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Abstract: The ability of different biofertilizers to convert insoluble forms of phosphorus to an accessible form
is an important trait in sustainable farming for increasing plant yields. Leguminous crops grow poorly in
phosphorus deficient soils. The objective of this study was to evaluate the effect of application of single, dual
and triple inoculation of Rhizobium, Azotobacter, Vesicular Arbuscular mycorrhizae, in combination with and
without varying amounts of phosphorus (P) fertilizer on quality parameters of maize and common bean. In order
to study the effect of biofertilizers (Rhizobium,Azotobacter, Arbuscular mycorrhizae) under different levels
of phosphorus (20 and 40 kg/ha) applications on qualitative parameters of maize (Zea mays L.) and common
bean (Phaseolus vulgaris L.) in a sustainable production system, an experiment was conducted during kharif
seasons of 2012 and 2013 at the Krishi Vigyan Kendra (KVK) of Shere-e-Kashmir University of Agricultural
Sciences and Technology, Budgam, Jammu and Kashmir. The climate of the experimental site is temperate with
mild summers and cold winters, showing wide variations in mean maximum and minimum temperatures.
Temperature varies from 5°C in winter to a maximum of 34°C. The experiment was laid out in randomized
completeblock design (RCBD). Common beanVariety of common bean and maize included in the experiment
were Shalimar Rajmash and C-15. Rhizobium with VAM @ 20 kg P O ha  showed significant impact on seed2 5

1

quality parameters of both the crops followed by treatment receiving dual inoculation of Rhizobium with
Azotobacter @ 20 kg as compared to control and other remaining treatments. In conclusion, seed inoculation
with Rhizobium, VAM @ 20 kg P O ha  may substitute partially costly NP fertilizers in common bean and2 5

1

maize intercropping system production even in cold highland areas such as in Kashmir.
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INTRODUCTION Several food dishes are prepared from maize flour and

Legumes have been an essential component of crop considerably rich in nutrition. Maize grain contains about
production since ancient times because of their role in 10.00% protein, 4.00% oil, 70.00%carbohydrates, 2.30%
improving soil fertility via N  fixation [1]. Leguminous crude fiber, 10.40% albuminoides and 1.40% ash.2

crops can be self-sufficient for all or part of their nitrogen Phosphorus(P) is one the most essential elements for
requirements, when their roots are nodulated with plant growth after nitrogen. However, the availability of
effective nitrogen fixing strains of rhizobia. Among food this nutrient for plants is limited by different chemical
legumes, Rajmash or common bean (Phaseolus vulgaris reactions especially in arid and semi-arid soils. P plays a
L.), family Fabaceae, is regarded as ‘grain of hope’ as it significant role in several physiological and biochemical
is an important component of subsistence agriculture. In plant activities like photosynthesis, transformation of
some countries beans are the primary source of proteins, sugar to starch and transporting of the genetic traits. P is
carbohydrates in human diets [2]. Maize crop is utilized in a key component of energy generation in plants, thus it is
many ways like other grain crops. Over 85.00% of maize responsible to alter the growth of plants. In legumes,
produced in the country is consumed as human food. Sufficient amount of P for plant growth and nods

grains. Maize ranks below wheat and sorghum but
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formation for nitrogen fixation is essential [3]. [4] reported applications of biological fertilizers instead of chemical
that the advantages of feeding the plants with P are to fertilizers and increase quality parameters of seeds of
create deeper and more abundant roots. P causes early beans and maize under intercropping system without the
ripening in plants, decreasing grain moisture, improving usage of artificial chemicals. The experiments were
crop quality and is the most sensitive nutrient to soil pH conducted to evaluate the effect of different types of
[5]. [6] reported that a great proportion of phosphorus in microbiological fertilizers (Rhizobium, Azotobacter, VAM)
chemical fertilizer becomes unavailable to the plants after along with different quantities of chemical phosphorus
its application in the soil. They referred this to formation fertilizer on grain quality of common bean and maize. 
of strong bonds between phosphorous with
Ca andMg in alkaline pH and the same bonds MATERIALS AND METHODS2+ 2+

