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ABSTRACT 

 

Field experiments were conducted with mung bean (Vigna radiata L. Wilczek) consecutively for 

three years (2009, 2010, and 2011) in the Crop Research and Seed Multiplication Farm, Burdwan 

University, West Bengal, India. In the first two years, varietals screening of mung bean under 

recommended dose of chemical fertilizer (20:40:20) were performed with five varieties with a local 

variety of mung bean during February to May of 2009. In the second year, one experiment was 

conducted with six different reduced dose of chemical fertilizer. In the third year, five different 

method and time of application of biofertilizer were applied to study the effects on agronomic traits 

and growth attributes of mung bean. The variety PDM-54 a significant higher seed yield along with 

other yield contributing factors, which was found to be superior to other varieties. In 2010, seed 

yield was found to be the best for 30% less nitrogenous and 25% less phosphate fertilizer along 

with recommended dose of chemical fertilizer. In 2011, the best yield was given by the treatment of 

basal @ 0.75 kg ha
-1

 + 1.5 kg ha
-1

 soil application after 21 days + 0.75 kg ha
-1

 as soil application + 

best dose of previous year. 
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INTRODUCTION 

 

Mung bean (Vigna radiata (L.) Wilczek) is a 

leguminous pulse crop for its use as a vegetable 

protein source, animal fodder and green manure. It 

contains isoflavonoids estrogen and antioxidant 

activities that used in prevention of diseases such as a 

cancer. It also exhibits antimicrobial and insecticidal 

activities. Mung bean sprouts are valuable source of 

vitamins.  The introduction of a superior variety may 

accomplish the same objectives as the evaluation of a 

superior variety through breeding programs. Newly 

introduced variety may excel the out dated local variety 

in terms of increased yield per unit area. Similarly, 

fertilizers play an important role in the environmental 

influences on crop production. 

      Research workers have reported differential 

responses of different genotypes to fertilizer 

application (Rashid and Khan 2008). Several factors 

responsible for low yield are poor soil, out dated 

varieties and lack of modern technologies used for 

cropping. The application of suitable fertilizers in 

appropriate doses in considered as one of the most 

important factors for increasing crop yield per unit 

area. Application of chemical fertilizers has contributed 

significantly to the huge increase in world food 

production. 

      As world population is increasing almost 

exponentially, there is an urgent need to consider other 

novel ways of increasing food production that are 

compatible with sustainability and the retention of 

environmental quality. But recently there have been 

some reports that excessive and repeated use of 

chemical fertilizers may spoil the soil, ground water 

and pollute even the atmosphere (Kennedy and Tchan 

1992, Mytton 1993). These problems have renewed 

public interest in exploring alternative or 

supplementary non-polluting sources of N-fertilizers 

(Ladha et al. 1998), i.e., the biofertilizers. 

      Yield is the manifestation of various physiological 

processes occurring in plants and these processes 

influence the development of plant characters which 

are usually modified by imposed management practice 

(Gill and Narang 1993). Abbesi et al. (2001) reported 

that grain yield of mung bean was increased about 

47% by application of 40 kg N ha
-1

 and 20 kg ha
-1

 

alone or in combination with 20 kg N ha
-1

 + two level of 

Rhizobium inoculation compared to that of application 

of N-fertilizer alone depressed or decreased the 

nodulation and grain production of the crop. Obviously, 

combined application of organic fertilizer and urea 

fertilizer or combination with urea fertilizer and 

polyamines significantly increased yield, vegetative 

growth and chlorophyll index (Oad et al. 2004, Zeid 

2008). 

      Therefore, our objectives of this current study were 

to screen the best variety among all the varieties under 

recommended dose of chemical fertilizer and 

subsequently assess the impact of different reduced 

dose of chemical fertilizer and different method and 

time of application of biofertilizer on agronomic traits, 

morphophysiology and seed yields of mung bean 

(PDM-54) as well as the screening of the best reduced 

dose of chemical fertilizer and best method and time of 

application in terms of yield and productivity under this 

agroclimatic conditions of old alluvial soil zone of 

Burdwan, West Bengal, India. 

 

MATERIAL AND METHODS 

 

Collection of seeds. Field experiments were 

conducted during the winter seasons of 2009, 2010, 

and 2011 at the agricultural farm of Burdwan University, 

India (latitude 87° 50′ 51″ E and longitude 23° 15′ 12″ 

N). In 2008 and 2009 crop varieties B-1, PDM-11, 

PDM-54, PDM-139, PUSA-9531, and PANT MUNG 

were collected from Crop Research and Seed 

Multiplication Farm, Burdwan University, West Bengal, 

India. Chemical fertilizer (20:40:20) were applied at the 

dose recommended by the Directorate of Agriculture, 

Government of West Bengal for Mung Bean. 

