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Abstract  Intermittent or persistent waterlogging is a challenge for crop selection and rotation on rice growing soils. The 

pot experiment was carried out in a randomized complete block design including five treatments and eight replications in the 

controlled nethouse. The five treatments are five sesame varieties (VTH, DTH, M6 and LV which are commonly planted in 

Mekong River Delta and ADB1 is a sesame variety from Institute of Agricultural Science for South Viet Nam). This research 

evaluated these sesame varieties for their resistance to waterlogging. All the sesame varieties at flowering stage were flooded 

with 5 centimeters of river water ponded above the soil surface. There was a significant (P<0.05) impact of waterlogging on 

all plant growth parameters, including: plant height, number of leaves per plant, number of flowers per plant, number of pods 

per fruit, root length, total biomass and the amount of oxygen content exchanged through the leaf (photosynthetic rate). The 

sesame variety ADB1 had significantly (P<0.05) and consistently higher values for all plant growth parameters as well as 

establishment of adventitious roots. Therefore, it is recommended that ADB1 is selected and cultivated where waterlogging 

may occur. 
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1. Introduction 

Sesame (Sesamum indicum L.) is an annual crop, has high 

oil content, delicious nutty aroma, flavor and is traditionally 

categorized as a health food in Asian countries. It is grown in 

the tropics and subtropics of Asia [1]. Sesame has many 

characteristics that make it a valuable agricultural crop in 

modern farming systems, including: drought tolerance, high 

oil content, short growing season and a large propagation 

coefficient [2]. Sesame seeds also contain a vast array of 

phenolic compounds that display strong antioxidant 

activities [3]. However, sesame is extremely susceptible to 

waterlogging and continuous heavy rains thus limiting its 

potential growing range in South East Asia. Compounding 

this issue is the increasing impact of climate change which is 

rapidly degrading the resource condition of arable land, 

resulting in a considerable decline in soil quality, in 

particular, soil structure leading to increased susceptibility 

and occurrence of waterlogging [4]. When grown on soils 

with poor drainage, sesame growth is adversely affected with  
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yield losses of more than 30 %, and in severe cases 50 - 90% 

yield loss experienced [5,6].  

Various physiological attributes of sesame, such as growth 

rate, biomass, capsule per plant, photosynthesis, chlorophyll 

content and seed yield are extremely reduced by excess   

soil water [1]. Waterlogged conditions also lead to low 

oxygen diffusion rates [7], which cause plants to undergo 

fermentative metabolism from respiration to maintain 

metabolism and growth under hypoxic conditions [6]. In 

Mekong Delta, Viet Nam sesame is selected to grow in 

rotation with rice during the dry season. Nowadays, several 

farmers grow sesame in rainy seasons and they face the 

problems with waterlogging due to raining. The purpose of 

this study was to evaluate the waterlogging tolerance of 

different varieties of sesame for growing in rainy season. 

2. Materials and Method 

Study area and materials 

This evaluation trial was conducted in the nethouse of 

Crop Science Department at Can Tho University. The five 

sesame varieties were collected included yellow sesame 

(VTH) and black sesame (DTH, ADB1, M6 and LV). The 

VTH, DTH, M6 and LV varieties are commonly planted in 

Mekong River Delta. ADB1 is a sesame variety from 
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Institute of Agricultural Science for South Viet Nam. 

Agronomical traits of the five varieties of sesame are listed in 

Table 1.  

Table 1.  Agronomical traits of five varieties of sesame used in the 
experiment 

Varieties 
Colour of 

flower 

Number of 

loculi/capsule 

Colour 

of seeds 

Seed yield 

(ton/ha) 

VTH White-purple 4-6 Yellow 0.8 - 1.2 

DTH White-purple 6 Black 0.9 – 1.3 

ADB1 White-purple 8 Black 1.2 – 2.0 

M6 White-purple 6 Black 0.9 - 1.4 

LV White 6-8 Black 0.8 - 1.3 

The physico-chemical analysis of the paddy soil showed 

the following concentrations: 0.83% organic matter, total 

nitrogen (N) 0.33 mg/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 6.5 pH. The soil was 

identified as Gleysols according to the WRB classification, 

with soil textures of sand, silt and clay of 1.40, 39.8 and 58.8, 

respectively. 

Experimental design 

The pot experiment was carried out in a nethouse with a 

randomized complete block design including five treatments 

and eight replications. Each pot contained 0.5 kg of soil. The 

soil was collected from the surface of paddy field (0-15 cm 

soil layer) where sesame was planted, then dried under the 

sunlight for one week and uniformly mixed together. Each 

pot was planted with 2 sesame plants. All the sesame 

varieties at flowering stage (Figure 1A) were flooded with 5 

centimeters of water ponded above the soil surface (Figure 

1B). River water was used for waterlogging the pots. 

