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Abstract

Foliar application has become the greatest strategy to enhance the micro-
nutrient content in crops among different bio-fortification techniques and also
promotes the growth of the plants even in less favourable climates as the nutri-
ents are supplied to the plants at appropriate growth stages. Also, it prevents the
depletion of nutrients in the environment and stimulates nutrient translocation
in the edible part of the seed. Indian mustard (Brassica juncea L.) belonging to the
Brassicaceae family cultivated in Rabi season. The deficiencies of micronutrients
such as zinc (Zn), iron (Fe), and nitrogen (N) could significantly threaten public
health as well limit the growth of the plant. This experiment aims to determine
the impact of foliar applied Zn, Fe,and N and the interactive effect of Zn, Fe, and
N on the growth and yield of mustard and also to determine the most efficient
economical, treatment of Zn, Fe, and N to enhance oil quality and yield. This
experiment was carried out at the Agronomy experimental field, School of Ag-
riculture, Lovely Professional University, Punjab, in Randomized Block Design
experimental design with 8 treatments and 3 replications. Therefore, the results of
this experiment determined the influence of foliar-applied Zn, Fe, and N on the
growth and yield of the mustard in which RDF +1% Urea Foliar Spray 45 DAS
+0.5% ZnSO, + 0.5% FeSO, at 45DAS recorded remarkable variations over all

other treatments.
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Introduction

Indian mustard (B. juncea. L) belonging to the Brassicaceae family is one
of the oldest and most important oilseed crops. The Brassicaceae contains about
3500 species and 350 genera and is one of the 10 most economically important
plant families. 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 Indian mustard [1]. Rapeseed and mustard are the main oilseed
crops grown in the Rabi season in India [2]. They are sown around mid-No-
vember, preferably harvesting begins in April or May after the monsoon rains
are over. India is one of the dominant oilseed production countries across the
globe with an estimated area, production, and yield of rapeseed-mustard in the
world were 36.59 million hectares, 72.37 million tons and 1980 kg ha™, respec-
tively, during 2018-19. Oilseed production is the second largest after cereals in
India. India contributes nearly 23.33% and 26.24% mustard—rapeseed acreage
and production respectively during 2018-19. It is one of the predominant crops
in Gujarat, Haryana, Rajasthan, Uttar Pradesh, and Madhya Pradesh of India [3].

Mustard is the chief edible oilseed crop of the semi-arid area after ground-
nut, contributing nearly 26.1% of total oilseed production. According to COO-
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IT, the production of mustard stood at 85 lakh tons in the
2020-21 crop year (July-June). According to Punjab director
of agriculture, Gurvinder Singh said the area of cultivating
mustard-rapeseed had increased steadily from 32,000 hectares
in 2019-20 to 44,000 hectares in 2020-21 to 54,000 hectares
this season (2021-22).

Micronutrients are as important to plant nutrition as pri-
mary and secondary nutrients, though plants don't require as
much of them. Lack of any one of the micronutrients in the
soil can limit growth, even when all other nutrients are present
in adequate amounts. There is need for micronutrients appli-
cation in order to achieve balanced nutrition. Thus, there is an
urgent need for stepping up the use of micronutrients in grow-
ing field crops. Every micronutrient has specific role to play in
plant physiology and its presence in optimum concentration
in plant to complete its life cycle. The Zn and Fe also act as a
structural component of several enzymes required for enzyme
activation, stimulation of pod setting, seed formation and oil
synthesis in the seeds of mustard [2]. The oilseed crop (Indi-
an mustard) is highly sensitive to Zn, Fe, and N, deficiency,
thereby resulting in a decreased growth, yield, and productivity
of the crop [4, 5]. The introduction of high-yielding cultivars
increased cropping intensity, application of micronutrient-free
fertilizers, and limited addition of organic manures, leading to
Zn, and Fe deficiency in most of the Indian soils.

Currently, 42% of Indian soils are not sufficient in Zn
concentration, and this deficiency is expected to rise as more
areas of marginal lands are being brought under intensive cul-
tivation without any adequate micronutrient supplementation
[6]. The Zn is closely involved in the metabolism of N and
protein synthesis, whereas Fe contributes to the formation of
chlorophyll and photosynthesis, thereby altering the yield and
quality of oilseed crops [3]. In addition, N is a major nutrient
that holds a crucial role in cell division, growth, photosynthet-
ic activity, and protein synthesis, which acts as a base in the
improvement of yield, and accumulation of nutrients, as well
as the quality of oilseed crops, including Indian mustard [7].
'Thus, a balanced amount of nutrient application is required for
optimum yield and nutrient concentration of crops. Foliar ap-
plication is the greatest strategy to increase the micronutrient
content in crops among different bio-fortification techniques
because nutrients are supplied to the leaves at the appropriate
growth stages [8]. Recent research showed that micronutri-
ents, particularly Zn, Fe, and N supplied through the foliar
spray, has resulted in a significant increase in crop yield [9].
Therefore, the present study was performed to determine the
influence of foliar-applied Zn, Fe and N on growth and yield
of Indian mustard.

Materials and Methods

Preliminary information

'This field experiment was carried out on the experimental
field of Lovely Professional University, Phagwara, and Punjab,
during the Rabi season 2022-2023, on the agricultural field
lies in the Northern plain zone between Latitude 31 ° N, Lon-
gitude 31.25 ° N 7, and 5 ° E following all the intercultural

practices as followed in PAU, Ludhiana’s and norms for nor-

mal growth. The field trials were carried out on a sandy loam
nature soil consisting of a total of 24 plots, with a size of 5x 5
m with a spacing of 30 x 30 cm row apart. The analysis of the
soil was carried out before the experiment to determine the
initial nature of the soil. The crop was sown on 22" of Novem-

ber with the variety of GHM-503.

