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ABSTRACT: In the present study the antioxidant activity of Acacia nilotica leaf in growing  

rabbits was performed. Thirty weaned V-line rabbits aged 35 days (5 weeks) weighed 
510g±8.30 (mean±SE) used for the study which lasted for 84 days (12 weeks). Animals were 
divided equally and randomly into three groups (10 in each one). The first group was fed ad 

libitum a commercial pelleted diet, while the other groups (second and third) were fed the same 
diet plus administration with oral daily Acacia nilotica leaf extract at a dose 100 (low dose) and 
200 mg /kg body weight (high dose) respectively for 7 weeks. Treatment with aqueous ethanolic 
leaf extract of Acacia nilotica resulted in significant (p<0.05) increase in blood plasma total 
protein, albumin and globulin, while blood plasma aminotransferase (AST) and alanine- 
aminotransferase (ALT), alkaline phosphatase (ALP), urea, triglyceride (TG) and glucose levels 
were significantly decreased as compared to untreated group (control). Results showed that the 
Acacia nilotica leaves extract has significant antioxidant effect by increasing blood plasma 
Glutathione peroxidase (GPx) and catalase and decrease blood plasma thiobarbituric acid-
reactive substances (TBARS) activity as compared to control. The effect of Acacia nilotica 

leaves extract showed better response as dose dependent. This potential activity of Acacia 

nilotica leaf might be due to the presence of its phytochemicals or the collective action of many 
active ingredients. It could be concluded that Acacia nilotica leaf extract treatment significantly 
improved physiological and antioxidant activity of growing rabbit and this improved was dose 
dependent. 
Keywords: (Acacia nilotica, growing rabbits, leaf extract, blood physiology, antioxidant) 

 

INTRODUCTION:  
Rabbit production is an important branch of animal production. Rabbit 

meat is of high quality and safety. The susceptibility of rabbits to various 
infection diseases and high mortality of young rabbits after weaning were 
studies. Frankič et al. (2009) reported that the main scope in animal husbandry 
to ensure good performance of farm animals and get quality animal products.  
In this aspect, herbs and spices are not just appetite and digestion stimulants, 
but can, with impact on other physiological functions, help to ensure good 
health and welfare of the animals, which could positively affect their 
performance. The use of phyto-additives and their extracts in rabbit husbandry 
offers an acceptable way to improve welfare and health (Szaboova, et al,. 
2008). 

 
Acacia contains variety of bioactive components such as phenolic acids, 

alkaloids, terpenes, tannins and flavonoids which are responsible for numerous 
biological and pharmacological properties like hypoglycemic, anti-inflammatory, 
anti-bacterial, anti-platelet aggregatory, anti-hypertensive, analgesic, 
anticancer, and anti-atherosclerotic due to their strong antioxidant and free 
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radical scavenging activities (Sulaiman and Gopalakrishnan, 2011). Similar 
conclusion was reported by Seigler (2003) who reported that acacia species 
including amines and alkaloids, cyanogenic glycosides, cyclitols, fatty acids and 
seed oils, fluoroacetate, gums, non- protein amino acids, terpenes, hydrolysable 
tannins, flavonoids and condensed tannins.Phenolics are largest group of 
phytochemicals and accounts for most of the antioxidant activity in plants or 
plant products (Okpuzar, et al., 2009).  

 
  Sharma et al. (2014) investigated the antibacterial, antifungal, antiviral, 
and immunomodulatory potential of hot aqueous extract of Acacia nilotica 
leaves. They found that on dry matter basis, the filtered acacia nilotica leaves 
had a good extraction ratio (33.46%) and was found to have carbohydrates, 
glycosides, phytosterols, phenolic compounds, saponins, and flavonoids as 
major constituents. and these supports its use and availability in folk medicine. 
The efficacy of these compounds is already well established for antimicrobial 
activities (Mustafa, et al. 1999). Similar results were found of phytoconstituents 
of different extracts of Acacia nilotica, namely, aqueous extract (Kalaivani, et al. 
2011), methanolic, and ethanolic extracts (Solomon-Wisdom and Shittu, 2010). 
Thus, the present study was planned to study the possibly improvement effects 
of extract of Acacia nilotica leaves on physiological and antioxidant parameters 
in growing rabbits. 
 

MATERIALS AND METHODS 
The present study was carried out at the Rabbit Research Laboratory, in 

the Animal and Fish Production Department, Faculty of Agriculture (Saba 
Basha) during breeding season from October to February (winter, 2012). 

 
Preparation of extract  

Acacia nilotica Leaves (10g) were soaked and washed with plenty of 
water. The Acacia nilotica leaves extract was prepared in 100 ml of 80% 
aqueous methanol after crushing and macerating Acacia nilotica leaves (Alharbi 
and Azmat, 2011). After 3 days, the supernatant was completely removed by a 
boiling water bath at 45оC. The obtained residue was kept in the refrigerator for 
further use. The extract was made up to a known volume with distilled water just 
before oral administration. 

 
Diets and animals  

Thirty weaned V-line rabbits aged 35 days (5 weeks) and weighed 
510g±8.30 (mean±SE) used for the study which lasted for 84 days (12 weeks) 
and were divided equally and randomly into three groups (10 in each one). The 
first group was fed ad libitum a commercial pelleted diet according to NRC 
(1977) recommendations and kept untreated and served as a control. The other 
groups (second and third) were fed the same diet plus administration with oral 
daily Acacia nilotica leaf extract at a dose 100 (Low dose) and 200 mg /kg body 
weight (High dose) respectively for 7 weeks. All the experimental animals were 
healthy and clinically free from internal and external parasites and were kept 
under the same management and hygienic conditions. 
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Experimental procedure  
Blood samples were collected from the marginal ear vein every other 

week from five rabbits from each group. Plasma was separated by 
centrifugation at 4000 rpm for 20 minutes and kept -20oC until blood analysis.  
Stored plasma samples were analyzed for total proteins, albumin, activity 
asparate-aminotransferase (AST) and alanine- aminotransferase (ALT), alkaline 
phosphatase (ALP), urea, triglyceride (TG), and glucose using commercial kits. 
 

Blood plasma Thiobarbituric acid-reactive substances (TBARS) were 
measured in by using the method of Tappel and Zalkin (1959). Catalase (CAT) 
activity was determined using the Luck method involving the decomposition of 
hydrogen peroxide (Luck, 1974). Glutathione peroxidase (GPx) activity was 
assayed using the method of Chiu et al. (1976). 

 
Data were analyzed as a completely randomized design (Steel and 

Torrie, 1981) using the general linear model procedure of SAS (1986). Means 
were statistically compared using least significant difference (LSD) test at 0.05 
significance level (Steel and Torrie, 1981).  

 
The following model was used:  
Yijk = µ + ai + bj + abij + eijk 
where Yijk, experimental observation; µ, overall mean; ai, treatment effect; bj, 
week effect; abij, interaction effect of treatment and week; eijk, random error. 

 

RESULTS AND DISSECTION 

Effects of acacia extract on physiological parameters: 
Blood plasma total protein, albumin and globulin: 
 
 The data in Table (1) found that oral supplementation with low and high 
doses of  Acacia nilotica  extract cause significant increase in plasma total 
protein, albumin and globulin compared with unsupplemented group. The effect 
of weeks on pervious parameters was not significant.  

The data in Table (1) showed that there was significant interaction 
between treatment and weeks in plasma TP, Alb and globulin (Glb). The highly 
significant values of plasma TP, Alb and Glb were obtained in the group 
supplemented with low dose of acacia extract at the eighth of week. Acacia 

nilotica leaves are very digestible and have high levels of protein (Fagg, 2001). 
Kannan et al. (2013) found that Acacia nilotica  elevated plasma total protein in 
Wistar rats.  

Wu and Tsai (2006) showed that mice fed chitosan (isolated from papaya 
latex), at the dose of 2.5 g/kg body weight increased serum immunoglobulin 
amounts. The increase of total protein in blood rabbits fed papaya latex may be 
associated with improvement of crude protein digestibility (El-Kholy et al., 
2008).  
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Table (1): Overall means (mean ±SE) and the interaction of blood plasma 
total protein (TP), albumin (Alb) and globulin (Glb) of growing 
rabbits as affected by aqueous extract acacia nilotica leaves 
supplementation 

Item  
TP  Alb Glb 

(g/100ml) (g/100ml) (g/100ml) 

Effect of  Treatment (T)           

Control 6.12 ± 0.15b 4.01 ± 0.09 b 2.11 ± 0.15 b 

Acacia LD (T1) 7.40 ± 0.17a 4.46 ± 0.10 a 2.94 ±  0.13 a 

Acacia HD (T2) 7.08 ± 0.14a 4.48 ± 0.06 a 2.60 ± 0.15 a 

P value 0.0001  0.0001 0.0004 

Effect of Weeks (W) 
         

Week1 6.61 ± 0.10 4.15 ± 0.07 2.45 ± 0.11 

Week3 6.92 ± 0.17 4.33 ± 0.04 2.58 ± 0.17 

Week5 6.95 ± 0.22 4.43 ± 0.12 2.52 ± 0.23 

Week7 6.99 ± 0.35 4.34 ± 0.16 2.65 ± 0.23 

P value 0.2685 0.1783 0.8408 

Interaction (T*W)     

T1*W1 6.30 ± 0.17 e 3.93 ± 0.16de 2.37 ± 0.30cd 

T1*W3 6.23 ± 0.24e 4.26 ± 0.02bcd 1.98 ± 0.23cd 

T1*W5 6.52 ± 0.40ed 4.18 ± 0.15cd 2.34 ± 0.43cd 

T1*W7 5.41 ± 0.13f 3.66 ± 0.20e 1.75 ± 0.19d 

T2*W1 6.66 ± 0.16cde 4.22 ± 0.04bcde 2.44 ± 0.19cd 

T2*W3 7.57 ± 0.17ab 4.24 ± 0.07bcd 3.33 ± 0.10ab 

T2*W5 7.20 ± 0.17bcd 4.64 ± 0.26ab 2.56 ± 0.21c 

T2*W7 8.19 ± 0.40a 4.75 ± 0.26a 3.44 ± 0.20a 

T3*W1 6.86 ± 0.08bcde 4.31 ± 0.08abcd 2.54 ± 0.03c 

T3*W3 6.94 ± 0.05bcde 4.50 ± 0.05abc 2.44 ± 0.08cd 

T3*W5 7.14 ± 0.50bcd 4.47 ± 0.21abc 2.67 ± 0.55abc 

T3*W7 7.37 ± 0.26bc 4.62 ± 0.05abc 2.75 ± 0.31abc 

P value 0.0014  0.0323 0.0460 
a,b,c,d,e,f

 Means within a column not sharing similar superscripts are significantly different 
(P<0.05). W1,3,5,7 represent the weeks of treatment. 

As  Acacia nilotica leaves contains flavonoides, polyphenolic 
compounds, tannins, glycosides, organic acids and coumains (El-Shanawany, 
1996), the anti-microbial activity of plant leaves might responsible for the anti-
bactrial activity of plants. Increased globulin concentration may be an indication 
of increased immunity in the rabbits since the liver will be to synthesize enough 
globulins for immunologic action as mentioned by Summonu and Oloyede 
(2007).  
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Blood plasma ALT, AST and ALP 

The data in Table (2) reported that supplemented growing rabbits with 
Acacia nilotica  leave extract caused significant decreased in blood plasma 
AST, ALT and ALP compared with control group.  
 

Table (2): Overall means (mean ±SE) and the interaction of blood plasma 
ALT, AST and ALP of growing rabbits as affected by aqueous 
extract acacia nilotica leaves supplementation 

 

Item  
ALT  AST ALP 

(mg/dl) (mg/dl) (mg/dl) 

Effect of  Treatment (T)           

Control 29.3 ± 0.40a 57.1 ± 1.79 a 144.3 ± 3.52 a 

Acacia LD 26.5 ± 0.43 b 50.1 ± 1.77 b 116.4 ± 4.58 b 

Acacia HD 24.4 ± 1.02 c 48.3 ± 1.44 b 113.2 ± 6.12 b 

P value 0.0001 0.0001 0.0001 

Effect of  Weeks (W) 
         

Week1 28.5 ± 0.52 a 56.6 ± 1.66 a 143.4 ± 5.97 a 

Week3 27.6 ± 0.63 a 53.2 ± 2.06 ab 125.5 ± 5.36 b 

Week5 25.7 ± 1.10 b 51.1 ± 2.02 bc 117.8 ± 4.16 bc 

Week7 25.0 ± 1.11 b 46.5 ± 2.10 c 111.8 ± 7.85 c 

P value 0.0004 0.0008 0.0001 

Interaction (T*W)    

T1*W1 28.4 ± 0.82ab 56.9 ± 3.66a 146.0 ± 3.96a 

T1*W3 29.4 ± 0.75a 57.3 ± 4.90a 150.3 ± 2.50a 

T1*W5 29.7 ± 1.08a 58.3 ± 3.61a 131.4 ± 8.68ab 

T1*W7 29.8 ± 0.61a 56.0 ± 3.18a 149.3 ± 9.02a 

T2*W1 28.5 ± 0.42ab 57.5 ± 2.66a 141.7 ± 9.05a 

T2*W3 27.3 ± 0.29abc 51.6 ± 3.59ab 115.9 ± 5.98bc 

T2*W5 25.2 ± 0.58c 50.4 ± 2.04abc 109.7 ± 2.73c 

T2*W7 24.9 ± 0.86cd 41.0 ± 0.55d 98.4 ± 4.41cd 

T3*W1 28.8 ± 1.40ab 55.4 ± 2.78a 142.5 ± 6.55b 

T3*W3 26.0 ± 1.44bc 50.8 ± 1.16ab 110.4 ± 5.22bc 

T3*W5 22.2 ± 2.05ed 44.7 ± 1.63bcd 112.2 ± 5.32bc 

T3*W7 20.4 ± 0.85e 42.3 ± 1.18cd 87.8 ± 2.21d 

P value 0.0013 0.0064 0.0097 
a,b,c,d,e,f

 Means within a column not sharing similar superscripts are significantly different 
(P<0.05). W1,3,5,7 represent the weeks of treatment. 

The results in Table (2) showed that the lowest significant values of the 
pervious parameters were obtained at the end of experimental period compared 
with the binging of treatment. The interaction between the treatment and time 
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was shown in blood plasma ALT, AST and ALP where the lowest significant 
values was obtained in group three at the eighth week. 

 
Aspartate transaminase (AST) and alanine transaminase (ALT) are 

enzymes associated with the conversion of amino acids to ketoacids. They are 
pathophysiological marker enzymes used to assess tissue damage (Sriram and 
Subramanian, 2011). Interestingly, Acacia nilotica did not show any such side 
effects. There was a decrease in plasma AST and ALT levels compared to 
control group in Acacia nilotica extract treated groups which indicated non-toxic 
and tissue protective nature of Acacia nilotica. 
 
Blood plasma urea, TG and glucose 

The data in Table (3) reported that supplemented growing rabbits with 
water Acacia nilotica  leaves extract caused significant decreased in blood 
plasma TG and glucose levels compared with control group. No significant 
difference was found for blood plasma urea concentration. The results in Table 
(3) showed that the lowest significant values of blood plasma glucose and the 
highest blood plasma urea level was shown at the weeks7, compared with the 
binging of treatment. The significant interaction between the treatment and time 
was shown in blood plasma urea, TG and glucose, where the lowest significant 
values was obtained in group three at the eighth week for plasma TG and 
glucose. 

 Glucose is not only a necessary nutrient for the development and growth 
of food-producing animals, but also a potent signal molecular that regulates 
protein synthesis (Goichon et al., 2011). Therefore, the lower level of circulating 
glucose suggests a high efficiency of glucose and protein use for a healthy 
animal through nutritional perspectives (Yin and Cheng, 2003), which at least 
partially contributes to the improvement of growth performance and feed 
efficiency in poultry. 
 

Effects of acacia extract on antioxidant parameters: 
 Data in Table (4) showed that administration with Acacia nilotica extract 
caused a significant decrease in blood plasma TBARS and significant increase 
in blood plasma GPx and CAT levels. The effect of Acacia nilotica extract was 
dose dependent. Acacia nilotica leaves extract for 8 weeks resulted in 
significant change in pervious parameters during experimental period. 
 

The significant interaction between treatments and weeks was shown in 
blood plasma TBARS, GPx and CAT levels. The lowest significant interaction in 
TBARS and the highest significant interaction in GPx and CAT were obtained at 
weeks eight in high Acacia nilotica leaves extract dose treatment group. The 
results of the present study clearly indicated that aqueous extract of Acacia 

nilotica leaves exhibited higher antioxidant and free radical scavenging 
potentials. 



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ    222     

Vol. 20 (2), 2015 

 

 

Table (3): Overall means (mean ±SE) and the interaction of blood plasma 
urea, TG and glucose of growing rabbits as affected by 
aqueous extract of Acacia nilotica  leaves supplementation 

Item 
Urea TG Glucose 

(mg/dl)  (mg/dl) (mg/dl) 

Effect of  Treatment (T)          

Control 53.7 ± 1.32 67.5 ± 1.80a 133.0 ± 2.9a 

Acacia LD 53.1 ± 1.52 59.2 ± 1.53 b 109.9 ± 2.7b 

Acacia HD 53.2 ± 0.62 48.5 ± 2.39 c 108.3 ± 3.4b 

P value 0.8766 0.0001 0.0001 

Effect of  Weeks (W) 
         

Week1 48.1 ± 1.34c 61.9 ± 1.84 123.9 ± 3.6a 

Week3 50.5 ± 0.99c 59.9 ± 2.68 118.3 ± 3.7ab 

Week5 53.7 ± 1.18b 53.3 ± 3.68 113.2 ± 4.8b 

Week7 61.1 ± 1.01a 58.4 ± 4.59 112.9 ± 5.5b 

P value 0.0001 0.0905 0.0340 

Interaction (T*W)    

T1*W1 46.3 ± 1.22g 63.4 ± 2.98abc 124.2 ± 8.16abc 

T1*W3 48.9 ± 1.96gf 68.6 ± 4.12ab 135.0 ± 5.00ab 

T1*W5 57.5 ± 2.06bc 64.1 ± 5.66abc 134.0 ± 5.34ab 

T1*W7 62.0 ± 1.15ab 73.8 ± 4.10a 138.6 ± 3.46a 

T2*W1 48.9 ± 4.06fg 60.8 ± 2.67bc 122.8 ± 3.84bcd 

T2*W3 48.1 ± 0.14fg 58.2 ± 3.64bc 110.5 ± 2.05cde 

T2*W5 50.9 ± 1.79efg 55.2 ± 4.51c 102.6 ± 3.45e 

T2*W7 64.7 ± 0.72a 62.6 ± 4.31abc 103.9 ± 6.19e 

T3*W1 49.0 ± 1.08fg 61.4 ± 4.32bc 124.7 ± 7.25abc 

T3*W3 54.5 ± 0.40cde 53.0 ± 3.73c 109.5 ± 3.15de 

T3*W5 52.6 ± 1.16def 40.6 ± 4.40d 103.0 ± 6.26e 

T3*W7 56.6 ± 0.71cd 38.8 ± 5.06d 96.1 ± 2.53e 

P value 0.0003 0.0131 0.0042 
a,b,c,d,e,f,g

 Means within a column not sharing similar superscripts are significantly different 
(P<0.05). W1,3,5,7 represent the weeks of treatment. 
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Table (4): Overall means (mean±SE) and the interaction of blood plasma 
TBARS, GPx and CAT of growing rabbits as affected by 
aqueous extract Acacia nilotica  leaves supplementation 

Item 
TBARS GPx CAT 

(nmol/ml)  (U/ml) (U/ml) 

Effect of  Treatment (T)          

Control 1.643 ± 0.04a 0.882 ± 0.01c 1.275 ± 0.01c 

Acacia LD 1.218 ± 0.02b 1.011 ± 0.02b 1.395 ± 0.02b 

Acacia HD 1.177 ± 0.02c 1.134 ± 0.03a 1.507 ± 0.03a 

P value 0.0001 0.0001 0.0001 

Effect of  Weeks (W) 
         

Week1 1.325 ± 0.01b 0.938 ± 0.01c 1.280 ± 0.02c 

Week3 1.416 ± 0.06a 1.014 ± 0.03b 1.416 ± 0.04a 

Week5 1.326 ± 0.07b 1.065 ± 0.05a 1.425 ± 0.04a 

Week7 1.317 ± 0.10b 1.020 ± 0.05b 1.448 ± 0.04a 

P value 0.0001 0.0001 0.0001 

Interaction (T*W)    
T1*W1 1.314 ± 0.01c 0.934 ± 0.03cd 1.286 ± 0.02de 

T1*W3 1.746 ± 0.02b 0.924 ± 0.01d 1.304 ± 0.04de 

T1*W5 1.674 ± 0.07b 0.833 ± 0.02e 1.253 ± 0.02e 

T1*W7 1.839 ± 0.01a 0.838 ± 0.03e 1.258 ± 0.03e 

T2*W1 1.337 ± 0.03c 0.946 ± 0.02cd 1.289 ± 0.04de 

T2*W3 1.299 ± 0.01c 0.995 ± 0.04c 1.384 ± 0.03cd 

T2*W5 1.204 ± 0.02d 1.122 ± 0.01b 1.453 ± 0.07bc 

T2*W7 1.032 ± 0.02e 0.983 ± 0.01cd 1.454 ± 0.03bc 

T3*W1 1.326 ± 0.01c 0.935 ± 0.02cd 1.265 ± 0.05e 

T3*W3 1.201 ± 0.01d 1.122 ± 0.03b 1.562 ± 0.05ab 

T3*W5 1.100 ± 0.01e 1.240 ± 0.02a 1.570 ± 0.05a 

T3*W7 1.079 ± 0.03e 1.240 ± 0.03a 1.632 ± 0.02a 

P value 0.0001 0.0001 0.0004 
a,b,c,d,e

 Means within a column not sharing similar superscripts are significantly different (P<0.05). 
W1,3,5,7 represent the weeks of treatment. 

Natarajan and Srinivasan (2015) reported that Acacia nilotica leaves for 
6 weeks resulted in a marked decrease in plasma TBARS and marked increase 
in superoxide dismutase (SOD), CAT and GPx activities as compared to alloxan 
induced diabetic rats. They added that Acacia nilotica leaf treatment increased 
the antioxidants and may there by help to control free radicals, as Acacia 

nilotica leaf has been reported to be rich in flavonoids and phenolic compounds, 
well-known antioxidants and also to possess in vitro free radical scavenging and 
antioxidant activity (Kalaivani and Mathew, 2010). 
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In conclusion, Acacia nilotica leaf extract treatment significantly improved 
physiological parameters and antioxidant activity of growing rabbit and this 
improvement was dose dependent. 
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ABSTRACT: The present study was performed during a periodical interval of nine months in 

(2014) at Alexandria Governorate, Egypt. Whereas, a laboratory trial was carried out to inspect the 
field collected dead adult land snails ofThebapisana (693 individuals). The inspection revealed that 
19.0 % of these collected snails were infected with three pathogenic; bacteria; Bacillus 
theuringiensis (B.t.) (2.7%), B. cereus (0.1 %), and Brevibacterium sp. (10.1%) in addition to a 
polyhedrosis virus (2.7 %). Moreover, the made laboratory evaluation showed that the assessed 
daily cumulative mortality of snails as well as LC50 (Concentration of active ingredient responsible 

for killing 50% of the examined number animals) value of B.t post 13 days of snail treatment was 

(7.3x108 Visible spore (VS)/ml), while these determined values for Brevibacteriumsp. and 

polyhedrosis virus(P.V) were (7.6 x 108VSs/ml) and (3.3 x 106 Polyhedral Inclusion Bodies (P.I.Bs) 
/ml) after four and 16 days, respectively. The LT50 (Time in days, needed to kill 50% of the exposed 

pest) for Brevibacterium sp. ranged from 9.8 to 16.3 days for the different tested concentrations. 
The LT50 of lower concentration of polyhedrosis virus was much prolonged up to (10.6 days) 

compared to that of the highest concentration (1.5-day). Also, the LT50 values of B.t ranged from 

10.2 to 17.5 day for the lowest and highest tested concentrations .The ease and simplicity of the 
followed bioassay procedures, and the reliability of the method described, as shown by the 
statistical evaluation of the obtained data, justify the use of the adopted method in the present 
study. 

Keywords: land snails,T.pisana, Bacillus thuringiensis, B.cereus, Brevibacteriumsp., polyhedrosis   

virus, natural infection, bioassay, infectivity, microbial control. 

 

INTRODUCTION 
The land snails are considered as a serious agricultural animal- pests of 

worldwide (Speiser and Kistler; 2002).They attack plants causing serious damage 
(Godan, 1983). The economic damage caused by these mollusks is due to feeding and 
contamination with their faces and slime excretion leading to deterioration of the 
agricultural product quality (Iglesias et al., 2003). In Egypt, terrestrial mollusks infest 
crops, vegetables, ornamental and medicinal plants (Bisharaet al.,1968, El- Okda 
1980 and Eshra 2013). The land snail T.pisana was recorded in many Egyptian 
Governorates attacking various plantations (El-Deeb et al., 1996), Abu-bakr 1997, 
Eshra 1997,Eshra, 2004 and El-Shahaat et al., 2009). Osman and Mohamed 
(1991) reported on the molluscicidal activity of "Thuricide" insecticide (Bacillus 
thuringiensis) against some fresh water snails;Bulinustruncatus and B. 
Alexandrian, however B.truncatus was the most sensitive . The, increased 
exposure time resulted in increasing  mortality. Low concentration of "Thuricide" 
caused a significant decrease in oviposition activity, size of egg-mass and the 
percentage of hatchability. Kienlen et al. (1996) studied the toxicity of some B. 
thuringiensis products and several unformulated strains on three species of slugs; 
Derocerasreticulatum, Ariondistinotus and Limaxvalentianus under laboratory 
conditions. Among the tested products, two contained beta-exotoxins; however, no 
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strain of B. thuringiensis was toxic to the slug species. Azzam and Belal (2002) 
studied the molluscidal activity of bacterial exotoxin (Victoback12 As) alone and in 
combination with Rhabditis sp. El-Sabbagh et al. (2013) studied the biological 
control of species of land snails infesting citrus trees. 

