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Pulses play an important role in addressing hunger, food insecurity, malnutrition, environmental 
degradation, climate change impacts and human health, thereby supporting the overall achievement of 
the Sustainable Development Goals. Pulses yield is very low under arid and semiarid climate. Field 
experiment was conducted to evaluate the impact of phosphorus (0, 30, 60 and 90 kg P ha

-1
) and 

organic sources [sole animal manure (10 t ha
-1

), sole legume residues (10 t ha
-1

), and integration of 
animal manures + legume residue (5 t ha

-1
 each)] on the phenological development, growth, yield and 

yield components of mung bean (Vigna radiata L.) in comparison to mash bean (Vigna mungo L.) under 
rainfed/moisture stress condition at the Agronomy Research Farm of The University of Agriculture, 
Peshawar-Pakistan. The results revealed that increase in P levels resulted in earlier phenological 
development, improved growth, increased number of nodules plant

-1
, yield and yield components of 

both crops. Combined application of animal manures and legume (gram or chickpea) residues (5 t ha
-1

 
each) ranked first in terms of better growth and higher yield and yield components of both crops, 
followed by sole animal manure (cattle manure), while sole legume residues stood at the bottom in the 
ranking.  
 
Key words: Mung bean, mash bean, phosphorus levels, organic sources, dry land. 

 
 
INTRODUCTION 
 
Malnutrition is one of the major problems in many parts of 
the world and is mainly due to protein deficiency in the diet. 
Pulses (grain legumes) are the major and cheaper source 
of protein as compared to animal protein. Grain legumes 
crops cultivated especially for their mature seeds for human 
consumption are called pulses (Amanullah, 2016). Pulses 
are important food crops that can play a major role in 
achieving food security, nutrition, and human health, 
contributing to the  sustainability  of  agriculture  and  aiding 

the mitigation and adaptation to climate change. However, 
despite the importance given to pulses by the 
establishment of the International Year of Pulses 2016 (UN, 
2013), pulses are not well known to most people (FAO, 
2016).  

In terms of nutrition and food security, pulses provide a 
good source of plant based protein as well as fibre, 
vitamins (e.g., B vitamins) and minerals such as iron, 
potassium,  magnesium  and   zinc   (FAO,   2016).   Pulses 



 
 
 
 
seeds have high protein content (19 to 33%) (Werner, 
2005), which make them an asset in achieving food 
security worldwide (FAO, 2016). According to Campos-
Vega et al. (2010), consumption of pulses may positively 
impact human health as they can reduce the risk of 
cardiovascular diseases, prevent diabetes and may protect 
against obesity, among other things. Mung bean (Vigna 
radiata L., Wilczek), commonly known as green gram, 
contains 51% carbohydrate, 24 to 26% protein, 4% mineral, 
and 3% vitamins (Afzal et al., 2008). Mash bean (Vigna 
mungo L., Hepper) known as black gram is one of the most 
important leguminous crops and its seeds contain about 
24% protein, 60% carbohydrates, and 1.3% fats (Ali et al., 
2002). Both mung bean and mash bean also contain high 
amount of vitamins A, B, C and minerals such as 
potassium, phosphorus and calcium, which are necessary 
for human body (Rattanawongsa, 1993; Sarwar et al., 
2004).  

Pulses cultivation loses its importance because of low 
yield (Amanullah, 2016). However, the low yields and 
overall production of many pulse crops in many parts of the 
world is attributed to major constraints which include: (1) 
strong competition from cereals (wheat, maize and rice), 
cash and industrial crops (cotton, sugarcane, tobacco, 
oilseed crops, etc.) which gave better economic returns, (2) 
lack of modern pulses production technologies designed to 
maximize resource use and so ineffective crop 
management practices, (3) shortage of experienced 
personnel and lack of effective research and extension 
programmes, and (4) lack of high yielding pulses varieties 
and the poor state of seed multiplication, certification, 
distribution systems, etc. (Amanullah, 2016). Due to the 
high population pressure, the total cultivable land of pulses 
is also decreasing day by day. That is why pulses 
cultivation has been shifted to marginal lands because 
farmers are not interested to use their fertile land for pulse 
crops cultivation.  

Phosphorus unavailability (Amanullah and Khan, 2015; 
Amanullah and Khalid, 2015) and low organic matter in the 
soils (Iqbal et al., 2015; Amanullah and Khalid, 2016; 
Amanullah and Hidaytullah, 2016) decline crop productivity 
under semiarid climate.  Phosphorus fertilization to legumes 
is more important than that of nitrogen and phosphorus is a 
major component of compounds whose functions relate to 
growth, root development, flowering, and ripening and 
favorably influences the nodulation in legumes crops (Tang 
et al., 2001; Abel et al., 2002; Raboy, 2003; Shu-Jie et al., 
2007). Application of organic manures enhance the 
fertility of soil and crop production by increasing 
bioavailability of nutrients, water holding, cation exchange 
capacity and microbial population and  activity (Walker et 
al., 2004; Clemente and  Bernal,  2006;  Muhammad  and  
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Khattak, 2009). Organic manures remain for longer time 
in the soil, the nutrients releases slowly and become 
available to the plants gradually (Malival, 2001; Das, 
2005). The ability of the organic materials to supply 
nutrients differs, as they relate to the rates of 
decomposition, nutrient release rates and patterns (Kumar 
and Goh, 2004). The role of pulses in the N and P cycles is 
ultimately important to adapt to and mitigate climate 
change, helping to achieve the sustainable development 
goals (FAO, 2016). When the soil is exploited for crop 
production without restoring the organic matter and nutrient 
content, the nutrient cycles are broken, soil fertility declines 
and the balance in the agro-ecosystem is destroyed (FAO, 
2015). Therefore, sustainable agricultural management 
such as incorporation of different organic sources in soils is 
urgently needed to enhance crop production under cereal 
based cropping systems (Amanullah et al., 2015, 
Amanullah and Khalid, 2016; Amanullah and Hidyatullah, 
2016). The objective of this research was to investigate 
the differences in growth and yield of mung bean and 
mash bean under various levels of phosphorus and 
organic sources under semiarid climate. 
 
