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Abstract:

The field trial was conducted at private farm in Tripoli city to study the effect of
biofertilizers ( Rhizobium leguminosarum and/or Bacillus megatherium ) and
chemicals fertilizers ( N & P fertilizers ) treatments alone or in combination with
them on vegetative growth and yield of pea ( Pisum sativum L. ) cv. Master-B and

seed chemical analysis .

A highly significant effect (p<0.01) for treatments on all traits studied was observed.
All treatments produced greater yield as compared by control. The best
yield (64.23) , (87.17), ( 21.67) was recorded for ( Rhizobium + Bacillus + N &P
fertilizers ) treatment ; the lowest yield (56.13), (61.00), (18.88) was obtained for the

control and the other treatments came in between.

The overall means of vegetative growth traits averaged 60.56+ 0.52 , 26.19+ 0.26
and 5.44+ 0.14 for plant height ; number of leaves and dry weight of leaves,
respectively . The general means of yield traits averaged 14.27+ 0.22, 5.07% 0.05,
72.69+ 1.77, 19.60+ 0.34, 5.27+ 0.04, 6.89£ 0.13 and 1.38+ 0.03 for the number of
pods/ plant, average pod weight (g), total green pod yield / plant (g), total green pod
yield / hectare (ton), the number of seeds / pod , pod length(cm) and pod diameter
(cm), respectively. Also, the overall means of chemical analysis of pea seeds were
6.00+ 0.07, 3.77+ 0.05, 4.47+ 0.07, 3.19+ 0.03 and 19.96+ 0.20 for Total soluble
solids %, Total soluble sugars %, Ascorbic acid mg/100 gm F.W, Nitrogen % and

Protein % traits respectively.

A highly significant positive correlation at level 1% (p< 0.01) was observed among

different variables of pea.



It was concluded from current study that for obtaining maximum grain yield of pea,
seed should be inoculated with Rhizobium + Bacillus in combination with N & P

fertilizers.
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Introduction

The legumes and grains are by far the world's most important sources of food
; grains supply starch while legumes which include bean, Peas supply protein and
fats (John,2005). Legumes are very important not only as food crops but possess high
propensity to grow in depleted soils thereby serving as unique symbiotic capability

with nitrogen balance in the soil is thereby presereved (Okaka et al., 2002).

Pea ( Pisum sativum L.) is one of the most important leguminous vegetable
crops grown in the winter season (Hassan, 1993). Pea is commonly used throughout
the world in human diets and has high level of amino acids , lysine and tryptophan,
which are relatively low in cereal grains and contains approximately 21-25% protein
(Schatz and Endres, 2009) .

The Biofertilizers or microbial inoculants are organic products containing
living cells of different types of microorganisms, which have the ability to convert
nutritionally important elements from unavailable to available form through
biological processes. It can be generally defined as preparation containing live or
latent cells of efficient strains of nitrogen fixing and phosphates solubilizing

microorganism used for treatment of seed (Vessey, 2003).

They are composting the area with the objective of increasing the number of
such microorganisms and accelerate microbial process to augment the extant of
the availability of the nutrient in a form which can easily assimilated by plant (
Subba — Rao, 1986) .

The Rhizobium (Rhizobium leguminosarum) as fertilizer in pulses could
fix 50-200 kg of N /ha/season and is able to meet 80-90 % of the crop

requirement for nitrogen . Inoculation of these crops was found to



increase the crop yield by about 10 — 15 % under farm conditions
(Khurana and Dudeja, 1997 ).

Bacillus megatherium var. phosphaticum bacteria ( phosphate solubilising
bacteria ) uses a biofertilizer for dissolving and releasing phosphorus element from
the complex compounds to simple compounds and plants becomes strong and

have a good growth (Elsoni and Osman, 2011) .

Minerals fertilization has been reported to be one of the important factors
limiting growth vigour and vyield of pea. Among some benefits , nitrogen helps
plants to grow quickly , while also increasing the production of seed and fruits and
bettering the quality of leaf and forage crops. Nitrogen is also considered as most
Important nutrient for crop to activate the metabolic activity and transformation of
energy chlorophyll and protein synthesis , the substance that give plants their green
color, and also aids in photosynthesis (Edmond et al. , 1981 and De, 1993). Also,
phosphorus play a key role in the photosynthesis process , plays a vital role in a
variety of the things needed by plants and it supports the formation of oils,

sugars and starches .

The transformation of solar energy into chemical energy is also aided by
phosphorus , as well as, development of the plant and the ability to withstand stress.
Additionally , phosphorus encourages the growth of roots and promotes flowering
(Edmond etal., 1981) .

Biological N fixation is cheaper means of improving soil fertility and
productivity. The use of biological N fixation provides continuous supply of N for

plant growth and add organic matter to the soil (Yakubu et al.,2010 ).



Objectives :

To determine the effects of different biological fertilization (bio-fertilizer);
minerals fertilizers N & P and their interaction on yield , growth traits and chemical

composition of Pea ( Pisum sativum L.).



Literatures Review

A-Effect of biofertilizers or microorganisms on legumes:
1-Vegetative growth :

Biofertilizers are the biologically active products or microbial inoculants
of bacteria and fungi which may help biological nitrogen fixation, phosphorus
releasing and many elements for the benefit of plants (Subba Rao , 1984 ).

Abou EL- Salehein and Nasr (1994) reported that Rhizobium inoculation
increased the growth of pea plant. Moreover , Erman et al. (2009) observed that pea
inoculation treatment with Rhizobium for two years had a significant effect on the
plant height , number of branches, root and shoot dry weight and number of nodules
in both years of the study

Fatima et al. (2006) showed that there was a significant effect of Rhizobium
leguminosarum strains (TAL-377, TAL-379 and TAL-102) alone and in
combination with phosphorus on plant growth of soybean (Glycine max) ; survival
of Rhizobium and phosphorus solubilizing bacteria. A mixture of effective strains
with phosphorus is a promising way for enhancing the growth of legume crops.

Rather et al.(2010) studied the effect of bio-fertilizers Rhizobiu , Azobacter
and Phosphate Solubilising Bacteria (PSB) application on growth of field pea (Pisum
sativum L.) the co-inoculation of all the three bio-fertilizers i.e. Rhizobium |,
Azobacter and PSB produced significantly higher growth characters as compared to
control treatment and when inoculated them individually. The treatment of
Rhizobium+ Azobacter + PSB gave highest growth in terms of plant height
(45.26cm), number of leaves/plant (13.33), number of branches/plant (4.20), number
of nodules/plant (38.46) fresh weight and dry weight of nodules (562.34 and 122.62

mg, respectively).



Jitender (2011) working on Pea (Pisum sativum L.), reported that the application
of 120 P,0s/hawith Rhizobium inoculation significantly increased the plant height,
number of leaves /plant , number of nodules per plant , fresh weight of nodules per
plant and dry weight of nodules/ plant followed by 100 kg/ha phosphorus
application with Rhizobium inoculationof pea seeds.

Ravikumar (2012) noticed that the inoculated plants with Rhizobium possessed
greater height , greater fresh weight , greater number of roots , nodules , greater
number of leaves , shoots , pods , over their respective controls.

Messele et al. (2012) reported that inoculation of Sinorhizobium ciceri +
Pseudomonas sp. with 18/20 kg NP ha* as urea and DAP increased nodule number
, hodule dry weight , nodule volume and dry matter by 271.59 % , 220 % , 241.97
% and 181.40 % ,respectively over uninoculated (control) at mid flowering stage .

