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he field work was carried out at the Experimental Farm of 

the Desert Research Center, East El-Qantara, Ismailia 

Governorate during two consecutive seasons of 

2012/2013 and 2013/2014. The experiments were conducted to 

investigate the effect of compost rates and foliar spray with 

biohorm and chitosan on growth, yield and chemical composition 

of two cabbage varieties grown under sandy soil. Os cross cv. had 

the highest values of number of leaves /plant, head diameter, 

head weight, the percentage of dry matter and yield as compared 

with Nabrawy. Compost application enhanced growth parameters 

and yield. The highest values were obtained with 8 and 6 ton/fed. 

Also, chitosan treatment significantly increased head weight and 

diameter, number of leaves/plant and yield. As for chemical 

composition, Nabarawy cv. had the highest K content. Compost 

application at rate of 6 ton/fed increased N and K contents. 

Chitosan treatment showed significant increase of N, while 

biohorm treatment gave the highest K, Fe and Cu contents. A 

linear correlation showed that average of head weight was 

positively correlated with both head diameter and number of 

leaves per head. Also, total yield was positively correlated with 

head weight, head diameter and number of leaves per plant. In 

general, it might be concluded that Os cross proved to be a high 

yielded cultivar as compared with Nabarawy. In addition, 

compost application at rate of both 8 and 6 ton/fed, gave the 

highest total yield. Moreover, yield of cabbage plant sprayed with 

chitosan had the highest values. 
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Food and Agricultural Organization (FAO 1988) has identified 

cabbage as one of the top twenty vegetable crops and an important source of 
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global food. It has been domesticated and used for human consumption since 

the earliest antiquity (Smith 1995). It is a rich source of vitamin A and C.  

Many investigators showed that growth characters of cabbage differ 

according to cultivars. Olaniyi and Ojetayo (2012) evaluated the growth of 

two cabbage varieties and eight fertilizer types. They showed that 12 weeks 

after sowing, Copenhagen Market had mean number of plant leaves, height 

and yield higher than that of F1 Milor variety. Also, Obiadalla et al. (2012) 

assessed ten Egyptian ecotypes of cabbage for yield, earliness and some 

quality characteristics. They found that there were yield differences among 

the investigated genotypes. In addition, Wambani et al. (2007) evaluated six 

cabbage varieties and found that Gloria cv. had the highest fresh marketable 

yield compared with other genotypes.  

Maintenance of sufficient levels of organic matter in the soil is 

prerequisite for sustainable and high production of cabbage (Yamazaki and 

Roppongi, 1998).  Enrichment of compost with mineral NPK fertilizers 

could further increase the Chinese cabbage yield (Wei and Liu, 2005). 

Also, Ibrahim et al. (2011) found that characters of cabbage cv. 

Balady Mohassan were significantly increased with increasing rate of rice 

straw compost. Moreover, Vimala et al. (2006) concluded that about 40 t/ha 

of processed poultry manure, as the sole source of nutrients, can be 

recommended for organic cultivation of cabbage. 

 Phallus and Marsono (2008) showed that the organic fertilizer had a 

complete nutrient content in small amounts. Although the used levels were 

low but they were able to improve soil conditions. Organic carbon content 

was quite high and had nutrient content of nitrogen, phosphorus, potassium 

and calcium. They added that organic fertilizer improved soil structure and 

air status, which in turn ease nutrient absorption by plants. In addition, Rono 

et al. (2003) showed that compost and inorganic fertilizer application gave 

significantly higher yields than the non-fertilized (control) plots. However, 

application of organic manure either at rate of 5 or 10 t/ha combined with 

inorganic fertilizer increased cabbages yield from 3.92 (control) to 35.37 t/ha 

and 66.72 t/ha, respectively. 

Talkah (2004) concluded that compost can increase the productivity 

of bean, tomato and watermelon plants. His results indicated that the use of 

organic fertilizers increased fruit weight of melon plants. The same author in 

2008 found significant positive effect of varieties combined with compost 

manure on crop production of cauliflower. Moreover, he found in 2014 that 

the optimum dose for cabbage Sakata cv. was 4 tons compost manure/ha.  

