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ABSTRACT 
Combination between plant growth promoting rhizobacteria; 

Paenibacillus polymyxa and two phosphate dissolvers; Bacillus 
megaterium and arbiscular mycorrhizal fungi AM (Glomus mosseae) 
were applied to the rock-phosphate amended soil in two field 
experiments during 2005 and 2006 seasons. Interaction effects 
between those biofertilizers application and foliar spraying with boron 
on some microbial activities, growth characteristics as well as fruit 
yield and quality of squash were studied. Significant positive effects 
were obtained of dehydrogenase, phosphatase, and N2-ase activities as 
well as nitrogen forms, available phosphorous and soluble potassium 
in rhizosphere of squash after inoculation with P. polymyxa. Also, 
dual inoculation of P. polymyxa with either AM or B. megaterium 
gave maximum values of all microbial activities and available N, P 
and K in squash rhizosphere in both seasons especially when foliar 
spraying with boron was applied. Meanwhile, application of both dual 
inoculants either alone or with boron spraying led to considerable 
improvement in growth characteristics, photosynthetic pigments as 
well as biochemical composition of squash plants when compared 
with untreated ones. Also, dual inoculation with P. polymyxa and AM 
increased gibberellins and auxins content in squash leaves while, co-
inoculation with P. polymyxa and B. megaterium increased 
cytockinins content either in the presence or absence of boron 
spraying. However, boron has positive effect on endogenous 
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phytohormones particularly in the inoculated plants with biofertilizers. 
Similar positive trend was observed in sex ratio; early fruit yield and 
total yield with good quality of fruits especially when dual inoculation 
combined with boron foliar spraying were applied. Obtained results 
confirm the positive influence of co-inoculation with plant growth 
promoting rhizhobacteria as an active tool to improve squash fruit 
yield and quality as well, also, support the role of boron for enhancing 
biofertilization performance.  

Key words: Biofertilizers, mycorrhizae, P. polymyxa, B. megaterium, 
boron, squash, chlorophyll, endogenous hormones, sex 
ratio, early yield, fruit quality  

 
INTRODUCTION 

Nowadays, biofertilizers considered the most advanced 
biotechnology can increase the output, improve the quality and it is 
responsible for developing organic, green and non-pollution 
agriculture. Also, biofertilizers contain a variety of beneficial 
microorganisms and enzymes which accelerate and improve plant 
growth and protect plants from pests and diseases. Completely 
fermented organic matters, resulted in biofertilizers improve the 
physical properties of soils; enrich air aeration, water and nutrients 
retention capacity. Biofertilizers provide the cultivated plants with the 
macro as well as micronutrients, required for healthy growth 
therefore, improve yield and quality of agricultural crops, and reduce 
the overall cost of chemical fertilizers as well pesticides application, 
based on yield (Shehata and El- Khawas, 2003). Clearly, there is an 
urgent need for sustainable agricultural practices on a global level. To 
overcome the ecological problems resulting from the loss of plant 
nutrients and to increase crop yield, microorganisms that allow more 
efficient nutrients use or increase nutrients availability can provide 
sustainable solutions for present and future agricultural practices (Rai, 
2006). An alternative approach for using of phosphate-solubilizers as 
a microbial inoculants is the use mixed cultures or co-inoculation with 
other microorganisms. On the other hand, it has been postulated that 
some phosphate solubilizing bacteria behave as mycorrhizal helper 
bacteria. Similarly, bacteria and their growth or activities are affected 
by fungi and their exudates in rhizosphere (Olsson et al., 1996). Some 
bacteria such as Paenibacillus polymyxa (previously Bacillus 
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polymyxa Ash et al., 1994) also provide plants with growth promoting 
substances. These bacteria almost exclusively associated with not only 
the rhizosphere of mycorrhizal plants but also the mycelium of the 
AM fungus (Mansfeld-Giese et al., 2002). A promising trend for 
increasing the efficiency of biofertilizers was studied by using 
different mixture of nitrogen fixing bacteria, phosphate solubilizers 
and potassium solubilizer. Wu et al. (2005) found that application of 
triple inoculants not only increased nutritional assimilation of plant, 
but also improved soil properties. This was observed that half the 
amount of biofertilizers application had similar effects when 
compared with organic fertilizer or chemical fertilizer treatments. In 
Egypt, however, there is a dire need to make availabilities of co-
inoculation with biofertilizers and transfer the technology to farmers. 

