A Comparative Study of Arbuscular Mycorrhizal Fungi, Phosphate
Solubilizing Bacteria and Phosphate Fertilizer Effects on Growth, Yield
and Mineral Contents of Common Bean (Phaseolus Vulgaris L.)

Elkhatib, H.A., S.M. Gabrl, F.I.Radwan?and R.F. Abo EI-Ali®

ABSTRACT

Two field experiments were conducted at EL-
Mahmodia region, (Behera Governorate) Egypt, to assess
the influence of applying four different fertilization levels
of mineral phosphourous (0, 30, 60 and 90 Kg P fed . ) in
addition to seed inoculation with phosphorous solubilizing
bacteria (Bacillus megaterium; cited as a commercial
product phosphorein from Agriculture Research Center),
and arbuscular mycorrhizal fungi (Glomus macrocarpium)
on the growth and flowering traits, green pod yield and its
components and leaves contents of N, P and K of bronco
cultivar of common bean (Phaseolus vulgaris L.) cv.
"Bronco . The results showed that mycorrhiza and
phosphorein had similar effects on vegetative growth
characters and flowering traits; meanwhile, mycorrhiza
gave a higher yield fed? than the inoculation with
phosphorein in both seasons.On the other hand fertilizing
common bean plants with inorganic phosphorus at the
rates of 30, 60 and 90 kg P,Os fed™, significantly, increased
most of vegetative growth characters, number of flowers
plant™, fruit set percentage , green pods yield and N and P
contents of leaves; compared to the control treatment in
both seasons. The highest two phosphorus levels (60 and 90
kg P,Os fed™) were remarkable and associated with the
highest mean values in this concern, whereas, the
differences between them were insignificant. Most of the
interaction effects of biofertilizer types and mineral
phosphorus levels on the various studied characters were
found significant in both seasons. The combined treatments
of mycorrhiza and 60 kg P,Os fed?, was considered the
best treatment combinations, and gave the highest mean
value of green pods yield in both seasons.

INTRODUCTION

The striking increase in the uses of mineral
fertilizers fertilizers by the intensive agricultural
practices had led to clear degradations of soil, air and
water quality.  Therefore; the application of bio-
fertilization by using micro-organisms to improve soil
fertility through their activities providing most of the
essential nutrients required to plant growth and crop
productivity. The microbial biomass is important in soil
through various activities and through the potential to
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act as nutrients sink/source (Schmirer and Rosswall,
1987).

Phosphorus is the second to nitrogen as a mineral
nutrient required by both plants and micro-organisms. It
is also one of the major nutrients limiting plant growth.
Although bound P is quite abundant in many soils, it is
largely unavailable for plant uptake. Crop yield on 40%
of the world’s arable land is limited by P availability. As
currently practiced, agriculture will require 55-60 x 10°
Mt of P fertilizer applied to agricultural soils to meet
food production needs in 2040 (FAO. 2003). However,
P is not a renewable resource and its future use in
agriculture will be impacted by declining availability
and increased cost. Moreover, the striking increase in
the use of fertilizers by intensive agriculture practices
has led to degradation of air and water quality.
Therefore, sustainable management of P in agriculture
requires strategies to enhance its acquisition or uptake
by plants. In this context, the most realistic solution
according to Marschner (1995) is the use of Arbuscular
mycorrhizal (AM) fungi and phosphate solubilizing
bacteria (PSB) that have the ability to acquire P and give
high yield under P limited supply.

Phosphate solubilizing bacteria (Phosphorein) and
fungus (Arbuscular mycorrhizae) have the capability to
mobilize phosphate, micronutrients and phytohormones
such as gibberellins, auxins and cytokinins, in addition
of promoting root development and thereby enhance
nutrient uptake  (Marschner, 1995).  Phosphate
solubilizing bacteria plays a fundamental role in
correcting the solubility problem in soil by transforming
the insoluble phosphate to soluble forms by secreting
organic acids such as formic, acetic, lactic, propionic,
fumaric and succinic acids. Those acids lower the pH
and bring the dissolution of bond forms of phosphate
and render them available for growing plants (Ashour
1998). On the other hand Arbuscular mycorrhizal fungi
develop a hyphal network that serves as a fundamental
link between the soil, the nutrient reservoir and the
plant. This hyphal network is more efficient for ion
uptake than root hairs (Dorneless et al. 2001).
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Arbuscular mycorrhizae can also provide many non-
nutritional benefits to crops, including: alleviation of
water (Allen and Boosalis 1983) and salt stress (Ruiz-
lozano et al. 1996), protection against some soil-borne
pathogens (Roncadori and Hussey 1977) and
improvements to soil structure (Hamel et al. 1997).

