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The study was aimed to determine the effect of water content on seed germination and early seedling growth of 

Momocardia charantia, Trichosanthes cucumerina and Abelmoschus esculentus seeds. Each set of triplicate test 

tubes containing ten seeds of each Momocardia charantia, Trichosanthes cucumerina and Abelmoschus 

esculentus, were filled with sterile water at different water content and allowed to germinate in room temperature 

for seven days. Parameters measured were the percentage of germination, germination index, mean time to 

germination and the length of germ tube. The highest germination characteristics were observed at low and 

moderate water contents in all three types of plant seeds examined. The optimum germination responses were 

expressed by the seeds of Momocardia charantia and Trichosanthes cucumerina at 23.5 Kgm
-1

s
-2

 and 

Abelmoschus esculentus at 47.0 Kgm
-1

s
-2

. Moisture availability imposed severe limitations on the seed 

germination of the selected plant species. The seeds of Trichosanthes cucumerina, Momocardia charantia and 

Abelmoschus esculentus showed different range of water content tolerance for optimum germination.  
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1. INTRODUCTION 
 

In nature, life cycle of plants continues to keep the plants 

alive and to maintain the life continuity [28]. Seed germination is 
a process in which a seed awakens from dormancy and start to 

sprout [7]. Germination therefore refers to sprouting of a seed or 

resumption of plant growth from seed. Germination of seed 
affects by several environmental factors such as temperature, 

salinity, light, nutrients and water content. The optimum 
temperature, light, and pH conditions differ considerably 

depending on the species [10, 35]. Plants require different 
components at different rate for the successful germination of the 

seeds [32]. Cellular metabolism of the germinating seeds mainly 
depends on the amount of water uptake by the seed [36]. Mature 

seeds are generally dry and therefore can absorb a significant 
amount of water, relative to the dry weight of the seed, before the 

cellular metabolism and growth can resume [29]. Amount of 
water to be absorbed into the seeds for  germination   depends on  

       . 
 

  
* Corresponding Author 

Ranganathan Kapilan 

Email: ra .nganat @ ualberta ..ca 

 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

anatomical and physiological nature of the plant species. Some 
species require sparingly, other needs little; others need large 

amount of water [39]. The uptake of water or moisture in seeds is 
called imbibition that leads to the swelling and the breaking of the 

seed coat [30]. When the seed imbibes water, hydrolytic enzymes 
will get activated and start to breakdown the stored food resources 

and convert them to metabolically useful chemicals that can give 
energy to the seedling for emergence. Generally, basic steps 

involved in uptake of water into seeds are similar as uptake of 
moisture [30].  Trichosanthes cucumerina, Momocardia charantia, 

Abelmoschus esculentus are the nature’s gift vegetables for human 
consumption. These plants are cultivated widely in tropical, 

subtropical and warm temperate regions around the world. 

Trichosanthes cucumerina is widely used as an ingredient for curry 
and sambol which served with rice. Momocardia charantia has 

diverse medicinal values that are stochmatic, laxative, anthelmintic 
agent, treating skin diseases, ulcer, diabetes, and rheumatism. 

Abelmoschus esculentus is valued for its edible green seed pods. 
These plants are cultivated in a wide range of climatic and 

geographic locations of the Island of Sri Lanka as economically 
important vegetables [29, 37]. Sri Lanka is located in the tropical 

region, where the climatic conditions facilitate the cultivation of 
diverse crop varieties, which are of greater economical importance.  
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Since these economically important plants are restricted 

mainly to the tropical and temperate regions, the germination of 

seeds and emergence of seedlings would definitely affected by the 

amount of water available in the soil for the seed germination. 

Large amount of water (flooding) will inhibit the seed germination 

and kill the seeds and emerging seedlings due to lack of air for 

respiration. Factors like low root temperature, osmotic stress and 

drought (water stress condition created by external factors) also 

limit the availability of water for germination of plants. Therefore 

it was decided to test the germination index of these selected plant 

seeds by providing a range of moderate amount of water for 

germination.  

As a measure of water availability, water content that 

could be easily changed and measured, was used. There have been 

no studies conducted to compare the differences in the germination 

potential or germination index of the seeds and the growth rates of 

the seedlings of Trichosanthes cucumerina, Momocardia charantia 

and Abelmoschus esculentus plant in different water content 

values.  