 

Experimental treatments. After varietal screening, 

another study (2010) was conducted as field 

experiment during summer season in different reduced 

dose of nitrogen (N) and phosphate (P) fertilizer along 

with recommended dose of potassium (K) were applied 

in field as separate treatments, including T1-20% less 

nitrogen + 25% less phosphate + recommended dose 

of potassium; T2-30% less nitrogen + 25% less 

phosphate + recommended dose of potassium;         

T3-40% less nitrogen + 25% less phosphate + 

recommended dose of potassium; T4-50% less 

nitrogen + 25% less phosphate + recommended dose 

of potassium; T5-60% less nitrogen + 25 % less 

phosphate + recommended dose of potassium and   

T6- recommended dose (N:P:K) i.e. 20:40:20. In 2011, 

six different methods and time of application of 

biofertilizer as T1-as basal application 1.5 kg ha
-1

 + 

0.75 kg ha
-1

 as spray on 21 DAS + 0.75 kg ha
-1

 as 

spray on 42 DAS ; T2-basal application 3 kg ha
-1

;      

T3-as basal application @ 1.5 kg ha
-1

 + on  21 DAS @ 

1.5 kg ha
-1

 as soil application; T4-as basal application 

@ 1.5 kg ha
-1

 + on 21 DAS @ 1.5 kg ha
-1

 as spray;   

T5-as basal @ 0.75 kg ha
-1

 + on 21 DAS @ 1.5 kg ha
-1

 

as soil application + on 42 DAS @ 0.75 kg ha
-1

 as soil 

application. 

 

Experimental design. The experiments were 

conducted in randomized block design with three 
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replications within individual plot sizes of 5 m × 5 m, 

row to row spacing of 35 cm and plant to plant spacing 

of 15 cm. The land was mechanically ploughed and 

harrowed during land preparation after plot setting. 

Irrigation channels in 40 cm wide were in between the 

replication to ensure the easy and uninterrupted 

irrigation of the individual plots independently until 

crops grew up to the maturity stage. Simultaneously, 

the observations on morphophysiology viz. LAI, LAD, 

LAR, CGR NAR and agronomic traits (showed above) 

including the growth development, seed yield and its 

attributes were recorded at the different stages (20, 40, 

and 60 d after sowing) of crop growth. 

 

Data Collection. Plant samples were collected at 

intervals of 20 d after sowing from three randomly 

selected locations in each plot up to the 60 d of crop 

growth. Ten plant samples were uprooted randomly 

from each plot under different treatments to determine 

the growth attributes (root and shoot length) and yield 

attributes (length of siliquae, number of seeds per pod, 

1000 seeds weight, capsule length and 

circumference). Similarly, ten plants from each plot 

were randomly selected. The length of shoots was 

recorded from the base above the ground to the tip up 

the stem using a scale, and the root length was 

recorded by uprooting the plant from the soil with great 

care in order to avoid any tear-out of roots and then 

measured using the scale from the base stem up to the 

highest length of top root. The total number of filled 

pod per plant was recorded at harvest, while the total 

number of seeds per pod was recorded by random 

selection of ten pods from each plant per plot at 

harvest. 1000-seed-weight was recorded in grams (g). 

The grain yield of each 1 m x 1 m plot segmented   

from the 5 m x 5 m plot was recorded by harvesting 

plants, followed by sun-drying, threshing, and cleaning 

in the threshing floor. The grain yield was recorded in   

t ha
-1

. 

 

Crop morphophysiological studies. The observa-

tions on morphophysiological traits followed: 

      The leaf index was calculated using the formula 

given by Watson (1947). 

LAI = Leaf area/land area 

      Leaf area ratio is the ratio of leaf area and total 

biomass and was calculated with the  using following 

formula: 

LAR = LA/W (m
2
 g

-1
) 

where, LA = Leaf area in m
-2

 ; W = Dry weight of plant 

LAD (leaf area duration) was calculated by using the 

following formula. 

LAD = (LAI1 + LAI2) × (t2 – t1)/2 

where LAI1 and LAI2 are leaf area indices recorded at 

times t1 and t2, respectively. 

      The dry weight per plant was calculated and used 

to estimate crop growth rate (CGR) as proposed by 

Hunt (1978). 

CGR = w2 – w1/ t2 - t1 (g m
-2

 day
-1

) 

where w1 and w2 are dry weights (g m
-2

) at first and 

second harvests taken at times t1 and t2, respectively. 

      Net assimilation rate (NAR) was determined by 

using the formula given by Net assimilation rate was 

determined by using the following formula given by 

Watson (1952): 

NAR = w2 – w1 / t2 – t1 x L2 – L1 / logL2 – logL1 g m
-2

 

day
-1

 

where, w2 and w1 are the final and initial dry weights of 

aerial plant parts per unit area at the time t1 and t2 

respectively and L2 and L1 are the final and initial leaf 

area indices at respective times. 

