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L.) Cv. Doulu 
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Abstract: Productivity of Doulu’s garlic is still considered low and has not yet been able to fulfill local needs, especially in North Sumatera. Meanwhile, 
the public interest of local garlic especially variety from Doulu, was low due to the small size and high cost compared with imported garlic. The aim of this 
study was to determine the effect of concentration and duration of colchicine treatment towards production of Doulu garlic. Experimental design used in 
this study was randomized block design two factorials with 20 combinations and three replications. The first factor was concentration of colchicine (D): 
0% (D0), 0.1% (D1), 0.2% (D2), and 0.3% (D3). The second factor was immersion times: 0 (T0), 6 (T1), 12 (T2), 18 (T3), 24 (T4) hr. The results showed that 
all treatment did not affect on root length, number of roots, but contributed to stomatal densities. Concentration of 0.3% colchicine without immersion 
time showed the highest results on stomatal densities. 
 
Index Terms: Allium sativum L., Colchicine, Doulu cultivar, Garlic, Indonesia, North Sumatera, Productivity, Stomata 

———————————————————— 

 

1. INTRODUCTION 
Garlic is one of high economical commodity of vegetables. 
Garlic has been widely used as a food flavoring and 
remedies since ancient times. Garlic has been used in 
medical treatment in Chinese, Japanese, Indian, Egyptian, 
Babylonian, Greek, Roman civilizations thousands of years 
ago [1]. In the field of medicine, garlic may be used as an 
anti-hypertensive, -cholesterol, -clotting, -atherosclerosis, -
neoplasmic, -microbial, -antherogenic, and -cancer [2], [3], 
[4]. Commonly cultivated superior garlic varieties are from 
Bagor (Ngajuk), Layur (Stone), Jatibarang (Teak Goods), 
and Local Sanur (Denpasar) [5]. In North Sumatra, a local 
garlic is known as Doulu cultivar, but information of the 
cultivar is still limited. Doulu cultivars are widely known by 
the public because it emits a sharp aroma and spicy. 
However, the population of Doulu cultivars began to decline 
due to the low interest of farmers to cultivate. Low demands 
on its cultivation are due to high selling prices compared to 
imported garlic and its morphology of tiny tuber sizes. One 
way to improve local cultivar productivity, is by mutating 
plants using chemical mutagens. Colchicine (C22H25O6N) is 
an alkaloid originating from the tuber of Colchicum 
autumnale L. (Liliaceae) which is widely used as an 
antimitosis agent in improving plant quality [7]. Colchicine 
will work effectively at a concentration of 0.001% - 1% in a 
period of 6–72 hr, depending on the response of each plant 
species [8].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Colchicine treatment of 0.3% for 12 and 24 hr to Thymus 
persicus in vitro resulted in a various morphological 
response, i.e. low number of plantlets, shorter roots, thicker 
stems, greener leaf in colors, and physiological responses 
such as enlargement of stomata, lower number of stomata 
and increased chromosome number compared to the 
control [9]. Other effect of colchicine treatment to 
Dendrobium nobile Lindl. were: increased number of 
internodes, number of flowers and floral size using a 
concentration of 0.1% for 96 hr [10]. Therefore, this study 
aimed to observe the effect of concentration and duration of 
colchicine treatment to Doulu garlic and possibility of 
specific treatments to improve its productivity. 
 

2. MATERIALS AND METHOD 
The study was conducted at the Laboratory of Physiology 
and Plant Tissue Culture, Universitas Sumatera Utara, 
Medan, Indonesia. Materials used in this study were garlic 
seeds (Allium sativum L.) obtained from Doulu Village, 
Colchicine p.a., Planting medium, Distilled water, Ethanol 
96%, Water and Fertilizer. Experimental design of this study 
used Randomized Factorial Block design with three 
replications and twenty combination of treatments. The first 
factor was the concentration of colchicine: 0% (D0), 0.1% 
(D1), 0.2% (D2), and 0.3% (D3). The second factor was 
immersion time: 0 hours (T0), 6 (T1), 12 (T2), 18 (T3), and 
24 hr (T4). The study was conducted under following 
stages: Seeds were prepared from mature seeds and dried 
under sunlight for 2 d. The seeds were treated with 
colchicine for certain durations. Planting medium were 
prepared by mixing soil and plotted using 1 x 4 m plastic 
mulches. Plots were arranged in proper distances. Weeding 
was done manually and periodically every two weeks.  
Observable parameters in this study were root lengths, 
number of roots, stomatal density and total chlorophyll. 
Stomatal density and number of stomata was analyzed 
using replica method, i.e. Leaf samples were cleaned and 
smeared with clear nail coloring. The smears were left to 
dry in ambient condition for 5 min. The smears was taped 
using clear tape and flattened. The tapes were released 
gently, and then placed on to object glass [11]. Observation 
of stomatal density using a digital microscope (Zeiss Primo 
Star) with 100x magnification. Observation data were 
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analyzed by ANOVA with significant level of 5% followed by 
Duncan’s new Multiple Range Test. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Effect of Colchicine treatment to Root Length of 
Doulu cultivar 
Root length is the result of cellular extension in root system. 
The root meristem is able to perform continuous growth, not 
limited to cell enlargement. The result of colchicine 
treatment to root length is presented in Table 1. The results 
of statistical analysis showed that interaction between the 
concentration and immersion time of colchicine did not have 
a significant effect on the root length of Doulu cultivar. 
However, the concentration level of colchicine had a 
significant effect on the root length equal to 8.00 cm in the 
control treatment (D0) (Table 1). The longest root length is 
shown in the treatment without colchicine with immersion 
time of 18 hr (D0T3), with length of 9.67 cm. Treatment of 
0.3% colchicine with 12 hr immersion time (D3T2) showed 
the shortest root length (5.17 cm), although not significantly 
different (F = 1.358, P> 0.05) with control (D0T0 ) which was 
8.20 cm. The results may indicate that colchicine treatment 
did not affect significantly to root length. In addition, it is 
suspected that colchicine causes an increase in ethylene 

