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Effect of Phosphatic and Potassium Fertilization Rates on 
Some Faba Bean Cultivars 

 
EmanY.Abd AlKader., S.Sh. El-Tabbakh., A.I. Nawar and H. M.Ibrahim 

Crop Science Department, Faculty of Agriculture- Alexandria University 

 

ABSTRACT: The present study was carried out during the winter seasons of 2013/2014 

and 2014/2015 at the Agricultural Research Station, Abbis, Alexandria University, Alexandria, 
Egypt. The objectives ware to investigate the influence of effect of phosphorus fertilization rate 
(0,37 and 74 kg P2O5/ha) potassium fertilization rate (0,57 and 114 kg K2O/ha) and faba bean 
variety (Libyan landrace, Giza 843, Nubariah3, Giza716 and Sakha1) on growth, yield and yield 
components. The experimental design was split split plot design with four replications. Leaf area 
index(LAI), crop growth rate(CGR), 100-seed weight, Number of pods/plant, Number of 
seeds/plant, seed yield/ha(SY) and harvest index(H.I)were characters studied. Phosphorus 
fertilization levels had significant effect on LAI, and number. of pods /plant in both seasons, and 
CGR, 100-seed weight  and number. of seeds/plant in second season. Concerning the studied 
potassium fertilization rates, they had significant effect on CGR, 100-seed weight, number. of 
pods/plant in first season. Cultivars varied significantly in all studied characters, in the two 
seasons, except SY/ha in the second season. The interaction between phosphorus and 
potassium had significant effect on LAI, No. of pods/plant, Number. of seeds/plant and SY/ha in 
second season, and CGR, 100-seed weight and H.I in both seasons, also phosphorus*cultivars 
interaction had significant effect on LAI, CGR, 100-seed weight, number. of pods/plant in both 
seasons except number.of seeds/plant in first season and H.I in second season. 
Potassium*cultivars interaction was significant for the LAI, number. of seeds/plant and SY/ha in 
first season and CGR,100-seed weight and number.of pods/plant in both seasons. The 
significant three interactions, in the two seasons on all parameters except H.I in second season 
and LAI in both seasons. The results indicated that CGR mainfe station was a result for the 
combined effects of three studied factors.  

Keywords: Faba bean, phosphorus, potassium, Cultivars, Seed yield. 

 

INTRODUCTION 
 

Grain legumes, belonging to the family Fabaceae, are an important 
component of the food production systems in tropical agriculture for their mature 
seeds or immature green pods because of their protein content (20–
26%)(Carangal et al.,1997and Metwally et al.,2011). These crops are very 
adaptable and fix atmospheric nitrogen through symbiosis (Wood and Myers, 
1997). 

 
Faba bean (Vicia fabaL.) is the most important legume crop in Egypt and 

many parts of the world (Metwally et al., 2011), where it is used for human 
consumption as a good source of vegetarian protein (Saad and El-Kholy, 2001 
and Nawar et al.,2010) and animals (El-Gizawy and Mehasen,2009). Its seeds 
exhibit high levels of protein (28-36 % of seed dry matter). It is popular 
breakfast food which is also used as a green vegetable or fresh canned 
vegetable (Metwally et al., 2011). It is, also an important crop for soil 
improvement and used as a break crop in cereal rotation to keep the soil fertile 
and productive through nitrogen fixation (Metwally et al., 2011). Depending on 
the plant density and the field management, this plant is able to fix nitrogen up 
to 40kg ha-1 annually (Hashemabadi, 2003). 
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The production of faba bean in Egypt is still limited and fails to face the 
increasing local consumption. Therefore, increasing crop productivity is one of 
the major targets of the agricultural policy and can be fulfilled through-
increasing the cultivated area, using high productive varieties, and Supply of 
appropriate and balanced levels of essential plant nutrients and weed control 
(Ismail and Hagag, 2005 and El Habbasha et al.,2007). Faba bean productivity 
is low due to technological gaps in adoption of balanced fertilization (Rezk et al., 
2013). 

 
Phosphorus is a very important nutrient for crop growth and ensures high 

yield with good quality. It plays a key role in metabolic processes such as the 
conversion of sugar into starch and cellulose. As a result, phosphorus 
deficiency causes stunting, delayed maturity and shriveled seeds (Abou 
Hussien et al.,2002 and El Douby and Mouhamed, 2002). Several researchers 
reported that plant height, number of pods and seeds/plant as well as weight of 
pods and seeds/plant, straw and biological yield/feddan and seed protein 
content were increased due to phosphorus fertilizer applications (Mokhtar,2001 
and Abdalla,2002). 

 
Potassium is an essential element for all living organisms. In plants, it is 

an important cation involved in physiological pathways (Duke and Collins, 1995 
and Sangakkara et al.,1996). In particular, the ability of ATPases in membranes 
to maintain active transport is highly dependent on adequate K supply. Thus 
efficient cell development and growth of plant tissues, translocation, storage of 
assimilates and other internal functions, which are based upon many 
physiological, biochemical and biophysical interactions, require adequate K in 
the cell sap (Marschner, 1995 and Lindhauer,1999). Potassium is an important 
nutrient for several physiological processes directly related to nodulation and N2 
fixation (Abdel Wahab and Abd-Alla, 1995 and People and Koch, 1999).The 
influence of K on growth and yield of food legumes has been demonstrated, to 
improve plant's resistance against environmental stress (Sangakkara,1990 and 
Hanway and Johnson,1995). 

 
The present investigation aimed to evaluate some local and introduced 

faba bean varieties under varying levels of phosphorus and potassium 
fertilization to determine the appropriate level of the two macronutrients that 
would realize optimal growth and productivity of those varieties. 

 

MATERIALS AND METHODS 
 

The present study was carried out during the two successive winter 
seasons of 2013/2014 and 2014/2015 at Agriculture Research Station and 
Laboratories of Crop Science Department, Faculty of Agriculture, Alexandria 
University. This investigation aimed to evaluate some faba bean cultivars and 
determine the suitable phosphorus and potassium fertilizers levels to maximize 
plant growth and productivity of the studied varieties. 
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The soil of the experimental fields was silty loam and approximately 
homogenous. Soil of the experimental sites were analyzed in the two seasons 
as shown in  Table (1). 

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

in 2013/2014 and 2014/2015 seasons 
 

Soil character 
Seasons 

2013-2014 2014-2015 
Physical properties 

Sand % 1.4 75 
Silt % 72.6 17.5 
Clay % 25.9 7.5 
Texture Silty Loam Sandy Loam 

Chemical properties 
Av  N mg/kg 0.11 0.02 
Av P mg/kg 12.00 9.60 
Av K mg/kg 1.24 1.37 
O.M % 1.15 1.68 
pH 8.25 8.23 
EC (dS/m) 2.04 5.01 
Ca+2 meq/L 7.5 16.00 
Mg+2 meq/L 2.5 17.00 
Na+  meq/L 25.26 60.61 
Cl–  meq/L 10.00 0.45 
CO3

–2 meq/L 4.8 0.0 
H CO3

–1 meq/L 4.00 4.00 
CaCO3 (%) 18.39 8.20 
SAR 7.99 13.13 

 
The experimental design was split-split plot with four replications, 

Phosphorus fertilization (as calcium monophosphate 15.5% P2O5)levels (0, 37 
and  74 kg P2O5/ha) were randomly distributed in main plots, the potassium 
fertilization(as potassium sulphate 48% k2O) levels(0, 57 and 114 kg k2O/ha) 
occupied the sub-plots, whereas the cultivars(Libyan,Giza843,Nubariah3, 
Giza716 and Sakha1) were allocated to the sub-sub plots. 

 
The sub-sub plot size was 6.3m2(3 ridges, 3m long and 70 cm apart).  

Seeds were sown on one side of ridge in hills 20 cm apart and thinned to two 
plants per hill.  Seeds were obtained from the Agricultural Research Center in 
Giza, Department of  Legume Crops, except for seeds of Libyan variety which 
were obtained from the Agricultural Research Center in Tripoli.  seeding rate for 
all varieties was  144kg/ha. Planting dates were November 1st and 10th in 
2013/2014 and 2014/ 2015 seasons, respectively. All other agricultural 
practices were carried out according to the recommended practices of this crop 
in the region. 
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Weed control was carried out using Stomp, as pre-emergence herbicide 
at the rate of 3.57 liter/ha. Fusilade super was applied at the rate of 3.57 liter/ha 
after germination of weeds, in the stage of four leaves, for weed control of 
narrow-leaved weeds. In both seasons, a 0.42 m2 area, from each experimental 
unit, wastaken on lst on February and March, to calculate the leaf area and dry 
weight of  plant. The leaf area was calculated using leaf area meter, model no. 
Li 3000c.andleaf area index for the March sample was calculated according to 
Gardner et al.(1985), as the following equation: leaf area index (LAI) = leaf 
area/feeding area. 

 
Plants were oven-dried at 70C0 until constant weight and crop growth 

rate (CGR) was calculated according to Gardner et al.(1985) , for the period 
from lst February to lst March. At harvest, the following measurements were 
determined: 

 
1- Number of pods/plant, as an average of five plants. 
2- Number of seeds/plant, as an average of five plants. 
3- 100-seed weight (g), as an average of three samples. 
4- Seed yield (ton/ha), as the weight of seed obtained from a guarded area of 

1.75 m2 and transformed to ton/ ha. 
5- Harvest index(%), was calculated as seed yield/biological yield X100. 
 

Where P levels occupied the main plots, K levels were allocated to the 
sub-plots and faba bean verities were randomly assigned to the sub sub-plots. 
 
Statistical analysis 

Statistical analysis of the experimental data, in each season, was 
performed according to Gomez and Gomez (1984), using SAS (Statistical 
Analysis System) version: 9.1. Comparison between treatment means was 
carried out using least significant differences at 0.05 probability level (L.S.D0.05). 
 

RESULTS AND DISCUSSION 
 
The present study aimed to investigate the effect of fertilization with 

varying levels of phosphorus and potassium on growth and yield characters of 
five faba bean cultivars. The obtained results are presented as follows: 
 
A. Growth characters 

These included leaf area index (LAI) and crop growth rate (CGR) 
measured at first of March for LAI and the period from February 1st to March 1st 
for CGR. 

 
Phosphorus (P levels) affected both characters in the second season and 

LAI only in the first season, whereas potassium (K) levels had no significant 
effect on LAI but significantly affected CGR in the two seasons. Moreover, 
cultivars (C) and significant effect on both characters in the two seasons. LAI 
was significantly influenced by P×K interaction (2nd season), P×C interaction (in 
the two seasons) and K×C interaction (2nd season). On the other hand, CGR 
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was affected by 2–factor and 3–factor interactions in the two seasons; hence 
the effect of P×K×C interaction will be discussed (Tables 2 and 3). Increasing P 
application level from 0 to 37 kg P2O5/ ha significantly increased LAI in the two 
seasons, whereas further increase to 74 kg P2O5/ha level resulted in 
insignificant increase in that character. Concerning CGR, increasing P level 
from 0 to 37 or 74 kg P2O5/ha showed progressive increase in CGR that was 
significant in the second season only. Phosphorus is an important macronutrient 
that plays an important role in biochemical processes in plants through its 
contribution in energy transformations. Agegnehu and Tsige (2006) reported 
that leaves dry weight of faba bean plants was positively influenced by 
increased P applications. Similarly, Saad and El-Kholy (2001) and Ahmed and 
El-Abagy (2007) concluded that the highest P application rate produced the 
most significant values of growth characters including LAI and CGR. 

 
Potassium had insignificant effect on LAI, in the two seasons, but 

showed a trend of progressive increase in that character with increasing K level 
up to 114 kg K2O/ha. On the other hand, K levels had significant influence on 
CGR in the two seasons. Increasing K level resulted in significant progressive 
increment in CGR up to 114 kg K2O/ha. 

 
The P×K interaction, in the second season, showed that increasing P 

application to 37 kg P2O5/ ha and K fertilization rate to 57 kg K2O/ha resulted in 
a significant increase in LAI. Further increase of P to 74 kg P2O5/ha and K to 
114 kg K2O/ha gave insignificant increase in LAI compared to the two 
intermediate levels. Hence, the value of P×K interaction for intermediate levels 
(4.52) wastatistically similar to that of the highest levels of both macronutrients 
(4.74). Ebrahem and Abd El-Mohsen (2010) reported that growth parameters of 
faba bean plants, including LAI, increased with balanced applications of both 
phosphorus and potassium fertilizers. Significant differences between cultivars 
and P× cultivars interaction in the two seasons, and K×cultivars in the second 
season, may be explained by the differences in genetic constitution of cultivars 
and the response of genetic makeup to the applied levels of P and K. Means in 
(Table 2) revealed that Libyanl, Nubariah 3 and Giza 716 had significantly 
higher LAI values compared to Giza 843 and Sakha 1. The data, also, showed 
that Libyan 1 with 74.0 kg P2O5/ha, or 114 kg K2O/ha, gave the highest values 
for LAI, whereas Sakha 1 with P or K fertilization gave the lowest values for LAI. 
Application of phosphorus, or potassium, enhances plant growth through 
activation of various biochemical processes, uptake N2 fixation and nodules 
activity and increases nutrients uptake from the soil, leading to more vigorous 
plant growth and higher leaf area. Similar findings were reported by El-Hadidy 
and Sweelam (2000), Abdallah (2002), Weldua et al. (2012) and Mohammad 
(2014), who confirmed the positive effect of increasing P and/or K levels on faba 
bean growth, and the variation of cultivars response to applied P and/or K 
fertilization levels. 

 
The significant three-factor interaction, in the two seasons, indicated that 

CGR manifestation was a result for the combined effects of the three studied 
factors (Table 3).  The highest values for CGR were obtained for Giza 843 with 
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74 kg P2O5/ha and 114 kg K2O/ha in the first season (6.55 g/m2/day), whereas 
in the second season, both Libyanl and Nubariah 3 exhibited the highest values 
for CGR (6.33 g/m2/day for both genotypes) at the same levels of P and K. On 
the other hand, Sakha 1 gave the lowest values for CGR when neither 
phosphorus nor potassium were applied (1.25and 0.08 g/m2/day in the first and 
second season, respectively). These results emphasize the importance of 
application of both P and K fertilizers, in balanced proportion, for proper growth 
of faba bean plants. El-Habbasha et al. (2007), Osman and Elaziz (2010) and 
Farhan (2012) reported positive influence of P and K application on dry matter 
production, leading to increased dry weights of both shoots and roots, in faba 
bean plants and differential varietal response to applied levels of both 
macronutrients. It should be noted that faba bean varieties with higher LAI 
values produced higher CGR values, in the two season. That implies a close 
relationship between functional leaf area and accumulation of dry matter in 
plants. Kurdali et al. (2002) and Abd El-Latif and Moursi (2006) reported a 
positive relationship between the two growth parameters. 

 
B. Yield characters 

This group of characters included number of pods/ plant, number of 
seeds/ plant, 100-seed weight, seed yield/ ha and harvest index P levels 
significantly affected number of pods/ plant in the two seasons, number of 
seeds/ plant and 100-seed weight in the second season. K fertilization levels 
significantly influenced all studied characters, in the two seasons, except 
number of pods/plant in the second season. Cultivars varied significantly in all 
studied characters, in the two seasons, except seed yield/ ha in the second 
season. The 3– factors interaction had significant effect on all studied 
characters, in the two seasons, except harvest index in the second season 
(Tables 4 to 8). 

 
Increasing P application from 0 to 37 then 74 kg P2O5/ha resulted in 

significant increase in number of pods/ plant in the two seasons,number of 
seeds/ pod and 100-seeds weight in the second season. Seed yield/ ha and HI 
showed the same trend but did not reach the level of significance in the two 
seasons. Bolland et al. (2001) concluded that P is a major nutrient element for 
seed production of faba bean in neutral and alkaline soils. Ahmed et al. (2005) 
and Agegnehu and Fessehaie (2006) reported that the highest P level resulted 
in highest number of pods and seeds/ plant. Similarly, Ahmed and El-Abagy 
(2007) found that seed yield and yield components increased with foliar 
application of P. 

 
Concerning K levels, increasing application from 0 to 57 then to 114 K2O/ 

ha significantly increased number of pod/ plant in the first season, number of 
seeds/ plant and 100-seed weight in the two seasons, seed yield/ha and HI up 
to 57 kg K2O/ha in the first season and up to 114 kg K2O/ ha in the second 
season. Several researchers reported the beneficial effects of increasing K 
application level on seed yield and yield components of faba bean (Metwally et 
al., 2011, Shaban et al., 2012, Jasimand Obaid, 2014 and Sadeghi et al., 
(2014). They all concluded that the enhancement effect of K, as a major 
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nutrient, on growth, dry matter production and translation positively affected 
yield components and finally increased seed yield. 

 
Cultivars varied significantly for yield components and harvest index, in 

the two seasons, and in seed yield in the first season only. Libyanl exhibited the 
highest values for number of pods/ plant, 100-seed weight and harvest index in 
the two seasons, while Sakhal gave the lowest value for the same characters in 
the two seasons. Concerning number of seeds/plant, Giza 843 gave the highest 
values, whereas Giza 716 exhibited the lowest values in the two seasons. 
Regarding seed yield/ ha, Nubariah 3 gave the significantly highest value (2.54 
t/ha) while Sakhal gave the lowest value (2.18 t/ ha) in the first season. The 
same trend was obtained in the second season but did not reach the statistical 
level of significance. Similar variations between yield and yield components of 
faba bean cultivars were reported by Saad and El-Kholy (2001) and Talaat and 
Abdallah (2008), who concluded that these variations may be attributed to 
differences in genetic constitution of the varieties which affects their response to 
environment. Its worth mentioning the noticeable variation in seed yield and 
yield components between the two seasons, where the recorded values for 
those characters varied from one season to another. That variation is a natural 
phenomenon in faba bean and is, principally, influenced by the percentage of 
flower shedding caused by environmental conditions such as win and amount of 
rainfall druing flowering stage. Similar findings were reported by Masri (2001) 
and Khalil et al. (2004). 

 
The three factor interaction revealed that varieties differed in their 

performance, under the influence of applied phosphorus and potassium levels, 
for seed yield and yield components characters. Application of the highest 
levels of P (74 kg P2O5/ ha) and K (114 kg K2O/ ha) gave the highest values in 
the two seasons, for number of pods/ plant with Libyanl, for number of seeds/ 
plant with Sakhal, for 100-seed weight with Libyanl, for seed yield/ ha with Giza 
716 in the first season and Giza 843 in the second season, and for harvest 
index with Giza 843 in the first season. On the other hand, the lowest values 
were obtained with zero application of both macronutrients with Sakhal for 
number of pods/ plant, 100-seed weight, seed yield/ha and harvest index in the 
two seasons, and number of seeds/ plant in the second season, whereas 
Nubariah 3 gave the lowest number of seeds/ plant in the first season. 
Interaction between cultivars and P and/or K level were reported by Khalil et al. 
(2004), Ahmed and El-Abagy (2007), Ahmed et al. (2010) and El-Aal(2015). 

 
The present investigation revealed the importance of appropriate 

fertilization with phosphorus and potassium for obtaining enhanced vegetative 
growth, higher seed yield and yield components. Fertilization with 74 kg P2O5 
and 114kg K2O /ha gave the highest seed yield indicating the importance of 
both macronutrients in acheiving high seed yield from faba bean.  The results 
also indicated  the importance of growing of faba been variety that performs well 
under the applied  phosphorus and potassium levels, in addition to its stable 
response to changing seasonal environmental conditions. 
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ABSTRACT: In Egypt, Kapreeta fish (like tuna) as marine fish, is not appreciated among 
Egyptian consumers because it is bloody dark flesh and presence of many blood vessels. 
Therefore, this kind of fish must be utilized as fish products through different preservation 
methods as canning and smoking. 
The aim of this study is to investigate the effects of liquid smoking and essential oils prior 
smoking on the quality of smoked kapreeta fish fillets just after smoking and during refrigerated 
storage up to 90 days. Proximate composition was determined in fresh and smoked fish fillets. 
Chemical, microbiological and sensory analyses of the samples as well as fatty acids 
composition of fresh and smoked kapreeta fish fillets were carried out during the storage to test 
their quality and lipid stability. Moisture content decreased while protein, lipid and ash increased 
after smoking. The pH values were slightly increased by storage time. Total volatile basic 
nitrogen, trimethyl amine nitrogen, peroxide values, thiobarbituric acid, free fatty acids and total 
viable count values were increased more in untreated fish samples than smoked fish samples 
treated with thyme or sage essential oils, while sensory scores decreased during storage. The 
total polyunsaturated fatty acids content was 35.14% of total fatty acids in untreated smoked 
fish and 35.80% in treated samples with 5% thyme oil and 36.14% in treated samples with 5% 
sage oil prior to smoking, with eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) 
being the prominent polyunsaturated fatty acids. The decrease of PUFAs may indicate the 
oxidation of these unsaturated fatty acids during storage. Such changes were not observed in 
sage or thyme extracts treated lots.  
According to the results of physicochemical, microbiological and sensory analyses, it was found 
that untreated smoked kapreeta fish samples were in high quality and lipid stability for 30 days 
under refrigerated storage and smoked kapreeta fish samples treated with 5% thyme oil or sage 
oil were in high quality till 60 and 75 days under refrigerated storage.  It can be concluded that 
kapreeta fish fillets treated with sage and thyme essential oils prior to liquid smoking have 
positive effect on quality and shelf life of smoked fish as well as induced the stability of fatty 
acids profiles without altering their composition and minimize oxidation. 
Key words: Kapreeta fish, quality, shelf life, smoked fish, essential oils, Chemical and   

microbiological analyses, sensory evaluation  
 

INTRODUCTION 
 

Fish constitutes a very important component of diet for many people, and 
often provides much needed nutrients for human health. Fish serves as a 
principal source of dietary protein, which is very inexpensive in relation to other 
protein foods (Fawole et al., 2007).  

 
Fish is known to contain high quality of lipids. The long chain 

polyunsaturated fatty acids (PUFAs), especially the n-3 PUFAs family including 
eicosapentaenoic acid (EPA or 20:5 n-3), docosapentaenoic acid (DHA or 22:6 
n-3) present in marine lipids have beneficial health effects (Osman et al., 2001, 
Boran et al., 2006, Stołyhwo et al., 2006 and Karlsdottir et al., 2014).  
 

Fresh fish have soft tissues and high amount of water and this enhances 
its susceptibility to microbial contamination (Olayemi et al., 2012). So that fresh 
fish is highly perishable and various preservation techniques such as chilling, 
freezing, drying, salting, and smoking have been used universally to extend 
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shelf life. In developing countries, the most affordable and widely used fish 
preservation methods are drying and smoking (Oduor-Odote et al., 2010a,b and 
Darvishi et al., 2013).  
 

Smoking of fish is one of the most ancient processing technology and 
one of many different preservation methods. Smoking is commonly carried out 
at temperatures of 70–80°C (Marc et al., 1997 and Erkan et al., 2011). In 
contrast, cold smoking is achieved without thermal treatment usually at 
temperature ≤ 30°C (Goulas and Kontominas, 2005). Smoked fish products are 
commonly salted. The use of salt is essential to complement the bacterial 
inhibitory effect of smoke by reducing water activity. For health and acceptability 
reasons, the practice is to have products with low salt content. Nevertheless, 
one of the problems faced in smoking process is no standard process 
implemented yet so that the quality of smoked fish produced can change. 
Different smoking temperature, different smoking duration, different number of 
smoking materials, different quality of smoking material, and different water 
content have caused different quality of smoked fish produced  affecting the 
consumer’s demand level (Oduor-Odote et al., 2010a,b and  Salindeho and 
Mamuaja, 2015)  
 

Liquid smoke is a natural smoke from plant based material which has 
been condensed into a liquid and then refined to remove certain toxic 
compounds from it. Liquid smoke is used in several applications on meat and 
fish to impart the flavour, colour and preservative characteristics of natural 
smoke devoid of the toxic tar compounds (Varlet et al., 2010). These may be 
used to preserve quality and ensure safety of foods (Martin et al., 2010). The 
use of liquid smoke has several advantages over traditional smoking 
procedures having no detectable levels of benzo α-pyrene and no mutagenic 
activity. Liquid smoke performs all the desired functions, allows more rigid flavor 
control and has the added advantages of lowering costs, less environmental 
damage and greater availability and variety of application methods (Dillon et al., 
1994). The liquid smoke is applied on the food by either marinating, drenching, 
spraying or injecting the food with the liquid smoke before heat processing. The 
liquid smoke can also be applied to the food through liquid smoke coatings or 
liquid smoke nets (Jenkins, 2010). The use of liquid smoke has been shown to 
be four to five times more efficient in converting wood biomass to useable 
smoke than the traditional smoking process (Red Arrow, 2014). 
 

Although smoking increases shelf life of the fish products, hygienic 
standards of the fish products before, during and after smoking are suspects. 
However, investigations have shown the presence of microbial contaminants 
even on smoked fish (Nyarko et al., 2011). Most of the post processing 
microbial contaminants such as bacteria and fungi originate from poor handling 
practices while some could be from the air, the source of the fish, or from other 
degrading substances. 
 

Oxidation of lipids that occurs in fish during processing, heat treatment, 
and in the final products during subsequent storage, is one of the basic 
processes causing rancidity in fish products (Donelli and Robinson 1995). Such 
oxidative deterioration may affect on the quality and the organoleptic 
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characteristics, including taste and aroma making the final product 
unacceptable for consumption. Therefore, several investigations have been 
undertaken with the aim to enhance the shelf-life extension, the stability of lipid 
containing products and food quality.  

 
The use of synthetic antioxidants such as butylated hydroxytoluene 

(BHT) and butylated hydroxyanisole (BHA) has been very effective in 
controlling rancidity (Frankel, 1993 and Karpinska et al. 2001). However, 
synthetic antioxidants have frequently been associated with certain health 
problems (Thompson and Trush, 1986 and Siripongvutikorn et al., 2009). This 
has necessitated the use of natural antioxidants, such as spices, herbs, and 
vegetable extracts in the prevention of rancidity in chilled and smoked fish 
(Kahkonen et al., 1999 and Patrick-Iwuanyanwu et al., 2007) due to their 
antioxidant and antimicrobial properties (Akhtar et al. 1998 and Abdel-Hamied 
et al., 2009). The spices, notably the Lamiaceae family, are well known for their 
antioxidative properties, especially rosemary, sage and thyme, which have 
been reported to have strong such characteristics (Aruoma et al., 1992, Al- 
Flailih, 2009). 

 
Thyme has been commonly used as a spice to add flavor to food 

(Maksimovic et al., 2008). The phenolics monoterpene, thymol and carvacrol 
are the main compounds have identified with significant antioxidant and 
antibacterial activities (Lacroix et al. 1997 and Viuda-Martos et al., 2008).Sage 
extracts have exhibited potent antioxidant activity and are widely used in the 
food industry. The antioxidant activity of sage extracts has been associated with 
the presence of several phenolic diterpenes such as carnosic acid, carnosol 
and rosmarinic acid which break free radical chain reactions by hydrogen atom 
donation (Basaga et al., 1997). A number of researchers have reported the 
effectiveness of sage extracts for achieving higher sensory scores and retarding 
lipid oxidation in various foods (Stoick et al., 1991 and Zaki, 2010). 
 

In Egypt, Kapreeta fish (like tuna) as marine fish, is not appreciated 
among Egyptian consumers because it is bloody dark flesh and presence of 
many blood vessels. Therefore, this kind of fish must be utilized as fish 
products through different preservation methods such as canning and smoking 
(Abou Tor, 2002 a,b and Korish et al., 2008). 
 

The objective of the present work was to study the effect of liquid 
smoking on the quality and lipid stability of Kapreeta fish fillets treated with 
essential oils of sage and thyme as natural antioxidants during refrigerated 
storage.  
 

MATERIALS AND METHODS  
 
Materials 

Kapreeta fish (Scombromous spp.) like Tuna was purchased from the 
Max Bay, Alexandria   during the summer season of 2015. Fish samples (six 
fish with 30 kg) transported in iceboxes to fish Processing and Technology 
laboratory, National Institute of Oceanography and fisheries, Alexandria. 
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Sensory Evaluation of raw fish included eye, gill, belly and texture were carried 
out. 
Liquid smoke composition was 90% water, 2% phenols, 4% acids, 3% carbonyl 
and 1% tar. 
All chemicals used for analysis were of analytical grade. 
 
Methods 
1. Preparation of fish samples 

Fish samples were washed with tap water, beheaded, eviscerated, 
skinned and filleted. After traces of blood were removed by tap water, one 
hundred and twenty (120) fillet samples were prepared as steaks with the 
dimension of 10 cm (length), 5 cm (width) and 1.5 cm (thickness). The weight of 
each fillet sample was 135 ± 5 g.   
 
2. Extraction of essential oils 

Fresh thyme and sage obtained from Siwa Oasis were properly cleaned, 
washed and ground. Essential oils were extracted by hydrodistillation procedure 
as described by Balbaa et al. (1981) and modified by Iheagwara, (2013). The 
essential oils were dried over anhydrous sodium sulphate and stored at 5 °C for 
further analysis. 
. 
3. Liquid smoking of fish fillet samples and storage 

The cleaned, brined and spiced fish samples were soaked for 30 min in 
1000 ml of diluted liquid smoking solution (300 ml concentrated liquid smoke + 
700 ml water in rectangle glass Jar) containing 0.0% (control), 5.0% and 10.0% 
of thyme essential oil (60 fish fillet samples) or sage oil at the same 
concentrations (60 fish fillet samples) with 10% salt. Hot smoking was carried 
out with liquid smoke, essential oils and salt at a temperature of 80 ± 2°C for 3 
hours.Samples were stored at refrigerated temperature (5 ± 1°C) for three 
months and samples were analyzed every 15 days. Chemical and microbial 
analysis and organoleptic evaluation were determined.  
 
4. Physico-Chemical Analysis  
1. Salt Content   

Sodium chloride content in smoked fish samples was determined by 
volumetric method of Volhard (AOAC, 1990).   
 
2. Determination of pH  

pH value was estimated according to Goulas and Kontominas (2005) as 
follows. Ten g of sample was homogenized in 100 ml of distilled water and the 
mixture was filtered. The pH of filtrate was measured using a pH meter (HANNA 
pH213) at ambient temperature.   
  
3. Proximate Composition 

Proximate composition included moisture, protein, fat and ash contents 
of the fresh and smoked fish samples were determined using the standard 
methods of AOAC (2007). 
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4. Determination of Total Volatile Basic Nitrogen (TVB-N)  
Total Volatile Base Nitrogen (TVB-N) value was estimated by the semi-

micro distillation procedure (AMC, 1979; Kirk and Sawyer, 1991). The bases are 
steam distilled into standard acid and back-titration with standard alkali.   
 
5. Determination of Trimethylamine Nitrogen  

Trimethylamine Nitrogen (TMAN) was determined using the above 
mentioned TVBN method after appropriate modification: formaldehyde was 
used to block the primary and secondary amines (AMC, 1979).   
  
6. Extraction of Lipids  

Lipid was extracted from the mixed smoked fish samples with a mixture 
of chloroform / methanol (2: 1 v/v) according to the method described by Folch 
et al. (1957).  
  
7. Determination of 2-Thiobarbituric Acid (TBA)  

2-Thiobarbituric acid (TBA) value of smoked fish samples was 
determined colorimetrically by using the method published by Kirk and Sawyer 
(1991).   
 
8. Determination of Peroxide Value  

Peroxide value (PV) was expressed in unit’s meq / kg lipid was 
determined by the titration method (Kirk and Sawyer, 1991). 
 
9. Free fatty acids 

Free fatty acid content of the fish samples was determined according to 
the method of Kirk and Sawyer (1991). A mixture of diethyl ether (25 mL), 
ethanol (70% v/v) (25 mL) and 1% phenolphthalein solution (1 mL) was 
prepared then neutralized with 0.1 M NaOH solution. Two grams quantities of 
fish samples were blended in the neutral solvent prepared above for about 20 
min, and then titrated with 0.1 M NaOH with constant shaking until a pink color 
was formed which persisted for about 15 s. All samples were analyzed in 
triplicate and the free fatty acid content was expressed as oleic acid equivalent. 
 
10. Fatty acid composition 

Fatty acids Methyl Esters (FAMEs) were obtained by the method 
described by Metcalfe et al. (1966) and modified by Selmi and Sadok (2008). 
Ten gram of the lipid extract was saponified with 0.5 mol/L NaOH in methanol 
followed by a methylation in 12% boron trifluoride in methanol (BF3/MeOH). The 
methylated sample was then extracted with n-hexane. All of these reactions  
were performed in quadruplicate for each sample. The resulting methyl esters 
were analysed by  gas chromatography (GC) using an Agilent Technologies 
chromatograph 6890N (Agilent Technologies, Palo Alto, CA, USA) equipped 
with a flame ionization detector (FID), a splitless injector and a polar INNOWAX 
30 M silica capillary column (0.25 mm i.d. & 0.25 µm film thickness). The 
temperature of the injector and detector were 220 °C and 275 °C, respectively. 
Helium was used as a carrier gas with a flow rate of 1.5 ml/min. Peaks were 
identified by comparison of their retention times with FAMEs standards 
(SUPELCO). The sequences of fatty acids were ranged according to their 
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chromatographic retention times and the values are given as percentages of the 
total fatty acids methyl esters.  
 
Microbial analysis 

Total bacterial count (TBC) was determined by using Nutrient agar, 
MacConkey agar, and Potato Dextrose agar media according to the procedures 
described by APHA (1976).  The mould counts in the smoked fish samples 
were determined, according to the method described by Fawole and Oso 
(1995). 
 
Sensory quality assessment 

Organoleptic attributes of appearance, juiciness, saltiness, rancidity, 
flavour and general acceptability of the smoked fish samples were evaluated by 
a 10 selected members. A 9-point hedonic scale was used with 9 for like 
extremely, down to 1 for dislike extremely (Carbonell et al., 2002). For the 
evaluation, the samples were rinsed with water for 1 min, covered with 
aluminum foil, heated in an oven at 80°C for 30 min and allowed to cool at 
ambient temperature, before presentation to the panelists. 
   
RESULTS AND DISCUSSION  
 
1. Sensory Evaluation of Raw Fish 

Score sheet of sensory evaluation used was based on Egyptian 
Organization for Standardization (2005).Eye, gill, belly and texture of fresh 
kapreeta (like tuna) fish were tested by five panelists with 10 for highest score. 
The results are present in Table (1). Samples of raw materials used for study 
were generally of high organoleptic value with the characteristics of eyes 
perfectly fresh, convex black pupil, translucent cornea, bright red gills, no 
bacterial slime, outer slime water-white or transparent, bright opalescent sheen. 
No reddening along the backbone and no discoloration of the belly flaps. The 
fish was fresh ‘seaweedy‘ odours with firm, elastic to the finger touch. 
 
2. Proximate composition 

Preliminary experiments were carried out on pretreatments with 
concentrations from 1- 5% sage or thyme extracts prior fish filets liquid smoking. 
Sensory evaluation recorded that adding 5% of essential thyme oil or essential 
sage oil to kapreeta fish fillets for 30 min prior smoking were generally of 
highest organoleptic values.The results of proximate composition are presented 
in Table (2). Moisture content decreased from 71.75% in fresh fish to 53.28% in 
liquid smoked kapreeta fish fillet without pretreatment, while decreased to 
54.50% in smoked fish fillet pretreated with 5% thyme oil and to 54.74% in 
smoked fish fillet pretreated with 5% sage oil.  The lower moisture content 
values with the sample might be due to the loss of water during smoking 
(Asiedu et al., 1991). Industrial specifications for smoked finished products 
generally are recommended with water content in the fish flesh of less than 65% 
(Cardinal et al., 2001). Kolodziejska et al. (2002) also reported that moisture 
content of smoked Mackerel was 56.7% while Goulas and Kontominos (2005) 
reported that the moisture content of smoked chum Mackerel samples varied 
from 58.1% to 59%.  
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Moisture content of treated smoked fish fillet was 54.50% and 54.74% for 
smoked fish pretreated with 5% thyme oil or sage oil, respectively. These 
results are in agreement with Iheagwara (2013) who found that pretreatment 
with ginger extract prior smoking effect on moisture content of mackerel fish.  
The protein, lipid and ash contents of fresh Kapreeta fish samples were 
24.54%, 2.11% and 1.60%, respectively increased after liquid smoking in 
untreated smoked fish to be 36.15%, 4.13% and 5.84%, respectively. Decrease 
of moisture content and increase of protein, fats and ash contents due to 
reduction of moisture were the most prominent changes after smoking 
(Daramola et al., 2007, Bilgini et al., 2008 and Al-Reza et al., 2015). 
   

Protein content of smoked fish treated with 5% thyme oil (36.90%) or 5% 
sage oil (37.03%) were slightly increased than untreated samples, while lipid 
content decreased to 3.40% in smoked fish treated with 5% thyme oil and to 
3.02% in smoked fish treated with 5% sage oil. These results are in agreement 
with Iheagwara (2013) who found that pretreatment with ginger extract prior 
smoking effect on the increasing of protein and decreasing of lipid content.     
 
3. Quality and lipid oxidation parameters of kapreeta fish fillets  

The quality parameters of raw and smoked kapreeta fish fillets are given 
in Table (3).  
 
1. Salt content  

Salt content of the Kapreeta smoked fish sample was analyzed to be 
1.75%. Birkeland and Bjerkeng (2005) reported that acceptable salt content of 
smoked fish was 1.80g and it was increased in experimental sample by 
increasing the time of salting. Jittinandana et al. (2002) found that salt content 
of products soaked in higher brine concentration was greater than of those from 
the lower brine concentration for the same brining time. In this study, the salt 
content increased during storage of untreated smoked fish and slightly 
increased in kapreeta fish treated with essential oils prior smoking during 
storage at 5 ± 1°. This increase in sodium chloride content was oftentimes 
accompanied by partial dehydration and clear shortage of free water (Dessoiki, 
1971 and El-Akeel, 1988). 
 
2. pH 

The pH of fresh kapreeta (like tuna) fish flesh was approximately neutral 
(6.4) which decreased to 6.1 after smoking (Table 3).  This decrease could be 
due to the presence of different smoke components like acids which get 
deposited on the fish during the smoking process. These values are partially in 
agreement with that of Goulas and Kontominas (2005) who found that a pH 
value of 6.22 for smoked chub mackerel. pH slightly increased during storage. 
The increase in pH may be attributed to the decomposition of nitrogenous 
compounds and the production of volatile basic components such as ammonia, 
trimethylamine and total volatile nitrogen by fish spoilage bacteria which 
indicates a loss of quality (Ruiz-Capillas and Moral, 2005, Can. 2011 and Topuz 
et al., 2014).  
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3. Total volatile base nitrogen (TVB-N)  
Total volatile base nitrogen(TVB-N) is widely used as an indicator of fish 

spoilage; its increase is related to the activity of spoilage bacteria and 
endogenous enzymes and TVB-N levels are often used as an index to assess 
the quality and shelf life of products (Ruiz-Capıllas and Moral 2005, Ozogul et 
al., 2006 and Ucak et al., 2011).  

 
In the present study, TVB-N of Kapreeta fresh fish was 14.1 mgN/100g 

and decreased after liquid smoking to be 11.2 mgN/100g in untreated smoked 
fish fillets and to 9.4 and 8.1 mgN/100g in smoked kapreeta fish fillet treated 
with 5% thyme oil or 5% sage oil, respectively, prior smoking. This could be 
associated with lower moisture content and higher salt level which reducing 
spoilage bacteria growth and activity of endogenous enzymes. Results of 
current findings showed that on day 0, smoked fish fillets were within the 
accepted TVBN limits for raw and smoked fish samples, because fish samples 
had values less than 30 mgN/100 g (Daramola et al., 2007). Pearson (1982) 
and Connell (1995) reported and also recommended that the limit of 
acceptability of fish is 20 to 30 mgN/100 g, while Huss (1988) and Kirk and 
Sawyer (1991) suggested a value of 30 to 40 mgN/100 g as the upper limit. The 
TVB-N content of fresh chela was found 7.10 mgN/100 g of sample, which is 
below the level of 35 mgN/100 g, has been suggested as border line for various 
fish and fish products (Ghaly et al., 2010). Values similar to our TVB-N data 
have been reported for smoked fish (Gokoglu et al., 2004, Kilinc and Cakli, 
2005, Can and Ersan, 2013 and Topuz et al., 2014). 
 

During storage period at 5 ± 1 °C, TVB-N values were increased. 
Untreated smoked Kapreeta fish fillets increased to 23.3 after 15 days and to 
32.2 after 30 days and to 48.1 mgN/100 g after 45 days, while smoked kapreeta 
fish fillet treated with 5% thyme oil increased to 25.3 after 45 days and to 32.1 
mgN/100 g after 60 days. On the other hand, smoked kapreeta fish fillets 
treated with 5% sage oil increased to 27.3 after 60 days and to 33.2 after 75 
days and reach to 38.1 mgN/100 g after 90 days storage. The highest TVB-N 
values were recorded in untreated fish fillets, while the lowest were shown in 
treated with sage followed by thyme essential oils. 

 
Treated fish fillets with 5% sage oil recorded lowest TVB-N during 

storage because of the lower bacteria count (Erkan et al., 2011). Sage essential 
oil has stronger antibacterial effect than thyme essential oil (Mejlholm and 
Dalgaard, 2002). In the present study, the results establish the effectiveness of 
thyme and sage essential oils as antioxidants and antimicrobials due to 
reduction in TVB-N on treated samples as observed in Table (3). 
 
4. Trimethylamine Nitrogen (TMA-N) 

Trimethylamine Nitrogen (TMA-N) is produced from Trimethylamine 
Oxide (TMAO) possible partly by action of intrinsic enzymes but certainly 
through bacterial action, is the main component responsible for a pleasant 
"fishy" odor (Rodriguez et al., 1999 and Shakila et al., 2003). In the present 
study TMA-N content of fresh fish was 5.5 mg N/100 g and decreased after 
liquid smoking to be 4.2 mg N/100 g in untreated smoked kapreeta fish fillet but 
increased to 9.8 after 30 days and to 11.4 after 45 days. Treated fish fillets with 



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 214    
Vol. 22 (2), 2017 

 

5% thyme or sage oils recorded lowest TMA-N during storage at 5 ± 1 °C. 
Treated samples with 5% thyme oil reached to 8.5 after 45 days and to 9.3 mg 
N/100 g after 60 days storage and in treated samples with 5% sage oil, TMA-N 
decreased to 7.1 after 45 days and to 9.4 mg N/100 g after 75 days  refrigerated 
storage. According to the Egyptian Organization for Standardization (2005). for 
TMN-A values of smoked fish (10 mg N/100 g), smoked kapreeta fish fillets 
treated with sage oil had higher shelf life followed by thyme oil. Lower 
production of TMA-N in smoked kapreeta fish samples may be due to the 
antibacterial properties of thyme and sage essential oils (Erkan, 2012 and 
Yıldız, 2016).  
 
5. Lipid oxidation parameters 

Lipid oxidation is a major quality problem especially in fatty marine 
species. The highly unsaturated fatty acids found in fish lipids are very 
susceptible to oxidation. It leads to the development of off odours and off-tastes 
in edible oils and fat containing foods, known as oxidative rancidity. To evaluate 
the degree of lipid oxidation, the Thiobarbituric Acid (TBA) and Peroxide Value 
(PV) were determined. The TBA index value is an index of lipid oxidation 
measuring MDA content. MDA is formed through hydroperoxides, which are the 
initial reaction products of polyunsaturated fatty acids with oxygen (Rezaei et 
al., 2008). 
 

In the present study, PV and TBA of fresh Kapreeta fish fillet were 2.1 
meq peroxide/kg fish fat and 1.1 mg malonaldhyde/kg, increased after smoking 
to be 2.6 meq peroxide/kg fish fat and 2.9 mg malonaldhyde/kg in  untreated 
smoked Kapreeta samples at zero time storage. On the other hand, PV and 
TBA of treated fish fillets were less than untreated samples (1.9 meq 
peroxide/kg fish fat and 1.8 mg malonaldhyde/kg treated with 5% thyme oil and 
to 1.7 meq peroxide/kg fish fat and 1.7 mg malonaldhyde/kg for treated with 5% 
sage oil). According to Augbourg and Ugliano (2002) and Yanar et al. (2007) 
lipid oxidation was enhanced by method of salting, salting time, smoking and 
drying method. In the present study lipid, oxidation values were lower than the 
general PV and TBA limit for smoked fish as mentioned by Egyptian 
Organization for Standardization (2005). which reported that PV values should 
not be above 10-20 meq/kg fish fat and TBA values not exceed 4.5 mg 
malonaldhyde/kg (Frangos et al., 2010 and Emir and Ozpolat, 2013).  

 
During storage period at 5 ± 1 °C, PV and TBA increased more than 

recorded by Egyptian Organization for Standardization (2005)., untreated 
smoked fish fillets increased to 15.4 meq peroxide/kg fish fat and 4.6 mg 
malonaldhyde/kg after 30 days. PV and TBA of treated fish fillets were less than 
untreated samples (12.5 meq peroxide/kg fish fat and 4.5 mg malonaldhyde/kg 
after 60 days for 5% thyme oil and 11.4 meq peroxide/kg fish fat and 4.5 mg 
malonaldhyde/kg for 5% sage oil after 75 days storage).  

 
In food suitable for consumption, the TBA values might reach the upper 

limit of 7 to 8 mg of MDA kg-1 (Emir and Ozpolat 2013); in “perfect material,” the 
TBA value should be less than 3 mg of MDA/kg, and in “good material,” the TBA 
value should be no more than 5 mg of MDA kg-1. The TBA values indicate the 
degree of rancidity of products, and values greater than 3-4 mg of MDA kg-1 
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indicate a loss of product quality (Papadopoulos et al., 2003 and Frangos et al., 
2010). 

 
The use of thyme essential oil to protect muscle foods against oxidation 

has been reported in the literature. Mariutti et al. (2008) and Erkan et al. (2011) 
observed that sage oil and thyme oil was an effective means of controlling lipid 
oxidation in chicken and fish meat, as reflected in thiobarbituric acid reactive 
substance values. There are two possible reasons for this phenomenon in the 
effectiveness of this product: 1, reduction in TBARS using thyme and sage is 
related to peroxide-scavenging enzyme activity, which could reduce 
unsaturated fatty acid and total unsaturated fatty acid oxidation and 2, some 
active components in the sage and thyme essential oils may involve desaturase 
and elongase activities (Mariutti et al., 2008). 
 

The initial free fatty acids (FFA) value for fresh kapreeta fish was 1.7% 
increased after smoking (zero time storage) in untreated smoked fish to 2.9 and 
to 2.6 and 2.2 oleic acid percentage in treated samples with 5% thyme oil and 
5% sage oil, respectively. FFA values increased with storage time (Table 3); 
however the values in the control samples were higher than other samples 
during storage. FFA values found to be 4.6% after 30 days in untreated smoked 
fish and to 4.1 and 4.2 oleic acid percentage in treated samples with thyme or 
sage essential oils after 60 and 75 days. FFA is said to contribute to off flavor of 
the product and cause textural alterations by complexing with protein (Al-Reza 
et al., 2015). The results established the effectiveness of sage and thyme 
essential oils as antioxidants which were greater in activities to inhibit the 
synthesis of free fatty acid in the treated samples than control samples during 
refrigerated storage. 
 
6. Fatty acids composition  

Fatty acids composition of fresh and smoked kapreeta fish fillets during 
refrigerated storage are presented in Tables (4). In fresh kapreeta fish, 
polyunsaturated  fatty acids (PUFAs) constitute the majority of the fatty acids 
composition (36.23% of total fatty acids), followed by saturated (33.07% SFAs) 
and monounsaturated fatty acids (30.70% MUFAs). The total polyenes content 
included eicosapentaenoic acid 20:5 (n-3) (EPA) and docosahexaenoic acid 
22:6 (n-3) (DHA) were being the prominent polyunsaturated fatty acids. In 
smoked kapreeta fish, saturated (SFAs) constitute the majority of the fatty acids 
composition (37.26% of total fatty acids), followed by polyunsaturated fatty 
acids (35.14% PUFAs) and monosaturated fatty acids (27.60% MUFAs). Fatty 
acid profiles were followed and observed after storage. SFAs and MUFAs levels 
increased more while PUFAs levels deceased more in untreated samples 
during refrigerated storage.  

 
The decrease of PUFAs percentage may indicate the oxidation of these 

unsaturated fatty acids during storage. Such changes were not observed in 
sage or thyme treated lot. The uses of natural antioxidant in fish fillets have 
induced the stability of fatty acids profiles without altering their composition and 
minimize oxidation. These results are in accordance with those reported by 
Serdaroglu and Felekoglu (2005). Due to their high degree of unsaturation, EPA 
and DHA are readily oxidized. Such characteristic has suggested the use of the 
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polyene index [(EPA + DHA)/16:0] and PUFAs/SFAs to evaluate oxidative 
deterioration of polyunsaturated fatty acid in fish lipids (Wada and Fang, 1992 
and Rahimabadi et al., 2016). In this study, the polyene index and PUFAs/SFAs 
values in control samples decreased from 1.70 % to 1.52 % and from 1.35 % to 
1.20 % following 15 days of storage, respectively. No changes were observed in 
polyene index and PUFAs/SFAs values for thyme treated lot. It has been 
reported that sardines treated with rosemary extract and onion juice, retained 
ratio of [EPA + DHA/16:0] statically constant during storage (Serdaroglu and 
Felekoglu 2005 and Colakoglu et al., 2011).  
 
4. Microbial quality 

The activity of microorganisms is the most important factor limiting the 
shelf life of fish and fish products. Total viable count (TVC) is the most common 
microbiological method aimed to detect and enumerate high proportion of the 
microbial population as possible. In practice, this usually means mesophilic, 
aerobic or facultatively anaerobic bacteria, which account for the major part of 
the microflora in fish. A TVC method can only provide an estimate of the 
microbial population based on those cells that are recoverable under the test 
conditions. 

 
TVC of fresh kapreeta fish was 4.2 log10 cfu/g (Table 3) indicating good 

fish quality, but after the samples were subjected to hot smoking, the TVC was 
reduced to 2.8 log10 cfu/g in untreated samples and to 1.8 and 1.2 log10 cfu/g 
in treated samples with 5% thyme and 5% sage essential oils at day 0 of 
storage. Karra (1978) reported that smoking caused a decrease in total 
microbial count by an average of 94.7% of the original number in dogfish fillets. 
This occurrence could be attributed to the effects of dehydration and 
antimicrobial activity of the smoke constituents  besides the high temperature 
during  hot smoking (Rorvik, 2000). 

 
TVC increased exponentially with storage time. At day 15 of storage, 

TVC in untreated samples was 4.1 log10 cfu/g and increased to 5.6 log10 cfu/g 
at day 30. On the other hand, TVC in smoked kapreeta fish fillets treated with 
5% thyme or 5% sage oils was 2.9 and 2.1 log10 cfu/g at day 15 and increased 
to 4.5 and 3.3 log10 cfu/g at day 45. Microbial load sharply increased on the 
75th day of storage and reached 7.3 and 6.2 log10 cfu/g in both treated smoked 
fish fillets. TVC is an important criterion for quality evaluation; the maximum 
recommended bacterial count for good quality products is 5.7 log10 cfu/g, and 
the maximum recommended bacterial count for marginally acceptable quality 
products is 7 log10 cfu/g (ICMSF, 1986). Considering these values, it is 
possible to say that TVCs of smoked kapreeta fish exceeded the microbiological 
limits of acceptability after 15 days of storage for untreated samples and for 60 
days storage for treated samples with 5% thyme oil and 75 days for treated 
samples with 5% sage oil. Kolodziejska et al. (2002) reported that the initial 
TVCs of hot smoked mackerel were 1.6 log10 cfu/g prior to storage and 4.7 
log10 cfu/g after 21 days of storage at 8˚C. These results showed that thyme 
and sage essential oils having the greatest antimicrobial activity. A number of 
essential oils and some of their components have been reported to have 
antimicrobial activity against a wide range of spoilage and pathogenic bacteria 
(Lambert et al. 2001; Burt 2004). Thyme contains high concentrations of 



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 217    
Vol. 22 (2), 2017 

 

phenolic compounds including carvacrol, thymol, pcymene and ˠ-terpinene 
(Komaki et al., 2015). The thyme and sage essential oils can be considered 
effectively inhibitory on the total aerobic flora. Similar results were observed by 
several researchers (Cadun et al., 2008, Duman et al., 2012; Can and Ersan, 
2013). According to the results of fish quality and lipid stability, smoked 
Kapreeta fish fillets treated with 5% sage oil prior smoking recorded highest 
quality and high shelf life (up to 75 days), followed by fish fillets treated with 5% 
thyme extract (up to 60 days), while untreated fish fillet recorded the lowest 
quality and shelf life (from 15 to 30 days).  
 
5. Sensory quality 

Sensory evaluation together, with chemical and microbial characteristics 
have been used extensively to assess the quality of smoked kapreeta fish fillets. 
Therefore, the effect of storage at refrigerated temperature (5 ± 1°C) on the 
organoleptic attributes of appearance, flavour, texture and overall acceptability 
of smoked fillets was studied. Sensory evaluation in this study was conduct by 
panelists. A nine point hedonic scale was used, a score of nine being the best, 
one being the worst and four being the borderline of acceptability. The obtained 
results are shown in Table (5).The appearance of smoked fish is one of the 
most important organoleptic propertied mainly due to its effect on the 
acceptability of these product by consumer. Smoked fish fillets showed a good 
appearance score 8 after smoking at 0 time storage in both untreated and 
treated smoked fish fillets with %5 thyme or sage essential oils prior smoking. 
During storage the appearance scores tended to decrease until the smoked 
samples were completely rejected organoleptically after 30 days for untreated 
smoked fish samples (5) and after 60 days for smoked fish samples treated with 
5% thyme oil (5) prior smoking and after 75 days for smoked fish samples 
treated with 5% sage oil (5) prior smoking. These data indicated the effect of 
thyme and sage extracts on the appearance scores acceptability of treated 
smoked kapreeta fish during storage. 

 
Regarding to the effect of storage on the texture scores acceptability of 

smoked kapreeta fish fillets, the obtained results illustrated that the untreated 
texture score and treated with 5% thyme or 5% sage of smoked fish at 0 time 
storage was 7. The texture scores of smoked kapreeta fish fillets during storage 
showed the same trend as for appearance scores acceptability.Flavour is a 
major sensory attribute for smoked fish quality. The specific aroma and taste of 
smoked fish were formed due to the effect of volatile compounds from smoking 
and essential oils as sage and thyme extracts. Fresh smoked kapreeta fish 
fillets (0 time storage) recorded very good flavour (taste and odor). The flavour 
scores of smoked kapreeta fish fillets during storage showed the same trend as 
for appearance and texture scores acceptability. It could be observed that the 
overall acceptability scores of smoked fillets did not alter within 15 days of 
untreated fish and within 45 and 60 days of treated fish fillets with 5% thyme or 
5% sage essential oils prior smoking, respectively. These finding for sensory 
evaluation were in a good agreement with the chemical and microbial 
characteristics of smoked kapreeta fish fillets. Similar results have been 
reported in other recent studies (Ozpolat et al., 2010, Duman et al., 2012, Egbal 
et al., 2013 and Yildiz, 2016). 
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CONCLUSION 
  

From the above results, it can be concluded that liquid smoking can 
significantly influence the physicochemical properties of smoked kapreeta fish 
fillets by imparting antioxidant and antimicrobial properties and by influencing 
the sensory attributes.The present work has demonstrated that sage and thyme 
essential oils have antioxidative and antimicrobial properties that can retard 
oxidative rancidity and inhibit microbial growth, thus, extending the shelf life of 
the smoked fish. This is justified by the low TBA and peroxide values, as well as 
microbial count of the sage or thyme treated samples, compared to the 
untreated samples. Organoleptically, the general pattern of consumer 
preference to the products indicates that smoked kapreeta fish fillets treated 
with sage oil followed by thyme oil samples were most acceptable in relation to 
storage stability compared with control samples. According to the present 
results, the shelf life of kapreeta fish fillets was estimated as 15 days for 
untreated smoked fish and 60 days for smoked fish treated with 5% thyme oil 
and 75 days for smoked fish treated with 5% sage oil under refrigerator storage. 
Further research is required to focus on understanding the mechanisms of 
action, in particular concentrations of active ingredients of both sage and thyme 
essential oils which applied to liquid smoked fish products. 
 
Table (1).  Sensory evaluation of purchased fresh kapreeta (like tuna) fish 
 

Panelist 
Specification 

Eye Gill Belly Texture Average 
1 8 7 8 7 7.5 
2 8 8 9 9 8.5 
3 8 7 7 8 7.5 
4 9 8 9 8 8.5 
5 8 8 9 9 8.5 

Average 8.2 7.6 8.2 8.2 8.1 
 
 

Table (2). Proximate composition of fresh and liquid smoked Kaprreta (like 
tuna) fish filets (mean ± SE). 