The Egyptian alluvial soils are thought to be deficient in 
microelements as a result of low percentage of organic matter, 
addition of NPK fertilization without considering micro-elements 
needs and the alkaline conditions of soil which decrease the 
availability of some trace elements such as Fe, Mn, Cu, B and Zn. In 
addition, many roles for boron in plants have been proposed, including 
functions in sugar transport, cell wall synthesis, cell wall structure, 
carbohydrate metabolism, RNA metabolism, respiration, indole acetic 
acid metabolism, phenol metabolism and membrane transport. Also, 
boron has a role in cell division and hence helps in root elongation 
(Blevins and Lukaszewski, 1994). Boron caused a gradual 
hyperpolarization of the plasma membrane in root tips and stimulate 
proton secretion and the activity of plasma membrane NADH oxidase. 
Thus, boron could be directly associated with cell growth. (Goldbach 
et al., 1990). 

Therefore, the present investigation was undertaken to study the 
response of squash (Cucurbita pepo L.) for dual inoculants of plant 
growth promoting rhizobacteria with either endomycorrhizal fungi or 
P-solubilizing bacteria in presence of rock phosphate and their 
interaction effects with foliar application by boron on growth, yield 
and yield components of squash. 
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MATERIAL AND METHODS 
Two field experiments were conducted at the Agricultural 

Research and Experimental Center, Fac. of Agric. Moshtohor during 
2005 and 2006 seasons to study the interaction effect between foliar 
spraying with boron and two phosphate dissolvers; B. megaterium var. 
phosphaticum and endomycorrhizal fungi (Glomus mosseae) 
combined with plant growth promoting rhizhobacteria (Paenibacillus 
polymyxa) on microbial activities, growth, endogenous 
phytohormones and yield of squash (Cucurbita pepo L.). Mechanical 
and chemical analyses of the experimental soil are presented in Table 
(A). Mechanical and chemical analyses were estimated according to 
Jackson (1973) and Black et al (1982), respectively. 

  
Table A. Mechanical and chemical analyses of the experimental soil. 

    Mechanical analysis 

Soil particles Unit 
Seasons 

2005 2006 
Coarse sand % 13.15 16.41 
Fine sand % 13.24 12.36 
Silt % 15.50 16.60 
Clay % 58.11 54.63 
Textural class  Clay Clay 

Chemical analysis 

Parameters Unit 
Seasons 

2005 2006 
Organic matter % 1.67 2.06 
Available N  ppm 61.4 67.3 
Available P ppm 7.8 6.9 
Available K ppm 21.5 30.7 
CaCo3 % 0.51 0.57 
Iron ppm 22.8 24.0 
Zinc ppm 2.27 3.78 
Manganese ppm 12.70 15.80 
Copper ppm 2.42 2.29 
Boron ppm 12.0 16.0 
pH  7.94 8.08 

Bacterial inocula 
Paenibacillus polymyxa and B. megaterium var. phosphaticum 

(pure local strains) were obtained from Biofertilizers Production Unit, 
Soil & Water and Environment Res. Inst., Agric., Res. Center, Giza, 
Egypt. The selected two bacterial strains were individually propagated 
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in nutrient broth medium and incubated on a rotary shaker (180 rpm) 
at 30˚C for 5 days. In dual inoculants, equal volumes of the 
suspensions obtained (about 108 cells/ml from each) were mixed with 
sterilized peat moss at the rate of 2:1 (V/W) under aseptic conditions. 
Arabic Gum (16%) was applied to the seeds as an adhesive agent 
before mixing with peat inoculants. Each inoculum was used at a rate 
of 400 g/fed and thoroughly mixed with the seeds, the coated seeds 
were left to air-drying in shade, then the seed became ready for 
sowing.  
Mycorrhizal inoculation  

Mycorrhizal fungus (Glomus mosseae) was obtained from Agric. 
Microbiol. Dept., Soils, Water and Environment Res. Inst., Agric. Res. 
Center, Giza, Egypt. Spores of the fungus were extracted by a wet-
sieving and decanting technique (Gerdemann and Nicolson, 1963) 
from rhizosphere soil of onion inoculated with AM fungus Glomus 
mosseae and grown for 4 months. The extracted spore suspension 
containing about 150-200 spores/ ml was used as a standard inoculum 
(20 ml/m2) for the mycorrhizal treatments. 

