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

Faculty of Agriculture, Menoufia University during two successive seasons 2016 and 

2017 to evaluate the effect of different N2-fixing bacterial strains such as Azospirillium 

lipoferum, Azotobacter chroococcum and Bacillus polymyxa individually or in 

combination with urea fertilization rates (0.0, 50, 100 and 200 kg/fed/season). The data 

reveals that the treated plants with Azotobacter chroococcum gave the highest values of 

plant height and mean number of branches / plant and consequently heavier fresh weight 

of plant in addition, L- ascorbic acid content followed by Bacillus polymyxa in the three 

cuts in both growing seasons. In addition, the vegetative growth parameters as well as L-

ascorbic acid gradually increased with increasing urea up to 100 kg/fed/season in the 

two experimental seasons. Furthermore, the application of Azotobacter chroococcum 

plus the moderate level of urea (100 kg/fed/season) gave the best values in terms of 

vegetative growth parameters as well as L-ascorbic acid in comparison with the other 

interaction treatments and the control in the two experimental seasons. 
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INTRODUCTION   
Moringa (Moringa oleifera Lam.) tree is 

the most widely cultivated species of a 

monogeneric family, the Moringaceae, 

which is native to the sub-Himalayan 

tracts of India, Pakistan, Bangladesh and 

Afghanistan. (Fahey, 2005). Moringa 

oleifera L. has gained much importance 

in the recent days due to its multiple 

used and benefits to agriculture and 

industry.  It is considered as one of the 

World’s most useful trees, as almost 

every part of the moringa tree can be 

used for food, medication and industrial 

purposes (Ashfaq et al., 2012).  Currently, 

a real challenge for the workers in the 

field of agricultural research is to stop 

the use of expensive 

agrochemicals/chemical fertilizers which 

negatively affect the environment as well 

as human health and also results in 

decrease of soil fertility. Chemical 

fertilizers are used to replenish soil N, in 

large quantities, they are highly costly 

and contaminate environment severely. 

(Dai et al., 2004). Therefore, the 

application of bio fertilizers in agriculture 

has become of great necessity nowadays 

for not only in order to reduce the cost of 

chemical fertilizers but also to decrease 

the adverse effects of chemical fertilizers 

on soil and plant environment and to 

ensure more crops productivity in 

addition to get high quality products free 

of harmful agrochemicals for human 

safety. Verma and Hock (1995). In this 

concern, Dash and Gupta (2009) on 

Moringa oleifera L.and Aryeb and 

Youssef (2013) Pinus halepensis L. 

reported that the application of different 

biofertilization separately or in 

combinations with suitable doses from 

chemical fertilization enhanced plant 

growth and improved its chemical 

constituents. Similar results were 

reported by Fagbenro et al. (2013) and 

Darwish (2015) on Moringa oleifera L. 
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Accordingly, the present investigation 

was conducted for studying the effect of 

inoculating the growing media of Moringa 

oleifera L. plants with different N2 fixing 

bacterial strains separately or in 

combination with different urea 

fertilization doses. 

 
MATERIALS AND METHODS 

A field experiment was carried out 

during the two successive growing 

seasons of 2016 and 2017 at the 

Experimental Farm of the Faculty of 

Agriculture, Menoufia University to 

evaluate the effect of both different doses 

of urea fertilizer (46% N) and different N2-

fixing bacterial strains as bio-fertilizers 

separately or in-combinations on the 

growth characters, herb yield and 

chemical constituents of Moringa oleifera 

L. plants. 
 

The experimental soil was clay loamy 

and its physical and chemical properties 

are presented in Table (1 a and b).  
 