 
MATERIALS AND METHODS 
 
Site description 
 
Field experiments were conducted at the Agronomy Research 
Farm of University of Agriculture, Peshawar, during summer 
2015 with the objective to investigate the effects of organic 
sources (OS) [sole animal manure, sole chickpea residues, and 
combined animal manure + chickpea residues] and phosphorus (P) 
levels (30, 60 and 90 kg P ha-1) along with one control (OS and P 
non applied) on the growth, yield and yield components of mung 
bean and mash bean under dry land condition. The Agronomy 
Research Farm is located at 34.01°N, 71.35°E, at an altitude of 
350 m above sea level in the Peshawar valley. Peshawar is 
located at about 1600 km north of the Indian Ocean and has 
semiarid climate. The research farm is irrigated by the Warsak 
canal from the Kabul River. Soil texture is clay loam, low in 
organic matter (0.87%), extractable phosphorus (6.57 mg kg−1), 
exchangeable potassium (121 mg kg−1), and alkaline (pH 8.2) 
and is calcareous in nature (Amanullah et al., 2009). The 
climate of the area is semiarid where the mean annual rainfall 
is very low (300 to 500 mm), 60 to 70% rainfall occurs in 
summer, while the remaining 30 to 40% rainfall occurs in winter 
(Amanullah et al., 2012).  
 
 
Experimentation 
 
Two separate field experiments were conducted one on mung 
bean and second on mash bean. The experiment for each crop 
was laid out in RCB design using three replications. Each 
replication consisted of 10 treatments (three OS × three P 
levels plus one control plot). A sub-plot size of 4 m ×  4 m,  having  
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5 rows, 2 m long and 30 cm apart was used. Organic sources used 
as main plot factor were applied and incorporated in their respective 
plots one month before sowing. The two sole organic sources 
(animal manure and chickpea residues) were applied at the rate of 
10 t ha-1, while in the case of combined animal manures + chickpea 
residues treatment, both organic sources were applied at the rate of 
5 t ha-1 each. The required P levels as single super phosphate 
(SSP) (18% P2O5) were applied at seedbed preparation just before 
sowing for each crop (each experiment).  Mung bean variety “NM-
54” and mash bean variety “Mash 48” were used as test crops and 
each were sown at the rate of 25 to 30 kg ha-1 on June 23, 2015. A 
uniform basal dose of 30 kg N ha-1 as urea (46% N) was applied 
and mixed with the soil during seedbed preparation to all plots for 
each crop. All other agronomic practices were carried out equally 
during the growing season. Both crops were harvested in the month 
of September 2015. Data were recorded on emergence m-2, plant 
height (cm), number of leaves plant-¹, number of branches plant-¹, 
number of nodules plant-¹, days to flowering, days to pod formation, 
number of pods plant-¹, number of seeds pod-¹, pod length (cm), 
days to physiological maturity, thousand grains weight (g), 
biological yield (kg ha-1), grain yield (kg ha-1), and harvest index 
(%). 
 

(1) Emergence m-²: Emergence rate was recorded when all 50% of 
the sub-plots seedling appeared. 
(2) Plant height (cm): Data on plant height (cm) at physiological 
maturity was recorded from the base to the tip of the plant with the 
help of meter rod by selecting five plants randomly from each sub-
plot and average was worked out. 
(3) Number of leaves plant-¹: Number of leaves per plant was found 
by taking five plants randomly from each sub-plot and mean was 
worked out. 
(4) Number of branches plant-¹: Number of branches plant-1 was 
numbered by taking five plants randomly in each sub-plot and mean 
was worked out. 
(5) Number of nodules plant-¹: Number of nodules plant-1 at the time 
of pod initiation was counted by uprooting five plants randomly from 
each subplot. 
(6) Days to flowering: Days to flowering date counting until 50% of 
the plants have flowering in each sub-plot. 
(7) Days to pod formation: Days from date of emergence to the pod 
formation counting until 50% of the plant produced pods in each 
sub-plot. 
(8) Number of pods plant-¹: Number of pods plant-1 of five randomly 
selected plants for each sub-plot was counted and the average was 
calculated. 
(9) Number of seeds pod-¹: Ten pods selected from five plants from 
each subplot. The seeds were counted and the average was 
calculated. 
(10) Pod length (cm): The pod lengths of 10 pods were measured 
by scale which was randomly selected from five plants from each 
plot and then the average was calculated. 
(11) Days to physiological maturity: Days to first physiological 
maturity were observed when 50% of the pods in each sub-plot 
change their color to light brown or dark brown. 
(12) Thousand grains weight (g): Grains weight was calculated by 
taking thousand grains from the seed lot of each sub-plot and 
weighed with the help of electronic balance. 
(13) Biological yield (kg ha-1): Data on biological yield was recorded 
on the three central rows. The three central rows were harvested, 
the material was dried up to constant weight under sun light weight 
and then converted into biological yield (kg ha-1) using the following 
formula: 
 

  
 

(14) Grain yield (kg ha-1): The dried material for biological yield  

 
 
 
 
(three central rows) was threshed, seeds were cleaned, weighed 
and then ground into grain yield (kg ha-1) using the following 
formula: 
 

  =    
 

 
(15) Harvest index: To find out harvest index, the following formula 
was used: 
 

 

 
 
Statistical analysis 
 
The collected data on various parameters were subjected to the 
analysis of variance according to split plot design (Steel et al., 
1996) combined over the two crops and means between 
treatments were compared using least significance difference 
(LSD) test at 5% level of probability (P≤0.05).  
 
 
RESULTS 
 
Emergence m

2
 

 
Emergence m

2
 was significantly by legumes, but 

phosphorous, organic sources, OS × P, L × P, L × OS, 
and L × OS × P interactions have no significant effect on 
days to emergence m

2 
(Table 1). Mash bean emergence 

was 24 plants m
2 

and mung bean 30 plants m
2
. The 

control plots have 25 while the rest treated plots have 28 
plants m

2
.  

