
 

 

Cite: Rehman, S.U.; Ahmed, U.; Zahoor, A.; Rahman, Z.U.; Ullah, I.; Khan, S.; Rizwan, A.; Jafar, 
O.M.; Taimoor, M.; Sohail, A.; Ali, S. Foliar zinc and soil applied molybdenum optimize yield and 

dry matter partitioning of lentil. Journal of Applied Life Sciences and Environment 2024, 57 (1), 
123-136. https://doi.org/10.46909/alse-571127 

 

123 

 
Journal of Applied Life Sciences and Environment 
https://jurnalalse.com 
 

 
Article 

https://doi.org/10.46909/alse-571127 
Vol. 57, Issue 1 (197) / 2024: 123-136 

 
 
 
 

FOLIAR ZINC AND SOIL APPLIED MOLYBDENUM OPTIMIZE 
YIELD AND DRY MATTER PARTITIONING OF LENTIL 

 
Shams Ur REHMAN, Uzair AHMED, Ayesha ZAHOOR, Zia ur RAHMAN, 
Ikram ULLAH, Salman KHAN, Rizwan ALI, Osama Muhammad JAFAR, 

Muhammad TAIMOOR, Aamir SOHAIL and Sajid ALI 
 

Department of Agronomy, Faculty of Crop Production Sciences, University of Agriculture, Peshawar, Pakistan 
 

*Correspondence: uduzair345@gmail.com 
 

Received: Jan. 20, 2024. Revised: Feb. 11, 2024. Accepted: Feb. 26, 2024. Published online: Mar. 18, 2024 
 
ABSTRACT. A field experiment on the 
effect of zinc and molybdenum application 
on the yield of lentil was carried out at The 
University of Agriculture Peshawar during 
the Rabi season of 2021. The experiment 
was carried out in a randomised complete 
block design with three replications. Four 
levels of molybdenum (0, 1, 2 and 3 kg ha−1) 
and 0.5% zinc foliar spray at different 
intervals of lentil crop (control, 50 days after 
sowing, 100 days after sowing, 50 days after 
sowing + 100 days after sowing) were tested 
in the experiment. The results revealed that 3 
kg ha−1 of molybdenum enhanced plant 
height (55 cm), nodules plant−1 (25), 
branches plant−1 (7), days to flowering (107) 
and maturity (159), dry matter of leaves at 
the flowering stage (64 g m−2), dry matter of 
leaves at the maturity stage (113 g m−2), dry 
matter of branches at the physiological 
maturity stage (304 g m−2), dry matter of 
pods at the maturity stage (439 g m−2), pods 

plant−1 (92), seeds pod−1 (2.0), 1000-seed 
weight (31 g), biological yield (3207 kg 
ha−1), and seed yield (1002 kg ha−1). Zinc 
foliar spray (0.5%) at 50 days after sowing + 
100 days after sowing of lentil crop 
improved the dry matter of leaves at the 
flowering stage (62 g m−2), days to first 
flowering (109), days to physiological 
maturity (157), dry matter of leaves at the 
physiological maturity stage (111 g m−2), dry 
matter of pods at the physiological maturity 
stage (435 g m−2), pods plant−1 (91), 1000 
seed weight (32 g), biological yield (3236 kg 
ha−1) and seed yield (1026 kg ha−1). Lastly, 
scatterplots revealed a significant correlation 
of grain and biological yield with their 
components. It is concluded that 
molybdenum application at a rate of 3 kg 
ha−1 and 0.5% zinc foliar spray at 50 days 
after sowing + 100 days after sowing of the 
lentil crop increased seed yield and is thus 
recommended for the Peshawar region. 
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INTRODUCTION 

 

Lentil (Lens culinaris L.) is a 
significant winter crop belonging to the 
Leguminosae family, known for its 
drought resistance and suitability for 
Mediterranean environments (Liber et 
al., 2021). It thrives in a variety of soils, 
with sandy-loam soil being optimal for 
growth and yield. Historically, Asia has 
been the primary region for lentil 
cultivation, contributing 85% of the 
global area and 75% of production (Anik 
et al., 2017). 

