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Abstract: Drought is the main constraint for crop growth
worldwide. Selenium reportedly plays an important role
in improving plant tolerance to drought stress. In this
study, two experiments were conducted to investigate
the effects of foliar selenium application on the drought
tolerance of sesame. Five selenium concentrations (0, 5,
10, 20, and 40 mg/L) were used in the first experiment.
Water deficit was triggered 25 days after sowing. The
application of 5 or 10 mg/L of selenium maintained the
number of leaves and increased the number of capsules.
However, higher concentrations induced necrosis. The
second experiment aimed to study the effect of selenium
concentrations (5 and 10 mg/L) and the number of appli-
cations (one to three times). Drought stress was triggered
50 days after sowing, and selenium was sprayed 50, 55,
and 60 days after sowing. The results indicated that a
one-time foliar selenium application of 5 mg/L was able
to maintain the number of leaves and to increase proline
accumulation, plant biomass, and grain weight per plant.
This finding confirms that selenium can be applied to
enhance sesame’s tolerance to drought stress.
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1 Introduction

Drought is a big problem in global agricultural produc-
tion (Hu et al. 2014; Leng and Hall 2019), which affects
the physical and chemical, as well as the microbiological,
parameters of soil fertility, which are important factors
for plant biomass and grain production (Chodak et al.
2015). Drought has gradually become more severe. In
the Mekong Delta, Vietnam, drought and saline intrusion
have become serious issues, causing considerable loss of
paddy fields. Therefore, alternative species or cropping
methods should be explored to cope with this situation.
Several cash crops can be grown in rotation with rice
during the dry season. Sesame is an important crop
because of its high oil, antioxidant, and protein content
(Koca et al. 2007). In addition, sesame is generally tol-
erant of drought stress and has thus become one of the
obvious choices for farmers (Golestani and Pakniyat 2015).
However, certain stages of sesame, such as seed germina-
tion and flowering, remain particularly sensitive to drought
(Boureima et al. 2011).

Drought stress has been reported to hinder germina-
tion, plant growth, flowering, number of capsules per
plant, and seed yield (Hassanzadeh et al. 2009; Bahrami
et al. 2012; Kassab et al. 2012). Many approaches have
been used to alleviate the effects of drought on crops.
Several studies have indicated that micronutrients, such
as boron (Naeem et al. 2018), molybdenum (Rana et al.
2020), and silica (Ahmed et al. 2011), help plants to tolerate
drought. Although selenium is not an essential element
for plant growth, it has been reported to stimulate crop
tolerance to drought conditions (Andradea et al. 2018).
At low dosages, selenium imparts diverse beneficial effects
and stimulates growth (Kaur and Nayyar 2015). Many
researchers have reported that selenium induces plant
drought coping mechanisms by reducing water evapora-
tion (Djanaguiraman et al. 2005), increasing the activities
of oxide enzymes such as superoxide dismutase and
peroxidase (Nawaz et al. 2016), promoting the synthesis
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Nawaz et al. 2016), and enhancing the accumulation of
proline (Ahmad et al. 2016). Proline accumulation is a
common response in plants exposed to drought stress
(Yao et al. 2009). In pea and wheat, proline was the only
measured stress marker that was increased primarily by
drought stress (Alexieva et al. 2001). Proline, a proteino-
genic amino acid, helps osmotic adjustment during
stress and protects the native structure of macromole-
cules and membranes during extreme dehydration
(Gehlot et al. 2005). According to Verbruggen and
Hermans (2008), proline helps plants in the adaptation
to drought conditions. Soil or foliar application of sele-
nium can improve the growth and yield of plants; how-
ever, selenium spray is more effective than soil applica-
tion (Karimi et al. 2020). Currently, there have been
limited efforts to understand the role of selenium in
sesame under drought conditions. Therefore, this study
was carried out to determine the optimal concentration
and number of foliar selenium applications for the
sesame DH-1 variety for drought tolerance.

