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WO FIELD experiments were carried out in the Experimental

Farm of the National Research Centre at Shalakan, Kalubia
Governorate in 2000/2001 and 2001/2002 scasons to study the
response of Faba bean plants to bio and mineral phosphorus fertilizers.
The experiment included nine treatments representing the interaction
of 3 bio-fertilizer treatments (without, one dose and two doses) with
three mineral fertilizer treatments (100, 150 and 200 kg
superphosphate/fed).

Obtained data showed that bio-fertilizer {one and two doses)
improved plant growth, ie., plant height, leaves and shoots number
and dry matier, than the control. Application of superphosphate (150 -
200 kg/fed) improved plant growth. The interaction between bio- and
mineral phosphorus improved plant growth which was highest with
plants receiving two doses of bio- P combined with 150 kg
superphosphate/fed, and poorest with plants receiving zero bio- P and
100 kg superphosphate/fed.

Pod yield expressed as number of pods, average pod weight and
green pod yield (g/plant and/or ton/fed) were highest with two doses of
bio-fertilizer treatments and/or with 200 kg superphosphate/fed. The
interaction between bio- and mineral phosphorus showed the highest
values of green pod yield with plants receiving two doses of
bio-fertilizer combined with 200 kg superphosphate/fed.

The chemical composition, ie, N, protein, P, K, total soluble
sugars % and V.C. content were increased with bio-fertilizer
treatments and/or with increasing the mineral P level from 100 to 150
and 200 kg superphosphate/fed. The highest values of nutrients in
green pods were recorded with plants receiving two doses of bio- P
combined with 200 kg/fed of superphosphate.
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Faba bean is an important vegetable crop in Egypt as a necessary protein source
for human consumption.

Fertilization is a major factor for increasing the seed yield production as well
as its quality.

Many investigators directed their contribution to P solubilization, others went
to production of plant growth modifying substances by such bio-fertilizers
(El-Sheekh, 1997).

Bio-fertilizers were reported to affect plant growth (Ascosta ef al,1995 and
Shen, 1997) and total yield of plant (Arkhipenko, 1996 and Kwon ef al,, 1996) as
well as its physical and chemical propertics (Ranganathan & Selvaseelan, 1997
and Zahir ef al., 1997).

The significant effect of bio-fertilizers may be due to the effect of different
strain groups and nutrients mobilizing microorganisms which help in availability
of metals and their forms in the composted material and increased levels of
extractable minerals (El-Kramany ef al., 2000). '

Bio-fertilizer application improves plant growth, fruit yield and chemical
composition, as compared with the control (Abdalla et al, 2001, on pepper
plants and Abdel-Mouty et al., 2001 on potato plants}. Application of NPK with
bio-fertilizer resulted in the best growth, total yield and fruit characters of guar
plants (Ali , 2001).

Phosphorene is a bio-fertilizer product containing active microorganisms
hydrolyzing the insoluble phosphate into soluble one under high soil pH and
greater percentage of calcium carbonate, consequently, partially overcomes the
phosphate fixation of Anna apples (Mansour, 1998).

Applying phosphate bio-fertilizers to soil increased soluble phosphates, plant
growth, dry matter, protein and N and P contents of maize plant (El-Sawah
et al., 1995).
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The promoting effect of bio-fertilizer is due to the active bacteria in
phosphorene which is capable of transforming the tri-calcium phosphate to
mono-caleium phosphate (Ashour, 1998). Sherif et el (1997} added that
phosphates dissolving bacteria presses the ability to bring insoluble phosphate in
soluble forms secreing organic acids such as formic acetic and lactic acids. Such
acids lower the pH and bring about the dissolution of bonds forms of phosphate
and render then available for growing plants.

Application of P at 25.8 kg/ha or phosphate solubilizing (PS) resulted in
marked increase in growth and grain yield of pea plants (Srivastava ef al., 1998).
They added that availability of P influences the productivity by affecting the
processes of energy storage and transfer.

Application of phosphorus fertilizer encouraged plant to stimulate flowering
and improving quantity and quality of seeds, and it is necessary for protoplasm
formation and yield of guar plants (Ali , 2001).

Increasing the rates of superphosphate up to 300 kgffed resulted in an
increment in average number of leaves, dry matter, pod length, seed number/pod,
total green and dry yield of broad bean (Shaheen et al,, 1989} and of pea plants
(Omar et al.,1990).

Dry matter yield, leaf area and P contents of bean plants were increased with
increasing P supply in all experiments (Al-Karaki, 1992).

