
Australian Journal of Basic and Applied Sciences, 10(6) March 2016, Pages: 77-85 

 

 
AUSTRALIAN JOURNAL OF BASIC AND 

APPLIED SCIENCES 
 

ISSN:1991-8178        EISSN: 2309-8414  
Journal home page: www.ajbasweb.com 

 
 

Open Access Journal 

Published BY AENSI Publication 

© 2016 AENSI Publisher All rights reserved 
This work is licensed under the Creative Commons Attribution International License (CC BY). 

http://creativecommons.org/licenses/by/4.0/ 

 
 
To Cite This Article: Premjet Siripong and Premjet Duangporn., Induction of Mutation in Jatropha curcas L by Treatment with Mitotic 
Inhibitors. Aust. J. Basic & Appl. Sci., 10(6): 77-85, 2016 

 

Induction of Mutation in Jatropha curcas L by Treatment with Mitotic Inhibitors 
 
1Premjet Siripong and 2Premjet Duangporn  
 

1Department of Biology, Faculty of, Science, Naresuan University, Muang, Phitsanulok, 65000. Thailand 
2Department of  Agricultural Science, Faculty of Agriculture, Natural Resources and Environment,  
  Naresuan  University, Muang, Phitsanulok, 65000. Thailand and or Center for Agricultural Biotechnology, Faculty of Agriculture,   
  Natural Resources and Environment, Naresuan University, Muang, Phitsanulok, 65000. Thailand. 
 
Address For Correspondence: 
Premjet Duangporn, Department of  Agricultural Science, Faculty of Agriculture, Natural Resources and Environment, Naresuan  
University, Muang, Phitsanulok, 65000. Thailand and or Center for Agricultural Biotechnology, Faculty of Agriculture, Natural Resources 
and Environment, Naresuan University, Muang, Phitsanulok, 65000. Thailand. 
 
 
 
A R T I C L E  I N F O   A B S T R A C T  
Article history: 
Received 12 February 2016 
Accepted 12 March 2016 
Available online 20 March 2016  
 
Keywords: 
Jatropha curcas L.; biodiesel, putative 
tetraploid; colchicine; alpha-
bromonaphthalene; mutation 

 Background: Jatropha curcas L. is a highly promising species for biodiesel use, but 
has low genetic diversity and seed yield. To shift its status from an underutilized tree to 
a highly productive seed variety, genetic improvement is urgently needed to produce 
superior genotypes of J. curcas (2n=2x=22). In past decade mutation induction by 
radiation or in vitro treatment with colchicine were attempted. However, elite varieties 
could not be released.  Objective: this research aimed to observe effects of two mitotic 
inhibitors, colchicine and alpha-bromonapthalene on inducing polyploidy in J. curcas. 
Results: Treating J. curcas seedlings with high colchicine concentration (5%, w/v) has 
resulted to 50% survival which produced only mixoploids  while treatment of alpha-
bromonapthalene showed lower survival rate (20%) but had induced tetraploids 
characterized by decreased stomatal density, larger pollen grain size, decreased seed 
fresh and dry weight, but with higher oil content. Meiotic chromosome represented 
2n=4x=44. Characteristics of mature putative tetraploid line were significantly shorter 
and higher oleic acid than that of the diploid. Conclusion: Treatment of J. curcas L 
seedling with the two mitotic inhibitors administered by cotton plug method proved that 
both colchicine and alpha-bromonapthalene  caused variation in J. curcas genome, 
however, alpha-bromonapthalene was more effective for inducing tetraploid  in this 
species. 

 
INTRODUCTION 

 
 Jatropha curcas L. belongs to Euphorbiaceae which is drought tolerant and has few diseases. The past 