Chitosan is derived from chitin, a polysaccharide found in 

exoskeleton of shellfish such as shrimp, lobster or crabs and cell wall of 

fungi (Wojdyla, 2001). Recently, some researchers reported that chitosan 

enhanced plant growth and development (Chibu and Shibayama, 2003 and 
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Gornik et al., 2008). They reported that application of chitosan increased key 

enzymes activities of nitrogen metabolism (nitrate reductase, glutamine 

synthetase and protease) and improved the transportation of nitrogen in the 

functional leaves which, in turn, enhanced plant growth and development. 

Also, Mondal et al. (2012) reported that growth, biochemical parameters and 

yield of okra were increased with increasing concentration of chitosan up to 

125 ppm; with no significant differences between foliar application of 

chitosan at 100 or 125 ppm.  

Ascorbic acid and citric acid are the common antioxidant 

components of biohorm and had effects on plant growth and many 

physiological processes. In addition, Mourad (2006) and Al-Kahal et al. 

(2008) reported that foliar spray of ascorbic acid and citric acid had a 

positive effect on plant growth and yield of many crops. Moreover, Chen 

and Aviad (1990) observed that the use of fulvic acid either in the nutrient 

solution or foliar spray at concentrations of 25 to 30 mg/l increased growth 

of many plants. Furthermore, fulvic acid increased uptake of N, P, K, Ca, 

Mg in cucumbers (Rauthan and Schnitzer, 1981) and enhanced quantitative 

and qualitative characteristics of tomato plants (Samavat and Samavat, 

2014).  

Most soils in the Eastern part of Ismailia Governorate, which located 

in Sinai, are sandy soils and very poor in organic matter and nutrients. 

Moreover, irrigation of this area depends on El-Salam canal water, which is 

mixed with agricultural draining water. The objective of this work was to 

study the effect of compost rate and spray with natural growth enhancers, 

i.e., biohorm and chitosan on growth, yield and chemical composition of two 

cabbage varieties growing in sandy soil. 
 
 

MATERIALS AND METHODS 

 

The field work was carried out during two consecutive growth 

seasons of 2012/2013 and 2013/2014 at East El-Qantara Station of the 

Desert Research Center, Ismailia Governorate. The experiments were 

conducted to investigate the effect of compost rate and spray with natural 

growth enhancers (biohorm and chitosan) on growth and yield and its 

components as well as the chemical composition of two cabbage varieties 

grown in sandy soil, and irrigated with Nile water mixed with agricultural 

drainage water. The physical and chemical properties of the soil at the 

different depths as well as the chemical analysis of irrigation water and 

compost were presented in  tables  (1,  2  and  3),  respectively.   It  was  

performed  according  to  the  
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methods described by Page et al. (1982) for soil analysis and Klute (1986) 

for irrigation water analysis. The experiment included 24 treatments, which 

were the combination of two cabbage cultivars (OS cross and Nabarawy), 

four rates of compost (0, 4, 6 and 8 ton/fed) and three foliar spray treatments 

(biohorm, chitosan and tap water as control).  

Biohorm consists of kinetin, citric, ascorbic and fulvic acids, 20% l 

free amino acids, 4% molybdenum and 0.005% CO. Biohorm (produced by 

Union Company for Agricultural Development) was applied at the rate of 50 

ml with 200 l water/fed. Chitosan (commercial compound) consists of 

polysaccharide derived from chitin, mineral components such as N, P, K, Fe, 

Zn, and Cu at concentrations of 1000, 500, 500, 100, 100 and 50 ppm, 

respectively. It was sprayed at the rate of 2.5 ml/l. The assigned compost 

treatments were added to the soil one month before transplanting. While, the 

foliar sprays were applied 30 and 60 days after planting date. 

