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4- RESULTS AND DISCUSSION

4-1- First experiment:

Effect of bio-fertilizers, organic _manure and mineral

fertilizers on:

4-1-1 Vegetative growth characteristics:-

Data presented in Table (2) show the effect of bio-
fertilizers, organic manure and mineral fertilizers on different
studied vegetative growth characteristics of snap bean plants
expressed as plant height, number of branches and leaves, average
leal area as well as fresh and dry weight per plant. The results
clearly indicate that vegetative growth characteristics significantly
increased when the plants fertilized with bio-fertilizer, organic
manure or mineral fertilizer compared with the control treatment

during the two seasons of this study.

With respect to the effect of bio-fertilizer, the same data in
the Table (2) reveal that application of bio-fertilizer either in a
single or in combination form gave a significant positive effect on
vegetative growth characteristics, i. e. plant height,. number of
branches and leaves, average leaf area as well as fresh and dry
weight per plant compared with the control treatment. In this
respect. Rhizobacterine + Phosphorine treatment gave the highest
values of different studied characters during both seasons compared
with other bio-fertilizers treatments in a single form or control
treatments. The increases in vegetative growth of snap bean plants

by application of bio-fertilizers might be due the synergistic effect
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of these microorganisms on physiological and metabolic activities
of the plant and consequently on plant growth. This enhancing
effect may induce exudates of some hormonal substances like
cytokinins and auxins of some material expected by organisms it
self which might also encourage plant vegetative growth.

Concerning the improving effect of bio-fertilizer on
vegetative growth characteristics, obtained results are in agreement
with those reported by Wange ef al. (1996), EI-Gizy et al. (1999),
Merghany (1999), Thakur et al. (1999), Abd El-Fattah and Arisha
(2000), Shiboob (2000), Singer et al. (2000), El-Bassiony (2003)
and Hewedy et al. (2003) all working on common bean, they
mentioned that inoculation with different bacterial bio-fertilizers
types generally. increased plant height, number of leaves and leaves
area / plant and shoot fresh weight.

On the other hand, Alvarez et al. (1996) on Phaseolus
vulgaris and  Vicia faba who found that inoculation with
Rhizobacterin leguminosarum had no effect on plant-dry weight.

Regarding the effect of organic manure on vegetative
growth characteristics, data presented in Table (2) reveal that
application of biogas manure in a single or in combination form
with bio-or mineral fertilizers gave significant increases in plant
height, number of branches and leaves per plant, average leaf area
and fresh and dry weight / plant compared with control treatment.
Moreover, fertilizing common bean plants with biogas manure at
(20 kg N/fed.) combined with Rhiz. + Phos. + Half dose of
recommended mineral fertilizers (20 kg N + 24 kg P,Os + 24 kg
K,0) or biogas manure at (40 kg N/fed.) + Rhiz. + Phos. showed the

highest values for all vegetative growth characteristics when

/
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compared with the other tested treatments. The increment effect of
organic fertilizer on plant growth characteristics may be attributed
to the role of the macronutrients that are the main contents of
organic fertilizers, in increasing cell division and cell clongation and
consistently increased plant growth. In addition. the main role of
such nutrients in increasing the photosynthetic pigments
assimilation in plant leaves (Table, 3) which is necessary for cell
formation and division and conscquently increased plant growth.
Moreover, the favorable affect of the organic manures on the soil
physical and chemical properties, which may reflected on the
vegetative growth of snap bean plants.

With respect to the effect of organic manure on vegetative
growth characteristics, many investigator working on these respect
as Guu et al. (1995), Singer et al. (1998), Hanna and El-Gizy
(1999), Shafeck and El-Habbasha (2000), Singer et al. (2001) and
El-Bassiony (2003) all working on common bean, they showed that
the tallest plants and the highest recorded of number of leaf and
branches as well as leaves and stems fresh and dry weight were
obtained when plants fertilized with cattle manure + mineral
fertilizer and poultry manure as compared to the other treatments.

The same data presented in Table (2) illustrated that
vegetative growth characteristics expressed as plant height, number
of branches and leaves per plant, leaf area and plant fresh and dry
weight were significantly increased when the plants fertilized with
recommended dose of mineral fertilizers (40 kg N+48 kg P,04+48
kg K,O/fed) alone or in combination with bio-fertilizers
(Rhizobacterine + Phosphorine) or with the half recommended dose
of mineral fertilizers (20kg N+24Kg P,05+24Kg k,O/fed) +

%—_—*

Results and Discussion 44



Rhizobacterine + Phosphorine compared with the control treatment
during both seasons of this study. Moreover, the treatment (20 kg N
as biogas manure + Rhiz. + Phos. + half recommended dose of
mineral fertilizers (20kg N+24Kg P,Os+24Kg K,0/fed.) gave the
highest values of different studied characters during both seasons
compared with the control and other treatments. This increment in
vegetative growth characteristics was probably due to the quick
release of N P and K from mineral fertilizers and the role of these
clements on the meristematic activity of plant tissucs. In this regard,
Bidwell(1979) and Edmond et al. (1981) concluded that nitrogen is
an indispensable elementary constituent of numerous organic
compounds of general importance such as amino acids, proteins and
qucleic acids and it is needed also in the formation of protoplasm
and new cells, as well as, encouragement for cell elongation.
Furthermore, they also added that, phosphorus plays indispensable
role in the enzyme system necessary for the energy transform in
photosynthesis and respiration. In addition to the slow release of the
hutrients resulted from the organic manure (biogas manure) by the
biodegrading of soil microorganisms creates favorable conditions
for nutrient uptake to plant roots and reflects better photosynthetic

activity which in turn resulted in a higher vegetative growth.

Concerning the effect of mineral fertilizers on vegetative
growth characteristics, these results corroborate those of Shafshak
(1991), Abou El-Hassan et al. (1993), Fekry (1994), Helal (1995),
Lodeiro et al. (1999), Rajput et al. (1999) Shahein et al. (2000)
and Ismael (2001) all working on common bean. they revealed that
application of (40 Kg N+ 32 Kg P,05 + 48 Kg K,O /fed.) increased
plant height as well as fresh and dry weight/ plant.

/
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4-1-2- Chemical composition of plant foliage :-

Data in Table (3) represent the effect of bio-fertilizers,
organic manure and mineral fertilizers on chemical composition of
plant foliage expressed as photosynthetic pigments, total N, P and K
content. Such data declared that chemical composition of plant
foliage was significantly increased when the plants were fertilized
with bio-fertilizer, organic manure or mineral fertilizers compared
with the control treatment during the two seasons of this study.

