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ABSTRACT: The effects of peppermint (Mentha piperita) and/or basil (Ocimum basilicum) 

essential oils supplementation on the growth performance of rabbits were evaluated. Forty-Eight V-
line rabbits at five weeks of age were randomly divided into four equal groups. The control group 
(1

st
 group) fed a basal diet without supplementation. The 2

nd
, 3

rd
, and 4

th
 groups fed the basal diet 

supplemented with 400 mg of peppermint essential oil/ kg diet (PO), 400 mg of basil essential oil/ kg 
diet (BO), and 200 mg of PO plus 200 mg of BO/ kg diet (essential oil blend; EOB), 
respectively. The results showed that the different supplementations did not significantly influence 
final live body weight (LBW) and average daily gain (ADG) of V-line growing rabbits, while, 
significant (P≤0.01) decrease in feed intake (FI) in the groups fed PO and EOB than the control 
group. Essential oil blend group recorded the best significant (P≤0.01) value of feed conversion 
ratio (FCR) in compare with other groups. Dietary addition of PO, BO and EOB had insignificant 
effect on digestibility coefficients of nutrients, total digestible nutrient (TDN), digestible crude protein 
(DCP) and most of carcass traits in comparison with control. In conclusion, the blend of peppermint 
and basil essential oils have the potential to be used as a feed additive for growing rabbits because 
it shows beneficial results on FI and FCR without having any detrimental effects on growth 
performance, carcass or digestibility.  

Keywords: Rabbits, Essential Oils, Performance; Digestibility, Carcass.  

 

INTRODUCTION 
For several decades, antibiotics and hormones used as a source of feed 

additive, although great phobia of public concern about their side effects and 
residues in animal products. Recently, herbal supplements became a primary 
source of feed additives and antioxidants to improve general health conditions of 
human and animals. This is due to their potent action and relatively harmless 
effects. Our demand of good-quality white meat is of great interest; so many 
researchers directed their efforts to evaluate herbal feed additives on rabbit’s and 
poultry production as good, fast and cheap source of white meat. They found that, 
herbal feed additives' formulations improved rabbit’s ADG, FCR, lowered mortality 
and increased livability, (El-Kholy et al., 2012; Zeweil et al., 2013; Zeweil et al., 
2016a,b). Historical and Popular Uses Peppermint’s Latin name (Mentha piperita) 
comes from the Greek Mintha, the name of a mythical nymph thought to have 
metamorphosed into the plant, and the Latin piper, meaning pepper. Ancient 
Greek, Roman, and Egyptian cultures used the herb in cooking and medicine. 
Peppermint leaf and oil are used for folk medicine, as flavoring agents, and in 
cosmetic and pharmaceutical products throughout the world (Gardiner, 2000). 
Peppermint oil is the most extensively used of all the volatile oils (Murray, 1995). 
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Herbalists consider peppermint an astringent, antiseptic, antipruritic, 
antispasmodic, antiemetic, carminative, diaphoretic, mild bitter, analgesic, 
anticatarrhal, antimicrobial, rubefacient, stimulant, and emmenagogue (Gardiner, 
2000). Also, Peppermint oil have antimicrobial effect (Pramila et al., 2012; 
Trombetta et al., 2005), hepato-protective effect due to its antioxidant content and 
free radical scavenger effects (Khalil et al., 2015) and beneficial effects on some 
blood biochemical parameters of female chicks reared under heat stress conditions 
(Akbari and Torki, 2014). Furthermore, Emami et al. (2012) concluded that PO at 
dose of 200 and 400 mg/ kg dry matter (DM) diet in chicks as well as a prebiotic 
(Fructo-oligosaccharides; Fructomix®) could be suggested as effective alternative 
for antibiotic (Virginiamycin®). Although, studies on the effect of peppermint as 
antibiotic growth promoter alternatives on broilers performance and digestibility are 
rare and the results are controversial. Basil (Ocimum basilicum), also known as 
sweet and garden basil, a member of the Lamiaceae family, is commonly cultivated 
throughout the Mediterranean region (Abbas, 2010). Also, Sajjadi (2006) 
demonstrated that the leaves and flowering tops of sweet basil are used as a 
carminative, galactogogue, stomachic and antispasmodic in folk medicine and 
recently the potential uses of BO, particularly as antimicrobial and antioxidant 
agents, have also been investigated. Whereas, BO has antifungal activities (Kocić-
Tanackov et al., 2011). Also, basil aqueous extract has a beneficial impact on 
deltamethrin induced nephrotoxicity in albino rats by its antioxidant effect (Sakr and 
Al-Amoudi, 2012). Treatment with aqueous basil extract led to an improvement in 
histological, morphometrically and immuno-histochemical changes in cadmium 
testicular toxicity induced rats (Sakr and Nooh, 2013). There is extensive diversity 
in the constituents of the BO, and several chemotypes have been established from 
various phytochemical investigations, however, methyl chavicol, linalool, methyl 
cinnamate, methyl eugenol, eugenol and geraniol are reported as major 
components of the oil of different chemotypes of O. basilicum. Many studies have 
also been conducted on the effects of dietary essential oils (EO) or combinations 
on the performance of poultry, but with varying and conflicting results. While some 
reports (Bozkurt et al., 2012; Brenes and Roura, 2010) have demonstrated that EO 
improved animal performance, some researchers (Botsoglou et al., 2004; Lee et 
al., 2003) have reported that these additives were not effective in this regard. 
Besides that, EO enhance production of digestive secretions, stimulate blood 
circulation, exert antioxidant properties, reduce levels of pathogenic bacteria and 
may enhance immune status (Hosseini et al., 2013). The aim of the present study 
is to investigate and compare the effects of PO, BO and EOB on performance, 
digestibility coefficients and carcass traits of growing rabbits.  

 
MATERIALS AND METHODS 
 

Experimental animals, diets and management 
Forty-eight growing V-line rabbits of both sexes, five weeks of age, with 

initial LBW of 704.9± 67.9 g were used for the study. The rabbits were randomly 
allocated to four treatments groups of 12 rabbits each. Each treatment was further 
sub-divided into 4 replicate of ٣ rabbits. Rabbits were housed in wire floor batteries 
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of 45 x 36 x 36 cm and were offered diets for duration of the feeding trial (eight 
weeks) until reaching 13 weeks of age through summer season from July to 
September. All animals were kept under similar hygienic conditions. Rabbits were 
housed in well ventilated block building. Fresh air circulated in the house using 
exhaust fans. The rabbits were kept within a cycle of 16 h light and 8 h dark. The 
incidence of dangerous diseases was largely avoided and rabbits have never been 
treated with any kind of systematic vaccination or medication. 

 
Four pelleted diets were prepared. The 1st group fed basal diet free of feed 

additives and served as a control group. The 2nd and 3rd groups fed basal diet 
supplemented with PO and BO at doses of 400 mg/ kg diet, respectively. The 4th 
group received basal diet supplemented with combination of PO and BO at dose of 
200 mg of each/ kg diet (EOB). Fresh water was automatically available in all times 
through stainless steel nipples for each cage. The experimental diets were offered 
to rabbits ad libitum. The basal experimental diet was formulated to cover all 
essential nutrient requirements for growing rabbits according to NRC (1977). The 
composition and chemical analysis of the basal experimental diet was presented in 
Table 1. Individual LBW and FI were recorded weekly. ADG and FCR were also 
calculated 

Table (1).  Ingredients and chemical composition of basal diet fed to growing 
rabbits.  

Ingredients %  
Ground yellow corn 19.00 
Wheat bran 11.00 
Barley 17.20 
Soybean meal (44%) 15.00 
Berseem hay 33.00 
Molasses 3.00 
Di-calcium phosphate 1.00 
Sodium chloride (salt) 0.30 
Premix1 0.30 
Di-methionine 0.10 
L-lysine 0.10 
Total 100.00 
Chemical composition (% of DM basis)  
Crude protein 18.87 
Ether extract 3.33 
Crude fiber 13.57 
Nitrogen free extract 54.89 
Ash 9.34 
Organic matter 90.66 
DE, Kcal/ Kg 2 2502 

1
premix contained the following vitamins and minerals mixture per kg (g/kg): Vit A.; 2000.000 IU, Vit 

E; 10 mg, Vit B1; 400 mg, Vit B2; 1200 mg, Vit B6; 400 mg, Vit B12; 10 mg, Vit D3; 180000 IU, 
Colin chloride; 240 mg, Pantothenic acid; 400 mg, Niacin; 1000 mg, Folic acid; 1000 mg, Biotin; 40 
mg, Manganese; 1700 mg, Zinc; 1400 mg, Iron; 15 mg, Copper; 600 mg, Selenium; 20 mg, Iodine; 
40 mg and Magnesium; 8000 mg. 
2
DE, Kcal/ Kg: digestible energy; = 4.36-0.0491×NDF%, whereas NDF %: neutral detergent fiber; = 

28.924+0.657× CF%, whereas CF%: crude fiber. 
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Digestibility trial  

At 13 weeks of age, 16 male rabbits (four rabbits from each treatment) were 
randomly taken after the termination of fattening trial. Rabbits within each 
treatment were randomly housed individually in metabolic cages that allowed 
separation of feces and urine. A preliminary period of seven days was followed by 
five days for measurements of actual consumed feed and collection of feces and 
urine. During the collection period and before offering the morning meal, total 
excreted feces were collected daily from each rabbit in buckets and weighed.  
Representative samples (10%) of the total quantities of feces for each rabbit were 
oven dried daily at 70°C for 48 hrs to determine total DM of feces to calculate 
quantities of feces on DM basis. At the end of the collection period, fecal samples 
of each rabbit were mixed thoroughly and representative samples (10%) of the 
mixture was ground through 1 mm screen on a wiley mill grinder and stored in 
frozen at -20°C until chemical analysis.  Representative samples of feed offered 
and feces of each rabbit were chemically analyzed for determinations of DM, crude 
protein (CP), ether extract (EE), crude fiber (CF) and ash which were carried out 
according to AOAC (2006) methods. Nitrogen free extract (NFE) was determined 
by difference. Nutritive values in terms of TDN % and DCP % were calculated 
according to classic formula (Cunha and Cheeke, 2012). 

Carcass characteristics 
At the end of growing period, six rabbits were selected from each treatment 

group randomly for carcass evaluations. Rabbits were fasted for 12 hrs before 
slaughtering with free water supply. rabbits were weighed pre-slaughter, 
slaughtered for complete depletion, weighed post-slaughter, skinned, weighted 
post-flaying, eviscerated, weighted of the dressed carcass free from any internal 
organs (hot carcass weight without the head) and weighted of the cold carcass 
without the head. Hot eviscerated carcass included heart, lung, liver, kidney, 
thyroid gland, stomach and spleen. Also, weight of fur, leg and head were taken. 
Addition to, full weight and length of small intestine, caecum and large intestine 
were recorded. The carcass yields were calculated as a percentage of the pre-
slaughter live body weights of rabbits. Also, the percentages of total edible parts, 
non-edible parts and giblets were also calculated. 

Statistical analysis  
The results were expressed as the mean ± SEM. All data were analyzed 

using one way analysis of variance (ANOVA) using SPSS 11.0 statistical software 
(SPSS, 2007). Significant differences between means were detected using new 
Duncan multiple range test (Duncan, 1955). 
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RESULTS AND DISCUSSIONS 

Results illustrated in Table (2) showed the effect of supplementation of PO, 
BO and EOB on performance of the growing V-line rabbits. The different 
supplementations did not significantly influence the final LBW and ADG of V-line 
growing rabbits up to 13 weeks of age. Significant (P ≤0.01) decrease in FI in the 
groups fed PO, and numerical decrease in the group received BO than the control 
group and this decrease reached to 9.2 and 4.6 %, respectively. Essential oil blend 
resulted in more pronounced decrease in FI reached to 11.8 % than the control 
group. Dietary supplementation of PO and BO did not affect FCR in compare with 
the control group, however, EOB group recorded the best value of FCR in compare 
with other groups. In accordance with the present results, Ocak et al. (2008) found 
no effects on LBW, FI and FCR by dietary supplementing 2 g/kg of peppermint 
herb. Also, previous research has demonstrated that no effects were observed on 
growth performance when broilers fed diets supplemented with 1 g/kg mint powder 
(Mentha spicata), 1 g/kg wild mint (Mentha longifolia) or 4 or 8 g/kg peppermint 
(Ashayerizadeh et al., 2009; Demir et al., 2008; Toghyani et al., 2010), 
respectively. Moreover, Akbari and Torki (2014) showed that average body weight, 
ADG, and daily FI were not significantly affected by dietary supplementation of PO 
in female broiler chicks. 

Table (2).  Effect of peppermint and basil essential oils and their combination 
on growth performance of growing rabbits.     

Items Control PO BO EOB P value 

Initial LBW, g 705.0±66.8 702.08±68.1 705.8±67.4 706.6±69.2 0.999  

Final LBW, g 2100.0±46.5 2037.9±60.0 2043.8±42.5 2175.8±39.4 0.161 

ADG,g/rabbit/day 23.42±0.94 21.58±1.13 22.08±0.79 24.58±0.95 0.130 

FI,g/rabbit/day 116.92a±1.13 106.22b±2.78 111.59ab±3.72 103.10b±2.62 0.015 

FCR 4.99a±0.26 4.92a±0.15 5.05a±0.15 4.20b±0.14 0.200 

PO: peppermint essential oil supplemented with 400 g/kg diet, BO:  basil essential oil supplemented 
with 400 g/kg diet, EOB: essential oil blend supplemented with 200 g of each oil/kg diet, LBW: live 
body weight, ADG: average daily gain, FI: feed intake, FCR: feed conversion ratio.    
a-b: Values in the same row with different superscripts differ significantly (P ≤ 0.05). 

Contrary to the above findings, Al-Ankari et al. (2004) studied the 
supplementation of dried peppermint meal (Mentha piperita) and found that 1.5% 
showed beneficial results on body weight, ADG, FI and FCR in broilers. Also, Al-
Kassie and Witwit (2010) showed an improvement in ADG and FCR under dietary 
treatment with peppermint powder. Also, Emami et al. (2012) conducted that FCR 
tended to improve (P=0.039) by dietary supplementation of PEO at dose of 200 
mg/ kg DM diet in chicks compared with birds in the control group. Recently, Arab 
Ameri et al. (2016) reported that birds treated by 1 % peppermint powder showed 
lower ADG, however, 2 % peppermint powder showed higher ADG at 21 days of 
age, when compared with birds fed basal diet.  
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As for the effect of BO on performance, the present results agreed with 
Riyazi et al. (2015) who indicated that the supplementation of BO in the starter and 
grower diets had insignificant effect on ADG and FI. Additionally, there were no 
differences in FCR between treatments. On other hand, dietary supplementation of 
basil leaf and seed had a beneficial effect on FI, ADG and FCR (Abbas, 2010; 
Onwurah et al., 2011). Also, the results demonstrated by Osman et al. (2010) 
suggest that dietary supplementation of sweet basil in broilers increased 
significantly body weights and ADG, elevate statistically FI and improved protein 
efficiency ratio, FCR and performance index values. Moreover, FI, ADG and final 
LBW of the finishing broilers were significantly increased by supplementation of 
basil extract at doses of 0-300g/ml however the water intake was significantly 
reduced by treatment (Bo and Ekwe, 2012). 

 
It is noteworthy that many difficulties face the supply of herbs to animals 

because of tastes and odors emanated by the active substances contained in the 
plants, which inhibit intake by the animal. In other words, some herbs can be 
scarcely appetizing. In fact, before approaching the feed, the animals are strongly 
influenced by the aroma that it emanates. On  the whole, deterioration whole 
performance may be associated by higher villus height: crypt depth ratio in the 
duodenum of birds, consequently can conduct to lack nutrient absorption and 
elevation secretion in the gastrointestinal tract (Xu et al., 2003). 

 
Table 3 showed that the effects of different supplementations on digestibility 

coefficients of nutrient.  The data showed that digestibility coefficient of NFE was 
significantly (P ≤ 0.05) increased in the groups fed PO and BO in compare with the 
group given EOB. However, the results showed non-significant effect on this trait 
due to different treatments in comparison with control. Moreover, different 
supplementations had insignificant effect on digestibility coefficients of DM, OM, 
CP, EE and CF in compare with control. Clearly, there was insignificant 
improvement in nutritive values as TDN and DCP in all experimental groups as 
compared with control. The obtained results mean that PO, BO and EOB hadn’t 
deleterious effect on digestibility of nutrients and nutritive values. The obtained 
results agreed with those presented by Khempaka et al. (2013) who showed that 
all the experimental diets containing 0.5–2.0% dried peppermint showed no 
negative effects on DM, OM and CF digestibility and N retention compared with 
control diets. Moreover, all dried peppermint diets reduced the ammonia content in 
the excreta of broilers by approximately 32.93% compared with the control diets 
(P ≤ 0.05). On the contrary, Emami et al. (2012) found that digestibility of CP was 
significantly (P ≤ 0.01) increased by supplementation of PO at dose of 400 mg /kg 
in broilers diet. However, information on the effects of basil on nutrient digestibility 
and nitrogen balance is scare.   
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Table (3). Effect of peppermint and basil essential oils and their combination 
on digestion coefficients of nutrient nutritive values of growing 
rabbits.     

 

PO: peppermint essential oil supplemented with 400 g/kg diet, BO:  basil essential oil supplemented with 400 
g/kg diet, EOB: essential oil blend supplemented with 200 g of each oil/kg diet, DM: dry matter, Om: organic 
matter, CP: crude protein, EE: ether extract, CF: crude fiber, NFE: nitrogen free extract, TDN: total digestible 
nutrient, DCP: digestible crude protein. 
a-b: Values in the same row with different superscripts differ significantly (P ≤ 0.05). 

 
Effect of PO, BO and EOB supplementations on carcass characteristics is 

presented in Table 4. The results indicated no significant differences in 
percentages of cold and hot carcass, total edible and non-edible parts, liver and 
giblets by different treatments. However, percent of kidneys were significantly (P ≤ 
0.01) decreased in all experimental groups in comparison with control. Also, 
percent of heart was significantly decreased in the group treated with PO in 
comparison with control group. Khempaka et al. (2013) indicated that the 
percentages of eviscerated carcasses and giblets of broilers fed dried peppermint 
containing diets (0.5 -2 %) were similar to the control group. In contrast, dietary 
supplementation of peppermint exhibited a decreasing trend in carcass percent (P 
≤ 0.118) of growing Japanese quails (Mehri et al., 2015). 

 
Results of the effect of BO on carcass characteristics in the present study 

are consistent with those of Abbas (2010) who reported that dietary 
supplementation of 3 g/ kg basil seed did not influence organ weights and carcass 
characteristics in broilers. Moreover, Osman et al. (2010) has also found that no 
significant effect on the relative weights of the gizzard, liver, heart, abdominal fat 
and carcass at slaughter age in broilers by basil leaves feeding in comparison with 
the control group. Also, the yields of carcass and the fresh and relative weights (g) 
of the breast, thigh, gizzard, liver and heart of broilers at 42 days were not affected 
by dietary 200 ppm BO (Riyazi et al., 2015). In addition, Gurbuz and Ismael (2016) 
found that peppermint and basil as feed additive weren’t significant effect on the 
carcass, carcass yield and abdominal fat.  

   
  

Items Control PO BO EOB P value 

Digestion coefficients of nutrient, %     

DM 67.70±2.98 67.08±6.31 67.73±2.73 65.80±3.74 0.904 

OM 78.18±3.25 79.18±2.56 78.88±1.44 81.78±1.82 0.209 

CP 66.30±1.60 66.45±1.58 67.25±1.80 66.90±1.92 0.860 

EE 69.78±0.97 69.50±2.50 69.85±1.76 70.00±1.83 0.984 

CF 33.00±6.94 28.75±4.25 32.48±4.69 27.80±7.54 0.538 

NFE 80.75
ab

±3.44 81.50
a
±3.55 82.63

a
±3.97 75.50

b
±2.93 0.059 

Nutritive values, % 
   

 

TDN 64.15±2.05 65.23±1.50 66.35±2.85 62.88±5.29 0.503 

DCP 12.51±0.15 12.54±0.15 12.69±0.17 12.62±0.18 0.857 
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In conclusion, the mixture of peppermint and basil essential oils have the 
potential to be used as a feed additive for growing rabbits because it shows 
beneficial results on FI and FCR without having any detrimental effects on growth 
performance, carcass or digestibility.  

Table (4). Effect of peppermint and basil essential oils and their combination 
on carcass traits of growing rabbits.     

 
Items Control PO BO EOB P value 

Pre-slaughter Weight,g 1943.3
c
±148.7 2106.7

ab
±137.8 2068.3

bc
±49.8 2236.7

a
±58.8 0.002 

Hot carcass, % 48.39±2.62 48.24±6.08 49.18±1.79 51.26±2.46 0.473 

Cold carcass, % 46.08±1.90 47.05±5.93 46.67±3.38 49.88±2.25 0.322 

Liver, % 2.90±0.72 3.08±0.89 2.48±0.54 3.17±0.50 0.329 

Heart, % 0.30
ab

±0.04 0.24
c
±0.03 0.25

bc
±0.01 0.32

a
±0.06 0.013 

Kidneys, % 0.71
a
±0.07 0.56

b
±0.07 0.54

b
±0.07 0.59

b
±0.02 0.001 

Giblets, %
1
 3.90±0.67 3.88±0.97 3.26±0.59 4.07±0.46 0.233 

Total edible parts, %
2
 52.30±3.16 52.12±6.95 52.44±1.88 55. 32±2.27 0.491 

Non-edible Parts, % 
3
 47.70 ± 3.16 47.88 ± 6.95 47.57 ± 1.88 44.68 ± 2.27 0.492 

PO: peppermint essential oil supplemented with 400 g/kg diet, BO:  basil essential oil supplemented with 400 
g/kg diet, EOB: essential oil blend supplemented with 200 g of each oil/kg diet.   
1
Giblets % = kidney %+ heart%+liver%. 

2
Total edible parts % = hot carcass%+ kidney%+ heart%+liver%.  

3
Non-edible parts  % = 100- total edible parts %. 

A, b, c: Values in the same row with different superscripts differ significantly (P ≤ 0.05). 
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ABSTRACT: Moringa oleifera Lam. is a high valued plant that has been cultivated recently 

in different areas of Egypt. All parts of this plant can be used in food, pharmaceutical and 
industry. Therefore, the objective of the present work was to evaluate the chemical composition, 
nutritive value and functional properties of leaves, flowers and seeds of M. oleifera plant. 
Results obtained showed that Moringa leaves exhibited the highest percentages of crude fibers 
and total ash (10.44 and 9.12%, respectively), while Moringa seeds showed the highest percent 
of protein and crude fat (34.50 and 38.65%, respectively). Whereas, Moringa flowers showed 
reasonable percentages of all these components. Moringa leaves contained the highest amount 
of calcium (1255.31 mg/100g) and Iron (47.13 mg/100g), whereas, Moringa flowers contained 
the highest amount of potassium (3607.85 mg/100g) and phosphorus (640.11 mg/100g).  On 
the other hand, Moringa seeds showed the lowest content of elements compared to leaves and 
flowers. Moringa seeds contained the highest level of oleic acid (70.35%), while leaves and 
flowers showed a highest content of linoleic acid (7.35 and 17.86%  ) and linolenic acid (18.65 
and 20.10%). The results also revealed that the different parts of Moringa are rich sources of 
bioactive compounds and natural antioxidants. The highest antioxidant activity was obtained in 
70% Ethanol extract of Moringa flowers (IC50 73.66 µg/ml) compared to water and other 
Moringa parts (Leaves and seeds). The results also indicate that Catechol, p-hydroxy benzoic 
acid, Caffeine and o-Coumaric acid are the predominant phenolic compounds in Moringa 
leaves, whereas, p-hydroxy benzoic acid, Caffeine and Salicylic acid are the dominant phenolic 
constituents of Moringa flowers. While Moringa seeds showed the lowest content of all phenolic 
compounds.  
Key words: Moringa, chemical composition, nutritive value, functional properties 
 
INTRODUCTION   
  

Moringa oleifera Lam. (Moringaceae), commonly known as horseradish 
tree, drumstick tree, Moringa tree and ma-rum tree, is medium-sized, evergreen 
tree and widely grown in tropical and subtropical regions. Moringa is a highly 
valued plant, distributed in many countries. It has an impressive range of 
medicinal uses with high nutritional value (Anwar et al., 2007). Moringaceae 
family consists of 14 known species of these, M. oleifera is the most widely 
known and utilized species the plant is a native of the sub-Himalayan regions of 
North West India, and is now indigenous to many countries in Africa, Arabia, 
South East Asia, the Pacific and the Caribbean islands and South America 
(Morton, 1991; Mughal et al., 1999). The tree ranges in height from 5-12 meters 
with an open umbrella-shaped crown. (Ghazali and Abdulkarim, 2011). Moringa 
is rich in nutrients owing to the presence of a variety of essential 
phytochemicals present in its leaves, pods and seeds (Fahey, 2005). In fact, 
Moringa is said to provide 7 times more vitamin C than oranges, 10 times more 
vitamin A than carrots, 17 times more calcium than milk, 9 times more protein 
than yoghurt, 15 times more potassium than bananas and 25 times more iron 
than spinach. (Rockwood et al., 2013). Moringa can withstand both severe 
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drought and mild frost conditions and hence widely cultivated across the world. 
With its high nutritive values, every part of the tree is suitable for either 
nutritional or commercial utilization. The leaves are rich in minerals, vitamins 
and other essential phytochemicals (Fuglie, 2001). Extracts from the leaves are 
used to treat malnutrition, augment breast milk in lactating mothers (Mutiara Titi 
and Estiasih, 2013). It is used as potential antioxidant, anticancer, anti-
inflammatory, antidiabetic and antimicrobial agent. M. oleifera seed, a natural 
coagulant is extensively used in water treatment (Gopalakrishnan et al., 2016). 
India is the largest producer of Moringa with an annual production of 1.1 to1.3 
million tons of fruits. Moringa is grown in home gardens in Odisha and as living 
fences in southern India and Thailand (Radovich, 2011). In Egypt, little 
knowledge is known about Moringa, although Moringa peregrina is a native tree 
and growing wild in SINAI Mountains since 3000 BC. The ancient Egyptians 
used its oil for skin protection from sun as well as for wound healing 
(Abdelhalim, 2016). The chemical composition of the different parts of the 
Moringa tree may vary depending on the differences in variety of plant, 
cultivation climate, ripening stage, the harvesting time and the extraction or 
analytical method used (Oyeyinka and Oyeyinka, 2016). Moringa leaves have 
been reported to be a rich source of β-carotene, protein, vitamin C, calcium and 
potassium and act as a good source of natural antioxidants and thus enhance 
the shelf-life of fat containing foods due to the presence of various types of 
antioxidant compounds such as ascorbic acid, flavonoids, phenolics and 
carotenoids (Dillard and German, 2000; Siddhuraju and Becker, 2003). 

  
Therefore, the aim of the present work was to evaluate the chemical 

composition, nutritive value and functional properties of leaves, flowers and 
seeds of M. oleifera plant. 

 

MATERIALS AND METHODS 
 
Plant material:  

Moringa Oleifera plants were collected from a private farm located in EL- 
Sadat City, Menofia Governorate, Egypt, in the middle of October 2014. 
 
Chemicals and reagents:  

Solvents, chemicals, and reagents were obtained from El-Gomhouria 
Company, Alexandria, Egypt, and Sigma–Aldrich (Steinheim, Germany). All 
chemicals and reagents used were of analytical grade. 
 
Preparation of plant samples:  

The leaves and flowers were washed with distilled water and dried at 45 o 
C to a constant weight. The seeds also were dried under the same conditions. 
Then the dried samples were ground to powder form, and finally, stored in light 
dark bottles at 4 o C for further use.  
 
Proximate composition:  

The powder samples were analyzed for moisture, protein, fat, ash, fiber 
and nitrogen free extract by the methods of (AOAC, 2006).  
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Moisture content: 
 Moisture content of Moringa samples was determined in air drying oven 

at 105°C to a constant weight as described in (AOAC, 2006). 
 

Crude protein content:  
The nitrogen content of dried samples was determined using the micro 

kjeldahl method and the ammonia was received in 4% boric acid according to 
the method of (AOAC, 2006). The crude protein (%) was determined by 
multiplying the total nitrogen by factor of 6.25. 
 
Crude fat:  

The crud fat was determined by subjecting Moringa samples to a 
continuous extraction with petroleum ether for 8 h under pressure using Ankom 
(XT10L) Extractor (Model XT10L, Serial # XT10220247) according to (AOAC, 
2006). Crude fat was calculated by the following equation:   
     

 
Where:  
W1 = Weight of filter and samples after extraction 
W2 = weight of filter and sample before extraction 
Ws = Weight of the dried sample 
 
Crude fiber content:  

The value was obtained by subjecting the sample to digestion with boiling 
acid and alkali solutions, the organic residue (crude fiber) was determined using 
Ankom fiber analyzer (Model A200I, Serial # A220220463), according to 
(AOAC, 2006). 
 
Ash content: 

 Ash content was determined by ashing the sample at 600oC for 2hr. 
Analyses was performed according to (AOAC, 2006). 
 
Total carbohydrates content:  

The total carbohydrate (%) was calculated by differences for different 
samples. 
 
Energy calculation:  

The percent calories in selected samples were calculated by multiplying 
the percentage of crude protein and carbohydrate by 4 and crude fat by 9. The 
values were then converted to calories per100g of the sample. 
 
Microwave digestion of plant samples for minerals analysis 

Five mL of concentrated nitric acid was added to 0.5 g of each sample 
(powder) into the self-regulating pressure control digestion vessel with a vent 
plug and Teflon liner. 0.5 mL of the hydrogen peroxide was added and the 
digestion done for 30 minute in microwave oven at 600 W power. The vessel 
was removed from the oven and cooled to room temperature. The samples 
were then filtered with a 0.45 µm filter paper into a 25 mL volumetric flask and 
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completed to the mark with deionized water. Sample was taken for elemental 
analysis on the ICP-OES (Model 5100 VDV Agilent). Rodushkin et al. (1999) 
 
Determination of fatty acid composition: 

Total lipids were extracted with mixture of chloroform, methanol (2:1, v/v) 
as outlined by the procedure of Folch et al. (1957). Fatty acids methyl esters of 
oil samples were prepared as described by Radwan (1978) in screw cap vial 
using 1% H2SO4 in methanol under stream of nitrogen gas. The closed vials 
were heated in an oven at 90 o C for 90 min. Gas chromatographic analysis was 
carried out using ACME model 610 GC (Young LTN Instrument Co., Korea) 
fitted with split/split less injector and FID detector. Standard fatty acid methyl 
esters were used for identification. 
 
Preparation of phenolic compounds and flavonoids extracts  

Phenolic compounds and flavonoids extracts was prepared according to 
Sreelatha and Padma (2009) with some modifications. The dried samples were 
powdered and passed through sieve no. 20 and extracted (100 g) successively 
with 1000 ml of water or 70% ethanol and stirred for 1h. The extracts were 
centrifuged at 5000 rpm for 10 min and filtered. The supernatant was collected 
and the extraction solvent was removed by using rotary evaporator at 45°C with 
140 rpm rotation under vacuum. Then, Solvent free extracts were dried by using 
a freeze drier system at -18°C and 0.2 mbar. Dried extracts were stored in 
closed dark bottles until further analysis. 
 
Determination of total phenolic content 

The phenolic content of the extracts was estimated by using Folin-
Ciocalteau reagent according to the method of (El Sohaimy and Masry, 2014). 
In a series of test tubes, 0.4 ml of the extract in methanol (1mg/mL) was taken, 
mixed with 2 ml of Folin-Ciocalteau reagent and 1.6 ml of (7%) sodium 
carbonate. After shaking, it was kept for 90 min in a dark place and the 
absorbance was measured at 750 nm using a Shimadzu-UV-160 
spectrophotometer. Using gallic acid monohydrate in the range of 5-100 µg/ml, 
a standard curve was prepared. The total phenolic content was calculated and 
expressed as (mg GAE/g extract) 
 
Determination of total flavonoid content 

Flavonoid content was measured by the aluminum chloride colorimetric 
assay described by (Zhishen et al., 1999). An aliquot (0.1 mg in 1mL) of 
extracts or standard solution of catechol (20, 40, 60, 80 and 100 mg/L) was 
added to 10 mL volumetric flask containing 4 mL of distilled water. A 0.3 mL of 
5% NaNO2 was added to the flask. After 5 min, 0.3 mL of 10% AlCl3 was added. 
At 6th min, 2.0 mL 1 M NaOH were added and the total volume was made up to 
10 mL with distilled H2O. The solution was mixed well and the absorbance was 
read against reagent blank at 510 nm. Total flavonoid content was expressed 
as (mg CE/g extract). 
 
DPPH (2, 2-Diphenyl-1-Picrylhydrazyl)-Scavenging Activity 

The free radical scavenging activity of the extract was measured in terms 
of hydrogen donating or radical scavenging ability using the stable free radical 
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DPPH (Rakesh and Singh, 2010). One ml solution of the extract in methanol 
was added to 0.5 ml of 0.15 M DPPH solution in methanol. The contents were 
mixed vigorously and allowed to stand at 20 °C for 30 min. The absorbance was 
read at 517 nm. IC50 value [the concentration required to scavenge 50% DPPH 
free radicals] was calculated. The capability to scavenge the DPPH radical was 
calculated using the following equation: 
% Inhibition = [(Ablank – Asample) / (Ablank)] × 100 
A blank is the absorbance of the control reaction (containing all reagents except 
the tested compound), and Asample is the absorbance of the samples.  
 
HPLC of phenolic compounds 

Agilent 1260 infinity HPLC series (Agilent, USA), equipped with 
quaternary pump, a Zorbax Eclipse plus C18 column 100 mm x4.6 mm i.d., 
(Agilent technologies, USA) operated at 25°C was used for phenolic compound 
analysis. The injected volume was 20µ. VWD detector set at 284 nm. The 
separation is achieved using a ternary linear elution gradient with (A) HPLC 
grade water 0.2% H3PO4 (v/v), (B) methanol and (c) acetonitrile. 
 
Statistical analysis 

The average contents of proximate analysis, total phenolic, total 
flavonoids and IC50 of the extracts prepared by the different extraction methods 
were reported as mean ± standard deviation (SD), (n = 3). Using SPSS for 
Windows 16.0. 
 

RESULTS AND DISCUSSION 
 
Chemical Composition 

Proximate composition of Moringa leaves, flowers, and seeds are shown 
in Table (1). Results revealed that Moringa flowers had the highest moisture 
content (9.82±0.59%), followed by leaves (7.96±0.16%), and the lowest 
moisture content was found in seeds (3.95±0.07%). Protein content was found 
to be high in seeds (34.50±0.83%), followed by leaves and flowers 
(22.14±0.87% and 19.36±0.60%, respectively). On the other hand, Moringa 
leaves had the lowest percentage of crude fat (7.19±0.33%), followed by 
flowers (8.82±0.09%), while, Moringa seeds showed the highest percentage of 
crude fat (38.65±0.25%). Crude fiber content was found to be high in leaves 
followed by flowers and seeds (10.44±0.33, 6.76±0.09 and 2.80±0.33%, 
respectively). In the same respect, Moringa leaves had also the highest 
percentage of ash (9.12±0.12%), followed by flowers and seeds being 
8.17±0.21 and 3.66±0.14%, respectively. Also, carbohydrates contents were 
higher in flowers (56.89±0.31%), followed by leaves (51.11±0.38%), and the 
lowest carbohydrate percentage was in the seeds (20.39±0.32%), this may be 
due to high protein and crude fat percentage in the seeds. It is clear that the 
chemical composition of the plant varies among each edible part subjected to 
the analysis.  
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Table (1). Proximate composition of M.oleifera leaves, flowers and seeds  
 

Components 
Moringa parts 

leaves flowers seeds 
Moisture (%) 7.96±0.16 9.82±0.59 3.95±0.07 
Protein (%) 22.14±0.87 19.36±0.60 34.50±0.83 
Crude fat (%) 7.19±0.33 8.82±0.09 38.65±0.25 
Crude fiber (%) 10.44±0.33 6.76±0.09 2.80±0.33 
Ash (%) 9.12±0.12 8.17±0.21 3.66±0.14 
Carbohydrate* (%) 51.11±0.38 56.89±0.31 20.39±0.32 
Energy (Kcal / 100 g) 357.71±0.52 384.38±0.33 567.41±0.46 

The values in the table are means of the triplicates ± SD 
*
Calculated by difference 
On dry weight basis 
 

These results are in agreement with Compaore et al. (2011), who found 
that Moringa seeds are particularly rich in protein (35.37 %) and lipids (43.56 
%). Also, El Sohaimy et al. (2015), stated that the percentages of proteins, 
moisture, fat, and carbohydrates of dried leaves were 9.38, 10.74, 7.76 and 
56.33 %, respectively. Sánchez-Machado et al. (2010), reported that Moringa 
flowers had (18.92 %) of protein and (2.91 %) lipids which were comparable 
with the data obtained in the present study. In the same time, the data 
concerning the chemical composition of Moringa flowers rarely existed in the 
literature. It was evident that M. oleifera plant contained a considerable amount 
of protein, crude fat and crude fiber which can be used as a good source for 
nutrition and natural energy for human. 
 
Elements content 

The elements content of Moringa leaves, flowers and seeds are shown in 
(Table 2), results indicate that Ca, K, Na, Mg and P were the major elements , 
in addition, microelements such as Cu, Fe, Mn and Zn were found in 
considerable amount. 
 
Table (2). Elements Content of M. oleifera leaves, flowers and seeds 

(mg/100g)* 
 

Elements content (mg/100g) 
Moringa parts 

leaves flowers seeds 
Macro - elements    
Sodium (Na) 94.21 77.41 36.17 
Potassium (K) 2044.50 3607.89 581.78 
Calcium (Ca) 1255.31 389.87 111.51 
Phosphorus (P) 481.29 640.11 322.04 
Magnesium (Mg) 43.98 52.91 47.30 
Micro – elements    
Iron (Fe) 47.13 33.49 12.32 
Copper (Cu) 0.55 0.48 0.46 
Manganese (Mn) 4.49 2.53 1.68 
Zinc (Zn) 7.25 6.53 6.77 

         *
On dry weight basis.                                                 
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The elements content of Moringa leaves, flowers, and seeds are shown 
in Table (2). It is clear that Moringa leaves contained the highest amount of 
calcium (1255.31 mg/100g) and Iron (47.13 mg/100g), Moringa flowers also 
contained the highest amount of potassium (3607.85 mg/100g) and phosphorus 
(640.11 mg/100g), in the other side, Moringa seeds showed the lowest content 
of elements  compared to Moringa leaves and flowers. It is obvious that 
magnesium, sodium, copper, manganese and zinc contents were nearly the 
same for Moringa different parts. These results are in agreement with EL- 
MASSRY et al. (2013), who found that calcium, potassium, magnesium, sodium 
and phosphorus values in M. oleifera seeds were 76.85, 64.24, 259.78, 24.92, 
524.30 mg/100 g, respectively; while in moringa leaves, the values were 
2078.98, 1498.75, 403.65, 72.50 and 346.87 mg/100 g, respectively. Moreover, 
Yaméogo et al. (2011) reported that Moringa leaves contained 2098.1, 406.0, 
1922.0, 28.3, 5.4 and 351.1 mg/100g for (Ca, Mg, K, Fe, Zn and P), 
respectively. It was evident that M. oleifera plant might be considered as a good 
source of macro elements (Ca, K, Mg, Na, and P) and micro elements (Cu, Fe, 
Mn, and Zn) for food fortification. 
 