With respect to foliar spraying treatments, boric acid (17% boron) 
was used as a source of boron in a concentration of 25 ppm (0.148 
g/L). The amount of boric acid was used at a rate of 200 L/fed by 
spraying onto the plants at the 30th and 60th day from planting. 
Determination of phosphate solubilizers efficiency 

Paenibacillus polymyxa and B. megaterium var. phosphaticum 
were tested for their efficiency in phosphate solubilizing on 
Pikovskaya (1948) medium where rock phosphate was replaced 
instead of tricalcium phosphate. The solubilization and growth 
diameter were measured after 5 days from incubation at 30˚C. The 
results are expressed as solubilization efficiency (SE) where: 

  Solubilization diameter ×100 
SE =  
      Growth diameter 

Table B. Solubilization efficiency (SE) of the tested bacteria  

Strains Solubilization efficiency 
Tricalcium-P Rock-P 

Paenibacillus polymyxa 188.33 175.42 

Bacillus  megaterium 228.57 241.05 
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Experimental design 
 The experiment consisted of eight treatments of biofertilizers 

and boron foliar application arranged in a split plot design with three 
replicates. The main plots were assigned to boron foliar application 
while, the inoculation and uninoculation treatments were randomly 
distributed in the sub plots. The plot area was 1/200 fed, 21 m2 
(3×7m) with three ridges which were 1m width and 7m length. Before 
cultivation, all inoculated treatments were supplied with 30 kg 
P2O5/fed as rock phosphate (26.4% P2O5) while, uninoculated 
treatments were fertilized with calcium superphosphate (15.5% P2O5) 
at the same dose. Inoculated and uninoculated seeds of squash were 
directly sown on the 20th and 23rd of January for 2005 and 2006 
seasons, respectively. All plots were fertilized with potassium sulphate 
(48% K2O) at the rate of 48 kg K2O/fed. Inoculated treatments were 
supplemented with a half dose of inorganic N-fertilizer (30 kg N/fed) 
as ammonium sulphate (20.5%N) while uninoculated treatments 
received full dose of inorganic nitrogen (60 kg N/fed). Potassium and 
nitrogen fertilizers were applied in two equal doses, at the first 
irrigation (3 weeks from sowing) and at the beginning of flowering.  
Determinations 

Microbial activities of the plants rhizhosphere after 30 and 60 
days from sowing were conducted. The samples were analyzed for 
dehydrogenase activity according to the method described by Casida 
et al. (1964) while nitrogenase activity was estimated according to 
Hardy et al. (1973). Phosphatase activity was determined by the 
method given by Drobnikova (1961). Mycorrhizal infection was 
microscopically estimated on a sample of fresh root as described by 
Giovannetti and Mosse (1980) after clearing and staining (Phillips and 
Hayman, 1970). After 50 days from planting, rhizosphere samples 
were analyzed for NH4-N and NO3-N according to Bremner and 
Keeny (1965), available phosphorus according to (A.P.H.A, 1992) and 
available potassium according to Chapmen and Pratt (1961). 
Growth parameters and chemical constituents 

At the middle of fruit picking stage (50 days from sowing) four 
plants were chosen at random from each plot to measure stem length 
(cm), stem diameter (cm), number of leaves/plant, dry weight of stem 
and leaves (g/plant) and leaf area(cm2/plant) using the disk method 
according to Koller (1972). Photosynthetic pigments were 
calorimetrically determined as described in A.O.A.C. (1990). Total 
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sugars and total carbohydrates were determined according to Thomas 
and Dutcher (1924) and Dubois et al. (1956), respectively. Total 
nitrogen, phosphorous, potassium, magnesium and boron were 
determined according Chapmen and Pratt (1961) while, crude protein 
was determined according A.O.A.C. (1990). Endogenous 
phytohormones were quantitatively determined in squash leaves 
during 2006 season according Koshioka et al. (1983) for auxin, 
gibberellic acid and abscisic acid while, cytokinins were determined 
according to Nicander et al. (1993). 
Yield and yield components 

For the sex ratio, number of male and female flowers were 
recorded through the growing season to determine the sex ratio 
(male/female flowers). Number of early fruits (number of first four 
pickings)/plant, early yield (g/plant), total fruits/plant and total yield 
(kg/plant) were recorded. Total soluble solids was measured in the 
juice of squash fruit by using a hand refractometer while, both vitamin 
C content and titratable acidity were determined according A.O.A.C. 
(1990).  

