimed sandy soil in Egypt. Production of oil crops
in Egypt is insufficient for local consumption. So, it is great improving peanut
production, which could achieved by several agricultural practices, such as
chosen the promising varieties, foliar spraying with zinc, boron, molybdenum
and gypsum application under sand soil conditions.

Sulphur application in sandy soils which has its marginal nutrient status,
improved the quality of peanut seeds. Sulphur plays a role in containing
amino-acids like methionine, systine and systein which are essential
constituents of proteins. Venkotesh et al.(2002) found that protein yield of
peanut seeds was significantly increased by applying of gypsum.

With respect to the influence of micronutrients, many investigators
reported the importance of zinc or boron or/and molybdenum application for
improving plant growth and yield attributes of peanuts (Brar,et al. 1980;
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Deshpande et al., 1986; Pal,1986; Revathy et al.,1997; Sontakey et al., 1999
and Darwish et al., 2002).

Zinc is an essential component or activator for many enzymes
involved in photosynthesis and hence has an important role in early seeding
vigor (Welch, 1995). Sarkar et al.(1998) stated that application of Zn andMo
gave the greatest effect in increasing groundnut biomass production, leaf rea
index, crop growth rate and yield attributes, resulting in 61% greater pod
yield over control. Lourduraj et al. (1998) found that Zn, B, Fe, Mn and Mo
produced the highest groundnut pod yield. Darwish et al.(2002) found that
fertilized peanut by zinc sulphate ad boric acid gave the highest values of
seed vyield and oil yield/fed. Ali and Mowafy (2003) pointed out that foliar
spraying with Zn of B and their combination slightly improved yield and its
attributes as well as quality in two seasons. Rifat, et al., (2004) stated that Zn
and B fertilization had a significant effect on the seed yield, pod yield, seed
weight/plant as well as seed oil content for the combined data.

As for boron, it plays a role in plant metabolism and in the synth of
nucleic acid. Also, it is important for tissue development and facilitates sugar
translocation (Gouch and Dugger, 1954). In this respect, Bhuiyan et al.(1997)
mentioned that application of 1 kg/ha increased groundnut nodulation and
seed yield. Grewal et al.(1998) found that oil seed rap shoot and root dry
matter production as well as chlorophyll content of fresh leaf tissue were
significantly influenced by B supply at early vegetative growth in sand culture.

Molybdenum also plays an important role in nitrogen metabolism and
nitrogen fixation. El-Sayed (2006) found that the S x Mo interaction on total
sugar percentage indicated that in absence of applied S, 1ppm Mo
significantly increased the total sugars of soybean.

The current study was crried out to, evaluate the effect of sulpher
application, foliar spray with Zn, B, Mo and their combinations on peanut
yield, yield components, seed chemical composition, as well as available
nutrient contents in soil a newly cultivated sandy soil.

MATERIALS AND METHODS

To achieve the previous target a field experiment was carried out at
farm, El-Quassasin Governorate, during the two successive seasons of
summer 2006 and 2007. Table (1) shows some physical and chemical
properties of the experimental soil in both seasons.

The studied soil is loamy sand in texture, slightly saline, poor in both
organic matter and available macro or micronutrients. In both seasons was
conducted a field experiments in a complete randomize blocks design, with
three replicates. This study was designed to study the effect of the interaction
between sulphure and some micronutrients (Zn, B and Mo) on their contents
in soil, peanut growth, seed yield and its concentrations of N, P, K, Zn, B
and Mo. The seeds of peanut (Arachis hypogaes L., cv.) Giza 6, were
obtained from Agriculture Research Center, Giza, Egyp,. and 12 May in the
both first and second seasons, under surface irrigation system. The
experimental unit area (plot) was 5 x 10 m2, containing five rows. The
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distance between rows and plants were 50 and 25 cm, respectively. At
harvest (October 7t in both seasons), the weights of seed per plant (g) and
fedan (kg). were determined. The organic manure was thoroughly mixed with
0-30 cm of the soil surface two weeks before planting (10 m3/fed). The used
N,P and K were added in the form of urea (46N%) at three equal doses,
besides calcium superphosphate (15.5% P20s) and potassium sulphate
(48% K:0). at the rates of 30 and 50 kg/fed, respectively. The applied twelve
treatments are represented by combinations between sulpher (S), zinc (Zn),
boron(B) and molybdenum (Mo). Addition of 200 kg/fed elemental sulphur
before planting and during soil tillage. Zn was as applied in spray solution of
3.33g ZnS04/L/plot,(2 kg Zn SO4 / fed) on the 81 June and 10t July 20086, in
first season, the 7t, of June and 4% of July 2007 in 2™ one.