 
Therefore, the objectives of present study is devoted to identify the possibly 

existing or associating bacterial and / or viral pathogens in the collected dead 
adults of white garden snails; besides a performance of bioassay procedures to 
determine the toxic activities of some pathogens against the snail. 

 

MATERIALS AND METHODS 
1- Animal tested 

The adult of T.pisana snails (Muller) (family: Hellicidae) were collected from 
pesticide-free garden at Elmontazah district, Alexandria Governorate, Egypt. 
Therefore, the snails were fully acclimatized for 15 days under the laboratory 
conditions prior to the conducted tests. 

 
2- Isolation of pathogens associated with naturally dead T.pisana snails. 

Under aseptic conditions, Koch's postulates were applied on the abnormal 
field-collected land snails shell. Snails were surface sterilized by alcoholic flaming, 
then passed through five separate washings of sterile distilled water (Campbell and 
Podgwaite, 1971;Hendi, 2003). The externally sterilized snails were transferred 
individually into sterile Petri dishes, each provided with a few drops of sterile 
distilled water and thoroughly smashed with the help of sterilized dissection 
scissors and flat-pointed needle. A loop full of each triturated snail suspension was 
spread over the surface of each of glycerol nutrient agar and potato dextrose agar 
in Petri dishes.  Then, incubated at 30±2

o
C for 1-7 days. Bacterial or fungal pure 

cultures were prepared and maintained on agar slants, then stored at 4
o
C and 

periodically recultured to maintain the isolates for use in taxonomical studies and 
pathogenicity trials. On the other hand, a loop full of the rest of each triturated snail 
suspension was smeared on a clean microscopic slide and microscopically 
examined for evidences of viral, protozoan or other pathogens. 

 
T. pisana snail was found to be naturally infected with each of Bacillus 

thuringiensis, Brevibacterium sp., and a polyhedrosis virus. The three pathogens 
were bio assayed against T.pisana, under laboratory conditions of 28.0± 0.3

o
C, 

81.0% RH, and a photo period of nearly   (14hL.:10hD.) per day. 
 
The stored pure cultures of the bacteria: Brevibacterium sp., and B. 

thuringiensis originally isolated from naturally dead snails of the T.pisana were used 
to culture 10-12 nutrient agar plates for each. After 24 hrs.incubation period at 

30±2
o
C, the bacterial growths on the surface of Petri plates of each test bacterium 

were aseptically scraped off by means of a sterile spatula and inoculated into 250-
ml flask containing 100 ml sterile distilled water, then thoroughly mixed. The plate 
count technique was applied to determine the bacterial concentration in each flask. 
A suspension of polyhydrosis virus of T.pisana (TpPV) was prepared by a thorough 
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remove of 43 naturally infected T.pisana. Manually hemogenied andput in 300 ml 
distilled water, then strained through a fine cotton cloth and filtered. The resulting 
suspension was quantified by making counts of the polyhedral inclusion bodies 
(P.I.Bs) with a haemocytometer. From these bacterial or viral stock suspensions, 
bioassay tests were carried out using a series of concentrations (Hendi, 2003). 
 
3-Bioassay of B.thuringiensis isolates: 

Four concentrations of each B.t. isolate were tested; 3.6, 6.0, 8.4, and 12.0 x 
 108 viable spores/ml of TPB.t. Snails were placed in plastic cups (12 cm diam.and 
9 cm height) tightly covered with plastic sheet, then kept at laboratory conditions of 
28.0±0.3

o
C, 81.0±0.5 % RH, and a photoperiod of nearly 14hL. : 10hD. per day. 

Each concentration was replicated ten times. In check control treatments, the 
feeding-lettuce leaves was imbibed only distilled water .The tested of same size 
snails were randomly chosen of same sizes and starved for about 48 hours before 
assay. All cups were examined daily for mortality. 
 
4- Bioassay of Brevibacteriumsp. isolate 

In this trial, the same previous bioassay procedures and adopted conditions 
for B.t. were followed, but the tested concentrations were as follows: 2.6, 7.5, 13.0, 
18.2, and 23.4 x 108 viable bacterial cells (VBCs)/ml. 

 
5- Bioassay of the polyhedrosis virus isolate 

The used T.pisana snails in this bioassay were starved for nearly 48 hours; 
then exposed singly to each test concentration as aforementioned in the B.t. trial. 
The bioassesed concentrations were: 1.7, 2.9, 4.0, and 5.8 x 106P.I.Bs/ml. Each 
concentration was replicated ten times. The untreated snails were fed on lettuce 
leaves treated only with distilled water. All the inspected snails in the conducted 
treatments and the check treatments had completely consumed the treated or/and 
untreated lettuce. The cups were kept under laboratory conditions of 28.0±0.3

o
C 

and 81.0% RH, and covered with perforated plastic sheet with numerous holes was 
done for recording mortalities daily inspection of cups, for the treated and untreated 
snails. Tissue smears from all dead snails were microscopically examined for the 
presence of polyhedral, (Fig 2). 

In each bioassay trial of the bacterial or viral pathogen (s). The %  mortality 
was calculated according to following equation: 

% =
naturally dead snail number  

Total inspected no.
X100 

Also the results were statistically analyzed and interpreted using the probit 
analysis; statistical method of (Finney, 1952 and 1971).    

 
RESULTS AND DISCUSSION 

 
1- Pathogens associated with the abnormal naturally dead snail, T. pisana 

Along a 9-month, extended from January 2014 till September 2014, to survey 
the natural microbial control agents of the white land snails T. pisana, in Alexandria; 
Egypt, it had been revealed that 19.0% of inspected 693 snails were found to be 



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ    231     

Vol. 20 (2), 2015 

 

 

naturally infected with the bacteria; Bacillusthuringiensis  (6.1 %), B.cereus (0.1 %), 
and Brevibacterium sp. (10.1 %), and a polyhedrosis virus (2.7 %). The highest natural 
occurrence of the viral disease among the individuals of T. pisana  snails  was 
recorded in September  (16.7%)  and ranged; from 0.8 to 16.7 %; along the whole 
investigation period of 9-months, while the highest occurred rate of natural mortality % 
among the inspected snails due to bacterial infection by B.t .(25 %) and/or 
Brevibacterium sp.( 26.2 %) was observed during May & August, respectively , and 
ranged, in respect, between 1 and 25 % and 1-26.2 % through the initiated 
experimental periods (Table 1 ). 

 
Data in Table (1) also show that the pathogenBrevibacteriumsp. was the 

most frequently isolated pathogen (10.1 %) from naturally dead snails followed by 
B.thuringiensis (6.1 %), the polyhedrosis virus (2.7 %), and B.cereus (0.1 %) which 
recorded the lowest rate of occurrence. Herein, according the available literary 
information, the authors could state there are no previous reports on naturally 
occurring pathogen (s) in T.pisana snail; their findings give details on the firstly 
recorded natural bacterial pathogens in the abnormal & natural dead snails of T. 
pisana. 

 
Table (1): The recorded rates of natural mortality of the white land snail T. 

pisanadue to the detected associating pathogens during a period 
of 9- month extended from January 2014 till September 2014 

 

Date of 
inspection 

Natural mortality N.M. (%) / pathogen 

B.thuringiensis B.cereus Brevibacterium sp. 
Polyhedrosis 

virus 

Mean (%) 
of  recorded 
pathogens 

January 
February 
March 
April 
May 
June 
July 
August 
September 

3.1 
8.3 
25.0 
7.4 
5.7 
12.3 
1.0 
3.1 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.1 
0.0 

0.0 
24.9 
15.0 
14.7 
9.4 
26.2 
1.0 
0.0                          
0.0 

4.6 
8.0 

10.0 
4.4 
1.9 
0.8 
2.1 
0.0 

16.7 

7.7 
41.2 
50.0 
26.5 
17.0 
39.3 
4.1 
4.1 

16.7 

Average 6.1 0.1 10.1 2.7 19.0 

    Total number of inspected snails = 693 snails 

2-Pathogenicity of the bacteria and virus isolated from the land snail, 
T.pisana to its natural host 

T.pisana snails were found to be infected by TpB.t, Brevibacterium sp., and the 
polyhedrosis virus when they had been fed upon lettuce contaminated with different 
concentrations of each tested pathogen, under laboratory conditions (28.0± 0.3oC, 
81.0±-0.5 %RH). All of the dead snails in the B.t., and/or  in the viral treatments 
contained masses of typical B.t. rods, crystals, spores or sporangia, (Fig.1), and / or 
the viral polyhedral, (Fig.2). 
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A-B.t. bioassays 
Data in Table (2) indicated that the LC50 value of B. thuringiensis var. 

kurstaki, originally isolated from naturally dead T. pisana snail, at 13 days post-
treatment (7.3 x 108 VSs/ml) was insignificantly lower, than the corresponding 
detected higher value at 12 days post-treatment (8.8 x 108 VSs/ml), as it was 
indicated by the increasing slope value (from 3 to 3.6; (Table 2). Dulmage (1981) 
mentioned that the different isolates of B.thuringiensis of the same variety can 
produce different endotoxins, to which the pathogenicity to a susceptible host is 
attributed, and the extent of the potency of the different varieties of B.t. depends 
upon the isolate itself rather than the variety or serotype. Additionally, Table (3) 
reveals that the time to obtain 50 % mortality of the treated T. pisana snail was 
influenced by the source of the B. thuringiensisvar. Kurstakiwhere; the LT50 values 
ranged from 10.2 to 17.5 days for the different concentrations of the TpB.t.k isolate. 
Also, the data prove that the increase in B.t. concentration significantly shortened 
the survival time of T. pisana lethally B.t.-infected snail by 10.2, instead of 17.5, 
days when the subject snail fed on lettuce treated with tested concentrations 
ranging from 12.0 to 3.6 x 108 VSs/ml in the case of the TpB.t isolate. On the other 
hand, daily cumulative mortality values for the TpB.t showed that the highest test 
concentration of 12 x 108 VSs/ml showed that 14 days were needed to produce 
100 % mortality; while for the lowest concentration of 3.6 x 108 VSs/ml, 20 days 
were required to achieve the same mortality level. 

 
 

 
 
 
 
 
 
 

Figure(1): Naturally-occurring bacterial pathogen of the land snail T. pisana 
(B. thuringiensis var. kurstaki; Brevibacterium sp.). 

 

 
 
Figure (2): Naturally-occurring viral pathogen of the land snail T. pisana  

(polyhedrosis virus). 
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B- Brevibacterium bioassay 
The LC50 for the Brevibacterium sp. at 16.0 days post-treatment was 

7.6x108 viable bacterial cells/ml, (Table 2) with concentrations ranging from 2.6 to 
23.4x108 VBCs/ml (Table 3) while the LT50s ranged from 9.8 to 16.3 days for the 
different tested concentrations (Table3). At concentration below 13 x 108VBCs/ml, 
the LT50 value had been shortened by 12.8 days only. On the other hand, daily 
cumulative mortality data for the highest bacterium concentration (23.4 x 108 
VBCs/ml) indicated that a 100 % mortality of T. pisanatested  snail was  achieved 
after a period lasted about 16 days post-infection, and with the lowest test 
concentration (2.6x108VBCs/ml), 22 days were required to attain the same mortality 
level of the subject snail. 

 
Positive diagnosis of Brevibacterium sp. was confirmed through Koch's 

postulates, for all dead T.pisanasnail in the treated samples (Campbell and 
Podgwaite, 1971). The present results provide evidence, about lethality of the 
Brevibacteriumsp. to the land snails T.pisana. The first evidence that the genus 
Brevibacteriumis lethal to insects when ingested as reported by Bucher (1963); 
also, Alfazairy (1983) recorded that the  natural mortalities ranged from 24.7 to 
47.8% among the individuals of stored product insect pests, Sitophilus granaries 
(L.), S.oryzae(L.), Rhizoperthadominica(F.), OryzaephilussurinamensisL., 
andLaemophloeusferrugineus (Steph.). The LC50 values of Brevibacterium sp. for 
these insect pests were extremely high and had ranged from 3.8 x 109 to 1.9x1010 
VBCs/5 g food, estimated at 4 - 16 days post-treatment. Brevibacterium –infected 
snail gradually turned into soft red-colored cadavers with some deformities. 

 
C-Polyhedrosis virus bioassay 

Daily cumulative mortality data for each tested virus concentration showed 
that death of the virally infected T.pisana snail usually occurres during 2 - 23 days 
after infection. Light microscopic examination of all T.pisana virally-infected cadavers 
confirmed the presence of large numbers of polyhedral (Fig.2). Infected snails 
become flaccid and gradually turn into brown-or black –colored cadavers. The 
results of performed bioassay established the pathogenicity of the 
T.pisanapolyhedrosis virus to its natural host ;( Table 2). The  relatively low LC50 

value at 4 days post-infection indicated a high degree of infectivity, as it was also 
confirmed by the too much low LT50 value (1.5 - day) for the highest concentration 

of 5.8 x 106P.I.Bs/ml (Table 3). 
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Table (2): Probit analysis data of mortality of T. pisana snail separately infected with 
the pathogens, Bacillus thuringiensis, Brevibacterium sp., and polyhed   

                     rosis virus 

 

Pathogen 
Days post-
treatment 

Regression equation 

LC50 

(VSs/ml) 
(VBCs/ml) 

(PV/ml) 

95 % confidence limits Slope 

Fit of the  drawn Lc-p lines 

Chi2 P 
Degrees of 

freedom 

B.thuringiensis 
12 Y = - 27.2795 + 3.0495 x 8.8 x 108 7.9 x 108   to   9.8 x 108 3.0 0.815 0.665 2 

13 Y = - 31.9373 + 3.6036 x 7.3 x 108 6.7 x 108   to   7.9 x 108 3.6 2.634 0.268 2 

Brevibacterium sp. 16 Y = -21.2680 + 2.3942 x 7.6 x 108 6.7 x 108   to   8.7 x 108 2.4 27.524 0.186 5 

Polyhedrosisvirus 4 Y = - 20.6592 + 3.1702 x 3.3 x 106 3.0 x 106   to   3.6 x 106 3.2 0.814 0.666 2 

 

Table (3): LT50 values; their 95 % confidence limits for T.pisana infected  separately 

with different concentrations of the pathogens, B.thuringiensis, 
Brevibacterium sp., and a polyhedrosis virus 

 
Concentration (V.Ss/ml) 

(V.B.Cs/ml) (PV/ml) 
LT50(days) 95 % confidence limits Slope 

B.thuringiensis    

3.6 x 108 17.5 17.5   to   17.6 0.12 

6.0 x 108 13.9 13.8   to   13.9 0.11 

8.4 x 108 12.7 12.6   to   12.7 0.10 

12.0 x 108 10.2 10.1   to   10.2 0.10 
Brevibacterium sp.    

2.6 x 108 16.3 16.1   to   16.4 0.04 

7.5 x 108 13.5 13.4   to   13.6 0.04 

13.0 x 108 12.8 12.7   to   12.9 0.05 

18.2 x 108 10.7 10.6   to   10.8 0.04 

23.4 x 108 9.8 9.2   to   10.3 0.04 
Polyhedrosis virus    

1.7 x 106 10.6 10.6   to   10.7 0.03 

2.9 x 106 8.0 7.8   to   8.1 0.04 

4.0 x 106 6.4 5.9   to   6.9 0.04 

5.8 x 106 1.5 1.4   to   2.8 0.03 

 
The viral disease mortality data recorded in this laboratory bioassay trial 

may reflect a promise able efficient pathogenicity of such polyhedrosis virus 
towards same snail species of its natural host (T. pisana), where these tested land 
snail were found to be considerably susceptible to their naturally occurring virus. 

The obtained results of conducted bioassay tests also show that the 
described method for assaying test pathogens give reproducible results and can 
easily be adopted for routine bioassay work with such land snail T. pisana, which is 
known, to a large extent. The ease and simplicity of the procedure, and the 
reliability of the method, as emphasized by the statistical analysis of the obtained 
data, justify the use of the method adopted here. Unfortunately, no previous literary 
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reports were available on T. pisana bioassay method to discuss the present 
results; which could be considered as firstly recorded bioassay trial. 

 
In the light of all data recorded in these bioassay tests, it seems also that the 

newly isolated bacterial and viral pathogens can provide much promise able 
microbial control agents for this land snails T.pisana. Therefore, this study 
suggests that the direct spray of any of the pathogens listed above onto the host 
trees might have some value in T.pisana control procedure, curatively or 
preventively. Confirmation or rejection of the latter suggestion certainly needs 
further investigation. Also, Shairra and Nabil (2012) mentioned that the immature 
stages of white garden snails were greatly sensitive than adult stages for 
nematodes infection. 
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ABSTRACT : Two field experiments were carried out at the Experimental Farm, of Sakha 

Agriculture Research Station, Agriculture Research Centre, Kafr El-sheikh Governorate which is 
clay soil. These experiments were conducted to study the effect of some weeds control 
treatments on weeds and potato crop, during the above mentioned dates 2011/12 and 2012/13 
winter seasons. Each experiment comprised twelve treatments which were, 1- Sencor 70 % WP 
(metribuzin 300 g/Fed.), which applied at 5% emergence of potato, 2- Gesagard 50 % SC 
(prometryn 1.25 L/Fed.), applied at 5% emergence of potato, 3- Stomp 50% EC (pendimethalin 
1.7 L/Fed.), applied after planting (AP) and before irrigation, 4- Amex 48% EC (butralin 2.5 
L/Fed.), applied post planting, 5-Fusilade forte 15 % EC (fluazifop-p-butyl 1.4 L/Fed.), applied at 
30 days after planting (DAP), 6- Sencor followed by Fusilade forte (300 g /1.4 L/Fed.),  7-
Gesagard followed by Fusilade forte (1.25/1.4 L/Fed.), 8- Stomp followed by Fusilade forte 
1.7/1.4  L/Fed, 9- Amex followed by Fusilade forte 2.5/1.4  L/Fed., 10- hand hoeing twice at 45 
and 60 DAP, 11- hand hoeing thrice at 45, 60 and 75 DAP, and 12- Untreated control. 

                  
The results of this obtained showed that the best treatments for controlling weed in potato 

were hand hoeing twice, hand hoeing thrice and herbicidal combination of Sencor 300g/Fed. + 
Fusilade forte 1.4 L/Fed. for controlling annual grassy and broadleaved weeds were recorded 
as of 87.9, 95.6, 81.5% total weeds control in the 2011/12 and 2012/13 winter seasons. 
Moreover, these treatments increased the number of tuber, average weight of tuber, number of 
tuber/10 kg, plant height (cm), number of main stems, tuber grading index, tuber shape index, 
tuber dry matter, starch % and tuber specific gravity compared with untreated check during both 
seasons of the study.  

 
The research showed that the best treatments to control weeds associated with the 

potato plants to get the highest yield and quality of potato tubers are hoeing twice or thrice, and 
four sequenced treatments of Sencor, Stomp, Gesagard and Amex that  followed by Fusilade 
forte for each.  

Key words: weed, control, potato, herbicides. 
Abbreviations least: Fed=Feddan, AP=after planting, DAP=days after planting. V=Volume                

W= Weight 

 

INTRODUCTION 
Potato (Solanum tuberosum L.) belongs to family Solanaceae, as one of the 

most important vegetables crops for local consumption, processing and 

exportation in Egypt. The cultivated area in the whole season of 2013 was 

381379 fed, produced 4265178 tons, by an average 11.18 ton/Fed. (The yearly 

book of economic and statistics of ministry of Agric. In Egypt, 2014).Weeds in 

potato fields not only compete with potato for growth factors, but also act as 

hosts of insects and fungal diseases that in turn infest potato plants. Weed 

growth reduces the yield of potato tuber by 50 % as reported by Vincent 

(2009). The use of herbicides in potato field plays an important role in improving 

the growth of potato plants and consequently increases the productivity of area 

unit and decreases the cost of production as compared with hand hoeing. 
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Evaluation of herbicides in field crop not only depends on the efficiency of the 

herbicide to control weeds, but also includes the obtaining of crop growth and 

high quantity and quality of yield. Panghal et al. (2003) found in his study that 

(0.5 kg metribuzin/ha and 1 kg pendimethalin/ha 7, 14 or 21 DAP), significantly 

controlled weeds compared with untreated check. The highest tuber yield was 

recorded with the application of metribuzin. Arora et al. (2009) found that the 

highest yield of potato tubers was recorded in plots treated with prometryn (0.1 

kg/ha PE), followed with pendimethalin (1.0 K/ha PE), metribuzin (0.5 kg/ha PE) 

and two hand weeding. No residual activity of herbicides applied to potato was 

found in post harvest soil. However the objectives of the present study aimed to 

increase potato yield production and its quality through finding suitable 

herbicides as alternative to hand hoeing for controlling weeds in potato fields.  

MATERIALS AND METHODS 
 A local certified "Spunta" potato seed tubers was planted during the two 
successive winter seasons of 2011/2012 and 2012/2013. The experiments were 
conducted in a clay soil at Sakha experimental farm, Agricultural Research 
Station, Kafr El-Sheikh Governorate. The planting was done on October 23rd 
and 25Th, respectively, in clay soil Table (1). The experimental unit consisted of 
five rows, 0.7 m wide and 6.00 m long, making an area of 21 m2. The hills were 
at 25 cm apart. Each plot contained 120 whole tubers. Harvesting was 
accomplished 120 days from planting. All the agricultural practices for potato 
production were carried out as common in this area. 
 
Table (1): Physical and chemical analysis of the experimental soil at (30 cm)    

depth in 2011/12  and  2012/13 seasons. 

Characteristics  2011/12 season  2012/13 season  

Physical Properties  

Clay % 
Silt %  
Sand %  
Soil texture 

49.24 
31.93  
19.83  
Clay  

50.93 
32.63  
16.44 
Clay  

Chemical Properties  

pH (1:2.5)  
EC (dSm-1)(1:5)  
CaCO3, %   

Organic matter, % 
Total nitrogen,% 

8.14 
2.90  
26.33  
0.53  
0.034  

8.11 
3.20  

25.93 
0.55 
0.03  

Soluble cations (meq/100 g soil)  

Ca++ 
Mg++ 
Na+  
K+ 

3.34 
3.80 
7.66 
0.44  

3.50 
4.46 
8.00 
0.66  

Soluble anions (meq/100 g soil)  

HCO-
3  

Cl- 

4
—OS  

6.83  
6.60 
0.33  

7.50 
7.46 
0.42  

* Jackson, M.L. 1973. Soil Chemical  Analysis. Prentice Hall Private, Ltd., New York.            
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To study the effect of eleven treatments of weeds control plus the 
untreated check on weeds in potato fields, plant growth, potato yield and 
quality, the following treatments were applied as follows: 
  
1- Sencor 70 % WP (metribuzin 300 g/Fed.), applied at 5% emergence of 
potato,. 2- Gesagard 50 % SC (prometryn 1.25 L/Fed.), applied at 5% 
emergence of potato,. 3-Stomp 50% EC (pendimethalin 1.7 L/Fed.), applied AP 
and before irrigation., 4- Amex 48% EC (butralin 2.5 L/Fed.), applied AP and 
before irrigation., 5- Fusilade forte 15 % EC (fluazifop-p-butyl 1.4   L/Fed.), 
applied at 30 DAP., 6- Sencor flowed by Fusilade forte at the rate (300 g / 1.4 
L/Fed.)., 7- Gesagard flowed by Fusilade forte (1.25 L/1.4 l / Fed.)., 8- Stomp 
flowed by Fusilade forte (1.7 l / 1.4 l / Fed.)., 9- Amex flowed by Fusilade forte 
(2.5 l /1.4 l / Fed.)., 10- Hand hoeing twice at 45 and 60 DAP. 11- Hand hoeing 
thrice at 45, 60 and 75 DAP. and 12- Untreated control. The herbicides were 
applied by using knapsack sprayer CP3 with volume of 200 L of water/Fed. 
 
The following measurements were recorded: 
-Weed characters: Weeds were hand pulled at random from one square meter 
in each plot at 60 and 90 DAP. The weeds were identified into species and 
classified to annual broad-leaved weeds, narrow–leaved and total weeds. The 
fresh weights of each species were determined as (g/m2).  

-Vegetative growth and yield parameters: Ten whole plant samples per plot 
were randomly used, 100 DAP, for the determination of the vegetative growth 
parameters (plant height (cm), number of main stems and total chlorophyll 
percentage (mg/100g F.W.), which was determined using the fourth top leaves 
after 80 and 100 days from planting according to Wettstein (1957) method:  

o Chlorophyll (a) mg/g = 10.3(O.D) 663 - 0.918 (O.D) 644 x  

o Chlorophyll (b) mg/g =19.7(O.D) 644 - 3.87 (O.D) 663) x 

A random ten hills were used to calculate the average tuber weight (g), average 
tuber number. Number of tubers per 10 Kg was determined using a random 
sample of 10 kg of tubers from each treatment and then counted. The accepted 
category to potato processing is that count 72-112 tubers in such treatment, 
Frito Lay Company (1999). Tuber yield (ton/Fed.) was recorded as the total 
weight of all harvested tubers per plot and converted into tons per Fed.  

-Physical characteristics: Random samples of 10 tubers per treatment were 
randomly used to measure the physical characteristics of the tubers, tuber 
length and diameter were measured to calculate the tuber shape index by 
dividing the length by the width, as reported by Winiger and Ludwing (1974). 
Tuber specific gravity was determined by a certain weight of tubers for each 
treatment in the air and secondly under water, then the specific gravity was 
computed as described by Dinesh et al. (2005). Tuber grading index was 
computed as follows, potatoes were graded into three categories according to 
its size i.e., large size (more than 60 mm), medium size (40-60 mm) and small 
size (28-40mm). So, both tuber specific gravity and tuber grading index were 
calculated according to the following equations: 

                                           

V   

w 

V   

w 
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o Tuber specific gravity = Tuber's weight in air/(Tuber's weight in air - 
Tuber's weight in water)  

o Tuber grading index = 1× weight of small size) + (2× weight of medium 
size) + (3× weight of large size). 