 

Statistical analysis. All the replicated data of mung 

bean from the three successive years were analyzed 

statistically by one way ANOVA and Duncan’s Multiple 

Range Test (DMRT). For statistical interpretation of the 

observed tabulated data, Panse and Sukhatme (1967) 

together with Gomez and Gomez (1984) were 

consulted. 

 

RESULTS 

 

Shoot length and root length. During 2009, the shoot 

length was significantly different among the six 

cultivated mung bean varieties ranging from 26.8 cm 

(V6) to 42.6 cm (V2) and the root length varied from 

13.5 cm (V1) to 14.1 cm (V6)    (Table 1). The shoot 

length of the field experiments conducted in 2010 

ranged from 40.5 cm (T5) to 42.7 cm (T2) and the root 

length varied from 12.2 cm (T5) to 13.9 cm (T6) (Table 

2). In 2011, the shoot length of the crop plants ranged 

from 40.6. cm (T3) to 43.43 cm (T1), and the root length 

ranged from 11.7 cm (T1) to 13.53 (T5) (Table 3). The 

statistical data of 2009, 2010 and 2011 showed 

significantly different shoot length root length among 

the different verities and treatments respectively. 

 

Pod length and diameter. In 2009, variety V3       

(6.860 cm) recorded the highest pod length and 

highest pod diameter in V3 (1.773 cm), while the 

smallest pod length and diameter was reported in 

variety V5 (6.503 cm) and V1 (1.591 cm), indicating a 

significant difference between different varieties  

(Table 4). In 2010, the value of the length and diameter 

of pod ranged between 6.630 cm (T5) and 6.861 cm 

(T6) and 1.673 cm (T5) and 1.703 cm (T2) respectively 

(Table 5). In 2011, the value of the length and diameter 

of pod ranged between 6.600 cm (T4) and 6.830 cm 

(T5) and 1.632 cm (T3) and 1.780 cm (T5) respectively 

(Table 6). The number of grains per pod was also 
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significantly affected by the varietal performance of the 

six mung bean varieties in 2009. 

 

Number of grains per pod and seed weight. The 

maximum and minimum number of grains per pod was 

reported in V3 (10.662) and V5 (10.003) respectively 

(Table 4). The number of grains per pod ranged 

between (10.003) (T2 and T5) to 10.661 (T1) in 2009. In 

2011, the value ranged between 10.001 (T1) and  

11.00 (T5) (Table 5). The maximum and minimum  

1000 seeds weight were recorded in PDM-54 (33.442) 

and PUSA-9531 (30.003) respectively during 2009 

(Table 4). The highest 1000 seed weight was 

maximum in T2 (31.302 g) and minimum in T5 (30.012 

g) (Table 5) in 2010 and in 2011, the maximum and 

minimum in T5 (33.801 g) and T4 (33.152 g) 

respectively (Table 6). 

 

Seed yield. The seed yields (g m
-2

) obtained from 

different plots were computed in entire field 

experiments of 2009, 2010, and 2011 which revealed 

that in varietal performance, the best yield was 

obtained in V3 (PDM-54) (Table 4, 5, and 6). In 2010, 

the best yield was obtained in the treatment T2 (30 % 

less nitrogen + 25 % less phosphate + recommended 

dose of potassium) (Table 5) and in 2011, the best 

yield was obtained in treatment T5 (basal @            

0.75 kg ha
-1

 + 1.5 kg ha
-1

 soil application after 21 DAS 

+ 0.75 kg ha
-1

 as soil application + dose of 2010) 

(Table 6). The general trend of higher seed yield was 

the application of biofertilzer, reduced dose of chemical 

fertilizer showed positive role in increasing seed yield 

of this crop under such agroclimatic condition of 

Burdwan district, West Bengal. 

 

Straw yield. Straw yield data (g m
-2

) from 2009, 2010, 

and 2011 were analyzed statistically. The results 

showed a significant variation among the different 

varieties and different treatments. In 2009, the   

highest and lowest straw yield was recorded in           

V3 (123.325 g) and V5 (126.325 g m
-2

) (Table 4).         

In 2010, the value ranged between 124.100 g m
-2

 in T1 

and 128.462 g m
-2

 in T5 (Table 5). In 2011,                

the minimum and maximum straw yields were found to 

be in T3 (120.495 g m
-2

) and T1 (128.291 g m
-2

)    

(Table 6). 