withFeandAl in acidic soils. The mobility of this element
is very slow in the soil and cannot respond to rapid In order to study the combining effects of P and
uptake by plants. This causes the creation and biological fertilizers on quality parameters of seeds of
development of phosphorus depleted zones near the common bean and maize under intercropping system, a
contact area of roots and soil in rhizosphere. Therefore, field study was conducted during kharif seasons of 2012
the plants need an assisting system which could extend and 2013 in Krishi Vigyan Kendra (KVK) of Shere-e-
beyond the depletion zones and help to absorb the P from Kashmir University of Agricultural Sciences and
a wider area by developing an extended network around Technology, Budgam, Jammu and Kashmir. Kashmir is
root system [7]. classified among the temperate climatic regions in India.

Biofertilizers are commonly called as microbial The climate of the experimental site is temperate with mild
inoculants which are capable of mobilizing important summers and cold winters, showing wide variations in
nutritional elements in the soil from non-usable to usable mean maximum and minimum temperatures. Temperature
form by the crop plants through their biological varies from 5°C in winter to a maximum of 34°C.
processes. They are considered among the most effective
plant assistants to supply P at a favorable level. These Experiment Description, Field Operation and
fertilizers are produced on the basis of selection of Treatments: The soil at the experimental site was clay
beneficial soil microorganisms which have the highest loam in texture. Soil samples from 0-30 cm depth were
efficiency to enhance plant growth by providing nutrients randomly  collected  before   laying   out   of  the
in a readily absorbable form. Dual inoculation of experiment and analyzed for various physico-chemical
Rhizobium with arbuscular mycorrhizae and 25 kg P O properties. The methods applied for estimations of2 5

ha performed best in recording per cent root availableN, P, K in soil and also pH of soil are presented1

colonization, nitrogenase activity and nutrient uptake by in Table 1.
pea [8]. Mycorrhizal fungi can improve P deficiency A gross plot size was 16.5 square meters (sqm) and
conditions which has positive effects on nitrogen fixation. the net plot size was kept as9.6 sqm. For proper seed bed
Several researches have shown that vesicular arbuscular preparation, field was ploughed thoroughly twice with a
mycorrhizal (VAM) fungi can improve immobile nutrients tractor. The plot was properly leveled for even and
uptake in plants, particularlyP [9]. Dual inoculation of AM efficient fertilizer/water distribution. The experiment was
fungi and Azotobacter was best in reduction of Cd stress laid out in a randomized complete block design (RCBD)2+

and promotion of growth parameters of Plantago ovate with each treatment replicated three times. The detailed
[10].Therefore, it is likely that plants infected with VAM treatments are presented in Table 2.
fungi can significantly benefit from rock phosphate Common bean variety “Shalimar Rajmash-1” and
application in these soils. In symbiosis systems, nitrogen maize variety “C-15” were used for the present study. The
fixation efficiency depends on bacterial strain, plant host, seeds were procured from KVK, Budgam, Jammu and
environmental factors, soil and their interaction. Kashmir. The maize seeds were sown at row to row
Inoculation with bacteria increases total nitrogen and distance of 75 cm and plant to plant distance of 20 cm.
nitrogen fixation, leghemoglobin, amount of chlorophyll, The common bean seeds were sown in between the maize
dry weight, grain yield and forage [11]. Inoculated bean rows. Sowing was done in the last week of April, 2012 and
with Rhizobium increase performance and reduce the 2013 and seeds were hand dibbled at a depth of about 2
consumption of too much nitrogen fertilizer [12, 13]. One cm in soil. After emergence, gap filling operation was
of the major goals of this study is to introduce different carried out to maintain the required plant population.
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Table 1: Chemical properties of soil at the experimental site
S. No Chemical properties Value obtained Method employed
1. Available nitrogen (kg ha ) 210.2 Modified Kjeldhal (Jackson, 1973)1