In Pakistan, lentil cultivation covers 
approximately 6500 hectares, yielding 
approximately 4900 tonnes (MNFS&R, 
2023). Lentil cultivation proves 
beneficial for soil fertility enhancement 
through crop rotation, positively 
impacting soil’s physical, chemical and 
biological properties (Yadav et al., 
2007). By establishing a symbiotic 
relationship with rhizobia, lentils 
contribute to improved nitrogen 
conditions and crop productivity 
(Ahmed et al., 2008). Beyond human 
consumption, lentil plants provide 
valuable fodder for livestock (Vision et 
al., 2014). Challenges in lentil 
production in Pakistan stem from 
traditional practices, lack of certified 
seed, shifting cultivation to other crops, 
weed and disease issues, high fertiliser 
costs, and grower unawareness, 
collectively contributing to decreased 
production. Notably, adopting a 
balanced micronutrient application, 
which is crucial for fixing atmospheric 
nitrogen, can significantly enhance lentil 
yields (Singh and Bhatt, 2013). Zinc 

(Zn) and molybdenum (Mo) play crucial 
roles in enhancing legume productivity 
(Bakry et al., 2012). Mo, an essential 
micronutrient for plant growth, is vital 
for nitrogenase enzymes and impacts 
nitrate reductase activation (Bhuiyan et 
al., 2008). The Mo required by rhizobia 
for nitrogen fixation is significantly 
higher than that required for protein 
formation (Alam et al., 2015). Ascorbic 
acid biosynthesis, flower and pod 
retention in pulses, and involvement in 
carbohydrate metabolism highlight Mo’s 
diverse roles (Banerjee et al., 2019; 
Khan et al., 2014; Malik et al., 2015). 
Mo deficiency leads to reduced nitrogen 
fixation, hindering vegetative growth 
and yield (Hamlin, 2007). As an 
essential micronutrient, Zn influences 
pollen grain development and enzymatic 
activity, affecting carbohydrate 
distribution in plant leaves (Valenciano 
et al., 2011). Zn’s physiological function 
in plants involves acting as a metal 
constituent in enzymes and a co-factor in 
enzymatic reactions, with excess 
accumulation impacting growth 
processes (Stoyanova and Doncheva, 
2002). Zn deficiency reduces auxin 
levels and inefficient water utilisation, 
thus decreasing crop yield (Khan et al., 
2004; Liscum and Reed, 2002). Factors 
such as high phosphorus, pH, lime and 
clay contribute to Zn deficiency, while 
foliar application facilitates Zn 
movement within plants (Marschner, 
2011; Phuphong et al., 2020). Foliar Zn 
application, especially post-flowering, 
enhances the grain Zn content. Zn 
deficiency is a global concern, 
particularly in calcareous soils with high 
pH, low organic matter and sandy 
texture (Mahmood et al., 2019). This 
study aimed to determine the optimal 
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combination of Mo and Zn for improving 

lentil performance, recognising their 
importance in boosting productivity. 

 
MATERIALS AND METHODS 

 

Experimental site and design 
The experiment was conducted at 

the Agronomy Research Farm, the 
University of Agriculture Peshawar, 
Pakistan, during the Rabi season of 
2021.  

The site was placed at 34.01 N 
latitude and 71.35 E longitude with an 
elevation of 350 m above sea level. The 
soil of the farm is clay loam in texture, 
alkaline (pH 8.2) and calcareous in nature. 

 

Planting material, design 
and fertiliser application  

Lentil variety Markaz-09 was used 
for the experiment. Four levels of Mo (0, 
1, 2 and 3 kg ha−1) and Zn foliar sprays 
at a 0.5% rate at different intervals 
(control, 50 days after sowing, 100 days 
after sowing, 50 days after sowing + 100 
days after sowing) were tested. 

The study was employed in a 
randomised complete block design 
(RCBD) with three replications. The unit 
plot size was 3 m × 2.4 m, comprising 6 
rows with a row-to-row distance of 40 
cm. The sources of Zn and Mo were zinc 
sulphate and sodium molybdate. The 
seed rate of lentil was 25 kg ha−1, which 
was inoculated with 1 kg Rhizobium 
leguminacere inoculum ha−1 before 
sowing. Elemental Mo of 1, 2 and 3 kg 
ha−1 was applied as 1.54, 3.09 and 4.63 g 
of sodium molybdate per plot, 
respectively. 

