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ABSTRACT 
 

The study was conducted during 2014 and 2015 seasons on ten - years old orange trees (Citrus 
sinensis [L.] Osbeck) cv. Washington navel orange grown in private orchard in El-Maamoura regions, 
Alexandria governorate. The main goal of this work was to investigate the efficiency of inoculation 
with Azotobacter (N- fixing bacteria) and Mycorrhiza fungi separately or in dual either alone or 
integrated with different mineral N and P fertilizer levels (25, 50 and 75%) of recommended dose on 
tree vigorous, leaf nutrient content and quantitative and qualitative yield, as well as some biological 
properties of soils were examined. Generally, results proved that biofertilizer combined with mineral 
fertilizer had more positive effects than both microbial inoculants solely and non-inoculated control. 
Azotobacter + AM at 75% induced significant increment in growth criteria (leaf fresh and dry 
weights, chlorophyll content and tree height or volume), leaf N, P and K contents, and yield attributes 
(fruit retained after June drop%, No. fruit / tree or Kg/ tree) followed by Azotobacter + 50% N, 
Azotobacter + AM at 50% NP and Azotobacter + 75% N, respectively. Moreover, the two latter 
treatments promoted the fruit physical (fruit weight, length and diameter and juice volume) and 
chemical properties i.e.  TSS%, TSS/acid ratios and reduced juice acidity % followed AM+ 25 or 50% 
P and Azotobacter + AM, which revealed improvement in fruit quality as compared to uninoculated 
control and biofertilizer only. Finally, a similar trend was observed regarding the total population of 
both microbial and Aozotobacter in the rhizosphere region of orange tree, where Azotobacter + AM at 
75 and 50% NP stimulated the highest number of total microbial or Azotobacter counts and 
nitrogenase activity. On the other hand , the colonization percentage of AMF and number of spores/g 
soil, as well as the enzyme activities of both dehydrogenase and phosphatase attained higher values 
from using  Azotobacter + AM  integrated with 50 and 25% NP application as compared to 
unioculated control and biofertilizer singly. 
 
Key words: citrus, mycorrhiza, Azotobacter, mineral fertilizer, growth, fruit drop, yield, microbial 

counts, enzymes activity 

 
Introduction 
 

Citrus is suggested to be one of the most important fruit crops particularly in tropical and 
subtropical regions, its production occupies the third position after grapes and apples in the world. In 
Egypt citrus is considered the first fruit crop because of great economic importance for local 
consumption or as a main source for foreign currency by exportation to foreign markets. The total 
area cultivated by citrus amounted to 530415 Feddan producing 4402180 tons of fruits in 2015. 
Oranges take the foreground of citrus varieties especially Washington navel orange (Citrus sinensis 
[L.] Osbeck), which grown on total area reached 1810191 feddans and producing 1663284 tons of 
fruits annually according to the (Anon., 2015). Navel orange plays a dominant role not only in the 
local market, but also for exportation as it is considered as one of the major citrus fruit crops in Egypt 
.June drop and pre-harvest fruit drop is extensive in many Egyptian orchards, especially because navel 
orange is a parthenocarpic cultivar and consequently eliminating yield and fruit quality (Saleem et al., 
2007). 

Biofertilizer have the potential to increase the health and productivity of plant life and reduce the 
need to use synthetic fertilizers. Most biofertilizers consist of microbes that are involved in the 
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decomposition of organic matter and the breakdown of minerals into a soluble form is useful to plants. 
It is based on the use of natural inputs including fertilizers, decaying remains of organic matter, crop 
residues, animal manure, and microorganisms such as fungi and bacteria. They are used to improve 
fixation of nutrients in the rhizosphere, produce growth stimulants for plants, improve soil stability, 
provide biological control, biodegrade substances, recycle nutrients, and promote mycorrhiza 
symbiosis (Carvajal-Muñoz and Carmona-Garcia, 2012). Microorganisms play a central role in the 
natural N, P and K cycles. The use of N2-fixers, phosphate and potassium solubilizers contribute in 
enhancing uptake of plant nutrients (Afifi et al., 2014). Beneficial microorganisms are a tool that 
enhances plant growth and nutrient uptake. 

The beneficial effect of symbiotic nitrogen fixer Azotobacter chroococcum as free living N2-
fixing is attributed to fix atmospheric nitrogen, synthesis of phytohormones and vitamins, inhibiting 
plant ethylene synthesis, enhancing stress resistance and improving nutrient uptake (Massoud et al., 
2013). 

Arbuscular mycorrizal fungi (AMF) have the ablility to form symbiotic association with plants 
that benefit both partners through acquisition and absorption of nutrient especially phosphorus from 
the soil (Barea et al., 2011). 

AM fungi interact with other soil microbes like free nitrogen fixer the biochemical cycling of 
elements to the host plants .Also, the role of Azotobacter as plant growth promoters (PGPRs) when it 
convert unavailable minerals and organic compounds into forms a viable to plants .In addition, they 
have been to increase the root length, root biomass and better developed root system resulted in an 
increase in plant growth and yield (Gupta et al., 2002) and (Soliman et al., 2015). 

Nitrogen is the fourth abundant element in most organisms, can account for as much as 4% of 
plants dry weight. The majority of nitrogen is present as a continent of protein structure, it is also a 
component of numerous other biological compounds, such as the chlorophyll and nucleic acids thus, 
for normal plants growth and development, nitrogen must be maintained at fairly high levels in soil. 

Phosphorus is an essential nutrient required by plants and microorganisms, its major role in the 
accumulation and release of energy during cellular metabolism (Morsy et al., 2013). 

Therefore the main goal of the currently study was to evaluate the impact N2-fixing Azotobacter 
chroococcum and Arbuscular mycorrhizal  fungi (AMF) as phosphate solubilizer individually or in 
combined  mixture on growth and yield of Washintogen  navel orange trees under different N and P 
levels.  
 
Materials and Methods 

 
This study was carried out on ten- years- old Washington navel orange trees budded on sour 

orange rootstock ,cultivated in a private orchard at El-Maamora region , Alexandria  governorate, 
Egypt to investigate the impact of inoculation with N2- fixing  Azotobacter chroococcum  and 
Arbuscular  mycorrhizal fungi under different levels of mineral nitrogen and phosphorus on growth, 
leaf nutrient status, yield and fruit quality of orange beside the impact on soil properties during  two 
successive seasons of 2014 and 2015.  

 
Table 1: Some physical and chemical properties of experiment soil 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

Texture 
grade 

CaCO3 

% 
O.M 

% 
PH 

EC 
ds/cm 

Available 
Nutrient (ppm) 
N P K 

67.55 18.25 14.2 
Sandy 
loam 

10.14 0.63 7.80 3.40 99 12 62 

 
Microorganisms: 
 
Azotobacter  chroococcum:  

 
An active strain was kindly obtained from Microbiology, Dept., Soils, Water and Environment 

Res. Inst. (SWERI) ARC, Giza, Egypt. This strain was grown on modified Ashby's medium (Abd EL 
- Malek and Ishac, 1968). It was inoculated in 250 ml conical flasks that contained 100 ml Ashby's 
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medium for 5 days at 28±2 oC then enriched in the some medium and incubated for 7 days to reach 
106 cfu / ml and then added to each tree in a rate of 10ml inoculum /tree according to the decided 
treatments. 
 
Arbuscular mycorrhizal fungi (AMF): 

 

Mixed spores of (AM) – mycorrhizal genera: Via Glomus spp., 
Giaspora spp and Acaulospora spp were prepared after propagation and mixed with sand and 

then added to each treated tree at a rate of 100g /tree as each gram included 500 spore /g inoculum. 
 

Fertilization: 
 

The trees were annually fertilized with different N and P rates (25,50 and 75%) according to the 
treatments where P was added as calcium super phosphate (P2O5) 15.5% , nitrogen was added as 
ammonium nitrogen (NH4)2SO4 (20.6 %N ) as the recommended doses  were 1000 and 150 unit /tree 
for P and N, respectively,  Potassium sulphate (48% K2O) was added in two equal doses during mid 
February and mid April at a rate of 500 K unit / tree .Nitrogen was applied through three equal doses 
during March, May and July .Phosphorus was added once at the beginning of fertilization in February.  

The treatments were arranged as following: 
1. Full N.P.K 
2. Plain soil (without bio or mineral fertilization)  
3. Azotobter (Azoto) 
4. Arbuscular mycorrhizal fungi (AMF) 
5. AMF+ Azoto 
6. Azoto+25 % N + full P 
7. Azoto+50 % N + full P 
8. Azoto+75 % N + full P 
9. AMF + full N + 25%P 
10. AM F+ full N + 50%P 
11. AMF + full N + 75%P 
12. Azoto+ AMF+25%NP 
13. Azoto+ AMF+50%NP 
14. Azoto+ AMF+75%NP 
The experiment consisted of fourteen treatments arranged in a randomized complete blocks 

design .Three replicates were chosen with one tree in each replicate.  Surface irrigation system was 
used and the trees were irrigated every 15-20 days, the effect of the different treatments was studied 
on: 
 
Vegetative growth: 

 

In late March ten unfruitful spring shoots were tagged on each tree , the average of shoot length 
and No. of leaves/ shoot were determined as well as, leaf area and chlorophyll content according to 
(Radwan,1973) and (Yadava,1986), respectively. In late November tree height or canopy diameter 
(D2) and height (H) were measured. The tree volume index was calculated as follow: V= 0.5236 H D2 
according to (Turrel et al., 1969). 
 
