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ABSTRACT. Stylosanthes guianensis is an elite and important forage 
legume species, which is extensively cultivated in tropical areas. Polyploid 
breeding via exposure to colchicine is a conventional and practical method 
to improve varieties of S. guianensis. Terminal buds of S. guianensis Reyan 
No.5 seedlings were treated with different concentrations of colchicine 
(0.00, 0.05, 0.10, 0.15, 0.20, and 0.25%) for 24, 48, and 72 h. Morphological 
and cytological variants were observed at a frequency of <96% among 
transplanted seedlings. The cytogenetic analysis of young leaf cells was 
conducted on all variants to identify their ploidy levels. The most efficient 
procedure for tetraploid production was the treatment of seedling apical 
buds with 20% colchicine for 48 h, with the tetraploid induction rate being 
10%. This is a relatively simple and reliable method for the production of 
tetraploidy in S. guianensis.
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INTRODUCTION 

Stylosanthes guianensis (Aubl.) Sw., is a perennial herb native to South and Central America, 
and is the most widespread Stylosanthes species (Chandra et al., 2006; Chandra 2013). As a member 
of the genus Stylosanthes, it encompasses many advantages of legumes as forage such as the ability to 
restore soil fertility, improve soil physical properties, and provide permanent vegetation cover (Chandra, 
2013). In China, S. guianensis is widely cultivated because it is valued as a high-productivity tropical 
forage crop with high nutritive value, it is adaptive to poor and acrid soils, and is tolerant of drought and 
disease (Yi, 2001). S. guianensis is diploid (2n = 2x = 20) and predominantly self-pollinating with a low 
degree of out-crossing (Stace, 1982; Stace and Edye, 1984). When breeding S. guianensis, the limited 
variations of available germplasm is a problem (Chandra, 2013).

Chromosome doubling is a valuable tool used in plant breeding to obtain useful 
characteristics, such as increased organ size, including leaves, high productivity and quality, and 
high levels of resistance to stresses. In addition, induced polyploid breeding provides a wider 
germplasm base for breeding programs (Luckett, 1989; Aranada et al., 1997; Osborn et al., 
2003; Shao et al., 2003; Thao et al., 2003; Comai, 2005; Omidbaigi et al., 2010). By preventing 
microtubule assembly and arresting spindle formation during mitosis, colchicine is conventionally 
and successfully used to induce chromosome doubling in the development of tetraploids (Takamura 
and Miyajima, 1996; Pinheiro et al., 2000; Nguyen et al., 2003; Petersen et al., 2003; Shao et al., 
2003; Liu et al., 2007; Urwin et al., 2007).

MATERIAL AND METHODS

Plant Material

Fresh seeds of S. guianensis Reyan No. 5 were supplied by the Institute of Tropical Crop 
Genetic Resources, Chinese Academy of Tropical Agricultural Sciences (CATAS). First, the seeds 
were immersed in cold water for 0.5 h, then in water heated to 80°C for 3-5 min. Second, the seeds 
were sown in loam soil in seedling cups at room temperature for germination. 

Colchicine treatment 

Four-day-old plantlets were used for colchicine treatment. Colchicine solutions (Sinopharm 
Chemical Reagent Co., Ltd.) in final concentrations of 0.00, 0.05, 0.10, 0.15, 0.20, and 0.25% (w/v) 
were dripped on apical buds of the seedling’s emerging cotyledon leave and maintained for 24 h, 
48 h, and 72 h. After treatment, the leaves were rinsed with water four times. Control seedlings 
were similarly treated with distilled water and 50 seedlings were used in each treatment. 

Morphological and cytological observation of variants

Seedlings were transplanted to the field one month after germination (April 2010) and 
morphological and cytological observations were carried out on vegetative parts of variants in 
August 2010. The diameter of 30 main stems (of the seventh internode from the terminal bud), the 
length, width, and thickness of 30 fully mature leaves (two leaves per plant), and the length and 
width of 30 petioles randomly selected from the variants and the control were measured with an 
electronic digital caliper (DC 1004, PLG-Discover, China) and recorded. In addition, a few pieces 
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of epidermal layer torn from the abaxial side of mature leaves of the variants and the control 
were respectively mounted on a glass slide with one drop of aqueous solution of 1.0% iodine and 
1.0% potassium iodide. The length and width of stomata were measured under an Olympus BX51 
microscope (Olympus America Inc., NY, USA). The stomata density was also calculated. 

The plants entered the full-bloom stage in mid-late October, 2010. The length of the 
30 fully opened flowers and the width of 30 vexilla randomly selected from the variants and the 
control were determined. The shape and size of dry pollen between the variants and the control 
were compared under a light microscope. In late December 2010, the matured seeds were 
harvested and the thousand kernel weight was estimated. Statistical analysis was carried out 
using ANOVA to assess the difference between the variant and the control in SPPSS software 
(version 18.0). Significance of differences among means was determined by Duncan’s multiple 
range test at P ≤ 0.0001, 0.01, or 0.05.

