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ABSTRACT

Mustard grows in many parts of the world thanks to its ability to adapt to different climatic conditions. It has
the potential to be an important oilseed plant especially in the east of Turkey. There is scarcely any information
available about fertilization in mustard cultivation in Turkey. Nitrogen and phosphorus fertilizers, a good source
of nutrients for the soil, have a positive effect on the growth, development, and yield of the plant in case they are
applied at the optimum level. This study was carried out in 2015 and 2016 with the purpose of examining the
effects of nitrogen and phosphorus fertilization on the yield and agronomic characteristics of mustard. Five
doses of nitrogen (0, 50, 100, 150, 200 kg ha*) and phosphorus (0, 30, 60, 90, 120 kg ha*) were tested. It was
found that the nitrogen and phosphorus applications had significant effects on the plant growth, yield, and yield
components in both 2015 and 2016. The characteristics examined within the scope of the study were significantly
affected by the applications, and the oil content and seed yield increased with the increasing fertilizer doses. The
results of the study emphasize the importance of fertilizer applications for the mustard plants grown in semi-
arid climates. 200 kg ha* of nitrogen and 120 kg ha* of phosphorus were found to yield better results, and it
was observed that the seed yield of mustard could be increased by increasing the doses of nitrogen and

phosphorus.
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INTRODUCTION

Brassicaceae family includes many economic species,
especially edible ones, those cultivated for industrial oil,
spices, forage plants, and vegetable species. The most
important of these species are rapeseed and mustard. Two
species of mustard Sinapis alba L. and Sinapis arvensis L.
widely found in Turkey belong to Cruciferae family
(Kayacetin et al., 2019). Wild mustard, a weed seen among
the cultivated plants in wild environments and fields (Mao
etal., 2012), is not grown for oil production in Turkey. Due
to the high content of erucic acid in its oil (Jham et al.,
2009), mustard is not suitable as a food._ While a low
content of erucic acid is necessary for human health, a high
content is required for industrial use (Metzger and
Bornscheuer, 2006; Wang et al., 2010; Li et al., 2014). In
this regard, mustard is suitable for industrial use and can be
considered as an alternative energy plant thanks to its
capacity to provide raw materials for biodiesel production
(Blackshaw et al., 2011; Khan et al., 2011; Ahmad et al.,
2012).

Today, increasing environmental pollution and
decreasing oil reserves have led researchers to study
alternative fuels. Besides, it is very important for the

energy-dependent countries to research alternative energy
sources to get rid of this dependence (Nabi et al., 2006).
Wild mustard is one of the plants that can be used as an
alternative energy source. Cultivated plants can perform
differently in different ecologies. Therefore, different plant
varieties need different types and amounts of fertilizers
depending on where they are grown.

Cultivated plants’rate of utilization of nutrients depends
on the amount of fertilizer and when and how it is
administered as well as the factors such as the soil structure,
plant type and variety, precipitation and soil moisture,
organic matter and nutrient content. Nitrogen and
phosphorus fertilizers are effective nutrients in terms of not
only the plant growth and yield but also the grain quality.

Nitrogen and phosphorus are important for mustard, as
in many plants, in that they form the basis of photosynthetic
processes, cell growth, metabolism, and protein synthesis
(Chapin et al., 2000). Not only the amount of the nutrients
in the soil but also the nutrient balance is important for
producing agricultural plants in a high quality and quantity.

Nitrogen and phosphorus fertilizers are a good source
of nutrients for the soil and have a positive effect on the
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growth, development, and yield of the plant in case they are
applied at the optimum doses. Duval (2015) reported that
nitrogen fertilizer increased the seed yield by 15-85%
depending on the increasing doses (0, 56, 112, 168, and 224
kg ha?) in yellow mustard (Sinapis alba L.). Patel et al.
(2004) asserted that as the dose of nitrogen increased the
oil content of Indian mustard decreased and its seed yield
increased. Similarly, Mozaffari et al. (2012) reported that
the highest dose of nitrogen provided the highest seed yield,
1000-seed weight, oil content and yield in the mustard
(Brassica juncea L.).

