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Micro nutrients have a major contribution in producing higher productivity of legumes. Chickpea is an 
essential crop in all pulses and its requirements is increasing daily basis due to population increment in 
Pakistan. An experiment was conducted at Agronomy Research Farm, The University of Agriculture, 
Peshawar during winter 2018-19 with the objective to investigate the effect of molybdenum (0, 0.2, 0.4 
and 0.6 kg ha-1) and boron (0, 1.2, 2.4 and 3.6 kg ha-1) on productivity of chickpea crop. The experiment 
was carried out in completely randomized block design having three replicates. Ammonium molybdate 
and boric acid were used as a source of molybdenum and boron respectively. Molybdenum applied at 
0.6 kg ha-1 rate to chickpea crop positively enhanced nodules plant-1 (29), nodules weight plant-1 (1.85 g), 
plant height (69 cm), pods plant-1 (53), grains pod-1 (1.90), thousand grain weight (220 g), biomass yield 
(5431 kg ha-1), seed yield (1978 kg ha-1) and harvest index (36.57 %). Boron applied at the 3.6 rate kg 
ha-1 enhanced nodules plant-1 (27), nodules weight plant-1 (1.84 g), plant height (65.8 cm), pods plant-1 

(52), seeds pod-1 (1.8), thousand seeds weight (219 g), biomass yield (5320 kg ha-1) and seed yield 
(1899 kg ha-1) when compared with the rest. From the experimental findings it was concluded that 
chickpea crop with molybdenum at 0.6 kg ha-1 rate and boron at 3.6 kg ha-1 gives good response and 
thus recommended for higher yield under climatic condition of Peshawar. 
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INTRODUCTION 

Micro nutrients have a major contribution in 
producing higher productivity of legumes. Pulses 
are as important as cereal crops while rank 
second after cereals. Chickpea (Cicer arietinum 

L.) is an essential crop in all pulses and its 
requirements is increasing daily basis due to 
population increment in Pakistan. It is a self-
pollinated cool-season crop belonging to 
Fabaceae family (Ramzan et al. 2020). Chickpea 
as a healthful vegetarian food has a vital role in 
human nourishment and domestic animal feed in 
Pakistan. Its grains have high nutritional value and 
also expands fertility of soil by fixing the nitrogen 
from atmospheric (Kantar et al. 2007). Chickpea is 
a drought-tolerant crop and plays a key role in 
organic cropping systems. This pulse does not 

like extreme moisture in the soil, high humidity 
and overcast weather (Shahjahan et al. 2003). 
Regardless of the maximum profit of chickpea of 
over 4000 kg ha-1 (Singh, 1987) the real 
production are meaningfully lower. Less yield is 
reflected maybe due to combine effect of stresses 
like biotic and abiotic. 

Molybdenum plays a central role in enhancing 
chickpea production through its impact on the 
plant itself, because molybdenum is openly 
elaborate in N fixation by pulses (Roy et al. 2006). 
Consequently, Mo deficiency is mutual in acid 
soils, specifically with plants that are exactly 
sensitive to small amounts, such as leguminous 
plants (Sims, 2000). Molybdenum also has a role 
of a cofactor, i.e. physical and catalytic function, in 
numerous enzymes which have been found in the 

http://www.isisn.org/
mailto:asimmuh@aup.edu.pk


Iqbal et al.         Response of Chickpea (Cicer arietinum) to Different Molbydenum and Boron Levels 

 

    Bioscience Research, 2021 volume 18(1): 566-573                                                             567 

 

higher plants (Zdunek-Zastocka and Lips, 2003). 
In nutrient lacking soil, Mo application increases 
nodule establishment and fixing nitrogen (Rahman 
et al. 2008). It plays a positive part in improving 
yield capacity, superiority and nodule 
development in pulse crops. Treatment of Mo into 
the field enhances the ingredients of K, P and 
rudimentary protein. Molybdenum deficit plants 
have low growth and reduced leaf size and in 
dicotyledons, much more reduction can be 
observed (Agarwala et al. 1978). It is assessed in 
general, that every ton of chickpea grain 
eliminates 1.5 g molybdenum from topsoil 
(Ahlawat et al. 2007). 

