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ABSTRACT

A field experiment was conducted at the Quality Seed Production Unit, Khanapur-A, VNMKY,
Parbhani, during the summer season of 2025-26 to evaluate the effect of foliar application of micronu-
trients on seed quality parameters of sesame (Sesamum indicum L.). The experiment comprised nine
treatments laid out in a Randomized Block Design with three replications using the variety ‘TLT-10’.
The treatments were: 7] — Control; 7 — Boron (Borax) @ 0.3 g/L; T3 — Zinc (ZnSOy4) @ 0.3 g/L; T4 —
Ferrous (FeSOy4) @ 0.4 g/L; Ts — Manganese (MnSOy4) @ 0.2 g/L; T — Boron + Ferrous; 77 — Zinc +
Ferrous; Tg — Ferrous + Manganese; and Tg — 75 + T3 + T4 + T5. Foliar sprays were applied at 30 and 60
days after sowing (DAS). Four seed quality parameters, namely germination percentage, Seedling
Vigour Index-I (SVI-I), Seedling Vigour Index-II (SVI-II) and oil content, were assessed. Analysis of
variance revealed significant differences among the treatments for all seed quality parameters. The com-
bined micronutrient treatment 79 recorded the highest values for germination, SVI-I, SVI-II and oil con-
tent compared with the control. Among the individual micronutrients, manganese (75) and ferrous sul-
phate (74) were relatively more effective in enhancing oil content, whereas 7% (Zinc + Ferrous), despite
its high seed yield, recorded comparatively lower oil content. It is concluded that the combined foliar
application of boron, zinc, ferrous sulphate and manganese (7o) at 30 and 60 DAS resulted in the high-
est values for all the seed quality parameters studied in sesame.

Keywords: Sesamum indicum L., Foliar applicaton, Micronutrients, Seed quality, Germination,
Seedling vigour index, Oil content, Boron, Zinc, Ferrous, Manganese

Introduction

Sesame (Sesamum indicum L.) is known as the "Queen of Oilseeds" and is one of the oldest oilseed crops
cultivated across tropical and subtropical regions. It is valued for its high oil content (45—50%), high-quality
protein and natural antioxidants-sesamin, sesamol and sesamolin-which contribute to the stability and nutri-
tional value of sesame oil (Namiki, 2007; Ashri, 2007) [2- 1], Despite its significance, sesame productivity in
India (400—450 kg ha™!) remains considerably lower than its potential, partly due to inadequate micronutri-
ent management (Anonymous, 2023) 31,

Seed quality is a critical determinant of crop st and establishment and ultimately of productivity. High-qual-
ity seeds are characterised by a high germination percentage, greater seedling vigour and high oil content-pa-
rameters that are significantly influenced by the nutritional status of the mother plant during seed develop-
ment. Micronutrients such as zinc (Zn), boron (B), iron (Fe) and manganese (Mn) play pivotal roles in repro-
ductive physiology, biochemical reserve deposition and membrane integrity of developing seeds. Zinc is es-
sential for auxin synthesis, enzyme activation and protein metabolism; boron facilitates carbohydrate
translocation and pollen viability; iron is required for chlorophyll synthesis and respiration; and manganese
participates in photosynthetic electron transport and fatty acid synthesis (Marschner, 2012; Havlin et al.,
2014) 13- 41, Deficiency of any of these elements during seed development compromises the physiological
quality of seeds.

Foliar application of micronutrients at critical growth stages has been shown to effectively improve seed
quality. Parsaei et al. (2017) [©] reported that foliar application of zinc and boron significantly improved ger-
mination percentage and vigour indices in sesame. Dhaliwal ef al. (2021) [7] found that foliar application of
boron at 30 mg/L enhanced antioxidant activity and oil content of sesame seeds. Elayaraja et al. (2020) [8]
recorded higher germination percentage and 1000-seed weight in sesame with zinc and manganese treat-
ments. However, comprehensive information on the response of multiple seed quality parameters to the fo-
liar application of micronutrients, particularly their combined application, is limited. The present study was
therefore undertaken to evaluate the effect of foliar application of boron, zinc, ferrous and manganese-indi-
vidually and in combination-on germination percentage, Seedling Vigour Index-I, Seedling Vigour Index-II
and oil content of sesame seeds.
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Materials and Methods

Experimental site and design: The experiment was conducted at the
Quality Seed Production Unit, Khanapur-A, VNMKYV, Parbhani,
Mabharashtra, during the summer season of 202526 on uniform black
cotton soil. The experiment was laid out in a RBD with 9 treatments
and 3 replications using the sesame variety “TLT-10". Foliar sprays
were applied at 30 and 60 DAS. The plot size was 1.2 x 3.0 m (3.6
mz), with row-to-row spacing of 30 cm and plant-to-plant spacing of
15 cm. The treatments were: T1- Control; T»- Boron (Borax) @ 0.3
g/L; T3- Zinc (ZnSOy4) @ 0.3 g/L; T4- Ferrous (FeSO4) @ 0.4 g/L;
Ts- Manganese (MnSO4) @ 0.2 g/L; Tg- Boron + Ferrous (0.3 + 0.4
g/L); T7- Zinc + Ferrous (0.3 + 0.4 g/L); Tg- Ferrous + Manganese
(0.4+0.2 g/L);and Tg— Ty + T3 + T4 + Ts.