2. Available phosphorus (kg ha ) 16.4 Olsen’s(Jackson, 1967)1

3. Available potassium (kg ha ) 270.5 Flame photometer (Jackson, 1967)1

4. Soil pH (1:2.5 soil: water) 7.90 pH meter (Piper, 1966)

Table 2: Treatment details of the experiment
S.No Treatment combinations used Treatment code
1 Maize + common bean (control). T1

2 Maize+ common bean treated with Rhizobium T2

3 Maize + common bean both treated with Azotobacter. T3

4 Maize + common bean both treated with Arbuscular mycorrhizae T4

5 Maize + common bean both supplied with 20 kg phosphorus (P)/ha T5

6 Maize + common bean both supplied with40 kg P/ha T6

7 Maize + common bean treated with Rhizobium + Arbuscular mycorrhizae T7

8 Maize + common bean treated with Azotobacter + Arbuscular mycorrhizae T8

9 Maize + common bean treated with Rhizobium + Arbuscular mycorrhizae + 20kg P/ha T9

10 Maize + common bean treated with Azotobacter + Arbuscular mycorrhizae + 20 kg P/ha T10

11 Maize + common treated with Rhizobium + Arbuscular mycorrhizae + 40 kg P/ha T11

12 Maize + common bean treated with Azotobacter + Arbuscular mycorrhizae + 40 kg P/ha T12

13 Maize + common bean treated with Rhizobium + Azotobacter + Arbuscular mycorrhizae T13

The fertilizers for maize (120 N, 30 K 0 kg/ha) and for both (maize and common bean) were estimated by2 5

common bean (30 N, 30 K 0 kg/ha) were applied according anthrone method [14-17], respectively. 2 5

to plant population in the intercropping system.
Phosphorus was applied as per the treatments. Half of the Statistical Analysis: All the data was loaded in microsoft
nitrogen and potassium were applied at sowing time as excel and subjected to the analysis of variance(ANOVA)
basal dose. The remaining nitrogen was top dressed when using on line OPSTA, CCS Haryana Agricultural
true leaves emerged (25 days). University, Hisar. The significance of data obtained was

The seeds were surface sterilized by sodium judged from the critical difference at 5% level of
hypochlorite (0.1%) for 2 minutes, thoroughly rinsed with significance.
distilled water and soaked in distilled water for 6 hours
before sowing in plots. Peat based Rhizobium RESULTS
leguminosarum inoculum, vesicular arbuscular
mycorrhizae (Glomus mosseae) and Azotobacter Quality Traits of Common Bean Seeds: The data on total
vinelandi was procured from the Division of soluble carbohydrates, starch, total soluble proteins and
Microbiology, IARI, New Delhi. Seed inoculation of total free amino acids in seeds of common bean as
common  bean  with  Rhizobiumwas  done  at  the rate of influenced by application of P and biofertilizers are
10 g kg  seed and seed inoculation of maize with presented in Table 3.1

Azotobacter@10 g kg  seed. For Rhizobium and1

Azotobacter inoculation, the seeds were moistened in Total Soluble Carbohydrates: The data on total soluble
sugar solution (48%) before the application of inoculums carbohydrates in seeds of common bean showed
to get a thin uniform coating of inoculum on the seeds, significant difference among treatments (Table 3). In
immediately before sowing the seeds in field. The seed general, all the treatments recorded significantly higher
were then shade dried after inoculation.The mycorrhizal total soluble content compared to control. Maximum
inoculum was applied after seed sowing @ 25 kg ha  by content of total soluble carbohydrates (55.72%) was1

planting holes method. recorded in T followed by T  and T  (55.37 and 54.39%).

Biochemical Analysis: Seeds were dried, powdered and application also contain significant content of starch as
sieved. The ground material was analyzed for total soluble compared to other single inoculation treatments as well as
carbohydrates, starch, total soluble proteins and total free control. The lowest content of total soluble carbohydrates
amino acids. The total soluble carbohydrates, starch, total (48.87%) was recorded in control plants (T ) followed by
soluble proteins and total free amino acids in seeds of T  (51.25%).