 

LAI, LAD, LAR, CGR, and NAR. During 2009, the LAI 

value on 60 d after sowing was significantly different 

among the six cultivated mung bean varieties ranging 

from 1.472 (V6) to 1.862 (V3). The LAI value of the field 

experiment conducted in 2010, ranged from 1.691 (T5) 

to 1.888 (T6). In 2011, the LAI value of the crop plants 

ranged from 1.765 (T4) to 2.009 (T5). The statistical 

data of 2009, 2010, and 2011 showed significant 

different LAI value among the different varieties and 

different treatment and method of application of 

biofertilizer respectively. 

      The LAD (days) value obtained from different plots 

were computed in all the field experiment of 2009, 

2010, and 2011 which revealed that in varietal 

performanc, highest and lowest LAD were obtained in 

V3 (10.232) and V6 (5.221), highest and lowest LAD 

value in field trial of reduced dose of chemical fertilizer 

ranged between 10.533 (T3) and 8.616 (T5), maximum 

and minimum LAD value ranged between 13.310 (T4) 

and 9.593 (T3) at 20-40 d after sowing respectively 

(Table-1). At second stages of crop growth i.e. at     

40-60 d after sowing maximum and minimum LAD 

value for subsequent three years ranged between 

26.733 (V3) to 18.661 (V6) in 2009; between        

27.212 (T5) to 23.833 (T4) in 2010 and between  

32.683 (T3) to 25.773 (T4) in 2011 respectively   

(Tables 2 and 3).  

      In 2009, variety V3 (15.101) recorded the highest 

LAR value, while the lowest LAR value was reported in 

variety V6 (11.825) at 60 d after sowing indicating a 

significant difference between the varieties. In 2010, 

the value of LAR ranged between 15.013 (T6) and 

13.165 (T5), in 2011, the value of the LAR value 

ranged between 16.692 (T5) and 14.457 (T4). 

      Crop growth rate (CGR) obtained at two stages of 

crop growth (20-40 d after sowing and 40-60 d after 

sowing) were computed in all the field experiments of 

2009, 2010, and 2011 which revealed that in varietal 

performance highest CGR value was obtained in 

V3(PDM-54); in 2010, highest CGR value was 

obtained in treatment T2 (30 % less nitrogen + 25 % 

less phosphate + recommended dose of potassium) 

(Table 2); in 2011, the highest CGR was obtained in 

treatment T5 (basal @ 0.75 kg.ha
-1

 + 1.5 kg.ha
-1

 soil 

application after 21 DAS + 0.75 kg ha
-1

 as soil 

application + T2 dose of 2010) (Table 3) at 20-40 d 

after sowing. At 40-60 d after sowing highest CGR 

value were obtained in variety V5 in 2009, treatment T5 

in 2010 and treatment T1 in 2011 respectively    

(Tables 1, 2, and 3). 

      In 2009, at 20-40 d after sowing variety V6 

(7.798x10
-3

) recorded the highest NAR value while the 

lowest NAR value were recorded in variety V3 (4.329 x 

10
-3

), indicating a significant variation between different 

varieties; in 2010, the NAR values ranged between 

5.127 x 10
-3

 (T5) to 4.319x10
-3

 (T2); in 2011, the NAR 

value ranged between 4.125 x 10
-3

 (T3) to 3.341x10
-3

 

(T5). At 40-60 d after sowing stage, the maximum and 

minimum value of NAR for 2009, 2010, and 2011 

ranged between 3.317 x 10
-3

 (V3) to 5.332 x 10
-3

 (V6), 

3.303 x 10
-3

 (T6) to 4.014 x 10
-3

 (T5), and 2.677 x 10
-3

 

(T5) to 3.387 x 10
-3

 (T1) respectively (Tables 1, 2,     

and 3). 
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Table 1. Growth attribute of six mung bean varieties in 2009. 

Variety 

shoot 

length/cm 

(60 DAS) 

root length/cm 

(60 DAS) 

LAI 

(60 DAS) 

LAR 

(60 DAS) 

LAD 

20-40 DAS 

LAD 

40-60 DAS 

CGR 

20-40 DAS 

CGR 

40-60 DAS 

NAR 

(x10
-3
) 

20-40 DAS 

NAR 

(x10
-3
) 

40-60 DAS 

V1 41.9
b
 13.5

e
 1.635

b
 13.173

b
 8.581

b
 23.681

c
 1.737

ef
 4.433

ab
 5.051e 3.943

de
 

V2 42.6
a
 14.0

ab
 1.548

de
 12.490

de
 8.281

d
 22.432

cd
 1.867

bc
 4.298

e
 5.471c 4.033

c
 

V3 39.7
c
 13.7

de
 1.862

a
 15.101

a
 10.232

a
 26.733

a
 1.933

a
 4.195

f
 4.329

f
 3.317

f
 

V4 32.5
d
 14.0

abc
 1.600

c
 12.795

c
 8.516b

c
 25.001

b
 1.878

b
 4.340

abcd
 5.400

d
 3.953

d
 

V5 31.7
de

 14.0
abcd

 1.590
cd

 12.587
cd

 6.922
e
 21.812

e
 1.744

e
 4.538

a
 5.942

b
 4.577

b
 

V6 26.8
f
 14.1

a
 1.472

f
 11.825

f
 5.221

f
 18.661

f
 1.867

bcd
 4.348

abc
 7.798

a
 5.332

a
 

Note: Means followed by the same letter within a treatment are not significantly different at 5% level using Duncan’s multiple range test (DMRT). Means of three 

replicates are taken. 
 