Phosphorus is the second most deficient nutrient
element after nitrogen in terms of plant productivity in
soils. Rodriguez et al. (2000) reported that the leaf area
decreased by 83% and photosynthesis efficiency decreased
by 50% in the plants grown under phosphorus stress. In the
previous studies on mustard (Brassica juncea L.), the
highest plant height, number of pods per plant, number of
seeds per pod, 1000-seed weight, seed yield, oil content and
yield were reported be obtained from the highest doses of
phosphorus, that is, 60 kg ha™* (Mir et al., 2010; Singh and
Thenua, 2016) and 50 kg ha* (Solanki et al., 2015).

On the other hand, it was reported that the highest yield
was obtained from the combined use of 100 kg ha? of
nitrogen and 50 kg ha* of phosphorus in Brassica juncea
(Khan et al., 2000) and the combined use of 240 kg ha of
N and 88 kg ha* of P in rapeseed (Brennan and Bolland,
2009; Vicianova et al., 2020).

In addition to many oil plants used in the production of
alternative fuels, it is important to cultivate Sinapis arvensis

mem Precipitation (2015)
Temperature (2015)

90
80
70
60
50
40
30
20
10

Precipitation (mm)

1 Precipitation (2016)
e Temperature (2016)

and introduce it to the agriculture. There is scarcely any
research on mustard production, and there is a need for
basic information on its cultivation. The purpose of this
study, which was carried out to contribute to meeting this
need, was to create a diversity of raw materials in vegetable
oil production by introducing wild mustard as an oil plant
and determine the effects of different doses of nitrogen and
phosphorus on the yield and quality characteristics of wild
mustard in the summer growing period.

MATERIALS AND METHODS

Field experiments were carried out at the Plant
Production Application and Research Center (39° 97' N and
41° 67" E; 1663 m above sea level), Ataturk University in
Erzurum in 2015 and in 2016. The soil of two experimental
sites was a silty loam (fine, mixed, mesic ustorthents) with
pH 7.5, 0.71% organic matter, 65 kg ha® available P and
2346 kg ha available K in 2015 and pH 7.7, 0.67% organic
matter, 69 kg ha available P and 2355 kg ha* available K
in 2016 Temperature, rainfall, and relative humidity data
during the crop-growing period is presented in Figure 1.

Air temperatures during the two growing seasons were
higher to the long-term mean. April to September
temperature, which averages 16.2 °C were slightly above
normal in 2015 and 2016 There was considerable
variability in rainfall amounts and distribution from year to
year. The 2015 and 2016 rainfall was above the long-term
average. The average rainfall for 2016 (184.8 mm) was
higher than that observed (154.6 mm) in 2015.
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Figure 1. Some important climate data for the experimental sites in the long term and 2015-2016

In both experiments, the previous crop on the plots
planted in 2015 and 2016 was barley (Hordeum vulgare L.)
and wheat (Triticum vulgare L.) The plot areas were
moldboard plowed in the fall and cultivated twice in the
spring. In this study, mustard population was obtained from
Eastern Anatolia Agricultural Research Institute.

The study, which examined the effect of nitrogen (N)
and phosphorus (P) fertilizers on the mustard population,

was designed as a coincidence blocks trial and carried out
with 3 replications in 2015 and 2016. Before the planting
in both years, the nitrogen-containing fertilizers in the form
of ammonium sulfate and the phosphorus- containing
fertilizers in the form of triple super phosphate (P20s) were
uniformly applied to the seedbed by spreading and mixed
into the soil at the nitrogen doses of 0, 50, 100, 150, and
200 kg ha! and at the phosphorus doses of 0, 30, 60, 90,
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and 120 kg ha. The plants were planted on May 7 and 8 in
2015 and 2016.