 

 
Moisture 

(%) 
Protein (%) Fat (%) Ash (%) 

Fresh fish 71.75 ± 2.45 24.54 ± 1.2 2.11 ± 0.40 1.60 ± 0.34 

Smoked fish (no treatment) 53.28 ± 1.80 36.15 ± 1.50 4.13 ± 0.66 5.84 ± 0.86 

Smoked fish 
(pretreated with 5% thyme oil) 

54.50 ± 1.68 36.90 ± 1.22 3.40 ± 0.46 5.60 ± 0.76 

Smoked fish 
(pretreated with 5% Sage oil) 

54.74 ± 1.74 37.03 ± 1.20 3.02 ± 0.36 5.21 ± 0.46 
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Table (5). Organoleptic quality of smoked kaprreta (like tuna) fish during 
storage at 5 ± 1 °C for 90 days (mean ± SE)  

 
Storage Period 

(days) / Smoked 
Fish treatments 

 
Appearance 

 
Texture 

 
Flavour 

Overall 
acceptability 

No Treatment     
0 days 8 7 9 8 

15 days 6 5 7 6 
30 days 4 4 4 4 
45 days 3 3 3 3 
60 days 2 2 2 2 
75 days 1 1 1 1 
90 days 1 1 1 1 

5% Thyme extract     
0 days 8 7 9 8 

15 days 8 8 8 8 
30 days 5 6 6 6 
45 days 5 5 5 5 
60 days 5 5 5 5 
75 days 4 4 4 4 
90 days 2 2 2 2 

5% Sage extract     
0 days 8 7 9 8 

15 days 8 8 8 8 
30 days 7 7 7 7 
45 days 6 6 6 6 
60 days 6 6 6 6 
75 days 5 5 5 5 
90 days 3 3 3 3 
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 المخلص العربي
 

  جودة وثبات سمك الكبريتة المدخن بسائل التدخين خ�ل التخزين المبرد
  

  **أحمد السيد عبد )**طارق محمد سرور السيدلب ل جنينة *محمد أبوطا*مھا إسماعي
     علوم البحار والمصايد   *المعھد القومي ل

  جامعة اRسكندرية –كلية الزراعة سابا باشا **
  

يتواجد سمك الكبريتة في مصر ضمن ا\سماك البحرية ولكن Z يلقي قبوZ لدي المستھلك المصري Rغمقاق لون اللحم 
ق مختلفة د الدم ضمن خjيا اللحم بالداخل لذا فإن ھذا النوع من ا\سماك يجب تصنيعه وحفظه بطرالمشوب بالدم ووجو

الھدف من ھذا البحث ھو دراسة تأثير التدخين بالسائل والزيوت العطرية الطيارة وإضافتھا للسمك منھا التعليب والتدخين. 
jتم تقدير التحاليل ا\ولية في السمك الطازج يوم.  ٩٠رد لمدة ل التخزين المبقبل التدخين علي جودة لحم سمك الكبريتة خ

والمدخن وكذا التحاليل الكيماوية والميكروبيولوجية والحسية لجميع العينات المدخنة كم تم التعرف على تركيب ا\حماض 
  الدھنية خjل مراحل التخزين وذلك لتقدير الجودة وثبات اللبيدات لسمك الكبريتة المدخن. 

  
حت النتائج انخفاض في نسبة الرطوبة وزيادة كل من نسب البروتين واللبيدات والرماد بعد التدخين. وقد أوض

) النتروجين الكلي المتطاير ومركب التراي (TVB-Nبالتخزين. كما أوضحت النتائج أن كل من  pHارتفع قليj قيم 
) كلھا FFA) وكذا ا\حماض الدھنية الحرة (TBA) ورقم البيروكسيد وتقدير حمض الثيوبيوترك (TMAمثيل أمين (

ارتفعت خjل التخزين بشكل أعلي في السمك غير المعامل عن السمك المعامل بالزيوت الطيارة لكل من الزعتر 
والمريمية وذلك التخزين. بينما انخفضت معدZت التقديرات الحسية خjل التخزين. وقد أوضح تركيب ا\حماض الدھنية 

% في ٣٥.٨٠% أحماض دھنية عالية درجة عدم التشبع متواجد في السمك غير المعامل وازداد إلى ٣٥.١٤أن نسبة 
% زيت المريمية وكانت ٥% في السمك المعامل بواسطة ٣٦.١٤% زيت الزعتر وإلى ٥السمك المعامل بواسطة 

ض الدھنية عالية عدم التشبع. ) ديكوزا ھيكسا إينويك ھي أعلي نسبة ل�حماDHAإيكوزا بنتا إينويك، ( )(EPAأحماض 
وانخفاض مستوي ا\حماض غير المشبعة يوضح مدي حدوث ا\كسدة خjل مراحل التخزين وكان ھذا اZنخفاض 

ووفقا لنتائج الزعتر والمريمية قبل التدخين.  والتغير في الحد ا\دني في عينات السمك المعاملة بالزيوت الطيارة لكل من
بيدات بميكروبيولوجية والحسية فقد وجد أن سمك الكبريتة المدخن كان له درجة جودة عالية وثبات للالتحاليل الكيماوية وال

يوم في السمك المعامل بزيت الزعتر  ٦٠يوم في السمك غير المعامل وازدادت فترة الصjحية إلي ٣٠لمدة صjحية 
  التخزين المبرد. يوم في السمك المعامل بزيت المريمية تحت ظروف  ٧٥وازدادت أكثر إلى 

  
ويمكن تلخيص أن فيلية سمك الكبريتة المعامل بالزيوت الطيارة للزعتر والمريمية قبل التدخين كان له تأثير 
إيجابي فعال علي الجودة وفترة الصjحية للسمك المدخن وكذا اZحتفاظ بثبات ا\حماض الدھنية دون التأثير عليھا 

  وبالتالي تقليل ا\كسدة. 
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and Population of The Different Developmental Stages 
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(Saund.) 
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ABSTRACT: The influence of constant temperatures (20, 25, 30 and 35 °C) as 

accumulated heat units (day degrees) on the emergence and stages of development of the pink 
bollworm (PBW) (Pectinophora gossypiella).has been studied under laboratory conditions of the 
constant temperatures of 20, 25, 30 and 35°C The observed incubation periods, rate of 
development, the theoretical lower threshold of development (t0) and the degree days (DDS) of 
each stage were estimated. Generally, the obtained results showed a negative relationship 
between incubation temperatures (°C) and lengths of incubation periods for all PBW stages. 
Referring to the constant temperatures, the PBW stage periods were varied between 20°C and 
35°C, hence, They ranged from 7.2 to 2.87, 30.89 to 7.76, 24.4 to 9.83, 4.28 to 1.26, 6.3 to 2.8 
and from 6.1 to 2.6 days for eggs, larvae, pupae, pre-oviposition period, oviposition period, 
post-oviposition period , consequently. The estimated lower threshold temperature (t0) has been 
differed according to the developmental stage. The (t0) values were 10.63, 14.82, 9.28, 12.19, 
8.44 and 7.53 °C for eggs, larvae, pupae, pre-oviposition, oviposition, post-oviposition periods, 
respectively. The thermal units as degree days (DD's) were also calculated for each immature 
and mature stages. The heat unit's accumulations as a part of IPM could be of  benefit for 
forecasting population  of  the different  PBW stages, which were highly important for the 
predicting  pest population and  applying  insecticides at the optimum time to obtain timely 
insect control.  
Keywords: Heat Unit, Pink Bollworm, Prediction, Accumulated degree days (dd's), Lower 

threshold (t0). 

 

INTRODUCTION 
 

 The Pink bollworm, Pectinophora gossypiella (Saund.) 
[Lepidoptera:Gelechiidae] is one of the most important pests that attacks cotton 
squares and bolls   in Egypt and many countries in the worldwide . Many of the 
full –grown larvae spend late autumn, winter and early spring in the form of 
diapausing larvae inside cotton seeds and dry bolls. The emerging moths are 
considered as a source of renewing infestation to the new cotton crop next year 
Rashad  (1992). 
 

The timing of emergence is a critical point in the life history of any pest; 
It is the beginning of the life  cycle that  seriously cause  crop damage and to 
yield loss. The influence of temperature in determining the emergence and 
development of insect  Population was well established  (Eckenrode and 
Chapman, 1972; Lves, 1973; Aliniazee 1976; Riedl et al., 1976 and Toscano et 
al ,1979). Thermal unit or effective day-degrees accumulation system has 
implications for pest management well as well as areas of applied entomology. 
The degree – days  system is a fundamental basis for temperature–dependent 
population models, which have been widely used for prediction of population 
events of many insect species ( Whalon  and Smilowitz ,1979 ).  
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Application of heat unit accumulations and the pink bollworm were 
discussed by several authors (Gutierrez et al; 1977 ; Watson 1980; Gutierrez et 
al;1981 and Metwally et al ;1996). 
 

A method of heat summation reported by Sevacherian et al; (1977) was 
utilized to predict the spring pattern emergence of the pink bollworm by 
monitoring daily maximum and minimum temperatures and summing heat unit 
(i.e., degree – days). Accumulating degree- days has been proved to be the 
accurate means for forecasting cumulative pink bollworm moth emergence 
under both cage and field conditions in Imperial Valley, California, USA, for four 
years (Sevacherian et al., 1977). Toscano et al. (1979) mentioned that no 
significant difference at the 90% level in PBW population peaks between 
insecticides treated and untreated fields, thus treated and untreated field were 
compared and used for peak prediction by thermal summation.  

 
In Egypt, many authors' applied the heat unit applications for forecasting 

the emergence of many insect pests, some of those are:  ( Al-beltagy, 1999(1,2)  
and Yones et al., 2011). The present work as a part of series of studies that had 
been subjected to the forecasting of PBW emergence and population dynamics 
and to related study the effectiveness of different constant temperature degrees 
on both immature and adult stages of P. gossypiella for estimating their 
theoretical development thresholds (t0) and the accumulated thermal units (K) 
required to complete development of each stage.  
 

MATERIAL AND METHODS 
 

Eggs of the pink bollworm P. gossypiella were obtained from the Division 
of Bollworms, Plant Protection Research Institute, Agric. Res. Center, Egypt 
resulting from susceptible strains reared in the laboratory for at least twenty 
generations on an artificial diet. 
 

The pink bollworm (PBW) stages were kept under the four constant 
temperatures of 20, 25, 30 and 35 °C to determine the rate of development. 
Eggs were transferred to glass vials (2.0 X 7.5 cm); four replicates of 25 eggs / 
each were used for each of the assigned temperatures. Observations were 
made daily to record the time of hatchability. To study the larval development, 
100 newly hatched larvae were transferred, each in a separate glass tube (7.5 x 
2.5 cm.) 25 larvae/replicate as (4 replicates). The larvae were left in the vials 
until pupation. Daily observations were made to count the pupated larvae, larval 
developmental rate and duration and recorded. 

 
Newly formed pupae were collected on the same day of pupation and 

placed in glass tubes (one pupa for each) and plugged tightly with a piece of 
cotton wool. Four replicates (25 pupae, each) were placed at each of the tested 
temperature and observed daily till adult emergence. After being sexed, the 
newly emerged moths of each group resulted from the same temperature were 
isolated in pairs, one pair for each kept in a separate tube (15 cm long - 5 cm 
diam.) opened at each end, provided with a small piece of absorbent cotton 
wool previously soaked in  20% sucrose solution for adult feeding. The two 
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ends of each tube were covered with a piece of cotton, secured rubber band, 
and a small strip of muslin cloth was put as a suitable site of oviposition. Five 
replicates, each has 2 adults (1 male +1 female), were tested at each tested 
temperature. Daily observations were made to record the adult survival. 

 
Duration of different stages and other biological aspects were recorded 

for each temperature degree. Data obtained in the present work were subjected 
to the statistical analysis by t-test. 

 
The rate of development for P. gossypiella stages  (eggs, larval,  pupae 

and adults)  and  other biological aspects  { pre-oviposition period, oviposition 
period, and post- oviposition period} were also determined by the simple 
formula  (1/t ×100) for the considered temperatures .   

 
To determine the threshold of development (zero of development) of the 

different stages of p. gossypiella, the duration of those stages at 20,25, 30 and 
35°C were calculated . Threshold of development (t0) for each immature and 
mature stages, was established as the point at which the extended velocity – 
temperature line meets the abscissa. This line was previously gained by 
regressing development velocity against temperature according to the 
regression formula:  

  
Y = a + b x 

(t0) = -a / b   &   K = 1 / b 

 
On the other hand, the required thermal units (K)   for complete 

development of each stage were determined according to the equation of 
thermal summation (Blunk, 1923): 

 
K = y (T - t0) 

 
Where y = developmental duration of a given stage; T= temperature in degree 
centigrade; t0 = lower threshold of development and K = thermal units (Degree- 

Days (DD's). 
 

Statistical analysis: 
 Replicates means were computed and the obtained data were 

statistically analyzed, using the analysis of variance (ANOVA) to know the 
significance of differences among treatments. The least significant differences 
between treatments (L.S.D.) were determined according to Duncan (1955). 
 

Regression equation and confidence limits were calculated according to 
probit analysis computer program (Finney 1971). Regression equations was 
also applied to predict mortality percentages (Y) for any applied concentration 
(X), whereas (a) was the intercept from (Y) axis and (b) slop of the linear 
regression 
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RESULTS AND DISCUSSION 
 
Effect of certain constant temperatures on P. gossypiella, with reference 
to its requirements and developmental stages: 
 
1. Egg stage 

The presented data shown in Table (1) indicated the effect of 4 constant 
temperatures and their thermal requirements on the egg stage of the P. 
gossypiella. Figure, (1) also illustrated the regression line that represented the 
relationship between temperature degrees (°C) and corresponding   incubation 
periods (day) for PBW eggs. 
 

Results revealed that the embryogenesis periods of PBW eggs varied 
from 7.2 days at 20°C to 2.87 days at 35°C, with an average of 4.67 days. 
Additionally, the corresponding rate of development varied from 13.89% to 
34.84%, respectively. 

 
The obtained data showed that there was a negative relationship 

between embryogenesis periods and degrees of temperatures (°C), while the 
relationship between temperatures (°C) and rate of development (%) was 
positive. These relationships were calculated by applying the regression 
equation between temperatures (°C) (X-axis) and rate of development (Y- axis), 
which has been obtained by (Y= 1.44(X)-15.28). 

 
The obtained lower threshold temperature for egg stage development (t0) 

was (10.63 °C).  The thermal units (resembled by K) of the degree days (DD's) 
that required for egg development had been obtained by applying its equation 
(K = 1/b). Meanwhile, the average of these thermal units (DD's) was 69.60. 
Where, (t0) = -a/b for the lower threshold temperature and K= 1/b for the degree 
days (DD's). The least DD's was 67.43 resulting from the incubation 
temperature of 20°C. Accordingly, the required thermal units for egg stage     
were 67.43, 73.26, 67.78 and 69.93 for 20, 25, 30 and 35 °C, consequently, 
with an average of 69.60 °C.  
 
Table (1). Development of P. gossypiella egg’s stage under the different 

constant temperatures and thermal requirements. 
 

Temp. (°C) 

Observed Expected 

(t0˚C) 
Degree 
Days 

(DD΄s) 

Incubation  
Period 
(days) 

Rate of 
Development 

% 

Incubation 
period   
(days) 

Rate of 
development 

% 

20 7.2
a
 13.89 7.43 13.45 

10.63 
 

67.43 
25 5.1

b
 19.61 4.85 20.64 73.26 

30 3.5
c
 28.57 3.59 27.82 67.78 

35 2.87
c
 34.84 2.86 35.00 69.93 

Average 4.67 24.23 4.68 24.23  69.60 
L.S.D 0.05 0.716  
* Means followed by the same letter(s) in each column are not significantly different at P ≤ 0.05 level. 
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Figure (1). Regression line of the relationship between Temperature (°C) 
and the corresponding  rate of development (%) for PBW eggs. 

2. Larval stage  
Results in Table (2) included the effect of the constant temperatures on 

the duration period of PBW larval stage and its thermal requirements. Figure (2) 
illustrate also the regression line representing the relationship between 
temperature degrees (°C) and corresponding incubation periods (day) for PBW 
larvae. 

 
The data revealed that the periods of PBW larvae varied from 30.89 days 

at 20°C to 7.76 days at 35°C, with an average of 16.14 days. Correspondingly 
the rate of development varied from 3.24 % to 12.89 %, in respect. 

 
Furthermore, the data approved that there was a negative relationship 

between larval stage periods and degrees of temperatures (°C). Conversely, the 
relationship between temperatures (°C) and rate of development (%) was 
positive that resulted statistically from applying the obtained regression equation 
(Y= 0.63 X -9.34) between temperatures (°C) (X-axis) and rate of development 
(Y- axis.). 

 
The obtained lower threshold of larval development (t0) was (14.82 °C) 

as obtained from the regression line of the relationship between temperature 
(°C) and corresponding incubation periods (day) for PBW larvae in Fig. (2), 
where (t0)=-a/b. The degree days (DD's) required for development were also 
estimated using its equation (K= 1/b). The average of these thermal units (DD's) 
was 158.70 (Table, 2 and Figure, 2). 
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Table (2).  Development of P. gossypiella larvae and  thermal requirements 
under different constant temperatures. 

 

Temp.(°C) 

Observed Expected 

(t0˚C) 
Degree 
Days 

(DD΄s) 

Larval   
duration 
(days) 

Rate of 
Development % 

Larval 
duration 
(days) 

Rate of 
development % 

20 30.89
a
 3.24 30.60 3.27 

 
14.82 

 

160.15 
25 15.05

b
 6.64 15.58 6.42 153.28 

30 10.85
c
 9.22 10.45 9.57 164.75 

35 7.76
d
 12.89 7.86 12.72 156.63 

Average 16.14 8.00 16.12 8.00 158.70 
L.S.D0.05 2.483  

* Means followed by the same letter(s) in each column are not significantly different at P ≤ 0.05 level. 

 

 
 

Figure (2).  Regression line of the relationship between temperature (°C) 
and the corresponding rate of development (%) for PBW 
larvae.  

3. Pupal stage 
Table (3) exhibited the pupal   periods of PBW that varied from 24.4 day 

at 20°C to 9.83 days at 35°C, with an average of 15.21 days. Likewise, the 
corresponding rate of development varied from 4.10 % to 10.17%, respectively. 

 
Employing the obtained regression equation (Y= 0.41(X) - 3.77) between 

temperatures (°C) and rate of development indicated that there was a negative 
relationship between incubation periods of pupal stage and the constant 
temperature degrees (°C), while the relationship between temperatures (°C) 
and rate of development (%) was positive. 

 
Moreover, the developmental zero (t0) for this stage was (9.28 °C). Also, 

the required average of these thermal units as degree days (DD's) for 
development was 247.56 (Table, 3 and Figure, 3). 



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 236    
Vol. 22 (2), 2017 

 
 

Table (3). Development of P. gossypiella pupae and its relation with 
thermal requirements under different constant temperatures.  

       

Temp. (°C) 

Observed Expected 

(t0˚C) 
Degree 
Days 

(DD΄s) 

Pupal 
duration 
(days) 

Rate   of 
Development 

% 

Pupal 
duration 
(days) 

Rate of 
development % 

20 24.4
a
 4.10 22.97 4.35 

 
9.28 

 

261.64 
25 15.1

b
 6.62 15.67 6.38 237.42 

30 11.5
c
 8.70 11.89 8.41 238.31 

35 9.83
c
 10.17 9.58 10.44 252.86 

Average 15.21 7.40 15.03 7.40  247.56 
L.S.D0.05 4.472  

* Means followed by the same letter(s) in each column are not significantly different at P ≤ 0.05 level. 

                  
                  

 
 

Figure (3). Regression line of the relationship between temperature (°C) 
and the corresponding  rate of development (%) for PBW pupal 
stage. 

4. Adult stage 
4.1. Pre-oviposition period 

Results in Table (4) reffered to the pre-oviposition period which varied 
from 4.38 day at 20°C to 1.26 days at 35°C, with an average of 2.24 days. The 
corresponding rate of development varied also from 22.83 % to 79.37%, 
respectively. 
 

The data indicated that there was a negative relationship between 
periods and degrees of temperatures (°C), while the relationship between 
temperatures (°C) and rate of development (%) was positive in case as using 
the regression line equation: 
   (Y=3.67(X) – 44.8). 
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The theoretical lower threshold of development (t0) was 12.19 °C. In 
addition, the highest degree days (34.20 DD's) required for the pre-oviposition 
period was resulted from using incubation temperature of 20 °C. However, he 
average of these thermal units (DD's) was 28.13 (Table, 4 and Figure, 4). 
 
Table (4). Duration periods of P. gossypiella pre-oviposition and its 

thermal requirements under different constant temperatures. 
 

Temp.(°C) 

Observed Expected 

(t0˚C) 
Degree 
Days 

(DD΄s) 
Pre-oviposition 
period (days) 

Rate of 
development  

% 

Pre-oviposition 
period (days) 

Rate of 
development 

% 
20 4.38

a
 22.83 3.48 28.70 

 
12.19 

 

34.20 
25 1.84

b
 54.35 2.12 47.07 23.57 

30 1.46
bc

 68.49 1.53 65.45 26.00 
35 1.26

c
 79.37 1.19 83.82 28.74 

Average 2.24 56.26 2.08 56.26  28.13 
L.S.D0.05 0.491  

* Means followed by the same letter(s) in each column are not significantly different at P ≤ 0.05 level. 

                 
 

 
 
Figure (4).  Regression line of the relationship between temperature (°C) 

and the corresponding rate of development (%) for PBW pre-
oviposition adult stage. 

 
4.2. Oviposition period 

Table (5) concluded that the oviposition periods of PBW significantly 
varied from 6.3 days at 20°C to 2.8 days at 35°C, with an average of 4.18 days. 
The corresponding rate of development varied from 15.87 % to 35.71%, 
respectively. These data indicated that there was a negative relationship 
between oviposition period and the assigned degrees of temperatures (°C), 
while the relationship between temperatures (°C) and rate of development (%) 
was positive, which determined from the regression line equation: Y= 1.39 (X) – 
11.74.  
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The estimated lower threshold of development (t0) was 8.44 °C. The least 
(66.84) and highest (74.52) degree days were recorded by the incubation 
temperatures of 30 and 25°C, respectively. Consequenctly, the average of 
these thermal units (DD's) was 72.14 (Table, 5 and Figure, 5). 
 
Table (5). Duration of P. gossypiella -oviposition period and its thermal 

requirements under different constant temperatures. 
   

Temp.(°C) 

Observed Expected 

(t0˚C) 
Degree Days 

(DD΄s) 
oviposition 

period 
(days) 

Rate of 
development % 

oviposition 
period 
(days) 

Rate of 
Development 

% 

20 6.3
a
 15.87 6.22 16.08 

 
8.44 

 

72.83 
25 4.5

b
 22.22 4.34 23.04 74.52 

30 3.1
c
 32.26 3.33 29.99 66.84 

35 2.8
c
 35.71 2.71 36.95 74.37 

Average 4.18 26.52 4.15 26.52  72.14 
L.S.D0.05 0.953  

* Means followed by the same letter(s) in each column are not significantly different at P ≤ 0.05 level. 

 
 

 
 
Figure (5). Regression line of the relationship between temperature (°C) 

and the corresponding rate of development (%) for PBW 
oviposition adult stage.  

4.3. Post-oviposition period 
The listed results in Table (6) revealed that the post-oviposition periods 

of PBW varied from 6.1 days at 20°C to 2.6 days at 35°C, with an average of 
3.88 days. Furthermore, the corresponding rate of development varied from 
16.39 % to 38.46%, respectively. 
 

The data clarified that there was a negative relationship between the 
post-oviposition periods and the degrees of temperatures (°C), while the 
relationship between temperatures (°C) and rate of development (%) was 
positive by utilizing the regression equation of Y= 1.43 (X) – 10.75 (Figure, 6). 



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 239    
Vol. 22 (2), 2017 

 
 

These findings cleared that the lower threshold of development (t0) was 
7.53 °C. On the other hand, the thermal requirements as expressed in degree 
days changed with the change of incubation temperatures. Consequently, the 
average of the DD's was 70.46. 

   
Table (6). Duration of P. gossypiella post-oviposition period and its 

thermal requirements under different constant temperatures. 
 

Temp.(°C) 

Observed Expected 

(t0˚C) 
Degree 
Days 

(DD΄s) 
Post-oviposition 

period (days) 

Rate   of 
development 

% 

Post-oviposition 
period (days) 

Rate of 
development 

% 

20 6.1
a
 16.39 5.61 17.82 

 
7.53 

 

76.08 
25 3.7

b
 27.03 4.01 24.96 64.65 

30 3.1
c
 32.26 3.11 32.11 69.67 

35 2.6
c
 38.46 2.55 39.25 71.43 

Average 3.88 28.54 3.82 28.54  70.46 
L.S.D0.05 0.580  
* Means followed by the same letter(s) in each column are not significantly different at P ≤ 0.05 level. 

  
  

 
 

Figure (6). Regression line of the relationship between temperature (°C) 
and the corresponding rate of development (%) for post-
oviposition adult stage. 

CONCLUSION 
 

We conclude from that study that there is the effect of temperature on 
some biological aspects of the pink bollworm, expressed as the amount of 
accumulated thermal units. Conducted this study to calculate the zero growth 
phases the theoretical  threshold of development (t0))  to bollworm, pink as well 
as the necessary heat units  each phase separately. The lower thresholds of 
development (t0) were 10.63, 14.82, 9.28, 12.19, 8.44 and 7.53 °C for eggs, 

larvae, pupae, pre-oviposition period, Oviposition period and post- Oviposition 
period respectively. The average accumulated heat units required for 
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development was 69.60,   158.70, 247.56, 28.13, 72.14 and70.46 degree-days 
for egg, larvae, pupae, pre-oviposition period, Oviposition period and post- 
Oviposition period respectively. The lower threshold of development (t0). The 

time required for embryogensis, larval duration and pupal duration decreased 
as the temperatures increased from 20 to 35°C and thus can be expected to 
predict when or application control means or different strategies to combat the 
scourge. 
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Genotypes to Salinity Stress 
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ABSTRACT: A pot experiment was carried out under greenhouse conditions to test the 

reaction of different wheat genotypes to salt stress. The seeds of 15 wheat genotypes were 
grown in pots containing sandy loam soil and later on the seedlings were subjected to 3 levels 
of saline irrigation water after 2 weeks of seed germination. The selected wheat cultivars 
included Shakha 93, Sakha 94, Misr1, Sids1, Sids12, Sids13, Giza168, Giza171, Sahel 1, 
Shandawil 1, Gemmiza 7, Gemmiza 9, Gemmiza 10, Gemmiza 11 and Gemmiza 12. The 
salinity of irrigation water was prepared by dissolving an appropriate amount of NaCl in tap 
water and adjusted to give 4500 and 8500 mg/l, beside the control treatment of tap water (500 
mg/l). After 5 months of saline water application, the plants were harvested, whereas plant 
growth indices, grain and straw yields, as well as the harvest index were recorded. The results 
have shown that plant growth characteristics and yield potentials were significantly suppressed 
with increasing the salinity stress levels, but the rate of decline varied considerably among all 
trails. The more serious effect of the salinity exposure was manifested on grain yield, being 39.8 
and 54.5% at 4500 and 8500 mg/l, respectively. Wheat genotypes, namely Gemmiza 7, 
Gemmiza 9 and Sids 1 were more superior in grain yield performance, even at the highest 
concentration level of irrigation water. Unlike, Gemmiza 11, 12;  Misr 1,  Sakha 94, Giza 168, 
171, Shandweel 1 and Sids 12, 13 were reacted as the more salt-sensitive cultivars. The 
remaining genotypes were intermediate in reaction. On the evaluation and screening wheat 

cultivars to salt stress, the simple regression equation of the type y=a + b X
 
was considered 

to give a better expression for the quantitative assessment.  According to our calculations, 
genotypes, i.e. Gemmiza 7, Gemmiza 9 and Sids1 were classified as salt tolerant cultivars and 
Sakha93, Sahel 1 & Gemmiza 10 as moderately salt tolerant and the remaining cultivars 
showed higher sensitivity to salt tolerance.  It could be concluded that the more salt tolerant 
varieties could be used as a valuable cultivars in breeding programs under salt-stressed 
condition. 

Keywords: wheat genotypes – salinity stress – screening –salt tolerant  

 

INTRODUCTION 
 Soil salinity is one of the major abiotic stresses affecting agricultural 

production in semi-arid regions and has negative impacts on plant growth and 
global crop productivity (Dehdari et al., 2005; Munns et al., 2006 and Huang et 
al., 2008).The salinity problems in these areas may be a result of limited water 
availability, unsuitable irrigation practices, improper drainage, and high 
evaporation (Abd Alrahman et al., 2005). In order to sustain food crop 
production in such regions, it is necessary to introduce cultivars with enhanced 
salinity tolerance (Munns et al., 2006; Abu Hasan et al., 2015).  

 
Wheat, as the most important crop for human consumption in the world, 

is frequently grown in regions with saline and alkaline soils. Therefore, breeding 
for realizing salt tolerance would be an effective mean for improving yield and 
yield stability under such conditions (Genc et al., 2007). Many investigators 
have reported marked retardation in the germination and plant growth of 
seedlings of several field crops at the higher salinity levels (Bernstein, 1961). 
However plant species differ in their sensitivity or tolerance to salts (Torech and 
Thompson, 1993). 
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Screening large numbers of genotypes to salt stress in the field is 
difficult, due to spatial heterogeneity of soil chemical and physical properties 
and to the seasonal fluctuations in rainfall (Munns and James, 2003). Screening 
techniques that can be carried out under controlled environments have 
therefore often been used as measurements of growth (root elongation, leaf 
elongation, biomass or yield), measurements of injury (Leakage from leaf discs, 
chlorophyll content or chlorophyll fluorescence) and specific ion accumulation, 
including Na+ and/or Cl− exclusion  and K+/Na+ ratio (Munns and James, 2003). 
Large numbers of bread and durum wheat genotypes have been screened for 
the relative salt tolerance in glasshouses, using the criteria of biomass 
production at high salinity up to 250 mM NaCl (Kingsbury and Epstein, 1984; 
Martin et al., 1994). 

 
The effects of salt stress on wheat plant growth and development have 

been attributed to the retardation of seed germination and seedling growth 
performances (Almansouri et al., 2001), reduced grain yields (Maas and Poss, 
1989) via accelerating apex development (Grieve et al., 1992; Katerji et al., 
2005), shortening the spiklelet development, reducing number of spikelets per 
spike (Frank et al., 1987), kernels per spike, and the number of spike tillers 
(Maas and Grieve,1990; Katerji et al., 2005) due to the disruption of water 
uptake and nutritional  supply in rooting zone. 

 
The main goal of the present study is being proposed to evaluate the salt 

tolerance, growth and yield performance of some different wheat genotypes to 
salt stress in Egypt. 

 

MATERIALS AND METHODS 
  

This investigation was performed to test the reaction of 15 different 
wheat genotypes to salt stress. The plant materials were provided from the 
Crop Research Institute, Agricultural Research Center (ARC) in Giza, Egypt. 
The selection was, however, considered to cover the crop adaptation to all 
environmental conditions prevailing in Egypt. Based on this concept, 15 wheat 
cultivars, namely, Sakha 93, Sakha 94, Misr 1, Sids 1, Sids 12, Sids 13, Giza 
168, Giza 171, Sahel 1, Shandawil 1, Gemmiza 7, Gemmiza 9, Gemmiza 10, 
Gemmiza 11 and Gemmiza 12 were selected to test their salt tolerance under 
greenhouse conditions at the Soil Salinity Department, ARC- Alexandria. The 
seeds were planted in pots (30cm in diameter and 30cm in height) containing 
sandy loam soil (15 kg), during the growing season 2013/2014. The initial 
chemical and physical properties of the used soil and the tap water 
characteristics are given in Table 1. 

 
A factorial trait, comprising of 15 wheat genotypes and 3 saline irrigation 

water levels, i.e., 500, 4500 and 8500 mg/l NaCl, were replicated 3 times in a 
complete randomized block design. After seed germination (8 December 2013), 
the seedlings were thinned, keeping the stand at 5 plants /pot. The growing 
plants were subjected to salt stress after 3 weeks up to the harvest time. 
Nitrogen and potassium were applied as ammonium nitrate and potassium 
sulfate fertilizers, at rates of 100 kg N/fed and 48kg K2O/fed, respectively, 
partitioned in 3 equal doses for N ( at planting, 3 weeks after the planting date 
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and before tillering stage). While phosphorus fertilizer rate 15.5 kg P2O2/fed was 
initially incorporated to the soil before cultivation. K was applied, in a single 
dose, after 6 weeks of planting date. 

 
At maturity (May 2014), the plants were harvested and agronomic data 

including plant height, grain yield (GY), straw yield (SY), number of tillers and 
number of spikes for the different wheat cultivars were recorded.  

 
The term "harvest index, HI %" is being introduced to relate the GY to 

total plant biomass. Accordingly, HI was calculated using the following relation: 
HI (%) = {GY/ (GY+SY)} X 100 

 
The obtained data were subjected to the analysis of variance (ANOVA) 

using CoSTAT Program described by Co Hort (1986). The significant 
differences among treatment means were evaluated on the basis of the 
calculated values of LSD (Duncan, 1965). Besides, regression/correlation 
analyses were carried out to give a quantitative expression on the reaction of 
the involved wheat genotypes to salt tolerance. 
 
Table (1). Soil and tap water characteristics  
 

Characteristics Soil Tap water 

Soil pH (1:2 soil-water) 7.73 7.50 
Soil EC (1:2 soil-water) (dSm-1) 1.70 0.78 
Soluble cations (meq/L) 
Calcium (Ca++) 7.00 3.20 
Magnesium (Mg++) 4.00 1.75 
Sodium (Na+) 5.60 2.50 
Potassium (K+) 0.59 0.35 
Soluble anions (meq/L) 
Bicarbonate (HCO3

-) 4.64 1.60 
Chloride (Cl-) 9.00 3.85 
Sulphate (SO4

--) 3.55 2.3 
   
Total CaCO3 (%) 15.5 - 
Total nitrogen (%) 0.02 - 
Total phosphorus (%) 0.15 - 
Total potassium (%) 3.56 - 
Organic matter (%) 0.16 - 
Mechanical analysis (%) 
Clay 2.8 - 
Silt 77.8 - 
Sand Sandy loam - 
Soil texture  - 
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RESULTS AND DISCUSSION 
 

The analysis of variance (ANOVA) presented in Table (2) revealed that 
the main effects, including wheat genotypes and the salt stress exposure as 
well as their interaction  imposed significant trend on the all selected traits at P≤ 
0.05. To eliminate the diversion effects of the single and combined treatments 
on GY and SY performances, the term "harvest index percentage; HI %" and 
relative grain yield are being introduced to relate the GY to total plant biomass 
and GY at S0 treatment, respectively. 

 
Table (2). Analysis of variance (ANOVA) for plant growth indices , grain 

and straw yield records 
 

SOV df 

Significant level 

Plant growth indices Grain & Straw yield records 

Plant 
height(cm) 

Spikes 
No /pot 

Tilleres 
No /pot 

Straw 
yield 
g/pot 

Grain 
yield  
g/pot 

Harvest  
Index % 

(HI) 

Relative 
yield % 

Blocks 2 ns ns ns ns ns ns ns 
Main Effects 
varieties 14 ** ** ** ** ** ** ** 
salinity 2 ** ** ** ** ** ** ** 
Interaction 
varietiesXsalinity 28 * ** ** ** ** ** ** 

MS Error  8.09 1.96 23.22 15.02 8.92 13.45 20.69 

ns  = No significant difference       **   = Significant at 1  % level       *  =  Significant at 5 % levels 

 
1. Main treatment effects 
1.1. Effect of saline irrigation water 

Regardless to the main effects of wheat genotypes, the plant growth 
indices, including plant height, spikes and tillers numbers per pot, yield 
components (straw, grain yields and harvest index) and relative grain yield 
(RGY) were significantly decreased with increasing salinity levels from So to S2 
(Table 3a and Figure1). Relative to the control treatment, increasing the salinity 
level to 8500 mg/l decreased the plant height and the number of spikes by 13.9 
and 29.5%, respectively, accompanied by extensive drop in the number of tillers 
(44.8%). The calculated inhibiting effects on yield components at the highest 
salt stress exposure accounted for marked significant decrements, defined by 
39.8 and 54.5% for straw and grain yields, respectively. Similar trend was 
recorded on HI % and RGY, but the depressive effect varied considerably 
between the respective traits from 6.6 to 46.1%, respectively. The correlation 
analysis between the agronomic data (Table 3b) revealed that there are highly 
positive correlation between the all possible combination of the studied traits 
under salt stress conditions, whereas the r values ranged between 0.92 and 
0.99 (below the diagonal line). However, the corresponding coefficient of 
determination was, subsequently, 85-98%.  

 
Growth and yield reduction could explained to a number of reasons, 

basically to the inhibitory effect of the osmotic effects of salt in the soil solutions, 
that causes acting to induce the acceleration senescence due to leaf water 
deficit or hormonal disruption from rooting  system (Dura et al., 2011). Under 
such conditions, it seems possibly that nutrients uptake and its translocation to 
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the aerial plant parts are being disturbed, due to the excessive Na+   
accumulation. This holds true, because the highest concentrations of irrigation 
water may induce toxic effects on leaves as result of excessive salt 
accumulation in cytoplasm or cell wall (Sairam and Tyagi, 2004). These results 
are in agreement with the data reported by Chartzoulakis and Klapaki (2000) 
indicating that salinity affected plant growth processes; in terms of plant height, 
fresh and dry weights of roots, stem and leaves expression grain yield 
potentials and deterioration of the product quality. 

 
Table (3a).  Main effect of salinity and wheat cultivars treatments on grain 

yield and the attendent tillering 
 

 
Table (3b). Correlation analysis between grain yield and some agronomic 

data 

* ,** = significant at 5% and 1 % levels, respectively -  ns= nonsignificant 

 
 

Treatments 

          Plant growth indices             Yield components 
Relative 
 Yield % 

plant 
Height(cm) 

No. of 
spikes/pot 

Tilleres 
No 
/pot 

Straw yield Grain yield Harvest 
Index 

% 
g/pot g/pot 

S
a
li

n
it

y S0 78.49 17.63 27.56 51.70 44.02 47.09 100.00 
S1  72.42 14.76 16.78 39.72 30.42 43.76 70.03 
S2 67.82 12.43 15.22 31.09 19.96 40.48 46.13 

  L.S.D. 1.19 0.59 2.02 1.62 1.25 1.54 1.91 

  Sakha 93 62.78 12.88 18.33 35.81 26.89 42.68 75.47 

 Sakha 94 69.78 15.83 23.89 40.34 33.56 43.71 69.43 

 Misr 1 73.00 16.83 27.78 43.20 34.72 44.88 68.61 

Sids 1 79.11 18.67 26.11 64.93 32.96 33.80 81.94 

W
h

e
a
t 

c
u

lt
iv

a
rs

 

Sids 12 72.56 8.11 11.67 29.40 27.52 48.41 64.54 

Sids 13 60.78 18.44 26.11 29.64 32.59 52.19 65.68 

Giza 168 69.11 15.33 23.89 37.60 31.72 46.01 67.80 

Giza 171 79.00 11.44 17.78 25.31 33.44 55.09 67.11 

Sahel 1 76.44 15.67 21.67 46.84 35.48 42.48 73.78 

Shandweel 1 75.39 15.67 21.11 49.42 30.60 37.21 68.18 

Gemmiza 7 78.11 11.05 13.89 40.90 30.13 42.34 85.10 

Gemmiza 9 75.00 19.44 20.56 52.48 31.44 37.98 86.13 

Gemmiza 10 70.11 16.56 16.67 36.32 32.57 46.97 71.20 

Gemmiza 11 80.17 12.44 13.33 43.13 30.03 40.92 69.21 

Gemmiza 12 72.33 15.72 15.00 37.21 28.31 41.96 66.62 

  L.S.D. 2.66 1.31 4.51 3.63 2.80 3.44 4.26 

   
Varieties 

  

Salinity 
 

 
Grain 
yield 

Straw yield Spikes No 
Tilleres 

No  

Grain yield 
 

ns ns ns 
Straw yield 0.99** 

 
0.55 * ns 

Spikes No 0.99** 0.98** 
 

0.74** 
Tilleres No 0.92** 0.92** 0.90** 
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Fig.(1). Main effect of salinity on plant height (I), growth index term (II), 

yield component (ⅢⅢⅢⅢ) and relative yield (ⅣⅣⅣⅣ) of wheat plant.  

       
1.2. Varietal effect of wheat genotypes: 

Irrespective to the salinity treatment, the results given in Table 3a 
indicated that there are wide variations in all traits among wheat genotypes. 
Despite of the insignificant trend existed between sids1 and Gemmiza 9, 
particularly, in the number of spikes, GY and RGY data, as revealed from LSD 
comparisons, opposite significant trend were detected on plant height, number 
of tillers and HI (Table 3a). The present data demonstrated that the number of 
spikes, GY and RGY for sids1 were 18.67, 32.19 g/pot and 81.94%, 
respectively.  The respective records for Gemmiza 9 were, subsequently, 19.44, 
31.44 g/pot and 86.13%. The reaction of the remaining wheat cultivars with 
respect to their performance on plant growth indices and yield components as 
well as RGY is not clearly defined. Except the detected positive correlations 
existed between SY and the number of spikes and/or spikes and tillers numbers 
(above the diagonal line), weak correlation were appeared between the 
remaining traits (Table 3b). Such variations would suggest that there are 
several interacting factors have been taken place within the plant under salt-
stressed conditions affecting the pathway of metabolic processes including 
marked differentiation on the mode of plant growth and yield components 
(Sharma, 2013).  

 
It seems possibly that such variation could be also inferred the inherent 

capacity and the presence of marked genes that control the plant capability to 
salt stress (Naz et al., 2015). In this regard, Naz et al. (2015) stated that the salt 
tolerance within plant species and/or cultivars could be ascribed to the dominant 
genes (Krishania et al., 2015).  

 
The superior plant growth of the more salt tolerant cultivars (Sids1 & 

Gemmiza 9) than sensitive ones (Sids 12 & Sids 13) could be due to the 
reduction in Na+ accumulation and mobilization of the defense mechanisms 
including antioxidative enzymes which might have suppressed the Na+ transport 
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to further tissues (Gupta and Huang, 2014).The reduction in fresh and dry 
biomass with increasing salinity can be attributed to reduced photosynthesis 
rate and other physiological functions. These results are in agreement with 
Khan et al.(2004); Kanwal et al. (2011); Rao et al. (2013) and El-Haddad and 
Mostafa (2007).  

                                                                                                                                                                      
2. The 2-way interaction: 

The interaction study of the two involved treatments indicated that the 
differences in plant growth, in terms of plant height, between the coupled 
cultivars, e.g., Sahel 1, Schandweel 1 and Gemmiza 7 at any given salinity 
were not significant at P≤0.05 (Table 4a and Fig.2). The results also showed 
that although the variations in plant height criteria between S0 and S2 for Sakha 
93, Giza 168 and Gemmiza 12  cultivars were significant, the reaction of 
respective cultivars did not exhibit any significant trend between S0 and S1 
(Table 4a & Fig.2). In contrast, the differences in plant height between the all 
comparisons at any given salinity level of the remaining wheat cultivars imposed 
marked significant variations at P≤ 0.05. 

 
Except the reaction of Misr 1, Sids 1, Sahel 1, Shandweel 1 and 

Gemmiza 12, the results detected on the number of spikes per pot 
demonstrated that the variations in this criteria between S1 and S2 for all 
cultivars were significant at P≤ 0.05 (Table 4a and Fig.2). Based on the LSD 
comparisons, the insignificant trend was also recorded on the variation of spikes 
numbers between S0 and S1 for cultivars Sakha 93, Sids 12, Giza 171, 
Gemmiza11 and 12.   

 
Table (4a). The interaction effect of salinity and wheat varieties treatments on 

plant growth indices 
 

wheat varieties 
Plant Growth Indices 

Plant height (cm)  Spikes No /pot Tillers No/pot 
S0 S1 S2 S0 S1 S2 S0 S1 S2 

Sakha 93 65.7 62.7 60.0 15.7 13.7 9.3 26.7 18.3 10.0 
Sakha 94 76.3 70.3 62.7 19.5 15.5 12.5 33.3 23.3 15.0 
Misr 1 81.7 71.0 66.3 19.2 16.0 15.3 43.3 20.0 20.0 
Sids 1 84.0 81.3 72.0 23.0 16.7 16.3 43.3 16.7 18.3 
Sids 12 80.7 71.0 66.0 10.0 8.0 6.3 13.3 8.3 13.3 
Sids 13 66.3 61.3 54.7 20.7 18.7 16.0 40.0 20.0 18.3 
Giza 168 71.7 69.0 66.7 17.7 15.3 13.0 35.0 18.3 18.3 
Giza 171 82.7 80.0 74.3 13.0 12.0 9.3 21.7 16.7 15.0 
Sahel 1 81.3 75.0 73.0 18.0 15.0 14.0 28.3 18.3 18.3 
Shandweel 1 81.5 75.0 69.7 19.0 15.0 13.0 30.0 16.7 16.7 
Gemmiza 7 81.3 78.0 75.0 12.5 11.7 9.0 16.7 13.3 11.7 
Gemmiza 9 83.0 73.0 69.0 24.0 18.7 15.7 23.3 18.3 20.0 
Gemmiza 10 77.7 68.0 64.7 20.0 16.7 13.0 18.3 15.0 16.7 
Gemmiza 11 88.2 78.3 74.0 14.7 13.0 9.7 18.3 11.7 10.0 
Gemmiza 12 75.3 72.3 69.3 17.7 15.5 14.0 21.7 16.7 6.7 

Mean 78.5 72.4 67.8 17.6 14.8 12.4 27.5 16.8 15.2 
L.S.D  at 5%   4.6     2.3     6.8   
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Table (4b). The interaction effect of salinity and wheat varities treatments on 
straw and grain yield records 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. (2). Effect of saline irrigation water on growth indices (ⅠⅠⅠⅠ,ⅡⅡⅡⅡ ,ⅢⅢⅢⅢ) and 

yield records (ⅣⅣⅣⅣ & ⅤⅤⅤⅤ) of wheat genotypes  

 
  

wheat 
varieties 

Grain and straw yield records 
Straw weight, g/pot Grain yield, g/pot Relative Grain yield % Harvest Index % 

S0 S1 S2 S0 S1 S2 S0 S1 S2 S0 S1 S2 

Sakha 93 49.5 36.2 21.8 35.6 29.6 15.4 100.0 83.1 43.3 41.8 45.0 41.2 
Sakha 94 48.1 41.2 31.7 48.3 35.1 17.2 100.0 72.6 35.6 50.1 46.0 35.1 
Misr 1 63.0 43.0 23.6 50.6 33.2 20.4 100.0 65.5 40.3 44.5 43.6 46.5 
Sids 1 84.8 55.5 54.5 40.2 32.9 25.8 100.0 81.7 64.1 32.2 37.2 32.0 
Sids 12 39.4 33.2 15.7 42.6 22.5 17.4 100.0 52.9 40.8 52.0 40.6 52.6 
Sids 13 24.9 34.1 29.9 49.6 30.5 17.6 100.0 61.6 35.4 66.4 47.3 42.8 
Giza 168 57.3 32.8 22.8 46.8 28.4 20.0 100.0 60.7 42.7 45.1 46.5 46.4 
Giza 171 28.0 26.1 21.9 49.8 31.3 19.1 100.0 62.9 38.4 64.0 54.6 46.7 
Sahel 1 57.7 38.4 44.5 48.1 35.1 23.3 100.0 73.0 48.4 45.5 47.6 34.3 
Shandweel 1 58.6 55.7 34.0 44.9 29.9 17.0 100.0 66.6 37.9 43.4 34.9 33.4 
Gemmiza 7 47.5 40.5 34.7 35.4 31.9 23.1 100.0 90.1 65.2 42.9 44.2 40.0 
Gemmiza 9 72.2 45.1 40.1 36.5 34.3 23.5 100.0 94.0 64.4 33.6 43.4 37.0 
Gemmiza 10 46.7 35.1 27.2 45.7 28.6 23.3 100.0 62.6 51.0 49.5 45.0 46.4 
Gemmiza 11 61.8 39.4 28.1 43.4 28.9 17.8 100.0 66.7 41.0 41.2 42.7 38.9 
Gemmiza 12 36.1 39.5 36.0 42.5 23.9 18.5 100.0 56.3 43.5 54.2 37.8 33.9 

Mean 51.7 39.7 31.1 44.0 30.4 20.0 100.0 70.0 46.1 47.1 43.8 40.5 

L.S.D  at 5% 
 

6.3 
  

4.86 
  

7.39 
  

5.97 
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The performance of remaining wheat cultivars imposed remarkable 
significant trend on the variations of this trait between all the comparisons at 
each salinity level.  

  
The results outlined on the number of tillers per pot showed that the 

variations in these criteria between S1, S2 for all cultivars except the reaction of 
Sakha 93, 94 and Gemmiza 12 were not significant (Table 4a and Fig.2). Based 
on the LSD comparisons, the insignificant trend was also registered on the 
variation of tillers numbers between S0 and S1 for Sids 12, Gemmiza 7, 9, 10, 
11 and 12 cultivars. The performance of the remaining wheat cultivars exerted 
remarkable significant trend on the variations of this trait between the all 
comparisons of salt treatments.  

 
Moreover, the interaction study of the two implicated salinity treatments 

indicated that the differences in straw yield between the coupled salinity levels, 
e.g., S1 and S2 were not significant at P≤ 0.05 for sids 1, sids 13, giza 171, 
sahel 1, gemmiza 7, 9 and 12 cultivars (Table 4a, Fig. 2). The results also 
revealed that the variations in straw yield criteria between S0 and S1 for Sids 12, 
Giza 171 and Gemmiza 12 cultivars were also limited with no significant trend 
(Table 4b and Fig.2). The performance of the other wheat cultivars showed 
significant trend on the variations of this criteria between all the comparisons of 
salt treatments. 

 
In accordance to the LSD comparison, only, the variations in grain yield 

data between S0 and S1 for Gemmiza 7 and 9 cultivars were insignificant at P≤ 
0.05 (Table 4b and Fig.2). The differences in this criteria between all the 
comparisons at any given salinity level for the remaining wheat cultivars showed 
marked significant trend at P≤ 0.05. 

 
On the other hand, when the grain yield of salt- treated cultivars were 

compared as a percent of maximum yield (relative grain yield, RGY), the 
differences in this criteria for all the comparisons between the salinity treatment 
for any given wheat cultivars imposed significant variations (Table 4b). The 
results documented in Table 4b proved that wheat cultivars ,namely , Sakha 93, 
Misr 1, Sids 1, Giza 168, Gemmiza 7 and 11 behaved similarly with respect  to 
the attendant variations in harvest index (HI), unlike the reaction of the 
remaining wheat cultivars exerted remarkable and significant variations in (HI) 
across the salt exposure treatments. 
 
3. Salt tolerance assessment of wheat genotypes 

The results given in Table (5) showed that wheat cultivars exhibited 
differential response in grain yield potentials across the all levels of salinity 
exposure. Such differences are being expected, due to the genotypic variability 
of the respective plant materials (Naz et al., 2015). Quantitative screening to 
salt tolerance, under such condition, is apparently difficult. To meet the 
objectives, all the actual records of grain yield data were expressed in terms of 
relative values (Table 3a). Accordingly, a quantitative rating system of the 
respective wheat cultivars on the basis of a fixed scale was, however, realized 
to evaluate the performance of salt tolerance concept. In this regard, different 
types of regression equations were preliminary tested to select the best 
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expression that describes the reaction of wheat cultivars. This concept has 
been previously proposed by Soliman et al. (1978) and is being applicable, 
taking into account the highest correlation coefficient (r) and/or R2, together with 
the lowest standard error of the calculated regression coefficient (b). Our trails 

proved that the simple regression equation, namely, y=a + b X
 gave the best 

fitting for grain yield data and more impressive if it is compared with the other 
tested equations. 

 
Since the regression coefficient value (b) give an accurate indication for 

the rate grain yield depression across the salinity level, the calculated values 
(Table 5) showed that Gemmiza 7, Gemmiza 9 and Sids 1 cultivars behaved 
similarly and were relatively the highest in salt tolerance and the least in salt 
injury providing minimum b values( -0.466, -0.475 and -0.502, respectively).  
These results are being confirmed by comparing the bs' values, whereas the 
ratio accounted for 1.0, 1.02 and 1.08 for the respective cultivars. In this 
respect, the predicted salt concentration of the irrigation water, associated with 
50% of the relative grain reduction, as defined by (Richards, 1954), accounted 
for 18475, 17984 and 15401 mg/l, respectively. On the contrary, Gemmiza 11, 
Misr 1, Sakha 94, Giza 168, Shandweel 1, Gemmiza 12, Giza 171, Sids 13 and 
Sids 12 cultivars were relatively more salt sensitive. The corresponding salt 
concentration of irrigation water incorporated for the 50% reduction in relative 
grain yield were subsequently, 6982, 6817, 6811, 6725, 6626, 6489, 6407, 6029 
and 5974 mg/l. The attendant ratio of bs' values were relating the highest, being 
1.79, 1.81, 1.90, 1.78, 1.87, 1.82, 1.88, 1.97 and 1.87, respectively, and 
consequently these cultivars were rated as the more sensitive cultivars (Tables 
4a and 4b). The remaining cultivars namely, Sakha 93, Sahel 1 and Gemmiza 
10 imposed intermediate salt reaction, where the bs' values ranged between 
1.54 and 1.64. The corresponding salinity levels inducing 50% reduction in 
relative grain yield accounting for 8822, 8715 and 8120 mg/l, respectively.  

 
Many reports from the literature cited on the salt tolerance of wheat (Meiri 

and Shalhevest, 1973) revealed that when the salt concentrations in the soil 
reached 10-14 dS/m, yields were reduced from 25-50%. They added that 
further increase in salt stress from 14-16 dS/m, the yield potentials were 
severely dropped by 50% or more. The unequal trend between the critical 
salinity levels, associated with 50% reduction in grain yield, in our experimental 
data and the predicted values defined by Meiri and Shalhevest (1973) is being 
directed to their assessment of ECs' values in the soil extract, which is quite 
different from our calculations, that takes into account the ECs' values of 
irrigation water. Besides, the genotypic variations of plant materials (Sharma, 
2015) and the changes in climatically and environmental conditions (Xu, 2016) 
are among of the important factors that contribute well for such deviations. 
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Table (5). Quatitive evalution of the relative grain yield and salt tolerance 
index of wheat varities under salt stress condition using the 

linear regression (y = a +b √√√√x ) * 

 

Varieties a b bs' ratio r R2 
Calculated Salt Conc. 
for 50 % of RGY (mg/l) 

gemmiza7 113.34 -0.466 1 0.907 0.823 18475 
gemmiza9 113.7 -0.475 1.02 0.999 0.808 17984 
sids1 112.3 -0.502 1.08 0.966 0.934 15401 
Sakha93 121.57 -0.762 1.64 0.914 0.836 8822 
sahel1 117.59 -0.724 1.55 0.962 0.925 8715 
gemmiza10 114.61 -0.717 1.54 0.978 0.956 8120 
gemmiza11 113.69 -0.834 1.79 0.991 0.982 6982 
misr1 119.77 -0.845 1.81 0.989 0.978 6817 
sakha94 123.04 -0.885 1.90 0.952 0.906 6811 
giza168 117.9 -0.828 1.78 0.981 0.962 6725 
shandweel1 120.98 -0.872 1.87 0.978 0.956 6626 
gemmiza12 116.78 -0.85 1.82 0.984 0.969 6489 
giza171 120.12 -0.876 1.88 0.998 0.996 6407 
sids13 121.2 -0.917 1.97 0.99 0.98 6029 
sids12 117.4 -0.872 1.87 0.978 0.956 5974 
bs' ratio was calcaulated with respect to lowst b value ( -0.466) 
* y = relative grain yield %        a = intercept (relative grain yield at S0) 
   b = regression coefficient      x = salt concentration of irrigation water , mg/l 
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Effect of Potassium Fertilization on Yield and Quality of Some 
Potato Cultivars 

 
Shalaby, M. E. A., A. I.  A. Abido and M. M.  Yousry 

Plant Production Department Faculty of Agriculture Saba Basha, Alexandria University. 

ABSTRACT: Potato is a cash money crop and plays a crucial role in Egyptian economy, 

but for its best growth; it demands a good fertilization program as N, P and K. Therefore, this 
study was conducted to find out the effect of potassium fertilizer levels, in specific, some 
cultivars on vegetative growth, yield and quality of potato (Solanum tuberosum L.). The 
investigation was conducted in a private farm during the two successive years of 2015 and 
2016 in Maghnine village, Kom Hamada, El-Behera Governorate. Each experiment was laid out 
as split-plot design, with three replications for both seasons. Three cultivars; Spunta, Provento and 
Galactica were distributed in the main plots, while the potassium levels; 0,50,75 and 100 kg K2O 
fed

-1
 were distributed in the sub-plots. The obtained results revealed that there were significant 

differences in the performance of the tested cultivars, regarding yield and quality parameters 
especially, cultivar “Galactica” which was found to be more responsive and had high yielding, where 
it gave the best results in most of the studied parameters. Application of potassium especially at 
100 kg K2O fed

-1
 led to the highest values of plant height (cm), plant yield (g), average of tuber 

weight (g), total tubers yield (ton fed
-1

), tubers specific gravity, tubers total and reducing sugars 
content (%) and tubers starch content (%).  Thus, it is, recommended that we should introduce 
potassium fertilizers to optimize productivity of potato in Egypt. 

Keywords: potassium fertilizer, potato cultivars, potato tuber, vegetative and chemical characters, 
tuber yield and quality 

 

INTRODUCTION 
 

The potato (Solanum tuberosum L.) is a herbaceous annual plant that grows 
up to 100 cm tall and produces tubers. Potato is one of the more often grown 
crops. Also, ranks as the world’s fourth most important food crop, after maize, 
wheat and rice (Spooner and Bamberg, 1994). Their tubers are a good source of 
carbohydrates, proteins, vitamins, and minerals in human nutrition (Blagoeva et al., 
2004). It is a major source of inexpensive energy. It contains high levels of 
carbohydrate and significant amounts of vitamins B and C and minerals. Moreover, 
potato is used in many industries, such as French fries, chips and starch (Abdel-
Aal et al., 1977).  In Egypt, potato has an important position among all vegetable 
crops, where about 20% of the total area of vegetables production is devoted for 
potato (FAO, 2015). Egypt imports annually from 50000 to 55000 ton of potato 
seeds from the North West European countries, particularly from Netherland and 
England to be planted in the summer season in January up to middle of February.  