Table 2. Growth attribute of six mung bean varieties in 2010. 

Treat. 

shoot 

length/cm 

(60 DAS) 

root 

length/cm 

(60 DAS) 

LAI 

(60 DAS) 

LAR 

(60 DAS) 

LAD 

20-40 DAS 

LAD 

40-60 DAS 

CGR 

20-40 DAS 

CGR 

40-60 DAS 

NAR 

(x10
-3
) 

20-40 DAS 

NAR 

(x10
-3
) 

40-60 DAS 

T1 41.9
abc

 13.5
ab

 1.801
c
 14.512

bc
 10.291

b
 26.022

c
 1.981

a
 4.185

f
 4.339

cd
 3.389

d
 

T2 42.7
a
 13.3

abc
 1.849

b
 14.750

b
 10.282

bc
 26.591

b
 1.978

bc
 4.232

cde
 4.319

def
 3.331

e
 

T3 42.3
ab

 12.8
d
 1.790

d
 13.859

d
 9.883

d
 25.683

d
 1.931

d
 4.383

c
 4.557

c
 3.708

bc
 

T4 41.0
abcde

 12.5
de

 1.770
e
 13.377

de
 8.982

e
 25.212

e
 1.915

de
 4.404

b
 4.890

b
 3.891

b
 

T5 40.5
f
 12.2

def
 1.691

f
 13.165

f
 8.616

f
 23.833

f
 1.903

ef
 4.488

a
 5.127

a
 4.014

a
 

T6 41.4
abcd

 13.9
a
 1.888

a
 15.013

a
 10.533

a
 27.212

a
 1.981

ab
 4.235

cd
 4.331

de
 3.302

f
 

Note: Means followed by the same letter within a treatment are not significantly different at 5% level using Duncan’s multiple range test (DMRT). Means of three 

replicates are taken. 
 

Table 3. Growth attribute of six mung bean varieties in 2011. 

Treatm 

shoot 

length/cm 

(60 DAS) 

root length/cm 

(60 DAS) 

LAI 

(60 DAS) 

LAR 

(60 DAS) 

LAD 

20-40 DAS 

LAD 

40-60 DAS 

CGR 

20-40 DAS 

CGR 

40-60 DAS 

NAR 

(x10
-3
) 

20-40 DAS 

NAR 

(x10
-3
) 

40-60 DAS 

T1 43.4
a
 11.7

e
 1.888

c
 14.714

a
 11.952 28.911

b
 2.021 4.310

a
 3.773 3.387

a
 

T2 41.75
b
 12.47

bc
 1.801

d
 14.468

de
 11.591 27.056

d
 1.981 4.154

b
 3.462 3.081

c
 

T3 40.60
e
 12.50

b
 1.964

b
 16.302

c
 9.593 27.942

c
 1.949 3.988

d
 4.125 2.952

d
 

T4 41.53
bcd

 12.08
d
 1.765

e
 14.457

d
 13.310 25.773

e
 1.978 4.043

c
 3.533 3.135

b
  

T5 41.57
bc

 13.53
a
 2.009

a
 16.692

b
 13.122 32.683

a
 2.065 3.875

e
 3.341 2.677

e
  

Note: Means followed by the same letter within a treatment are not significantly different at 5% level using Duncan’s multiple range test (DMRT). Means of three 

replicates are taken. 
 

Table 4. Yield attribute of six mung bean varieties in 2009. 

Variety 
Pod length 

(cm) 

Pod diameter 

(cm) 
No. of grain/pod Test weight 

Seed yield 

(t ha
-1
) 

Straw yield/m
2
 

V1 6.761
b
 1.591

f
 10.330

de
 31.006

d
 1.228

c
 124.041

d
 

V2 6.731
c
 1.662

d
 10.662

a
 31.671

c
 1.298

b
 124.001

e
 

V3 6.860
a
 1.773

a
 10.661

ab
 33.442

a
 1.461

a
 123.325

f
 

V4 6.731
cd

 1.721
b
 10.332

d
 30.606

e
 1.094

d
 125.095

b
 

V5 6.503
f
 1.602

de
 10.003

f
 30.003

f
 0.983

e
 126.325

a
 

V6 6.561
e
 1.691

c
 10.660

abc
 32.661

b
 0.975

ef
 125.011

c
 

Note: Means followed by the same letter within a treatment are not significantly different at 5% level using Duncan’s multiple range test (DMRT). Means of three 

replicates are taken. 
 