2 Materials and methods

2.1 Materials

A pot experiment was carried out at the College of
Agriculture’s Farm, Can Tho University, Vietnam, from
November 2018 to October 2019. The sesame variety
DH-1 is 100-120 cm in height and has a short growth
duration of 75-80 days, with a yield of 1.2-2.0 tons/ha.
This sesame variety was screened from 14 varieties in the
Mekong Delta, Vietnam (our unpublished data). Each
black plastic pot (33 cm in width x 27 cm in height) was
filled with 11kg of dried paddy soil. The physicochemical
analysis of the paddy soil showed the following con-
centrations: 0.83% organic matter, total nitrogen (N)
0.33mg/kg dry soil, phosphorous (P) 4.9 mg/kg dry soil,
potassium (K) 128 mg/kg dry soil, and calcium (Ca)
101 mg/kg dry soil. It also showed a pH of 6.5. The soil
was identified as a Gleysol according to the World
Reference Base classification, with soil textures of sand,
silt, and clay of 1.40, 39.8, and 58.8, respectively. Ten
sesame seeds were sown in each pot, and 7 days after ger-
mination, the plants were thinned to one plant per pot. N, P,
and K (90, 60, and 90 kg/ha of N, P,0s, and K0, respec-
tively) were used for fertilization based on the soil analysis
results. The actual chemicals used were urea for N (46% N),
superphosphate fertilizer for P (16% P,0;), and potassium
chloride for K (60% K,0). In Experiment 1, 25 days after
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sowing, drought stress was induced by completely stopping
irrigation until harvest. In Experiment 2, drought stress
started 50 days after sowing. These periods were selected
based on the scarcity of fresh water in the Mekong Delta.
To avoid interference from rainfall, all pots were wrapped
with plastic covers to prevent any water droplets entering
the soil. To prepare different Se concentrations (5, 10, 20,
and 40 mg/L) for foliar application, selenium crystals were
broken down by HNO; (Vogel 1974).

2.2 Methods
2.2.1 Experiment 1

In this experiment, which aimed to identify the optimal
foliar selenium application for sesame growth under
drought conditions, five treatments (different concentra-
tions of Se: 0, 5, 10, 20, and 40 mg/L) were used 25 days
after sowing. On the same day, the drought stress began.
A randomized block design was used with five replica-
tions. Each replication contained five pots.

2.2.2 Experiment 2

This experiment aimed to determine the suitable selenium
concentrations (0, 5, and 10 mg/L) and number of foliar
applications (one to three times) for the growth of sesame
under water-deficit conditions. The drought stress was
created 50 days after sowing. This pot experiment was
carried out in a randomized block design with five replica-
tions. Each replication contained five pots.

2.2.3 Brief description of the observed responses and
measured parameters

Plant height (cm) was measured from the soil surface to
the highest point of the plant. The number of leaves was
counted at harvest. For the measurement of leaf proline
content (umol/g fresh weight) 5 days after selenium appli-
cation, leaves were randomly selected (starting from the
fifth leaf from the top). The samples were composited for
each plot and thoroughly mixed and analyzed using the
methods of Bates et al. (1973). The soil plant analysis
development (SPAD) index was detected directly after
5 days of spraying with selenium on the twelfth leaf
from the soil surface using SPAD-502 Plus (Konica Min-
olta), according to the manufacturer’s instructions. The
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number of mature and immature capsules per plant was
assessed at harvest. The sesame plants were oven-dried at
80°C for 48 h, or until they reached a constant weight, to
measure their dry weight. The weight of seeds (g) was
recorded at 8% moisture.

2.3 Data analysis

The data given in this study were the mean values of five
replications, unless otherwise stated. The data were ana-
lyzed using one-way analysis of variance (ANOVA) for
Experiment 1 and two-way ANOVA for Experiment 2
with the SPSS software package version 13.0. All the
mean values were analyzed using ANOVA, and a compar-
ison among the means for determining significant differ-
ences was performed using Duncan’s multiple range test
at p < 0.05.