Borax (Na2B4O7. 10H20) was used as a source of B, and it was applied
also as foliar spray at the same Zn application dates, with solution of 0.83 g
borax /L/plot (0.5 g borax /fed.). Ammonium molybdenum was used as a
source of Mo as foliar spray at the same times of Zn and B application dates
with solution of 0.32 g Mo/L/plot.

The treatments were as follows: 1) control 2) S, 3) Zn, 4) B, 5) Mo, 6)
S+Zn, 7) S+B, 8) S+Mo, 9)Zn +B, 10) Zn +Mo, 11)Zn + B + Mo and
12) S +Zn + B.

The analysis of both soil and plants were carried out by using the
methods described by Black (1962) and Chapman and Pratt(1961). Available
Zn, B and Mo were extracted by DTPA and determined using Inductively
Coupled Plasma (ICP) Spectrometer model 400(Soltanpour, 1985). Protein
percentage was calculated by multiplying the nitrogen percentage by the
converting factor 6.22 (Hymowizer et al.,1972). Determination of oil
percentage in dry seed was estimated using soxhlet apparatus according the
method described by A.O.A.C.(1990). The total sugars were determined by
using the method of FAO (1980).

Statistical analysis of the obtained data was carried out by using L.S.D.
at levels for comparison between means of different treatments Sendecor
and Cochran, 1972).

Table (1): Some physico-chemical characteristics of the studied soil
before planting

Particle size distribution (%) Organic
. Textural class matter €acos
C.sand |F.sand | Silt Clay (%) (%)
27.98 51.74 | 5.67 | 14.61 Loam sand 0.78 1.69
Chemical analysis of soil paste extract
H EC Soluble ions (meq 1Y)

P dSm? [Ca** [Mg** | Na* K* | COs |HCOs | CI | SO«
7.85 7.6 173 | 85 |49.0 0.78 - 6.3 34.0 | 35.28
Macro-microelements content in soil used before planting

Macro elements (mg/kg Microelements (mg/kg
N P K S Zn B Mo
30 3.78 159 2.52 0.95 0.86 0.69
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RESULTS AND DISCUSSION

Yield and yield components of peanut

The data of yield and yield components of peanut are presented in Table
(2). The data clearly indicate that application of sulphur (S), zinc (Zn, boron
(B), molybdenum (Mo) and their combinations significantly increased the
seed weight (g/plant), weight of 100 seed, oilseed percent, seed vyield, sugar
percent, protein percent and seed yield (kg/fed)
Effect of S application:

Concerning the effect of S on peanut yield and its components in the
first season, the application of S significantly increased seed weight, 100
seed weight, oil seed %. Application of sulphur increased seed weight,
100seed weight, seed 0il% and seed vyield kg/fed with relatively increase
percentage 26.12, 4.76, 11.30, 16.91% respectively over the control
treatment. The increase of peanut yield as a result of S application may be
attributed to the effect of S in decreasing soil pH (Jones, 1982; Spires and
Braswell, 1992 and 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), the improving tree condition and
increasing the total yield in accordance with these results, those reported by
Cummings et al. (1981), Kayode and Ojeniyi(1991), Kassem et al.(1995),
Abdulsalam and El-Garawany (1998)and Abdel-Nasser and EI-Shazly
(2000), Adhikari et al. (2003) and Ali et al. (2004) recorded significant
increase in weight of 100-seed and oil yield by increasing of sulphur.

Seed protein:

The result in Table (2) indicated that the application of S increased
protein % in peanut, in which the protein percent increased in crud protein
may be attributed to that S is one of the constituents of amino-acids
(Methionine-cystine-systeine). Therefore, in absence of S, the amino acids
and crud protein content were low. Hanower and Brazozwska(1964) and
Nock et al. (1992) reported that S deficient plants of groundnut had less
protein and more soluble nitrogen in all plant parts. They reported also, that
there was accumulation of arginine, asporagine and decrease in cystine,
cystenie and methionine contents. Shams EI-Din and Ali (1996) and Ali et
al.(2004) indicated that application of S increased protein in the peanut.

Seed sugar :

Sugar percent in peanut was increased with S application by 15.22%
as compared with the control. Zhang and Smith (1996), El Sayed (2005)
found that the application of S increased sugar in soybean.

