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Response of Some Faba Bean to Fertilizers Manufactured by 
Nanotechnology  

 
Gomaa1, M. A., E. E. Kandil1, A. A. Abuo Zeid2 and Bilkess M. A. Salim1 

1- Plant production Department, The Faculty of Agriculture (Saba Basha), Alexandria 
University, Egypt. 

2- Legumes Crops Department, Field Crops Institute, Agric. Res. Center (ARC), Egypt. 

ABSTRACT: Two field experiments were conducted at the Nubaria Region, Egypt, during 

2014/2015 and 2015/2016 growing seasons, in split plot design with three replications to investigate 
the response of some faba bean (Vicia faba L.) cultivars to mineral and nano-fertilizer applications and 
their interaction. The main plots were designated for foliar fertilizer with Nano fertilizer (NPK + 
micronutrients at vegetative stage, flowering stage, and seed filling stage, (vegetative + flowering, 
(vegetative + filling), (flowering + filling), (vegetative + flowing + filling) stages and Mineral 
fertilizer(NPK + Micronutrients), while subplot were allocated for three faba bean cultivars (Nubaria 1, 
Nubaria 2 and Nubaria 3).Significant increase was recorded on plant height (cm), pod length (cm), 
number of pods/plant, number of seeds/pod, 100- seed weight (g), grain, straw, and biological yield 
(tons/fed.) as well as harvest index % with fertilizing “Nubaria 2” cultivar by foliar nano- fertilizer at two 
or three stages (vegetative, flowering or filling) in both growing seasons. Nubaria 2 cultivar recorded 
the highest mean values for most characters studied.  

Key words: Faba bean, nanofertilizer, cultivars, Nubaria, Region 

 

INTRODUCTION  

Faba bean (Vicia faba) is a winter growing food legume crop. There are three 
main reasons for growing this crop, 1. Cash crop through marketing dry seeds, 2.  As 
a component of a rotation based on winter or summer cereals or cotton, and 3. Green 
manure where soils have been degraded in organic and physical fertility. 

Nanotechnology can present solutions for increasing the value of agricultural 
products and reducing environmental problems. With using Nano-particles and Nano-
powders, we can produce controlled or delayed releasing fertilizers. Nano-particles 
have high reactivity because of more specific surface area, more density of reactive 
areas, or increased reactivity of these areas on the particle surfaces. These features 
simplify the absorption of fertilizers and pesticides that produced in Nano scale 
(Anonymous, 2009). The use of nanofertilizers causes an increase in their efficiency, 
reduces soil toxicity, minimizes the potential negative effects associated with over 
dosage and reduces the frequency of application. Nanofertilizers mainly delay the 
release of the nutrients and extend the fertilizer effect period. Obviously, there is an 
opportunity for nanotechnology to have a significant influence on energy, the 
economy and the environment, by improving fertilizers. Hence, nanotechnology has a 
high potential for achieving sustainable agriculture, especially in developing countries 
(Naderi and Danesh-Shahraki, 2013). Furthermore, it is known that under nutrient 
limitation, crops secrete carbonaceous compounds into rhizosphere to enable biotic 
mineralization of N and/or P from soil organic matter and of P associated with soil 
inorganic colloids. Since, these root exudates can be considered as environmental 
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signals and be selected to prepare nanobiosensors that will be incorporated into 
novel Nano fertilizers (Al-Amin Sadek and Jayasuriya, 2007, Sultan et al., 2009). 

 Synthesized nanoparticle size ranged between 15 and 25 nm caused a 
significant improvement in shoot length (15.1 %), root length (4.2 %), root area (24.2 
%), chlorophyll content (24.4 %), total soluble leaf protein (38.7 %), plant dry biomass 
(12.5 %), and enzyme activities of acid phosphatase (76.9 %), alkaline phosphatase 
(61.7 %), phytase (322.2 %), and dehydrogenase (21 %) were observed over control 
in 6 weeks old plants. The grain yield at crop maturity was improved by 37.7 % due to 
application of zinc nanofertilizer (Tarafdar  et al., 2014).Maximum production of maize 
was recorded for normal irrigation as 7 day irrigation period and application of nano- 
Zn nutrient and nanobiofertilizer nutrient, while severe water stress without application 
of nano- Zn nutrient and nano-biofertilizer produced minimum production (Farnia and 
Omidi, 2015). Synthesized nano-practices SNPs, significantly, enhanced most of the 
growth and yield attributes NPK uptake and nutrient use efficiency of wheat. Silver 
nanoparticles in 25 mg/L concentration showed significant improvement in maximum 
leaf area and highest grain yield of wheat (Jhanzab et al., 2015). The maximum plant 
height, Leaf fresh and dry weights, number of leaves per plant, and Chlorophyll 
content were gained with nano Zn chelated fertilizer treatment at rate of 100 mg on 
600 liters water. Minimum plant height, leaf fresh and dry weight, number of leaves 
per plant, and chlorophyll content were obtained with control treatment (without 
fertilizer) (Vafa et al., 2015). 

The main objective of this study was to investigate the response of some faba 
bean (Vicia faba L.) cultivars to mineral and nano-fertilizer and their interaction. 
 

MATERIALS AND METHODS 

Two filed experiments were conducted at Nubaria Agriculture Research 
Station, Alexandria, Egypt, during the growing seasons of 2014/2015 and 2015/2016 
to study the effect of foliar mineral and Nano fertilizers on growth and yield of three 
faba bean cultivars under Nubaria conditions. 

Treatments were arranged in a split plot design with three replications during 
both growing seasons of study. Whereas, the main plots were designated for foliar 
fertilizer (Nano fertilizer at vegetative stage, Nano fertilizer at flowering stage, Nano 
fertilizer at seeds filling stage. Nano fertilizer at (vegetative + flowering) stages, Nano 
fertilizer at (vegetative + filling), Nano fertilizer at (flowering + seeds filling) stages, 
Nano fertilizer at (vegetative + flowing + seeds filling) stages, and Mineral (NPK + 
Micronutrients), while subplot was alocated for three faba bean cultivars (Nubaria 1, 
Nubaria 2 and Nubaria 3) 

Nano-fertilizer (8% Total N, 5 % total P, 3% total K, 10% micronutrients, 5% 
Amino acids and 5% Seaweed extract) at rate of 1 cm3/fed., and Mineral fertilizer (10 
% N, 8% P, 5% K and 10% micronutrients) at rate of 0.5 litter/fed. used as foliar 
application. 
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A representative soil sample (0-30 cm) was taken before planting to determine 
some physical and nutritional properties of the experimental site (Page et al., 1982) 
and are presented in Table (1). 

Table (1). Some soil properties of the experimental sites at Nubaria in 2014/2015 
and 2015/2016 seasons 

Mechanical analysis 

Season Clay (%) Silt (%) Sand (%) Organic matter (%) Texture class 

2014/2015 23.35 21.17 52.20 0.78 
Sandy clay loam 

2015/2016 22.63 23.61 53.38 0.81 

Chemical analysis 

 pH 
EC 

(dS/m) 
HCO3

- 

(%) 
Ca CO3 

(%) 

Available element (mg/kg) 

N P K Fe B Zn Cu Mn 

2014/2015 8.05 1.96 12.21 24.78 28.2 7.39 199.1 5.3 1.0 0.75 1.2 4.5 

2015/2016 8.15 1.88 11.65 24.43 25.7 6.45 186.9 4.2 0.8 0.96 2.5 5.6 

 
The preceeding crop in the experimental site was Egyptian clover (Trifolium 

alexandrinum, L.) in the first season and wheat (Triticum aestivum, L.) in the second 
season. Each sub plot consisted of 6 ridges, 3 meters in length, 60 cm width and 20 
cm between hills.  

 
The field experiment was ploughed twice then it was fertilized by phosphorus 

fertilizer before planting as single Calcium- Super Phosphate (15.5 % P2O5) at the 
rate of 200 kg/fed., and potassium sulphate (48 % K2O), was added at rate of 50 
kg/fed., before planting with soil preparation. Other agricultural practices for growing 
faba bean plants were applied as recommendation by Ministry of Agriculture. 
 

Plant height (cm), total chlorophyll content (µg/cm2), pod length (cm), number 
of pods/plant, number of seeds/pod, 100- seed weight (g), seed yield (kg/fed.), straw 
yield (kg/fed.), biological yield (kg/fed.), and harvest index (HI) were recorded in both 
seasons. 

 
The chlorophyll pigments were measured by using digital reading of chlorophyll 

meter SPAD-502, where the value measured by the chlorophyll present in the plant 
leaf. The values are calculated based on the amount of light transmitted by the leaf in 
two wave lengths in which the absorbance of chlorophyll is different. Total chlorophyll 
was determined by digital apparatus (SPAD-502) according to Murillo-Amador et al. 
(2004) who suggested the following equation to transfer SPAD units to µg cm-2. 

Y = –2.79 + 0.88 * X ; Where, X= SPAD units 

All data collected were subjected to analysis of variance according to Gomez 
and Gomez (1984). All statistical analysis was performed using analysis of variance 
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technique by means of CoStat computer software package (CoStat, Ver. 6.311., 
2005). 

RESULTS AND DISCUSSION 

Data in Tables (2, 3, 4, 5 and 6) indicates the effect of foliar application of 
Nano and mineral fertilization on some growth attributes such as plant height (cm) 
and chlorophyll content (µg/cm2), yield and its component i.e. number of pods/plant, 
pod length (cm), number of seeds/pod, 100- seed weight (g), seed, straw, biological 
yields as well as harvest index (HI %) of three faba bean cultivars  (Nubaria1, Nubaria 
2, and Nubaria3) at different growth stages (vegetative, flowering and filling) and their 
interaction during 2014/2015 and 2015/2016 seasons. 

The presented data in above mentioned Tables (2 to 6) show that foliar 
application of nano and mineral fertilization, significantly, affected these characters in 
both cropping seasons.  

Table (2) reveal that, the highest mean values of plant height (cm) were 
recorded with foliar application of nanofertilization in both growth stages (vegetative 
and filling) followed by foliar nanofertilization at the three growth stages (vegetative, 
flowering and seeds filling) and at the two stages (vegetative and flowering) of faba 
bean as compared with other treatments but the highest concentration of chlorophyll 
(µg/cm2) was achieved by nanofertilizer spraying at stages (flowering and seeds 
filling) as compared with other treatments.  Meanwhile, the lowest ones were 
recorded with foliar nano- fertilization in vegetative stage of faba bean during two 
cropping seasons. These results are in agreement with who that obtained by Karimia 
et al. (2014), Tarafdar et al. (2014) and Vafa et al. (2015) stated maximum plant 
height and chlorophyll content gained from Nano fertilizer treatment and lowest value 
of plant height was related to the treatment without nanofertilizer (check treatment). 
Also, data in Table (2) indicate that, the faba bean cultivar “Nubaria 2” recorded the 
tallest plants height and highest value of chlorophyll concentration (µg/cm2), while 
"Nubaria 1” cultivar gave the lowest ones in both growing seasons. On the other 
hand, there was no significant difference between “Nubaria1” and “Nubaria 3” cultivar 
on plant height in the first season and on chlorophyll content during the two seasons. 
These differences between field bean are mainly due to genetical differences make 
up between the three cultivars. These results are in harmony with those obtained by 
Nosser (2011), Hendawey and Younes (2013), and Kandil et al. (2015). In Table (2) 
foliar application of nanofertilization in both stages (vegetative and filling) with 
“Nubaria 2” cultivar gave the tallest plants in the first season and it recorded the 
highest concentration of chlorophyll (µg/cm2) in both seasons. Meanwhile the lowest 
ones were achieved by foliar nano fertilization at vegetative stage of “Nubaria 1” 
cultivar. 

Table (3) indicate that, the highest mean values of number of pods/plant and 
pod length (cm) were recorded with foliar application of nanofertilization in both 
stages (vegetative and seeds filling) followed by foliar nanofertilization at the three 
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stages (vegetative, flowering and filling) and at the two stages vegetative and 
flowering of faba bean as compared with other treatments.  Meanwhile, the lowest 
ones were recorded with foliar nano- fertilization in vegetative stage of faba bean 
during the two cropping seasons. These results are in agreement with those obtained 
by Nosser (2011), and Nazanin et al. (2013). Again Table (3) clarify that the faba 
bean “Nubaria 2” cultivar gave the highest values for number of pods/plant and pod 
length (cm), on the other hand, "Nubaria 1” cultivar recorded the lowest ones in the 
two growing seasons. On the other side, there was no significant difference between 
“Nubaria1” and “Nubaria 3” cultivar on pod length in the first and second season. 
These results are in harmony with those obtained by Turk and Tawaha (2001), 
Khafaga et al. (2009), Osman et al. (2010). At last Table (3) reveal that, interact of 
foliar application of nanofertilization in both stages (vegetative and seeds filling) with 
“Nubaria 2” cultivar achieved the highest number of pods/plant and pod length (cm). 
Meanwhile the lowest ones were achieved by foliar nano fertilization at vegetative 
stage “Nubaria 1” cultivar. 

Table (4) shows that, the highest mean values for number of seeds/pod (5.00 
and 4.44 seeds) and 100- seed weight (95.82 and 98.33 g), respectively, were 
recorded with nanofertilization in stages (vegetative and seeds filling) as compared 
with other treatments.  Meanwhile, the lowest ones were recorded for nano- 
fertilization in vegetative stage of faba bean during the two cropping seasons. These 
results are in agreement with those obtained by Nosser (2011), Nazanin et al. (2013). 
On the other hand, Table (4) reported that the faba bean “Nubaria 2” cultivar gave the 
highest values for number of seeds/pod (4.67 and 5.41 pods) and 100- seed weight 
(97.47 and 98.92 g), respectively, while, the lowest ones were achieved by planting 
"Nubaria 1” cultivar in the two growing seasons. On the other side, there was no 
significant difference between “Nubaria1” and “Nubaria 3” cultivar for seeds 
number/pod in the first and second seasons, and only in the second season for 100- 
seed weight (g). These results are in harmony with those obtained by Khafaga et al. 
(2009), and Osman et al. (2010). Interaction effect as shown in Table (4) show that, 
fertilizing “Nubaria 2” by nano- fertilizer as foliar spraying in (vegetative and filling) 
stages gave the highest number of seeds/pod but the heaviest 100- seed weight were 
recorded by fertilizing “Nubaria 2” by nano- fertilizer at (flowering and seeds filling) 
stages. Meanwhile fertilizing “Nubaria 1” by nano- fertilizer at (vegetative) stage 
achieved the lowest ones. 

Table (5) show that, the highest mean values for seed yield (1693.93 and 
1679.67 kg/fed) were recorded for nanofertilization in (vegetative and seeds filling) 
stages as compared with the other treatments but the heaviest straw yield (2479.82 
and 2477.18 kg/fed.) were achieved by fertilizing faba bean plants by nano- fertilizer 
as foliar application at vegetative, flowering and seeds filling stages in both seasons.  
Meanwhile, the lowest seed yield (1000.78 and 992.55 kg/fed.) were recorded with 
nano- fertilization in vegetative stage of faba bean during the two cropping seasons, 
while the lowest straw yield was achieved by nano- fertilizer application at flowering 
stage. These findings are in agreement with those obtained by Nosser (2011), and 
Nazanin et al. (2013). Table (5) again, referred that the faba bean “Nubaria 2” cultivar 
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gave the highest values for number of seeds/pod (4.67 and 5.41 pods) and 100- seed 
weight (97.47 and 98.92 g), respectively, while, the lowest ones achieved  by planting 
"Nubaria 1” cultivar in the two growing seasons. On the other side, there was no 
significant difference between “Nubaria1” and “Nubaria 3” cultivar on straw yield/fed., 
in the first and second seasons. These results are in harmony with those obtained by 
Khafaga et al. (2009), and Osman et al. (2010). Interaction effect as shown in Table 
(5) indicate that, fertilizing “Nubaria 2” by nano- fertilizer as foliar spray in (vegetative 
and seeds filling) stages gave the highest seed yield/fed., and straw yield/fed. 
Meanwhile fertilizing “Nubaria 1” by nano- fertilizer at (vegetative) stage achieved the 
lowest ones. 

Table (6) reveal that, the highest mean values for biological yield (3807.59 and 
3792.62 kg/fed) were recorded for nanofertilization in (vegetative, flowering and 
seeds filling) stages as compared with other treatments but the highest HI % (46.08 
and 45.75) were achieved by fertilizing faba bean plants by nano- fertilizer as foliar 
application at vegetative, and seeds filling stages in both seasons, respectively.  
Meanwhile, the lowest biological yield (2613.79 and 2619.76 kg/fed.) and HI (37.82 
and 37.20 %) were recorded for nano- fertilization in vegetative stage or mineral 
fertilizer of faba bean during the two cropping seasons, respectively. These findings 
are in agreement with those obtained by Nosser (2011), and Nazanin et al. (2013). 
Table (6) again, indicated that the faba bean “Nubaria 2” cultivar gave the highest 
values for biological yield (3650.83 and 3678.65 kg/fed.) respectively, in respect of HI 
%, there was significant difference among the three cultivars only in the second 
season. Meanwhile, the lowest ones were achieved by planting "Nubaria 1” cultivar in 
the two growing seasons. On the other side, there was no significant difference 
between “Nubaria1” and “Nubaria 3” cultivar on straw yield/fed., in the first and 
second seasons. These results are in agreement with those obtained by Khafaga et 
al. (2009), and Osman et al. (2010). Interaction effect between the two was 
significant, whereas fertilizing “Nubaria 2” cultivar by nano- fertilizer as foliar spray in 
(vegetative and filling) stages gave the highest biological yield/fed., and HI %. 
Meanwhile fertilizing “Nubaria 1” by nano- fertilizer at vegetative stage achieved the 
lowest ones (Table 6).   
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CONCLUSION 

From the obtained results and from the economic point of view under the 
same conditions of this research, it could be recommended that using foliar nano- 
fertilizer with the rate of 1 cm3/fed and at the two or three growth stages 
(vegetative, flowering and filling) with Nubaria 2 cultivar to obtained the highest 
seed yield and its components under study conditions at Nubaria Region, El-Behira 
governorate, Egypt. 
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Effect of Some Fertilization Treatments on Vegetative Growth, 
Oil Production and Chemical Composition of Sage Plant 

 
El-Mahrouk, E. M. 1, F. I. Radwan2, A. I. Abido2 and Ahlam, H. Hammam 

1Hort. Dept., Fac. Agric., Kafr El-sheikh Univ., Egypt. 
2Plant Production Dept., Fac. Agric., (Saba Basha), Alex. Univ., Egypt. 

ABSTRACT: Two field experiments were conducted at the private Farm at Al-Delingat, Al-

Bhyra governorate, Egypt during two successive seasons (2014 and 2015) to study the effect of 

some fertilization treatments (T1 (control) NPK recommended dose at 300 + 200 + 100 kg/fed of 

ammonium sulphate, calcium super phosphate and potassium sulphate, respectively, T2=3/4 

NPK dose + 3g/l active dry yeast (ADY), T3=3/4 NPK dose + 200 mg/l citric acid (CA), T4=3/4 

NPK dose +200 mg/l ascorbic acid (AA), T5= 1/2 NPK dose + 3g/l ADY+ 200 mg/l CA,T6= 1/2 

NPK dose +3g/l ADY+ 200 mg/l  AA,T7=1/2 NPK dose +200 mg/l of each CA and AA, T8=1/4 

NPK dose + 200 mg/l of each CA and AA+ 3g/l ADY, T9=1/4 NPK dose + 250 mg/l of each CA 

and AA and T10= 250 mg/l of each CA and AA+ 4g/l ADY.) The obtained results cleared that 

the significantly highest values of plant height, plant aerial parts fresh and dry weights, essential 

oil yield/plant, leaf green color degree and N, K and total carbohydrates %, resulted from T4 in 

addition to T1 in case of plant height, number of shoots/plant and P % and T10 in case of 

essential oil percentage at the two cuts in the both seasons. 
Key words: Salvia officinalis, Ascorbic and citric acids, Active dry yeast.    

INTRODUCTION 
Salvia officinalis L. (sage) is a small perennial evergreen subshrub, with 

woody stems, grayish leaves, and blue to purplish flowers. It is a member of the 
mint family, Lamiaceae. It is native to the Mediterranean region and commonly 
grown as a kitchen and medicinal herb or as an ornamental garden plant. The 
principal constituents of essential oil of sage are thujone (about 42%), cineole, 
borneol, caryophyllene and other terpene (Lowes, 1992). Although the 
effectiveness of common sage is open to debate, it has been recommended at 
one time or another for virtually every ailment. Modern evidence supports its 
effects as an anhydrotic, antibiotic, antifungal, astringent, antispasmodic, 
estrogenic, hypoglycemic, and tonic. In a double blind, randomized and 
placebo-controlled trial, sage was found to be effective in the management of 
mild to moderate Alzheimer's disease (Akhondzadeh et al., 2003). 

 
Plant nutrition is one of the most important factors affecting quantity and 

quality of secondary metabolites in plants. In order to meet the ever increasing 
demand of medicinal plants need to be identified the best fertilizer application 
strategies. N, P and K are essential macronutrients for plant growth and yield 
(El-Hag, 2001). Because, they partake in many components structure i.e. 
carbohydrates, protein, phospholipids, amino acids, nucleic acids etc. (Devlin, 
1975). Ascorbic acid plays a role in plant growth and development, cell division, 
cell wall metabolism and cell expansion, shoot apical meristem formation, root 
development, photosynthesis, regulation of florescence and regulation of leaf 
senescence. Also, it is cofactors for enzyme activity, and effects on plant 
antioxidation capacity, heavy metal evacuation and detoxification and stress 
defense (Zhang, 2012).Citric acid prevents the reaction of free radical, with 
biomolecules and can remind the nutritional values and physiological properties 
of food stuffs (Rasmy   et al., 2012).The effect of  active dry yeast is due to its 
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capability in induction of endogenous hormones like GA3 , IAA and cytokinins 
(Khedr and Farid, 2000), as well as, dry yeast a natural source of vitamin B 
group, amino acids and nutritional elements, protein, carbohydrate, nuclic acid 
and lipids (Nagodawithana, 1991).Therefore, the aim of the study was to 
investigate the effects of (NPK), ascorbic and citric acids and active dry yeast 
on sage. As well as, to find out the best fertilization treatment to improve the 
growth, chemical composition and oil productivity of sage and reducing the 
intensive use of chemical fertilizers. 

 

MATERIALS AND METHODS 
Field experiment was conducted at the private Farm at the Al-Delingat- 

Al-Bhyra gavernorate, Egypt during two successive seasons (2014 and 2015) to 
study the Effect of (NPK), active dry yeast, ascorbic and citric acids on 
vegetative growth, essential oil productivity and chemical composition of sage 
(Salvia officinalis, L.) plants.Seeds of sage were sown on 15th January in 
germination dishes and were putted under plastic house of especial nursery in 
2014 and 2015 seasons. Seedlings of 12 cm height with 8-10 leaves were 
cultivated on 15th and  18th  March in the both seasons, respectively in plots of 
4m2 (2×2m) with 30 cm between plants and 50 cm between rows, (4 row in plot) 
each plot was planted with 28 plants. The physical and chemical analyses of the 
used soil are shown in Table (1) according to Page et al. (1982) and Klute 
(1986). 
Table (1). Some physical and chemical analysis of the used soil 
                     before planting (average two seasons of 2014 and 2015). 

 

Unit Value Parameter 
  Mechanical Analysis 

% 89 Sand 
% 5 Silt 
% 6 Clay 
 Sand Textural class 

- 7.6 pH (1:2) 
% 1.05 CaCO3 

dS/m 2.2 EC(1:2, water extract) 
% 0.37 O.M 
  Soluble cations 

meq/l 4.08 Ca2+ 
meq/l 34.00 Mg2+ 
meq/l 31.30 Na+ 
meq/l 35.61 K+ 

  Soluble anions 
meq/l 8.91 HCO3- 
meq/l 22.80 Cl- 
meq/l 35.61 SO4

2- 

  Available nutrients 
mg/kg 217 Nitrogen (N) 
mg/kg 59 Phosphorus (P) 
mg/kg 475 Potassium (K) 
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Fertilizer types:  

1. Cattle manure at the rate of 10 kg/plot was added at the soil preparation for 
all treatments in the two seasons, its analysis as shown in Table (2). 

 
 Table (2). Analysis report of cattle manure 

Organic manure (cattle manure) properties Value 
pH 
O.M (%) 
O.C (%) 
Total N (%) 
Total P (%) 
Total K (%) 
C/N ratio 

7.2 
35.5 
22.6 
2.05 
1.20 
1.50 

11.0 : 1 
 
2. Ammonium sulphate (20.5 % N), calcium superphosphate (15.5 %P2O5) and 
potassium sulphate (48 % K2O) at the rates of 10.72, 7.14 and 3.57 g/Plant 
(300+200+100 kg/fed), respectively, as recommended dose (Shala, 2007), 
whereas, calcium superphosphate was added at one dose before planting at 
soil preparation, while, ammonium sulphate and potassium sulphate were 
divided into four equal doses. The first one was done after 20 days from 
transplanting; the second one was done after 50 days from transplanting, the 
third dose after 15 days from the first cut and the fourth dose after 35 days from 
the first cut. 
 
3. Active dry yeast (ADY) at the rates of 3 and 4 g/l was sprayed 4 times after 
25 and 55 days after transplanting and 20 and 40 days after the first cut for both 
seasons. 

 
4. Ascorbic and citric acids (AA and CA) at the rates of 200 and 250 mg/l for 
each were sprayed 4 times after 22 and 52 days after transplanting and 18 and 
37 days after the first cut for both seasons. The spraying of ADY, AA and CA 
was done in morning tell run off. 
 
The fertilization treatments were conducted as follow:  

T1= NPK recommended dose (control), T2= 3/4 NPK dose +3g /l ADY, T3= 3/4 
NPK dose +200 mg/l CA, T4= 3/4 NPK dose +200 mg/l AA, T5= 1/2 NPK dose 
+3g /l ADY +200 mg/l CA, T6= 1/2 NPK dose +3g /l ADY +200 mg/l AA, T7= 1/2 
NPK dose +200 mg/l of each CA and AA, T8= 1/4 NPK dose +200 mg/l of each 
CA and AA +3g /l ADY. T9= 1/4 NPK dose +250 mg/l of each CA and AA and 
T10= 250 mg/l of each CA and  AA + 4g /l ADY. 
 

The experiment was designed as randomized complete block design with 
three replicates. Each replicate contained 10 treatments, one plot (2x2 m) as an 
experiment al unit. 

 
At the first and second cuts on 2nd August and 2nd Dec., respectively for 

the two seasons, the following data were recorded: 
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1. Vegetative growth traits (plant height (cm), branches number/ plant and fresh 
and dry weights (g) of aerial parts/plant. 
 
2. Essential oil % was determined in the air dried herbs according to British 
Pharmacopoeia (1963), by the formula of Aliabadi et al. (2008). 

Essential oil % =(Oil volume in graduate tube / Sample weight (g)) X 10  

Essential oil yield/ plant= Essential oil % x plant dry weight 
 

3. Chemical analysis (leaf green color degree was done 3 days before each cut 
as SPAD units using "Minolta (chlorophyll meter) SPAD-502 (Yadava, 1986), N 
% according to method of Chapman and Pratt, (1978), P and K according to 
Jackson (1973) and carbohydrates % using methods of Yemm and Willis (1954) 
in leaves. 
 