For the 0.5% Zn spray, 6.17 g of 
zinc sulphate dissolved in 500 mL of 
water was applied per plot. In the case of 

the S4 level, 0.25% Zn was applied 50 
days after sowing, and the remaining 

0.25% Zn was sprayed 100 days after 
sowing to complete the 0.5% dose. A 
starter dose of nitrogen (25 kg ha−1) was 
applied using a urea fertiliser at the 
sowing time. 

 

Procedure for data recording 
Various agronomic parameters 

were assessed in the lentil experiment. 
The number of days to emergence was 
recorded from sowing until 50% 
emergence was achieved. Emergence 
m−2 was calculated by counting the 
number of seedlings in a 1-m row at 
three random positions in each plot and 
converting them to square metres. Nodule 

counts per plant were determined before 
the flower initiation stage. 

The number of days to the first 
flowering were noted, representing the 
time from sowing to the appearance of 
the first flower in each plot. Dry matter 
was measured at the flowering and 
physiological maturity stages, involving 
the separation and weighing of leaves, 
branches and pods. The number of 
branches per plant were counted in 10 
randomly selected plants. Plant height 
was measured for 10 randomly selected 
plants in each experimental unit. 

The number of days to 
physiological maturity were calculated 
based on the period from sowing to pod 
blackening. The number of pods per 
plant, seeds per pod, and 1000-seed 
weight were determined. Biological 
yield and seed yield were recorded by 
harvesting the four central rows in each 
unit, and the harvest index was 
calculated as the ratio of seed yield to 
biological yield multiplied by 100. 
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Statistical analysis 
Analysis of variance test suitable 

for RCBD was used for statistically 
analysed data. For significant F-values, 
the LSD test was used for mean 
comparison at the 0.05 level of 
probability (Steel and Torrie, 1984). 

 

Table 1 – Pre sowing physiochemical 
properties of experimental soil 

Properties Unit Value 

pH -- 7.8 
Electric 
conductivity 

dS m−1 0.70 

Carbon content % 0.24 
Total Nitrogen 
Content 

% 0.03 

Extractable N mg kg−1 17.62 
Extractable P mg kg−1 4.58 
Extractable K mg kg−1 64.24 
Organic Matter % 0.41 
Texture -- silt loam 
Bulk Density g cm3 1.47 
Moisture content % 9.03 

 
RESULTS 

 

Crop phenology 
The number of days to lentil 

emergence was not significantly affected 
by Mo fertilisation. However, the 
number of days to first flowering and the 
number of days to physiological 
maturity were significantly influenced 
by Zn and Mo levels, but their 
interaction was not significant (Table 2). 
The most days to flowering (112 days) 
were observed in control plots, followed 
by 50 days after sowing (111 days), 
while the least days to flowering (109 
days) occurred when Zn was sprayed 
50 days after sowing + 100 days after 
sowing. 

In the case of Mo application, the 
most days to first flowering (113 days) 
were recorded in the control plots, and 

the least (107 days) were noted in plots 
receiving 3 kg Mo ha−1. The most days 
to physiological maturity (165 days) 
were recorded in the control plots, 
followed by Zn foliar spray at 50 days 
after sowing (161 days), while the least 
(157 days) occurred when Zn was 
sprayed at 50 days after sowing + 100 
days after sowing. In terms of Mo levels, 
the most days to physiological maturity 
(162 days) were recorded in the control 
plots, and the least (159 days) were 
noted in plots receiving 3 kg Mo ha−1. 

Statistical analysis of the data 
demonstrated a significant effect of Zn 
and Mo application on the number of 
nodules per plant. The interaction 
between the number of branches per 
plant and plant height was not 
significant (Table 2). 

The application of Zn foliar spray 
at 50 days after sowing resulted in the 
most nodules per plant (22), which was 
statistically similar (21) to the 
application at 50 days after sowing + 
100 days after sowing. Conversely, the 
control plots exhibited the least nodules 
per plant (17). Regarding Mo levels, the 
most nodules per plant (25) were 
recorded with the application of 3 kg Mo 
ha−1, followed by 2 kg Mo ha−1 (20), as 
compared to the control (16). 