Data obtained in this study were subjected to statistical analysis 
according to Snedecor and Cochran (1980). 

 
RESULTS AND DISCUSSION 

Phosphate-solubilization 
Solubilization efficiency of tricalcium phosphate and rock 

phosphate by P. polymyxa and B. megaterium was shown in Table 
(B). Both strains were able to solubilize of phosphate effectively from 
tricalcium phosphate or rock phosphate. P. polymyxa showed 
relatively higher solubilization efficiency and hence it was used as 
phosphate solubilizer beside its role as N2-fixer. Subrahmaniyan et al. 
(2000) and Muthukumar and Udaiyan (2006) found that P. polymyxa 
play an important role in phosphate solubilization.  
Microbial activities 

Data in Table (1) show the determination of enzymatic activities 
in rhizosphere of squash plants. Dehydrogenase activity (DHA) 
represents the energy transfer, therefore, it is considered as an index of 
overall microbial activity in the soil. Inoculation with P. polymyxa 
increased DHA than uninoculated ones. This may due to P. polymyxa 
that play an important role as plant growth promoting rhizobacteria 
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via P-solubilization (Muthukumar and Udaiyan, 2006) or N2-fixation 
(El-Howeity et al., 2003). This might led to accumulate available 
nutrients and stimulate the microorganisms in rhizosphere soil. 
Moreover, combination of mycorrhiza or B. megaterium with P. 
polymyxa recorded the highest DHA either with or without boron 
application.  

Concerning phosphatase activity, using soluble P-fertilizer in 
uninoculated treatments decreased phosphatase activity than those 
treatments fertilized with insoluble-P as rock phosphate. This may due 
to the P cycle enzyme activities are inversely related to P-availability 
and when P is a limiting nutrient its demand increases, resulting in an 
increase in phosphatase activity in the presence of P-solubilizers 
(Vazquez et al., 2000). Also, dual inoculation especially with P. 
polymyxa and AM gave maximum values of phosphatase activity. 
There are positive interactions between bacteria such as Bacillus and 
mycorrhizae as a good co-inoculation system (Vivas et al., 2003). 

Data in Table (1) also show that relatively high of N2-ase activity 
was observed in squash treatments inoculated with P. polymyxa. 
However, the highest N2-ase activity was observed in co-inoculation 
treatments with P. polymyxa and either AM or B. megaterium. Many 
investigators demonstrated the positive effect of dual inoculation with 
N2-fixer and P-solubilizer on N2-ase activity (Hauka, 2000 and El-
Komy, 2005). On the other hand, data also show that mycorrhizal root 
infection percentage was high in inoculated plants with AM. 
Moreover, uninoculated plants have low percentage of mycorrhizal 
infection which indicates that the native AM are presented in the soil 
but in a low density. These results may be attributed to the presence of 
rock-P as P-fertlizer that may encourage VAM in inoculated 
treatments than uninoculated plants which received insoluble-P 
(Vazquez et al., 2000). 

Concerning boron application, data showed that there were 
slightly increases in DHA, phosphatase and N2-ase activities by 
spraying of boron. Also, there was no effect of boron on mycorrhizal 
infection of squash root in the two seasons.   
Available N, P and K in squash rhizosphere 

