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Abstract

To study the effect of sulphur and boron on the yield and quality of sesame, a field experiment was
conducted with four levels of sulphur (viz., 0, 20, 40, and 60 kg ha!) and four levels of boron (viz., 0, 0.5,
1.0, and 1.5 kg ha't). After harvesting, plant samples were analyzed for oil content and contents of N, P, K,
and S, after recording the seed and stover yield. Sulphur and boron application significantly increased the
plant height, number of capsules per plant, and stover yield. Sulphur application significantly increased
seed yield up to 40 kg ha*. Boron application increased seed yield significantly up to the highest level.
Protein content in seeds was found to be decreased initially up to Sa4o level and thereafter increased with the
application of the highest dose of sulphur. Boron application significantly increased protein content up to
its highest level. The oil content was increased with sulphur application up to its highest level. Oil yield
was found to be increased up to the highest level of both nutrients. Boron and sulphur interacted
synergistically in increasing oil yield. Sulphur and boron application increased chlorophyll content in
leaves. Sulphur application up to 40 kg ha resulted in higher P, K, and S content in plants. Boron
application increased phosphorus content in plants marginally. Nitrogen content in seeds was found to be
decreased with sulphur application up to the Sao level. Thereafter, it reached its maximum value with the
application of the maximum dose of sulphur. Sulphur application resulted in increased K and S contents in
seeds. The application of sulphur significantly increased N, P, K, and S uptake by stover. Both nutrients
interacted synergistically in enhancing phosphorus uptake by the plant. Sulphur and boron application
significantly increased N, P, and S uptake by seeds up to their respective highest levels. Boron application
also increased P uptake by seeds. Total N, P, and K uptake by sesame was increased with the application of
both sulphur and boron.

Keywords: Sesame, sulphur, boron, interaction

1. Introduction

Among the oil crops, sesame (Sesamum indicum L.) has the highest oil content of 46-64% (Raja
et al., 2007) 8. It has a long shelf life. It contains about 47% oleic and 39% linoleic acid.
Sesame seed oil is rich in omega-6 fatty acids as well as protein (25%) and carbohydrate
(BARI,2004) . In oilseeds, sulphur plays a significant role in the quality and development of
seeds. It is reported that sulphur plays an important role in the primary and secondary plant
metabolism as a component of proteins, glucosinolates, and other compounds that are related to
several parameters determining the nutritive quality of crops (Ceccotti, 1996) . Sulphur is the
fourth major nutrient next to N, P and K. It is required for the synthesis of sulphur containing
amino acids such as cystine, cysteine and methionine which are essential components of proteins
(Tisdale et al., 1999) % 1t is also involved in the activity of proteolytic enzymes, increased oil
content in oil seeds, metabolism of carbohydrates, proteins and fats and is responsible for the
formation of chlorophyll, biotin and thiamine. Therefore, crops of oilseeds require a higher
quantity of sulphur for proper growth and development for higher yields (Salwa et al., 2010) [*7],
Optimum nutrition, among other agro-techniques, is very important for realizing full yield
potential, and the role of sulphur is next only to nitrogen in the nutrition of this crop. S-
deficiency causes a decrease in nitrate reductase activity and in the accumulation of chlorophyll,
soluble protein, amino acid, and sugar (Tandon, 1986; Badruddin, 1999; Jamal et al., 2006;
Jamal et al., 2009; Shilpi et al., 2012) [26: 2. 11,12 20] | ack of S causes retardation of terminal
growth and root development. S deficiency induces chlorosis in young leaves and decreases seed
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yield by 45% (BARI, 2004) X, Boron, along with sulphur, plays
an important role in the production phenology of oilseed crops.
Boron is one of the eight essential micronutrients required for
the normal growth of most plants. Boron plays a vital role in oil
synthesis. It is associated with the pollen-producing capacity of
the anther, the viability of pollen tubes, pollen germination, and
pollen tube growth. Boron deficiency is the most widespread
among micronutrients around the world and causes large losses
in crop production both quantitatively and qualitatively.