Common bean is the world’s most important food
legume (Pachico, 1993). Beans offer a low cost
alternative to beef and milk because bean seeds provide
substantial quantities of minerals and vitamins, complex
carbohydrates, dietary fiber, flavones, antioxidants and
anticarcinogenic compounds (Bennink, 2001). The total
area planted in Egypt with Common bean cultivars was
54179 feddans with a total annual production of 128540
ton of green beans and 29331 ton of dry seeds
(Agricultural statistics, 2004). Beans require adequate
P from the very early stages of growth for optimum crop
production. Phosphorus supply to the crop is affected by
soil P and by soil and environmental conditions. P
fertilization may improve P nutrition and crop vyield
potential. Alternately, encouragement of Phosphate
solubilizing microorganisms may enhance P uptake by
crops early in the growing season, improving crop yield
potential and replacing fertilizer applications.

Therefore, the objective of this study was: (1) to
investigate inoculation effects of arbuscular mycorrhizae
fungus and phosphate solubilizing bacteria (PSP), under
different levels of mineral phosphate fertilizer on
growth, green yield and chemical composition of
common bean plants.

MATERIALS AND METHODS

This study was conducted in two successive fall
growing seasons of 2004 and 2005 at the Experimental
Farm at El-Bostan, Faculty of agriculture, Damanhour
Branch, Alexandria University. The physical and
chemical characteristics of the soil (Table 1) were
determined according to the methods reported by Page
et al. (1982).

Experimental Design:

The experiments were carried out using a
randomized complete blocks design with four
replications containing eight studied treatments
comprised of the combinations of four phosphorus rates
(0, 30, 60 and 90 Kg P,Os fed™ )and two biofertilizers
types (phosphorein and mycorrhiza) Mineral
phosphorus  fertilizer was applied during soil
preparation, in the form of calcium superphosphate
(15.5 % P,0s). All experimental units received 60 kg N
fed ™ in the form of ammonium sulphate (20.5% N) and
48 kg K,0 fed ™ in the form of potassium sulphate (48%
K,0) in three equal portions at 2, 4 and 6 weeks from
sowing . Each experimental plot area was 15 m? and

contained 5 ridges, 5m long and 0.6 m width and each
two adjacent experimental units were separated by a
guard row. Bean seeds were sown on one side of the
row, on September 6 and 9 of 2004 and 2005 seasons
respectively, at an intra-row spacing of 10 cm. In each
plot, the plants of the first three rows were allocated to
measure the vegetative growth characters, chemical
constituents and green pods yield and its components.

Seed inoculation:

Seeds of the common bean cultivar Bronco were
inoculated by Vesicular Arbuscular Mycorrhiza fungi
(VAM) inoculum in the form of Glomus macrocarpium
supplied by the Biofertilizer Unit, Faculty of Agriculture
of Saba Basha, Alexandria University. Ten grams of
mycorrhizal inoculum consisted of infected root
fragmens, spores and mycelium contained 25 spores g™
was added into each planting hole at sowing time.

Inoculation of Phosphate solubilising bacteria
(PSB) was conducted using the product of Agricultural
Research Center and called phosphorein that contains
active bacteria (Bacillus megaterium) which converse
the insoluble tricalcium phosphate to the soluble mono
calcium phosphate. The inoculation was performed by
coating the seeds at the rate of 40gms/kg of seeds using
a staking substance (Arabic gum 5%) just before
sowing.