According to the results obtained in Table (2), significant 
increases in available N, P and K were observed when squash plans 
inoculated with P. polymyxa individually or with either AM or B. 
megaterium compared to uninoculated plants.  
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Mixed culture of P. polymyxa and B. megaterium exhibited 
maximum increases of ammoniacal and nitrate nitrogen content while 
combination of P. polymyxa with AM recorded the highest values of 
available-P and K either without or with boron application in the two 
seasons. This may be attributed to the high rates of mycorrhizal root 
infection, which observed with mycorrhizal inoculated treatments that 
attributed with maximum phosphatase values (Table 1). These results 
are in agreement with those reported by Mehasen et al. (2002) who 
found that available-P content was increased when the plants were 
inoculated with mycorrhiza and amended with rock phosphate. Han et 
al. (2006) also reported that co-inoculation with Bacillus and 
phosphate solubilizer in the presence of rock-P increased the 
availability of phosphorus and potassium in the soil. On the other 
hand, Boron application had no significant increases on available N, P 
and K in uninoculated plants, while significant increases were 
observed with all inoculated treatments. This may be due to the 
positive effect of interaction between inoculation and boron on soil 
enzymes activities that was observed in Table (1). Data also indicated 
that dual inoculation with P. polymyxa and B. megaterium gave 
maximum values of ammoniacal and nitrate nitrogen comparison with 
combination between P. polymyxa and mycorrhizal plants either 
without or with boron application. These observations are in harmony 
with those obtained by Zaghloul et al. (2002). 
Growth parameters 

The growth parameters of squash plants as stem length, diameter 
and dry weight, leaves number, area and dry weight per plant were 
significantly increased by all biofertilizers application (Table 3). 
Maximum stimulatory effect of the biofertilizers was existed in plants 
treated with P. polymyxa and AM followed by dual inoculation with 
the two bacterial strains. In this regard, Rai (2006) reported that P. 
polymyxa may possess a great variety of properties that are of interest 
in the development of biofertilizers including N2-fixation, P-
solubilization, production of growth promoting plant hormones 
especially cytokinins and production of antibiotics as well as 
improvement of soil porosity. So, P. polymyxa is a good example of 
bacteria, which may warrant further study due to their highly diverse 
and potential beneficial effects on plant growth. Also, Abou-Aly and 
Gomaa (2002) and Giri and Mukerji (2004) found that AM 
individually or in combination with N2-fixer had a positive effect on 
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plant growth. Moreover, the stimulatory effect of P-solubilizers can be 
attributed to the absorption of nutrients by plants especially P from the 
soil as previously observed in Table (2).  

On the other hand, boron application has a positive effect on all 
growth parameters for all treatments especially in the presence of 
biofertilizers. This may be due to enhancement of boron to sugar 
synthesis and translocation from plant leaves which in turn may 
activate the photosynthesis and led to an increase in plant growth 
(Blevins and Lukaszewski, 1994). Also, Goldbach et al. (1990) 
reported that boron has a role in activation of cell division and cell 
elongation, which might be attributed to an increase in leaf area. 
Photosynthetic pigments and chemical constituents 

Results in Tables (4 & 5) show the effect of inoculation with P. 
polymyxa singly or in combination with AM or B. megaterium in the 
presence of boron application on chlorophyll and carotenoids contents 
(Table 4) as well as chemical constituents of squash plants (Table 5). 
It is evident from the obtained data that plants inoculated with AM or 
B. megaterium combined with P. polymyxa gave the highest 
photosynthesis pigments and nutrients content either with or without 
boron application. In this respect, Abou-Aly and Gomaa (2002) stated 
that mixed biofertilizers increased both nutrients content and leaf 
chlorophyll concentration than control. Also, Han et al. (2006) found 
that the integrated treatment of co-inoculation with P-solubilizers and 
application of rock-P significantly increased leaf photosynthesis over 
the control.  

Furthermore, the maximum enhancement was observed in plants 
dually inoculated and sprayed with boron. In this respect, Fathy 
(1995) found that boron increased chlorophyll and nutrients content in 
tomato plants. The enhancing effect of boron on chlorophyll content 
may be due to boron increased total sugar (Table 5) and the latter are 
essential for chlorophyll formation.  

