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Abstract: The present study was concerned with the pharmacological potency of zizyphus leaves extract towards 
antitumor in the form of Ehrlich ascites carcinoma (EAC) model in female albino mice. Ascites tumor was 
introduced into mice by inoculation of 2 x 106   viable tumor cells/mouse. After 10 days of transplantation, the 
extraction of zizyphus leaves was given daily for 21 days via intraperitoneal route at a dose level of 200mg/kg body 
weight (b.w.) to mice bearing EAC cells. Then, the blood samples and tissues of liver, kidney, spleen, small and 
large intestine were collected from treated and control animals for biochemical and histopathological examination.  
 The therapeutic role of zizyphus leaves extract against Ehrlich ascites carcinoma appeared, to a great extent, in 
retardation of animal body weight as well as improvement of corticoesterone level and immune markers such as 
monocytes chemoattractant protein- 1(MCP-1), vascular endothelial growth factor (VEGF), interlukin-10 (IL10). 
The enhancement of antioxidant status in extract treated animals was appeared in restoration of serum thiobarbituric 
acid reactive substance (TBARs) and total antioxidants values. Regarding to histopathological results, treatment 
with zizyphus leaves extract diminished most of the pathological alterations induced by EAC cells in mice and 
confirmed the biochemical results. Thus, zizyphus leaves extract may be utilized to reduce EAC tumor and it could 
be recommended with attempts to integrate from animal studies, and considers their possible application in human.  
[Amal I. Hassan and Eman I. Abdel-Gawad. Effect of Zizyphus Leaves Extract on Mice Suffering from Ehrlich 
Ascites Carcinoma. Nature and Science 2010;8(11):234-244] (ISSN: 1545-0740). 
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1. Introduction: 
                  An extremely promising strategy for 
cancer prevention today is chemoprevention, which is 
defined as the use of synthetic or natural agents 
(alone or combination) to block the development of 
cancer in humans. Surgery, radiotherapy and 
chemotherapy, the established treatment modalities 
for various cancers are costly, mutilating, having 
serious side effects and associated with residual 
morbidity as well as frequent relapses. During the last 
few years, novel chemopreventive agents of natural 
origin have been targeted with fruits and vegetables 
being a key interest due to high content of bioactive 
compounds (Rafter, 2002). Emerging evidence 
suggests that a number of plants are known to be the 
source of useful drugs in modern medicine (Sadiq et 
al., 2009) and have been accepted currently as one of 
the main source of cancer chemoprevention drug 
discovery and development (Gonzales and Valerio, 
2006) due to their diverse pharmacological properties 
including cytotoxic and cancer chemopreventive 
effects (Gupta et al., 2004 and Dahiru et al., 2005). 
There are a lot of pathological factors, including 
reactive oxygen species (ROS) involved in the 
process of cancer initiation, promotion and 
progression (Marnett, 2000). First, an oxidative stress 
can induce DNA damages that lead to genomic 

instability and possibly stimulate cancer progression 
(Oberley, 2002). Second, elevated ROS levels are 
responsible for constant activation of transcription 
factors and the progression of the disease (Gupta et 
al., 1999). For these reasons, the search for 
antioxidants as cancer chemopreventive agents is a 
continued process. Another aspect of antioxidant 
administration in cancer patients is that these could 
affect antineoplastic efficacy or the development of 
side effects of anticancer drugs (Conklin, 2004). A 
number of studies indicated that plant derived natural 
products, such as polyphenols, possess diverse 
pharmacological properties, among which antioxidant 
activity (Frei and Higdon, 2003 and Chen et al., 
2004).   
            Despite widespread use of plant resources in 
traditional medicines, few recent studies focused on 
the potential role of the plant leaves extraction as 
prevention or regression agent affecting the growth of 
certain tumors (Kunwar et al. 2009). Zizyphus, a 
member of the family Rhamnaceae, is used 
traditionally as tonic and aphrodisiac and sometimes 
as hypnotic-sedative and anxiolytic, anticancer 
(Melanoma cells), antifungal, antibacterial, antiulcer, 
anti-inflammatory,cognitive,antispastic, antinephritic, 
cardiotonic, antioxidant, immunostimulant, and 
wound healing properties (Godini, 2009 ). Since, 
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pharmacological screening studies indicated that the 
extract of zizyphus leaves contains beutic acid and 
ceanothic acid, cyclopeptides, as well as flavonoids, 
lipids, protein, free sugar and mucilage (Adzu, et al., 
2003) and four saponin glycosides: christanin A, 
christanin B, C and D (Glombitza et al., 1994 and 
Mahran et al. 1996). It well reported that the extract 
of zizyphus exhibited anti-nociceptive potency (Adzu 
et al.,2001) and may prevent chronic alcohol-induced 
liver injury by enhancing the levels of total 
antioxidant status and inhibiting hepatic lipid 
peroxidation (Dahiru and Obidoa 2007).  
               The present study was undertaken to predict 
the potential anti-tumor activity of zizyphus leaves 
extract using Ehrlich ascites carcinoma (EAC) model 
in Swiss Albino mice.  
 
2. Materials and methods 
Preparation of zizyphus leaves extract: 
               Zizyphus leaves were collected from a piece 
of land at Anshas and the extraction procedure was 
done in the department of biochemistry, Faculty of 
Agriculture, Banha University. The leaf samples 
washed by petroleum ether and wear air-dried at 
room temperature and blended to a mesh size of 1 
mm. The blended samples (1kg) in 4 liters of 70% 
ethanol for 48 h filtered and concentrated to dryness 
using rotary evaporator. The ethanolic extract was 
kept in the refrigerator until usage (Seyyednejad et 
al., 2001 and Moazedi et al., 2007).  
 
Acute toxicity study: 
              Preliminary study was conducted on a large 
number of animals (about 75 mice) with widely 
different doses of zizyphus leaves extract under the 
same environmental conditions and the same manner 
to select the optimal safety dose which could be used. 
 
Animals: 
              Based upon preliminary results, zizyphus 
leaves extract at a dose of 200 mg/kg b.w. was 
optimize to inject intraperitoneally into 45 albino 
female mice for 21 consecutive days starting from 
day 10 of EAC cells transplantation. The animals 
were housed in controlled environmental conditions 
(temperature 25 ± 2 °C and 12 h dark/light cycle) 
with standard diet and water ad-libitum. General 
health condition was observed daily and development 
of ascites was monitored by recording the change in 
animal body weight throughout the experiment. 
Following the last injection, blood samples were 
allowed to clot, centrifuge and separated serum 
samples were stored at -20°C until assayed for 
biochemical analysis. Thereafter, the animals of 
control and treated groups were dissected and the 
tissues of liver, kidney, spleen, small and large 

intestine were removed and stored in 10% formalin 
saline for histological study.  
 
Biochemical study: 
Preparation of tumor cells: 
                Ehrlich ascites carcinoma (EAC) cells 
collected from donor mice (Swiss albino) of 18–20 g 
body weight obtained and suspended in sterile 
isotonic saline. A fixed number of viable cells 
(usually 2×106 cells/20 g body weight) were 
implanted into the peritoneal cavity of each recipient 
mouse (Gothoskar and Ranadive, 1971). The tumor 
cells multiplied relatively freely within the peritoneal 
cavity. The cells were withdrawn by sterile 
disposable syringe and diluted with physiological 
saline. The viability of the cells was 99% as judged 
by trypan blue exclusion assay 
               Serum monocytes chemoattractant protein- 
1 (MCP-1), vascular endothelial growth factor 
(VEGF), and interlukin-10 (IL10) activity these using  
tests are based on a solid phase enzymelinked 
immunosorbent assay (ELISA) from ( Boster 
Biological Technology LTD, Malden , MA 02148 
USA),were  determined according to the methods of 
Hsu et al., (2007), (Ferrara, 2001) and Chan and 
Perlstein (1987) respectively. Corticoesterone was 
estimated using RIA technique according to (AL-
Dujaili et al., 1981) Also, total antioxidant and 
thiobarbutric acid reactive substances (TBARs) were 
measured spectrophotometry (Unicam UV-Visible 
Spectrometry Heʎios, United Kingdom) according to 
the reported methods by Ohkawa et al. (1979) and 
Buege and Aust, (1978).  
 
Histopathological estimation: 
                Tissue specimens of liver, kidney, spleen, 
small and large intestine were fixed in 10% formalin 
saline. Trimming was done on the fixed tissue 
specimens and washed in tap water for 12 hours. 
Serial alcohol (methyl, ethyl and absolute) were used 
for dehydration of the tissue samples. Tissue 
specimens were cleared in xylene and embedded in 
paraffin. The paraffin blocks were   sectioned at 3 
microns   thickness by slidge microtome. The 
obtained tissue sections were collected on the glass 
slides and stained by hematoxylin and eosin stain for 
histopathological examination by the light 
microscope (Banchroft et al., 1996). 
 
Statistical Analysis: 
             All values were expressed as mean ± SEM. 
Statistical analysis was performed with one way 
analysis of variance (ANOVA) followed by Duncan's  
test. P values < 0.05 were considered to be 
statistically significant. 
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3. Results  
Body weight: 
                  As shown in table (1), there was no 
difference between animals body weight of control 
and zizyphus leaves extract treated mice. But the mice 
bearing EAC revealed a significant increase (p< 0.05) 

in body weight reached to 53.01% of the initial 
weight. Injection of zizyphus leaves extract into mice 
bearing EAC caused significant reduction (p<0.05) in 
their body weight reached approximately to control 
mice weight. 

 
Table 1: Effect of zizyphus leaves extract and /or EAC on body weight of female mice. 

                   Groups 
Parameter    

Control group 
Zizyphus- treated 

group 
EAC bearing 

group 
EAC bearing-
treated group 

Initial body wt (gm) 20.63c ± 0.22 21.05c ±0.23 21.24c ± 0.34   21.0c ±0.54 

Final body wt (gm) 21.71c ± 0.16 20.80b ± 0.38 32.50a ± 1.04 21.80c ± 0.54 

    change + 5.23% - 1.19% + 53.01% + 3.81% 
Values represent means ± S.E.  
Values with same superscript in the raw are not statistically different.  

 
Biochemical results: 
                  Table (2) clarified that administration of 
zizyphus leaves extract reaveled slightly decrease in 
serum MCP-1 and IL10 activity as compared to 
control. On the other hand, EAC bearing mice 
showed significant increase (p<0.05) in MCP-1, 

VEGF and IL10 activity as compared to both control 
and zizyphus extract administered mice. Treatment 
with zizyphus leaves extract improved to a great 
extent, the activity of MCP-1, VEGF and IL10 in 
EAC bearing mice towards the control level. 

 
Table (2): Effects of zizyphus leaves extract and/or EAC on serum MCP-1, VEGF and IL10 activity in female 

mice.  
            Groups 

parameters 
Control group 

Zizyphus- treated 
group 

EAC bearing group 
EAC bearing-
treated group 

MCP-1 (pg/ml) 178.23c ±1.24 175.91c ±2.14 379.13a ± 2.61 186.69c ± 3.80 
VEGF  (pg/ml) Zero Zero 435.75a ± 4.09 206.93b ± 1.27 
IL10  (pg/ml) 68.36b ± 1.90 60.68b ± 0.92 114.79a ± 1.12 61.22b ± 1.05 

Values represent means ± S.E.  
Values with same superscript in the raw are not statistically different. 
 
          Table (3) demonstrated that administration of 
Zizyphus leaves extract to normal mice decreases 
TBARs level and did not affect on total antioxidant 
concentration. On the other hand, EAC bearing mice 
showed significant decrease (p<0.05) in serum total 
antioxidant concentration and significant increase 

(p<0.05) in TBARs level as compared to control 
mice. The enhanced antioxidant status in extract 
treated animals was evident in decline of TBARs 
level and increased (p<0.05) of total antioxidant 
activity to approximate to control.  

 
Table (3): Effects of zizyphus leaves extract and/or EAC on serum total antioxidant and TBARs level in 

female mice. 
         Groups 

Parameters 
Control 
group 

Zizyphus- treated 
group 

EAC bearing group 
EAC bearing-
treated group 

T. antioxidant (mM/L) 1.07a ± 0.01 1.06a ± 0.04 0.80b ± 0.025 1.07a ± 0.096 
TBARs(µmol/ml) 16.63b ± 0.215 14.52c ± 0.51 20.28a ± 0.15 15.00b ± 0.27 

Values represent means ± S.E.  
Values with same superscript in the raw are not statistically different  
 
                  Table (4) depicted that, when zizyphus 
leaves extract injected into normal mice, the level of 
serum corticoesterone did not affected. When it was 

injected into mice bearing EAC, the concentration of 
serum corticoesterone decreased significantly 
(p<0.05) as compared to mice bearing tumor.  
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Table (4): Effects of zizyphus leaves extract and/or EAC on corticosterone level in female mice. 
             Groups 

parameters 
Control group 

Zizyphus- treated 
group 

EAC bearing 
group 

EAC bearing-
treated group 

corticosterone (ng/ml) 58.31b ± 0.31 57.50b ±0.45 72.81a ±0.71 59.72b ±0.47 
Values represent means ± S.E.  
Values with same superscript in the raw are not statistically different. 
 
Histopathological results: 
Liver tissue: 
            The group of normal mice administrated 
zizyphus leaves extract showed dilation and 
congestion in the central and portal veins of liver 
(Fig.2). With respect to Ehrliched mice, microscopal 
examination of liver revealed thickening in hepatic 
capsule with inflammatory and pigmented cells (P) as 
well as diffuse kupffer cells(D), proliferation in 
between the degenerated cytomegalic hepatocytes(C) 
as shown in Fig. (3 & 4). Interestingly, treatment with 
zizyphus leaves extract reduced most of the 
pathological alterations induced by EAC cells in 
mice. Since, liver section showed few focal 
inflammatory cells infiltration in the hepatic 
parenchymal associated with slight congestion in the 
central vein (CV) (Fig.5) 
 
 Kidney tissue: 
             According to histopathological findings, 
cortical blood vessels (V) between the glomeruli and 
renal tubules in kidney section of normal mice 
administered the leaves extract (Fig.7) were 
observed. Section of kidney of mice bearing EAC 
cells showed mild dilatation and congestion in the 
cortical blood vessels (V) and vaculation in the lining 
endothelium of the glomerular tuft (G) (Fig.8 & 9) as 
well as focal extravasation of red blood cells in 
between the degenerated tubules at the 
corticomedullary junction was observed (Fig.10). 
Zizyphus leaves extract administration restored most 
of normal intact histological structure in kidney 
section (Fig. 11). 

 
Spleen tissue: 
         Light microscopic observation of normal mice 
administered zizyphus leaves extract spleen showed 
lymphoid hyperplasia in white pulps (W) (Fig.13). 
Regarding to mice bearing EAC, there was a multiple 
numbers of immature megakaryocytes in the white 
pulps (Fig. 14). On the other hand, mild lymphoid 
hyperplasia in the white pulps (W) was found in 
spleen section (Fig. 15). 
 
Small and large intestine: 
          There was a focal inflammatory cells 
infiltration with oedema in the lamina propria (L) 
appeared in large intestine section of normal mice 
administered the leaves extract (Fig.17). Meanwhile, 
small intestine of this group showed normal 
histological structure (Fig. 19). With respect to mice 
bearing EAC, large intestine revealed oedema 
inflammatory and pigmented cells infiltration in 
serosal layer (Fig.20) but, the small intestine showed 
normal intact histological structure (Fig.21). 
Apparently, the treatment with zizyphus leaves 
extract diminished most of the pathological changes 
in Ehirlched mice. Since focal oedema with few 
inflammatory cells infiltration in serosal layer (M) of 
small intestine was observed (fig.22), as well as few 
inflammatory cells infiltration with mild oedema in 
focal manner at the lamina propria of the mucosal 
layer of large intestine (Fig. 23).  
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Liver tissue:  
1- Section of liver obtained from control mice.  
2- Section of Liver collected from normal mice administrated zizyphus leaves extract.  
3&4: Section of Liver obtained from mice bearing EAC cells.  
5- Section of liver obtained from mice bearing EAC and treated with zizyphus leave extract.  
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Kidney tissue: 
6-Section of kidney obtained from control mice  
7- Section of kidney collected from normal mice administrated zizyphus leaves extract.  
8, 9 &10: Section of Kidney obtained from mice bearing EAC cells.  
11-Section of kidney obtained from mice bearing EAC and treated with zizyphus leave extract.  
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Spleen tissue: 
12- Section of spleen obtained from control mice.  
13-Section of spleen collected from normal mice administrated zizyphus leaves extract.  
14-Section of Spleen obtained from mice bearing EAC cells.  
15- Section of spleen obtained from mice bearing EAC and treated with zizyphus leave extract 
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Small and large intestine: 
16- Section of large intestine obtained from control mice.   
17- Section of large intestine collected from normal mice administrated zizyphus leaves extract.  
18- Section of small intestine obtained from control mice.   
 19- Section of small intestine collected from normal mice administrated zizyphus leaves extract.  
20- Section of Large intestine obtained from mice bearing EAC cells.   
21: Section of small intestine obtained from mice bearing EAC cells. 
22-Section of small intestine obtained from mice bearing EAC and treated with zizyphus leave extract.  
23- Section of large intestine obtained from mice bearing EAC and treated with zizyphus leave extract.   

http://www.sciencepub.net/nature   naturesciencej@gmail.com 240



Nature and Science                                                                                                                       2010;8(11)       

  

4. Discussion:  
              Ascites fluid is the direct nutritional source 
for tumor cells. So, a rapid increase in ascites fluid 
with tumor growth would be a mean to meet the 
nutritional requirement of tumor cells (Rajeshwar et 
al., 2005). This hypothesis was evident in the present 
study, since inoculation of EAC cells into mice 
caused significant increase in the mice body weight 
reached to 53.01% after one month of inoculation. 
Such increase was due to accumulated ascites fluid of 
EAC in peritoneal cavity (Altun and Ozalpan 2004). 
On the other hand, the soluble factors associated with 
tumor growth may mediate certain hormonal changes 
since the serum level of corticosterone was observed 
to increase following injection of tumorous ascites 
into normal mice (Mandal et al., 2007). Elevated 
level of corticosterone is a major contributing factor 
to anti-inflammation induced by tumorous ascites 
injection and constitute the principal mechanism of 
anti-inflammation following tumor transplantation 
(Normann et al., 1988). So, the physiological 
corticosterone levels rather stimulate than suppress 
immunity (Kanchev et al., 2006). The impairment of 
host immune function by tumor may be related to 
several strategies of tumor escape from 
immunosurveillance. Therefore, MCP-1 induction 
associated with VEGF secretion observed in the 
present study, in concert with the direct chemotactic 
effects of VEGF on monocytes (Clauss et al., 2001) 
and may contribute to the angiogenic processes 
stimulated by VEGF in vivo. However, VEGF-
induced MCP-1 expression in vascular endothelial 
cells, elevated endothelial permeability changes in 
vivo (Lee et al., 2006), that the process is considered 
to be important for tumor growth (Loberg et al. 
2007). Since, MCP-1 reported as an important 
chemokine that is necessary for maximal recruitment 
of monocytes in a number of different pathologies 
(Stathopoulos al., 2008) and for induction of new 
vessels formation required for tumor growth              
(Stathopoulos et al. 2008). On the other hand, in EAC 
bearing mice, the tumor cells secrete 
immunosuppressive cytokines, interleukin-10 (IL-10) 
that was identified as a key immunomodulatory 
cytokine on T cells activity (Ye et al., 2007). The 
production of IL-10 within the tumor 
microenvironment can be sustained

      

            Interestingly, intraperitonael injection of 
zizyphus leaves extract realized an effective role in 
treatment of EAC tumor which was manifested in 
reduction of body weight, improvement of MCP-1, 
VEGF and IL-10 levels and modulation of 
antioxidant status in mice bearing tumor. Such results 
referred to the ability of this extract in inhibition of 
accumulated ascites fluid (Ganachari and Shiv, 
2004) and recovery of associated immune and 
oxidants risk factors. It was established that the 
extract of zizyphus leaves stimulate chemotactic, 
phagocytic and intracellular killing potency 
neutrophils (Ganachari and Shiv, 2004). On the other 
hand, the blockage of VEGF activities was 
considered as inhibitor factor of malignant ascites 
(Manenti et al., 2005) because VEGF level correlates 
with tumor burden, ascites formation and 
dissemination in the organs of the peritoneal cavity 
(Loberg et al. 2007). Therefore, this model may serve 
to monitor tumor progression and response to 
zizyphus leaves extract treatment (Manenti et al., 
2005). However, phytochemical analysis of this 
extract showed a highest level of antioxidant contents 
at all level of antioxidants (Pisha et al., 1995)  
namely, betulinic acid which is a known anticancer 
agent induced successive activation of caspase 9 and 
caspase 3 (Pokrovskii et al., 2006)  and flavonoids 
which could be expected to be responsible for its 
bioactivity. In this regard, the decreased VEGF-
induced MCP-1 inhibition by antioxidants was 
strongly suggest that a signaling pathway stimulated 
by VEGF may involve production of ROS (Yan et 
al., 1994). It could be suggested that the therapeutic 
role of flavonoids ultimately was the induction of 
apoptosis in cancer cells (Vahedi et al., 2008

 by malignant 
cells and tumor-infiltrating macrophages and 
lymphocytes (Ghosh et al., 2004). In this context, 
provided evidence for the involvement of free 
radicals production in MCP-1 mRNA induction 
(Marumo et al., 1999) and considered the reactive 
oxygen species as mediate growth factor–induced 
responses in tumor bearer (Lander, 1997).  