Fatty acid composition   

Fatty acid composition of moringa leaves, flowers and seeds are shown 
in Table (3). Data indicated that the major fatty acids in Moringa leaves were 
oleic acid (41.50%), Linolenic acid (18.65%), palmitic acid (15.30%) and 
Linoleic acid (7.35%). While Fatty acids in moringa flowers were oleic acid 
(23.53%), palmitic acid (22.31%), linolenic acid (20.10 %) and linoleic acid 
(17.86%). It is obvious that there was great difference between moringa leaves 
and flowers in the content of palmitic, oleic and linoleic acids. As regards to the 
oil stability, moringa leaves oil is more stable than flowers oil due to its high 
content of oleic acid, whereas, they had nearly the same amount of omega - 3 
fatty acid. The fatty acid content in moringa seeds oil was very much 
comparable with leaves and flowers oils as it contains (70.35%) of oleic acid 
which is quite similar to the olive oil Abdulkarim et al. (2005).  Therefore, 
moringa seeds oil is more stable than leaves and flowers oils. 

 
Table (3). Fatty acid composition (%of total fatty acid) of M. oleifera 

leaves, flowers and seeds 

Fatty Acid 
Moringa parts 

leaves flowers seeds 
Myristic acid (C14:0) 3.44 0.50 0.20 
Palmitic acid (C16:0) 15.30 22.31 8.17 
Palmitolic (C16:1) 3.73 2.35 2.64 
Stearic acid (C18:0) 4.23 5.41 6.14 
Oleic acid (C18:1) 41.50 23.53 70.35 
Linoleic acid (C18:2) 7.35 17.86 1.23 
Linolenic acid (C18:3) 18.65 20.10 0.27 
Arachidic acid (C20:0) 0.75 1.89 4.75 
Gondoic acid (C20:1) 4.31 3.73 1.34 
Behenic acid (C22:0) 0.74 2.32 4.91 
SFA* 24.46 32.43 24.17 
USFA** 75.54 67.57 75.83 
USFA/AFA 3.08 2.08 3.13 

Unsaturated fatty acid
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These results are in agreement with Sánchez-Machado et al. (2010) who 
found that moringa leaves and flowers contained high amounts of palmitic acid, 
linoleic acid, linolenic acid and oleic acid representing about 90% of the total 
fatty acids. Also, Abdulkarim et al. (2005); Barakat and Ghazal (2016) stated 
that moringa seed oil contain high percentage of oleic acid about (67.9 -
73.51%) and low quantities of linoleic acid and linolenic acid. From these 
results, moringa seed oil seems to be very important for human nutrition, 
because mono unsaturated fatty acids as a rich diet can regulate the low 
density of lipoproteins and total cholesterol levels as olive oil. 
 
Extraction yield of bioactive compounds of M. oleifera leaves, flowers and 
seeds 

Extraction yield of bioactive compounds from moringa leaves, flowers 
and seeds by different solvents are shown in Figure (1). Data revealed that 
Ethanol (70%) gave the highest yield in different part of moringa compared to 
water extraction. Moringa leaves gave the highest yield either by water 
extraction or ethanol (70%) extraction. These results were in agreement with 
Vongsak et al. (2013) who found that maceration with ethanol (70%) give the 
highest yield of crude extract. 

 

 
 
Figure (1).  Effect of extraction with different solvent on extracted yield % 
of bioactive  compound from M. oleifera leaves, flowers and seeds. 
 
 
Total Phenolic and flavonoids content in M. oleifera leaves, flowers and 
seeds 

Total Phenolic and flavonoids content in Moringa different parts extracted 
by different solvent are shown in Table (4). Data showed that the highest 
phenolic content was found in 70% ethanol extract of moringa flowers 
(58.46±0.85 mg GAE/g extract), compared to water extract (49.42±0.49 mg 
GAE/g extract) followed by 70% ethanol extract of Moringa leaves (28.61±0.63 

mg GAE/g extract) and water extract (26.57±0.55 mg GAE/g extract). Also, 
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moringa seeds showed the same trend of solvent ability in the extraction of 
phenolics (ethanol 70% > water). 70% Ethanol extract showed the highest 
phenolic content (14.06±0.37 mg GAE/g extract) compared to water extract 
(10.23±0.37 mg GAE/g extract). In the same respect, 70% ethanol extract of 
moringa leaves contain the highest flavonoids content (19.41±0.68 mg/g 
extract) compared to other parts and other solvents used. While, water extract 
of M. oleifera seeds give the lowest flavonoids content (2.17±0.83 mg/g extract). 
These results showed great differences among moringa different parts and 
different solvent. It might be due to the presence of the phenolic compounds 
and their concentrations and polarity. 
 
Table (4). Effect of extraction with different solvent on total phenolic and 

flavonoids content of M. oleifera leaves, flowers and seeds 
 

Moringa part Solvent 
Total phenolic 

content 
(mg GAE/g extract) * 

Total flavonoids 
(mg/g extract) ** 

Leaves Water extract 26.57±0.55 16.01±0.63 
70% Ethanol extract 28.61±0.63 19.41±0.68 

Flowers Water extract 49.42±0.49 14.94±0.62 
70% Ethanol extract 58.46±0.85 17.61±0.77 

Seeds Water extract 10.23±0.98 2.17±0.83 
70% Ethanol extract 14.06±0.37 4.71±0.34 

Values in the table are means of the triplicates ± SD 
*
 Milligram gallic acid equivalent per gram of extract. 

**
 Milligram catechol equivalents per gram of extract. 

 
These results are in agreement with Vongsak et al. (2013) who reported 

that maceration with ethanol (70%) is the most suitable extraction method for M. 
oleifera leaves. It promoted the highest contents of total phenolics and total 
flavonoids. 
 
Antioxidant activity of M. oleifera leaves, flowers and seeds  

DPPH free radical scavenging capacity was investigated for moringa 
leaves, flowers and seeds extracts and results are given in Table (5). 70 % 
ethanol extract showed the highest antioxidant capacity of moringa leaves with 
(IC50 = 77.71±0.23 µg/ml), flowers with (IC50 = 73.66±0.19 µg/ml)) and seeds 
with (IC50= 301.64±0.37 µg/ml)) compared to water extract which showed IC50 

(123.58±0.17, 114.94±-.13 and 316.28±0.37 µg/ml)) for leaves, flowers and 
seeds respectively. Generally, the highest antioxidant activity was obtained in 
70 % Ethanol extract of moringa flowers (IC50 = 73.66±0.19 µg/ml) compared to 
water extract and other moringa parts. These results are in agreement with El 
Sohaimy et al. (2015) who showed that IC50 values of 70 % ethanol and water 
extracts of M. oleifera leaves were 44.10 and 46.77µg/ml. Also, Siddhuraju and 
Becker (2003) reported that methanol (80%) and 70 % ethanol were found to be 
the best solvents for the extraction of antioxidant compounds from Moringa 
leaves. 
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Table (5). 50% inhibition (IC50) of M. oleifera leaves, flowers and seeds 
extracts 

 
Moringa part Solvent (µg/ml) 

Leaves Water extract 123.58±0.17 
70% Ethanol extract 77.71±0.23 

Flowers Water extract 114.94±0.13 
70% Ethanol extract 73.66±0.19 

Seeds Water extract 316.28±0.42 
70% Ethanol extract 301.64±0.37 

          *
Values in the table are means of the triplicates ± SD 

 
Identification and quantification of phenolic compounds present in M. 
oleifera leaves, flowers and seeds by HPLC. 

Phenolic compounds were identified and quantified from moringa leaves, 
flowers and seeds by High Performance Liquid Chromatography (HPLC). 
Results are given in Table (6). The detected phenolic compounds were gallic 
acid, catechol, p- hydroxy benzoic acid, caffeine, vanillic acid, caffeic acid, 
syringic acid, Vanillin, P- Coumaric acid, Ferulic acid, Rutin, Ellagic acid, 
Benzoic acid, o- Coumaric acid, Salicylic acid and Cinnamic acid. The obtained 
data indicated that the main phenolic compounds in moringa different parts 
were gallic acid, catechol, p - hydroxybenzoic acid, o - Coumaric acid and 
Salicylic acid. Moringa leaves showed the highest content in Catechol, Vanillic 
acid and O - Coumaric acid (1474.25, 64.38 and 232.31 mg/100g), respectively. 
Moringa flowers showed the highest content of P - Hydroxy benzoic acid, 
Caffeine, Rutin and Salicylic acid (380.85, 371.51, 80.02 and 547.36 mg/100g, 
respectively). While moringa seeds showed the lowest content of all detected 
phenolic compounds. This difference in phenolics may be responsible for the 
higher DPPH scavenging activity of moringa flowers than leaves and seeds.  

 
Table (6). Phenolic compounds of 70% Ethanol extract in Moringa leaves, 

flowers and seeds 

Phenolic compound 
Conc.mg/100g 

leaves flowers seeds 
Gallic acid 4.31 43.31 14.99 
Catechol 1474.25 281.22 16.93 
P - Hydroxy benzoic acid 309.65 380.85 44.21 
Caffeine 235.66 371.51 0.34 
Vanillic acid 64.38 22.49 ND 
Caffeic acid ND ND ND 
Syringic acid 13.00 28.06 2.18 
Vanillin 9.38 33.64 4.65 
p- Coumaric acid 3.18 1.52 0.81 
Ferulic acid 4.91 5.11 ND 
Rutin 54.25 80.02 ND 
Ellagic acid 42.49 8.28 ND 
Benzoic acid ND 52.92 73.05 
O - Coumaric acid 232.31 98.57 4.52 
Salicylic acid 271.54 547.36 7.24 
Cinnamic acid 14.26 9.07 17.01 

               *
Values are expressed in (mg/100 g)         ND: not detected         
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These results are in agreement with Atawodi et al. (2010) who showed 
that the antioxidant activity of M. oleifera extracts is due to the presence of 
various bioactive compounds. Siddhuraju and Becker (2003); Vongsak et al. 
(2013) reported that the major bioactive compounds of phenolics in moringa 
leaves were found to be flavonoid groups such as quercetin, kaempferol, crypto-
chlorogenic acid and isoquercetin. 

 

CONCLUSION 
 

Moringa plant is considered as one of the most useful plants because all 
parts of this plant can be used in foods and pharmaceutical industries. Data 
obtained in present study indicated that the different parts of moringa are rich in 
crude fat, protein, ash and fibers. Also, moringa parts are rich in many important 
elements such as (Ca, K, P, Cu, Fe and Zn), as well as high content of phenolic 
compounds, which act as natural oxidants. Therefore, all parts of this plant 
might be used as food additives or in food fortification.  
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Effect of Colors and Bagging Stage on Cracking, Yield and Fruit 
Quality of Pomegranate “Wonderful” Cultivar    

Saad, R. M., M. M. Harhash., Th. M. Ezz., M. A. Aly and Abd Elhady, R. M 
Plant Production Department, Faculty of Agriculture Saba Basha, Alexandria University. 

 
ABSTRACT: This study was carried out during two successive seasons of 2015 and 2016 on 

four years old “Wonderful” pomegranate trees grown on sandy soil in Bader center, El- Behera 
Governorate, Egypt. The aim of this experiment was to study the effect of colors and bagging stage 
on cracking, yield and fruit quality. The experiment was designed as split plot desing in two factors 
(5 bagging paper with different colors; black, white, blue, red and without bagging (control) with 5 
replicates during three bagging stages depending on diameter of fruits (1.5, 3 and 4.5 cm). The 
result of this experiment could be summarized as following: bagging in second stage, for more yield 
and quality pomegranate production and bagging with white bags recorded the highest yield and 
quality, while bagging with red and blue bags where decreased fruit cracking and sunburn.                     
Key words: Bagging, Cracking, Quality, Pomegranate “Wonderful” 

INTRODUCTION 

Pomegranate (Punica granatum L.), belongs to family punicacea, is one of 
the oldest tropical and subtropical edible fruits, mention in Holy Quran and has a 
wide spread in medicine applications for its clinical component (Lansky and 
Newman, 2007). The total cultivated area was about 43605 feddans whereas; the 
fruiting area was about 14379 feddans which produced about132031 tons and the 
productivity was about 9.182 ton per feddan(Ministry of Agriculture Land 
Reclamation, Central Administration of Horticulture Agricultural Crops, 2014).  
“Wonderful” is the most important pomegranate cultivar in Egypt, produces large 
deep purple-red fruit with deep crimson juicy flesh, which is very high in 
antioxidants. The tree is vigorous and productive, with stunning flowers. 
 Pomegranates grow best in areas with cold winter and long hot and dry summer. 
The fruit may not ripen if the summer season is too cool or too short. Harvest date 
is from September to October. Pomegranates are not grafted on any rootstock, so 
areas where it gets cold enough to freeze; the tops of the plants may die back. A 
fine long-lived tree which grows in any soil. Seeds are not very hard and this 
variety is better for juicing than for eating. “Wonderful” is a 
commercialvarietyinCaliforniaintroducedin1896 and it was self- 
pollinated.(https://www.waimeanurseries.co.nz/our-products/fruit-
trees/pomegranates/”Wonderful”andhttps://www.groworganic.com/pomegranate-
“Wonderful”-standard -2-3-potted.html)  

 
Cracking (splitting) is a serious physiological disorder which faces 

pomegranate growers. It is known that some fruits are cracked during late stage of 
fruit growth and this percentage varies from 10 to 70 depending upon the prevailing 
environmental conditions (Hot dry weather). Various factors are responsible for fruit 
cracking which include fluctuation of soil moisture and relative humidity, dry wind, 
rain or heavy irrigation following a dry spell and states the potential to develop 
crack resistant varieties still exit. Marketability of fruit cracking seems to be a 
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problem that lessens a great extent; whereas the cracking fruits are sweeter, loss 
keeping quality, unfit for shipment and liable to rot (Hegazi et al., 2014). The later 
waves of fruit set have more tendency to split than the early ones (Mohamed, 
2004).  

  
Bagging, a physical, eco-friendly technology and simple protection 

technique commonly applied to many fruits during the recent decades, is not only 
effective for improving physical fruit quality (brightness, color, size and weight of 
single fruit) and the chemical quality of fruit contents (total soluble solids, titrable 
acids and vitamin C), but also prevents the damaging effect of diseases, pests and 
extreme environment conditions(sunburn) (Muchui et al., 2010 and Jing et al., 
2009), decreases pesticide residues (Amarante et al., 2002). The use of various 
colors of bagging in different seasons, climate or regions has shown their different 
performance capabilities towards physiological growth. Photosynthetically Active 
Radiation (PAR) which is responsible for light intensity required in growth and 
development becomes filtered through various bunch cover color designs (Kutinyu, 
2014). Yang et al. (2009) also reported that bagging treatments in longan cv. 
“Shixia” with different colored mesh bags all significantly improved fruit coloration 
and increased Vitamin C content in fruit, but had different effects on fruit size. In 
economic point of view high yield, make more income if products are marketable 
but sunburn damage in the form of large black spots on the fruit skin decrease 
marketability and income. Heat stress and sunburn caused from excessive 
temperatures and ultraviolet (UV) light can damage a pomegranate crop; 
significantly reducing marketable yield and cutting deep into a grower’s profit. The 
purpose of this work is to study the effect of different bagging colors and timing 
(fruit diameter) and their interaction on fruit cracking, sunburn and quality of 
“Wonderful” pomegranate cultivar. Hence, to identify the best treatment for achieve 
the highest return for the yield. 

 

MATERIAL AND METHODS 

 This study was carried out during the two successive seasons 2015 and 
2016 at a private orchard of four years old “Wonderful” pomegranate cultivar at 
Bader center, El-Behera Governorate, Egypt. The trees trained as vase shaped 
system on single-trunk with four branches,   grown in a sandy soil, and were 
watered by drip irrigation system. Seventy five pomegranate trees (spaced at 1.5x4 
m apart) as uniform as possible in shape and size were selected and had the same 
horticultural management including the control. The experiment was designed as 
Split Plot Design (SPD) in two factors [(5 bagging paper with different colors 
×3stages of fruit growth)] with 5 replicates, for each treatment. Paper bags with 
35x30 cm were used for fruit bagging in both seasons, and continue until the 
harvest. 
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Treatments  
The experiment involved the following treatments: 

 
 

 

 

 

 

 

 

 

 

The effect of the previous treatments was studied by evaluating their 
influence on the following parameters: 

Fruit cracking% = × 100  

Sunburn % =  × 100  

Fruit drop  × 100 

Yield and fruit quality: At harvest date in beginning of first week of October, the 
number of fruits per tree in each treatment was counted and fruit yield in kilogram 
was calculated, also the percentages of fruit cracking, sunburn and the 
marketability of fruits per tree were recorded as follows: 
 
Yield component: Average fruit weight (g/fruit), seed weight (g/fruit), 
peel weight (g), number of fruit/tree, weight of fruit/tree (kg). 

Fruit Physical Properties: Fruit length and diameter (cm), Juice 
volume (ml/100g seed), fruit volume (cm3). 

Fruit Chemical Properties: Regarding the fruit chemical characteristics, samples 
of five fruits from each replicate were picked randomly at harvest to determine the 

Stage (Fruit diameter) 

A- 1.5 cm   C- 4.5 cm  B- 3.0 cm 

Treatments 
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following parameters: total soluble solids (TSS %), total acidity (%), anthocyanin 
content (mg/100g), the total sugars (%), the reducing sugars (%) and non-reducing 
sugars (%) was calculated by difference between total sugars and reducing sugars 
(A.O.A.C, 1980). 
 
Statistical Analysis: All data were tested for treatments effect on analyzed 
parameters by the analysis of variance of variance (ANOVA) technique. 
Differences between treatments were compared by Duncan’s multiple range test 
according to Snedecore and Cochran (1980). The statistical analysis was 
performed using Co Stat software package for Windows. 

RESULTS AND DISCUSSION 

Fruit cracking (%):  
Concerning the data in Table (1),  the effect of bagging color on the 

percentage of  fruit cracking in “Wonderful” pomegranate trees during 2015 and 
2016 seasons, showed that  bagging the fruits with red, white, blue, black bags 
significantly decreased fruit cracking percentage as compared to control treatments 
in both growing seasons. The least percentage of fruit cracking was found with 
blue and white color followed by red, black color and control. The highest 
percentage of fruit cracking was found with control. First stage when the diameter 
was 1.5cm it gave the least percentage of fruit cracking (%). It was followed by 
second stages and third stages. Third stage when the diameter was 4.5cm it gave 
the highest values of fruit cracking than other stages in both seasons.  The 
interaction between colors and stages of bagging was significant. Finally red and 
blue bags with second stage were the best treatment. These results are in 
agreement with those obtained by Hegazi et al. (2014) on “Manfaloty” and 
“Wonderful” pomegranate cultivars and Abd El-Rhman (2010) on pomegranate; 
they found that the bagging reduced the fruit cracking. 

  
Sunburn (%):  

Results of the effects of different color bags on sunburn (%) are illustrated in 
Table (1). The white bags gave lowest of sunburn as compared to all other 
treatments during 2015 and 2016 seasons. The control gave highest value of 
sunburn (%). The first stage when the diameter was 1.5cm gave the least 
percentage of sunburn (%). Third stage when the diameter 4.5cm it gave the 
highest percentage of sunburn (%). The interaction between colors and stages of 
bagging was significant. Finally white bag with first stage was the best treatment. 
These results are in agreement with those obtained by Hegazi et al. (2014) on 
“Manfaloty” and “Wonderful” pomegranate cultivars and Ghorbani et al. (2015) on 
pomegranate. They found that bagging reduced the percentage of sunburn. 

 
Fruit drop (%):   

Regarding the effects of bagging color and stage of bagging on fruit drop 
(%) percentages in “Wonderful” pomegranates, the data in Table (1), showed that 
the least percentage of fruit drop (%) was found with white color. The highest 
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percentage of fruit drop (%) was found with control.  In the second stage when the 
diameter was 3cm it gave the least percentage of fruit drop (%) than other stages 
in both seasons. Frist stage gave the highest percentage of fruit drop (%). The 
interaction between colors and stages of bagging was significant. Finally blue, red 
and white bag with second stage was the best treatments. As for the role of the 
effect bagging on fruit drop (%), our results are unlike to those reported by Omar 
(2015) on “Seewy” date palm, he reported that different bagging material 
treatments had increased fruit drop (%) in both seasons than the control. 

 
Effect of colors and bagging stage on yield component 

Results for the effect of different colors and stage of bagging on “Wonderful” 
pomegranate fruits yield and components during 2015 and 2016 seasons are 
illustrated Table (2). 
 
Average fruit weight (g):   

Concerning the effect of different colors and stage of bagging on average 
fruit weight, data clearly indicated that red, white, blue and black colors increased 
average fruit weight as compared with the control. The data also showed that red 
color bags gave the highest average fruit weight. The lowest value was noticed 
with control in both seasons. Third stage when the diameter was 4.5cm gave the 
highest values of average fruit weight than other stages in both seasons. First 
stage when diameter was 1.5 cm gave the lowest average fruit weight. The 
interaction between stage and color of bagging was significant. Finally, white color 
in the third stage when was diameter 4.5cm gave the highest average fruit weight 
as compared to control and other treatments.  The mentioned results agreed with 
the findings of Samra and Shalan (2013) on “Wonderful” pomegranate,  
Edirimanna  et al. (2015) on guava, Mostafa  et al. (2014) on “Seewy” date palm, 
Harhash and Al  -Obeed (2010) on date palme, Kumar et al. (2015) on red banana 
and  Muchui et al. (2010) on banana. They found that bagging increased the 
average fruit weight. 

 
Seed weight (g):  

As for the effect of different bags color on seed weight (g), data revealed 
that the red color gave the highest value of seed weight compared with all 
treatments. The lowest value was noticed with control in both seasons. Third stage 
when diameter was 4.5 cm gave the highest seed weight compared with other 
stages in both seasons. While first stage when diameter was 1.5 cm it gave the 
lowest seed weight in both seasons. The interaction between bagging color and 
stage of bagging was significant.  It can be concluded that, the best treatment was 
white color bags with third stage (diameter 4.5 cm) gave the highest seed weight.  
These results are agreement with those reported by Harhash and Al-Obeed (2010) 
on date palm, Moon et al. (2015) on mandarin ,Tran et al. (2015) on red pitaya, and 
Muchui et al. (2010) on banana, they found that bagging increases the seed 
weight. 
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Peel weight (g):  
Concerning the effect of bagging on peel weight (g) in “Wonderful” 

pomegranate trees during 2015 and 2016, the data revealed that red color bags 
gave the highest Peel weight compared to control and other treatments in both 
seasons. The lowest value was noticed with control in both seasons. Third stage 
when the diameter was 4.5cm has higher values of Peel weight than other stages 
in both seasons. First stage when diameter was 1.5 cm gave the lowest Peel 
weight. The interaction between stage and color of bagging was significant. Finally 
black color with first stage when diameter was 4.5cm gave the least Peel weight as 
compared to control and other treatments.  These results are in agreement  with 
these found by Muchui et al. (2010) on banana, Harhash and Al–Obeed  (2010) on 
date palme and Kumar et al.(2015) on red banana where They found that bagging 
increased the peel weight. 

 
Fruit weight / tree (kg):  

Regarding the effect of different bagging color data in Table 2 indicated that 
the greater fruit weight /tree was obtained with the white and red color compared to 
other bagging treatments. Black color gave the lowest values in both seasons Third 
stage when the diameter was 4.5cm gave the highest fruit weight /tree. First stage 
when the diameter was 1.5cm gave the least fruit weight /tree in both seasons. The 
interaction between colors and stages of bagging was significant. Generally the 
best treatment was white bags with third stage when was diameter 4.5cm. The 
results concerning the effect of bagging color was in line with those obtained by 
Samra and Shalan (2013) on “Wonderful” pomegranate, Shen  et al. (2014) on 
peach,  Kumar et al. (2015) on red banana, Edirimanna et al. (2014) on guava and  
Mostafa et al. (2014) on “Seewy” date palm. They found that fruit weight /tree was 
generally improved by bagging. 
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Table (1). Effect of colors and bagging stage on cracking, sunburn and fruit 
drop (%) of pomegranate “Wonderful” cultivar during 2015 and 

2016 seasons. 

 

Treatments 
Fruit cracking 

(%) 
Sunburn (%) Fruit drop (%) 

2015 2016 2015 2016 2015 2016 

Bagging color 

Control 17.506 16.510 87.396 49.750 30.000 10.113 
Black 12.033 8.140 53.095 24.85 6.313 5.353 
Blue 5.428 2.710 11.024 8.344 2.725 1.455 
Red 10.716 6.065 8.694 5.755 1.400 1.483 

White 5.826 2.826 6.612 3.555 1.010 2.683 
LSD 0.05 0.469 0.151 0.598 0.748 0.626 0.110 

Bagging stage 
 

1.5cm 6.520 4.980 31.964 16.604 9.845 6.207 
3cm 8.421 5.145 33.628 18.750 7.034 2.970 

4.5cm 15.966 11.625 34.502 20.002 7.999 3.476 
LSD 0.05 0.790 0.158 0.8744 0.394 0.452 0.130 

Bagging stage 
1.5cm 

Control 17.620 16.553 88.890 48.000 30.000 10.010 
Black 6.250 2.660 53.706 25.923 8.650 6.660 
Blue 1.630 1.820 7.970 5.633 3.030 4.366 
Red 1.750 1.470 5.850 2.766 2.750 4.450 

White 5.350 2.400 3.403 0.700 4.796 5.550 

Bagging stage 
3cm 

Control 17.420 16.550 87.600 51.250 30.000 10.150 
Black 12.600 5.880 53.390 24.633 5.170 4.700 
Blue 1.050 0.000 11.283 8.666 0.000 0.000 
Red 1.016 0.000 8.933 5.766 0.000 0.000 

White 10.000 3.296 6.933 3.433 0.000 0.000 

Bagging stage 
4.5cm 

Control 17.480 16.426 85.700 50.00 30.000 10.180 
Black 17.250 15.880 52.190 24.010 5.120 4.700 
Blue 14.800 6.660 13.820 10.733 0.000 0.000 
Red 13.500 6.660 11.300 8.733 1.450 0.000 

White 16.800 12.500 9.500 6.533 3.380 2.500 
LSD 0.05 1.405 0.452 1.794 2.244 1.878 0.331 
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Table (2). Effect of colors and bagging stage on yield components of 
pomegranate “Wonderful” cultivar during 2015 and 2016 
seasons. 

Treatments 
Average fruit 

weight (g) 
Seed Weight 

(g) 
Peel weight 

(g) 
Fruit weight/tree 

(kg) 

2015 2016 2015 2016 2015 2016 2015 2016 

Bagging color 

control 310.000 287.855 144.333 129.000 144.333 129.000 14.281 15.411 
Black 337.000 334.666 167.000 171.777 167.000 171.777 12.365 15.023 
Blue 365.333 437.888 169.222 207.333 169.222 207.333 19.088 27.681 
Red 397.277 490.888 184.333 231.333 184.333 231.333 20.791 30.383 

White 395.111 482.222 177.333 226.333 177.333 226.333 21.435 30.275 
LSD 0.05  2.086 1.497 1.683 1.967 1.683 1.967 1.984 0.411 

Bagging stage 
1.5 cm 337.533 375.733 159.466 176.600 159.466 176.600 16.947 21.838 

3cm 357.366 405.846 162.533 194.133 162.533 194.133 17.735 23.572 
4.5cm 397.933 438.533 183.333 208.733 183.333 208.733 18.094 25.853 

LSD 0.05 3.570 1.571 3.573 2.789 3.573 2.789 0.747 0.798 

Bagging stage1.5cm 

control 335.000 333.000 165.666 173.000 165.666 173.000 11.790 15.750 
Black 284.666 255.000 132.000 124.000 132.000 124.000 19.430 12.833 
Blue 354.000 379.000 160.000 173.333 160.000 173.333 19.233 25.386 
Red 377.000 486.666 170.333 221.000 170.333 221.000 21.233 28.450 

White 337.000 425.00 169.333 191.666 169.333 191.666 20.050 26.773 

Bagging stage3cm  

control 339.000 335.000 169.000 173.666 169.000 173.666 12.806 15.090 
Black 303.333 302.900 137.666 120.666 137.666 120.666 14.656 16.343 
Blue 343.000 455.666 160.333 221.333 160.333 221.333 17.950 27.640 
Red 401.666 469.333 170.000 223.000 170.000 223.000 22.473 30.970 

White 399.833 466.333 175.666 232.000 175.666 232.000 20.790 27.820 

Bagging stage 4.5cm 

control 337.000 336.000 166.333 168.666 166.333 168.666 12.500 15.393 
Black 342.000 305.666 163.333 142.333 163.333 142.333 15.756 15.893 
Blue 399.000 479.000 187.333 227.333 187.333 227.333 20.083 30.016 
Red 406.666 490.666 191.666 235.000 191.666 235.000 20.600 31.730 

White 455.000 581.333 208.000 270.333 208.000 270.333 21.533 36.233 
LSD 0.05  6.258 4.491 5.050 5.901 5.050 5.901 1.983 1.233 

 

Fruit physical properties:  
Data concerning the fruit physical properties in the 2015 and 2016 seasons 

are presented in (Tables 3).  
 
Fruit Length (cm):  

Regarding the effect of different color bags of “Wonderful” pomegranate 
tress on fruit length (cm), the highest fruit length was found when fruit was bagged 
by red color bag, while the black bags gave the lowest. Third stage when diameter 
was 4.5cm was the highest values of fruit length than other stages in both seasons. 
First stage when diameter was 1.5 cm it gave the least fruit length. Generally white 
color with third stage when diameter was 4.5cm gave the highest fruit length as 
compared to control and other applied treatments. These results are in agreement 
with those reported by Hegazi et al. (2014) on “Wonderful” pomegranate trees, 
Samra and shalan (2013) on “Wonderful” pomegranate, Mostafa et al. (2014) on 
“Seewy” date palm and  Harhash and Al – Obeed (2010) on date palm. They found 
that the fruit length increased with bagging.  
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Fruit diameter (cm):  
Data in Table (3) indicated that all colors red, white blue and black 

significantly increased as compared with control. The highest value of this 
parameter was found when fruit was bagged by red color bag. Black color gave the 
lowest fruit diameter. Third stage when diameter was 4.5cm it had higher values of 
fruit diameter than other stages in both seasons. First stage when diameter was 
1.5 cm gave the least fruit diameter in both seasons. The interaction between 
stage and color bagging was significant. Finally, white color with third stage when 
diameter was 4.5cm gave the highest fruit diameter as compared to control and 
other treatments. These results are in agreement with reported by Samra and 
Shalan (2013) on “Wonderful” pomegranate, Hegazi et al. (2014) on “Wonderful” 
pomegranate trees, Harhash and Al-Obeed  (2010) on date palm and Mostafa et 
al. (2014) on “Seewy” date palm. They reported that bagging increased fruit 
diameter. 

 
Fruit Volume (cm3):  

The results of the present investigation in Table (3) showed that red color 
bags in both seasons gave the highest fruit volume. Black color gave the least fruit 
volume in both seasons. Third stage when diameter was 4.5 cm gave the largest 
fruit volume compared to other stages. First stage when diameter was 1.5 cm gave 
the least fruit volume. In addition, all interaction between bagging color and 
bagging stages was significant. Finally white color bags with third stage gave the 
highest fruit volume as compared with the control and other applied treatments in 
both seasons.  These results are in agreement with those reported by Samra and 
shalan (2013) on pomegranate, they reported that the effect of bagging treatments 
increased of the fruit volume “Wonderful” pomegranate, Harhash and Al – Obeed  
(2010) on date palm, They reported that the bagging with blue color bags gave the 
highest fruit volume.  

 
Juice volume (ml/100 g seeds):  

Data in Table (3) indicated that red and blue color bags gave the highest 
juice volume. The lowest value was noticed with black bags in both seasons. 
Second stage when diameter was 3cm, gave higher value of juice volume than 
other stages in both seasons. Third stage when diameter was 4.5 cm gave the 
lowest juice volume in both seasons. The interaction between stage and color 
bagging was insignificant. Finally, blue bag with second stage was the best 
treatment. It was increased the juice volume compared to other bagging treatments 
in both seasons. Similar results were obtained by Abd El-Rhman (2010) on 
pomegranate and Mostafa et al. (2014) on “Seewy” date palm. 
 

 

 

 



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

 

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 685     
    Vol. 22(4), 2017 

 

Table (3). Effect of colors and bagging stage on physical fruit characteristics 
of pomegranate “Wonderful” cultivar during 2015 and 2016 
seasons. 

Treatments 
Fruit Length 

(cm) 

Fruit 
diameter 

(cm) 

Fruit Volume 
(cm

3
) 

Juice volume 
(ml /100g seeds) 

2015 2016 2015 2016 2015 2016 2015 2016 

Bagging color 

Control 7.882 8.113 8.733 8.972 350.111 365.222 44.000 49.777 
Black 7.607 7.467 8.576 8.056 304.222 301.888 35.777 36.555 
Blue 8.128 8.805 9.192 9.610 394.333 519.777 51.222 51.666 
Red 8.190 9.324 9.451 10.020 416.555 546.000 52.444 51.222 

White 8.174 9.108 9.357 9.954 413.000 539.444 47.111 48.111 
LSD 0.05 0.138 0.101 0.114 0.129 4.733 4.450 2.062 1.655 

Bagging stage 
1.5cm 7.884 8.316 8.867 9.143 351.533 428.000 45.600 48.000 
3cm 7.852 8.644 8.932 9.235 370.666 443.333 48.933 50.466 

4.5cm 8.254 8.742 9.386 9.589 404.733 491.866 43.800 43.933 
LSD 0.05 0.106 0.108 0.128 0.158 5.148 2.427 2.279 1.905 

Bagging 
stage1.5cm 

Control 7.916 7.940 8.800 8.850 347.666 365.000 43.000 49.333 
Black 7.503 7.296 8.140 7.996 275.000 268.333 34.666 35.333 
Blue 8.070 8.696 9.003 9.226 371.333 492.000 50.666 51.333 
Red 8.113 9.200 9.320 9.960 403.333 538.666 52.666 52.000 

White 7.816 8.450 9.073 9.683 360.333 476.000 47.000 52.000 

Bagging 
stage3cm 

Control 7.800 8.170 8.700 9.090 352.666 370.000 44.000 52.000 
Black 7.423 7.563 8.636 8.153 304.333 311.666 41.666 42.333 
Blue 8.076 9.046 9.016 9.090 405.000 513.666 56.333 55.666 
Red 8.170 9.443 9.266 10.063 437.666 537.333 55.333 54.333 

White 7.790 9.000 9.043 9.780 353.666 485.000 47.333 48.000 

Bagging stage 
4.5cm 

Control 7.930 8.290 8.700 8.976 350.000 360.666 45.000 48.000 
Black 7.896 7.543 8.953 8.020 333.333 325.666 31.000 32.000 
Blue 8.240 8.673 9.556 10.513 406.666 553.666 46.666 48.000 
Red 8.286 9.330 9.766 10.036 408.666 562.000 49.333 47.333 

White 8.916 9.876 9.956 10.400 525.000 657.333 47.000 44.333 
LSD 0.05 0.416 0.303 0.342 0.387 15.026 13.350 6.187 4.965 

 

Effect of colors and bagging stage on chemical fruit characteristics 
Concerning the effect of different colors and stages of bagging on 

“Wonderful” pomegranate chemical fruit characteristics during 2015 and 2016 
seasons, the data are shown in Table (4). 

 
Total Soluble Solids (TSS): 

 The data presented in Table (4) indicated that bagging color treatments 
caused a significantly increase in total soluble solids percentage in 2015 and 2016 
seasons. The highest percentage of total soluble solids was found with white bag. 
The least percentage of total soluble solids was found with black color and control. 
Second stage when diameter was 3cm gave higher values of total soluble solids 
than other stages in both seasons. First stage gave the least percentage of total 
soluble solids.  The interaction between colors and stages of bagging was 
significant. However, the white bag at second stage was the best treatment. It was 
increased the total soluble solids compared to other bagging treatments in both 
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seasons. The bagging fruit had more total soluble solids than the control one, 
probably because the higher temperature under bags favored the conversion of 
starch into sugar (Harhash and Al-Obeed 2010). Similar results were obtained by 
Kumar et al. (2015) on red banana, Tran et al. (2015) on red pitaya, Mostafa et 
al.(2014) on “Seewy” date palm and Edirimanna et al. (2015) on guava. They 
reported that the bagging increased the total soluble solids. 

 
Total sugars (%): 

 Data revealed that the effects of the different bag color (white, red, blue, 
black) on total sugar (%) in “Wonderful” pomegranates fruits showed that the white 
color gave the highest total sugar (%) in both seasons. Control gave the least total 
sugar (%) in first season but black color gave the least at the second season. Third 
stage when the diameter was 4.5cm and first stage when diameter  was 1.5cm 
gave the highest values of total sugar  than second stage in first season, while in 
second season, the first and the second stages gave the highest total sugar 
compared with third stage. Second stage gave the least percentage of total sugar 
in first season, while third stage gave the least percentage of total sugar in second 
season. The interaction between colors and stages of bagging was significant.  
Finally, white bag with first stage was the best treatment. It increased content of 
total sugar (%) compared to other bagging treatments in both seasons.  The 
obtained results are in conformity with those presently reported by Abd El-Rhman 
(2010) on pomegranate, Harhash and Al-obeed (2010) on date palm, Mostafa et al. 
(2014) on “Seewy” date palm, Omar (2015) on “Seewy” date palm, Kumar et al. 
(2015) on red banana and Haldankar et al.  (2015) on mango cv. “Alphonso”. They 
found that the bagging increased total sugar (%). 

