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ABSTRACT

Combination between plant growth promoting rhizadbaa;
Paenibacillus polymyxa and two phosphate dissolver&acillus
megaterium and arbiscular mycorrhizal fungi AM5{omus mosseae)
were applied to the rock-phosphate amended soiltwia field
experiments during 2005 and 2006 seasons. Interacsffects
between those biofertilizers application and fosipraying with boron
on some microbial activities, growth characterstas well as fruit
yield and quality of squash were studied. Significpositive effects
were obtained of dehydrogenase, phosphatase, aadd\activities as
well as nitrogen forms, available phosphorous asidibde potassium
in rhizosphere of squash after inoculation with polymyxa. Also,
dual inoculation ofP. polymyxa with either AM or B. megaterium
gave maximum values of all microbial activities aahilable N, P
and K in squash rhizosphere in both seasons efipestaen foliar
spraying with boron was applied. Meanwhile, appiaraof both dual
inoculants either alone or with boron spraying tedconsiderable
improvement in growth characteristics, photosynth@igments as
well as biochemical composition of squash plantemwltompared
with untreated ones. Also, dual inoculation withpolymyxa and AM
increased gibberellins and auxins content in sqleasves while, co-
inoculation with P. polymyxa and B. megaterium increased
cytockinins content either in the presence or atxseaf boron
spraying. However, boron has positive effect on ogedous
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phytohormones particularly in the inoculated plamith biofertilizers.

Similar positive trend was observed in sex raterjyefruit yield and

total yield with good quality of fruits especiallyhen dual inoculation
combined with boron foliar spraying were appliedbt@ned results
confirm the positive influence of co-inoculation tiviplant growth
promoting rhizhobacteria as an active tool to imprequash fruit
yield and quality as well, also, support the rdidaron for enhancing
biofertilization performance.

Key words: Biofertilizers, mycorrhizaeR. polymyxa, B. megaterium,
boron, squash, chlorophyll, endogenous hormoneas, se
ratio, early yield, fruit quality

INTRODUCTION

Nowadays, biofertilizers considered the most adednc
biotechnology can increase the output, improvedbality and it is
responsible for developing organic, green and mahson
agriculture. Also, biofertilizers contain a varietgf beneficial
microorganisms and enzymes which accelerate andoirapplant
growth and protect plants from pests and diseaSesnpletely
fermented organic matters, resulted in bioferttszemprove the
physical properties of soils; enrich air aeratisrgter and nutrients
retention capacity. Biofertilizers provide the owated plants with the
macro as well as micronutrients, required for Hwsaltgrowth
therefore, improve yield and quality of agricultucaops, and reduce
the overall cost of chemical fertilizers as welkpeides application,
based on yield (Shehata and El- Khawas, 2003).ri¢dhere is an
urgent need for sustainable agricultural practames global level. To
overcome the ecological problems resulting from kbes of plant
nutrients and to increase crop yield, microorgasishat allow more
efficient nutrients use or increase nutrients amlity can provide
sustainable solutions for present and future afjual practices (Rai,
2006). An alternative approach for using of phospisalubilizers as
a microbial inoculants is the use mixed culturesainoculation with
other microorganisms. On the other hand, it has lpestulated that
some phosphate solubilizing bacteria behave as miyzal helper
bacteria. Similarly, bacteria and their growth otiaties are affected
by fungi and their exudates in rhizosphere (Olssta., 1996). Some
bacteria such asPaenibacillus polymyxa (previously Bacillus
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polymyxa Ash et al., 1994) also provide plants with growth promoting
substances. These bacteria almost exclusively iassdavith not only
the rhizosphere of mycorrhizal plants but also iingcelium of the
AM fungus (Mansfeld-Giesest al., 2002). A promising trend for
increasing the efficiency of biofertilizers was dird by using
different mixture of nitrogen fixing bacteria, plppste solubilizers
and potassium solubilizer. Wai al. (2005) found that application of
triple inoculants not only increased nutritionakiaslation of plant,
but also improved soil properties. This was obs#rtleat half the
amount of biofertilizers application had similar fegts when
compared with organic fertilizer or chemical ferr treatments. In
Egypt, however, there is a dire need to make awétlas of co-
inoculation with biofertilizers and transfer thehaology to farmers.

