
2243

 

Environment and Ecology 41 (4): 2243—2247, October—December 2023
Article DOI: https://doi.org/10.60151/envec/AWIR9653
ISSN 0970-0420

Water Stress Induced by Mannitol in Sesame Cultivars

Md. Mukhtar Hussain,  Arvind Kumar

Received 23 April 2023, Accepted 25 July 2023, Published on 12 October 2023    

ABSTRACT

Plants are subject to a range of stressors, which can 
lead to structural damage and altered physiological 
performance. One of the environmental conditions 
that reduce plant growth and production is water 
stress. The current study aims to investigate the 
effects of mannitol-induced water stress on seed 
germination and seedling growth in sesame cultivars.
Seeds of two sesame cultivars (GT-10 and JTS-8) 
were subjected to different water stresses induced 
by mannitol. Mannitol inhibited seedling germina-
tion and growth through limiting water content in a 
concentration-dependent manner. With an increase in 
mannitol content, both varieties’ seed germination and 
seedling growth dropped. However, under the stress 
of 0.5 M mannitol concentration, the seedling growth 
has been demonstrated to be greater in JTS-8.The 
results revealed that JTS-8 shows more tolerance in 
different mannitol concentrations than that of GT-10 
due to higher osmotic adjustment ability.
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INTRODUCTION

Plants respond to fluctuations in environmental stress 
through a number of ways which enable them adjust 
in order to cope with such stresses. Germination may 
be affected by seed’s ability to use resources more 
efficiently (Rao and Sinha 1993). The production of 
seeds is generally considered as an essential stage 
in seed establishment and thus plays a major role in 
the estimation of crop yields. Water stress might be 
particularly severe during seed germination and early 
seedling growth. A significant financial loss due to 
reduced crop production and lower prices for uneven 
plant batches can result from uneven or poor seed 
germination followed by uneven growth of the seed. 
Sesame (Sesamum indicum L.) is an economically 
important oil seed crop that is widely grown around 
the world. It has been observed that it is susceptible 
to a wide variety of environment conditions, in-
cluding air temperature, salt levels, precious metals 
and soil moisture which all have an influence on its 
development and production (Bor et al. 2009). The 
different responses to osmotic stress from species, 
variety, osmotic concentration, growth conditions 
and developmental stage of plants were all shown 
Lokhande et al. (2010),  Yadav et al. (2019). Crop 
fresh and dry mass output was lowered as a result 
of the negative effect of water stress. Nevertheless, 
thorough investigations on sesame responses to en-
vironmental conditions are underutilized and reports 
are scarce Nath et al. (2001), Olowe et al. (2009). 
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Many workers also observed toxic effect of different 
mannitol concentrations on the germination of black 
sesame. They reported fast germination at lower 
concentration and delayed germination in case of 
higher concentration of mannitol (Abirami 2023).The 
soluble salt levels in soil are diminishing the osmotic 
capacity of soils to disrupt water and nutrient uptake, 
which results in an imbalance of ions resulting in 
plant toxicity.  The adverse effects of these variables 
on certain physiological and biochemical processes 
lead to a decrease in plant development (Munns 2002, 
Hamdia and Shaddad 2010). Mannitol is an osmotic 
adjustment chemical that is used to regulate the os-
motic potential in culture media or nutrient solutions 
in order to create water deficit conditions (Chaves 
and Oliveira 2004). It is employed in plants to cause 
osmotic stress. Mannitol, an important osmolyte is 
generally abundantly produced in many plant species 
(Su et al. 1999, Mitoi et al. 2009). Despite the fact that 
mannitol is essential for osmotic equilibrium Shen et 
al. (1997), Srivastava et al. (2010). Unfortunately, 
the literature on mannitol’s role for stress tolerance 
in agronomical relevant plants does not show much 
evidence. To measure drought tolerance of wheat, 
artificial techniques such as mannitol are employed 
in the laboratory to simulate water stress on plants 
Molnar et al. (2004). The current study compared the 
response of seed germination and seedling growth of 
sesame cultivars (GT-10 and JTS-8) to Mannitol-in-
duced water conditions.

MATERIALS AND METHODS

The results of this study were to assess the effects 
of mannitol caused by drought stress for seed ger-
mination and early seedling growth in two sesame 
cultivars, which are GT-10 and JTS-8.  The current 
research was conducted in the Environmental Biology 
Research Laboratory, Department of Botany, TNB 
College, TM  Bhagalpur University, Bhagalpur, Bihar. 
The seeds of the two cultivars GT 10 and JTS 8 were 
extracted from the Agricultural University in Sabour 
Bhagalpur, Bihar. Before beginning the experiment, 
select healthy, uniform size sesame seeds that have 
been cleaned with a 2% sodium hypochlorite solution 
for 2 minutes and then rinsed with distilled water. The 
sterilized seeds were placed on glass petridishes with 
a tight-fitting, sterilized filter paper-lined matrix for 

seed germination. Sesame seeds were simulated at 
29°C using A Completely Randomized Design with 
two replicates of 10 seeds per petridis per cultivar. 
Each variety specifies eight mannitol concentrations: 
0.05 M, 0.1 M, 0.15 M, 0.2 M, 0.25 M, 0.3 M, 0.4 M 
and 0.5 M, respectively. As a control, distilled water 
was used. Every 24 hrs, observations were taken. The 
length of the seedling and the fresh weight of each 
cultivar were measured after 96 and 144 hrs.