Data were subjected to statistical analysis of variance as described by 
Gomez and Gomez (1984). The treatment means were compared using L.S.D. 
test at 0.05 level of significant. 

RESULTS AND DISCUSSION 

1. Effect of fertilization treatments on vegetative growth of sage plants: 

Data in Table (3) cleared that the used different fertilization treatments 
significantly affected vegetative growth traits of sage during the two cuts in the 
two seasons, whereas, the significantly tallest plants and the highest shoots 
number per plant were recorded for the plants received NPK full dose (control), 
besides of T4 in case of plant height in the two cuts during the both seasons, 
without significant difference between them, except for plant height in the first 
cut during the second seasons. On the other side, the significantly shortest 
plants and minimum shoots number/plant resulted from applying T7 and T8, 
respectively, during the two cuts in the both seasons. Also, data in Table (3) 
showed that the significantly highest values of aerial parts fresh and dry weights 
were achieved from the treatment of 3/4 NPK dose + 200 mg/l ascorbic acid 
(T4) for the two cuts in the both seasons, while the significantly least values of 
plant aerial parts fresh and dry weights resulted from T9 for the two cuts in the 
two seasons, plus T2 and T5 in case of fresh weight of aerial parts in the 
second cut in the second season, with one exception in case of plant aerial 
parts fresh weight during the first cut in the second season which resulted from 
T10. 

The treatment of 3/4 NPK dose + 200 mg/l ascorbic acid achieved the 
best results for plant height and fresh and dry weights of plant aerial parts, 
besides of NPK full dose in case of plant height and shoots number may be due 
to the important role of N, P and K elements in many physiological and 
biological processes and partake in many components in plant (Devlin, 1975), 
as well as, the role of ascorbic acid in cell division, cell wall metabolism and cell 
expansion, shoot apical meristem formation, root development, photosynthesis 
and regulation of leaf senescence ,also, it is cofactors for enzyme activity and 
effects on plant antioxidation capacity, heavy metal evacuation and 
detoxification and stress defense (Zhang, 2012), all that reflected on plant 
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height, shoots number and fresh and dry weights of plants.These results are in 
agreement with those of Boroomand et al. (2012) who concluded that N, P and 
K elements caused increases in traits such as plant height, leaf area and yield 
seed of basil, turmeric, black pepper, cardamom and fennel. Also, Abdoua and 
Mohamada (2014) found that 48 t/fed plant compost, 150 mg/l ascorbic acid 
and 150 mg/l salicylic acid yielded fresh and dry weights, of Mentha piperita 
higher than NPK fertilizer. They added that plant compost, ascorbic acid and 
salicylic acid effectively improved mint productivity, and can reduce the use of 
chemical fertilizers and conserve natural resources. 

           
Table (3). Effect of fertilization treatments on some vegetative growth of 

sage (Salvia officinalis, L.)during the two cuts in seasons of 
2014 and 2015.  

 

Fertilization 
treatments 

Plant height 
(cm) 

Number of 
branches 

Fresh 
weight/plant (g) 

Dry 
weight/plant 

(g) 
1st 
cut 

2nd 
cut 

1st 

cut 
2nd 
cut 

1st 
cut 

2nd 
cut 

1st 
Cut 

2nd 
Cut 

 2014 season 

T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 

T10 

76.06 
71.60 
66.50 
75.20 
72.03 
65.60 
60.10 
70.60 
68.40 
70.50 

71.80 
68.44 
65.00 
71.20 
63.90 
64.50 
57.80 
66.00 
65.40 
67.43 

58.76 
46.00 
43.53 
48.30 
55.50 
55.00 
39.56 
35.33 
43.03 
40.76 

64.40 
48.00 
46.66 
50.83 
57.76 
57.93 
42.46 
37.96 
46.36 
43.86 

355.83 
307.77 
385.00 
579.90 
282.00 
484.00 
343.33 
302.33 
253.00 
349.33 

297.00 
277.00 
326.33 
491.00 
248.66 
442.33 
293.00 
270.33 
228.00 
300.66 

106.74 
92.32 

115.50 
150.96 
83.93 

145.20 
103.00 
90.70 
75.90 

104.80 

89.10 
83.10 
97.90 

147.30 
74.80 

132.70 
87.90 
81.10 
68.40 
90.20 

LSD (0.05) 1.20 1.30 1.35 1.40 10.03 7.69 2.10 2.40 

 2015 season 
T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 

T10 

75.40 
65.23 
62.15 
72.41 
64.83 
62.56 
55.30 
60.86 
64.96 
65.03 

72.70 
62.06 
59.56 
72.60 
61.50 
59.83 
52.26 
58.93 
60.10 
63.43 

60.33 
45.60 
42.66 
46.90 
56.03 
53.20 
40.63 
37.20 
42.56 
41.56 

63.86 
46.26 
44.76 
49.46 
57.30 
56.63 
41.56 
37.73 
45.73 
42.93 

348.40 
276.50 
348.50 
573.10 
271.33 
395.33 
347.33 
293.00 
273.66 
362.66 

290.00 
258.33 
301.33 
418.66 
250.00 
359.00 
311.33 
262.66 
251.00 
336.66 

104.52 
82.93 
104.55 
171.93 
81.40 
118.60 
104.20 
87.90 
82.10 
108.80 

87.00 
77.50 
90.26 

125.60 
75.00 

107.70 
93.40 
78.80 
75.30 

101.00 
LSD (0.05) 1.25 1.20 1.42 1.45 6.27 5.69 3.10 2.30 

 

T1= 
T2 = 
T3 = 
T4 = 
T5 = 

100% NPK 
3/4 NPK+3g yeast/l 
3/4 NPK+200 mg/l citric acid 
3/4 NPK+200 mg/l ascorbic acid 
1/2 NPK+3g yeast/l +200 mg/l citric acid 

T6 = 
T7 = 
T8 = 
T9 = 
T10 = 

1/2 NPK+3g yeast/l +200 mg/l ascorbic acid 
1/2 NPK+200 mg/l citric acid+200 mg/l ascorbic acid 
1/4 NPK+200 mg/l citric acid+200 mg/l ascorbic acid+3g yeast/l 
1/4 NPK+250 mg/l citric acid+250 mg/l ascorbic acid 

250 mg/l citric acid+250 mg/l ascorbic acid+4g yeast/l 
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2. Effect of fertilization treatments on oil productivity of sage plants: 

Data in Table (4) revealed that plants fertilized by T10 during the two cuts 
in the both seasons, in addition to those received T7, T8 and T9 in the second 
cut in the first season had the significantly highest oil percentage. On the 
opposite the plants received T3 during the both cuts in the two seasons in 
addition to those received T2 during the second cut in the both seasons had the 
least significant essential oil percentage in comparison to the other treatments. 

Also, data in Table (4) demonstrated that the significantly highest 
essential oil yield during the two cuts in the both seasons was achieved from 
the plants fertilized with T4 (3/4 NPK dose + 200 mg/l ascorbic acid), but the 
least significant essential oil yield per plant resulted from T9 during the two cuts 
in the first season and from T2 during the two cuts in the second one. 

 
The treatment of 250 mg/l of each citric acid and ascorbic acid + 4 g/l 

active dry yeast gave the beast essential oil % may be attributed to the several 
types of biological activities in plants such as enzyme cofactors and antioxidant 
which associated with ascorbic acid (Conklin, 2001), also, ascorbic acid 
enhance plant growth and development and plays a role in electron transport 
system (El-Kobisy et al., 2005), furthermore, citric acid appears as an 
intermediate in the basic physiological citric acid or Krebs cycle in every 
eukaryote cell (Karlaganis, 2001), in addition to the role of active dry yeast in 
improving many physiological and biochemical processes as a result of its 
contain from macro and micronutrients, amino acids, protein, sugars, organic 
acids and cytokinins (Kurtzman and Fell, 2005 and Ezz-El-Din and Hendawy, 
2010), all that reflected on the metabolic processes, it turn account on essential 
oil percentage.  

 
As well as, the treatment of 3/4 NPK dose + 200 mg/l ascorbic acid 

resulted in the highest value of essential oil yield per plant may be due to the 
enhancing effect of essential elements (N, P and K) and ascorbic acid on the 
plant growth , it turn account on plant dry weight consequentily more essential 
oil yield. 

 
These results are in accordance to those of Mahgoub (2009) concluded 

that spraying Melissa officinalis with active dry yeast caused a significant 
increase in essential oil yield. Likewise, Khalil et al. (2010) who indicated that 
application of ascorbic acid in different concentrations showed significant 
increases in oil % of basil. The highest essential oil yield of bail was observed in 
citric acid 0.1 % ( w/v), citric acid ease of availability and usage makes it a 
promising candidate in manipulation of secondary metabolism related pathway 
in medicinal plants (Jaafari and Hadavi, 2012). Also, maximum essential oil 
value of Ajowan was gained from 200 kg N/ha (Vahidipour et al., 2013).  
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Table (4). Effect of fertilization treatments on essential oil percentage and 
oil yield per plant (g) of sage (Salvia officinalis L.) during the 
two cuts in seasons of 2014 and 2015. 

 

Fertilization 
Treatments 

Essential oil percentage Essential oil yield g/plant 
1st cut 2nd  cut 1stcut 2nd cut 

2014 season 
T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 

T10 

1.81 
1.78 
1.70 
1.95 
1.96 
2.03 
2.11 
2.13 
2.11 
2.20 

1.75 
1.70 
1.67 
1.86 
1.92 
1.96 
1.99 
2.01 
2.02 
2.02 

1.92 
1.62 
2.06 
2.95 
1.69 
2.96 
2.08 
1.94 
1.69 
2.30 

1.56 
1.42 
1.64 
2.74 
1.43 
2.61 
1.76 
1.65 
1.39 
1.84 

LSD (0.05) 0.05 0.03 0.447 0.066 
 2015 season 

T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 

T10 

1.73 
1.68 
1.63 
1.88 
1.91 
1.99 
2.03 
2.04 
1.98 
2.18 

1.70 
1.60 
1.61 
1.75 
1.85 
1.91 
1.94 
1.93 
1.93 
1.99 

1.81 
1.39 
1.71 
3.24 
1.56 
2.36 
2.12 
1.79 
1.63 
2.31 

1.48 
1.24 
1.45 
2.20 
1.39 
2.06 
1.81 
1.52 
1.46 
2.02 

LSD (0.05) 0.04 0.03 0.072 0.046 

 
3. Effect of fertilization treatments on leaf chemical composition of sage 

plants. 

Data in Table (5) cleared that fertilization treatments significantly affected 
chemical traits during the two cuts in the both seasons. Whereas, the 
significantly highest values of leaf green color degree and the percentages of N, 
K and total carbohydrate during the two cuts in the both seasons resulted from 
applying T4, in addition to T2, T8 and T10 at the second cut in the first season 
in case of leaf green color degree and T6 at the two cuts in the first season in 
case of total carbohydrate %. While highest significant P % was recorded for 
T1, T8 and T10 during the two cuts in the both seasons, besides some 
treatments during different cuts in the two seasons, without significant 
differences among them.  

On the other side, the significantly least values of leaf green color degree 
resulted from T7 during the two cuts in the both seasons, N% from T5 and T7 in 
the two cuts for both seasons, except for the second cut in the second season, 
P% from T5 during the two cuts in the both seasons, K% from T5 during the two 
cuts in the both seasons, besides T2 at the first and second cuts in the both 
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seasons, respectively, and T3 at the two cuts in the first season and total 
carbohydrate % from T1 during the two cuts in the two seasons. The other used 
fertilization treatments gave intermediate values for such parameters with 
significant differences among themselves in the most cases during the two cuts 
in the both seasons. 

The treatment of 3/4 NPK dose +200 mg/l ascorbic acid (T4) improved 
the chemical traits may be due to the increase essential elements (N, P and K) 
in the root zone which reflected on its uptake by plant roots and it turn account 
on photosynthesis, N, P, K and total carbohydrate in plant leaves (Devlin, 
1975), because of these elements play important roles in many physiological 
and biochemical processes in the plant (Wu et al., 1998, Abel et al.,  2002 and 
Bashir, 2012). In addition, to the role of ascorbic acid that might   increase the 
organic acids excreted from the roots into the soil and consequently increases 
the solubility of most nutrients which release slowly into the rhizosphere zone 
where it may be utilized by the plants, also, ascorbic acid acts as coenzyme 
reactions by which carbohydrates, facts and protein were metabolized (Ahmed, 
1996). 

These results are similar to those of Rupa et al. (2007) who concluded 
that maximum chlorophyll content and dry matter production were obtained 
under 5 foliar sprays of  NPK at 17+ 10 +27, Mazher et al. (2011) revealed that 
ascorbic acid at 200 mg/l increased total carbohydrates, N, P and K% in 
Codiaeum variegatum, Mosleh et al. (2014) indicated that chlorophyll content in 
the apricot leaves significantly increased by increasing sheep manure, ascorbic 
acid and sulphur levels and El-Morsy (2015) mentioned that application of  12+ 
6+ 6g/ plant NPK plus 5% compost from soil dry weight in pot for Duranta and 
Murraya seedlings resulted in the beast values of green color degree and total 
carbohydrates. 
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Table (5). Effect of fertilization treatments on chemical compositions of 
sage (Salvia officinalis, L.) during the two cuts in seasons of 
2014 and 2015. 

 

 

CONCLUSSION 

Results cleared that to achieve the beast vegetative growth, oil 
production and chemical composition it can be fertilized Salvia officinalis with 
225 kg/fed ammonium sulphate + 150 kg/fed calcium superphosphate + 75 
kg/fed potassium sulphate + 200 mg/l ascorbic acid. Whereas, calcium 
superphosphate is added as one dose at soil preparation before planting, while, 
ammonium sulphate and potassium sulphate are divided into four equal doses, 
where the first and second doses are done after 20 and 50 days from 
transplanting, respectively, and the third and fourth  doses are added after 15 
and 35 days from the first cut, respectively. While, ascorbic acid is sprayed four 
times at 22 and 52 days from transplanting and 18 and 38 days after the first 
cut. 

  

Fertilization 

treatments 

Leaf green 

color degree 

(SPAD units) 

N  

(%) 

P 

 (%) 

K 

 (%) 

Total 

carbohydrate 

 (%) 

1st  

cut 

2nd 

cut 

1st 

cut 

2nd 

cut 

1st 

cut 

2nd 

cut 

1st 

cut 

2nd 

cut 

1st 

cut 

2nd 

cut 

 2014 Season 
T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 
T10 

42.85 
44.74 
43.60 
45.83 
43.63 
40.90 
39.73 
45.16 
43.36 
44.63 

42.10 
44.16 
42.23 
44.40 
42.76 
41.93 
40.93 
44.10 
43.06 
44.70 

2.09 
1.87 
1.81 
2.53 
1.73 
1.84 
1.67 
1.92 
1.82 
2.03 

1.90 
1.80 
160 
2.30 
1.50 
1.70 
1.45 
1.77 
1.67 
1.84 

0.62 
0.52 
0.56 
0.55 
0.44 
0.56 
0.60 
0.62 
0.58 
0.65 

0.58 
0.48 
0.53 
0.52 
0.39 
0.53 
0.53 
0.57 
0.54 
0.59 

1.11 
0.99 
0.96 
1.35 
0.99 
1.06 
1.10 
1.14 
1.08 
1.16 

1.06 
0.94 
0.92 
1.29 
0.90 
1.01 
1.07 
1.11 
1.03 
1.10 

19.09 
20.18 
20.04 
24.03 
22.54 
23.23 
22.21 
22.08 
21.71 
21.67 

17.92 
19.25 
19.50 
23.08 
21.99 
22.34 
22.13 
20.93 
20.05 
20.82 

LSD (0.05) 0.62 0.60 0.17 0.10 0.08 0.06 0.03 0.02 0.87 0.84 

 2015 Season 
T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 
T10 

42.20 
43.66 
42.27 
49.10 
42.96 
41.47 
40.40 
43.63 
42.60 
43.90 

42.43 
44.66 
41.23 
45.00 
43.20 
42.00 
40.43 
42.73 
43.86 
43.93 

2.24 
2.02 
1.93 
2.47 
1.81 
2.10 
1.78 
2.00 
1.90 
2.15 

2.10 
1.90 
1.86 
2.26 
1.79 
2.01 
1.65 
1.90 
1.82 
1.88 

0.58 
0.50 
0.55 
0.51 
0.42 
0.52 
0.51 
0.54 
0.55 
0.58 

0.53 
0.46 
0.52 
0.46 
0.38 
0.50 
0.50 
0.52 
0.48 
0.54 

1.07 
0.90 
0.89 
1.32 
0.85 
0.93 
1.00 
1.09 
1.02 
1.17 

1.05 
0.85 
0.88 
1.28 
0.82 
0.92 
0.97 
1.07 
0.99 
1.14 

18.37 
19.26 
20.01 
23.86 
22.07 
22.45 
22.01 
20.84 
21.18 
21.12 

17.99 
18.72 
19.14 
23.18 
21.17 
21.26 
20.98 
20.00 
20.69 
20.48 

LSD (0.05) 0.59 0.57 0.13 0.10 0.05 0.03 0.03 0.02 0.86 0.83 
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Response of Some Faba Bean Cultivars to Planting Dates Under 
Nubaria Region Conditions 
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1- Plant production Department, The Faculty of Agriculture (Saba Basha), Alexandria 
University, Egypt. 
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ABSTRACT: In order to examined the response of four faba bean cultivars to three planting 

dates, two field experiments were conducted at the Nubaria Region, Egypt, during 2014/2015 and 
2015/2016 growing seasons.Split plot design were used with three replications. The main plots 
included three planting date (1

st
 October, 15

th
 October and 30

th
 October), while four faba bean 

cultivars (Nubaria 1, Nubaria 2, Nubaria 3 and Misr 3) was arranged in the sub plot. The results 
could be summarized as follows; significant increase was recorded on plant height (cm), pod length 
number of pods/plant, number of seeds/pod, 100- seed weight, seed, straw, and biological yield 
(kg/fed.) as well as harvest index % with 15

th
 of October in both growing seasons. Nubaria 2 cultivar 

recorded the highest means values for most of characters under study. Sown Nubaria 2 cultivar at 
15

th
 of October was the best combination to obtain the highest mean values of yield and its 

components under Nubaria conditions. 

Key words: Faba bean, planting, dates,cultivars, Nubaria, Region 

 

INTRODUCTION  
 
Faba bean (Vicia faba, L.) is one of essential winter crop in Egypt due to its 

high nutritive value, high protein contents (25 – 40 %) and good of nutritive 
minerals, such as P, K, Ca, S, and Fe. Faba bean protein considered a cheap 
source of protein and food of high nutritive value especially in the diet of low– 
income people as compared with expensive meat and fish protein, also faba bean 
fixed N in agricultural systems. The crop is also used as animal fodder and green 
manure. It is the most important legume crop for human and livestock in Egypt. It 
makes an important contribution to the diet of people in many countries. It 
represents a very interesting class of food crops due to its high protein content. It 
can grow successfully in different soil types and it increases soil fertility (Mohamed, 
2003; Aljubouri, 2006 and Jensen et al., 2010). 

 
Increasing faba bean production is the major target of the national 

agriculture policy and can be achieved through both increasing the cultivated area 
and growing the high yielding and stable cultivars under favourable environmental 
conditions. Therefore, to improve yield and quality of faba bean, it is imperative to 
search for the suitable and integrated cultural practices such as proper sowing 
date, appropriate plant density and well adapted cultivars. The main aim to meet 
the demand of the increasing Egyptian population by increasing faba bean 
production and improving yield quality using high yielding cultivars and good 
agricultural practices, since faba bean constitutes a major part of the diet of 
Egyptian people (Zeidan, 2002 and Kandil et al., 2015). 

 



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)  

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 415     
    Vol. 21(3), 2016 

 

Sowing date is one of the most important cultural practices that result in 
great differences in growth and yield of seed legumes and it is usually used in 
farming systems to avoid heat stress, drought, pests or diseases which may occur 
early or late in the growing season (Khalil et al., 2011). Sowing dates refer to the 
effect of all environmental conditions on large scale on growth, yield and its 
components of faba bean crop which differ widely from region to another. Sowing 
date is an important factor which significantly affects the timing and duration of 
vegetative and reproductive stages consequently yield and its components (Refay, 
2001; Turk and Tawaha, 2002).Delaying sowing from Oct. 15 to Nov. 25 resulted in 
increases for number of seeds/pod (16.14%) in the first season, and seed index 
(7.74 and 8.28%) in both seasons. However, seeds number/ plant and seed 
yield/faddan were decreased by (6.88 and 24.84) and (28.85 and 15.84%) 
respectively, in the two seasons. The highest seed weight/plant was recorded from 
the intermediate date in the first season and from the earliest date in the second 
one. Sowing on Nov. 5 gave the highest harvest index in both seasons, seed 
protein content was decreased with delaying sowing date, and however, seed 
carbohydrate content was not affected by sowing dates (Sharaan et al., 2004). The 
highest values of vegetative characters yield and seed protein content of faba bean 
were obtained at the sowing date 25 October. However the lowest values were 
recorded at the planting date 10 December (EL-Metwally et al., 2013). 

 
Environmental effects significantly affected the performance of the present 

faba bean genotypes. However, the evaluation for two seasons under the same 
location has led to narrower environmental fluctuation, which might have resulted 
in insignificant effects of season on the performance of yield and some of the 
important components such as biological yield and 100-seed weight (Alghamdi, 
2007).The tested cultivars showed significant differences for all of growth and yield 
characters of faba bean, in both cropping seasons (Sharaan et al., 2004). There 
was significant difference among faba bean cultivars under the study in most of 
studied parameters. Whereas, "Sakha 2" cultivar recorded significantly superior. 
"Sakha 2" and "Giza 3" improved and recorded the highest values of growth and 
yield of faba bean (Abido and Seadh, 2014). Also, Kandil et al. (2015) stated that 
there were significant differences among three cultivars, where, the cultivar 
Nubaria 2 gave the highest mean values of plant height (cm), total chlorophyll, pod 
length (cm), number of pods/plant, seed, straw and biological yields, harvest index 
(H.I.%) and seed protein % . While the “Nubaria 1” cv., recorded the lowest ones 
during both seasons. The objective of this study was to investigate the effect of 
planting dates on growth, yield and its components of some faba bean cultivars 
(Vicia faba, L.) and their interaction. 
 

MATERIALS AND METHODS 
 

Two filed experiments were conducted at Nubaria Agriculture Research 
Station, El-Behira Governorate, Egypt, during the growing seasons of 2014/2015 
and 2015/2016 to study response of four faba bean cultivars (Nubaria 1, Nubaria 2, 
Nubaria 3 and Misr 3) to three planting dates (1st October, 15th October and 30th 
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October) under Nubaria conditions.The experimental design was split plot design 
with three replications during both growing seasons. Whereas, the main plots were 
designated for three planting dates, while subplot were located for four faba bean 
cultivars.Some soil properties were determined according to the method described 
by Page et al. (1982) were presented in Table (1). 

 
Table (1). Some soil properties of the experimental sites at Nubaria in 

2014/2015 and 2015/2016 seasons 
 

Mechanical analysis 

Season Clay (%) Silt (%) Sand (%) 
Organic 

matter (%) 
Texture class 

2014/2015 23.35 21.17 55.48 0.78 
Sandy clay loam 

2015/2016 22.63 23.61 53.76 0.81 

Chemical analysis 

 pH 
EC 

(dS/m) 
HCO3

- 

(%) 
CaCO3 

(%) 

Available element (mg/kg) 

N P K Fe B Zn Cu Mn 

2014/2015 8.05 1.96 2.42 24.78 28.2 7.39 199.1 5.3 1.0 0.75 1.2 4.5 

2015/2016 8.15 1.88 2.53 24.43 25.7 6.45 186.9 4.2 0.8 0.96 2.5 5.6 

 
The preceeding crop in the experimental site was maize (Zea mays, L.) in 

the first and the second seasons. Each sub plot consisted of 6 ridges, 3 meters in 
length, 60 cm width and 20 cm between hills. The field experiment was ploughed 
twice then it was fertilized by phosphorus fertilizer, it was applied before planting as 
single Calcium- Super Phosphate (15.5% P2O5) at the rate of 200 kg/fed, and 
potassium sulphate (48 % K2O), was added at rate of 50 kg/fed, before planting 
with soil preparation. Faba bean seed treated with Rhizobium inoculation (R. 
leguminosum cv. Vicieae bacterium) suspension containing 10 cell bacterium per 
one gram. However, nitrogen fertilizer was applied as urea fertilizer (46% N) at the 
rates 20 kg N/fed, as one dose with first irrigation. Other agricultural practices for 
growing faba bean plants applied as recommendation by the Ministry of 
Agriculture. 
 

Plant height (cm), Total chlorophyll content, Pod length (cm), Number of 
pods/plant, Number of seeds/pod, 100- seed weight (g), Seed yield (kg/fed.), Straw 
yield (kg/fed.), Biological yield (kg/fed.), and Harvest index (HI) were studied in 
both seasons. The Chlorophyll pigments were measured by direct digital reading 
on chlorophyll meter SPAD-502, where the value measured by the chlorophyll 
present in the plant leaf. The values are calculated based on the amount of light 
transmitted by the leaf in two wave lengths in which the absorbance of chlorophyll 
is different. Total chlorophyll was determined by digital apparatus (SPAD-502) 
according to Murillo-Amador et al. (2004) who suggested the following equation to 
transferred SPAD units to µg cm-2. 

Y = –2.79 + 0.88 * X; Where, X= SPAD units 
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All data collected were subjected to analysis of variance according to 
Gomez and Gomez (1984). All statistical analysis was performed using analysis of 
variance technique by means of CoStat computer software package (CoStat, Ver. 
6.311., 2005). 

RESULTS AND DISCUSSION 
 
Data presented in Table (2) shows that planting date effected, significantly, 

on plant height (cm), total chlorophyll content, pod length (cm), number of 
pods/plant, and number of seeds/ pod in both cropping seasons. Whereas, the 
highest mean values of the mentioned characters recorded with the second date at 
15th October followed by 1st October and 30th October which gave the lowest ones 
during two copping seasons. The finding in agreement with those obtained by 
Sharaan et al. (2004) and Khalil et al. (2011).  

 
Regarding faba bean cultivars effect on plant height, total chlorophyll 

content, pod length (cm), number of pods/plant, and number of seeds/pod, data in 
Table (2) shows, significant, differences among faba bean cultivars for these 
characters in both growing seasons. The cultivar “Nubaria 2” recorded the highest 
mean values of these characters, while “Nubaria 1” cultivar gave the lowest ones in 
two growing seasons. On the other hand, there was no significant difference 
between Nubaria 2 and Nubaria 3 on plant height (cm) in the second season, 
number of pods/plant in the first and second season. These differences between 
field bean are mainly due to genetically differences make up between the four 
cultivars. Alghamdi (2007) and Kiyanbakht et al. (2015) found high significant 
differences between the faba bean cultivars under their studies for plant height. 
The rapid rise in temperature during the spring months to super optimal levels 
imposes a light on yield potential by encouraging flower and young pod drop and 
reducing the duration for reproductive growth. 

 
Planting dates interact, significantly, with faba bean cultivars on plant height 

(cm), total chlorophyll content, pod length (cm), number of pods/plant, and number 
of seeds/pod during both cropping seasons (Table 2). Likewise, sowing faba bean 
cv. “Nubaria 2” on the second date 15 of October recorded the highest mean 
values of these characters except plant height in the first and second season. 
Meanwhile, the lowest mean values of that characters were achieved by the third 
date in last of October with “Nubaria 1” cultivar in the first and the second season, 
respectively. 
 