Boron is also acknowledged as one of the 
utmost frequently deficient micronutrient in 
agriculture, with evidence of scarcities in one 
hundred and thirty two crops in eighty countries 
(Shorrocks, 1997). High amounts of iron and 
aluminium in acid soils favour formation of 
complexes with boron and results in its higher 
deficiency in acid soil (Singh, 2014). This 
highlights the urgency of applying B fertilizers in 
such soils to check further deterioration of 
agricultural production (Jana and Nayak, 2006). 
Improvement in grain yield of legumes with the 
use of B which is one of the most important trace 
elements is essential for the normal life cycle of 
the plants. Boron effected the assimilation of NPK 
and its absence modified the balance of optimal of 
those three macro nutrients. Again, the B 
shortage could obstruct the response to applied 
nitrogen due to the fact that nitrogen worsens the 
boron requirements of the crop (Prasad et al. 
1998). 
  
MATERIALS AND METHODS 

2.1 Experimental site and design 
Effect of molybdenum and boron levels on 

productivity of chickpea was conducted at 
Agronomy Research Farms, The University of 
Agriculture Peshawar, during winter season 2018-
19. The experiment was laid out in RCB design 
having three replicates. Four levels of 
molybdenum and boron such as (control, 0.2, 0.4 
and 0.6 kg ha-1) and (control, 1.2, 2.4 and 3.6 kg 
ha-1) were studied by using Karak III variety as a 
test crop. The size of the plot was 2.4m x 3m 
having six rows with 40 cm apart and plant to 
plant distance was 10 cm. Molybdenum was 
sprayed in the form of ammonium molybdate, 
while boric acid was used for boron. Basal 
nitrogen dose was applied at 30 kg ha-1 rate and 
phosphorus at 60 kg ha-1 at sowing time. The 

mixed soil sample was picked from the trail site 
and analysis was done at “Centralized Resource 
Laboratory”, The University of Peshawar” which 
showed both molybdenum and boron deficiency in 
experimental area. All agronomic practices 
including sowing and bunds making performed 
just after cultivation. Weeding was done after 
twenty days of sowing for keeping the crop free 
from weeds. 

Inoculation and Mo, B application method  
Before sowing the seed was inoculated with a 

specific bacterial strain (Mezorhizobium cecciri) of 
chickpea. For the inoculation of seeds, the fifty 
grams sugar was dissolved with 1 litre of water to 
prepare the solution so that it can easily sticks to 
seeds. Then 0.5 g inoculum was added for every 
single 1 kg of seed and the blend was shaked 
well. Bacteria treated seeds placed on clean 
surface and air dried it. Molybdenum was applied 
in foliar form. Each dose of ammonium molybdate 
(NH4)2 MoO4 was mixed with one liter of water to 
make solution. The solvent was sprayed uniformly 
with the help of 2-liter portable spray machine in 
each plot at V4 stage. For uniform distribution of 
boron doses in the field each dose of boron was 
mixed with 40 gram of soil and was applied on 
side of each row at sowing time. 

Table 1:Physico-chemical characteristics of 
the experimental soil 

Properties Units Values 
Analysis 
 Method 

Sand % 21.99 - 

Silt % 54.39 - 

Clay % 23.40 - 

Textural class - 
Silt  

loam 
- 

pH s(1:5) - 7.2 
(McLean, 

 1982) 

EC s(1:5) dSm-1 0.26 
(Rhoades,  

1982) 

Lime % 9.36 
(Cottenie 
, 1980) 

Organic  
matter 

% 0.98 
(Nelson and  
Sommers,  

1996) 

Total mineral 
 nitrogen  

(NH4-N +NO3-N) 
% 0.065 

Kjeldahl 
 method of  
Bremner 

 and 
 Mulvaney 

 (1982) 

The physico-chemical characteristics of the 
experimental soil (Table-1) showed that the 
textural class of the soil was silt loam, non-saline, 
alkaline in reaction with pH (7.2), non calcareous 
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and with an average amount of organic matter 
(0.98 %) and the total nitrogen was found in small 
quantity (0.065). 
 
