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Abstract: Imbalance fertilization of crop nutrients is one of key reason for lower yield and productivity of
sesame. Therefore, a field trial was carried out at Agronomy Research Farm, The University of Agriculture,
Peshawar during Kharif, 2016 with the objective to investigate the effects of nitrogen (50, 75, 100 and 125 kg
ha ) and sulfur (10, 20, 30 and 40 kg ha ) on phenology, crop stand, biological yield components and seed1 1

yield of black sesame. The research was conducted in randomized complete block (RCB) design with 4
replications. Results indicated significant effects of nitrogen and sulfur on growth, yield and yield components
of sesame except days to emergence and emergence m . Taller plants (181.5 cm) with maximum number of2

branches plant  (12), capsules plant  (80), biological yield (4145 kg ha ) and seed yield (907 kg ha ) were1 1 1 1

recorded with 100 kg ha  N fertilization. However, delayed flowering (57 days) was observed with 125 kg ha1 1

N application. Likewise, sulfur application at the rate of 40 kg ha  delayed days to first flowering of sesame1

and  produced  taller plants (182 cm) with higher branches plant  (12), capsule plant  (84), biological yield1 1

(4111 kg ha ) and seed yield (906 kg ha ). It is concluded that application of 100 kg ha  N and 40 kg ha  S1 1 1 1

delayed flowering and produced higher biological yield components and seed yield and hence recommended
for higher sesame productivity.
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INTRODUCTION rainfed. In 2015 the total area under sesame cultivation

Sesame (Sesamum indicum L.) belongs to family average yield of 410 kg ha . In Khyber Pakhtunkhwa its
Pedaliaceae and is an annual kharif and indeterminate area was 100 ha and production was 100 tons with
oilseed crop. Sesame is considered as King of oilseed average yield of 1000 kg ha  [4]. Many factors such as
crops  due  to  presence  of  high  oil  percentage  in it quality seeds, irrigation water availability in proper
Toan et al. [1]. Its oil is odorless and colorless and amount at proper growth stage, preparation of land,
contains about 42-45% oil, 14-20% proteins and 20% access to improved modern technologies and some other
carbohydrates.  The oil of sesame is mostly used for biotic and abiotic factors strongly affects production and
edible purpose due to its superior quality of containing yield of crops. Among the other restrictions, one major
less amount of erucic acid and high amount of linoleic constraint for low productivity from oil seed crops is
acid  which  is  beneficial for human health [2]. Generally, imbalance use of fertilizers.
In Pakistan, there are two type of sesame grown, black Nitrogen is a major plant nutrient necessary for plant
sesame and cream colored sesame. Pakistan is 3  largest development and growth [5, 6]. It is important for sesamerd

buyer of edible oil in the world and spends 1.2 billion growth to build up protoplasm which encourages cell
dollar  of  annual  budget on import of vegetable oils, elongation, increase number of meristematic cells and
which  is  a  big crash to the economy of the country [3]. ultimately seed yield [7, 8]. Nitrogen improves crop
In Pakistan sesame is grown on irrigated as well as vegetative growth and also ensures higher oil percentage

was 84700 ha and total production was 34300 tons with
1

1
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and quality of oil. However, it is very important and throughout the growing season. Days to emergence were
technical to apply nitrogen in proper amount as the taken by counting days from date of sowing to the date
deficiency can lead to poor and stunted growth and lower when 80% plants emerged in each plot. For emergence
yield, while the excessive use can delayed flowering, m one meter long three rows were selected and number
maturity and several phenological disorders, resulting in of seedlings in each row were counted in each plot and
lower production and high input cost [9, 10]. Nitrogen converted to emergence m . At G  stage (50-55 days)
affects crop growth positively and brings significant days to first flowering were recorded by counting days
increase in plant tallness, leaf area index, number of leaves taken from sowing until flowering started in each
plant , seed yield and biological yield [11]. experimental plot. Plant height was measured with the help1