Ethical approval: The research conducted is not related to
either human or animal use.

3 Results and discussion

3.1 Plant height and number of leaves

Selenium did not improve the height of the sesame plants
under drought conditions (Figure 1). This result was similar
to the results observed in wheat with foliar applications of
18 and 36 mg/L selenium (Teimouri et al. 2014). However,
the number of leaves growing under drought stress was
significantly affected by selenium levels (Figure 1), with
5 and 10 mg/L having the highest number of leaves. The
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number of leaves on the plants was reduced when
they were sprayed with a selenium concentration of 20
or 40 mg/L (Figure 1). Grape plants produced the highest
number of leaves when 5 mg/L of selenium was sprayed
(Karimi et al. 2020). Meanwhile, according to Li et al.
(2015), high concentrations of selenium (40 mg/kg) induce
toxicity in Brassica plants.

Without selenium application, the sesame plants
could not maintain their leaves under prolonged water
deficit (Figure 2). Spraying with selenium concentrations
of 5-20 mg/L maintained the number of leaves on the
plants, and the leaves were fresher than the leaves without
spraying with selenium (Figure 2). Meanwhile, the number
of leaves was reduced at 40 mg/L. According to Shahzadi
et al. (2017), selenium helps plant to delay pigment degrada-
tion. These results were similar to the responses of the okra
plant to drought conditions when 3 mg/L of selenium was
applied (Ali et al. 2020). High foliar selenium concentrations
(40 mg/L) induced leaf necrosis and deformity (Figure 2).

One day after spraying with 20 and 40 mg/L selenium,
phytotoxicity symptoms, such as necrosis and young leaf
curls, appeared (Figure 3d and e). However, these leaves
did not turn yellowish or drop in the following days. These
observations are similar to those made by Mora et al. (2008)
on white clover when 60 mg/ha of selenium was applied to
the soil. High selenium concentrations (13 mg/kg soil) have
been reported to reduce leaf chlorophyll in maize (Sali et al.
2018). According to Feng et al. (2013), selenium, especially
in low concentrations, plays an important role in plant
growth under abiotic stresses.

3.2 Number of capsules

Under drought conditions, selenium application improved
the number of sesame capsules per plant (Figure 4). When

Number of leaves (leaf)
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Figure 1: Effect of selenium on plant height and number of leaves under drought conditions. Means (+SD, n = 5) with different letters above
the bars are significantly different (p < 0.05) according to Duncan’s multiple range test. Means without letters are not significantly different.
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Figure 2: Sesame plants after 20 days of non-irrigation and after treatments with different selenium concentrations: (a) 0 mg/L, (b) 5 mg/L,

(c) 10 mg/L, (d) 20 mg/L, and (e) 40 mg/L.

5 and 10 mg/L of selenium were applied, the number of
capsules increased significantly. Meanwhile, higher con-
centrations resulted in marked reductions in capsule yields.
These results are similar to those of studies on mung bean
(Kaur and Nayyar 2015) and black peanut (Irmak 2017)
when they were treated with selenium. According to Myint
et al. (2020), the number of capsules per plant is one of the
most important yield-related traits in sesame.

3.3 Effect of dose and number of
applications of selenium on number of
leaves

After 10 days without irrigation, the number of leaves was
not different among the treatments (Figure 5). However, after
15 days, selenium application improved the number of intact
leaves compared with sesame plants without selenium appli-
cation. Meanwhile, the frequency of selenium application
did not affect the number of leaves (Figure 5). Selenium
delays senescence, prevents chlorophyll degradation, and
maintains leaf area for a longer period (Xue et al. 2001;
Djanaguiraman et al. 2004).

Number of capsules/plant
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Figure 4: Number of capsules per plant for different treatments at
harvest time. The letters above the columns represent a significant
(p < 0.05) difference.