 
 
Plant height 
 
Plant height was significantly affected by legumes, 
phosphorous levels, organic sources, L × OS and L × P. 
The interactions of OS × P and L × OS × P have no 
significant effect on plant height (Table 1). Mash bean 
plant height (66.7 cm) was smaller than mung bean (77.6 
cm). The rest (treated plots) produced significantly taller 
plants (73 cm) than control (59 cm). Among the P levels, 
the highest plant height (75.2 cm) was recorded for the 
highest P level 90 kg P ha

-1
. Plots treated with the lowest 

P level 30 kg P ha
-1

 produced the lowest plant height 
(68.8 cm).  Among the organic sources, combined 
application of  AM + CR produced the tallest plants (75.5 
cm), followed by sole animal manure (72.4 cm), while the 
shortest plant height (68.6 cm) was recorded with the 
application of sole crop residues. In case of OS × L 
interaction, plant height increased with sole animal 
manure or combined application of AM + CR than sole 
crop residues application in both crops (Figure 1). In 
case of L × P interaction, plant height increased with 
increase in P levels in both legume crops and the 
increase was more for mung bean than mash bean 
(Figure 2). 
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Table 1. Effect of organic sources [sole animal manure (AM), sole chickpea residues (CR) and combined AM + CR] and phosphorus (P) 
levels (kg ha-1) on emergence m2, plant height (cm), number of leaves plant-1, number of branches plant-1 and nodules plant-1 of summer 
legumes (mungbean and mashbean). 
 

Treatment Emergence m
2
 

Plant height 

(cm) 

Number of 

leaves plant
-1

 

Number of 
branches plant

-1
 

Number of 

nodules plant
-1 

30 kg ha
-1

 27.6
a
 68.8

a
 16

c
 15.4

a
 15.9

b
 

60  kg ha
-1

 26.6
a
 72.4

b
 17

b
 16.0

b
 18.7

a
 

90  kg ha
-1

 27.8
a
 75.2

c
 19

a
 16.9

b
 18.7

a
 

LSD ns 2.05 0.48 0.8 0.51 

Animal manure (AM) 27.3
a
 72.4

b
 17

b
 16.8

a
 16.8

b
 

Crop residue (CR) 26.6
a
 68.6

c
 16

c
 15.1

b
 16.9

b
 

AM  + CR 28.1
a
 75.5

a
 18

a
 16.5

a
 19.6

a
 

LSD ns 2.05 0.48 0.8 0.51 

Mungbean 30.0
a
 77.6

a
 21

a
 19.8

a
 22.3

a
 

Mashbean 24.6
b
 66.7

b
 13

b
 12.4

b
 13.3

b
 

LSD 1.5 1.45 0.34 0.59 0.37 

Control (no OM/no P) 25
b
 59

b
 14

b
 12

b
 10

b
 

Rest (Treated plots) 28
a
 73

a
 17

a
 16

a
 18

a
 

      

Interactions 
     

OS × P ns ns ns ns ns 

L × OS ns *(Figure 1) **(Figure 3) ns **(Figure 5) 

L × P ns *(Figure 2) **(Figure 4) ns **(Figure 6) 

L × OS × P ns ns ns ns ns 
 

Means of the same category followed by different letters are significantly different from each other using LSD test (P ≤ 0.05). ns: non-significant data, 
**,* indicates significant at 1 and 5% level of probability, respectively using LSD test (P ≤ 0.05). AM: animal manures (10 t ha

-1
), CR: crop residues (10 

t ha
-1
), and AM+CR: animal manure and crop residues (5 t ha

-1
 each), and OM: organic matter. 

 
 
 

Number of leaves plant
-1

 
 

Number of leaves plant
-1

 was significantly affected by 
legumes, phosphorous, organic sources, L × P and L × 
OS interactions (Table 1). The interaction of OS × P and 
L × OS × P have no significant effect on number of 
leaves plant

-1 
in legumes. Mash bean have less number 

of leaves plant
-1

 (13) than mung bean (21). The rest 
(treated plots) produced significantly high number of 
leaves plant

-1 
(17) than control (14). In case of P, more 

number of leaves plant
-1

 was observed with 90 kg P ha
-1 

(19). Plots treated with 30 kg P ha
-1

 have minimum (17) 
leaves plant

-1
 followed by 60 kg P ha

-1
 has 16. Among the 

organic sources, animal manure treated plots have 
maximum number of leaves plant

-1 
(17), crop residues 

have 16, while 18 leaves plant
-1

 were recorded in their 
combination (AM + CR). In case of L × P interaction, 
number of leaves plant

-1
 increases with increase in P 

levels under both legume crops (mash bean and mung 
bean) (Figure 3). In case of L × OS interaction, 
number of leaves plant

-1
 increases with increase in 

sole animal manure and combination of AM + CR 
residue as compared to sole crop residue (Figure 4). 
 
 

Number of branches plant
-1

 
 

Number of branches plant
-1 

was  significantly  affected  by 

legumes, phosphorous levels and organic sources. The 
interactions of L × OS, L × P, OS × P and L × OS × P 
have no significant effect on number of branches plant

-1
 

(Table 1). Mash bean number of branches plant
-1

 
observed 19.8 which is lesser in number than mung bean 
(12.4). The rest (treated plots) produced significantly high 
number of branches plant

-1
 (16) than control (12). Among 

the P levels, high number of branches (16.9) was 
recorded for the highest P level 90 kg P ha

-1
. Plots 

treated with the lowest P level 30 kg P ha
-1

 produced the 
lowest number of branches plant

-1
 (15.4). Among the 

organic sources, sole animal manure produced the 
highest branches plant

-1
 (16.8), followed by combined 

application of AM + CR (16.5), while the lowest number of 
branches plant

-1
 (15.1) was recorded with the application 

of sole crop residues. 
 
 
Nodules plant

-1
 

 
Nodules plant

-1
 was significantly affected by legumes, 

phosphorous, organic sources, L × P and L × OS 
interactions (Table 1). The interactions of OS × P and L × 
OS × P were found non-significant for nodules plant

-1
. 

Mung bean as maximum number of nodules plant
-1

 (22.3) 
than mash bean (13.3 days). The rest (treated plots) 
produced significantly high number of nodules plant

-1
 (18) 
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Figure 1. Interactive effect of organic sources and legume crops on plant height 
(cm). 
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Figure 2. Interactive effect of phosphorus levels and legume crops on plant height 
(cm). 

 
 
 

than control (10). In case of P, more number of nodules 
plant

-1 
was observed at 90 kg and 60 kg P ha

-1 
(18.7). 

