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The role of different nutrient elements is well established in plant metabolism. However, different crops 
respond differently in relation to their growth and yield. An experiment was conducted at the Agronomy Field 
Laboratory, Bangladesh Agricultural University, Mymensingh to evaluate the response of sulphur and zinc 
nutrition to the seed yield and oil content of mustard (cv. BARI Sarisha-14). It, laid out in RCBD with three 
replications was consisted of four levels of sulphur (0, 20, 40 and 60 kg ha-1) and Zn (0, 1, 2, 3 kg   ha-1). It was 
observed that 60 kg Sulphur ha-1 gave significantly highest seed yield, oil content and harvest index owing to 
the highest number of branches plant-1, siliqua plant-1, seeds siliqua-1 and 1000-seed weight. Conversely, 0 kg 
Sulphur ha-1 provided the lowest seed yield and oil content of mustard. Again, the highest number of braches 
plant-1, siliqua plant-1 and seeds siliqua-1 was found at 3 kg zinc ha-1 which resulted in the highest seed yield, 
oil content and harvest index. The lowest performance of the yield components and yield was observed at 0 
kg zinc ha-1. Interaction effect between 60 kg sulphur ha-1 and 3 kg zinc ha-1 provided the highest seed yield 
and stover yield because of the highest number of branches plant-1 and seeds siliqua-1 and the worst yield 
performance was a observed at the control treatment. Therefore, the application of sulphur and zinc at the 
rate of 60 kg ha-1 and 3 kg ha-1, respectively could be applied for BARI sarisha-14 for higher seed yield. 
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1. INTRODUCTION 

Mustard (Brassicsa juncea L.) is an important oilseed crop of the family 
cruciferae and dominates the oilseed crop production in Bangladesh. It 
occupies about 67% (759,874 acres) of land out of 1,121,617 acres of land 
under oilseed cultivation in this country (BBS, 2019). Depending on the 
varieties, mustard seed contains about 40-44% oil having around 40% 
protein in its cake which always seeks attention of the farmers as well as 
the researchers (BARI, 2019). Every year, Bangladesh has to import a 
considerable amount of mustard seeds to cope with its increasing demand 
because of the high oil content of seeds and protein-rich oilcake as feed for 
the animals. In spite of having some high yielding varieties developed by 
the different agricultural research institutes in Bangladesh, the average 
yield of mustard is still not that much higher. The average production of 
rapeseed-mustard is 739 kg ha-1 in the country whereas the world average 
is 1575 kg ha-1 (FAO, 2011). The inadequate yield of mustard might be 
grounded by several factors like improper cultural practices, insufficient 
nutrient management, soil nutrient depletions and so on. Crop yield 
reductions are strongly related with soil quality degradation, particularly 
nutrient depletions which can be attributed to either insufficient fertilizer 
use or imbalanced fertilization (Roy et al., 2013; Haque et al., 2013; Tan et 
al., 2005; Chaudhary et al., 2007). Fertilizers have effect on yield and yield 
attributes of crops and justified fertilizers and resource use is crucial to 
maintain productivity of crops (Sultana et al., 2019; Sultana et al., 2015). 
In recent years, deficiency of sulphur has been aggravated in the soil of 
Bangladesh because of the continuous removal by intensive cropping and 
tendency to apply NPK fertilizers which is devoid of sulphur. Sulphur is 

the fourth major plant nutrient after nitrogen, phosphorus and potassium 
for agriculture. It is essential for synthesis of amino acids, proteins, oils, a 
component of vitamin A and activates enzyme system in plant. Three 
amino acids viz. methionine (21%S), cysteine (26% S) and cystine (27%S) 
contain S which are the building blocks of proteins. About 90% of sulphur 
is present in these amino acids. It is essential for the synthesis of sulphur 
containing essential amino acids, associated with nitrogen metabolism 
and is also involved in the formation of chlorophyll, glucosides and 
glucosinolates (mustard oils), activation of enzymes and sulphydryl (SH-) 
linkages that are the source of pungency in oilseeds (Kumar et al., 2018).  