The seeds were sown in seed beds on 

the 1
st

 of March in each season and were 

held in a greenhouse until transplanting 

date. The soil was carefully prepared and 

divided into plots 1 × 2 m and each plot 

contained three lines as replicates at 50 

cm between the lines and each line 

contained 5 plants. The seedlings were 

transplanted at the Experimental Farm on 

the 5th of April in both seasons (about 8-

10 cm-height) at a distance of 20 cm 

between plants. During soil preparation, 

the recommended doses from calcium 

super phosphate of 150 kg/ fed (15.5% 

P2O5) and 100 kg/fed potassium sulphate 

(48% K2O) were added in each growing 

season. The treatments were arranged in 

a complete randomized block design 

including 16 treatments with three 

replicates for each.  

 

Source of N-chemical fertilizer: 
Nitrogen fertilizer was used in the 

form of urea (46% N) at levels of 0 (N0), 50 

(N1), 100 (N2) and 200 (N3) kg / fed / 

season. The N-fertilization doses were 

added in three equal side dressings 

during the growing period. The first 

addition was after two weeks from 

transplanting meanwhile, the second and 

the third doses were added after two 

weeks from the first and the second cuts, 

respectively in both growing seasons. 

 

(Table 1 a): Physical properties of the experimental soil.  

Clay % Silt % 
Fine 

sand % 
Coarse 
sand % 

Organic 
matter % 

Water field 
capacity % 

Texture 
grade 

23.20 44.23 27.40 3.84 2.80 38.80 Clay loamy 

 

 (Table b): Chemical properties of the experimental soil. 

Total 

P2O5 % 

Total 

N % 

Total 

CaCO3 
% 

C.E.C 

mg/100 g 

E.C 

min/hos/cm 
at 25°C 

pH 

Soluble ions mg/100g 

Ca++ Mg++ Na+ K+ 

0.26 0.12 2.32 25.60 0.40 7.90 0.42 0.68 0.62 0.12 
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Source of biofertilizers: 
The active strains of Azospirillum 

lipoferum, Azotobacter chroococcum and 

Bacillus polymixa, which were obtained 

from Agricultural Microbiology Research 

Department, Soil, Water and Environment 

Research Institute, Agricultural Research 

Center, Giza, Egypt. The bacterial strains 

were used in current study as biofertilizer 

treatment. The grown plants were 

inoculated three times with 300 mL from 

each bacterial strain added with irrigation 

water. The first inoculation was applied 

one week after transplanting while the 

second and the third inoculations were 

applied one week after the first and the 

second harvesting cut, respectively. 
 

The treatments of bio and N- chemical 

fertilization could be arranged as follows:                                                                     

1- Control without bio (B0) or urea 

fertilization (N0). 

2- Inoculation with Azospirillum 

lipoferum (B1). 

3- Inoculation with Azotobacter 

chroococcum (B2).  

4- Inoculation with Bacillus polymyxa (B3) 

5- Urea fertilization at 50 kg / fed (N1) 

without bio fertilization (B0). 

6- Urea fertilization at 100 kg / fed (N2) 

without bio fertilization (B0). 

7-Urea fertilization at 200 kg / fed (N3) 

without bio fertilization (B0). 

8- Inoculation with Azospirillum 

lipoferum (B1) + 50 kg / urea / fed (N1). 

9- Inoculation with Azospirillum 

lipoferum (B1) + 100 kg / urea/ fed (N2). 

10- Inoculation with Azospirillum 

lipoferum (B1) + 200 kg/urea/ fed (N3).  

11- Inoculation with Azotobacter 

chroococcum (B2) + 50kg /urea/fed 

(N1). 

12- Inoculation with Azotobacter 

chroococcum (B2) +100kg/urea/fed 

(N2). 

13- Inoculation with Azotobacter 

chroococcum (B2)+200kg/urea/fed (N3). 

14- Inoculation with Bacillus polymyxa 

(B3) +50kg/urea/fed (N1). 

15- Inoculation with Bacillus polymyxa 

(B3) +100kg/urea/fed (N2). 

16- Inoculation with Bacillus polymyxa 

(B3) +200kg/urea/fed (N3). 
 

