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ABSTRACT 
Phosphorus (P) deficiency is one of the major problems in agricultural soils for crop production around 
the world. Mono ammonium phosphate (MAP) as foliar application used an effective tool to enhance 
nutritional status of fruit trees not only overcome leaf p deficiency but also improve flowering, increase 
yield and enhance fruit quality. However, use of bio fertilizers such as phosphorus solubilizing bacteria 
(PSB) proved to friendly environmentally and economical way for increasing P availability and 
improving P use efficiency under P deficiency conditions. Consequently, the aim of the present trail 
was to study the effects of MAP at 1% foliar application and/or soil application of phosphorus 
solubilizing bacteria (PSB) solely or in combination as supplementary P doses (beside H3PO4 common 
P fertigated source) under calcareous soil conditions on full bloom time, flowering %, yield (kg/tree) 
and fruit quality not only fruit physical properties i.e. fruit weight, length (L) and circumference (C), 
shape index (L/C) and fruit firmness but also fruit chemical components via TSS%, acidity%, and 
TSS/acid ratio as well as nutrient status of macro & micro leaf contents (N,P,K, Fe, Zn and Mn) of "Le 
Conte" pear trees. The experiment was carried out during the two successive seasons on 12 years old 
'Le Conte" pear trees budded on betulifolia rootstocks (Pyrus betulifolia) grown in calcareous soil under 
drip irrigation system from Nile river source in a private orchid at Km 80 Alex-Cairo desert Road, El-
Nubaria district, El-Behaira, Egypt. All trees received the standard horticultural practices & the 
experiment was designed in a complete randomized block and the treatments were as follows: (T1) 
control; H3PO4 common P fertigated source. (T2) T1 + MAP at 1 % as foliar application. (T3) T1 + 
Bacillus megatherium P solubilizing bacteria (PSB) as soil application. (T4) T2 +T3. The result showed 
that foliar MAP spray (T2) and PSB soil application (T3) independently improved all aforementioned 
parameters. However, both T2&T3 gave more or less similar result values and no significant differences 
were detected between them. In this respect, T2&T3 when applied together (T4) maximized to a grate 
extend enhancement in most studied parameters and increased yield (kg/tree) by about (167%) than the 
control. Improvement in leaf P nutritional status after MAP foliar spray to an adequate level (>0.3%) 
in the range of P and N fertilized plants as well as availability of P, Fe, Zn and Mn following soil PSB 
application improved nutritional status and help in better management of P fertilization in pear trees 
grown under calcareous soil condition. Generally, T4 (MAP + PSb) is recommended treatment since, 
it promotes effectively the nutrient status that achieved the shortest time to FBD, highest flowering %, 
yield and fruit quality of "Le-Conte" pear trees under calcareous soil conditions. 
 
Keywords: MAP - Bacillus megaterium, H3PO4, calcareous soil, FBD, flowering%, yield, fruit quality 

foliar spry. 

 
1. Introduction 

Pears (Pyrus communis L.) are favorites pome fruits in the temperate climate area. Pears are 
considered the 5th fruits among deciduous fruits after apples, grape, apricot and 'peach & nectarine' and 
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the 8th fruits between all fruit crops after citrus, banana, apples, grape, 'mango & guava', apricot, and 
'peach & nectarine' in distribution of fruits in the worldwide (Statista, 2019). The world production of 
pear reached to 23.92 million ton (Statista, 2019). In Egypt, 'Le-Conte' is the major cultivar, the total 
cultivated area fluctuated sharply during the last three decades. In 1990, the pear's cultivated area in 
Egypt was 6984 h. reduced in 1995 to 5601 h., while, in 2000 reduced again to 4173 h. and in 2005 
reduced sharply to 2900 h. which presented the third of 1990's area due to the exaggerated infection of 
fire blight which detected for first time on a rare scale in 1962 in Egypt (Balabel et al., 2018). 

In 2010, the pear area increased to 3631 and increased again to 4977 ha in 2017 which recorded 
the large area of pear in Egypt due to overcome fire blight infection with new resistant rootstocks and 
with some antibiotics spraying or horticultural practice for old orchards to give early flowering using 
dormant bud break agents and flower inducers by fertilization in starting growth stage. In 2019, the area 
reduced again to 4088 ha. (FAOSTAT, 2019). Recently, the pear planting area extended in newly 
reclaimed soil particularly in calcareous soils. Calcareous soils are hugely extending in the arid and 
semiarid regions, it is more than one-third world land surface area (FAOSTAT, 2019) and about 25-
30% total area of Egypt (Taalab et al.,   2019). 

In calcareous soils where pH is high and CaCO3 is dominated, plants suffer low availability of P 
would cause problems more serious than its deficiency. Increasing availability of P nutrient is important 
objective in plant nutrition (Khalefa, 2007). Therefore, nutrient management for fruit trees under 
calcareous soils differs from that in non-calcareous soils (Imas, 2000). However, mineral phosphorus 
(P) fertilization in calcareous soils is not efficient enough to ensure optimal plant growth. Therefore, a 
higher P input is generally needed (Pizzeghello et al., 2019). In this respect, supplementary applications 
of phosphorus fertilization as foliar application of mono-ammonium phosphate (MAP) and soil 
application of bio-fertilizer as phosphate (P)-solubilizing bacteria; Bacillus megaterium (Goldstein and 
Liu, 1987) may be an effective integrated P fertilization method under calcareous soil conditions with 
common soil application of H3PO4. 

Mono ammonium phosphate MAP (NH4H2PO4) fertilizer is a widely used source of phosphorus 
(P) & nitrogen (N) and it can be used effectively as foliar application under calcareous soils conditions 
because its characteristics i.e. crystalline powder, free of chloride and sodium, high purity & fully 
water-soluble elements, acidifying effect when use as soil application or fall on the soil after spraying 
that enhances nutrient availability such as K, P, Mg and micro-nutrients (Peterson, 1999; IPNI, 2021). 

The mode of action of mono ammonium phosphate (MAP) as foliar application can be described 
as follows; upon dissolution of mono ammonium phosphate (NH4H2PO4) fertilizer which is known as 
MAP separates to release NH4

+ cation and H2PO4
- anion; the low nitrogen content in the form NH4

+ 
(12%) is considered appropriate method to supply the phosphorus to plants and the high concentration 
of P in the form H2PO4" (>61%) promotes effectively the optimal development of plant root system 
due to the rapid absorption by trees particularly in the stages of starting growth and flowering that 
effectively enhance the inflorescence and fruit set (Peterson, 1999; IPNI, 2021). 