The presented data in Table (3) show that 100- seed weight (g), seed yield 
(kg/fed.) as well as harvest index % (HI) were affected, significantly, by planting 
date, except biological yield (kg/fed.) in both cropping season, and straw yield 
(kg/fed.) only in second season. Where, the highest mean values of yield 
characters were given by planting bean in the second date at 15th October, 
meanwhile, 30th October gave the lowest ones during two seasons. The finding are 
in harmony with the results obtained by Sharaan et al. (2004); Talal and Ghalib 
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(2006); Khalil et al. (2011); EL-Metwally et al. (2013) observed that sowing faba 
bean after 15th October decreased yield and its components.  

 
Faba bean cultivars had significant difference on yield characters except 

biological yield (kg/fed.) in the two seasons, and straw yield (kg/fed.) in second 
season, only as shown in Table (3). The faba bean cultivar “Nubaria 2” gave the 
highest mean values of yield characters i.e. 100- seed weight (g), seed yield and 
HI % in the two season, but the heaviest straw yield obtained when planting 
“Nubaria 3” cultivar in the first season. Meanwhile planting cultivar “Nubaria 1” 
recorded the lowest ones in both seasons. On the other hand, there was no 
significant difference between Nubaria 3 and Misr 3 on straw yield in the first 
season. These differences between field beans are mainly due to genetically 
differences make up between the four cultivars. Alghamdi (2007); Khalil et al. 
(2015); Kiyanbakht et al. (2015) revealed that there was high significant differences 
among the faba bean cultivars under their studies. 

 
The interaction effect between planting dates and cultivar (Table 3), were, 

found to be significantly, difference on yield characters. Where, sowing faba bean 
cv. Nubaria 2 on the second date 15th of October gave the highest mean values of 
100- seed weight (g), seed, straw, biological yield (kg/fed.) as well as harvest index 
(HI %) in both cropping seasons. Meanwhile, planting “Nubaria 1” cultivar on the 
third date at 30th of October recorded the lowest mean values of that yield 
characters in the first and the second season, respectively. 

 
Phenotypic coefficient of variation values for most characters was closer 

than the corresponding genotypic coefficient of variation values showing 
environment effect on the expression of growth and yield characters. The 
estimated values of broad-sense heritability were found to be between 27 (stand 
count at emergence) and 81% (seed yield). Heritability values determined were 72, 
67, 65, 46, 44, 53, 58 and 45% for 100 seed weight, biological yield, number of 
pods per plant, number of pods per node, disease status, days to flowering, days 
to maturity and plant height, respectively. Positive and significant correlation 
coefficients were also obtained between number of pods per node and each of 
plant height, number of pods/plant and number of nodes per plant. Pods per plant 
had a significant positive correlation with plant height (Mulualem et al., 2013). A 
significant and positive correlation was reported between seed yield and plant 
height, 100-seed weight, seed weight/plant and biological yield, but a negative 
correlation was determined with maturity date (Alghamdi and Ali, 2004). 
 

CONCLUSION 
 
As a result of this two growing season’s field’s study, it was concluded that 

yield, its components of faba bean crop increased with planting “Nubaria 2” cultivar 
at mid of October which recorded the highest seed yield under study conditions at 
Nubaria Region, El-Behira Governorate, Egypt. 
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ABSTRACT: The chemical components of Brazilian pepper, citrus and clover honeys 

were determined. The honey yield/colony for these types of honey during the period of 2012-
2014 was also considered. It has been noticed that ash content is widely differed among the 
experimented samples and it was 0.06 for citrus honey to 0.46% for Brazilian pepper honey. 
Data revealed that clover honey contained a high level of HMF (77.13 mg/kg); while Citrus 
honey had the lowest one of 10.73 mg/kg. Brazilian pepper honey was found to contain an 
amount of 25.0 mg/kg of hydroxy methyl furbural. The pH values ranged from 3.55 (Citrus 
honey) to 4.50 (Brazilian pepper honey). In general data revealed that the mineral contents, of 
Brazilian pepper honey samples were higher than that found in both clover and Citrus honeys. 
Potassium (K) was also shown to be the most abundant element in both honey samples of 
clover and Citrus (306.600 and 115.300 mg/100g in respect) as compared with the other 
detected elements. On the other hand, magnesium (Mg) was the most abundant element, which 
was found in a high concentration in Brazilian pepper honey (422.80 mg/100g). It was also 
found that among these honey types, great differences among these honey types were existed 
concerning both HMF and mineral contents of Ca, Na, Mg and zinc. Sucrose (disaccharide) 
percentage in honey ranged from 3.26% for Brazilian pepper honey to 4.25% for citrus honey. 
The percentages of sucrose determined in all the experimented types of honey were in 
conformity with the standards. Fructose is also the most important sugar, and represented high 
percentage as compared with glucose. Brazilian pepper honey was found to contain the highest 
percentage of fructose (41.50%). Also, data indicated that the yield of Brazilian pepper proved 
to be the highest throughout the experimental period with a general mean of 7.21 kg/colony. 
Key words: Brazilian pepper, Citrus and clover honeys, HMF, pH, Mineral contents, 

Sucrose, Fructose and Yield/colony.  

 

INTRODUCTION 

Honey is defined as "the natural sweet substance", which is produced by 
honey bees from the nectar of plants, secretions of living parts of plants and 
excretions of plant sucking insects (honey dew). Bees collect nectar, transform 
it by combining with specific substances of their own, deposit, dehydrate, store 
and leave the honey in the combs to be ripened and mature according to the 
international standards of honey products (European Union, 2002 and Codex 
Alimentarius, 2010). 

It is well known that there are three seasons of yielding honey in many 
parts of Egypt according to blooming of plant species that can be available for 
bees to collect their food (nectar and pollen). For example, Citrus honey is 
produced by honey bee workers from the nectar of flowers of different Citrus 
trees at the beginning of spring until the end of flowering period of Citrus 
species ( 1st season of yield). Citrus honey has a light yellowish or golden color 
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with light consistency, light acidic taste and aroma of citrus flowers. 
 
Clover honey is being produced by honey bee workers in the period of 

May-June during the flowering of clover (2nd season). Clover honey has a light 
brownish or amber yellow color, with thick consistency and good sweet taste. 
 

Cotton honey is also produced at the mid of August (3rd season). The 
period between November and February (or March) is defined as "the critical 
dearth period" due to the lack of food sources. Therefore, the artificial feeding is 
very important and necessary during that period. 

 
Brazilian pepper honey can be also produced in Egypt due to the 

occurrence of some cultivated pepper trees. Brazilian pepper trees (Schinus 
terebinthifolius L.) are often encountered as shrub or small trees that can grow 
to a height of 3-7 meters. Brazilian pepper tree is native to Brazil, Argentina, 
and Paraguay and it was introduced into United States (Florida) as an 
ornamental plant (Mytinger and Williamson, 1987).  The tree can grow to be 
substantially taller to as much as 13 meter (Ferriter, 1997; Langland and Baker, 
1994). Some individual trees can live as long as 35 years (Hall et al., 2006). 
The main flowering season of that tree occurs during the period of September to 
October or November (the beginning of dearth period) (Mohanna, 1989), 
although in Florida some trees can usually be seen flowering at any time of the 
year (Ewel et al., l982). Mohamed (2005) reported that the highest peak of egg 
laying by Apis mellifera queen occurred during the flowering period of Brazilian 
pepper trees in Egypt. At the apiary of El-Sabahia Research Station, 
Alexandria, all the hives were found to have considerable amounts of honey 
and pollen grains. Earlier, Mohanna (1989) estimated the honey yield by 6.85 
kg/colony in November when the hives were replaced near by the Brazilian 
pepper trees. 

Therefore, the objective of the present study is directed to determine the 
chemical components of Brazilian pepper honey and to be compared with citrus 
and clover honey. The honey yield/colony for the experimented honeys 
(Brazilian pepper, clover and Citrus) during the period of 2012-2014 is also 
considered. 
  

MATERIALS AND METHODS 

Brazilian pepper honey was collected from the apiary of Agric. Research 
Station, El-Sabahia in Alexandria which contains about 15 colonies. Clover 
honey was collected from Abis the 2nd village in Alexandria and Citrus honey 
was collected from Abo-Elyouser village, Beheira Governorate.  All honey 
samples (0.5 kg, each) were collected in glass bottles and stored in dark at 4°C 
until the analytical procedure is ready. 
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A. Chemical analysis of the collected honey samples 
1- Ash, HMF and pH 

The ash content was determined following the method of AOAC (1995).   
Hydroxy methyl furfural (HMF) content in honey samples was determined 
according to the Winkier method (AOAC, 1995). 
The pH of the different honey samples was determined for 10% (w/v) of sample 
prepared in distilled water using the pH meter (Accument AB15, Fisher 
Scientific) according to AOAC (1995). 
   
2- Determination of minerals content 

Minerals content (elements) measurement was done at the City for 
Scientific Research and Technological Applications, Arid Lands Cultivation 
Research Institute (ALCRI) (Borg El-Arab, Alexandria Governorate). The 
mineral contents were determined by the atomic absorption spectrophotometer 
according to the method described by Hernandez et al. (2005).  

 
3- Determination of sugars  

Samples were prepared according to the method described by 
Ouchemoukh et al. (2010) and detection was done according to Zappala et al. 
(2005).  Sugar analysis was done by HPLC (Shimadza model) where HMF is 
separated on a reversed phase column, with water and methanol as the mobile 
phase and then detected by UV absorbance. 
 
B. Honey yield 

The honey production was taken into consideration during the period of 
November 2012 till February 2014. The production of the three types of honey, 
i.e. Brazilian pepper, clover and Citrus were estimated by weighing the honey 
after extraction (kg/15colonies) and the mean weight as kg/colony was 
calculated. 
 

RESULTS AND DISCUSSION 

Chemical analysis of the collected honey samples 
1- Ash, HMF and pH 

Data presented in Table (1) represented the ash content (%), HMF and 
pH values of the samples of  Brazilian pepper, clover and Citrus honeys. It was 
noticed that ash content is widely different among the experimented samples 
and ranged from 0.06 for Citrus honey to 0.46% for Brazilian pepper. The ash 
mass fraction is a quality criterion for determining the botanical origin of honey 
(Felsner et al., 2004).  
 

Hydroxy methyl furfural (HMF), or 5-hydroxymethyl- 2-furaldehyde, is a 
water-soluble heterocyclic organic compound derived from sugars. HMF is a 
decomposition product of fructose (dehydration of fructose), which is naturally 
found in a trace amount and its concentration increases with storage and 
prolonged heating of honey. The HMF concentration is increased as honey 
undergoes heat treatment even for short term at higher temperature to reduce 
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viscosity and prevent crystallization to facilitate filling (Subramanian et al., 
2007). HMF is high in honeys that have been heat treated, stored in non-
adequate conditions or adulterated with invert syrup (Ajlouni and Sujirapinyokul, 
2010).  Therefore, it is the most used index to evaluate thermal damages or 
ageing in food products. It is also an indicator of excessive heat-treatment, 
spoilage, and of possible adulteration with other sugars or syrups. As a result, 
many countries impose restrictions on maximum levels of HMF in food and 
beverages (Codex Alimentarius, 2000). Many countries impose maximum levels 
for HMF of 40 mg/kg as the maximum permitted level in the EU for table honey 
(Codex Alimentarius, 1981). Data indicated that clover honey contained a high 
level of HMF (77.13 mg/kg), while Citrus honey had the lowest one of 10.73 
mg/kg. Brazilian pepper honey was found to contain an amount of 25.0 mg/kg of 
HMF. The fluctuation of HMF in honeys could depend on the equilibrium 
between the accumulation and the degradation processes.  

  
Both samples of Citrus and Brazilian pepper honey are suitable and meet 

the international upper limit. In this respect, the results of   Windsor et al. (2013) 
showed that among the studied honeys stored at 4°C, all six L. polygalifolium 
and one L. liversidgei honeys exceeded the HMF upper the limit (40mg/kg) of 
the International Honey Commission (IHC) (Codex Alimentarius, 2000). Clover 
honey might be exposed to a heat treatment and therefore it showed a high 
value of HMF content (77.13) (Table, 1). 

 
The pH values of the three experimented honeys are also presented in 

Table (1). The pH values ranged from 3.55 (Citrus honey) to 4.50 (Brazilian 
pepper honey). According to the National Honey Board Food Technology 
(2006), the average pH of honey is 3.9 with a typical range of 3.4 to 6.1and 
therefore the determined pH values are consistent. 
       

The pH value is of a great importance during the extraction and storage 
of honey as it influences the texture stability and shelf life. In general, honey is 
acidic in nature irrespective of its variable geographical region. The pH values 
of Algerian, Brazilian, Spanish and Turkish honey types also have been found 
to vary between 3.49 to 4.53, 3.10 to 4.05, 3.63 to 5.01 and 3.67 to 4.54, in 
respect (Azeredo et al., 2003; Ouchemoukh et al., 2007; Kayacier and 
Karaman, 2008).      
 
Table (1). Ash, hydroxyl methyl furfural (HMF) and pH of samples 

collected from different types of honey 
 

Parameters 
Types of honey 

Brazilian pepper Clover Citrus 
Ash (%) 0.46 0.42 0.06 
HMF (mg/kg) 25.00 77.13 10.73 
pH 4.50 3.69 3.55 
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2- Mineral contents (Elements) 
Data presented in Table (2) referred to the elements content (mg /100g) 

of different honeys collected from different flora. The minerals and trace 
elements in honey samples could give an indication of environmental pollution 
and herewith also an indication of the geographical origin of honey. Generally, 
data pointed that the minerals content of Brazilian pepper honey samples were 
higher than that of both clover and citrus honeys; the latter had the lowest 
minerals content. Citrus honey seems to be a bright one and in this respect, 
Felsner et al. (2004) reported that the brighter honeys usually containing fewer 
elements than those darker ones. Meanwhile, Brazilian pepper honey seems to 
be dark assuring that the concentrations of its elements were generally high.  

Potassium (K) was also shown to be the most abundant element in both 
honey samples of clover and Citrus (306.600 and 115.300 mg/100g, 
successively) as compared with the other detected elements. On the other 
hand, magnesium (Mg) was the most abundant element that was found in a 
high concentration in Brazilian pepper honey (422.80 mg/100g). Fernandez- 
Torres et al., (2005) noticed that potassium (K) and sodium ions were the most 
fully sufficient minerals in honey collected from Spain. The minerals content of 
honey is depending on the flower elemental composition gathered by the bees 
(Rashed and Sultan, 2004). It was also noticed that among these honey types, 
great differences existed, in both HMF (Table,1) and the mineral contents of Ca 
as well as Na, Mg and zinc (Table, 2).  
 
Table (2). Minerals content of different the honeys collected from of 

experimented honey 
 

Element (mg/100 g) 
Type of honey 

Brazilian pepper Clover Citrus 
Na 228.000 39.810 34.520 
K 289.000 306.600 115.300 

Ca 335.700 12.500 28.000 
Mg 422.800 14.500 24.000 
Cu 0.343 2.020 1.490 
Fe 3.678 3.210 1.160 
Mn 0.336 Trace Trace 
Zn 12.680 3.470 1.330 
Pb 1.745 4.350 0.300 

 
3- Sugars 

The results listed in Table (3) showed clearly the total sugars (sucrose, 
glucose and fructose), glucose/fructose (Gl/Fr) ratio and the reducing sugars of 
the different types of honey. Sugars are considered to be the main component 
of honey. Reducing sugars, mainly fructose and glucose had been found to be 
the major constituents of honey (Mendes et al., 1998). The presented data 
displayed sucrose (a disaccharide) percentage in honey that ranged from 3.26 
(Brazilian pepper honey) to 4.25 (citrus honey). The determined percentages of 
sucrose in all the tested types of honey are still consistent with the standards.  A 
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high sucrose content in honey most of the time means an early harvest of 
honey because sucrose had not been fully transformed to glucose and fructose 
by the action of invertase (Azeredo et al., 2003). 

 
Monosaccharides (glucose and fructose) are the main sugars in any 

honey sample. Glucose content was found to be 24.96, 28.26 and 36.79% for 
the experimented honeys (clover, Citrus and Brazilian pepper, respectively). 
Fructose is also the most important sugar, quantitatively. It represented the 
highest percentage as compared with glucose. Brazilian pepper honey was 
found to contain the highest percentage of fructose (41.50%). Fructose and 
glucose values of the honey depend on the source of nectar. Meanwhile, the 
sum of glucose and fructose contents was also the highest in Brazilian pepper 
honey (78.29 % of the total sugar). Brazilian pepper honey was found to have a 
lower glucose /fructose ratio (1:1.13), which expressed the slow speed of honey 
granulation. On the other hand, the high ratio of citrus (1:1.38) might affect 
honey flavor, since fructose is sweeter than glucose. Some consumers of 
Brazilian pepper honey placed complaints about the better taste and that might 
be due to the higher content of minerals, low glucose /fructose ratio and the 
high acidic content which represented a high value of pH (4.5). 

  
The determined percentages of the total reduced sugars content in 

honey were presented in Table (3). It could be shown that Brazilian pepper 
honey contained the highest percentage of reduced sugars (78.29%) as 
compared with the other samples of clover and Citrus honeys.  
 
Table (3). Total sugars (sucrose, glucose and fructose) and reducing 

sugars collected from different types of experimented honey 
 

Sugar (%) 
Type of honey 

Brazilian pepper Clover Citrus 
Sucrose (S) 3.26 3.77 4.25 
Glucose (Gl) 36.79 24.96 28.26 
Fructose (Fr) 41.50 32.39 32.16 
Gl/Fr ratio 1 : 1.13 1 : 1.29 1 : 1.38 
Reducing sugars 78.29 57.36 60.41 

 
It is well known that the majority of soluble sugars in honey are reducing 

sugars and therefore, it could be concluded that Brazilian pepper honey 
contained more soluble sugars than the other types of honey.       
 
Honey yield 

Honey yield of the three experimented types was determined for three 
successive seasons during the period of 2012-2014 (Table, 4). Data revealed 
that the yield of Brazilian pepper was the highest all over the experimental 
period with a general mean of 7.21 kg/colony. The production of Brazilian 
pepper honey was superior as compared with the other honeys. Citrus and 
clover showed more or less than the same productivity with a general mean of 
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4.50 kg/colony. The presented results are in agreement with those reported by 
Mohhana (1989) who found that the general mean of Brazilian pepper honey 
production was about 6.85 kg/colony. Brazilian pepper honey was found to be 
dark greenish yellow, thick and has strong characteristic aroma with peculiar 
flavor. So, it would be recommended to grow Brazilian pepper trees in Egypt 
around the local apiaries to act as a good source for nectar plus pollen and to 
keep the bees foraging during the autumn season getting a valuable and 
nutritionally rich honey. In this regard, the beekeeper will not be obligated to 
feed the bees with artificial food during the period of Brazilian pepper trees 
flowering during winter season (October – February), the critical dearth period. 
Also, it could be concluded that honey composition depends basically on the 
nectar composition of each producing plant species.  
 
Table (4). Total honey yield (kg/colony) of different types of the tested 

honey throughout the period 0f 2012-2014 
 

Types of honey 
Seasons 

2012 2103 2014 Average 
Brazilian pepper 7.00 8.13 6.50 7.21 
Clover 5.00 4.50 4.00 4.50 
Citrus 4.00 6.00 3.50 4.50 
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Release Kinetics of Silicon in Some Egyptian Soils 

Ismail. H., M.G.Nasseem and M.A.Husein 

Soil and Agriculture Chemistry Department, Faculty of Agriculture, Saba Basha,  
Alexandria, Egypt. 

ABSTRACT: The objective of this study was proposed to evaluate the kinetics of silicon 

(Si)released insome Egyptian soils (sandy, calcareous and alluvial). The processes involved in the 
release of Si from soils during the extraction with 0.01F calcium chloride (CaCl2) were investigated. 
A considerable amount of Si was released from most of the tested soil samples during the first 
hours of extraction and continued steadily until the end of the experiment (144 hrs). On average the 
total Si released for each soil group was 34.80, 93.78 and 62.35 mg kg

-1
 soil in sandy, calcareous 

and alluvial soils respectively. The released Si was the least in sandy soils. Four mathematical 
models (parabolic diffusion, power function, and Elovich equation) were used to describe 
cumulative Si release. The Elovich equation proved that the Si release kinetics was satisfactory in 
the Egyptian soils. 
Key words: silicon ,release , kinetics ,Egyptian soils, Si release. 

 

INTRODUCTION 
Silicon is an element beneficial for plant growth and its importance in 

agriculture is well recognized. The Si experiments indicated that silicon affects 
plant growth and crop quality, stimulates photosynthesis, reduces transpiration 
rate, and enhances plant resistance to a series of both a biotic and biotic stresses 
such as water and chemical stresses, nutrient imbalances, metal toxicities, 
diseases and pests problems (Epstein, 1994; Ma and Takahashi, 2002;Flore et 
al.,2012). 

The release of soluble Si from soils has been much studied. The 
concentration of Si in soil solution seems to be controlled more by chemical 
kinetics than by thermodynamics (Hallmark et al., 1982) and apparently had no 
relationship to the total in soil. Komdorfer et al.(1999) noted that the Si content in 
plants is greater higher as the soluble Si is  increased in soil solution. According to 
Drees et al. (1989) the dissolution kinetics of soil Si are influenced not only by 
nature of Si polymorphs but also by a many of soil factors such as organic matter, 
redox potential, metallic ions, phyllosilicate, sesquioxide, surface area, surface 
coatings, and overall soil solution dynamics. As particle size decreases or surface 
area increases, the dissolution rate of Si minerals increases (Huang and Vogler, 
1972). Gibson (1994) has determined the kinetics of Si from soil during the first 
hour of extraction with 0.01 F CaCl2, and continued steady for 144 hours. 

 
Several reports were, however, proposed to describe the extraction of soils 

with strong acids and bases, or other extractants. No attempt was made to 
understand the kinetics of Si release in Egyptian soils. This paper the release of Si 
from soil during extraction with 0.01F CaCl2. This extractant, which is being 
designed to reflect the ionic strength and pH of soil solution, is commonly used in 
determining a number of soil characteristics. Release of Si was studied in 
someselected soil samples  to cover three groups of soil in Egypt. 
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MATERIALS AND METHODS 
 

Nine surface soil samples (0-30 cm) were collected from fields representing 
areas of different, soil types. Egyptian soils were grouped on the basis of 
geographical location and mode of formation (Kishket al., 1973) into three main 
groups namely, Nile alluvial, Oolitic limestone and Desertic soils. The soil samples 
were air-dried; sieved (2 mm mesh) and the physical and chemical properties of 
these soils were carried out according to the methods described by Page et al. 
(1982) and presented in Table 1. 

 
Table (1). Some properties of the tested soils 

*Calcium carbonate content in soil no.7 is in shells form 

The capacity of the soils for silicon release was tested through extraction 
with 0.01F CaCl2according to Gibson (1994). Experimentally, 4g of each soil 
sample was transferred with 20 ml of 0.01FCaCl2 solutionto a polyethylene bottle 
at about 25oC. The samples were then equilibrated on a reciprocating shaker at a 
rate of 120 strokes min-1 for intervals ranging from 1 to 144 hrs.   

 
At the end of the equilibrated period, the suspensions were filtered and the 

concentration of Si in the supernatant was measured by the molybdenum blue 
method of Heffenan (1985). 

 
The kinetics of soil Si released for each treatment was described using the 

following equations (Sparks, 1995): 

-First order, lnkt=a-bt-Parabolic diffusion,kt= a + b t 1/2 
-Power function,lnkt= ln a – b ln t-Elovich equation,kt = a + b ln t 
Where kt is the cumulative Si released at time t,a and b are constants, and t is 
time(hr).These mathematical models were tested by least square-regression 
analysis to determine which equation best describes the Si release from the soils. 
Standard errors of estimate (SE) were calculated by: 

Soil 
no. 

Location 
pH 

(1:1) 
 

EC 
dS/m 
(1:1) 

O.M 
% 

CaCO3 
% 

Total 
Si 

g/kg 

Particle size 
distribution 

Texture 
Clay 

% 
Silt 
% 

Sand 
% 

Sandy soils 

1 El bostan 7.47 2.04 0.03 3.72 436.3 9 3 88 Loamy Sand 
2 El bostan 7.62 1.02 0.07 3.37 440.6 8 3 89 Loamy Sand 
3 El bostan 7.70 0.48 0.07 2.11 422.1 8 2 90 Loamy Sand 

Calcareous soils 

4 Maryout 8.17 4.07 0.71 39.65 201.2 26 30 44 loam 
5 Borg El Arab 8.25 1.89 0.73 32.84 188.6 28 30 42 Clay loam 
6 Bangar ElSokar 7.86 1.88 0.88 28.07 182.4 30 32 38 Clay loam 

Alluvial soils 

7 Abis 8.13 3.76 1.66 20.07 254.2 34 28 38 Clay loam 
8 Kaleen 8.15 1.68 0.71 3.23 230.4 32 40 28 Clay loam 
9 Kom amada 8.43 1.57 0.56 2.11 276.6 24 28 48 loam 
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Where kt and kt* represent the measured and predicted silicon released, 

respectively, and n is the number of data points evaluated. 

RESULTS AND DISCUSSION 

Cumulative released silicon 

The cumulative silicon released by extraction with 0.01 F CaCl2 was plotted 
against extraction time in sandy soils (Fig.1), calcareous soils (Fig.2), and alluvial 
soils (Fig.3) the results have shown that the amount of released Si was increased 
with increasing time of extraction. The trend in cumulative Si release pattern was 
almost similar for the three soil groups.The patterns of the curves indicate that 
there are two stages of release. The first stage, particularly, at the beginning of the 
extraction is characterized by extraction of soluble and weakly bonded Si, while the 
latter stage is characterized by release of strongly bondedSi. The rate of increase 
was sharply decreased after the first few hours of the experiments, and became 
essentially linear after about 24 hours. The variations in the total amount of 
released Si from different soil groups (Table 2) could be attributed to many factors 
such as particle size and type of Si-bearing minerals and soil environment (Dreeset 
al., 1989). However, the total amount of Si released into 0.01M CaCl2 was the 
higher in the calcareous soils. The average total Si released for each soil group 
were 34.80, 93.78 and 62.35 mg kg-1 soil in sandy, calcareous and alluvial soils 
respectively (Table 2) anddid not appewr direct relationship to the total in the soil. 
Comparatively high soluble Si in the calcareous soils may have been due to less 
leaching. 

The soluble Si was presumably present as gels or poorly adsorbed species 
on the surfaces of the soil particles. The lack of a significant fraction of such 
material in the sandy soils suggested that most of it, if ever present, had been 
removed by dissolution and leaching. The soils with higher soluble Si were those 
with finer particle size, for which higher water retention and lower leaching rates 
are being expected. This would suggest that water retention, associated withthe 
slow dissolution of crystalline material and reduced leaching (as against 
evaporation of the water in situ), played an important role in determining the level 
of soluble Si. The dissolution curves for Si were regular and smooth and behaved 
similarly for all the samples. This would indicate that the same processes were 
occurring in all samples, and that this process was not affected by other chemistry 
(e.g. changes in pH and other chemical parameters) in solution. The rate of 
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dissolution after the first hours, after the initial release of easily soluble material, 
probably reflected the surface chemistry and mineralogy of the soil particles. 