Leaf nutrient contents: 

 
Fully mature leaves of unfruitful spring shoots were collected randomly in October from treated 

trees, leaf N, K and P content was determined according to (Chapman, 1960) and (Chapman and Pratt, 
1978).      
 
Fruit drop and retention%: 

 

Four main branches were tagged from the different sides of each tree to count total number of 
fruitlet sized 0.3 cm in diameter per branch. After June drop, at late July the fruit retention and drop 
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percent were calculated, as well as, fruits retention at harvest and pre harvest drop (%) at late 
November during both seasons according to (Ashraf et al. 2013). 

 Fruit retention % =  No. of fruits after June drop / No. of total fruits  × 100 
 June drop %        =  No. of total fruits – number of  retained fruits/ No. of  total fruits ×100 
 % Final Fruit retention =  No. of fruits at harvest / No. of fruits after June  drop ×100 
 
 Pre harvest drop (%) =  No. of retained fruits after June drop – No. of fruits at harvest / No of 

retained fruits after June ×100  (%) 
 

Yield and Fruit quality: 
 
The yield was recorded at harvest date in December of 2014 and 2015 seasons, expressed as 

weight (kg/tree) and number of fruits per tree. Fruit physical and chemical properties were tested, 
since ten fruits  randomly harvested from all sides  of  trees, rind(%),  fruit weight, length, diameter 
and fruit shape as well as TSS%, acidity, TSS/acidity ratio and vitamin c  (mg/100ml juice) were 
determined according to the methods described by (A.O.A.C. 1985). 
 
Microbiological measurements: 

 
The total microbial count (–x106 cfu/g dry soil) in soil were determined at 50 and 100 days in 

both seasons, respectively, (Difco, 1985). 
The most probable number (MPN) (–x106 cfu /g dry soil) were measured in specific Azotobacter 

species were Ashby’s medium the same periods in both seasons (Cochran, 1950). 
The colonization percentage of Arbuscular mycorrhizal fungi (AMF) and spores number after 

each season were also determined as described by Phillips and Hayman, (1970). 
 
Enzymes activity: 

 
Nitrogenase activity in the rhizosphere was measured as acetylene reduction assay (ARA) by GC 

analysis at 50 and 100 days according to Somasegarn and Hoben, (1994). 
The dehydrogenases activity was also determined according to Skujins, (1976), whereas total 

phosphatase (Acid and Alkaline) was determined according to Tabatabai, (1982).  
 

Statistics analysis: 
 
The results were expressed as means and treatment means were compared using the least 

significant differences (L.S.D) at p <  0.05 after evaluate by analysis of variance (ANOVA) by using 
computer software SPSS. 
 
Results and Discussion   
 
Growth measurements: 

 
The results of regarding growth parameters in response to biofertilizer with several mineral N 

and P rates are  presented in Table (1). 
With respect to shoot length, revealed that trees received 100% mineral NP and inoculated with 

Azotobacter or AM singly at level 50% and 75% of N or P, as well as  dual  inoculation at the same 
levels of N and P produced taller shoot growth as compared to others inoculated by biofertilizer 
singly. Significant differences appeared between Azotobacter + 50% N +100% P, AMF + 50 or 75% 
P + 100%N and Azotobacter combined with AMF at 75% NP in one side and biofertilizer alone as a 
separately scale for each group (Azotobacter, AMF and Azotobacter + AM) in the other one, 
respectively in 2014 and 2015, beside Azotobacter + 25% or 75% N+ 100% P, AMF+25% P + 100% 
N and Azotobacter plus AMF at 50% NP in comparing to bio-inoculants singly in 2015 only. Further, 
Azotobacter +AMF at 75%NP did not differ significantly from 100% NP in first year, but it was 
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significantly surpassed, as well as Azotobacter +75% or   AMF+50 and 75% than control (100% NP) 
in second year.  

 
Table 1: Effect of Biofertilizer and Different Mineral Rates of Nitrogen or Phosphorus on Vegetative Growth, 

Non- Flowering Spring Shoots Length, Average No. of Leaves / shoot Leaf Area, Leaf Fresh and Dry 
Weight 

Treatment 

Non-flowering 
Spring Shoots 

Length 
(cm) 

Average No. 
of Leaves / 

shoot 

Leaf Area 
(cm2) 

Leaf Fresh 
Weight 
(gm) 

Dry Leaf 
Weight 

(gm) 

Season 
2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 

Control 1 (100% N&P) 22.46 20.67 7.55 4.86 24.61 27.22 0.740 0.768 0.296 0.337 

Control 2 (Plain soil) 22.76 22.84 2.64 1.92 21.14 21.38 0.580 0.530 0.228 0.219 

Azotobacter SPP only 16.89 17.99 3.78 3.11 24.23 24.91 0.665 0.792 0.275 0.270 

Mycorrhiza (AMF) only 16.35 17.84 3.31 3.30 21.51 21.87 0.625 0.671 0.264 0.248 

AMF + Azotobacter only 17.74 18.71 3.95 3.03 23.03 22.74 0.660 0.699 0.266 0.262 

Azotobacter + 25% N + 
Full P 

17.53 20.20 4.27 3.21 24.09 24.89 0.640 0.787 0.276 0.324 

Azotobacter + 50% N + 
Full P 

20.17 20.22 5.65 4.30 25.12 25.58 0.820 0.825 0.326 0.356 

Azotobacter + 75% N + 
Full P 

18.01 22.59 4.92 3.85 24.87 25.37 0.755 0.809 0.289 0.335 

AMF + 25% P + Full N 17.04 19.97 4.47 3.18 24.80 22.34 0.615 0.660 0.280 0.312 

AMF + 50% P + Full N 18.82 23.65 4.57 3.78 22.37 23.29 0.660 0.693 0.313 0.321 

AMF + 75% P + Full N 19.11 22.53 5.72 4.08 23.41 24.66 0.685 0.699 0.306 0.322 

Azotobacter + AMF + 
25% N + 25% P 

18.79 19.81 3.60 3.04 22.14 23.20 0.690 0.721 0.287 0.309 

Azotobacter + AMF + 
50% N + 50% P 

19.49 21.24 5.08 3.40 23.57 24.73 0.695 0.759 0.293 0.328 

Azotobacter + AMF + 
75% N + 75% P 

21.50 24.37 4.72 3.67 24.16 24.92 0.735 0.780 0.304 0.327 

    L.S.D (0.05) 2.09 1.51 1.19 0.71 1.78 1.97 0.136 0.167 0.068 0.053 

 
It was worth mentioning, unpredictable result has found; control (plain soil) treatment gave 

significantly higher shoot growth in both seasons might be due to the fact that trees did not receive 
any mineral fertilizers that encourage vegetative growth and produced fewer number of shoots 
(unfortunately this was not recorded) which in turn was reflected an increment in shoot length. 
Similar trend in some cases was detected for number of leaves per shoot; control (100% NP), bio-
inoculants Azotobacter or AM in mixture with N or P mineral levels especially at 50 or 75%, 
respectively in both year, as well as AMF+50% P or Azotobacter+75%N in 2014 and 2015, 
respectively produced significantly higher number of leaves per shoot over biofertilizer alone and 
control (plain soil) which recorded significantly the lowest values in both seasons. Our results are in 
line with those of (Shamshiri et al., 2012) on Kinnow mandarin, (El-Khawaga and Maklad, 2013), 
(Merwad et al., 2014) on Valencia orange and (Haggag et al., 2015a) on olive. Trees were inoculated 
by different of species or levels of AMF and Azotobacter solely or conjoint application at organic or 
mineral fertililizer, they all found that length of new shoot was significantly affected by of microbial 
inoculants with different levels or forms of fertilizers as compared to those treated with mineral and 
organic fertilizers only or uninoculated ones. Additionally, the findings of (Singh and Jamaluddin, 
2010) on Pongamia pinnata are in agreement with present results, seedlings inoculated with AMF 
combined with nitrogen fixing microorganisms significantly enhanced shoot length better than AMF 
or nitrogen fixing microorganisms separately. Also, our result as indicated by (Haggag et al., 2014& 
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2015b), they demonstrated that using “Nitrobin" as Azospirillum or biofertilizer included N-fixing 
bacteria, P or K solubilizing bacteria in association with AMF on "Manzanillo" olive. They found that 
"Nitrobin" plus 50% NPK produced significantly higher number of leaves per seedling than Nitrobin 
only or with 100% and 25% NPK, also the average number of leaves / seedling did not affect 
statically by inoculation after seedling with AMF+ N-fixing bacteria through various doses of NPK.  

