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ABSTRACT

Sesame is mainly cultivated under traditional, low-input agro-systems. However, Adequate application of nitrogenous fertilizers not
only improves the crop yield but also maintains soil N status and thus sustains productivity. The experiment was carried out during
the kharif season 2015 to 2017 in a randomized block design with four replications. There were five graded levels of nitrogen
application viz., 0, 30, 37.5, 45 and 60 kg N ha’. In coarse-textured, low-nitrogen status soil with an average nitrogen content of
106.45 kg/ha, the study found that sesame seed yield increased significantly with nitrogen application up to 45 kg N/ha.The increase
in mean seed yield was 19.23, 24.52, 39.26, and 41.18 percent and in mean stalk yield was 19.59, 23.81, 30.62, and 34.64 percent due
to the application of 0, 30, 37.5, 45, and 60 kg N/ha, respectively over control. The mean N-uptake also increased with N application.
The mean N-use efficiency varied from 43.10 to 52.38 percent being the maximum (52.38 %) with the application of 45 kg N/ha. The
mean post-harvest available N status was 105.43, 107.51, 108.11, 109.15, and 110.23 kg/ha at 0, 30, 37.5, 45 and 60 N/ha,
respectively. The economic data analysis revealed that the benefit-cost ratio also increased with nitrogen application and was 0.93,
1.10,1.15,1.27,and 1.28 at 0,30, 37.5, 45 and 60 kg N/ha, respectively. Application of 45 kg N/ha was optimum for the cultivation of

sesame cropyield, soil N fertility status, and economics under coarse textured low nitrogen status soils.
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Introduction

Sesame (Sesamum indicum L.; genome 2n = 2x = 26) is an
important oilseed crop, that being used for a wide range of
products in the food industry, such as cooking oil, paste (tahini),
baking, and pharmaceutical (Mushtaq et al, 2020). Sesame
seeds contain a considerable amount of essential mineral
nutrients, with high bio-accessibility (Teboul et al, 2020). Its
health properties are attributed to various nutritional quality
characteristics, including its high protein and mineral contents
(Lu et al.,, 2019), as well as to several nutraceutical
phytochemicals. In recent years, the demand for sesame seeds
(and secondary products) has been increasing as part of the
global trends toward healthier plant-based food products.
Sesame is one of the oldest cultivated plants in the world. It has
early origins in East Africa and India. Til oil cake is good feed for
poultry, goats, sheep, fish, cattle, etc. Its seeds and young leaves
are eaten as stews and soaps in Asia. In India, sesame is
cultivated on 1.56 million ha with a total production of 0.78
million tonnes. The average productivity of the crop is 502
kg/ha (Anonymous, 2021). But the average productivity is very
low in comparison to global as well as national levels.
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Increasing global demand has opened prospective market
options for sesame. The use of mineral fertilizers and organic
manures in balanced amounts can ensure sustainable
production at higher productivity and higher quality levels of
this oil seed crop. The average productivity of sesame in
Haryana is very low in comparison to the global as well as
national level. Low and scanty rainfall, cultivation of crops on
marginal and sub-marginal lands under very poor agronomic
practices, and inadequate use of fertilizers are the major factors
responsible for the low productivity of the crop. For optimum
utilization of other essential inputs, fertilizer requirements
need to be fine-tuned. Poor soil fertility is one of the most
important factors limiting productivity aggravated by poor
cultural practices such as mono-cropping. The repeated sesame
production (mono-cropping) has resulted in the depletion of
nutrients from the topsoil with a subsequent reduction in yield.
Many researchers have shown that sesame is very responsive to
nitrogen fertilizer (Adam, N.M et al, 1986 & Akhtar et al, 2015).
Nitrogen is the mostdynamic nutrient elementand becomes the
first limiting nutrient as land use intensifies (Tiessen et al,
2003; Lafond etal, 2003; Akanbietal, 2006).