Therefore this study was focused on determining the 

effect of water content on seed germination and early growth of 

Trichosanthes cucumerina, Momocardia charantia and 

Abelmoschus esculentus. 

 

2. MATERIALS AND METHODS 
 

2.1. Source of seeds 

The  seeds  of Trichosanthes cucumerina, Momocardia 

charantia and Abelmoschus esculentus were collected  from  

Thirunelvely  agricultural  farm  school  of  Northern province of 

Sri Lanka and used for this experiment.  

 

2.2. Effect of water content on germination 

A set of three sterile petridishes were taken and they 

were moistured with sterile water.  In each tube, ten seeds of 

Trichosanthes cucumerina, Momocardia charantia and 

Abelmoschus esculentus were placed separately (not mixed each 

other) in random manner. After maintaining 23.5 Kgm
-1
s

-2
 water 

content for an hour, the petridishes were  kept  at  a  water  bath  

set  at  35
o
C, under  dark  warm condition that is favorable for 

natural seed germination, for 7 days for natural seed germination. 

Similar experiment was repeated with 47.0, 70.5, 94.0 and 117.5 

Kgm
-1

s
-2 

of water content values. Respective water content values 

were maintained in all the experimental units. The growth 

measurements of germ tube changes were recorded initially. The 

seeds were carefully observed daily and the number of seeds 

germinated, the length of germ tubes and the rate of germination 

and other germination properties were measured. Triplicates were 

made for each plant type. 

 

2.3. Determination of water content 

Water potential is a measure of the potential energy in 

water (at atmospheric pressure and ambient temperature). It is 

denoted by the Greek letter ψ (psi) and is expressed in units of 

pressure (in the form of energy) called megapascals (MPa). The 

water potential of pure water is designated a value of zero (Ψw
pure 

H2O
). Water potential values for the water in a plant root, stem, or 

leaf are, therefore, expressed in relation to Ψw
pure H2O

.                       

The water potential in plant solutions is determined by multiple 

factors such as solute concentration, pressure, gravity and 

temperature. Water potential can be calculated by the following 

equation: 

 

Ψsystem = Ψtotal = Ψs + Ψp + Ψg + Ψm 

 

Where Ψs = solute potential, Ψp, = pressure potential, Ψg, = gravity 

potential, Ψm = matric potential. As the individual components 

change, they raise or lower the total water potential of a system. 

When this happens, water moves to equilibrate, moving                

from the compartment with a higher water potential to the 

compartment with a lower water potential. This brings the 

difference in water potential between the two systems (Δ) back to 

zero [3]. 

 

2.4. Determination of germination mean time and germination 

indices 

     
     

   
 

                         
n- Number of seeds newly germinated at a time T, T- Hour from 

the beginning of the germination test, Ʃ n- Final germination [36]. 

All the other germination characteristics were measured                

using the equipments and parameters used in the previous studies 

[36, 20]. 

 

2.5. Statistical analysis 

Statistical  analyses was performed using  R 2.15.3  

statistical software  at  α  =  0.05  confidence  level.  Box plots  

were used  for identifying outliers  from  the  data  set  that  were  

removed  before  the statistical analysis. When necessary to meet 

the assumptions of normality  and  homogeneity  of variance, the 

data were transformed, either  by  log  transformation  or  square  

root transformation. The data were analyzed using ANOVA. 

Tukey's multiple comparison tests was used to determine 

significant differences at p ≤ 0.05 [31]. 

 

3. RESULTS AND DISCUSSION 
 

Trichosanthes cucumerina has the capacity of growing in 

a wide range of moisture content. The germination percentage of 

Trichosanthes cucumerina, after five days of germination was very 

low, at higher moisture content. Germination percentage decreased 

with the increasing water content values. Highest germination 

percentage was observed at 23.5 Kgm
-1

s
-2 

and this is considered as 

optimum.  

The length of the germ tube also showed similar trend as 

the germination percentage (Figure 1). 
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Fig. 1: Percentage of germination of seeds of Trichosanthes cucumerina at 

different water contents. 