Tuber quality: Random samples of 10 tubers per treatment used to determine 
the following tuber quality characters: 
1. Tuber dry matter %: Was carried out by weighing a certain weight of fresh 

tubers and then dried (Haase, 2003).  
o Dry matter % = Dry weight / Fresh weight   ×100 

2. Determination of starch %: Tuber starch percentage (%) was determined 
using a sample of 1 g of dry weight of tuber, according to the method 
described in A.O.A.C. (1970). 

 

The used experimental layout of the experiments was arranged in a 
randomized complete blocks design (R.C.B.D), with four replicates.  The twelve 
treatments of weed control were applied. The data statistically analyzed using 
analysis of variance method as described by Snedecor and Cochran (1980). 
The mean values of the tested treatments were compared by least significant 
range (L.S.R.) according to Duncan's Multiple Range Test (Duncan, 1955) at p 
= 0.05 level of probability. 

RESULTS AND DISCUSSION 

1. Weed characters 

1.1. Effect of weed control treatments on fresh weight of broad-leaved 
weeds (g/m2): 

All weed control treatments significantly decreased the fresh weight of 
broad leaved weeds as compared with untreated check (Table, 2). The highest 
broad-leaved herbs reduction % was obtained by applying hand hoeing twice, 
hand hoeing thrice, Sencor and Gesagard as compared with the untreated 
check at 60 DAP in 2011/12 winter season, while the results in 2012/13 winter 
season showed that applying Sencor gave the best result in controlling weeds 
followed by hand hoeing thrice, both sequenced herbicides of Sencor + 
Fusilade forte and Stomp + Fusilade forte compared with the untreated check. 
Applying Sencor, hand hoeing thrice and hand hoeing twice at 90 DAP resulted 
in the highest reduction in fresh weight of broad leaved weeds, as compared 
with the untreated check treatment. In 2012/2013 winter season hand hoeing 
thrice reduced broad leaved weeds followed by hand hoeing twice and the 
sequence of Stomp + Fusilade forte, compared with the untreated check .These 
results are in agreement, more or less, with those obtained by Arnold et al. 
(1991) who found that adding metribuzin to pendimethalin increased weed 
control. Channappagoudar et al. (2007) and Thomas et al. (2014) found that 
herbicide mixtures consisted of 1.5 kg/ha pendimethalin plus metribuzin, 320 g 
ai/ha metribuzin and 1.5 kg/ha pendimethalin were also applied alone provided 
the greatest control of water smartweed. 

1.2. Fresh weight of grassy weeds: 
All weed control treatments decreased the fresh weight of grassy weeds 

significantly at 60 DAP, as compared with untreated check (Table, 2). The 
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highest reductions for grassy weeds were given by applying four sequences: 
Stomp + Fusilade forte, Amex + Fusilade forte, Fusilade forte, Sencor + 
Fusilade forte and Gesagard + Fusilade forte. Hand hoeing twice and hand 
hoeing thrice gave high reductions for the fresh weight of grassy weeds 
compared with the untreated check. The results in 2012/13 winter season 
decleared that treated weeds with Fusilade forte, hand hoeing thrice and 
Gesagard followed by Fusilade forte which resulted in a reduction in the amount 
of weeds by compared with the untreated check, while applying hand hoeing 
thrice, Stomp + Fusilade forte and Amex + Fusilade forte sequences at 90 DAP 
gave reductions in fresh weight of grassy weeds, compared with the untreated 
check. The data of 2012/13 winter season illustrated that the best results for the 
reduction of weed fresh weight were given when the weeds were treated with 
hand hoeing thrice, hand hoeing twice and the sequence of Sencor + Fusilade 
forte, respectively, compared with the untreated check. These results are in 
agreement, more or less, with those obtained by El-Mahy (2005) who reported 
that the post-emergence application of metribuzin and fluazifop-p-butyl resulted 
in the highest control of grasses and broad leaved weeds infesting potato fields. 
Arora et al. (2009) and Panghal et al. (2003) found that the metribuzin and 
pendimethalin applying 14 or 21 DAP significantly controlled weeds compared 
with untreated check.  

 
1.3. Fresh weight of total weeds: 

The data of 2011/12 winter season decleared that application of the 
sequence of Sencor + Fusilade forte, Gesagard and Sencor led to the greatest 
control of weeds and reduced the fresh weight of total weeds significantly than 
the untreated ones at 60 DAP in 2011/12 winter season (Table 2). While in 
2012/13 winter season applying hand hoeing thrice, Sencor + Fusilade forte 
(sequenced herbicides) and Gesagard + Fusilade forte (sequenced herbicides) 
reduced the fresh weight of the total weeds, compared with the untreated 
check. While the application of hand hoeing thrice, hand hoeing twice and 
Stomp + Fusilade forte combinations at 90 DAP reduced the fresh weight of 
total weeds compared with the untreated plot, while the results of 2012/13 
winter season showed that hand hoeing thrice, hand hoeing twice and the 
sequence of Sencor + Fusilade forte caused a reduction in fresh weight of total 
weeds compared with the untreated check. These results are in accordance, 
more or less,  with those obtained by Mukhopadhyay et al. (2002) as they 
found that integration of hand weeding with earthing up recorded the least weed 
population in potato fields. Rana et al. (2004) showed that pendimethalin, hand 
weeding twice and farmers' practice being, statistically similar and significantly 
produced higher weedy control. Channappagoudar et al. (2007) found that 
metribuzin and pendimethalin single application have been found less 
phytotoxic to potatoes and more efficient in controlling both monocotyledoneae 
and dicotyledoneae weeds with higher weed control efficiency compared with 
untreated plot. 



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

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ    243     
Vol. 20 (2), 2015 

 

 

2. Effect of weed control treatments on Potato growth characteristics 
2.1. Plant height (cm) 

Data presented in Table (3) showed that the application of Sencor + 
Fusilade forte, Gesagard and Amex + Fusilade forte in 2011/12 winter season 
increased plant height compared with untreated check. In 2012/13 winter 
season, treatments of Sencor + Fusilade forte, Gesagard and Sencor produced 
the tallest plants as compared with untreated plot. These results are in 
accordance, mor or less, with those obtained by Kumar et al.  (2013), who 
found that application of metribuzin recorded the maximum growth parameters. 
Gitsopoulos et al. (2014) illustrated that pendimethalin plus metribuzin applied 
pre-emergence did not cause detrimental effect on growth of potato plants. 

 
2.2. Number of main stems / plant 

Application of Sencor + Fusilade forte, Stomp + Fusilade forte sequences, 
hand hoeing twice, hand hoeing thrice, Stomp and Amex, gave the highest values 
for number of main stems per plant in 2011/12 winter season (Table 3). The 
obtained results in 2012/13 winter season showed that the treatments of hand 
hoeing thrice, Stomp + Fusilade forte, Sencor + Fusilade forte, hand hoeing twice, 
Gesagard + Fusilade forte, Stomp and Amex increased such a character 
compared with the untreated check (Table, 3). The highest number of main stems 
was found when Sencor or Stomp was followed by Fusilade in the first season. In 
the second season, hand hoeing for thrice produced the highest number of main 
stems per plant. These results are in the same direction with those obtained by 
Jovovic et al. (2005) who reported found that metribuzin, metribuzin + fluazifop-
P-butyl  (Fusilade super), resulted in a higher number of stems per potato plants 
compared with untreated check. Kumar et al. (2013) found that application of 
metribuzin recorded the maximum number of stems per potato plant. 

2.3. Total chlorophyll pigments in potato leaves  

Data presented in Table (3) showed that herbicides treatments increased 
total chlorophyll, significantly, as a result of applying Sencor, hand hoeing twice 
and hand hoeing thrice treatments more than the other treatments at 80 DAP in 
2011/12 winter season. The obtained results in 2012/13 winter season showed 
that the chlorophyll content in the treatments of Amex + Fusilade forte 
sequence and/or Amex alone exceeded than the other treatment at 80 DAP. 
While herbicide treatments recorded at 100 DAP in 2011/12 winter season 
where application Sencor, Sencor + Fusilade forte sequence, Fusilade forte, 
Amex, while 2012/13 winter season, gave the highest percentages of 
chlorophyll more than the other applications. The preferred herbicides result in 
more chlorophyll accumulation in potato plant leaves as the weeds were 
controlled and stopped shading the potato plants. In addition, it  afforded more 
available nutrients and growth factors to potato plants after elimination of 
weeds. These results are in harmony with those obtained by 
Channappagoudar et al. (2008) who showed that metribuzin increased the 
total chlorophyll in potato.  
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3. Effect of weed control treatments on Potato yield and yield component 
3.1. Number of tubers / plant: 

Data presented in Table (4) showed that the highest number of 
tubers/plant were obtained from application of hand hoeing thrice, Sencor + 
Fusilade forte (sequence) and Gesagard than  the other treatments in the first 
seasons. Meanwhile, in the second season, the highest tuber numbers / plant 
were obtained from the applications of Sencor + Fusilade forte, Gesagard, hand 
hoeing thrice, hand hoeing twice and the sequence of Gesagard + Fusilade 
forte. Chemical and mechanical weed of control treatments reduced weed 
competition and thus afforded more efficient utilization of available 
environmental resources to potato plants to produce taller plants having more 
leaves and number of tubers per plant than untreated ones. Such an increase in 
the number of tubers / plant as a result of weeding potato fields may be related 
to the increased number of main stems as the weed was eliminated (Table 4). It 
is well known that as the number of potato main stems increased the number of 
formed tubers / plant are increased (EL-Gamal, 1989). The highest number of 
tubers / plant was found by using Gesagard or Sencor followed by Fusilade in 
both seasons of the study. Kumar et al. (2013) found that application of 
metribuzin recorded the maximum growth parameters. Thomas et al. (2014) 
found that herbicide mixtures consisted of pendimethalin plus metribuzin, 
metribuzin and pendimethalin were also applied alone did not cause detrimental 
effect on the growing potato plants.  

3.2. Average tuber weight (gm)                                                                                                                             
Data in Table (4) express significant impacts for weed control treatments 

on the average tuber weight were observed as a result of applying the 
herbicides treatments. In this respect, the herbicides treatments, Sencor 
followed by Fusilade forte, Stomp followed by Fusilade forte and Amex followed 
by Fusilade forte gave the highest increases in average tuber weight compared 
with the untreated check in 2011/12 winter season. The results of 2012/13 
winter season, Sencor followed by Fusilade forte, Stomp followed by Fusilade 
forte and Amex followed by Fusilade forte, caused significant increases in the 
average of tuber weight compared with the untreated plot. These results are in 
agreement, more or less, with those obtained by Kumar et al. (2013) and 
Gitsopoulos et al. (2014) as they found that application of metribuzin recorded 
the maximum growth parameters (average tuber weight/plant). 

3.3. Number of tubers/10 kg  

Data presented in Table (4) showed that the highest increases in the 

number of tubers/10 kg were at harvest resulted from application of the hand 

hoeing thrice, Stomp followed by Fusilade forte, Sencor followed by Fusilade 

forte, and hand hoeing twice treatments as over the other treatments in 2011/12 

season. The results of 2012/13 winter season appeared that the treatments of 

Sencor + Fusilade forte, Stomp + Fusilade forte, hand hoeing twice, hand 

hoeing thrice and Sencor treatments caused increase on number of tubers per 

10 kg although it was in the same acceptable standard range of Frito Lay 

company (1999) compared with the untreated check. These results are agreed 

with those obtained by Kumar et al. (2013) who found that application of 
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metribuzin 500 g a.i./ha recorded the maximum growth parameters, yield 

attributes number of tubers plant and total tuber yield of potato crop. Recently 

these results confirm the results obtained by Gitsopoulos et al. (2014) as they 

found that applying pendimethalin 0.5 kg plus metribuzin 320 g ai/ha applied 

pre-emergence, metribuzin and pendimethalin were also applied alone did not 

cause detrimental effect on growth of potato and marketable tuber yield which 

generally improved with application of the mixtures when compared with 

metribuzin 320 g ai/ha or pendimethalin 0.5 kg ai/ha applied alone.  The 

processing potato tubers are accepted according to Frito Lay Company (1999) 

standard (72 – 112 tubers / 10 kg). They claimed that when the number is < 72 / 

10 kg, the tubers are big and the possibility of the presence of the hallow heart 

disorder are high and the produced slices are rejected. In the case of more 

number of the tubers than 112 tubers / 10 kg, the tubers are small and it will 

produce small slices of chips, which are rejected. 

3.4. Tuber yield (ton/Fed.)  

Data collected in Table (4) illustrated that the application of  Stomp + 
Fusilade forte (sequence), hand hoeing twice,  Sencor + Fusilade forte 
(sequence) and hand hoeing thrice in 2011/12 winter season gave the highest 
potato tuber yield (ton / Fed.) and significantly increased the yield than the 
untreated check, while the results of 2012/13 winter season appeared that the 
five above treatments, Stomp + Fusilade forte (sequence), hand hoeing twice, 
hand hoeing thrice, Sencor + Fusilade forte (sequence) and Amex + Fusilade 
forte (sequence) increased the total yield, compared with the untreated plants.  

 
The increases in potato tuber yield ton/fed. may be taken place due to 

weed control by herbicide sequences, single herbicides or hoeing than 
untreated check which might be due to the increases in, number of tubers per 
plant, average tuber weight, number of tubers per 10kg and number of main 
stems per plant. Moreover, the increases in tuber yield per plant in weed control 
treatments could be due to the depression of weed growth and minimizing weed 
competition which improved increased chlorophyll a, b pigment % and 
consequently increased carbohydrates syntheses. These results are in 
agreement, more or less, with those obtained by Rashmi and Kumar (2011) as 
they found that metribuzin 525 g ai/ha and hand weeding which gave maximum 
potato tuber-yield., due to improving growth parameters, yield attributes 
(number of stolons, plant number of tubers, plant fresh weight, dry weight of 
tubers, tuberization efficiency and total tuber yield of potato crop) and with 
results obtained by Mukherjee et al. (2012) who showed that the application of 
metribuzin (early post-emergence) or pendimethalin (pre-emergence) in ridge 
planted potato, followed by earthing up at 45 DAP increased tuber yield and 
profitability. Kumar et al. (2013) stated that application of Metribuzin recorded 
the maximum growth parameters, yield attributes number of tubers / plant and 
total yield of potato crop. 
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Table (4): Effect of weed control treatments on potato yield and yield 
components in Sakha, 2011/12 and 2012/13winter seasons. 

Values with the same Alphabetical letter, in a comparable group of means don't differ from each other 
significantly according to Duncan's Multiple Range best at 0.05 level of probability. 

 
4. Effect of weed control treatments on potato quality  
4.1. Tuber grading index 

Data presented in Table (5) showed that all weed control treatments 
increased tuber grading index significantly as compared with untreated plant. 
The highest tuber grading index values (means prevailing of the large tubers in 
the treatment) were obtained by applying hand hoeing thrice, Stomp followed by 
Fusilade forte, Sencor followed by Fusilade forte, compared with the check 
treatment in 2011/12 winter season. In winter season of 2012/13 applying 
Stomp followed by Fusilade forte, Amex followed by Fusilade forte and hand 
hoeing thrice, Sencor followed by Fusilade forte, and hand hoeing twice gave 
similar high results, compared with the untreated check. These results are in 
harmony with those obtained by Salna and Tyla (1996) as they showed that the 
herbicides Fusilade Super applied only or in mixtures with Sencor increased the 
mass of medium and big potato tubers. Mircov et al. (2006) found that the 
application of pendimethalin singly or mixing with metribuzin increased 
marketable potato yields compared with untreated check. Tuber grading index 
denote to the more prevailing tuber size in a potato lot. As it increases the 
prevailing large to medium size are increases and vice versa. This index can 
easily determine the lot price. 

Treatments  

2011/12 2012/13 

Number 
of tubers 

/ plant 

Average 
tuber 

weight 
(gm) 

Number 
of tuber 
/10 kg. 

Yield 
ton / fed. 

 

Number 
of tubers 

/ plant 

Average 
tuber 

weight (g) 

Number 
of tubers 

/10 kg. 

Yield 
ton / fed. 

 

Sencor 70% 5.5 cd 119d 116.3 b 11.6 b 7bc 149.28c 121 a 10.57c 

Gesagard 50% 7 b 94.3 g 92.3 g 10.8 e 9a 97.58 e 95.75 d 8.79 de 

Stomp 50% 5.75 cd 101.2f 111.5 c 10.9 de 7bc 124.7d 113 b 11.36b 

Amex 48% 5.5 cd 100.5f 107.3 d 11.4 bc 7bc 145.78c 112 b 9.39d 

Fusilade forte15% 5.5cd 122.4c 104.3 e 11.1 cd 6.5cd 159.95b 86.75 e 8.42e 

Sencor + Fusilade forte  7b 134.8a 115.8 b 12.7 a 9a 168.3a 123 a 12.49 a 

Gesagard + Fusilade forte  5.5cd 133.3ab 106.3de 11.8 b 6.25d 158.5b 96.25d 12.04ab 

Stomp + Fusilade forte  6.25bcd 134.8 a 120.3 a 12.9 a 7.25b 168.15a 122.5a 12.72 a 

Amex +  Fusilade forte  5.5 cd 131 b 99.8 f 9.8 f 7bc 164.93a 100.75c 12.29a 

Hand hoeing twice 6.5 bc 122.4 c 115.8 b 12.9 a 6.75bcd 149.7c 122.5 a 12.61a 

Hand hoeing thrice 8.5a 111.6 e 121.5 a 12.6 a 7.25b 149.15c 122.25a 12.51a 

(untreated) check 5.25d 84.1 h 85 h 6.8 g 4.25e 96.43e 86.75 e 6.47f 
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4.2. Tuber shape index 
The data of the tuber shape index character are presented in Table (5). 

The data decleared that all the tested treatments amended the Spunta tuber 
shape significantly than the untreated check in both seasons of the study. 
Kumar et al. (2013) found that application of metribuzin recorded the maximum 
growth parameters, yield attributes number of tubers / plant and total tuber yield 
of potato crop. Recently, Gitsopoulos et al. (2014) illustrated that herbicide 
treatments pendimethalin plus metribuzin applied pre-mergence, metribuzin and 
pendimethalin were also applied alone did not cause detrimental effect on 
marketable tuber yield.  

4.3. Tuber dry matter: 
All the tested weed control treatments increased tuber dry matter 

percentage significantly as compared with untreated plant (Table, 5). The 
highest dry % was obtained by applying Sencor, followed by Fusilade forte and 
Gesagard, compared with the untreated check during 2011/12 season. The 
results during 2012/13 season appeared that the treatments of hand hoeing 
thrice, Stomp followed by Fusilade forte, Sencor, Gesagard, scored the highest 
tuber dry matter % compared with the untreated check. These results are in 
going in parallel with those obtained by Arora et al. (2009) as they found the 
highest tuber dry matter content of potato tuber was recorded in hand weeding 
treatment while higher dry matter yield was recorded in prometryn, 
pendimethalin and metribuzin treatments and Kumar et al. (2013) found that 
application of metribuzin recorded the maximum dry matter of tubers and total 
tuber yield of potato crop. 

4.4. Starch % 
Data in Table (5) showed that the highest starch % presented to Sencor, 

Stomp followed by Fusilade forte and Sencor sequenced by Fusilade forte 
scored during 2011/12 season compared with untreated check. These results 
are in the same trend with those obtained by Channappagouder et al. (2008) 
as they showed that metribuzin increased total starch content in potato. Arora 
et al. (2009) found that prometryn increased starch %. Kheraba et al. (1991) 
found that metribuzin increased the total carbohydrate content of potato tuber. 

4.5. Specific gravity: 
All tested treatments resulted in increases in tuber specific gravity when 

compared with the untreated plants (Table 5). The best results were obtained 
with hand hoeing thrice, hand hoeing twice, Sencor sequenced by Fusilade 
forte, and Amex compared with the untreated check in 2011/12 winter season. 
The results of 2012/13 season appeared that the treatments of Gesagard 
sequenced by Fusilade forte, Sencor sequenced by Fusilade forte, Stomp and 
Sencor produced the highest values for this character, compared with the 
untreated check. These results are in accordance with those obtained by 
Kheraba et al. (1991) as they found that the highest specific gravity was found 
in potato treated with metribuzin, and the next highest specific gravity was found 
in potato treated with pendimethalin  + hand hoeing. In the contrary, Zarzecka 
(1998) showed that Sencor + Fusilade did not affect cooking quality of potato 
tubers.   
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ABSTRACT: Pesticides are relatively inexpensive and easy tool that can be used and applied 

for controlling stored-products insects attacking grain elevators, grain stores, flours mills and feed 
mills. Certain contact insecticides of low mammalian can be applied and sprayed in these stores of 
grains before or during storage to protect them from insect pests or to control established 
infestations. Four insecticides (lambda-cyhalothrin [Lambada- Magic

®
5% EC], primiphos- methyl 

[Actellic
®
50% EC], chlorpyrifos [Magic-phos

®
48% EC] and spinetoram [Radiant

®
12 %SC]) were 

tested against adults of Sitophilus oryzae (L.) and Tribolium castaneum (Herbst) , using direct 
contact application. The response varied with chemical insecticide, insect species and exposure 
time. Filter paper diffusion method at different doses was used for assaying the different tested 
insecticides. Spinetoram was highly toxic against T. castaneum after 24 and 48 hrs of exposure. 
Lambda-cyhalothrin was highly toxic against T. castaneum followed by spinetoram; chlorpyrifos and 
primiphos-methyl after the period of exposure of 72 hrs. Nevertheless, it could be noticed that the 
toxic effect of spinetoram (LC50=4.12ppm) was close to that of lambda-cyhalothrin (LC50 =3.28ppm) 
after exposure period of 72 hrs. Spinetoram was highly toxic against S. oryzae followed by 
chlorpyrifos, and primiphos-methyl after 24 and 48hrs. Spinetoram was also highly toxic against S. 
oryzae followed by chlorpyrifos, lambda-cyhalothrin and primiphos-methyl after 72hrs. The results 
indicated that spinetoram as a novel insecticide is highly toxic to both the red flour beetle T. 
castaneum and the rice weevil S. oryzae. Implications of these results for stored product insects' 
management programs would be beneficial. 
Keywords: Tribolium castaneum, Sitophilus oryzae, lambda- cyhalothrin, primiphos- methyl, 

chlorpyrifos, spinetoram, Toxicity index, Relative potency  

 
INTRODUCTION 

Annual post-harvest losses resulting from insect damage, microbial 
deterioration and other factors such as humidity, temperature, aeration and 
cleanliness of the bulk storage, are estimated to be 10-25% of production 
worldwide (Mohan and Fields, 2002). However, insects are the main problem in 
stored grain because they reduce the quantity and the quality of grains (Madrid et 
al., 1990). 

 
The red flour beetle Tribolium castaneum (Herbst.) (Coleoptera: 

Tenebrionidae) is an important worldwide secondary insect-pest of stored products 
that is observed among several commodities. This pest may cause considerable 
economical losses if not adequately controlled because it has a very high rate of 
population increase (Hill, 1990).The red flour beetle is a serious insect-pest 
species that attacks stored grain products such as flour, cereals, meal, beans and 
other dried food products; the larvae prefer cereal grain embryos . The female lays 
tiny white eggs (up to 450/female) that hatch after about 9 days (Sokokoff, 1972).  
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The rice weevil Sitophilus oryzae (L.) (Coleoptera: Curculionidae) is a major 
main insect- pest of most stored cereal (rice, wheat, sorghum, barley and maize) 
worldwide before harvest and in store (Ahmed, 2001; Sabbour, 2012). The adults 
of the rice weevil are around 2 mm long with a long snout and able to fly. The body 
color appears to be dark brown, but on close examination, four orange/red spots 
are arranged in a cross on the wing covers (Halstead, 1964). 

          Synthetic insecticides such as lambda-cyhalothrin, primiphos-methyl and 
chlorpyrifos are currently of the main chemical that can be used to protect stored 
grains from insects. Spinosad is a new introduced and currently registered 
compound that can be used in several countries as a grain protectant.  

        The spinosyns are a unique family of fermentation-derived insecticides having 
potent activity and lower environmental effect. Spinosad is a defined combination 
of the two principal fermentation factors, spinosyns A and D. Structure–activity 
relationships (SARs) have been extensively studied, leading to development of a 
semisynthetic second-generation derivative, spinetoram. The spinosyns have a 
unique mechanism of action involving disruption of nicotinic acetylcholine receptors 
(Kirst, 2010). Spinosad possesses a unique mode of action in insects and controls 
insect strains resistant to other grain protectants. When launched globally, 
spinosad will represent a valuable new addition to the limited arsenal of grain 
protectants and can positively impact global food security. Its combination of high 
efficacy, broad insect pest spectrum, low mammalian toxicity, and sound 
environmental profile is unique among existing products currently used for stored-
grain protection (Hertlein et al., 2011). Spinetoram is chemically similar to 
spinosad, a pesticide approved for use in organic agriculture with an established 
safety record. Spinetoram is a mixture of chemically modified spinosyns J and L. 
Formulations are sold under various trade names Delegate®, Exalt® and Radiant®. 
Spinetoram is a broad-spectrum insecticide used to control crop-damaging insects. 
It shows high-efficacy against target insects at a very low use rate, with a margin of 
safety toward beneficial insects. It acts by causing persistent activation of insect 
nicotinic acetylcholine receptors (Anonymous, 2014). Spinetoram can be an 
effective alternative to spinosad, and may be used as a grain protectant.  

          The objective of this investigation is to evaluate the insecticidal activity of 
lambda-cyhalothrin, primiphos-methyl, chlorpyrifos and the new insecticide 
"spinetoram" against both the rust red flour beetle, Tribolium castaneum and the 
rice weevil Sitophilus oryzae. 

 

MATERIALS AND METHODS 
Tested insects  

Cultures of S. oryzae and T. castaneum were maintained in the laboratory 
without exposure to any insecticides on wheat grain and flour wheat, respectively, 
in glass jars containers kept under the conditions of 25ºC ± 3ºC and 65 ± 5 % R.H., 
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and continuous daily darkness of 24 hrs, except when working inside the rearing 
cabinet. 