9 10 13

Treatments receiving dual inoculations without any P

1

3
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Table 3: Impact of phosphorus and biofertilizers on total soluble carbohydrates, starch, total soluble proteins and total free amino acids in seeds of common
bean under intercropping of common bean + maize

Seeds
---------------------------------------------------------------------------------------------------------------------------------------------------------

Treatments Total soluble carbohydrates (%) Starch (%) Total soluble proteins (%) Total free amino acids (%)

T (Control) 48.87±1.40 35.38±0.14 17.62±0.36 12.34±0.011

T (Rhizobium) 52.83±1.43 36.69±0.09 20.93±0.72 14.44±0.022

T (Azotobacter) 51.25±0.76 36.01±0.05 20.05±0.69 13.23±0.053

T (VAM) 52.17±0.98 36.17±0.14 22.28±0.65 13.58±0.014

T (20 kg P) 52.50±0.66 36.30±0.12 22.49±0.78 13.69±0.015

T (40 kg P) 50.66±1.03 35.96±0.04 21.39±0.70 13.06±0.046

T (Rhz.+ VAM) 53.75±1.07 37.47±0.15 24.25±0.73 13.71±0.077

T (Az.+VAM) 53.85±1.08 36.32±0.06 23.35±0.80 13.76±0.048

T (Rhz.+ VAM+20kg P) 55.72±1.93 39.28±0.09 27.46±1.45 18.16±0.039

T (Az.+ VAM+20 kg P) 55.37±1.80 38.92±0.03 27.15±0.75 17.94±0.0510

T (Rhz.+VAM+40 kg P) 51.31±1.31 36.51±0.13 22.56±0.82 16.36±0. 04 11

T (Az.+VAM+40 kg P) 50.96±1.47 36.64±0.08 23.62±0.43 16.94±0.0212

T (Rhz.+Az.+VAM) 54.39±1.26 37.58±0.65 24.76±0.41 17.41±0.0113

C.D.@ 5% 1.277 0.564 0.918 0.015

Rhz. = Rhizobium, Az. = Azotobacter, VAM = Vesicular arbuscular mycorrhizae, P = Phosphorus, C.D. = Critical Difference.

Table 4: Impact of phosphorus and biofertilizers on total soluble carbohydrate, starch, total soluble proteins and total free amino acids in grains of maize under
intercropping of common bean + maize

Seeds
------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatments Total soluble carbohydrate (%) Starch (%) Total soluble proteins (%) Total free amino acids (%)

T (Control) 62.18 ± 0.17 59.19±0.16 8.13±0.09 16.04±0.011

T (Rhizobium) 63.00 ±0.08 63.32±0.05 8.70±0.13 18.23±0.022

T (Azotobacter) 62.44±0.25 61.14±0.13 8.55±0.08 17.58±0.013

T (VAM) 62.99±0.06 61.65±0.10 8.61±0.13 17.72±0.054

T (20 kg P) 63.27±0.08 62.06±0.09 8.71±0.08 17.78±0.075

T (40 kg P) 62.74±0.11 59.96±0.04 8.61±0.07 17.61±0.056

T (Rhz.+ VAM) 65.67±0.30 68.65±0.12 9.04±0.04 19.24±0.047

T (Az.+VAM) 64.70±0.14 66.82±0.03 8.83±0.09 18.92±0.038

T (Rhz.+ VAM+20kg P) 74.61±0.12 76.45±0.08 9.88±0.05 20.51±0.029

T (Az.+ VAM+20 kg P) 73.80±0.09 75.38±0.33 9.80±0.08 20.12±0.0210

T (Rhz.+VAM+40 kg P) 64.40± 0.15 67.56±0.07 9.43±0.06 19.86±0.0111

T (Az.+VAM+40 kg P) 63.03±0.052 62.52±0.04 9.56±0.07 19.92±0.0212

T (Rhz.+Az.+VAM) 67.05± 0.03 69.60±0.03 9.78±0.02 20.05±0.0513

C.D. @ 5% 0.331 0.295 0.102 0.020

Rhz. = Rhizobium, Az. = Azotobacter, VAM = Vesicular arbuscular mycorrhizae, P = Phosphorus, C.D. = Critical Difference