Concerning the effect of bio-fertilizers, the same data in
Table (3) reveal that application of bio-fertilizers either in a single
or in combination form gave a significant positive effect on
chlorophyll a, b, carotenoids, N, P and K percentage of snap bean
plant [oliage compared with the control treatment. In this regard,
Rhizobacterine + Phosphorine treatment gave the highest values of

chlorophyll a, b, total carotenoids, N, P and K percentage compared
with using them in a single form or control treatments. This was
true during both seasons of growth. Thus, it may be concluded that
bio-fertilizer encouraged the formation of chlorophyll in plant
leaves.

Regarding the effect of bio-fertilizers on photosynthetic
pigments, obtained results are in agreement with those indicated by
El-Bassiony (2003) on bean, El-Mansi et al. (2000) on pea and
Shams (2003) on sweet pepper, they illustrated that application of a
mixed bio-fertilizer and a single bio-fertilizer significantly increased
chlorophyll a, b, as well as total carotenoids.

Concerning the effect of bio-fertilizer on N, P, and K
percentage of snap bean plant foliage, results are in accordance with

Results and Discussion
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those reported by Merghany (1999), El-Shamma (2000) and EI-
Bassiony (2003) al| working on common bean. They reported that
Phosphorine or Rhizobium alone or in combination increased N, P
and K percentage in plant foliage.

Regarding the effect of organic manure on photosynthetic
pigments, N, P and K percentage in plant foliage, data presented in
Table (3) reveal also that application of biogas manure in a single or
in combination forms with bio-or mincral [ertilizers pave significant
increases in chlorophyll a, b (otal caroteniods, N, P and K
percentage in plant foliage compared with contro] treatment.
Moreover, fertilizing snap bean plants with biogas manure (20kg
N/fed.) + Rhiz. + Phos. + Half of the recommended dose of NPK
/fed.) or (biogas manure (40 kg N/fed) + Rhiz. + Phos. + Full
recommended dose of NPK /fed.) recorded that the highest values
for chlorophyll a, b, total caroteniods N, P and K percentage in plant
foliage of snap bean when compared with the other lreatments or
control. These results may be due to the role of organic manure
(biogas) in improving the physical and chemical properties of soil,
which might be reflected on the vigrosity of the vegetative growth
of plants,

With respect to the effect of organic manure on
photosynthetic pigments of plant leaves of snap bean, obtained
results are in agreement with those indicated by El-Mnasi et al,
(1999) and Ali (2000) both on pea who found that using (50kg N as
biogas manure / fed.) or (25kg N from biogas manure + 25kg N
from ammonium sulphate /fed.) increased chlorophyll a, b and tota]
carotonoids of plant leaves,

Results and Discussion 48



Regarding the effect of organic manure on NPK percentage
in plant foliage, many investigators working on these respect as
Araujo et al. (1982), Soliman et al. (1991), Guu et al. (1997) and
El-Bassiony (2003) all working on common bean, they illustrated
that adding biogas manure led to increase of N, P and K content of
plant foliage.

As regard to the effect of mineral fertilizers on chemical
composition of plant foliage, it was revealed from data shown in
Table (3) that chlorophyll a. b. total caroteniods, N, P and K
percentage were significantly increased when the plants were
fertilized with recommend dose of mineral fertilizers (40kg N +
48kg P,0s + 48kg K,0 /fed.) alone or in combination with bio-
fertilizers (Rhiz. + Phos.) or with the half recommended dose of
mineral fertilizers (20kg N + 24kg P,Os + 24kg K,O /fed.) + Rhiz. +
Phos. compared with the control treatment during both seasons of
this study, except chlorophyll a in first season which failed to reach
the 5% level of significance for the control treatment. The
increment in chlorophyll and carotenoids with the addition of NPK
fertilizers may be probably due to that nitrogen is as constituent of
chlorophyll molecule. Phosphorus has enhancing influence on
photosynthesis and respiration (Edmond et al., 1981).In addition,
the high content of total N, P and K percentage in plant foliage may
be due to the increasing availability of such mineral elements in the
soil solution and the high efficiency of the plant roots in absorbing
these elements.

Concerning the effect of mineral  fertilizers on
photosynthetic pigments of plant leaves, data are in accordance with
those obtained by Abaza (1991), Fekry (1994), Furlani et al.

ﬁ
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(1996) and Ismael (2001) all working on common bean, they
indicated that chlorophyll a, b and total carotenoids in leaves
content was significantly increased with increasing nitrogen and
Phosphorus fertilizer level of 40 kg N + 32 kg P,O5 + 48 Kg KO,
/fed.

With respect to the effect of mineral fertilizers on NPK
content in plant foliage, the obtained results were coincided with
those reported by Mack (1983), Fekry (1994), Chavan et al. (2000),
El-Shamma (2000),Shahein et al.(2000), Ismael (2001) and Ali
(2002) all working on common bean. they found that increasing N
and P level increased N, P and K contents of bean foliage.

On the other hand, Smith (1977), Palanlyandi and Smith
(1978) and Mack (1983) on bean, they found that higher NPK rates,
224- 296- 184 Kg /ha., respectively had no constant effect on leaf
content of P and K.

4-1-3- Green pod vield and its components:-

The results reported in Table (4) show the effect of bio-
fertilizers, organic manure and mineral fertilizers on green pods
yield and its components expressed as pod length, pod diameter,
pod weight, yield per plot and total green pods yield per feddan as
well as dry matter percentage in pods. The results clearly indicate
that green pods vyield and its components were significantly
increased when the plants fertilized with bio-fertilizer, organic
manure or mineral fertilizers compared with the control treatment
during the two seasons of this study.