 
Reducing sugars (%):  

The obtained results revealed that the reducing sugars %, significantly 
affected with red and blue color of “Wonderful” pomegranates fruits as compared 
with other treatments in both seasons. Red color gave the highest percentage of 
reducing sugar (%). Control and white color gave the least percentage of reducing 
sugar (%). The first and second stages when the diameter was (1.5 and 3cm) were 
significantly increased as the reducing sugars with third stage. They gave the 
highest values of reducing sugar than third stage in both seasons. Frist stage gave 
the least percentage of reducing sugar. The interaction between colors and stages 
of bagging was significant.  Finally blue bag with first stage was the best treatment. 
It was increased the content of reducing sugar compared to other treatments in 
both seasons. These results are in agreement with those obtained by Abd El-
Rhman (2010) on pomegranate, Harhash and Al-obeed. (2010) on date palm, 
Mostafa et al. (2014) on “Seewy” date palm, Omar et al.  (2015) on “Seewy” date 
palm and Kumar et al. (2015) on red banana. They found that the bagging 
increased the total sugar (%). 
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Anthocyanin content (mg/100g): 
 With regard to the effect of different bagging color on anthocyanin 

(mg/100g), the highest anthocyanin content (mg/100g) was found when fruit was 
bagged by red color bag, while the control gave the lowest one in both seasons. 
The second stage when the diameter was 3cm, gave the higher values of 
anthocyanin (mg/100g) than other stages in first season, while, second and third 
stage gave higher values of anthocyanin (mg/100g) than other stages in second 
season. First stage when diameter was 1.5 cm, gave the least anthocyanin 
(mg/100g). The interaction between stages and color bagging was significant. In 
conclusion the best treatment was red bags on second stage in both seasons. 
Similar results were previously registered by Samra and Shalan (2013) on 
pomegranate, Hegazi et al. (2014) on pomegranate and Ghorbani et al. (2015) on 
pomegranate, they found that the bagging increased the anthocyanin content 
(mg/100g). 
 

Total acidity (%):  
 Regarding bagging with white, red, blue and black colors on fruit acidity 

(%), the data during 2015 and 2016 seasons presented in Table 4 indicated that 
white color gave the least percentage of total acidity in both seasons, while the 
highest percentage of total acidity was found with black color treatment. Third 
stage when the diameter was 4.5cm it was gave the less percentage of total acidity 
than other stages in both seasons.  First stage when the diameter was 1.5 cm, 
gave the highest total acidity. The interaction between colors and stages of 
bagging was significant. Finally, red bags with second stage gave the least 
percentage of total acidity in both seasons. Similar trend was reported by Samra 
and Shalan (2013) on pomegranate, Kumar et al. (2015) on red banana and 
Edirimanna et al. (2015) on guava. They reported that the total acidity percentages 
was not significantly affected by bagging treatments.  
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Table (4). Effect of colors and bagging stage on chemical fruit characteristics 
of pomegranate “Wonderful” cultivar during 2015 and 2016 
seasons. 

 

Treatments 

TSS 
% 

Total sugars 
(%) 

Reducing 
sugars (%) 

Anthocyanin 
(mg/ 100 g) 

Acidity 
(%) 

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 

Bagging 
color 

Control 14.366 12.500 12.873 11.247 12.181 10.884 0.232 0.174 1.181 1.250 

Black 13.411 12.544 13.181 10.218 12.727 9.833 0.258 0.209 1.294 1.094 

Blue 14.533 13.844 14.152 12.551 13.404 12.042 0.302 0.251 1.054 0.925 

Red 14.822 14.77 13.000 10.600 13.606 12.524 0.660 0.426 0.917 0.922 

White 15.988 15.011 14.190 13.197 12.463 9.833 0.535 0289 0.936 0.882 

LSD 0.05  0.120 0.179 0.195 0.165 0.215 0.164 0.005 0.003 0.042 0.033 

Bagging 
stage 

1.5 cm 14.293 13.080 13.728 11.933 13.106 11.427 0.340 0.259 1.143 1.068 

3 cm 15.226 13.900 13.034 11.932 13.042 11.341 0.433 0.275 1.135 0.993 

4.5 cm 14.353 13.866 13.765 10.824 12.480 10.341 0.418 0.275 1.012 0.983 

LSD 0.05 0.155 0.307 0.172 0.164 0.139 0.131 0.002 0.001 0.031 0.047 

Bagging 
stage 
1.5cm 

control 13.700 12.300 12.790 10.136 12.390 9.776 0.233 0.168 1.150 1.250 

Black 13.100 12.533 13.376 11.230 12.826 10.770 0.245 0.214 1.280 1.260 

Blue 14.133 13.300 14.296 13.616 13.600 12.966 0.250 0.228 1.220 0.960 

Red 14.400 13.500 13.306 11.260 12.560 10.580 0.754 0.456 1.090 0.960 

White 16.133 13.766 14.606 13.423 14.156 13.043 0.609 0.230 0.936 0.910 

Bagging 
stage 
3cm 

control 15.100 12.700 12.960 10.280 12.540 9.990 0.228 0.163 1.180 1.253 

Black 13.700 11.900 13.706 11.706 13.256 11.376 0.256 0.208 1.343 1.023 

Blue 15.166 14.100 14.546 13.673 13.550 12.773 0.376 0.286 0.940 0.940 

Red 15.433 14.700 12.873 10.550 12.003 9.720 0.665 0.427 0.766 0.853 

White 16.733 16.100 14.553 13.450 13.863 12.846 0.642 0.294 0.830 0.896 

Bagging 
stage  
4.5cm 

control 14.300 12.500 12.870 10.240 12.460 9.930 0.232 0.192 1.213 1.246 

Black 13.433 13.200 12.460 10.806 12.100 10.506 0.272 0.207 1.260 1.000 

Blue 14.300 14.133 13.613 12.303 13.063 11.833 0.282 0.238 1.003 0.876 

Red 14.633 14.333 12.820 9.990 11.980 9.200 0.561 0.395 0.896 0.833 

White 15.100 15.166 13.410 10.780 12.800 10.236 0.355 0.345 1.043 0.960 

LSD 0.05 0.362 0.539 0.583 0.488 0.646 ٠.٤٨٨ 0.015 0.009 0.127 0.100 

 

CONCLUSIONS AND RECOMMENDATION  

In the light of all the above-mentioned data, it’s possible to conclude that: 
Third stage with white bags gave the highest average fruit weight (g), fruit length 
(cm) and fruit diameter (cm). Second stage with red and blue bags gave the least 
percentage cracking and drop fruit. . Generally, we could recommend the following:  

1. Bagging in second stage, for more yield and quality pomegranate production. 
2. Bagging with white bags where recorded the highest yield and quality.   
3. Bagging with red and blue bags where decreased fruit cracking and sunburn. 
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ABSTRACT: Thirty-six growing V-line rabbits of both sexes, 5 weeks old, with initial weights 

of 776.66 ± 22.11 g were used for the study. The rabbits were randomly allocated to four treatments 
groups of 9 rabbits each. Group one fed basel diet free of feed additives and served as a control 
group. Group 2 and 3 fed Basel diet with 200 and 400 mg Nigella sativa crushed (NSC) / kg diet, 
respectively. Group 4 received control diet, but drinking water supplemented with 200 mg vitamin C 
/L.  Results showed that at 13 weeks of age the supplementation of 200 mg ascorbic acid, 200 and 
400 mg nigella seed /kg diet brought a significant (P ≤ 0.01) improvements in final body weight by 
the value of 5.4, 7.7 and 9.3 %, weight gain by 8.6, 12.3 and 14.7 %, feed conversion ratio by 10.9, 
15.1 and 17.9 %, performance index by 16.6, 25.0 and 31.3 % and significantly (P ≤ 0.01) 
decreased feed intake by 1.3, 2.7 and 4.3 %, respectively. Most of the carcass traits were 
insignificantly affected by different treatments, however, kidney fat and lungs percentage were 
significantly (P ≤ 0.05) decreased and increased, respectively, in the group received 400 mg nigella 
seed in comparison with control. Digestibility coefficients of DM was significantly (P ≤ 0.05) 
decreased in the groups received nigella sativa seed, however, digestibility coefficients of OM was 
significantly (P ≤ 0.05) decreased in the group had 400 mg nigella sativa seed in compared with 
control and ascorbic acid fed groups. Diets containing nigella seed caused significant (P ≤ 0.01) 
increment in DCP % value compared with control and ascorbic acid fed groups. In conclusion the 
results showed that addition of NSM or ascorbic acid in rabbit diets had improved the productive 
performance.  
Keywords: Rabbits, nigella seed, ascorbic acid, performance, carcass, digestibility 

 

INTRODUCTION 
 

Antibiotics and several feed additives have been used in the livestock and 
poultry industry in a large scale for a long time. Nowadays, many people have 
been cautious about possible antibiotic residues and disease resistance in use of 
antibiotics in the animal and poultry industry besides in medical science (Kocyigit et 
al., 2009; Tiwari and Dhama, 2014). As a result of the ban of using antibiotics as 
feed additives, using alternative feed additives has accelerated and led to more 
investigations in animal production (Dhama et al., 2014). These additives could be 
medicinal/herbal and aromatic plants and/or extracts from these plants. Several 
herbs and plants were used for this purpose like Zingiber officinale, Allium sativum, 
Rosmarinus officinalis, Thymus vulgaris, Crocus sativus, onion ceba,  and others 
(Alagawany and Abd El-Hack, 2015; Zeweil et al., 2015 and 2016). Also, one of 
these alternatives is Nigella sativa seed/oil (Sener et al., 1985). Nigella sativa 
belonging to family Ranunculaceae, also known as black seed or black cumin, 
possesses a wide range of pharmacological activities, including, carminative, 
antidiabetic, stimulant, analgesic, anti-pyretic and anti-inflammatory, antidiarrheal 
and antibacterial activity, antioxidant actions and protective effect against liver 
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damage (Lutterodt et al., 2010; Tawfeek et al., 2006; Nair et al., 2005). It has 
nigellon, thymoquinone and thymohydroquinone, which are known to possess anti-
microbial effect and enhance production of interleukin- 3 and 2 beta by 
lymphocytes and having an effect on macrophages (Haq et al., 1995). Some 
researchers demonstrated that Nigella seed has immuno-stimulant effects, thus 
maintaining good animal health (Al-Beitawi and El-Ghousein, 2008). The seed of 
nigella sativa has over 100 different chemical components, including mucilage, 
crude fiber, reducing sugars, resins, alkaloids, flavonoids, organic acids، sterols, 
tannins and saponins, in addition to the high content of unsaturated fatty acids, 
especially linoleic acid (18:1 ώ-6)  (and oleic acid (18:1 ώ-9) and proteins. It also 
has yellowish volatile (essential) oil (Gilani et al., 2004). It is known that the 
biological activity of nigella sativa seeds is attributed to its essential oil components 
(Hajhashemi et al., 2004). Zaoui et al. (2002) demonstrated that nigella sative seed 
improves health by increasing hematocrite and hemoglobin values, Zeweil et al. 
(2008) showed that rabbits fed 12% Nigella sativa meal had significantly the best 
values of total weight gain, being higher by 7.7% than control. Ascorbic acid (AA) is 
a low molecular mass antioxidant that quenches free radicals. It is highly water 
soluble, and acts as an effective reducing agent. 

 
 It is one of the most effective antioxidants and free radical scavengers, 

inhibiting lipid peroxidation induced by peroxyl radicals (El-Demerdash et al., 2005; 
Kojo, 2004). It may also be essential for maintenance of other antioxidants such as 
vitamin E (Carr and Frei, 1999). Vitamin C ameliorated oxidative stress associated 
with a wide variety of toxicants such as lead, cadmium and arsenic (Sen Gupta et 
al., 2004; Shalan et al., 2005). 

 The present study was aimed to shed some light on the effects of supplemental 
nigella sativa seed and compare their effects with ascorbic acid on the growth 
performance, carcass, nutrients digestibility coefficients and nutritive values of 
growing rabbits. 

  

MATERIALS AND METHODS 
 

Thirty-six growing V-line rabbits of both sexes, 5 weeks old, with initial 
weights of 776.66 ± 22.11 g were used for the study. The rabbits were randomly 
allocated to four treatments groups of 9 rabbits each. Each treatment was further 
sub-divided into 3 replicate of 3 rabbits. Rabbits were housed in wire floor batteries 
of 45 x 36 x 36 cm and were offered diets for duration of the feeding trial until 
reaching 13 weeks of age. All animals were kept under similar hygienic conditions. 
Rabbits were housed in well ventilated block building. Fresh air circulated in the 
house using exhaust fans. The rabbits were kept within a cycle of 16 h light and 8 h 
dark. Four pelleted diets were prepared. Group one fed control diet free of feed 
additives and served as a control group. Group 2 and 3 fed basel diet  with 200 
and 400 mg Nigella sativa crushed (NSC) / kg diet, respectively (Purchased from 
local market in Alexandria, Egypt). Group 4 received control diet, but drinking water 
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supplemented with 200 mg vitamin C /L (Fisher chemical -analytical reagent 
Grande). Fresh water was automatically available at all times through stainless 
steel nipples for each cage. The experimental diets were offered to rabbits ad 
libitum. The formula of basal experimental diet is presented in Table (1) that 
formulated to cover the requirements of rabbits according to National Research 
Council (NRC) (1977) specific for rabbits. Individual body weight and feed 
consumption were recorded weekly. Body weight gain and feed conversion ratio 
were also calculated. The incidence of dangerous diseases was largely avoided 
and rabbits have never been treated with any kind of systematic vaccination or 
medication. At the end of the feeding trial, 5 rabbits were selected from each 
treatment group randomly, starved of food but not water for 12 hours and 
slaughtered for carcass analysis. 

 
Table (1).Composition and chemical analysis of the basal experimental diet 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1
Vit+Min mixture provides per kilogram contains: Vit A 6000 IU; Vit D3 450 IU; Vit E 40 mg; Vit K3 1 

mg; Vit B1 1 mg; Vit B2 3 mg; Vit B3 180 mg; Vit B6 39 mg; Vit B12 2.5 mg; Pantothenic acid 10 mg; 
biotin 10 mg; folic acid 2.5 mg; choline chloride 1200 mg; Manganese 15 mg; Zinc 35 mg; Iron 38 
mg; Copper 5 mg; Selenium 0.1 mg; Iodine 0.2 mg; Selenium 0.05 mg.

 2
Analyzed values according 

to AOAC (2000). 
 

**NFE = (Organic matter) - (Crude protein + Crude fiber+ Ether Extract). 
  **Digestible energy (DE) of the experimental diets was calculated according to the equation 
described by Cheeke et al., (1987) as follows: 
  DE (kal/kg) = 4.36-0.0491×NDF%, NDF = 28.924+0.657× CF%. 

Ingredients Basal diet (%) 

Corn yellow 19.00 
Wheat bran 11.00 
Barley 17.20 
Berseem hay 33.00 
Soybean meal 44% 15.00 
Molasses 3.00 
Di-Calcium phosphate 1.00 
Lysine 0.10 
Methionine 0.10 
Vitamins and mineral premix1 0.30 
Salt 0.30 
Total 100 

Chemical analysis (%) 
Dry matter 92.96 
Organic matter 84.83 
Crude protein 17.29 
Crude fiber 13.50 
Ether Extract 2.80 
Ash 8.12 
NFE* 51.24 
NDF 37.79 
DE**kcal/kg 2504.50 



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 695     

    Vol. 22(4), 2017 

 

 

Three rabbits per treatment were housed individually in the digestibility cage 
for 7 days to collect feces and urine. Shaded hair or non-fecal materials were 
eliminated. Feces and urine were collected quantitatively daily morning, and weight 
fresh and stored at 4oC in a refrigerator. The seven days combined collection were 
sampled and kept for analysis. Fecal samples were dried at 60 oC for 72 h. Feeds 
and fecal samples were 1 mm screen grinded by a wiley mill grinder and the 
samples (20 g/sample/treatment/rabbit) were analyzed. The samples of feed and 
feces were analyzed for crude protein (CP), crude fiber (CF), ether extract (EE) 
and ash were analyzed according to AOAC (2000). Values of the total digestible 
nutrients (TDN; DCP) were calculated according to the classic formula of Cheeke 
et al. (1987) on a dry matter basis from feed and fecal samples content of dry 
matter (DM). The results were expressed as the mean ± SEM. All data were 
analyzed using one way analysis of variance (ANOVA) using SPSS 11.0 statistical 
software (SPSS, 2001). Significant differences between means were detected 
using new Duncan multiple range test (Duncan, 1955). 
 

RESULTS AND DISCUSSION 
 

In the present study the experimental rabbits looked apparently healthy and 
no mortality was recorded. The effect of nigella sativa seed and ascorbic acid on 
the performance of growing rabbits is presented in Table 2. The results showed 
that the supplementation of 200 mg ascorbic acid, 200 and 400 mg nigella seed /kg 
diet brought a significant (P ≤ 0.01) improvements in final body weight by the value 
of 5.1, 7.7 and 9.3 %, weight gain by 8.6, 12.3 and 14.7 %, feed conversion ratio 
by 10.9, 15.1 and 17.9 %, performance index by 16.6, 25.0 and 31.3 % and 
significantly (P ≤ 0.01) decreased feed intake by 1.3, 2.7 and 4.3 %, respectively, 
in comparison with control. A part of the improvement in growth of rabbits obtained 
herein during the hot climate period could be attributed to the positive impact of 
nigella seed on body weight gain and feed conversion ratio due to its antioxidant 
properties and phenolic compounds. Yasser et al. (2015) demonstrated that daily 
body weight gain and feed conversion ratio of rabbits fed black cumin seed (nigella 
sativa seed) were significantly improved in compared to the control diet. Mehrez et 
al. (2011) reported that the highest values of body weight ،body weight gain, and 
economical efficiency were observed for group of rabbits fed Nigella sativa seed 
(0.4 %) at the end of the experiment in comparison with control group. Zeweil et al. 
(2008) showed that rabbits fed 12% Nigella sativa meal had significantly the best 
values of total weight gain, being higher by 7.7% than control. AbuAl-Basal (2011) 
reported that the active substances Nigellone and Melation had a diversifying 
power and acted synergistically to improve nutrient utilization and help eliminating 
and cleansing actions. In addition, Nigellone had both anti-spasmodic and 
bronchodilating properties which can improve the health of the respiratory tract, a 
major problem under hot climate conditions. Thymoquinone, however, helps the 
body to get rid of toxins due to its anti-inflammatory, analgesic, antioxidant and 
cleaning properties (Paarakh, 2010). Also, Al-Douri et al. (2010) reported that 
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nigella seed had an antimicrobial effect that may help rabbits to outstand hot 
climate condition. Also, Nigella sativa contain fat soluble unidentified factors and 
mixture of essential fatty acids including linoleic, linolenic and arachidonic acids, 
which have been essential factors for growth (Murray et al., 1991) and/or due to 
that nigella sativa seed contained macro-elements like Ca, P and Mg, which are 
needed for the optimal bone formation and growth throughout the growing period. 
Also, nigella sativa seed contained a lot of essential microelements, which has 
been known as a growth elements and has an important role in this phenomenon 
such as Cu, Zn and Fe (William, 1999) and essential vitamins (thiamine, riboflavin, 
pyridoxine, niacin and folacin) which had roles in improving growth through their 
effects on fat, protein, nucleic acid (folic acid), vitamins (B6) and minerals 
metabolism (McDowell, 1989). Astimulating effect of black seed on digestive 
system was reported by Jamroz and Kamel (2002), this effect resulting in better 
absorption and consequently better performance. Because the addition of Nigella 
sativa in feed increases the flow rate of bile, this effect results in increased 
emulsification which activates the pancreatic lipases and then help in fat digestion 
and absorption of fat-soluble vitamins. Also, Al-Shanti (2003) showed that ascorbic 
acid (1 g/Liter water) significantly improved final body weight and numerically 
decreased feed intake when compared with the control. Selim et al. (2004) cleared 
that rabbits had access to extra levels of ascorbic acid beyond recommendation 
level achieved better performance in weight gain and feed conversion ratio 
compared to the control group. In addition, Selim et al. (2008) cleared that the 
treated growing rabbits with 200 ppm of ascorbic acid recorded significantly the best 
feed conversion ratio (2.68 vs. 3.68 in control group). On the other hand, Skrivanova 
and Marounek (1997) reported that growth of Hayla 2000 rabbits supplied with 
ascorbic acid at 30 mg /kg body weight and feed intake twice a week were not 
significantly affected. Also, Zeweil et al. (2016) indicated that the treatment with 
ascorbic acid (200 mg/kg) resulted in no significant increase in body weight, body 
weight gain and feed intake of rabbits.  

 
Table (2). Effect of vitamin C and black seeds on productive performance of 

growing rabbits 

a, b, : Values in the same row with different superscripts differ significantly (P≤ 0.05) 

     

Items 
Dietary treatments 

P. value 
Control 

Black seed 
200mg/kg 

Black seed 
400mg/kg 

Vit. C 200mg/l 

Initial weight (g) 777.78±12.50 776.67±25.72 776.67±24.77 775.56±25.46 1.000 
Final weight (g) 2119.40

b
 ±41.90 2282.80

a
±12.13 2315.60

a
±19.65 2232.80

a
±30.58 0.001 

Total weight gain (g) 1341.70
b
±45.30 1506.10

a
±24.70 1538.90

a
±14.23 1457.20

a
±10.00 0.001 

Daily gain (g) 23.95
b
±0.80

 
26.89

a
±0.44 27.48

a
±0.25 26.02

a
±0.17 0.001 

Weekly feed intake (g) 91.42
a
±0.48

 
88.97

b
±0.28 87.49

c
±0.28 90.22

ab
±0.62 0.001 

Feed conversion ratio 3.85
a
±0.14

 
3.27

bc
±0.05 3.16

c
±0.02 3.43

b
±0.01 0.001 

Performance index(%) 55.86
c
±2.97

 
69.84

ab
±1.38 73.32

a
±0.92 65.14

b
±1.18 0.001 
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Results for pre-slaughter weight was significantly affected (P ≤ 0.01) by different 
treatments in comparison with control. Results for percentage of hot and cold 
carcass, total edible parts, non-edible parts, giblets, liver, heart, kidneys, spleen, 
colon, caecum, small intestine, testes, thyroid gland and head and length of small 
intestine, caecum and colon were insignificantly affected by different treatments, 
however, kidney fat and lungs percentage were significantly (P ≤ 0.05) decreased 
and increased, respectively, in the group received 400 mg nigella seed in 
comparison with control (Table 3). Radwan (2002) found that addition of nigella 
seed meal to growing rabbit diets under hot climatic conditions caused no 
significant effect on either carcass or dressing % compared to the control. On the 
other hand, Guler et al. (2006) found that the highest carcass, thigh and breast 
weights resulted from 1% nigella sativa seed treated birds compared with other 
levels (0.5, 2 or 3%) and the control. Recently, Yasser et al. (2015) showed that 
inclusion of black cumin seed meal in the diet did not effect on empty body weight, 
carcass weight and carcass weight plus total giblets, however, decreased (P ≤ 
0.05) carcass and dressing percentage compared with the control diet. Al-Shanti 
(2003) found insignificant effect due to ascorbic acid supplementation on carcass 
traits of rabbits exposed to heat stress. Also, other studies carried out by Selim et 
al. (2004 and 2008) reported no effect of ascorbic acid on carcass traits of rabbits. 
  

As shown in Table (4), digestibility coefficients of DM was significantly (P ≤ 
0.05) decreased in the groups received nigella sativa seed in compared with 
control and ascorbic acid fed groups. Also, digestibility coefficients of OM was 
significantly (P ≤ 0.05) decreased in the group had 400 mg nigella sativa seed in 
compared with control and ascorbic acid fed group. On the other hand, CP, EE, CF 
and NFE were insignificantly affected by ascorbic acid or nigella sativa seed 
supplementation in compared with the control. Results presented in Table 4 
showed that feeding diets containing nigella seed caused significant (P ≤ 0.01) 
increment in DCP % value compared with control and ascorbic acid fed group. The 
present results are in agreement, less or more, with those reported by Radwan 
(2002) who stated that digestibility coefficients of CP, EE, NFE and CF for rabbits 
fed diets containing nigella seed meal were insignificantly increased under hot 
climatic conditions. Also, Skrivanova and Marounek (1997) reported that the 
digestibility of nutrients of Hayla 2000 rabbits supplied with ascorbic acid at 30 mg 
/kg body weight twice a week was not significantly affected. Selim et al. (2004) 
reported that ascorbic acid (300 mg / kg diet) did not significantly affect crude 
protein digestibility coefficient, while it was significantly affected organic matter, 
ether extract and crude fiber digestibility coefficients. Sallam et al. (2005) and 
Ettaib (2015) indicated that the treatment with ascorbic acid resulted in no 
significant increase in nutritive values of the experimental diets. On the other hand, 
Yasser et al. (2015) reported that apparent digestibility of almost nutrients OM, CP, 
CF, EE and NFE were significantly (P ≤ 0.05) increased with black cumin 
compared with the control diet. In conclusion the results showed that addition of 
nigella sativa or ascorbic acid in rabbit diets had improved the productive 



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 698     

    Vol. 22(4), 2017 

 

 

performance, blood lipid profile, immunity and antioxidant status and 400 mg/kg 
nigella sativa seed was more effective tan 200 mg/kg nigella sativa seed or 
ascorbic acid.  
 
Table (3). Effect of vitamin C and black seeds on carcass characteristic of growing 

rabbits  

a, b, : Values in the same row with different superscripts differ significantly (P≤ 0.05) 
. Body weight measured (g)but carcass parameter measured as(%). 
*Hot and Cold carcass % without the head, **Total edible parts % = Hot carcass+Kidney %+Heart %+Liver %.  
*** Non edible parts % = 100 – Total edible parts,  
****Giblets % = Kidney % + Heart % + Liver %. 

Table (4). Effect of vitamin C and black seeds on digestibility coefficients of 
nutrients and nutritive values   

a, b, : Values in the same row with different superscripts differ significantly (P≤ 0.05) 
DM= Dry matter, OM= Organic matter, CP= Crud protein, EE=Ether extract. CF=Crud fiber, NFE=Nitrogen free extract, 
DCP= Digestibility crud protein, TDN=Total digestibility nutrient. 

  

Items 
Dietary treatments 

P. 
value Control 

Black seed 
200mg/kg 

Black seed 
400mg/kg 

Vit. C 200mg/l 

Pre-slaughter weight(g) 2322.00
c
±19.84 2422.00

a
±20.34 2477.00

a
±20.59 2367.00

bc
±21.88 0.001 

Hot carcass % 56.59±0.18 56.50±0.66 56.12±0.30 56.78±0.29 0.709 
Cold carcass % 54.21±0.35 55.88±0.58 55.68±0.32 55.43±0.41 0.063 
T. Edible parts % 61.01±0.20 60.86±0.65 60.57±0.23 61.16±0.35 0.760 
Non Edible parts % 38.98±0.20 39.13±0.65 39.42±0.23 38.83±0.35 0.759 
Giblets % 4.39±0.06 4.35±0.16 4.45±0.09 4.37±0.14 0.945 
Kidney % 0.64±0.01 0.64±0.01 0.63±0.01 0.62±0.01 0.820 
Kidney fat % 0.34

a
±0.01 0.33

a
±0.01 0.29

b
±0.01 0.32

ab
±0.01 0.021 

Heart % 0.33±0.02 0.30±0.01 0.32±0.02 0.31±0.02 0.752 
Liver % 3.42±0.06 3.40±0.15 3.49±0.10 3.43±0.15 0.964 
Lungs % 0.56

b
±0.01 0.60

ab
±0.01 0.63

a
±0.02 0.58

b
±0.01 0.016 

Colon % 1.25±0.108 1.24±0.05 1.19±0.07 1.26±0.07 0.934 
Caecum % 4.58±0.17 4.76±0.43 4.81±0.45 5.12±0.36 0.785 
Spleen % 0.07±0.01 0.07±0.01 0.07±0.01 0.06±0.01 0.865 
Small intestine % 4.13±0.04 4.12±0.04 4.01±0.06 4.14±0.03 0.169 
Small intestine length(cm)  258.00±3.74 264.00±5.09 276.00±5.09 262.00±6.63 0.130 
Head % 5.50±0.09 5.28±0.15 5.01±0.12 5.14±0.14 0.079 
Caecum length (cm) 39.00±1.00 40.00±0.00 40.00±2.73 38.00±1.22 0.778 
Colon length(cm) 38.00±1.22 40.00±0.00 39.00±1.00 39.00±1.00 0.532 
Thyroid gland (%) 0.01±0.03 0.01±0.01 0.01±0.03 0.01±0.01 0.422 
Testes (%) 0.40±0.02 0.42±0.01 0.43±0.01 0.42±0.01 0.323 

Items 
Dietary treatments 

P. 
value Control 

Black seed 
200mg/kg 

Black seed 
400mg/kg 

Ascorbic acid 
200 mg/kg 

DM (%) 65.66
a
±0.33 64.00

b
±0.57 63.00

b
±0.57 64.33

ab
±0.33 0.025 

OM (%) 58.09
a
±0.43 57.29

ab
±0.32 56.06

b
±0.34 57.90

a
±0.60 0.045 

CP (%) 74.20±0.10 75.11±0.25 75.30±0.35 74.89±0.39 0.130 
EE (%) 62.57±0.30 63.91±1.55 63.80±1.02 61.35±0.35 0.271 
CF (%) 31.53±0.28 32.61±1.48 32.64±0.61 32.25±0.13 0.760 

NFE (%) 51.26±0.01 50.90±0.15 51.44±0.77 51.50±0.25 0.746 
DCP (%) 12.82

b
±0.01 13.27

a
±0.04 13.42

a
±0.06 12.94

b
±0.06 0.001 

TDN (%) 72.27±0.07 72.90±0.35 72.51±0.35 72.85±0.06 .330٠ 
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Effect of Cadmium Toxicity on Hematological and Immunological 

Parameters and Their Modulation With some Natural Antioxidants 

in Growing Japanese Quail 

H. S. Zeweil, M. H. Ahmed, S. M. Zahran , W. Dosoky,  and A . El-Mansoury        
Department of Animal and Fish Production, Faculty of Agriculture (Saba Basha)Alexandria 

University. 

ABSTRACT: This study was carried out on 300, 1-day old unsexed growing Japanese quail 

chicks to evaluate the toxic effects of cadmium on hematological and immunological parameters 
and their modulation with certain natural antioxidants in growing Japanese quail. The quail were 
divided into six equal groups with fifty chicks in each group and each sub group was allotted into 
five replicates (10 each) in a complete randomized design. Group one fed basal diet only without 
supplementation (served as control), group 2, fed basal diet + 100 mg cadmium chloride/kg diet, 
group 3, 4, 5 and 6 fed basal diet + 100 mg cadmium chloride/kg diet and supplemented with either 
of 1 % clay, 250 mg Vitamin E/ kg diet, 1 % pomegranate peel or 1 % ginger, respectively. Blood 
samples were collected for biochemical analysis at the end of experiment. Cadmium caused 
significant (P ≤ 0.01) decreases in the red blood cells (RBC) counts, hematocrit concentration 
(HCT) and hemoglobin (HGB) by 54.6, 21.8 and 21.4 %, respectively, in compared with those of the 
control. While, a significant increase in white blood cells (WBCs) counts was detected. 
Hematological data of the present study indicate that macrocytic hyperchromic anemia has 
developed in quail treated by cadmium. Combined treatment of cadmium exposed quail with clay, 
vitamin E, pomegranate peel or ginger had significantly (P ≤ 0.01) improved RBCs and HGB, 
however, it not compares favorably with those obtained in the control group. Meanwhile, WBC and 
HCT were insignificantly affected by the feed additives used in the present study. On the other 
hand, serum IgM level was significantly decreased and numerical decrease in Imunoglobulin (IgG) 
and Foot weeb Index FWI in cadmium group. Combined treatment of cadmium exposed quail with 
clay, vitamin E, pomegranate peel or ginger had improved immunity. These results means that 
dietary supplementation by clay, vitamin E, pomegranate peel or ginger might be useful in reversing 
the decrease IgG, IgM and FWI induced by cadmium and alleviated the adverse effect of cadmium 
on immunity, except that of the pomegranate peel which was partly alleviated the adverse effect of 
cadmium on IgM. While clay, vitamin E and ginger were more effective in alleviating the adverse 
effect of cadmium on IgM 

Key words: Japanese quail, cadmium, natural antioxidants, hematology, immunity 

 

INTRODUCTION 

Cadmium (Cd) is a one of the major occupational and environmental 

pollutants. Animals’ exposure to Cd occurs chiefly through inhalation or ingestion. 

In the recent past, extensive mining and indiscriminate industrialization have 

increased cadmium contamination of environment. Plants readily absorb cadmium 

from the soil and accumulate it in various parts of the plant (Bingham et al.,1975) 

Shellfish such as mussels, scallops and oysters and other fish accumulate 

cadmium and may become a major source of cadmium exposure for poultry and 

other livestock fed with fish meal and oyster shell grid as calcium source 

(Alisauskas et al., 2007; Krishnakumar and Bhat, 2006). Cadmium is considerably 

toxic with destructive impacts on most organ systems such as respiratory, 

digestive, reproductive, skeletal and cardiovascular systems and some sensitive 
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organs, including liver and kidney (Jama et al., 2013). Cd acts as a stimulator for 

formation of Reactive Oxygen Species (ROS), hydrogen peroxide and hydroxyl 

radicals. These free radicals enhanced lipid peroxidation, caused oxidative stress, 

DNA damage, altered calcium and sulfhydryl homeostasis (Sevcikova et al., 2011) 

which adversely affects the performance, hematology and serum biochemical 

parameters, besides damaging kidney, liver and bursa of fabricius. Antioxidants 

are substances that protect cells against the adverse effects of xenobiotics, 

toxicants, drugs and carcinogens. The interest in natural antioxidants, especially of 

plant origin, has greatly increased in the recent years (Akter et al., 2008; Zeweil et 

al., 2013) and have been utilized in a prophylactic manner against toxic substances 

that induced oxidative stress (Aboubakr et al., 2014). Hence, the present study was 

conducted to evaluate the role of clay, vitamin E, pomegranate peel or ginger on 

hematological and immunological parameters and their modulation in growing 

Japanese quail fed diets polluted by cadmium.  

MATERIALS AND METHODS 

Three hundred, one-day old unsexed growing Japanese quail chicks were 

divided randomly into six groups with fifty chicks in each group and each sub group 

was allotted into five replicates (10 each) in a complete randomized design. The 

birds were wing -banded, weighted and randomly housed in cages. The house 

temperature was kept at about 35°C during the first 3days, then gradually 

decreased by 2 ° C weekly until reached 24° C and kept until the end of the 

experimental period. In all the experiment groups, the birds were subjected to 23 

hours light at intensity of 3 watt / m2 along the experiment period which extended to 

the age of 4 weeks, feed and water were available ad libitum throughout the 

experimental period. The basal experimental diet was formulated to cover the 

nutrient requirements of growing Japanese quail as recommended by NRC (1994). 

The composition and calculated analysis of the experimental basal diets are 

presented in Table (1). Each experimental group received one of the following 

dietary treatments through the growing period (1 to 4 weeks of age). The order of 

dietary treatments was as follows:    

1. Basal diet only without supplementation (served as control) 

2. Basal diet + 100 mg cadmium chloride/kg diet  

3.  Basal diet + 100 mg cadmium chloride/kg diet + 1 % clay 

4.  Basal diet + 100 mg cadmium chloride/kg diet + 250 mg vitamin E/kg diet 

5.  Basal diet + 100 mg cadmium chloride/kg diet + 1 % pomegranate peel 

6.  Basal diet + 100 mg cadmium chloride/kg diet + 1 % ginger 
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Table (1).   Composition and calculated analysis of the basal experimental diet. 
  

Ingredients % 

Yellow corn  
Soybean meal (44 %) 
Concentrate (50 %) * 
Di-calcium phosphate 
Limestone 
Sunflower oil 
Vit. and min. mix.**  
Salt (NaCl) 

53.30  
33.00 
10.00 
0.20 
1.70 
0.80 
0.50 
0.50 

Total  100  
:1Calculated analyses  

Crude protein, % 
ME (kcal/ kg diet) 
Ether extract, % 
Crude fiber, % 
Methionine, % 
Methionine + cystine, % 
Lysine, % 
Calcium, % 
Av. Phosphorus 

  
24.05  

2907.10 
2.44 
3.63 
0.76 
0.88 
1.42 
1.11 
0.39 

*Concentrate: ME (k cal/kg) 2870, Crude protein 50%, Crude fiber 1.51%, Crude fat 1.54%, Calcium 4.29%, 

Phosphorus 2.39%, NaCl 0.8%, Methionine 4.6%, Methionine & Cystine 5.38%, Lysine 3.90%. 

** Each kg of vitamin and minerals mixture contained: Vit. A, 4,000,000 IU; Vit. D3, 500,000 IU; Vit, E, 16.7 g., 

Vit. K, 0.67 g., Vit. B1, 0.67 g., Vit. B2, 2 g., Vit. B 6, .67 g., Vit. B12, 0.004 g., Nicotinic acid, 16.7 g., 

Pantothenic acid, 6.67 g., Biotin, 0.07 g., Folic acid, 1.67 g., Choline chloride, 400 g., Zn, 23.3 g., Mn, 10 g., Fe, 25 

g., Cu,1.67 g., I, 0.25 g.,Se, 0.033 g. and,Mg, 133.4 g. 
1
 According to NRC (1994). 

 

Ginger was purchased from retail market, Alexandria, Egypt. The plant was 

identified by Department of Botany, Faculty of Science, Alexandria University, 

Egypt. The dried ginger was grinded into a fine powder. Pomegranate peel 

purchased from Fattah Allah Gomlla market store in Alexandria, Egypt.   

Individual blood samples were taken from 3 birds within each treatment (on 

individual basis) at 4 weeks of age to determine the different hematological 

parameters. Blood samples were collected on heparin as anticoagulant (0.1 ml of 

heparin to 1 ml of blood) according to Hawk et al. (1965) to be used to determine 

the total leukocyte count (WBC) according to Natt and Herrick, (1952). Blood 

smears were made and stained for differential leukocyte count (Cook, 1959). White 

blood cells were counted using magnification count on an AO bright line 

hemocytometer using light microscope at 100 X. Blood samples were diluted 20 

times with a diluted fluid (3 ml glacial acetic acid + 97 ml distilled water + some of 

Leshman stain) according to Hepler (1966),Hawkey and Dennett (1989). For 

differential leucocytic count: blood films were prepared from collected blood 
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samples according to the method described by Lucky (1977). A drop of heparinzed 

blood was spread on a glass slide, quickly air dried, fixed by methyl alcohol for 3- 5 

min. and stained with Giemsa’s stain   for 20 minutes, then rinsed under slow water 

current and taffed gently between tow filter paper then examined using oil 

immersion lens. The percentage of each type of cells was calculated according to 

Schalm et al. (1986). Red blood cells were counted on bright line hemocytometer 

using light microscope at 400 X magnification. R.B.C’s were counted according to 

the method of Helper (1966), Hawkey and Dennett (1989). Hemoglobin 

concentration was determined of fresh blood samples using hemoglobinometer as 

the method described by Tietz (1982). Packed cell volume (PCV) was determined 

according to Schalm et al. (1975) by microhaematocrit tubes which were filled 

approximately to two-thirds full with non-coagulated blood, sealed from one end by 

special clay and centrifuged at 12000 rpm for 5 minutes. The percentage of packed 

cells to total volume was determined by direct measurement in a special chart. 