Weeds were controlled both mechanically and by hand
using hoe. All plots were furrow irrigated regularly to avoid
drought stress. Each irrigation brought the soil moisture
back to near field capacity. Water was applied uniformly to
all plots. The mustard plants were hand-harvested at the
physiological maturation stage when the back of the
sunflower head has turned from green to yellow and the
bracts are turning brown. The dates were as follows 17 and
September in 2015 and 2016 years. In the study, plant
height (cm), number of lateral branches (branch plant-1),
number of pods per plant (pod plant-1), number of seeds
per pod (seed pod-1) were measured in randomly selected
twenty plants and the amount of seed obtained from each
plot was converted into hectare and seed yield (kg ha-1)
was calculated. Average values was calculated on 100 seed
taken three replicates and 1000 seed weight (g) was
calculated based on multiplication by 10. Firstly, the
nitrogen content was determined by the Kjeldahl method.
Then, the protein content was determined by multiplying

the value determined in Kjeldahl method by the coefficient
of 6.25. Oil content was determined by petroleum ether
extraction in Soxhlet Apparatus.

All the data was analyzed using the SPSS package
((SPSS, Version 20.0, SPSS Inc, Chicago, IL, USA). When
the F-test indicated statistical significance at the p=0.05
level, the protected least significant difference (Protected
DUNCAN) was used to separate the means (Steel and
Torrie, 1980).

RESULTS AND DISCUSSION

It was found that there were statistically significant
differences (p<0.01) between the years in terms of the
characteristics examined within the scope of the study
(Table 1). In the first growing season, when the results
obtained from all the doses of nitrogen and phosphorus
were averaged, the seed yield and yield components were
found to have lower values. The production season in 2015
was drier and cooler than in 2016 (Figure 1). The
insufficient rainfall in 2015 negatively affected the growth
of mustard plants.

Table 1. Analysis results of the mustard plants to which different doses of nitrogen and phosphorus fertilizers were applied

Number of  Number of
Number of  1000- . .
Sources of Pl_ant lateral pods per seeds per seed S_eed Qil Protein
L DF height branches plant . yield content content
Variation pod (seed weight
(cm)  (branch plant (pod plant od) @ (%) (%) (%)
1 1) p g
Year (Y) 1 ** ** ** ** ** ** ** **
NltrOgen (N) 4 ** ** ** ** ** ** ** **
Phosphorus (P) 4 ns ** ** ns **x *x *x *x
Y xN 4 ns ** ns ns wx ns wx wx
Y xP 4 ns ns ns ns wx ns ** **
N X P 16 ** **% ** ** ** *%* *%* *%*
YXNXP 16 ns ns ns ns ol ns *x *x

** significant at 0.01. NS, nonsignificant.

Plant height

In the study, the effects of year, nitrogen doses, and the
interaction between nitrogen doses and phosphorus doses
on plant height were found to be significant (p<0.01) (Table
1). The plant height was found to be higher in 2016 (86.1
cm) than in 2015 (82.1 cm), possibly due to the changing
climatic factors (Figure 1). Montemurro et al. (2007)
reported that sufficient rainfall during growing season
increased the initial vegetative growth of the plant. The
nitrogen fertilizer applications caused an increase in the
plant height compared to the plants grown without fertilizer
(control). Applying 50, 100, 150, and 200 kg ha? of
nitrogen increased the plant height by 8.8%, 9.4%, 10.0%,
and 16.9%, respectively, compared to the control. So, the
plant heights varied significantly depending on the dose of
nitrogen. Nitrogenous fertilizers increase the vegetative
development in the plant and, by doing so, increase the
plant height. Khan et al. (2000), Keivanrad and Zandi
(2012) reported that the increase in nitrogen doses
positively affected the plant height and the higher values
were obtained from the highest nitrogen dose. It was found

that the responses to the nitrogen doses were different from
those to the phosphorus doses, and the application of
phosphorus fertilizer (30 and 120 kg ha) had a negative
effect on the plant height and caused a decrease by 0.1 and
0.3% on average. The plant height was found to be higher
at the phosphorus dose of 90 kg ha* (84.5 cm) than the
other phosphorus doses (Table 1). However, this difference
was not statistically significant (p<0.01). The reason why
the plant height was higher at the phosphorus dose of 90 kg
ha' may be because the plant could effectively absorb the
phosphorus, thanks to its developing root system, until it
matured (Sigh and Thenua, 2016). It was reported that the
phosphorus applications had an irregular effect on the plant
height, and the increasing doses of phosphorus did not
affect the plant height (Tucturk, 2008; Deniz, 2019).