Seed quality parameters assessed

(1) Germination percentage: Germination was assessed using the top-
of-paper (TP) method as described by ISTA (1985) [°]. Four hundred
pure seeds, comprising four replicates of 100 seeds each, were placed
on moistened filter paper in Petri dishes and kept at 25 + 1 °C for six
days. Normal seedlings were counted on the final count day and ger-
mination percentage was calculated. (ii) Seedling Vigour Index-I
(SVI-I): SVI-I was calculated as Germination (%) % Seedling length
(em), following Abdul-Baki and anderson (1973) 1191 (iii) Seedling
Vigour Index-II (SVI-II): SVI-II was calculated as Germination (%) x
Seedling dry weight (g). (iv) Oil content (%): Oil content was deter-
mined using approximately 25 g of clean seeds from each plot by the
Nuclear Magnetic Resonance (NMR) method.

Results and Discussion

Analysis of variance revealed highly significant differences among
the treatments for all four seed quality parameters studied, namely,
germination percentage, Seedling Vigour Index-I, Seedling Vigour
Index-II and oil content, indicating the differential influence of foliar
micronutrient application on seed physiological quality in sesame.
The results are presented and discussed below.

Germination percentage

Germination percentage differed significantly among the treatments.
The highest germination percentage was recorded in Tg (89.00%),
followed by T7 (88.00%) and Tg (87.00%), while the minimum was
recorded in Ty (82.33%), followed by T, and T5 (84.00% each). The
grand mean for germination percentage was 85.78%, with treatment
means ranging from 82.33 to 89.00%.

The superior germination under Tg is attributable to the combined
role of all four micronutrients in enhancing seed filling, metabolic re-
serve deposition and membrane integrity during seed development on
the mother plant. Zinc promotes protein synthesis and enzymatic ac-
tivity during seed maturation; boron facilitates carbohydrate translo-
cation and ensures adequate starch deposition; iron supports chloro-
phyll synthesis, thereby improving the photosynthetic capacity of the
mother plant; and manganese participates in superoxide dismutase ac-
tivity, thereby reducing oxidative damage to developing seeds.
Together, these functions result in physiologically mature seeds with
higher germinability.

These findings are in conformity with Parsaei e al. (2017) [0], who
reported that foliar application of zinc and boron, individually or in
combination, significantly improved seed germination percentage in
sesame under accelerated ageing conditions. Elayaraja et al. (2020)
(81 also recorded higher germination percentage in sesame with com-
bined zinc and manganese foliar treatments. The superior germination
observed under combined micronutrient treatments reflects the syner-
gistic benefits of balanced micronutrient nutrition on seed physiologi-
cal quality.

Seedling vigour index-1

Significant differences were recorded among the treatments for
Seedling Vigour Index-I (SVI-I). The maximum SVI-I was recorded
in Tg (1775.3), followed by T3 (1687.2) and Ty (1574.3), while the
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minimum was recorded in Ty (1183.0), followed by T¢ (1396.1) and
Ts5(1491.2). The gr and mean for SVI-I was 1520.0.

SVI-I, calculated as the product of germination percentage and
seedling length, reflects early growth vigour and seedling establish-
ment potential. The higher SVI-I under Ty is attributed to the com-
bined effect of all four micronutrients in improving the biochemical
reserves and hormonal status of seeds, resulting in rapid and uniform
germination and vigorous seedling elongation. Zinc-mediated auxin
synthesis is particularly important for seedling elongation, which may
explain why T3 (Zn alone) ranked second for SVI-I. These findings
are consistent with Parsaei ez al. (2017) [6], who documented that the
combined foliar application of Zn and B produced sesame seeds with
significantly higher vigour indices and improved germination.
Sonakamble e al. (2015) U] also reported a significantly higher
vigour index with ZnSOy4 application through soil and foliar spray in
soybean.

Seedling vigour index-I1

Treatment Tg recorded the highest Seedling Vigour Index-II (SVI-II)
value of 304.39, followed by Ty (289.51) and Tg (282.75), while T
registered the lowest SVI-II value of 241.24, followed by Ts (252.01)
and T (254.52). The gr and mean for SVI-1I was 269.92.

SVI-II, calculated as the product of germination percentage and
seedling dry weight, is considered a more sensitive indicator of seed
vigour, as it quantifies the dry matter accumulation capacity of
seedlings during early establishment. The higher SVI-II under Ty re-
flects the greater accumulation of metabolic reserves—proteins, lipids
and carbohydrates—in seeds during development under balanced mi-
cronutrient nutrition, enabling more vigorous seedling growth and
greater dry matter accumulation. The strong performance of Ty for
SVI-II, ranking second, indicates that the zinc—iron combination is
particularly effective in promoting seedling dry weight accumulation,
possibly through the role of zinc in protein synthesis and iron in
chlorophyll-dependent photosynthate production and supply to devel-
oping seeds.