%
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With respect to the effect of bio-fertilizers. data presented
in Table (4) reveal that application of bio-fertilizer either in a single
or in combination form gave a significant positive effect on green
pods yield and its components compared with the control treatment
Rhizobacterin + Phosphorine treatment gave the highest values of
different studied characters in the first season. While. Rhizobacterin
treatment gave the highest values in the second season compared
with - Phosphorine  bio-fertilizers treatments  or control.  Such
increment effect of bio-fertilizers on vield and its components was
due to the enhancing effect on vegetative growth (Table, 2) and
increasing the macro-nutrient (N P K) content of plant foliage
(Table, 3) which judging the productivity of plants. Concerning the
improving effect of bio-fertilizers on green pod yield and its
components, similar results were recorded by Mckenzie et al.
(1996), Wange et al. (1996), El-Gizy et al. (1999), Merghany
(1999), Thakur et al. (1999), Abd El-Fattah and Arisha (2000), EI-
Shamma et al. (2000), Shiboob (2000), Singer et al. (2000), El-
Bassiony (2003) and Ewais (2003) all working on common bean.
they mentioned that using bio-fertilizer (Rhizobacterine +
Phosphorine) increased pod length, pod weight total green pod yield
/ fed. of bean.

Regarding the effect of organic manure on green pods yield
and its components, the data illustrating such effect are shown in
Table (4) declared that application of biogas manure in a single or in
combination forms with bio-or mineral fertilizers gave significant
increment in pod length, pod diameter, average pod weight, yield
per plot and total green pods yield per feddan as well as dry matter
percentage in pods compared with control treatment. Moreover,

%
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fertilizing snap bean plants with biogas manure (20kg N/fed.) +
Rhiz. + Phos. + half dose of mineral fertilizers or biogas manure
(40kg N/fed) + Rhiz. + Phos. showed the highest values for green
pods yield and its components when compared with the other tested
treatments or control. The superiority of these treatments may be
due to the influence of such {reatment in increasing the plant
vegetative growth characteristics (Table. 2) and increasing the
macro-nutrient (N P K) content of plant foliage (Table, 3).

Concerning the effect of organic manure on green pods
yield and its components, obtained results agree with that of Guu et
al. (1995), Tamayo and Munoz (1996), Guu et al. (1997), Signer et
al. (1998), Hanna and El-Gizy (1999), Jasrotia and Sharma
(1999), Gabr (2000), Shafeck and El-Habbasha (2000), Santos el
al. (2001), Singer et al. (2001) and EI-Bassiony (2003) all working
on common bean. They found that the yield of common bean was
significantly affected by application of organic manure.

The same data presented in Table (4) illustrated that, green
pod yield and its components expressed as pod length, pod weight,
yield per plot and total green pods yield per feddan as well as dry
matter percentage in pods were significantly increased when the
plants were fertilizes with recommended dose of mineral fertilizers
(40kg N + 48kg P,0Os + 48ke K,O /fed.) alone or in combination
with bio-fertilizers (Rhiz. + Phos.) or with the half recommended
dose of mineral fertilizers (20kg N + 24kg P,0s + 24kg K,0 /fed.) +
Rhiz. + Phos. compared with the control treatment during both
season of this study. Moreover, the treatment 20 kg N as biogas
manure + Rhiz. + Phos. + Half recommended dose of mineral

fertilizers /fed gave the highest values of different studied characters

/
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during both seasons compared with the control and other treatments.
The increment in yield was probably due to the favorable effect of
mixed organic manure with mineral fertilizers, which reserved the
sufficient amounts of N and K for plant development. As general,
addition organic manure with chemical fertilizers together caused an
increase in the nutrients elements in rooting zone, consequently it
increase its uptake. Therefore, this increase reflected on the growth
and yield of plant.

With respect to the effect of mineral fertilizers on green
pods yield and its components, these results agree with those
reported by Abou-El-Hassan et al.(1993), Fekry (1994), Helal
(1995), Rajput et al. (1999), Roy and Parthasarathy (1 999),
Thakuria and C houdhary (1999), Thakur et al. (1999) and Ismael
(2001) all working on common bean they mentioned that increasing
rates of both N and P applications increased green pods yield.

4-1-4- Mineral composition of green pods:-

The results reported in Table (5) show the effect of bio-
fertilizer, organic manure and mineral fertilizers on total N, P and K
percentage in pods of snap bean, the results indicate that total N, P
and K percentage in pods were significantly increased when the
plants were fertilized with bio-fertilizer, organic manure and
mineral fertilizers compared with the control treatment during the
two seasons of this study.

As regard to the effect of bio-fertilizers, date in Table (5)
reveal that application of bio-fertilizer either in a single or in
combination form gave a significant positive effect on N, P and K
content in pods of snap bean compared with the control treatment.
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Table (5): Effect of bio-fertilizer, organic manure and mineral

fertilizer on N. P and K of pods.
om0 oo

Characteristics

Treatments

1.85 0.423 | 2.66

Control

2.72 0.667 | 3.29

2.64 0.644 | 3.22

Rhiz.+Phos.

Biogas manure (40 kg

N/fed)
Biogas manure (20 kg
N/fed) + Rhiz.+Phos.
Biogas manure (40 kg
N/fed) + Rhiz.+Phos.

#*Half dose of NPK
+Rhiz.+Phos.

*Full dose of NPK
+Rhiz.+Phos

Biogas manure (20 kg

N/fed) + Rhiz. + Phos.
+ **Half dose of NPK

0.721 3.40

LSD at 0.05

«Full dose = 40Kg N+ 48 Kg P,0< + 48 K,0/fed
#+Half dose = 20Kg N+ 24 Kg P,0: +24 K,0/fed
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In this connection Rhizobacterine + Phosphorine treatment gave the
highest values of N, P and K percentage in pods during both seasons
compared with bio-fertilizers in a single form or control treatments.
This increment might be due to the increase in nutrients content of
plant foliage (Table, 3) resulted by using bio-fertilizer, which in turn
increased N, P and K contents of pods.

Obtained results are in agreement with those reported by El-
Gizy et al. (1999), Abd El-Fattah and Arisha (2000), Shiboob
(2000), El-Bassiony (2003) and Ewais (2003) all working on
common bean. They also reported that inoculation of seeds with
(Rhizobacterine + Phosphorine) increased N, P and K pereentage
compared to without bio-fertilizers.

Regarding the effect of organic manure (Biogas manure) on
total N, P and K percentage in pod of snap bean, data presented in
Table (5) showed that application of biogas manure in single or in
combination form with bio- or mineral fertilizers gave significant
increase in total N, P and K percentage compared with bio-
fertilizers and mineral fertilizers as well as the control treatments.
Moreover, biogas manure (20 kg N /fed.) + Rhiz. + Phos. + Half
dose of mineral fertilizers gave the highest values for nitrogen.
While, using biogas manure (40 kg N /fed.) gave the highest values
for phosphorus and potassium percentage compared with the other
tested treatments or control. The results were true in both seasons.
Such superiority may be due to the application of biogas manure led
lo an increasing the availaBility of such mineral elements in the soil
solution and the efficiency of the plant roots in absorbing these
elements consequently: pods content of nutrients might be higher.