Serum IgG and IgM were determined using ELISA technique according to the 

method described by Siwicki and Anderson (1993). The foot web index (FWI) was 

used as an index of the cell-mediated immune response. At 4 weeks of age, 3 

separate birds from each treatment were selected. The right foot web area was 

then injected intradermal with 0.25 mg of phytohemagglutinin (PHA; Sigma L-8754, 

St. Louis, MO) dissolved in 0.05 mL of PBS. Sterile physiological solution (PBS) 

(0.05 mL) was injected into the left foot web and served as a control group. A 

micrometer was used to measure changes in the thickness of the right and left foot 

webs with an accuracy of 0.01 mm. The Measurement was made at 0 and 24 h 

after the injection, as described by the method of Cheng and Lamont (1988) and 

Smits et al. (1999). A stimulation index was calculated as the difference in the 

change in thickness of the right PHA-injected foot web from the change in 

thickness of the left PBS-injected foot web. The differences among treatments 

were statistically analyzed by one-way ANOVA using SPSS® (2001) statistical 

software package for windows version 11.0. The significant differences between 

treatment means were separated by Duncan’s Multiple Range-test (Duncan, 1955).  

RESULTS AND DISCUSSIONS 

Hematological profile in animals is an important indicator of physiological or 

pathophysiological status of the body (Khan and Zafar, 2005). Exposure to heavy 

metals can cause alterations and damage to the hematological profile and 

hematopoietic system in man and animals (Costa et al., 2004). Results in Table (2) 

shows that cadmium caused significant (P ≤ 0.01) decreases in the red blood cells 

(RBC) counts, hematocrit concentration (HCT) and hemoglobin (HGB) by 54.6, 

21.8 and 21.4 % in compare with those of the control free of cadmium 

supplementation, respectively, While, a significant increase in white blood cells 

(WBCs) counts was detected. The results presented in Table (3) shows that the 

percentage of lymphocytes, basophils and eosinophils were not affected by 

cadmium or by different feed additives as compared to the control group, except 
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monocytes which were significantly (P ≤ 0.05) increased in cadmium intoxicated 

groups. While, the additives hadn’t the ability to hold back the toxic effect of 

cadmium on monocytes.   

Table (2). Effect of dietary treatments on hematological parameters of 
Japanese quail at 4 weeks  ago 

a- b
 Means in the same column having different letters are significantly different (P≤0.05). 

 
Table (3).  Effect of dietary Treatments on differential white blood cells of  

Japanese at 4 weeks ago  

   a- b
 Means in the same column having different  letters are significantly different (P≤0.05). 

 

However, these hematological data of the present study indicate that 

macrocytic hyperchromic anemia has developed in quail treated by cadmium. The 

same results have been demonstrated by Al-Hamdany (2010) who reported that a 

significant increase in WBC counts in rats exposed to cadmium chloride due to 

inflammation and increase stimulate production, but found a significant decrease in 

Hb resulted by accumulation metal inside the red cell and may be inhibition 

ferrochelatase enzyme which responsible for linked iron to the globin protein. Also, 

Ekanem et al. (2015) and Sharaf et al. (2017) reported that the increased count of 

white blood cells in rats treated with heavy metals may be due to the inflammatory 

response induced as defense mechanism. The results presented by Szilagyi et al. 

(1994) showed significantly decreased values of WBC and RBC in chicken 

following a longer (6 weeks) load of higher (100 mg/kg) cadmium concentration. 

Abdo and Abdulla (2011) showed that the hemoglobin amount, hematocrit value, 

and the total erythrocyte (RBC) count were significantly (P ≤ 0.05) decreased in the 

Treatments 
WBCs 

(103/mm3) 
RBCs  

(106/mm3) 
HGB (g/dL) HCT( %) 

Control  15.114b± 0.30 3.003a± 0.07 12.004a ± 0.18 31.635a±1.15 
Control +Cadmium(Cd)  17.423a± 0.25 1.362c± 0.03 9.441c± 0.25 24.732b ± 0.73 
Control+Cd+clay  16.917a ± 0.56 2.151b± 0.06 10.998b± 0.51 26.123b ± 0.18 
Control+Cd+VitE  16.229ab± 0.36 2.147b± 0.11 10.928b± 0.16 26.618b ± 1.00 
Control+Cd+p.p 16.027ab± 0.29 2.176b± 0.03 10.858b±0.34 26.668b ± 1.15 
Control+Cd+ginger 16.843a± 0.68 2.211b± 0.02 10.842b± 0.19 27.456 b± 1.25 
P value 0.035 0.001 0.002 0.006 

Treatments 
Differential white blood cells 

Lymphocytes 
(%) 

Monocytes 
(%) 

Esinophils 
(%) 

Heterophils 
(%) 

H / L 

Control 57.36 ± 0.21 6.00 
b
 ± 0.00 2.98 ± 0.02 30.17 ± 1.17 0.5261 ± 0.022 

Control+cadmium (Cd) 58.00 ± 0.58 8.37 
a
 ± 0.31 3.33 ± 0.33 32.00 ± 1.00 0.5518 ± 0.018 

Control+Cd+clay 57.67 ± 0.67 8.33
 a
 ± 0.88 3.07 ± 0.07 30.76 ± 1.29 0.5338 ± 0.027 

Control+Cd+VitE 57.48 ± 0.52 8.19
 a
 ± 0.42 3.00 ± 0.0١ 30.67 ± 0.67 0.5338 ± 0.017 

Control+Cd+p.p 57.67 ± 0.88 8.10
 a
 ± 0.26 3.15 ± 0.07 31.09 ± 0.57 0.5396 ± 0.018 

Control+Cd+ginger 57.67 ± 0.88 8.14
 a
 ± 0.74 3.09 ± 0.04 31.11 ±0.11 0.5397 ± 0.010 

P Value 0.988 0.05 0.564 0.793 0.957 
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blood of treated chicken given a drinking water contained the concentration of 10 

mg cadmium /L daily for a period of 30 days. Wintrobe (1978) showed that the 

reduction of hematological parameters in cadmium treated chicken might be due to 

the destruction of mature RBCs and the inhibition of erythrocyte production which 

due to reduction of hemsynthesis that was affected by pollutants. Khangarot and 

Tripathi (1991) suggested that the decrease in RBCs count may be attributed to 

hematopathology or acute hemolytic crisis that results in severe anemia in most 

vertebrates including chicken species exposed to different environmental 

pollutants. In addition, James et al. (1992) demonstrated that the decrease in the 

RBCs may be attributed to reduction of growth and other food utilization 

parameters which results in sever anemia. Moreover, Elsharkawy and El-Nisr 

(2012) suggested that cadmium may inhibit heme synthesis by decreasing the 

absorption of iron from the gastrointestinal tract.  

In our study, RBC and HGB were significantly improved due to 

supplementation of clay, vitamin E, pomegranate peel and ginger, however, it not 

compares favorably with those obtained in control group. On the other hand, WBC 

and HCT were insignificantly affected by the feed additives used in the present 

study. Kim et al. (2003) reported that the accumulation of cadmium in rat liver, 

kidney and blood was reduced by vitamin E supplementation. Also, results 

obtained by Cinar et al. (2011) found that vitamin E supplementation to the diet 

prevented cadmium accumulation in only plasma. This maybe reduced the 

accumulation of cadmium in blood under the influence of vitamin E might be due to 

the excretion of cadmium via urine and feces. The decrease in cadmium of liver 

and kidneys by supplementing diet with vitamin E may be due to the higher dose of 

vitamin E. Recently, Abdou et al. (2017) reported that the presence of vitamin E 

and/or wheat germ oil with cadmium chloride improved red blood cells, 

hemoglobin, hematocrit, platelets and white blood cells in maternal rats and their 

fetuses. Attia et al. (2014) reported that ginger treatment of cadmium exposed rats 

significantly (P ≤ 0.05) lowered methemoglobin % (metHb %) and hemolysis, while 

significantly increased oxyhemoglobin % (HbO2 %) and total hemoglobin 

concentration (P ≤ 0.01) compared to cadmium alone group. The ginger treatment 

improved the adverse effects induced by AlCl3, moreover co-administration with 

vitamin C upgrade action of ginger and ameliorate the toxic effect of Alcl3 on 

hematological parameters. The corrective effect of ginger extract on alterations of 

hematological parameters induced by cadmium toxicity may be attributed either 

due to its antioxidant activity as oil of ginger contain antioxidants such as 

polyphenol (6-gingerol and its derivatives), flavonoids and total tannin which 

reduce or scavenge free radicals, or may be due to rebuilding activities of nutrient 

and phytochemicals found in the extract (Mindell, 1992). Also ginger has an 

immunostimulant effect (Bairwa et al., 2012), as observed in Table (4) with 

increasing of IgG and IgM.  



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

 

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 710     
                                                                                                       Vol. 22(4), 2017     

 

Measures of immunity that have been commonly used and assessed in 

poultry are lymphoid organs weights (Pope, 1991), and antibody response to 

foreign antigens (Klasing, 1998). Lymphoid organs weights are easily measured 

and reflect the body’s ability to provide lymphoid cells during an immune response 

(Heckert et al., 2002). Results on the effect of cadmium and cadmium plus natural 

feed additives on IgG, IgM and FWI are presented in Table (4).  

Table (4). Effect of dietary treatments on immunity parameters of Japanese 

quail at 4 weeks  age. 

 

It was observed a significant (P ≤ 0.01) decrease in IgM and numerical 

decrease in IgG and FWI due to intoxicated cadmium in compare with control. 

Addition of clay, vitamin E, pomegranate peel and ginger in cadmium intoxicated 

quail resulted in a significant (P ≤ 0.01) improve in the values of IgM and numerical 

increase in IgG and FWI. These results means that dietary supplementation by 

clay, vitamin E, pomegranate peel and ginger might be useful in reversing the 

decrease in serum IgG and IgM and FWI which induced by cadmium and 

alleviating the adverse effect of cadmium on immunity, except pomegranate peel 

which was partly alleviating the adverse effect of cadmium on IgM. While, clay, 

vitamin E and ginger were more effective in alleviating the adverse effect of 

cadmium on IgM. Hassan et al. (2012) revealed a decrease in the values of 

antibody titer due to cadmium chloride groups at different times of the experiment. 

The least values of antibody titer recorded by animals receiving cadmium chloride 

alone. The results agree with Ohsawa et al. (1988) who reported that when mice 

were primed with sheep red blood cells after exposure to cadmium chloride, a 

significant suppression of the antibody forming response was observed in animals 

fed 300 ppm cadmium chloride, but not in those fed 3 ppm of the same salt. Daum 

et al. (1993) mentioned that cadmium chloride exerted an early inhibitory effect on 

B- cell activation. This was attributed to the inhibition of RNA, DNA and antibody 

synthesis. However, selective effects on the production of specific Ig isotypes by 

Treatments 

Immunity Parameters 

IgG (mg/ dL) IgM (mg/ dL) 
FWI (mm) 

 

Control  270.318 a ± 0.58 16.429 a ± 0.32 0.233 ± 0.06 

Control +Cadmium (Cd)  252.969 b ± 7.36 12.950 c ± 0.26 0.183 ± 0.02 

Control+Cd+clay  268.996 a ± 2.39 15.159 ab ± 0.41 0.223 ± 0.02 

Control+Cd+VitE  268.360 a ± 7.04 15.101 ab ± 0.13 0.233 ± 0.06 

Control+Cd+p.p 267.668 a ± 2.28 15.006 b ± 0.56 0.200 ± 0.00 

Control+Cd+ginger 267.011 a ± 3.01 15.665 ab ± 0.60 0.217 ± 0.03 

P Value 0.151 0.002 0.921 
a- b

 Means in the same column having different letters are significantly different (P≤0.05). 
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these metals may influence the ability of B-cells to mount effective immune 

responses to pathogens. Cadmium has been shown to inhibit B-cell cycle entry 

and humoral immunity.  

By measuring the hemagglutination titer and delayed type hypersensitivity 

response, the results of Lall and Dan (1999) indicated the involvement of adrenal 

hormones in cadmium induced immunosuppression suggesting that cadmium 

activates the corticosteroid associated immunoregulatory circuit. Cadmium -

administration of cod liver oil in the study of Hassan et al. (2012) improved the 

immune status at different times of the experiment. At the 9th week post-pollutants 

administration, the viability of lymphoctes was reduced as compared to the control 

group and the least value was observed in cadmium chloride group. Antioxidants 

help reduce the oxidizing effect of the pollutants and act as conjugators to remove 

the pollutants from the body. A deficiency of dietary vitamins and minerals 

increased sensitivity to adverse effects of contaminants (Vodela et al., 1998). 

Vitamin E is the liposoluble antioxidant, which may have an important role in 

scavenging free oxygen radicals and in stabilizing the cell membranes, thus 

maintaining its permeability (Bjorneboe et al., 1990 and Navarro et al., 1999). 

Ognjanovic et al. (2003) reported that Pre-treatment with vitamin E exhibited a 

protective role on the toxic effects of cadmium on haematological values, lipid 

peroxide concentration as well as on enzymatic and non-enzymatic components of 

antioxidant defence system.  Oliveira et al. (2010) found that salivary IgA secretion 

was increased in those subjects supplemented with polyphenols, which indicated a 

positive effect on mucosal immunity. Also, Zeweil et al. (2016) demonstrated that 

ginger supplementation had insignificant increase in antibody titters against NDV at 

14 days after vaccination. While, at 21 days after vaccination, antibody titters 

against NDV were significantly increased in compare to the control group. 

These results concluded that dietary supplementation by clay, vitamin E, 

pomegranate peel or ginger might be useful in reversing the adverse effect on 

hematological parameters and IgG, IgM and FWP induced by cadmium and 

alleviating the adverse effect of cadmium on immunity, except pomegranate peel 

which was partly alleviating the adverse effect of cadmium on IgM, while clay, 

vitamin E and ginger were more effective in alleviating the adverse effect of 

cadmium on IgM. 
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Response of Maize Yield and Its Components to Preceding Crops 
and Nitrogenous Fertilization 

 
E. E. E. Kandil  

Plant Production Department, The Faculty of Agriculture (Saba Basha), Alexandria 
University, Egypt 

 
ABSTRACT: Maize (Zea mays L.) is one of the important cereal crop after wheat and rice in 

Egypt and need to increase its productivity vertically and horizontally. In order to improve 
productivity of maize under planting after preceding crop and nitrogen fertilization rates. Two field 
experiments were conducted at El-Horaia village, El- Behira Governorate, Egypt, during 2015 and 
2016 growing seasons, in split plot design with three replications. The main plots contained three 
preceding crop (wheat, berseem and faba bean), meanwhile nitrogen fertilization rates (0, 60, 90 
and 120 kg N/fed.) were allocated in the sub plots. The obtained results revealed that preceding 
crop and nitrogenous fertilization rate affected, significantly, plant height, ear length, leaf area index 
(LAI), grains number/row, grains number/ear, 100- kernel weight, grain, straw, and biological yield 
(kg/fed.), harvest index % and grain protein %, whereas, planting maize after legume crop (faba 
bean or Egyptian berseem) and nitrogen rate 90 kg N/fed., recorded the highest means values of 
these characters under the study. 

Key words: maize,  yield, preceding crop, nitrogen, response, wheat, berseem, faba bean 
  

INTRODUCTION 

Maize (Zea mays L.) is considered as one of the most important grain crops 
grown during early and late summer season in Egypt. It comes after wheat and rice 
as the third cereal crop. Total cultivated area of maize in Egypt is 2.1 million fed 
which is represent about 26.25 % of the total cultivated area with an average yield 
of 3.25 ton/fed. Maize production is about 21.90 % of the total cereals production 
(FAO, 2014). It can be increased the production in the unit area through 
investigating preceding crops and N fertilization rate. Legume crop residues is an 
important source of macro- and micronutrients in many agroecosystems for 
sustainable crop production and environment (Blanco – Canqui and Lal, 2009). 
The preceded Egyptian clover residues had positive allelopathic effects on soil 
properties and contributed mainly in productivity of soybean and maize (Lamlom et 
al., 2015). On this respect, sowing berseem as a preceding crop; gave higher 
profits than faba bean. While faba bean as a preceding crop to maize; resulted in 
higher profits than wheat in most instances (Abd El-Aziz, 1996). Planting cereal 
after legume crops; led to the cereal to be most beneficiary from the nitrogen fixed 
by the legumes and from the decomposition of nutrient – biomass from root and 
legume nodules; therefore, maize yield increased due to nitrogen fixation ability of 
legumes which increased soil organic matter (Gregrich et al., 2001; Chen et al., 
2004). However, maize plants preceded by faba bean or berseem were rather 
taller than those preceding wheats during both seasons. Further maize plant 
preceded by faba bean was superior in most yield and its components i.e., kernels 
number/row, 100- kernel weight, ears number/plant and kernels weight/ear during 
both seasons. Also, maize grown after wheat and berseem; gave rise to the 
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highest mean values of all characters as compared with those grown after wheat in 
both seasons.  

Soil contents from macro- and micro- nutrients were influenced by the 
preceding crops and consequently affected the yield and its components of 
the crops (El-Hawary et al., 1994). Crop productivity can be enhanced by nitrogen 
(N) fertilization and diverse/complex cropping rotation, these practices may 
strongly interact and impact soil properties differently (Russell et al., 2006). As 
regard, nitrogen has a major role in maintaining maximum maize grain yield (Derby 
et al., 2005). Maize grain yield increased with increasing of N rates. It is due to a 
certain level. Increasing N have a negative effect on yield (Stoyanov, 2007). Ear 
length, number of rows/ear, number of grains/row, 100- grain weight, grain shelling 
percentage, grain yield/plant and grain yield/fed were significantly increased by 
adding 80 kg N/fed. (Ahmed, 2009).  Nitrogen level has positive and profound the 
highest effect on the total maize yield (Mikova and Dimitrov 2013). However, N 
application, significantly, affected most studied traits expect number of kernels/ 
row; whereas, application of 150 kg N/ha; produced grain yield of 11768 kg/ha. On 
the other hand, increasing nitrogen fertilizer from 150 N kg/ha to 200 N kg/ha; 
decreased grain yield (Jasemi et al., 2013). The hybrid S.C.10; achieved the 
maximum 1000- grain weight with 357 kg N/ha, while the minimum weight of 1000-
kernel was obtained by the hybrid S.C.-129 with applying nitrogen level of 214 
kg/ha (Kandil, 2013). Furthermore, N fertilization is known to affect the grain 
production and N concentration of maize. For instance, increasing N fertilization 
applications; resulted in higher grain N concentrations (Abou El-Hassan et al., 
2014). In addition, nitrogen rate at 150 kg/fed; produced the highest mean values 
of leaf area, number of grains/row, number of grains/ear,100- grain weight (g), 
grain yield/fed., and grain protein (%) for maize (Hafez and Abdelaal, 2015).This 
investigation aims to compare the legume crops and wheat as preceding crops and 
nitrogen fertilization rates on maize grain yield under El-Behira conditions. 

 

MATERIALS AND METHODS 

Two field experiments were carried out to study the effect of preceding crops 
and nitrogen fertilization rate on yield, yield components and quality of maize. Field 
experiments were conducted in El-Horaia village, Abou El-Matamir, El-Behira 
governorate, Egypt, during the two successive seasons of 2015 and 2016.  For the 
initiation of the experiment, the previous crop treatments, wheat, berseem 
(Egyptian clover) and faba bean were planted in a randomized complete block 
design 2015 and 2016. Recommended cultural practices for these crops were 
followed, but data was not recorded. A split plot arrangement of a randomized 
complete block design with three replications was used with previous crops (wheat, 
berseem and faba bean) as main plots while nitrogen rates (0. 60. 90 and 120 kg 
N/fed.) in form of ammonium nitrates (33.5 % N) as subplots. Plot size was 10.50 
m2 (3 x 3.5) having 5 ridges of 3 m in length and 0.7 m in width. Nevertheless, 
some physical and chemical characteristics of the experimental site soil before 
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sowing are presented in Table (1) which were determined according to Klute 
(1986). 

 
Table (1). Physical and chemical properties of the experimental soil sites 

during 2015 and 2016 seasons 

Soil characteristics 

Preceding crop 

 
Wheat 

cv. 
Sids12 

Egyptian 
bareseem 

Faba bean 
cv. 

Nubaria 2 

Wheat 
cv. 

Sids12 

Egyptian 
bareseem 

Faba bean 
cv. 

Nubaria 2 
Seasons 

 2015 2016 

Soil texture (%) Sandy loam 

pH(1:2.5water suspension) 7.89 8.10 8.00 7.60 8.00 7.90 
EC (dSm

-1
) 3.60 3.40 3.50 3.70 3.40 3.37 

Soluble Cations (meq/L.) 

Ca
+ + 

7.6 7.4 7.3 7.7 7 7.4 
Mg

+ + 
5.1 4.85 5.3 4.9 4.0 4.0 

Na
+ 

5.6 5.2 5 5.3 5.9 5.5 
K

+ 
0.5 0.73 0.8 0.45 0.65 0.77 

Soluble Anions (meq/L.) 

HCO3
- 

2.00 1.77 2.00 1.98 1.84 1.95 
Cl

- 
5.20 4.90 4.80 4.80 4.30 4.00 

SO4
- -

 11.30 11.90 11.30 11.60 11.30 11.70 
O.M. (%) 1.85 1.90 1.85 1.90 1.85 1.90 
CaCO3 (%) 22.50 23.70 22.50 23.70 22.50 23.70 
Available N % 0.90 1.00 1.20 0.89 1.1 1.3 
Available P (mg/kg) 5.15 6.17 7.18 5.13 6.20 7.22 

 
The maize single cross white hybrid (SC) namely; Pioneer 30K8 was 

planted on 25th and 25th May in 2015 and 2016 cropping seasons, respectively. 
Two grains were hand planted in each hill. Phosphorus fertilizer was applied before 
planting at the rate of 100 kg Calcium super phosphate (12 % P2O5) /fed. Plots 
were hand thinned before the first irrigation to one plant/hill. The experimental units 
were hand hoed twice for controlling weeds before the first and second irrigations. 
Recommended pest control was applied when necessary. Ammonium nitrate 
(NH4NO3 – 33.50 N %) at rates (0. 60. 90 and 120 kg N/fed.) was used as the N 
source which was applied in two equal doses, the first dose was before the first 
irrigation and the second one was before the second irrigation during cropping 
seasons. Potassium sulphate (48 % K2O) at the rate of 100 kg/fed was added 
before the first irrigation for all treatments.  All other agricultural treatments for 
maize plants were done as recommended by the Ministry of Agriculture. 

 Recorded data include plant height (cm), leaf area index, ear length (cm), 
grains number/row, rows number /ear, grains number /ear, 100 - grain weight (g), 
grain yield, straw yield, biological yield (kg/fed), and harvest index (%) were 
recorded at harvest time after 120 days from planting. Three medium rows, were 
taken from each sub-plot in which grain yield was determined on the basis of 15.5 
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% moisture except LAI was recorded after 90 days after sowing. Grain protein % 
was estimated as N % x 6.25 on dry weight basis and (N %) in grain was 
determined by the microkjeldahl method according to A.O.A.C. (1990).  

All collected data were subjected to analysis of variance according to 
Gomez and Gomez (1984). All statistical analysis was performed using analysis of 
variance technique by means of CoStat computer software package (CoStat, Ver. 
6.311., 2005). The least significant differences (LSD at 0.05) used to compare the 
treatment means. 

 

RESULTS AND DISCUSSION 

Data presented in Table (2) revealed the effect of preceding crop and 
nitrogen fertilization rate and their interaction on plant height (cm), and ear length 
(cm) for single cross hybrid of maize (30K8) during 2015 and 2016 seasons. 

Regarding the main effect of preceding crop, the preceding crop significantly 
affected plant height, LAI and ear length of the maize hybrid 30K8 in both seasons, 
whereas planting maize after faba bean; recorded the highest mean values for 
these traits followed by maize after berseem, then maize after wheat, respectively, 
during both seasons (Table 2). The preceding berseem crop had both positive 
chemical and biological effects on soil fertility that improved growth of maize in the 
following season compared to those grown after wheat (Lamlom et al., 2015). 

Also, results in Table (2) disclosed that there was significant effect of N 
fertilization rate on plant attributes namely; plant height, leaf area index (LAI) and 
ear length in both seasons. Whereas, increasing nitrogen rate from 60 to 120 kg 
N/fed., caused increases in plant height and ear length. On the other hand, the 
level of nitrogen at 90 kg N/fed; recorded the highest LAI during both seasons. This 
is to be expected since nitrogen may activate growth and consequently increased 
plant attributes. So, the amount of metabolites may be increased in such case 
which contributed to a large extent in increasing yield components of maize. The 
effect of N availability on plant growth may cause changes in yield and its 
components of maize. Increase the rate of accumulation of dry weight of aerial 
plant population and grain yield per unit area increases, because the increase in 
leaf area was concomitant with increase the growth rate of the product (Hejazi and 
Soleymani, 2014). However, El-Shamy et al. (2015) indicated that N contributed 
greatly in photosynthetic process during maize growth and development. Also, data 
in Table (2) indicated that there was significant interaction between the preceding 
crop and nitrogen rates on plant height, LAI and ear length. Whereas the highest 
values for plant height and LAI were obtained from planting maize after faba bean 
as preceding crop with the rate of nitrogen rate 90 kg N/fed. On the other side, the 
tallest ear recorded with planting maize after faba bean and 60 kg N/fed., in 
seasons 2015 and 2016.Meanwhile, the lowest one was recorded with preceding 
crop, i.e., wheat and 0 kg N/fed during both seasons. 
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Table (2). Average of plant attributes for maize as affected by preceding 
crop and nitrogenous fertilization and their interaction during 
2015 and 2016 seasons 

Attribute 
A).Preceding 

crop 
B)Nitrogen fertilization level(kg/fed.) Average 

 (A) 
L.S.D. at 0.05 

0 60 90 120 A B AxB 

 The first Season 2015 

Plant height 
at harvest 

(cm) 

Wheat 226.3 234.7 240.0 272.0 243.25c    

Berseem 249.0 258.0 267.3 274.7 262.25b 10.44 7.48 12.95 
Faba bean 252.0 281.7 284.5 281.1 274.83a    

Average (B) 242.43c 258.13b 263.93b 275.93a     
The second season 2016 

Wheat 200.6 205.1 204.2 239.4 212.33b    

Berseem 213.2 222.2 231.5 238.9 226.45ab 16.79 10.14 17.56 
Faba bean 216.2 245.9 248.7 245.3 239.03a    

Average (B) 210.00c 224.40b 228.13b 241.20a     

Leaf area 
index (LAI) 

The first Season 2015 

Wheat 4.5 5.7 5.6 5.8 5.40c    
Berseem 5.9 5.8 6.0 5.5 5.80b 0.18 0.66 1.15 

Faba bean 5.6 6.6 7.3 5.2 6.18a    
Average (B) 5.33c 6.03ab 6.30a 5.50bc     

The second season 2016 

Wheat 4.1 5.6 5.5 5.7 5.23c    

Berseem 5.9 5.6 6.0 5.4 5.73b 0.29 0.61 1.06 
Faba bean 5.4 6.5 6.9 5.3 6.03a    

                    Average (B) 5.13c 5.90ab 6.13a 5.47bc     

Ear length 
(cm) 

The first Season 2015 

Wheat 17.0 19.3 20.0 22.3 19.65c    
Berseem 20.0 22.3 23.0 22.0 21.83b 0.82 0.92 1.60 

Faba bean 22.0 24.0 23.0 24.3 23.33a    
Average (B) 19.67c 21.87b 22.00ab 22.87a     

The second season 2016 

Wheat 15.3 17.6 18.3 20.6 17.95c    
Berseem 18.3 20.6 21.3 21.2 20.35b 1.13 0.83 1.44 

Faba bean 20.3 22.3 21.3 23.5 21.85a    
                   Average (B) 17.97c 20.17b 20.30b 21.77a     

    Mean values in the same column/row marked with the same letters are not significantly different at 0.05 
    level of probability. 
             

Results given in Table (3) divulged the effect of preceding crop and nitrogen 

rate on grains number/row, rows number/ear, grains number/ear for maize hybrid 

(30K8) during 2015 and 2016 seasons. In concern of the effect of preceding crop, 

the preceding crop affected, significantly, in grains number/row, rows number/ear, 

grains number /ear for single cross hybrid of maize (30K8) during 2015 and 2016 

seasons, where the highest mean values for these traits were recorded when 

berseem preceded maize followed by faba bean crop without significant difference. 

Meanwhile, when wheat preceded maize, the lowest ones were recorded in both 

cropping seasons. These findings are in harmony with those obtained by Abdel-

Wahab et al. (2016) who reported that yield attributes were increased significantly 

by the preceding legume (berseem or faba bean) compared to those followed by 

wheat.Respecting the N fertilization rates, they affected, significantly, on grains 
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number/row, rows number /ear, grains number /ear for maize in 2015 and 2016 

seasons. Whereas, increasing nitrogen rate from 60 to 120 kg N/fed brought about 

such increases of grains number/row, rows number /ear, grains number /ear. On 

the other side, the level of nitrogen at 90 kg N/fed; recorded the highest LAI during 

two seasons. These results are in confirmed with those of; Abdel-Wahab et al. 

(2016) who observed that increasing mineral N fertilizer rate from 90 to 120 kg 

N/fed increased yield attributes. Also, they are with a line with those of Kandil 

(2013); Abou El-Hassan et al. (2014); Hafez and Abdelaal (2015). Its cleared from 

Table (3) too, no such significant interaction between the preceding crop and 

nitrogen levels on grains number/row, rows number /ear, grains number/ear in both 

growing seasons. 

Table (3). Average of plant attributes for maize as affected by preceding crop 

and nitrogenous fertilization and their interaction during 2015 and 

2016 seasons 

Attribute 
A).Preceding 

crop 
B) Nitrogen fertilization level(kg/fed.) Average 

(A) 
L.S.D. at 0.05 

0 60 90 120 A B AxB 

 The first Season 2015 

Grains 
number/row 

Wheat 36.7 37.7 39.3 39.3 38.25b    
Berseem 37.0 41.3 44.3 40.3 40.73a 1.27 1.28 n.s. 

Faba bean 38.0 42.0 44.0 41.0 41.25a    
Average (B) 37.23c 40.33b 42.53a 40.20b     

The second season 2016 

Wheat 36.7 40.0 42.3 37.0 39.00b    
Berseem 38.7 43.0 43.0 39.7 41.10ab 2.59 1.67 n.s. 

Faba bean 36.3 44.3 44.3 42.0 41.73a    
                  Average (B) 37.23c 42.43a 43.20a 39.57b     

Rows 
number/ear 

The first Season 2015 

Wheat 16.0 14.0 13.3 14.0 14.3b    
Berseem 15.3 16.0 15.3 15.3 15.5a 0.93 n.s. n.s. 

Faba bean 14.0 15.4 15.3 16.0 15.3ab    
Average (B) 15.1a 15.2 a 15.1a 14.7a     

The second season 2016 

Wheat 14.7 15.3 15.3 16 15.3b    
Berseem 14.7 18.0 16.7 16.7 16.5a 0.46 1.17 n.s. 

Faba bean 16.0 16.7 16.0 16.0 16.2a    
                   Average (B) 15.1b 16.7a 16.0ab 16.2ab     

Grains 
number/ear 

The first Season 2015 

Wheat 586.7 526.0 524.7 550.7 547.03b    
Berseem 566.7 661.3 679.3 615.3 630.65a 27.15 57.76 n.s. 

Faba bean 530.7 644.0 674.0 656.0 626.18a    
Average (B) 561.37b 610.43ab 626.00a 607.33ab     

The second season 2016 

Wheat 536.7 612.7 649.3 594.7 598.35b    
Berseem 566.7 774.0 716.7 661.3 679.68a 44.30 53.68 n.s. 

Faba bean 581.3 738.0 709.3 672.0 675.15a    
                        Average (B) 561.57c 708.23a 691.77ab 642.67b     

 - Mean values in the same column/row marked with the same letters are not significantly different at 0.05    
level of probability. 

- n.s.: not significant difference at 0.05 level of probability. 
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The effect of preceding crop and nitrogen rate on 100 - grain weight (g), 

grain yield, and straw yield for maize hybrid (30K8) during 2015 and 2016 seasons 

are shown in Table (4). Preceding crops i.e. wheat, berseem and faba bean effects 

showed in Table (4) which revealed that the preceding crop affected, significantly, 

100 - grain weight (g), grain yield, straw yield for the maize hybrid 30K8 during both 

successive seasons, whereas planting maize after faba bean; achieved the highest 

mean values for 100 - grain weight (g), grain yield and straw yield during two 

seasons. Legume crop residues is an important source of macro- and 

micronutrients in many agroecosystems for sustainable crop production and 

environment (Blanco – Canqui and Lal, 2009). The increase in maize yield and its 

components may be increased by increasing macr- and micro nutrient availability 

in the soil which planted with legume crops like faba bean (Table 1). These results 

are in cope those of Bloem and Barnard (2001) who reported that maize yields 

after rotation with legumes were, generally, higher than the control treatment. 

Additionally, Ali et al. (2015) found that legumes as a preceding crop had increased 

significantly grain yield.  

The data are shown in Table (4) showed the significant effect of nitrogen 
rate on 100 - grain weight (g), grain yield, and straw yield in both seasons. Where, 
90 kg N/fed achieved the highest mean values for these yield attributes, while the 
lowest ones were recorded with 0 kg N/fed in both seasons. These results may be 
due to the increase of photosynthetic surface which, in turn; resulted in an increase 
in metabolic processes and building more grain yield. Furthermore,the effect of 
nitrogen in increasing the vegetative growth and its components consequently 
increased the 100- grain weight and grain yield. Application of nitrogen fertilizer 
could increase palatability and digestibility of maize hybrids and increased grain 
yield in maize hybrids (Hafez and Abdelaal, 2015). These results are in parallel 
with those of Jasemi et al. (2013); Abou El-Hassan et al. (2014); Hafez and 
Abdelaal (2015). 

The interaction between the preceding crop and nitrogen rates had 
significant differences on grain yield in 2015 and 2016 seasons and straw yield in 
2016 season, only. Whereas, the highest mean values for grain yield and straw 
yield were obtained due to planting maize after faba bean as a preceding crop with 
the rate of nitrogen rate 90 kg N/fed. Meanwhile the lowest mean value was 
recorded with wheat as preceding crop + control (0) kg N/fed. On the otherwise, 
there was no significant interaction between both factors on 100- grain weight 
during 2015 and 2016 seasons, and on straw yield in the first season (Table 4). 
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Table (4). Average of plant attributes for maize as affected by preceding 
crop and nitrogenous fertilization and their interaction during 
2015 and 2016 seasons 

Attribute A).Preceding crop 
B) Nitrogen fertilization level (kg/fed.) Average 

(A) 
L.S.D. at 0.05 

0 60 90 120 A B A x B 

 The first Season 2015 

100 grain 
weight 

Wheat 37.6 39.1 40.3 37.9 38.73c    
Berseem 39.9 43.3 44.0 40.3 41.88b 0.562 1.46 n.s. 

Faba bean 39.7 44.0 45.7 45.0 43.60a    
Average (B) 39.07c 42.13ab 43.33a 41.07b     

The second season 2015/2016 

Wheat 38.2 40.8 39.7 38.3 39.25b    
Berseem 39.3 44.0 45.2 41.0 42.38a 2.07 1.56 n.s. 

Faba bean 39.7 45.8 46.4 43.0 43.73a    
                 Average (B) 39.07c 43.53a 43.77a 40.77b     

Grain yield 
(kg/fed) 

The first Season 2015 

Wheat 2416.3 2460.3 2716.2 2834.4 2606.80c    
Berseem 2897.9 3230.2 3867.2 3790.1 3446.35b 76.89 130.2 227.5 

Faba bean 3296.9 3384.2 3861.7 3717.9 3565.18a    
Average (B) 2870.37c 3024.90b 3481.70a 3447.47a     

The second season 2016 

Wheat 2636.8 2680.8 2936.7 2914.5 2792.20c    
Berseem 3021.1 3450.7 4017.9 3858.0 3586.93b 92.1 156.0 272.7 

Faba bean 3517.4 3604.7 3956.2 3868.5 3736.70a    
                 Average (B) 3058.43c 3245.40b 3636.93a 3547.00a     

Straw yield 
kg/fed. 

The first Season 2015 

Wheat 3432.5 3585.8 3841.7 3731.5 3647.88c    
Berseem 4023.5 4355.7 4740.2 4649.4 4442.20b 85.10 144.3 n.s. 

Faba bean 4422.4 4509.7 5063.0 4649.1 4661.05a    
Average (B) 3959.47d 4150.40c 4548.30a 4343.33b     

The second season 2016 

Wheat 3700.8 3801.5 4057.4 3908.1 3866.95c    
Berseem 4141.8 4571.4 4976.8 4817.3 4626.83b 111.9 160.3 280.2 

Faba bean 4638.1 4725.4 5077.7 4555.2 4749.10a    
                  Average (B) 4160.23c 4366.10b 4703.97a 4426.87b     

- Mean values in the same column/row marked with the same letters are not significantly different at 0.05  level of probability. 
- n.s.: not significant difference at 0.05 level of probability. 

Table (5) expresses the effect of preceding crop and nitrogen fertilization 
rate on biological yield (kg/fed), and harvest index (%). grain protein % for single 
cross hybrid of maize (30K8) during both cropping seasons. However, the 
preceding crop affected, significantly, biological yield (kg/fed), harvest index (%) 
and grain protein % of the maize hybrid 30K8 in both seasons are shown in Table 
(5). Whereas, maize preceded by faba bean; recorded the highest mean values for 
biological yield and protein % during two seasons. On the other hand, sowing 
berseem as preceding crop before maize; recoded the highest harvest index (HI 
%), followed by faba bean as preceding crop in both seasons. While, the lowest 
ones were obtained by wheat crop as preceding before maize. The increase in 
maize yield and its components may be increased by increasing macr- and micro 
nutrient availability in the soil which planted with legume crops like faba bean 
(Table 1). However, cereal is grown after faba bean or berseem, was capable of 
using the accumulated biological N for their nutrition in more rational way (Chalk, 
1998). Likewise, data presented in Table (5) indicated that there was significant 
effect of nitrogen fertilization rate on biological yield (kg/fed), harvest index (%) and 
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grain protein %   in both seasons. Where, 90 kg N/fed led to increase of biological 
yield. On the other end, the level of nitrogen at 120 kg N/fed; recorded the highest 
harvest index (%) and protein (%) during both seasons. However, the lowest ones 
were recorded owing to control treatments (0 kg N/fed.) in both seasons. These 
data are in harmony with those obtained by Jasemi et al. (2013); Abou El-Hassan 
et al. (2014); Hafez and Abdelaal (2015).In the same context, the data of Table (5) 
indicated that there was significant interaction between the preceding crop and 
nitrogen rates on biological yield (kg/fed) and grain protein (%), where the highest 
mean values for biological yield (kg/fed were obtained from planting maize after the 
preceding crop (faba bean) with 90 kg N/fed. Meanwhile, the highest percentage of 
protein recorded with planting maize after berseem with 120 kg N/fed., in 2015 and 
2016 seasons. Meanwhile the lowest mean value of biological yield and protein % 
recorded with preceding crop “wheat” and 0 kg N/fed during two seasons. On other 
hand, there was no significant interaction between two factors on harvest index % 
in the first and second seasons. 