The experiment was followed the Randomized Block
Design with 8 treatments, and 3 replications via. T,- Con-
trol (recommended NPK only), T - RDF+1% urea foliar spray
at 45DAS, T,- RDF + 0.5% FeSO,.7H,O foliar spray at 45
DAS, T - RDF + 0.5% ZnSO,.7H,O foliar spray at 45 DAS,
T,- RDF + 0.5 % FeSO,.7H,0 + 0.5% ZnSO,.7H,O foliar
spray at 45 DAS, T - RDF + 1% urea foliar spray + 0.5% Fe-
SO,.7H,0 at 45 DAS, T - RDF + 1% urea foliar spray + 0.5%
ZnS0O,.7H,0 at 45 DAS, T,- RDF +1% urea foliar spray 45
DAS + 0.5% ZnSO, + 0.5% FeSO, at 45DAS. The soil was
fertilized with urea, and SSP as basal application. The crop
was supplied with urea, FeSO,, and ZnSO, at 45 DAS as fo-
liar using a knapsack sprayer. Crop protection measures have
been implemented depending on the necessity of foliar using
a knapsack. The different morphological and physiological ob-
servations such as plant height, leaf area, number of leaves per
plant, number of branches and plant dry weight were measured
following standard protocol. The morphological attributes and
the average value were recorded from the five random plants
chosen from each plot, to determine the result of the data re-
lation to the treatment.

Chlorophyll index: The chlorophyll index was deter-
mined by assessing the level of greenness in a mature leaf us-
ing a Soil Plant Analysis Development (SPAD) meter. The
chlorophyll content is determined by calculating the average

of three measurements obtained from a single leaf using a
SPAD meter [10].

Crop growth rate: Crop growth rate (CGR) refers to the
increase in dry matter production per unit of land over a spe-
cific period of time. The calculation can be determined by the

formula provided by Watson [7] in the year 1952.

Relative growth rate: The relative growth rate (gg'day™)
refers to the overall increment in the plant's dry weight seen
between two specific time intervals. The term was introduced
by Williams [11] in the year 1946.

Yield attributes: The yield attributes such as number of
siliqua, average length of siliqua, average number of seed per
siliqua, test weight, seed weight, stover yield and harvest index
are observed at the harvest stage following standard protocols.

Quality attributes

Oil content (%): Mustard seeds were subjected to a dry-
ing process in a hot air oven at a temperature of 70 °C. This
procedure effectively eliminated all moisture content from the
seeds. Subsequently, the dried seeds were ground using a pestle
and mortar, resulting in a powdered form. The extraction of oil
from the powdered mustard seeds was performed using the
Soxhlet method of oil extraction, as outlined in the AOAC
[12] guidelines. The extraction process was carried out using
the socoplus apparatus. The quantity of oil obtained was de-
termined using the following formula:
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Weight of oil flask + ether extract — weight of flask oil
%

0il tent =
con (%) Substances taken

100

Oil recovery (kg ha): Oil yield is computed by multiply-
ing the seed yield with the concentration of oil. The following
formula is used to compute oil recovery:

Seed yield (kg f ha) x oil content (%)
100

0il recovery kgha ™! =

Protein content (%): The seed powder obtained from des-
iccated seeds was utilised to determine the nitrogen percent-
age in powdered seeds using Kjeldahl's method. Subsequently,
the protein content of the seeds was calculated by multiplying
the nitrogen percentage by 6.25.

Protein recovery (kg ha): Protein recovery is the yield
of protein. It was calculated by multiplying protein content
extracted in percent by the seed yield (kg ha?) and divided by
100 which gave the protein recovery in kg ha™.

Statistical analysis

'The study employed the SPSS 22 programme to analyse
data using the generalised linear model within the framework
of univariate approaches. This model was utilised to examine
the variations in means resulting from two components. In
order to determine the optimal treatment, a mean separation
technique was employed, utilising a significance level of p <
0.05 and the Duncan multiple range test. The Fisher's least
significant difference test was employed as a post-hoc analysis
to assess the presence of a significant difference between the
means. The computations were derived from the least signifi-
cant difference with a significance threshold of 5%.

Results

Interactive effect of Zn, Fe, and N on growth attributes of
mustard

Plant height is the main growth and yield contributing
character. Plant height in the case of mustard varied signifi-
cantly by the different fertilizer and their amount. There was a
significant variation recorded in the case of all the treatments.
The discrimination between the plots from germination to 60
DAS due to different treatments shown in figure 1, figure 2,
and figure 3. Highest plant height (147.56 c¢m) was record-
ed in treatment RDF + 1% urea foliar spray 45 DAS + 0.5%
ZnSO, + 0.5% FeSO, at 45 DAS, although, treatment RDF
+ 1% urea foliar spray + 0.5% FeSO,. 7H,O at 45 DAS also
showed the same effect on plant height. The second highest
plant height (137.60cm) was recorded in treatment RDF +
0.5% FeSO,.7H,O foliar spray at 45 DAS. There was non-sig-
nificant variation observed in treatment RDF + 0.5% Fe-
SO,.7H,0 foliar spray at 45 DAS, RDF + 0.5 % FeSO,.7H,O
+0.5% ZnSO,.7H,O foliar spray at 45 DAS, RDF + 1% urea
foliar spray + 0.5% ZnSO,.7H,0O at 45 DAS, the lowest plant
height (125.2 cm) was recorded in control. The leaf area is also
an important index in plants. Leaves supply all the required
food for the plant in the process of photosynthesis. The leaf
area indicates the health and plant potential to produce im-

proved yield and quality.
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Figure 1: Crop discrimination rate histogram at germination by Spectral
indices.
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Figure 2: Crop discrimination rate histogram at 30 DAS by Spectral
indices.

