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Effect of Gamma Radiation on Genetic Improvement Against 
Salinity in Catharanthus Roseus Plants 

 
Hassan, Makka  A., M. Badr, B. Abd El- Maksoud and Ola El – Shennawy. 

Floriculture & Ornamental Horticulture and Landscape Gardening Department, Faculty 
of Agriculture, Alexandria University, 

 
ABSTRACT: The  experiments  were  carried out during the years of  2013, 2014  and  

2015  in the Flowers   and   Ornamental   Plants   Research   Gardens   of   the   Faculty  of  
Agriculture,  Alexandria   University,  Egypt. The objective of this research was to study the 
effect of  treating the seeds of  Catharanthus  roseus with different  gamma rays doses, i.e.0, 5, 
10, 15 and 20 kr and  irrigation with  saline water (0,100 and 150 mM) on the morphological 
characteristics, proline content, alkaloids (vindolen and catharnthine) content and total 
carbohydrates content in  the leaves, variations, mutations and peroxidase  isozyme. Data on 
the effect of gamma radiation, salinity treatments and the  interaction  between  them revealed 
the followings results. 
1- Some variations in the morphological characteristics, such as habit of growth , leaf size,  
      form and colour, stem colour and flower structure  and colour. 
2- Highly significant increases in the proline content. 
3a- Significant increases in the leaf vindolen content. 
3b- Significant increases in the leaf catharnthine content. 
4- No clear effect on the total carbohydrate content. 
5- Twelve mutated plants with variation in branching, flowering and salt tolerance. 

Key words: Gamma, radiation, genetic, salinity, ornamental, plants.  

 
INTRODUCTION 

Catharanthus roseus (L.) G. Don. (Madagascar periwinkle)  is a tropical 
and subtropical ornamental plant  and  one of the most important medicinal 
plants (also known as anticancerous drug yield  in plant)  and also  an 
ornamental bedding plant belonging to the family Apocyanaceae (Jaleel et 
al.,2008). 

 
Catharanthus roseus contains a virtual cornucopia of useful alkaloids, 

used in diabetes, blood pressure, asthma, constipation, and cancer and 
menetrual problems. There are about two common cultivars of C. roseus which 
is named on the basis of their flower colour that is the pink flowered “Rosea” 
and the white flowers “Alba”. Catharanthus roseus is found to be a species of 
Catharanthus native and also endemic to Madagascar. The synonyms of the 
plant name include Vinca rosea, Ammocallis  rosea and Lochnera  rosea, other 
English names occasionally used for the plant include Cape  periwinkle, rose 
periwinkle, rosy periwinkle and “old maid”.  

 
Catharanthus roseus is an evergreen subherb or herbaceous plant 

growing to 1 m. tall. The leaves are oval to oblong, 2.5- 9.0 cm long and 1- 3.5 
cm broad, glossy green hairless with a pale midrib and a short petiole about 1- 
1.8 cm long arranged in opposite pairs. The flowers are white to dark pink with a 
dark red center; with a basal tube about 2.5- 3 cm long and a corolla about 2-5 
cm diameter with five petal like lobes. The fruit is a pair of follicles about 2-4 cm  
long and 3 mm broad. 
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Catharanthus  roseusposses carbohydrates, flavinoids, saponins and 
alkaloids. Alkaloids are the most potentially active chemical constituents of 
Catharanthus  roseus. More than 400 alkaloids are present in the plant, which 
are used as pharmaceuticals, agrochemicals, flavor and fragrance ingredients, 
food additives and pesticides. The alkaloids like actineoplastidemeric, 
Vinblastin, Vincrestine, Vindesine, Vindeline Tabersonine etc. are mainly 
present in aerial parts whereas ajmalicine, vinceine, vineamine, raubasin, 
reserpine, catharanthine  etc are present in roots and basal stem. Rosindin is 
an anthocyanin pigment found in the flower of C. roseus (Sain and Sharma, 
2013).  
 
Aim of the work: 
1. Studying the effect of different doses of gamma radiation from cobalt 60  and 

salt water treatments on  the vegetative and flowering growth of  
Catharanthus roseus , as well as on the possibility of   inducing  mutations , 
which  can resist high salinity or  have wider  landscape  value . 

2. Selecting a new strain of Catharanthus roseus, with high alkaloid productivity. 
3. Using of isozymes techniques (peroxidase enzymes) to find out the genetic 

relationship among the original mother plant and the mutated plants. 
 

MATERIALS AND METHODS 
 
The experiments were carried out in the Flowers and Ornamental Plants 

Research Gardens, Department of the Floriculture and Ornamental Horticulture 
and Landscape Gardening, Faculty of Agriculture, Alexandria University during 
2013 – 2015. 
 
Materials 
Plant materials 

Local cultivar of Madagascar periwinkle or rosy periwinkle (Catharanthus  
roseus (L.) G.Don was used in this study, with purple flowers and cross-
pollination.  Seeds were obtained from the Flowers and Ornamental Plants 
Research Gardens of the Faculty of Agriculture, University of Alexandria. 
 
Gamma radiation source 

Gamma - rays doses applied in this study were generated from the 
Cobalt 60 Source, in Gamma – Cell installed in the Irradiation Laboratory at 
Middle East Regional Radio-Isotope Center for Arab Countries, El-Dokky, and 
Cairo, Egypt.  

 
Methods 
a. Experimental design 

The effects of the two factors ( irradiation and salinity ) on the M1 - plants 
were tested in  field. The layout of  the experiment was designed as factorial 
layout in Randomized Complete Block Design (RCBD) (Gomez and Gomez, 
1984) which contained 5 radiation treatments , i.e. control (0) , 5, 10, 15 and 20 
kr.from  gamma rays   and 3 salinity levels of the irrigation water (0,100 and 150 
mM NaCl).  One hundred and fifty seeds of Catharanthus  roseus were used for 
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every  treatment from Gamma rays, One hundred and fifty seeds for every  
salinity treatment within each gamma rays treatment. 
 
b. Preparing of seeds 

Lot of well developed pure seeds  from healthy and abundantly fruitful 
plants of  Madagascar periwinkle or rosy periwinkle (Catharanthus  roseus L.) 
Local cultivar were collected. The total amount of seeds prepared for gamma 
ray treatments  was divided into five equal portions; the first portion for control, 
while the  other four portions of seeds were, paged equally in four paper bags 
before exposure to radiation. 
 
c. Gamma radiation practices 

On the 18 th and 26 th of March 2013 and 2014 in the first and second 
seasons; respectively, the dry seeds of Catharanthus  roseus L.were exposed 
to four different doses of gamma rays as 5, 10, 15 and 20 kr from Co-60.  
 
d. Soil analyses 

Physical and chemical analyses of the used soil were carried out 
according to the standard methods outlined by Page et al. (1982) and are listed 
in Table (1). 

 
Table (1). Some Physical and chemical characteristics of the used soil 

during 2013 and 2014. 

 
The experimental treatments consisted of two salinity levels of the 

irrigation water (100 and 150 mM NaCl) in addition to control (0.0 mM), salinity 
levels were obtained by addition of appropriate amount of dry NaCl to water. 
The salinity levels were equivalent to an electrical conductivity of 0.46, 10.9 and 
15.9 dSm-1, respectively using a portable EC meter instrument. To avoid an 
osmotic shock for seedling emergence; the salinized water was used after 45 
days of sowing (Gorham and Wyn Jones, 1993). 
 

To prepare the stock  solution, a commercial sea salt (sodium chloride) 
without  purification (contents: NaCl  98.5% , Humidity 0.3% and  KIO3 30-70 
ppm) produced by  Egyptian salt and mineral company (EMISAL) was dissolved 
in tap water (0.46 dS/m) at (5.85 g salt per liter =100 mM and 8.775 g salt per 

Parameters 
Value 

Chemical properties 

Physical properties Soluble cations (1:2) (cmol/kg soil) 
Soil texture Sandy loam Na+ 20.70 

Sand % 75 K+ 0.50 
Silt  % 8 Ca++ 7.40 

Clay % 17 
Mg++ 10.80 

Available K+ 8.76 
Chemical properties  Soluble anions (1:2)  (cmol/kg soil) 

pH ( 1 : 1) 7.82 CO3
-- - 

E.C. (dS/m) 3.45 
HCO3

-- 3.60 
Cl- 21.00 

SO4-- 14.80 
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liter =150 mM).One month later, complete fertilizer 19-19-19 was top dressed at 
the rate of 1/2 g /l and this addition was repeated every two weeks. 
The plants were irrigated 3 times weekly in summer with 320 ml  per pot until 
the end of the experiment.  
 
Cultural aspects  
a. M1 - Generation 

Gamma- rays treated and non - treated  seeds were sown  on March 20,  
2013  in  the first season and on March 27,2014 in  the second one. The seeds 
of each treatment were sown in three trays (150 seeds) filled with a mixture of 
equal parts of sand  and clay(1/1).The trays were placed in partial shade 
according to the factorial experimental  layout  of the Randomized Complete 
Block Design and watered daily. On May 3 , 2013 and April  22, 2014 in both 
seasons , the trays were gradually transferred from shade to open place (sunny 
place)  for one week on May 10, 2013 and  April 29, 2014 in the first and 
second seasons, respectively. Two seedlings were transplanted into 30 cm 
diameter plastic pot containing   sandy loam soil and reached a height of about 
ten cm. The pots were arranged in the three replicates according to the 
Randomized Complete Block Design with different numbers of pots in each 
treatment according to the number of the survived seedlings.   
 
b. M2 - Generation 

For growing the M2- generation in both seasons ,  seeds were  collected 
from  each  treatment on  March 20, 2014 and March 23, 2015 in the first and 
second seasons, respectively, and sown in three trays( 100 seeds for each 
treatment). The trays contained a soil mixture of   1 sand: 1 clay by volume. The 
trays were placed in partial shade according to the factorial experimental layout 
of Randomized Completely Block Design with 3 replicates (Gomez and Gomez, 
1984).The trays were watered daily.  On April 24 , 2014 and April 28, 2015 in 
the first and second seasons ; respectively , the trays were gradually transferred 
from shade to sunny place along one week . On April 24, 2014 and April 8, 
2015 during the first and second seasons; respectively, every two M2- seedlings 
were transplanted into a plastic pot of 30 cm diameter, containing   sandy loam 
soil and reached a height of about ten cm.  The pots were arranged according 
to the experimental design mentioned before.  

 
Experimental Data 

The following parameters were recorded in both M1 - and M2-generations 
of the two successive experimental seasons. 

 
1. Morphological characteristics, such as habit of growth, leaf size, form and 

colour, stem colour and flower structure and colour. 
2. Leaf proline content (according to Bates et al. 1973). 
3. Leaf  alkaloids,  vindolen and  catharanthine contents  ( after Luo et al., 2005) 
4. Leaf  total carbohydrates content 
     Total leaf carbohydrates content was determined colorimetricaly as reported 

by Loomis and Shull (1937) and Dubios et al.,(l956). 
5. Variations and Mutations. 
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 All plants of the different treatments in both M1 and M2 experiments were 
examined daily to search for the variation. Changes  in the vegetative or 
flowering growth were recorded. These changes included : 
a) Habit of growth. 
b) Leaf colour and form. 
c) Flower colour and form.  
 
6 .Peroxidase isozyme electrophoresis  

The gamma rays and salinity treatments caused variation in the flowers 
form and tolerance   to salinity compared with the control. Leaves were used for 
the isozymes techniques from the control and the mutated twelve plants. The 
peroxidase isozymes patterns were examined after the method described by 
Sabrah and El- Metainy (1985).  
 

RESULTS AND DISCUSSION 
 
1. Effect of gamma radiation and salinity on the morphological 

characteristics 
Some  variations in seed germination percentage ,plant height, internode 

length, stem diameter , number of branches, number of leaves, leaf area, 
specific leaf weight, total leaf chlorophyll content  (a,b and a+b), total carotene, 
fresh and dry weights of the plants, flowering date ,number of flowers per plant, 
flowering  period, flower length and diameter, pollen viability, survival, fresh and 
dry weights of the roots, were recorded as a result of different  treatments  

 
2. Effect of the gamma  radiation  and salinity on  the  leaf proline content 

The analysis of variance  showed that the effects of the gamma radiation, 
salinity   treatments  and  interaction  between them  were  highly  significant  on 
the leaf  proline content  in the M1 and M2 -generations of  the second season. 

Data on the effect of gamma radiation  and salinity treatments on  the 
leaf proline content   of the M1 and M2 - generations of  the second season are 
listed in Table  2. 

 
In the M1 -generation there were highly significant differences among 

gamma rays treatments. The highest average was at the 20 kr treatment 
(0.4052 g/100g) and the lowest one was at 0 kr (0.2296 g/100g).By the salinity 
treatments, there were also highly significant differences. The highest average 
was at the 150 mM (0.4497 g/100g) and the lowest one was at 100 mM (0.2376 
g/100g). The interaction was   also highly significant. The 20 kr with 100 mM 
had the highest proline content (0.7690 g/100g). The lowest one was at the 
treatment of 20 kr with 0 mM (0.0006 g/100g) (Table 2). 

 
In the M2 – generation, there were highly significant difference among the 

gamma rays treatments. The highest average by  the  gamma rays  was at the 
20 kr treatment (0.9993 g/100g)  and  the lowest average was  at 5 kr (0.3579 
g/100g).The salinity treatments  caused  highly significant differences. The 
highest average was at the 150 mM (1.0788 g/100g) and the lowest average 
was at 0 mM (control) treatment (0.3789 g/100g). The interaction was also 
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highly significant. The 20 kr with 150 mM treatment had the highest proline 
content(1.4700 g/100g). The lowest average was at the treatment of 5 kr with 
100 mM (0.1818 g/100g). 

 
The results of gamma rays were similar to those reported by Desai and 

Rao (2014) on  Cajanus cajan . The results of the salinity treatments were 
similar to those reported by Zidan and Alzahrani (1994) on Ocimum basilicum L. 
and Heidari  and Sarani (2012)  on  Matricaria chamomilla. 
 

Generally, the treatments  of  gamma rays  and salinity caused some 
increases in proline content in the M1 and M2 generation,  which is harmony with 
the results of  Nikam et al.(2015) on Saccharum officinarum L. which  can be 
used for the production of mutants  which have  the ability for environmental 
stress tolerance, Desai  and  Rao(2014). 
 

The  results of this work revealed that  the dose  of 20 kr significantly   
increased the amount of leaf proline  in the irradiated plants  comparing  with  
the control in  the  M1- and M2 – generations  of the second seasaon. Higher  
level  of proline content   in leaves may  be due to irradition  at  20 kr stimulated  
the experession of genes encoding  enzymes of proline synthesis  such  as  
pyrroline -5- carboxylate.  Also, irradiation decreased enzymes of proline    
oxidative such as proline dehydrogenase. This explanation is similar to the 
opinion mentioned by Amini and Ehasapour (2005). 

 
The  results of the  M2  -generation during   the second  season  declared 

that the  doses  of 5,10 and 15 kr significantly reduced  the amount of leaf  
proline  in  irradiated  plants  as compared to  the  control.This  reduction in leaf  
proline  content could be  attributed to the  inhibition  effect  of gamma-rays  
doses    mentioned  before on  the  expression  of genes encoding enzymes of 
proline synthesis  and /or  enhancing the activity of enzymes of  proline   
oxidative. This declaration is nearly   similar to that reported by Amini and 
Ehasapour (2005). 
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It is  clear that the  salinity  treatments of  100 and 150mM significantly   
increased  the  amount of  leaf proline  as compared  with  the control. It  has  
been  established that the plants accumulate   a variety   of  osmoregulator   
soluts  including proline as an  adaptive mechanism  to environmental stress 
and salinity (Aspinall  and Paley,1981). The use of  proline as  osmoregulator  
to  overcame the  bad effects of salinity, which  is  similar  to the  effect of 
seawater on plant growth has been  reported  by  Lin and Kao(1996). Increase 
in proline content with  increasing  stress   is one of the defense mechanisms   
which  is  used  by stressed   plants to  reduce cell osmotic  potential which  
resulted  in increasing  cell water  uptake  with concomitant increases  in  cell  
turgidity and  activity (Khalil and El- Noemani,2012). Stressed plants diminish 
osmotic potential by accumulating free amino acids,ions,proline,soluble protein 
and  carbohydtaye (Salama et al.,1994). These osmolytesmight increase the 
osmotic pressure of cytoplasm and enhance water flow into the different plant 
organs and tissues. 
 

3. Effect of radiation   and salinity on  the leaf alkaloids 
3a.Effect of gamma   radiation  and salinity on  the leaf vindolen content 

The analysis of variance showed that the effect of the gamma radiation 
alone and the interaction between gamma radiation and salinity were not 
significant, but the effect of salinity treatments on the leaf vindolen content was 
significant in the M1-generation. 

 
Data on the effects of gamma radiation and salinity treatments on the   

leaf vindolen content of the M1 and M2 –generations in second season are listed 
in Table 3a. 

 
In the M2-generation, the effects of the gamma radiation and that of 

theinteraction between gamma radiation and salinity    were highly significant 
but   the effect of the salinity treatments was only significant. 

 
Table 3a presents the mean values of the leaf vindolen content of the 

different treatments. In the M1-generation, there were no significant differences 
between gamma rays treatments. The highest average between the  gamma 
rays  was at the 20 kr treatment (1.37 mg/g) and  the lowest one was  at 0 kr 
(control) (1.27 mg/g).The effect of the  salinity treatments was significant. The 
highest average between the   treatments salinity was   at the control treatment 
(1.66 mg/g) and the lowest one was at 100 mM (0.97 mg/g). The 20kr with 0 
mM treatment had the highest leaf vindolen content (2.12 mg/g). The lowest 
averages were at the treatment of 20 kr with 100 mM (0.86 mg/g). 

 
In the M2- generation, there were highly significant differences among the 

gamma rays treatments. The highest average was at the 20 kr treatment (3.35 
mg/g) and the lowest one was at 10 kr (2.29 mg/g).The effects of the salinity 
treatments were significant. The highest average was at the 150 mM (2.94 
mg/g) and the lowest one was at 0 mM (control) treatment (2.41 mg/g). The 20 
kr with 150 mM treatment had the highest leaf vindolen content (4.20 mg/g). 



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

 

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ   432                                                                                   
Vol. 22 (3), 2017         

  

 

The lowest average was at the treatment of 15 kr with 0 mM (1.65 mg/g) (Table 
3a). 

 
The results of gamma rays were similar to those reported by Abdel-Hady 

et al.(2008)  on Atropa belladonna and Shaimaa et al.(2013)on  Brassica rapa 
at gamma rays.  

 
Generally, the treatments of salinity caused some increases in leaf 

vindolen content in the M2- generation,  which in harmony with the results of  Ali 
(1991) on Daturaand Heidari  and Sarani (2012) on  Matricaria  chamomilla. 
Also  the effect of gamma -rays and salinity on the  vindolen   was  similar to  
the result  reported by Shaimaa et al.(2013)on Brassica rapa.  
 

Accumulation of alkaloids was considered as an adaptation to the 
imposed salinity stress because they have an osmoregulatory role (Elhaak and 
Wegmann, 1997). 
 

William et al (1998) reported thatthe increase in the alkaloids content as 
the influence of NaCl is a combination of an osmotic effect and a specific ion 
effect. He added that the increase of alkaloids in response to salinity may be 
due to its role in the plant protection against the salt stress effects. 
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3b.Effect of the gamma radiation and salinity on the leaf catharanthine 
content 

 
The analysis of variance   showed that the effects of the gamma 

radiation, salinity treatments and the interaction between them   on the leaf 
catharnthine content were highly significant in the M1-generation in the second 
season. 

 
Data on the effect of gamma radiation and salinity treatments on the leaf 

catharnthine content of the M1 and M2-generations   of the second season are 
listed in Table (3b). 

 
In the M2-generations ,the effect of the gamma radiation was not  

significant,but that of the  salinity  treatment was significant,  while  the   
interaction  between  them was highly  significant. 

 
Table 4   presents the mean values of the leaf catharnthine content   of 

the different treatments. In the M1-generation, there were highly significant 
differences among the gamma rays treatments. The highest average was at the 
10kr treatment (0.413 mg/g) and the lowest one was at 15 kr (0.104 mg/g).The 
effects of the salinity treatments were highly significant. The highest average 
was  at the control treatment (0.372 mg/g) and  the lowest one was  at 100 mM 
(0.079 mg/g). The 10 kr with 150 mM had the highest leaf catharnthine content 
(0.890 mg/g). The lowest average was at the treatment of 20 kr with 100 mM 
(0.002 mg/g).  

 
In the M2- generation, there were no significant differences among the 

gamma rays treatments. The highest average between the gamma rays was at 
the 15 kr treatment (0.186 mg/g) and the lowest one was at 10 kr (0.116 
mg/g).The effects of the salinity treatments were significant. The highest 
average was at the 100 mM (0.177 mg/g) and the lowest one was at 0 mM 
(control) treatment (0.128 mg/g). The 0 kr with 100 mM treatment had the 
highest leaf catharnthine content (0.316 mg/g), while the lowest averages  was 
at the treatment  of  10 kr with 150 mM (0.080 mg/g). 

 
The results of this work indicated that the gamma doses of 5 and 10kr 

significantly increased the leaf catharnathine content compared with the control 
during the M1-generation of the second season. It was also noticed that the 
dose of 20kr significantly increased the leaf vindolen content as compared   with 
the control during the M2-generation of the second season. This means that 
radiation supported accumulation of alkaloids in the irradiated plants. The 
respone of plants against radiation  induced reproductive and metabolic 
disorder may  be  due to  the accumulation of several bioactive constituents like  
alkaloids (Padhya,1986),which may act through different  mechanisms such as 
inhibition  of lipid peroxidation (Goel et al. 2004). 
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Alkaloids are end products for the reaction of toxic components in plants 
and they are harmless for plants (Hossien, 1987). The radiation may stimulate 
thesereaction which resulted in accumulation of alkaloids in the irradiated 
plants. 

 
Regarding the salinity treatments, it was noticed that the treatment of 

10mM in the M2-generation   of the second season significantly reduced the 
amounts of leaf catharnathine and vindolen compared with the control. It  is  
known that under stress  condiation  plants generally  shift a major  protion  of 
their metabolic  activies towards secondary  metabolite synthesis, so an 
increase  in alkaloid contents was  expected (Ali,1991;Moons et al. 1997;Wu et 
al.,2004;Pandey et al., 2007 and Shaimaa et al. ,2013).  
 

But  in the case of the treatment of 100mM during  the M1-generation  the 
decrease in alkaloids was  recorded and it was unexpected.During  the M2-
generation   of the  second season,it was  clear  that the treatment of 10mM 
significantly  increased the amount of the catharnathine and both treatments of 
100 and  150mM significantly increased the amount  of leaf vindolen  as 
compared with the control. It  has been mentioned before  that under stress 
condition as salinity stress  plants generally  shift a mojor  protion of their 
metabolic activeties  towards  secondary metabolite  synthesis, as alkaloids 
(Ali,1991;Moons  et al., 1997;Wu et al.,2004;Pandey et al., 2007 and Shaimaa 
et al. ,2013). A biotic stresses as salinity stress may result in an increase in the 
level of endogenous methyl jasmonate, which can stimulate the activity of 
enzymes involved in the biosynthesis of alkaloids leading to enhanced alkaloids 
accumulation (Moons   et al., 1997). 
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4. Effect of the gamma radiation and salinity on the total carbohydrate 
content  

The analysis of variance showed  that the effects of the gamma radiation, 
salinity and  the interaction  between them  on the total carbohydrate   content 
was not significant in the M1-generation in  the second season. In the M2, the 
effects of the gamma radiation and salinity were significant but the interaction 
between them was not significant. Table 4 presents the mean values of the total 
carbohydrate   content of the different treatments in M1-and M2 of the second 
season. In the M1-generation, there were no significant differences among the 
gamma rays treatments. The highest average was at the 0 kr (control) treatment 
(5.39 %) and the lowest one was at 20 kr (4.68 %).The effects of the salinity 
treatments were also not significant. The highest average between the  salinity  
was  at 150 mM (5.38 %) and  the lowest one was  at 0 mM (control) treatment  
(4.90 %) and  the interaction  between radiation  and  salinity  was  not 
significant. The 10 kr with 150 mM had the highest total carbohydrate content 
(6.72 %) and the lowest average was at the treatment of 10 kr with 0 mM (4.04 
%) .In the M2- generation, there was significant difference among the gamma 
rays treatments. The highest average was at the 15 kr treatment (8.96 %) and 
the lowest one was at 5 kr (6.50 %).The effects of the salinity treatments were 
significant. The highest average was at the 100 mM (8.50 %) and the lowest 
one was at 0 mM (control) treatment (7.10 %). The 15kr with 100 mM and 15 kr 
with 150 mM treatment   had the highest total carbohydrate content( 9.50 %). 
The lowest average  was  at the treatment  of  5 kr with  0 mM (4.70 %).These 
results were similar to those reported by Rashad (1995) on Tagest erecta,  El-
Sharnouby et al. (1997) on  Hibiscus sabdariffia and Farid et al. (1999)  on  the 
sweet marjoram. The results of the other workers are not in harmony Kandeel et 
al. (1991) reported on Ocmium basilicum that the high gamma dose of  12000 r 
caused a slight decrease in comparison with the control.These results were 
similar to those reported by Zidan and Alzahrani (1994) on Ocmium basilicum. 

 
The obtained results of salinity   treatments during the M2-generation    of 

the  second season indicated that the  treatments of 100 and 150mM increased 
the amount of carbohydrate contents and  the increase was  significant at the 
treatment of 100mM compared  with the control. Many plants, which are 
stressed ,by Na Cl  salinity, accumulated starch and  soluble carbohydrates 
(Greenway and Munns,1980 and Rathert,1984). This   accumulation has  been 
attributed to impaired  carbohydrate utilization (Munns and Termaat,1986). 
Dhanapackiam and Ityas (2010) reported that the soluble and total 
carbohydrates content in leaves were higher in salt stress plants compared with 
the control. This is strong evidence that photosynthesis is the main source of 
accumulating carbohydrates under water stress.  The accumulation  of organic  
solutes(soluble and  insoluble carbohydrates) might play  an important role in 
increasing  the  internal osmotic pressure ( Zidan  and Alzahrani,(1994). This 
has been widely regarded as response to salinity stress condition. Munns 
(1993) reported that the concentration of sugars and reserve polysaccharides 
always rise after plants are exposed to salinity in both growing and fully 
expanded tissues. This is consistent with  a blockage in utilization of  sugars in 
the growing tissues and a subsequent build-up in the rest of the plant.
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5. Effect of gamma rays and salinity on the induction of variations 
(Aberrations)(Mutations) 
5.1.Growth habit changes 

Some treatments caused changes in the habit of growth is some plants 
resulting in fascinated, dwarfed, creeping and conical forms. Changes in growth 
habit may be due to the effect  radiation on genetic factors controlling the  
normal growth habit  of the plant.The dwarfed growth  can be  attributed to  the 
effect  of radiation on  the apical bud which inhibited its growth.It is a fact that 
most genetical  changes in  plants  result in from  chromosome  aberrations  
rather  than single  gene change (Broertjes et al.,1976). 

 
The dwarfed plant lost its ability to grow and was associated with 

inhibition of flowering. The observed effects in this dwarf plant could be 
separated as primary and secondary effects. The secondary effects are totally 
depending upon the primary effects (Donnini   et al.,1984). 
The dwarfed growth in the M1-generation may be due to physiological  damage  
resulted in  the alteration   from  normal  to  dwarf growth (Abd El-Maksoud  and 
El- Mahrouk , 1993 ). 
 

The fascinated growth  occurred when a bud had been  injured or splitted  
by  radiation,which  resulted  in  many  breaks (instead  of one break) to come 
from the  apical  point. This result is in agreement with that reported by Badr 
and Etman (1976) and Abdel-Maksoud  (1980). 
 
5.2. Leaf changes (shape and colour) 

All treatments caused a wdie range of leaf deformities during the M1-
generation of the two seasons. Leaf abnormalities included dwarfing, 
prolonging, slanting, diminishing. Some leaves were linear, Lanceolate, oblong, 
elliptic, obovate and spatulate.Other leaves had oblique bases. Some leaves 
had obtuse, marginate and cuspidate tips. There were changed margins 
included dentate,undulate, sinuate, incised,lobed and deeply lobed margins. 
Some plants had curly leaves. Some leaves had the bell- shape. There were 
some leaves with two midribs. It was noticed in some leaves that the midrib 
divided the lamina into unequal parts. 
 

The leaf abnormalities were found in the control plants,as well as in the 
other treatments. In general the frequency of the leaf form changes in the 
control was leass than that of any other treatment. Selfing was carried out in the 
plants which had the leaf form changes and the seeds of each plant were sown. 
The inheritance  of these changes were obvious in the M2- generation and there 
was a wide range of variation between the M2- plants.  

  
In this experiment,variation in leaf size and  shape suggested  that more 

than one effect may be responsible for  the modified leaf  patterns. One  
possible  explanation  would  be the alteration  in the  ontogeny  of leaf tissues 
through the selective destruction of 1 or more cell layer in the shoot  
meristem(Skirvin and Janick,1977 and Abdel-Maksoud,1980).Second 
explanation  can be given  through  genetic changes or chromosomal 
disturbances, as a result of  primary effect of radiation, which  may occurred 



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

 

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ   440                                                                                   
Vol. 22 (3), 2017         

  

 

and  caused a decrease in the leaf size   in irradiated  plants (Kaicher and 
Swarup,1972 and Evans,1984). Third  possibility  is  that  the cell number per  
unit area  and the tength of cells may be altered in the   leaf  area of  irradiated  
plants  as a result of the primary  effect of  radiation. From the   number of cells 
per unit  leaf area and the cell length it could be concluded that  broader leaves  
had a decreased  number of cells  and /or length of  cells. 

 
Some leaf changes, especially those  with distorted  patterns of 

development,may be  resulted  in  as  induced  polyplody which  was also 
reported  by love(1966). Also, these changes could be referred  to the layer  
rearrangements  as a result of irradiation effect (Kaicher and Swarup,1978 and  
Abdel-Maksoud,1980 and 1988). These results were in agreement with those 
reported by Sorour (2011) on  Farfugium  japonicum  and Minisi et al.(2013) on   
Moluccella  laevis at the effect of gamma  and Khayamim et al. (2014) on sugar 
beet at the effect of  salinity. 

 
The leaf variegation which appeared in the M2-generation could be 

attributed   to one  of the  following  reasons: 
1) The epidermal layer lacked chlorophyll  and the internal tissues also  showed  

lack of chlorophyll - because epidermal cells  have  displaced  inner  cells  in 
particular  regions , the  result was  creamy green colour.This explanation  is 
supported by  those mentioned by Watts(1980),Irvine(1984) and Abdel-
Maksoud  (1988),who have  stated  that when  the plant is  irradiated,the cell 
layer LI   is easily  destroyed and  this  urges the epidermis or  the tissue 
beneath it to  substitute the cell layer L II  and  then the variegation type 
appears. 
 

2) The variegation  may be  caused by gene  and / or  plastid  changes as a  
results  of the irradiation (Borner et al.,1976; Walbot and Thompson,1982 
and Preil,1985). 

 
Regarding the M2-generation dwarfed albino plant,  it could be concluded 

that this  plant  suffered from chlorophyll deficiency which might be due to 
chromosomal   breaks induced by the mutagen (Abd El-Maksoud  and El- 
Mahrouk, 1992). 
 
5.3. Stem   colour  changes  

During the M1- generation   of the first season, one changed plant was 
found at the combined treatment of 5kr+100mM   NaCl.  The phenotypic change 
was restricted in the stem and branches colour. The base of the stem was 
green, while the rest of the stem had a light purple colour, also,all branches of 
the plant had a light purple colour.The  exact mechanism of  the induction of the 
light purple and  green colours cannot be explained with certainly. Both  gene 
and  chromosomal structural  change has been responsible for  the  induction of 
this  light purple  on the stem of irradiated Catharanthus   roseus  (L) G. Don  
plant(Sparrow,1961 and  Gupta and Shukla,1971). 
 

It is suggested   that  the appearance of light purple may be due to one or 
more of the following  suggestions: 
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1. During the biosenthesis of purple pigments, radiation may decrease the 
methylation of one or more   hydroxyl groups by affecting the gene controlling 
this  process,which consequently decreased the purple colour(Wagner,1975). 

2. The co-pigmentation may be changed as a result of radiation effect and this 
may dilute the purple colour and changed it to light purple (De Vries et al., 
1974 and   Chaleff and Torrey,1981). 

3. The radiation may affect one of the genes which determine  the s quantity of 
pigments responsible for  the purple colour which consequently decreased 
the  quantity   of the  whole pigments (Wagner,1975).This  came to  the 
agreement with that  reported  by Adachi and Katayama(1970). 
 

The  role  of salinity  in the production of the light  purple  colour cannot  
be neglected,where it may be decreased the methylation of  hydroxyl groups 
and /or  the degree of co-pigmentation, consequently the appearance of light  
purple on the stem and branches. According toAdachi and Katayama(1970),the  
pigment of betacyanin causes the  purple in  plant. Radiation may reduce the  
biosenthesis of betacyanin which resulted in appearance of the  light purple. 

 
Regarding the appearance of green colour on the base of plant which  

subjected to the treatment of 5kr+100mM. Scott-Moncrieff (1936) reported that 
there are  intensifying and diluting genes whose action is not effective over the  
whole, but is restricted to certain areas. It can be  suggested that  radiation  
depressed  or  inhibited the action  of the genes which control the purple colour 
of the stem or determine  the extension of purple  colour all over  the  stem. 
So,the purple colour  withdraw  from  the base of  stem while the green colour 
spread over the stem base. 
 
5.4. Flower changes 
5.4.1. Changes in the number and size of petals 

The different treatments caused different changes in the number and 
size of petals. The normal corolla of Catharanthus   roseus,(L.) G. Don consists 
of separated and equall five petals. The changes in petal numbers were 
classified into four types: 

 
Type1.The corolla contained two separated petals and this type was 

found at the treatments of 5kr+0mM and 10kr+100mM during the M1- 
generation    of the first season. 
 

Type2. The crolla contained three separated petals and this type was 
found at the treatments of 15kr+0mM, 5kr+100mM and 20kr+100mM during the 
M1- generation of the first season. 
 

Type3.The corolla contained four separated petals (crucifer form). This 
type was found during theM1- generation of the first season at the treatments of 
5kr+100mM, 10kr+100mM and 15kr+100mM and in the second season at  the 
treatment of 20kr+150mM.Also,this type was  found during the M2- generation 
of the first season at the treatments of 5kr+0mM,10kr+0mM,15kr+0mM and 
20kr+0mM. 
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Type4.The corolla contained six separated petals. This type was found 
during  the M2- generation of  the first season at the treatments of 5kr+0mM, 
10kr+0mM,15kr+0mM and 20kr+0mM.There was one flower with  six petals one  
of  them was very small at the treatment of 5kr+0mM.Also, there was one  
flower with six petals,but one of them  was above other petal and this from was 
detected  at the  treatment of 10kr+0mM.It was found during the M2- of the 
second season some flowers with six separated petals at the treatments of  
5kr+100mM,10kr+100mM,15kr+100mM and 5kr+150mM. one flower at the 
treatment of 15kr+100mM and other one at that of 5kr+150mM had unqual 
petals. 
 

The flower is a modified stem   and the floral whorls are   modified leaves 
and these whorls are appendages similar to the normal leaves in its initiation. 
Therefore, petal deformities can be attributed to the effect of radiation on flower 
bud during its initiation. The changes in  the number of petals can be postulated 
that these changes are a result of  chromosomal deletion  , or changes of  the  
factors govering  the normal form or structure , as well as  according  to  the 
effect of radiation on  the  ontogeny  of flower   organ tissues through the 
selective  destruction  of one or more  cell   layer in the apical floral 
meristem(Abd El -Maksoud , 1980 and 1988). 

 
Bidwell(1979) reported  that the initiation and  development of flower 

depends upon the  balance of hormones  or growth factors.Regarding the type  
of six petals, it is   probably to assume that the gamma- rays had stimulation  
effect on the initiation and  development of petals from the  meristematic  
apex,since gamma doses may affect the balace of growth hormones which  in 
turn may result in an increase in  the number of petals. 

 
The  reduction in the number of petals(two,three and four petals) could 

be attributed to the damage effect of  gamma-rays and /or salinity on the 
primordia of petals or on the  cells in  the  shoot  growing point,and were later 
activated  and become  involved in flowering (Bidwell,1979). 
The flowers with changes in the number of petals were selfed. The type 1(two 
petals) and type 2(three petals) did not form seeds. The types 3 and 4 (four and 
six petals; respectively) formed seeds and their plants produced normal flowers. 
 
5.4.2. Changes in flower colour 

Four types of flower colour changes were observed in the treated 
Catharanthus  roseus,(L.) G.Don plants during theM1- M2- generations of both 
seasons (pale(light)purple,white,variegated and striped flowers). 
The induced changes at the treatments of 5 kr + 0 mM,10 kr + 0 mM,15 kr + 0 
mM and 20 kr + 0 mM  were: 
1. Pale purple (5 kr + 0mM, 10 kr + 0 mM and 15 kr + 0 mM), 
2. Purple variegated with white (15 kr + 0 mM), 
3. Purple striped with (15 kr + 0 mM). 
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These flower colour changes appeared through the M1- generation of 
both seasons. 
 

Three types of induced flower colour changes were recognised at 
different   treatments.   
1. White flowers (5 kr + 100 mM and 10 kr + 100 mM), 
2. Pale (light) purple flowers (5 kr + 100 mM,10 kr +100 mM,15 kr +100 mM and 

20 kr + 100 mM ), 
3. Variegated flowers (5 kr + 100 mM, 10 kr + 100 mM, 15 kr + 100 mM and 20 

kr +100 mM)  
 

In the M2- generation of the second season,there was  a new of 
variegated at the treatment of 15kr+0mM.The flowers were purple variegated 
with  yellow colour and the  yellow areas were at the margins of four petals, 
while on the  fifth petal the yellow colour was extended  to the flower centre. 
 

In order to give a general interpretation for the appearance of the 
pale(light)purple flowers,it should be  outlined that: 
1. Adachi and Katayama (1970) mentioned that betacyanin pigment causes the 

purple colour. 
2. Glycosides of the  betacyanins and their  co-pigmentation  with several other 

substences are responsible for innumerable variation in the   purple 
colours(Asen et al., 1972 and De Vries et al. ,1974).Glycosides type and 
propably the  dgree  of methylation are each determined  by simple gene 
(Wagner, 1975).The  methylation  of one or more hydroxyl groups  will 
increase the colour(Wagner,1975). 

3. The different combinations of the pigments are principally responsible for 
variation in flower colour (De vries   et al.,1974 and Chaleff and Torrey,1981). 

4. The presence of the pigment may be  controlled  by  a  single gene, while the 
quantitative effect of genes in pigment production refers to the effect  of  
multigenes responsible for the amount of pigment in the  floral 
parts(Wagner,1975). 
 

Accordingly it is suggested that the appearance of light purple flowers  in  
Catharanthus roseus,(L.)G.Don plants may be due to one or more of the 
following suggestions: 
i. During the biosenthesis of betacyanin,radiation may decrease the  

methylation  of one or more hydroxyl groups by affecting the gene controlling, 
this  process, consequently decreased the purple colour. 

ii. The co-pigmentation may be changed as a result of radiation and /or salinity 
effects and this may dilute the purple colour and changed it to light purple. 

iii. The radiation may affect one or more of the genes which determine the 
quantity of purple pigments which consequently decreased the quantity of the 
whole pigments. This came to agreement with what was reported by Adachi 
and Katayama (1970). 
 

These results were in agreement with those reported by Sorour (2011)on 
Ligularia japonica,  Minisi et al.(2013) on   Moluccella  laevis and Khayamim et 
al. (2014) on sugar beet. 
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5.5.Mutated  plants 
The gamma rays and salinity treatments caused branching, flower 

texture,form and colour  and salt tolerance mutations in twelve  plants  in 
theM1compared with the control as follows: 

 
T0                     0 Kr Gama ray + 0 mM salinity (control). 
T1 5 Kr Gama ray + 0 mM salinity (petals texture). 
T2 10 Kr Gama ray + 0 mM salinity (flower form). 
T3 15 Kr Gama ray + 0 mM salinity (flower colour). 
T4 20 Kr Gama ray + 0 mM salinity (little branching). 
T5 0 Kr Gama ray +100 mM salinity (salt tolerate). 
T6 5 Kr Gama ray +100 mM salinity  (salt tolerate). 
T7 10 Kr Gama ray +100 mM salinity salt (tolerate). 
T8 15 Kr Gama ray +100 mM salinity (salt tolerate). 
T9 0 Kr Gama ray + 150 mM salinity  (salt tolerate). 
T10 5 Kr Gama ray +150 mM salinity   (salt tolerate). 
T11 10 Kr Gama ray + 150 mM salinity (salt tolerate). 
T12 15 Kr Gama ray + 150 mM salinity (salt tolerate). 
 

The leaves of the control and mutated plants were used for the isozymes 
techniques and the separation of the peroxidase isozymes of the control plant 
and the twelve   mutants were carried out. 

 
5.6.Peroxidase isozyme 

It is important to notice that isozyme analysis using electrophoresis offers 
a very well define effective tool for the detection of genetic differences among 
individuals .This makes electrophoresis a useful tool for plant breeders 
(Arulsekar and Parfitt,1986) .The study of isozyme electrophoretic patterns can 
offer a rapid method for the identification of different genotypes without carring 
out field experiment, which saves time and money (Bailey, 1983). Moreover, the 
analysis of a protein can be reflected to its gene (Gottlieb, 1977). 

 
The similarity values, (Table 5) showed that the control plants were more 

genetically distinct to the plants treated with 150 mM NaCl (similarity value 
equal to 50),while high similarity value (100) was found between  the control 
plants  and the plants treated with 5, 10 kr, 5kr+ 150 mM and 15 kr+ 150 mM 
NaCl (Table 5). 
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Table (5).Similarity value among the control and all mutants of 
Chatharanthus roseus, L. produced by gamma rays and 
salinity. 

 
 0 1 2 3 4 5 6 7 8 9 10 11 12 

0 100             
1 100 100            
2 100 100 100           
3 66.6 66.6 66.6 100          
4 80 80 80 88.8 100         
5 66.6 66.6 66.6 75 66.6 100        
6 80 80 80 88.8 100 66.6 100       
7 66.6 66.6 66.6 100 88.8 75 88.8 100      
8 66.6 66.6 66.6 50 66.6 75 66.6 50 100     
9 50 50 50 57.1 50 75 50 57.1 85.7 100    
10 100 100 100 66.6 80 66.6 80 66.6 66.6 50 100   
11 88.8 88.8 88.8 75 66.6 75 66.6 75 66.6 57.1 88.8 100  
12 100 100 100 66.6 66.6 66.6 66.6 66.6 66.6 50 100 88.8 100 

 
The separation of  the peroxidase isozyme  of the control plant and  the  

twelve mutants of Catharanthus  roseusis illustrated in Figure 1.These results 
were in agreement with those reported by Jaleel et al. (2007)on Catharanthus 
roseus.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (1). Zymogram of electrophoretic separation samples of peroxidase 

isozyme of the control and the twelve mutated plants of  
Catharanthus roseus.L. 
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The electrophoretic banding patterns indicate different profiles among 
gamma rays doses and salinity concentrations. It can be noticed that a total 
number of seven loci control the production of peroxidase in the Catharanthus 
roseus. Five bands migrated toward the cathode (-) and designed as C1 to C5, 
while, two bands migrated toward the anod (+) in the electrophoresis field and 
were designed as A1 and A2. 

The bands of the loci C1 and A1 were presented in all the treatments. 
Bands of the loci A1 differed in the intensity and homogeneity among 
treatments. This locus was presented by one homozygous  allele  in the 
treatments of 15, 20 kr, 150 mM NaCl and the treatment with 10 kr +150 mM 
saline water, while this locus showed heterozygous profile in all other 
treatments. The locus A2 disappeared from the samples treated with 15 kr, 100 
mM, 150 mM NaCl and the treatments of 10 kr+150 mM NaCl. 

The locus C5 was found only in the samples treated with 100 mM, 150 
mM NaCl in low intensity and in the samples treated by 15 kr+ 100 mM in high 
intensity. The locus C4 was found only in the treatments of 15, 20 kr, 5 kr+ 100 
mM and 10 kr + 100 mM NaCl with low intensity. On the other hand the locus 
C2 was absent in the 150 mM and 15 kr+ 100 mM NaCl treatments. 

Phylogenetic tree classified the studied plants into three groups. The 
control plants (T0)and the treatments of T1, T2and T12 were classified in cluster Ι, 
plants  of T3, T4, T6and T7 were classified in the cluster ΙΙ and plants of T5, T8  
and T9 were grouped in the cluster ΙΙΙ (Figure 2). 
 

 

 

 

 
 
 
 
 
 
 
 
 

 
 
 
Figure  (2). Genetic relationship among the control and the twelve mutants 

Catharanthus roseus, L.based on peroxidase isozymes 
patterns and similarity   values.  
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CONCLUSION 
 

The obtainedresults indicated that different doses of gamma radiation 
cause some morphological variations in the vegetative and flowering growth of  
Catharanthusroseus Linn. and  induced   salt – tolerant plants with high alkaloid 
content,  which can be grown in saline soils.It can be also concluded that 
peroxidase isozyme could act as a useful biochemical marker in Catharanthus  
roseus,L.to study the genetic relationship between the mother plant and the 
induced mutations. 
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ABSTRACT: Mango (Mangifera indica L.) is the most popular fruit crop in the orient 

particularly in the world. Mango is a diploid fruit tree (2n = 40). The mango is considered as one of 
the oldest cultivated trees in the world. 28 mango cultivars, different morphological and molecular 
markers (EST & SSR) were used in the current experiment to identify the genetic relationships 
with/within cultivars. The results indicated that, high significant variations were observed in the 
morphological characteristics. Also, the molecular data could be useful tool in calculating the 
genetic relationship and clustering the recent mango cultivars based on SSR and EST markers. 
Genetic polymorphism based on different markers were detected. 