Abbasi et al.(2013) observed that in all treatment compounds , total dry matter
increased slowly until 25 days after sowing , from 25 till 105 days after sowing
increased rapidly. Then, decrease from 105 till 115 days after sowing (harvest time).
Maximum of total dry matter (374 gr/ m?) belonged to the higher nitrogen rates (75
kg urea/ha) and seed inoculation , while the minimum of it was in control treatment.
Plant height , number of pod per plant, grain 100 weight , grain yield , number and
weight of nodules per plant were significantly affected by nitrogen rates and seed
inoculation. Comparison of means showed that maximum of grain yield (1276.78
kg/ha) and number of pod per plant (32.48) was obtained in the high nitrogen rates.
Increasing of nitrogen rates up 50 kg/ha increased number and weight of nodules
per plant but, it decreased in application of 75 kg N/ha. On the other hand, minimum

values of previous traits were obtained in control treatment.



2- Crop production and its components:

Abou El-Salehein and Nasr (1994) showed that Rhizobium inoculation
Increased the chemical composition and green pod yield of pea plant.

The Rhizobium as fertilizer in pulses could fix 50-200 kg of N/ha/season and
able to meet 80-90% of the crop requirement for nitrogen. Inoculation in these
crops was found to increase the crop yield by about 10-15% (Khurana and Dudeja,
1997) .

Moreover, Erman et al. (2009) reported that pea inoculation treatment with
Rhizobium had significant effect on the seed and biomass yield , number of pods
and nitrogen and phosphorus contents of pea seeds in both years. Crop productivity
can be increased by the application of chemical, organic and biological fertilizers
(Elsheikh et al., 2009)

Rather et al .(2010) conducted a field experiment to find out the effect of bio-
fertilizers Rhizobium , Azobacter and phosphate solubilising bacteria (PSB)
application on yield and economics of field pea (Psium sativum L. )the co-
inoculation of all the three bio-fertilizers i.e. Rhizobium , Azobacter and PSB
produced significantly higher growth characters as compared to absolute control
and when inoculated them individually . the yield attributes like pod length , number
of pods / plant , number of seeds / pod and 1000 grain weight (g) and yield of grain
and straw of pea increased by co-inoculation of bio-fertilizers and were highest for
the treatment in which Rhizobium , Azobacter and PSB were co-inoculated . More
over the co-inoculation of Rhizobium and PSB also gave beneficial results in
respect to other treatments .

In addition, EL-Soni and Osman (2011) noticed that inoculation of pigeon
pea with Rhizobium significantly increased pigeon pea seed yield , 100-seed

weight , moisture content, ash, fat, fiber and protein. They added also, that



the previous characters significantly increased with Bacillus megatherium var.

phosphaticum strain. Moreover , when the both

treatments were used , the results were better compared to using treatment
alone .

Rugheim and Abdelgani (2011) found that phosphate solubilizing bacteria
individually significantly increased faba bean yield and its quality.

Ravikumar (2012) observed that the inoculated plants with Rhizobium
possessed greater pods , length of pods and seed weight , over their respective

controls.

3-Seeds yield and chemical composition :

Abou EIl-Salehin and Nasr (1994) showed that Rhizobium inoculation

increasing green pod yield and its quality and nutritive value of pea plant.

The increase in protein content due to biological fertilizers was reported by
Elsheikh (2001).

Erman et al.(2009) reported that pea inoculation treatment with Rhizobium
had a significant effect on the seed and biomass yield , number of pods and nitrogen

and phosphorus contents of pea seeds in both years .

El-Soni and Osman (2011) found that pigeon pea plants were either inoculated
with five introduced or locally isolated Rhizobium or bradyrhizobium strains each
alone or with Bacillus megatherium var phosphaticum strain (BMP) alone and
combination of each rhizobial strain with Bacillus megatherium var phosphaticum
strain (BMP). In addition to control for comparison. Inoculation with Rhizobium ,
BMP, Rhizobium + BMP significantly (p< 0.05) increased pigon peas seed yield,
100-seed weight , moisture content, fat, fiber and protein



Rugheim and Abdelgani (2011) observed that phosphate solubilizing bacteria

individually significantly increased faba bean yield and its quality.

Ravikuumar (2012) reported that the inoculated plants with Rhizobium
possessed greater seed weight , over their respective controls.

Abdalla et al. (2013) showed that effects of inoculation with biop-fertilizer
(Rhizobium and/or Bacillus megatherium var. phosphaticum) and chemicals
fertilizers (phosphorus and nitrogen fertilization) alone or in combination of them
for chickpea variety Bergag were significantly (p<0.05) affected increased yield ,

100 seed weight, ash , fiber , tannin , protein content and cook ability of seeds



b- Effect of N P —fertilization on legumes :
1-Vegetative growth :
Many researchers observed that N application to leguminous plants increased

plant growth, dry matter content ( Hassan etal., 1993 ; Abou El-Salehein et al .,1995;
El-Beheidi et al., 1996 and Fekry etal .,2003).

Akhtar et al. (2003) found that vine length , number of pods/plant , pod length,
number of grains pod and green pod yield were significantly affected by the levels of
P,Os . Number of grains pod and green pod yield were maximum at the highest dose
of P,Os (69 kg ha! ). However , vine length , number of pods/ plant? and pod length
increased up to the level of 46 kg P,Os hat . Application of K,O to the crop up to the
dose of 100 kg ha* had significant positive effect on all the parameters studied, beyond
this dose further application of K,O was ineffective as combined effect of P,0s and
K0 is concerned , it significantly influenced the pod length and green pod yield .
Maximum pod length was attained when 69 or 46 kg P,Os ha' was applied in
combination with 100 or 150 kg K,Os ha. Green pod yield was maximum at 69 kg
P,Os ha-1 x100 or 150 kg K,0 ha't.

Nosheen and Shafique (2006) reported that a significant effect of phosphorus
application was observed on the growth and nodulation of inoculated chickpea

(Cicer aritinum L.)

Erman et al.(2009) showed that phosphorus application on pea had significant

effect on the plant height, number of branches, root and shoot dry weight .

Ashraf et al. (2011 ) showed that growth parameters of pea like main stem
length (cm), number of leaves per plant, leaf area (cm?), number of pods per plant
were increased with different combinations of irrigation, potassium and phosphorus

fertilizers



Fatima et al.(2013) observed that the effect of different nitrogen and
phosphorus levels on growth and yield of lentil (Lens culnaris) was significant and
consistent increased at all growth stages up to 45 kg N ha where as leaf area index
and numbers of branches per plant increased significantly with nitrogen application
up to 30 kgN ha?. The phosphorous application significantly increased growth
characters viz , plant height , number of nodules and number of branch / plants and

dry matters acumulation up to 50 kg P,Os ha.
2- Crop yield and its components:

Many investigators showed that the effect of N application on yield and its
components on leguminous plants i.e( Hassan etal. 1993, and El-Beheidi et al.,1996,
on peas and Abou El-Hassan et al., 1993 , Abou EI-Salehein et al., 1995 and Fekry et
al., 2003, on beans. On the other hand , Fekry et al. (2003) showed that using the
levels of 20 kg N/fed., combined with 31 kg P,Os / fed., produced the highest values

of different studied characteristics of bean green pod yield and its components.

Application of recommended dose of K,O (60 kg ha? ) produced highest yield
of pea. It has reported that the application of recommended dose of NPK with trash
incorporation recorded higher cane and commercial cane sugar yield , the beneficial
effects of integrated use of organic manure and inorganic fertilizers on the soil physic-

chemical properties and crop yield have also been observed (Bhalarao et al ., 2001).