Bacillus megaterium as soil application enhances mineral uptake by plants through solubilizing 
insoluble P (Goldstein and Liu, 1987). The main mechanism of Bacillus megaterium recognized to be 
responsible for the solubilization of phosphorus is the production of different types of organic acids 
(gluconic, lactic, acetic and succinic). It produced high amount of lactic and acetic acids which had a 
direct influence on the amount of released phosphorus. Bacillus megaterium achieved high 
concentration of released phosphorus about 483 ± 5 mg/L (Saeid et al.,   2018). 

The objective of this study was to evaluate the effect of mono ammonium phosphate (MAP) as a 
foliar spray alone or in combination with soil application of solubilizing insoluble P bacteria; Bacillus 
megaterium as supplementary dose beside the fertigated common P source; H3PO4 under calcareous 
soil conditions on the yield and fruit quality of fruit trees particular "Le Conte" pear trees which are 
more suffering when P deficiency occurred under these soil condition. 
 
Materials and Methods Plant Materials 

 
The experiment was carried out during the two successive seasons of 2018 and 2019 on 'Le 

Conte" pear trees grown in a private orchard at 'Adam village', at Km 80 Alex-Cairo desert Road, El-
Nubaria district, El-Behaira Governorate, Egypt. The trees were 12 years old budded on betulifolia 
rootstocks (Pyrus betulifolia) and the selected trees were uniform in vigour, size and shape, planted at 
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6 m between rows and 4 m between trees, grown in calcareous soil under drip irrigation system from 
Nile river source. All trees received the standard horticultural practices and the experiment was 
designed in a complete randomized block with three replications. Three trees were included per plot. 
Table (1) presented the physical and chemical analysis of experiment orchard soil. 
 
Table 1: Physical and chemical properties of the experimental soil. 

Particle size 
distribution (%) 

Texture 
Ca CO3 

(%) 

EC 
(1:1) 

dSm-1 
pH 

Available nutrients 

Cations (meq/L) Anions (meq/L) 

Sand Silt Clay Sandy 
loam 

19% 2.00 7.52 
K+ Na+ Mg++ Ca++ SO4 -- Cl - HCO3

- CO - - 
70.32 18.30 10.38 1.00 5.4 8.5 13 18.42 2.3 2.6 0 

 
Treatments: the applications were as follows: 
 
T1 (control) = H3PO4 (common fertigated P source in all treatments through drip irrigation).  
T2 = H3PO4 + Mono ammonium phosphate (MAP) at 1%; NK (12/61) as foliar application. 
T3 = H3PO4 + Bacillus megatherium P solubilizing bacteria (PSB) as soil application (bio-fertilizer). 
T4 = H3PO4 + MAP as foliar application at 1% + Bacillus megatherium as soil application. 
 
Where, T1 (control) presented adding H3PO4 as the common fertigated P source in the commercial 
orchids under calcareous soil conditions which added 50 cm3 per each m3 water irrigation. 

 
T2; MAP spray at 1 % applied two times; in the starting of growth stage in 2th week of Feb. and 

in full bloom time; 50% of flowering % while, Triton B at 0.1% as a wetting agent was added to the 
procedures and all trees were sprayed until the run off point. T3 (Bacillus megatherium P solubilizing 
bacteria; PSB) bio-fertilizer soil application conducted two times through drip irrigation; in the starting 
of growth stage (2th week of Feb.) and after fruit set immediately in 2st week of April. Bacillus 
megaterium is provided by the Unit of Biofertilizers, Faculty of Agriculture, Ain Shams University, 
Shubra Al Kheimah, 11241 Al Qalyubia, Egypt. Where, B. megaterium was grown in batch culture to 
the late exponential phase of microorganism to give a cell suspension of 6 x 107 cell/ml. Each treated 
tree received 150 cm3 in its root zone. 

 
Flowering behavior and yield parameters 
(1) Full bloom date (FBD): no. days recorded from the starting growth stage until 50% flowering. 
(2) Flowering Percentage (no. flower buds per shoot): Four branches from each side of tree were 
selected and labeled. No. flowering buds in full bloom was counted and the flowering % was calculated 
as the following equation which reported by Shaltout (1987): Flowering % = (No. of flowering 
buds/total No. of buds per shoot) x 100. 
 
Yield: It expressed as weight of fruit/tree (kg) at the 1st August. 
 
Fruit Physical Characteristics: Sample of 20 mature fruits were taken from each replicate tree of each 
treatment and determined the following physical characteristics: fruit weight (g), length (cm), 
circumference (cm), shape index (L/W), volume (cm3), specific gravity and fruit firmness (Lb./inch) 
by using pressure tester 5/16-inch plunger. 
 
Fruit Chemical Characteristics: A juice of fruit samples used to determine chemical characteristics: 
Total soluble solids (TSS %) by using a hand refractometer, fruit acidity and TSS/Acid ratio according 
to AO.A.C. (2000). 
 
Statistical Analysis  

Data were analyzed by analysis of variance (ANOVA), and means were compared using 
Duncan's test at p< 0.05 to determine the significance of differences between the conducted treatments 
according to Duncan's (1955). 
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Results and Discussion 
 

Table (2) shows the effect of mono ammonium phosphate (MAP) and /or Bacillus megatherium 
(BM), treatments on full bloom date (FBD), flower buds % per shoot and yield (kg/tree) of 'Le Conte' 
pear trees under calcareous soil during two seasons. It is clear from data that different treatments 
significantly varied on their effect from one to other than the control on the full bloom date (FBD) in 
the first and second season of study; where FBD is the number of days recorded from the starting growth 
stage until 50% flowering. In this respect, a particular trend was obviously noticed, MAP spray (T2) or 
BM soil application (T3) individually advanced full bloom date and gave similar time in the two seasons 
to reach full bloom and the number of days after treatment were significantly more advanced when both 
of them (MAP + BM) applied together (T4). T4 (MAP + BM) recorded the earliest full bloom date 
(FBD) which was 17 and 18 days after the treatment in both seasons. Meanwhile, T2 & T3 were similar 
in their effect on full bloom date (FBD) and recorded intermediate same days to reached full bloom; 23 
and 24 days in both years for both treatments than the control which recorded the longest time to reach 
full bloom; 30 and 32 days in both years. 