Zinc is one of the first micronutrients recognized as essential for plants 
that transported to plant root surface through diffusion (Maqsood et al., 
2009). It is a micronutrient and in case of its severe deficiency the 
symptoms may last throughout the entire crop season (Asad and Rafique, 
2000). Zn deficient plant also appears to be stunted. Better zinc nutrition 
of crop helped in branching both primary and secondary branches 
resulting in higher stover yield at harvest (Torun et al., 2000). The grain 
yield can be improved by addition of Zn fertilization (Maqsood et al., 
2009). A researcher also suggested that the application of Zn has become 
necessary for improved crop yields (Kutuk et al., 2000). It plays significant 
role in various enzymatic and physiological activities of the plant system. 
It plays a role in the synthesis of nucleic acid and protein. It also helps in 
the utilization of phosphorus and nitrogen along with physiology of seed 
formation (Upadhyay et al., 2016).  

Since adequate information is lacking on the choice of sulphur and zinc 
fertilizer doses for mustard, facts on sulphur and zinc fertilization 
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response of BARI Sarisha-14 would be useful for increasing the yield and 
oil content. Therefore, the present research plan was formulated to find 
the effect of different sulphur and zinc fertilization as well as their 
interactions to the seed yield and oil content of mustard (cv. Bari sarisha-
14). 

2. MATERIALS AND METHODS 

The research was conducted at the Agronomy Field Laboratory, 
Bangladesh Agricultural University, Mymensingh during November 2016 
to February 2017 in the Rabi season. The experimental site is located at 
240 75’ N latitude and 900 50' E longitude at an elevation of 18 m above the 
mean sea level. It is characterized by non-calcareous dark grey floodplain 
soil belonging to the Sonatola soil series under the old Brahmaputra 
floodplain (AEZ-9) (UNDP and FAO, 1988). The land type was medium 
high with silty loam in texture. BARI Sarisha-14, a high yielding variety of 
Brassica junica developed by the Bangladesh Agricultural Research 
Institute, Joydebpur, Gazipur was used for the experiment. The 
experiment was laid out in a two factor RCBD design with three 
replications. The treatments comprised of four levels of sulphur (0, 20, 40 
& 60 kg S ha-1) and four levels of zinc (0, 1, 2 & 3 kg Zn ha-1) fertilization. 
There were 48 unit plots, each of 5m2 (2m × 2.5m) maintaining a distance 
of 75cm between plot to plot and 1m between block to block.  

2.1 Crop Husbandry 

The land was finally prepared on 10 November 2016 after ploughing and 
cross ploughing followed by laddering. The plots were laid out in the field 
on 11 November 2016. The N, P and K fertilizer were applied at the rate of 
250, 180 and 100 kg/ha according to Fertilizer Recommendation Guide as 
Urea, Triple super phosphate (TSP) and muriate of potash (MOP), 
respectively (BARC, 2012). One third (1/3) of whole amount of Urea and 
full amount of MP and TSP were applied at the time of final land 
preparation. The remaining Urea was top dressed in two equal 
installments at 25 days after sowing (DAS) and 40 DAS respectively. The 
seeds of (BARI Sarisha-14) were sown, on 12 November 2016 
continuously @ 7 kg ha-1 by hand as uniform as possible in the 30 cm apart 
lines allowing 200 plant per plot. The first weeding and thinning were 
done manually on 30 November 2016. The final weeding and thinning 
were done after 25 days of sowing. Three irrigations were given at 25 DAS, 
35 DAS (maximum flowering stage) and 50 DAS (seed formation stage). 
The crop was infested with aphids (Lipaphis erysimi) at the time of siliqua 
filling and was controlled successfully by spraying, Malathion 50 EC @ 2ml 
/L water thrice. The crop was kept under constant observations from 
sowing to harvesting. The crop was harvested on 08 February 2017 when 
90% siliquae were matured.  