Plots treated with 30 kg P ha
-1 

have less number of 

nodules plant
-1

 (15.9). Among the organic sources, 
animal manure and crop residues have less number (16), 
while the maximum number of nodules plant

-1
 (19) was
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Figure 3. Interactive effect of phosphorus levels and legume crops on number of 
leaves plant-1. 
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Figure 4. Interactive effect of organic sources and legume crops on number of 
leaves plant-1. 

 
 
 
recorded in their combination (AM + CR). In case of L × 
P interaction, maximum number of nodules plant

-1
 was 

noted with the increase in P levels under both legume 
crops (mash bean and mung bean) Figure 5. In L × 
OS interaction, maximum number of nodules plant

-1
 

resulted in the combine effect of AM + CR followed  by 

sole (AM) with P levels at 90 kg ha
-1 

(Figure 6). 
 
 
Days to first flowering 
 
Days  to  first  flowering  were   significantly   affected   by  
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Figure 5. Interactive effect of phosphorus levels and legume crops on nodules plant-1. 

 
 
 
legumes but organic sources and phosphorous levels 
have no significant effect on days to first flowering. All the 
interactions L × OS, L × P, OS × P and L × OS × P were 
also found non-significant (Table 2). Mash bean took (42 
days) to flowering as compared to mung bean (38 days). 
The rest (treated plots) cause early flowering (40 days) 
than control (43 days).  
 
 
Days to first pod formation 
 
Days to first pod formation was significantly affected by 
legumes, phosphorous, and organic sources (Table 2). 
OS × P, L × P, L × OS and L × OS × P interactions were 
found non-significant for days to first pod formation. Mash 
bean took maximum days to first pod formation (54) as 
compared to mung bean (49 days). The rest (treated 
plots) took maximum days (52) as compared to control 
(56 days). In case of P, first pod formation was observed 
with 90 kg and 60 kg P ha

-1 
(51 days). Plots treated with 

30 kg P ha
-1 

took more days to pod formation (52 days). 
Among the organic sources, animal manure and crop 
residues took maximum days to first pod formation (52), 
while minimum (51) days were recorded in their 
combination (AM + CR).  
 
 
Number of pods plant

-1
 

 
Number  of  pods  plant

-1 
 was   significantly   affected   by 

legumes (L), phosphorous (P), organic sources and L × 
OS (Table 2). The interactions of OS × P, L × P and L × 
OS × P have no significant effect on the number of pods 
plant

-1
 in legumes. Mash bean have less number of pods 

plant
-1

 (15.4) as compared to mung bean (24.9). The rest 
(treated plots) produced significantly high number of pods 
plant

-1
 (21) than control (12). In case of P, more number 

of pods was observed with 90 kg P ha
-1 

(21.3). Plots 
treated with 30 kg P ha

-1
 have less number of pods plant

-1
 

(18.7) followed by 60 kg P ha
-1 

(20.5). Among the organic 
sources, animal manure treated plots have 19.0 pods, 
crop residues have 19.3, while maximum (22.2 pods 
plant

-1
) was recorded in their combination (AM + CR).  

 
 
Number of seeds pod

-1
 

 
Number of seeds pod

-1 
was significantly affected by 

legumes, phosphorous levels, and organic sources. The 
interactions of OS × P, L × P and L×OS have 
significantly affected the seeds pod

-1
, while L × OS × P 

interaction was found non-significant (Table 2). Mash 
bean produced 5.8 seeds pod

-1
 as compared to mung 

bean (10.7). The rest (treated plots) produced higher 
seeds pod

-1
 (8) than control (7). Among the P levels, the 

highest seeds (8.7) were recorded for the highest P level 
90 kg P ha

-1
. Plots treated with the lowest P level (30 kg 

P ha
-1

) produced the lowest seeds pod
-1

 (7.5). Among the 
organic sources, application of sole animal manure 
produced  the  highest  seeds  pod

-1
   (8.7),   followed   by   
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Figure 6. Interactive effect of organic sources and legume crops on nodules plant-1. 

 
 
 

Table 2. Effect of organic sources [sole animal manure (AM), sole chickpea residues (CR) and combined AM + CR] and phosphorus 
(P) levels (kg ha-1) on days to first flowering, days to first pod formation, number of Pods plant-1, seeds pod-1 and Pod length (cm) of 
summer legumes (mungbean and mashbean). 
 

Treatment 
Days to 

first flowering 

Days to 

first pod formation 

Number of 

pods plant
-1

 

Seeds 

pod
-1

 

Pod 

length (cm) 

30 kg ha
-1

 40
a
 52

a
 18.7

c
 7.5

b
 6.6

c
 

60  kg ha
-1

 40
a
 51

b
 20.5

b
 8.6

a
 6.8

b
 

90  kg ha
-1

 40
a
 51

b
 21.3

a
 8.7

a
 7.1

a
 

LSD 0.62 0.41 0.59 0.39 0.21 

Animal manure (AM)  40
a
 52

a
 19.0

b
 8.7

a
 7.0

a
 

Crop residue (CR) 40
a
 52

a
 19.3

b
 7.8

b
 6.7

b
 

AM  + CR 40
a
 51

b
 22.2

a
 8.4

a
 6.8

c
 

LSD 0.62 0.41 0.59 0.39 0.21 

Mungbean 38
b
 49

a
 24.9

a
 10.7

a
 8.5

a
 

Mashbean 42
a
 54

b
 15.4

b
 5.8

b
 5.1

b
 

LSD 0.46 0.35 0.5 0.29 0.19 

Control (no OM/no P) 43
a
 56

a
 12

b
 7

b
 5

b
 

Rest (Treated plots) 40
b
 52

b
 21

a
 8

a
 7

a
 

      

Interaction 
     

OS × P ns ns ns *(Figure 7) ns 

L × OS ns ns ns **(Figure 8) ns 

L × P ns ns ns *(Figure 9) ns 

L × OS × P ns ns ns ns ns 
 

Means of the same category followed by different letters are significantly different from each other using LSD test (P ≤ 0.05). ns: non-significant 
data, **,* indicates significant at 1 and 5% level of probability, respectively using LSD test (P ≤ 0.05). AM: animal manures (10 t ha

-1
), CR: crop 

residues (10 t ha
-1
), and AM+CR: animal manure and crop residues (5 t ha

-1
 each), and OM: organic matter. 