2. Materials and Methods

The experiment was conducted with four levels of boron (0, 0.5,
1.0, and 1.5 kg ha') and four levels of sulphur (0, 20, 40, and 60
kg hal) using sesame as a test crop, laid out in a two-factor
factorial randomized block design with 16 treatments and
replicated three times. A basal dose of 90 kg N/ha, 60kg P205
ha-1, and 60 kg KO ha* was applied in each plot. As per the
treatment specification, fertilizers were applied in the form of
urea, triple-super phosphate, muriate of potash, gypsum, and
borax. Fertilizers were applied at the time of sowing in furrows
opened at definite row spacing as per the treatments. Growth and
yield parameters like plant height, branches per plant, and
number of capsules per plant were recorded. After harvesting,
plants were analysed for grain and stover yield, oil contents, and
contents of N, P, K, and S, and their uptake by sesame.

3. Results and Discussion

3.1. Effect of boron and sulphur on growth parameters
Results pertaining to the height of sesame plants are presented in
Table 1. The plant height of sesame ranged between 72.33 and
107.33 cm. Sulphur and Boron application significantly
increased the plant height, and it attained the highest value when
both the nutrients were applied together at their respective
highest levels. An increase in plant height with increasing
sulphur level might result from the synthesis of sulphur-
containing amino acids, proteins, and the activity of proteolytic
enzymes.

The number of branches per plant varied between 2.67 and 5.00
(Table 1). The minimum number of branches was obtained with
the application of sulphur @ 20 kg ha* and B @ 0.5 kg ha and
the maximum number of branches per plot was recorded in plots
receiving the same level of boron along with application of
sulphur @ 40 kg ha. The effect of different levels of sulphur
and boron was not found to be statistically significant.

The data pertaining to the number of capsules in the plant is
presented in Table 1. It indicated that application of sulphur @
60 kg ha'* recorded the highest number of capsules plant* over
other treatments. A higher number of capsules in a plant with the
application of sulphur may be attributed to an increase in
photosynthetic activity of the plants and increased plant growth,
which ultimately resulted in higher yield. These results were
corroborated by the findings of Yadav et al. (2009) 2. Boron
application significantly increased the number of capsules per
plant up to its highest level. Boron promotes the pollen-
producing capacity of anthers and hence might have produced a
higher number of seeds per capsule. It also has a positive effect
on the photosynthetic performance of plants by influencing
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phosphorylation processes, reducing the quantity of assimilates
consumed by respiration to obtain energy, and accelerating the
removal of products of photosynthesis.

3.2. Effect of boron and sulphur on yield of sesame

There was an increase in stover yield with increasing levels of
sulphur (Table 1). The maximum stover yield was obtained with
the application of sulphur and boron at their highest level.
Minimum stover yield was recorded in the control plots. The
yield at control was at par with the yield obtained with the
application of sulphur @ 20 Kg hal. Beyond this level,
increasing the sulphur level increased stover yield significantly
up to the highest level of sulphur. Boron application also
increased stover yield significantly up to the highest level.
Sulphur, like N, improves cell division and cell elongation and
has a favourable influence on chlorophyll synthesis. This might
have contributed to the increased stover yield. The positive
influence of S and B in improving yield and yield attributes of
sunflower was reported earlier by Shekawat and Shivay (2008)
[21]

Seed yield of sesame ranged between 3.85 and 5.73 g ha* (Table
1). Minimum vyield was recorded in control plots, and the
maximum Yyield was obtained with the application of a full dose
of boron along with sulphur application @ 40 kg ha. Sulphur
application significantly increased seed yield up to 40 kg ha™.
Beyond this level, there was no significant response of sulphur
in increasing seed yield. Boron application increased seed yield
significantly up to the highest level. The highest per cent
increase in yield (49%) was recorded with the highest levels of
B along with sulphur application @ 40 kg ha. This shows that
both S and B play an important role in the production of oilseed
crops. The increase in seed yield might be due to the fact that
sulphur promotes photosynthesis, net assimilation rate, and crop
growth rate, which causes more seed yield. Sulphur helps in
primordial floral initiation, resulting in a greater number of
capsules per plant and an increasing number of seeds per
capsule. Also, S is required for the synthesis of S-containing
amino acids and proteins, increases oil content, helps in the
formation of chlorophyll, biotin, and thiamine, and plays an
important role in the metabolism of carbohydrates, proteins, and
fats (Takahashi et al, 2000) 8. On the other hand, boron is
associated with cell division, flowering and fruiting, water
relations, and catalyst for certain reactions (Berger, 1949;
Sprague, 1951) B %1, B is needed for carbohydrate transport as
well as cellular differentiation and development. It also enhances
the pollen-producing capacity of anthers, the viability of pollen
tubes, pollen germination, and pollen tube growth. Moreover, a
balanced supply of nutrients owing to sulphur and boron
addition might be involved in the improvement of yield-related
traits of sesame, leading to higher seed yield. Saren et al. (2004)
(181 found that the grain yield of sesame was increased due to
increasing levels of S. The increase in grain yield is largely a
function of improvement in the yield attributes. These results are
in agreement with the findings of Sarkar and Saha (2005) (9,
The positive influence of S and B in improving the yield and
yield attributes was also reported by Shekawat and Shivay
(2008) 24 in case of sunflower.
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Table 1: Effect of boron and sulphur levels on Growth parameter & Yield attribute of sesame-