The results of this study indicate that the amounts of Si extracted from soil 
by CaCl2 are very dependent on the period of the extraction. Measuring Si after an 
arbitrary time period will give some indication of the extracting easily soluble 
Si.Due to the differing chemical properties of various soil samples, there is no easy 
method to determine extractable Si. All extractive methods are empirical, and this 
study highlights yet the need for further studies be kept in mind when discussing 
soil chemistry. 

 
 

Figure (1). Cumulative Si release with time in the sandy soils 

 
 

Figure(2).Cumulative Si release with time in the calcareous soils 
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Figure(3). Cumulative Si release with time in the alluvial soils 

 
Description of Si release by kinetic models 

Four mathematical models: first order, parabolic diffusion, Elovich, and 
power function equations were tested to describe the kinetics of Si release for the 
soils of the three groups and are illustratedin Figures4, 5 and 6.Table 2 gives the 
average determination coefficients (R2), estimated standard errors (SE) and 
parameters of the tested models (a and b). Based on the highest value of R2 and 
the lowest value of standard error (SE) for the tested soils, Elovich equation 
satisfactorily describes the reaction rates of Si release. However, Power function 
could also describe the release of Si as shown by higher R2 and lower SE values in 
the alluvial soils. 

The constants a and b of each model represent the intercept and the slope 
of the linear curves resulting from plotting the released Si vs. time (Figs,4,5and 6). 
The constant b mirrors the release rate of Si (Table 2) and the less in sandy soils, 
indicating the less soil inability to meet the Si demand by the crop than the 
calcareous or alluvial soils. 

 

0

10

20

30

40

50

60

70

80

90

0 50 100 150 200

soil N0.7

soil NO. 8

Soil No. 9

R
el

ea
se

d
 S

i,
 m

g
k

g
 -1

so
il

Time, hours



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)  

 

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 439     
    Vol. 21(3), 2016 

 

 
 

 
 
 
Figure (4). Relationship between the time and released Si with 0.01 F 

CaCl2solution as described by four mathematical models in the 
sandy soils. 
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Figure (5). Relationship between the time and released Si with 0.01 F 

CaCl2solution as described by four mathematical models in the 
calcareous soils. 
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Figure (6). Relationship between the time and released Si with 0.01 F 

CaCl2solution as described by four mathematical models in the 
alluvial soils. 
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Table (2) . Average of determination coefficients (R2), standard error (SE) and 
parameters of the models used to describe Si release in the 
studied soils 

 
Kinetic model R2 SE a b 

Sandy soils  

First order lnkt = a – bt 0.321  11.780 2.247  0.012 
Power lnkt = lna +blnt 0.884  8.3733 1.909  0.403  
Elovich kt = a + blnt 0.929  4.605 12.110  4.741  
Parabolic kt = a + bt1/2 0.739  6.568 9.896  2.491  

Calcareous soils 

First order lnKt = a - bt 0.334  53.180 2.827  0.016  
Power lnkt = lna +blnt 0.765  17.507 3.706  0.217  
Elovich kt = a + blnt 0.937  6.725 51.510  9.740  
Parabolic kt = a + bt1/2 0.597  16.990 49.430  4.566  

Alluvial soils 
First order lnkt = a - bt 0.378 16.288 3.313  0.007  
Power lnkt = lna +blnt 0.941  7.9141 3.129  0.230  
Elovich kt = a + blnt 0.955  4.299 28.660  7.422  
Parabolic kt = a + bt1/2 0.734  10.529 25.616  3.806  

 
The b values are known to correlate well with crop Si released from soil and 

can be used as an index of Si release rates. When plant uptake does not positively 
correlate with the b value, this may represent the soil's inability to meet the Si 
demand by the crop. On the other hand, a high positive correlation could used as 
an indication of adequate Si release to meet the crop Si needs. Out of the four 
models used to describe Si release in the 9 samples of soils, the results proved 
that the Elovich equation is considered the best fit (R2 and SE) and displayed the b 
values of 4.71, 9.74 and 7.422 mg kg-1 h-1for sandy, calcareous and alluvial soils, 
respectively using 0.01F CaCl2 for Si extraction. Generally, the Elovich model had 
the best fit the fitting of the data indicated diffusion control, in all soils,expressing 
by an initial fast rate followed by a slower rate. Information obtained from 
mathematical models are beneficial to explain the release mechanism(s) and 
estimate the Si supplying power of soils. The results provide a basis for the 
following observations: 

1) The Elovich equation adequately described the Si release kinetics of the tested 
soils. 

2) The Si release rates are the least in sandy soils in comparison to the calcareous 
or alluvial soils. 

3) A thorough study is being conductive to evaluate Si potential using quantity and 
intensity factors and hence, ranking the soils on the basis of their Si supplying 
power to maintain different crops production especially for crops that require 
large amounts of Si for growth(rice andsugarcane). 
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ABSTRACT: A Field experiment was carried out in Experimental Research Station of 

Saba Basha Faculty Agriculture to examine the effect of  different potassium fertilization rates 
from two sources (potassium sulphate and potassium silicate) in relation to nitrogen fertilization 
on the response and yield of barley (Hordeum vullgare L.) grown in salt affected soil. Four rates 
of potassium (0, 15, 30, and 45 kg K /Fed.) and four nitrogen rates (0, 40, 60 and 80 kg N/Fed.) 
were applied in a split split plot design with three replicates. Potassium and nitrogen 
applications alleviated the soil stress condition and significantly (p < 0.05) improved grain yield 
of barley. The highest grain yield (2.45 ton/ fed.) was obtained of barley grown on saline soil in 
response to the highest potassium rates (45kg K/ Fed.) using potassium sulphate or potassium 
silicate fertilizer and nitrogen rates of 80 kg N/Fed. The contents of N, P, K and Si in barley 
leaves were also increased due to potassium application especially potassium silicate In 
general, the results of this study indicate that application of potassium in the two forms and 
nitrogen fertilization to barley grown on saline soil could improvements barley yield which can 
be badly suffer in the absence of K and N fertilization. 
Key words: salinity, potassium, nitrogen, potassium silicate, grain yield 

 

INTRODUCTION 

Barley (Hordeum vulgare L.) is one of the most important, economically 
valuable and widely used cereal crop, which belongs to the family Gramineae. 
The crop is used for preparing traditional food and beverage consumptions 
(Araya, 2011; Kemelew and Alemayehu, 2011). The production of barley in 
Egypt can be increased either by increasing more area under cultivation or by 
increasing yield per unit area. Currently, it is nearly impossible to increase area 
for barley crop due to competition with other crops and because of restricted 
supply of irrigation water etc.  

Salinity is the major abiotic stress that reduces plant growth and crop 
productivity worldwide. It is resulting from excessive salinity led to reduction in 
photosynthesis, transpiration and other biochemical processes associated with 
plant growth, development and crop productivity (Tiwari et al., 2010). 
Furthermore, abiotic stress lead to oxidative stress in the plant cell resulting in a 
higher leakage of electrons towards O2 during photosynthetic and respiratory 
processes which is leading to enhancement of reactive oxygen species 
generation (Asada., 2006). 

 
Optimal rates of fertilizer application to salt-affected soils partially 

alleviate the adverse effects of salinity on photosynthesis and photosynthesis-
related parameters and yield and yield components through mitigating the 
nutrient demands of salt-stressed plants (Sultana et al., 2001). The proper use 
of N fertilizer in all soil is important, but particularly so in saline soils, where N 
may minimize the adverse effects of salinity on plant growth and yield 
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(Abdelgadir et al., 2005) depending on plant species, salinity level, or 
environmental conditions (Grattan and Grieve, 1999).Increased soil salinity 
decreased nitrogen uptake by inhibition of nitrate ion 
(Kafkafi et al. 1982). Elgharably et al. (2010) showed that N applied at 100kg 
ha-1 can alleviate salinity stress on wheat. 

 
Potassium is the third most essential nutrient element next to N and P for 

plant nutrition. It plays significant roles in the physiological processes of protein 
formation, transportation of water, nutrients and carbohydrates, photosynthesis, 
N utilization, stimulation of early growth and in insect and disease resistance 
(Lakudzala, 2013). It also promotes the transportation of assimilates, control of 
stomata opening, enzyme activation in plants especially those responsible for 
energy transfer and formation of sugars, starch and protein as well as 
promotion of microbial activities and the nutrition and health of man and 
livestock (Yawson et al., 2011).Previous studies revealed that supplying low 
levels of KNO3 could alleviate the NaCl induced decreases in seed germination 
of certain grass species (Neid and Biesboer, 2005). As the K+ is involved in 
multiple plant activations, the K+/Na+ ratio has been proposed as an effective 
indicator for salinity tolerance in wheat (Zheng et al., 2008).  
 

The benefits of silicon on the growth of a wide variety of agronomic and 
horticultural crops are vast and continue to increase. The beneficial effects of 
silicon become more evident when plants are in stressed (biotic or abiotic 
stress) environments than in those growing under optimal conditions (Li et al., 
2007). The beneficial effects of silicon on plant growth and development are 
based on several mechanisms, which include the formation of a protective outer 
layer composed of silica deposits, the reactivity of the absorbed silicon with the 
heavy metals ions and other compounds within plants and the metabolic 
functions of silicon in stressed plant 
 

The negative effects of salt stress on barley can be alleviated by Si and K 
fertilization through alleviation the carbohydrate, protein, phenolic compounds 
and total antioxidant activity in addition to the change in K+/Na+ ratio (Khalaf and 
Salih, 2014). Therefore, this study was carried out to identify the effective 
potassium sulphate or potassium silicate as K sources and rates of potassium 
application for optimum yield and plant tissue N, P, K and Si contents of barley 
grown on salt-affected soil in relation to nitrogen fertilization. 

MATERIALS AND METHODS 

Field experiment was carried out at the Experimental Resrach Station 
(Abis), Faculty of Agriculture, Saba Basha, Alexandria University, during the 
growth season of 2014/2015 using barley (Hordeum vulgare L. cv. Giza 123). 
Three factors were conducted in a split-split plot design with three replicates. 
The potassium sources (K2SiO4, 45%K and K2SO4, 44%K) were applied to the 
main plots, potassium doses (0, 15, 30 and 45 kg K/fed.) were assigned to the 
sub-plots and the nitrogen doses (0, 40, 60 and 80 kg N/fed as Urea, 46%N) 
were assigned randomly to the sub-sub-plots. The area of each plot was 10.50 
m2 (3.5 m x 3 m). The usual recommended dose of phosphorus (45 kg P2O5/fed 
as Triple superphosphate) was applied to the soil before planting. The 
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recommended cultural practices for barley were carried out the 
recommendation devoted to the experimental area. The main physical and 
chemical properties of the experimental soil are presented in Table (1). The 
analysis of soil was carried out according to the methods outlined by Black 
(1965). Available Si was determined in soil using the method of Fox et al. 
(1967). The soil type is alluvial which was a naturally salt-affect soil with 
electrical conductivity (EC) 4.8 dS/m in (1:1, soil water extract) and SAR value 
of 15.8 

  
At plant harvest, five competitive plants were randomly taken, from the 

center of two ridges of each plot, to determine grain yield. Also, plant samples 
(leaves), from the middle ridge of each plot were collected. The plant samples 
were first washed by tap water then distilled water, plotted to remove excess 
adhered water then were dried in an oven at 65C◦ for 48 hrs and ground using 
stainless steel mill to pass 40 mesh screen and wet-digested with H2SO4- H2O2 
(Lowther, 1980) The following determinations were carried out in the digested 
solution: potassium by flame photometer (Jackson, 1973), total N by 
microkjeldehl method (Jackson, 1973) and phosphorus by  the vanadomolybidic 
method(Jackson,1973).Also, plant samples were digested and silicon was 
determined using colorimetric amino molybdate blue method according to the 
method described by  Elliot and Synder (1991).  

Table (1). The main physical and chemical properties of the experimental 
soil 

 
Particle size 

distribution, % 
Soil 

texture 

 
pH* 

EC,
** 

dS/m 
SAR 

Total 
carbonate,

 

% 
O.M % 

Sand Silt Clay 

28 33 39 
Clay 
loam 

8.02 4.8 15.8 8.5 1.45 

Soluble cations, (meq/L) Soluble anions, (meq/L) Available (mg/kg soil) 

Ca
2+ 

Mg
2+ 

Na
+ 

K
+ 

HCO3
- 

Cl
- 

SO4
= 

N K P Si 

4.76 3.45 32.17 0.72 12.96 20.4 16.47 30.6 120.9 30.6 22.6 
*measured in 1:1 soil water suspension    **measured in 1:1 soil water extract 

The obtained data were statistically analyzed for ANOVA and L.S.D. The 
values were calculated to test the differences between the studied treatments 
according to Steel and Torrie (1982). Also, multiple regression equations were 
calculated according to CoHort Sofware(1995). 

RESULTS AND DISCUSSION 

 Grain yield  
 Tables (2 and 3) reveal that grain yield (ton/fed) was significantly 

affected by application of potassium, nitrogen and by the first and second 
interactions except the interaction between potassium source and potassium 
rates. Table 3 also shows the mean effect of potassium rates on grain yield (ton 
/fed) of barley plants grown in salt-affected soil. The results revealed that 
increasing potassium rates from 0 to 45 kg /fed significantly and progressively 
increased the grain yield as compared with the control treatment. 

 
The main effect of potassium application showed relative increases in 

grain yield by 26.47, 54.44 and 85.54% at rates of 15, 30 and 45 kg K /fed, 
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respectively as compared with control. However, this pattern of response 
occurred particularly in the two sources of potassium. The highest grain yield 
(ton/fed) was obtained due to potassium sulfate which followed by potassium 
silicate. As shown in Table 3, no significant differences were observed between 
potassium sulphate and potassium silicate. Addition of K-fertilizer improved the 
growth of barley plants grown in salt-affected soils and gave a beneficial effect 
on the grain yield. Similar results were found by Shalaby et al. (1991), Sharma 
and Kamari (1996) and Sheriff et al. (1998).The insignificant difference between 
the grain yield of the two potassium sources may be due to the high amount of 
available silicon (22.6 mg/kg soil) in the experimental soil. According to Fox et 
al.(1967). 

 
Table (2). Effect of potassium source, potassium rates and nitrogen rates 

on grain yield, N, P, K and Si concentrations in leaves of barley 
plants. 

 
Treatment 

Grain yield, 
ton/fed. 

Concentration in leaves, (g/kg D.W) 

Source of K 
K-rates, 

(kg K/fed) 
N-rates, 

(kg N/fed) 
N P K Si 

K-Silicate 

0 
0 
0 
0 

0 
40 
60 
80 

0.91 
1.00 
1.07 
1.18 

8.51 
9.30 
9.68 

10.78 

1.94 
2.04 
2.12 
2.32 

17.89 
20.78 
22.90 
24.35 

1.89 
1.87 
1.89 
1.89 

15 
15 
15 
15 

0 
40 
60 
80 

1.04 
1.31 
1.40 
1.55 

9.57 
10.26 
10.05 
11.19 

2.31 
2.41 
2.50 
2.78 

20.52 
22.47 
24.09 
25.81 

1.93 
1.96 
1.97 
1.98 

30 
30 
30 
30 

0 
40 
60 
80 

1.23 
1.58 
1.68 
1.98 

11.03 
11.20 
11.47 
11.87 

2.69 
2.78 
3.24 
4.17 

21.38 
23.55 
25.47 
26.85 

2.01 
2.04 
2.07 
2.17 

45 
45 
45 
45 

0 
40 
60 
80 

1.52 
1.86 
1.97 
2.45 

17.50 
11.80 
12.28 
12.18 

3.07 
3.16 
4.65 
4.75 

22.80 
24.58 
27.08 
29.38 

2.47 
2.54 
2.62 
2.75 

K- Sulphate 

0 
0 
0 
0 

0 
40 
60 
80 

0.93 
1.04 
1.12 
1.22 

8.47 
9.33 
9.70 

10.30 

1.98 
2.03 
2.21 
2.49 

17.62 
19.92 
20.74 
22.39 

1.82 
1.88 
1.89 
1.92 

15 
15 
15 
15 

0 
40 
60 
80 

1.13 
1.29 
1.41 
1.58 

9.17 
10.47 
10.94 
11.47 

2.18 
2.23 
2.54 
3.13 

19.33 
20.69 
22.37 
24.29 

1.97 
1.97 
1.99 
2.01 

30 
30 
30 
30 

0 
40 
60 
80 

1.42 
1.58 
1.71 
1.92 

10.70 
11.52 
11.32 
11.81 

3.18 
3.23 
3.28 
3.33 

20.83 
21.32 
23.49 
25.23 

2.02 
2.03 
2.05 
2.07 

45 
45 
45 
45 

0 
40 
60 
80 

1.68 
1.91 
2.07 
2.26 

11.28 
11.83 
11.82 
12.17 

3.37 
3.82 
4.07 
4.12 

21.30 
22.02 
24.78 
26.83 

2.08 
2.09 
2.09 
2.09 

Statstical significance LSD 0.05 
Source 
Potassium 
Nitrogen 
Sources x Potassium 
Sources x Nitrogen 
Potassium x Nitrogen 
Sources x Potassium x Nitrogen 

 
NS 

0.025 
0.025 

NS 
0.052 
0.073 
0.103 

 
NS 

0.12 
0.12 
0.24 
0.26 
0.36 
0.52 

 
NS 

0.07 
0.07 
NS 

0.16 
0.23 
0.57 

 
0.76 
0.23 
0.22 
0.45 
0.46 
0.66 
0.93 

 
0.50 
0.37 
0.35 
0.70 
NS 
NS 
NS 
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Table (3) also revealed that the grain yield had increased with increasing 
nitrogen rates up to 80 kg N /fed. These increases reflect the importance of N 
application in salt-affected soils. The highest grain yield (ton/fed) was found at 
80 kg N /fed compared with the control. These results are in agreement with 
those obtained by Mugahed and Muhammed (2001),  Abd Alla(2004) , El Kadi 
et al. (2007) and Zeidan (2007). Alam et al. (2007) studied the influence of 
nitrogen fertilizer on yield and yield compositions of barley (Hordum vulgare.l). 
They found that most of the yield and yield compositions were significantly the 
highest at N rate of 120 kg N /fed. Also, Safina (2010), Shafi et al. (2011), 
Mousavi et al. (2012) and Alazmani (2014) reported that the grain yield was 
significantly affected by application nitrogen rates. The interaction between 
potassium sources and nitrogen rates had significant effect on the grain yield 
(Fig. 1). The highest grain yield was obtained through potassium silicate with 80 
kg N /fed. Table (4) shows that the lowest value of grain yield was obtained 
through potassium silicate without nitrogen. The interaction between potassium 
rates and nitrogen rates had significant effect on grain yield of barley plants 
(Table 2 and Fig. 2). 

Table (3).Mean effect of potassium source, potassium rates and nitrogen 
rates on yield and N, P, K and Si concentrations in leaves of 
barley plants. 

 

Treatment Grain yield, ton/fed 
Concentration, g/kg  D.W. 

N P K Si 

Potassium sources  

K-Silicate 
K-Sulphate 

1.48 
1.52 

10.81 
10.77 

2.93 
2.95 

23.80 
22.07 

2.13 
1.99 

LSD0.05 NS NS NS 0.76 0.05 
Potassium rate (kg K/fed) 

0 
15 
30 
45 

1.06 
1.34 
1.64 
1.97 

9.51 
10.39 
11.36 
11.89 

2.14 
2.51 
3.23 
2.88 

20.82 
22.45 
23.51 
24.96 

1.88 
1.97 
2.06 
2.34 

LSD0.05 0.025 0.12 0.07 0.23 0.037 
Nitrogen rate (kg N/fed) 

0 
40 
60 
80 

1.23 
1.45 
1.55 
1.77 

10.06 
10.71 
10.91 
11.47 

2.59 
2.71 
3.08 
3.38 

20.21 
22.03 
23.86 
25.64 

2.02 
2.05 
2.07 
2.11 

LSD0.05 0.025 0.12 0.07 0.22 0.035 

 

The highest value of grain yield was obtained as result of application of 
45 kg K/fed with 80 kg N /fed. The second order interaction (potassium sources, 
potassium rates and nitrogen rates) had significant effect on grain yield. Table 
(2) shows that the highest value of grain yield was obtained through potassium 
silicate of 45 kg K/fed with 80 kg N /fed, while the lowest grain yield was 
obtained through potassium sulfate without nitrogen applications. 



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)  

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 451     
    Vol. 21(3), 2016 

  

 
 

Fig. (1). The interaction effect between potassium sources and nitrogen  
              rates on barely grain yield      

 

 

Fig (2). The interaction effect between potassium rates and nitrogen rates 
on barely grain yield 

 
The grain yield (ton/fed) of barley (Y) using potassium silicate was 

regressed with potassium rates (X1) and nitrogen rates(X2). The regression 
equation for this relationship was: 

Y = 0.701 + 0.020 X1 + 0.0073 X2         R
2 = 0.942      P< 0.01 

Thus, the efficiency of potassium rates and nitrogen rates would be equal to 
(0.020:0.0073) or (1:0.36). Also, the grain yield (Y) using potassium sulphate 
was also regressed against the potassium rates (X1) and nitrogen rates (X2). 
The grain yield was positively correlated with the two variables (R2 =0.983). The 
regression equation for this relationship was: 
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Y = 0.816 + 0.020 X1 + 0.0055 X2       R
2 = 0. 983          P< 0.01 

The comparison of the slopes of each variable in the equation 
(0.02:0.0055) gives a quantitative estimate for efficiency of one variable to the 
other. Thus efficiency of potassium rates and nitrogen rates would be equal to 
0.02: 0.005 or 1:0.27.                                                  

Elemental composition 
 Table (2) shows that N, P and K concentrations in plant leaves were 

significantly affected by potassium sources, potassium rates, nitrogen rates and 
all the interactions except the interaction of potassium sources and potassium 
rates on P and the effect of potassium sources on N and P contents. Also, a 
significant effect of potassium source, K-rates, N-rates and the interaction 
between K-source and K-rates on Si concentration was observed. Table (3) 
reveals that regardless of the effect of the used salt-affected soil, increasing 
potassium rate from 0 to 45 kg K /fed progressively and significantly increased 
N, P, K and Si concentrations in leaves of barley plants. The main effect of N, P,  
K and Si concentrations in leaves of barley plants were 9.25, 19.45 and 25.03 
% for N, 7.83, 12.92 and 19.88 % for K, 17.29, 50.93 and 81.31 % for P and  
4.79, 9.57 and 24.47% for Si at harvest at 15, 30 and 45 kg K /fed, respectively 
as compared with the control. These data also reveal that the highest values of 
N, K and Si concentrations at harvest was significantly higher under potassium 
silicate followed by potassium sulfate. Moreover, P concentration in leaves was 
obtained due to potassium sulfate application rather than K-Silicate application. 

 
Table (4). The interaction between potassium sources and potassium 

Levels on N, K and Si concentrations in barely leaves 
 

Sources of K K- rates (kgK/fed) 
N K Si 

(g/kg D.W) 

K-Silicate 

0 
15 
30 
45 

9.57 
10.27 
11.39 
12.00 

21.48 
23.22 
24.31 
26.18 

1.88 
1.96 
2.07 
2.59 

K-Sulphate 

0 
15 
30 
45 

9.45 
10.51 
11.34 
11.77 

20.16 
21.67 
22.72 
23.73 

1.88 
1.99 
2.05 
2.09 

 
Table (5). The interaction effect between potassium sources and nitrogen 

rates on N, P and K concentration in barely leaves 
 

Sources of K N-rates (kg N/fed) 
N P K 

(g/kg D.W) 

K-Silicate 

0 
40 
60 
80 

10.22 
10.64 
10.87 
11.50 

2.50 
2.60 
3.13 
3.50 

20.65 
23.07 
24.89 
26.59 

K-Sulphate 

0 
40 
60 
80 

9.90 
10.79 
10.94 
11.44 

2.67 
2.83 
3.02 
3.26 

19.77 
20.99 
22.84 
24.68 

 



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)  

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 453     
    Vol. 21(3), 2016 

  

The increases in phosphorus concentration in leaves of barley plants 
grown on this salt-affected soil may be attributed to increasing needs of plants 
to phosphorus for several biological and physiological activities as stated by 
Maas and Hoffman (1997). It may be also due to increasing rate of 
photosynthesis as depicted that the rate of photosynthesis becomes enhanced 
by the application of potassium in stressed environment (Ali et al., 1999). Ashok 
et al. (2009) revealed a significant increase in grain and straw yield and uptake 
of N, P, K and Mn by wheat with the application of K and Mn. 

Table (6).The interaction effect between potassium rates and  nitrogen 
rates on N, P, K concentrations in barley leaves 

 

K- rates (kg N/fed) N-rates (kg N/fed) 
N K P 

(g/kg D.W) 

0 
0 
0 
0 

0 
40 
60 
80 

8.49 
9.31 
9.69 

10.54 

17.75 
20.35 
22.82 
23.37 

1.96 
2.04 
2.16 
2.40 

15 
15 
15 
15 

0 
40 
60 
80 

9.37 
10.36 
10.49 
11.33 

19.92 
21.58 
23.23 
25.05 

2.24 
2.32 
2.52 
2.95 

30 
30 
30 
30 

0 
40 
60 
80 

10.87 
11.36 
11.40 
11.84 

21.11 
22.43 
24.48 
26.04 

2.93 
3.00 
3.26 
3.75 

45 
45 
45 
45 

0 
40 
60 
80 

11.52 
11.81 
12.05 
12.18 

22.05 
23.75 
25.93 
2.8.10 

3.22 
3.49 
4.36 
4.43 

 

It has been reported that potassium is an essential plant nutrient and the 
growth of plant has increased in the presence of potassium fertilizer and there 
was more absorption of nitrogen by the plant as well as by the use of fertilizer 
(Tzortzakis, 2009) and Ashraf et al. (2013). Potassium is of macronutrients and 
its availability controls many biochemical and physiological processes in plants 
(Wang et al., 2013).  The presence of potassium plays essential roles in various 
enzyme activation, photosynthesis, protein synthesis, osmoregulation, energy 
transfer, stomatal movement, cation-anion balance and stress resistance (Wang 
et al., 2013). Potassium application as potassium sulfate increased nitrogen 
concentration in plant to some extent (Gupta and Haung, 2014). 

Table (3) clearly showed significant differences between nitrogen 
concentrations in leaves at harvest. Means of nitrogen concentration increases 
were 6.46, 8.45 and 14.02% at harvest, phosphorus increases were 4.63, 18.92 
and 30.50%, potassium increases were 9.0, 18.06 and 26.87% and silicon 
increases were 1.24, 2.97 and 4.25 % at 40, 60 and 80 kg N /fed, respectively, 
as compared with the control treatment. 

Table (4) showed that the effect of interaction between potassium 
sources and potassium rates on N, K and Si concentration at harvest were 
significant. The highest values of   N, K and Si concentrations in leaves of 
plants were 12.00, 26.18 and 2.59 g/kg D.W, respectively, which are obtained 
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under potassium silicate at rate of 45 kg K/ fed. However, the lowest N, K and 
Si concentrations in leaves of barley plants were 9.45, 20.1 and 1.88 g/kg 
D.W.), respectively, which was recorded to without potassium treatment. 