Yields of faba bean and onion were increased with increasing P rates.
Phosphorene application increased total yield {El-Kalla et af.,1999}.

This study aimed to explore the response of faba bean plants growth and
productivity to mineral and bio-fertilizer phosphorus treatments.

Material and Methods

Two successive fieid experiments were carried out in the Experimental Farm
of the Naticnal Research Centre, in Shalakan, Kalubia Governorate in 2000 and
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2001 seasons to study the response of faba bean plants growth and productivity
to mineral andfor bio-fertilizer treatments of phosphorus as well as their
interaction.

The experimental soil was clay loam in texture with E.C. 2.3 mmhos/cm, pH
7.8 and 141 meq/l. available N, 4.9 meq/l. P and 0.32 meq/1 exchangeable K.

Each experiment included nine treatments representing the interaction
between three application doses of the bio-fertilizer (phosphorene), i.e. , without,
one dose and two doses with three rates of mineral phosphorus, i.e., 100, 150 and
200 kg superphosphate (16.5 % P,Og)/fed. The nitrogen and potassium mineral
fertilizers were applied as the recommended rates, ie, 200 kg ammonium
suiphate (20.5 % N} and 100 kg potassium sulphate (48 % K,O/fed) .

Phosphorene was applied as recommended by Ministry of Agriculture (two
packages each of 1 kg/fed ) once at sowing time and/or twice, ie., at sowing and
one month later, as compared to the control {without).

th th

and 20 of October in
2000 and 2001 scasons, respectively. The experimental plot area was 10.5 mz
which included rows each was of 3.5 m length and 60 cm width. The distance

between plants was 20.0 cm.

Faba bean seeds cv. El-Kobrsy were sown on 15

Treatments were arranged in a split block design with 4 replicates where the
phosphorene treatments were distributed in the main plots and the mineral
phosphorus treatments occupied the sub-plots.

Vegetative growth samples were taken 45 and 90 days after sowing.
A random sample of five plants was taken from each plot for plant height,
number of leaves and shoots, as well as dry matter content determinations.

In the beginning of April of both seasons, pods were harvested and
measurements of number of pods, number of seeds per pod as well as sceds dry

weight per piant, were recorded.
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A random sample of ten pods of each treatment was taken for the chemical
analysis purposes, ie. N,P,K, protein, total soluble sugars and ascorbic acid
{vitamin C) determinitions. N,P and K were determined according to Black
(1983), Watanab & Olsen (1965) and Jacksen (1965), respectively. The
percentage of crude protein, total soluble sugars and ascorbic acid (Vitamin C)
were determined according to A.O.A.C. (1975).

The obtained data were subjected to the analysis of variance procedure and
means were compared using the L.S.D. method at 5 % level of significance
according to Gomez & Gomez (1984).

Results and Discussion

Vegetative growth

Effect of bio-fertilizer

Data presented in Table 1 showed that application of phosphorene improved
plant growth expressed as plant height, number of leaves and shoots as well as
dry matter content, as compared to the control  (without bio-fertilizer). Such
response was shown in both samples, ie., 45 and 90 days, in both seasons.
Data also indicated that two doses application of phospherene showed an
increment in plant growth than that of one dose application treatments. However,
the differences between these two treatment failed to reach the 5 % level of
significance, in most cases.

It could be concluded that application of the bio-P fertilizer named
phosphorene increased plant growth and dry matter due to that phosphorene
enhanced phosphorus solubilization (El-Sheekh, 1997). The effect of
bio-fertilizer may be due to the effect of nutrients mobilizing microorganisms
which help in availability of metals and increased levels of extractable minerals
{El-Kramany et al.,2000).

The obtained results agreed with those of Sherif et al. (1997) who mentioned
that phosphates dissolving bacteria presses the ability to bring a soluble
phosphate in soluble forms secreting organic acids which lower the pH and
bring about the dissolution of bonds forms of phosphate and render then
available for growing plants.
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TABLE 1. Effect of bio- and mineral phosphate fertilizers on the growth characters
of faba bean plants in 2000/2001 and 2001/2002 seasons.