Generally, these results considered as a good explanation to the 
obtained data regarding the favorable role of P-solubilizers and boron 
on growth parameters (Table 3). The availability of N and P for plant 
growth due to P. polymyxa and AM or B. megaterium led to large 
increase in the rate of photosynthesis which is sufficient to support 
plant growth.  Moreover, the enhancing effect of biofertilizers and 
boron on growth and photosynthesis characters (Tables 3&4) may 
explain the increase in total carbohydrates in plants (Table 5). 
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Endogenous phytohormones 
Endogenous phytohormones of squash plants as affected by the 

interaction between biofertilizers and boron are shown in Table (6). 
According to these results, all promoters (gibberellins, auxins and 
cytokinins) were improved by using biofertilizers either without or 
with boron application, yet; only the growing inhibitor abscisic acid 
was decreased. Dual inoculation with P. polymyxa and P-solubilizers 
gave the highest values of phytohormones. Application of AM in the 
dual inoculation recorded maximum values of gibberellins and auxins 
while, combination of B. megaterium and P. polymyxa gave the 
highest values of cytokinins content than that mixed with AM. Many 
investigators reported the role of plant growth promoting rhizobacteria 
such as Paenibacillus polymyxa and B. megaterium as well as 
mycorrhiza in the production of hormones such as gibberellins, auxins 
and cytokinins (Brian, 2004; Timmusk et al., 2005 and Rai, 2006). On 
the other hand, the growth inhibitor; abscisic acid was decreased with 
using phosphate-solubilizers especially AM without boron application 
while in the presence of boron, dual inoculation of P. polymyxa and B. 
megaterium recorded maximum reduction of abscisic acid. Generally, 
application of boron in the presence of biofertilizers improved 
endogenous phytohormones of squash plants. 
Yield and yield components 

Data illustrated in Table (7) show that inoculation with P. 
polymyxa singly or in combination with AM or B. megaterium 
significantly decreased the number of male flowers but increased the 
number of female flowers and in turn decreased sex ratio compared 
with the untreated control or application of boron only. Maximum 
decrease of sex ratio was obtained in dual inoculation treatments. In 
this respect, El-Assiouty and Abo-Sedera (2005) found that sex ratio 
was significantly affected by biofertilizers especially when dual 
inoculation was applied. Moreover, data showed that, early and total 
fruits as well as early and total yield significantly increased in 
response to biofertilizer application compared to control. Also, boron 
has positive effect on the same parameters. 

It may be stated that under such this work conditions, the 
stimulatory effect of used dual inoculation and boron treatments on 
squash fruit yield would be expected since the assigned treatments 
promoted microbial activities (Tables 1&2), growth parameters (Table 
3), increased photosynthetic pigments (Table 4), increased nutrients 
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content and total sugar and carbohydrates (Table 5) as well as 
endogenous phytohormones (Table 6) as previously resulted and 
discussed in this work.  

Concerning the fruit quality, data presented in Table (8) show the 
same positive trend. Since inoculation with P. polymyxa individually 
or combined with AM or B. megaterium improved vitamin C, total 
soluble solids and titratable acidity of fresh squash fruits. Also, 
slightly increase in fruit quality was obtained when boron was applied. 
In this respect, Rai (2006) reported that applied of rock-phosphate 
with P-solubilizers especially B. megaterium increased sugarcane 
yield and also, improved the juice quality. 
 
Table (8). Some chemical fruit quality of squash as affected by 

biofertilizers and boron application in two seasons.  

Treatments 

Vitamin C 
mg/100 g fresh 

weight 

Total soluble 
solids (%) 

Titratable 
acidity 
 (%) 

S1 S2 S1 S2 S1 S2 

Without boron addition 
NPK-fertilization 18.10 18.00 4.75 4.80 0.475 0.490 
P. polymyxa 18.75 18.75 5.15 5.30 0.497 0.507 
P. polymyxa +AM 19.50 18.25 5.50 5.28 0.511 0.525 
P. polymyxa +PSB 19.52 19.15 5.75 5.35 0.512 0.585 

Foliar spray with boron 
NPK-fertilization 17.69 19.15 4.60 4.90 0.477 0.506 
P. polymyxa 17.63 18.95 4.90 5.20 0.495 0.550 
P. polymyxa +AM 19.62 19.85 5.85 5.46 0.520 0.550 
P. polymyxa +PSB 18.97 19.25 5.30 5.41 0.531 0.570 
LSD at  5% 1.25 1.30 0.30 0.40 0.02 0.04 