Key words: Mango, horticulture, molecular, markers  

 

INTRODUCTION 
Mango (Mangifera indica L.) is one of the most important fruit crops of the 

Anacardiaceae family (Popenoe, 1920). Mangoes are an important fruit crop in 
Egypt. Per the latest statistics provided by the Ministry of Agriculture and Land 
Reclamation of Egypt (20١٥), indicated that, a total of 243028 Feddan is planted by 
mangoes. Adoption of molecular markers and genomics-based breeding strategies 
will likely improve predictability and breeding efficiency. In recent years, Mangifera 
germplasm has been collected and analysed using simple sequence repeat (SSR) 
markers by Duval et al. (2006), Schnell et al. (2006) and more recently by Dillon et 
al. (2013). The traditional techniques of developing SSR markers are usually time 
consuming, labor intensive and of low efficiency, Ellis and Burke (2007). However, 
alternative strategies to identify SSR markers have been developed that use 
comparative genomics tools such as expressed sequence tags (ESTs) (Wöhrmann 
and Weising 2011). It is hypothesized that the highly repetitive nature of SSRs 
makes slippage during replication a common event, leading to the high levels of 
polymorphism found between populations. A key advantage of EST-SSRs is that 
they are often more transferable across closely related genera compared to 
anonymous SSRs from untranslated regions (UTRs) or non-coding sequences 
e.g., (Pashley et al., 2006). This is due to the primer target sequences residing in 
the expressed DNA regions expected to be relatively well conserved, thereby 
increasing the chance of marker transferability across species boundaries 
(Varshney et al. 2005). Despite their potential to represent selectively deleterious 
frame-shift mutations in coding regions, EST-SSRs appear to reveal equivalent 
levels of polymorphisms compared to SSRs located in UTRs, most likely due to an 
evolutionary trend towards tri-nucleotide repeats in these coding regions, (Ellis and 
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Burke, 2007). EST-SSRs are physically linked to expressed genes and therefore 
represent potentially functional markers. Evaluation of genetic variation within 
cultivated crop species is central to plant breeding strategies and genetic resource 
conservation (Dean et al., 1999).  

 
One of the many interesting applications of ESTs database (dbEST) is gene 

discovery where many new genes can be found by querying the dbEST with a 
protein or DNA sequence. Twenty-two mango cultivars were examined for 40 
simple sequence repeat (SSR) anchored primers of 15–18 oligonucleotides which 
screened by Eiadthonga et al. (2005). Microsatellite markers were developed and 
characterized to assess the genetic diversity among mango cultivars and to test 
their amplification in closely related species by Kundapura et al. (2011). 
Polymorphic information content values ranged from 0.185 to 0.920 with a mean of 
0.687. Dillon et al.  (2013) a collection of 24,840 expressed sequence tags (ESTs) 
generated from five mango cDNA libraries was mined for EST-based simple 
sequence repeat (SSR) markers. Results showed that over 1,000 ESTs with SSR 
motifs were detected from more than 24,000 EST sequences with di- and tri-
nucleotide repeat motifs the most abundant. Twenty-four of the 25 EST-SSR 
markers exhibited polymorphisms, identifying a total of 86 alleles with an average 
of 5.38 alleles per locus, and distinguished between all Mangifera selections. 
Private alleles were identified for Mangifera species. 

 
Recently, Kundapura et al. (2011) studied genetic diversity and population 

structure of mango cultivars by employing fourteen simple sequence repeat 
markers, with high polymorphic information content. A set of 387 mango cultivars   
from different regions of India was used. The main objectives of the present 
research are to study the molecular and horticultural characterization of some 
mango cultivars in Egypt from different localities. 

 

MATERIALS AND METHODS  
 

The present experiments were carried out at the Agricultural Botany 
Department, Faculty of Agriculture, Saba Basha, Alexandria University, Egypt. 
These studies were conducted during 2014 up to 2016. Twenty eight Mango 
(Mangifera Indica L.) cultivars growing in Egypt have been used for morphological 
and molecular markers analyses, all of the cultivars were obtained kindly from the 
Agricultural Research Center, Horticulture Research Institute, (HRI), Giza, Egypt 
i.e. Shelly, Kensington Bride, Yasmina, Succari, Hindi Besennara, Golek, 
Alphonso, Piva, R2E2, Zebda, Sabre, Heidi, Osteen, Langra Benersi, Maya, Nam 
Doc Mai, Princess, Hindi Mloki, Fajri Kalan, Sidik, Joa, Sensation, Tommy Atkins, 
Kent, Haden, Naomi, Palmer and Lilly.  

 
Eight morphological characters were measured at maturity and harvest 

stage such as fruit lengths (cm), fruit width (cm), fruit weight (g), peel (%), pulp (%), 
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fiber length (mm), shelf life (days) and fruit shape. Genomic DNA was isolated from 
leaves of all varieties using CTAB modified method per Dellaporta et al., (1983). 
Six SSR specific markers were selected for SSR analysis per the literature of 
Hameedunnisa et al. (2012) (Table 1).  

 
The PCR amplification reactions were performed in 17 µl reaction volume 

containing 50 ng of DNA, 12.5 µl of Dream Taq master mix (Fermentas co.) and 
0.5 µ moles of each primer.  The primary program was 6 cycles at 94°C for 1 min, 
45°C for 50 seconds decreasing 1oC in every cycle, and 72°C for 1 min, followed 
by 28 cycles at 94°C for 1 min, 40°C for 1 min and 72°C for 1 min. The previous 
programs were preceded by a denaturation step at 94°C for 4 minutes and 
followed by an extension step at 72°C for 7 minutes. The PCR products were 
separated on 1.5% agarose gel electrophoresis. Seven EST common specific 
markers (Table 1) were selected to carry out the EST analysis for Mangifera Indica 
L varieties per Dillon et al. (2013).  

 
The primary program was carried out for: 7 cycles at 94°C for 1 min, 47°C 

for 50 seconds decreasing 1oC in every cycle, and 72°C for 1 min. The main 
programs were carried out for 28 cycles at 94°C for 1 min, 42°C for 1 min and 72°C 
for 1 min. The previous programs were preceded by a denaturation step at 94°C for 
4 minutes and followed by an extension step at 72°C for 7 minutes. The PCR 
products were separated on 1.5% agarose gel electrophoresis. Morphological data 
were subjected to analysis of variance (ANOVA) to determine variation among the 
varieties using SPSS 14 (Statistical Package for the Social Sciences). DNA bands 
of PCR product were visualized on UV Transilluminator gel documentation system 
and photographed.  

 
The gel pictures were manipulated using Adope Photoshop 8. The gels 

were scored for band presence or absence as (1) or (0), respectively. The total 
number of bands generated from each primer as well as the polymorphic bands 
number generated from each primer was calculated. The polymorphism 
percentage of each primer as well as the polymorphic information content (PIC) 
was also calculated. Similarity coefficient matrices were calculated using the 
Jaccard similarity algorithm (Jaccard, 1908).  
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Table (1). Marker names, sequences for SSR and EST used in the current 
study 

 

Marker 
Marker 
name 

Forward and Reverse sequence 

SSR 
 

SSR-16 
'5-AGCGATGGTGCTCATGCTTA-3' 
3'-TCTCTCACGGAATCACATCTT-'5 

SSR-19 
'5-TTTCAGCAAACTAGAACCAA-3' 
3'-GGCATTCAGTTTTTACCTTGT-'5 

SSR-52 
'5-AAAAACCTTACATAAGTGAATC-3' 
3'-GAACAGTTGTTTCGTGTCGTA-'5 

SSR-59 
'5-GATGTTGTTGGTGTTGTTTA-3' 
3'-CAATTAGGAGCAAAATCAGA-'5 

SSR-65 
'5-GGTTTTGAATAGAAATGCAA-3' 
3'-AAGATGTGTCAATATTGTTTT-'5 

SSR-83 
'5-GGCTATTGTCACGAACAAAT-3' 
3'-GATTCAGACCCGGATACATT-'5 

EST 
 

QGMI-001 
'5-GAAAGGCTTGCAGAGACAGG-3' 
3'-GTTTCTTCTGTTCGGTGATGGAGGAGT-'5 

QGMI-003 
'5-CAGGAATCTTCCCAAACGAA-3' 
3'-GTTTCTTTGCCAGTGTCTTCACCTTCA-'5 

QGMI-004 
'5-TTCACAACGAGAAGACATGGA-3' 
3'-GTTTCTTGGGACCTATTCGATCCCACT-'5 

QGMI-005 
'5-TGGAGGAATTGAACCGATTG-3' 
3'-GTTTCTTCAGTATCGGAGGCGTCAGTC-'5 

QGMI-010 
 

QGMI-020 

'5-GGTTTGAGCTTCCAAATTGC-3' 
3'-GTTTCTTCCTGGGAAAGTCAACAGCAG-'5 
'5-GCTCTGACGCGGAGATTC-3' 
3'-GTTTCTTGTTGTTTTCCTGGCTGCAAT-'5 

 
 

RESULTS AND DISCUSSION 
 
a. Morphological variations of Mangifera Indica cultivars   

Regrading to the data in Table (2) for fruit length (cm) in 28 Mango cultivars, 
data showed that the highest accession was Fajri Kalan by 16.5 cm and the lowest 
one was Succari by 9.0 cm. The general average was 12.11 cm for fruit length. 
Significant variations were observed between the current cultivars with L.S.D.0.05= 
2.30. Five cultivars  from 28 detected fruit length less than 10 cm such as Alphonso 
(9.2 cm), Maya (9.5 cm), Princess (9.6 cm), Sensation (9.5 cm) and Haden (10 
cm). these values were less than the overall and nearly to the minimum values 
(Table, 2).Data for fruit width (cm) recorded in Table (1), detected that, the fruit 
width ranged from 6.3 to 11.5 cm by general average was 10.6 cm. The highest 
value recorded to R2E3 and the lowest fruit width recorded to Sabre by 6.3 cm. 
Data showed the different in morphological variations between the 28 mango 
cultivars with significant values L.S.D.0.05= 3.10. No significant variations were 
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observed between the maximum and minimum values, while between cultivars   
there were significantly difference in relation to fruit width (cm).  

 
Concerning to fruit weight (g) high significant variation was observed 

between all the cultivars (Table, 2). The highest fruit weight was 650 g (Piva 
accession) followed by 625 g (Hindi mloki accession) then Tommy (615 g). The 
lowest value was 225 g was recorded to Zebda accession. The general mean was 
416. 4 g between thee 28 cultivars with L.S.D.0.05= 114.30. Three different 
categories were observed for fruit weight, the first group was over than 600 g such 
as Piva (650 g), Hindi moloki (626 g), Tommy Atkins (615 g). the second group 
was from 300 to 600 g and this one includes 17 cultivars. Finally, the last one was 
less than 300 g and that includes 7 cultivars such as Yasmina, Succori, Hindi 
Besenara, Golek, Zebda, Maya and Joa. Concerning to peel percentage in 
different mango cultivars, data in Table showed that Succari detect the lowest 
percent (14%) and it was the shortest fruit also. On the other hand, Tommy Atlins 
showed the highest peel percentage (34%) flowered by Hindi Mloki by (33%) and it 
was also the highest fruit weight. While, for pulp %, the data ranged from 16 to 
46% the general mean was 23.2%. The highest one was Hindi Besennara (46%) 
and the lowest one was Tommy (16%) although the fruit weight was high (615 g) 
as shown in Table 2.  

 
For fiber length (mm), data in Table (2) showed that, values ranged from 6 

to 23 mm by general mean 10.9 mm. The lowest cultivars were Princess achieved 
6 mm while, the highest was Sabre with 23 mm and the last one showed the lowest 
fruit width also. Data showed relationship between the fruit width and pulp 
percentage. Finally, the shelf life for the current accession ranged from 5 to 7 day 
and the general mean was 6.1 day. Yasmina, Alphonso and Nam Doc Mai showed 
the lowest values comparing with other cultivars (Table, 2). For fruit shape, data in 
Table 2 showed different shapes such as cordate, ovate, Cylindrical, Obliqueovate, 
fusiform, Cylindrical oblique, Rectangular oblique and Oval roundish. Results 
showed the different morphological variation between the twenty-eight Mano 
cultivars. The previous data could be reference for the researchers in the future 
when worked on the mango cultivars   in Egypt.  

 
The present results are in consonance with those of Singh et al. (2009) who 

detected prominent variation in the mango cultivar ‘Banganapalli’ based on 
morphological analysis of 17 fruit characters. The present findings are also in 
agreement with those of Bally et al. (1996), who also observed phenotypic variation 
in the type of fruit in 15 cultivars   of 'Kensington Pride', a polyembryonic cultivar of 
mango. Conventionally also, the intracultivar heterogeneity of mango has been 
characterized mostly at the morphological level by several researchers (Gan et al., 
1981; Naik, 1948; Pandey, 1998; Singh et al., 2009). 
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Table (2). Morphological characters of twenty-eight mango cultivars 
 

Fruit shape 
Shelf 
life 

(days) 

Fiber 
length 
(mm) 

Pulp 
(%) 

Peel 
(%) 

Fruit 
weight 

(g) 

Fruit 
width 
(cm) 

Fruit 
length 
(cm) 

 

cordate 6.0 8.0 33.0 25.0 425.0 11.0 12.5 Shelly 
cordate 7.0 11.0 42.3 18.0 400.0 9.8 12.6 Kensington Bride 
ovate 5.0 7.0 35.0 17.0 275.0 6.7 11.5 Yasmina 

cordate 6.0 12.0 44.0 14.0 275.0 6.5 9.0 Succari 
Cylindrical 6.0 13.0 46.0 20.0 300.0 6.7 12.0 Hindi Besennara 
Cylindrical 6.0 11.0 29.0 18.0 250.0 7.0 11.0 Golek 

cordate 7.0 7.0 41.0 30.0 500.0 7.8 9.2 Alphonso 
Obliqueovate 5.0 8.0 38.0 28.0 650.0 8.8 13.7 Piva 

cordate 7.0 12.0 18.0 23.0 500.0 11.5 13.5 R2E2 
ovate 6.0 13.0 33.0 17.0 225.0 9.0 12.5 Zebda 

Cylindrical 7.0 23.0 39.0 27.0 375.0 6.3 12.2 Sabre 
cordate 7.0 7.0 22.0 17.0 575.0 9.5 11.4 Heidi 

Cylindrical 7.0 16.0 21.0 22.0 400.0 8.0 12.9 Osteen 
ovate 6.0 7.0 28.0 26.0 325.0 8.1 10.7 Langra Benersi 

cordate 6.0 9.0 25.0 18.0 300.0 8.0 9.5 Maya 
fusiform 5.0 9.0 21.0 28.0 425.0 7.2 13.6 Nam Doc Mai 
cordate 5.0 6.0 36.0 24.0 375.0 6.9 9.6 Princess 

Cylindrical 6.0 8.0 33.0 33.0 625.0 7.0 12.4 Hindi Mloki 
Cylindrical 6.0 8.0 24.0 25.0 500.0 8.0 16.5 Fajri Kalan 
Cylindrical 7.0 16.0 28.0 19.0 425.0 7.3 16.4 Sidik 

Rectangular 7.0 8.0 35.0 22.0 300.0 7.5 12.5 Joa 
Rectangular 6.0 22.0 41.0 28.0 480.0 7.3 9.5 Sensation 

Oval roundish 5.0 9.0 16.0 34.0 615.0 8.8 12.1 Tommy Atkins 
cordate 6.0 10.0 26.0 22.0 310.0 9.7 11.9 Kent 
cordate 6.0 11.0 21.0 26.0 505.0 8.5 10.0 Haden 

Rectangular 7.0 8.0 28.0 23.0 455.0 9.1 13.5 Naomi 
Cylindrical 5.0 15.0 22.0 28.0 490.0 7.0 13.0 Palmer 

ovate oblique 6.0 12.0 18.0 18.0 380.0 8.6 12.5 Lilly 
-- 6.1 10.9 30.1 23.2 416.4 10.6 12.1 Average 
-- 7.0 23.0 46.0 34.0 650.0 11.5 16.5 Maximum 
-- 5.0 6.0 16.0 14.0 225.0 6.3 9.0 Minimum 

-- 1.6 11.5 8.2 10.50 114.30 3.1 2.30 L.S.D=0.05 

 
The prime advantages of morphological traits are simplicity and rapid, 

inexpensive assays, even from herbarium specimens and other dead tissues. 
Although morphological traits are very useful, they have several disadvantages. 
They are often limited in number. They suffer from lack of decisiveness. They face 
heritability problems as they may be controlled by epistatic and pleiotropic gene 
effects. Morphological characterizations are error prone due to environmental 
variations affecting expression of these characteristics. In addition, these 
observations are time consuming and this mode of identification is slow because of 
long juvenile periods. Thus, these morphological characters may not adequately 
represent the genetic heterogeneity among cultivars of a cultivar. Hence, 
characterization of intravarietal heterogeneity based on morphological traits needs 
complementation with molecular markers as they can contribute greatly to the 
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utilization of intravarietal heterogeneity through descriptive information of structure 
of genotypes, analyses of relatedness, the study of identity and location diversity. 
Assessment of intracultivar diversity of mango has traditionally been made through 
morphological traits by several researchers such as Naik (1948); Singh et al. 
(2009), where in intracultivar variability was found. Here also, analysis of 8 
quantitative fruit traits following descriptive statistics indicated significant variability 
in fruit morpho-physiology among 28 cultivars   of mango under study. In addition, 
the data on 8 qualitative fruit traits also revealed considerable variation among total 
sample under study. Overall, morphological analysis indicated considerable 
variability among the mango trees grown in Egypt. However, assessment of 
genetic variability based on phenotype has certain limitations, since most of the 
morphological characters of economic importance are often limited in number; 
have complex inheritance and dramatically influenced by environmental factors 
(Tanksley, 1992). These results are suggesting both to focus our attention on the 
effects of the environment on the genotype and to consider, as a practical 
consequence, the importance of preserving these cultivars   found in different 
areas to truly preserve the richness of the germplasm of a cultivar. 
 
b. Molecular studies of Mangifera indica L.  

 
During the current research thirteen specific markers were used (SSR and 

EST-PCR) to calculate the genetic variations between 28 mangos (Mangifera 
indica) cultivars. Data in Table (3) and Figure (1) for simple sequence repeat 
(SSR), the SSR-16 marker produced two alleles and the allele size ranged from 
169 to 235 bp. The second marker SSR-19 detected also two alleles by molecular 
weight ranged from 137 to 173 bp, while SSR-52 and SSR-65 detect one allele 
with 199 and 154 bp, in respect. Finally, SSR-59 and SSR-83 recorded two alleles 
with the molecular weight range 145-168 and 157-183 bp, respectively. For SSR 
markers, the annealing temperature ranged from 52:59 ◦C. The genetic 
polymorphism (PIC%) ranged from 0.71 to 100% based on the different markers. 
The data for SSR-52 AND 65 showed 100 PIC flowered by SSR59 by 0.87, SSR19 
by 0.83, SSR16 by 0.77 and finally SSR83 by 0.71%.  At present, SSRs are the 
most preferred marker types because they are highly polymorphic even between 
closely related lines, require low amounts of DNA, can be easily automated and 
allow high throughput screening, can be exchanged between laboratories and are 
highly transferable between populations. SSR markers are efficient, time 
consuming and cost-effective approaches for diversity analysis. Molecular marker 
analysis is an efficient method of assessing genetic heterogeneity within the 
cultivars of mango and PCR-based genomic polymorphism has been detected in 
several cultivars of mango (Bally et al., 1996; De Souza and Lima, 2004; Diaz-
Matallana et al., 2009 and Rocha et al., 2012). Intra cultivars   study of genomes 
from different locations can confirm whether there are any genetic differences 
among the location-specific cultivars   or not. In the present study with SSR 
markers, a total of 190 amplification fragments, ranging from 137-235 bp in length, 
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were detected at the two microsatellite loci validated in the cultivars. overall, larger 
intra cultivars   variation and significant differentiation in different accession pairs 
was observed at several loci. SSR analysis is performed by using pairs of specific 
primers flanking tandem arrays of microsatellite repeats. Microsatellites are 
abundant in plant systems (Condit and Hubbel, 1991). The first report of length 
polymorphisms of microsatellites in soybean (Akkaya et al., 1992) opened a new 
source of PCR-based molecular markers for other plant genomes. Microsatellite 
markers are consistently found to be highly polymorphic, easily visualized, stable, 
and codominant (McCouch et al., 1997 and Powell et al., 1996). In addition, they 
have hyper-variability, wide genomic distribution, reproducibility, multiallelic nature, 
and chromosome specific location. Our results are agreeing with Manchekar 
(2008) who reported the level of polymorphism present in the microsatellites was 
variable ranging from 2 alleles (SSR-18, SSR-23 etc.) to 4 alleles (SSR-81) with an 
average of 2.48 alleles per SSR. The analysis of 23 SSRs revealed that the PCR 
product size (bp) ranged from 100 (SSR-52) to 310 (SSR20) in 31 cultivars. 
Polymorphic information content (PIC) value is the reflection of allele diversity and 
frequency among the cultivars, and varied greatly for all the SSR loci tested and 
these results were agreeing with our results that showed the PIC values varied 
widely among loci and ranged from 0.77 (SSR-16) to 100.0 (SSR-52 & 65) with an 
average of 86.33 per locus (Table 3). These results are in a line with Manchekar 
(2008) reported that the microsatellites with high PIC values in mango “Beneshan” 
were (SSR-80, SSR-87, SSR-28, and SSR-89) were found to be more useful in 
differentiating the ‘Beneshan’ cultivars. Over all, these data extend the knowledge 
of SSR application as a molecular tool in intravarietal improvement of mango as 
reported by Bally et al. (1996), De Souza and Lima (2004), Diaz-Matallana et al. 
(2009) and Rocha et al. (2012), they have used ISSR and RAPD markers for 
molecular characterization of intravarietal heterogeneity in different cultivars of 
mango. The present work provides evidence that the SSRs appear to be effective 
to explore the molecular polymorphism in the mango cultivars.Data in Table (4) 
and Figure (2) for EST markers showed that all EST markers detect one specific 
allele except QGMI-001 recorded three alleles with size ranged from 161 to 253 
bp. The other primers showed different allele size i.g. 172, 227, 315, 240, 110 and 
140 for the flowing primers: QGMI-003, QGMI-004, QGMI-005, QGMI-0010, QGMI-
020 and QGMI-023, respectively. Concerning to EST-PCR markers used in our 
experiment as observed in Table (4) different specific genes were selected to 
identify he genetic diversity between 28 mangos (Mangifera indica) cultivars. The 
first one was QGMI-001 and the homology traits for this gene were short vegetative 
phase (controlling flowering time) or floral development. This marker produced 
three alleles with size range 161 to 253 bp with genetic polymorphism 0.82%; the 
next six markers gave just one allele and related to different homology traits such 
as disease resistance gene (defence response), cis epoxy carotenoid dioxygenase 
5 (abscisic acid biosynthesis); stress response, WRKY40 (transcription factor); 
defence response, Carotenoid cleavage dioxygenase 1 (carotenoid biosynthesis), 
IAA-leucine resistant 3 (transcription factor) and Phytochrome-associated protein 2 
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(plant development). The alleles size ranged from 110 to 240 bp. Data in Table (4) 
showed the present and absent amplified fragments for both SSR and EST-PCR 
markers for 28 mangoes cultivars. Dendrogram illustrating genetic relationships of 
28 mango cultivars was generated using an unweighted pair-group method with 
arithmetic averages (UPGMA) and Jaccard’s similarity coefficient. A cluster 
analysis based on genetic similarity estimates is shown in Figure 3. The 
dendrogram constructed from the matrix of simple matching coefficients revealed 
two major clusters with genetic similarity 46%. The first major bifurcation in the 
dendrogram (Figure 3) separated the 26 cultivars   into two major clusters (56%). 
Cluster-I divided into sub-clusters (74%) includes Shelly, Golek (100%), Succari 
(87%), Alphonso (82%), Piva & Princess (87%). Cluster II (65%) divided into sub-
clusters includes Nam Doc Mai and Sidik in separate sub-cluster (87%), Kent 
(80%), Hindi Besennara, R2E2, Tommy Atkins, Naomi (88%) and the other sub-
cluster (80%) includes Zebda, Fajri Kalan (87%) and Heidi, Joa, Sensation, Lilly 
(87%). The third sub-cluster (68%) includes Sabre, Haden and Langra Benersi 
(81%) and Osteen, Maya, Hindi Mloki, Palmer (87%). While Kensington Bride and 
Yasmina were in separate cluster (74%).   

 
Table (3). Primers, Annealing Temperature, allele's size and polymorphic 

microsatellite primers used in this study 
 

No. Primer 
Annealing 

Temperature(°C) 
No.of 
alleles 

Allele size range 
(bp) 

PIC 

1 SSR- 16 54 2 169-235 0.77 
2 SSR- 19 54 2 137-173 0.83 
3 SSR- 52 52 1 199 100.0 
4 SSR- 59 59 2 145-168 0.87 
5 SSR- 65 53 1 154 100.0 
6 SSR -83 57 2 157-183 0.71 

 

Table (4). Characteristics of seven EST-SSR markers screened across 28 of 
M. Mangifera cultivars   

 

Marker 
GenBank 

Accession 
No 

Repeat 
Motif 

Homology 
No. 

Alleles 
Size 

Range 
PIC 

QGMI-001 JZ532296 (CCTTT)5 (floral development) 3 161-253 100 
QGMI-003 JZ532319 (CTT)6 (defence response) 1 172 0.89 

QGMI-004 JZ532302 (AAG)5 
(abscisic acid biosynthesis; 

stress response) 
1 227 0.88 

QGMI-005 JZ532303 (AAC)8 (defence response) 1 315 0.75 
QGMI-010 JZ532309 (AGG)4 (carotenoid biosynthesis) 1 240 0.80 
QGMI-020 JZ532301 (CT)7 IAA-leucine resistant 3 1 110 0.82 

QGMI-0023 JZ532311 (AAC)7 
Phytochrome-associated 

protein 2 
1 140 0.77 
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Figure (1). Amplification pattern of 28 mango cultivars generated by SSR-16, 

19, 52, 59, 65 and 83 primers. M: Molecular weight marker (200 
base pair DNA ladder in left). 
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Figure (2). Amplification pattern of 28 mango cultivars generated by EST-01, 

03, 04, 05, 10, 20 and 23 primers.  M: Molecular weight marker (200 
base pair DNA ladder in left). 
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Figure (3). Dendrogram of mango cultivars obtained by UPGMA cluster 

analysis based on SSR and EST markers 
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ABSTRACT: Land evaluation is the process of assessing the possible uses of land for 

different purposes. Land suitability analysis is a method of land evaluation, which measures the 
degree of appropriateness of land for a certain use. The present study is a quantitative 
evaluation of land to determine land suitability in Banger Elsokar district for different crop 
cultivations based on some pedological variables, as soil salinity, soil depth, soil reaction (pH), 
calcium carbonate and soil texture that are mandatory input factors for crop cultivation. The 
studied area was classified on the basis of their capability to the classes C2, C3 and C4. The 
quantitative approach given by FAO (1976) has been used also to classify the area on the basis 
of their capability to good capability (5700.2 hectares), poor capability (500.62 hectares) and 
very poor capability (443.77 hectares). Classifying the land on the basis of their suitability , the 
ranked classes were S1, S2, S3, S4, NS1 and NS2. This study proposes an integrated 
methodology for analyzing and mapping of land suitability using the Remote Sensing and GIS 
techniques. The result indicated that the demarcated areas as highly suitable for crops 
cultivation were 3785.52 hectares for sunflower, 6635.25 hectares for wheat, 6336.19 hectares 
for tomato, 6200.82 hectares for watermelon, 2581.24 hectares for olive, 3785.52 hectares for 
grape and 2196.04 hectares for apple.   
Keywords: Land Evaluation,  Land suitability, Land Capability,  GIS, Overlap 

 

INTRODUCTION 
 

The population of the planet is growing dramatically. However, the 
potential of the land for crop production to satisfy the demand of the ever 
increasing population is declining as the result of sever soil degradation. 
Empirical studies indicate that severe degradation of soils’ productive capacity 
has occurred on over 10% of the Earth’s vegetated land as a result of soil 
erosion, excessive tillage, and overgrazing etc. (Lal, 1994). Considering the 
rapid growth of the world's population, which is in its turn a limiting factor to the 
arable lands around the world, the need for effective and efficient application of 
the croplands have been felt more than ever (Teklu, 2005; Behzad et al., 2009). 
Hence, much attention is given to selection of crop which suits an area the best. 
The concept of sustainable agriculture involves producing quality crops in an 
environmentally friendly, socially acceptable and economically feasible way 
(Addeo et al., 2001). Suitability is a measure of how well the qualities of a land 
unit match the requirements of a particular form of land use (FAO, 1976). The 
FAO defined that, the suitability is a function of crop requirements and land 
characteristics and it is a measure of how will the qualities of a land unit match 
the requirements of a particular form of land use (FAO, 1976). In Egypt, Banger 
Elsokar region has considerable potential for agriculture activities. Generally, the 
soil of this region suffers from physical, chemical and fertility implications so land 
evaluation effort should be done. 
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The aim of this study was to depict the spatial variability of some soil 
properties and to evaluate the land capability and suitability for selecting the 
proper cropping pattern for the different crops commonly grown in the area to 
overcome the major pedological constraints.  
 

MATERIALS AND METHODS 
 
Study Area  

The study area is located between latitudes 30o 46 \ 30 \\ and 30o 50 \ 45 
\\ N and longitudes 290 40 \ 15 \\ and 29o 49 \ 15 \\ E covering  area of 7074.34 
hectare (16906.86 acres) (map1). The study area includes Bangar El-Sokar 
Districts, Behira Governorate, Egypt.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
              
 
 
Map (1). General location of the study area boundary on the rectified ETM+ 
               Landsat image (2015). 
 
Field and Laboratory work 

To characterize the land units for the study area, forty six auger samples 
were dug using Grid system to cover the area. The location of their augers is 
shown in map (2).   
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Map (2). Soil auger samples distribution at study area districts 

       
The soil samples was taken from surface and subsurface layer as wel 

were air dried and greatly reused with a wooden pestle, sieved though 2 mm 
sieves and then subjected to laboratory analysis. The soil chemical and physical 
analysis were carried out according  to the methods described in (Page et al., 
1982). The tested soil properties were presented in Table(1). Water samples 
were analyzed in order to characterize the water quality.  
 
Satellite Image 

A window of Land sat 8 ETM+ (Enhanced Thematic Mapper plus) image 
acquired in may. 2015 was selected to represent the study area as shown in 
map (1).   
    
*Image Registration  

Image registration is the first step to be carried out before proceeding to 
any further image processing. This step will assign coordinate systems to the 
image and linked it to its location on the ground. The ETM+ image captured in 
May. 2015 was geometrically rectified to the digitized topographic maps using 
image-to-map procedure in ENVI 4.8 software (ENVI, 2008). 
 
*Resolution Merge  

This dialog enables you to integrate imagery of different spatial 
resolutions (pixel size). Since higher resolution imagery is generally single band 
(ETM+ Panchromatic 15 m data), while multispectral imagery generally has the 
lower resolutions (ETM+ 30 m). These techniques are often used to produce 
high resolution, multispectral imagery. This improves the interpretability of the 
data by having high resolution information which is also in color. Resolution 
Merge offers three techniques: Multiplicative, Principal Components, and 
Brovey Transform (ERDAS, 2008). 
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*Generation of DEM 
The digitized contour lines and spot heights were utilized by Contour 

Gridder extension to generate the Digital Elevation Model (DEM) within ArcGIS 
10.3 environment. The Digital Elevation Model (DEM) is analyzed to generate 
the degree of slope classes and Aspect.   
 
Descriptive statistical parameters 

Minimum, maximum, mean, standard deviation and coefficient of 
variance were calculated using SPSS software Ver. 12 (2003). 
 
Building up Digital Georeference Database 

Data input process is the operation of entering the spatial and non-spatial 
data into GIS using Arc-GIS 10.3 software. Each soil observation was geo-
referenced using the Global Position Systems (GPS) and digitized. The different 
soil attributes were coded, and new fields were added to the profile database 
file in Arc/View software. Surface interpolate grid were done for soil salinity, Soil 
depth, CaCO3 % using module Arc Scripts in ArcGIS 10.3 (ESRI, 2014). 

 
Land evaluation 

Land capability and suitability evaluation have been done using ALES-
Arid as shown in Fig (1) (Abd El-Kawy et al., 2010). 

 
 

 
 
Fig. (1). The structure of ALES arid-GIS. The inner circle shows the model 

steps (the land evaluation processes) and the outer circle 
represents the GIS framework (ArcMap platforom). 
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RESULTS AND DISCUSSION 
 
Characterization of the studied soil profiles attributes  

Table (1 and 2) indicates the statistical parameters of the soil profiles for 
the different soil horizons. The soil depth ranged from 40 cm to 120 cm with 
median value about 70 cm. The coefficient of variation of the soil depth (0.30) 
shows that the soil depth was homogeneous in study area. Soil salinity ranged 
from 0.68 to 14.32 and 0.24 to 5.82 dS/m at surface and sub-surface layer with 
median 1.46 and 1.48. On the other hand, the coefficient of variation was less in 
homogeneity for surface soil salinity and sub-surface layer (1.04, 0.56). The 
homogeneity properties were observed with   sand%, clay%, CaCO3 % (0.12, 
0.23, 0.16), for surface layer and (0.20, 0.37, 0.17) for sub surface layer, 
respectively. Other less homogeneity was observed for silt (0.94 and 0.79) for 
surface and sub-surface respectively. 
 
Table (1). Statistical parameters of soil depth 
 

 
Table (2). Characteristics and the main statistical parameters of soil 

profiles samples of the study area 
 

Properties Min Max. Range Median S.E. S.D. Var CV 

Soil depth,cm 40 120 80 70 3.495 23.702 561.8 0.30 

 min Max Range Median S.E S.D. Var. C.V 

Surface layer ( 0 - 30 ) 

pH 7.23 8.53 1.30 8.00 0.05 0.34 0.12 0.04 
EC, dS/m 0.68 14.32 13.64 1.46 0.36 2.47 6.08 1.04 
Ca, meq/l 1.00 20.20 19.20 4.00 0.70 4.76 22.64 0.92 
Mg, meq/l 0.70 22.00 21.30 7.00 0.76 5.13 26.31 0.74 
Na, meq/l 2.30 125.00 122.70 8.10 2.78 18.83 354.63 1.50 
K, meq/l 0.43 6.90 6.47 1.10 0.26 1.75 3.06 0.81 
HCO3, meq/l 1.00 3.00 2.00 2.00 0.08 0.57 0.32 0.34 
Cl, meq/l 1.50 34.10 32.60 3.85 0.90 6.08 36.94 1.07 
SO4, meq/l 2.00 110.30 108.30 14.63 2.70 18.30 334.80 0.94 
SAR 1.24 44.33 43.09 4.12 0.94 6.39 40.86 1.15 
CaCO3, % 20.50 44.00 23.50 30.00 0.73 4.97 24.74 0.16 
Clay, % 14.10 36.60 22.50 22.20 0.78 5.30 28.12 0.23 
Silt, % 0.50 32.38 31.88 5.50 0.92 6.24 38.94 0.94 
Sand, % 45.52 84.80 39.28 71.90 1.25 8.50 72.24 0.12 

Sub Surface layer ( 30 - 60 ) 

pH 7.56 8.60 1.04 8.05 0.04 0.28 0.08 0.04 
EC, dS / m 0.24 5.82 5.58 1.48 0.15 1.00 0.99 0.56 
Ca, meq/l 1.20 13.00 11.80 6.00 0.42 2.85 8.11 0.45 
Mg, meq/l 0.60 9.00 8.40 2.70 0.26 1.74 3.04 0.65 
Na, meq/l 1.65 16.90 15.25 3.39 0.58 3.93 15.45 0.71 
K, meq/l 0.28 6.10 5.82 0.78 0.23 1.53 2.35 0.89 
HCO3,meq/l 1.00 3.00 2.00 1.10 0.07 0.45 0.20 0.35 
Cl, meq/l 1.00 10.10 9.10 2.00 0.42 2.82 7.94 0.80 
SO4, meq/l 5.40 21.80 16.40 10.65 0.64 4.31 18.56 0.38 
SAR 0.64 8.02 7.38 1.60 0.33 2.22 4.91 0.76 
CaCO3, % 20.50 45.50 25.00 34.60 0.86 5.82 33.90 0.17 
Clay, % 10.00 55.60 45.60 24.60 1.58 10.74 115.42 0.37 
Silt, % 0.50 28.30 27.80 5.50 1.01 6.84 46.79 0.79 
Sand, % 38.80 80.40 41.60 61.65 1.84 12.46 155.21 0.20 
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Soil mapping units of the study area were extracted from the overlay of 
the main soil properties in the Arc-GIS 10.3 such as soil depth, soil salinity  and 
total calcium carbonate Eleven soil units were identified  in the studied area as 
shown in Map (3) and Table (3) included the area in hectars percentage of each 
soil unit. 
 
Soil units of the studied area  

The soils were classified into  main four soil  units and eleven  sub-units 
based on the diagnostic horizons and variability , soil salinity, calcium carbonate 
content , soil texture, and profile depth as: 

 
1- Non Saline soil unit was  45.62% and Salin soil unit was 5.44 % of the   

studied area. 
2- Extremely calcareous, Deep soil sub-unit ewas  (2196.04 ha) 31.02% and 

Highly calcareous, Deep soil sub-unit was (80.14 ha) 1.13% as shown in 
Table (3) and Map (3). 

 
 

 
 

Map (3). Soil mapping units distribution in the study area 
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Table (3). Soil units of the studied area 
 

Code Description 
Area 

(hectares) 
% 

Non Saline  

1101 Highly calcareous, Modestly deep 225.071 3.18 
1102 Highly calcareous, Deep 1247.00 17.62 
2101 Extremely  calcareous, Deep 1509.34 21.32 
2102 Extremely  calcareous, Modestly deep 247.84 3.50 

Total 3229.251 45.62 
Slightly Saline 

1201 Highly calcareous, Modestly deep 275.55 3.89 
1202 Highly calcareous, Deep 419.84 5.93 
2201 Extremely  calcareous, Modestly deep 129.37 1.83 
2202 Extremely  calcareous, Deep 2196.04 31.02 

Total 3020.8 42.67 
Saline 

1302 Highly calcareous, Deep 80.14 1.13 
2302 Extremely  calcareous, Deep 305.06 4.31 

Total 690.26 5.44 
Highly Saline 

2401 Extremely  calcareous, Modestly deep 443.77 6.27 

        
The analysis of Digital Elevation Model (DEM) indicated that the 

elevations ranged between > 16 m A.S.L. to < 65 m A.S.L. The main elevation 
from 30 m A.S.L.to 50 m A.S.L. covers an area about of 6094.55 hactares as 
shown in Map (4). 

Map (4). Digital Elevation Model (DEM) of study area. 
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Land capability classes 
The ALES Model (Applied Land Evaluation System) provides prediction 

for general land use capability for a broad series of possible uses. Indicating the 
limiting factors on the covering area. Map (5) shows the distribution of each land 
use capability class in the studied area. According to the model prediction, most 
of the study area was classified as (C2 , C2 (ca)), which indicated good 
capability with high calcium carbonate percentage as limiting factor which 
covered about 5700.2 hectares, followed by (C2 (sd)), which indicated very 
good capability with soil depth class as limiting factor which covered about 
500.62 hectares. On the other hand, 443.77 hectares belongs to (C4 (ca, al, 
ece)), which indicated poor capability with high calcium carbonate percentage, 
alkalinity and soil salinity as limiting factor.  
 
Land suitability classes for specific land uses 

The ALES model was used to predict soil suitability for some common 
crops cultivated in the study area including: wheat, maize, alfalfa, fababean, 
onion, tomato, banana, citrus, fig and watermelon. Data of soil suitability class 
and sub class are presented in the maps (6, 7, 8, 9, 10, 11, 12 and 13) and 
Table (4) which indicates the distribution of suggested cultivated crops for each 
soil units in the studied area.  

 
The suitability maps have been proposed acceding to five suitability 

categories namely; S1, S2, S3, S4 and Ns. From the obtained maps for the 
different crops, the obtained results can be summarized on follows: 

 

Map (5). Land capability classes for  the studied area. 
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a. field crops: 
1-Suitability classes of sunflower were S1(3785.52 ha) (53.38%) and S3( 443.77 

ha)(6.27%). 
2-Suitability classes of wheat were S1(1247.0) (17.62%), S1(t) (5388.25) 

(76.12%),and S2(ece,t) (433.70 ha) (6.13%). 
 
b. vegetable: 
1- Suitability classes of tomato were S1(6330.19 ha) (89.42%), S2 ece (305.06 ha) 

(4.31%) and S4 (ece, Ca), (443.77 ha) (6.27%). 
2- Suitability classes of Watermelon were S1 (6200.82 ha) (87.59%), S2 (129.37 ha) 

(1.83%), S2(ece)(305.06 ha) (4.31%) and S4(ece)(443.77 ha) (6.27%). 
 
c. Fruit trees: 
1- Suitability classes of Banana were S3(t, Ca) (2276.18 ha) (32.15%), S3 (t, Ca, sd) 

(1509.34 ha) (21.32%), S4 (ece, t, Ca) (305.06 ha) (4.31%), Ns2 (sd) (2544.67 
ha) (35.95%) and Ns2(sd, Ca) (443.77 ha) (6.27%). 

2- Olive suitability classes were S1 (2581.24 ha) (36.46%), S1 (sd) (1509.34 ha) 
(21.32%), S4 (ece, sd) (443.77 ha) (6.27%) and Ns2 (sd) (2544.67 ha) (35.95%). 

3- Grape Suitability classes were S1 (3785.52 ha) (53.48%), S2 (sd) (1914.68 ha) 
(27.05%), S2 (ece) (305.06 ha) (4.33%) and Ns2 (1073.76 ha) (15.17%). 

4- Suitability classes of Apple were S1 (2196.04 ha) (31.02%), S2 (80.14 ha) 
(1.13%), S2 (ece) (305.06 ha) (4.31%) and Ns2 (sd) (2988.44 ha) (42.22%). 
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Map(6). land suitability for sunflower.             

 
 
 
 

 

Map(7). land suitability for Tomato. 
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Map(8). land suitability for Wheat 
 
 
 
       
 
 
 
 
 
 
 

Map(9). land suitability for Watermelon 
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Map (10). land suitability for Banana 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 

 
Map(11). land suitability for Grape 

 



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  485                             
Vol. 22 (3), 2017   

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 

Map (12). Land suitability for Olive 
 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Map(13). land suitability for Apple 
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Effect of Dual Inoculation with Rhizobium Bacteria, 
A- Mycorrhizal Fungi and Micronutrients on Productivity of 

Egyptian clover 
 

Radwan, F. I., M. A. Gomaa, A. I. Kandiland M. K. El- Hagagi 
Plant Production Department Facility of Agriculture (Saba-Basha) Alexandria 

University. 
 

ABSTRACT: Two field experiments were conducted at the Experimental station Farm of 

Facility of Agriculture (Saba- Basha). Alexandria University. Egypt. During 2014/2015 and 
2015/2016 growing seasons. The objective of this study was the investage the effect of dual 
inoculation with Rhizobium & A- mycorrhizal fungi and micronutrients on productivity and quanty 
of Egyptian clover (Trefolim alexandrinum, L.) (cv. Giza 6). The obtained results recorded that 
summarized as follows. Application foliar micronutrient (Ca +B) at two times sprays gave the 
highest significantly effect on growth characters i.e. (plant height, number of nodules and dry 
weight of nodules/10 plants) at all sampling dates and fresh and dry yield (ton)/fed. Also, 
quantitatetraits (Crude protein (CP %) crude fiber (CF), water soluble carbohydrate (WSC %) 
ether extract (EE) and natural detergent fiber (NDF %) in both seasons.Inoculation Dual 
(Rhizobium + A- mycorrhizal gave the highest values of growth, yield and quantitative traits of 
clover plants in both seasons. The effective treatments for growth characters fresh and dry yield 
(ton)/fed, as well as quantitative treatments were obtained from applying foliar micronutrient 
spraying at two times with dual inoculation (Rhizobuim + A- mycorrhizal) 

Keywords: Egyptian clover, micronutrients, dual inoculation, growth, yield, quality characters 
 

INTRODUCTION 
 

Egyptian clover (Triflouim alexandrinum, L.) is the most important forage 
crops in Egypt, it is cultivated in about 2.5 million feddan and used as animal 
feed and soil improvement. Forage quality is the most important character of 
feed staff producing and feeding the highest quality forage possibly increases 
animal performances reduces feeding costs and ultimately results in an 
increased return on time and money invested in forage production (Abdel- 
Sattar et al., 1996, Abdel-Halim et al., 1993 and Abdel – Gawad, 2003). 