Characters | Plant height Leaves No. Shoots D
Fertilizer treatments {cm) /plant No./plant R4 “‘t
mig | Mineral | 45 | 90 | 45 90 | 45 | 90 (95{}1’ d:;s
kg/fed. days | days | days ;| days | days | days
First season (2000/2001)
100 35 66 26 35 3 5 67
Without 150 55 68 27 37 3 6 65
- 200 58 73 29 42 4 6 69
Mean 56.3 §9.0 27.3 38.0 3.3 5.7 65.3
One 100 53 70 28 43 4 7 75
dose 150 55 72 33 52 5 8 82
200 60 78 35 57 5 9 90
Mean 56.0 73.3 32.0 51.0 4.7 8.0 823
Two 100 57 75 35 55 4 7 80
doses 150 59 81 39 60 6 11 99
200 61 83 38 58 6 9 92
Mean 58.0 80.0 373 58.0 5.3 9.0 90.3
Average 100 55.0 0.3 29.7 443 33 6.3 72.3
of 150 56.3 73.7 33.0 497 4.7 8.3 82.0
200 59.7 78.0 34.0 52.3 5.0 -8.0 83.7
LS.D. Interaction| 6.04 7.81 516 592 1.26 1.51 8.62
at5 % Bio N.§ 6.41 4,52 7.00 1.13 1.42 9.13
level Mineral N.S 5.83 4.17 6.14 1.31 1.36 N.S
Second season (2001/2002)
100 49 62 24 292 3 5 57
Without 150 52 66 25 33 3 6 59
200 55 71 29 39 3 6 63
Mean 52 66.3 26.0 33.7 3.0 5.7 59.7
One 100 50 69 27 39 4 6 64
dose 150 55 72 31 46 5 g 71
200 59 73 33 51 3 8 75
Mean 54.7 72.0 31.0 453 4.7 7.3 70.0
Two 100 56 72 34 50 4 7 7%
doses 150 59 79 38 58 6 9 86
200 62 81 36 55 (-] 10 84
Mean 59.0 77.3 36.0 54,3 5.3 8.7 83.0
Average 100 51.7 67.7 283 393 3.7 6.0 66.7
of 150 55.3 723 312 457 4.7 77 72,0
200 58.7 75.7 333 48.3 4.7 8.0 74.0
L.8.D. Interaction| 6.6 8.7 4.9 52 1.4 26 7.8
at 5 % Bio N.S 7.3 5.6 5.5 1.2 1.9 6.4
level Mineral N.S 5.0 3.4 4.9 0.8 1.1 NS |
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The findings of El-Sawah et al. (1995), Ashour (1998), Mansour {1998),
Abdalla et al. (2001), Ali (2001) and Abdel Mouty e al. (2001) supported our
results.

Effect of mineral fertilizer

The obtained resuits (Table 1) clearly indicated that the addition of
phosphorus fertilizer at rates within 100-200 kg of superphosphate resulted in a
slight increase in values of growth characters obtained with application of
superphosphate at a rates of 100-150 kg/fed, however increasing P rate more
than 150 kg/fed Showed nio significant response. These findings were supported
by previous workers such as El-katkat (1992) on broad bean, El-Awag et al.
(1993) on soybean and Ali {2001) on guar plants.

Effect of the interaction

All plant growth measurements significantly responded to the interaction
treatments. These results held good in both plant samples of the two
experimental seasons, except plant height at 90 days sample. Generally, it could
be concluded that the highest values of plant height, number of leaves and shoots
per plant as well as dry weight of whole of plant were recorded by plants treated
with bio-P-fertilizer at two doses and supplied with the medium rate of chemical
P. On the contrary, the poorest plant growth was noticed in case of plants which
received no bio-P-fertilizer and supplied with the lowest rate of superphosphate
(100 kg/fed). These findings werc in good accordance in both samples of the two
experimental seasons.

Total yield and its components

Effect of bio-fertilizer

Application of phosphorene increased the records of number of pods and
average pod weight as well as green yield, than the control plants (Table 2). Two
doses application of phosphorene overcame one dose treatment, for all pod yield
characters studied. This effect of phosphorene on pod yield of faba bean was
shown in both experimental seasons. The positive effect of bio-fertilizer on pod
yield of faba bean is an expected result for its effect on improving plant
growth and dry matter production. Such response to bio-fertilizer was reported
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TABLE 2. Effect of bio- and mineral phosphate fertilizers on the pod yield
characters of faba bean plants in 2000/2001 and 2601/2002 seasons.