As for leaf  fresh or dry weights, the results showed that in the most frequently, these indices did 
not significantly responded to Azotobacter, AM or Azotobacter + AM inoculation either individually 
or integrated with different levels of N, P and NP  in 2014 except Azotobacter +50% or 75%N and 
dual inoculation at 75% NP recorded significant heavier fresh weight or dry weight, whereas all the 
tested treatments were  affected significantly leaf weights of fresh and dry in 2015 as compared to un-
inoculated or bio-fertilizers  only except  AM individually or at 25 and 50% P beside all bio-fertilizer 
alone recorded significantly the lowest values of fresh weight and dry weight, respectively. On the 
other hand, leaf area significantly influenced due to all bio- inoculants combined with mineral 
fertilizer rates compared to plain soil, especially AM+ 25 in 2014 or 75% P in both seasons and 
Azotobacter + AM at 50% or 75% NP in 2015 produced larger leaf area in comparison to both AM or 
Azotobacter + AM separately. Lastly, Azotobacter singly had more impacts on leaf area compared to 
AM in both seasons and Azotobacter + AM in 2015. These results partially agreed with, (Sharma et 
al., 2011), (Yadav et al., 2012), (El-Khawaga and Maklad, 2013) and (Merwad et al., 2014) on citrus 
species and (Aseri et al., 2008) on Pomegranate, (Rueda et al., 2016) on strawberry and (Bagyaraj and 
Menge, 1978) or (Edathil et al., 1995) on tomato seedling. They all found that significant 
improvement of leaf area and fresh or dry weights of leaf, shoot or aerial part occurred by receiving 
N-fixing bacteria as Azotobacter or Azospirillum and AMF singly or dual inoculation more than un-
inoculated ones, meanwhile total fresh and dry weight of mulberry seedlings did not significantly 
responded to inoculation by Glomus mosseae alone or in mixture with Glomus intraradices over non-
inoculation ones according to (Lu et al., 2015). Also, the previous reports were indicated that 
Azotobacter combined with medium or higher level of mineral N registered higher values of dry 
weight as compared to low level with no much variation. Otherwise, the maximum enhancement in 
leaf area was resulted from N- fixing bacteria followed by dual inoculation treatment, despite of 
(Haggag et al., 2015b) on olive revealed that dry weight of leaves did not differ significantly by 
Azospirillum combined with raising N levels. In addition, phosphorus was not limiting factor of 
mycorrhiza efficiency in increasing shoot fresh or dry weight and leaf area according to (Khanizadeh 
et al., 1995)  and (Ghazi, 2013) on citrus. 

Leaf chlorophyll content was one of the growth parameter in Table(2) , it increased with 
inoculation by a microorganism singly and their interactions at various mineral rates, in particular at 
50 and 75% of N ,P and NP for Azotobacter, AM, or Azotobacter plus  AM inoculations.  The 
significant higher values were recorded by receiving Azotobacter + AMF at 75% or 50% NP followed 
by AM and Azotobacter combined with 75% and 50% N or P in comparison with control  
(uninoculated) or biofertilizer only and did not differ with control (100% NP) in both seasons. 
However, the uninoculated plants displayed the lowest values (58.78 & 63.23) in both years. The 
results are in harmony with those of (Antunes and Cardoso, 1991), (Yadav et al., 2012), (Merwad et 
al., 2014) on citrus, (Tiwary et al. 1999), (Aseri et al., 2008) and (Vafadar et al., 2014), they 
mentioned that significantly increased chlorophyll content in plants due to AMF or Azotobacter 
inoculation separately as compared to non- inoculation treatment, and the highest total chlorophyll 
observed in dual compatible mixtures of inoculants. Additionally, Azotobacter efficiency to improve 
chlorophyll content in strawberry did not varied significantly among medium and high N levels 
(Rueda et al., 2016). 

Similar observation were made for tree height at the end of experiment, Azotobacter + 50% N 
and AM or dual interaction that got 75% P or NP mineral fertilizers  tended to significantly exceed 
over non- inoculated or bio-fertilizer alone in both years, beside Azotobacter +75%N and Azotobacter 
+ AM + 50% NP in 2015 only. Mostly, the improvement in tree volume showed the same pattern with 
tree height. Interestingly, these traits (tree height and volume) of plain soil did not significantly differ 
than biofertilizer inoculation alone, may be attributed to the maximum tree height and canopy 
diameter were measured at the highest elongation of shoots, it depended on shoot length that was 
taller in  control (plain soil). Our results are in conformity with (Shamshiri et al., 2012) and (Ghazi, 
2013) on citrus, (Kundu et al. 2011) on mango, (Haggag et al., 2015a) on olive, (Aseri et al., 2008) on 
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Pomegranate and (Rueda et al., 2016) on strawberry. They found that inoculation with either 
Azotobacter and AMF in association with NPK mineral fertilizer or AMF plus different rates of P 
recorded higher values in both plant height and canopy volume as compared to uninoculated or 
microorganism singly, these increment was coincident with raising dose of mineral fertilization, 
however present results were partially agreed by (Antunes and Cardoso, 1991) they reported that plant 
height was more responsive to AM with moderate or higher level of rock phosphate  than lower one. 
Also, Azospirillum combined with 75% or 50% NPK caused significant increment plant height % as 
compared to100% NPK (Haggag et al., 2015b). Lastly, the height of mulberry seedlings inoculated 
with Glomus mosseae alone or in mixture with Glomus intraradices did not signigicantly differ from 
uninoculated seedling (Lu et al., 2015). It was observed from the constant results of both tree height 
and  volume during study seasons that Azotobacter +50% N, AM+75% P and their interaction at 
75%NP achieved higher values of these indices probably resulted from having deeper green, larger 
and more numerous leaves indicating improved plant vigor that in accordance with (Antunes and 
Cardoso, 1991).  

 
Table 2: Effect of Biofertilizer and Different Mineral Rates of Nitrogen or Phosphorus on Total Leaf 

Chlorophyll, Tree height and Volume Index and leaf NPK content in 2013 and 2014 

 
Treatment 

Total Leaf 
Chlorophyll 

content 

Tree Height 
(m) 

Tree Volume 
Index 
(m3) 

N% P% K% 

Season 
2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 

Full N.P.K 78.85 76.58 3.00 3.23 20.21 18.75 1.53 1.77 0.10 0.12 0.71 0.75 

Plain soil 
(without) 

58.78 63.23 2.82 3.38 11.59 11.68 0.45 0.53 0.05 0.04 0.40 0.50 

Azotobacter 
SPP only 

69.25 70.29 3.00 3.23 9.88 12.23 1.06 1.30 0.09 0.07 0.80 0.91 

Mycorrhiza 
(AMF) only 

66.78 69.18 2.89 3.10 9.02 11.79 0.84 1.10 0.14 0.10 0.83 0.85 

AMF+ Azoto 65.03 73.10 3.01 2.97 10.70 13.45 1.42 1.45 0.21 0.20 0.91 1.00 

Azoto+25 % 
N + full P 

71.65 70.85 3.16 3.55 11.38 16.28 1.10 1.20 0.11 0.10 1.00 0.93 

Azoto+50 % 
N + full P 

77.48 77.35 3.53 3.98 13.20 18.33 1.30 1.43 0.17 0.14 1.10 1.30 

Azoto+75 % 
N + full P 

77.09 79.70 3.14 3.96 12.76 17.83 1.48 1.50 0.22 0.23 1.30 1.50 

AMF + full N 
+ 25%P 

76.00 70.38 3.09 3..25 13.00 16.47 1.37 1.42 0.20 0.21 1.30 1.43 

AM F+ full N 
+ 50%P 

79.45 79.08 3.22 3.40 13.89 17.24 1.49 1.45 0.21 0.24 1.35 1.20 

AMF + full N 
+ 75%P 

80.26 77.98 3.48 3.82 17.93 20.71 1.55 1.46 0.23 0.22 1.50 1.44 

Azoto+ 
AMF+25%NP 

73.00 78.03 3.00 3.21 12.09 13.30 1.44 1.57 0.23 0.25 0.94 1.33 

Azoto+ 
AMF+50%NP 

79.88 79.81 3.28 3.55 13.64 15.42 1.60 1.71 0.24 0.26 1.56 1.61 

Azoto+ 
AMF+75%NP 

81.90 79.83 3.58 4.16 17.69 20.30 1.45 1.77 0.25 0.27 1.55 1.60 

L.S.D (0.05) 2.74 3.23 0.35 0.44 1.94 3.44 0.13 0.11 0.07 0.07 0.21 0.30 

 