These results are supported by Parsaei er al. (2017) [], who found
that the combined foliar application of Zn and B produced sesame
seeds with superior physiological quality and enhanced antioxidant
enzyme activities, thereby improving Seedling Vigour Index-II.
Sreepriya et al. (2019) ['2] similarly documented that manganese sul-
phate-primed sesame seeds produced significantly higher seedling
vigour and field emergence compared with unprimed seeds.

Oil content (%)

Oil content differed significantly among the treatments. The maxi-
mum oil content was recorded in Tg (46.99%), followed by Tj;
(46.90%) and T4 (46.50%), while the minimum was recorded in T
(45.00%), followed by T7 (45.20%) and Tg (45.30%). The gr and
mean for oil content was 45.94%, with treatment means ranging from
45.00 to 46.99%.

An important observation from the oil content data is the combina-
tion-specific response of oil biosynthesis. While Ty recorded the high-
est oil content overall, the individual treatments T5 and T4 ranked sec-
ond and third, respectively, with notably higher oil content than the
dual combinations T7 and T¢. This pattern suggests that manganese
and iron, when applied individually, may channel available photosyn-
thates preferentially towards lipid biosynthesis, whereas in the zinc—
iron combination (T7), the strong vegetative growth and yield expres-
sion may redirect assimilates towards seed structural components
rather than oil accumulation. The role of manganese in fatty acid
biosynthesis—through its function as a cofactor of acetyl-CoA car-
boxylase and other lipid-metabolism enzymes—may explain the rela-
tively higher oil content under Ts. Similarly, the involvement of iron
in respiration and energy supply for lipid biosynthesis may account
for the higher oil content under Ty.

These findings are consistent with Habimana et al. (2016) 3], who
reported higher oil content and oil yield in sesame with manganese
sulphate application and with Dhaliwal er al. (2021) [7], Khuong et al.
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(2022) 4] and Dey et al. (2023) [13], who recorded significant in-
creases in oil content following foliar boron application in sesame.
Saudy et al. (2022) [16] similarly reported that a foliar nano-mixture
of iron, zinc and manganese enhanced the oil content of sesame seeds.
The observation that T7 produced comparatively lower oil content de-
spite its high seed yield is consistent with the findings of Rekani

https://www.biochemjournal.com

cation of iron and manganese in terms of oil synthesis is dose- and
combination-specific. Maheshwari et al. (2023) ['8] further reported
that combined foliar application of Zn + B + Fe resulted in maximum
1000-seed weight and oil content in sesame, supporting the beneficial
role of combined micronutrient nutrition in improving seed biochemi-
cal quality.

101 “(6)01 *920T ‘LOLYL19T

(2019) 171, who reported that the response of sesame to foliar appli-

Table 1. Influence of foliar applied micronutrients on seed quality parameters in sesame.

Treatment Germination (%) Seedling Vigour Seedling Vigour  Oil Content

Index-I Index-II (%)

T — Control 82.33 1183.0 241.24 45.00
T, — Boron (Borax) @0.3 g/l 84.00 1494.7 254.52 46.10 s
T3 — Zinc (ZnSOy4) @0.3 g/l 86.67 1687.2 273.01 45.80 g
T4 — Ferrous (FeSO4) @0.4 g/l 85.00 1509.1 261.79 46.50 %
Ts5 — Manganese (MnSOy4) @0.2 g/l 84.00 1491.2 252.01 46.90 E
T — Boron + Ferrous 86.00 1396.1 270.03 45.30 ?
Ty — Zinc + Ferrous 88.00 1574.3 289.51 45.20 ;
Tg— Ferrous + Manganese 87.00 1568.9 282.75 45.70 %
To- To+T3+T4+Ts 89.00 1775.3 304.39 46.99 ié
General Mean 85.78 1520.0 269.92 45.94 :27

S.Em.+ 0.97 79.58 8.53 0.36

C.D. at 5% 291 238.58 25.57 1.09

C.V. (%) 1.96 9.07 5.47 1.38

Conclusion

The results of the present investigation clearly demonstrate that foliar
application of micronutrients significantly improved all the seed qual-
ity parameters of sesame. The combined treatment Tg, applied at 30
and 60 DAS, was the most effective treatment, recording the highest
germination percentage (89.00%), Seedling Vigour Index-I (1775.3),
Seedling Vigour Index-II (304.39) and oil content (46.99%) compared
with the control. The combined application of all four micronutrients
improved photosynthetic efficiency, biochemical reserve deposition,
membrane integrity and enzymatic antioxidant activity, collectively
contributing to superior seed physiological quality. An important find-
ing was the combination-specific response of oil biosynthesis, with
individually applied manganese (T5s) and ferrous sulphate (T4) being
relatively more effective in enhancing oil content than certain dual
combinations. On the basis of the present findings, combined foliar
application of boron, zinc, ferrous sulphate and manganese (To) is
recommended as an effective nutrient management strategy for im-
proving seed quality parameters and producing high-quality sesame
seed lots under the agro-climatic conditions of Marathwada, particu-
larly in seed production programmes.
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