Table 5. Yield attribute of six mung bean varieties in 2010. 

Variety 
Pod length 

(cm) 

Pod diameter 

(cm) 
No. of grain/pod Test weight 

Seed yield 

(t ha
-1
) 

Straw yield/m
2
 

V1 6.703
c
 1.692

c
 10.661

a
 31.200

c
 0.867

d
 124.100

f
 

V2 6.733
b
 1.703

a
 10.631

c
 31.302

a
 1.485

a
 125.036

e
 

V3 6.701
cd

 1.690
bc

 10.003
e
 31.003

d
 0.906

b
 127.011

c
 

V4 6.701
cde

 1.690
bcd

 10.330
d
 30.664

e
 0.906

bc
 127.090

b
 

V5 6.630
f
 1.673

e
 10.003

ef
 30.012

f
 0.742

e
 128.462

a
 

V6 6.861
a
 1.700

b
 10.660

ab
 31.211

b
 1.260

b
 125.112

d
 

Note: Means followed by the same letter within a treatment are not significantly different at 5% level using Duncan’s multiple range test (DMRT). Means of trhee 

replicates are taken. 
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Table 6. Yield attribute of six mung bean varieties in 2011. 

Variety 
Pod length 

(cm) 

Pod diameter 

(cm) 
No. of grain/pod Test weight 

Seed yield 

(t ha
-1
) 

Straw yield/m
2
 

V1 6.631
c
 1.755

b
 10.001

e
 31.201

e
 1.376

e
 128.291

a
 

V2 6.701
b
 1.741

c
 10.501

bc
 32.401

d
 1.472

d
 124.455

b
 

V3 6.630
cd

 1.632
e
 10.503

b
 33.452

b
 1.558

b
 120.495

d
 

V4 6.600
e
 1.710

d
 10.252

d
 33.152

c
 1.545

c
 122.091

c
 

V5 6.830
a
 1.780

a
 11.000

a
 33.801

a
 1.573

a
 120.405

e
 

Note: Means followed by the same letter within a treatment are not significantly different at 5% level using Duncan’s multiple range test (DMRT). Means of three 

replicates are taken. 

 
DISCUSSION 

 

       From the experimental results, the significant 

variations in the root and shoot length of the five 

cultivated mug bean varieties could be generated at 

the differential growth rate of the varieties under 

differential assimilation capacity of photosynthate and  

variable translocation rate in the different parts of 

plants in 2009 (Banerjee  et al.  2010). The root length 

and shoot length showed a decreasing trend among 

the various treatments of reduced dose of chemical 

fertilizers in 2010 with respect to the recommended 

dose (T6). The results indicate that reduction of 

nitrogen fertilizer dose provided lesser nitrogen supply 

towards vegetative growth of crop plants and this 

reduction in root and shoot length were observed 

(Asghar et al. 2006). During 2011, there is 

considerable decrease in shoot length and increase in 

root length of the crop plants with conjoint application 

of biofertilizer in soil and as spray. In 2011, the basal 

and soil application of biofertilizers (Rhizobium) along 

with chemical fertilizers increased the nutrient use 

efficiency of the plants and therefore significantly 

increased the root length (Banerjee  et al. 2010). 