Results and Discussion
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With respect to the effect of organic manur¢ on N, P and K
percentage in pod of snap bean. These results are in harmony with
those obtained by Araugjo et al. (1982) and El-Bassiony (2003) both
working on common bean. They found that using 43 kg N as cattle
manure + 43 Kg N as ammonium sulfate or poultry manure
nereased nitrogen, potassium and phosphorus in pod of snap bean.
As regard to the effect of biogas manurc on chemical composition
of other vegetable crops, Ali (2000) on pea and Aly (2002) on
squash found that using 60 kg N/ fed. as biogas manurc increased,
in general, fruits content of N. P and K compared to the other used
fertilizers.

The same data presented 1n Table (5) illustrated that
chemical composition of snap bean green pods expressed as N. P
and K percentage were significantly increased when plant were
fertilized with recommended dose of mineral fertilizers (40 kg N +
48 kg P,0Os + 48 kg K,0 /fed.) alone or in combination with bio-
fertilizers (Rhiz + Phos) or with the half recommended dose of
mineral fertilizers (20 kg N +24 kg P,Os +24 kg K,O /fed.) alone or
in combination with bio-fertilizers (Rhiz. + Phos.).

Concerning the effect of mineral fertilizers on N, P and K
percentage, these results corroborate of Eid (1991), Shafshak
(1991), Fekry (1994) and Ismael (2001) on common bean, showed
that using (40 kg N + 32 kg K,O /fed.) led to a significant increase
in NPK percentage.
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4-1-5- Organic chemical constituents in pods:-
The results reported in Table (6) show the effect of bio-

fertilizers, organic manure and mineral fertilizers on organic
chemical constituents in pods of snap bean cv. Bronco expressed as
crude protein, reducing, non -reducing, and tota] sugars as well as
fiber percentage in pods. The results clearly indicate that, crude
protein, reducing, non reducing and total Sugars percentage were
significantly increased and fiber percentage in pods was decreased
when the plants were fertilized with bio-fertilizer, organic manure
or mineral fertilizer compared with the control treatment. The
results are true in both Scasons of this study.

With respect to the effect of bio-fertilizer, data in Table (6)
revealed that application of bio-fertilizer either in 4 single or in
combination gave a significant positive effect on organic chemical
constituents in pod of snap bean cv. Bronco compared with the
control treatment. In this respect, Rhizobacterine + Phosphorine
reatment gave the highest values of crude protein, reducing, non -
reducing, and total sugars in pods, in the same time it gave the
lowest values of fiber percentage in pods of snap bean compared
with using bio-fertilizers alone and the contro] treatments. This
result confirms the role of bio-fertilizer on soil of the experiment,
Which might be reflected on plant metabolism.

Similar results were reported by El-Gizy et al, (1999),
Merghany (1 999), El-Shamma (2000), Shiboob (2000), Singer et
al. (2000), El-Bassiony (2003) and Ewais (2003) all working on
common bean. They mentioned that inoculation with bio-fertilizers
(single or combination) increased protein, sugars in pods and
decreased fiber percentage as compared to bean without bio-

fertilizers.
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Regarding the effect of organic manure (biogas) on organic
chemical constituents i pod of snap bean cv. Bronco, data
presented in Table (6) revea| that application of biogas manure in a
single or in combination form with bio- or mineral fertilizers gave
significant increases in crude protein, reducing, non -reducing, and
total sugars percentage as well as decreased fiber percentage in
pods compared with control treatment. Moreover, fertilizing the
plants with biogas manure (20 kg N /fed.) + Rhiz. + Phos. + half
dose of mineral fertilizers showed (he highest values of crude
protein, reducing, non-reducing and tota] sugars as well as the
lowest values of [iber pereentage in pods. Such promoting effect
due to the use of bio-fertilizers and organic manure. may be due to
these materials were favorable for soi] structure, good aeration and
higher water holding capacity, which create suitable conditions for
the plant roots to grow better. Moreover, the slow release of
nutrients is suitable for the absorption of plants. Consequenlly, pods
and other organs content of different might be higher (Cook, 1972)
and its role on photosynthetic pigments and consequently the
assimilation of CO; to carbohydrates and in turn, the synthesis of
sugars.

These results agree with that of Singer et al, (1998),
Jasrotia and Sharmq (1999), Gaber (2000), Singer et al, (2001)
and E!-Bassiony (2003) all working on common bean, found that
using organic manure resulted in higher protein and sugars content
and lower fiber percentage in pod of snap bean. In addition, with
respect of biogas manure 4/; (2000) on pea, Aly (2002) on squash
and Shams (2003) on SWEeCL pepper mentioned that using 30 kg N as
biogas manure + 30 kg mineral. N + pK gave the highest total
sugars content of fruits.
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On the other hand. El-Gizy (1990) showed that the protein
percentage in dry seed of common bean was insignificant raised by
manure application.

The same data presented in Table (6) illustrated that
organic chemical constituents in pod of snap bean cv. Bronco
expressed as crude protein, reducing, non _reducing, and total sugars
percentage in pods were significantly increased and fiber percentage
was decreased when the plants were fertilized with recommended
dose of mineral fertilizers (40 kg N + 48 kg P,Os + 48 kg K,O /
fed.) alone or in combination with bio-fertilizers (Rhiz. + Phos.) or
with the half recommended dose of mineral fertilizers (20 kg N + 24
kg P,0s + 24 kg K,O / fed) + Rhiz. + Phos. compared with the
control treatment during both season of this study. Moreover, the
treatment 20 kg N as biogas manure + Rhiz. + Phos. + half dose of
mineral fertilizer / fed gave the highest values of crude protein,
reducing. non _reducing, and total sugars and lowest values of fiber
percentage in pods during both season compared with the other
(reatments and control Genrally, it may be stated that the promoting
offect of nitrogen fertilizer in bulding cell and accumulation of
proteins and sugars may be due to it’s effect in increasing the
proteins synthesis and activity of carbohydrates hydrolyzing
enzymes. Moreover, it may be due to the promoting effect of
phosphorus fertilizer in energy production for biosynthesis to
building and accumulation proteins and carbohydrates. In addition,
i{ is known that potassium promotes the absorption of N and P as
well as its role doing a balance in plant tissues (Edmond et al.,
1981).