content. Ethylene is a hormone that stimulates the 
acceleration of cell elongation and cell division. Ethylene 
does not stimulate growth directly but through the action of 
gibberelin. Ethylene itself may inhibit the auxin and 
cytokinin [13]. Colchicine administration with specific 
concentrations has an effect on decreasing root length, due 
to disruption of cell division that hinder plant growth. 
Zingiber officinale Rosc. treated with colchicine also did not 
exhibit any significant difference in root length [14]. In 
contrary, other study reported that 0.1% colchicine 
treatment may increase root length significantly than control 
in Gerbera jamesonii Bolus cv. Sciella [15]. 

 
3.2 Effect of Colchicine treatment to Number of 
Roots of Doulu cultivar 
Similar to previous results, colchicine treatment did not 
produce any significant effects to number of roots of Doulu 
cultivar. The results of statistical analysis showed that 
control treatment (D0) produced the highest number of 
roots equal to 30.40 strands while the lowest was produced 
in the treatment of 0.2% colchicine (D2), equal to 22.67 
strands, and not significantly different from the 
concentration treatment of 0.1 (D1) and 0.3% (D3) (Table 
2). 

 

TABLE 1 
COLCHICINE EFFECT TO THE ROOT LENGTH OF DOULU CULTIVAR 

 

COLCHICINE 

CONCENTRATION (%) 

DURATION (HR) 
MEAN (CM) 

0 (T0) 6 (T1) 12 (T2) 18 (T3) 24 (T4) 

0.0 (D0) 8.20
a
 6.93

a
 8.00

a
 9.67

a
 7.20

a
 8.00

b
 

0.1 (D1) 8.50
a
 5.30

a
 6.10

a
 7.33

a
 5.23

a
 6.49

a 

0.2 (D2) 5.70
a
 7.53

a 
7.20

a 
5.40

a
 5.93

a
 6.35

a
 

0.3 (D3) 7.07
a
 5.20

a
 5.17

a
 7.83

a
 5.60

a
 6.17

a
 

MEAN (CM) 7.37
a
 6.24

a
 6.62

a
 7.56

a
 5.99

a
  

NOTE: SIMILAR LETTERS ARE NOT SIGNIFICANTLY DIFFERENT BASED ON DUNCAN’S MRT (P>0.05). 
 

TABLE 2  
COLCHICINE EFFECT TO THE NUMBER OF ROOT OF DOULU CULTIVAR 

 

COLCHICINE 

CONCENTRATION (%) 

DURATION (HR) 
MEAN (STRAND) 

0 (T0) 6 (T1) 12 (T2) 18 (T3) 24 (T4) 

0.0 (D0) 29.67
a
 29.33

a
 29.00

a
 34.00

a
 30.00

a
 30.40

b
 

0.1 (D1) 25.33
a
 24.67

a
 18.67

a
 23.00

a
 23.67

a
 23.07

a
 

0.2 (D2) 20.67
a
 19.68

a
 25.00

a
 22.67

a
 25.33

a
 22.67

a
 

0.3 (D3) 34.33
a
 16.00

a
 21.33

a
 25.67

a
 18.33

a
 23.12

a
 

MEAN (STRAND) 27.50
a
 22.42

a
 23.50

a
 26.33

a
 24.33

a
  

Note: Similar letters are not significantly different based on Duncan’s MRT (p>0.05). 
 

In similar trend to prior results, colchicine treatment 
produced lesser number of roots of Doulu cultivar than 
control. Limiting the number of roots will affect plant’s ability 
to absorb colchicine in an optimum capacity leading to a 
hindered growth due to cell division failure [16]. Our results 
are consistent other report from colchicine treatment to the 
similar number of roots of Phalaenopsis pulcherrima, P. 
amabilis, and P. amboinensis [17], [18]. Other study also 
reported that 0.1% colchicine treatment with 8-hr immersion 
time reduced the number of roots of Gerbera jamesonii 
plant Bolus cv. Sciella [15]. 
 

