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Polyploid induction was conducted by different colchicine concentration with seedlings of Coccinia 
palmata and Lagenaria sphaerica. Colchicine induced polyploid seedlings were grown in pots and 
subjected to varying levels of irrigation until they reached a flowering stage. The survival rate was best 
at colchicine concentration of 0.001 g/L in seedlings treated after three days of germination. Polyploidy 
induction was best at colchicine concentration of 0.01 g/L in seedlings treated after three days of 
germination. The induction rates for C. palmata and L. sphaerica were 90 and 86%, respectively. 
Compared with normal diploid plants, the polyploid plants of C. palmata and L. sphaerica inducted in 
our experiments had short stems. The polyploid induced plants had many active shoot apices, 
increased leaf chlorophyll content and were more drought resistant compared with normal diploid 
plants. 
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INTRODUCTION 
 
Coccinia palmata (Sond.) Cogn. and Lagenaria sphae-
rica (Sond.) Naud. belongs to the Cucurbitaceae family 
and are both indigenous to southern Africa (Fox and 
Norwood Young, 1982; Pooley, 1998). Both species are 
used as indigenous leafy vegetables and as traditional 
medicines. Their leaves are cooked as vegetables 
(Peters et al., 1992; Williams, 1997; Pooley, 1998; 
Jacobs, 2002) and roots of C. palmata are also edible 
(Fox and Norwood Young, 1982; FAO, 1988). Both spe-
cies are used for stomach complaints and L. sphaerica 
also serves as a remedy for glandular swellings 
(Hutchings, 1996; Pooley, 1998). The African homestead 
(Muzi) garden contains a mixture of spiritual, protective 
and medicinal plants including C. palmate and L. 
sphaerica (Zobolo and Mkabela, 2006). The improve-
ment of these species through polyploidy can make them 
commercially imperative in both food and pharmaceutical 
industries.  

The treatment of seeds with polyploid inducing agents 
such as colchicine retards seed germination and increases 
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seedling mortality (Takamura and Miyajima, 1996; Beck 
et al., 2003; Rubuluza et al., 2007). An increase in the 
number of genomic complements is often associated 
with the emergence of new phenotypes not present in 
diploid progenitors (Martelotto et al., 2005). Polyploidy 
usually results in an increase in cell volume and 
therefore of the plant parts (Sliwinska and Lukaszewska, 
2005).  

Polyploids exhibit at least one of the following charac-
teristics: larger tuber, rhizome or root size, larger and/or 
thicker leaves (Romero-Aranda et al., 1997; Choi et al., 
2000; Shao et al., 2003), larger guard cell size and fewer 
stomata (Cohen and Yao, 1996; Takamura and 
Miyajima, 1996; Beck et al., 2003; Hansen et al., 2007), 
improved photosynthetic capacity associated with 
increase in the amount of photosynthetic enzymes and 
pigments per cell (Romero-Aranda et al., 1997; 
Martelotto et al., 2005), improved drought tolerance, 
viral, fungal and pest resistance (Al Hakimi et al., 1998; 
Fock et al., 2000 and 2001; Martelotto et al., 2005; Nouri-
Ellouz et al., 2006; Xiong et al., 2006), enhanced flower, 
fruits and seed size and weight (Shao et al., 2003; 
Martelotto et al., 2005), many and large, but less viable 
pollen   grains  (Cohen  and  Yao,  1996;  Takamura  and  



 

 
 
 
 
Miyajima, 1996; Shao et al., 2003), improved flower col-
our intensity (Takamura and Miyajima, 1996), vigorous 
growth (Sreekumari et al., 1999; Yang et al., 1999) or 
retarded growth resulting in dwarfism (Choi et al., 2000; 
Väinölä, 2000; Beck et al., 2003).  