 Table (5). Average of plant attributes for maize as affected by preceding crop 
and nitrogenous fertilization and their interaction during 2015 and 
2016 seasons 

 

Attribute A).Preceding crop 
B) Nitrogen fertilization level (kg/fed.) Average 

(A) 
L.S.D. at 0.05 

0 60 90 120 A B AxB 

 The first Season 2015 

Biological 
yield 

(kg/fed) 

Wheat 5848.8 6046.1 6557.9 6565.9 6254.7c    

Berseem 6921.4 7585.9 8607.4 8439.5 7888.6b 134.1 227.9 398.3 

Faba bean 7719.3 7893.9 8924.7 8367 8226.2a    
Average (B) 6829.8d 7175.3c 8030.0a 7790.8b     

The second season 2016 

Wheat 6337.6 6482.3 6994.1 6822.6 6659.2c    

Berseem 7162.9 8022.1 8994.7 8675.3 8213.8b 165.9 286.9 497.0 

Faba bean 8155.5 8330.1 9033.9 8423.7 8485.8a    
Average (B) 7218.7d 7611.5c 8340.9a 7973.9b     

Harvest 
index 
(HI %) 

The first Season 2015 

Wheat 41.3 40.7 41.4 43.2 41.6b    
Berseem 41.9 42.6 44.9 44.9 43.6a 0.70 0.96 n.s. 

Faba bean 42.7 42.9 43.3 44.4 43.3a    
Average (B) 42.0b 42.0b 43.2a 44.2a     

The second season 2016 

Wheat 41.6 41.4 42.0 42.7 41.9b    
Berseem 42.2 43.0 44.7 44.5 43.6a 0.73 0.85 n.s. 

Faba bean 43.1 43.3 43.8 45.9 44.0a    
               Average (B) 42.3c 42.5c 43.5b 44.4a     

Protein % 

The first Season 2015 

Wheat 8.27 8.62 8.90 8.80 8.65b    

Berseem 9.00 8.89 9.22 10.47 9.40a 0.19 0.43 0.76 

Faba bean 9.09 9.07 10.33 9.83 9.58a    

Average (B) 8.79b 8.86b 9.48a 9.70a     
The second season 2016 

Wheat 9.62 9.97 10.25 10.15 10.00b    
Berseem 10.35 10.23 10.58 11.82 10.75a 0.18 0.42 0.75 

Faba bean 10.44 10.42 11.68 11.18 10.93a    
               Average (B) 10.14b 10.21b 10.84a 11.05a     

- Mean values in the same column/row marked with the same letters are not significantly different at 0.05 level of probability. 
- n.s.: not significant difference at 0.05 level of probability. 



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 727     
                                                                                                                      Vol. 22(4), 2017 

 

 

CONCLUSION 

It was concluded from the present study that sowing maize haybrid (Pioneer 
30K8) after faba bean or berseem as preceding crops and nitrogen fertilization rate 
90; increased yield and its components of maize crop under condition of El-Horia, 
El-Behira governorate, Egypt. 
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ABSTRACT: Magnetized water and nitrogenous fertilization play curricula roles on yield of 

most vegetables grown under greenhouse conditions as cucumber. Therefore, afield study was 
carried out during two successive seasons(2015 and 2016) to study the effect of irrigation of 
cucumber with or without magnetized water, three nitrogen sources (urea, ammonium nitrate 
and ammonium sulphate) and four  nitrogen levels (0, 75, 100, 125%of recommended nitrogen 
dose)on growth, nitrate concentration and NPK uptake of cucumber plants. The obtained results 
showed that irrigation with magnetic water (M.W.), significantly increased the fresh fruit yield 
and shoot dry weight of cucumber plants compared to irrigation by normal water (N.W.). The 
highest yield (28501 kg Fed

-1
) was recorded using irrigation with magnetic water and urea as 

nitrogen source at the level of 125% of the recommended nitrogen dose. The gained results 
revealed that no significant differences were detected regarding nitrate concentrations in 
cucumber fruits between both irrigation treatments of magnetic and normal water during both 
seasons respecting  the early, mid and late fruits yield pickings. Also, the use of nitrate fertilizer 
led to a significant increase in nitrate concentration in fruits than the other sources. Highly 
significant increase in NPK uptake of cucumber plants with magnetic water compared with 
normal water was observed.  

key words: cucumber, nitrogen source, nitrogen level, magnetic water 

 
INTRODUCTION 
 

Over recent years there has been a rapid increase in the use of 
magnetization technology. Magnetizing irrigation water causes physical–
chemical changes of natural water parameters. Tai et al. (2008) reported that 
subjecting water to magnetic field leads to modification of its properties, as it 
becomes more energetic and more able to flow. They, also, reported that, 
magnetized water prevents harmful metals from uptake by roots and reaching 
fruits. However, it increases nutrient elements like phosphorus and potassium. 
Enhancing effect of magnetized irrigation water were reported on different crops 
including tomato and eggplant (Ayieni, 2010), and chick pea (Mahomoud and 
Amira, 2010). Morejon et al. (2007) observed a marked and ranked 
improvement in seedlings, growth after germination due to the magnetically 
treated irrigation water. Hilal and Hilal (2000) indicated an improvement in 
germination and seedlings emergence of tomato, pepper, cucumber and wheat 
seeds when magnetically treated water and seeds were used in combination. 

 
Nitrogen is the most important key macro nutrients in determining the 

yield of vegetables and other important crops; whereas considerable increase to 
such extend of yield always follows application of nitrogenous fertilizers. Once 
nitrogen fertilizers are absorbed directly by plants, it is converted into various 
other forms through biological processes. Excess nitrogen is lost in ionic or 
gaseous form through leaching, volatilization and denitrification (Brady and 
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Weil, 2008). The phytoavailability of nitrogen pool increases when excess 
nitrogen is applied, and this increase intensifies the potential threat to the 
surrounding environment (Sharifi et al., 2010). Consuming contaminated crops 
with a high concentration of nitrate has negative effects on human health 
(Ikemoto et al., 2002). According to the results of previous studies, the 
accumulation of nitrates in the edible parts of crops is directly related to the type 
of used nitrogen fertilizers (Pavlou et al., 2007).  The U.S. Environment 
Protection Agency reference dose for nitrate is equivalent to about 7.0 mg kg-1 
body weight per day (Mensinge et al., 2003).          

         Cucumber (Cucumis ativus.s L.) is one of the most important vegetable 
crops of cucurbitace family because of its richness in vitamins and minerals. 
The use of protected systems for cucumber production is expected to help in 
increasing the yield quantitatively and qualitatively. On the other hand, 
magnetization of irrigation water in relation to both nitrogen fertilization rate and 
source are envisaged to result in improvement of yield. This study was 
conducted to investigate growth and yield, nitrate concentration and NPK 
uptake of cucumber plants grown under plastic house conditions, irrigated with 
magnetized water and fertilized with nitrogen from different sources and at 
various levels which applied by drip irrigation system. 

MATERIALS AND METHODS 
 

Two field experiments were carried out at Sakha, the Agricultural 
Research Station Farm in Kafr El-sheikh Governorate, during two growing 
summer seasons of 2015 and 2016under plastic houses conditions using 
cucumber (cucumis sativa) cv. Hosham, seedlings. The seedlings were 
prepared in common nursery which transferred and cultivated on March 22 
during both seasons under drip irrigation system. The distance between plants 
were 0.50 m and between rows 1.0 m. The density of the plants was 8400 
plants / fed. (One plant per dripper).Soil samples (30 cm depth) were collected 
from the soil before cultivation and some physical and chemical properties were 
determined according to Black et al. (1965) and tabulated in Table 1. 
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Table (1). Some chemical and physical properties of theexperimental 
soils. 

 

Soil characters 1st Season 2ndSeason 
Practical size distribution:   
Clay ,% 50.7 28.7 
Silt  , % 47.5 54.4 
Sand, % 1.8 16.9 
Texture class Silt clay Silt clay loam 
pH (soil : water extract 1:2.5) 7.86 7.66 
EC (soil paste extract), dSm-1 2.40 2.60 
Organicmatter,% 1.82 1.51 
Water soluble cations (meq/L )   
Ca++ 11.56 13.42 
Mg++ 5.57 5.43 
Na + 7.30 7.80 
K  + 0.15 0.12 
Water soluble anions (meq/L)   
HCO3

- 1.87 2.50 
Cl- 9.76 11.15 
SO4

-- 12.95 13.12 
Available nitrogen(mg/kg soil) 33.00 31.00 
Available phosphorous(mg/kg 
soil) 

7.20 6.90 

Available potassium(mg/kg soil) 300.00 285.00 

 
The experiments were conducted in a split split plot design with three 

replicates. The main plots were assigned to irrigation water treatments 
(magnetic water, M.W. and normal water, N.W.). The magnetic water is the 
normal water (Nile water) that has been exposed to magnetic field by passing 
through, a magnetic device supplied by Nefertari Bio magnetic company and 
installed on the main irrigation line before the application to the plants. The 
device comprised of two magnets, arranged to the north and south poles. The 
directions of magnetic field generated at the flow rate diameter 2 inch. The 
chemical analysis of both irrigation waters before and after magnetic treatment 
were carried according to the methods described by Page (1982) and Rhoades 
(1982).The obtained values are presented in Table 2. 
 

Table (2). The main chemical composition of the used water for irrigation 
before and after magnetizing 

Parameters Normal water Magnetizing water 
pH 7.42 7.07 
EC(dSm-1) 
Ca++(meql-1) 
Mg++(meql-1) 
Na+(meql-1) 

0.76 0.68 
2.50 2.63 
1.44 1.91 
3.26 2.36 

K+(meql-1) 0.40 0.30 
HCO3(meql-1) 4.25 4.50 
Cl- (meql-1) 1.73 1.92 
SO4

—(meql-1) 1.62 0.78 
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The sub plots were assigned to three nitrogen sources (urea, 46.5%; 
ammonium nitrate, 33.3%; ammonium sulphate, 20.0%).The sub – sub plots 
were assigned to four nitrogen levels as zero nitrogen (control),75% (45 kg N / 
Fed.), 100% (60 kg N / Fed.) and 125%of the recommended dose (75 kg N / 
Fed).Phosphorus and potassium were applied as phosphoric acid (85%) at the 
rate of 30 kg P2O5 fed-1and potassium sulphate (50% K2O) at the rate of 50 kg 
K2O fed-1.The NPK fertilizers were applied weekly through the drip irrigation 
system. Humic acid (rich humic) ,consisting of  5% N , 3%K2O, 0.5% MgO , 
4000 mg/l Fe, 1200 mg/l Mn, 600 mg/l Zn, 200 mg/l Cu, 200 mg/l B, humic acid 
40% and citric acid 3% ,was sprayed at the rate of 5 cm3/lvia spraying solution. 
As well as, the micronutrients FULVOTK – E which cotains Fe 4%, Mn 1.2%, Zn 
0.6%, Cu 0.02%, B 0.02%, fulvic acid 8% and citric acid 6% was sprayed at the 
rate of 5 cm3/L of the spraying solution as shown in the fertilization program 
(Table 3) as designed by Soil Fertility and Plant Nutrition Department, Soil, 
Water and Environment Research Institute, Sakha Station (10980/ 2013). 

 
Cucumber yield was determined by real time sample picking during 

cucumber growth period. Samples of fruits were collected at three growth 
stages for nitrate determination. Also, the shoot field dry weight was recorded at 
harvest and plant samples were selected randomly, oven dried at 700C, ground 
and wet digested using sulfuric and perchloric mixture according to Cottenie et 
al. (1982). In the digestion, nitrogen was determined by Kjledahel method, 
phosphorus was measured spectrophotometrically and potassium was 
measured using flame photometer. The determinations were carried out 
according to Cottenie et al. (1982). Nitrate in fresh cucumber fruits was 
extracted with 2% acetic acid and measured colorimetrically using 
spectrophotometer (Spectro 20) according to Singh (1988).A statistical analysis 
was conducted using analysis of variance for mean effects; the means of the 
values were compared with the least significant difference (LSD0.05) test 
computer program (SAS, 1996). 
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Table (3). The fertilization program including the treatments    

Day  
Urea, 

Kg fed-1 

Amm. 
Nitrate, 
Kg.fed1 

Amm. 
Sulphate 
Kg fed -1 

P 
(H3PO4) 
cm3fed1 

K 
(K2SO4) 
Kg.fed1 

Spray 

The first week 

Saturday 
(28 March) 

N1    
0.286   N2    

N3    

Sunday 
(29 March) 

N1 1.15 1.16 2.60 
 1.19  N2 1.54 2.15 3.50 

N3 1.92 2.68 4.35 

Tuesday 
(31 March) 

N1    
0.286  

Humic 
(5 cm3/l) 

N2    
N3    

Wednesday 
(1 April) 

N1 1.15 1.16 2.60 
 1 .19  N2 1.54 2.15 3.50 

N3 1.92 2.68 4.35 
The second week 

Saturday 
(4 April) 

N1    
0.572   N2    

N3    

Sunday 
(5 April) 

N1 2.30 3.22 5.20 
 2.38  N2 3.07 4.29 7.00 

N3 3.84 5.36 8.70 

Tuesday 
(7 April) 

N1    
0.572  

Humic 
(5 cm3/l) 

N2    
N3    

Wednesday 
(8 April) 

N1 2.30 3.22 5.20 
 2.38  N2 3.07 4.29 7.00 

N3 3.84 5.36 8.70 
The third week 

Saturday 
(11 April) 

N1    
0.858   N2    

N3    

Sunday 
(12 April) 

N1 3.45 4.83 7.50 
 3.57  N2 4.61 6.44 10.20 

N3 5.76 8.04 13.05 

Tuesday 
(14 April) 

N1    
0.858  

Humic 
(5 cm3/l) 

N2    
N3    

Wednesday 
(15 April) 

N1 3.45 4.83 7.50 
 3.57  N2 4.61 6.44 10.20 

N3 5.76 8.04 13.05 

    to be continued……. 
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Table (3). continued…….. 

Day  
Urea 

Kg fed-1 

Amm. 
nitrate 
Kgfed1 

Amm. 
sulphate 
Kg fed -1 

P 
(H3PO4) 
cm3fed1 

K 
(K2SO4) 
Kgfed1 

Spray 

The fourth  week 

Saturday 
(18 April) 

N1    
1.144   N2    

N3    

Sunday 
(19 April) 

N1 4.60 6.44 10.40 
 4.76  N2 6.14 8.58 14.00 

N3 7.68 10.72 17.40 

Tuesday 
(21 April) 

N1    
1.144  

Humic 
(5 cm3/l) 

N2    
N3    

Wednesday 
(22 April) 

 

N1 4.60 6.44 10.40 
 4.76  N2 6.14 8.58 14.00 

N3 7.68 10.72 17.40 
The fifth  week 

Saturday 
(25 April) 

N1    
1.430   N2    

N3    

Sunday 
(26 April) 

N1 5.75 8.05 13.00 
 5.95  N2 7.68 10.73 17.50 

N3 9.60 13.40 21.75 

Tuesday 
(28 April) 

N1    
1.430  

Micro -
elements 
(5 cm3/ l) 

N2    
N3    

Wednesday 
(29 April) 

N1 5.75 8.05 13.00 
 5.95  N2 7.68 10.73 17.50 

N3 9.60 13.4 21.75 
The sixth  week 

Saturday 
(2 May) 

N1    
1.716   N2    

N3    

Sunday 
(3 May) 

N1 6.90 9.66 15.60 
 7.14  N2 9.21 12.87 21.00 

N3 11.52 16.08 26.10 

Tuesday 
(5 May) 

N1    
1.716  

Micro 
elements 
(5 cm3/l) 

N2    
N3    

Wednesday 
(6 May) 

N1 6.90 9.66 15.60 
 7.14  N2 9.21 12.87 21.00 

N3 11.52 16.08 26.10 

   To be continued….. 
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Table (3). continued…….. 

Day  
Urea 
Kg. 
fed-1 

Amm. 
nitrate 
Kgfed1 

Amm. 
sulphate 
Kg fed -1 

P 
(H3PO4) 
cm3fed1 

K 
(K2SO4) 
Kg fed-1 

Spray 

The seventh  week 
 

Saturday 

(9 May) 

N1    
 

1.716   
N2    

N3    

Sunday  
(10 May) 

N1 6.90 9.66 15.60 
 7.14  N2 9.21 12.87 21.00 

N3 11.52 16.08 26.10 

Tuesday  
(12 May) 

N1    
1.716  

Micro 
elements 
(5 cm3/l) 

N2    
N3    

Wednesday 
(13 May) 

N1 6.90 9.66 15.60 
 7.14  N2 9.21 12.87 21.00 

N3 11.52 16.08 26.10 
The eighth  week 

Saturday  
(16 May) 

N1    
1.430   N2    

N3    

Sunday  
(17 May) 

N1 5.75 8.05 13.00 
 5.95  N2 7.68 10.73 17.50 

N3 9.60 13.40 21.75 

Tuesday  
(19 May) 

N1    
1.430  

Micro 
elements 
(5 cm3/l) 

N2    
N3    

Wednesday 
(20 May) 

N1 5.75 8.05 13.00 
 5.95  N2 7.68 10.73 17.50 

N3 9.60 13.40 21.75 
The ninth week 

Saturday  
(23 May) 

N1    
1.144   N2    

N3    

Sunday  
(24 May) 

N1 4.60 6.44 10.40 
 4.76  N2 6.14 8.58 14.00 

N3 7.68 10.72 17.40 

Tuesday  
(26 May) 

N1    
1.144  

Micro 
elements 
(5 cm3/l) 

N2    
N3    

Wednesday     
(27 May) 

N1 4.60 6.44 10.40 
 4.76  N2 6.14 8.58 14.00 

N3 7.68 10.72 17.40 

    To be continued….. 
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Table (3) Continued……… 

Day  
Urea 

Kgfed1 

Amm. 
nitrate 
Kgfed-1 

Amm. 
sulphateK 

gfed1 

P 
(H3PO4) 
cm3fed1 

K 
(K2SO4) 
Kgfed-1 

Spray 

The tenth  week 

Saturday 
(30 May) 

N1    
 

0.858 
  N2    

N3    

Sunday 
(31 May) 

N1 3.45 4.83 7.50 
 3.57  N2 4.61 6.44 10.20 

N3 5.76 8.04 13.05 

Tuesday 
(2 June) 

N1    
0.858  

Micro- 
elements 
(5 cm3/l) 

N2    
N3    

Wednesday 
(3 June) 

N1 3.45 4.83 7.50 
 3.57  N2 4.61 6.44 10.20 

N3 5.76 8.04 13.05 
The eleventh  week 

Saturday 
(6 June) 

N1    
0.572   N2    

N3    

Sunday 
(7 June) 

N1 2.30 3.22 5.20 
 2.38  N2 3.07 4.29 7.00 

N3 3.84 5.36 8.70 

Tuesday 
(9 June) 

N1    
0.572  

Micro- 
elements 
(5 cm3/l) 

N2    
N3    

Wednesday 
(10 June) 

N1 2.30 3.22 5.20 
 2.38  N2 3.07 4.29 7.00 

N3 3.84 5.36 8.70 
The twelfth week 

Saturday 
(13 June) 

N1    
0.286   N2    

N3    

Sunday 
(14 June) 

N1 1.15 1.61 2.60 
 1.19  N2 1.54 2.15 3.50 

N3 1.92 2.68 4.35 

Tuesday 
(16 June) 

N1    
0.286  

Micro -
elements 
(5 cm3/l) 

N2    
N3    

Wednesday 
(17 June) 

N1 1.15 1.61 2.60 
 1.19  N2 1.54 2.15 3.50 

N3 1.92 2.68 4.35 
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RESULTS AND DISCUSSION 
 
  

Cucumber yield and shoot dry weigh 
Cucumber fruity field and shoot dry weight increased significantly with 

magnetic water (M.W) when compared with normal water (N.W) during both 
seasons (Table 4). This finding may be taken place due to that magnetic water 
has different characters which could enhance increase both growth and yield as 
compared to (N.W) of cucumber. This result is agreement with those obtained 
by Maheshwari and Gerwal (2009) on snow pea, Amira and Hozyn (2010) on 
lentil, and El-shokali and Abdelbagi (2014) on onion, who concluded that 
magnetic water had positive enhancing effects on the tasted plants.  

Table (4) also showed that fruit yield and shoot dry weight was, 
significantly, affected by the nitrogen sources during both growing seasons. The 
highest values were obtained with urea and the lowest values were recorded 
with applying ammonium sulphate during both seasons. These results are in 
harmony, more or less, with those obtained by El-kholy et al. (2015), who stated 
that urea had the highest growth values under magnetic water. Concerning the 
effect of nitrogen levels on fruit yield and shoot dry weight, the results of Table 
(4) demonstrate that increasing level of nitrogen application resulted in 
significant increase of both fruit yield and shoot dry weight during both growing 
seasons. The highest values were observed with 125% followed by 75% of the 
recommended dose. On the other hand, the lowest values were recorded with 
zero nitrogen level. This may be taken place due to that magnetic water (M.W) 
had enhanced plant growth which increased the amount of nitrogen fertilizer 
needed. These results are in compliable with those obtained by Amira and 
Hozyn (2010) who found such increase in several growth parameters with 
increasing N applied level. Both interactions either the first order as I.W × N.S, 
I.W ×N.L, N.S ×N.L and the second order one as I.W ×N.S ×N.L have 
significant effects on the fruit yield of the 1st season, mean while in the second 
season, only the I.W x N.S interaction significantly affected the fruit yield. 
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Table (4).Effect of irrigation magnetic water (M.W) or normal water (N.W), 
nitrogen sources and nitrogen rates on cucumber fruit yield and 
shoot dry weight 

 

Treatments 
Fresh fruit yield,kgfed-1 Shoots dry weight,kgfed-1 

season Season 
1st 2nd 1st 2nd 

 
I.W. 

M.W. 24667 19726 2564 1047 
N.W. 19465 16511 1863 981 

F.test ** ** ** * 
L.S.D0.05 163.10 59.70 24.7 40.86 

 
N.S. 

 

Urea 24707 18767 2256 1076 
Amm.nitrate 21185 18560 2164 997 

Amm.salphate 20305 17029 2120 970 
F.test ** ** ** ** 

L.S.D0.05 117.8 159.3 20.11 25.43 

 
N.L. 

0 10059 6846 926 593 
75% 19761 15977 1637 943 

100% 23116 18533 2227 1011 
125% 23319 19847 2775 1089 

F.test ** ** ** ** 
L.S.D0.05 338.70 441.40 22.08 20.99 

I.W. ×N.S. ** ** ** * 
I.W.×N.L. * Ns ** Ns 
N.S.× N.L. ** Ns ** * 

I.W.×N.S.×N.L. * Ns ** * 
*M.W: magnetic water, N.W: normal water, I.W: irrigation water, N.S: nitrogen source, N.L:  nitrogen level. 
*,**, significant at 0.05 and 0.01 levels of probability, respectively. Ns; not significant. 

Table (5) showed that the greatest value of fruit yield (28501 kg Fed-1) 

was recorded for irrigation with magnetic water using urea as nitrogen source at 

nitrogen rate of 125% of the recommended nitrogen dose. 

Table (5). The interaction effects between types of irrigation water (M.W 
and N.W) nitrogen source and nitrogen level on cucumber yield. 

           M.W; magnetic water, N.W;normal water 

 

Irrigation Water Nitrogen source 

Season1 
Total  yield, kg fed-1 

Nitrogen level 

Zero 75% 100% 125% 

M.W 
Urea 10329 24657 28199 28501 

Amm. Nitrate 10329 21848 24007 24730 
Amm. Sulphate 10329 21210 24279 24570 

N.W 
Urea 9789 18707 24282 23898 

Amm. Nitrate 9789 17220 19984 19323 
Amm. Sulphate 9789 14927 17948 18894 

LSD0.05 689.7 
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Nitrate content of cucumber fresh fruits 
Table (6) express that no significant differences were detected in nitrate 

concentration with in cucumber fruits between both irrigation water sources: 
M.W and N.W in both seasons during the early, mid and late pickings. It is quite 
obvious from the data presented in Table (6) that the use of ammonium nitrate 
fertilizer, mostly, led to significant increase in nitrate accumulation in cucumbers 
fresh fruits compared to the ammonium sulphate and urea in the first and 
second seasons. 

 
Generally, application of ammonium nitrate fertilizer caused the highest 

nitrate concentrations (2.97 and 0.97 mg kg-1 fresh fruits) of the early picking 
yield in the first and second seasons, respectively. In the mid picking yield fruits 
the nitrate concentrations were 2.62 and 0.74 mg kg-1 in the first and second 
seasons, each in turn. In the late picking yield fruits, the corresponding values 
were 2.54 and 0.83 mg kg-1, respectively. The lowest nitrate values in fruits 
were obtained with applied urea fertilizer during both seasons. Attributing nitrate 
concentration in cucumber fruit with Ammonium nitrate fertilization may be due 
to taken place that nitrate must be reduced to NH2 before indulges in plant 
component. This process needs energy from glucose photosynthesis. Any 
factor affect photosynthesis, nitrate may accumulate in the plant tissues. 

 These results are in agreement with those obtained by Tisdale et al. 
(1985) who concluded that once nitrate get inside the plant, nitrate ion is 
reduced to NH4-N using energy provided by photosynthesis. Olson et al. (1971) 
found that environmental factors favoring the accumulation of nitrate in plants 
include high level of nitrate in soil, cloudy periods, shading, drought and 
excessive temperature. 

Respective to the effect of nitrogen levels on nitrate accumulation in fresh 

cucumber fruits, data in Table (6) showed high significant increase in nitrate 

concentration due to increasing of nitrogen level. The highest values were 

obtained with 125% of the recommended dose. On the other hand, the lowest 

values were recorded with the control treatment (without fertilization). These 

results are in parallel with those obtained by Knany and Atia (2003) in rice grain, 

and Knany and AbdAlla (2006) for cucumber fruits. In general, the recorded 

values of nitrate concentration are less than the destructive effects (EC 

Regulation,2006), but it become hazardous when there are additional sources 

entering to the body, like drinking water and other vegetables. In the first 

season of mid picking, the nitrate content of fruits was affected significantly by 

the interaction between I.W. x N.S. and N.S. x N.L. interactions, whereas fruit 

nitrate content was affected significantly by I.W x N.S, I.W x N.L and N.S x N.L 

interactions during the first season of late picking of fruits. 
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National Research Council (NRC) (1981) and Council for Agricultural 
Science and Technology (CAST) (1992) reported that the potential for gastric 
cancer from ingested nitrate and nitrite and subsequent conversion to 
nitrosamines. Kross et al. (1972) stated that the U.S. standard in drinking water 
(maximum contaminant level) MCL of 10 mg l-1 of NO3-N was established by the 
United States Environmental Protection Agency (USEPA, 1976) as a safeguard 
against infantile Methemoglobinemia. Arnaoot (2001) reported that the highest 
permissible limit for human total consumption is 3.65 mg NO3-N and 0.133 mg 
NO2-N for adult one daily. 
 

Table (6). Effect of irrigation with M.W and N.W, nitrogen sources and 

nitrogen levels on nitrate content of cucumber fresh fruits 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 

M.W; magnetic water,N.W; normal water, I.W; irrigation water , 
N.S; nitrogen source, N.L; nitrogen level. 

 
N, P and K uptake by plant shoot  
Table (7) showed a highly significant increase of the N, P and K uptake due to 
irrigation with magnetic water compared with normal water. The highest values 
of, N (102.98 and 50.87kg/fed), P (12.15 and 12.16kgfed-1) and K (193.27 and 
81.68kgfed-1) were recorded with irrigation with magnetic water in the first and 
second seasons. On the other side, the lowest values were recorded with 
normal water. Increasing N, P and K uptake with the magnetic water rather than 
normal water, may be true due to increasing N, P and K concentration in shoot 
and fruits. These results agree with those obtained by Duarte Diaz et al. (1997) 

 
Treatments 

NO3
- content, mg kg-1 

Early picking Mid picking Late picking 
Season Season Season 

1st 2nd 1st 2nd 1st 2nd 
 

I.W 
M.W 2.13 0.72 2.18 0.83 1.57 0.77 
N.W 2.27 0.63 1.76 0.71 1.76 0.68 

F. test Ns Ns Ns Ns Ns Ns 
L.S.D0.05 - - - - - - 

 
 

N.S 

Urea 1.31 0.47 1.88 0.74 1.97 0.61 
Amm. Nitrate 2.57 0.91 2.62 0.74 2.54 0.83 

Amm. Sulphate 2.32 0.66 2.41 0.82 1.48 0.74 
F. test ** * ** Ns ** Ns 

L.S.D0.05 0.62 0.36 0.33 - 0.28 - 

 
 

N.L 

0 0.77 0.80 0.67 0.56 0.35 0.39 
75% 1.34 0.59 1.22 0.30 0.90 0.61 
100% 2.29 1.31 1.94 0.85 1.76 0.72 
125% 2.97 1.14 2.74 1.16 2.34 1.10 

F. test ** ** ** ** ** ** 
L.S.D0.05 0.38 0.17 0.37 0.16 0.28 0.16 
I.W×N.S Ns Ns * Ns ** Ns 
I.W×N.L Ns Ns Ns Ns * Ns 
N.S× N.L Ns Ns * Ns ** Ns 

I.W×N.S×N.L Ns Ns Ns Ns Ns Ns 
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and Mohamed and Ebead (2013) who reported that the increase in nutrient 
uptake by magnetic treatments was observed in tomatoes. 
 
Table (7). Effect of irrigation by M.W or N.W, nitrogen source and 

nitrogenlevel on N, P and K uptake 
 

 
Treatments 

Uptake, kg/fed 
N P K 

Season Season Season 

1st 2nd 1st 2nd 1st 2nd 

I.W 
M.W 102.98 50.87 12.15 12.16 193.27 81.68 
N.W 69.96 37.90 10.60 8.97 118.80 65.09 

F. test * * ** ** ** ** 
L.S.D0.05 13.64 4.35 0.53 0.62 12.47 1.03 

 
N.S 

Urea 104.09 48.46 11.24 12.47 161.43 89.45 
Amm. Nitrate 94.36 44.62 11.80 10.80 166.00 80.14 

Amm. Sulphate 86.14 40.29 11.22 8.39 182.04 64.00 
F. test ** ** ** ** ** ** 

L.S.D0.05 3.91 3.80 0.51 0.30 4.30 1.53 

 
N.L 

0 22.73 12.32 3.11 1.71 33.06 20.18 
75% 73.01 35.52 8.04 7.41 105.14 52.35 
100% 101.35 44.71 11.74 9.50 156.76 76.64 
125% 126.47 53.07 13.66 12.81 208.60 109.58 

F. test ** ** ** ** ** ** 
L.S.D0.05 2.76 1.59 0.52 0.51 4.29 1.28 
I.W×N.S ** Ns ** ** ** ** 
I.W×N.L ** * ** ** ** ** 
N.S× N.L ** Ns ** ** ** ** 

I.W ×N.S×N.L ** * ** Ns ** ** 
*M.W; magnetic water,N.W;normal water, I.W; irrigation water, N.S; nitrogen source, N.L;:  
nitrogen leve.l*,**, significant at 0.05 and 0.01 levels of probability, respectively. Ns; not 
significant. 

 

Effect of nitrogen source on uptake N, P and K showed increases with 
urea rather than with other sources. This may be occurs due to increasing N, P 
and K concentrations in shoot and fruits. These results in accordance with those 
obtained by Yang et al. (2013) who reported that urea fertilization achieved the 
highest yield and slow release fertilizer fertilization achieved the lowest yield. 
With respect to the effect of nitrogen level on N, P and K uptakes, results 
tabulated in Table (7) show that, increasing nitrogen level from zero to 75, 100 
and 125% of the recommended dose brought a significantly, increase in N, P 
and K uptakes. These results may be taken place due to increases in available 
N at root zone which increased nitrogen absorption and accumulation in plant 
organ. Similar results were reported by El-kholy et al. (2015) who found that 
irrigation with magnetic water at the N, P and K rate of 80% from recommended 
doses had positive increment on all studied traits and gave a similar trend with 
the recommended dose compared with untreated plants.  
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 In the first and second seasons, the three nutrients were affected, 
significantly, by I.W. x N.S., I.W. x N.L., N.S x N.L. and I.W. x N.S. x N.L. 
interactions except the I.W x N.S and N.S x N.L. interactions for nitrogen in the 
second season and the I.W x N.S x N.L for phosphorus in the second season. 

CONCLUSION 

The results of this study demonstrated that the irrigation by magnetic 
water (M.W) had a positive effect on cucumber yield. The application of nitrogen 
fertilizers influenced the nitrate concentration in cucumber fruits. The lowest 
nitrate values were obtained with urea fertilizer during both seasons. The 
magnetic water treatment; improved the absorption of (N, P and K) in the 
cucumber shoot. Generally, this study provides useful information to farmers 
and policy makers. Further field and laboratory experiments are needed to 
overcome the field challenges and to gain knowledge about the mechanism of 
action of the magnetic water treatment. 
 

REFERENCES 

Amira, M.S and M., Hozyn (2010). Irrigation with magnetized water enhances 
growth, chemical constituent and yield of chickpea (CicerarietinumL.). 
Agric. Biol. J. N. Am., 1(4): 671-676. 

Arnaoot, M. E (2001). Human and Environment pollution. The Egyptian Home 
for  Books, PP. 229-238 (In Arabic) 

Ayieni, L. S (2010). Effect of Cocoa Pod Ash, NPK fertilizer and their 
combinations on soil chemical properties and yield of Tomato 
(lycopersiconesculentum) on two soil types. New York Sci J, 3 (4):1-11. 
(c.f. www.sciencepub.net). 

Black, C. A., D.D. Evans, J.l. White, L.E. Ensuminger and F.E. Clark(1965). 
Method of Soil Analysis. Am. Soc. Agron. Inc. Publisher. Madison, 
Wisconsin, U. S. A. 

Brady, N.C., and R.R. Weil (2008).Soil Colloids: Seat of Soil Chemical and 
Physical Acidity. In: Brady N.C., Weil R.R., editors. The Nature and 
Properties of Soils. Pearson Education Inc.; Upper Saddle River, NJ, 
USA: pp. 311–358. 

Cottenie, A., M. L. Verloo, G. Velphe and R. Camerlynck (1982). Chemical 
Analysis of Plants and Soils. Lab. Anal. and Agrochem.State Univ.; Gent. 
Belgium pp: 63.  

Council for Agricultural Science and Technology, CAST (1992). Water 
quality. Agricultures role. Task Force Report No. 120, Amess, lowa, 
U.S.A.  

Duarte Diaz, C.E., J.A. Riquenes, B. Sotolongo, M.A. Portuondo, E.O. 
Quintana, and R. Perez (1997).  Effects of magnetic treatment of 
irrigation  water on the tomato crop. Hortic. Abst. 69, 494. 

EC Commission Regulation (2006).Setting maximum levels for certain 
contaminants in foodstuffs.Off.J.Eur. Comm.No. 18881;659:671-678. 



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

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 744     
    Vol. 22(4), 2017 

 

 

 

 

El-Kholy, M.F., S. H Samia, and A. A. Farag (2015). Effect of magnetic water 
and different levels of NPK on banana PlNat Sci,13(7):94-101. 

El-shokali, A. A. M and A. M. Abdelbagi (2014). Impact of magnetized water 
on elements contents in plants seeds. Inter.J.Sci Res and Innov.Techn. 
,1 ( 4): 12-21. 

Hilal, H.M. and M.M. Hilal ( 2000). Application of magnetic technologies in 
desert agriculture: 1- Effect of magnetic treatments of irrigation water on 
salt distribution in olive and citrus fields and induced changes of ionic 
balance in soil and plant. Egypt. J. Soil. Sci., 40(3): 423-435. 

Ikemoto, Y., M. Teraguchi, and Y. Kaneene (2002).Plasma level of nitrate in 
congenital heart disease: Comparison with healthy children. Pediatr. 
Cardiol. , 23:132–136.  

Knany, R.E. and Manal A. Abdalla, (2006). Impact of mineral and bio-nitrogen 
fertilization on nitrate accumulation of cucumber. J. Agric. Sci. Mansoura 
Univ., 31 (2): 1175 – 1184. 

Knany, R.E. and R.H. Atia (2003).Primary study on nitrate pollution of rice 
grain in Kafr El-Sheikh Governorate.The 11th Annual Conf. of the 
MisrSoci.Ag. Eng. 15-16 Oct.: 685-694.  

Kross, B. C.; A. D. Ayebo and L. J. Fuortes (1992). Methemoglobinemia, 
nitrate toxicity in rural America. America Family Physician P. 183-188. 

Maheshwari, BL, and H.S. Grewal (2009). Magnetic treatment of irrigation 
water: Its effects on vegetable crop yield and water productivity. Agric 
Water Manage., 96: 1229–1236. 

Mahomoud, H. and M.S. Amira (2010). Irrigation with magnetized water 
enhances growth, chemical constituent and yield of chickpea 
(Cicerarietinum L.).Agric. and Bio. J. of North Am., 14: 671-676. 

Mensinge, T.T., G.J. Speijers and J. Meulenbelt (2003). Health implications 
of exposure to environmental nitrogenous compounds. Toxicol. Rev., 
22:41–51. 

Mohamed, A.I. and B. M. Ebead (2013). Effect of irrigation with magnetically 
treated water on faba bean growth and composition.  Inter J Agricu Policy 
Res 1 (2): 24-40. 

Morejon, L.P., J.C. Castro, L.G. Velazquez, and A.P. Govea (2007). 
Simmulation of pinustropicalisM.seeds by magnetically treated 
water.Int.Agrophys.,21:173-177. 

National Research Council, NRC (1981). The health effects of nitrate, nitrate 
and nitroso  compounds. National Academy press, Washington D.C.544 

Olson, R.A., T. J. Army, J. J. Hanway and V. J. Kimer(1971). Feed and food 
quality in relation to fertilizer use.Fertilizer Technology and Use. Soil Soc. 
Of Amer., Inc. Madison, Wisconsin, U. S. A. 552-554. 

