
 

Available online freely at www.isisn.org 

Bioscience Research 
Print ISSN: 1811-9506 Online ISSN: 2218-3973 

Journal by Innovative Scientific Information & Services Network  

RESEARCH ARTICLE             BIOSCIENCE RESEARCH, 2021 18(4): 2978-2990.            OPEN ACCESS 
                                                                                         
 

Combine application of nitrogen and sulfur 
fertilization on sesame yield and oil content in cereal 
and legumes based cropping patterns under limited 
irrigation 

Muhammad Rabnawaz Khan and Amanullah Jan 
 
Department of Agronomy, The University of Agriculture, Peshawar 25130, Pakistan  
 
*Correspondence: rabnawaz@aup.edu.pk dramanullahjan@aup.edu.pk Received 04-07-2021, Revised: 10-10-2021, Accepted: 
16-10-2021 e-Published 20-10-2021 

Improvement in vegetable oil production is the immense need of the globe including Pakistan. Among oil 
seed crop sesame is one of the drought resistant and known as queen of oil seed crop due to its highest 
oil content. In minimum rainfall areas drought resistant crops can take maximum benefits if the soil fertility 
is improved.  In this regard we performed a two years experiment and compared three different cropping 
patterns (wheat-sesame-wheat), chickpea-sesame-chickpea) and (lentil-sesame-lentil) with combine 
application of N and S under limited irrigation at Agronomy Research Farm, The University of Agriculture 
Peshawar, Pakistan. Findings of the data revealed that across the cropping patterns lentil-sesame-lentil 
cropping pattern resulted in significantly higher yield components, seed yield and oil content. Likewise, 
90 kg N ha-1 produced higher yield and yield related traits while oil content was noted maximum at 70 ha-

1. In case of S application 45 kg S ha-1 noted significant for higher yield related traits and seed yield along 
with content %.  nitrogen and sulfur interaction revealed that capsules plant -1, seed capsule-1, 1000 seed 
weight and oil content % were higher when 70 kg N ha-1 and 45 kg S ha-1 was applied while seeds 
capsule-1 were recorded more when 90 kg N ha-1 was applied in combination with 30 kg S ha-1 and was 
similar with 70 kg N ha-1 and 45 kg S ha-1.Cropping pattern and nitrogen interaction exhibited that yield 
related traits and seed yield  was increased up to 70 kg N ha-1 in lentil - sesame - lentil and chickpea - 
sesame - chickpea cropping pattern whereas in case of wheat-sesame-wheat cropping pattern 90 kg N 
ha-1 produced maximum yield components and seed yield. The three way interaction of cropping 
patterns, nitrogen and sulfur showed that lentil-sesame-lentil and chickpea-sesame-chickpea cropping 
patterns resulted in higher seeds capsule-1 and seed yield with 70 kg N ha-1 in combination with 45 kg S 
ha-1 application while in wheat-sesame-wheat cropping pattern seeds capsule and seed yield recorded 
maximum with 90 kg N ha-1 coupled with 45 kg S ha-1. Hence, it was concluded that lentil-sesame-lentil 
cropping pattern along with 70 kg N ha-1 and 45 kg S ha-1 significantly improved the growth and yield of 
sesame crop followed by chickpea-sesame-chickpea. Hence it was concluded from the study that across 
the cropping patterns lentil-sesame-lentil performance was better in interaction of 70 kg N ha-1 and 45 kg 
S ha-1 under limited irrigation for better yield and quality of sesame in Peshawar, Pakistan and areas 
alike.  

Keywords: Cropping Patterns (CP), Nitrogen (N), Sulfur (S), Sesame, seed yield, yield components and oil content. 