Seed oil :

Data in Table (2) indicated that seed oil percent was increased
significantly when peanut plants treated with S and foliar spraying with Zn or
B or Mo and their combinations as compared with the control. The relatively
increase percentage in oil seed when sulphur applied was 11.3% as
compared with the control. This results are in accordance with those reported
by Ali et al. (1995b), Venkatesh et al.(2002), Adhikari et al.(2003) and Ali et
al.(2004).
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2-Effect of micronutrient and their combinations:

Regarding the influence of foliar spraying with Zn, B, Mo and their
combinations on yield and its component of peanut (Table 2), the results
indicated significant increases as compared to the control. The increase
percentages for the seed weight (g/plant), 100-seed weight, seed 0il%, seed
yield (Kg/fed), sugar % and protein %,.as a result of foliar spraying with Zn
were 26.52%, 16.24, 4.04%, 23.02%, 30.02% and 84%, respectively over the
control treatment. This may due to the role of zinc in the synthesis of amino
acid tryptophane which is a precursor the auxin of indole acetic acid which
has a role in symbiotic N2-fixation by legumes. It has also a role in starch
metabolism (Jyung et al.,1975 ) and closely involved in N-metabloism in plant
(Price et al., 1972). Foliar spray of boron increased yield and its components
as compared to the control treatment, may be due to its role in plant
metabolism and in the synthesis of nucleic acids. Also, it is an important
element for tissue development and facilitates sugar translocation (Gauch
and Dugger, 1954). In this respect Helmy and Shaban (2007) found that the
foliar of Zn and B increased yield and its components. In the other hand the
foliar of Mo increased yield and its components as compared with the control,
this may be due to the Mo play an important role in nitrogen metabolism and
nitrogen fixation. Data in Table (2), also showed that the combination
between sulphur and micronutrients (Zn, B and Mo) significantly increased
yield and its components, as follows: S+Zn > S+ B > S+Mo > Zn+Mo >
Zn+B+Mo > S+Zn+B This result indicates that application sulphur increased
yield and its components, may be attributed to the effect of decreasing soll
pH and increasing released available nutrients (Alxanders, 1977; Alawi et al,
1980 and Youstry et al., 1984).

Macronutrient contents in seed
Nitrogen content

It is clear from the data in Table (3) that foliar spraying with the
combination of (Zn+B) in the presence of S addition was superior for
increasing the N% in seeds as compared to the other applied treatments.
Kowalenko(1979) stated that S application enhanced N availability and
uptake by reducing nitrate losses and stimulated the reduction of NOs to NHa4
thereby increasing N uptake and consequently increasing plant growth.
Data also revealed an ascending order for N increases as follows: (S+Zn+B)
>(Zn+B+Mo)>(Zn+Mo)>(Zn+B)>(S+Mo)>(S+B)>(S+2Zn)>
B > Mo > Zn > S. The corresponding relatively percentages reached increase
108, 104, 102, 101, 96, 94, 91, 88%, 86, 84 and 82% respectively, over the
control treatment.
Phosphorus content in seed

Data in Table (3) show that the phosphorus percent was increased
significantly due to applying the different treatments as compared to the
control. As for the S application and foliar spraying with Zn or B or Mo and
their combinations, it is clear that all treatments increased the percent of P as
shown in the order of: (S +Zn +B) > (S + B + Mo) > ( Zn + Mo) > (Zn+ B) > (
S+Mo)>(S+B)>(S+2Zn)>B>Mo>Zn>S.
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Table (3): Macronutrient contents in peanut seed

N P K S
Treatments (mg/kg soil) (mg/kg soil) (mg/kg soil) (mg/kg sail)

2006 2007 2006 2007 2006 | 2007 2006 2007

Control 1.72 1.89 0.12 0.14 0.71 0.78 0.14 0.19

S 3.14 3.25 0.18 0.22 0.98 1.06 0.20 0.24

Zn 3.18 3.28 0.23 0.26 0.88 0.98 0.17 0.21

B 3.24 3.32 0.27 0.30 0.92 0.99 0.19 0.22

Mo 3.21 3.29 0.29 0.32 0.89 0.97 0.21 0.27
S+Zn 3.29 3.34 0.30 0.33 1.02 1.07 0.24 0.31
S+B 3.34 3.38 0.32 0.36 1.05 111 0.28 0.33
S+Mo 3.38 3.46 0.31 0.34 1.08 1.12 0.31 0.36
Zn+B 3.46 3.52 0.34 0.38 1.10 1.15 0.23 0.28
Zn + Mo 3.48 3.53 0.37 0.41 1.14 1.18 0.23 0.27
Zn + B + Mo 3.51 3.56 0.38 0.42 1.05 1.08 0.27 0.30
S+Zn+B 3.58 3.66 0.41 0.44 1.18 1.21 0.31 0.35
L.S.D.at 0.01 | 0.0449 | 0.0471 | 0.0263 | 0.0166 | 0.051 | 0.021 | 0.0237 | 0.0216