The Egyptian alluvial soils are thought to be defit in
microelements as a resoft low percentage of organic matter,
addition of NPK fertilization without considering ieno-elements
needs and the alkaline conditions of soil which relase the
availability of some trace elements such as Fe, Gin,B and Zn. In
addition, many roles for boron in plants have bgeposed, including
functions in sugar transport, cell wall synthesisll wall structure,
carbohydrate metabolism, RNA metabolism, respimatiodole acetic
acid metabolism, phenol metabolism and membramespiat. Also,
boron has a role in cell division and hence hetpsoot elongation
(Blevins and Lukaszewski, 1994). Boron caused adugh
hyperpolarization of the plasma membrane in rqud &ind stimulate
proton secretion and the activity of plasma membfdADH oxidase.
Thus, boron could be directly associated with getwth. (Goldbach
et al., 1990).

Therefore, the present investigation was underta&estudy the
response of squasiCycurbita pepo L.) for dual inoculants of plant
growth promoting rhizobacteria with either endomyhizal fungi or
P-solubilizing bacteria in presence of rock phosphand their
interaction effects with foliar application by bor@mn growth, yield
and yield components of squash.
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MATERIAL AND METHODS

Two field experiments were conducted at the Agticall
Research and Experimental Center, Fac. of Agricsiwahor during
2005 and 2006 seasons to study the interactioctdiitween foliar
spraying with boron and two phosphate dissolVBrsnegaterium var.
phosphaticum and endomycorrhizal fungi Glomus mosseae)
combined with plant growth promoting rhizhobactdifaenibacillus
polymyxa) on  microbial activities, growth, endogenous
phytohormones and yield of squasPugurbita pepo L.). Mechanical
and chemical analyses of the experimental soipagsented in Table
(A). Mechanical and chemical analyses were estitchatzording to
Jackson (1973) and Blaekal (1982), respectively.

Table A. Mechanical and chemical analyses of the parimental soil.
Mechanical analysis

. . . Seasons
Soil particles Unit 2005 2006
Coarse sant % 13.15 16.41
Fine sanc % 13.24 12.36
Silt % 15.5C 16.6C
Clay % 58.11 54.63
Textural class Clay Clay
Chemical analysis

P t Unit Seasons

arameters ni 2005 2006
Organic matter % 1.67 2.0¢
Available N ppm 61.4 67.3
Available P ppm 7.8 6.9
Available K ppm 215 30.7
CaCo; % 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 Bioferglig Production Unit,
Soil & Water and Environment Res. Inst., Agric.,.sR€enter, Giza,
Egypt. The selected two bacterial strains wereviddally propagated
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in nutrient broth medium and incubated on a rosdrgker (180 rpm)
at 30°C for 5 days. In dual inoculants, equal vatsmof the

suspensions obtained (abouf télls/ml from each) were mixed with
sterilized peat moss at the rate of 2:1 (V/W) urakaptic conditions.
Arabic Gum (16%) was applied to the seeds as amesagh agent
before mixing with peat inoculants. Each inoculumswsed at a rate
of 400 g/fed and thoroughly mixed with the seetig, ¢oated seeds
were left to air-drying in shade, then the seedabex ready for

sowing.

Mycorrhizal inoculation

Mycorrhizal fungus Glomus mosseae) was obtained from Agric.
Microbiol. Dept., Soils, Water and Environment Riest., Agric. Res.
Center, Giza, Egypt. Spores of the fungus wereaetdd by a wet-
sieving and decanting techniqgue (Gerdemann andI$diop 1963)
from rhizosphere soil of onion inoculated with AMnigus Glomus
mosseae and grown for 4 months. The extracted spore sisspen
containing about 150-200 spores/ ml was used #snaard inoculum
(20 ml/nf) for the mycorrhizal treatments.

With respect to foliar spraying treatments, bokag17% boron)
was used as a source of boron in a concentratidzb gfpm (0.148
g/L). The amount of boric acid was used at a rdte0®d L/fed by
spraying onto the plants at the™3nd 68" day from planting.
Determination of phosphate solubilizers efficiency

Paenibacillus polymyxa and B. megaterium var. phosphaticum
were tested for their efficiency in phosphate siizing on
Pikovskaya (1948) mediunwhere rock phosphate was replaced
instead of tricalcium phosphate. The solubilizatiand growth
diameter were measured after 5 days from incubaioB0°C. The
results are expressed as solubilization efficidi$ty) where:

Solubilization diameter x100

SE =
Growth diameter

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

Solubilization efficiency
Tricalciunm-P Rock-P

Paenibacillus polymyxa 188.33 175.42
Bacillus megaterium 228.57 241.05

Strains
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Experimental design
The experiment consisted of eight treatments ofekiilizers

and boron foliar application arranged in a spldatpdesign with three
replicates. The main plots were assigned to bootiarfapplication
while, the inoculation and uninoculation treatmewtsre randomly
distributed in the sub plots. The plot area was0Q/2ed, 21 rh
(3x7m) with three ridges which were 1m width and [émgth. Before
cultivation, all inoculated treatments were supplivith 30 kg
P,Os/fed as rock phosphate (26.4%,08) while, uninoculated
treatments were fertilized with calcium superph@gph15.5% FOs)
at the same dose. Inoculated and uninoculated sdestpuash were
directly sown on the 2band 23 of January for 2005 and 2006
seasons, respectively. All plots were fertilizedhapotassium sulphate
(48% KyO) at the rate of 48 kg #O/fed. Inoculated treatments were
supplemented with a half dose of inorganic N-fezeil (30 kg N/fed)
as ammonium sulphate (20.5%N) while uninoculateeattnents
received full dose of inorganic nitrogen (60 kgeédlf. Potassium and
nitrogen fertilizers were applied in two equal dgsat the first
irrigation (3 weeks from sowing) and at the begngnof flowering.
Determinations

Microbial activities of the plants rhizhosphereeafB0 and 60
days from sowing were conducted. The samples weatyzed for
dehydrogenase activity according to the methodrdest by Casida
et al. (1964) while nitrogenase activity was estimatedoatding to
Hardy et al. (1973). Phosphatase activity was determined by the
method given by Drobnikova (1961). Mycorrhizal ictien was
microscopically estimated on a sample of fresh wmdescribed by
Giovannetti and Mosse (1980) after clearing anohistg (Phillips and
Hayman, 1970). After 50 days from planting, rhidose samples
were analyzed for NHN and NQ-N according to Bremner and
Keeny (1965), available phosphorus according t® (A-A, 1992) and
available potassium according to Chapmen and Eratl).
Growth parameters and chemical constituents

At the middle of fruit picking stage (50 days frasowing) four
plants were chosen at random from each plot to uneagtem length
(cm), stem diameter (cm), number of leaves/plamtwkight of stem
and leaves (g/plant) and leaf areafpiant) using the disk method
according to Koller (1972). Photosynthetic pigmenigere
calorimetrically determined as described in A.O.A(C990). Total
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sugars and total carbohydrates were determineddingoto Thomas
and Dutcher (1924) and Dubo&t al. (1956), respectively. Total
nitrogen, phosphorous, potassium, magnesium andnbavere
determined according Chapmen and Pratt (1961) ytilede protein
was determined according A.O.A.C. (1990). Endogsnou
phytohormones were quantitatively determined in asfu leaves
during 2006 season according Koshiogaal. (1983) for auxin,
gibberellic acid and abscisic acid while, cytoksiwere determined
according to Nicandesat al. (1993).
Yield and yield components

For the sex ratio, number of male and female flewerre
recorded through the growing season to determirme stx ratio
(male/female flowers). Number of early fruits (nuenkof first four
pickings)/plant, early yield (g/plant), total freiplant and total yield
(kg/plant) were recorded. Total soluble solids wasasured in the
juice of squash fruit by using a hand refractometeite, both vitamin
C content and titratable acidity were determinecbeding A.O.A.C.
(1990).

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

RESULTS AND DISCUSSION

Phosphate-solubilization

Solubilization efficiency of tricalcium phosphatenda rock
phosphate byP. polymyxa and B. megaterium was shown in Table
(B). Both strains were able to solubilize of phasjgheffectively from
tricalcium phosphate or rock phosphate. polymyxa showed
relatively higher solubilization efficiency and leenit was used as
phosphate solubilizer beside its role gsfiXer. Subrahmaniyast al.
(2000) and Muthukumar and Udaiyan (2006) found Ehgtolymyxa
play an important role in phosphate solubilization.
Microbial activities

Data in Table (1) show the determination of enzyenattivities
in rhizosphere of squash plants. Dehydrogenasevitgct{DHA)
represents the energy transfer, therefore, itnsidered as an index of
overall microbial activity in the soil. Inoculatiowith P. polymyxa
increased DHA than uninoculated ones. This maytdi® polymyxa
that play an important role as plant growth promgtrhizobacteria
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via P-solubilization (Muthukumar and Udaiyan, 20@8)N,-fixation
(El-Howeity et al., 2003). This might led to accumulate available
nutrients and stimulate the microorganisms in rsptere soil.
Moreover, combination of mycorrhiza d8. megaterium with P.
polymyxa recorded the highest DHA either with or withoutrdoo
application.