 

The foliar spray is more essential than soil application due to higher 
utilization which makes the nutrients more efficient. It can, also, be used to 
satisfy a cut- need of macro, micronutrients. Moreover, some soil fertilization 
problem can early to solve by foliar spray application. It acts as micronutrient 
on one hand and environmental toxic factor on the other hand and is known to 
affect nodulation and nitrogen fixation (Gaure et al., 2012), successful 
development of nodules by rhizobial species at many different stages of 
development (Brewin, 1991). 

 

Rhizobial surface component play an important role in deciding the host 
compatibility and abringing about the infection leading to nodulation and 
nitrogen fixation (Swamynthan and Singh, 1995). 

 

Mycorrhizal are multifunction organisms in agro ecosystems that 
improve soil physical, chemical and biological properties by developing 
mycelium, increasing nutrients absorption and soil nutrients (Cardoso and 
Kuyper, 2006). Chaicki et al. (2015), reported that dry matter of berseen clover 
(triflouim alexandrinum, L.) inoculation with mycorrhizal was significantly more 
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than control treatment. According to the same report co- inoculation by 
Rhizobium bacteria and Mycorrhizal fungi increased clove shoot dry weight and 
leaf area index compared by control. Therefore, the objective of the research is 
to study the effect of dual inoculation with rhizobium & A- mycorrhizal fungi and 
micronutrients on productivity of Egyptian clover. 

 

MATERIALS AND METHODS  
  

Two field experiments were carried out at the Experimental Farm of 
Faculty of Agriculture (Saba Basha), Alexandria. University, at Abees region 
Alexandria, Egypt, during the two growing seasons of 2014/2015 and 
2015/2016 to study the effect of dual inoculation with Rhizobium & A- 
mycorrhizal fungi and micronutrients on productivity and quantitative traits of 
Egyptian clover. 

 

The experiment was designed in as split plot with three replicates. The 
main plots were allocated to the calcium and micronutrient B at 100 g/fed for 
foliar spray (untreated, one spray and two spray), the four dual inoculation i.e. 
(uninoculation, Rhizobium, A-mycorrhizal and mixture Rhizobium + A-
mycorrhizal) were allocated randomly to the sub plots. Analysis of chemical 
and physical properties of the experimental soil (0 to 30 cm) is shown in Table 
(1) according to methods reported by Page et al. (1982). 

 

Table (1).The physical and chemical properties of the experimental soil 
during 2014/2015 and 2015/2016 seasons 

 
Soil properties 2014/2015 2015/2016 

A- Mechanical analysis 
Sand 
Clay 
Silt 

 
13.90 
44.00 
42.10 

 
14.80 
43.00 
42.70 

Soil texture  Sand clay  
B- Chemical analysis 
pH (1:1) 
EC (1:1) dS/m 

7.80 
3.40 

7.90 
3.45 

1- Soluble cations (1:2) (cmol/kg soil) 
K+ 
Ca++ 

Mg++ 
Na++ 

1.53 
1.95 
18.5 

13.50 

1.55 
1.90 
18.4 
13.8 

2- Soluble anions (1:2) (cmol/kg soil) 
CO-

3+ HCO-
3 

CL- 
SO-

4 

 
2.90 
20.4 

12.50 

 
2.80 

18.80 
12.80 

Calcium carbonate (%) 7.60 7.50 
Organic matter (%) 0.90 1.00 
Total nitrogen (%) 0.44 0.48 
Available Phosphorus (mg/kg) 10.8 11.3 
Available K (mg/kg) 123.60 118.70 
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The plot area was 10.5 m2 (1/400 feddan) and seed were broadcasted at 
the rate of 20 kg/fed. (Variety Giza 6). All plots received 30 kg P2O5/fed, prior to 
planting date (Oct. 10th and Oct 12th first and second seasons).Berseem seed 
was inoculated prior to sowing with Rhizobium legumonsarumbiovartrifolii. The 
rhizobia strains were provided by the biofertilizer production unit. Soil. water and 
Enviromental Research institute. ARC. Vie ARC 101 (RE1) isolated from 
nodulated between (Triflouim alexandrinum, L.) root plants isolation and 
purification were done according to the method described by Vincent (1970). 
Apeat – based inoculum containing ≥ 108 cell/g was used in seed inoculation. 

 

A-mycorrhizal fungi (Glomusm acrocarpuim) strain was obtained from 
Department of Plant Production, Faculty of Agriculture (Saba Basha), 
Alexandria. University, at the rate of 2550 spores was mixed with seeds and 
decating technique as described by Radwan (1996) three cuts were taken 
through the growing period of both seasons. Cutting was done when the stand 
of plots was about 40- 50 cm height and the stubble height was about 6 cm 
from the surface. Plant samples were taken on 45 days after sowing to 
determine the following parameters: 
 

A) Growth and yield characters: 
1. Plant height at three cutting. 
2. Number of nodules 
3. Dry weight of nodules (g/10 plants). 
4. Fresh and dry yield (ton/fed). 
 
B) Quantitative traits 

Plant samples were collected from each plot at each cutting weighted 
dried and ground in a grinding mill to pass through a 1mm seive. Samples of 
each cut were analyzed for forage quality properties. Crude protein (CP), crude 
fiber (CF),water soluble carbohydrate (WSC%), Ether extract (EE), Ash and 
digetative dry matter (DOD) according to A. O. A. C. (1990) and natural 
detergent fiber (NDF%) collected according to Mcdonald et al. (1978) 
 
Statistical analysis 

The obtained data were statistically analyzed for ANOVA and LSD 
values were calculated to test the differences between the mean values of the 
studied treatments according to Gomez and Gomez (1984). 

 

RESULTS AND DISCUSSION 

A- Growth characters and yield: 
The obtained results given in Tables (2, 3, 4 and 5) clearly showed that 

the application foliar micronutrients at two times exhibited a significant effect on 
growth characters and yield i.e. plant height, number of nodules, dry weight of 
nodules/10 plants, fresh and dry yield forage (ton)/fed in both seasons. 
Application foliar at two sprays of some micronutrients significantly increased 
the growth characters at all sampling and fresh, dry yield (ton)/fed during both 
seasons. These results may be due to the effect of calcium and Boron on 
stimulation physiological processes plant photosynthetic carbohydrate and 
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protein accumulation, as well as sugar translocation in plant. Similar results 
were reported by Mohamed and Helal (1999), Nadian (2004) and Dheri et al. 
(2007). 

 

Data in the same Tables show the effect of dual inoculation Rhizobium & 
A- mycorrhizal on growth characters (plant height, number of nodules and dry 
weight of nodules/10 plant) at all sampling and fresh and dry yield (ton)/fed, in 
both seasons. Growth characters and yield were improved by the dual 
inoculation (Rhizobium & A-mycorrhizal) which caused significant increase in 
growth character and yield in both seasons. 
 

Rhizobium + A-mycorrhizal increase the ability of host plant to uptake 
soluble nutrient, particulary phosphorus and some micronutrients (Shabani et 
al., 2011). Also, Nadian at al. (1998) reported that dry matter of berseem clover 
(Triflouim alexandrinum, L.) inoculated with mycorrhizalwas significantly more 
than control treatment. 

 

The interaction between application of some micronutrients and dual 
inoculation was significant for growth characters (plant height, number of 
nodules and dry weight of nodules/10 plant) at all sampling and fresh and dry 
yields (ton)/fed in both seasons. Tables (2, 3, 4 and 5). 
 
Table (2). Plant height (cm) as affected by micronutrients and dual 

inoculation (Rhizobuim, Mycorrhizal) at three cuts of T. 
alexandrinum during 2014/2015 and 2015/2016 seasons 

 

Treatments 
2014/2015 

Days after sowing 
2015/2016 

Days after sowing 
Cut1 Cut2 Cut3 Cut1 Cut2 Cut3 

A) Micronutrients       
Control 30.71c 32.12c 33.17c 26.79c 27.79c 29.65c 
One spray 32.44b 33.94b 35.96b 28.13b 29.75b 31.74b 
Two spray 34.12a 35.48a 36.99a 30.46a 32.53a 34.65a 
L0.S.D. (0.05) 0.85 1.00 1.00 0.90 1.02 1.05 
B) Dual inoculation       
Uninoculation 23.87d 25.03d 26.07d 23.57d 25.73c 26.97 
Rhizobium 32.75c 33.83c 35.71c 25.77c 27.47 29.53e 
Mycorrhiza 34.09b 36.67b 38.46b 30.46b 32.13b 34.18b 
Dual (Rhiz + Mycor) 38.18a 39.84a 41.23a 34.02a 35.36a 37.37a 
L.S.D. (0.05) 1.20 1.25 1.30 1.05 1.30 1.40 
Interations       
AxB * * * * * * 
Mean values in the same column marked with the same letter are not significantly differed at 
0.05 levels of probability  
* significant at 0.05level of probability 
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Table (3). Number of nodules as affected by micronutrients and dual 
inoculation (Rhizobuim, Mycorrhizal) at three cuts during 
2014/2015 and 2015/2016 seasons 

 

Treatments 
2014/2015 2015/2016 

Cut1 Cut2 Cut3 Cut1 Cut2 Cut3 
A) Micronutrients        
Control 113.75c 115.71 118.18c 1296.85c 128.38c 129.25c 
One spray 122.59b 124.67b 126.63b 134.42b 136.00b 137.25b 
Two spray 133.67a 135.75a 137.20a 144.99a 146.53a 147.88a 
L0.S.D. (0.05) 3.50 3.70 3.90 4.20 4.40 4.40 
B) Dual inoculation       
Uninoculation 110.67d 112.83d 115.20d 125.44d 126.63d 128.07d 
Rhizobium 126.89b 128.93b 130.50b 137.44b 139.03b 139.67b 
Mycorrhiza 117.11c 119.11c 121.17c 130.66c 132.33c 133.83c 
Dual (Rhiz + Mycor) 138.67a 140.72a 142.63a 148.17a 149.89a 150.77a 
L.S.D. (0.05) 3.70 4.00 4.20 3.80 3.90 4.20 
Interations       
AxB * * * * * * 

    Mean values in the same column marked with the same letter are not significantly differed  
    At 0.05 levels of probability  
    * Significant at 0.05 level of probability 
 

Table (4). Fresh and dry yield (ton)/fed as affected by micronutrients and 
dual inoculation (Rhizobuim, Mycorrhizal) during 2014/2015 and 
2015/2016 seasons 

 

Treatments 
Fresh yield 2014/2015 Dry yield  2015/2016 

2014/2015 2015/2016 2014/2015 2015/2016 
A) Micronutrients      
Control 36.33c 33.58c 3.89c 3.79c 
One spray 42.30b 36.25b 4.91b 4.67b 
Two spray 44.40a 41.88 5.19a 4.98a 
L0.S.D. (0.05) 1.70 1.90 0.20 0.25 
B) Dual inoculation     
Uninoculation 33.42d 31.06d 3.25d 3.37d 
Rhizobium 39.91c 34.89c 4.27c 3.94c 
Mycorrhiza 43.89b 40.00b 5.19b 4.56b 
Dual (Rhiz + Mycor) 47.32a 43.00a 5.96 5.25a 
L.S.D. (0.05) 2.10 2.50 0.25 0.30 
Interations     
AxB * * * * 

Mean values in the same column marked with the same letter are not significantly differed at         
0.05 levels of probability  
* Significant at 0.05 level of probability 
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Table (5). Dry weight of nodules (g/10 plants) as affected by micronutrients 
and dual inoculation (Rhizobuim, Mycorrhizal) at three cuts during 
2014/2015 and 2015/2016 seasons 

 

Treatments 
2014/2015 2015/2016 

Cut1 Cut2 Cut3 Cut1 Cut2 Cut3 
A) Micronutrients        
Control 108.75c 110.38c 112.28c 121.75 123.13c 125.00c 
One spray 116.33b 118.25b 120.25b 128.92 130.75b 132.75b 
Two spray 128.09a 129.25a 130.88a 139.58 141.25a 143.25a 
L0.S.D. (0.05) 3.50 3.70 3.80 3.80 3.90 4.20 
B) Dual inoculation       
Uninoculation 104.00d 105.83d 107.86d 120.76d 122.33d 124.33d 
Rhizobium 122.55b 123.83b 125.33b 131.44b 133.33b 135.33b 
Mycorrhiza 110.89c 112.33c 114.50c 125.33c 128.83c 128.67c 
Dual (Rhiz + Mycor) 133.45a 135.17a 136.83a 142.78a 144.33a 146.33a 
L.S.D. (0.05) 3.30 3.50 3.60 3.50 3.70 3.90 
Interations       
AxB * * * * * * 

Mean values in the same column marked with the same letter are not significantly differed at 0.05 
levels of probability  
* Significant at 0.05 level of probability 
 
 

B- Qualitative traits or quality: 
The results recorded in Tables (6 and 7) showed that quantitative traits i.e. 

crude protein (CF %), crude fiber (CF%), water soluble carbohydrate (WSC%), 
ether extract (EE), ASH%, natural detergent fiber (NDF%) and Degeative dry 
matter (DMD%) for the two seasons, were significantly affected by some 
micronutrients. Foliar application at two spraying significantly increased qualitative 
traits in both seasons. It could be concluded that the using micronutrients led to 
active indol acetic acid and then this acids makes amino acids to qualitative traits 
through this clover quality increase and by using micro and macronutrients, dry 
yield by of clover plant in will increased. Similar results were reported by Ali et al. 
(2012), Bhat (2013) and Bhatte et al. (2016). 

 
Chemical constituents, crude protein (CF), crude fiber (CF), Ether Extract 

(EE), water soluble carbohydrate (WSC %), ASH%, natural detergent fiber (NDF 
%) and Digestive dry matter (DMD %) (Yield (ton)/fed) area shown in Table (6). 
Dual inoculation (Rhizobium + A-mycorrhizal) gave highest values of chemical 
constituents with compared to uninoculation (control) treatment in both seasons. 
This results could be explained by beneficial effects of fertilizer inoculation 
(Rhizobium + A-mycorrhizal) which led to increase nutrient supply, improve 
photosynthesis and ultimately provide the better qualitative characters 
(Gholamhosiane et al., 2012). Similar results were reported by Zeidi et al. (2004), 
Canbolat et al. (2006), Blaise et al. (2006) and Abo Taleb et al. (2008). 
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The interaction between application of micronutrients and dual inoculation 
was significant for quantitative traits during both seasons Table (6). The highest 
values of quantitative traits were recorded for application of micronutrients at spray 
with dual inoculation (Rhizobium + A-mycorrhizal) in both seasons. 

 
It was concluded that dual inoculation with (Rhizobium + A-mycorrhizal) 

increased growth, yield quantity and quality of Egyptian clover (Giza 6). Thedual 
inoculation led to significant decrease in production cost and guaranteed more 
beneficial effects on social and environmental health. 

 
Table (6a).Crude protein (TCP %), Crude fiber (CF %),Total soluble 

carbohydrate (WSC %) Ether extract (%), ASH (%), Natural d tergeant 
fiber (NDF %) andDegeative dry matter (DMD %) as affected by 
micronutrients and dual inoculation (Rhizobuim, Mycorrhizal) in 
2014/2015 season 

 

Treatments 

Crude 
protein 
(TCP %) 

Crude 
fiber (CF 

%) 

Total soluble 
carbohydrate 

(WSC %) 

Ether 
extract 

(%) 
ASH% NDF% DMD% 

2014/2015 2014/2015 2014/2015 2014/2015 2014/2015 2014/2015 2014/2015 
A) Micronutrients        
Control 19.58c 24.67c 10.00c 14.33c 7.76c 47.33c 44.05c 
One spray 22.17b 26.88b 10.42b 16.50b 8.26b 44.67b 47.17b 
Two spray 23.63a 28.42a 11.00a 17.80a 8.44a 53.00a 49.66a 
L0.S.D. (0.05) 0.80 1.60 0.35 0.90 0.15 1.90 2.10 

B) Dual inoculation        
Uninoculation 18.89d 25.00d 9.78d 14.78c 7.50d 46.55d 44.06d 
Rhizobium 21.21c 26.00c 10.22c 15.89bc 8.09c 49.33c 46.67c 
Mycorrhiza 23.12b 27.44b 10.78b 17.00ab 8.35b 51.33b 48.22b 
Dual (Rhiz + Mycor) 23.95a 28.17a 11.11a 17.78a 8.62a 52.78a 48.89a 
L.S.D. (0.05) 0.70 0.60 0.30 1.65 0.20 1.30 0.52 

Interations        
AxB * * * * *   * 

Mean values in the same column marked with the same letter are not significantly differed at 0.05 levels of 
probability    
 * significant at 0.05 level of probability 

 

  



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

������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ 495                                                                              

Vol. 22 (3), 2017         

 
 

Table (6b).Crude protein (TCP %), Crude fiber (CF %), Total soluble 
carbohydrate (WSC %) Ether extract (%), ASH (%), Natural detergent 
fiber (NDF %) Degeative dry matter (DMD %) as affected by 
micronutrients and dual inoculation (Rhizobuim, Mycorrhizal) in 
2015/2016 season 

 

Treatments 

Crude 
protein 
(TCP %) 

Crude 
fiber (CF 

%) 

Total soluble 
carbohydrate 

(WSC %) 

Ether 
extract 

 (%) 
ASH% NDF% DMD% 

2015/2016 2015/2016 2015/2016 2015/2016 2015/2016 2015/2016 2015/2016 

A) Micronutrients         
Control 19.85c 25.09c 10.21c 14.50c 7.03c 45.75c 44.83c 
One spray 22.64b 27.00b 10.48b 15.67b 7.48b 48.25b 46.75b 
Two spray 23.93a 28.92a 11.20a 17.09a 7.87a 51.50a 48.75a 
L0.S.D. (0.05) 0.90 1.70 0.22 0.80 0.20 2.00 1.50 

B) Dual inoculation        
Uninoculation 19.19d 25.49d 9.82d 14.11d 7.06d 44.89d 44.33d 
Rhizobium 21.75c 26.56c 10.44c 15.33c 7.38c 47.44c 46.33c 
Mycorrhiza 23.54b 27.56b 10.89b 16.33b 7.60b 49.56b 47.55b 
Dual (Rhiz + 
Mycor) 

24.10a 28.44a 11.50a 17.22a 7.81a 
51.78a 

48.75 

L.S.D. (0.05) 0.45 0.80 0.23 0.70 0.19 1.75 1.20 

Interations        
AxB * * * * *   * 

Mean values in the same column marked with the same letter are not significantly differed at 0.05 levels of 
probability      
* significant at 0.05 level of probability 
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ABSTRACT: Citrus is one of the most important commodity worldwide, owing to its 

tremendous nutritional value, and acceptable as fresh edible food. This study was conducted at 
the Desert Research Center (DRC) in Cairo, Egypt, during the period 2013-2017. An efficient in 
vitro propagation system for Volkamer lemon (Citrus volkameriana) was established. The effect 
of various combination of two plant growth regulators (cytokinin and auxin) was evaluated on 
the proliferation efficiency of citrus plant via in vitro propagation technique. The sterilized stem 
nodal segments of the given species were planted vertically on MS culture medium augmented 
with various combinations of BAP at 0.0, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 mg/l and NAA at 0.0, 
0.1, and 0.2 mg/l, and especially at BAP×NAA at 2.0 ×0.1 mg/l respectively proved to be the 
best for bud induction. The survival percentage of stem node segment frequency was 100%, 
especially when MS medium was supplemented with BAP in a range 1.0- 3.0 mg/l. The best 
shoot initiation was obtained on MS medium augmented with BAP and NAA at 2.0 and 0.1 mg/l, 
each in turn, which recorded the highest mean value (3.99 shoots/ explant). Higher number of 
elongated shoots was obtained on MS medium with BAP and NAA at 3.0 and 0.1 mg/l, in order. 
The higher multiplication rate was recorded on MS medium containing BAP and NAA at either 
2.0 or 2.5 mg/l for the former and 0.05 mg/l for the latter. The shoots were then rooted on MS 
medium containing IBA and NAA at 1.5 and 0.2 mg/l consecutively, with high rooting 
percentage (100%). The plantlets survival ex vitro swas (80%) when plantlets were transferred 
to plastic pots containing a mixture of sand and peatmoss (1:1). In conclusion, this study 
provides reproducible technique for micropropagation of Volkamer Lemon. 

Keywords: Citrus volkameriana, plant tissue culture, initiation stage, multiplication stage, 
rooting and acclimatization stage   

 

INTRODUCTION 

Citrus volkameriana, is a member of Rutaceae family and it is commonly 
known as Volkamer lemon. Citrus is considered as the number one fruit of the 
world due to its high nutritional value, great production potential and preparation 
of large number of fruit products from them. Citrus species are cultivated in 
most tropical and subtropical regions of the world (García-Luis et al., 2006). 
Volkamer lemon (Citrus volkameriana) is a commonly used as a rootstock in 
Egypt and it is an excellent rootstock for warm, humid areas with deep sandy 
soils (García-Luis et al., 2006). Volkamer Lemon being polyembryonic in nature, 
give rise to several vigorous and virus free nucellar seedling which are difficult 
to differentiate from zygotic seedling and are ,also, difficult to isolate from 
zygotic seedling, which necessitate the application of in vitro micropropagation, 
therefore, very little work has been carried out on the tissue culture of this plant 
(Ali and Mirza, 2006). Likewise, in vitro propagation is a techno-economically 
viable and eco-friendly approach to produce disease free planting material on a 
large scale, utilizing relatively small space and time. Hence, rapid and cost 
effective in vitro methods of reproducing this rootstock would ensure bulk 
production of true- to -type and disease- free- planting material. Therefore, the 
present study was undertaken to standardize the protocol for in vitro 
propagation of this commercially important Volkamer Lemon.  
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MATERIALS AND METHODS 

Plant materials: 
This study was achieved through the period from year 2013 until 2017 in 

the Tissue Culture Laboratory, Desert Research Center (DRC), and Cairo, 
Egypt. 

 
The plant materials of citrus rootstock (Volkamer) explants were collected 

from a private farm located at 70 km Cairo-Alexandria desert road.  Actively 
growing shoots with terminal buds were collected, moistened, wrapped and 
placed into ice-box container. In the laboratory, the explants were washed 
under running tap water for 4 hours and the healthy ones were chosen to verify 
their response to the in vitro propagation procedure. The latter procedure was 
performed as the following system: 

Stage 0 (selection the mother plant and explants sterilization): 
Vigours and healthy plants of Volkamer Lemon were selected from the 

above-mentioned private farm, to collect the explants nodal segments. 

Explants sterilization: 
Surface sterilization of the given explants was carried out under complete 

aseptic conditions in the Laminar Air Flow Hood. The explants were subjected 
to different sterilization treatments using commercial Clorox containing 5.25% 
sodium hypochlorite (NaOCl) at 1.25% for 20 minutes. After each treatment, the 
explants were rinsed thoroughly with double distilled sterilized water for 4 times 
to remove all traces of the disinfectant, with continuous hand shaking agitation 
in each of the previous steps. Finally, nodal segments were trimmed at both 
ends to 0.5 - 1cm in length using forceps and scalpel to be ready for culturing. 

The basic nutrient medium and culture conditions: 
Stem nodal segments were cultured vertically on solidified basal 

Murashige and Skoog (MS) medium adopted by Murashige and Skoog (1962) 
supplemented with 100 mg/l myo-inositol and 30 g/l sucrose (3%), which 
augmented with growth regulators such as benzyl amino purine (BAP), at 
different concentrations, either independently as 0.0, 0.5, 1.0, 1.5, 2.0, 2.5 and 
3.0 mg/l or in combinations with β–naphthalene acetic acid (NAA) which was 
added at 0.0, 0.1and 0.2 mg/l. The pH of the nutrient media was adjusted to 5.7 
± 0.1 with adding few drops of either 0.1N Hydrochloric acids (HCl) or 0.1N 
Sodium hydroxide (NaOH) prior to addition of 2.7g/l phytagel to solidify the 
liquid media. Fifteen ml of media were dispensed into culture tubes 25×150 mm 
long or 30ml volume into 350 ml jars. Then, closed with polypropylene caps and 
autoclaved at 121°C under a pressure of 1.1kg/cm² for 20 min, then left to cool, 
and media were stored at room temperature a day before being used. 

Initiation stage 
Effect of different growth regulator combinations on the initiation 
(establishment) stage: 

The induction of shoots from the nodal segments was attempted with full 
strength of solid MS medium supplemented with 100 mg/l myo-inositol, 30 g/l 
sucrose, 2.7g/l phytagel, 40 mg/l adenine sulphate, 100mg/l glutamine, 1mg/l 
FeSO4.7H2O and 500mg/l malt extract. Different growth regulators 
combinations of BAP (0.0, 0.5, 1.0, 1.5, 2.0,2.5 and 3.0 mg/l) individually or in 
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combination with 0.0, 0.1and 0.2 mg/l NAA were added to the media to obtain 
the highest percentage of growth induction comparing to MS medium free of 
growth regulators (as a control). The freshly sterilized explants were cultured 
into tissue culture tubes or jars and each treatment was represented by 3 
replicates. 

 Multiplication stage: 
Established explants (outcomes of initiation stage) were multiplied on MS 

media for Volkamer Lemon containing different concentrations of BAP (2.0 and 
2.5 mg/l) with NAA at 0.05 mg/l for shoots multiplication. As reported above 
explants were cultured in tissue culture tubes or jars and each treatment was 
represented by 3 replicates. The explants were subcultured for seven 
consecutive subcultures on the best-defined multiplication medium using large 
jars to obtain stock materials to be used for the following experiments.  

Rooting stage: 
Shoots derived from multiplication stage (ca. 3-5 cm long) were 

transferred to half strength MS salts with vitamins containing 1g/l activated 
charcoal (AC), in addition to 100mg/l myo-inositol and 30 g/l sucrose. For 
rhizogenesis, two types of auxins were tested, viz., IBA at five concentrations 
(0.0 [nil], 0.5, 1.0, 1.5, and 2.0 mg/l) in combination with NAA at four 
concentrations (0.0 [nil], 0.2, 0.5 and 1.0 mg/l). The tested media were solidified 
with 2.7g/l phytagel. Cultures were incubated under the same conditions that 
used for shoot propagation. The incubation condition was, in general, as 16-hr 
photoperiod+ 8hr darkness, at 25±2 oC and light intensity of 3000 Lux.  

Acclimatization stage: 
The obtained plantlets (rooted shoots) were washed, thoroughly, with 

running tap water to discard media residues, and treated with 0.2 % ( w/v) Mon 
cut 25% (a, a, a-trifluoro-3- isopropoxy-o-Toluanilid) solution as a fungicide for 
30 sec., then they were transplanted ex vitro in plastic pots (8 cm in diameter) 
containing soil potting mix of peat-moss and sand (1:1 v/v). Pots were covered 
with transparent polyethylene bags and placed in a greenhouse. One week 
later, the covers were removed, and the plantlets started to acclimatize for one 
month. The percentage of survived transplants (%) was recorded.  

Statistical analysis:  

All the experiments carried out during this study were designed as 
factorial experiments layout in completely randomized design (Gomez and 
Gomez, 1984). Recorded data were analyzed statistically using analysis of 
variance technique (ANOVA) Steel et al. (1997). The means significance was 
compared by applying the least significant difference (L.S.D.) test at 5%level of 
probability.  
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RESULTS AND DISCUSSIONS 
  

Initiation stage: 
Effect of BAP, NAA (mg/l) and their combinations on the given traits of 
citrus rootstock "Volkamer Lemon" during initiation stage: 
Survival percentage of stem explants: 

Data presented in (Table 1) declare the effect of both BAP and NAA 
(mg/l) and their combinations that augmented to MS medium on survival 
percentage of stem node segment explants during initiation stage. The main 
effect of BAP showed that BAP exerted highly significant (P ≤ 0.01) effect on 
the given trait, whereas, augmenting MS medium with at the range 1-3.0 mg/l 
and 0.1 mg/l NAA; brought about the highest survival percentage (100%). This 
finding could be attributed to the mode of action of both BAP and KIN as 
cytokinins on the stimulation of both cell division and growth promotion of 
axillary shoots in plant tissue culture as reported previously by Trigiano and 
Gray (2000) and George et al. (2008). On the other hand, the shoot proliferation 
depends upon the balance of cytokinins and auxins. The addition of lowest 
levels of NAA used affected well the initiation of citrus in vitro (Usman et al., 
2005). 

 
The mean number of neoformed shoots/explant  

Data illustrated in (Table 2) exhibited that tested MS media 
supplemented with various levels of BAP, NAA, and their combinations on the 
characteristic. The main effects of BAP, NAA and their combinations, showed a 
very highly significant effect (P≤ 0.001) on the given trait. The highest mean 
values (3.99) were obtained when MS medium was supplemented with 2.0 mg/l 
BAP in combination with 0.1mg/l NAA. This finding could be taken place due to 
the accurate balance between both growth regulators as exogenous application 
and those of endogenous biosynthesis, which resulted in the best genes 
expression and subsequently the growth (George et al., 2008).  

 
In this respect the high BAP level compare to NAA level considers as in 

favor of stimulation cell division, morphogenesis (shoot initiation/bud formation) 
in tissue culture process, and break of apical dominance and release growth of 
lateral buds (Raven et al., 1992; Salisbury and Ross, 1992; Davies, 1995) and 
their combinations exerted highly significant effects on the initiation stages 
characters of rootstocks, where stem node segment as explants were grown in 
vitro for 30 days. Further, the obtained results in this study cope with those of 
Upadhyay et al. (2010) and Marques et al. (2011) who advised to add lower  
level of NAA to affect the initiation of citrus in vitro and found that the high rates 
of bud initiation and shoot development were obtained both with BA 
supplemented medium, in range from 1mg/l to 3 mg/l and with 0.1 mg/l NAA 
supplemented medium.   
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Table (1). Effect of different levels of both BAP and NAA (mg/l) and their 
combinations added to MS culture medium on survival 
percentage of stem node explants during initiation stage of 
Volkamer (Citrus volkameriana ). 

 
Table (2). Effect of different levels of both BAP and NAA (mg/l) and their 

combinations added to MS culture medium on mean number of 
neoformed shoots/explant for stem node segment during 
initiation stage of Volkamer (Citrus volkameriana ). 

 L.S.D.  = Least significant difference test at 0.05, 0.001 level of probability. **, ***, ns = high significant, 
very highly significant, not significant, respectively. 

NAA concentration above 1 mg/l significantly reduced bud initiation and 
shoot elongation.  The highest mean values were obtained on MS medium 
supplemented with 2.0 and 2.5mg/l BAP in combination with 0.1mg/l NAA for 
"Volkamer". Furthermore, Upadhyay et al. (2010) mentioned  that 2.0 mg/l BAP 
+ 0.1 mg/l NAA was found to be the best treatment for establishment medium of 
"Sweet orange" , with respect to maximum sprouting, minimum days taken for 
sprouting with  highest number of shoots/ explants. Hence, 2mg/l BAP or 1.0 
mg/l KIN + 0.1 mg/l NAA was observed to be the best treatment for 
multiplication medium with maximum shoot length and highest number of leave. 
 
The mean shoots length (cm)/explant. 

Data illustrated in (Table3) exhibited the effect of various levels of BAP, 
NAA, and their combinations added to the MS medium on the defined 
characteristic of the mean shoots length of neoformed per culture explants.  The 
main effect of BAP disclosed that it exerted a very highly significant effect (P≤ 
0.001) on the given trait, especially when MS culture medium was augmented 
with BAP at 3.0 mg/l and NAA at 0.1 mg/l, which recorded the highest mean 
length of shoots (2.01 cm). These results are in agreement with those obtained 
by Tapati et al. (1995) and Moreira et al. (2001) who found that BAP has been 

NAA (mg/l) 

BAP (mg/l) 
Mean 
NAA 

Significance 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 BAP NAA 
BAP 

×  
NAA 

 MS medium 
0.0 65 30 80 80 100 100 100 79.28 ** ns ns 
0.1 50.2 50.2 90 90 100 100 100 82.91    
0.2 50.2 30 48 90 100 100 100 74.02    

Mean (BAP) 55.13 36.73 72.66 86.66 100 100 100     
L.S.D.         23.2 15.2 40.3 

NAA 

(mg/l) 

BAP (mg/l) 
Mean 
NAA 

Significance 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 BAP NAA 
BAP 

×  
NAA 

 MS medium 
0.0 0.11 0.11 0.33 0.66 1.88 1.22 0.44 0.67 *** *** *** 
0.1 0.11 0.11 0.33 1.11 3.99 2.44 0.99 3.02    
0.2 0.11 0.00 0.22 0.44 0.44 0.44 0.33 0.36    

Mean 
(BAP) 

0.11 0.07 0.29 0.73 2.28 1.36 0.58     

L.S.D.         0.27 0.18 0.48 



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  503                             
Vol. 22 (3), 2017 

 

reported to be the most commonly used cytokinin in citrus tissue culture media, 
which enhanced culture establishment and minimized the time elapsed to be 
bud sprouted or outgrowth. This finding may be taken place due to the balance 
between endogenous and exogenous PGRs (George and Sherrington, 1984; 
and George et al., 2008) whereas, auxins are capable to control various 
distinctive processes such as promotion of stem elongation and growth and 
they are not effective against shoot proliferation (George et al., 2008; Goussard, 
1981). 

 
Multiplication stage: 
Effect of BAP with NAA and their combinations on the multiplication of 
Volkamer axillary shoots during 7 successive subcultures 

Data in Table (4) and Plate (1) display that the effect of augmenting MS 
medium with BAP and NAA at best given levels on percentage of explant 
forming growth, mean number of axillary shoots, and mean length of axillary 
shoots/ propagule during seven successive subculture of Volkamer rootstock. 
Whereas, MS medium supplemented with BA at 2.0 or 2.5 mg/l and NAA at 
0.05 mg/l; achieved such significant effect on the given traits. The multiplication 
rate was gradually, increased until the fifth subculture, then declined at the sixth 
and seven subcultures; especially mean numbers of shoots. 

 As for the percentage of explant forming out growth, the main effect of 
BAP and NAA, showed no significant effect on the given trait. For instance, the 
mean number of shoot formed/ propagule, upon fortifying MS medium with BAP 
and NAA at either 2.0 or 2.5 and 0.05 mg/l, respectively, showed a significant 
effect on the given trait, which recorded the highest mean value of the defined 
character (4.68 or 4.43, each in turn), during the fifth subculture, whereas, after 
sixth subculture it declined (2.67 or 2.23, serially). On the other hand, 
augmenting MS medium with BAP and NAA at 2.5 and 0.05 mg/l showed a 
significant effect on given trait, which recorded the highest mean length of 
shoots/ propagule (1.75cm). 
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Table (3). Effect of different levels of both BAP, NAA (mg/l) and their 
combinations added to MS culture medium on mean shoots 
length (cm)/explant for citrus rootstocks" Volker" stem node 
segment during initiation stage. 

 

L.S.D.  = Least significant difference test at 0.05, 0.001 level of probability. **, ***, ns = high significant, 
very highly significant, not significant, respectively. 

 Table (4). Effect of given levels BAP with NAA on same multiplication 
traits of Volkamer Lemon axillary shoots during seven 
successive subcultures. 

 

 

 

 

 

 

 
 

  

NAA 

(mg/l) 

BAP (mg/l) 
Mean 
NAA 

Significance 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 BAP NAA 
BAP 

× 
NAA 

 MS medium 
0.0 0.16 0.33 0.91 1.08 1.23 1.23 1.75 0.95 *** ns ns 
0.1 0.16 0.50 1.83 1.38 1.42 1.42 2.01 1.19    
0.2 0.16 0.00 1.00 1.25 1.66 1.66 1.50  0.96    

Mean 
(BAP) 

0.16 0.27 1.24 1.23 1.17 1.37 1.75     

L.S.D.         0.39 0.25                  0.67 

Genotypes Volkamer Lemon 
      Growth regulators 
 
 
 
No. of subculture 

2.00 mg/l BAP+ 0.05 mg/l NAA 2.50 mg/l BAP + 0.05 mg/l NAA 

Survival 
% 

Mean 
number 

of shoots 

Mean length 
of shoots 

(cm) 
Survival% 

Mean 
number 

Of shoots 

Mean length 
of 

shoots(cm) 

1st   subculture 100
a

 0.63
d
 1.52

a 
100

a
 0.55

d
 1.75

a
 

2nd subculture 100
a

 0.88
cd

 1.49
a
 100

a
 1.12

d
 1.47

abc
 

3rd   subculture 100
a

 1.12
cd

 1.39
a
 100

a
 2.12

c
 1.26

bc
 

4th   subculture 100
a

  1.83
bc

 1.37
a
 100

a
 3.22

b
 1.19

 bc
 

5 th subculture 100
a

 4.86
a
 1.24

a
 100

a
 4.43

a
 1.07

c
 

6th   subculture 100
a

 2.67
b
 1.38

a
 100

a
 2.23

c
 1.34

abc
 

7th   subculture 100
a

 0.86
cd

 1.62
a
 100

a
 0.96

d
 1.58

ab
 

Plate (1). Multiplication stage of Volkamer Lemon, when cultured on MS 
media and the best combination 2.0 mg/l BA with 0.05 mg/l NAA. 
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In this respect, cytokinins, together with auxin, take part in regulation of the cell  
cycle in plant cells (i.e. stimulation of cell division, break apical dominance, 
enhance axillary shoot proliferation, and adventitious, inhibition root formation).  
Also, the interaction between auxin and cytokinis or their ratio between other 
represents an important signal in the formation of cell phenotype and in the 
onset and maintenance of the process of cell division (Stickens et al., 1996). In 
the same line, Kumar et al. (2001) mentioned that the plantlets were 
regenerated by direct organogenesis from epicotyls segments of in vitro 
germinated nucellar seedlings of sweet orange cultivars. When epicotyls 
segments (1.0-1.5 cm long) were cultured on MS medium supplemented with 
BA and NAA, in Mosambi; the highest number of explants showed shoot 
proliferation (14.33) and the highest number of shoot (2.06) and leaves (4.56) 
were obtained upon using 1.0mg/l BA. In Jaffa, 2.0mg/l of BA; gave the highest 
number of explants showing shoot proliferation. Likewise, Upadhyay et al. 
(2010) mentioned  that 2.0 mg/l of BAP + 200 mg/l of casein hydrolysate was 
found to be the best treatment for establishment medium for sweet orange , with 
respect to maximum sprouting, minimum days taken for sprouting with  highest 
number of shoots/ explants. It was observed that augmenting the culture 
medium with 2.0mg/l BAP + 1.0 mg/l KIN + 0.1 mg/l NAA; was recorded to be 
the best treatment for multiplication medium with maximum shoot length and 
highest number of leave. In vitro organogenesis of citrus was studied by Schinor 
et al. (2011) for the micropropagation of genotype Citrus sinensis cv. Natal, C. 
limonia, C. volkameriana and C. aurantium, with the use of epicotyls segments 
–derived explants, and cultured in MT medium supplemented with different 
concentration of BAP and NAA. For the recalcitrant genotypes C. limonia and C. 
aurantium the in vitro organogenesis was, also, studied with intermodal 
segments, cultured in MT medium supplemented with BA ad NAA. In the same 
year, the factors affecting in vitro adventitious shoot formation on internode 
explants of Citrus aurantium L. was recorded by Marques et al. (2011) and 
found that the high rates of bud initiation and shoot development were obtained 
due to supplementing the culture medium with BA, in range from 1.0 mg/l to 3.0 
mg/l and with 0.1 mg/l NAA. Notably, NAA concentration above 1.0 mg/l; 
significantly reduced bud initiation and shoot elongation. 

Rooting stage (Rhizogenesis) 
 
Effect of IBA, NAA and their combinations (mg/l) on percentage of rooted 
shoots /propagule during rooting stage of citrus rootstock " Volkamer". 

Data tabulated in Table (5) display the effect of various level of both 
applied growth regulators viz, IBA, NAA and their interactions on percentage of 
rooted shoots/ propagule of the tested rootstocks "Volkamer Lemon" during 
rooting stage. As for, the main effects of IBA, NAA in addition to their 
combinations, generally, they exerted very highly significant effect (P≤ 0.001) on 
the given trait. For instance, augmenting MS medium with IBA, NAA and IBA× 
NAA at 1.5, 0.2 and 1.5×0.2 mg/l; resulted in the highest percentage values as 
49.75, 46.60 and 100%, consecutively. 
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Effect of NAA, IBA and their combinations (mg/l) on mean number of roots 
formed/explant during rooting stage of citrus rootstocks" Volkamer ". 

Results outlined in Table (6) and Plate (2) disclosed the effect of IBA, 
NAA (mg/l) and their combinations on mean number of roots formed/ shoot of 
Volkamer Lemon during rooting stage. Whereas, IBA at 1.5, NAA at 0.2 mg/l 
and their interaction at 1.5×0.2 mg/l, in series, have very significant effects (P≤ 
0.001) of the given trait, which recorded the highest mean values as 1.27 for 
IBA, 1.15 for NAA and 2.44 for interaction.  

   
The obtained results could be explained on the bases that auxin induced 

number of responses which involved cell division, cell enlargement, protein and 
nucleic acids syntheses which are concomitant of auxin-induced growth and 
changes in wall plasticity of plant cell and increase the apical dominance as 
there are essential and rapid processes involved in growth and elongation 
(Wilkins, 1989). The use of auxins and many other factors and changes in the 
rooting environment have been described in order to enhance the rooting of 
microcuttings (Brand and Lineberger, 1986). Similarly, in a previous study on in 
vitro rooting of cv. "Pinot noir" microshoots (Heloir et al., 1997), where it was 
shown that IBA is a suitable auxin, while other types of auxins (e.g., NAA) may 
lead to callus formation. Jaskani et al. (2008) reported that media having 10µM 
(2.0mg/l) IBA proved to be the best for root formation in microshoots while its 
absence shoots of vitis showed complete failure in root formation. Hicks and 
Dorey (1998) also reported that roots at high frequency was achieved on MS 
medium plus IBA but level of IBA was different than the treatments in the 
present study which may be due to different varietal response. These results 
are close to those of HuXinXI et al. (2007) who indicated that about 97.7% of 
the adventitious shoot from Citrus sinensis was rooted on 1/2 MS medium + 3% 
sucrose + 0.7% agar + 2.0 mg/l IBA, pH 5.8. Also, Upadhyay et al.(2010) 
reported that IBA (2.0 mg/l) + NAA (0.1 mg/l) + activated charcoal (500mg/l) 
was found to be significantly superior over all other treatments with respect to 
maximum root initiation percentage, days spanned to root initiation , highest 
number of roots and length for nodal and intermodal segments of  C. sinensis. 
Alemow and "Cleopatra" mandarin shoot were rooted well using these plant 
growth regulators.  
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Table (5). Effect of IBA, NAA and their combinations (mg/l) on percentage 
of roots /propagule during rooting stage of citrus rootstocks" 
Volkamer ". 

 

NAA(mg/l) 
IBA  (mg/l) 

Mean NAA 
Significance 

0.0 0.5 1.0 1.5 2.0 IBA NAA IBA×NAA 
0.0 0.00 22.0 44.0 44.0 0.00 22.00 *** *** *** 
0.2 0.00 0.00 100 100 33.0 46.60    
0.5 0.00 0.00 0.00 55.0 33.0 17.60    
1.0 11.0 0.00 0.00 0.00 44.0 11.00    

Mean (IBA) 2.75 5.5 36.0 49.75 27.5     
L.S.D.       8.0 7.0 17.0 

L.S.D.  = Least significant difference test at 0.05,0.001 level of probability.  
*, ***, ns significant, very highly significant, not significant, respectively. 

 

Table (6). Effect of IBA, NAA and their combinations (mg/l) on mean 
number of roots formed/explant during rooting stage of citrus 
rootstocks "Volkamer ". 

L.S.D.  = Least significant difference test at 0.05,0.001 level of probability.  
*, ***, ns = significant, very highly significant, not  significant, respectively. 

 
  Likewise, NAA/IBA combinations; produced higher rooting percentages than 
did the IBA/ IAA combinations, and in sour orange nearly 100%of explants 
developed roots. Regenerated shoots of Citrus limon L. showed root induction 
on MS medium containing 1.0 mg/l IBA which was recorded by Goswamiet al. 
(2013). Root initiation commenced within 12 days, and after three weeks, 
vigorous roots could be seen on each plantlet they were, successfully, 
acclimatized and transferred to the glasshouse. 

 
Acclimatization stage: 
 
 Effect of acclimatization mixture on plantlets survival, during plantlets 
acclimatization stage of citrus rootstocks.          

Data presented in Table (7) and Plate (3) demonstrated the ex vitro 
successful acclimatization of neoformed plantlets of citrus rootstocks" Volkamer 
". A high percentage of "Volkmer" plant survival (80%) was achieved by 
transplanting of plantlets in pots containing peatmoss and sand at ratio of 
1:1(v/v). Generally, the well- defined mixture declared mixture the best mixture 
of growing "Volkamer" plantlets. As well as, no significant difference was 
dectected regarding plant survival observed between all mixtures. The number 
of newly formed leaves (true leaves) of "Volkamer", especially the highest mean 
number value were achieved due to the mixture ratio above-mentioned of 

NAA 
(mg/l) 

IBA  (mg/l) Mean NAA 
 

Significance 
0.0 0.5 1.0 1.5 2.0 IBA NAA IBA×NAA 

0.0 0.00 1.66 1.16 1.17 0.00 0.79 *** ns *** 
0.2 0.00 0.00 2.33 2.44 1.00 1.15    
0.5 0.00 0.00 0.0 1.50 1.00 0.50    
1.0 0.66 0.00 0.00 0.00 2.00 0.53    

Mean (IBA) 0.16 0.41 0.87 1.27 1.00     
L.S.D.       0.40 0.36 0.80 
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peatmoss: sand (1:1) and the lowest mean value was recorded with the ratio of 
peatmoss and sand (1:2). While, the plantlets length of 'Volkamer" was, 
significantly promoted by the effect of physical and chemical properties of 
acclimatization mixture which resulted in (9.5cm), but the lowest height was 3.4 
cm which was recorded owing to the mixture from the sand: peatmoss (1:2). 
 