Number of lateral branches

The number of branches depends on the interaction of
the plant, environmental conditions, and genetic structure,
and contributes positively to the yield. In the study, it was
found that the year, nitrogen applications, the interactions
“year x nitrogen dose” and “nitrogen dose x phosphorus
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dose” significantly affected the number of lateral branches
per plant (p<0.01). The number of lateral branches of
mustard plant was found to be 2.9 in 2015 and 3.5 branch
plant™in 2016. It can be asserted that the ecological factors
played a significant role in the number of branches of the
mustard plants. Rainfall and temperature were appropriate
in 2016 (Figure 1), especially during the flowering period,
and this might have increased the number of branches. The
effects of the nitrogen applications on the number of lateral
branches per plant varied over the years. The effects of the
same doses of nitrogen applications on the number of
lateral branches per plant differed by year. This was due to
the climatic characteristics that varied by month (Figure 1).
All the nitrogen applications caused an increase in the
number of lateral branches per plant compared to the
control, and 200 kg ha? of nitrogen caused the highest
increase (158.8%) (Table 2). It was found that the number
of lateral branches in the plants significantly increased with
the increasing doses of nitrogen (Khan et al., 2000; Patel et
al., 2004; Shorma et al., 2020). It was reported that the
increasing doses of nitrogen improved the availability of
proteins and protoplasm formation, helped in mitotic
division, and by doing so, increased the number of branches
(Shorna et al., 2020). This increase is a result of the
relationship between nitrogen and plant growth. As the
phosphorus dose increased the number of lateral branches
per plant increased until the dose of 90 kg ha, and the
number of lateral branches per plant were observed at the
dose of 120 kg ha’l, the highest phosphorus dose (Table 2).
There were no significant differences between the doses of
phosphorus in terms of the number of lateral branches per
plant; so, the effect of phosphorus fertilizer was found to be
statistically insignificant. Tuncturk (2008) reported that the
different doses of phosphorus fertilizer did not affect the
number of lateral branches per plant in rapeseed.

Number of pods per plant

It was found that the year, applications of nitrogen and
phosphorus, and the interaction “nitrogen dose X
phosphorus dose” significantly affected the number of pods
per plant (p<0.01), which is one of the important
determinant factors in seed yield. The mean number of pods
was found to be 46.1 in 2015 and 51.4 pod plant? in 2016.
The number of pods in the second year of the study was
about 5.3 pod plant® more than that in the first year. The
reason why the number of pods per plant was low in the
first year of the study may be due to the adverse
environmental factors in the first growth period, especially
during the early flowering period (Figure 1). The number
of pods per plant, which is positively correlated with the
yield, positively responded to the increasing doses of
nitrogen. The greatest response was observed at 200 kg ha
1(148.3%), the highest dose of nitrogen (Table 2). The soils
used in the study were poor in organic matter and the study
was carried out under irrigated conditions, which explains
the differences between the nitrogen doses. As is the case
with nitrogen doses, different doses of phosphorus
significantly affected the number of pods per plant (Khan
et al., 2000). The number of pods increased (54.6 pod plant
1) in the second dose of the phosphorus fertilizer, but after

this dose it decreased. The lowest value (42.1 pod plant™?)
was observed at the highest dose of phosphorus (Table 2).
The response to the nitrogen doses was different from that
to the phosphorus doses, and this caused the interaction
“nitrogen dose x phosphorus dose” to be significant in
terms of the number of pods. While the application with no
nitrogen and 120 kg ha* of phosphorus yielded the lowest
number of pods (15.5 pod plant-1), the application with 200
kg ha* of nitrogen and 30 kg ha* of phosphorus yielded the
highest number of pods (83.8 pod plant-%). Keivanrad and
Zandi (2012) and Panotra et al. (2016) reported that the
increasing doses of nitrogen applied to mustard and
rapeseed increased the number of pods. Cheema et al.
(2001), Tahir et al. (2003), and Mir et al. (2010) reported
that the number of pods was observed to be the highest in
the second-high dose of phosphorus fertilizer. Keivanrad
and Zandi (2012) reported the number of pods as 105.6,
Panotra et al. (2016) as 430.42-491.14, and Kayacetin et al.
(2017) as 21.1-116.0. These results are considerably higher
than our results due to the differences in mustard varieties
and ecological factors.