Levels (Kg hal) | Plant height (cm) | Branches per plant | Capsules per plant | Stover yield (g ha?) | Seed yield (q ha)
So 89.08 3.92 54.00 20.89 4.84
Sulphur Sa20 88.08 3.33 56.50 21.01 4.87
Sao 93.00 3.92 58.58 23.07 5.45
Seo 99.08 4.58 60.83 24.03 5.32
Bo 81.50 4.17 50.83 21.62 4.65
Boron Bos 83.92 4.08 58.92 21.50 4.77
B1 100.83 3.83 56.08 22.67 5.36
Bis 103.00 3.67 64.08 23.21 5.70
SoBo 72.33 4.67 46.67 17.07 3.85
SoBos 85.00 4.00 53.67 19.40 4.23
SoB1 101.67 4.00 55.00 23.83 5.53
SoB1s 97.33 3.00 60.67 23.27 5.73
S20Bo 76.00 4.00 49.67 21.57 4.26
S20Bos 78.33 2.67 55.67 19.13 4.25
S20B1 97.33 3.33 55.67 22.03 5.33
S20B1s 100.67 3.33 65.00 21.30 5.64
Sulphur X Boron S40Bo 82.00 3.33 50.33 23.67 5.27
S40Bos 81.67 5.00 65.33 23.17 5.34
S40B1 101.67 3.67 55.67 22.37 5.47
S40B1s 106.67 3.67 63.00 23.07 5.73
SeoBo 95.67 4.67 56.67 24.17 5.19
SeoBo.s 90.67 4.67 61.00 24.30 5.27
Se0B1 102.67 4.33 58.00 22.43 5.10
SeoB15 107.33 4.67 67.67 25.20 5.70
Boron 0.89 0.30 1.64 0.22 0.08
S.Em () Sulphur 0.89 0.30 1.64 0.22 0.08
Sulphur X Boron 1.78 0.60 3.28 0.44 0.17
Boron 2.57 NS 4.74 0.64 0.24
C.D (P=0.05) Sulphur 2.57 NS 474 0.64 0.24
Sulphur X Boron 5.14 NS NS 1.28 0.48

NS- Non-Significant

3.3. Effect of boron and sulphur on protein content, oil
content, and oil yield of sesame

Results on crude protein content in sesame are present in Table
2. A close perusal of data reveals that significantly maximum
protein content (17.38%) was observed in plots receiving no
sulphur with B application @1.5kg ha* and the minimum value
(9.57%) was seen in the plots receiving no sulphur and B
application @ 0.5 kg ha. Like nitrogen content in seeds, it was
found to be decreased initially up to the S40 level and thereafter
increased with the application of the highest dose of sulphur.
Boron application significantly increased protein content up to
its highest level. The increase in protein content might be due to
the accumulation of biological molecules like cysteine,
methionine, and cysteine. It is clear from the table that
significantly maximum protein content (17.38%) was observed
when no sulphur was applied. This is because sulphur is the
essential component of cysteine, methionine, and cysteine,
which are the protein-building amino acids, and as the oil
content increases, the protein content decreases.

Oil content of sesame seeds varied from 32.73% to 44.47%
(table 2). The minimum value was recorded in plots receiving B
@ 1kg ha' with no sulphur, and the maximum value was
recorded in plots receiving the highest level of sulphur with
boron application @ 0.5 kg ha?. Sulphur application
significantly increased oil content up to its highest level. The
effect of boron on oil content was not found to be statistically
significant. The interaction effect between boron and sulphur
was also not significant. Higher levels of S application improved
the oil contents at the expense of protein contents. The increase
in oil content might be due to more sulphur storage in the plant.
An increase in oil content was also observed in the soybean seed
by Malewar et al. (2001) **!. They concluded that the increase in
oil content was the result of the direct involvement of S in the