 

 

 

Germination Mean Time (GMT) of Trichosanthes cucumerina 

after seven days of germination  period,  was  stable  at low water 

content values.  At 23.5 Kgm
-1

s
-2

, mean germination time of snake 

gourd was significantly higher than the other water content values 

tested. When the water content was very high (117.5 Kgm
-1

s
-2)

, 

again the GMT declined (Figure 2). 

 

 
 

 
Fig. 2: Length of germ tube of the seeds of Trichosanthes cucumerina at 

different water contents. 

 

 

Germination index of snake gourd was  also  showed  the  similar  

trend,  after  7 days  of germination  (Figure  3). Seeds of snake 

gourd showed differences in responses of seed germination under 

different moisture level (Figure 4). 

 

 

 

 
Fig. 3: Germination mean time of the seeds of Trichosanthes cucumerina at 

different water contents. 

 

 

 

 
Fig. 4: Germination Index of the seeds of Trichosanthes cucumerina at 

different water contents. 

 

 

 

Momocardia charantia has the capacity of growing in a 

narrow range of water content. The germination percentage of 

bitter guard, after five days of germination was very low, 94.0 

Kgm
-1
s

-2
 (Figure 5). 
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Fig. 5: Percentage of germination of the seeds of Momocardia charantia  at 

different water contents. 

 

 

Germination percentage increased with the water content from 0.0 

up to 23.5 Kgm
-1

s
-2
, and beyond this water content, the 

germination percentage started to decline. Highest germination 

percentage was observed at 23.5 Kg
-1
s

-2
 and this is considered as 

optimum. The germination percentage at 94.0 Kgm
-1

s
-2

 ml, was 

significantly lower than that of 23.5 Kgm
-1

s
-2

 (p=0.05) after 5 days 

of germination. The length of the germ tube also showed similar 

trend as the germination percentage (Figure 6). 

 

 

 
Fig. 6: Length of germ tube of the seeds of Momocardia charantia at different 

water contents  

 

 

It was significantly lower at highest water content (117.5 Kgm
-1

s
-

2
), than that less water content (23.5 Kgm

-1
s

-2
). Mean germination 

time (MGT) of Momocardia charantia after seven days of 

germination period, was stable at low water content. At 23.05 

Kgm
-1
s

-2
, mean germination time of bitter gourd was significantly 

higher than the other water contents. When the water content was 

increased to117.5 Kgm
-1

s
-2

, again the MGT declined (Figure 7). 

 

 

 
Fig. 7: Germination mean time of the seeds of Momocardia charantia at 

different water contents. 

 

 

Germination index of bitter gourd was also showed the 

similar trend, after 7 days of germination (Figure 8). Seeds of 

bitter gourd showed differences in responses of seed germination 

under different moisture treatment. 

 

 

 
Fig. 8: Germination index of the seeds of Momocardia charantia at different 

water contents. 
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Abelmoschus esculentus has the capacity of growing in a 

wide range of water content compared to Trichosanthes 

cucumerina and Momocardia charantia. The germination 

percentage of okra, after five days of germination was very low, at 

high water content (Figure 9). 

 

 

 

 
Fig. 9: Percentage of germination of the seeds of Abelmoschus esculentus at 

different water contents. 

 

 

 

 
Fig. 10: Length of germ tube of the seeds of Abelmoschus esculentus at different 

water contents 

 
 

Highest germination percentage was observed at 47.0 

Kgm-1s-2 and this is considered as optimum. The germination 

percentage at 117.0 Kgm
-1

s
-2

, was significantly lower than other 

water content levels (p=0.05) after 5 days of germination. The 

length of the germ tube also showed similar trend as the 

germination percentage (Figure 10). Mean germination time 

(MGT) of Abelmoschus esculentus after seven days of germination  

period,  was  stable  at  low  water content. At 94.0 Kgm
-1

s
-2
, 

Germination Mean Time of okra was significantly higher than the 

other water contents. When the water content was increased 

to117.5 kgm
-1
s

-2
, again the MGT declined (Figure 11). 

 

 
Fig. 11: Germination mean time of the seeds of Abelmoschus esculentus at 

different water contents. 
 

 
Fig. 12: Germination Index of the seeds of Abelmoschus esculentus at different 

water contents. 