However, lipid peroxidation/oxidation 
process plays a key role in tumor growth invasiveness 

(Chakraborty et al. 2009). Accordingly, the decrease 
of total antioxidants value concomitant with increase 
in TBARs concentration observed in the present 
study could be considered as onslaught of free 
radicals resulted from carcinomous tissues (Ahmet 
and Süleyman, 2006).  

), 
inhibition of cell proliferation (Shimmyo et al., 2008) 
and modulation of a number of cellular signaling 
pathways activity (Williams et al., 2004). Further, the 
inclination in endogenous antioxidant activities in 
EAC bearing mice after treatment with zizyphus 
leaves extract was an indication of immune and 
structural integrity (Das et al., 1995). However, the 
abundance of antioxidant compounds content in the 
extract (Shaiban et al.,2006) particularly, tannins, 
saponins and phenolic compounds (Adzu, et al., 
2003) were probably together prevented excess 
releasing of free radicals (Das et al., 1995) or 
converted free radicals to more stable products or 
stimulate the antioxidant enzymes directly (Dahiru 
and Obidoa 2008).  
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             The mentioned results were further supported 
by the histopathological examination of mice bearing 
EAC and/or administrated zizyphus. There was a 
diminishing in pathological structure, to a great 
degree, towards normal intact histological structure. 
Mosaad et al. (2007) showed that animals treated 
with Zizyphus extract had a significant improvement 
in histological picture of liver and kidney because the 
containing antioxidant principles were cytotoxic 
towards tumor cells (Ruby et al., 1995). 
          In conclusion, treatment of mice with extract of 
Zizyphus leaves (200 mg/kg body wt) has a 
therapeutic role against EAC cells. It is possible to 
propose that the additive and synergistic antioxidant 
activity of phytochemicals such as flavonoids, 
tannins, saponins, etc, present in zizyphus leaves 
extract are responsible for the its potent antitumor 
activity which could be inferred from the 
improvement of immune markers and antioxidant 
status.  
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Abstract: A field experiment was carried out using wheat plants (Triticum aestivum L., CV. Giza 168) grown on 
sandy soil at Ismaillia Agric. Res. Station, Agric. Res. Center (ARC), to evaluate the use of vinasse as a partial 
replacement of mineral fertilizers. The following three rates from diluted vinasse (V1) 2.5, (V2) 5 and (V3) 10 %  
were sprayed on surface soil layer once a week, with or without enrichment by 2 % N,  P and K nutrients, after 
wheat cultivation. Control treatment was received the full doses of the mineral fertilizers. On the other hand, the 
effect of applications, 0, 50 and 75 % from the recommended dose of mineral fertilizers were combined with the 
previous three levels of diluted vinasse with or without enriched with macronutrients on the sandy soil and wheat 
plants were also investigated. The obtained results indicate that  applied,  Zero, 50 or 75 % from the mineral 
fertilizers in combination  with or without vinasse led to slightly decrease pH values by increasing the rate of 
vinasse alone (V) or enriched with macronutrients (Ve) at both tested seasons. However, EC values in soil were 
generally increased by increasing the rate of vinasse (V) or (Ve). Moreover, Enriched vinasse with macronutrients 
(Ve) led to significantly increase the EC and available N, P and K nutrients in the soil than the other tested 
treatments. Moreover, application of mineral fertilizers at 50 and 75 % from the recommended dose led to 
significant increases N, P and K uptake in straw and grains of wheat than vinasse without mineral fertilizers (MF) 
treatments. The highest N, P and K uptake values were 55.6, 22 and 96.8 Kg/ fed and 77.4 , 24.1 and 13.1 Kg/ fed in 
wheat straw and grains, respectively. These values were significantly higher than that recorded by treatment V2 
+75 % MF unriched by N, P and K. However, N, P and K uptake were decreased significantly by increasing the rate 
of Ve application in case of Ve3+75%MF treatment. Concerning the yield of wheat, it was gradually increased by 
increasing the rate of vinasse amendment, especially for vinasse enriched with macronutrients combined with 50 % 
MF while the application of 75 % MF with V3 led to significant decrease but still over the control in both two 
seasons. However, the highest significant increases in yield components (straw and grains) were obtained with 
application of V2 enriched with macronutrients and 75 % MF at both tested seasons as compared to the control 
treatment. 
[Mona, A. Osman. The Possible Use of Diluted Vinasse as A Partial Replacement with Mineral Fertilizers Source on 
Wheat Yield and Nutritional Status on Sandy Soil. Nature and Science 2010;8(11):245-251] (ISSN: 1545-0740). 
 
Keywords: Vinasse; Mineral; Fertilizer; Wheat; Yield; Soil 
 
1. Introduction:

One of the main factors affecting plant growth 
in sandy soils is the types and amounts of fertilizers. 
However, the cost of mineral fertilizers has been 
significantly going up and up. As a result, it has 
become necessary to seek alternatives that would 
supply the poor soil with more economic sources of 
fertilizers (Rodriguez, 2000).  Vinasse improves 
almost factors involved in soil fertility, provides 
favoring conditions for nitrogen assimilation into the 
soil, protects nutrients against washing out in winter 
and maintains them as reserve nutrients as a slow 
release during the vegetative period. These are the 
most important affect, leading to increase yield and 
quality of crops. Concentrated vinasse can be 
regarded as industrial by-product containing valuable 

active substances, recyclable to plant cultivation, 
Debruck and Lewicki (1990).  Murillo et al. (1992) 
found that vinasse application produced beneficial 
results for ryegrass seedlings in the three cultivated 
soils while sunflower and ryegrass had the smallest in 
vitro germination under both solutions of 0.15 and 
0.50 % of pure vinasse. However, seedling 
emergence, plantlet growth and nutrient content of 
sunflower grown in plots, in three different soil types, 
were not negatively affected by the application of 
moderate dose of pure vinasse, roughly equivalent to 
2-3 t ha -1.  The application of vinasse at sowing can 
partially avoid losses of N that can take place if the 
vinasse is applied too far in advance of sowing, 
Murillo et al. (1998).  Moreover, Gemtos et al. (1999) 

http://www.sciencepub.net/nature
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studied the vinasse rate, time of application and 
compaction effect on soil properties and durum wheat 
crop to evaluate the effect of sugar cane industry 
wastes on some chemical soil properties, macro and 
micronutrients (N, P and K), (Fe, Zn, Mn and Cu) 
availability to wheat plants. The applied treatments 
were mineral K fertilizer (K2SO4), vinasse, bagasse 
ash, organo-mineral fertilizer (Tacamolia) and 
control. The treatments were added on the K-
equivalent basis (25, 50 and 100 mg K kg-1). The 
obtained results indicated that, sugar cane wastes 
incorporated into the loamy sand soil affected the 
forms of soil K and K availability to wheat plants. 
Addition of vinasse wastes caused a significant 
decrease in soil pH and significant increases in soil 
available P, total N, and total organic C.   Omar et al. 
(2000) found that, application of different 
concentrations ( 0.5, 1.0, and 1.5 ton/ fed) of vinasse 
as soil conditioner caused an increase in grain yield 
of faba bean with average values 33% over the 
control, irrespective of concentrated vinasse levels. 
Madejon et al. (2001) added that, direct application of 
concentrated vinasse on agricultural lands may lead 
to economical and environmental problems due to 
high salinity. Tejada and Gonzalez (2006) mentioned 
that, despite the nutrient supply by the vinasse, under 
dry land conditions, may be led to negatively affect 
soil structure, nutrient uptake and crop yield and 
quality because of its high concentration of 
monovalent cations, such as Na and fulvic acids were 
introduced into the soil by the vinasse, thus 
destabilizing its structure.  Moreover, Parnaudeau et 
al. (2007) mentioned that, both diluted and 
concentrated vinasse can be spread on agricultural 
fields or used as organic fertilizer. Concentrated 
vinasse led to a slight increase in the abundance of 
phenolic compounds, acid – insoluble fraction and a 
slight decrease in the labile fraction of vinasses 
partially or totally derived from sugar beet.   

The objectives of the present study, are based 
on the possible use of diluted vinasse to replace the 
fertilization of potassium and partially replace 
fertilization with Nitrogen and phosphorus due to 
its content of high levels of the organic matter, 
potassium, calcium and moderate amount of N and 
P . Also, the use of vinasse as a fertilizer source 

applied at different doses combined with different 
rates of mineral fertilizers on yield and nutritional 
status of wheat crops grown on sandy soil.   
 

2. Materials and Methods: 
A field experiment  was carried out on wheat 

plants (Triticum aestivum L., CV. Giza 168) 
cultivated in sandy soil at Ismaillia Agric. Res. 
Station, ARC, to evaluate the use of vinasse as a 
fertilizer source and partially replacement to mineral 
fertilizers. Some physical and chemical 
characteristics of the tested soil sample are shown in 
Table (1), while vinasse composition is presented in 
Table (2).  
 
Table (1):  Some physical and chemical properties 
of the experimental soil 

Soil characteristics Values 
Particle size distribution % 
Coarse Sand 
Fine Sand 
Silt 
Clay 
Texture class 

 
72.20 
17.60 
3.04 
7.16 

Sandy 
Chemical properties 
CaCO3 % 
pH(Suspension 1: 2.5) 
EC dS/m (Saturated past 
extract) 
Organic matter % 

 
1.40 
7.60 
0.33 

 
0.52 

Soluble cations and anions (meq/l) 
Ca++ 

Mg++ 

Na+ 

K+ 

CO3
-- 

HCO3
- 

Cl- 

SO4
-- 

0.92 
0.84 
1.56 
0.46 
- 

1.32 
1.22 
1.24 

Available nutrients (mg Kg-1) 
N 
P 
K 

79 
23 
112 

 

 
Table (2): Composition of the concentrated vinasse used in the experiment                             

pH Density 
Kgl-1 

O.M 
(gl-1) 

O.C 
(gl-1) 

Total 
sugar 
(%) 

Available 
macronutrient 

Total macronutrient 
(ppm) 

N 
(gkg-1) 

P 
(%) 

K 
(%) 

N P K 

4.20 1.29 535 310 59.7 25 0.09 7.06 1575 390 6300 
    Source: Integrated industries and sugar Co., El-Hawamdia, Egypt. 
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Concentrated vinasse is provided by Integrated 
industries and sugar Co., El-Hawamdia,Egypt. The 
following three rates from diluted vinasse 2.5, 5 and 
10 % (V1, V2, V3), respectively, were sprayed on 
surface soil layer once a week with or without 
enriched by 2 % N , P and K nutrients. Mineral 
fertilizers were applied at a full dose for control 
treatment from the ammonium sulphate (20.5 %) 
Superphosphate (15 % P2O5) and Potassium sulphate 
(48 % K2O) at rates of 100, 200 and 50 kg fed -1 of N, 
P2O5 and K2O respectively.   Mineral fertilizers 
treatments were added with three ratios Zero, 50 and 
75 % from the recommended dose as combined with 
the three level from the diluted vinasse with or 
without enrichment with macronutrients as the 
following:   
i.   Zero, 50 and 75 % from the recommended dose. 
ii. Zero, 50 and 75 % from the recommended dose + 

three levels from the diluted vinasse without 
enrichment with macronutrients.  

lll. Zero, 50 and 75 % from the recommended dose + 
three levels from the diluted vinasse enrichment 
with macronutrients .  

   The diluted vinasse sprayed weekly on the surface 
soil layer after wheat cultivation. The experiment was 
designed in split – split plot design with three 
replications.  The main plots were applied with the 
mineral fertilizers,   the sub-main plots were applied 
with the vinasse amendments,   and the sub-sub main 
plots were applied with the enriched vinasse with NPK 
fertilizers, which added both P and K before planting 
while ammonium sulphate was added in four equal 
split doses after 2 , 4 , 6 and 8 weeks from sowing. 
Plants were harvested at maturity from each plot, and 
the yield components (straw and grains) were 
weighted, and subjected to oven dried at 70°C, up to a 
constant dry weight, ground and prepared for 
digestion using H2SO4 and H2O2 methods as described 
by Page et al. (1982). Furthermore, chemical 
properties of soil samples were determined according 
to Cottenie et al. (1982). Obtained results were 
subjected to statistical analysis according to Snedecor 
and Cochran (1982), and the treatments were 
compared by using the least significant difference 
(L.S.D) at 0.05 level of probability.   
 
3. Results and Discussion: 

1-Influence of applied diluted vinasse as a 
fertilizer source partially replacing with mineral 
fertilizers on soil chemical characteristics.  

Chemical properties: 
   1. 1 Soil reaction (pH) 
        Data presented in Table (3) show, the effect of 
different rates of vinasse that partially substitute of N, 
P and K mineral fertilizers on some chemical 
properties of the tested soil at two seasons, data 
indicate that, applied  diluted vinasse with or without 
the following mineral fertilizer's rates: Zero, 50 or 75 
% from the recommended dose led to slightly 
decrease the pH values gradually by increasing the 
rate of application either for vinasse alone (V) or 
vinasse enriched with macronutrients (Ve) as 
compared to the control at both tested seasons. This 
may be due to the increase of the vinasse rate, which 
led to slightly increase the insoluble acid fraction 
(Parnaudeau et al., 2007 and Paz et al.,2009) because  
vinasse is an acidic liquid with pH between 4 and 5 ( 
Carmen and Pmp, 2006). On the other hand, the 
values of pH were increased gradually by increasing 
the mineral fertilization rate either with both vinasse 
amendment treatments (V) or (Ve) in both tested 
seasons.   
 
1. 2. Electric conductivity (EC)   
          Results show that, the values of EC in soil at 
both seasons, generally, were increased by increasing 
the rate of vinasse (V) or ( Ve ). This may be led to 
increase the concentration of dissolved salts in the 
vinasse and especially the monovalent cations, 
(Tejada and Gonzalez, 2005). Moreover, enriched 
vinasse with macronutrients caused a significant 
increase in EC values as compared to the control or 
the other tested treatments. 
 
1.3 Availability of macronutrients  
    Macronutrients availability in the tested soil, at 
the two seasons, were affected by combined vinasse 
amendment with different rates of mineral fertilizers 
(MF). Values of macronutrients N, P and K were 
increased due to increasing the rate of both two 
vinasse amendment types, i.e., (V) and (Ve). 
Moreover, data presented indicated significant 
increases in available N, P and K in a case of (Ve) as 
compared to (V) treatment. This may be due to its 
high organic matter content, nitrogen and potassium 
concentration (Madejon et al., 2001). However, the 
addition of mineral fertilization led to significant 
increase in available N, P and K with increasing the 
mineral fertilizer's rates in comparison to vinasse 
alone treatments (Paz et al., 2009).  
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Table (3) Effect of applied different rates of Vinasse  as partially replace to mineral fertilizers  on some 
chemical properties of the tested soil for both seasons 

 
Treatments First Season Second Season 

Mineral Vinasse Vinasse   Available  of 
NPK  nutrients (ppm) 

  Available of 
NPK  nutrients (ppm) 

 fertilizers rates enriched with pH E C    pH EC 
(MF)  nutrients  ds/m N P K  ds/m N P K 

Control   8.20 0.80 100. 24.7 87.0 8.30 0.90 102 26.2 99.0 
             

Zero % V1 Without 7.80 1.10 82.0 8.2 82.0 7.80 1.10 99.4 10.8 98.0 

 V2  7.60 1.10 90.0 14.5 136 7.60 1.10 101 16.0 148 

 V3  7.50 1.10 95.0 19.3 198 7.40 1.10 102 20.7 206 

Mean   7.60 1.10 89.0 14.0 138 7.60 1.10 101 15.8 151 

50% V1  8.00 1.10 99.0 28.0 132 8.00 1.10 102 30.0 136 

 V2  7.90 1.20 100. 30.7 145 7.80 1.10 102 32.0 165 

 V3  7.60 1.20 102. 40.4 289 7.50 1.20 103 50.0 280 

Mean   7.80 1.20 100. 33.0 188 7.80 1.10 102 37.3 194 

75% V1  8.00 1.10 103. 24.2 280 8.00 1.10 105 26.5 288 

 V2  7.90 1.10 105. 29.0 350 7.90 1.10 106 30.8 366 

 V3  7.80 1.20 106. 32.0 369 7.60 1.20 107 34.0 389 

Mean   7.90 1.10 104 28.4 333 7.80 1.20 106 30.4 348 

 Mean 7.80 1.10 98.1 25.1 220 7.70 1.10 103 27.9 231 

Zero % V1 With 8.10 1.10 98.0 17.0 115 8.20 1.10 102 19.5 117 

 V2  7.60 1.20 117.0 22.7 145 7.60 1.10 120 24.3 150 

 V3  7.60 1.20 120.0 24.0 287 7.60 1.20 122 25.6 292 

Mean   7.70 1.20 111.7 21.2 182 7.80 1.10 114 23.1 186 

50% V1  8.40 1.20 100.0 22.0 137 8.20 1.20 105 23.1 148 

 V2  7.90 1.20 120.0 28.0 270 7.90 1.20 126 29.1 286 

 V3  7.80 1.50 127.5 43.0 298 7.70 1.30 129 48.6 294 

Mean   8.00 1.30 115.8 31.0 235 7.90 1.20 120 33.6 242 

75% V1  8.40 1.10 100.8 37.6 289 8.60 1.10 112 39.9 290 

 V2  7.90 1.20 127.4 43.5 370 8.00 1.20 129 49.3 383 

 V3  7.80 1.60 97.2 17.8 74.5 7.70 1.30 102 20.0 85.9 

Mean   8.10 1.30 108.5 33.0 244 8.10 1.20 114 36.4 253 

 Mean 7.90 1.20 112.0 28.4 220 7.90 1.20 116 31.0 227 
LSD (0.05) for 
Vinasse enrichment (A) 
Mineral fertilizer (B) 
Vinasse (C) 
A*B 
A*C 
B*C 
A*B*C 

 
0.05 
0.02 
0.03 
0.02 
0.03 
0.03 
0.05 

 
0.007 
0.008 
0.010 
0.006 
0.009 
0.009 
0.017 

 
1.38 
0.82 
0.64 
1.43 
1.10 
1.10 
1.91 

 
0.94 
0.91 
0.61 
1.59 
0.61 
0.61 
1.05 

 
1.47 
1.35 
2.41 
2.34 
2.41 
2.41 
4.17 

 
0.27 
0.14 
0.11 
0.24 
0.19 
0.19 
0.34 

 
0.024 
0.019 
0.018 
0.033 
0.030 
0.030 
0.052 

 
1.40 
0.90 
0.80 
1.30 
1.00 
1.00 
1.60 

 
0.98 
0.80 
0.75 
1.40 
0.82 
0.50 
1.00 

 
1.52 
1.26 
2.72 
2.00 
2.31 
2.60 
4.00 

 
2- Influence of applied diluted vinasse as a 
fertilizer source partially replacing with mineral 
fertilizers on macronutrients uptake in straw and 
grains of wheat plants.   
 Regarding the effect of vinasse amendment 
alone (V) or (Ve) and the rate of mineral fertilizers on 
nutrient uptake by both straw and grains of wheat 
plants grown  in sandy soil, data in Table (4) 

indicated that vinasse amendment as (V) or (Ve) 
applied with mineral fertilizers at 50 and 75 % from 
the recommended dose caused a significant increase 
in N,  P and K uptake in both wheat straw and grains 
than vinasse without mineral fertilizers (MF). 
Generally low level of vinasse (V1) combined with 
either 50 or  75 % (MF) had secured a higher N,  P 
and K uptake for straw than the control treatments or 
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zero (MF) . However, (Ve) amendment caused a 
higher N, P and K uptake than vinasse alone or 
control treatments with different rate zero, 50 or 75 % 
of (MF). The highest N, P and K uptake (55.6, 22 and 
96.8) and (77.4, 24.1 and 13.1) kg/ fed in straw and 
grain, respectively was recorded in case of   treatment   
(Ve2 +75 % MF). These values were significantly 
higher than that recorded by the treatment of  V2 +75 
% MF without enriched by N,  P and K due to a  

general increase of the root system area in case of  
Ve2 +75 % MF and not to any specific enhancement 
of the normal ion uptake mechanism ( Murty and 
Ladha, 1988). Results also,  mentioned that N,  P and 
K uptake decreased significantly by increasing the 
rate of (Ve)  in case of treatment Ve3+75%MF.   
 
