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Abstract: Oilseed crops play a vital role in the economy of Pakistan, yet the production of oilseeds is
far less than the demand for them. White mustard (Sinapis alba L.) is an emerging crop, that belongs to
the Brassicaceae family. It is considered to be an alternative to all other oilseed crops for dry temperate
climates. White mustard develops rapidly, and has a large canopy and deep rooting system; hence, it
can draw up nutrients from deeper layers. This study aimed to evaluate the influence of nitrogen on
S. alba agro-morphological attributes and enhance nutrient use efficiencies. During the Rabi seasons
of 2019-20 and 2020-21, an experiment was conducted at the University Research Farm, Chakwal
Road, Rawalpindi. The study included seven treatments, i.e., T1-Control, T2-20, T3-40, T4-60, T5-80,
T6-100, and T7-120 kg·ha−1. Each treatment was replicated three times, and the study utilized a
randomized complete block design (RCBD). The results revealed that nitrogen at 100 kg·ha−1 was
the optimal concentration and significantly increased the agro-morphological parameters, i.e., plant
height (47.01%), primary branches (41.36%), secondary branches (45.33%), 1000 seed weight (54.35%),
siliques/plant (41.57%), seeds/silique (52.30%) biological yield (68.38%), seed yield (54.90%), harvest
index (11%), and oil yield (38.84%), as compared to the control. Moreover, protein contents and
oil contents were significantly increased (5.15% and 6%, respectively), as compared to the control,
while glucosinolate content was decreased (4.36%). Similarly, maximum agronomic efficiency (AE),
apparent recovery efficiency (ARE) (53%), physiological efficiency (PE), and nutrient use efficiency
(NUE) were also improved, as compared to the control. Hence, N application at a concentration of
100 kg·ha−1 can be recommended for S. alba under the present cropping system of Pothwar.

Keywords: agronomic efficiency; fertilizer application; oil contents; white mustard; yield

1. Introduction

Despite the fact that the economy of Pakistan is based on agricultural developments,
the import of different agricultural commodities exceeds US$6 billion annually [1]. Oil
crops also have a vital role in the economy, but unfortunately, the yield of edible oil
from oil crops is inadequate to meet the requirements. Improper policies, lack of farmers’
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knowledge and interest regarding oilseed crops, the use of traditional crop cultivation
methods, biotic and abiotic factors, and technological deficiencies are some of the reasons
for the low production of oilseed crops in Pakistan. The genus Brassica is considered
to be very important, belonging to the Brassicaceae family, which consists of more than
338 genera and 3700 species [2]. Today, the usage of edible oil has been extended, and
different oilseeds are being used to extract oil from these crops [3]. Although Brassica crops
are mainly used for edible oil purposes, in the developed world, agricultural surpluses are
being considered as possible alternative biofuels [4]. Oilseed crops are important all over
the world, as the main source of edible oil, with the meal cake being used in animal feed.
During the last 40 years, canola (Brassica napus L.) has become the third most important
oilseed crop after soybean and palm [5]. In Pakistan, more than a dozen crops are sown for
the production of edible oil. Oilseed crops have been classified into two groups: traditional
(sesame, rapeseed mustard, linseed ground nut,) and non-traditional (sunflower soybean,
canola, and safflower) [6].

Sinapis alba, also known as white mustard, is an annual oilseed crop that belongs to the
Brassicaceae family. It originated in the Mediterranean region and is used as a horticultural
plant species, as well being considered as a weed, all over the world [7]. It is a winter
crop, with the potential for a second crop, that may be produced in short cycles, frequently
in rotation with other cereal crops [8]. White mustard is the most widely used mustard
species in Europe [9], and it is the only species grown commercially in North America for
food processing and condiments [7]. It is considered to be a promising alternative oilseed
crop for dry temperate climates. Arif et al. [10] demonstrated the valuable features of this
species, such as shatter-free pods, pest resistance, short growing season, and better drought
tolerance, as compared to rapeseed (Brassica compestris) or canola (Brassica napus). S. alba
as a cover crop reduced weed infestation by 50 and 60% and had the potential to delay
weed appearance by 3 to 4 weeks in the first and second years, respectively, compared
with bare soil [9]. Studies conducted by the authors in [11,12] demonstrated that white
mustard is characterized by its high agronomic value, as it exhibits significant levels of
protein (28–40%), oil (24–36%), carbohydrates (20–25%), minerals (4%), the fatty acids oleic
acid (26.5%) and linolenic acid (9.8%), and erucic acid (34%).

Nitrogen (N) fertilizer is an essential component of modern farming, and it has played
a significant role in agricultural growth and yield enhancement. To enhance agricultural
production, global applications of N fertilizer increased by 40% between 2000 and 2020,
resulting in an annual application of over 113 million tons [13]. Nitrogen is considered to
be a fundamental component of plant growth and development, and it is recognized as a
complex nutrient due to the many forms its takes and the various roles it plays throughout
its life cycle [14,15]. It is involved in plant metabolic processes, and the plant’s life cycle’s
supply–demand equilibrium largely determines how much is absorbed and distributed [16].
Nitrogen availability and provision fluctuate based on crop species and are influenced by
their distinct needs [17].