Number of seeds per pod

In cultivated plants, the number of seeds per pod, one
of the most important yield factors that directly affect the
grain yield, varies depending on the year and the dose of
the nitrogen application. Due to the fact that in 2015, in the
first week of July, the flowering period of the plant, there
was almost no rainfall and the temperature was high; the
number of seeds per pod was found to be lower in 2015
(15.1 seed pod?) than in 2016 (16.5 seed pod™) (Figure 1
and Table 3). In the study, the number of seeds per pod
tented to increase markedly with the increasing doses of
nitrogen. Panotra et al. (2016) and Cheema et al. (2001)
also found that the number of seeds increased as the dose
of nitrogen increased, and they emphasized that this
difference could be due to the role of nitrogen in growth.
Although the application of 150 kg N per hectare caused a
considerable increase in the number of seeds per pod, the
dose of 200 kg N per hectare did not cause much difference.
This result suggests that the positive effect of nitrogen on
the number of seeds per pod decreases in case it is applied
excessively. 120 kg ha* of phosphorus application yielded
the highest number of seeds per pod (16.3 seed pod) which
was 1.2% more than the control (Table 3). The number of
seeds per pod was not significantly affected by the
applications of phosphorus fertilizer; however, it was
higher in the phosphorus doses of 0, 30, and 120 kg ha™
(16.1 and 1.63 seed pod respectively) than in the other
doses. (Table 3). In the previous studies on rapeseed
(Tuncturk, 2008; Karaaslan, 1999), it was reported that
increasing phosphorus doses positively increased the
number of seeds in rapeseed and carob, but this increase
was irregular. When all the factors were considered
together, it was found that the number of seeds per pod was
found to be the highest (19.9 seed pod™?) in the application
with 150 kg ha of nitrogen and no phosphorus and the
lowest (13.0 seed pod™) in the application with no nitrogen
and 60 kg ha' of phosphorus. The response to the nitrogen
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doses was different from that to the phosphorus doses, and  dose” to be significant in terms of the number of seeds per
this caused the interaction “nitrogen dose x phosphorus pod.

Table 2. Effect of the nitrogen and phosphorous applications at different doses on plant height, number of lateral branches, number of
pods per plant, number of seeds per pod, thousand seed weight, and seed yield in oilseed mustard.

Number Number  Number

Plant of lateral  of pods of seeds 15223 Seed Qil Protein
Treatments height branches perplant per pod weght yield  content content

(cm)  (branch (pod (seed (kg ha?) (%) (%)

plant?) plant?) pod?) ©)

Year 2015 82.1b 29b 46.1b 15.1b 15b 6305b 164b 26.4a
2016 86.1 a 35a 514 a 16.5a 20a 710.0a 19.0a 24.2b

Mean 84.1 3.2 48.8 15.8 1.8 670.3 17.7 25.3

O(N1)) 775¢c 17¢e¢ 26.5d 144c 16d 3604e 142d 21.6d

Nitrogen dose 50 (N2) 83.8b 3.0d 405¢c 15.7b 16d 650.3d 182a 24.2c
(kg ha') 100 (N3) 84.0b 35¢c 49.0b 155¢ 17¢ 7506b 17.7b 25.1b
150 (Ns) 85.0b 3.7b 61.5a 16.7 a 18b 680.8c 156c 27.7a

200 (Ns) 90.3a 44a 65.8 a 169a 19a 900.1a 17.8ab 27.9a

Mean 84.1 3.3 48.7 15.8 1.7 668.4 16.7 25.3

0(P1) 843 3.2 50.5 ab 16.1 18a 7502b 147d 248c

Phosphorus dose 30(P2) 842 3.3 54.6 a 16.1 18a 550.1e 173b 250c¢
(kg ha') 60 (Ps) 845 3.3 50.1 bc 154 17b 5709c¢ 163c 26.6a
90 (P4) 84.6 34 458 cd 15.2 18a 6903c 16.6c 254b