From the above result, it was noticed that a gradual decrease by all treatments T2 (MAP), T3 
(BM) and T4 (MAP + BM) in number of days to full bloom than the control (T1), where the earliest 
time for full bloom was achieved by combined application of MAP + BM (T4). While, the individual 
treatment; T2 (MAP) and T3 (BM) came in the second order in decreasing the number of days from 
starting growth until 50% flowering (FBD). In other word, comparing with the control, present 
treatments; T2 (MAP), T3 (BM) and T4 (MAP + BM) significantly decreases the period of full bloom 
started from beginning the growth until the time of full bloom (flowering 50%). Furthermore, the 
combination treatment T4 (MAP + BM) gave the earliest time of full bloom compared with the 
individual application of T2 (MAP) or T3 (BM). 
 
Table 2: Effect of phosphor treatments on full bloom date, flowering % and yield of 'Le Conte' pear 

trees under calcareous soil during two seasons. 

Treatments* 
Full bloom date (FBD)** 
(No. days after treatment) 

Flowering %  
(Flower buds % per shoot) 

Yield  
(kg/tree) 

1st Season 2nd Season 1st Season 2nd Season 1st Season 2nd Season 
T1 30 c 32 c 13.1 c 13.7 c 18.6 c 19.2 c 
T2 23 b 24 b 20.4 b 21.2 b 27.9 b 25.4 b 
T3 23 b 24 b 19.9 b 19.8 b 26.2 b 24.7 b 
T4 17 a 18 a 25.7 a 25.6 a 32.2 a 30.6 a 

Means within a column followed by different letter (s) are statistically different at 5 % level. 

 
Concerning flowering % (flower buds % per shoot), the highest percent was achieved by T4 

which significantly increased flowering % compared with all other treatments and was 25.7% and 25.6 
% in both seasons. While, T2 and T3 recorded less values comparing with T4 and were 20.4% 19.9% 
in the 1st year and 21.2% and 19.8% in the 2nd one, respectively.  

The least percent flowering per shoot was obtained by the control (T1); 13.1% and 13.7% in both 
seasons. Regarding the yield as shown in Table (2), MAP was applied as foliar spray (T2), BM was 
added as soil application (T3) and the combination between them (T4) increase the yield (kg/tree) over 
the control (T1).  

The highest yield was achieved by T4; 32.2 and 30.6 kg/tree in both years, however, T2 and T3 
gave intermediate yield values with no significance between them, where the values were 27.9 and 26.2 
kg/tree in 1st season and 25.4 and 24.7 kg/tree in 2nd season, respectively. Meanwhile, the control (T1) 
recorded the lowest yield; 18.6 and 19.2 kg/tree in both seasons. Generally, T4 increased the yield about 
167 % (average of both seasons), followed by T2 (141%) and T3 (133%) with the same significant 
values. 

However, flowering percent and yield (kg/tree) in "Le-Conte" pear increased significantly by 
different treatments than the control. The impact of MAP and BM application individually (T2&T3) or 
in combination (T4) followed by the same trend obtained by different treatment on time of full bloom 
(parameter) in the two seasons of this experiment. It is seen that a synergistic effect was detected on 
most studied parameters when BM as a biofertilizer was concluded with MAP foliar application than 
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applied each of them individually and this effect of combination recorded the highest flowering % 
(25.7% and 25.6%) and yield (32.2 and 30. 6 Kg/tree) compared with the control which recorded the 
lowest flowering buds % per shoot (13.1% and 13.7%) and fruit yield (18.6 and 19.2) in the 1st year 
and 2nd year, respectively. Table (3) reveled that effect of phosphor treatments on fruit weight, length, 
circumference and fruit shape index of 'Le Conte' pear trees under calcareous soil during two seasons. 
Concerning fruit weight, T2, T3 & T4 gave the higher significant fruit weight than the control (T1) in 
both seasons; whereas fruit weight values of T2 was 180.3 & 175.9 gm, T3 was 185.7 & 168.5 gm and 
T4 was 177.5 & 188.4 gm; with the same significant values compared to T1 that recorded the lowest 
fruit weight values; 123.1 & 135.6 gm in the 1st and 2nd seasons, respectively.The same trend was 
observed in other studied parameters i.e. fruit physical characteristics as fruit length, and circumference 
with no significance particular trend between them. 

The values of fruit length ranged from 10.3 to 10.6 cm in the 1st season and from 9.6 to 10.5 cm 
in the 2nd seasons. Regarding fruit shape index, there were no differences between all treatments and 
the values ranged from 0.55 to 0.58 in the 1st year and from 0.53 to 0.62 in the 2nd year. Physical 
parameters of 'Le-Conte' pear fruit in 2018 and 2019 seasons as shown in Table (3) revealed that fruit 
weight (gm), fruit length (cm), fruit circumference (cm) and fruit shape index (L/C) increased 
significantly than the control, except shape index which was not affected by any treatments comparing 
to the control or between each of them. 
 
Table 3: Effect of phosphor treatments on fruit weight, length, circumference and fruit shape index of 

'Le Conte' pear trees under calcareous soil during two seasons. 

Treatments 

Fruit Weight  
(g) 

Fruit length  
(cm) 

Fruit circumference 
(cm) 

Fruit shape index 
(L/C) 

1st 
Season 

2nd 
Season 

1st 
Season 

2nd 
Season 

1st 
Season 

2nd 
Season 

1st 
Season 

2nd 
Season 

T1 123.1b 135.6 b 8.3 b 8.6 b 15.2 b 15.5 b 0.55 a 0.55 a 
T2 177.5 a 188.4 a 10.6 a 10.5 a 18.2 a 18.6 a 0.58 a 0.62 a 
T3 185.7 a 168.5 a 10.3 a 9.6 a 18.0 a 18.9 a 0.57 a 0.53 a 
T4 180.3 a 175.9 a 10.4 a 10.1 a 19.1 a 19.5 a 0.55 a 0.53 a 

Means within a column followed by different letter (s) are statistically different at 5 % level. 
 