Nitrogen fertilizers, on the other hand, have not always had a positive environmental
impact [18]. Despite advances in nitrogen fertilizer optimization, nitrogen is currently lost
to the environment due to over-application of nitrogen fertilizer to crops worldwide [19].
Nitrogen is not easily removed from the fields during harvest and enters the crop produc-
tion system via runoff, nitrate leaching, or as volatile nitrous oxide or ammonia, having a
negative environmental impact [20]. Furthermore, the production of mineral fertilizers is
predominantly reliant on fossil fuel energy, causing more greenhouse gas emissions and
increased fertilizer costs. High N fertilization and other management techniques may result
in excessive nitrate leaching [21]. As a result, evidence of growing nitrate leaching from
soils under diverse land-use regimes has heightened interest in the need for improved
mitigating techniques [22].

The nitrogen use efficiency (NUE) of oilseed crops has been shown to differ depending
on the species and variety [23]. Maintaining a high plant population per acre is required
to achieve a high yield of white mustard. As a result, one of the most significant cultural
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techniques affecting grain production, along with other essential agronomic features of
this crop, is plant density [24]. Improving the N efficiency of winter oilseed rape reduces
the potential for environmental contamination while increasing economic rewards. In
terms of the environment, the crop should receive optimal N dosages to ensure yield
development and to avoid eventual N leaching from the soil [25]. Agronomic nitrogen
utilization efficiency is defined as the direct increase in seed output per increased unit of
N fertilizer [26]. Physiological nitrogen usage efficiency, on the other hand, is assessed as
the nitrogen/carbon balance in the shoots at harvest, which is measured by examining
the relationship between the biomass and N content of the shoots [27]. To the best of
our knowledge, no evidence exists regarding the impact of nitrogen fertilization on the
agro-morphological and yield attributes of S. alba in the Pothwar region of Pakistan. Hence,
this study aimed to examine the optimization of nitrogen doses for S. alba in the rainfed
region, to enhance the growth, yield, and N use efficiencies of the crop.

2. Materials and Methods
2.1. Experimental Site Conditions

The field experiment was executed during Rabi seasons in 2019–2020 and 2020–2021
to determine the impact of “nitrogen” on Sinapis alba. For this purpose, the crop was
sown at the University Research Farm Koont, Chakwal Road, Rawalpindi (latitude 33.3◦ N,
longitude 73.3◦ E; 460 m above sea level; annual rainfall of 650–850 mm, long-term average).
The particular site was in summer fallow. The seed bed was prepared as per the general
practice in the area, with summer ploughing for moisture conservation and weed control.
At the end of September, the soil was ploughed thrice with a cultivator at the appropri-
ate moisture conditions. The recommended dose of nitrogen (70 kg·ha−1), phosphorus
(35 kg·ha−1), and potassium (25 kg·ha−1) was incorporated into the soil as urea, diammo-
nium phosphate, and sulphate of potash at the time of the last seedbed preparation. Sowing
was carried out using a hand drill and seed was applied at a concentration of 5 kg·ha−1.
Spacing was 30 cm row-to-row and 15 cm plant-to-plant (maintained after complete ger-
mination) in a randomized complete block design (RCBD), with three replicates on the
date of sowing: 5 October 2019 and 2020. The plot size for each treatment was kept at
10 m2. Thinning was practiced at the three-leaf stage and weeding was also carried out
manually when needed. The plant density was maintained after thinning to 22 plants per
1 m2. To determine the impact of nitrogen as a macronutrient in Sinapis alba, seven different
concentrations, i.e., T1-(Control, no fertilizer application), T2-20, T3-40, T4-60, T5-80, T6-100,
and T7-120 kg·ha−1 of nitrogen, were used in this experiment. After the preparation of the
land, each nutrient was broadcast prior to the sowing of the crop. Urea was employed as a
nitrogen source and data were collected at the maturity stage. The crop was harvested at
maturity on 20 April 2020 and 26 April 2021.

2.2. Soil Data Collection

Pre-sowing physiochemical properties of the soil are presented in Table 1. Composite
soil samples from each replication were taken from depths of 0–15 cm and 15–30 cm prior
to sowing during both years. The soil extract was prepared and the pH of the extract was
recorded with a pH meter (BANTE Instrument, PHS-3BW). The electrode of the EC meter
(CORNING Conductivity meter-220) was rinsed with distilled water and then inserted into
the soil extract to record the EC from the instrument display. A spectrophotometer (PD
303S-APEL Co., Ltd., Kawaguchi, Japan) was used to record phosphorus and extractable K
was measured by flame photometer (Digiflame-DV-710). Analysis was in accordance with
the protocol suggested by Minter [28]. Organic matter and nitrate content were calculated
as per the method used by Malcolm [29]. The Kjeldhal (KjelSampler K-376) method of
Bremner and Mulvaney [30] was used for measuring total nitrogen after digesting the
sample in the digestion mixture (H2SO4 + K2SO4 in 9:1).
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Table 1. Pre-sowing physiochemical properties of studied soil.