 
INTRODUCTION 

Improvement in crop productivity and soil 
health on sustainable basis is the dire need of 
growing human population in the coming 50 years 
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(Tilman et al., 2011). The present exhaustive 
cropping pattern of the dry land cropping pattern 
have endangered the already meager soil 
resources The common rainfed winter crops of the 
Khyber Pukhtoonkhwa, Pakistan are wheat, barley, 
oat, chickpea and lentil while in summer sorghum, 
mungbean, mashbean and sesame are grown. The 
cropping pattern usually alter from year to year and 
location to location but  generally the common 
cropping pattern of wheat-fallow-wheat, wheat-
sorghum-wheat, chickpea-sesame- chickpea and 
lentil- sesame- lentil is followed as these crops can 
withstand fairly well to the meager soil moisture 
and marginal land.. Inclusion of legumes as a 
substitute of organic sources along with in organic 
fertilization can be helpful for improving the fertility 
and productivity of soil on sustainable basis. 
Legumes are the natural nitrogen reservoirs in soil. 
Among winter legumes chickpea and lentil are 
commonly grown in the rainfed and fixes 
approximately 30-74 and 60-147 kg N ha-1 year-1 
respectively (Das and Ghosh, 2012) along with 
improving soil structure, water holding capacity and 
has  extensive consequence on the subsequent 
crops (Mirza et al., 2019).  

Sesame (Sesamum indicum L.) is member of 
family Pedaliaceae. Due to highest oil contents as 
result approximately 70 % is used as vegetable oils 
(Khan et al., 2016). Its seed is very nutritious and 
oil has high medicinal value and beneficial for 
lowering cholesterol, hyper chlolesterolemia, 
hypertension and cardiovascular and cancer 
diseases (Kamal-Eldin et al., 2011). Across the 
globe the average yield of sesame in Pakistan is 
far below as compared with other countries (Tahir 
et al, 2014) due to its cultivation on marginal land, 
lack of improved varieties and non-judicious use of 
chemical fertilization and preference of cereal 
based cropping system. 

Among the macro essential nutrients N is the 
most dynamic and major limiting nutrient for crop 
production which needed the plant in greater 
amount as compared with other nutrients. Its 
deficiency cannot be substitute by other nutrients 
(Olaniyi and Akanbi, 2008). Previous study 
revealed optimal application of N promote the grain 
yield and production of sesame crop. With the use 
of N fertilization the sesame production increases 
upto 50% resulting acceleration in the economic 
returns (Hou et al., 2007).  In irrigated areas N 
application at the rate of 120 kg ha-1 resulted in 
higher grain yield and oil content (Ashfaq et al., 
2011) where in rainfed condition Shilpi et al. (2012) 
documented higher yield and quality of sesame 
crop with 80 kg N h-1 application. 

Among the macro nutrients sulfur (S) is 
classified  the 4th essential plant nutrient   and its 
timely application enhances the seed yield and 
quality of oil crops including sesame (Jamal et al., 
2006; Jamal et al., 2005; Tandon and Messick, 
2002). Due to  calcarious (CaCO3>3%) and 
alkaline (pH>7) nature  Pakistani soils are deficient 
in S or fixed with soil and hence S fertilization is  
consider the major limiting factors for optimal  crop 
growth and  yield (Raja et al., 2000). Its deficiency 
resulted in poor crop stand, delayed and reduces 
nitrogen reductase activities in plant (Fazli et al., 
2010 and Jamal et al., 2006). Mondal (2016) 
reported that 40 kg S ha-1 had increased nutrients 
uptake in sesame while Raja  et al. (2007) found 45 
kg S ha-1 as optimum level of sulfur. The synergistic 
effect of N and S have been evaluated by several 
researches in irrigated areas while in rainfed 
condition limited work is done on nutrient 
management to sesame under different cropping 
pattern. Hence, the present study was imitated with 
the aim to compare the productivity of sesame crop 
in different cropping pattern along with various level 
of N and S fertilization under limited irrigation. 
  