Sulfur is the fourth major nutrient after nitrogen, of meter rod by selecting 5 plants from each plot and their
phosphorus and potassium, required for optimum crop heights were measured from base to top and then
growth and production [12]. Sulfur is directly engaged averaged. At physiological maturity stage primary
with a few metabolic and enzymatic plant processes and branches were counted by randomly selecting 5 plants
is a vital segment of glutathione which plays a basic role from each plot and then their average was worked out.
in plant respiration [13]. Sulfur is vital for plays an Capsules plant  was recorded by counting plant
imperative role in chlorophyll synthesis, oil formation and capsules from bottom to top of the plant at physiological
metabolism [14]. It boosts resistance against stress maturity stage by selecting randomly 5 plants from each
conditions and rigidity [8]. Sulfur and iron application experimental unit. For biological yield four central rows
enhances nutrients uptake, growth and development and were harvested, sundried and weighed with the help of
yield attributes of sesame [15]. It also increases the oil electronic balance and converted to kg ha . Central four
capacity and quality of sesame. Due to this character oil rows harvested for biological yield were sun dried for two
crops need sulfur for higher oil yield [16]. Sulfur is an weeks to reduce its moisture content. Then threshed
essential part of glucosinlates, proteins and components manually and seeds were collected in bags. Weight was
that decides the nature and quality of oil crop [12]. Sulfur measured with sensitive electronic balance and then
application can also enhance the nitrogen content in converted to kg ha .
straw and seed [17, 18]. Nitrogen and sulfur are co-related
to each other in plant metabolic processes i.e. reduction Statistical Analysis: For statistical analysis of data,
in sulfur availability can reduce the metabolism of analysis of variance technique suitable for RCB design
nitrogen [19]. In like manner, it was seen that judicious was used. Means were computed using LSD test at
use of sulfur improved take-up of nutrients which helped probability level of 0.05 when F- vale were significant [21].
in improved plant metabolic activities [20].

Therefore, this study was conducted to find out the RESULTS AND DISCUSSION
most appropriate levels of nitrogen and sulfur for getting
higher yield and yield components of sesame under the Days to Emergence and Emergence m : Analysis of data
semi-arid climatic environment of Peshawar-Pakistan. showed that days to emergence as well as seedlings

MATERIALS AND METHODS affected by different nitrogen (N) and suflur (S) levels

This experiment was laid out in randomized complete and control vs. rest was also non-significant (Table 1).
block design with 4 replications. Four levels of nitrogen This  non-significant  effect  might  be  due  to  the fact
(50,  75,  100  and  125 kg ha ) and four levels of sulfur that during germination seed uses its own reserve food1

(10, 20, 30 and 40 kg ha ) were used in the experiment. and have slight or no effect of exogenous fertilizer1

One control plot with no application of nitrogen and application. Ali et al. [11] stated that crop stand of sesame
sulfur was maintained in each replication. Urea and didn’t show significant response toward N and S
Ammonium sulfate was used as source of nitrogen and fertilizers application. Our findings are also supported by
sulfur, respectively. Plots size of 3 x 3.6 m, having 6 rows Shilpi et al. [8] who stated that seed utilizes its
with  row  to  row  distance  of  60 cm was maintained. endospermic reserved food (carbohydrates, minerals and
Local black seed variety was sown at the rate of 4 kg ha protein) which fulfills the requirements for seed to1

on  25  June  2016  and harvested on 13 October 2016. germinate and doesn’t rely on any external fertilizers orth th

All agronomic practices were carried out uniformly nutrients sources.

2

2
6

1

1

1

2

emerged per unit area of sesame was not significantly

(Fig. 1a & b; Fig. 2a&b). Similarly, their interaction (N x S)
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Fig. 1: Effects of nitrogen on a) days to emergence b) emergence m  c) days to first flowering d) plant height (cm) of2

sesame. Each bar represents mean data of four replications while error bars represent standard error of replicated
data

Fig. 2: Effects of sulfur on a) days to emergence b) emergence m  c) days to first flowering d) plant height (cm) of2

sesame. Each bar represents mean data of four replications while error bars represent standard error of replicated
data
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Table 1: Control vs. rest comparison of different crop variables of sesame as affected by nitrogen and sulfur levels
Crop variable Control Rest Significance
Days to emergence 7 7 Ns
Emergence m 120 123 Ns2

Days to first flowering 50 56 **
Plant height 146.2 177.6 ***
Branches plant 8 11 ***1