Split split plot design with three replications was used. Cultivars were 

assigned in the main plots, compost treatments were randomly arranged in 

the sub plots and foliar spray were distributed in the sub-sub plots. The area 

of the experimental unit was 10.5 m². Cabbage seedlings were transplanted 

on 15
th
 and 20

th
 November of the first and second seasons, respectively. 

Calcium super-phosphate (16% P2O5) at rate of 350 kg/fed was added 

during soil preparation. Ammonium sulphate (20.5% N) applied at rate of 

300 kg/fed and potassium sulphate (48% K2O) at rate of 150 kg/fed were 

applied. Nitrogen and potassium quantities were divided into three doses and 

applied within drip irrigation system starting at 30 days after transplanting 

until the end of the seasons. The growing seasons extended for 110 days 

from transplanting. 

Three plants were taken from each experimental unit at harvest to 

record the following data: 

Growth characters: 

1. Plant height and leg length 

2. Head diameter and weight 

3. Number of leaves/plant 

4. Dry matter percentage of plant leaves, which was estimated 

according to A.O.A.C. (1975).  

5. Total yield per fed      

6. Marketable yield percentage  

 

Chemical composition 
The mineral content of plant leaves was estimated using the wet ash 

procedure for the dry powdered samples according to Johnson and Ulrich 

(1959). 
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1. Potassium was determined using a flame photometer according to 

the method of Brown and Lilliland (1964).  

2. Phosphorus was determined using the colorimetric method 

following the procedure described by Cottenie et al. (1982).  

3. Total nitrogen was determined using the modified micro Kjeldah 

method. 

4. Heavy metals content (Ni, Pb, Cr, Cu and Fe) were determined 

using Inductively Coupled Argon Plasma, iCAP 6500 Duo, 

Thermo Scientific, England. An amount of 1000 mg/l multi-

element certified standard solution, Merck, Germany was used as 

stock solution for instrument standardization.    

 

Statistical Analysis 

Obtained data were subjected to the statistical analysis according to 

Thomas and Hills (1975).      

RESULTS AND DISCUSSION 

1. Growth Parameters  
The effect of cultivars, compost and foliar spray with growth 

enhancer on cabbage growth is presented in tables (4-6). Results revealed 

that there were significant differences between the tested cultivars. Os cross 

cv. had the highest values of head diameters, number of leaves/plant, head 

weight and the percentage of dry matter in both growing seasons. While, 

plant height and leg length of Nabarawy cv. significantly surpassed those of 

Os cross cv. in both growing seasons. Differences between cultivars could be 

due to genetic differences. Obtained results were in agreement with those 

obtained by Wambani et al. (2007), Obiadalla et al. (2012) and Talkah 

(2008). 

Concerning the effect of compost on cabbage growth, data presented 

in tables 4-6 show that compost application significantly enhanced the 

investigated growth parameters. No clear trend was observed with respect to 

the studied compost rates. The enhancement effect of compost on plant 

growth may be due to its effect on improving soil water holding capacity and 

soil structure and increasing availability of nutrients needed for plant growth 

as the experimental soil was sandy and poor in nutrients (Table 1) and the 

used compost contained considerable contents of organic matter and 

nutrients (Table 3). Such suggestions agreed with Rono et al. (2003), Vimala 

et al. (2006), Phallus and Marsono (2008), Ibrahim et al. (2011) and Talkah 

(2008). 

Regarding cabbage growth as affected with foliar spray with growth 

enhancers, results in tables 4-6 show that chitosan increased significantly 
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head diameter, head weight and number of leaves/plant as compared with the  

control treatment in both seasons; the increments could be due to the effect 

of chitosan on increasing key enzymes activity of nitrogen metabolism, 

which enhanced plant growth and development (Chibu and Shibayama, 

2003, Gornik et al., 2008 and Mondal et al., 2012). Also, Biohorm increased 

plant height in the second season. This result agreed with those of Chen and 

Aviad (1990), Mourad (2006) and Al-Kahal et al. (2008). Control treatment 

showed significant increment of dry matter percentage in both growing 

seasons. 