It is shown from Table (4) that all supplemented treatments; foliar application of mono 
ammonium phosphate (T2), Bacillus megatherium soil application (T3) or together (T4) had positive 
effect on fruit physical parameters; fruit volume and fruit firmness of 'Le Conte' pear trees under 
calcareous soil during the two seasons. However, different studied treatments had no effect on specific 
gravity values. In this regard, supplemented treatments T2, T3 & T4 had significant increase in fruit 
volume values i.e.185.2 & 176.1 and 178.6 cm3 in the 1st season and 165.6 & 185.3 and 175.1 cm3in 
the 2nd season, respectively over the control (T1) that recorded 120.3 & 135.0 cm3 in the 1st season and 
2nd season, respectively. Concerning fruit firmness, it was clear that the supplementary applications; 
T2, T3 & T4 decreased significantly fruit firmness that ranged between 11.3, 12.2 and 7.8 lb./inch2 in 
the 1st season and 12.0, 11.1 and 6.7 lb./inch2 in the 2nd season than T1 which was 19.1 and 16.6 
lb./inch2 in both seasons. However, this effect was clearly noticed in T4 that recorded the lowest 
significant values in both seasons; 7.8 and 6.7 lb./inch2. 
 
Table 4: Effect of phosphor treatments on fruit volume, specific gravity and fruit firmness of 'Le Conte' 

pear trees under calcareous soil during two seasons. 
 Fruit volume Specific gravity Fruit firmness 

Treatments (cm3) (g / cm3) (lb./inch2) 
 1st Season 2nd Season 1st Season 2nd Season 1st Season 2nd Season 

T1 120.3 b 135.0 b 1.02 a 1.00 a 19.1 a 16.6 a 
T2 185.2 a 165.6 a 1.00 a 1.02 a 11.3 b 12.0 b 
T3 176.1 a 185.3 a 1.01 a 1.02 a 12.2 b 11.1 b 
T4 178.6 a 175.1 a 1.01 a 1.00 a 7.8 c 6.7 c 

Means within a column followed by different letter (s) are statistically different at 5 % level. 

 
It is obvious from Table (5) that supplement treatments application (T2, T3 & T4) had gradual 
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increase on T.S.S. and T.S.S./acid ratio comparing with T1 during the two years of this study. The 
values of T.S.S. for T2, T3 & T4 were 12.8, 13.2 and 13.8 % in 1st year and 11.5, 12.8 and 13.5% in 
2nd year, respectively comparing with T1 which was 10.5 and 9.5 % in both seasons. In this respect, 
T.S.S. / acid ratio followed the same trend of supplement treatments effects on T.S.S during the two 
studied seasons. T.S.S. / acid ratio values recorded 53.13, 73.40 & 86.16 in 1st season and 44.37, 58.63 
& 71.20 in 2nd season, respectively compared with T1 which estimated 26.21 & 25.7 in both years. 
 
Table 5: Effect of phosphor treatments on total soluble solids (T.S.S), acidity and T.S.S/acid ratio 

Treatments 
T.S.S (%) Acidity % (mg /gm) T.S.S/acid ratio 

1st Season 2nd Season 1st Season 2nd Season 1st Season 2nd Season 
T1 10.5 c 9.5 c 0.40 a 0.38 a 26.21 c 25.07 c 
T2 12.8 b 11.5 b 0.24 ab 0.26 ab 53.13 bc 44.37 bc 
T3 13.2 ab 12.8 ab 0.18 ab 0.22 ab 73.40 ab 58.63 ab 
T4 13.8 a 13.5 a 0.16 b 0.19 b 86.16 a 71.20 a 

Means within a column followed by different letter (s) are statistically different at 5 % level. 

 
In the contrary, the supplement treatments application (T2, T3 & T4) had gradual decrease in 

acidity% than T1 that recorded the highest fruit acidity i.e. 0.40 & 0.38 mg/g, meanwhile T4 recorded 
the lowest significant acidity % i.e. 0.16 & 0.19 mg/g than T1 in both seasons. However, T2 & T3 gave 
intermediate acidity % values (0.24 & 0.18 mg/g in 1st season and 0.26 & 0.22 in mg/g 2nd season, 
respectively). From our results, it is clear that T4 not only increased yield but also improved fruit quality 
with early harvest. From the obtained results, it is obviously noticed that full bloom date (FBD), 
flowering shoot buds %, yield and firmness followed the same trend in both seasons of the experiment. 
In this respect, MAP (T2) or BM (T3) applied individually increased most studied parameters than the 
control with no significance between them, while when MAP + BM as supplementary application (T4); 
significantly increased the studied parameters and recorded the highest significant values. This may be 
due to the role of mono ammonium phosphate (MAP) which act as a flower bud inducer and 
consequently occurred the early flowering. Moreover, BM may act as a soil conditioner under 
calcareous soil and it impacts on availability of nutrients in root zone, specially microelement i.e. Fe, 
Zn and Mn that reflected on improving the nutritional status in the lowest level to the optimum level 
that increased flowering %, yield and fruit quality. This result may explain the superiority of 
combination applied of MAP + BM than those when applied individually. 

It is clear from Table (6) that leaf content of NPK increased significantly in pear cv. "Le-Conte" 
than the control in the two seasons of experiment. The highest N%, P% and K% in leaves were taken 
from pear trees sprayed with MAP + BM soil application (T4) and recorded 2.09 & 2.02% leaf N 
content; 0.32 & 0.34% P leaf content and 1.42 & 1.60% leaf K content than the control which recorded 
1.62 & 1.51% N leaf content, 0.14 & 0.15% P leaf content and 1.15 & 1.33 K leaf content in 1st year 
and in 2nd year, respectively. As shown in Table (6), spraying MAP (T2) or BM (T3) individually 
significantly increased NPK content in leaves compared with the control. This was true in both studded 
seasons. More significant increase in N, P and K content in leaves was recorded when MAP spraying 
combined with BM soil application (T4). 
 
Table 6: Effect of phosphor treatments on NPK leaf content of 'Le Conte' pear trees under calcareous 

Treatments 
N % P % K % 

1st Season 2nd Season 1st Season 2nd Season 1st Season 2nd Season 
T1 1.62 c 1.51 c 0.14 c 0.15 c 1.15 c 1.33 c 
T2 1.96 b 1.94 b 0.23 b 0.24 b 1.27 b 1.45 b 
T3 1.91 b 1.90 b 0.24 b 0.25 b 1.26 b 1.45 b 
T4 2.09 a 2.02 a 0.32 a 0.34 a 1.42 a 1.60 a 

Means within a column followed by different letter (s) are statistically different at 5 % level. 
 