 
Nevertheless, potato plants require nutrients supply through fertilization due 

to their shallow root system and high demand of nutrients for tuber’s development. 
For instance, the use of potassium fertilizer is almost negligible in our country 
which has resulted not only in stagnation of crop yield, but also the quality of the 
crop. The Ministry of Agriculture of Egypt recorded more than two hundred potato 
cultivars that are handled in markets. These cultivars are usually subjected for 
several testes to determine their suitability for farming condition in Egypt. However, 
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the productivity and economic characteristics of some recently introduced cultivars 
are much unknown. Therefore, developing a good management practices for 
potato growers in Egypt was selected and the present research was undertaken to: 

 

i. Evaluate the three potato cultivars for tuber productivity and quality; 

ii. Find out the optimal dose of potassium fertilizer in order to improve yields and 
economical returns to potato growers; and 

iii. Examine the interaction effect between cultivars and potassium doses. 
 

MATERIALS AND METHODS 
 

Two field experiments were conducted in a private farm during the two 
successive summer years of 2015 and 2016, in clay loam soil at Maghnine 
village located at Kom Hamada, El-Behera Governorate to study the effect of 
potassium fertilizer levels and some potato cultivars on vegetative growth, 
yield and quality. The physical and chemical analysis of the soil prior to the 
initiation of the experiments is shown in Table (1). Certified imported Potato 
seeds of cultivars Spunta, Provento and Galactica were used after splitting. Cut 
seedy were planted at the 5th February, in both seasons in dry soil then 
irrigated. Seeds were planted in  two ridges; 0.70 m wide, 6.25 m long and 0.25 
m apart between hills on one side of the ridge, making an area of 8.75 m2 for 
experimental plot.  

 
Four potassium levels; 0, 50, 75 and 100 kg K2O fed-1 were used. 

Potassium dosages were applied equally in the form of potassium sulfate (50% 
K2O), at 45, 60 and75  days after seed sowing. 

 
The experiments were laid out in split-plot system in randomized complete 

blocks design (RCBD), with three replications for both seasons. The cultivars were 
distributed in the main plots, while the potassium levels were distributed in the sub-
plots. Data were, statistically, analyzed according to Snedecor and Cochran 
(1990). The least significant difference (LSD at 0.05) was used to compare the 
treatment means using CoStat (2005) program. All other agricultural practices for 
potato production were followed as recommended in the area.  Harvesting was 
accomplished after 110 days of planting during both years.  

 
Recorded data 
Vegetative growth measurements 
1. Plant stand: after complete plant emergence, 45 days after planting, the 

number of plants plot-1 was counted and plant stand percentage was calculated. 
2. Number of main stems plant-1: it was determined after 45 days of planting, 

using the average number of main brunches of 10 plants. 
3. Plant height (cm): it was measured after 75 days of planting, using the average 

height of 10 plants.  
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Yield and its components measurements 
1. Average of tuber weight (g): it was determined immediately after harvest, by 

dividing the weight of tubers yield by tuber's number of 10 plants. 
2. The number of tubers plant-1: it was determined just after harvest using the 

average number of tubers of 10 plants. 
3. Total tubers yield fed-1: The yield of the plot was weighed and then converted 

into tons fed-1. 
4. Average of tuber yield plant-1 (g): It was determined using the average weight 

of tubers of 10 plants. 
 

Chemicals analysis 
1. Tuber specific gravity: It was calculated as average of three grades for each 

treatment according to the methods of (Dinesh et al., 2005) by the following 

formula: Specific gravity = 
������	��		�
	

		������	��		�
	–	������	��	�	��
.
 

2. Tuber starch content (%): It was determined using the method described in 
(A.O.A.C, 1980) on dry matter basis. 

3. Tuber reducing sugars content (%): It was determined using 5 g. fresh tuber 
root, using sulphuric acid and phenol (5%) then colorimetrically determined, 
according to the method of Dubois et al. (1956). 

4. Tuber total sugars content (%): It was determined using Dubois et al. (1956) 
method on fresh weight basis. 
 

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

  

24.68 Sand (%) 

Physical analysis 
35.71 Silt (%) 
39.61 Clay (%) 

Clay loam Texture 
7.5 pH 

Chemical analysis 
1.47 E.C (dS/m) 
3.25 CaCO3 
١.٤٤ O.M (%) 
3.1 Available P (mg/kg) 
1.6 Ca++ 

Soluble cations (meq L-1) 
5.0 Mg++ 
7.4 Na+ 

0.67 K+ 
zero CO3 

- 

Soluble anion (meq L-1) 
4 H CO3 

- 
4 Cl- 

6.8 SO4
- 
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RESULTS AND DISCUSSION 
 

A. Vegetative growth measurements 
1. Plant stand (%) 

Table (2) shows that there were no significant differences among cultivars 
on potato plants stand in both seasons. This finding could be taken place due to 
the physiological status of the seed tubers and cultivars. It can be noticed from 
Table (2) that the cultivar “Galactica” tended to increase plant stand (%) than. 

 
 Table (2). Effect of potato cultivars, potassium fertilization and their 

interactions on vegetative measurements of potato plants grown 
during 2015 and 2016 summer seasons. 

 

Mean values in the same column marked with the same letter(s) is (are) not significantly different at 
0.05 level of probability.                 
 ns= not significant.  

                                                         
The other cultivars, nevertheless this increase did not reach the significant 

level, during both seasons of the study. In the same context, that there was no 
such significant difference regarding potato plants emergence among the K2O 
application treatments, during both seasons. This finding is in accordance with 
those of Singh and Lal (2012) and Berisha et al. (2014) who stated that plant 
emergence was not influenced by potassium applied levels. No such significant 
interaction effects between potato cultivars and Potassium fertilization were noticed 
to change plant stand % during both season of the presented study. 

 
2. Number of main stems plants-1 

Data presented in Table (2) exhibited that number of main stems plants-1 
was not, significantly, affected among the tested cultivars either in the first or 
second season. It is worth to be mentioned that all the plants in this study 
produced less than two stems, which reflected that the used mother tubers were 
not in a good physiological state. This observation may be arised due to the apical 
dominance phenomenon (Zaky, 2011). As for the potassium fertilization, there was 
no such a significant difference among the applied K2O treatments, during both 

Treatments 
2015 

season 
2016 

season 
2015 

season 
2016 

season 
2015 

season 
2016 

season 
Plant stand (%) Number of stems plant-1 Plant height (cm) 

Cultivar    
Spunta 68.62a 70.09a 1.86a 1.76a 68.62b 70.09b 

Provento 70.65a 71.43a 1.80a 1.73a 70.65b 71.43b 
Galactica 72.65a 77.46a 1.76a 1.54a 89.11a 88.04a 

K2O (kg fed-1)     
Control 69.24a 73.11a 1.81a 1.73a 75.05a 74.21 a 

50 69.58a 72.48a 1.83a 1.61a 75.06a 76.22 a 
75 70.48a 73.62a 1.76a 1.66a 75.77a 76.72a 

100 73.26a 72.76a 1.83a 1.71a 78.63a 78.92a 
Interaction ns ns ns ns ns ns 
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seasons of the study. This phenomenon can be noticed because number of main 
stems plants is a trait related to physiological status of the used tubers and 
cultivars. Also, number of stems plant-1 is a factor dependent variety, seed size and 
its physiological status; hence, stems per hill were not influenced by potassium 
levels (Singh and Lal, 2012). El Gamal (1985) who reported that none of N or K 
levels, significantly affected stem number/ plant of potato cultivars. No such 
significant interaction effects between potato cultivars and potassium fertilization 
were noticed to change the number of main stems plant-1 during both seasons of 
the presented study. 

 
3. Plant height (cm) 

Table (2) illustrated that the “Galactica” cultivar, significantly, surpassed 
both “Spunta” and “Provento” cultivars regarding plant height, during both seasons 
of the study. This result may be attributed to varietal differences. Similar conclusion 
was reported by Tafi et al. (2010). As for potassium fertilization treatments, 
although it resulted in a gradual increase in plant height, nevertheless, there were 
no any significant differences among the various tested level of K2O, including 
control treatment, during both seasons. On the contrary, Singh and Lal (2012) 
showed that potassium had significant effect on plant height which, significantly, 
increased up to 100 kg K2O/ ha. Meanwhile, the interaction effects between potato 
cultivars and potassium fertilization concerning plant height was insignificant. 

 

B. Yield and its components 
1. Average of tuber weight (g) 

Respecting the main effect of cultivars, data of Table (3) exhibited that 
average tubers weight of potato was, significantly, influenced (P ≤ 0.05) by the 
three used cultivars during the both seasons of the study. The cultivar “Galactica” 
was superior on the other two tested cultivars. Despite there was no significant 
difference in average tuber weight between cultivar “Provento” and “Spunta”. 
These varietal differences may be due to the differences among the maturity, tuber 
initiation time, light intersection, the physiological activity, and the ability to 
accumulate photosynthetically substances (Zaky, 2011). On the other hand, 
concerning the effect of K2O fertilization, data claimed that potato average tuber 
weight, significantly and progressively, increased with increasing K levels. In the 
first season, maximum and minimum mean values of 154.82 and 110.61 gm per 
plant were arise from application of 100 kg K2O fed-1 and control, respectively.  
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Table (3). Effect of potato cultivars, Potassium fertilization and their 
interactions on yield and its components of potato plants grown 
during 2015 and 2016 summer seasons. 

ϕ
 Mean values in the same column marked with the same letter (s) is (are) not significantly different 

at 0.05 level of probability.        *= significant      ns = not significant.                                                          

 
Similar results were noticed in the second season, Adhikary and Karki 

(2006) found a sharp response of potato to K2O application, especially for tuber 
weight. Many researchers reported that K has desirable effects on potato crop and 
quality. As for the interaction between the tested cultivars and potassium fertilizer 
levels, data disclosed that there were significant differences concerning the mean 
values only during the first season (2015). It was clear that the highest mean value 
became from cultivar “Galactica” with the level of 100 Kg K2O fed-1.  

 
2. Number of tubers plant-1 

Table (3) revealed that number of tubers plant-1 of “Provento” cultivar was, 
significantly the most pronounced among the tested cultivars as recorded 8.23 in 
the first season, and 9.23 in the second one. The differences detected between 
“Spunta” and “Galactica” cultivars, regarding the average of number of tubers plant-
1 in 2015 season; appeared to be insignificant. Meanwhile, during 2016 season, 
there was a significant difference between both previous cultivars, where 
“Provento” cultivar was the first (9.23), “Galactica” cv. recorded the second rank 
(8.40) and “Spunta” came the third rank (7.61). This result agrees with those of 
Saluzzo et al. (1999); Tekaling and Hammes (2005) who concluded that some 
cultivars produced the highest total tuber yield when compared with other cultivars. 
On the other way, none of the tested K2O levels, during the first season of the 
study has expressed such significant difference. Meanwhile, in the second season, 
the control treatment had the highest mean value for number of tubers per plant 
(8.88). Whereas, the treatment of 50 kg K2O fed-1; gave the lowest mean value 
(7.86) trait with significant differences among the other K2O treatments. On the 
contrary, El-Gamal et al. (1993) reported that insufficient K; results in reduced 
potato yield and smaller sized tubers. There were no significant differences 

Treatments 

2015 
season 

2016 
season 

2015 
season 

2016 
season 

2015 
season 

2016 
season 

2015 
season 

2016 
season 

Tuber weight (g) 
Tubers number 

plant-1 
Plant yield (g) 

Total tubers yield 
(ton fed-1) 

Cultivar      
Spunta 115.75b ϕ 115.29b 7.72ab 7.61c 891.76c 970.54b 13.02 b 13.93c 

Provento 127.69b 113.79b 8.23a 9.23a 1039.73b 1043.19b 12.86 b 14.83b 
Galactica 152.17a 155.79a 7.31b 8.40b 1197.45a 1303.98a 15.49 a 16.32a 

K2O (kg fed-1)       
Control 110.61d 111.66d 7.78a 8.88a 891.85c 946.63c 10.86d 11.83d 

50 124.10c 122.38c 7.82a 7.86b 941.45c 1001.06c 12.77c 14.57c 
75 137.96b 133.06b 8.1a 8.45a 1104.49b 1171.02b 15.25b 16.12b 

100 154.82a 146.06a 7.32a 8.46a 1234.14a 1304.91a 16.28a 17.58a 
Interaction * ns ns ns ns ns ns ns 



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 264    
Vol. 22 (2), 2017 

 

regarding the interaction between used cultivars and potassium doses to change 
number of tubers plant-1 during both seasons.  
 
 
3. Average of tubers yield plant-1 (g) 

Data in Table (3) disclosed that potato plant tubers yield was significantly (P 
≤0.05) affected by used cultivars during both seasons of the study. In the first 
season, “Galactica” cultivar surpassed the other two cultivars, significantly. It 
possessed the highest mean value of average tubers yield plant-1 (1197.45 g), 
followed by “Provento” cultivar (1039.73 g) which was also, significantly, surpassed 
the third cultivar “Spunta”. Nevertheless, in the second season, there were also 
significant differences among the three tested cultivars with the continued of 
superiority to cultivar “Galactica” (1303.98 g) over the other two cultivars. This 
result is consistent with that of Abdel-Aal and Imam (1984) who found a wide 
variation in yield and quality of tubers due to high genetic variability among 
different cultivars of potato under Assiut conditions. Concerning to the effect of 
potassium fertilization, the presented data clarified that the potassium levels, 
significantly, affected tubers yield plant-1 during both seasons. Potassium level at 
100 kg K2O fed-1 was superior and led to the highest plant yield mean value of 
tubers yield plant-1 (1234.14 g) and (1304.91 g), in 2015 and 2016, respectively. In 
the same context, Berisha et al. (2014) pointed out that potassium fertilizer rate, 
significantly, affected potato tuber yield. While, the interaction effects between 
potato cultivars and potassium fertilization respecting tubers yield plant-1 was 
insignificant in both seasons. 

 
4. Total tubers yield ton fed-1 

The investigated cultivars declared significant (P ≤0.05) differences in total 
tubers yield fed-1 as shown in Table (3). The cultivar “Galactica” had the highest 
mean value of total tubers yield ton fed-1 during the both seasons of study. The 
difference in total tubers yield fed-1 between the cultivars “Spunta” and “Provento” 
was not significant in 2015 season, whereas cultivar “Provento” significantly, 
exceeded cultivar “Spunta” in 2016 season. As for the effect of potassium 
fertilization, data in Table (3) announced that Potassium application significantly (P 

≤0.05) affected total tubers yield fed-1 compared with the control. Increasing level 
of K application up to 100 kg K2O fed-1, significantly and progressively, increased 
the total tubers yield fed-1, in both seasons. Razaq et al. (2015) revealed that the 
potash levels had significant effect on potato tubers yield plant-1. It, also, had a 
significant effect on total tubers yield ha-1. There were no significant differences 
regarding the interaction effect between used cultivars and potassium doses in 
both seasons. 

 

C. Chemicals analysis 
1. Tuber specific gravity 

Based on the main varietal effect on tuber specific gravity, it was found to 
have significant (P ≤0.05) differences among the varieties evaluated (Table, 4). 
The highest tuber specific gravity (1.092) and (1.086) was derived from cultivar 
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“Provento”, where “Spunta” cv.; produced the lowest ones (1.064) and (1.064) in 
2015 and 2016 seasons, respectively. In a similar study, Abong et al. (2010) found 
that specific gravity and dry matter contents had significant difference among 
potato varieties. The effect of potassium fertilization on tuber specific gravity was 
significant and the trend was approximately similar; in both seasons. Application of 
potassium fertilizer at 100 kg fed-1, significantly, produced the highest tuber specific 
gravity, in both seasons.  

 
Table (4). Effect of potato cultivars, Potassium fertilization and their 

interactions on chemicals analysis of potato plants grown 
during 2015 and 2016 summer seasons. 

 

Mean values in the same column marked with the same letter(s) is (are) not significantly different at 
0.05 level of probability.     ns = not significant.               *= significant. 
 

The sole exception was in 2016 season where the difference in tuber 
specific gravity between 100 and 50 kg K2O fed-1 was not significant. These 
findings are matching with those reported by Zelelew and Ghebreslassie (2015) 
who declared that Potassium application had positive significant effect on specific 
gravity of potato tubers. Concerning the interaction effect between used cultivars 
and potassium fertilization was not significant, in both seasons (Table 5).  

 
  

Treatments 

2015 
season 

2016 
season 

2015 
season 

2016 
season 

2015 
season 

2016 
season 

2015 
season 

2016 
season 

Specific Gravity 
Tuber’s total 
sugars (%) 

Tuber reducing 
Sugars (%) 

Tubers, starch 
(%) 

Cultivar      
Spunta 1.064b 1.064b 0.907a 0.905c 0.46a 0.45b 14.87a 14.19a 

Provento 1.092a 1.086a 0.948a 0.969b 0.50a 0.49a 15.39a 15.21a 

Galactica 1.065b 1.067b 1.010a 1.036a 0.50a 0.52a 15.57a 15.23a 

K2O (kg fed-1)       

Control 1.061c 1.063c 1.006a 0.978a 0.50ab 0.530a 15.94a 15.38a 
50 1.071b 1.070bc 0.904a 0.970a 0.540a 0.510ab 15.07ab 15.22a 
75 1.077b 1.075ab 0.959a 0.970a 0.480ab 0.480b 15.24ab 14.83a 

100 1.086a 1.082a 0.944a 0.962a 0.430b 0.430c 14.85b 14.07b 

Interaction ns ns ns * ns ns ns ns 
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Table (5). Effect of interactions of potato cultivars and potassium fertilization 
on tubers specific gravity ant total sugars content (%) of potato 
plants grown during 2015 and 2016 growing seasons. 

 

Mean values in the same column marked with the same letter(s) is (are) not significantly different at 
0.05 level of probability. 

 
2. Tubers, starch content (%) 

Regarding the main effect of cultivars, data presented in Table (4) exhibited 
that tuber starch content was not, significantly, affected (P≤ 0.05) by tested 
cultivars during both seasons.  Saluzzo et al. (1999) and Tekalign and Hammes 
(2005) reported that potato cultivars differ in their starch contents. The impact of 
potassium fertilizer levels on tuber starch content was significant, in both seasons. 
Application of potassium fertilizer at 100 kg K2O fed-1, significantly, produced the 
lowest mean value of tuber starch content, whereas, the control treatment, 
significantly, resulted in the highest mean value of this character, in both seasons. 
There were significant downs starch content because of increases of potato tubers 
yield, especially the tubers bigger than 60 mm (Barascu et al., 2015).  Concerning 
the interaction effect between used cultivars and potassium fertilization was not 
significant, in both seasons. 

 
3. Tuber’s total sugars content (%) 

The influence of the three tested cultivars on tuber total sugars content, 
significantly varied between the two seasons (Table 4). In 2015 season, no 
significant differences in tuber total sugars content among the three tested 
cultivars. In 2016 season, tuber total sugars content was significantly, remarkable 
in cultivar of “Galactica” followed by “Provento” and “Spunta”, orderly. These 
results are in accordance with Olsen et al. (2005) who revealed that there are four 
major factors that influence sugar accumulation in potatoes: cultivar, maturity, 
stress and storage conditions. Respecting the potassium fertilizer effect, data in the 
same table expressed that there were no significant differences in tubers total 

Treatments Specific gravity 
Tuber’s Total Sugars 

(%) 

Cultivars 
Potassium fertilization 

(K2O Kg/ fed) 
2015 

season 
2016 

season 
2015 

season 
2016 

season 

Spunta 

Control 1.051 1.051 0.832a 0.923ab 
50 1.055 1.059 0.745a 0.875c 
75 1.069 1.067 0.805a 0.859c 
100 1.079 1.079 0.883a 0.962ac 

Provento 

Control 1.089 1.089 0.816a 1.012ac 
50 1.094 1.088 0.679a 0.949ac 
75 1.083 1.077 0.936a 0.982ac 
100 1.1 1.089 0.768a 0.934ac 

Galactica 
 

Control 1.041 1.047 0.879a 0.998ac 
50 1.063 1.062 0.565a 1.087a 
75 1.077 1.081 0.786a 1.069ab 
100 1.077 1.078 0.691a 0.990ac 
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sugars content among the various applied potassium fertilizer levels, including 
control treatments during both seasons. As about, the interaction effect between 
the two studied factors on tubers total sugars content of was not significant, in 
2015 season, but the reverse was true, in 2016 season. The growing plants of 
cultivars “Galactica” and “Spunta” fertilized with potassium at 50 kg fed-1, 
significantly, attained maximum and minimum tuber total sugars content, 
respectively.   

 
4. Tuber reducing sugars content (%) 

Data presented in Table (4) expressed that varietal influence on tuber 
reducing sugars content was insignificant in 2015, but significant in 2016. Tuber 
reducing sugars content of cultivars “Provento” and “Galactica” was, significantly, 
higher than “Spunta” cultivar. Difference between cultivar “Provento” and 
“Galactica” in tuber reducing sugars content was at par. This result was in parallel 
with that stated by Trehan et al. (2007) who mentioned that “Accent” and “Turbo” 
cvs.; gave a higher value of total amino acids content and the highest values in 
reducing, un-reducing and total sugars content of potato tubers. With respective to 
the main effect of K2O fertilizer, during the first season (2015), providing the tested 
potato plants with 50 kg/fed, resulted in the highest mean value of tuber reducing 
sugars content (0.54 %) despite existence some other insignificant value among 
the tested treatments, except for those plants fertilized with 100 Kg/fed (0.43 %). 
But during the second growing season (2016), the control treatment; gave the 
highest mean value of tubers reducing sugars content (0.53 %) with a significant 
value with 75 kg/fed (0.48 %) and100 kg/fed (0.43 %), respectively. These results 
are in harmony with Anon (2000 and 2005) who indicated that K application 
through potassium sulphate improved specific gravity, chip color score and 
decreasing the reducing sugars content of 4 processing grade potato varieties. No 
interaction effects between potato cultivars and potassium fertilization were noticed 
to change tubers reducing sugars content during both seasons of the study. 

 

CONCLUSIONS  
 

In the light of all the above-mentioned data, it’s possible to conclude that: 
The cultivar “Galactica” treated with the level of 100 kg K2O /fed; gave the highest 
mean values of plant height (cm), plant yield (g), tubers average weight (g) and 
total yield (ton/ fed). The cultivar “Provento” applied with 100 kg K2O /fed was the 
best rang of specific gravity. Generally, we could recommend the following: 

• Using the potato cultivar “Galactica” especially, for more yield and quality potato 
production. 

• Using the potassium fertilizers as 100 kg K2O/fed where it recorded the highest 
mean values of yield and quality.  
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ABSTRACT: Two field experimental were carried out at 71 Km West Nubaryia Cairo 

Desert Road El- Behara Gov. Egypt during two successive seasons 2014/ 15 and 2015/ 16 to 
study the effects of four nitrogen fertilizer rates (without, 33.5, 67 and 100.5 kg N/ fed.), four 
potassium fertilizer rates (without, 16, 32 and 48 kg k2o/ fed.) and their interactions on yield and 
quality of multigerm sugarbeet cultivar (Magribl) grown in sandy soil under drip irrigation system 
were investigated  at West Noubaryia region condition. In this split plot design, the main plots 
were assigned to rates of nitrogen fertilizer and potassium rates were arranged to random as 
the sub- plots. The results indicated that increasing nitrogen and potassium fertilizer rates 
significantly increased yield characterizes, roots, top and sugar yields (tons/ fed.). Adding the 
highest rates of nitrogen (100.5 kg N/ fed.) and potassium (48 kg K2O/ fed.) produced the 
highest sugarbeet yields of roots (34.98 and 29.39 tons/ fed.), top (28.73 and 22.53 tons/ fed.) 
and sugar (4.76 and 3.82 tons/ fed.), respectively. Increasing nitrogen rate up to 100.5 kg N/ 
fed. and potassium rate up to 32 Kg K2O/ fed. significantly, increased of some juice quality, total 
soluble solids (T.S.S) and sucrose concentration in roots juice. While the other juice trait, purity 
percentage was insignificant affected by nitrogen and potassium application rates. The 
maximum T.S.S% (21.37 and 20.43) and sucrose% (16.90 and 16.36) was achieved by adding 
100.5 Kg N and 32 Kg K2O/ fed., respectively. Also, increasing nitrogen and potassium fertilizer 
rates significantly increased impurity parameters, (Na, K, α- amino nitrogen percentages and 
loss sugar%) as well as decreased QZ%. In conclusion nitrogen fertilizer application at a rate of 
100.5 kg N/ fed. accompanied with 48 kg K2O/ fed. was found to be the most favorable for 
improving the yield and quality of sugarbeet grown in a sandy. 

Key words: sugarbeet, yield characters, quality, Impurities parameters nitrogen, potassium 

fertilizer rate. 

 

INTRODUCTION 
 

The population of the world will exceed 9 billion by the year 2050. It is, 
therefore, of vital importance to improve crop yield to match the requirements 
for food. However, as the environment was becoming worse, the quantity and 
quality of crop production were significantly decreased by a variety of biotic and 
abiotic stresses. The practice of intensive fertilization to support massive food 
production for an increasing global population is a must. However, consumption 
of excess N fertilization and K deficiency cause a reduction in crop yields and 
quality in many regions. Therefore, to enable closing yield gaps and allow for a 
much higher productivity in many regions, a significant increase in fertilization 
application is required. K is an essential plant nutrient that impacts a number of 
physiological and biochemical processes that are involved in plant resistance to 
biotic and abiotic stresses. Maintaining an optimum K nutritional status is 
essential for plant resistance to biotic and abiotic stresses. Balanced fertilization 
and efficient K usage in combination with other nutrients not only contribute to 
sustainable crop’s growth, yield and quality, but also influence plant health and 
reduce the environmental risks (Wang et al., 2013).  
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In addition, Potassium (K) is one of the essential macronutrients for 
higher plants, not only important for plant growth and development, but also 
crucial for crop yield and quality (Wang and Wu, 2015). Nitrogen (N), one of the 
most important mineral nutrients in higher plants, is involved in plant 
metabolism as a constituent of amino acids, proteins, nucleic acids, lipids, 
chlorophyll, co-enzymes, phytohormones, and secondary metabolites (Wang et 
al.,. 2016).  The application of too little nitrogen will result in reduced root 
tonnage, however, the application of too much nitrogen will result in reduced 
sugar concentrations and increased impurities (Hergert, 2010). 

 
Now, Egypt faces many problems that affect the productivity of crops in 

general and sugar crops in particular, including sugar beet, which evolves 
significantly at the moment.  So that, it became the first source for the 
production of sugar in Egypt, where the production of sugar from beets has 57% 
(1,347 Million tons) of sugar production in Egypt. While the sugar cane 
production was 43% (1,025Million tons), (Sugar Crops Council , 2016). One of 
the main problems is the water after building El- Nahda Dam and the high 
prices of fertilizer, particularly nitrogen and potassium. 

 
Now, there is no accurate and wide-ranging information which considers 

to consequence of nitrogen and potassium fertilizer rates on yield and quality of 
sugar beet in sandy soil under drip irrigation system at West Noubaryia region 
conditions.  

 

MATERIAL AND METHODS 
 

Two field experiments were conducted at km 71 West Noubaryia, Alex. 
Cairo desert Road, El Behiera governorate, Egypt during two successive 
seasons, 2014/ 15 and 2015/ 16, to study the effect of nitrogen and potassium 
fertilizer rates and their interactions on yield characters, quality and impurity 
parameters of multigerm sugar beet (Beta vulgaris L.) cv. Magribl. The nitrogen 
and potassium fertilizers were in the forms of urea (46 %N) and potassium 
sulphate (48 % K2O), respectively, were applied as a side- dressing in two 
equal doses. The first was applied after thinning and the other was applied four 
weeks later. 
 
- The nitrogen rates used 

Without nitrogen fertilizer (N0), 33.5 kg N/ fed. (N1), 67 kg N/ fed.(N2) and 
100.5 kg N/ fed.(N3)  
 
- Potassium rates used 

Without potassium fertilizer (K0), 16 kg K2O/ fed.(K1), 32 kg K2O/ fed.(K2) 
and 48 kg K2O/ fed.(K3) 

 
Before soil preparation, soil samples were taken at a depth of 0: 30 cm 

depth from different experimental sites, to determine physical and chemical 
properties of soil according to Piper (1950) as shown in Table (1).  
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Table (1). Some physical and chemical properties of the experimental soil 
in   2014/2015 and 2015/2016 seasons 

 
Soil properties 2014/2015 2015/2016 

A- Mechanical analysis 
Sand% 
Clay% 
Silt% 
 
Soil texture 

 
88.85 
4.30 
6.85 

 
Sandy 

 
88.23 
4.80 
6.97 

 
Sandy 

B- Chemical properties 
pH (1:1) 
EC (dS/m) (soil : water extract) 

8.50 
1.20 

7.35 
1.14 

1- Soluble cations (1:2) (meq/L)) 
K+ 
Ca++ 

Mg++ 
Na+ 

0.82 
2.76 
1.90 
4.35 

1.20 
3.10 
2.30 
4.65 

2- Soluble anions (1:2) (meq/L) 
HCO-

3 
CL- 
SO=

4 

 
2.72 
7.90 
1.15 

 
2.72 
7.09 
0.98 

Calcium carbonate  ( % ) 20.0 20.0 
Available nitrogen  (mg/kg) 33.00 23.00 
Available Potassium (mg/kg) 115.20 112.75 
Organic matter ( % ) 0.37 0.83 

 
Each field experiment was including two factors in split- plot design with 

three replications. The main plots were assigned to rates of nitrogen fertilizer 
and potassium rates Z6 meters in length, thus, the area of the plot was 21 m2 (6 
x 3.5 m) 1/200 fed.  
 

The experimental field well prepared through two ploughing, leveling, 
compaction, ridging, and then divided into the experimental units. Calcium 
super phosphate (15.5 % P2O5) was applied during soil preparation at the rate 
of 100 kg/ fed. Sugar beet balls were hand sown 3- 5 balls/ hill using dry sowing 
method on one side of the ridge in hills 20 cm apart on 13tsoctober during two 
seasons. The plots were irrigated immediately after sowing directly. Plants were 
thinned at the age of 4 leaf stage to obtain one plant/ hill. The common 
agricultural practices for growing sugar beet according to the recommendations 
of Ministry of Agriculture were followed, except the factors under study. 
 
Data Recorded:  

The outer two ridges (1st and 6th) were considered as a belt, while plants 
of the 2nd, 3rd, 4th and 5th were kept for determination of yield characters and 
technological qualities. 
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I- Yield characters 
At harvest, plants that produced from the four ridges (from 2 to 5) of each 

sub sub-plot were collected. Roots and tops were separated and weighted in 
kilograms, then converted to estimate: 
1. Roots yield  (tons/fed) 
2. Top yield.    (tons/fed) 
3. Sugar yield  (tons/fed) 
It was calculated by multiplying roots yield × sucrose percentage  
 
II- Juice Quality 

Total soluble solids percentage (TSS %) in roots. 
 It was measured in juice of fresh roots by using Hand Refractmeter (Me Ginnis 
1982). 
1. Sucrose percentage. 
2. Purity percentage. 
 
III- Impurities parameters: 
1. Sodium (Na ; meq/100 g ) 
2. Potassium (K;  meq/100 g ) 
3. α- amino nitrogen (α- AN;  meq/100 g) 
4. Extractable white sugar % (ZB%). 

 
Correct sugar content (white sugar) of beet was calculated by linking the 

beet non K, Na and α-amino Nitrogen expressed a (meq/100 g) according to 
Reinfeld et al. (1974) as described by Harvey and Dutton (1993) as follows  

     ZB = (Pol- 0.29) - 0.343 (K + Na) -  0.094  α-amino-N 

5. Quality% (QZ%)   
    QZ = (ZB × 100)/ (α-amino-N) 

6. Alkalinity Coefficient (AK)  
    was determined as described by Harvey and Dutton (1993) as follows:  
    AK= (K + Na) / (α-amino-N) 

7. Loss Sugar % 
Loss Sugar % = Gross sugar % - White sugar% 
Gross sugar % = Sucrose%  
White sugar% = Extractable white sugar% (ZB%)  

 
Sucrose, quality, purity and impurity parameters were determined in 

Sugar Nile Company. 
 
Statistical analysis:  

All data were statistically analyzed according to combine of two seasons 
by “MSTAT” Computer software package and least significant difference (LSD) 
method was used to test the differences between treatment means at 5% levels 
of probability. 
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RESULTS AND DISCUSSION 
 

The effects of different nitrogen, potassium fertilizer rates and their 
interactions on sugarbeet yield characters, quality and impurity parameters in 
sandy soil field under drip irrigation system are illustrated in Tables (2 to 5).  
 
I- Yield characters: 

Data of the effects of different nitrogen, potassium fertilization rates and 
their interactions on sugarbeet yield characters i.e. roots yield, top yield and 
sugar yield were recorded in Table (2). 

 
I-1- Roots yield (tons / fed.) 

The result in Table (2) cleared that the roots yield (tons/fed.) was 
significantly increasing with increasing nitrogen rate from N0 [without] to N1 
(33.5), N2 (67.0), and N3 (100.5) kg N/ fed. Application nitrogen at the higher 
rate (100.5kg N/ fed.) produced the highest roots yield (34.98 tons/ fed.), while, 
the lowest one (19.70 tons/ fed.), resulted from control treatment (without 
nitrogen fertilizer). The increasing than control treatment (N0) for N1, N2, N3 
rates were 24.18, 41.15 and 77.55 %, respectively. Such effect might have due 
to improved beet growth in term of more dry matter accumulation. 

 
Also, the results in Table (2) showed that increasing potassium fertilizer 

rate from K0 [without] to K1 (16 kg K2O/ fed.), K2 (32 kg K2O/ fed.), and K3 (48 kg 
K2O/ fed.) rates significantly increased roots yield by 15.65, 20.41 and 27.31 %, 
respectively as compared with the control treatment (K0). The highest yield 
(29.39 tons/ fed.) resulting from potassium fertilizer at K3 rate. Roots yield /fed. 
Significantly effected by the interaction between nitrogen and potassium 
fertilizers revealed that the combination of N3 + K3 (100.5 kg N/ fed. + 48 kg K2O 
/ fed.) had the highest roots yield (40.75 tons/fed.) 

I-2- Top yield (tons/ fed.) 
The data in Table (2) indicated that top yield (tons/ fed.) significantly 

increased as a results of increasing nitrogen fertilizer rates. Roots yields 
resulting from nitrogen fertilizer were 12.35, 17.24, 21.83 and 28.73 tons/ fed. at 
the rates of 33.5, 67 and 100.5 kg N/ fed., respectively . Relative percentages of 
increase in top yield to control treatment were 39.55, 76.73 and 132.62 % for 
N1, N2 and N3 rates, respectively.  

 
According to potassium fertilizer rates, increasing potassium fertilizer rate 

from K0 (without fertilizer) to K1, K2 and K3 significantly increased top yield. No 
significant difference was found between applied K2 and K3 rates in this respect. 
Fertilizing sugarbeet plants with K0, K1, K2 and K3 rates produced 17.04, 19.18, 
21.41, and 22.53 tons/ fed. of top yield, respectively. The increase percentage 
in top yield as compared with control treatment were 12.60, 25.61, and 32.27 for 
K1, K2 and K3 rates, respectively. There were significant effects for the 
interaction between nitrogen and potassium fertilization rates on top yield/ fed. 
The highest top yield values (30.50 and 31.48 tons/ fed.) was obtained by 
planting beets with combination of N3 + K2 (100.5 Kg N/ fed. + 36 kg K2O/ fed.) 
or N3 + K3 (100.5 kg N/ fed. + 48 kg K2O/ fed.) Table (2). 
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Table (2). Effect of different nitrogen, potassium fertilizer rates and their 

interactions on yield characters of sugarbeet crop in combine 
analysis of 2014/15 and 2015/16 seasons. 

Nitrogen rates 
(N) 

Potassium (K) rates 
Increase% 

K0 K1 K2 K3 Average 
Root yield (tons/fed.) 

N0 17.57 20.77 20.15 20.32 19.70  
N1 20.66 24.02 27.40 25.79 24.46 24.18 
N2 24.65 27.57 28.34 30.69 27.81 41.15 
N3 29.45 34.43 35.30 40.75 34.98 77.55 

Average 23.08 26.69 27.79 29.39   
Increase%  15.65 20.41 27.31   

Top yield (tons/fed.) 
N0 9.56 11.73 13.77 14.36 12.35  
N1 13.94 15.30 19.92 19.80 17.24 39.55 
N2 18.83 22.13 21.86 24.50 21.83 76.73 
N3 25.82 27.58 30.05 31.48 28.73 132.62 

Average 17.04 19.18 21.40 22.53   
Increase%  12.60 25.61 32.27   

Sugar yield (tons/fed.) 
N0 2.01 2.42 2.52 2.57 2.38  
N1 2.61 3.00 3.65 3.28 3.13 31.71 
N2 3.18 3.61 3.63 4.05 3.62 52.12 
N3 3.94 4.71 5.01 5.38 4.76 100.00 

Average 2.94 3.44 3.70 3.82   
Increase%  17.08 26.18 30.08   

 Root yield Top yield Sugar yield 
LSD 0.05 N 1.05 1.11 0.23 
LSD 0.05  K 1.21 1.38 0.30 

LSD 0.05 N×K 2.18 2.29 ns 
        In% = increase% than control treatment                ns=not significant 

I-3- Sugar yield: 
Significant difference was noticed in sugar yield among nitrogen fertilizer 

rates. The highest sugar yield (4.76 tons/ fed.) value was produce from the 
highest rate of nitrogen fertilizer of 100.5 kg N/fed. followed by 67 N/fed (3.62 
tons/ fed.), 33.5 N/fed (3.13 tons/ fed.) and control treatment (2.38 tons/ fed.) 
rates. 

 
Therefore, the nitrogen had the greatest direct effect on sugar yield value 

.The relative increases than control treatment were 31.71, 52.12 and 100% for 
33.5, 67.0 and 100.5 kg N/ fed. rates, respectively as shown in Table (2). 
Comparing among potassium fertilizer rates, increasing rate of potassium 
fertilization enhanced sugar yield/ fed. The rates of K2 (3.73 tons/ fed.) and K3 
(3.82 tons/ fed.) significantly increased sugar yield /fed. than both K0 (2.14 tons/ 
fed.) and K1 (3.44 tons/ fed.) rates, without significant differences between 
them. Relative increases than control treatment for K1, K2 and K3 potassium 
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rates were 17.08, 26.18 and 30.8 %, respectively. There was not significant 
effected for interaction between nitrogen and potassium rates on sugar yield. 

The data in Table (2) showed that increasing nitrogen significantly 
increased roots yield, top yield, and sugar yield. The same results had been 
observed throughout different experiments which were obtained by Agami 
(2005); Maareg et al. (2005 a & b); Leilah et al.(2005); Ouda (2007); Osman 
(2011); Sarhan (2012); Shaban et al. (2014); Abdelaal and Tawfik (2015) and 
El–Deeb (2016). Also, Table (2) cleared that increasing nitrogen rate 
significantly increased yield characters i.e. roots, top and sugar yields. These 
results are in agree with those of Abido et al. (2015). 

 
The data observed that roots and top yield significantly affected in the 

interaction between nitrogen and potassium fertilization rates. On the contrary, 
sugar yield/ fed. insignificantly affected by the interaction between nitrogen and 
potassium rates. These results are in agreement those of Osman (2005) and El-
Shafai (2000). 

 
II- Juice Quality: 

The effects of nitrogen and potassium fertilizer treatments on sugarbeet 
juice quality i.e. total soluble solids (T.S.S%), sucrose and purity percentages 
were tabulated in Table (3) 

 
II-1-Total soluble solids percentage (T.S.S%): 

Significant difference was noticed for T.S.S % value among nitrogen 
rates. The highest T.S.S % value was resulted by adding higher nitrogen rate 
(100.5 kg N/ fed.) followed by 67 and 33.5kg N/ fed. rates, with an average of 
21.37, 20.17, 19.84 and 18.5%, respectively. The relative increase than control 
treatment (without nitrogen fertilizer) were 7.25, 9.06, and 15.52% for N1 (33.5), 
N2 (67.0), and N3 (100.5) kg N/ fed. respectively (Table, 3). Comparing among 
potassium rates, increasing potassium rate enhanced T.S.S %. The rate of K2 
(20.43) and K3 (20.40) significantly increasing T.S.S % than both K0 (19.36 %) 
and K1 (19.67 %) rate, without significant difference between them. Relative 
increase than K0 rate for K1, K2 and K3 rates were 1.59, 5.53, and 5.38 %, 
respectively (Table 3). 

 
II-2-Sucrose percentage: 

The data in Table (3) showed that increasing nitrogen rates from N0 
(14.94%) to N1 (15.87%), N2 (16.16%) and N3 (17.04%) increased sucrose% by 
6.22, 8.21 and 14.08%, respectively. These differences were significant values. 
Also, the data showed that the highest sucrose % values were recorded by 
applying K2 (16.36%) and K3 (16.25%) potassium fertilizer rates, without 
significant differences between them. These two potassium rates significantly 
increased sucrose% than K0 and K1 rates (Table 3) 
 
II-3- Purity percentage: 

The tested different rates of nitrogen, potassium fertilizer and their 
interactions on purity% were no significant differences.  
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III- Impurity Parameters: 
      Data of the effects of nitrogen, potassium fertilizer rates and their 

interactions on sugarbeet impurity parameters (Na, K, α- amino nitrogen 
percentages, Extractable white sugar% (ZB%), Quality% (QZ %), Alkalinity 
Coefficient (AK) and loss sugar%) were recorded in (Tables 4 and 5). 
 

Table (3).Effect of different nitrogen, potassium fertilizer rates and their 
interactions on TSS%, Sucrose% and purity% of sugarbeet crop 
in combine analysis of 2014/15 and 2015/16 seasons. 

Nitrogen rates 
(N) 

Potassium (K) Rates Inc%  
or  

dec% 
K0 K1 K2 K3 Average 

Total Soluble Solids % 

N0 17.25 17.98 19.27 19.48 18.50  
N1 19.45 19.50 20.33 20.07 19.84 7.25 
N2 19.97 20.30 20.02 20.40 20.17 9.06 
N3 20.78 20.90 22.12 21.67 21.37 15.52 

Average 19.36 19.67 20.43 20.40   
Increase%  1.59 5.53 5.38   

Sucrose% 

N0 14.05 14.47 15.53 15.70 14.94  
N1 15.70 15.57 16.18 16.02 15.87 6.22 
N2 15.93 16.33 16.01 16.39 16.16 8.21 
N3 16.75 16.79 17.73 16.90 17.04 14.08 

Average 15.61 15.79 16.36 16.25   
Increase%  1.16 4.83 4.12   

Purity% 

N0 81.48 80.47 80.60 80.57 80.78  
N1 80.73 79.85 79.61 79.83 80.00 -0.96 
N2 79.84 80.46 80.10 80.33 80.18 -0.74 
N3 80.61 80.30 80.17 78.03 79.78 -1.24 

Average 80.67 80.27 80.12 79.69   
Decrease%  -0.49 -0.68 -1.21   

 Total Soluble Solids% Sucrose% Purity% 
LSD 0.05 N 0.61 0.44 ns 
LSD 0.05  K 0.52 0.41 ns 

LSD 0.05 N×K ns ns ns 
    Inc% ( increase%) or dec% (decrease) than control treatment          ns=not significant 

III-1- Sodium ( Na meq/100g) 
The data in Table (4) observed that increase nitrogen rates from N0 to 

N1, N2 and N3 rates significantly increased Na% by 21.05, 41.65 and 79.06%, 
respectively. Also, there were positive correlation between potassium rates and 
Na%. The ascending sequences of tested potassium rates were as follows: K0 
(1.43 meq/100 g) < K1 (1.60 meq/100 g) < K2 (1.66 meq/100 g) < K3 (1.83 
meq/100 g). The last rate (the higher rate) of potassium increased Na % by 
79.06% in compared with K0 rate (without potassium fertilizer) or control 
treatment, as show in Table (4). 
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III-2- Potassium (Ka meq/100g) 
The data in Table (4) also showed that increasing nitrogen fertilizer rates 

from N0 to N3 kg N/ fed. significantly increased potassium percentage from 6.66 
to 11.67 (meq/100 g) in roots juice. 
 
Table (4). Effect of different nitrogen, potassium fertilizer rates and their 

interaction on impurity parameters of sugarbeet crop in 
combine analysis of 2014/15 and 2015/16 seasons. 

Nitrogen rates 
(N) 

Potassium (K) Rates 
Increase% 

K0 K1 K2 K3 Average 

Na  (meq/100 g) 
N0 1.13 1.29 1.19 1.21 1.20  
N1 1.27 1.49 1.51 1.55 1.46 21.05 
N2 1.51 1.56 1.74 2.01 1.70 41.65 
N3 1.83 2.04 2.18 2.57 2.16 79.06 

Average 1.43 1.60 1.66 1.83   
Increase%  11.28 15.46 27.90   

K (meq/100 g) 
N0 6.09 7.13 6.68 6.73 6.66  
N1 6.93 7.90 8.49 8.26 7.89 18.54 
N2 8.00 8.78 9.35 10.50 9.16 37.47 
N3 9.70 11.52 12.07 13.39 11.67 75.20 

Average 7.68 8.83 9.15 9.72   
Increase%  14.97 19.08 26.57   

Α-amino N (meq/100 g) 
N0 3.14 3.67 3.54 3.46 3.45  
N1 3.27 3.58 4.52 3.83 3.80 10.01 
N2 3.82 4.34 4.69 5.00 4.46 29.31 
N3 4.56 5.89 5.83 6.12 5.60 62.17 

Average 3.70 4.37 4.65 4.60   
Increase%  18.26 25.67 24.50   

 Na K Α-amino N 
LSD 0.05 N 0.212 1.172 0.248 
LSD 0.05  K 0.075 0.511 0.114 
LSD 0.05 NK 0.170 1.15 0.256 

        Increase% = increase% than control treatment               

The relative increases in K% than control treatment (N0) were 18.54, 
37.47 and 75.20% for N1, N2 and N3 rates, respectively. Potassium 
concentration in roots juice significantly increased with increasing potassium 
fertilizer rates. K% values could be arranged in the following descending order 
according to potassium rates: K3 (9.72 meq/100 g), K2 (9.15 meq/100 g), K1 

(8.83 meq/100 g) and K0 (7.68 meq/100 g), without significant differences 
between applied K1 and K2 potassium rates. The increases in potassium% were 
14.97, 19.08 and 26.57% than control treatment for K1, K2 and K3, respectively.  
 
III-3- Alpha – amino nitrogen (α- AN meq/100g ) 

Raising nitrogen fertilizer rate from N0 (without nitrogen fertilizer) to N1, 
N2 and N3 rates significantly increased α- AN in root juice from 3.45 to 3.80, 
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4.46 and 5.60 meq/100 g respectively. These increases than control treatment 
were 10.01, 29.31 and 62.17 % for N1 , N2 and N3  rates , respectively (Table 4). 

 
Regarding to the effects of potassium fertilizer rates, K2 (4.65 meq/100 g) 

and K3 (4.60 meq/100 g) rates significantly increased α- AN than K1 (4.37 
meq/100 g) and K0 (3.70 meq/100 g). However, there was no significant 
difference between the first mentioned potassium rates and vice versa between 
the last ones as shown in (Table 4). 

 
The results in (Table 5) illustrated that all tested impurity parameters not 

significantly affected by interaction between nitrogen and potassium rates. The 
results inducted that increasing nitrogen fertilizer rate significantly increased the 
impurity characters, these results are similar to those achieved by Osman et al 
(2010); Abd El- Kader (2011); Ferweez et al (2011) and Mekdad (2015). In 
contrast, Tawfik, Sahar (2000) found that the effect of nitrogen fertilizer rates 
from 30 to 120 kg N/fed. had insignificants effects on these juice impurities. Also 
the results observed that increasing potassium fertilization rate significantly 
increased Na, K, α- amino nitrogen in juice roots .The results are in agreement 
those obtained by  Abo El-Ghait (2013) and Abdou (2014). 

It could be concluded that 100.5 Kg N/ fed. accompanied with 48 Kg K2O/ 
fed. gave the optimum and improving the yield and quality of sugarbeet grown 
in sandy soil. 

III-4- Extractable white sugar% (ZB%) 
Table (5) revealed effect of different nitrogen, potassium fertilizer rates 

and their interactions on Extractable white sugar% (ZB%), Quality% (QZ%), 
Alkalinity Coefficient (AK) and Loss Sugar % of sugarbeet crop. 

 
The effect of N levels on ZB% was neglect, where the relative increases 

than N0 was not more than 1.73%, therefore there were no significant differences 
among N levels. In regards to K levels, the highest effective level was K1 

(12.17%) followed by K0 (11.86%) without significant differences. 

Also, K3 (11.61%) gave the higher ZB% than K2 (11.55%) without 
significant differences. The relative increase than K1was 2.61 % for K2 and its 
relative decrease was 2.66 % and 2.17% at K1 and K3, respectively.   The 
lowest effective K level was K2.  Thus, the effect of K levels gave varied 
responses without exact direction. In conclusion, only K levels had effects on 
ZB%. 
 
III-5- Quality% (QZ %) 

Both N and K levels harbored significantly effects on QZ% (Table 5). 
Increasing both N and K levels decreased QZ%. Consequently, the highest 
effective N and K levels were N0 (80.55%) and K0 (76.45%). On contrary, the 
lowest ones were N3 (69.96%) and K3 (71.51%). The relative decrease for 
previous levels than N0 and K0 were 13.14% and 6.46%, respectively. In 
regards to the interaction between N and K levels, the highest and the lowest 
values of QZ% were N0K0 (83.01%) and N3K3 (64.15%). The effect of N levels 
had more effects than K ones. 
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III-6- Alkalinity Coefficient (AK) 
The efficacy of N and K levels on AK was presented in Table (5). The 

effects of N and K levels gave variant responses. The highest effective N and K 
levels were N2 (2.43) and K0 (2.39), respectively.  

 
Table (5). Effect of different nitrogen, potassium fertilizer rates and their 

interactions on Extractable white sugar% (ZB%), Quality% 
(QZ%), Alkalinity Coefficient (AK) and Loss Sugar % of 
sugarbeet crop in combine analysis of 2014/15 and 2015/16 
seasons. 

Nitrogen rates (N) 
Potassium (K) Rates Inc%  

or  
dec% 

K0 K1 K2 K3 Average 

ZB % 

N0 11.96 11.98 11.64 11.60 11.80  
N1 11.67 12.46 11.36 11.78 11.81 0.16 
N2 11.39 11.82 11.47 11.64 11.58 -1.84 
N3 12.43 12.43 11.73 11.41 12.00 1.73 

Average 11.86 12.17 11.55 11.61   
Inc% or dec%  2.61 -2.66 -2.17   

QZ % 
N0 83.01 81.76 79.55 77.86 80.55  
N1 76.33 77.25 71.94 72.98 74.62 -7.35 
N2 71.74 72.38 69.67 71.05 71.21 -11.59 
N3 74.73 72.88 68.07 64.15 69.96 -13.14 

Average 76.45 76.07 72.31 71.51   
Inc% or dec%  -0.50 -5.42 -6.46   

AK(meq/100 g) 
N0 2.42 2.23 2.22 2.31 2.29  
N1 2.37 2.39 2.25 2.32 2.33 1.73 
N2 2.47 2.44 2.36 2.46 2.43 5.99 
N3 2.27 2.40 2.36 2.44 2.37 3.23 

Average 2.39 2.36 2.30 2.38   
Inc% or dec%  -0.87 -3.59 -0.21   

Loss sugar% 
N0 2.44 2.68 3.00 3.30 2.85  
N1 3.62 3.65 4.44 4.37 4.02 40.88 
N2 4.49 4.53 4.99 4.72 4.68 64.21 
N3 4.21 4.64 5.47 6.41 5.18 81.69 

Average 3.69 3.88 4.47 4.70   
Increase%  5.08 21.27 27.39   

 ZB% QZ% AK Loss sugar% 
LSD 0.05 N ns 2.613 ns 0.472 
LSD 0.05  K 0.402 1.296 ns 0.192 

LSD 0.05 N×K ns 2.92 ns 0.432 
    Inc% ( increase%) or dec% (decrease) than control treatment           ns=not significant 
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In addition, the lowest values for both previous factors were N0 (2.29) 
and K2 (2.30), respectively. Although these variations, there were no significant 
differences among both tested factors.  

 
III-7- Loss Sugar % 

Table (5) illustrated that the tested factors significantly effected on loss 
sugar%. N levels could be arranged in the following descending order according 
to Loss sugar%:   N3 (5.18%) > N2 (4.68%) > N1 (4.02%) > N0 (2.85%). The 
relative increase than N0 for N3, N2 and N1 levels were 81.69, 64.21 and 
40.88%, respectively. 

  
K levels indicated that the highest loss sugar% was recorded at K3 

(4.70%) followed by K2 (4.47%), K1 (3.88%) and the least one was K0 (3.69%). 
However, the respective relative increases than K0 were 27.39, 21.27 and 
5.08%. 

 
The interaction between N and K levels was significant. The highest and 

lowest loss sugar% were observed at N3K3 (6.41%) and N0 K0 (2.44%).  
 

Generally, increasing both N and K levels enhanced loss sugar%. 
Moreover, the N levels had superior effects on loss sugar% than K levels. 

 
In generall, the quality parameters, T.S.S%, sucrose%, purity%, ZB% 

and AK insignificantly affected by the interaction between nitrogen and 
potassium rates. The present results showed that increasing nitrogen or 
potassium fertilizer rates significantly increased T.S.S%, sucrose% and loss 
sugar%, as well as decreased QZ%. Similar results were reported by Ramadan 
and Nassar (2004); Ismail and Abo El-Ghait (2005); Maareg et al. (2005 a& b); 
Ouda, (2007), Osman et al. (2010); Sarhan (2012); Abdou (2013), and Mekdad 
(2015). There was not effect for nitrogen or potassium fertilizer on purity% and 
AK, these results are in line with the findings of Abo El-Ghait and Mohamed, 
(2005) and Abdelaal and Tawfik (2015). 
 

REFERENCES 

Abdelaal, Kh. A. A.  and  Sahar, F. Tawfik (2015). Response of Sugar Beet 
Plant (Beta vulgaris L.) to Mineral Nitrogen Fertilization and Bio-
Fertilizers. Current Microbi. and Appl. Sci. ,4 (9) : 677- 688. 

Abd El-Kader, E. M. A. (2011). Effect of nitrogen fertilizer and some growth 
regulators treatments on sugar beet.J. Plant Production, Mansoura Univ., 
2 (12): 1693 - 1702, 2011. 

Abdou, M.A.E. (2013). Effect of nitrogen fertilization and harvesting dates on 
sugar beet productivity and quality in newly reclaimed sandy soils. J. 
Plant Production, Mansoura Univ., 4 (12): 1871 – 1882 

Abdou, M. A.E. (2014). Response of sugar beet (Beta vulgaris L) productivity to 
potassium fertilization. Zagazig J. Agric. Res., 41(5): 961-968. 

Abido, W.A.E., M.M Ibrahim and Maha M. El-Zeny (2015). Growth, 
productivity and quality of sugar beet as affected by antioxidants foliar 



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 284    
Vol. 22 (2), 2017 

 

application and potassium fertilizer top dressing. J. Asian Crop ,7(2):113-
127 

Abo Al-Ghait (2013).Effect of planting density, phosphorus and potassium 
fertilization on yield and quality of sugar beet.Menufiya   J. Agric. Res. 
,38(2): 273-283 

Abo El-Ghait, R. A. and Samia G. A. Mohamed (2005). Agronomical and 
statistical studies on the response of some sugar beet varieties to 
nitrogen application. Minufiya J. Agric. Res. 30 (6):  1805-1821. 

Agami, K.M. (2005). Effect of planting date, plowing depth and nitrogen 
fertilizer on yield and quality of sugar beet at Noubaria. Ph.D. Thesis, 
Fac. Agric., Moshtohor, Zagazig Univ. 

El-Deeb, Hanan H. A.(2016). Effect of spraying amino acids to rationalize the 
use of nitrogen chemical fertilizers and its effect on the productivity of 
sugar beet yield in the salt-affected soils. M.Sc. thesis, Ain Shams Univ. 
Inst. Env. Studies and Research. Department of Environmental 
Agricultural Sciences. 