decade researches attempts have been reported in using the seed oil of J. curcas for biodiesel worldwide 
(Achten et al., 2008). With the advent of the energy crisis, J. curcas has become one of the most attractive 
plants for use in the biodiesel industry. The commercial potential of this species in agriculture and industry is 
still very low, however, because of its poor seed yield. Several selection programs in northeastern, northern, and 
southern Thailand have been reported (Ratree, 2004), and a few varieties have been developed, such as 
‘Satoon’, ‘Nakorn-Rachasrima’ and ‘Phitsanulok’. Not much genetic diversity exists in currently available J. 
curcas germplasm. In previous study, low variation observed within samples J. curcas using RAPD markers 
confirmed a population structure with a high level of genetic homogeneity (Na-ek et al., 2011). Thailand has 
drawn up a national policy for increasing production of biodiesel through cultivation of nonedible crops, and J. 
curcas is one of the crops under consideration (Prueksakorn and Gheewala, 2008). To shift its status from an 
underutilized tree to a highly productive seed variety, genetic improvement is urgently needed to produce 
superior genotypes of J. curcas. Polyploidy manipulation is a powerful tool for genetic improvement of many 
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plants (Väinölä, 2000; Shao et al., 2003; Smith et al., 2004). In general, polyploid plants exhibit superior 
phenotypes compared with diploids, such as thicker and larger leaves, stronger stems, larger flowers, fruits, and 
seeds (Renny-Byfield and Wendel, 2014). Colchicine has been traditionally used to induce polyploids (Kun-Hua 
et al., 2011), but other antimitotic agents, such as oryzalin, trifluralin, amiprophos-methyl, and dinitroaniline 
herbicides have also been used (Dhooghe et al., 2009). Antimitotic agents act by binding to tubulin dimers, 
preventing the formation of microtubules during cell division (Peterson et al., 2003).  J. curcas has chromosome 
numbers of 2n = 2x = 22 (Puangpaka and Thaya, 2003). According to antimitotic activity alpha-
bromonaphthalene possess the same activity as colchicine.  Therefore, the objective of this research is to 
increase genetic variability in J. curcas by inducing polyploidy using colchicine and alpha-bromonaphthalene. 
 

MATERIAL AND METHODS 
 
Plant material:  
 Seeds of J. curcas ‘Phitsanulok’ were kindly provided by the Phitsanulok Agricultural Extension and 
Development Center, Tumbol Hui-ngam, Muang, Phitsanulok, Thailand. This variety is a promising selection 
obtained from multiple yield trials in the Phitsanulok province. One hundred and twenty seeds were planted and 
grown in soil under greenhouse conditions.  
 
Colchicine treatment: 
 The cotton plugs method was used for application of colchicine. Cotton balls saturated with colchicine in 
concentrations of 0, 1.0, 2.0, and 5.0% (w/v) were placed on young plants at the two-leaf stage. The cotton balls 
were then covered with aluminum foil, and colchicine was added to the cotton balls every other day for a month. 
For the controls, cotton balls were soaked in distilled water. Twenty seedlings were used for each treatment. At 
the end of the treatment period, all seedlings were allowed to grow normally in the greenhouse for 60 days (d), 
and surviving seedlings were then transplanted into the trial field. After 180 d, the traits of each genotype were 
studied. Traits measured in the first year were plant height, leaf stalk, and stomatal size. In the second year, in 
addition to the morphological traits, numbers of female and male flowers, pollen grain size, 100-seed weight, oil 
content, and fatty acid composition were measured.  
 
Alpha-bromonaphthalene treatment: 
 Alpha-bromonaphthalene was used at only one concentration, as a saturated solution. The application 
method was the same as in the colchicine treatment.  
 
Flow cytometry analysis: 
 Leaf samples were collected from field-grown seedlings 180 d after transplantation. Leaves (ca. 20 mg 
fresh weight) were chopped with a sharp razor blade into a mixture of 500 µl of solution A from a CyStain UV 
Precise P DNA staining kit (Partec, Munster, Germany) and 1 ml of DAPI-staining solution (10 mM Tris-HCl, 
pH 7.5, containing 50 mM sodium citrate, 2 mM MgCl2, 1% (w/v) polyvinylpyrrolidone (PVP) K-30, 0.1% 
(v/v) Triton X-100, 2 mg l-1 4',6-diamino-2-phenylindole dihydrochloride (DAPI) (Doležel et al., 1994). The 
resulting nuclear suspension was filtered through 50 µm nylon mesh, centrifuged at 3000 rpm for 2 min to 
remove debris, and subjected to flow cytometric analysis. The relative fluorescence intensity of samples was 
analyzed using a PAII flow cytometer (Partec), with 6,000 nuclei analyzed per sample. The flow cytometer was 
calibrated so that a standard peak corresponding to diploid J. curcas appeared at a fluorescence intensity 
(channel number) of 200. 
 