Capsules plant 64 76 **1

Biological yield 3265 3964 ***
Seed yield 597.5 840.3 ***
Ns = Non-significant

Days to First Flowering: Statistical analysis of data observed with 100 kg ha  N fertilization, followed by 125
revealed significant effects of N and S fertilization on days and 75 kg ha  N, respectively, which were statistically
to first flowering of sesame, while their interaction was similar with each others (Fig 1d). Nitrogen application at
found non-significant. Similarly, control vs. fertilized plots the  rate of  50 kg  ha  produced short stature plants
comparison indicated that fertilized plots took more (171.8 cm). Enhancement in height through increasing
number of days to first flowering (56 days) as compared levels of N addition is also reported by Sarala, Nahar and
to control plots (50 days) (Table 1). Mean values of the Chavan and Ali et al. [9, 11] who stated that nitrogen
data indicated delayed first flowering of sesame with improved vegetative growth, roots development and
increasing the application of nitrogen levels and higher higher leaf canopy which resulted in increased plant
days to first flowering (57 days) were recorded with 125 kg height due to efficient nutrients uptake and better crop
N ha  application (Fig. 1c), whereas early first flowering growth. Similar results are also observed by Haruna [23]1

(54 days) were recorded in treatment where 50 kg ha N who documented that height of sesame increased due to1

was applied. The possible reason for delayed first more uptake of N which helped in the enhancement of
flowering with increasing nitrogen levels might be due to vegetative growth. Regarding sulfur levels, sulfur at the
prolonged vegetative growth because of more availability rate of 40 kg ha  produced taller plants (182.0 cm),
of nutrients [11]. Similar results are stated by Nakhlawy followed by plant height observed from plot fertilized with
and Shaheen [22] who reported that increase in nitrogen 30 kg ha  sulfur, while dwarf plants (172.7 cm) were
level significantly delayed days to flowering of sesame. observed with 10 kg ha  sulfur application (Fig. 2d).
Regarding sulfur, increasing sulfur application levels Sulfur plays a key role in cell elongation and cell structure
significantly delayed first flowering of sesame and more thus the higher availability at proper time might be the
days to first flowering (57 days) were noted under reason for increased crop growth and development and
application of 40 kg ha  sulfur (Fig. 2c). Lower doses of ultimately plant height [17]. Similar results are reported by1

sulfur (10 kg ha ) application resulted in early first Mamatha et al. [24] who revealed significant differences1

flowering (54 days) of sesame. The probable reason for among plant height under various levels of sulfur
delayed flowering with high sulfur level might be due to application.
vital role of sulfur in increasing chlorophyll contents and
photosynthates, resulting in better and prolonged Number of Branches Plant : Statistical analysis of data
vegetative growth of crop [23]. These results corroborate showed significant effects of various N and S levels as
the findings of Shilpi et al. [8] who reported that well as control vs. rest difference for branches plant  of
increasing sulfur level increased the number of days to sesame.  However,  their interaction (N x S) was found
flowering of sesame. non-significant (Table 1). Fertilized plots, in comparison

Plant Height (cm): Analysis of data indicated that N and sesame (Table 1). Higher branches plant  (12) of sesame
S application significantly varied plant height of sesame. were observed with application of 100 kg ha  nitrogen
Likewise, the difference between control vs. rest was also while lower branches plant  (10) were recorded with
found significant. However, their interaction (N x S) was lower  level  of  N  application  i.e.  50 kg  ha  (Fig 3a).
found non-significant. The planned mean comparison of The possible reason might be the availability of more
control vs. rest indicated that control plots in comparison nutrients due to higher level of N application enabled crop
with fertilized treatments, resulted in short stature plants to uptake more nutrients and grow vigorously and thus
(146.2 cm) (Table 1). Taller plants (181.5 cm) were resulted  in   improved   crop   growth and more branches

1

1

1

1

1

1

1

1

with control produced higher branches plant  (11) of1

1

1

1

1
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Fig. 3: Effects of nitrogen on a) branches plant  b) capsules plant  c) biological yield (kg ha ) and d) grain yield (kg1 1 1

ha ) of sesame. Each bar represents mean data of four replications while error bars represent standard error of1

replicated data

plant . These results are in conformation with Haruna fertilized plots, produced lower capsules plant  (64) of1