synthesis of lipids, fatty acids, and the synthesis of acetyl-CoA
enzyme. In this conversion, an enzyme thiokinase is involved in
sulphur supply; moreover, acetyl co-enzyme itself contains S
and sulphydryl groups. Increase in oil content of sesame with the
application of boron might be due to its role in different
metabolic processes of the plant. Bhonwase and Tamboli (2002)
M also found a beneficial effect of the integrated use of
potassium, sulphur, and boron on the yield and oil content of
sunflower under dry land conditions. Sulphur is an integral part
of biological molecules like cysteine, methionine, and cystine,
which cause variation in oil content. They concluded that as the
sulphur level increased, the oil content increased in sesame. This
is because the availability of sulphur enhances the sulphur
storage, which is involved in oil formation.

Both nutrients exerted their positive response on increasing oil
yield significantly (Table 2). Qil yield was found to be increased
up to the highest level of both nutrients. Boron and sulphur
interacted synergistically in increasing oil yield. Increase in oil
yield of sesame with application of boron and sulphur was
attributed to the favourable effect of both the nutrients on oil
content as well as seed yield.

3.4. Effect of boron and sulphur on chlorophyll content in
leaves before and after the flowering stage of sesame

Leaf chlorophyll content before the flowering stage ranged
between 1.76 and 3.36 mg g* fresh weight (Table 2). The
application of sulphur significantly increased chlorophyll
contents. Boron application also increased chlorophyll content in
leaves before the flowering stage.

A similar trend was observed after flowering also. At this stage,
leaf chlorophyll content varied from 1.29 to 2.61 mg g fresh
weight (Table 2). The highest value was recorded in the plot
receiving the highest doses of both nutrients.
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Table 2: Effect of boron and sulphur levels on protein (%), oil content (%), Oil Yield (Kg hat), and Chlorophyll content before and after flowering
of sesame (mg g* FW)

Levels (Kg ha™!) [Protein (%6)|Oil content (%) | Oil yield (kg ha™t) Cr}'lz\r/c’f:i‘zg (C;Bt‘;ﬂtlf\f\‘;g"e C]t‘l'c‘)’v\'lgfi%"(ﬁ?g“g??;%er
So 14.35 34.15 164.6 2.39 1.86
Sulphur S0 13.13 35.69 1732 255 2.10
S0 1350 37.98 207.0 2.79 228
Se0 15.37 4274 226.8 2.82 219
Bo 13.48 38.44 179.6 2.09 1.76
Boron Bos 13.65 37.92 182.3 258 2.09
B: 13.71 37.86 202.2 2.68 212
Bis 1552 36.35 2075 3.19 247
SoBo 13.30 35.13 1354 176 1.29
SoBos 9.57 34.70 146.8 234 2.18
SoB1 17.15 32.73 180.7 2.42 1.92
SoB1s 17.38 34.03 19556 3.05 2.07
S20Bo 13.30 37.47 159.8 2.20 1.86
S20Bos 13.65 36.03 1532 2.50 2.07
S20B1 12.02 36.20 192.9 248 207
S20B1s 1353 33.07 187.0 3.01 2.42
Sulphur X Boron Sw0Bo 1353 39.80 209.9 2.19 2.00
Sa0Bos 1458 36.47 195.0 2.69 2.20
SaoB1 10.38 30.47 2157 2.94 216
SaB1s 15.52 36.20 2075 3.35 2.76
Se0Bo 13.77 4137 2133 222 1.87
Se0Bos 16.80 44.47 234.2 2.81 1.94
SeoB1 15.28 43.03 2196 2.90 2.34
SeoB1s 15.63 42.10 240.1 3.36 261
Boron 0.19 0.73 4.2 0.10 0.08
SEm (¥) Sulphur 0.19 0.73 4.2 0.10 0.08
Sulphur X Boron 0.39 1.46 8.4 0.19 0.17
Boron 0.56 NS 122 0.28 0.24
C.D (P=0.05) Sulphur 0.56 211 122 0.28 0.24
Sulphur X Boron 1.12 NS 24.3 0.56 NS

FW- Fresh Weight; NS- Non-Significant

3.5. Effect of boron and sulphur on nutrient contents

3.5.1. Effect of boron and sulphur on nutrient contents in
stover

Nitrogen content in plants ranged between 0.45% and 0.54%
(Table 3). The minimum value was recorded in the control plots,
and the maximum one was recorded in the plots receiving the
highest dose of sulphur with boron application @ 1 kg ha™.
However, no treatment effect was found to be significant in
influencing nitrogen content in plants.