  
Generally, the present study is strongly admit the use of phosphate 

solubilizing microorganisms as an active tool to improve microbial 
activities and nutrients content, consequently, growth performance 
was  improved as well. In addition, dual inoculation in the presence of 
boron spraying increased plant growth, endogenous phytohormones 
and yield of squash. Also, phosphate solubilizing microorganisms play 
an important role in plant nutrition and allowing use of cheaper crude 
P sources such as rock-phosphate instead of superphosphate, while 
plant growth promoting microbes are an important contributor to 
biofertilization of agricultural crops.  
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تأثير التفـاعل بين الميكروبات المذيبة للفوسفات والبورون على النمـو 
  والهرمونات الداخلية و محصول نبات الكوسه

  
  **سمير عبد االله محمد موسى - *محمد أحمد ماضى - *حامد السيد أبوعلى

 مصر –جامعة بنها  –كلية الزراعة  –قسم النبات الزراعى *   
  مصر -الجيزة –مركز البحوث الزراعية –اه والبيئة معهد بحوث الأراضى والمي** 

  
               تــم اســتخدام لقــاح ٢٠٠٦، ٢٠٠٥فــى تجــربتين حقليتــين خــلال موســمى 

P. polymyxa      سواء مع الميكــــوريزا الداخــلية(G. mosseae)   أوالبكتريـا
الـرش   فـى وجـود  لدراسة تأثير التفاعل بينهم  (B. megaterium)المذيبة للفوسفات 

صـفات  بعض الأنشـطة الميكروبيـة و   الفوسفات الصخرى على  مع استخدامبالبورون 
  .المورفولوجية و الفسيولوجية و كذلك إنتاجية وجودة نبات الكوسة

و قد أظهرت النتائج وجود تأثيرات ايجابية معنوية بالنسبة للنشاط الميكروبـى فـى   
التربة متمثلا فى  نشاط انزيم الديهيدروجينيز و الفوسفاتيزو النيتروجينيز و كذلك صـور  
النيتروجين النتراتى و الأمونيومى و الفوسفور الميسر و البوتاسيوم الذائب فـى منطقـة   

وقد أعطى التلقيح المزدوج .  P. polymyxaببكتريا   حالة التلقيح الريزوسفير و ذلك فى
أعلى قـيم  للأنشـطة     B. megaterium الميكوريزا أو مع كل من P. polymyxaبـ 

الميكروبية ومحتوى التربة من العناصر الميسرة فى كلا الموسمين خاصة عنـد  الـرش   
   .بالبورون مقارنة بالمعاملات التى لم ترش بالبورون

وقد أظهرت النتائج أيضا أن التلقيح المزدوج بكل من اللقاحين سواء بمفرده أو فـى  
وجود البورون أدى إلى تحسين صفات النمو الخضرى و كذلك صبغات البناء الضـوئى  

 P. polymyxaأيضا، أدى التلقيح بـ . والمكونات الكيماوية مقارنة بالنباتات الغير ملقحة
لأكسين بينمـا أدى التلقـيح    ين وامحتوى النباتات من الجبر يلل مع الميكوريزا إلى زيادة

سواء فى وجود  أو عـدم وجـود    B. megateriumمع   P. polymyxaالمزدوج بـ 
البورون إلى زيادة محتوى النبات من السيتوكينين، علاوة على ذلك فإن البورون كان له 

اتية خاصة مع الـتلقح بـأى مـن    أثر إيجابى فى زيادة محتوى النبات من الهرمونات النب
أيضا أدى التلقيح  المزدوج خاصة مع الميكوريزا فى وجود  الرش بالبورون .  اللقاحين

إلى تحسين واضح فى النسبة الجنسية والتبكير فى الثمار والتبكير فى الإنتاج وكذلك الناتج 
ل لمخاليط الأسـمدة  ولقد أكدت هذه النتائج التأثير الفعا .الكلى مع تحسن فى جودة الثمار

الحيوية وخاصة المحتوية على مذيبات الفوسفور مع التسميد بالصـخر الفوسـفاتى فـى    
تحسين إنتاجية وجودة نباتات الكوسة،  وأثبتت النتائج أيضا أهمية عنصر البـورون فـى   

  .تحسين كفاءة التسميد الحيوى
  
  
  