Concerning phosphatase activity, using soluble ri#liger in
uninoculated treatments decreased phosphatasatyadtian those
treatments fertilized with insoluble-P as rock gituste. This may due
to the P cycle enzyme activities are inverselytegldao P-availability
and when P is a limiting nutrient its demand insesa resulting in an
increase in phosphatase activity in the presencd>-gblubilizers
(Vazquezet al., 2000). Also, dual inoculation especially with
polymyxa and AM gave maximum values of phosphatase activity
There are positive interactions between bacterth stsBacillus and
mycorrhizae as a good co-inoculation system (Vetad., 2003).

Data in Table (1) also show that relatively high\gfase activity
was observed in squash treatments inoculated WRitlpolymyxa.
However, the highest Nase activity was observed in co-inoculation
treatments withP. polymyxa and either AM oB. megaterium. Many
investigators demonstrated the positive effectual dnoculation with
N,-fixer and P-solubilizer on Nase activity (Hauka, 2000 and El-
Komy, 2005). On the other hand, data also showrthyabrrhizal root
infection percentage was high in inoculated plamigh AM.
Moreover, uninoculated plants have low percentaigenycorrhizal
infection which indicates that the native AM aregented in the soil
but in a low density. These results may be attebubd the presence of
rock-P as P-fertlizer that may encourage VAM in cuated
treatments than uninoculated plants which receivesbluble-P
(Vazquezet al., 2000).

Concerning boron application, data showed that ethewere
slightly increases in DHA, phosphatase and N2-adevites by
spraying of boron. Also, there was no effect ofdmoon 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), ndigant
increases in available N, P and K were observedhvdggiash plans
inoculated withP. polymyxa individually or with either AM orB.
megaterium compared to uninoculated plants.
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Mixed culture of P. polymyxa and B. megaterium exhibited
maximum increases of ammoniacal and nitrate nitragetent while
combination ofP. polymyxa with AM recorded the highest values of
available-P and K either without or with boron apaiion in the two
seasons. This may be attributed to the high ratesycorrhizal root
infection, which observed with mycorrhizal inoc@dttreatments that
attributed with maximum phosphatase values (Tahldlese results
are in agreement with those reported by Mehasea. (2002) who
found that available-P content was increased whenplants were
inoculated with mycorrhiza and amended with rockgghate. Hamet
al. (2006) also reported that co-inoculation with iBas and
phosphate solubilizer in the presence of rock-Premwed the
availability of phosphorus and potassium in thd.sOn the other
hand, Boron application had no significant increase available N, P
and K in uninoculated plants, while significant reases were
observed with all inoculated treatments. This may due to the
positive effect of interaction between inoculatiand boron on soil
enzymes activities that was observed in Table@a}a also indicated
that dual inoculation withP. polymyxa and B. megaterium gave
maximum values of ammoniacal and nitrate nitrogemarison with
combination betweerP. polymyxa and mycorrhizal plants either
without or with boron application. These observagi@re in harmony
with those obtained by Zaghloetial. (2002).

Growth parameters

The growth parameters of squash plants as stenthledigmeter
and dry weight, leaves number, area and dry wegightplant were
significantly increased by all biofertilizers aption (Table 3).
Maximum stimulatory effect of the biofertilizers waxisted in plants
treated withP. polymyxa and AM followed by dual inoculation with
the two bacterial strains. In this regard, Rai @0feported thaP.
polymyxa may possess a great variety of properties thabfargerest
in the development of biofertilizers including ofixation, P-
solubilization, production of growth promoting ptamormones
especially cytokinins and production of antibioties well as
improvement of soil porosity. S®. polymyxa is a good example of
bacteria, which may warrant further study due tirthighly diverse
and potential beneficial effects on plant growthsdd Abou-Aly and
Gomaa (2002) and Giri and Mukerji (2004) found thaM
individually or in combination with Nfixer had a positive effect on
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plant growth. Moreover, the stimulatory effect eé#lubilizers can be
attributed to the absorption of nutrients by plagpecially P from the
soil as previously observed in Table (2).