Achakzai et al. (2006) showed that components of pea cultivars  (except pod
length and protein contents) and most of their response toward applied rate of
fertilizers were found highly significant (p< 0.01). The maximum fresh pod yield
plant (143.54 g) , fresh pod yield ha* (11908.50) , number of fresh pod plant (20.65)
, fresh pod length (9.06 cm ), 1000 dry seed weight (240.13 g ) and protein content



(223.6 g kg!) of air dried seeds were recorded in fertilizer dose of 100 + 60 + 40 kg
NPK ha.

In addition , Erman et al. (2009) reported that phosphorus application on pea
and significant effect on the plant seed and biomass yields , number of pods and

phosphorus content of seed.

Yakubu et al. (2010) found that phosphorus application at 20 and 40 kg P ha®
improved the performances of cow pea significantly (P< 0.05). application of 40 kg P
haincreased the nodule number by 153%, N content in the plant tissue by 288%, and

amount of N fixed by 378% over the control.

Plants at P deficiency and low levels of P supply had lower growth rates , higher
ureides and amino acids concentration in nodules and roots than plants grown with
high (100 mg P kg* soil) P. The same trend of P influence was denoted in plants
subjected to drought stress (35 %WHC) . ( Rotaru ., 2010).

Growth parameters of pea like number of pods per plant, length of pod (cm),
number of seeds per pod and reproductive attributes like 1000 seed weight , seed yield
/ hectare were increased with different combinations of irrigation, potassium and

phosphorus fertilizers (Ashraf et al ., 2011).

Khanday et al.(2012) showed that application of the recommended dose of NPK
through fertigation gave significantly higher pod vyield of pea than all other

interactions.

Fatima et al.(2013) recorded that the interaction affect of seed yield between N
& P was significant where highest with treatment combination of 30 kg N + 50 kg
P,Os hal and 45 kg N+ 50 kg P,Os ha! respectively. proved beneficial for highest
seed yield of Lentil under temperate condition .



3- Seeds yield and chemical composition:

Many investigators showed that N application increased leguminous plants yield
and its quality ( Hassan et al., 1993, and El-Beheidi et al., 1996, on peas and Abou EI-
Salehein et al.,1995, and Fekry et al.,2003).

Fekry et al.(2003) showed that using the levels of 20 kg N/fed .,combined with
31 kg P,Os/ fed., produced the highest values of different traits of bean yield and its

components.

Amjad et al .(2004) reported that nitrogen dose (46 kg N ha) was kept constant
and applied in two split doses , i.e. half at the time of sowing while the other half was
applied before flowering . Seed yield , 1000 seed weight and percentage of large sized
seeds (< 6.25 mm in dia.) increased significantly with increasing the level of P,Os .
However , time taken to complete 50% germination and electrical conductivity of seed
leachates decreased significantly . Application of KO to the crop had significant
positive influence on seed yield , 1000 seed weight and percentage of large sized
seeds up to the dose of 100 kg ha* . Time taken to complete 50% germination and
electrical conductivity of seed leachates were also affected significantly being
minimum at the dose of 100 kg K,O ha* . Application of P,Os and KO to the crop

had no significant effect on seed germination percentage .

In addition , Erman et al .(2009) reported that phosphorus application on pea had
significant effect on the seed and biomass yield , number of pods and phosphorus

content of seed.



Niri et al .(2010) showed that Nitrogen at the rate of 25 kg/ha increased number
of filled pods per plants , grain yield harvest index , percentage application at the
rate of 40 kg ha! increased percentage of both grain nitrogen and protein. To obtain
the optimal grain and protein yield in lentil under dry land condition , nitrogen and

phosphorous levels with 25 and 40 kg ha* , respectively could be recommended .

Ashraf et al .(2011) reported that Growth parameters of pea i.e. number of seeds
per pod and reproductive attributes like 1000 seed weight, seed yield / hectare were
increased with different combinations of irrigation , potassium and phosphorus

fertilizers .



Materials and Methods :

The experiment of the study was carried out at private farm in Tripoli .

The soil and irrigation water samples are analysised in Tables(1and?2).

Table (1) : The physical and chemical properties of farm soil
in current study.

1-Physical properties Values

Sand % 55

Silt % 25
Clay % 20
Soil texture Sandy loam
Organic Matter 0.5%
pH 7.6
CEC. (Cation exchangeable capacity ) 21.0 meq/100g.soil.
2-Chemical properties

Ca™ meq/L 1.71
Mg*™ meq/L 1.02
Na" meq/L 3.01

K" meg/L 0.02
HCO; meq/L 0.53
Cl— meqg/L 4.89
SO, meq/L 0.28
Available N ppm 91.0
Available P ppm 108.0
Avilable K ppm 324.0
EC 6.3 dS/m




Table (2):Irrigation water properties analysis.

Item Values
Total salts(ppm) 1580
Sodium (%) 61
Adj. SAR 6.00
Ca™ meg/L 17.00
Mg*™ meqg/L 18.30
Na* meq/L 17.78
K* meqg/L 2.02
SO~ meqg/L 4.34
Cl— meqg/L 8.18
HCO3;— meg/L 3.10
BOs;— meq/L 3.22

SAR= Adjustment of sodium absorption ratio.

meqg/l = ml equivalent per liter.

The temperature and relative humidity of Tripoli zone during period of the study
,Table (3)..

Table (3): The temperature and relative humidity of Tripoli zone during period
of the study.

Month Temperature
Min.| Max.| Mean | Relative Humidity %
January 7.6 18.8 12.9 58
February 6.9 18.9 124 56
March 12.1 26.1 18.5 44




The land was prepared by deep ploughing, harrowing then leveling and ridging.
The land was then divided into plots, each plot area was 6.3 m? which were three
ridges, 3.0 mlength and 70 cm width . seeds were sown on both sides at 15 cm

apart within every ridge and spray irrigation system were used.

In Treatments with nitrogen fertilizer, 160 kg N /ha. inthe form of ammonium
sulphate (20.5 % N). Phosphorus fertilizer, 300 kg calcium superphosphate ( 16.5
% P,0s ). Nitrogen and phosphorus fertilizers were broadcasted in the two equal
doses at 15 and 30 days after sowing. Also, 200 kg KO/ ha., in the form of

Potassium sulphate (48 % K,O ) was added before sowing .

Certified seeds of peas (Pisum sativum L.) cv. Master-B were obtained from
Hort. Res. Inst., Agric. Res. Center, Egypt. Pea seeds were sown on November 25"in
growing season and tested before sowing with the test of germination , that the

germination percentage was 98 % .
The treatments were as follows :

T1= Control (without any addition)

T2= Rhizobium (1.5 kg /hectare )

T3= Bacillus (1.5 kg / hectare )

T4= N & P fertilizers.

T5= Rhizobium + Bacillus

T6= Rhizobium + N& P fertilizer.

T7= Bacillus + N& P fertilizer.

T8= Rhizobium + Bacillus + N& P fertilizer.



The experimental plots are laid out in arandomized block design (RBD)

with three replicates.

Biofertilizers obtained from the General Organization for Agriculture
Equalization fund (GOAEF) Ministry of Agriculture, Egypt were mixed with wet
seeds by adding Arabic Gum solution before sowing and the treated seeds were
directly sown in the same day . The biofertilizers okadein contains a nitrogen fixing
bacteria (Rhizobium leguminosum ), specially for peas and phosphorein contains

Bacillus megatherium phosphate- dissolving bacteria were used in this experiment.