Nitrogen is a structural constituent of chlorophyll and protein
therefore, the adequate supply of nitrogen is beneficial for both
carbohydrates and protein metabolism as it assists cell division
and cell enlargement, resulting in more leaf area and thus
ensuring good seed and dry matter yield (Ibrahim et al. 2014).
It's also important because nitrogen is a: Major component of
amino acids, the building blocks of proteins (Pandey and Sinha,
1986 & Akanbietal., 2006).
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Fertilizer application to sesame in either organic or inorganic
form is a key component to good growth, high yield, high seed
quality, and oil content (I. Haruna 2011). It is taken up in the
highest amount by crops and its role in plants cannot be easily
substituted (Olaniyi and Akanbi, 2008). Its supply in the soil is
the most important factor limiting growth and yield (Akanbi, et
al, 2000). Refinement of on-site nutrient management for
sesame is very important. The objective of this study was to
investigate the impact of different levels of N on the yield of a
local common-grown variety of sesame (HT-1 and HT-2) in low-
fertile soils in southern Haryana. The aim was to help farmers
increase their yield and estimate how much fertilizer the
farmers should apply from an economic point of view. We
hypothesize that just applying a small amount of N which could
be economically feasible for farmers, could increase the yield
significantly and maintain nitrogen status in soils.

Materials and Methods

The experiment was conducted at the Regional Research
Station, CCS HAU, Bawal, Haryana during the kharif seasons of
2015 to 2017. The site is situated at latitude 28.1°N, longitude
76.5°E having an altitude of 266 m above mean sea level. The soil
properties of the experimental site (mean of three years) are
presentedin Table 1.

Table 1 Physico-chemical properties of the experimental field at 0-
15cmdepth

Soil properties Mean value
Soil texture loamy sand
pH (1:2) 8.30
EC (dS/m) 0.20
0C (g/kg) 1.90
Available N (kg/ha) 106.45
Available P (kg/ha) 11.38
Available K (kg/ha) 168.05

The climate of the site was characterized by hot summers and
cold winters with an average annual rainfall received was 378,
575.5 6, and 565.10 mm during 2015, 2016, and 2017
respectively. The experiment was laid out in randomized block
design with thrice replications. There were five graded levels of
nitrogen application viz, 0, 30, 37.5, 45 and 60 kg N ha". The
recommended dose of fertilizers for the crop was applied as per
package practices. Irrigation and plant protection measures
were taken as per recommended practices. The crop was
harvested at physiological maturity, threshed and plot-wise
yield was recorded. Seed, stalk, and soil samples were taken and
analyzed for N concentration in seed and stalk and available N in
soil, respectively. Electrical conductivity (EC) and soil reaction
(pH) were determined in (1: 2) Soil: Water Suspension using a
digital pH meter (Jackson 1973). Available N was extracted by
using the Alkaline permanganate method as described by
(Subbiah and Asija, 1956). Grain and straw samples were
analyzed for N content to calculate total N uptake by the above-
ground portion of the crops at maturity. Nutrient use efficiency
(NUE) of added fertilizer N was calculated as:

(Total N uptake in N fertilized plot - Total N in control plot)
x 100

NUE (%) =
(Quantity of fertilizer N applied)

The data were statistically analyzed using the 'OPSTAT'
(Sheoran et al. 1998) software of CCS Haryana Agricultural
University, Hisar, Haryana. The significance of treatments was
judged with the help of the 'F' testata 5% level of significance.

Results and Discussion

Effect of N fertilization on seed and stalkyield

The results revealed that there was a consistent increase in seed
and stalk yield of sesame by increasing graded levels of nitrogen
fertilization from 30 to 60 kg/ha in three kharifseasons (Table 2
& Figure 1). In coarse-textured low N status soils, sesame seed
yield increased significantly with the application of N up to 45 kg
N/ha whereas, the seed yield of sesame crop was statistically at
par with the application of 60 kg N/ha. The increase in mean
seed yield was 19.23, 24.52, 39.26, and 41.18 percent and in
mean stalk yield was 19.59, 23.81, 30.62, and 34.64 percent due
to the application of 0, 30, 37.5, 45, and 60 kg N/ha, respectively
over the control.