Concerning the effect of mineral fertilizers on organic

chemical constituents in pod of snap bean, these results corroborate

-
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those of Borisonik et ql, (1978), El-Abedeen et qf (1983), Fekry
(1994) and El-Shamma (2000) al| working on common bean, they
found that application of 30 kg N + 96 Kg Py 05 / fed. led to a
significant increases in reducing, non-reducing and totg| sugars as
well as protein percentage in dry seeds.

4-1-6- Nodules formation:-

Data presented in Table (7) show the effect of bio-lbrtilizer,
organic manure and mineral  fertilizer on nodules formation
expressed as number and dry weight of nodules per plant ag well as
plant fresh weight of snap bean cv. Bronco in pot eXperiment. The
result clearly indicated that, number and dry weight of nodules per
plant and plant fresh weight were significantly increased when
plants were fertilized with bio-fertilizer, organic manure or mineral
fertilizer compared with the contro] treatment during the two
seasons of this study.

With respect to the effect of bio-fertilizer, the same data in
Table (7) revealed that, application of bio-fertilizer either in a single
or in combination form gave a significant positive effect on number
and dry weight of nodules and plant fresh weight compared with the
control treatment. In this regard, Rhizobacterine + Phosphorine
treatment gave the highest values of number of nodules and plant
fresh weight, while, Rhizobactrerine treatment gave the highest
value of nodules dry weight during both seasons compared with
Phosphorine or control  treatments. Obtained results are in
agreement with those reported by Ruschel and Saito (197 7), Semu
eral. (1982), Mckenzie et qf (1996), Wange et ql. (1996), Abd ElI-
Fattah and Arishq (2000) and Singer et ql. (2000) all working on
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common bean. They found that seed inoculation with Rhizobium
significantly increased the nodule number and nodule dry weight.

On the other hand. Tau et al. (1984) and Andrade ot al.
(1998) on common bean found that inoculation of (Phaseolus
vulgaris) did not increase nodulation. Regarding the effect of
organic manure on number and dry weight of nodules per plant and
plant fresh weight, data presented in Table (7) clear that application
ol biogas manurc in single or in combination form with bio- or
mineral [ertilizes significantly increase number and dry weight of
nodules per plant and plant fresh weight compared with the contro|
treatment. Moreover, fertilizing common bean plants with biogas
Mmanure at the high used rate (40 kg N /fed) + Rhiz. + Phos. gave the
highest values for nodule number and dry weight in the first season.
While biogas manure ¢ the lower used rate (20 kg N /fed) + Rhiz. +
Phos. gave the highest values in the second season. Meanwhile.
Biogas manure (20 kg N /fed) + Rhiz. + Phos.+ half dose of mineral
fertilizers treatment gave the highest value for plant fresh weight,
during both seasons.

Concerning the effect of mineral fertilizers on nodules
formation, data presented in Table (7) show that plants which were
fertilized with recommended dose of minera] fertilizers (40 kg N +
48 kg P05 + 48 kg K,0 /fed.) alone gave the lowest values for
nodules number and dry weight of nodules per plant compared with
other treatments. Meanwhile, mineral fertilizers at  fy]|-
reccommended dose + Rhiz + Phos. Treatment significantly
increased nodules dry weight per plant in both seasons. Moreover,
biogas manure (20 kg N /fed) + Rhiz. + Phos. + mineral fertilizers at
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half recommended dose treatment significantly increased fresh
weight per plant with highest values in both seasons.

The results concerning the effect of mineral fertilizers on
nodules formation, agree with those reported by Ssali and Keya
(1980), Sundstrom et al. (1982), Muller et al.(1993) and Andrad et
al. (1998) all working on common bean, they found that nodule dry

weight per plant was decreased at the highest N rate.

4-2-Second experiment:

Fffect of cultivars, phosphorus, bio-fertilizers_and their

interaction on:

4-2-1- Vegetative orowth characteristics:-

a- Effect of cultivars:-

Data presented In Table (8) clarify that, there were
significant differences between the used cultivars, i.c. Bronco and
paulista in all studied vegetative orowth characteristics expressed as
plant height, number of branches and leaves per plant, leaf area as
well as fresh weight per plant, during both seasons of the
experiment, except that for number of branches in the first season
and plant dry weight in both seasons which where not significantly
affected. In this respect, plants of Bronco cultivar’s recorded the
highest values in plant height, average leaf area and fresh weight per
plant while plant of Paulista cultivar’s recorded the high number of
leaves and branches per plant. Obtained results were true during
both seasons of the study. Meanwhile, there were no significant

differences on plant dry weight between the used cultivars during

/
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both seasons of study. The different behavior observed in these
characters might reflect the differential expressively of certain genes
during ontogenetic processes. In this respect, obtained results are in
agreement with those reported by Helal (1995) Hafez et al. (1997),
Hanna and El-Gizy (1999), Ali (2002) and Amer et al. (2002) all

working on common bean.

b- Effect of fertilization treatments:-

With respect to the cffect of phosphorus, Phosphorine and
vesicular arbuscular mycorrhizal on vegetative growth of snap
plants, the same data at Table (8) show clearly that the studied
growth characteristics, i.e. plant height, number of branches and
leaves. leal area as well as fresh and dry weight per plant were
positively affected due to the application of all tested treatments
compared with the control treatment. In this regard, the application
of Phosphorine + 48 kg P,0s / fed led to a significant increase in all
the measured growth aspect of snap bean plants in comparison with
the other treatment and that of control. followed by (VAM + Phos.
+ 24 kg P,0s / fed.), (VAM £ Phos. + 48 kg P,0s /fed.), (Phos. + 24
kg P,Os /fed.), (VAM + 48 kg P,0s /fed.) and Phosphorine alone at
1 kg /fed., respectively. Obtained results are true during both
seasons of study. Such increments in growth of snap bean plant due
to the application of phosphorus, Phosphorine and VAM may be
attributed to the main role of phosphorus in most metabolic process
of plant. Increasing the vegetative growth of plants as a result of
Phosphorine and VAM application may be due to the active bacteria
and fungi, respectively, in bio-fertilizers which is capable to
transform the tri-calcium phosphate to mono-calcium phosphate in

addition to the ability to dissolve soil complex in organic and

/—____-——//_-__/__’—___/
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inorganic phosphate “and the role of phosphate bio-fertilizers in
increasing availability of soj] immobilized phosphorus and
consequently increased the content of such element in plant (Table,
9). Furthermore, phosphorus is g part of molecular structure of
several vitally important compounds notably nucleic acids (DNA
and the two forms of RNA). Moreover, VAM increased the roots
absorbing surface for growing plants and consequently increased the
nutrients absorption, which affect plant growth,

The results regarding the effect of bio-fertilizers on
vegetative growth characteristics are in 2 agreement with those of
El-Shamma (2000) and Ali (2002) on common bean, who indicated
that phosphate dissolving bacteria increased vegetative growth.
Moreover, AbouEl-Salehein and Ahmed (1998) on bean and
Mansour (2000) on pea. found that VA mycorrhiza inoculation
increased number of branches per plant as wel] as dry matter per
plant.