Potassium content in seed

As shown in Table (3) addition of sulphur as well as foliar spraying
with Zn or B or Mo and their combinations significantly increased K percent
by seed of peanuts. It was noticed that (S+Zn+B) treatments surpassed the
other treatments for increasing the percent of K in seeds.
Sulphur content in seed

Data in Table (3) also, show that the sulphur percent was increased
significantly due to the applied different treatments as compared to the
control.
Micronutrient contents in seed

Data in Table (4) pointed out that application of S fertilization and
foliar spraying with Zn, B and Mo and their combinations increased
significantly the percentages of Zn and B in peanuts seeds as compared to
the control treatment. This may be due to S application could be attributed to
its positive effect on solubilizing some soil elements to making them more
readily available for plant (Yousry et al.,1984).

Table (4): Micronutrient concentrations in peanut seed.

Treatments Zn B Mo
(mg/kg) (mg/kg ) (mg/kg)

2006 2007 2006 2007 2006 2007
Control 10.38 11.47 6.37 7.35 0.879 0.898
S 12.58 14.35 9.17 10.34 0.889 0.104
Zn 17.21 18.12 9.24 10.41 0.952 0.107
B 12.89 15.28 10.86 12.45 0.963 0.110
Mo 15.84 17.23 10.88 12.47 0.105 0.115
S+Zn 19.67 22.47 11.12 13.21 0.108 0.113
S+B 18.97 20.15 13.82 15.19 0.115 0.118
S+Mo 18.78 20.48 13.88 15.21 0.118 0.124
Zn +B 21.28 22.87 15.37 17.18 0.123 0.128
Zn +Mo 21.39 22.99 15.48 17.15 0.120 0.122
Zn + B + Mo 21.96 23.10 16.24 18.17 0.132 0.136
S+Zn+B 22.68 23.24 16.33 18.29 0.137 0.142
L.S.D. at 0.01 0.2566 0.1652 2.722 1.1286 0.0054 0.0033
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Zn uptake by peanut seed was illustrated in Table (4). The greatest
Zn content in seeds was occurred with the S application in combination with
Zn + B.

As shown in Table (4) addition of sulphur and the foliar spraying with
Zn or B and their combinations significantly increased B content in seeds.
The data showed the superioiority of (S + Zn + B) treatment.

On the other hand Mo content was decreased when appling Mo
alone as compared with the control, S, Zn and B, but it tended to increase
with the treatments of Zn +S, S + B, S +Mo, Zn + B, Zn + Mo, Zn + B+Mo
and S+ Zn + B. The treatment of S+Zn+B increased Mo content in seeds as
compared with molybdenum treatment only. On the other hand Mo contents
were increased when applying S as compared with control and compared Zn
with control, also compared B with control.

Data in Table (4) showed that the highest content of molybdenum by
peanut was recorded with applied B alone. Finally Mo content decreased
when the plans treated with Mo alone combined with the elements of S, B,
Zn and Mo or with others. This result may be attributed to the molybdenum
was antagonists with sulphur because S decreased soil pH but molybdenum
need high pH.

The results in Tables (2, 3 and 4) indicate that the highest yield of
peanut seed and its attributes as well as seed quality were associated with
the plants supplied S combined with foliar spraying with Zn + B during the
studied two seasons.

Available macronutrient contents in the experimental soil after
harvesting.

Data in Table(5) indicated that S application and foliar spraying with
Zn or B or Mo increased available N, P, K and S contents in soil as
compared to the control.

Table (5): Available macronutrient contents in the studied soil.

Treatments N P K S
(mg/kg soil) (mg/kg soil) (mg/kg soil) (mg/kg soil)
2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007
Control 31 34 3.89 491 166 173 2.96 3.49
S 39 45 4.27 5.26 173 184 5.76 6.45
Zn 32 37 4.95 5.14 178 188 4.88 5.17
B 39 44 4.99 5.29 182 192 4.94 5.19
Mo 37 42 5.14 5.31 184 194 4.79 5.14
S+Zn 42 48 5.37 6.14 188 197 5.37 6.48
S+B 48 52 5.49 6.18 190 198 5.39 6.52
S+Mo 49 54 5.56 6.21 193 199 5.36 6.49
Zn +B 46 50 5.64 6.34 187 195 5.28 6.35
Zn + Mo 48 51 5.51 6.28 190 196 5.22 6.29
Zn + B + Mo 51 54 5.67 6.37 198 202 5.89 6.54
S+Zn+B 53 56 5.77 6.39 199 207 6.04 6.58
L.S.D.at0.01 | 2.381 | 1.977 | 0.303 | 0.145 | 2.353 | 2.553 | 0.385 | 0.056
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Available micronutrients contents in the experimental soil after
harvesting

Data in Table (6) show that the application of different treatments
slightly increased available Zn, B and Mo contents in soil as compared to the
control treatment. It is clear from the data in Table (6) that, foliar spraying
with combination of (Zn + B) in the presence of applied S was superior for
increasing the contents of Zn, B and Mo in the soil as compared to the other
treatments.