 

Figure 1.  Sesame plant at flowering stage pre-submergence (A); sesame 

plants post-submergence (B) 

Data collection methods  

Measurements included plant height (cm), number of 

leaves per plant, number of flowers per plant, number    

of capsules (pods) per plant, fresh and dried biomass (g) 

and chlorophyll content. The following parameters were 

measured every seven days; plant height (cm) was 

measured from the soil surface to the highest peak; number 

of leaves per plant (leaf) were counted and recorded from 

the first true to the top leaves. The number of capsules per 

plant (fruit) were counted at harvest. Total number of seed 

bearing capsules on each selected plant including those on 

main stem and primary branches were counted and recorded. 

The mass (g) of total fresh biomass, stalks and leaves   

and capsules was recorded immediately after harvest.   

Total dry biomass; stalks and leaves and dry mass of   

pods were oven dried at 65°C and weighed to calculate 

biomass dry weight (g) per plant per pot. Chlorophyll 

content in leaf (µgChlmg-1) was measured at 0, 2 and 4  

days post-submergence according to the N,N-Dimethyl 

formamide method [8]. Stomatal conductance was 

determined using a SC-1 Leaf Porometer (Decagon Devices, 

Pullman, WA, USA) pre- and post-submergence. 

Statistical analysis  

The data presented in this paper are mean values of eight 

replications, unless otherwise stated. All data were analyzed 

using one-way analysis of variance (ANOVA) in the SPSS 

software package version 13.0. All mean values were 

subjected to one-way ANOVA and comparison of means  

for significant differences was assessed using Duncan’s 

post-hoc test at P < 0.05. 

3. Results 

Effects of waterlogging on plant height: There was no 

significant difference in plant height and the number of 

leaves per plant between the five sesame varieties during 7 

days the pre-submergence period (Figure 2). However, under 

waterlogged conditions (14 days post-submergence), there 

was a significant difference (P <0.05) in plant height with 

sesame variety. Specifically, ADB1 had a significantly 

greater plant height (47.59 cm) compared with LV (42.42 

cm), VTH (40.28 cm), DTH (37.21 cm) and M6 (34.91 cm). 

After one week of waterlogging, there was no significant 

increase in plant height for the VTH, DTH, M6 and LV 

varieties. In contrast, the plant height of ADB1 continued to 

significantly (P<0.05) increase (Figure 2). 

 

Figure 2.  Effects of waterlogging on mean plant height of sesame 

varieties. Means (± SD, n = 8) 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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Effects of waterlogging on number of leaves per plant 

The number of leaves per plant were in gneral reduced 

after 7 days post-submergence but not significant different 

among sesame varieties. However, ADB1 variety still 

occurred new leaves (Figure 3). The number of leaves per 

plant at 14 days post-submergence was also significantly 

different (P<0.05) with sesame variety, and ranked from 

highest to lowest was ADB1, LV, DTH, M6 and VTH 

(10.3>8.0 ~ 7.6> 5.7> 4.1) respectively (Figure 3).  

 

Figure 3.  Effects of waterlogging on mean plant height of sesame. Means 

(± SD, n = 8) 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 

Effects of waterlogging on roots  

Among these sesame varieties, after 9 days post 

submergence the ADB1 variety formed adventitious roots in 

the water (Figure 4). This observation was not appeared in 

the rest of varieties.  

 

Figure 4.  New root of ADB1 occurance in water after 9 days submergence 

There was also a significant difference in the root damage 

of sesame variety, with ADB1 having less root demages in 

compared with the others and occurance of adventitious 

roots (Figure 5). There were several root damanges occurred 

in VTH and DTH varieties.  

   

  

Notes: A: VTH, B: DTH, C: ADB1, D: M6, E: LV sesame variety 

Figure 5.  The roots of five sesame varieties after 14 days submergence 

Effects of waterlogging on biomass  

There was a significant difference (P<0.05) in fresh and 

dry total biomass, stalks and pods (Figure 6). ADB1 had the 

greatest mass (g) of total biomass (fresh; 22.07 and dry; 

10.07), stalk (fresh; 14.1 and dry; 7.17) and pods (fresh; 8.02 

and dry 3.13) compared with the other sesame varieties. The 

range in dry mass (g) values for VTH, DTH, M6 and LV 

were total biomass; 4.79 to 6.61, stalks; 2.57 to 4.97 and 

pods; 1.48 to 1.86; although these were not statistically 

different. Most notably, the mean mass of pods (dry; 3.13 g) 

for ADB1 was approximately double that of the other sesame 

varieties (Figure 6). 

 

Figure 6.  Effects of waterlogging on the mean of fresh mass and dried 

biomass of different variety of sesame. Means (± SD, n = 8) with different 

letters above the bars are significantly different (p < 0.05) according to 

Duncan's multiple-range test. 
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Effects of waterlogging on stomatal conductance and 

chlorophyll content  

Under waterlogging conditions, there was a significant 

difference (P<0.05) in the exchangeable oxygen content of 

sesame leaves at time zero (0) and in the two periods 

post-submergence; that is, two and four hours after (Figure 

7). In the pre-submergence phase (time zero), the highest 

exchangeable oxygen content was ADB1 variety (1,649.3 

mmol/m2s). At two and four hours post-submergence,    

the ADB1 variety had a significantly (P<0.05) higher 

exchangeable oxygen content than all other varieties 

(between which there was no significant difference) with 

values at two and four hours of 1,726.3 and 1,284.3 

mmol/m2s respectively (Figure 7). 