The number of branches per plant 
displayed a significant increase with Zn 
foliar spray at 100 days after sowing, 
resulting in the most branches per plant 
(8), followed by Zn application at 50 
days after sowing + 100 days after 
sowing (7) in comparison to the control. 
Among Mo levels, more branches per 
plant (7) were recorded with the 
application of 3 kg Mo ha−1, while less 
(6) were observed in the control plots. 
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Table 2 – Phenology and growth attributes of lentil as 
influenced by foliar zinc and molybdenum application 

Treatments 
Days to 

emergence 
Days to 

flowering 
Days to 
maturity 

Nodules 
plant−1 

Branches 
plant−1 

Plant height 
(cm) 

Zinc foliar spray (0.5%) 
Control x 112a 165a 17c 4d 46d 
50 days after 
sowing 

x 111ab 161b 22a 6c 49c 

100 days 
after sowing 

x 110bc 159b 19b 8a 58a 

50 days after 
sowing+100 days 
after sowing 

x 109c 157c 21a 7b 53b 

LSD(0.05) x 2 2 1.5 1 2 
Molybdenum levels (kg ha−1) 

0 13 113a 162a 16c 6b 49c 
1 12 111ab 161ab 18c 6b 50bc 
2 13 110b 160ab 20b 6b 52b 
3 13 107c 159b 25a 7a 55a 
LSD(0.05) x 2 2 1.5 1 2 
Zn×Mo interaction ns ns ns ns ns ns 

Using the LSD test, means of the same category separated by different letters vary significantly (P ≤ 0.05) 
 

Plant height was also influenced by 
Zn and Mo fertilisation. Taller plants (58 
cm) were observed with Zn sprayed at 
100 days after sowing, followed by Zn 
applied at 50 days after sowing + 100 
days after sowing (53 cm), in 
comparison with shorter plants observed 
in the control (46 cm). Among Mo 
levels, taller plants (55 cm) were 
observed with the application of 3 kg 
Mo ha−1, followed by 2 kg Mo ha−1 
(52 cm), while the control plots displayed 

shorter plants (49 cm) (Table 2). 
 

Yield and yield-related 
traits in lentil 

The most pods per plant (91) were 
observed when Zn was applied at 50 
days after sowing + 100 days after 
sowing, while the least (86) were noted 
in the control plots. Regarding Mo 
levels, a higher number of pods per plant 
(92) were recorded in plots treated with 3 

kg Mo ha−1, whereas the least (85) were 
observed in the control plots. For seeds 

per pod, Mo fertilisation increased the 
number of pods per plant, with higher 
Mo levels. Plots treated with 3 kg Mo 
ha−1 produced more seeds per pod (2), 
followed by 2 kg Mo ha−1, while control 
plots exhibited fewer seeds per pod (1). 

The highest 1000-seed weight (32 
g) was obtained when Zn was applied at 
50 days after sowing + 100 days after 
sowing, followed by 100 days after 
sowing (31 g), while the lowest (26 g) 
was observed in the control plots. 
Among Mo levels, a higher 1000-seed 
weight (31 g) was recorded in plots 
treated with 3 kg Mo ha−1, followed by 2 
kg Mo ha−1 (29 g), which were 
statistically similar to the control plots 
(Table 3). Biological yield and seed 
yield of lentil were significantly affected 
by Mo and Zn fertilisation, while the 
interactive effect (Zn × Mo) was non-
significant (Table 3). The highest 
biological yield (3236 kg ha−1) was 
obtained when Zn was applied at 50 
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days after sowing + 100 days after 
sowing, while the lowest (3046 kg ha−1) 
was observed in the control plots. 
Similarly, in terms of Mo levels, a higher 

biological yield (3207 kg ha−1) was noted 

in plots treated with 3 kg Mo ha−1, 
followed by 2 kg Mo ha−1

 (3124 kg ha−1), 
while a lower yield (3030 kg ha−1) was 
observed in the control plots. For seed 
yield, the maximum (1026 kg ha−1) was 
obtained when Zn was applied at 50 days 