3.3  Effect of Colchicine treatment to Stomatal 
Density of Doulu cultivar 

The results of statistical analysis revealed that colchicine 
treatments produced a significant effect to stomatal density. 
The highest stomatal density was observed from D0T3 
resulted density of 25.12 stomata/mm

2
 with no significant 

difference to D0T0 of 21.13 stomata/mm
2
. The lowest 

stomatal density was observed from D2T3 with density of 
11.56 stomata/mm

2
. Similar result was also reported from 

0.1% colchicine treatment with 8-hr immersion time in 
Gerberra jamesonii Bolus cv. Sciella with density of 5.67 
stomata/mm

2
 compared to the control with density of 16.67 

stomata/mm
2
 [15]. In other study, 0.1% colchicine treatment 

with 24-hr immersion time was able to reduce stomatal 
density of Gossypium arboreum to 6.50 stomata/µm

2
 

compared to the control treatment (14.83 stomata/µm
2
) [19]. 

The colchicine effect to the number of stomata are 
presented in Table 4. 
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Table 3 
COLCHICINE EFFECT TO THE STOMATAL DENSITY OF DOULU CULTIVAR 

 

COLCHICINE 

CONCENTRATION 

(%) 

DURATION (HR) 
MEAN 

(STOMATA/MM
2
) 0 (T0) 6 (T1) 12 (T2) 18 (T3) 24 (T4) 

0.0 (D0) 21.13
def

 18.68
bcde

 29.00
a
 25.12

f
 18.23

bcde
 20.13

b
 

0.1 (D1) 18.00
bcde

 17.77
bcde

 17.83
bcde

 19.37
cdef

 20.25
cdef

 18.65
b
 

0.2 (D2) 14.26
abc

 22.92
ef
 15.33

abcd
 11.56

a
 12.62

ab
 15.34

a
 

0.3 (D3) 18.81
bcde

 18.03
bcde

 21.33
a
 21.78

def
 19.49

cdef
 19.22

b
 

MEAN 

(STOMATA/MM
2
) 

17.84
a
 19.55

a
 17.17

a
 19.45

a
 17.65

a
  

Note: Similar letters are not significantly different based on Duncan’s MRT (p>0.05). 
 

 
 

Fig. 1. Photomicrograf of Doulu cultivar leaf treated with colchicine treatment (Left) and Control (Right). Stomata is shown by 
circled region. GC: Guard cell 

 
In general, it can be seen that the interaction between 
colchicine concentration and immersion time had a 
significant effect (F = 2.653, P> 0.05) on the number of 
stomata of Doulu cultivar. The highest number of stomata 
was observed from D0T3, with 303.33, while the lowest 
number of stomata was observed from D2T3, with 232.67 
(Table 4). The results of statistical analysis revealed that 
colchicine concentration level had a significant effect (F = 
6.069, P> 0.05) on the number of stomata. The highest 
number of stomata produced in the control treatment (D0) 
with 405.13 although not significantly different (F = 1.331, 
P> 0.05) with treatment D1 and D3. No significant 
differences were observed within immersion time to the 

number of stomata. In addition, 0.2% colchicine treatment 
produced the lowest number of stomata compared to the 
control treatment (D0T0). Our results is in accordance with 
previous study which reported a high number of stomata in 
control treatment of Tagetes erecta [20]. Similar result was 
also reported from colchicine treatment to Sorghum bicolor 
L. plants in which control produced a higher number of 
stomata than other treatments [21]. A decrease in stomatal 
density may be caused by inappropriate colchicine 
concentration [18]. Other evidence also showed that 
polyploid plants had a lower stomatal density than diploid 
plants because of enlarged size of stomata per leaf area 
[15], [22], [23]. 

 

Table 4 
COLCHICINE EFFECT TO THE NUMBER OF STOMATA OF DOULU CULTIVAR 

 
COLCHICINE 

CONCENTRATION 

(%) 

DURATION (HR) 
MEAN 

0 (T0) 6 (T1) 12 (T2) 18 (T3) 24 (T4) 

0.0 (D0) 425,33
def

 376,00
bcde

 352,00
abcde

 505,33
f
 367,00

bcde
 405,13

b
 

0.1 (D1) 362,33
bcde

 357,67
bcde

 359,00
bcde

 390,00
cdef

 407,67
cdef

 375,33
b
 

0.2 (D2) 287,00
abc

 461,33
ef
 308,67

abcd
 232,67

a
 254,00

ab
 308,733

a
 

0.3 (D3) 362,00
bcde

 378,67
bcde

 363,00
bcde

 438,33
def

 392,33
cdef

 368,87
b
 

MEAN 359,17
a
 393,42

a
 345,67

a
 391,58

a
 355,25

a
  

Note: Similar letters are not significantly different based on Duncan’s MRT (p>0.05). 
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4. CONCLUSION 
Colchicine treatment showed a variety of results in which no 
parameters were significantly affected by the treatments 
regarding improvement of physiological parameters. 
Colchicine treatment reduced root length, number of roots, 
stomatal density and number of stomata in each 
treatments. Our results may indicate that colchicine exhibit 
cellular inhibition to certian physiological characteristics. 
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