EL-Shafai,  A.M.A. (2000). Effect of nitrogen and potassium fertilization on yield 
and quality of sugar beet in Sohag. Egypt. J. Agric. Res., 78(2): 759-767 

Harvey, C. W. and J.V. Dutton (1993). Root quality and processing. Pp 571-
617. In "The sugar beet crop: Science into practice . Edited by DA Cook 
and scat. Published 1993 by Chapman & Hall, ISBN, 0412-25132 

 Ferweez, H., M.F.M. Ibrahim and A.M. Allani (2011).Improving yield and 
quality of sugar beet using boron at different levels of nitrogen 
fertilizer.Alex. Sci. Exch..32(1): 51-57   

Hergert ,G. W. (2010).Sugar Beet Fertilization Published in Sugar Tech: An 
International Journal of Sugar Crops and Related Industries ,12(3-4). 
256-266 

Ismail, A.M. and R.A. Abo El-Ghait (2005).Effect of nitrogen sources and 
rates on yield and quality of sugar beet.Egypt. J. Agric. Res. ,83 (1): 229-
240  

Leilah, A.A., M.A. Badawi, E. M. Said, M.H. Ghonema and M.A. E. Abdou 
(2005). Effect of Planting Dates, Plant Population and Nitrogen 
Fertilization on Sugar Beet Productivity Under the Newly Reclaimed 
Sandy Soils in Egypt. Scientific Journal of King Faisal University (Basic 
and Applied Sciences), 6 (1):95-110 

Maareg, M.F; Twafik, S.F.; and I. M. A. Gohar (2005a). Effect of split and 
amount application of nitrogen fertilizer to sugarbeet on root-knot 
nematode, Meloidogyne javanica and crop production under sprinkler 
irrigation in sandy soil .The Third International Conference on IPM Role 
in Integrated Crop management and Impacts on Environment and 
Agricultural Products. 26-29 November 2005, Giza, Egypt. (published in 
Egypt. J. Agric. Res. 83 (2): 687-706) 

Maareg, M.F; Twafik, S.F.; and A. A. Abo El Ftooh (2005b). Effect of 
Preceding Crops and Nitrogen Fertilization on Productivity of Sugarbeet 
and Some Economic Insect Pests Infestation in Newly Reclaimed Soil at 
West Nubaryia Region The Third International Conference on IPM Role 
in Integrated Crop management and Impacts on Environment and 
Agricultural Products. 26-29 November 2005, Giza, Egypt. (published in 
Egypt. J. Agric. Res. ,83 (2): 741-757) 



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 285    
Vol. 22 (2), 2017 

 

Me Ginnis, R.A. (1982). Beet sugar technology.3rd ed. Sugar beet development 
foundation Fort Collins 855 pp) 

Mekdad, A.A.A. (2015). Sugar Beet Productivity As Affected By Nitrogen 
Fertilizer and Foliar Spraying With Boron. International Journal of Current 
Microbiology and Applied  

Osman, A.M.H, (2005).Influence of nitrogen and potassium fertilization on yield 
and quality of two sugar beet varieties. Egypt. J. Agric. Res., 83: 1237-
1254 

Osman, A. M. H.(2011). Influence of foliar spray of some micronutrients and 
nitrogen on productivity of sugar beet under newly reclaimed soils. J. 
Plant Production, Mansoura Univ., 2 (9): 1113 – 1122 

Osman, M.S., A. M. Okaz, M.A. Soliman, Hasna A. Hosny and Maha F. 
El_Enany (2010).Response of sugar beet to nitrogen fertilizer and 
sulphar spray frequency in Middle Egypt. Egypt. J. Agric. Res. , 83 (3): 
1237-1254  

Ouda, Sohier M.M.  (2007). Effect of chemical and biofertilizer of nitrogen and 
boron on yield and quality of sugarbeet Zagazig J. Agric. Res., 34(1): 1-
11 

Piper, C. S. (1950). Soil and plant analysis. The Univ. of Adelaide, Australia 
Ramadan, B. S. H. and A. M. Nassar (2004). Effect of nitrogen fertilization on 

yield and quality of some sugar beet varieties. Egypt. J. Agric. Res. ,82 
(3): 1253-1268 

Reinefeld, E., Emmerich, A., Baumgarten, G., Winner, C. and Beiss, U. 
(1974). Zur Voraussage des Melassezuckers aus Riibenanalysen. 
Zucker, 27, 2-15. 

Sarhan, H.M. (2012).Effect of bio- and mineral fertilization on yield and quality 
of sugar beet. Journal of Plant Production, Mansoura University,11(3): 
2513-2524 

Shaban, KH.A. H.; Eman M. Abdel Fatah  and Dalia A. Syed (2014). Impact 
of Humic acid and mineral Nitrogen fertilization on soil chemical 
Properties and yield and Quality of Sugar beet under Saline Siol. J.Soil  
Sci. and Agric. Eng., Mansoura Univ. ,5 (10): 1335 - 1353  

Sugar Crops Council (2016). Annual report "Sugar crops and sugar production 
in Egypt in 2014/13 growing and juice 2015 season".108 pp 

Tawfik, Sahar F. (2000). Effect of dates and sources of nitrogen fertilization on 
yield and quality of sugarbeet under surface and spray irrigation methods 
in newly reclaimed areas. Ph. D. Thesis, Faculty of Agriculture (Saba-
Bash), Alexandria University. 311 pp 

Wang, M, Q. Zheng, Q. Shen and S. Guo  (2013). The Critical Role of 
Potassium in Plant Stress Response Int. J. Mol. Sci,14, 7370-7390 

Wang, Y. and W. Wu (2015).Genetic approaches for improvement of the crop 
potassium acquisition and utilization efficiency. Current Opinion in Plant 
Biology, 25:46–52 

Wang ,M. , L. Ding , L. Gao , Y. Li , Q. Shen  and S. Guo (2016). The 
Interactions of Aquaporins and Mineral Nutrients in Higher Plants. Int. J. 
Mol. Sci., 17: 1229 

Watson, D. J. (1958).The dependence of net assimilation rate on leaf area 
index. Ann. Bot., NS 22; 37-54. 



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 286    
Vol. 22 (2), 2017 

 

������ �	
��� 

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

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

����	 ���� � !��"  
�������	 ����#	 $�% – ���	��	 ���'( �)�� ���� ( ���
�'�#	�����  

�	 $�% �#	���	���	 *����'�	 +, – ���	��	 ���'( �)�� ���� ( ���
�'�#	�����  
����'��	 �������	 
-��( ���	���	 .���	 �'�� ( /����	 – ���  

" ���#	 ��	���	 0�!%–  ��	���	 /�	�– ���	���	 .���	 �'��  

  

���� �1� 2����3� 2������ 4���5�6�"/ �6�8   �6�8/ �6�9 �'�	 
�� �:�  �! ���
�'�	 ;�– 

 <	����	 /�=�3�	)(�������	 @�A �3!��  4#
�� ����5 ��BC� ��	�
� ���� "��������	 
����	 2�"9% 2����� 

 � ���,F 2
�)��.8  �9:  ��66.8  ������	 
�����	 2� 4#
�� ����5 (2	
� /2����� $�'"  4� ��

 $������	�� 5"H %" � ���,F 2
�) "�9  ���  �"H � $�'� ��� ��-��� ��� ��	 5 ��	
��	 (2	
� / 5

�������	 @�A �3!��� ������	 I�J	 �� 0�����	 ���J	 
�
� (�������) K�� �'��	 ���� /
� ������F (  

/�����	 �L����.  ����	 
����	 4#
�� 4�, �/
�	 /�� �3)���	 M!3�	 $���� ��	�
�	 /N= �� $
���F ����

���O	)� ��3)�	 M!3�	 �� ������	 
����	 4#
�� 4�� ����O��	 M!3�	 ��  

  

 ����� ������� � !�"  

(  P��,��	 4#
���	 �� /
����� �����' ���=� /
��� �'��	 ���� Q���	 ����  �N��	 ���� 
	
��

��5 ���,F 25 
� �������	 
����	 ��������	 
����	 2� �'�) ��������	 
����	 2� �
�� ��66.8  $�'

 ) ������	 
����	 2� �
�� ���5 (2	
� / 2�����"H � $�'�5  �N��	 ����� ���% ���5 �33� ( 2	
�/

)�".RH  ��R.�R   (2	
� / 2!Q���	 ����)�H.:� ���.8�  (2	
� / 2!����   ) �'��	".:9  �

�.H� .��	��	 ��� ( 2	
� / 2!  

  

(  �
���	 ��	 K�,��	 ��������	 
����	 �� /
����	 25 
� ��'�66.8  ��	 ������	 
����	 2	
� / 2 $�'

 �
���	�� � $�'� �����	 ���'�	 ��O	N�	 �����	 
	��� ��O��	 �����	 2� �' �� ���=� /
��� �33� 2	
� / 5

/
� �����' ��'��� ��O��	  

( �5 
� /�3��	 ���� ��5. ������	 5 ��������	 
����	 2� �'� ���,��	 
����	 ���' K1��S� �BC�� # �-  

(  ) ���'�	 ��O	N�	 �����	 
	��� ���� ���5 4�����.�:  �6."�  )  ��'��� ���� ���5 ( %�9.R6  

�9.�9% ���,S� (�66.8  � 2����� $�'�� � $�'�. ��	��	 ��� (2	
� / 5  

( 5 
� T�N' �=� 
��� ������	 
����	 ��������	 
����	 2� �'� ���,��	 4#
���	 �� /
����	 2 ���� ��

 @O	)�	$������	 �$�
��	)2����� ���5 � �	 �
3 ��	 �'��	 ���� ��N��	 ���� �� ( I � /
��	 .  



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 287    
Vol. 22 (2), 2017 

 

( �	�
�	 4�� 2�
����� T��)��	 ��BC��� � �����	 41�����	 UO��� 2� ���,F 25 
� ��66.82����� $�' /

2	
�  +"H � $�'� /52	
�  ���� ���5 433� .�� ������	 K�L 4�� ��
����	 41�����	 �,�5 �=

���J	 
�
� ������� K���	 �'��	 ���� ����� /
� ���5 �N���. 

 



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

 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 288    
Vol. 22 (2), 2017 

 

 

Impact of Many Amendments and Their Mixtures on Soil 
Properties and Squash Production in Saline-sodic Soil 
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ABSTRACT: A field experiment using squash crop (Cucurbita pepo L.) variety askandrani was 

carried out at the Experimental Farm, Faculty of Agriculture (Saba-Basha), Alexandria University, 
Egypt during 2014 growing season. The farm is located at Abees region 31˚ 10.102′ N and 29˚ 
58.085′ E with altitude of (-5m) below sea level. The present research studied the effect of soil 
amendments such as animal manure, bagasse, sulphur and gypsum with different combinations on 
the physical and chemical properties of saline-sodic soil and also its effects on squash growth and 
fruit yield characteristics besides the nutrients content of leaves and fruits. Seventeen treatments of 
soil amendments were applied to soil and mixed thoroughly with the upper 30 cm layer. The squash 
was sowing at 13

th
 October. Seeds were sown at 4-5 seeds in each hill with spacing of 0.25 m 

within each row and 0.6 spacing, and then thinned to one plant after 2 weeks from sowing. After 
emergence, the plots were irrigated by the furrow irrigation method. Harvesting was at 6, 11 and 27 
December. Vegetative growth, yield and yield components and nutrients content of leaves and fruits 
were measured. Also, physical and chemical characteristics were determined. The obtained results 
revealed that all vegetative characters (leaf fresh and dry weights, leaf water content, gross plant 
weight and chlorophyll contents) were not affected by amendments treatments. The highest values 
were attained with animal manure (24 ton/ha) plus gypsum (4 ton/ha). The maximum squash fruit 
yield characters (fruit diameter, fruit length, fruit weight and fruit yield) were attained with animal 
manure plus gypsum treatment. The value of squash fruit yield was significantly increased with soil 
amendments treatments and the maximum value was attained with animal manure plus gypsum 
treatment (6954.0 kg/ha, it is accounted as 271.30% over the control treatment. All macro- and 
micro-nutrients content of leaves and fruits are significantly affected by application of soil 
amendments, especially animal manure plus gypsum treatment. The soil physical properties such 
as bulk density, mean weight diameter, geometric mean diameter, structure coefficient and 
geometric standard deviation are significantly improved by applications of soil amendments. The 
soil stability index (SI), Kelly’s ratio (KR) and permeability index (PI) indicates an excess level of 
sodium and the soil qualified to alkali hazards. Thus soil has problem about the water permeability.  
All soil chemical properties including the nutrients availability were improved as a result of 
application of different soil amendments, especially animal manure plus gypsum. Also, soil available 
macro- and micro-nutrients were improved with application of soil amendments. It is clear that 
animal manure plus gypsum treatment is the best treatment for improvement of the sodic soil. 

Keywords: salt-affected soil, sodic soil, organic amendments, natural amendments, gypsum, 
physical properties, squash plants 

INTRODUCTION 
 

Accumulation of excessive salts in irrigated soils can reduce crop yields, 
reduce the effectiveness of irrigation, destruction of soil structure, and affect other 
soil properties. Salt stress is one of the most serious limiting factors for crop growth 
and production in arid and semi-arid regions. In Egypt, many areas in Nile delta are 
mainly saline or saline-sodic soils with heavy texture. Meanwhile, the addition of 
organic matter in conjunction with gypsum has been found to reduce the adverse 
effect of soil properties associated with sodic soils (Wong et al., 2009). Abou El-
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Defan et al. (2005) studied the effect of farmyard manure, gypsum and their 
mixture on some soil characteristics irrigated with drainage water. They found that 
both EC and ESP values significantly decreased, especially with application of 
farmyard manure mixed with gypsum. El-Banna et al. (2004) found that treating the 
soil with gypsum+ FYM as well as with potassium fertilization insure a better 
environmental condition for wheat plants to grow healthy. 

 
Levy and Mamedov (2002) showed that increasing organic matter contents 

in organic matter deficient sodic soils improved structural stability and improved 
permeability. Similarly, other waste products originating from treated wastewater in 
the form of solids or semi-solids have been identified as the potential ameliorants 
of sodic soils (Graber et al., 2006). 

 
Gypsum is the most common chemical amendments applied for removal the 

salinity and sodicity from soils. It is low cost, available and easily handling (Wong 
et al., 2009; Abdel-Fattah, 2012). Several studies suggested that the application of 
gypsum to saline sodic and sodic soil can ameliorate the physical and chemical soil 
properties such as bulk density, hydraulic conductivity, water infiltration, soil pH, 
electrical conductivity, exchangeable sodium percentage and sodium adsorption 
ratio (Gharaibeh et al., 2009; Khan et al., 2010; Negim, 2016). 

 
In recent time, various organic amendments such as farmyard manures and 

composts have been effectively used to improve salt affected soils (Feizi et al., 
2010). Solid waste such as Press-mud (filter cake or filter mud) produced by the 
sugar mills industry as enrichment source of organic matter and other nutrients 
such as N, P, K, Ca, Mg, Fe, Zn, Cu and Mn and can be applied to soils for 
improving the physical, chemical and biological properties (Muhammad and 
Khattak, 2011; Negim, 2016; Jamil, 2008; Muhammad and Khattak, 2009). It also 
contains sulfur, which helps to acidify the soil. This acidification makes soluble 
calcium available and thus improves soil structure and increases the leaching of 
salts. In addition, press-mud is capable of improvement of soil texture, structure, 
organic matter contents, the water holding capacity and aeration of soil (Haq et al., 
2001; Ghulam et al., 2010). 

 
The unfortunate increase in land degradation due to salinity and sodicity 

requires special management practices. It appears that soil amendments 
applications to saline–sodic soils are necessary for improving soil physical and 
chemical properties. The aim of the present work was to explain the effect of soil 
amendments such as animal manure, bagasse, sulphur and gypsum on soil 
properties and squash production in saline-sodic soil. 

 

MATERIALS AND METHODS 
 
Experimental site and conditions 

This study was conducted during the 2014 winter season at the 
Experimental Farm, Faculty of Agriculture (Saba-Basha), Alexandria University, 
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Egypt. The farm is located at Abees region (31˚ 10.102′ N and 29˚ 58.085′ E with 
altitude of -5 m under sea level). This area is characterized by a semi-arid climate; 
the weather is hot and dry from May to August where temperatures ranged from 
25-30 ºC. On the other hand, the rainfall occurs in winter with an average of 186.2 
mm per year. The average wind speed was 10.61 m/s and the average relative 
humidity was 69.5 % (Saeed et al., 2015). 

  
Soil of the experimental site   

Soil samples were collected from the experimental area from (0-10 cm), (10-
20 cm) and (20-40 cm). Some physical and chemical properties of the field 
experiment soil are presented in Table (1). The soil properties were performed 
according to the methods outlined in Carter and Gregorich (2008). The soil of the 
experimental site is clayey texture with water table level of 1 m down the soil 
surface and the groundwater is moderately saline (2.5 dS/m), Saeed et al.(2015). 
Table (2) shows the chemical analysis of irrigation water used in the present study 
according to Ayers and Westcot (185), there is no restriction on the use of this 
water for irrigation. 

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

Soil parameters Unit 
Soil depth (cm) 

0-10 10-20 20-40 
Particle size distribution 
Sand % 29.7 29.7 32.2 
Silt % 15.0 17.5 15.0 
Clay % 55.3 52.8 52.8 
Textural class - Clay Clay Clay 
Soil bulk density Mg/m3 1.24 1.25 1.25 

Soil moisture content at field capacity (θfc) m3m-3 0.351 0.362 0.369 

Soil moisture content at permanent wilting point (θwp) m3m-3 0.092 0.093 0.094 
Available water content m3m-3 0.259 0.268 0.275 
Organic matter content (%) % 2.87 2.87 2.15 
Total calcium carbonate % 18.12 18.12 15.78 
Electrical Conductivity (EC), (1:1, soil: water extract) dS/m 6.98 6.29 5.94 
pH (1:1, soil : water suspension) - 8.05 8.15 8.25 
Soluble Cations: 
Ca2+ meq/l 2.38 1.69 1.42 
Mg2+ meq/l 7.85 6.05 4.50 
Na+ meq/l 58.15 54.13 52.13 
K+ meq/l 1.35 1.12 1.12 
Soluble Anions: 
CO=

3+ HCO-3 meq/l 10.20 9.92 2.12 
Cl- meq/l 44.00 44.39 41.00 
SO=

4 meq/l 14.03 7.70 12.54 
SAR - 25.71 27.51 30.30 
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Table (2). Chemical analysis of irrigation water used in the field experiment 
 

Parameters Value Unit 

pH 7.35 - 
ECiw 0.60 dSm-1 

Soluble Cations   
Ca+2 1.89 meql-1 
Mg+2 0.81 meql-1 
K+ 2.74 meql-1 

Na+ 0.46 meql-1 
Soluble Anions   

CO=
3 + HCO-

3 1.98 meql-1 
Cl- 0.81 meql-1 

SO4
-2 3.14 meql-1 

SSP 46.44 % 
SAR 2.36 - 
PS 2.38 meql-1 

RSC -0.72 meql-1 
 
 
Squash cultivation 

Squash (Cucurbita pepo L.) variety askandrani was selected for this study at 
2014 winter season. Plant sowing date was at 13 October, 2014. Seeds were sown 
at 4-5 seeds in each hill with spacing of 0.25 m within each row. Thinning to one 
plant per hill was carried out after 15 days from sowing to obtain a final plant 
population of 26700 plants/ha. The experimental plot was 3.5 m length and 0.6 m 
spacing, each plot contains 3 rows. After emergence, the plots were irrigated by 
furrow irrigation method. Irrigation was terminated at 1 December 2014, and 
harvesting data was at 6, 11 and 27 December 2014. All agricultural field practices 
were done as usually recommended for squash cultivation (Ministry of Agriculture 
and Land Reclamation). Phosphorus fertilizer as calcium superphosphate (15.5% 
P2O5) was fully added to the soil during soil preparation at rate of 370 kg ha-1. 
Ammonium Nitrate (33.5% N) at the rate of 168 kg ha-1  were applied at two equal 
doses, one after sowing and the second after 15 days later. Potassium Sulfate 
(48% K2O) was added at the rate of 67 kg K2O ha-1 in two equal doses, one after 
sowing and the second after 15 days later. 
 
Amendments applications 

Seventeen treatments of soil amendments were applied as shown in Table 
(3).The amendments were applied to the soil and mixed thoroughly with the upper 
30 cm soil. The used organic amendments were subjected to some chemical 
analyses as shown in Table (4). 
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Table (3).  Amendments and treatments used in the present study 
 

Treatments Rate of application 

Control Without any application 
Animal manure 24 ton/ha 
Bagasse 24 ton/ha 
Wheat straw 24 ton/ha 
Sulphur 720 kg/ha 
Gypsum 4 ton/ha 
Animal manure + Sulphur 24 ton/ha +720 kg/ha  
Animal manure + Gypsum 24 ton/ha +4 ton/ha 
Animal manure + Wheat straw 24 ton/ha + 24 ton/ha 
Sulphur + Gypsum 720 kg/ha + 4 ton/ha 
Wheat straw +Sulphur 24 ton/ha + 720 kg/ha 
Wheat straw + Gypsum 24 ton/ha + 720 kg/ha 
Bagasse + Sulphur 24 ton/ha + 720 kg/ha 
Bagasse + Gypsum 24 ton/ha + 4 ton/ha 
Organic acid +Sulphur 10 kg/ha + 720 kg/ha 
Organic acid +Gypsum 10 kg/ha + 4 ton/ha 
Bagasse +Sulphur + Gypsum 24 ton/ha + 720 kg/ha + 4 ton/kg 

 
Table (4). Some chemical analyses of the tested organic amendments 

 

Parameters  Animal manure Bagasse Wheat straw 

pH (1:10) 8.9 7.9 7.5 
EC (1:10), dS/m 12.6 4.5 9.6 

OM (%) 47.41 46.45 44.28 
Soluble Ions (mg/kg)  

N 130.0 90 70.0 
P 40.0 20.0 24.0 
K 305.0 210.0 80.0 

Ca 35.0 41.5 37.4 
Mg 31.4 25.7 20.5 
Fe 32.4 28.0 7.9 
Mn 27.6 20.9 15.4 
Cu 17.1 5.8 2.3 
Zn 2.2 6.5 5.4 

Total elements (%)  
N 1.27 0.57 0.92 
P 0.69 0.55 0.51 
K 2.50 1.60 2.05 
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Studied characters  
Vegetative growth characters  

Three plants from the center row of each plot were taken at 55 days after 
sowing (DAS) at harvesting date. The following data were recorded:  
Leaf fresh and dry weights per plant (g) 
Leaf water content (%) 
Gross plant weight (g) 
Chlorophyll a, b and total contents (mg/g fresh weight) as determined by the 
method of Metzner et.al.(1965). 

Yield and yield components: The following data were recorded:  
Fruit length and diameter (cm), No. of fruits per plot, average fruit weight (g), fruit 
weight per plot (g) and gross fruit weight (ton/ha) 
 
Nutrients content: The following data were recorded: Leaves and fruit nutrients 
content. 

  
Soil physical characters: Soil samples were taken from each treatment after 
harvesting and the following data were recorded:  
Soil bulk density (Mg/m3) using soil core method (Carter and Gregorich (2008);  
Mean weight diameter (mm) according to Van Bavel (1949) method;  
Geometric mean diameter (mm) using the method of (Shirazi and Boersma, 1984); 
Structure coefficient, structural stability index (SI) as described by Pieri (1992);    
Permeability index (PI) as described by Doneen (1964); and  
Kelley’s ratio (KR) as described by (Kelley, 1951 and 1963). 
  
Soil chemical characters: Soil pH, Electrical Conductivity (dS/m), soluble cations 
(meq/l), soluble anions (meq/l), total calcium carbonates (%), and organic matter 
(%) were determined according the methods outlined in Carter and Gregorich 
(2008). 

 
Soil available nutrients: Soil available macro-nutrients (N, P and K) and soil 
available micro-nutrients (Fe, Mn, Cu and Zn) as follows: 

 
Available nitrogen content (mg/kg):  The soil sample was extracted by 2M KCl 
(1:20), available N was determined in soil extract by Nessler’s method (Bermner 
and Mulvaney, 1982).  

 
Available phosphorus content (mg/kg): Available phosphorus was extracted 
with 0.5 M NaHCO3 solution adjusted to pH 8.5 according to Olsen et al. (1954). 
Available phosphorus was determined by ascorbic acid molybdenum blue method. 
Reading was recorded on spectrometer using 880 nm wave length (Jackson, 
1973). 
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Available potassium content (mg/kg): The extraction was done by ammonium 
acetate (1N of pH 7.0) and potassium was determined by flame photometry 
according to (Jackson, 1973) 

  
DTPA-extractable micronutrients: Ten grams of air dried soil sample was 
shaken with 20 ml of extracting solution (0.005 M DTPA + 0.01 M calcium chloride 
+ 0.1 M TEA, pH 7.3) for two hours. The soil suspension was filtered using 
Watman No. 42 filter paper and the contents of Fe, Mn, Cu and Zn were measured 
by atomic absorption spectrophotometer (Lindsay and Norvell, 1978).  
 
Plant chemical analysis: Leaves and fruit samples were taken at harvesting from 
each treatment and the N, P and K percentages were determined in the dry leaves 
and fruit. Their dry weights were determined following drying in a drying chamber 
to a constant weight at 75oC for 72 hour. After dryness, the plant samples were 
milled and stored for analysis as reported. However, 0.5g of the fruits and leaves 
powder was wet-digested with H2SO4–H2O2 mixture according (Lowther, 1980) and 
the following determinations were carried out in the digested solution: nitrogen (N), 
Phosphorous (P), potassium (K), iron (Fe), copper (Cu), manganese (Mn), and zinc 
(Zn) were determined according to Jackson (1973). 
 
Nitrogen content: Total nitrogen was determined in digested plant material 
calorimetrically by Nessler`s method (Chapman and Pratt, 1961). Reading was 
achieved using wave length of 420 nm and N content was determined as 
percentage. 
  
Phosphorus content: Total phosphorus was determined by the Vanadomolyate 
yellow method as given by Jackson (1973) and the intensity of color developed 
was read in spectrophotometer at wave length of 405nm.  
 
Potassium content: Potassium was determined according to the method 
described by Jackson (1973) using Beckman Flame photometer. 
 
Statistical analysis: The one-way analysis of variance (ANOVA) was carried out 
to determine the statistical significance of the treatment effects on the squash yield 
and soil characters using procedures outlined in Statistix (2003). The comparison 
between means was tested using least significant difference procedure at a 
significance level of 0.05 (Statistix, 2003). 
 

RESULTS AND DISCUSSION 

 
Vegetative growth 

The leaf vegetative growth data of squash plants as affected by 
amendments application are presented in Table (5). The data reveal that all 
vegetative characters were not affected significantly by amendments application. 
The leaf fresh weight was reached the maximum value (5.78 g) with the treatment 
of animal manure plus gypsum, while the minimum value (2.77 g) was with sulphur 



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

 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 295    
Vol. 22 (2), 2017 

 

 

plus gypsum treatment. The maximum value was 23.24% higher than the control 
treatment. The leaves dry weight has maximum value (0.92 g) with animal manure 
plus gypsum treatment, but the minimum value was attained with sulphur plus 
gypsum treatment. The maximum value was 19.48% higher than control treatment. 
Also, the maximum value of leaf water content (85.97%) was attained with organic 
acid plus sulphur treatment, while the lowest value (81.89%) was attained with 
sulphur treatment. Concerning the plant gross weight, the maximum value was 
740.0 g with animal manure plus Sulphur treatment, while the minimum value 
(370.0 g) was attained with sulphur and gypsum treatment. The maximum value 
was 44.16% higher than the control treatment. Chlorophyll a and b contents were 
0.683 and 0.530 mg/g fresh weight with animal manure plus gypsum treatment, 
respectively. The lowest values were 0.227 and 0.183 mg/g fresh weight attained 
with animal manure and bagasse plus sulphur treatments, respectively. The total 
chlorophyll content behaved the same trend.  

 
As for the influence of organic fertilizers on vegetable production, Mohy El-

Din (1997) mentioned that addition of organic waste significantly increased the 
fresh and dry weight of cucumber shoots during the autumn and spring seasons. 
Disadvantages of using manures include the hard and high cost of handling and 
distribution associated with the large amount of manure required obtaining 
sufficient quantities of nutrients for vegetables.  

 
Fruit yield characters 

Table (6) illustrates the squash fruit characters as affected by amendments 
treatments. All characters are significant at 1% probability level. Fruit diameter was 
reached the maximum value (3.6 cm) at animal manure plus gypsum treatment 
while the minimum value (1.4 cm) was attained at sulphur plus gypsum treatment. 
The maximum value was 4.00% higher than the control treatment. Also, the fruit 
length was reached the maximum value (17.0 cm) at wheat straw plus gypsum 
treatment, while the minimum value (9.1 cm) was attained at bagasse treatment. 
The maximum value was 49.10% higher than the control treatment. Concerning the 
average fruit weight, the highest value (199.5 g) was attained with animal manure 
plus gypsum treatment, while the lowest one (62.5 g) was attained with bagasse 
treatment. The maximum value was 52.20% higher than the control treatment. The 
fruit gross weight per plot has a maximum value (3650.0 g/plot) and was attained 
with animal manure plus gypsum treatment. The minimum value (425.5 g/plot) was 
attained with bagasse plus gypsum treatment. The maximum value was 271.20% 
higher than the control treatment.  

 
Regarding the animal manure plus gypsum treatment, the obtained data 

showed that the early and total fruit yield of squash increased significantly up to 
6954.0 kg/ha with animal manure plus gypsum accounted as 271.30% over the 
control treatment (Table 6). Using animal manure only or sulphur treatment led to 
an increase in the early and total yield (5701.4 and 4850.8 kg/ha) of squash as 
204.42 and 159.00%, respectively comparing to the control treatment (Table 6). 
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Nutrients content 
Leaf nutrients content: Leaf nutrients content of squash plants were significantly 
affected by amendments treatments as shown in Table (7). The macro-nutrients 
content (N, P, K, Ca and Mg) reached the maximum values, i.e. 5.94, 0.82, 3.90, 
4.68 and 4.68%, respectively with animal manure plus gypsum. The lowest values 
(3.52, 0.48, 2.13, 2.51 and 2.00%, respectively) were attained with the other 
different treatments. The highest values were 68.75, 24.24, 7.44, 27.17 and 
27.52%, respectively more than the control treatment. All nutrients content are 
significantly affected by application of amendments treatments. 
 

The micro-nutrients content (Fe, Mn, Cu and Zn) reached the maximum 
values i.e. 384.8, 57.1, 94.1 and 70.7 mg/kg, respectively with animal manure plus 
gypsum treatment. The lowest values (244.4, 23.5, 65.9 and 22.5 mg/kg, 
respectively) were attained with the other different treatments. The highest values 
were about 13.12, 52.3, 13.1 and 72.20 mg/kg, respectively more than the control 
treatment. All micro-nutrients content are significantly affected by application of soil 
amendments. 

 
In general, the growth of squash increased by application of animal manure. 

While the increase of  N, P, and K % contents of squash leaves was due to the 
increase in soil organic matter, soil moisture and nutrient contents and availability 
in soil.  

 
Fruit nutrients content: Fruit nutrients content of squash plants as affected by 
application of amendments are shown in Table (8). The contents of N, P, K, Ca 
and Mg reached the maximum values, i.e. 4.60, 0.98, 5.95, 3.68 and 4.86%, 
respectively with animal manure plus gypsum. The lowest values (2.41, 0.36, 4.10, 
2.51 and 1.82%, respectively) were attained with the other different treatments. 
The highest values were 29.64, 63.33, 25.26, 22.26 and 14.35%, respectively more 
than the control treatment. All macro-nutrients content are significantly affected by 
application of soil amendments. 

The micro-nutrients content (Fe, Mn, Cu and Zn) reached the maximum 
values, i.e. 279.5, 62.5, 51.2 and 41.4 mg/kg, respectively with animal manure plus 
sulphur treatment. The lowest values (128.6, 42.2, 32.0 and 18.7 mg/kg, 
respectively) were attained with the other different treatments. The highest values 
were 28.62, 12.61, 21.04 and 55.64%, respectively more than the control 
treatment. All micro-nutrients content are significantly affected by application of soil 
amendments except for copper content. 

 
The application of manures to soil provides potential benefits including 

improving the fertility, structure, water holding capacity of soil, increasing soil 
organic matter and reducing the amount of synthetic fertilizer needed for crop 
production (Eghball, 2002; Phan et al., 2002). 
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 Manures are the main sources of nitrogen (N) supply in organic crop 
production. Nitrogen availability from applied manure includes the inorganic N 
(NO3-N and NH4-N) plus the amount of organic N mineralized following application. 
Nitrogen mineralization differs for different manure types since the 
inorganic/organic fraction and quality of organic N varies (Zaman et al., 2004; 
Mikha and Rice, 2004). Raw manure is an excellent source for organic crop 
production. It supplies nutrients and organic matter and stimulating the biological 
processes in the soil that help to build up soil fertility. However, a number of 
cautions and restrictions still need more investigations, based on concerns about 
produce quality, food contamination, soil fertility imbalances, weed problems, and 
pollution hazards. Manure is an important source of plant nutrients Zaman et al. 
(2004), as it increases soil total N (Mikha and Rice, 2004) and improves the 
nutrient status of the soil (Eghball and Power, 1999) whom reported that 58% of 
beef manure N was available for plant uptake during the first 2 years after 
application. 
 
Table (6). Squash fruit characteristics as affected by soil amendments 

application 
  

Soil amendments 

Average 
fruit 

diameter 
(cm) 

Average 
fruit 

length 
(cm) 

Average 
fruit 

weight 
(g) 

Fruit 
weight 
(g)/plot 

fruit 
yield 

(kg/ha) 

Control 3.5 11.4 131.1 983.3 1872.9 
Animal manure 3.2 11.8 144.6 2993.2 5701.4 
Bagasse 2.9 9.1 68.0 1502.8 2862.5 
Wheat straw 3.3 14.9 157.1 974.0 1855.3 
Sulphur 3.3 14.3 140.7 2546.7 4850.8 
Gypsum 2.6 9.8 119.0 2070.6 3944.0 
Animal manure + Sulphur 3.4 12.0 128.0 934.4 1779.8 
Animal manure + Gypsum 3.6 13.6 199.5 3650.9 6954.0 
Animal manure + Wheat straw 3.3 11.4 176.3 1022.5 1947.7 
Sulphur + Gypsum 1.4 13.6 110.9 1829.9 3485.4 
Wheat straw +Sulphur 3.1 10.8 88.1 740.0 1409.6 
Wheat straw + Gypsum 1.6 17.0 130.9 1636.3 3116.7 
Bagasse + Sulphur 1.8 9.3 93.3 531.8 1013.0 
Bagasse + Gypsum 3.3 9.9 92.5 425.5 810.5 
Organic acid +Sulphur 1.8 11.5 162.7 2261.5 4307.7 
Organic acid +Gypsum 2.6 11.9 125.5 2271.6 4326.8 
Bagasse +Sulphur + Gypsum 2.3 12.8 135.9 2160.8 4115.8 
LSD (0.05) 1.4* 3.5** 25.7** 1398.5** 1.65** 

 
Physical properties of soil 

Table (9) showed that the soil bulk density ranged between 1.65 to 1.85 
Mg/m3 with average of 1.76 Mg/m3. The lowest value was attained with animal 
manure plus gypsum treatment, while the highest value was attained with wheat 
straw treatment.  
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The low value was under the control treatment by 7.82%. The mean weight 
diameter (MWD) ranged between 0.663 and 0.752 mm with average value of 0.71 
mm. The highest value was attained with animal manure plus gypsum treatment, 
while the lowest value was attained with gypsum treatment. The geometric mean 
diameter (GMD) has the highest value (0.575 mm) with animal manure plus 
gypsum, while the lowest value (0.475 mm) was attained with only animal manure 
treatment. The highest value was more than the control treatment by 6.09%. The 
structure coefficient (Cr) has the highest value (1.478) with animal manure plus 
gypsum, while the lowest value (1.072) was attained with gypsum treatment. The 
highest value was more than the control treatment by 11.55%. The geometric 

standard deviation (δδδδg) reached the maximum value of 2.956 with animal manure 
and bagasse +sulphur+ gypsum treatments, while the lowest one (2.353) was 
attained with animal manure plus gypsum treatment. The lowest value was less 
than the control treatment by about 7.50%. 

 
The structural stability index (SI) has highest value of 2.48 with bagasse 

plus sulphur treatment and lowest value with only bagasse treatment with average 
of 1.89. The structural stability index (SI) < 5% indicates a structurally degraded 
soil (Pieri, 1992). The highest value of Kelly’s ratio (KR) is 2.86 was attained with 
animal manure plus gypsum treatment, while the lowest value was attained with 
wheat straw plus gypsum treatment with average of 2.01. The highest value was 
more than the control treatment by about 43.00%. The values of KR>1.0 indicates 
an excess level of sodium (Kelly, 1946). Thus, this soil is qualified to alkali hazards 
(Karanth, 1987). The permeability index (PI) was the highest value (102.51) with 
bagasse plus sulphur treatment, while the lowest one (76.98) was attained with 
sulphur plus gypsum treatment. The average value was 88.87. The values (PI) 
were more than 75 indicated that the soil has problem about the water 
permeability.  
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Chemical properties of soil 
Table (10) shows the effects of soil amendments application on some soil 

chemical properties. The soil pH ranged between 7.92 and 8.97 with an average of 
8.46. Also, soil salinity (EC) was ranged between 2.12 and 5.53 dS/m with an 
average value of 3.64 dS/m. The soluble cations; Ca+2, Mg+2, Na+ and K+ ranged 
between 2.45 and 6.37; 3.04 and 6.27; 9.78 and 25.87 and 0.20 and 1.42 meq/l, 
respectively with average values of 3.90, 4.68, 17.29 and 0.59 meq/l, respectively. 
The soluble anions; HCO3

-, Cl- and SO4
=   ranged between 6.13 and 8.58, 8.30 and 

14.93 and 8.96 and 12.85 meq/l, respectively. The average values were 7.79, 
12.35 and 10.26 meq/l, respectively. Calcium carbonate content ranged between 
3.68 and 22.10% with an average of 13.93. Also, organic matter content ranged 
between 0.71 and 1.72% with an average value of 1.31%. 

 
Soluble sodium percentage (SSP) of soil ranged between 54.02 and 71.16% 

with an average value of 62.42%. The lowest value was attained with animal 
manure plus gypsum treatment and was lower than the control treatment by about 
24.079%. Also, sodium adsorption ratio (SAR) ranged between 6.12 and 14.77 
with an average value of 9.28. The lowest value was attained with animal manure 
plus gypsum treatment. It is lower than the control treatment by 58.56%. The 
expected exchangeable sodium percentage (ESP) ranged between 7.79 and 
17.02% with an average value of 11.48%. The lowest value was attained with 
animal manure plus gypsum treatment. It is lower than control treatment by about 
54.82% (Table 11). From the obtained results it can be concluded that the animal 
manure plus gypsum treatment is the best treatment for improvement the saline-
sodic soil.  

 
Gypsum (Amezketa et al., 2005) and organic matter (Wong et al., 2009) are 

some of the amendments which have been used. Gypsum is the most commonly 
used amendment for sodic soil reclamation and for reducing the harmful effects of 
high sodium irrigation water in agricultural areas (Amezketa et al., 2005). Studies 
on the effect of gypsum application on saline-sodic soil reclamation have shown 
that the soil receiving gypsum at higher rate removes the greatest amount of Na+ 
from the soil columns and causes a substantial decrease in soil electrical 
conductivity (EC), sodium adsorption ratio and SAR (Hamza and Anderson, 2003). 
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Table (11). Sodium hazard of soil treated with soil amendments application 
 
 

Removal sodium efficiency (RSE) in percentage of Na-removed from soils at 
the end of the experiment was calculated as follows: 

 

( )i f

i

ESP -ESP
RSE = ×100

ESP
 

Where: 
ESPi : exchangeable sodium percentage before the soil amendments application, 

and 
ESPf : exchangeable sodium percentage after the soil amendments application at 
the end and after plant harvest. 
 

The removal sodium efficiency (RSE) or percentage of Na-removed from the 
soils at the end of the experiment in used soils was significantly reduced after the 
application of the amendments (Table 11). RSE of animal manure plus gypsum 
revealed the highest value (54.82%) among the treatments followed by 51.82 and 
47.24% for Bagasse +Sulphur + Gypsum and Organic acid +Sulphur treatments, 
respectively. Also, the removal of soluble sodium efficiency (RSSE%) was 
calculated by the same equation using SSP instead of ESP. The value of RSSE for 
animal manure plus gypsum revealed the highest value (24.09%) among the 
treatments followed by 22.27 and 20.98 for Sulphur + Gypsum and animal manure 
plus wheat straw treatments, respectively.  
  

Treatments 
ESP 
(%) 

SAR 
SSP 
(%) 

RSE 
% 

RSSE 
% 

Control 17.02 14.77 71.16 - - 
Animal manure 12.79 11.08 60.75 24.85 14.63 
Bagasse 12.37 10.43 69.91 27.32 1.76 
Wheat straw 15.38 11.24 61.84 9.64 13.10 
Sulphur 14.28 12.22 68.19 16.10 4.17 
Gypsum 11.28 8.47 62.54 33.73 12.11 
Animal manure + Sulphur 13.35 9.55 60.79 21.56 14.57 
Animal manure + Gypsum 7.69 6.12 54.02 54.82 24.09 
Animal manure + Wheat straw 13.28 10.03 56.23 21.97 20.98 
Sulphur + Gypsum 8.08 6.50 55.31 52.53 22.27 
Wheat straw +Sulphur 10.67 8.96 63.85 37.31 10.27 
Wheat straw + Gypsum 10.07 7.55 62.76 40.83 11.80 
Bagasse + Sulphur 10.33 8.68 65.44 39.31 8.04 
Bagasse + Gypsum 9.11 7.65 66.20 46.47 6.97 
Organic acid +Sulphur 8.98 9.85 62.10 47.24 12.73 
Organic acid +Gypsum 12.24 7.85 60.63 28.08 14.80 
Bagasse +Sulphur + Gypsum 8.20 6.85 59.46 51.82 16.44 
LSD (0.05) 4.39** 3.87** 11.65* 17.32* 8.23* 
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The obtained results confirmed that animal manure plus gypsum treatment 
was the best method for reclamation the salt-affected soil. 

 
Available nutrients in soil 

Table (12) showed that the soil available nutrients were significantly affected 
by application of soil amendments. The values of available N, P and K ranged 
between 122.1 and 324.4; 9.2 and 71.4 and 162.5 and 250.0 mg/kg, respectively 
with an average value of 269.9, 39.1 and 202.9 mg/kg, respectively. The higher 
values were attained with animal manure plus gypsum treatment. These values are 
higher than the control treatment by 165.62, 296.97 and 11.11%, respectively. 
Also, the content of available Fe, Mn, Cu and Zn ranged between 4.1 and 11.3; 8.2 
and 18.4; 4.2 and 4.9 and 0.4 and 1.2 mg/kg, respectively with an average values 
of 7.9, 13.8, 4.6 and 0.8 mg/kg, respectively. The higher values were attained with 
animal manure plus gypsum treatment. These values are higher than the control 
treatment by 76.56, 77.22, 13.95 and 82.35%, respectively. It is clear that all soil 
amendments increased the soil available nutrients. 

 
Although the use of chemical amendments, like gypsum, successfully 

improved the chemical properties of these soil, but fails to restore nutritional and 
biological properties of reclaimed soils. As a cost-effective and environmentally 
acceptable strategy, saline-sodic soil can also be reclaimed through organic bio-
amelioration (Gill et al., 2009). The incorporation of organic amendments to sodic 
soil enhances microbial activity that transforms the organic materials into long 
chain aliphatic compounds capable of binding and stabilizing soil aggregates. Bio-
amelioration method has great advantage over chemical amendments such as: (1) 
improvement of soil hydraulic conductivity, (2) increases the plant nutrients 
availability in amended soil, (3) environmental services through soil carbon 
sequestration. It is concluded that bio-amelioration approach for sodic land 
reclamation would not only improve the soil fertility, but also make able the 
reclaimed sodic soil for agriculture that can fulfil the food requirements of growing 
population. Also, Gypsum application successfully reduces exchangeable sodium 
percentage (ESP) of sodic soils, but fails to improve the physical and biological 
properties of the soil (Tejada et al., 2006). 

  
Recently, organic bio-amelioration approach has proved to be an efficient, 

low cost and environmentally acceptable strategy to ameliorate sodic and saline-
sodic soils. Input of organic matter conditioner such as mulch, manures, compost 
and recyclable organic waste/residues have been investigated for their 
effectiveness in sodic soils amelioration. It has been demonstrated that the 
application of organic matter to sodic soils can accelerate Na+ leaching, decrease 
the exchangeable sodium percentage and increase infiltration rate and aggregate 
stability of amended soils (Jalali and Ranjbar, 2009). 
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Numerous studies showed the benefits of organic amendments in improving 
physical, chemical and biological properties of soil. Although, these parameters 
can be changed slowly and several years are necessary to obtain significant 
differences, biological and biochemical parameters are more sensitive and can 
provide earlier measurements of changes produced by soil management (Melero 
et al., 2007; Courtney and Mullen, 2008; Chitravadivu et al., 2009).  

 
Soil organic matter encourages granulation, increases cation exchange 

capacity (CEC) and is responsible for up to 90% adsorbing power of the soils. 
Cations such as Ca2+, Mg2+ and K+ are produced during its decomposition (Brady 
and Weil, 2005). Organic amendments decreased soil sodicity and increased 
exchangeable Ca2+ and Mg2+ (Anand, 1992). 

 
Table (12). Available nutrients content in soil as affected by soil amendments 

application 
  

 
Available macro-
nutrients (mg/kg) 

Available micro-
nutrients (mg/kg) 

N P K Fe Mn Cu Zn 
Control 122.13 20.50 225.00 6.4 10.1 4.3 0.7 
Animal manure 307.27 40.13 168.75 5.8 17.9 4.5 0.4 
Bagasse 219.90 39.88 225.00 11.0 14.6 4.3 0.7 
Wheat straw 307.30 50.38 212.50 9.1 12.1 4.6 0.7 
Sulphur 323.13 17.25 162.50 8.1 14.6 4.7 0.7 
Gypsum 252.27 9.16 200.00 6.3 11.5 4.4 0.8 
Animal manure + Sulphur 280.53 57.38 193.89 8.6 12.7 4.2 1.0 
Animal manure + Gypsum 324.40 81.38 250.00 11.3 18.4 4.9 1.2 
Animal manure + Wheat straw 306.30 45.13 250.00 6.3 14.1 4.8 1.00 
Sulphur + Gypsum 200.27 16.25 175.00 4.6 10.2 4.5 0.8 
Wheat straw +Sulphur 280.50 52.88 218.75 8.8 13.4 4.7 0.8 
Wheat straw + Gypsum 283.9 43.25 206.25 7.9 8.3 4.8 0.7 
Bagasse + Sulphur 215.63 33.38 193.75 10.4 18.3 4.8 0.8 
Bagasse + Gypsum 255.30 25.75 193.75 6.2 10.6 4.4 0.4 
Organic acid +Sulphur 267.27 57.00 218.75 9.4 15.1 4.2 0.8 
Organic acid +Gypsum 323.53 48.60 187.50 4.1 14.8 4.6 1.2 
Bagasse +Sulphur + Gypsum 303.53 36.50 168.75 10.0 17.6 4.8 1.0 
LSD (0.05) 52.15** 30.22** 28.05** 2.9** 6.1** 0.2** 0.2** 

 
Finding of previous study showed that incorporation of organic bio-

ameliorants improve the growth and yield of major crops (Triticum aestivum L. and 
Oryza sativa L.) under the sodic condition (Yaduvanshi and Sharma, 2008; 
Choudhary et al., 2011). The incorporation of organic bio-ameliorants into sodic 
soils significantly increased the root growth and yield of wheat (Triticum aestivum 
L.) crop, due to continuing supply of readily-available nutrients, due to mineralizing 
organic matter (Gill et al., 2009). In addition, there would be polysaccharides and 
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mycelial exudates released from the mineralization of organic matter seem to play 
an important role in plant growth promotion (Srinivasan et al., 2011). 

 
The most effective procedures for saline-sodic soils reclamation are based 

on the removal of exchangeable and soluble sodium out of the soil profile. A 
method of saline or saline-sodic soils reclamation using a combination of organic 
manure and gypsum was evaluated and proved to be the best soil amendment for 
reducing soil pH, soil salinity, and soil sodicity. As shown in the present study, the 
sodium removal efficiency was the highest with treating the soil with animal manure 
plus gypsum. Consequently, squash yield was the highest at the same treatment.  
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ABSTRACT: The present study was carried-out at the Horticulture Research Institute, 

Agriculture Research Center (A.R.C.). Alexandria, Egypt during the spring and autumn seasons of 
2015. The aim was to investigate the effect of phytoremediation of air pollution using some plants 
(Nerium oleander and Pittsporum Tobira) in three locations in the Alexandria city. We applied these 
work in three different sites in Alexandria city which namely, (1) El-Ebrahimeya, (2) El- Dekhela and 
(3) Antoniadis garden (Control). The results showed that the concentrations of lead, cadmium and 
zinc elements were the highest in the Dekhela region soil compared with other areas . Lead 
element was a higher concentration at the sector 30-60cm compared with the sector 0-30cm. 
Analyzing the leachates of polluted leaves, stem and roots, it has been detected that in both 
species studied, the concentrations of lead, cadmium ans zinc was the highest in Dekhela 
compared with those obtained in Antoniades garden region.  

Key word: Phytoremediation – Pollution – Lead - Cadmium – Zinc - Nerium oleander - Pittsporum 

tobira - Alexandria city. 

 

INTRODUCTION 
 

Alexandria is the second capital of Egypt, it was the old capital, located on 
the Mediterranean coast. Alexandria city, one of the most culturally diverse and 
civilized cities, where many different historical periods throughout the ages have 
seen, where there are many ancient and modern monuments, became an open 
museum featuring Greek, Roman, Coptic and Islamic. The population of Alexandria 
city is about 4,123,869 people according to 2006 census (World Population 
Prospects) serving commercial, industrial and agricultural activities. Therefore, the 
issue of pollution is one of the important issues that threatened the throne of the 
tourist city, especially air pollution standpoint (Ghattas,1992). In Alexandria, some 
industrial areas started to contribute to the problem of air pollution due to the rapid 
growth of industrialization, besides the lack of planning for site allocation of 
industries.  Therefore, there were a considerable numbers of studies on industrial 
air pollution and its effects on the environment in Alexandria.  For instance, for the 
cement industry, many researchers tackled the problem of pollution monitoring, 
control, health effects and other factors caused by this industry (Abd El-Kader et 
al.,1979). Amer (1999) studied air pollution and planning of housing location in 
Alexandria. 
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Lead is widely distributed naturally, but the greatest risks normally arise from 
emissions to the environment associated with human use of the metal and its 
derivatives. Fumes and dust come from smelting of lead, manufacture of 
insecticides, paint, powdery glazes and storage batteries, and from gasoline 
containing lead additives. Sewage sludge may contain very high levels of lead and 
its use as a fertilizer may contaminate soils. High levels may occur in urban air as a 
result of the high traffic density and associated emission of lead from gasoline 
additives (Harrison and Laxen, 1981). Madany and Salim (1992), found that the 
concentration of lead in street and house dust were 697.2, and 360 µg/m3; 
respectively. It was suggested that the motor vehicles are the major source of 
these metals in dust samples.Jaffe et al.(1992) measured lead concentration in 
urban and rural area.  Urban concentrations were higher than rural concentration, 
Ghattas (1992). He found that the lead concentration in air of Alexandria, Cairo 
was averaged  0.259 µg/m3. 

 
Cadmium is a normal constituent of soil and water at low concentrations. It 

is usually mined and extracted from zinc ores, especially zinc sulphide. Industrially, 
cadmium is used as an antifriction agent, and in alloys. In the environment, 
cadmium is dangerous because many plants and some animals absorb it efficiently 
and accumulate it within their tissues. Shalaby (1997) found that cadmium 
concentraion in air samples in urban area and rural area was 0.028, and 
0.002µg/m3; respectively. Ghattas (1992) measured cadmium concentration in 
ambient environment at Alexandria, near Horreya avenue and found that Cd 
concentration was 0.0053 µg/m3. 

 
Major uses of zinc are in the production of noncorrosive alloys, brass and in 

galvanizing steel and iron products. Zinc undergoes oxidation as surface coating, 
thus protecting the underlying metal from degradation. Zinc oxides are used in 
rubber and as a white pigment. Zinc is utilized therapeutically in human medicine in 
the treatment of zinc deficiency. The carbonates, which are organic zinc 
compounds, are used as pesticides (Friberg et al., 2002).Also they found that 
about 21-38 x 103 metric tons of zinc per year is fallout. Shalaby (1997) found that 
zinc concentration in air samples in urban and rural area was of 0.5, 0.44, and 
0.11µg/m3; respectively. 

 
This study aims to see experimentally the effect of using two kinds of plants; 

Nerium oleander and Pittsporum tobira on reducing the air pollution level in three 
locations in Alexanderia city; El-Ebrahimeya, El-Dekhela and Antoniadis garden. 
Three highly dangerous heavy metals were detected through the study; Lead, 
Cadmium and Zinc. 

 

MATERIAL AND METHODS 
 

The present study was carried-out at the Horticulture Research Institute, 
Agriculture Research Center (A.R.C.) Alexandria, Egypt during the spring season 
(March-April) and the autumn season (October-November), 2015. The aim was to 



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 316    
Vol. 22 (2), 2017 

         

investigate the effect of phytoremediation of air pollution using one year old 
unpinched plants of (Nerium oleander and Pittsporum tobira) of about 50 cm 
height. 24 plants of each shrub were planted in three locations in Alexandria city 
.We applied these work in three different sites in Alexandria city namely: 

 
1- El-Ebrahimeya square which considered as a densely populated region and 

logged of a lot vechicles. 
2- El- Dekhela region which is considered as an industrial region. 
3- Antoniadis garden (Smouha) which is considered as a control region(less 

polluted). 
 
1. Sampling: 
1.1. Sampling of Total Suspended Particulate (TSP), Particulate Matter Less 
Than 10 micrometer (PM10 ) , Lead, Cadmium and Zinc: 

Samples were collected inside the working environment during the melting 
process and carried out using portable dust sampler type L-2SF.MK3 from 
Rotheroe and Michell. The sampler has a regulated air flow rate of 50 - 110 liter 
per minute. The inlet manifold of volume sampler was two meters height from the 
ground surface. Samples were collected on Whatman GF/A fiberglass filter of 7 cm 
diameter with a 99% - >99.99% collection efficiency for 0.035 - 1 µm particles 
(Kathren, 1984). 

 
1.2. Digestion Method: 

For measuring lead, cadmium and zinc concentrations, the filter paper was 
placed in desiccators for 48 hrs prior and after the sampling. The analytical balance 
(Meter) of 0.1 mg sensitivity was used. Digestion method was carried out following 
the method of Thompson and Walsh (1983) and WMO (1993) for airborne 
samples. 

 
2. Monitoring instruments 
2.1. TSP, PM10 and PM2.5(Particulate matter Less Than 2.5 micrometer) 

With increased awareness of environmental pollution from fine particulate in 
the workplace and increasing enforcement of Control of Substances Hazardous to 
Health (COSHH) and environmental legislation, the demand for more area and 
perimeter monitoring on a short to medium term basis is on the increase. This need 
for real-time particulate information is a requirement in general industry, when 
looking at Total Suspended Particulate (TSP), and at inhalable and respirable dust 
levels as a health issue. 

   
CASELLA CEL has introduced the Dust Detective Static Air Sampling (SAS) 
enclosure for exactly this application. This accessory provides a simple solution to 
short to medium term fixed area monitoring with the micro dust pro and Apex 
sampling pumps and is designed specifically for use in indoor applications, but 
some short term outdoor perimeter samples can be undertaken with the unit 
(Ashraf, 2013).  
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The key component to this accessory is the sampling inlet which utilizes 
Polyurethane foam (PUF) size-selective filter techniques. The foam filter 
specifications and dimensions determine the desired aerosol size selection 
characteristics and eliminate particle sizes greater than PM10, PM2.5 or Respirable 
(4 mm) as appropriate. The larger particles become trapped and collect within the 
foam matrix, whilst all particles below these “cut-off points” pass through the PUF 
filters and enter the measurement chamber, where the real time mass 
concentration is established (Ashraf, 2013). 
 

 After passing through the Micro dust pro, particulate matter is deposited on 
a 25 or 37mm filter which may be used for gravimetric or chemical analysis.  
 
2.1.1.Starting a Sample Run 

 The following procedure was applied:  
1.  The protective dust cap was removed and the sample was fit inlet tube/head to 

the case. 
2. The PUF filter foam (s) was inserted and in line sample filter. 
3. The Micro dust pro was switched and Apex pump on.was confirmed zero using 

the in-line filter connected to the sample inlet.  
4. The Apex flow was checked that rate was set to 3.5L/min.  
5.The unit was located in required location.Pump and Microdust data logger was 

started according to their respective user manuals.  
 
2.1.2 GPS  

Global Positioning System (GPS) device was used to determine the 
measurement locations on Alexandria map. 

 
2.1.3 Digital Camera 

Digital camera has been used to document measurements and monitoring  
the nature of the surrounding environment. 
  
2.2 Data Sources 
2.2.1 Metrological Data 

Several websites were used to get recent weather data in measurement 
sites such as Weather Underground (http://www.wunderground.com/)and the Iowa 
Environmental Mesonet (IEM) (http://mesonet.agron.iastate.edu/). 

 
2.2.2 Calculation Methode for TSP (Total Suspended Particulate) and PM10 

(Particulate Matter Less Than 10 Micrometer). 
The level of Total suspended particulate(TSP) and the level of respiratory 

particles(PM10) at the three selected locations was calculated as showen 
:{(Average of TSP before- Average of TSP after new filter)/ AQL}*100, and the 
same equation for PM10 :{(Average of PM10 before- Average of PM10 after new 
filter)/ AQL}*100,the AQL( Air Quality Limit) for air pollutant according to law 4/94 
which modified to law 9 for 2009 (Egyptian Environment Affairs Agency,1994). 
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2.3. Sample preparation: 
We washed the collected samples (leaves, stems and roots of the two 

shrubs) with distilled water to clean dust and deposited substance we recorded the 
fresh weight for every collected sample, after that all samples were dried on papers 
then oven dried at 70Cº for 48 hours to constant mass, after putting them  in paper 
bags. After washing the samples we kept the leachates water obtained from the 
washed samples in jars to determine heavy metals as it’s content described by 
Haswel (1991). 
 

The samples of water of all plant part leachates of both shrubs (Nerium 
oleander and Pittsporum tobira) were washed with it which were put in  jars (18 
jars) and were given a code for  doing chemical analysis as determination of heavy 
metals especially (Cd, Zn and Pb) by using the Atomic Absorpation Spectrometer. 
 