It is shown from Table (7) that supplement treatments; T2, T3 & T4 had clear increasing in Fe, Zn and 
Mn leaf content comparing with T1 during the two years of this study. Leaf content of Fe, Zn and Mn 
followed in somewhat effect of treatments on N, P and K except BM soil application (T3) gave mor or 
less similar Fe, Zn and Mn leaf content to those obtained by MAP spray + BM soil application (T4).  
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Table 7: Effect of phosphor treatments on Fe, Zn and Mn leaf content of 'Le Conte' pear trees under 
calcareous soil during two seasons. 
 Fe (ppm) Zn (ppm) Mn (ppm) 

Treatments First Second First First Second First 
 season season season season season season 

T1 26.50 c 27.06 c 12.94 c 13.20 c 20.10 c 23.50 c 
T2 53.41 b 55.81 b 26.56 b 23.64 b 31.36 b 32.49 b 
T3 69.70 a 71.46 a 34.67 a 30.86 a 43.00 a 44.26 a 
T4 70.29 a 70.86 a 34.90 a 31.06 a 44.55 a 45.71 a 

Means within a column followed by different letter (s) are statistically different at 5 % level. 

 
In other wards T3 and T4 effects on leaf content of Fe, Zn and Mn were similar from the statistical 

stand point, where "Le-Conte" pear trees treated with BM soil application in both applications of this 
investigation. This means the increasing in Fe, Zn and Mn leaf content of "Le-Conte" pear trees was 
mainly referred to BM which may be act as soil conditioner for release the fixed micro nutrient under 
calcareous soil condition. 

From above mentioned parameters, the gradual significant increase in N, P and K in 'Le-Conte' 
pear leaves may be most the enhancement in studied parameters of full bloom date (FBD), flowering 
%, yield (kg/tree), physical and chemical fruit characteristics and leaf content of N, P, K, Fe, Zn and 
Mn could be refer to the role of the applied materials; N and P used as foliar application in the form of 
MAP (NPK; 12/61/0) and biofertilizer used as BM as a source not only for P soil released but also K 
soil released and microelement availability to uptake cause the biofertilizer reduce the soil pH. These 
material applications include many nutrient sources; MAP (NP) and BM (release nutrient soil of P, K, 
Fe, Zn and Mn) and this may explain the improve in most studied parameters. As for application of 
biofertilizer which released fixed nutrients under calcareous soil conditions, particularly micro 
elements; Fe, Zn and Mn in root zone be available to translocation to plant parts, enhancing nutritional 
status in leaves, improving fruit flowering, yield and fruit quality. 

From the obtained results, it is obviously noticed that full bloom date (FBD), flowering % (no. 
flower buds per shoot), yield (Kg/tree) and fruit physical and chemical parameters followed the same 
trend in 12 the two seasons of study In this respect, MAP (T2) or BM (T3) applied individually 
increased most studied parameters than the control with no significance between them, while when 
MAP + BM as supplementary application (T4); significantly increased the studied parameters and 
recorded the highest significant values. This may be due to the role of mono ammonium phosphate 
(MAP) which act as a flower bud inducer and consequently accelerate full bloom date (FBD) and 
occurred the early flowering. Moreover, BM may act as a soil conditioner under calcareous soil and it 
impacts on availability of nutrients in root zone, specially microelement i.e. Fe, Zn and Mn that reflected 
on improving the nutritional status in the lowest level to the optimum level that increased flowering %, 
giving high yield and improved fruit quality by advancing fruit maturity in the term of decrease fruit 
firmness and increase T.S.S. & T.SS acid ratio and enhanced nutrition status of N, P, K, Fe, Zn, Mn . 
This result may explain the superiority of combination applied of MAP + BM than those when applied 
individually. Generally, the soil application of Bacillus megatherium (bio fertilizer) companied with 
H3PO4 as common fertigated P source had a positive effect on all studied parameters. This effect was 
maximized by foliar application of mono ammonium phosphate (MAP). On other words, the presence 
of Bacillus megatherium (bio fertilizer) as soil application companied with foliar application of mono 
ammonium phosphate (MAP) as foliar application plus H3PO4 as soil application had a synergic effect 
on studied parameters. 

Concerning P foliar spray, our results is in harmony with those mentioned by Koontz and 
Biddulph (1957) determined the effects of variants affecting the absorption and translocation of P foliar 
spray; (1) wetting agents, (2) P spray concentration, (3) surface of leaf (upper vs lower surface), (4) 
various P compounds (pH and cation), (5) Duration, (6) hygroscopic of agent, (7) area size that sprayed, 
(8) leaf age and position that sprayed, and (9) P plant level. A spray application method proves superior 
to leaf vein injection and droplet methods. P amount translocated from the treated leaf in a 24-hour 
period increased as the amount applied increased; and it was independent of leaf area treated, except 
possibly at the highest concentration, and of the leaf surface treated (upper or lower). 

 More phosphorus was translocated from older (lower) leaves than from younger (upper) leaves 
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(very young leaves did not export phosphorus), and the leaves contributed phosphorus to the root in 
proportion to their proximity to it. All leaves which exported phosphorus contributed approximately 
equal amounts to the stem apex. Translocation of applied phosphorus was greatest with NH2PO4 and 
followed by the following compounds: KHPO4 > K3PO4 - Na2HPO4 - NH4H2PO4 (MAP) - (NH4)2HPO4 

(DAP) > H3PO4 (injury) > KH2PO4 - Na3PO4. The amount of phosphorus translocated from a given 
compound appeared to be directly related to the drying time of the solution on the leaf. Glycerin 
increased the translocation from KH2PO4 to the level of NH2PO4 but reduced the translocation from 
K2HPO4, probably because a complex was formed. 

Also, Reddy and Majmudar (1983) noticed that sprayed 'Langra' mango trees with 
orthophosphoric acid (0.5%) improved fruit set, yield and fruit quality as well as P leaf content and 
gave higher yields when applied P spray with urea 2%. In addition, Kassem et al.   (2010) found that 
spray of orthophosphoric acid (3 ml/L) increased fruit weight, T.S.S. %, total sugars, reducing sugars, 
carotene and V.C contents as well as decreased fruit acidity% and tannin contents in persimmon trees 
cv. Costata. Moreover, Mullins and Sikora (1990) evaluate nine fertilizers of MAP which produced in 
Florida, Idaho and North Carolina, USA compared with reagent grade MAP. They found that leaf P 
content and yield was affected by all sources of MAP and the yield differences among MAP sources. 
MAP sources performance was not related to water-soluble P percentage or the content of metallic 
elements. Therefore, the MAP is recommended for improving yield and fruit quality. 