 Insecticides 

Four formulated insecticides (lambda- cyhalothrin [Lambada- Magic®5% EC], 
primiphos- methyl [Actellic®50% EC obtained from Shora Chemicals, Egypt], 
chlorpyrifos [Magic-phos®48% EC] and spinetoram [Radiant®12 %SC]) were 
tested. Each insecticide was diluted with water to obtain serial concentrations to be 
tested against the suggested insects.   

Bioassays 

The insecticidal activity of evaluated lambda-cyhalothrin, primiphose methyl, 
chlorpyrifos and spinetoram was determined by direct contact application. One 
millimeter of each diluted and prepared concentrations (1 ml) was applied and 
regularly distributed on filter paper (9cm dia.). Each concentration was replicated 3 
times. The filter papers were left over at room temperature to allow the water to 
evaporate and became dry. Each paper was handled carefully and fixed inside a 
Petri-dish. Ten adult insects were released into the filter paper and maintained in a 
Petri-dish that previously treated with the same concentration as that of the filter 
paper and left at constant room temperature along a period lasted for 72 hours. 
Mortality determination was done after 24, 48 and 72 hours. The insects were 
categorized to alive or dead (brittle and showing no movement over a 5 min 
observation period). This procedure would be easy and rapid method for evaluating 
the residual activity of a pesticide (Saad et al., 2011). 

Statistical Analysis of bioassays data 

Probit (mortality)/log con. (Dose) regression equations were calculated using 
the maximum likelihood algorithm described by Finney (1971) adopted as a 
computer program. Values of LC50 and LC95's and associated fiducial limits were 
also calculated by the method described by Finney. The correction of mortality 
percentages, if there were any control mortality was done using Abbott's formula 
(1925). Also, the relative efficiency (Toxicity index and Relative potency) of the 
tested compounds was determined by the formula of Sun (1950) as follows: 

                                     LC50 of the most effective compound  
Toxicity index (%) =      --------------------------------------------------------      x 100 
                                          LC50 of the tested compound  

                                 LC50 of the least effective compound  
Relative potency =      ---------------------------------------------------------   =   …… Fold 
                                         LC50 of the tested compound  
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RESULTS AND DISSCUSION 

1. Efficacy of the tested insecticides against T. castaneum 

Data in Table 1 show the toxicity of different tested insecticides (lambda-
cyhalothrin [Lambada-Magic®5% EC], primiphos-methyl [Actellic®50% EC], 
chlorpyrifos [Magic-phos®48% EC] and spinetoram [Radiant®12 %SC]) against T. 
castaneum after 24, 48 and 72 hours of exposure. Table 1 show the LC50 (ppm), 
fiducial limits, slope value and regression equation of each of these tested 
insecticides against Tribolium castaneum adults. After 24 hour of exposure, 
spinetoram was proved to be the most toxic insecticide tested against T. 
castaneum followed by chlorpyrifos, primiphos- methyl and lambda-cyhalothrin. 
Also, the same trend as that after 24 hrs was achieved after 48 hrs of exposure. 
Although lambda-cyhalothrin was shown to be the least toxic tested compound 
within the first 24 hrs (LC50= 86.29 ppm), it was shown that after 72 hrs of exposure 
that lambda-cyhalothrin was the most toxic compounds as compared with the other 
tested insecticides.   The calculated LC50 of spinetoram was found to be 4.12 ppm 
(Table 1). 

 
 From the previous results, it could be also seen that spinetoram was highly 

toxic against T. castaneum after 24 and 48 hrs of exposure. Vice –versa lambda-
cyhalothrin was highly toxic against T. castaneum followed by spinetoram; 
chlorpyrifos and primiphos-methyl after the exposure period of 72 hrs. 
Nevertheless, it could be noticed herein that the toxic effect of spinetoram  
(LC50=4.12ppm) was merely equal to that of lambda-cyhalothrin (LC50 =3.28ppm) 
after that same period of 72 hrs exposure. 

Table (1): Response of T. castaneum to primiphos- methyl, lambda- cyhalothrin, 
chlorpyrifos and spinetoram  

Bioassay 
Time  (hrs) 

LC50 
(ppm) 

Fiducial  limits 
(ppm) 

Lower-Upper 
Slope 

 

 
Regression Equation 

Primiphose methyl  
24 35.91 30.33 – 42.55 2.12 Y=-3.29+2.12x* 
48 22.93 19.47 – 26.99 2.09 Y=-2.85+2.09x 
72 14.74 12.31 – 17.61 2.39 Y=-2.80+2.39x 

Lambde cyhalothrin  
24 86.29 41.99 – 190.36 0.63 Y=-1.22+0.63x 
48 16.78 8.99 – 31.33 0.52 Y=-0.64+0.52x 
72 3.28 1.45 – 6.71 0.58 Y=-0.30+0.58x 

Chlorpyrifos  
24 23.99 20.55 – 27.99 2.29 Y=-3.15+2.29x 
48 14.63 11.94 – 17.89 2.08 Y=-2.42+2.08x 
72 8.55 6.43 – 11.30 2.09 Y=-1.95+2.09x 

Spinetoram  
24 18.64 14.56 – 23.80 1.47 Y=-1.87+1.47x 
48 9.49 7.05 – 12.68 1.28         Y=-1.25+1.28 
72 4.12 2.89 – 5.78 1.24 Y=-0.76+1.24x 
* x=log concentration 
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 These results supported the obtained results by Huang and Subramanyam 
(2003) who reported that spinosad at 0.5 or 1 mg/kg on white wheat was very 
effective against all the tested species except the red and confused flour beetle T. 
confusum). Also, Arthur (1992) mentioned that Sitophilus zeamais or Tribolium 
castaneum did not survive in the case of the application of deltamethrin + 
chlorpyrifos to corn. Meanwile, results of Khashaveh et al. (2008) revealed that 
the application of spinosad dust formulation at higher rates and for longer exposure 
intervals could control T. castaneum in different oilseed types. 

Denloye et al. (2008) reported that both Sumithion® (fenitrothion) and 
Actellic® (primiphos-methyl)  were effective for controlling C. maculatus and S. 
zeamais at concentrations higher than that of 5 mg/kg which have been 
recommended by manufacturers. 

Table 2 shows the LC50 (ppm), Toxicity index (%) and Relative potency (fold) 
of the four tested insecticides against the rust red flour beetle adults (T. 
castaneum) after 24, 48 and 72 hours.   

Table (2): LC50 values, Toxicity index and Relative potency of the tested 
insecticides against T. castaneum adults (after 24, 48 and 72 hrs 
bioassay) 

        Treatment 
Calculated  LC50 
         (ppm)  

Toxicity index % 
Relative potency 
          (fold)   

After 24 hrs 

Primiphos-methyl 35.91 51.91 2.40 

Lambade-cyhalothrin 86.29 21.60 1.00 

Chlorpyrifos 23.99 77.70 3.60 

Spinetoram 18.64 100.00 4.63 

After 48 hrs 

Primiphos-methyl 22.93 41.39 1.00 

Lambade-cyhalothrin 16.78 56.55 1.37 

Chlorpyrifos 14.63 64.87 1.57 

Spinetoram 9.49 100.00 2.42 

After 72 hrs 

Primiphos-methyl 14.74 22.25 1.00 

Lambade-cyhalothrin 3.28 100.00 4.49 

Chlorpyrifos 8.55 38.36 1.72 

Spinetoram 4.12 79.61 3.58 

 
After 24 hrs bioassay, it was confirmed that lambde-cyhalothrin was the least 

efficient toxicant (LC50 = 86.29 with toxicity index equal to 21.6% and relative 
potency of 1.00 1fold, respectively). After 48 hrs, spinetoram still had a strong 
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action on T. castaneum (LC50 = 9.49 ppm, toxicity index 100% and relative potency 
2.42 fold), followed by chlorpyrifos (LC50 = 14.63 ppm, toxicity index 64.87 % and 
relative potency 1.57 fold). Primiphos-methyl was the lowest efficient toxicant (LC50 
= 22.93 ppm with a toxicity index of 41.39% (of spinetoram) and relative potency of 
1.00 fold). After 72 hrs, each of spinetoram and lambde-cyhalothrin gave strong 
action on T. castaneum represented by their high toxicity and reduced LC50 values 

(Toxicity index of 79.61 & 100% and relative potency of 3.58 & 4.49 folds, 
respectively.)  

 
2. Efficacy of the tested insecticides against S. oryzae 

Table 3 shows the extracted parameters of the toxicity of different tested 
concentrations of evaluated insecticides expressed as the LC50 value (ppm), 
fiducial limits, slope value and regression equation of each of  these tested 
insecticides against Sitophilus oryzae adults after 24, 48 and 72 hours of exposure. 
After 24 hrs of exposure, chlorpyrifos and spinetoram were equally high toxic 
against S. oryzae adults showing merely the same LC50 values of 14.56 and 
13.38ppm, respectively.  

Again, the further exposure of the adults of the rice weevil S. oryzae to the 
tested insecticides up to 48 and 72 hrs revealed that chlorpyrifos was as toxic as 
spinetoram and comparatively were more toxic and superior to the other tested 
compounds (LC50=5.73 and 5.29 ppm, respectively) after a 72 hrs bioassay versus 
lambda-cyhalothrin which was the least toxic compound (40.62ppm). Moreover, 
chlorpyrifos was as toxic as spinetoram. 

   From the previous results, it could be concluded that spinetoram was the 
utmost highly toxic insecticide against S. oryzae followed by chlorpyrifos, and 
primiphos-methyl after 24 and 48hrs. Also spinetoram was the superior and highly 
toxic one against S. oryzae, followed by chlorpyrifos, lambda-cyhalothrin and 
primiphos-methyl after 72hrs. 

Samson and Parker (1988) found that deltamethrin was not effective against 
Sitophilus spp. Our results agree with those results reported by  Kljajic et al. 
(2007) who found that the most toxic insecticides to S. oryzae adults were 
bifenthrin and dichlorvos, and the least toxic was pirimiphos-methyl. Also, Getchell 
and Subramanyam (2008) reported  on the comparison of the time required for 
killing 50% (LT50) and 95% (LT95)  and showed  that R. dominica adults were 
consistently and significantly more susceptible and died quickly than S. oryzae 
adults when exposed to spinosad treated commodities.  

Kavallieratos et al. (2010) stated that the lowest dose of spinosad was highly 
effective (>90%) against R. dominica and S. oryzae. In the case of T. confusum 
combination of longer exposures with higher doses was required for each 
formulation to be effective. Our results disagree with those arrived at by Rumbos 
et al. (2013) who found that Sitophilus species were highly susceptible to two 
pirimiphos-methyl formulations, since complete mortality (100%) was achieved 
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while the present investigation showed that S. oryzae was more susceptible to 
spinetoram and chlorpyrifos. 

Table (3): Response of Sitophilus oryzae to primiphos-methyl, lambde cyhalothrin, 
chlorpyrifos and spinetoram  

Bioassay 
time (hrs) 

LC50 
(ppm) 

Fiducial limits 
(ppm) 

Lower-Upper 

Slope 
 

Regression 
Equation 

Primiphos- methyl  
24 35.05 29.13 – 42.22 1.90 Y=-2.94+1.90x* 
48 21.73 18.19 – 25.95 1.93 Y=-2.58+1.93x 
72 14.13 11.64 – 17.12 2.25 Y=-2.59+2.25x 

Lambda- cyhalothrin  
24 82.04 47.59 – 146.01 0.85 Y=-1.63+0.85x 
48 40.62 27.22 – 61.44 0.90 Y=-1.46+0.90x 
72 9.86 6.34 – 15.05 0.82 Y=-0.81+0.82x 

Chlorpyrifos 
24 17.09 14.56 – 20.04 2.52 Y=-3.10+2.52x 
48 9.96 7.67 – 12.87 2.06 Y=-2.06+2.06x 
72 5.73 3.95 – 8.24 2.12 Y=-1.61+2.12x 

Spinetoram  

24 17.22 13.38 – 22.09 1.50 Y=-1.86+1.50x 
48 9.33 7.14 – 12.09 1.53 Y=-1.48+1.53x 
72 5.29 3.99 – 6.94 1.61 Y=-1.17+1.61x 

*x=log concentration  

The exhibited results in Table 4 show the calculated values of LC50 (ppm), 
Toxicity index (%) and Relative potency (fold) of the four tested insecticides against 
the rice weevil adults S. oryzae after 24, 48 and 72 hours. After 24 hrs, chlorpyrifos 
had the strongest action against S. oryzae (LC50 = 17.09 ppm with a toxicity index 
of 100% and relative potency of 4.80 fold). Spinetoram was as effective as 
chlorpyrifos LC50 = 17.22 ppm with a toxicity index of 99.24% and relative potency 
of 4.76 fold) followed by primiphos-methyl (LC50 = 35.05 ppm with toxicity index 
equal to 48.76% and relative potency of 4.27 fold). Lambde-cyhalothrin was the 
lowest efficient toxicant (LC50 = 82.04 with toxicity index equal to 20.83 and relative 
potency of 1.00 fold). After 48 hrs of exposure, spinetoram had a strong action on 
S. oryzae (LC50 = 9.33 ppm with toxicity index of 100% and relative potency of 4.35 
fold), while lambde-cyhalothrin was still the lowest efficient toxicant (LC50 = 40.62 
ppm, with toxicity index of 22.97% and relative potency of 1.00 fold).  Furthermore, 
after 72 hrs, spinetoram had a strong action against S. oryzae showing its high 
toxicity (LC50 = 5.29 ppm with a toxicity index of 100% and relative potency of 2.67 
fold). On the other hand, primiphos-methyl was the lowest efficient toxicant (LC50 = 
14.13 ppm with toxicity index 37.44%  and  a standard relative potency considered 
for the least efficient compound that equal 1.00).  
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Table (4): LC50 values, Toxicity index and Relative potency of the tested 
insecticides against S. oryzae adults (after 24, 48 and 72 hrs 
bioassay). 

            Treatment 
   Calculated LC50 

          (ppm) 
 Toxicity index 
           (%) 

 Relative potency 
         (fold) 

After 24 hrs 
Primiphos- methyl 35.05 48.76 2.34 
  Lambde-cyhalothrin 82.04 20.83 1.00 
Chlorpyrifos 17.09 100.00 4.80 
Spinetoram 17.22 99.24 4.76 

After 48 hrs 
Primiphos- methyl 21.73 42.94 1.87 
  Lambde-cyhalothrin 40.62 22.97 1.00 
Chlorpyrifos 9.96 93.67 4.08 
Spinetoram 9.33 100.00 4.35 

After 72 hrs 

Primiphos- methyl 14.13 37.44 1.00 
  Lambde-cyhalothrin 9.86 53.65 1.43 
Chlorpyrifos 5.73 92.32 2.47 
Spinetoram 5.29 100.00 2.67 

 

          From the afore-mentioned results, it could be revealed that the spinosyns 
having potent activity, lower environmental effect and unique mode of action 
toward insects and can control insect strains resistant to other grain protectants 
(malathion, chlorpyrifos …etc). Therefore, the application of spinetoram would be 
realty valuable as a good protectant against stored-grain insect-pests. Though, its 
application could be recommended and involved within integrated stored- product 
pest management programs for protecting grain stores from the insect infestation. 
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ABSTRACT: Two field experiments were carried out at the Experimental Farm of the 

Faculty of Agriculture (Saba Basha), Alexandria University, at Abees region, Alexandria. Egypt 
during the two growing seasons 2013 and 2014 to study the effect of bio- organicand 
nitrogenous fertilization on the productivity of some rice cultivars (Oryza sativa, L.).The applied 
experimental design was splitsplit plot with three replicates. The main plots were conducted for 
the three rice cultivars (Sakha 106, Sakha 104 and Giza 178), while the four nitrogen fertilizer 
levels (Control, 40, 60 and 80 kg N/fed), as urea for 46.5% were arranged in the sub-plots and 
three bio-organic (uninoculation, compost and A-Mycarrhizal) which were arranged in the sub- 
sub plots. The main results could be summarized as follows (1) Sakha 104 cultivar significantly 
surpassed the other cultivars in all yield and its components I.e. panicle weight, number of filled 
grains/panicle, number of panicles/m

2
, 1000- grain weight, straw, grain and biological yields/ha 

as well as harvest index. (2) Application at 60 kg N/fed, gave the highest all characters under 
study But applying 60kg N/fed gave significantly the highest Hulling, milling and head rice 
percentage. (3) Application with 60 kg N/fed with A-mycorrhizal inoculation was the best 
combination to obtain the highest values of panicle weight, number of panicles/m

2
, 1000- grain 

weight, grain and biological yield/ha and harvest index as well as milling percentage.   
 

The highest most traits except number of filled grains/panicle and straw yield were 
obtained from the combination of applying 60 kg N/fed and A-Mycorrhizal inoculation with 
sakha104 rice cultivar. 

Key words:N- fertilizer, bio-organic, oryza sativa cultivars, organic, yield and its components. 

 

INTRODUCTION 
Rice(Oryza sativa, L.) is an important food in the diet of the world 

Population (FAO, 2004). Half of the worlds population eat rice daily and depend 
on it as their staple food. Rice occupies conspicuous position in the 
predominately agricultural economy of Egypt this attention is required to imrove 
its yield, quality characters and quality of elements nutrition (Chemma, 2004 
and Yousef, 2007). 

 
Nitrogen is one of three essential macronutrients for plants growth and 

yield. So, mineral nitrogen fertilizers are widely used in agriculture all over the 
world and also in Egypt. Nitrogen fertilizers is applied to meet the needs of the 
crop during the early growth stages and accumulate in the vegetative parts to 
be utilized for grain formation (Salem, 2006). Also, nitrogen fertilizers has a vital 
role in the contents of nitrogen% rice grains and nitrogen uptake by plants 
(Ebaid and Ghanem, 2000). 

 
The present study was mainly directed to maximize the productivity of 

some rice cultivars through applying adequate organic fertilizer to reduce the 
environmental pollution in addition to improving soil chemical and physical 
properties which leads to improving grain yield and grain quality of rice under 
North Delta condition Egypt (El- Nory, 2008 and Badr, 2012). Compost is a 
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perfect fertilizer made of natural substances like farm residue and animal 
manure, which have been through an ageing process. Making compost takes a 
little time and effect, but it’s wonderful, it improv’s the physical and chemical 
conditions of paddy soil (El- Ekhtyar, 2007). 

 
Utilization of biological N2 fixation (BNF) can decrease the application of 

mineral N fertilizer and reducing environmental ranks (Choudhury and Kennedy, 
2004). Also, Mycorrhizal fungi play an important role in whole plant nutrient 
balance by aiding in the uptake of limiling nutrients and maintaining the nutrient 
balance (Ning and Gumming, 2001) using biofertilization or microbial inoculates 
to replace of increase the efficiency of chemical fertilizer partially or totally in 
effective in reducing the cost of crop production and maintaining the natural 
fertility of soil (Radwanet al., 2008 and Tabl, 2014). 

 
The information on role of nitrogen fertilizer levels and bio- organic 

fertilization as well as their combinations on production of rice are very scanty. 
Therefore, there is an urgent need to study the response of some rice cultivars 
to nitrogen levels and bio- organic fertilization on yield components and grain 
yield as well as grain quality under the conditions of Abees region, Alexandria 
Governorate. 

 

MATERIALS AND METHODS 
Two filed experiments were carried out at the Experimental farm of Faculty 

of Agric. (Saba Basha) Alexandria University, during the two successive 
summer seasons of 2013 and 2014. Field experiments were conducted to study 
the effect of nitrogen fertilizer levels and bio- organic fertilization on yield and its 
components and some grain quality characters of three rice cultivars (Oryza 
sativa, L.) namely Giza 178, Sakha 104 and Sakha 106. 

 
Soil samples of the experimental sites were taken at the depth of (0- 30cm) 

physical and chemical analyses are presented in Table (1) were don according 
to Chapman and Pratt (1978) while organic fertilizer analyses were Presented in 
Table (2). 

 
The compost from solid waste as organic fertilizer was obtained from 

Abees Factory in the form of fine compost. Organic fertilizer was applied at a 
rate of 8 ton/fed and inculpated with the soil two weeks before sowing to a 
depth of 10- 15 cm. the Nursery seedbed was well ploughed and dry leveled- 
Phosphorus fertilizer in the form of single calcium super phosphate (15.5% P2O5) 
was added at the rate of 240 kg/ha (100 kg/fed) before tillage. Nitrogen in the 
form of urea (46%N) at the rates of (control 40 kg N, 60 kg N and 80 kg N/fed), 
was added in two portions.2/3 Basel in dry soil before the first irrigation and 1/3 
at panicle initiation. Zinc sulphate (22% Zn) at the rate of 50 kg/ha (20 kg/fed) 
was added after pudding and before planting. The preceding crop was Egyptian 
clover (Trifolium olexandrinum, L.) for the two growing seasons. All cultivation 
practices were done according to the common practices in rice growing. 
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With A-mycorrhizal fungi with fungi (Glomus maciarpuim) strain an 
inoculants for rice from plant production Dept. (Saba Basha) Alex. Univ. at a 
rate of 250ml of infected roots and was mixed with seeds. 

The experimental design was split- split plot with three replication. The 
main plots included three rice cultivars i.e. Giza 178, Sakha 106 and Sakha 104, 
while the nitrogen fertilizer levels (i.e. control, 40, 60 and 80 kg N/fed) was 
arranged in the subplots. Bio, organic fertilizers uninoculation, compost and A- 
Mycorrhizal were allocated to sub sub plots. The plot area was 10.5 m2 (3.5m 
length and 3m width). Rice seeds at the rate of 100 kg/ha were soaked in fresh 
water for 24 hours then drained and inoculated. For 48 hours to hasten early 
germination. The pre- germinated seeds were uniformly broadcasted in the 
nursery on 4th May in 2013 and 2014 seasons. 
 
Table (1): The physical and chemical properties of the experimental soil   

2013 and 2014 seasons 

Soil properties 2013 2014 

A- Particle size distribution (%): 
Sand 
Silt 
Clay 
Soil texture 

 
13.90 
42.10 
44.00 

Sand clay soil   

 
14.30 
42.70 
43.00 

Sand clay soil 
B- Chemical properties: 
pH (1:1) 
EC (1:1) (ds/m) 
1- Soluble cations(meq.1-1) 
K+ 
Ca++ 

Mg++ 
Na++ 

 
7.80 
3.40 

 
0.85 
4.20 
3.25 
8.25 

 
7.90 
3.45 

 
0.90 
4.30 
3.20 
8.30 

2- Soluble anions (meq.1-1) 
CO-

3+ HCO-
3 

CL- 
SO-

4 

 
2.80 
11.90 
0.40 

 
2.70 

11.80 
0.45 

Calcium carbonate (%) 7.60 7.50 

Organic matter (%) 0.90 1.00 

Total nitrogen (%) 0.44 0.48 

Avaliable Phosphorus (mg/kg) 10.8 11.3 

Avaliable K (mg/kg) 123.60 118.70 
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Table (2): Chemical analysis of organic fertilizer (Compost) 
Parameters 2013 2014 
pH 1:2.5 (soil suspension) 7.75 7.73 
EC ds/m (soil pastic)  3.4 3.4 
N (total) % 1.6 1.7 
Organic carbon (%) 22 21 
Ash (%) 46 44 
C/N ratio 18:1 17:1 
P (mg/kg) 80.2 80 
K (mg/kg) 115.5 114.6 

 
Data recorded 
1- Yield and its components: 

- Panicle weight (g), number of filled grains/panicle, Number of panicles/m2, 
1000- grain weight (g), Grain yield (ton)/ha, straw yield ton/ha, biological yield 
(ton)/ha and harvest index. 

 
2- Grain quality characters: 
     Milling characters 

Hulling percentage, milling output and head rice percentage were estimated 
according to the methods reported by Adair (1952). 
 

2-1- Hilling percentage 
About 150g cleaned rough rice samples at moisture content 12- 14% 
were estimated using experimental huller machine (Satake) at Rice 
Technology and Training Center, Alexandria. 
                                  Brown rice weight 
  Huilling%=                                 × 100 
                                  Rough rice weight 

2-2- Milling percentage 
Brown rice was consequently milled using milling machine model TMO5 
at Rice Technology and Training Center, Alexandria, The milled rice 
sample was then collected and weighted taken and percentage of total 
milled rice was calculated by the following equation. 
                                Milled rice weight 
  Hilling%=                                 × 100 
    Rough rice weight 

2-3- Head rice percentage  
Whole milled grains were separated from milled rice using rice – sizing 
device. Then, the percentage on head rice yield was obtained and 
calculated as follows: 
         Whole grain weight 
  Head rice%=                              × 100 
          Rough rice weight   
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Statistical analysis:  
All data collected were subjected to analysis of variance analysis 

according to Gomez and Gomez (1984) Treatment means were compared by 
Duncan’s multiple range test (Duncan, 1955). All statistical analysis was 
performed using analysis of variance technique by means of IRRISTAT 
computer software package. 

 

RESULTS AND DISCUSSION 
1-Yield and its components: 

Data in Tables (3 and 4) revealed that the differences among the studied 
rice cultivars in yield components i.e. panicle weight, number of filled 
grains/panicle, number of panicles/m2, 1000- grain weight, grain yield (ton)/ha, 
straw yield (ton)/ha, biological yield (ton)/ha, harvest index (%) in both seasons 
were significant. Sakha 104 cultivar significantly surpassed the other cultivars in 
all yield and its components characters under study. These differences may be 
due to the genetic differences and the differences in 1000- grain weight might 
be attributed to the variation in translocation rate of photosunthelic from leaves 
to the storing organs i.e. the grains. The trends of the obtained results are in 
good accordance with that reported by many investigators such as Salem 
(2006), Radwan et al. (2008), Tabl (2008), Abou- Khalifa (2012). 