Table (7). Effect of acclimatization mixture on plantlets survival, during 

plantlets acclimatization stage of Citrus Volkameriana. 
 

Acclimatization mixture 
Volkamer 

Plant 
survival % 

Number of 
newly leaflets 

Shoot 
length (cm) 

Sand+ Peatmoss 1:2 
Sand + Peatmoss 2:2 
Sand + Peatmoss 1:1 
Sand + Peatmoss 2:1 

40 
40 
80 
60 

3.4 
3.9 
5.8 
3.7 

5.6 
7.5 
9.5 
5.6 

L.S.D. 40.561* 0.868*** 1.545*** 

L.S.D. = Least significant difference test at 0.05,0.01,0.001 level of probability.  

*, **,***, ns= significant, high significant, very highly significant, not significant, respectively. 

  

 

 

 

 

 

  

 

 

 

Plate (2). Rooting stage of Volkamer using MS medium containing 
               2.0 mg/l IBA and 0.2 mg/l NAA. 

 

 

 

 

 

 

 

Plate (3). Acclimatization stage of Volkamer. 
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      In this context, Kumar et al. (2001) found that the complete plantlets survival 

rate of regenerated were obtained with the highest survival rate of 68.8% due to 

transfer the neoformed plantlets to pots containing sand and soil (2:1) was 

66.02% in Mosambi and 67.5% in Jaffa. Usman et al. (2005) found that Kinnow 

explants registered the highest rooting percentage (91%)and recorded the 

highest number of root per shoot (1.3). the plantlets were grown in the 

greenhouse on mould, sand, peat moss, and loam, then transplanted into the 

field after 2-3 month. Prez-Tornero et al. (2010) reported that the success 

during the acclimatization was close to 100% and the plantlets exhibited normal 

growth in soil under greenhouse condition. In addition, Roussos et al. (2011) 

claimed that the rooted explants were successfully acclimatized under mist 

(85%). Also, Khalil et al. (2011) noticed that the regenerated plantlets of C. 

senensis were successfully acclimatized when planted in jiffy pots containing 

sterilized soil mixture of sand, silt and clay in 1:1:1 ratio to study their response 

to in vivo condition. 

In conclusion, the stem node segment was the best of the citrus " 
Volkamer Lemon" explant showed the maximum shoot initiation on MS medium 
supplemented with BAP at 2.0 and NAA  0.1 mg/l each in turn. While, MS 
medium containing BAP at 2.0 or 2.5 and NAA at 0.05 mg/l; brought about the 
highest multiplication rate of the given traits. Whereas, the maximum rooting 
was obtained on MS medium augmented with IBA 2.0 mg/l + NAA at 0.2 mg/l. 
Generally, the mixture ratio of sand: peat moss (1:1) was the best mixture of 
growing "Volkamer Lemon" plant on the given trait.    
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Mazar-El-Boiety Road, West of El-Minia, Egypt 
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Cairo, Egypt. 

 

ABSTRACT: The present study is concerned with assessment of land potentiality of an area 

locating at Bani Mazar’s Western Desert fringe, that is bounded by longitudes 30
о
 09` and 30

о
 30` E 

and latitudes 28
о
30` and 28

о
 35` N, covering an area of approximately 82883 acres. The area could 

be distinguished, on basis of remote sensing as well as GIS facilities, into eleven (11) landforms; 
i.e. three different tablelands (TL), in terms of topography (almost flat TL, gently undulating TL, 
undulating TL); depression; plateau foot slope; major and minor escarpments; hills; hill foot slope; 
denuded hills and sand dunes. Twenty two (22) soil profiles, representing the tableland, depression, 
and plateau foot slope were morphologically described, their physical and chemical properties were 
determined; and their diagnostic characteristics were assessed. Data indicated that soils generally 
belong to the order Entisols and could be place, at sub-group level, to Typic Torriorthents and Typic 
Torripsamments. In addition, there is a relatively limited area belonging to Lithic Torrorthents. Based 
on CERVATANA model, around 61.9 % of the area is moderately capable for agricultural 
production (S3), whereas 13.93 % is non-productive and the rest of the area (24 %) is associated 
with sand dunes, hills and escarpment landform units. At subclass level, there are S3r, referring to 
moderate capability with slight constraint severity and S3lr specifying those affected by severe soil 
constraints and erosion risk. In terms of ALMAGARA model, related to the suitability of soil for crop 
cultivation, tested crop could be arranged as olive > sugar beet > alfalfa > peach > citrus > wheat > 
maize > melon > potato > sunflower. It is also indicated that about 2.75 % of the acreage area are 
suitable for peach, citrus and olive, whereas 25.23 % is moderately suitable, 14.36 % is marginally 
suitable and 33.36 % is not suitable for the selected crops. 

Keywords: El-Minia Governorate, Soil characteristics, Micro LEIS, Land capability, Land 

Suitability, Remote Sensing, and GIS. 

 

INTRODUCTION 
 

Egypt has experienced a rise and the prevalence of combined food 
insecurity and income poverty to 17.2% (an estimated 13.7 million people) in 2011, 
up from 14% of the population in 2009. The increasing population and limited 
cultivated land, combined with land degradation and desertification pose significant 
challenges for production. Between 2010 and 2011the total cultivated area in Egypt 
decreased by about 1 percent, associated with encroachment of aeolion sand on 
agricultural land (World Food Program, 2013), which necessitates the need for 
exploring the desert land around the old cultivated area in Egypt to find out the 
suitable soils for agriculture and reasonable sustainable way. Agricultural 
expansion, on scientific basis, is considered the mainstay of Egypt’s national 
economy to take up and cope with the current economic chalenges.  

The full understanding of the geological, geomorphological and pedological, 
as well as chemical and physical properties of soils is considered as the 
fundamental base for a successful reclamation plan in Egypt. Land evaluation is 
the process of estimating the potentials of land for alternative kind of use. 
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According to Dent and Young (1981), it includes productive uses, such as arable 
farming, livestock production and forestry, together with the uses that provide 
services or other benefits, such as water catchment’s area, recreation, and tourism 
and wildlife conservation. 

Remote sensing techniques have been utilized in soil science for many 
years as a tool for soil surveyors, reducing the time and expense for sampling 
(Palacios-Orueta and Ustin, 1998). Geographic information system plays a major 
role in spatial decision-making. The collected information for the suitability analysis 
for crop production should present both opportunities and constraints for the 
decision maker (Ghafari et al., 2000). The ultimate aim of GIS is to provide support 
for spatial decision making process (Foote and Lynch, 1996). Spatial analysis can 
be defined as the analytical technique associated with the study of geographic 
phenomena locations together with their spatial dimensions and their associated 
attributes (ESRI, 2010). 

 
The present investigation deals mainly with the geomorphologic setting, soil 

condition and its classification in order to evaluate the potentialities of some soil 
resources adjacent to Bani Mazar-El-Boiety Road, West of El-Minia in terms of 
land capability and land suitability for the horizontal agricultural expansion and their 
optimum agricultural use based on remote sensing data, GIS facilities, selected 
soil-sites characteristics and physical and chemical characteristics of the different 
soil units. 

The area under investigation is located in the west of El-Minia Governorate, 
adjacent to Bani Mazar-El-Boiety Road with about 33.5 km in length. It is bounded 
by longitudes 30о 09` and 30о 30` E and latitudes 28о30` and 28о 35` N, covering 
an area of approximately 82,883 acres, (Map 1). Said (1993) mentioned that in the 
western side of the Nile valley, the middle Eocene formations are covered by 
Oligocene gravel and cobbles. The Eocene limestone may crop to the surface 
locally. The main geological deposits in the study area are Nile deposits, sand 
dunes, aeolian deposits, gravel and basalt, (EGPC - Conco Coral Staff, (1987). 
According to Abu El-Izz (2000) the investigated area is built of recent alluvium 
sediments belong to Pleistocene, and Pliocene periods. The area is characterized 
by arid climate as the total rainfall is 7.8 mm/year. The dryness is prevailing most 
of the year and the wet periods are comparatively short. Based on the Egyptian 
Meteorological Authority data (2009) and Soil Taxonomy System (USDA Soil 
Survey Staff, 2014a), the soil temperature regime of the studied area is defined as 
Thermic, and the soil moisture regime as Torric. Ground water is considered the 
main source of irrigation water in the study area. 
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Map (1). Location of the investigated area at the west of El-Minia. 
 

MATERIALS AND METHODS 
 

A Landsat-8 Operational Land Imager (OLI) data covering the investigated 
area acquired in 2016 (path 177 / row 40) was employed in this study. It was 
merged and processed with Digital Elevation Model (DEM), (Fig. 1), which has 
been generated from the vector contour lines, and prepared in ERDAS Imagine 9.3 
software (2010) to identify the different landforms of the study area. The OLI data 
were classified using the ISO-DATA classification technique (Map. 2) to produce 
unsupervised soil map for the resultant landforms (Lillesand and Kiefer, 2000). 

A rapid reconnaissance survey was made throughout the investigated area 
in order to identify and verify landforms and to gain an appreciation of the broad 
soil patterns and landscape characteristics of the investigated area. The primary 
mapping units were verified based on the field interpretation and the information 
gained during the field work. Twenty two soil profiles were dug (note: soil profiles 
No. 1 & 16 not represented on the soil profile location map) to represent 
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unsupervised soil mapping unit within the resultant landforms and to fulfill the 
requirements of the digital soil maps, in addition to some testing auger 
observations for the purpose of recognizing the boundaries among the different 
mapping units. A detailed morphological description of soil profiles was recorded 
on the basis of guidelines for soil description, FAO (2006). 

  

The collected soil samples from genetic horizons/layers of the profile pits 
were subjected to some physical and chemical analyses using soil survey 
laboratory methods manual, USDA Soil Survey Staff (2014). Soil characteristics 
values were recalculated over a certain depth, some of them by using weighting 
factors for the different profile sections, Sys et al. (1991a). Soil classification was 
carried out according to the USDA Soil Taxonomy, USDA Soil Survey Staff (2014). 

A land capability and suitability evaluation were applied using CERVATANA 
and ALMAGRA models constituent of MicroLEIS DSS respectively. These two 
models were designed by De la Rosa et al. (1992) and modified for computing 
purpose by De la Rosa et al. (2004). Following the generally accepted norms of 
land evaluation (Klingebiel and Montgmery, 1961; FAO, 1976; Dent and Young, 
1981; ONERN, 1982; Verheye, 1986), the CERVATANA model forecasts the 
general land use capability or suitability for a broad series of possible agricultural 
uses. That model works interactively, comparing the values of the characteristics of 
the land-unit to be evaluated with the generalization levels established for each 
Use Capability Class. The prediction of general land use capability is the result of a 
qualitative evaluation process or overall interpretation of the following biophysical 
factors: relief, soil, climate, and current use or vegetation. Following the procedure 
of maximum limitation method, four capability classes are determined: Class S1-
Excellent, Class S2-Good, Class S3-Moderate, and Class N-Marginal and Nule. 
Four subclasses are also defined according to the most limiting land qualifies. 

 

While the second Model, ALMAGRA model, fits the types of biophysical 
evaluation that use as diagnostic criteria those soil characteristics or conditions 
favorable for crop development in function of productivity. The soil characteristics 
considered in this model are: limit of useful depth, useful depth, stoniness, texture, 
drainage, carbonates content, salinity, sodium saturation, and degree of 
development of the profile. For each soil characteristic, it was established a 
gradation matrix which relates the soil characteristic value with the corresponding 
soil crop requirements. Following the procedure of maximum limitation, five relative 
suitability classes are determined: Class S1-Highly suitable, Class S2- Suitable, 
Class S3-Moderately suitable, Class S4-Marginally suitable, and Class S5- Not 
suitable. The subclasses are indicated by the letters corresponding to the main 
limiting soil diagnostic criteria. Ten land uses were tested for their suitability in the 
investigated area, namely: traditionally crops wheat (T), maize (M), melon (Me), 
potato (P), sunflower (G) and sugar beet (R) as annuals; alfalfa (Af) as semiannual; 
and peach (Me), citrus fruits (C) and olive (O) as perennials. The requirements of 
each kind of land use are obtained according to Sys et al., (1993). 
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 The tested crops were chosen on basis that several problems are facing 
the decision makers which are: low quality soil resources, shortage of available 
irrigation water and low quality of the available water. 

Geomorphologic, soil, land capability and land suitability maps were 
spatially generated by using Arc GIS software, ESRI (2010). 

 
 

Fig. (1). 3D view of the investigated area showing the main landforms. 
 

 
 

Map (2). Unsupervised classification of the investigated area. 
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RESULTS AND DISCUSSION 
 
A- Geomorphology of the investigated area 

The results showed that viewing a remotely sensed image merged with 
Digital Elevation Module (DEM) can often lead to get the better understanding of 
the patterns in the image and how they relate to the shape of the earth’s surface. 
And based on the visual and digital interpretation of merged Digital Elevation 
Module (DEM) with Landsat-8 OLI image together with knowledge drawn from the 
geological map (Egyptian General Petroleum Corporation Conco Coral Staff, 
1987), topography map, ground truth data and soil survey of the study area, the 
geopedological approach (Zinck, 1989) is adopted to produce the physiographic 
map, (Map 3). The combination among landscape, lithology, morphology of the 
terrain surface, and the photo mapping units are shown in Table (1). Landforms 
map was considered a Geo- database map over which the representative soil 
profiles were spatially distributed.  

 

 
 

Map (3). Main landforms of the investigated area represented by soil profiles. 
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B- Soils of the investigated area 
The results showed that the area under investigation has different 

morphological, physical and chemical characteristics according to the studied soil 
profiles representing the different unsupervised soil mapping units of the resultant 
landforms. Tables (2 and 3) show values of soil attributes of some potential 
landform units which could be discussed and classified according to Soil 
Taxonomy (Map 4), (USDA Soil Survey Staff, 2014) as the following: 

1- Soils of plateau foot slope (Pu 231) 
Soils of this unit were formed at the down of a major rock escarpment of the 

limestone plateau landscape in the eastern part of the study area, formed from 
Wadi Rayan formation dated back to middle Eocene age. They occupy an area of 
about 5,011 acre covering 6.04 % of the total area and represented by soil profiles 
No. 8, 9 and 24. The surface is almost flat, sloping towards the east, and covered 
with many fine gravel. Surface runoff and associated hazard of water erosion are 
slight due to dominant very gentle slope. The data show that, because of the 
erosional and depositional process, soil profiles are either moderate (< 100 cm) or 
deep (> 100 cm) and lack any evidence of development. Characteristics of soils 
formed on it are mainly related to the local lithology. 

Soil texture is sand throughout the different layers of representative soil 
profiles. Calcium carbonate content ranges between 10.7 and 29.92% with a 
general trend to increase in the profile bottoms reflecting the calcareous parent 
materials nature in the representative profile.  Gypsum content is recorded among 
the studied soil samples and ranges from 1.76 to 4.01%. Secondary formations of 
carbonates and gypsum in detectable amount were identified throughout the layers 
without any diagnostic horizons. Soil-pH is slightly alkaline (pH 7.4-7.7), ESP 
values indicate low sodium hazard (ESP 4.74-9.88%), and soil salinity varies from 
moderately to extremely saline (EC 9.03-50.2 dSm-1). The vertical distribution of 
salts shows gradual homogenity with depth.  The soils of this unit are classified as 
Typic Torripsamments. 

2- Soils of tableland having almost flat topography (Pu 232) 
This unit is a part of the plateau landscape located between the major 

escarpment in the east and the minor escarpment in the west at the eastern part of 
the study area; formed from Wadi Rayan formation dated back to middle Eocene 
age. They occupy an area of about 5304 acre covering around 6.4 % of the total 
area and represented by profiles No. 7, 10, and 23. The surface is almost flat and 
covered with much fine gravel. The hazardous effect of water erosion is slight as 
surface runoff is very slow due to slight slope class. Because of the erosional and 
depositional process or due to limitation by a lithic contact, soil profiles are either 
shallow depth (< 50 cm) or moderately deep (50 - 100 cm) and lack any evidence 
of development. Characteristics of soils formed on it are mainly related to the local 
lithology. 
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 Data in Table (3) show that soils have coarse texture and are generally 
strongly to extremely calcareous (CaCO3 % 18.93 – 66.34 %), moderate in gypsum 
content (1.71 – 4.5), and considerably varied salinity level are obtained (EC 3.88 – 
29.17 dS/m). In representative profile No. 10, the salinity increases with depth 
reflecting the Eocene marine nature in the profile bottoms (Wadi Rayan formation). 
Values of pH (7.8 – 8.1) and ESP (16 -21%) show that the soils are saline-alkaline 
except soil profile-10 which has pH and ESP ranging from 7.4 – 7.9 and 8.5 – 10.5 
%, respectively is saline. The soils of this unit are classified as Typic 
Torripsamments (profile-10) and Lithic Torriorthents (profiles-7 and 23). 

3- Soils of depression (Pu 241) 
Soils of this unit cover an area of about 10,871 acre, representing 13.11 % of 

the total area and are represented by soil profiles No. 2, 3, 14, and 15. They are 
formed in the low-lying lands existing in the Oligocene to Pleistocene plateau 
surface which is located at south west of the study area. The surface is almost flat, 
very gently sloped towards the center of this unit, and is covered with many 
varysized gravel. The hazardous effect of water erosion is slight as surface runoff 
is very slow due to slight slope class. Data in tables (2 and 3) show that soils 
represented by profiles 2, 3 and 14 are moderately deep while profile 15 is deep 
and all are characterized by sandy to gravelly sand texture, moderately well to 
excessively drainage and devoid of any sign of horizon development. Total 
carbonates are moderate (CaCO3 % 4.49-10.51%), gypsum content is present as 
traces, soil-pH is slightly too moderately alkaline (pH 7.6-8.1), ESP values indicate 
low sodium hazard (ESP 5.11-13%), and soil salinity varies widely from very 
slightly to moderatley saline (EC 2.2-14.5 dSm-1). Based on analytical data and 
field studied soils of depression are classified as Typic Torripsamments (profiles-3, 
14, and 15) and Typic Torriorthents (profile- 2). 

4- Soils of tableland having gently undulating topography (Pu 341)  
These soils dominate the plateau surface of the study area occupying an area 

of about 28,103 acre representing 33.9% of the total area. They are developed 
from the formations dated back to Oligocene to Pleistocene ages. They are formed 
from sandy to gravelly sand soils. Surface is gently undulating and covered with 
gravel associated with desert varnish which minimizes surface runoff with slight 
hazard of water erosion. Soils of this landform were examined through profiles 4, 5, 
12, 13, 17, 19, and 20. They are excessively and/or moderately well drained and 
characterized by deep to moderately deep profile. Very wide variation in total 
carbonate content are recorded among the representative soil profiles and ranging 
between 3.29 and 35.56 % due to the nature of parent material which consists 
essentially of sandy and gravelly sediments, while gypsum content is present as 
trace. Secondary formations of carbonates and gypsum in detectable amount were 
identified throughout the layers without any characteristics of diagnostic horizons. 
Soil reaction is slight tending to moderately alkaline range where pH values 
fluctuate between 7.4 and 8.4. Soils have wide range of salinity with EC values 
ranging between 4.07 and 27.25 dSm-1. Values of ESP (from 6.5 to 14.5 %) 
indicate with values of EC and pH that those soils are saline. Hence, soils are 
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classified as Typic Torriorthents (Profiles-4 and 5) and Typic Torripsamments 
(profiles-12, 13, 17, 19 and 20). 

5- Soils of tableland having undulating topography (Pu 441) 

Soils of table land having undulating topography cover an area of 1,3476 acre 
representing 16.25 % of the total area. The surface is undulating and covered with 
many varysized gravels. They are represented by soil profiles No. 6, 11, 18, 21 and 
22. These soils are characterized by shallow or deep gravelly sand profile with 
excessively drained (profiles-11, 21 and 22) and poorly drained (profiles-6 and 18) 
status. Secondary formations of carbonates and gypsum in detectable amount 
were identified throughout the layers with no any characteristics of diagnostic 
horizons. The electrical conductivity values revealed that soil salinity varies widely 
from very slightly saline (EC ≈ 3.16 dS/m) to extremely saline (EC ≈ 20.6 dS/m). 
The higher figures of salinity are mostly concentrated in the middle  layers of 
profiles- 11, 21, and 22 as its EC values vary from moderately (EC ≈ 12.3 dS/m) to 
extremely saline (EC ≈ 20.6 dS/m). The soil-pH values vary from slightly (pH ≈ 7.6) 
to moderately alkaline (pH ≈ 8.3). ESP values (from 2.5 to 16.24 %) indicating with 
the other parameters (pH and EC) that these soils are mostly slightly saline – 
slightly alkaline. Hence, they are classified as Typic Torriorthents (Profile-11, 
21and 22) and Lithic Torriorthents (profiles-6 and 18). 

 

 
 

Map (4). Soil classification of the investigated area. 
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C- Land capability of the investigated area 
 Results of the agricultural land capability evaluation generated by 

CERVATANA model constituent of MicroLEIS DSS are presented in Table (4) and 
Map (5). They include land capability classes and associated limitations of the 
studied soils representing different landforms. Two land capability classes were 
recognized, "Moderate Capability, S3" and "Non-Productive, N". Lands of 
moderate capability have two subclasses abbreviated as "S3 r" referring to soils 
with slight constraint severity, and "S3 lr" including soils affected by severe soil 
constraints and erosion risk. S3 r subclass includes soils of most of the depression 
unit and partially the tableland having gently undulating topography, which has 
slight limitation regarding erosion factor. Meanwhile, S3 lr subclass has 
considerable limitations linked to topographic (slope), edaphic (shallow profile, poor 
drainage, and/or high gravel content), or climatic factors. It includes partially soils 
of the table-land having almost flat topography and depression units, whereas it 
includes most of the table-land having gently undulating or tableland having 
undulating topography. These substantially reduce the range of possible crops and 
the productive capability. Management techniques are more difficult to apply due to 
higher costs. Intensive practices are necessary - and sometimes special 
conservation practices to maintain a continued productivity. Non-productive land (N 
l) includes soils of plateau foot slope, most of the tableland having almost flat 
topography and partially of the tableland having undulating topography. They do 
not provide the ecological conditions necessary for agricultural crops, therefore 
they are recommended for pasture or forestry land utilization types. They may 
need very different management and conservation practices to overcome its 
topographic (slope), edaphic (high salinity and gravels), or climatic deficiencies. 

 
 

Map (5). Land capability grades of the investigated area. 
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D- Land suitability of the investigated area 
The physical and chemical soil properties (soil suitability criteria) were 

further evaluated to define land suitability for ten land uses types which are; wheat, 
maize, melon, potatoes, sunflower, sugar beet, alfalfa, peach, citrus, and olive. For 
each land utilization type, matching soil characteristics with the crop requirements 
were performed to recognize the current suitability, and limiting factors. The land 
suitability evaluation results are shown in Tables (5 and 6) and Maps (6, 7, 8, and 
9) for the selected land uses. The results showed that the soils under consideration 
were placed in classes S2, S3, S4, and S5 as follows; 

1- Suitable soils (S2) 
Limited area is evaluated as suitable for some of the tested crops, namely; 

peach, citrus and olive (about 2,286 acre for each). This area is generally deep, 
sandy with almost flat topography. They are represented by profile 15. Agriculture 
limitations are mostly ascribed to the presence of slight salinity, and excessive 
drainage. Economically, under low input level, these soils will be highly suitable for 
these crops. 

 
2- Moderately suitable soils (S3)  

 Wide areas are evaluated as moderately suitable for the tested crops as 
follow; 1- Sugar beet and alfalfa (26,549 acre for each), 2- Wheat, maize, 
watermelon, potato and sunflower (22,225 acre for each), 3- Olive (19,192 acre) 
and 4- Peach and citrus (12,884 acre for each). 

These areas are represented by profiles 3, 10, 12, 13, 14, 15, 17, 18, and 
19. Agriculture limitations for the tested crops generally include coarse texture and 
severe salinity in addition to excessive drainage in profiles 18, and moderately 
effective depth for fruit trees in profile 3. From economical point of view, these soils 
under moderate to high input level will be better to be utilized for the tested crops. 

3- Marginal suitable soils (S4) 
The marginally suitable area for the tested crops ranges from 4,324 – 

22,320 acre. They are represented by profiles 2, 4, 5, 7, 8, 9, 10, 12, 13 18, 20, 21, 
22, 23, and 24. The main limitations of land are severe salinity, moderate to severe 
soil texture, poor drainage, effective depth, and gravel content. 

 
4- Not suitable soils (S5) 

Most of the soils in the studied area are considered not suitable for the 
tested crops. These soils have severe problems due to the high salinity and 
alkalinity, severe soil texture, high gravel content, shallow rooting zone, and poor 
drainage. 
 

 

 



J
. 
A

d
v
. 

A
g
ri

c
. 

R
e

s
. 
(F

a
c
. 

A
g

ri
c
. 

S
a

b
a
 B

a
s
h

a
)

  

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

�������
�������
�����

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

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

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

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

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

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

�
5

3
4

  
  
  

  
  
  

  
  

  
  
  

  
  
  

 

V
o
l.
 2

2
 (

3
),

 2
0

1
7
  

  
  

  
 

 

 

T
a
b

le
 (

5
).

 M
a
in

 l
a
n

d
fo

rm
 a

n
d

 r
e
p

re
s
e
n

ta
ti

v
e
 s

o
il

 p
ro

fi
le

s
 a

n
d

 i
ts

 s
u

it
a
b

il
it

y
 c

la
s

s
e

s
* 

fo
r 

th
e
 s

e
le

c
te

d
 l
a
n

d
 u

s
e
 

ty
p

e
s
 i
n

 t
h

e
 i
n

v
e

s
ti

g
a
te

d
 a

re
a
. 

 

P
ro

fi
le

 N
o

. 
L

a
n

d
 u

s
e

 
A

re
a

 
(a

c
re

) 
W

h
e

a
t 

M
a

iz
e

 
M

e
lo

n
 

P
o

ta
to

 
S

u
n

fl
o

w
e

r 
b

e
e

t 
A

lf
a
lf

a
 

P
e

a
c

h
 

C
it

ru
s

 
O

li
v
e

 

P
la

te
a

u
 f

o
o

t 
s

lo
p

e
 (

P
u

 2
3

1
) 

8
 

S
5

s
**

 
S

5
s
 

S
5

s
 

S
5

s
 

S
5

s
 

S
4

s
 

S
4

s
 

S
5
s
 

S
5

s
 

S
5

s
 

1
0

3
3

 
9

 
S

5
s
 

S
5

s
 

S
5

s
 

S
5

s
 

S
5

s
 

S
4

s
 

S
4

s
 

S
5
s
 

S
5

s
 

S
5

s
 

1
6

3
4

 
2

4
 

S
5

s
 

S
5

s
 

S
5

s
 

S
5

s
 

S
5

s
 

S
4

s
 

S
4

s
 

S
5
s
 

S
5

s
 

S
5

s
 

2
3

4
3

 
T

a
b

le
la

n
d

 h
a

v
in

g
 a

lm
o

s
t 

fl
a

t 
to

p
o

g
ra

p
h

y
 (

P
u

 2
3

2
) 

7
 

S
5

s
 

S
5

s
 

S
5

s
 

S
5

s
 

S
5
s
 

S
4

p
s
 

S
4
p

s
 

S
5

p
s
 

S
5
p

s
 

S
5

p
s
 

2
5

8
4

 
1

0
 

S
4

s
 

S
4

s
 

S
4

s
 

S
4

s
 

S
4
s
 

S
3

ts
 

S
3

ts
 

S
5

s
 

S
5

s
 

S
3

s
 

1
0

3
3

 
2

3
 

S
5

s
 

S
5
s
a

 
S

5
s
 

S
5

s
 

S
5
s
 

S
4

p
s
a

 
S

4
p

s
a

 
S

5
p

s
 

S
5
p

s
 

S
5

p
s
 

1
6

8
8

 
D

e
p

re
s

s
io

n
 (

P
u

 2
4
1

) 

2
 

S
5

t 
S

5
t 

S
5

t 
S

5
t 

S
5

t 
S

5
t 

S
5

t 
S

4
ts

 
S

4
ts

 
S

4
t 

2
7

0
3

 
3

 
S

3
t 

S
3
t 

S
3

t 
S

3
t 

S
3

t 
S

3
t 

S
3

t 
S

3
p

 
S

3
p

 
S

3
p

 
3

8
9
0

 
1

4
 

S
3

t 
S

3
t 

S
3
ts

 
S

3
t 

S
3

t 
S

3
t 

S
3

t 
S

3
s
 

S
3

s
 

S
3

s
 

1
9

9
3

 
1

5
 

S
3

t 
S

3
ta

 
S

3
t 

S
3

t 
S

3
t 

S
3
t 

S
3

t 
S

2
td

s
 

S
2

td
s
 

S
2

td
c
 

2
2

8
6

 
T

a
b

le
la

n
d

 h
a

v
in

g
 g

e
n

tl
y
 u

n
d

u
la

ti
n

g
 t

o
p

o
g

ra
p

h
y
 (

P
u

 3
4
1

) 

4
 

S
5

t 
S

5
t 

S
5

t 
S

5
t 

S
5

t 
S

5
t 

S
5

t 
S

4
t 

S
4
t 

S
4

t 
3

6
7
9

 
5

 
S

5
t 

S
5
t 

S
5

t 
S

5
t 

S
5

t 
S

5
t 

S
5

t 
S

4
t 

S
4
t 

S
4

t 
5

6
5
4

 
1

2
 

S
3
ts

 
S

3
ts

a
 

S
3
ts

 
S

3
ts

 
S

3
ts

 
S

3
t 

S
3

ts
 

S
4

s
 

S
4

s
 

S
3

s
 

1
9

8
4

 
1

3
 

S
4

s
 

S
4

s
 

S
4

s
 

S
4

s
 

S
4
s
 

S
3

ts
 

S
3

ts
 

S
5

s
 

S
5

s
 

S
3

s
 

3
2

9
1

 
1

7
 

S
3

t 
S

3
ta

 
S

3
ts

 
S

3
t 

S
3

t 
S

3
t 

S
3

t 
S

3
s
 

S
3

s
 

S
3

s
 

4
7

3
6

 
1

9
 

S
3

t 
S

3
ta

 
S

3
ts

 
S

3
t 

S
3

t 
S

3
t 

S
3

t 
S

3
s
 

S
3

s
 

S
3

s
 

2
2

6
5

 
2

0
 

S
5

s
 

S
5

s
 

S
5

s
 

S
5

s
 

S
5
s
 

S
4

s
 

S
4

s
 

S
5

s
 

S
5

s
 

S
5

s
 

6
4

9
4

 

  
 



J
. 
A

d
v
. 

A
g
ri

c
. 

R
e

s
. 
(F

a
c
. 

A
g

ri
c
. 

S
a

b
a
 B

a
s
h

a
)

  

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

�������
�������
�����

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

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

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

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

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

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

�
5

3
5

  
  
  

  
  
  

  
  

  
  
  

  
  
  

 

V
o
l.
 2

2
 (

3
),

 2
0

1
7
  

  
  

  
 

 

 

T
a

b
le

 (
5
).

 C
o

n
t.

 
 

1
0
. 

L
a

n
d

 u
s

e
 

A
re

a
 

(a
c
re

) 
W

h
e
a
t 

M
a
iz

e
 

M
e
lo

n
 

P
o

ta
to

 
S

u
n

fl
o

w
e
r 

b
e
e
t 

A
lf

a
lf

a
 

P
e

a
c

h
 

C
it

ru
s
 

O
li

v
e
 

T
a

b
le

la
n

d
 h

a
v
in

g
 u

n
d

u
la

ti
n

g
 t

o
p

o
g

ra
p

h
y
 (

P
u

 4
4
1
) 

6
 

S
5
t 

S
5
t 

S
5
t 

S
5
t 

S
5
t 

S
5
t 

S
5
t 

S
5
p
 

S
5

p
 

S
5
p
 

1
0
2

4
 

1
1
 

S
5
ts

 
S

5
ts

 
S

5
ts

 
S

5
ts

 
S

5
ts

 
S

5
t 

S
5
t 

S
5

s
 

S
5

s
 

S
5
s
 

2
1
6

9
 

1
8
 

S
3
td

s
 

S
3
ts

a
 

S
3
p
ts

 
S

3
ts

 
S

3
p
ts

 
S

3
p
td

 
S

3
p
td

 
S

4
p
d

s
 

S
4
p
d

s
 

S
4

p
d
 

5
0
7

1
 

2
1
 

S
5
t 

S
5
t 

S
5
t 

S
5
t 

S
5
t 

S
5
t 

S
5
t 

S
5

s
 

S
5

s
 

S
4
t 

2
5
2

2
 

2
2
 

S
5
t 

S
5
t 

S
5
t 

S
5
t 

S
5
t 

S
5
t 

S
5
t 

S
4
ts

 
S

4
ts

 
S

4
t 

2
6
9

1
 

* 
S

u
it
a

b
ili

ty
 c

la
s
s
e

s
: 

(S
1

) 
h
ig

h
ly

 s
u

it
a

b
le

 s
o

ils
 –

 (
S

2
) 

s
u

it
a

b
le

 s
o

ils
 –

 (
S

3
) 

m
o

d
e

ra
te

ly
 s

u
it
a

b
le

 s
o

ils
 -

 (
S

4
) 

m
a

rg
in

a
lly

 s
u

it
a

b
le

 s
o

ils
  

–
 (

S
5

) 
n
o

t 
s
u

it
a

b
le

 s
o

ils
 

 
**

 S
o

il 
lim

it
a
ti
o
n

s
: 

(p
) 

u
s
e
fu

l 
d

e
p

th
 -

 (
t)

 t
e

xt
u

re
 -

 (
d

) 
d

ra
in

a
g
e

 c
o

n
d
it
io

n
 -

 (
c
) 

c
a

rb
o

n
a

te
s
 c

o
n
te

n
t 

  
- 

(s
) 

s
a

lin
it
y 

- 
(a

) 
s
o

d
iu

m
 s

a
tu

ra
ti
o

n
. 

  T
a
b

le
 (

6
).

  
S

u
it

a
b

il
it

y
 c

la
s
s

e
s
 f

o
r 

th
e
 s

e
le

c
te

d
 l

a
n

d
 u

s
e

s
 a

n
d

 t
h

e
ir

 a
re

a
s
 (

a
c
re

) 
in

 t
h

e
 i
n

v
e

s
ti

g
a
te

d
 a

re
a
. 

 

S
u

it
a

b
il

it
y
 

c
la

s
s

* 

L
a

n
d

 u
s

e
 

W
h

e
a

t 
M

a
iz

e
 

M
e
lo

n
 

P
o

ta
to

 
S

u
n

fl
o

w
e

r 
S

u
g

a
r 

b
e

e
t 

A
lf

a
lf

a
 

P
e

a
c

h
 

C
it

ru
s

 
O

li
v
e

 

S
2

 
 

 
 

 
 

 
 

2
2

8
6

 
2

2
8

6
 

2
2

8
6

 

S
3

 
2

2
2
2

5
 

2
2

2
2

5
 

2
2

2
2

5
 

2
2

2
2

5
 

2
2

2
2

5
 

2
6

5
4

9
 

2
6

5
4

9
 

1
2

8
8

4
 

1
2
8

8
4

 
1

9
1

9
2

 

S
4

 
4
3

2
4

 
4

3
2

4
 

4
3

2
4

 
4

3
2
4

 
4

3
2

4
 

1
5

7
7

6
 

1
5

7
7

6
 

2
1

7
8

2
 

2
1
7

8
2

 
2

2
3

2
0

 

S
5

 
3

6
3
1

4
 

3
6

3
1

4
 

3
6

3
1

4
 

3
6

3
1

4
 

3
6

3
1

4
 

2
0

4
4

2
 

2
0

4
4

2
 

2
8

6
0

2
 

2
8
6

0
2

 
1

9
0

6
5

 

  
  

  
  

 *
 S

u
it
a

b
ili

ty
 c

la
s
s
e

s
: 

(S
1

) 
h
ig

h
 s

u
it
a

b
le

 s
o

ils
 –

 (
S

2
) 

s
u

it
a
b

e
 s

o
ils

 –
 (

S
3

) 
m

o
d

e
ra

te
 s

u
it
a
b

le
 s

 –
 (

S
4

) 
m

a
rg

in
a
l 
s
u

it
a

b
le

 s
o

ils
 –

 (
S

5
) 

n
o

t 
s
u

it
a

b
le

 s
o
ils

 



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

 ����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� 536                             

Vol. 22 (3), 2017         
 

 

 

 

Map (6). Land suitability grades for wheat, maize, melon, potato, sunflower 
              of the investigated area. 
 

 
Map (7). Land suitability grades for sugar beet, alfalfa of the investigated           

area.         
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Map (8).Land suitability grades for peach, citrus of the investigated area. 

 

 
 

Map (9). Land suitability grades for olive of the investigated area. 
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CONCLUSIONS 
 

This study dealt mainly with the geomorphologic setting, soil condition, its 
classification and land evaluation of potentialities of some land resources located 
adjacent to Bani Mazar-El-Boiety Road, West of El-Minia, for their optimum 
agricultural use. It is based on remote sensing data, GIS facilities, and physical and 
chemical characteristics of the different soil units. The present study indicates the 
following: 
1- The study area has different geomorphic units; i.e. plateau foot slope, 

depression and the tableland with varying topography i.e, undulating, gently 
undulating, and almost flat topography, showed detectable amount of secondary 
formations of carbonates and gypsum throughout some layers without any 
characteristics of diagnostic horizons. So, they are classified as Typic 
Torripsamments, Typic Torriorthents and Lithic Torriorthents. It is concluded that 
there is no relationship between the geomorphic units and the existed soil taxa. 

2- With regard to the evaluation of soil resources potentialities; the most severe 
limitations are; salinity, texture and graveled subsurface stoniness followed by 
the useful depth and internal drainage. Whereas the carbonate and sodium 
saturation are the least influential ones but not generally associated with specific 
geomorphic units except the plateau foot-slope unit that is characterized by high 
salinity level that hinders agricultural use for the time being.. 

3-  In general, the soils within the study area can be classified into four (4) 
suitability classes, i.e. suitable (S2) with 2,286 acres (2.75% of the total area), 
moderately suitable (S3) 12,884 acres (for some orchards) to 26,549 acres (for 
alfalfa and sugerbeet) amounting to about 25.23 % of the total area, marginally 
suitable (S4) which ranged from 4,324 to 22,320 acres, representing roughly 
(14.36 % ) of the total area for the crops under study and not suitable (S5) that 
reached around 33.36 % of the total area. 

4- In conclusion, one third of the study area is not suitable for growing any crop 
under study. 

5- It is recommended that a good land management program be designed to 
overcome some of the temporarily limiting factors that impede the optimum 
agricultural use. 
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ABSTRACT: This study was conducted to evaluate the efficacy foliar application of moringa 

leaf extract (MLE) and seaweed extract (SWE) as a natural crop growth enhancer to alleviation of 
heat stress and improving growth and yield of "Anna" apple trees (Malus domestica L.), under 
normal and heat stress conditions during 2015 and 2016 seasons successively. The study included 
3 levels of heat [low (T1), medium (T2) and high (T3)] and in each temperature level 7 treatments 
were done as follows: control treatment moringa extract at dilution (10,20 and 30 time) and 
Seaweed extract at (1, 2 and 3ml/ L.).Results revealed that there was significant effect on all 
studied traits form the two factors except in shoot thickness where the interaction was not significant 
and in leaf area where the heat and interaction were not significant too. Results indicated positive 
effects on vegetative growth and yield. In general the best results for all applied treatments were in 
(T2). MLE10 treatment caused the best results of vegetative growth parameters (except in shoot 
thickness where SWE3 gave the highest value), fruit drop% and the yield. MLE20 treatment gave 
the highest values of initial fruit set%, final fruit set%. The study recommended that foliar application 
of MLE 20 at full bloom and MLE10 at month after full bloom and at two month after full bloom to 
get the best results. 

Keywords: Apple, Anna, moringa, seaweed, vegetative growth, yield, heat stress. 
 

INTRODUCTION 
 
Apple (Malus domestica L.) is a fruit of temperate climate and native in 

many parts of world and the first five countries in the apple production are China, 
United States, India, Turkey and Poland, respectively while, Egypt is ranked 22 
globally (FAOSTAT, 2013). Apples are wonderful fruits because their components 
are essential for optimal growth, development and overall wellness. Apple 
production is not only important for the fresh fruit market, but it also develops 
favorable conditions for fruit processing industry.  

 
Temperature stress can reduce the yield of major crops (Sabir et al., 2014) 

because it effect on flowering, blooming time, color, size and shapes of apple 
(Slingo, 2009). Since sexual reproduction is substantially more sensitive to heat 
stress than vegetative processes (Zinn et al., 2010). Crop production is affected in 
addition to the threats to food security as an impact of climate change (Miraglia et 
al., 2009). Thus, there is need to improve crop productivity under changed climate 
and abiotic stresses in addition to meet the needs of increasing world populations.  

 
Improve abiotic stress tolerance in plants through conventional breeding, 

(Athar and Ashraf, 2009) but to develop crop plants for these traits are laborious 
and time consuming (Javid et al., 2011). The alternative approaches are 
management practices including exogenous application of various antioxidants, 
mineral elements and plant growth regulators (PGRs). Among different natural 
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sources used to extract PGRs and antioxidants moringa (Moringa oleifera) and 
seaweed (Ascophyllum nodosum) are gaining a lot of attention these days (Foidle 
et al., 2001). Moringa leaf extract (MLE), being rich in amino acids, K, Ca, Fe, 
ascorbate, and growth regulating hormones like zeatin, is an ideal plant growth 
enhancer (Basra et al., 2009 a, b). Moreover, MLE has the potential to promote 
plant growth; hence, it is used as a natural plant growth enhancer. As noted tests 
on several crops under stress conditions In addition, to the improving of leaf 
mineral content, yield, physical and chemical characteristics of "Le-Conte" pear 
plants (Abd El–Hamied and El-Amary, 2015). On the other hand, studies suggest 
that seaweed products elicit abiotic stress tolerance in plants and that the 
bioactive substances derived from seaweeds impart stress tolerance and enhance 
plant performance. As well seaweeds contain various trace elements, vitamins, 
amino acids and plant growth hormones (IAA, IBA and Cytokinins) which cause 
many beneficial effects on plant growth and development (Abdel-Mawgoud et al., 
2010). In addition, stress improved crop yield of some fruit crops such apple 
(Spinelli et al., 2009). Therefore, this product would be recommended to use for 
alleviating the adverse effects of such abiotic stress condition for sustainable 
grape production (Sabir et al., 2014). 

 
Therefore, in the present study, moringa and seaweed extracts as a natural 

crop growth enhancer was exogenously applied to assess up to what extent it can 
improve temperature stress tolerance especially at the reproductive stage and 
improve growth and yield of "Anna" apple tree.  

 

MATERIALS AND METHODS 
 
The present study was carried out during two successive seasons 2015 

and 2016 in a private orchared located at Rosetta area, Beheira, Governorate, 
Egypt. On 105 " Anna " apple trees (Malus domestica L.), ten years old, similar to 
a large extent, budded on Balady rootstock, with planting space 4×3.5 m apart 
and grown on sandy soil under surface irrigation system. The experimental was 
conducted under normal and heat stress conditions in control chambers and field 
conditions.  

 
Preparation of moringa and seaweed extract: 

For preparation MLE, young shoots (leaves and tender branches) of moringa 
were brought from farm (clay soil) in Rosetta area and grinding with a pinch of water 
(1 L / 10 kg fresh material) in a locally fabricated extraction machine. After sieving 
through cheese cloth the extract was centrifuged for 15 min. Various dilutions MLE10, 
MLE20 and MLE30 ( diluted to 10, 20 and 30 times with water respectively) of the 
extract were prepared with distilled water then used in experiments for as foliar spray. 

 
For preparation SWE, composite trading (Algae foll) contains the type 

Ascophyllum nodosum used in the preparation of three solutions of a 
concentration at 1ml/ liter (SWE1), 2ml/ liter (SWE2) and 3ml/ liter (SWE3) then 
used in experiments for as foliar spray. 
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The layout of experimental treatments: 

The experiment was established at split plot design with two factors, the main 
factor is the temperature in three levels (Low (T1), Medium (T2) and High (T3)) and 
sub main factor is moringa (moringa olefira) and seaweed (Ascophyllum 
nodosum)extracts spraying (seven treatments) as follows: tr1(control), tr2(MLE10), 
tr3(MLE20), tr4(MLE30), tr5(SWE3), tr6(SWE2), tr7(SWE1).   

 
The evaluations were carried out both in the field, outside and inside a 

polyethylene cage, as controlled temperature chambers. Such a system has been 
shown to be a valuable method to increase temperature in the field without 
negatively affecting other parameters (Hedhly et al., 2003). Temperature inside 
and outside the plastic cages was monitored throughout the periods of experiment 
(Tables 1 and 2) as maximum/minimum, where the maximum occurring 6 h into 
the main photosynthetic light period and the minimum, 6 h into the dark period 
according to (Warrington et al., 1999). 