2.2 Data Collection 

Five plants from each plot were selected at random and were tagged for 
the data collection. The sample plants were uprooted prior to harvest and 
dried properly in the sun. After collecting sample plants, the harvested 
plants were tied into bundles and carried to the threshing floor and then 
sun dried by spreading the bundles on the threshing floor. The seeds were 
separated from the stover by beating the bundles with bamboo sticks. 
After threshing and cleaning, the yields of seed and straw per plot were 

recorded, converted and expressed as Kg ha-1.  

2.3 Data Analysis 

The recorded data were compiled and tabulated in proper form for 
statistical analysis. Analysis of variance was done following the RCBD with 
the help of computer package MSTAT. The mean differences were 
adjudged by Duncan’s Multiple Range Test (Gomez and Gomez, 1984). 

3. RESULTS AND DISCUSSION

3.1 Response of Sulphur 

The entire yield components, seed yield, oil content, stover yield as well as 
harvest index responded significantly to various levels of sulphur 
fertilization (Table 1). The highest number of branches plant-1 (5.33), the 
maximum siliqua plant-1 (261.8), the highest number of seeds siliqua-1 

(17.58), the highest 1000-seed weight (3.03 g), the highest seed yield 
(1160 kg ha-1), the maximum amount of oil content (39.35%)  and the 
highest stover yield (2535 kg  ha-1) was found at the application of 60 kg S 
ha-1. The highest harvest index (31.50%) was also found at the same 
treatment which was at par with the treatment of 40 kg ha-1 (31.50%) and 
20 kg ha-1 (30.66%), respectively. The highest seed yield of BARI Sarisha-
14 was the cumulative effect of the highest performance of all the yield 
contributing characters (Table 1). The boosting up of seed yield and oil 
content of mustard might be due to its crucial role of S on different 
biochemical and physiological functioning responsible for growth and 
yield of mustard. Sulphur nutrition also enhances cell multiplication, 
elongation, expansion and imparts a deep green coloured leaves by 
increasing chlorophyll synthesis resulting in increased dry matter 
partitioning in comparison to the sulphur deficient plants (Mehriya and 
Khangarot, 2000). The results coincide with the findings of those who 
reported to have the highest performance of the vegetative and yield 
parameters while applying 60 kg S ha-1 (Sipai et al., 2015). It was also 
confirmed that the application of 60 kg S ha-1 had numerically increased 
the seed yield about 14.50% over control (Negi et al., 2017). On the other 
hand, some researchers had the highest yield performance when 40 kg S 
ha-1 was applied whereas, others found the similar trends with 45 kg S ha-

1 (Kumar et al., 2018; Swaroop et al., 2017; Upadhyay et al., 2016; Yerma 
and Dawson, 2018). Statistically significant positive influence of sulphur 
on seed yield of mustard was also supported with the findings of several 
experiments (Mir et al., 2004; Malik et al., 2004; Sahu et al., 2004; Singh et 
al., 2004; Kumar et al., 2006; Patel et al., 2007; Hassan et al., 2007; Kumar 
and Yadar, 2007). The lowest number of branches plant-1 (4.08), the lowest 
number of seeds siliqua-1 (11.58), the lowest seed yield (962.5 kg  ha-1), the 
minimum amount of oil content (38.42%) and the lowest stover yield 
(2206 kg ha-1) was found when no sulphur was applied. Besides, the lowest 
number of siliqua plant-1 (245.9) and the lowest 1000-seed weight (2.98 
g) was found at the same treatment which was statistically similar with 
those of 40 kg S ha-1 and 20 kg S ha-1, respectively. The lowest harvest index 
(30.48%) was found at 0 kg S ha-1 which was statistically parallel to that of 
20 kg S ha-1. The lowest seed yield of mustard from the control (0 kg S ha-

1) treatment was also found by the others (Pavani et al., 2013; Verma et al., 
2011). 