The impact on the leaf area of different treatments is sig-
nificant in the case of mustard. RDF + 1% urea foliar spray 45
DAS + 0.5% ZnSO, + 0.5% FeSO, at 45 DAS recorded the
best leaf area with 641 cm? followed by RDF + 1% urea foliar
spray + 0.5% FeSO,. 7H,O at 45 DAS also RDF + 1% urea
foliar spray + 0.5% ZnSO,.7H,O at 45 DAS has the similar
leaf area. Control (recommended NPK only) has the mini-
mum leaf area. The number of leaves has a great impact on
the growth of the plant. It plays an important mechanism in
providing food to plants in the process of photosynthesis for
their growth. The highest number of leaves (77.66) is observed
with the application RDF + 1% urea foliar spray 45 DAS +
0.5% ZnSO, + 0.5% FeSO, at 45 DAS. RDF + 1% urea foliar
spray + 0.5% ZnSO,.7H,O at 45 DAS (74.66) has the second
highest number of leaves and RDF + 0.5% FeSO,.7H,0O foliar
spray at 45 DAS recorded the minimum number of leaves. In
case of mustard the impact of different treatments was ob-
served significantly on numbers of leaves.
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Figure 3: Crop discrimination rate histogram at 60 DAS by Spectral

indices.

'The chlorophyll index indicates the health of the plants. In
the case of mustard crops, chlorophyll plays a major role in the
growth of the crop takes the role in process of photosynthesis
providing the required food for the plant. RDF + 1% urea fo-
liar Spray 45 DAS + 0.5% ZnSO, + 0.5% FeSO, at 45 DAS
recorded the best chlorophyll index with 54.2, RDF + 0.5%
FeSO,.7H,O foliar spray at 45 DAS (51.63) observed the
second-best chlorophyll index. Control (recommended NPK
only) was recorded the minimum chlorophyll index of 48.3.
With different treatments, the effect on chlorophyll index was
observed significant in the case of mustard. Dry weight helps
evaluate the plants' potential with different treatments applied
and evaluate the yield or quality of the crop. The dry weight
was recorded significantly with different treatments. RDF +
1% urea foliar spray 45 DAS + 0.5% ZnSO, + 0.5% FeSO, at
45 DAS was recorded the highest (83.33 g), however RDF +
1% urea foliar spray + 0.5% FeSO,.7H,O at 45 DAS and RDF
+ 1% urea foliar spray + 0.5% ZnSO, -7H,O at 45 DAS had
same effect. The second highest (77.86 g) was recorded in con-
trol (recommended NPK only). RDF + 0.5% ZnSO,.7H,0
foliar spray at 45 DAS, (76.466 g) was recorded minimum dry
weight. The CGR (g day™ m™) is an important parameter in
agriculture research. It provides valuable observation into crop
productivity, developments, and responded to environmental
factors.

In this experiment RDF + 1% urea foliar spray 45 DAS
+0.5% ZnSO, + 0.5% FeSO, at 45 DAS recorded the max-
imum CGR (1.35 g day' m™2). Control (recommended NPK
only) observed the second-highest CGR. The minimum CGR
was recorded on RDF + 0.5% ZnSO,.7H,O foliar spray at 45
DAS (1.24 g day' m?). The RGR (g g " day ) measures the
growth potential of the plant. It compares the growth rate of
the plant with different treatments and insight into the plant's
growing efficiency in adapting to the environment. RDF + 1%
urea foliar spray 45 DAS + 0.5% ZnSO, + 0.5% FeSO, at 45
DAS recorded the best RGR (0.0870 g g day ) followed by
RDF + 1% urea foliar spray + 0.5% ZnSO,.7H,O at 45 DAS
(0.076 g g *day ). The lowest RGR was recorded on RDF +

1% urea foliar spray + 0.5% FeSO,. 7H,O at 45 DAS (0.0633
gg'day ).

Interactive effect of Zn, Fe, and N on yield attributes of
mustard

There was clear variation recorded at flowering and siliqua
formation stages. The discrimination between the plots from
flowering to maturity due to different treatments shown in fig-
ure 4, figure 5,and figure 6. Siliqua per plant can determine the
productivity of the seed yield. The plant with more siliqua has
more seed yield. The highest siliqua was 278 recorded in appli-
cation of RDF + 1% urea foliar spray 45 DAS + 0.5% ZnSO,
+0.5% FeSO, at 45 DAS, followed by RDF + 1% urea foliar
spray + 0.5% FeSO,.7H,O at 45 DAS (263.33). The minimum
siliqua per plant (247) was observed in control (recommended
NPK only) with. The different treatments observed significant
siliqua per plant. Seed per siliqua is the number of grains pres-
ent in one pod. The amount of yield increased with a greater
number of seeds per siliqua is more. RDF + 1% urea foliar
spray 45 DAS + 0.5% ZnSO, + 0.5% FeSO, at 45 DAS gives
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Figure 4: Crop discrimination rate histogram at flowering by spectral
indices.
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Figure 5: Crop discrimination rate histogram at siliqua formation by
spectral indices.
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served in control (recommended NPK only) and the lowest was
observed in RDF + 1% urea foliar spray at 45 DAS (29.29%).