 

 
Table (4) Uptake of macronutrients (kgfed-1)on wheat plants as affected by applied different rates of mineral 

fertilizers as a partially replacing by Vinasse  
Treatments Uptake  (kgfed-1) 

Mineral Vinasse Vinasse First Season Second Season 

fertilizers Rates enriched with  
Straw   Grain  Straw Grain 

(MF)  nutrients N P K N P K N P K N P K 

Control   22.4 8.50 35.1 57.0 17.5 11.3 23.0 7.40 35.0 58.0 18.2 11.5 

               

Zero % V1 Without 7.3 2.10 14.6 25.9 7.7 5.00 10.0 2.20 13.2 25.5 8.20 6.00 

 V2  12.0 4.40 25.5 39.2 12.4 7.00 13.0 4.30 26.3 39.9 13.7 7.40 

 V3  17.8 7.10 36.4 41.9 14.2 7.80 16.9 7.00 37.2 43.4 14.6 7.90 

Mean   12.4 4.53 25.5 35.7 11.4 6.60 13.3 4.50 25.6 36.3 12.2 7.10 

50% V1  24.6 9.20 50.9 37.4 11.6 7.70 23.7 8.40 46.0 38.2 11.0 6.80 

 V2  24.9 9.20 52.9 47.7 14.5 9.50 24.0 9.30 54.0 46.9 15.2 9.40 

 V3  28.3 12.6 78.5 66.7 20.4 13.4 29.3 11.2 79..6 56.9 18.7 14.0 

Mean   25.9 10.3 60.8 50.6 15.5 10.2 25.7 9.63 59.9 47.3 14.9 10.1 

75% V1  27.4 10.5 56.7 53.7 17.9 11.9 27.3 9.40 59.5 50.7 19.2 12.0 

 V2  28.2 11.0 60.8 55.7 15.9 10.9 29.4 10.0 62.5 56.2 20.0 13.2 

 V3  31.9 16.5 89.7 75.4 22.1 17.3 30.2 17.2 88.2 77.2 22.2 16.9 

Mean   29.2 12.7 69.1 61.6 18.6 13.4 28.9 12.2 70.1 61.4 20.5 14.0 

 Mean  22.5 9.18 51.8 49.3 15.2 10.1 22.6 8.78 51.9 48.3 15.9 10.4 

Zero % V1 With 17.6 5.50 33.9 32.2 9.50 6.30 18.4 6.40 32.2 30.4 9.70 7.40 

V2  19.0 6.00 39.4 42.2 14.6 9.10 18.6 6.50 39.7 44.2 15.2 10.0 

 V3  20.5 6.70 41.8 47.5 15.4 9.90 20.7 7.00 42.7 45.9 16.7 11.0 

Mean   19.0 6.07 38.4 40.6 13.2 8.43 19.2 6.63 38.2 40.2 13.9 9.47 

50% V1  31.0 8.80 48.8 52.0 14.6 9.90 33.0 8.90 50.0 53.0 14.9 9.00 

 V2  42.8 15.5 72.5 71.6 21.4 11.6 39.5 14.6 62.7 73.0 21.0 12.0 

 V3  43.1 15.5 74.3 75.4 23.9 13.1 40.7 16.0 75.8 74.0 24.6 14.0 

Mean   38.9 13.3 65.2 66.3 19.9 11.5 37.7 13.2 62.8 66.7 20.2 11.7 

75% V1  35.9 16.1 58.0 69.0 18.9 13.1 36.6 17.0 60.2 70.0 19.0 13.2 

 V2  55.6 22.0 96.8 77.4 24.1 13.1 57.2 24.0 82.5 77.2 25.0 14.7 

 V3  25.3 6.60 49.3 53.7 16.9 6.50 24.7 7.00 50.4 63.2 19.2 6.50 

Mean   38.9 14.9 68.0 66.7 19.9 10.9 39.5 16.0 64.4 70.1 21.1 11.5 

 Mean  32.3 11.4 57.2 57.9 17.7 10.3 32.1 11.9 55.1 59.0 18.4 10.8 
LSD(0.05) for 
Vinasse enrichment (A) 
Mineral fertilizer (B) 
Vinasse © 
A*B 
A*C 
B*C 
A*B*C 

0.35 
0.31 
0.22 
0.31 
0.39 
0.39 
0.67 

0.22 
0.14 
0.10 
0.25 
0.18 
0.18 
0.31 

0.75 
0.66 
0.45 
1.15 
0.77 
0.77 
1.34 

4.53 
3.61 
3.31 
6.25 
5.73 
5.73 
9.93 

0.67 
0.12 
0.14 
0.20 
0.24 
0.24 
0.42 

0.32 
0.19 
0.20 
0.33 
0.35 
0.35 
0.60 

1.48 
0.57 
0.53 
0.99 
0.92 
0.92 
1.59 

0.63 
0.31 
0.33 
0.57 
0.57 
0.57 
0.98 

4.09 
0.54 
0.87 
0.93 
0.87 
0.89 
1.53 

1.76 
0.32 
0.52 
0.52 
0.93 
0.93 
1.61 

3.13 
0.61 
0.79 
0.85 
0.79 
0.79 
1.37 

0.87 
0.61 
0.72 
0.68 
0.72 
0.72 
1.25 
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3- Influence of applied diluted vinasse as partially 
replacing of mineral fertilizers on yield 
components of wheat plants    
            Data illustrated in Table (5) revealed that,  
wheat  yield (grains and straw) shows the highly 
significant effect of vinasse amendment with mineral 
fertilizers, especially V2, V3 with 50 %  (MF) and 
V1, V2, V3 with 75 %  (MF) at both tested seasons  
as compared to the control treatment.  Generally,  
yield components increased gradually by increasing 
the rate of vinasse amendment, especially for vinasse 
enriched with macronutrients combined with MF  (50 
%) but for  75 %  with V3 values of  yield 
components decreased significantly, but they were 
still over the control at both tested seasons, due to 
increasing the rate of vinasse enriched with 
macronutrients and MF (75 %), because of  its high 
concentration of monovalent cations, which may 
negatively affect on soil structure,  nutrient uptake 
and crop yield and quality (Tejada, and Gonzalez, 
2006). However, the highest significant increases in 

yield components (straw and grains) were obtained 
with the case of V2 enriched with macronutrients 
combined with MF (75 %) at both tested seasons as 
compared to the control treatment.  Obtained results 
are in agreement with Omar et al. (2000) who found 
that vinasse application plays as a soil conditioner, 
which improves the nutrient uptake and yield.   
    Thus, it could be concluded that application of 
vinasse to field crops is a viable method for its 
disposal. Furthermore, it has a direct effect as a good 
replacement for mineral fertilizers, and an indirect 
effect through improving the plant nutrients 
absorbance. Additionally, 25% of the mineral 
fertilizers required for wheat crop can be reduced by 
the partial use of vinasse when sprayed on the soil 
surface weekly at a rate of either 5 or 10 %. Also, 
when diluted vinasse was sprayed as 2.5 or 5% 
enrichment with 2% macronutrients, it led to reduce 
the mineral fertilizers by 50%. However, this work 
needs to be repeated for other crops rather than wheat 
to reach the level or recommendation.  

Table (5): Influence of applied diluted vinasse as a fertilizer source partially replacing with mineral fertilizers on yield components of 
wheat plants   

Treatments Yield components (Ton fed-1) 
Mineral fertilizers 

(MF) 
Vinasse 
rates 

Vinasse enriched with nutrients First       Season Second    Season 

Straw Grain Straw Grain 
Control   2.40 2.00 2.80 2.00 

       
Zero % V1 Without 1.00 1.20 1.40 1.00 

 V2  1.50 1.80 2.60 5.00 
 V3  2.10 1.90 3.00 2.00 

Mean   1.50 1.70 2.30 2.70 

50% V1  2.90 1.60 2.80 1.80 
 V2  2.90 2.10 2.90 2.00 
 V3  3.10 2.80 3.10 2.70 

Mean   3.00 2.20 2.90 2.20 

75% V1  3.00 2.30 2.90 2.00 
 V2  3.00 2.40 3.80 2.20 
 V3  3.40 3.00 3.10 2.90 

Mean   3.10 2.60 3.30 2.40 

 Mean  2.50 2.10 2.80 2.40 

Zero % V1 With 2.00 1.40 2.60 1.60 
 V2  2.00 2.30 3.00 2.00 
 V3  2.10 2.40 3.20 2.50 

Mean   2.00 2.00 2.90 2.00 

50% V1  2.90 2.00 2.90 2.00 
 V2  3.70 3.10 3.70 3.20 
 V3  3.50 3.30 4.30 3.50 

Mean   3.40 2.80 3.60 2.90 

75% V1  3.00 2.50 3.10 2.50 
 V2  4.50 3.30 3.90 3.50 
 V3  3.20 2.40 3.80 3.10 

Mean   3.50 2.70 3.60 3.00 
 Mean  3.00 2.50 3.40 2.60 

LSD (0.05) for 
Vinasse enrichment (A) 
Mineral fertilizer (B) 
Vinasse (C) 
A*B 
A*C 
B*C 
A*B*C 

 
0.219 
0.124 
0.110 
0.215 
0.19 
0.191 
0.331 

 
0.133 
0.120 
0.102 
0.208 
0.176 
0.176 
0.305 

 
0.162 
0.096 
0.092 
0.166 
0.160 
0.160 
0.277 

 
0.165 
0.160 
0.134 
0.278 
0.232 
0.232 
0.402 
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Abstract: This study was conducted to compare some faba bean (Vicia faba) cultivars (Giza 843, Nubaria 1 and 
Misr 1) on their reaction to Orobanche infestation by analyzing M1 generation using ISSR-PCR and protein 
electrophoresis techniques.  Gamma ray at 25 Gy was selected, based on preliminary and experimental results, to 
create possible beneficial effects on the host-parasite relationship between the tested cultivars and Orobanche. Data 
obtained by ISSR and protein electrophoresis showed that there were considerable genetic variation and different 
genetic responses between the three studied cultivars, irradiation and cultivars and cultivar /infection /irradiation. 
Some clear reproducible polymorphic products per ISSR primers were detected, such bands could be considered 
cultivar specific markers, and sequencing of these bands is the aim in future studies.  On the other hand, the results 
obtained showed that it should be considering genetic structure and cultivar typing on designing the crop for 
increasing faba bean yield and also the importance of gamma-rays to induce distinctive genetic effects for breeding 
proposes.  
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2010;8(11):252-260] (ISSN: 1545-0740). 
 
Key words: faba bean, ISSR, protein, gamma rays, mutation, broomrape. 
 
1. Introduction: 

Parasitic plants of the genus Orobanche 
(broomrapes) connects to dicotyledonous host plants 
using a special intrusive multicellular organ, the 
haustorium, and deprive water and nutrients from 
them. They are holoparasitic, devoid of leaves and 
totally dependent on their hosts. Survival of the 
parasite depends on its ability to establish contact 
with a host and develop a haustorium. Infestation of 
the crop by Orobanche is considered one of the most 
important factors reducing faba bean yields. 
        Broomrape (Orobanche crenata Forsk.) is a 
major root- parasite faba bean (Vicia faba L), that 
seriously limits crop cultivation in the whole 
Mediterranean area. This parasitic weed is difficult to 
control, difficult to evaluate and the resistance 
identified so far is of polygenic nature Diaz-Ruiz et 
al (2009). 
      Various techniques for controlling parasites 
are used including: mechanical control, physical 
control, biological control and integrated control. 
Chemical control can be developed into two groups: 
on one hand the controls of the vegetative stages 
through herbicides and on the other hand, the control 
of the generative stage, namely the seeds through soil 
decontamination agents, which kill the seed directly, 
and synthetic germination stimulants. Physical 
control, including cleaning of crop seeds, hand 

weeding, burning of weeded plants, deep ploughing 
and solarization. Integrated control of parasitic weed 
means to combine and to integrate different 
preventive measures and control instruments into the 
given farming system. Several studies showed that 
single methods are not sufficient to control parasitic 
weeds effectively. 

The possibility to obtain a desired effect on 
faba bean by physical mutagens may provide an 
indirect role in controlling Orobanche through the 
induction of benefit mutations. Addai and 
Safo-Kantanka (2006) subjected three soybean 
genotypes to (0, 50, 100, 150, 200, 250 and 300 Gy) 
of gamma irradiation. The 250 Gy dose reduced both 
percentage emergence and seedling height by about 
50% relative to the 0 Gy dose which served as the 
control and was therefore, used as the dosage 
appropriate for induced mutation for the genotypes. 
Román et al. (2002) used Inter Simple Sequence 
Repeat markers to assay the variation among and 
within populations of the parasitic weed Orobanche 
crenata from Spain and Israel. Fahmy et al. (2006) 
used ISSRs-PCR technique to get molecular markers 
for blast resistance. Fifteen primers were used to 
obtain ISSRs markers for blast disease, only 12 
succeeded in the DNA amplification. As a general 
conclusion, ISSRs are considered good molecular 
markers for blast disease study, especially when 
comparing parents, F1 and F2 individual plants. 
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 The aim of this study was to compare some 
faba bean cultivars on their reaction to Orobanche 
infestation by analyzing M1 generation using ISSR-
PCR and protein electrophoresis techniques. On the 
other hand, gamma rays at 25 Gy were used to create 
possible beneficial effects on the host – parasite 
relationship between the tested cultivars and 
Orobanche crenata. 
 
2. Materials and Methods 
     The present investigation was carried out during 
the two successive seasons of 2006-2007 in 
greenhouse of Botany Department, National 
Research Center, Dokki, Giza Egypt.Three cultivars 
(Giza 843, Nubaria 1 and Misr 1) differing in 
resistance phenotype against O. crenata were 
selected to carry out the resent study. Smaller doses 
of γ-rays were selected ranging from 3 Gy to 100 Gy. 
A sample of 100 uniforms, healthy dry seeds (10% of 
moisture) from each cultivar were arranged in 
monolayer in polyethylene bags and subjected to non 
lethal doses 3, 6, 12, 25, 50 and 100 Gy. The 
exposure time was exactly adjusted to allowing the 
seeds to receive the predetermined dose. Irradiation 
was achieved at the National Center for Radiation 
Research Technology, Cairo, Egypt. 
 Twenty pots (25 cm in diameter) filled with 
clay, and fine sand (2:1) were subjected for each 
mutagen treatment for each cultivar. The pots were 
prefertilized with 2.2 g super phosphate, 1.1 g 
potassium sulphate and 0.55 g calcium nitrate.  Pots 
were infected with (0.1 g seed/pot) Orobanche 
crenata beneath the soil surface. Seeds of faba bean 
were sown at 3 cm from the soil surface (7 seeds/pot). 
The pots were grouped for the following gamma rays 
treatments, 3, 6, 12, 25, 50 and 100 Gy for each 
tested cultivar. Each treatment was replicated 4 times. 
Another two groups of pots, one group was infected 
with Orobanche crenata seeds and sown with faba 
bean seeds being used as infected control and the 
second one was sown with faba bean seeds, served as 
non-infected unirradiated control Pots, were watered 
as required. Seeds (M1) of the previous groups were 
gathered, at physiological maturity, and were kept 
separately in sacks (bags) for the next investigation 
after dried in the sun for one week until seed 
moisture content reached 10%. 
 
Biochemical and molecular studies 
1. SDS- protein electrophoresis 

 Sodium dodecyle sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) was used to study the 
banding patterns of water-soluble protein of the 
studied cultivars, including the highly tolerant and 
sensitive cultivars for Orobanche crenata. Protein 

fraction was performed on a vertical slab (16.5 cm x 
18.5 cm x 0.2 cm) Hoefer E600, Amersham 
Pharmacia biotech according to the method of 
Laemmli (1970) as modified by Studier (1973). 

Seeds of M1 produced from the previous 
pot experiments of the three tested cultivars with 
their controls were used for this experiment. 
 Seeds were planted for 2 weeks, 0.5g fresh 
tissue was taken from different plantlets was 
homogenized in 2 ml of total protein extraction 
buffer & 2 ml of water-soluble protein extraction 
buffer. 
- Samples were transferred to Eppendorf tubes and 
left in the refrigerator overnight. 
-  Samples were then centrifuged at 12.000 rpm at 
4°C for 10 min. 
- The supernatants containing total protein and 
water-soluble protein were transferred to new 
Eppendorf tubes and kept at deep freezer until use 
for electrophoretic analysis. 
 
2. Inter simple sequence repeats (ISSRs) 
This technique was done at Genetic Dept, Faculty of 
Agricultural, Zagazig University. 

Other groups of M1 seed, infected and irradiated 
(25 Gy) with their controls were germinated for two 
weeks. DNA for ISSR analysis was isolated from the 
obtained plantlets according to the mini-premodified 
protocol described by Dellaporta et al. (1983). Such 
variants were chosen for this experiment because 
they exhibited remarkable dosage-infection 
responses for the three tested cultivars as shown from 
data obtained from morphological studies 
(Abdel-Hady et al. 2008). 
 
DNA isolation 

For each studied sample, 0.1 g of leaves was 
grinded in liquid nitrogen, 400µl extraction buffer 
plus 10 µl B-mercabtoethanol were added just before 
the extraction. Incubation in water bath at 65 °C for 
10 min was done. Three µl RNase was added, 
incubated for 15 min at 37 °C. Samples  were 
cooled to room temperature for 5 min, 400 µl of 5 M 
NaCl was added then incubated in (-20 °C) for 10 
min. Supernatant of each sample, after centrifugation 
at 10.000 rpm for 5 min, was transferred to new tube 
and 600 µl iso-propanol was added. Centrifugation 
was done again for 10 min at 13.000 rpm. One ml of 
70% ethanol was added to pellet and centrifugation 
for 1 min at 13.000 rpm was carried out. The pellet 
was air dried after ethanol aspiration. The obtained 
pellet was dissolved in 50 µl TE buffer, dehydrated at 
65 °C for one hour or over night at 4°C. 

 
A number of ISSR primers (Sigma) were initially 
screened to identify well amplified polymorphic 
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bands among the studied samples. Four primers that 
had a high level of polymorphism and the best 
readability were used for polymerase chain reaction 
amplification Table.  (1) shows the code numbers 
and sequence of the ISSR primers of oligonucleotide.  
 
Table (1). Inter simple sequence repeat primers used 

in the amplification reaction. 
Primer Nucleotide sequence  5`—3` 

17899A CACACACACACAAG 
17899B CACACACACACAGG 

HB8 GAGAGAGAGAGAGG 
HB10 GAGAGAGAGAGACC 

 
PCR and gel electrophoresis were carried 

out as described in (Williams et al., 1990) 
 Amplification condition consists of pre 
denaturation at 94 °C for 5 min., followed by 40 
cycles for 30 sec. at 94°C (denaturation), 45 sec. at 
42°C (annealing), 1.5 min. at 72°C (elongation), 1 
cycle of 10 min at 72 °C (final extension) and 4 °C 
(infinitive). Annealing temperature was calculated as 
: Tm = [ 4(C+G) + 2 (A+T)]. 
    The amplified products were visualized in 2% 
agarose gel containing 0.5 µg ml-1 of ethidium 
bromide. The bands were scored by the molecular 
weight marker and as present (1) or (0) for each 
studied sample. Weak bands were excluded. The 
possible induced effect of γ-rays-infection between 
the studied cultivars was measured by the percentage 
of the polymorphic band, calculated by dividing the 

number of polymorphic bands for each studied 
cultivar by the total number of band surveyed. 

A dendrogram was constructed by an 
Unweighted Paired Group Method of cluster analysis 
using arithmetic averages (UPGMA). The 
relationships among cutivars & treatments as 
revealed by dendrograms were done using 
NTSYSpc21 windows program. 
 
3.  Results and Discussion 
Biochemical genetic markers 
Water-soluble protein  
     SDS-PAGE patterns of water soluble protein 
fractions for the M1 plantlets of the progeny of the 
three studied cultivars were shown in Tables (2-4). 
 The cultivar Nubaria 1 showed the banding 
patterns (Table 2), band number 4 at molecular 
weight 143.95 appeared under the infected condition. 
This band may be referred to the infection stress. The 
infected irradiated at 25 Gy treatment showed the 
presence of two bands at number 6 and 9 at 
molecular weight 86.72and 27.5 KDa. These bands 
may be linked with Orobanche tolerance. Another 
unique band (with MW 95.1) was recorded in case of 
the infected irradiated at 50 Gy treatments only. On 
the other hand, band number 4 (143.95KDa) was 
disappeared due the irradiated effect in comparison 
with infected one (Table 2). 
 
 

 
Table (2). Densitometric analysis for water-soluble protein profile of Nubaria 1 cultivar under the different 
treatments of infection and irradiation. 
 