 
Data in Tables (3 and 4), clear that increasing nitrogen fertilizer levels 

significantly increased grain, straw biological yield (ton/ha) and harvest index 
(%) in both seasons. This increase in grain yield could be attributed to the 
significant increase in panicle weight, number of filled grains/panicle, number of 
panicles/m2 and 1000- grain weight in both seasons. Application of nitrogen 
fertilizer at level of 60 kg N/fed, gave the highest yield and its components 
compared to the other levels of application. The effect of nitrogen fertilizer may 
be attributed to the role of nitrogen in promoting the vegetative growth and 
moristemic activity during growth. Such finding is in agreement with those of 
Ebaid and Ghanem (2000), Abou- khalifa (2001), Badawi (2002) and Salem 
(2006). 

 
With regard to the effect of bio- organic fertilization on rice yield and its 

components the results are shown in Tables (3 and 4). It could be concluded 
that inoculation of rice grains with A-mycorrhizal inoculation encourage the 
increase of panicle weight, number of filled grains/panicles, number of 
panicles/m2, 1000- grain weight, grain straw and biological yield (ton)/ha and 
Harvest index (%) when compared with the uninoculation (control) in both 
seasons. This may be due to the effect of A- Mycorrhizal inoculation which 
plays an important role in the assimilation of rice cultivars that reflected on 
enhancing this characteristic. Alas, the could be attributed to the role of plant 
phytohormones like IAA, Gas and CKs which promote plant growth cell division, 
breaking the aperial dominances, hence encouraging the photosynthesis and 
assimilator accumulation (El- Khowas, 1990). Similar results were obtained by 
Radwanet al. (2008), Wijebandara et al. (2009) and Tabl (2014). 
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It is clear from Tables (3 and 4) that the highest panicle weight, number of 
panicles/m2, 1000- grains weight, grain yield (ton)/ha, biological yield (ton/ha) 
and harvest index (%) were recorded under the treatment including the 
combination of Sakha 104 cultivar and applying 60 kg N/fed in 2013 and 2014 
seasons. 

 
As for the interaction between rice cultivar and bio- organic fertilization on 

panicle weight, number of panicles/m2, 1000- grain weight, grain and biological 
yield (ton/ha) as well as harvest index there was significant effect in the two 
seasons, Table (3 and 4). Sakha 104 cultivar and A- Mycorrhizal inoculation 
recorded the highest values of three traits. 

 
The interaction between nitrogen fertilizer levels and bio- organic 

fertilization was significant in the same traits in both seasons, Tables (3 and 4). 
The highest grain yield (ton)/ha was attend by applying 60 kg N/fed with A- 
mycorrhizal inoculation. The results in Tables (3 and 4) indicate that the same 
traits except number of filled grains/panicle was recorded by Sakha 104 cultivar 
and applying 60 kg N/fed with A- mycorrhizal inoculation in both seasons. 
 
 
2-Grain quality characters: 

It is clear that hulling, milling and head rice percentages of the three tested 
cultivars varied significantly in both seasons, Table (5). 

 
The highest hulling percentage (83.17%) in the first season. Milling 

percentage (73.06 and 73.22%) and head rice percentage (66.91 and 65.35%) 
in both seasons, respectively belonged to Sakha 104 cultivar. These differences 
may be due to the differences in the genetic structure and its interaction with 
environmental conditions. Similar differences among rice cultivars in grain 
quality were reported by El- Ekhtyar (2004). 

 
Obtained results recorded in Table (5) revealed that hulling, milling and 

head rice percentages in grains were significantly affected by adding nitrogen 
fertilizer levels. The highest values of all grain quality characters were obtained 
by 60 kg N/fed compared with check (control). Increase in hulling milling and 
head rice percentages as a results of increasing of nitrogen levels to up 60 kg 
N/fed may be due to increasing nutrient availability. Similar results were 
obtained by Seedek (2001) and El- Hissewyet al. (2005). 

 
Percentages data in Table (5) indicated that of hulling, milling and head 

rice significantly increased by inoculation of rice grain with A-mycorrhizal 
inoculation when compared with uninoculation (control) treatment during the two 
seasons. This may be due to A- mycorrhizal inoculation had favorable effect on 
grain quality characters via improved growth, escalating photosynthetic rate 
consequently improving both grain yield and grain quality as shown in Table (5). 

 
Data documented in Table (5) show that the interaction between Sakha 

104 cultivar and applying 60 kg N/fed produced the highest values of milling 
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percentage in both seasons. In both seasons of study Sakha 104 cultivar and A-
mycorrhizal inoculation was recorded the highest values of milling percentage. 

 
Data in Table (5) reveal that the highest milling percentage were recorded 

by applying of 60 kg N/fed and the A-mycorrhizal inoculation in both seasons. 
Also, data in Table (5) reveal that highest values of milling percentage were 
recorded by Sakha 104 cultivar when it was fertilized with applying 60 kg N/fed 
and A- mycorrhizal inoculation in both seasons.  

 
From the above mentioned results and under the condition of the present 

study it, could be concluded that the most economic fertilization treatment for 
maximum yield and its components of rice Sakha 104 cultivar as well as grain 
quality character sties in Alexandria are applying 60 kg N/fed with A- 
mycorrhizal inoculation which hence reduced the cost of production and 
pollution which could occur by excessive use of chemical fertilizer. 
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ABSTRACT: Fruit development affects fruit quality and quantity.Study of fruit development on 

the molecular level is very important step toward improvement of fruit production. Setting a 

comparison between dry- and fleshy-fruit species, across different stages of fruit development, is 

one way of studying the key factors regulating fruit development. The Solanaceae family found 

promising in this regard, in which many berry and dry fruit species belong to a common evolutionary 

history and genetic ancestry; thus theexpression level and role of many similar genes can be 

compared between two different fruit-type species but arehighly similar in their genetic backgrounds 

as a member of the solanaceace family.To investigate the molecular processes important in fruit 

development and differentiation, two model plants were used; tomato (Solanum lycopersicum)and 

flowering tobacco (Nicotiana sylvestris). In comparison between Tomato and flowering tobacco,this 

paper study the expression level of ten candidate genes hypothesized to play a role in the 

development of dry vs fleshy fruits. RT-PCR and qRT-PCR were used to assess expression in 

different tissues and at different developmental stages.  
Keywords:fruit development, dry fruit, fleshy fruit, Solanum lycopersicum 

 
INTRODUCTION 

Fruits vary in form and function, but among the most conspicuous and 
economically important differences are those of the pericarp.  In particular, many 
fruits fall into one of two categories: fleshy indehiscent (e.g., berries, in which the 
pericarp layers proliferate) or dry dehiscent (e.g., capsules, in which the pericarp 
becomes lignified).  Comparative molecular studies in closely related species allow 
us to identify the genetic mechanisms underlying fruit development such as 
differentiation of a fleshy versus a dry pericarp. 

 Molecular mechanisms of fruit development have been characterized 
inArabidopsis thaliana (Brassicaceae)(Gu et al., 1998; Ferrándiz et al., 2000; 
Dinneny et al., 2005; Fuentes et al., 2012). However, Brassicaceae are not suited 
to a comparative study as the family is characterized by a single dry dehiscent fruit 
type (silique)(Cronquist, 1981). A more amenable framework for comparative study 
of dry vs. fleshy fruit is provided by the Solanaceae family. Solanaceae included 
many berry fruit type(e.g. Tomato and eggplant) and many dry fruits (e.g. 
Nicotiana). Despite having different forms of fruit, Solanaceae family have a 
common evolutionary history and genetic ancestry; thus the roles of orthologous 
genes can be compared in genetic backgrounds that are highly similar (Wang et 
al., 2015). 
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Fruit development has been studied in tomatoand the process has been 
divided into four stages (Tanksley, 2004; Carrari and Fernie, 2006): (1) ovary 
development prior to fertilization of the ovules, (2) a period of cell division triggered 
by fertilization, (3) the cessation of cell division and the onset of cell expansion, 
and (4) ripening. A comparative anatomical study done byPabón-Mora and Litt 
(2011) showed the four corresponding stages can be identified in the development 
of capsules: (1) ovary development; (2) onset of cell division; (3) cessation of cell 
division accompanied by lignification; and (4) final maturation.  

Although Most analyses of fruit development in tomato have focused on 
molecular changes occurred during stage 4 (ripening) (Barry et al., 2005; 
Giovannoni, 2007; Chen et al., 2015), the changes that are responsible for the 
dramatic differences in structure between capsules and berries initiated at stage 2 
(Pabón-Mora and Litt2011). Few studies have shown that genes acting prior to 
fertilization (during stage 1) influence fruit shape and size (Xiao et al., 2009), and 
that fertilization (stage 2) triggers many ripening-related transcriptional changes in 
the pericarp (Gillaspyet al., 1993; Xiao et al., 2009).  

This study uses a comparative approach to identify differences in 
expression level of some genes that may play role in capsule and berry 
development in Solanaceae. Due to their numerous genetics resources 
available,dry fruit species (Nicotiana sylvestris Speg. (Flowering tobacco), and 
fleshy fruit species (Solanum lycopersicum L. cv.Micro-Tom (tomato) were used. 
We performed reverse transcription- polymerase chain reaction(RT-PCR) to 
compare expression of 10 genes in various organs and during vegetative and fruit 
development in both species. Quantitative (qRT-PCR) were further used to study 6 
genes out of 10 to look in depth at their level of expression during the 4 stages of 
fruit development to identify candidate genes for further functional studies 

 

MATERIALS AND METHODS 

Tissue collection:  

For all experiments, five plants each of S. lycopersicum cv. Micro-
Tom(tomato) and N. sylvestris (flowering tobacco) were grown under growth 
conditions of 22˚C, and 12 hours light.For qRT-PCR, ovaries/fruits from both 
Tomato and Nicotiana were collected at different stages of fruit development as 
characterized by Pabón-Mora and Litt2011. In Tomato; stage 1(anthesis; once 
flower open), stage 2 (2 days post-anthesis; T2),Stage 3(13-days post-anthesis; 
T13) and stage 4(breaker fruit stage; TBR). On the other hand,in Nicotiana; stage 
1(at anthesis; once flower open), stage2 (4-days post-anthesis; N4), stage 3 (7-
days postanthesis; N7) and stage 4 (18-days post-anthesis; N18). For RT-PCR, 
tissue were collected from stem, leaf, young bud, and bud pre-anthesis.All tissue 
samples were collected from three biological replicates and stored at -80˚C. 
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In situ hybridization:  

Flowering tobacco fruits at anthesis and 1–6 days post-anthesis (DPA) were 
collected and fixed for four hours under vacuum on ice in freshly prepared FAA 
(50% ethanol, 3.7% formaldehyde and 5% glacial acetic acid). Samples were 
subsequently prepared for sectioningat 10 µm with a steel blade. For probe 
synthesis, RNA from bud were used for cDNA synthesis as below. For the 
antisense probe, a 300 bp fragment of histone H4 was amplified using Forward 
primer a reverse primer carrying a T7 promoter sequence (H4 F: 
GTCTGGTCGTGGAAAGGGAGGCAAGGG; H4 R T7: 
CTTAATACGACTCACTATAGGGTTAACCGCCAAATCCATACAGAGTCC). For a sense probe, 
the T7 promoter sequence added on the forward primer (H4 F T7: 
CTTAATACGACTCACTATAGGGGTCTGGTCGTGGAAAGGGAGGCAAGGG; H4 R: 
TTAACCGCCAAATCCATACAGAGTCC). Amplified products were used to synthesize 
Digoxigenin (DIG)-labeled RNA probes with T7 polymerase (Roche Applied 
Science),RNA in situ hybridization was performed according to De Martino et 
al.(2006), with an overnight hybridization at 52ºC.Images of the slides recorded 
using a microscope-mounted Nikon DXN1200c digital camera. 

Reverse transcription PCR (RT-PCR) expression analyses:  
 
Total RNA was prepared from approximately 100 mg of each of the 11 

tissue types collected from each species using the Trizol reagent (Invitrogen).  
After DNAse treatment,Total RNA was reverse transcribed using 1.5 µg of RNA 
with random hexamers and the High Capacity cDNA Reverse Transcription Kit 
(Applied Biosystems). To evaluate expression levels, cDNA template was diluted to 
a standard concentration 20 ng/µL. 18S was used as a control. PCR was 
performed in 25µL reactions containing 12.5 µL of PCR mix, 5 nmoles of each 

primer, and 20 ng of cDNA. Cycling parameters start with 1 cycle at 94°C for 5 

minutes, 30 cycles at 94°C for 30 s, [Ta]°C for 30 s, 72°C for 30 s followed by  final 

extension step at 72°C for 5 min. 

Quantitative Real-Time RT-PCR (qRT-PCR):  

The selected genes were evaluated using qRT-PCR at the four stages of 
fruit development. Total RNA from stages 1, 2, 3, and 4 fruits collected from three 
plants per species was prepared using the RNAqueous Kit (Ambion) according to 
manufacturer’s protocols. The cDNA for qRT-PCR was prepared using 2.0 µg of 
total RNA per sample, the Superscript III First Strand Synthesis System 
(Invitrogen), and random hexamers. In nuclease –free reaction volume of 25 µL, 10 
ng of cDNA template was mixed with 12.5 µL of 2x FastStart SYBR Green PCR 
Mastermix (Applied Biosystems), 250uM of forward and reverse primers. Relative 
quantification(RQ) values were used as standardized expression values and 
expression ratios were generated by dividing each flowering tobacco RQ value by 
the RQ value of the tomato ortholog.  For each gene and tissue, the three 
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biological replicates, each with three technical replicates, were evaluated. 
Elongation factor 1 alpha(EF1α) genewas used as a reference gene for all 
samples.  

To design primers, candidate gene contigs were aligned with close BLAST 
hits of SGN unigene sequences. These alignments were used for designing gene-
specific primers using the Primer Express software (Applied Biosystems). Primer 
sequences shown in table 2Thermocycling was performed on an ABI-PRISM 7300 
Real-Time PCR system (Applied Biosystems) using the default conditions of 2 min 
at 50˚C, 10 min at 95˚C, and 40 cycles of the following: 15 sec at 95˚C and 1 min 
at 60˚C. Relative quantification (Log10 RQ) values were plotted and the lowest gene 
expression value from all replicates was calibrated to 0 to eliminate negative 
values.  Analysis of Variance (ANOVA) and Tukey-Kramer tests were performed in 
Excel 2007 to test for significant differences in expression.  

 

RESULTS AND DISCUSSION 

During stage two, the anatomical and morphological differences that 
distinguish berries from capsules become manifest (Pabón-Mora and Litt, 2011). 
This stage, which marks the onset of fruit development per se, is initiated at 2 DPA 
in tomato (Gillaspy etal., 1993), and consistent with the onset of rapid and prolific 
cell division in the pericarp and so rapid growth in fruit size (Bertin et al., 
2003).Flowering tobacco capsules undergo a similar (albeit lesser) increase in size 
starting at 4 DPA; this delay in the onset of growth relative to tomato may be due to 
the larger style and thus much larger distance the pollen tube must cover to reach 
the ovules. Testing the expression of histone H4, as a markerof active cell division 
(Schantzet al., 2001), show that stage 2, onset of cell division, initiated at 4DPA of 
tobacco capsule development (Fig.1).  

 
Selection of candidate genes for additional analyses: 

 
Literature searches and results fromTOM2 microarray, 70-mer oligo array with 

1200 unigenes represented (data not shown)were used to select 10 candidate geneson 
the basis of differential expression at stage 2 (>2-fold difference in expression).  We 
focused on transcription factors and genes with predicted functions related to fruit 
development processes such as cell division and lignification. A putative 
assessment of orthology was made based on BLAST searches of GenBank and 

Sol Genomics Network (SGN).  We named genes as follows: (1) if published names 
were available for both  or either species, those names were used (e.g., SlFUL2, 
NsMADS1,SlETR4); (2) if neither species had a published name, we used the 
name of the top BLAST hit, adding the prefixes “Sl” or “Ns” (e.g.,SlUGD,NsUGD). 
Table 1is showing Gene names and abbreviations, SGN unigene numbers 
andGenBank ID. 
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RT-PCR expression analyses: 

The expression patterns of the 10 candidate genes were evaluated in 11 
tissues including vegetative tissues, early, and preanthesis buds, all floral organs 
(sepal, petal, stamen and carpel) at stage1, and fruits at stages 2, 3, and 4.  
Results are shown in Fig.2.All genes were expressed in leaves,preanthesis buds, 
carpels and fruits at stages 1, 2, and 3 except NsEXT-LIKE and NsDWF1. The 
gene expression in both vegetative and reproductive tissues support the notion that 
most genes involved in fruit development are not specific to those processes but 
also function in other aspects of plant growth and development. 

Expression of NsDWF1, NsETR4, NsFW2.2, NsDDTFR18 and NsPalwas 
seen in stems and leaves.  As with tomato, expression in floral organs was 
variable, in some cases reduced or absent in sepals (NsEXT-LIKE, NsMADS1, 
NsUGD), or, in the case of NsFW2.2, absent from all floral organs except the 
carpel. All genes were expressed in stage 1 carpels.  Expression of NsDWF1 was 
not seen at later stages of fruit development. Expression of NsETR4 tapered off 
during fruit development but expression of NsMADS1, NsMADS3, NsPGIP, and 
NsUGD appeared to remain constant.  

   
As has been shown in RT-PCR,the genes SlPAL3/NsPAL3, 

SLDDTFR19/NsDDTFR19, and SlH2A-LIKE/NsH2A-LIKE were expressed 
constantly and at similar levels in all tissues in both species.Considering the high 
probability of their pleiotropic functions; those three genes were excluded from 
further analysis.SlPAL3 has been shown to be expressed in all organs of the 
tomato plant (Lee et al., 1992); our results suggest that expression is also 
consistent throughout carpel and fruit development.  PAL catalyzes the first step in 
the phenylpropanoid pathway, from which lignin is synthesized (Ro and Douglas, 
2004); as lignification is one of the fundamental processes that distinguishes dry 
and fleshy fruits, this seemed a potentially informative candidate.  However, this 
pathway yields many other metabolites found in a variety of tissues. H2A-LIKE 
protein may play a role in chromatin structure and nucleosome assembly, and is 
linked to stress-response and hormone factors (Clemens and Hake, 2012). 
Although the microarray results (data not shown) show this gene to be expressed 
at much higher levels in flowering tobacco, RT-PCR analysis suggests it does not 
show any tissue specificity.  

SlEXT-LIKE/NsEXT-LIKE were not included in further analyses because 
preliminary qRT-PCR experiments produced inconsistent results that suggested 
the possibility of more than one amplification product. Although little is known about 
the gene SlEXT-LIKE/NsEXT-LIKE, it may be involved in cell wall extensibility 
similar to other extensin proteins (Kieliszewski and Lamport, 1994).  
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qRT-PCR expression analyses:  

We performed  qRT-PCR on 6 genes(SlDWF1/NsDWF1, SlETR4/NsETR4, 
SlFW2.2/NsFW2.2, SlFUL2/NsMADS1, SlMADS1/NsMADS3, and SlUGD/NsUGD)  
that exhibited dynamic expression patterns in the RT-PCR expression analysis. 
QRT-PCR analyses were performed across all four stages of fruit development in 
both species. This allowed us to evaluate differences in expression over the course 
of fruit development as well as between the two species.  

Results in Fig. 3 showed the averaged log-transformed relative transcript 
quantities (RQ). We performed an ANOVA to test for significant differences in gene 
expression among all 8 tissues (2 species, 4 developmental time points).  
Significant differences were found between tissues for each gene (P<0.05), we 
performed a Tukey-Kramer test to look for significant differences among fruit 
development stages within each species, and between equivalent stages in the two 
species (Fig. 3).  In tomato, SlMADS1, FW2.2, and SlDWF1, were shown to be 
differentially expressed across developmental stages. SlMADS1 showed 
differences among all stages, with expression increasing to stage 3 and then 
declining dramatically.  FW2.2 expression was significantly different only between 
stages 1 and 2, showing a strong increase at the onset of cell division.  SlDWF1 
was significantly different between stages 2 and 4, with a sharp drop at ripening.  
In flowering tobacco, NsDWF1 and NsMADS3 expression did not vary significantly 
but NsETR4, NsMADS1, NsFW2.2, and NsUGD were all differentially expressed.  
NsFW2.2, andNsMADS1 showed a highly dynamic pattern across all four stages. 
NsETR4 showed a significant increase at stage 4, and NsUGD showed a 
significant decrease from stage 2to 3 followed by an increase to ripening at stage4. 

          
Tests comparing equivalent stages in the two species showed that four of 

the 6 genes, SlDWF1/NsDWF1Sl, SFW2.2/NsFW2.2, MADS1/NsMADS3, 
andSlUGD/NsUGD, showed significantly different expression at stage 
2.SlUGD/NsUGD showed consistently higher expression in flowering tobacco 
compared to its lower expression in tomato. SlDWF1/NsDWF1 and 
SlFW2.2/NsFW2.2 were differentially expressed at all but stage 4 (ripening); 
SlDWF1 expression was barely detectable in flowering tobacco whereas its 
ortholog was consistently fairly strong in tomato. Expression of 
SlMADS1/NsMADS3 was significantly different at all stages except stage 3, 
whereas, both SlETR4/NsETR4 and SlFUL2/NsMADS1 were only differentially 
expressed in stage 3.   

Comparison of the dynamics of expression of these 6 genes shows that in 
tomato, expression of a number of genes tapered off as development progressed, 
with a peak in expression at stage 2; this pattern is seen in all of the genes 
analyzed except SlETR4 and SlFUL2)(Fig 3).  This decline in expression at stage 4 
suggests that downregulation of these genes may be required to promote the 
processes of ripening such as cell wall softening.  Conversely, in flowering 
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tobacco, expression was strongest at stages 2 and 4 for all genes exceptNsDWF1. 
This suggests that these genes may play an important role in capsule maturation 
processes. 

 
Candidate gene expression and putative function in dry and fleshy fruit 
development 
SlDWF1/NsDWF1: 

The Arabidopsis DWARF1 gene encodes a membrane-bound protein 
involved in brassinosteroid synthesis (Klahreet al., 1998). Brassinosteroid-deficient 
plant Mutants in Arabidopsis and Tomato are severely dwarfed and have reduced 
fertility in Arabidopsis and delayed fruit ripening in Tomato (Vardhini and Rao, 
2002; Symons et al., 2006; Fu et al., 2008).The brassinosteroid-deficient “rinrei” 
mutant of faba bean (Viciafaba) produces short seed pods (Fukutaet al., 2004).Our 
results (Fig.3) indicate that NsDWF1 is not expressed in flowering tobacco fruit 
tissue after fertilization, stage 3 and 4, whereas SlDWF1 is expressed throughout 
all four stages of fruit development, although expression decreases at stage 4. 
Flowering tobacco capsules cease growth shortly after the onset of stage 2, 
whereas tomato fruits continue to grow until stage 4; this duration of growth is 
correlated with the expression of NsDWF1 and SlDWF1, and is consistent with the 
hypothesis that these genes regulate brassinosteroid synthesis and thereby 
regulate growth processes.  
 
FW2.2/NsFW2.2:  

FW2.2 activity during early carpel development has been shown tocontrols 
up to 30% of fruit weight variation and was the first gene underlying a quantitative 
trait locus (QTL) that was identified by a positional cloning approach (Fraryet al., 
2000;Nesbittet al., 2001 ).  Our analyses indicate that there were significant 
differences in expression at equivalent developmental stages (stages 1-3) in 
tomato and flowering tobacco, as well as significant differences among some 
stages within each species (Fig.3). Expression, particularly in flowering tobacco, 
appears dynamic; in this species it decreases sharply from stage 2 to 3 and then 
increases again.  This pattern is not consistent with cell division activity in capsule 
formation (or seed development), suggesting either a different role for this gene or 
the involvement of other factors in regulating cell division. 
 
SlFUL2/NsMADS1:  

SlFUL2 (also referred to as SlMBP7; Hilemanet al., 2006) is a member of 
the AP1/FUL MADS-box transcription factors.  The Arabidopsisortholog 
FRUITFULL (FUL) is required for proper cell differentiation in the silique valves and 
repression at the valve margins is required for proper lignification of the dehiscence 
zone (Gu et al., 1998; Ferrándiz et al., 2000; Smykalet al., 2007). In general the 
role of FUL genes in fleshy fruit development is unknown, although down-
regulation of VmTDR4 in bilberries suggests a role in anthocyanin accumulation 
(Jaakola, 2010).  Studies have identified four FUL orthologs in tomato, all but one 



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

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  285     

Vol. 20 (2), 2015 
           

  
 

 

expressed in fruit (Busiet al., 2003; Hilemanet al., 2006).  In our analysis one of 
these, SlFUL2, is expressed constantly throughout fruit development (Fig.3).  In 
contrast, expression of the flowering tobacco ortholog, NsMADS1, is highly 
dynamic over the four developmental stages (Fig. 3).  Expression is lowest at stage 
3, correlated with the onset of lignification; however, it increases at stage 4 when 
the capsule undergoes drying and dehiscence. The difference in expression 
patterns suggests a role in processes that differentiate dry and fleshy fruit 
development.  
 

SlMADS1/NsMADS3:  
SlMADS1 is a MADS-box transcription factor belonging to the SEPALLATA 

(SEP) lineage (Hilemanet al., 2006). They found to be required for proper floral 
organ identity (Pelaz et al., 2000; Prasad et al., 2005).Tomato SEP homologs,TM5 
and TM29, repress fruit development in the absence of fertilization (Ampomah-
Dwamena et al., 2002). Leseberget al. (2008) found SlMADS1 protein interacts 
with TM4, a tomato ortholog of Arabidopsis FUL, suggesting a possible role for 
SlMADS1 in fruit development. Hileman et al. (2006) showed expression during all 
stages of fruit development with a steep drop at the final stage.  Our results confirm 
these data (Figs. 2, 3) including the sharp decrease in transcript quantity at stage 4 
(Fig. 3).  In contrast, expression of the flowering tobacco ortholog, NsMADS3, is 
maintained at a relatively high level throughout capsule development. Jang et 
al.(1999) and Dong et al.(2007) have suggested that Solanaceae SEP orthologs 
function in regulating flowering time and apical dominance, but not during fruit 
development. The higher and consistent levels of expression in flowering tobacco 
relative to tomato (Fig. 3) suggest that this transcription factor may play a role in 
differentiating dry fruit types. 
 