Interactive effect of Zn, Fe, and N on quality attributes of
mustard

It was concluded from the figure 7 that the highest oil
content (34.40%) was recorded in the interaction of RDF +
0.5% FeSO,.7H,O foliar spray + 0.5% ZnSO,.7H,O foliar
spray + 1% urea foliar spray 45 DAS. While the lowest con-
centration of 0il (26.5%) was recorded in 100% RDF. Highest
oil recovery (457.6 kg ha™) was recorded in the interaction be-
tween RDF + 0.5% FeSO,.7H,O foliar spray + 0.5% ZnSO,
.7H, O foliar spray + 1% urea foliar spray 45 DAS. While the
lowest oil recovery (376.6 kg ha™) was observed in the control.
Perusal of trend of data from the figure 8 specified that the

100 150 200 250
Pixel Value
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sfand1 ®=Band2 ®WBand3 ®Band 4

Figure 6: Crop discrimination rate histogram at maturity by Spectral

indices.

the highest seed per siliqua (21.33), although RDF + 1% urea
foliar spray + 0.5% FeSO,.7H,O at 45 DAS, RDF + 1% urea
foliar spray + 0.5% ZnSO,.7H,O at 45 DAS also observed the
similar effect. The second highest seed per siliquas (17) was
observed in the application of RDF + 0.5 % FeSO,.7H,O +

0.5% ZnSO,.7H,O foliar spray at 45 DAS.

The lowest impact (14.66) was recorded in RDF + 1%
urea foliar spray at 45 DAS. Siliqua is one of the major com-
ponents in the yield of oil crops. Its length and size denote
the quantity of the yield. The more the length and size of the
siliqua has more yield. With different fertilizers and their
quantity applied to the mustard crop, the length of the siliqua
has been recorded as significant. The highest length of siliqua
was observed in RDF +1% urea foliar spray 45 DAS + 0.5%
ZnSO, + 0.5% FeSO, at 45 DAS 5.72cm. The second highest
length of siliqua 5.51 cm was recorded in RDF + 0.5% Fe-
50,.7H,0+0.5% ZnSO,.7H,O foliar spray 45 DAS. Control
(recommended NPK only) was recorded the lowest length of
siliqua (5.18 cm). Seed yield is the most important product in
the crop. The seed yield was determined the success of culti-
vating a crop. The best seed yield of 2869 kg ha™ was recorded

in RDF + 1% urea foliar spray 45 DAS + 0.5% ZnSO, + 0.5%
FeSO, at 45 DAS. RDF + 0.5% ZnSO, at 45 DAS observed
the second-best seed yield of 2465 kg ha’ RDF + 1% urea
foliar spray at 45 DAS observed the minimum effect on seed

yield with 1998 kg ha™.

The highest stover yield (5615.93 kg ha'!) was recorded in
RDF + 1% urea foliar spray 45 DAS + 0.5% ZnSO, + 0.5%
FeSO, at 45 DAS which was followed by RDF + 1% urea fo-
liar spray + 0.5% FeSO,. 7H,O at 45 DAS with 5340 kg ha™!
stover yield. The lowest stover yield of 4655.8 kg ha™! was re-
corded in RDF + 0.5 % FeSO,.7H,0 + 0.5% ZnSO,.7H,0
foliar spray at 45 DAS. The different treatments were observed
significant among themselves. The harvest index (%) of a plant
reflects the potential yield of the crop and its economic value.
It also measures how efficiently a plant allocates its resource
to the plant parts harvested for human consumption. RDF +

Interactive effect of Fe, Zn and N on oil recovery and oil content of Mustard
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Figure 7: Interactive effect of Fe, Zn and N on oil recovery and oil con-
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0.5% FeSO,.7H,O foliar spray at 45 DAS (35.16%) observed
the highest harvest index. The second highest (31.57%) was ob-

tein content of mustard.

Figure 8: Interactive effect of Fe, Zn and N on protein recovery and pro-
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interaction effects of Fe, Zn and N fertilizer levels recorded
a maximum concentration of protein (8.2%) in the interac-
tion of RDF + 0.5% FeSO,.7H,O Foliar Spray + 0.5% Zn-
50,.7H,0 foliar spray + 1% urea foliar spray 45 DAS. While
the least amount of concentration of protein (6.7%) was re-
corded in the interaction 100 % RDF level. Scrutinity of data
trend from figure 8 portrayed that the interaction effects of Fe,
Zn and N fertilizer level recorded maximum protein recovery
(80.83 kg ha™V in the RDF + 0.5% FeSO,.7H,O foliar spray
+ 0.5% ZnSO,.7H,O foliar spray + 1% urea foliar spray 45
DAS. While the minimum amount of protein recovery (67 kg
ha™') was recorded in the interaction 100% RDT level.

Correlation of quality parameters of mustard with seed yield

There was a positive correlation exist between quality pa-
rameters and seed yield. ** shown that correlation is statisti-
cally significant among themselves. There was a linear trend
observed if seed yield increased than quality parameters viz. oil
recovery, oil content, protein recovery and protein content also
increased as shown in table 1.

Discussion

Impact on growth parameter on the application of urea,
ZnSO , and FeSO, on mustard

The maximum plant height (147.566 cm), leaf area (641
cm?), number of leaves (77.66), chlorophyll index (54.2), and
dry weight (83.33 g ha™) were observed in the application of
RDF + 1% urea foliar spray 45 DAS + 0.5% ZnSO, + 0.5%
FeSO, at 45 DAS as compared to control (recommended
NPK). This may be due to the right balance of macro and
micronutrients for the optimum growth of the mustard. N
being the constituent of amino acids, proteins, chlorophyll,
and protoplast would directly influence the growth and yield
attributing characteristics through better utilization of photo-
synthates. Also, the increase in N supply increases the amount
of protein formed and therefore the amount of protoplasm

(Table 2).