Furthermore, Raese (1998) stated that mono ammonium phosphate fertilizer increased P leaf 
content of apple and pear trees upon soil-surface applications. In addition, Neilsen et al.,   (2008) found 
that leaf P content of apple consistently increased by the P treatments that achieved 20% increase in 
yield and improve fruit quality attributes. i.e. fruit size, T.S.S% and acidity however, red coloration was 
unaffected by P application. The applications of 20 g P as ammonium polyphosphate annually at bloom. 
Moreover, Erel et al.   (2008) studied effect of N, P and K on flowering and fruit set of olive. 

They found that the availability of N, P, and K was found to influence flowering intensity in the 
olive trees. Fruit set was affected by N and P, but not K levels. The yield and the final number of olives 
per tree increased appreciably as leaf P and K. These findings confirmed our results in use (MAP); NP: 
12/61 as foliar application as well as use BM as a source not only for P soil released but also for K soil 
released and microelement availability to uptake cause the MB reduce the soil pH. Therefore, MAP 
includes NP and BM release nutrient soil of P, K, Fe, Zn and Mn and this may explain the improvement 
of most studied parameters in our study specially yield (kg/tree). Meanwhile, Schreiner (2010) sprayed 
MAP (NH4H2PO4) on 'Pinot noir' grapevines and found increasing P content in leaf blade and petiole. 
Moreover, Hidaka and Kitayama (2013) confirmed that plants optimize the allocation of P among foliar 
P fractions for maintaining their productivity and growth and for reducing demand for P as their 
adaptation to P-poor soils. 

Our results are also in parallel with Rajasekar et al.,   (2017) mentioned that foliar fertilization is 
nutrition through leaves, is a very efficient technique of supplementary fertilization. It is very important 
because it facilitate easy and quick consumption of nutrients by penetrating the stomata or leaf cuticle 
and enters the cells. It is used as a means of supplying supplemental doses of macro and micro-nutrients, 
plant hormones, stimulants, and other beneficial substances. It is determined that during plant growth 
supplementary foliar fertilization increase mineral status and improve yield. Also, Shaheen (2019) 
sprayed the trees of Picual and Kalamata olive cultivars with 1% of mono ammonium phosphate 
(MAP), mono potassium phosphate (MKP) and urea phosphate (UP). She found a positive effect in 
improving flowering, yield, fruit attribute, fruit oil content and reduction in no. dropped fruits. 

Concerning P solubilizing bacteria (PSB), our results are in agreement with many researches. In 
this regard, Young (1990) reported that a synergistic effect is noticed by P solubilizing bacteria (PSB) 
on promoting the vegetative growth of tree species in subtropical-tropical soils as well as PSB improved 
availability of P in theses soils. Moreover, Khan et al.,   (2008) confirmed that P solubilizing bacteria 
plays a great role in P nutrition by increasing its availability to plants through release from inorganic 
and organic soil P pools by solubilization and mineralization. Principal mechanism in soil for mineral 
phosphate solubilization is lowering of soil pH by microbial production of organic acids and 
mineralization of organic P by acid phosphatases. Use of P solubilizing bacteria as inoculants enhances 
P uptake. These bacteria also increase prospects of using phosphatic rocks in crop production. Greater 
efficiency of P solubilizing bacteria has been shown through co-inoculation with other beneficial 
bacteria and mycorrhiza. Furthermore, Park et al.,   (2010) isolate 19 phosphate solubilizing bacteria 
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(PSB) from different soils and evaluate their potential for P solubilization from insoluble P compounds 
science, the uptake of P by plants is limited due to its strong adsorption onto soil particles and low 
solubility of phosphate compounds in soil solution and found that six strains solubilized more than 250 
mg/L of P from tricalcium phosphate. Direct inoculation of PSB to rock phosphate increased the citric 
acid solubility of rock phosphate indicating that the isolated PSB strain was effective for P 
solubilization in soil. 

Meanwhile, Liang et al.,   (2020) conducted a novel phosphate-solubilizing bacteria (PSB) 
consist of 18 microbial strains on eight plant species planted at P-deficient soils in Southern China and 
found after application, the microbial phosphate-solubilizing bacteria (PSB) enhanced P-cycling 
potential and P leaf content of plants were higher in the treated soils than the untreated one. In addition, 
Song et al.,   (2021) reported that phosphate-solubilizing bacteria (PSB) improved growth of Ulmus 
chenmoui trees in Eastern China and had regulated its microbial community of rhizosphere. Therefore, 
PSB could be effective to promote the high yield and fruit quality and the cultivation of Ulmus 
chenmoui trees. 

Concerning the effect of PSB on pear trees, Perazzoli et al.,  (2020) found that biofertilizer 
application (PSB) raised the P leaves content and gave favoring pear fruit production, however it 
reduces fruit dry matter content, T.S.S and boron content percentages as well as it has no effect on fruit 
firmness and titratable acidity. Generally, biofertilizer application (PSB) has positive effect on the 
mineral N dynamics in the soil as well as promotes microelements availability in the soil that increases 
the mineral nutritional status of trees and reflects on improving the productivity of pear trees. 

In the other side, Veberic et al.,   (2005) stated that P spraying reduced photosynthesis and K 
transpiration of apple leaves than untreated ones. However, PK spraying is considered a benefit tool to 
maximize the water use efficiency throughout the summer. Schreiner (2010) found that MAP spray had 
no influence on vegetative growth, yield and fruit quality parameters of 'Pinot noir' grapevines and there 
is a little benefit to spray P on the canopy of vines, even in vineyards with low P status. Brunetto et al.,   
(2015) and Nava et al.,   (2016) mentioned that phosphorus application on the soil of pear trees cv. 
Rocha' grafted onto the rootstock Pyrus caleriana as well as Fuji apple increased the nutrient content 
of soil and leaf, but did not affect the fruit quality and yield. in addithon, Chatzitheodorou et al.,  (2004) 
reported that fruit yield and quality of the peach cvs. 'Red Haven' and 'Spring Time' reach to 15 years-
old did not respond in to P fertilizer alone or in combination with K, indicating a genotypic effect since, 
the lowest yield (kg/ trees) of peach cvs. 'Red Haven' and Spring Time' was recorded in the treatments 
with P, PK, and the control. 
 