MATERIALS AND METHODS 
Experimental site details  
The site is the research farm of the University of 
Agriculture Peshawar. The site is located on 34o 00’ 
N, latitude, 71o 30’ E, longitude and 359 meters 
above sea level having maximum and minimum 
temperature of summer season is 40-25 °C and 
winter season is about 18-4 °C and deficient in 
organic matter (<1%). 
Experiment details  
The experiments consist of the comparison of three 
cropping patterns i.e one cereal based (wheat-
sesame-wheat) and two legumes based (chickpea-
sesame-chickpea and lentil-sesame-lentil). The 
three preceding crops i.e wheat, chickpea and 
sesame were sown in winter season 2016 and on 
the same field during summer season 2017 
sesame crop was sown similarly, the same process 
was repeated for the second year cropping pattern. 
Recommended dose of N and P were applied to 
preceding crops. The experiments were carried out 
in randomized complete block design with split 
plots arrangements having four replicates. The 
cropping patterns were allotted to main plots where 
sesame was sown in subplots. Three levels of N 
(50, 70 and 90 kg ha-1) and three levels of S (15, 
30 and 45 kg ha-1) applied to sesame crop. Urea 
was used as N source and elemental sulfur used 
for S source. Total rainfall of 200 mm occurred 
during 2017 in month of July where in second year 
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2018 it was 20 mm more as compared with first 
year (Fig. 1). Overall two irrigations were applied to 
sesame crop at vegetative and reproductive stage 
both year with 150 mm during 1st year 2017 and 
140 mm during 2nd year 2018. The total amount of 
water received in both growing season were 500 
mm accounting 30% less than the normal water 
requirement of the crop. The amount of irrigation 
applied was based on the method of “Float cut 
method” as described by Misra and Ahmed (1987).  
Procedure of data collection  
2.3.1 Capsules plant-1 
Randomly tem plants were selected in each plot, 
capsules of each plant were counted and then 
averaged to get capsule plant. 
2.3.2 Seeds capsule-1 
For counting the number of seeds capsule-1 in each 
plot 10 capsules were selected, then   hand 
threshed and number of seeds were counted in 
each capsule and then averaged to get number of 
seed capsule-1. 
2.3.3 Thousand seeds weight (mg) 
Thousand seeds (mg) were counted from the three 
lots of each plot with the help of seed counter 
machine and weighed by digital balance. 
2.3.4 Seed yield (kg ha-1) 
For recording seed yield data, capsules of three 
central rows were threshed, the seeds were 
weighed and converted into kg ha-1 using the 
following formula: 

Seed yield (kg ha−1)

=
Seed yield

No. rows × row to row (m) ×  row length (m)
× 10,000 

2.3.5 Oil content  
 Oil content was determined at oilseed laboratory, 
Nuclear Institute for Food and Agriculture, 
Peshawar (NIFA) by Near infrared reflectance 
(NIR).    
2.3.6 Statistical analysis 
Collected data was statistically analyzed by using 
ANOVA techniques suitable for RCBD. In case F- 
test was found significant, the means were 
separated by using Least Significant Difference 
test at 5% level of probability (Jan et al., 2009). 
 
RESULTS  
3.1 Capsules plant-1 
 Data about capsule plant-1 are shown in 
Table 1 and revealed that cropping pattern (CP), 
nitrogen (N) and sulfur (S) along with year (Y) as a 
source of variance had significantly influenced on 
capsule plant-1 of sesame. Comparing the CP, 
legume based (lentil -sesame-lentil) had higher 

number of capsules plant-1 where cereal based 
(wheat-sesame-wheat) CP resulted in lower 
number of capsules plant-1. Across the three levels 
of N application 90 kg N ha-1 to sesame resulted in 
higher number of capsules plant-1 and lesser 
capsule plant-1 recorded with 50 kg N ha-1. In case 
of S fertilization to sesame both 30 and 45 kg S ha-

1 resulted in higher number of capsules plant-1 

where 15 kg S ha-1 resulted in lower number of 
capsules. Planned mean comparison indicated that 
treated plots had higher number of capsule plant-1 
as compared with control plots which resulted in 
(50) capsule plant-1. First year crop resulted in 
more number of capsules where second year crop 
produced lesser capsules.  Combined effect of  N 
x S given in (Figure. 3) and revealed that with 
increase in S levels from 15 to 45 kg ha-1 capsule 
plant-1 boost up along with 70 kg N ha-1 but beyond 
this combination no further increases was 
recorded. 
 