Concerning the interaction between cultivars and compost 

application, results in tables 4-6 show that no clear trend was observed in the 

investigated growth parameters, except Os cross cv. treated with compost 

application at rates of 8 and 6 ton/fed, which had significant increase of dry 

matter percentage in the first season and head weight, head diameter and 

number of leaves/plant in the second season. Moreover, the interaction 

between cultivars and foliar spray with growth enhancers showed that plant 

height of Nabarawy cv. combined with either biohorm or chitosan 

significantly surpassed Os cross cv. On the contrary, Os cross cv. combined 

with spraying with water had the highest value of dry matter percentage in 

the second season. 

 Whereas, the interaction between compost application and foliar 

spray treatments showed that compost application at rate of 8 ton/fed 

combined with chitosan gave significant increase of head weight in the first 

season and head diameter in the second season. Also, compost application at 

rate of 4 ton/fed combined with chitosan resulted in the highest head 

diameter in the first season. 

  Finally, the combination between the three studied factors showed 

that cultivar Os cross combined with compost application at rate of either 6 

or 4 ton/fed and treated with chitosan recorded the highest values of head 

diameter. 

The question of how far the different investigated growth traits were 

correlated with each other was of great importance. It could be seen from 

Fig. (1) that the average of head weight was positively correlated with either 

head diameter or number of leaves per head.  

A linear correlation showed that correlation coefficients (r) were 

0.644 and 0.798 in the first season and 0.683 and 0.757 in the second season, 

respectively. Corresponding coefficients of determination (r²) were 0.4155 

and 0.638 in the first season and 0.4677 and 0.574 in the second season, 

respectively. This indicated that 41.55 to 46.77 per cent of the variation in 

head weight was related to head diameter and 63.8 to 57.4 per cent of the 

variation in head weight was related to number of head leaves, respectively. 
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Fig. (1). Regression coefficients (b), correlation coefficients (r), coefficients 

of determination (r²) and regression lines of cabbage growth traits 

on each other. 
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On the other hand, regression coefficients (b) of head weight 

(kg/head) on either head diameter (cm) or number of leaves per head were 

0.07 and 0.0623 in the first season and 0.0595 and 0.0646 in the second 

season, respectively. This indicated that for each increase of one centimeter 

of head diameter or one leaf per head, head weight correspondingly 

increased by 0.07 or 0.0623 kilogram in the first season and by 0.0595 or 

0.0644 kilogram in the second season, respectively. Similarly, Fig. (1) also 

showed that head diameter (cm) was positively correlated with number of 

leaves per head and its linear regression coefficient  indicated that for each 

increase of one leaf per head, head diameter correspondingly increased by 

0.603 and 0.925 centimeter in the first and second seasons, respectively.  

   

 2. Total Yield and Marketable Yield  

It was quite evident from table (7) that total yield and marketable 

yield % of Os cross cv.  significantly surpassed those of Nabarawy cv. 

during both growing seasons. Obtained results agreed with those found by 

Wambani et al. (2007), Obiadalla et al. (2012) and Olaniyi and Ojetayo 

(2012) and could be due to cultivar differential with respect yield.  

 Obtained data presented in table (7) show also that compost 

application had significant positive effect on total yield and marketable yield 

% during both growing seasons compared with control. Compost application 

at rate of 8 and 6 ton/fed gave higher total yield compared with 4 ton/fed 

treatment during the second growing season. However, marketable yield % 

showed no significant differences among 4, 6 and 8 ton compost /fed. 

The favorable effect of compost application on total yield and 

marketable yield % may be due to the enhancing effect on nutrient uptake 

and plant growth, which in turn is reflected on increasing total yield and 

marketable yield %. Such results are in agreement with those obtained by 

Yamazaki and Roppongi (1998), Rono et al. (2003), Wei and Liu (2005), 

Vimala et al. (2006) and Ibrahim et al. (2011). 

