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ABSTRACT

The experiment conducted during 2022-23 to effect of zinc application on the growth and
yield of mustard (Brassica juncea L.). The experiment was laid at the Students’
Experimental Farm, Sindh Agriculture University, Tandojam in a three replicated
Randomized complete block design. The treatments included T, = 00 kg ha'! (control
zinc), T, =7Zn 1 kg ha'!, T; = Zn 3 kg ha'!, Ty =Zn 5 kg ha! and Ts = Zn 7 kg ha’'. The
results shows that the Zn 7 kg ha™ resulted maximum 69.57 m? plant population, 129.95 cm
plant height, 18.00 branches plant”, 301.33 pods plant’, 12.00 seeds pod’, 4.66 g seed
index (1000-seeds weight) and 2068 kg ha! seed yield. The mustard crop receiving Zn
5 kg ha'! resulted 69.00 m? plant population, 127.33 cm plant height, 17.21 branches
plant?, 297.03 pods plant’!, 11.50 seeds pod’, 3.50 g seed index (1000-seeds weight)
and 2015 kg ha'! seed yield. Zn 3 kg ha' also affected resulted 68.21 m? plant
population, 125.00 cm plant height, 16.14 branches plant?!, 287.67 pods plant’, 11.00
seeds pod!, 3.50 g seed index (1000-seeds weight) and 1720 kg ha’' seed yield. The
mustard crop with Zn 1 kg ha' resulted 67.51 m? plant population, 120.31 cm plant
height, 15.33 branches plant”, 280.00 pods plant’, 10.59 seeds pod, 3.00 g seed index
(1000-seeds weight) and 1361 kg ha'' seed yield. However, the 00 kg ha'' (control zinc)
resulted minimum 66.62 m> plant population, 118.52 cm plant height, 14.08 branches
plant’, 270.00 pods plant”, 10.00 seeds pod, 2.50 g seed index (1000-seeds weight) and
1091 kg ha'' seed yield. It was concluded that the effect of zinc levels on the growth and
yield traits of mustard was remarkable (P<0.05) and Zn 7 kg ha! produced maximum
seed yield (2068 kg ha') than Zn 5 kg ha! (2015 kg ha™') and Zn 3 kg ha* (1720 kg ha™').
Keywords: Brassica juncea, zinc nutrition, seed yield and quality
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INTRODUCTION