The stimulatory effects on growth of inoculation by Azotobacter could be attributed to fix 
atmosphere nitrogen gas and convert it to inorganic from mineralization of nitrogen which has role in 
the assimilation of numerous amino acids, proteins and nucleic acid, which provides framework for 
chloroplast, mitochondria and other structures in which the most of the biochemical reactions occurs 
(Awasthi et al., 1996), therefore adequate supply of N is necessary to achieve better growth and high 
yield.  In addition, several strains of Azotobacter are producing substances like amino acid that 
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involved in many processes which explain plant grown promotion or biochemical analysis of 
chlorophyll, nitrogen, phosphorous, potassium and protein content was higher in Azotobacter 
inoculated plants as compared to non- inoculated control plants (Naseri et al. 2013), as well as 
capability of these organisms to produce growth regulators such as auxins, cytokines, gibberellins and 
vitamins, these growth materials are the primary substance controlling the enhanced plant growth 
(Azcón and Barea, 1975) which increase the surface area per unit of root length and enhanced root 
branching with an eventual increase production of root biomass and nutrients uptake from soil and 
finally accelerated plant growth resulted from improving cell division or elongation and development 
(Bahrani et al., 2010). Further, Azotobacter spp. can also produce antibacterial and antifungal 
compounds to fight against many plant pathogens that directly or indirectly affect plant growth and 
microbial activity (Pandey and Kumar, 1989). The efficiency of Azotobacter found decreased with 
increasing N level, so combined application of bio-fertilizer with 50% of chemical  fertilizers (N or P) 
has significant effect in plant growth (Jnawali et al., 2015). From mention above, the current results 
confirmed the most growth criteria more reacted to Azotobacter combined with 50 % N followed by 
Azotobacter +75% N, latter treatment causes growth enhancement probably ascribed to provide 
available N to plant uptake directly in adequate quantities rather than efficiently Azotobacter in N 
fixation in high N level according to (Roy et al., 2017) who reported that inputs of high level mineral 
nitrogen retard the biological nitrogen fixation and citrus growth increased linearly with increasing N 
rates (Boughalleb et al., 2011). Also, (Brown, 1976) confirmed the positive effects these bacteria had 
on the plant were more due to their production of growth substances than to their nitrogen-fixing 
activity, although Azotobacter was more effectiveness in low N level, most the tested  growth traits 
were lower recorded values, possibly attributed to available N during the peak of vegetative growth 
was not enough. Concerning VAM effects, the increment in growth of inoculated trees may be due to 
the ability of VAM fungi to produce some growth promoting substances, organic, inorganic acids and 
CO2 which lead to increase in soil acidity, consequently convert the insoluble forms of nutrients into 
soluble ones. VAM hyphae also help in retaining moisture around the root zone of plants which 
reflect efficient mobilization and absorption of nutrients and water, so AM influence on optimizing 
the availability and uptake of mineral nutrients in the rhizosphere is one such important regulator of 
plant growth and development. VAM fungi interact with other soil microbes like free-living nitrogen 
fixers to improve their efficiency for the biochemical cycling of elements to the host plants (Singh and 
Jamaluddin, 2010), (Shamshiri et al., 2012), (Ghazi, 2013) and (Merwad et al., 2014). However, 
(Barea and Azćon-Aguilar, 1982) they proved that VAM synthesized at least two gibberellin-like 
substances and four substances with the properties of cytokinins and their effects to enhance plant 
growth. Further, (Azćon et al. 1978) they mentioned that plant hormones synthesized by Azotobacter 
could interact with endomycorrhizal fungi, hence it seemed to play role in the formation and function 
of VAM. Consequently (Bagyaraj and Menge, 1978) they suggested a synergistic or additive 
interaction between VAM and Azotobacter, therefore the absorption of more nutrients by plants 
because Azotobacter in association with AMF provided access to more soil volume as extra matrical 
hyphae of AM fungi enlarge the effective surface outside of the roots and reverse in promoting plant 
growth (Bahrani et al., 2010). Also, (Antunes and Cardoso, 1991) and (Peng et al., 1993) proved that 
growth depression of citrus plants colonized by VAM fungi at a high level of soil-P availability; when 
P is not limiting for plant growth or it is in excess, more P will be available for carbohydrate 
phosphorylation, which is fundamental for active carbon transport from the host to the endophyte. 
Therefore, at higher soil P levels, active carbon transport can possibly proceed at higher rates, 
resulting in a greater carbon drain from the host plant which reduces carbohydrate utilization by the 
host, while allowing for more transport to the endophyte. However, (Graham and Timmer, 1985 b) 
reported that application of insoluble phosphate, such as rock phosphate, calcium phosphate and bone 
powder was effective to maintain AM fungi, an additional advantage of insoluble phosphate is long- 
term availability of P, compared to soluble phosphate, as well as (Graham and Syvertsen, 1985 a) 
reported that rock phosphate (naturally slow-release) has been recommended as a suitable phosphate 
source to encourage mycorrhizal development in citrus. The previous findings concerning 
mycorrhizal inoculation alone or plus Azotobacter in combination with calcium superphosphate as a 
source of phosphorus led to a gradually improving growth traits with elevating P levels, hence 75% of 
recommended doses recorded generally highest values of the examined growth indices. 
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Leaf N, P and K: 
 
The data concerning leaf nitrogen content in Table (2) indicated that uninoculated control 

recorded significantly the lowest content over microbial inoculation singly or supplemented with 
mineral fertilizer. Application of Azotobacter, AM and Azotobacter + AM accumulate gradually 
nitrogen in leaves with raising mineral doses, treatments of Azotobacter at 75%N  had similar 
efficiency in improving leaf N content with either  mycorrhiza fungi which received full dose of N 
+75% P in both years or Azotobacter  plus AM at 75% NP in 2014 only. Additionally, the same 
behaviour was detected between Azotobacter + 50% N and AM + 50% P +100% N in 2015. Dual 
inoculation of Azotobacter + AM at 75 and 50% NP did not differ significantly from 100% NP in 
both years, thus it is conceivable, these application can serve as 100% mineral N. Tabulated data show 
that uninoculated control or Azotobacter inoculation alone achieved the significant lowest values of 
leaf P content during studied years and AM in 2015. Mineral fertilizer particularly 50 or 75% of both 
N and P significantly induced increases in phosphorus when combined with Azotobacter or 
Mycorrhiza as compared to bio-fertilizers individually in 2014 and 2015, as well as AM+ 25% P or 
Azotobacetr + AM at 75% NP in 2015 only. Although AM singly or dual with Azotobacter received 
25% and 50% P, significantly surpasses Azotobacter which got full dose of the mineral phosphorus 
with both 25%N in both years and 50% N in 2015 only. All combination between bio-inoculants and 
mineral fertilizer significantly superior over 100% P except Azotobacter plus 25 or 50% N in both 
cycles and 2015 only, respectively. As for leaf potassium content, treatments of bio-fertilizers alone or 
combined with mineral fertilizers in several rates had positive impact on this aspect compared to 
control (non-inoculated). Despite the examined treatments got the same mineral potassium dose, all 
mixtures of bio fertilizers and mineral showed significant superiority to 100% NP and bio- fertilizers 
singly  except  Azotobacter + 25% N in both seasons and dual bio-inoculants + 25% NP in 2014 only. 
These results completely correspond to published findings by (Shamseldin et al., 2010), (Sharma et 
al., 2011) and (Merwad et al., 2014) on citrus; (Haggag et al., 2015a) on olive; (Aseri et al., 2008) on 
Pomegranate; (Lu et al., 2015) on Morus Alba and (Farahat et al., 2014) on Paulownia kawakamii. 
They all reported that leaf N, K and P content significantly responded to inoculation with 
Azotobacter, Mycorrhiza individually or dually inoculation in different species or strains, levels and 
application time as compared to uninoculated control. Beside Azotbacter mixed with AM led to 
maximum uptake of N, P and K followed by N-fixing bacteria for N or AM for P. Moreover, (Kundu 
et al., 2011) on mango and (Abd-Alhamid et al., 2015) on olive. They concluded that, bio-fertilizer 
containing N-fixing bacteria or/and VAM combined with mineral N or/and P fertilizer were more 
effective in enhancing accumulation N, P and K in leaves by increasing the doses, as well as (EL-
Khawaga and Maklad, 2013) showed the same observations in leaf N and P without K. On the 
contrary, our results disagreed with those of  (Shamshiri et al., 2012) on citrus and (Edathil et al., 
1995) on tomato seedling, they found AMF species alone or coupled with Azospirillum did not 
significantly affect leaf N and K as compared to non- inoculated control. Also, bio-fertilizer consist of 
Azotobacter plus 25% mineral nitrogen significantly recorded the lowest values of leaf N  and K as 
compared to 50, 75 and 100% mineral N. Further, our results agreed with these mentioned by (Singh 
et al., 2011) on apple. Their data revealed that, Azotobacter plus 50% N gave leaf N values 
significantly lower than 100% mineral N but the variation disappeared between AM+50% P+ 100%N 
or Azotobacter plus AM at 50% NP and 100% NPK, also they found that no striking changes in leaf P 
content resulted from AM at 50% P and Azotobacter + AM at 50% NP. The beneficial effect of bio-
fertilizer alone or in mixed with mineral fertilizer related to Azotobacter makes availability of certain 
nutrients like Carbon, Nitrogen, and Phosphorus through accelerating the mineralization of organic 
residues in soil. As well as helps in uptake of macro and certain micro nutrients which facilitates 
better utilization of plant root exudates itself (Jnawali et al., 2015). Moreover, mycorrhizal hyphae, 
acted as extension to plant root, increased root surface area and exploring larger soil volume, which 
ultimately increased the chance of more nutrient uptake and hence, the extensive root development 
and hyphae network reduced the distance for diffusion of nutrients (Sharma et al., 2011). Hence, these 
effects may explain the significant increase in nutrient uptake especially N and K by plants dually 
inoculated with Azotobacter and VAM compared to those singly inoculated with VAM or 
Azotobacter. 
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Fruit retention and drop (%) and Yield: 
 
Regarding fruit retention after June drop and final fruit retention percentages, data in Table (3) 

showed that all treatments applied in this study either using bio-fertilizer singly or supplemented with 
mineral N, P or NP doses promoted significantly on these indices as compared to uninoculated trees in 
both years. Azotobacter+ AM at 75% NP and  Azotobacter +75% N were significantly superior in 
fruit retention after June drop in both seasons and Azotobacter +25 % N , AM+ 50%P or 100% NP in 
2014 and Azotobacter + 50% N in 2015, meanwhile these combinations reduced significantly June 
dropping % in comparing to the rest of interactions or bio-fertilizers alone. On the other hand, 
inoculation with Azotobacter and AM in association with either 50% or 75% NP, Azotobacter + 75% 
N, AM+ 75% P and 100% NP in both years, beside Azotobacter + 50% N in 2014 and AM+ 50% P or 
Azotobacter plus AM at 25% NP in 2015, these interactions induced significant increases final fruit 
retention%, and vice-versa resulted in reducing preharvest fruit drop % as compared to the other 
combinations or microbial inoculation singly. 
 