Chromosome counting

All plants that showed variations were subjected to chromosome counting. Young leaves 
randomly selected from each variant were excised at 10.00 a.m. and were pretreated in 0.002 mol/L 
8-hydroxyquinoline solution for 2 h at 4°C. They were then washed three times in distilled water, 
fixed in Carnoy’s solution for 7 h at 4°C, and washed three times in distilled water. Subsequently, 
samples were hydrolyzed in 1 mol/L hydrochloric acid solution for 3 min at room temperature and 
then washed five times. After staining with carbol fuchsin for about 20 min, these prepared leaves 
were squashed under cover glass, their chromosome numbers were observed under a microscope 
through a 100X oil lens, and photos were taken with the associated apparatus. A plant with all 
the leaf cells showing 20 chromosomes was regarded as diploid and with all the cells showing 40 
chromosomes was determined as tetraploid.

RESULTS

The effects of colchicine on variations

The occurrence of variations depended on the colchicine concentration and the duration of 
treatment. For treatment times of 24 h and 48 h, the number and percent of variants increased with 
the concentration of colchicine (Table 1). When the seedlings were treated with colchicine for 72 
h, the largest number (48) and the highest rate (96%) of variants were obtained at concentrations 
of 0.15%. When the concentration of colchicine was greater than 0.15%, the survival rate fell 
dramatically and the number and percentage of variants also declined. 

Morphological and cytological comparison of the diploid control and variants 
S. guianensis Reyan No.5

The variants grew stronger and more slowly than the diploids, and the stems of the variants 
therefore appeared thicker than those of the controls (Figure 1A). The leaves of the variants were 
dark green, and were also bigger and thicker than those of the controls (Figure 1B). Cytological 
observation revealed that the stomata of the variants were larger than those of the diploids although 
the reverse was true for stomata density (Figure 1C-F). Whole flowers and flower parts of variants 
were bigger than those of the controls. There was also variation in the shape and size of pollen. 
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The variants had small, relatively regular and long elliptic pollens, while those of the controls were 
larger and irregular (Figure 1H, I). Seeds of the variants were bigger and heavier than those of the 
controls. Analysis by t-test revealed that there were significant differences between the variants 
and the controls for each morphological and cytological indicator (Table 2). 

Table 1. Effects of different colchicine treatments on Stylosanthes guianensis Reyan No.5 seedlings.

Duration of	 Colchicine 	 No. of seedlings that 	 No. of variants ( %)	 No. of tetraploids (%)
treatment (h)	 concentration (%)	 died after treatment (%)

24	 0.00	 0 (0)	 0 (0)	 0 (0)
	 0.05	 0 (0)	 2 (4)	 0 (0)
	 0.10	 0 (0)	   7 (14)	 0 (0)
	 0.15	 0 (0)	 12 (24)	 0 (0)
	 0.20	 0 (0)	 30 (60)	 0 (0)
	 0.25	 0 (0)	 33 (66)	 0 (0)
48	 0.00	 0 (0)	 0 (0)	 0 (0)
	 0.05	 0 (0)	   6 (12)	 0 (0)
	 0.10	 0 (0)	 12 (24)	 0 (0)
	 0.15	 0 (0)	 18 (36)	 0 (0)
	 0.20	 2 (4)	 38 (76)	   5 (10)
	 0.25 	 2 (4)	 42 (84)	 2 (4)
72	 0.00	 0 (0)	 0 (0)	 0 (0)
	 0.05 	 0 (0)	   6 (12)	 0 (0)
	 0.10 	 0 (0)	 20 (40)	 1 (2)
	 0.15 	 0 (0)	 48 (96)	 1 (2)
	 0.20 	   8 (16)	 40 (80)	 0 (0)
	 0.25 	 10 (20)	 37 (74)	 0 (0)

Figure 1. Morphological and cytological differences between control and variant Stylosanthes guianensis Reyan No.5 
seedlings following treatment with colchicine solution. A. Variant (left) and diploid control plant (right); B. leaves of the 
variant (left) and diploid control plant (right); C, E. Stomata of the control, Bar = 20 µm; D, F. Stomata of the variant. 
Bar = 20 µm; G. The flowers of the variant (right) and the control plant (left); H. Dry pollen grains from the control; I. Dry 
pollen grains from the variant; J. Seeds from the variant (left) and the control plant (right).
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Table 2. Comparison of morphological and cytological characteristics between control and variant Stylosanthes 
guianensis Reyan No.5 seedlings following treatment with colchicine solution.