Treatments Band No. MW 
KDa 1* 2* 3* 4* 5* 6* 7* 

1 175.54 0 0 0 0 0 0 0 
2 158.43 1 1 1 0 0 0 0 
3 150.12 0 0 0 0 0 0 0 
4 143.95 0 1 0 0 0 0 0 
5 95.1 0 0 0 0 0 0 1 
6 86.72 0 0 0 0 0 1 0 
7 64.5 0 0 0 0 0 0 0 
8 28.1 0 0 0 0 0 0 0 
9 27.5 0 0 0 0 0 1 0 

   
     The cultivar Giza 843 showed the different 
banding patterns in Table (3). The presence of band 
number 3 at molecular weight 119.02 KDa under the 
infected treatment may be due to the infected stress, 
which was not found under control conditions. On 

the other hand, band numbers 5 and 14 at molecular 
weights 108.55 and 12.33 KDa, were absent under 
the infected condition. Band number 7 at molecular 
weight 61.21 KDa appeared under the infected 
irradiated treatment, while this band absent under the 
control and the infected condition. This band could 

1*= Control 2*= Infected 3*= 3 Gy with infection 4*= 6 Gy with infection 
5*= 12 Gy with infection 6*= 25 Gy with infection 7*= 50 Gy with infection  
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be considered as a positive marker for the infected 
irradiated treatments. High doses of gamma-rays 
induced specific band with MW 7.0 in the infected 

treatment. 
 

 
Table (3). Densitometric analysis for water-soluble protein of Giza 843 cultivar under the different treatments of 

infection and irradiation. 
Treatments Band No. MW 

KDa 1* 2* 3* 4* 5* 6* 7* 

1 182.9 0 0 0 0 0 0 0 
2 131.19 0 0 0 0 0 0 0 
3 119.02 0 1 0 0 0 1 1 
4 113.97 0 0 1 0 1 0 0 
5 108.55 1 0 0 1 0 0 0 
6 85.19 0 0 0 0 0 0 0 
7 61.21 0 0 1 1 1 1 0 
8 59.01 0 0 0 0 0 0 0 
9 53.44 0 0 0 0 0 1 0 

10 49.43 0 0 1 1 1 0 0 
11 44.87 0 0 0 0 0 1 0 
12 38.34 0 0 0 0 0 0 0 
13 26.4 0 0 0 0 0 0 0 
14 12.33 1 0 0 0 0 0 0 
15 7.99 0 0 1 1 0 0 0 
16 7.0 0 0 0 0 1 1 1 

 
Banding pattern of water-soluble protein of 

the bulked leaves collected from the M1 progeny of 
Misr 1 was shown in Table (4). This cultivar exhibits 
band number 2 under the infected condition as 
compared with control.  Bands 4, 8 and 9 with 
molecular weights 89.15, 49.43 and 42.77 KDa 
respectively were appeared in both infected and 
control samples. Band number 3, at molecular weight 
93.44 KDa appeared only under the infected 
irradiated treatment at 6 Gy, as compared with the 
infected treatment and control one, this may be 

referred to the irradiated effect. Band number 6 at 
molecular weight 65.03 KDa induced only under the 
infected irradiated treatment at 12 Gy. This band and 
the previous one could be considered as a positive 
marker for this dose. The disappearance of band 
number 8 at molecular weight 49.43 KDa in all the 
infected irradiated treatment as compared with the 
control and the infected condition. The absence band 
under these treatments due to the irradiated effect. 

 

 
Table (4). Densitometric analysis for water-soluble protein of Misr 1 cultivar under the different treatments of 

infection and irradiation. 
Treatments Band 

No. 
MW 
KDa 1* 2* 3* 4* 5* 6* 7* 

1 149.91 0 0 0 0 0 0 0 
2 117.71 0 1 0 0 0 0 0 

3 93.44 0 0 0 1 0 0 0 
4 89.15 1 1 1 0 1 1 0 
5 82.39 0 0 0 0 0 0 0 
6 65.03 0 0 0 0 1 0 0 
7 51.52 0 0 0 0 1 1 0 
8 49.43 1 1 0 0 0 0 0 
9 42.77 1 1 0 0 1 1 0 

1*= Control 2*= Infected 3*= 3 Gy with infection 4*= 6 Gy with infection 
5*= 12 Gy with infection 6*= 25 Gy with infection 7*= 50 Gy with infection  
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The results of the SDS-protein banding 
pattern of water-soluble proteins illustrated that the 
three cultivars showed different responses under the 
tested factors. The results indicated also that the 
combination treatments of infection and irradiation 
specially the infected irradiated at 25 Gy showed 
new bands in some cases, which were not found 
under the infected condition. Such bands may be 
responsible for Orobanche tolerance.  
 The results were agreed with Al Shabi (2002) 
who detected some specific protein bands associated 
with iron deficiency stress in sensitive Sorghum 
cultivars. El-naggar (2005) who found that the F1 
plants of the sensitive parent had more bands than 
the tolerant parent. Also, the sensitive F2 plants had 
more bands under iron deficiency treatment 
compared with the tolerant F2 plants.  
 Castillejo et al., (2004) in their study to identify 
the response of P. sativum to the Orobanche infection. 
Their results revealed that the parasite infection led 
to a decrease in the amount of proteins matching 
with enzymes involved in the energetic metabolism 
in the susceptible genotype. They discussed their 
results in terms of changes in the carbohydrate and 
nitrogen metabolism and induction of defense protein 
in response to broomrape parasitism. 

Azzam et al., (2007a) reported that irradiation 
caused several types of reaction on proteins. One 
type of reaction leads to the breaking of a small 
number of peptide bonds to form polypeptides of 
shorter length than the original protein. Radiation can 
also lead to aggregation or cross linking of individual 
polypeptide chains resulting in protein denaturation. 
The third type of reaction involves the reaction of 
amino acids in the polypeptide chain with the free 
radicals from water without the breaking of peptide 
bonds. The authors build their opinion according to 
the previous ones reported by Diehl (1995) and Choi 
and Hwang (1997).  
 
Molacular markers          
          Inter-simple sequence repeat (ISSR) 
markers, in the present study, were used to identify 
the genetic diversity among three faba bean cultivars 
under 25 Gy irradiation and infection with 
Orobanche. Also, dendrogram tree was used to 
assess knowing the relationships among the three 
cultivars and their responses to the treatments. Four 
oligonucleotides primers were used in PCR 
amplification of inter simple sequence repeat 
regions. 
 Four selected primers developed PCR products, 

namely HB10, 17899A, 17899B and HB8. 
Amplification products of the four primers were 
recorded as present (1) or absent (0).  The total 
number of bands which developed through each of 
these four primers were 4, 4, 2 and one respectively 
and the approximate size of the products ranged from 
600-1251 bp Tables (5-8), Figs. (1-4). Detection of 
specific markers for Orobanche tolerance was 
recorded among the PCR products obtained. 
      Primer HB10 pattern showed different 
fragments with size ranging from 600 to 1251 bp 
(Table 5) which showed polymorphic patterns 
(100%). The cultivar (Misr 1) was characterized by 
the presence of three bands, which were not found in 
the sensitive cultivar (Nubaria 1) these three bands 
with numbers 2, 5 and 8 with molecular size 1221, 
1004 and 805 bp respectively. These bands may be 
considered as specific markers for Orobanche 
tolerance.( Fig.1). 
 In contrast, in case of the sensitive one, HB10 
primer could amplify 3 fragments (1, 9 and 12) with 
molecular size 1251, 786 and 678 bp respectively; 
such fragments could be considered as specific ones 
for these cultivars. On the other hand, HB10 failed to 
amplify fragments from extracted DNA of Giza 843 
cultivar (control & infected). 
 

 
Fig. (1). Amplified fragments generated by PCR 
using ISSR primer (HB10) composed of (GA) 6CC. 
 
M= marker;   Nc =control;  N1 infected; N25= 
infected irradiated – Gc= control ;  GI= infected; 
G25= infected irradiated  -  Mc= control;  Mi= 
infected ; M25= infected irradiated. 
 Application of 25 Gy γ-rays, HB10 primer 
could  amplify 3 fragments from DNA extracted 
from Nubaria 1 progeny (7, 11 and 15); 4 fragments 

1*= Control 2*= Infected 3*= 3 Gy with infection 4*= 6 Gy with infection 
5*= 12 Gy with infection 6*= 25 Gy with infection 7*= 50 Gy with infection  
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from DNA extracted from Giza 843 planlets (2, 5, 10 
and 15). No products in case of Misr 1 cultivar. 

 
Table (5). DNA polymorphism among the three 

studied cultivars and under the different 
treatments with primer HB10. 

 
Lane 

Nubaria 1 Giza 843 Misr 1 
Band 
No. 

 

 
MW 
bP 1* 2* 3* 1* 2* 3* 1* 2* 3* 

1 1251 1 1 0 0 0 0 0 0 0 
2 1221 0 0 0 0 0 1 1 0 0 
3 1054 0 0 0 0 0 0 0 0 0 
4 1029 0 1 1 0 0 0 0 0 0 
5 1004 0 0 0 0 0 1 1 0 0 
6 888 0 0 0 0 0 0 0 0 0 
7 867 0 0 1 0 0 0 0 0 0 
8 805 0 0 0 0 0 0 1 0 0 
9 786 1 1 0 0 0 0 0 0 0 

10 746 0 0 0 0 0 1 0 0 0 
11 712 0 0 1 0 0 0 0 0 0 
12 678 1 0 0 0 0 0 0 0 0 
13 630 0 0 0 0 0 0 0 0 0 
14 615 0 0 0 0 0 0 0 0 0 
15 600 0 0 1 0 0 1 0 0 0 

1*= Control 2*= 

Infected 

3*= 25 Gy 

infection 

 
Primer HB8 

 There was one polymorphic band at molecular 
size 1004 bp. There was one positive molecular 
marker which was appeared in the tolerant cultivar 
Misr 1 under the control conditions. 
  Under infection with Orobanche and 
combination treatments HB8 primer could amplify 
such a fragment in case of the other two studied 
cultivars (Table 6) and (Fig. 2). 

Primer 17899A pattern resulted in six fragments 
with molecular sizes ranging from 648 to 1008 bp 
Table7 (Fig. 3) which showed polymorphic patterns 
(100%). There was a specific band in the cultivar 
Misr 1 progeny. This band with a number (1) at 
molecular size 1008 bp. It could be considered as a 
positive marker for Orobanche tolerance. Brimer 
17899A has the ability to amplify 2 specific 
fragments (2 &6) from the sensitive progeny 
(Nubaria 1). 

 
 
 
 
 

 
Fig. (2). Amplified fragments generated by PCR 

using ISSR primer (HB8) composed of (GA) 
6GG. 

M=marker; Nc=control; N1 infected; N25= infected 
irradiated – Gc=control; GI=infected; G25= infected 
irradiated - Mc=control; Mi=infected; M25= infected 
irradiated. 

 
Table (6). DNA polymorphism among the three studied 

cultivars and under the different treatments with 
primer HB8. 

 
Lane 

Nubaria 1 Giza 843 Misr 1 

Band 

No. 

 

MW 
bP 

1* 2* 3* 1* 2* 3* 1* 2* 3* 

1 1004 0 1 1 0 1 1 1 0 0 

 

Fig. (3). Amplified fragments generated by PCR 
using ISSR primer (17899A) composed of 
(CA) 6AG.  

M= marker; Nc=control; N1 infected; N25= infected 
irradiated – Gc=control; GI=infected; G25=infected 
irradiated - Mc=control; Mi=infected; M25= infected 
irradiated. 
 
-Primer 17899A 

 Under Orobanche infection treatment, primer 
17899A was able to produce amplified fragments 
with molecular size 708 bp (band 5) from DNA 

1*= Control 2*= Infected 3*= 25 Gy infection 
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extracted from Misr 1 progeny and another one with 
molecular size 923 bp (band 3) from DNA of Giza 
843 progeny (Fig. 3).  
 

 
Table (7). DNA polymorphism among the three 

studied cultivars and under the different 
treatments with primer 17899A. 

Lane 

Nubaria 1 Giza 843 Misr 1 

Band No. 
 

 
MW 
bP 

1* 2* 3* 1* 2* 3* 1* 2* 3* 
1 1008 0 0 0 0 0 0 1 1 0 

2 965 1 0 0 0 0 0 0 0 0 

3 923 0 0 0 0 1 0 0 0 0 

4 809 0 0 0 0 0 0 0 0 0 

5 708 0 0 0 0 0 0 0 1 0 

6 648 1 0 0 0 0 0 0 0 0 

-Primer 17899B 

 Primer 17899B pattern resulted in eight 
fragments with molecular sizes ranging from 676 and 
1030 bp (Fig. 4). There was a positive marker for 
Orobanche tolerant. This band number 8 at 
molecular size 793 bp which was found in the 
tolerant cultivars Misr 1 and Giza 843, while this 
band was absent in the sensitive cultivar (Nubaria 1). 
On the other hand, there were four bands in sensitive 
cultivar (1, 3, 7 and 11) under Orobanche infection.  
These four bands at molecular size 1030, 930, 804 
and 676 bp respectively could be negative markers 
for such a cultivar progeny. 
 Fragment number 4 at molecular size 903 bp 
appeared only in Giza 843, this fragment considered 
as specific marker for this tolerant cultivar using 
such tested primer. Fragment number 6 at molecular 
size 865 bp appeared only in Giza 843 under the 
irradiated treatment at 25 Gy, this fragment 
considered as positive marker for this tolerant 
cultivar under this treatment. 

Fig. (4). Amplified fragments generated by PCR 

using ISSR primer (17899B) composed of (CA) 

6GG. 

M=marker; Nc=control; N1 infected; N25= infected 
irradiated – Gc=control; GI=infected; G25=infected 
irradiated - Mc=control; Mi= infected; M25= 
infected irradiated. 

 
Table (8). DNA polymorphism among the three 

studied cultivars and under the different 
treatments with primer 17899B. 

Lane 
Nubaria 1 Giza 843 Misr 1 

Band 
No. 

 

 
MW 
bP 1* 2* 3* 1* 2* 3* 1* 2* 3* 

1 1030 0 1 0 0 0 0 0 0 0 
2 1000 0 0 0 0 0 0 0 0 0 
3 930 0 1 0 0 0 0 0 0 0 
4 903 0 0 0 1 0 0 0 0 0 
5 890 0 0 0 0 0 0 0 0 0 
6 865 0 0 0 0 0 1 0 0 0 
7 804 0 1 0 0 0 0 0 0 0 
8 793 0 0 0 1 0 0 1 0 0 
9 759 0 0 0 0 0 0 0 0 0 
10 706 0 0 0 0 0 0 0 0 0 
11 676 0 1 0 0 0 0 0 0 0 

1*= Control 2*= Infected 3*= 25 Gy 

infection 

At the level of ISSRs molecular markers, four 
primers showed specific markers for the studied 
traits. These results confirmed the useful applying of 
ISSRs-PCR analysis to detect the genetic variability 
between genotypes, which agreed with Blair et al. 
(1999) and Joshi et al. (2000) who demonstrated that 
ISSR markers are a valuable method for detecting 
genetic variability among rice varieties and for 
rapidly identifying cultivars. Ratnaparkhe et al. 
(1998) indicated that ISSRs markers can be used as 
highly informative markers for genome mapping and 
gene tagging linked to a disease resistance. 
 El-naggar (2005) detected some specific ISSR 
molecular markers associated with iron deficiencies 
to tolerance in maize. Furthermore, Ghareeb (2006) 
indicated some molecular markers for burchid 
resistant in faba bean for parents, F1 and F2 
individual genotypes.   
           Dendrogram for the genetic 
relationships among three faba bean cultivars under 
control, infection with Orobanche crenata and the 
infected irradiated with 25 Gy was carried out as in 
Fig. (5). The three faba bean cultivars under 
treatments were separated into two clusters; cluster 
one included Nubaria 1 under the infection. Cluster 
two divided into three subclusters, the first one 
contained Nubaria 1 cultivar (control). The second 
subcluster Nubaria 1 under the infected with 25 Gy, 
Giza 843 (control), Giza 843 under the infection, 
Misr 1 under the infection and Misr 1 under the 
infected irradiated with 25 Gy. The third subcluster 

1*= Control 2*= Infected 3*= 25 Gy infection 
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contained Giza 843 under the infected irradiated with 25 Gy and Misr 1 (control). 

Co eff ic ien t
0 . 77 0 .81 0 .8 4 0 .8 8 0 . 9 1

N 2 5

 N C 

 N 2 5  

 GC  

 GI  

 M i 

 M 2 5  

 G2 5  

 M C  

 N I  

 

Nc= Nubaria 1 (control), NI= Nubaria 1 (infected), N25= Nubaria 1 (under infected irradiation)  
Mc=Misr 1 (control), MI= Misr 1 (infected), M25= Misr 1 (under infected irradiation) Gc= Giza 843 (control), GI= 
Giza 843 (infected), G25= Giza 843 (under infected irradiation) 
 
Fig. (5). Dendrogram for the genetic distance between three faba bean cultivars under the infected and irradiated 

with gamma rays treatments based on ISSR-PCR analysis. 
 
 

Mahmoud (2004) stated that the correlation 
between induced resistance and some biochemical 
changes in plant tissues like increased the activity of 
enzymes and appearance of new polypeptides protein 
has become a model in the study of plant disease 
resistance, this biochemical change become a marker 
to inducer resistance. 
 From the obtained data, in our study, we can 
consider that 25 Gy became a marker to inducer 
resistance to Orobanche in some faba bean cultivars. 
 ISSR-PCR markers provide a quick, reliable 
and highly informative system for DNA 
fingerprinting. ISSR markers were used in the 
present study to detect genetic responses of the 
studied cultivars towards the broomrape infestation 
and to illustrate the effect of 25 Gy doses on the 
genome. The amplified fragments revealed 11 
fragments of different sizes were detected. 
Percentage of polymorphic bands was 100%. Primer 
HB10 indicated three bands presence in the sensitive 
cultivar (Nubaria 1) and absence in tolerance cultivar 
(Giza 843 and Misr 1) with molecular weight 1251, 
786, 678 bp. 
 Primer 17899A showed that a positive 
molecular marker for Orobanche tolerance at 1008 
bp which was generated in the tolerant cultivar Misr 
1. 
            ISSR primer 17899B could generate a 
specific fragment of 793 bp which in the tolerant 
cultivars Misr 1 and Giza 843.The obtained bands in 
the present study could be considered cultivar-

specific markers. Direct sequencing of the unique 
bands may be useful for future studies Several. 
authors (Guo et al., 2005; Khaleifa et al., 2006 and 
Azzam et al., 2007b) used molecular marker in 
peanut to identify the molecular marker(s) associated 
with resistance to TSWV; leaf spots and pod rot 
resistance/susceptibility. (Torogood and Hiscock 
2010) suggested that difference in signal 
responsiveness and perception by the parasites, as 
well as, qualitative differences in signal production 
by the host, may elicit hots specificity in Orobanche.  
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ABSTRACT: Problem Statement. Continuous use of mineral fertilizer in tropical soils is associated with reduced 
crop yield, increased soil acidity and nutrient imbalance. A combination of organic materials and mineral fertilizer is 
better fertilizer management for these soils. Approach:Performance of Okra (Abelmoschus esculentus L Moench) 
was assessed using synthetic NPK fertilizer alone, organic materials alone, or a mix of the two. Results:Application 
of 60 kg N + 2.5 Mt·ha-1 organic fertilizer produced the tallest plants, 57 cm. Application of 60 kg N + 2.5 Mt·ha-1 
poultry manure (PM) and with Gliricidia leaves produced plants of 53 and 51 cm, respectively. Stem circumference 
and leaf area followed the same trend. Application of 60 kg N + 2.5 Mt·ha-1 Organic-based Fertilizer (OBF) 
produced the highest yield, 3.58 Mt·ha-1 which was similar to 3.29 and 3.20 Mt·ha-1 from applications of 60 kg N + 
2.5 Mt·ha-1 PM and Gliricidia leaves, respectively. Okra leaf N and P contents were increased by 37 and 130% 
respectively, with Gliricidia leaves.  Conclusion: Complementary application of 2.5 tonnes OBF and 60kg N as 
NPK 20-10-10 most favoured Okra growth and yield.  
[M.O. Akande, F.I. Oluwatoyinbo, E.A. Makinde, A.S. Adepoju and I.S. Adepoju. Response of Okra to Organic and 
Inorganic Fertilization. Nature and Science 2010;8(11):261-266] (ISSN: 1545-0740). 
 
Keywords: Abelmoschus esculentus, fertilizer, manure, soil nutrients, yield  
 
INTRODUCTION 

Soil productivity maintenance is a major 
constraint of tropical agriculture. Crop cultivation is 
usually moved between fields to utilize only fertile 
soils for some years without use of fertilizers. 
However, this cannot be sustained to meet increased 
demand of an increasing population. 