Table 3: Effect of Biofertilizer and Different Mineral Rates of Nitrogen or Phosphorus on Fruit Retention After 

June Drop (%), June Drop (%), Final Fruit Retention (%), Preharvest Fruit Drop (%) and Yield as No. 
Fruits and Kg/ tree in 2013 and 2014 

Treatment 
 

Fruit 
Retention 
After June 
Drop (%) 

June Drop 
(%) 

Final Fruit 
Retention (%) 

Preharvest Fruit 
Drop (%) 

Yield 

No. Fruit/ Tree Kg/ Tree 

Season 
2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 

Control 1 (100% 
NPK) 

3.50 16.21 96.50 83.79 94.45 95.65 5.55 4.35 182 193 58.69 53.39 

Control 2 (Plain 
soil) 

1.31 5.90 98.69 94.10 27.65 73.65 72.35 26.35 58 77 18.39 23.40 

Azotobacter SPP 
only 

2.19 11.97 97.81 88.04 59.19 85.59 40.81 14.41 106 140 26.94 36.56 

Mycorrhiza 
(AMF) only 

2.50 7.96 97.50 92.04 67.79 86.83 32.21 13.17 109 143 33.58 40.56 

AMF + 
Azotobacter only 

4.11 10.10 95.89 89.90 55.00 87.82 45.00 12.18 104 148 32.68 42.61 

Azotobacter + 
25% N + Full P 

3.60 18.26 96.40 81.74 69.37 85.33 30.63 14.67 119 153 27.20 37.56 

Azotobacter + 
50% N + Full P 

2.39 25.85 97.61 74.15 84.33 83.34 15.67 16.66 171 167 46.74 44.60 

Azotobacter + 
75% N + Full P 

3.80 25.96 96.20 74.04 88.89 89.83 11.11 10.17 179 253 61.56 78.03 

AMF + 25% P + 
Full N 

2.53 17.83 97.47 82.17 68.69 83.04 31.31 16.96 114 155 37.58 48.31 

AMF + 50% P + 
Full N 

3.48 19.98 96.52 80.02 75.00 91.40 25.00 8.60 144 185 45.25 57.38 

AMF + 75% P + 
Full N 

2.94 18.61 97.06 81.39 83.33 94.79 16.67 5.21 165 217 43.53 70.64 

Azotobacter + 
AMF + 25% N + 
25% P 

2.72 17.77 97.28 82.23 76.39 94.73 23.61 5.27 158 227 46.23 69.63 

Azotobacter + 
AMF + 50% N + 
50% P 

2.62 19.06 97.38 80.94 97.82 96.43 2.18 3.57 186 232 58.23 76.88 

Azotobacter + 
AMF + 75% N + 
75% P 

3.66 31.58 96.34 68.42 96.67 95.10 3.33 4.90 198 272 53.01 77.15 

     L.S.D (0.05) 0.829 4.01 0.843 4.13 14.60 10.94 14.60 10.94 20.55 19.98 7.61 5.51 

 

The promotive effect of bio-fertilizer only or combined with mineral N or P on fruit retention%  
and reducing fruit drop% might be ascribed to the fact that abscission of flowers and fruitlets or fruit 
survival in Washington navel orange (Citrus sinensis [L.] Osbeck) has been characterized in relation 
to carbohydrate availability, it was proved that ringing increases carbohydrate supply to fruit and 
reduces late fruitlet abscission, but only has a marginal effect on the growth of the fruitlets, which 
seems less sensitive than abscission to carbohydrate shortage, and reported fruit carbohydrate 
concentration determines the probability of abscission in citrus (Ruiz et al. 2001; Iglesias et al. 2003 
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and Rivas et al. 2007). Hence, our results agreed with (Merwad et al., 2014 and Khehra and Bal, 
2014) on citrus, (Ram Rao et al., 2007) on mulberry and (Aseri et al., 2008) on pomegranate, they 
reported that inoculation with Azotobacter or different species and level of mycorrhiza singly or in 
dual inoculation alone or integrated with the mineral N, P or NP resulted in significantly higher total 
chlorophyll content which plays a vital role in photosynthesis and enhances the rate of sugars 
formation for ultimate starch production  and accumulation of carbohydrates, thus it reflected in 
increasing fruit retention % and reducing fruit drop%.  It is pertinent to point out that the treatment 
had more consistent effect on fruit retention and dropping during both seasons were Azotobacter plus 
AM at 50 or 75% NP and Azotobacter + 75% N probably due to these treatments had significant 
higher leaf K, the enzyme responsible for synthesis of starch (starch synthetase) is activated by K.  
Thus, with inadequate K, the level of starch declines while soluble carbohydrates and N compounds 
accumulate. Under high K levels, starch is efficiently moved from sites of production to storage 
organs (Anon., 1998). It is clearly evident that yield either number or weight (kg) of fruits per tree 
significantly increased over uninoculated control by using  microbial inoculation singly or integrated 
with mineral fertilizer. Combined treatments of  Azotobacter + AM at all levels of NP,  Azotobacter at 
75 or 50% N and AM+75 or 50% P  were found to be  the most effective in the yield either No. fruit 
or weight( kg) per tree and  100% NP in both study years. It was observed that the increases in yield 
as fruit number or weight / tree was resulted from bio-fertilizer plus  mineral fertilizer concomitantly 
with  raising doses of N,P, and NP. Using 25% mineral N or P combined with Azotobacter or AM 
gave significantly lower fruits number or weight per tree as compared to the same bio-inoculants with 
50 or 75% N or P in both years. The maximum increasing rate in fruit number / tree reach to (2.41 & 
2.53) and (2.35 & 2.33) in fruit weight (kg) / tree in 2014 and 2015, respectively. The pronounced 
increment in final yield as fruit number/tree  possibly  due to  positive impact of these treatments to 
improve remaining fruit % and lowering fruit drop%, meanwhile significant increases in fruit weight 
were affect yield as weight (kg) / tree. These results are supported with those of (Westwood, 1978; 
Hafez and El-Metwally, 2007; Saleem et al., 2007), they reported that June and pre-harvest fruit drop 
percentages is the limiting factors of the final yield, therefore the yield increment of fruit trees was 
attributed to the depression of fruit drop%. Beside, (Abd El-Motty et al., 2010) they explained the 
increment of mango yield either of  fruits number or weight (kg/tree) due to the positive effect of fruit 
set, fruit retention, average fruit weight (gm) and reducing fruit drop. Our results confirmed with other 
numerous studies of (Merwad et al., 2014) on citus and (Aseri et al., 2008) on Pomegranate. They 
found that inoculation with mycorrhiza in several species or levels individually or combined with 
Azotobacter gave significantly yield (kg/tree or plants) as compared to uninoculated ones, it has 
detected Azotobacter integrated with mineral N produced increment in yield either as number or 
weight of fruits per tree with increasing N level. Additionally, applying Azotobacter, AM and dual 
inoculation singly or supplemented with half dose or three fourths of N and P did not significantly 
differ in some cases over 100% NP but superior in the others. Based upon the explained above, 
potassium is essential in carbohydrates metabolism, as well as phosphorus is needed for  breakdown 
of carbohydrates to simple sugars and involved in ATP production then  accelerate carbohydrate 
utilization (Anon., 1998 & 1999), consequently it was observed that the most of bio-fertilizer singly 
or combined with mineral fertilizer significantly recorded higher yield as number or weight per tree 
was associated with higher leaf potassium or phosphorus content which reverse indirectly to improve 
fruit retention and reducing dropping compared to the uninoculated control. Finally, the current results 
showed that fruit yield as a number per tree increased linearly with elevating P dose in either the 
presence AM alone or combined with Azotobacter and agreed with those of (Manjunatha et al., 2002).  
 
Fruit quality: 
 
A-Physical fruit properties: 

 
Concerning fruit weights, it was clear in Table (4) that no significant differences existed as 

response to bio-fertilizers individually or which supplemented with mineral fertilizers only in a 
limited case. Azotobacter singly, Azotobacter +25%N and AM+75%P produced significantly lower 
weight of fruits in 2014, conversely the same latter treatment and Azotobacter + AM + 50% NP gave 
significantly heavier weight of fruit in 2015 comparing to 100% NP and non-inoculated control, as 
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well as Azotobacter + 75% N recorded higher values of weight as compared to Azotobacter singly in 
both years and non-inoculated control in 2015. These results partially agreed with those demonstrated 
by (Shamseldin et al., 2010), (EL-Khawaga and Maklad, 2013) and (Merwad et al., 2014). They 
found that fruit weight significantly affect by using strains or  level of Azospirillum and VAM in 
comparison with non- inoculated control, beside Azotobacter combinations with two N doses induced 
significant increases by elevating the doses. In addition, AM singly at 50 and 75% NPK did not 
revealed significant differences comparing to AM + Azotobacter at 50 and 75% NPK, respectively. 
As well as, fertilizing with 50% of N, P, NP or NPK coupled with Azotobacter, AM or Azotobacter + 
AM were significantly superior over non- inoculated control but did not differ from 100% NPK 
according to (Kundu et al., 2011) and (Singh et al., 2011). 
 