The effect of interaction between potassium sources and nitrogen rates 
on N, P and K concentration in leaves of barley plants at harvest is presented in 
Table (5). Results revealed that this interaction had significant effect on N, P 
and K concentrations. The highest N, P and K concentrations were obtained 
under potassium silicate with 80 kg N /fed with value of 1.15, 0.35 and 2.66% 
respectively, while the lowest values of potassium concentration, were 0.99, 
0.25 and 1.98% under the control treatment. 

Table (6) showed that the effect of interaction between potassium rates 
and nitrogen rates on N, P and K concentrations in leaves of barley plants was 
significant. It is clear that the greatest potassium concentration in leaves of 
barley plants at harvest was recorded at 45 kg K /fed with 80 kg N /fed, (5.616, 
1.218 and 2.81%, respectively). On the other hand, the lowest N, P and K 
concentrations in leaves of barley plants were recorded in treatment without 
addition of potassium and nitrogen (0.849, 0.443 and 1.775%, respectively.)The 
second order interaction, potassium sources, potassium rates and nitrogen 
rates had significant effect on N, P and K concentrations (Table 6). The highest 
value of N, P and K concentration in plant leaves at harvest were obtained 
through potassium silicate under treatment of 45 kg K /fed with 80 kg N /fed 
(1.218, 0.475 and 2.938%, respectively). The lowest values of N, P and K 
concentration (0.847, 0.194 and 1.762 % respectively) were obtained from 
control treatment. 

The grain yield of barley increased by about 15.679% at K rates of 
45kg/Fed and 80 kg N/Fed as compared with the control plants. The 
concentrations of nitrogen, phosphorus, potassium and silicon were significantly 
affected by potassium (the two sources) and nitrogen applications while that of 
nitrogen was not influenced by both the main effects and their interaction Table 
(2). In cases, a highly pronounced improvement in yield was evident under the 
saline soil conditions. This result contradicts other report that indicated 
significant promotion of plant growth at lower salinities in some halophytes, but 
inhibition of growth at higher salinities (Khan et al., 2000). Without potassium or 
nitrogen application, growth and productivity of barley plants were relatively 
lower as grown in saline soil. However, the trend was reversed with potassium 
application since response of barley to potassium was highly notable Table (2 
and 3). The accumulation of K in salt stressed plants might have allowed 
osmotic adjustment to occur. The concentration of potassium ion in barley 
plants grown on saline soil increased considerably with potassium application 
(Tables 1 and 2), which might have contributed to better osmotic adjustment 
that can be explained by the higher K in leaves and better yield recorded (Table 
3 ). 

It is known that potassium represents the main cation in plant cells and is 
an important component of cell osmotic potential, which is involved in almost all 
physiological and biochemical processes in plants exposed to salt stress 
condition (Al-Karaki, 1997). The high soil salinity reduced absorption of nitrogen 
(Wahid et al., (2004) phosphorus (Kaya et al.,2001) and caused imbalance of 
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mineral nutrients that resulted in a reduction or inhibition of plant growth. On the 
other hand, the results obtained in this experiment indicated better pattern of 
improvement in growth of barley under the saline soil with increasing rates of 
potassium application.  

 
The agricultural benefits of silicon amendments on a soil ecosystem are 

well documented. Thus, Si has been shown to mitigate adverse effects of 
climate (Ohyama, 1985), water and mineral deficiency (Ma et al., 2001) and 
salinity (Matoh et al., 1986). Applications of potassium silicate can increase the 
quantity of mobile phosphate in the soil (O’Reilly and Sims, 1995). Application 
of Si-rich material has the potential to decrease P leaching by 40-70%, while 
retaining P in a plant-available form (Datnoff et al., 2001). In this work, no 
significant difference between the grain yield of potassium sulphate or that of 
potassium silicate because of the high amount of available silicon in the original 
soil than the critical value of silicon (Table 1) according to Fox et al.(1967). 

 

CONCLUSION 

The results of this study signify the role of K+ in regulating the salt stress 
response of barley, and suggest that potassium sulphate or potassium silicate 
acts as a potential growth enhancer. Potassium sulphate or potassium silicate 
provoked reduction in oxidative stress in plants subjected to salt stresses 
especially with the proper nitrogen fertilization. potassium sulphate or potassium 
silicate can help reduce the adverse effects of salt and may increase the barley 
growth, enhance antioxidant activity and K+ content in stressed plants and thus, 
protecting membrane against oxidative stress. The results obtained in this study 
not only confirmed, but also indicated interesting results in terms of the 
significant and positive crop response to potassium and nitrogen fertilization 
under saline soil condition, which of course demands further investigations on 
the pattern of crop response in relation to intensity of stress conditions. 
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ABSTRACT: Field experiment was carried out during May-September, 2015 to study 

the effect of nitrogen and sulphur application on growth, yield and chemical composition of 
maize (Zea mays,L) Individual hybrid K 130 cultivar grown under saline soil conditions. The 
area of each plot was 10.50 m

2
 (3.5 m length x 3 m width), with 5 ridges 60 cm apart and 25 

cm between hills. The experiment included 20 treatments which were a combination of four 
nitrogen rates (0, 30, 60 and 90 kg N/fed) as urea, and five sulphur rates (0, 50, 100, 200 and 
300 kg S/fed). The recommended doses of phosphorus (36 kg P2O5) as triple 
superphosphate fertilizer was applied to the soil in a single dose during land preparation. The 
results showed that the grain yield was increased by relative values of 22.77, 48.38, 75.35 
and 104.74% over the control (without S). Also, S application increased significantly the 
contents of N, P, K and S in leaves of maize. Also nitrogen fertilization significantly affected 
the grain yield and N, P, K and S contents in leaves of maize.  The highest values of grain 
yield and nutrients content in leaves were produced at 300 kg S /fed with 90 kg N /fed. on the 
other hand, the application of S or N decreased the soil pH especially at the highest doses of 
S or N. in the same time, the available sulphur in soil was increased with increasing the rates 
of S or N application. 

Key words: grain yield, nitrogen, sulphur, salts, maize  

 

INTRODUCTION 

 Salinity is the major problem in agricultural land. It is a major factor 
reducing plant growth (Batool et al., 2014). The direct effect of salts on plant 
growth have three broad categories: (i) increasing the osmotic potential of the 
soil solution that reduces plant available water, (ii) a deterioration in the physical 
structure of the soil such that water permeability and soil aeration are 
diminished, and (iii) increase in the concentration of certain ions that have an 
inhibitory effect on plant metabolism (Nishma et al., 2014).  Excess salt may 
affect plant growth either through osmotic inhibition of water uptake by roots or 
specific ion effects, which may cause direct toxicity (Saqib et al., 2012 and 
Abbas and Akladious, 2013). 

Variation in nitrogen availability can affect plant development and grain 
production in maize. Maize grain yield is linked to both higher nitrogen uptake 
and higher ability to utilize nitrogen accumulated in the plant and yield pro-
duction (Luque et al., 2006). The beneficial effects of nitrogen on crop 
production are well documented. However, nitrogen mining by crops for 
optimum productivity widely varies on account of different agro-climates, soils, 
plant cultivars, management practices and other factors. Maize responds more 
favorably to plant densities because of higher leaf area index at silking, which 
results in more interception of photo synthetically active radiation and have 
higher radiation use efficiency during grain filling. The yield potential of maize 
can be realized only when if it is grown with adequate fertilization and optimum 
plant population (Singh and Singh, 2006). 

 
Nitrogen fertilization plays significant role in improving soil fertility and 

increasing crop productivity (Ogola et al., 2002; Cheema et al., 2010 and 
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Karasu, 2012). Likewise, sulfur is recognized as the fourth major nutrient after 
N, P and K. On an average maize crop absorbs as much S as it absorbs P. 
When S is deficient in soil, full yield potential of the crop cannot be realized 
regardless of other nutrients even under good crop husbandry practices. Kaya 
et al. (2009) showed that applications of elemental S and S-containing waste 
resulted in a decrease of soil pH and general increase in nutrient concentrations 
for both plants and in residual available nutrient concentration in the 
experimental soils. Soils have become deficient in S due to cultivation of high 
yielding varieties, use of high grade S free fertilizers and lack of industrial 
activity (Scherer, 2009). Sulfur fertilizers are known to enhance crop yield and 
uptake of macronutrients especially nitrogen (Islam et al., 2012). Chaghazardi 
et al. (2014) showed that the yield, soil pH, and micronutrients, including 
copper, iron, and zinc were significantly affected by sulfur and organic manure 
levels and their interaction. Dhage et al. (2014) reported that available S in the 
soil increased with increasing levels of applied sulphur. Grain yield per hectare 
can be increased significantly by application of nitrogen and sulphur (Rasheed 
et al., 2003).  

 
This study suggested that utilization of proper application of nitrogen and 

sulphur to the maize might be a promising approach to obtain higher grain yield 
on salt affected soil. Also, the chemical composition of maize plants was 
examined. The main objectives of the present work were to evaluate the effect 
of nitrogen and sulphur on yield and chemical composition of maize grown 
under saline soil condition.  
 

MATERIALS AND METHODS 

Field experiment was carried out at the Experimental Research Station, 
Faculty of agriculture, Saba Basha, Alexandria University, Abees region during 
May to September, 2015. The Physical and Chemical Properties of the 
experimental soil are presented in Table 1.  

Table (1). The physical and chemical properties of the experimental soil 
 

Particle size 
distribution, (%) 

Soil 
texture 

pH* 
EC** 

(dS/m) 
SAR 

Total 
CaCO3

 

(%) 

O.M. 
(%) 

Available N, 
(mg/kg soil) 

Sand Silt Clay 

46.7 17.5 35.8 
Clay 
Loam 

8.10 2.9 7.79 8.4 0.32 79.66 

Soluble cations (meq/L) Soluble anions (meq/L) 
Available nutrients 

(mg/kg soil) 
Ca2+ Mg2+ Na+ K+ HCO3

- CL- SO4
 K P S 

3.06 6.8 17.3 1.7 10.53 8.4 4.3 195 29.4 144 
      *(1:2) Soil: water suspension       **(1:1) Soil: water extract  

 
The used plant was corn (Zea mays,L) Individual hybrid K 130 cultivar. 

The area of experimental plot was 10.50 m2 (3.5 m length x 3 m width), with 5 
ridges 60 cm apart and 25 cm between hills. The experiment included 20 
treatments which were the combination of four nitrogen rates (0, 30, 60 and 90 
kg N/fed) as urea, and five sulphur rates (0, 50, 100, 200 and 300 kg S/fed). 
The recommended dose of phosphorus (36 kg P2O5) was applied as 
superphosphate (15% P2O5) to the soil in a single dose during land preparation. 
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Also, potassium as potassium sulphate (48% K2O) was applied (9 kg K2O/fed) 
to the soil in three doses. The first dose was on Jun. 21, 2015 and the second 
dose was on August 11, 2015 and the third dose was on 29 August 2015. Four 
nitrogen rates (0, 30, 60 and 90 kg N/fed.) as urea (46.5%N) were used. The 
Nitrogen fertilizer was added in two equal doses.  The first dose after three 
weeks from sowing and the second dose after two weeks from the first dose. 
Five sulphur rates (0, 50, 100,200 and 300 kg S/fed) as elemental sulphur were 
applied to the soil in a single dose during land preparation.  

  
At maturity, plants were harvested and the grain yield (ton/fed) of corn 

was recorded. Soil samples were collected, air dried, ground to pass through a 
2 mm sieve and soil pH was determined in 1:1 (w/v) soil to water suspension 
using glass electrode (Jackson, 1973). The available sulphur was determined 
using the method of turbidmetrically with barium chloride as described by 
(Jackson, 1973). For available nitrogen, the soil samples were extracted by 2 M 
KCl, and available N was determined colorimetrically by Nesselers method 
(Chapman and Pratt, 1961). Available phosphorus was extracted with 0.5 M 
NaHCO3 solution adjusted to pH 8.5 according to Olsen et al., (1954). The 
extraction was done by ammonium acetate (1 N of pH 7.0) and potassium was 
measured according to (Jackson, 1973) by Jenway PFP-7 flame photometer. 

 
Samples of plant leaves were collected, washed with tap water then by 

distilled water, oven dried at 65°C for 48 hours and the oven-dried weight was 
recorded. The oven-dried plant material was ground using stainless steel mill. A 
portion of 0.5g powdery oven-dried plant material was wet-digested with H2SO4-
H2O2 (Lother,1980) and the following determinations were carried out in the 
digested solution. Potassium was measured flame photometer, total 
phosphorus were determined clorimetrically by vanadomolby date using 
spectrophotometer, (Chapman and Pratt, 1961) and total nitrogen was 
determined colorimetrically by Nesselers method (Chapman and Pratt,  1961) 
and total suphur wet digested using 0.5g powdery oven-dried plant material with 
HNO3- H2O2 (Zheljazkov and Nielson, 1996).  

 
The obtained data were statistically analyzed for ANOVA and L.S.D. The 

values were calculated to test the differences between the studied treatments 
according to (Steel and Torrie, 1982).Also, simple regressing and quadratic 
polynomial calculations were carried out using CoHort software (1995). 
 

RESULTS AND DISCUSSION 

Grain yield of maize 
Tables (2 and 3) indicated that S application has significant effect on the 

grain yield. The grain yield was increased by 22.77, 48.38, 75.35 and 104.74% 
with S application at 50, 100, 200 and 300 kg /fed, respectively relative to the 
control (without S). The increase of yield at higher S rates may be due to 
increasing the efficiency of nitrogen and other elements in soil. 

 
Nitrogen rate significantly affected the grain yield (Table 2) because the 

highest grain yield was obtained with application of 90 kg N /fed. and accounted 
as 4.711 ton /fed. This increase corresponding to 30.48% over the control 
treatment. 
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Table (2). The grain yield of maize plant as influenced by sulphur and 

nitrogen application rates  

Treatments 
Grain yield  

(ton/fed) Sulfur rates 
 (kg S/fed) 

Nitrogen rates  
(kg N/fed) 

0 

0 0.509 
30 0.732 
60 0.932 
90 1.404 

50 

0 0.659 
30 0.915 
60 1.157 
90 1.660 

100 

0 0.879 
30 1.105 
60 1.394 
90 1.947 

200 

0 1.014 
30 1.332 
60 1.659 
90 2.268 

300 

0 1.228 
30 1.563 
60 1.921 
90 2.613 

LSD(0.05) 

Sulfur 0.008 

Nitrogen 0.006 

Nitrogen*Sulfur 0.015 

 

Table (3). Mean effects of sulphur and nitrogen application rates on grain 
yield of maize plants  

Treatments Grain yield (ton/fed) 
Sulfur rates, (kg S/fed) 

0 0.894 
50 1.098 
100 1.331 
200 1.568 
300 1.831 

LSD 0.05 0.008 
Nitrogen rates, (kg N/fed) 

0 0.858 
30 1.129 
60 1.412 
90 1.978 

LSD 0.05 0.006 
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Jayakumar et al. (2008) concluded that with increasing rates of applied 
nitrogen, the grain yield has increased up to a certain level. Hammed et al. 
(2011) demonstrated that without application of N, grain yield and quality was 
greatly reduced. Also, the interaction between sulphur and nitrogen rates 
significantly affected the grain yield (Table 2 and Fig 1). The highest values of 
grain yield were produced due to application of 300 kg S /fed with 90 kg N /fed. 
Other reports confirmed that the grain yield per hectare can be increased 
significantly by the application of both nitrogen and sulphur (Rasheed et al., 
2004).  
 

 

Fig. (1). The relation between sulphur rates and nitrogen rates on grain 
Yield of maize plants 

Desta (2015) reported that the maximum grain yield was recorded in 
plots treated with 90 kg N ha-1 and in plots treated with 15 kg S ha-1. This might 
be probably due to the important role of N and S for growth and development 
which led to higher photosynthetic activities that resulted in the production of 
enough assimilate for subsequent translocation for higher yield. Sulphur and 
nitrogen relationships were established in terms of dry matter and yield for 
several crops in many studies (Ahmed et al., 1998; Jamal et al., 2005; 2006, 
2010). The utilization of nitrogen depends in a high degree on the balancing of 
nitrogen dose with the dose of sulphur (Wyszkowski 2000 and 2001; Grzebisz 
and Gaj, 2007). 

 
The grain yield of maize (Y) was regressed against the sulphur rate (X1) 

and nitrogen rate (X2). The grain yield of maize was positively correlated with 
the two variables (R2 = 0.956**). The regression equation for this relationship 
was:  

                   y = 0.4014 + 0.0031x1 + 0.0121x2   
                      R2 = 0.956 (P < 0.01) 

Thus, the efficiency of S rate: N rate would be equal to 0.0031: 0.0121 or 
1: 4.This equation can be used to predict sulphur application rate and nitrogen 
application rate to attain the optimum grain yield of maize plants when growth 
under soil conditions.   
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Elemental composition 
Elemental composition of maize plants as affected by sulphur application 

and nitrogen rates are presented in Table (4). Table 5 shows the main effects of 
sulphur application and nitrogen rates. Increasing sulphur application from zero 
to 300 kg S /fed showed significant effect on leaves N, K, P and S contents. 
Nitrogen, K, P and S contents were relatively increased to 10.95, 25.51, 39.15 
and 56.77% for N; 27.74, 43.72, 97.08 and 142.86% for K; 12.10, 25.42, 43.25 
and 60.71% for P and 12.12, 21.21, 32.07 and 40.40%  for S at  rates of 50, 
100, 200, and 300 kg S /fed respectively over the control treatment (without S 
application).  

 
Sulphur fertilizer application could also increase N, P, K accumulation 

and plant requirements for sulphur are closely linked to nitrogen availability (Xie 
et al., 2004). It has been reported that application of sulphur fertilizer 
significantly increased potassium and sulphur content in the straw of both spring 
and winter rapeseed (Jankowski et al., 2015). 

 
Table (4). The effects of sulphur and nitrogen rates on N, K, P and S 

content in leaves of maize plants   
 

Treatments N K P S 

Sulfur rates 
 (Kg S/fed) 

Nitrogen rates 
 (Kg N/fed) 

(g / kg D.W.) 

0 

0 7.63 16.33 2.05 3.07 
30 9.53 18.33 2.573 3.586 
60 11.83 21.66 3.076 4.090 
90 14.13 23.00 4.123 5.123 

50 

0 8.90 24.33 2.376 3.503 
30 10.70 24.33 2.983 4.010 
60 12.43 26.00 3.540 4.550 
90 15.83 26.66 4.330 5.716 

100 

0 10.63 27.33 2.790 3.793 
30 11.96 27.66 3.400 4.476 
60 13.86 29.00 4.070 5.060 
90 17.66 30.00 4.543 5.886 

200 

0 11.40 32.33 3.183 4.240 
30 13.30 33.33 3.900 4.903 
60 15.56 34.66 4.663 5.676 
90 19.76 56.00 5.160 6.136 

300 

0 12.83 41.00 3.676 4.706 
30 15.13 41.66 4.473 5.450 
60 17.46 48.66 5.270 5.780 
90 22.16 61.33 5.546 6.320 

Statistical significantLSD0.05 

Sulfur 0.682 2.193 0.017 0.030 
Nitrogen 0.392 1.077 0.039 0.021 
Nitrogen*Sulfur 0.877 2.410 0.087 0.047 
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Table (5). Mean effect of sulphur and nitrogen rates on nitrogen 
concentration in maize plant leaves   

 

Treatments 
N K P S 

( g / kg D.W.) 

Sulfur rates, (kg S/fed) 

0 10.78 19.83 2.96 3.97 
50 11.96 25.33 3.307 4.445 
100 13.53 28.50 3.700 4.804 
200 15.00 39.08 4.226 5.239 
300 16.90 48.16 4.741 5.564 

LSD 0.05 0.682 2.193 0.017 0.030 

Nitrogen rates, kg N/fed 

0 10.28 28.26 2.82 3.86 
30 12.12 29.06 3.466 4.485 
60 14.23 32.00 4.124 5.031 
90 17.91 39.40 4.740 5.836 

LSD 0.05 0.392 1.077 0.039 0.021 

  

Table (5) showed that N, K, P and S contents are significantly affected by 
nitrogen rates. Increasing N application rate up to 90 kg N/fed increased N , K, 
P and S contents in maize plant leaves by about 74.22%, 39.42%, 68.68%, and 
51.04%, respectively over the control treatment (without N). 

 
The interaction between S rates and N rates had significant effect on 

elemental composition (N, P, K and S) as shown in Table 4. The relationship 
between N contents in leaves and N-application rates was expressed by a 
straight line equation at each soil S level (Table 6). A significant positive 
relationship was found between N leaf content and N application rates at the 
five soil S levels. The obtained values of R2 were high and the comparison of 
the slopes of the five equations gives quantitative expression of the efficiency of 
N at the different levels of S application.  

    
Table (6) shows that at the S rates of 50, 100, 200 and 300 kg S/fed, the 

efficiency of N increased to 100, 100, 128.60 and 142.86% as compared with 
the efficiency of the control (i.e. at zero kg S/fed), respectively. It could be 
concluded from these results that the efficiency of N application for increasing N 
contents was increased as the S soil level was increased. 
 
Table (6). Simple regression equation for relating N content of maize 

plants with N application for the different rates of S application 
 

Rate of S Regression equation R2 

0 Y=0.751+0.007X 0.998 
50 Y= 0.858+0.007X 0.969 

100 Y= 1.007+0.007X 0.942 
200 Y= 1.090+0.009X 0.962 
300 Y= 1.234+0.010X 0.964 

                Y = N content (g /kg) 
                  X = N application (kg /fed) 
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Soil pH and Available S 

Tables (7and 8) show the pH of the soil cultivated with maize plants as 
affected by sulphur application and nitrogen levels. Table (8) showed 
decreasing in pH value of soil as a result of increasing S rate. The highest value 
of pH was obtained through zero sulphur, while the lowest value of pH was 
produced through 300 kg S/fed. Also, the pH values were decreased with 
increasing the levels of applied nitrogen to the soil (Table 8). It is clear that the 
pH values ranged between 8.04 and 8.01.it is clear that the interaction between 
sulphur and nitrogen was not significant on pH at 75 days after planting and at 
harvest (Table 7). 
 
Table (7). The effects of sulphur and nitrogen rates on pH and available S 

in soil  
  

Treatments 

pH Available S mg/kg soil Sulfur rates 
 (kg S/fed) 

Nitrogen rates 
 (kg N/fed) 

 
0 

0 8.22 130.2 
30 8.19 147.9 
60 8.17 165.6 
90 8.19 207.1 

 
50 

0 8.07 141.0 
30 8.05 177.8 
60 8.04 216.1 
90 8.04 230.1 

 
100 

0 8.04 179.7 
30 7.99 189.0 
60 7.99 201.0 
90 7.97 250.8 

 
200 

0 7.96 177.3 
30 7.96 198.0 
60 7.94 224.2 
90 7.95 280.0 

 
300 

0 7.93 189.1 
30 7.93 229.6 
60 7.92 255.5 
90 7.91 307.9 

LSD0.05 

Sulfur 0.02 2.141 

Nitrogen 0.02 2.491 

Nitrogen*Sulfur NS 5.572 
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Table (8). Mean effect of sulphur and nitrogen rates on pH and available S 
in Soil  

Treatments pH Available S (mg/kg) 

Sulfur rates, kg S/fed 

0 8.19 162.7 
50 8.05 191.2 

100 8.00 205.1 
200 7.95 219.9 
300 7.92 245.5 

LSD 0.05 0.02 2.141 
Nitrogen rates, kg N/fed 

0 8.04 163.5 
30 8.02 188.4 
60 8.01 212.5 
90 8.01 255.2 

LSD 0.05 0.02 2.491 

    
Table (7) shows the S-availability in soil cultivated with maize plants as 

affected by sulphur application rates and nitrogen application rates. The effect 
of sulphur rates on available S in soil increased with increasing sulphur rates 
since the highest level was 245.5 mg /kg soil attained at the rate of 300 kg S 
/fed, while the lowest value 162.7 mg /kg soil was produced without sulphur 
application. The S-availability ranged between 180.7 and 272.9 mg/kg soil at 75 
days after planting and between162.7 and 245.5 mg/kg soil as sulphur rates 
increased from zero to 300 kg S/fed. (Table 8). 

 
Application of nitrogen rates to the soil indicated significant increase in 

elemental availability of S as compared to the control treatment (without N) as 
shown in Table (8). The highest values of elemental S in soil was obtained with 
90 kg N/fed, while the lowest values were obtained in the absence of applied N. 
The interaction between sulphur rates and nitrogen rates had significant effect 
on elemental S in soil (Table 7). The highest value of elemental S in soil were 
obtained through application of 300 kg S/fed with 90 kg N/fed, while the lowest 
elemental S value in soil was obtained through the absence of both sulphur and 
nitrogen. 
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ABSTRACT: Wheat (Triticum aestivum L.) is one of the world’s major cereal crops. The 

present work was carried out at the Faculty of Agriculture, (Saba Basha), Alexandria University, 
Egypt during the seasons of 2014 up to 2016 to study the implementation of specific markers on 
some major traits in Egyptian wheat. Five Egyptian bread wheat genotypes (2n=42, AABBDD), 
Egypt 1, Gemmeiza 9 & 11, Sakha 93, Sids 1 and one wild wheat Aegilops ventricosa Tausch 
(2n=28, DvDvNvNv) were used in the current experiment. Specific peaks for target genes were 
scored across all genotypes in addition to other unique peaks for susceptible genotypes of all 
the traits. Polymorphic level was (90%) across all wheat accessions, especially between wild 
and domesticated wheat. High level of polymorphism could be attributed to selection of 
genotypes with diverse characteristics. A total of 110 alleles were detected, among which 21 
alleles (19%) were polymorphic and 89 alleles were specific for target genes (81%). For SSR, it 
is very common that each primer set amplifies multiple fragments and they are either different 
alleles in one locus or different loci. The result reveals significant differences in allelic diversity 
among wheat cultivars studied. The fragment sizes ranged from 103 to 440bp. This opens up a 
possibility to apply marker-assisted selection (MAS) in developing new Egyptian wheat cultivars. 
Key words: Wheat, SSR, specific markers, genetic polymorphism  

 

INTRODUCTION 

Wheat (Triticum aestivum) is one of the world’s major cereal crops. As 
the unique molecular make up of its grain allows its use as a primary structural 
ingredient of breads, pastas, tortillas, and other products worldwide. To achieve 
the food production levels needed to supply worldwide demands, plant breeders 
have focused on the development of agricultural varieties possessing two 
characters: high yield potential and high end-usequality. In order to meet the 
demands of the future populations, there is a need to develop new methods not 
only for increasing wheat yield, but also for increasing the utility and reliability of 
the resultant grain (Collard et al., 2005).  

Wheat is a major crop for human consumption. Its importance hinges 
upon unique rheological properties of wheat flour which allow for the production 
baked goods. In recent years, wheat production has been increasing rapidly 
enough to keep pace with population growth, and is predicted to continue 
increasing at an average yearly rate of 1.9%, rising from 609 million tons in 
1997 to a projected 641 million tons.  

Genetic markers represent genetic differences between individual 
organisms. Generally, they do not represent the target genes them selves but 
act as ‘signs’or ‘flags’. Genetic markers that are located in close proximity to 
genes (i.e. tightly linked) may be referred to as gene ‘tags’. Such markers 
themselves do not affect the phenotype of the trait of interest because they are 
located only near or ‘linked’ to genes controlling the trait.  