Mustard (Brassica juncea L.) is important Rabi
oilseed crop which belongs to the family
Cruciferae (Verma et al., 2020). Mustard is an
energy rich crop which requires the major,
secondary and micronutrients in adequate
quantity for higher production. Mustard is quite
responsive to micronutrients like zinc (Zn), which
plays important role in growth and development
of the crop (Yanthan et al., 2021). Oil seed-based
cropping pattern especially mustard may lead to a
higher profit and also contribute to preserve soil
fertility. Mustard is a drought-tolerant crop that
can be grown in residual soil moisture without the
use of additional water (Chowhan et al., 2021).
There are number of species producing edible oil
mainly the species and sub-species in the
Brassicaceae family (Shekhawat et al., 2017). The
oil is one of the most preferred cooking oils and is
a good quality preservative, especially for the
preparation of pickles. It contributes about 16-
20 % towards domestic edible oils production. Its
tender leaves are consumed as vegetables and
seeds are used as condiments (Ahmad et al.,
2017). The production of oil along with good
quality forage such as stems and leaves, owing to
their low fibre and high protein concentration,
increases the importance of mustard (Dhaliwal et
al., 2021). The global production of mustard and
its oil is around 38-42 and 12- 14 million tonnes
respectively (Nayak et al., 2020). Plants with
lower uptake of zinc appear to be stunted as well.
Plant Zn efficiency involves Zn uptake, transport,
and utilization; plants with high Zn efficiency
display high yield and significant growth under
low Zn supply and offer a promising and
sustainable production crops (Hacisalihoglu,
2020). Zinc fertilizer application causes root and
shoot growth during the growing season and
therefore, lead to increased seed yield. Zinc also
has the role in photosynthesis and nitrogen
metabolism and it helps in regulating the auxin
concentration in plant. It promotes flower setting
and help in proper development of fruits. It also
helps in carbohydrates transformation and sulphur
metabolism. The grain and straw yield were also
significantly increased by the application of zinc
(Mishra et al., 2022). The requirement of
vegetable oils and fats will be much higher in
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coming years in view of ever-increasing
population (Kumar et al., 2016). Zinc is an
important constituent of several enzymes which
regulates various metabolic processes in the
plants and also influences the formation of
several growth hormones like IAA in plants. Zinc
stimulates the pod setting, seed formation and oil
synthesis in the seeds of mustard and it increases
the biological seed and stover yield of mustard
(Raku et al.,, 2023). Zinc has vital role in
carbohydrate and protein metabolism as well as it
controls the plant growth hormone indole acetic
acid (IAA). It is an essential component of
dehydrogenase, proteinase and promotes starch
formation, seed maturation and production
(Geremew et al., 2023). Soil application of zinc is
normally made at the seeding of crop, sometimes,
Zn deficiency appears due to the low amount of
Zn as recommended and low temperature as
required during the crop growth. Deficiency of
zinc can also appear after seeding of the crop in
soils ~with high phosphorus contents. Zinc
sulphate - improves phosphorus utilization and
regulates plant growth and increase leaf size,
promotes silking, hastens maturity and increase to
test weight (Sultana et al., 2020). Zinc (Zn) play
an essential function in plant growth and
development  under optimal concentrations
(Halim et al., 2023). Zinc, included in this
category, has essential roles in binding of protein,
regulation of enzyme activity, transcriptional and
translational regulation, and signal transduction in
being a component and co-factor of several
enzymes. The deficiency of Zn results in necrotic
spots, leaf chlorosis, nutrient imbalance, altered
cell division, and reduced photosynthesis and
growth (Ramya et al., 2022).

MATERIALS AND METHODS

A research project was undertaken at the
Department of Agronomy's Students' Farm at
Sindh Agriculture University in Tando Jam to
examine the effect of zinc application on the
growth and yield of mustard (Brassica juncea L.).
The experiment was structured using a completely
randomized block design, with each plot
measuring 3 m x 4 m (12 m?). Land preparation
techniques tailored for sunflower cultivation were
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employed, and the local mustard variety S-9 was
selected for the study, with three replications.
Zinc fertilizer was administered through
recommended dosages.

Culture Practices

The soil underwent meticulous preparation,
involving two rounds of ploughing and leveling
before seed sowing. Each treatment received the
requisite quantity of farmyard manure during the
sowing process. Zinc was  consistently
administered at different stages of Mustard
growth throughout the duration of the study. To
monitor the agronomic attributes of the plants,
five specimens were selected from each plot at
five-day intervals during the initial 10 days
following crop emergence.

T1 =00 kg ha! (control zinc)

T2=7n1kg ha'!
T3=7n3 kg ha’!
T4 =7n5kgha'
T5=7Zn7kg ha’!

The Mustard crop received two timely irrigations,
and measures were taken to control diseases,
weeds, and pests at the experimental sites. Fifteen
plants were taken from each experimental unit
throughout the maturity stage in order to
determine their plant population, plant height (cm),
Branches plant™! and Pods plant!. The seed heads
were separated from each plant, threshed, and
used to calculate the number of Seeds pod™!, Seed
index (1000-seeds weight, g), Seed yield (kg ha)
all of which were recorded.

Statistical analysis

The gathered data underwent analysis utilizing
ANOVA with the assistance of Statistix-8.1
Computer Software (Statistix, 2006). When
necessary, the LSD test was employed to assess
the efficacy of different treatments.