Table 4: Effect of Biofertilizer and Different Mineral Rates of Nitrogen or Phosphorus on Physicals Fruits 

Properties in 2013 and 2014 

Treatment 

Physical – Fruit Properties 
Fruit weight 

(g) 
Fruit Rind 

(%) 
Volume of Juice 

(ml) 
Fruit Length 

(L) 
Fruit Diameter 

(D) 
Season 

2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 
Control 1 (100% 
N&P) 322.46 288.61 16.95 15.81 131.00 147.00 8.11 8.11 7.90 7.95 

Control 2 (Plain 
soil) 316.90 253.86 17.48 18.81 121.67 110.00 8.78 8.44 8.27 7.89 

Azotobacter SPP 
only 254.15 261.14 19.59 21.94 128.33 122.50 8.06 7.72 7.86 7.91 

Mycorrhiza (AMF) 
only 308.01 283.62 20.22 16.16 129.17 139.17 8.77 8.07 8.27 8.06 

AMF + Azotobacter 
only 314.21 287.95 17.72 18.09 136.42 144.75 8.30 8.02 8.03 8.04 

Azotobacter + 25% 
N + Full P 228.58 245.45 19.60 21.10 100.00 115.33 8.47 8.25 7.88 7.63 

Azotobacter + 50% 
N + Full P 273.33 267.04 18.61 17.23 127.50 129.17 8.26 8.06 8.15 7.57 

Azotobacter + 75% 
N + Full P 343.90 308.40 18.14 19.53 170.09 151.67 9.29 9.08 8.86 7.98 

AMF + 25% P + 
Full N 329.62 311.68 17.25 18.64 166.67 156.67 9.14 8.84 8.88 8.38 

AMF + 50% P + 
Full N 314.21 310.18 18.47 17.64 151.00 144.00 8.47 8.14 8.36 8.42 

AMF + 75% P + 
Full N 263.81 387.28 17.62 18.52 117.25 133.67 8.27 8.17 7.89 8.06 

Azotobacter + AMF 
+ 25% N + 25% P 292.60 306.71 16.31 16.64 130.00 151.67 8.26 7.97 8.10 8.30 

Azotobacter + AMF 
+ 50% N + 50% P 313.03 331.36 18.61 20.02 143.33 154.50 8.71 8.54 8.34 8.43 

Azotobacter + AMF 
+ 75% N + 75% P 267.69 283.64 15.58 15.79 124.17 133.67 8.24 8.00 7.89 8.03 

      L.S.D (0.05) 52.11 30.32 1.70 1.43 11.37 11.90 n.s 0.51 0.56 0.33 

 

Data of fruit rind % in Table (4) demonstrated that, in general, there is no regular trend of 
response this variable to different treatments under studying. Azotobacter + AM at 75% NP, 
Azotobacter + AM at 25% NP and Azotobacter + 50% N produced significantly less fruit rind 
percentages as compared to non-inoculated and biofertilizer individually during both seasons for first 
treatment and 2015 only to the latter two treatments. Also, fruit rind% significantly differed by AM 
with several P levels, in first cycle it decreased and vice-versa in the second ones it significantly 
increased as compared to AM singly. Further, Azotobacter + 25% N consistently recorded significant 
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higher percentages in comparison with non inoculated control or 100% NP in both seasons. These 
results are partially in line with these outlined by (Khehra, 2014) who showed that no significant 
differences were detected in peel thickness between Azotobacter combined with 75% or 50% mineral 
N and Azotobacter alone. Also our results are supported by (Merwad et al., 2014) they indicated 
inoculation with AM significantly increased peel thickness and consequently affecting peel weight. 
On the contrary, (Shamseldin et al., 2010) disagreed with current results, as they exhibited peel 
thickness did not affect by inoculation different Azotobacter strains compared to non-inoculated 
control. The observations of both fruit  length and diameter revealed that  these indices were not 
governed by the effect of examined treatments except in some cases  showed clear differences, i.e. 
Azotobacter + 75% and AM at 25% P produced fruits were more diametrical and length than those of 
uninoculated control or 100% NP in 2014 and 2015 , respectively. As well as, Azotobacter +25% N 
and AM + 50% P or Azotobacter + AM at 50% NP treatment recorded higher values of length and 
diameter, respectively in 2015. On the other hand, the differences in  fruit shape was not big enough 
to be significant among all tested applications in first year, meanwhile applying Azotobacter with 
various N levels gave  fruits were less circular than Azotobacter singly and 100% NP, conversely 
AM+ 50% P and Azotobacter + AM  at 25% NP were more circular than non- inoculated control. The 
obtained results were relatively agreed with (Shamseldin et al., 2010) on citrus, (El-Shamma, et al., 
2015) on guava and ( Abd-Alhamid et al. & Hassan et al., 2015) on olive, applying Azospirillum, 
VAM individually and bio-fertilizer as a liquid microbial mixture contained Azotobacter alone in two 
levels or combined with different organic manure or  several rates of inorganic fertilizer, they all 
found that fruit length, diameter and shape did not mostly significantly  differ from uninoculated 
control. Likewise, no significant variations between AM singly and in mixture with Azotobacter when 
both supplemented with 50% P and NP in   fruit length or diameter according to (Singh et al., 2011). 
The data displayed in Table (4) showed that practicing by Azotobacter at 75% N and AM at 25% and 
50% P were more effective in improving the juice volume compared to Azotobacter or mycorrhiza 
solely and non-inoculated control during both seasons and 100% mineral in 2014. Additionally, the 
same performance was observed by dual inoculation combined with 50% NP in both years and with 
25% or 75 NP in 2015, beside singly inoculation by AM or Azotobacter that produce fruits were more 
significantly juicy as compared to AM or Azotobacter at 25% N or P as well as the latter treatment 
recorded lower values of juice volume compared to uninoculated control in 2014 and 100% NP in 
both cycles. Some of present results are in harmony with (Shamseldin et al., 2010) and (Khehra, 
2014) they noticed that no significant effect of either singly inoculation by N-fixing bacteria as 
Azospirillum or Azotobacter combined with 50% N compared to uninoculated and 100% N, 
respectively. Also, (EL-Khawaga and Maklad, 2013) reported Azotobacter integrated with high 
nitrogen rate increased average fruit juice volume in Valencia orange compared to lower one. 
 
B-Chemical fruit properties: 

     
Total soluble solids (TSS %), total acidity, TSS/acid ratio and vitamin C (ascorbic acid) were the 

investigated chemical properties in response to bio-fertilizers alone or in mixture with several 
minerals levels. Data presented in Table (5) illustrated that acidity and TSS/ acid ratio significantly 
influenced by both all microbial inoculation separately or combined with mineral fertilizer, whereas 
TSS% and V.C were significantly affected by bio- fertilizer integrated with mineral fertilizer more 
than bio-fertilizers alone except AM+ Azotobacter or AM singly for TSS% and V.C, respectively as 
compared to uninoculated control or bio-fertilizer only. It had drawn the attention, Azotobacter 
supplemented with 25 and 50% mineral N fertilizer produced fruits were more acidic than those of 
Azotobacter singly in 2015. In view of the results, the higher values of TSS% and TSS/ acidity ratios 
appeared in AM singly or combined with Azotobacter which both supplemented  with 75 or 50% P or 
NP, beside Azotobacter interacted with either  50% N or AM only recorded the highest TSS% and 
TSS / acid in 2015 and 2014, respectively. On the other hand, it was observed -in general- there was 
no a consistent tendency in acidity; for instance, applying Azotobacter plus AM produced significant 
less acidic fruits as compared to Azotobacter solely or combined with 50% N, AM + 75% P and 
Azotobacter +AM at 25% NP in 2014, and inversion case occurred in 2015; Azotobacter + AM 
recorded significant more acidic fruits in comparing to Azotobacter, Azotobacter +AM at 25% NP. 
Also, it was true; the significant highest acidity achieved by uninoculated control and 100% NP in 
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both cycles and 2014 only, consecutively. Bio-fertilizer interactions of both Azotobacter alone or plus 
AM with three  N and NP mineral rates induced appreciable increases in vitamin C compared to bio-
inoculants singly of each group or non- inoculated control in 2014 and 2015. While vitamin C seemed 
to be higher in AM inoculation alone compared to incorporation with 50% P in both years and 25% P 
in 2015. 