after sowing + 100 days after sowing, 
followed by 100 days after sowing 
(929 kg ha−1), while the minimum 
(869 kg ha−1) was recorded in the control 
plots. Among Mo levels, a higher seed 
yield (1002 kg ha−1) was noted in plots 
treated with 3 kg Mo ha−1, followed by 
2 kg Mo ha−1 (945 kg ha−1), while the 
lowest (865 kg ha−1) was obtained in the 
control plots. Lastly, the highest harvest 
index (31.7%) was achieved with Zn 
application at 50 days after sowing + 
100 days after sowing, followed by Zn 

application at 100 days after sowing 
(30.4%), while the lowest harvest index 
(28.6%) was observed in the control 
plots. Regarding Mo levels, a higher 
harvest index (31.3%) was recorded in 
plots treated with 3 kg Mo ha−1, 
followed by 2 kg Mo ha−1 (30.4%), 
while the lowest harvest index (28.8%) 
was noted in the control plots. 

 

Dry matter partitioning 
at different growth stages 

The dry matter of branches, leaves 
and pods was influenced by Zn and Mo 
fertilisation at different growth stages, 
with a non-significant interaction of Zn 
and Mo observed for all traits (Table 4). 
The highest dry matter of branches at the 
flowering stage (164 g m−2) was recorded 

with 0.5% Zn foliar spray at 50 days after 

sowing + 100 days after sowing, followed 

by Zn application at 100 days after sowing 

(161 g m−2) compared to the minimum 
observed in the control (159 g m−2). 

 

Table 3 – Yield and related traits in lentil as influenced by foliar zinc and molybdenum application 

Treatments 
Pods 

plant−1 
Seeds 
pod−1 

1000-seed 
weight (g) 

Biological 
yield 

(kg ha−1) 

Seed 
yield (kg 

ha−1) 

Harvest 
index (%) 

Zinc foliar spray (0.5%) 
Control 86b 1 26d 3046b 869d 28.6c 
50 days 
after sowing 

87b 2 29c 3077b 895c 29.4bc 

100 days 
after sowing 

88b 2 31b 3092b 929b 30.4b 

50 days after 
sowing+100 days 
after sowing 

91a 2 32a 3236a 1026a 31.7a 

LSD(0.05) 2 ns 1 61 23 1 
Molybdenum levels (kg ha−1) 

0 85c 1c 29b 3030c 865d 28.8c 
1 86c 1.6bc 29b 3090bc 906c 29.5bc 
2 89b 1.9ab 29b 3124b 945b 30.4ab 
3 92a 2.0a 31a 3207a 1002a 31.3a 
LSD(0.05) 2 0.4 1 61 23 1 
Zn×Mo interaction ns ns ns ns ns ns 

Using the LSD test, means of the same category separated by different letters vary significantly (P ≤ 0.05) 
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Table 4 – Dry matter partitioning of lentil at various growth stages 
as influenced by foliar zinc and molybdenum application 

Treatments 

DM of 
Branches 

(g m−2) at the 
flowering 

DM of 
leaves (g 

m−2) at the 
flowering 

DM of 
branches 
(g m−2) at 
maturity 

DM of 
leaves 

(g m−2) at 
maturity 

DM of 
pods 

(g m−2) at 
maturity 

Zinc foliar spray (0.5%) 
Control 159b 57b 291b 105c 427b 
50 days 
after sowing 

159b 59b 294b 108b 430ab 

100 days 
after sowing 

161ab 60ab 301a 109ab 432ab 

50 days after 
sowing+100 
days after 
sowing 

164a 62a 298ab 111a 435a 

LSD(0.05) 4 3 7 3 11 
Molybdenum levels (kg ha−1) 

0 155c 55c 289c 104c 424c 
1 158c 58b 292bc 107c 429bc 
2 167a 62a 297b 110b 433b 
3 163b 64a 304a 113a 439a 
LSD(0.05) 4 3 7 3 11 
Zn×Mo 
interaction 

ns ns ns ns ns 

Using the LSD test, means of the same category separated by different letters vary significantly (P ≤ 0.05) 
 