RESULTS

Plant population (m2)

The impact of zinc on the plant population (m?)
of mustard variety S-9 was examined. The
analysis of variance indicated a significant
(P<0.05) influence of different zinc levels on the
plant population (m?) of mustard. The results
showed that the maximum plant population at
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maturity was observed (69.57 m?2) when the
mustard was given 7 kg ha! of Zn, followed by 5
kg ha'! (69.00 m?) and 3 kg ha! (68.21 m?) of Zn.
Conversely, the plant population at maturity of
mustard was decreased to 67.51 m? for 1 kg ha’!
of Zn. However, the lowest plant population of
mustard (66.62 m?) was observed in the control
group (0 kg ha' of Zn). This suggests that
applying 7 kg ha! of Zn is highly beneficial for
achieving maximum plant population (m?) at
maturity.

Plant height (cm)

The effect of zinc in mustard was investigated and
the results in regarding to plant height (cm) of
mustard variety S-9. The analysis of variance
illustrated significant (P<0.05) effect of different
levels of zinc on plant height (cm) of mustard.
The results indicated that the plant height at
maturity was maximum (129.95 cm) when the
mustard was given Zn 7 kg ha', followed by
(127.33 cm and 125.00 cm) with Zn 5 kg ha™! and
Zn 3 kg ha'. The plant height at maturity of
mustard was further decreased to 120.31 cm for
Zn 1 kg ha''| respectively. However, minimum
(118.52 cm) plant height of mustard was observed
with 00 kg ha! (control zinc). This indicates that
the Zn 7 kg ha! is highly beneficial for obtaining
maximum plant height (cm) at maturity.

Branches plant’!

The effect of zinc on the branches plant! of
mustard variety S-9. The analysis of variance
revealed a significant (P<0.05) impact of different
zinc levels on the branches plant! of mustard. The
findings showed that the branches plant! at
maturity were highest (18.00) when the mustard
was treated with 7 kg ha! of Zn, followed by 5 kg
ha! (17.21) and 3 kg ha' (16.14) of Zn.
Conversely, the branches plant! at maturity of
mustard were decreased to 15.33 for 1 kg ha! of
Zn. However, the minimum branches plant! of
mustard (14.08) were observed in the control
group (0 kg ha! of Zn). These results suggest that
applying 7 kg ha! of Zn is highly beneficial for
achieving maximum branches plant! at maturity.
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Pods plant?!

The effect of zinc in mustard was investigated and
the results in regarding to pods plant! (cm) of
mustard variety S-9. The analysis of variance
illustrated significant (P<0.05) effect of different
levels of zinc on pods plant! of mustard. The
results indicated that the pods plant! at maturity
was maximum (301.33) when the mustard was
given Zn 7 kg ha''| followed by (291.03 and
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287.67) with Zn 5 kg ha! and Zn 3 kg ha™'. The
pods plant! at maturity of mustard was further
decreased to 280.00 for Zn 1 kg ha™'| respectively.
However, minimum (270.00) pods plant! of
mustard was observed with 00 kg ha™' (control
zinc). This indicates that the Zn 7 kg ha™! is highly
beneficial for obtaining maximum pods plant™! at
maturity.

Table 1. Different levels of Zinc applications on the growth parameters of mustard

Treatments Plant population (m™) Plant height (cm) Branches plant’! Pods plant™!

T1 =00 kg ha'! (control zinc) | 66.62 ¢ 118.52 ¢ 14.08 e 270.00d

T2 =7n 1 kg ha! 67.51d 120.31d 15.33d 280.00 d

T3 =Zn3 kg ha'! 68.21 c 125.00 ¢ 16.14 ¢ 287.67 ¢

T4 =7Zn 5 kg ha'! 69.00 b 127.33 b 17.21b 291.03 b
T5=2Zn 7 kg ha™! 69.57 a 129.95 a 18.00 a 30133 a

S.E 0.278 1.361 0.055 1.528

P value 2.9236 2.2298 0.1307 4.8857

LSD (0.05) 1.2678 0.9669 0.0567 2.1187

Seeds pod! index at maturity of mustard was decreased to

The effect of zinc in mustard was investigated and
the results in regarding to seeds pod! (cm) of
mustard variety S-9. The analysis of variance
illustrated significant (P<0.05) effect of different
levels of zinc on seeds pod! of mustard. The
results indicated that the seeds pod™! at maturity
was maximum (12.00) when the mustard was
given Zn 7 kg ha™! followed by (11.50 and 11.00)
with Zn 5 kg ha™ and Zn 3 kg ha'. The seeds pod!
at maturity of mustard was further decreased to
10.59 for Zn 1 kg ha', respectively. However,
minimum (10.00) seeds pod! of mustard was
observed with 00 kg ha' (control zinc). This
indicates that the Zn 7 kg ha™! is highly beneficial
for obtaining maximum seeds pod-' at maturity.