RESULTS AND DISCUSSION  

3.1 Nodules weight plant-1 

Nodules weight is directly associated with 
number of nodules. Molybdenum and boron had 
significantly affected nodules weight plant-1. The 
experimental effects indicated that molybdenum 
boosted number of nodules in chickpea which 
caused in an increase in nodules weight. Applying 
molybdenum at of 0.6 kg rate produced heavier 
nodules which were statistical alike to 0.4 kg ha-1. 
This was because that molybdenum plays an 
active part in nodule synthesis and fixing of 
nitrogen. Our discoveries are matching with 
Bhanvase and Patil (1994), they specified that Mo 
boosted nodule number, weight, and engrossment 
of nitrogen in nodules. Similar investigation was 
also observed by Chakraboty (2009) who reported 
application of Mo with foliar method responds well 
in enhancing nodules number and weight in 
legumes. In case of boron, an increase in nodule 
numbers was noted with an increase in boron 
levels. Higher dose of boron increased nodules 
numbers as compared to control. Our findings are 
substantiated with that of Hasnain et al. (2011) 
who specified that increasing boron amount 
augmented number of nodules.   

3.2 Plant height 
For better crop growth plant height is an 

important determinant. It can have a good 
influence on biological yield. Different 
molybdenum, boron levels and Mo × B had a 
significant result on height of chickpea plant. 
Results showed that increasing molybdenum 
levels enlarged plant height. This might be due to 
the accessibility of nitrogen fixed by molybdenum 
which in result increases vegetative growth and 
plant height. Our findings are matching with 
Aghatiso and Tayo (2004), they reported that 
increasing molybdenum levels increased plant 
height as likened to control. In case of boron, 
taller plants were noted with by applying 4 kg B 
ha-1. This may be due to boron that play a central 
character in cell division, distinction and 
generative growth of plants. Our outcomes are 
also sustained by Singh et al. (2012), Pal (2010) 
and Awomi et al. (2011), who resulted that 
successive plant growth was carried out by boron 
and molybdenum application. 

3.3 Number of pods plant-1 

Data analysis displayed that Mo and boron 
pointedly enhanced pods plant-1. With treatment of 
0.6 kg Mo ha-1 maximum pods plant-1 were noted 
as likened to control. It may be due to the efficient 
utilization of molybdenum which increased yield 
attributes (Awomi et al. 2011). Our findings are 
supported by Khan et al. (2014), they resulted that 
an increase in molybdenum levels improved 
number of pods plant-1. Rabbani et al. (2005) also 
witnessed a constructive role of Mo and stated 
that fertilization of Mo gave significant influence 
on the quantity of pods plant-1. Application of 
molybdenum @ 0.3 kg ha-1 increased active 
nodules-1 and nodules weight plant-1 in chickpea 
(Khan et al. 2020). With boron application highest 
pods plant-1 were achieved with 3.6 kg B ha-1 
while lowest was noted with no B applied. The 
possible reason might be that boron works in 
reproductive tissues and control flower drop which 
in result increases the amount of pods plant-1. Our 
discoveries are maintained by Singh et al. (2014), 
who specified that molybdenum and boron 
enhanced pods plant-1. Agarwala et al. (1978) and 
Srivastava et al. (1996) witnessed that deficiency 
of boron showed a noticeable decline in the 
amount of flowers and fail to fruit, causing 
decreases in grain and pod yield. Bayrak et al. 
(2005) justified that the pods in plant were 
influenced by applying boron in boron lacking 
soils. Beneficial influence of Boron on flower drop 
and seed yield was noticed by Guhey et al. (2008) 
and losses in seed yield under boron deficiency 
were observed by Ceyhan et al. (2007) in 
chickpea. 