Concerning Mo levels, plots treated 
with 2 kg Mo ha−1 exhibited more branch 
dry matter at the flowering stage (167 g 
m−2), while the control plots showed the 

least (155 g m−2). 
The highest leaf dry matter at the 

flowering stage (62 g m−2) was recorded 
with Zn foliar spray at 50 days after 
sowing + 100 days after sowing, 
followed by 100 days after sowing with 
Zn foliar spray. The least dry matter (57 
g m−2) was noted in the control plots. For 
Mo levels, the highest leaf dry matter at 
the flowering stage (64 g m−2) was 
recorded with 3 kg Mo ha−1 and was 
statistically similar to plots treated with 
2 kg Mo ha−1 (62 g m−2), while the 
lowest (55 g m−2) was observed in the 
control plots. At maturity, the dry matter 
of branches (301 g m−2) was highest 

when Zn was sprayed on foliage at 100 
days after sowing, while the least (291 g 
m−2) was recorded in control plots. 
Among Mo levels, the highest dry matter 
of branches at the physiological maturity 
stage (304 g m−2) was noted in plots 
treated with 3 kg Mo ha−1, while the 
least (289 g m−2) was observed in the 
control plots. Additionally, the highest 
leaf dry matter at the maturity stage (111 
g m−2) was recorded with 0.5% Zn foliar 
spray at 50 days after sowing + 100 days 
after sowing, and the least dry matter 
(105 g m−2) was noted in the control 
plots. For Mo levels, the highest leaf dry 
matter at the physiological maturity 
stage (113 g m−2) was observed with 3 
kg Mo ha−1, while the lowest (104 g m−2) 
was noted in the control plots. Lastly, 
the highest pod dry matter at the 
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maturity stage (435 g m−2) was obtained 
when Zn was foliar sprayed at 50 days 
after sowing + 100 days after sowing, 
while the least (427 g m−2) was noticed 
in the control plots. Among Mo levels, a 
higher pod dry matter at the 
physiological maturity stage (439 g m−2) 
was observed in plots treated with 3 kg 
Mo ha−1, followed by 2 kg Mo ha−1 
(433 g m−2), while the least (424 g m−2) 
was recorded in the control plots. 

 

Correlation between seed and 
biological yield and their components 

Seed yield of lentil was 
significantly influenced by pods plants−1 

and 1000-seed weight when treated with 
different Zn and Mo concentrations, as 
shown by the correlation analysis 
(Figure 1). 

The coefficient of regression (R2) 
in scatter plots revealed a strong 
correlation between pods plants−1 (0.90) 
and 1000-seed weight (0.67) that 
showed moderate association with seed 
yield (a and b). 

Similarly, the biological yield of 
lentil was highly associated with DM of 
branches and leaves at maturity when 
subjected to various levels of Zn and 
Mo. 

 

  
  

Figure 1 – Relationship between grain yield and its components 
(a and b) and biological yield and its components (c and d) 

 

y = 22.768x - 1066.4
R² = 0.9058***

700

800

900

1000

1100

1200

81 84 87 90 93 96

S
ed

 y
ie

ld
 (

kg
 h

a
-1

)

Pods plant-1

a)

y = 29.027x + 76.93
R² = 0.6786**

700

800

900

1000

1100

1200

24 26 28 30 32 34

S
ed

 y
ie

ld
 (

kg
 h

a
-1

)

Thousand seed weight  (g)

b)

y = 20.67x + 874.95
R² = 0.7173**

2900

3000

3100

3200

3300

3400

3500

100 103 106 109 112 115 118

B
io

lo
gi

ca
l y

ie
ld

 (
kg

 h
a

-1
)

DM of leaves at maturity (g m-2)

c)

y = 14.172x - 2996.6
R² = 0.7622***

2900

3000

3100

3200

3300

3400

3500

414 420 426 432 438 444 450

B
io

lo
gi

ca
l y

ie
ld

 (
kg

 h
a

-1
)

DM of branches at maturity (g m-2)

d)



Foliar zinc and soil applied molybdenum optimize yield and dry matter partitioning of lentil 
 

 
131 

 

The coefficient of variance was 
slightly higher for leaf DM (0.76) 
compared to branch DM at maturity 
(0.71), showing that biological yield was 
a bit more dependent on leaf DM than 
branch DM at the time of maturity (c 
and d). 