'This increase in turn results in greater cell size, more cell
division, and larger leaf area. It ultimately provides a larger
frame, resulting in improved plant height and number of cap-
sules. It is also reported an increase in growth and yield attri-
butes of rapeseed mustard due to N application [13]. Zinc and
iron application increased root cell membrane integrity, plant
enzyme systems, protein synthesis, and auxins which increase
photosynthetic assimilates and seed set, and finally increased
grain yield [14]. The minimum plant height (125.2 cm), leaf
area (519.93 c¢m?), chlorophyll index (48.3), and dry weight
(76.46 kg ha') was observed in control (recommended NPK)

Table 1: Correlation of quality parameters of mustard with seed yield.
Correlations
Protein con-
Oil recovery Oil content Protein recovery tent Seedyield
en
Oil recovery Pearson Correlation 1 0.930” 0.986" 0.847" 0.755°
Qil content Pearson Correlation 0.930" 1 0.932" 0.773 0.681
Protein recovery Pearson Correlation 0.986" 0.9327 1 0.884" 0.716
Protein content Pearson Correlation 0.847" 0.773 0.884" 1 0.591
Seed yield Pearson Correlation 0.755 0.681 0.716" 0.591 1
**. Correlation is significant at the 0.01 level (2-tailed); *. Correlation is significant at the 0.05 level (2-tailed)
Table 2: Interactive effect of Fe, Zn, and N on growth parameter of mustard crop.
Treatment Plantheight | Leafarea No. of Chlorophyll | Dry weight CGR RGR
reatments (cm) (cm?) leaves index (SPAD) (gha) (g day' m?) (gg'day”)
Control 48.30d £ 0.82 | 519.97£2.5 | 715+ 1.15 | 48.30¢+0.82 | 77.87°+1.90 | 1.275" = 0.023 | 0.064° + 0.003
(recommended NPK only)
RDF + 1% urea foliar spray at 45 DAS | 49.73¢+1.33 | 522.6"+ 1.6 | 73> +1.03 | 49.73>¢ £ 1.33 | 77.20* + 1.06 | 1.262" = 0.015 | 0.066° + 0.001
0 .
RDF+ 0.5% FeSO, 7H,0 foliar spray | 51 ¢30, 111 | 542.802.55 | 6992115 | 51.63% 2111 | 76,57+ 2.10| 1.250°%0.029 | 0.065 = 0.001
at 45 DAS
N .
RD¥ +0.5% ZnSO, 7HLO foliar spray | 5, 47, 143 | 577,80+ 2.1 | 74041.26 | 504750 £ 1.43 | 76470 £ 137 | 1.249 £0.024 | 0.069° = 0.001
at 45 DAS
RDF + 0.5 % FeSO,.7H,0 + 0.5% - .. . e . .. .
ZnSO,.7H,0 foliar spray at 45 DAS 50.60° £ 0.86 | 536.5¢+ 1.5 | 71+ 0.75 | 50.60¢ + 0.86 | 76.70° + 1.21 | 1.252>+ 0.017 | 0.064° = 0.000
RDF + 1% urea foliar spray + 0.5% . b b Y . . .
FCSO4.7H20 at 45 DAS 52.30°+0.54 | 592.7°+4.2 | 74+ 1.80 | 52.30"* £0.54 | 81.83*+1.61 | 1.334*+0.022 | 0.064° + 0.000
RDF + 1% urea foliar spray + 0.5% . . N » . . )
ZnSOA.7H2O at 45 DAS 4927+ 0.42 | 577.0c+2.6 | 74°+1.10 | 49.27<¢+0.42 | 81.97* +1.31 | 1.335*+0.017 | 0.076" + 0.003
RDF + 1% urea foliar spray 45 DAS + . .. . .. .. .. .
0.5% ZnSO, + 0.5% FeSO, at 45 DAS 54.30* +1.76 | 641.0°+3.7 | 77+ 0.61 | 54.20*+1.76 | 83.33*+1.53 | 1.352*+0.20 | 0.087*z 0.004
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and the minimum number of leaves (68.66) in RDF + 0.5%
FeSO,.7H,0 foliar spray at 45 DAS due to the fact that lack
of the required nutrients in an optimum amount decrease the
growth of the crops.

Impact of urea, ZnSO,, and FeSO, on yield parameters of
mustard

The maximum number of siliqua (21.33), length of siliqua,
stover yield (5615.93 kg ha™), and seed yield (2867 kg ha™)
with the application of RDF + 1% urea foliar spray 45 DAS
+0.5% ZnSO, + 0.5% FeSO, at 45 DAS was recorded (Table
3). The improvement in yields with the foliar application of
micronutrients (Zn and Fe) and urea may be due to the fact
that the erogenous supply of N fertilizer resulted in increased
photosynthetic rate, synthesis of metabolites, assimilates and
its translocation to grains thereby enhancing the growth,
performance, and value of oilseed crops. These results are in
accordance with the findings of [15, 16]. The minimum seed
yield and number of siliqua recorded in RDF + 1% urea foliar
spray at 45 DAS might be due to the lack of micronutrients
i.e., Fe and Zn, which Zn and Fe application increased root
cell membrane integrity, plant enzyme systems, protein syn-
thesis, auxins which increase photosynthetic assimilates and
seed setting and finally increased grain yield [12].The min-
imum length of siliqua (5.18 cm) in control (recommended
NPK) and the less stover yield (4655.8 kg ha™?) in RDF + 0.5%
FeSO,.7H,0 + 0.5% ZnSO,.7H,O foliar spray at 45 DAS
might be due to lack of optimum micronutrients and mac-
ronutrients that the combined application of micronutrients
(Zn and Fe) with nitrogen followed by foliar sprays of micro-
nutrients produced the highest grain and stover yield. Similar
results have also been reported on the higher straw production
on the combined application of micronutrients (Zn + Fe) in
mustard crops [17,18].

Impact of Fe, Zn, and N on quality parameters of mustard

Oil content and oil recovery increased with the applica-
tion RDF + 1% urea foliar spray 45 DAS + 0.5% ZnSO, +
0.5% FeSO, at 45 DAS that could be attributed to the fact
that RDF provides essential macro and micronutrients that
are necessary for the overall growth and development of the
mustard plants. Urea, which is a source of N, helps in promot-
ing vegetative growth and increasing biomass. The Zn and Fe
are essential micronutrients that play crucial roles in various
physiological and biochemical processes, including photosyn-
thesis and enzyme activation. Foliar application of urea, which
is a N source, helps provide an additional and readily available
nutrient supply directly to the leaves.