Parameters Units 0–15 cm 15–30 cm

Textural class Sandy clay loam Sandy clay loam
EC dS m−1 0.61 0.58
pH 7.84 7.81

O.M % 0.75 0.72
BD g cm−3 1.53 1.55

NO3N mg kg−1 3.74 3.68
NH4 mg kg−1 0.7 0.5

Phosphorus—Olsen P mg kg−1 3.79 3.74
Potassium mg kg−1 185 162

EC = Electrical conductivity; O.M = Organic matter; BD = Bulk density.

2.3. Weather Data Collection

Weather data, such as rainfall, mean maximum and minimum temperatures, and
humidity were recorded during both years (2019–2020 and 2020–2021) of the crop life cycle,
taken from the automatic university farm weather station, is presented in Table 2.

Table 2. Weather data from experimental site.

Months
Monthly Rainfall (mm) Max. Temperature Mean Min. Temperature Mean Humidity (%)

2019–2020 2020–2021 2019–2020 2020–2021 2019–2020 2020–2021 2019–2020 2020–2021

October 14 15 29.0 31.2 13.3 13.3 59 61
November 19 24 22.0 25.1 8.3 8.3 63 63
December 7.6 15.5 18.2 18.3 3.1 3.1 66 58
January 51.9 16 15 17.7 3.5 3.4 75 70
February 53.1 10.2 21.5 23.5 6.4 6.4 77 64
March 195.6 65.8 21.9 25.9 8.8 8.8 69 54
April 45.8 23.8 28 29.2 15.7 15.7 58 59

Total/Average 387 170.3 22.5 24.4 13.3 8.4 59 61.3

2.4. Agro-Morphological Parameters

Plant height was calculated at the time of maturity. Five randomly selected plants
from each treatment and their heights were measured from soil to plant tip. The mean of
five heights was taken.

The primary and secondary branches per plants were counted at the physiological
maturity stage. Then, an average was taken for number of branches. Similarly, the num-
ber of siliques per plant was randomly counted from each treatment and the average
number of siliques from plants was taken. One hundred siliques were randomly selected
from each treatment. The number of seeds in each silique was counted, and the average
was calculated.

Thousand seed weight was calculated after harvesting the crop; three replicates of
1000 seeds were taken separately and weighed using a digital balance.

For determination of biological yield, the central two rows were harvested from each
plot. Harvested samples were dried in the sun for a few days. After drying, samples were
weighed for biological and seed yield, converted to kg·ha−1 [14].

The harvest index was calculated using the following formula:

Harvest index (%) =
Economic yield
Biological yield

× 100

Similarly, the oil yield of Sinapis alba L. was calculated using the following formula:

Oil yield (kg/ha) =
Oil content × Seed yield

100
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2.5. Seed Quality Parameters

Seed oil contents (%), protein contents (%), and glucosinolate contents (%) were
measured and calculated using a near-infrared reflectance spectroscopy system (NIRS) [31].
A weighed seed sample of 100 g was taken from each treatment and was cleaned of all
impurities. Then, each seed sample was poured into the seed collecting chamber of the
near-infrared (NIR) seed analyzer (Perten (Instruments), Inframatics-9200). The analysis
carried out using this technique did not require too much sample preparation (grinding)
or chemical reagents. The reflectance of each seed sample was read out from the display
screen of the instrument. Each sample was repeated three times to achieve uniformity
in results.

2.6. Nitrogen Use Efficiency Parameters

Nitrogen use efficiency was calculated as per the following formula given by Gan et al. [32]:

Physiological efficiency × Apparent recovery efficiency

2.7. Physiological Efficiency

The biological production obtained per unit of fertilizer applied was calculated using
the following equation:

(Total dry matter yield of fertilized crop in kg)− (Total dry matter yield of the control in kg)
(Nitrogen uptake by fertilized crop)− (Nitrogen uptake by the control)

2.8. Apparent Recovery Efficiency

The quantity of nutrient absorbed per unit of nutrient applied was calculated using
the following equation:

(Nitrogen uptake by fertilized crop)− (Nitrogen uptake by the control)
(Quantity of nitrogen applied in kg)

2.9. Agronomic Efficiency

The economic production obtained per unit of nutrient applied was calculated using
the following equation:

(Seed yield of nitrogen fertilized crop in kg)− (Seed yield of control in kg)
(Quantity of nitrogen applied in kg)