Tablel. The main physical and chemical
properties of soils of the experimental sites

of 2004 and 2005 seasons

Parameters Seasons
2004 2005
Physical properties
Clay% 8.00 8.00
Silt% 4.00 4.00
Sand% 88.00 88.00
Soil texture sand sand
Chemical properties
PH 8.00 8.13
EC(dSm™) 1.20 1.17
CaCO3;% 2.10 2.04
Macro-elements (ppm)
N 20.00 23.00
P 18.00 23.00
K 184.00 176.00

Recorded Data

The data of the various studied characters were
measured as follows:

Vegetative growth characters:

The data of vegetative growth characters were
recorded using five randomly chosen plants from each
plot, at 60 days from seed sowing. The following
measurements were recorded: plant height, number of
leaves and branches plant™, plant fresh weight ,root
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length and leaf area plant™ that was estimated using the
weight method as reported by Fayed (1997).

Leaves fresh weight x 20* x area of disk

Leaf area per plant =
Fresh weight of 20 disk x3**
where 20* = number of random disks taken from the
leaves
3** = number of plants per sample
Green pods yield and its components:

At harvesting time plants of the second and third
rows were allocated to measure the following data:
number, length and weight of green pods plant™® and
green pods yield fed.™

Chemical Contents of Leaves:

Wet digestion procedure was performed on leaves
according to Chapman and Pratt (1978) and the
following determinations were carried out in the
digested solution: total phosphorus and potassium
(determined as reported by Jackson, 1967),total nitrogen
(determined using micro- kjeldahl method according to
Ling ,1963).

Statistical Analysis:

All obtained data were statistically analyzed using
SAS software program (1996). Comparisons among the
means of different treatments were conducted using the
revised least significant difference test at P=0.05 level as
illustrated by Al-Rawy and Khalf-Allah (1980).

RESULTS AND DISCUSSIONS

The effects of the two studied factors and their
interaction on the various characters of common bean
plants during 2004 and 2005 seasons could be classified
under five main headings as follow: vegetative growth
characters, flowering traits, green pods yield and its
components and chemical contents of leaves.

Vegetative Growth Characters:
Effects of the biofertilizer types:

Data of the main effects of the two biofertilizer
types and mineral P fertilizer rates on vegetative growth
characters of common bean plants, Tables (2 and 3)
indicated that inoculating common bean seeds either
with Phosphorein or Mycorrhiza did not reflect any
significant difference between their effects on all studied
vegetative growth characters which included plant
height , root length, number of branches plant™, root,
stem and plant fresh weight and leaf area in both seasons
. Similar results were reported by several researchers
such as Ashour (1998) on seed potato tubers; EL-
shamma (2000) on dry bean; EL- shimi (2003) on
sweet potato; also Hassan et al (2005) found that the
addition of bio — phosphorus fertilizers (phosphorein or

Mycorrhiza) resulted in significant increases in plant
length, number of branches plant® and leaf area plant™
of sweet potato plants .

Effects of mineral phosphorus fertilizer

Tables (2and 3) clearly, showed that the application
of 30, 60 and 90 Kg P,osfed™ to the growing plants ,
increased significantly plant height , root length, number
of branches plant™, plant fresh weight, root fresh
weight, stem fresh weight, leaf area relative to the
control treatment, in both seasons. The detected
differences showed that the percentages of  the
increments of plant fresh weight were 10.22%, 28.78%
and 22.47% in fall season of 2004 and 7.94 % , 20.41%
and 14.14 % in fall season of 2005 as a result of using
30, 60 and 90 kg P,Os fed” respectively .Also the
comparisons among the mean values of each studied
vegetative growth character indicated that, whether P
application rate was 60 or 90 P,Os fed™, the studied
vegetative growth characters reflected the best positive
effects. Moreover, the differences between these two P
levels were insignificant on all previously mentioned
characters. The promoting effect on growth parameters
could be attributed to the fundamental role of
phosphorous as a structural part of many compounds;
nucleic acids, phospholipids, co enzymes NAD and
NADP, ATP and other high energy compounds (Srag,
2004). It is also a constituent of the cell nucleus and is
essential for cell division and the development of
meristematic  tissues  (Russell, 1973). Moreover,
phosphorus is ubiquitous and essential element in the
energy transfer processes. Similar positive results were
reported by several researchers working on different
vegetables such as El — Kalla et al. ( 1997 ) on faba
bean and onion , EI — Shamma ( 2000 ) on dry bean.
Also Feleafel and EI — Araby ( 2001 ) found that the
application of (60 kg P,0s fed™) to the common bean
plants led to significant increments in average plant
height , number of leaves and branches plant™, fresh and
dry masse plant® and leaves area plant® of common
bean plants. Srag (2004) reported that vegetative growth
characters of pea plants, were significantly, increased by
increasing phosphorus fertilizer.