¢- Effect of the interaction:-

According to the effect of the interaction between cultivars
and fertilization treatments, it is obvious from such data in Table (9)
that there were significant differences between all treatments in all
studied growth parameters during both seasons of the experiment. In
general, application of Phosphorine fertilizer at | kg /fed combined
with 48 kg P,Os /fed to both cultivars under study resulted in the
maximum values of plant growth aspects. Plants of cv. Paulista
produced the greatest number of branches and leaves per plant when
plants fertilized with Phosphorine at | kg /fed combined with 48 kg
P,0s /fed. Meanwhile, those of Bronco showed the highest values of
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plant height, leaf area as wel] as fresh and dry weight per plant
compared with Paulista plants during both seasons of this study.
Similar results are in accordance with those reported by Emara
(1985), Hungiria and Neves (1987), Helal (1 995) and Ewais (2003)
on common bean.

4-2-2- Chemical composition of plant foliage:-

a- Effect of cultivars:-

Data in Table (10) showed the cflect of cultivars, phosphorus
and bio-fertilizer on chemical composition for plant foliage of snap
bean expressed as chlorophyll a, b, total carotenoids as well as N. P
and K percentage. The results clearly indicated that there were
significant differences between the tested cultivars, i.e., Bronco and
Paulista, in chlorophyll a, b, total carotenoids, N and K in the first
season and chlorophyll a only in the second one. Paulista cultivar
gave the highest values of chlorophyll a, b total carotenoids, and K
content in first season and total N and K in second season.
Meanwhile, cv. Bronco gave the highest values of total N and P in
the first season and chlorophyll a, b, total carotenoids as well as
phosphorus on the second one. These differences among the studied
cultivars may be due to the differences in genetic potentiality of
such cultivars. With respect to the effect of cultivars on chemical
composition of plant foliage, obtained results are similar to those
reported by Helal (1 995), Ahlawat (1 996), Hernandez et al. (1990),
Hanna and El-Gizy (1999), Ali (2002) and Amer et al, (2002) on
snap bean.
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b- Effect of fertilization'treatments:-

Concerning the effect of phosphorus, Phosphorine and
VAM (vesicular arbuscular mycorrhiza) on chemical composition
of plant foliage, the same data at Table (10) showed clearly that
chlorophyll a, b, tota] carotenoide as well as N. p and K percentage
were positively affected due to the application of a]] fertilization
treatments compared with the control treatment. In thjs regard, the
application of Posphorine + 48 kg P,Os /fed led to a significant
increase in chlorophyll a, b, tota] carotenoids and total N content in
comparison with the other treatments and control, Meanwhile,
treatment with VAM + Phos. + 48 kg P05 /fed gave the best values
for total P and K. These results are true during both seasons of
study.  Such increment in all estimated macro-elements was
connected with increase in vegetative growth parameters (Table,3)
as a result of phosphorus application. Obtained results may be due
to the role of phosphorus and Phosphorine fertilizer on proliferation

of roots and consequently increased the absorption ability of bean
plants. Also, a strongly positive correlation Pl % root colonization
by VAM fungi and plants P concentration and accumulation was
observed which suggests that the observed inoculation responses
Were a result of improved p acquisition by the mycorrhiza roots
Ibijbijen et al (1996). Such result is similar to those obtained by A/
(2002) on common bean, Kerlous et al (1998) on cowpea, they
found that tota] nitrogen; phosphorus and potassium content of plant
foliage were significantly increased with application of Phosphorine
atrate of | kg + 60 kg P,0s /fed.
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c- Effect of the interaction:-

According to the effect of the interaction between cultivars
and fertilization {reatments it 18 obvious from data in Table (11) that
there were significant differences between all tested treatments in
chlorophyll a, b, total carotenoids as well as N, P and K percentage
of plant foliage of snap bean during both seasons of the experiment.
In general. application of Phosphorine fertilizer at rate of 1 kg /fed
combined with 48 kg 7,05 /fed or VAM + Phos. + 24 kg P,05 /fed.
(o both cultivars under study (Bronco and Paulista) resulted in the
highest values of chemical composition of plant foliage, during both
seasons of the experiment, except that for P and K percentage in
both seasons where the application of VAM + Phos. + 48 kg P05
/fed. gave the highest values. Moreover, Paulista gave the highest
values for chlorophyll a. b and total carotenoides when plants
tertilized with Phosphorine at rate of 1 kg + 48 kg P20s /fed. and
VAM + Phos. + 48 kg P20s /fed. for P and K percentage in the first
season. Where as, Bronco cultivar gave the highest values for
chlorophyll a, b, and carotenoides when plants fertilized with Phos.
+ 48 kg P,0s /fed. and VAM + Phos. + 48 kg P,0s /fed. for P and K
percentage in the second season. These results agree with Ali
(2002) who revealed that the interaction effect between cultivars
and phosphatic fertilizer had a significantly effect on total nitrogen
and potassium content. On the other hand, Helal (1995) found that
there were no significant effect on total nitrogen. phosphorus and
potassium  as the results of the effect of interaction between

common bean cultivars and NPK fertilization.