2.10. Nitrogen Use Efficiency

The nitrogen fertilizer use efficiency was calculated using the following equation:

(Total dry matter yield of nitrogen fertilized crop)− (Total dry matter yield of the control)
(Quantity of nitrogen applied)

2.11. Statistical Analysis

Statistics 8.1 software was used to statistically analyze the data using analysis of vari-
ance (ANOVA), and the treatment means were compared using LSD at a 5% confidence
level [33]. Additionally, Pearson’s correlation and principal component analysis between
agronomic and seed quality traits were used to classify linear correlations between the
studied attributes and N fertilizer doses using R software (version 1.2.5033). Figures were
plotted using Origin pro version 2021 (OriginLab, Northampton, MA, USA). Quadratic
models were fitted for agro-morphological, qualitative parameters and nitrogen use effi-
ciencies to examine the response to N fertilizer doses. The choice of the best model was
based on model significance (significantly different from zero based on the t test at p < 0.05)
and R2 value. The quadratic model was considered to be the best choice to describe the
relationship between different N use efficiencies and N fertilizer doses.
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The equation for the quadratic model was:

Y = β0 + β1 Ni + β2 N2i + ∞

where Y indicates crop yield; Ni represents applied nitrogen; N2i represents the square of
applied nitrogen; and β0, β1, and β2 are the parameters that determine the position and
shape of the quadratic curve. The coefficient “β0” determines the concavity of the curve.

3. Results
3.1. Impact of N Fertilizer Levels on Agro-Morphological Parameters of S. alba

The results of the present study showed a consistent and progressive increase in
plant height up to 100 kg·ha−1 N; however, further addition of N caused a decrease in
plant height. The differences observed among the different treatments had a statistically
significant positive impact on plant height, with a regression value of (0.99 > 0.93) for both
years of the experiment (Figure 1a). During the period of 2019–2020, the maximum plant
height was 201.54 cm, whereas, the shortest plant height of 94.76 cm was recorded in the
control group. A similar trend was observed during 2020–2021, as described in Figure 1a.
However, the tallest plants were observed with the maximum N dose (120 kg·ha−1), yet
statistically significant differences were seen among the first four treatments (T1–T4). A
further increase in N application resulted in a non-significant difference among the last
three treatments.

The effect of different nitrogen doses on the number of primary and secondary
branches (PB, SB) per plant of S. alba revealed significant differences among the regression
values; (0.89 > 0.85) and (0.81 > 0.78) (Figure 1b,c). During 2019–2020, at T6 (100 kg·ha−1),
the maximum number of PB (14) and SB (33.53) were observed, while the minimum number
of PB (6.33) and SB (15.2) were obtained from T1 (control). A similar trend was observed
during the year 2020–2021, with the maximum PB (14.5) and SB (34.20) being recorded.
Moreover, the minimum PB (6) and SB (12.71) were observed in the control treatment group.

The regression analysis for the number of siliques per plant indicated a significant
linear relationship among the various treatments, with a regression value of (0.79 > 0.78),
during both years of experiment (Figure 1d). During 2019–2020, the maximum number of
siliques (1116.7) were obtained from T6 (100 kg·ha−1 N), while the minimum number of
siliques (464.3) was observed in the control plants. Almost the same trend was observed
during next growing season (2020–2021) where the maximum number of siliques (1212.6)
was obtained from T6 (100 kg·ha−1 N), while the minimum number of siliques (452.6) was
observed in the control group. First, three treatments (T1–T3) were statistically different
from the last three treatments (T4–T6), but they were not significantly different among
themselves. However, T6 differed considerably from the rest of the treatments, but further
increasing the level of N up to 120 kg·ha−1 resulted in the difference being non-significant
among T3, T4, and T6.

The number of seed per silique and the thousand seed weight exhibited statically
significant differences during both years of the experiment at T6 (100 kg·ha−1 N); the
maximum number of seeds per silique (6.5) and 1000 seed weight (6.27) were recorded
during 2019-20, while the minimum seeds per silique (3.17) and 1000 seed weight (3.60)
were calculated from T1 (control) (Figure 2a,b). Therefore, the N doses appeared to have a
significantly positive impact on seeds per silique and 1000 seed weight, with regression
values of (0.91 > 0.71) and (0.68 > 0.61), respectively.
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Figure 1. The quadratic curve model for different nitrogen doses on different morphological attributes:
(a) plant height, (b) primary branches, (c) secondary branches, and (d) number of siliques per plant.
The study was conducted for two years (2019–2020 and 2020–2021). The lines indicate the relationship
between agro-morphological attributes and different N doses with 95% confidence interval. R2

represents the coefficient of determination.