3.2 Seeds capsule-1 
Table 3 exhibited combined over year’s data for 
seed capsule-1 of sesame as affected by CP, N and 
S levels. Means of the data revealed that CP, N and 
S had significant effect on seeds capsule-1 of 
sesame. Across the cereal and legume based CP, 
legumes based CP lentil-sesame-lentil had 
significantly higher seeds capsule-1 while lower 
seeds in capsule were recorded in wheat-sesame-
wheat CP. Among various N dose, significantly 
more number of seed capsule-1  were observed in 
with N application at the rate of 90 kg ha-1 where at 
50 kg ha-1 resulted in lesser number of seeds 
capsule-1.  Plots treated with 45 kg S ha-1 had 
significantly more number of seeds capsule-1  while 
lower number of capsule plant-1 were observed in 
plots where 15 kg S ha-1 was applied. During 2017 
sesame crop had higher number of seeds capsule-

1 as compared with 2018 crop. Plots treated with N 
and S resulted in higher number of seed capsule-1 
as compared with control plots. Interaction 
between N x S showed that with both level of S 30 
and 45 kg S ha-1 the seeds capsule -1 increased 
couple with 90 kg ha-1 (Figure.4). In case of CP x N 
interaction (Fig. 5) seeds  
capsule-1 reached to maximum in legumes based 
CP with supplement of 70 kg N ha-1 where wheat-
sesame-wheat the seeds capsule-1 increased 
along with increasing the N rate from 50 to 90 kg 
ha-1.  Three way interaction of CP x N x S (Figure.6)   
revealed that number of seed capsule-1 did not 
increased beyond 70 kg N ha-1 and 45 kg S ha-1 
application in both legume based CP while in 
wheat- sesame-wheat CP with increased in N rate 
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from 50 to 90 kg ha-1 combined with each 
increment in S level from 15 to 45 kg S ha-1 and 
showed that it might be further increase with 
increase in N and S application. 
3.3 Thousand Seed weight (mg) 
 Thousand seed weight of sesame as 
influenced by CP, N and S levels shown in Table 4. 
Perusal of combined over years data indicated that 
CP, N and S had significantly influenced thousand 
seeds weight of sesame. Across the legumes and 
cereal based CP , lentil-sesame-lentil had 
significantly higher seed weight  as compared with 
wheat-sesame-wheat CP. Plots treated with 90 kg 
N ha-1 produced heavier seeds  while significantly 
lighter seeds  were noted in plots where 50 kg N 
ha-1 was applied. In case of S treatment 45 kg S ha-

1 resulted in heavier seeds while lighter seeds were 
recorded with 15 kg ha-1 S application. First year 
(2017) crop had heavier seeds as compared with 
year 2018 having mg thousand seed weight. 
Planned mean comparison showed that control 
plots had lighter seeds as compared with treated 
plots.  
In legumes based CP 1000 seed weight reached to 
maximum couple with 70 kg N ha-1 where in wheat-
sesame-wheat CP it increased with increased in N 
rate from 50 to 90 kg N ha-1 but still lower than 
legumes based CP  (Fig.7). 
3.4 Seed yield (kg ha-1) 
 Data on seed yield is given in Table 4. 
Means of the combined over years data of sesame 
revealed that CP, N and S significantly affected the 
seed yield of sesame. Comparing the CP lentil - 
sesame -lentil had higher seed yield where lower 
seed yield was observed in wheat-sesame-wheat 
CP.  N at the rate of 90 kg ha-1 resulted in higher 
seed yield and lower seed yield was recorded with 
50 kg N ha-1.  Across the S levels maximum seed 
yield was recorded in plots where 45 kg S ha-1 was 
applied. Fertilized plots had significantly higher 
seed yield as compared with control plots.   
 The interaction between CP x N indicated 
that in both legumes based CP the seed yield of 
sesame reached to peach up to 70 kg N ha-1 where 
in wheat-sesame-wheat CP it increased with 
increased in N rate from 50 to 90 kg ha-1 (Fig.8).  
Three-way interaction (CP x N x S) revealed that 
across the cropping patterns the seed yield kg ha-