 
Table (1). Average temperature [°C] data throughout flowering and fruit set 

period inside and outside the plastic cage during 2015 season. 
 

Period 
HC Air temperature [°C]   2015 

Low level (T1) Medium level (T2) High level (T3) 
Min max min max min max 

0 DAFB 6.10 13.10 9.50 18.00 11.00 32.00 
1-10 DAFB 6.41 15.91 11.00 24.00 14.00 35.00 
11-40 DAFB 8.28 20.30 13.50 27.00 15.00 38.00 
41-80 DAFB 11.18 23.55 14.00 29.00 17.50 40.00 
81- Harvest(128) 15.59 27.74 15.59 27.74 15.59 27.74 

 
Table (2). Average temperature [°C] data throughout flowering and fruit set 

period   inside and outside the plastic cage during 2016 season. 
 

Period 

HC Air temperature [°C] 2016 

Low level (T1) Medium level (T2) High level (T3) 

Min max min Max min max 

0 DAFB 8.40 18.00 10.00 20.00 11.50 33.00 

1-10 DAFB 7.88 21.05 11.50 24.00 14.50 36.00 

11-40 DAFB 9.52 22.50 13.50 27.00 15.50 38.50 

41-80 DAFB 12.30 24.90 14.00 29.00 18.00 41.00 

81- Harvest(122) 17.06 28.98 17.06 28.98 17.06 28.98 

 
The trees were divided to three sections, each section contains 35 trees in 

the form of blocks (5 blocks) each block component of 7 trees (as replicates). Two 
of the sections chosen as warm treatment and the third one (normal climatic) were 
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left as a cool treatment. When flowers were at balloon stage, four branches from 
every tree were chosen and marked. At full bloom, one of the warm sections (high 
level) covered with 0.180-mm-thick polyethylene film as a green house with 
number of windows of every side. The other warm section (medium level) covered 
by polyethylene sheets from the up to half every side only, This day date was 
recorded as zero day after full bloom (0 DAFB) and all applications were applied 
three times separated by a month the first one at full bloom (80% flowering+) 
randomly on the replicate of each block. The covers were removed at 80 DAFB. 
The effect of the previous treatments was studied by evaluating their influence on 
the following parameters: 

 
Vegetative growth:  
Shoot length (cm): 

In the spring of each season, 20 non –fruiting shoots of spring cycle were 
tagged at constant height and at all direction of each tree. In May, the average 
length of tagged shoots was measured. 
 
Shoot thickness (cm): 

At late May in both seasons, shoot thickness for twenty shoots was 
measured by hand caliber. 
 
Leaf area (cm2): 

Leaf area was examined during the second half of May on fully developed 
mature leaves by portable area meter LI-COR model LI-3000A No.PAM 1671 
(Bioletti, 1938). 
 
Total chlorophyll (reading): 

It was determined by chlorophyll meter apparatus in ten leaves from each 
plot at 60 and 75 DAS, according to the method that described by (Moran, 1982). 
 
Fruit set and drop (%): 

In the spring, four branches were chosen from each tree and marked. The 
number of flowers, number of fruits on these branches and the remained fruits on 
these branches were counted then the initial and final fruit set and fruit drop 
percentages were calculated according to the proper equation. 
 
Initial fruit set (%): 

On each replicate tree five shoots distributed on different sides were chosen 
randomly and tagged at the beginning of the growing season. All inflorescences on 
each shoot were counted and recorded. Three weeks after flowering initial fruit set 
percentage on replicate trees of the studied treatments was calculated from the 
following formula: 
Initial fruit set (%) = FR * 100/AVF * NF  
FR= Number of fruits/ shoot 
AVF= Average number of flowers/ inflorescence 
NF= Number of inflorescences/ shoot 
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Final fruit set (%): 
Sixty days after flowering, final fruit set percentage was calculated in the 

same sequence mentioned above for the initial fruit set percentage according to 
this formula (Westwood, 1978): 

Final fruit set (%) = 100Χ
flowersopenedofNo

letsfruitofNo
 

Fruit drop (%): 
Fruit drop %: was calculated by counting the number of dropping fruits from 

the middle of June till the commercial harvesting time under experimental 
conditions (Middle of July), then expressed as a percentage from the whole 
number of fruits remained on the tree at the middle of June according to this 
formula: 

Fruit drop (%) = 100Χ
letsfruitsetofNo

fruitsdroppedofNo
 

 
Yield: The produced yield (Ton/feddan) was expressed by multiply the weight of 
fruits/ tree (kg) which was attained at harvest stage X number of trees/feddan.  
 
Statistical analysis: 

Results of the measured parameters were subjected to computerized 
statistical analysis using COSTAT package for analysis of variance (ANOVA) and 
means of treatments were compared using LSD at 0.05 level of possibility using 
Split plot design according to Snedecor and Cochran (1990). 

 

RESULTS AND DISCUSSION 
 

The results obtained from the present investigation of two successive 
seasons of 2015 and 2016 to study the effect of foliar application of different 
concentrations of moringa and seaweed extracts at three times with month interval 
starting at full bloom in different temperature level on some vegetative growth 
parameters, setting and drop of fruits and yield Tables (3 and 4). 

 
1. Effect of spraying different MLE and SWE concentrations on the vegetative 

growth: 
Results of the effects of foliar application of different MLE and SWE 

concentrations in different temperature level on some vegetative growth 
parameters on "Anna" apple trees during 2015 and 2016 seasons are presented in 
Table(3).The data revealed that MLE10 treatment had the significantly highest 
shoot length value as compared with the rest treatments. As temperature effect, T2 
level in both seasons gave significantly higher than T3 and T1 levels, respectively. 
Regarding the interaction between treatments and heat data showed that apple 
treated with MLE10 under T2 level recorded the significantly greatest value in both 
seasons. However, control at T1 level gave considerable lowest in both seasons. 
These results are in agreement with Zavala et al. (2004) as for effect of 
temperature on shoot growth.  On the other hand with regard to effect of extracts 
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spraying, the result above came on line with Al-Rawi et al. (2016) they showed that 
the sprayed seaweed extract at levels 4ml.L-1 on Peento peach trees gave highest 
average of branches length in both seasons.  

 
Data analysis showed a significant effect of temperature level and spraying 

different rates of MLE and SWE on shoot thickness but the interaction was not 
significant. Data cleared that, (T2) gave the highest values of shoot thickness (cm) 
followed by (T1) then (T3) in both seasons.  Also, the data clearly indicated that 
foliar application of SWE 3ml/L recorded highest value of the shoot thickness and 
MLE10 recorded the second value. Generally, control treatment gave the lowest 
values of shoot thickness compared with all treatment in both seasons. The same 
result showed by Fuglie (2000), who found that all the growth parameters were 
positively influenced by the spray with moringa leaf extract, and Foidle et al. (2001) 
come on same line. Also Al-Rawi (2016) found that; spray Peento peach trees with 
seaweed increase stem diameter in both seasons. 

  
On the other hand, data illustrated show effects of different rates of MLE 

and SWE concentrations in different temperature level on leaf area. Data analysis 
showed that the effects of spray extracts were significant unlike the effect of 
temperature level was not significant and interaction between them was not 
significant too in both seasons. All applied treatments significantly increased leaf 
area comparing with control treatment, especially MLE10 treatment that gave the 
highest leaf area comparing with all remainder treatments under each temperature 
level in both seasons. This  results supported by the result from Sabir et al. (2014) 
they showed that seaweed had non-significant effect in leaf area on grapevines. 
Also Abd El–Hamied and El-Amary (2015) showed that MLE treatments were 
significantly effective on “Le-Conte" pear leaf area.  

 
The effects of applying different rates of MLE and SWE in different 

temperature level on total chlorophyll (reading), data showed significant effect of 
temperature level, foliar application of different rates of MLE and SWE and 
interaction between them on total chlorophyll (reading)in both seasons. From data, 
(T2) gave the highest values of total chlorophyll (reading) followed by (T1) then 
(T3) in both. For the application with different rates of extracts data indicated that, 
increasing concentration led to increase total chlorophyll as compared with control 
in both experimental seasons in each temperature level. Generally, control 
treatment gave the lowest values of Total chlorophyll, while spraying MLE10 gave 
the highest values of Total chlorophyll. These results in line with what has been 
recorded by Abd El–Hamied and El-Amary (2015) on "Le-Conte" pear and Al-Rawi 
(2016) on Peento peach trees. 
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Table (3). Effect of foliar application with different moringa leaf and seaweed 
extracts on vegetative growth characters in different temperature 
level of "Anna" apple trees during 2015 and 2016 seasons.                                           

T1: Low level of heat, T2: Medium level of heat, T3: High level of heat 
tr1 (Control), tr2 (MLE 30), tr3 (MLE 20), tr4 (MLE 10), tr5 (SWE3), tr6 (SWE2), tr7 (SWE1) 

 
2. Effect of spraying different rates of MLE and SWE concentrations on fruit 

set and drop percentages:                                          
Results of the effects of different rates of MLE and SWE on fruit set% and 

drop% in different temperature level of "Anna" apple trees during 2015 and 2016 
seasons are presented in Table (4). 

 
Regarding the effects of spraying different rates of (MLE) and (SWE) in 

different temperature level on initial fruit set%, data revealed that there was a 
significant effect of temperatures level and spraying extracts on initial fruit set % in 
both season. Besides having a significant effect for spraying extracts on the impact 
of temperatures on initial fruit set % in both season too. As the temperature level 

Character Factor Spray treatments 
L.S.D 0.05 

 
Shoot 
length 
(cm): 
2015 

Heat tr1 tr2 tr3 tr4 tr5 tr6 tr7 Average 

T1 
T2 
T3 

28.17 
29.07 
28.93 

35.47 
36.80 
36.07 

37.40 
38.07 
37.87 

38.60 
40.07 
39.21 

37.73 
39.77 
38.80 

37.43 
39.23 
38.70 

36.07 
37.40 
37.00 

35.83 
37.20 
36.65 

Heat =0.139 

Treatment =0.233 

Averages = 0.349 

Average 28.72 36.11 37.78 39.29 38.77 38.46 36.82   

Shoot 
length 
(cm): 
2016 

T1 
T2 
T3 

28.27 
29.07 
28.80 

35.53 
36.80 
35.93 

37.20 
38.20 
37.93 

38.53 
40.13 
39.13 

37.80 
39.93 
38.87 

37.47 
39.47 
38.67 

36.27 
37.33 
37.17 

35.87 
37.26 
36.64 

Heat=0.0989 

Treatment =0.171 

Averages = 0.344 

Average 28.71 36.09 37.78 39.27 38.87 38.53 36.92   

Shoot 
thickness 

(cm): 
2015 

T1 
T2 
T3 

0.73 
0.73 
0.71 

0.77 
0.78 
0.75 

0.79 
0.81 
0.77 

0.83 
0.83  
0.79 

0.85 
0.87 
0.83 

0.79 
0.80     
0.75 

0.75 
0.77 
0.74 

0.79 
0.80 
0.76 

Heat =0.008 

Treatment =0.012 

Averages =0.0198 

Average 0.72 0.77 0.79 0.82 0.85 0.78 0.75   

Shoot 
thickness 

(cm): 
2016 

T1 
T2 
T3 

0.72 
0.73 
0.71 

0.77 
0.78 
0.75 

0.79 
0.82 
0.77 

0.82 
0.83 
0.79 

0.85 
0.86 
0.83 

0.78 
0.80 
0.74 

0.75 
0.76 
0.73 

0.78 
0.80 
0.76 

Heat=0.007 

Treatment = 0.01 

Averages =0.0160 

Average 0.72 0.76 0.79 0.81 0.85 0.77 0.75   

Leaf area 
(cm2) 2015 

T1 
T2 
T3 

27.67 
27.87 
28.07 

35.27 
35.60 
35.73 

36.73 
36.80 
36.93 

37.33 
37.67 
37.80 

36.87 
37.07 
37.13 

35.87 
35.87 
36.03 

33.93 
35.60 
34.07 

34.81 
35.21 
35.11 

Heat=0.507 

Treatment= 0.587 

Averages =  1.08 

Average 27.87 35.53 36.82 37.6 37.02 35.92 34.53   

Leaf area 
(cm2) 2016 

T1 
T2 
T3 

27.83 
27.93 
28.13 

35.53 
35.63 
35.80 

36.53 
36.87 
37.00 

37.37 
37.73 
37.87 

36.80 
37.13 
37.13 

35.97 
35.90 
36.07 

34.30 
35.63 
34.13 

34.9 
35.26 
35.16 

Heat  =0.42 

Treatment =0.24 

Averages  = 0.873 

Average 27.97 35.66 36.80 37.66 37.02 35.97 34.68   

Total 
chlorophyll 
(reading) 

2015 

T1 
T2 
T3 

48.33 
49.07 
47.33 

48.93 
51.80 
48.13 

52.93 
54.53 
52.07 

55.93 
58.20 
54.13 

55.47 
57.13 
54.07 

53.80 
54.53 
51.93 

53.23 
54.33 
48.33 

52.66 
53.56 
50.86 

Heat=0.267 

Treatment =0.257 

Averages = 0.456 

Average 48.24 49.62 53.18 56.09 55.56 53.42 51.97   

Total 
chlorophyll 
(reading) 

2016 

T1 
T2 
T3 

46.53 
48.63 
47.07 

48.63 
51.20 
48.07 

52.13 
54.07 
51.80 

54.87 
56.60 
54.07 

54.60    
56.17 
54.00 

53.13 
54.20 
51.63 

52.60 
54.07 
48.00 

51.79 
53.56 
50.66 

Heat=0.252 

Treatment =0.282 

Averages = 0.418 

Average 47.41 49.30 52.67 55.18 54.92 52.99 51.56   
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data showed that, (T2) gave the highest values of initial fruit set % in both season.  
Furthermore, the data revealed that foliar application with MLE20 gave the highest 
values of initial fruit set % and control treatment in both growing seasons gave the 
lowest values of initial fruit set % compared with other treatment in every 
temperature level.   

                                                         
The data concerning the effect of application different rates of (MLE) and 

(SWE) concentrations in different temperature level on   final fruit set % showed 
that, the effects of temperature level, spray extracts and interaction were 
Significant. For temperature data revealed that the best results were in (T2), (T1) 
and (T3) respectively in both season. Furthermore, data clarified that spraying the 
trees with MLE20 treatments increased final fruit set % significantly as compared 
with control treatment and other foliar application treatments in both growing 
seasons in each temperature level. Generally, control treatment gave the lowest 
values of final fruit set %, while foliar of MLE20 gave the highest values of final fruit 
set % compared with all treatment in different temperature level in both season.      
                                                                  

The results of fruit set (initial and final) are agreed with Featonby-Smith and 
Van Staden (1987). Same results are reported by Arthur et al. (2003) they reported 
that application of seaweed extract-based preparations triggers earlier flowering, 
better fruit set and development of fruits of numerous crop plants. In same line this 
result came with that reported by Nasir et al. (2016).   The data concerning the 
effect of different rates of (MLE) and (SWE) in different temperature level on fruit 
drop % of "Anna" apple trees during  2015 and 2016 seasons revealed that, high 
Significant effect of temperature level and foliar application of different MLE and 
SWE extracts concentrations on fruit drop %. Data showed that (T3) cause highest 
value of fruit drop % for every foliar extract treatment but the lowest values were in 
(T2) in both season. Also data cleared positive effect for application of different 
MLE and SWE on decrease fruit drop % in every temperature level in both season.  
Generally, the MLE10 gave less values of fruit drop % while control treatments 
gave a higher value of fruit drop in each temperature level in both seasons in 
partnership with SWE1ml /L in low level in first season only. The same results were 
reported by Nasir et al. (2016).                                                                

  
3. Effect of spraying different concentrations of moringa leaf extract (MLE) 

and seaweed extract (SWE) on yield: 
Concerning the effects of different concentrations of spraying the rates of 

(MLE) and (SWE) on yield of "Anna" apple trees during 2015 and 2016 seasons 
the data is shown in Table (4).   3.1Yield weight/feddan (Ton): The data in Table 
(4) represented the effect of spraying of different concentrations of Moringa leaf 
extract and Seaweed extract in different level of temperature on yield 
weight/feddan (ton) of “Anna” apple trees during the both seasons. The data 
indicated that all concentrations increased significantly yield weight/feddan (ton) as 
compared with control in both season in each temperature level. The best results 
that achieved of yield as a result of spraying various treatments was found in (T2) 
and lowest values was in (T3)  in both season in general. Furthermore, data 
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revealed that the Yield of each spraying extract treatments in (T1) was higher than 
it in (T3) for the same treatment. In general, data cleared that the control treatment 
gave the lowest value of yield weight/feddan (ton) while MLE10 gave the highest 
value of yield weight/feddan (ton) in each temperature level in both seasons.  

 
These results are supported by Iqbal (2014) who reported that moringa leaf 

extract is rich with numerous growth hormones, particularly zeatin that has been 
reported to increase the crops yield in the range of 10-45 % and it also contains 
micronutrients in sufficient quantities and suitable proportions that increase the 
yield and yield components. Also same results found on “Le-Conte" pear by Abd 
El-Hamied and El-Amary (2015).                                                                                
         
Table (4). Effect of foliar application with different moringa leaf and seaweed 

extracts on initial fruit set %, final fruit set %, fruit drop %in 
different temperature level of "Anna" apple trees during 2015 and 
2016 seasons.                                            

      
 Factor Spray treatments 

L.S.D 0.05 

Initial fruit 
set % 2015 

Heat tr1 tr2 tr3 tr4 tr5 tr6 tr7 Average 

T1 
T2 
T3 

45.95 
52.58 
48.24 

51.68 
53.50 
50.96 

52.45 
54.60 
52.01 

52.07 
53.76 
51.09 

51.13 
53.86 
50.98 

50.87 
52.87 
50.56 

49.15 
52.83 
49.15 

50.47 
53.43 
50.43 

Heat =0.347 

Treatment=0.792 

Averages =1.192 

Average 48.92 52.05 53.02 52.31 51.99 51.42 50.39   

Initial fruit 
set % 2016 

T1 
T2 
T3 

48.26 
50.03 
45.62 

51.66 
53.07 
49.57 

52.79 
56.40 
52.39 

52.22 
54.71 
50.91 

51.76 
53.25 
49.76 

51.27 
51.76 
48.60 

49.78 
51.56     
47.80 

51.11 
52.97 
49.24 

Heat =0.535 
Treatment = 0.92 
Averages =0.892 

Average 47.97 51.44 53.86 52.61 51.59 50.54 49.71   

Final fruit 
set% 2015 

T1 
T2 
T3 

12.41 
14.11 
12.72 

15.69 
17.62 
14.64 

18.73 
19.69 
16.02 

17.80 
18.56 
14.59 

16.62 
18.50 
14.75 

16.16 
18.11 
13.16 

14.44 
17.48 
13.81 

15.98 
17.72 
14.24 

Heat= 0.135 
Treatment=0.176 
Averages =0.391 

Average 13.08 15.98 18.15 16.98 16.62 15.81 15.24   

Final fruit 
set% 2016 

T1 
T2 
T3 

14.68 
16.67 
12.78 

17.54 
21.56 
14.21 

19.22 
22.23 
15.63 

18.37 
21.03 
14.33 

18.54 
18.17 
14.19 

18.28 
17.98 
13.31 

17.33 
16.19 
12.76 

17.71 
19.12 
13.89 

Heat  =0.161 
Treatment=0.173 
Averages =0.364 

Average 14.71 17.77 19.03 17.91 16.97 16.52 15.43   

Fruit 
drop% 
2015 

T1 
T2 
T3 

69.43 
67.07 
82.98 

64.35 
62.53 
80.67 

63.82 
63.64 
79.64 

61.50 
58.66 
76.70 

65.26 
64.15 
78.83 

68.38 
64.23 
80.71 

69.15 
66.51 
81.47 

65.98  
63.83 
80.14 

Heat  = 0.545 
Treatment=1.298 
Averages =2.405 

Average 73.161 67.895 69.03 66.902 69.41 71.106 72.378   

Fruit 
drop% 
2016 

T1 
T2 
T3 

81.30 
77.21 
83.89 

78.98 
75.76 
82.33 

73.65 
75.20 
82.25 

73.18 
75.01 
81.40 

73.33 
75.64 
81.91 

74.76 
77.97 
82.06 

76.43 
79.05 
82.73 

75.95 
76.55 
82.37 

Heat  = 0.748 
Treatment=0.681 
Averages =1.375 

Average 80.80 79.02 77.03 76.53 76.96 78.26 79.41   

Yield 
weight 

(Ton/fed) 
2015 

T1 
T2 
T3 

7.70 
7.96 
5.57 

9.91 
10.68 
5.78 

10.91 
12.24 
6.86 

10.93 
12.41 
7.25 

10.85 
11.71 
7.04 

9.95 
10.92 
6.09 

9.7 
10.24 
5.79 

9.99 
10.88 
6.34 

Heat  = 0.255 
Treatment=0.156 
Averages =0.218 

Average 7.08 8.79 10.00 10.19 9.87 8.99 8.58   
Yield 

weight 
(Ton/fed) 

2016 

T1 
T2 
T3 

7.26 
7.43 
5.83 

9.64 
10.38 
6.19 

10.34 
11.48 
7.26 

10.77 
11.53 
7.28 

10.53 
11.35 
7.20 

9.62 
10.72 
6.58 

9.56 
10.04 
6.17 

9.67 
10.42 
6.64 

Heat  = 0.132 
Treatment=0.192 
Averages =0.281 

Average 6.84 8.74 9.69 9.86 9.69 8.97 8.59   

T1: Low level of heat, T2: Medium level of heat, T3: High level of heat 
tr1 (Control), tr2 (MLE 30), tr3 (MLE 20), tr4 (MLE 10), tr5 (SWE3), tr6 (SWE 2), tr7 (SWE1) 
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CONCLUSIONS 
 

Results of this study revealed that all studied traits were significantly 
affected by temperature level except in leaf area. Also all applied treatments led to 
significant effect too. The interaction between temperature and foliar treatments 
was significant except in shoot thickness and leaf area. Generally, the level (T2) 
had best results for all applied treatments. MLE10 treatment caused the best 
results of vegetative growth parameters (except in shoot thickness where SWE3 
gave the highest value), fruit drop% and the yield. MLE20 treatment gave the 
highest values of initial fruit set%, final fruit set %. Based on these results the study 
recommends the application of MLE 20 at full bloom and MLE10 at month after full 
bloom and at two month after full bloom.                                                           
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Effect of Potassium Fertilizer and Biofertilizers Inoculation on 
Vegetative Growth and Volatile Oil Content of Rosemary 
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ABSTRACT: The field experiments was carried out at the Horticulture Researches Sabhia 

Station , Horticulture Research Institute, Agriculture Research Center, Alexandria, Egypt during 
2014 to 2016 in order to study the effect of potassium and biofertilization on growth, chemical 
composition of essential oil and major compounds of  rosemary (Rosmarinus officinalis L.). The 
experimental design was randomize complete block design with three replicates. The main 
results could be summarized as follows: (1) the K+ fertilization treatments, differently, affected 
the mean values of all studied characters, whereas the application treatment of (150 kg 
K2SO4/fed + NP mineral significantly, increased plant fresh and dry weights (g/plant), (2) the 
application of 300 kg K2SO4/fed + phosphorein + Ceraline treatment; gave the highest chemical 
composition (P and K%) and carbohydrate (%) during both seasons, whereas, the highest mean 
value of N% was recorded by 450 kg K2SO4/fed + Cerealin + phosphorein, and (3) the 
application of 20 L/fed Potassmage +  phosphorein + Ceraline; gave rise to the highest 
essential oil (%). Also, the various fertilizers; brought about the highest major's compounds (α- 
Pinene, β- Pinene, Cineol, Camphor, Borneol, Borneol acetate and Eugenol) percentages 
during  2015  season. 
Key words:  Mineral potassium, Biofertilization,Rosemary, Major active compounds. 

INTRODUCTION  

Medicinal plants occupy a prominent position, because of the increasing 
demands of both the local industry and exportation. In order to cover such 
increase, an increasing interest in the cultivation of medicinal and aromatic 
plants has been settled in Egypt. Recently, a considerable attention has been 
directed in the newly reclaimed lands and to improve the growth and the yield of 
various aromatic and medicinal plants (Hassan et al., 2006). 

 
Rosemary (Rosmarinus officinalis L.) Fam. Lamiaceae (Labiatae) is a 

shrubby evergreen bush (grows in the Mediterranean countries) up to 2 meters 
high with silver green needless, shaped leaves and pote blue flowers. The 
whole plant is strongly aromatic and is one of the important medicinal aromatic 
and spices plants. It is analgesic, antioxidant, antiseptic carminative, fungicidal, 
nerving stomachic and toxic. It is, extensively, used in soap manufacture, 
perfumes, especially meat products, as well as serves as a source of material 
antioxidants (Lawiess, 1992). 

 
Potassium is an essential macro-element for plant growth and it is 

important in agriculture practices. It plays an important role in several 
physiological processes in plant such as energy transfer, formation of sugars, 
starch, and protein in plant (Kassem, 1997). Furthermore, biofertilization is an 
important factor being used to produce without some mineral fertilizers that 
cause environmental pollution problems and high rates of it; leads to decrease 
the potential activity of microflora and the mobility of organic matters. Hence, 
the attention has been focused on the researches of biofertilizers to provide as 
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alternative to specific chemical fertilizer. In this context biofertilizers play vital 
role for increasing the number of microorganisms and accelerate certain 
microbial process in the rhizosphere of inoculated soil of plants which change  
unavailable forms to the available forms of some nutrients to the plants 
(Kandeel et al., 2001; Mohamed and Abdu, 2004; Hassan et al.,2006). 

 
This research, hence, is an attempt to find out the best fertilizer 

combination of chemical fertilizer and biofertilizer that enhance the vegetative 
growth and chemical composition of rosemary (Rosmarinus officinalis L.). 

 

MATERIALS AND METHODS 
 

Two field experiments were carried out at the Horticulture Researches 
Sabhia Station , Horticulture Research Institute, Agriculture Research Center, 
Alexandria, Egypt, during two growing seasons of 2014 - 2016, in order to study 
the effect of potassium and biofertilization on growth and chemical composition 
of rosemary (Rosmarinus officinalis L.).The experimental design of the present 
study was a randomized complete block design with three replicates. 
Experimental unit for all treatments contains 9 plants. 

 
The experimental soil analyses during growing season of the present 

study were determined according to Page et al. (1982)as presented in Table (1). 
 

Table (1).The physical and chemical properties of the experimental soil in 
2015. 

 

Soil properties 2015 
A- Particle size distribution (%) 

Sand% 
Silt% 

Clay% 

 
30.50 
33.50 
36.00 

Soil texture Clayey  loam soil 
B- Chemical analysis 

pH (1:1) 
EC (1:1) dS/m 

7.40 
2.30 

1- Soluble cations (1:2) (cmol/kg soil) 
K+ 

Ca++ 

Mg++ 
Na+ 

1.12 
4.20 
3.20 
8.10 

2- Soluble anions (1:2) (cmol/kg soil) 
CO=

3+ HCO-
3 

Cl- 
SO=

4 

 
2.90 

12.10 
0.55 

Calcium carbonate (%) 7.80 
Total nitrogen (%) 1.20 
Available Phosphorus (mg/kg) 3.90 
Available K (mg/kg) 170.90 
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Plant material: 
The rooted cuttings were obtained from MAPRD farm in AL- Quanater  

Alkheria and planted in the field on February 8th 2014 in pots 50 cm diameter , 
and the treatments were conducted as follows: 

 
1- 10 L Potassmage/fed + biofertilizer  (Cerealine + Phosphorein). 
2- 15 L Potassmage/fed + biofertilizer  (Cerealine + Phosphorein). 
3- 20 L Potassmage/fed + biofertilizer  (Cerealine + Phosphorein). 
4- 10 L Potassmage/fed + NP mineral fertilization. 
5- 15 L Potassmage/fed + NP mineral fertilization. 
6- 20 L Potassmage/fed + NP mineral fertilization. 
7- 150 kg/fed K2SO4 + biofertilizer  (Cerealine + Phosphorein). 
8- 300 kg/fed K2SO4 + biofertilizer  (Cerealine + Phosphorein). 
9- 450 kg/fed K2SO4 + biofertilizer  (Cerealine + Phosphorein). 
10- 150 kg/fed K2SO4 + NP mineral fertilization. 
11- 300 kg/fed K2SO4 + NP mineral fertilization. 
12- 450 kg/fed K2SO4 + NP mineral fertilization. 
13- Control (Recommended dose of  NPK) 
 

The plants were taking cut on November 15th 2014 and June 11th 2015 
for both growing seasons 2015 and 2016. The plants were left in the field to the 
second season 2016 and the treatments were reported on them during the 
second season. The main average of two cut were calculate for all determine 
characters of two seasons. 

 
Applied mineral fertilizers: 

Potassium sulphate (K2SO4) (48% K2O) treatments were used at rates of 
150,300 and 450 kg/fedan. The used chemical fertilizers were mixed (NP) as 
recommended dose as 300 kg ammonium sulfate (20.5% N) per feddan and 
phosphorus at the rate of 300 kg calcium super phosphate (15.5% P2O5) per 
feddan.NP mineral fertilizers added as constant level for different levels of k2so4 
and Potassmage (Treatments No.4,5,6,10,11 and 12).The recommended dose 
of NPK (2:1:1) as control treatment was applied as ammonium sulphate 
(20.5%N), calcium superphosphate (15.5% P2O5) and potassium sulphate (48% 
K2O) at (150 kg/fed, respectively) which are the recommended dose. 
 

All mineral fertilizers treatments were divided into three equal parts, the 
first one was applied one month after sowing time, the second one was applied 
after the first cut and the third one was applied after the second cut. 

 
Applied bio- fertilizers:  

The used bio- fertilizers of bacteria Bacillus megatherum and phosphorus 
dissolving bacteria (P.D.B). Bacillus circulanis (silicate potassium dissolving 
Bacterea) [K. D. B]. Potassmage contained Azospirillum Lipoferum and 
Azotobacterea Chroococcum , and Cerealine provided from National Research 
Center. Inoculations with biofertilzers were done with irrigation water on May 21 
each growing season.  
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At harvest dates in the two growing seasons, guarded plants were 
randomly taken from each plot and the following characteristics were recorded: 

 
Vegetative characteristics: 

The following data were recorded at harvesting time of each cut season: 
1. Plant height (cm). 
2. Number of branches per plant. 
3. Leaf area index (LAI). 
4. Plant fresh weight (g). 
5. Plant dry weight (g). 

 
NPK and total carbohydrate % analyses: 

Element percentage and total carbohydrate (%) was conducted in dry 
herb at 70ºC for 72 hours, at constant weight then ground to a fine powder for 
the determination of both nutrient elements and carbohydrates (Herbert and 
Philips 1971). 

 
Plant digestion was made on eight of the dried samples (0.2 g) by using a 
mixture of hydrogen peroxide and sulfuric acid at a ratio (4:10). 
 
1- Nitrogen % was determined using the micro Kieldahl method according to 

Black (1983) 
2- Phosphorus% was determined colorimetrically according to Jackson (1967). 
3- Potassium % was estimated using flame photometer method according to 

Richards (1954). 
4- Total carbohydrates percentages in the herb were determined according to 

Herbert et al. (1971). 
 
Rosemary essential oil percentage: 

The essential oil percentage was determined in the air dried herb 
according to British Plarmacopoeia (1963) by solvent method in order to extract 
the essential oil. 

 
Essential oil analysis and its major's component: 

The essential oils (for second growing season) were diluted in diethyl 
ether (20 ml in 1 ml) and analyzed with GC (HP 8644) with flame ionization 
detector (FID) on a fused silica 132 capillary column DB-5, 25 m in length, 0.32 
mm i.d., and 0.5 mm film thickness.133 Helium was used as the carrier gas with 
a flow rate of 1.6 ml/min; the detector 134 temperature was 260 °C, the oven 
temperature was programmed to increase from 130  to 260 °C at a rate of 
4 °C/min. The split injector was heated at 250 °C, the split 136 ratio was 15:1. 
Data were processed on a DP 800 integrator. The percentage of majors 
constituents (α- Pinene, β- Pinene, Cineol, Camphor, Borneol, acetate and 
Eugenol) were estimated by measuring the peak area of the different 
compounds of the chromatogram according to Heftman (1967) and Gunther and 
Joseph (1978). Sources of the principal components of rosemary which used as 
reference for determined essential oil of Rosemary by GC were Ciba Gigi, NY, 
USA. For α- Pinene, β- Pinene, Cineol, Camphor, Borneol, acetate and Eugenol. 
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Statistical Analysis:  
The obtained data were, statistically, analyzed according to Gomez and 

Gomez (1984). The L.S.D. at 5% level of probability was used to declare the 
significant for differences among means. 
 

RESULTS AND DISCUSSION 

A- Growth parameters: 
The obtained results, given in Table (2) cleared that fertilizer's treatments 

exhibited a significant effect on all estimated traits during both seasons. 
Application the treatment 150 kg/fed K2SO4 + NP mineral, significantly, 
increased plant height, fresh and dry weights (g/plant), except number of 
branches/plant which was increased with application of 150 kg/fed K2SO4 + 
biofertilizer NP (Cerealine + Phosphorein)during both seasons. Its could be 
concluded that the positive effect on growth characters in response to K2SO4 
fertilizer levels may be attributed to increasing maentration in plant tissues. The 
previous results agree, more or less, with the finding of Rashed (2002) on 
parsley, Abdel- Wahab (2000) on rosemary; Kandeel et al. (2001) and 
Mohamed and Abdu (2004) on Foeniculum vulgare. 

 
B- Chemical composition and carbohydrate (%): 

The data in Table (3) showed that all treatment of fertilization affected, 
significantly, chemical composition (N, P and K %) and carbohydrate (%) during 
both seasons. It is clear from data that the highest mean values of chemical 
composition (P and K%) and carbohydrate (%) resulted from the treatments of 
300 kg/fed K2SO4 + biofertilizer NP (Cerealine + Phosphorein) in both seasons, 
and the highest mean value of N% recorded by 450 kg K2SO4 + biofertilizer NP 
(Cerealine + Phosphorein) in both seasons.  

 
The increment of chemical composition (N, P and K%) and carbohydrate 

content of plant leaves using the treatments of potassium sulfate and (NP) 
biofertilization may be attributed to increase in the occupancy root zone of plant 
as a results of adding fertilization treatments which reflected on nutrients uptake 
by plants and confirm the enhancement of vegetative growth. Similar results, 
more or less, were obtained by Kassam (1997) on rosemary, Kandeel et al. 
(2001) and Abou- El- Maged et al. (2008) on fennel; Rashed (2002) on 
Petrselinium sativum. Likwise, the results showed significant differences for 
potassium sulfate + NP biofertilization in both seasons , which  gave  the  
greatest values for all chemical composition.  
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C- Essential oil (%): 
The essential oil percentage was affected by using potassium fertilization 

during both seasons; whereas, the highest essential oil % was found to be 
recordes due to the application of 10 L Potassmage/fed + (NP mineral 
fertilization) during both seasons as shown in Table (4). This may finding be 
taken place due to the synergiatic effect of biofertilizers (Potassmage + 
Phosphorein + Cerealine) to increase the availability of NPK to be uptake by 
plants at a considerable rate to build up more metabolites necessary for 
including the volatile oil synthesis. These results were in agreement with those 
of Abdel Wahab (2000) on rosemary who used 100% NPK + organic manure, 
which gave the highest values of volatile oil percentage in both seasons.  
 
Table (4). Volatile oil (%) as affected by potassium and biofertilizer during 

2015 and 2016 seasons. 
 

Treatments 2015 2016 

10 L/fed Potassmage + (Cerealine + Phosphorein) 0.42 0.50 
15 L/fed Potassmage + (Cerealine + Phosphorein) 0.44 0.70 
20 L/fed Potassmage + (Cerealine + Phosphorein) 0.51 0.75 
10 L/fed Potassmage + NP mineral fertilization 0.57a 0.80a 
15 L/fed Potassmage + NP mineral fertilization 0.38 0.45 
20 L/fed Potassmage + NP mineral fertilization 0.54 0.76 
150 kg K2SO4/fed + Cerealine + Phosphorein 0.53 0.74 
300 kg K2SO4/fed + Cerealine + Phosphorein 0.51 0.73 
450 kg K2SO4/fed + Cerealine + Phosphorein 0.48 0.55 
150 kg K2SO4/fed + NP mineral fertilization 0.45 0.54 
300 kg K2SO4/fed + NP mineral fertilization 0.48 0.57 
450 kg K2SO4/fed + NP mineral fertilization 0.55 0.77 
Control 0.53 0.66 
L.S. D. 0.05 0.03 0.04 

 
 
D- Major components percentage of essential oil: 

The effect of fertilization treatments on essential oil's major compound (α- 
Pinene, β- Pinene, Cineol, Camphor, Borneol, acetate and Eugenol) 
percentages are shown in Table (5). The results indicated that using 
potassium's fertilization which had significant effect on the studied major 
compound percentages of rosemary oil contents. The application of different 
fertilization; gave rise to the highest percentages of major compounds in 
2014/2015 season. Similar results were reported by Darzi et al. (2006) on 
fennel, and Ismal et al. (2009) on Majoram plant. 
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Table (5). Chemical composition of rosemary oils major components (%) 
during 2016 season. 

 

T/comp. α- Pinene β- Pinene Cineol Camphor Borneol 
Borneol 
acetate 

Eugenol 

1 12.07 3.01 13.92 17.52 11.49 6.03 2.44 
2 14.60 3.75 18.97 22.63 12.84 6.89 2.67 
3 15.20 5.13 19.13 21.72 9.14 7.27 1.24 
4 16.82 4.91 19.44 23.51 10.06 7.09 1.84 
5 12.22 3.46 17.63 21.11 15.80 9.00 1.32 
6 10.90 3.12 20.52 27.52 11.88 9.98 2.28 
7 14.87 3.34 21.76 27.01 11.01 9.83 2.01 
8 13.99 3.37 21.88 27.25 10.26 9.31 2.00 
9 14.1 4.02 21.91 27.58 10.06 9.02 1.91 
10 13.71 4.39 21.12 28.53 9.26 8.10 1.32 
11 16.89 4.32 21.53 23.45 7.76 8.43 1.28 
12 15.71 3.33 19.72 23.72 7.48 7.76 1.29 
13 11.99 3.50 19.25 24.66 13.75 10.76 1.31 

L.S.D.0.05 0.05 0.03 0.50 0.40 0.30 0.45 0.12 

 

REFERENCES 
 
Abdel- Wahab, M. (2000). Effect of fertilization and irrigation on rosemary and 

Geranuium plants under Sinai conditions. Ph. D. Thesis, Fac. Agric. 
Hortic. Depart. Fac. Agric. Kafr El- Sheikh, Tanta Univ. 

Abou- El- Maged, M. M., M. F. Zaki and S. D. Abou- Hussein (2008). Effect of 
organic manure and different lebeis of saline irrigation water on growth 
green yield and chemical content of sweet fennel. Aust. J. Basic & Appl. 
Sci., 2 (1): 90- 98. 

Black, C.A.(1983). Methods of soil analysis part 1 and 32 . Soil Sci. Soc. Amer. 
Lne. Publ., Madison.Wixconsin, USA. 

British Pharmacopoeia (1963). Determinations of volatile oils in Drugs.The 
pharmaceutical Press. 17 Bloomsbury square, London, WCI. 

Drazi, M. T., A.Ghalavand, F. Rejali and F. Selidkon (2006). Effects of 
biofertilizers application on yield and yield component in fennel 
(Foeniculum vulgare,Mill)., Iran J. Med & Aroma. Plant. 22 (4). 

Gomez, K. A. and A. A. Gomez (1984).Statistical Produces for Agricultural 
Research 2nd Ed. John Wiley & Sons Inc. New York. 

Gunther, Z. and S. Joseph (1978).Hand Book series in Chromatography CRC 
Press, Inc. 

Hach, C. C., S. V. Brayton and A. B. Kapelove (1985). Powerful kjeldahl 
nitrogen method using peroxy mono sulfuric acid. J. Agric. Food Chem., 
33: 1117- 1123. 

Hassan, A. Z. A.; M. Ghaballah, M. Abdel- wahab and A. M. Ghobashy 
(2006). Response of rosemary plants organic and biofertilization in 
replacement chemical fertilization. Egypt. J. Appl. Sci. 21 (11): 303- 322. 

Heftman, E. (1967). Chromatography. Reinhold Pub. Crop. New York. 
Herbert, D. D. and R. E. Philips (1971).Determination of total carbohydrates. 

Methods in Microbiology.; 58: 209- 344. 



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

 
 

 ���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� 563                                                         

Vol. 22 (3), 2017         
 

 

Ismal, A. G., E. M. Desouky, Y. Gamal, M. Galal, A. A. Arafa and A. M. Abou 
Seer (2009). Effect of biofertilizer and organic phosphorus amendment 
on growth and essential oil of marjorm (Majorana hoterisis, L.) Egypt 
Acad. J. Biolieg. Sci. 1 (1): 29- 38. 

Jackson, M. L. (1967). Soil chemical analysis.Prentic Hall of India, Prevate 
limited, New Delhe. P. 115. 

Kandeel, Y.R.; R.S. Nofal, F. A. Menesi, K. Reda; M. Taher and Z.T.Zaki 
(2001). Effect of some cultural practices on  group and chemical 
composition of Foeniculumvalg mill. Processing of the fifth Arabian, 
Honconfg. Ismailia, Egypt, March, 24-28 PP. 61-72. 

Kassem, Aabeir, A. (1997). Effect of chemical fertilization on (Rosmarines 
officinalis, L.) plant. M. Sc. Thesis, Fac. Agric., Cairo Univ., Egypt. 

Lawiess, Julia (1992). The Encyclopedia of essential oils elements Book. Ltd 
long Mead, Shoftesbury. Dorest Great. Britain. 

Mohamed, M.A.H. and M. Abdu.(2004). Growth and oil production of fennel 
(Foeniculum vulgare Mill.).Effectof irrigation and organic fertilization.Bio. 
Agric. and Horti., 22: 31-39. 

Page, A.L; R.H. Miller and D.R. Keeney (1982).Methods of Soil Analysis.2nd 

Edn. Am. Soc. of Agron., Madison, WI., USA. 
Rashed, M. M. Nahed (2002). Effect of fertilization on the growth and storability 

of some aromatic plants. M. Sc. Thesis, Fac. Agric. Kafr El- Sheikh. 
Tanta Univ. 

Richards, I. A. (1954).Diagnosis and improvement of saline and Alkaline soil. 
U.S.A. Agric. Hand Book.No. 60.Gov. Prent off. 

 
  



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

 
 

 ���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� 564                                                         

Vol. 22 (3), 2017         
 

 

������ �	
���  

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

�������  ����!�  
  

*���# $%���&  ���� * �
�$%���& ����  �� �
� ** ���'  �� ����   
** ���( )�*! ���� ����  

*��� � ����	
�� ����� � ���� ���� ����� ���
 � ����	� ���	� ���  
** ��� ������� � !����	� ��� ��� �
�� ������ ����� ����	
��  .���   

 ��� � !����	� #�$��� ���  

  
!���% ������ ���&�� �������� '������ ���� � ��� ���� �(��) '�������
�� )  ������ �����) 

����	
�*) ��� ����� +�	,% )'� ���� ��	 -./0 1� -./2  3����� �	���� ������ ��,4� ������������ 
'������� !����	� !���� ���5�� ���	�� 3����
� 6������ ��	� 1��–  ������ ������ !��� !��� &�

!��
� �8, 9� ����
� ��5����  '
���:�;�� :��� ���$ =5��	� �>%  
  

 �$�?* �	� !�@�� A
 1�� �@��;� ��&� !�,% ������ !8���� �������/0. !�����
 ��

 B�@��� ��� � '��� )!��	� A�  ���	�� !�� ��@��@�� '�����	�� �	���� ������ + '�$/���������

!��	/��)(.  ������� �$�?* 9�G..  1��% ! �% '�������� + '���@��@� + '�$/�������� !�����
 ��

 ���	�� (���������� ��@��@� ���5�� ���	�) 3����
 6������ ���5��'������ 8
 �$ !���>���
 �$�?* H�?�%.

I0.  8
 �$ '�����	�� ���5�� ���	� J���� 1�* !�% '���@��$ + '������� + '�$/�������� !�����
 ��

.'������ 6�%  �$�?*-. ���  ����������!���� ���5� ���	 1��% '�������� + '���@��@� + '�$/.  H�?�%

�� !�$8�; !���� ����@� !�	�
�� #�@�� 1�* 6�% ����(αL Pinene, αLPinene, Cineol, Camphor, 
Borneol, acetate and Eugenol)  ����� �$ ���5� ���	
-./0.  

   



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

 
 

 ���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� 565                                                         

Vol. 22 (3), 2017         
 

 

  
  
 
  



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

������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� 566                                    

Vol. 22 (3), 2017         
 

Effect of Girdling and Sitofex (CPPU) on Vegetative Growth, 
Fruit Set, Yield and Fruit Quality of Le-Conte Pear Trees 

 

Aly, M. A1., Harhash, M. M1., Nagwa, A. Abd El-Megeed2 and Khaled,  
N. A. Abo-qumer3 

1 Faculty of Agric., Saba Bacha, Alex. Univ., 2 Hort. Res. Institute, Agric. Res. Center, 
Egypt, Giza and 3Judicial Expert Agric. at Ministry of Justice, Egypt. 