 
 
 

combined application of AM + CR (8.4), while the lowest 
seeds (7.8) were  recorded  with  the  application  of  sole 

crop residues. In case of OS × P interaction, increase 
in seeds pod

-1
 was observed with increase in P level,
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Figure 7. Interactive effect of organic sources and phosphorus levels on number of seeds 
pod-1. 

 
 
 
and the highest increase was obtained under sole 
animal manure and least increase under sole crop 
residues (Figure 7). In case of OS × L interaction, 
seeds increased with sole animal manure, combine 
application of AM + CR with high level of phosphorus 
90 kg ha

-1 
and declined with sole crop residues 

application for both crops (Figure 8). In case of L × P 
interaction, seeds pod

-1
 increased at a higher rate with 

increase in P levels in both legume crops, and the 
increase was more for mung bean than mash bean 
(Figure 9).  
 
 
Pod length  
 
Pod length was significantly affected by legumes (L), 
phosphorous (P) and organic sources (Table 2). The 
interactions of OS × P, L × p, L × OS and L × OS × P 
were found non-significant for pod length. Mash bean 
have smaller pod length (5.1 cm) than mung bean (8.5 
cm). The rest (treated plots) produced significantly longer 
pods length (7 cm) than control (5).  In case of P, the 
highest pod length was observed with 90 kg P ha

-1 
(7.1 

cm). Plots treated with 30 kg P ha
-1

 have smaller pod 
length of 6.6 cm followed by 60 kg P ha

-1
 with 6.8 cm. 

Among the organic sources, animal manure treated  plots 

have pod length (7.0 cm), crop residues have 6.7 cm, 
while pod length of 6.8 cm was recorded in their 
combination (AM + CR). 
 
 
Days to physiological maturity 
 
Days to physiological maturity were significantly affected 
by legumes, phosphorous, organic sources and OS × P 
interaction (Table 3). The interactions of L × P, L × OS 
and L × OS × P have no significant effect for days to 
physiological maturity. Mash bean took maximum days to 
physiological maturity (69) as compared to mung bean 
(67 days). In case of P, early physiological maturity was 
observed with 90 kg P ha

-1 
(71 days). The rest (treated 

plots) cause early physiological maturity (72 days) than 
control (74). Plots treated with 30 kg P ha

-1
 and 60 kg P 

ha
-1 

took more days to physiological maturity (72 days). 
Among the organic sources, animal manure and crop 
residues took maximum days to first physiological 
maturity (72), while minimum days to physiological 
maturity (71 days) were recorded in their combination 
(animal manure + crop residues). In case of OS × P 
interaction, early physiological maturity was observed in 
combine application of AM + CR and sole (AM) with 
the  increase  in  P  levels  under  both  legume   crops  
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Figure 8. Interactive effect of organic sources and legume crops on number of 
seeds pod-1. 
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Figure 9. Interactive effect of phosphorus levels and legume crops on seeds pod-1. 

 
 
 
(mash bean and mung bean) (Figure 10). 
 
 
Thousand grains weight 
 
Thousand grain weight was significantly affected by 

legumes, phosphorous, organic sources, OS × P and L × 
P and L × OS (Table 3). The interaction of L × OS × P 
has no significant effect on thousand grain weight in 
legumes. Mash bean have less thousand grain weight 
(48.0) than mung bean (53.7). The rest (treated plots) 
produced  significantly  high  grains  weight   (53 g)   than 
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Table 3. Effect of organic sources [sole animal manure (AM), sole chickpea residues (CR) and combined AM + CR] and phosphorus (P) 
levels (kg ha-1) on days to physiological maturity, thousand grains weight (g), grain yield (kg ha-1), biological yield (kg ha-1) and harvest index 
(%) of summer legumes (mungbean and mashbean). 
 

Treatment 
Days to physiological 

maturity 

Thousand 

grains weight (g) 

Grain yield 

(kg ha
-1

) 

Biological 

yield (kg ha
-1

) 

Harvest  

index (%) 

30 kg ha
-1

 72
a
 51.3 452

c
 2607

c
 17.7

b
 

60  kg ha
-1

 72
a
 52.7 500

b
 2848

b
 18.0

b
 

90  kg ha
-1

 71
b
 53.6 536

a
 3059

a
 18.7

a
 

LSD 0.35 1.06 15.26 78.72 0.52 

Animal manure (AM) 72
a
 52.4 541

a
 2657

c
 17.9

b
 

Crop residue (CR) 72
a
 51.7 445

c
 2724

b
 17.5

b
 

AM  + CR 71
b
 53.5 502

b
 3134

a
 18.9

a
 

LSD 0.35 1.06 15.26 78.72 0.52 

Mungbean 68
b
 54.6

a
 584

a
 3695

a
 17.4

b
 

Mashbean 76
a
 50.5

b
 408

b
 1981

b
 18.9

a
 

LSD 0.2 0.81 11.3 58.52 0.38 

Control (no OM/no P) 74
a
 42

b
 269

b
 1700

b
 17

b
 

Rest (Treated plots) 72
b
 53

a
 496

a
 2916

a
 18

a
 

      

Interaction 
     

OS × P **(Figure 10) *(Figure 11) *(Figure 14) **(Figure 17) ns 

L × OS ns **(Figure 12) **(Figure 15) **(Figure 18) **(Figure 20) 

L × P ns **(Figure 13) **(Figure 16) *(Figure 19) ns 

L × OS × P ns ns ns ns ns 
 

Means of the same category followed by different letters are significantly different from each other using LSD test (P ≤ 0.05). ns: non-significant data, 
**,* indicates significant at 1 and 5% level of probability, respectively using LSD test (P ≤ 0.05). AM: animal manures (10 t ha

-1
), CR: crop residues 

(10 t ha
-1
), and AM+CR: animal manure and crop residues (5 t ha

-1
 each), and OM: organic matter. 