Data are recording :
1-Vegetative growth :

Sample of five plants from each plot was randomly chosen at 60 days after

sowing and data were recorded on the following variables :

1-Plant height (cm) .
2-Number of leaves/ plant .

3-Dry weight of leaves/plant (g).

2-Green pods vyield traits:

Fresh pods yield of each plot are harvested 3 times weekly and green pods

yield per hectare was calculated .

The data were recorded on the following variables :
1-Average pod weight(g).

2-Mean number of pods .

3 -Total green pods vyield/plant (g) .

4-Total green pods yield / hectare (ton).



3- Seed traits:
1-Average number of seeds/pod .
2-pod length (cm).

3-pod diameter (cm).

4- Chemical analysis of the seeds:

Protein percentage of seeds was determined by multiply nitrogen content in 6.25
according to A.O.A.C (1980)

Total soluble sugars % was determined colorimeterically using the method
described by Dubis et al.(1960).

Total soluble solids % ( T.S.S%): it was determined with Zeiss hand
refractometer .

Ascorbic acid (mg /100 g. F.W.) was determined by the method described
by Mattk John (1970).



Statistical Analysis :

The analysis of data was carried out by Analysis Of Variance (ANOVA) . While,
Duncan's Multiple Range test was used to test the differences among means (SAS,
2006).

The model used for traits under study was as follows:
Yij = 1 + Treati + gj

Where:

Yij: The trait of study;

. the overall mean;

Treat;: The effect of i treatments (1=1,2,3, .... and 8) and

eij: Random error particular to the ij™ observation and assumed to be

independently randomly distributed ( 0 and c?).

Also, Pearson correlation coefficient was used to find the direction and

strength of relationships among studied traits.



Results and Discussion :
1- vegetative growth:
Means + SE, Levels of significance and comparison of mean by Duncan's Multiple
Range Test for Effects of bio-fertilizers and N& P fertilizers treatments alone or in
combination with them on plant height (cm); number of leaves and dry weight of

leaves (g) traits are presented in ( Table 3, Figs 1-3) .

Table (4) : Effects of biofertilizers and N&P fertilizers on the growth characters

of peas.
Treatments Plant height Number of leave§  Dry weight of
(cm) leaves (Q)
ok o ok

Overall mean 60.56 + 0.52 26.19 +£0.26 544 +0.14
Control 56.13+0.03 h 24.46 £0.0.5h 4.61+0.03h
Rhizobium leguminosum 59.25+0.04 f 25.22 +0.02 f 495+0.02 f
Bacillus megatherium 58.19+0.03 g| 24.60+0.02 g 478+0.01¢9
N& P fertilizers 61.27+0.04 d| 26.31+£0.02 d 541+0.02 d
Rhizobium+ Bacillus 60.16 + 0.03 e 26.15+0.02 e 5.16 £0.02 e
Rhizobium+N&P fertilizers 63.12+ 0.06 b 27.45+0.01 b 6.09+£0.06 b
Bacillus+ N&P fertilizers 62.15+0.02 c 27.13+0.01 c 573+0.01c
Rhizobium +Bacillus + N& P 64.23+0.05 a 28.20£0.04 a 6.81+0.04 a
fertilizers

** Highly significant at level 1% (p < 0.01)

Means with the same letter are not significantly different.

A highly significant effect (p < 0.01) for treatments on previous traits was
observed. The overall means of plant height ; number of leaves and dry weight of
leaves averaged 60.56 £ 0.52; 26.19 + 0.26 and 5.44 + 0.14, respectively.

All treatments produced greater yield as compared by control. The best yield was
recorded for (Rhizobium + Bacillus + N& P fertilizers) treatment; the lowest yield (

56.13+£0.03) was obtained for the control and the other treatments came in between.



On the other hand , the higher values ( of yield for the previous parameters were
obtained from (N& P fertilizers) treatment (62.15+0.05) whether used alone or in
combination with the microbial inoculants (Bio-fertilizer) treatments compared to

Bio-fertilizer treatments alone.

This result with that is in accordance to reported by (Rather et al., 2010) studied
the effect of bio-fertilizers on growth, yield and economics of field pea (Pisum
sativum). They found the bio-fertilizer treatment (Rizobium + Azotobacter and
phosphate solubilizing bacteria) gave highest growth in terms of plant; number of

leaves/plant; dry wt. of nodels

The variation in the yield traits according to treatments in present study could
be attributed to microbial processes like biological nitrogen fixation and phosphate
solubilization, which could supplement the nutrient requirements of crops. The
contributions of these microbial processes are enhanced by introducing efficient
microbes in the Rhizosphere. For example, symbiotic nitrogen fixation rates could
be markedly increased by introducing highly efficient, competitive and persistent
strains of Rhizobia. Besides, solubilizing the native phosphorus sources in the soil,
phosphate solubilizing microorganisms could increase the effectiveness of mineral p
fertilization. Also, inoculation of seeds or soil with efficient nitrogen fixing and
phosphate solubilizing microorganisms change the rhizosphere population,

consequently affecting plant growth.

The significant effect of Rhizobium + N&P fertilizer on the growth traits of pea
in current study is similar with obtained by Taiwo et al. (1999) They found that
there is a high requirement of P by legumes as this element has a pronounced effect
on root development , straw length , crop quality and yield of crop. Also, Fatima et
al. (2006) reported that adequate supply of P with Rhizobium strain (mixture
inoculation) plays an important role in physiological and developmental process in



plant life and the favorable effect of this nutrient might accelerate the plant growth,

which ultimately resulted in increased yield of

the crop. Requirement of P by legumes as this element has a pronounced effect on
root development , straw length , crop quality and yield of crop. The efficiency of
Rhizobium strain is influenced by the availability of P in the soil as it was directly

involved in the nutrition of legume and helps to improve the yield of the crop.

Okadein can be defined as preparations containing live cells of Rhizobium
leguminosum strain of nitrogen fixing , which can be easily assimilated by plants,
concerning the significant effect of Rhizobium + Bacillus in this study , These results
are in agreement with findings reported by Subba Rao ( 1984) and increasing soil
fertility , N- fixation and hence plant growth (Pacovsky et al ., 1991), while
phosphorein provide and dissolves P in the soil which containing live cells of
phosphate — solubilizing bacteria , Bacillus megatherium var. phosphaticum
(Pacovsky and Fuller 1986). Moreover, N and P are important nutrients for plant
growth ( Mengel and Kirkby , 1982).

Regarding the role of N and P in increasing plant growth , this result is in
accordance with the result of Bakry et al .(1984) they noticed that where N increased
the efficiency of the plant in building metabolites and phosphorus plays
indispensable role in the enzyme system necessary for the energy transform in

photosynthesis and respiration (Edmond et al ., 1981 ).



Plant height (cm)

64 -
62 -
60 -
58
56
54 -
& < ©

52
> & o
o N 3 Q
& o4 & & N = = R
& O ) D & x x (0\
N N N S & & Ay
83 P > x
. \06‘ N &S DN K
o < N
v Q),b(a
< &
&
9
N
Treatments
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2- Green pod yield and its components :

Means + SE, Levels of significance and comparison of mean by Duncan's

Multiple Range Test for Effects of bio-fertilizers and N& P fertilizers treatments

alone or in combination with them on number of pods/plant, average pod weight

(9), total green pod yield/ plant(g) and total green pod yield/hectare (ton) . (Table (4)

Figures 4-7).

Table (5) : Effects of Bio-fertilizers and N& P fertilizers on the pod
yield and its components.