1of sesame increased with increase in N up to 70 
kg N ha-1 combined with 45 kg ha-1 in both legumes 
based CP where in case of wheat-sesame-wheat 
CP, the seed yield increased with increase in both 

levels N and S from 50 to 90 kg N ha-1 along with 
15 to 45 kg S ha-1 application (Fig.9). 
3.5 Oil content (%) 
  On oil content (%) of sesame as 
influenced by CP, N and S are shown in Table 5. 
Mean value of the combined years over data 
indicated that CP, N and S significantly influenced 
oil content of sesame. Maximum oil content was 
recorded in lentil-sesame-lentil CP where 
significantly lower oil content was recorded in 
wheat-sesame-wheat CP.  Across the N 
application rate up to 70 kg N ha-1 resulted in 
maximum oil content. Likewise in case of S 
application the oil content significantly increased as 
the rate of application increase from 15 to 45 kg ha-

1. Year as source of variance was noted non- 
significant. Control plots resulted significantly lower 
oil content as compared with plots where N and S 
was applied. Interactions between N x S exhibited 
that at 50 kg N ha-1 the oil content increased with 
either level of S from 15 to 45 kg ha-1 and the oil 
content reached to maximum with 70 kg N ha-1 
along with 45 kg S ha-1 (Fig.10). 
 
DISCUSSION  
Vegetable oil production is the dire need of today. 
Pakistan is deficient in vegetable oil production and 
every year almost import 70 % from other countries 
(Khan et al., 2016). Sesame is known as queen of 
oil seed crops due to its highest oil content. 
Because of marginal land crop of rainfed/ dry land 
areas its cultivation not much explored in 
interaction with chemical fertilization in different 
cropping patterns of the country. The increased in 
yield traits and seed yield of sesame under lentil-
sesame-lentil across the CP could be favorable 
effect of lentil cultivation on soil physic-chemical 
properties which in turn promoted the succeeding 
crop growth and yield. Our current research 
findings supported by Angus et al. (2015) who 
documented that legumes inclusion in a cropping 
pattern improved the physico-chemical properties 
of soil and enhances the growth of succeeding 
crops. The maximum yield components and yield 
with higher N rate at the rate of 90 kg ha-1 would be 
the better crop growth under optimal nutrients 
availability which as a result promoted the efficient 
assimilation partitioning to the competitive sinks.  
Nitrogen application at rate of 80 kg ha−1 resulted 
in higher seed yield (0.79 t ha−1) and related traits 
of sesame. Similarly, Kumar et al. (2009) observed 
higher grain yield and yield component  
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Figure 1 and 2.  Average monthly rain fall (mm) and temperature (0C) during the growing periods of 
crops both years.  

 Nitrogen levels (kg ha
-1

)

50 70 90 

C
a
p

s
u

le
s

 p
la

n
t
-1

62.0

62.5

63.0

63.5

64.0

64.5

65.0

65.5

66.0 15 kg S ha
-1

30 kg S ha
-1

45 kg S ha
-1

Nitrogen levels (kg ha
-1

)

50 70 90 

S
e
e
d

s
 c

a
p

s
u

le
-1

41

42

43

44

45

46

47

48

49 15 kg S ha
-1

30 kg S ha
-1

45 kg S ha
-1

Fig.3. Interaction between N and S for number of capsules plant-1.     Fig. 4.  Interaction between N and S 
for number of capsules plant-1. 