The objectives of this paper were to identify a suitable 
colchicine concentration for polyploidy induction, to 
investigate the survival rate of colchicine treated seed-
lings and to investigate the performance of colchine 
induced polyploid C. palmata and L. sphaerica plants 
under water stress conditions 
 
 
MATERIALS AND METHODS 
 
Seeds of C. palmata and L. sphaerica were collected from Eshowe 
and KwaDlangezwa, KwaZulu-Natal, South Africa and stored in 
sealed plastic bottles at 22oC room temperature. Seeds were 
germinated in Petri dishes for one day (1DT) three days (3DT) and 
six days (6DT), and thereafter treated with 0.001, 0.01 and 0.1 g/l 
(w/v) colchicine for 24 h. The experiment was carried out at Kwad-
langezwa (28o51'S, 31o50'E) where the climate is sub-tropical. The 
percentage of polyploid formation was determined using flow 
cytometry (Dolezel, 1991). Seedlings with well developed plumule 
and green cotyledons were transferred to seedling trays and hard-
ened at 80% shade in the nursery. Seedlings with three developed 
leaves were transferred into 10 L plant bags with a river sand-
vermiculite mixture (1:1) and grown in the nursery at 40% shade.   

Potted plants were divided into two groups and subjected to two 
levels of irrigation, namely plants watered every third and tenth 
day, respectively. 

Plants were harvested at 90 and 120 days after planting (DAP). 
Growth parameters such as fresh and dry weight of root and shoot, 
number of shoot apices and chlorophyll content were investigated. 
Approximately 1 cm2 of fresh leaf was cut and weighed for 
chlorophyll extraction, and each disc was immersed in 5 cm3 of 
90% (v/v) acetone in a snap cap test tube and refrigerated 
overnight (about 14 - 15 h) (Hewitson, 2004). The chlorophyll was 
also extracted through grinding of leaf discs with mortar and pestle. 

Optical Density (OD) of the solution was read at 645 and 663 nm 
and the measurements were substituted in the following equation:  
 
Concentration of chlorophyll extract (mg/cm3) = (20.2 x OD645 nm) + 
(8.02 x OD663 nm). 
 
 
RESULTS AND DISCUSSION 
 
Growth of radicle and plumule  
 
The radicles of the control seedlings were significantly 
longer than those of plants treated with various colchi-
cine concentrations in both C. palmate and L. sphaerica. 
In each colchicine concentration there was an increase in 
radicle length as the incubation period increased from 1 
to 6DT. The increase in colchicine concentration from 
0.001 to 0.1 g/L resulted in an increase in the length of 
radicle in all the treatments (Table 1). The results of the 
present study agree with reports on Viola x wittrockiana 
and Punica granatum where the hypocotyls of colchicine 
treated plants became thicker and shortened (Ajalin et 
al., 2002; Shao et al., 2003). 

The plumules of control seedlings were significantly 
longer than those that were treated with colchicine (Table  
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1). There was a significant decline in plumule length as 
the concentration increased from 0.001 to 0.1 g/L. The 
increase in incubation period from 1 to 6DT resulted in a 
slight increase in the length of the plumule in all the 
treatments for C. palmate and L. sphaerica. The shor-
tening of plumule in colchicine treated seedlings has 
been reported in Triticum aestivum and Platanus 
acerifolia (Yang et al., 1999; Liu et al., 2007). 
 
 
Seedling survival and polyploidy formation 
 

There was a high rate of survival in control seedlings as 
compared to the ones treated with colchicine (Table 2). 
Seedling survival decreased as the colchicine concen-
tration increased. Seedlings that were incubated for a 
longer period prior to colchicine treatment (3 and 6DT) 
had a significantly higher survival rate than the ones that 
received one day incubation (1DT). Several studies have 
shown an increase in mortality of colchicine treated 
seedlings (Takamura and Miyajima, 1996; Vainola, 2000; 
Beck et al., 2003; Nair, 2004; Rubuluza et al., 2007). The 
survival rates of shoot tips were affected by the 
concentration of colchicine and the duration of the 
treatment. High concentrations and longer duration 
reduced survival of shoot tips. According to Zhang and 
coworkers, the most efficient condition for inducing 
tetraploids was to treat shoot tips with 0.005% colchicine 
for 20 days, with 30% survival rate (Zhang et al., 2008). 
In the present study, the best condition for inducing 
tetraploids was to treat C. palmate and L. sphaerica 
seedlings that had been germinated for 6DT with 0.01 
g/L colchicine for 24 h, with 70 and 68% survival rate, 
respectively. 