Number of | Average pod Total green Total green
Treatments pods/plant weight (g) pod yield/ pod
plant(g) yield/hectare
(ton)
ok ok ok *k
Overall mean 14.27+ 0.22 5.07 + 0.05 72.69 + 1.77 19.60+0.34
Control 12.80+£0.04 h | 4.74£0.02 h | 61.00+ 0.22 h | 17.95+0.02 h
Rhizobium leguminosum 13.42+0.01f |4.94+£0.03 f | 66.28+ 0.30 f | 18.40+0.02 f
Bacillus megatherium 13.21+0.02g | 4.83+0.03 g | 63.82+0.24 g | 18.21+0.02 g
N& P fertilizers 1425+ 0.01d | 5.09£0.01 d | 72.52+ 0.15d 19.24 +0.02d
Rhizobium+ Bacillus 1410+ 0.02e | 5.02+0.01 e | 70.83+0.12 e | 18.63+x0.02 e
Rhizobium+N&P fertiliz. 15.21+0.02b | 5.34+ 0.02b | 81.22+0.41 b |21.25+t0.11 b
Bacillus+ N&P fertiliz. 15.08£0.01c |5.22+0.01 c | 78.65x0.14 c 20.20+0.01 c
Rhizobium +Bacillus + N& | 16.09+0.01a | 5.42+0.01 a | 87.17£0.23 a | 22.93+0.03 a

P fertilizers

** Highly significant at level 1% (p <0.01)
Means with the same letter are not significantly different.

The green pod yield and its components was a highly significantly different

(p <0.01) among the treatments.




The overall means of number of pods/plant, average pod weight (g), total
green pod yield/ plant(g) and total green pod yield/hectare (ton) were 14.27+ 0.22,
5.07 £0.05,72.69 £ 1.77 and 19.60 £ 0.34 , respectively.

All treatments gave higher production over control. The best yield was recorded
for (Rhizobium + Bacillus + N& P fertilizers) treatment ( 87.17+0.23), the lowest
yield was found for the control (61.00+ 0.22) and the other treatment came in
between. On the other hand , the greater values of yield for the previous traits were
found from (N&P fertilizers) treatment whether used alone or in combination with
the microbial inoculants (Bio-fertilizer) treatments compared to Bio-fertilizer

treatments alone.

This result have the same trend with reported by Parsad et al. (1989) they found
that the highest green pod yield was obtained with combination of 120 kg P,Osha!
and Rhizobium inoculation. However, Mishra (1999) reported that pod yield
increased by added 60 kg P,Osha in cowpea crop.

As vyield per hectare was calculated from the yield per plant by multiplying
with number of plants per hectare , therefore the results followed the same pattern

of significance and presented the same trend as green pod yield per plant.

The increase in total green pods yield could be due directly to the increase in
both number of pods and mean pod weight which in turn reflected on total yield per
plant and per hectare. In addition , nitrogen and phosphorus fertilizers might be
attributed to their roles in metabolites synthesized by the plant and promotes

increasing the yield of pods , its quality and nutritive value of seeds (Bidwell,1979

).



Regarding therole of Nand P in increasing plant growth , where N increased
the efficiency of the plant in building metabolites this result is in accordance with
the result of ( Bakry et al ., 1984 ) and phosphorus plays indispensable role in the
enzyme system necessary for the energy transform in photosynthesis and respiration
(Edmond et al ., 1981).

Numbers of filled pods are main components of seed yield that are influenced

by the amount of fertilizer placed (Toshij et al.,1995).

Regarding the effect of P and N in increasing pod yield and its components ,
These results in line with those found by (Saini and Thakur, 1996; and Verma et
al., 1997 ) they reported that application of nitrogen and phosphorus to pea crop

usually results in increased green pod and seed yield.

Also , Patel et al. (1998) they reported that significantly increased plant
height, number of branches, leaves per plant, number of pods per plant, grain per
pod and pod yield were observed when added mixed of NPK fertilizers for the

soil.
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Pod and seed quality :
a- physical pod characters :

Means + SE, Levels of significance and comparison of mean by Duncan's
Multiple Range Test for Effects of bio-fertilizers and N& P fertilizers treatments

alone or in combination with them on Number of seeds/pod; Pod length (cm) and

Pod diameter (cm) (Table (5) Figs 8-10).

Table (6) : Effects of Bio-fertilizers and N&P fertilizers on pod
and seed quality.

Treatments Number of Pod length | Pod diameter
seeds/pod (cm) (cm)
*% *% **

Overall mean 5.27+ 0.04 6.89 +0.13 1.38+0.03
Control 4.93+0.01 g 6.16+0.02 h 1.14+0.01 h
Rhizobium leguminosum 5.16+0.02 f 6.42+0.02 f 1.28+0.01 f
Bacillus megatherium 5.12+0.01 f 6.31+0.02 g 1.26+0.01 g
N& P fertilizers 5.32+0.01d 6.83+0.05d 1.47+0.03d
Rhizobium+ Bacillus 5.28+0.05 e 6.66+0.03 e 1.35+£ 0.04 e
Rhizobium+N&P fertiliz. 5.45+0.02 b 7.43+0.02 b 150+ 0.01b
Bacillus+ N&P fertiliz. 5.40+0.01c 7.17+0.03 c 1.49+0.02c
Rhizobium +Bacillus + N& P 5.52+0.01 a 8.12+ 0.02 a 1.52+0.02 a
fertilizers

** Highly significant at level 1% (p <0.01)

Means with the same letter are not significantly different.

A highly significant effect (p < 0.01) for treatments on previous traits was
found. The overall means of Number of seeds/pod; Pod length (cm) and Pod
diameter (cm)traits averaged 5.27+ 0.04; 6.89 +0.13 and 1.38+0.03, respectively.



All treatments produced greater yield as compared by control. The best yield was
recorded for (Rhizobium + Bacillus + N& P fertilizers) treatment; the lowest yield
was obtained for the control and the other treatments came in between. On the
other hand , the higher values of yield for the previous parameters were obtained
from (N& P fertilizers) treatment whether used alone or in combination with the
microbial inoculants (Bio-fertilizer) treatments compared to Bio-fertilizer treatments

alone.

Similar results have been reported by previous researchers in pea (Saini and
Thakur, 1996; Verma et al., 1997; Mishra, 1999 and Gupta et al., 2000)

Plant nutrition play an important factor for obtaining higher yield of legume
or other crops according to soil fertility which varies greatly and also, the response
varies from cultivar to cultivar. Most agricultural soils are generally low in nitrogen
(N) and phosphorus (P). These two nutrients are often limiting the crop production .
For pulse production, P is the major limiting nutrient followed by N. This is because
P not only affects legume growth, but also nodule formation and growth. The
phosphate solubilizing microorganisms have capacity to dissolve the insoluble
phosphoric compounds present in the soil and also solubilize rock phosphate, bone

meal and basic slag.

The field trials done on inoculation of P-solubilizing bacteria in various

crops have shown 10-15% increase in crop yield (Mesele and Pant, 2012).

Mishra et al. (2010) observed that a highly significant effect of bio-fertilizers
in conjunction with inorganic fertilizers on number of grains pod, number and

weight of pods plant and grain yield.
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b- Chemical composition in seed ( nutritive value ) :

Means + SE, Levels of significance and comparison of mean by Duncan's
Multiple Range Test for Effects of bio-fertilizers and N& P fertilizers treatments
alone or in combination with them on T.S.S %, Total soluble sugars %, Ascorbic
acid mg/100gm F.W, Nitrogen% and Protein % traits are illustrated in (Table (7)
figs 11-15) .