Page, A. L. (ed.) (1982). Method of Soil Analysis. (Part 2) chemical and 
microbiological properties (2nd), Amer. Soc. Agron. Inc. Soil Sci. Soc. 
Amer. Inc. Madison.  

Pavlou, G.C.,C.D. Ehaliotis. And V.AKavvadias (2007). Effect of organic and 
inorganic fertilizers applied during successive crop seasons on growth 
and nitrate accumulation in lettuce. Sci. Hortic., 111:319–325. 



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

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 745     
    Vol. 22(4), 2017 

 

 

 

 

Rhoades, J. D. (1982). Soluble salt. 167- 169. In A. I. page ed. Methods of Soil 
Analysis Part 2 chemical and microbiological properties. Agronomy. 9 (9) 
2 nd ed. American society of Agronom, Madison, Wisconsin USA.  

SAS (1996). SAS/stat users Guide version 6.4th ed. SAS Institute Inc., cary, Nc.   
Sharifi, M.,B.J. Zebarth., D.L. Burton., V. Rodd., and C.AGrant. (2011).Long-

term effects of semisolid beef manure application to forage grass on soil 
mineralizable nitrogen. Soil Sci. Soc. Amer. J., 75:649–658.  

Singh, I. P. (1988). A rapid method for determination of nitrate in soil and plant 
extracts. Plant and Soil, 110: 137-139. 

Tai, C.Y., C.K .Wu. and M.C Chang (2008). Effects of magnetic field on the 
crystallization of CaCO3 using permanent magnets. Chem. Engin. Sci., 
63: 5606-5612.  

Tisdale, S.L., W.L. Nelson and J.D. Beaton (1985). Soil fertility and fertilizers. 
Macmillan Puplishing Co.,Inc., New York. 

USEPA. (1976). National interim primary drinking water regulations. US 
Environmental protection Agency. Code of Federal Regulations. EPA-
570/9-76-003. Federal Register 4059570. 

Yang, Z. O., X. Mei, F.Gao, Y. Li and J Guo1 (2013).Effect of different nitrogen 
fertilizer types and application measures on temporal and spatial 
variation of soil nitrate-nitrogen at cucumber. Field Environ. Protect., 4: 
129-135. 

  



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

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 746     
    Vol. 22(4), 2017 

 

 

 

 

������ �	
���  

�
��� �����  ���������������  ������� �
� ����������� �������� ��
��� ��  

� ������ �
�	
 !
�� "�#���  ��$���
� �% ��
����&����� &����'��  

  

 �(
������ )���* +,��
� ��- ����� .���* .
/�� +���
��0 ��
� 1  

 ��
��2  ������� �'�'��1 
� �������	
�� –  
�
� 
�
�–  ���
��	������� 

� ���� ���� ���	��  �
������ �����!  ������ 
�	�����	
�� "
���
� 

  

 #����	$���� ����$�� � %�&���� '
��� (��� 
�
) �	�� �*+
$�,  -����� .�	/ -�$ ���
��� 	�0�� 1/��

2�3�� 4	
�0�� 56� ������� 7����� 580 9��:� ���	� -�	�; �
$$� 7��)�=�>4�=�? (  	�6A$ ���	��B	�� 

 9%�&�� �
������
� �
���  -
��$�� ���	;� (1������� -
C��� 1������� -�	$�� 
�	����) 7���	$�� 	�
D� �686�

) 7���	$���� 7�= 4E> 4�== 4��>F(  � 	
�0�� ��� #�� (
�� #D���� 7���	$���� 	D�� ��	� 7�
��	$ 

-�	$���� �* 	
�0�� 	
�6   7���	$���� -
��$���	�C�C���  1���
$������* .	
�0�� -
$
��  7; H 
$��� -	�/; �I �

 B	��%�&���� '
��
� J�; #�, "�
�
 ������ �*  K������ .
��� 7
��� � ��

%�� 	
�6�� 5�D��B	�0��.   
��

) 	
�6�� 5�D��� ���I #��; 5���$ 1$�L>=� �1� 	�D�� 
�	����� %�&���� '
��
� B	�� 1��0$�
� (7��*/

 5��� ��� 7���	$������> 	$���� ��	� 7� F �* ������ N�	* ���� 1�� H 
$��� -	�/; �I� .
�� #D���� 7���

 	
�0�� 	
�6 �* -�	$���� 
��	$B3��  9�	 1$%�&���� '
��
�  � '
���B�
���  ����� -�	$* 580 7������� 8� �*

 "	������%��$���� J�; 
�� ."	�0��� #$�	$���� �
���� 1��0$�� #�, "�
�
 ������ �*  -�	$���� J�$���*  .	
�6��

7� -
$
���� J�$�� �* "	��� "�
�
 
��; H 
$��� -	�/; �I� 	D
�� 7���	$��)	�C�*�  (1���
$���B3���  
��	 1$

 %�&���� '
���  1��0$�
��* B	��  O� ��	
:� ����$��� '
���B�
���.    

 

  



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

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 747     
    Vol. 22(4), 2017 

 

 

 

 

 



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

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 748     
    Vol. 22(4), 2017 

 
 

Seed properties of Some Egyptian Genotypes and The 
Resulting New Hybrids of Sugar Beet 

 
* Radwan, F. I., *M.N. EL-Banaa*,M.A.A.Nassar, ** Nabawya S. A. Ghura 

and **M. M. El-Manhaly 
*Plant Production Dept., Fac. of Agric. (Saba Basha),Alexandria University 

** Genetic and Breeding Dept., Sugar Crops Research Institute, Agriculture  Research 
Center,Giza. 

 

ABSTRACT: Present study was carried out at El-Sabahia Agricultural Research Station, 

Alexandria, Egypt, to study the seed properties of the three sugar beet genotypes (Eg.6,Eg.26 
and Eg.27) and the new recombinations which released after crossing between them (Eg.6 X 
Eg.26),(Eg.6 X Eg.27) and (Eg.26 X Eg.27) beside four sugar beet imported varieties (Lola, 
Florima, Farida and Malak).Three germination seed test experiments were used in this study, 
two of them in Petri dishes and the third in germination trays. In experiment one seeds of sugar 
beet were soaked in running tap water for twenty four hours and then were planted on 
moistened filter paper in Petri dishes and were germinate at 23º. In experiment two seeds were 
soaked in running tap water for 12 hours and then were air dried for twenty four hours and then 
were planted on moistened filter paper in Petri dishes at 23º C. Results showed that, all sugar 
beet studied genotypes had seed size of 4mm except the new recompilation EG.6 X EG.27 
have seed size of 5.60 mm, in Petri dishes experiments highest germination percentage 
increased from 46.66 to 91.11% in experiments two in Farida variety as compared with 
experiment one data. In germination trays, germination percentage increased in all studied 
genotypes, and the new recombination ( EG.26 X EG.27) had the best germination percentage 
100 %. 

Keywords: Sugar beet, Seed properties, Sugar beet new recombination, germination 

characters. 

 

INTRODUCTION 
 

Sugar content remains generally the most important property in sugar 
beet breeding, but sugar beet breeders have really shifted their focus into seed 
quality following the introduction of genetically monogerm seed in the early 
1970s. Physical seed properties have been studied by several researchers in 
recent years to provide sugar beet seeds for growers for commercial production 
and higher in biological quality, uniformity and good seed vigor to ensure rapid 
seedling growth to avoid pests and diseases and allow the crop to compete 
effectively with weeds. 

 
Sadeghian and Khodaii (1998) examined the genetic control of 

characters determining seed viability and vigor of seed and seedling in sugar 
beet. Six characters including percentage of germination, seedling 
establishment, weight of 1000 germs, seedling vigor, speed of germination, and 
monogermity (monogerm seeds produced by multigerm plants). Rajic et. al. 
(1998) studied the effects of cutting back flowering stems on seed yields and 
seed size in sugar beet.  Both studied treatments (cutting the stem down to 15 
cm) and (cutting down to 30 cm) produced a significant increase in seed yield 
and increased the proportion of smaller seeds (<3.5 mm).  
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 Rapid seedling development is also important to establish leaf area, 
provide early leaf cover to fully intercept incident radiation and maximize crop 
dry matter and sugar production. Seed properties (100 seed mass, unit seed 
mass, ability to absorb water, germination percentage, germination speed, 
monogermity percentage and seedling vigor) of the three Egyptian sugar beet 
genotypes were studied by Saleh et al. (2010).  

 
Egyptian sugar beet breeding program started in Egypt during the last two 
decades of past century by several Egyptian investigators and breeders El 
Manhaly (1976), Younan (1984), El Manhaly et al. (1987), Saleh (1993), Ghura 
(1995), Ghonema (2005) and Saleh et al. (2008). Three promising Egyptian 
sugar beet genotypes (Eg.6, Eg.26 and Eg.27) were released from this 
program. These Egyptian sugar beet genotypes showed good root weight and 
good sugar percentage at several study locations in Egypt, and had different 
genetic background (El-Manhaly et.al.,2004,( Saleh and Ghura,2013).New 
recombination from them were introduced by crosses (Eg.6 X Eg.26), (Eg.6 X 
Eg.27) and (Eg.26 X Eg.27) to induce hybrid vigor and new genetic 
recombination.       

 
The aim of this study was to investigate seed properties of the three 

promising Egyptian sugar beet genotypes (Eg. 6, Eg. 26 and Eg. 27) and the 
new recombination from them to examined the effect of hybridization between 
them to provide for growers for commercial production in highest biological 
quality, speed germination, uniformity and good seed vigor. 
 

MATERIALS AND METHODS 
 
A.Materials  

Ten sugar beet genotypes were employed in this study, three of them 
were Egyptian sugar beet genotypes (Eg.6, Eg.26 and Eg.27) and three the 
new recombination which released after crossing between them (Eg.6 X Eg. 
26), (Eg.6 X Eg.27) and (Eg.26 X Eg.27) beside four sugar beet imported 
varieties (Lola, Florima, Farida and Malak). These materials were employed to 
examined seed properties of them. Table (1) presented origin country of the ten 
sugar beet genotypes used in this study.  
  

The three Egyptian sugar beet genotypes (Eg.6, Eg.26 and Eg.27), 
used throughout the present study, was obtained from the Sugar 
Crops Research Institute, Agriculture Research Center, Ministry of 
Agriculture, Egypt. These breeding materials were released from 
"Egyptian Sugar Beet Breeding Program" (ESBBP) El-Manhaly 
et.al.,(2004) and Saleh and Ghura (2013). 
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Table (1). The origin country of the ten genotypes 
  

 
 
 
 
 
 
 
 
 
 
 

B.Methods  
Three germination seed test experiments were used in this study, two of 

them in petri dishes and one in germination trays.  
 
 1. Experiment one  

Seeds of sugar beet examined material were soaked in running tap water 
for twenty four hours and then were planted on moistened filter paper in Petri 
dishes (each Petri dish contains 50 seeds),three replicates were used. Sugar 
beet seeds were allowed to germinate at 23ºC in an incubator. The germinated 
sugar beet seeds were counted and germination percentages were recorded 
after every four days at three periods and monogermity were measured also. 

 
2. Experiment two 

The examined seeds were soaked in running tap water for 12 hours and 
then were air dried for twenty four hours according to (Stout and Owen, 1942) 
and then were planted on moistened filter paper in Petri dishes in three 
replicates at 23º C.  
 
3. Experiment three 

 Seeds of the examined materials were planted in germination trays to 
study germination percentage and monogermity at the soil condition. Sugar 
beet seeds were allowed to germinate at open weather. Germinated seeds 
were counted and germination percentages and monogermity were measured. 
 
4-Studied characters 
1.  Seed characters: 
- Seed size: seed size (mm). 
- Hundred seed mass: weight of 100 seed (g).  
- Mass of hundred imbibed seed:  
weight of 100 seed after twenty four hours soaking in water (g). 
   
2. Germination characters: 
- Germination percentage: percentage of germinated seeds. 
- Germination speed: germinated seeds at three period after every four days  

from planting in Petri dachas.  

Genotypes Name Country of Origin 

LoLa Germany 
Florima Germany 
Farida Holanda 
Malak Denmark 
EG.6 Egypt  

EG.26 Egypt 
EG.27 Egypt  

EG.6 X EG.26 Egypt 
EG.6 X EG.27 Egypt 

EG.26 X EG.27 Egypt 
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3- Monogermity percentage: rate of monogerm seeds produced by   
    multigerm plants (Sadeghian and Khodaii,1998 ). 
 
4- Seedling weight: Seedling weight by gram after 20 days from planting in 

germination  trays   
Monogermity calculated as  

Bigerm, twin, triplets and multigerm = non-singles. 
Hundred seed weight and seedling weight were measured with a digital 
electronic balance with an accuracy of 0.0001g (Carman, 1996). 
 
5- Statistical analysis 

The experimental design was performed in Complete Randomized 
Design (CRD) with three replicates, and the data were analyzed according to 
(Snedecor and Cochran, 1990). 

 

RESULTS AND DISCUSSION 
Germination test is considered as the most important quality test in 

evaluating the planting value of a seed lot. The ability of seeds to produce 
normal seedling and plants later on is measured in terms of germination test. 
Testing of seeds under field conditions is normally unsatisfactory as the results 
cannot be reproduced with reliability. Laboratory methods then have been 
conceived where in the external factors are controlled to give the most uniform, 
rapid and complete germination. Testing conditions in the laboratory have been 
standardized to enable the test results to be reproduced within limits as nearly 
as possible as those determined by random sample variations.Factors affecting 
sugar beet seed germination and emergence include underdevelopment and 
immaturity of seed, presence of chemical inhibitors in pericarp tissue, physical 
impairment of germination by pericarp, seed hardness and impermeability to 
water and oxygen (Akeson and Widner,1980; Khazaei, 2001 ). 

 
 Analysis of variance for germination and monogermity percentage in 

petri dishes (control and treatments) on ten sugar beet genotypes are presented 
in Table (2). For the first period in germination percentage control, the analysis 
of variance indicated that the differences due to genotypes were not significant. 
The second period the genotypes showed that significant differences between 
them. , but in the genotypes in threed period showed that highly significant 
between them. The genotypes showed that the highly significant differences in 
monogermity percentage. 
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Table (2). Mean squares of analysis of variance for Germination 
percentage and monogermity in petri dishes Control and 
treatments on ten sugar beet genotypes 

 

S.O.V 
 
 

d.f. 

Mean squares 

Germination and monogermity (%) 
Control 

Germination and monogermity (%) 
Treatments 

Period 
1 

Period 
2 

Period 
3 

Monogermity 
% 

Period 
1 

Period 
2 

Period 
3 

Monogermity 
% 

Replications 2 71.52 59.44 6.97 6.3 101.10 7.02 45.95 39.00 

Genotypes(G) 9 111.1ns 139.58 * 70.46 ** 1818.78 ** 826.93** 199.57** 35.38* 432.7 ** 

Error (a) 18 55.19 51.08 16.61 360.10 221.66 18.56 12.18 272.1 

Total 29         

*,** and N.S. represent significant highly significance at 0.05, 0.01 level and not significant, of probability 
respectively.  

 
The genotypes showed that highly significant germination in petri dishes 

seed treatment in the first and second period but the thred period genotypes 
showed significant differences due to genotypes.         
        

Analysis of variance for germination and monogermity percentage and 
seedling weight in germination trays on ten sugar beet genotypes are presented 
in Table (3). For the first and second period in germination percentage, the 
analysis of variance showed that highly significant differences between 
genotypes, but the third period showed that were not significant differences in 
germination percentage. That genotypes showed that highly significant 
differences between them in monogermity percentage. 
 

There were no significant differences between genotypes on seedling 
weight . 
 
Table (3).Mean squares of analysis of variance for Germination, 

monogermity percentage and seedling weight in germination 
trays on ten sugar beet genotypes 

 

S.O.V d.f. 

Mean squares 
Germination percentage 

(%) Monogermity 
(%) 

Seedling 
weight 

(g) 
Period 

1 
Period 

2 
Period 

3 

Replications 2 62.39 15.40 17.51 169.24 0.037 

Genotypes(G) 9 261.28** 281.23** 
172.40n

s 
601.39** 0.016ns 

Error (a) 18 33.01 33.98 72.73 86.13 0.0218 

Total 29      

** and N.S. represent highly significance at 0.01 level of probability and not significant, respectively.  
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1. Seed size 
Seed size was examined in the ten sugar beet genotypes under study. 

Table (4) shows seed size in Egyptian and imported genotypes. The data 
showed that imported varieties and the three Egyptian sugar beet genotypes 
had seed size = 4.0 mm, while new recombination (Eg. 26 X Eg. 27) have seed 
size of 5.6 mm, this data was accordance to that described by Saleh et al. 
(2010).They found that seed size "4.0 mm" the most abundant size in all studied 
samples with an average of (70.0, 71.1 and 58.5%) in (Eg.6, Eg.26 and 
Eg.27),genotypes respectively. 

 
2. Hundred seed mass 

Hundred -seed mass was measured in the examined genotypes. Data in 
Table (4) showed that hundred seed mass ranged from (2.77g) in Farida variety 
to (5.07g) in new recombination (Eg.6 X Eg.27), which means there was hybrid 
vigor in this character.   

 
3. Imbibed 100 seed mass 

The method of selecting viable sugar beet seed from a mixture of viable 
and non-viable seeds, viable seeds absorb much water when immersed in 
water and expand appreciably, while non-viable seeds expand only slightly 
because less water is absorbed (Saleh et al.2010).Table (4) represents imbibed 
100 seed mass(g).The data indicated that extended in mass % averaged from 
35.5 in variety Lola to114.8 in variety Farida. Three Egyptian genotypes (Eg.6, 
Eg.26 and Eg.27) absorbed water (72.3, 88.0 and 89.7 %) from their weight, 
respectively. While, new recombinations (Eg. 6 X Eg. 26), (Eg. 6 X Eg. 27) and 
(Eg. 26 X Eg. 27) absorbed water (76.7, 55.4 and 90.1%) from their weight, 
respectively. These data indicating that all studied materials were viable in 
deferent degree.  

 
Table (4).Seed size and weight of the examined sugar beet genotypes 

 
Increase in 
mass (%) 

Imbibed 100 
seed mass (g) 

100 seed 
mass (g) 

Seed size 
(mm) 

Genotypes 

35.5 5.73 4.23 4.00 LoLa 
59.0 4.50 2.83 4.00 Florima 
114.8 5.95 2.77 4.00 Farida 
91.1 6.23 3.26 4.00 Malak 
72.3 8.39 4.87 4.00 EG.6 
88.0 7.22 3.84 4.00 EG.26 
89.7 5.88 3.10 4.00 EG.27 
76.7 7.81 4.42 4.00 EG.6 X EG.26 
55.4 7.88 5.07 5.60 EG.6 X EG.27 
90.1 7.13 3.75 4.00 EG.26 X EG.27 

 
1.Germination characters 

Germination characters (germination percentage,germination speed, 
monogermity and seedling vigor) were studied in three germination seed test 
experiments, two of them in petri dishes and one in germination trays. 
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- Experiment one 
In this experiment seeds of the ten examined genotypes were soaked in 

running tap water for twenty four hours and then were planted on moistened 
filter paper in Petri dishes. Table (5) represents the data of this experiment. 
Data indicated that there were significant differences in germination 
percentages, in each period and in monogermity percentage.Lower germination 
percentage was found in EG.6 (17.33%), while, best germination percentage 
was found in Farida variety with germination percentage of (46.66%). The 
highest germination percentage was found in Farida variety in period one (18.89 
%), While the lowest value was found in EG.6 (3.0 %). In period three, highest 
germination percentage was found in Malak variety while the lowest was found 
in EG.6 to. Highest value in monogermity character was found in EG.27 
genotype (100 %), while lowest one was found in new recombination EG.6 X 
EG.27 (31.11 %). In general seed germination of all studied genotypes was very 
poor; many sugar beet investigators indicated that improved sugar beet 
germination results from (a) removal of inhibitory substances (ammonia and 
oxalic acid) from the seed ball by soaking seeds in running water, or (b) from 
loosening of the seed caps by the stresses induced by alternate wetting and 
drying (Snyder 1959).  

 
Table (5).Germination percentage and monogermity in Petri dishes at 

three periods (four days per period) (control) 
 

Genotypes 

Germination percentage (%)  
Monogermity 

(%) 
 

Period 
1 

Period 
2 

Period 
3 

Total 

LoLa 5.6cd 11.1abc 2.2bc 18.9cd 77.4 a 
Florima 16.7abc 10.00abc 8.9ab 35.6ab 75.2 a 
Farida 18.9ab 23.3a 4.4bc 46.7a 70.6 a 
Malak 8.9 a-d 8.9bc 14.4a 32.2abc 81.9 a 
EG.6 3.00d 14.3ab 0.00c 17.3c 65.7 a 

EG.26 11.1a-d 4.4bc 6.7bc 22. 2c 33.0 b 
EG.27 3.3d 0.00c 2.4bc 5.8d 100 a 

EG.6 X EG.26 21.1a 6.7bc 0.00c 27.8a-d 26.1 b 
EG.6 X EG.27 7.8bcd 1.11c 0.00c 8. 9cd 31.1 b 
EG.26 X EG.27 17.7abc 12.2abc 8.9ab 38.8ab 68.9 a 

L.S.D.  0.05 12.74 12.26 6.99 6.06 32.55 
 
- Experiment two         

Hunter and Dexter (1951) illustrated that seeds of sugar beet have 
germinated more rapidly after periods of soaking followed by thorough drying 
prior to planting. For that examined seeds were soaked in running tap water for 
12 hours and then were dried air for twenty four hours and then were planted on 
moistened filter paper in Petri dishes. 
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It is noticed that germination percentage increased after this treatment as 
shown in Table (6).Whereas the highest germination percentage increased from 
46.66 to 91.11% in Farida variety as compared with experiment one data. The 
lowest germination percentage decreased from 17.33 to 13.33 %. Generally, 
germination percentage increased in period one (after 4 days from planted 
seeds).which reflected that this treatment increased speed germination. 
 
Table (6).Germination percentage and monogermity in Petri dishes at 

three periods (treatments) (four days per period) 
 

Genotypes 
Germination percentage (%)  

Monogermity 
(%) 

Period 
1 

Period 
2 

Period 
3 

Total 

LoLa 7.78d 2.22cd 3.33bcd 13.33 f 83.33 
Florima 47.78ab 7.78cd 4.44bcd 60.0 bc 68.72 
Farida 53.33ab 26.67a 11.11a 91.11a 86.06 
Malak 60.00a 10.00c 5.55abcd 75.55b 68.11 
EG.6 14.45cd 3.33cd 1.11cd 18.89ef 59.05 

EG.26 31.11bcd 17.78b 6.67abcd 55.56 bc 60.27 
EG.27 26.67cd 7.77cd 7.78abc 42.22cde 60.13 

EG.6 X EG.26 40.00abc 2.22d 6.67abcd 48.89bcd 79.35 
EG.6 X EG.27 26.67cd 0.00d 0.00d 26.67def 89.74 

EG.26 X EG.27 38.89abc 10.00c 8.89ab 57.78bc 61.87 
L.S.D. 0.05 25.54 7.39 5.98 4.72 n.s 

Ns: not significant  
Means with the same letters within each column are not significant different at 0.05 level of 
probability. 

  
- Experiment three   

Table (7) illustrates the data of seed germination percentage and 
monogermity in germination trays, the data showed germination percentage 
increased in all studied genotypes and new recombination EG.26 X EG.27 had 
the best germination percentage 100 % while, this percentage not increased 
than 38.78 % in experiment one or 57.78 % in experiment two. This data 
illustrated that seed ball inhibitory substances (ammonia and oxalic acid) had 
lower effect inhibition in soil. Seed germination and duration tack much longer 
time as compared with experiment one or two. No significant differences were 
found in seedling weight character between the ten studied genotypes 
employed in this study.   



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

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 756     
    Vol. 22(4), 2017 

 
 

 Table (7).Germination percentage, seedling weight and monogermity in 
germination trays 

 

seedling 
weight (g) 

Monogermity 
(%) 

Germination percentage (%) 
Genotypes 

Total 
Period 

3 
Period 

2 
Period 

1 

0.16 56.5a 37.0e 22.6bc 8. 3e 6.oc LoLa 
0.19 44.4ab 68.9bcd 28.6abc 27.8bcd 13.1bc Florima 
0.19 17.3d 81.9abc 36.9ab 34.5ab 10.5c Farida 
0.16 29.4cd 83.9ab 39.3a 40.5a 4.8c Malak 
0.10 32.8bcd 47.6de 29.5abc 16.2de 1.9c EG.6 
0.36 33.97bcd 68.1bcd 37.6ab 26.2bcd 4.3c EG.26 
0.12 47.4ab 47.6de 25abc 17.9de 4.8c EG.27 
0.17 20. 9cd 59.5cde 19.1c 17.9de 22.6ab EG.6 X EG.26 
0.23 60.2a 51.2de 21.4bc 22.6cd 7.1c EG.6 X EG.27 
0.13 35.2bc 100a 37.1ab 31.9abc 31.0a EG.26 X EG.27 
n.s 15.92 15.92 14.63 10.00 9.85 L.S.D. 0.05 

Ns: not significant  
Means with the same letters within each column are not significant different at 0.05 level of 
probability 
 
 

CONCLUSION 
 

Finally, we can conclude that there were no much differences between 
the three Egyptian sugar beet genotypes (Eg.6, Eg.26 and Eg.27) and the new 
recombination from them (Eg.6 X Eg.26), (Eg.6 X Eg.27) and (Eg.26 X Eg.27) 
and the four imported varieties in all studied characters in this study.  
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ABSTRACT: The increasing costs of feed ingredients are triggering the continuous search 

for cheap and high value supplements to reduce production cost of farmed fish. This study was 
conducted in order to improve the nutritional value of olive cake (source of energy) with different 
concentrations of probiotic exogenous fibrolytic enzymes ZAD® to partially replace yellow corn  
(25 and 50% respectively), and to investigate  its effect on growth performance, feed utilization. 
Seven experimental diets containing 30% crude protein were formulated; diet 1 a control diet 
without olive cake, diet2 and diet No.3 containing 25 and 50 % dried olive cake (DOC), 
respectively. Correspondingly, diet4 and diet 5 containing 25 and 50 % DOC treated with low 

concentration of ZAD®  (LZOC (10  cell per ml )) respectively. However, diets 6 and diet 7 
4

containing 25 and 50 % olive cake treated with high concentration of ZAD® (HZOC (10  cell per 
4

ml )) respectively. Twenty-one glass aquaria with dimensions of (100 x 30 x 40 cm) and 100 L 
capacity of water were used in this experiment, triplicate per treatment. Fifteen Nile tilapia 
fingerlings with average weight of (0.9 ± 0.02g / fish) were stocked in each aquarium in this 
experiment. Fish were fed 3 times daily (six days per week) at a rate 3 % of the live body weight 
per day (dry food / whole fish). The results showed that diets2 and 3 containing 25 % DOC   
and 25% LCOC, respectively were significantly different than the control diet on Nile tilapia 
growth performances. Increasing the concentration of ZAD® lead to the decrease of protein 
efficiency ratio, protein productive value, energy utilization percentage and did not improve feed 
conversion ratio. Moreover, increasing ZAD® concentration in tilapia diets from4 to7 lead to the 
decrease of dry matter, fat content, crude protein content and ash content in fish, while energy 
content increased. Thus, it could be concluded that diets containing dried olive cake or dried 
olive cake treated with low concentration of ZAD® as an energy source instead of 25% Yellow 
corn have positive effects on growth performance, feed and nutrient utilization parameters of 
Nile tilapia (O. niloticus) fry. 
Keywords: olive cake, fibrolytic enzymes, Nile tilapia, probiotics, growth performance, growth 

promoters 

 

INTRODUCTION 
 

 The aquaculture industry has been globally recognized as the fastest 
growing food producing industry (FAO, 2014). Aquaculture contributes more 
than 77 % of one million tons of fish annually produced in Egypt (GAFRD, 
2014).The growth and intensification of aquaculture has raised several issues in 
the development of fish feed from high quality, inexpensive sources as well as 
methods for making the feed free from anti-nutritional factors (El-Sayed, 
1999).Carbohydrates are included in tilapia feeds to provide a cheap source of 
energy and for improving pellet binding properties. Tilapia can efficiently utilize 
as much as 35-40 percent digestible carbohydrate. Carbohydrate utilization by 
tilapia is affected by carbohydrate source (El-Sayed, 2006). Carbohydrate 
utilization by tilapia species have been reviewed by Shiau and Liang (1995). 
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Nile tilapia are capable of utilizing high levels of various carbohydrates 
between 30 to 70 percent of the diet. Grains or grain products are the main 
carbohydrate sources in diets for cultivated fish (Tacon, 1993). A reduction of  
feed cost by using cheaper feed ingredients based on locally available materials 
such as dates and its by-products would almost double the farmer's income 
allowing expansion of cultured fish production (Alam et al., 1996) . The potential 
of by- products as fish feed ingredients in Egypt have been investigated by 
several authors (Saleh et al . (2014); Azaza et al. (2009); El-Sayed et al. (2006); 
Nour et al. (2004) and date stone Gaber et al. (2014b) ;Zaki et al. (2012). 
 

Olive pomace has fragments of skin, pulp pieces of kernel and some oil. 
The major ingredients in pomace are polysaccharides, proteins, fatty acids like 
oleic acid and other C2–C7 fatty acids, polyalcohols, polyphenols and other 
pigments (Karantinos et al., 2008). Olive pomace was recomended as an 
alternative source for animal feed (Nasopoulou and Zabetakis, 2013). Olive 
pomace includes some oil. Oil is produced by treating olive pomace. After 

obtaining oil from olive pomace, dry olive cake is gained. A total of 50– 80 g kg-

1 olive pomace oil (Göğüş and Maskan, 2006) and 60–70 kg dry olive cake are 
obtained from 100 kg olive pomace. Studies are conducted on the use of these 
by-products obtained from olive industry. Apart from the researches on the use 
of olive cake, olive pomace and olive leaves in feeds of goats, sheeps and 
rabbits (Martin Garcia et al., 2003; Dal Bosco et al., 2012; Shdaifat et al., 2013), 
there are many researches are conducted on the use of crude olive cake in 
feeds of rabbits, lamps, goats and sheeps (Carraro et al., 2005; Molina and 
Yanez, 2008; Omar et al., 2012). At aquaculture feeds, although there are many 
researches on the use of olive pomace and pomace oil as an oil source (Yılmaz 
et al., 2004; Sicuro et al., 2010; Nasopoulou et al., 2011), there is no study 
conducted on the use of dry olive cake in the diets of fish. 
 

Therefore, the aim of the present experiment is to evaluate the effects of 
different levels (25 and 50 %, respectively) of dried olive cake instead of yellow 
corn without or with Low and High of ZAD® respectively in tilapia diets and its 
effect on growth performance, nutrient utilization of tilapia fry. 
 

MATERIAL AND METHODS 
 
 Fish culture facilities 

This study was carried out in the Wet Fish Laboratory, Department of 
Animal and Fish Production, Faculty of Agriculture (Saba Basha ) Alexandria 
University during summer season of 2016. Nile tilapia, Oreochromis niloticus fry 
were acclimated to the experimental condition for 20 days. After that, fry (0.9 ± 
0.02g / fry) were distributed at a rate of 15 fry per 100-L glass aquarium. Fry in 
each aquarium were fed on the tested diets twice a day; six days a week at a 
rate of 3% of their live body weight for 84 days. Fifty percent (50%) of 
aquarium's water was siphoned daily with fish faces and replaced by de-
chlorinated  tap water. Every two weeks, fry per each aquarium were group-
weighted by a digital scale (accurate to ± 0.001 g) and feed quantity was 
adjusted accordingly. Dead fish once appeared in any aquarium were recorded  
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and removed. At the start of the experiment, 60 fry (0.9 g/fry) as sample and 
frozen and reserved for initial proximate body chemical analysis. At the end of 
the experiment, fish were collected from each aquarium, counted, and weighed. 
Then, five fish were taken from each aquarium for the proximate chemical 
analysis. 
 
Experimental diets 

a) Preparation of olive cake with probiotic of ZAD® 

The probiotic of ZAD® was used as growth promoters at different dietary. 

The ZAD® is exogenous enzymes extracted from anaerobic bacteria,598/* it 
contains celluloses, xylanases, α– amylase and proteases (patent No. 22155 of 

Egypt).Drying olive mill wastes (olive cake) for 2 days at 55o C in oven to get rid 
of moisture and fungus, Grinding and fragmentation of olive cake to get product 
in powder. Olive cake was treated with two different concentrations of ZAD® 

(low ZAD® (10  cell per ml) and high ZAD® (10  cell per ml)) and store in 4 12

plastic bags for 45 days to analyze fiber. 
 
Experimental design 

This experiment consists of four group treatments designed in 
randomized complete block design (RCBD) as the following:- 
1. Group 1: one treatment diet contained corn meal without dried olive cake 
(D1). 
 
2. Group 2: two treatment diets contained 25 and 50 % dried olive cake without 
treated with probiotic exogenous fibrolytic enzymes ZAD® instead of YCM, (D2 
and D3, respectively. 
 
3. Group 3: two treatment diets contained 25 and 50 % Dried Olive cake treated 
with low concentration with probiotic exogenous fibrolytic enzymes ZAD® 
(LCOC) instead of YCM, (D4 and D5, respectively). 
 
4. Group 4: two treatment diets contained 25 and 50 % Dried Olive cake treated 
with high concentration with probiotic exogenous fibrolytic enzymes ZAD® 
(HCOC) instead of YCM, (D6 and D7, respectively). 

The applied treatments are summarized in the following Table (1). 
 
Table (1). Experimental diets 
 

Diet Dietary treatments 
D1 Yellow corn meal,(YCM) as a control diet 
D2 25 % Dried olive cake without treated,(DOC) instead of YCM 
D3 50 % Dried olive cake without treated,(DOC) instead of YCM 

D4 
25 % Dried Olive cake treated with low concentration with probiotic 
exogenous fibrolytic enzymes  ZAD® (LCOC)  )instead of YCM 

D5 50 % LCOC instead of YCM 

D6 
25% Dried Olive cake treated with high concentration with probiotic 
exogenous fibrolytic enzymes  ZAD® (HCOC)  )instead of YCM 

D7 50 % HCOC instead of YCM 
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b) Preparation of diets 
Seven diets are nitrogenous (30% crude protein) and are caloric diets 

(445 kcal/100g) diets were prepared for the present study. The seven 
experimental diets were formulated as described in Table 1. Diet ingredients 
were ground and thoroughly mixed and the oil was slowly added at the same 
time of mixing with warm water (45°C) until the diets began to clump. Diets were 
processed by a California pellet mill machine and dried for 48 hours in a drying 
oven at 70°C. The pellet size was 0.6 mm in diameter and 2 mm in length. 
 

Fish performance and feed utilization 
Fish growth performance and feed utilization parameters were calculated 

according to Cho and Kaushik (1985) as following equations: 
1) Average weight gain (AWG, g / fish) = [final body weight-initial body weight]; 
2) Specific growth rate (SGR,% / day) = [final weight - initial weight] × 100 /time 

(days); 
3) Feed conversion ratio (FCR) =feed intake(g)/body weight gain(g); 
4) Protein efficiency ratio (PER) = gain in weight (g)/protein intake in feed (g); 
5) Protein productive value (PPV, %) = 100 [protein gain in fish (g)/protein 

intake in feed (g)]; 
6) Energy utilization (EU, %) =100 [energy gain in fish / energy intake in feed]. 
 

Water quality parameters 
Water temperature and dissolved oxygen were measured daily using an 

oxygen meter (YSI Model 58, YSI Industries, and Yellow Spring Instruments, 
OH, USA). The pH- value was monitored twice weekly using an electronic pH 
meter (pH pen, Fisher Scientific, Cincinnati, OH, USA). Total ammonia, nitrite, 
and nitrate were measured weekly using spectrophotometer (Spectronic 601, 
Milton Roy Company, San Diego, CA, USA) according to APHA (1998).Total 
alkalinity was monitored twice weekly using the titration method of Golterman et 
al. (1978). During the 12-weeks feeding trial, the mean values of water quality 

parameter (±SD) were: water temperature 28.3±0.4°C; dissolved oxygen 4.8± 
0.2 mg/L; pH 7.3±0.2; total ammonia 0.021 ± 0.01 mg/L; nitrite 0.022±0.01 mg/ 

L; nitrate 0.6 ±0.2 mg/L, and total alkalinity 161±2.0 mg/L as CaCO3. All water 

quality parameters are within the acceptable range for rearing Nile tilapia 
according to Boyd (1984). 

 
Proximate chemical analysis 

Samples of the experimental diets and fish were chemically analyzed to 
determine dry matter (DM), crude protein (CP), ether extract (EE), crude fiber 
(CF), and ash contents according to the methods of AOAC (2000).Nitrogen free 
extract (NFE) was calculated by differences, by deducting the sum of 
percentages of moisture, CP, EE, CF and ash from 100. Gross energy (GE) 
contents of the experimental diets and fish samples were calculated by using 
factors of 5.64, 9.44 and 4.12 kcal/g of protein, lipid and carbohydrates, 
respectively (NRC, 2011). Proximate analysis composition of the experimental 
diets was presented in Table (2). 
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Statistical analysis 
The obtained data were subjected to two-way analysis of variance 

(ANOVA) to test the effect of replacement of yellow corn (0, 25and 50 %) yellow 
corn without or with Low and High of ZAD® respectively in tilapia diets as the 
two factors. Least significant difference (LSD) was used as a post hoc test to 
compare between means at P≤0.05. Data were analyzed by analysis of 
variance (ANOVA) using the SAS procedure (Statistical Analysis System, 
version 9.1.3, 2007). Steel and Terrie (1980) tests was used to compare 
differences among individual means. Treatment effects were considered 
significant at P<0.05. All percentages and ratio were transformed to arcsine 
values prior to analysis (Zar, 1984). 
 

RESULTS AND DISCUSSION 
  

Chemical Composition of Ingredients 
The proximate chemical analysis (%) of the four tested dietary energy 

sources (Yellow corn meal, YCM; dried olive cake ,(DOC); dried olive cake with 
low concentration ZAD®,(LCOC) and dried olive cake with high concentration 
ZAD®,(HCOC) is shown  in Table (2). The chemical composition of the tested 
YCM, DOC ,LCOC and HCOC showed the following: (on DM basis) 89.49 , 
90.91,91.31and 91.1% Dry matter,(DM);7.49, 8.48, 9.4and 9.71crude  
protein,(CP);  4.80,  18.24,  20.03  and 20.51 % ether extract,(EE) ; 2.14, 14.15, 
12.15 and 11.58% ash; 1.40, 14.78; 83.17, 44.35 ,14.34 and12.03 % crude 
fiber,(CF);83.17 , 44.35 , 44.08and 46.17 % nitrogen free extract,(NFE) and 
429.38, 402.733, 423.71and 438.60 Kcal/100 g diet gross energy,(GE), 
respectively. Dry matter content, CP, EE, ash and crude fiber of DOC, LCOC 
and HCOC were higher than yellow corn meal .On dry matter basis, nitrogen 
free extract of DOC, LCOC and HCOC were less than yellow corn meal. Also, 
gross energy of DOC, LCOC were less than yellow corn meal except HCOC 
was higher than yellow corn meal . Similar results when compared corn meal, 
dried dropping dates, wet dates and date stone were obtained by Labib et al., 
(2016); Gaber et al. (2014 a and b); Zaki et al. (2012). 
 