      From the current investigation, it was observed that 

there were considerable variation across in the yields 

attributes and yields of the five mug bean varieties 

during 2009. Some workers have shown the 

importance of number of seeds per pod per area in 

grain yield improvement in soybean (Egli and Yu 1991, 

Egli 1998). Positive effect of seed inoculation with 

biofertilizer on number of seeds per pod was also 

observed by Konde and Deshmukh (1996), Anchal 

(1997). In our study, grains per pod increased in PDM-

54 due to optimum moisture level in comparison to 

other varieties, which helped to produce longer siliquae 

and higher number of seeds. The changes between 

the variables was generated by the relationship 

between the number of grain per pod and seed in one 

hand and plant potential for increasing pod or grain 

number on the other hand as reported earlier (Miri 

2007). Regarding 1000 grain weight, there was also a 

considerable variation among the varieties. This was 

probably due to the compensatory relation between 

yield compounds, as in cultivars with low grain yield, 

the number of pod and grain per pod were low, and 

available assimilates partitioned between lower 

numbers of grains and each grains received more 

assimilate in comparison with high yield cultivars 

(Banerjee et al. 2010). Evans (1993) mentioned the 

seed size depended on environmental conditions, 

genotype, and the potential of the genotype in 

producing seed number. It seemed that the genotype 

had major effects on seed weight in comparison with 

environment. In 2010, the yield attributes, such as the 

length of pod, diameter of pod, seeds per pod, test 

weight of grain, showed a decreasing trend except T2 

treatment. This may be attribute towards lesser supply 

of nitrogen to crop plants leading to lesser reproductive 

propagation. In case of T2 treatment the reduced dose 

of chemical fertilizer stimulated the reproductive growth 

of crop plants leading to higher yield attributes. In 

2011, the different rate and time of application of 

biofertilizer along with chemical fertilizer, bacterization 

with Rhizobium intensified the activity of rhizospheric 

micro flora involved in ammonification, anaerobic 

nitrogen fixation, nitrification, phosphate mineralization 

(Shende 1965, Patel 1969) and hence improved the 

nutrient use efficiency of the crop plants, leading to 

higher yield attributes (Banerjee et al. 2010). Increased 

number of grains per pod was due to increase nitrogen 

uptake by plant (Anchal et al. 1997). 

      The highest and lowest grain yield appeared in V3 

and V6 with an overall reflection of the value of yield 

attributes including number of pod per plant, number of 

grains per pod, and test weight of grains. The seed 

yield showed a declining trend in the field trial of 2010 

except T2 treatment. The seed yield showed an 

increasing trend in the field experiment of 2011. The 

different time and method of application of biofertilizer 

along with chemical fertilizer showed an increasing 

trend in mustard yield and productivity, which was 

attributed toward the contribution of microelement and 

plant growth regulator contained in the fertilizer, as 

was reported by Zodape (2001), as well as toward the 

production of growth inomoting substances due to the 

application of biofertilizers had a significant effect on 

the morphology and development of the root, as was 
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reported by Amellal et al. (1998). The significant 

increase in yield among the various treatments of 

different method time of application biofertilizer along 

with chemical fertilizer may be also be attribute toward 

reduced plant height and increased branching, 

resulting in a diversion of food material for the 

improvement of flowering and fruiting (Kuraishi and 

Muri  1962). 

      It is interested that under the same recommended 

dose of chemical fertilizer, the six cultivated mug bean 

varieties significantly differed from one another in 

relation to straw yield due to their relative capability of 

dry matter production determined by the varietals 

characteristics (Saran ad Giri 1987, Chakraborty et al. 

1991). With respect to straw yield, decreasing trend 

among the different treatments in case of the field trial 

of 2010 and an increasing trend in the field trial of 2011 

were observed. Reduced supply of nitrogen and 

phosphorus has contributed significantly towards 

lesser accumulation of dry matter in crop plant leading 

to reduced straw yield (Balemi 2009). For the field trial 

of 2005, the straw yield showed an increasing trend to 

different rate and method of application, of biofertilizer 

along with chemical fertilizer application.   

      From the experimental results, the significant 

variations in the LAI of the six cultivated mung bean 

verities reflected the different growth of the varieties on 

one hand and variable rate of light interception on the 

other hand. Highest LAI values were recorded by 

variety V3, which may be attribute trials greater light 

interception by the said variety leading towards higher 

rate of photosynthesis and vegetative growth of plants. 

Our findings are in line with some earlier findings of 

Aduloju et al. 2009 in case of soybean crop and Datta 

et al. (2009) for the productivity of Brassica. With 

respect to LAI value a decreasing trend among the 

different treatments in case of field trial of 2010 and an 

increasing trend among the different treatments in case 

of field trial of 2011 were observed. Reduction in the 

recommended dose of nitrogen and phosphate fertilizer 

provided reduced supply of nitrogen and phosphorus 

for optimum crop growth leading to reduction ion LAI 

value of crop plants under different treatments. Our 

findings were supported by earlier findings of Shukla 

and Warsi (2000), who reported increasing phosphorus 

level had enhanced LAI to a significant level over 

check. In 2011, there was gradual increase in the LAI 

value with different rate and method of application of 

biofertilizer along with chemical fertilizer which may be 

attribute towards increase nutrient efficiency of crop 

plants leading to higher vegetative growth of crop 

plants i.e., higher LAI value of crop plants (Abo-El-

Goud 2000, El-Zeiny et al. 2001).   

    The results also indicate that soil application of 

biofertilizer were most suitable for optimum vegetative 

growth and therefore increased LAI value of crop 

plants. Leaf Area Duration (LAD) value varied 

significantly among the different cultivars in 2005, 

which implies leaf area duration was particularly 

important in conferring a large yield. Similar results 

were obtained by Berrocal-Ibara et al.  (2002) working 

with common bean and by Takahashi et al. (2003) in 

case of soybean. In 2010, the LAD values reduced 

significantly in all the treatments with respect to the 

recommended dose of chemical fertilizer due to 

reduced supply of nitrogen and phosphorus for 

optimum crop growth. Our findings are in line with the 

earlier findings of (Bange et al.  1997). 