Table (7) : Effect of Biofertilizers and N& P fertilizers on the chemical

composition of pea seeds.
Ascorbic
Treatments T.S.S % | Total soluble acid Nitrogen | Protein %
sugars % mg/100gm %
F.W
Overall mean 6.00+ 0.07 3.77 +0.05 447 +0.07 | 3.19+0.03 | 19.960.20
Control 5.77+£0.01 3.55+0.01 3.92+0.01 3.02+ 0.02 18.88+0.02
bc C h d D
Rhizobium 5.62+ 0.31 3.77+ 0.01 4.26+ 0.02 3.07+£ 0.03 19.22+0.02
leguminosum ¢ abc f cd Cd
Bacillus 5.59+ 0.29 3.64+0.01 4.15+0.02 3.19+0.14b 19.93 £0.08
megatherium ¢ bc ¢ c Bc
N& P fertilizers 6.12+0.02 3.84+0.02 4.54+0.02 3.11+0.01 19.43+0.02
ab ab d cd Cd
Rhizobium+ 6.03+0.02 3.51+0.25 4.39+0.01 3.09+0.01 19.31 £0.02
Bacillus abc C e cd Cd
Rhizobium+ 6.31+0.01 3.94+0.02 4.81+0.01 3.32+0.01 20.73+£0.02
N&P fertilizers a ab b b b
Bacillus+ 6.20+0.02 3.88+0.02 4.73+0.02 3.29+0.01 20.57+0.02
N&P fertilizers ab ab c b b
Rhizobium + 6.37+0.01 4.0+£0.02 4.93+0.02 3.47+0.01 21.67+0.01
Bacillus + N& P a a a a a
fertilizers

** Highly significant at level 1% (p < 0.01)




Means with the same letter are not significantly different.
The chemical composition of pea seeds was a highly significantly different

(p <0.01) among the treatments.

The overall means of T.S.S %, Total soluble sugars %, Ascorbic acid mg/100gm

F.W, Nitrogen% and Protein % traits were 6.00+ 0.07, 3.77 £ 0.05, 4.47 £ 0.07,

3.19 £0.03 and 19.96x0.20 Protein %, respectively.

The best values for the chemical component of pea seeds were recorded for
(Rhizobium + Bacillus + N& P fertilizers) (21.67£0.01) Rhizobium+ N&P
fertilizers (20.73 £0.02) and Bacillus+ N&P fertilizers treatments (20.57+0.02),
respectively. On the other hand, the lowest values were found for the control

and the other treatments.

The significant effect of fertilizer treatments on chemical composition of seeds
in current study ,This result is supported by Pacovsky et al.,(1991) they noticed that
Okadein which contained nitrogen fixation bacteria ; Rhizobium , plays an active
part in atmospheric nitrogen fixation and absorption of nutrients , i. e. N and P as
well as, cell formation and active translocation , and the increase in protein content

due to biological fertilizers was reported by Elsheikh (2001).

The moisture content of legume seeds was found to be affected by the relative
humidity of surrounding atmosphere at the time of harvest and during storage
(Elsayed, 1994).

Phosphorein which contained P—dissolving bacteria; Bacillus megatherium
var. phosphatica was found to have the ability to dissolve soil complex inorganic
phosphate and to supply the grow plants with N and P macro elements and
phytohormones which could increase the dry matter accumulation and in turn the N

concentration



Also, The nitrogen fertilizer can increase phosphate absorption and also phosphorous

led to increasing in protein percentage of grain (Niri et al., 2010).

Similar findings have been reported by Abou El- Salehein et al ., 1994 who
used Rhizobium on pea, Elsoni and Osman , 2011 and Rugheinand Rugheim and
Abdelgani (2011) used Bacillus megatherium on pigeon pea and faba bean |,
respectively and Fekry et al., (2003 ) who used N on pea and Erman et al ., (2009

) used P on pea.
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Simple correlation among characteristics (Pearson correlation

coefficient) :
The correlation coefficient among different variables are presented in Table (7).
A highly significant positive correlation at level 1% (P< 0.01) was observed
among different variables of pea. The highest value was 0.99 between total green
pod/plant and number of pod /plant, while the lowest value was 0.75 between

Number of seeds/pod and protein percentage and the other values came in between.

Table (8) : The correlation coefficient(r) among different variables.

Variable 1 2 3 4 5 6
1- Number of pod / plant | 1.00
2- Average pod weight (g) | 0.98** | 1.00
3-Total green pod /plant 0.99** | 0.98** | 1.00
4-Number of seeds/ pod 0.96** | 0.96** | 0.95** | 1.00
5-Pod length (cm) 0.98** 0.96** | 0.98** | 0.91** | 1.00
6-Protein % 0.80** 0.76** | 0.91** | 0.75** | 0.82** | 1.00

** Highly significant at 1% level (P<0.01) .

The obtained values are positively correlated and highly significant in most of
studied characters of peas plant, i.e., number of pod / plant , Average pod weight (g)
, number of seeds / pod , protein percentage , This result was a similar with found
by Khan et al. (1983); Kazmi et al.(2002); Achakzai & Kayani (2004) and Achakzai
and Bungulzai (2006).

Therefore, the information of these relationships is useful and can be used

when we put suitable selection programme for the improvement of yield of pea.



Recommendation

Using biofertilizers , i.e. , Okadein and phosphorein , beside the application of
N & P fertilizers produced higher yield characters as compared to control , decrease
the quantity of chemical fertilizers and the environmental pollution. As well as ,

save the costs production due to the use of less quantity of chemical fertilizers .

It was concluded from current study that for obtaining maximum grain yield

of pea, seed should be inoculated with Rhizobium +Bacillus in combination with

N& P fertilizers.



References :

Abbasi, A. ; Jafari, D. and Sharifi, R. S. (2013): Nitrogen rates effects and seed
inoculation with Rhizobium legominosarum and plant growth promoting
rhizobacteria ( PGPR ) on yield and total dry matter of chickpea (Cicer
artietinum L.). Tech. J. of Eng. and Applied Sci. 3(23) : 3275- 3280.

Achakzai, A. K. K., and Kayani, S. A. (2004): Effect of fertilizer and inoculation
on the growth and yield of soybean cv. Williams-82 in pot culture. Pak. J.
Agric. Res., 18(1) : 83-93.

Achakzai , A.H. and Bangulzai , M.I. (2006): Effect of various levels of "nitrogen
fertilizer on the yield and yield attributes of pea (Pisum sativum L.)
cultivars . Pak. J. Bot. ,38(2) : 331-340 .

Abdalla, A.S. ; Abdelgani, M.E. and Osman , A.G. (2013): Effect of biological
and mineral fertilization on yield , chemical composition and physical
characteristics of chickpea (Cicer arietinum L.) seeds. Pak. J. of Nutrition.
12(1) : 01-07.

Abou El-Hassan, E.A.; Shahien, A.H.M. and Youssef, M.S. (1993): Effect of
nitrogen and phosphorus fertilizers on some cultivars of bean plants. |-
Morphological characters , yield and pod characters. Minia First
Conference for Horticultural Crops from 19-21 of October, 1993 .

Abou El-Salehein, E.H.; Mahmoud, M.H. and Abou EIl-Magd, M.M. (1995):
Response of snap bean (Phaseolus Vulgaris L.)to NP or K fertilization J.
Product &Dev. 3 (1) : 49-57 .

Abou El-Salehein, E.H. and Nasr, S. H.(1994). Effect of nitrogen fertilization
and Rhizobia inoculation on growth, photosynthetic pigment , chemical
composition and yield of pea plants. J. Product. & Dev. 2(1):301-311.