This can enhance photosynthetic activity and plant met-
abolic processes. Increased photosynthesis can lead to higher
carbohydrate production, which is ultimately used for oil syn-
thesis. The addition of ZnSO, and FeSO, supplies essential
micronutrients that can positively influence oil synthesis and
accumulation. The Zn is involved in the synthesis of growth
regulators and enzymes related to oil metabolism, while Fe
plays a role in chlorophyll synthesis and energy transfer pro-
cesses. The Zn and Fe are cofactors for many enzymes involved
in various biochemical reactions, including those related to
lipid (o0il) metabolism. These enzymes are essential for the syn-
thesis and accumulation of oil in mustard seeds. This result is
in similar with the findings of Kumar et al. [2].

Protein content and protein recovery increased with the
application of RDF along with urea foliar spray, ZnSO, and
FeSO, at a specific stage of growth in mustard plants can lead
to an increase in protein content and protein yield for several
reasons: Firstly urea, a N-rich fertilizer, is a key component of

the applied treatment. The N is a fundamental building block

Table 3: Effect of Fe, Zn, and urea on yield parameter of mustard crop.
No. of siliqua Length of No. of seeds Seedyield Stoveryield (kg . o
Treatments per plant siliqua (cm) per siliqua (kgha) ha) Harvest index (%)
Control (recommended 247.00° + 2.65 518017 | 15.00°x1.00 |2178.50°+ 98.45 | 4718.93':73.45 |  31.57°+0.523
NPK only)
o -
RDF+ 1% urea foliar spray | 553 3304 3,51 5.38°x0.11 | 14.67¢:0.58 | 1998.00°+88.02 | 4821.87'569.82 |  29.29°0.700
at 45 DAS
0
RDF + 0.5% eSO, 7H,0 51.63¢ + 3.06 5.25%+0.05 15.57°4+ 0.51 | 2746.53*£108.39 | 5062.57°+ 151.57 35.16* + 0.442
foliar spray at 45 DAS
(v
RDF.+ 0:5% ZnSO, 7H,0 50.47<¢ £ 3.06 5.46"+ 0.04 16.43+ 0.45 | 2465.00°+120.02 | 4751.87¢+ 122.21 34.15* + 1.046
foliar spray at 45 DAS
RDF + 0.5 % FeSO,.7H,0
+0.5% ZnSO,.7H,O foliar 50.60¢ + 2.00 5.51*+0.10 17.00°+ 0.50 | 2450.07°+141.28 | 4655.80%+ 125.94 34.47* + 1.546
spray at 45 DAS
RDF + 1% urea foliar spray
+0.5% FeSO,.7H,O at 45 52.30°+ 3.06 5.68'+0.19 21.33'+0.74 | 2733.80°+ 87.20 | 5340.00*+ 91.77 33.85*+ 0.661
DAS
RDF + 1% urea foliar spray
+0.5% ZnSO,.7H,O at 45 49.27>+1.53 5.48%+0.13 20.30°+ 0.98 2804*+ 103.33 | 5234.57*+111.05 34.88*+1.074
DAS
RDF +1% urea foliar spray
45 DAS +0.5% ZnSO, + 54.30°+ 2.65 5.72*+0.25 21.33*£1.22 | 2867.83"+ 91.81 | 5615.93* + 103.74 33.80* + 0.588
0.5% FeSO, at 45 DAS
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of proteins. Adequate N availability can stimulate the synthe-
sis of amino acids, the basic units of proteins, which ultimately
leads to increased protein content in plants. Foliar spraying of
urea provides a direct and easily absorbable N source to the
leaves. This enhances the availability of N for protein synthesis,
particularly during the critical growth phase. The addition of
ZnS0O, and FeSO, contributes to the overall health and meta-
bolic processes of the plant. Micronutrients, such as Zn and Fe,
play roles in enzyme activation and metabolic pathways that
are involved in amino acid synthesis and protein formation.
Micronutrients like Zn and Fe act as cofactors for enzymes
that are directly or indirectly involved in protein synthesis.
These enzymes facilitate the conversion of amino acids into
proteins, ensuring optimal protein production. Micronutrients
like Zn and Fe are involved in various metabolic pathways,
some of which intersect with the processes of amino acid and
protein synthesis. These pathways are essential for producing
the necessary building blocks for protein molecules. This result
is in corroborate with the findings of Dhaliwal et al. [17].

Conclusion

The deficiencies of micronutrients have reduced the
growth and yield of various oil crops in Indian soil. The foliar
application of micronutrients Fe and Zn with macronutrient
N enhances the growth and the potential to produce more
yield. In the case of mustard, the foliar application of Fe, Zn
along with urea observed significant results. In this experiment
treatment RDF + 1% urea foliar spray 45 DAS + 0.5% ZnSO,
+0.5% FeSO, at 45 DAS (2867.83 kg ha™') observed the max-
imum yield as well as the best growth on all the treatments.
Thus, the treatment combination of Fe and Zn with urea was
observed as the most efficient treatment. However, this treat-
ment will influence the growth and productivity of the crop
which can enhance the economic growth of the farmers.

Acknowledgements

Author is thankful to Lovely Professional University,
Phagwara

Conflict of Interest

'The authors declared that they have no conflict of interest
with respect to this work.

References

1. Banuelos GS, Bryla DR, Cook CG. 2002. Vegetative production of ke-
naf and canola under irrigation in central California. Ind Crops Prod
15(3): 237-245. https://doi.org/10.1016/50926-6690(01)00119-4

2. Kumar P, Kumar A, Kumar S, Kumar P. 2014. Effect of zinc and iron
application on the yield and acquisition of nutrient on mustard crop
(Brassica juncea L..). J Plant Develop Sci 6(3): 413-416.