Interaction effects:

The interaction effects between biofertilizer types
and phosphorus fertilizer rates on vegetative growth
character, in the two seasons of 2004 and 2005 are
illustrated in Tables (4 and 5). The results showed that
there were significant differences between the effects of
the two biofertilizer types at the different phosphorous
levels on plant height , root length, number of branches
plant™, plant fresh weight, root fresh weight, stem fresh
weight, leaves dry weight, stem dry weight, plant dry
weight and leaf area. The favoring effects of the
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Table 3. The main effects of biofertilizer types and phosphorus fertilizer rates on the
vegetative growth characters of common bean plants during the seasons of 2004 and 2005

Leaf area plant™(cm? Number of branches plant™

Treatments
2004 2005 2004 2005

Biofertilizer types
Phosphorein 782.05 a* 858.64 a 401 a 443 a
Mycorrhiza 841.62 a 903.00 a 430 a 4.66 a

P rate ( kg P,Osfed™)

0 713.02 b 807.77 ¢ 365 b 417 b
30 807.73 a 872.54 bc 427 a 450 ab
60 873.32 a 942.51 ab 4.37 a 477 a
90 853.27 a 900.46 abc 432 a 472 a

*Values having a common alphabetical letter (s), do not significantly differ, using the revised L.S.D. test at P=0.05.

Table 4. The interaction effects of biofertilizer types and phosphours fertilizer rates on the
vegetative growth characters of common bean plants during the seasons of 2004 and 2005

P rate (kg P,Os fed™) 2004 2005
Plant height (cm)
Phosphorein Mycorrhiza Phosphorein Mycorrhiza
0 34.16 b* 33.28 b 31.09 b 37.30 ab
30 35.89 ab 40.69 a 37.77 ab 41.46 a
60 38.53 ab 41.57 a 4158 a 42,59 a
90 37.79 ab 42.67 a 39.98 ab 42,77 a

Root length (cm)

Phosphorein Mycorrhiza Phosphorein Mycorrhiza
0 990 b 11.03 ab 1143 b 11.62 ab
30 10.37 ab 11.54 ab 11.75 ab 11.95 ab
60 10.40 ab 12.13 a 12.69 ab 13.06 a
90 10.68 ab 11.85 ab 12.28 ab 12.51 ab
Root fresh weight * (g)
Phosphorein Mycorrhiza Phosphorein Mycorrhiza
0 1.66 ¢ 2.02 bc 190 d 2.24 cd
30 2.28 abc 2.48 ab 2.39 cd 2.54 bc
60 2.66 a 2.88 a 2.95 ab 3.10 a
90 2.76 a 2.85 a 2.89 ab 3.02 ab
plant fresh weight (g)
Phosphorein Mycorrhiza Phosphorein Mycorrhiza
0 52.89 b 56.14 ab 60.81 b 62.91 ab
30 56.57 ab 62.92 ab 63.97 ab 65.11 ab
60 62.98 ab 67.71 a 67.93 ab 7250 a
90 63.53 ab 64.94 ab 66.39 ab 64.68 ab

* Values having a common alphabetical letter (s), do not significantly differ, using the revised L.S.D. test at P=0.05.
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Table 5. The interaction effects of biofertilizer types and phosphours fertilizer rates on the
vegetative growth characters of common bean plants during the seasons of 2004 and 2005

P rate ( kg P,Os fed™) 2004 2005
Leaves fresh weight (g)

Phosphorein Mycorrhiza Phosphorein Mycorrhiza
0 29.19 a* 30.56 a 33.57 a 34.38 a
30 31.28 a 33.20 a 34.06 a 34.36 a
60 31.80 a 34.64 a 35.17 a 37.03 a
90 33.34 a 33.69 a 34.84 a 35.88 a

Stem fresh weight (g)

Phosphorein Mycorrhiza Phosphorein Mycorrhiza
0 22.03 ¢ 23.56 bc 2533 b 26.28 ab
30 23.00 bc 27.24 abc 27.53 ab 28.20 ab
60 28.50 ab 30.19 a 29.81 ab 32.36 a
90 27.41 abc 28.40 ab 28.65 ab 30.27 ab

Leaves area plant™ (cm?)