Different doses of N fertilizer had a significant effect on the biological yield and seed
yield of S. alba during both years of the experiments. The results revealed that the maximum
biological yield (5480.2 kg·ha−1), seed yield (1744.1 kg·ha−1), harvest index (31.88), and oil
yield (588.74 kg·ha−1) were observed at T6 (100 kg·ha−1 N) during 2019–202. In contrast,
the minimum biological yield (3843.1 kg·ha−1), seed yield (815.9 kg·ha−1), harvest index
(21.24), and oil yield (263.19 kg·ha−1) were observed in the control group. During 2020-21,
similar trends were observed (Figure 2c,d and Figure 3a,b). Similarly, the maximum BY
(3962.7 kg·ha−1), SY (1766.6 kg·ha−1), HI (30.50), and OY (854.32 kg·ha−1) were observed from
T6 (100 kg·ha−1). The minimum yield and HI was observed in the control group. Therefore,
the different N doses had a significantly positive impact on SY, BY, HI, and OY with regression
values of (0.83 > 0.81), (0.88 > 0.86), (0.88 > 0.79), and (0.76 > 0.75), respectively.
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3.2. Effect of Different Nitrogen Fertilizer Levels on Quality Parameters of S. alba

The effect of different nitrogen fertilizer doses on the glucosinolate content of S. alba
was found to be non-significant with a very low regression value (0.36 > 0.29) (Figure 4a).
Gradually increasing the level of N did not significantly increase the glucosinolate (GS)
content. The results showed that T1 and T2 were significantly different. During 2019–2020,
and 2020–2021, the highest GS content (18% and 17%, respectively) was observed in T3
(40 kg·ha−1 N) and T2 (20 kg·ha−1 N); the minimum GS (13%) was observed from T6.
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(a) glucosinolate contents, (b) protein contents, and (c) oil contents. The study was conducted for two
years (2019–2020 and 2020–2021). The lines indicate the relationship between seed quality parameters
and different N doses with 95% confidence interval. R2 represents the coefficient of determination.

Protein content (PC) was significantly affected by different doses of N fertilizer, with a
regression value of (0.66 > 0.24) during both years of the experiment (Figure 4b). During
the year 2019–2020, the highest PC (33.43) was recorded from T6, which was significantly
different from the other treatments. During the year 2020–2021, a similar trend was
observed with the highest PC (34.3) recorded. The minimum PC was observed in the
control group.

Different doses of nitrogen did not significantly increase the oil content. However, the
maximum (34.8%) oil content (OC) was observed from T6 (100 kg·ha−1) during 2019–2020,
which was not significantly different from the highest oil content (34.6%) in the same
treatment group during 2020–2021. When comparing both growing years, it was generally
observed that the OC was higher in the first year (2019–2020), as compared to the second
year (2020–2021) (Figure 4).
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3.3. Impact of Fertilizer Levels of Nitrogen on Various Efficiencies of S. alba

In the present study, the different use efficiencies, i.e., agronomic efficiency (AR), ap-
parent recovery efficiency (ARE), physiological efficiency (PE), and nitrogen use efficiency
(NUE), were significantly influenced by different N fertilizer doses (p < 0.05). Nitrogen
use efficiencies increased in response to increasing N fertilizer doses, following a quadratic
model (Figure 5). In the quadratic model, β0 determines the concavity of the curve. If
the β0 is a positive value, the curve opens upward; if the β0 is negative, the curve opens
downward (n shape). The curve peak showed the maximum result at the optimum level,
and a further increase in N fertilizer resulted in the peak moving downwards. There were
clear trends showing that the NUE was significantly increased by the application of N
fertilizer; thereafter, any further addition caused a decrease, as compared to the other treat-
ments (Figure 5). During 2019–2020, the maximum (19.36 kg/kg) NUE, (47.312 kg/kg) PE,
(9.327 kg/kg) AE, and (53.67 kg/kg) ARE were obtained from the optimum dose of
100 kg·ha−1, and the minimum was recorded at 20 kg·ha−1 of N fertilizer. During 2020–2021,
the same trend was recorded for 100 kg·ha−1 N, as compared to the other treatments. There-
fore, the N doses showed a significant positive impact on NUE, PE, ARE, and AE, with
regression values of (0.83 > 0.81), (0.97 > 0.96), (0.93 > 0.84), and (0.87 > 0.82), respectively.
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Figure 5. The quadratic curve model for different nitrogen use efficiencies: (a) nitrogen use efficiency,
(b) physiological efficiency, (c) agronomic efficiency, and (d) apparent recovery efficiency. The lines
indicate the relationship between nitrogen use efficiencies and different N doses with 95% confidence
interval. R2 represents the coefficient of determination.