3. Meena DS, Meena VR, Meena AK. 2013. Fertilizer management stud-
ies on growth and productivity of hybrid Indian mustard Brassica juncea
(L.).J Oilseeds Res 1(1): 39-42.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Vanisha K, Atwal AK, Dhaliwal SS, Banga SK. 2013. Assessment of
diverse sesame (Sesamum indicum L.) germplasm for mineral composi-
tion. J Plant Sci Res 29(1): 29.

Meena BL, Kumar A, Meena RL, Kaledhonkar M]J. 2016. Zinc and
Iron Management for Quality Seed Production of Mustard in Salt Af-
fected Soil. In Sanwal SK, Mann A, Sharma PC, Krishnamurthy SL,
Kumar A, et al. (eds) Quality Seed Production, Processing and Certi-
fication of Selected Field and Vegetable Crops in Salt Affected Areas.
ICAR Central Soil Salinity Research Institute, Kamal, India, pp 190-
193.

Ghasal PC, Shivay YS, Pooniya V, Choudhary M, Verma RK. 2017.
Response of wheat genotypes to zinc fertilization for improving pro-
ductivity and quality. Arch Agron Soil Sci 63(11): 1597-1612. https://doi.
0rg/10.1080/03650340.2017.1289515

Gheith EMS, El-Badry OZ, Lamlom SF, Ali HM, Siddiqui MH, et
al. 2022. Maize (Zea mays L.) productivity and nitrogen use efficiency
in response to nitrogen application levels and time. Front Plant Sci 13:
941343. https://doi.org/10.3389/1pls.2022.941343

Kandil EE, El-Banna AAA, Tabl DMM, Mackled MI, Ghareeb RY, et
al. 2022. Zinc nutrition responses to agronomic and yield traits, kernel
quality, and pollen viability in rice (Oryza sativa L.). Front Plant Sci 13:
791066. https://doi.org/10.3389/1pls.2022.791066

Chauhan ZK, Patel DK, Bhabhor K. 2020. Effect of nitrogen, phospho-
rus and sulphur on yield, nutrient uptake and soil fertility after harvest
of mustard (Brassica juncea L.). Int ] Curr Microbiol App Sci 9(6): 3506-
3512. https://doi.org/10.20546/ijcmas.2020.906.412

Arregui LM, Lasa B, Lafarga A, Irafieta I, Baroja E, et al. 2006. Evalu-
ation of chlorophyll meters as tools for N fertilization in winter wheat
under humid Mediterranean conditions. Eur J Agron 24(2): 140-148.
https://doi.org/10.1016/j.¢ja.2005.05.005

Williams RF. 1946. The physiology of plant growth with special refer-
ence to the concept of net assimilation rate. Ann Botany 10(1): 41-72.
https://doi.org/10.1093/oxfordjournals.aob.a083119

Association of Official Analytical Chemists. Official methods of analy-
sis, 10th Edition. Washington DC.

Kumar M, Singh PK, Yadav KG, Chaurasiya A, Yadav A. 2017. Effect
of nitrogen and sulphur nutrition on growth and yield of Indian mus-
tard (Brassica juncea L.) in western UP. | Pharmacogn Phytochem 6(6S):
445-448.

Olama V, Ronaghi A, Karimian N, Yasrebi J, Hamidi R, et al. 2014.
Seed quality and micronutrient contents and translocations in rape-
seed (Brassica napus L.) as affected by nitrogen and zinc fertilizers. Arch
Agron Soil Sci 60(3): 423-435. https://doi.org/10.1080/03650340.201
3.796588

Randhawa MK, Dhaliwal SS, Sharma V, Toor AS, Sharma S, et al. 2021.
Nutrient use efficiency as a strong indicator of nutritional security and
builders of soil nutrient status through integrated nutrient management
technology in a rice-wheat system in Northwestern India. Sustainability

13(8): 4551. https://doi.org/10.3390/su13084551

Pal V, Singh G, Dhaliwal SS.2021. A new approach in agronomic bio-
fortification for improving zinc and iron content in chickpea (Cicer ar-
ietinum L.) grain with simultaneous foliar application of zinc sulphate,
ferrous sulphate and urea. J Soi/ Sci Plant Nutr 21: 883-896. https://doi.
0rg/10.1007/542729-021-00408-0

Dhaliwal SS, Sharma V, Shukla AK, Kaur M, Verma V] et al. 2022. Bio-
fortification of oil quality, yield, and nutrient uptake in Indian mustard
(Brassica juncea L.) by foliar application of boron and nitrogen. Front
Plant Sci 13: 976391. https://doi.org/10.3389/fpls.2022.976391

Watson DJ. 1952. The physiological basis of variation in yield. Adv
Agron 4: 101-145. https://doi.org/10.1016/50065-2113(08)60307-7