Harvesting:  
The plants were cut three times during 

the growing season. In each harvest, the 

plants were cut leaving about 15 cm 

above the soil surface. The first cut was 

done on July 15
th

. Mean while, the 

second and the third cuts were occurred 

on September 22
nd

 and November 15
th

, 

respectively in both seasons.  

 

1. Vegetative growth characters:  
For each cut the following data were 

recorded: 

1- Plant height (cm). 

2- Mean number of main branches / 

plant. 

3- Total fresh weight (g /plant). 

4- Total fresh weight of plant (ton /fed 

/season). 
 

2. The determination of chemical 
constituents:    
L-ascorbic acid content (mg /100g 

fresh leaves) was determined according 

to the methods described by (A.O.A.C. 

1990). 
 

RESULTS AND DISCUSSION 
Vegetative growth parameters:  
1. Plant height: 
1.1. Effect of bio fertilization: 

The data in Table (2) show that the 

plant height significantly increased as a 

result of inoculation with the different 

kinds of microbial strains in comparison 

with uninoculated plants in the three cuts 

in the two experimental seasons. The 

tallest plants were produced by 

Azotobacter chrocoocum in comparison 

with other biofertilization treatments and 

control plants which produced the 

shortest plants on the three cuts in both 

seasons.                                                                                           

 

http://www.arc.sci.eg/InstsLabs/Default.aspx?OrgID=34&lang=en
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The increment of plant height as a 

result of using the different N2-fixing 

bacterial strains could be explained 

through their effect in providing moringa 

plants with nitrogen required for protein 

and cytokinins synthesis and 

consequently enhancing cell division. 

(Wagner and Michael, 1971). These 

results agreed with those obtained by 

Dash and Gupta (2009) and Zayed (2012) 

on Moringa oleifera L.                         

 

1.2. Effect of urea fertilization:                                                                      

As far the data in Table (2) observed 

that the plant height gradually increased 

with increasing urea fertilization level up 

to 100 kg /fed /season. Otherwise, the 

application of highest urea dose (200 kg / 

fed /season) caused a reduction in this 

concern in the two growing seasons. On 

the other hand, the significantly lowest 

values in this concern were obtained by 

the plants grown without urea addition.                                  
 

These results are in harmony with 

those obtained by El-sayed and Abdel 

wahab (2018) on Moringa oleifera L.                                                                                          
 

1.3. Effect of interaction between bio-

and urea fertilization levels:                          

The data in Table (3) indicate that the 

plant height of moringa plants increased 

as a result of the application of the 

different combinations treatments 

between bio fertilization and the different 

rates of urea fertilization when compared 

to control plants. The best results in this 

respect were realized by the application of 

Azotobacter or Bacillus + the moderate 

urea fertilization level (N2) in the different 

cuts of both seasons.    
 

These results are similar to those 

obtained by Dash and Gupta (2009), El-

Baha et al. (2016) and Balakumbahan et 

al. (2018) on Moringa oleifera L.                                 
 

2. Mean number of branches/plant:                                                             
2.1. Effect of bio fertilization: 

The data in Table (3) showed clearly 

that the mean number of branches / plant 

was significantly augmented in the most 

cases as a result of inoculating the 

growing media of moringa with bio 

fertilizers in comparison with the control 

plants in the two experimental seasons. 

The treatment of Azotobacter chroococum 

resulted in the highest values of the mean 

number of branches/plant followed by the 

treatments of using Azospirillum 

lipoferum and Bacillus polymyxa, 

respectively. 
 

The effective role of the application of 

bio fertilization in increasing the mean 

number of branches / plant could be 

attributed to the role of the applied N2- 

fixing bacteria in producing endogenous 

phytohormones such as GA3, IAA and 

Cytokinins and consequently stimulating 

cell division and building more vascular 

tissues Youssef et al. (2004). 
 

These results are in accordance with 

those obtained by Zayed (2012) on 

Moringa oleifera L. and Soliman et al. 