SlUGD/NsUGD:  

UDP-glucose dehydrogenases play a key role in the synthesis of 
hemicelluloses, important fiber components of plant cell walls. This function is 
suggested from the high expression of tobacco(N. tabacum) NtUDPGDH1 and2 
(paralogs that are putative orthologs of SlUGD/NsUGD) in tissues undergoing 
synthesis of secondary cell walls (Bindschedleret al., 2005).  In our analyses, 
expression of NsUGD was high throughout fruit development (Fig.3), which is 
correlated with observation of enhanced secondary cell wall formation in 4 DPA 
flowering tobacco fruits (Pabón-Mora and Litt, 2011).  In contrast, expression of the 
tomato orthologs, SlUGD, was consistently low at all four stages. This is consistent 
with a role for UDP-glucose dehydrogenase in secondary cell wall synthesis, a 
more prominent process in capsule than berry development, although the reason 
for high levels of this transcript in flowering tobacco prior to anthesis, when there is 
little secondary cell wall formation, remains unclear.  In addition, hemicelluloses 
are important components of all plant cell walls; thus, future functional analyses are 
needed to clarify the role of this gene in fruit development. 
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SlETR4/NsETR4:  
Ethylene receptor 4 is a negative regulator of ripening as with its 

downregulation in tomato lead to accelerated fruit ripening (Klee, 2002 ;Kevanyet 
al., 2008). Silique development in Arabidopsis is not sensitive to ethylene 
(Ferrándiz, 2002); however, ethylene insensitive transgenic petunia lines showed 
delayed capsule maturation (Shibuya et al., 2004).  This suggests a role in fruit 
maturation in dry-fruited as well as fleshy-fruited Solanaceae. SlETR4 is not 
expressed significantly differently among the four stages of fruit development in 
tomato (Fig.3), which is in contrast to expectations that it should be downregulated 
at stage 4 (ripening), but consistent with findings in other studies (Kevanyet al., 
2008).  Expression of the ortholog in flowering tobacco, NsETR4, is similar to 
tomato with the exception of stage 3, at which is significantly downregulated 
(Fig.3). 
 

Table (1): Candidate genes chosen for expression analyses. 
 

Closest BLAST hit  
(species, Gen Bank accession number) 

Abbreviation 
in tomato 
Solanum 

lycopersicum 

Abbreviation 
in flowering 

tobacco(Nicoti

ana sylvestris) 

ID (SGN 
Unigene or 
GenBank) 

MADS-BOX PROTEIN 1 (S. lycopersicum AY294329) 

MADS-BOX PROTEIN 3 (N. sylvestris AAD39034) 
SlMADS1 NsMADS3   U591985 

FRUITFULL-like MADS-box  (S. lycopersicum 

AY306156) MADS-BOX PROTEIN II (N.  sylvestris 

AF385746.1) 

SlFUL2 NsMADSII    U580493 

EXTENSIN-LIKE PROTEIN (S. lycopersicum 

AAT90376) 
SlEXT-LIKE NsEXT-LIKE

a 
   U222471 

DWARF1/DIMINUTO   (S. lycopersicum AAT90376) SlDWF1      NsDWF1
a 

   U213594 

UDP-GLUCOSE DEHYDROGENASE 

(Gossypiumhirsutum, GQ292787) 
SlUGD

a 
NsUGD

a 
   U221859 

histone 2A-LIKE PROTEIN (Solanum melongena 

BAA85117) 
SlH2A-LIKE

a 
NsH2A-LIKE

a 
    U214809 

RIPENING-REGULATED PROTEIN DDTFR19 (S. 

lycopersicum AAG49033) 
SlDDTFR19 NsDDTFR19

a 
U578260 

PHENYLALANINE AMMONIA LYASE 3 (S. 

lycopersicum M83314
b
) 

SlPAL3
 

NsPAL3
a
 M83314.1

b 

FRUIT WEIGHT 2.2 (S. lycopersicum AF411809) SlFW2.2 NsFW2.2
a 

  AF411809 

Ethylene receptor 4 (S. lycopersicum AY600438) SlETR4 NsETR4
a 

N/A 

*Column 1: the BLAST hit used to name the gene, the species from which it was derived, and the GenBank 
accession number. Column 2 and 3: abbreviations used in tomato and flowering tobacco.  ID refers to the 
unigene identifier specific for the microarray probe for that gene was generated. 

a
Name assigned in this paper. 

b
GenBank ID M83314.1 corresponds to an unpublished PAL gene determined to be SlPAL3 based on 

comparison with sequences published in Lee et al. (1992).  

 
 

 



ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

     

 

 
Figure (1): Cell division in 

situmRNA hybridization. (A) Transverse section of the ovary at 
anthesis showing segment of the ovary wall and ovules. Stainingis 
absent in the ovary wall including inner layers(arrow). (B) Transverse 
section of the developing fruit at four
segment of the pericarp and developing seeds.  Stainingis present in 
the inner layers of the pericarp(arrow), indicating active cell division. 
Celldivision occurs in ovules and seeds throughout 
development. 
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Cell division in flowering tobaccocapsule development. Histone H4 in 
situmRNA hybridization. (A) Transverse section of the ovary at 
anthesis showing segment of the ovary wall and ovules. Stainingis 
absent in the ovary wall including inner layers(arrow). (B) Transverse 

of the developing fruit at four days postanthesis showing 
segment of the pericarp and developing seeds.  Stainingis present in 
the inner layers of the pericarp(arrow), indicating active cell division. 
Celldivision occurs in ovules and seeds throughout 
development.  
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flowering tobaccocapsule development. Histone H4 in 
situmRNA hybridization. (A) Transverse section of the ovary at 
anthesis showing segment of the ovary wall and ovules. Stainingis 
absent in the ovary wall including inner layers(arrow). (B) Transverse 

days postanthesis showing 
segment of the pericarp and developing seeds.  Stainingis present in 
the inner layers of the pericarp(arrow), indicating active cell division. 
Celldivision occurs in ovules and seeds throughout ovary andfruit 
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Figure (2): RT-PCR expression profiles for 
flowering tobacco tissues. 18S
and leaf of vegetative tissue, Bud,
Stamen, and
development.

 

Figure (3):  Quantitative 
development stages in tomato
T13, and breaker; 
anthesis; N4
N18).  Six genes were analyzed with three biological replicates and 
three technical replicates
values. Error bars represent standard errors.  Ana
values are shown. *, expression levels differed significantly between 
two stages within a species; •, significant differences between 
corresponding stages in flowering tobacco and tomato
test).  
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PCR expression profiles for 10 candidate genes in tomato and 
flowering tobacco tissues. 18S was used as loading control. Stem 
and leaf of vegetative tissue, Bud, bud preanthesis, Sepals, petals, 

and carpel at anthesis (stage 1); stages 2
development. 

Quantitative RT-PCR results showing gene expression across four fruit 
development stages in tomato (preanthesis; TP, 2-days; 

, and breaker; TBR) and Nicotiana (preanthesis; 
N4, 7-days postanthesis; N7, and 18-days post anthesis; 

genes were analyzed with three biological replicates and 
three technical replicates. Numbers above bars are relative expression 
values. Error bars represent standard errors.  Analysis of variance P 

are shown. *, expression levels differed significantly between 
two stages within a species; •, significant differences between 
corresponding stages in flowering tobacco and tomato
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candidate genes in tomato and 
was used as loading control. Stem 

reanthesis, Sepals, petals, 
esis (stage 1); stages 2-4 of fruit 

 

PCR results showing gene expression across four fruit 
days; T2, 13-days; 

preanthesis; NP, 4-days post 
days post anthesis; 

genes were analyzed with three biological replicates and 
Numbers above bars are relative expression 

lysis of variance P 
are shown. *, expression levels differed significantly between 

two stages within a species; •, significant differences between 
corresponding stages in flowering tobacco and tomato (Tukey Kramer 
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              Table (2): List of primers used for RT-PCR and qRT-PCR analysis 
 

genes amplified Primers sequences 

SlMADS1 and NsMADS3 
F:5’TCAACTCGGACTCAGTTAATGTTGGATCAACTTA3’ 
R: 5’ GTTTGAGTTGTTTGCCGGCCATAGCCCA 3’ 

SlFUL2 and NsMADSII 
F: 5’ CAAAAGAAGGACAAGGCATTGCAAGA 3’ 
R: 5’ GTGGGAGCAACAGAGCCATGATCATCT 3’ 

SlEXT-LIKE and NsEXT-
LIKE 

F: 5’ TACTTATTGTGATATCGATAGCCCTTGT3’ 
R: 5’ CCAACATTACACTTAATTAGTGTAC3’ 

SlDWF1 
 
NsDWF1 

F: 5’GACGGAGAAGAACTTCTGGAGAAT 3’ 
R: 5’CTCTTGCTCAGCTTCCTGCACCTCCT 3’ 
F: 5’ GGACCTATTTTGAGGGGTGAGGTCT 3’ 
R: 5’ GATGGCTCTATACTTTTTCCTGCAGT3’ 

SlUGD 
 
NsUGD 

F: 5’ TCGCATCACAGCCTGGAA 3’ 
R: 5’ TCGAGGCCTGGCTCATAGAT 3’ 
F: 5’GGATGCTTATGCAGCCACAA  3’ 
R: 5’ ACTCATCCCACTCGGTCAAAA 3’ 

SlH2A-LIKEa 

NsH2A-LIKE 
Both 

F: 5’ TGCTTTTGGCTGTGAGGAATGATGAA 3’ 
F: 5’ ATGGTGGTGTTCTTCCAAACATC 3’ 
R: 5’ GGAGATTTG GTAGCTTTGGA 3’ 

SlDDTFR19 
 
NsDDTFR19 

F: 5’CGAAGAATCACACAGCCCATAA 3’ 
R: 5’TGGGTTTCTTGATTCCATTCCT 3’ 
F: 5’ CTCTGGTTCCGCAAGAACTTG 3’ 
R: 5’CCCAGGAAACACCGTCACA 3’ 

SlPAL3 
NsPAL3 
Both 

F: 5’CCAGAACCAACTGCTGTGCCATT 3’ 
F: 5’CCAGAACCAACTGCAGTACCATT 3’ 
R: 5’ TTTTCGAGTTGCAGCCTAAGG 3’ 

SlETR4 and NsETR4 
F: 5’TCAGCTACATTCCATGATAAAAGAAGCTGC 3’ 
R: 5’GAGTTTTTCAAGTTATTCTTCATATGGTTGG 3’ 

SlFW2.2 
 
NsFW2.2 

F: 5’ GTGAAGATAAGTTTGATTAAAGTTGTTAT 3’ 
R: 5’ ATTTAGCTGCAGGAAACTAATCCA 3’ 
F: 5’ TATGTATAAGGTGTTATTTAATTT 3’ 
R: 5’ ATAATTACCCCAATAATCGTAAGAT 3’ 

EFLα 
F: 5’ ATTGGAAACGGATATGCTCCA 3’ 
R: 5’ TCCTTACCTGAACGCCTGTCA 3’ 

18S 
F: 5’ TGCATGGCCGTTCTTAGTTG 3’ 
R: 5’ GAGGTCTCGTTCGTTAACGGAAT 3’ 
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ABSTRACT: This study describes the chemical speciation of Pb, Cr and Zn in soils of Abis 

area in Egypt. The studied area is located at the North Western part of the Nile Delta, which 
represents soils developed from lacustreine deposits at Abis region south of Mariut Lake and 
covers about 40000 fed. Total 41 top soil samples (0-35 cm) were collected from the area for 
analysis. The total contents and fractions of Pb, Cr, and Zn were determined, and the mobility factor 
and potential mobility were calculated. Small amounts of Pb, Cr, and Zn retrieved from the soluble 
and exchangeable phases, the readily available for biogeochemical cycles in the ecosystem. Low 
quantities of Pb, Cr and Zn could be available to plants. Zn is present in negligible amounts lower 
than those of Pb or Cr. The results also indicate that most of the metals have high abundance in 
residual fraction indicating lithogenic origin and low bioavailability of metals in the studied soil. The 
values of average mobility factor for Pb, Cr and Zn in the soils of Abis area were 7.31, 6.74 and 
0.51%, respectively which is less than 10%. Therefore, these elements are highly stable in soil. The 
average potential mobility of Pb, Cr and Zn were 15.05%. 34.79% and 8.25% respectively. The Zn 
had the least average potential mobility (8.25%). The order of average potential mobility of metals 
soils agrees with the percentage reduction in concentration of residual heavy metal. 

Keywords: Lead, chromium, zinc, chemical speciation, mobility, potential mobility 

INTRODUCTION 
Soils are the reservoir for many harmful constituents, (elemental and 

biological), including heavy metals. Total elemental content of soils is useful for 
many geochemical applications but often the speciation of these metals is more of 
an interest agriculturally in terms of what is biologically extractable (Cottenie et al., 
1980). Speciation is defined as the identification and quantification of the different, 
defined species, forms, or phases in which an element occurs (Tack and Verloo, 
1995) and is essentially a function of the mineralogy and chemistry of the soil 
sample examined (Tessier et al., 1979). Quantification is typically done using 
chemical solutions of varying but specific strengths and reactivity to release metals 
from the different fractions of the examined soil (Ryan et al., 2008). In terms of 
bioavailability, various species of metals are more biologically available in the 
ecosystem (Nelson and Donkin, 1985). Bioavailability and the mobility of metals are 
also related to each other, then higher concentration of mobile toxic metals in the 
soil which increases the potential for plant uptake, and animal/human consumption 
(Ratuzny et al., 2009). Heavy metals are included in soil minerals as well as bound 
to different phases of soil particles by a variety of mechanisms. Moreover, soil 
properties such as contents of organic matter, carbonates and oxides influence the 
heavy metal mobility (Kabata-Pendias and Pendias, 2001). It is widely recognized 
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that to assess the environmental impact of soil pollution, the determination of the 
metal speciation will give more information about the potential for release of 
contaminants and further derived processes of migration and toxicity (Usero et al., 
1998). Therefore, in geo-environmental studies of risk assessment, chemical 
partitioning among the various geochemical phases is more useful than 
measurements of total heavy metals contents (Quevauviller et al., 1996). There is 
no information available in the literature on heavy metals speciation, mobility, 
availability and toxicity in soils of Abis region in Egypt. Herein, the objectives of this 
study were aimed at determining the speciation and mobility of Pb, Cr and Zn 

metals in the top soil of this area. 
 

MATERIAL AND METHODS 
Site description and soil samples 

The studied area is located between 31o 00' to 31o 30' N and 29o30' to 30o 

30'E at the north western delta fringes south of Mariut Lake which named Abis 
(Map 1). It covers parts of Alexandria and El-Behira Governorates with total area 
about 40000 Fed. Forty one surface (0-35 cm) soil samples representing the 
studied area were taken as shown in Map 2. The soil analysis for pH ,EC , CaCO3 
%, soluble cations, soluble anions and particle size distribution  were carried out 
using the methods described by Page et al. (1982) as presented (Yehia et al, 
2014). Also, the organic matter was determined using Walkley-Black wet 
combustion method (Tan, 1996). The statistical characterization of soil samples are 
presented in Table (1). 
 

     

Map (1): The general location of the study area 
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Map 2: The soil sample locations of the study area 

Total heavy metals measurement  
Total concentrations of heavy metals (Pb, Cr, and Zn) were determined by 

wet digestion in soil according to (Page et al., 1982); 1 g of collected surface soil 
was placed in a Teflon crucible 5 mL HNO3, 10 mL HF and 12 mL HClO4 were 
added in to the soil and oscillated for 10 h then under constant temperature (80°C). 
After the sample was almost dried, 10 mL nitric acid (1:1) was added to dissolve 
the solids continually. The dissolved soil sample was transferred constantly to 50 
mL volumetric flask to determine the total contents of  the tested metals in soils. 
Estimating forms of the tested heavy metals  

Sequential extraction procedure was carried out using 2.0 g soil was involved 
to the five following steps (Tessier et al., 1979; Tessier et al., 1980): 
1. Water soluble:  

Samples of finely grounded air-dried soil were transferred top shaking bottle 
followed by 16 ml of deionized water and samples were shaken on a reciprocating 
shaker for 1 h. The suspension was centrifuged for 30 minutes and then the 
supernatant was filtered through whatman 42 filter papers.    
2. Exchangeable fraction:                                                                        

The same soil sample was placed in contact with a high ionic strength 
solution, in order to release the so-called exchangeable fraction of metal by altering 
the sorption–desorption superficial processes. In this step 16 ml of 1 M NH4OAc 
(pH=7) were added to the sample and the supernatant was shaken for 2 h.                                             
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3. Fraction bound to carbonate:                                                             
The fraction of metal bound to carbonates, present in the sample, may be 

selectively labialized by varying the pH of the sample itself with a slightly acidic 
extraction solution. 16 ml of 1 M of CH3COONa, plus CH3COOH (pH= 5) were 
added to the residue obtained from the former extraction, and the suspension was 
shaken for 5 h.                                            
 4. Fraction bound to iron and manganese oxides:      

The residue from fraction 3 was extracted under mild reducing conditions of 
13.9g of hydroxylamine hydrochloride (NH2OH·HCl) was dissolved in 500mL 
distilled water to prepare 0.4M NH2OH·HCl. The residue was extracted with 20mL 
0.4M NH2OH·HCl in 25% (v/v) acetic acid with agitation at 96°C in a water bath for 
6 hours. The extracted metals solution was decanted from the residual soil which 
was used for the next extraction.                                                                  
5. Fraction bound to organic matter and to sulphides:                           

The residue from fraction 4 was oxidized as follows: 6mL 0.02M HNO3 and 
10mL 30% (v/v) hydrogen peroxide was added to the residue from fraction 4. The 
mixture was heated to 85°C in a water bath for 2 hours with occasional agitation 
and allowed to cool down. Another 6mL of 30% hydrogen peroxide, adjusted to pH 
2 with HNO3, was then added. The mixture was heated again at 85°C for 3h with 
occasional agitation and allowed to cool down. Then, 10mL of 3.2M ammonium 
acetate in 20% (v/v) nitric acid was added, followed by dilution to a final volume of 
50 mL with de-ionized water.                                                  
6. Residual fraction:                                                                              

It is the metal fraction present as scatter within the crystal lattice of the rocks 
and minerals that constitutes the soil. It was calculated from the difference between 
the concentration of total metal and the sum of the first four fractions.  

After each extraction, the suspension was subjected to centrifugation for 20 
min at 4000 rpm. The solution was separated, while the precipitate was washed 
with10 ml of high purity water and centrifuged again for 5 min. The washing water 
then was added to the supernatant, while the precipitate was used for the 
subsequent extractions. The extracts were diluted to 50 ml by distilled water and 
analyzed for the selected heavy metals by atomic absorption spectrometer 
(Analytike Jena,Germany)®.    
Classic statistical analysis and Kriging maps 

The important information about variables is provided by descriptive statistics 
using the Statistical Package for Social Science (SYSTAT) version 12.0. Measures 
of tendency of variables were determined by mean and median as well as 
computing the dispersion of a variable in variance, standard deviation, Coefficient 
of Variation (CV) and range (Cen et al., 2006). Geostatistical analyses of any 
parameter readings were calculated for their semivariogram. A semivariogram 
indicates autocorrelation as a function of distance (semivariance versus distance 
separation) to plot spatial variability (Shibusawa, 1998). It’s components which 
include fitted model type, nugget variance (C0), structural variance sill (C0+C), 
range (A), Residual Sum of Square (RSS), coefficient (r2) and proportion 
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(C0/[C+C]) were calculated by Geostatistical analysis software through GS+ 
Geostatistics for the Environmental Science (Gamma Design Software, Version 9, 
LLC Plainwell, Michigan). Variability has been identified as spatial, temporal and 
predictive. Spatial variability of total heavy metal contents was obtained in this 
study to monitor difference in maps of this measured parameter. These data were 
interpolated using ArcGIS 10.1 through spatial analysis extension on 
semivariogram results for Geostatistical Software (GS+).                                                                

RESULTS AND DISCUSSION 
1. Characterization of the studied soils 

The minimum, maximum and average values of main physical and chemical 
properties of soil are shown in Table 1. The data show that the studied soils are 

characterized by sandy loam to sandy clay loam texture in most samples. Data of 
total soluble salts, as expressed by the electrical conductivity and sodium 
adsorption ratio indicate that most of the studied soils are characterized by their 
moderate to high EC and SAR values.  The EC values ranged between 0.77 and 
10.91 dS/m, SAR values being in the range from 2.05 to16.00 dSm-1, total 
carbonate content ranged between 2 and 34%. pH values ranged between7.92 
and 8.83. The amounts of sand, silt and clay varied from 47.70 to 83.04, 2.00 to 
17.74 and 8.96 to 44.00%, respectively. 

Table (1). Statistical parameters of the estimated properties and total heavy metals 
of the soil samples 

Soil 
Properties 

Average 
Range 

SD Median CV % Var. 
Min. Max. 

pH   8.17 7.92   8.83 0.19   8.18 2.31   0.04 
EC,dSm

-1
   3.32 0.77 10.91 2.28   2.81 69.00   5.19 

CaCO3,% 15.60 2.00 34.00 9.90 18.50 64.00 98.00 
O.M,%  1.80 0.28   3.76 0.79   1.88 43.89   0.62 
SAR  7.59 2.05 16.00 4.54   7.39   1.46 20.64 

Soluble Cations( meqL
-1

) 

Ca
+2

   7.44 1.00 34.00  6.83   5.00 92.00 46.64 
Mg

+2
   9.43 1.00 31.00  7.70   6.00 82.00 59.23 

Na
+
 23.18 4.00 80.00 18.85 19.00 81.00 355.40 

K
+
   0.46 0.12   1.20  0.28   0.40 61.00    0.08 

Soluble Anions( meqL
-1

) 

HCO3
-
   3.66 1.00  10.00 2.80   2.50 77.00   7.84 

Cl
-
 21.07 3.00 101.50 19.80 17.50 94.00 391.95 

SO4
=
 15.57 0.30   56.66 13.62 13.66 87.00 185.46 

Particle size distribution (%) 

Sand 69.02 47.70  83.04 8.98 69.70 13.01    0.64 
Silt 10.34   2.00  17.74 3.93 11.00 38.01   15.44 

Clay 20.70   8.96  44.00 8.29 12.20 40.05   68.72 
Total Heavy Metals (mgkg

-1
) 

Pb 25.64 14.73 65.05 11.20 22.20 43.68 125.48 
Cr 21.20 2.72 47.83 10.04 20.04 47.36 100.86 
Zn 85.45 45.18 142.20 24.81 84,85 29.03 615.56 

SD: standard deviation; CV: Variation coefficient; Var: Variance 
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2. Total concentrations of Pb, Cr and Zn in soil 

The concentration of heavy metals in the soils of Abis area was determined 
and the statistical parameters of the estimated total heavy metals in the soil 
samples are presented in Table 1. The mean concentrations of  Pb, Cr and Zn 
were 25.64, 21.20, 85.18 mgkg-1, respectively. High metal concentrations in the 
soils were found for Zn, while Cr had the least concentrations. The mean values of 
the heavy metal contents can be ranked in the order of Zn >Pb >Cr (Table 1). 
According to Jones and Jarvis (1981), processes of metal mobilization-
immobilization are affected by a variety of soil properties. To examine this 
influence, data from this study were statistically analyzed to illustrate the 
relationship among total content of heavy metals, EC, pH, organic matter, clay, 
sand and silt are listed in Table 2. A positive correlation was recorded between Zn 
and clay (r= 0.358*). Also, a negative correlation between total Zn and sand (r=-
0.404**) was observed. Geostatistical analyses of total heavy metals were 
presented according to its semivariogram. As mentioned in material and method, 
semivariogram has different components and the variograms of total Cr, Pb and Zn 
were prepared as shown in Fig. 1., Fig.2 and Fig.3. The classification approach 
using raster calculator, which was available in the spatial analyst for calculating the 
total Pb, Cr and Zn and calculated maps were produced. The classification 
technique of manual, which was introduced by ArcGIS software, was selected to 
visual variability as groups. This study decided to zone the area into 5 zones which 
could be manageable and also easy to compare.  

 

 

Fig (1) : Isotropic semivariogram of total Cr, Exponential model  (C0= 35.3; 
C0+C = 271.5; Ao= 12970; R2= 0.976; RSS = 665) 

 
Fig(2): Isotropic semivariogram of total Pb, Spherical model, (C0= 7.10; C0+C 

= 130.4; Ao= 2150; R2= 0.008; RSS = 1190) 
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Fig(3): Isotropic semivariogram of total Zn, Gaussian model (C0= 210; C0+C = 

799.5; Ao= 5530; R2= 0.87; RSS = 52595) 
 

Map 3 shows the distribution of total Pb in the soil representing the study area 
using weighted average. It is clear that, total Pb is variable and ranged from 23 to 
32 mg kg-1 soil. The dominant total Pb class was 23 to 25 mg kg-1soil covered 
about 29.17% of the area and mostly found in the northern part of the study area 
and is found in Alexandria Governorate. Also another dominant class had 26-27 
mg kg-1 covered about 38.16 % and mostly found in Behira Governorate. 

 
Total Cr ranged from 0.2 to 43 and classified into five classes as shown in Map 

4. The dominant classes had 25 to 31 mg/kg soil and covered about 27.06% of the 
area and mostly found in El Behira Governorate. Also, another dominant class had 
20 to 24 mg kg-1 soil covered about 30.63% of the area and found in Alexandria 
Governorate. 

 
 Total Zn contents ranged from 48 to 130 mg kg-1 soil and classified into five 

classes as shown in Map 5. The dominant classes had 48 to 68 mg kg-1 soil and 
covered about 32.07% of the area and mostly found in Alexandria governorate. The 
class which had the higher content of Zn (120 to 130 mg kg-1) was found in Behira 
governorate and covered about 9.65% of the area. 