Parts	 Indictors	 Controls	 Variants

Stem	 Diameter (mm)	   2.37 ± 0.16b	   3.00 ± 0.17a

Leaf	 Length (mm)	 31.98 ± 4.16b	 42.78 ± 4.35a

	 Width (mm)	   6.86 ± 0.53b	   7.44 ± 0.57a

	 Thickness (mm)	   0.28 ± 0.06b	   0.34 ± 0.06a

	 Leaf index (length/width)	   4.67 ± 0.53b	   5.76 ± 0.58a

Petiole	 Length (mm)	   8.55 ± 0.33a	   7.21 ± 0.29b

	 Width (mm)	   1.19 ± 0.06b	   1.66 ± 0.08a

Stomata	 Width (µm)	 15.79 ± 1.97b	 18.92 ± 1.96a

	 Length (µm)	 22.34 ± 1.55b	 29.55 ± 1.95a

	 Density (no. of stomata/mm2)	      370 ± 50.52a	      165 ± 30.97b

Flower	 Length (cm)	   0.71 ± 0.02b	   0.86 ± 0.04a

	 Width of vexilla (cm)	   0.70 ± 0.01b	   0.86 ± 0.04a

Pollen	 Length (µm)	 38.04 ± 2.36b	 45.64 ± 3.45a

	 Width (µm)	 33.51 ± 1.89b	 43.60 ± 3.29a

	 Pollen index (length/width)	   1.14 ± 0.05a	   1.05 ± 0.05b

Seed	 Average weight (g) of 20,000 seeds	   2.63 ± 0.05b	   3.32 ± 0.03a

Each value shows the mean ± SD from three experiments. Values within the same column followed by different letters 
are significantly different by the t-test (P < 0.01).

Chromosome counting and tetraploid identification

Chromosome counting was conducted for all variants. The results demonstrated that 
there was a concentration and exposure dependent increase in variation and mortality in seedlings 
following treatment with colchicine. Although the percent variation was highest (96%) when the 
seedlings were exposed to 0.15% colchicine for 72 h, the highest doubling efficiency was achieved 
with 0.20% colchicine for 48 h (Table 1). Cytogenetic identification revealed that tetraploid nuclei 
were bigger than diploid nuclei, and the chromosome number of diploid plants was 2n = 2x = 20, 
whilst that of tetraploid plants was 2n = 4x = 40 (Figure 2).

Figure 2. Chromosomes in young leaf cells of (A), diploid (2n = 2x = 20) and (B), tetraploid (2n = 4x = 40) plants. 

DISCUSSION

Creation of polyploids is an important and effective method used in plant breeding, but 
there have been no reports about artificial induction of autopolyploids in S. guianensis. Our research 
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indicated that treating the shoot-tips of seedlings with a suitable concentration of colchicine for an 
appropriate period of time could generate good results. The results indicated that colchicine had 
negative effects on the growth of seedlings following treatment. Toxic effects of colchicine were 
proportional to the concentration used and the exposure time (Roy et al., 2001; Trojak-Goluch 
and Skomra, 2013). Treatment with higher concentrations of colchicine for a longer time adversely 
affected the viability of the seedlings, while certain combinations of concentration and exposure 
time proved to be effective for tetraploid induction of S. guianensi, with the highest percentage of 
tetraploids recorded following treatment with 0.20% for 48 h.

Previously, a preliminary study of the artificial induction of tetraploids in S. guianensis with 
seeds and calli was carried out in our laboratory, but the effectiveness was not satisfactory. High 
variation (100%) in seedlings could be obtained by immersing S. guianensis seeds in colchicine 
solution, but the cytogenetic identification proved that the majority of seedlings were diploids and 
genetic chimera. The variable regenerative potential of calli and the difficulty of morphological 
identification of putative tetraploids of in vitro plants from their diploid counterparts limited the 
application of the in vitro induction system in S. guianensis. Therefore, induction of polyploidy with 
suitable materials is also crucial to obtain true polyploids.

Morphological and cytological characteristics such as changes in the stem, leaf, and 
flower, the size of stomata cells, stomata density, and pollen grain diameter were used as indirect 
indicators for ploidy determination (Blakeslee and Avery, 1937; Abak et al., 1998; Ajalin et al., 
2002; Beck et al., 2003; Liu et al., 2007; Sun et al., 2009; Omidbaigi, 2010; Tang et al., 2010). 
Our results show that only a small proportion of variants possessing those traits were identified 
as tetraploids in S. guianensis. Most of the variants were diploid and chimeric plants. Therefore, 
those morphological and cytological indicators can be useful in the primary screening of putative 
polyploids, but may not sufficiently and reliably be used to estimate the ploidy level.
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