Phosphorein Mycorrhiza Phosphorein Mycorrhiza
0 683.85 ¢ 742.17 bc 785.64 b 829.89 ab
30 768.10 abc 847.36 abc 863.59 ab 881.48 ab
60 836.51 abc 910.13 a 907.30 ab 977.72 a
90 839.71 abc 866.82 ab 878.00 ab 922.92 ab

Number of branches plant™

Phosphorein Mycorrhiza Phosphorein Mycorrhiza
0 3.60 c 3.70 bc 415 b 420 b
30 4.00 abc 455 a 4.30 ab 4.70 ab
60 4.25 ab 450 a 4.70 ab 4.85 a
90 4.20 abc 445 a 4.55 ab 490 a

Values having a common alphabetical letter (s), do not significantly differ, using the revised L.S.D. test at P=0.05

inoculation with the biofertilizer types on vegetative
growth characters, varied according to the used
phosphours level. The combined treatments, which
included the inoculation with phosphorein or
Mycorrhiza with 60 or 90 kg P,0Os fed™, were
considered the best treatments, as they gave the highest
mean values of all studied growth characters , in both
seasons . The present results appeared to be in close
agreements with those reported by many investigators,
e.g. El — Shimi ( 2003 )who found that the application of
(100 % of the recommended amount of P) gave the
lowest value of leaf area and leaf dry weight , whereas
the application of (75 % P+ Phosphorein ) or (50 % P+
Phosphorein)gave the highest parameters of leaf area
and leaf dry weight of sweet potato plants.

Flowering Traits:
Effects of the biofertilizer types:

The presented results in Table (6) indicated that the
detected differences between the effects of bean
inoculation  with Phosphorein  or  Mycorrhiza on
number of flowers plant® and fruit set percentage

appeared insignificant .Similar findings were obtained
by Hewedy (1999) on tomato. Srag (2004) found that
inoculation of pea seeds with phosphorein significantly
increased all yield parameters (No. of pods / plant,
average pod weight, yield of green pods / plant, total
yield of green pods /fed , number and weight of seeds
/pod and weight of 100seds ) compared with the
untreated.

Effects of phosphorus fertilizer:

Regarding the effects of the applied phosphorus
fertilizer levels on the flowering traits, the results in
Table (6) indicated generally that P fertilization with 60
and 90 Kg P,osfed™ increased significantly number of
flowers plant™ and fruit set percentage in both seasons,
as compared with the unfertilized control. However, the
two higher P,Os levels (60 and 90 Kg P,Osfed™) did not
significantly differ in their effects on the three studied
parameters. Similar positive findings were obtained by
Dawa et al. (2003) on pea who found that increasing P
fertilization up to 200 Kg P fed™ enhanced plants to
flower earlier compared with 100 and 150 Kg P fed™.
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Interaction effects:

The effects of the interaction between biofertilizer
types and P fertilizer levels on number of flowers plant™
and fruit set percentage were found significant in both
seasons (Table 7). The combination of Phosphorein or
Mycorrhiza and P at 90 Kg P,osfed™ increased number
of flowers plant™ and fruit set percentage compared to
inoculation with phosphorein or AM in both seasons
without adding mineral P fertilizer. These results are in
agreement with those obtained by Hamdi (1982) who
observed that application of P without mycorrhizal
inoculation increased faba bean yield, but the increase
was greater with the inoculation in combination with P
application. The increases in both seasons resulted from
biofertilizer inoculation with mineral P fertilization
might be attributed to their combined beneficial effect
on improving nutritional status of plants as well as on
production of growth regulators i.e. IAA, GA and
cytokinins which played together a physiological role in
flowering and fruit setting (Arshad and frankenberger,
1991).