Study of stomata: 
 Leaves of diploid and polyploid plants at the growth stage were used for a comparative study on stomata. 
For each measurement, a strip of abaxial epidermis from the middle portion of the leaf was peeled off, placed on 
a glass slide, covered with a coverslip, and measured under a 40x microscope using the Motic software package. 
Stomatal frequency was recorded from 25 randomly selected microscopic field areas from each of five 
leaves/plant. 
Study of pollen grains: 
 For determination of pollen diameter, anthers were stained with 2% acetocarmine solution and examined 
under a light microscope at 40x magnification. A total of 100 pollen grains were measured for each genotype. 
 
Chromosome counts: 
 Flower buds of J. curcas were fixed in Carnoy’s solution and stored in 70% ethanol in a refrigerator. Slides 
were prepared using the acetocarmine smear technique. Chromosome numbers were determined from 
approximately 25 cells viewed under a light microscope. The best cells were photographed under a 100x oil 
immersion objective. 
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Fatty acid composition: 
 Seeds of each J. curcas genotype were cleaned, de-shelled, and dried in an oven at 105°C for 30 min. Seed 
kernels (10 g) were ground to powder using a grinder and extracted with hexane for 6 h using a Soxhlet 
extractor. Fatty acid composition was determined by gas chromatography (GC) on an Agilent Technology 
6890N gas chromatograph. Before injection into the gas chromatograph, approximately 0.1 ml of seed oil was 
converted to methyl ester using 1 ml sodium methoxide (1 M) in 1 ml hexane. The gas chromatograph was 
equipped with an SP-2560 fused silica capillary column (100 m x 0.5 mm x 0.2 µm) and a flame ionization 
detector set to 250°C. The initial column temperature was 140°C and was increased to a final temperature of 
250°C; helium was used as carrier gas with a flow rate of 1.1 ml/min. Peaks were identified by comparing their 
retention times with authentic standards analyzed under the same conditions. 
 

RESULTS AND DISCUSSION 
 
Polyploid induction: 
 Colchicine and oryzalin have been successfully used to increase chromosome sets in many plants, such as 
Japanese quince (Stanys et al., 2006), oil palm (Madon et al., 2005), and pomegranate (Shao et al., 2003). In J. 
curcas ‘Goncalo’, colchicine has recently been reported to induce polyploidy when applied to seedling shoot 
tips germinated in vitro (Oliveira et al., 2013). Polyploidization was induced by treatment of shoot buds of nine-
day-old seedlings with colchicine and alpha-bromonaphthalene for a month. Colchicine at low concentrations 
(0.5–2%) did not affect survival rate, but at high concentrations (5%) the survival rate decreased to 50%. As 
shown in Table 1, the saturated solution of alpha-bromonaphthalene induced chromosome doubling, resulting in 
the formation of putative tetraploid. The survival rate of seedlings treated with alpha-bromonaphthalene was 
20%, and dead shoots were found in 80% of the survivors (Table 1). Both mitotic inhibitors produced very 
striking visible effects, with many young seedlings showing malformed cotyledons and leaves, but the effects 
were temporary, newly developed leaves were of normal type. 
 
Determination of ploidy level: 
 Flow cytometry was used to determine the ploidy level of treated plants. The gain value was adjusted so 
that the peak of nuclei isolated from a control diploid plant was set at channel 200 (Fig. 1). This calibration was 
checked periodically to minimize variation between runs and to maintain a constant value during the analysis. 
The tetraploid peak appeared at channel 400. Colchicine at concentrations of 5% gave rise to putative tetraploids 
containing both diploid (84.75%) and tetraploid (15.25%) cells (Figs. 2-4). The highest rate of tetraploidy 
(52.66%) was obtained from alpha-bromonaphthalene (Fig. 5). The results of our study clearly demonstrate that 
alpha-bromonaphthalene is more effective than 0–5% colchicine for induction of polyploidy in J. curcas 
‘Phitsanulok’ using the cotton plug method. Previous studies on polyploidy have shown that putative tetraploidy 
normally occurs as a result of colchicine treatment (Chen and Gao, 2007). Chromosome complement of mitotic 
cell of J. curcas was 2n = 22 which was recorded by several authors (Carvalho et al., 2008; Sasikala and 
Paramathma, 2010). Chromosomes of microsporocytes of untreated plants were paired in eleven bivalents (2n = 
22, 11 II) at the first metaphase (Fig. 6a). Formation of chimeras containing both diploid and tetraploid apical 
meristem cells, mean that two different arrangements of meiotic chromosomes were observed in treated plants. 
The putative tetraploid of J. curcas comprised 20 univalents, two bivalents, four trivalents, and two 
quadrivalents; thus, the total number of chromosomes in metaphase I microsporocytes was 2n = 44 (Fig. 6b). 
The univalents, trivalents, and quadrivalents detected during first metaphase indicate that autotetraploid cells 
were initiated by polyploidization.   
 