There was a significant increase in polyploid formation 
as the colchicine concentration increased from 0.001 to 
0.1 g/L (Table 2). Seedlings that were germinated for a 
longer period prior to colchicine treatment (3 and 6DT) 
produced a higher percentage of polyploidy than the 
ones that were germinated for one day (1DT). The 
increase in polyploid formation as the colchicine concen-
tration increased from 0.001 to 0.1 g/L in the present 
study agrees with the reports obtained from (Ajalin et al., 
2002). Tetraploids of Phlox subulata were induced 
successfully by treating shoot tips in vitro with colchicine. 
Tetraploids were obtained in all the concentrations used, 
but the percentage of tetraploids varied among different 
treatments, from 25 - 75% (Zhang et al., 2008). 

In the Viola x wittrockiana, ploidy formation was 87% in 
apex treatment (Ajalin et al., 2002). In the present study, 
the average ploidy formation for both C. palmate and L. 
sphaerica was 98% (Table 2). 
 
 
The effect of irrigation frequency and incubation 
period on plant growth 
 
Shoot dry weight 
 
In both C. palmate and L. sphaerica,  control  plants  that 
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Table 1. Effect of colchicine concentration on the length of radical and plumule of C. palmata and L. sphaerica seedlings at 14 days 
after incubation.  
 

C. palmate (N = 20) L. sphaerica (N = 20) Colchicine 
(g/L) 1DT 3DT 6DT 1DT 3DT 6DT 

Length of radical (cm) 
Control 79.50 ± .258d 79.50 ± 1.258d 79.50 ± 1.258d 71.00 ± 1.932d 71.00 ± 1.932d 71.00 ± 1.932c 
0.001 16.83 ± 0.945c 21.00 ± 0.258c 20.33 ± 0.919c 12.00 ± 0.258c 15.00 ± 1.065c 15.00 ± 0.258b 
0.01 10.83 ± 0.703b 13.00 ± 0.258b 15.67 ± 0.882b 8.00 ± 1.065b 10.00 ± 0.258b 12.17 ± 1.195a 
0.1 5.00 ± 0.258a 7.33 ± 0.918a 12.00 ± 0.258a 4.50 ± 0.342a 5.00 ± 0.258a 11.00 ± 0.258a 
Plumule length (mm) 
Control 19.67 ± 0.882c 19.67 ± 0.882d 19.67 ± 0.882c 14.0 ± 1.065c 14.0 ± 1.065c 14.0 ± 1.065b 
0.001 10.88 ± 0.601b 12.00 ± 0.258b 15.83 ± 0.601b 8.0 ± 1.065b 10.0 ± 0.258b 12.0 ± 1.065b 
0.01 10.00 ± 0.258b 14.33 ± 0.802c 15.00 ± 0.258b 9.0 ± 0.258b 11.0 ± 1.065b 11.0 ± 0.258a 
0.1 5.67 ± 0.557a 7.00 ± 0.258a 10.83 ± 0.601a 4.0 ± 0.258a 5.0 ± 0.258a 10.5 ± 0.342a 

 
Ok? 

Values that are followed by different letters within a column differ significantly (P < 0.05). 
 
 
 

Table 2. Effect of colchicine concentration on survival and polyploidy formation in C. palmate, L.  sphaerica seedlings at 30 days after 
treatment. 
  