 Concerning the effect of foliar spray treatment on cabbage yield and 

marketable yield %, data presented in table 7 show, generally, that the total 

yield of plants foliary sprayed with chitosan significantly surpassed that of 

either biohorm or control. In addition, marketable yield % of plants treated 

with either chitosan or biohorm surpassed that of control. The positive effect 

of chitosan may be due to enhancing effect of nitrogen metabolism (nitrate 

reductase, glutamine synthetase and protease) and improved the 

transportation of nitrogen in the functional leaves, which in turn enhanced 

plant growth and yield (Chibu and Shibayama, 2003 and Gornik et al., 

2008). These results are in the same line with those reported by Chibu and 

Shibayama (2003), Gornik et al. (2008) and Mondal et al. (2012).  
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Concerning the interaction among cultivars, compost and foliar 

spray, revealed generally insignificant differences, except the interaction 

between cultivar and foliar spray during the first season, which indicated that 

the higher total yield was obtained with Os cross cv. combined with 

chitosan. In addition, the interaction between compost and foliar spray 

during the first season indicated that the highest total yield was obtained 

with 8 ton compost/fed application combined with chitosan. Also, the 

interaction between compost and foliar spray during the second season 

revealed that the highest marketable yield % was recorded with application 

of 6 ton compost/fed combined with either biohorm or chitosan. In addition, 

the interaction between compost and cultivar in the second season showed 

that the highest total yield was observed with application of either 6 or 8 

compost to Os cross cv.   

 It may be worth to mention that the total yield of cabbage (ton/fed) 

was highly significant positively correlated with either head weight (kg), 

head diameter (cm) or number of head leaves (Fig. 2). Corresponding 

correlation coefficients (r) were 0.885, 0.687or 0.806 in the first season and 

0.894, 0.782 or 0.795 in the second season, respectively. Corresponding 

regression coefficients were 10.19, 0.865 or 0.724 in the first season and 

10.62, 0.809 or 0.805 in the second season, respectively. This indicated that 

for each increase of one kg/head, one centimeter of head diameter or one leaf 

per head, total yield of cabbage correspondingly increased by 10.19, 0.865 or 

0.724 ton/fed in the first season and 10.62, 0.809 or 0.805 ton/fed in the 

second season, respectively.  

 In general, it might be concluded that Os cross cv. proved to be a 

high yielded cultivar as compared with Nabarawy. In addition, compost 

application at rate of either 8 or 6 ton/fed gave the highest total yield. 

Moreover, cabbage yield of plants sprayed with chitosan had the highest 

values. 

 

3. Chemical Composition 

Tables (8-11) represent mineral contents i.e. N, P, K and Fe as well 

as heavy metals (Ni, pb, Cr and Cu) of cabbage during 2012-2013 and 2013-

2014 seasons in response to cultivars, compost and foliar spray treatments. 

As for cultivar effect, results showed insignificant differences, except K 

content in the second season, which was significantly higher with Nabarawy 

than with Os cross as well as Cr and Cu contents in the first season, which 

were significantly higher with Os cross than Nabarawy. Differences between 

cultivars could be due to genetic differences between cultivars. These results 

agreed with those obtained by Wambani et al. (2007) and Obiadalla et al. 

(2012).  Regarding compost application, tables 8-11 indicat that both N and
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 Fig. (2). Regression coefficients (b), correlation coefficients (r), coefficients 

of determination (r²) and regression lines of cabbage yield on   

growth traits. 
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K contents were significantly increased with compost addition; 6 ton/fed, 

which has given generally the highest values in both growing seasons. Also, 

compost application at rate of 4 ton/fed increased significantly Fe content in 

the  second season.  

On the contrary, compost application increased Cu content in the 

first season but decreased it in the second seasons. The enhancement effect 

of compost on nutrient contents may be due to its effect on improving soil 

water holding capacity and soil structure as well as increasing availability of 

nutrients needed for plant growth. Such suggestions agreed with Rono et al. 