 

Germination index of okra was also showed the similar 

trend, after 7 days of germination (Figure 12). Seeds of okra 

showed differences in responses of seed germination under 

different moisture treatment. 
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In a plant life cycle, seeds have the highest resistance to 

extreme environmental stresses, whereas seedlings are most 

susceptible to the environmental changes [13]. Therefore, 

successful establishment of a plant population is dependent on the 

adaptive aspects of seed germination and of early seedling growth 

in the particular environment [9]. Decreasing in the percentage of 

germination might be due to the enzymatic reactions that take 

place under the treatment conditions of seeds [12]. Growth of plant 

roots generally declines with decreasing room temperature  in  the  

5–30°C  range,  and  reduced  whole-plant growth  and  

photosynthetic  rate  may  be a result of reduced water and nutrient 

uptake [38]. Salinity and drought are the major factors which 

reduce seed germination and seedling growth [22, 29, 34, 37]. 

Water is a basic requirement for germination, the amount required 

is much less than that needed for sustain subsequent seedling and 

plant growth. If the growth of the seedlings is limited because of 

the soil moisture level, then the germination must be related to the 

soil water content required to sustain further growth. The ability of 

seeds to germinate at low soil water contents may lead to 

establishment failures in dry weather ensues, whereas seeds with a 

more exacting requirement for germination may establish more 

successfully [24, 25, 27, 40]. 

Water content was used in this experiment as a measure 

of availability of water for the seeds to germinate and emerge 

further. At low soil water contents, germination percentage of 

most of the species was highly reduced. Failure of living seed 

germination, or delay in germination under dry conditions may be 

due to insufficient moisture or hydration of the seeds. Most of the 

seeds germinated when transferred to moist filter papers. However, 

the fact that some seeds of most species managed to germinate at 

low soil water contents implies that this was not the case. Failure 

to germinate under moisture deficit could constitute an imposed 

and polymorphic dormancy mechanism which in many species is 

readily reversible when water supply is improved. Such a 

dormancy mechanism would have survival implications by 

preventing germination in soils not moist enough to support 

subsequent seedling growth [17]. As far as drought and most other 

environmental hazards are concerned, the seedling is likely to be 

the most vulnerable stage [23]. In some seeds, the internal 

characters might play a role in the seed germination. Seed 

germination was inhibited as a consequence of decline in the 

enzyme activity in maize seeds [20, 21]. The responses of only one 

seed lot were examined, and different seed lots of the same 

genotype harvested under different environmental conditions may 

vary in their response to physiological stress during germination 

[2, 33]. 

The reduction in germination percentage may be 

attributed to lower capacity of water to diffuse into the seed coats 

at greater water stresses. In leguminous seeds, the water uptake of 

the seeds and plants decreases when external water potential is low 

[16]. Wheat plants had higher root growth under high water 

potential (less stress) conditions than under low water potential 

(high stress) conditions [26]. Aquaporins, the membrane proteins 

play a key role in plant water homeostasis in response to various 

environmental stresses [38]. Water potential gradient (reduced 

water availability) between the external environment and the seeds 

also inhibits the primary root emergence [11]. A seed must absorb 

a certain amount of water to germinate, the critical hydration level 

being species-specific [14, 15, 18]. Seed imbibition rates and the 

level of germination both decrease as soil water potential 

decreases [4, 5, 8, 18, 41]. 

The seeds need higher amount of water uptake during the 

germination under the salt stress due to the accumulation of the 

soluble solutes around the seeds which increases the osmotic 

pressure. This causes excessive uptake of the ions which results in 

toxicity in the plant [6, 19]. A water potential by temperature 

interaction was notable, with the minimum water potential for 

germination increasing at higher temperatures [1]. For, every 

species of seed, there is optimal soil water potential for 

germination, and at that water content, the maximum number of 

seeds will germinate and in less time than at any other water 

contents tested [32]. Flooding and drought are the extreme 

conditions where the germination of seeds is generally inhibited. 

Therefore different plant seeds show different germination 

characteristics based on the availability of water. 

 

5. CONCLUSION 
 

The seeds of Trichosanthes cucumerina, Momocardia 

charantia and Abelmoschus esculentus showed different range of 

water content tolerance for optimum germination. Optimum 

germination responses were expressed by Trichosanthes 

cucumerina and Momocardia charantia at 23.5 Kgm
-1
s

-2
 and 

Abelmoschus esculentus at 47.0 Kgm
-1
s

-2
. 
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