All genetic markers occupy specific genomic positions within 
chromosomes (like genes) called ‘loci’ (singular ‘locus’) (Hammer et al., 2000). 
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Simple seqance repeat (SSR) markers are abundant, highly polymorphic, 
evenly distributed throughout the genome and require only small amounts of 
genomic DNA for analysis (Nicot et al., 2004). Further, SSR markers were 
shown to be successfully able across different wheat species, making them a 
powerful tool for population genetics and mapping studies in wild and cultivated 
wheat (Fahima et al., 2002). Recent studies on SSR markers published a high 
level of polymorphism among diploid wheat species (Hammer et al., 2000), 
tetraploid wild wheat accessions (Fahima et al., 2002) and hexaploid wheat 
varieties (Plaschke et al., 1995). Nader (2014) used 312 microsatellite markers 
to analyze DNA polymorphism of three Egyptian wheat aiming to develop 
specific molecular markers useful in future Egyptian wheat breeding programs.  

A total of 477 fragments were detected and among 312 simple 
sequences repeat markers 162 were proved to be polymorphic. The percentage 
of genetic polymorphism ranged from 33% to 100 % and fragment size from 
112 to 535 bp. The present reasarch aims to usage of some specific markers 
for major traits such as drought, aluminum tolerance, quality of gluten (Low and 
high molecular weight), fungal disease resistance (stem, stripe, leaf rust, pre 
harvest sprouting resistance and Fusarium head blight resistance in some 
Egyptian wheat (Triticum aestivum L.) and their wild relatives, and detect the 
genetic distance and similarity between the Egyptian wheat studied varieties 
based on SSR markers. 

MATERIALS AND METHODS 

The present research was carried out at the Faculty of Agriculture (Saba 
Basha), Alexandria University, Egypt during the seasons of 2014 up to 2016 to 
study the implementation of specific markers on some major traits in Egyptian 
wheat (Triticum aestivum L.)  

Plant materials: 
Five Egyptian bread wheat genotypes, Egypt 1, Gemmeiza 9 & 11, 

Sakha 93, Sids 1 and one wild wheat Aegilops ventricosa Tausch were used in 
the current experiment. Grain samples were obtained from Field Crops 
Research Institute, Agriculture Research Center, Giza.  
 
Molecular analysis: 
DNA Extraction: 

Twenty known wheat DNA from USDA Genotyping Lab, Manhattan KS, 
USA were used as controls for different genes. Leaf tissue was collected from 
14 d old seedlings into 96-well plate (1mL), dried for two d in a freeze drier 
(Thermo Fisher, Waltham, MA), and ground by shaking the plate containing a 
3.2 mm metal bead in each well for 3 min at 25 times per second using a Mixer 
Mill (Retsch GmbH, Haan, Germany).  

 
Genomic DNA was extracted using the CTAB (cetyltrimethylammonium 

bromide) method (Saghai-Maroof et al., 1984). The quantity and quality of DNA 
were evaluated by running it in 0.8% agarose gel. Twenty SSR markers 
associated with important wheat genes were selected based on the previous 
reports (Tables 1 and 2).  
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Polymerase cycle reaction (PCR) amplifications were performed in a 
Tetrad Peltier DNA Engine (Bio-Rad Laboratories, Hercules, CA). A 13µl PCR 
mixture contained 1.0 µl of 10×NH4 buffer (Bioline Inc. Taunton, MA), 2.50mM 
MgCl2, 200µM each dNTP, 50nM forward-tailed primer, 90 nM reverse primer, 
40 nM M13 fluorescent-dye-labeled primer, 1.0U of Taq DNA polymerase and 
40ng of template DNA. Briefly, the reaction was incubated at 95°C for 5 min, 
and then continued for 5 cycles of 1 min at 96°C at 68°C with a decrease of 2°C 
in each subsequent cycle, and 1 min at 72°C. For another five cycles, the 
annealing temperature started at 58°C for 2 min, with a decrease of 2°C for 
each subsequent cycle.  

 
Reactions then went through an additional 40 cycles of 1 min at 96°C for 

2 min at 58°C, and 1 min at 72°C with a final extension at 72°C for 5 min. PCR 
products were separated in an ABI 3730 DNA analyzer (Applied Bio systems, 
Foster City, CA) and data were scored using Gene Marker (version 1.6; Soft 
Genetics LLC. State College, PA). 
 
Table (1). SSR markers associated with important traits selected for the 

current study. 
 

Markers Trait Category References 
WMC0331/Al 4DL Aluminum tolerance Theor Appl Genet (2005) 112: 51–57 
BAR0344/Al 3BL Aluminum tolerance Theor Appl Gene 2002, 104:286–293 
TSM0120/1RS Rye Drought tolerance Theor Appl Gene 2008,117:915–926 
Glu-A3ac/Glu-A3 Gluten strength (LMW) T. Appl Genet (2004) 108:1409–1419 
Glu-A3d/Glu-A3 Gluten strength (LMW) T. Appl Genet (2004) 108:1409–1419 
UMN19/Glu-A1 Gluten strength (HMW) Theor Appl Genet (2008) 118:177–183 
UMN25/Glu-D1 Gluten strength (HMW) Theor Appl Genet (2008) 118:177–183 
UMN26/Glu-D1 Gluten strength (HMW) Theor Appl Genet (2008) 118:177–183 
UHW89/Yr36 protein content (HGPC) Dr. St. Amand (KSU, KS, USA) 
Sr35- 64A22-1/Sr35 Stem rust resistance Dr. St. Amand (KSU, KS, USA) 
Sr36-STM773-2/Sr36 Stem rust resistance Nucl. Appl. Res., 2002, Vol. 30, No. 23 
Sr28-wPt-7004/Sr28 Stem rust resistance Theor Appl Gene (2012) 125:877–885 
csSr2-CAP/Sr2 Stem rust resistance Theor Appl Genet (2011) 122:735–744 
GWM0413/Yr15 Stripe rust resistance Genetics 1998,149:2007–2023 
GWM0273/Yr15 Stripe rust resistance Genetics 1998,149:2007–2023 
GWM0614/Lr17 leaf rust resistance Genetics 1998,149:2007–2023 
VEN./Lr37, Sr38, Yr17 Leaf rust resistance Crop Science, 2003, 43:1839-1847 
BAR0055/Sr32 Preh. Spro. resistance T. A. Genet (2009) 119:1223–1235 
Lr21-214/Lr21 Leaf rust resistance www.k-state.edu/wgrc/Protocols 
UMN10/Fhb1 F. head blight (FHB) C. Res. Comm. 2008.B 36:195-201 
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Table (2). Primers name and sequences of the SSR loci reaction. 
  

Primers Sequence 

WMC0331 
F: ACGACGTTGTAAAACGACCCTGTTGCATACTTGACCTTTTT 
R: GGAGTTCAATCTTTCATCACCAT 

BAR0344 
F:ACGACGTTGTAAAACGACGCGCGTCGACATGTATTTCTTGAT 
R: GCGTTTCATCTGGTATCTGGTGTAT 

TSM0120 
F: ACGACGTTGTAAAACGACCCGCCGTCCTCCTCCT 
R: AGACGGCAGGCATGGAT 

Glu-A3ac 
F: ACGACGTTGTAAAACGACCACAATTTTCACAGCAACAGCAG 
R: TTGGTGGCTGTTGTGAAGACGA 

Glu-A3d 
F: ACGACGTTGTAAAACGACACCAGTTATTCATCCATCTGCTC 
R: GTGGTTTCGTACAACGGCTCG 

UMN19 
F: ACGACGTTGTAAAACGACCGAGACAATATGAGCAGCAAG 
R: CTGCCATGGAGAAGTTGGA 

UMN25 
F: ACGACGTTGTAAAACGACGGGACAATACGAGCAGCAAA 
R: CTTGTTCCGGTTGTTGCCA 

UMN26 
F: ACGACGTTGTAAAACGACCGCAAGACAATATGAGCAAACT 
R: TTGCCTTTGTCCTGTGTGC 

UHW89 
F: ACGACGTTGTAAAACGACTCTCCAAGAGGGGAGAGACA 
R: TTCCTCTACCCATGAATCTAGCA 

Sr35-Cyrille-64A22-1 
F: ACGACGTTGTAAAACGACATTCGTTGCGTGTTGGCTGATG 
R: GCTCGGGATGCATGGTATTGGTA 

Sr36-STM773-2 
F: ACGACGTTGTAAAACGACATGGTTTGTTGTGTTGTGTGTAGG 
R: AAACGCCCCAACCACCTCTCTC 

Sr28-wPt-7004 
F: ACGACGTTGTAAAACGACCTCCCACCAAAACAGCCTAC 
R: AGATGCGAATGGGCAGTTAG 

csSr2-CAP 
F:ACGACGTTGTAAAACGACAGATAACTCTTATGATCTTACATTTTTCTG 
R: CAAGGGTTGCTAGGATTGGAAAAC 

GWM0273 
F: ACGACGTTGTAAAACGACATTGGACGGACAGATGCTTT 
R: AGCAGTGAGGAAGGGGATC 

GWM0413 
F: ACGACGTTGTAAAACGACTGCTTGTCTAGATTGCTTGGG 
R: GATCGTCTCGTCCTTGGCA 

GWM0614 
F: ACGACGTTGTAAAACGACGATCACATGCATGCGTCATG 
R: TTTTACCGTTCCGGCCTT 

VENTRIUP-LN2 
F: ACGACGTTGTAAAACGACAGGGGCTACTGACCAAGGCT 
R: TGCAGCTACAGCAGTATGTACACAAAA 

Lr21-214 
F: ACGACGTTGTAAAACGACTGAGGTCAACAAAGAAAACCTG 
R: ATCCAATGCAGTGGCATTCT 

BAR0055 
F:ACGACGTTGTAAAACGACGCGGTCAACACACTCCACTCCTCTCTC 
R: CGCTGCTCCCATTGCTCGCCGTTA 

UMN10 
F: ACGACGTTGTAAAACGACCGTGGTTCCACGTCTTCTTA 
R: TGAAGTTCATGCCACGCATA 

(source: USDA Genotyping Lab, Manhattan KS, USA) 

 
Data analysis: 

Specific peaks for target genes were scored across all genotypes in 
addition to other unique peaks for susceptible genotypes of all the traits. 
Fragments scored as present/absent. Fragment scoring and lane matching 
performed automatically on digital images of the gels, using geneMarker 
programe. 
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RESULTS AND DISCUSSION  

Specific peaks for target genes were scored across all genotypes in 
addition to other unique peaks for susceptible genotypes of all the traits. 
Polymorphic level in this study is high (90%) across all wheat accessions, 
especially between wild and domesticated wheat used in this study (Table 3). 
The high level of polymorphism could be attributed to selection of genotypes 
with diverse characteristics. These genotypes will be useful for developing 
mapping populations between wild and domesticated wheat. The polymorphism 
observed in this study represents inherent variability among genotypes at the 
DNA level. Microsatellite markers are becoming the markers of choice due to 
the level of polymorphism, as well as higher reliability (Plaschke et al., 1996 and 
Fu et al., 2005). In wheat, abundant wheat genomic SSR markers are now 
available and mapped, making them a useful resource for further studies. 

A total of 110 alleles were detected (Table 3) among which 21 alleles 
(19%) were polymorphic and 89 alleles were specific for target genes (81%). 
For SSR, it is very common that each primer set amplifies multiple fragments 
and they are either different alleles in one locus or different loci. The result 
reveals significant differences in allelic diversity among wheat accessions 
studied. The fragment sizes ranged from 103 to 440bp. The study indicated the 
presence of specific markers in cultivated wheat using SSR markers. This 
opens up a possibility to apply marker-assisted selection (MAS) in developing 
new Egyptian wheat cultivars. The results showed one specific allele per locus, 
except some markers showed both resistant and susceptible allele (Table 3) 
while (Fahima et al., 1998) reported an average of 10 alleles per locus on some 
wild wheat accessions; also, Zeb et al. (2009) reported an average of 5.2 alleles 
per cultivar.  

 
In addition, Salem et al. (2008) reported an average of 3.2 alleles from 

seven wheat cultivars. These allelic variations in different studies are mostly 
attributed to the kind of wheat genotypes for the mentioned studies (Abdel 
Tawab et al. 2003). The introduction of some traits into plants can be very 
difficult and expensive. Some important markers can be considered as a useful 
marker for screening some biotic and a biotic stress trait in the Egyptian wheat 
genotypes.  

 
In many studies they are mostly attributed to the kind of wheat 

genotypes. Considerable amount of natural out crossing that occurs in wild 
wheat accessions and also the landraces which are selected from local 
germplasm have a wide range of diversity and thus will result in higher alleles 
(Salem et al. 2008). However, cultivars which are product of repeated 
inbreeding would have lower alleles than both of wild genotypes or landraces. 
The size of the detected alleles produced from using the SSR primer sets 
ranged from 59 to 635 bp (Table 3) which reflects not a large difference in the 
number of repeats between different alleles.  

 
While, Salem et al. (2008) obtained an allelic size range between 77 to 

266 bp on using 15 microsatellite markers on some wheat genotypes. In 
addition, Moghaieb et al. (2011) reported an allelic size range between 82 to 
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1620bp on using SSR markers associated with salt tolerance in Egyptian 
wheats. It should be noted that SSR markers can not only show different allelic 
variations in the same species but they are also able to assess even 
monoallelic differences in subspecies specifically (Naghavi et al. 2007). 

 
The microsatellite variation is thought to be due to slippage of the DNA 

polymerase during replication of unequal crossing over resulting in differences 
in the copy number of the core nucleotide sequence. Data in Table 4 indicated 
that the six Egyptian bread and wild wheat were resistant for most traits 
especially for Fusarium head blight, Stripe rust resistance and Stem rust 
resistance. The results also showed that these genotypes have high protein 
content (HGPC). While in some traits such as pre harvest sprouting, all the 
genotypes were susceptible, on the other hand both resistant and susceptible 
were showed for drought tolerance, aluminum tolerance and leaf rust resistance 
(Table 4). These kinds of data can be very important for wheat breeders in 
Egypt.  

 
The advantage of molecular markers for researchers is that they can test 

for a particular trait as early as in seeds of plants before they are planted. There 
is no longer a need for the plant to develop to a stage at which the trait can be 
observed, delay that in some cases can take many months. DNA markers have 
gradually been integrated into breeding programs, not as a big revolution 
replacing conventional breeding, but as an additional tool. This integration is 
only possible through a close interaction between breeders and molecular 
laboratory so that there is a mutual understanding of what is required for an 
optimised use of markers within the breeding schemes (Reynolds and Borlang, 
2006). Several studies of molecular assisted-selection markers on wheat using 
different methods such as Abdel Tawab et al. (2003) detected five positive and 
negative RAPD markers for drought tolerant in Egyptian bread wheat. 
Moreover, the results are in line with those reported by Bruckner and Fraberg, 
(1987), Abdel–Bary et al. (2005), Rampino et al. (2006) and Alan, (2007) who 
assigned RAPD markers to drought stress tolerance in wheat genotypes using 
molecular markers. The present results also agree with those of Rashed et al. 
(2010), who indicates that there are potential markers to be used as marker 
assisted selection to improve drought stress tolerance by molecular breeding. 
Marker-assisted selection based on genotype mean performance will greatly 
increase breeding efficiency (Manavalan et al. 2009; Irada and Samira, 2010). 
Data in Figure (1) showed with using Glu-A3 marker for screening about the 
Gluten strength (Low Molecular Weight) for five Egyptian wheat and one wild 
type that Egypt 1, Gemmeiza 9 and 11 showed the specific peak at 108 bp 
comaring with with the published work. While with using Glu-A3d/Glu-A3 marker 
for Gluten strength (Low Molecular Weight) detect the specific peak on 128 bp 
for Egypt 1, Sakha 93 and gemmeiza 9 & 11, except the wild wheat Ae. 
verntricosa (Figure, 1). According to the data in Figure (5) with GWM0614/Lr17 
marker, Gemmeiza 11, Sakha 93, Ae. ventricosa showing specific peak for leaf 
rust resistance at 168 bp. Gemmeiza 9 & 11, Sakha 93, Ae. ventricosa showed 
one specific peak at 363 bp with TSM0120/1RS Rye marker for Drought 
tolerance (Figure 2) 
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Figure (1). GeneMarker analysis for some wheat cultivars using Glu-A3 

abd Glu-A3d/Glu-A3 markers showing specific peak for 
Gluten strength (Low Molecular Weight) and pblished in 
Theor Appl Genet (2004) 108:1409–1419. 
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Figure (2). GeneMarker analysis for some wheat cultivar such as 

Gemmeiza 11, Sakha 93, Ae. ventricosa using 
GWM0614/Lr17 marker showing specific peak for leaf rust 
resistance and pblished in Genetics 1998,149:2007–2023. 

  

 
 
Figure (3). GeneMarker analysis for some wheat cultivar such as Sakha 93 

and Ae. ventricosa using UMN25/Glu-D1 marker showing 
specific peak for Gluten strength (HMW) and pblished in Theor 
Appl Genet (2008) 118:177–183. 
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Table (3). Primers, chromosome locations, and specific SSR markers in 
some Egyptian wheat and their relatives  

 

Markers 

C
h

ro
m

o
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m

e
 

Size 
(bp) 
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tr
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Misr 
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Sids 
1 
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e
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e
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1
1

 

G
e
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 9
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h

a
 9

3
 

*
A

e
.v

e
n

t 

WMC0331/Al 4DL 1AS 108 108 108 108 108 108 - - 
BAR0344/Al 3BL 3BL 255-299 255 255 299 299 299 284 - 
TSM0120/1RS Rye 1RS 114-363 114/363 114 114 114/363 114/363 114/363 133/363 
Glu-A3ac/Glu-A3 1AS 108 108 108 108 108 108 - - 
Glu-A3d/Glu-A3 1AS 108 108 108 108 108 108 - - 
UMN19/Glu-A1 1AL 361-379 379 379 361 361 379 361 - 
UMN25/Glu-D1 1DL 297-315 315 297 297 297 297 297/315 315 
UMN26/Glu-D1 1DL 411-429 429 411 411 411 411 411/429 429 
UHW89/Yr36 6BS 145-159 141 145 145 145 145 145 148/159 
Sr35- 64A22-1/Sr35 2BS 220-235 235 220 220 220 - 220 - 
Sr36-/Sr36 2BS 184-208 168 200/208 200/208 206 206 208 184 
Sr28-wPt-7004/Sr28 3AL 180 180 180 180 180 180 180 180 
csSr2-CAP/Sr2 3BS 188-242 188/242 242 242 242 242 188/242 - 
GWM0413/Yr15 1BS 174-181 181 185 181 186 181 174 181 
GWM0273/Yr15 1BS 103-128 111 108 108 108 108 128 103/108 
GWM0614/Lr17 2AS 157-168 168 166 166 168 166 168 157 
VENTRIUP-LN2/Lr3, Sr38,Yr17 2AS 276-276 276 ٠ 276 276 276 276 276 
BAR0055/Sr32 4AR 141-149 128/342 149 149 144 149 141 144 
Lr21-214/Lr21 1DS 223-441 214 323 323 305 305 305 441 
UMN10/Fhb1 3BS 247-257 249/257 249/257 249/257 249/257 247/257 247/257 247/257 

*Ae.vent: Aegilops ventricosa Tausch 

 
Table (4). Resistance and susceptible genotypes for some traits in 

Egyptian wheat.  
 

Traits M.1 S.1 Gem.11 Gem.9 Sa.93 Ae.Vent. 

Drought tolerance  S S R R R R 
Aluminum tolerance R R/S R/S R/S R/S S 
F. head blight (FHB) R R R R R R 
Pre. sprouting  S S S S S S 
Stripe R. resistance R R R R R R 
L. rust resistance R/S R R R R R/S 
S. rust resistance R R R R R R 
protein (HGPC) R R R R R R 
G. strength (HMW) S S S S R R 
G. strength (LMW) R R R R S S 
Total  9 7 9 9 11 8 

            *R: Resistance peak *S: susceptible peak *R/s: both peaks  

 

CONCLUSION 
The present research will be a useful reference and initial step for 

conventional plant breeders, physiologists, pathologists and other plant 
scientists in Egypt to decrease the cost and time on selecting the markers in the 
future studies.  This study aimed to develop molecular markers associated with 
some different traits in wheat using simple sequence repeat (SSR) markers and 
usefulness of these markers to detect possible specific markers to be utilized in 
the wheat future breeding programs in Egypt. 
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ABSTRACT: The comparative toxic effects of α-cypermethrin, emamectin benzoate and 

imidacloprid were examined on honey bees (Apis mellifera L.). Separate groups of bee workers 
(A. mellifera) were left for 24 and 96hr to feed on 50% sucrose solution containing different 
concentrations of the tested insecticides, and the lethal concentration of each insecticide that 
caused 50% mortality (LC50) was estimated. The inhibitory effects of different selected 
concentrations (¼ LC50, ½ LC50 and LC50) on AChE, antioxidant enzymes activities (as 
environmental biomarkers) and the level of Malondialdehyde (MDA) (as an indicator for lipid 
peroxidation were determined in vivo after 24hr in head (for AChE) and in midgut (for 
antioxidant enzymes and MDA level) of surviving bees obtained after treatments with the 
insecticides to explore the possible effects of these compounds. Results indicated that exposure 
to emamectin benzoate showed toxicity to honey bees with LC50 value of 0.275mg/l, followed by 
α-cypermethrin (LC50= 5.4mg/l) while imidacloprid was the least toxic tested compound (LC50= 

24.97mg/l). Alpha (α) cypermethrin at the tested concentrations of 1.6, 2.7 and 5.4mg/l inhibited 
the activity of AChE in honey bees workers. Also, imidacloprid at 6.2, 12.5 and 24.97mg/l 
caused inhibition of AChE activity. On the other hand, emamectin benzoate at the 
concentrations of 0.07, 0.14 and 0.275mg/l caused high activation of AChE. In addition, the 
toxic effects of the tested compounds on antioxidant enzymes activities indicated that all 
compounds caused activation of these enzymes. Moreover, there was a decrease in the level of 
Malondialdehyde in the case of α-cypermethrin and imidacloprid, while emamectin benzoate 
elevated the level of MDA in honey bees. This suggests the use of AChE and antioxidant 
enzymes as environmental biomarkers for the assessment of the toxic effect of the tested 
insecticides on ecosystem health. It might allow the detection of early biological change, which 
may result in long-term physiological disturbances.  
Key words: Apis mellifera, toxicity, α-cypermethrin, imidacloprid, emamectin benzoate, AChE, 
antioxidant enzymes, MDA. 

INTRODUCTION 

Honey bees are considered to be good pollinators of many vegetable 
and fruit crops. Without adequate populations of bees, the production of these 
and other crops would be impossible. In addition, bee colonies are maintained 
for their honey and wax production. Many insecticides used for pest control are 
toxic to honey bees and therefore they can be used as indicator organisms for 
environmental pollution with pesticides. 
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The use of environmental biomarkers in ecotoxicology is becoming a 
useful routine, and various endpoints have been proposed as valuable tools to 
assess the effects of environmental chemical contamination. Among the most 
biomarkers, acetylcholinesterase (AChE) inhibition which are being frequently 
used both in environmental monitoring and laboratory assays. AChE is an 
important enzyme for the maintenance of normal nerve function. Inhibition of 
this enzyme resulting from the irreversible binding at the AChE active site 
(ester-forming site) leads to the accumulation of acetylcholine in the synapse, 
resulting in the disruption of normal function (Ibrahim et al., 1998). Other 
biomarkers are also of great interest such as that related to detoxification 
potential of the studied organisms. In recent years, several reports have 
suggested that, insecticides cause oxidative stress, characterized by exposure 
to excessive reactive oxygen species (ROS). The body has developed several 
defense mechanisms against oxidative damage. These mechanisms are 
composed of enzymatic and non-enzymatic systems. The enzymatic 
mechanism is made of free radical scavengers like catalase (CAT) and the 
glutathione-depend enzymes such as glutathione-s-transferase (GST) and 
glutathione peroxidase (GPX) (Durak et al., 2010). 

Malondialdehyde (MDA) is one of the indicators of lipid peroxidation, and 
it also react with DNA, protein, enzyme and other biomolecules, leading to 
oxidative damage. Any variability in MDA determinations may arise from 
variability in non-enzymatic chemical events yielding lipid peroxide products. 
Some of these products may increase or decrease the activities of specific 
antioxidant enzymes (Janero, 1990). 

Therefore, the aim of the present research is to test the in vivo toxicity of 
α-cypermethrin, emamectin benzoate and imidacloprid against the honey bee 
(A. mellifera) workers.  

MATERIALS AND METHODS 

 Honey bee (Apis mellifera) 
First cross (Carnilolan* Egyptian) honey bee colonies reared in the apiary 

of El-Sabhia Research Station, Agriculture Research Center, Ministry of 
Agriculture, Alexandria, Egypt were used in the present investigation. Bee 
workers were stored in a temperature controlled chamber in the dark at 
25±1.5°C and 65±5% RH where they remained quiet and protected from stress-
induced biochemical changes. Bees of age of 3-4 weeks were fed on 50% 
(W/V) sucrose solution ad libitum according to Sharaf El-Din(1982). 

 
Chemicals 

Acetylthiocholine iodide (ATCI), 5.5'-dithio-bis-2-nitrobenzoic acid 
(DTNB), reduced glutathione (GSH), 1-chloro-2,4-dinitrobenzene (CDNB); 
Triton x-100, Folin Ciocalteau phenol reagent and bovine serum albumin (BSA) 
were purchased from sigma – Aldrich chemical company (Fancy Road, Poole, 
Dorest, BH12 4QH, England). Other chemicals used either for hatching 
procedure, toxicity tests or biochemical assays were obtained from BDH 
Laboratory supplies (Ltd. Limited, Poole, UK). 
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Tested Insecticides 

The insecticides tested were commercial formulations of α-cypermethrin 
(α-Zed 10% EC) as a, emamectin benzoate (Elector 2% EC) and imidacloprid 
(Best 25% EC) and these formulations were supplied by Arab Company for the 
Manufacture of Pesticides and Veterinary Medicines, Egypt. 

Toxicity of the tested insecticides 
Adult honeybee workers were exposed to a range of concentrations of 

each of the test compounds (α-cypermethrin, emamectin benzoate and 
imidacloprid) dispersed directly in 50% sucrose solution. Three replicate test 
groups, each of ten bees were used in each experiment. Three control batches, 
each of ten bees, were run in addition to the tested series (control insects were 
fed on 50% sucrose solution only). The bees were held in an experimental room 
at a temperature of 25 ± 2ºC and a relative humidity of 50-70%. The mortality 
was recorded after 24 and 96hrs and compared with control values. If the 
untreated check (control) group recorded mortality, correction for control 
mortality is made using Abbott’s formula (Abbott, 1925). Analysis of the 
mortality data was achieved by appropriate statistical methods (probit analysis) 
(Finney, 1971). Median lethal concentrations (LC50) and associated 95% 
confidence limits were calculated. 

  
Half and quarter of LC50 were also calculated for each insecticide from 

the propit (mortality) / log dose regression equation (y= a + bx), where y= 
4.3255 and 3.8497, respectively.  

AChE assay 
Laboratory strains of nursery honey bee workers were fed on α-

cypermethrin, emamectin benzoate and imidacloprid dispersed in 50% sucrose 
solutions at ¼ LC50 (12.5% mortality), ½ LC50 ( 25% mortality) and LC50 ( 50% 
mortality) plus an  untreated group as a control. AChE activity was assessed (in 
vivo) in head of adult honey bee workers. The heads were cut from surviving 
bees at time end points of     24 hr, placed in eppendorf  tubes, snap frozen in 
liquid nitrogen and stored at 20ºC for AChE assay. AChE activity was assayed 
according to Ellman et al.(1961).  