Green Pods Yield and its Components:
Effects of the biofertilizer types:

The effects of biofertilizer types on green pods
yield and its components are shown in Table (8). Green
pods yield fed™ reflected significant differences between
the two tested biofertilizers in both seasons. Mycorrhizal
inoculation plants gave higher yield fed” than those
inoculated with Phosphorein. It could be concluded that
a mycorrhizae inoculation treatments promoted the
production of green pods because of the mycorrhizae
spores increase the synthesis of the endogenous
phytohormons i.e. indole acetic acid (IAA), gibberellic
acid (GA3) and cytokinins (CKs) which could play an
important role in formation of a big active root system,
that allow more nutrient and P uptake (Arshad and
frankenberger, 1991). Poulton et al. (2002) found that
mycorrhizal infection and high soil phosphorus improve
female and male functions in tomato and increase fruit
yield. Also Lau and Stephenson (1994) revealed that the
pollen from the high P soils contained a greater
concentration of phosphorus than pollen from the low P

Table (6): The main effects of biofertilizer types and phosphours fertilizer rates on the
flowering traits of common bean Plants during the seasons of 2004 and 2005.

Number of flowers plant™

Fruit set percentage (%)

Treatments

2004 2005 2004 2005
Biofertilizer types
Phosphorein 31.96 a 36.40 a 70.88 a* 68.84 a
Mycorrhiza 32.24 a 36.38 a 72.56 a 7214 a
P rate ( kg P,Osfed™)
0 2137 ¢ 24.30 b 6197 b 63.03 b
30 3292 b 41.27 a 75.35 a 67.50 b
60 36.35 ab 40.12 a 76.30 a 76.30 a
90 37.77 a 39.87 a 73.27 a 75.13 a

*Values having a common alphabetical letter (s), do not significantly differ using the revised L.S.D. test at P=0.05.
Table 7. The interaction effects of biofertilizer types and phosphours fertilizer rates on the
flowering traits of common bean plants during the fall seasons of 2004 and 2005

P rate ( kg P,Os fed™) 2004 2005
Number of flowers plant *
Phosphorein Mycorrhiza Phosphorein Mycorrhiza
0 20.45 ¢ 22.29 ¢ 2345 b 2515 b
30 33.95 ab 3190 b 42.00 a 40.55 a
60 35.40 ab 37.30 a 40.25 a 40.00 a
90 38.05 a 37.50 a 39.90 a 39.85 a
Fruit set percentage (%)
Phosphorein Mycorrhiza Phosphorein Mycorrhiza
0 63.28 bc 60.65 ¢ 63.30 bc 62.75 ¢
30 68.73 abc 81.97a 62.77 ¢ 72.23 ab
60 7754 a 75.05 ab 7541 a 77.19 a
90 73.97 abc 72.57 abc 73.87 a 76.38 a

Values having a common alphabetical letter (s), do not significantly differ, using the revised L.S.D. test at P=0.05.
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Table 8.The main effects of biofertilizer types and phosphorus fertilizer rates on green pods
yield and its components of common bean plants during the seasons of 2004 and 2005

Number of green Pod length Weight of green pod ~ Green pods yield fed™

Treatments pods plant™ (cm) (g9) (ton)
2004 2005 2004 2005 2004 2005 2004 2005

Biofertilizer types
Phosphorein 2292 a* 2525 a 9.49 a 983 a 3.30 a 353 a 507 b 6.02 b
Mycorrhiza 2362 a 26.56 a 9.67 a 9.94 a 353 a 381 a 5.78 a 6.84a
P rate ( kg P,Os fed™)

0 1322 b 1537 b 8.76 b 891 b 298 b 332 b 262 ¢ 336 ¢
30 2452 a  27.67 a 946 ab 993 ab 339 a 343 b 561 b 6.35 b
60 27.72 a  30.62 a 10.15 a 10.51 a 3.68 a 4.00 a 6.85 a 8.18a
90 2762 a 29.95 a 9.96 a 10.19 a 3.60 a 3.94 a 6.64 a 7.88 a

*Values having a common alphabetical letter (s), do not significantly differ, using the revised L.S.D. test at P=0.05.

soils, perhaps indicating that mycorrhizal infection
affects the chemical composition of pollen which, in
turn, affects pollen performance and the ability to
achieve fertilization. They concluded that Mycorrhiza
and P responses were greater for reproductive traits than
vegetative traits.