(2015) on Delonix regia L.  

 

2.2. Effect of urea fertilization: 

The data in Table (3) revealed that the 

mean number of branches / plant 

significantly increased with increasing 

urea fertilization level up to 100 kg / fed in 

both growing seasons. Whereas the 

addition of the highest urea level (200 kg / 

fed) caused a reduction in this respect in 

the three cuts during two growing 

seasons. 
 

These results are in harmony with the 

findings of Badran et al. (2016) and Sarwar 

et al. (2017) on Moringa oleifera L. 

 

2.3. Effect of interaction between bio-

and urea fertilization levels: 

Regarding the effect of the 

combinations treatments between bio 

fertilization and the different applied urea 

rates it could be observed that the mean 

number of branches / plant markedly 

improved as a result of the interaction 

between bio fertilization and the urea  
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fertilization levels in comparison with the 

control in the three cuts in the two 

experimental seasons. The highest 

number of main branches obtained from 

combination treatment between 

Azotobacter chroococcum plus urea at 

medium level when compared with the 

other interaction treatments between bio 

and urea fertilization levels in the three 

cuts of the two growing seasons. 
 

These results are in agreement with 

those obtained by Abdou et al. (2016) and 

Balakumbahan et al. (2018) on Moringa 

oleifera L. 
 

3. The total fresh yield / plant 
3.1. Effect of bio fertilization 

The data in Table (4) clearly indicated 

that the mean of total fresh weight /plant 

/cut increased as a result of using 

different biofertilizer strains in 

comparison with the control without 

inoculation in the three harvesting cuts of 

each experimental season. The treatment 

of inoculation with Azotobacter resulted in 

the best results in this concern in 

comparison with other biofertilizers and 

control in the three cuts in both season.                                       
 

These results are in close agreement 

with those reported by Faramawy (2014) 

Prosopis chilensis L.and Soliman et al. 

(2015) on Delonix regia L. 

 
3.2. Effect of urea fertilization: 

From the data recorded in Table (4) it 

could be noticed that that the application 

of different doses of urea increased the 

values of the mean of total fresh weight 

/plant /cut than untreated plants in the 

three cuts during the two growing 

seasons. The heaviest fresh weight / plant 

was obtained by using the moderate 

doses of urea than those of the highest 

and lowest urea level and the control 

plants in both seasons.                                                 
 

The positive effect of using chemical 

N- fertilization was stated by Matallawa 

(2012) on Moringa oleifera L. 

3.3. Effect of interaction between bio- 
and urea fertilization levels: 

It is clear from the data in Table (5) 

that application of the different urea 

fertilization levels individually or in 

combination with the different N2-fixing 

bacterial strains gave heavier fresh 

weight / plant / cut than the untreated 

plants during both growing seasons. 

Fertilization with Azotobacter 

chroococcum + medium urea fertilization 

level resulted in the best results in this 

respect in both experimental seasons. 
 

These results are in accordance with 

those obtained by El-Baha et al. (2016) 

and Ganaw (2017) on Moringa oleifera L. 
 

L-ascorbic acid content (mg /100g 
fresh leaves): 

As far the data in Table (5) that L-

ascorbic acid content in the leaves 

clearly improved as a result of the 

application of either biofertilization 

untreated plants in the two growing 

seasons. The relatively higher ascorbic 

acid content was obtained by inoculation 

with Azotobacter chroococcum followed 

by Bacillus polymyxa or Azospirillum 

lipoferum during the two growing 

seasons. These results could be 

supported by the findings of Zayed (2012) 

on Moringa oleifera L. 
 

Concerning the effect of using urea it 

could be noticed that the best results this 

respect were obtained by providing the 

plants with the moderate rate (100 kg / 

fed / season) of urea fertilization Table 

(5). These results are in accordance with 

those obtained by Dania et al. (2014) and 

Abdel-Hamid (2015) on Moringa oleifera 

L. Furthermore, the data in Table (4) 

indicate that L-ascorbic acid content was 

considerably increased through the 

synergistic effect between bio-and urea 

fertilization compared with the control 

without bio or urea fertilization in the 

three cuts of the two growing seasons. 