Characters
Fertilizer treatments Pod Aver, Pod wt, | Green yield Green yield
Bio Mineral No./plant (g.) (g/plant) (ton/fed.)
kg/fed.
First season (2000/2001)
100 25 14 350 2.80
Without 150 27 15 405 3.24
200 3 18 540 4,32
Mean 27.3 15.7 431 345
One 100 25 18 450 3.60
dose 150 30 20 600 4.80
200 32 21 672 538
Mean 29.0 19.7 574 4.59
Two 100 28 20 560 4,48
doses 150 31 21 651 ‘ 5.21
200 30 20 600 4.80
Mean 29.7 20.3 604 4,83
Average 100 26.0 17.3 453 3.63
of 150 293 18.7 552 442
200 30.7 19.7 604 4.83
L.SD. Interaction 5.6 6.1 643 . 0.68
at5% Bio NS 4.3 45.7 0.51
level Mineral N.S 2.2 48.2 0.37
Second season (2001/2002)

100 24 i2 288 2.31
Without 150 29 15 435 3.48
200 30 17 510 4.08
Mean 217 14,7 411 3.29
One 100 28 16 416 333
dose 150 24 20 480 3184
200 32 21 672 5.38
Mean 27.3 19.0 523 4.18
100 26 8 468 3.75
‘;ro‘:;’s 150 29 23 667 534
. 200 28 20 560 4.48
Mean 27,7 20.3 565 4,52
Average 100 253 15.3 390 313
of 150 2713 19.3 527 422
200 30.0 i9.3 581 4,65
L.S.D. Interaction 52 59 78.6 0.76
as% Bio NS 4.3 52.4 0.53
level Mineral N.S 3.1 47.0 0.51
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by many investigators, i.e. El-Kalla et al. {1999), Abdalla er al (2001), Ali
(2001) and Abdel-Mouty et al. {2001} who stated that bio-fertilizer application
increase result from its effect on improving plant growth and dry matter
production. Such response to bio-fertilizer was reported by many investigators,
ie. El-Kalla et al. (1999), Abdalla et al. (2001), Ali (2001) and Abdel-Mouty
et al. (2001) who stated that bio-fertilizer application increased total yield
production of studied crops. Srivastava et al. (1998) added that the availability of
P influences the productivity by affecting the processes of energy storage and
transfer.

Effect of mineral fertilizer

Data in Table 2 showed that increasing the superphosphate treatments from
100 to 150 or 200kg /fed increased number of pods per plant, average pod weight
as well as green yield, ie., gm/plant or ton/fed, in both seasons. The highest pod
yield values were recorded with 200 kg superphosphate treatments. Differences
between treatments were significant at 5 % level in both seasons, with a few
exception.

It could be concluded that increasing the mincral phosphorus fertilizer
increased pod yield of faba bean, as a result of its increment on plant growth and
dry matter accumulation. The obtained resulis were in accordance with those
mentioned by Omar ef al. (1990), Srivastava ef al. (1998) and Ali {2001) who
reported that P fertilizer encouraged plant to stimulate flowering and improving
quantity and quality of vield, and that P is necessary for protoplasm formation.

Effect of the interaction
The interaction between bio- and mineral phosphorus fertitizer positively
affected faba bean yield and productivity (Table 2).

The highest values of number of pods per plant and average pod yield were
recorded with faba bean plants receiving two doses of bio-fertilizer with 150 or
200 kg superphosphate/fed, with no significant difference.This effect was shown
in both seasons. However, such records were lowest with plants receiving zero
bio-fertilizer combined with 100 kg superphosphate/fed, in both experimental
scasons.
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Green pod yield (g/plant and/or ton/fed) was increased with bio- and/or
minera] phosphorus fertilization, as compared to the control, in both seasons,
The highest pod yield values were recorded with faba bean plants receiving two
doses of phosphorene combined with 150 or 200 kg superphosphate, in both
seasons. Whereas, pod yield was lowest with plants receiving zero bio-fertilizer
combined with 100 kg superphosphate/fed. Data indicated that bio-fertilizer
(phosphorene) combination with minerai fertilizer stimulated plant productivity.
Data also showed that the increment of mineral fertilizer from 150 to 200 kg
superphosphate/fed was not significant.

Nutritional value of green pods

Effect of bio-fertilizer

Data in Table 3 indicated that the nutritional value of green pods of faba bean
is significantly affected by phosphorene addition since it was increased,
especially with 2 doses application, as compared to the control. This effect was
shown in both seasons for N,P,K and protein percentages. Differences between
treatments were significant at 5 % level, except for K percentage character.

Total soluble sugars percentage as well as V.C. content showed a similar
trend of response and recorded their highest values with plants receiving two
doses of phosphorene and their lowest ones with the control plants, in both
seasons.

The obtained results agreed with those of El-Sawah er al. (1995) and Kwon
(1996) who reported that bio-fertilizer affected the physical and chemical
properties of the plant. Abdalla er al. (2001) and Abdel-Mouty er al. (2001)
reported that bio-fertilizer application improves fruit yield and chemical
composition, which supports our results.