Journal of Food Chemistry & Nanotechnology | Volume 9 Supplement 1, 2023

5107


https://www.sciencedirect.com/science/article/abs/pii/S0926669001001194
https://www.sciencedirect.com/science/article/abs/pii/S0926669001001194
https://www.sciencedirect.com/science/article/abs/pii/S0926669001001194
https://doi.org/10.1016/S0926-6690(01)00119-4
https://jpds.co.in/wp-content/uploads/2019/07/09.ANUJ-KUMAR-SATENDRA-KUMAR-PRADEEP-KUMAR-PRAMOD-KUMAR.pdf
https://jpds.co.in/wp-content/uploads/2019/07/09.ANUJ-KUMAR-SATENDRA-KUMAR-PRADEEP-KUMAR-PRAMOD-KUMAR.pdf
https://jpds.co.in/wp-content/uploads/2019/07/09.ANUJ-KUMAR-SATENDRA-KUMAR-PRADEEP-KUMAR-PRAMOD-KUMAR.pdf
http://www.srmr.org.in/upload/journal/full/139651677306.pdf
http://www.srmr.org.in/upload/journal/full/139651677306.pdf
http://www.srmr.org.in/upload/journal/full/139651677306.pdf
https://www.tandfonline.com/doi/abs/10.1080/03650340.2017.1289515
https://www.tandfonline.com/doi/abs/10.1080/03650340.2017.1289515
https://www.tandfonline.com/doi/abs/10.1080/03650340.2017.1289515
https://doi.org/10.1080/03650340.2017.1289515
https://doi.org/10.1080/03650340.2017.1289515
https://pubmed.ncbi.nlm.nih.gov/35845674/
https://pubmed.ncbi.nlm.nih.gov/35845674/
https://pubmed.ncbi.nlm.nih.gov/35845674/
https://pubmed.ncbi.nlm.nih.gov/35845674/
https://doi.org/10.3389/fpls.2022.941343
https://pubmed.ncbi.nlm.nih.gov/35615130/
https://pubmed.ncbi.nlm.nih.gov/35615130/
https://pubmed.ncbi.nlm.nih.gov/35615130/
https://pubmed.ncbi.nlm.nih.gov/35615130/
https://doi.org/10.3389/fpls.2022.791066
https://www.ijcmas.com/abstractview.php?ID=17885&vol=9-6-2020&SNo=412
https://www.ijcmas.com/abstractview.php?ID=17885&vol=9-6-2020&SNo=412
https://www.ijcmas.com/abstractview.php?ID=17885&vol=9-6-2020&SNo=412
https://www.ijcmas.com/abstractview.php?ID=17885&vol=9-6-2020&SNo=412
https://doi.org/10.20546/ijcmas.2020.906.412
https://www.sciencedirect.com/science/article/abs/pii/S1161030105000705
https://www.sciencedirect.com/science/article/abs/pii/S1161030105000705
https://www.sciencedirect.com/science/article/abs/pii/S1161030105000705
https://doi.org/10.1016/j.eja.2005.05.005
https://academic.oup.com/aob/article-abstract/10/1/41/226704
https://academic.oup.com/aob/article-abstract/10/1/41/226704
https://doi.org/10.1093/oxfordjournals.aob.a083119
https://www.phytojournal.com/special-issue/2017.v6.i6S.2707/effect-of-nitrogen-and-sulphur-nutrition-on-growth-and-yield-of-indian-mustard-brassica-juncea-l-in-western-up
https://www.phytojournal.com/special-issue/2017.v6.i6S.2707/effect-of-nitrogen-and-sulphur-nutrition-on-growth-and-yield-of-indian-mustard-brassica-juncea-l-in-western-up
https://www.phytojournal.com/special-issue/2017.v6.i6S.2707/effect-of-nitrogen-and-sulphur-nutrition-on-growth-and-yield-of-indian-mustard-brassica-juncea-l-in-western-up
https://www.phytojournal.com/special-issue/2017.v6.i6S.2707/effect-of-nitrogen-and-sulphur-nutrition-on-growth-and-yield-of-indian-mustard-brassica-juncea-l-in-western-up
https://www.tandfonline.com/doi/abs/10.1080/03650340.2013.796588
https://www.tandfonline.com/doi/abs/10.1080/03650340.2013.796588
https://www.tandfonline.com/doi/abs/10.1080/03650340.2013.796588
https://www.tandfonline.com/doi/abs/10.1080/03650340.2013.796588
https://doi.org/10.1080/03650340.2013.796588
https://doi.org/10.1080/03650340.2013.796588
https://www.mdpi.com/2071-1050/13/8/4551
https://www.mdpi.com/2071-1050/13/8/4551
https://www.mdpi.com/2071-1050/13/8/4551
https://www.mdpi.com/2071-1050/13/8/4551
https://www.mdpi.com/2071-1050/13/8/4551
https://doi.org/10.3390/su13084551
https://link.springer.com/article/10.1007/s42729-021-00408-0
https://link.springer.com/article/10.1007/s42729-021-00408-0
https://link.springer.com/article/10.1007/s42729-021-00408-0
https://link.springer.com/article/10.1007/s42729-021-00408-0
https://doi.org/10.1007/s42729-021-00408-0
https://doi.org/10.1007/s42729-021-00408-0
https://pubmed.ncbi.nlm.nih.gov/36092426/
https://pubmed.ncbi.nlm.nih.gov/36092426/
https://pubmed.ncbi.nlm.nih.gov/36092426/
https://pubmed.ncbi.nlm.nih.gov/36092426/
https://doi.org/10.3389/fpls.2022.976391
https://www.sciencedirect.com/science/article/abs/pii/S0065211308603077
https://www.sciencedirect.com/science/article/abs/pii/S0065211308603077
https://doi.org/10.1016/S0065-2113(08)60307-7

	Abstract
	Key words
	Introduction
	Materials and Methods
	Preliminary Information
	Quality attributes
	Statistical analysis

	Results 
	Interactive effect of zinc, iron, and nitrogen on growth attributes of mustard
	Interactive effect of zinc, iron, and nitrogen on yield attributes of mustard
	Interactive effect of zinc, iron, and nitrogen on quality attributes of mustard
	Correlation of quality parameters of mustard with seed yield

	Discussion
	Impact on growth parameter on the application of Urea, ZnSO4, and FeSO4 on mustard
	Impact of urea, ZnSO4, and FeSO4 on yield parameters of mustard
	Impact of Fe, Zinc and N on quality parameters of mustard

	Conclusion 
	Acknowledgements
	Conflict of Interest
	Credit Author Statement
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Table 1
	Table 2
	Table 3