Phosphorus content in plants ranged between 0.13 and 0.29%
(Table 3) depending on treatment combinations. Sulphur
application up to 60 kg ha? resulted in higher phosphorus
content in plants. Application of sulphur at 60 kg ha did not
increase phosphorus content in the plant. The phosphorus
content in plants become doubled with the application of
sulphur. 1t was found to be increased from 0.13% in So treatment
to 0.29% in Se treatment. Boron application increased
phosphorus content in plants marginally.

Sulphur application significantly increased potassium content up
to the highest dose (Table 3). The effect of boron on potassium
content in plants was not found to be statistically significant.
The interaction effect between these nutrients was also not
statistically significant.

Sulphur application increased the sulphur content in the plant
nearly three times (Table 3). The minimum value of 0.11% was
recorded in plots receiving no sulphur and a full dose of boron.
The maximum value (0.32%) was recorded in plots receiving the
full dose of sulphur with application of boron @ 0.5 kg ha'. The
effect of boron on sulphur content was not significant.

3.5.2. Effect of boron and sulphur on nutrient contents in
seed

Data on nitrogen content in seed is presented in Table 3. It
ranged between 1.53 and 2.78%. It was found to be decreased
with sulphur application up to the S level. Thereafter, it
reached its maximum value with the application of the
maximum dose of sulphur. The initial decrease in the value may
be due to the dilution effect due to increased seed yield with the
application of sulphur up to the Sa level. Thereafter, it was
increased due to the influence of sulphur on protein synthesis.
Boron application significantly increased nitrogen content in
seeds.

Phosphorus content in sesame seed varied between 0.52 and
0.67% (Table 3). No treatment effect was found to be
statistically significant in influencing phosphorus concentration
in the seeds of sesame.

Potassium content in seeds was influenced by the application of
both nutrients (Table 3). Sulphur application resulted in
increased potassium content in seeds. However, the increase in
potassium content with sulphur application beyond the Sy level
was not statistically significant. Boron application initially
decreased the values and thereafter increased potassium content,
resulting in maximum potassium content at the By level. Further
increase in boron application did not result significant change in
potassium content.

Sulphur content in the seed was increased significantly with
sulphur application (Table 3). Here, the effect of boron was not
significant. The minimum value was recorded with application
of no sulphur, and the maximum value was recorded in plots
receiving the full dose of sulphur along with the full dose of
boron.
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Table 3: Effect of boron and sulphur levels on nutrient content of stover and seed-

4 Stover (%) Seed (%)

Levels (Kg hat) N P K 3 N P K 3
) 051 0.15 0.39 0.12 2.30 0.56 1.06 017
sulphur S 051 0.18 0.42 0.15 2.10 061 114 0.19
S0 0.49 0.23 0.43 0.18 2.16 055 112 0.21
Seo 051 0.24 0.48 0.26 2.46 0.56 114 0.25
Bo 0.49 0.20 0.42 0.18 2.16 057 111 0.21
Boron Bos 0.50 0.22 0.42 0.19 2.18 054 1.06 0.20
B: 053 017 0.46 0.18 2.19 058 1.16 0.20
Bis 0.50 0.22 0.42 0.17 2.48 0.59 114 0.20
SoBo 0.45 0.14 0.34 0.13 213 054 114 017
SoBos 054 0.16 0.40 0.12 153 054 0.92 0.18
SoB1 0.56 0.13 0.45 0.12 2.74 057 111 0.16
SoB1s 0.50 0.18 0.37 0.11 2.78 0.60 1.0 0.15
S20Bo 053 0.14 0.44 0.16 2.13 0.59 1.13 0.19
S20Bos 0.47 021 0.36 0.15 218 053 1.10 0.19
S20B1 0.50 0.15 0.43 0.14 1.2 0.62 1.16 0.19
S20B1s 052 0.20 0.44 0.15 217 0.68 1.19 0.18
Sulphur X Boron S40Bo 0.49 022 0.42 0.18 217 0.60 1.06 0.20
S40Bos 0.46 0.27 0.45 0.18 2.33 055 1.09 0.21
SuB1 053 0.18 0.47 0.21 1.66 055 1.28 0.21
SiBis 0.49 0.25 0.39 0.18 2.48 0.52 1.04 0.21
Ss0Bo 0.50 0.29 0.50 0.25 2.20 0.56 112 0.27
Ss0Bos 053 0.23 0.47 0.32 2.69 052 111 0.23
SeoB1 054 0.20 0.48 0.23 2.45 057 1.08 0.23
SsoBis 0.48 0.23 0.48 0.26 2.50 057 1.23 0.25
Boron 0.02 0.01 0.02 0.01 0.03 0.01 0.01 0.01
SEM (3) Sulphur 0.02 0.01 0.02 0.01 0.03 0.01 0.01 0.01
Sulphur X Boron 0.03 0.02 0.03 0.02 0.06 0.03 0.02 0.01
Boron NS 0.02 NS NS 0.09 NS 0.03 NS
C.D (P=0.05) Sulphur NS 0.02 0.05 0.02 0.09 NS 0.03 0.02
Sulphur X Boron NS 0.04 NS 0.05 0.18 NS 0.07 NS