C. palmate (N = 20) L. sphaerica (N = 20) Colchicine 
(g/L) 1DT 3DT 6DT 1DT 3DT 6DT 

Survival (%) 
Control 99.33 ± 0.33c 99.33 ± 0.33d 99.50 ± 0.34d 98.17 ± 0.31d 98.17 ± 0.31d 98.17 ± 0.31d 
0.001 19.50 ± 0.89b 70.17 ± 2.02c 81.17 ± 0.95c 17.17 ± 0.83c 67.33 ± 2.28c 78.17 ± 1.28c 
0.01 12.67 ± 1.31a 53.67 ± 1.20b 70.33 ± 1.98b 11.17 ± 1.38b 51.17 ± 1.28b 67.67 ± 2.09b 
0.1 10.17 ± 0.87a 18.33 ± 1.02a 24.67 ± 0.95a 8.00 ± 1.00a 16.33 ± 1.02a 22.17 ± 0.87a 
Polyploid (%) 
Control   2.50 ± 0.56a   3.67 ± 0.33a   4.50 ± 0.43a   0.17 ± 0.40a   2.50 ± 0.43a   2.67 ± 0.33a 
0.001   5.12 ± 0.87b 13.67 ± 1.17b 19.33 ± 1.15b   0.83 ± 0.70a 11.67 ± 1.17b 17.33 ± 1.15b 
0.01 10.33 ± 0.99c 81.33 ± 0.71c 99.17 ± 0.31c   0.67 ± 0.84b 78.00 ± 0.89c 94.67 ± 0.61c 
0.1 19.00 ± 1.10d 89.66 ± 1.28d 99.50 ± 0.34c 16.50 ± 0.92c 87.00 ± 1.26d 97.00 ± 0.58d 

 

Values that are followed by different letters within a column differ significantly (P < 0.05). 
 
 
 
were watered every 3rd day gave a significantly higher 
shoot dry weight than the colchicine treated plants. The 
colchicine treated plants that were germinated for 6 days 
(6DT) and watered every 10th day showed a significantly 
higher shoot dry weight than the controls. These findings 
agree with the report on work done in Lolium perenne 
and Triticum aestivum where tetraploids plants produced 
the best yield under drought stress (Sugiyama and 
Nikara 2004; Xiong et al., 2006). In both genera, 6DT 
was significantly higher than both 1 and 3DT in terms of 
shoot dry weight (Table 3). In other studies, colchicine-
treated plants of Sesame indicum showed a higher shoot 
dry weight than control plants (Mensah et al., 2007). 
Polyploid leaves of Gossypium arboretum and Citrus 
sinensis were much larger than those of diploid plants 
ranging from 100 to 125% (Romero-Aranda et al., 1997; 
Wongpiyasatid et al., 2003; Rauf et al., 2006; Liu et al., 
2007).  

Root dry weight 
 
In both C. palmate and L. sphaerica, control plants that 
were watered every 3rd day showed a significantly higher 
root dry weight than in 3 and 6DT plants. Plants that 
were watered every 10th day showed a significantly high 
root dry weight in 6DT plants (Table 3). The same trend 
was obtained in studies of colchicine treated Sesame 
indicum plants (Mensah et al., 2007).  
 
 
Number of shoot apices 
 
In C. palmata plants that were watered every 3rd day, 
3DT showed a significantly higher number of shoot 
apices than the other treatments. L. sphaerica plants that 
were watered every 3rd day showed no significant 
difference between the treatments. 
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Table 3. Effects of colchicine concentration (0.01 g/L) on some agronomic characters of C. palmate and L. sphaerica at 120 days after 
planting. 
 