.
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4-2-3- Green pods yield and its components:-

a- Effect of cultivars:-

The results reported in Table (12) show the effect of
cultivars, phosphorus and bio-fertilizer on green pods yield and its
components expressed as pod length, pod diameter, pod fresh
weight, yield per plot and total green pods yield per feddan as well
as dry matter percentage in pods. The results clearly indicate that
(here were significant differences between the used cultivars, i.c.
Bronco and Paulista in green pods yield and its components.
Moreover, cv. Bronco recorded the highest values of pod length,
pod diameter, pod weight, yield per plot and total green pods per
feddan than those of Paulista during both seasons of study.
Meanwhile, Paulista gave the highest values of dry matter
percentage in pod than those of Bronco these results were true in
both growing se€asons. The differences among cultivars might be
attributed to the different genetic potentiality ol every cultivar. The
higher potentiality of bean variety was the function of the higher
vegetative growth as indicated in (Table 8). In the same line Faris
et al. (1991 and 1992), Hewedy and Mohamed (1994), Helal
(1995), Hafez et al. (1997), Hanna and El-Gizy (1999), Roy and
Parthasarathy (1999), Ali (2002) and Amer et al. (2002) on snap

bean.

b- Effect of fertilization treatments:-

With respect to the effect of phosphorus, Phosphorin and
VAM (vesicular arbuscular mycorrhizal) on green pods yield and its
components, the same data at Table (12) showed clearly that green
pods yield and its components expressed  as pod length, pod
diameter, pod fresh weight, yield per plot and total green pods yield
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per feddan as well as dry matter percentage in pods were positively
affected due to the application of all fertilization treatments
compared with the control one. In this respect, the application of
Phosphorine + 48 kg P,Os /fed. led to a significant increase in green
pod yield and its components of snap bean in comparison with the
other treatment and control, followed by VAM + Phosohorine + 24
kg P,Os /fed, VAM + Phosphorine + 48 kg P,0s/fed, Phosohorine +
24 kg P,0s /fed, VAM + 24 kg P20s /fed and Phosohorine at 1 kg
/fed.. respectively. These results were true in both growing seasons.
The increase in total yield owe directly to the increase in vegetative
erowth (Table, 8) and chemical composition of plant foliage (Table,
10). These results coincided with those reported by Abou El-
Salehein and Almed (1 998) on bean, and Mansour (2000) on pea;
they mentioned that inoculation with mycorrhiza significantly
increased the total green pods yield and its components. Moreover,
Ali (2002) on common bean found that green pod yields expressed
as pods yield /plant and total pods yield / fed. as well as average pod
length, diameter and weight significantly increased with inoculation
of seeds with Phosphorine.

c- Effect of the interaction:-

Concerning the interaction between snap bean cultivars and
fertilization treatments, it is obvious from data in Table (13) that
there were significant differences between all treatments in green
pods yield and its components during both seasons of the
experiment. In general, application of Phosphorine fertilizer at 1 kg
/fed combined with 48 kg P,0s /fed. to both cultivars under study
resulted in the highest values of pod length, pod diameter, pod
weight, yield per plant and total green pods yield per feddan as well

-

Results and Discussion 77



sutioydsoyy = soyq 18uny [eziyo25w tepnasngae IR[NDISAA = AV A

[ 8o T oo 191 900 | €00 Lt 910 600 900 L10 €00 ®as1 |
€ [ IL€ tS0 SIil 082 €9 It € €90 LOT1 PAL O 5 8+ SOU] TNV A
€ 97 €8¢ vS0 1Tl 06 L e €90 P P3I/£0"d 3 T+ S0Ug HINVA
€ €82 68 € 90 698 8¢t 9'0 6111 PAF0-d Bygp+ soyg
T | <89 £r ¢ £€°0 €S9 TeE 90 0z 11 PASO BY ¢ + soug
I 6°C €60 3 9€g 6T ¢ 790 €801 PRAFOd BY 8t +INVA
T 0Tt 9c't rE0 6t'L I3 €90 rO'LL PA/Od BY $7 FINVA eIsijned
£ L | 89¢ vE0 6011 068 9L 8¢ ¢ £90 €011 SOUd +IWVA
7 | <9 9z ¢ 0 19701 £33 L61T £1°¢ e 190 [ SO
759 Ig¢ €0 10T 6Lt 0T¢ 190 | ool ) VA
9L¢ €lg 050 L9ST 66 S 8T € 90 | #wrol PAA/0%d 7Y 8t
| ¥LE 9T 6+0 £ 1LE] 0zZ°€ £€T 80 | 8rol 1011105
| 6501 SE¢ 99°0 €20t 6€6 STt 90 8111 PAFO BY 8b+S0UJ HINV A
[ t90I £rc L90 o<1 P 0L6 BTt <90 0zl P3O BY T+ 50U 1INV A
EETR S 650 818 [T 8101 [y L90 LETI P/O"d S48p+ Souqd
€601 | 20€ 590 < P88'C 906 0T F 90 9111 P/ O Y $7 + soyq
996 L6t $90 611 SPRE LG8 oly | 90 LOTI PAFOd B 87 VA
9Z01l | 66 €90 or11 611°¢ 8TL 66€ | €90 | 011 PO 5 $T +INVA osuoIg
vZ6 | 19% 90 8T PSR 999 v6'€ | €60 | o601 SOUd +INVA
9¢6 L9t 90 £ | 98c¢ LER €l [ w90 | to1 soyq
| s€8 | icw €90 1T 0fL | TeLT €9 | 88¢ | 90 | z§o0l VA
| 898 | 1o¢ t9°0 9711 £ | orve €08 | ch¢ 90 [ c60l P3O B BF
| L1y [ fov 650 | 180l S ] 01T 66€ | re 090 +9 0l joluay |
(7) : . (3)
oy MNW__V wTiam ._BM”MWD :M“.MM%H pod uieg :“_W_“_“W“_ ﬂw_u“__._ WySan ._uMuHM“G _._AEMWW._ uonezi|ua, SITAIND
lanew * < ysalq Janew ysalg
_ Alc] PRIA pog Ag plaiA oy .; — SIUQLITEa1 |
L 7002 1002 _Homsm

siepd ueaq deus jo siuauodwos Sl pue pjai{ spod uaaus uo §4921|13j-01q pue snioydsoyd ‘sianna UaamIag uonarIaul o 123)4 (1) 9rqer




as dry matter percentage in pods. Moreover, cv. Bronco recorded
the highest values of these characters except dry matter percentage
compared with cv. Paulista. Meanwhile, Paulista recorded the
highest values of dry matter percentage in pod compared with
Bronco. These results were (rue in both seasons of this study.
Similar results were reported by Hewedy and Mohamed (1994) and
Helal (1995) on snap bean.