 
Antioxidant enzymes assay  

After 24 hrs of feeding on the tested insecticides (α-cypermethrin, 
emamectin benzoate and imidacloprid) at the concentration of ¼ LC50, ½ LC50 
and LC50 plus untreated group (as a control), GST, CAT, and GPx were 
assessed (in vivo) in midgut homogenate of the adult honey bee workers.  

Catalase (CAT) was determined according to Aebi (1984), Glutathione-s-
transferase (GST) was determined according to Habig et al. (1974), Glutathione 
peroxidase (GPX) was measured according to Paglia and Valentine (1967) and 
Malondialdehyde level (MDA) was estimated according to Sotoh (1978) and 
Ohkawa et al. ( 1979). All data were expressed as mean ± SD  
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RESULS AND DISCUSIONS 

Toxicity of α-cypermethrin, emamectin benzoate and imidacloprid on the 
honey bee workers (A. mellifera) 

Results in Table (1) presented the calculated LC50 and the associated 
parameters (confidence limits and slope) of each of the tested insecticides 
against the workers of the honey bee. It is evident from LC50 values of the 
tested insecticides that emamectin benzoate was the most toxic tested 
compound to honey bee workers with LC50 values of 0.275 and 0.184mg/l after 
24 and 96 hr time exposure, respectively, followed by α-cypermethrin with LC50 
values of 5.411 and 3.267mg/l after 24 and 96 hr of treatment, respectively. 
Imidacloprid was proved to be the least toxic insecticide with LC50 values of 
24.97and 10.98mg/l after 24 and 96 hrs of treatment, respectively. 

It was noticed that, the toxicity of the tested insecticides against A. 
mellifera increased as the exposure time increased. 

Yan-Xia et al. (2008) reported that  methylamino abamectin benzoate 1% 
EC was extremely toxic to bees with LC50 value of 0.490 mg/l after 48-hrs. The 
presented results are also in accordance with Laurino et al. (2013). Who found 
that LD50 value of imidacloprid  at 24 hours was 118 ng/bee, at 48 hours was 
90.09 ng/bee and at 72 hours was 69.68ng/bee and they also reported that the 
toxicity of imidacloprid increased with the increase of the exposure time. 
Moreover, Hassona and Kordy (2015) proved that certain pesticides (Vertimec® 
as a bio-insecticide) was toxic against honey bee forgers. Rasuli et al. (2015) 

showed that fenpropathrin as a synthetic pyrethroid insecticide had high acute 
oral toxicity (LC50-24h and LC50-48hrs were 0.54 and 0.30 ppm, respectively). 
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In vivo AChE activity in A. mellifera exposed to α-cypermethrin, 
emamectin benzoate and imidacloprid for 24hr  

The results in Figure (1) show the in vivo effects of the tested 
insecticides on AChE activity of A. mellifera. The results revealed that 
imidacloprid at the concentrations of 6.2, 12.5, and 24.97 mg/l (¼ LC50, ½ LC50 
and LC50) caused 6.2 16.5, and 23.4% inhibition, respectively. Also, α-
cypermethrin caused inhibition percentages of 2.1, 5.1, and 7.5% when it was 
tested at the concentrations of 1.6, 2.7, and 5.4mg/l, subsequently. On the other 
hand, emamectin benzoate at the concentrations of 0.07, 0.15, and 0.275mg/l 
caused 60, 73.2, 82.8% increase of A. mellifera AChE activity, respectively. 

These present results are in agreement with those of Bendahau et al. 
(1999) who reported that cypermethrin slightly inhibit acetylcholinesterase 
activity on honey bees and this because AChE is not a specific target or site to 
synthetic pyrethroids. Also, Badiou et al. (2008) used acetylcholinesterase 
(AChE) as a biomarker (or indicator) of exposure to deltamethrin insecticide in 
the honey bee, A. mellifera. Moreover, Menessy (2011) revealed that 
avermectin insecticide (milbemectin) cause in vivo activation of AChE of honey 
bee head.  In addition, Badiou et al. (2012) observed that there were no 
response for AChE on honey bees treated with the neonicotinoid insecticide 
thiamethoxam. Moreover, these results are in accordance with those obtained 
by Boily et al. (2013) who reported that AChE activity on foraging bees was 
inhibited in response to a neonicotinoid (imidocloprid). 

 

          

 

 

 

    

 

 

 

 

 

 

Figure (1). In vivo effects of α-cypermethrin, emamectin benzoate and 
imidacloprid on AChE  activity of A. mellifera. 
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Effects of α-cypermethrin, emamectin benzoate and imidacloprid on 
antioxidant enzymes activities and MDA level in A. mellifera 

The results in Table (2) show the in vivo effects of the tested insecticides 
on certain antioxidant enzymes activities of A. mellifera. Data revealed that 
there was a significant increase in the catalase (CAT), glutatione-s-transferase 
(GST) and glutathione peroxidase (GPx) activities depend on the concentration 
of insecticides used as compared to the control. 

In addition, there was a decrease in the level of Malondialdehyde (MDA) 
in the case of α-cypermethrin and imidacloprid. On the other hand, emamectin 
benzoate caused slight elevation (11.1%) in the level of MDA in A. mellifera as 
compared with control (Table 3). 

These results demonstrate that enhanced activities of CAT, GST, and 
GPx can lead to elimination of ROS in the midgut of honey bees. Also, the 
increase in CAT, GST, and GPx activities may be an attempt to counteract the 
increase in MDA level as a defense mechanism by cells against free radicals 
generation.  

The oxidative destruction of lipids acts in a chain reaction to form lipid 
hydroperoxides, which can decompose to MDA as the end product. The 
decrease in lipid peroxidation during the treatment with α-cypermethrin and 
imidacloprid may be due to an increase in antioxidant defense. 

These results are in agreement with those of Yu et al. (1984) who found 
that the insecticidepermethrin significantly stimulated the glutathione-s-
transferase in adult worker bees (Apis mellifera L.). Also, Johnson et al. (2006) 

reported that three pyrethroids (cyfluthrin, lambda-cyhalothrin and tau-
fluvalinate) may activate GSTs enzyme in honey bee worker. Moreover, these 
finding are supported with those of Badiou et al. (2012). They evaluated the 
development of GST and CAT as enzyme biomarkers of exposure to 
neonicotinoid xenobiotics such as thiamethoxam in the honey bee, A. mellifera 
and they found an increase on GST and CAT activities due to such exposure. 
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Table (3). In vivo toxic effect of α-cypermethrin, emamectin benzoate and 
imidacloprid on MDA level in A. mellifera  

 

CONCLUSION 

The current study compared and evaluated the toxicity of three 
insecticides belonging to different chemical groups (α-cypermethrin, emamectin 
benzoate and imidacloprid) on honey bee (A. mellifera) workers. AChE and 
antioxidant enzymes activities were determined and quantified to investigate the 
possibility of using such enzymes as environmental biomarkers (indicators) of 
exposure to these insecticides. It is therefore suggested that these insecticides 
must be used only with greatest care as they may impact on honey bees. 
Further studies are needed to investigate the duration of behavioral effects of 
these compounds on bees, in relation to biomarker response, particularly at 
sublethal doses. Therefore, this profile of biomarker variation could represent a 
useful fingerprint to characterize the exposure to different groups of 
insecticides. 
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Compound Concentration (mg/l) MDA level (% of Control) 

α -cypermethrin 
0.0 100.0 ± 1.2 
1.6 63.3 ± 1 
2.7 55.7 ± 0.9 

Emamectin benzoate 
0.00 100.0 ± 1.2 
0.07 102.8 ± 0.4 
0.14 111.1 ± 0.9 

Imidacloprid 
0.0 100.0 ± 1.2 
6.2 55.6 ± 1.1 

12.5 52.4 ± 0.8 
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ABSTRACT :  Field experiment was carried out at the Experimental Research Station (Abis), 

Faculty of Agriculture, Saba Basha, Alexandria University, during the growth season of 2013/2014 
to investigate the effect of sulfur and silicon applications on the yield and chemical composition  of  
Maize (Zea mays L.) plant  grown under saline soil conditions. The seed individual hybrid 352 
cultivar was used in this study. Two factors were conducted in a split-plot design with three 
replications. The elemental sulphur was applied to the main plots before planting at rates of 0, 200, 
400 and 600 kg S/ fed. The sub- plot contained silicon treatments which were added before planting 
at rates of  0, 5, 10 and 15 kg Si/fed as potassium silicate. The highest grain yield of maize (1.472 
ton/fed) was obtained due to application of 600 kg S/fed. Applied potassium silicate in combination 
with sulphur levels increased the grain yield in comparison with the control. Nitrogen, P, K, S and Si 
contents in leaves of maize were significantly increased as sulphur rates increased. Also, silicon 
application increased N, P, K, S and Si contents in leaves of maize at harvest as compared to the 
control. Nitrogen concentration and protein content in the grains of maize significantly increased as 
sulphur or silicon rate increased. Also, the application of sulphur or silicon and their interaction had 
significant increase effect on the amount of available S and available Si in soil. 
Key words: Silicon, Saline soil, Sulphur, Maize, Chemical composition .  

 

INTRODUCTION 

Maize (Zea mays L.) is one of the most important cereal crops growing in 
the Egypt. It is used as a food for human consumption as well as feeding 
animals (Moussa, 2001). In Egypt, the    local production still under self-
sufficiency  level. Overcoming the deficiency of maize productivity is an 
essential national target to reduce the gap between production and 
consumption. Unluckily, in many regions, especially in the tropics and sub-
tropics, the production of maize is markedly reduced due to environmental 
stresses like soil salinity or alkalinity. Egyptian soils are in general distinguished 
by a low to high salt content which are mainly due to its arid conditions (Abd-
Alla et al., 2014). 
 

Sulfur is the fourth major plant nutrient after nitrogen, phosphorus and 
potassium. It is essential for synthesis of the amino acids like cystine, cysteine 
and methionine, and it is a component of vitamin A and acts to activate certain 
enzyme systems in plants (Havlin et al.,2004). Continuous removal of S from 
soils through plant uptake has led to widespread S deficiency and affected soil 
S budget (Aulakh, 2003). In addition, continuous growing sulphur responsive 
crops, high intensive cropping and use of sulphur free fertilizers caused S 
deficiency in soils (Tandon and Tiwari, 2007).  

                                                       
Silicon is not listed among the higher plant essential elements, but the 

direct and indirect beneficial effects of Si on plant growth and development are 
well documented. Many studies have reported that Si may be involved in 
metabolic or physiological and/or structural activity in higher plants that are 
exposed to abiotic and biotic stresses (Liang et al., 2003 and Shen et al., 2010). 
Over the last two decades, numerous laboratory, greenhouse and field 
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experiments have demonstrated that Si is able to hamper both biotic pressures 
caused by plant diseases and pest attacks, as well as abiotic pressures, 
including physical pressures such as drought, waterlogging, freezing, high 
temperature, and UV, and chemical pressures as salinity, nutrient deficiencies, 
and metal toxicity (Guntzer et al., 2012; Balakhnina and Borkowska, 2013; 
Marafon and Endres, 2013; Van Bockhaven et al., 2013; Zhu and Gong, 2014; 
Rizwan et al., 2015).Maize has been known as a Si accumulator (Liang et al., 
2005) and thus it is a popular crop for studies on the useful impacts of Si under 
environmental pressures (Malcovska et al., 2014). 
 

The aim of this study, therefore, was to investigate the effects of sulphur 
and silicon applications on the growth, yield and chemical composition of Maize 
(Zea mays L.) grown in saline soil. 
 

MATERIALS AND METHODS 

Field experiment was carried, out at the Experimental Station (Abis), 
Faculty of Agriculture, Saba Basha, Alexandria University, during the growth 
season of 2013/2014 to investigate the effect of sulfur and silicon applications 
on the yield and chemical composition of  Maize (Zea mays L.) plant grown 
under saline soil conditions. The seed of   individual   hybrid   352 cultivar was 
used in this study. Two factors were conducted in a split-plot design with three 
replications. The sulphur was applied to the main plots before planting at rates 
of 0, 200, 400 and 600 kg S/ fed. The sub- plots received silicon treatment 
which added before planting at rates of 0, 5, 10 and 15 kg Si/fed. as potassium 
silicate. The area of each plot was 10.50 m2 (3.5 m length x 3 m width), with 5 
ridges 60 cm apart and 25 cm between hills. The recommended doses of 
nitrogen (50 kg N/fed.) as ammonium sulphate fertilizer (20.5% N) and 
phosphorus (36 kg P2O5) as triple phosphate (46% P2O5) were applied to the 
soil in a single dose during land preparation. All recommended cultural practices 
for the maize crop were done according to the recommendations of Ministry of 
Agriculture and Land Reclamation (MALR). The main physical and chemical 
properties of the experimental soil are presented in Table (1).  

The analysis of soil was carried out according to the methods outlined by 
Black (1965) Also, available Si was determined in soil using the method of Fox 
et al. (1967). The soil type is alluvial which was a naturally salt affected with 
electrical conductivity (EC) value of 2.55 dS/m (1:2 soil: water ratio). At maturity, 
plants were harvested and the corn grain yield (ton/fed) was recorded. Also, 
samples of leaves and grains were collected and prepared for chemical analysis 
according to Chapman and Pratt (1978). Samples of leaves or grains material 
(0.5 g) was digested with sulphuric acid and hydrogen peroxide according to 
Lowther (1980).  In the digested plant materials, total nitrogen, was determined 
by the Nessler"s method (Chapman and Pratt, 1978), Potassium by flame 
photometer (Jackson, 1973) and phosphorus by the vanadomolybidic acid 
method (Jackson,1973),respectively. Also, samples of leaves or grains 
materials were digested (Ali et al., 2013) .Also, total sulphur leaves material (0.5 
g) was digested with Nitric acid and hydrogen peroxide (HNO3/H2O2) according 
to (Zheljazkov and Nielson 1996) and Silicon was determined colorimetrically 
using the method described by Elliot and Synder (1991).Samples of soil were 
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collected and analyzed for available Si and S using the abovementioned 
methods.  The obtained data were statistically analyzed for ANOVA and L.S.D. 
values were calculated to test the differences between the studied treatments 
according to Steel and Torrie (1980). 
 
Table (1).The main physical and chemical properties of the experimental  

soil 
 

Particle size 
distribution  (%) 

Soil 
texture 

 
pH** 

 
SAR 

EC
**
 

(dS/m) 

Total 
CaCO3 

(%) 

O.M. 
(%)  

Available N, 
(mg/kg) soil 

Sand Silt Clay 

30.7 22.0 47.3 Clay 8.0 2.36 2.55 28.89 2.60 24.89 

Soluble cations (meq/L) Soluble anions (meq/L) Available,(mg/Kg soil) 

Ca
2+ 

Mg
2+ 

Na
+ 

K
+ 

HCO3
- 

Cl
- 

SO4
= 

K P Si 
1.62 12.6 6.3 3.56 12.15 5.1 10.17 187.5 57.0 20.6 

**  1:2 soil-water extract  

     

RESULT AND DISCUSSION 

Grain yield 
Table (2) showed that sulphur application had significantly effect on the 

grain yield (Table 2).Increasing sulphur rate from zero to 600 kg S/fed increased 
grain yield from 0.349 to 1.472 ton/fed significantly. Baktash (2000) showed that 
using 600 kg S / fed. Produced the highest grain yield (8180 kg/ ha) which was 
superior than the control (6103 kg/ha) by 34%. The effect of sulphur may be 
due to decreasing soil pH and increasing the availability of other nutrients and 
their uptake besides improving soil chemical properties. Kineber et al. (2004) 
found that the application of sulphur to alkali soil as soil amendment, decreased 
soil pH value. Similar results were obtained by Szule and Zajac (2012). 

 
Table (3) showed that grain yield was significantly affected by different 

levels of silicon. The results revealed also, that applied potassium silicate in 
combination with sulphur levels increased the grain yield in comparison with 
control Table 2 and Figure 1.The data indicated that application of 600 kg S/fed 
with 15 kg Si/fed increased grain yield compared with 200 or 400 kg S/fed in 
combination with other potassium silicate rates. These increases may be due to 
the effect of silicon on hampering the  abiotic stresses especially soil salinity 
stress, by increasing the activities of tonoplast H+ - ATPase and H+- PPase 
(which decreased significantly in- roots under salt stress), minimize arrived 
damage to chloroplast and hereby it increases leaf chlorophyll and 
photosynthesis activity (Liang et al., 2005). Also, this might be due to combined 
and sustained nutrient supply by S and Si applied to plots which ultimately leads 
to photosynthetic activity by the crop and resulted in higher yield.       
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Table (2). Grain yield of maize as affected by sulphur and silicon 
applications. 

 

Treatments Grain yield, 
(Ton/fed) Sulphur rates, (kg S/fed) Silicon rates,(kg Si/fed) 

 
0 

0 0.349 
5 0.356 

10 0.362 
15 0.371 

 
200 

0 0.386 
5 0.393 

10 0.399 
15 0.516 

 
400 

0 0.639 
5 0.776 

10 0.948 
15 1.073 

 
600 

0 1.263 
5 1.294 

10 1.382 
15 1.472 

Statistical significance LSD 0.05 

Sulphur 0.036 
Silicon 0.011 
Sulphur*Silicon 0.039 

 
 
Table (3). Main effect of sulphur and silicon application rates on grain   

yield of maize.   
 

Treatments Grain yield, (Ton/fed) 

Sulphur rates, (kg S/fed) 

0 0.359 
200 0.424 
400 0.859 
600 1.352 

LSD 0.05 0.036 

Silicon rates, (kg Si/fed) 

0 0.659 
5 0.705 

10 0.772 
15 0.858 

LSD 0.05 0.011 
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Figure (1). The relationship between grain yield and silicon rates                
at each sulphur rate 

 
Elemental composition 

Tables (4 and 5) showed that N, P, K, S and Si contents of maize leaves 
were increased significantly as sulphur rates increased from zero to 600 kg 
S/fed at harvest. Table (4) also showed that silicon application increased N, P, 
K, S and Si contents in maize leaves at harvest as compared to the control.  

 
It was well understood that sulphur is essential for the activity of enzyme 

involved in nitrate reduction in plants. Therefore, it is imperative that N content 
increased with S application. Sinha et al. (1995) reported that increase in N 
content in leaves of maize due to S application seems to be associated with 
increase in N content with concomitant increase in grain yield. Higher P content 
in the presence of S could be due to the role of S in mobilizing soil P into 
available form. Singh et al. (2001) reported that P and K contents were 
stimulated in the presence of S. Significant increase in S content within S levels 
could be due to increased availability of S in the soil with concomitant increase 
in grain yield. Maximum Si content with S could be due to increase Si 
availability in soil and enhanced root system.  

The N content was higher with Si (15kg Si/Fed.) compared to its lower 
levels due to its potential to raise the soil available nitrogen (Ho et al., 1980). 
Silicon fertilized plant gained maximum benefits of ample nitrogen availability. 
Increasing silicon levels increased phosphorus content due to decreased 
retention capacity of soil to P and consequently increased availability of 
phosphorus which is leading to increased efficiency of phosphatic fertilizer 
(Subramanian and Gopalswamy, 1990). Positive response of higher silicon 
application towards potassium can be linked to silicification of cell wall. This 
agrees with Chanchareonsook et al. (2002) who reported that application of 
NPK fertilizers in combination with Si significantly increased total N, P and K 
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uptake by rice. Silicon also favorably influenced the sulphur uptake indicating its 
synergistic effect with silicon application. 

The higher silicon content was associated with the highest rate of silicon 
application (15 kg /Fed.). This might be due to increase in root growth and 
enhanced soil silicon availability with silicon application. This finding is in 
agreement with those reported by Kalyan  et al. (2006). This could be due to 
increased root activity and enhanced the soil nutrient availability in accordance 
with those reported by Wani et al. (2000). 
 
Table (4). Nitrogen, P, K, Si and S contents in leaves of maize as affected  

by  sulphur and silicon applications 
 

Treatments N P K Si S 

Sulphur rates, 
 (kg S/fed) 

Silicon rates, 
 (kg Si/fed) 

(g/kg plant) 

 
0 

0 6.140 4.282 10.508 0.783 3.486 

5 7.190 5.078 12.562 0.918 4.133 

10 7.270 5.354 13.640 1.066 4.378 

15 7.330 5.547 13.970 1.212 4.911 

 
200 

0 7.160 6.064 14.534 1.467 3.523 

5 8.220 6.257 16.940 1.813 4.139 

10 8.313 6.563 17.600 2.182 4.386 

15 8.367 6.846 17.636 2.434 5.037 

 
400 

0 8.813 7.136 19.099 2.527 3.552 

5 9.243 7.437 21.666 2.947 4.147 

10 9.343 7.765 22.099 3.856 4.574 

15 9.390 7.947 23.345 4.205 5.111 

 
600 

0 9.207 8.079 30.202 4.221 3.581 

5 10.263 8.257 31.027 4.289 4.228 

10 10.363 8.623 31.372 4.778 4.420 

15 10.427 8.822 31.592 5.144 5.149 

Statistical significance LSD 0.05 

Sulphur 0.005 0.033 0.447 0.130 0.079 

Silicon 0.009 0.049 0.308 0.076 0.122 

Silicon*Sulphur N.S 0.169 1.067 0.264 N.S 
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Table (5).The effect of soil sulphur and silicon applications on N, P, K,                 
Si and S contents in leaves of maize 

  

Treatments 
N P K Si S 

( g/kg plant)   

Sulphur rates, (kg S/fed) 

0 6.982 5.065 12.670 0.995 4.227 
200 8.015 6.432 16.677 1.972 4.271 
400 9.040 7.571 21.552 3.384 4.344 
600 10.065 8.445 31.048 4.608 4.346 

LSD 0.05 0.005 0.033 0.447 0.130 0.079 

Silicon rates, (kg Si/fed) 

0 7.672 6.390 18.586 2.248 3.535 
5 8.729 6.757 20.548 2.492 4.161 

10 8.822 7.076 21.177 2.971 4.439 
15 8.878 7.291 21.636 3.249 5.052 

LSD 0.05 0.009 0.049 0.308 0.076 0.122 
 
Nitrogen and protein contents in grain 

 
Tables (6 and 7) showed that nitrogen concentration and protein content 

in grain of maize significantly increased as sulphur rate increased from 0 to 600 
kg S/fed. Also, sulphur application increased significantly the protein content in 
grains of maize as sulphur rates increased from 0 to 600 kg S/fed. Scherer et al. 
(2011) reported that sulphur is an essential plant nutrient for crop production 
and it is required for protein and enzyme synthesis as well is a constituent of 
some amino acids. Data in Table 7 showed also that, silicon rates affected 
nitrogen concentrations and protein content in grains. Increasing silicon rate up 
to application of 15 kg Si/fed increased significantly nitrogen concentration and 
protein content in grains of maize. The highest values of nitrogen and protein 
contents in grains were obtained at 15 kg Si/fed. The interaction between 
sulphur and silicon rates had a significant effect on nitrogen or protein content in 
grains of maize. 
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Table (6). Nitrogen and protein contents in grains of maize as affected               
by sulphur and silicon applications. 
    

Treatments Nitrogen 
(g/kg) 

Protein 
(%) Sulphur rates,(kg S/fed) Silicon rates,(kg Si/fed) 

 
0 

0 13.26 8.27 
5 13.33 8.33 
10 13.40 8.37 
15 13.48 8.42 

 
200 

0 13.27 8.29 
5 13.36 8.35 
10 13.41 8.38 
15 13.51 8.44 

 
400 

0 13.40 8.37 
5 13.39 8.37 
10 13.45 8.41 
15 13.53 8.45 

 
600 

0 13.44 8.40 
5 13.43 8.39 
10 13.49 8.43 
15 13.56 8.47 

Statistical significance LSD 0.05 
Sulphur 0.037 0.024 
Silicon 0.047 0.029 
Silicon*Sulphur N.S N.S 

 
 
Table (7). The effect of sulphur and silicon applications on nitrogen and               

protein contents in grains of maize  
 

Treatments Nitrogen  g/kg Protein  % 
Sulphur rates, kg S/fed 

0 13.37 8.355  
200 13.39  8.369  
400 13.44  8.404 
600 13.48  8.426 

LSD 0.05 0.037  0.024 
Silicon rates, kg Si/fed 

0 13.34 8.339 
5 13.38 8.364 

10 13.44 8.401 
15 13.52 8.451 

LSD 0.05 0.047 0.009 
 
Available sulphur and Silicon in soil  

Tables (8 and 9) showed that increasing sulphur application rates from 
zero to 600 kg S/fed increased significantly available sulphur in soil. Available 
silicon was significantly increased as silicon application rate has also increased 
from 0 to 15 kg Si /Fed. The highest values of available silicon were attained at 
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15 kg S/fed. The interaction between sulphur and silicon had significant effect 
on available –S and available –Si (Table 8). 

 
Havlin et al. (2004) found that the available sulphur in surface soil usually 

represents less than 10%  of the total sulphur in soil .Since, most of the 
sulphate (SO4

--) compounds are quite soluble and not adsorbed by soil colloids, 
therefore sulphate ions were highly susceptible to leaching and losses (Tiwari 
and Gupta, 2006). Consequently, a less supply of SO4

---S is available within the 
root zone of soil, and therefor sulphur fertilization is needed especially in saline 
soils. Nevertheless, Silicon is still relatively unknown for to be applied to 
agricultural soils. In many cases increased silicon availability has increased 
crop development and yield. Once this element can indirectly influence some 
photosynthetic and biochemical processes, especially in plants under biotic or 
abiotic stress condition. Ma et al.( 2001), Gong et al.( 2005), Ma and Yamji 
(2006) and Abdalla (2011) showed that silicon application is beneficial to crops 
such as rice, sugarcane, barley maize, sorghum and wheat which are 
considerable Si- accumulating species.  

 
It can be concluded from the obtained results that the suitable conjoin 

application of S with   Si holds immense potentiality to boost the productivity 
and profitability of maize when grown under saline soil conditions. 
 
Table (8). The amounts available sulphur and silicon in soil as   affected               

by sulphur and silicon applications 
  

Treatments Sulphur 
(mg/kg soil) 

Silicon 
(mg/kg soil) Sulphur rates,(kg S/fed) Silicon rates,(kg Si/fed) 

 
0 

0 147.69 23.467 
5 159.57 24.633 

10 173.63 25.600 
15 186.77 27.067 

 
200 

0 157.58 27.867 
5 172.57 29.700 

10 190.45 30.133 
15 287.1 31.133 

 
400 

0 168.51 33.933 
5 179.03 38.467 

10 205.09 44.433 
15 382.90 51.467 

 
600 

0 170.72 57.000 
5 188.33 64.153 

10 229.22 73.357 
15 388.41 81.027 

Statistical significance LSD 0.05 

Sulphur 5.748 1.613 
Silicon 7.692 0.828 
Silicon*Sulphur 26.648 2.656 
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Table (9). The effect of sulphur and silicon applications on the amounts of 
available sulphur and silicon in soil. 