Tropical soils are adversely affected by sub-
optimal soil fertility and erosion, causing 
deterioration of the nutrient status and changes in soil 
organism populations (Economic Commission for 
Africa, 2001). Use of inorganic fertilizers can 
improve crop yields and soil pH, total nutrient 
content, and nutrient availability, but its use is limited 
due to scarcity, high cost, nutrient imbalance and soil 
acidity.  Use of organic manures as a means of 
maintaining and increasing soil fertility has been 
advocated (Rodale, 1984; Alasiri and Ogunkeye, 
1999; Smil, 2000). Animal manures, when efficiently 
and effectively used, ensure sustainable crop 
productivity by immobilizing nutrients that are 
susceptible to leaching. Nutrients contained in 
manures are released more slowly and are stored for a 
longer time in the soil ensuring longer residual 
effects, improved root development and higher crop 
yields (Sharma and Mittra, 1991; Abou El Magd et 
al., 2005). Manures are usually applied at higher 
rates, relative to inorganic fertilizers. When applied at 
high rates, they give residual effects on the growth 
and yield of succeeding crops (Makinde and Ayoola, 

2008) Improvements of environmental conditions as 
well as the need to reduce cost of fertilizing crops are 
reasons for advocating use of organic materials (Bayu 
et al., 2006). Organic manures improve soil fertility 
by activating soil microbial biomass (Ayuso et al., 
1996). Application of manures sustains cropping 
system through better nutrient recycling (El-
Shakweer et al., 1998). Manures provide a source of 
all necessary macro- and micro-nutrients in available 
forms, thereby improving the physical and biological 
properties of the soil (Abou El-Magd et al., 2006). 

Mixing organic and inorganic fertilizers may 
be a sound soil fertility management strategy in many 
countries. Apart from enhancing crop yields, the 
practice has a greater beneficial residual effect that 
can be derived from use of either organic or inorganic 
fertilizers applied alone. Makinde et al. (2001) 
reported that maize (Zea mays L.) yields obtained 
from application of a combination of synthetic 
fertilizer and manure improved yield over that from 
manure alone. Akande et al. (2003) reported that 
combined use of ground rock phosphate applied 
together with poultry manure significantly improved 
growth and yield of Okra (Abelmoschus esculentus L 
Moench) compared to application of each material 
separately.  Akanbi et al. (2005) reported that the 
combined application of 4 Mt·ha-1 of maize straw 
compost and N mineral fertilizer at 30 kg·ha-1 
improved plant growth and gave higher tomato 
(Lycopersicum esculentum L.) yields than other 
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combinations. Gliricidia sepium (Jacq) Kunth is a 
common tropical legume tree, usually planted as a 
wind break and to trap atmospheric nitrogen to 
recycle into the soil as well as to generate biomass 
for feeding livestock. It is commonly used in alley 
farming systems in Africa. This study was conducted 
to determine effects of poultry manure, Gliricidia 
leaves and NPK 20-10-10 applied individually, and 
in combination, on growth and yield of okra and on 
soil nutrient dynamics. 

 
MATERIALS AND METHODS 

Field experiments were conducted in at the 
Institute of Agricultural Research and Training, 
Ibadan. Nigeria, Lat. 7o22.5‘N and Long. 3o50.5‘E. 
There is a bimodal rainfall pattern, with a long rainy 
season, usually between March and July and a short 
rainy season, usually extending from September to 
early November, after a short dry spell in August and 
a longer dry period from December to February.  

The soil was a Plinthic Luvisol which was 
plowed and disked to establish the seed bed. The soil 
was sampled for routine analyses before planting. 
The experiment was arranged in a randomized 
complete block design with 8 treatments replicated 3 
times. There were individual applications of NPK 20-
10-10 and three organic materials [organic–based 
fertilizer (OBF); a blend of maize stover and poultry 
manure compost; poultry manure (PM) alone, and 
Gliricidia leaves alone]. Each organic nutrient source 
was also applied in mixes with the mineral fertilizer. 
An unfertilized treatment, which would mimic use of 
uncultivated land, served as the control. The manure 
was well rotted chicken litter that had stabilized for 
about 100 days; the Gliricidia was harvested leaves 
sun dried for 7 days. The full rate of NPK 20-10-10 
(120 kg ha-1) and the full rate of organic based 
fertilizers were applied at 5 Mt·ha-1. The organic 
fertilizers were also applied at 2.5 Mt.ha-1 mixed with 
60 kg ha-1 of NPK (20–10–10). 

Plot size was 6 × 2 m with 0.5 m between 
plots. Treatment blocks were spaced 1 m apart. 
Organic fertilizers were applied 2 weeks before 
planting. The inorganic fertilizer was applied 2 weeks 
after planting, both for the individual and combined 
applications. Two seeds of okra (cv. V - 35) were 
planted per hill and later thinned to one plant at a 
spacing of 60 × 30 cm inter- and intra-row, 
respectively. The variety is a dwarf, early-maturing, 
cultivar that flowers in about 35 days and sets fruit 
after 50 days. As fruits are harvested, more flowers 
are initiated and more fruits formed in 5 and 7 days. 
There can be as many as 10 harvests, depending on 
frequency of harvest and water availability. 

One hundred-mL of Galex® 
(metobromuron+metolachlor, Novartis, Nigeria) and 

500 mL of Round-up® (glyphosate, Monsanto, 
Switzerland) each in 15 L of water were applied to 
control weeds. Nuvacron® (Monocrotophos; 
Novartis, Switzerland) was applied at 40 mL in 15 L 
of water to control insects. The experiment was 
repeated on the same plots .There was no plowing or 
disking. The site was manually cleared. All cultural 
practices were repeated. 

 
Soil analysis: 

Particle size distribution was determined 
with a hydrometer (Bouyoucos, 1962) using sodium 
hexa meta-phosphate as the dispersing agent.  Soil 
pH was determined in distilled water at a 1:1 (w/v) 
soil to water ratio. Exchangeable bases were 
extracted with neutral 1 M NH4OAC at a soil 
solution ratio of 1:10 and measured by flame 
photometry. Magnesium was determined with an 
atomic absorption spectrophotometer.  Exchange 
acidity was determined by titration of 1 M KCl 
extract against 0.05 M NaOH to a pink end point 
using phenolphthalein as indicator (McLean, 1982). 

 
Manure: 

The poultry manure was applied to supply 
395-240-50 kg·ha-1 of NPK at the unmixed rate, and 
198-120-25 kg·ha-1 of NPK in the mixed treatment. 
The OBF mix was applied to supply 365-225-55 
kg·ha-1 of NPK for the unmixed rate and 183-113-28 
kg·ha-1 NPK in the mixed treatment. Gliricidia leaves 
were applied to supply 390-235-60 kg·ha-1 of NPK at 
the unmixed rate and 195-118-30 kg·ha-1 NPK in the 
mixed treatment. 

 
Data collection 

At six weeks after planting, data on plant 
height, stem circumference and leaf area to assess 
plant growth were taken from 5 plants/plot. Fruits 
were harvested at four day intervals with 9 harvests. 
Numbers and weights of fruit were determined. Yield 
was computed on fresh weight basis and leaf nutrient 
contents determined. 
 
Data analysis 

Data were subjected to analysis of variance 
using the Mixed Model procedure in SAS (ver. 6.0, 
SAS, 1994).  Means were separated with Duncan’s 
Multiple Range Test. 
 
RESULTS 
Weather:  

Total annual rainfall was 1465 mm in 2005 
and 1603 mm in 2006. Average monthly temperature 
ranged from a minimum of 16.8oC in January to 
34.3oC in February when the monthly relative 
humidity ranged from 73.8% in January to 94.0% in 
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August in 2005. In 2006, average monthly 
temperature ranged from a minimum of 18.9oC in 
December to a maximum of 33.6oC in February when 
the monthly relative humidity ranged from 70.7% in 
October to 94.7% in March. 
 
Soil analysis:  

The soil was 89.2% sand, 6% clay and 4.8% 
silt, slightly acidic (pH 5.9) and with a total N 
content of 0.07%. Available phosphorous was 7.92 
mg kg-1 and exchangeable potassium was 0.17 mg kg-

1. Contents of Ca, Na and Mg were 0.63, 0.04 and 
0.42 mg kg-1, respectively, and exchangeable acidity 
was 0.12 mg kg-1 (Table 1). 

 
Organic materials:  

There was little difference in the treatment 
materials (Table 1). Poultry manure had a pH 6.6, 
total nitrogen content of 7.9%; 4.8% available P and 
1.0% exchangeable K. The OBF had a pH 6.4, total 
nitrogen content of 7.3%; 4.5% available P and 1.1% 
exchangeable K. The Gliricidia leaves had a pH 6.3, 
total nitrogen content of 7.8%; 4.7% available P and 
1.2% exchangeable K. 

 
Plant height:  

Nutrients supplied in the form of NPK, 
OBF, PM, Gliricidia sepium alone, or in 
combination, affected okra plant height, stem 
circumference and leaf area (Table 2). Plants treated 
with OBF combined with NPK had the tallest plants. 
Poultry litter and Gliricidia leaves mixed with NPK 
produced plants with comparable heights. The 
unmixed OBF and PM had shorter plants that were 
similar in height. Plants treated only with NPK were 
shorter than plants treated with any of the organic 
materials mixed with NPK that were comparable with 
each other. Plants from the control had significantly 
shorter plants than from any of the fertilizer types. 

 
Stem circumference:  

Stem circumference was affected by 
treatment (Table 2). The OBF-NPK mix treatment 
produced plants with the greatest stem circumference. 
The PM and Gliricidia mixed with NPK produced 
plants with similar stem circumferences. Treatment 
with the OBF-NPK mix produced plants with greater 
stem circumference than those receiving only organic 
manures. Stem circumference with NPK alone was 
significantly higher than from the organic materials. 
The control had smallest circumference of 40 mm. 

 
Leaf area:  

Okra plant leaf area was highest with the 
OBF-NPK mix (Table 2). The PM and Gliricidia 
leaves mixed with NPK had similar leaf areas. The 

manure-NPK mixes produced leaf areas comparable 
to those from plants receiving PM and Gliricidia, 
without NPK, and were higher than the control. 
Leaves from plants treated only with NPK and only 
with OBF were smaller than from the mixed 
materials. Controls had the smallest leaves. 

 
Fruit yield:  

Okra fruit yield was lowest for the control 
(Table 2). The highest fruit yield was from 
application of the OBF-NPK mix. Yields from PM 
and Gliricidia leaves-NPK mixes were similar. 
Yields from NPK alone and from PM and Gliricidia 
leaves alone were significantly lower than from the 
OBF-NPK mix. Yields from all other fertilizer types 
were similar (Table 2). 

 
Number of fruits/plant:  

Number of fruits/plant was affected by 
fertilizer treatment (Table 2). The OBF-NPK mix had 
higher number of fruits/plant than from PM and 
Gliricidia leaves. All other fertilizer types had 
comparable number of fruits/plant. However, plants 
from the control had significantly lower number of 
fruits/plant than from any of the fertilizers, either 
used alone or mixed. 

 
Leaf Nutrient composition:  

Plants treated only with Gliricidia leaves 
had the highest contents of N and P, while leaves 
from plants treated with the mix of Gliricidia and 
NPK had lower N and P contents (Table 3). Poultry 
manure alone produced leaves with N and P that were 
lower, as did plants receiving the PM-NPK mix. 
When OBF was used alone, it produced leaves that 
had N and P contents of 4.69 and 0.63%, 
respectively; plants receiving the OBF-NPK mix 
produced leaves with N and P contents of 4.96 and 
0.53%, respectively. The OBF used alone produced 
leaves with the highest K content, followed by plants 
treated with Gliricidia leaves. 

 
Soil nutrient dynamics: 

At the end of the first season, soil pH was 
lower with the application of the Gliricidia leaves-
NPK mix. The PM-NPK mix and Gliricidia leaf 
alone or NPK alone had soil pH of 5.9. However, the 
OBF-NPK mix; PM alone and OBF alone increased 
soil pH. The OBF alone had the highest soil N 
content followed by Gliricidia leaves alone. (Table 
4).  At the final harvest, soil pH generally increased 
from 5.9 to a range of 6.0 to 6.7, and was 5.8 due to 
treatment with the OBF-NPK mix (Table 5). The 
highest N content, 0.16%, was from the poultry 
manure only treatment. 
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Table 1:  Soil physical and chemical properties prior to cropping and manure analysis. 
 

Parameter Soil  Poultry litter OBFa Gliricidia 

pH in H2O 5.90 6.60 6.40 6.30 
Organic carbon (%) 0.42 6.90 6.70 6.85 
Total N (%) 0.07 7.90 7.30 7.80 
Available P (mg·kg-1) 7.92 4.80 4.50 4.68 
Exchangeable K  (mg·kg-1) 0.17 1.00 1.10 1.15 
Exchangeable Ca  (mg·kg-1) 0.63 0.11 1.10 0.11 
Exchangeable Na  (mg·kg-1) 0.04 0.26 0.30 0.28 
Exchangeable Mg (mg·kg-1) 0.42 0.93 0.87 0.90 
Exchangeable acidity (mg·kg-1) 0.12 0.46 0.32 0.48 
ECECb  (mg·kg-1) 1.38 3.46 2.29 2.92 
Mn  (mg·kg-1) 4.93 38.20 29.60 35.70 
Zn  (mg·kg-1) 2.95 27.86 24.20 20.60 
Cu  (mg·kg-1) 0.31 3.90 4.10 3.70 
Fe  (mg·kg-1) 4.98 3.68 2.75 2.60 

a OBF = organic-based fertilizer, a blend of maize stover and poultry manure compost. 
b ECEC = Effective cation exchange capacity. 
 
 
 

Table 2: Effect of organic and Inorganic fertilizers on okra growth and yield. 
Treatment Height (cm) Stem circumference 

(mm) 
Leaf area (cm2) Fruit yield (t/ha) Number of 

fruits 
Control (Fo) 37.0ca 40.5c 77.5c 1.51c 112c 
NPK (F1) 49.8b 51.0ab 90.0b 2.96b 192ab 
OBF (F2) 51.9ab 49.0b 92.2b 3.10ab 193ab 
PM (F3) 51.8ab 48.5b 95.9ab 2.90b 172b 
Gliricidia 
(F4) 

45.9b 48.0b 96.1ab 2.80b 163b 

½ F1 + ½ F2   57.1a 57.0a 112.8a 3.58a 225a 
½ F1 + ½ F3 52.9ab 54.5ab 108.1a 3.29ab 208ab 
½ F1 + ½ F4 51.1ab 53.0ab 105.4a 3.20ab 205ab 

 a values in a column followed by the same letter are not significantly different, DMRT, P≤0.05. 
 
 
 
 

Table 3: Nutrient composition of Okra leaves from plants treated with organic and inorganic fertilizers 
measured at the last harvest.  

 
Treatment % N % P % K % Mg Zn (mg/kg) Fe (mg/kg) 
Control (Fo) 4.09 0.40 1.49 0.74 194.25 227.33 
NPK (F1) 4.95 0.49 1.41 0.80 190.17 304.42 
OBF (F2) 4.69 0.63 1.58 0.64 164.67 223.92 
PM (F3) 4.91 0.83 1.48 0.68 133.92 196.92 
Gliricidia (F4) 5.61 0.92 1.45 0.78 159.25 161.92 
½ F1 + ½ F2   4.96 0.53 1.43 0.74 136.50 309.67 
½ F1 + ½ F3 4.93 0.53 1.45 0.77 162.58 172.17 
½ F1 + ½ F4 5.33 0.47 1.50 0.81 164.33 212.42 
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Table 4:  Effect of organic and inorganic fertilizers on selected soil chemical properties at the end of the first year 
Exchangeable  

Treatment 
 
pH Ca Mg K Na H 

 
CEC 

 
C 

 
N 

 
Av P 

 
Mn 

 
Cu 

 
Fe 

 
Zn 

  --------------- C mol kg -1 ---------- % % % --------- C mol kg -1 -------- 
Control (Fo) 5.9 0.91 0.43 0.21 0.03 0.12 1.77 0.47 0.11   6.58 10.90 0.59 4.38 5.23 
NPK (F1) 5.9 0.82 0.35 0.17 0.04 0.12 1.49 0.63 0.06 13.63 15.43 0.59 3.93 3.66 
OBF (F2) 6.4 1.09 0.63 0.22 0.05 0.13 2.11 0.78 0.15 19.40 10.30 0.51 4.98 3.82 
PM (F3) 6.3 1.08 0.76 0.20 0.02 0.13 2.15 0.96 0.05 20.16 9.60 0.50 6.44 5.62 
Gliricidia (F4) 5.9 0.70 0.33 0.15 0.03 0.12 1.33 0.70 0.12 12.37 15.04 0.38 3.22 2.78 
½ F1 + ½ F2   6.1 0.91 0.40 0.17 0.04 0.12 1.66 0.61 0.07 14.43 11.15 0.44 2.73 1.49 
½ F1 + ½ F3 5.9 1.00 0.46 0.14 0.04 0.12 1.71 0.90 0.08 16.64 12.01 0.54 5.64 4.77 
½ F1 + ½ F4 5.5 0.60 0.35 0.17 0.09 0.11 1.31 0.67 0.08 14.13 16.03 0.48 3.70 3.51 
 
Table 5: Effect of organic and inorganic fertilizers on selected soil chemical properties at the end of the second year. 

Exchangeable  
Treatment 

  
 pH Ca Mg K Na H 

 
CEC 

 
C 

 
N 

 
Av P 

 
Mn 

 
Cu 

 
Fe 

 
Zn 

   -------------- C mol kg -1 ---------- % % % --------- C mol kg -1 -------- 
Control (Fo) 6.10 0.87 0.62 0.38 0.05 0.16 1.79 0.58 0.12   5.38 11.82 0.74 4.97 6.04 
NPK (F1) 6.10 0.94 0.59 0.39 0.06 0.15 1.89 0.61 0.08 15.22 12.10 0.42 5.04 5.87 
OBF (F2) 6.50 0.81 0.74 0.28 0.03 0.14 1.78 0.60 0.07 19.48 11.04 0.50 5.71 4.66 
PM (F3) 6.70 0.97 0.89 0.35 0.09 0.16 2.04 0.68 0.16 22.64 12.67 0.87 6.32 6.17 
Gliricidia 
(F4) 

6.40 1.14 0.68 0.19 0.08 0.15 1.66 0.57 0.08 20.07 12.07 0.53 5.11 5.82 

½ F1 + ½ F2   5.80 1.08 0.69 0.22 0.10 0.18 1.87 0.63 0.11 19.47 13.01 0.64 4.38 6.70 
½ F1 + ½ F3 6.00 0.99 0.75 0.31 0.02 0.16 1.59 0.66 0.06 18.16 12.07 0.60 6.10 5.23 
½ F1 + ½ F4 6.10 0.89 0.82 0.21 0.07 0.16 2.00 0.67 0.14 19.32 11.84 0.81 5.27 5.84 
 
DISCUSSION 

Fertilizer is one of the most important inputs 
contributing to crop production because it increases 
productivity and improves yield quantity and quality.  
The general low ambient soil nutrient content made 
the soil suitable for study of responses to fertilizer. 
Application of organic materials generally resulted in 
growth which compared favorably with NPK 
fertilizer alone.  The combination of organic 
materials with reduced NPK fertilizer rates produced 
plants that were similar to unmixed NPK fertilizer. 
This indicated that the high dose of organic manures 
can be reduced by half and mixed with a reduced rate 
of NPK fertilizers as reported by Akande et al. 
(2003). The nutrient use efficiency of crops is better 
with a mix of manure and inorganic fertilizer 
(Murwira and Kirchmann, 1993). Nutrients seemed 
more available to okra plants with the mixes than the 
organic materials alone. The OBF-NPK mix 
supported okra growth better than NPK alone. 
Fertilization gave significantly higher fruit yields. 
Application of a mix of organic materials and 
inorganic fertilizers can be used to sustain okra in the 
tropics. A similar trend of response had been earlier 
observed with other crops such as: maize (Makinde et 
al., 2001); with sorghum- Sorghum bicolor L (Bayu 
et al., 2006) and with rice - Oryza sativa L 
(Satyanarayana et al., 2002) 

It appears N from Gliricidia leaves was 
more readily available to the plants than N from 
poultry manure and OBF.  Lowered K content as a 
result of some treatments may be due to complexes 
formed with native soil K which causes the release of 
nitrogen in the NPK fertilizer. 

Application of organic materials increased 
soil pH.  This confirms findings of Akande et al. 
(2003) that application of organic materials could 
ameliorate slightly acidic tropical soil to improve 
crop production. Gliricidia leaves will require 
combination with NPK to release nitrogen to the soil. 
Application of organic materials increased soil 
available P, showing the potentials of the organic 
materials as source of P to the soil. 