Conclusion 

All supplemented treatments; mono ammonium phosphate (MAP) as foliar application (T2), 
Bacillus megatherium (BM) as soil application (T3) or together; MAP + BM (T4) had positive effect 
on full bloom date (FBD), flowering percentage, yield, fruit quality and nutritional status of 'Le Conte' 
pear trees under calcareous soil during the two seasons compared with the control. T4 recorded the 
shortest time to FBD with the highest flowering percentage and yield as well improved fruit quality by 
advance fruit maturity, followed by T2 and T3 which were significantly similar in their effect on all 
studied parameters with intermediate values. This improving in all studied parameter by supplemented 
treatments; T2, T3 & T4 may be due to the role of MAP which act as flower bud inducer and 
consequently accelerate full bloom date (FBD) and occurred the early flowering. Moreover, BM may 
act as a soil conditioner under calcareous soil and it impacts on availability of nutrients in root zone, 
specially microelement i.e. Fe, Zn and Mn that reflected on improving the nutritional status in the lowest 
level to the optimum level that increased flowering %, giving high yield and improved fruit quality by 
advancing fruit maturity in the term of decrease fruit firmness and increase T.S.S. & T.SS acid ratio 
and enhanced nutrition status of N,P,K, Fe, Zn, Mn. The combination applied of MAP + BM (T4) was 
superiority than those when applied individually. Therefore, T4 is the recommended treatments since 
it has a synergic effect on all studied parameters. 
References 
 
A.O.A.C., 2000. Official Methods of Analysis, 17th ed. As-association of Official Analytical Chemists, 

USA. 



Middle East J. Appl. Sci., 11(4): 1027-1037, 2021 
EISSN: 2706 -7947    ISSN: 2077- 4613                                        DOI: 10.36632/mejas/2021.11.4.80 

1036 

Balabel Naglaa, M., N.S. Farag, T.A. El-Sharkawy and Faten S. Mansour, 2018. Fire blight of pear in 
Egypt: Chronological background and new findings. Egypt. J. Agric. Res., 96(4): 12911305. 

Brunetto G., G. Nava, V.G. Ambrosini, J.J. Comin, and J. Kaminski, 2015. The pear tree response to 
phosphorus and potassium fertilization. Rev. Bras. Frutic., 37(2):507- 516. Available at: 
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/133979A/Gilberto-Nava-Brunetto- 
artigo.pdf 

Chatzitheodorou I.T., T.E. Sotiropoulos and G.I. Mouhtaridou, 2004. Effect of nitrogen, phosphorus, 
potassium fertilisation and manure on fruit yield and fruit quality of the peach cultivars 'Spring 
Time' and 'Red Haven'. Agronomy Research 2(2): 135-143. Available at: 
https://agronomy.emu.ee/vol022/p2203.pdf 

Duncan, D.B.C., 1955. Multiple Ranges and Multiple F Test. Biometrics, 11: 1-42 
Erel R., A. Dag, A. Ben-Gal, A. Schwartz and U. Yermiyahu, 2008. Flowering and fruit set of olive 

trees in response to nitrogen, phosphorus, and potassium. J. Amer. Soc. Hort. Sci., 133(5):639- 
647. Available at: https://journals.ashs.org/jashs/view/journals/jashs/133/5/article-p639.xml 

FAOSTAT, 2019. Food and Agriculture Organization of the United Nation (FAO). Available at: 
http://www.fao.org 

Goldstein A.H. and S.T. Liu, 1987. Molecular cloning and regulation of a mineral phosphate 
solubilizing gene from Erwinia herbicola. Biotech, 5: 72 - 74. 

Hidaka A. and K. Kitayamal, 2013. Relationship between photosynthetic phosphorus-use efficiency 
and foliar phosphorus fractions in tropical tree species. Ecology and Evaluation, 3(15): 4872-
4880. Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3892354/ 

IPNI, 2021, Nutrient Source Specifics (No. 9), International Plant Nutrition Institute. Available at: 
https://www.ipni.net/publication/nss.nsf/0/2F200FA9C8C946F0852579AF00762904/$FI 
LE/NSS-09%20Monoammonium%20Phosphate.pdf 

Imas P., 2000. Integrated nutrient management for sustaining crop yields in calcareous soils. GAU-
PRII-IPI National Symposium, 19-22 th September, Junagadh, Gujarat, India. 

Kassem, H.A., Amal M. El-Kobbia, Hend A. Marzouk and M.M. El- Sebaiey, 2010. Effect of foliar 
sprays on fruit retention, quality and yield of Costata persimmon trees. Emir. J. Food Agric., 
22 (4): 259-274. 

Khalefa, A.M., 2007. Response of maize to application of microbial activator, sulphur and phosphotus 
to maize grown on a calcareous soil. J. Biol Chem. Sci., 2 (2): 165-188. 

Khan, A.A., G. Jilani, M.S. Akhtar, S.M.S. Naqvi, and M. Rasheed, 2009. Phosphorus Solubilizing 
Bacteria: Occurrence, Mechanisms and their Role in Crop Production. J. Agric. Biol. Science, 
1(1):48-58. 

Koontz H. and O. Biddulph, 1957. factors affecting absorption and translocation of foliar applied 
phosphorus. Plant Physio., 32(5): 463-470, Available at: 
https://doi.org/10.1104/pp.32.5.463NAVA G., M. N. Ciotta, and G. Brunetto, 2016. 'Fuji' apple 
tree response to phosphorus fertilization. Rev. Bras. Frutic., 39 (1) e- 369: 1-8. Available at: 
https://www.scielo.br/j/rbf/a/H9M7wwd6Cq4VHKQwjzHfVBN/?format=pdf&lang=en 

Liang, J.L., J. Liu, P. Jia, T. Yang, Q. Zeng, Sh. Zhang, B. Liao, W. Shu and J. Li1, 2020. Novel 
phosphate-solubilizing bacteria enhance soil phosphorus cycling following ecological 
restoration of land degraded by mining. ISME J., 14:1600-1613. Available at: https://doi 
.org/10.1038/s41396-020-0632-4. 