Khan and Jan                Application of nitrogen and sulfur fertilization on sesame yield and oil content 

 

    Bioscience Research, 2021 volume 18(4): 2978-2990                                                             2983 

 

 Nitrogen levels (kg ha
-1

)

50 70 90 

S
e
e
d

s
 c

a
p

s
u

le
-1

46

47

48

49

50

51

52

Wheat-Sesame-Wheat

Chickpea-Sesame-Chickpea

Lentil-Sesame-Lentil

 
Fig.5.Interaction between N and S for number of grains capsule-1.       Fig.6. Interaction between CP, N and 
S for number of seed capsule-1. 

Nitrogen levels (kg ha
-1

)

50 70 90 

1
0

0
0

 s
e
e

d
 w

e
ig

h
t 

(m
g

)

2700

2750

2800

2850

2900

2950

3000

3050

3100

Wheat-Sesame-Wheat

Chickpea-Sesame-Chickpea

Lentil-Sesame-Lentil

Nitrogen levels (kg ha
-1

)

50 70 90 

S
e

e
d

 y
ie

ld
 (

k
g

 h
a

-1
)

800

820

840

860

880

900

920

940

960

980

1000

Wheat-Sesame-Wheat

Chickpea-Sesame-Chickpea

Lentil-Sesame-Lentil

 
  Fig.7.Interaction between CP and N for thousand seeds weight (mg).   Fig.8. Interaction between CP and 
N for seed yield (kg ha-1). 

Nitrogen levels (kg ha
-1

)

50 70 90 

O
il
 c

o
n

te
n

t 
%

42

43

44

45

46

47

48

49

15 kg S ha
-1

30 kg S ha
-1

45 kg S ha
-1
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Table 1. Capsule plant-1 of sesame as affected by cropping patterns, nitrogen and sulfur levels under 
limited irrigation during 2017-2018. 

Cropping Patterns (CP) 2017 2018 Mean 

Wheat-sesame-wheat 64 59 61 c 

Chickpea-sesame-chickpea 66 61 63 b 

Lentil-sesame- lentil 68 63 66 a 

LSD (P≤0.05) 3.0 3.0 2.0 

Nitrogen Levels, N (kg ha-1)    

50 65 60 62 c 

70 66 61 63 b 

90 67 62 65 a 

LSD (P≤0.05) 1.0 1.0 1.0 

Sulfur Levels, S (kg ha-1)    

15 65 60 62 b 

30 66 61 64 a 

45 67 62 64 a 

LSD (P≤0.05)) 1.0 1.0 1.0 

Year (Y) 66 a 61 b      1.0 

Planned Mean Comparison    

Control 52 47 50 b 

Rest 66 61 63 a 

Significance * * * 

Interactions    

Y x CP Ns CP x S Ns 

N x S *(Fig.3) CP x N x S Ns 

Y x N Ns Y x CP x N Ns 

Y x S Ns Y x CP x S Ns 

Y x N x S Ns Y x CP x NxS Ns 

CP x N Ns   

Mean of same category followed by different letters are significantly different from each other at P≤0.05 
using LSD test. 
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Table 2. Seed capsule-1 of sesame as affected by cropping patterns, nitrogen and sulfur levels under 
limited irrigation during 2017-2018. 