Under drought conditions, the SPAD index in the
selenium treatment groups was higher than that in the
control group. However, increasing the number of appli-
cations did not affect the SPAD index. Sesame plants
that were sprayed once with 5 and 10 mg/L of selenium
had, respectively, 17.7 and 11.2% higher SPAD readings
compared with plants without selenium application
(Figure 6). Several reports have shown the beneficial
effects of foliar selenium on chlorophyll content in dif-
ferent crops, such as rice (Andradea et al. 2018), wheat

Figure 3: Sesame leaves after 1 day of spraying with selenium: (a) 0 mg/L, (b) 5 mg/L, (c) 10 mg/L, (d) 20 mg/L, and (e) 40 mg/L.
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Figure 5: Effect of Se concentration and number of applications on number of leaves. Means (+SD, n = 5) with different letters above the bars
are significantly different (p < 0.05) according to Duncan’s multiple range test. Means without letters are not significantly different.

DAS = days after sowing.

(Shahzadi et al. 2017), and spinach (Saffaryazdi et al. 2012),
under water-deficit conditions. Canola has also been
reported to accumulate high concentrations of chlorophyll
when sprayed with 10 pg of selenium per plant (Hajiboland
and Keivanfar 2012). The high SPAD readings in sesame
plants with selenium application could be due to the
positive influence of exogenous selenium on chlorophyll
synthesis, preventing chlorophyll degradation under water-
deficit conditions (Shahzadi et al. 2017).

3.4 Proline accumulation

Under drought conditions, spraying with selenium induced
proline accumulation in the sesame leaves. The results
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Figure 6: SPAD index of leaves after 15 days of spraying with sele-
nium. Means (+SD, n = 5) with different letters above the bars are
significantly different (p < 0.05) according to Duncan’s multiple
range test. Means without letters are not significantly different.
DAS = days after sowing.

showed that with one single treatment of 5 and 10 mg/L
selenium, fresh leaf proline content reached 1,092 and
1,051 pmol/g of fresh leaf, respectively, increasing by 33.8
and 28.7% as compared with fresh leaf proline content
without application of selenium (Figure 7). A single foliar
selenium application was seen to be more effective than
multiple applications. In wheat, plants produced a
high amount of proline (0.869 pumol/g of fresh leaf) when
2mg/kg of selenium was applied to the soil (Yao et al.
2009). Eggplant produced high amounts of proline when
they were sprayed with 30 pM of selenium (Abul-Soud
and Abd-Elrahman 2016). These results indicate that sele-
nium plays a role in plant drought tolerance by promoting
proline accumulation. In the present study, only proline
was measured as a biochemical parameter because of its
effects on drought stress.
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Figure 7: Proline content in fresh leaves after 15 days without irri-
gation. Means (+SD, n = 5) with different letters above the bars are
significantly different (p < 0.05) according to Duncan’s multiple
range test. Means without letters are not significantly different.
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Figure 8: Dry weight of plants at harvest. Means (+SD, n = 5) with
different letters above the bars are significantly different (p < 0.05)
according to Duncan’s multiple range test. Means without letters
are not significantly different.

3.5 Dry biomass of plants

Under drought stress, a single selenium treatment improved
sesame’s dry biomass (Figure 8). The dry biomass of plants
receiving 5 mg/L selenium was 8.3% higher than that of
plants without selenium application. The dry biomass of
sesame plants receiving selenium treatments was high
because these plants maintained a high number of leaves.
However, increasing the number of times selenium was
applied did not affect the dry biomass of sesame plants
(Figure 8). Brassica plants produced the highest shoot
biomass when 5mg/kg of selenium was applied to the
soil, whereas the shoot biomass was significantly reduced
when the concentration of selenium was increased from
10 to 40 mg/kg (Li et al. 2015).