3.6. Effect of boron and sulphur on nutrient uptake

3.6.1. Effect of boron and sulphur on nutrient uptake by
stover

Data pertaining to nitrogen uptake by stover is presented in
Table 4. A close perusal of the data reveals that the application
of sulphur significantly increased nitrogen uptake by stover. It
was found to be increased significantly up to the highest dose of
sulphur application. Boron application also increased nitrogen
uptake by stover, and the maximum nitrogen uptake was
recorded in plots receiving boron @1 kg ha. However, the
effect of boron was not found to be statistically significant.
Phosphorus uptake by stover was also increased significantly up
to the highest levels of both nutrients. Both nutrients interacted
synergistically in enhancing phosphorus uptake by the plant.
Sulphur application significantly increased potassium uptake by
stover. Like nitrogen uptake, boron application also increased
potassium uptake by stover at B, treatments. However, the effect
of boron was statistically insignificant.

Sulphur application increased sulphur uptake by stover from
2.26% in the control to 7.75% in plots receiving S @ 60 kg ha™.
The effect of boron in enhancing sulphur uptake by stover was
not statistically significant.

3.6.2. Effect of boron and sulphur on nutrient uptake by seed
Nitrogen uptake by seeds of sesame ranged between 6.48 kg ha*
and 15.96 kg ha (Table 4). Sulphur application significantly
increased nitrogen uptake up to its highest level. Boron
application also resulted in increased nitrogen uptake by seeds.

There was a significant increase in phosphorus uptake by seeds
with the application of boron (Table 4). The values ranged from
2.08 kg ha' in the control plots to 3.86 kg ha* in plots receiving
the full dose of boron application along with sulphur @ 20 kg

hal. Boron application significantly increased phosphorus
uptake by seeds; however, the effect of sulphur on phosphorus
uptake by seeds was not significant.

Potassium uptake by sesame seeds ranged between 3.89 kg ha*
and 7.06 kg hal. Sulphur application significantly increased
potassium uptake by seeds. Boron application also resulted in
increased potassium uptake by the seeds. Boron and sulphur
interacted synergistically in increasing potassium uptake by
crops.

Sulphur uptake by sesame seeds ranged between 0.65 kg ha*
and 1.44 kg ha* (Table 4). The minimum value was recorded in
the control plots, and the maximum value was obtained in the
plots receiving the highest doses of both nutrients. However, the
interaction effect of these two nutrients was not statistically
significant. The above results revealed that with the increase in S
dose, the uptake of sulphur was also increased due to high S
content and high grain yield. These results are in agreement with
those of Ganeshamurthy (1996) !, who reported that sulphur
significantly increased the S uptake. A similar result was
documented by Chand et al. (1997) [ in mustard. The increased
seed yield was mainly responsible for increased uptake of
nitrogen, phosphorus, and sulphur by seeds. The results are in
close agreement with Yadav et al. (1996) [,

3.6.3. Effect of boron and sulphur on total nutrient uptake
by sesame

Total nitrogen uptake by sesame ranged between 16.98 kg ha*
and 26.97 kg ha (Table 4). Both values were recorded in plots
receiving B @ 0.5kg ha*. The minimum value was recorded in
plots receiving no sulphur, and the maximum value was
recorded in plots receiving the full dose of sulphur, i.e., 60 kg
hal. Increased uptake of N by crop due to S may be result of
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assimilation pattern of N and S in plant, they go hand in hand
(Dayanand and Shivram al., 2002) ). An increase in uptake of
N, P, K, and S with every incremental dose of S to mustard was
recently reported by Upadhyay (2012) %, Debnath and Ghosh
(2011) ®1 opined that the application of boron in boron-deficient
soil might have resulted in increased availability of boron, which
in turn has influenced DNA and protein synthesis, leading to
increased nitrogen content and uptake.