      In 2011, there is significant increase of LAD value 

in all the different treatments of rate ad line of 

application of biofertilizer along with chemical fertilizer 

which may be attributed towards the higher availability 

of nitrogen and phosphorus to crop plants which 

suggests higher availability of photo assimilates 

leading to higher LAD value of crop plants. 

      In all the three experimental periods the LAD value 

were found to be higher in second phase of crop 

growth (40-60 DAS). This may be due to higher 

interception of light energy by the crops plants under 

various treatments leading to higher CO2 fixing ability 

and greater accumulation of photo assimilates by 

mung bean plants (Liu et al. 2005).  

      There is no significant difference in the LAR values 

of mug bean plants under there experimental years. In 

2009, the variation in LAR values among different 

varieties of mung bean may be attributed towards their 

differential rate of metabolic process. In all the 

experimental years, it was observed that lowest LAR 

values were reported in 20 d after sowing and 40 d 

after sowing and if increases significantly at 60 d after 

sowing. This may be attributed towards higher growth 

rate and development in the initial phase of crop 

growth. Therefore, maximum biomass accumulation 

takes place in shoot and branches of mung bean 

plants leading to lowest LAR values at 20 d after 

sowing. At maturity, maximum accumulation of 

biomass takes place in different plants parts and 

therefore increases the LAR value at crop maturity.  

      The differential response of mung bean cultivars 

towards dry matter accumulation lead forwards 

variation in the CGR value among the varieties in 

2009. The data on periodic growth rate rendered that 

there was slow crop growth early in the season with 

gradual rise in growth rates with the advancement in 

growing season. During 2010, gradual reduction in the 

CGR value in all the treatments in comparison to 

recommended dose of chemical fertilizer may be 

attributed towards reduced supply of nitrogen and 

phosphorus towards crop growth. Our data was further 

checked by our work during 2011 which concludes that 
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greater availability of nitrogen and phosphorus to crop 

plants under different rate and time of application of 

biofertilizer along with chemical fertilizer showed 

significant increase in CGR value that the previous 

year 2010. Promotive effect of increased phosphorus 

levels on CGR of wheat has also been reported by 

Shukla and Warsi (2000). Maximum growth rate were 

recorded at 40-60 d after sowingin all the experimental 

years. This enhancement may be attributed towards 

the new and actively photosynthesizing tissue of pods 

contributing significantly towards higher CGR value 

(Simpson 1978). Also as reported by some earlier 

workers (Shibles 1966) in our present investigation, 

greater LAI caused higher light interception which 

further enhanced CGR resulting into higher yield. 

These results are in conformity with the experimental 

results of Ries and Wert (1977), Menon and Srivastava 

(1984), and Tesar (1984). 

      Different cultivars of mug bean established 

different net assimilation rates during 2009. Reduced 

dose of nitrogen and phosphorus fertilizer application 

had also a negative effect upon NAR during 2010. In 

all the years, the NAR value reduced significantly at 

the second phase of crop growth (40-60 d after 

sowing). Lower NAR are attributed mainly to higher 

average leaf area duration in the respective treatments 

in these studies as compared with relatively less 

advantage of dry matter accumulation per unit of LAD. 

These results are in agreement with these of Shukla 

ans Warsi (2000), who also reported that nutrient in 

high amount cause more cell elongation, dependent 

and not dependent which ultimately increased growth 

and yield. Also the reduction in NAR values could be 

attributed towards the yellowing and drying of a large 

number of lower most beans of mature fruiting stages 

of crop (Singh and Rao 1987, Larcher 1995).  

 

CONCLUSION 

 

Results suggested that the introduction of a high 

yielding crop variety with balanced application of N and 

P fertilizers can be recommended to the end users. 

Our present investigation revealed that the best variety 

of the five mug bean varieties under the old alluvial soil 

agro-climatic zone was PDM-54 based on the 

attributes of the growth, morpho-physiology and yield, 

in terms of yield. Therefore PDM-54 can be cultivated 

for a better yield of mung bean under old alluvial soil 

zone under recommended dose of chemical fertilizer. 

Aside from that, the highest yield of PDM-54 was also 

found in case of T2 treatment (30% less nitrogen + 

25% less phosphate + recommended dose of 

potassium) in the field trial of 2009 and T5 (as basal 

application 0.75 kg ha
-1

 + on 21 DAS application.1.5 kg 

ha
-1

 as soil application + on 42 d after sowing 

application 0.75 kg ha
-1

 as soil application) in the field 

of 2010 that were selected as the best treatments for 

the respective field trials under the old alluvial soil of 

Burdwan District, West Bengal, India. We suggest that 

judicious management of chemical fertilizer, 

biofertilizer can lead toward an increase in the yield 

under agro climatic condition of the old alluvial soil of 

Burdwan, west Bengal, India. 
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