Similar results were obtained by Hassan et al.
(2005) who found that the highest total yield was
obtained from plants inoculated with VAM- fungi
compared with phosphorein or untreated ones. They
reported that the favorable effect of VAM fungi on yield
and its components of sweet potato might be due to the
symbiotic association between VAM fungi and plant
roots where the fungus has the ability to supply the plant
with N, certain micronutrients and some hormones.
Moreover Attia and Badr ElI Din (1999) reported that
Myecorrhizal inoculation was most effective in increasing
maize plant dry weight compared to phosphate
dissolving bacteria.

Effect of phosphorus fertilizer:

Data in Table (8) generally indicated that,
increasing P fertilization level, resulted in successive
and significant increments on all yield parameters in
both seasons. Concering total yield, the data listed in
Table (8), illustrated that increasing P level from 0 to 60
kg P,0s fed™resulted in pronounced increments that
reached 161.7 and 143.5 % in 2004and 2005 seasons,
respectively. Increasing P application level from 60 to
90 kg P,0s fed'decreased to some extent mean green
pods yield fed™ of bean plants in both seasons.
However, the recorded values were significantly higher
than those of the control and 30 kg P,Os fed™ level.
Similar results were obtained by Sawires (2001) on
chickpea , Abdalla (2002 )on faba bean. Feleaf anf EI —
Araby (2001) found that the application of 60 kg P,Os
fed™ to the common bean plants led to significant
increments on green yield characters , i.e. number and
weigi]ht of green pods plant™and total green pods yield
fed™.

Interaction Effects:

Significant effects for the interactions between
biofertilizer types and P fertilization levels on total yield
were noticed in both seasons (Table 9). At the three P
application levels of 30, 60 and 90 kg P,Os fed™,
micorrhizal inoculated plants produced the higher yield
than those of phosphorein inoculated plants. Such
favorable interaction effects could be attributed to that
he mycorrhizal fungi extended a network of hyphae
several centimetres out into the surrounding area,
thereby, expanded the total absorption surface of
infected plants which improves its access of immobile
elements; such as P, Cu, and Zn (Frank, 2002).

Chemical Contents of Leaves:
Effects of the biofertilizer types:

Data presented in Table (10) show that the detected
differences between influences of seed inoculation with
Phosphorein or Mycorrhiza on N, P and K contents in
leaves were not significant, in both seasons.

Effect of phosphorus fertilizer:

The results presented in Table (10) indicated clearly
that increasing the applied P level up to 60 Kg P,Osfed’
'consequently and significantly , increased N and P
contents of leaves over that of the control treatment , in
the two seasons. Raising the applied P level to 90
P,Osfed™® was not associated with sufficient increments
on the aforementioned chemical contents of leaves. On
the other hand the four applied P levels did not
significantly differ in their effects on the leaves in the
two growing seasons.

The simulative effect of P supply on N and P
contents of leaves might be attributed to the increased
amount of available phosphorous and / or the increased
in absorbing efficiency of plant roots. Similar trend were
reported by Mahmoud and El-Hefny (1999) on onion;
Dawa et al.(2003) and Srag (2004) on pea and illustrated
that phosphorus contents in pea shoots increased with
increasing the level of applied phosphorus fertilizer.
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Table 9. The interaction effects of biofertilizer types and phosphours fertilizer rates on
green pods yield and its components of common bean plants during the seasons of 2004 and