Seed index (1000-seeds weight, g)

The effect of zinc on the seed index (cm) of
mustard variety S-9. The analysis of variance
revealed a significant (P<0.05) impact of different
zinc levels on the seed index of mustard. The
findings showed that the seed index at maturity
was highest (4.66 g) when the mustard was treated
with 7 kg ha'! of Zn, followed by 5 kg ha'! (4.06 g)
and 3 kg ha!' (3.50 g) of Zn. Conversely, the seed

3.00 g for 1 kg ha! of Zn. However, the minimum
seed index of mustard (2.50 g) was observed in
the control group (0 kg ha! of Zn). These results
suggest that applying 7 kg ha! of Zn is highly
beneficial for achieving maximum seed index at
maturity.

Seed yield (kg ha)

The effect of zinc in mustard was investigated and
the results in regarding to seed yield (cm) of
mustard variety S-9. The analysis of variance
illustrated significant (P<0.05) effect of different
levels of zinc on seed yield of mustard. The
results indicated that the seed yield at maturity
was maximum (2068 kg ha™') when the mustard
was given Zn 7 kg ha'', followed by (2015 kg ha!
and 1720 kg ha') with Zn 5 kg ha™ and Zn 3 kg
ha'. The seed yield at maturity of mustard was
further decreased to 1360 kg ha™ for Zn 1 kg ha'!,
respectively. However, minimum (1091 kg ha)
seed yield of mustard was observed with 00 kg ha’
! (control zinc). This indicates that the Zn 7 kg ha-
'is highly beneficial for obtaining maximum seed
yield at maturity.
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Table 2. Different levels of Zinc applications on the growth parameters of mustard

Treatments Seeds pod- | Seed index (1000-seeds weight, g) | Seed yield (kg ha™)
1

T1 = 00 kg ha' (control | 10.00 e

zinc) 2.50 e 1091

T2 =7Zn 1Kkg ha’! 10.59d 3.00d 1361 e

T3 =Zn 3 kg ha'! 11.00 ¢ 3.50 ¢ 1720 d

T4 =7Zn 5 kg ha™! 11.50 b 4.06 b 2015 ¢

T5=7Zn 7 kg ha™! 12.00 a 4.66 a 2068 b

S.E 0.040 0.030 5132 a

P value 0.0760 0.0619 9.1015

LSD (0.05) 0.0329 0.0268 3.9469

DISCUSSION effect of zinc levels on the growth and yield traits

Mustard (Brassica juncea L.) is important Rabi
oilseed crop which belongs to the family
Cruciferae (Jha et al., 2023). Mustard is an energy
rich crop which requires the major, secondary and
micronutrients in adequate quantity for higher
production. Mustard is quite responsive to
micronutrients like zinc (Zn), which plays
important role in growth and development of the
crop (Salmasi et al., 2024). The present study
shows that the Zn 7 kg ha' resulted maximum 69.57
m? plant population, 129.95 cm plant height,
18.00 branches plant™, 301.33 pods plant!, 12.00
seeds pod!, 4.66 g seed index (1000-seeds weight)
and 2068 kg ha'! seed yield. The mustard crop
receiving Zn 5 kg ha' resulted 69.00 m? plant
population, 127.33 cm plant height, 17.21
branches plant™!, 297.03 pods plant, 11.50 seeds
pod!, 3.50 g seed index (1000-seeds weight) and
2015 kg ha! seed yield. Zn 3 kg ha also affected
resulted 68.21 m? plant population, 125.00 cm
plant height, 16.14 branches plant™!, 287.67 pods
plant!, 11.00 seeds pod’!, 3.50 g seed index
(1000-seeds weight) and 1720 kg ha! seed yield.
The mustard crop with Zn 1 kg ha resulted 67.51
m~ plant population, 120.31 c¢cm plant height,
15.33 branches plant™!, 280.00 pods plant™, 10.59
seeds pod!, 3.00 g seed index (1000-seeds weight)
and 1361 kg ha! seed yield. However, the 00 kg
ha'! (control zinc) resulted minimum 66.62 m
plant population, 118.52 cm plant height, 14.08
branches plant”, 270.00 pods plant, 10.00 seeds
pod!, 2.50 g seed index (1000-seeds weight) and
1091 kg ha! seed yield. It was concluded that the