Table 1: Effect of levels of sulphur on yield components, seed yield and oil content of mustard (cv. BARI Sarisha-14) 

Levels of 
Sulphur 

No. of branches 
plant-1 

No. of siliqua 
plant-1 

No. of seeds 
siliqua-1 

Seed yield 

(kg ha–1) 
Oil content (%) 

Stover  yield 

(kg ha–1) 

Harvest index 
(%) 

S0 4.08 c 245.9 b 11.58 d 962.5 c 38.42 c 2206 d 30.48 b 

S20 4.75b 250.9 b 13.52 c 1062 b 39.13 ab 2421 b 30.66 ab 

S40 4.67 b 251.2 b 15.25 b 1077 b 38.67 bc 2350 c 31.50 a 

S60 5.33 a 261.8 a 17.58 a 1160 a 39.35 a 2535 a 31.50 a 

Sx 0.11 2.05 0.198 13.88 0.204 15.29 0.296 

Level of sig. ** ** ** ** ** ** * 

CV (%) 7.75 2.81 4.74 4.51 1.82 2.23 3.32 

In a column, figures with same letter (s) or without letter do not differ significantly as per DMRT 

** = Significant at 1% level of probability, * = Significant at 5% level of probability 

S0 = 0 kg ha-1¸ S1 = 20 kg ha-1¸ S2 = 40 kg ha-1¸ S3 = 60 kg ha-1 

3.2 Response of Zinc 

Different levels of Zinc application exerted statistically significant effect on 
the number of branches plant-1, siliqua plant-1, seeds siliqua-1, seed yield, 

oil content, stover yield and harvest index (Table 2). The highest number 
of branches plant-1 (5.833), the highest seed yield (1136 kg ha-1) and the 
highest stover yield (2720 kg ha-1) was found at the treatment of 3 kg Zn 
ha-1. Furthermore, the maximum siliqua plant-1 (258.3), the highest 
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number of seeds siliqua-1 (15.42) and the maximum amount of oil content 
(39.36%) was found at the same treatment which was statistically similar 
with those of the treatment of 2 kg Zn ha-1. The highest harvest index 
(32.80%) was found at no zinc treatment whereas non-significant effect of 
zinc application was observed on 1000-seed weight (Table 2). The 
significant improvement in seed yield of mustard due to zinc nutrition @ 
3.0 kg Zn ha-1 could be attributed to its big importance in growth and 
development. Better zinc nutrition of crop helped it in branching both 
primary and secondary branches in present investigation resulting in 
higher stover yield at harvest, which in turn has affected the seed yield, 
which has direct bearings on the dependent characters (Sipai et al., 2015). 
This result accorded with some others who observed the increase in seed 
and stover yield of mustard due to zinc application (Sipai et al., 2015; 

Kumar et al., 2018; Yadav et al., 2017; Malewar et al., 2001; Kumawat and 
Pathan, 2002). On the other hand, the lowest number of branches plant-1 

(3.583), the lowest number of seeds siliqua-1 (13.08) and the lowest stover 
yield (2067 kg ha-1) was found at the no zinc treatment. Again, the lowest 
number of siliqua plant-1(247.5), the lowest seed yield (1013 kg ha-1) and 
the lowest oil content (38.39%) was found at the same treatment which 
was statistically similar with those of the treatment of 1 kg Zn ha-1. 
However, the lowest harvest index (29.43%) was found at the 3 kg Zn ha-

1 which was also statistically parallel with that of 2 kg Zn ha-1. The lower 
performance of mustard could be due to physiological disturbances as a 
result of inadequate zinc application. 