 
 
 
control (42 g). Among the P levels, the highest grain yield 
(53.6 g) was recorded for the highest P level (90 kg P ha

-

1
). Plots treated with the lowest P level (30 kg P ha

-1
) 

produced the lowest grain weight (51.3 g). Among the 
organic sources, combined application of animal manure 
+ crop residue produced the highest grains weight (53.5 
g), followed by application of sole animal manure (52.4 
g), while the lowest grain weight (51.7 g) was recorded 
with the application of sole crop residues. In case of OS 
× P interaction, increase in grain weight observed with 
increase in P level and the highest increase was 
obtained under combined application of AM + CR and 
least increase under sole crop residues (Figure 11). In 
case of OS × L interaction, grain weight increased with 
sole animal manure application, followed by combine 
application of AM + CR and declined with sole crop 
residues application for both crops (Figure 12). In 
case of L × P interaction, grain yield increased at a 
higher rate with increase in P levels in both legume 
crops and the increase was more for mung bean than 
mash bean (Figure 13).  
 
 
Grain yield 
 
Grain   yield   was   significantly   affected   by    legumes, 

phosphorous levels, organic sources, OS × P, L × P and 
L × OS, while L × OS × P interaction has non-significant 
effect on grain yield (Table 3). Mash bean produced 
lower grain yield (408 kg ha

-1
) than mung bean (584 kg 

ha
-1

). The rest (treated plots) produced significantly 
higher grain yield (496 kg ha

-1
) than control (269 kg ha

-1
). 

Among the P levels, the highest grain yield (536 kg ha
-1

) 
was recorded for the highest P level (90 kg P ha

-1
). Plots 

treated with the lowest P level (30 kg P ha
-1

) produced 
the lowest grain yield (452 kg ha

-1
).  Among the organic 

sources, application of sole animal manure produced the 
highest grain yield (541 kg ha

-1
), followed by combined 

application of AM + CR (502 kg ha
-1

), while the lowest 
grain yield (445 kg ha

-1
) was recorded with the application 

of sole crop residues. In case of OS × P interaction, 
increase in grain yield was observed with increase in 
P level, and the highest increase was obtained under 
sole animal manure and least increase under sole 
crop residues (Figure 14). In case of OS × L 
interaction, grain yield increased with sole animal 
manure application and declined with sole crop 
residues application for both crops (Figure 15). In 
case of L × P interaction, grain yield increased at a 
higher rate with increase in P levels in both legume 
crops, and the increase was more for mung bean than 
mash bean (Figure 16).   
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Figure 10. Interactive effect of organic sources and phosphorus levels on days to 
physiological maturity. 
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Figure 11. Interactive effect of organic sources and phosphorus levels on thousand 
seeds weight. 

 
 
 
Biological yield 
 
Biological  yield  was  significantly  affected  by  legumes, 

phosphorous levels and organic sources (Table 3). The 
interactions OS × P, L × P, and L×OS significantly 
affected the biological yield, while L ×  OS  ×  P  had  no  
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Figure 12. Interactive effect of organic sources and legume crops on thousand 
seeds weight. 
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Figure 13. Interactive effect of phosphorus levels and legume crops on thousand 
seeds weight. 

 
 
 
significant effect on biological yield. Mash bean 
produced lower biological yield (1981 kg ha

-1
) as 

compared to mung bean (3695 kg ha
-1

). The rest (treated 
plots) produced significantly higher biological yield (2916 
kg ha

-1
) than control (1700 kg ha

-1
). Among the P levels, 

the highest biological yield (3059 kg ha
-1

) was recorded 
for the highest P level (90 kg P ha

-1
). Plots treated with 

the lowest P level (30 kg P ha
-1

) produced the lowest 
yield (2607 kg ha

-1
).  Among the organic sources, 

combined application of  AM + CR produced  the  highest  
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Figure 14. Interactive effect of phosphorus levels and organic sources on grain yield kg 
ha-1. 
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Figure 15. Interactive effect of organic sources and legume crops on grain yield kg 
ha-1. 

 
 
 
biological yield (3134 kg ha

-1
), followed by application of 

sole animal manure (2657 kg ha
-1

), while the lowest 
biological yield (2724 kg ha

-1
) was recorded with the 

application of sole  crop  residues.  In  case  of  OS  ×  P  
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Figure 16. Interactive effect of phosphorus levels and legume crops grain yield kg ha-1. 
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Figure 17. Interactive effect of phosphorus levels and organic sources on biological 
yield kg ha-1. 

 
 
 

interaction, increase in biological yield was observed 
with increase in P level, and the highest increase was 
obtained under (AM + CR) and least increase under 
sole crop residues (Figure 17). In case of OS × L 

interaction, biological yield increased with sole animal 
manure application, and declined with sole crop 
residues application for both crops (Figure 18). In 
case of L × P  interaction, grain  yield  increased  at  a  
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Figure 18. Interactive effect of organic sources and legume crops on biological yield 
kg ha-1. 
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Figure 19. Interactive effect of phosphorus levels and legume crops biological yield 
kg ha-1. 

 
 
 

higher rate with increase in P levels in both legume 
crops, and the increase was more for mung bean than 
mash bean (Figure 19). 

Harvest index 
 
Harvest  index  was  significantly   affected   by  legumes,  
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Figure 20. Interactive effect of organic sources and legume crops on harvest index 
(%). 

 
 
 
phosphorous, organic sources and L × OS (Table 3). 
The interactions of OS × P, L × P and L × OS × P have 
no significant effect on harvest index in legumes. Mash 
bean has minimum harvest index (17.4 kg) than mung 
bean (18.9 kg). The rest (treated plots) produced 
significantly higher harvest index (18 kg ha

-1
) than control 

(17 kg ha
-1

). In case of P, more yields were observed with 
90 kg P ha

-1 
(18.7 kg). Plots treated with 30 kg P ha

-1
 

have minimum (17.7 kg) harvest index and 60 kg P ha
-1 

has 18.0 kg. Among the organic sources, animal manure 
treated plots have 17.9 kg harvest index, chickpea 
residues have minimum harvest index of 17.5 kg, while 
maximum (18.9 kg) was recorded in their combination 
(AM + CR). In case of OS × L interaction, harvest 
index increased with sole animal manure application 
and declined with sole crop residues application for 
both crops (Figure 20). 
 