 

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

20 years old "Le-Conte" pear trees budded on Pyrus communis rootstock and grown on sandy 
loam soil in a private orchard located at Burg El-Arab, Alexandria Governorate. The experiment 
involved the following treatments: 1) Untreated trees (control); 2) Girdling in mid-February 
(branch 2 year); 3) Girdling in mid- February (branch 3 year); 4) Girdling in mid- March (branch 
2 year); 5) Girdling in mid- March (branch 3 year); 6) Sitofex 10 mg/L; 7) Sitofex 15 mg/L and 8) 
Sitofex 20 mg/L. All applications of Sitofex were applied twice, at full bloom (80-100% flowering) 
and after one month from setting. Results revealed that Sitofex (CPPU) at 10 to 20 mg/L 
increased the fruit set, yield characters (fruit weight, yield per tree and total yield), physical 
characters (fruit length, fruit diameter, L/D ratio, fruit size and fruit firmness), chemical 
characters (TSS, acidity, TSS/Acid ratio, vitamin C and starch content) and nutrient contents 
(nitrogen, phosphorus, potassium, calcium and magnesium as percentage) while the same 
treatments decreased fruit drop and total sugar percentage. On the other hand, treatments of 
girdling increased fruit set, yield characters, physical characters and chemical characters, while 
the same treatments decreased vegetative growth characters, fruit drop and leaf nutrient 
contents compared with untreated check trees with significant differences. 

Key words:  girdling, Sitofex (CPPU), "Le-Conte" pear, vegetative growth, fruit set, yield and 
fruit quality. 

 
INTRODUCTION 
 

 "Le-Conte" pear (Pyrus communis L.) is one of the most important 
deciduous fruit crops grown in Egypt. "Le-Conte" pear tree is a hybrid between 
(Pyrus communis x Pyrus pyrifolia) and it is the main pear cultivar grown in 
Egypt.The tree needs essential elements, growth regulator and water in order 
to complete its life cycle with high production of good quality. 

 
Pear trees grown in Egypt suffer from low fruit set and high fruit drop. 

Increasing fruit set and reducing fruit drop can be achieved by using suitable 
agriculture treatments, mainly fertilization. In Egypt although there are many 
cultivars and recorded selections, the fruit is smaller than that cultivated out 
abroad. 

 
In the last 20 years, the pear cultivated area in Egypt decreased from 

14923 feddans in 1995 to 10616 feddans in 2012 (Ministry of Agric., 2012). 
"Le-Conte" pear is considered a popular fruit in the temperate regions and in 
addition, it represents an important share of the cultivars grown in Egypt. 

 
Aly et al. (2012a) reported that girdling of shoot three years old on "Le-

Conte" pear trees budded on (Pyrus betulaefolia) rootstock,  gave the highest 
increase of spurs number, number of fruits per tree, fruit weight, fruit size, fruit 
firmness, total soluble solids (TSS %) and the reducing sugars, while, it gave 
significant decrease in fruit acidity (%) in both seasons of study. Mohamed 
(2012) reported that shoot girdling on three years old (5mm in width) at mid-
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April or shoot bending of two and three years old shoot at mid-November 
increased number of spurs, fruit set percent, total number of fruits per tree, 
total yield (ton / feddan) and improved fruit quality of 5 years old ''Le-Conte'' 
pear trees. 

 
"Le-Conte" pear trees grow successfully under Egypt conditions and are 

still in need for further studies to improve the fruit set and fruit quality. To 
improve fruit size and to increase the yield, new growth regulator namely 
Sitofex (CPPU) is one of plant growth regulators (N-(2-chloro-4-pyridinyl)-N'- 
phenylurea); common name forchlorfenuron) which plays a role in cell division 
and cell wall elongation (Nickell, 1985). The synthetic cytokinin derived from 
phenylurea (CPPU) and spraying with some nutrients was proposed (Taher 
and Hassan, 2005; Aly et al., 2012b; Azatoni, 2016). 

 
Sitofex (CPPU) increased fruit weight and dimensions, yield and 

delayed fruit maturity in stone, pome and other related fruit crops (Abou Grah 
et al., 2009; Aly et al., 2012b; Banyal et al., 2013). The role of Sitofex (CPPU, 
cytokinin-like effect) is a synthetic plant growth regulator, it acts on early cell 
division or it acts throught changing natural hormone activity, thus the fruit gets 
bigger size because it has enough cells, the building blocks of fruit mass and 
also the cells have been able to attract so much water, minerals and 
carbohydrates that enable the fruit to expand to a large size (Lowes and 
Woolley, 1992).The present investigation aimed to study the effect of girdling 
and Sitofex (CPPU) application treatments on vegetative growth, fruit set, yield 
and fruit quality of "Le-Conte" pear trees. 
 

MATERIALS AND METHODS 
 

This study was carried out during two successive seasons 2015 and 2016 on 
20 years old "Le-Conte" pear trees (Pyrus communis x Pyrus pyrifolia) budded on 
Pyrus communis rootstock and grown on sandy loam soil in a private orchard 
located at Burg El-Arab, Alexandria Governorate. 

 
Forty trees as uniform as possible were selected for achieving this study. 

The trees were planted at 5 x 5 m aparts.Trees were of normal growth, uniform in 
vigor and received normal fertilization and cultural practices as scheduled in the 
farm.This experiment was arranged in a randomized complete block design on 40 
trees as 8 treatments and each treatment comprised of five trees arranged 
randomly in five blocks. 
 

The trees were sprayed with the specified solutions till run off on trees at 
full bloom stage at which 80% of flower buds reached the stage of full open and 
one month after fruit setting. A fine mist ensured complete coverage of fruits 
before runoff. 

 
The experiment involved the following treatments: 1- Untreated trees 

(control); 2- Girdling in mid-February (branch 2 year); 3- Girdling in mid- February 
(branch 3 year); 4- Girdling in mid- March (branch 2 year); 5- Girdling in mid- 
March (branch 3 year); 6- Sitofex 10 mg/L (at full bloom and after one month from 
fruit setting); 7- Sitofex 15 mg/L (at full bloom and after one month from fruit 
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setting) and 8- Sitofex 20 mg/L (at full bloom and after one month from fruit 
setting). The effects of the previous treatments were studied by evaluating their 
influence on the following parameters: shoot length (cm), shoot thickness (cm) 
and leaf area (cm2) measured by portable area meter LI .COR model LI-3000 A. 
No. PAM 1671 (Bioletti, 1938). 

 
Initial fruit set (%) calculated by five shoots from each replicate distributed 

on different sides were chosen randomly and tagged at the beginning of the 
growing season. All inflorescences on each shoot were counted and recorded. 

 
Three weeks after flowering, initial fruit set percentage on replicate trees of 

the studied treatments was calculated from the following formula: 
 

Initial fruit set (%) = 
FR X 100 

 
AVF X NF 

FR= Number of fruits/ shoot. 
AVF= Average number of flowers/ inflorescence.  
NF= Number of inflorescences/ shoot. 

 
Final fruit set (%) was calculated sixty days after flowering according to this 

formula (Westwood, 1978): 
 

Final fruit set (%) = 
No. of fruit lets 

X 100 
No. of opened flowers 

 
Fruit drop (%) was calculated by counting the number of dropping fruits 

from the middle of June till the commercial harvesting time under experimental 
conditions (Mid of July), then expressed as a percentage from the whole number 
of fruits remained on the tree at the middle of June according to this formula: 

 

Fruit drop (%) = 
No. of dropped fruits 

X 100 
No. of set fruit lets 

 
The produced fruit yield on each replicate tree resulting from the applied 

treatments was expressed as number of fruits/tree and weight of fruits in kg/ tree 
which was attained at harvest stage. This was determined 90 days after flowering 
in both seasons of the study. 
 

Sample of 10 fruits per tree from each replicate was collected randomly, 
when the fruits were yellow colored (15 August) in both seasons, then transported 
quickly to the laboratory to determine physical and chemical fruit characteristics. 
Regarding the physical fruit characteristics, samples of 10 fruits from each 
replicate tree i.e. 50 fruits for each of the applied treatment were picked randomly 
at harvest to determine: average fruit weight (g), yield produced as Ton/feddan 
was expressed by multiplying the weight of fruits/tree x number of trees/feddan. 
Average fruit length (L) and diameter (D), in cm were measured by using hand 
caliper and then fruit shape index (L/D ratio) was calculated. Fruit firmness, was 
expressed as (pound / Inch2) according to (Magness and Taylor, 1982). Flesh 
firmness was measured in two opposite sides of the fruit using Magness Taylor 
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pressure tester (Magness and Taylor, 1982).  
 
Regarding to the chemical fruit characteristics, at harvest time the following 

parameters were determined: total soluble solids of fruit juice (TSS %) by hand 
refractometer; the percentage of total acidity (Chen and Mellenthin, 1981). The 
titratable acidity was expressed as grams of malic acid / 100 milliliters fruit juice 
and then TSS/ acid ratio were calculated for each replicate of the applied 
treatments. The ascorbic acid content (Vitamin C) of the juice was determined by 
titration with 2, 6 dichloro phenol-indo-phenol (A.O.A.C., 1985) and calculated as 
milli-grams per 100 ml of juice. Also, total sugars were determined in fresh fruit 
samples according to Malik and Singh (1980). Sugars were extracted from 5 gram 
fresh weight and determined by phenol sulfuric and Nelson arsenate-molybadate 
colorimetric method Malik and Singh (1980). 

 
Starch contents were determined in 0.1 g of the residue by hydrolysis with 

concentrated HCl for 3 h under reflux condenser (A. O. A. C., 1985). The total 
nutrient reducing power was determined according to the method of (Malik and 
Singh, 1980) and the factor 0.9 was used to calculate the starch (Woodman, 
1941). 

 

Leaf and fruit chemical analysis: 
At the end of June of both seasons, samples of 20 leaves /tree were taken 

at random from the previously tagged shoots, the leaf samples were washed with 

tap water and distilled water, and then oven dried at 70°C to constant weight and 
then ground. To determine the leaf nutrient contents, ground material of each 
sample was digested with H2SO4 and H2O2 according to (Wolf, 1982).  

 
In the digested material, total nitrogen and phosphorus were determined 

colorimetrically according to (Evenhuis and De waard, 1976) and (Murphy and 
Riley, 1962), respectively and potassium was determined by flame photometer as 
described by (Cheng and Bray, 1951). Calcium and magnesium leaf contents 
were determined by Perkin Elmer atomic absorption Spectrophotometer according 
to (Carter, 1993). 

 

Statistical analysis: 
Results of the measured parameters were subjected to computerized 

statistical analysis using COSTAT package for analysis of variance (ANOVA) 
and means of treatments were compared using LSD at 0.05 level of possibility 
according to Snedecor and Cochran (1990). 

MATERIALS AND METHODS 
 

 

Data concerning the effect of girdling and Sitofex (CPPU) foliar application 
on vegetative growth, fruit set, fruit drop, yield, fruit quality and macronutrient 
contents of "Le-Conte" pear trees were presented in Tables (1 to 5). 

 

Vegetative growth characters 
The data for both experimental seasons of 2015 and 2016, regarding the 

effect of girdling and Sitofex (CPPU) application treatments on the shoot length on 
"Le-Conte" pear trees are shown in Table (1). The data indicated that all 
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application treatments of girdling reduced shoot length shoot thickness and leaf 
area as compared with control. Moreover, Sitofex (CPPU) from 10 to 20 mg/L 
increased shoot length, shoot thickness and leaf area on "Le-Conte" pear trees in 
both seasons. Furthermore, results showed that Sitofex (CPPU) with 
concentrations of 20 mg/L gave the best results in both seasons as compared with 
untreated treatment with significant differences. 

 
The same data showed that treatment of girdling in mid-March on branch 

two years old gave the lowest value, in both seasons with significant differences 
among treatments as compared with untreated trees. 

These data are supported with those obtained by Eliwa (2003) who found 
that girdling of branches on peach trees decreased leaf area with 42.21 cm2 and 
41.0 cm2 compared with the control in both seasons, respectively. Mansour et al. 
(2008) found that 20 mg/L Sitofex (CPPU) treatment on "Le-Conte" pear trees 
gave the highest values of leaf area and shoot thickness as compared with all 
treatments during both experimental seasons; furthermore, the control treatment 
gave the lowest values during the two seasons. 

 

Aly et al. (2012b) reported that Sitofex (CPPU) treatment with 
concentration of 20 mg/L on "Le-Conte" pear trees increased shoot thickness in 
both successive seasons of 2010 and 2011. 

 

Mohamed (2012) stated that all shoot girdling treatments on "Le-Conte" 
pear trees decreased shoot length and leaf area as compared with the control in 
both successive seasons of 2009 and 2010. Azatoni (2016) showed that Sitofex 
(CPPU) with concentration 15 mg/L on "Anna" apple trees had the highest values 
of shoot length, shoot thickness and leaf area in both successive seasons of 2015 
and 2016. 

 
 
Table (1). Effect of girdling and Sitofex (CPPU) application treatments on 

some vegetative growth of "Le-Conte" pear trees during 2015 
and 2016 seasons. 

 

Treatments 

Shoot length 
(cm) 

Shoot 
thickness (cm) 

Leaf area 
(cm2) 

2015 2016 2015 2016 2015 2016 
Untreated trees (Control).  50.41d 52.01d 0.74d 0.75d 31.02d 31.15d 
Girdling in mid-Feb. (branch 2 y.) 39.22f 38.82g 0.52f 0.56g 27.31g 27.45g 
Girdling in mid- Feb. (branch 3 y.) 42.00e 40.58e 0.60e 0.61f 28.22e 28.61e 
Girdling in mid- Mar. (branch 2 y.) 36.01g 38.66h 0.51f 0.53h 27.09h 27.42g 
Girdling in mid- Mar. (branch 3 y.) 39.16f 39.01f 0.62e 0.64e 28.01f 28.12f 
Sitofex (CPPU) at 10 mg/L 53.43c 52.20c 0.82c 0.83c 33.60c 33.42c 
Sitofex (CPPU) at 15 mg/L 55.04b 55.43b 0.91b 0.90b 34.15b 34.03b 
Sitofex (CPPU) at 20 mg/L 56.80a 57.62a 0.95a 0.97a 35.43a 35.40a 

 

Means not sharing the same letter(s) with each column are significantly different at 0.05 level of 
probability. 
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Fruit set and Fruit drop (%) 
The results in Table (2) showed the effect of girdling and Sitofex (CPPU) 

application treatments on fruit set and fruit drop percentages on "Le-Conte" pear trees in 
2015 and 2016 seasons. The results indicated that all application treatments of girdling 
and Sitofex (CPPU) increased initial fruit set and final fruit set percentages as compared 
with untreated trees. In addition, the data revealed that Sitofex (CPPU) with concentration 
20 mg/L recorded the best initial fruit set and final fruit set percentages with significant 
differences among treatments compared with control treatment. Regardless of control 
treatment the data showed that treatment of girdling in mid-February on branch two years 
old gave the lowest initial fruit set and final fruit set percentages as compared with other 
treatments in both seasons, with significant differences. Data also showed that all 
application treatments of girdling and Sitofex (CPPU) decreased fruit drop percentage as 
compared with untreated trees. 

 
Data showed that Sitofex (CPPU) with concentration 20 mg/L recorded the best 

data compared with control treatment in both seasons with significant difference. Also, it 
was noticed that treatment of girdling in mid-February on branch two years old gave the 
highest fruit drop percentage in the first season but treatment of girdling in mid-March on 
branch two years old gave also the highest fruit drop percentage in the second season as 
compared with other treatments except control with significant differences. 

 
Results of this study, to some extent, were in agreement with those of other 

researchers. For example, in Egypt, Naguib et al. (2010) reported that spraying Sitofex 
(20 mg/L) + Dormex 3% and Sitofex (15 mg/L) + Dormex 3% treatments on ''Costata'' 
persimmon trees increased final fruit set %. While, Mohamed ( 2012) reported that shoot 
girdling on three years old (5mm in width) at mid-April increased number of spurs, fruit set 
percent, total number of fruits per tree, total yield (ton / fed) and improved fruit quality of 5 
years old ''Le-Conte'' pear trees. Banyal et al. (2013) revealed that foliar application of 
Sitofex (CPPU) gave the least fruit drop percentages, and maximum fruit yield of apple 
trees. However, Nasr et al. (2015) showed that girdling treatments in 1st of January 
increased fruit set % and fruit yield on "Le-Conte" pear trees. Azatoni (2016) showed that 
Sitofex (CPPU) increased fruit set percentage and decreased fruit drop percentage on 
"Anna" apple trees. Also,Taha and El-Ghany (2016) reported that Sitofex increased fruit 
set percentage and decreased fruit drop percentage during the two successive seasons 
of 2012 and 2013 on "Anna" apple trees. 
 

Table (2). Effect of girdling and Sitofex (CPPU) application treatments on 
initial fruit set, final fruit set and fruit drop percentages of "Le-
Conte" pear trees during 2015 and 2016 seasons. 

 Means not sharing the same letter(s) with each column are significantly different at 0.05 level of 
probability. 

 

Treatments 
Initial fruit set (%) Final fruit Set (%) Fruit drop (%) 

2015 2016 2015 2016 2015 2016 
Untreated trees (Control). 58.64h 59.18h 8.12h 9.23h 86.15a 84.40a 
Girdling in mid-Feb. (branch 2 y.) 62.40g 61.46g 15.70g 16.31f 74.84b 73.46c 
Girdling in mid- Feb. (branch 3 y.) 65.10e 63.90e 17.85e 17.15e 72.58d 73.16d 
Girdling in mid- Mar. (branch 2 y.) 63.53f 62.75f 16.32f 15.46g 74.31c 75.42b 
Girdling in mid- Mar. (branch 3 y.) 66.42d 65.33d 18.26d 18.87d 72.50e 71.11e 
Sitofex (CPPU) at 10  mg/L 75.78c 75.56c 21.90c 21.54c 71.10f 71.04f 
Sitofex (CPPU) at 15  mg/L 78.33b 77.61b 23.10b 22.86b 70.50g 70.54g 
Sitofex (CPPU) at 20  mg/L 79.15a 79.24a 24.62a 24.11a 68.93h 63.87h 
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Yield characters 
The results in Table (3) showed the effect of girdling and Sitofex (CPPU) 

application treatments on fruit weight, yield per tree and yield per feddan on "Le-Conte" 
pear trees in 2015 and 2016 seasons. Results referred that all application treatments of 
girdling and Sitofex (CPPU) increased fruit weight, yield per tree and total yield as 
compared with untreated trees. Treatment of Sitofex (CPPU) with concentration 20 mg/L 
gave the best result in fruit weight, yield per tree and total yield in both seasons as 
compared with untreated trees. 

 
Regardless of control treatment the data showed that treatment of girdling in mid-

February on branch two years old gave the lowest results in fruit weight, yield per tree and 
total yield as compared with other treatments in both seasons, with significant differences. 

Results of this study are agreement with those of Aly et al. (2012a) who reported 
that girdling of shoot three years old on "Le-Conte" pear trees gave the highest increase 
of number of fruits per tree, fruit weight and yield in both successive seasons of 2010 and 
2011, while Nasr et al. (2015) showed that girdling treatments in 1st of January increased 
fruit set % and fruit yield on "Le-Conte" pear trees. Azatoni (2016) showed that Sitofex 
(CPPU) with concentration 15 mg/L on "Anna" apple trees increased fruit weight, total 
yield in both successive seasons of 2015 and 2016. Taha and El-Ghany (2016) showed 
that Sitofex increased fruit yield and number of fruits/ branch and/ tree and decreased fruit 
drop percentage on "Anna" apple trees. 
 

Table (3). Effect of girdling and Sitofex (CPPU) application treatments on 
Fruit weight and yield of "Le-Conte" pear trees in 2015 and 2016 
seasons. 

 

Treatments 
Fruit 

Weight (g) 
Yield  

(kg/tree) 
Gross Yield   
(ton/feddan) 

2015 2016 2015 2016 2015 2016 

Untreated trees (Control). 141.22h 143.10h 30.22h 30.76h 5.07h 5.16h 
Girdling in mid-Feb. (branch 2 y.) 160.82g 164.21g 35.86g 36.78g 6.02g 6.17g 

Girdling in mid- Feb. (branch 3 y.) 181.98e 183.33e 43.67e 44.54e 7.33e 7.48e 

Girdling in mid- Mar. (branch 2 y.) 166.57f 169.12f 39.14f 39.91f 6.57f 6.70f 

Girdling in mid- Mar. (branch 3 y.) 184.15d 186.83d 44.93d 45.77d 7.54d 7.68d 

Sitofex (CPPU) at 10 mg/L 190.71c 192.52c 47.86c 48.51c 8.04c 8.14c 

Sitofex (CPPU) at 15 mg/L 196.14b 195.01b 51.58b 51.48b 8.65b 8.64b 
Sitofex (CPPU) at 20 mg/L 198.00a 199.23a 53.85a 54.38a 9.04a 9.13a 

 

Means not sharing the same letter (s) with each column are significantly different at 0.05 level of 
probability. 
 
 

Fruit physical characteristics 
The listed results in Table (4) showed the effect of girdling and Sitofex (CPPU) 

application treatments on fruit length, fruit diameter, L/D ratio, fruit size and fruit firmness 
on "Le-Conte" pear trees in 2015 and 2016 seasons. 

 
 

Results showed that all application treatments of girdling and Sitofex (CPPU) 
increased fruit length, fruit diameter, L/D ratio, fruit size and fruit firmness as compared 
with untreated trees. In the same time Sitofex (CPPU) with concentration 20 mg/L gave 
the best results in fruit length, fruit diameter, fruit size and fruit firmness as compared with 
untreated trees in both seasons, with significant differences.  
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Results showed that girdling in mid-February on branch two years old gave the 
lowest results in fruit length, fruit diameter, fruit size and fruit firmness as compared with 
untreated trees in both seasons with significant differences. Also, girdling in mid-March on 
branch two years gave the highest L/D ratio in both seasons while treatment of Sitofex 
(CPPU) with concentration 10 mg/L gave the lowest L/D ratio as compared with control 
treatment, in both seasons, with significant differences. 

Results of the present study agree to a great extent with those obtained by Aly et 
al. (2012a) who reported that girdling of shoot three years old on "Le-Conte" pear trees 
gave the highest fruit firmness increase in both successive seasons of 2010 and 2011. In 
addition to, Aly et al. (2012b) reported that Sitofex (CPPU) with concentration 15 and 20 
mg/L on "Le-Conte" pear trees increased fruit size in both successive seasons of 2010 
and 2011. Nasr et al. (2015) showed that girdling treatments in 1st of January increased 
fruit diameter on "Le-Conte" pear trees. Taha and El-Ghany (2016) showed that Sitofex 
increased fruit quality (fruit weight, size and diameter) during the two successive seasons 
of 2012 and 2013 on "Anna" apple trees.  

Table (4). Effect of girdling and Sitofex (CPPU) application treatments on 
some physical fruit parameters of "Le-Conte" pear trees during 
2015 and 2016 seasons. 

 

Treatments 
Fruit 

length(cm) 
Fruit 

diameter(cm) 
L/D 

(Ratio) 
Fruit 

size(cm
3
) 

Fruit firmness 
(pound/inch2) 

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 

Untreated trees 
(Control). 

7.25
h
 7.20

h
 5.65

h
 5.60

h
 1.28

b
 1.28

c
 115.83

h
 120.45

h
 16.63

h
 16.80

h
 

Girdling in mid-Feb. 
(branch2 y.) 

8.10
g
 8.15

g
 6.13

g
 6.15

g
 1.31

ab
 1.32

ab
 135.71

g
 138.55

g
 17.75

g
 17.76

g
 

Girdling in mid- 
Feb. (branch3 y.) 

8.63
e
 8.65

e
 6.50

e
 6.53

e
 1.32

ab
 1.32

ab
 150.62

e
 152.41

e
 18.30

e
 18.25

e
 

Girdling in mid- 
Mar. (branch2 y.) 

8.40
f
 8.42

f
 6.20

f
 6.27

f
 1.35

a
 1.34

a
 140.13

f
 144.23

f
 17.85

f
 17.90

f
 

Girdling in mid- 
Mar. (branch3 y.) 

8.85
d
 8.90

d
 6.70

d
 6.78

d
 1.32

ab
 1.31

b
 155.87

d
 153.01

d
 18.60

d
 18.64

d
 

Sitofex (CPPU) at 
10 mg/L 

9.30
c
 9.35

c
 7.15

c
 7.18

c
 1.30

ab
 1.30

bc
 169.80

c
 170.31

c
 19.10

c
 19.14

c
 

Sitofex (CPPU) at 
15 mg/L 

9.70
b
 9.75

b
 7.40

b
 7.42

b
 1.31

ab
 1.31

b
 178.75

b
 180.12

b
 19.50

b
 19.53

b
 

Sitofex (CPPU) at 
20 mg/L 

9.80
a
 9.89

a
 7.50

a
 7.51

a
 1.30

ab
 1.31

b
 186.11

a
 189.59

a
 19.68

a
 19.70

a
 

Means not sharing the same letter(s) with each column are significantly different at 0.05 level of 
probability. 
 

 

Fruit chemical characters 
The results in Table (5) showed the effect of girdling and Sitofex (CPPU) 

application treatments on chemical fruit characteristics of "Le-Conte" pear trees in 2015 
and 2016 seasons.  

 

Results showed that all application treatments of girdling and Sitofex (CPPU) 
increased TSS percentage as compared with untreated trees. Generally, girdling in mid-
March on branch three years old gave the highest result, in both seasons. On the other 
hand, treatment of Sitofex (CPPU) with concentration 10 mg/L recorded the lowest TSS 
percentage in both seasons as compared with other treatments except control treatment 
with significant differences. In the same time, all application treatments of girdling 
decreased acidity percentage while treatments of Sitofex (CPPU) increased acidity 
percentage as compared with untreated trees. Generally, Sitofex (CPPU) with 
concentration 20 mg/L gave the best result in both seasons. The data also showed that 
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treatment of girdling in mid-March on branch three years old gave the lowest TSS 
percentage in both seasons, with significant differences. 

 
Furthermore, data showed that all application treatments of girdling and Sitofex 

(CPPU) increased vitamin C content as compared with untreated trees except treatments 
of girdling in mid-February on branch two years old which decreased vitamin C content in 
the first season only and girdling in mid-March on branch two years old which decreased 
vitamin C content in second season. Results showed that Sitofex (CPPU) with 
concentration 20 mg/L recorded the highest vitamin C content in both seasons. The 
results also showed that treatment of girdling in mid-March on branch two years old gave 
the least treatment in vitamin C content in both seasons, with significant differences. Also, 
all application treatments of girdling increased total sugars percentage while all treatments 
of Sitofex (CPPU) decreased total sugars percentage as compared with untreated trees. 
Generally, girdling in mid-March on branch three years old gave the highest value in both 
seasons. The data also showed that treatment of Sitofex (CPPU) with concentration 20 
mg/L gave the lowest total sugars percentage in both seasons, with significant 
differences. 

Results referred that all application treatments of girdling decreased starch 
percentage while all treatments of Sitofex (CPPU) increased starch percentage as 
compared with untreated trees. Generally, Sitofex (CPPU) with concentration 20 mg/L 
gave the highest value in both seasons. The data also showed that treatment of girdling in 
mid-Feb. and mid-March on branch three years old gave the lowest starch percentage as 
compared with control treatment in both seasons, with significant differences. 

The abovementioned results agree to a great extent with those obtained by Eliwa 
(2003) who found that girdling near the base of branches and hand fruit thinning on 
chemical composition of peach trees increased total soluble solids content (11.95 and 
11.50%) and total carbohydrate (21.80 and 21.07%). Also, all treatments significantly 
reduced fruit acidity compared with the control. Chanana and Beri (2004) found that 
girdling plus thinning, girdling alone done at full bloom and 28 days thereafter, and 
thinning at 2 weeks after full bloom matured 12, 6 and 5 days earlier than control fruits, 
respectively and gave the beast treatment in sugar content and total soluble solids 
content. In the same time, Kitren and Chuck (2006) found that Sitofex (CPPU) improved 
the conversion of starch and sugars content. Aly et al. (2012a) reported that girdling of 
shoot three years old on "Le Conte" pear trees gave the highest increase of total soluble 
solids (TSS%) and decreased fruit acidity percentage in both successive seasons of 2010 
and 2011. Mohamed (2012) stated that all shoot girdling treatments on "Le-Conte" pear 
trees increased total sugars content as compared with the control in both successive 
seasons of 2009 and 2010. Azatoni (2016) showed that Sitofex (CPPU) with 
concentration 15 mg/L on "Anna" apple trees increased TSS (%), total acidity (%), vitamin 
C and starch (%) in both successive seasons of 2015 and 2016. 
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Table (5). Effect of girdling and Sitofex (CPPU) application treatments on 
some chemical characteristics of "Le-Conte" pear trees during 
2015 and 2016 seasons. 

 

Treatments 
TSS(%) Acidity (%) 

Vitamin C 
(mg/100 ml 

juice) 

Total sugars 
(%) 

Starch (%) 

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 

Untreated trees 
(Control). 

11.52
f
 11.56

h
 0.47

c
 0.49

c
 20.80

e
 20.50

f
 7.54

e
 7.5

e
 2.73

cd
 2.76

c
 

Girdling in mid-Feb. 
(branch 2 y.) 

12.67
de

 12.70
e
 0.34

d
 0.35

d
 20.60

f
 20.62

e
 8.21

d
 8.23

d
 2.70

de
 2.71

d
 

Girdling in mid- Feb. 
(branch 3 y.) 

14.80
b
 14.83

b
 0.27

e
 0.28

e
 21.50

b
 21.52

b
 8.39

b
 8.42

b
 2.66

fg
 2.64

e
 

Girdling in mid- Mar. 
(branch 2 y.) 

13.27
c
 13.38

c
 0.29

e
 0.28

e
 20.46

g
 20.43

f
 8.30

c
 8.31

c
 2.68

ef
 2.69

d
 

Girdling in mid- Mar. 
(branch 3 y.) 

15.40
a
 15.40

a
 0.24

f
 0.24

f
 21.52

b
 21.46

b
 8.53

a
 8.55

a
 2.63

g
 2.65

e
 

Sitofex (CPPU) at 10 
mg/L 

12.16
e
 12.14

g
 0.50

b
 0.51

b
 21.18

d
 21.15

d
 7.33

f
 7.32

f
 2.77

bc
 2.79

b
 

Sitofex (CPPU) at 15 
mg/L 

12.43
de

 12.45
f
 0.52

ab
 0.52

b
 21.30

c
 21.36

c
 7.29

g
 7.31

f
 2.81

ab
 2.80

b
 

Sitofex (CPPU) at 20 
mg/L 

13.00c
d
 12.98

d
 0.53

a
 0.54

a
 23.45

a
 23.40

a
 7.24

h
 7.25

g
 2.83

a
 2.85

a
 

 

Means not sharing the same letter(s) with each column are significantly different at 0.05 level of 
probability. 

 

Nutrient contents: 

The listed results in Table (6) showed the effect of girdling and Sitofex (CPPU) 
application treatments on N, P, K, Ca and Mg in leaves of "Le-Conte" pear trees in 
2015 and 2016 seasons. Results showed that Sitofex (CPPU) with concentration 20 
mg/L recorded the highest nitrogen, phosphorus and magnesium percentage, while 
treatment of girdling in mid-March on branch three years old gave the lowest values 
compared with control treatment in both seasons, with significant differences. 

 
Results showed that all application treatments of Sitofex (CPPU) increased 

potassium and calcium percentages but all treatments of girdling decreased potassium 
and calcium percentage except treatment of girdling in mid-March on branch two years 
old that increased calcium percentage in the second season as compared with 
untreated trees with significant differences.Moreover, Sitofex (CPPU) with 
concentration 20 mg/L gave the best results in increasing of potassium percentage in 
both seasons and calcium percentage in the first season only but treatment of girdling 
in mid-March on branch two years old recorded the best result of calcium percentage, 
in the second season. 

 
The data also showed that treatment of girdling in mid-February on branch two 

years old gave the lowest potassium percentage, while treatment of girdling in mid-
March on branch three years old gave the least calcium percentage as compared with 
control treatment in both seasons, with significant differences.The above demonstrated 
results were in agreement with those mentioned by Hossain et al. (2004) who found 
that girdling plants decreased potassium (K), calcium and magnesium content in the 
leaves of peach trees compared with the control.  Mohamed (2012) stated that all shoot 
girdling treatments on "Le-Conte" pear trees decreased leaf nitrogen, phosphorus, 
potassium and magnesium content as compared with the control in both successive 
seasons of 2009 and 2010. On the other hand, Naseb (2012) reported that Sitofex 
(CPPU) with concentration 20 mg/L on "Le-Conte" pear trees increased nitrogen, 
potassium calcium and magnesium in both successive seasons of 2010 and 2011. 
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Table (6). Effect of girdling and Sitofex (CPPU) application treatments on 
leaf macronutrient contents of "Le-Conte" pear trees during 
2015 and 2016 seasons. 

Treatments 
N % P% K% Ca% Mg% 

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 

Untreated trees 
(Control). 

1.92
d
 1.93

d
 0.30

d
 0.31

d
 1.41

d
 1.43

d
 1.45

c
 1.47

e
 0.46

c
 0.47

c
 

Girdling in mid-
Feb. (branch 2 y.) 

1.84
e
 1.85

e
 0.27

e
 0.29

e
 1.28

h
 1.29

h
 1.29

d
 1.30

f
 0.41

d
 0.42

d
 

Girdling in mid- 
Feb. (branch 3 y.) 

1.78
fg
 1.79

fg
 0.26

ef
 0.26

f
 1.32

f
 1.34

g
 1.20

f
 1.22

g
 0.39

de
 0.38

e
 

Girdling in mid- 
Mar. (branch 2 y.) 

1.81
ef
 1.80

f
 0.27

e
 0.28

ef
 1.30

g
 1.31

f
 1.24

e
 1.91

a
 0.40

d
 0.41

d
 

Girdling in mid- 
Mar. (branch 3 y.) 

1.75
g
 1.76

g
 0.25

f
 0.26

f
 1.35

e
 1.39

e
 1.19

f
 1.18

h
 0.37

e
 0.38

e
 

Sitofex (CPPU) at 
10 mg/L 

1.98
c
 1.99

c
 0.33

c
 0.34

c
 1.54

c
 1.55

c
 1.51

b
 1.50

d
 0.50

b
 0.50

b
 

Sitofex (CPPU) at 
15 mg/L 

2.07
b
 2.08

b
 0.35

b
 0.36

b
 1.58

b
 1.59

b
 1.52

b
 1.53

c
 0.51

ab
 0.52

a
 

Sitofex (CPPU) at 
20 mg/L 

2.44
a
 2.49

a
 0.38

a
 0.39

a
 1.60

a
 1.62

a
 1.66

a
 1.68

b
 0.53

a
 0.52

a
 

 

Means not sharing the same letter(s) with each column are significantly different at 0.05 level of 
probability. 
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ABSTRACT:  Keeping quality and length of vase life are important factors for evaluation 

of cut flowers quality, for both domestic and export markets. These investigations proposed to 
determine the effectiveness of some postharvest solutions as silver thiosulphate (0.5, 1.0 and 
2.0 mM), copper sulphate (100,200 and 300 mg/l), citric acid (100, 200 and 300 mg/l) and 
ascorbic acid (150, 300 and 450 mg/l) on quality parameters of (Dianthus caryophyllus L. cv. 
Pink Dover') flowers. Results showed that all treatments significantly increased the vase life 
(Day), fresh weight (g), flower diameter (cm), total chlorophyll (SPAD) and percentage of protein 
in leaves compared to control. The highest increase in vase life, flower diameter was obtained 
by silver thiosulphate (2.0 mM). On other hand, ascorbic acid (450 mg/l) was more effective on 
increasing fresh weight. Whilst, citric acid (300 mg/l) resulted in the maximum chlorophyll 
content in both experiments. Moreover, copper sulphate (300 mg/l) recorded the most increase 
in the percentage of protein in leaves in both experiments, furthermore ascorbic acid (150 mg/l), 
silver thiosulphate (1.0 mM) and copper sulphate (200 mg/l) in second experiment compared to 
control.  

Key words: Carnation, vase life, postharvest treatments, cut flowers 

 
INTRODUCTION 

 
Carnation (Dianthus caryophllus L.) belongs to family Caryophyllaceae, 

is native to the Mediterranean region and Central Asia , is among the three top 
cut flowers around the world (Hashemabadi et al.,  2015).Carnation has more 
than 300 species (Ramtin et al., 2016) and well known throughout the world for 
its beauty, diversity colors, excellent keeping quality and wide flower range. 
Vase life of cut flowers is mainly affected by two main factors; ethylene which 
accelerates the senescence of many flowers and microorganisms which cause 
vascular blockage and thus reduces the vase life of cut flowers (Sardoei et al., 
2013). Silver thiosulphate (STS) competes with ethylene for the same site of 
action and therefore, reduces the negative effect of ethylene. Copper ions have 
been used in flower vase solutions as a biocide and a wound reaction enzyme 
(Edrisi et al., 2012). Citric acid reduces the risk of vascular blockage in cut 
flowers through its anti-embolism habit (Sheikh et al., 2014). Ascorbic acid plays 
an important role in the electron transport system (Sheikh et al., 2014). The 
aims of this study were to determine the effectiveness of silver thiosulphate, 
copper sulphate, citric acid and ascorbic acid with different concentrations as 
preservation treatments on Carnation cut flowers senescence and vase life 
quality and longevity. 
 

MATERIALS AND METHODS 
 

Two separated experiments were conducted in the Plant Production 
Department, Faculty of Agriculture, Saba Basha, Alexandria University in 
(January and February, 2016) on Carnation cut flowers, to study the effect of 
silver thiosulphate, copper sulphate, citric acid and ascorbic acid treatments 



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

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  581                             
Vol. 22 (3), 2017         

 
 

with different concentrations on vase life of Carnation cut flowers (Pink Dover 
variety). Cut flowers were cut in early morning, wrapped using polyethylene 
then quickly transported to the laboratory. The stems of cut flowers were 
shorted before pulsing treatments to 50cm. The lower leaves were removed to 
avoid contamination in the vase solution then placed in plastic containers which 
contained the pulsed solution in tap water, of an average temperature of (18° C 
±1) and (50- 60 %) relative humidity and light from a white fluorescent lamp. 
After that, flower stems were pulsed in freshly solutions which prepared at the 
start of experiments from concentrations of (silver thiosulphate, copper 
sulphate, citric acid and ascorbic acid) in plastic container for 24 hours. Then 
the flowers were moved to glass containers (vases) which contained 300 ml of 
tap water to calculate the vase life and the tested parameters. 

 
Treatments and design  

The treatments were arranged in a factorial experiment with Randomized 
Complete Block Design (RCBD) in two factors (treatments and Dates) with 3 
replications. All data were statistically analyzed by the analysis of variance as 
described by Steel and Torrie (1980), and done by average of SAS (2002) 
statistical software. Cut flowers were pulsed in concentrations of silver 
thiosulphate (0.50, 1.00 and 2.00 mM) copper sulphate (100, 200 and 300 
mg/l), citric acid (100, 200 and 300 mg/l) and ascorbic acid (150, 300 and 450 
mg/l) with 2 liter tap water and 1% sucrose in the same time, control cut flowers 
pulsed in 2 liters tap water and 1% sucrose for 24 hours. 

    
Vase Life (days):  

Was determined by observing senescence symptoms, i.e., in-rolling of 
petals or wilting of one third of petals in each flower (Edrisi et al., 2012). 
 
Total Fresh Weight (g):  

The average fresh weight of fresh stems carrying leaves and the flowers 
were calculated at the full opening stage (Barakat, 2013). 
 
Flower Diameter (cm):  

Increase diameter of flower was a suitable measurement to indicate 
efflorescence of flower Zadeh and Mirzakhani (2012). 
 
Chlorophyll Index (SPAD):  

Chlorophyll index was measured by chlorophyll meter (SPAD- 502, 
Minolta Co. Japan). Average of 3 measurements from different spots of a single 
leaves was considered (Yadava, 1986). 
   
Determination of protein content in leaves (%):  

determined on the basis of total nitrogen content according to A.O.A.C. 
(2000). The average nitrogen (N) content of protein was found to be about 16 
%, which use the calculation N x 6.25 (1/0.16 = 6.25) to convert nitrogen 
content to protein Agriculture and consumer protection (2003). 
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RESULTS AND DISCUSSION 
 
Vase Life (Days) 

As shown from data in Table (1), the three silver thiosulphate postharvest 
treatments (0.50, 1.00 and 2.00 mM) significantly increased the vase life in days 
of Carnation cut flowers compared to control, in both experiments (January and 
February, 2016). The beneficial effect of silver thiosulphate might be due to the 
production of Ag+ in the vase water, which might inhibit the rise of ethylene 
precursor, thereby enhancing the longevity of cut flowers as proved by Khan et 
al.  (2015).The results are in harmony with Musembi et al.  (2015) on Eustoma 
flowers, Asghari (2015) on Lilium and Rose, they showed that silver 
thiosulphate (STS) prolonged the vase life. 

 
With respect to copper sulphate, results in Table (1) confirmed that the 

three concentrations of copper sulphate (100, 200 and 300 mg/l) significantly 
increased the vase life compared to control, except to (100 mg/l) treatment in 
the second experiment. These results are in accordance with Farokhzad et al. 
(2008) on Eustoma cut flowers, who confirmed that copper sulfate treatments 
was the most effective in extending the vase life. The effect of copper sulphate 
on improving vase life might be attributed to the use of copper ions have been 
used in flower vase solutions as a biocide and a wound reaction enzyme Edrisi 
et al. (2012).  

  
However, citric acid at (100, 200 and 300 mg/l) increased vase life of 

Carnation cut flowers, in Table (1), compared to control in the two experiments. 
The improving effect might be due to the possibility of citric acid to inhibit 
microorganisms’ growth through the reduction of pH in preservative solutions as 
proved by Sheikh et al. (2014). Results are in conformity with those of Gupta et 
al. (2006) on Chrysanthemum and Kumar et al. (2010) on Tuberose.  

  
Data in Table (1) indicated that all concentrations of ascorbic acid (150, 

300, 450 mg/l) increased vase life of Carnation cut flowers compared to control 
in the two experiments, except for ascorbic acid treatment at (150 mg/l) in the 
second experiment only.  

 
Significant differences were also found between (450 mg/l) compared to 

(300 mg/l) concentrations in the first experiment only. This positive effect might 
be attributed to the acidifying as well as inhibiting effects of ascorbic acid on 
many bacteria & fungi as reported by Satoh et al. (2005). These results found to 
be in agreement with those of Abdulrahman et al. (2012) on Snapdragon cut 
flowers. 
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Table (1). Effect of some postharvest solutions on vase life (days) of cut 
Carnation (Dianthus caryophyllus, L.) cv. "Pink dover" flowers 
in two experiments (January and February, 2016). 

 

Treatments 
First experiment  
(January, 2016) 

Second experiment  
(February, 2016) 

Vase life ( Days) Vase life ( Days) 

Control 9.22 f 10.56 d 
Silver thiosulphate (0.5 mM) 12.23 bcd 12.22 bc 
Silver thiosulphate (1.0 mM) 12.26 bcd 12.33 bc 
Silver thiosulphate (2.0 mM) 14.26 a 14.33 a 
Copper sulphate (100 mg/l) 11.30 de 11.56 cd 
Copper sulphate (200 mg/l) 11.82 cde 11.89 c 
Copper sulphate (300 mg/l) 13.15 b 13.22 b 
Citric acid (100 mg/l) 12.10 cde 12.17 c 
Citric acid (200 mg/l) 12.38 bc 12.45 bc 
Citric acid (300 mg/l) 12.15 cd 12.22 bc 
Ascorbic acid (150 mg/l) 11.48 cde 11.55 cd 
Ascorbic acid (300 mg/l) 11.16 e 12 c 
Ascorbic acid (450 mg/l) 12.26 bcd 12.33 bc 

L.S.D at 0.05 0.98 1.04 

 
Total Fresh Weight (g): 

As for silver thiosulfate, it has been found that all concentrations (0.5, 1.0 
and 2 mM) treatments significantly increased the fresh weight of cut Carnation 
compared to control in Table (2), also between (2.0 mM) compared to (0.5 mM). 
These results proved to be in agreement with Hayat et al. (2012) on Roses, 
they showed that the maximum flower fresh weight was recorded by silver 
thiosulfate treatment. Chamani et al. (2013) showed that the positive effect of 
silver thiosulfate may be due to its competes with ethylene for the same site of 
action and therefore reduces the negative effect of ethylene.  

Data in Table (2), revealed that generally the three copper sulphate 
treatments significantly increased fresh weight of Carnation cut flowers 
compared to control. Significant differences were also found among the three 
treatments, except between the two higher concentrations (200 and 300 mg/l) in 
the second experiment. This effect of copper sulphate is because copper ions 
have been used in flower vase solutions as a biocide and a wound reaction 
enzyme Edrisi et al. (2012).Similar results are found by Hojjati et al. (2007) on 
Eustoma cut flowers. 

 
With Regard to citric acid, data in Table (2), cleared that all citric acid 

concentrations caused significant increase in fresh weight compared to control 
in two experiments. Also found between citric acid at (300 and 100 mg/l) 
treatments compared to citric acid at (200 mg/l) in both experiments. These 
results found to be in agreement with Pal and Sirohi (2007) on Gladiolus. 
Effectiveness of citric acid might be related to the effect citric acid on reducing 
the pH of water and, consequently, the proliferation of bacteria, which block the 
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xylem vessels in the cut region and interfere with the normal flux of water 
through the stem indicated by Zamani et al. (2011). 