Starch Contents: The results revealed that application of Total Soluble Proteins: Total soluble proteins in seeds of
P  and biofertilizers  under   different levels shows common bean showed significant difference among
significant effect on starch content in seeds of common treatments. Significantly highest content of total soluble
bean. The maximum content of starch (39.28%) was proteins (27.46%) was recorded in T  followed by T  and
recorded in T followed byT  and T (38.92 and 37.58%, T  (27.15 and 24.76%). Lowest content of total soluble9 10 13

respectively).  Among  the  single  inoculation treatment, proteins (17.62%) was recorded in control plants (T )
T  (Rhizobium)  recorded higher content of starch followed by T  (20.05%). 2

(36.69%) over other single and dual inoculation treatments
(except T , T  and T ). Minimum content of starch Total Free Amino Acids: The results indicated that9 10 13

(35.38%) was recorded in control plants (T ) followed by application of biofertilizers and P also had significant1

T  (36.01%). effect  on  total free amino acids of seeds of common bean3

9 10

13

1

3
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under intercropping system. The results indicated that (18.23%) over other single inoculation treatments and
maximum content of total free amino acids (18.16%) was control. The lowest content of total free amino acids
recorded in T  followed by T and T (17.94 and 17.41%). (16.04%) was recorded in control plants followed by T9 10 13

Treatment receiving single inoculation of Rhizobium (17.58%).
recorded maximum content of total free amino acids
(14.44%) over other single inoculation treatments and DISCUSSION
control. The lowest content of total free amino acids
(12.34%) was recorded in control plants (T ) followed by The data obtained from this study indicated that P1

T (13.23%). fertilizer and different biofertilizers application affected3

Maize: The data on total soluble carbohydrates, starch, different response to biofertilizers with respect toquality
total  soluble  proteins  and total free amino acids in seeds parameters could be related to microbial content of
of maize as influenced by application of phosphorus and biofertilizers. Nutrient availability and uptake might be
biofertilizers are presented in Table 4. changed as a result of changing rhizosphere microbial

Total Soluble Carbohydrates: All the inoculated quality parameters of seeds response to treatment must
treatments recorded significantly higher content of total have been changed. In the experiment, phosphorus P
soluble carbohydrates in seeds of maize as compared to application with different biofertilizers increased quality
control (Table 4). Significantly maximum content of total parameters  significantly  in the two consecutive years
soluble carbohydrates was recorded inT (74.61%) (Fig. 1 and 2). These differences might be originated from9

followed by T and T  (73.80 and 67.05%, respectively). microbial content of the experimental soil and the adding10 13

The lowest content of total soluble carbohydrates biofertilizer cause significantly changes in microbial
(62.18%) was recorded in control plants (T ) followed by content of rhizosphere and as a result of this changes1

T (62.44%). fluctative effect of biofertilizer under different levels of3

Starch Contents: Data on starch in seeds of maize changing nutrient uptake [18]. 
showed significant difference among treatments (Table 4). P is a key component of energy generation in plants;
Significantly maximum content of starch (76.45%) was thus, it is reasonable to believe that alterations in quality
recorded in T followed by T  and T (75.38and 69.60%). parameters occurring during this study resulted from9 10 13

The lowest content of starch (59.19%) was recorded in increase in energy availability. It is conceivable that
control plants followed by T  (61.14%). increase in cell division due to P application results from3

Total Soluble Proteins: The data on total soluble proteins which affect the growth characteristics. Different
in grains of maize showed significant difference among responses to different microbial inoculants under different
treatments (Table 4). Among all the inoculated treatments, levels of P were reported by the other studies[20, 21]. The
T  recorded maximum content of total soluble proteins combined effect of different biofertilizers andP fertilizer9