(2003), Vimala et al. (2006), Phallus and Marsono (2008) and Ibrahim et al. 

(2011). 

With respect to the effect of foliar spray treatment on chemical 

composition, results revealed significant increment of nitrogen content. 

Chitosan had the highest value in the second season. Such increments could 

be due the effect of chitosan on increased key enzymes activities of nitrogen 

metabolism, which agreed with those recorded by Chibu and Shibayama 

(2003) and Gornik et al. (2008). Results, also, showed that both biohorm and 

chitosan significantly increased K content in both seasons. Obtained results 

were in agreement with those of Rauthan and Schnitzer (1981). As regard to 

the different interaction effects on chemical composition, no clear trend was 

obtained. 
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 بعض الممارسات الزراعية لححسيه إوحاجية الكروب

جحث ظروف سيىاء   
 

 محمد عبد المعطي السجان

هصش ،القاهشة ،الوطشَت ،هشكض بحىد الصحشاء ،قسن الإًخاج الٌباحٍ  
 

لوشكض بحىد الصحشاء بالقٌطشة ششق، هحافظت   حن حٌفُز الخجشبت فً الوضسعت الخجشَبُت                           

. وأجشَج الخجشبت لذساست ٢١٠٢/٢١٠٢ – ٢١٠٢/٢١٠٢الضساعت  الاسواعُلُت، خلال هىسوٍ

حأثُش هعذلاث الكوبىسج والشش الىسقٍ علً الٌوى، الوحصىل والخشكُب الكُوُائٍ لصٌفُي هي 

الكشًب ححج ظشوف الأساضٍ الشهلُت. وأظهشث الٌخائج حفىق الصٌف أو إط كشوط فً صفاث 

زلك الوحصىل الكلٍ هقاسًت عذد الأوساق/الشأط، قطش الشأط، وصى الشأط، ًسبت الوادة الجافت وك

بالصٌف الٌبشاوي. إضافت الكوبىسج أدي إلً صَادة  قُن كلاا هي صفاث الٌوى والإًخاجُت للكشًب 

طي/فذاى. كزلك أظهشث الٌخائج أى هعاهلت الشش بالشُخىساى  ٦و ٨وأعطج أعلً القُن فً هعاهلاث 

الٌباث كزلك الوحصىل الكلٍ . أعطج أعلً قُن فً صفاث وصى الشأط وقطش الشأط وعذد الأوساق/

أها بالٌسبت للخشكُب الكُوُائٍ فقذ أعطً الصٌف الٌبشاوٌ أعلً قُوت فً هحخىي البىحاسُىم، كوا 

طي/فذاى صَادة فً هحخىي الٌخشوجُي والبىحاسُىم، كزلك  ٦أظهشث هعاهلت إضافت الكوبىسج بوعذل 

الٌخشوجُي، بٌُوا أعطج هعاهلت البُىهىسم  هعاهلت الشش بالشُخىساى أظهشث حفىقاا هعٌىَاا فً هحخىي

 أعلً القُن فً هحخىي البىحاسُىم والحذَذ والٌحاط .

أظهشث العلاقت الخطُت إسحباطاا إَجابُاا بُي وصى الشأط هع كلاا هي قطش الشأط وعذد     

ا إسحبطج كوُت الوحصىل الكلٍ إَجابُاا بكلاا هي وصى الشأط وقطش الشأ ط الأوساق/الشأط، أَضا

بصفه عاهت َوكي أى ًسخخلص أى الصٌف أو إط كشوط حفىق فً كوُت  وعذد الأوساق/الشأط.

 ٦ أو ٨الوحصىل هقاسًتا بالصٌف الٌبشاوي.  بالإضافت إلً رلك، أعطج إضافت الكوبىسج بوعذل 

 طي/فذاى كزلك هعاهلت الشش بالشُخىساى إلً صَادة فً كوُت الوحصىل الكلٍ.

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 



 

 