120 (Ps) 84.0 3.1 42.1d 16.3 16c 800.1a 187a 248c

Mean 84.3 3.3 48.6 15.8 1.7 672.3 16.7 25.3

NP1 83.3 1.8 26.2 16.2 15 480.0 13.0 18.3

N1P2 73.6 2.0 35.2 13.8 2.0 290.8 13.8 27.5

N1P3 85.9 2.2 32.6 13.0 2.1 330.1 13.7 24.9

N1Pa4 72.6 1.6 23.0 14.6 2.3 430.5 14.1 23.0

N1Ps 72.2 1.0 15.4 14.4 1.8 270.6 16.6 27.2

N2P1 78.4 2.9 41.0 13.5 15 770.4 17.1 21.7

N2P2 79.8 2.1 26.0 17.2 15 520.4 20.5 21.8

N2P3 84.8 3.8 60.6 15.5 15 600.0 16.5 22.1

N2P4 85.9 3.0 33.7 14.5 1.9 530.0 18.5 20.6

N2Ps 90.3 3.0 41.3 17.4 18 830.7 18.5 21.9

N3P1 83.2 3.2 48.4 15.6 2.1 1030.3 14.0 26.8

Interaction (N x P) N3sP2 89.2 3.6 61.4 14.7 1.7 810.7 18.7 21.8

N3P 76.8 3.0 37.9 15.5 15 480.8 17.2 26.5

N4P4 86.3 4.2 55.2 14.5 1.2 700.0 17.4 28.5

NsPs 84.3 3.3 42.3 16.7 1.6 810.2 21.0 21.8

NP1 88.7 3.9 81.4 19.9 1.9 780.5 12.2 28.3

NP2 85.1 3.9 62.4 17.6 2.0 570.8 18.9 26.1

NP3 83.5 34 64.6 15.6 1.6 660.1 16.9 31.3

NP4 85.0 3.6 47.2 15.6 1.6 540.5 12.6 28.0

N4Ps 82.5 3.7 51.7 14.6 15 870.1 17.7 25.0

NsP1 88.1 4.6 55.5 15.4 2.1 690.0 17.3 29.7

NsP2 90.1 5.0 88.4 17.2 1.7 530.8 14.8 26.7

NsP3 90.0 3.4 54.8 17.6 1.7 810.7 17.2 28.1

NsPa4 92,5 4.4 69.9 17.3 2.3 1250.3 20.4 26.7

NsPs 90.9 4.6 60.2 17.2 15 1200.8 19.6 28.1

Cv 3.3 8.7 6.7 7.3 6.6 3.6 3.1 6.4
For each main effect, the values within the columns followed by the same letter are not significant.
1000-seed weight have a higher 1000-seed weight, and as a result, have a

higher yield. Seed weight differed depending on various
growing seasons and conditions. In this study, 1000-seed
weight significantly differed between 2015 and 2016. The
1000-seed weight was found to be 1.5 g in 2015 and 2.0 ¢

Since a positive correlation exists between grain weight
and vyield, 1000-seed weight is commonly used a major
determinant of mustard yield. The fuller and larger seeds
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in 2016. Seed weight is directly associated with the climatic
conditions, especially during the flowering period. In 2015,
in the first week of July, the flowering period of the plant,
there was almost no rainfall and the temperature was high.
This might have caused the low seed weight in 2015
(Figure 1 and Table 1). Beyyavas et al. (2011) reported that
genotype and ecological conditions were two important
factors affecting 1000-seed weight. The lowest 1000-seed
weight was observed in the control and the application of
50 kg ha? nitrogen (1.6 g), and the highest 1000-seed
weight was observed in the application of 200 kg ha?
nitrogen (1.9 g). The response of 1000-seed weight to
nitrogen was positive, and the 1000-seed weight tended to
increase with the increase in the amount of nitrogen applied
(Reager et al., 2006; Keivanrad and Zandi, 2012; Mozaffari
et al., 2012; Panotra et al., 2016). Finlayson et al. (1970)
explained this situation by the fact that nitrogen is the most
common nutrient element in the seed and has an active
function in the structure of seed. In the present study, the
control and 30 kg ha* of phosphorus application yielded
the highest 1000-seed weight. The 1000-seed weight
decreased with the increase in the dose of phosphorus.
Grain weight is controlled by the genetic structure,
environment, soil fertility, and nitrogen and phosphorus in
particular (Shafi et al., 1992). The response of the mustard
plant to the phosphorus doses differed depending on the
years, and this caused the interaction “year x phosphorus
dose” to be significant in terms of the seed weight.