of mustard was remarkable (P<0.05) and Zn 7 kg
ha! produced maximum seed yield (2068 kg ha™)
than Zn 5 kg ha' (2015 kg ha') and Zn 3 kg ha’!
(1720 kg ha'). The findings of the present
research are further confirmed by many past
researchers of Latha et al. (2018) who reported
application of zinc significantly improved the
crop growth and seed yield in mustard. Mirzapour
et al. (2017) reported that higher rates of zinc
improved the seed yield. Beulah et al. (2022)
found that the effect of zinc application on the
growth and (head diameter, 100-seed weight,
number of seeds, and harvest index) seed yield
factors of mustard variety KBSH-44 (1997 kg ha'!
yield). Neena et al. (2016) observed that the
uptake of K in maize and mustard and the
availability of K in the soil were significantly
increased by zinc nutrition, highlighting the
positive interaction between Zn and K.
Application of 25 kg ZnSO4 ha'! registered the
highest K uptake in both crops, and the highest
mustard harvest. Mehera, (2022) argued that it
may also be possible to improve crop yields on
Zn-deficient soils by exploiting genotypic
differences in Zn uptake and tissue-use efficiency
that exist within crop species. Zhang et al. (2023)
evaluated that effect of Zinc (Zn at 3.15, 4.20 and
5.25 kg ha!) and Boron (B at 2.1, 4.2 and 6.3 kg
ha!) application on biochemical and quality
parameters and yield in mustard was studied in
Maharashtra, India. The study revealed that
combined application of Zn (5.25 kg ha') and B
(6.3 kg ha') was most effective followed by Zn
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(5.25 kg ha') or B (2.1 kg ha!). The combination
showed increase over the control in chlorophyll
content, nitrogen content in dry matter and seed,
phosphorus content in dry matter and seed,
potassium content in dry matter and seed, and oil
and protein content in seed. Similarly, the
combined application of Zn and B exhibited
increase over control in straw yield, harvest index,
translocation efficiency, 100-seed weight and seed
yield plant! (Vidmahe et al., 2022). The
combined application of Zn and B exhibited
increase over control in straw yield, harvest index,
translocation efficiency, 100-seed weight and seed
yield plant! (Gautam et al., 2020). Patil et al.
(2016) applied zinc (15, 20 and 25 kg ha'') and
boron (20, 40 and 60 kg ha') and reported that
combined application of 25 kg ZnSO4 ha! and 60
kg borax ha'l significantly increased the seed
yield of the crop over the control. This increase in
yield may be attributed to the increase in yield
contributing characters such as yield, total number
of seeds and 100-seed weight (Manjushri et al.,
2018). Several studies have shown that zinc
deficiency can significantly reduce the growth and
yield of mustard crops. For example, a study
conducted by Ram et al. (2019) found that the
application of zinc significantly increased the
plant height, leaf area, and dry matter yield of
mustard plants. Similarly, a study by Tyagi et al.
(2022) reported that the application of zinc
increased the seed yield and oil content of
mustard. Zinc also plays a crucial role in the
uptake and transportation of other nutrients such
as nitrogen, phosphorus, and potassium. A study
by Rauf et al. (2017) showed that the application
of zinc increased the nitrogen and phosphorus
uptake in mustard plants, which subsequently led
to an increase in the crop yield. The authors
suggested that zinc application can improve the
nutrient use efficiency of mustard crops.
Moreover, zinc application has also been found to
improve the quality of mustard oil. A study by Du
et al. (2020) reported that the application of zinc
significantly increased the oil content and reduced
the levels of free fatty acids in mustard oil. The
authors suggested that zinc application can
improve the nutritional value and shelf life of
mustard oil. However, excessive zinc application
can also have negative effects on mustard growth
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and yield. A study by Chaudhry et al. (2020)
reported that the application of high levels of zinc
reduced the plant height, leaf area, and biomass of
mustard plants. The authors suggested that
excessive zinc application can lead to toxicity and
inhibit the growth of mustard crops. In conclusion,
zinc is an essential micronutrient that plays a vital
role in the growth and development of mustard
crops. Zinc deficiency can significantly reduce the
growth and yield of mustard crops, while
adequate zinc application can improve the crop
yield and quality of mustard oil. However,
excessive zinc application can have negative
effects on mustard growth and yield. Thus, it is
crucial to apply zinc in an optimal amount for the
best results.