3.4 Number of seed pod-1 

Grains number pod-1 is a major contribution to 
yield. Data analysis presented that molybdenum 
and boron affected grains pod-1 significantly. 
Number of pods were maximum when 
molybdenum was used in amount of 0.6 kg ha-1 

while lowest were observed in non-Mo treated 
plants. Our outcomes are in similarity with Tahir et 
al. (2011), they described that fertilization of 
molybdenum enhanced grains pod-1. In case of 
boron higher grains pod-1 were noted with the use 
of 3.6 kg ha-1 and less were recorded in no boron 
treated plants. This is because that boron play 
role in grain setting which can increase grains 
pod-1 which might be the cause of more seed 
yield. This outcome is in conformity with the 
conclusions of Kushwaha (1999) and Hossain et 
al. (2016), who declared that treating boron 
expressively increases grains pod-1. 
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Figure 1: Effect of molybdenum and boron on plant height  (cm) of chickpea.  

 

3.5 Thousand grain weight (g) 
Seed weightiness plays a major role in final 

production. Seed weight of thousand seeds was 
meaningfully influenced by molybdenum and 
boron. Higher dose of Mo (0.6 kg ha-1) enhanced 
thousand seed weight when placed in comparison 
with blank treated plants. It possibly will be due to 
molybdenum that improved nitrogen fixation which 
resulted in maximum utilization and improved 
thousand seed weight. Oguz (2004) reported that 
the greatest 1000 seed weight were obtained from 
6 g kg-1 seed Mo applications in chickpea. These 
effects are also sustained by the earlier effort of 
Kevresan et al. (2001). Considering boron, a 
positive effect was observed by increasing boron 
levels. Applying boron in amount of 3.6 kg ha-1 
responded in heavier grains while lighter seed 
weight was remarked in non-treated plots. Sarker 
et al. (2002) finally indicated that the use of boron 
improved 1000- seed weight in soybean. Our 
outcomes are matching with Bellaloui et al. (2013) 
who testified that use of boron enhanced hundred 
seed weight. 

3.6 Biological yield (kg ha-1) 
Biological yield was enhanced by different 

molybdenum and B levels significantly while the 
interaction was found insignificant. Molybdenum 
application at 0.6 kg ha-1 dose responded greater 
biomass while lowest was noted with no 
molybdenum treated plants. It might be due to the 
reason that molybdenum enhanced nitrogen 
fixation activity which improved green part and 
total dry matter (Khan et al. 2014). Our finding are 
in agreement with Srivestava and Ahlavat (1995) 
who specified that Mo improve biological yield. 
Sawires (2001) also noted same results and 
stated that molybdenum treatment at 15-30 mg 
kg-1 improved biomass of chickpea. Considering 
boron levels, maximum crop harvest was noted 
with treatment of 3.6 kg B ha-1 while lowest was 
noted in plots with no boron. The rise in biomass 
may be due to the generative growth of plant and 
increase in photosynthesis by boron which 
enhanced biological yield of chickpea. Our 
outcomes are sustained by Singh et al. (2014) 
who resulted that use of B at 3.75 kg ha-1 rate 
enhanced the crop harvest. 
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Table 2: Effect of boron on yield and yield components of chickpea. 
 

 
Table 3: Effect of molybdenum on yield and yield components of chickpea 

 

Boron 
(Kg ha-1) 

Number of 
 Nodules Plant-1 

Nodules 
 weight Plant-1 

Plant 
 Height 
 (cm) 

Number of  
pods plant-l 

Number of 
grains pod-l 

Thousand 
 seed 

 weight 

. Biological 
 yield 

 (kg ha-1) 

Grain  
Yield 

 (kg ha-1) 

Harvest 
 index  

 (%) 