Table (2). Proximate chemical analysis (%) of Yellow corn meal ,(YCM), 
dried olive cake,(DOC),dried olive cake without or with treated 
with low,(LCOC) and high concentration (HCOC) on DM basis. 

 

Chemical analysis (%) Yellow corn Meal (YCM) 
Treatments 

DOC1 LCOC2 HCOC3 
Dry matter (DM) 89.49 90.91 91.31 91.1 
Crude Protein (CP) 7.49 8.48 9.4 9.71 
Ether Extract (EE) 4.80 18.24 20.03 20.51 
Ash 2.14 14.15 12.15 11.58 
Crude Fiber(CF) 1.40 14.78 14.34 12.03 

NFE 4 83.17 44.35 44.08 46.17 

GE (kcal/100g DM)5 429.38 402.73 423.71 438.60 
1
 DOC=Dried olive cake . 

2
 LCOC=Dried Olive cake treated with low concentration of probiotic  exogenous fibrolytic enzymes  ZADO®  

3
 HCOC= Dried Olive cake treated with high concentration of probiotic exogenous fibrolytic enzymes  ZADO®  

4
 Nitrogen free extract (NFE, %) =100- (CP + EE +Ash+ CF) 

5

GE (Gross Energy): gross energy calculated a  s 5.64, 9.44 and 4.11Kcal per gram of protein, lipid and        
carbohydrate, respectively. 
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Experimental diets 
The composition and proximate analysis (%) of the seven experimental 

diets are shown in Table 3. The experimental diets were almost is nitrogenous 
(30 %) and is caloric (445 Kcal/100 g diet).The mean value of protein to energy 
ratio was 70.45 mg protein/Kcal gross energy. 

 

Table (3). Feed ingredients (g 100 g
-1

) and proximate chemical analysis (%) 
of the experimental diets. 

 

Item Experimental diets1 
D1 D2 D3 D4 D5 D6 D7 

Feed ingredients (g 100 g-1) 
Fish meal 25 25 25 25 25 25 25 
Soybean meal 25 25 25 25 25 25 25 
Wheat bran 5 5 5 5 5 5 5 
Yellow corn 40 30.92 21.84 31.81 23.61 32.07 24.14 
DOC 0 9.08 18.16 0 0 0 0 
LCOC 0 0 0 8.19 16.39 0 0 
HCOC 0 0 0 0 0 7.93 15.86 
Sun flower oil 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

Vit.2 And Min.mix.3 1 1 1 1 1 1 1 

Methionen 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Llysein 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
CaCO3 0.5 0.5 0.5 25 25 0.5 0.5 
Total 100 100 100 100 100 100 100 

Proximate analysis (%) on DM basis: 
Dry matter 87.98 87.93 87.45 86.98 86.87 86.89 86..87 
Crude Protein 30.22 29.52 28.82 29.58 28.95 29.6 28.99 
Ether Extract 6.58 6.68 6.31 6.71 6.38 6.72 6.41 
Ash 6.14 6.3 6.19 6.31 6.21 6.32 6.22 
Crude Fiber 5.77 5.07 4.37 5.14 4.51 5.16 4.55 
Nitrogen free 
extract 

51.29 52.43 54.31 52.26 53.95 52.2 53.83 

GE.4 443.87 445.56 445.87 445.48 445.78 445.44 445.79 

P:E Ratio3 66.25 65.03 66.45 64.94 66.40 64.64 66.25 
1Diet No.1 a control diet without dried olive cake, diets No.2 and diet No.3 containing 25 and 50 % dried 
olive cake   (DOC) , respectively. Diets No.4 and diet No.5 containing 25 and 50 % dried olive cake treated 
with low concentration of ZAD® (LCOC) of the diet, Diets No.6 and diet No.7 containing 25 and 50 % dried 
olive cake treated with high concentration of ZAD® (HCOC), respectively. 
2Vitamin mixture/kg premix containing the following: 3300IU vitamin A, vitamin D410 I vitamin E,2660 mg 
vitamin B1,133mg vitamin B2, 580 mg vitamin B6 ,410 mg vitamin B12- 50 mg biotin , 9330 mg Colin 
chloride, 4000 mg  vitamin C,2660 mg Inositol, 330  mg  Para -amino benzoic acid, 9330 mg niacin, 26.60 
mg pantothenic acid. 
3Mineral mixture/kg premix containing the following 325 mg Manganese, 200mg Iron,25 mg Copper, 5 mg 
Iodine, 5mg Cobalt. 
4GE=Gross Energy: - Gross energy was calculated as 5.65, 9.45 and 4.12 Kcal per gram of protein, lipid 
and carbohydrate, respectively   after (NRC, 2011). 
5P/E ratio = Protein to energy ratio mg crude protein/Kcal GE. 
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Measurements of Water Quality Parameters 
The averages of water quality parameters which include; water 

temperature (ºC),pH, Dissolved oxygen concentration (DO mg/l), total ammonia 

nitrogen (TA-N mg/l), nitrite concentration (NO2-N mg/l) and nitrate 

concentration (NO3-N mg/l) are presented in Table (4).The water quality 
parameters showed no significant differences (P≤0.05) in water quality 
parameters in all treatments. These results are in accordance with finding of 
Labib (2010) and Labib et al. (2016) and Mabrouk et al. (2011). 
 
Table (4). Water quality parameters of the different experimental 

treatments for rearing monosex Nile tilapia (O. niloticus) 
fingerlings. 

 
Experimental 

Treatments*1 

Temperature 

(0C) 
pH DO*2 

(mg/L) 
TAN*3 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

D1 26.91a±0.05 7.90a±0.10 5.47a±0.58 2.20a±0.05 0.18a±0.01 2.40a±0.04 

D2 26.90a±0.10 7.94a±0.08 5.45a±0.04 2.27a±0.06 0.20a±0.01 2.42a±0.06 

D3 27.10a±0.09 7.93a±0.09 5.55a±0.09 2.30a±0.10 0.17a±0.05 2.36a±0.05 

D4 27.10a±0.13 8.03a±0.14 5.44a±0.07 2.18a±0.10 0.16a±0.01 2.39a±0.10 

D5 26.90a±0.04 7.80a±0.01 5.44a±0.09 2.32a±0.09 0.17a±0.04 2.35a±0.04 

D6 27.10a±0.12 8.00a±0.05 5.55a±0.03 2.22a±0.01 0.17a±0.12 2.40a±0.05 

D7 26.90a±0.07 8.04a±0.06 5.53a±0.05 2.31a±0.06 0.18a±0.03 2.36a±0.10 

Mean*4 26.99 7.92 5.50 2.25 0.19 2.39 

C.V. % 0.11 26.96 7.95 9.16 16.66 5.37 

LSD(P≤0.05) 0.048 0.33 0.53 0.489 0.069 0.303 
*1Diet No.1 a control diet without dried olive cake, diets No.2 and diet No.3 containing 25 and 50  % 
dried olive cake (DOC) , respectively. Diets No.4 and diet No.5 containing 25 and 50 % dried olive cake 
treated with low concentration of ZADO® (LCOC) of the diet, Diets No.6 and diet No.7 containing 25 and 
50 % dried olive cake treated with high concentration of ZADO® (HCOC), respectively. 
*2DO: dissolved oxygen; *3TAN: total ammonia nitrogen; *4All the mean in the same column did       not 
significantly different at (P< 0.001). 

 
Growth performance, feed and nutrient utilization 

The effect of DOC, LCOC and HCOC at different levels (25 and 50 %) 
instead of YCM on growth performance parameters and feed and nutrients 
utilization of Nile tilapia fingerlings are summarized in Table (5) and Table (6). 
Significant (P≥0.05) differences have been observed among values of total 
weight gain and specific growth rate (SGR%/day) of diets from 1 to 7.The 
results showed that the replacement of DOC (D2 and D3) ,LCOC (D4 and D5) 
and HCOC (D6 and D7)  at different levels (25 and 50 % ) with yellow corn meal 
gave a  growth performance preferred by the control diet(D1).Also, On the other  
hand, DOC, LCOC and HCOC at different levels 25 % instead of YCM gave a 
better growth performance than 50%. The results showed that treatment of 
dried olive cake with low concentration of probiotic exogenous fibrolytic 
enzymes ZAD® (LCOC) instead of YCM gave a better growth performance(total 
weight gain and specific growth rate) for Nile tilapia than high concentration at 
25% and 50%. Harmantepe et al. (2016) found that olive cake can be 

incorporated to diets of juvenile hybrid tilapia up to 120 g kg-1 without any 
adverse effect on fish growth and feed utilization. Also, Ighwela (2015) indicate 
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that olive mill waste improved its growth performance value in practical feeds for 
Nile tilapia fry. These results agree with the findings of El-Sayed et al. (2006) 
who found that growth performance of Nile tilapia fed the control diet were 
significantly (P≥0.05) higher than diet with 25% pits. Also, similar results have 
been reported for probiotics use in diets for tilapia by El-Dakar et al. (2007); 
Salem (2008) and Carnival et al. (2006). 

 
The same trend was observed for feed and nutrients utilization (protein 

efficiency rate, PER; protein productive value, PPV % and energy utilization, EU 
%) with increasing replacement of DOC,LCOC and HCOC instead of yellow 
corn meal from 25 to 50 % ,the PER ,PPV and EU values had significantly (P < 
0.05) decreased. On the other hand, DOC, LCOC and HCOC at the same 
levels 25% gave a better PER, PPV  and EU values than 50%.Also, the results 
showed that treatment of dried olive cake with low concentration of probiotic 
exogenous fibrolytic enzymes ZAD® (LCOC) instead of YCM gave a better PER 
,PPV and EU values for Nile tilapia than high concentration at 25% and 50%. 
These results are agree with the finding of El-Sayed et al. (2006) who found that 
feed and nutrient utilization of Nile tilapia fed the control diet were significantly 
(P≥0.05) higher than diet with 25% pits. Also, similar results have been reported 
for probiotics use in diets for tilapia by El-Dakar et al., (2007); Salem (2008) and 
Carnevali et al. (2006). 

 
The feed conversion ratio (FCR) tended to rise with the increase of dried 

olive cake levels. FCR of fish fed with Diet 2 and Diet 4 was significantly lower 
(P < 0.05) compared to fish fed on D1, D3, D5, D6 and D7.On the other hand, 
feed conversion ratio has improved at DOC (D2) and LCOC (D4). On the other 
hand, it is possible to say that the feed conversion rate has improved for Nile 
tilapia, which has been fed on D2 and D4 compared with other diets. Similar 
results were reported by Ighwela (2015) that disagree with the finding of 
Harmantepe et al . (2016) who show any negative effect of dietary olive cake in 
juvenile hybrid tilapia (O. niloticus × O. aereus) and indicated that they could be 

used up to 120 g kg-1 level. Labib et al. (2016) found that the best feed 
conversion ratio, protein efficiency ratio, protein productive value and energy 
utilization were obtained with fish fed on diets containing 30% wet date without 
0.05% Thyme leave extract replaced the corn mealfollowed by fish fed with 
0.05% Thyme  leave extract  replaced the corn meal . El-Kholy (2012) found 
that tilapia hybrid (O.niloticus × O.aureus) fingerlings achieve increasing by low 
level (150 mg/ kg) dietary addition of sage herbs.The low achievement of fish 
fed DS (diet No. 10, 11 and 12) are documented by the work Mabrouk et al. 
(2011) with agreement of the present finding. The higher performance of tilapia 
fed WD may have been due to their low NFE compared with DDD or DS. In 
support, Yousif et al. (1996) noted that the poor performances of tilapia fed date 
may have been due to their high contents of simple sugars ,whereas tilapia are 
known to utilize complex sugars more efficiently than simple sugars. These 
results are similar to results obtained by Belal et al. (2015), found that there 
were no significant difference in growth performance and feed and nutrient 
utilization when feeding Nile tilapia (O. niloticus) fish on diets containing date 
fiber. 
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The results from the present study indicate that replacement of DOC, 
LCOC and HCOC instead of YCM in diets for Nile tilapia (O. niloticus) up to a 
level of 25 % without having a significant negative effect on growth (final weight, 
SGR) and feed utilization (FCR, PER) parameters. It was detected in this 
experiment that growth performance was slowed down in the fish fed with the 
increase of DOC level in diet. This negative effect on growth may be from high 
fibre, NDF, ADF, ADL, total phenolics, tannins and condensed tannin involved 
in DOC. It is well-known that high dietary fibre decreases growth performance. 
Dietary fibre influences absorption and movement of nutrients through the 
gastrointestinal tract. Fibre can bind nutrients such as fat, protein and minerals 
and reduce their bioavailability (Richter et al., 2003). Quantities of NDF, ADF 
and ADL which are among the components of cell wall were high in diets which 
low growth performance Richter et al., (2003) reported that they obtained low 
growth performance in diets with high NDF and ADF quantity. Higgs et al. 
(1982) reported that high fibre, tannin, phytic acid and glucosinolates in juvenile 
Chinook salmon diets cause poorer growth performance. In the studies 
conducted on Nile tilapia fish, Richter et al. (2003) reported that the increase in 
values of NDF, ADF, total phenolics non haemolytic saponin and phytic acid in 
the diet might depress the growth, and Dongmeza et al. (2006) reported that the 
diets with high total phenolics and saponins might depress the growth. Rojas 
and Verreth (2003) associated the reason of decrease in the parameters of 
growth and feed utilization of Tilapia fed with diets including coffee pulp with 
high dietary fiber  levels and antinutritionals in diet (K level, polyphenols, tannins 
and caffeine). McCurdy and March (1992) reported that sinapine and tannins 
reduced the digestion of proteins. Likewise, Yigit and Olmez (2011) stated that 
increasing fibre in tilapia diets caused the decrease in protein digestibility. 

 
Table (5). Effect of the experimental treatments of rearing Nile tilapia 
                 (O.niloticus) fry on carcass composition (%). 
 

Experimental 
treatments* 

Dry matter (%) 
On dry matter basis (%) 

Energy content 
Kcal/100g 

Crude 
protein 

Ether extract Ash 

D1 28.16d±0.02 57.66d±0.02 22.33g±0.001 20.01a±0.005 535.99g±0.19 

D2 28.70a±0.001 58.56a±0.005 23.10a±0.001 18.35g±0.005 548.31a±0.03 

D3 28.52b±0.02 58.29c±0.005 22.82c±0.001 18.90e±0.005 544.15d±0.028 

D4 28.64a±0.01 58.51b±0.001 22.97b±0.001 18.52f±0.01 546.83c±0.056 

D5 28.31c±0.03 58.00d±0.01 22.47e±0.001 19.50d±0.01 539.52e±0.028 

D6 28.25c±0.10 57.80f±0.001 22.41f±0.001 19.79b±0.01 537.54f±0.001 

D7 28.27c±0.05 57.89e±0.001 22.47e±0.001 19.64c±0.10 5547.52b±0.001 

Mean** 28.41 58.10 22.66 19.24 542.84 
C.V. % 0.42 0.011 0.31 0.03 0.006 

LSD(P≤0.05) 0.066 2.36 0.001 0.016 0.087 
*Diet No.1 a control diet without dried olive cake, diets No.2 and diet No.3 containing 25 and 50 % dried 
olive cake (DOC) , respectively. Diets No.4 and diet No.5 containing 25 and 50 % dried olive cake treated 
with low concentration of ZAD® (LCOC) of the diet, Diets No.6 and diet No.7 containing 25 and 50 % dried 
olive cake treated with high concentration of ZAD® (HCOC), respectively. 
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Table (6). Effect of the experimental treatments on growth performance 
and feed utilization for growing of monosex Nile tilapia 
(o.niloticus) fry 

 

Treatments*1 
Initial Weight 

(g/fish) 

Growth performance Feed 
conversion 

ratio 

Protein utilization 
Energy 

utilization (%) 
Weight gain 

(g/fish) 
SGR*2 
(%/day) 

PER*3 PPV*4 (%) 

D1 0.94a±0.005 10.26f±0.05 2.76f±0.001 1.96a±0.001 1.69g±0.001 17.64g±0.01 17.64g±0.12 

D2 0.94a±0.01 16.47a±0.03 3.24a±0.009 1.75g±0.001 1.94a±0.001 20.14a±0.02 20.14a±0.017 

D3 0.96a±0.005 13.22c±0.05 2.99c±0.001 1.89e±0.001 1.84c±0.001 18.97c±0.001 18.97c±0.001 

D4 0.94a±0.01 14.31b±0.03 3.10a±0.003 1.81f±0.001 1.87b±0.03 19.07b±0.001 19.07b±0.002 

D5 0.95a±0.01 12.21d±0.02 2.92d±0.01 1.93d±0.001 1.79d±0.001 18.02e±0.0.01 18.02e±0.017 

D6 0.94a±0.005 12.25c±0.05 2.94d±0.001 1.94c±0.001 1.74f±0.001 18.42d±0.01 18.42d±0.01 

D7 0.94a±0.001 11.28e±0.01 2.85e±0.01 1.95b±0.001 1.77e±0.001 17.80f±0.003 17.79f±0.003 
Mean* 0.94 12.86 2.97 1.89 1.80 18.58 18.58 
C.V. % 1.14 0.39 0.38 1.56 0.11 0.39 0.11 

LSD(P≤0.05) 0.025 0.12 0.027 0.006 0.006 0.048 0.99 
*1Diet No.1 a control diet without dried olive cake, diets No.2 and diet No.3 containing 25 and 50 % dried olive cake 
(DOC) , 
respectively. Diets No.4 and diet No.5 containing 25 and 50 % dried olive cake treated with low concentration of ZAD® 
(LCOC) of the diet, Diets No.6 and diet No.7 containing 25 and 50 % dried olive cake treated with high concentration of 
ZAD® (HCOC), respectively. 
*2Specific growth rate (%) = 100 (final weight–initial weight) /time (days). 

*3PER=Protein efficiency ratio 
*4PPV=Protein productive value 

 
CONCLUSIONS 
 

From the previous results, it could be concluded that the used diets 
containing dried olive cake or dried olive cake treated with low concentration of 
ZAD® as a dietary energy source in formulation instead of 25% Yellow corn 
have positive effects . Finally, it could be concluded that the growth 
performance , feed and nutrient utilization parameters obtained at the results of 
the study did not show any negative effect of dried olive cake in Nile tilapia (O. 
niloticus) and indicated that they could be used up to 25 %, whether dried olive 
cake or dried olive cake treated with low concentration of ZAD® 
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ABSTRACT: Banana (musa  spp.) is one of the most impotent fruit crops somaclonal 

variations. The present experiment was carried out at three places i.e. Plant Production 
Department, Faculty of Agriculture, Saba Basha, Alexandria University, Egypt; the village of Ahmed 
Orabi, Badr city, El-Beheira Governorate, Egypt and Molecular Biology Department, Genetic 
Engineering and Biotechnology Research Institute (GEBRI), Sadat City University, during the time 
course 2014 up to 2016 to study the horticultural and genetic characteristics of some banana 
cultivars and their somaclonal variants to obtain new strains with good productivity. Ten new 
somaclonal variations were obtained from the (Grand Nain) cultivar. The data revealed that, 
significant differences among the three cultivars (Williams, Ziv and Grand Nain) under study as Ziv 
cultivar had a significant increase in pseudostem height, leaf length, bunch weight /plant, the 
number of fingers per bunch and finger weight. The increase in the time of flowering was found in 
Williams cultivar compared to Grand Nain cultivar during both experimental seasons. Regarding 
somaclonal variants produced from Grand Nain cultivar, pseudo stem height, leaf length, the period 
of flowering, and bunch weight /plant in Giant type showed significantly an increase in value 
compared to Grand Nain cultivar and the other somaclonal variants. While, Dwarf type and Semi 
dwarf type had a significant decrease in these characters. as the number of leaves per plant, Giant 
type significantly had the lowest value compared to the Grand Nain cultivar and the somaclonal 
variations in the two experimental seasons.  At the level of molecular genetics, data demonstrated 
that, all the banana cultivars and somaclonal variants divided into two main groups by 43% genetic 
similarity. The first main group includes Williams cultivar and the other group divided into two sub 
clusters the first sub cluster had Ziv and Grand Nain by 76% and between cultivars 91%. There is a 
genetic similarity between the somaclonal variations and each other except the Long bunch stalk 
and Black pseudo stem which have a different genealogical location and differences with all 
cultivars.  Generally, molecular analyses based on Expressed Sequence Tags (EST), Sequence 
Related Amplified Polymorphism (SRAP), TRAP and using 12 arbitrary primers revealed genetic 
variability between cv. “Grand Nain” and 10 somaclones and reflected the efficiency of these 
markers in detecting banana somaclonal variations.    
Key words: banana, horticultural and genetic parameters, somaclonal variations. 

 

INTRODUCTION 

Banana (Musa spp.) is one of the most important fruit crops, which is grown 
in 128 countries especially in the developing countries of the tropical and 
subtropical regions. Approximately 5 million hectares under banana cultivation with 
106 million metric tons were produced in the world (FAO, 2014). In Egypt, banana 
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is considered as one of the most important economic fruit crops.  It was covering 
about 79,000 feddans with a total production of 1515,852 metric tons and an 
average yield 19.188 tons/fadden (FAO, 2014). The increase in the percentage of 
somaclonal variations which due to the high number of subculture indicates the 
necessity to different specific protocols catena place micro propagation for the 
different cultivars to be commercialized (Santos and Rodrigues, 2004). The 
occurrence of somaclonal variations at limit the expansion in the use of in vitro 
plants, have many advantages; When biotechnology is applied in an improvement 
program, the possibility of using systematic analysis or selection techniques to 
isolate variant or mutant lines with interesting characteristics is include (Gimenez et 
al., 2001); The frequency of off-types was reported to occur and vary from 9 to 
25% (Israeli et al., 1991), which represent a great obstacle against them in dusty  

 

Variation may interfere with the use of these cultures for physical or 
chemical mutagenesis and/or genetic transformation. Although the causes of 
genetic instability are poorly understood, chromosome instability is believed to be 
one of the most common causes of tissue culture-induced variation (Roux et al., 
2004). Detection and analysis of genetic variation can help us to understand the 
molecular basis of different biological phenomenon that place in plants (Abdellatif 
and Soliman, 2013) and gene expression (Eldemery et al., 2016). Sequence 
Related Amplified Polymorphism (SRAP) markers have been adopted for a variety 
of purposes; including map construction, gene tagging combines simplicity, 
reliability, and moderate throughput and genetic diversity studies (Gulsen et al., 
2006). The SRAP marker technology with the ability to sequence selected bands 
(Li and Quiros, 2001). Target Region Amplification Polymorphism (TRAP) 
technique (Hu and Vick, 2003) is a rapid and efficient PCR-based methodology, 
which utilizes bioinformatics tools and Expressed Sequence Tag (EST) database 
information to generate polymorphic markers for targeted candidate gene 
sequences. Thus, the TRAP technique is useful for generating markers associated 
with desirable agronomic traits for marker-assisted breeding. The technique has 
been effectively used for fingerprinting in plant species (Hu et al., 2005; Liu et al., 
2005 and Alwala et al., 2006). Garcia et al. (2011) used TRAP markers in 14 
diploid Musa genotypes and produced 119 alleles. They also reported that TRAP 
markers have been shown to discriminate A or B genome Musa genotypes. 

 

The objective of this study was to evaluate some horticultural characteristics 
in some banana cultivars and their somaclonal variations and using molecular 
markers i.e. EST, TRA and SRAP to estimating the genetic fingerprint of some 
banana cultivars and somaclonal variants which used in the current study and 
detect in the genetic relationship between cultivars and somaclonal variants based 
on different morphological and molecular markers. 
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MATERIALS AND METHODS  
 
Plant material and DNA extraction 

Three banana (Musa spp.) cultivars (i.e. Williams, Ziv, Grand Nain) and ten 
somaclonal variations (Blak pseudo stem, Pale green pseudo stem, Reddish 
pseudo stem, Giant type, Masada plant, Long bunch stalk, Dwarf type, Semi dwarf 
type, Deformed lamina and Deviated midrib type) from South El-Tahreer, Beheira 
governorate in March 2014 were used in the current experiment.  The tested 
samples namely morphological were replanted and Grand Nain were leaf frozen in 
liquid nitrogen and transferred to the Plant Molecular Biology Laboratory, Plant 
Biotechnology Institute (GEBRI), University of Sadat City, Egypt where they were 
stored at -80°C. Total genomic DNA was isolated from 2 g of lea tissue using the 
standard CTAB method as described by Abdellatif et al. (2012). DNA 
concentrations were adjusted to 25 ng/µl and stored at -20°C. 

 
The Horticultural characterization      

 After eight months in the open field, grown plants for selected cultivars and 
somaclonal variations previously mentioned became ready for morphological 
evaluation whether reverted or not. Screening of all normal vitro plants for new off-
types was achieved; somaclonal variations were classified and counted in each 
type. Ten uniform plants (replicates) were choosing from the normal plant, old 
somaclonal variations and newly appeared off-types to compare them with 
variations. The following parameters were recorded: 
 
Pseudo stem height (cm); Pseudo stem height (cm) was measured from the soil 
surface up to the petiole of the last emerged leaf for each experimental plant in 
July (flowering time) (Abdellatif et al., 2012). 
Leaf length (cm); Leaf length (cm) was measured for mature leaf from the pseudo 
stem up to the end of leaf tip after flowering date. 
Number of leaves/plant: Was recorded undamaged leaves through its whole life 
was counted. 
Time of flowering: Time of flowering was calculated from planting to flowering. 
Bunch weight (kg)/ plant: Samples of 3 bunches were weighted for each 
treatment and the average (kg) for each treatment was obtained. 
Number of hands/ bunch: 
Number of fingers/bunch:  
Finger weight (g): Samples of 10 fresh fingers which were weighted and the 
average was calculated. 
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Molecular characterizations in banana 
Expressed Sequence Tags (EST) analysis in banana 

The EST-PCR was performed using six primers selected from the Operon kit PCR 
reactions were carried out in 15µl volumes containing: H2O (free nuclease) (Ferment as), 
2.5µl, master mix (PR omega) 7.5µl, Primer (Metabolon) 1.5 µl, 25 ng genomic DNA, 3.5 
µl PCR amplification was performed for 35 cycles by using Biometric Gradient 
Thermocycler with the following program 95°Cfor 7 min and 95°C for 1 min and 49°C for 
1 min. and 72°C for 1 min and 72°C for 5 min and 10°C for ͚ 
         

The PCR products were separated on 15 µl ethidium bromide stained agarose 
gels and 100 Pb DNA ladder was used as indicator for DNA fragments size. 
Amplification products were electrophoresed at 100 volts for 1h with 1X TBE buffer. To 
detect DNA bands, agarose gels were photographed on. Gel documentation system. 
EST marker analysis was conducted as described by Zakaria et al. (2012) 
 
Table (1). Primers names, sequences for EST markers 
 

CNPMF-5 
F-CCCTGACAGATCCTTTGTGG 

R-GGAGACTTCCACCTTTTCCG 

CNPMF-14 
F-CATCGAGGATGCACATCAAG 

R-CCAAAAGAGCCACGATTCAG 

CNPMF-19 
F-GTGTTCGAGAGCTTTCAGCC 

R-AGAACAATCAAGCCAGCAGC 

CNPMF-20 
F-CCTCGCACATCAACCCTTAC 

R-CATGATCACCATTTCCTCCC 

CNPMF-26 
F-TGGAGATGAAGAAGATCGCC 

R-TCATCAAGTGCGTTGCATTC 

CNPMF-61 
F-TGATGCTCTTAACCCTTGCC 

R-CGGTCCGATTCAATATCGTC 

Sequence-Related Amplified Polymorphism (SRAP) analysis in banana 
The SRAP-PCR was performed using six primers selected from the Operon kit 

(Table 2). PCR reactions were carried out in 15µl volumes containing: H2O (free 
nuclease), (Ferment as) 2.5 µl, master mix (PR omega), 7.5 µl, Primer (Metabolon), 1.5 
µl, 25 ng genomic DNA, 3.5 µl. PCR amplification was performed for 35 cycles by using 
Biometric gradient Thermolcycler with the following program: 95°C for 7 min and 95°C for 
1 min and 45°C for 1 min and 72°C for 1 min. and 72°C for 5 min. 

 
 The PCR products were separated on 15 µl ethidium bromide stained agarose 

gels and 100 Pb DNA ladder was used as indicator for DNA fragments size. 
Amplification products were electrophoresed at 100 volts for 1h with 1X TBE buffer. To 
detect DNA bands, agarose gels were photographed on Gel documentation system. 
We developed and published information on the SRAP marker system in Li and Quiros 
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(2001). The original thinking was to simplify the AFLP detection procedure and improve 
reproducibility compared to RAPD. 

 
Table (2). Primers names, sequences for SRAP markers  
 

SRAP Primers 

Meo1 TGAGTCCAAACCGGATA 

Meo2 TGAGTCCAAACCGGAGC 

Meo3 TGAGTCCAAACCGGAAT 

Emo1 GACTGCGTACGAATTAGT 

Emo3 GACTGCGTACGAATTGAC 

Emo6 GACTGCGTACGAATTGCA 
 
  
Data analysis 

PCR products of EST, SRAP and TRAP markers were separated on DNA 
ladder and used as indicator for DNA fragments size. Agarose gels were 
photographed on gel documentation system. Gels were scored as 0/1 for 
absence/presence of DNA fragments, respectively. The total number of band, the 
number of polymorphic bands and the percentage of polymorphism were 
calculated. The polymorphic information content (PIC) was calculated according to 
Anderson et al. (1993), they used the following formula: PICi = 1 - Ʃpij2, where pij 
is the frequency of the jth allele for marker i summed across all alleles for the 
locus. Data were analyzed using cluster analysis. Similarity matrices were 
calculated using Jaccard coefficient (Jaccard, 1908). Dendrograms were 
constructed based on the UPGMA clustering method using NTSYSpc software 
version2.0 (Applied Biostatistics, Setauket, New York, USA) (Rohlf, 1998). 
Principal coordinate analysis was carried out for the standardized decentered 
SRAP and TRAP data. Eigen values and Eigen vectors were calculated for the 
transformed interval data and the three-dimensional principal coordinate analysis 
plots were constructed using the NTSYSpc software. 
 
Statistical analysis 

The statistical analysis in this study was Randomized Complete Block 
Design using three trees in each treatment. The statistical analysis was carried out 
for data obtained for each season individually using analysis of variance (ANOVA) 
with COSTAT program and compared the means between treatments using the 
Least Significant Difference (L.S.D.) according to Snedecor and Cochran (1990). 
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RESULTS AND DISCUSSION 
 
Pseudo stem height (cm) 

Pseudo stem height of different banana cultivars and somaclonal variations 
in banana propagated through tissue culture at bunch shooting stage in two crop 
cycles of studied mother plant (season 1) and the first Ratoon (season 2) are 
shown in Table (3).  Data showed that, there were significant differences among 
the three cultivars (Williams, Ziv and Grand Nain) as Ziv cultivar had a significant 
increase tester pseudostem height compared to the two other cultivars followed by 
Williams then Grand Nain cultivars, dunning both growing seasons which respect 
to. In somaclonal variants, Giant type had a significant increase in pseudo stem 
height compared to Grand Nain cultivar and the other somaclonal variations which 
produced from it. On the other hand, Dwarf type and Semi dwarf type had a 
significant decrease in pseudo stem height compared to Grand Nain cultivar and 
the other somaclonal variations, except between Semi dwarf type and Deviated 
midrib type in the first season. No significant differences were found between the 
rest somaclonal variations (Black pseudo stem, Pale green pseudo stem, Reddish 
pseudo stem, Masada plant, Long bunch stalk, Deformed lamina and Deviated 
midrib type) compared to Grand Nain, during both experiment seasons. Analogical 
results were reported by many investigators such as Sauco et al. (1998), Olivira et 
al. (2000) and results are not consistent with my results. 
  
Table (3).Pseudo stem height for banana cultivars and somaclonal variants 

propagated through tissue culture in 2015 and 2016 seasons. 
 

Cultivars and 
somaclonal variants 

Pseudo stem height (cm) 
Mother plant (2015) First Ratoon (2016) 

Williams 310.0c 321.0c 
Ziv 344.3b 360.0 b 
Grand Nain 291.6d 300.0d 
Black pseudostem 290 .0cd 298.3cd 
Pale green pseudostem 280.3cd 287.6cd 
Reddish pseudostem 287.0cd 295.3cd 
Giant type 521.6a 530.0a 
Masada plant 285.6cd 297.0cd 
Long bunch stalk 285.0cd 292.3cd 
Dwarf type 160.0f 169.0f 
Semi dwarf type 230.3e 238.0e 
Deformed lamina 280.0cd 291.0cd 
Deviated midrib type 275.6cde 287.3 cd 

   Means followed by the same letter(s) within a separate column are not significantly different at (P≤ 0.05). 
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Leaf length (cm) 
Leaf length of different banana cultivars and somaclonal variants in banana 

propagated through tissue culture at bunch shooting stage during both crop cycles 
of the studed mother plant (season 1) and first Raton (season 2) are shown in Data 
showed that, in banana cultivars, Ziv cultivar had a significant increase in leaf 
length compared to the two other cultivars (Williams and Grand Nain) during both 
experimental seasons. A significant increase was also found between Williams 
cultivar compared to Grand Nain cultivar in leaf length during both seasons.  In 
somaclonal variants produced from Grand Nain cultivar, leaf length in Giant type 
significantly had an increase in value compared to Grand Nain cultivar and the 
other somaclonal variants. While Dwarf type and Semi dwarf type had a significant 
decrease in leaf length compared to Grand Nain cultivar and the other somaclonal 
variations (Black pseudo stem, Pale green pseudo stem, Reddish pseudo stem, 
Masada plant, Long bunch stalk, Deformed lamina and Deviated midrib type), 
which had no significant differences among them in the two experimental seasons. 
Analogical results were reported by Ibrahim (2003) and results are consistent with 
my results. 

 
Table (4). Leaf length for banana cultivars and somaclonal variants 

propagated through tissue culture in 2015 and 2016 seasons.  
 

Cultivars and 
somaclonal variants 

Leaf length (cm) 
Mother plant (2015) First Ratoon ( 2016) 

Williams 259.6c 267.6c 
Ziv 274.0 b 281.0b 
Grand Nain 254.6d 260.6d 
Black pseudostem 244.0de 252cd 
Pale green pseudostem 248.3de 253.3cd 
Reddish pseudostem 243.3de 248.0cd 
Giant type 326.3a 334.6a 
Masada plant 244.0de 249.0cd 
Long bunch stalk 240.0de 248.0cd 
Dwarf type 161.0g 170.0f 
Semi dwarf type 190.0f 195.3e 
Deformed lamina 246.0de 252.0cd 
Deviated midrib type 250.0e 256.3cd 

     Means followed by the same letter(s) within a separate column are not significantly different at (P ≤ 0.05). 

 
Number of leaves per plant 

Data concerning number of leaves per plant (undamaged) are presented in 
Table (5). In the tested three cultivars (Williams, Ziv and Grand Nain), Ziv cultivar 
had the highest value while no significant differences were found among them. In 
the somaclonal variations which produced from Grand Nain cultivar, Giant type 
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significantly had the lowest value compared to the Grand Nain cultivar and the 
somaclonal variations in the two experimental seasons. No significant differences 
were also found among the rest somaclonal variations (Black pseudostem, Pale 
green pseudostem, Reddish pseudo stem, Masada plant, Long bunch stalk, Dwarf 
type, Semi dwarf type, deformed lamina and Deviated midrib type). Analogical 
results were reported by Ezz et al. (2011). Similar observations in this concern 
were noticed. 
 
Table (5). Number of leaves per plant for banana cultivars and somaclonal 

variations propagated through tissue culture in 2015 and 2016 
seasons. 

 

Cultivars and 
somaclonal variants 

Number of leaves/plant 
Mother plant (2015) First Ratoon ( 2016) 

Williams 13.3ab 15.0a 
Ziv 14.6a 16.6a 
Grand Nain 12.6ab 14.3ab 
Black pseudostem 12.3ab 14.6ab 
Pale green pseudostem 12.3ab 14.0ab 
Reddish pseudostem 12.4ab 14.0ab 
Giant type 9.3c 11.0c 
Masada plant 12.6ab 14.3ab 
Long bunch stalk 12.3ab 14.6 ab 
Dwarf type 15.0a 17.0a 
Semi dwarf type 13.0ab 15.0a 
Deformed lamina 12.3 ab 14.6ab 
Deviated midrib type 12.6ab 14.6 ab 

      Means followed by the same letter(s) within a separate column are not significantly different at (P≤ 0.05). 
 

Flowering characters  
Time of flowering (Days after planting) 

Time of flowering as presented in Table (6) varied in value in the cultivars 
and somaclonal variants. Data cleared that, in the three cultivars (Williams, Ziv and 
tested Grand Nain), there were a significant increase in the time of flowering in Ziv 
cultivar compared to Grand Nain cultivar in the two experimental seasons.   In 
somaclonal variations, Giant type had a significant increase in the period of 
flowering compared to Grand Nain cultivar and the other somaclonal variations in 
the two experimental seasons. On the other hand, Dwarf type and Semi dwarf type 
had a significant decrease in compared to Grand Nain cultivar, in the first season 
only. No significant differences were found between Grand Nain cultivar compared 
to the rest somaclonal variations (Blak pseudo stem, Pale green pseudo stem, 
Reddish pseudo stem, Masada plant, Long bunch stalk, Deformed lamina and 
Deviated midrib type) in one side and among the later (rest somaclonal variations) 
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themselves, except between Pale green pseudo stem and Deformed lamina in the 
second season. 
 
Table (6). Time of flowering for banana cultivars and somaclonal variants 

propagated through tissue culture in 2015 and 2016 seasons. 
 

Cultivars and 
somaclonal variants 

Time of flowering (Days after planting) 
Mother plant (2015) First Ratoon ( 2016) 

Williams 166bcd 335bc 
Ziv 171b 338b 
Grand Nain 160cd 330c 
Black pseudostem 163cd 337bc 
Pale green pseudostem 168bc 339b 
Reddish pseudostem 162cd 332bc 
Giant type 184a 348a 
Masada plant 164cd 337bc 
Long bunch stalk 164cd 335bc 
Dwarf type 157d 330c 
Semi dwarf type 160d 337bc 
Deformed lamina 167 bc 331c 
Deviated midrib type 168bc 336bc 

     Means followed by the same letter(s) within a separate column are not significantly different at (P≤ 0.05).   
 