(9.88%) followed by T and T (9.80 and 9.78%). The application varied depending on application10 13

lowest content of total soluble proteins (8.13%) was combinations.  The  results obtained on combined effect
recorded in control plants followed by T  (8.55%). of  P  and  biofertilizers revealed that maximum total3

Total Free Amino Acids: The results indicated that total free amino acid were observed with the dual
application of biofertilizers and phosphorus also had inoculation Rhizobium + VAM + 20 kg P O  ha  in both
significant effect on total free amino acids grains of maize seeds/grains of both the crops. These results further
under intercropping system. The results indicated that revealed that maximum amount of carbohydrates were
maximum content of total free amino acids (20.51%) were observed in plants treated with biofertilizers individually
recorded in T  followed byT  and T  (20.12 and 20.05%). and combined form. Improvement in carbohydrate content9 10 13

Treatment receiving single inoculation of Rhizobium in all biofertilizers treated plants along withP may be due
recorded maximum content of total free amino acids to  increased  carbon  fixation,  activation  of enzymes was

3

quality parameters of seeds of both the crops. The

activity depending on biofertilizers application. Thus,

phosphorus P on quality parameters was recorded due to

increase in the amount of ATP at growth centers [17]

soluble carbohydrates, starch, total soluble proteins and

2 5
1
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Fig. 1: 

Fig. 2:

observed by Kr [22, 23]. [24] reported significant view  of  the  vital role ofP in carbohydrate metabolism.
enhancement in seed protein content in common bean due The application of P and Nand P biofertilizers might have
to application of P and N and P biofertilizers which is in resulted in the increase of carbohydrate content in seeds
accordance with the results of present finding. In the in the study. Accordingly the interaction of adequate
present investigation it may be ascribed to increased inorganic Pfertilizer levels and N and P biofertilizers
nitrogen uptake of leaves due to the dual inoculation of treatment resulted in the higher content of seed protein
both inorganic and biofertilizers. Because biofertilizer and carbohydrate with the optimum interaction being one
supports phytohormones production, which stimulate that also proved optimum in case of yield parameters in
nutrients absorption as well as photosynthesis process, Rhizobium+ VAM + 20 kg P O ha . The results obtained
as a result of this protein content increases [25]. Actually in the present investigation demonstrated that combine
the enhanced leaf nitrogen uptake might have increased application of P sources along with Rhizobium+ VAM
the amino acid synthesis and thereby could have exhibited positive changes in seed composition by
improved the seed protein content via their translocation increasing protein content of common bean. [30] showed
to seeds. A significant effect of inorganic P fertilizers and that integrated use of P resources significantly increased
N and P biofertilizers application on seeds/grains protein the grain protein content of maize.
content has been reported by various workers in different In order to reduce the use of chemical fertilizers,
crops viz. [26] in chick pea, [27] in cassiatora, [28] in biofertilizers could play a crucial role by fixing the
mungbean and [29] in black gram. There is also beneficial atmospheric nitrogen(N ) for the crops and by increasing
effect of the application of inorganicP fertilizer and N andP the availability of P and other nutrients to the crop [31].
biofertilizers treatment on seed carbohydrate content. In [32]  reported that application of inorganic P fertilizers and

2 5
1

2
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N  and  P biofertilizers assures P availability and its 6. Arpana, N., S.D.  Kumar  and  T.N.  Prasad,  2002.
subsequent utilization for the formation carbon skeletons
and for the synthesis of amino acids and ATPs. The
positive increase in relation to quality parameters might be
caused due to superior rate of carbohydrates in
reproductive parts of the plant. 

CONCLUSIONS

Integrated application of P in combination with
Rhizobium and VAM significantly increased the
carbohydrates, starch, protein and amino acid contents,
demonstrating the importance of Pnutrition because,
carbohydrates, starch, protein and amino acid content
which is the component of seed/grain contribute
significantly to the economic value of common bean and
maize under intercropping system. Thus, different
microbial inoculations and supplementation with P has
constructive effect in improving quality parameters.
Therefore, integrated application of P with Rhizobium and
VAM can be highly recommended in common bean–maize
intercropping for improving quality of crops.
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