Cropping Patterns (CP) 2017 2018 Mean 

Wheat-sesame-wheat 46 36 41 c 

Chickpea-sesame-chickpea 46 39 43 b 

Lentil - sesame- lentil 48 41 45a 

LSD (P≤0.05)) Ns 1.0 1.0 

Nitrogen Levels, N (kg ha-1)   

50 46 37 42 c 

70 47 39 43 b 

90 48 42 45 a 

LSD (P≤0.05)) Ns 1.0 1.0 

Sulfur Levels, S (kg ha-1)    

15 45. 38 42 c 

30 48 39 44 b 

45 49 40 45 a 

LSD (P≤0.05)) 2.0 1.0 1.0 

Year (Y) 47 a 39 b 1.0 

Planned Mean Comparison   

Control 40 37 39 b 

Rest 47 39 43 a 

Significance * * * 

Interactions    

Y x CP Ns CP x S Ns 

N x S *(Fig.4) CP x N x S *(Fig.6) 

Y x N Ns Y x CP x N Ns 

Y x S Ns Y x CP x S Ns 

Y x N x S Ns Y xCP x N x S Ns 

CP x N *(Fig.5)   

Mean of same category followed by different letters are significantly different from each other at P≤0.05 
using LSD test.  ns= not significant at P>0.05   * = Significant at P≤0.05 
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Table 3. Thousand seeds weight (mg) of sesame as affected by cropping patterns, nitrogen and 
sulfur levels under limited irrigation during 2017-2018. 

Cropping Patterns (CP) 2017 2018 Mean 

Wheat-sesame-wheat 3225 2826 3026 b 

Chickpea-sesame-chickpea 3176 2893 3035 b 

Lentil-sesame-lentil 3276 2954 3115 a 

LSD (P≤0.05) ) 51 61 36 

Nitrogen Levels, N (kg ha-1)    

50 3064 2586 2825 c 

70 3283 2936 3109 b 

90 3332 3153 3242 a 

LSD (P≤0.05) ) 70 68 49 

Sulfur Levels, S (kg ha-1)    

15 3131 2828 2980 c 

30 3271 2857 3064 b 

45 3276 2990 3133 a 

LSD (P≤0.05) ) 70 68 49 

Year (Y) 3226 a 2891b 39 

Planned Mean Comparison    

Control 2507 2260 2384 b 

Rest 3226 2891 3058 a 

Significance *  * 

Interactions    

Y x CP Ns CP x S Ns 

N x S Ns CP x N x S Ns 

Y x N Ns Y x CP x N Ns 

Y x S Ns Y x CP x S Ns 

Y x N x S Ns Y x CP x Nx S Ns 

CP x N * (Fig.7)   

Mean of same category followed by different letters are significantly different from each other at P≤0.05 
using LSD test.  ns= not significant at P>0.05 * = Significant at P≤0.05 
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Table 4. Seed yield (kg ha-1) of sesame as affected by cropping patterns, nitrogen and sulfur levels 
under limited irrigation during 2017-2018. 

Cropping Patterns (CP) 2017 2018 Mean 

Wheat-sesame-wheat 875 873 874 c 

Chickpea-sesame-chickpea 905 880 891 b 

Lentil-sesame-lentil 923 951 937 a 

LSD (P≤0.05)) 16 15 10.0 

Nitrogen Levels, N (kg ha-1)    

50 807 842 824 c 

70 904 908 906 b 

90 992 955 973 a 

LSD (P≤0.05)) 11 13 9.0 

Sulfur Levels, S (kg ha-1)    

15 881 874 878 c 

30 895 910 902 b 

45 927 921 924 a 

LSD (P≤0.05)) 11 13 9.0 

Year (Y) 901 902 Ns 

Planned Mean Comparison    

Control 561 562 561 b 

Rest 901 902 901 a 

Significance * * * 

Interactions    

Y x CP Ns CP x S Ns 

N x S Ns CP x N x S (Fig.9) 

Y x N Ns Y x CP x N Ns 

Y x S Ns Y x CP x S Ns 

Y x N x S Ns Y x CP xNx S Ns 

CP x N *(Fig.8)   

Mean of same category followed by different letters are significantly different from each other at P≤0.05 
using LSD test.  ns= not significant at P>0.05* = Significant at P≤0.05 
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Table 5. Oil content (%) of sesame seed as affected by cropping patterns, nitrogen and sulfur levels 
under limited irrigation during 2017-2018. 