The positive effect of nitrogen fertilization on the seed and stalk
yield of sesame might be attributed to the deficit level of the
available nitrogen content of the experimental soil. This
necessitated the high demand for nitrogen by the crop as N is
known to enhance the development of plant growth systems
(Russel, 1973) which in turn increases the efficiency of the roots
in absorbing various nutrients. Marschner (1986) reported that
the application of phosphorus stimulates photosynthesis,
carbohydrate metabolism, and synthesis of protein in turn
increases the amount of metabolites synthesized by sesame
plants. Also, it plays an important role in enhancing
translocation of metabolites which might be the reason for the
increasing seed and stalk yield. The improved growth and
profuse branching due to N fertilization as discussed earlier
coupled with increased photosynthates and constituent of
chlorophyll and greater mobilization of photosynthates toward
reproductive parts of the plants on the other hand the adequate
supply of nitrogen is beneficial for both carbohydrates and
protein metabolism as it assists cell division and cell
enlargement, resulting in more leafarea and thus ensuring good
seed and dry matter yield. These findings follow those reported
by Singh et al. (1994), Ravinder et al. (1996) Patra (2001), and
Ibrahimetal. 2014 in sesame crops.

Effect of N fertilization on protein content in seed and oil
content

Experimental data indicated that different levels of nitrogen
application exerted a significant influence on the quality
parameters of sesame in terms of protein and oil content (Table
3). Application of 45 kg N/ha recorded significantly higher
protein content in seed (22.52 %) and oil content (48.20 %)
which was statistically at par with that of 60 kg N /ha. This might
be due to the synergistic effect of nitrogen fertilization on
nitrogen uptake which facilitates protein synthesis and
activates different enzymes it is also known that N facilitates the
uptake and assimilation of N into simple amino acids and
amides, which in turn increases the peptide synthesis leading to
protein synthesis. Hence, an increased concentration of N in the
seed might have increased the protein content. These results are
in close conformity with the findings of Thakur et al. (1998) in
sesame. The increased content of oil coupled with the
significantly higher seed yield of sesame could be the most
possible reason for the higher oil yield obtained due to nitrogen
fertilization. Thakur et al. (1998) and Thanki et al. (2004) have
also reported improvement in these quality characteristics of
sesame due to nitrogen application.

Nuptake, N use efficiency, and available N content
The total N-uptake in the sesame plant was also significantly
influenced by levels of N application.

44.
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The nitrogen uptake increased significantly with the increased
levels up to 60 kg N/ha. The uptake was increased from 43.10 to
52.38 kg/ha with increasing levels of nitrogen from 0 to 60 kg
N/ha (Table 4 & Figure 2). The progressive increase in the
supply of nitrogen to the crop resulted in higher availability of
this nutrient, resulting in higher biomass yield. The impact of
higher uptake of nitrogen under these treatments was reflected
in the growth and yield performance of the crop. Similarly, a
good supply of phosphorus is usually associated with increased
root density and proliferation which aid in extensive
exploration and supply of nutrients and water to the growing
plant (Shehuetal,2010).

The N-use efficiency varied from 43.10 to 52.38 percent being
the maximum (52.38 %) with the application of 45 kg N/ha. The
increased supply of nutrients and a good response by the plants
resulted in enhanced translocation of nutrients and ultimately
build-up of the available N content in the soil and improved N-
use efficiency asreported by Ulukan (2008).