Seed yield

Seed yield is mostly a result of the cumulative effects
of various yield components under the influence of
environmental conditions and different agricultural
practices such as fertilization. So, the seed vyield is
controlled by several internal and external factors. The
year, nitrogen dose, and phosphorus dose had some
significant effects on the seed yield (p<0.01). However, the
effect of all the interactions, except the interaction
“nitrogen dose x phosphorus dose”, was found to be
insignificant (Table 1). The seed yield in the first year of
the experiment was about 79.5 kg ha'* more than that in the
second year. Vicianova et al. (2020) asserted that the seed
yield was significantly affected by the climatic factors.
Climatic conditions are of critical importance in the
production of mustard especially in the flowering period.
In this regard, the low yield in the first year of the study can
be explained by the decrease in the seed set rates due to the
cold weather conditions at the beginning of flowering
period (late June). It is a fact that nitrogen dose has a direct
effect on seed yield. In the study, different doses of nitrogen
positively affected the seed yield. Compared to the control,
the nitrogen doses (50, 100, 150, and 200 kg hat) increased
the seed yield by 80.4%, 108.3%, 88.9%, and 149.8%,
respectively, and the highest increase was observed in the
dose of 200 kg ha (Table 2, Figure 2). Similarly, the seed
yield increased as the dose of phosphorus fertilizer
increased, and the highest yield (800.1 kg ha?) was
observed in the phosphorus dose of 120 kg ha? and the
lowest yield (550.1 kg ha?) in the phosphorus dose of 30
kg ha! (Table 2, Figure 2). The response to the nitrogen

doses in terms of seed yield was different from that to the
phosphorus doses, and this caused the interaction “nitrogen
dose x phosphorus dose” to be significant. Accordingly, the
highest seed yield was observed to be in 200 kg ha? of
nitrogen and 90 kg ha and 120 kg ha of phosphorus
whereas the lowest seed yield was observed to be in the
control and 20 kg ha of phosphorus (Figure 2). It is
understood that as the dose of nitrogen increased, the
number of pods per plant, the number of seeds per pod, and
the 1000-seed weight increased and, accordingly, the seed
yield increased. The most important reason for the positive
response of the mustard plant to nitrogen fertilizer may be
the fact that the soil was poor in organic matter and,
accordingly, in nitrogen. In other words, adding fertilizer to
the soil that is insufficient in nitrogen significantly
increased the seed yield in the mustard plant. Shorma et al.
(2020) reported that the seed yield increased with the
increase in the doses of nitrogen. Similarly, Reddy and
Sinha (1989) also found that as the amount of nitrogen
increased, the seed yield increased by 49.5%-96.5% in the
mustard plant. The yield in 120 kg ha? of phosphorus
application was higher than the other applications. This
increase in yield is probably due to the increased metabolic
activity caused by the formation of structural carbohydrates
(Said-Al Ahl et al., 2016). Supporting our results, Khan et
al. (2000), McKenzie et al. (2003), and Solanki et al. (2015)
reported that the higher doses of phosphorus fertilizer
increased the seed yield in similar plants.