Control 21 c 1.68 b 60.0 c 45 d 1.54 c 205 c 4992 c 1628 c 32.60 

1.2 23 b 1.75 ab 63.3 b 47 c 1.62 bc 210 bc 5102 c 1727 bc 33.85 

2.4 25 a 1.78 a 64.8 ab 49 b 1.66 b 213 ab 5218 ab 1804 ab 34.61 

3.6 27 a 1.84 a 65.8 a 52 a 1.77 a 219 a 5320 a 1899 a 35.73 

LSD 1.8 0.09 2.2 1.7 0.09 6.8 183 125 NS 

Boron 
(Kg ha-1) 

Number of 
Nodules Plant-

1 

Nodules  
weight Plant-1 

Plant  
Height (cm) 

Number of 
pods plant-l 

Number of 
 grains pod-l 

Thousand seed 
weight 

. Biological 

 yield (kg ha-1) 

Grain yield 

 (kg ha-1) 

Harvest 
 index  (%) 

Control 21c 1.67 c 57.9 c 43d 1.4c 206 c 4914 c 1550 d 31.55 b 

1.2 22c 1.76 bc 62.4b 46c 1.5c 208 bc 5040 c 1697 c 33.74 ab 

2.4 25b 1.77 ab 64.5b 50b 1.7b 214 ab 5246 b 1831 b 34.93 a 

3.6 29a 1.85 a 69.1a 53a 1.9a 220 a 5431 a 1978 a 36.57 a 

LSD 1.8 0.09 2.2 1.7 0.09 6.8 183 125 NS 
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3.7 Grain yield (kg ha-1) 
Seed yield is the last outcome of chickpea 

cultivation. Analyzed data proved that yield of 
grains was positively impacted by molybdenum 
and boron application. Applying molybdenum at of 
0.6 kg ha-1 rate enhanced seed production of 
chickpea. The rise in yield might be due to the 
rhizobium activity by molybdenum which 
increases vegetative growth and in result yield 
components increased. Our conclusions show 
similarity with results of Khan et al. (2014), they 
resulted that increasing molybdenum enhanced 
grain yield as compared to control. In case of 
boron highest seed yield were noted with the 
addition of 3.6 kg followed by 2.4 kg B per hectare 
while lowest was found in control plots. It is 
because that boron regulates plant hormone level, 
photosynthetic activity and generative growth in 
plants which increase yield of chickpea. According 
to Srivastva et al. (1995) application of boron 
enhanced chickpea seed yield. Srivastva et al. 
(1996) specified that treatment of boron improved 
seed yield of chickpea. Our conclusions are also 
in similarity with Shil et al. (2007), William (2004) 
who testified that increasing boron levels 
improved grain yield. 

3.8 Harvest index (%) 
Harvest index is the ratio of grains produced 

and final harvest. Study exposed that harvest 
index is positively affected by molybdenum while 
boron and their combine effect were found 
nonsignificant. Maximum harvest index was 
achieved with fertilization of Mo at 0.6 kg ha-1 rate 
while least was noted in non-treated plants. These 
results are matching with Tahir et al. (2014) who 
stated that Mo play role in phenological and 
physiological traits which enhanced harvest index. 
Ahlawat et al. (2007) stated that increasing in Mo 
sources harvest index of chickpea was increased. 
These consequences are in resemblance with 
Singh et al. (2014), Togay et al. (2015), Howeler 
et al. (1978), Dwivedi et al. (1990) and Gupta 
(1993) expressed that phosphorus and Mo 
fertilization positively improved the harvest index. 
Molybdenum treatment with inoculation 
substantially boosted the harvest index of 
legumes (Tahir et al. 2011).   

CONCLUSION 
Based on the outcomes and findings attained 

from this research, it is concluded that addition of 
molybdenum at 0.6 kg ha-1 rate performed batter 
and gave highest yield. Boron application at a 

level of 3.6 kg ha-1 showed highest yield and yield 
attributes than other Mo and B levels. Interaction 
of molybdenum and boron was found non 
significant on yield attributes. On the basis of 
experimental discoveries, it is recommended that 
addition of molybdenum at 0.6 kg ha-1 rate and 
boron in amount of 3.6 kg ha-1 performed better 
among studied rates of molybdenum and boron 
and is recommended on the basis of more 
production. 
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