Effect of colchicine and alpha-bromonaphthalene on stomatal size and density: 
 Leaf stomata measurements can serve as a preliminary screen when large numbers of plants need to be 
evaluated for ploidy level (Mohammadi et al., 2012). Stomatal length and width were slightly larger in treated 
plants than in untreated plants (Table 2). The largest stomatal widths (27.9 ± 0.85 µm) were found in plants 
treated with 1% colchicine. Putative tetraploid had stomatal sizes similar to those treated with 5% colchicine, 
and greater widths than in the diploids. Untreated plants had the highest stomatal density (450 ± 33.0/mm). 
Lower stomata and density were caused by higher ploidy level, which had also been observed from cattleya  and  
rape  seed (Silva     et     al.,     2000; Mohammadi et al., 2012).  
 
Effect of colchicine and alpha-bromonaphthalene on pollen grain size and viability: 
 In our study, pollen grain size increased with increasing colchicine concentration (Table 3; Fig. 7). Plants 
treated with alpha-bromonaphthalene had the largest pollen grains (diameter = 119.5 ± 5.04 µm). Pollen 
viability ranged from 89.22–96.20%, with a tendency toward lower values in the treated plants. The volume of 
diploid pollen grain is on average 100% greater than that of the haploid pollen (Weiss and Maluszynska, 2001). 
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Additionally, variation in pollen grain size was used as a selection-criterion the number of tetraploid in turnips 
(Tate and Simpson, 2004). 
 
Table 1: Effects of colchicine and alpha-bromonaphthalene treatments on survival rate during polyploidy induction in J. curcas 

Treatment 
Concentration 

(%) 
Survival 
rate (%) 

Ploidy recovered 
(%) Characteristics 

2n 4n 

Colchicine 

0 100 100 0 diploid 
1.0 100 91.62 8.38 Mixoploid 
2.0 80 100.00 - diploid 
5.0 50 84.75 15.25 Mixoploid 

Alpha-bromonaphthalene 
Saturated 
solution 

20 47.34 52.66 putative tetraploid 

 

 
 
Fig. 1: DNA histogram showing G0/G1 peak (channel 200) of diploid nuclei from leaves of J. curcas  (2C =2x). 

 
 
Fig. 2: DNA histogram showing G0/G1 peak (channel 200, 2C = 2x) of J. curcas. 
 

 
 
Fig. 3: DNA histogram showing G0/G1 peak (channel 200, 2C = 2x) of J. curcas treated with 2.0% colchicine.  
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Fig. 4: DNA histogram showing G0/G1 peak (channels 200 and 400) of mixoploid  samples (2C = 2x and  

2C = 4x) obtained from  J. curcas treated with 5% colchicine. 
 

 
 
 
Fig. 5: DNA histogram showing   G0/G1 peak (channels 200 and 400) of mixoploid samples (2C = 2x and  

2C = 4x) obtained from J. curcas treated with a saturated solution of alpha-bromonaphthalene. 
 

 
 
Fig. 6: a) Meiotic chromosomes of J. curcas diploid showing 11 bivalents (2n = 2x = 22)  
            b) Meiotic chromosomes of putative tetraploid (2n = 4x = 44 (20 I + 2 II + 4 III + 2 IV) of J. curcas 

treated with alpha-bromonaphthalene (Bar = 10 µm). 
 
Table 2: Effect of colchicine and alpha-bromonaphthalene on stomatal density and size in J. curcas.  

Treatment 
Concentrations 

(%) 

Stomatal 
density/mm* 

 

Stomatal size* 
(µm) 

width length 
Untreated 0 450 ± 33.0a 20.4 ± 0.36 c 25.9 ± 1.04de 

Colchicine 
 

1.0 110 ± 2.0e 27.9 ± 0.85 a 35.2 ± 0.05b 
2.0 432 ± 3.5a 17.8 ±1.70d 23.9 ± 0.45e 
5.0 162 ± 5.5d 22.9 ± 0.05bc 29.7 ± 0.95c 

Alpha-bromonaphthalene Saturated solution 220 ± 3.5bc 23.3 ± 0.22b 40.8 ± 1.44a 
*Within each column, means followed by the same letter are not significantly different at the p=0.05% level. 
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Fig. 7: Pollen grains of diploid (2n) and putative tetraploids (4n) of J. curcas (Bar = 100 µm). 
  