CONCLUSIONS

It was concluded that the effect of zinc levels on
the growth and yield traits of mustard was
remarkable (P<0.05) and Zn 7 kg ha'' produced
maximum seed yield (2068 kg ha) than Zn 5 kg
ha™' (2015 kg ha') and Zn 3 kg ha! (1720 kg ha™).

RECOMMENDATIONS

From the present study it was recommended that
mustard variety S-9 recommended for general
cultivation due to its better yield performance. Ts
= Zn 7 kg ha' recommended on the basis of
higher seed yield.

REFERENCES

Ahmad, P., Ahanger, M. A., Alyemeni, M. N.,
Wijaya, L., Egamberdieva, D., Bhardwaj,
R., & Ashraf, M. (2017). Zinc application
mitigates the adverse effects of NaCl
stress on mustard [Brassica juncea (L.)
Czern & Coss] through modulating
compatible organic solutes, antioxidant
enzymes, and flavonoid content. Journal
of Plant Interactions, 12(1), 429-437.

Beulah, S., & Umesha, C. (2022). Effect of row
spacing and zinc on growth and yield of
mustard (Brassica juncea
L.). International Journal of Plant & Soil
Science, 34(16), 115-120.

Chowhan, S., & Islam, M. (2021). Zinc effects
yield of mustard (Brassica juncea L.)

| Pathan et al., 2025 |

Page 1090

https://policyresearchjournal.com


https://policyresearchjournal.com

under zero tillage. Asian Journal of Soil
Science and Plant Nutrition, 7(4), 83-91.

Chaudhry, H., Nisar, N., Mehmood, S., Igbal, M.,
Nazir, A., & Yasir, M. (2020). Indian
Mustard Brassica juncea efficiency for the
accumulation, tolerance and translocation
of zinc from metal contaminated
soil.  Biocatalysis and  Agricultural
Biotechnology, 23, 101489.

Dhaliwal, S.S., Sharma, V., Shukla, A K., Verma,
V., Sandhu, P.S., Behera, S.K., Singh, P.,
Kaur, J., Singh, H., & Abdel-Hafez, S.H.
(2021). Interactive effects of foliar
application of zinc, iron and nitrogen on
productivity and nutritional quality of
Indian Mustard (Brassica juncea L.).
Agronomy, 11, 2333-2346.

Du, J., Guo, Z., Li, R., Ali, A., Guo, D., Lahori, A.

H., & Zhang, Z. (2020). Screening of
Chinese mustard (Brassica juncea L.)
cultivars for the phytoremediation of Cd
and Zn based on the plant physiological
mechanisms. Environmental
Pollution, 261, 114213.

Geremew, A., Carson, L., Woldesenbet, S., Wang,
H., Reeves, S., Brooks Jr, N., ... & Peace,
E. (2023). Effect of =zinc oxide
nanoparticles synthesized from Carya
illinoinensis leaf extract on growth and
antioxidant  properties of  mustard
(Brassica juncea). Frontiers in Plant
Science, 14, 1108186.