Increasing levels of nitrogen fertilization from 0 to 60 kg/ha
significantly improved the available nitrogen in soil after
harvesting of the crop. The initial available N status was 106.45
kg N/ha whereas it was 105.43, 107.51, 108.11, 109.15, and
110.23 kg/haat0, 30,37.5,45, and 60 N/ha, respectively (Table
4). The soil available N significantly increased up to the
application of 30 kg N/ha. The highest available N content of
110.23 kg/ha was observed with the application of 60 kg N/ha
which was significantly superior to control. Javia et al. (2010)
also observed improved post-harvest build-up of soil available
N as compared to without N application in sesame crops.

Effect of N fertilization on crop economics

It is evident from the data presented in Figure 3 that gross
returns and net returns of sesame increased with increasing
levels of nitrogen at 0, 30, 37.5, 45, and 60 N/ha, respectively
which might be due to the increasing seed and stalk yield with
increasing nitrogen levels.

Table 2 Effect of N fertilization on seed yield and stalk yield in sesame

The minimum and maximum gross returns of Rs. 34967 and Rs.
49243 were recorded with control and application of 60 kg
N/ha, respectively. The results also indicated that the total cost
of cultivation followed the same trend. The economic data
analysis revealed that the benefit-cost ratio also increased with
nitrogen application and was 0.93, 1.10, 1.15, 1.27, and 1.28 at
0,30,37.5,45 and 60 kg N/ha, respectively. These findings are in
agreement with what has been reported by Sharma (2005),
Hanumanthappaetal (2008) and Javiaetal. (2010).

Conclusion

Based on the results of a research trial carried out for three
years, it could be concluded that in coarse-textured low N status
soils, application of 45 kg N/ha resulted in significant found
optimum in terms of crop yield, quality parameters, use
efficiency, soil nitrogen status, and economics.
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N level Seed yield (q/ha) Stalk yield (q/ha)
(kg/ha) 2015 2016 2017 Mean 2015 2016 2017 Mean
0 6.24 6.20 6.28 6.24 18.90 18.95 18.98 18.94
30 6.85 7.74 7.73 7.44 22.15 22.86 22.94 22.65
37.5 7.23 8.12 7.96 7.77 23.52 23.38 23.45 23.45
45 8.95 8.45 8.68 8.69 24.90 24.60 24.72 24.74
60 9.02 8.62 8.78 8.81 25.54 25.46 25.50 25.50
CV (%) 12.05 12.10 11.80 12.90 10.05 10.90 11.10 10.68
CD (P=0.05) 0.54 0.56 0.57 0.55 1.18 1.15 1.10 1.14
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Figure 1. Seedyield (q/ha)

Table 3 Effect of N fertilization on protein and oil content in sesame
seed

N level Protein content 0il content
(kg/ha) in seed (%) (%)
0 18.20 42.20
30 19.70 43.15
375 21.08 45.08
45 22.52 48.20
60 22.90 49.10
CD (P=0.05) 1.40 3.05
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Table 4 Effect of N fertilization on total N uptake, NUE and available nitrogen in sesame

™ 10000 02

N level Total N uptake NUE Available N
Vi
- (kg/ha) - (kg/ha)
2015 2016 2017 Mean 2015 2016 2017 Mean
0 52.86 51.79 53.97 52.87 - 106.30 104.30 105.70 105.43
30 65.98 64.76 66.65 65.80 43.10 108.40 106.32 107.80 107.51
37.5 69.50 67.35 72.02 69.62 44.67 108.98 107.25 108.10 108.11
45 76.44 75.35 77.52 76.44 52.38 109.60 108.65 109.20 109.15
60 79.38 78.02 81.02 79.47 44.33 109.98 110.28 110.42 110.23
CD
2.71 3.02 2.81 2.85 - 2.05 1.98 2.10 2.04
(P=0.05)
. Year 2015
= Year 2016 mmmm Cost of cultivation (Rs./ha)
m— Year 2017 mmmm Gross returns (Rs./ha)
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Figure 2. Nuptake and efficiency
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