As for the combination between S application and foliar spraying with
Zn or B or Mo data show that the treatments of (S+Zn+B) seem to be the
most promotive, which is possibly due to beneficial effete of S in increasing
the availability of other nutrients in soil. These results may be attributed to
the oxidation of S to SO4?* by microorganisms, and in turn decreased soil pH
and which enhancing the availability of soil nutrients. These results agree
with Spires and Braswell (1972) and El-Shazly (1999). 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 (Baver et al, 1972;
Rogasik and Smukalski, 1988).

Table (6): Micronutrients available content in soil after two seasons

Zn B Mo
Treatments (mg/kg) (mg/kg ) (mg/kg)

2006 2007 2006 2007 2006 2007

Control 1.02 1.04 0.88 0.91 0.77 0.80

S 1.07 1.09 0.94 0.96 0.79 0.82

Zn 1.15 1.17 0.96 0.98 0.83 0.85

B 1.14 1.16 1.05 1.08 0.86 0.88

Mo 111 1.13 0.98 1.03 0.94 0.96
S+Zn 1.24 1.26 1.08 1.10 0.87 0.89
S+B 1.19 1.22 1.12 1.14 0.88 0.91
S+Mo 1.20 1.19 1.09 1.11 0.96 0.99
Zn + Mo 1.27 1.29 1.14 1.16 0.92 0.95
Zn +Mo 1.26 1.28 1.10 13 0.98 1.03
Zn +B + Mo 1.31 1.33 1.15 1.18 1.02 1.06
S+Zn+B 1.34 1.36 1.17 1.19 1.04 1.08
L.S.D. at 0.01 0.0515 | 0.0289 | 0.0512 | 0.0208 0.028 0.0228

Conclusion

Application of sulphur and foliar spraying with Zn, B & Mo and their
combinations in relatively coarse texture soils, which have its marginal
nutrients, improved the quality of peanut seeds, improved the fertility of sail,
i.e., enhancing the available macro and micronutrients in soil
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Table (2): Yield and its components of peanut.

Treatments Seed weight 100 seed weight Seed oil Seed yield Sugar Protein
(g/plant) () (%) (kg/fed) (%) (%)

2006 2007 2006 2007 2006 2007 2006 2007 2006 2007 2006 2007
Control 4.25 4.68 42 44 30.18 | 31.45 278 289 2148 | 22,78 | 10.75 | 11.81
S 5.36 5.41 44 46 33.59 | 34.12 325 335 24,75 | 25.35 | 19.63 | 20.31
Zn 5.38 5.44 46 49 31.39 | 31.78 342 350 27.93 | 28.29 | 19.88 | 20.50
B 5.47 5.49 48 53 38.63 | 39.52 352 361 31.18 | 33.47 | 20.25 | 20.75
Mo 5.49 5.53 49 56 39.52 | 39.69 355 366 31.24 | 33.61 | 20.06 | 20.75
S+Zn 6.41 6.55 53 58 41.34 | 41.59 366 374 34.77 | 37.90 | 20.56 | 20.88
S+B 6.45 6.60 55 59 43.48 | 43.66 375 380 37.89 | 41.28 | 20.88 | 21.13
S+Mo 6.52 6.66 58 61 4436 | 44.54 379 386 39.85 | 4342 | 21.13 | 21.63
Zn +B 6.61 6.68 59 63 44.42 | 44.68 382 388 41.36 | 46.50 | 21.63 | 22.00
Zn + Mo 6.62 6.71 60 65 4452 | 44.72 388 394 43.42 | 48.23 | 21.75 | 22.06
Zn + B + Mo 6.72 6.84 62 66 45.12 | 4531 401 398 49.79 | 51.70 | 21.74 | 22.25
S+Zn+B 6.77 6.86 64 68 45.23 | 45.37 408 400 50.67 | 52.10 | 22.38 | 22.88
L.S.D.at 0.01 0.559 0.870 2.744 | 2.084 | 0.160 | 0.065 | 2.718 | 1.615 | 4.284 | 0.267 | 0.664 | 0.0301
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