 
Table 5: Effect of Biofertilizer and Different Mineral Rates of Nitrogen or Phosphorus on fruit shape  and 

Chemicals Fruits Properties in 2013 and 2014 

 
 

Treatment 

Fruit Shape 
Index (L/D) 

Chemical – Fruits Properties 

TSS 
Acidity of Fruit 

Juice 
TSS/ Acid Ratio 

V.C Content 
(mg/ 100ml 

Juice) 
Season 

2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 
Control 1 (100% 
N&P) 

1.03 1.02 9.70 9.08 1.27 0.96 8.90 9.46 52.39 55.35 

Control 2 (Plain soil) 1.07 1.06 9.43 9.00 1.23 1.18 7.67 7.63 49.73 43.27 
Azotobacter SPP only 1.03 0.98 9.23 8.45 1.02 0.90 9.05 9.40 45.43 49.28 
Mycorrhiza (AMF) 
only 

1.06 1.00 9.20 9.55 1.01 0.93 9.11 10.29 57.54 56.03 

AMF + Azotobacter 
only 

1.03 1.00 10.50 9.75 0.87 1.08 12.07 9.10 46.22 52.78 

Azotobacter + 25% N 
+ Full P 

1.07 1.08 9.70 9.25 0.92 1.06 10.55 8.73 52.41 53.53 

Azotobacter + 50% N 
+ Full P 

1.01 1.06 10.00 10.70 1.02 1.13 9.80 9.50 52.88 52.52 

Azotobacter + 75% N 
+ Full P 

1.05 1.14 9.70 9.00 0.94 0.88 10.32 10.23 54.44 51.78 

AMF + 25% P + Full 
N 

1.03 1.05 10.30 9.38 0.99 0.96 10.40 9.77 64.55 50.65 

AMF + 50% P + Full 
N 

1.01 0.97 11.30 9.83 0.98 0.95 11.55 10.35 44.28 50.03 

AMF + 75% P + Full 
N 

1.05 1.01 11.60 9.60 1.02 1.04 11.37 9.23 56.50 54.28 

Azotobacter + AMF + 
25% N + 25% P 

1.02 0.96 10.30 9.25 1.02 0.92 10.10 10.05 61.73 52.78 

Azotobacter + AMF + 
50% N + 50% P 

1.04 1.01 10.80 10.20 0.97 0.94 11.13 10.85 52.68 53.63 

Azotobacter + AMF + 
75% N + 75% P 

1.04 1.00 10.00 9.78 0.92 0.97 10.87 10.08 55.17 52.53 

L.S.D (0.05) n.s 0.06 1.02 0.65 0.15 0.10 1.06 0.93 6.13 4.59 

 

Mostly no significant difference was existed between 100% NP and a majority of tested 
treatments except  Azotobacter alone or AM + 50%  in both seasons and Azotobacter + AM  in 2014 
which were lower than 100% NP, but otherwise Azotobacter+ AM at  25% NP significantly surpassed 
100% NP in 2014 only. These results were relatively agreed with earlier findings of (Shamseldin et 
al., 2010) and (Merwad et al., 2014) on citrus, (Dutta et al., 2014) and (El-Shamma et al., 2015) on 
guava and (Kumar et al., 2013) on pear. They all indicated that significant improvement in TSS/ acid 
ratios and V.C or decreased juice acidity caused by individually inoculation with AM or nitrogen- 
fixing bacteria (Azospirillum or Azotobacter) and their dual incorporation as compared to non-
inoculated control, as well as TSS% was raised by Azotobacter coupled with AM in comparison with 
100 %NP and uninoculated control. On the other hand, the positive benefit that derived through using 
Azotobacter or AM singly and in dual inoculation integrated with mineral N or P fertilizer on 
chemical fruit quality criteria was discussed by (El-Khawaga and Maklad, 2013) and (Khehra, 2014) 
on citrus, (Sharma et al., 2013) on guava, (Kundu et al. 2011) on mango, (Singh et al., 2011) on apple 
and (Rueda et al., 2016) on strawberry. Our results agreed with those of TSS%,  juice acidity and 
vitamin C  did not statistically change by Azotobacter incorporated with different mineral N  levels 
(low, middle, high) and partially as for TSS/ acid ratios comparing to inorganic N levels only or 
Azotobacter singly, beside Azotobacter supplemented with 50% N or middle level recorded higher 
TSS% as compared to Azotobacter at  25 or 75% N and non-inoculated control, moreover AM 
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inoculation at 50% and 75%  mineral P were significantly equal in improving TSS% with Azotobacter 
and AM along combined with 50 and 75% inorganic NP and  both of them were superior over 
uninoculated control. Meanwhile no striking differences were detected in acidity % between 
inoculations by Azotobacter or AM with 50% N or P and Azotobacter coupled with AM at 50% NP 
and they caused appreciable reduction in acidity than uninoculated control. Further, dual inoculation 
in mixture with 50% and 75% NP had the positive effect on V.C and did not differ from Azotobacter 
+ 50% N and AM + 75% P, respectively and all of them increased significantly V.C values in 
comparing to non-inoculated control. Overall, the beneficial bio-fertilizer combined with mineral 
fertilizer resulted in improving nutritional status and photosynthesis and thereby increase proportion 
of carbohydrates in the leaves which certainly reflected their effect on increase growth yield and 
physical or chemical fruit quality (Khalil, 2012). 

 
Total microbial count (106 /g dry rhizosphere):  

 
Rhizosphere included soil and roots are considered the favored place for microbial community. 

The microbial populations depended mainly on soil fertility and amount of nutrients exist in it. As 
shown in Table (6). The population dynamics increased markedly with the inoculation with beneficial 
microorganisms where least total microbial count obtained with plain soil (without inoculation and 
fertilization). At 2014 season it was 55.31 and 83.60× 106 cfu /g dry soil after 50 and 100 days, 
respectively. During 2015 season the microbial populations increased to 60.51 and 90.63 × 106   cfu/ g 
dry soil after both intervals, respectively. 

 
Table 6: Total microbial count (106 cfu/ g dry soil) 
                                 
 Treatment                                      

Season 
2014 2015 

50 day 100 day 50 day 100 day 
100% NPK 
Control 2 (Plain soil) 
Azotobacter SPP only 
Mycorrhiza (AMF) only 
AMF + Azotobacter only 
Azotobacter + 25% N + Full P 
Azotobacter + 50% N + Full P 
Azotobacter + 75% N + Full P 
AMF + 25% P + Full N 
AMF + 50% P + Full N 
AMF + 75% P + Full N 
Azotobacter + AMF + 25% N + 25% P 
Azotobacter + AMF + 50% N + 50% P 
Azotobacter + AMF + 75% N + 75% P 

75.60 
55.31 
89.61 
77.31 
161.00 
150.00 
156.00 
153.00 
80.00 
90.40 
100.30 
166.00 
200.00 
200.00 

103.00 
83.60 

121.30 
111.30 
193.00 
180.00 
191.30 
190.00 
110.00 
122.30 
141.00 
200.00 
230.31 
251.00 

75.00 
60.51 

100.00 
92.00 

180.00 
170.00 
179.30 
170.00 
90.00 

100.40 
110.00 
196.00 
220.00 
230.00 

100.00 
90.63 
130.00 
120.00 
200.50 
210.00 
220.00 
220.00 
125.00 
130.60 
166.00 
210.00 
225.00 
260.00 

 
On the other hand, the highest values of total microbial count recorded with T13 and T14 the 

inoculation with Azotobacter + AM and orange trees fertilized with 50 and 75% NP, respectively. 
Their values were 200 and 230×106 cfu/g dry soil during 2014 after 50 and 100 days, respectively 
whereas during 2015 the population increased to 230 and 260× 106 cfu/g dry soil after 50 and 100 
days, respectively. 

Our results showed that dual inoculation obtained more populations than the individual ones. The 
domination of microbial populations in the rhizospheric area of inoculated Navel orange trees with 
combined Azotobacter and Mycorrhiza is attributed to hyphae as symbiotic fungi extend surface area 
for interaction with other microorganisms, and provide an important pathway for the translocation of 
energy rich plant assimilates (product of photosynthesis) to soil. Free living Azotobacter with 
potential to fix nitrogen have been discovered growing endosymbiotically within arbuscular 
mycorrhizal hyphae this explained  the increase of total microbial population in general and 
Azotobacter in particular more than uninoculated ones. Our findings are well matched with these 
obtained by (Johansson et al., 2004).  
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Total Azotobacter spp count 106 / g dry soil: 

 
As shown in Table (7), total count of Azotobacter markedly increased with trees inoculated with 

dual combined of Azotobacter and Mycorrhiza fungi especially with 50 and 75 % mineral fertilization 
with NP. T13 and T14 exhibited the most abundance of Azotobacter populations more than all other 
treatments during two successive seasons 2014 and 2015, respectively. The total count of Azotobacter 
increased after 100 days more than 50 days in both seasons that attributed to increase the root volume 
and the ability of these organisms to adapt and establish in this rhizospheric area. Azotobacter spp. is 
group of microorganisms exists in rhizosphere zone and their populations and activities are regulated 
by physico-chemical status of soil. 

The obtained results are in harmony with (Hauka, et al., 2010), they found the highest value of 
Azotobacter counts in wheat was obtained when plants received moderate level of mineral N 
fertilization and dual inoculation between nitrogen fixing bacteria (Azotobacter and Azospirillum) and  
mycorrhiza as compared to uninoculated  ones or N-fixer bacteria singly. 
 
Table 7: Total Azotobacter count (106 cfu/ g dry soil) 

 
Treatment 

Season 
2014 2015 

50 day 100 day 50 day 100 day 
100% NPK 
Control 2 (Plain soil) 
Azotobacter SPP only 
Mycorrhiza (AMF) only 
AMF + Azotobacter only 
Azotobacter + 25% N + Full P 
Azotobacter + 50% N + Full P 
Azotobacter + 75% N + Full P 
AMF + 25% P + Full N 
AMF + 50% P + Full N 
AMF + 75% P + Full N 
Azotobacter + AMF + 25% N + 25% P 
Azotobacter + AMF + 50% N + 50% P 
Azotobacter + AMF + 75% N + 75% P 

0.31 
0.21 

15.00 
5.00 

26.00 
17.30 
20.00 
17.00 
7.60 
8.60 
8.22 

26.70 
30.30 
33.60 

0.35 
0.31 

18.60 
7.71 

30.30 
22.41 
25.51 
23.11 
10.21 
12.13 
12.00 
33.90 
35.42 
35.93 

0.30 
0.25 
17.60 
7.11 
30.00 
18.60 
21.00 
18.00 
10.31 
12.31 
11.66 
30.40 
40.50 
45.70 

0.360 
0.390 
20.40 
9.68 

33.60 
27.66 
26.71 
25.21 
13.60 
15.41 
14.35 
35.60 
46.60 
50.10 

 

Colonization percentage (%) & No. spore / g dry soil: 
 
The behaviour of arabuscular mycorrhizal fungi in colonization of trees differs from it when they 

colonize the field crops as it invades the secondary fine roots and consequently absorption area 
increased greatly more field crops. According to the results as shown in Table (8), the mycorrhiza 
inoculated trees exhibited more colonization percentages than non- inoculated ones and dual 
inoculation with less P fertilization attained more colonization than individual ones. 