2.4. Soil analysis: 

Soil samples of shrubs understudy were taken at random from surface 0-30 
cm and at depth 30-60 cm, dried in the oven for determination of  heavy metals 
(Cd, Zn and Pb), these samples were digested as follows:  

 
- A sample of soil was dried very well and was siftted with sieve it’s scale 2mm. 
- A weight was taken from the soil about 0.5g. 
- 4ml of Nitric acid was put for the sample (HNO3). 
- 1ml of Prochloric was put for the sample (HCLO4). 
-  The solution was headted at 105º for 2-3 hour until appear white fumes then  the 

temperature was raised to 185º until the solution became dry. 
- The residue was left to be cool then 2 ml of hydrcloric acid (HCL) was added then 

was heated on 60ºfor one hour. 
- The mixture was cooled and 8ml of distill water was added then was left for 4 

hour after that was nominated and was continued to 50 ml of distill water to be 
ready to take the reading from the apparatuse. 

- After that the digested sample of soil was taken for doing chemical analysis as 
determination of heavy metals especially (Cd- Zn and Pb) determination using 
Atomic Absorpation Spectrometer according to Isaac and Kerber (1971). 

 
Correlation relationships were statisticaly analysed by Gomez and Gomez 

(1984), in order to detect the relationships among the three pollutants (Pb, Zn and 
Cd) each of TSP (Total Suspended Particulate) and PM10 (Particulate Matter Less 
Than 10 micrometer). 
 

RESULTS AND DISCUSSION 
 
1. Heavy metals (lead, cadmium and zinc) content in soil 

Data presented in Table (1) showed that, in season 2015, for the Nerium 
and Pittsporum plants,it was found that the concentration of lead element was the 
highest in the Dekhela region soil compared with other areas, while lead element 
was manifested in higher concentration in the layer of 30-60 cm compared with the 
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layer of 0-30 cm. The lowest amount was accumulated in Antoniadis garden in the 
same depth. Also, it has been found that the concentration of cadmium element 
was the highest in the Dekhela region compared with the other areas, while 
cadmium element was found in higher concentration in the layer of 30-60 cm 
compared with the layer of 0-30 cm. The lowest concentration was accumulated in 
Antoniadis garden in the same depths. In addition, the concentration of zinc 
element was the highest in the Dekhela region compared with other areas, while 
zinc element was obtained of a higher concentration in the layer of 30-60 cm 
compared with that of the layer of 0-30 cm. The lowest amount was accumulated in 
Antoniadis garden in the samples taken from the same depth. Some limited 
differences among the three pollutants with respect to their concentration in spring 
and autumn. It is believed that these differences might due to the traffic density. 

 
Table (1). Heavy metals (lead, cadmium and zinc) content in the soil planted 

with Nerium and Pittsporum in the different locations. 
 

Treatments 
Lead (mg/kg) Cadmium (mg/kg) Zinc (mg/kg) 

Spring Autumn Spring Autumn Spring Autumn 

Nerium 
oleander 

Antoniadis 
(Control) 

D1 2.820 2.745 0.015 0.010 1.220 3.875 
D2 4.815 4.675 0.023 0.026 2.705 6.230 

Dekhela 
D1 39.600 22.470 0.077 0.185 7.485 9.725 
D2 46.295 34.900 0.152 0.237 9.070 15.885 

Ebrahimeya 
D1 8.605 8.235 0.023 0.018 4.520 5.380 
D2 9.985 10.945 0.066 0.039 5.530 9.010 

Pittsporum 
tobira 

Antoniadis 
(Control) 

D1 1.645 3.000 0.014 0.019 1.070 3.150 
D2 2.100 5.120 0.025 0.030 2.050 5.580 

Dekhela 
D1 27.150 19.585 0.165 0.259 5.625 8.880 
D2 31.455 24.830 0.320 0.398 8.185 10.750 

Ebrahimeya 
D1 4.020 7.945 0.021 0.011 3.935 5.170 
D2 5.940 9.895 0.040 0.025 5.130 6.620 

D1: soil sample at depth of 0-30 cm. 
D2: soil sample at depth of 30-60 cm. 

  
2. Heavy metals (lead, cadmium and zinc) content in water 

Data presented in Table (2) displayed the level of lead in leachates samples 
resulted from washing leaves, stems and roots of the two shrubs (Nerium oleander 
and Pittsporum tobira) in the spring and autumn seasons of 2015. It was found that 
high concentration of lead in leaves growing at region of Dekhela compared for 
concentration the low in Antoniadis garden. With respect to the leachates level of 
lead in stems, high level was found in Dekhela region, relative to that obtained from 
Antoniadis garden. The leachate of roots for the both shrubs (Nerium oleander and 
pittsporum tobira) showed that high concentration of lead was found in Dekhela 
region vs. the lowest concentration was found in Antoniadis. 
 

With respect to level of cadmium in the leachate leaves, stems and roots of 
both two shrubs (Nerium oleander and Pittsporum tobira) in the spring and autumn 
season of 2015, the highest concentration of cadmium was detected in leaves of 
the shrubs growing at Dekhela region, while concentration was found in those 
growing at Antoniadis garden. The level of lead in leachate of stem showed also 
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the high level of cadmium in Dekhela region, while the lowest level was found in 
Antoniadis garden. The leachate of roots of both shrubs (Nerium oleander and 
Pittsporum tobira) displayed the highest concentration of cadmium in roots of 
shrubs growing at Dekhela region as it compared with those indicated at 
Antoniadis garden. 
 

As for the zinc concentration, it was found that the level of zinc in leachates 
of leaves, stems and roots of (Nerium oleander and Pittsporum tobira) shrubs in 
the spring and autumn season of 2015,the highest zinc level was obtained in 
leaves of the shrubs growing at region of Dekhela, compared with that obtained at 
Antoniadis garden. The level of zinc in the leachates of stems showed also that the 
highest level of zinc was found in stems of shrubs growing at Dekhela region, while 
the lowest level was found in those of shrubs growing at Antoniadis garden.The 
leachates of roots of both shrubs (Nerium oleander and Pittsporum tobira) showed 
that highest concentration of zinc at Dekhela region compared to those at 
Antoniadis garden. Some limited differences among the three pollutants with 
respect to their concentration in spring and autumn. It is believed that these 
differences might due to the traffic density. 
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3.  Heavy metals (lead, cadmium and zinc) content (mg/kg) in the filter paper. 
Data presented in Table (3) exhibited the results of analyzed filter paper 

during the spring and autum season of 2015.The results showed that the level of 
lead in air was high in Dekhela location, but was low in Antoniadis. The level of 
cadmium was high in Dekhela,as it compared with that of Antoniadis location. The 
level of zinc in air in Dekhela location was high, it was low in Antoniadis. Some 
limited differences among the three pollutants with respect to their concentrations 
in spring and autumn. It is believed that these differences might due to the traffic 
density. 

 
Table (3). Heavy metal content in filter paper (mg/kg). 
 

Location 
Lead content in filter 

paper (mg/kg) 
Cadmium content in 
filter paper (mg/kg) 

Zinc content in filter 
paper (mg/kg) 

Spring Autumn Spring Autumn Spring Autumn 

filter (Control) 2.53 2.66 0.19 0.22 23.82 24.06 
Anto.(control) 3.03 3.00 0.20 0.22 32.52 33.17 
Dkhela 10.175 13.00 0.61 0.95 45.91 32.64 
El-abrahimyia 6.02 6.75 0.29 0.34 36.96 35.20 

 
4. Correlation relationships of Total Suspended particulate (TSP) and 

Particulate Matter Less Than 10 Micrometer (PM10). 
The results showed that the dust fall per 37 days is more than the dust fall 

per one days in  Dekhela region ,while the lowest amount of dusts were found in 
Antoniadis region as shown in (Table 4 and 5). Which summarize the data of 
concentration of TSP and PM10 in cubic meter which shows that the concentration 
of TSP and PM10 in Dekhela region is more than the concentration of TSP and 
PM10 in Antoniadis region. 
 
4.1. Correlation relationships in Nerium oleander plant during 37 days: 

Data presented in Table (4) showed significant correlation between Pb and 
Cd  which mean that the source of these pollutant heavy metal is the same which 
was traffic agent, while incase of  medium correlation between Pb and both TSP 
and PM10these mean that TSP and PM10 is a kind of dusts that contains lead. In 
the other side, there are high correlation between Cd and Zn. 

 
Table (4). Correlation coefficient between the three pollutants (Pb, Zn and Cd) 

,TSP(Total suspended particules) and PM10(Particulate Matter Less 
Than 10 Micrometer) in Nerium oleander plant. 

 
 
 

Pb Cd Zn TSP PM10 

Pb 1.00000** 0.604** 0.584* 0.598** 0.598** 
Cd 0.604** 1.00000** 0.953** -0.209

n.s 
-0.2095

n.s 

Zn 0.584* 0.953** 1.00000** -0.210
n.s 

-0.210
n.s 

TSP 0.598* -0.209
n.s 

-0.210
n.s 

1.00000** 1.00000** 
PM10 0.598* -0.2095

n.s 
-0.210

n.s 
1.00000** 1.00000** 

    ** Highly significant at 0.01 probability level.  * Significant at 0.05 probability level.    n.s:not significant 
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4.2. Correlation relationships in Pittsporum tobira plant during 37 days : 
Data presented in Table (4) showed a high correlation between Pb and Cd 

and medium correlation between Pb and Zn. On the other side there is high 
correlation between Cd and Zn. This means that the source of heavy metal is the 
same,i.e., traffic agent. 

 
Table (5). Correlation coefficient between the three pollutants (Pb, Zn and Cd) 

,TSP(Total suspended particules) and PM10(Particulate Matter Less 
Than 10 Micrometer)  in Pittsporum tobira plant. 

 

 Pb Cd Zn TSP PM10 

Pb 1.00000** 0.8285** 0.640** 0.1176* 0.1172* 
Cd 0.8285** 1.00000** 0.822** -0.197

n.s 
-0.198

n.s 

Zn 0.640** 0.8225** 1.00000** -0.191
n.s 

-0.191
n.s 

TSP 0.1175* -0.1978
n.s 

-0.1912
n.s 

1.00000** 1.00000** 
PM10 0.1174* -0.198

n.s 
-0.191

n.s 
1.00000** 1.0000** 

    ** Highly significant at 0.01 probability level.  * Significant at 0.05 probability level.   n.s:not significant 

 

DISCUSSION 
 

According to the results of this study, it was found that the levels of lead, 
cadmium and zinc in the three location under study were found to be different from 
one location to another. Both shrubs succeeded to absorb and accumulate heavy 
metals, but Nerium oleander proved to be better. 

 
It was found that the different phytoremediation technologies available to 

decontaminate soil polluted by heavy metals. With deep root systems and high 
biomass yields, phytoremediation by trees have huge economic and ecological 
value, offers a cost-effective and environmental-friendly alternative technology to 
conventional remediation methods such as soil digging and pumpand-treat 
systems.Although phytoremediation methods appear to be effective for a wide 
range of heavy metals, the biological processes behind tree effectiveness are 
largely unknown. Some important processes that require further investigation are: 
(a) interaction between tree root system and microbe, (b) chelation mechanisms for 
heavy metals and (c) biotechnologies suitable for tree phytoremediation 
(Greger,1999). 

 
Concentrations of metals measured in soils demonstrate that TSP, PM10, 

lead, cadmium and Zinc values differed greatly according to the agricultural site, 
plant species, and metal type. The difference as due to locations might be related 
to soil nutrient management, soil properties, and accumulation of metals, which 
depends on variety and age of plants, metal levels, and duration of effect (Vassilev 
and Yordanov 1997). Transfer of metals from soils to plants is dependend on three 
factors; the total amount of potentially available elements (quantity factor), the 
activity as well as the ionic ratios of elements in the soil solution (intensity factor), 
and the rate of element transfer from solid to liquid phases and to plant roots 
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(reaction kinetics) (Greger, 1999). In conclusion, using shrubs as Nerium oleander 
and Pittsporum tobira, polluted air and soil can be remediated, notably at public 
streets and nearby the source of pollutant agent such as industries. 
 

REFRENCES 
 
Abdel-Kader, M. H., Kh. M. El-Sayed., H. Yossef and M. H. Mohamed. (1979). 

Mercury pollution of Mediterranean sediment around Alexanderia, Egypt. 
Mar. Pollut. Bull,10(3): 84-86. 

Amer, M. J. (1999). Study the concentration of primary pollution in the air of Al-
Najaf  Al- Ashraf  City. MSc. Thesis, University of Kufa. 

Ashraf, A. Z.(2013).Decrease TSP,PM10 and lead concentration in a lead company 
in Alexanderia city, Egypt. Journal of Environmental protection.4(1). Article 
ID: 27341. 8pages. 

Egyptian Environmental Affairs Agency,”Law 4 for 1994”. 
Friberg, H., T. Wieloch and R. F. Castilho. (2002). Mitochondrial oxidative stress 

after global brain ischemia in rats.Neuroscience letters. Pub. Med, 334(2): 
111-114. 

Ghattas, Z. (1992). Identification and assessment of sources of  atmospheric 
pollution based on receptor models in Alexanderia Egypt  Ph.D. Thesis 
Depertament of  Enviromental studies. Institute of Gradute studies and 
research. Alexanderia University. 

Greger, M. (1999). “Metal Availability and Bioconcentration in Plants.” In Heavy 
Metal Stress in Plants, edited by M.N Prasad and J. Hagemeyer,Berlin: 
Springer Berlin Heidelberg.pp:1-27.  

Gomez, K. A. and A. A. Gomez. (1984). Statistical procedures for Agricultural 
Research.2nd Ed. John wiley and Sons, Newyork, USA. 

Harrison, R. M. and  D. P. H. Laxen. (1981). Lead Pollution: Causes and Control.   
Chapman and Holl Ltd., London. PP:1-165. ISBN:978-94-009-5830-2. 

Haswel, S. J. (ed). (1991). Atomic Absorpation Spectrometery, 1st Edition.  Theory, 
Design and Application. Imprint: Elsevier Science. Print Book. 
ISBN:9780444882172. 

Isaac, R. A. and J. D. Kerber.(1971). Atomic Absorption and Flamephotometry: 
Techniques and Uses in Soil, Plant and water Analysis. In Instrumental 
Methods for Analysis of Soils and plant tissue. Soil Science Society of 
America, Madison , WI, USA, pp:17-37. 

Jaffe, R., A. Carbrera.,  H. Carrero and J. Alvardo.(1992). Organic compounds 
and heavy metals in the Atmosphere of the city of Caracas, Venezueala- II: 
Atmosperic Deposition.Water, Air and Soil pollution,71(3): 315-329. 

Kathren, I. R.(1984). Radioactivity in Environment: Sources, Distribution and 
Surveillance. Chur. Switzerland: Harwood Academic Publisher, NewYourk. 
pp: 397. 

Madany,  I. M. and A. M. Salim . (1992). “ Heavy Metals in street and House Dust 
in Bahrain”. Water, Air and Soil pollution.66(1-2):111-119. 

Shalaby, A. E. (1997). “Assessment of  Cadmium, Lead and Zinc in Aerosol, Soil 
and leaves of Ficus Spp. And Eucaluptus Spp. Tress in  some  region  of 



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

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 325    
Vol. 22 (2), 2017 

         

Western area of  Nile Delta”. Mansoura University Journal of Agricultural 
Sciences.22(12): 4771-4782. 

Thompson, M. and N. J. Walsh. (ed). (1983). A Handbook of  Inductively Coupled 
plasma Spectrometry.2nd edition. Blackie, Glasgow, Scotland. ISBN:978-1-
4612-8037-8. ISBN:978-1-4613-0697-9(e-Book). DOI:10.1007/978-1-4613-
0697-9. 

Vassilev, A. and I. Yordanov. (1997). “Reductive Analysis of Factors Limiting 
Growth of Cadmium- Treated Plants: A Review.” Bulgarian Journal of Plant 
Physiology 23:114-133. 

WPP (2015). “Global demographic estimates and projections by the United 
Nations”. World Population Prospects. 

WHO (1993).”Sample preparation and digestion method for measurement by 
atomic absorpation”. World Meterological organization. 

 
  

������ �	
���  

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

�!���"�#� ��  
   

 $�%&�!�'�� ��( )��*+,– ��!./ �!�"+ ����� ��(0– 1���%�� ��'& ����2– ��'& �
( 3�!�4  

�� ��� � �	
	��� ������ �	–  ��
�������� ������  �	�	��– �� ��	�� �
��������  

 �������� ��	�� �	��� ���� ���� ������� ��
� ������  �	�	��– ������ ��	�� �
����  

 �	����� ������ ���� ���–  �	����� ���� ��
�– �	 ��!� ����� !"��#  

 ��	!� ������ ���� ����  �	����� ���� ��
�– �	 ��!� ����� !"��$  

  

%& �	��'
� () ������ *�	 ��!� ����� !"��+�	����� ���� �� )(A.R.C �2� +�	���"�3� . (42) 567

 8	�7�� 9	�����  2015 �	>?� ����� �& 8��� ��"� . ���7��� �������� � �4)�� ���	�@���
� A)  B���� ��4�

() 9���� �>6> () ��	�� �	���"�3� ) :(&� () �	�	&���3��) �4	7�� (#.(������) D��	����' ��	�� (  

  

�' E����� ���F' A4 �  !	"���� �� G�!�� ��	���"�� H�2�� �2��    ���"  �4	7�� ����� ���� ()

������ ��� ������ (��� 9� ������ � ��"� � !	"���2��
4 �	�
� �� () ��  ��  ����� I��� #J � KJcm   

�����9� � ��  ��  G4� J �#Jcm  .  ����	�� ���F' ����' () G�!�� ��	���"�� H�2�� N����  B�� 5	�O

� ����P� �����	  ��%��� ������ 9Q��) ���	�@� A) (��� A) �	�  ���"A) 5�' ���" ���	� �4	7�� ��  ����	����

����� A) ��	�� D��	����' .6�7� ���� �Q	� ������ ���F'�) �	���@  ��) ( A� ��
� 8	�7�� 9	��� ����	�

.�	����� �)�>"�  



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

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 326    
Vol. 22 (2), 2017 

 

 

Effect of Molybdenum, Phosphorus and Sulfur on Yield and 
Elements Content in Leaves of Wheat Grown in Saline Soil 

 
El-sayed, N. S.; Nasseem, M. G. and Hussein, M. A. 

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

 

ABSTRACT: The objective of this work was to investigate the effect of molybdenum, 

phosphorus and sulfur on the growth and elements content in wheat (Triticum aestivum L) 
grown under saline soil conditions. To achieve this work, a field experiment was conducted at 
the experimental research station of Faculty of Agriculture, Saba Basha, Alexandria University. 
Four rates of molybdenum (0, 50, 100, and 200 g Mo /fed.), four phosphorus rates (0, 7.5, 15 
and 22.5 kg P/fed.) and four sulphur rates (0, 50, 100 and 200 kg S/fed) were applied in a split 
split plot design with three replicates. Molybdenum, phosphorus and sulphur significantly 
improved grain yield of wheat. The highest grain yield (1.91 ton/ fed) was obtained with 
application of 200 kg S/ fed, 22.5 kg P/fed and 100 g Mo/fed rates. The contents of N, P, K, and 
S in wheat leaves were also increased due to phosphorus and sulphur application rates, but Mo 
concentration in the leaves was depressed due to sulphur application and increased with 
phosphorus and molybdenum applications.  

Key words: salinity, sulphur, phosphorus, molybdenum, wheat    

 

INTRODUCTION 
 

Wheat (Triticum aestivum L) is the main food crop in Egypt. Because of 
the great gap between the consumption and production, Egypt imports above 
five million tons of wheat grains (USDA, 2013).  Salinity is the major abiotic 
stress that reduces plant growth and crop productivity worldwide (Tiwari et al., 
2010).  Salinity has inhibitory effect on wheat phonological aspects such as leaf 
number, leaf rate expansion and total dry matter yield (El-hendawy et al., 2005). 

  
Sulphur is one of the essential nutrients for plant growth (Ali et al., 2008).  

It is a building block of protein and a key ingredient in the formation of 
chlorophyll (Jamal et al., 2009). The grain protein in wheat being low when S is 
deficient, the vegetative symptoms of S deficiency are stunting, yellowing of the 
whole plant and severe yellowing of the younger leaves when S deficiency is 
persistent (Wurst et al., 2010). Sulfur deficient plants have also less resistance 
under stress conditions (Doberman and Fairhurst, 2000). Its fertilization is a   
feasible technique to suppress the uptake of excess Na and CI because of the 
antagonistic relationship (Zhang et at., 1999). 
 

Phosphorus is the second most important macronutrient next to nitrogen 
in limiting crop growth, this nutrient is involved in an array of process in plants 
such as photosynthesis, energy generation (ATP) , nucleic acid biosynthesis 
and as an integral component of several plant structures such as phospholipids 
(Vance et al., 2003). It is suggested that proper P fertilization under saline 
condition would be useful to increase yield of some plant species by minimizing 
the adverse effect of salinity (Aslam and Qureshi, 1998).  
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Molybdenum is essential for most organisms and occurs in more than 60 
enzymes catalyzing diverse oxidation-reduction reactions in plant metabolism 
(Zimmer and Mendel, 1999). Because of its involvement in the nitrate 
assimilation, nitrogen fixation process, and transport of nitrogen compounds in 
plants, molybdenum plays a crucial role in nitrogen metabolism in plants (Li et 

al., 2013). Wu et al. (2014) indicated that Mo application significantly enhanced 
chlorophyll, dry matter, and grain yield in wheat. Availability of Mo to plants is 
influenced by soil parameters like pH, organic matter, and clay content. (Behera 
et al., 2011). 

 
The present study was undertaken to investigate the effect of sulphur, 

phosphorus and molybdenum on the growth and elements contents in leaves of 
wheat grown in saline soil.  

 

MATRIAL AND METHODS 
 

A field experiment was conducted at the Experimental Research Station, 
Faculty of agriculture, Saba Basha, Alexandria University during the season of 
2014/2015 (18 /11/2014). Wheat cultivar (Triticum aestivum, L), Giza 89 was 
used in this study as a test crop. Treatments were arranged using the split split 
plot design with three replicates. The experimental plot area was 2 x 3 meters 
and the experiment included 64 treatments. The main plot contained sulphur (0, 
50, 100 and 200 kg/fed) which added before planting.  

 
The sub plots contained phosphorus (0, 7.5, 15 and 22.5 kg P/fed) which 

added also before planting as calcium superphosphate fertilizer 15.5% P2O5. 
The sub sub plots contained molybdenum (0, 50, 100 and 200 g Mo/fad) which 
added after planting and before expulsion of spikes as ammonium molybdate.  

 
The recommended dose of nitrogen (73.6 kg N/fad) was applied as urea 

fertilizer (46% N) after planting to the soil. The wheat grain yield was recorded 
at the time of harvesting (30/4/2015) and samples of plant leaves were collected 
at stage of expulsion of spikes. 
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Table (1). Some physical and chemical properties of the experimental soil 

Soil properties Results 

Particle size distribution  
Clay   % 
Silt    % 
Sand  % 

43.40 
42.30 
14.30 

Soil texture Clay loam soil 
Chemical properties:  
pH (1:2.5) 
EC (1:1water extract), dS/m 

8.32 
3.65 

Organic matter % 0.60 
1) Soluble cations (1: 1) (meq/L):  
Ca++ 
Mg++ 
Na++ 
K+ 

8.60 
6.50 

18.88 
1.70 

Soluble anions (1: 1) (meq/L):  
HCO3

- 
Cl- 
SO4

-- 

7.60 
23.20 
7.42 

SAR 6.87 
Available nutrients(mg/kg soil) :  
Available N 
Available P 
Available K 
Available Mo 
Available S 

150 
12.5 
275 
0.35 
44.9 

 
The plant samples (leaves) were washed by tap water then by distilled 

water and oven dried at 65°C for 48 hours and grinded using a stainless steel 
mill. Ground plant samples powder divided into two portions, the first portion was 
wet digested with H2SO4- H2O2 digest (Lowther, 1980) for measuring potassium 
by flame photometer (Jackson, 1973), nitrogen, phosphorus by 
spectrophotometry (Jackson, 1973) and molybdenum using thiocyanate and 
thioglycollic acid (Mir et al., 2012) The second portion was digested with HNO3- 
H2O2 (Zheljazkov and Nielson, 1996) to determine sulphur as described by 
Jackson (1973).The main physical and chemical properties of the experimental 
soil are presented in Table (1) and the soil was saline in nature. The analysis of 
soil was carried out according to the methods outlined by Black (1965), The 
obtained results were statistically analyzed according to the analysis of variance 
technique and the multiple regression equations were calculated using costat 
software (CoHort softwere 1995). 

 

RESULTS AND DISCUSSION 
Grain yield 

Data in Table (2) showed that the grain yield (ton/fed) was significantly 
affected by S, P and Mo application rates. Table (3) revealed that increasing S 
rates from 0 to 200 kg/fed significantly and progressively increased the grain 
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yield as compared with the control treatment. The highest grain yield (1.82 ton 
fed) was obtained with the application of 200 kg S/fed which is 14.5 % higher 
than the control treatment. Similar results have been reported by El-Badawy et 

al. (2011). This is most probably due to healthy soil environment for plant 
growth (Ali et al., 2012). The main action of S is minimizing the soil pH and this 
will minimize the possibility of NH3 loss by volatilization or the accumulation of 
nitrite and consequently the gaseous loss of N due to its presence (Nasseem 
and Nasrallah, 1981).Table (3) showed that grain yield of wheat increased 
gradually as the application of P increased. It is increased by 1.17, 1.75 and 
1.34% for rated of 7.5, 15 and 22.5 kg P/fed, respectively, relative to the control 
treatment. The positive effect of P most probably due to modification of root 
architecture, development of large root system, longer root hairs and thinner 
roots and improved the ability of  plant to produce higher dry matter yield 
(Balemi and Negisho, 2012; Haling et al., 2013 and Paez-Garcia et al., 2015). 
Addition of P not only helped for overcoming P deficiently but also improved the 
restricted root growth under saline condition (Feigin, 1985).  

                                      
Table (2). Wheat yield (ton/fed) as affected by sulphur, phosphorus, and 

molybdenum application rates 
 

Treatments Molybdenum, g/fed 

Sulphur kg/fed 
Phosphorus 

kg/fed 
0 50 100 200 

0 

0 1.57 1.58 1.61 1.59 
7.5 1.57 1.59 1.61 1.59 

15.0 1.57 1.59 1.62 1.60 
22.5 1.57 1.59 1.62 1.60 

50 

0 1.69 1.71 1.73 1.70 
7.5 1.70 1.71 1.74 1.71 

15.0 1.69 1.71 1.74 1.71 
22.5 1.70 1.71 1.74 1.72 

100 

0 1.75 1.76 1.78 1.75 
7.5 1.75 1.76 1.79 1.76 

15.0 1.75 1.77 1.79 1.77 
22.5 1.75 1.76 1.79 1.76 

200 

0 1.81 1.82 1.84 1.80 
7.5 1.81 1.83 1.85 1.82 

15.0 1.81 1.83 1.85 1.82 
22.5 1.81 1.83 1.91 1.81 

LSD (0.05) 
Sulphur 0.005 
Phosphorus 0.004 
Molybdenum 0.004 
sulphur* phosphorus 0.007 
sulphur* molybdenum 0.008 
phosphorus * molybdenum 0.009 
Sulphur* phosphorus* molybdenum 0.017 
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Application of molybdenum (Table 3) produced higher values of grain 
yield (2.35, 3.35 and 1.2%) at 50,100 and 200 g Mo/fed rates, respectively, as 
compared with control. The highest value of grain yield (1.84 ton/fed) was 
obtained at 100 g Mo/fed rate. Molybdenum occurs in several enzymes 
catalyzing diverse oxidation – reduction reaction in plants (Mengel and Kirkby, 
2001). Because of its involvement in the nitrate assimilation, nitrogen fixation 
process, and transport of nitrogen compounds in wheat plants, molybdenum 
plays a crucial role in nitrogen metabolism in plants (Li et al., 2013). The effect 
of molybdenum on increasing plant yield is often related to increasing the ability 
of the plant to utilize nitrogen (Biscaro et al, 2011).                                                                                                                       

Table (3). The grain yield of wheat plants as affected by sulphur, 
phosphorus and molybdenum application rates 

Treatments Yield Ton / fed 
Sulphur rate, kg / fed 

0 1.59 
50 1.72 
100 1.78 
200 1.82 

LSD 0.05 0.005 
Phosphorus rate, kg/fed 

0 1.71 
7.5 1.73 

15.0 1.74 
22.5 1.75 

LSD 0.05 0.004 
Molybdenum rate, g/fed 

0 1.70 
50 1.74 
100 1.76 
200 1.73 

LSD 0.05 0.004 

 

Table 4 indicated a significant interaction effect between sulphur and 
phosphorus rates on grain yield. The highest value of grain yield was obtained 
with applying 200 kg S/fed and 22.5 kg P/fed rates. The synergistic effect of P 
and S may be due to utilization of high quantities of nutrients through the 
development of root system which resulted in better growth and grain yield. 
Similar results were reported by Yadav (2011) for wheat. Also, the interaction 
between sulphur and molybdenum had significant effect on grain yield of wheat. 
The highest yield was obtained at 200 kg S/fed with 100 g Mo/fed rates (Table 
5). Application of S fertilizer is a feasible technique to suppress the uptake of Na 
and Cl due to the antagonistic relationship. Thus its application is useful to 
improve soil conditions for healthy crop growth (Zhang et al., 1999). The 
interaction effect between phosphorus and molybdenum on grain yield of wheat 
was significant and the highest value of grain yield was obtained with 22.5 kg 
P/fed and 100 g Mo /fed rates (Table 6). According to Modi (2002), both Mo and 
P increased seed protein content and seed yield in wheat. The second order 
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interaction between sulphur, phosphorus and molybdenum rates had significant 
effect on grain yield of wheat. The highest value of grain yield of wheat was 
obtained with 200 kg S/fed and 22.5 kg P/fed and 100 g Mo/fed application 
rates. 

Table (4). The interaction between sulphur and phosphorus application 
rates on wheat grain yield 

 

Sulphur kg/fed Phosphorus kg/fed Grain Yield Ton/fed 

0 

0 1.58 
7.5 1.71 

15.0 1.76 
22.5 1.82 

50 

0 1.58 
7.5 1.72 

15.0 1.78 
22.5 1.84 

100 

0 1.59 
7.5 1.72 

15.0 1.79 
22.5 1.85 

200 

0 1.59 
7.5 1.73 

15.0 1.79 
22.5 1.87 

LSD  0.05 0.029 

 

     Table (5). The interaction between sulphur and molybdenum 
application rates on wheat grain yield  

 

Sulphur kg/fed Molybdenum g/fed Grain Yield Ton/fed 

0 

0 1.56 
50 1.58 

100 1.61 
200 1.59 

50 

0 1.70 
50 1.72 

100 1.74 
200 1.72 

100 

0 1.76 
50 1.78 

100 1.80 
200 1.77 

200 

0 1.83 
50 1.84 

100 1.88 
200 1.83 

LSD  0.05 0.008 
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    Table (6). The interaction between phosphorus and molybdenum 
application rates on wheat grain yield  

 

Phosphorus kg/fed Molybdenum g/fed Grain Yield Ton/fed 

0 

0 1.70 
50 1.72 
100 1.74 
200 1.71 

7.5 

0 1.72 
50 1.73 
100 1.76 
200 1.73 

15.0 

0 1.72 
50 1.73 
100 1.76 
200 1.73 

22.5 

0 1.72 
50 1.74 
100 1.77 
200 1.74 

LSD  0.05 0.009 

 

Considering the three variables (S, P and Mo), the grain yield (Y) was 
regressed against sulphur rate (X1), phosphorus rate (X2) and molybdenum rate 
(X3). The regression equation for this relationship was:                                              

Y= 1.61+1.1×10-3X1 + 4.7×10-4 X2+ 6.6×10-5X3 

R2= 0.854       P< 0.01 

The comparison of slopes of each variable in the equation (1.1×10-3: 
4.7×10-4: 6.6×10-5) gives a quantitative estimate for the efficiency of one 
variable to the other. Thus the efficiency of sulphur, phosphorus and 
molybdenum levels would be equal to (1:0.42:0.06). The comparison of the b 
values of S, P and Mo indicated that efficiency of S for increasing grain yields 
was the higher followed by the efficiency of the other two.                                                                               

Elements content in leaves  
Table (7) showed that increasing sulphur rates from 0 to 200 kg S/fed 

progressively and significantly increased N, P, K and S concentrations but 
decreased Mo concentration in wheat plant leaves. The main effect of sulphur 
(Table 8) showed increaseed nitrogen by about 1.15, 3.04 and 5.19% and 
phosphorus increased by about 1.09, 8.33 and 18.75%, respectively over the 
control (without sulphur) with the application of 50, 100 and 200 kg S/fed, 
respectively. The corresponding relative values for potassium and sulphur 
concentrations were 10.64, 14.48, 21.48 and 9.17, 36.69, 49.54 % respectively. 
On the other hand, the relative decrease in molybdenum concentration was 
13.6, 24.82 and 31.20% with application of 50, 100 and 200 kg S /fed, 
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respectively as compared with the control treatment. The addition of sulphur 
decreased the concentration of Mo, showing the antagonistic relationship. 

 
The biochemical oxidation of S produces H2SO4 which acts for relatively 

lower decrease of soil pH. This improves soil conditions for more favorable 
plants growth due to increasing the availability of plant nutrients (Motior et al., 
2011). Xie et al. (2004) found that the sulphur fertilizer application increased N, 
P, K concentrations in plant and the requirements for sulphur are closely linked 
to nitrogen availability. Similar results were also reported by Kumar et al. (2012) 
for rice and wheat. On the other hand, plants take up molybdenum as the 
molybdate ion (MoO4

-2) which causes antagonism with high levels of sulfate 
ions (Schulte and Kelling, 1992).  

 
Table (8) showed increases relative values of 261.1, 694.4 and 983.3% 

for P; 1.87, 4.56 and 7.40 % for K; 3.84, 5.38 and 8.46 % for S, 1.63, 2.78 and 
3.27 % for N; 11.29, 15.61 and 19.60 % for Mo with the application of 0, 7.5, 15 
and 22.5 kg P/fed, respectively as compared with the control treatment. The 
highest values of N, P, K, S and Mo concentration were obtained with 
application of  22.5 kg P/fed. Haling et al. (2013) stated that increasing P levels 
significantly increased macronutrients and micronutrients in two common bean 
varieties.  Similar results were observed by Sharma et al. (2012) who reported 
that increasing levels of phosphorus increased the uptake of N, P, and K in 
wheat plants. Barshad (1951) reported that a complex phosphomolybdate 
anion, more readily absorbed and translocated than the MoO4

-2 alone, the 
synergistic effects exist between Mo and P application, so that formation of 
anionic complexes between P and Mo (which are more likely to be absorbed by 
plant roots) could be accounted for such effects. Also, high availability of P and 
Mo ions can be due to ligand exchange mechanism (Zakikhani et al., 2014). 
Similar results were reported by Modi (2002) in wheat.  

Table (8) showed that only Mo concentration in leaves of wheat plants 
was significantly affected by molybdenum application. The main effect of 
molybdenum rates showed increasing in Mo concentrations in leaves of wheat 
plants as compared with control treatment. The highest values of Mo were 
obtained at 200 g Mo/fed rate. According to the obtained results, Mo has no 
significant effect on P content in wheat leaves under the experimental 
conditions. This effect may be due to the presence of available S (Modi, 2002). 
In contrast, other researcher reported that application of Mo decreased P in 
mustard due to hindering P enzyme activity such as phosphatase (Chatterjee et 

al., 1985). Table (9) showed that the highest concentration values of N, P, K 
and S were obtained at 200 kg S/fed and 22.5 kg P/fed application rates. Also, 
the highest Mo concentration was obtained without sulphur and 15 kg P/fed 
application rates. The lowest Mo concentration was obtained with 200 kg S/fed 
and 22.5 kg P/fed application rates (Table 9). Yadav, (2011) discussed the 
synergistic effect of phosphorus and sulphur on N, P and S concentration of 
cluster beam. The interaction effect between sulphur and molybdenum 
application rates on Mo concentrations showed that the highest molybdenum 
concentration was obtained without sulphur and 200 g Mo/fed and the lowest 
value of Mo was obtained at 200 kg S/fed without Mo application (Table 10). 
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The interaction effect between phosphorus and molybdenum rates showed that 
the highest value of molybdenum concentration was obtained with 22.5 P/fed 
and 200 g Mo/fed rates, while the lowest value was obtained without 
phosphorus and molybdenum applications (Table 11). The second order 
interaction between sulphur, phosphorus and molybdenum rates on 
molybdenum concentration (Table 7) showed that the highest value of 
molybdenum concentration was obtained without sulphur, 22.5 kg P/fed and 
200 g Mo/fed rates, while the lowest value was obtained with 200 kg S/fed, 7.5 
P/fed and without molybdenum application. 

 
Table (7). Effect of sulphur, phosphorus and molybdenum application 

rates on elements contents in wheat leaves 
 

Mo    
mg/kg  
(d.m.) 

S K P N Treatments 

g/kg, (d.m.) Mo g/fed 
Phosphorus 

 kg/fed 
Sulphur 
 kg/fed 

0.70 1.04 19.33 0.16 12.05 0 

0 

0 

12.10 1.04 19.29 0.16 11.95 50 
4.10 1.04 19.57 0.16 11.91 100 
7.90 1.04 19.06 0.16 12.05 200 
0.77 1.03 18.93 0.60 12.07 0 

7.5 
2.30 1.03 19.53 0.63 12.03 50 
4.43 1.03 18.99 0.59 12.10 100 
8.23 1.03 18.97 0.60 12.08 200 
0.89 1.13 19.27 1.26 12.23 0 

15.0 
2.49 1.13 19.26 1.25 12.23 50 
4.66 1.13 19.24 1.25 12.22 100 
8.87 1.13 19.23 1.21 12.21 200 
0.92 1.15 19.42 1.79 12.31 0 

22.5 
2.73 1.16 19.42 1.83 12.31 50 
5.07 1.26 19.43 1.92 12.31 100 
9.07 1.16 19.47 1.87 12.33 200 
0.50 1.14 20.55 0.17 12.11 0 

0 

50 

1.77 1.14 20.67 0.17 12.13 50 
3.60 1.15 20.72 0.17 12.11 100 
7.10 1.14 20.59 0.17 12.09 200 
0.60 1.13 21.03 0.58 12.20 0 

7.5 
2.00 1.13 21.07 0.63 12.20 50 
3.92 1.14 21.19 0.62 12.26 100 
7.13 1.13 21.07 0.60 12.27 200 
0.63 1.24 21.63 1.32 12.41 0 

15.0 
1.99 1.24 21.72 1.25 12.40 50 
4.07 1.24 21.57 1.25 12.37 100 
7.20 1.24 21.69 1.25 12.42 200 
0.79 1.27 21.96 1.82 12.42 0 

22.5 
2.11 1.27 22.00 1.83 12.44 50 
4.43 1.27 21.84 1.86 12.43 100 
8.33 1.28 21.94 1.89 12.45 200 
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    Table (7). Continue. 
 

Mo    
mg/kg  
(d.m.) 

S K P N Treatments 

g/kg,(d.m.) 
Mo 

g/fad 
Phosphorus 

kg/fad 
Sulphur kg/fad 

0.40 1.38 21.04 0.18 12.27 0 
0 
 

100 
 

1.48 1.38 20.94 0.19 12.27 50 
2.90 1.39 20.99 0.19 12.28 100 
6.40 1.37 21.06 0.18 12.30 200 
0.45 1.60 21.95 0.65 12.57 0 

7.5 
 

1.72 1.59 21.82 0.69 12.57 50 
3.63 1.59 21.84 0.66 12.54 100 
6.63 1.58 22.01 0.63 12.58 200 
0.46 1.49 22.40 1.32 12.65 0 

15.0 
 

1.73 1.49 22.48 1.38 12.67 50 
3.83 1.50 22.49 1.32 12.66 100 
6.90 1.50 22.53 1.30 12.68 200 
0.55 1.53 22.78 2.03 12.57 0 

22.5 
 

1.79 1.53 22.88 2.03 12.59 50 
3.49 1.53 23.00 2.03 12.60 100 
6.74 1.53 22.92 2.01 12.61 200 
20.3 1.67 22.28 0.21 12.40 0 

0 
 

200 
 

1.35 1.67 22.28 0.20 12.38 50 
2.70 1.67 22.27 0.22 12.38 100 
4.86 1.67 22.19 0.19 12.40 200 
0.34 1.66 22.59 0.72 12.78 0 

7.5 
 

1.56 1.65 22.74 0.76 12.77 50 
3.55 1.65 22.61 0.72 12.75 100 
6.47 1.66 22.73 0.72 12.80 200 
0.42 1.58 23.69 1.55 12.91 0 

15.0 
 

1.68 1.59 23.65 1.51 12.89 50 
3.49 1.59 23.49 1.55 12.88 100 
6.44 1.59 23.70 1.53 12.95 200 
0.47 1.63 25.12 2.14 13.06 0 

22.5 
 

1.63 1.62 25.07 2.10 13.08 50 
3.20 1.63 25.13 2.06 13.10 100 
6.38 1.63 25.15 2.08 13.09 200 

LSD (0.05) 
0.09 0.011 0.24 0.04 0.09 Sulphur 
0.07 0.010 0.19 0.03 0.08 Phosphorus 
0.09 NS NS NS NS Molybdenum 
0.14 0.02 0.36 0.06 0.15 sulphur* phosphorus 
0.18 NS NS NS NS sulphur* molybdenum 
0.19 NS NS NS NS phosphorus*molybdenum 
0.37 NS NS NS NS Sulphur*phosphorus* molybdenum 
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Table (8). The main effects of sulphur, phosphorus and molybdenum 
application rates on elements contents in wheat leaves 

  

Treatments 
N P K S Mo 

g/kg, (d.m) mg/kg,(d.m) 
Sulphur rate, kg / fed 

0 0.96 19.27 1.09 4.07 
50 12.29 0.97 21.32 1.19 3.51 

100 12.52 1.04 22.06 1.49 3.06 
200 12.78 1.14 23.41 1.63 2.80 

LSD 0.05 0.09 0.04 0.24 0.01 0.09 
Phosphorus rate, kg/fed 

0 12.20 0.18 20.80 1.30 3.01 
7.5 12.40 0.65 21.19 1.35 3.35 

15.0 12.54 1.43 21.75 1.37 3.48 
22.5 12.60 1.95 22.34 1.41 3.60 

LSD 0.05 0.08 0.03 0.19 0.010 0.07 
Molybdenum rate, g/fed 

0 12.43 1.03 21.49 1.35 0.57 
50 12.43 1.03 21.55 1.35 1.90 

100 12.43 1.03 21.52 1.36 3.81 
200 12.45 1.02 21.51 1.35 7.16 

LSD 0.05 NS NS NS NS 0.09 

 
Table (9). The interaction between sulphur and phosphorus application 

rates on elements contents in wheat leaves  
 

Sulphur, 
kg/fed 

Phosphorus, 
Kg/fed 

N P K S Mo 
g/kg,(d.m) mg/kg,(d.m) 

0 

0 11.98 0.16 19.31 1.03 3.70 
7.5 12.06 0.6 19.11 1.04 3.93 

15.0 12.22 1.24 19.24 1.12 4.22 
22.5 12.31 1.85 12.43 1.18 4.44 

50 

0 12.11 0.16 20.63 1.13 3.24 
7.5 12.23 0.6 21.08 1.14 3.41 

15.0 12.39 1.26 21.65 1.24 3.47 
22.5 12.43 1.85 21.93 1.27 3.91 

100 

0 12.27 0.18 21.01 1.38 2.79 
7.5 12.56 0.65 21.91 1.49 3.10 

15.0 12.66 1.32 22.47 1.53 3.23 
22.5 12.59 2.02 22.89 1.59 3.14 

200 

0 12.39 0.2 22.25 1.59 2.30 
7.5 12.77 0.72 22.66 1.63 2.97 

15.0 12.91 1.5 23.63 1.65 3.00 
22.5 13.08 2.09 25.11 1.67 2.92 

LSD  0.05 0.15 0.06 0.36 0.02 0.14 
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Table (10). The interaction between sulphur and molybdenum application 
rates on molybdenum concentration in leaves of wheat leaves 

 

Sulphur, kg/fed Molybdenum, g/fed Mo, mg/kg d.m. 

0 

0 0.81 
50 2.40 
100 4.56 
200 8.51 

50 

0 0.63 
50 1.96 
100 4.00 
200 7.44 

100 

0 0.46 
50 1.68 
100 3.46 
200 6.66 

200 

0 0.38 
50 1.55 
100 3.23 
200 6.03 

LSD  0.05 0.18 

 

Table (11). The interaction between phosphorus and molybdenum 
application rates on molybdenum concentration in leaves of 
wheat leaves 

 

Phosphorus, kg/fed Molybdenum, g/fed Mo, mg/kg d.m. 

0 

0 0.47 
50 1.67 

100 3.32 
200 6.56 

7.5 

0 0.53 
50 1.89 

100 3.88 
200 7.11 

15.0 

0 0.60 
50 1.97 

100 4.01 
200 7.35 

22.5 

0 0.68 
50 2.06 

100 4.04 
200 7.63 

LSD  0.05 0.19 
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The results showed highly significant positive correlation (0.01 
probability) between grain yield and the content of nitrogen (r = 0.756), 
phosphorus (r =0.837), potassium (r =0.855), sulphur (0.837) and molybdenum 
(r = 0.755). This indicates that the presence of significantly higher potassium 
contents is due to sulphur application (Table 8) which helps plants to attain 
more potassium to avoid sodium uptake. This has been considered an added 
advantage to alleviate salinity apart from enhancing soil fertility and physical 
properties. The obtained results indicate that application of sulphur combats 
salinity by enhanced uptake of potassium.  

CONCLUSIONS 
  

Salinity is a major abiotic stress factor affecting plant growth and 
productivity worldwide. Plants develop several mechanisms to induce tolerance 
to overcome salinity effects. Of the several possible mechanisms to reduce the 
effect of salinity stress is management of mineral nutrients status of plant can 
be the efficient defense system. Sulphur, phosphorus and molybdenum 
applications caused increase in yield and N, P, K, S and Mo in wheat. Sulphur 
at 200 kg/fed, 22.5 kg P/fed and 100 g Mo/fed rates were efficient as compared 
to other treatments for grain yield of wheat under the saline soil condition. The 
application of sulphur helped in the utilization of added phosphorus, but 
appeared to depress molybdenum utilization showing and antagonistic 
relationship and when phosphorus was applied, however, the antagonistic effect 
of sulphur was overcome. Also, the application of phosphorus helped in the 
utilization of added and native soil sulphur.  
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ABSTRACT: This study was carried out in the Tissue Culture Laboratory, Department of 

Flowers , Ornamental Plants and Landscape Gardens , Faculty of Agriculture , El-Shatby 
Alexandria University, Egypt during the period from 2012 to 2015 to establish  an efficient and 
reliable protocol for in vitro propagation of Blanco oriantal Lilium. Bulb scales of Lilium bulbs 
were used through this study. The bulb scales were planted on Murashig and Skooge media 
(MS), using different combinations of naphthalene acetic acid (NAA) at 0, 1 and 2 mg/l and 
benzyl adenine (BA) at 0, 1, 2 and 3 mg / l for shoot regeneration .While the media used for 
rooting was amendmented with different (NAA) at 0, 1 and 2 mg/l and indol butyric acid (IBA) at 
0, 1, 2 and 3 mg/l. Regenerated rooted plants were then treated by  colchicines or glufosinate 
ammonium at 1, 2, 3 and 4 ppm for each respectively . The best medium for shoot regeneration 
was contained contained concentrations, of BA at 3 mg / l and NAA at 2 mg/l and, while the best 
rooting medium was NAA at 2mg/l and IBA at 2mg/l. Colchicine at 4ppm was the best 
concentration for multiplication induction of chromosomes, while Glufosinate ammonium at 2 
and 3 ppm gave the highest genetic variation. 
Key words: In vitro culture - Lilium oriental Blanco - bulb scale – initiating – rooting – micro 

propagation – Colchicine- Glufosinate ammonium-RABD. 

 

INRTODUCTION 
 

The genus Lilium is one of about 220 genera belonging to the Liliaceae 
and comprises about 85 species, including many beautiful ornamental species. 
Each cell of Lilium has 24 chromosomes (Darlington and Ammal, 1945). 
Numerous cultivars belong to the genus Lilium are of ornamental value as cut 
flowers (De- Jong, 1974), having been derived from interspecific hybridization. 
Lilies are economically important mainly because of their large and attractive 
flowers. Lilium species are monocotyledons and bulb scales plants which are 
commercially important because of their attractive beautiful flowers. They are 
vegetatively propagated by bulbs and the bulb scales can be grown into larger 
bulbs after breaking dormancy by cold treatment (Nhut et al., 2006b). 

 
Lilium propagation can be performed by the regeneration of the scale 

bulblets that are formed adventitiously at the bottom of the detached lily scales 
during storage at 25°C in vermiculite, moist peat or in soil (De Klerk et al., 
1992). Lilies and other important bulbous crops, being monocotyledons, are 
relatively more difficult to manipulate in in vitro culture than dicotyledons since 
dormancy, a factor which is still not very well understood, affects the 
micropropagation of bulbous crop species (Kim et al., 1994). 

 
Lilium micropropagation by bulb scales as an alternative to the 

conventional methods for vegetative propagation is becoming important owing 
to certain advantages such as increasing multiplication rates and the attention 
of plant material free of viruses and other pathogens (Nhut et al., 2006a). 
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Micropropagation (or in vitro propagation) is the most common term used 
for clonal, true-to-type propagation of plants by a variety of tissue, cell and 
organ culture methods , it implies the aseptic culture of small sections (i.e., 
explants) of tissues and organs, in closed vessels with defined culture media 
and under controlled environmental conditions, micropropagation, in addition to 
genetic engineering, is at present the most commercially efficient and 
practically-oriented plant biotechnology, resulting in rapid generation of a large 
number of clonal plants of many plant species, which are in many cases also 
virus- or other pathogen-free, it is now the technical link in the generation of 
transgenic plants and somatically-bred plants through tissue culture (Loberant 
and Altman, 2010).  

 
Colchicine is a natural alkaloid with an antimitotic activity, obtained from 

the plant Colchicum autumnale L.plant (Emsweller, 1988; Van Tuyl et al., 1990). 
When colchicine is present in a cell that is undergoing mitotic division, the 
chromosomes split at all points except the centromere, causing duplication in 
the number of chromosomes per cell.  The main action of the colchicine is to 
prevent the formation of a spindle so the anaphase movement of the 
chromosomes does not take place and the cell fails to divide, when the 
daughter chromosomes finally divide, they are all included in one cell and the 
chromosome number is doubled to be effective, colchicine must be present in 
the cell when the chromosomes divide. Colchicine is very harmful to humans 
and in some cases shows undesirable mutagentic activity on plants, colchicine 
is effective in doubling the chromosome number, inhibits mitosis activity and is 
used for doubling the chromosome number in lilies (Van Tuyl et al., 1990).  
 

Glufosinate ammonium is a broad spectrum herbicide used for the 
control of many weed species, as well as a desiccant for certain crops. Its 
primary mode of action is through the inhibition of glutamine synthetases (Lea 
and Ridley,1989), which leads to a build-up of ammonium in the cell (Wendler et 
al., 1990) and disruptions in photorespiratory pathways, inhibiting 
photosynthesis (Lacuesta et al., 1992; Merkel et al., 2004). Translocation of 
glufosinate ammonium after absorption is highly variable (and species 
dependent) and is often limited by its fast action at the sites of contact resulting 
in rapid phytotoxicity (necrosis), though small rates of transportation, through 
phloem, to roots and floral parts have been reported (Pline et al.,1999 and 
Skora et al., 2000). The half-life of glufosinate in bare topsoil is fairly short 
(approximately 1 week); however small amounts can still be detected in spring 
water run-off following snow melt (Siimes et al., 2006). The main action of 
phosphinothricin is an glutamine synthetase inhibitor that binds to the glutamate 
site. Glufosinate-treated plants die due to a buildup of ammonia and 
corresponding decrease in pH in the thylakoid lumen, leading to the uncoupling 
of photophosphorylation. The uncoupling of photophosphorylation causes the 
production of reactive oxygen species, lipid peroxidation and membrane 
destruction (Carpenter and Boutin , 2010). 
 

The main aim of this study was to establish a protocol for micro 
propagation of Lilium using different concentrations of auxins and cytokinins, as 
well as studying the effect of different doses of chemical mutagens on in vitro 
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generated plants of Lilium cv. Blanco. The possibility of the emergence of 
genetic mutations and variations on the plant is also addressed.  

  

MATERIALS AND METHODS 
 

The present investigation was carried out at the Tissue Culture 
Laboratory in the Flowers, Ornamental Plants and landscape Gardens 
Department, Faculty of Agriculture, El-shatby, Alexandria University, during the 
period from 2012 to 2015. 

 
The experiment consisted of two stages, the first stage was the 

micropropagation of Lilium cv.Blanco, and the second stage was the induction 
of mutations using two chemical mutagen colchicine and glufosinate 
ammonium. 
 
Plant material and explants sterilization:  

Bulbs were imported from Holland by a commercial nursery, bulb scales 
were washed under running tap water for 20 min, then dipped in Clorox bleach 
5% for 20 min then in mercuric chloride 0.1 % for one min then in ethanol 75% 
for one min then washed three times   with sterile distilled water. The bulb 
scales were aseptically placed in jars containing 20 ml of culture media, each 
jar containing one bulb scale. 
 
Preparation and sterilization of culture media:  

The pH of all media used was adjusted at 5.8 + 0.1 using 1.0 M of HCl 
and /or 1.0 M of NaOH, agar was added after adjusting the pH, then, 
(Murashige and Skooge,1962) MS medium contained in addition to the 
prescribed salts and vitamins, 30g/l sucrose and 7g/l agar were autoclaved at 
121◦C for 20 minutes under (15psi) 1.05 kg/cm2 pressure, medium was left to 
cool and stored at 25+ 2 ◦C for one week before being used in order to exclude 
contaminated jars. All equipments were steam-sterilized for 30 min at 121◦C 
(15psi) .Glass jar of 9cm height x 5cm diameter with their poly propylene caps, 
were used during multiplication, establishment and rooting stages.  
 
(A) In vitro propagation: 
1-Shoot regeneration 

To determine the appropriate micropropagation condition or media for 
Lilium, the initiation stage was conducted as follows: bulb scales were cultured 
on (Murashige and Skooge, 1962) MS basal supplemented with different 
concentrations of BA (0, 1, 2 and 3 mg/l) combined with different concentrations 
of NAA (0,1and 2 mg/l) .One scale bulb was cultured in each jar in culture room 
under controlled conditions (25 + 2 ◦C, 16/8 light/dark cycle) And within one 
month. 

 
2-Rooting stage  

After two weeks of shoot regeneration, when shoot, reached 5cm height, 
shoots were transferred to MS rooting medium containing NAA at 0,1 and 
2mg/l, IBA at 0, 1, 2 and 3mg/l and every treatment contained 5 replicates. 
The following morphological characters were measured: 
- Percentage of successful bulb scales %. 
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- Number of shoot per bulb scale. 
- Shoots length (cm).  
- Fresh weight of regenerated shoot (g).  
- The time for roots induction (day). 
- Number of roots per regenerated shoot . 
- Root length after three months (cm). 
 
Statistical analysis 

The obtained data were statistically analyzed as Completely Randomized 
Design (CRD) in a factorial design (Steel and Torrie, 1980). Comparisons 
among means were made using the least significant differences test (L.S.D). 
Data were analyzed using SAS institute program multiple comparisons method 
(Tukey, 1994).  

 
i.Shoot regeneration 

Number of treatments = 4 concentration of BA X 3 concentration of NAA 
= 12 treatment. 
Number of replicates = 5 replicates. 
Total number of jar = 12 treatment X 5 replicates = 60 jars / experiment. 
 
ii. Rooting 

Number of treatments = 4 concentration of IBA X 3 concentration of NAA 
= 12 treatment. 
Number of replicates = 5 replicates.  
Total number of jar = 12 treatment X 5 replicates = 60 jars / experiment. 
 
(B) The use of chemical mutagens: 
1-The use of colchicine  

Rooted plantlets coming  from the in vitro culture of the best BA and  
NAA treatments were used and were treated with colchicine at concentrations 
of 1, 2, 3 and 4  mg/l  through soaking  the plantlets for a period of two hours at 
23◦C then washing  under running water three times. The root tips were excised 
and placed in carnoy,s solution (750ml/l absolute ethyl alcohol: 250ml/l  glacial 
acetic acid) for 24 hours  at 4◦C then ethyl alcohol 70% in the refrigerator while 
screening , the white tip of the roots were cut  to 1-2 mm  and  were put  on a 
glass slide and placed them  few drops of acetocarmine were added to each 
slide , mashed with a steel needle (Asakavičiūt et al., 2008). The prepared glass 
slide was then covered. The chromosome number was tested under light 
microscope of 40 X magnification.  
 
2- The use of glufosinate ammonium  

glufosinate ammonium was applied  through bacterial filters and after 
sterilizing  the  media  before solidifying at  temperature about 50◦C and were 
added at the following  concentrations of 1,2,3 and 4 mg/l , the rooted  
regeneration shoots were then transferred on glufosinate ammonium media, 
placed  in the growth chamber for two weeks. 
 
DNA extraction and purification for the RAPD analysis 

Total DNA was extracted from plants using gene jet plant genomic DNA 
purification mini kit K0791 Thermo Scientific, 100 mg of young leaves taken 
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from each plant &thoroughly were washed with water then ethylene and then 
milled under liquid nitrogen. The DNA was extracted using plant tissue 
purification kit according to many factures in struction. DNA extracted was 
tested  using gel electrophoresis at 1.2 % agarose gel . The DNA was stored at 
-20◦C for further work (Cato and Richardson, 1996).  
  