On the other hand, boron application has a poséfiect on all
growth parameters for all treatments especiallythie presence of
biofertilizers. This may be due to enhancement @fob to sugar
synthesis and translocation from plant leaves whithturn may
activate the photosynthesis and led to an incréagaelant growth
(Blevins and Lukaszewski, 1994). Also, Goldbaeh al. (1990)
reported that boron has a role in activation of delision and cell
elongation, which might be attributed to an inceemsleaf area.
Photosynthetic pigments and chemical constituents

Results in Tables (4 & 5) show the effect of inatian with P.
polymyxa singly or in combination with AM oB. megaterium in the
presence of boron application on chlorophyll anetemoids contents
(Table 4) as well as chemical constituents of Sgydants (Table 5).
It is evident from the obtained data that plantcidated with AM or
B. megaterium combined with P. polymyxa gave the highest
photosynthesis pigments and nutrients content reiilih or without
boron application. In this respect, Abou-Aly andn@a (2002) stated
that mixed biofertilizers increased both nutriestantent and leaf
chlorophyll concentration than control. Also, Hemnal. (2006) found
that the integrated treatment of co-inoculatiorhwitsolubilizers and
application of rock-P significantly increased |gdifotosynthesis over
the control.

Furthermore, the maximum enhancement was observethints
dually inoculated and sprayed with boron. In thespect, Fathy
(1995) found that boron increased chlorophyll anttients content in
tomato plants. The enhancing effect of boron omrchyll content
may be due to boron increased total sugar (Tab&n8)the latter are
essential for chlorophyll formation.

Generally, these results considered as a good reeqda to the
obtained data regarding the favorable role of Risbters and boron
on growth parameters (Table 3). The availabilityNo&nd P for plant
growth due toP. polymyxa and AM or B. megaterium led to large
increase in the rate of photosynthesis which idigeft to support
plant growth. Moreover, the enhancing effect abféitilizers and
boron on growth and photosynthesis characters €5aB&4) may
explain the increase in total carbohydrates intpléhable 5).
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Endogenous phytohormones

Endogenous phytohormones of squash plants as exdfdxt the
interaction between biofertilizers and boron arevah in Table (6).
According to these results, all promoters (gibber®l auxins and
cytokinins) were improved by using biofertilizergher without or
with boron application, yet; only the growing inhdy abscisic acid
was decreased. Dual inoculation wiRhpolymyxa and P-solubilizers
gave the highest values of phytohormones. Appbcatf AM in the
dual inoculation recorded maximum values of giblbeeand auxins
while, combination ofB. megaterium and P. polymyxa gave the
highest values of cytokinins content than that mixeth AM. Many
investigators reported the role of plant growthnpoting rhizobacteria
such asPaenibacillus polymyxa and B. megaterium as well as
mycorrhiza in the production of hormones such abgjellins, auxins
and cytokinins (Brian, 2004; Timmuskal., 2005 and Rai, 2006). On
the other hand, the growth inhibitor; abscisic agas decreased with
using phosphate-solubilizers especially AM withbaton application
while in the presence of boron, dual inoculatioPgpolymyxa andB.
megaterium recorded maximum reduction of abscisic acid. Galher
application of boron in the presence of bioferétg improved
endogenous phytohormones of squash plants.

Yield and yield components

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

It may be stated that under such this work conatiothe
stimulatory effect of used dual inoculation anddrotreatments on
squash fruit yield would be expected since thegassi treatments
promoted microbial activities (Tables 1&2), grovgthrameters (Table
3), increased photosynthetic pigments (Table 4)remsed nutrients
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content and total sugar and carbohydrates (Tableass)well as
endogenous phytohormones (Table 6) as previousyltesl and
discussed in this work.

Concerning the fruit quality, data presented inl&gB) show the
same positive trend. Since inoculation withpolymyxa individually
or combined with AM orB. megaterium improved vitamin C, total
soluble solids and titratable acidity of fresh sjudruits. Also,
slightly increase in fruit quality was obtained whgoron was applied.
In this respect, Rai (2006) reported that appli€dazk-phosphate
with P-solubilizers especiallyB. megaterium increased sugarcane
yield and also, improved the juice quality.

Table (8). Some chemical fruit quality of squash aaffected by
biofertilizers and boron application in two seasons

Vitamin C Total soluble Titratable
mg/100 g fresh solids (%) acidity
Treatments weight 0 (%)
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 0.50¢

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 admitube of phosphate
solubilizing microorganisms as an active tool tgrove microbial
activities and nutrients content, consequently,wtjnoperformance
was improved as well. In addition, dual inoculatio the presence of
boron spraying increased plant growth, endogendwygopormones
and yield of squash. Also, phosphate solubilizingraorganisms play
an important role in plant nutrition and allowingeuof cheaper crude
P sources such as rock-phosphate instead of suspipdie, while
plant growth promoting microbes are an importanhtcbutor to
biofertilization of agricultural crops.
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