 
In relation to ascorbic acid treatments Table (2), showed that the three 

ascorbic acid treatments (150, 300 and 450 mg/l) lead to significant increase in 
fresh weight compared with control in the two experiments on Carnation cut 
flowers. It was also found between (450 mg/l) compared to (150 and 300 mg/l). 
This result is in agreement with the result obtained by Mohamed (2015) on 
Rose cut flowers, Their significant effect might be attributed to the effect of 
ascorbic acid (AsA) on inhibiting bacteria growth, which has been extensively 
evaluated for protecting cut flowers from physical plugging as recorded by 
Abdul Jaleel (2009)  

Regarding the effect of vase life periods on the change of fresh weight on 
Carnation cut flowers it was increased by increasing vase life periods until 
sample date 5, and then decreased by increasing dates periods in both 
experiments. The differences among all tested vase life periods were 
statistically significant. The increment in relative fresh weight at initial vase life 
days could be due to the higher solution uptake during the early storage time as 
supported by Seyf et al. (2012). Furthermore, Alaey et al. (2011) reported that 
the highest relative fresh weight of cut rose flowers was observed in vase 
solutions which showed the greatest water uptake. The decrease in relative 
fresh weight of cut flowers during the days of after harvest could be due to the 
decrease in water uptake Soleimany-Fard et al. (2013). 
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Flower Diameter (cm): 
Data in Table (3), cleared that all silver thiosulphate concentrations (0.5, 

1.0 and 2 mM) significantly increased flower diameter of cut Carnation 
compared to control in the two experiments. Significant differences were also 
found among the three treatments, except between the two lower 
concentrations (0.5 and 1.0 mM) in the first experiment. This positive effect may 
be attributed to the role of silver thiosulphate in enhancing flower diameter 
through effective solution uptake. STS also inhibits the microbial population, 
which causes the vascular occlusion of stems as confirmed by Dung et al. 
(2016). Similar results were obtained by El-Sayed (2011) on Carnation. 

  
Regarding copper sulphate effect, data in Table (3) cleared that, all 

copper sulphate (100, 200 and 300 mg/l) treatments increased flower diameter 
significantly compared with control in both experiments. Significant differences 
were found among the three treatments, except between the two higher 
concentrations (200 and 300 mg/l) in the second experiment. Our results are in 
harmony with findings of Edrisi et al. (2012) on Eustoma cut flowers. These 
results may be taken place because the use of calcium, aluminum, boron, 
copper, nickel and zinc salts extends the vase life of cut flowers as confirmed by 
Mohammadi et al. (2012). 

Table(3), recorded that flower diameter increased significantly with 
increasing citric acid concentrations compared to control in both experiments of 
Carnation cut flowers, except citric acid at (200 mg/l) in the second experiment. 
Significant differences were also found among all treatments, except between 
citric acid at (100 and 300 mg/l) in the first experiment. These results are similar 
with Nandre et al. (2009) on Rose. Thus it seemed to be referred to the regular 
effect of citric acid which acts as a pH regulator on reduces bacterial 
proliferation and enhances the water conductance in xylem of cut flowers 
showed by Van Doorn (2010). 

Regarding ascorbic acid application (150, 300 and 450 mg/l), our results 
in Table (3) revealed that all ascorbic acid concentrations had significant effect 
on increasing flower diameter (cm) compared to control in both experiments, 
also between (150 and 300 mg/l) compared to (450 mg/l) in both experiments. 
These results consistent with Mohamed (2015). These significant effects might 
be attributed to the acidifying and inhibiting effects of ascorbic acid on many 
fungi and bacteria as reported by Satoh et al. (2005).  

At vase life in Table (3), results indicated that flower diameter of 
Carnation cut flowers was increased by increasing vase life periods in the two 
separated experiments. The differences among all tested vase life periods were 
statistically significant. The increase in cut flower diameter during vase period 
was probably because petals of flowers growth is associated with flower bud 
opening which results  from cell expansion that requires the influx of water and 
osmolytes such as glucose into petal cells as confirmed by Tsegaw et al. 
(2011). The decrease in flower diameter is often due to the increase of bacterial 
accumulation at the end of stem, which leads to vessels plugging and ethylene 
synthesis that links to water conductivity disorder, wilting and decreasing 
capitulum diameter as recorded by Jafarpour et al. (2015). 
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Total Chlorophyll (SPAD): 
Data in Table (4), revealed that all applications of silver thiosulphate 

significantly increase total chlorophyll compared to control in the two 
experiments. Significant differences were also found among the three 
treatments, except between (0.5 and 2.0 mM) in the second experiment. Our 
results are similar to those of Hassan and Ali (2014) on cut Rose. These results 
seemed to be due to the ability of silver thiosulphate STS in inhibiting the 
ethylene action and prolong the vase life of cut carnations and other floricultural 
products as confirmed by Zadeh and Mirzakhani (2012).  

As for copper sulphate, data in Table (4) showed that copper sulphate 
treatments lead to significantly increase total chlorophyll compared to control, 
except for concentration (100 mg/l) in two experiments. Significant differences 
were also found among the three treatments, except between (100 and 200 
mg/l) in the second experiment. This positive effect may be related to the use of 
calcium, aluminum, boron, copper, nickel and zinc salts which extends the vase 
life of cut flowers as confirmed by Mohammadi et al. (2012). Similar results 
were obtained by Farokhzad et al. (2008) on Eustoma cut flowers. 

In relation to citric acid, results in Table (4), confirmed that all 
concentrations of citric acid with (100, 200 and 300 mg/l) significantly increased 
total chlorophyll compared to control in both experiments. Significant differences 
were also found among the three treatments in two experiments. This positive 
effect of citric acid could be attributed to its important role in reducing the 
proliferation of bacteria, which block the xylem vessels in the cut region and 
interfere with the normal flux of water through the stem as proved by Zamani et 
al. (2011). These results were found to agree with El-Quesni et al. (2012) on 
Schefflera Arboricola cut foliage. 

Table (4) showed that all treatments of ascorbic acid (150, 300 and 450 
mg/l) increased significantly total chlorophyll contents compared to control in 
both experiments. Significant differences were also found among the three 
treatments in two experiments, except between the two higher concentrations 
(300 and 450 mg/l) in the first experiment. These results are proved to be in 
accordance with Abdel Aziz et al. (2009) on Gladiolus cut flowers. We could 
return this positive effect to that a high level of endogenous ascorbate which is 
effectively essential to maintain the antioxidant system that protects plants from 
oxidative damage as proved by Abdul Jaleel (2009). Likewise, our results in 
Table (4) confirmed the effect of vase life periods on the change in total 
chlorophyll content of Carnation cut flowers which was increased by increasing 
vase life periods until sample date 10 in first experiment and sample date 5 in 
the second experiment then decreased by increasing dates periods in both 
experiments. The differences among all tested vase life periods were 
statistically significant in both experiments. The maintenance of green color in 
the leaves is an important quality properties in these economically significant 
ornamental plants. It had proved that the leaf yellowing of cut flowers is 
associated with chlorophyll breakdown and loss, thereby decreasing significant 
vase life (Alimoradi, 2013). We could return this loss of chlorophyll to the high 
rate of respiration and the action of ethylene which usually causes yellowing 
leaves as recorded by Marandi et al. (2011). 
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Protein (%): 
  The three concentrations of silver thiosulphate significantly increased 
protein (%) in leaves compared to control in Table (5), Significant differences 
were also between (1.0 and 2.0 mM) compared to (0.5 mM) in two experiments. 
This improvement effect of silver thiosulphate may be due to the inhibiting and 
antimicrobial effect on ethylene production and antimicrobial in the vase solution 
as recorded by Ansari and Zangeneh (2008) and Subhashini et al. (2011). 
Results found to be in harmony with those of Gul and Tahir (2013) on Daffodil 
cut flowers who revealed that silver thiosulphate treatments increased proteins 
content significantly. 
 

Table (5), cleared that the two higher concentrations of copper sulphate 
(200 and 300 mg/l) treatments significantly increased protein (%) in leaves 
compared to (100 mg/l) and control in the two experiments. Using (300 mg/l) 
concentration significantly increased protein (%) compared to (200 mg/l) in the 
first experiment only. Could attributed this results to copper ions which have 
been used in flower vase solutions as a biocide and a wound reaction enzyme 
Edrisi et al. (2012). Farokhzad et al. (2008) recorded that copper sulfate 
concentrations were the most effectiveness in enhancing vase life and keeping 
quality of Eustoma cut flowers. 

 
Table (5) demonstrated significant increased of protein (%) in leaves 

between (100 mg/l) treatment of citric acid compared to (200 mg/l) treatment 
and control in both experiments. The enhancing effect of citric acid may be 
related to its role in reducing bacterial proliferation and enhancing the water 
conductance in xylem of cut flowers Van Doorn (2010). Similar results were 
obtained by Nandre et al. (2009) on Rose and Kumar et al. (2010) on Tuberose 
cut flowers. 

  
Table (5), revealed that all concentrations of ascorbic acid increased 

protein (%) in leaves in comparison with control, except for (300 mg/l) treatment 
in the two experiments. Our results consistent with those obtained by Abri et al. 
(2013) on Rose cut flowers. They observed that ascorbic acid significantly 
reduced the protein degradation in Rose cut flowers compared to control 
treatments. This significant effect might be attributed to antioxidant capacity 
improvement and reduction of ROS (Reactive Oxygen Species) levels as well 
as oxidative damage in petals as indicated by Zhang (2008). 

 
Regarding the effect of vase life periods on the change in protein (%) in 

leaves of Carnation cut flowers it increased by increasing vase life periods till 
date 5, then decreased by increasing dates periods in both experiments. The 
differences among all tested vase life periods were statistically significant. Prior 
to visible senescence symptoms, protein levels in petals decrease, sometimes 
drastically as Van Doorn and Woltering (2008) decleared in Ipomoea and 
Petunia. They declare that the decrease in overall protein levels can be due to a 
decrease in synthesis as well as an increase in degradation  
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CONCLUSION 
 

In conclusion, From the obtained results, it might be recommended that 
the two higher concentrations of silver thiosulphate (1.0 and 2.0 mM), copper 
sulphate (200 and 300 mg/l), citric acid (200 and 300 mg/l) and ascorbic acid 
(300 and 450 mg/l) gave the acceptable characteristics of flowers and this is 
reflected on prolonging the vase life of (Dianthus caryophyllus, L.) cv. "Pink 
dover". 
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ABSTRACT: Phytotoxicity of nano amino zinc (NPs) was tested on wheat (Triticum 

aestivum L.). Cytogenetical assay in root-tip cells has been used to study the effect of nano 
amino zinc on chromosomal aberrations and cell division. This study aimed to provide new 
information about genotoxicity of nano amino zinc on plant systems. The results proved that 
nano amino zinc could enter freely into the cells and interfere in cell’s normal function. Three 
different expose time and three amino zinc NPs concentrations were used. Three amino zinc 
NPs 0.5, 1.0 and 1.5 ml (nano-amino zinc solution) were completed to total volume of 20 ml 
H2O and root tips were treated after 8, 16 and 24 hrs. The different concentrations of 
nanoparticles were added for the tested grains until the root length retched from 1.5 to 2 cm in 
length. Mitotic index (%) were measured from ~ 2000 cells for each amino zinc nanoparticles 
concentrations. The treated root-tip cells exhibited various types of chromosomal aberrations as 
unorientation at metaphase, breaking of chromosomes, metaphasic plate distortion, spindle 
dysfunctioning, stickiness, precocious movement at metaphase and bridge, fragmentation 
scattering, unequal separation, multiple bridge, fragmentation, scattering, laggard and 
elongation, gap chromosome, multi polar anaphase, erosion, distributed chromosome and 
lagging chromosome during the current research. 

Key words: nano amino zinc, T. aestivum L., chromosomal aberrations. 
 

INTRODUCTION 

Nanotoxicology is an emerging discipline receiving increasing attraction. 
Nanotoxicity has been focused on many publications, for instance, alumina and 
zinc oxide NPs have been applied to different plant species, Lolium perenne 
(using ZnO nanoparticles), Zea mays (magnetic NPs), Spinacia oleracea (TiO2 
NPs), and Phaseolus vulgaris (alumina NPs) and Triticum aestivum (Cu NPs), 
(González-Melendi et al., 2008). Concern over the potential harmful effects of 
such nanoparticles have stimulated the advent of nanotoxicology as a unique 
and significant research discipline (Ghio et al., 2009). These small size NPs can 
modify the physiochemical properties of the materials, which can lead to 
adverse biological effect on living cells (Gaidajis and Angelakoglou, 2009). 

 
 Other studies have been reported on positive and negative effects of 

nanoparticles on higher plants. Due to its variable shape and size, it is difficult 
to predict the positive or negative effect and its mode of action in the 
environment and within living systems (Corredor et al., 2009) Heavy metals are 
widely acknowledged to inhibit seed germination, growth and development of 
plants by disturbing their biochemical and physiological processes (Binhi, 2010). 
To understand the probable benefits of applying nanotechnology to agriculture, 
the first step should be to analyze the level of penetration and transport of 
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nanoparticles in plants (Oberdörster et al., 2007). Silver nanoparticles (AgNPs) 
are widely used in many commercial products like antimicrobial agents, textiles 
and detergents etc. There are growing concerns about their impact on the 
environment (people, animals and plants). Hence to study its impact on plants 
we have gone for phytotoxicity, we have selected a monocot small size plant, 
short generation time and ability to grow well under controlled conditions. In the 
present study, different concentrations of nano amino zinc (AZNPs) genotoxicity 
and its influence were evaluated on seed germination and root tip cells of 
wheat.  

 

MATERIALS AND METHODS 

Nano amino zinc  
Nano amino zinc (AZNPs) were obtained from “Bio Nano Tech” for 

fertilization development company, Egypt (Amino acids: 10%, Vitamins: 1%, 
Zinc: 6%). Nano amino zinc (NPs) used in the present study were in colloidal 
form (25.6 –79.0 nm size).  

 
Plant materials 

The root-tip of Wheat (2n = 42) was used as the test material, “Behooth 
22” [CMSS96Y03236M-050M-040M-020M-050Sy-020SY-IM-0Y] obtained from 
Ministry of Agriculture in Iraq, Agriculture Research Center, Department of 
Cereals and Legumes, to treated with the different concentrations of amino zinc 
nanoparticles (AZNPs). 

 
Cytological studies: 

Mitotic studies were carried out on root tips from germinated seeds. After 
treatments, the roots were collected as primary roots. Also, adventitious roots 
were collected from the older germinated seeds. The root tips were washed with 
distilled water and placed in 95% ethanol and glacial acetic acid (3:1) v/v for 24 
hrs. at room temperature for killing and fixation. Root tips were removed from 
fixative solution and placed in 70% ethanol, stored in a refrigerator (4-5OC) until 
examined (Samad et al. 1992). Slides were examined after preparation. 
Karyotyping system (FUJITSU-YLCM264618-Made in Germany) was used for 
taking micrograph for the divided and abnormal cells using the same 
magnification. Different mitosis stages were observed and calculated under the 
different nanoparticles concentrations. 

 
Mitotic index (%) were measured from ~ 2000 cells for each amino zinc 

nanoparticles concentrations as the total of divided cell, number of different 
mitosis stages (Prophase, Metaphase, Anaphase and Telophase). MI (%) = 
Number of divided cell/ number of observed cells. Also, all the chromosomal 
aberrations in the treated samples were recorded. 
 



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

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  598                             

Vol. 22 (3), 2017         

 

 

RESULTS AND DISCUSSION   
 
A- Cell division and mitotic index:  

For the control grains in all the tested materials showed high percentage 
of germination 100%. Mitosis division for wheat “Behoth 22” was examined 
using acetocarmine and all the mitosis stages were observed (Table 1). The 
results showed that, the total observed cells were ~1838 cells, within the 
observed cells, data clearly indicated that the highest divided stage was 
prophase by 665 cells while, Metaphase was 286 cells; Anaphase recorded 216 
and Telophase 107 cells. Data showed that interphase was 564 cells and 
Mitotic index was 69.31%. No abnormal stages were observed. Data showed 
the different mitosis stages as control which includes interphase, prophase, 
early metaphase, polar view metaphase, anaphase, early telophase, telophase 
and late telophase.  

 
Table (1). Total observed, divided cells, Mitotic index and different mitosis 

stages for Iraqi wheat “Behoth 22” under control conditions.   
 

Mitosis division  Mean  

No. of observed cells 1838 
Interphase 564 

No. of divided cells 1274 
Prophase 665 

Metaphase 286 
Anaphase 216 
Telophase 107 

Mitotic Index (%) 69.31 % 
 

B- Effect of nano amino zinc (AZNPs) on cell division and mitotic index 
All the tested wheat grains showed high percentage of germination 

comparing with control ranged from 96.77 to 100%. The results showed the 
total observed cells ranged from 1650 to 2070 cells by general means as 
1844.11 cells, within the observed cells data which clearly indicated that the 
highest divided cells were recorded to 0.5 ml / 8 hrs (nano-amino zinc solution). 
by 1480 cells and the lowest number were recorded to 1.5 ml /24 hrs. (nano-
amino zinc solution). by 700 cells as shown in Table (2) and Figure (1).  

 
The general mean of divided cells were 1011.88 cells by mitotic index 

was 53.71 %. Different mitosis stages were observed during the cell division 
such as prophase, metaphase, anaphase and telophase in normal way, on 
other hand, abnormal stages were observed as presented in Table (2). 
Concerning to the first mitosis stage prophase, Data in Table (2) showed that 
the general mean was 657.73 cells comparing with metaphase (131.78 cells), 
anaphase (151.78 cells) and finally telophase was (70.83 cells). 
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In the total divided cell, many abnormal cases were observed such as c-
metaphase, fragment, bridge, uncoiling, stickiness, nucleotide deletion, 
distributed anaphase, Ring, multi nuclei, elongation, gap chromosome, multi 
polar anaphase, erosion, distributed chromosome and lagging chromosome 
during the current research (Table, 2 and Figures 1-2). 

 
For instance, under 8 hrs. of treatment the abnormal cells ranged from 

133 to 156 cells, while, under 16 hrs. were 128 to 144 cells and finally, under 24 
hrs. were 154 to 238 cells (Table, 2). The highest abnormal cells were recorded 
to the high concentration of NAZ under 24 hrs. of treatment (238 cells) by 34% 
comparing with the divided cells (700 cells) and the lowest abnormal cells 
recoded to 0.5 ml/ 16 hrs. (nano-amino zinc solution) 128 cells by 13.47% in 
compare with the divided cells 950 cells (Table 2). The range of abnormal cells 
was 158 cells compare with 1011.88 in percentage was 15.61%. The average 
of abnormal cells such as multi nuclei and stickiness was ~ 26 forward by 
fragment by ~ 24 cells then 17 cells in general to uncoiling (Table 2). The data 
in Table (2) and Figures (1-2) clearly indicated that with increase in NAZ 
constrictions and time at expose, the number of abnormal cells increased and 
observed in different stages. The data clearly showed that high dose of NAZ 
and the highest time of expose caused in nucleus erosion beside the multinuclei 
with fragments that gave the opportunity for lysosome to digest the fragments in 
uncles, with the high dose of NAZ and 24 hrs. of treatment the cell wall burst 
and all nucleus contents go out the cell to be described as a ghost cell as 
shown in figure 9.  From the previous data, it can be concluded that today all 
farmers and producers used the nano fertilizer and pesticides without any roles 
just they aimed to increase the yield and plant production but with the high and 
excessive dose of these materials caused chromosomal aberration and that 
mean decrease in the whole genome and may be transfer to the next 
generations. So, the governments and scientists should put the roles and dose 
of these materials to avoid the chromosol aberration.  

 
Our results in the same line with Elena et al. (2013) who evaluated the 

amplitude of cytogenetic damage induced in H. vulgare L. during germination 
with different concentrations (10, 100, 250, 500 µM) of Zn+2. The results showed 
that the mitostimulatory effect was present at all concentrations of both zinc 
compounds. Also, the rate of anaphase and telophase aberrations exceeded by 
two - three times comparing with the control, and the frequency of metaphase 
disturbances was 5.0-10.0 times higher than the control. Other studies reported 
that, Zn forms stable complexes with nucleic acids, it can negatively influence 
their stability, so producing errors in the genetic information system (Patra et al., 
2004). The interaction between Zn and DNA is little known in the light of its 
involvement in carcinogenesis. Also, micronuclei were also reported at high 
Zn2+ doses in Vicia faba (Kumari et al., 2012). 

 
The observations of genotoxicity of Zn compounds recorded on several 

herbaceous and woody species showed differentiated responses, depending on 
the concentration range, exposure duration, plant species, class of Zn 
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compounds, and treatment with unary or binary solutions (Ince et al., 1999; 
Marcato-Romain et al., 2009; Patra et al., 2004; Steinkellner et al., 1998), but 
also on the number of somatic and metacentric chromosomes or on the length 
of the diploid complement (Ma et al., 1995). Some reports state that high Zn 
concentrations are not strongly genotoxic (Codina et al., 2000; Gómez-Arroyo et 
al. 2001; Marcato-Romain et al., 2009). The aneugenic and clastogenic action 
of Zn was also evidenced in other species like wheat, black cumin, onion, 
sugarcane (El-Ghamery et al., 2003; Jain et al., 2010; Shaymurat et al., 2012; 
Somesh et al., 2005), but a connection between Zn concentration and 
aberration frequency was not always noticed. Similar studies were carried out 
by Bin Hussein et al. (2002) on the toxicology of Al2O3, SiO2, ZnO, and Fe3O4 
on Arabidopsis thaliana. The results showing that ZnO nanomaterials at 
400mgL−1 capable of inhibiting germination.  

 
Several researchers described the key role of Zn/ZnO nanomaterials for 

plant growths and yield (Bin Hussein et al. 2002). For example, higher plant 
mostly absorbs Zn as a divalent cation (Zn+2), which acts either as a functional, 
structural, or as the metal component of enzymes or are gulatory cofactor of 
numerous enzymes. 
 

Table (2). The effect of different nano amino zinc concentrations on 
mitotic index and chromosomal aberrations of Iraqi wheat 
“Behoth 22” under different time treatments.   

 

*0.5, 1.0 and 1.5 ml take from nano amino zinc solution  
*NOC: Number of Observed Cells, NDC: Number of Divided Cells, MI: Mitotic Index, NAC: Number of Abnormal Cells, 
ND: Nucleotide Deletion, DA: Distributed Anaphase, GC: Gap Chromosome, MPA: Multi Polar Anaphase, DC: 
Distributed Chromosome, LG: Lagging Chromosome  

Type of 
aberrations 

Concentrations and time of treatments 
After 8 hrs. After 16 hrs. After 24 hrs. 

General 
mean 

0.5 ml 
(NAZ) 

1.0 ml 
(NAZ) 

1.5 ml 
(NAZ) 

0.5 ml 
(NAZ) 

1.0 ml 
(NAZ) 

1.5 ml 
(NAZ) 

0.5 ml 
(NAZ) 

1.0 ml 
(NAZ) 

1.5 ml 
(NAZ) 

NOC 2000 1800 1840 2000 1650 1730 1920 2070 1947 1844.11 
NDC 1480 1301 1207 950 900 890 860 819 700 1011.88 
Prophase 962.00 845.65 784.55 617.50 585.00 578.50 559.00 532.35 455.00 657.73 
Metaphase 192.40 169.13 156.91 123.50 117.00 115.70 111.80 106.47 91.00 131.55 
Anaphase 222.00 195.15 181.05 142.50 135.00 133.50 129.00 122.85 105.00 151.78 
Telophase 103.60 91.07 84.49 66.50 63.00 62.30 60.20 57.33 49.00 70.83 
MI. (%) 74.00 72.28 65.60 47.50 54.55 51.45 44.79 39.57 35.95 53.71 
NAC 133 156 144 128 144 141 154 185 238 158 
% aberration 9 12 12 13.5 16 15.9 18 22.6 34 15.66 
C-metaphase 11 7 9 11 14 14 14 18 26 13.78 
Fragments 18 19 22 22 14 25 22 30 48 24.44 
Bridge 0 3 8 8 8 7 3 7 9 5.89 
Uncloing 22 27 21 22 20 21 3 6 8 17.22 
Stickiness 23 26 33 30 27 23 21 21 30 26.00 
ND 1 2 6 0 6 8 8 9 11 5.67 
DA 9 8 9 7 8 7 10 12 17 10.11 
Ring  0 2 3 0 2 4 9 8 11 3.89 
Multinuclei 22 29 27 18 29 23 27 27 33 26.11 
Elongation 11 5 0 1 2 1 5 7 7 4.33 
GC 0 3 0 1 2 0 0 2 0 0.89 
MPA 4 8 4 1 0 0 4 5 5 3.44 
Erosion 9 17 2 5 5 2 10 11 11 8.00 
DC 1 0 0 1 3 1 9 12 12 4.33 
LG 2 0 0 1 4 5 9 10 10 4.00 



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

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  601                             

Vol. 22 (3), 2017         

 

 

 
 

Fig.(1).The effect of different nano-amino zinc (AZNPs) concentrations on 
chromosomal aberrations of Iraqi wheat “Behoth 22” i.e. 1.5 ml after 
8 hrs. (a & b) abnormal metaphase with c-phase, chromatids deletion 
and fragments; 1.5 ml after 16 hrs. (c &d) showing ring chromosome, 
sticky ends, fragments and lagging chromosome; 1.5 ml after 24 hrs. 
(e &f) showing distributed anaphase, fragments, chromatids deletion, 
lagging chromosome and C-phase.  

 

 
 
Fig.(2).Explosion in cell wall under high Nano-amino zinc (AZNPs) 

concentrations (1.5 ml after 24 hrs.) of Iraqi wheat. 
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CONCLUSION 
 
Nano amino zinc could enter freely into the cells and interfere in cell’s 

normal function. The treated root-tip cells exhibited various types of 
chromosomal aberrations as unorientation at metaphase, breaking of 
chromosomes, metaphasic plate distortion, spindle dysfunctioning, stickiness, 
bridge, fragmentation, unequal separation, fragmentation, scattering, 
elongation, gap chromosome, erosion, during the current research.  
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ABSTRACT: Two field experiments were conducted at the Experimental Station Farm   

Facility of Agriculture (Saba-Basha) AlexandriaUniversity, Egypt during 2014/2015 and 
2015/2016 seasons. The objective of this study was to investigation the effect of sulfur, nitrogen 
application methods and biofertilization on yield, components and chemical compositions of the 
Gemmeiza 9 wheat cultivar to improve wheat productivity and minimizing of pollution. The 
results could be summarized as follows. Applying sulfur at 400 kg/fed gave higher spike length, 
number of spikes/m2, weight of spike g/m2 , number of spikelets/spike, 1000- grain weight, 
grain, straw and biological yields (ton/fed) than 200kg/fed and  untreated treatment in both 
seasons. Also, applying 400 kg/S/fed significantly surpassed untreated treatment for crude 
protein percentage, N, P and K percentages in both seasons. The addition of mixture nitrogen 
(soil + foliar) resulted in a significant increment in yield components and chemical composition 
of wheat grain in both seasons. Significant variation were recorded between the tested 
biofertilization on yield, yield components and chemical composition of wheat grain in both 
seasons A- mycorrhizal significantly surpassed uninoculation (control) for yield, yield 
components and chemical compositions in both seasons. Thus, it is possible to obtain 
maximum yield, yield components and chemical compositions of grain wheat through applying 
400 kg S/fed, mixture nitrogen methods (Soil + foliar) and A- mycorrhizal inoculation 
(biofertilizer). 

Key words: Nitrogen application method, sulfur levels, biofertilizer, yield, wheat quality. 
 

 
INTRODUCTION 
 

Wheat (Triticumaestivum, L.) is one of the most important crops used in 
human food and animal feed in Egypt. Recently a great attention of several 
investigations has been directed to increase the productivity of wheat to 
minimize the gap between the Egyptian production and consumption by 
increasing the cultivated area and wheat yield per unit area. Therefore, the local 
production of wheat grain (about 9.4 million tons) covers only 60% of the local 
consumption demand which reflect the need to import about 40% of wheat 
grains from abroad (FAO, 2013). 

 
The role of sulphur and the importance of sulfur fertilization in the 

production of the major cereal crops, wheat and corn and in the high sulphur 
demanding oil crops have been examining work wide. Sulfur deficiency causes 
decreased N utilization and yield loss and decreased the baking value of the 
flour of cereal crops (Mars et al., 2006). 

 
Nitrogen is important for plant growth however, plants have limited ability 

to extract them from the environment and these need microbes involved in 
"nutrient recycling" to help a plant uptake and absorb this nutrient of optimal 
concentration (Zakiet al., 2012).Foliar fertilization in a widely used practice to 
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correct nutritional deficiencies in plant caused by improper supply of nutrient to 
roots (Ling and Silberbush, 2002).Increases were recorded in spike length, 
number of spikes/m2, number of grains/spike,1000- grain weight, grain and 
biological yields (ton)/fed with soil application (Gomaaet al., 2015). 

 
Bio-fertilizers play vital role for increasing the number of microorganisms 

and accelerate certain microbial process in the rizosphere of inoculation soil 
plant which can change the available forms of nutrients into plants (Radwanet 
al., 2015).Arbuscularmycorrhizal (AM) fungi, forming symbiotic association with 
most economically important crop plant, can improve plant growth under low 
fertility condition and have affected a considered research to their agricultural 
potential use (Gomaaet al., 2011 and Radwanet al., 2014). 

 
The aim of this investigation was designed to study the effect of sulfur, 

nitrogen application methods and biofertilization (A-mycorrhizal + Cerealin) on 
growth, productivity and quality of wheat crop. 

  

MATERIALS AND METHODS 
 

Two field experiments were conducted at the Experimental Farm, Faculty 
of Agriculture (Saba Basha), Alexandria University, Egypt, during 2014/2015 
and 2015/2016 seasons. The experiments were carried out to study the 
combined effect of sulfur, nitrogen application methods and biofertilization (A-
mycorrhizal + Cerealin) on growth, productivity and quality of Gemmeiza 9 
wheat cultivar (Triticumaestivum, L.). 

 
The experimental design was split–split plot design with three 

replications. Sulfur levels were allocated in the main plot methods of nitrogen 
fertilizer application were allocated in the sub-plots and biofertilizer treatments 
were allocated in the sub-sub- plots. The size of each plot was 10.5 m2 (1/400 
feddan) 3.5 m long and 3.0 m wide. Each experiment included 27 treatments 
which were the combination among three sulfur levels, three methods of 
nitrogen application and three biofertilizer treatments. The experimental 
treatments can be described as follows: 
Sulfur levels 
Untreated 
200 kg Sulphur /fed 
400 kg Sulphur/fed 
 
Nitrogen application methods 
Soil application 
Foliar spraying 
Mixture (Soil + foliar) 
 
Biofertilizers 
Uninoculation 
A- Mycorrhizalbiofertilizer 
Cerealinebiofertilizer 
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Nitrogen fertilizer was added at a rate of 100 kg N/fed (the recommended 
dose, for soil N application half dose of N was applied at sowing time while the 
remaining in three split dose. In case of soil were foliar application of 100 kg 
N/fed at two different stage i.e. half at sowing and half at second irrigation to the 
soil and foliar as well as mixture (Soil + Foliar) were used. In the two 
experiments N fertilizer added in the form of ammonium nitrate (33.5% N) super 
phosphate fertilizer (15.5% P2O5) was applied before sowing at the rate of 150 
kg/fed (the recommended dose). Potassium fertilizer was applied before sowing 
(during seed bed preparation at rate of 50 kg/fed in the form of potassium 
sulfate (48% K2O) (The recommended dose). 
 

The inoculation with Cerealine was performed by coating wheat grains 
with each product individually using a sticking substance (Arabic gum at 5%) 
just before planting inoculation of A- mycorrhizal fungi an inoculates for wheat 
grains with fungi (Glomusmacrarpium) strain from plant production Dept. (Saba 
Basha), Alex. Univ. at a rate of 250 ml of infected roots and was mixed with 
grains. The biofertilizers (Cerealine) which was produced by the General 
Organization for Agric. Equalization Ministry of Agriculture. Analyses of 
chemical and physical properties of the experimental soil (0- 30 cm) are shown 
in Table (1). The determination of soil physical and chemical analysis was 
carried out according to the methods reported by (Page et al., 1982). 
 
Table (1).Some physical and chemical properties of the experimental soil 

during 2014/2015 and 2015/2016 seasons 
 

Soil properties 2014/2015 2015/2016 

A- Mechanical analysis 
Sand% 
Clay% 
Silt% 

 
15.00 
42.00 
43.00 

 
14.80 
42.20 
43.20 

Soil texture Clay loam soil 
B- Chemical analysis 
pH (1:1) 
EC (1:1) dS/m 

7.90 
2.20 

7.80 
2.30 

1- Soluble cations (1:2) (cmol/kg soil) 
K+ 
Ca++ 

Mg++ 
Na++ 

0.95 
4.15 
3.20 
8.20 

0.96 
4.20 
3.25 
8.30 

2- Soluble anions (1:2) (cmol/kg soil) 
CO-

3+ HCO-
3 

CL- 
SO-

4 

 
2.80 

11.50 
0.50 

 
2.70 
11.70 
0.52 

Calcium carbonate (%) 7.70 7.80 
Organic matter (%) 1.40 1.42 
Total nitrogen (mg/kg) 1.00 0.91 
Available Phosphorus (mg/kg) 3.70 3.55 
Available K (mg/kg) 120.4 1240.6 
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At harvest one square meter was taken randomly from each sub- sub 
plot for the last two replication to determine yield and its components. 
 
A- Yield and its components  
Spike length (cm) 
Number of spikes/m2 
Weight of spikes/m2 (g) 
Number of spikelets/spike  
1000- grain weight (g) 
Grain yield (ton)/ha 
Straw yield (ton)/ha 
Biological yield (ton)/ha 
 
B- Grain quality  

Powder of grains taken at harvest was wet- digested with H2SO4- H2O2 
digest (Lowther 1980) and the following determinations were carried in the 
digested solution. 

 
1-Total nitrogen content (%): the Micro- Kjeldahl method was used to determine    

the total nitrogen in the grain. 
2-Phosphorus content percentage: Was determined by using the methods 

described by John (1970). 
3-Potassium content percentage: Was determined photometrically by using a 

Flam Photometer Model corning as described by Johnson and Ulrich (1959). 
4-Grain protein percentage: The total nitrogen in the grain multiplied by 5.75 to 

obtain percentage of crude protein according to A. O. A. C. (1980). 
 

Data obtained were exposed to the proper method of statistical analysis 
of variance as described by Gomez and Gomez (1984). The treatments means 
were compared using the least significant differences (L.S.D.) test at 0.05% 
level of probability. 
 

RESULTS AND DISCUSSION 
 
A- Yield and its components: 

Data presented in Tables (2 and 3) showed that spike length, number of 
spike/m2, weight of spikes (g/m2) number of spikelets/spike, 1000- grain weight 
(g), grain, straw and biological yields (ton/fed) during the two growing seasons 
were significantly affected by adding sulfur fertilizer levels. Application sulfur at 
400 kg/fed caused a significant increase in yield and its components as 
compared with the other treatments. The S content in plant increases and the 
plant will accumulate more nutrients in reach the balance between cations and 
anions.  Therefore, push the plant to give the best dry matter and length of roots 
which offer the plant to absorb more nutrients and assimilate the bio chemical 
processes by plant. Similar results were reported by Nassaret al. (2014), 
Zakaria (2004), Mars et al. (2006) and Mahmoud (2008). 
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Yield and yield components of wheat plant as affected by nitrogen 
fertilizer application methods described that nitrogen fertilizer application had 
significantly affected the yield and its components Tables (2 and 3). Data 
showed that the highest all yield and its components i.e. spike length, number of 
spike/m2, weight of spikes/m2, number of spikelets/spike, 1000- grain weight (g), 
grain, straw and biological yields (ton/fed), were observed in mixture nitrogen 
application (soil + foliar)   It could be due to mixture application (soil + folair) of 
nitrogen at yield and its components of improving the ability of grain for best 
vigor, viability and among source – sink relationship to minimize application of N 
resulted the best grain yield of wheat (Saeedet al., 2012). Similar results, more 
or less were obtained by El- Shaarawy (2003), Saleh (2003), Hussein (2005), 
Bakhatet al (2010) and Gomaaet al (2015). 

 
Inoculation of biofertilizers significantly increased, spike length, number 

of spike/m2, weight of spikes (g/m2), number of spikelets/spike, 1000- grain 
weight, grain, straw and biological yields (ton/fed) in both seasons. Hence, the 
highest yield and its components were recorded with inoculation A- mycorrhiazl 
as compared to other treatments. It could be concluded that inoculation of 
wheat grain with biofertilizers encourages the increase of yield and its 
components. This may be due to the effect of biofertilization which plays an 
important role in the assimilation of wheat plants that reflected on enhancing 
this characteristic. Also, this could be attributed to the role of plant 
phytohormones like IAA, GAs and CKs which promote plant growth cell division, 
breaking the special dominances, hence encouraging the photosynthesis and 
assimilates accumulation (Abdel- Allaet al., 2007). Many investigators reported 
the positive effect of biofertilization on these characters, Basha (2004), Ibrahim 
et al. (2004), El-Esh (2007), Zakiet al. (2007), Gomaaet al. (2011) and 
Radwanet al. (2015). 

 
The effect of the interaction between sulfur levels and nitrogen 

application methods on spike length, number of spike/m2, weight of spikes g/m2 

, number of spikelets/spike, 1000-grain weight (g) , grain, straw and biological 
yields (ton/fed) were significant (Tables 2 and 3) in both growing seasons. 
Applying sulfur at 400 kg/fed with application nitrogen mixture (soil + foliar) gave 
the highest values of yield and its components in the first and the second 
seasons. 

 
The effect of interaction between sulfur levels and biofertilizers was 

significant for yield and its components Tables (2 and 3). However, the highest 
values of yield and its components were obtained by applying sulfur at 400 
kg/fed with A- mycorrhizal inoculation in both seasons. 

 
The effect of interaction between nitrogen application methods and 

biofertilizer was significant for all yield and its components in both seasons. 
Second order interaction among three factors was significant for all yield and its 
components in the two growing seasons Tables (2 and 3). Applying sulfur at 
400 kg/fed and nitrogen application mixture (soil + foliar) with A-mycorrhizal 
inoculation gave the highest values of   yield and its components of wheat plant. 
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B- Grain quality       
The obtained results recorded in Table (4) revealed that crude protein in 

grains and percentages of nitrogen, phosphorus, potassium were significantly 
affected by adding sulfur levels. 

 
The highest values of crude protein and all chemical composition 

characters were obtained by applying sulfur at 400 kg/fed while, the lowest one 
were recorded by untreated treatment in both seasons. The positive impacts of 
sulfur levels on wheat crop production and its elemental composition are mainly 
due to improving the soil physical, chemical and biological properties and 
preparing the suitable bed of germination and development of plant growth, that 
effect on the resultant yield (Nassaret al., 2014). These results are in agreement 
with Azersohaiet al. (2000), Mahmoud (2008) and Muftah (2011). 
 

Data showed in Table (4) revealed that crude protein percentage N, P 
and K content in grain were affected significantly by nitrogen application 
methods in both seasons. The highest mean value of crude protein percentage 
and all chemical composition were obtained by soil application than foliar 
spraying in both seasons. The present results are in line with those obtained by 
Hassanein (2001), Arifet al. (2006), Khan et al. (2006) and Zeidanet al. (2010). 
 

The highest value of crude protein (%) and all chemical composition i.e. 
N, P and K content in grain with mixture of nitrogen application methods (soil + 
foliar) fertilizer, while the lowest one was recorded by foliar spraying in both 
seasons, Table (4). This may be attributed mainly to the vital physiological roles 
in plant cell which root up take of plant nutrition (Arifet al., 2006). 
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Data in Table (4) indicated that crude protein and percentages of 
nitrogen, phosphours potassium increased significantly by inoculation of wheat 
grain with biofertilizer during the two seasons. The maximum increment was 
obtained by A-Mycorrhizal followed by cerealine. The increment percentages 
attained were 12.64- 15.56% and 11.24- 12.50 for crude protein, 2.00- 2.19 and 
1.81- 2.00 for N%, 0.614- 0.683 and 0.553- 0.619 for P% and 2.20 – 2.40 and 
2.00- 2.23 for K in the two seasons for treatment A-mycorrhizal and cerealine 
compared with Uninoculation (control) treatment. This may be due to the role of 
dissolving phosphate and nitrogen fixation bacteria on increasing the 
endogenous phytohormons (IAA, GAs and CKs) which play an important role in 
formation a big active root system, increasing the nutrients uptake and 
photosynthesis rate and translocation as well as accumulation within different 
plarts(El- Khawas, 1990).This results are in agreement with those obtained by 
Hussein and Radwan (2002) Shomanet al (2006) Zakiet al. (2007), Abo-
Marzoka (2009) Gomaaet al. (2011) and Radwanet al. (2015). 
 

Data in Table (4) clear that the applying sulfur at 400 kg/fed with 
application of mixture nitrogen (soil + foliar) gave the highest values of crude 
protein and all chemical composition as illustrated in Table (4). That the 
effective treatment of crude protein and all chemical composition in two seasons 
were obtained from applying sulfur at 400 kg/fed with A- mycorrhizal inoculation 
in both seasons. 

 
Data in Table (4) showed that the effect of interaction between nitrogen 

application methods with biofertilization on crude protein and all chemical 
compositions in both seasons. It is clear from data in Table  (4) that there is a 
high significant increase for all treatments compared with the non- inoculation 
with foliar spraying in the interaction effect on all studied chemical composition. 
The highest values of crude protein and all chemical compositions were 
recorded by using the sulfur application at 400 kg/fed and mixture nitrogen   
(soil + foliar) with A- mycorrhizal inoculation in both seasons. 
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Influence of Different Drying Methods and Pretreatments 
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Egypt 

 
ABSTRACT: Tomatoes have been described as a functional food because of their 
particular composition of different bioactive compounds. Tomatoes have limited shelf life at 
ambient conditions and are highly perishable. It has become necessary to optimize drying 
conditions in order to achieve certain characteristics related to bioactive compounds and 
sensory evaluation of tomatoes. Thus, the objective of this study was to evaluate the effect of 
drying methods (sun drying and oven drying at 50 and 70 °C) and pretreatments (5% sodium 
chloride or/and 1% sodium metabisulphite) on the quality and bioactive compounds of the dried 
tomatoes. Three different tomatoes varieties (Maleka, Elbasha1077 and 186) were selected. 
The tomatoes were sliced into 10 mm prior pretreatment, and then dehydration was carried out. 
Lycopene content in fresh Egyptian tomatoes showed highest content in the most 
 red 186 tomato variety and the lowest content in orange red of El-Basha 1077 variety. The 
results were adverse for β-carotene. The highest levels of lycopene and carotene were found in 
sun dried tomatoes pretreated with 1% Na2S2O5 and combination of 1% Na2S2O5 + 5% NaCl. 
After three month of storage of dried tomatoes at room temperature, lycopene, β-carotene and 
ascorbic acid contents decreased to about 15% to 50% for all samples depending on drying 
methods and pretreatments. 
Highest content of ascorbic acid was recorded in El-Basha 1077 tomato variety. During sun-
drying and oven drying at 70 °C, all tomatoes lost ascorbic acid more that oven drying at 50 °C. 
The phenolic content values found in this study were in highest levels in tomato variety 186 (264 
mg GAE/100 g DW). The drying temperature at 70 °C showed highest total phenolic contents 
followed by drying at 50 °C and sun drying methods. After three months storage at room 
temperature there were little differences in total phenolic contents in stored dried tomato 
samples.Sensory evaluation (overall acceptability of colour and falvour) showed that tomato 
variety 186 had the highest score. The scores of overall acceptability decreased from 30 to 
about 50% after 3 month of storage in all tomatoes varieties. 
Key words: tomatoes; drying methods; pretreatments; bioactive compounds.    
 

 
INTRODUCTION 

 
Tomato (Solanum lycopersium) is one of the vegetable crops most 

widely produced in the world (Oplanić et al., 2009 and Rossini et al., 2013), both 
for direct consumption (fresh tomato) and for production of tomato products 
(processing tomato). The tomato is also the most common vegetable in the 
Mediterranean diet, a diet known to be beneficial for health, especially with 
regard to the development of chronic degenerative diseases (Kacjan-Maršić et 
al., 2011). Tomatoes are important not only for their commercial value, but also 
because they are part of the diet of many cultures (Žnidarčič et al., 2010). 

 
Worldwide production of fresh and processing tomato combined has 

been steadily increasing, with total annual production growing from 120 million 
tonnes in 2005 to 163 million tonnes in 2015 (FAO, 2016). 

 
Tomatoes are consumed fresh or as processed products such as canned 

tomato, sauce, juice ketchup, stews and soup (Lenucci et al., 2006 and 
Hernández Suárez et al., 2013). In fact, epidemiological studies have shown 
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that consumption of raw tomato and its tomato based products is associated 
with a reduced risk of cancer and cardiovascular diseases (Clinton, 1998 and 
Giovannucci, 2002). This protective effect has been mainly attributed to its 
valuable bioactive components with antioxidant properties (Borguini and Torres, 
2009 and Liu et al., 2010). 