 
DISCUSSION 

 

Mo application did not significantly 
impact the days to emergence of lentil 
crops, suggesting that stored seed food is 
sufficient for promoting germination. 
This aligns with the findings of Khan et 
al. (2017), who emphasised that the seed 
endosperm provides ample nutrients for 
seedling emergence. Zn and Mo 
applications positively affected the days 
to flowering and maturity of lentil. Plots 
treated with Zn foliar spray 50 days after 
sowing + 100 days after sowing 
exhibited early flowering, consistent 
with the findings of Hafeez et al. (2013), 
indicating that Zn limitation delays crop 
maturity. Zn plays a crucial role in 
pollination by aiding pollen tube 
formation. Mo application at 3 kg ha−1 
resulted in early flowering, which aligns 
with the findings of Nautiyal et al. 
(2004), who observed that Mo 
deficiency hinders flower emergence. 
These results agree with Bejandi et al. 
(2012), indicating that Mo application 
promotes more flowers with a reduced 
time to flowering. Nodules play a vital 
role in legume crops by facilitating 
nitrogen fixation through nitrogen-fixing 
bacteria, making nitrogen available for 
plant utilisation. The mean values 
indicate that foliar Zn application at 50 
days after sowing resulted in the 
maximum number of nodules plant−1, 

while lower numbers were observed in 
the control plots. This agrees with Singh 
and Bhatt (2013), who noted that Zn 
application increased nodules and 
enhanced plant growth. Among the 
different Mo levels, higher nodules were 
recorded in plots fertilised with 3 kg Mo 
ha−1, consistent with Oguz (2004), who 
demonstrated that increasing the Mo 
concentration led to more nodules in 
chickpea, possibly due to the role of Mo 
in nitrogen fixation in rhizobia. 
Branches plant−1 were significantly 
influenced by Zn and Mo application, 
with Zn foliar application at 100 days 
after sowing resulting in more branches, 
as also shown by Somani (2008). For 
Mo, more branches plant−1 were 
obtained from plots treated with 3 kg Mo 
ha−1, consistent with findings by Togay 
et al. (2008) on Mo’s positive impact on 
yield-related characteristics. Plant height 
(cm) was significantly affected by Zn 
and Mo application, with taller plants 
produced by Zn application at 100 days 
after sowing, in line with Pal et al. 
(2019). Mo application at 3 kg Mo ha−1 
resulted in taller plants, as observed by 
Dharvendra et al. (2017). 

The experimental results revealed 
more pods per plant in plots treated with 
Zn foliar spray at 50 days after sowing + 
100 days after sowing. This aligns with 
Ali et al. (2017), who reported an 
increase in the number of pods per plant 
with a higher Zn concentration. 
Regarding Mo, a greater number of pods 
per plant were recorded in plots treated 
with 3 kg Mo ha−1, consistent with the 
findings by Dharvendra et al. (2017), 
indicating that the increased Mo 
concentration resulted in more pods per 
plant. Data on seeds per pod were 
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significantly affected by Mo and not 
significantly affected by Zn application. 
The mean values demonstrated that Mo 
application at a rate of 3 kg ha−1 
maintained more seeds per pod, while 
lower seeds per pod were produced in 
the control plots. 

Seed yield and biological yield 
were positively influenced by Zn and 
Mo application. A higher biological 
yield was recorded in plots where foliar 
Zn spray was applied at 50 days after 
sowing + 100 days after sowing, while  
lower biological yield was obtained from 
the control plots. Similarly, a greater 
seed yield was obtained from plots 
treated with foliar Zn spray at 50 days 
after sowing + 100 days after sowing, 
while a lower seed yield was recorded in 
the control plots. These results align 
with Nasar and Shah (2017), who 
reported a higher grain yield (1756 kg 
ha−1) and biological yield (4860 kg ha−1) 
compared to control plots (1293 and 
4163 kg ha−1, respectively). Regarding 
Mo, the highest biological output was 
noted in plots fertilised with 3 kg Mo 
ha−1, while the least was obtained from 
control plots. The highest seed yield was 
received from plots treated with 3 kg Mo 
ha−1, and a lower seed yield was noted in 
the control plots. 