3.4. Correlation between Agro-Morphological and Seed Quality Traits of S. alba

Figure 6 indicates highly significantly (p < 0.01) positive and negative correlations
among the different agro-morphological and bio-chemical attributes of white mustard,
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as influenced by different levels of N fertilizer. Seed yield was significantly and posi-
tively correlated with PH (rp = 0.98, p < 0.001), S/P (rp = 0.99, p < 0.001), PB (rp = 0.99,
p < 0.001), SB (rp = 1.00, p < 0.001), seeds/S (rp = 0.99, p < 0.001), and TSW (rp = 0.99,
p < 0.001). However, a significantly negative correlation was found for glucosinolate
contents with PH (rp = −0.96, p < 0.005), S/P (rp = −0.87, p < 0.01), PB (rp = −0.92,
p < 0.005), SB (rp = −0.93, p < 0.005), seeds/S (rp = −0.95, p < 0.005), and TSW (rp = −0.93,
p < 0.005). Plant height was significantly positively correlated with S/P (rp = 0.96,
p < 0.001), PB (rp = 0.99, p < 0.001), Sb (rp = 0.98, p < 0.001), seeds/S (rp = 0.98,
p < 0.001), and TSW (rp = 0.96, p < 0.001). Siliques per plant (S/P) was also positively
correlated PB (rp = 0.97, p < 0.001), SB (rp = 0.98, p < 0.001), seeds/S (rp = 0.99, p < 0.001),
and TSW (rp = 0.97, p < 0.001). The number of primary branches per plant (PB) was
positively correlated with SB (rp = 0.98, p < 0.001), seeds/S (rp = 0.99, p < 0.001), and TSW
(rp = 0.99, p < 0.001). There were significant correlations between SB and seeds/S (rp = 0.99,
p < 0.001); SB and TSW (rp = 0.96, p < 0.001); and seeds/S and TSW (rp = 0.98, p < 0.001).
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3.5. Principle Component Analysis (PCA) for Agro-Morphological and Seed Quality Traits of S. alba

Principal component analysis (PCA) was used to determine how different N fertilizer
doses interacted with one another, as well as whether and to what extent their contents
were related to one another. PCA is a method of multivariate statistical analysis based
on the variable correlation matrix that is used to examine and simplify huge, complex
datasets in order to observe attributes. PCA was carried out to show the dispersion of
different variables of white mustard coordinated on the basis of their individual response
to the different N fertilizer levels. In Figure 7 and Table 3, the examined features, i.e., the
effect of nutrients on different variables, are presented in the first two main components:
PC1 dimension 1 (Dim1) and second PC dimension 2 (Dim2). PC1 and PC2 explained the
highest variability, at 93% and 3.8%, respectively, towards the total variability (Figure 7).
In comparison, PH, PB, SB, SS, TSW, BY, and SY positively contributed (93%) maximally
to PC1. Furthermore, GSL (3.8%) contributed to PC2. The PCA analysis based on a scree
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plot, which shows the eigenvalues and related principal component numbers was used
to illustrate these values. Six principal components (PCs) were produced in total for this
investigation. However, only two PCs were declared noteworthy, with the other PCs being
classified as insignificant since they had eigenvalues of less than one. Specifically, PC1 had
an eigenvalue of 12.09 and PC2 had a value of 0.49 (Figure 7 and Table 3).
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Figure 7. Principal component analysis (PCA) (a) scree plot and (b) variable plot of the first two compo-
nents performed on agro-morphological and seed quality traits affected by different N fertilizer doses.

Table 3. Eigenvalues, factor loadings, and individual and cumulative variation.

Parameters Dim 1 Dim2 Dim 3 Dim 4 Dim 5 Dim 6

PH 0.9458 −0.0947 0.2794 −0.1267 −0.2794 −0.0455
PB 0.9805 0.02772 −0.1074 0.1544 0.0384 0.0051
SB 0.9891 0.0083 0.1362 −0.0064 −0.0449 −0.0290
SP 0.9842 0.1428 0.0592 0.0753 0.0347 −0.0207

TSW 0.9884 0.0100 −0.0978 0.0838 −0.0597 0.0524
SS 0.9755 −0.0939 0.1253 0.1426 0.0484 −0.0323
BY 0.9847 0.1418 0.0118 −0.0351 −0.0920 −0.0169
SY 0.9970 0.0694 0.0251 0.0127 −0.0075 0.0119
HI 0.9939 0.0561 0.0385 −0.0419 0.0740 −0.0094
OY 0.967 0.0731 0.2365 0.0535 −0.0245 0.0021
GSL −0.7659 0.6395 0.0595 0.0105 0.0186 0.0157
PC 0.9871 −0.0788 0.0516 −0.1057 0.0248 0.0697
OC 0.9559 0.0505 −0.2638 0.1109 0.0327 0.0232

Eigenvalue 12.09 0.49 0.27 0.1 0.02 0.01
Variability % 93.04 3.77 2.08 0.78 0.21 0.1