Mullins G.L. and F.J. Sikora, I990. Field evaluation of commercial monoammonium phosphate 
fertilizers, Fertilizer Research, 22: 1-6. 

Naeem, A., M. Akhtar, and W. Ahmad, 2013. Optimizing available phosphorus in calcareous soils 
fertilized with di-ammonium phosphate and phosphoric Acid using Freundlich adsorption 
isotherm. The Scientific World Journal, Article ID 680257. Available at: 
https://doi.org/10.1155/2013/680257 

Neilsen, G.H., D. Neilsen, P. Toivonen, and L. Herbert, 2008, Annual bloom-time phosphorus 
fertigation affects soil phosphorus, apple tree phosphorus nutrition, yield, and fruit quality. 
HortScience, 43(3):885-890. 

Park J., B. Nanthi, M. Megharaj and N. Ravi, 2010. Enhancing the solubility of insoluble phosphorus 
compounds by phosphate solubilizing bacteria. 19th World Congress of Soil Science, Soil 
Solutions for a Changing World. 1st - 6th August 2010, Brisbane, Australia. Published on DVD. 



Middle East J. Appl. Sci., 11(4): 1027-1037, 2021 
EISSN: 2706 -7947    ISSN: 2077- 4613                                        DOI: 10.36632/mejas/2021.11.4.80 

1037 

Available at: https://www.iuss.org/19th%20WCSS/Symposium/pdf/1512.pdf 
Perazzoli, B.E., V. Pauletti, M. Quartieri, M. Toselli and Fatima L. Gotz, 2020 Changes in leaf nutrient 

content and quality of pear fruits by biofertilizer application in northeastern Italy Rev. Bras. 
Frutic., Jaboticabal, 42(1):(e-530). 

Peterson, J.M., 1999. Soil home study course; Soils - Part 8: Characteristics of Fertilizer Materials. 
Plant & Soil Sciences eLibrary. Univeersity Nebraska Cooperative Extension, Institute 
Agriculture and Natural Resources. 

             Available at: https://passel2.unl.edu/view/lesson/d01bf6ce5f62 
Pizzeghello, D., M. Schiavon, Laura Maretto, P. Stevanato, A. Ertani, A. Altissimo and S. Nardi, 2019. 

Short-Term application of polymer-coated mono-ammonium phosphate in a calcareous soil 
affects the pools of available phosphorus and the growth of Hypericum x moserianum (L.). 
Front. Sustain. Food Syst., 3, 4: 1-11. Available at: https://doi.org/10.3389/fsufs.2019.00004 

Raese J.T., 1998. Response of apple and pear trees to nitrogen, phosphorus, and potassium fertilizers. 
J. Plant Nutr., 21(12): 2671-2696. 

Rajasekar, M., D. Udhaya Nandhini and S. Suganthi, 2017. Supplementation of mineral nutrients 
through foliar spray. Int. J. Curr. Microbiol. App. Sci., 6(3): 2504-2513. 

Reaves, R. 1998. Irrigation survey reveals impressive growth in irrigation. Irr. J., 47(1):27-42.  
Schiavon D.M., L. Maretto, P. Stevanato, A. Ertani, A. Altissimo and S. Nardi, 2019. Short-Term 

application of polymer-coated mono ammonium phosphate in a calcareous soil affects the pools 
of available phosphorus and the growth of Hypericum x moserianum (L.). Front. Sustain. Food 
Syst., Available at: https://doi.org/10.3389/fsufs.2019.00004 

Reddy, S.E. and A.M., Majmudar, 1983. Response of mango (Mangifera indica L) to foliar application 
of phosphorus, Fertilizer Research, 4:281-285.  

             Available at: https://link.springer.com/content/pdf/10.1007/BF01049484.pdf 
Saeid, A., E. Prochownikm and J. Dobrowolska-Iwanek, 2018. Phosphorus Solubilization by Bacillus 

Species. Molecules, 23(11): 2897. Available at: 
              https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6278551/pdf/molecules-23-02897.pdf 
Schreiner, R.P., 2010. Foliar sprays containing phosphorus (P) have minimal impact on 'Pinot noir' 

growth and P status mycorrhizal colonization and fruit quality. Hortscience, 45(5):815—821. 
Available at: https://doi.org/10.21273/HORTSCI.45.5.815 

Shaheen Shereen, A., 2015. Effect of using some sources of phosphorus on flowering, fruiting and 
productivity of olive trees. World J. Agric. Sci. 15 (3): 103-113.  

            Available at: https://www.idosi.org/wjas/wjas15(3)19/1.pdf 
Shaltout, A.D., 1987. 'Florida prince' a promising peach cultivar recently introduced to Egypt. Bull. 

Faculty of Agriculture Cairo Univ., 38: 381-391. https://doi.org/10.3390/molecules23112897 
Song, J., L. Min, J. Wu, Q. He, F. Chen and Y. Wang, 2021. Response of the microbial community to 

phosphate-solubilizing bacterial inoculants on Ulmus chenmoui Cheng in Eastern China. PLoS 
ONE 16(2): e0247309. Available at: https://doi.org/10.1371/journal.pone.0247309 

Statista, 2019. Global fruit production in 2019 by selected variety.  
             Available at: https://www.statista.com/statistics/264001/worldwide-production-of-fruit-by-

variety/ 
Taalab, A.S., G.W. Ageeb, Hanan S. Siam and Safaa A. Mahmoud, 2019. Some Characteristics of 

Calcareous soils. A review. Middel East J. Agr. Res., 8(1):96-105. 
Veberic, R., D. Vodnik and F. Stampar, 2005. Influence of foliar-applied phosphorus and potassium on 

photosynthesis and transpiration of 'Golden Delicious' apple leaves (Malus domestica Borkh.). 
Acta Agric. Slovenica, 85(1): 143 - 155.  

            Available at: https://www.dlib.si/stream/URN:NBN:SI:DOC-H1D3PAWA/5cd77d8e-1258- 
4fe5-9163-d238bdd7f127/PDF 

Young, C., 1990. Effects of phosphorus-solubilizing bacteria and vesicular-Arbuscular mycorrhizal 
fungi on the growth of tree species in subtropical-tropical soils. Soil Sci. Plant Nutr., 36 (2): 
225-231. 

 
 
 

 