The highest values in this respect were  



Ragia M. Mazrou and H.Z. El - Sebay 

228 

  



Effect of chemical and bio fertilization on the growth and L-ascorbic acid ……….. 

229 

  



Ragia M. Mazrou and H.Z. El - Sebay 

230 

obtained by the treatment of interaction 

between Azotobacter chroococcum and 

(N2) in comparison with the other 

interaction treatments and the control in 

the three cuts of both growing seasons. 
 

Such results could be supported by 

the findings of Darwish (2015) on 

Moringa oleifera L.  
 

CONCLUSION 
From the aforementioned results it 

could be concluded that the application 

of biofertilization, especially inoculation 

of the growing media of moringa plant 

with Azotobacter chroococcum and 

using urea fertilization dose at 100 kg / 

fed/season realized the best growth and 

L-ascorbic acid content in fresh leaves 

when compared with the other 

fertilization treatments and the control. 
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 تأثير التسميد الكيماوى عمى نمو والمحتوى من حمض الاسكوربيك فى نباتات 
 المورينجا أوليفيرا

 

 ىمام ظريف ىمام السباعى، راجيا متولى مزروع
 مصر -جامعة المنوفية  -كمية الزراعة بشبين الكوم  –البساتين قسم 

 الممخص العربى
خلال بمزرعة كمية الزراعة جامعة المنوفية  عمى نبات المورينجا أوليفيرا فى ىذه الدراسة إجراء تجربتين حقميتينتم 

الحيوى بثلاث بالتسميد ة ىو تقييم تأثير المعاممة وكان اليدف الرئيسى ليذه التجرب 2012 ، 2012 موسمين متتالين
والتى  الباسيمس بوليمكسا ،زوتوباكتر كروكوكم أ،  وسبيريمميم ليبوفورمز أللأزوت الجوى وىى  ةالمثبتسلالات من البكتريا 

 اليورياالتسميد ب تم إضافتيا ثلاث مرات لنمو الحشات الثلاث فى كل من موسمى التجربة.بإلاضافو إلى ذلك تم دراسة تأثير
بالتساوى عمى ثلاث دفعات والتى تم توزيعيا  موسم / كجم / لمفدان 200، 100 ،00بمعدلات  صفر ، %(62)ن

 وقد تم دراسة تأثير كل من نوعى الأسمدة بصورةٍ منفردةٍ أو متداخمةٍ وقد لمحشات الثلاث فى كل من موسمى التجربة.
إستعمال كل من نوعى الأسمده بصوره منفرده أو متداخمو أدى إلى حدوث زياده  أوضحت النتائج المتحصل عمييا أن

التى تم تسجيميا مثل طول النبات ، عدد الأفرع لمنبات ، الوزن الطازج لمنبات / حشة مقارنة  معنويو فى الصفات الخضريو
النتائج آيضا أن وأشارت  عامى التجربة. عمييا خلالوذلك فى الثلاث حشات المتحصل  ) بدون إضافة سماد( بالكنترول

إلى حدوث تحسن معنوى فى محتوى الأوراق الطازجة التسميد بمعدلات اليوريا المختمفة بصورةٍ منفردةٍ أو متداخمةٍ أدى 
 .من حمض الأسكوربيك

 .%(62اليوريا )ن الكممات المفتاحية: المورينجا أوليفير ، أزوتوباكتر كروكوكم،
 
 
 

 
 
 
 
 
 
 

 
 

 أسماء السادة المحكمين 

 جامعة كفر الشيخ -كمية الزراعة   فردوس عبدالســـــــــلام أ.د/
 جامعة المنوفية -كمية الزراعة  مصطفى عبدالله ىمام أ.د/ 
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