3.6 Number of capsules, ratio of immature
capsules, and grain weight

Spraying sesame with selenium (5 and 10 mg/L) increased
important yield attributes, such as the total number of

OPercentage of immature capsules/plant (%)

DE GRUYTER

mature capsules per plant and the grain weight per
plant. The grain weight per plant of plants receiving
5 and 10 mg/L selenium was, respectively, 18.1 and
17.0% higher than that of plants without selenium
treatment. This result is consistent with the results
obtained in tomato plants (Radya et al. 2020), soybean
plants (Djanaguiraman et al. 2005), and broccoli plants
(Hajiboland and Keivanfar 2012). However, increasing
the number of applications of selenium did not benefit
the yield attributes of sesame plants growing under pro-
longed water deficit (Figure 9).

The number of immature capsules per plant was
higher in the sesame plants without selenium treatment
owing to early leaf senescence. The sesame plants with
selenium application maintained fresher leaves and gene-
rated more leaves than the control plants (Figure 10).
According to Kuznetsov et al. (2003), under conditions of
water deficiency, selenium does not decrease the rate of
water loss from plants.

4 Conclusion

Spraying 5 mg/L of selenium on sesame plants 50 days
after sowing helped the plants to tolerate drought condi-
tions. A single foliar selenium application at a concentra-
tion of 5mg/L at the grain-setting stage was able to
maintain the number of intact leaves, to increase plant
biomass, to enhance proline accumulation in the leaves,
and to improve grain yield. The grain weight per plant of
plants receiving 5mg/L of selenium was 18.1% higher
than that of plants without selenium treatment. We there-
fore recommend that field experiments be conducted
to confirm the selenium effects on growth and yield of
sesame under drought stress conditions.
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Figure 9: Percentage of immature capsules per plant and seed weight per plant. Means (+SD, n = 5) with different letters above the bars are
significantly different (p < 0.05) according to Duncan’s multiple range test. Means without letters are not significantly different.
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Figure 10: Sesame plants after 20 days without irrigation and after treatments with different selenium concentrations and numbers of
applications: (a) 0 mg/L, (b) once with 5 mg/L, (c) twice with 5 mg/L, (d) thrice with 5 mg/L, (e) once with 10 mg/L, (f) twice with 10 mg/L,
and (g) thrice with 10 mg/L.

Acknowledgment: The first author thanks Assoc. Prof.
Uma Rani A/p Sinniah, Faculty of Agriculture, Universiti
Putra Malaysia, Malaysia for her reading and valuable
suggestions to improve the quality of this paper.

Funding: This project was funded by the Upgrading Project
of Can Tho University VN14-P6 with ODA loans from the
Japanese Government.

Author contributions: Le Vinh Thuc: supervision, con-
ceptualization, writing — review and editing, and funding
acquisition; Jun-Ichi Sakagami: conceptualization and
writing — review and editing; Le Thanh Hung: project
administration; Tran Ngoc Huu: visualization and data
curation; Nguyen Quoc Khuong: formal analysis and
writing — original draft; Le Ly Vu Vi: writing - original
draft.

Conflict of interest: The authors declare no conflict of
interest.

Data availability statement: The datasets generated during
and/or analysed during the current study are available
from the corresponding author on reasonable request.

References

[1] Abul-Soud MA, Abd-Elrahman SH. Foliar selenium application
to improve the tolerance of eggplant grown under salt stress
conditions. Int J Plant Soil Sci. 2016;9(1):1-10. doi: 10.9734/
ijpss/2016/19992.

[2]

3]

[4]

(8]

[9]

[10]

(11]

Ahmad R, Waraich EA, Nawaz F, Ashraf MY, Khalid M. Selenium
(Se) improves drought tolerance in crop plants —a myth or
fact? ) Sci Food Agric. 2016;96(2):372-80. doi: 10.1002/
jsfa.7231.