Table 3: Effect of colchicine and alpha-bromonaphthalene on pollen grain size  and viability in J. curcas. 

Treatment 
Concentrations 

(%) 
Pollen grain size 

(µm)* 
Pollen viability* (%) 

Untreated 0 87.50 ± 1.58c 93.44  ± 0.59a 

Colchicine 
1.0 90.20 ± 2.02bc 92.78 ± 0.77ab 
2.0 90.70 ± 0.63b 96.2 ± 0.52abc 
5.0 91.8 ± 1.65bc 89.22 ± 1.32c 

Alpha-bromonaphthalene 
Saturated 
solution 

119.5 ± 5.04a 89.81 ± 0.73bc 

 *Within each column, means followed by the same letter are not significantly different at the p=0.05% level. 
 
Table 4: Effect of colchicine and alpha-bromonaphthalene on seed weight. 

Treatment 
Concentrations 

(%) 
100-seed  Fresh 

weight (g) 
100-seed Dry 

weight(g) 
Untreated 0 89.23 ± 0.26b 50.25 ± 0.15c 

 
Colchicine 

1.0 90.52 ± 3.95b 52.90 ± 2.30b 
2.0 101.74 ± 1.46a 59.80 ± 0.40a 
5.0 84.68 ± 1.37cd 49.70 ± 0.90d 

Alpha- 
bromonaphthalene 

Saturated solution 77.32 ± 1.03e 45.10 ± 0.60e 

*Within each column, means followed by the same letter are not significantly different at the p=0.05% level. 

 
Effect of colchicine and alpha-bromonaphthalene on seed weight: 
 Measurements of 100-seed fresh weight and seed dry weight were obtained from plants grown in the trial 
field for two years. Values for 100-seed fresh weight ranged from 77.32–101.74 g, while dry weight varied from 
45.10–59.80 g (Table 4). The maximum fresh weight and dry weight values were obtained from 2% colchicine. 
Alpha-bromonaphthalene-treated plants had the lowest average seed fresh and dry weights (77.32 g; 45.10 g). 
Omidbaigi et al., (2010) observed that seed weight and essential oil contents of Dracocephalum moldavica L. 
were increased by treatment with colchicine. Our results indicate that seed weight of J. curcas was gradually 
improved to 101.74 ± 1.46 g. when concentrations of colchicine were increased (0.5-2%). However, the seed 
weight of J. curcas was reduced when J. curcas was treated with 5% of colchicine or alpha-bromonaphthal. 
 
Effect of colchicine and alpha-bromonaphthalene on seed oil content:  
 Seed oil content was determined following extraction of seed kernels (10 g) with N-hexane. As shown in 
Table 5, colchicine treatments at all concentrations increased oil yield (39.5–44.5%). The highest oil content 
was detected in alpha-bromonaphthalene treated plants (55.5%); the lowest yield was observed in untreated 
plants (38.5%). The results imply that seed oil content of treated J. curcas were greater than those observed 
from Indian variety (40%) (Kumar and Sharma, 2008) but similar oil content to Nigerian (47.25%) (Akintayo, 
2004) and Mexican varieties (55-58%) (Martínez-Herrera et al., 2006).  
 
Characteristics of J. curcas diploids and putative tetraploids:  
 A comparison of plant height and leaf characteristics between diploids and putative tetraploids revealed 
significant differences: putative tetraploids were shorter than diploids, had smaller leaves and shorter petioles 
(Table 6). Plant height and leaf characteristics may therefore be useful markers for tetraploid screening in J. 
curcas. In addition, flowering period was 2.59 times longer in putative tetraploids than in the controls. This 
investigation exhibited that morphological modification of J. curcas resulted from change in ploidy, which was 
previously reported by (Amiri et al., 2010). 
 
 
 

4n 
2n
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Table 5:  Effect of colchicine and alpha-bromonaphthalene on seed oil content . 

Treatment 
Concentration 

(%) 
Oil Content* 

(%) 
Untreated 0 38.5 ± 1.8b 

 
Colchicine 

1.0 39.5 ± 1.5b 
2.0 44.5 ±0.5ab 
5.0 44.5 ± 3.5ab 

Alpha-bromonaphthalene 
Saturated 
solution 

55.5 ± 7.5a 

* Within each column, means followed by the same letter are not significantly different at the p=0.05% level. 
 