4-2-4-Mineral composition of green pods:-

a- Effect of cultivars:-

The results in Table (14) show the effect of cultivars,
phosphorus and bio-fertilizer (Phosphorine and vesicular arbuscular
mycorrhiza) on N, P and K percentage in pods of snap bean. The
results indicated that there were no significant difference on p
percentage in green pods between the used cultivars (Bronco and
Paulista) during both seasons and on N percentage during the first
season. Respecting K percentage, (here was significant difference
between used cultivars in both scasons. Bronco cultivar gave the
highest values of N percentage in the first season and P percentage
in the second one. Meanwhile, cv. Paulista gave the highest values
for P and K percentages in the first season and N and K percentage
in the second one. Many investigators worked in this respect among
them. Helal (1995), Singer et al. (1996) and Ali (2002) all working

on common bean.

b- Effect of fertilization treatments:-

Concerning the effect of phosphorus, Phosphorine and
vesicular arbuscular mycorrhiza (VAM) fungi on N, P and K
percentage in green pods, the same data at Table (14) show clearly

/
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that N, P and K percentage Were positively affected due to the
application of all fertilization treatments compared with the control
(reatment. In this regard, the application of Phosphorine + 48 kg
P,Os /fed. led to a significant increase in N percentage in
comparison with the other treatments and control. Meanwhile,
(reatment with VAM + Phos. = 48 kg P,0s /fed. gave the highest
values for P and K percentages. These results are truc during both
scasons of study. Obtained results may due to the synergistic effeet
of phosphorus in increasing the absorption ol nitrogen and
potassium elements by plant. Such results are similar to those
obtained by Ali (2002) on bean who found that the application of 1
kg Phosphorine +60 P,05 /fed. led to the highest values of total
nitrogen. phosphorus and potassium. In this respect, Abou El-
Salehein and Ahmed (1998) on bean, and Mansour (2000) on pea,
they found that VAM inoculation increased N and P content of seed.
c- Effect of the interaction:-
According to the effect of the interaction between cultivars

and fertilization treatments, it is obvious from data at Table (15)
reveal that there were significant differences between all treatments
in N. P and K percentages in green pods during both seasons of the
study. Application of Phosphorine at rate of 1 kg /fed. combined
with 48 kg P,0s /fed. or VAM+ Phos. + 48 kg P20Os /fed. to both
cultivars under study (Bronco and Paulista) resulted in the highest
values for N, P and K percentage. In this regard, Paulista cultivar
gave the highest values of nitrogen percentage when plants
fertilized with Phosphorine at rate of 1 kg /fed. + 48 kg P,05 /fed.
compared with Bronco cultivar at the same treatment in both
seasons. Meanwhile, Bronco gave the highest values for p

percentage on first season and K percentage in the second one when

e
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plants fertilized with VAM+ Phos. + 48 kg P,0s /fed. compared
with Paulista at the same treatment. While, Paulista gave the highest
values of K percentage in the first season and P percentage in the
second one compared with Bronco at the same treatment. These

results agree with those reported by Ali (2002) on common bean.

4-2-5-Organic chemical constituents in pods:-

a- Effect of cultivars:-

The results reported at Table (16) clarify that there were
significant differences between the used cultivars, i. e. Bronco and
Paulista on organic chemical constituents in pods expressed as
crude protein, reducing. non-reducing and total sugars as well as
fiber percentage during both seasons of the experiment, except that
crude protein and non-reducing sugars in the first season which was
not significantly affected. Bronco cultivar gave the highest values
for reducing and total sugars in both seasons and non-reducing
sugars in the second one than cv. Paulista. With respect to the crude
protein percentage. Bronco gave the highest value in the first season
than Paulista without significant difference, while Paulista gave the
highest value of crude protein percentage in the second secason.
Respecting the fiber percentage cVv. Paulista gave the lowesl values
for fiber percentage during both seasons. These differences between
the studied cultivars may be due to the differences in genetic
potentiality of such cultivar. These results were in agreement with
those reported by Beltran et al. (1983), Kunwar et al. (1984), Helal
(1995), Singer et al. (1996), Ali (2002) and Ewais (2003) all

working on common bean.
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b- Effect of fertilization treatments:-

With respect to the effect of phosphorus, Phosphorine and
vesicular arbuscular mycorrhizal (VAM) fungi on organic chemical
constituents in green pods of snap bean, the same data at Table (106)
showed that crude protein, reducing, non-reducing and total sugars
as well as fiber percentages Were positively affected due to the
application of all fertilization treatments compared with the control
one. In this regard, the application of Phosphorine + 48 kg P05
/fed. led to a significant increase in crude protein, reducing, non-
reducing and total sugars as well as fiber percentage in comparison
with the other treatments and that of control, followed by (VAM +
Phos. +24 kg P,0s /fed.), (VAM + Phos. + 48 kg P,0s /fed.) (Phos.
+ 24 kg P,0s /fed.), (VAM + 24 kg P,0; /fed.) and Phosphorine at
rate of 1 kg /fed., respectively. Obtained results are true during both
scasons of study. Such results may be due to the main role of
phosphorus in carbohydrates deposition and plant metabolism. The
results regarding the effect of bio-fertilizer on organic chemical
constituents in green pods of snap bean are in agreement with those
of Ali (2002) on bean that found who application of 1 kg
Phosphorine + 60 kg P,0; / fed. led to the highest values of soluble,

non-soluble and total sugars content of produced dry seed.

c- Effect of the interaction:-

According to the effect of the interaction between cultivars
and fertilization treatments, it is obvious from such data in Table
(17) that there were significant differences between all the studied
{reatments in protein, reducing, non-reducing and total sugars as
well as fiber percentage during both seasons of the experiment. In

general, application of Phosphorine fertilizer at rate of 1 kg /fed.

-
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combined with 48 kg P,0s5 /fed. 1o both cultivars under study
resulted in the maximum values of protein, reducing, non-reducing
and total sugars percentage and the lowest value for fiber percentage
during both seasons. Bronco cultivar gave the highest values of
reducing, non-reducing and total sugars when the plants fertilized
with Phosphorin at rate of 1 kg + 48 kg P20s /fed. or VAM + Phos.
+ 24 or 48 kg P,Os /fed. compared with paulista cultivar under the
same fertilizer treatments. Meanwhile, Paulista cultivar gave the
highest value of protein percentage and lowest value of fiber
percentage compared  with Bronco cultivar  with the same
(reatments. Obtained results are truc during both scasons of study.
These results agree with those reported by Ali (2002) and Ewais

(2003) both working on common bean.
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