Seven primers of 17 nucleotides each, except for OPD-05 primer 10 
nucleotides (Table1) were used for RAPD analysis for the 10 tissue culture 
treatments of Lilium cv. Blanco.  Each PCR amplification was performed twice 
for each primer to ensure their reproducibility in a total volume of 27 µl 
containing 12 µl Master mix (Thermo Scientific) [(dream taq TM red PCR master 
mix (DNA polymerase + optimized red buffer + Mg Cl2 and dNTPs.) + 3 µl the 
purified DNA + 3 µl primer + 9 µl water  ] . For the RAPD analysis ,the PCR 
amplification was  performed with initial  denaturation at 94 ◦C for1 min, followed 
by 30-35 cycles of denaturation at 94ºC for1 min,  annealing at 50 ◦C  for 1 min 
according to different primer used   and extension at 72◦C for 1 min. The final 
extension at 72 ºC for 5 min. period of extension was1.48 h (Dzialuk et al., 
2011).  
 

The PCR amplified products were subjected to electrophoresis in a 1.5% 
agarose gel containing Ethidiumbromide (at 4 µl) in (1X) TBE buffer for 40 min 
using cleaver submarine electrophoresis unit .Gene ruler 100pb plus DNA 
ladder from (Thermo Scientific) as was used to identify the DNA amplified band 
size (Brody and Kern , 2004).  
The cluster analysis and polymorphic tree were done by PyELph software 
system for gel image analysis and phylogenetics version 2.6.5 (Pavel and 
Vasile , 2012) . 
 
Table(1). ISSR primers used in finger print – PCR reaction 
 

No. of primer Primer name Sequence 5' to3' 
P1 823 TCTCTCTCTCTCTCTCC 
P2 810 GAGAGAGAGAGAGGAT 
P3 826 ACACACACACACACACC 
P4 828 TGTGTGTGTGTGTGTGA 
P5 818 CACACACACACACACAG 

P6 808 AGAGAGAGAGAGAGAGC 
P7 OPD-05 GCGGACTGA 

 

RESULTS AND DISCUSSION 
 

A-In vitro propagation    
1-Shoot regeneration 

Data presented in Table (2) and photo  (1) showed that the best result for 
the percentage of successful bulb scales was found when NAA was used at 
2mg /l (87.3%) or when BA was applied at 2 mg/l and 3 mg/l (83.3%). The best 
result for shoot length was recorded when NAA was used at 2 mg/l (4.76 cm) or 
when BA was used at 1mg/l (4.76 cm).  
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The best result for the number of regenerated shoots per bulb scale was 
detected when NAA was used at 2 mg/l (4.9 shoots) or when BA was applied at 
2mg/l (5.66 shoot). While the best result for fresh weight was recorded when 
NAA was applied at 1mg/l (1.55g) or when BA was used at 2 mg/l (1.68g). 

 
Table (2). Effects of BA and NAA on shoot regeneration from bulb scales 

of Lilium cv. Blanco cultured on MS media. 
 

concentration 
Percentage of 

successful bulb 
scales (%) 

Shoot 
length (cm) 

Number of 
regenerated  
shoots per 
bulb scale 

Fresh 
weight (g) 

NAA(mg/l) 
0 70c 3.55b 3.60b 1.23a 
1 77.5b 2.25c 3.95ab 1.55a 
2 87.3a 4.76a 4.90a 1.51a 

L.S.D (0.05) 1.019 0.810 0.974 0.421 

BA (mg/l) 

0 70c 2.75b 3.33b 1.08b 
1 76b 4.76a 3.86b 1.52ab 
2 83.3a 2.74b 5.66a 1.68a 
3 83.3a 3.83a 3.73b 1.45ab 

L.S.D (0.05) 1.300 1.029 0.570 0.5361 
Columns with the same letter(s) are not significantly different from each other at 5% level of 
probability. 

 
Data in Table (3) regarding the interaction between BA and NAA showed 

that the best result of percentage of successful bulb scales was found when 
NAA was used at 1 mg/l combined with BA at 2mg/l (100%). The best result for 
shoot length was detected when NAA at 2mg/l and BA at 1mg/l (5.16 cm) were 
applied.  
 

The best result for the number of regenerated shoots per bulb scale was 
detected when NAA at 2mg/l and BA at 3mg/l (2.722 shoot) were used. While 
the best result for fresh weight was recorded when NAA at 2 mg/l combined 
with BA at 2mg/l (6.666g). 

 
Our study is in consistent with Han et al. (2004) who showed that the 

bulb scales of Lilium longiflorum   cultured on MS medium with BA induced 
shoots, after 6 weeks, the frequency of shoot formation was very high (more 
than 92.3%) on the media and the medium supplemented with 2.2 mg/l BA was 
the most effective in inducing shoots from bulb scales. These results are in 
agreement with El-Naggar et al. (2012) where the bulb scales of Lilium ‘Prato’ 
cultured on (MS) basal medium supplemented with BA at 2 mg/l gave  the 
highest number  of shoots while low concentrations of the interaction between 
BA and  NAA increased the number of shoots, while low concentrations of  BA  
and NAA  gave the best result for  shoot height .On the other hand, BA at 1 mg/l 
gave  the highest fresh weight while  low concentrations  of the interaction 
between BA and NAA increased the fresh weight. The fresh weight of 
regenerated shoots increased by increasing the BA concentration up to 1.0 
mg/l; then declined after that in bulb scales explants, cytokinins are generally 
known to promote the formation of buds in many excised and in vitro tissue 
cultured organs (Nitsch et al., 1967). At large amounts of cytokinins, the activity 
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of these cytokinins become ineffective due to natural inhibitors or biological 
factors that reduce the activity of cytokinins (Bonner and Varner, 1976). Among 
cytokinins, BA has been extensively used in Lilium species due to its 
pronounced effect on the adventitious shoot formation (Takayama and Misawa, 
1982 and Maesato et al., 1994). 

 
Table (3). Effects of interaction between BA and NAA on shoot 

regeneration from bulb scales of Lilium Blanco in culture on 
MS media. 

    L.S.D at 0.05 level of probability. 

 
 

 
 

 

  
1 month 2  months 3  months 

   
Photo (1). Shoot proliferation from bulb scales after callus formation 

through 3 monthes. 
 
2-Rooting stage 

Data presented in Table (4) and photo (2) showed that the best result for  
the time for root induction was found when NAA at 2mg/l (9.7 day) was used. 
While the best result for the number of roots per regenerated shoot was 

Treatments Percentage 
of successful 
bulb scales 

(%) 

Shoot length 
(cm) 

Number of 
regenerated  shoots 

per bulb scale 

Fresh 
weight 

(g) 
NAA 

(mg/l) 
BA 

(mg/l) 

0 

0 60 3.850 1.071 4.000 
1 80 4.583 1.001 3.666 
2 60 2.955 1.719 5.200 
3 80 4.333 0.899 4.500 

1 

0 60 4.000 1.222 4.000 
1 70 2.500 1.373 3.000 
2 100 2.333 2.026 6.166 
3 80 3.083 1.656 4.833 

2 

0 60 2.250 1.099 4.000 
1 80 5.166 2.075 4.500 
2 90 2.183 1.776 6.666 
3 90 4.083 2.772 4.166 

L.S.D 0.577 2.876 1.335 0.548 
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recorded when NAA at 0 and 2mg/l were used (6.3 and 5.7 roots/shoot, 
respectively) or if IBA was applied at 3mg/l (8.4 roots). But the best result for 
root length was detected when NAA at 1mg/l (3.05 cm) or IBA at 3mg/l (2.86 
cm) were used . 

 
Table (4). Effects of IBA and NAA on the rooting from regenerated shoots 

of Lilium Blanco cultured on MS media. 
 

Columns with the same letter(s) are not significantly different from each other at 5% level of 
probability. 

 
Regard to the interaction between NAA and IBA data in Table (5) showed 

that the best result for the time of root induction was found when NAA was 
applied at 1 mg/l  and IBA  at 1mg (6.4 days) .The best result for number of 
roots per regenerated shoot was detected when NAA at 2 mg/l and IBA at 1mg/l 
(9.6 roots) were used . While the best result for root length was recorder when 
NAA at 1mg/l and IBA at 3 mg/l (3.6 cm) were applied. 
 
Table (5). Effects of interaction between IBA and NAA on the rooting from 

regenerated shoot of Lilium  cv. Blanco in culture on MS media. 
 

Treatments 
The time for roots 

induction(day) 

Number of roots 
per regenerated 

shoot 

Root length 
after 3manth 

(cm) 
NAA 

(mg/l) 
IBA 

(mg/l) 

0 

0 13.2 5 2.2 
1 32.2 4.2 2.8 
2 20.4 7.4 2.6 
3 33.2 8.6 2.6 

1 

0 8.8 2.4 2.4 
1 6.4 3.2 3.4 
2 7.6 3.0 2.8 
3 16.2 8.2 3.6 

2 

0 11.0 2.2 2.2 
1 13.8 9.6 2.2 
2 8.4 2.6 1.8 
3 10.4 8.4 2.4 

L.S.D 1.046 0.796 0.341 
             L.S.D at 0.05 level of probability. 

Concentration 
The time for roots 

induction (day) 

Number of roots 
per regenerated 

shoot 

Root length after 
3month(cm) 

NAA(mg/l)    
0 24.75a 6.3a 2. 5ab 
1 10.9b 4.2b 3.05a 
2 9.7b 5.7a 2.15 b 

L.S.D (0.05) 1.78 1.362 0.584 
IBA (mg/l)    

0 11c 3.2c 2.26a 
1 17.46 5.6b 2.80a 
2 12.13c 4.3bc 2.4a 
3 19.93a 8.4a 2.86a 

L.S.D(0.05) 2.273 1.73 0.742 
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These results are in agreement with the findings of Takayama and 
Misawa (1982) who found that Lilium auratum Lindl. and L. speciosum Thunb  
derived from bulb scales, all appeared to differentiate organs and the high NAA 
concentrations induced roots .Higher NAA concentrations stimulated rooting 
and sprouting .  

 
 Our study is in agreement with Hashem et al. (2006) who produced in 

vitro shoots of L. longiflorum and they found that  the significantly highest 
number of roots was achieved with IBA at 5 mg/l, the highest root number in the 
case of NAA was significantly lower than the IBA, and was induced at 0.50 mg/l, 
the significantly longest root was obtained with IBA at 10 mg/l, the longest roots 
with NAA at 0.25 mg/l were shorter than those obtained with IBA. Auxin 
promotes adventitious root development in both intact and excised stems, for 
induction of rooting each bulblet was separated and cultured on MS (half-
strength and full-strength) supplemented with different concentrations of 
NAA,the best rooting of 100 % was obtained on MS (full-strength) medium 
fortified with NAA at 1.0 mg/l ,these results are in concurrence with the 
observations made by Maesato et al. (1991) in Lilium japonicum. Using more 
than auxin led to increase the number of roots (Moore ,1979). 
 
 
 

                                                    
 Photo (2). Root formation after transfer of  regenerated shoots to rooting 

medium at 3mg/l IBA and 1mg/l NAA in   Lilium cv.Blanco. 
 
B- The use of chemical mutagens  

1-The use of colchicine  
The plantlets having the best shoot and root induction ( at 2mg/l NAA and 

2mg/l IBA ) produced from in vitro culture were selected for colchicine treatment 
.The  best concentration of colchicine which caused doubling in the number of 
chromosomes where active  at 4ppm  (photo.3). Asakavičiūt et al. (2008) 
mentioned that treating bulb scales of Lilium with 0.1, 0.5 and 1mg/l colchicine 
solution and 0.05, 0.1 and 0.5 mg/l oryzalin solution caused the chromosome 
count of the varieties to be changed. This is due to the main action of the 
colchicine to prevent the formation of a spindle so the anaphase movement of 
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the chromosomes does not take place and the cell fails to divide, when the 
daughter chromosomes finally divide, they are all included in one cell and the 
chromosome number is doubled. (Van Tuyl et al., 1990).  
                                     

 
   
 

      
 

 
Photo (3). Section in root tip show the duplication of the member of  

chromosomes also the  abscane of the middle lamella  at 4 
mg/l in root tip cells in Lilium  cv. Blanco b1and b2' with the 
control' a'. 

 
2-The use of glufosinate ammonium 

PCR was used to detect the variations between the 5 concentrations of 
glufosinate ammonium and to detect any variation between the used treatments 
and control (photo 6). 

 
RAPD is a multiplex marker system that conventionally uses single 

primer PCR to amplify random DNA fragments (Kumar et al., 2009). The 
fragment sizes of DNA produced were from 200 to 1400 bps. The number and 
size of DNA fragments produced from the RAPD profiles varied among different 
glufosinate ammonium treatments. 

 
 A number of unique bands of DNA fragments were found between 

control or wild type and 1ppm glufosinate ammonium where two bands were 
missing in 1mg/l treatment (photo 5). Also two extra bands were found when 
using glufosinate ammonium at 3mg/l, also two missing bands can be 
distinguished at 4 mg/l treatment. This difference may be due to the amount of 
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genetic variation that exists between the glufosinate ammonium treatment and 
the control or wild plant. 
 

The polymorphic tree (Fig.1) showed that there are two main clusters  the 
first cluster includes  treatments of control(0 mg/l) and 1mg/l glufosinate with a 
slight difference between them also 4 mg/l appears to be related to the first 
cluster  with difference with both the control(0 mg/l) and the 1mg/l , the second 
cluster included the 3 mg/l and 2 mg/l glufosinate with a small variation between 
them  (Table 6 and photo 6). 
 

These results showed that glufosinate ammonium with moderate 
concentrations  2 and 3 mg/l gave the best results and gave the highest 
variation followed by 1 and 4 mg/l.  

 
Low concentration of glufosinate ammonium 1mg/l has the least effect 

and there were a very slight varieties between it and the control (0 mg/l). 
This result agree with Avila-Garcia et al. (2012) who reported that the 
glufosinate concentrations (µM) required to reduce the glutamine synthetase 
(GS) enzyme activity by 50% in Lilium perenne L. ssp. multiflorum. Al-Khatib et 
al. (2003) and Carpenter and Boutin (2010) whose appeared that low-dose 
rates was observed to have no effect on vegetative growth or reproduction.  
 

  
                      

photo (4). Gel electrophoresis of the DNA extracted from leaf samples of 

the five treatments of glufosinate amonium on the resulting 
plantlet in Lilium cv. Blanco by in vitro. propagation at 
0,1,2,3and 4 mg/l,respectively. 
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photo(5). Gel electrophoresis of  PCR reaction showing bands amplified 

between 200 and 1400 bp with different five concentrations 
(0,1,2,3and 4mg/l, respectively) of glufosinate ammonium on the 
resulting plantlet in Lilium cv. Blanco by in vitro propagation. 

 
 
 
Table (6). Number of bands, number of polymorphic bands and 

polymorphism % detected by different primers for the finger 
print for different concentrations of glufosinate ammonium 
for Lilium cv.Blanco.  

 

  
  

   

Number of bands (fragments)  

4mg/l 3mg/l 2mg/l 1mg/l 0 mg/l 
treatment 

Primer 
0 1 0 1 2 Primer1  (823) 
0 0 0 0 2 Primer2 (810) 
3 3 3 0 2 Primer3 (826) 
3 1 1 0 0 Primer4 (828) 
0 1 2 0 0 Primer5 (818) 
0 2 3 1 2 Primer6 (808) 
2 2 0 2 0  Primer7 (OPD-05) 
8  10 9 4 8 Total number of band 
4 6 6 3 5 Number of polymorphic band 
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                 (g) 
 

 
 

       

 

 
 
 
 
 
 
Photo (6). Gel electrophoresis of finger print-PCR reaction of the seven of  

primers a,823;b, 810; c,826;d, 828;e, 818;f, 808 and  g, OPD-05 
respectively on Lilium cv.Blanco .Lanes  from 1 to5 indicates 
treatments of glufosinate ammonium  at 0, 1, 2, 3, 4 mg/l 
respectively. 

 

 
Figure (1). The phylogenetic tree of the five concentrations from 

glufosinate ammonium lanes 1- 5 represents.lane1,0 mg/l; 
lane2, 1mg/l ;lane3,2mg/l ;lane4,3 mg/l; lane 5, 4 mg/l on the 
resulting plantlet in Lilium cv. Blanco.             
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CONCLUSION 
 

The bulb scales of Lilium cv.Blanco planted on MS gave the best results 
for successful bulb scales at 3mg/l BA and 1mg/l NAA and shoots regeneration 
increased with increasing concentration of BA and the best results through the 
interaction between BA and NAA while roots showed the best results with 
increasing IBA and reducing NAA,the best concentration of colchicine which 
caused doubling in the number of chromosomes was 4 mg/l , while glufosinate 
ammonium at 2 and 3 mg/l gave the highest  genetic variations. 
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ABSTRACT: Two field experiments were conducted at North of El Tahrir, El- Behira, 

Egypt, during 2015 and 2016 seasons, to study the effect of mineral fertilization and organic 
manure on three maize hybrids. Split plot design with three replications was used, where the 
main plots contain combination of mineral fertilization (M) + organic manure (OM) i.e., (100 % 
M,75% M+ 25% OM, 50% M +50% OM, 75% M +25%OM and 100% OM), meanwhile the three 
maize hybrids (SC.2031, SC.2030 and TWC1100) were allocated in the sub plots. Plot size was 
10.50 m

2
 (3 m x 3.5 m) having 5 ridges of 3 m in length and 0.7 m in width. The obtained results 

revealed that combined application of 75% mineral + 25% organic manure) affected significantly 
increase in plant height (cm), ear length, number grains/row, number of grains/ear, 100 - grain 
weight, grain, straw, and biological yield (kg/fed.), and harvest index %. The maize hybrid SC. 
2031 recorded the highest means values of above mentioned characters. Fertilizing maize 
hybrid SC2031 by 75 % mineral + 25% organic manure gave the highest grain yield and its 
components under this study. 

 Key words: maize; yield; mineral; organic; fertilization; manure; yield; its components 

 

INTRODUCTION 
 

Maize (Zea mays L.) is one of the most widely grown cereals in the 
world. Also, it is important summer grain crops in Egypt. There is wide gap 
between consumption and local production. This gap could be narrowed 
through use the high yielding hybrids as well as use optimum organic and 
mineral fertilization.  

 
Organic farming is an excellent soil amendment which gave a balance of 

nutrients, while contributing valuable organic material to the soil. Soil 
microorganisms improved water holding capacity, soil structure for pH buffering 
and the organic complexing of nutrients, making them available for plant uptake. 
It is well documented that the incorporation of organic manure into the soil is 
increasingly important because it improves soil fertility and increased crop yield 
(Singh, 2001).  

 
Significant increase in plant height, dry matter, yields and NPK contents 

with the application of nitrogen fertilizers. Maize growth, dry matter, yields and 
NPK contents improved significantly when treated compost were added, but it 
was still below the fertilizer treatments. On comparative basis, maize response 
was better with FYM (Memon et al., 2012). Maize yield and its components 
such as number of cobs/plant, cob length, number of grains/cob, and 100- grain 
weight were maximum when plots were fertilized at 100 kg/ha., as urea + 
poultry manure at rate 12.98 t/ha. (Nasim et al., 2012). Application of nitrogen at 
the rate of 120 kg N/ha applied as 50% urea + 50% FYM can appreciably 
enhance the growth and yield indices of maize crop. Bilal et al. (2016) 
concluded that integrated fertilization of nitrogen sources as 50% FYM and 50% 
urea at the rate of 120 kg N/ha resulted in higher yield and yield related traits of 
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maize crop and is therefore recommended for achieving higher yield and yield 
attributes of maize crop.  

 
The soil with organic manure continually applied had lower bulk density 

and higher porosity values, porous and buffering capacities (Edmeades, 
2003).Proper application of organic and inorganic fertilizers can increase the 
activities of soil microorganisms and enzymes and soil available nutrient 
contents (He and Li, 2004; Saha et al., 2008). 

 
100 grain weight, yield and yield components and N, P and K of maize 

plants were increased significantly by increasing the level of nitrogen up to 140 
kg N/fed (Siam et al., 2008) Nitrogen levels had significant effects on yield and 
yield components in maize hybrids (Sharifi and Taghizadeh, 2009).The level of 
nitrogen fertilization differentiated the chlorophyll content expressed in SPAD 
units (Szulc and Hubert, 2010). 100 grain weight, grain yield and straw yield 
increased with increasing the rate of N fertilizer up to 120 kg N/ha. Treatment of 
120 kg N/fed in four doses as 40, 20, 20 and 20 % added after 14, 28, 48, and 
56 days after sowing (DAS), recorded higher values of 100 grain weight, straw 
and grain yield of maize (El-Agrodi et al., 2011). 

 
N and P levels significantly increased the studied parameters of corn 

plants as compared with control. The highest values were obtained by using 
120 kg N+ 35 kg P2 O5/ fed., followed by 80 kg N+ 25 kg P2 O5/ fed., and 40 kg 
N+15 kg P2 O5/fed (Ibrahim and Hala, 2007). 

 
The Single Cross 3084 significantly surpassed other hybrids in number of 

grains/ear, ear weight, grain weight/ear and grain yield/fed. It was noticed that 
the maximum values of plant and 100-grain weight, ear weight, grain yield/fed 
were obtained by application of 120 kg N/fed as a mineral form. Whereas, no 
significant difference was noticed between 90 kg N min.+30 kg N org./fed and 
120 kg N min/fed on most characters studied in both seasons (El-Gizawy and 
Salem, 2010).  

 
The objective of this investigation was to study the impact of organic 

manure for new maize hybrids as sown reclaimed soil on yield and its 
components and their interaction. 

 

MATERIALS AND METHODS 
 

Two field experiments were carried out to study the effect of mineral 
fertilization and organic manure on yield, yield components of three maize 
hybrids and their interaction. Field experiments were conducted at North of El 
Tahrir, El-Beheara Governorate, Egypt, during the two successive seasons 
2015 and 2016.   

 
A split plot with three replications was used whereas main plots were 

combination of mineral fertilization (M) and organic manure (OM) namely; 100% 
mineral fertilization (120 kg N/fed, 24 kg P2O5/fed and 24 kg K2O/fed.), 75% 
mineral (90 kg N/fed,18 kg P2O5/fed and 18 K2O kg K2O /fed) + 25% organic 
manure (2.5 ton/fed), 50% mineral (60 kg N/fed, 12 kg P/fed and 12 kg K2O/fed) 
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+ 50% organic manure (5 ton/fed.), 25% mineral (30 kg N/fed, 6 kg P/fed. and 6 
kg K2O /fed.) + 75% organic manure (7.5 ton/fed) and 100% organic manure 
(10 ton/fed) while the three maize hybrids namely; Single cross 2031 (S.C. 
2031), single cross 2030 (SC. 2030) and three way cross (TWC.1100) were 
distributed in subplot. Plot size was 10.50 m2 (3 m x 3.5 m) having 5 ridges of 3 
m in length and 0.7 m in width. Two grains were hand planted in each hill. Plant 
spacing 25 spacing 25 cm between plants. 

 
Some physical and chemical characteristics of the studied soil before 

sowing are presented in Table (1) which were determined according to Klute 
(1986). 

 
Mineral fertilization consists of nitrogen as in form of ammonium nitrate 

(NH4NO3 33.5 %), phosphorus as calcium super phosphate (15.5 % P2O5) and 
potassium as potassium sulphate (48 % K2O). 

 
Organic manure (cow manure) at the one rate was added (10 

tons/fed) at the soil preparation before planting in both seasons analysis of 
organic manure is presented in Table (2). 

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

sites during 2015 and 2016 seasons 
 

Soil parameter 

 
Season 

2014 2015 
Particle size distribution % 
Sand 
Silt 
Clay 
Textural class 

 
58.40 
11.00 
30.60 

Sandy loam 

 
57.10 
١١.٨ 

31.10 
Sandy loam 

Chemical properties: 
pH (1:1) (soil: water suspension) 
EC (1:1) (soil: water extract), dS/m 
Soluble cations (1:2) (meq/l) 
K+ 
Ca++ 

Mg++ 
Na++ 

7.92 
3.70 

 
0.46 
2.60 
3.50 

12.10 

8.00 
3.80 

 
0.48 
2.50 
3.40 

12.50 

Soluble anions (1:2) (meq/l) 
HCO-

3 
CL 
SO-

4 

 
6.00 
8.00 
4.40 

 
6.60 
8.20 
4.00 

Calcium carbonate, % 21.25 19.85 
Total nitrogen, % 0.75 0.85 
Available P (mg/kg) 4.42 4.55 

Organic matter, % 1.47 1.45 
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Table (2).Composition of organic manure (cow manure) 
 

Determination Cow manure Unit 
Moisture 13.70 % 
Organic matter (%) 62.93 % 
Total N 1.20 % 
Total P 1.40 % 
Total K 1.10 % 
pH (1:5) 8.35 - 
EC (1:5) 1.40 dS/m 
C:N 30.4:1 - 

 
Planting dates were on 25th May in 2015 and 2016 cropping seasons, 

respectively.  
 
Phosphorus fertilizer was applied before planting. Field was hand thinned 

before the first irrigation to one plant/hill. The experimental units were hand 
hoed twice for controlling weeds before the first and second irrigations. N 
fertilizer was applied in two equal doses, the first dose was before the first 
irrigation and the second one was before the second irrigation during cropping 
seasons. Potassium sulphate (48 % K2O) was added before the first irrigation.   

 
All other agricultural treatments for maize plants were done as 

recommended by the Egyptian Ministry of Agriculture. Preceding crop was 
wheat in both seasons. 

 
Plant height and yield traits were determined at harvest time after 120 

days from planting, three medium ridges (36 plants), which were taken from 
each sub plot in which grain yield was determined on the basis of 15.5 % 
moisture and the following data were recorded: Plant height (cm), ear length 
(cm), number of grains /row, number of grains /ear, 100 - grain weight (g), grain 
yield, straw yield, biological yield (kg/fed), and harvest index (%).  

 
Data were subjected to analysis of variance according to Gomez and 

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

RESULTS AND DISCUSSION 
 

Data in Table (3) revealed the effect of combination of mineral and 
organic fertilization and their interaction on plant height (cm), ear length (cm) 
and number of grains/row for the three maize hybrids during 2015 and 2016 
seasons. 

 
With regard to the effect of mineral fertilization and organic manure 

affected significantly in plant height, ear length and number of grains/row of the 
maize in both seasons, whereas application of 75 % mineral fertilization and 
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25% organic manure recorded the highest mean values for these traits followed 
by application of 100% mineral fertilization, respectively, during two seasons 
(Table 3). He and Li (2004) indicated that combined application of organic and 
inorganic fertilizers can increase the activities of soil and available nutrient 
content which increased growth and yield attributes of plants. Also, Kandil 
(2004) revealed that using organic fertilizer caused significant increases in plant 
height, ear length and number of kernels/row of maize. 

 
Also, Table (3) revealed that there was significant difference among the 

three maize hybrids on plant attributes namely; plant height, ear length number 
of grains/row in both growing seasons. Where, the SC. 2031 achieved the 
tallest plant height, ear length and the highest mean value of number of 
grains/row. Variations in grain number might be due to differences in genetic 
potential of maize hybrids. On the other side there was no significant difference 
among the three maize hybrids in the first season. These results are in harmony 
with Kandil (2013) who indicated that there was significant difference among 
maize hybrids in plant height (cm), ear length (cm) and number grains/row. 

 
The data in Table (3) indicated that there was significant interaction 

between the combination of mineral + organic manure on plant height (cm), ear 
length (cm) and number of grains/row. Whereas the highest mean values for 
plant height, ear length and number of grains/row were obtained from SC. 2031 
when fertilization 75% mineral + 25% organic manure in seasons 2015 and 
2016.Meanwhile the lowest one recorded with TWC 1100 + 100% organic 
manure during two seasons. On the other hand there is no significant 
interaction between two factors on ear length in the first season.
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Table (4) showed the effect of mineral and organic fertilization and their 
interaction on number of grains/ear, 100- grain weight (g) and grain yield 
(kg/fed.) for the three maize hybrids in 2015 and 2016 seasons. 

 
With regard to the effect of mineral fertilization and organic manure, it is 

significantly affected number of grains/ear, 100- grain weight and grain yield 
(kg/fed.) of maize in both seasons, whereas 75 % mineral and 25% organic 
manure recorded the highest mean values for number of grains/ear (in the 
second season only), 100- grain weight and grain yield in two seasons (Table 
4).In this respect Kandil (2004) revealed that using organic fertilizer caused 
significant increases in yield and its components of maize. These findings 
agreed with Siam et al. (2008), Szulc and Hubert (2010), Memon et al. (2012), 
and Bilal et al. (2016). 

 
Table (4) reported that there was significant difference among the three 

hybrids on number of grains/ear, 100- grain weight and grain yield (kg/fed.) in 
both cropping seasons. Where, the SC. 2031 gave the highest number of 
grain/ear and grain yield in two seasons. While the highest value of 100- grain 
weight recorded with TWC1100 in both season. While Sc.203 recorded the 
lowest one in 2015 and 2016. Variations in grain number might be due to 
differences in genetic potential of maize hybrids. These findings are in 
agreement with El-Gizawy and Salem (2010), Ahmed (2011), and Kandil (2013) 
who indicated that there was significant difference among maize hybrids in 100- 
grain weight, grain yield and number grains/ear. 

 
The interaction between the combination of mineral + organic manure on 

number of grains/ear, 100- grain weight and grain yield (kg/fed.) were significant 
(Table 4). Whereas the highest values for number of grains/ear in both season, 
and grain yield (kg/fed.) in the first season only were obtained from SC. 2031 
when fertilization 75% mineral + 25% organic manure in seasons 2015 and 
2016.on the other wiseTWC1100 + 75% mineral + 25% organic recorded the 
heaviest 100+ grain weight in two seasons. Meanwhile the lowest one recorded 
with TWC 1100 + 100% organic manure during two seasons. On the other hand 
there is no significant interaction between two factors on grain yield/fed in the 
second season. 
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Data in Table (5) reported that the effect of mineral fertilization and 
organic manure and their interaction was significant on straw yield, biological 
yield (kg/fed.) and harvest index (HI %) of three maize hybrids in 2015 and 2016 
seasons. 

 
The effect of mineral fertilization and organic manure significantly 

affected the straw yield, biological yield (kg/fed.) and harvest index (HI %) in 
both seasons, whereas application of 75 % mineral fertilization and 25% organic 
manure recorded the highest mean values for straw and biological yields while 
100% mineral fertilization gave the highest value of HI% in two seasons (Table 
5). These findings agreed with Kandil (2004), Siam et al. (2008), Szulc and 
Hubert (2010), El-Agrodi et al. (2011), Nasim et al. (2012) and Bilal et al. 
(2016).who showed that yield and its components of maize increased by 
application of organic fertilizer. 

 
The results in Table (5) stated that the three maize hybrids had 

significant difference in straw yield, biological yield (kg/fed.) and harvest index 
(HI %) in both growing seasons. Whereas, the hybrid SC. 2031 recorded the 
heaviest straw yield, and biological yield (kg/fed.) in both seasons. Meanwhile 
the highest HI % was given with Sc.2030 in the first season, only. Variations in 
grain number might be due to differences in genetic potential of maize hybrids. 
On the other side there was no significant difference among the three maize 
hybrids in the first season. The obtained results are in confirmed with Kandil 
(2013) who indicated that there was significant difference among maize hybrids 
in straw and biological yields as well as HI%. 

  
The findings in Table (5) revealed the significant interaction between the 

combination of mineral + organic manure on straw yield, biological yield 
(kg/fed.) and harvest index (HI %). Whereas the highest mean values for straw 
yield in the second season, were obtained from SC. 2031 when fertilization 25% 
mineral + 75% organic manure. On the other hand the highest value of 
biological yield (kg/fed.) and harvest index (HI %) were given with Sc. 2031 + 
75% M +25% Om in the first season, only. Meanwhile the lightest straw yield 
recorded with Sc.203 + 1% OM in the first season, TWC 1100 + 100% organic 
manure in 2016 season. However the lowest biological yield/fed was obtained 
with fertilizing Sc.2030 by 100 % organic manure in the first season only. On the 
other hand there is no significant interaction between two factors on straw yield 
in the first season, on biological yield/fed in the second season, and on HI % in 
the first and second seasons. 
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CONCLUSION 
 

It can be concluded that fertilizing maize hybrid Sc. 2031 by 75% mineral 
fertilization + 25% organic manure achieved the highest values of yield and its 
components under study conditions. 
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ABSTRACT: Two greenhouse experiments were conducted during 2014/ 2015 and 

2015/2016 seasons to layout beneficial fertilization protocol enhances the production and 
quality of cucumber under plastic houses. The target fertilization program seeks to achieve the 
best combination of various fertilizers (bio-, organic and inorganic) that lead to the highest yield 
and quality of produced cucumber especially during the winter season. Therefore, two 
successive experiments were carried out in a randomized complete blocks design with 3 
replications. Each replicate included 13 treatments. All determined treatments were distributed 
randomly within each block. The obtained results demonstrated that the combination including 
microbein +10 m

3
/fed. of chicken manure either 25% or 50 % NPK of recommended fertilization 

(Treatment 5 or 8) recorded the highest mean values of the studied vegetative growth  
characteristics and SPAD reading. Plants fertilized with either microbein +5m

3
 of chicken 

manure (Treatment 1) or 100% of NPK recommended dose (Treatment 13); recorded the least 
time that spanned or elapsed to occur the first flowers of cucumber. Noticeable increments in 
number of gyneocious flowers and nitrogen in fruits (N%) were due to the treatments of 
microbein + 25% of recommended dose + 10 m

3
/fed., chicken manure (Treatment 5), in both 

season. Both combinations among microbein + 25% NPK of the recommended dose +10 m
3
 

/fed (Treatment 5) and microbein + 50% NPK of the recommended dose + 10 m
3
 chicken 

manure (Treatment 8); recorded the highest mean values of the give traits (i.e. number of fruit, 
average fruit weight, fruit and early yield /plant, early and total yield / m

2
), during both seasons. 

In the case of fruit dry weight percentage character, the highest percentage was obtained from 
treatment of microbein + 75% of recommended dose + 5 m

3
/fed., chicken manure (Treatment 

10). The cucumber's plants which fertilized with microbein + 25% NPK of recommended dose + 
10 m

3
/fed. chicken manure (Treatment 5), led to the longest fruits and the highest mean values 

of fruit shape, in both seasons. Meanwhile, the combination of microbein + 50 % NPK of a 
recommended dose + 10 m

3
/fed. chicken manure (Treatment 8), caused the highest values for 

fruit diameter and total soluble solids. The highest mean values of acidity and vitamin C were 
recorded when the plants were fertilized with a combination of microbein + 10m

3
/fed. chicken 

manure (Treatment 2), in both seasons. From the results, we can conclude that, the 
combination among microbein + 25% NPK of recommended fertilization +10 m

3
/fed. of chicken 

manure (Treatment 5) or among microbein + 50 % NPK of recommended fertilization +10 
m

3
/fed. organic manure chicken manure (Treatment 8); considered as the best combination 

treatment as it  gave the highest mean values of vegetative growth characters, yield and its 
components  and fruit  quality of cucumber plants grown under plastic houses conditions.  

Keywords: Cucumber, mineral fertilization, inorganic fertilization, organic fertilization, bio-
fertilization. 

 

INTRODUCTION 
 
Cucumber (Cucumis sativus L.) belongs to the Cucurbitaceae family. It is 

one of the most important vegetable crops grown under plastic houses in Egypt 
and the worldwide. It is a sub-tropical vegetable crop that grows successfully 
under conditions of high light, high humidity, high soil moisture, temperature and 
fertilizers in green-house (El-Aidy et al., 2007). Cultivation of cucumber is very 
crucial because of its high rate of consumption, whereas it can be served as 
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fresh or industrialized products, in addition to its nutritional value. In Egypt, it is 
grown as a summer crop in the open field in the period from March to 
September, and under plastic house conditions from September to May. In the 
last century, in general, chemical fertilizers were used in agriculture. Whereas, 
fertilizer is a major part of the crop expenses for cucumber production, and it is 
critical for successful crop yields and high fruit quality. Fertilizer requirements of 
cucumber are quite high due to its high yielding potential per unit area and time. 
Accordingly, mineral nutrition with suitable levels of nitrogen (N), phosphorus 
(P) and potassium (K) had a key role for improving the growth and fruit yield of 
cucumber, as well as influencing the cucumber plant’s ability to withstand 
negative effects from pests, water, temperature, and other stresses. However, 
generally, excessive amount of inorganic fertilization are applied to vegetables 
to achieve higher yield (Stewart et al., 2005; Deore et al., 2010) and enhance 
the growth (Dauda et al., 2008; Deore et al., 2010). Also, using of inorganic 
fertilization only may lead to risks not only for human beings' health, but also for 
environment, too (Arisha and Bradisi, 1999; Deore et al., 2010). Nevertheless, 
N along with P and K, are, still, classified as primary macronutrients or major 
nutritive elements, which are needed in relatively large quantities and are often 
deficient in crops not receiving fertilizer application (Marschner, 1986). 
Nowadays, the best integrated fertilization management which includes 
inorganic, organic and bio-fertilization; plays crucial roles in this respect. 
Therefore, the absence of fertilization program for cucumber production under 
greenhouses conditions remains limiting factor, needs more research to 
develop an appropriate fertilization program satisfies the requirements to 
achieve the highest yield with best quality of cucumber plants grown under 
plastic houses environments. 

Despite organic manures are known to improve the soil properties via 
increasing the limited moisture holding capacity. In addition, they can change 
the chemical properties of the soil via lowering its pH among some other 
factors. Also, they can provide the plants with many essential nutrients as 
nitrogen, phosphorus or potassium or a combination of these three elements 
(Haug, 1993 and Elsokkary et al., 1995). On the other tank, the use of manures 
(organic fertilization) only cannot satisfy the cultivated crop with nutrients 
(Kondapa et al., 2009; Deore et al., 2010). In spite of the positive potential of 
compost on yield of food crops its low nutrients content and high cost relative to 
inorganic fertilizers; makes its use as alone provided nutrient supplies not 
practical matter (Buchanan and Gliessman, 1991; Bittenbender et al., 1998). 
However, they may be used in combination with other fertilizers is necessary in 
order to increase soil organic matter, and reduce loss of inorganic N from the 
rhizosphere. Also, biofertilization is an avenue to enhance soil via different 
aspects (Revillas et al., 2000). However, biofertilization are substrates that 
include living organisms upon their application to the seeds or plants; they 
colonize the rhizosphere or the interior of the plant and enhance growth through 
enrichment of the availability of primary nutrients to host plants (Vessey, 2003 
and Shanmuga et al., 2013). Biofertilizers, however, contain symbiotic or 
nonsymbiotic microorganisms that stimulate the plant growth. Likewise, co-
cultivation of plants with biofertilizers; could give rise to resistance to diseases, 
production of hormones-like substances (cytokinins, auxins, gibberellins…etc.) 
and water –soluble vitamins (Kumar et al., 2001; Shanmuga et al., 2013). Such 
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class of biofertilization, microorganisms assist in nitrogen fixation, hence 
optimizing the nitrogen uptake from other sources (Agrinos, 2011). Bio-fertilizers 
is a broad term used for products containing living or dormant microorganisms 
such as bacteria, fungi, actinomycetes and algae either alone or in combination, 
which help in fixing atmospheric N or solubilize/mobilize soil nutrient in addition 
to secrete growth promoting substance (Rai, 2006). The beneficial effect of N2– 
fixing bacteria inoculation has been proved by many scientists at different parts 
of the world on plant growth, dry weight, total nitrogen content and yield of 
various crops (Nayak et al.,1986). Some of these scientists reported that the 
inoculation with N2-fixess can safe half the normal field rate of mineral nitrogen 
fertilizer (Badawy et al., 1997). 

In this respect, Hassan (2015) indicated that bio-fertilizers accelerate the 
decomposition rate of compost applied to soil and enhances the mineralization 
and availability of plants, nutrients. Also, Saeed et al. (2015) stated that bio-
fertilizer (Azotobar wal) and 1/2 chemical fertilizer (Urea); brought about the 
highest mean values of cucumber growth traits of "Saffe" cv. grown under 
greenhouse conations. Moreover, Abdel Naby et al. (2014) reported that a 
combination of chicken manure at rate of 15m3/fed. with foliar spraying of yeast 
extract at rate of 5g/l and mineral fertilizers with ammonium nitrate (33.5%N) at 
125 kg/fed; gave rise to increase cantaloupe yield which surpassed the check 
treatment plants. Also, Feleafel et al. (2014) demonstrated that using of NPK as 
fertigation, up rate 125% of  recommended dose; (220, 150, 150kg N, P2O5, 
K2O /ha, respectively) brought about  significant increases for plant height and 
leaves, number after 30, 50 and 70 days of sowing seeds( DAS), branches, 
number at 30 DAS, only, also leaf minerals (N, P and K) contents, percentage 
of fruit setting, fruit weight, fruits, number and yield of  fruits of the greenhouse 
cucumber plants, cv. "Alrased 92 F1". Anjanappa et al. (2012) illustrated that 
the cucumber ''Hassan'' cv. plants grown under protected condition and 
provided with 75% recommended dose of fertilizer (60:50:80 kg NPK/ha) + 75% 
from recommended (2.5 t/ha) "FYM" farm yard manure + Azotobacter (AZT) 
5kg/ha + Phosphobacteria (PSB) 5kg/ha + Trichoderma (TD) 5 kg/ha; recorded 
the maximum vine length, maximum number of branches per vine, least number 
of days elapsed until the first male and female flower appearance, maximum 
number of male flowers per vine, lowest sex ratio, highest number fruits per 
vine, maximum fruit weight and maximum fruit yield per vine. While the 
minimum number of male flowers, lowest number of fruits per vine and lowest 
fruit weight was registered with treatment provided with 100%FYM + AZT + 
PSB + TD.  

Vega Ronquillo et al. (2009) declared that the plants that received 
earthworm humus had the greater fruit weight and yield. The results, also, 
showed that the best substrates, from agronomic and economic points of view, 
were compost enriched with partially acidulated phosphate rocks, compost 
enriched with triple super phosphate and earthworm humus. The economic 
evaluation of the results demonstrated the advantage of the use of processed 
organic fertilizers with earthworm humus with the most earnings. Bindiya et al. 
(2006) revealed that combined application of vermicompost (2 t/ha) + half 
recommended NPK (50:30:30 kg/ha) + Azotobacter and phosphate solubilizing 
bacteria (PSB) each at 5 kg/ha; gave rise to increase vine length and 
developing more number of branches per vine; showed quicker earliness and 
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days to 50 percent flowering of the tested cucumber cultivar and gave ultimately 
higher yield of cucumber fruits (9.2 t/ha). The highest yield and net returns were 
obtained with vermicompost in combination with biofertilizers and chemical 
fertilizers but high benefit cost ratio with recommended fertilizer dose. 

 
The objectives of these experiments were to study the effect of mineral 

(NPK), organic and bio-fertilization on cucumber (Cucumis sativus L.) growth 
performance under plastic houses conditions to determinate the suitable 
fertilization program to cucumber plants ''Barracuda F1 hybrid" during its scarcity 
period of the year (from September to May). 

 

MATERIALS AND METHODS 
 

Two field experiments were carried out during the two successive winter 
seasons of 2014-2015 and 2015-2016, at private farm, Abou El-Matameer city, 
Behiera Governorate, Egypt, under unheated plastic houses. Before 
transplanting, random soil sample of 30 cm depth from different places of the 
greenhouse were taken for some important chemical and physical analyses as 
described by Page et al. (1982) and Jackson (1965). The experimental soil 
physical and chemical properties are given  in Table (1). 

 
Cucumber seeds were sown under plastic house on October 26th, during 

both seasons, in seedling foam trays (84 eyes) filled with a mixture of  Peat 
moss: Vermiculite (1:1 v/v), supplemented with 300 g Ammonium Sulphate 
(20.5% N), 400 g Calcium Superphosphate (15% P2O5), 150 g Potassium 
Sulphate (48% K2O), 50 g micronutrient and 50 g of a fungicide (thiophenate 
methyle) for each 50 kg  of the mixture. Seedlings of 25 days old were 
transplanted in the plastic houses on November 20th during  both the seasons at 
30 cm apart and 1 m width of ridge. The experimental plot consisted of one 
ridge with 3 m long and 1 meter width making an area of 3 m2  using drip 
irrigation system. All missing transplants were replaced by another ones of the 
same age , one week later after transplanting. 

 
The plastic house was 24 m long and 6 m width making an total area 144 

m2, during both seasons, 50 cm from both sides of the plastic house's arch near 
from plastic and 30 cm from begining (entrance) and end (exit or out) of the 
plastic house were left without planting. So, the total number of plants/ plastic 
house  were 390 plants (2.71 plants/m2 ). 

 
Cucumber cultivar, seeds coined as ''Barracuda F1 hybrid'' was used for 

the experimentation. It was purchased form Agrotech for Modern Agriculture 
Co., Egypt. The bio-fertilizer “Microbein” is a mixture of non- symbiotic N-fixing 
bacteria of the genera Rhizobium, Azospirillum, Azotobacter and klebsiella as 
well as the phosphate dissolving bacteria Baccillus was purchased from the 
General Organization for Agricultural Equalization Fund, Ministry of Agricultural, 
Egypt. Microbein as a bio fertilizer was dissolved in distilled water, then the 
transplants were irrigated with it in foam trays; whereas, each plant received 0.5 
g microbein dissolved in 20 cm3 distilled water and transplanting after ten 
minutes from treatment, and some plants were maintained to be control ones 
(without manipulation). 
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Organic fertilization was done using matured chicken manure which 
obtained from the local area and its chemical analysis is presented in Table (2). 
Chicken manure treatments were assigned as 5, 10 and 15 m3/Feddan.  

 
Table (1). Physical and chemical properties of the experimental site during 

both seasons of the study (2014/2015 and 2015/2016). 
 

Soil properties 
Season 

2014/2015 2015/2016 
Physical analysis:   
Clay (%) 14.48 14.50 
Silt (%) 8.00 7.50 
Sand (%) 77.52 78.00 
Textural class Sandy loam Sandy loam 
Chemical analysis:   
Soluble cations in (1:5) soil: water extract (meq/l)   
Ca++ 0.25 0.20 
Mg++ 0.32 0.25 
K+ 0.31 0.35 
Na+ 1.92 2.00 
Soluble anions in (1:5) soil: water extract (meq/l)   
CO3

-- 0.00 0.00 
HCO3

- 1.18 1.20 
Cl- 0.72 0.80 
SO4

-- 0.75 0.80 
pH (1:2.5 soil suspension) 8.10 8.20 
EC(dS  /m) at 25° C 0.25 0.28 
Available N (mg/kg soil) 10 15 
Available P (mg/kg soil) 31 37 
Available K (mg/kg soil) 360 412 

 
The analyses were carried out at Nubariya Research Station, Agricultural 

Research Center, Nubariya, Egypt. 
 
Table (2). Chemical analyses of the mature chicken manure for both 

seasons of the study (2014/2015 and 2015/2016). 
 

Properties 
Season 

2014/2015 2015/2016 

pH (1:10 manure suspension) 7.57 7.52 
EC (1 :10) water extract, dS/m 2.96 2.86 
O. M. % 
C/N ratio 

17.73 
8.1:1 

17.67 
8.2:1 

Soluble cations (meq/L) 
Ca++ 

 
3.06 

 
3.00 

Mg++ 2.72 2.70 
Na+ 14.30 14.20 
K+ 33.90 34.20 
Available nutrients (%) 
Nitrogen (N) 

 
1.27 

 
1.25 

Phosphours (P) 1.02 1.04 
Potassium (K) 2.20 2.10 
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Mineral fertilization NPK treatments were at the following rates: (0%, 
25%, 50%, 75% and 100%) of recommended dose; 200 kg. N, 75 kg. P2O5 and 
150 kg. K2O/feddan, respectively. Ammonium nitrate (33.5% N) and nitric acid 
(15% N) as a source of nitrogen were added. Phosphoric acid (55% P2O5) and 
calcium superphosphate (15% P2O5) as a source of phosphorus were used.  In 
addition, potassium sulphate (48% K2O) as a source of potassium was added 
and calcium nitrate (15.5%N +19% Ca2O) as a source of nitrogen and calcium 
was applied. The amounts of recommended dose were add as 415 kg/fed. 
ammonium nitrate, 200 kg/fed. calcium nitrate, 200 kg/fed. nitric acid, 100 
kg/fed. calcium superphosphate, 82 kg/fed. phosphoric acid and 312.5 kg/fed. 
potassium sulphate.  The ratios among the three-used mineral fertigation were 
distributed according to plant growth periods are listed in Table (3). A drip 
irrigation network was designed for this study. The drip irrigation network 
consisted of lateral's GR of 16 mm in diameter, with emitters at 0.3 m distance, 
with allocating a lateral for each row. The emitters had a discharge rate of 4 l.h-

1. Both conducted experiments were layout in a randomized complete blocks 
design, with three replications. Each replicate included 13 treatments as 
illustrated in Table (4). All determined treatments were distributed randomly 
within each block. Total experimental area was 144 m2 (6 m x 24 m) during both 
seasons and 0.30 m between plants and 1.0 m pathway. The planting distance 
adopted at both sites was 0.30 m × 1.0 m, and the plant population per plot was 
ten plants. The experiment plots were tested as free of weeds by hand hoeing. 
Cucumber plants were trained vertically on single stem, where all lateral 
branches were removed from both cotyledonary leaves until the second true 
leaf. After that, the all lateral branches were cut off after two leaves (two fruits) 
until 2m height till the end of the growing seasons. Harvesting of the fruits was 
done for early yield after 40 days, then for the rest of harvesting, daily in 
summer seasons and each 2 days in winter seasons. The harvesting fruits were 
counted and weighted using electronic scale.  

  
Four plants form each treatment in each replications were randomly 

selected and tagged for records on growth, early yield and total yield as well 
fruit quality parameters.  

 
1. Vegetative growth characters: all the following characters were determined 
after 120 days of transplant:   
Plant height (cm), was recorded from the base of the plant to the terminal   
growing point of tagged plants using a meter   scale; stem diameter (cm), was 
measured using caliper and the averages were determined. The diameter was 
measured from about 5cm from the soil surface around the base of the plants.  
Number of leaves per plant were counted. Number of branches per plant were 
counted. Plant fresh weight (kg) was determined as the average fresh weight of 
plant foliage. Plant dry weight (g) was dried in an electrical oven at 70˚ C till the 
constant weight and then the average dry weight of whole plant foliage was 
calculated. 
 
2. Flowering characteristics: four plants from each experimental plot were 
chosen at random and the following data were recorded: 
Time spanned to the first flower appearance (days), which was determined as 
time spanned from transplanting to the first flower appearance (day). Number of 
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flowers per plant the whole numbers of the opened flowers per plant all over the 
season were counted.  

 
3. Fruit number and yield parameters, were determined via number of   fruits 
per plant was determined from the total number of fruits harvested over the 
entire harvest period (130 days). Fruit yield per plants (kg), was calculated from 
the fruit harvested over the all picking times. Fruit yield per square meter 
(kg/m2), was recorded and fruit yield/square meter compared as fruit yield per 
square meter = average fruit yield/plant x number of plants/square meter. 
Average fruit weight (g), was calculated as total fruit yield (kg)/ total  
 
 Table (3). Chemical fertilization program as ratio among N: P2O5: K2O 
 

Fertilization period N P2O5 K2O 
Till flowering 1.00 0.50 1.00 
Till the harvesting 2.25 0.75 1.50 
Till the end of harvesting 2.55 0.85 1.70 

 
Table (4). Total treatments in each replicate were 13 treatments as follows 
 

Treatment No. Microbein 
NPK fertigation % 

from recommended 
Organic fertilization 

m3/feddan 
1 With 0 5 
2 With 0 10 
3 With 0 15 
4 With 25 5 
5 With 25 10 
6 With 25 15 
7 With 50 5 
8 With 50 10 
9 With 50 15 

10 With 75 5 
11 With 75 10 
12 With 75 15 
13 Without 100 0 

 
Number of fruits per plant. Early yield was considered as the weight of all 

harvested fruits during the first 40 days of harvesting per plant and per square 
meter and expressed in kg. Fruit dry matter, randomly fruit samples of 100 g of 
fresh weight were dried in anelectrical oven at 70˚ C till the constant weight then 
the percentage of fruit dry weight was calculated according to the following 

formula:   Fruit dry matter = 
���	����	


����		����	

 × 100 

 
4. Fruit quality, four fruits were randomly taken from each plot of all pickings  to 
study the morphological and chemical characters of the fruits in both seasons. 
Morphological characters: fruit length (cm) and fruit diameter (cm) were 
measured and fruit shape index were calculated as (fruit length/ fruit diameter). 
Chemical composition, The following fruit constituents were determined in fruit 
samples taken specially for chemical characteristics as follows (1): The total 
soluble solids (T.S.S.) or degrees Brix (Bx°) is numerically equal to the 
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percentage of sugar and other dissolved in a solution. This scale is used in the 
food industry for measuring the approximate amount of sugars in fruit 
juices.There, a solution that is 25 degrees Brix has 25g of sugar per 100 g of 
solution (Caralcanti et al., 2010; Majiid et al., 2011).It was estimated in the juice 
of the fresh fruits using a hand refractometer according to (A.O.A.C., 1992). (2) 
Total titratable acidity (%), it was determined in the fruit juice, as citric acid 
percent (mg/100 cm3 juice), by titration with 0.1 N sodium hydroxide  (NaOH) 
after adding a few drops of phenolphthalein as an indicator, as the method 
described in the A.O.A.C. (1992), (3) Total, reducing and non-reducing sugars, 
which  were determined for each fruit sample according to the method 
described by Malik and Singh (1980) and (4)Vitamin C (Ascorbic acid), was 
measured by titration with iodide potassium according to method of Ranganna 
(1986) and calculated as mg vitamin C/ 100 cm3 juice.  
 
5. Plant chemical analysis Plant N, P and K contents were determined as 
follows: (1) N, P and K contents of fruits and leaves, the kjeldahe digestion 
procedure was conducted as described by Okalebo et al. (2002). The total 
nitrogen in plant samples was determined using the microkjedal method of 
distillation and titration as described by Pregel (1945). Total P was determined 
following color development using the Bray P1 extractant, measured by the 
Murphy blue coloration (Murphy and Riely, 1962) and determined on a 
Spectrophotometer (model Perkin Elmer Lamda 45). Total K in samples was 
read by aspirating directly into Jenway flame photometer (PFP7) and (2) Leaf 
colour degrees or Leaf chlorophyll indication (SPAD), for determination 
chlorophyll readings, at harvest, leaf greenness (chlorophyll  content ) was done 
using a non- destructive  method  using a  SPAD 502 chlorophyll meter for each 
plant, 3 recently full- expanded leaves were randomly chosen for SPAD 
measurement at the average of 3 readings  was recoded (Yadva, 1986; 
Marquard and Tipton, 1987) . 
 
Statistical Analysis : 
 Data of the present study were statistically analysed according to the 
design used.  Data were tested by analysis of variance and the comparisons 
among the means of different treatments were carried out, using the revised 
least significant difference test, as illustrated by (Duncan, 1965; Gomez and 
Gomez, 1984). 
 

RESULTS AND DISCUSSION 
 
1. Vegetative growth characters: 

Data listed in Tables (5 and 6) indicated that the combination among 
microbein + 25% NPK of recommended fertilization +10 m3/fed. of chicken 
manure (Treatment 5) or among microbein + 50 % NPK of recommended 
fertilization + 10 m3/ fed. chicken manure (Treatment 8), also, was accompanied 
with the highest mean values of the vegetative characteristics.  
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 Table (5). Effect of bio-, mineral and organic fertilizers on some 
vegetative growth characters of Cucumber plants during 
2014/2015 and 2015/2016 growing seasons. 

 
Treatment 

No. 
Plant height (cm) Stem diameter (cm) No. leaves/ plant No. branches/plant 

 2014/2015 2015/2016 2014/2015 2015/2016 2014/2015 2015/2016 2014/2015 2015/2016 

1 251.7D 241.3D 0.66 E 0.76 F 81.00 E 79.67 G 17.33 D 16.33E 
2 273.3C 269.7 C 0.73 DE 0.83 EF 92.00 D 86.67 F 19.67 D 18.67 DE 
3 286.7B 272.0 C 0.70 DE 0.80 EF 94.67 CD 87.00 F 19.00 D 19.00 DE 
4 330.0 A 330.0 A 0.97 B 1.03 CD 101.00 AB 103.70 C-E 28.00 BC 24.00 C-E 
5 330.0 A 330.0 A 1.33 A 1.26 A 102.00 AB 110.70 A 31.67 AB 36.00  A 
6 330.0 A 330.0 A 0.93 BC 0.93 DE 99.00 A-C 107.00 B 29.33 A-C 21.33C-E 
7 330.0 A 330.0 A 1.03 B 1.03 CD 101.00 AB 103.30 DE 28.33 A-C 26.00 CD 
8 330.0 A 330.0 A 1.26 A 1.23 AB 105.00 A 108.30  AB 32.33 A 34.33  AB 
9 330.0 A 330.0 A 0.94 BC 0.90D-F 104.00 A 106.30 BC 29.33 A-C 25.33 CD 
10 330.0 A 330.0 A 1.00 B 1.00CD 102.00 AB 102.70 E 26.67 C 24.33 CD 
11 330.0 A 330.0 A 1.03 B 1.10BC 103.70  AB 105.70 B-D 27.67 BC 27.33 BC 
12 330.0 A 330.0 A 0.96BC 0.93DE 100.30 A-C 101.70 E 27.00 C 25.00 CD 
13 290.B  287.0 B 0.83CD 0.90D-F 97.67 B-D 89.00 F 20.33 D 20.67 C-E 

Values having the same alphabetical letter in common, within each column, do not significantly 
differ, using the Revised L.S.D. test at   0.05 level of probability. 

  
Table (6). Effect of bio-, mineral and organic fertilizers on some vegetative 

growth characters of Cucumber plants during 2014/2015 and 
2015/2016 growing seasons. 