Gautam, S., Pandey, H. P., Pathak, R. K., Sharma,
S., & Pandey, S. (2020). Effect of
Nitrogen, Phosphorus, Potassium,
Sulphur and Zinc on Yield and their
Attributing Characterstics of Mustard
Crop. International Journal of Plant &
Soil Science, 32(12), 12-20.

Hacisalihoglu, G. (2020). Zinc (Zn): The last
nutrient in the alphabet and shedding light
on Zn efficiency for the future of crop
production under suboptimal Zn. Plants,
9(11), 1471-1478.

Halim, A., Paul, S. K., Sarkar, M. A. R., Rashid,
M. H., Perveen, S., Mia, M. L., ... &
Islam, A. M. (2023). Field assessment of
two micronutrients (zinc and boron) on

POLICY
RESEARCH
JOURNAL
ISSN (E): 3006-7030 (P) 3006-7022

the seed yield and oil content of
mustard. Seeds, 2(1), 127-137.

Jha, S., Anwar, M. P., Rashid, M. H., & Paul, S.
K. (2023). Maximizing yield of mustard
through zinc and boron
fertilization. Fundamental and Applied
Agriculture, 8(1 & 2), 475-482.

Kumar, V.M., Singh, G., Shrivastava, A.K., Singh,
VK., Singh, RK., & Kumar, A. (2016).
Effect of integrated nutrient management
on growth and yield attributes of Indian
mustard. /ndian Journal of Ecology, 43(1),
440-443.

Latha, M. R., Savithri, P., Indirani, R. & Kamaraj,
S. (2018). Direct and residual effect zinc
enriched organic manures on the
availability and uptake of major nutrient
in mustard. Advances Journal of in Plant
Sciences, 15(2), 467-473.

Mishra, P. K., Singh, R., & Indu, T. (2022). Effect
of nitrogen and zinc levels on growth and
yield of mustard (Brassica juncea L.).
The Pharma Innovation Journal, 11(4),
454- 456.

Mirzapour, M. H. & Khoshgoftar, A. H. (2017).
Zinc application effects on yield and seed
oil content of mustard grown on a saline
calcareous soil. Journal of Plant Science,
55(2), 154-160.

Manjushri. B., Kawade, Jadhav, D. B. &
Arshewar, S.P. (2018). Effect of
micronutrients on growth, yield and
quality of mustard in kharif season.
International ~ Journal  of  Current
Microbiology and Biological Applied
Science, 6(2), 2189-2196.

Mehera, M. S. R. B. (2022). Effect of organic
manures and micronutrients (Zn & B) on
growth, yield and economics of Indian
mustard (Brassica juncea L.). Pharma
Innov. J, 11(4), 1251-1254.

Nayak, B. K., Adhikary, S., Pattnaik, M., & Pal,
A. K. (2020). Effect of sulphur and zinc
with combination of FYM on yield and
uptake of nutrients in mustard (Brassica
juncea L.) under Alfisols of Odisha.
Journal  of  Pharmacognosy  and
Phytochemistry, 9,2310- 2313.

| Pathan et al., 2025 |

Page 1091

https://policyresearchjournal.com


http://www.tandfonline.com/author/Mirzapour%2C+M+H
http://www.tandfonline.com/author/Khoshgoftar%2C+A+H
http://www.tandfonline.com/author/Khoshgoftar%2C+A+H
https://policyresearchjournal.com

Neena, F., Khurana, L. & Chatterjee, C. (2016).
Influence of variable zinc on yield, oil
content, and physiology of mustard.
Journal of Communications in Soil
Science and Plant Analysis, 32(1), 3023-
3030.

Patil, S. R., Gite, A. N., Tike, M. A. & Shelke, B.
M. (2016). Impact of boron and zinc on
growth and yield of mustard. Annals of
Plant Physiology, 20(1), 82-85.

Raku, R. J., Jha, S., Rahman, M. M., Sarker, M. S.,
& Harun, M. (2023). Effect of Rate and
Method of Zinc and Boron Application on
the Yield Performance of
Mustard. Journal of Agroforestry and
Environment, 16(2), 36-41.