Treatments Sulphur (mg/kg  soil) Silicon (mg/kg soil) 
Sulphur rates, (kg S/fed) 

0 166.91 25.191 
200 201.91 29.708 
400 233.89 42.075 
600 244.25 68.884 

LSD 0.05 5.748 1.613 
Silicon rates, (kg Si/fed) 

0 161.12 35.567 
5 174.94 39.238 

10 199.59 43.380 
15 311.39 47.673 

LSD 0.05 7.692 0.828 
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Effects of Some Natural Extracts and Their Application 
Methods on The Growth of Pentas lanceolata L. plants. 

 Naglaa M. Mostafa  , Magd el Din F. Rida  
Ornamental Plants Research Department, Horticulture Research Institute, ARC, 

Alexandria, Egypt. 

 

ABSTRACT: This study was carried out during the two successive  seasons of 2014 and 

2015 at Antoniades Research Branch, Horticulture Research Institute, A.R.C. Alexandria,  
Egypt . The experiment was carried out  to investigate  the effects of yeast, garlic , onion, ginger 
and  liquorice root extracts  and their application methods on the growth and flowering of Pentas 
lanceolata  L. plants.The results showed that  the used extracts caused a positive effect on the 
growth and flowering of Pentas plants. Five grams per liter of yeast extract  caused a significant 
increase in most of the studied characteristics   (vegetative ,flowering  and  chemical 
composition)  while liquorice root extract led to the highest increase in volume and dry weight of  
roots. Leaves area, leaves dry weight, stem dry weight and inflorescences. Dry weight per plant 
were significantly increased by the addition of yeast extract to the soil by drench .   
Key wards : Pentas lanceolata , yeast extract , garlic extract  , onion extract , ginger  extract ,  

liquorice root extract. 

 

INTRODUCTION  

Natural extracts are used to promote the vegetative growth and the yield 
of many crops through its influences in different physiological activities in the 
plants. Yeast is a natural source of cytokinins (Kraig and Haber, 1980; Spencer 
et al 1983; Castelfranco and Beale, 1983 and Fathy and Farid, 1996). Hewedy 
et al. (1996) found that spraying eggplant with the solution of soft bread yeast 
gave higher yield and marketable fruits than control plants. 

Yeast extract is the common name for various forms of processed yeast 
products made by extracting the cell contents (removing the cell walls). When a 
yeast cell is inactivated, a natural digestion process called "autolysis" starts. 
During this process the yeast's own enzymes break down proteins and other 
parts of the cell. This causes the release of peptides, amino acids like glutamic 
acid , vitamins and other yeast cell components.  Food processors use yeast 
extract to create savoury  flavours and umami taste sensations (Bekatorou et 
al., 2006). 

 
Use of botanicals instead of chemical fungicides is one of the recent 

approaches for plant disease control. Some research works on the use of  eco-
friendly plant extracts as fungi control   and found that beside its effect on plant 
disease control it has a positive effect on the plant growth. Islam and Faruq 
(2012) found that using garlic , onion and ginger extracts  caused a positive  
increase  in the growth parameters of  tomato and chilli , also Ridha  (2015 ) 
studied the  effect of foliar application of garlic extract and liquorice root extract 
on vegetative growth and flowering and flower set of tomato and found that 
garlic extract significantly increased the number of leaves and  foliar spray with 
liquorice root extract at the rate of 2.5 g.L-1 and  caused a significant increase in 
the plant height , number of leaves ,leaf area , number of flower and the number 
of flower punches. 
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Pentas lanceolata L. is a common plant, originating from tropical East 
Africa.  It belongs to the family Rubiaceae. The most widely used names are 
“Egyptian Star Cluster” or “Pentas”.  It is used as a decorative plant and has 
been spread all over the tropics and subtropics area.  The inflorescences have 
many several colours (white, pink, purple, or red). (Mongrand et al., 2005) 

 
The aim of this work was to study the effects of yeast, garlic, onion, 

ginger and  liquorice root extracts  and their application methods on the 
growth  and flowering of Pentas lanceolata L.  plants. 

 

MATERIALS AND METHODS 
 

The present study was carried out during the two successive seasons of 
2014 and 2015 at Antoniades Research Branch, Horticulture Research Institute, 
A.R.C. Alexandria. 

 
The cuttings of Pentas lanceolata  plants were planted in plastic pots of 

10 cm diameter using a  mixture of sandy and clay soils at the ratio of (1:1) by 
volume (Table 1)  on November 15th, in both seasons. The rooted cuttings were 
transplanted to plastic pots of 25 cm diameter using the same soil mixture 
mentioned before on March 8th, 2014 and March 16th 2015 (in the first and 
second seasons, respectively). One pinching treatment was done on all plants 
at the length of 10-12 cm on the 1st of April, 2014 and the 9th of April, 2015 (in 
the first and second seasons, respectively) to encourage them to branch and 
homogenize the experimental units. 

 
Table (1). Chemical analysis of the used mixture soil for the two growing 

seasons (2014 & 2015) . 
 

Season pH EC ds/m 
Cations (meq/l) Anions (meq/l) 

Ca++ Mg++ Na+ K+ HCO3
- Cl- SO4

-- 

2014 
2015 

8.08 
8.24 

1.80 
1.61 

1.40 
1.70 

0.60 
0.90 

1.40 
1.90 

0.53 
0.65 

1.00 
1.13 

1.13 
1.38 

0.98 
0.98 

 
Five natural extracts were used in this study i.e. yeast, ginger, liquorice, 

onion and garlic extracts. The different extracts were applied by two methods 
either  as soil drench or as foliar spray. The treatments were started after one 
week from pinching  on April 8th,2014 and April 16th, 2015 during the two 
seasons, respectively. The treatments were repeated three times at two weeks 
intervals. 

 
Extracts of yeast, ginger, liquorice, onion and garlic were prepared as 

follows:  
 

Yeast extract: 5 g of yeast extract were mixed in 1 liter of water. 
 
Ginger extract: 5 g of well dried grinded ginger (Zingiber officinale L.) rhizomes 
were dissolved in 1 liter warm water one hour before being used, after which 
contents were filtered on a sieve 
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Liquorice extract: 5g of the pulverized roots of liquorice  (Glycyrrhiza glabra L.)  
were weighed and put in a 1 liter measuring flask, which was left to soak for 24 
hours, after  which contents were filtered on a sieve and the final volume of the 
extract was restored to 1 liter (Noor et al., 2014)  
 
Onion and garlic extracts: 250 g of onion bulbs (Allium cepa L) or garlic 
cloves (Allium sativum) were mixed with 250 ml of tap water. The mixtures were 
put in a freezer for one day, after which, frozen mixtures were left to thaw. 
Freezing and thawing were repeated three times. Water was added to a final 
volume of 1 liter before filtering. Final size of the filtrate was adjusted to 1:1, 
before being used (Hanafy et al., 2012 ) .   
  

The requirements of plants for fertilization were covered by the addition 
of NPK chemical fertilization  (20-20-20)  at the rate of 3g per liter each 
fertilization dose was repeated 15 days intervals. 

 
The experiment layout was designed to provide complete randomized 

block design in factorial experiment, which contained three replicates, each 
replicate contained twelve treatments. Three pots were used as an 
experimental unit for each treatment in each replicate. The means of the 
individual factors and their interactions were compared by L.S.D test at 5% level 
of probability according to Snedecor and Cochran (1989). 

 
The following data were measured in both of the two growing seasons: 
 

Vegetative growth: Plant height (cm), stem diameter (cm), number of main 
branches, number of leaves, leaf area (cm2), leaves and stems dry weight (g).  
 
Flowering characteristics: flowering date (days), flowers full opening (days), 
flower longevity (days), number of inflorescences/plant and inflorescence dry 
weight (g) . 
 
Root characteristics: volume of roots (cm3) and root dry weight (g). 
 
Chemical analysis of leaves: Chlorophyll a and b content (mg/g  fresh weight) 
was determined according to Moran (1982) and Total carbohydrate content (%) 
according to Dubios et al.(1956). 
 

 RESULTS AND DISCUSSION   

Vegetative growth characteristics:   
Data presented in Table (2) showed that all natural extract treatments 

have a positive effect on Pentas lanceolata plant height, number of leaves per 
plant, stem diameter and number of branches in both seasons. Generally, data 
in the two experimental seasons cleared that, there was a significant increase in 
plant height by using either yeast or liquorice extracts. Applying of yeast, onion 
or garlic extracts resulted in significant increase in the number of leaves per 
plant .Yeast, liquorice, or onion extracts caused significant increase in stem 
diameter and the addition of  yeast extract led to a significant increase in  
branches number per plant  compared with the control . 
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Yeast extract caused the highest increase in plant height  ( 54.92 and 
58.00 cm) , number of leaves (308.56 and 316.33 ), the thickness of the stems 
(0.79 and 0.76 cm) and the number of branches per plant (16.64 and 18.25) in 
the first and second seasons, respectively compared to the other treatments. 

The improvement of plant growth characteristics after yeast treatment 
may be due to the fact that yeast is a natural source of cytokinins that stimulate 
cell division and enlargement as well as the synthesis of protein, nucleic acid 
and chlorophyll (Kraig and Haber, 1980; Spencer et al. 1983; Castelfranco and 
Beale, 1983 and Fathy and Farid, 1996). It also contains sugar, proteins, amino 
acids and vitamins (Shady, 1978). This results are in agreement with those 
obtained by Mustafa and El-Shazly (2013) on Washington Navel orange and El 
Sagan  ( 2015)  on cucumber plants. 

 
Table (3) showed that in the two seasons there was an increment in 

leaves area per plant , leaves and stem dry weights  after  applying any of the 
natural extracts by foliar spray or soil drench compared to the control. Addition 
of yeast extract by foliar spray or using yeast or onion extracts by soil drench 
caused a significant increase in leaves area per plant compared to the control. 
Also, applying yeast extract to the soil caused a significant increase in leaves 
and stems dry weight compared to the control during the two seasons. 
Generally, the maximum expansion of Pentas lanceolata (1255.37 and 1265.74 
cm2) ,the heaviest leaves and stem dry weights (8 and 8.71g) and (8.54 and 
8.82 g)  were obtained after drench application of yeast extract during the two 
seasons, respectively.  

 
The significant increase of leaves area, leaves dry weight and stem dry 

weight per plant after yeast addition to soil may be due to the explanation of 
(Lonhienne et al.,2013)  who mentioned that  the  addition of live or dead yeast 
to fertilized soil substantially increased the nitrogen and phosphorus content of 
roots and shoots of tomato (Solanum lycopersicum) and young sugarcane 
plants. Yeast addition to soil also increased the root-to-shoot ratio in both 
species and induced species-specific morphological changes that included 
increased tillering in sugarcane and greater shoot biomass in tomato plants. 

Table (2). Means of the plant height (cm), number of leaves per plant, stem 
diameter (cm) and branches number of Pentas Lanceolata, as 
influenced by the addition of different types of natural extracts 
(T) during the two seasons of 2014 and 2015. 

Natural 
extract type 

(T) 

Plant height 
 (cm) 

Number of leaves 
 per plant 

Stem diameter 
(cm) 

Branches 
number 

2014 2015 2014 2015 2014 2015 2014 2015 

Control 39.78c 46.83b 167.94d 221.25c 0.57c 0.57c 9.31b 10.61c 
Yeast 54.92a 58.00a 308.56a 316.33a 0.79a 0.76a 16.64a 18.25a 
Ginger 45.36bc 51.11b 210.75bc 225.28bc 0.62bc 0.62bc 10.11b 12.31bc 
Liquorice 48.17b 55.08a 187.19cd 262.25bd 0.64b 0.65b 10.50b 14.00b 
Onion 45.33bc 53.22a 239.08b 288.64ab 0.63b 0.66b 10.50b 14.42b 
Garlic 44.69bc 52.11b 216.25bc 269.19b 0.61b 0.66b 9.94b 12.11bc 
L.S.D.at 0.05(T) 6.26 5.44 37.84 45.48 0.05 0.06 1.97 2.94 

Means of treatments in the column have the same letters, are not significantly different at 5% level 
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Table (3).  Means of the leaves area per plant (cm2), leaves dry weight per 
plant (g) and stem dry weight per plant (g) of Pentas 

Lanceolata, as influenced by the addition of different types of 
natural extract (T) by different application methods (M) during 
the two seasons of 2014 and 2015. 

Treatment 
Leaves area 

per  plant (cm
2
) 

Leaves dry 
weight per plant 

(g) 

Stem dry 
weight per plant 

(g) 

Application 
 method (T) 

Natural extract 
type (M) 

2014 2015 2014 2015 2014 2015 

Soil drench 

Control 492.32c 573.69e 3.07d 4.04d 2.71d 3.54d 

Yeast 1255.37a 1265.74a 8.00a 8.71a 8.54a 8.82a 

Ginger 532.60c 671.23c 3.61d 4.20bcd 3.05cd 3.39d 

Liquorice 515.43c 715.23bcde 3.63d 4.41bcd 3.30cd 3.74cd 

Onion 725.74b 820.52bc 4.29c 5.17bcd 3.60cd 4.91bc 

Garlic 542.76c 851.78bc 3.39d 4.80bcd 2.94cd 4.43cd 

Foliar spray 

Control 496.54c 583.24de 3.24d 4.08cd 2.81d 3.76cd 

Yeast 730.09b 885.02b 5.04b 5.34b 4.57b 5.81b 

Ginger 517.68c 751.17bcde 3.51d 4.51b 3.04cd 4.13cd 

Liquorice 536.32c 786.53bcd 3.52d 4.69bcd 3.41cd 4.77bc 

Onion 587.35c 880.89b 3.86c 5.19bc 3.87bc 4.87bc 

Garlic 605.71bc 774.73bc 4.15c 4.63b 3.83bc 4.41cd 

L.S.D. at 0.05 (M x T) 130.30 205.79 0.63 1.14 0.94 1.34 

Means of treatments in the column have the same letters , are not significantly different at 5% level  

 
Flowering characteristics: 

For flowering starting date (days) and flowers full opening (days), there 
were insignificant difference between treatments while for the number of 
inflorescences per plant and flower longevity, Table (4) showed that the 
different natural extracts caused increment in number of inflorescences per 
plant and flower longevity in both seasons, but, only the addition of the yeast 
extract recorded a significant increase in this data compared with the control 
during the two seasons. 

   
Also using of yeast extract gave the maximum number of inflorescences 

(16.64 and 17.33) and the longest flowering duration (37.03 and 37.11 days) in 
the first and second season, respectively, compared with the other treatments. 

 
The positive effects of applying yeast extract was attributed to its own 

contents of different nutrients, high percentage of protein and  large amounts of 
vitamin B (Glick, 1995; Fathy and Farid, 1996); physiological roles of vitamins 
and amino acids in the yeast extract which increased the metabolic processes 
role and levels of endogenous hormones, i.e., IAA and GA3 (Chaliakhyan, 1957 
and Sarhan and Abdullah, 2010) which may have promoted the vegetative 
growth characters which in turn reflected on increasing  number of  
inflorescences and flower longevity. 

 
Data in Table (5) cleared that the addition of the different types of natural 

extracts by soil drench or foliar application methods had a marked effect on 
inflorescence dry weight (g) and the addition of yeast extract by soil drench or 
foliar spray or using onion extract as foliar spray resulted in significant increase  
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in the inflorescence dry weight compared to the control during the two 
successive seasons. The increasing of inflorescence dry weight (2.87 and 
2.83g) in the first and second seasons, respectively was obtained after the 
application of yeast extract by soil drench, and compared to the other 
treatments. 

Table (4). Means of number of inflorescences per plant and flower 
longevity (days) of Pentas Lanceolata, as influenced by the 
addition of different types of natural extracts (T) during the two 
seasons of 2014 and 2015. 

Natural extract type (T) 

Number of 
inflorescences per 

plant 

Flower longevity 
(days) 

2014 2015 2014 2015 

Control 6.97c 9.28c 30.28b 29.44c 
Yeast 16.89a 17.33a 37.03a 37.11a 
Ginger 9.53bc 10.47c 32.61b 33.33b 
Liquorice 10.19bc 10.22c 35.81a 34.00b 
Onion 11.86b 13.33b 31.53b 32.36b 
Garlic 10.58bc 10.47c 30.78b 31.94bc 

L.S.D. at 0.05 (T) 3.75 2.53 2.67 2.71 
Means of treatments in the column have the same letters , are not significantly different at 5% level .  

Table (5). Means of inflorescences dry weight per plant (g) of Pentas 

Lanceolata, as influenced by the addition of different types of 
natural extract (T)  by different application methods (M) during 
the two seasons of 2014 and 2015. 

Treatments 
Inflorescences dry weight 

per plant (g)  

Application method (M) 
Natural extract  

Type (T) 
2014 2015 

Soil drench 

Control 0.93 e 1.00 d 
Yeast 2.87 a 2.83 a 
Ginger 1.12 cde 1.08 cd 

Liquorice 1.41 bcd 1.14 cd 
Onion 1.45 bcd 1.42 bcd 
Garlic 1.09 cde 1.32 cd 

Foliar spray 

Control 0.96 de 0.97 d 
Yeast 1.69 b 1.88 b 
Ginger 1.26 bcde 1.26 cd 

Liquorice 1.21 bcde 1.37 cd 
Onion 1.53 bc 1.54 bc 
Garlic 1.40 bcde 1.19 c 

L.S.D. at 0.05 (M xT) 0.49 0.49 
    Means of treatments in the column have the same letters , are not significantly different at 5% level 

.  
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Root characteristics:  
 Data in Table (6) showed that, although,  root volume (cm3) of Pentas 

Lanceolata  plants was increased  by the  addition of  the  different types of 
natural extracts, only using the yeast or  liquorice extracts caused a significant 
increase during the two seasons. On the other hand, the application of liquorice 
root extract caused the highest increase in root volume (13.17 and 16.17 cm3 ) 

in the first and second seasons respectively, compared with the other 
treatments. 

 
Data in Table (7) cleared that there was a remarkable increase in roots 

dry weight after the addition of any natural extract by soil drench or foliar spray . 
There was a significant increase in roots dry weight after the addition of the 
yeast extract by soil drench or foliar spray and using liquorice root extract as 
soil drench, during the two seasons. However, the heaviest root dry weight 
(2.63 and 3.03g)   in the first and second seasons respectively was obtained 
after soil drench application of liquorice root extract. 

  
The beneficial effect of liquorice extract on root characteristics may be 

due to their direct and indirect stimulatory and antioxidant protective effect. 
Also, liquorice extract is rich in many essential minerals, i.e. Mg, Fe, Ca and K 
as well as many natural antioxidants including, total phenols, flavonoids, 
tannins, saponins and carotenoids (Morsi et al., 2008). 

 
These results are in harmony with those obtained by Ahmed et al.( 2012) 

on carnation plant and Ahmed et al. (2015) on Mathiola incana. 
 

Table (6). Means of volume of roots (cm3) of Pentas Lanceolata L, as 
influenced by the addition of different types of natural extracts 
(T) during the two seasons of 2014 and 2015. 

Natural extract type (T) 
Volume of roots (cm3) 

2014 2015 
Control 7.17b 10.42b 
Yeast 12.92a 16.00a 
Ginger 8.50b 11.50b 
Liquorice 13.17a 16.17a 
Onion 9.33b 13.67a 
Garlic 9.00b 11.25b 

L.S.D. at 0.05 (T) 2.81 3.09 
Means of treatments in the column have the same letters , are not significantly different at 5% level . 
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Table (7).  Means of roots dry weight per plant (g) of Pentas Lanceolata L., 
as influenced by the addition of different types of natural 
extract (T) by different application methods (M) during the two 
seasons of 2014 and 2015. 

Treatment 
Roots dry weight 

per plant (g) 

Application method (M) 
Natural extract 

type (T) 
2014 2015 

Soil drench 

Control 1.28c 1.90c 
Yeast 2.37a 2.87a 
Ginger 1.60bc 1.92c 

Liquorice 2.63a 3.03a 
Onion 2.00ab 2.45abc 
Garlic 1.54bc 1.73c 

Foliar spray 

Control 1.41bc 1.72c 
Yeast 2.39a 2.95a 
Ginger 1.67bc 1.96bc 

Liquorice 1.90abc 2.88a 
Onion 1.72abc 2.78ab 
Garlic 1.90abc 2.29abc 

L.S.D. at 0.05  (M x T) 0.69 0.83 
Means of treatments in the column have the same letters , are not significantly different at 5% level . 

Chemical composition    
Table (8) cleared that the application of any of the mentioned natural 

extracts has a positive effect on chlorophyll a, chlorophyll b and total 
carbohydrate contents. 

 
 The application of  yeast extract caused the highest increase in 

chlorophyll a  ( 20.88 and 18.10 mg/g ), chlorophyll b ( 7.85 and 6.06 mg/g ) 
fresh weight  and total carbohydrate (20.40 and 23.36 % )  content in the two  
growing  seasons .  

 
The positive effect of yeast on chlorophyll a and b content may be due to 

the role of yeast cytokinins which delay the aging of leaves by reducing the 
degradation of chlorophyll and enhancing the protein and RNA synthesis. 
(Castelfranco and Beale, 1983). The increase in chl. a and b leads to a 
consequent increase in total carbohydrates (Stino et al. 2009). Similar findings 
were obtained by Taha et al.,( 2011) on cucumber  plants and Mustafa and El-
Shazly (2013) on Washington Navel orange  
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Table (8). Means of chlorophyll a , chlorophyll b (mg/g)  and total 
carbohydrate content  (%) of Pentas Lanceolata, as influenced 
by the addition of different types of natural extracts (T) during 
the two seasons of 2014 and 2015. 

Natural extract 
type (T) 

Chlorophyll a 
(mg/g) 

Chlorophyll b 
(mg/g) 

Total 
carbohydrate 

content 
(% ) 

2014 2015 2014 2015 2014 2015 

Control 14.84c 18.10b 4.85b 6.06c 16.80b 18.20b 
Yeast 20.88a 30.23a 7.85a 11.36a 20.40a 23.36a 
Ginger 16.87bc 25.42a 5.37b 9.13b 16.73b 19.32b 
Liquorice 16.67bc 25.68a 5.76b 8.69b 16.97b 19.67b 
Onion 18.43ab 25.05a 5.98b 9.61ab 18.02b 20.54b 
Garlic 17.24bc 28.22a 4.95b 10.48ab 16.85b 19.98b 

L.S.D. at 0.05 (T) 2.98 5.49 1.34 1.97 2.21 2.45 
Means of treatments in the column have the same letters , are not significantly different at 5% level . 

It may be concluded from this study that a five grams per liter of yeast 
extract  caused a significant increase in most of the studied characteristics   
(vegetative ,flowering  and  chemical composition),  while liquorice root extract 
led to the highest increase in volume and dry weight of  roots.  Leaves area, 
leaves dry weight, stem dry weight and inflorescences dry weight per plant were 
significantly increased by the addition of yeast extract to the soil by drench.   
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Summary 

��
The Requirements of the Extension Work in the use of Nano 

Technology to improve the efficiency and Productivity of 
Agricultural Reclaimed and clay land from the point of view of the 

research staff at the Institute of the Agricultural Extension 
Research and Water and land Research - Alexandria Governorate 

 
Gamal Hesien Amer  _  Nagwa Fouad Khattab 

Agricultural Extension and Rural Development Research Institute. ARC 

 

ABSTRACT: The study aimed mainly at determining The requirements of the 
Extension Work in the use of Nano Technology to improve the efficiency and 
Productivity of Agricultural Reclaimed and clay soil from the point of view of the 
research staff at the Institute of the Agricultural Extension Research and soil and 
water Research. The specific objectives were:  
1-Identifying some characteristics of respondents, 2-Identifying the knowledge of 
respondents related to the benefits of Nano Technology in the field of agricultural 
productivity,3-Identify to what extent the respondents know the requirements of the 
extension role in using Nano technology to improve the efficiency and productivity 
of agricultural reclaimed and clay soil from the point of view of the research staff at 
the institute of agricultural extension research and soil and water research, and 4-
Identify the suggestions of respondents to achieve the extension role successfully 
in the use of Nano technology to improve the efficiency and productivity of 
agricultural reclaimed and clay soil 
The research data was collected by using questionnaire through interviewing 42 
respondents. The statistical analysis methods used included: percentages range, 
frequency tables and arithmetic mean. 
The main findings of this study were: (1)-level of knowledge of the respondents 
related to the benefits of Nano technology in the field of agricultural production  
High level 42.85 % , Moderate level 26.19 , Low level 30.95,  (2)- To what extent 
the respondents know the requirements of the extension role in the use of Nano 
technology to improve the efficiency and productivity of reclaimed and clay soil: 
(a) As for the performance capacity that should be in the extension agents or 
specialist: High level 45.24 %, Moderate level 50 % , Low level 4.76 . (b)As for the 
methods to achieve this extension role, the study showed that the cooperation and 
coordination between the institute of Agricultural Extension Research and water 
and land research occupied the first position ( 83.33 % )  
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The study also revealed some of the factors that are expected to have an 
impact on the proportion of environmental awareness and indicated results that 
56% of the changes that percentage can be traced back to the next variables: 
age , education, experience, level of economic , sources of information about 
the environment , and dummy variable , which it showed a positive impact . 

 
The study also showed that the most important problems and obstacles related 
to the environment, which represents a very serious degree where possible 
arranged as follows: the legal side of the problem and the Legislative 
Environmental (slowness and laziness in the application of environmental 
protection laws) which ranks first in terms of the relative importance and 
explained that about 81% of the the total sample, and is ranked second problem 
of lack of irrigation water availability relative importance of about 43.5% of the 
total sample, followed by the failure of agricultural extension role in preserving 
the environment by about 41.5% of the total sample, comes the problem of 
overpopulation in fourth place relative importance of about 40 %, and finally in 
fifth place comes the problem of the failure of the cooperatives in turn in the 
field of preservation of the environment relative importance of about 11.6% of 
the total sample 

  
And so can the theme of the idea of environmental degradation from pollution 
treatment is done in the light of two tools: the means of protection from pollution 
and preventive measures and solutions proposed to deal with pollution. 
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��Summary 
  

   Aspects of pollution, its causes and its impact on the 
rural environment in Beheira Governorate   

  

Hanan Zahran, Mohamed El-Hossany and Abd El-Kariem Elsayed  
Agricultural Economics Dept., Faculty of Agriculture (Saba Basha), 

Alexandria University  
 

ABSTRACT: The research aims to identify the rural environmental problems 
in Beheira  Governorate as a case study and as an indicator reflects the society 
of Egyptian agricultural and environmental conditions , through a review of the 
circumstances and the problems of agriculture and environment to both human 
and earth , water and air , with an estimate of the extent of deviation use of 
economic resources available in the agricultural sector, with maintaining the 
lack of deterioration or contamination of the environment. The study assumed 
some of the expected impact on the deterioration of the environment with 
factors identify the impact of each on the environmental pollution in the study 
area, and the independent variables are assumed in this study were age, 
education, experience economic level and the source of irrigation acreage 
under rice to measure their impact on environmental pollution as the dependent 
variable ratio and the results showed a positive impact for both education and 
experience variable analysis and source of irrigation in Obouhms Center, while 
the results of the analysis in Rahmaniyah Center showed a positive impact for 
each of the variables age, education, experience and level of economic 
development. 

 
The results of the study also showed some of the effects of pollution on human 
and animal health by estimating the relationship between the amount of 
pesticides used and the number of casualties due to the use of pesticides which 
found that the growth rate in the number of patients with pesticides in Beheira 
Governorate was about 54 patients annually nets on average and that the 
growth rate in the number of animals the patient pesticides was about 26 
animals a year on average. 
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