Table 2: Effect of levels of zinc on yield components, seed yield and oil content of mustard (cv. BARI Sarisha-14) 

Levels of zinc 
No. of branches 

plant-1 

No. of siliqua 
plant-1 

No. of seeds 
siliqua-1

1000- seed 
weight (g) 

Seed yield 

(kg ha–1) 
Oil content (%) 

Stover yield 

(kg ha–1) 

Harvest index 
(%) 

Zn0 3.583 d 247.5 b 13.08 c 2.97 1013  c 38.39 c 2067 d 32.80 a 

Zn1 4.250 c 251.2 b 14.33 b 2.99 1032 c 38.70 bc 2209 c 31.86 b 

Zn2 5.167 b 252.8 ab 15.08a 3.00 1081 b 39.13 ab 2516 b 30.05 c 

Zn3 5.833 a 258.3  a 15.42 a 3.02 1136 a 39.36 a 2720 a 29.43 c 

Sx 0.105 2.05 0.198 0.013 13.88 0.204 15.29 0.296 

Level of sig. ** ** ** NS ** ** ** ** 

CV (%) 7.75 2.81 4.74 1.40 4.51 1.82 2.23 3.32 

In a column, figures with same letter (s) or without letter do not differ significantly as per DMRT 
** = Significant at 1% level of probability, NS = Not significant 

Zn0 = 0 kg ha-1¸ Zn1 = 1 kg ha-1¸ Zn2 = 2 kg ha-1¸ Zn3 = 3 kg ha-1 

3.3 Interaction effect 

All the studied parameters except 1000-seed weight and oil content were 
significantly influenced by the interaction effect between sulphur and zinc 
fertilizations (Table 3). The highest seed yield (1269 kg ha-1) was found at 
the interaction between 60 kg S ha-1 and 3 kg Zn ha-1. Most likely, the 
highest seed yield was the cumulative effect contributed by the highest 
number of branches plant-1 (6.66), seeds siliqua-1 (19.33) and one of the 
highests number of siliqua plant-1(259) found at the same interaction 
treatment. The highest stover yield (2927 kg ha-1) was also found at the 
interaction between 60 kg S ha-1 and 3 kg Zn ha-1. But the highest harvest 
index (34.19%) was found at the interaction effect between 20 kg S ha-1 
and 0 kg Zn ha-1 which was statistically similar with that of the interaction 
between 60 kg S ha-1 and 0 kg Zn ha-1 (33.77%), 0 kg S ha-1 and 1 kg Zn ha-

1 (33.50%), and 40 kg S ha-1 and 0 kg Zn ha-1 (33.46%) (Table 3). The 
highest seed yield and oil content was the resultant of cumulative 
performance by the yield components of mustard. This could have been 
due to some synergistic properties of combined use of sulphur and zinc 
fertilization up to certain levels as reported by some researchers 
(Prabhuraj et al., 1983; Kumar and Singh, 1980). The synergistic response 

of interction between sulphur and zinc in increasing the seed yield of 
mustard was found in other researches also (Sipai et al., 2015; Kumar et 
al., 2018; Akbari et al., 2003; Meena et al., 2006; Subhash and Yadav, 2007; 
Singh et al., 2007). On the contrary, the lowest seed yield (811 kg ha-1) was 
found at the interaction between no sulphur and no Zinc fertilization. The 
lowest seed yield at 0 kg S ha-1 × 0 kg Zn ha-1 could be the collective impact 
of one of the lowest number of branches plant-1 (3.33), siliqua plant-1 
(238.7) and the lowest number of seeds siliqua-1 (8.667) found at the same 
treatment. The lowest stover yield (1923 kg ha-1) was found at the same 
treatment which was similar with that of 0 kg S ha-1 × 1 kg Zn ha-1(1971 kg 
ha-1). The lowest harvest index (28.21%) was found at the interaction 
between 20 kg S ha-1 and 3 kg Zn ha-1 which was also similar with that of 0 
kg S ha-1 and 3 kg Zn ha-1(28.88%), 20 kg S ha-1 and 2 kg Zn ha-1 (29.37%),0 
kg S ha-1 and 0 kg Zn ha-1(29.77%) and 0 kg S ha-1 and 2 kg Zn ha-1 (29.79%) 
(Table 3). The deficiency of one or more essential plant nutrients i.e. 
sulphur and zinc could be responsible for the poor performance of the 
yield attributes which, in turn, hastened the lowest seed yield and oil 
content of mustard. The lower yield of mustard with no sulphur and zinc 
fertilization was also observed in another study (Sipai et al., 2015). 