Akhtar, N. ; Amjad, M. and Anjum, M. A. (2003): Growth and yield response of
pea ( Pisum sativum L. ) crop to phosphorus and potassium application .
Pak. J. Agric. Sci. 40 (3-4).

Amjad , M. ; Anjum , M. A. and khtar , N. (2004): Influence of phosphorus and
potassium supply to the mother plant on seed yield , quality and vigour in
pea ( Pisum sativum L.). Asian . J. of Plant Sci. 3(1): 108-113 .



A.O.A.C. (1980): Official Methods of Analysis of the Association of Official
Analytical Chemists, 13th Ed. Association of Official Analytical Chemists ,
Washington, D. C., U.S.A.

Ashraf, M. I; Perves, M. A.; Amjad, M.; Ahmed, R. and Ayub, M. (2011):
Qualitative and quantitative response of pea (Pisum sativum L.) cultivars to
judicious application of irrigation with phosphorus and potassium. Pak.J. life
Soc. Sci. 9(2): 159-164.

Bakry , M. O. ; Abou El -Magd , M. M. and Shaheen , A. M. (1984): Response
of growth and yield of pea (Pisum sativum L.) to plant population and N P
fertilization . Egyp. J. of Hort. , 11 (2):151-161 .

Bhalarao ,V. P.; More, N.B.; Patil, A. V. and Bhoi, P. G. (2001): Substitution of
inorganic fertilizers by organic for sustaining sugarcane production and soil
health Indian Sugar, 56(6) B37-44.

Bidwell , R. G. S. (1979 ): Plant physiology. 2" ed . Mac Millan Publishing Co.
INC. , New York.

De , G. C. (1993): Fundamental of Agronomy, Oxford & IBH publication Co. In
Nutrient Management, P. 155-156.

Dubis , M. ; Gilles , K. A. ; Hamilton , J. K. ; Rebere, P. A. and Smith, F.
(1960): Colorimetric method for determination of sugars and related
substances . Analytical Chem. ,28 (3) : 350-356 .

Duncan, D.B. (1958). Mltiple rang and multiple F-test. Biometrics, 11:1-24.

Edmond, J. B. ; Senn, T. L.; Znderws, F. S. and Halfacre, R. G. (1981):
Fundamental of Horticulture, published by Tata MC — Grow-Hill publishing
CO. limited, Indian.

El-Beheidi, M. A.; El-Mansi, A. A.; Metwally, A. M.; Guirgis, A. A. and
Suzan, A. Swidan (1996): Level and number of application of
nitrogen fertilizer and their action on growth and yield of pea plants.
Zagazig J. Agric . Res.,23(3):413-425.

Elsayed , M. E. (1994): The influence of locality and genotype on quality aspects
of faba bean (Vicia faba L.) cultivars. M.Sc. (Agri.) Thesis, University of
Khartoum, Sudan.

Elsheikh , E. A. E., (2001): Effect of inoculation with Rhizobium on the seed
chemical and physical properties of legumes. Ann. Appl. Biol., 63: 151-163.



Elsheikh, E.A.E.; Mohamed, S.S.; Elhussein, A.E. and Babiker, E.E. (2009):
Effect of intercropping, Bradyrhizobium inoculation and chicken manure
fertilization on the chemical composition and physical characteristic of
soybean seed . Food Chem. 112:690-694 .

Elsoni, E.M. and Osman, A.G.(2011): Effect of Biofertilization on vyield ,
physical characteristic and chemical composition of pigeon pea (Cajanus
cajan L ).Pak. J. of Nut. 10:978-981.

Erman, M.; Byildirim, B.; Togay, N. and Cig, F. (2009): Effect of phosphorus
application and Rhizobium inoculation on the yield, nodulation and nutrient
uptake in field pea (Pisum sativum L.) Journal of Ani. and vet. Adv., 8 (2)
: 301-304.

Fatima, Z. ; Zia, M. and Chaudhary, M. (2006): Effect of Rhizobium strains and
phosphorus on growth of Soybean ( Glycine max ) and survival of Rhizobium
and P solubilizing bacteria . Pak. J. Bot. , 38 (2) : 459-464 .

Fatima, K.; Hussain, N.; Pir, F. A. and Mehdi, M. (2013): Effect of nitrogen and
phosphorus on growth and yield of Lentil (Lens culnaris ) Elixir App.
Botany 57 : 14323-14325 .

Fekry, Wafaa , A.; Abou El-Salehein, E. H. and Faten, M. Abdel-latif (2003):
a- Effect of bioagents , fungicides as well as nitrogen and phosphorus
fertilizers on :A- Controlling of white mould disease of bean ( Phaseolus
Vulgaris L.) and its effect on vegetative growth and chemical
composition . Annals of Agri . Sci .,Moshtohor , 41 (4) : 1501-1520 .

Fekry ,Wafaa, A. ; Abou El-Salehein, E. H. and Faten, M. Abdel-latif (2003):
b- Effect of bioagents , fungicides as well as nitrogen and phosphorus
fertilizers on : B- Green pod vyield , its components and the nutritive
value of snap bean pod . Annals of Agric . Sci., Moshtohor , 41 (4) :
1521-1533.

Gupta, C. R. Sengar , S. S. and Singh , J. (2000): Growth and yield of table pea
(Pisum sativum L.) as influenced by levels of phosphorus and lime in acidic
soil . Vegetable Sci., 27: 101-102.

Hassan, M. N. M. ; Farrage, M . M.; Gad El-Hak, S. H. and Geeth, R.H.M
(1993): Effect of Rhizobium , nitrogen and phosphorus application on
growth and vyield of peas . 1- fresh yield . Minia first conference for
Horticultural crops from 19-21 October , 1993 .



Jitender, K.(2011): Effect of phosphorus and rhizobium inoculation on growth ,
nodulation and yield of garden pea (Psium sativum L.) cv. Matter Ageta-6
legu. Res. - Anint. J. 34(1) : 20-25 .

John , H. M. (2005): Principles of food crop production . J. Food Sci., 4: 41-47.

Kazmi , R. M.; Jeelani, G. and Bhatti , M. H. (2002): Stusies on yield of some
promising pea cultivars against powdery mildew. National Integrated pest
Management Programe, NARC, Islamabad, Pakistan. Pak. J. Agric. Res.,
17(1): 59-64.

Khan , M. A. ; Chowdhery , M. A. and Amjad , M. (1983): Variability,
interrelationship and path coefficients for some quantitative characters in
grain . Pak. J. Agric. Res., 4(1): 6-11.

Khanday, A. B. SH.; Sharma, U.; Dubey,P.K. and Bhardawaj, S. B. (2012):
Effect of different fertilizer and irrigation management system on soil
physic-chemical properties and pod yield of garden pea (Pisum sativum L.)
Int.J.of Food Agri. and Vet. Sci., 2(3): 155-160.

Khurana, A. L. and Dudeja, S. S.(1997):.Biological nitrogen fixation technology
for pulses production in India . India institute of pulses Research ,
Kanpur , India .

Mattk ,J (1970): Colorimetric determination of phosphorus in soil and plant
materials with ascorbic acid . Soil , Sci . 109:214-220 .

Mengel , K. and Kirkby , E. A. (1982): Principals of Plant Nutrition. Third
edition , International potash Institute Bern , Switzerland , 655 pp.

Messele , B. and Pant, L. M. (2012): Effect of inoculation of sinorhizobium Cicer
and phosphate solubilizing bacteria on nodulation, yield and nitrogen and
phosphorus uptake of chickpea (Cicer arietinum L.) in Shoa Robit Area.
Messele and pant. J. Biofertil Biopestici 3:5.