Cumulative % 93.04 96.81 98.89 99.68 99.89 100

3.6. Principal Component Analysis (PCA) for Agro-Morphological and Seed Quality Parameters of
S. alba

PCA biplot analysis can be used to find features that can be divided into primary
groups and subgroups based on their homogeneity and dissimilarity. The quantity and
direction of loading vectors indicate a positive or negative contribution of variables to the
total phenotypic diversity (Figure 8). Furthermore, the essential features (PH, PB, SB, SP,
SS, TSW, BY, SY, HI, and OY) that contributed significantly to the computed variance were
assigned to the positive side of the loading plot. In contrast, left-aligned characters such
as GSL had a negative impact on the overall diversity. The treatment distances showed
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the degree of difference between the measured variables. For one or more criteria, the
variables on either the positive or negative side of the biplot had a comparable phenotypic
performance (Figure 8). Furthermore, the treatment distances between variables furthest
from the origin were the highest. As a result, the optimum N doses, 120 kg·ha−1 and
80 kg·ha−1, distributed at the score plots in extreme places, exhibited the widest phenotypic
variety.
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4. Discussion

The current results validate the hypothesis that the examined optimized of nitrogen
dose for S. alba in the rainfed region also enhance the growth, yield, and different use
efficiencies of the crop. The application of N showed a consistent and progressive increase
in agro-morphological, seed quality and quantity attributes, and nitrogen use efficacies
up to 100 kg·ha−1; thereafter, further addition of nitrogen caused a decrease in these
attributes [34,35]. According to Razaq et al. [36] concluded that a higher level of N fertilizer
caused an increase in plant height, as compared to a low level of N fertilizer. In terms
of plant height, in this study, significant differences were observed among the different
nitrogen doses. The maximum plant height was recorded at an optimum N fertilizer
concentration, while the shortest height was observed in the control group (Figure 1).
The optimum level of nitrogen stimulates the production of cytokines, which affects the
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flexibility of cell walls, the proliferation of meristematic cells, and overall cell growth [37].
However, Kukal [38] was of the view that the high temperature of the air and soil causes the
alteration in water transport in the plant, which ultimately reduces stomatal conductance
and causes low productivity and yield. Quantitatively, N fertilizer is the most important
mineral required for the proper growth and development of plants. This also plays a
significant role in the architecture of the vegetative and reproductive organs of a plant.
Consequently, using N fertilizer at the optimum level increases crop yield factors such as
branches, pod number, seed weight, etc. [39]. In the present study, increasing the level of N
fertilizer increased the number of secondary branches. Our findings were consistent with
the findings of Seepaul et al. [40], who applied four different concentrations of N (56, 84,
112, and 140 kg·ha−1); the higher doses (112 and 140 kg·ha−1) significantly increased the
number of SB of Ethiopian mustard.

These results are in line with those of Achakzai and Bangulzai [41], who were of
the view that all levels of N significantly increased the silique number, as compared to
the control, and the number of siliques also increased by increasing the level of N in a
mustard crop. However, the number of siliques per plant decreased at the highest level of N
(120 kg·ha−1) in our studies. The application of essential nutrients to plants is necessary for
obtaining a good yield [42]. In the current study, the positive impact of nitrogen fertilizer
on the number of seed per silique of Sinapis alba was observed and it was found that
the number of seed per silique increased by increasing the level of N. Our findings are
supported by the studies of Aminpanah et al. [43] who reported that the use of N fertilizer
enhanced the number of seed per silique in a brassica crop. According to Sokólski et al. [44],
nitrogen fertilizer had the most positive effect on TSW. Further, Öztürk [45] also stated
that the 100 kg·ha−1 level of N caused an increase in the TSW of a brassica crop. Our
results regarding the increase in TSW after the application of N fertilizer were supported by
Williams et al. [46], who concluded that the brassica species are high nitrogen-demanding
crops, and thus respond positively to optimum or near-optimal N application. Similarly,
by improving the levels of fertilizers, seed components are also upgraded. The TSW in
both seasons at the 100 kg·ha−1 level of N significantly differed from each other (Figure 2).
The difference might be due to variations in fertilizer uptake efficiency on the basis of
environmental conditions like rainfall, fog, frost, etc. [47].