Ahmed M, Hassen F, Qadeer U, Ageel Aslam M. Silicon appli-
cation and drought tolerance mechanism of sorghum. Afr |
Agric Res. 2011;6(3):594-607. doi: 10.5897/ajar10.626.
Alexieva V, Sergiev I, Mapelli S, Karanov E. The effect of
drought and ultraviolet radiation on growth and stress
markers in pea and wheat. Plant Cell Environ.
2001;24:1337-44. doi: 10.1046/j.1365-3040.2001.00778.x.
Ali ], Jan IU, Ullah H. Selenium supplementation affects vege-
tative and yield attributes to escalate drought tolerance in
Okra. Sarhad ) Agri. 2020;36(1):120-9. doi: 10.17582/jour-
nal.sja/2020/36.1.120.129.

Andradea FR, Silvab GN, Guimaraesc KC, Barretod HPF,
Souzae KRD, Guilhermea LRG, et al. Selenium protects rice
plants from water deficit stress. Ecotox Environ Safe.
2018;164:562-70. doi: 10.1016/j.ecoenv.2018.08.022.
Bahrami H, Razmjoo J, Jafari AO. Effect of drought stress on
germination and seedling growth of sesame cultivars
(Sesamum indicum L.). Int J Agric Sci. 2012;2:423-8.

doi: 10.17957/ijab/15.0145.

Bates LS, Waldren RP, Teare ID. Rapid determination of free
proline for water-stress studies. Plant Soil. 1973;39:205-7.
doi: 10.1007/bf00018060.

Boureima S, Eyletters M, Diouf M, Diop TA, Van Damme P.
Sensitivity of seed germination and seedling radicle growth to
drought stress in sesame (Sesamum indicum L.). Res ] Environ
Sci. 2011;5:557-64. doi: 10.3923/rjes.2011.557.564.

Chodak M, Gotebiewski M, Morawska-Ptoskonka J, Kuduk K,
Niklifiska M. Soil chemical properties affect the reaction of
forest soil bacteria to drought and rewetting stress. Ann
Microbiol. 2015;65:1627-37. doi: 10.1007/513213-014-1002-0.
Djanaguiraman M, Devi DD, Shanker AK, Sheeba JA,
Bangarusamy U. Impact of selenium spray on monocarpic
senescence of soybean (Glycine max L.). Food Agric Environ.
2004;2(2):44—-47. doi: 10.1007/511104-004-4039-1.



100

(12]

(18]

(19]

[20

(21]

[22]

(23]

[24]

Le Vinh Thuc et al.

Djanaguiraman M, Devi DD, Shanker AK, Sheeba JA,
Bangarusamy U. Selenium-an antioxidative protectant in
soybean during senescence. Plant Soil. 2005;272(1-2):77-86.
doi: 10.1007/511104-004-4039-1.

Feng R, Wei C, Tu S. The roles of selenium in protecting plants
against abiotic stresses. Environ Exp Bot. 2013;87:58-68.
doi: 10.1016/j.envexpbot.2012.09.002.

Gehlot HS, Purohit A, Shekhawat NS. Metabolic changes and
protein patterns associated with adaptation to salinity in
Sesamum indicum cultivars. ] Cell Mol Biol. 2005;4:31-39.
Golestani M, Pakniyat H. Evaluation of traits related to drought
stress in sesame (Sesamum indicum L.) genotypes. | Asian Sci
Res. 2015;5(9):465-72. doi: 10.18488/journal.2/2015.5.9/
2.9.465.472.

Hajiboland R, Keivanfar N. Selenium supplementation stimu-
lates vegetative and reproductive growth in canola (Brassica
napus L.) plants. Acta Agric Slov. 2012;99:13-9. doi: 10.2478/
v10014-012-0002-7.

Hassanzadeh M, Asghari A, Jamaati-e-Somarin S, Saeidi M,
Zabihi-eMahmoodabad R, Hokmalipour S. Effects of water
deficit on drought tolerance indices of sesame (Sesamum
indicum L.) genotypes in Moghan region. Res ) Environ Sci.
2009;3:116-21. doi: 10.3923/rjes.2009.116.121.