Total phosphorus uptake was also increased with the application
of both nutrients (Table 4). The beneficial role of sulphur in
mobilizing soil P and its use by crops was also reported by Jain
and Saxena (1991) [31. Moreover, increase in the phosphorus
content with the increase in boron application could be due to
favourable influence of boron on various metabolic processes
like photosynthesis, respiration, enzyme activity (Gannie et al.,
2013) 0% which augments the production of metabolites and
their translocation to different parts including seed which
ultimately increases the concentration of nutrients in seed and
stover.

Potassium uptake by sesame was found to be increased with
increasing doses of both nutrients. The values ranged between
10.08 kg ha! and 19.22 kg ha* (Table 4). The minimum value
was recorded in the control plots, and the maximum value was
recorded in the plots receiving the highest doses of both
nutrients. Both nutrients interacted synergistically in increasing
potassium uptake by the crop. Malewar et al. 2001 '3 observed
increased uptake of phosphorus and potassium by soybean. They
opined that this increased uptake of P and K was due to the
synergistic effect of B on P and K absorption and their
utilization by the crop. Singh et al. (1996) ?2 also found an
increase in uptake of P and K with the application of boron.
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Total sulphur uptake was increased nearly threefold with the
application of sulphur (Table 4). The minimum value of 2.91 kg
ha't in control plots and the maximum value of 8.96 kg ha* were
obtained in plots receiving the full dose of sulphur with the
combined application of boron @ 0.5 kg ha*. The effect of
boron in enhancing the sulphur uptake of sesame was not
statistically significant.

This shows the synergistic influence of S and B in making the
availability of nutrients to the plant parts. Uptake of N, P, K, and
S was positively influenced by the interaction between these two
nutrients for both stover and grain. This shows the favourable
influence of S and B in making the availability of these nutrients
to the plant parts. Better translocation of nutrients to the
reproductive part due to boron was also reported by Survase et
al. (1986) 1, a synergistic effect of boron with NPK and
sulphur was also given by Tandon et al. (1989) 71, The increase
in the content and uptake of potassium, sulphur, and boron by
boron fertilization could be attributed to better growth of the
crop, resulting in greater absorption of nutrients from the soil,
leading to its higher content and uptake. They concluded that the
increase in the boron content with the increase in levels of boron
could be attributed to the increased concentration of boron in the
soil.

The increased availability of nutrients in the root zone, coupled
with increased metabolic activity, might have increased
potassium, sulphur, and boron absorption, accumulation, and
uptake subsequently (Jat and Mehra, 2007) [*4l. Sulphur content
also increases due to rapid absorption and translocation of
sulphur by the plant with adequate sulphur from the soil
(Shrivastava et al., 2000) @ leading to improved sulphur
content and uptake by the crop.

Table 4: Effect of boron and sulphur levels on nutrient content of stover and seed-