 
Tomatoes are rich sources of potentially bioactive compounds as health 

functional constituents including their high concentration of lycopene and 
excellent amounts of other conventional antioxidants like vitamin C and 
tocopherols, additional carotenoids (β-carotene, lutein, and zeaxanthin), trace 
minerals (selenium, copper, manganese and zinc) and phytonutrients including 
flavonoids (naringenin, rutin, kaempferol, and quercetin) and hydroxycinnamic 
acids (caffeic, ferulic, and coumaric acid) (Giovanelli and Paradise, 2002, Kaur 
et al., 2002, Periago and Garcia-Alonso, 2009, Capanoglu et al., 2010, 
Fernández-ruiz et al., 2011, Kalogeropoulos et al., 2012 and Hernández Suárez 
et al., 2013). Moreover, the lycopene, red pigment contains in tomatoes act as 
an antioxidant, neutralizing free radicals that can damage cells in the body 
inhibiting the lung, breast, and endometrial cancer cells and cut down the risk of 
developing prostate cancer by 45% (Eyiler and Oztan, 2011 and Jayathunge et 
al., 2012). 

 
Consumer demands have increased for processed products that keep 

more of their sensory properties and their nutritional value, so that it has 
become necessary to optimize drying conditions in order to achieve certain 
characteristics related to chemical composition and sensory evaluation of 
tomatoes (Raiola et al., 2014).  

 
To increase the shelf life of tomatoes, different preservation techniques 

are being employed; however the success of these methods depends on how it 
meets certain requirements of the product quality for consumption. Many 
developing countries still face enormous challenges of postharvest losses of 
tomatoes due to inadequate processing and storage facilities. Tomatoes 
produced in the peak seasons are either consumed fresh, sold at relatively 
cheap prices, or are allowed to go waste (Abano and Sam-Amoah, 2011). 

 
Drying is a very common preservation method used in foodstuffs and the 

quality of the final products is strongly dependent on the technique and the 
process variables used (Doymaz, 2005). The reduction of water activity by 
moisture removal leads to significant reduction of weight and volume, 
minimizing packaging, transportation and storage costs (Okos et al., 1992). 
Drying also, alters other physical, biological and chemical properties of foods 
(Demirhan and Özbek, 2010). Hot-air drying is one of the most frequently used 
operations for food dehydration (Krokida and Maroulis, 1999 and Youssef and 
Mokhtar, 2014). A major disadvantage associated with hot-air drying is that it 
takes long time even at high temperature, which may cause serious damage to 
the flavour, colour and nutrients in dried products (Jing et al., 2010 and Youssef 
and Mokhtar, 2014).  

 
Sun drying is a well known traditional method of drying agricultural 

commodities immediately after harvest since the existence of human. Adejumo 
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(2012) reported that a large percentage of tomatoes are usually sun dried on 
the bear ground to avoid wastages but such methods results in products with 
unattractive attributes, since the product is unprotected from the environmental 
factors and infestation by insects, rodents, animals etc. It then becomes 
expedient to produce solar dryers that would have added advantage of longer 
period residence, increased productivity and reliability through its ability to 
augment available heat during days with limited radiation as well as ability to 
operate during the night. Therefore, the product is saved from possible 
deterioration by microbial infestation (Hossain et al., 2010).  

 
However, drying can accelerate some reactions that can adversely affect 

the product quality too (Akanbi and Oludemi, 2004 and Hussein et al., 2016). 
The interest in the production of dried tomatoes is increasing because of the 
possibility of using them in different purposes and drying efficiencies alone may 
not be adequate in qualifying this dryer for acceptance, except when the quality 
of the dried product is comparable to other alternatives in terms of lycopene, ß-
carotene and ascorbic acid.  

 
Pre-treatments with chemicals before drying have been used in order to 

minimize adverse changes during drying and subsequent storage tomatoes. 
The most common and least expensive method to prevent enzymatic browning 
in fresh prepared vegetables or tomatoes is by the use of sulphiting or salt 
agents such as metabisulphite and calcium chloride or sodium chloride since 
they have multiple functions (Mozumder et al., 2012). Dipping tomatoes in 10% 
sodium chloride combined with either 6 or 8% sodium metabisulfite for 10 
minutes resulted the best red colour and bioactive compounds and improved 
the quality of stored sun-dried tomatoes (Shi and LeMaguer, 2000, Latapi and 
Barrett, 2006, Bareh et al., 2011 and Mozumder  et al., 2012). 

 
The purpose of this study was to determine the influence of different 

drying process, (sun drying and oven drying at 50 and 70°C) and pretreatments 
(5% sodium chloride and/or 1% sodium metabisulphite) on the bioactive 
compounds of three different Egyptian varieties of Tomatoes (Maleka, Elbasha 
1077 and 186). 

 
MATERIALS AND METHODS 
 
1. Materials 
1.1. Chemicals  

All chemicals, solvents and standards were of analytical grade and 
purchased from Sigma (St. Louis, MO, USA).  

 
1.2. Sample and preparation  

In this study, 30 kg tomatoes of each one of three different varieties 
(Maleka, Elbasha1077 and 186) were obtained from specials farm in El Behera 
Governorate, Egypt. Tomatoes were selected based on colour and size 
uniformity. They were cleaned thoroughly by washing under tap water to 
remove dirt and soil (Owusu et al., 2012).  Each variety was divided into three 
equal portions of 10 kg each. Then, each portion was sliced with Hand Tomato 
Slicer to a thickness of approximately 10 mm and treated with dipping for 10 
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min in 5% sodium chloride (treatment one), 1% sodium metabisulphite 
(treatment two) and  5% sodium chloride + 1% sodium metabisulphite 
(treatment three) beside control (treatment four) as described by (Hameed et 
al., 2016). The first portion was sun dried where the second and third portions 
were oven dried at 50 ± 2 °C and 70 ± 2 °C, respectively. 
 
Methods 
1. Drying methods 
1.1. Open sun drying method 

One treated portion of each tomato variety was spread on a single layer 
of white cloth and sun dried until equilibrium moisture content was achieved to 
10%. During the sun drying of tomato slices, the air temperature and relative 
humidity were determined by using thermometer and hygrometer. The air 
temperature and relative humidity was recorded as 28-32oC and 33- 44%, 
respectively. Open sun drying experiments were done in July, 2016 from 
sunrise to sunset for a period of from 18 to 20 days. 
 
1.2. Oven drying method 

Second and third treated portions of each variety were oven dried at 50 ± 
2 °C for 80 – 85 hours and 70 ± 2 °C for 45 – 50 hours, respectively until 
equilibrium moisture content was achieved to 10%.  
 
2. Proximate composition 

The chemical analysis of moisture percentage, crude protein, crude fibre, 
ash, lipids and carbohydrate contents were carried out using the methods 
described by Ibitoye (2005).  

 
The crude protein was obtained by determining the organic nitrogen 

content of the sample using micro-Kjeldah method and multiplying the nitrogen 
by a protein conversion which is usually 6.25. 
  

The ash content of the sample was estimated by igniting the weighed 
sample in the weighed crucible at a temperature of 500°C for about 3 hours in a 
muffle furnace, while the moisture content was determined using oven method. 

 
The crude fibre and fat determination were done by hydrolyzing the 

sample with 0.128 ml of H2SO4 and 0.223 ml of KOH and Soxhlet extraction 
method, respectively. The carbohydrate content was determined by their 
differences (AOAC, 2012).  
 
3. Determination of lycopene  

Spectrophotometric determination of lycopene content was carried out by 
using Spectrophotometer (UV-VIS SPECORD Analytik Jena, Germany) as 
described by Alda et al. (2009). Lycopene in the fresh and dried tomatoes 
samples were extracted by adding 8.0 ml of the mixture of hexane–acetone–
ethanol (2:1:1, v/v/v) wrapped with aluminum foil to exclude light. Tubes were 
cap and vortex immediately, and then incubate out of bright light. The mixture 
was extracted at room temperature for 30 min. This extract was reconstituted 
with 10 mL distilled water on a vortex mixer for 1 min. 
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The samples were allowed to stand for 10 min so as to allow phases to 
separate and all air bubbles to disappear. The cuvette was rinsed with the 
upper layer from one of the blank samples, then using hexane as a blank to 
zero at 503 nm determine the A503 of the upper layers of the lycopene 
samples. Lycopene levels in the hexane extracts was calculate as follows: 

 
Lycopene (mg/100 g) = (A503 × 537 × 8 × 0.55) / (0.10 × 172) 

Where:  
The molecular weight of lycopene = 537g/mole, the volume of mixed solvent = 8 
ml, the volume ratio of the upper layer to the mixed solvent = 0.55, the weight of 
added tomato = 1.0 g, the extinction coefficient for lycopene in hexane = 172 
mM-1, The Spectrophotometer at 503nm = A503. 
 
4. Determination of β-carotene  

Β-carotene determination was carried out by using the method described 
by Onwuka (2005); this involves 200 µl of distilled water was placed in 
appropriate test tubes for blanks, samples and standard solution. Then 200 µl of 
alcoholic KOH was added to all tubes (including blanks) and mixed well on the 
vortex mixed for 10 to 20 s. Tubes were then placed in a water bath at 
approximately 55 to 60°C for 20 min. After 20 min, samples were cooled to 
room temperature and 200 µl of xylene- kerosene mixture was added. 

 
Retinol was extracted by vigorous mixing of each tube on the vortex for 

at least 30 sec. Centrifugation was done for 5 min at 600 to 1000 xg. Xylene-
Kerosene supernatant was withdrawn by means of a constriction micropipette 
connected to a rubber tube (for mouth sucking) and placing this sample extract 
in the spectrophotometer cuvettes. Readings were done at 328 nm for retinol 
and 460 nm for total carotenoids. Sample extract was transferred from the 
cuvette to glass tubes for irradiation. All the samples and blanks were irradiated 
for 35 min using an ultraviolet for source. The irradiated samples extract were 
transferred to cuvettes and their optical absorbance was read at 328 nm. 
 

    
      

 
Where: Ao = Initial optical absorbance reading. A- = Optical absorbance after 
ultra violet irradiation. 
 
5. Determination of Ascorbic acid  

Ascorbic acid was determined using the method AOAC (2012) and 
modified by Hussein et al. (2016). An aliquot (10 g) of the sample was diluted to 
a fixed volume (100 ml) with 3% HPO3, then titrated with 2, 6-
dichlorophenolindophenol. A standard ascorbic acid solution of 5 mL was added 
to 5 mL of 3% HPO3 and titrated with dye solution to a pink colour, which 
persisted for 15 sec. Triplicate determinations were carried out and the result 
averaged. Ascorbic acid (mg/100 g) of reconstituted juice was calculated using 
the following formula: 
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Where, T = titre; DF = Dye factor; V1 = volume made up (100 ml); V2 = aliquot 
of extract taken for estimation (10 g) and V3= volume of sample taken for 
estimation (10 ml). 
 
6. Determination of total phenolic content 

The used procedure was based on using the Folin-Ciocalteu reagent 
(FCR), as described by Singleton et al. (1999) and modified by Mongi et al. 
(2015). A 20 µl sample were added to 100 µl FCR (diluted 1:10 with distilled 
water), mixed and incubated at 37°C for 60 s prior to addition of 80 µl 7.5% 
(w/v) sodium bicarbonate solution. The samples were again mixed and 
incubated at 37°C for 15 min prior to absorbance reading at 765 nm. TPC were 
assessed against a calibration curve of gallic acid, and the results presented as 
mg gallic acid equivalents (GAE) per 100 g dry weight (DW). 

 
7. Determination of sensory evaluation 

Sensory evaluation was carried out as described by Hussein et al. 
(2016). Assessed qualities included colour, flavour and overall acceptability. 
Ten untrained panelists were selected at random from Department of Food 
Science, Faculty of Agriculture Saba Basha, Alexandria University, Egypt. A 
standardized cooking procedure was employed. Twenty (20g) of each dried 
tomatoes sample plus 2g of dried pepper was weighed into 200ml pure water. 
The solution was stirred gently to allow it to rehydrate. Fifty (50ml) of vegetable 
oil, 1 cube of maggi (Monosodium glutamate) and 0.25g of table salt was used 
to cooked each sample for 10 minutes. Evaluation was based on the above 
named quality parameters and were assessed accordingly. A nine (9) point 
Hedonic scale described by Iwe (2010) was used (1 and 9 for extremely dislike 
and extremely like, respectively). 
 
RESULTS AND DISCUSSION 
 
1. Proximate composition 

The results of the proximate composition, energetic value and some 
quality parameters of three fresh Egyptian tomato varieties (maleka, Elbasha 
1077 and 186) are shown in Table 1. Moisture content ranges between 
9٢.٥0 to 95.11 g/100 g in the three varieties of tomatoes. Maleka variety 
recorded the highest moisture value, while ElBasha 1077 recorded the 
lowest value. 

 
The moisture content of the fresh tomato is in conformity with the 

finding of many authors as Harry (1994), Romain (2001) and Abdullahi et al. 
(2016). 

 
The highest levels of protein, and fiber were found in the ElBasha 

1077 tomato variety (1.60 and 1.42 g/100 g fresh weight, respectively) and 
lowest were found in the Maleka variety (1.01 and 0.97 g/100 g fresh 
weight). The highest levels of ash were found in the 186 variety (0.74 g/100 
g fresh weight) and lowest were found in the ElBasha 1077 variety (0.59 
g/100 g fresh weight). The high water content might also contribute to the 
low level of protein, ash and fiber. Carbohydrates were the most abundant 
micronutrients and the highest levels were also found in the ElBasha 1077 
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tomato variety (3.74 g/100 g fresh weight). This variety also gave the highest 
energetic value (22.11 kcal/100 g fresh weight).  

 
Tomato varieties have high moisture, proteins and carbohydrates 

contents, in contrast to low fat levels, which make them suitable to 
incorporate low caloric diets. These results of different Egyptian tomato 
varieties are in agreement to Spanish tomato varieties as reported by Guil-
Guerrero and Rebolloso-Fuentes (2009) and Portuguese tomato varieties as 
described by Pinela et al. (2014). 

 
Table (1). Proximate composition, energetic value and some bioactive 

compounds of three fresh Egyptian tomato varieties.  
 

Parameters  
Tomato Varieties 

Maleka  Elbasha 1077 186 
Moisture content(%) 95.11 ± 0.77 92.50 ± 1.02 93.10 ± 1.54 
Proteins* 1.01 ± 0.02 1.60 ± 0.01 1.28 ± 0.01 
Fat* 0.13 ± 0.00 0.15 ± 0.00 0.13± 0.00 
Ash* 0.63 ± 0.03 0.59 ± 0.03 0.74 ± 0.04  
Fiber* 0.97 ± 0.04 1.42 ± 0.03 1.36 ± 0.03 
Carbohydrates* 2.15 ± 0.12 3.74 ± 0.42 3.39 ± 0.31 
Energy (kcal/100 g fresh weight) 13.81 ± 0.12 22.11 ± 0.10 19.85 ± 0.05  
Lycopene (mg/100g DW) 7.82 ± 0.13  6.32 ± 0.16  9.12 ± 0.22  
β-carotene (mg/100g DW) 1.34 ± 0.08 2.12 ± 0.12 0.94 ± 0.08 
Ascorbic acid (mg/100g DW) 33.15 ± 2.12 40.44 ± 2.62 35.16 ± 2.35 
Total phenols (mg GAE/100 g DW) 205 ± 9 232 ± 10  264 ± 11  
Data are mean of three determinations ± SE.     * (g / 100 g fresh weight) 

  
2. Lycopene content 

Among the most prominent phytochemicals in tomatoes are the 
carotenoids of which lycopene is the most abundant in the red ripened fruit, 
accounting for approximately 80-90% of the total pigments (Helyes et al., 2009, 
Shi et al., 2009 and Hussein et al., 2016). 
This compound is not only a pigment but also a strong antioxidant, which 
neutralizes the free radicals, and, especially, the oxygen derived ones. Its ability 
to inhibit the oxidative activity of the active oxygen is twice higher 
than in case of β-carotene and 10 times higher than in case of α- tocopherol 
(Shi and LeMaguer, 2000 and Pokharkar et al., 2016). 

 
Lycopene content in fresh matter of selected Egyptian tomato varieties 

(Table 2) showed highest content in the most red 186 tomato variety (9.12 
mg/100g DW) followed by Maleka variety (7.82 mg/100g DW) while El-Basha 
1077 variety was found to contain lowest amount of lycopene (6.32 mg/100g 
DW).  
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Red tomato is the richest source of lycopene and orange or yellow 
tomato is rich in carotene (Butnariu and Samfira, 2012). 

 
The content of lycopene depends on variety, cultivating area, variable 

climate conditions and cultivation technology (Abushita et al., 2000, Binoy et al., 
2004 and Correia et al., 2015). The results obtained in this study are in 
agreement with the results of Sharma and Le Maguer (1996) who found 
lycopene content in fresh tomato fruits originating from Canada was in the 
amount of 5.4 mg/100g DW. Martínez-Valverde et al. (2002) found in various 
commercial varieties of Spanish tomato lycopene content at 4.8-9.5 mg/100g 
DW. Toor and Savage, (2006) indicated that lycopene in three commercial 
varieties of tomatoes reached the amount of 5.7 to 9.7 mg/100g DW in fresh 
matter. Moreover, Mendelová et al. (2012) monitored the content of lycopene in 
tomato varieties for industrial processing and their found lycopene content from 
5.11 to 8.11 mg/100g DW. 

 
The influence of drying methods (sun drying and oven drying at 50 and 

70 °C) and pretreatments (5% NaCl, 1% Na2S2O5 and combination of 5% NaCl 
+ 1% Na2S2O5) on lycopene contents of the dried tomatoes  varieties were 
studied.  

The results presented in Table (2) showed that the lycopene contents of 
fresh tomatoes increased after drying. All drying methods allowed to increase 
the lycopene bioassimilation by destructing the tomato cells and breaking the 
connection between lycopene and matrix, damaging the lycopene-protean 
complex and releasing free lycopene by cis isomerisation (Shi and LeMaguer, 
2000). 

 
The base phenomena, which result in changing lycopene during tomato 

processing, are isomerisation and oxidation. While oxidation is a process 
leading to lycopene decomposition, isomerisation has a positive effect. 
Lycopene is found in tomatoes in the trans-steric form. Thermal processes, 
including drying, lead to lycopene isomerisation and its change from trans steric 
to cis form. The quantity of cis isomers grows once with the increase in 
temperature and duration of heat treatment. The bioassimilation of lycopene cis 
isomers is greater than of trans- isomers (Hussein et al, 2016).  

 
The results obtained in this study are in agreement with Abano et al. 

(2013) who found that The lycopene levels of the dried tomatoes significantly 
increased from an initial value of 2.96 mg/100 g dry matter to a maximum value 
of 25.44 mg/100 g dry matter after microwave-vacuum drying. Moreover, Azeez 
et al (2017) indicated that the increase in lycopene contents is related to drying 
time and drying temperature which result from the improved extractability of 
bioaccessible lycopene released from cell matrix. Heat treatment converts cis-
lycopene conformation to trans conformation which increases its detection and 
subsequently its higher quantity (Jorge et al., 2014). 

 
The results in this study indicated that the lycopene contents has 

increased in after different drying methods of tomatoes varieties compare with 
lycopene contents in fresh tomatoes. Oven drying at 70 °C followed by drying at 
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50 °C showed highest lycopene contents, while sun drying showed lowest level 
of lycopene. 

 
One possible reason for higher lycopene degradation with sun-drying is 

that tomatoes are exposed to solar radiation for a longer period of time than 
with heated air-drying. The result is similar to what was reported by Roldan-
Gutierrez and Luque de Castro (2007) and Aktas et al. (2011).  

 
The effects of different pre-treatments (5% NaCl, 1% Na2S2O5 and 

combination of 5% NaCl + 1% Na2S2O5) on lycopene contents of the dried 
tomatoes varieties are shown in Table (2). The highest lycopene contents in the 
three dried different tomatoes varieties were detected in the samples pretreated 
with  1% Na2S2O5 and combination of 1% Na2S2O5 + 5% NaCl.  

Results regarding the effect of Na2S2O5 were qualitatively similar to those 
reported by Sharma and LeMaguer (1996), Ismail and Akyol (2016) and Seth 
and Chatterjee (2016).  

 
After three month of storage at 25 °C, lycopene content decreased to 

about 15% to 35% for all dried samples depending on drying methods and 
pretreatments. 

 
Akanbi and Oludemi (2004) reported that lycopene in stored tomato 

degraded with the storage temperature and storage time. The main cause of 
lycopene degradation during storage was oxidation. Low oxygen content, low 
temperature, low moisture content of sun-dried tomato prevents oxidation as 
well as lycopene degradation (Shi and LeMaguer, 2000). 

Sodium metabisulfite and combined 1% Na2S2O5 + 5% NaCl 
pretreatments reduced the rate of lycopene oxidation during storage of sun-
dried and oven drying tomatoes compared with the 1% NaCl pretreatment.  

 
These results are in agreement with those published by Lewicki et al. 

(2002), Pokharkar et al. (2016) and Hameed et al. (2016). 
 
3. β-carotene content 

Red tomato is the richest source of lycopene and yellow tomato is rich in 
carotene (Butnariu and Samfira, 2012). 

 
The average value of β-carotene content of fresh tomatoes before drying 

was ranged from 0.94 to 2.12 mg/100 g dry weight. The variety of El-Basha 
1077 showed highest level (2.12 mg/100 g dry weight) followed by Maleka (1.34 
mg/100 g dry weight) while 186 variety, the most red one, showed the lowest 
level (0.94 mg/100 g dry weight). The quantity and quality of phytochemicals 
detected in tomato fruits is known to depend greatly on genotype and 
environmental conditions (Giuntini et al., 2005). 

 
The values of β-carotene obtained for oven dried tomatoes at 70 °C were 

in highest levels followed by oven dried at 50 °C and the lowest levels were 
obtained for sun dried tomatoes (Table 3). 
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The values of β-carotene obtained for control oven dried tomatoes at 70 

°C without no pretreatments were in highest level and reached to 4.36 mg/100 g 
dry weight in ElBasha 1077 variety and it was in lowest level at 1.86 mg/100 g 
dry weight was in 186 tomato variety.  

 
These values were increased more by sodium metabisulfite and 

combined 1% Na2S2O5 + 5% NaCl pretreatments in all drying methods. Sarkar 
et al. (2015) reported that treatment with preservatives as metabisulphite 
recorded highest β-carotene. 

 
Similar results were observed by Muratore et al. (2008) and Yusuf et al. 

(2013). They reported that degradation of lycopene and β -carotene in tomatoes 
was highly influenced by the length of drying. The β-carotene content of open 
sun dried tomato was in lower value than other drying methods. These results 
are in agreements with the results of Hussein et al. (2016). 

 
Other publications reported that the β-carotene content of dried tomato 

decreased with increasing the period of drying and thickness of the tomatoes 
(Idah et al., 2010 and Kim and Chin, 2016). 

 
The selection of the drying techniques and the processing parameters 

seems to be essential in order to preserve high carotenoids concentrations; as 
carotenoids being sensitive to heat (Tran et al., 2008).  
  

After three months storage, β-carotene contents decreased in control 
samples without pretreatments more than pretreated samples. Anjum et al. 
(2008) found that storing the vegetables for longer time at room temperature 
gradually decreases β-carotene content of vegetables. 

  
Sarkar et al. (2015) published that β-carotene was reduced during 

storage periods for all samples. Decreased of β-carotene (48.8%) was observed 
through the storage period. Variation of loss of β-carotene might be due to 
various processing treatments and storage condition. Freezing storage at -10°C 
retained β-carotene for long time compared to other storage conditions.  

 
4. Ascorbic acid content 

Tomatoes are a rich source of ascorbic acid (Abushita et al., 2000, Kaur 
et al., 2002 and Hussein et al., 2016). 

 
Ascorbic acid content in fresh matter of selected Egyptian tomato varities 

(Table 1) showed highest content in El-Basha 1077 tomato variety (40.44 
mg/100g dry weight) followed by 186 variety (35.16 mg/100g dry weight) while 
Maleka variety was found to contain lowest amount of ascorbic acid (33.15 
mg/100g dry weight). 

 
These results are in agreement with Sharma and Le Maguer (1996) who 

reported variation in ascorbic acid content ranging from 11.21 to 53.29 mg/100g 
dry weight in tomato genotypes and Latapi and Barrett (2006) who found that 
ascorbic acid contents in fresh tomatoes ranged from 13.37 to 43.15 mg/100g 
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dry weight as well as Hussein et al. (2016) who determined that the ascorbic 
acid content for the fresh sample was 40.15 mg/100 g dry weight. 

 
Ascorbic acid is one of the most thermo labile components of food 

products, fact also confirmed at tomato drying. 
 
The influence of drying methods (sun drying and oven drying at 50 and 

70 °C) and pretreatments (5% NaCl, 1% Na2S2O5 and combination of 5% NaCl 
+ 1% Na2S2O5) on ascorbic acid contents of the dried tomatoes varieties are 
shown in Table (4). Ascorbic acid declined after drying of tomatoes varieties. 
The values obtained for open sun dried tomatoes (control) ranged from 6.24 to 
10.72 mg/100 g dry weight, oven dried at 50 °C ranged from 6.64 to 11.25 
mg/100 g dry weight and oven dried at 70 °C ranged from 2.81 to 5.17 mg/100 
g dry weight. 
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During sun-drying and oven drying at 70 °C, all tomatoes varieties lost 
ascorbic acid more than that of oven drying at 50 °C, supporting previous 
studies of ascorbic acid retention.  

 
Gupta and Nath (1984) and Gallali et al. (2000) discovered that sun 

drying results in more ascorbic acid losses. 
It was observed that there was a continuous decrease in the value of 

ascorbic acid as the drying time and the temperature increased which was 
expected because of the sensitivity of ascorbic acid to heat (Rajkumar, 2007). 

 
From the obtained results, it was observed that the ascorbic acid was 

very sensitive to oxidative heat damages. This variation in retention of ascorbic 
acid was observed due to variations in temperature and period of drying. This 
observation confirm with the results obtained by Lavelli et al. (1999) and 
Giovanelli et al. (2002) and that the reduction in ascorbic acid content was 
mainly due to the temperature, time of exposure to direct sun light, thickness 
and the presence of air. This reduction may also be due to leaching of the 
vitamin being water soluble and oxidation due to longer period of drying. This is 
in agreement with the works of Shi et al. (1999).  

Bano et al. (2012) investigated the ascorbic acid degradation of air dried 
tomato at temperatures of 50°C, 60°C and 70°C and reported that the ascorbic 
acid in the tomatoes after dehydration reduced from 4.00 mg/g to 2.19 mg/g dry 
matter, representing 35% reduction. 

 
Njoku et al. (2011) and Isiaka (2013) showed that there was substantial 

drop in ascorbic acid content from 28.2mg/100g for fresh ripe tomato to as low 
as 13.6mg/100g for dried tomato of 25mm slice thickness.  

A similar trend was also observed for tomatoes dried at 90°C for more 
than 8 h (Yusuf et al., 2013). This result supports the concept that ascorbic acid 
is more sensitive to longer time of exposure than to higher temperature shorter 
times, which implies that a greater reduction in time at the cost of slight increase 
in temperature results in better retention of nutrients (Teixeira, 2012). Similar 
decline in ascorbic acid content was noticed in other studies with tomato by 
Kadam et al. (2012) and Qadri and Srivastava (2014). Hence, the higher drying 
exposure time, thickness and temperature resulted in considerable reduction in 
the values of nutrients in dried tomatoes. 

In this study, the greatest ascorbic acid loss occurred in the control 
samples without any treatments, The type of sulfuring process seems to have a 
positive effect on ascorbic acid because tomatoes pretreated with 5% Na2S2O5 
and 1% Na2S2O5 + 5% NaCl lost less that pretreated with only 5% NaCl or 
control samples. 

 
It has been reported that tomatoes products treated with sulfur dioxide 

have reduced ascorbic losses during processing, as well as during storage 
(Latapi and Barrett, 2006 and Sheshma and Raj, 2014). Results from this study 
support this observation; sulfur dioxide not only reduced the ascorbic acid loss 
rate during processing, but it also gave added protection during storage.  

 
The highest losses of ascorbic acid after three months storage were 

observed again in the control and 5% NaCl sun-dried and oven dried at 70 °C 
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tomatoes, whereas all tomatoes sulfured dipping lost less levels. Using sulfur 
dioxide as a preservative through pretreatments in dried tomatoes can minimize 
the loss of ascorbic acid both during processing and storage. 
 
5. Total phenolic content 

Total phenol content in fresh tomatoes has been reported to range from 
300 to 400 mg GAE/100 g DM (Veillet et al., 2009 and Mongi et al., 2015) while 
Toor and Savage (2006) and Kim and Chin (2016) reported that the total phenol 
content in fresh tomatoes ranged from 169 mg GAE/100 g DW to 579 mg 
GAE/100 g DW, the lowest values corresponding to tomatoes grown in winter 
and early spring.  

 
In this study, total phenol content values in fresh tomatoes were in 

highest levels in fresh 186 tomato variety (264 mg GAE/100 g DW) followed by 
El-Basha1077 tomato variety (232 mg GAE/100 g DW) and the lowest level was 
recorded in Malika variety (205 mg GAE/100 g DW). 

 
The effect of drying methods and pretreatments on total phenolic 

compounds has been well studied. When tomato products are heated and 
dried, the total polyphenol content is affected and increases with increasing 
drying temperatures (Kerkhofs et al., 2005 and Santos-Sánchez et al., 2012). 

 
Heating and drying has positively affects the bioaccessiblity of total 

phenolics, resulting in release of phenolic compounds from the cell wall 
(Tulipani et al., 2012). They reported that phenolic composition of tomato 
sauces significantly differed from the raw tomatoes in their higher contents of 
phenolic compounds. This indicates that heat treatments may provide energy to 
break the linkage between phenolics and the insoluble polyesters of tomato 
fiber, potentially improved polyphenol bioaccessibility (Laguna et al., 1999). 
Vallverdú-Queralt et al. (2014) observed that major phenolic compounds of 
tomato sauce were ferulic acid, chlorogenic acid and caffeic acid. In addition, 
major flavonoids in tomato are rutin, quercetin and naringenin (Vega-Galvez et 
al., 2009).  

 
In this study, the high drying temperature at 70 °C, have influenced the 

content of total phenol content, showed highest total phenol contents followed 
by drying at 50 °C and sun drying methods in all tomatoes varieties (Table 5).  
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In agreement to the results of our study, Gahler et al. (2003) reported an 
increase of 44% in total phenolic content on a fresh weight basis during drying 
at high temperatures (80 to 120°C for three hours), and Chang et al. (2006) 
reported increases about 30% after processing at average temperatures (80 
and 60°C for 8 h) with a 190% increase after drying at a low temperature (40°C 
for 20 h). 

 
Mechlouch et al. (2012) reported that in fresh tomatoes, total phenolic 

contents (TPC) were lower than dried samples. The highest phenolics content 
was found in tomatoes dried by direct solar dryer and microwave 3W/g at 57°C.  

Mongi et al. (2015) concluded that the higher total phenolic contents in 
tunnel dried tomato than fresh samples could be attributed to the release of 
more bound phenolic compounds from breakdown of cellular constituents due 
to high drying temperature (Boateng et al., 2008). 

 
Similar increase in polyphenolic contents after drying has been reported 

in sweet potatoes (Mao et al., 2010), tomatoes (Dewanto et al. 2002 and Chang 
et al., 2006) and Shitake mushroom (Choi et al., 2006). In general, the 
significant effect of different drying methods on total phenolic compound of 
fruits, vegetables and herbs has widely been reported (Hamrouni-Sellami et al., 
2012 and Zhang et al., 2012).  

 
In this study, after three months storage at room temperature, there were 

little differences in total phenolic contents in stored dried tomato samples (Table 
5).  

Park et al. (2016) and Tilahun et al. (2017) published that no significant 
differences in total phenolics content were observed between varieties and 
between storage durations. No significant differences in total phenolics content 
were observed between 0 and 20 days of storage, indicating that storage period 
has no effect on the overall antioxidant content of tomatoes.  
 
6. Sensory evaluation 

Isiaka (2013) reported that to determine the wholesomeness of dried 
tomatoes, the organoleptic properties in terms of colour (appearance) and taste 
(flavour) were the two major quality attributes which play important roles in 
tomato acceptability. 

 
Sensory evaluation was carried out on three dried tomatoes varieties as 

well as fresh dried of each variety (El-Basha 1077, Malika and 186). Assessed 
qualities include colour, flavour and overall acceptability. Ten untrained 
panelists were selected at random from Food Science Department, Faculty of 
Agriculture, Saba Basha, Alexandria University, Egypt.  

 
Mean sensory score of sensory attributes are shown in Table (6) for the 

overall acceptability of the tomatoes samples. 
 
The tomato variety 186 was in highest score followed by El-Basha 1077 

variety, while Malika variety was in lowest score.   
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The panelists ranked fresh variety sample 186 as the highest with mean 
score of 8.70 which corresponds to like very much on the 9-points hedonic 
scale. This was followed by oven dried sample at 70 °C with mean score of 7.80 
followed by oven dried at 50 °C with mean score 7.10 which corresponds to like 
moderately on the 9-points hedonic scale. Sun dried sample was scored least 
with mean score 5.75 which correspond to like slightly on the 9-points hedonic 
scale.  

 
On the other hand, the panelists ranked fresh Malika variety sample 

highest with mean score of 6.90 which corresponds to like moderately on the 9-
points hedonic scale. This was followed by oven dried sample at 70 °C with 
mean score of 5.60 followed by oven dried at 50 C with mean score 5.10 which 
corresponds to like slightly on the 9-points hedonic scale. Sun dried sample was 
scored least with mean score 4.25 which correspond to like very slightly on the 
9-points hedonic scale. 

 
These scores of overall acceptability decreased from 30 to about 50% 

after 3 month storage in all tomato varieties. 
 
The changes in colour tomatoes are due to the degradation of lycopene 

and other pigments during storage (Nguyen and Schwartz, 1999 and Hussein et 
al., 2016). 

 
The colour, flavour and overall acceptability of sun dried tomatoes 

secured the lowest score due to the elongation of drying time and the presence 
of contaminants and other factors affects the appearance and taste of 
tomatoes. 
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Samples pretreated with sodium thiosulphite or both sodium chloride and 

sodium thiosulphite showed the better color and flavour than other samples. 
 
These results are in agreement with the findings of Isiaka (2013) who 

reported that oven dried tomatoes was superior to open sun dried tomatoes. 
The same trend was obtained for colour, taste and overall acceptability from 
that study.  

 
CONCLUSION 
 

Dehydration were carried out for three Egyptian tomatoes varieties 
slices, pretreated with three different treatments, i.e. 5% NaCl, 1% Na2S2O5 
and combination of 1% Na2S2O5 + 5% NaCl and control using different 
dehydration methods (sun drying and oven drying at 50 and 70 °C). The 
dehydrated tomato slices were made into powder and stored for three months 
at ambient temperature. 

 
Bioactive compounds in this study included lycopene, β-carotene, 

ascorbic acid and total phenol contents were varied in tomatoes varieties. 
Lycopene content in fresh Egyptian tomatoes showed highest content in the 
most red tomato variety 186 and the lowest content in orange red El-Basha 
1077 variety. The results were adverse for β-carotene. The highest levels of 
lycopene and carotene were found in sun dried tomatoes pretreated with 1% 
Na2S2O5 and combination of 1% Na2S2O5 + 5% NaCl.  
 

After three month of storage of dried tomatoes at room temperature, 
lycopene, β-carotene and ascorbic acid contents decreased to about 15% to 
50% for all samples depending on drying methods and pretreatments.Highest 
content of ascorbic acid was recorded in El-Basha 1077 tomato variety. During 
sun-drying and oven drying at 70 °C, all tomatoes lost ascorbic acid more that 
oven drying at 50 °C. 
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Libyan Food Security of Cereals and Meat 
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and Abd Elkareem Elsayed  

Alexandria University, Faculty of Agriculture (Saba Basha) Alexandria, Egypt 

ABSTRACT: The research aims mainly to study the food gap and food security 

of cereals and meat in Libya through studying of several sub-goals represented in: 
estimating models of general trends function for some economic indicators of 
cereals and meat in Libya during the period (1995- 2014), estimating the size of the 
food gap of cereals and meat, and estimating the coefficient of food security of 
cereals and meat in Libya. Descriptive and quantitative analysis were used. The 
study depends on secondary data, which collected from local and foreign sources 
during the period (1995-2014). The models of the general trend function for 
economic indicators of cereals group showed that each of the total domestic 
consumption, and the average per capita consumption, the amount of imports, food 
gap , daily consumption and periods of coverage of imports for daily consumption 
from cereals, and found that all of these variables has taken a general trend 
upward morally statistically significant at the level of probability (0.01) with the 
exception of a variable of coverage period of local production for daily consumption 
which took a general trend decreasing, and also did not identify the statistical 
significance of the variables of domestic production and the period of coverage of 
production for daily consumption , while the annual growth rates differed according 
to each variable. The models of the general trend function for economic indicators 
of meat group showed that each of the total domestic production, domestic 
consumption, and the average per capita consumption, daily consumption and 
periods of coverage of production for daily consumption from meat, and found that 
all of these variables has taken a general trend upward morally statistically 
significant at the level of probability (0.01) and also did not identify the statistical 
significance of the variables of imports quantity and the period of coverage of 
imports for daily consumption , while the annual growth rates differed according to 
each variable. The study showed that the strategic stock for cereals is estimated at 
1396.47 thousand tons and the average local consumption of cereals is estimated 
at about 1046.1 thousand tons during the study period (1995-2014), thus estimated 
food security of about 1.3 , so it manes that strategic stock for cereals is enough for 
more than year and it is related to increasing cereals imports .The study showed 
that the strategic stock for meat is estimated at about -25.5 thousand tons and the 
average local consumption of meat is estimated at about 261.5 thousand tons 
during the study period (1995-2014), thus estimated food security of about -0.2 , it 
means the state must take different arrangements to increase strategic stock to 
suffice the consumption requirements from meat is therefore required to take 
various actions which lead to increase the size of the strategic stock of sugar 
enough for half of it needs for domestic consumption even come close to the value 
of suitable coefficient of sugar food security to approach to the food security 
coefficient  of one. Some recommendations from this research had been discussed 
to improve Libyan food gap and food security of cereals and meat.  
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ABSTRACT: The research aims to study the factors affecting the cost of 

quality, namely the costs of prevention and evaluation, internal and external 

failure costs, budget for quality, loss of quality (poor quality costs), and 

estimation of general trend function, and the quality budget in terms of the time 

element, where there is a general trend of the cost of prevention and the costs 

of external failure, while a general trend of time was found to contradict the 

other variables. It has been used analysis methods of statistical quantitative to 

determine the most independent variables affect the actual costs of quality and 

show that Poor quality costs are more effective in the actual total cost of quality 

variables, and this is consistent with the logic where the poor quality costs 

reflect both internal and external costs of failure, therefore, they mask the effect 

of both the actual total cost of quality, and the results indicate that the increase 

in poor quality by one thousand pounds costs lead to increase the overall 

quality of the actual costs by 510 pounds, has multiple regression equation 

estimates suggested using the analysis method only. The logistic regression is 

used to estimate the effect of factors influencing the consumer choice of quality 

of agricultural and food commodities after excluding the profession variable 

because of strong correlation between the profession and the consumer's 

income to a positive relationship at a significant level of 0.01 between consumer 

income and preference for high quality goods. Education degree to consumers 

by 1% greater the degree of orientation to buy high quality goods by 1.45%. The 

results also showed that independent factors combined explain about 74% of 

the changes occurring in the dependent variable. The study recommended that 

the budget allocations for prevention and evaluation costs should be increased, 

thus reducing the cost of poor quality (internal and external failure). The gap 

between the quality budget and the total actual quality costs will be reduced, 

thus reducing quality loss resulting from poor quality. Assessments such as 

tests and experiments conducted in order to ensure the safety and quality of 

products and compliance with standards and quality standards to reduce the 

size of the returns costs<��
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1��������	�  X3  0.151 0.729-** 0.761 1       

�=�������	�  X4 0.345- 0.322- 0.041- 0.101 1      

>�3�������-������	�  X5 0.313 0.991** 0.594- 0.746- 0.317- 1     
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?���.����	  X7 0.250- 0.124- 0.025- 0.108 0.166- 0.131- 0.063 1   

?���.��������,����	�  X8 0.05 0.35 0.23- 0.272- 0.301- 0.348 0.056- 0.097 1  

�������  X9 0.165- 0.265 0.294- 0.212- 0.280- 0.222 0.321 0.075 0.493 1 
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Ln Y^1=79811+0.007 Xi  

(28.74) ** (29)* 
�&��  �&��  

�  �	'�����(�)���$���
%  
Ln Y^2= 1030044 0 - .016 
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Y^3= 88464+4370 Xi  
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y^ = 315.24-33.83Xi+1.69X2
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(3.03)* (-1.76)  (2.27)*  
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Evaluation of Some Ground Water Wells of Some Regions in  
Al-Jabel Al-Akhder–Libya 

 
Jamal Saeed Deryqe  

Soil and Water Dept., Faculty of Agriculture- Omar Moukhtar University, Bieda- Libya 

 

ABSTRACT: The present study is concerned with evaluating the quality of 
ground water in some regions of Al-Jabel Al-Akhder located in the east of  
Libya. Ten wells from different regions were selected for this purpose. Samples 
were brought to the laboratory to investigate their water quality parameters such 
as : TDS , ECiw , pHiw , concentration of soluble ions (major cations . Ca++, 
Mg++ , Na+, and  K+ ) and anions as (Cl ,CO3+ HCO3 , and SO4 ) , and given 
theoretical equations as SAR,  AdjSAR , SSP and RSC tests were all conducted 
on each samples.Data obtained concludes that, groundwater of all the wells 
water could be used for agriculture irrigation on different soils for normal crops 
and does not effect on soil properties due to low EC, and SAR, also there's no 
problem of bicarbonate and sodium ratio ions is expected in irrigation water and 
%Mg in average were 46.72 % was suitable for plants and soils. However, 
agriculture lands in these areas require a good management and suitable 
drainage systems to increase the productivity of crops and protect the 
groundwater from pollution. The present study recommends strongly further 
studies with different types of soil and plants. 
Keywords: irrigation water, Well water, Sodium Adsorption Ratio (SAR), 

irrigation water quality. 
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Salinity Hazard 
Degree of 

restriction on use 
Irrigation water classification 

Sever 
Slight to 
Moderate 

No Unsuitable Permissible Good Excellent Parameters 

>3.0 3.0  – 0.7 <0.70 2.25 – 5.0 0.75 – 2.25 0.25 – 0.75 <0.25 EC " dS/m " 
>2000 450 - 2000 <450 1500 - 3000 500 - 1500 200 – 500 <200 TDS " mg/l 

   
Very tolerant 

plant only 
Salt tolerant 
plant only 

Sensitive plants 
show salt stress 

No detrimental 
effect 

Effect on plants 

Sodium Adsorption Ratio " SAR " Value 

Comments SAR Value 
Use in sodium sensitive crops 1 – 10 

Amendments ( such as gypsum) and leaching needed 10 – 18 
Generally unsuitable for continuous 18 -26 

Generally unsuitable for use >26 
Irrigation water classification " Chloride , meq/l " 

<2.0 Safe 
2.0 – 4.0 Sensitive plants 

4.0 – 10 
Moderate to 
tolerant plant 

>10 
Unsuitable for 
tolerant plant 

Irrigation water classification " Residual Sodium Carbonate" RSC , meq/l " 

<1.25 Safe 
1.25 – 2.50 Permissible 

>2.50 Unsuitable 
Irrigation water pH 

6.0 – 8.50 Normal ranking 
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��  ECiw dS/m 
�   ���&5!��4���6�4��  SAR / 
%   ���&5���7����!��4���6�4��  Adj SAR / 
*  ���7����!��4������&  AdjRNa /  
(   /�8���!��4	����/�������&��  SSP %  
�  �-�&��
!��4�� ��9�#���  RSC meq/l 
�  +�:;�������7<�����	���  ES meq/l 
.  ��	�����2�  PS meq/l 
��  3���#����!��4	����/�������&��  ESP % 
��  ,�������
�#  B mg/l 
��  -��#&�����
�#  NO3 mg/l  

                              .��/���Ayers and Westcot (1994)  
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 التحرير ھيئة

  

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

 استاذ تربية وإنتاج ا�سماك ورئيس مجلس قسم ا'نتاج الحيواني والسمكي ا.د. سامي يحيي حمودة الزعيم

 استاذ المحاصيل ورئيس مجلس قسم ا'نتاج النباتي عبد الجواد نصارا.د. محمد أحمد 

 استاذ كيمياء وسمية المبيدات ورئيس مجلس قسم وقاية النبات ا.د. مجدي عبد الظاھر مسعود

 استاذ مساعد الوراثة وقائم بأعمال رئيس مجلس قسم النبات الزراعي د. نادر رجب عبد الس1م محمد 

 استاذ ا�راضي والمياه ورئيس مجلس قسم ا�راضي والكيمياء الزراعية مدا.د. عادل حسين أح

 استاذ ا$قتصاد الزراعي ورئيس مجلس قسم ا$قتصاد الزراعي ا.د. محمد إبراھيم محمد الشھاوي

  

  

   



 

 

 

 

 

 

 

 

 

 

   



  
  
  

 عميد الكلية
 د. طارق محمد أحمد سرور.أ

   ا�سماك رعاية أستاذ

 

  
  
  
 

 التحرير رئيس
 المجد حسينماجدة أبو. د.أ

  البحوث العليا للدراسات الكلية ووكيل والمياه ا�راضي أستاذ

  
  
  
  
  
  
 

 التحرير مدير
 خليل الناصر عبد جمال .د.أ

 الزراعية والكيمياء ا�راضى بقسم ىا�راض فيزياء أستاذ
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