HuY, Liu Y, Tang H, Xu Y, Pan J. Contribution of drought to
potential crop yield reduction in a wheat-maize rotation region
in the north China plain. J Integr Agric. 2014;13(7):1509-19.
doi: 10.1016/52095-3119(14)60810-8.

Irmak S. Effects of selenium application on plant growth and
some quality parameters in peanut (Arachis hypogaea). Pak )
Biol Sci. 2017;20:92-9. doi: 10.3923/pjbs.2017.92.99.

Karimi R, Ghabooli M, Rahimi |, Amerian M. Effects of foliar
selenium application on some physiological and phytochem-
ical parameters of Vitis vinifera L. cv. Sultana under salt stress.
) Plant Nutr. 2020;43(14):2226-42. doi: 10.1080/
01904167.2020.1766072.

Kassab OM, Mehanna HM, Aboelill A. Drought impact on
growth and yield of some sesame varieties. ) Appl Sci Res.
2012;8:4544-51. [cited 2020 Nov 20]. Available from:
https://pdfs.semanticscholar.org/fc6a/
393b51b24a926e0ab8401dc8802593bbd1el.pdf

Kaur S, Nayyar H. Selenium fertilization to salt-stressed
mungbean (Vigna radiata L. Wilczek) plants reduces sodium
uptake, improves reproductive function, pod set and seed
yield. Sci Hort. 2015;197:304-17. doi: 10.1016/).scienta.
2015.09.048.

Koca H, Bor M, Zdemir F, Turkan I. The effect of salt stress on
lipid peroxidation, antioxidative enzymes and proline content
of sesame cultivars. Environ Exp Bot. 2007;60:344-51.

doi: 10.1016/J.envexpbot.2006.12.005.

Kuznetsov VV, Kholodova VP, Kuznetsov VV, Yagodin BA.
Selenium regulates the water status of plants exposed to
drought. Doklady Biol Sci. 2003;390(1):266-8. doi: 10.1023/
a:1024426104894.

Leng G, Hall ). Crop yield sensitivity of global major agricul-
tural countries to droughts and the projected changes in the
future. Sci Total Environ. 2019;654:811-21. doi: 10.1016/
j.scitotenv.2018.10.434.

(26]

(27]

(28]

[29]

(30]

(33]

[34

(35]

[36

DE GRUYTER

Li ), Liang D, Qin S, Feng P, Wu X. Effects of selenite and
selenate application on growth and shoot selenium accumu-
lation of pak choi (Brassica chinensis L.) during successive
planting conditions. Environ Sci Pollut Res. 2015;22:11076-86.
doi: 10.1007/s11356-015-4344-7.

Malik JA, Goel S, Kaur N, Sharma S, Singh I, Nayyar H.
Selenium antagonises the toxic effects of arsenic on mung-
bean (Phaseolus aureus Roxb.) plants by restricting its uptake
and enhancing the antioxidative and detoxification mechan-
isms. Environ Exp Bot. 2012;77:242-8. doi: 10.1016/
J.envexpbot.2011.12.001.

Mora ML, Pinilla L, Rosas A, Cartes P. Selenium uptake and its
influence on the antioxidative system of white clover as
affected by lime and phosphorus fertilization. Plant Soil.
2008;303:139-49. doi: 10.1007/511104-007-9494-2.

Myint D, Gilani SA, Kawase M, Watanabe KN. Sustainable
sesame (Sesamum indicum L.) production through improved
technology: an overview of production, challenges, and
opportunities in Myanmar. Sustainability. 2020;12:3515.

doi: 10.3390/su12093515.

Naeem M, Naeem MS, Ahmad R, Ahmad R, Ashraf MY.
Improving drought tolerance in maize by foliar application of
boron: water status, antioxidative defense and photosynthetic
capacity. Arch Agron Soil Sci. 2018;64(5):626-39.

doi: 10.1080/03650340.2017.1370541.