Mishra , S. K. (1999): Effect of nitrogen, phosphorus and seed inoculation on
vegetable cowpea ( Vigna sinensis Savi ). Ann. Agric. Res. , 20: 308-312.

Mishra , A. ; Prasad , K. and Geeta Rai .(2010): Effect of Bio-fertilizer
inoculation on growth and yield of dwarf field pea (Pisum sativum L.) in
conjunction with different doses of chemical fertilizers. Journal of
Agronomy 9(4): 163-168.



Niri , H. H.; Tobeh , A. ; Gholipour, A. ; Zakaria , R. A. ; Mostafaei , H. and
Somarin , S. J. (2010): Effect of nitrogen and phosphorus on yield and
protein content of Lentil in dry land condition. American - Eurasian J. Agric.
& Environ Sci. 8(2) : 185- 188.

Nosheen , F. and Shafique , N. (2006): Effect of phosphorus application on the
growth and nodulation of inoculated Chckpea (Cicer arietinum L.). Pakistan
J. Agric. Res . 19 (4) .

Okaka, J. C. ; Akobundu, E. N. T. and Okaka , A. N. (2002): Human nutrition
. An integrated approach . 2nd End., OCJANCO Academic publishers ,
Enugu , Nigeria , pp:312-320.

Pacovsky, R. S.; and Fuller, G. (1986): Development of two and mycorrhized
symbioses on soybean and comparison with fertilization . Plant and Soil,
195: 361-377.

Pacovsky, R. S.; Silva, P. Da.; Carvalha, M. T. and Tsai, S. M. (1991): Growth
and nutrient allocation in ( Phaseolus wvulgaris L.) colonized with
endomycorrhizae or rhizobium . Plant and Soil , 127-137 .

Parsad , R. N. ; Multhoo , A. K. and Mauryo, A. N. (1989): A note on the effect
of phosphate fertilization on growth , nodulation and green pod yield of pea
. Haryana J. Hort. Sci. , 16: 142-144.

Patel , T. S. ; Katare , D. S. ; Khosla , H. K. and Dubey , S. (1998): Effect of
biofertilizers and chemical fertilizers on growth and yield of garden peas (
Pisum sativum L.) Ind. Crops Res. Hisar , 15(1): 54-56.

Rather, Sh.A.; Hussain, M.A. and Sharma, N.L.(2010): Effect of bio-fertilizers
on growth, yield and economic of field pea (Pisum sativum L.). Int.J.of
Agri.Sci. 6(1): 65-66.

Ravikumar, R.(2012): Growth effects of Rhizobium inoculation in some -legume
plants. Int. J. Curr. Sci. 1-6.

Rotaru, V.(2010): The effect of phosphorus application on Soybean plants under
suboptimal moisture conditions. Lucrari Stiintifice- vol. 53: 27-30.

Rugheim, A.M.E. and Abdelgani, M. E. (2011): Effect of microbial and
chemical fertilization on yield and seed Quality of faba Bean (ViciaFaba
L.) In : proceedings of the 2" international conference on Biotechnology



Engineering ICBIioE'11l May , 17-19 , 2011 , Kulliyyah of Engineering ,
international Islamic University , Malaysia. pp : 375-380 .

SAS (2006): Statistical Analysis System, SAS Institute, Cary , USA.

Saini , J. P. and Thakur , S. R. (1996): Effect of nitrogen and hosphorus on
vegetable pea ( Pisum sativum L.) in cold desert area. J. Agric. Sci., 66: 514-517.

Schatz, B. and G. Endres.(2009):. field pea production . North Dakotastate
University , Fargo , USA .

Subba Rao, N. S. (1984) : Biofertilizers in agriculture. Oxford & IBH publishing
Co. PVT. LTD. New Delhi, Indian.

Subba Rao, N. S.(1986): Phosphate solubilization by soil micro-organisms . in
Advances in Agricultural microbial microbiology , Subba —Rao,N.S.
(Ed) .Oxford and IBH , New Delhi, pp : 295-303 .

Taiwo, L. B. ; Nworgu , F. C. and Adatayo , O. B. (1999): Effect oh Rhizobium
japonicum inoculation and phosphorus fertilization on growth , ( Glycine
max L. ) in a tropical soil . Crop Res. Hisar., 18(2): 169-177.

Toshij , V. ; Rezaee , L. and Najmaddin , N. (1995): Study of determining
nutrition needs for dryland lentil. Ann Agric. Sci. Moshtohor, 5: 3-10.

Verma , M. L. ; Bhandari and Raina , J. N. (1997): Effect of nitrogen and
phosphorus application on the yield and macronutrient concentrations of pea
( Pisum sativum L.). Int. J. Trop. Agric. , 15: 195-198.

Vessey, J. K.(2003): Plant growth promoting rhizobacteria as biofertilizers.
Plant Soil , 255: 571-586 .

Yakubu, H. ; Kwari, J.D. and Sandabe, M.K.(2010): Effect of phosphorus
fertilizer on nitrogen fixation by some grain legume varieties. Nigerian J. of
Basic and Applied Sci. , 18(1): 19-26.



uaﬁ.d‘
bl b Aalade ) e AAla L i cy al ) (Odisb ot e S 15 Jadl 5k dikic
gl dandll g (3as e lagia JS1aaS 1.5) (Qﬂ)}éﬁ)ﬂ\}dﬂﬁw\)aﬁﬁﬁj\EMY\ LAl A Al
¢ salll Qlia Je (9% 16.5 Cleu s s aaS300 5 0 %20.5 ¢ LS /G 23S 100) Sl 58l
(- ule Caia eV 3L 50 JlasSI Jadaill 5 g3l oS e juzadd) (5 8l J enna
Cnd liall aes e COLbaall 9] (5 siae die Ly gl e iU la o bl @ ek
O alral) Juzabl cilS 5 Ayl Aalaally 4 jlie Cildiall apen 8 ezl codlebaall calac 5 ¢ Al )l

) Aaslall Alalaall agldl g (Sl sl ua g il Slad) + Gullisly + 2 50530 ) Al (164.23)
Lagin a5 Ol 8L el 5 ¢ (56,13

1o Gl ¢l ¢ 315V aae ¢ ) Jsh 3y eadd) cliiall Alad) o giall 4l

60.56; ¢ 0.52+ 26.19 50.26+ 5.44 /58 23al alal) Jans il ah LS sl e 0.14 &
sl axe 5 LSl eball /o) il o5 8 J geana (Maa) (o OS5 ¢ 05 0 5 dans sie ¢ il
QAN Shdy o Al Jshay o 8 JS1 )l aae N AdLYL ¢ o 8l (8 0.22 £ 14.27 5.07 +
0.057 2.69 , 1.77+ 19.60, +50.345.27 + 0.04 56.89 50.13+ 1.38 = 0.03+
s

D5l (ALasSl il lall Jas giall ol LS 6.0050.07£ 3.77 £ 0.0554.47 50.07+
3.19 50.03+ 19.9 0.20% saday o 4N 4aIal cly Sl ¢ QK bl o gall e JSI
Lalsi DU o e 5 sina 5 cllia S LS Wil e oo all %5 ¢ g yiaill 9 5e el ) S
Al Glaal) oy

Uelaaly sl Aldlany oamgy £V g U Jef e Jgpuandl aily 40,00 038 (o geiies
. (k;"\ﬁ-wjﬂl\ g;—\-bjjl‘-‘s\ laadl 4+ Cudluly + as253)