Parameter Control 1DT 3DT 6DT 
C. palmate (N = 20) 

Watered 3rd  day 7.351 ± 0.092a 7.775 ± 0.166b 8.023 ± 0.113b 9.382 ± 0.115c 
Chlorophyll (mg/g leaf) 

Watered 10th  day 5.173 ± 0.162a 9.635 ± 0.108b 10.465 ± 0.109c 11.388 ± 0.072d 
Watered 3rd  day 6.443 ± 0.477c 1.707 ± 0.109a 2.413 ± 0.188a 3.617 ± 0.289b 

Dry wt of shoot (g/plant) 
Watered 10th  day 2.413 ± 0.188b 1.497 ± 0.117a 3.162 ± 0.796b 6.443 ± 0.477c 
Watered 3rd  day 1.535 ± 0.222c 0.340 ± 0.078a 0.813 ± 0.100b 0.525 ± 0.132a 

Dry wt of root (g/plant) 
Watered 10th  day 0.517 ± 0.136a 0.525 ± 0.132a 0.798 ± 0.101a 1.535 ± 0.222b 
Watered 3rd  day 2.00 ± 0.00a 2.00 ± 0.00a 2.83 ± 0.17b 2.33 ± 0.33a 

No. shoot apices/branch 
Watered 10th  day 1.50 ± 0.22a 2.50 ± 0.22a 4.17 ± 0.17b 4.83 ± 0.17c 

L. sphaerica (N = 20) 
Watered 3rd  day 8.232 ± 0.100a 9.755 ± 0.200b 10.182 ± 0.22b 11.26 ± 0.072c 

Chlorophyll (mg/g leaf) 
Watered 10th  day 5.173 ± 0.162a 10.245 ± 0.158b 11.592 ± 0.048c 12.697 ± 0.203d 
Watered 3rd  day 9.293 ± 0.436c 1.113 ± 0.048a 1.188 ± 0.076a 2.078 ± 0.041b 

Dry wt of shoot (g/plant) 
Watered 10th  day 1.290 ± 0.026a 2.842 ± 0.206b 5.762 ± 0.271c 9.293 ± 0.436d 
Watered 3rd  day 0.840 ± 0.126b 0.787 ± 0.335b 0.368 ± 0.138a 0.300 ± 0.057a 

Dry wt of root (g/plant) 
Watered 10th  day 0.307 ± 0.057a 0.782 ± 0.335b 0.837 ± 0.122b 0.840 ± 0.126b 
Watered 3rd  day 2.00 ± 0.00a 2.00 ± 0.00a 2.00 ± 0.00a 2.00 ± 0.00a 

No. shoot apices/branch 
Watered 10th  day 1.50 ± 0.22a 3.50 ± 0.22b 4.50 ± 0.22c 5.00 ± 0.00c 

 

Values that are followed by different letters within a row differ significantly (P < 0.05). 
 
 
 

In both C. palmate and L. sphaerica, plants that were 
watered every 10th day gave a significantly higher 
number of shoot apices in 6DT plants (Table 3). Studies 
on egusi melon cultivar L5 (Citrullus lanatus) and other 
genera showed a significant increase in the number 
active shoot apices in tetraploids when compared with 
diploid plants (Idehen et al., 2006; Mensah et al., 2007; 
Rubuluza et al., 2007). 
 
 
Chlorophyll content  
 
In both C. palmate and L. sphaerica, plants that were 
watered every 3rd day showed the lowest chlorophyll 
content in the controls and the highest in 6DT. The same 
trend was found in plants that were watered every 10th 
day (Table 3). These results agree with the findings of 
other researchers where colchicine treated plants such 
as  Sesame indicum, Triticum species, Citrus sinensis 
and Acacia mearnsii showed a higher chlorophyll content 
than the controls (Kaminski et al., 1990; Romero-Aranda 
et al., 1997; Ajalin et al., 2002; Mathura et al., 2006; 
Mensah et al., 2007). 
 
 
Conclusions 
 
The high rate of survival of colchicine treated seedlings 
suggest that this technique can be used to make drought 
resistant seedlings available to small scale rural farmers. 
These farmers are in remote areas of northern KwaZulu 

Natal, South Africa and have no access to irrigation. The 
high shoot dry weight, high chlorophyll content , large 
leaves and many active shoot apices obtained under 
water stress conditions suggests the suitability of these 
plants for growth in rural dry habitats. The utilization of 
colchicine-treated seedlings by rural farmers will ensure 
availability of leafy vegetables even during dry seasons 
and will improve food security. 
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