Oil content

The seed oil concentration was significantly affected by
years and fertilizer applications. The oil content of the
mustard plant was found to be slightly low in the first year
of the study. As can be seen in the Table 1 showing the
climate data for 2015 and 2016, the total amount of
precipitation in May, June, and July in 2016 was markedly
higher compared to 2015, which explains the high crude oil
contents in 2016. Previous studies reported that the oil
content was significantly affected by the temperature
differences over the years, and the oil content decreased in
the years when the weather was hot during the grain filling
period (Weiss, 1983; Roche et al., 2004). In the present
study, nitrogen and phosphours fertilization caused some
differences in the seed oil concentration of mustard. The oil
content generally increased as the dose of nitrogen
increased, except for the control and the nitrogen dose of
150 kg ha. The highest oil content (18.2%) was observed
to be in the nitrogen dose of 50 kg ha and the lowest oil
content (14.2%) in the control (Table 2, Figure 2). This
result was observed in both years of the study and similar
to the results of the study by Keivanrad and Zandi (2014).
Mozaffari et al. (2012) reported that they obtained the
highest oil contents from the highest doses of nitrogen. It
was observed that the oil content increased with the
increase in the dose of phosphorus. The highest oil content
(18.7%) was observed in the dose of 120 kg ha™’, the highest
phosphorus dose, and the lowest oil content (14.7%) in the
control (Table 2, Figure 2). In our study, the oil contents
differed depending on the doses of nitrogen and
phosphorus. The response to the nitrogen doses was
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different from that to the phosphorus doses, and this caused
the interaction “nitrogen dose x phosphorus dose” to be
significant in terms of the oil content. In the previous
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studies on rapeseed, it was reported that the high doses of
phosphorus increased the oil content (Motlagh et al., 2012;
Said-Al Ahl et al., 2016; Ahmed, 2018).
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Figure 2: Effect of the dose of nitrogen (N) and phosphorus (P) fertilizer on the seed yield (a), seed oil content (b), and protein content

(c) in mustard.

Protein content

The protein content of seeds shows their quality and
nutritional value. The application of nitrogen and
phosphorus fertilizers decreased the seed protein contents
of the mustard in 2016. The protein contents of the mustard
plants were higher in 2015 (26.4%) than in 2016 (24.2%).
Protein content, a quality criterion in oil crops, is affected
by the environmental factors such as temperature and
precipitation as well as the genetic characteristics of the
variety. In this study, the seed protein contents were found
to differ depending on the dose of the nitrogen and
phosphorus fertilizers. Crude protein contents of the seeds
increased significantly with the increasing doses of
nitrogen (Table 2). The highest protein content was found
to be in the nitrogen doses of 150 and 200 kg ha (27.7%
and 27.9%, respectively), and the lowest protein content in
the control (21.6%) (Figure 2). The protein contents varied
depending on the dose of the phosphorus fertilizer, and the
highest protein content was found to be in the phosphorus
dose of 60 kg ha* (26.6%) and the lowest protein content
in the phosphorus doses of 30 and 120 kg ha (24.8%)
(Table 2, Figure 2). It was found that the response of the
mustard plant to different doses of nitrogen fertilizer was
different from that to the doses of phosphorus fertilizer.
Cheema et al. (2001) reported that the phosphorus
applications increased the protein content in mustard.

Nitrogen is the building block of protein which is an
important structural component of all plants. Therefore, the
increased doses of nitrogen accelerate the protein formation
and hence the growth. Kovacs et al. (2009) asserted that
the protein content of the seeds with high content of
nitrogen increased due to the fact that the N content of
vegetative components could be transported to the
reproductive organs.

CONCLUSION

Mustard is sensitive to fertilization, so nitrogen and
phosphours fertilizer were studied to maximize the yield
and quality of mustard. The results of the study were in
agreement with other research, indicating the effects of
nitrogen and phosphorus fertilizers on the yield and
agronomic characteristics. In general, the vyield, yield
components, and quality of mustard tended to increase with
the applications of nitrogen and phosphorous. Therefore, it
is important to make a good decision in choosing the right
fertilizer combinations. The effect of nitrogen and
phousphours fertilizers on the seed vyield, vyield
components, and quality of mustard was found to be
significant in 2015 and 2016. The nitrogen and phosphorus
applications yielded different results, and there were
significant differences in terms of the nitrogen and
phosphorus doses. Considering the yield and the important
quality criteria, the best results were obtained in the
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nitrogen dose of 200 kg ha™ and the phosphorus dose of
120 kg ha. In conclusion, based on the data obtained in
this study, it can be asserted that mustard is an important
plant that can be included in the product diversity of the
region thanks to its advantages such as that it has a short
vegetation period, requires low input, and can be grown in
the marginal areas where other cultivated plants cannot be
grown. The results of the study suggest that the best results
in terms of yield and yield components can be obtained
from the highest doses of fertilizers in the plants such as
mustard, especially in the regions where the continental
climate and semi-arid climatic conditions prevail and
vegetation periods are short.
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