2005
1 2004 2005
P rate ( kg P,Os fed™) Number of green pods plant™
Phosphorein Mycorrhiza Phosphorein Mycorrhiza
0 12.95 b* 1350 b 14.95 ¢ 15.80 ¢
30 23.20 a 25.85 a 26.25 b 29.10 ab
60 27.40 a 28.05 a 30.30 ab 30.95 a
90 28.15 a 27.10 a 29.50 ab 30.40 a
Length of green pod (cm)
Phosphorein Mycorrhiza Phosphorein Mycorrhiza
0 9.87 bc 9.65 ¢ 10.00 b 982 b
30 10.57 abc 10.35 abc 11.02 ab 10.85 ab
60 11.25 a 11.05 a 1155 a 1147 a
90 11.00 ab 10.92 ab 11.20 ab 11.17 ab
Weight of green pod (g)
Phosphorein Mycorrhiza Phosphorein Mycorrhiza
0 2.76 ¢ 3.20 bc 341 b 322 b
30 342 b 337 b 339 b 347 b
60 3.98 a 338 Db 427 a 3.74 ab
90 3.97 a 3.24 bc 417 a 3.71 ab
Green pods yield fed™ (ton)
Phosphorein Mycorrhiza Phosphorein Mycorrhiza
0 278 d 3.07 d 319 f 3.189f
30 5.37 ¢ 5.84 ¢ 5.897e 6.55de
60 6.83 bc 7.98 a 7.55 bc 6.63 b
90 6.96 bc 7.53 ab 6.37 cd 8.05a

*Values having a common alphabetical letter (s), do not significantly differ, using the revised L.S.D. test at P=0.05.

Table 10. The main effects of biofertilizer types and phosphorus fertilizer rates on the
chemical constituent of leaves of common bean plants during the fall seasons of 2004 and

2005
N (%) P (%) K (%)
Treatments 2004 2005 2004 2005 2004 2005
Biofertilizer types
Phosphorein 3.30 a* 342 a 0.34 a 0.36 a 2.16 a 2.18 a
Mycorrhiza 354 a 371 a 0.38 a 040 a 2.16 a 220 a
P rate ( kg P,Os fed™)
0 3.02 ¢ 3.05 ¢ 021 ¢ 025 ¢ 2.08 a 2.09 a
30 3.23 bc 3.35 bc 032 b 035 b 217 a 221 a
60 381 a 3.99 a 0.48 a 0.50 a 223 a 2.25 a
90 3.62 ab 3.87 ab 0.43 a 0.46 a 217 a 2.22 a

*Values having a common alphabetical letter (s), do not significantly differ, using the revised L.S.D. test at P=0.05.

Also Abdalla (2002) found that N, P and K contents of
faba bean leaves increased due to increasing P level
from 100 to 200 kg super phosphate fed™.

Interaction Effects:

The results of the interaction effects of biofertilizer
types and P fertilizer rates (Tablel11) reflected significant
effects on the percentages of N and P and in leaves in
both seasons. However, K content in leaves did not
show any significantly effects.

It is evident from Table (11) that the plants which
received P at 60 or 90 kg P,0sfed™ and inoculated with
Mycorrhiza or Phosphorein produced higher mean
values than those of the control in both seasons. It was
also clear that the fertilized plants with 60 kg P,Osfed™
in the presence of Mycorrhiza almost gave the highest
values of N and P contents in leaves in both seasons.
These results are in agreement with those reported by
Abdalla (1998) on onion. Gendiah (1999) found that
Mycorrhiza fungus increased N and P contents in tomato
leaves as well as P content in roots.
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Table 11. The interaction effects of biofertilizer types and phosphours fertilizer rates on the
chemical constituent of leaves of common bean plants during the fall seasons of 2004 and

2005
P rate (kg P,Os fed™)
N%
Phosphorein Mycorrhiza Phosphorein Mycorrhiza
0 3.00 c* 3.05 bc 3.02 ¢ 3.09 ¢
30 3.21 bc 3.26 bc 330 ¢ 3.39 bc
60 3.56 abc 4.07 a 3.76 abc 423 a
90 3.44 abc 3.80 ab 3.61 abc 4.13 ab
P%
Phosphorein Mycorrhiza Phosphorein Mycorrhiza
0 0.20 e 0.23 de 021 d 0.24 d
30 031d 0.34 cd 034 c 035 ¢
60 0.46 ab 0.50 a 0.48 ab 0.53 a
90 0.40 bc 0.47 ab 043 b 0.49 ab
K%
Phosphorein Mycorrhiza Phosphorein Mycorrhiza
0 2.09 2.07 2.07 2.10
30 2.16 2.18 2.19 2.23
60 2.22 2.23 2.24 2.25
90 2.17 2.17 2.21 2.22

*Values having a common alphabetical letter (s), do not significantly differ, using the revised L.S.D. test at P=0.05.
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