 
DISCUSSION 
 
Effect of phosphorus 
 
There was delay in phenological development (days to 
first flowering, pod formation and physiological maturity) 
in both summer pulses (mung bean and mash bean) with 
no P application or the use of lower P rate (30 kg P ha

-1
). 

Early phenological development was recorded with 
higher P rates (60 and 90 kg ha

-1
). Delayed  heading  and 

physiological maturity was observed when P was not 
applied (P control plots). Early flowering, pods formation 
and physiological maturity in mung bean were observed 
with the application of the highest rate of 90 kg P ha

-1
 

(Amanullah et al., 2014). Khalil et al. (2010) described 
that increase in P level results in earlier phonological 
development. Decrease in P levels caused delay in 
phenological development of both crops. These results 
agree with those of Amanullah et al. (2014) who reported 
that mung bean applied with no P (P-control) had delayed 
flowering and pods formation. Likewise, delayed maturity 
in the P-control plots was observed in mung bean (Jan et 
al., 2012a) and chickpea (Jan et al., 2012b).  

Growth parameters in this study, viz. plant height, 
number of leaves, branches and nodules per plant, 
increased with increase in P level and the P-control had 
negative impact on all these parameters as compared to 
the rest (P treated plots). Ram and Dixit (2001) also 
found that the application of P at 60 kg ha

-1
 significantly 

increased the plant height, branches per plant, leaves per 
plant and dry matter accumulation as compared to control 
in green gram. Kumar et al. (2000) revealed that 
application of phosphorus at the rate of 40 kg ha

-1
 

significantly increased the growth attributes of urd bean, 
viz., plant height, number of branches, leaves and leaf 
area plant

-1
 over preceding levels of phosphorus. 

Karwasra et al. (2006) reported that application of 50 kg 
P ha

-1
 enhanced the plant height and branches plant

-1
 

over control. Shahid et al. (2009)  reported  that  soybean 



 
 
 
 
plant height was significantly increased with increasing P 
application rate. Moreover, Moniruzzaman et al. (2008) 
noted that plant height of French bean was significantly 
increased up to 80 kg P ha

-1
 and then remained constant. 

The promotion effect of P fertilization on corn plant height 
was attributed to better development of root system and 
nutrient absorption (Hussain et al., 2006).  

The increase in the number of nodules per plant with 
application of P over control probably may be due to the 
increase in the root lengths, number and weight of mung 
bean with P application. Brady (1984) reported favorable 
effects of P application on the number and weight of 
effective nodules on the root system of leguminous crops. 
Hussain et al. (2014) reported a maximum of 8.67 
nodules plant

-1
 in mung bean which received P along with 

Rhizobium inoculation under semiarid condition. Gowda 
and Gowda (1978) reported that mung bean requires P to 
increase N fixation and to improve the yield and quality of 
grain. Hussain et al. (2014) reported that application of P 
increased N uptake in mung bean. Chattopadhyay and 
Dutta (2003) reported that the number of nodules plant

-1
 

in cowpea increased with increasing level of phosphorus 
up to 80 kg P ha

-1
.  

Increase in P level increased pods plant
-1

 and 
maximum pod plant

-1
 were obtained with 90 kg P ha

-1
. 

However, P control plots produced minimum pods plant
-1

. 
Increase in yield components of both crops probably may 
be due to the availability of more P from the soil had 
positive impact on the growth (Malik et al., 2002; 
Amanullah et al., 2014) and thereby produced more yield 
components. Maqsood et al. (2001) recorded that lowest 
number of seeds plant

-1
 was recorded without 

phosphorus application (0 kg P ha
-1

) and highest 1000-
seed weight was obtained with phosphorus at the rate 75 
kg ha

-I
, while the lowest 1000-seed weight was recorded 

with no phosphorus application. The findings of Ali (1993) 
also stated that 1000-seed weight was significantly 
affected by application of 84 kg P ha

-I
. The application of 

phosphate fertilizer at the rate 84 kg ha
-1

 gave the 
maximum number of pods plant

-1
, number of grains pod

-1
 

and 1000-grains weight resulting ultimately in maximum 
grain yields (Ali et al., 2010). Kumar and Sharma (2005) 
studied that increase in level of phosphorus up to 40 kg 
P2O5 ha

-1
 significantly increased the number of pods 

plant
-1

 and number of seeds pod
-1

. Moniruzzaman et al. 
(2008) reported that pod length in French bean was 
significantly increased as P application rate increased 
from 0 to 80 kg P2O5 ha

-1
 and remained relatively 

constant at higher P rates (120 kg P2O5 ha
-1

). The results 
also agree with the findings of Turuko and Mohammed 
(2014), who reported that the highest pod number plant

-1
 

in common bean was recorded with P rates of 20 kg ha
-1

. 
Similarly, Moniruzzaman et al. (2008) reported that the 
number of pods plant

-1
 in French bean was increased up 

to 120 kg P2O5 ha
-1

 in 2005 to 2006 and up to 80 kg P2O5 
ha

-1
 in 2006 to 2007 growing seasons. This may be due 

to the fact that P increases flower formation and improves  
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fruit setting. Moshtaght (2015) concluded that total pod 
yield was significantly increased by 32% when P 
application rate increased from 0 to 100 kg ha

-1
. 

Moniruzzaman et al. (2008) and Srinivas and Naik (1990) 
reported that significantly the highest pod yield was 
recorded at 80 kg P2O5 ha

-1
. Phosphorus is an essential 

macronutrient that improves plant growth and yield 
through the following: (1) P promotes root growth and 
stimulates lateral root branching that, in turn, increases 
nutrients absorption from the soil; (2) it plays a vital role 
in flower formation and fruit setting; (3) it is involved in 
sugar and starch utilization, photosynthesis, and cell 
division; (4) it stimulates leaf cell division and elongation, 
and leaf number, thus increases leaf area index (Assuero 
et al., 2004; Kavanova et al., 2006), and this improves 
light interception and photosynthesis and, therefore, 
increases plant biomass accumulation, and (5) it is a 
crucial element for nodule formation in legume crop and 
improves nitrogen fixation (Bhuiyan et al., 2008). Ram 
and Dixit (2001) reported that phosphorus fertilization at 
60 kg P2O5 ha