[23] and Babajide et al. [25] who reported that primary sesame (Table 1). Higher capsules plant  (80) of sesame
branches were significantly higher in experimental units were observed with application of 100 kg ha  nitrogen
fertilized with 100 kg ha  N. Regarding sulfur, higher level while lower capsules plant (72) were recorded with lower1

of sulfur application (40 kg ha ) resulted in higher level of nitrogen application i.e. 50 kg ha  (Fig 3b).1

number branches plant  (12) of sesame, whereas Ibrahim et al. [27] and Khan et al. [18] concluded similar1

application of 10 kg ha sulfur resulted in lower branches results and stated that increase in numbers of capsules1

plant (10) (Fig. 4a). The possible reason might be that might be due to active nutrients uptake and vigorous1

sulfur application enhanced the metabolic and development of crop due maximum dose of Ahmad et al.
meristematic activities of crop resulting in optimum [28] also reported linear rise in capsules plant  by
growth. These results are in accordance with Verma et al. increases  the  nitrogen  rate  from (0 to 90 kg ha ).
[26] and Mamatha et al. [24] who stated that secondary Among sulfur levels, application of sulfur at higher level
and tertiary branches increased with increasing sulfur (40 kg ha ) resulted in maximum number capsules plant
levels up to 40 kg ha . Similar results are also reported by (84), whereas application of 10 kg ha  sulfur resulted in1

Khan et al. [18] and Ali et al. [11] who observed taller minimum  capsules  plant   (89)  of  sesame (Fig. 4b).
plants with higher primary and secondary branches Khan et al. [18] and Heidari, Galavi and Hassani [15]
plant  of sesame with sulfur application. reported significant increase in number of capsules1

Number of Capsules Plant : Application of nitrogen (N) Nandi and Tudu [29] also stated that increasing sulfur1

and sulfur (S) significantly varied the capsules plant  of levels significantly increased capsules plant .1

sesame. Similarly, control vs. rest was also found
significant. However, the interaction of nitrogen and Biological Yield (kg ha ): Application of nitrogen (N)
sulfur (N x S) was found non-significant for capsules and sulfur (S) significantly varied the biological yield of
plant  of sesame. Control plots in comparison with sesame.   Similarly,   control   vs.   rest   was   also   found1

1

1

1

1

1

1

1

1 1

1

1

plant  due to positive impact of S on sesame crop. Saren,1

1

1
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Fig. 4: Effects of sulfur on a) branches plant  b) capsules plant  c) biological yield (kg ha ) and d) grain yield (kg1 1 1

ha ) of sesame. Each bar represents mean data of four replications while error bars represent standard error of1

replicated data

significant (Table 1). However, the interactive response of higher growth and biomass and ultimately increased
nitrogen and sulfur (N x S) was found non-significant. biological yield [13]. Similar results are also reported by
Fertilizers treated plots in comparison with control plots, Shah et al. [30] who observed that biological yield was
produced more biological yield (3964 kg ha ) (Table 1). significantly increased with sulfur rates because it1

Higher biological yield (4145 kg ha ) of sesame was stimulates chloroplast protein synthesis resulting in high1

obtained from 100 kg ha  N application, while lower photosynthesis and photosynthates formation and finally1

biological yield (3843 kg ha ) was recorded with lower increased the biological yield.1

level of N application i.e. 50 kg ha  (Fig. 3c). These1

notable results might be associated with maximum plant Seed Yield (kg ha ): Statistical analysis of data indicated
height, branches and capsule plant  which enhanced that nitrogen and sulfur significantly varied seed yield of1

total biomass of the plant and produced more biological sesame. Similarly, their interaction (N x S) was also found
yield. These results are in consummate accord with significant (Fig. 5). Planned mean comparison between
Nakhlawy and Shaheen [22] and Ali et al. [11] who found control vs. fertilized plots was also significant and
that nitrogenous fertilizer had significant effect on indicated higher seed yield of sesame (840 kg ha ) as
biological yield due to the sulfur integral part in compared with control treatments (Table 1). Higher seed
chlorophyll, hormones, enzyme and proteins. Comparing yield (907 kg ha ) was observed with 100 kg ha N
sulfur, fertilization of sulfur at higher level (40 kg ha ) application, followed by 125 and 75 kg ha  N, which were1

resulted in more biological yield (4111 kg ha ) of sesame, statistically similar with each others. Application of1

whereas  application  of  10 kg  ha  sulfur resulted in nitrogen at the rate of 50 kg ha  resulted in lower seed1

lower biological yield (3839 kg ha ) of sesame (Fig. 4c). yield (786 kg ha ) (Fig 3d). The possible reason for1