T12 (Azotobacter+ AMF+ 25% NP) obtained the highest colonization percentage of all other 
treatment including the control during two successive seasons, it recorded 82 and 91% after 50 and 
100 day in 2014 or 87 and 97% in 2015 respectively, whereas T13 ( Azotobacter + AMF+50% NP) 
gave slightly less colonization percentage than T12 and more spores number / g soil after every 
season and the spores number increased  in 2015 as it recorded 330 spore /g more than it in 2014 
which gave 210 spore / g soil. The uninoculated treatment gave the least colonization and spores 
number as the presence of mycorrhiza fungi in these treatment depended mainly on native mycorrhiza 
existed in soil in very low quantities. The interaction effect of Arbuscular mycorrhiza fungi (AMF) 
and Azotobacter as bio-fertilizers helped in growth of orange tree where application of the beneficial 
microorganisms can mobilize availability of nutrients to host plant by their biological activity and 
assist to improve soil health where these microbes can live in symbiotic association and mobilize N 
and P besides, secretion of growth and health promoting substance. This symbiotic relation helps in 
domination of these microorganisms particularly with the increase of root volume (Pandya and Saraf, 
2010). 
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Table 8: Colonization percentage (%) of AMF and No. of spore after harvesting (spore / g soil) 

Treatment 

Season 
2014 2015 2014 2015 

50 day 100 day 50 day 100 day Spore/g 
soil 

Spore/g 
soil 

100% NPK 
Control 2 (Plain soil) 
Azotobacter SPP only 
Mycorrhiza (AMF) only 
AMF + Azotobacter only 
Azotobacter + 25% N + Full P 
Azotobacter + 50% N + Full P 
Azotobacter + 75% N + Full P 
AMF + 25% P + Full N 
AMF + 50% P + Full N 
AMF + 75% P + Full N 
Azotobacter + AMF + 25% N + 25% P 
Azotobacter + AMF + 50% N + 50% P 
Azotobacter + AMF + 75% N + 75% P 

10 
8 
20 
65 
75 
23 
21 
15 
80 
75 
60 
82 
81 
77 

15 
13 
25 
70 
90 
27 
24 
19 
90 
84 
75 
91 
90 
75 

15 
12 
26 
71 
77 
25 
26 
21 
82 
77 
78 
87 
86 
77 

20 
15 
30 
80 
93 
35 
30 
23 
95 
92 
85 
97 
97 
85 

3 
2 
10 

130 
150 
5 
5 
4 

170 
167 
155 
200 
210 
176 

5 
4 

12 
210 
230 
16 
15 
13 

250 
250 
220 
300 
330 
213 

 

Enzymes activity at 100 day: 
 
According to data illustrated in Table (9), the inoculated treatments postulated higher enzymes 

activity more than uninoculated ones. 
In concern nitrogenase enzyme, this enzyme is considered as an indication of the ability free 

living Azotobacter to fix atmospheric nitrogen and turn it nitrate. Nitrogenase enzyme activity 
increased with 25, 50 and 75% fertilization with nitrogen. With 25% N, the activity reached its 
optimum values where T12 (Azoto +AMF+ 25% NP) scored 7.32 and 7.55 mole C2H4/g dry 
rhizosphere at 100 days during 2014 and 2015 seasons respectively. The enzyme activity slightly 
decreased with increasing mineral N % as recorded in T13 and T14, their values 7.11 and 7.31 in T13 
or 6.51 and 6.76 mole C2H4/g dry rhizosphere in T14 during 2014 and 2015 seasons, respectively. 
The activity of both dehydrogenase and phosphatase enzymes in soil is governed by the domination of 
beneficial microorganisms presented in soil. T13 (Azoto + AMF + 50%NP) exhibited the highest 
activity of both enzymes as it gave 61.30 and 65.11g TPF/g dry Soil with dehydrogenase whereas 
with total phosphatase (acid & alkaline) it recorded  2.46 and 2.63 mg PNP/ g dry soil during 2014 
and 2015 seasons , respectively. All other treatments including control gave less activity. Nitrogenase 
enzyme complex has been credited for the capacity of some PGPRs to convert nitrogen into ammonia 
in a free state so the presence of ammonia has a strong impact on the expression of nitrogen in most 
diazotophs (Afifi et al., 2014).  Nitrogen fixing Azotobacter could fix atmospheric nitrogen as these 
bacteria produce nitrogenase enzyme that is considered a sign of microbial activity. Conversation of 
nitrogen to ammonia and then to nitrate is the only form readily a viable to plants (Baldini and 
Baldini, 2005). 

Dehydrogenase is an oxidoreductase, which only present in viable cells and is maker of soil 
health and is a valid indicator of changes in total microbial load in soil management (Roldán et al., 
2004). The increase of activity of this enzyme with combined treatments with low or moderate 
amount of mineral nitrogen and phosphorus was due to the increase of viable microbial population in 
the rhizosphere of some fruit tree and the effect of combinations of microbial strains (Afifi et al., 
2014). 

The increase of phosphatase enzyme particularly with combined treatments with little dose of 
mineral phosphorus was due to the strong symbiotic relationship between Arbuscular mycorrhiza 
fungi (AMF) and Azotobacter, as mycorrhizal could solubilize complex inorganic phosphorus forms 
through producing some organic acids and release phosphatase enzyme that help in solubilizing low 
sources of phosphorus and accumulate polyphosphates that affect positively on orange trees root 
(Aloni et al., 2006). Overall, it is conceivable that the negative effect of addition high doses of mineral 
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fertilizer on microbes count or colonization (%) and their enzyme activities is not appeared,  may be 
related to the decrease in N and P content of the used sandy soil. 
Table 9: Nitrogenase, Dehydrogenase and Phosphotase enzymes activity at 100 days in 2014 and 2015 
            
                    
      Treatment 

Nitrogenase Dehydrogenase 
Total Phosphotase 
(asid & alkaline) 

mole C2H4g 
Soil/day 

g TPF/g dry 
Soil/day 

(mg PNP/g dry soil) 

Season 
2014 2015 2014 2015 2014 2015 

100% NPK 
Control 2 (Plain soil) 
Azotobacter SPP only 
Mycorrhiza(AMF) only 
AMF +Azotobacter only 
Azotobacter + 25% N + Full P 
Azotobacter + 50% N + Full P 
Azotobacter + 75% N + Full P 
AMF + 25% P + Full N 
AMF + 50% P + Full N 
AMF + 75% P + Full N 
Azotobacter + AMF + 25% N + 25% P 
Azotobacter + AMF + 50% N + 50% P 
Azotobacter + AMF + 75% N + 75% P 

0.19 
0.031 
3.66 
1.99 
3.20 
3.51 
3.67 
3.40 
2.31 
2.73 
2.55 
7.32 
7.11 
6.51 

0.21 
0.035 
3.94 
1.31 
3.51 
4.11 
4.55 
3.52 
2.55 
3.11 
2.40 
7.55 
7.31 
6.76 

 

10.91 
6.31 

33.46 
25.61 
37.51 
44.51 
45.31 
44.21 
36.60 
34.60 
39.41 
55.31 
61.30 
57.21 

13.12 
10.41 
35.67 
27.41 
39.21 
50.11 
55.62 
44.00 
36.70 
37.81 
40.30 
57.23 
65.11 
59.21 

0.31 
0.21 
0.73 
0.51 
1.10 
0.91 
0.95 
0.83 
1.43 
1.95 
1.63 
2.21 
2.46 
2.30 

0.41 
0.35 
0.82 
0.55 
1.00 
1.21 
1.10 
0.95 
1.73 
2.11 
1.82 
2.53 
2.63 
2.44 

     L.S.D at  (0.05) 2.61 2.75 3.18 4.49 0.74 1.14 

 
 

Conclusion 
 
On the basis of present experiment, biofertilizers as a better supplement are able to improve 

growth, nutrient status, yield and fruit quality of Washington navel orange trees. In general, the results 
showed that applying Azotobacter and AM in dual inoculation appeared a synergistically interacting 
reflected in vegetative growth, leaf N, P and K and yield attributes (fruit drop% and retaining %) 
especially at 75% mineral N and P followed at 50% NP and Azotobacter with 75%N. The latter two 
treatments, as well as AM+ 25% P were superior in enhancing physical and chemical fruit properties. 
Also, biological soil properties i.e. total count of microbial and Azotobacter spp., mycorrhizal 
colonization (%) and enzymes activities in the rhizosphere of orange trees have markedly responded 
to dual bio-fertilizer combined with mineral N and P. Consequently, it can be deduced that 
biofertilizer proved a possibility of curtailing about 25-50 % of mineral P and N fertilizers without 
reducing the yield or having negative impact on fruit quality. 
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