 
Treatment No. Plant fresh weight (g) Plant dry weight (g) 

 2014/2015 2015/2016 2014/2015 2015/2016 
1 763.3D 845.0E 73.13H 84.32B-D 
2 836.7D 895.0DE 71.10H 76.29D 
3 853.3D 896.0DE 94.90C-G 80.89CD 
4 1057.0C 1060.0C 103.60B-E 93.28 A-D 
5 1227.0AB 1300.0A 120.10AB 101.00A-C 
6 1142.0A-C 1130.0BC 90.00D-H 105.10AB 
7 1174.0A-C 1082.0C 82.20F-H 110.30A 
8 1277.0A 1244.0AB 106.90B-D 101.60A-C 
9 1071.0BC 1095.0BC 77.80GH 96.88A-D 

10 1083.0BC 1025.0CD 84.75E-H 101.40A-C 
11 1117.0A-C 1095.0BC 113.50A-C 85.41B-D 
12 1103.0BC 1033.0CD 133.10A 100.90A-C 
13 854.0D  895.0DE 100.60B-F 105.70AB 

Values having the same alphabetical letter in common, within each column, do not significantly 
differ, using the Revised L.S.D. test at 0.05 level of probability. 

 
Such a result can be explained on the basis that the sandy soils of the 

experimental sites have relatively low amounts of nutrients (Table 1), thus the 
application of chicken manure at the rate of 10 m3 fed.-1 improved the physical, 
chemical and biological properties of the soil during the growing period, beside; 
the availability of all type of nutritive constituents either from beneficial 
microorganism (microbein), mineral and organic fertilizers. It is obvious that 
combination of microbein + organic fertilization at 5 m3 /fed. (Treatment 1); 
recorded the lowest mean values compared to the other treatments during both 
seasons of the experimentation. These findings may be attributed to the fact 
that the amount of the macronutrients supplied by organic fertilizer (i. e. chicken 
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manure) is too low compared to those provided by mineral fertilizer which was 
nil (without) level in this treatment. Nevertheless, the lowest amount of chicken 
manure (5m3 /fed.) and microbein added dose which could provide such growth 
promotion activity of the rhizosphere beneficial microorganisms could maintain 
the growth of the plants. The obtained results, in general, are matching well with 
those reported by several researchers (Umamaheshwarappa et al., 2005; 
Anjanappa et al., 2012). 

 
2. Flowering characters: 

Data presented in Table (7) declared that plants fertilized with either 
microbein plus 5m3/fed of chicken manure (Treatment 1) or 100% of NPK 
recommended dose (Treatment 13) recorded the least time that spanned or 
elapsed to occur the first flowers of cucumber "Baracoda" cv. plants which were 
ranged between 30-32 days for the former treatment and 30 days for the latter 
during both seasons of the study. This may be due to the effect of the given 
combination on the facilitation of all available nutritive elements which enhanced 
the reproductive growth on the time spanned until the first flowering after 30 
days. This finding may be taken place due to N fertilization which promotes 
flowering (Ross and Pharis, 1985). This finding, also, could be attributed to the 
balanced nutritive elements released from combination of microbein + 5 m3/fed 
chicken manure (Treatment 1) and P of mineral fertilizer (Treatment 13) which 
enhanced the availability of phosphorus, the essential and key factor, for 
initiation of flowering, and subsequently the early flowering. This result is 
incompatible with those of Sharma et al.  (1997); Patil et al.  (1998). While 
plants that received microbein + 25% of recommended dose + 10 m3/fed., 
chicken manure (Treatment 5); gave the highest time spanned until the 
occurrence of first flower, during both seasons of the study. The increments in 
number of gyneocious flowers were due to the treatments of microbein + 25% 
of recommended dose + 10 m3/fed. chicken manure (Treatment 5), during both 
seasons, could be accounted for higher accessibility and the absorbance of 
nutritive elements via path organic and inorganic fertilizers in addition to the role 
of bio-fertilizers in enhancing production of plant growth promoting substances, 
i.e. cytokinins, auxins, gibberellins etc. which exert significant effects on 
initiation and of flower initials and their developing. The obtained results are in 
compliance with these reported by Nirmala et al. (1999); Singh et al. (1995); 
Anjanappa et al. (2012). On the other hand, the lowest number of gyneocious 
flowers were produced from treating the plants with microbein + 5 m3/fed. 
chicken manure (Treatments 1). 

 
3. Yield and its components: 

Data presented in Tables (8 and 9) expressed that both combinations 
among microbein + 25% NPK of the recommended dose +10 m3 /fed. 
(Treatment 5) and microbein + 50% NPK of the recommended dose (Treatment 
8); recorded the highest mean values of the give traits (i.e. number of fruit, 
average fruit weight, fruit and early yield /plant, early and Total yield / m2) during 
both seasons. In the case of fruit dry weight percentage character, the highest 
percentage was obtained from treatment of microbein + 75% of NPK 
recommended dose + 5 m3/fed. chicken manure (Treatment 10). 
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Table (7). Effect of bio-, mineral and organic fertilizers on some flowering 
characters of Cucumber plants during 2014/2015 and 2015/2016 
growing seasons. 

 
Treatment 

No. 
Time spanned to the first 
flower appearance (days) 

Number of flowers/ Plant 

 2014/2015 2015/2016 2014/2015 2015/2016 

1 32.33CD 30.33D 52.33DE 51.67G 
2 34.00BC 32.67A-D 53.33C-E 53.67FG 
3 35.00A-C 30.33D 52.00E 52.67FG 
4 35.33A-C 30.67D 58.33B-E 65.00DE 
5 37.33A 34.33AB 73.33A 76.67A 
6 35.67AB 34.33AB 60.67B-D 67.33B-E 
7 33.00B-D 31.67B-D 58.67B-E 65.67C-E 
8 34.67A-C 33.00A-D 66.67AB 72.00AB 
9 35.67AB 34.00A-C 59.00B-E 64.00E 
10 30.67D 31.00CD 59.33B-E 70.33B-D 
11 32.33CD 32.67A-D 61.33BC 70.67BC 
12       33.00B-D 35.33A 59.00B-E 66.67B-E 
13 30.00D 30.00D 57.00C-E 57.67F 

Values having the same alphabetical letter in common, within each column, do not significantly 
differ, using the revised L.S.D. test at0.05 level of probability. 

 

 
Table (8). Effect of bio-, mineral and organic fertilizers on yield characters 

of cucumber plants fruits during 2014/2015 and 2015/2016 
growing seasons. 

 

Treatment 
No. 

No. fruit 
per plant 

average fruit weight 
(g) 

fruit yield/ plant 
(kg) 

early yield/ 
plant (kg) 

2014/2015 2015/2016 2014/2015 2015/2016 2014/2015 2015/2016 2014/2015 2015/2016 

1 44.33E 43.00F 81.90D 74.33G 3.60E 3.19F 0.91EF 0.77E 
2 44.00E 41.67F 86.53CD 81.00F 3.80E 3.37F 0.99EF 0.93 DE 
3 45.00E 41.67F 86.27CD 81.00F 3.90E 3.44F 0.84F 0.90DE 
4 52.67CD 52.33B-E 92.90A-C 100.00D 4.90CD 5.23B-D 1.64B 1.57BC 
5 63.33A 56.67AB 91.83A-C 105.30AB 5.80A 5.95A 2.10A 2.17A 
6 54.3B-D 58.00A 95.77AB 94.00E 5.20BC 5.43B 1.38C 1.65B 
7 51.33CD 53.00B-D 97.33A 101.30BC 5.00CD 5.37BC 1.72B 1.43BC 
8 60.00AB 55.67A-C 96.20AB 107.70A 5.76AB 5.99A 2.10A 2.10A 
9 53.67CD 51.67C-E 93.13A-C 101.00BC 5.00CD 5.29BC 1.38C 1.52BC 
10 54.67BC 53.00B-D 93.30A-C 101.70BC 5.10CD 5.38B 1.69B 1.62BC 
11 51.67CD 50.00DE 90.83A-D 100.30D 4.70CD 5.01CD 1.70B 1.51BC 
12 52.67CD 51.00DE 87.23B-D 96.33DE 4.60D 4.91D 1.30CD 1.40C 
13 48.67DE 48.00E 82.10D 84.33F 4.00E 4.048E 1.10DE 1.09D 

Values having the same alphabetical letter in common, within each column, do not significantly 
differ, using the revised L.S.D. test at 0.05 level of probability. 
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Table (9). Effect of bio-, mineral and organic fertilizers on yield characters 
of cucumber plants fruits during 2014/2015 and 2015/2016 
growing seasons. 

 
Treatment 

No. 
early yield/m

2
(kg) total yield/m

2
(kg) fruit dry matter(%) 

2014/2015 2015/2016 2014/2015 2015/2016 2014/2015 2015/2016 

1 2.48E 2.11E 9.75D 8.65F 4.80A 3.80D-F 
2 2.68EF 2.52DE 10.30D 9.14F 4.60AB 4.60A-E 
3 2.29F 2.45DE 10.57D 9.34F 4.40AB 5.20A-C 
4 4.46B 4.26BC 13.28C 14.18B-D 4.60AB 5.30AB 
5 5.69A 5.89A 15.72A 16.15A 4.90A 3.30EF 
6 3.75C 4.48B 15.00AB 14.72B 4.90A 4.10B-E 
7 4.67B 3.92BC 13.55BC 14.56BC 4.60AB 5.00A-D 
8 5.69A 5.70A 15.63A 16.24A 4.20AB 2.60F 
9 3.74C 4.11BC 13.55BC 14.34BC 3.70B 4.00B-E 

10 4.58B 4.39BC 13.82BC 14.60B 4.60AB 5.70A 
11 4.60B 4.09BC 12.74C 13.59CD 5.00A 3.90C-F 
12 3.52CD 3.80C 12.46C 13.32D 5.10A 3.60EF 
13 2.99DE 2.96D 10.84D 10.97E 4.70AB 3.70D-F 

Values having the same alphabetical letter in common, within each column, do not significantly 
differ, using the revised L.S.D. test at 0.05 level of probability. 

 
 

 
Increased fruit yield in the combination among microbein + 25 or 50% 

NPK of the recommended dose +10 m3/fed. chicken manure could be attributed 
to the lowest number of days spanned for flower emergence, production higher 
number of flowers, number of fruits/plant and highest average fruit weight which 
were positively contributes towards fruit's yield. Increased yield was correlated 
to balanced nutrition, better uptake of nutrients by plants which assisted for 
good fruit set and yield. More yield of cucumber in this investigation could be 
attributed to the impact of fertilizers, mixture which encourages photosynthesis 
by more production of endogenous plant growth substances. The profound 
effect of both bio-and organic fertilizers on yield and quality of cucumber's 
outcomes may be attribute to either the execute or pass off growth promoting 
substance such as cytokinins (Tomer et al., 1995), the auxin Indole acetic acid 
(Marha et al., 2000), gibberellins like substances (Brown et al., 1995) and /or via 
releasing siderophores compounds (Marin et al., 2001) that function as 
chelating agents for iron elements acting its function to enhance the facilitating 
of iron for different biophysical and biochemical activities of cucumber plants. 
The indirect effect of microbein is basically through or via amelioration of soil 
structure and by means of the delivery or discharge of polysaccharides- like 
substance which enhance the soil physical and chemical properties (Hamdi, 
1982). Both combinations of treatments T5 and T8; caused a high improvement 
in plant hormones as auxin as IAA and GAs in addition to the vitamin "Biotin, 
folic acid and vitamin B group" of bio-fertilizer in addition to the impact of 
organic fertilizer as a source of slow releasing nutritive elements and rapid 
dissolved NPK elements as a mineral (inorganic) fertilizer represent a 
synergism of combination components that to be available for plants to improve 
the plants quantitative vegetative growth [plant height, leaf number /plant 
,branches number plant, fresh and dry weight of plants and plant greenness 
(SPAD readings] and qualitatively (fruit length, diameter, shape index, fruits 
sugars, titratable acidity, vitamin C, and T.S.S.). The above-mentioned findings 
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are in conformity with those of Sarhan (2008) on potato and Sarhan et al. 
(2011) on summer squash. The obtained data disclose that devoid or the 
absence of NPK fertilizer at any rates from the combined mixture (i.e. 
treatments 1, 2 and 3) or adding NPK at 100% alone (Treatment 13) brought 
about the lowest mean values of the given traits, during both seasons. 

 
4.  Fruit quality characters 
4.1. Fruit length, diameter and shape index 

Data in Table (10) revealed that the cucumber plants which fertilized with 
microbein + 25% NPK of recommended dose + 10 m3/fed. chicken manure 
(Treatment 5); led to the longest fruits and the highest mean values of fruit 
shape index during both season. Meanwhile, the combination of microbein + 50 
% NPK of a recommended dose + 10 m3/fed. chicken manure (Treatment 8), 
caused the highest values for fruit diameter. The highest mean values of fruit 
length and diameter may be brought about due to the impact of bio-fertilizer 
(microbein) which involves life effective bacteria which have the capability to fix 
nitrogen, and they have the ability to provide some micronutrients, and 
phytohormones as cytokinin-like, auxin-like, and gibberellins-like substances. 
Additionally, the slow releasing of the organics NPK which need a 
mineralization process that provides for long time and mineral NPK of the rapid 
release, both play the major role in this respect.  

  
Table (10). Effect of bio-, mineral and organic fertilizers on some fruit 

quality characters of cucumber plants during 2014/2015 and 
2015/2016 growing seasons. 

 
Treatment 

No. 
Fruit length (cm) Fruit diameter (cm) Fruit shape index 

2014/2015 2015/2016 2014/2015 2015/2016 2014/2015 2015/2016 

1 14.33E 13.03G 2.86A-C 2.80F 5.03BC 4.66D 
2 14.47DE 13.73F 3.10AB 2.90EF 4.67C 4.73CD 
3 14.91B-E 13.70F 2.98A-C 2.96DE 4.99BC 4.62D 
4 .  15.50A-D 15.57BC 2.91A-C 3.06B-D 5.39A-C 5.07AB 
5 16.07A 16.07A 2.71C 3.20AB 5.92A 5.02A-C 
6 15.28A-E 14.87D 3.10AB 3.03C-E 4.92BC 4.90A-D 
7 15.87AB 15.63BC 3.10AB 3.13A-C 4.99BC 4.98A-C 
8 15.98AB 15.93AB 3.18A 3.23A 5.16A-C 4.92A-D 
9 15.91AB 15.73A-C 2.80BC 3.10A-D 5.68AB 5.07AB 

10 15.61A-C 15.77A- C 3.20A 3.10A-D 4.86C 5.08AB 
11 15.36A-E 15.67BC 3.13AB 3.13A-C 4.88C 4.99A-C 
12 15.40A-E 15.53C 2.98A-C 3.00C-E 5.20A-C 5.17A 
13 14.60C-E  14.20E 2.95A-C 2.96DE 4.93BC 4.79B-D 

Values having the same alphabetical letter in common, within each column, do not 
significantly differ, using the revised L.S.D. test at0.05 level of probability. 

 
 
 

Further, the phytohormones-like substance affect, also, fruit (length, diameter 
and shape index) via their functions on cell growth indirectly (longitudinal and 
equatorial), subsequently all the fruit characters (El-Sayed et al., 2015). 
However, the obtained data are in agreement with those reported by Shebl 
(2002) who stated that squash fruit length and diameter were, significantly, 
increased due to applying of 50% of mineral NP+ bio-fertilizers (nitrobein 
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+phosphorein + microbein). In this connection, EL Sayed et al. (2015) reported 
that application of 75 % mineral NPK recommended dose in combination with 
bio-fertilizers of nitrobein and phosphorin; gave the highest mean values of 
cucumber fruit length and diameter. On the other extreme, cucumber's plants 
fed with microbein + 5 m3/fed. chicken manure (Treatment 1), possessed the 
lowest mean values of the fruit's characteristics (i.e. fruits length, diameter and 
index) during both seasons of the study compare to the other treatments. Also, 
Hassouna et al. (1998) reported that the lowest records of cucumber fruit shape 
were an achieved by the low level of N, P or NP (25% in combination with bio-
fertilizers during both seasons of their study). 
 
4.2. Fruits reducing, non-reducing and total sugars 

Data in Table (11) disclosed that the highest percentage of reducing 
sugars, during the first season (2014/ 2015), the highest percentage was 
recorded due to fertilizing the plants with mineral nutrition i.e with 100% NPK of 
the recommended dose only (Treatment 13). This finding could be attributed to 
the nature of inorganic or mineral fertilization (NPK) as salts capable of 
increasing soil salinity and lead to increase the osmotic pressure of soils water 
potential formation via activation many reactions involved in carbohydrates 
metabolism. On the other hand, the lowest value was obtained due to supplying 
the plants with a combination of microbein + 50% NPK of recommended dose 
+15m3/fed. of chicken manure (Treatment 9). In another way, it has been known 
that NPK are salts capable of inducing such stress caused by these salts 
presented in soil, which change water status and brings about osmotic effects 
outside the cells leading to hypertonic state (water drowns out of the cells by 
osmosis ) accompanied with water deficit, and  accumulation of compatible 
solutes (soluble sugars, proline, glycine, betaine, free  amino acids and 
polyamine) which may help to maintain the relatively higher  water content 
obligatory for plant growth and cellular functions (Ranganayakulu et al., 2013), 
achieved clearly in form and of reducing sugars. In the second season 
(2015/2016), the highest percentages were occurred at two treatments due to 
fertilization of the plants with mineral nutrition, i.e with 100% NPK of the 
recommended dose only (Treatment 13), also when the plants were fertilized 
with microbein + 50% NPK of the recommended dose +15m3/fed. chicken 
manure (Treatment 9) and owing to fertilizing the plants with a combination of 
microbein + 75% NPK of the recommended dose + 10m3/fed. of chicken 
manure (Treatment11). Meanwhile, the lowest percentage was reported due to 
enrichment the plants with microbein + 25% NPK of the recommended dose + 
5m3/fed. of chicken manure (Treatment 4). This result may be attributed to as 
synchronization of availability of the proper forms of nutritive elements via 
organic or inorganic fertilization in addition to the bio-fertilization, or this 
combination wasn't the appropriate formulae to achieve better feedback of the 
given trait. By other words, organic manure mineralizes and uptake slowly, 
compare to the inorganic fertilization NPK which release readily to the plants 
which may affect microbein function. These finding could be accounted to the 
presence of nitrogen either in mineral or in combination with the other two 
resources (organic and bio-fertilization) which could activate many enzymes 
having a direct effect on photosynthesis and might increase the dry matter and 
subsequently enhanced reducing sugar content or many enzymes involved in 
metabolism of reducing sugar content (Mottaghian et al., 2008). 
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Table (11). Effect of bio-,mineral and organic fertilizers on some fruit 

quality characters of cucumber plants during 2014/2015 and 
2015/2016 growing seasons. 

 

Fertilization 
treatment 

Fruits sugars as % of dry weight 

Reducing sugars 
Non-reducing 

sugars 
Total sugars 

 2014/2015 2015/2016 2014/2015 2015/2016 2014/2015 2015/2016 
1 2.15DE 2.97AB 2.04BC 0.32G 4.20B-D 3.30EF 
2 2.68BC 3.00AB 1.62D-F 0.65FG 4.30BC 3.65DE 
3 2.96AB 2.97AB 0.59G 0.31G 3.55E 3.28EF 
4 2.30DE 1.13D 1.89B-D 1.83AB 4.19B-D 2.96F 
5 2.30DE 2.35C 1.45EF 1.08C-E 3.75DE 3.44EF 
6 2.38CD 3,15A 1.72C-E 0.80D-F 4.10B-D 3.95CD 
7 2.65BC 2.95AB 1.30F 1.12C-E 3.95C-E 4.07CD 
8 2.37CD 2.77AB 2.20AB 1.92A 4.57AB 4.70A 
9 1.98E 3.08A 1.82CD 1.49BC 3.78DE 4.57AB 
10 2.14DE 3.00AB 1.74C-E 1.15CD 3.89C-E 4.16BC 
11 2.35CD 3.12A 2.49A 0.55FG 4.85A 3.68C-E 
12 2.09DE 2.90.AB 1.90B-D 1.91AB 4.32BC 4.81A 
13 3.25A 3.02A 0.85G 0.72E-G 4.00C-E  3.75C-E 

Values having the same alphabetical letter in common, within each column, do not 
significantly differ, using the revised L.S.D. test at 0.05 level of probability. 

 
As for the non-reducing sugars (i.e. sucrose), data divulged that during 

the first and second seasons the highest mean values were recorded upon 
addition the combinations that consisted of microbein + 75% of NPK 
recommended dose + 10 m3/fed. chicken manure (Treatment11) and the 
combination of microbein + 50% NPK of recommended dose +10 m3/fed. of 
chicken manure (Treatment 8), each in turn. While the lowest percentage was 
achieved due to fertilizing the plants with microbein + 15m3/fed. chicken manure 
(Treatment 3). In terms of total sugars during the first season (2014/ 2015), the 
highest percentage was recorded when the plants were fertilized with microbein 
+75% NPK of the recommended dose +10m3/fed. chicken manure 
(Treatment11), meanwhile the lowest percent was due to fertilizing the plants 
with microbein + 15m3/fed. chicken manure (Treatment3). Meanwhile, during 
the second season (2015/2016), the highest percent of total sugars was 
recorded upon fertilizing the plants with microbein +75% NPK of the 
recommended dose + 15m3/fed. chicken manure (Treatment12), while the 
lowest value was obtained due to fertilizing with a combination of microbein 
+25% NPK of the recommended dose +5m3/fed. chicken manure (Treatment4) 
with no difference with treatment No.3. 

 
4.3. Fruits titratable acidity, Vitamin C (Ascorbic acid) and TSS% 

Data of Table (12) show that the highest percent values of acidity were 
recorded when the plants were fertilized with a combination of microbein + 
10m3/fed. chicken manure (Treatment 2), during both seasons. 
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 Meanwhile, the lowest percent values of acidity were obtained when the 
tested plants were fertilized with microbein +50% of NPK recommended dose 
+15m3/fed. of chicken manure (Treatment 9), during both seasons of the study. 
These findings may be taken place due to the presence of 50% NPK of 
recommended dose within the combination, and the synergistic effect of the 
combination among bio-, mineral and organic fertilizers as amendments. This is 
owing  to the amelioration or amendment of soil chemical and physical 
properties and accessibility or facilitation of nutritive elements either mineralize 
slowly or rapidly and enhancement of bio-fertilizer (microbien) in turn improve 
plant growth and fruit production and their quality (Itoo and manivannan, 2004).  

 
Results of Neri et al. (2002) support the data recorded in our study. 

Respecting vitamin C data disclosed that the highest values of the given trait 
(more or less) during both seasons, were recorded due to fertilizing the plants 
with a combination of microbein + 10 m3/fed. chicken manure (Treatment 2). On 
the other extreme, the lowest value of vitamin C was recorded in the first 
season (2014/ 2015), when plants were fertilized with a combination microbein 
+ 50 % NPK of recommended dose + 15 m3 /fed. chicken manure (Treatment 
9). While, during the second season (2015/ 2016) the lowest value was 
recorded upon treating the plants with a combination of microbein + 75 % NPK 
of recommended dose + 15 m3/fed. chicken manure (Treatment 12).  

 
This may be attributed to either the discharge or leakage of bio-fertilizer 

(microbein) to growth promoting substances as cytokinins (Tomer et al., 1995), 
the auxin Indole- acetic acid (Marha et al., 2000), gibberellins - like substances 
and /or releasing siderophyres substances (Marin et al.,2011) that function as 
chelating agent for iron element acting its function to enhance  the facilitating of 
iron for different biophysical and biochemical  activities, and then raised the 
content of vitamin C in cucumber plants. Further, this finding is also may 
account to releasing of organic acids as citric acid and malic acid, which are in 
charge for acidity of fruits trait to be more acid, hence effect on fruit quality 
(Taiwo et al., 2007). Furthermore, the indirect effect microbein is basically 
through or via ameliorate the soil structure and by means of the delivery or 
discharge of polysaccharides- like compounds which improve the soil physical 
and chemical properties and subsequently nutrition of fruits (Hamdi, 1982). 
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Table (12). Effect of bio-, mineral and organic fertilizers on some fruit 
quality characters (acidity, vitamin C (as ascorbic acid), and 
total soluble solids (°Brix) of cucumber plants during 
2014/2015 and 2015/2016 growing seasons. 

 

Treatment 
No. 

Acidity % 
Vitamin C%  

(Ascorbic acid) 
TSS %( Brix) 

2014/2015 2015/2016 2014/2015 2015/2016 2014/2015 2015/2016 

1 0.20C 0.26C 6.40BC 5.86D 5.20C 3.49E 
2 0.22A 0.33A 7.20A 6.52AB 5.60AB 3.69DE 
3 0.19D 0.28BC 6.70B 6.28BC 3.90G 3.37E 
4 0.13H 0.28BC 5.80DE 6.43AB 4.70DE 3.60DE 
5 0.18E 0.33AB 6.00C-E 6.66A 4.90D 4.10CD 
6 0.12 I 0.25C 4.50F 6.05CD 3.80G 3.86DE 
7 0.16F 0.28BC 6.10CD 6.07CD 5.30C 4.49BC 
8 0.20C 0.26C 6.60B 5.89D 5.80A 5.60A 
9 0.12 I 0.25C 4.60F 6.53AB 4.50E 4.54BC 

10 0.14G 0.26 C 4.80F 6.58A 4.60E 4.62BC 
11 0.21B 0.25 C 5.90DE 6.11CD 5.40BC 3.79DE 
12 0.18 E 0.29A-C 5.60E 5.53E 4.70DE 5.00B 
13 0.21C  0.28A-C 6.40BC 6.52AB 4.20F 3.89DE 

Values having the same alphabetical letter in common, within each column, do not 
significantly differ, using the Revised L.S.D. test at   0.05 level of probability. 

 
Similar performance was obtained by Sarhan et al. (2011) on summer 

squash. This finding could be brought about due to the complementary effect of 
the three variables under the study to reduce the activities involved in vitamin C 
biosynthesis. As for total soluble solids of the fruits, data revealed that the 
highest Brix values of fruit juice were recorded during both seasons upon 
fertilizing the plants with a combination comprise microbein + 50 % NPK of 
recommended dose + 10 m3/fed. chicken manure (Treatment 8). Meanwhile, 
the lowest values were recorded when the plants were fertilized with microbein 
+ 15 m3/fed. chicken manure (Treatment 3), during both seasons. These 
findings could be explained on the basis that the nutritional integration in the 
defined combination (Treatment 8) which their contents, rapidly, released 
nutritive elements (NPK) and slow release nutritive elements of organic fertilizer 
too, in addition to the key role of microbein, enhanced vegetative growth to 
photosynthize more photosynthates viz carbohydrates and starch which convert 
into sugars. In other words, due to the gradual and steady release of inorganic 
nutrients and gradual release of organic fertilizer during the whole both 
seasons, compare to those recorded the lowest values of T.S.S. Similar results 
were, also, reported by Voth et al. (1967) and El-Gizy (1978). Likewise, these 
findings may be taken place owing to the negative relationship between N-
supplying and fruit sugar content could be attributed to that under high N 
conditions; greater amounts of carbohydrates probably directed and utilized in 
mounting vigorous vegetative growth and little proportion may be left to supply 
the growing fruits with sufficient carbohydrates. The observed reduction in fruit 
total soluble solids might be due to corresponding decrement in the sugar 
content which make up 70-80% of T.S.S as stated by Culpepper et al. (1935). 
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5. Plant chemical analysis 
5.1. Leaf colour degree or chlorophyll index (SPAD) 

Data presented in Table (13) demonstrated that the combination of the 
utilized fertilizers with the presence of applied bio-fertilizer (Microbein) +75% of 
NPK recommended dose +15m3/fed. chicken manure (i.e. treatment 12) and the 
treatments of microbein + 25 or 50% of NPK recommended dose + 10m3/fed. 
chicken manure (Treatments 5 and 8); registered the highest SPAD reading. 
The absence of NPK mineral fertilizer; led to the lowest mean values of SPAD 
readings, regardless the presence of the both bio-fertilizer (microbein) and 
organic fertilization at various added amounts (Treatments 1, 2 and 3). This 
finding could be gave rise to the very close relationship between chlorophyll and 
nitrogen content especially in mineral (inorganic) forms (Field and Mooney, 
1986; Amaliotis et al., 2004). Also, it is an acceptable finding owing to 
considering nitrogen as a structural element of chlorophyll and protein 
molecules, thereby affects the formation of chloroplasts and accumulation within 
or inside them (Tucker, 2004; Daughtry et al., 2000). Meanwhile, the 
combination of the utilized fertilizers as bio-fertilizer (Microbein) + 75% of NPK 
recommended dose +15m3/fed. chicken manure (i.e. Treatment 12); registered 
the highest SPAD reading (49.23) compared with those recorded the lowest 
mean values. In our study, SPAD readings were found under low N 
supplementation conditions, but not under high N ones. This difference is 
mainly due to enlarged chloroplasts occupying almost the entire all space, 
which inhibited chloroplast movement under high N conditions.  

 
Table (13). Effect of bio-, mineral and organic fertilizers on total 

chlorophyll content of cucumber plants during 2014/2015 and 
2015/2016 growing seasons: 

 
 
 
 

Values having the same alphabetical letter in common, within each column and main factor, 
do not significantly differ, using the Revised L.S.D. test at 0.05 level of probability. 

Treatment No. Chlorophyll index (reading by (SPAD) units 
 2014/2015 2015/2016 

1 36.33EF 43.80BC 
2 34.30F 36.90C 
3 39.00E 39.93BC 
4 45.93BC 42.80BC 
5 46.50A-C 51.13A 
6 44.80B-D 41.50BC 
7 37.33EF 41.83BC 
8 47.80AB 43.60BC 
9 43.5CD 42.40BC 
10 42.50D 46.53AB 
11 44.00CD 44.10AB 
12 49.23A 43.40BC 
13 44.00CD 46.30AB 
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The proportionality between chlorophyll content and leaf N content per 
leaf area may vary because nitrogen partitioning among photosynthetic proteins 
changes in response to light, nitrogen supplementation and among species 
(Takashima et al., 2004). Xiong et al. (2015) declared that the proportion of leaf 
N allocated to chlorophyll increased with increasing leaf N content in monocot, 
but it decreased in dicot, which may be attributed to their structural differences. 
A portion effect of organic and inorganic fertilizers on chlorophyll contents might 
be due to the fact that N is a constituent of chlorophyll molecule. Moreover, 
nitrogen is the main constituent of all amino acids in proteins and lipids that 
acting as a structural compound of chloroplasts (Bader and Fekry, 1998; Arisha 
and Bradisi, 1999). 

 
5.2. Chemical analysis of fruits and leaves characters 
5.2.1. Chemical analysis of fruits 

About the N content of cucumber fruits (% of dry weight), data presented 
in Table (14) declared that fertilizing the plants with microbein + 25% NPK of 
the recommended dose + 5m3/fed. chicken manure (Treatment 5), caused the 
highest values of nitrogen during both seasons of the study (1.98 and 2.67%, 
respectively). Meanwhile, the lowest values (N %) as 1.30 and 2.09, each in 
turn were obtained when plants were fed with microbein + 50% NPK of the 
recommended dose + 10m3/fed. chicken manure (Treatment 8). It is noticeable 
that doubling the amounts of mineral (inorganic) fertilizer and organic manure 
(Treatment 8) may assigned higher amount of fertilization (inorganic and 
organic fertilizers) directed, straight forward, for vegetative growth, and lesser 
portion of N accumulated, indirectly, within the fruit tissues. In this respect, Shen 
et al. (2010) reported that the activities of the enzymes of dehydrogenase, 
urease and neutral phosphatase, nitrification capacity, and microbial functional 
diversity were decreased, significantly, with increasing N application rate which 
may reflect negatively on fruits, N content. Meanwhile, the other combinations; 
caused an average values of N%, which may be owe to the variability in the 
accessible or available nutrients to the plants among different fertilization 
combinations.  With respect to cucumber's fruits content of P (% of dry weight), 
data showed that fertifying the plants with microbein + 25 %NPK of 
recommended dose+ 5 m3/fed. chicken manure (Treatment 4) or due to feeding 
the plants with microbein + 25 % NPK of recommended dose + 10 m3/fed. 
chicken manure (Treatment 5) with no significant with one other treatment, led 
to recording the highest value of P for fruits during the first season (2014 /2015) 
as 0.53 and the highest one during the second as 0.44 when the plants 
amended with a combination of microbein + 15 m3/fed. chicken manure 
(Treatment 3) or a combination of microbein + 25% NPK of recommended dose 
+ 5 m3/fed. chicken manure (Treatment 4). This could be taken place due to the 
balanced ratio among the tested items at the given combination (T5), which 
provide more phosphorus used for building up nucleic acids, phospholipids…. 
etc. which stimulate and directed major portion of it to be accumulate in the 
fruits. Meanwhile, the least significant values of P% content were recorded due 
to application of the treatments (T1, T10, T11, T12) during the first season 
(2014 /2015) as 0.37; 0.36; 0.37 and 0.36%, serially, and due to T7 in the 
second one as 0.27. In other words, these finding could be taken place due to 
the existence of chicken manure and its high contents of nitrogen, phosphorus 
and potassium than other manures (Ghanbarrcon et al., 2008) and data 
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recorded in this study (Table 2), but its slow releasing during mineralization 
stage, brought about the minimum P content within fruit's tissues. Meanwhile, 
Garg and Bahl (2008) reported that poultry droppings readily supply phosphorus 
to plants than other organic wastes. As for potassium (K) fruits content, data 
declared that amendment the plants with the combination of microbein + 75 
%NPK of recommended dose + 10 m3/fed. chicken manure (Treatment 11), or 
microbein + 75 % NPK of recommended dose + 15 m3/fed. (Treatment 12) 
without significant difference in the first season (2014/2015) as 2.43 or 2.71% 
and the combination of Treatment 11 as indicated earlier; gave the highest 
values in the second season (2015 /2016) as 5.52%. While, the lowest values of 
the defined trait as 1.01 and 0.99% during both seasons, respectively, may be 
caused due to supplement the culture soil with microbein as bio-fertilizer + 5 
m3/fed. chicken manure (treatment T1). This increment of K fruit's content could 
be accounted for the enrichment of soil of the three major elements (N, P, K) in 
the soil analyses during the second season (2015 /2016) compared to the first 
season (2014 /2015). 

 
Table (14). Effect of bio-, mineral and organic fertilizers on mineral 

nutrient content of cucumber fruits during 2014/2015 and 
2015/2016 growing seasons. 

 

Treatment 
N0. 

Nutrient contents of fruits (as % of dry weight) 

N P K 

 2014/2015 2015/2016 2014/2015 2015/2016 2014/2015 2015/2016 
1 1.81C 2.57AB 0.37D 0.37CD 1.01G 0.99G 
2 1.40FG 2.15EG 0.41CD 0.39A-C 1.34FG 1.49F 
3 1.59DE 2.35C-E 0.46A-C 0.44A 1.25FG 1.14G 
4 1.84BC 2.13FG 0.49AB 0.42AB 1.86DE 3.87C 
5 1.98AB 2.67A 0.53A 0.35CD 2.10B-D 4.36B 
6 1.98AB 2.29D-F 0.49AB 0.39A-C 1.90C-E 3.21D 
7 1.56DE 2.27D-G 0.40CD 0.26F 2.03B-E 4.00C 
8 1.30G 2.09G 0.39CD 0.33DE 2.35A-C 4.03BC 
9 1.59DE 2.45B-D 0.49 AB 0.29EF 2.11B-D 2.71E 

10 1.60DE 2.53 A-C 0.36D 0.35CD 2.10B-D 4.14BC 
11 1.47EF 2.68A 0.37D 0.35CD 2.43AB 5.51A 
12 1.38FG 2.53A-C 0.36D 0.39A-C 2.71A 3.00DE 
13 1.65D 2.24E-G 0.42 B-D  0.38 BD 1.58EF 3.20D 

Values having the same alphabetical letter in common, within each column, do not 
significantly differ, using the Revised L.S.D. test at   0.05 level of probability. 

 
5.2.2. Leaves N, P and K contents: 

Data outlined in Table (15) manifested that fertilizing the cucumber plants 
with a combination of microbein + 25% NPK of recommended dose + 5m3 /fed. 
chicken manure (Treatment 4); led to the highest percentage of leaf's N content 
as 3.06 and 3.04% within leaves, tissues during both seasons. While the highest 
percentages of P within leaf tissues was achieved during both season of the 
study (in spite of no significant differences among some other treatments) as 
0.32 and 0.48%, when the plants were fed with a combination of microbein 
+75% NPK of recommended dose + 5m3 /fed. chicken manure (Treatment 10). 
Meanwhile, the highest percentages of K within cucumber leaf tissues as 1.96 
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and 4.12%, consecutively, during both seasons (despite insignificant difference 
among some other treatment) were achieved when the cucumber plants were 
enriched with a combination of microbein + 50% NPK of recommended dose + 
10m3 /fed. chicken manure (Treatment 8). On the other hand, the lowest values 
of N, P, and K contents as 2.45, 2.39; 0.24, 0.37and 0.96%, orderly within leaf 
tissues were gained, generally, except for K content during the first year 
(2014/2015), were recorded when cucumber plants were fertilized with a 
combination of microbein + +5m3 /fed. chicken manure (Treatment 1). Hence, 
the above- mentioned results reflect the positive effect of the presence of a 
combination among the three sources of nutritive constituents, especially in the 
presence of mineral fertilizer components, i.e. and neither its absence 
(Treatment 1) nor its presence alone (Treatment13). Subsequently, the critical 
balance among them especially at Treatment 4, declared its significant for the 
sake of high contents of N, P and K in leaf tissues. The present results are in 
conformity with those reported by many researchers as El-Sayed et al., 2015). 

 
Table (15). Effect of bio-,mineral and organic fertilizers on mineral nutrient 

content of cucumber leaves during 2014/2015 and 2015/2016 
growing seasons: 

 

Treatment 
No. 

Nutrient contents of leaves (as % of dry weight) 

N P K 
2014/2015 2015/2016 2014/2015 2015/2016 2014/2015 2015/2016 

1 2.45CD 2.39CD 0.24C 0.37C 1.92AB 0.96D 
2 2.40CD 2.49C 0.30AB 0.44A 1.88 AB 1.00D 
3 2.75A-C 2.37CD 0.30AB 0.38BC 1.71B 1.00D 
4 3.05A 3.04A 0.33A 0.36C 1.89AB 2.94C 
5 2.55B-D 2.54BC 0.26BC 0.46A 1.89AB 3.83AB 
6 2.43CD 2.21D 0.31AB 0.42AB 1.95AB 2.78C 
7 2.40CD 3.15A 0.32A 0.38BC 1.77B 3.12C 
8 2.35D 2.76B 0.24C 0.37BC 1.95AB 4.12A 
9 2.48B-D 2.52BC 0.34A 0.37C 2.24A 2.84C 

10 2.65B-D 2.57BC 0.31A 0.47A 2.19A 3.09C 
11 2.45CD 2.43CD 0.25C 0.45A 2.03AB 3.19BC 
12 2.70A-D 2.48C 0.30AB 0.36C 1.99AB 2.70C 
13 2.82AB 2.310CD 0.26BC  0.36C 1.16C 3.22BC 

Values having the same alphabetical letter in common, within each column, do not 
significantly differ, using the Revised L.S.D. test at   0.05 level of probability. 
 
 

In conclusion: Evidently, from these results, it may be concluded to use 
bio-fertilizer microbein with a low or moderate supply of NPK 25% or 50 % of 
recommended fertilization combined with 10 m3/fed. of chicken manure to 
fertilize cucumber plants ''Barracuda F1 hybrid" grown under plastic houses. The 
efficiency of biofertilizer , in this respect, was more  pronounced  at the  low and 
moderat levels (25% or 50 % NPK of recommended). These combination 
treatments gave the highest mean values of vegetative growth, yield and its 
components and fruit quality of cucumber plants, during winter season. Hence, 
this treatment combination will save some of the high costs of chemical 
fertilizers and may reduce the risk of environmental pollution.  
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ABSTRACT  : The rice straw waste (RSW), bagasse waste (BGW), sunflower seed cover 
(SSC) and black carbon (Charcoal (CHAR), Wood Coal (WC) and Biochar(BC)) were used as bio-
sorbent materials. Biochar (BC) was obtained by pyrolysis the SSC under oxygen-limited 
atmosphere in a muffle furnace. A batch sorption experiments were carried out to study the role of 
bio-sorbents (RSW, BGW, SSC, CHAR, and WC) on removal of some heavy metals from aqueous 
solution. The equilibrium isotherms for each single heavy metal; Pb+2, Ni+2, Cd+2 and Co+2 onto the 
bio-sorbents were fitted. The removal efficiency ranged from 61.7 to 98.05% for SSC; from 65.13 to 
92.10% for CHAR; from 57.10 to 98.88% for WC; and from 7.06 to 70.91% for BGW. The results 
indicated that BC has a high affinity for heavy metals (Pb+2, Ni+2, Cd+2 and Co+2) sorption 
comparable with CHAR and WC. About 98.55% of heavy metals were removed using BC and about 
96.79% was removed using WC and about 91.26% was removed using CHAR. The equilibrium 
sorption data have fit to some isotherm models. The new model (GK, three parameters model) 
proved to be more accurate and stable for describing the sorption of heavy metals on black carbon. 
The present study suggests that BC and CHAR are the most effective sorbents for heavy metals 
removal. The results are very useful for the removal of heavy metals from wastewater, making them 
suitable for agricultural purposes. The present study recommends a future studies are needed to 
verify removal efficacy of biochar from different sources for treating heavy metals-contaminated 
wastewater. 
Keywords: sunflower seed cover, biochar, pyrolysis, charcoal, wood coal, sorption, heavy metals  

INTRODUCTION 
 

Heavy metals pollution is one of major important environmental problems 
today. Various industries produce and discharge wastes containing different heavy 
metals into the environment, Three kinds of heavy metals are of concern, including 
toxic metals (such as Hg, Cr, Pb, Zn, Cu, Ni, Cd, As, Co, Sn, etc.), precious metals 
(such as Pd, Pt, Ag, Au, Ru etc.) and radionuclides such as U, Th, Ra, Am, etc. 
(Wang and Chen, 2006). 

 
The removal of metal ions from aqueous solution mainly consists of 

physical, chemical and biological technologies. Conventional methods for removing 
metal ions from aqueous solution have been suggested, such as chemical 
precipitation, filtration, ion exchange, electrochemical treatment, membrane 
technologies, adsorption on activated carbon, evaporation, etc.(Doijode, 2001).  

 
A lot of materials have been investigated as bio-sorbents for the removal of 

metals or organics extensively. The bio-sorbents can be basically classified into the 
following categories: bacteria (e.g. Bacillus subtillis), fungi (e.g. Rhizopus arrhizus), 
yeast (e.g., Saccharomyces cerevisiae), algae, industrial wastes (e.g., S. 
cerevisiae waste biomass from fermentation and food industry), agricultural wastes 
(e.g. corn core) and other polysaccharide materials, etc. (Vijayaraghavan and Yun, 
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2008). These biomasses have been reported to bind a variety of heavy metals to 
different extents (Gupta et al., 2000). Some potential biomaterials with high metal 
binding capacity have been identified in part. Some types of bio-sorbents bind and 
collect the majority of heavy metals with no specific priority, while others can even 
be specific for certain types of metals (Volesky and Holan, 1995). 

 
In recent years, agricultural by-products have been widely viewed as 

inexpensive, convenient, and effective adsorbents for the treatment of heavy 
metals ions. Previous studies have revealed that agricultural waste materials, such 
as rice bran, bark of trees, groundnut shells, coconut shells, cotton seed hulls, 
waste tea leaves, orange peels, soybean hulls, sugar beet pulp, sunflower stalks, 
and cotton stalks can effectively remove heavy metals from aqueous solutions 
(Sud et al., 2008). Agricultural waste materials have been used not only in their 
natural forms but also after some physical or chemical modifications (Chen, 2011a 
and b). In general, raw lignocellulosic bio-sorbents can be modified by various 
methods to improve their sorptive properties (Miretzky and Cirelli, 2010).  

 
Mathematical modelling is the derived relation among the components 

present in a system. In the case of sorption process the components are 
equilibrium concentration, initial concentration, adsorbents doses, reaction/contact 
time, reaction rate etc. There are also some empirical models used for describing 
the sorption process. Modelling is the method of prediction of impact of any 
component on any other components as well as on the results. Nowadays, several 
computers simulated model is using for prediction of sorption in different 
biosorption process. 

 
Equilibrium study provides fundamental information required to evaluate the 

affinity or capacity of an adsorbent, which is one of the most important criteria in 
selecting a suitable adsorbent (Yang et al., 2010). Meanwhile, equilibrium behavior 
of an adsorption system is an essential prerequisite during mathematical modelling 
of the adsorption kinetics. A clear review of the various equilibrium isotherms and 
their applications is in the literature (Al-Duri et al., 1995). 

 
Bio-char is produced by pyrolysis of bio-materials such as agricultural 

waste, crop residues, forestry waste, industrial by-product, municipal waste and 
animal manure, in a zero or a low oxygen environment (Hunt et al., 2010). Biochar 
has a high in surface area and has negative surface charge density (Lehmann, 
2006). Biochar is created from organic wastes which have undergone pyrolysis by 
heating at extremely high temperatures in the absence of oxygen (Chan et al., 
2007). The bi-char is composed primarily of polyaromatic carbon and can resist 
decomposition for hundreds or more years (Doydora et al., 2011). The present 
study adopts a non-expensive and safe technology for removal of heavy metals 
(Pb, Cd, Ni and Co) from aqueous solution using some bio-sorbent materials 
including biochar. 
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MATERIALS AND METHODS 
 
MATERIALS 
Rice straw waste (RSW):  

The rice husk waste was collected from a farm at Kafr Al-Dawar city , Egypt 
and dried in the oven at 105 C° for 24 hours then crushed and passed through  a 
0.50 mm sieve. 

 
Bagasse (BG):  

The sugar cane waste (bagasse, BG) was collected from the juices shops, 
dried in the oven at 105 C° for 24 hours and then crushed and passed through a 
0.50 mm sieve. 

 
Sunflower seeds cover (SSC):  

Sunflower seed cover (SSC) was obtained from sunflower oil extraction 
factory .The SSC was washed with water and air dried, then oven dried at 70 C° for 
48 hours, crushed and passed through 0.50 mm sieve. 

 
Charcoal and Wood Coal:  

The carbon used in the present study was charcoal (CHAR) obtained from 
El-Gomhouria Company for Trading Chemicals and Medical Supplies, Alexandria 
and wood coal (WC) was obtained from ready local markets. The two carbon 
sources were crushed and passed through 0.50 mm sieve. 

 
Biochar:  

The Bio-char was prepared from sunflower seed cover (SSC) and pyrolyzed 
under oxygen-limited atmosphere in a muffle furnace (mLm, VEB ELEKTRO BAD 
FRANKENHAUSEN, Russia) according to the method described by (Chun et al., 
2004). The produced biochar was stored for the following experiments in air–tight 
containers. The biochar production rate was calculated using the following 
equation:  

 
Production rate (%) = (M-Biochar/M-Raw material) × 100 
Where: M-Biochar and M-Raw material are the mass of the biochar and its raw 
material, respectively. 
  

The sunflower seed cover (SSC), Charcoal (CHAR), Wood Coal (WC) and 
Biochar (BC) were subjected to analysis by Scanning electron microscopy (SEM), 
Fourier Transform Infrared (FTIR) and X-rat diffraction (XPD).  These methods 
were used to characterize their surface functional groups. 

 
Scanning Electron Microscopy (SEM) was used for recognize the surface 

structure and morphology of the samples using a HITACHI S2600N-type scanning 
electron microscope (SEM), operating at 20kV in vacuum. The SEM studies were 
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performed on powder samples. For the elemental analysis the electron microscope 
was equipped with an energy dispersive X-ray attachment (EDAX/2001 device). 

Fourier Transform Infrared spectra (FTIR) were recorded. The functional 
groups present in the prepared powder and in the powders calcined at different 
temperatures were identified by FTIR (Spectrum BX Spectrometer). For this 1% of 
the powder was mixed and ground with 99% KBr, then the spectrum was taken in 
the range of 4400 to 350 cm-1 . 

 
X-ray Photoelectron Spectroscopy (XPS) is one of the most important 

techniques for the study of the evidence for successful doping of Eu+3 in Eu:HAp. 
It can be said that the surface sensitivity (typically 40–100 Å) makes this technique 
ideal for measurements as oxidation states or biomaterials powder. In this analysis 
we have used a VG ESCA 3 MK II XPS installation (Ekα = 1 486.7 eV). The 
vacuum analysis chamber pressure was p ~ 3×10-8torr. The XPS recorded 
spectrum involved an energy window w = 20 eV with the resolution R = 50 eV with 
256 recording channels. The XPS spectra were processed using Spectral Data 
Processor v 2.3 (SDP) Software. 

 
METHODS 
The batch sorption of heavy metals (EXP 1): 

Stock solutions of the Pb2+, Ni2+, Cd2+ and Co2+ 1000 mg/l were prepared 
from analytical grade of high purity salts ( Pb(NO3)2, Ni(NO3)2-6H2O, Cd(NO3)2-
4H2O and Co(NO3)2-6H2O in 5% HNO3). Subsequent dilutions of 2.3438, 0.1021, 
0.4067 and 1.0045 mg/l for Pb2+, Cd2+, Co2+ and Ni2+, respectively were prepared 
by suitably diluting stock solution with double distilled water. The experiments were 
performed in 100 ml flasks containing 50 ml of heavy metals with different 
concentrations plus 0.5 g of RSW, SSC, BGW, CHAR and WC Pb biomass with 
three replicates for each experiment. The mixture was shaken in a rotary shaker at 
50 rpm for one hour followed by filtration using Whatman filter paper (No.1). The 
filtrate containing the residual concentration of heavy metals was stored for 
analysis.  

 
The batch sorption of heavy metals (EXP 2):  

Was done with CHAR, WC and BC using concentrations of 1, 2.5, 5.0 and 
10.0 mg/l for Pb; 0.1, 0.5 , 1.0 and 2.0 mg/l for Cd; 0.1, 0.5, 1.0 and 2.0 mg/l for Ni 
and 0.1, 0.5, 1.0, 2.0 and 5.0 mg/l for Co. The experiments were performed in 100 
ml flasks containing 50 ml of heavy metals with different concentration plus 0.5 g of 
the materials with three replicates for each experiment. The mixture was shaken in 
a rotary shaker at 50 rpm for one hour followed by filtration using Whatman filter 
paper (No.1).  

 
The filtrate was analyzed for the tested heavy metals using Plasma 

Spectrometry, ICP (Ultima 2 JY Plasma) according to Ivajlo et al. (2008). The data 
were fitted using some sorption models. 
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According to Sethuraman and Balasubramanian (2010), the percentage of 
heavy metals removal was calculated as follows:  

     Removal (%) = 100
0

0 ×
−

C

CC e                                                                      (1) 

Where,Co and Ce represent the initial and equilibrium concentrations of heavy 
metals. 

According to Vijayaraghavan et al. (2006); Vieira and Volesky (2003) the 
equilibrium sorption capacity was calculated by:  

( )0 e

e

C C V
q

m

− ×
=                                                                                            (2)   

Where; 
qe = equilibrium sorption capacity (mg/g), 
V = suspension volume (l), 
m = mass of sorbents material (g),  
Ce = ions concentration at equilibrium (mg/l), and 
C0 = initial ions concentration (mg/l) 
 

To study and compare the sorption of heavy metals on sorbent materials, 
the sorption data were fitted to some sorption models using software IsoFit (Matott 
and Rabideau, 2008), and the results are shown in Table (1). 

Isotherm sorption models have been used to predict the ability of a certain 
adsorbent to remove a pollutant down to a specific discharge value. When a mass 
of adsorbent and a waste stream are in contact for a sufficiently long time, 
equilibrium between the amount of pollutant adsorbed and the amount remaining in 
solution will develop. For any system under equilibrium conditions, the amount of 
material adsorbed onto the media can be calculated using the mass balance of 
Equation (1): 

( )0 e

x v
C C

m m
= −                                                                                          (3) 

Where, x/m (typically expressed as mg heavy metal/kg media), Co is the initial 
heavy metals concentration in solution, Ce is the concentration of the heavy metals 
in solution after equilibrium has been reached, v is the volume of the solution to 
which the media mass is exposed (L), and m is the mass of the media (g).  
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Table (1). Isotherm sorption models used in the present study 
 

Isotherm model Equation 
Single parameter model 
Linear or Henry 
Faust and Aly(1987) 
Xue et al. (2001) 

e HE e
q K C=                                         (4) 

Two parameters model 
Freundlich 
Jain et al.(2003) 

1/ n

e F e
q K C=                                        (5) 

Three parameters model 

GK 
New model 

( )1
3

2

1 exp
1

GK e

e GK e

GK e

K C
q K C

K C

 
= − −    + 

 (6) 

Four parameters model 

Fritz–Schluender II 
Fritz and Schluender (1974) 1

FS

FS

FS e
e

FS e

A C
q

B C

α

β
=

+
                                 (7) 

Five parameters model 

Fritz–Schluender III 
Fritz and Schluender (1974) 

1

2

1

2 3

e
e

e

C
q

C

β

β

α

α α
=

+
                                  (8) 

 
Notations 
AFS Fritz–Schluender four-parameter model constant 
BFS Constant in Fritz–Schluender four-parameter model 
Ce Equilibrium concentration of sorbate in solution, mg L−1 

C0 initial concentration in solution, mg l-1 
KGK1 GK isotherm constant 
KGK2 GK isotherm constant 
KGK3 GK isotherm constant 
KF Freundlich isotherm constant, L g−1 
KHE Henry’s law constant, L g−1 
n   Exponent in Freundlich isotherm 
qe Amount of sorbate sorbed at equilibrium, mg g−1 
qt Amount of sorbate sorbed at time t, mg g−1 
R2 Correlation coefficient 
α1 Fritz–Schluender five-parameter model sorption capacity, mg g−1 
α2 Fritz–Schluender five-parameter model constant 
α3 Fritz–Schluender five-parameter model constant 
αFS Fritz–Schluender four-parameter model exponent 
β1 Fritz–Schluender five-parameter model exponent 
β2 Fritz–Schluender five-parameter model exponent 
βFS Fritz–Schluender four-parameter model exponent 
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RESULTS AND DISCUSSION 
 

Scanning electron micrographs (SEM) images are very useful to obtain 
accurate details about surface structure of bio-sorbents. The comparison of the 
images between biochar and their raw materials (SSC) might then allow us to 
understand morphological changes during the carbonization stage (Ozcimen and 
Ersoy–Mericboyu, 2010). The SEM pictures of SSC and the BC produced at 400˚C 
are given in Plates 1 and 2, respectively. The surfaces of SSC and BC were 
imaged with many hollow channels in diameters of around 0.14 to 0.29 
micrometers for SSC and from 20 to 83 nm for BC. These porous structures of the 
SSC and BC are likely to provide a high internal surface area, adsorption ability for 
heavy metals. The structural difference may reflect the specific surface area and 
the adsorption capacity as environmental and cost–effective sorbents for nutrients 
or pollutants. 

 
 
 

 
 

Plat (1). SEM micrograph of sunflower seed covers (SSC) 
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Plat (2). SEM micrograph of Biochar (BC) 

Plat 3 shows the SEM image of Charcoal. It can be observed that the 
Charcoal is in the form of nano-spheres, which exist in contact with each other and 
form chains having diameters between 71 and 91 nm.  

       

 

Plat (3). SEM micrograph of Charcoal (CHAR) 
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SEM Images of Wood Coal (WC) is presented in Plat 4. The spheres having 
diameters between 71 and 91 nm and can be distinguished from each other and is 
in agreement with SEM results. 

 

 

Plat (4). SEM micrograph of Wood coal 

 
The functional groups identified from the FTIR spectra for the SSC, CHAR, 

WC and BC samples are illustrated in Figures (1 to 4). The spectra of SSC 
demonstrated many bands at 1645 cm–1 (amides group), 1259 cm–1 (aromatic 
group), and 1150-1040 cm–1 (alkyl group), as shown in Fig.1. The spectra of 
Charcoal demonstrated many bands at 1635 cm–1 (amides, hydroxyarylketones, 
carboxyl groups), 1259 cm–1 (aromatic group), and 1150-1040 cm–1 (alkyl group), 
Fig. 2. The spectra of Wood Coal (WC) demonstrated many bands at 1640 cm–1 
(amides group), 1023 cm–1 (carboxyl group), and 1150-1040 cm–1 (alkyl group), as 
shown in Fig. 3. The spectra of biochar demonstrated many bands at 1676 cm–1 
(amides and carboxyl groups), 1459 cm–1 (amide group), and 549 cm–1 (alkyl 
group), as shown in Fig. 4.  
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Fig. (1). FTIR Spectra of sunflower seed cover (SSC) 

 

 

 

Fig. (2). FTIR Spectra of Charcoal (CHAR) 
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Fig. (3). FTIR Spectra of Wood Coal (WC) 

 

 

Fig. (4). FTIR Spectra of Biochar (BC) 

Sorption of heavy metals  
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bio-sorbents (Bagasse; Rice straw waste and sunflower seed cover), each sorbed 
more than 50% of the initial concentration of the heavy metal ions from the 
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best bio-sorbents to remove the heavy metals from aqueous solution. The removal 
percentage ranged from 61.7 to 98.05% for sunflower seed cover; from 65.13 to 
92.10% for charcoal; and from 57.10 to 98.88% for wood coal. According to 
Sethuraman and Balasubramanian (2010), The present results indicate that 
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sunflower seed cover, charcoal, and wood coal are the best materials to remove 
the heavy metals from aqueous solution.  