In the present study, it was observed that BY yield was highly responsive to the levels
of N fertilizer up to a concentration of 100 kg·ha−1; a further increase in the N level caused
a decline in BY. Similar results were described by Gan et al. [32], who concluded that the
yield of different brassica species was highly responsive to the N fertilizer levels from zero to
100 kg·ha−1, but thereafter, the level of response to N fertilizer declined. Data show that the
BY during 2020–2021 at a concentration of 80 kg·ha−1 of N fertilizer was greater than the
BY during 2019–2020 at a N fertilizer concentration of 100 kg·ha−1; however, this was not
significantly different. The reason for the decrease in BY during 2019–2020, as compared to
the BY during 2020–2021, might be due to the low uptake efficiency of nutrients during crop
development. A critical concentration of N is necessary to obtain maximum plant growth.
However, during the growth of the crop, this critical concentration declined at some stages
due to different factors and caused a low yield or biomass accumulation [48]. Our findings
regarding the escalation in seed yield by increasing the level of N are supported by the
findings of the Youssef et al. [49], who concluded that the application of nitrogen fertilizer
has a vital role in increasing crop productivity. Similarly, Umar et al. [50] stated that the
application of N at rate of 46–100 kg·ha−1 gave the maximum seed yield of a canola crop,
and when the rate of N was lower than 46 kg·ha−1, the seed yield was badly affected.
In the current study, the harvest index (HI) increased with increasing N levels up to the
optimum level, as shown in Figure 4. The findings of Yahbi et al. [51] are also supportive
of our findings as they experimented with the impact of different N levels (0, 30, 60, and
90 kg·ha−1) on Brassica napus and observed that the highest HI occurred from 60 and
90 kg·ha−1 of N.
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The current study’s results are in line with the findings of Potdar et al. [52] who
reported, through the combined application of N and FYM, a significant improvement of
oil content in mustard. Similarly, Diederichsen et al. [52] reported that different levels of
N (20–120 kg·ha−1) did not significantly affect the oil content of Sinapis alba. Our results
were supported by the findings of Aminpanah [43], who applied 0, 50, 100, 150, and
200 kg·ha−1 doses of nitrogen to Brassica napus and concluded that different doses of N
did not significantly affect the oil contents in the seed. The difference between the years
might be due to higher precipitation occurring in growing months (October–April) during
2019–2020, as compared to in 2020–2021 (Table 2). It was also previously reported by
Öztürk et al. [45] that high precipitation may cause higher oil contents in the crop. In the
current study, at a level of 100 kg·ha−1 N, maximum protein contents were noted. Protein
content, which is considered an important quality standard in oil crops, can be affected by
environmental factors such as temperature and precipitation [34]. In general, the protein
contents of the S. alba plants were higher in 2019–2020 than in 2020–2021.

It was observed that the GS content increased non-significantly in the seed of S. alba
in response to N fertilization. These observations were in line with the findings of the
Kim et al. [53] who evaluated the impact of N and S fertilizers on glucosinolate content in the
edible portions of Brassica napus and concluded that the use of fertilizers slightly increased
the GS content. The findings of Øvsthus et al. [54] are also supportive of our study as they
reported that the application of fertilizer caused the increase in GS contents. In the present
study, the analysis of variance revealed that nitrogen fertilizer had a significant impact on
nitrogen use efficiency (NUE), which describes the overall increase in crop growth and
seed yield of S. alba in relation to the amount of applied nitrogen. The results obtained
were in line with the findings of Nayak et al. [55], who concluded that the optimum level
of fertilizer increases the nutrient use efficiency, and a further increase in the doses of N
decreases the NUE. Waqar et al. [56] also reported that the optimum level of fertilizer
increases the nutrients uptake efficiency. During first growing season, NUE was higher, as
compared to the second growing season. The reason for this might be the comparatively
low temperature during the growing season (Table 2). Our findings were also supported by
a study evaluating how temperature affects nutrients uptake from the soil, that ultimately
found that the NUE was also affected [57].

Different levels of nitrogen fertilizer exhibit significant differences for physiological
efficiency [58]. The physiological efficiency is directly related to the dry matter yield, and
the dry matter accumulation was directly dependent upon the utilization of fertilizers. By
increasing the level of N, dry matter increased [59]. Therefore, ultimately, the physiological
efficiency was also increased in the current study. Our findings are in line with the findings
of Nayak et al. [55] who concluded that the optimum dose of fertilizer increases the
agronomic efficiency. The authors in [60] also reported that the N fertilizer increases the
nutrient uptake efficiency. Nitrogen is a vital nutrient that is involved in the metabolic
activities of plants and also plays a role in the transformation of energy [61]. In the
current study, different levels of nitrogen affected the NUE in a significant way. The study
conducted by Liao et al. [39] on the effect of the biochar-based controlled release of N
on the nutrient use efficiency of a Brassica napus crop concluded that a higher nitrogen
concentration in the soil during the reproductive stage of the crop improved the uptake of
N and, ultimately, its use efficiency.

5. Conclusions

The results of the current study indicate that Sinapis alba has the potential to be grown
in Pakistan as an alternate oil crop that is drought and shatter resistant. For proper vegeta-
tive and reproductive growth, it is necessary to apply nitrogen fertilizer at an optimum level
(100 kg·ha−1). The application of N fertilizer significantly improved the agro-morphological
and qualitative parameters. Furthermore, nitrogen use efficiency, agronomic efficiency,
apparent recovery efficiency, and physiological efficiency were also improved by using
nitrogen fertilizer. Further study can be carried out regarding the use of nitrogen fertilizer
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in combination with other essential nutrients at an optimum level to further improve the
production of S. alba.
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