-1
 significantly increased the grain yield and 

pods plant
-1 

summer green gram in comparison with 20 
kg P2O5 ha

-1
. Singh and Agarwal (2001) found that the 

number of pods plant
-1

, pod length, number of grains pod
-

1
, 1000 grains weight and grain yield in black gram 

increased significantly with increasing levels of 
phosphorus up to 60 kg P2O5 ha

-1
. Increase in P level 

increased seeds pod
-1

 and thousand grains weight. 
Maximum seeds pod

-1
 and thousand grains weight were 

recorded with 90 kg ha
-1

. However, P control plots 
produced minimum seeds pod

-1
 and thousand grains 

weight. These results are in line with that of Malik et al. 
(2002), who reported that the application of phosphorous 
at the rate of 50 to 75 kg ha

-1
 to mung bean crop 

significantly increase the number of pods plant
-1

, seeds 
pod

-1
 and thousand grains weights. The crop fertilized 

with phosphorus gave significantly higher seed yield than 
obtained from control treatment. The differences in seed 
yield among the different phosphorus levels might be due 
to their variable effects on seed yield components 
(Maqsood et al., 2001). Rao et al. (1990) and Singh and 
Tripathi (1992) concluded that application of 40 to 60 kg 
P ha

-1
 increased the seed yield. Ali et al. (2010) reported 

that phosphate fertilizer showed significant impact on 
mung crop compared to that in control plots, but the 
treatment of phosphate fertilizer at the rate of 84 kg ha

-1 

out yielded rest of the treatments. Emsley (2000) 
reported that phosphatic fertilization has increasing 
influence in relation to growth and yield. Higher yields of 
mung bean have been reported by application of 
phosphorous at the rate of 90 kg ha

-1
 under field 

conditions (Lange et al., 2007). Sharma et al. (2003) 
observed significant improvement in seed yield of mung 
bean and black gram with the successive increase in the 
phosphorus level up to 60 kg P2O5 ha

-1
. Kumar and 

Kushwaha (2006) observed that seed yield and net 
returns of pigeon  pea  were  increased  significantly  with  
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phosphorus levels up to 40 kg P2O5 ha

-1
 as compared to 

the control. The increase in grain yield with phosphorus 
application was due to better plant growth and well 
development of yield contributing parameters. These 
results are in line with the findings of Malik et al. (2002), 
who reported that increase in P level increased grain 
yield. These results are in line with the findings of Ahmad 
et al. (1992) who also reported an increase in harvest 
index of mung bean in response to application of P and 
N. Maqsood et al. (2001) concluded that harvest index in 
response to phosphorus differed significantly from one 
another. The harvest index for 75 kg P ha

-l
 was 

significantly higher from that of 50 kg P ha
-1

. These 
results are in conformity with the findings of Sudhakar et 
al. (1989) who reported that the application of 
phosphorus increased the harvest index. 
 
 
Effect of organic sources 
 
Khadem et al. (2010) reported that manure application 
affects phenological development. Improvement in 
branches plant

-1
 of mung bean in farm yard manure 

amended plots could be attributed to timely and slowly 
release of nutrient throughout the growing season (Jama 
et al., 1997). Das (2014) concluded that the number of 
nodules plant

-1
 was higher in farm yard manure treated 

plots in comparison with the other treatments without 
plant growth-promoting rhizobacteria (PGPR). It might be 
due to higher microbial activity in the soil by the 
combined application. Das (2014) concluded that number 
of pods plant

-1
 were higher in farm yard manure treated 

plots. The input of organic matter increases water holding 
capacity and permeability of the soil (Hussain et al., 
2004). Das (2014) observed that higher pod yield (15 
q/ha) was found in farm yard manure treated plot. 
Ramesh et al. (2006) reported that application of cattle 
dung manure (4 t ha

-1
) recorded the highest seed yield on 

pigeon pea. 
 
 

Combined effect of organic sources and phosphorus 
 
Maximum seeds pod

-1
 were obtained by the combine 

effect of phosphorus 90 kg ha
-1

 in combination with 
animal manure 10 t ha

-1
 followed by 60 kg phosphorus 

ha
-1

 in mung bean while in mash bean maximum pods 
plant

-1
, pod plant

-1
, pod length and thousand grain weight 

was observed on 90 kg phosphorus ha
-1

 along with 10 
ton ha

-1 
animal manure followed by 90 kgha

-1
 along with 

crop residue and animal manure 10 tonha
-1

. In both 
crops, high grain yield was observed with the combine 
application of phosphorus and animal manures treated 
plots; this might be due to timely and slowly release of 
nutrients from farm yard manure throughout the growing 
season and might be the possible reason for improving 
grain yield in farm yard manure amended plots. Biyan 
(2014)  showed   that   synergistic   effect   of   farm   yard  

 
 
 
 
manure and chemical fertilizer increased the grain yield. 
The increase in grain yield was attributed to the increase 
in pods plant

-1
. Farm yard manure contained high 

amounts of organic matter which increased the moisture 
retention of soil and improved dissolution of nutrients, 
particularly phosphorus (Singh et al., 2010). Application 
of farm yard manure and chemical fertilizer significantly 
increased grain yield of mung bean (Choudhary et al., 
2011). Increase in phosphorous levels enhanced harvest 
index and maximum harvest index was obtained with 90 
kg P ha

-1 
in mash bean while phosphorus 90 kg ha

-1 
with 

combination of crop residues and animal manures of 5 
ton ha

-1
 each increase the yield in mung bean. 

 
 
Conclusions 
 
It was concluded from this research work that integrated 
use of animal manures (cattle manure) and legume 
(chickpea) residues (5 t ha

-1
 each) improved growth and 

resulted in higher yield and yield components of both 
mung bean and mash bean over sole application cattle 
manure and chickpea residues. The higher P levels 
resulted in earlier phenological development, improved 
growth, increased number of nodules plant

-1
, pods plant

-1
, 

thousand grains weight, grain and biological yield as well 
as harvest index of both crops (90 = 60 > 30 > 0 kg P ha

-

1
). Changing the cereal-cereal system (wheat-rice and 

wheat-maize) to cereal-pulses system (wheat-mung bean 
or wheat-mash bean) could provide a long-term benefit 
for resource conservation due to their ability to fix N, 
withstand drought and their lower dependence on 
external inputs like fertilizer. 
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