Application of organic based fertilizer, 
poultry manure, Gliricidia leaves and inorganic 
fertilizer enhanced plant growth and development 
when compared to untreated controls. Organic 
manures can be used to provide nutrition to okra and 
attain yields that generally are comparable to that 
obtained with mixtures of organic and mineral 
fertilizer. A comparable level of productivity can be 
achieved with a lowered level of mineral fertilizer 
combined with manures. The amount of manure 
required for optimum production can reduce the 
inorganic fertilizer requirement for okra. 
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Abstract: Background/Aim: The taxanes has been proved to be active for treatment of many cancers. We 
conducted a phase II study to investigate the efficacy and tolerability of weekly docetaxel in patients with platinum-
refractory recurrent and / or metastatic squamous cell carcinoma of the head and neck (SCCHN).  Patients & 
Methods: Patients with metastatic or recurrent SCCHN and adequate hematologic, renal and hepatic function and an 
Eastern Cooperative Oncology Group (ECOG) performance status of 0–2 were enrolled. Prior platinum-based 
chemotherapy with or without radiotherapy were permitted with 4-week interval. The regimen was weekly docetaxel 
(30 mg/m2) administered for 4 weeks every 5 weeks for a maximum of 6 cycles. Patients with disease progression 
or unacceptable toxicity were excluded from the study. Results: Fifty-five patients with a median age of 53 years 
(range, 39 –73 years) were accrued. Previously, most patients had received radiotherapy and chemotherapy, and a 
majority of patients had treatment-free interval of < 6 months. All patients who were entered on the study were 
assessable for toxicity and response of docetaxel. There was 9 clinical responses (16.4%, {95% confidence interval, 
8. 9 - 28.3}) and another 16 (29.1% {95% confidence interval, 18.8-42.2}) had stable disease. Disease control rate 
was 45.5% (95% confidence interval, 33.1-58.5). No Grade 3–4 toxicities were recorded. The most common 
hematological toxicity was grade 1-2 anemia in 46 patients (83.7%), and non-hematological toxicities were mild and 
manageable. The estimated median progression-free and median overall survival times were 4 (95% confidence 
interval, 3.1-4.9; SE: 0.46) and 8 months, (95% confidence interval, 5.9- 10.1; SE: 1.1) respectively, and the 1-year 
overall survival rate was 12.7%.There was no treatment-related death. Conclusion: The results of this study 
suggested that, in the population with platinum-refractory, recurrent and/or metastatic squamous cell carcinoma of 
the head and neck, weekly docetaxel regimen had good clinical activity with an acceptable toxicity.  
[Abdel Halim Abo Hamar; Hanan Shawky and Mohamed Alam El-Deen. A Phase II Single Institution Study of 
Docetaxel in Patients with Recurrent and/or Metastatic Non‐Nasopharyngeal Squamous Cell Carcinoma 

of the Head and Neck Refractory to a Platinum‐Based Chemotherapy. Nature and Science 2010;8(11):267-
274] (ISSN: 1545-0740). 
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1. Introduction:

Squamous cell carcinoma of the head and neck 
(SCCHN) is a major public health problem that 
frequently causes devastating consequences to the 
functions, economics and cosmetic appearance of its 
victims, as well as death. It is the sixth most common 
malignancy, with 500,000 patients worldwide(1).The 
2009 estimated number of head and neck cancer in 
the US is of 35,720 new cases(2).  

Sixty percent of primary SCCHN recurs after 
aggressive standard therapy and 5–25% develops 
distant metastases(3,4). For these patients, platinum-
based chemotherapy is commonly used and has 
demonstrated survival advantages over the best 

supportive care(5,6). However, treatment options for 
recurrent squamous cell carcinoma of the head and 
neck (SCCHN) following platinum-based therapy are 
limited(7,8). 

 Recurrent and metastatic squamous cell 
carcinoma of the head and neck still carries a poor 
prognosis. Response rates with combination 
chemotherapy regimens are generally higher than 
those observed with single-agent chemotherapy. 
However, this did not translate into an overall 
survival benefit (9,10). Thus as none of the combination 
chemotherapy regimens demonstrated an overall 
survival benefit when compared with single-agent 
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chemotherapy, the use of combination chemotherapy 
outside clinical trials is usually restricted to younger 
patients with a good performance status and with 
symptomatic disease who require prompt symptom 
relief(9,10). 

Recurrent, unresectable head and neck 
squamous cancer is a complex problem. Evidence for 
the efficacy of treatment is scant in this area and 
given the large number of patient and tumor variables 
involved in the recurrent tumor, several factors play a 
role in deciding the choice of management. The 
results of treatment are very poor and associated with 
significant toxicity. Thus, the quality of life outcome 
following treatment should play a major role in the 
choice of treatment(11). 
  The taxanes play a significant role in the 
treatment of various solid tumors of epithelial 
origin(12). Docetaxel (a semisynthetic taxane) is one 
of the most effective chemotherapeutic agents against 
cancer(13), and is the most extensively studied taxane 
in prospective head and neck cancer trials and has 
been investigated as induction chemotherapy or in 
combination with radiotherapy in locally advanced 
squamous cell carcinomas of the head and neck and 
as palliation in recurrent or metastatic disease(12,14-19). 
Hematologic toxicity was the major problem in those 
studies, because most patients with recurrent or 
metastatic SCCHN have debilitating conditions and 
enhanced toxicity. 

The aim of this study was to investigate the 
efficacy and tolerability of weekly docetaxel regimen 
in patients with platinum-refractory recurrent and/or 
metastatic squamous cell carcinoma of the head and 
neck.   
 
2. Patients and Methods: 

Patient Characteristics & inclusion criteria:  
 Patient eligibility criteria included histologically 
confirmed SCCHN (except the nasopharynx) that 
recurred after previous platinum-based chemotherapy 
(Platinum-refractory disease was defined as cancer 
with documented tumor progression (PD) during 
platinum-based treatment or recurrence within 6 
months after platinum-based chemoradiotherapy), 
with or without radiotherapy and/or surgery, or which 
presented with distant metastases at the time of initial 
diagnosis; measurable disease; Eastern Cooperative 
Oncology Group (ECOG) performance status(20) of 0–
2, age 18–75 years; adequate bone marrow (WBC ≥ 
4000/ml, absolute neutrophil count ≥1500/ml and 
platelet ≥100 000/ml), normal liver and renal function 
tests, no brain parenchymal or leptomeningeal 
metastases; and no other previous or concurrent 
malignancy. Patient was excluded if previous 
chemotherapy regimen containing taxanes.  

 Previous radiotherapy or chemotherapy for 
adjuvant therapy or relapsed disease is allowed if 
treatment was completed at least 4 weeks before the 
enrollment into this study. 
 All patients signed an informed consent before 
the initiation of any treatment. 
 
Treatment Protocol: 
 This was single-arm and phase II clinical trial. 
The regimen consisted of docetaxel 30 mg/m2 
delivered as an intravenous infusion over 60 min. 
Treatment was administered weekly for 4 weeks, 
every 5 weeks. Treatment was maintained for a 
maximum of six courses. Patients with disease 
progression or unacceptable toxicity were excluded 
from the study. 
  Patients were premedicated with 
dexamethasone, diphenhydramine and cimetidine to 
reduce the risk of anaphylaxis. Antiemetics were 
administered at the discretion of the treating 
physician.  
 Before every cycle, a complete recovery of the 
patient’s blood count was required. Dose 
modifications or delays in administration were 
applied on the basis of nadir counts and toxicities of 
the last cycle. Delays that lasted ≥ 2 weeks were not 
allowed, and those patients were removed from the 
study.  
 
Response Evaluation: 
 Tumor response assessments were performed 
after every two cycles of treatment. Criteria of 
complete response, partial response, stable disease 
and progressive disease were based on the standard 
definitions of the WHO. Evaluation was done using 
computed tomography (CT) to diagnose any 
progression of target lesion and to identify any 
emerging new lesions. 
  
Toxicity Evaluation:  

Toxicity grading was based on the National 
Cancer Institute Common Toxicity Criteria (NCI-
CTC, version 3.0). 

  
Statistical analysis: 

Overall survival was calculated from the time of 
start of chemotherapy until death or last follow-up 
according to the Kaplan-Meier method(21) with SPSS 
[Statistical package] (version 9.0). Mean and standard 
deviation were estimates of quantitative data. The 
95% confidence intervals (95% CIs) were calculated 
with the exact method. Overall survival and 
progression-free survival were compared by the 
Kaplan–Meier method(21) with statistical significance 
assessed by the log-rank test. All P values were two-
tailed; a value of  0.05 was considered significant. 
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3. Results  
Patient characteristics:  
 A total of 55 consecutive platinum-refractory 
SCCHN (except the nasopharynx) patients were 
treated at Clinical Oncology Department,  Faculty of 
Medicine, Tanta University, Egypt and enrolled in 
this phase II trial from December 2005 to January 
2009. The patient characteristics of all enrolled 
patients are listed in Table 1. The median age of 
study participants was 53 years (range, 39–73 years, 
standard deviation ± 6.77) , 83.6% of who were male. 
The primary tumor sites were: larynx, twenty two 
(40%); oral cavity, nine (16.36%); Paranasal sinuses, 

four (7.27); hypopharynx, nine (16.36%) and 
oropharynx, eleven (20%). All patients had 
previously received platinum-based chemotherapy 
treatment and 43.6% underwent surgery, while 
94.54% of the patients were treated with radiotherapy 
(median dose, 66 grays [Gy]; range, 50–72 Gy).The 
majority of the patients had relapse or progression to 
previous treatment within 6 months. Sixty percent of 
the patients presented with an ECOG performance 
status of 2. 

At initial diagnosis 52 patients (94.54%) had 
Stage III–IV disease. The majority of recurrences 
were locoregional (76.36). All distant metastases 
were located in the bone, liver and/or lung. 

 
Table 1. Baseline Demographic and Clinical Characteristics (N = 55 patients) 

 Characteristic 
No. of patients (%) 

Age (years) 
Median 
Mean 
Range 

 
53 

54.3 
39–73 

Sex 
Male 

Female 
Male to female ratio 

 
46 (83.6) 
9(16.4) 
5.1 : 1 

ECOG performance status at diagnosis 
1 
2 

 
22(40) 
33 (60) 

Location of primary tumor 
Larynx 

Oropharynx 
Hippopharynx 

Oral cavity 
Paranasal sinus 

 
22 (40) 
11 (20) 

9(16.36) 
9 (16.36) 
4 (7.27) 

Initial stage at diagnosis 
Stage II 
Stage III 
Stage IV 

 
3(5.45) 

40 (72.72) 
12 (21.82) 

Therapy of the primary tumor 
Chemotherapy and radiotherapy 

Chemotherapy, radiotherapy, and surgery 
Surgery and chemotherapy 

 
31 (56.36) 
17 (38.18) 

3(5.45) 
Recent platinum therapy 

Cisplatin -based 
Carboplatin-based 

 
42 (76.36) 
13 (23.64) 

Location of recurrent disease 
local or regional relapse 

Distant metastases 
both loco-regional relapse and Distant metastases 

 
42 (76.36) 

3(5.45) 
10 (18.18) 

 
Treatment 

Totally, 196 administrations of docetaxel were 
administered and evaluated. The median number of 
chemotherapy cycles was three (range 2–6). 

 All cycles were initiated at the initial planned 

doses, and no treatment delays because of toxicity 
were reported.  
Response to Treatment 
 No complete responses were observed, while 9 
patients had partial response with response rate of 
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16.4% (95% CI, 8. 9 - 28.3). Stable disease was 
observed in 16 patients (29.1%), whereas the other 30 
patients (54.5%) had progressive disease, (Table 2).  
 Patients failed on the docetaxel regimen, (30 
patients) received best supportive care and further 
treatment was at the physician's discretion. The 

response to salvage chemotherapy and/or radiation 
therapy was not recorded as part of our study. 

Survival  
All patients died during the observation period. 

The Median progression-free survival and overall 
survival times were 4 months (95% confidence 
interval, 3.1-4.9; SE: 0.46) and 8 months (95% 
confidence interval, 5.9- 10.1; SE: 1.1), respectively, 
and the 1-year overall survival rate was 12.7% (Fig.1, 
2).  

 
Table 2.   Tumor response (N = 55 patients) 

Response No. of patients % 95% confidence interval 
Partial response 9 16.4 8. 9 - 28.3 
Stable disease 16 29.1 18.8-42.2 

Progressive disease 30 54.5 41.5-66.9 
Tumor control rate (PR +  SD) 25 45.5 33.1-58.5 
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Figure 1. Kaplan–Meier curve of overall survival. 

Median overall survival time was 8 months. 
 

Toxicity 
The most common adverse reactions to this regimen 
are listed in Table 3. No Grade 3– 4 toxicities were 
reported.  The main hematologic toxicity was Grade 
1–2 anemia, which occurred in 83.7% of patients. 
Grade 1–2 neutropenia occurred in 40.1% of patients.  
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Figure 2. Kaplan–Meier curve of progression-free 

survival. Median progression-free survival 
time was 4 months. 

  
 
Grade 1 thrombocytopenia was recorded in 23.6% of 
patients. Other non-hematological toxicities were 
mild and manageable. No patients discontinued 
therapy because of toxicity. No one died due to 
treatment-related toxicity. 
 

Table 3. Hematologic and Non-hematologic Toxicity (N = 55 patients) 
Grade 1 Grade 2  

Toxicity No. % No. % 
Non-hematologic Toxicity 

Alopecia 
Anorexia 

Stomatitis/ pharyngitis 
Nausea/vomiting 

Paresthesia 
Asthenia 

 
19 
13 
5 
0 
0 

19 

 
34.6 
23.6 
9.1 
0 
0 

34.6 

 
25 
10 
3 
3 
3 

29 

 
45.5 
18.2 
5.5 
5.5 
5.5 

52.7 
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Conjunctivitis 
Diarrhea 

Onycholysis 

2 
3 

13 

3.6 
5.5 

23.6 

0 
2 

19 

0 
3.6 

34.6 
Hematologic Toxicity 

Neutropenia 
Anemia 

Leucopenia 
Thrombocytopenia 

 
19 
36 
20 
13 

 
34.6 
65.5 
36.4 
23.6 

 
3 

10 
5 
0 

 
5.5 

18.2 
9.1 
0 

 
4. Discussion: 

Palliative chemotherapy has demonstrated 
survival advantages over best supportive care for 
advanced SCCHN patients(22), and the most 
commonly used agents are cisplatin or carboplatin, 
generally in combination regimens with infusional 
fluorouracil or a taxane. Only approximately 
one-third of patients will respond to first-line 
platinum-based therapy, and the median overall 
survival time can be expected to be approximately 
6–9 months. However, there is no standard treatment 
in the relapsed or refractory patients. The rate of 
response to second-line chemotherapy was shown to 
be largely dependent on the therapy regimen given. 
Patients with advanced SCCHN have limited 
alternative therapeutic options once they progress on 
platinum-based chemotherapy, and response rates are 
generally poor (3–10%)(23,24).The overall survival 
time was 56 days with best supportive care and 
remained short as 3.3–4.6 months despite 25% of 
disease control rate with aggressive intervention. 
In this study, the weekly administration of a 
single-agent docetaxel for the treatment of 
platinum-refractory SCCHN appeared to have good 
clinical efficacy (16.4% overall response rate and a 
median overall survival of 8 months) and an 
acceptable safety profile.  

Other single agents that are used in the 
treatment of patients with recurrent head and neck 
carcinoma, such as methotrexate, reportedly had 
response rate of 23%, with a median response 
duration of 84 days (25). In another trial, the response 
rate of 16% with methotrexate in patients with 
advanced head and neck carcinoma, was reported(26). 
However the response rate was dropped into 10% in 
Forastiere et al.(27) trial with methotrexate in patients 
with advanced head and neck carcinoma. In our study, 
the overall response of 16.4% was nearly similar to 
that reported by Grose et al.(26). 

The combination with targeted agent such as 
cetuximab may be considered to increase the 
response with acceptable toxicities in patient of 
refractory SCCHN(28), however, cetuximab has 
limited role and could not be used widely for 
SCCHN patients in our country because of limited 
resources. Herbst et al.(29) reported the results of a 

cetuximab and cisplatin regimen and found that 
median overall survival was 4.3 months and response 
rate was 6% in patients with documented PD or 
recurrence within 3 months of platinum-based 
therapy. Baselga et al.(28) showed a median overall 
survival of 5.0 months with a response rate of 11% in 
platinum refractory patients treated with cetuximab 
followed by platinum chemotherapy. In our study, the 
median overall survival was 8 months for a similar 
population. So our report appeared to be useful 
especially for those platinum-refractory SCCHN 
patients  

A number of trials of docetaxel for head and 
neck cancer have been reported(14,19,30-37). Dreyfuss et 
al.(32) reported an overall response rate for docetaxel 
(100 mg/m2) in incurable and metastatic SCCHN 
patients without prior chemotherapy of 42%, 
although dose reduction as a result of neutropenia 
was frequent. Couteau et al.(33) reported a median 
overall survival of 6.7 months, with the most 
frequent side-effect being short-term neutropenia 
(grade 4: 79.2%). Docetaxel (100 mg/m2) therapy 
was thought to be tolerable for patients in good 
condition, but toxic in patients who had received 
prior platinum-based chemotherapy.  

Several studies that tested weekly docetaxel 
found that the dose-limiting toxicity was hematologic 
toxicity and recommended doses between 34 mg/m2 
per week up to 43 mg/m2 per week(38-40). 
Our treatment schedules and doses were selected 
based on other previous pilot studies(14,19,41). We used 
a low dose of docetaxel (Weekly 30 mg/m2 
administered for 4 weeks every 5 weeks for a 
maximum of 6 cycles) because of the kind of patients 
who were included. The majority of our patients 
showed malnutrition, frailty, disease recurrences, and 
previous treatment for primary disease. The median 
number of chemotherapy cycles was three (range 2–
6). Patients with disease progression or unacceptable 
toxicity were excluded from the study. 

Some previous reports have described efforts to 
reduce the toxicity of single therapy with 
docetaxel(14,19,35-37). In particular, Hitt et al.(19) 

reported that single weekly docetaxel at 30 mg/m2 
did not induce grade 3–4 hematological toxicity and 
gave an overall response rate of 42% in 38 patients 
with recurrent or metastatic disease and no prior 
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chemotherapy. Thus weekly docetaxel administration 
is considered an effective means of reducing toxicity. 
In our study the toxicity profile of this regimen was 
acceptable, with no Grade 3–4 treatment-related 
toxicities. Grade 1–2 anemia occurred in 46 patients 
(83.7%), probably because of the poor initial 
performance status of the study population and their 
poor nutritional status. Asthenia, and alopecia were 
the most commonly reported Grade 2 toxicities. The 
frequency of these toxicities was somewhat higher 
than previously reported in other Phase II studies 
with weekly docetaxel(19,38,42).  However, the 40.1% 
Grade 1–2 neutropenia in our study is lower than the 
70– 91% severe neutropenia in other studies of 
taxanes achieving high response without G-CSF 
support(23,43,44).  

However, in our study, the overall response of 
16.4%, the median progression-free survival of 4 
months, the median overall survival of 8 months and 
the 1-year overall survival rate of 12.7%, were lower 
than that reported in Hitt et al.(19)  study in which the 
overall response rate was 42%, the 1-year overall 
survival rate was 39% and the estimated median 
overall survival and progression-free survival were 
11.3 months and 10 months respectively. There are 
three possible explanations. First, 
treatment-refractory disease presented in this trial. 
Secondly, five patients die before the first evaluation 
due to rapid disease progression. Usually, patients 
with life expectance, 3 months will not be included 
in clinical trials. But, this may be representative for 
our daily practice in refractory SCCHN instead of 
selection bias for production a good response phase 
II trial. Thirdly, a higher percentage of relative poor 
performance was presented in this study population. 
Sixty percent of the patients had an ECOG 
performance status of >1. Many studies 
demonstrated significantly higher risk of death in 
patients with low performance status, when they 
were receiving chemotherapy(45-47). These three 
factors would confound each other and all affected 
by the first one. The selection bias of 
platinum-refractory patients may be the main reason 
why this trial achieved lower results than Hitt et al.(19) 

 study.  
About 76% of the patients included in our series 

had locoregional recurrences, and all of them had 
received previous platinum-based chemotherapy. The 
objective response rate was significantly higher in 
patients who had baseline ECOG performance status 
of <2 (p=0.05), and in those patients with primary 
laryngeal tumors (P = 0.01), however, the number of 
patients in this study was low.  
 In conclusion, weekly docetaxel regimen is 
active in patients with platinum-refractory recurrent 
and/or metastatic SCCHN, and shows an excellent 

toxicity profile.  
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Abstract: Land cover change detection is one of the most important trends in which remote sensing data could be 
used to assist strategists and the planners to decide the best land use policy. Two images of NOAA-AVHRR and 
SPOT vegetation acquired in November 1992 and 2000 were used to assess the changes of Agricultural lands in 
Egypt. A supervised classification together with two change images derived from classification result and NDVI 
were used to evaluate the trend and form of the change. It was found that agricultural areas increased by about 14.3 
% during the study period in particular around the River Nile Delta and near the Northern Lakes of Egypt. The new 
cultivated lands were extracted mainly from the desert and from the salt marches areas. At the same time, parts of 
the agricultural lands were turned into non-cultivated land because of the urban expansion and soil degradation. An 
analysis of these changes and how much they affect the total agriculture map of Egypt were discussed in details. 
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1. Introduction: 

Conversion of desert to productive land has 
been a worldwide issue in the arid and semi-arid area.  
In Egypt, agriculture is the core and main goal for 
any development strategies and sustainable 
development planning. Increasing the total 
agricultural product by improving the quality and 
increasing the area of the cultivated land has been the 
national target of Egypt during the last two decades. 
At the same time, desert represent a vast amount of 
Egyptian territory; these require continuous public 
and private reclamation efforts in the reformation of 
these lands from desert to productive lands. 
Urbanization is an inevitable process due to progress 
and development however the encroachments of 
urban settlements on expense of agricultural lands 
may pose dire consequences. Therefore, changes of 
the land covers and the environmental impact of 
these changes should be carefully considered. For 
this purpose, land cover change information derived 
from the dynamics and multi temporal remote 
sensing data could be the most suitable way to assess 
and analyze these changes. 