Table 3: Interaction effect of levels of sulphur and levels of zinc on yield components, seed yield and oil content of mustard (cv. BARI Sarisha-14) 

Interaction  

(S × Zn) 

No. of branches 
plant-1 

No. of siliqua 
plant-1 

No. of seeds 
siliqua-1

1000-seed 
weight (g) 

Seed yield 

(kg ha–1) 

Oil content 
(%) 

Stover yield 

(kg ha–1) 

Harvest index 
(%) 

S0Zn0 3.33e 238.7e 8.667h 2.94 811.0  g 38.08 1923.0 i 29.77 d-f 

S0Zn1 4.00de 238.7e 12.00g 2.99 993.0  f 37.77 1971.0 hi 33.50 ab 

S0Zn2 4.33d 245.3c-e 12.67fg 2.99 1005.0 ef 38.77 2369.0 e 29.79 d-f 

S0Zn3 4.66cd 261.0ab 13.00fg 2.99 1041.0 c-f 39.05 2561.0 cd 28.88ef 

S20Zn0 3.33e 246.7c-e 13.33ef 2.99 1086.0 b-e 39.37 2090.0 g 34.19  a 

S20Zn1 4.66d 249.3b-e 13.33ef 2.99 998.0   ef 38.82 2237.0 f 30.85 c-e 

S20Zn2 5.33bc 252.3a-d 13.67ef 2.99 1064.0 b-f 39.11 2559.0 cd 29.37 d-f 

S20Zn3 5.66b 255.3a-c 13.67ef 2.99 1099.0 b-d 39.22 2797.0 b 28.21 f 

S40Zn0 3.33e 241.3de 14.33de 2.99 1034.0 c-f 37.53 2056.0 gh 33.46 ab 

S40Zn1 3.66e 257.7a-c 15.33cd 2.99 1021.0 d-f 38.75 2234.0 f 31.34 cd 

S40Zn2 5.33bc 247.7b-e 15.67bc 2.99 1118.0 bc 39.04 2515.0 d 30.77 c-e 

S40Zn3 6.33a 258.0a-c 15.67bc 2.99 1134.0 b 39.38 2596.0 cd 30.41 c-e 

S60Zn0 4.33d 263.3a 16.00bc 2.99 1121.0 bc 38.57 2197.0 f 33.77 a 

S60Zn1 4.66d 259.0a-c 16.67b 2.99 1114.0 bc 39.46 2394.0 e 31.76 bc 

S60Zn2 5.66b 265.7a 18.33a 3.03 1137.0 b 39.58 2620.0 c 30.25 c-e 

S60Zn3 6.66a 259.0a-c 19.33a 3.11 1269.0 a 39.78 2927.0 a 30.23 c-e 

Sx  0.210 4.10 0.396 0.026 27.76 0.408 30.59 0.592 

Level of sig. ** * ** NS ** NS ** ** 

CV (%) 7.75 2.81 4.74 1.40 4.51 1.82 2.23 3.32 

In a column, figures with same letter (s) or without letter do not differ significantly as per DMRT 
** = Significant at 1% level of probability, * = Significant at 5% level of probability, NS = Not significant 

S0 = 0 kg ha-1¸ S1 = 20 kg ha-1¸ S2 = 40 kg ha-1¸ S3 = 60 kg ha-1 
Zn0 = 0 kg ha-1¸ Zn1 = 1 kg ha-1¸ Zn2 = 2 kg ha-1¸ Zn3 = 3 kg ha-1
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4. CONCLUSION 

The present study suggested that sulphur and zinc played a significant role 
in increasing seed yield and oil content of mustard. Therefore, sulphur and 
zinc at the rate of 60 kg ha-1and 3 kg ha-1 might be applied for the higher 
seed yield and oil content of BARI Sarisha-14.  
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