These findings are consistent with 
Singh and Bhatt (2013), who observed 
that Zn foliar application at a rate of 
0.4% produced the maximum seed yield, 
and Shil et al. (2007) stated that the 
application of 1.5 kg Mo ha−1 resulted in 
a higher seed yield. Furthermore, a 
higher harvest index was recorded in 
plots where Zn foliar spray was applied 
at 50 days after sowing + 100 days after 
sowing, while a lower harvest index was 
obtained from the control plots. This is 

in line with the findings of Swargiary et 
al. (2021), who recorded the maximum 
harvest index in plots fertilised with 8 kg 
ha−1 Zn. In the case of Mo, a higher 
harvest index percentage was noted in 
plots fertilised with 3 kg Mo ha−1, while 
the lowest was obtained from the control 
plots. These results are in accordance 
with the findings of Nasar and Shah 
(2017), who reported that foliar Mo 
application produced a higher harvest 
index than other treatments. 

Branch and leaf dry matter at the 
flowering stage were positively affected 
by Zn and Mo application. Based on the 
mean data, the dry matter of both 
components was greater at the flowering 
stage when Zn foliar spray was done at 
50 days after sowing + 100 days after 
sowing. These findings agree with those 
of Thamke (2017), who stated that 
increasing the Zn concentration 
produced more dry matter in pigeon pea 
crops. In the case of Mo, a higher dry 
matter at the flowering stage was 
recorded from 3 kg Mo ha−1. These 
conclusions are similar to Datta et al. 
(2011), who concluded that the Mo 
application had a pronounced effect on 
growth along with a higher dry matter 
accumulation in Bengal gram. 

Significant effects of Zn and Mo 
application on the dry matter of leaves, 
branches and pods at physiological 
maturity were observed, while their 
combination yielded non-significant 
results. The mean data indicate a higher 
dry matter content at the physiological 
maturity stage in plots where Zn foliar 
spray was applied 50 days after sowing 
+ 100 days after sowing. These findings 
align with the positive impact of Zn 
foliar spray on dry matter production 
reported by Pal et al. (2019) and Haider 
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et al. (2018), who observed an increased 
mung bean yield with Zn foliar 
application. Regarding Mo, higher dry 
matter at physiological maturity was 
recorded in plots treated with 3 kg Mo 
ha−1, followed by 2 kg Mo ha−1. These 
results are in accordance with Togay et 
al. (2008), who concluded that Mo 
application had a significant effect on 
dry matter in lentil, with an increasing 
Mo range from 0 to 6 g kg−1 seed. 

Finally, correlation scatter plots 
demonstrated that seed yield was 
influenced by both the number of pods 
per plant and the 1000-seed weight. This 
is attributed to the fact that a higher pod 
count enhances the potential for seed 
production, and a greater seed weight 
contributes to the overall yield. 
Comparable findings have also been 
documented by Vaishali and Kumar 
(2018) and Quddus et al. (2021). 
Similarly, the biological yield revealed a 
strong connection with dry matter. 
Multiple studies affirm a positive 
correlation between dry matter and 
biological yield in lentils. Chauhan and 
Singh (2001) identified positive links 
between seed yield and secondary 
branches, plant spread, fruiting nodes, 
and total biological yield. Mekonnen 
(2014) and Xavier and Germida (2002) 
further supported these findings, 
showing strong positive correlations 
with various yield-related factors. 

 
CONCLUSIONS AND 

RECOMMENDATIONS 
 

The application of 0.5% Zn foliar 
spray at 50 days after sowing + 100 days 
after sowing resulted in a better dry 
matter and seed yield of lentil. Mo 
application at a rate of 3 kg ha−1 

demonstrated positive effects on the 
yield and yield components of lentil. 
Therefore, application of 3 kg ha−1 of 
Mo and 0.5% Zn foliar is recommended 
at 50 days after sowing + 100 days after 
sowing to achieve maximum productivity 

in lentil. The selected levels of Mo and 
Zn application suggest that further 
research should be conducted with 
higher levels of those nutrients to explore 

their impact on lentil productivity. 
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