Ram, H., Malik, S.S., Dhaliwal, S.S., Kumar, B.
& Singh, Y. (2019). Growth and
productivity of mustard affected by
phosphorus-solubilizing fungi and
phosphorus levels. Journal of Agriculture
Science, 61(3), 122-126.

Ramya, B., Sampath, O., Mahesh, N., & Saikumar,
R. (2022). Effect of Organic Manures,
Sulphur and Foliar Application of
Micronutrients (Zinc and Boron) on
Growth and Yield of Mustard (Brassica
juncea L.). [International Journal of
Environment and Climate Change, 12(10),
1044-1051.

Rauf, S., Jamil, N., Tariq, S. A., Khan, M., Kausar,
M. & Kaya, Y. (2017), Progress in
modification of mustard oil to expand its
industrial value. Journal of the Science of
Food and Agriculture, 97(7), 1997-2006.

Shekhawat, P.S., Shaktawat, R.P.S. & Rathore,
D.S. (2017). Effect of nitrogen and
potassium levels on growth and yield of
mustard in loamy sand soil of Rajasthan.
Journal of Environmental and Ecology,

POLICY
RESEARCH
JOURNAL
ISSN (E): 3006-7030 (P) 3006-7022

Sultana, R., Paul, S. K., Sarkar, M. A. R., &
Sarkar, S. K. (2020). Response of sulphur
and zinc nutrition to the seed yield and oil
content of mustard (CV. BARI Sarisha-
14). Trop. Agrobiodivers, 1, 52-56.

Salmasi, S. Z., Nasiri, H., Heshmati, R., Sarikhani,
M. R., & Raei, Y. (2024). The Impact of
Nitrogen-Fixing Bacteria, Iron, and Zinc
Foliar Application on Dry Land Yellow
Mustard (Brassica juncea) Grain and Oil
Production. Agricultural Sciences, 15(7),
719-728.

Tyagi, S., Kumar, A., Paul, S. C., & Acharya, S. S.
(2022). Influence of Nutrient and Weed
Management on Zn and S Uptake by Crop
and weeds in Mustard. [International
Journal of Environment and Climate
Change, 12(10), 1295-1305.

Verma, V., Maurya, C. L., Negi, P. S., Maurya,
M., & Tomar, S. (2020). Interaction on
effect of different doses zinc and sulphur
to seed yield parameters on mustard. 7The
Pharma Innovation Journal, 9(10), 416-
420.

Vidmahe, V. H., Singh, V., & George, S. G.
(2022). Influence of Biofertilizers and
Zinc on Growth and Yield of Mustard
(Brassica juncea L.). [International
Journal of Environment and Climate
Change, 12(10), 540-545.

Yanthan, R.M., & Singh, R. (2021). Effect and
boron and zinc level on growth, yield and
yield parameters of mustard (Brassica
juncea L.). The Pharma Innovation
Journal, 10(11), 474-476.

Zhang, S., Li, Y., Wang, P., Zhang, H., Ali, E. F.,
Li, R, ... & Zhang, Z. (2023). Lactic acid
bacteria promoted soil quality and
enhanced phytoextraction of Cd and Zn by
mustard: A trial for bioengineering of toxic

31(3), 1303-1306. metal contaminated mining
soils.  Environmental — Research, 216,
114646.
| Pathan et al., 2025 | Page 1092

https://policyresearchjournal.com


https://www.researchgate.net/scientific-contributions/76269592_Neena_Khurana
https://www.researchgate.net/scientific-contributions/11026462_Chitralekha_Chatterjee
https://www.researchgate.net/journal/0010-3624_Communications_in_Soil_Science_and_Plant_Analysis
https://www.researchgate.net/journal/0010-3624_Communications_in_Soil_Science_and_Plant_Analysis
http://www.cabdirect.org/search.html?q=au%3A%22Shekhawat%2C+P.+S.%22
http://www.cabdirect.org/search.html?q=au%3A%22Shaktawat%2C+R.+P.+S.%22
http://www.cabdirect.org/search.html?q=au%3A%22Rathore%2C+D.+S.%22
https://policyresearchjournal.com