1 Stover (Kg ha?) Seed (Kg ha?) Total (Kg ha?)
Levels (Kg ha™) N p K | S N P | K| S N p K | S
So 1110 | 3.19 | 822 | 2.48 | 11.46 | 2.75 | 5.15 | 0.79 | 22.58 | 5.94 | 13.38 | 3.28
Sulphur S0 10.64 | 368 | 8.81 | 3.12 | 10.20 | 2.98 | 5.60 | 0.92 | 20.84 | 6.66 | 14.40 | 4.04
S0 1136 | 535 | 9.97 | 4.29 | 11.80 | 3.03 | 6.12 | 1.13 | 23.15 | 8.38 | 16.09 | 5.42
Seo 1225 | 5.70 | 11.59 | 6.38 | 13.07 | 2.95 | 6.05 | 1.30 | 25.31 | 8.65 | 17.64 | 7.69
Bo 10.96 | 437 | 9.31 | 3.98 | 10.02 | 2.67 | 5.15 | 0.98 | 21.01 | 7.04 | 14.46 | 4.96
Boron Bos 10.80 | 471 | 9.13 | 4.24 | 1059 | 2.56 | 5.06 | 0.98 | 21.39 | 7.28 | 14.20 | 5.22
Bi 1207 | 3.75 | 10.31 | 3.96 | 11.75 | 3.11 | 6.22 | 1.06 | 23.82 | 6.86 | 16.54 | 5.01
Bis 1151 | 508 | 9.83 | 410 | 14.15 | 3.38 | 6.48 | 1.13 | 25.67 | 8.45 | 16.31 | 5.23
SoBo 891 |231| 570 | 2.26| 8.20 | 2.08 | 438 | 0.65 | 17.20 | 4.39 | 10.08 | 2.91
SoBos 1050 | 3.02 | 7.87 | 2.34 | 6.48 | 2.30 | 3.89 | 0.78 | 16.98 | 5.32 | 11.76 | 3.12
SoB1 1341 | 3.19 | 10.64 | 2.79 | 1519 | 3.18 | 6.12 | 0.90 | 28.60 | 6.37 | 16.76 | 3.69
SoB1s 1158 | 424 | 868 | 2.55 | 15.96 | 3.44 | 6.23 | 0.84 | 27.54 | 7.68 | 14.92 | 3.39
S20Bo 1135 | 2.95 | 9.60 | 340 | 9.07 | 253 | 4.81 | 0.81 | 20.42 | 5.48 | 14.41 | 4.21
S20Bos 9.10 | 4.08 | 6.82 | 2.78 | 9.29 | 2.26 | 4.68 | 0.82 | 18.38 | 6.34 | 11.51 | 3.60
S20B1 11.04 | 3.35| 943 | 318 1023 | 3.28 | 6.20 | 1.00 | 21.27 | 6.63 | 15.63 | 4.18
Sulphur X Boron S20B1s 11.08 | 433 | 9.37 | 3.14 | 12.23 | 3.86 | 6.69 | 1.03 | 23.30 | 8.19 | 16.06 | 4.16
S40Bo 1158 | 5.28 | 9.91 | 4.20 | 11.42 | 3.18 | 5.61 | 1.04 | 22.99 | 8.46 | 15.52 | 5.24
S40Bos 10.78 | 6.29 | 10.37 | 4.10 | 12.46 | 2.92 | 5.84 | 1.11 | 2324 | 9.21 | 16.21 | 5.21
SaoB1 11.78 | 3.95 | 1052 | 478 | 9.10 | 3.04 | 7.06 | 1.15 | 20.88 | 6.99 | 17.58 | 5.93
SaBis 1131 |5.88 | 9.07 | 4.08 | 1420 | 2.97 | 599 | 1.22 | 2551 | 8.85 | 15.05 | 5.30
Se0Bo 1202 | 6.94 | 12.02 | 6.08 | 11.41 | 2.89 | 5.81 | 1.40 | 2343 | 9.83 | 17.83 | 7.48
Ss0Bos 12.82 | 547 | 1146 | 7.75 | 14.15 | 2.76 | 5.85 | 1.21 | 26.97 | 8.23 | 17.31 | 8.96
SeoB1 12.06 | 452 | 10.67 | 5.08 | 12.48 | 2.93 | 551 | 1.17 | 2454 | 7.45 | 16.18 | 6.25
SeoB1s 12.09 | 5.85 | 12.20 | 6.62 | 14.23 | 3.23 | 7.02 | 1.44 | 26.32 | 9.00 | 19.22 | 8.05
Boron 039 |017| 040 |0.17| 023 | 009|014 | 004 | 840 |020| 041 |0.18
S.Em () Sulphur 039 |017| 040 |0.17| 0.23 | 0.09 | 0.14 | 0.04 | 840 | 0.20 | 0.41 | 0.18
Sulphur X Boron 078 |035| 0.80 |0.35| 0.46 |0.18] 027|008 | 16.81 | 0.40 | 0.82 | 0.36
Boron NS |050| NS | NS | 067 |025]039|012| NS |058] 1.19 | NS
C.D (P=0.05) Sulphur 112 |050| 1.16 | 050 | 067 | NS | 039 |0.12| NS |058| 1.19 | 052
Sulphur X Boron NS |1.00| 232 | 1.01] 1.33 | 051|079 | NS | NS |1.15| 2.38 | 1.04

~ 636 ~
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4. Conclusion

The results obtained from the present study indicate that two
essential nutrients, boron and sulphur, significantly improved
growth parameters and both yield and quality of sesame. The
yield of sesame was increased with sulphur application up to 40
kg hal, and boron responded up to its highest level, i.e., 1.5 kg
hal. Qil content and protein content were increased with the
application of sulphur and boron. Both nutrients interacted
synergistically in improving the yield and quality of sesame.
There was an increase in nutrient availability after harvest of
sesame due to the combined application of boron and sulphur.
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