 

Figure 7.  Effects of waterlogging on mean exchangeable oxygen content 

of leaves (photosynthesis; mmol/m2s). Means (± SD, n = 8) with different 

letters above the bars are significantly different (p < 0.05) according to 

Duncan's multiple-range test 

The results in Figure 8 indicated that total chlorophyll 

reduced during waterlogging. There was a similar trend with 

total chlorophyll content in leaves, with ADB1 having a 

significantly (P<0.05) higher value at pre-submergence and 

two and seven days post-submergence; 14.68, 12.58 and 

11.05 µgChlmg-1 respectively (Figure 8). 
 

 

Figure 8.  Effects of waterlogging on mean chlorophyll (µgChlmg-1) 

content. Means (± SD, n = 8) 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 

Effects of waterlogging on the number of capsules per 

plant: There was also a significant difference (P<0.05) in the 

number of pods per plant with sesame variety, with ADB1 

having the highest values (Figure 9). Sesame varieties LV, 

VTH, DTH and M6 recorded mean values of number of pods 

per plant of 3.6, 3.3, 3.1 and 4.0 respectively (Figure 9). 

 

Figure 9.  Number of pods per plant of five sesame varieties after 14 days 

submergence. Means (± SD, n = 8) 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 

4. Discussion 

Our results indicate that waterlogging at the productive 

stage is detrimental to sesame plant growth. Our findings 

support those of Saha et al. [9] who reported that overall 

plant growth, including plant height, root volume, root 

length, leaf area and root dry weight per plant in four 

sesame genotypes significantly decreased due to the effects 

of waterlogging. However, the severity and yield penalty of 

waterlogging stress in sesame plants depends upon the crop 

stage, duration of waterlogging, soil type (including 

structure), growth conditions, and genotype [10]. In general, 

it seems that waterlogging (24 hours) at early, vegetative, 

and flowering stages has more detrimental effect on yield 

compared to waterlogging at pod formation stage [11].  

In waterlogging condition, ADB1 sesame variety 

established new roots in the water (Figure 4). This 

observation was simlar to the research from Wei et al.    

[12] on ZZM2541 sesame variety which is a waterlogging 

tolerance variety. According to Gomathi et al. [13], 

waterlogging tolerant plants could able to survive through 

formation of adaptive traits like aerial roots which are 

temporary source of oxygen for the respiratory event.  

Water-induced plant stress affects stomatal response, rate 

of metabolic changes, radical scavenging, and the 

photosynthetic rate of plants; ultimately constraining plant 

growth [14,15]. According to Xu and Zhou [16] excess water 

in soil can also result in a drastic reduction of photosynthesis, 

as well as stomatal conductance. Importantly, photosynthetic 

pigments are reported to be more affected with continued 

waterlogging [17]. However, waterlogged conditions even 

for a very short period of time can adversely effect plant 

physiology resulting in a significant reduction in plant 

growth and crop yield [15].  
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According to Poljakoff and Gale [18], the ability to 

synthesize more chlorophyll under water stress is a good 

measure of the species tolerance to drought. However, in our 

study the chlorophyll content of the leaves under flooded 

conditions was significantly (P<0.05) reduced. Furthermore, 

it has been observed that under flooding, the leaves of 

sesame plants turn yellow, senescence early and are     

shed, with abscission occurring in older basal leaves and 

subsequently in younger upper leaves. This is consistent with 

our observations, and explains why varieties VTH, DTH, M6 

and LV obtained the lower chlorophyll content than variety 

ADB1. Based on reported chlorophyll content under both 

drought and flooding conditions [19], it could be inferred 

from the present study that sesame may be drought resistant 

but the selection of the variety needs careful consideration if 

it needs to withstand flooding and waterlogged soil 

conditions.  

Genotypic sensitivity to waterlogging is another important 

factor to consider. This sensitivity may be related to the level 

of endogenous plant hormones which increase dropping of 

flowers and/or the loss of capsules setting, as also observed 

in soybean plant [20] and snap bean plant [21]. 

5. Conclusions 

Waterlogging caused by soil structural decline, high 

amounts of in-crop rainfall, previous rice crops or a 

combination of all three has limited the incorporation of 

sesame rotations in rice systems in Vietnam. This study 

evaluated waterlogging tolerance of five sesame varieties 

and identified ADB1 as the superior variety based on plant 

growth and yield parameters. Importantly, ADB1 also 

performed well under non-waterlogged conditions 

indicating its suitability for seasonally waterlogged soils. 

More research is required on the time of sowing and tactical 

agronomy to optimize the yield and profitability of sesame 

crops.  
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