Bunch characteristics 

Bunch weight (kg. /plant) 
Data presented in Table (7) indicated that bunch weight /plant was 

significantly different in banana cultivars as Ziv cultivar had the highest value 
followed by Williams's cultivar then Grand Nain in the two seasons. In somaclonal 
variations in banana propagated through tissue culture in the two seasons that 
were produced from Grand Nain cultivar, there were different indicates for the 
somaclonal variations, and Giant type had the highest significant difference 
compared to the rest somaclonal variations (Black pseudo stem, Pale green 
pseudostem, Reddish pseudo stem, Masada plant, Long bunch stalk, Dwarf type, 
Deformed lamina and Deviated midrib type) except to Semi dwarf type in the 
second season, only. In the meantime, Masada plant had the lowest significant 
value compared to the rest somaclonal variants except to Pale green pseudo stem 
in the first season only. Similar observations in this concern were noticed Robinson 
et al. (1994); Galan et al. (1995), Morse et al. (1996), Ribeiro and Silva (1998) and 
Eckstein et al. (2002).          
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 Table (7). Bunch weight for banana cultivars and somaclonal variants             
propagated through tissue culture in 2015 and 2016 seasons. 

 

Cultivars and 
somaclonal variants 

Bunch weight (kg. /plant) 
Mother plant (2015) First Ratoon ( 2016) 

Williams 32.3b 34.6b 
Ziv 34.6 a 37.3a 
Grand Nain 29.6c 32.3c 
Black pseudostem 19.3f 21.6f 
Pale green pseudostem 13.3h 15.6h 
Reddish pseudostem 8.6 j 11.0j 
Giant type 12.6hi 15.3hi 
Masada plant 26.0d 28.6d 
Long bunch stalk 7.3jk 9.6k 
Dwarf type 18.0fg 20.5fg 
Semi dwarf type 24.0e 26.5de 
Deformed lamina 13.0hi 15.6h 
Deviated midrib type 19.0 fg 21.6f 

      Means followed by the same letter(s) within a separate column are not significantly different at (P≤0.05). 

 
Number of hands per bunch  

The results in Table (8) indicated that the number of hands per bunch were 
significantly affected by different banana cultivars (Williams, Ziv and Grand Nain) 
and somaclonal variations in banana propagated through tissue culture in the two 
seasons (mother plant and first Ratoon plant). In the three banana cultivars 
(Williams, Ziv and Grand Nain), it was found that there were significant differences 
among the three cultivars as Ziv cultivar had the highest value and Grand Nain had 
the lowest one, except between Williams and Grand Nain cultivars in the second 
season. In somaclonal variations which produced from Grand Nain cultivar, it was 
cleared that, there were significant decrease in the number of hands bunch of 
somaclonal variations compared to Grand Nain cultivar except to Dwarf type and 
Semi dwarf type in the second season. The highest value in somaclonal variations 
was found in Semi dwarf type in the first season and Dwarf type in the second 
season. In the meantime, the lowest value was obtained from Long bunch stalk in 
the two seasons. Varietal differences in banana number of hands bunch were 
reported by Abdellatif et al. (2012) and results are not consistent with my results. 
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Table (8). Number of hands per bunch for banana cultivars and somaclonal 
variants propagated through tissue culture in 2015 and 2016 
seasons. 

 

Cultivars and 
somaclonal variants 

Number of hands per bunch 
Mother plant (2015) First Ratoon ( 2016) 

Williams 12.6b 13.0b 
Ziv 13.3a 16.6a 
Grand Nain 11.3c 12.6bc 
Black pseudostem 9.3 f 10.6ef 
Pale green pseudostem 8.0h 8.6i 
Reddish pseudostem 4.6 j 7.0jk 
Giant type 5.3 i 7.6j 
Masada plant 10.0e 11.0e 
Long bunch stalk 4.3 jk 5.3l 
Dwarf type 9.3f 12.6bc 
Semi dwarf type 10.6d 12.0bcd 
Deformed lamina 9.3f 10.0fg 
Deviated midrib type 9.0fg 9.6gh 

     Means followed by the same letter(s) within a separate column are not significantly different at (P≤ 0.05).
 

  
 Number of bunch fingers  
The results in Table (9) indicated that the number of bunch fingers was significantly 
affected by different banana cultivars (Williams, Ziv and Grand Nain) and 
somaclonal variants in banana propagated through tissue culture in both seasons 
(mother plant and the first Raton plant). Ziv cultivars significantly had the largest 
significant value followed by Williams then Grand Nain cultivars and the differences 
among them were, significantly, in both experimental seasons. In somaclonal 
variants, it was found a significant decrease in the number of bunch fingers in 
somaclonal variants compared to the mother plant (Grand Nain cultivar), except to 
Semi dwarf type, Dwarf type and Masada plant in the second season only. Oliveria 
et al. (2000) reported in this concern. 
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Table (9). Number of bunch fingers for banana cultivars and somaclonal   
variants propagated through tissue culture in 2015 and 2016 
seasons. 

 
Cultivars and 

somaclonal variants 
Number of bunch fingers 

Mother plant (2015) First Ratoon ( 2016) 

Williams 170b 186b 
Ziv 182a 214a 
Grand Nain 160c 174cd 
Black pseudostem 144ef 156e 
Pale green pseudostem 136f 140f 
Reddish pseudostem 75 g 100h 
Giant type 90h 120g 
Masada plant 152d 166d 
Long bunch stalk 70g 81i 
Dwarf type 150de 177c 
Semi dwarf type 154d 180bc 
Deformed lamina 142f 153e 
Deviated midrib type 143f 147f 

     Means followed by the same letter(s) within a separate column are not significantly different at (P≤ 0.05). 

  
Finger weight (g) 
It is cleared from the data in Table (10) that finger weight deffered significantly in 
the three cultivars and somaclonal variations presented from Grand Nain cultivar 
(the mother plant). In the three cultivars, it was found a significant difference 
among them as Ziv cultivar had the highest significant value followed by Williams 
then Grand Nain. Significant decrease was found in all somaclonal variations 
compared to the mother plant (Grand Nain cultivar) in the two experimental 
seasons. The highest value in somaclonal variation was obtained in Giant type and 
the lowest significant value in Deviated midrib type in the two experimental 
seasons. Similar results were reported by Abdellatif et al. (2012) and results are 
consistent with my results. 
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Table (10). Finger weight for banana cultivars and somaclonal variants 
propagated through tissue culture in 2015 and 2016 seasons.  

 

Cultivars and 
somaclonal variants 

                       Finger weight(g) 
Mother plant (2015) First Ratoon ( 2016) 

Williams 140b 147b 
Ziv 145a 152a 
Grand Nain 138c 143c 
Black pseudostem 115g 119gh 
Pale green pseudostem 112h 117hi 
Reddish pseudostem 98i 104jk 
Giant type 127d 132d 
Masada plant 123e 127e 
Long bunch stalk 95j 100l 
Dwarf type 115g 121fg 
Semi dwarf type 118f 123f 
Deformed lamina 98i 105j 
Deviated midrib type 92k 97m 

      Means followed by the same letter(s) within a separate column are not significantly different at (P≤ 0.05). 

  
 Molecular characters of banana 
 Expressed Sequence Tags (EST) in banana 

Six Target Region Amplification polymorphism (EST) were used in the 
current study to detect the genetic relationship and differentiation between the 
banana cultivars and somaclonal variants: The results of primer CNPMF-05 (Figure 
1) showed a total fragment were 49 amplification products at the fragment lengths 
ranged between ١0٠ bp. to 700 bp. Thirty-six fragments were polymorphic and 
thirteen were monomorphic. The percentage of the polymorphism was 73.46%. 
While, for the primer CNPMF-14 as illustrated in Figure (2) the total fragments 
were 28 amplification products at the fragment lengths ranged between ١0٠ bp. to 
300 bp. Fifty fragments were polymorphic and Thirty were monomorphic. The 
percentage of the polymorphism was 46.42%.  The results of primer CNPMF-19 
(Figure 3) showed 56 amplification products at the fragment lengths ranged 
between 100 bp. to 500 bp. Because the Williams cultivar does not detect any 
amplification fragments, so the genetic polymorphism will be 100%. Within the 
other two cultivars and somaclonal variations, no significant genetic polymorphism 
was observed. Somaclonal variations Long bunch stalk was different in 
amplification fragment comparing with other (4 fragments).  

Figure (4) show that all the banana cultivars and somaclonal variants 
divided into two main groups by 43% genetic similarity. The first main group 
includes Williams's cultivar and the other group divided into two sub clusters, the 
first sub cluster had Ziv and Grand Nain by 76% and between cultivars 91%. While 
the other subculture includes all the somaclonal variants with 76% similarity and 
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cluster into three sub clusters by 91% from the cluster, data showed that there is 
high similarity (100%) between Deviated midrib type and semi dwarf type, Dwarf 
type and Masada plant and Giant type and Reddish pseudo stem. The data 
recommended that all the banana somaclonal variations were obtained from the 
banana cultivar Grand Nain based on (EST). First, if an EST marker is associated 
to a trait of interest, it may be possible that this could be the gene affecting the trait 
directly. Therefore, EST-derived markers can provide opportunities for gene 
discovery and enhance the role of genetic markers by assaying variation in 
transcribed and known function genes. Second, EST-derived markers are likely to 
be more highly conserved and therefore may be more transferable between 
species than anonymous sequence-derived markers. Third, ESTs that share 
homology with candidate genes can be specifically targeted for genetic mapping 
and can be useful for aligning genome linkage across distantly related species for 
comparative analysis (Holton et al., 2002). 
 

 
 
Figure (1). Amplification pattern of 13 banana cultivars and somaclonal 

variations by EST-CNPMF-5 primers.   
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Figure (2). Amplification pattern of 13 banana cultivars and somaclonal 

variations by EST-CNPMF-14 primers.   
 

 
 
Figure (3). Amplification pattern of 13 banana cultivars and somaclonal 

variations by EST-CNPMF-19 primers.   
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Figure (4). Cluster analysis of banana cultivars and somaclonal variations 

based on EST markers. 
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Sequence-Related Amplified Polymorphism (SRAP) in banana 
Nine Sequence-Related Amplified Polymorphism (SRAP) were used in the 

current study to detect the genetic relationship and differentiation between the 
banana cultivars and somaclonal variations. The results for the primer SRAP-
Me1+Em1 (Figure 5) showed in total 64 amplification fragments ranged from 100 to 
500 bp. The results of primer SRAP-Me1+Em3(Figure 6) showed the total 
fragments were 71 amplification products at the fragment lengths ranged between 
100 bp. to 1000 bp. all banana somaclonal variations showed the number of 
fragments ranged from 5 to 7, while, Williams cultivar produced no amplificon 
fragments comparing with the other two banana cultivars Ziv and Grand Nain. The 
results of primer SRAP-Me1+Em6 (Figure 7) showed the total fragments were 97 
amplification products at the fragment lengths ranged between ١0٠ bp. to 900 bp. 
All banana somaclonal variations showed the same number of fragments (8), 
while, Williams cultivar produced three amplificon fragments comparing with the 
other two banana cultivars Ziv and Grand Nain  

The results of primer SRAP-Me2+Em1(Figure 8) showed that total 
fragments were 71 amplification products at the fragment lengths ranged between 
300 bp. to 900 bp. 12 fragments were polymorphic and 69 were monomorphic. All 
banana somaclonal variations showed the same number of fragments (6) except 
Semi dwarf, deformed lamina and Deviated midrib showed five fragments. Williams 
cultivar produced two amplificon fragments comparing with the other two banana 
cultivars Ziv and Grand Nain. 

By using eight SRAP markers for defeating the genetic divine sty between 
three banana cultivars and somaclonal variations, the data in Figure (9) showed 
that all the tested samples clustered into two main clusters by 33% crud also the 
Williams cultivar recorded in separate cluster while the other banana cultivars and 
somaclonal variations recorded in the next cluster. 

The second cluster included two main groups; the first group had Deviated 
midrib type and the other one had two banana cultivars (Williams and Ziv) in 
separate group with 84% genetic similarity and the final group included all the 
banana and somaclonal variations by 90%. Within their data, we found that Blak 
pseudo stem and Dwarf type, Pale green pseudo stem, Reddish pseudo stem and 
Masada plant had 100% genetic similarity. 

There is wide flexibility in the design of SRAP primers. After testing the 
primers, we used for gene cloning, we found that most of these primers worked 
well in SRAP amplification. In the construction of an ultra-dense genetic map in B. 
napus, it was used 12 fluorescently labeled forward primers and 442 unlabeled 
primers to assemble a genetic map with 13,351 molecular markers (Sun et al., 
2007). 
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Figure (5). Amplification pattern of banana cultivars and somaclonal 

variations by SRAP-Me.1+Em1 primers.   
 

 
 
Figure (6). Amplification pattern of banana cultivars and somaclonal 

variations by SRAP-Me.1+Em3 primers.   
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Figure (7). Amplification pattern of banana cultivars and somaclonal 

variations by SRAP-Me.1+Em6 primers.   
 

 
 
Figure (8). Amplification pattern of banana cultivars and somaclonal variants 

by SRAP-Me.2+Em1 primers.   
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Figure (9). Cluster analysis of banana cultivars and somacolona variations 

based on SRAP markers  
 

CONCLUSION 
 

It can be concluded from the above-mentioned data that all somaclonal 
variants and mutations have not any commercial value. Also, molecular analysis 
based on Expressed Sequence Tags (EST), Sequence Related Amplified 
Polymorphism (SRAP), using 12 arbitrary primers and TRAP markers were more 
efficiency in detecting banana somaclonal variations. 
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ABSTRACT: Two pot experiments were carried out at the Horticulture Research Station 

(Sabhia),MAPRD,Alexandria,Egypt during two successive seasons (2014/2015 and 2015/2016) 
to study the effect of phosphorus fertilizer as calcium super phosphate (PF) and bio-fertilization 
on vegetative growth, chemical composition and essential oil% on fennel plants(Feoeniculum 
vulgare, Mill). The experimental design was split plot with three replicates. The main plots were 
conducted for the three phosphorus fertilizer (PF) levels viz. P1 (3.7g PF/pot), P2 (5.7g PF/pot) 
and P3 (7.7g PF/pot) and the subplots were occupied by the three inoculation treatments 
(uninoculation, Phosphorin, A-mycorrhizae). The main results could be summarized as follows 
(1) Application of phosphorus fertilizer level at P3 (7.7g PF/pot) gave the highest mean values of 
all studied characters, (2) Inoculation with phosphorin significantly increased vegetative growth, 
essential oil% and N, P and K% in leaves, and (3) The application of phosphorus fertilizer at P3 
(7.7g PF/pot) with phosphorin inoculation (bio-fertilizer) were the best combination to obtain the 
highest mean values of plant highest number of branches/plant, fresh and dry weights, essential 
oil% and N, P and K% for the Foeniculum vulgare tested in the study. However, all traits under 
study increased significantly due to inoculation treatments over the uninoculation one. 
Key words: fennel, phosphorus fertilizer levels, biofertilization vegetative growth, oil%, 

chemical composition. 

 

INTRODUCTION 
 

Fennel (Feoeniculum vulgare, Mill) which belongs to the family 
umbelliferae (Apiacecie) is a short lived herb, indigenous to Europe and 
cultivated in India Chino and Egypt (Whichti and Bissel, 1994). It is an aromatic 
herb whose fruits contain essential of which is used for many purposes by 
human. The oil of fennel regulates the peristaltic functions of the gastrointestinal 
trace and relieves the spasms of intestines (Fathy et al., 2002). Extemally, the 
oil relieves muscular and rheumatic pains. Also, the seeds have a traditional 
reputation as an acid to weight loss and longevity. The major constituent of 
fennel oil is Anethole (Braun and Franz, 1999). 

 
Fertilization is one of the most important factors limiting the productivity 

of plant. The intensive uses of expensive mineral fertilizers in recent years 
result in environmental pollution problems. Chemical fertilizers at extremely high 
rates for a long period decreased the potential activity of microflora and the 
stability of soil organic matter, Pokorna (1984). 

 
Biofertilization is one of the most important factors used to produce 

products free from mineral contamination. On the other hand, the intensive uses 
of chemical fertilizer cause environmental pollution problems, utilized 
biofertilizers (phosphorus solubilizing microorganisms (Bacteria and 
Mycorrhizae) could supply plants with their needs of phosphorus during their 
growth. Also, bio-fertilizer play vital role for increasing the number of 
microorganisms and accelerate certain microbial process in the rhizosphare of 
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inoculated soil which can change unavailable pormsto the available forms of 
nutrients for plants (Badawi, 2000, Kandell et al., 2001 and Massoud, 2007). 

 
Therefore, the objective of this study was to evaluation the effect of 

phosphorus fertilizer, bio-fertilization and their interaction on the fennel growth, 
yield, essential oil, and chemical composition. 

 

MATERIALS AND METHODS 
 

Two pot experiments were carried out at the Horticulture Research 
Station (Sabhia), MAPRD, Alexandria, Egypt during two successive seasons 
(2014/2015 and 2015/2016). The applied experimental design was split plot with 
three replicates. The main plots were phosphorus fertilizer (calcium 
superphosphate 20 % P2O5) (P1= 3.7g PF/pot), (P2=5.7g PF/pot) and (P3= 7.7g 
PF/pot) were allocated and they were added during soil preparation. The 
subplots included three biofertilization treatments (Uninoculation, Phosphorin 
and A-mycorrhizal) were randomly distribution.  

 
Seeds of fennel were obtained from Medicinal and Aromatic Plants 

Department Agricultural Research Center, Egypt and were sown in pots 50 cm 
diameter, and capacity of 20 kg soil on Nov 12th during the two successive 
seasons.Chemical and physical properties of the experimental soil were 
determined according to Page et al. (1982) and shown in Table (1). 

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

in 2014/2015 and 2015/2016 seasons 
 

Soil properties 2015 2016 
A- Particle size distribution (%) 
Sand% 
Silt% 
Clay% 

 
30.50 
33.50 
36.00 

 
29.50 
34.00 
36.50 

Soil texture Clay loam 

B- Chemical analysis 
pH (1:1) 
EC (1:1) dS/m 

7.40 
2.30 

7.50 
2.40 

1- Soluble cations (1:2) (cmol/kg soil) 
K+ 
Ca++ 

Mg++ 
Na+ 

1.12 
4.20 
3.20 
8.10 

1.10 
4.30 
3.25 
8.15 

2- Soluble anions (1:2) (cmol/kg soil) 
CO-

3+ HCO-
3 

CL- 
SO-

4 

 
2.90 

12.10 
0.55 

 
2.80 

11.80 
0.53 

Calcium carbonate (%) 7.80 7.75 
Total nitrogen (%) 1.20 1.00 
Available Phosphorus (mg/kg) 3.90 3.80 
Available K (mg/kg) 170.90 171.20 
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All plants were fertilized with 6g/plant, ammonium sulphate (20.6% N) 
and potassium sulphate at 12g/plant (48.6% K2O) which divided into three equal 
doses and added at the first three times of irrigation. Seeds of fennel plants 
were inoculated with phosphorin (a commercial biofertilizer conatins a high 
active bacteria (Bacillus megaterium var phosphobacterin) which converse the 
insoluble tri calcium phosphate to the soluble mono calcium phosphate that not 
dressed by either fungicides or pesticides. The inoculation was performed by 
coating seeds at the rate of 200 g/fed using staking substance (Arabic gum 5%) 
just before sowing. 

 
Seeds also inoculated with A- mycorrhizal fungi (Glomes macrocarpium) 

supplied by the biofertilizer unit. Faculty of Agriculture Saba Basha. Plant 
Production Department, Alexandria University. The inoculation was done at the 
rate of 250 spores for each seed which were mixed with the soil (Radan, 1996). 

 
The plants were harvested on 25th April during the both seasons and the 

following data were recorded: 
1- Plant height (cm) 
2- Number of branches/plant 
3- Fresh weight (g)/plant 
4- Dry weight (g)/plant 
5- Fruit weight (g)/plant 

 Determination of oil percentage 
 

The essential oil percentage in the fennel seeds was determined 
according to British Pharmacopoeia (1963).Satisfactory results were obtained 
by distilling 100 g seeds for 1.5 – 2.0 hours. 

 
Chemical analysis: 

Elemental contents included nitrogen percentage was determined 
according to Nessler's method (Chapman and Pratt, 1978). Phosphorus was 
determined by the Vanadomolybdate yellow method as given by Jackson 
(1973).Potassium was determined according to the method described by 
Jackson (1973) using Beckman Flame Photometer. 
 
Statistical Analysis:  

All the data obtained were statistically subjected to analysis of variance 
as described by Gomez and Gomez (1984) using L.S.D. at 0.05 probability level. 

 

RESULTS AND DISCUSSION 
 
A- Vegetative growth characters: 

The obtained results, given in Table (2) showed clearly that, phosphorus 
fertilizer rates exhibited significant effect on all estimated traits during both 
seasons of the study, notably, increasing phosphorus fertilizer rates resulted in 
a significant increase in plant height, number of branches/plant, fresh and dry 
weights (g). The mean values of studied vegetative growth character indicated 
that, P application at rate of P3 (7.7g PF/pot), was the best. However, the 
differences among these P levels were significant for all the previously 
mentioned characters. The promoting effect of phosphorus fertilizer levels on 
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growth parameters could be attributed to the fundamental role of phosphorus as 
a structure part of many compounds as nucleic acids, phosphorus, Co- 
enzymes NAD and NADP, ATP and other high energy compounds (Shalaby 
and Razin, 1992). Similar results were obtained by Mahgoub (1995), 
Mohammed (1999) and El- Ghawwas et al. (2002). 

 
Inoculation with biofertilizer (phosphorin) significantly increased plant 

height, number of branches/plant, fresh and dry weights and fruit weight during 
both seasons. The biofertilizer (phosphorin) treatment promoted the production 
of fennel. However, this could be attributed to more adsorption of nutrients 
amino acids, cytokinins, gibberellin and sugar derive from adding of bacteria 
phosphorin. This reflected on activity of phosphorus compounds, assimilation, 
forming more growth substances, more cell divisons and elongation in the 
meristmatic, zones and the driect or indirect role of fertilization treatments on 
metabolism and phostosynthetic process of plants. Likewise the increment of 
dry weight of Feoeniculum vulgare, can be attributed to direct effects uptake 
and transfer of nitrogen to the plant. (Badran and Safwat, 2004). These results 
are matching with those of Mahfouz and Sharaf El- Din (2007). 
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B- Essential oil percentage: 
Increasing phosphorus fertilizer levels significantly brought about such 

increases for essential oil (%) during both seasons. The means of essential oil % 
increasing due to increasing the phosphorus fertilizer level from P1 (3.7g PF/pot) 
to P3 (7.7g PF/pot) Table (3). This finding could be attributed to the decrement 
of fennel fresh weight per plant at the applied rates of these in the respect 
(Hudson, 1994). Also, the highest essential oil (%) was obtained with plant 
inoculated with phosphorin than the uninoculated treatment during both 
seasons. similar findings were reported by Abdou and Mahmoud (2003), 
Kapeer et al. (2004) and Radwan et al. (2013) on Feoeniculum vulgare, Mill. 
The interaction between phosphorus fertilizer levels and biofertilization, showed 
significant effect for essential oil (%) in the both seasons. However, the 
maximum value of essential oil % was given by application of phosphorus 
fertilizer level (P3) with inoculation by phosphorin Table (3).  

 
Table (3). Essential oil (%) as affected by phosphorus fertilizer, bio-

fertilization and their interaction during 2015 and 2016 seasons  
 

Treatments 2015 2016 
A) PF levels:   

P1 1.92c 1.76c 
P2 1.98b 1.82b 
P3 2.03a 1.88a 

L.S. D. 0.05 0.03 0.04 
B) P. biofertilization   
Uninoculation 129c 1.23c 
Phosphorein 2.44a 2.21a 
A- Mycorrhizal 2.21b 2.01b 
L.S. D. 0.05 0.04 0.05 
C) Interactions   
A × B * * 

Means  with same letters (s) within each column are not significantly differences at the 0.05 
level of probability 

 
C- Chemical composition: 

Data in Table (4) showed that application phosphorus levels at P3 (7.7g 
PF/pot) during both seasons gave the highest of N, P and K percentage than P1 
(3.7g PF/pot). The simulative effect of P supply on N, P and K content of leaves 
maybe attributed to the high amount of available phosphorus and/or the 
increase in absorbing efficiency of plant roots. Similar trend was reported by 
Shalaby and Razin (1992) and Jacoub (1999) on thymus vularis, Kandeel et al. 
(2001) and Abou El- Magd at al. (2008) on Feoeniculum vulgare. 

 
Biofertilizer increased N by A- mycroohizal and P and K by phosphorin 

inoculation treatments than uninoculation treatment during both seasons. The 
previous results are compatible with those obtained by El- Ghawwas et al. 
(2002), Badran and Safwat (2004) and Azazz et al. (2009) on Feoeniculum 
vulgare who reported that inoculation (Azotobacter + Bacillus) mixed with 
recommended NPK gave the highest N, P, K percentage. 
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The interaction between phosphorus fertilizer levels and biofertilization, 
was significant for N, P and K percentages Table (4). In conclusion the present 
study declared that, there is a n urgent need for more studies concerning the 
effect phosphorus fertilizer levels and biofertilization with their interaction, as 
well as applying macronutrients on fennel plant under different environment 
using different types of soil to reach the optimum combination to achieve the 
fennel vegetative growth and its constituents in addition to quality and quality 
volatile oil.  

 

Table (4). Chemical composition (N, P and K%) as affected by phosphorus 
fertilizer, bio-fertilization and their interaction during 2015 and 
2016 seasons 

  

Treatments 
N% P% K% 

2015 2016 2015 2016 2015 2016 
A) PF levels:       

P1 2.31b 2.10b 0.550b 0.500b 2.78c 2.52b 
P2 2.34ab 2.13ab 0.553ab 0.5036b 2.81b 2.55a 
P3 2.37a 2.15a 0.556a 0.506a 2.84a 2.56a 

L.S. D. 0.05 0.03 0.03 0.003 0.003 0.02 0.03 
B) P. biofertilization       
Uninoculation 1.29c 1.17c 0.376c 0.344c 1.37c 1.25c 
Phosphorein 2.80b 2.55b 0.659a 0.600a 3.65a 3.32a 
A- Mycorrhizal 2.92a 2.66a 0.621b 0.565b 3.39b 3.08b 
L.S. D. 0.05 0.04 0.05 0.004 0.005 0.05 0.06 
C) Interactions       
A × B * * * * * * 
Means with some letters (s) within each column are not significantly differences at the 0.05 level 
of probability 
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Summary 

Economics of Fish Production for  Fishing Boats and Nets 
Working at Lake Edku 

 
El-Sharkawy,E.M**  Belal,Z.M   * Abd EL-Hafez,S.M   * El-Tatawi,N.A** 

*Fish Economic &Statistics Department .NIOF. 
**Agricultural Sciences Economics and Agribusiness Department. 

 

ABSTRACT: Lake Edku is one of the Northern Delta Lakes (Manzala- 
Burollus - Edku – Maruit) that are. Exposed to different problems and obstacles. 
The Lake are is about 17 thouthand Feddan .it connected with the 
medeterenine sea through EL-Meadia Boughaz. fish production from the Lake 
during the period of study (2002-2014) reached a Minimum of 5900 tons in year  
2008 and 2014, and a Maximum by 10300 tons  in year 2002 with an annual 
average about 7600 tons.Four indemic Fish species are in the lake ,Manily, 
Catch composition in the Lake Varity between Tilapia(90.6%), Mugil sp. 
(2.55%),Claries sp (2.15%), and grass carb (4.4%).Three types of boats are 
working in the Lake, they are EL- samboc , the Boat and the Floka. Simple   
Random sample of 60 Boats (20boat for Each Type) were taken representing 
about 8% of total number boat working in Lake (745 boat) in 2014.Economic 
Evaluation for fishing boats were done though the season (2014/2015)in 
seasons. Analysis of operating Evaluation revered that Economic Efficiency in 
small units(boat) was higher than in unit ( somboc and Floka), this due to 
increase of operating  costs in big unites than in small unites.  
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An Analytical Study for some Economic Aspects of the Types 
of Fish Groups in Egypt 

  
           Dr. Mileek. M. M. H.   

Researcher - Agricultural Economics Research Institute- Agriculture Research Center -
Egypt 

 

ABSTRACT: The increase of fish production groups are one of the main 
ways to deal with the food gap and reduce the dependence on imports from 
world market. Although Egypt enjoys the abundance and abundance of water 
bodies, the production capacity of fish groups is not compatible with these 
bodies of water, Which led to the inability of production to meet the needs of 
domestic consumption of fish and the low self-sufficiency and increased 
dependence on fish imports, and the study was to study the current production 
status of the types of fish groups in Egypt and the extent of their contribution to 
increase the quantity and value of Fish production with exposure to study losses 
in the fresh use of fishery groups, and the study of self-sufficiency ratio. Use the 
search and regression methods for the equations of the general trend and time 
averages and percentages for research purposes. The secondary data 
published by the Ministry of Agriculture and Land Reclamation, Economic 
Affairs Sector, was used during the period 2000-2015. The results showed that 
there was a significant increase in the total number of Egyptian fish groups of 
about 57 thousand tons, The fish consumption was about 0.53 thousand 
pounds / ton, 1.2 billion pounds, and the increase in consumption of fish by 
about 69 thousand tons, and the relative stability of the self-sufficiency ratio of 
fish around the average during the research period. The study discussed the 
types of fish groups in Egypt, in Egypt there are many types of fish and Fish are 
bone , cartilage , cortical and mollusks. The results of the analysis also showed 
the development of the relative importance of the types of Egyptian fish groups, 
where it was found that the bone fish ranked first, contributing 97.4% of the total 
production of fish groups in Egypt during the average period of research, 
followed by second place fish, then in the third place fish mollusk by about 
0.72%, then cartilaginous fish by about 0.20%. The study also discussed the 
import and export of fish. The general time period equations showed an 
increase in imports and exports with an annual statistical significance of about 
13.6 and 1.45 thousand tons, with a statistically significant annual increase of 
about 6.09% and 17.8% of the annual average of imports and exports Egyptian 
fish during the research period. He then discussed the loss of fresh fish uses, 
which amounted to about 107 thousand tons for the total fish groups during the 
average period of the research. In estimating the general time equation, it was 
found that the loss in the uses of fresh fish has taken a general trend with a 
statistically significant increase of about 13.6 thousand tons. An annual increase 
of about 78.7% from the annual average of losses in fresh fish uses during the 
research period. The research recommended 1- expanding the logistics 
services such as keeping, manufacturing, cooling and transporting fish to 
reduce losses and 2- prevent fishing using unnatural methods such as 
Electricity or fishing with pesticides and narcotics. 
Key Words: Fish self-sufficiency - Losses in fresh Fish use – Fish Production 

and Consumption . 
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Summary 

Food gap of red meat in Libya 

 
Samira Osman Abdelrazek  

 Dept. of Agricultural Economics – Faculty of Agriculture (El-Baida) - Omar El-Mochtar 
University, Libya 

  

ABSTRACT: Despite the great interest in animal production in Libya, the 
current situation of livestock production can't reach the stage of self-sufficiency 
of animal products in the future, due to the continuous increase in population 
and the high level of per capita income and increase health awareness of the 
importance of food needs for the individual and family. As well as the low level 
of productivity of livestock and dairy production due to the decline in the 
productivity of fodder crops, as well as the exposure of livestock in Libya for 
many of the problems such as diseases and lack of veterinary care and the 
deterioration of pastures, which negatively affected the increase, and then 
decrease in the amount of animal production of red meat.The main aim of the 
study was to try to answer the question "how much can increase the production 
capacity of red meat and thus reduce the size of the consumer gap and achieve 
food security", which will be addressed and addressed by studying some 
economic indicators of this gap. A study of the evolution of the red meat gap 
during the period (1990-2012) in Libya showed that it was growing at a 
statistically significant annual growth rate of about 10%, while it reached about 
9% in the post-siege period. The siege period was not significant.The study 
showed that the annual average of the length of the period of the domestic 
product to cover daily consumption according to the siege period was about 
349.1 days, or 11.6 months. The annual average in the period of GDP 
adequacy to cover the local daily consumption according to the post-blockade 
numbers is about 322.3 days represents about 10.7 months, it decreases of 
about 26.8 days or about 0.9 months, compared to the period of the blockade. 
In calculating the growth function during the period (1990-2012), the length of 
the period of GDP adequacy to cover the daily consumption of red meat was a 
decreasing trend yearly statistically significant about 1%, which is not good in 
favor of the Libyan national economy, which calls on the Libyan government to 
achieve a kind of food security of red meat, which requires the import of 
quantities of red meat to cover the period of production adequacy for 
consumption, which negatively affects the balance of Libyan agricultural trade  .  

In light of the findings of the study, it recommends the following: 
- High-yielding animal breeds. 
- Increasing the supply of red meat by investing in projects directly related to the 

fattening of animal meat-producing . 
- The Libyan agricultural extension system should play a role in the growth of 

livestock through the planning and implementation of education and extension 
programs in order to increase the skills and knowledge of producers in the field 
of raising and caring for red meat animals. 
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Summary 
 

Effective Factors in Farmers’ Attitudes Towards Sugar Beet Crop 
Cultivation in El- Beheira Governorate 

 
Moustafa Sabry Saleh 

Agricultural Extension Education Department, Faculty of Agriculture, Alexandria University. 

 

ABSTRACT: This research aimed mainly to study the effective factors in 
farmers’ attitudes towards Sugar Beet Crop cultivation in El- Beheira Governorate. 
This will be achieved through identifying the researched farmers some social, 
economic, psychological and communicative variables, their perception towards 
Sugar Beet extension recommendations, their perception towards dealing with 
Sugar Beet company advantages and problems, their attitudes towards Sugar Beet 
cultivation, and the effective variables in their attitudes.Data was collected by a 
questionnaire through personal interview from a (100) farmers from (2) villages 
from (2) districts randomly chosen, Researcher used a number of statistical 
methods including percentages, means, frequencies, standard deviation, 
coefficient of variation, simple correlation and multiple regression analysis. 
 

The most important results are summarized as follows: 
The results showed that (36%) of the researched farmers have negative attitudes 
towards Sugar Beet cultivation, (43%) of the researched farmers have neutral 
attitudes towards Sugar Beet cultivation, and (21%) of them have positive attitudes 
towards Sugar Beet cultivation.The results showed that (89.2%) from the variance 
in the dependent variable can be explained by (11) independent variables, and 
explained (81%) from the variance by (6) variables. 
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Summary 

An Economic Study for Supply Response of Bean Crop in 
Egypt 

 
Mileek, M. M. H.  

Researcher - Agricultural Economics Research Institute- Agriculture Research Center -
Egypt 

 
ABSTRACT: Bean crop considers the most important crop in Egypt, which is 
one of the main strategic crop that related to food security. However, it’s 
production capacity is less than it's consumption requirements. So the study 
aims to investigate the variables that affecting Bean cultivated area in an effort 
to close the gap between local production and consumption. To achieve this 
objective, partial adjustment model of Marc Nerlove has been applied to 
estimate the acreage supply response of Bean.The search studies the current 
status of the Bean in Egypt through studying production and consumption 
during the period (1995-2015). The results indicated an decease in Bean 
cultivated area in Egypt by about 14.2 thousand feddan annually, besides an 
increase in Bean productivity by about 0.01 ton / feddan.The results showed 
decreasing in the Bean production, and annually gap estimated by 17.39, 12.31 
thousand ton  respectively. The results showed increasing the Bean 
consumption by 3.23 thousand tons during the previous period.The study used 
two approaches to estimate Bean supply response: 
 
- The first one involved all variables related to Bean, which indicate the farmer 

more      response to net return.  
- The second involved four scenarios, the results of Marc Nerlove partial 
adjustment model for Bean supply response functions indicated that the most 
effect variable for positive response to increase the cultivated area of Bean in 
Egypt were the farm prices and net return of wheat, also the most variable for a 
negative response to decease the cultivated area of Bean in Egypt was the 
relative cost between Bean and wheat.The study recommended of the 
necessity of: 1) providing information and guidance of production and process 
of Bean to help farmers for making it's decisions. 2) Providing the production 
requirements with suitable prices for increasing profit per feddan. 3) Activation 
the role of agricultural extension to raise the productivity of Bean per feddan, 
and 4)  Encourage farmers to adopt  high productivity varieties. 
Key Words: supply response of bean, profit per feddan, national consumption, 

food gap, self, sufficiency  
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�  
Y^t = - 65.25 + 1.003 Yt-1 + 40.62 DIt-1 
            (9.24)**       (0.599) 

0.84 52.22 

�  
Y^t =  82.33 + 0.899 Yt-1 + 2.29 PIt-1 
            (8.11)**       (-1.19) 

0.85 55.77 

!  
Y^t = 177.59 + 0.804 Yt-1 – 4.49 CIt-1 
          (6.64)**       (-1.99) 

0.86 64.29 

�  
Y^t = - 16.01 + 0.989 Yt-1 + 0.517 NIt-1 
            (9.24)**       (0.599) 

0.83 51.26 

"  
Y^t = 94.17 + 0.869 Yt-1 – 0.027 A2t-1  �*�'��+	
, )�    (
                          (3.86)**       (-0.50)   

0.84 51.88 

�  
Y^t = 82.37 + 0.899 Yt-1 + 2.29 PIt-1     ���*�'��+	
,�(   
                      (8.12)**       (+1.19) 

0.85 55.77 

�  
Y^t = -80.05 + 0.869 Yt-1 + 0.43 P7t-1       ���*�'��+	
,!(  
                      (10.75)**      (1.44) 

0.85 57.99 

�  
Y^t = 177.60 + 0.80 Yt-1 – 0.04 C1t-1       ���*�'��+	
,�(  
                         (6.64)**   (-1.99) 

0.86 64.29 

   
Y^t = -67.47 + 0.96 Yt-1 – 0.62 C7t-1       �+	
,����) )"(  
                      (8.35)**       (-0.33) 

0.83 51.40 

��  
Y^t = -45.82 + 1.04 Yt-1 +  0.02 N1t-1       ���*�'��+	
,�(  
                      (8.41)**       (0.83) 

0.84 53.31 

��  
Y^t = -22.32  + 0.98 Yt-1 + 0.25 N7t-1        ������)�+	
,�(  
                      (10.06)**     (0.55) 

0.84 52.04 
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LRE = SRE / (1 – B2) 
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(Yt - Yt-1) = λ (Y^t - Yt-1) 

�Yt = λ Y^t + (1 - λ) Yt-1     ………………………………….. (2) 
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