 

Table (2): The correlation coefficients between total heavy metals and some 
properties of the soil samples 

Heavy 
metals 

EC 
dS/m 

pH CaCO3 % O.M. % Clay % Silt % Sand % 

Pb 0.002 -0.251 -0.007 0.074 0.120 -0.271 -0.014 
Cr -0.118 -0.100 -0512 -0.157 0.281 -0.176 -0.155 
Zn -0.088 0.069 0.144 -0.117 0.358* 0.129 -0.404** 

       *Significant at 5% level,         
        **Significant at 1% level                                                                                                 
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Map (3): Distribution of total Pb in the top soil of Abis area 

 

Map (4): Distribution of total Cr in the top soil of Abis area   

 
     Map (5): Distribution of total Zn in the top soil of Abis area 

However, total heavy metals contents were found to be in the permissible limits 

reference values of heavy metals for agricultural soils according to the FAO (2001). 

The values of the limits reference of Zn, Pb and Cr were 300, 100, 100 mgkg-1 soil, 

respectively. 
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 3. Geochemical fractions of Pb, Cr, and Zn in soil 
Metal chemical speciation carried out by sequential extraction is essential to 

the metal mobility (Tessier et al, 1979). The obtained results (Tables 3 and 4) 
showed that the amounts of heavy metals extracted from each fraction vary widely. 
The order of mobility of the metals considering their abundance in the fractions is: 
soluble+ exchangeable > bound to carbonate > bound to oxides > bound to 
organics > residuals (Tessier et al, 1979). Oxides exist as nodules and cement 
between particles. These oxides hold trace metals and can be mobilized under 
reducing and acidic conditions. The organic phase is relatively stable in nature but 
can be mobilized under strong oxidizing conditions due to degradation of organic 
matter (Haung et al., 2007). 

  
3.1. Fractionation of Pb 

The statistical parameters of Pb fractions and their percentages of the total 
extracted are presented in Tables 3 and 4, respectively. The dominant fraction for 
lead in soils of Abis area was the residual fraction. This chemical form was closely 
followed by the exchangeable fraction. The partitioning of Pb varied among all the 
fractions. More than 80% of Pb (Table 4) was held in the residual form, which 
indicates the bioavailability potential of Pb. The stability of metals bound to 
sediments as inorganic compounds (metal oxides, hydroxides, carbonate and 
sulphides) is controlled primarily by the pH system (Poulton et al., 1988). The order 
of the partitioning of Pb in the soils of Abis area is F6>F2>F3>F4> F5>F1. This 
agrees with those found by Ramirez et al., (2005), who reported that Pb was mostly 
associated with the residual fraction.  

            
3.2. Fractionation of Cr 

Chromium is mostly abundant in residual fraction (Tables 3 and 4). The 
abundance of Cr in residual phase ranged between 0.06 to 43.88 mg kg-1 soil with 
a mean of 15.58 mg kg-1 soil (Table 3) and 65.63 % of total (Table 4) .The calcium 
carbonate fraction is the second in abundance after the residual fraction, the range 
was from0.22 to 7.41mg kg-1 with a mean value of 2.70 mg kg-1 soil and the 
abundance was 18.04% of total. Abundance of Cr in other geochemical phases 
was very low. This means that Cr was less mobile in this environment.  

            
3.3. Fractionation of Zn 

   Zinc is mostly abundant in residual fraction in the range from 37.68 to 
135.24mg kg-1 with a mean value of 79.13 mg kg-1 soil (Table 3) and 91.33% of 
total (Table 4) while in the oxide fraction, the range of Zn was from 1.06 to 9.13mg 
kg-1 with a mean value of 2.69 mg kg-1 soil (Table 3) and the abundance was 
3.66% of total. Abundance of Zn in other fractions was low. Also, Zn in this 
environment was less mobile since the metals which were mostly abundant 
occurred in the Residual fraction. This is in agreement with the data repected by 
Zerbe et al., (1999).  
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Table(5):  Correlation between some soil properties and the fractions of the 
tested heavy metals 

    
Metals 

Fractions 
pH 

EC 
dS/m 

CaCO3 
% 

O.M 
% 

Clay 
% 

Silt 
% 

Sand 
% 

 
 
Pb 

Exchangeable -0.017 0.186 0.091 -0.106 0.059 0.262 -0.166 
Carbonates -0.175 0.271 0.242 -0.065 0.255 0.099 -0.272 
Oxides 0.167 -0.116    -0.310* 0.203 -0.045 -0.078 0.075 
Organic 0.267 -0.087   0.361* 0.213 -0.132 0.137 0.053 
Residuals -0.029 -0.146 0.008 -0.099 0.111 -0.290 0.003 

 
 
Cr 

Exchangeable 0.248 0.021 -0.099 0.055 -0.358* -0.109 0.368* 
Carbonates 0.113 -0.059 0.184 0.102 -0.203 -0.338* 0.341* 
Oxides -0.300 0.186   0.332* -0.20 -0.174 0.246 0.051 
Organic -0.055 -0.065 -0.571* -0.247 -0.099 -0.215 0.184 
Residuals -0.158 0.152  -0.510** -0.168 0.359 -0.105 -0.257 

 
 
Zn 

Exchangeable -0.141 -0.198 -0.062    0.031 0.268 0.001 -0.266 
Carbonates -0.072 -0.083 0.265 -0.059 0.262 0.071 -0.263 
Oxides -0.056 -0.044  -0.511** -0.210 0.026 -0.170 0.055 
Organic -0.065 -0.065  -0.505** -0.174 -0.104 -0.289 0.215 
Residuals -0.077 -0.032 0.194 -0.090 0.343* 0.153 -0.400* 

  *Significant at 5% Level, ** Significant at 1% Level                                   

The results of the sequential extraction show that most of Pb, Cr and Zn are 
strongly retained in the residual fraction in all soils. These heavy metals are 
contained in the crystal lattices of minerals with strong bindings and consequently 
they will not be released into the environment. Metals present in the residual 
fraction are a measure of the extent of environmental pollution. The higher the 
metals present in this fraction, the lower the degree of pollution (Howari and Banat, 
2001). Sum of concentrations of metals in different geochemical fraction can be 
used to express the potential mobility of metals. The exchangeable fraction 
represents the mobility and bioavailability heavy metal fraction. In this phase, the 
heavy metals have the more labile bounds and can be easily released into the 
environment. The presence of heavy metals in this fraction where they can be 
taken up by plants from the soils is the most hazardous to the ecosystem. 

According to Jones and Jarvis (1981), processes of metal mobilization-
immobilization are affected by a variety of soil properties. To examine this 
influence, correlations between pH, carbonate, organic matter and clay 
percentages and contents of Pb, Cr and Zn in five chemical fractions' of the 
sequential extraction have been calculated for all soil samples. As can be seen in 
(Table 5), a significant negative correlation between the carbonate contents and 
organic and residual fractions of Cr was observed. On the other hand, a positive 
correlation was found with oxide fraction. Also, a negative correlation and positive 
correlation were observed for oxides and organic fractions respectively. Cr from the 
exchangeable and carbonates phases is also positively related to sand contents. 
Zinc from the oxide and organic fractions are negatively related to CaCO3 content. 
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Also, zinc in residual fraction is positively related to clay contents and negatively 
related to sand contents. 

 4. Mobility and potential mobility of Pb, Cr, and Zn in soil 

The used sequential extraction enables to assess the bioavailability and 
potential mobility of metals in soils. Assuming that bioavailability is related to 
solubility, then metal mobilization decreases in the order: 
soluble>exchangeable>carbonate>Fe-Mn oxide> organic>residual (Ma and Rao, 
1997). Results gained by sequential extraction procedures can be summarized 
using the concepts of mobility factor (MF) and potential mobility (PM). Elements 
mobility in a soil is determined from mobility factor which is calculated from the 
following equation as described by (Kabala and Singh 2001) and (Oluwatson, 
2008). 

Mobility Factor (MF) = 
[(F1+F2 / Total) × 100] 

Also, the potential mobility (PM) can be calculated according to Ashraf et al. (2012) 
as follows: 
                          Potential Mobility (PM) = 
                                              F1+ F2+F3+F4+F5 / Total x100 

The mobility and potential mobility of heavy metals in soils are summarized in 
Table (6).The value of MF for elements provide information about their potential 
mobility in soils and availability to plants (Yusuf, 2007).  The value of MF up to 10% 
for any element indicates that this element is highly immobile and unavailable for 
plants (Torri and Lavado, 2008). In addition to that, the value of MF up to 50% or 
greater than 50 % for a particular element suggests that this element is highly 
mobile and available for plants (Ahumada et al., 1999). Oluwatson et al. (2008) 
reported, while studying the availability and mobility of Pb and Zn in the urban soils 
of North-West Nigeria that the percentage of mobility factor (MF) for Pb and Zn 
varied from 5 to 6, and 15 to 25%, respectively in all soils. They concluded that Pb 
was highly stable in soils hence unavailable to plants. The average mobility factor 
for Pb, Cr and Zn in the soils of Abis area is 7.31, 6.74 and 0.51%, respectively. 
Therefore, these elements are highly stable in soil and unavailable to plants. 

 
The average potential mobility of Cr was 34.79% (Table 6).   From the result 

of the sequential extraction in all the studied soil samples, Cr was mostly abundant 
in the residual fraction and the abundance was lower in the soluble and 
exchangeable fractions. High abundance of a metal in the residual phase 
compared with its abundance in other geochemical phases indicates lower mobility 
of the metal in the environment. This showed that Cr would not easily be released 
to the environment and not toxic.  Zinc is mostly abundant bound to residual and 
the average potential mobility of Zn was 8.25%. Therefore, compared with other 
metals that were mostly abundant in the residue fraction, Zn was less available in 
the study soils. The average potential mobility of Pb is 15.05%, which is lower than 
the potential mobility of Cr and Zn which had the least average potential mobility 
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(8.25%). From Table 6, the order of average potential mobility of Pb, Cr and Zn in 
the studied soils agrees with the percentage reduction in residual concentrations 
(Table 3). 

 

Table (6) : Range, mean, standard deviation (S.D.) of mobility factor (%) and  
potential mobility(%)for the heavy metals in the studied soil 
samples 

Heavy 
metals 

Mobility 
properties 

Range 
Mean SD 

Min Max 

 
Pb 

MF 0.87 18.73 7.31 4.24 

PM 3.81 48.00 15.05 8.63 

 
Cr 

MF 0.00 49.87 6.74 7.95 

PM 8.26 98.12 34.80 23.25 

 
Zn 

MF 0.00 1.67 0.51 0.27 

PM 3.14 22.47 8.25 4.69 

MF=Mobility factor,   PM= Potential mobility        

 
The potential mobility of the tested heavy metals were in the following order: 

Cr (34.80%) > Pb (15.05%) > Zn (8.25%). However, values of the percentage 
reduction in concentration for metals sometimes might be controlled not only by its 
speciation, changes in pH and salinity, but also by unknown factors (Haung et al., 
2007). Metals with anthropogenic origin are mainly extracted in the first step of 
sequential extraction procedures while lithogenic metals are found in the last step 
of the process corresponding to the residual fraction (Ramirez et al., 2005). The Cr 
and Pb and Zn metals at Abis area, from the results of sequential extraction, were 
mostly lithogenic origin.  
 

CONCLUSION  
 

The results obtained from sequential extraction procedure showed that most 
of Pb, Cr and Zn considered had the highest abundance in the residual fraction. 
This indicates that these metals were immobile. The largest proportions for Pb, Cr, 
and Zn were extracted in the residual fraction, in which metals are strongly retained 
in the soil minerals. This showed that soil in the environment was not likely to be 
polluted by these metals. The average potential mobility of Pb, Cr and Zn in the soil 
was quite low especially for Zn. The average potential mobility of the metals, 
arranged in decreasing order, was as follows: Cr > Pb > Zn. The obtained results 
have given the present status of metal pollution in the studied area. Further 
research can be carried out on the speciation of other heavy metals in Abis area. 
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Sample 

No 

Particle size distribution (%) 
Soil Texture 

Sand  Clay  Silt  

1 55.0 39.0 6.0 SC 
2 46.0 45.0 9.0 SC 
3 47.0 49.0 4.0 SC 
4 33.0 50.0 17.0 C 
5 39.0 47.0 18.0 C 
6 43.0 45.0 12.0 C 
7 44.0 46.0 10.0 C 
8 53.0 40.0 6.0 SC 
9 50.0 42.0 3.0 SC 
10 30.0 54.0 16.0 C 

Average 44.0 45.7 10.1  
C= Clay, SC=sandy clay     
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Sample No 
Particle size distribution (%) 

Soil Texture 
Sand  Clay  Silt  

1 27.3 52.5 20.0 C 

2 20.7 46.8 32.5 C 

3 22.8 51.5 25.8 C 

4 35.0 49.0 16.0 C 

5 38.0 25.0 37.0 L 

6 53.0 22.0 25.0 SCL 

7 26.9 41.9 32.3 C 

8 55.0 19.0 26.0 SC 

9 23.2 48.1 28.8 C 

10 33.0 30.0 37.0 L 

Average 33.5 38.6 28.0 CL 

C= clay, SCL= sandy clay loam, SC=sandy clay, L=loam, CL= clay loam 
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Sample No 
Particle size distribution (%) Soil Texture 

Sand  Clay  Silt  

1 53.0 11.0 36.0 SL 

2 39.0 19.0 41.0 L 

3 53.0 9.0 37.0 SL 

4 39.0 21.0 41.0 L 

5 52.0 10.0 32.0 L 

6 38.0 21.0 41.0 L 

7 54.0 12.0 34.0 SL 

8 43.0 24.0 33.0 L 

9 53.0 11.0 36.0 SL 

10 36.0 24.0 39.0 L 

Average 48.0 16.0 37.0  

SL= sandy loam 
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Sample No 
Particle size distribution (%) 

Soil Texture 
Sand  Clay  Silt  

1 59.0 20.1 20.0 SCL 

2 57.4 20.1 22.6 SCL 

3 42.4 22.6 35.0 L 

4 59.4 15.1 2.5 SL 

5 52.4 17.6 30.0 SL 

6 59.0 12.6 28.1 LS 

7 80.0 10.6 28.4 SL 

8 28.2 25.6 46.3 L 

9 30.7 31.9 37.5 CL 

10 89.4 7.6 2.5 S 

X 55.8 18.4 25.3  

LS=loamy sand, S=sand  
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Potassium Status in Different Regions of Eastern Libya 
 

Jamal S. Deriak       Kamal A. Abdel-Kader 
Soil and Water Dept., Faculty of Agriculture,  
Omar Al-Moukhtar University, Beida, Libya 

 
ABSTRACT: This study was conducted to evaluate potassium content and 
availability in some eastern Libyan soils: El-baida, Qusr Libya, El-Marj, and 
Benghazi, Using traditional methods of potassium measurements & potassium 
status measurements. Ten surface soil samples (0-30 cm) were collected from 
the 4 agriculture regions in east Libya and were exposed to the following 
laboratory measurements. Extraction of potassium with H2O, 1N neutral 
NH4OAc, 1N HNO3, H2O2 + H2SO4, and some forms were determined by 
calculation. The results showed that the tested soil samples varied in potassium 
contents. The levels of El-baida soil samples potassium were 0.06, 2.008, 1.94, 
11.08, 6.20 and 17.29 meq/100 g soil for soluble-K, exchangeable-K, non-
exchangeable-K, mineral-K and total-K respectively and for Qusr-libya soil 
samples contents of potassium were 0.074, 1.74, 1.66, 8.97, 3.22 and 12.20 
meq/ 100 g soil, respectively. For El-Marj soil samples contents of potassium 
were 0.08., 2.19, 2.11, 14.95, 6.34 and 21.29 meq/100 g soil respectively. For 
Benghazi soil samples contents of potassium were 0.06, 1.64, 1.55, 9.30, 2.97, 
and 12.28 meq/100 g soil for soluble-K, exchangeable-K, non-exchangeable-K, 
mineral-K and total-K respectively. So the contents of soil potassium could be 
arranged in the following order: 
El-marj > El-baida >Quser Libya > Benghazi 
Further field research is required to study the relationship between these forms 
with plant response and uptake of potassium. 
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Impact of level and methods of application of two types of 
nitrogen fertilizers on growth and elemental contents of 

Zeamays 
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Soil and Water Dept., Faculty of Agriculture, Omar El-Moukhtar University, Al-Baida, 

LIBYA 

 
ABSTRACT: A pot experiment of soil collected from Al-hamamh region to 
test two types of nitrogen fertilizers as a source of nitrogen (urea and di-
ammonium phosphate) and two methods of application (solid form by mixing 
with surface soil and soluble with irrigation water). The aim of the present study 
was to study the effect of N rate and method of application on growth of maize 
(length, fresh and dry weights). The results showed the effect of N fertilizer type 
forms and method of application. Nitrogen fertilization improves the growth 
parameters which play a vital role in plant growth. Application of N fertilizer with 
irrigation water was the best method comparing the mixing with soil. The effect 
of fertilizer nitrogen containing phosphorus was the best in terms of impact on 
growth than nitrogen fertilizer without phosphorus. 
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 ���� &J�# 8�9 ��"��)O ( ����9 ,��*���>,IAK  �M� �Z�Q��9. �(��R��� &���
���� �	
 ���	�� ��  ���� �M�

��*�� ���
9� ����
 �7��� ������� )�*�� ,���
 �- �� V��" P#� �� '� P�
� ��.  
ـ  ٢٠٠٩(تحليل التباين بين أسعار استيراد مصر للقمح من أھم الدول المصدرة خ%ل الفترة  .)٥(ول جد     

  )م٢٠١٣

  مصدر التباين
رجات د

  الحرية
مجموع مربع 
  ا3نحرافات

متوسط مربع 
  ا3نحرافات

  ف

  )٠,٨٣٧(-  ٧٦٧٢٠,٩  ٣٠٦٨٨٣,٦  ٤  بين المجموعات
    ٩١٧٠٩  ١٨٣٤١٨٠,٩  ٢٠  داخل المجموعات

      ٢١٤١٠٦٤,٥  ٢٤  ا*جمالي

      )� (���	�� �� .  
  .جارة الخارجية، أعداد مختلفةالجھاز المركزي للتعبئة العامة وا*حصاء، نشرة الت :جمعت وحسبت من :المصدر

 
&# C=� D$� ��

���� ��	) ��� ����� �� �	
���� ��

���� 
�'� �	�� ��:  
 �
����# ��9

 �
��� $	� &������� ���� �� ;�� ���9� �M )�*�� �� ���	��� &������� ���� �0 �6�]	

 ��� �4_ F	�� ��� &������� ���� ����
 ;�
�
 �
�� &���J
��� �� +�
	�� O��]� �6*(� ��9
� �M� &�������
� ��ER
 2��� %���� �"M �( ������� &���	
 �*( 1�"� 3)�*�� !�
 ������� [����� F�7���;  &������� ���� ��

�J
�� �Q��
 ;D4 �� 1�"� 3$
����� ���� !�
 )�*�� �� &������� ����� &�	��� �EDE !�. &������� ���� �(: 
5�(�: J
�� �M 37*( ��
��� �( ��J
�� ���
	 &������� ���� �( ��%$�&���:  ��J
 ���
	 &������� ���� �( ��J
�� �M

 37*( ��������&�� ������� : ������ �� ;� /��ER
 ��# ;
��
�� �- ;4��
�� ���
	 &������� ���� �( ��J
�� �M
������.  

F���- !�. &���ER
�� 1�
 2��� �( ������� &�	
�� ���  �����9
 ��Q��9. ,��- �#
�
 �
��� 3�����*�� ����0�
�#�	�� ��ER
��� P�7��� ��ER
�� ;�
� 3�#����� �M��]�� ��7
 2��*� ���M3  ��#�
�� ��	���o# ���4
��� �"M 7#
���

��� �	����� ���	��� F�N ;��9 /���
 ,�M�]�� ���� ���
 �-� 3���	��� 1�
 �
 ����� 3) ]��9�� �#

��
��N3 =>@A(�( �E��9�� &���J
�� 2��� ���- ��� 3 )�*�� �� ������� &������� ���� ���	��� ��ER
 ;�
� 3

 1�"� 3���� 1�
���� ��ER
��� V����
�� ���� 3)�*�� �� &������� ���� �� ;� �( ��E�
���� ����
 ,�E\���,�
�� 
 �	��*���)=>>K�=>@A ( 2��0� ,�
�# �	��*�)@??L �=>>>�( 3����
�� &������� !�. �6��	
�� 1�"�:  
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@ � ,�M�]�� ���	�� ������� �Ev� ����*�� �����.                          R = A1M1/ AO MO   I  
= � ,�M�]�� ���	
 ��J
� P�7��� �E0�.                  ∆R AM = A1M1 _ AO MO  
A � ������ ��J
� ;*
���� �Ev� ����*�� �����.                            I A = A1M1 / AO M         
G � ������ ��J
� P�7��� �E0�.                                 R A/M = A1MO _ AO MO ∆ 
L � ����� ��J
� ;*
���� �Ev� ����*�� �����.                                     IM = A0M1 / A0M0    
T � ����� ��J
� P�7��� �E0�.                           R A/M = A0M1 _ AO MO ∆ 
K � ������ ������ ��# ;4��
�� P�7��� �E0�.                          4+6) �= (2))A,M( ∆R 

8�9:  
• AO  =2��0� ,�
( �( �7 �������# )�*�� &����� ����� /�	��� 7��
���. 
• A1  =�	��*��� ,�
( �( �7 �������# )�*�� &����� ����� /�	��� 7��
���. 
• MO =���� /�	��� 7��
��2��0� ,�
( �( ������# )�*�� �� �7�� &����� �. 
• M1  =�	��*��� ,�
( �( ������# )�*�� �� �7�� &����� ���� /�	��� 7��
���. 

 ;���# ,������ YQ�
	�� �� )N
� $	o( ��"�� ����� &������� P�#7
#�)T ( �� ������� &������� ���� ,����
,�
( ��# ���( )�*��  2��0�)@??L �=>>>( �	��*��� ,�
(� 3)=>>K�=>@A ( ����9#@?GA,@I  ���� �����

 �#�	# /-==?% ����9 �- )N
� $	o( ���( &���- �
�� ���	��� ��# ,������ V"M �Q��
#� 3AL=,KG  �����
 !�. '��� �������
�� ��� &�#E [��# )�*�� &����� ���� ,����� P�7��� �E0� �#�	# /- V�=A,@T % ��

 ����9 �- )N
� ��� 3�	��*��� ,�
(� 2��0� ,�
( ��# )�*�� &����� ���� �( ,������ �����.@@=A,GT  �����
/- $
����� ���� &�#E '� V����
�� ��� ,����� P�7��� �E0� !�. '��� )�*�� &����� ���� ,���� �����. �� ���� 

 ����9 ;���� ��KA,KT %( ,������ �����. �� ��9 �( 32��0� ,�
(� �	��*��� ,�
( ��# )�*�� &����� ���� � n�#
 ����9 )�*�� &����� ���� ���� �� ;� ;4��
� P�7��� ��ER
��GT,??  ����9 /- 3���� �����A,>I % ��
�	��*��� ,�
(� 2��0� ,�
( ��# )�*�� &����� ���� �( ,������ �����..  

  الواردات المصرية من القمح على قيمة الواردات منه خ%ل الفترتين  من كمية وسعر أثر ك%ً  .)٦(جدول 
)٢٠١٣-٢٠٠٧(، )٢٠٠٠-١٩٩٥(  

  
  البيان
  

  
  الوحدة

فترة ا:ساس 
١٩٩٥/٢٠٠٠ 
)١(  

فترة المقارنة 
٢٠٠٧/٢٠١٣  
)٢(  

الرقم 
القياسي 

٢/١  

أثر تغير عناصر 
  الظاھرة

ا:ثر 
  المطلق

ا:ثر 
  النسبي

  ٢٣,١٦  ٣٥٢,٧٤  ١,٤٢  ٧,٦٨  ٥,٤٢٥  مليون دو6ر  )A(كمية الواردات 

  ٧٣,٧٦  ١١٢٣,٤٦  ٢,٣٢  ٣٦٣,٥١٤  ١٥٦,٤٢٥  دو6ر طن  )M(سعر الواردات 

  ٣,٠٨  ٤٦,٩٩  -  -  -  -  )A,M(صرين نداخل الع

  ١٠٠  ١٥٢٣,١٩  ٣,٢٩  ٢٧٩١,٧٨٨  ٨٤٨,٦٠٦  مليون دو6ر  )R(قيمة الواردات 

  www.comtrade.un.org :جمعت وحسبت من:المصدر 

 ����� �� �	
���� ��

���� ��� �	����;� ����� ���
:  
 ��D��� ������ O�
4�� '#�
 ��J
�� )�*�� �� ������� &������� ���� ��# ��ER
�� &�" ��*
���� &���J
���

 ,�
��� ;D4 ����
)@??L�=>@A (��
�� &���J
��� !�. ������� &�	
����:  
• Y  = ,��*��� ������&����� �� �7 �������# )�*��. 
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• X1  =������# )�*�� �� �7�� ����
�� ���. 
• X2  =�7 �������# )�*�� �� ��9��� +�
	��. 
• X3  =���	 �������# ������ ��
. 
• X4  =/����� $�	���# ������ O�� ���. 