Many studies have discussed the land cover 
and land use changes in arid, semi-arid and 
agricultural productive land. Lambin and Ehrlich 
(1997) used ten years of NOAA-AVHRR data to 
assess and analyze land cover changes in the African 
continent between1982 to 1991. The study showed 
that continuous unidirectional change process 

affected less than 4% of Sub- Saharan regions during 
the study period. Rembold et al. (2000) studied land 
cover changes in lake regions of central/ south 
Ethiopia using aerial photographs dated 1972 and 
1994 Landsat TM image. Mendoza and Etter (2002) 
combined black and white aerial photographs with 
fieldwork and GIS to monitor land cover changes 
covering 56 years (1940-1996) in parts of Bogota, 
Colombia. Palmer and Rooyen (1998) used Landsat 
TM data to explore the impacts of land management 
policies on vegetation structure in two study areas in 
southern Kalhari desert in South Africa in the period 
from 1989 to 1994. Ram and Kolarkar (1993) studied 
land use changes in arid areas in India by visual 
comparison of satellite imagery, maps and aerial 
photographs. In Egypt, Sadek (1993) used satellite 
imagery to highlight agricultural boundaries and 
monitor reclamation process. Lenney et al. (1996) 
used field calibrated, multi-temporal NDVI features 
derived from 10 Landsat TM images dating from 
1984 to 1993 to assess land cover changes in Egypt. 
The study showed a high rate of reclamation in the 
period from 1986 to 1993 and low rate of conversion 
from agricultural productive land to new urban areas 
between 1984 to1990. 

In this study, NDVI derived from NOAA-
AVHRR and SPOT Vegetation data were used to 
map the vegetation dynamics in the Nile River Valley 
and Nile Delta of Egypt from 1992 to 2000. The 
objectives of this work are using low resolution 
remote sensing data to view the agricultural changes 
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in the last eight years and to study the form and the 
rate of conversion among the different land cover 
types. 
 

2. Study area 

Basically, Egypt has long been an 
agricultural country with cultivated areas 
concentrated along the main stream of the River Nile 
following regular irrigation systems and two main 
agricultural seasons. This situation caused 
unbalanced population density and other detrimental 
environmental impacts in and around the Nile valley 
and Delta. From 1970s, this problem started to be 
seriously observed. Governmental effort to adjust this 
situation focused on two main directions; protecting 
the highly productive lands from urban encroachment 
and establishing new agricultural and industrial 
communities far from the main stream of the River 
Nile.  From this time, continuous governmental and 
private reclamation efforts are easily noticeable in 
many areas in Egypt. The study area covered the 
Egyptian territories between 22 and 33 North and 25 
and 37 East. The main soil types present in Egypt are 
Vertisols, which represent the old and highly 
productive agricultural lands, and Aridisols, which 
represent the newly reclaimed lands (Abdulla et al. 
1997). Egypt belongs to Mediterranean climate with 
two main seasons; hot dry summer and cool winter. 
 
Approach  

  In this study, both NOAA AVHRR and 
SPOT VEGETATION data were used. The data are 
in form of NDVI provided by the Global Land Cover 
1 km AVHRR and VEGETATION dataset programs. 
Both the two types of data are ten-day composites 
from 10-20 November 1992 and 10-20 November 
2000. The images were prepared in geographic 
projection. Radiometric correction was carried out in 
order to reduce image differences caused by 
atmospheric conditions. Maximum likelihood 
supervised classification was applied for each 
satellite image individually using NDVI band. The 
classification was led by land cover maps, classified 
high-resolution satellite images for many regions in 
the country beside the personal experience. The 
classification was clustered into three main classes 
according to the different resources of ground truth 
data: agriculture lands, non-agriculture lands and 
water bodies. At the same time regrouping processing 
was made for both two NDVI images. The NDVI 
values for the images were classified into high and 
low groups. Change detection images were extracted 
from two types of input images; the classified images 
and NDVI group’s images. Finally, accuracy 

assessment was carried out for the change images 
using land cover maps.   
 

3. Results and Discussion: 

The visual interpretation showed the main land 
covers for the two dates. Generally, a noticeable 
increase in the cultivated lands concentrated around 
The Nile Delta and new water bodies occurred in the 
southern part of Egypt. The classification results (as 
shown in table 1 and figures 1 and 2) mapped the 
total cultivated and non-cultivated lands. The 
classification results illustrated the total amount of 
change between the two dates. The total cultivated 
lands increased by approximately 25.8% due to land 
reclamation of desert and salt marches during the last 
eight years, meanwhile, 11% of old agriculture lands 
were lost due to urban expansion and land 
degradation hence, the net increase in agricultural 
lands was about 14.3% from 1992 until 2000. From 
this result, it is clear that in spite of the continuous 
effort to convert desert into agricultural lands, the 
loss of highly productive land is still unbroken. The 
lost agriculture lands were highly fertile and had the 
maximum level of productivity. However, the gained 
agriculture lands from reclamation efforts still require 
a significant capital and time investment in order to 
reach the same level of productivity as the old 
agriculture lands. In general, change image using post 
classification method was more logical and 
understandable than the change image derived from 
NDVI grouping. The two change images together 
with the classification result enlightened the land 
cover changes in detail.  
 
Table (1): The classification results for the two 

images (Area by Hectare) 
Year  Cultivated land Non–cultivated land 
1992 3527956 95128590 
2000 4033932 94616502 

 
The change images extracted from the two 

classified images and NDVI grouping (Figure 3 and 
4) with statistical analysis shown in tables 2, 3 and 4 
clarified that the largest conversion among the land 
cover classes is the desert changed into agricultural 
productive lands. 
The change image showed the water bodies changed 
to be cultivated land. This form of land cover change 
concentrated around the Northern lakes where many 
Sabkhas and salt marches were altered to agricultural 
lands and cultivated with crops tolerant to high 
salinity. Urban encroachment and lost of the highly 
productive lands and soil degradation were also 
translated in the change images as converting from 
cultivated to non- cultivated or converting from high 
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to low NDVI areas. Sedimentation and erosion are 
considered as very important natural phenomenon 
affecting the land cover form near the north cost of 
Egypt. These phenomena were highlighted in the 
change images by opposite change operation between 
water and non- cultivated lands.  Also, the erosion 
process appeared in the northern part of the River 
Nile as conversion of agricultural lands to water. An 
increase in the water bodies appeared in the southern 
part of Egypt due to high flood during the late 
ninetieth. The NDVI images showed the same trend 
as explained by the supervised classification. 
Increases in the areas with high NDVI values and 
decreasing in the areas with low NDVI values were 
found. 
 

 
Figure (1) Supervised classification of NOAA-

AVHRR 1992 
 

 
Figure (2) Supervised classification of SPOT 

Vegetation 2000 
 

 

Table (2): Changes of different land cover classes 
using Post-classification change detection 

Category Area 
(Hectare) 

Change from non- cultivated to 
cultivated land 

708986 

Change from water to cultivated 
land 

202469 

Change from cultivated to non- 
cultivated land 

403794 

Change from cultivated land to 
water 

1685 

Change from non- cultivated land 
to water 

151000 

 
Table (3): NDVI groups for the two images (Area 

in Hectare) 
Year  High NDVI Low NDVI 
1992 3517525 138164757 
2000 4094220 137584953 

 
Table (4): Changes between the two NDVI classes  

Category Area (Hectare) 
Change from Low to High 
NDVI  

1162954 

Change from NDVI High to 
Low 

586458 

 

  
Figure (3) Post classification Change detection 

image of NOAA-AVHRR 1992 and SPOT 
Vegetation 2000 
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Figure (4) NDVI Change detection image of 
NOAA-AVHRR 1992 and SPOT Vegetation 
2000 

 

4. Conclusion: 

      Egyptian agricultural changes were assessed in 
the period from 1992 to 2000 by low-resolution 
remote sensing data. Increase in the cultivated lands 
from both desert and water bodies were found. About 
1% of the Egyptian deserts changed to urban and/or 
agricultural areas. A part from this desert was 
converted to water bodies in the south part of Egypt. 
Sedimentation and erosion of the north coast could be 
considered as the opposite converting process 
between cultivated and non-cultivated lands and 
water.  
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Abstract: The Current research aim is to identify the empowered to increase the production and export of Egyptian 
garlic as one of the most important export crops, in order to achieve that, studying the status quo for production of 
garlic and specific factors of production, in addition to examine the main importing markets and factors affecting 
them have to be considered. The study indicated that the import of garlic reached its lower quantity during the 
period (2007-2009), representing the relative importance of about 1.5% (282 thousand tons) of the total domestic 
production of garlic. Moreover, the study demonstrated that, the most important factors affecting the area planted 
with garlic are the farm price and productivity of garlic. Furthermore, the net revenue per acre of onion crop the 
rival of garlic cropping in the agricultural cycle. The results clarify that, the EU is one of the most important 
importers of fresh garlic Egyptian, with relative importance estimated at 70.8%. Whereas, Germany and Italy are the 
most important markets for fresh garlic, they imported 27.2% and 20.1%, respectively. Nevertheless, the Arab free 
trade's zone is the most important economic bloc’s importers of Egyptian garlic powder with relative importance of 
about 46.7%. The market of Syrian and Moroccan markets are the most important importer of Egyptian garlic 
powder with relative importance of 25.5% and 20.4%, respectively, during the study period. The results showed 
that, there is no benefit from preferences granted to agreements with many of the various economic blocs, especially 
EU countries. Furthermore, the most important factors affecting the exports of garlic is the export price and the 
average export price of the world. As it turns out that, the most important problems facing producers and exporters 
of Egyptian garlic is the lack of high-productivity of garlic and the prices of seedlings available to farmers, and lack 
of interest sorting out and grading, as well as the lack of the adequate information storage process, which leads to 
increase losses and higher marketing costs. In addition to, the exploitation of producers and traders, especially small-
scale farmers and get their produce at prices less than 40% of the price of the consumer. Therefore, the study 
recommends that, the need to develop high-yielding varieties and qualities of garlic (i.e. Chinese), which accepted 
by Egyptian consumer. With the work on the provision of instructional information and the delivery of the farms, 
and open new markets for Egyptian garlic. In addition to the removal of all obstacles hindering the export process 
and in particular export Egyptian garlic.  
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. Introduction:
 
1

After Egypt signed several international 
agreements the most important of is the General 
Agreement on Tariffs and Trade (GATT) and 
participating European. The Egyptian agricultural 
sector has become no longer the traditional sector, 
which produces the raw material for industry and 
source of employment and income. However, it has 
come to rely on comparative and competitive 
advantages of the ability to cope with the existing 
economic blocs in order to develop the Egyptian 
agricultural exports and the increase in the state of 
the foreign currency, needed to finance economic 
development projects.  

Care must be taken to the garlic crops to 
increase

garlic, which adds value-added exports to the 

Despite Egypt's accession to some of the  exports, especially from the radiator and 

Egyptian national economy. In spite of the 
importance of the garlic crop in Egypt, whether at the 
levels of domestic consumption or agricultural 
exports, but with the total area planted. A single 
loader is estimated at 30.38 thousand acres represent 
about 0.46% of the total area Lug winter average for 
the period (2007-2009). Also, appreciates Egypt's 
exports of garlic, about 2.889 million dollars, 
representing about 0.14% of the total value of 
Egyptian agricultural exports, amounting to about 
2064 million averages for the period (2007-2009). 
 
2. Research problem:  

http://www.google.com.eg/url?sa=t&source=web&cd=1&ved=0CAYQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FGeneral_Agreement_on_Tariffs_and_Trade&ei=E5q4TLT3Fo6s4Aasp92BDg&usg=AFQjCNGG5MxyTpi8P4lSkj2HARCZ5eOyIg
http://www.google.com.eg/url?sa=t&source=web&cd=1&ved=0CAYQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FGeneral_Agreement_on_Tariffs_and_Trade&ei=E5q4TLT3Fo6s4Aasp92BDg&usg=AFQjCNGG5MxyTpi8P4lSkj2HARCZ5eOyIg
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economic blocs and the conclusion of many 
international conventions, along with the enjoyment 
of the status of productivity distinct in the production 
of garlic, but the value of Egyptian exports of the 
crop of garlic remains low. In addition to the 
Egyptian exports of Garlic fluctuate from year to 
year, Which suggests that, the reality of production 
and export of garlic crop is facing many difficulties 
and constraints (i.e. the production and export), 
which lead to weak competitiveness in a global 
market.  

The Aim of the Research Subject: The research 
aim is to identify empowered to increase domestic 
prod

s and data sources: 
The research depends mainly on published and 

ued by the Central 

. Results and discussion: 

uction and exports of garlic to both types of 
fresh, chilled, and that through the study of the status 
quo for the production of Egyptian garlic, as well as 
study the most important markets of importing 
within the economic blocs, the various factors 
affecting the energy import to those markets. As well 
as the seasonal distribution of monthly study to 
determine the best times for production and export of 
Egyptian garlic. In addition to the identification of 
production and export problems facing producers and 
exporters of Egyptian garlic and propose appropriate 
solutions. 
 
3.  Method

unpublished secondary data, iss

Agency for Public Mobilization and Statistics, 
Ministry of Agriculture and Land Reclamation, and 
the Food and Agriculture, in addition to the field data 
collected from some producers and exporters of 
Egyptian garlic. To achieve the aim of this research 
method were used descriptive statistics and analytical 
method, where it depends up on the gradual 
regression to identify the most important factors 
affecting some of the variables or economic 
phenomena related to the subject of the study. 
 
4

Garlic is grown in the winter loop that directs 
production for export has grown garlic alone or 
loaded on winter crops.  
       Table (1) shows that, the total cultivated area of 
garlic is 30.38 thousand feddan, represent single 
garlic to about 77.3% and the average for the period 
(2007-2009). The estimated total domestic production 
of garlic, the most trustworthy winter (the production 
from February to June) is about 282 thousand tons a 
solo production which about 79.1%. The focus of the 
production of such loop in the governorates of Minya 
and Beni Suef, as their production represents about 
39% and 38.8% respectively of the total production of 
winter garlic solo. Also appreciates the productivity 
of garlic Hassan added each solo and the loader about 
9.5, 8.5 tons, respectively.  

 
Table (1) domestic production of garlic during the period (2007-2009)  
  (Area in thousand feddan, productivity in tons per feddan, and production in thousand tons)  
 

Single garlic Loaded garlic total year 
area productivity production area productivity production area produ  ctivity production 

2007 
2008 
2009 

24.85 
28.1 
17.5 

9.44 
9.21 

10.01 

235 
259 
175 

8.1 
9.8 
2.8 

9.18 
8.3 

7.51 

74 
81 
21 

32.95 
37.9 
20.3 

9.38 
8.97 
9.66 

309 
340 
196 

A  verage 23.48 9.5 223 6.9 8.5 59 30.38 9.27 282 
Source: Compiled a lculated frnd ca om: 
       Ministry of Agriculture and Land Reclamation, Economic Affairs Sector, Bulletin of The Agricultural Statistics, 
various issues.  
 
Response to presentation of the area cultivated with 
garlic:  

This section discusses the study of the 
relationship between the cultivated area of garlic crop 
in a given year as a dependent variable and the factors 
supposed to impact upon, embodied in the average 
price farm per unit of the output garlic pounds, and the 
unit price of exports of garlic, and the costs of 
production acres of garlic, and net yield per feddan of 
crop and crop garlic rival the session (onion, clover 
and alfalfa sustainable forestation, winter wheat, 
tomato), in addition to variable productivity and that 
the period of delay for the period (1998-2009) was 

estimated by the correlation matrix between these 
variables to each other and between them and the 
dependent variable, with the exclusion of variables, 
including a strong correlation with the introduction of 
the most powerful variable is closely dependent 
variable.  
It has been shown from the results of analysis of the 
relationship estimated for the response to changes in 
the area of garlic using the method of gradual 
regression Stepwise Regression models that best 
representing are the relationship, in terms of statistical 
and economic equation is the following:  
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LnŶ i = 1.4 + 0.556 ln X1i-1 - 0.136 ln X2i-1 + 0.472 

     (5.39)**             (4.33)**   
ln X3i-1 
           
(6.11)**                
Where: 
 Ŷ i= estimated area of the garlic crop in thousand 
feddan in the year i 
 X1i-1 = farm price per unit of output garlic pound in 
the previous year (i -1)  
X2i-1 = net return per feddan of crop onions pound in 
the previous year (i -1)  
X3i-1= productivity in tons of garlic in the previous 
year (i -1) 
I = 1.2, ....... 12 (1998-2009) 

-Figures in parentheses represent the value of (T) 
calculated  
 **: significant at 1%  
 

The result shows that, the price of farm, 
productivity in garlic and net return per feddan for the 
onion crop in the previous year of the most influential 
factor on the area planted with garlic as the changes, 
they are responsible for about 69% of the changes in 
the component space. As can be seen, an increase in 
both price and farm productivity of the garlic by 10% 
leads to increase the area planted to the following year 
by about 5.56% and 4.72%, respectively. While, the 
decline in net return per feddan for the onion crop by 
10% leads to increase the area of garlic, about 1.36%, 

indicating the clear influence of farm price and 
productivity of garlic per feddan and onions on the net 
return on the cultivated area of garlic.  

From the abovementioned discussion, it’s 
obvious that the garlic cultivated area affected by 
farm prices, productivity and net return per feddan, 
which refers to the impact of price policy on the 
Egyptian agricultural production, as well as, the need 
to focus on devising high-yield varieties in increasing 
the productivity of garlic.  
 
Profitable crop of garlic and crop competition has 
session:  

Due to the growing crop of garlic most of the 
governorates of the Republic on the one hand, and 
being a crop of winter on the other hand, the winter 
crops, alternative competition is in Wheat, Broad 
Bean, Onion, Green Peas, Tomatoes, Squash, Barley, 
lentils, chickpeas, flax and sugar beet. It is clear from 
table (2) that, the net annual return of acres of garlic 
winter has occupied the second place, accounting for 
about 92.8% of his crop of Tomatoes winter average 
for the period (2007-2009). While more than in its 
yield of wheat and Clover and Broad Bean , barley, 
Green Peas, Lentil, sugar beets, lentils, chick peas, a 
crop that could replace the garlic in the crop 
composition, with the exclusion of wheat, sugar beet 
and broad bean to be considered a crop import 
important. 

 
Table (2): Profitability of winter crop garlic and other competing crops in the same session, as an average of 

the period (2007-2009). 
 

crop area Cost net return Return/ cost 
ratio 

net return in 
year 

respectively 

Garlic 23.5 4411 6812 2.54 1  6349 2 
Wheat 2928 3016 3039 2.01 6078 9 
Clover T. 1654 1627 5200 4.26 10400 5 
Clover T. 417 940 2473 3.63 9892 6 
Broad Bean 196 3034 1923 1.63 4615 12 
Tomatoes 1  94.4 3996 8808 3.2 17616 1 
Onion 99.1 3052 5926 2.94 14222 3 
Green Peas 55.3 3154 3337 2.06 8009 7 
Barley 88.1 2348 1136 1.48 2726 14 
Lentil 1.8 2872 1787 1.62 5361 10 
Chickpeas 8.7 2247 1102 1.49 3306 13 
Flax 17.9 2388 2127 1.89 5105 11 
Sugar beet 257 2341 3099 2.32 6198 8 
Squash 27.6 2730 3664 2.34 10992 4 

Source: Compiled and cal rom: try of A re and eclama onomic A irs Sector, culated f  Minis gricultu Land R tion, Ec ffa
Agricultural Statistics Bulletin, various issues (2007-2009) 
 
 
 
Egyptian trade balance of garlic:  
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it is obvious from Table (3) that, the Egyptian 
trade balance of fresh garlic has achieved an annual 
surplus is estimated at 90 thousand dollars a year on 
average for the period (2007-2009). While, achieving 
a deficit estimated at 51 thousand dollars in the case of 
dried garlic. This achieves the Egyptian trade balance 
of garlic (fresh and dried) a surplus of about $ 39 
thousand dollars. The previous estimates indicate that, 
despite the increase in the value of Egyptian exports 
of fresh garlic, estimated at 4.037 million dollars in 

2009. The Egyptian imports of garlic have doubled to 
4.328 million dollars in 2009. This may be 
attributable to the increase of Egyptian imports of 
garlic to the consumer demand for the Chinese garlic, 
represents the value of 97% of the value of Egyptian 
imports of garlic as an average for the period of study. 
This indicates to the need to develop local varieties of 
garlic to suit the desire of the Egyptian consumers, 
with attention to quality items that are exported to 
foreign markets and work to increase productivity. 