Nawaz F, Naeem M, Ashraf MY, Tahir MN, Zulfigar B,
Salahuddin M, et al. Selenium supplementation affects phy-
siological and biochemical processes to improve fodder yield
and quality of maize (Zea mays L.) under water deficit condi-
tions. Front Plant Sci. 2016;7:1438. doi: 10.3389/
fpls.2016.01438.

Radya MM, Belala HEE, Gadallaha FM, Semidab WM. Selenium
application in two methods promotes drought tolerance in
Solanum lycopersicum plant by inducing the antioxidant
defense system. Sci Hort. 2020;266:109290. doi: 10.1016/
j.scienta.2020.109290.

Rana MS, Bhantana P, Sun X, Imran M, Shaaban M,

Moussa MG, et al. Molybdenum as an essential element for
crops: an overview. Biomed ] Sci Tech Res.
2020;24(5):18535-47. doi: 10.26717/bjstr.2020.24.004104.
Saffaryazdi A, Lahouti M, Ganjeali A, Bayat H. Impact of sele-
nium supplementation on growth and selenium accumulation
on spinach (Spinacia oleracea L.) plants. Not Sci Biol.
2012;4:95-100. doi: 10.15835/nsb448029.

Sali A, Zeka D, Fetahu S, Rusinovci |, Kaul HP. Selenium supply
affects chlorophyll concentration and biomass production of
maize (Zea mays L.). ) Land Manag Food Environ.
2018;69(4):249-55. doi: 10.2478/boku-2018-0021.

Shahzadi I, Igbal M, Rasheed R, Ashraf MA, Perveen S,
Hussain M. Foliar application of selenium increases fertility
and grain yield in bread wheat under contrasting water avail-
ability regimes. Acta Physiol Plant. 2017;39(173):1-11.

doi: 10.1007/s11738-017-2477-7.

Teimouri S, Hasanpour ), Tajali AA. Effect of selenium spraying
on yield and growth indices of Wheat (Triticum aestivum L.)
under drought stress condition. Int ) Adv Biol Biomed Res.
2014;2(6):2091-103. [cited 2020 Nov 20]. Available



DE GRUYTER Selenium improves drought tolerance in sesame = 101

from: http://www.ijabbr.com/article_7407_ files/vogel-practicalorganicchemistry_longmans-3rdedrevised-
f90d8clee94a473ed616a6e4f2d6b3dd.pdf 1957_.pdf

[38] Verbruggen N, Hermans C. Proline accumulation in plants: a [40] Xue T, Hartikainen H, Piironen V. Antioxidative and growth-
review. Amino Acids. 2008;35:753-9. doi: 10.1007/s00726- promoting effect of selenium on senescing lettuce. Plant Soil.
008-0061-6. 2001;237:55-61. doi: 10.1023/a:1013369804867.

[39] Vogel Al. A text-book of practical organic chemistry. Norfolk: [41] Yao X, Chu J, Wan G. Effects of selenium on wheat seedlings
Lowe and Brydone LTD Thetford; 1974. p. 1187. [cited 2020 Nov under drought stress. Biol Trace Elem Res. 2009;130:283-90.

20]. Available from: https://fac.ksu.edu.sa/sites/default/ doi: 10.1007/s12011-009-8328-7.



	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 Methods
	2.2.1 Experiment 1
	2.2.2 Experiment 2
	2.2.3 Brief description of the observed responses and measured parameters

	2.3 Data analysis

	3 Results and discussion
	3.1 Plant height and number of leaves
	3.2 Number of capsules
	3.3 Effect of dose and number of applications of selenium on number of leaves
	3.4 Proline accumulation
	3.5 Dry biomass of plants
	3.6 Number of capsules, ratio of immature capsules, and grain weight

	4 Conclusion
	Acknowledgment
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