���
��� ���� ������ �M ,��*��� ����� ;N(- �- ��#
 ���  ��
��� &"4- �
�� �������� ��N����� ������
���
�� ;����:  

LinY = � 15,99 – 0,31Lin X1 – 1,05 Lin X2 + 5,12 Lin X3� 0,21LinX4 
(�3,34)**   (�1,44)ns     (�1,04)ns       (3,20)**        (�2,68)** 
R2= 0,77        R�2 =0,59     F=4,98** 

 8�9 ** �	
 ���	��>,>@  3ns ���	�� �� .  
 �*#�uu��� �uu����� �uu� )uN
���uu��	�� �uu�	-  :�
uu�� �uu	
>,>@ �- !uu�. ;�uu���� �uu��9
�� ;uu���� �uu��� ��uu�
 �uu�� 3
 �u9	 ��u��
 ��"u�� ����u� &��u�J
���L? % 3)uu�*�� �u� ���u���� &�����u�� �u��� �uu( �Z��	u� 8�u9
 �u
�� &��u�J
�� �uu�

 ��u�� !u�
 ��*
u���� &���J
��� ,���. �� )N
� ��� ��u�� 3�u�9��� +�u
	��� ����
u��� ��u� �u� �;u�� �u��
 ��ERu

 Puuu7	��� 'uuu� Puuu�
� �uuu� �uuuM� 3���uuu��� ��uuu�� /��uuu7 ��ERuuu
 ��uuu��� )uuu�*�� �uuu� ���uuu���� &�����uuu�� �uuu��� !uuu�
 O�uu���
 �u� ;u� ��ERu
 �u��	�� ��u
 ��u#
 ��u9 �u( O�u��� ��u�� ���u��� ��u
 �u� ;u� ��ERu
 �u��	�� ��#
 ��� 3/���
���

 ��
uu��� ��uu� �uu��� !uu�
 )uu�*�� ����
uu�� ��uu� ��ERuu
 �uu��	�� ��uu
 ��uu��
 �uu���� �"uuM 3)uu�*�� �uu� �uu�9��� +�uu
	��� ��
 ��Q�"  ����� )�*�� ���MR# $	� &�������u	o( ���
��# 3�����N$  �u��
 �u�� 3����u��� $u
	��� ;u���� [�u�4	�# �u�
�

���� &������� ���� !�
 )�*�� �� ��9��� +�
	�� ��ER
 ���	�� ��
 �u� O�N
 �
�� ��	����� ,������ !�. $	� ���
$	� ������� &������� ��9 ;��*
 !�
 )�*�� �� ��9��� +�
	�� ��ER
.  
 ��9���� ���
��� ���9	�� ;D4 �� ,��*��� ������ ,��� &"4- ���stepwise  ���
�� ;����:  

LinY = � 9,31 + 2,67 Lin X3 – 0,19 Lin X4 
(�3,32)** (3,94) **     (�2,5) ** 
R2= 0,70        R�2 =0,49     F=7,77** 

 �*#���� ������ �� )N
�� :�
�� �	
 ��*
���� &���J
��� '��� ���	��� ������ ���	��>,>@  ���
 ���
D� �M� ������ ��
	�N
 �
�� ��*
���� &���J
��� �- !�. ;����� ���9
�� ;���� ����  O�� ���� ������ ��
 ��

����� ����9 ������ /����� $�	���# �G? % �� ������� &������� ���� �( �Z��	� 8�9
 �
�� &���J
��� ��
- &���J
��� 1�
 �	��� &D���� �� )N
� ��� 3)�*���  V���*� �6��J
@> % ,���� $��
 F
�
� ������ ��
 �(

 �9	# )�*�� �� ������� &������� ����=T,K%��� O�� ��� ,���� �-� 3 �#�	# /����� $�	���# ���@> %
 �#�	# )�*�� �� ������� &������� ���*� [��4	� $��
 F
�
�@,?%.  

�	
�
	�'*� D)��'# �� 5� E��'� ��� ����� ��� F
���� ����� ���
:  
 ������
��� $����- �M- :�
�� !�
 )�*�� !�
 /����� F�7�� ,��9��� ;������ [�# !�
 O��
��

N�#� ��(�	��� ,�
��� ;D4 1�"� 3��)=>>>�=>@A(�M ;�� ���4 �( &�E�
 �
��� 3 : ,�9
��� &������
��	�(� 3����9
�� ������ 3������0� F�7�� ;��� ���*
 ������� �� %���� �"M �( /��- �*( 3��
	��0�� 3�����
��� 3

 ��# ������� �#�	�� ��ER
 ;D4 �� ;���� 1�
 �� ;� �� ��� &����� !�
 ���� �� )�*�� ����
�� ��� �� ;�
 )�*�� �� ��
����� ;D9. !�. ��� V��
� !�
 :�40� ��(�	��� ;���� �� $� �M����
�� ��� 7��
�� �	��� ��



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  358     

Vol. 20 (2), 2015 
 

 &����� ���� ��# �#�	�� �#
�
 1�" !�
� 3 :�40� ��(�	��� ;���� ���# �� $	� ��
����� F��9 !�
 ������ 1�

 ���� �� )�*�� �� ��� ��(�	��� ;���� ��*# �� $	� ��
����� !�. �	��� ��� ��# �#�	�� �( ���� �M '#�
 ��J
��

 ��� 3;*
�� ��J
�� ��(�	��� ;���� ��*# �� $� �M����
�� ��� 7��
� !�. ������ 1�
 �� )�*�� ��� ����
��
���
�� ;���� ��D��� 1�
 &"4- 3)�7���� ��
�3 =>@A(:  

(Q1/Q2)it = a + B1 (P1/P2)it + B2T 
8�9 :  

• Q1  = �	��� �( )�*�� �� ������� &������� ����t  �7 O�0�# �	��� ���� ��.  
• Q2  = �	��� �( )�*�� �� ������� &������� ����t �7 O�0�# ��(�	��� ;���� ���# ��.  
• P1  =������# �	��� ���� �� )�*�� ��� ����
�� ���. 
• P2  = �� )�*�� ��� ����
�� �����(�	��� ;���� ���#.  
• T  =����� ��	
. 

 ;��� �� ����
 ;�9
��� &����*
�� YQ�
	 �� )N
��)K ( !�. ���
 ,��*��� ���9	�� &D���� &����. �-
;*
�� ��J
�� ������� �#�	�� ��J
� ��# ����
 ��D
 ���� ;� �� )�*�� �� ��� &����� ���� �#�	 ��#� 3

 3��	�( 3����9
�� ����� �� ��
����� ��#� 3�����
�� ��*
 ��� �- �	�� ��� '#�
 ��J
�� ��(�	��� ;���� ���# ��
 ���9 �( 1�"� 3:�40� ��(�	��� ;���� �� ��
����� F��9 !�
 ;���� 1�
 �� ;� �� )�*�� �� ��
����� ;D9o#

� �� ��
����� ;D9. �- 3��(�	��� ;����� ;���� 1�
 ��# ������� �#�	�� [��4	� �� ��
����� ;9� ��(�	��� ;���
 3�����
��� ����9
�� ����� �� ;�� ��D��� 1�
 ���	�� &
#E ��� 3������� �#�	�� U��
�� ���9 �( ;���� 1�


 �9	# ��*���� 3���	� ;�� ;D9�� �	��� ;���� &����*
 �� )N
��G,AL  �9	#� 3����9
�� ������G,IT 
 V���*� �6��J
 �- �����
��@> % !�
 /�\� ����9
�� ����� �� ,���
���� s���v� ������� �#�	�� ,���� �(

�� ��� �M���
�
 �
�� ������ [��4	�  �9	# P���� 1�
GA,L % �#�	�� [��4	� ���9 �( )�9� 2�����
 �-� 3������� V���*� �6��J
@> %��4	� !�. /�\� �����
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دوال الطلب المقدرة لواردات مصر مHن القمHح مHن أھHم أسHواقه ا3سHتيرادية خH%ل الفتHرة  معالم .)٧(جدول 

)٢٠١٣-٢٠٠(  
  

  نوع النموذج  الدولة
ثابت الدالة 

a 

  معام%ت ا3نحدار
R-2  F  

B1 B2  

 *٤,٩٣ ٠,٤٠ *١,١٢- ٠,٠٠٧ns ٠,٩١ns  لوغاريتمي  الو6يات المتحدة

 **٩,٢٩  ٠,٦٠ ٠,٠٥ns **٢,٤٦- **٢,٤٤  خطي  روسيا ا6تحادية

 ٠,١١ns ٠,١٨ ٠,١٧ns -٠,٧٥- ٢,١٤ns-  لوغاريتمي  فرنسا

 **٧,٦٦ ٠,٥٣ ٠,٣ns- *٠,٥٣ ٠,٩١ns  خطي  استراليا

 ١,٥٥ns ٠,١٢ ٠,٠٧ns ٠,٣٦ns ٠,٥٦ns-  خطي  ا:رجنتين

    .غير معنوية ns     ٠,٠٥معنوية عند *         ٠,٠١معنوية عند **        
  www.comtrade.un.org  :من جمعت وحسبت: المصدر    
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ABSTRACT: The research problem is an imbalance in the relationship of 
consumer productivity of wheat in Egypt, and the consequent increase in the imports of 
it by about 4,89 million tons, worth about $ 712,33 million in 2000 to about 12,25 million 
tons, worth about $ 4951 million in 2013. 

It is clear from the study that the international wheat market dominated by 

oligopolistic behavior, and the most important wheat producing countries in the world 

are China relative importance of 17,29% of the total wheat production in the world in 

the average period (2009-2013), followed by India at about 12,8%, the United States of 

America about 8,6%, and the Russian Federation by about 7,3%, and France by about 

5,6%, and Canada by about 4,1%, followed by Pakistan, Turkey, Australia, Ukraine, 

Kazakhstan, and Argentina by about 3,52%, 3%, 2,89%, 2,15%, 1,66%, respectively , 

then Egypt comes in thirteenth place by 1,24% relative importance in terms of the 

production of wheat in the world, and despite the rise in the relative importance of both 

China and India in wheat production but for them it is not a relative importance in the 

foreword. 

It turns out that the most important countries for imported wheat is Egypt relative 

about 6,3% of the amount of global exports of wheat importance followed by: Italy, 

Algeria, Brazil, Indonesia, Japan, Spain, the Netherlands, Korea, Nigeria, Turkey, 

Germany, Belgium, Iran, the relative importance of Mexico amounted to about: 4,5%, 

4,4%, 4,2% 0,4%, 3,8%, 3,5%, 3,3%, 2,9%, 2,8%, 2,7%, 2,6% of total world imports of 

wheat in the average period (2009- 2013). 

As shown by the results to estimate the total demand function on Egyptian 

imports of wheat during the period (1995-2013) and that the dollar exchange rate of the 

Egyptian pound population is the most important variables influencing the quantity of 

imports, it was found to estimate the elasticity coefficients of those variables that 

change the amount of 10% an increase in the population result in increasing the 

amount of wheat imports by about 26,7% and that the increase in Egyptian pound 

dollar exchange rate by 10% resulting in reduced amount of imports of wheat by about 

1,9%. 

With respect to the estimation of future needs of Egypt's imports of wheat, the 

study showed that the alternative, which can lead to reduce the volume of imports in 

the future is a variant in which the study is supposed to reduce the average per capita 

consumption of wheat to about 150 kg per year under the assumption the stability of 

production growth rates and consumption as it is during the period (2003-2013), 

reaching self-sufficiency rate under this alternative to about 70% during the 

assumptions for future years until 2020, and that the quantity of imports will drop to 

about 4 million tons per year. 
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 مستوى المعنوية معامل ا!رتباط البسيط المتغيرات المستقلة
 * ٠.٨٠٧ - الزراع المبحوثين سن

  -  ٠.٠٢٩ -  اعيةالحالة ا:جتم

  *  ٠.٢٦٢ - النفرية السعة ا;سرية

  *  ٠.٨٣١ يةالتعليم الحالة

  -  ٠.١٠٦ -  المزرعية السعة الحيازية ا;رضية

  -  ٠.١٠٥ -  عة بمحصول القمحوزرالمساحة الم

  -  ٠.٠٢٢ - السعة الحيازية ا;لية

  *  ٠.٨٨٦ مصادر المعلومات الزراعية

  *  ٠.٧١٧ ا:سھام ا:جتماعى

                * U�
��  ��
�� %� ������� �
�7,78  
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     دور القنوات الفضائية الزراعية فى و المدروسة المستقلة المتغيرات بين المتعدد ا�نحدار ع�قة .)٦(جدول رقم 

  كمتغير تابع لزراع محصول القمح النھوض بالمستوى المعرفى

  tقيمة  معامل ا!نحدار المتغيرات المستقلة

  *٢.٢٤  ١.١ الحالة التعليمية

  ** ٣.٠٣  ١.٨  المزرعية السعة الحيازية ا;رضية

  ** ٤.١ -  ٢.٩٨ -  عة بمحصول القمحوزرالمساحة الم
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ABSTRACT: Television has proved to be a profound mean of communication and 

potentially capable of leaving tremendous effect on the society. Undoubtedly, television 
is an influential and appealing medium, capable to draw the attention of too many 
viewers regardless of the literacy or illiteracy of its audiences. 

The research aimed to identify the role of agricultural satellite television channels 
in upgrading farmer’s cognitive level of wheat crop in some villages of Amria District, 
Alexandria Governorate  

A random sample of (315) was chosen out of total population (1757) wheat crop 
farmers by using Steven Thompson equation, Data were collected by personal 
interviews,  using a personal questionnaire, Percentages, frequencies, arithmetic 
means, standard deviations, and simple correlation coefficients, in addition, multiple 
regression analysis was used for analyzing the data by SPSS program. 

This research included four sections, the first provided introduction and research 
problem, the second provided review of literature; the third provided research 
methodology and the fourth included results and discussion. 

Following the summary of the most important findings: 

V More than two-thirds of respondents (69%) fall in the categories of small (23-38) and 
medium (39-53), which indicates that the majority of them in the age levels of youth 
and virtility.  

V The study demonstrated that (7.6%) of respondents were (absolute, widower and 
single), while a large proportion of up to (92.4%) were (married), which leads to 
social stability. 

V More than (50%) of respondents with medium number of family up to (6-9) 
members.    

V The research results showed that (28.4%) of respondents were suffering from 
illiteracy and (65%) had low and medium levels of education, while (9.2%) of them 
with high education levels. 

V The cultivated land ownership capacity of (27.72%) of respondents were (less than 
3) feddans, and (32.06%) of them possessed (3-6 feddans), and it shown that 
(25.08%) of farmers have the cultivated land ownership capacity of (more than 6) 
feddans. 

V More than (51%) of respondents fall into two categories medium and large of Wheat 
cultivated area, while the average actual respondents (4.52) feddans. 

V It became obvious that (51.75%) of respondents had a low ownership capacity of 
agricultural productive machines, while (19.37%) had medium ownership, on the 
other hand (28.09%) of them had high holdings of agricultural machinery. 
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V The study showed that (76.19%) of respondents had low and medium exposure 
levels to agricultural information sources related to wheat crop information.   

V It became clear that (74.94%) of respondents introduce low social contribution, and 
(21.59%) of them had medium social contribution, while the percentage of farmers 
with high social contribution represented (30.48%) of the total. 
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  %  العدد  الخصائص  %  العدد  الخصائص

       :ا$رشادي تكاليف ا نتقال الشھرية �داء العمل - ٩      : أعمار المبحوثين -١
  ٢٣٠  ٢٣٠  )ألف ٥اقل من (تكاليف قليلة   ٣٣,٣  ٦٥  )سنة ٣٦إلى  ٢٣( صغار السن
  ٨٥  ٨٥  )ألف ١٠ألف إلى  ٥ن م(تكاليف متوسطة   ٥٦,٩  ٢١٥  )سنة  ٥٠إلى ٣٧( السن متوسطي

  ٣٣  ٣٣  )ألف ١٠أكثر من (تكاليف عالية   ٩,٨  ٤٩  )سنة فأكثر ٥١( كبار السن 
  ٣٤٨  ٣٤٨  ا+جمالي  ١٠٠  ٣٤٨  يا+جمال

      :تعدد وحدة ا�وامر  - ١٠      :النشأة  -٢
  ٢٤  ٢٤   ) ١٠إلى أقل من  ٦(تعدد منخفض   ٦٩,٨  ٢٤٣  ريف
  ٢١١  ٢١١  )١٤أقل من إلى  ١٠(تعدد متوسط   ٣٠,٢  ١٠٥  حضر

  ١١٣  ١١٣  )١٨إلى  ١٤(تعدد عالي   ١٠٠  ٣٤٨  ا+جمالي
  ٣٤٨  ٣٤٨  ا+جمالي      : المؤھل العلمي -٣

      :مصادر المعلومات الزراعية  - ١١  ١٧,٣  ٦٠  ثانوي ومادون

  ٣٥,٩  ١٧٢                                    )٢٥أقل من (منخفض  مستوى  ٢٧,٨  ٩٧  دبلوم زراعي
  ٤٩,٤  ١٢٥  )٤٠اقل من  إلى  ٢٥(متوسط  مستوى  ٢٠,٤  ٧١  م زراعي عاليدبلو

  ١٤,٧  ٥١  )٥٥ إلى ٤٠(عالي  مستوى  ٢٥,٣  ٨٨  بكالوريوس
  ١٠٠  ٣٤٨  ا+جمالي  ٩,٢  ٣٢  ماجستير
      :ا تجاه نحو الزراع  - ١٢  ٠  ٠  دكتوراه
  ٢٥,٥  ٨٩                            )٤٦إلى  ٣٤( سلبياتجاه   ١٠٠  ٣٤٨  يا+جمال

  ٦٩  ٢٤٠  )٥٩إلى  ٤٧( محايداتجاه       :التخصص العلمي  -٤
  ٥,٥  ١٩  )٧٢إلى  ٦٠(إيجابي اتجاه   ١١,٥  ٤٠  ارشاد زراعي
  ١٠٠  ٣٤٨  ا+جمالي  ٨٨,٥  ٣٠٨  تخصص آخر

      :ا تجاه نحو ا$رشاد  - ١٣  ١٠٠  ٣٤٨  يا+جمال
  ١٧  ٥٩  )٢٥إلى  ١٥(  سلبياتجاه       :الخبرة الزراعية  -٥

  ٧٥  ٢٦١  )٣٥إلى  ٢٦(  محايداتجاه   ٢٠,٤  ٧١  )سنوات ١٠ إلى ١(يرة خدمة قص
  ٨  ٢٨  )٤٥إلى  ٣٦(  إيجابياتجاه   ٣٦,٢  ١٢٦  )سنة ٢٠ إلى ١١(خدمة متوسطة 
  ١٠٠  ٣٤٨  ا+جمالي  ٤٣,٤  ١٥١  )سنة فأكثر ٢١(خدمة طويلة 

      :الرضا الوظيفي  - ١٤  ١٠٠  ٣٤٨  يا+جمال
  ٣٥,٥  ١٢٥  )٤٤إلى  ٣٠(ض رضا منخف      :الخبرة ا رشادية  -٦

  ٣٥,٥  ١٢٥  )٥٩ إلى ٤٥(رضا متوسط   ٣٤,٥  ١٢٠  )سنوات ١٠ إلى ١(خدمة قصيرة 
  ٢٩  ٩٨  )٧٥ إلى ٦٠( رضا عالٍ   ٣٧,٦  ١٣١  )سنة ٢٠ إلى ١١(خدمة متوسطة 
  ١٠٠  ٣٤٨  ا+جمالي  ٢٧,٩  ٩٧  )سنة فأكثر ٢١(خدمة طويلة 

      :الدافعية ل9نجاز  - ١٥  ١٠٠  ٣٤٨  يا+جمال
  ٢٤,١  ٨٤  )٤٨إلى  ٢٩(دافعية منخفضة       :الدخل الشھري من الوظيفة  -٧

  ٧٠,٤  ٢٤٥  )٦٨ إلى ٤٩(دافعية متوسطة   ١٤,١  ٤٩  )ألف ٣٠أقل من (منخفض  دخل
  ٥,٥  ١٩  )٨٨ إلى ٦٩(دافعية عالية   ٥٣,٧  ١٨٧  )ألف ٤٠ألف إلى  ٣٠من(متوسط   دخل

  ١٠٠  ٣٤٨  يا+جمال  ٣٢,٢  ١١٢  )ألف @ ٤٠أكثر من (دخل مرتفع 
        ١٠٠  ٣٤٨  يا+جمال

            :المكانة ا جتماعية  -٨

        ٥٨,٦  ٢٠٤مكانة عالية                                    
        ٢١,٦  ٧٥  مكانة متوسطة

        ١٩,٨  ٦٩  مكانة منخفضة 
        ١٠٠  ٣٤٨  ا+جمالي
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  )١٠٠ إلى ٦١(مستوى ممارسة منخفض 
  )١٤٠ إلى ١٠١(مستوى ممارسة متوسط 
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ABSTRACT: This research aimed mainly at evaluating the functional performance 

level of agricultural extension workers in the southern governorates of the Republic of 
Yemen. Data were collected using interviews with all the agricultural extension workers 
in the southern governorates of the Republic of Yemen, n= 375 agricultural extension 
workers and the agricultural supervisors in southern governorates, n= 55 agricultural 
supervisors. 348 questionnaires of the agricultural extension workers were completed, 
representing 92.8% of the respondents in the research area, as well as, 55 
questionnaires of the agricultural supervisors, who supervise agricultural extension 
workers, representing 100% of the respondents in order to evaluate the performance of 
agricultural extension workers in research area. The data were analyzed using the 
following statistical methods: percentage, repetitive tables, mean and standard 
deviation to describe and compare agricultural extension workers. Verifying the 
research hypotheses required applying Pearson Correlation Coefficient, to study the 
correlations among independent variables and the dependent variable and then 
evaluate the Stepwise Multiple Regression Analysis for the purpose of examining the 
ratios of participation of independent variables in total variation in the dependent 
variable. The research results showed the following: 

First: some of the personal, social- economic, communicative and managerial 
characteristics of respondents; agricultural extension workers: 

As for agricultural extension workers ages, the respondent agricultural extension 
workers in the group of 23- 50 years and less, represented 92% of the young and 
middle aged. In terms of up growing, the results showed that more than two thirds of 
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the respondent agricultural extension workers were raised in the rural areas; about 
69.8%. The results of scientific qualification showed that agricultural extension workers 
with high scientific degree represented 54.9% of the respondent agricultural extension 
workers. In regard of field of specialty, the results showed that 88.5% of the 
respondents were not specialized in agricultural extension. As for the agricultural 
experience, the results showed that the majority of the respondent agricultural 
extension workers, about 79.6% of the respondents, had 11 years or more of 
agricultural experience, compared to 65.5% of the respondents with experience of 11 
years or less. The income results showed that 67.8% of the respondent agricultural 
extension workers get payment of less than 40.000 RS. Considering the social position 
the results showed that more than half of the respondent agricultural extension workers 
in research area; 58.8% had a high social position. As for the multiple order unit, the 
results showed that the highest percentage of the respondent agricultural extension 
workers were in the groups of medium and high multiple order units as these two 
groups were 93.1% of the respondents. The agricultural information sources results 
showed that half the respondent agricultural extension workers in research area had 
medium level of information acquisition; that is 49.4%, while the respondents of high 
and low information sources were 14.7%. The job satisfaction results showed that 
majority of respondent agricultural extension workers had medium or low satisfaction 
with working in agricultural extension as these groups were 71% of the respondents 
compared to 29% of the respondents had high satisfaction with working in agricultural 
extension.  

Second: agricultural extension workers practice of extension tasks and 
activities: 

The results showed that agricultural extension workers in research area 
undertake extension tasks and activities with low and medium levels; 94% compared to 
6% of the respondents practice the extension tasks with high level; that is 6% of the 
respondents. 

Third: respondent agricultural extension workers' use of extension means and   
aids:  

The results showed that the vast majority of agricultural extension workers in 
research area have low or medium levels of using extension means and aids. The 
results showed that these two groups were 83.9% of the respondents compared to 
16.1% of respondents with high level of using extension means and aids.  

Forth: evaluating agricultural extension workers' performance level as viewed by 
the agricultural supervisors:  

The agricultural supervisors' evaluation of agricultural extension workers' level of 
general and technical tasks performance in research area showed that about two thirds 
of the agricultural extension workers in research area; 69.1%, had medium or high 
levels of performance of general tasks and activities. The research showed that about 
two thirds of the agricultural extension workers in research area; 71%, had medium or 
high levels of performance of technical tasks and activities. As for the agricultural 
extension workers' level of performance of total tasks, general and technical, the 
results showed that about two thirds of the agricultural extension workers in research 
area; 67.3%, had medium or low levels of performance of total tasks and activities. 
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Fifth: obstacles and problems confronting respondent agricultural extension 
workers and their solutions of their point of view:  

The results showed that the main obstacles confronting agricultural extension 
workers in research area according to the mean were; low financial potentials of the 
extension department, the unstructured extension strategy in the ministry, lack of 
coordination between extension department. The major solutions of these problems of 
the agricultural extension workers' point of view included; providing means of 
transportation and communication required for performing extension work, providing 
adequate financial resources for performing extension work timely and extension 
financial, managerial and technical independence. 

  
 



  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



  
  
  
  
  
  
 التحرير ھيئة

  

  .والسمكي الحيواني ا�نتاج قسم مجلس ورئيس الحيوان إنتاج استاذ  زھران الرحمن عبد سليمان. د.أ

  .النبات وقاية قسم مجلس ورئيس ا)قتصادية الحشرات استاذ  القاضى بھجت ماجدة. د.أ

  .ورئيس مجلس قسم النبات الزراعى –استاذ أمراض النبات   مصطفى عبد العظيم عامر. د.أ

 .الزراعي ا�قتصاد قسم مجلس ورئيس الزراعي ا)رشاد استاذ  الشربتلى إبراھيم سوزان. د.أ

  .ا)غذية علوم قسم مجلس ورئيس ميكروبيولوجي وحفظ ا�غذية استاذ  اشرف عبد المنعم محمد زيتون. د.أ

  .النباتى ا)نتاج قسم مجلس ورئيس الفاكھة استاذ  ثناء مصطفي درويش عز. د.أ

  

  

   



 

 

 

 

 

 

 

 

 

 

   



  
  
  

 عميد الكلية
 طارق محمد أحمد سرور. د.أ

   ا�سماك رعاية أستاذ

 

  
  
  
 

 التحرير رئيس
 المجد حسينماجدة أبو. د.أ

  البحوث العليا للدراسات الكلية ووكيل والمياه ا�راضي أستاذ

  
  
  
  
  
  
 

 التحرير مدير
 خليل الناصر عبد جمال .د.أ

 الزراعية والكيمياء ا�راضى بقسم ىا�راض فيزياء أستاذ
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