 
Table (3): Egyptian trade balance of fresh garlic and dried during the period (2007-2009) 
 (Value in thousands of dollars) 
 

exports imports trade balance year 
fresh 
garlic 

Dried Garlic fresh 
garlic 

Dried Garlic fresh 
garlic 

Dried 
Garlic 

Total 
trade 

b  alance
2007 
2008 
2009 

1901 
2489 
4037 

72.5 
54 

7  4.5

1695 
2134 
4328 

95.6 
123.7 
134.7 

206 
355 
-291 

-23.1 
-69.7 
-60.2 

182.9 
285.3 
-351.2 

A  verage 2809 67 2719 118 90 -51 39 
Source: Compiled and lated fro   calcu m: 
 Central Agency for Public Mobilization and Statistics, National Information Center, unpublished data.  
 
International markets for Egyptian exports of garlic:  

The quantity exported annually from fresh garlic 
4285 tons (2.809 million dollars) on average of the 
period (2007-2009). While, the exports of dried garlic 
are 64 tons per year (67 thousand dollars), thus the 
value of Egyptian export garlic, 2.876 million dollars, 
representing 0.14% of the total value of Egyptian 
agricultural exports, amounts to 2064 million during 
the same period.  
     1 - Fresh garl
importance of import markets, Egyptian garlic 
average for the period (2007-2009). It is clear that, the 
EU is the most important economic blocs importing 
fresh garlic of Egypt, accounting for its markets to 
3.033 thousand tons valued at 2.176 million dollars, 

ic: Table (4) illustrates the relative 

representing 70.8%, 77.5% of the total quantity and 
value of Egyptian exports of fresh garlic during the 
study period. This is due to the prices increase of 
exports to EU countries than that of most imported 
blocs of Egyptian garlic. Germany and Italy are the 
most important importing EU countries of fresh 
garlic, accounting about 27.2%, 20.1% respectively of 
the total Egyptian exports fresh garlic representing 
about 38.4%, 28.4% of total EU imports of fresh 
Egyptian garlic, respectively. This represents the 
imports of the Netherlands, France and the United 
Kingdom to 11.4%, 5.8%, and 2.2% of the amount of 
Egyptian exports of fresh garlic. While the value of 
imports of those countries about 20.2%, 7% and 3.9% 
of the value of total exports of fresh garlic for the 
average Egyptian study.  

Data also indicates that, the Arab free trade zone 
ranks as a second among the economic blocs, as 
markets absorb about 822 tons, (291 thousand 
dollars), representing about 19.2% and 10.3% of the 
total quantity and value of Egyptian exports of fresh 
garlic during the study period. The Syrian Arab 
Republic, Tunisia, Morocco and Libya are the most 
important Arab countries imported garlic of Egypt, 
accounting for their markets at 10.7%, 2.3%, 2.2% 
and 1.9% respectively of the total Egyptian exports of 
fresh garlic and about 55.6% 12.3%, 11.4%, 9.7% of 
the region's import's Arab trade of fresh garlic of 
Egypt, respectively, during the study period. It is 
noted that, the low average export price for Arab 
States accounting for nearly half of the average export 
price of fresh garlic Egyptian EU countries. 

2 – Dried Garlic: Studying the relative 
importance of import markets of dried garlic as shown 
in table (4) that, the Arab region is the most important 
blocs absorbed the Egyptian exports of dried garlic, 
accounting for about 23.19 million tons valued at 
approximately $ 17.46 thousand dollars, representing 
about 46.7% and 26.1% respectively of the total 
quantity and value of Egyptian exports of dried garlic 
during the study period. The Syrian Arab Republic 
and Morocco are most important importer Arab States 
for importing dried garlic estimated at 25.5% and 
20.4% of the total Egyptian exports of dried garlic, 
respectively, and about 54.6%, 43.7% of the total 
imports of the Arab region of the Egyptian dried 
garlic. 
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The EU countries ranked as the second among 
the most important block's absorption of Egyptian 
exports of dried garlic, accounting for about 20.16 
million tons valued at approximately 40.9 thousand 
dollars, representing about 40.7% and 61% 
respectively of the total quantity and value of 
Egyptian exports of dried garlic during the study 
period. Germany, Italy, Belgium are the most 
important importer of Egyptian dried garlic within the 

European Union by an estimated at about 18.5%, 
14.1% and 7.6% of the total exports of dried garlic of 
Egypt, respectively, and about 45.4%, 34.7% and 
18.6% of the amount of imports of the EU from the 
Egyptian dried garlic. It is estimated that the marked 
reduction of the average export price of garlic powder 
to the Arab region as it represents only about 38.8% of 
that of EU countries. 
      

 
Table No. (4) Geographical distribution of Egyptian exports of fresh garlic and dried of their stability as an 
average for the period (2007-2009) (Quantity in tons and value in thousands of dollars and the price in dollars 
per ton)  
 

fresh garlic dried garlic CONTRIES 
Quantity % value % price Quantity % value % price 

Germany 
Italia 

Netherlands France 
England 
Belgika 
Spain 
others 

1164 
861 
488 
251 
93.4 
82.8 
63.9 
28.9 

27.2 
20.1 
11.4 
5.8 
2.2 
1.9 
1.5 
7.0 

260 
802 
568 
196 
111 
92 
117 
30 

9.2 
28.6 
20.2 
7.0 
3.9 
3.3 
4.2 
1.1 

223 
932 
1163 
780 
1188 
1111 
1828 
1038 

9.16 
- 

7.0 
- 

0.25 
3.75 

- 
- 

18.5 
- 

14.1 
- 

0.5 
7.6 
- 
- 

19.49 
- 

10.64 
- 

1.04 
9.73 

- 
- 

29.1 
- 

15.9 
- 

1.6 
14.5 

- 
- 

2128 
- 

1327 
- 

4160 
2594 

- 
- 

EU 3033 70.8 2176 77.5 717 20.16 40.7 40.9 61 2029 
Syrian 
Syrian 

Morocco 
Libya 

Lebanon 
Sudian 
Suidia 
Oman 
others 

457.2 
101 
94 

79.7 
34.6 
24.1 
9.9 
1.9 
19.6 

10.7 
2.3 
2.2 
1.9 
0.8 
0.6 
0.2 

0.04 
0.5 

113 
29.3 
83.6 
20.1 
5.9 
21.6 
5.9 
1.2 
10.4 

4.0 
1.0 
3.0 
0.7 
0.2 
0.8 
0.2 

0.04 
0.4 

247 
291 
889 
253 
171 
896 
597 
844 
531 

12.67 
- 

10.13 
- 

0.25 
- 
- 

0.14 
- 

25.5 
- 

20.4 
- 

0.5 
- 
- 

0.3 
- 

7.39 
- 

9.42 
- 

0.55 
- 
- 

0.1 
- 

11.0 
- 

14.1 
- 

0.8 
- 
- 

0.2 
- 

583 
- 

930 
- 

2180 
- 
- 

685 
- 

Arab region 822 19.2 291 10.3 354 23.19 46.7 17.64 26.1 787 
Others CONTRIES 430 10 342 12.2 795 6.25 12.6 8.64 12.9 1404 

Total exports 4285 100 2809 100 657 64 100 67 100 1351 
Source: Compiled and calculated from: 
   Central Agency for Public Mobilization and Statistics, National Information Center, unpublished data. 
 
Seasonal distribution of monthly Egypt's exports of 
fresh garlic:  

Study the monthly distribution of the garlic 
Egyptian exports is important to identify factors that 
would increase the competitiveness of garlic in the 
Egyptian foreign markets, represented in the export 
prices and good quality and appropriate to the taste of 
the consumer and timely manner. study of the 
monthly distribution of the fresh garlic Egyptian 
exports during the period (2007-2009) shown in Table 
(5), indicts that, the months of March and April 
occupies the summit-month export of fresh garlic with 
a relative importance estimated at 43.25%, 13.33%, 
respectively, and then came the months of November 
and December ranked in the following relative 
importance of about 8.05%, 8.77%. Also found that 
the export price for fresh garlic during the months of 
February and April, May and September, amounting 

to about 1029, 891, 821 and 913 dollars per ton 
representing about 157%, 136%, 125% and 139% 
respectively of the average export price of the annual 
fresh garlic, amounting to 656 dollars per ton as 
average for the study period. This may be due to the 
increase demand for Egyptian garlic in the EU market 
at this time of the free markets of European 
production. The months with lower exports of fresh 
garlic in June, August and October with relative 
importance estimated at 1.92%, 2.5% and 2.18%, 
respectively. As noted in the same table the lower 
amounts of exported fresh garlic through the month of 
February in spite of growing demand from European 
Union countries at this time, which requires the need 
for early in the cultivation of garlic to the possibility 
of processing garlic post-production for the export 
operation especially for the EU during the months of 
February to April for the benefit of the customs 
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exemptions granted to Egypt through a partnership 
agreement in Europe. 
   
Table (5) seasonal distribution of monthly average 
of Egyptian exports of fresh garlic and dried 
during the period (2007-2009).  
(Quantity in tons, and the price in dollars per ton) 

fresh garlic dried garlic The 
month Quantity % price Quantity % price 

January 
February 

March 
April 
May 
June 
July 

August 
September 

October 
November 
December 

37.4 
169.3 

1853.3 
571.1 
288 
82.3 
193.3 
107.3 
169.1 
93.6 
345 

375.3 

0.87 
3.95 
43.25 
13.33 
6.72 
1.92 
4.51 
2.5 
3.95 
2.18 
8.05 
8.77 

776 
1029 
554 
891 
821 
642 
743 
421 
913 
735 
455 
532 

0.6 
0.25 
14.5 

7 
3.75 

- 
13 

0.14 
0.26 

- 
- 

10 

1.21 
0.51 
29.23 
14.12 
7.56 

- 
26.21 
0.48 
0.52 

- 
- 

20.16 

2820 
4128 
610 
1498 
2564 

- 
485 
693 
5738 

- 
- 

1343 
Total 4285 100 656 49.4 100 1351 

Source: Compiled and calculated from: 
 Central Agency for Public Mobilization and 
Statistics, National Information Center, unpublished 
data. 
 
Seasonal distribution of monthly Egypt's exports of 
dried garlic:  

Data from Table (5) indicates that, the months 
March, July and December are the top months of the 
Egyptian dried garlic exports, with relative 
importance estimated at 29.23%, 26.21% and 20.16%, 
respectively. Then April and May months are ranked 
in the following rank with relative importance 
estimated at 14.12%, 7.56%, respectively. While, 
there is no export of Egyptian dried garlic in the 
months June, October and November. As for the 
export prices of dried garlic is observed to rise in the 
months of January, February, May and September as 
it represents the export price by up to 209%, 306%, 
190% and 351% respectively of the average rate of 
annual export of dried garlic, of about 1351 states per 
ton.  

From the above it is clear that, the amount of 
Egyptian exports of fresh garlic and dried to the EU 
countries did not cover the amount authorized for 
export during the period of time referred to in the 
Agreement. Therefore, it can increase that, the 
quantities exported from the production of Egyptian 
fresh and dried garlic is not incompatible with the 
production of the European market with garlic 
producers try to produce consumer items desired by 
the European international specifications, as well as 
the ability to price competition for the production of 
their competitors. 
 
 

Factors affecting the quantity exported from Egyptian 
garlic through the period (1998-2008):  

Study of the relationship between the quantity 
exported from Egyptian garlic thousand tons (Ŷ i) and 
the factors which is supposed to impact upon, 
embodied in the total domestic production of garlic in 
thousand tones (X1i), and consumption Local 
thousand tons (X2i), and the average export price of 
garlic Egyptian dollar per tone (X3i), and the average 
world export price (X4i), and the average import price 
(to express the prices of their competitors garlic 
Egyptian those markets), the most important foreign 
markets, importing garlic Egyptian dollar a tone each 
unit ( X5i Germany, X6i Italy, X7i Netherlands, X8i 
Syria) during the period (1998-2008). Using the 
method of gradual regression decline with various 
mathematical equations to know the most important 
factors affecting the quantity exported from Egyptian 
garlic as in the following equation:  
 
LnŶ i  = 6.01 + 0.08 ln X1i - 0.329 ln X3i + 1.203 ln X5i               R

2 

=0.98    F= 123** 

                         (5.21)**        (3.316)**       (18.22)**               

 
It is noticed from the equation that there is an 

inverse relationship between the quantity exported 
from the garlic and its price, as well as a positive 
correlation between the quantities exported from 
Egyptian garlic and all the domestic productions of it, 
and the average import price of garlic German. This 
coincided with economic logic, that means that an 
increase in export price of Egyptian garlic by 10% 
leads to a decrease in the quantity exported from the 
garlic by about 3.29%, while the increase of the total 
production of Egyptian garlic and the average import 
price for Germany by 10% leads to increase the 
quantity exported from Egyptian garlic by 0.8% and 
12.03%, respectively. This coefficient of 
determination was estimated at about 0.98, which 
means that 98% of the changes in the amount of 
Egyptian exports of garlic due to the changes in these 
factors during the study period.  
 
Factors affecting the imports of the most important 
importer of garlic of Egypt during the period 
(1998-2008):  

Imports of any country affected by a variety of 
factors, most notably population density and the 
average import price and domestic production of that 
State and the average world price in addition to the 
factors associated with the element of time. The 
research focused on the most important factors 
affecting the imports of the most important importer 
of garlic of Egypt and by using the style regression 
phased in pictures of various mathematical forms, and 
then choose the best models deal with the economic 
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logic and statistical, which illustrated in Table (6), 
shows the most important factors affecting the total 
quantity of Germany's imports are population density 
and the world price of garlic. The elasticity coefficient 
indicates that by increasing the population of 
Germany by about 10% lead to increased imports of 
garlic around 4.1%, as the increase in the world price 
by 10% leads to lower the amount of imports of 
Germany from garlic by 2.57%. 
         Regarding, the Italian market it has been 
shown that the average price of imports from Italy 

Garlic is the most important factors affecting the 
imports of garlic from Italy since increased by 10% 
leads to a decrease in imports of garlic from the Italian 
by 5.2%. As it turns out, the direction of Italian 
imports of garlic to the increase in the future, as 
reflected in the reference time element. The 
coefficient of determination indicates that the change 
in the average price of imports from Italy, garlic and 
the time factor responsible for about 74% of the 
changes in the import of garlic from Italy. 
 

 
Table (6) factors affecting the total imports of garlic for the most important importer of Egyptian garlic 
during the period (1998-2008) 

CONTRIES  R2 Significant 
Germany LnŶ i = 8.17 + 0.41 ln X1i - 0.329 ln X2i 

 

                        (3.209)**             (2.855)*        
0.56 ** 

Italia 
 

LnŶ i = 13.82 - 0.58 ln X3i + 0.09 ln X4i 
 

                           (2.62)*             (4.06)**        
0.74 ** 

Netherlands  LnŶ i = 20.1 – 1.58 ln X2i – 2.19 ln X5i 
 

                          (3.17)**          (2.544)*        
0.59 ** 

Syrian 
 

LnŶ i = -52.3 + 2.89 ln X3i – 7.21 ln X5i 
 

                         (3.05)**             (3.317)*        
0.80 ** 

Where: 
 Ŷ i= estimated value of imports of garlic to the corresponding state in thousand tons in the year i  
 X1i = number of Germany's population in million inhabitants in the year i, 
X2i = = world price in dollars per tonne in the year i 
X3i = Average import price of the state corresponding to the dollar per ton in the year i 
X4i = e factors associated with the element of time 
X5i = domestic production of the state in thousands of tons in the corresponding viewing i, 
 I = 1.2, ....... 11 (1998-2009) 
-Figures in parentheses represent the value of (T) calculated  
*: significant at 5%           **: significant at 1%  
Source: Compiled and calculated from:   Internet, www.fao. Org 
 
 The market for the Netherlands has shown that, 
the most important factors affecting the imports of 
garlic is in the domestic production of it and the 
average world price and in accordance with economic 
logic as an increase in the production of the 
Netherlands of garlic and the average world price has 
increased by 10% leads to a decrease in imports of the 
Netherlands by 21.9% and 15.8%, respectively. Also 
found that changes in the factors of production from 
the Netherlands and the average world price 
accounted for 59% of the changes in the total imports 
of garlic Netherlands.  
         Concerning the Syria market, it has been 
shown that, the most important factors affecting the 
imports of garlic in the Syrian production is the 
average price of imports of Syria garlic, with 
agreement by the economic logic as an increase in 
Syria's production of garlic and the average import 
price of garlic Syrian by 10% leads to a lack of 
imports Syria from about 72.1% and 28.9%, 
respectively. Moreover, found that changes in the 

variables previous responsible for about 80% of the 
changes in the total imports of garlic Syrian. 
      From the foregoing it is clear the need to maintain 
the quantity of exported garlic to those markets with 
trying to penetrate new markets and work on the 
stability of the Egyptian garlic exports to Arab 
countries. 
 
The most significant obstacles facing the producers 
and exporters of Egyptian garlic and proposed 
solutions:  

The results of personal interviews of producers 
and exporters of garlic of Egypt that, there are many 
obstacles facing the process of production and export 
of the most important:  
 
First: the productivity problems: 
1 - High costs of production inputs such as fertilizers, 
pesticides, and are not available in a timely manner.  
2 - The lack of high-yield varieties of garlic and the 
prices of existing seedlings.  
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3 - The lack of adequate information to the producers 
of new technological methods used in the production 
process.  
 
Second: marketing problems: 
1 - Low and fluctuating prices, pays producers to the 
instability of the area under cultivation of garlic. 
 2 - Not care of sorting out and grading, in addition to 
the lack of adequate information storage process, 
which leads to increased losses and higher marketing 
costs.  
3 - Traders exploit the producers, especially small 
farmers and get their produce at prices less than 40% 
of the price of the consumer.  
4 - Lack of marketing outlets in urban areas between 
the consumer and the product directly.  
5 - The absence of the role of cooperative marketing 
and exploitation of the private sector lead to a decline 
in net revenue earned by the product, which leads to 
lack of interest in farmer’s production process.  
 
Third: export problems:  
1 - High costs of air transport for vegetables, which 
reflected the Egyptian product to compete in 
international markets due to rising prices. 
 2 - difficult to measure the air spaces of the ship 
during the contract period the Egyptian source 
causing problems in lack of commitment by some 
exporters varied the amount of shipping that have 
been agreed with the importers.  
3 - Adoption of the export process and the efforts of 
individual decisions, which might be characterized as 
random in some cases as a result of the absence of 
clear policies and updated information for exporters.  
4 - Low level of processing and packaging of 
Egyptian products in comparison to other countries, 
which undermines the competitiveness of Egyptian 
products to foreign markets.  
5 - lack of commitment by some exporters to the terms 
of the contract in terms of quality and specifications, 
which resulted from the work of some exporters deals 
casual and that the export of items not conforming to 
specifications of export, which affects the reputation 
of the Egyptian product.  
6 - The large number of procedures and fees within 
the Egyptian ports - In the absence of coordination 
among agencies involved in the export - lead to the 
late arrival of export transactions, which displays the 
source of great loss.  
 
Fourth: The solutions proposed for expansion in the 
production and export of Egyptian garlic:  

It is proposed producers and exporters of garlic, 
a range of solutions including:  

1 - Varieties of garlic are able to compete with 
Chinese garlic and prices commensurate with the 
Egyptian product.  
2 - Expansion in the cultivation of garlic in the newly 
reclaimed land and free from chemicals.  
3 - Product support instead of supporting the Egyptian 
consumer, which leads to increased production and 
rationalization of consumption. 
 4 - Apply the concept to production for export.  
5 - Open marketing outlets in urban areas and linking 
them directly to producers of garlic.  
6 - Provide an integrated database of accurate 
information for the benefit of all parties to the export 
activity.  
7 - Support exporters through the establishment of a 
fund to offset the prices.  
8 - Improving the level of processing and packaging 
to enhance the level of quality of garlic of Egypt, with 
a commitment to international standard 
specifications.  
9 - Increasing the size and efficiency of the fleet of 
transport - air, land and sea - and the expansion in the 
use of refrigerated shipping containers, while working 
to support the operations of shipping the radiator.  
10 - Development of mechanisms of the Egyptian 
commercial representation offices abroad, through 
improved methods of advertising for Egyptian 
products abroad.  
 
5. Conclusion: 
      The results showed that, despite the comparative 
advantages enjoyed by Egypt in the production of 
garlic, but that the Egyptian exports which are volatile 
as well as a decrease in the exported quantities of 
dried garlic, which adds value-added is higher than 
the fresh counterpart to the Egyptian economy. The 
results showed no benefit from preferences granted to 
agreements with many of the various economic blocs, 
especially EU countries. As it turns out to increase the 
value of Egyptian imports of Chinese's garlic, which 
will lead to the depletion of most of the foreign 
currency obtained as a consequence of the export of 
Egyptian garlic. Therefore, the study recommends the 
need to develop varieties of garlic acquires Egyptian 
consumers desire an alternative to Chinese's garlic. In 
addition to, the possibility of export at a proper time 
for the consumer especially, to the European 
countries. In addition to the removal of all obstacles 
hindering the export process and in particular, export 
Egyptian garlic. 
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