Table 6: Plant height and leaf characteristics of diploids and putative tetraploids of J. curcas. 

Ploidy level 
Plant 

height (cm) 
Leaf index 

length/width 
Petiole length 

(cm) 
First flowering 

stage (day) 
Diploid 144.67 1.02 13.50 210 

Putative tetraploid 105 0.92 10.5 0 545 
Significance * * * * 

*Significantly different at the p=0.05 level according to two sample t-test 

 
Fatty acid composition:  
 Fatty acid composition of seed oil from diploids and putative tetraploid is shown in Table 7. Fatty acids 
common to both diploids and putative tetraploid were oleic (46.09%; 51.14%), linoleic (31.54%; 25.41%), 
palmitic (14.19%; 13.87%), and stearic (6.67%; 7.95 %) acids. In addition, several fatty acids were found in 
trace amounts, i.e., arachidonic (0.20%; 0.27%), behenic (0.03%; 0.06%), palmitoleic (0.70%; 0.72%), 
eicosenoic (0.06%; 0.07%), linolenic (0.22%; 0.24%), myristic (0.05%; 0.05%), heptadecanoic (0.09%; 0.10%), 
and lignoceric (0.04%; 0.06%) acids. Putative tetraploid had higher oleic acid content (51.14%) compared with 
controls (46.09%). Monounsaturated fatty acid levels in putative tetraploid plants were increased by 5.08% 
compared with diploids. In addition, pentadecanoic acid was detected in putative tetraploids, but was not 
produced in untreated plants. These results indicate that alteration of ploidy level can improve quality and 
quantity of fatty acids in J. curcas oil. For biodiesel feedstock, the fatty acid quality should be high in 
unsaturated and monounsaturated fatty acid content (Walker, 2004). The result demonstrated that oleic content 
of treated plant was slightly higher than Indian (41.3%) (Kumar and Sharma, 2008), Nigerian (41.5%)  
(Akintayo, 2004) and Mexican varieties (47.0%)  (Martínez-Herrera et al., 2006).  An ideal vegetative oil for 
biodiesel feedstock should have a high proportion for use at low temperatures. 
 We have shown that genetic variability can be generated in J. curcas by alpha-bromonaphthalene and 
colchicine. 
 
Table 7: Fatty acid composition and content in  diploids and putative tetraploid of  J.curcas.   

Fatty acid composition 
Fatty acid content (%) 

Diploid 
Putative 
tetraploid 

Myristic acid (C14:0) 0.05 0.05 
Pentadecanoic acid (C15:0) nd* 0.02 

Palmitic acid (C16:0) 14.19 13.87 
Heptadecanoic acid (C17:0) 0.09 0.10 

Stearic acid (C18:0) 6.76 7.95 
Arachidonic acid (C20:0) 0.20 0.27 

Behenic acid (C22:0) 0.03 0.06 
Tricosanoic acid (C23:0) 0.02 0.03 
Lignoceric acid (C24:0) 0.04 0.06 

Saturated fat 21.38 22.41 
Palmitoleic acid (C16:1n7) 0.70 0.72 

Cis-9-Oleic acid (C18:1n9C) 46.09 51.14 
Cis-11-Eicosenoic acid (C20:1n11) 0.06 0.07 

Monounsaturated fatty acid 46.85 51.93 
Cis-9,12-Linoleic acid (C18:2n6) 31.54 25.41 
Alpha-Linolenic acid (C18:3n3) 0.22 0.24 

Polyunsaturated fatty acid 31.76 25.65 
Unsaturated fat 78.61 77.58 

nd*= Non-detection  
 
Conclusions: 

 Colchicine concentrations (1-5mg/l) had effected on increase of seed weight but not affection for 
inducing polyploidy by cotton plug method.  Alpha-bromonaphthalene is an effective agent for polyploidy 
induction in this species. The putative tetraploid line had significantly larger stomata, larger pollen grain size, 
slower growth rates, longer flowering period, shorter stems, smaller leaves, smaller leaf stalks, lower seed 
weight, higher oil content, higher oleic acid, and higher total monounsaturated fatty acid content compared with 
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the diploid. The obtained tetraploid will be multiplied by in vitro cultures and maintain as germplasm for future 
breeding program. 
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