  
Table (2). Removal of lead (Pb) from aqueous solution using different bio-

sorbents 
 

Material C0 

mg/l 
Ce 

mg/l 
S 

mg/kg 
% 

Removal 
Charcoal 2.3438 0.1049 223.89 95.52 
Wood Coal 2.3438 0.0263 231.75 98.88 
Bagasse 2.3438 0.8433 150.05 64.02 
Rice straw waste 2.3438 0.1860 215.78 92.06 
Sunflower seed cover 2.3438 0.0458 229.80 98.05 

 
Table (3). Removal of nickel (Ni) from aqueous solution using different bio-

sorbents 
 

Material 
C0 

mg/l 
Ce 

mg/l 
S 

mg/kg 
% 

Removal 
Charcoal 1.0045 0.0791 92.54 92.13 
Wood Coal 1.0045 0.1609 84.36 83.98 
Bagasse 1.0045 0.4270 57.75 57.49 
Rice straw waste 1.0045 0.1588 84.57 84.19 
Sunflower seed cover 1.0045 0.0467 95.78 95.35 

 
Table (4). Removal of cadmium (Cd) from aqueous solution using different 

bio-sorbents 
 

Material C0 
mg/l 

Ce 
mg/l 

S 
mg/kg 

% 
Removal 

Charcoal 0.1021 0.0356 6.65 65.13 
Wood Coal 0.1021 0.0438 5.83 57.10 
Bagasse 0.1021 0.0297 7.24 70.91 

Rice straw waste 0.1021 0.0376 6.45 63.17 
Sunflower seed cover 0.1021 0.0391 6.30 61.70 

 
Table (5). Removal of cobalt (Co) from aqueous solution using different bio-

sorbents 
 

Material C0 
mg/l 

Ce 
mg/l 

S 
mg/kg 

% 
Removal 

Charcoal 0.4067 0.3259 8.08 19.87 
Wood Coal 0.4067 0.1628 24.39 59.97 
Bagasse 0.4067 0.3780 2.87 7.06 
Rice straw waste 0.4067 0.2793 12.74 31.33 
Sunflower seed cover 0.4067 0.0987 30.80 75.73 
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Fig. (5). Sorption capacity of Pb on bio-sorbents 

 

 
 

Fig. (6). Sorption capacity of Cd on bio-sorbents 
 

 
 

Fig. (7). Sorption capacity of Ni on bio-sorbents 
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Fig. (8). Sorption capacity of Co on bio-sorbents 
 
 
Effective sorption of heavy metals using agricultural by-products such as 

modified rice husk may be documented (Lee et al., 1998 and Kumar and 
Bandyopadhyay, 2006), rice husk activated carbon (Guo et al., 2002) and maize 
husk (Jogi and Ansari, 2003). In general, an adsorbent can be termed as a low 
cost adsorbent if it requires little processing, is abundant in nature, or is a by-
product or waste material from another industry (Khan et al., 2004). 

 
The present results are in agreement with Aqeel et al. (2011). The removal 

efficiencies of lead, copper, and zinc were increased as their initial concentrations 
in the polluted solution decrease. Khan et al. (2004) mentioned that the sorption 
capacity is depended on the investigated period of contact adsorbent and the 
nature of the wastewater. 

  
Also, natural low-cost material for the removal of heavy metals by 

adsorption include rice straw (Hui et al., 2008), black gram husk (Holan and 
Volesky, 1994), sugarcane bagasse (Volesky and Holan, 2008) and wheat bran 
were studied. Rice straws proved to be the best bio-sorbents for Pb (II) and Ni (II) 
in aqueous solution. The biosorption characteristics fit well with Langmuir and 
Freundlich isotherm (Khalid et al., 2010). Also, Mathew (2008) stated that rice husk 
showed a maximum removal efficiency of 99.5% for Ni (II), 80.0 % for Cd (II), 
72.8% for Cr (VI), 56.2% for Cr (III) and 40.0% for Cu (II). 

 
Rice straw and sugarcane bagasse are abundant agro-residues. The 

sugarcane bagasse is currently used as a biofuel and in the manufacture of pulp 
and building materials. On the other hand, open field burning of rice straw 
frequently causes serious air pollution (Nelson et al., 1980). Thus a new 
technology for utilization of these agro-residues to a more value added material 
should be developed. Many researchers proposed the use of lignocellulosic waste 
as bio-sorbents for the removal of heavy metal ions in wastewater (Lee and 
Rowell, 2004). 
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Rice straw possesses high oxygen; which is largely fixed in hydroxyl group 

of polysaccharides. These groups help in biosorption process by making a complex 
between metal ions present in aqueous solution and oxygen of hydroxyl group.  

 
Biosorption has been demonstrated as an efficient and economical method 

for the removal of heavy metals in wastewaters (Benguella and Benaissa, 2002). 
Several naturally available biomasses, such as seaweeds and wheat straw, can be 
used as bio-sorbents. Non-living microorganisms, seaweeds, crab shells and other 
waste biomasses have also been tested and shown as promising sources of bio-
sorbents (Gadd, 1992; Vieira and Volesky, 2003).  

 
The availability of a biomass at a low-cost is a key factor dictating its 

selection for a biosorption process. Biosorption was earlier considered to follow a 
mechanism similar to that of adsorption (Wagner and Jula, 1981). Several 
governing mechanisms of metal uptake by a biomaterial have been proposed, 
including chemisorption, complexation, chelation of metals, ion exchange, 
adsorption and micro-precipitation (Volesky, 2000). The metal binding depends on 
the bio-sorbents type, the metal ion species and concentration, temperature, pH, 
and ionic interference by other metal ions in the solution Sorption of heavy metals 
on Bio-char in comparison with Charcoal and Wood Coal were tested. Also, some 
sorption models such as linear, Freundlich, GK (new model), Fritz-Schluender II 
and Fritz-Schluender III were used for sorption description. Tables (6 to 9) show 
the equilibrium sorption of heavy metals. Tables (9 to11) show the parameters of 
all tested sorption models.  

 
The results indicated that all tested models accurately fitted the sorption 

data where the determination coefficient (R2) was more than 0.97. The sorption 
capacity was in the order of Cd > Ni > Pb > Co. Also, the ability of used materials 
was in the order of Biochar > Wood Coal > Charcoal where the average removal 
percent was 98.55, 96.79 and 91.26%, respectively. 
 
Table (6). Equilibrium sorption of Pb on different black carbon (CHAR, WC 

and Bio-char) 
 

C0 

mg/l 

Charcoal Wood Coal Biochar 
Ce 

mg/l 
S 

mg/kg 
Removal 

% 
Ce 

mg/l 
S 

mg/kg 
Removal 

% 
Ce 

mg/l 
S 

mg/kg 
Removal 

% 
1.0 0.100 90.0 90.00 0.015 98.5 98.49 0.015 98.5 99.58 
2.5 0.311 219.0 87.58 0.025 247.5 99.00 0.025 247.5 99.39 
5.0 0.696 430.5 86.09 0.042 495.8 99.16 0.042 495.8 99.15 

10.0 1.594 840.6 84.06 0.075 992.5 99.25 0.075 992.5 99.22 
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Table (7). Equilibrium sorption of Cd on different black carbon (CHAR, WC 
and Bio-char) 

 

C0 

mg/l 

Charcoal Wood Coal Biochar 
Ce 

mg/l 
S 

mg/kg 
Removal 

% 
Ce 

mg/l 
S 

mg/kg 
Removal 

% 
Ce 

mg/l 
S 

mg/kg 
Removal 

% 
0.1 0.001 9.9 98.90 0.001 9.9 98.70 0.000 10.0 99.70 
0.5 0.007 49.3 98.62 0.003 49.7 99.34 0.001 49.9 99.72 
1.0 0.020 98.0 98.01 0.006 99.4 99.42 0.003 99.7 99.72 
2.0 0.053 194.8 97.38 0.010 199.1 99.53 0.005 199.5 99.77 

 
Table (8). Equilibrium sorption of Ni on different black carbon (CHAR, WC 

and Bio-char) 
 

C0 

mg/l 

Charcoal Wood Coal Biochar 
Ce 

mg/l 
S 

mg/kg 
Removal 

% 
Ce 

mg/l 
S 

mg/kg 
Removal 

% 
Ce 

mg/l 
S 

mg/kg 
Removal 

% 
0.1 0.001 9.9 98.70 0.009 9.1 90.87 0.002 9.8 98.00 
0.5 0.024 47.6 95.26 0.028 47.3 94.50 0.006 49.4 98.76 
1.0 0.062 93.9 93.85 0.050 95.0 94.97 0.010 99.1 99.05 
2.0 0.145 185.5 92.73 0.110 189.1 94.53 0.018 198.2 99.10 

 
Table (9). Equilibrium sorption of Co on different black carbon (CHAR, WC 

and Bio-char) 
 

C0 

mg/l 

Charcoal Wood Coal Biochar 
Ce 

mg/l 
S 

mg/kg 
Removal 

% 
Ce 

mg/l 
S 

mg/kg 
Removal 

% 
Ce 

mg/l 
S 

mg/kg 
Removal 

% 
0.1 0.008 9.2 91.90 0.007 9.3 92.90 0.005 9.5 94.70 
0.5 0.055 44.5 89.04 0.018 48.2 96.46 0.012 48.8 97.54 
1.0 0.155 84.5 84.53 0.036 96.4 96.37 0.021 97.9 97.87 
2.0 0.395 160.5 80.24 0.072 192.8 96.38 0.040 196.0 98.02 
5.0 1.102 389.9 77.97 0.198 480.2 96.04 0.099 490.1 98.02 

 
The results indicated that biochar has a high affinity for heavy metals (Pb2+, 

Ni2+, Cd2+ and Co2+) sorption comparable with Charcoal and Wood Coal. Biochar is 
high in the surface area and has negative surface charge density (Lehmann, 
2006). These properties increase the capacity of the biochar to hold nutrients and 
became more stable (Tables 10 to 12). The new model (GK, three parameters 
model) proved to be more accurate and stable for describing the sorption of heavy 
metals on black carbon.  
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Table (10). Parameters of some models for heavy metals sorption on 
Charcoal 

 
Sorption model Parameters Pb Ni Co Cd 

Linear KHE 552.29 1345.05 367.71 3996.75 
R2 0.9865 0.9814 0.9864 0.9683 

 
Freundlich 

KF 575.4762 798.4964 358.9239 1538.656 
1/n 0.8137 0.7589 0.8029 0.7012 
R2 1.0000 0.9988 0.9982 0.9994 

GK 

KGK1 746.77 1946.24 796.97 6863.33 
KGK2 0.2626 3.6333 2.4566 16.2221 
KGK3 168.81 6601.10 1763.74 3863.12 
R2 0.9991 0.9961 0.9962 0.9971 

 
Fritz-Schluender II 

AFS 594.69 800.93 302.16 1545.17 
αFS 0.8277 0.7580 0.6756 0.7019 
BFS 0.0318 0.0073 0.0074 0.0072 
βFS 0.5128 0.3777 0.3797 0.3798 
R2 1.0000 0.9988 0.9993 0.9994 

 
Fritz-Schluender III 

 
 

α1 245.11 293.34 149.52 382.99 
β1 1.0527 0.7649 0.6800 0.7068 
α2 0.0289 0.0208 0.0224 0.0204 
α3 0.3965 0.3465 0.4757 0.2286 
β2 0.2585 0.0061 0.0061 0.0061 
R2 1.0000 0.9988 0.9993 0.9994 

 

Biochar was found to be an effective sorbent for the removal of heavy 
metals from aqueous solutions. The biochar was found to be the better for removal 
of cadmium than other heavy metals at the monitored experimental conditions, 
about 98.55% of heavy metals were removed using biochar and about 96.79% was 
removed using wood coal and about 91.26% was removed by charcoal. The 
equilibrium data have been found to follow the GK isotherm models. Das et al. 
(2007) proposed that complexation through functional groups such as hydroxyl, 
alkyl, amide and carboxyl groups are the main mechanism for heavy metals 
sorption by black carbon. Results of this study suggested that sunflower seed 
cover (SSC) can be converted into biochar as an effective sorbent for heavy metals 
removal. Two distinct mechanisms were responsible for heavy metals sorption on 
sunflower seed cover biochar; (1) the first mechanism involved complexation with 
carboxylic and phenolic hydroxyl groups, and (2) the second mechanism was 
involved in heavy metals binding with graphite-like structure. Further studies are 
needed to verify removal efficacy of biochar for treating heavy metals-
contaminated wastewater. 
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Table (11). Parameters of some models for heavy metals sorption on wood 
coal 

 
Sorption model Parameters Pb Ni Co Cd 

Linear KHE 12637.83 1752.56 2463.11 19690.93 
R2 0.9621 0.9956 0.9978 0.9564 

 
Freundlich 

KF 27921.89 1707.30 2255.90 59490.19 
1/n 1.2859 0.9892 0.9518 1.2341 
R2 0.9978 0.9956 0.9990 0.9938 

GK 

KGK1 13643.11 1946.24 2750.63 21784.57 
KGK2 0.1077 3.6333 0.4615 0.4082 
KGK3 51.1989 6601.1010 150.7458 326.9032 
R2 0.9996 0.9961 0.9990 0.9974 

 
Fritz-Schluender II 

AFS 24398.80 1558.39 2178.07 46345.99 
αFS 1.2348 0.9507 0.9316 1.1803 
BFS 0.0059 0.0060 0.0061 0.0059 
βFS 0.9024 0.8778 0.8985 0.9258 
R2 0.9996 0.9978 0.9998 0.9893 

 
Fritz-Schluender III 

 
 

α1 461.79 149.49 63.69 270.38 
β1 1.2429 1.2369 1.1531 1.1938 
α2 0.0179 0.0387 0.0141 0.0057 
α3 5.98E-05 5.99E-05 6.04E-05 5.99E-05 
β2 0.3029 0.3024 0.3013 0.3027 
R2 0.9805 0.9981 0.9881 0.9900 

 
Table (12). Parameters of some models for heavy metals sorption on Biochar 
 

Sorption model Parameters Pb Ni Co Cd 

Linear KHE 12725.40 10635.54 4927.49 40581.21 
R2 0.9898 0.9790 0.9972 0.9864 

 
Freundlich 

KF 10933.94 26316.85 5695.16 127258.40 
1/n 0.9449 1.2157 1.0578 1.2070 
R2 0.9905 0.9960 0.9985 0.9976 

GK 

KGK1 13303.67 2216.66 5023.19 43534.06 
KGK2 0.1959 2.5829 0.1892 0.1874 
KGK3 116.67 64.96 118.19 760.59 
R2 0.9788 1.0000 0.9996 0.9929 

 
Fritz-Schluender II 

AFS 18550.80 14844.67 5272.23 158285.30 
αFS 1.1459 1.0758 1.0259 1.2483 
BFS 0.0059 0.0059 0.0061 0.0059 
βFS 0.9016 0.9012 0.8729 0.9127 
R2 1.0000 1.0000 0.9998 0.9978 

 
Fritz-Schluender III 

 
 

α1 392.70 523.16 68.22 930.10 
β1 1.0051 1.2093 1.0434 1.2425 
α2 0.0292 0.0196 0.0124 0.0055 
α3 0.0031 0.0030 6.04E-05 0.0028 
β2 0.3062 0.3115 0.3015 0.3308 
R2 0.9896 0.9951 0.9994 0.9968 
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CONCLUSION 

The current results are very useful in the wastewaters treatment for the 
removal of heavy metals, making them suitable for agricultural purposes. The 
present study suggested that Bio-char can be produced by pyrolysis of bio-
materials such as agricultural waste, crop residues, industrial by-product, municipal 
waste and animal manure, in a zero or a low oxygen environment. Also, the 
present study recommends a future studies are needed to verify removal efficacy 
of biochar from different sources for treating heavy metals-contaminated 
wastewater.  
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changes in loans per feddans granted to the cotton crop for the study (1997- 2014), 
respectively, and interpreted about 65%, 36.6% of changes in loans per feddans 
granted the maize crop shamia respectively. 
Keywords: Development and Agricultural Credit Bank, Performance Evaluation, 
Liquidity Rates, Efficiency of Credit, Medium & Short-Term Loans, Agricultural 
loans. 
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coverage of production costs fedayee operation the most important crops in the 
governorate of the lake. (4) The study of the determinants of the demand for loans 
meanwhile the most important agricultural crops in the governorate of the lake. (5) 
To reach a group of recommendations emanating from the results obtained which 
could be useful to policy makers in this area. The study reached the following 
conclusions: (1) That the liquidity rates had taken an upward trend during the 
period (1995- 2014) and averages of the recent period had reached about1327.33, 
24.46, 12.80same arrangement, which indicates it is in the interests of improved 
banking performance Agricultural Credit and Development Bank. (2) That each of 
the rate of the right of ownership to the deposits and the rate of the right of 
ownership to the risky assets and the rate of the right of ownership to investments 
in securities non-governmental or is guaranteed (safety margin) and the rate of the 
right of ownership to the loans had taken a downward trend during the study and 
averages of the recent period had reached about 9.28%, 8.96%, 212.64%, 9.85% 
In the same order in which indicates it is in the interests of improved banking 
performance of the bank. (3) That each of the lending rate of deposits and the rate 
of lending to the resources the rate of employment of the resources and the rate of 
the overdraft had taken a downward trend during the period of study and averages 
of the recent period had reached about 94.20%, 85.88%, 93.07%, 0.0008% in the 
same order in which indicates that the rate of the first, second and third in the 
invalid banking performance Agricultural Credit and Development Bank of Egypt, 
while the fourth ratio tended to be in the interest of improved banking performance 
of the bank in the recent period. (4) That all the rate of return on capital and the 
rate of return to the right of ownership and the rate of return on deposits and the 
rate of return on the resources and the rate of return on the total assets and the 
rate of return on assets taxpayers and the rate of return to total loans had taken an 
upward trend during the study period, and averages of the recent period had 
reached about 5.96%, 4.94%, 0.46%, 0.42%, 0.36%, 0.43% and 0.49% in the 
same order, which indicates it is in the interests of improved banking performance 
of the Bank of Development and Agricultural Credit in the second period. (5) Some 
of the standards of efficiency and the credit for each of the wheat harvest and rice, 
cotton, maize, Beheira Governorate, through the relationship between productivity 
meanwhile loan per feddans during periods of study (1995 - 2004), (2005 - 2014) 
Make sure moral model used at the level of 0.01 for each of wheat, rice and maize, 
as confirmed the lack of moral cotton crop, to study the relationship between 
productivity factor meanwhile continued and the ratio of the coverage of the loan 
per feddans variable costs an independent factor during periods of study (1995 - 
2004), (2005 - 2014) these crops ensure moral model used at the level of 0.01 
wheat, rice, cotton, and make sure the moral crop of maize. (6) The study of the 
determinants of the demand for loans meanwhile each of wheat, rice, cotton, 
maize, in Beheira Governorate, showed that each of the coverage of the Loan 
variable costs and net revenue per feddans explain about 35.7%, 66.8 % of 
changes in loans per feddans granted to the wheat crop, respectively, while 
explains the net revenue per feddans about 90% of changes in loans per feddans 
granted to the rice crop, respectively, all of the coverage of the loan per feddans 
variable costs and net revenue per feddans explain about 30.5%, 77.2% of 
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ABSTRACT: Research aimed at identifying the efficiency and effectiveness of 

the performance of the Agricultural Credit and Development Bank, Egyptian in 
addition to its role in agricultural development, Beheira Governorate, to this aim 
was to be achieved through the study of the following objectives: (1) Assess the 
performance of banks the Agricultural Credit and Development Bank. (2) The 
identification of the most important indicators of credit to the most important 
agricultural crops in the governorate of the lake. (3) Assess the levels of efficiency 
of agricultural credit and the extent of the contribution of agricultural loans in the 



  �����������	
����������������������������	��– (���� ����  
��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������  

 

�� ������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ 
     ��	������ )� (����  

 

�(!$#��9�GF��^N�0*�R�#!����!$1�)!�(3��&!��O*?!��"�QR��" �3�5#�C1�Cd#��I�5��&)!��6$+!��(.$'/�( $S�9��*�dj�!�
"�#$L!�� 0*�!�� C/'�#!� "�3��&!�� O/*?!�� ()%�� A�#�-�� *��?�!/K�*�R�#!�� 2)�!� g� �3!�� g��O/*?!�� ()%� $�*�dj�� (.

�K�*�R�#!��2)�!�(�$�?!��(64S!������*9��C#$+#�()%��$#�%9��H��"�#$L!��0*�!��C/'�#!�"�3��&!��*�R�#�5@�5� ������A
� 0*�R�#!�� ��!$1�)!� (3��&!�� O*?!�� "�QR�� " �3 �*#!�� C���"��/'�#!� "�3��&!�� O/*?!�� ()%� =*�dj�� (.� (!/-��0*�!�� C

"�#$L!���*�R�#�Hd� A�5��&)!� �6$+!��(.$'"�#$L!�� 0*�!��C/'�#!�"�3��&!��O/*?!��()%�9��C#$+#�*�?������ A�����*
�(!�/� �H�3#�C1!�(�$�?!��(64S!�[]_V�A[]N\���U��*�!��a&3 ��

�
�+<�y*Q�H���n*�4#!�� $�!�O*+���(�!��"�#$L!��0*�!��C/'�#!�"�!$#!�� 0*Q$E#!��P/��#�*��?�!����*�39�

�(!�/� �K*�X/�(3��&!�� �6$+!��(.$'�Q�/�#�5#�P*$�+#!�G_`G]T_��Y�*�$X�C/'�#!�� ����n*�4#�5/1��(1!�(!$�!$ /
�$#�4�!$ �,$./!��()%g����6$+!��(.$'�Q�/�#���4��5@�� 7�C/'�#!������i$�39�"�%�*4!��2/3 !��5#�O�*�X9���3%�"�!$#!�

�5#�*d1j �"�#$L!��0*�!��C/'�#!G_`G]T_��C/'�#!��(%*�4#!�"�!$#!��0*�?!��5����P�#�()%��*+�)!/�A5��.�g�3S
�(!�/� �"�!$#!��0*Q$E#!��P/��#�*�X��X/�K�/3��a#E�*E-�*LM#!��a&3�U$���H�J`\T]ZG��*�L��$##�5��&!��g�3S

�"�%�*4!��2/3 !��5#�O�*�X9���3%�"�!$#!��g�$#�4�!$ �,$./!��()%�n*�4#!��0*�X�(!;��
�

�����1
����

�"�%�*4!��"�3$#�67��"�$��!��0,$&1�0�$�4���� �*�*?!���E�#��%$����X�(�!��K$�'/�!��O+  �"��*�!��('/�
���4#�>�?��!�23 !��$�#�?��(�!��K$#�E!��5#�(%�*4!��n$Q?!��0�$&����H�B+�/�(%�*4!��5$#�67�/�"�#3�!��23 �*/��4�4+�/

"�#3�!��5#��()�� $#1�(�/�FG�I$#��-��0*/*<�Y��$#�%;�Q/*L!�/�K$3$#<!��(.� 07$R#!��5/��0��S!��O/*?!�� H��?� � H
g!�/#@�0*��;�()%�g�*�X/�O*�?#)!�(S$�39��2/)�!��0$%�*#/�"�3$#�67��"+ $�#!��()%��g�*�?#�������(!$�!$ /�(!$#!��=41*#/

�C�#+)!�5$#�67��HS��������2!���,/<�(.�51#�/�����!��()%�FJ�I$+.�0�$�4�0*/*<7��g�S/��/�3�23 !��"�!�K�*$#d��
7��K$%/*L#)!� ��S!�� ���%9�/� *$#d��9��o*.� 0*/) �()%� g�*�X� H�%���(.�Cd#��/�"�%�*4!��$�!�W�/*�!�/�C �"�*$#d��

�Y$�*�� z�/� Y$�3.� $�#�%��/��Y��6$%�(Q+�/� 5�*/�!�� "+�*�� "QL3@� (.�23 !�� C/E�� 0*/*</� (!/-�� $�)��*#�(.��Y$�4S#�FN�I
�/<!��e</7��H��?�/�5�3�/?!��CDE�5#�O/*?!�������H�+ �"?)+�#!��*Q$E#!��"�S�/#!�"�#)+!��Q ��5�%�*4#)!�K�*$#d��

�"�%�*4!�� H��*�/#!�Cd#-��CDR��D!�FT�I�>�*Q�5%�"&)1��CXj �23 )!�"#4D!��C�/#�!��*�$'#�*�./���b�./�������
�$��)%� C/'�!�� ")��/� 0���S� "�.*'#� "QL3@�FV� I#� >�?��5$#�67�/� "�#3�!��23 !� "��?3!�� "!/��!�� 5#� H6D#� P/���

P*'#!��(%�*4!���P�?3!��(Q$���9�� H$B3!$ ��*+�� $#�CDE�5#�F_�I�*�$'#!�Cd#-��i4#!�/�C�/#-����B/��US�
�23 !��"�� *���4/�C$#!��a@*�"&)1��K<&E3;�2!��H��$#)1.�C�/#-��

��

��

��

��



  �����������	
����������������������������	��– (���� ����  
��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������  

 

��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� 
     ��	������ )� (����  

 

?#!��i�/#3!��5#�$��)%�C'��#!��W6$�3!��*�L�/F��(!;�*�GF�C�+#!�������!��C#$+#�*�?��I��t�(!�/� �I[]ZJ�
� (!�/�� *�&�� *�?#!�� i�/#3!�� $�3#<��� (�!�� "�*��&�!�� K�*�R�#!�� 5@� (3+�� ���/ZJ�(.� ����� (�!�� K�*�R�!�� 5#� ^

F�e $�!��*�R�#!��F�"#�X�*�?�/�A�I��(!�/� �IZ[]_T��(!$#��9��P/��#��3%�"�/3+#�"#�X�(�/GF��^J��{) ��I�"#�?!
9�0*�?#!�F�5/�Q�/�5 *���*$ �E��v�(!�/��IG]N_���/S/�H�%�(!;�*�L��(�/Q$ �*;��P/��#!���3%�(X�/ !��5� �(���

�(!$#��7�GF��^N�K�*�R�#�5#�C1�Cd#��I5��&)!��6$+!��(.$'�A�0*�R�#!����!$1�)!�(3��&!��O*?!��"�QR��" �3��*�dj�!�
9���C/'�#!�"�3��&!��O/*?!��()%�( $S�5Q?!�A��#�-��*��?�!/"�� �3!�"�K�*�R�#!��2)�!��O/*?!��()%� $�*�dj��(.

�K�*�R�#!��2)�!�(�$�?!��(64S!������*9��C#$+#�()%��$#�%9��H��5Q?!��C/'�#!�"�3��&!��*�R�#�5@�5� ������A�(.$'
�5��&)!� �6$+!� �*#!��C���"�5Q?!��C/'�#!�"�3��&!��O/*?!��()%� =*�dj��(.�(!/-��d� A�*�R�#� H��"�QR��" �3�O*?!

0*�R�#!����!$1�)!�(3��&!��5Q?!��C/'�#!�"�3��&!��O/*?!��()%�9��C#$+#�*�?������A�H�3#�C1!�(�$�?!��(64S!������*
��(!�/� �[]\\�A[]N[���U��*�!��a&3 ��

��
�/�*�39���+<�y*Q�H���n*�4#!��$�!�O*+���(�!��5Q?!��C/'�#!�"�!$#!��0*Q$E#!��P/��#�*��?�!�P*$�+#!���

�(!�/� �K*�X/�(3��&!���6$+!��(.$'�Q�/�#�5#GV\[]GJ��,$./!��()%�Y�*�$X�C/'�#!������n*�4#�5/1��(1!�(!$�!$ /
�$#�4�!$ g��C/'�#!��6$+!��(.$'�Q�/�#���4��5@�� 7�C/'�#!������i$�39�"�%�*4!��2/3 !��5#�O�*�X9���3%�"�!$#!�

�5#�*d1j �5Q?!�GV\[]GJ�A5��.�g�3S��a&3�U$���H��C/'�#!��(%*�4#!�"�!$#!��0*�?!��5����P�#�()%��*+�)!/
(!�/� �"�!$#!��0*Q$E#!��P/��#�*�X��X/�K�/3��a#E�*E-�*LM#!��JVNN]\[��n*�4#!��0*�X�(!;�*�L��$##�5��&!��g�3S

�"�%�*4!��2/3 !��5#�O�*�X9���3%�"�!$#!��g�$#�4�!$ �,$./!��()%��

<�8E�8����	�5�=���1������ ���
"����h���:���������������F��2����

�0*�R�#!����!$1�!�� �$�#�@�C#�/+!��5#�"%/#S# �"�#$L!�� 0*�!��C/'�#!�"�3��&!��O/*?!��()%�U)Q!�������
F�g�3S!$ �5��&)!�xF�5��&!��5Q!$ �"�3��&!��"�S$�37��AI�tF�g�3S!$ �0*�R�#!����!$1�)!�(3��&!��O*?!��"�QR��" �3�AI���AI

(.$'�F�5��&)!��6$+!��|*���39��C�)���,�*Sp /�AI�F�"��*�!��0*�.�CDE�"�*��&�!��K�*�R�#)!�()�*#!����+�#!�GZZ\��
J[GT� 0*/'!�/� "�QE!�� 0*/'!�� (.� I"�#�*$c/!� �'3!���0*�!�� C/'�#!� "�3��&!�� O/*?!�� ()%� U)Q!�� "!��� *��?�!

�0*/'!��"�)<.@�5� ��"�#$L!��"�#�*$c/!��'3!���C�d#��(.�()��$#1�*��?�!��(.�"#�E��#!��K$3$� !��

iUjk�lcfmq�n�ecepl�op�n�eceeees�om���

��������+pfcmus,��+rclpu,��+mcOmO,������

NtO�k�ecuO����M�k�Ouscsq���vcw�k�qclrs��

����x�p�k�ecsle�������x�m��k�ecpss�����

F� �(!;� *�?#!�� i�/#3!�� 5#� $��)%� C'��#!�� W6$�3!�� *�L�/G#$+#� *�?�� IF� C�+#!�� �����!�� C��t�(!�/� � I
[]ZJ��(!�/��*�&��*�?#!��i�/#3!��$�3#<���(�!��"�*��&�!��K�*�R�#!��5@�(3+�����/ZJ�(.������(�!��K�*�R�!��5#�^

F�e $�!��*�R�#!��I�F�"#�X�*�?�/�A��(!�/� �IJZ_]_G��(!$#��9��P/��#��3%�"�/3+#�"#�X�(�/GF��^J�"#�?!��{) ��I
$ �E9�0*�?#!�F�5/�Q�/�5 *���*��v�(!�/��Ix]u����/S/�H�%�(!;�*�L��(�/Q$ �*;��P/��#!���3%�(X�/ !��5� �(���



  �����������	
����������������������������	��– (���� ����  
��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������  

 

��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� 
     ��	������ )� (����  

 

<�8;8���������F��2�����	�5�=���1������ �����:���������

�5��&)!� 0*�R�#!����!$1�!�� �$�#�@�C#�/+!��5#�"%/#S# �4*-��C/'�#!�"�3��&!��O/*?!��()%�U)Q!�������
F�g�3S!$ �xF�5��&!��5Q!$ � "�3��&!�� "�S$�37�� A� I�tF�g�3S!$ � 0*�R�#!����!$1�)!�(3��&!��O*?!�� "�QR��" �3� AI��I��A

F�5��&)!��6$+!��(.$'�|I��,�*Sp /�*���39��C�)���F�"��*�!��0*�.�CDE�"�*��&�!��K�*�R�#)!�()�*#!����+�#!�GZZ\��
J[GT�0*/'!�/�"�QE!��0*/'!��(.�I"�#�*$c/!��'3!���5� ��4*-��C/'�#!�"�3��&!��O/*?!��()%�U)Q!��"!���*��?�!

�0*/'!��"�)<.@"�#�*$c/!��'3!��*��?�!��(.�"#�E��#!��K$3$� !��C�d#��(.�()��$#1���
iUjk�sclll�n�eceeq�om������

�����+OclqO,����+ucqsp,����

NO�k�ecue������M�k�rpcef�������G8HIJKL�k�eceee�����

F��(!;�*�?#!��i�/#3!��5#�$��)%�C'��#!��W6$�3!��*�L�/GF������!��C#$+#�*�?��I�t�(!�/� �I[]Z[�����/
&��*�?#!��i�/#3!��g3#<���(�!��8*��&�!��*�R�#!��5@�(3+��(!�/��*�Z[^��e $�!��*�R�#!��(.������(�!��K�*�R�!��5#

F�F�"#�X�*�?�/�AI��(!�/� �I\N][`��(!$#��9��P/��#��3%�"�/3+#�"#�X�(�/GF��^JI���Cd#*�R�#���6$+!��(.$'
�5��&)!9��*�dj�!��C/'�#!�"�3��&!��O/*?!��()%�( $S���4*-���

��4*-��C/'�#!�"�!$#!��0*Q$E#!��P/��#�*��?�!�P*$�+#!����*�39���+<�y*Q�H���n*�4#!��$�!�O*+���(�!
�(!�/� �K*�X/�(3��&!���6$+!��(.$'�Q�/�#�5#J[T]NJ��,$./!��()%�Y�*�$X�C/'�#!������n*�4#�5/1��(1!�(!$�!$ /

�$#�4�!$ g���6$+!��(.$'�Q�/�#���4��5@�� 7�C/'�#!������i$�39�"�%�*4!��2/3 !��5#�O�*�X9���3%�"�!$#!���C/'�#!
� 5#� *d1j � 4*-�J[T]NJ��a&3�U$��� H�� C/'�#!�� (%*�4#!� "�!$#!�� 0*�?!�� 5���� P�#� ()%� �*+�)!/� A5��.�g�3S

(!�/� �"�!$#!��0*Q$E#!��P/��#�*�X��X/�K�/3��a#E�*E-�*LM#!��N_VZ]_`��n*�4#!��0*�X�(!;�*�L��$##�5��&!��g�3S
5#�O�*�X9���3%�"�!$#!��g�$#�4�!$ �,$./!��()%��"�%�*4!��2/3 !���

��

<�8<�8�� �=2���:���������������F��2�����	�5�=���1�������

�5��&)!� 0*�R�#!����!$1�!�� �$�#�@�C#�/+!��5#�"%/#S# �5Q?!��C/'�#!�"�3��&!��O/*?!��()%�U)Q!�������
F� g�3S!$ �xF� 5��&!��5Q!$ � "�3��&!�� "�S$�37�� AI�t!�� ��!$1�)!� (3��&!�� O*?!�� "�QR�� " �3� AIF� g�3S!$ � 0*�R�#���AI

F�5��&)!��6$+!��(.$'�|I��*���37��C�)���,�*Sp /�F�"��*�!��0*�.�CDE�"�*��&�!��K�*�R�#)!�()�*#!����+�#!�GZZ\��
J[GT�0*/'!�/�"�QE!��0*/'!��(.�I"�#�*$c/!��'3!���5� ��5Q?!��C/'�#!�"�3��&!��O/*?!��()%�U)Q!��"!���*��?�!

�0*/'!��"�)<.@c/!��'3!�"�#�*$��()��$#1�*��?�!��(.�"#�E��#!��K$3$� !��C�d#��(.��

iUjk�lcqme�n�eceOm�op�n�eceeem�om���

�������+qfcqur,��+pcrqO,��+ucpfl,������

NtO�k�ecuO������M�k�ueclm���vcw�k�qcpls��

����x�p�k�ecpel������������x�m��k�ecrrO�����



  �����������	
����������������������������	��– (���� ����  
��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������  

 

��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� 
     ��	������ )� (����  

 

<�8� ��	������:��
�����$%�����������F��2�����	�5�=���1�������

�"�$�#!��A$�#�@�5#�K����#!��5#�*�d1 �"�3��&!��O/*?!��()%�U)Q!��*dj���5@�O*�&��C/'�#!$ �"%/*4#!�
$�*�c/� 0*�R�#!�� ��!$1�!�/� 5��&!�� �6$%� (.$'/� A"�3��&!�� "�S$�3-�/*�����,;^^^+� *�� H�@� "��*�� H��/�=��K����#!�

�"��*�!��0*�.�CDE�2!�/�"�#$L!��0*�!�/�5Q?!�/�4*-�/�b#?!��C#L��(�!�/�C�'$�#!��H�-�"�3��&!��O/*?!��()%�0*dM#!�
FGZZ\��J[GT�I��

<�87�8��� ]�2���:���������������F��2�����	�5�=���1����

�5��&)!� 0*�R�#!����!$1�!�� �$�#�@�C#�/+!��5#� "%/#S# �b#?!��C/'�#!�"�3��&!��O/*?!��()%�U)Q!�������
F� g�3S!$ �x9�� A� IF� 5��&!��5Q!$ � "�3��&!�� "�S$�3�tF� g�3S!$ � 0*�R�#!�� ��!$1�)!� (3��&!�� O*?!�� "�QR�� " �3� AI���AI

�(.$'F�5��&)!��6$+!��|I���*���39��C�)���,�*Sp /�F�"��*�!��0*�.�CDE�"�*��&�!��K�*�R�#)!�()�*#!����+�#!�GZZ\��
J[GT�0*/'!�/�"�QE!��0*/'!��(.�I"�#�*$c/!��'3!���5� ��b#?!��C/'�#!�"�3��&!��O/*?!��()%�U)Q!��"!���*��?�!

�0*/'!��"�)<.@��'3!�"�#�*$c/!��K$3$� !��C�d#��(.*��?�!��(.�"#�E��#!���()��$#1��
iUjk�lceOm�n�eceOl�op�n�eceeeO�om�

+8�qOcqpr,����+fpcesp,�����+qecfmr,�

NtO�k�ecfq������M�k�pOcmu������vcw�k�qcqmm�

x�p�k�ecplr��������x�m�k�ecssf��������������������������������������������������������������������������

�3!�� *�L�/F� �(!;� *�?#!�� i�/#3!�� 5#� $��)%� C'��#!�� W6$GF� C�+#!�� �����!�� C#$+#� *�?�� I��t�(!�/� � I
[]`G��(!�/��*�&��*�?#!��i�/#3!��$�3#<���(�!��"�*��&�!��K�*�R�#!��5@�(3+�����/`G^��(.������(�!��K�*�R�!��5#

F�e $�!��*�R�#!��F�"#�X�*�?�/�AI��(!�/� �INJ]TZ�3%�"�/3+#�"#�X�(�/�(!$#��9��P/��#��GF��^J�"#�?!��{) ��I
F� 5/�Q�/� 5 *��� *$ �E7� 0*�?#!���v� (!�/�� IG]GT�� �/S/� (!;� *�L�� (�/Q$ �*;��P/��#!�� �3%� (X�/ !�� 5� � (���

�(!$#��7�GF��^N�K�*�R�#�5#�C1�Cd#��I�5��&)!��6$+!��(.$'�A�g�3S!$ �0*�R�#!����!$1�)!�(3��&!��O*?!��"�QR��" �3
��*�dj�!�93��&!��O/*?!��()%�( $S�"� �3!��"�#�-��*��?�!/��b#?!��C/'�#!�"���C#$+#�()%��$#�%9��H��K�*�R�#!��2)�!

9��*�R�#�5@�5� ������AK�*�R�#!��2)�!�(�$�?!��(64S!������*" �*#!��C����5��&)!��6$+!��(.$'��()%�=*�dj��(.�(!/-�
b#?!�� C/'�#!� "�3��&!�� O/*?!���3� *�R�#� Hd� A�"�3��&!�� O/*?!�� ()%� 0*�R�#!�� ��!$1�)!� (3��&!�� O*?!�� "�QR�� " 

�(!�/� �H�3#�C1!�(�$�?!��(64S!������*7��C#$+#�*�?������Ab#?!��C/'�#![]_\�A[]N_���U��*�!��a&3 ��

�P*$�+#!����*�39���+<�y*Q�H���n*�4#!��$�!�O*+���(�!��b#?!��C/'�#!�"�!$#!��0*Q$E#!��P/��#�*��?�!
#�5#�(!�/� �K*�X/�(3��&!���6$+!��(.$'�Q�/�JJ[N][Z��,$./!��()%�Y�*�$X�C/'�#!������n*�4#�5/1��(1!�(!$�!$ /

C/'�#!���6$+!��(.$'�Q�/�#���4��5@�� 7�C/'�#!������i$�39�"�%�*4!��2/3 !��5#�O�*�X9���3%�"�!$#!��g�$#�4�!$ �
�5#�*d1j �b#?!�JJ[N][Z�#�()%��*+�)!/�A5��.�g�3S�a&3�U$���H��C/'�#!��(%*�4#!�"�!$#!�� 0*�?!��5����P�

�(!�/� �"�!$#!��0*Q$E#!��P/��#�*�X��X/�K�/3��a#E�*E-�*LM#!�N`_\]N`��n*�4#!��0*�X�(!;�*�L��$##�5��&!��g�3S
�"�%�*4!��2/3 !��5#�O�*�X9���3%�"�!$#!��g�$#�4�!$ �,$./!��()%��



  �����������	
����������������������������	��– (���� ����  
��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������  

 

��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� 
     ��	������ )� (����  

 

���������	
�(. ��&��'���������$C��&�K����:%�����!$��5����CF��
��� - ��
�(.  

��

��!��  
��!�'��>��#� 

 GD!	�$D�  
&��H����?��$6�� 

 GD!	�$D�  
���H����D�!%  

��!�'����	$�!1 
 <�'�I<��  

�!!� �#� !��,��  �,�� �,�� 
�!!   �� !  ,!�  �,�� �,�� 
�!!� ��� ��� ,� ��,�� �,�� 
�!!# #�� ���!,�   ,�� �, � 
�!!! #!� ����,�  �, # �,�  
���� !!� ����,�  !,�  �, # 
���� ���� ����,! ��,#  �,#� 
���� ���� ��#�,� #�,�� �,#� 
���� ���! ���!,� �!,�� �,�� 
���� ���! �#� ,� #�,�� �,#� 

����� &��'� ���(  �,�,+ 
.�+,* *
,+�* .,�. 

���� � �  ����,� #�,�� �,#� 
���  �# � ���!,� �!,�# �, � 
���� �� # � ��,� �#,#� �,�� 
���# ��!� �! �,� ��,�� �,�  
���! ���� ����,� ��,�  �,�� 
���� �#�� ����,� � ,�� �, � 
���� ���� ��#�,� ��,�  �,�� 
���� ���� ����,� #�, � �,�# 
���� �#�� ����,� #�,�� �,�  
���� ���� �!��,� # ,�� �,�� 

�������&��'���!$-�  �,��,� .��+,� **�,+� .,*. 
�$���������  
,�. ���+,� *�,��* .,�, 

����#���=������V��

������F��G�IA(<�*-��yD'�� z�/�"%�*4!��0*�4/7��5/6L!��n$QX��"X*&�#����%@�A�$'�X9��0*L3�A�(%�*4!���$'�Xq!�"�41*#!��0*��9��A�"��$'�X��
����������FJDS��A,$'�q!�"#$+!��0*��9��A(%�*4!��5$#�69�/�"�#3�)!�(��6*!��23 !��I�0*/L3#�*�c�K$3$� �A�,$'�9��H�X�K��
�FN�(��6*!��23 !��eX/#�I����ss���


��������

���������	
+(. �<�D��$��������CF����04��:%�����!$��5 ��&��'���������$C��&�K�
��� - ��
�.(  

P-Value F R2 Equation* NO. 

0.009 27.00  0.46  
Ln 1 = 67.996 + 5.541X1 
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Ln 2 = 3.346 + 3.44 X2 

)2.031) (26.928(  
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P-Value F R2 Equation* No. 
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Ln 1 = 61.126 + 5.398 X1  
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P-Value F R2 Equation* No. 

0.001 13.24  0.42  
Ln 1 = 40.652 + 0.001 X1 

)3.639) (20.216( 
� 

0.001 13.32 0.42 
Ln 2 = 3.604 + 7.049 X2  

)3.650) (33.106( �  

0.018 6.77 0.27  
Ln 3 = 2.896 + 0.006 X3 

(8.207) (2.602)  
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P-Value F R2 Equation* No. 

0.000  16.53  0.47  
Ln 1 = 65.068 + 7.109 X1  

)4.067 (   )26.126( � 

0.009 8.57 0.32 
Ln 2 = 2.450 + 5.536 X2  

)2.929  (  )24.159( �  

0.001 14.25 0.44  
Ln 3 = 1.433 + 0.008 X3 

(5.856)     (3.775)  
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P-Value F R2 Equation*  Item  

0.000 106.85  0.85  
Ln  = 3.143 + 1.458 Ln X 

)10.337) (9.858(  
"����������������  

0.043 4.71 0.20 
Ln   = 1.059 + 0.664 Ln X  

)2.171( )1.531( 
L�#!�������������  

0.234  1.52  0.07  
Ln    = 1.468 +0.315 Ln X 

)1.231( )2.539(  
�!�!$#����$��%(�����  
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Third: The most important problems facing the respondents in marketing some 
strategic crops were : Low prices of crops sales comparison with costing 
(100%) and the manipulate of prices by traders (100%),along with other 
problems.  
 
Fourth: The most important suggestions to overcome the most important 
problems facing respondents when buy their some crops were : support the 
supplies ( 100% ) and increase the supervision on the traders  and the markets 
( 79.27%), as well as other suggestions.  
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The Farmers' Opinions Towards the Best Marketing Systems of 
Some Strategic Crops in Kafer El- Dawar and Abou Homos 

Districts , El- Beheira Governorate 
 

Sobhy Awad Eissa El- Ahmar Agricultural Extension and Rural Development 
Research Institute , Alexandria branch 

 

ABSTRACT: The main objective of this research was to investigate farmers' 
opinions towards the best marketing systems of some strategic crops in Kafer 
El- Dawar and Abou Homos districts in El- Beheira Governorate. This entail the 
fulfillment of the following objectives:  
1-determine the best marketing systems of some strategic crop at their 

respondents vision.  
2-determine the reasons of chose marketing system on the other at their 

respondents vision.  
3-determine the most important problems facing the respondents when they buy 

some strategic crops at their vision.  
4-determine the most important suggestions to overcome these problems at 

their respondents vision.  
 
The research was conducted at the villages of El- Bedah El Balad and Boline in 
Kafer El-Dawar district, and Dosones El- Helfaya and El- Ghaba in Abou Homos 
district El- Beheira Governate, where it was taken a random sample of (10%) 
from ( 2679 ) farmers. Data was collected using the personal interview 
questionnaire, Percentage and frequency, were used to present and discuss 
results .  
 
The main results of the study were as follows: 
First: The results showed that ( 52.99%) of respondents chose the cooperation 
marketing system, (38.81%) chose contractuall marketing system and (8.20%) 
chose direct sales to traders system.  
 
Second: Reasons for chosing the cooperation marketing system were : the 
trust at agricultural cooperation association (100%) and having a guarantee to 
obtain the crop price (100%), as well as other reasons. Reasons for chose 
contractual marketing system were: Being informed with the crops price before 
selling them (100%) and having a guarantee sale the crops ( 100%) , as well as 
other reasons. Reasons for chosing direct sale to traders system were: The 
farmers has adventage to sell his production to any trader freely and any time 
(100%) and the farmers can take a loan in advance of the crop price from the 
trader (77.27%).  
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pounds, 10.5 billion pounds, 120 workers, respectively, by an annual growth rate 
reached about 12.7%, 9.9%, 2.2%, respectively. 

With respect to the assessment of the efficiency of agricultural investments, 
the results confirmed that the rate of investment, return on investment, the 
investment multiplier, the coefficient of endemism, and the coefficient of capital 
intensive have reached about 0.10, 14,2,1,4,0,51,1,34 respectively. And 
investment rate and coefficient of endemism decreases by a statistically significant 
value was about 0.01, 0.024, respectively, And on the other hand, the return on 
investment is increasing by a significant value amounted to about 1.13. 

With respect to the most important variables affecting the volume of 
agricultural investments in Egypt by real prices in the linear form. The results 
indicated that the most important factors affecting the agricultural investment 
volume are the value of agricultural savings, the value of Interest rate of deposits in 
the banking system. But in the semi-logarithmic form, the results confirmed that the 
value of agricultural Savings, and Agricultural wages are increasing by 1% would 
increase agricultural investment volume of about 0.27%, 0.02% respectively. In the 
double logarithmic form, results showed that increasing the value of agricultural 
savings of about 1% leads to increase agricultural investment volume of about 
1.4%. 

The research was reported that the main causes of decline in the volume 
and efficiency of investment on the national level and within the Egyptian 
agricultural sector due to the complexity and slow pace of investment procedures, 
a weak institutional framework, the weakness of the stock market efficient and very 
influenced by current events, the unequal distribution of investments between 
sectors of the economy, the lower the efficiency of workers of different sectors in 
Egypt's economy, and the low of Egyptian competitive position, the lack of 
agricultural investment, the weakness of technology in the agricultural sector, and 
reduced the relative importance of agricultural land from the total area. 

The research recommends an increase in investment directed to 
infrastructure projects and economic services, which contributes to reducing the 
cost to investors, thereby increasing private investment, as well as limiting the use 
of agricultural loans and agricultural savings to finance the agricultural investments. 
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ABSTRACT: Egyptian agricultural sector represents one of the basic pillars in 
the national economic structure. Agriculture sector employs a large part of labor, 
which is about 27.2% of the total number of workers in economic activities. The 
value of agricultural domestic product has reached about 106 billion pounds, 
represents about 12.6( of the GDP value which reached about 844.5 billion 
pounds. The value of investments directed to the agriculture sector is around 7.43 
>?@@?AB�CADBEFG� HICHIFIBJ�K>ADJ�L*LM�AN� JOI� JAJK@�BKJ?ABK@� ?BPIFJQIBJFR�KQADBJ?BS�
to about 136.1 billion pounds during the period (1995-2015). 

The research problem is the decline in the share of the agricultural sector of 
the national investments, which decreased the relative importance of the 
agricultural investments volume in the total national investment from about 8.6% in 
1995, to about 4% in 2015. 

The research aims to study agricultural investment efficiency and its 
determinants in Egypt, The research was based on descriptive analysis and 
quantitative analysis to characterize the economic variables, as well as the use of 
statistical analysis tools. 

The results showed that gross domestic product (GDP), agriculture 
domestic product, and agricultural employment amounted to about 844.5 billion 
pounds, 106.0 billion pounds, 6 000 workers, respectively, and they are growing 
annually by growing annually by statistically value amounted to about 107.6 billion 
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3' ���$���"��0�� 
Yi =-2.42+1.11X7+ 0.15X9 

(-5.7)**  (7.0)**  (4.5)** 
0.79 38.2** 

33 
�<0 �"��0��

������K�,�� 
logYi=-0.43 - 0.28X4+ 0.27X7+ 0.02X5 

(-2.4)*   (-4.4)**    (4.2)**    (2.2)* 
0.80 27.5** 

3: 
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�	������ 
logYi=-0.43 - 0.37 logX4+ 1.4 logX7 

(-3.9)**   (-4.3)**       (4.2)** 
0.78 35.4** 
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Dsy=���������E���	
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K���$����������P�� 	���*��&	#������������1����������T��!����������P���#� *���������E��	�#��������������#P���

���#P�����&���E��#�K���*�����������������1����������E���	
����������P��N���A���*�#�	#������������1����������E�������
���� ���&�����E	�������&��E���I�����W���8�&���	�����������������������(������� >�	���$��4�	�&�����0�� 	���*�1��P

�����������������E��	�#����>�	�����2���Q�6/5-���	��������������������E�������������T	?A&��$��	���*8�&���	���
�����������������E��	�#�������� >�	�����2���Q��8�&�6/5.��� 	��� *8�&���	�������������T��!��� ����� >�	�����Q
����������������E��	�#����>�	�����2�8�&���	����������6/H�����������E���	
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�������� ���������E��	�#���� >�	�����2���Q�� 8�&���	����������6/H7��R��\?��� � ��� >��A(�� ���!���� 8�&�� �	���
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�� ���� ���	B(. � �������� �	2� �,�� "��E���� ���0����� /���1����� �!�� �;02��� 7�����)�0���� �������
����	����������"��#�����$��,2��������2 ������$���
%%&-'(
&(  

  
����

������� 
��$������IJ�� �� ������ �����.	��������� R

/2 F 
����2��� 

'% �"��0�����$�� 
Yi =4.21 + 0.12 X5- 0.17 X3+ 0.3 X6- 0.36 X4 

(5.7)
**
 (6.1)

**
 (-2.3)

*
(3.8)

**
 (-2.29)

*
 

0.73 14.18** 

3( 
�<0 �"��0��

������K�,�� 
logYi=1.72 - 0.07 X8 

(7.9)
**
  (-4.0)

**
 

0.43 16.3** 

3
 
�������K�,���"��0��

�	������ 
logYi=3.06 - 1.99 logX8 

(5.2)
**
 (-3.8)

**
 

0.40 14.2** 
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R2 F 
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' 
��������/������������  

*+� 	���,�� 

)�	 
Yi =126.5 + 50.0 Ti 

(3.1)**     (15.1)** 
7.4 0.92 228.9** 


3 ����2 
Yi =3.9 + 1.8 Ti 
(1.9)N   (10.7)** 

7.6 0.86 115.2** 


: 
��������/���0�������  

*+� 	���,�� 

)�	 
Yi =- 37.9 + 11.2 Ti 

(- 3.5)**  (12.9)** 
13.2 0.90 168.3** 


& ����2 
Yi =0.73 + 0.87 Ti 
(0.71) N (10.54)** 

8.4 0.85 111.05** 


@ 
���������/������������  

*+� 	���,�� 

)�	 
Yi =- 5.4 + 2.4 Ti 
(- 1.6)N  (9.2)** 

11.3 0.82 84.9** 


A ����2 
Yi =1.42 + 0.12 Ti 

(6.02)** (6.59)** 
4.3 0.70 43.54** 


B 
���������/���0�����  

*+� 	���,�� 

)�	 
Yi =- 4.07 + 1.13 Ti 

(- 3.2)** (11.1)** 
13.5 0.87 122.6** 


% ����2 
Yi =0.09 + 0.08 Ti 
(1.03)N  (10.8)** 

8.0 0.86 115.7** 

'( 
�����������	�������  

*+� 	���,�� 

)�	 
Yi =- 24.5 + 7.8 Ti 

(-2.2)*  (8.7)** 
12.7 0.80 74.9** 

'
 ����2 
Yi =2.7 + 0.46 Ti 

(3.8)** (8.1)** 
5.9 0.78 65.7 

'' 
���������F����������  

*+� 	���,�� 

)�	 
Yi =5.2 + 0.29 Ti 

(3.4)**  (2.3)* 
3.5 0.22 5.4* 

'3 ����2 
Yi =1.76 - 0.03 Ti 

(6.03)** (-1.45) 
(2.1) 0.09 2.09 

': 
���������/��$���������  

*+� 	���,�� 

)�	 
Yi =4.9 + 0.85 Ti 
(14.4)** (31.7)** 

5.9 0.98 1007.1** 

'& ����2 
Yi =2.45 - 0.02 Ti 
(17.4)**  (- 2.02)* 

(0.9) 0.18 4.09** 

'@ 
���������F�������,��"�;#������  

(-) 
Yi =14.9 - 0.18 Ti 
(44.8)**  (- 6.8)** 

(1.4) 0.71 46.3** 

'A 
#��������H	���G;�������,��"�;

�5�0��� (-) 
Yi =10.3 - 0.21 Ti 
(25.9)**  (- 6.5)** 

(2.7) 0.69 42.5** 

'B 
�<�0�����������+� 	��  

*�����C+� 	� 
Yi =3.1 + 0.19 Ti 
(13.4)**  (10.6)** 

3.7 0.86 112.4** 

��%����%&��''�.(�?�D�2:Yi*������+,��+��$�����-$�	�������.$������.���/Ti*0�����0����&����-$��/i =� .� .!1*********1��  �%�  
��0����4������5�2�6����7��8������9:�$%�;��52��=������.(  

:F�<J��	���	�,	�!
��	������>��������	'��������&���EI���������������E��A����������$��4�	�&���E���</;.���	���
�������������	��=����	�����	��(	��8�&�5/.-���	��D��!�!�����	��(	��8�&���	���5BB<�������
���EI���$����1�*

�������	'�-H/6-�8�&���	�����������������	��=����	�����	��(	�5/::���	��D��!�!�����	��(	��8�&���	���-65<�*
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����������� ���0������������ �� �����.	������������� R2 F 
����2��� 

A �������������������� 
Yi = 0.18 - 0.01 Ti  

(13.98)**    (- 7.04)** 
0.72 49.59** 

B �����������������,���;��� 
Yi = 1.87 + 1.13 Ti  
(0.68)N   (5.16) ** 

0.58 26.7** 

% ����������������<�=� 
Yi = -2.72 + 0.37 Ti  
(- 0.07) N  (0.11)N 

0.001 0.013** 


( ������������������� 
Yi = 0.78 - 0.024 Ti  
(10.03)**    (- 3.94)** 

0.45 15.49** 
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*����<�?�C+� 	���,�� 
Yi = 1.22 + 0.011 Ti  

(8.05)** (0.94)N 
0.05 0.89 
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R2 F 
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*+� 	���,�� 
Yi =- 339.3 + 107.6 Ti 

(- 2.7)**    (10.76)** 
12.7 0.86 115.8** 

& 
���������,2����8� ��  

*+� 	���,�� 
Yi =- 9.68 + 10.51 Ti 
(- 0.9)     (12.21) ** 

9.9 0.89 149.0** 

@ 
������������������  

*�������,�� 
Yi =4.33 + 0.12 Ti 
(43.4)**  (13.74)** 

2.2 0.91 181.35** 
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Yi=- 20.72 + 14.26 Ti 

(- 1.45) (12.55)** 
10.6 0.89 157.6** 
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Yi=5.15 + 0.21 Ti 
(6.17)** (3.12) ** 

2.8 0.34 9.7** 
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Yi=14.32– 0.58 Ti 
(12.52)** (- 6.41)** 

- 0.68 41.12** 
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