Effect of mineral fertilizer

Data shown in Table 3 indicated the promotive influence of the higher
superphosphate dose on the nutritional value of the product. The highest values
of N, P, K, protein percentages as well as of total sofuble sugars and V.C.
contents accompanied 150 or 200 kg superphosphate/fed treatments, in both
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of faba bean green pods in 2006/2001 and 2001/2002 seasons.

197

Characters [ Total V.C.
Fertilizer treatments ° Protein o o soluble | (mg/t0
Bio Mineral N% G P% K% sugars | gfresh
- kg/fed. | % wt.)
First season (2000/2001 ‘
100 33 1 28 0.34 2.14 59 1 136
Without 150 33 2.9 0.37 226 58 142
200 3.6 3.0 0.38 229 6.1 14.9
Mean 3.4 2.9 Q.36 2.23 5.9 14,23
One 100 35 29 0.36 222 6.0 14.8
dose 150 3.7 3.0 0.38 2.33 6.3 15.9
200 3.9 32 040 2.41 6.8 16.8
Mean 3.9 3.0 038 232 6.37 15,83
Two 100 37 3.0 0.38 2.27 6.2 15.9
doses 150 39 3.4 0.39 2.41 6.7 16.7
200 43 3.5 0.44 2.49 7.3 17.9
Mean 4.0 3.3 0.40 2,39 6.73 16.83
Average 100 35 2.9 0.36 221 6.03 14.77
of 150 3.6 31 0.38 233 6.27 15.60
200 3.9 3.2 0.41 2.40 6.67 16.53
L.S.D. Interaction| 0.41 0.21 0.08 N.S 0.63. 1.65
at5% Bio 0.36 0.17 0.03 NS 0.42 1.32
level Mineral 0.26 Q.16 0.02 NS 0.36 1.16
Second season (2001/2002)
100 3.1 27 0.35 2.18 5.7 14.1
Without 150 32 29 0.38 2.25 6.1 153
200 35 3.1 0.39 2.29 6.4 159
Mean 3.27 2.90 0.37 2,24 6.07 15.1
One 100 35 28 0.37 2.21 6.2 15.8
dose 150 3.6 3.1 0.39 2.27 6.5 16.7
200 3.9 3.3 0.42 2.30 6.9 175
Mean 3.67 3.07 0.39 2.26 6.53 16.67
Two 100 38 3.0 0.39 2.29 6.3 15.9
doses 150 39 31 0.42 2.36 6.9 i6.8
200 4.2 3.5 0.44 244 7.5 17.7
Mean 397 3.20 042 2.36 6.90 16.80
Average 100 3.47 2.83 037 2.23 6.07 15.27
of 150 3.57 3.03 0.40 2.29 6.50 , 16.27
200 3.87 3.30 0.42 2.34 6.93 17.03
L.S.D. Interaction [ 0.53 0.37 0.07 N.S 0.57 1.86
ats % Bio 045 0.24 0.06 N.S 0.36 1.42
level Mineral 0.27 0.19 0.03 N.S 0.32 1.35
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seasons. However, the lowest values were recorded with the control plants
(receiving 100 kg superphosphate/fed), indicating that mineral phosphorus
improves the nutritional value of the product as previously reported in other
studies, i.e, Srivastava et al. (1998) who recorded a marked increase in grain
yield due to the availability of P which influences the plant productivity by
affecting the processes of energy and transfer. Moreover, the findings of
Shaheen et al. (1989) and Omar et al. (1990) supported our resuits. The findings
of Ali (2001) agreed with the obtained results since it concluded that phosphorus
fertilizer encouraged plants to stimulate flowering and improving quantity and
quality of seeds and it is necessary for protoplasm formation and yield
production of crops.

Effect of the interaction

Data shown in Table 3 represented the combined effect of bio- and mineral
phosphorus treatments on the nutritional value of faba bean pods, in both
experimental seasons. The highest values of N, P, K, protein, total soluble sugars
percentages and V.C, content were recorded with plants receiving phosphorene
(two doses) combined with 150 or 200 kg superphosphate/fed, with no
significant difference between the two treatments. The lowest values were
recorded with the control plants receiving zero bio- P combined with 100 kg
superphosphate/fed. This effect was shown in both seasons. Data indicated the
stimulatory influence of the interaction between bio- and mineral fertilizer as
was reported by previous investigators. Ali (2001) concluded that application of
NPK with bio-fertilizer resulted in the best yield and fruit characters, which
supports the obtained results.
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