RESULTS AND DISCUSSION

Under mannitol stress, the germination rate of two 
sesame cultivars (GT 10 and JTS 8) diminished dis-
cernibly. Mannitol-induced water deficit hampered 
both germination and seedling development. Man-
nitol had a retarding effect on germination in both 
cultivar (GT-10 and JTS -8) at all concentrations up to 
0.5 m. In both cases, a declining trend with increasing 
mannitol concentrations were found as shown in Ta-
bles 1-3 and Figs.1 and 2. JTS 8 has higher mannitol 
tolerance than GT-10 in terms of seedling length and 
fresh weight after 96 and 144 hrs, respectively. GT -10 
showed highest mannitol sensitivity. The current find-
ings revealed that when the concentration of mannitol 
increases, seedling length and fresh weight decrease.

Mannitol treatment decreased the germination 
process by lowering seed water intake and thereby 
decreasing germination. These findings are consistent 
with some previous findings by other researchers 
(Gao et al. 2004). In their studies on wheat, found that 
while mannitol had no effect on seed germination, it 
had a substantial negative impact on seedling length 
(Almansouri et al. 2001). Lower seedling growth is 

Table 1. Effect of different mannitol concentrations on the germi-
nation percentage of  sesame cultivars (GT-10 and JTS-8).
 
                                            Germination %
Treatment GT-10 JTS-8

Control 65 90
0.05 M 60 80
0.1 M 60 75
0.15 M 55 75
0.2  M 50 70
0.25 M 50 65
0.3 M 50 60
0.4 M 45 60
0.5 M 40 55   
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Fig. 1. Effect of different mannitol concentrations on germination percentage (%), seedling length (cm) and seedling fresh weight (mg) 
of sesame cultivars (GT-10 and JTS-8) after 96 hrs.

Fig. 2. Effect of different mannitol concentrations on seedling length (cm) and seedling  fresh weight (mg) of sesame cultivars (GT-10 
and JTS-8) after 144 hrs.

Table 2.  Effect of different mannitol concentrations on the seedling length of sesame  cultivars (GT-10 and JTS-8).  R= Length of 
Radicle, H= Length of Hypocotyl, T=Total.
 
Treatment                   Seedling length (cm) after 96 hrs                                   Seedling length (cm) after 144 hrs
                GT-10                                JTS-8                                  GT-10                               JTS-8
    R    H    T    R   H     T    R    H    T   R   H   T

Control 4.17 5.246 9.416 5.421 6.023 11.444 4.221 6.467 10.688 6.074 7.562 13.636
0.05 M 3.734 5.348 9.082 6.050 4.946 10.996 3.192 4.914 8.106 4.297 5.016 9.313
0.1 M 4.059 2.149 6.208 5.026 4.823 9.849 2.320 1.761 4.081 3.737 4.695 8.432
0.15 M 1.880 3.126 5.006 6.748 2.780 9.528 2.454 1.098 3.552 3.868 3.886 7.754
0.2 M 3.075 1.910 4.985 5.611 3.647 9.258 0.933 2.289 3.222 4.937 2.679 7.072
0.25 M 2.505 2.259 4.764 1.347 6.034 7.381 1.445 1.489 2.934 3.924 2.135 6.059
0.3 M 2.108 1.764 3.872 3.411 1.199 4.61 1.501 1.192 2.693 3.943 1.911 5.854
0.4 M 1.897 0.715 2.612 0.986 2.151 3.137 1.493 0.584 2.077 1.675 0.408 2.083
0.5 M 1.422 0.466 1.888 1.743 0.741 2.484 1.023 0.397 1.42 1.194 0.293 1.487
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found at greater osmotic potentials of mannitol, im-
plying that mannitol generates mild toxic effects at 
higher concentrations, as demonstrated (Luan et al. 
2014).  Mannitol inhibited the development of cu-
cumber seedlings but had no impact on pea seedlings 
growth (Stahlberg and Cosgrove 1997).  Additionally, 
these researchers verified that mannitol did not enter 
seedling root cells and that the mannitol-induced 
depletion in xylem pressure was resulted in the cu-
cumber seedlings’ which cause slower development 
rate. The results of seedling growth in both cultivars 
showed that mannitol-induced osmotic stress had a 
negative effect on water intake by germinating seeds 
(Mozdzen et al. 2015).

CONCLUSION
 
Mannitol concentrations had a deleterious effect on 
two different sesame cultivars (GT 10 and JTS 8). 
JTS 8 appeared to be more tolerant to different water 
stress during germination than GT 10, whereas GT 
10 was found to be more sensitive to stress during 
the seedling stage. Overall, both sesame cultivars 
showed satisfactory development under the control 
conditions. The current findings reveal a decrease 
in germination percentage and seedling growth as 
mannitol concentration increases. Many workers 
also found that as mannitol concentration increased 
moisture content and seedling length reduced in 
soybean cultivars (Seong et al. 1988). The reduction 
in yields due to reduced photosynthetic rates, inter-
rupted transport and distribution of the assimilates 

is a typical plant response to water stress. Osmotic 
dehydration stress lowers germination, water intake, 
and inhibits sesame seed germination. These findings 
about varietal resilience to abiotic stress are critical 
for farmers, plant breeders and scientific study.
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