Cropping Patterns (CP) 2017 2018 Mean 

Wheat-sesame-wheat 43 44 43 b 

Chickpea-sesame-chickpea 46 45 46 a 

Lentil-sesame-lentil 46 46 46 a 

LSD(P≤0.05)) 1.0 1.0 1.0 

Nitrogen Levels, N (kg ha-1)    

50 45 45 45 a 

70 46 46 46 b 

90 44 44 44 c 

LSD (P≤0.05)) 1.0 1.0 1.0 

Sulfur Levels, S (kg ha-1)    

15 43 43 43  c 

30 44 44 44 b 

45 47 48 47  a 

LSD (P≤0.05)) 1.0 1.0 1.0 

Year (Y) 45 45 Ns 

Planned Mean Comparison    

Control 38 39 38 b 

Rest 45 45 45 a 

Significance * * * 

Interactions    

Y x CP Ns CP x S Ns 

N x S *(Fig.10) CP x N x S Ns 

Y x N Ns Y x CP x N Ns 

Y x S Ns Y x CP x S Ns 

Y x N x S Ns Y x CP x N x S Ns 

CP x N Ns   

Mean of same category followed by different letters are significantly different from each other at P≤0.05 
using LSD test.  ns= not significant at P>0.05 * = Siginificant at P≤0.05 
 
of sesame up to 80 kg N ha-1. The maximum seed  
yield and their attributes with 45 kg S ha-1 might be 
due to the enhancement in cellular division, 
assimilates and metabolites formation of plant with 
sulfur application which as a result improve the 
growth and enhances the yield components (Jamal 
et al., 2005, 2006 and 2009). Our present research 
findings are in   line with  Kumar et al. (2017) they 
also recorded heavier thousand seeds weight with 
higher sulfur fertilization. Likewise, Longkumer and 
Gohain (2012); Tahir et al. (2014) and Puste et al. 
(2015) who reported increased in yield components 
with 40 kg S ha-1 application.  

 Nitrogen and sulfur have synergistic 
influence on each other. The mutual effect of both 
nutrients on the yield and related traits has been 
reported by several workers (Jamal et al., 2010; 
2009; 2006; 2005 and Shilpi et al., 2014). Both 
nutrients mutually involved in the synthesis of co-
enzymes and protein synthesis in plant tissues 
(Khan et al., 2016) and hence promoted the crop 
yield.  The higher yield and related attributes in 
legumes based CP with 70 kg N ha-1 as compared 
with cereal based CP where 90 kg N ha-1 resulted 
in higher grain yield. This might be the restorative 
nature of legumes which increases the N economy 
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in the soil through symbiosis and hence uses 20 kg 
less N for optimal yield as compared with preceding 
wheat crop. Our current results also in line with 
(Cernay et al., 2017 and Luce et al., 2016) who 
documented that legumes cultivation  enhances 
the N economy in soil and promoted the growth of 
succeeding crops. 
The maximum oil content of sesame with 
application of 45 kg S ha-1 could be the fact that S 
is integral component of many essential amino 
acids and enzymes, which boosted assimilates 
formation and transformation from source to 
competitive sinks. Moreover, sulfur application 
increases cysteine and metionin synthesis, lineic 
and linoleic acid in plant body which promoted oil 
synthesis (Jamal et al..2005, 2006 and 2010). Our 
findings are in line with Shah et al. (2013) and 
Kumar et al. (2009), who reported higher oil content 
with 45 kg ha-1 S application in sesame as 
compared with 30 kgS ha-1. 
 
CONCLUSION 

From the findings of the current study it is 
concluded that on overall basis lentil-sesame-lentil 
cropping pattern sesame performance was better 
for both higher yield and oil content as compared 
with sesame-wheat cropping pattern in interaction 
with 70 kg N ha-1 and 45 kg S ha-1 in Peshawar, 
Pakistan and areas alike. 
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