This considerable increment in biological yield due to increase in seed yield might be due to positive impact of
sulfur application at higher rates is attributed to enhance N on growth and yield attributes including plant height,
formation of amino acid, chlorophyll and  photosynthates, capsules plant  and thousand grain weight of sesame
as a result plant uptakes optimum nutrients and attained which ultimately increased seed yield. These results are in

1

1

1 1

1

1

1

1
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Fig. 5: Interaction between nitrogen  and  sulfur  levels 4. MNFSR, 2015. Ministry of national Food security and
for   seed   yield   (kg   ha )   of   sesame. Each bar research; Agricultural statisitics, Govt. Pak.1

represents mean data of four replications while Islamabad.
error bars represent standard error of replicated 5. Malhi, S.S., C.A. Grant, A.M. Johnston and K.S. Gill,
data 2001. Nitrogen fertilization and management for no-till

line with Malik et al. [7] and Ahmed et al. [31] who Review: Soil & Till. Res., 60(4): 101-122.
documented that addition of nitrogen resulted in better 6. Prasad, R., 2004. Current status and strategies for
yield attributes like capsules plant , number of seeds balance   fertilization.    Afric.    J.    Agric.  Res.,1

capsule  and thousand seed weight which ultimately 49(12): 73-80.1

increased the grain yield. Ali et al. [11] and Mondal et al. 7. Malik,  M.A.,   M.F.   Saleem,   M.A.   Cheema    and
[19] also reported   higher   sesame   seed   yield   and S. Ahmed, 2003. Influence of different nitrogen levels
yield components with higher rate of N application. on productivity of sesame (Sesamum indicum L.)
Comparing   various   sulfur   levels,   application at the under varying planting patterns. Int. J. Agric. Biol.,
rate   of   40   kg   ha    produced    more     seed   yield 5(4): 490-492.1

(906 kg ha ), followed by seed yield recorded in plots 8. Shilpi, S., M.N. Islam, G.N.C. Sutradhar, A. Husna and1

fertilized with 30 kg ha  sulfur, while lower seed yield F. Akter, 2012. Effect of nitrogen and sulfur on the1

(771 kg ha ) was recorded with fertilization of 10 kg ha growth and yield of sesame. Int. J. Biores. Stress.1 1

sulfur (Fig. 4d). Our results are in line with Abdin et al. Managt., 3(2): 177-182.
[12] who reported significant increase in seed yield, 9. Sarala, M.M., B.V. Nahar and K.G. Chavan, 2002.
biological yield and yield components of sesame with Yield of sesame (Sesamum indicum L.) as influenced
increasing sulfur levels. Subhani et al. [32] also stated by different sulphur levels. Dapoli Dist. Ratnagiri,
higher seed yield of sesame with higher rates of sulfur India. Legume Res., 31(2): 280-281.
application. Interaction of N and S indicated that 10. Nahar, Z., K.K. Mistry, A.K. Saha and Q.A. Khaliq,
increasing N levels from 50 to 100 kg ha  increased seed 2008. Response of nitrogen levels on the yield of1

yield at all levels of sulfur and afterward increase in sesame  (Sesamum  indicum  L.). SAARC J. Agric.,
nitrogen levels decreased seed yield gradually. However 6(1): 1-7.
higher seed yield was recorded N and S were applied at 11. Ali, A., N. Khan, R. Khan, S. Khan, Z. Ullah, M. Ali,
100 and 40 kg ha , respectively. M. Junaid and J.A. Shah, 2016. Growth of sesame1

CONCLUSION AND RECOMMENDATION sulfur under semiarid climate. J. Pure and Appl. Bio.,

Based on our experimental observations and findings, 12. Abdin, M.Z., A. Khan, N. Khan and M. Iqbal, 2003.
application of nitrogen and sulfur brought significant Sulfur interaction with other nutrients. In: sulfur in
changes in phonological and biological yield components plants. Abrol, Y.P and A. Ahmad. The Netherland
and seed yield of sesame. Application of N and S at the Kluwer Acad. Pub., pp: 359-364.

rate of 100 and 40 kg ha  respectively, improved plant1

height, branches and capsules plant , biological yield1

and seed yield of sesame and hence recommended for
higher sesame productivity.
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