
J. Sci. Dev. 2010, 8 (Eng.Iss.2): 138 - 144                                           HA NOI UNIVERSITY OF AGRICULTURE      

STUDY ON DIVERSITY AND CHROMOSOME NUMBERS OF 
EDIBLE ALLIUM CROPS IN VIETNAM  

Nghiên cứu sự đa dạng và số lượng bộ nhiễm sắc thể của cây trồng ăn được 
chi hành tỏi ở Việt Nam 

Pham Thi Minh Phuong1 and Yosuke Tashiro2

Faculty of Agronomy, Hanoi University of Agriculture, Hanoi, Vietnam 
Faculty of Agriculture, Saga University, Saga, Japan 
Corresponding author email: PtmPhuong@hua.edu.vn 

TÓM TẮT 

Có nhiều loài cây ăn được chi hành tỏi được trồng ở Việt Nam như Allium cepa L. (hành củ và 
hành Tây), A.wakegi Araki (hành wakegi), A.fistulosum L. (hành hoa/hành lá), A. sativum L. (tỏi), A. 
ampeloprasum L. Leek group (tỏi Tây), A.chinense G. Don (kiệu), A.tuberosum Rot. ex Spr. (hẹ) A. 
grayvi Regel (hành tăm/hành chăm/nén) and A. hookeri Thwaites (hẹ). Sự xuất hiện của chúng trong 
các chợ có sự khác nhau từ miền Bắc đến miền Nam. Các quan sát về nhiễm sắc thể cho thấy hầu 
hết các dòng hành củ có số nhiễm sắc thể 2n = 16, tuy nhiên có một dòng thu thập từ thành phố Hồ 
Chí Minh có số nhiễm sắc thể 2n = 32. Hành wakegi có 2n = 16. Hành Tây, tỏi và hành hoa có 2n = 16 
trong khi đó số nhiễm sắc thể của tỏi Tây, kiệu, hẹ và hành tăm 2n = 32. A. hookeri Thwaites thường 
bị nhầm là hẹ có cả hai loại nhiễm sắc thể 2n = 22 và 2n = 44 trong các tế bào soma. Đây là các kết 
quả nghiên cứu đầu tiên về số lượng bộ nhiễm sắc thể của cây trồng chi hành tỏi cũng như sự có 
mặt của A. hookeri Thwaites ở Việt Nam. Các kết quả nghiên cứu này là các thông tin có giá trị cho 
các nghiên cứu về cây trồng chi hành tỏi ở Việt Nam.  

Từ khóa: Allium hookeri Thwaites, hành tỏi, số lượng nhiễm sắc thể. 

SUMMARY 

Different edible Allium crops are cultivated in Vietnam, such as Allium cepa L. (shallot and 
common onion), A. wakegi Araki (wakegi onion), A. fistulosum L. (Japanese bunching onion),  A. 
sativum L. (garlic), A. ampeloprasum L. Leek group (leek), A. chinense G. Don (rakkyo), A. tuberosum 
Rot. ex Spr. (Chinese chive) A. grayvi Regel (wild rocambole) and A. hookeri Thwaites. Their frequency 
in the market was different from one region to another. Chromosome observation revealed that most 
shallot samples had chromosome complement of 2n = 16, except one sample collected from Ho Chi 
Minh City with 2n = 32. Wakegi onion had 2n = 16 chromosomes. Chromosome numbers of common 
onion, garlic and Japanese bunching onion were 2n = 16 while leek, rakkyo, Chinese chive and wild 
rocambole were 2n = 32. Allium hookeri Thwaites had both 2n = 22 and 2n = 44 chromosomes in 
somatic cells. The present study provides the first valuable information about diversity and 
chromosome number of edible Allium crops as well as the presence of A. hookeri Thwaites in Vietnam.  

Key words: Allium crops, Allium hookeri Thwaites, chromosome number.   
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1. INTRODUCTION  
Edible Alliums include some of the most 

ancient cultivated crops (Brewster, 1994). They are 
distributed widely through the temperate, warm 
temperate and boreal zones of the northern 
hemisphere. The well-known features of the 
Alliums are their characteristic smell and taste 
(Brewster, 1994). In Vietnam, Allium crops are 
grown in large area from low to high land, from 
North region to the South region. They are widely 
used in the daily life for preparing Vietnamese 
dishes, pickles, taken raw and also as medicine to 
treat some ailments. Despite of their importance, 
there are only few reports on Allium crops 
published in Vietnam, (Pham Thi Minh Phuong et 
al., 2006; Pham Thi Minh Phuong et al., 2009). In 
the present study the chromosome number in 
somatic cells of edible Allium species in Vietnam 
was identified. 

2. MATERIALS AND METHODS 

2.1. Sample collection 
A market survey to Hanoi, Hai Duong, 

Vinhphuc, Yenbai and Laocai (North region), Hue 

Central region), HoChiMinh, Dalat and Tayninh 
(South region) was organized from Dec. 2001 to 
Jan. 2002 (Fig. 1). All the collected plants/bulbs 
were classified into different species based on the 
morphological characteristics of leaf and bulb as 
described of Brewster (1994). The samples were 
planted in pots under plastic house of Saga 
University from February 2002 to take root tip for 
chromosome observation. 

2.2. Chromosome counting 
The chromosome count was done following 

the method described by Tashiro et al. (1982). 
Actively cell-dividing root tips were pre-treated 
with 0.05% colchicine aqueous solution for 2.5 h at 
200C and fixed in the mixture of acetic acid and 
ethyl alcohol (1:3 v/v) before hydrolyzing with 1N 
HCl for 7 min at 600C. Then the root tips were 
stained with leucobasic fuchsine and squashed in 
45% acetic acid. Chromosomes were observed by 
using Axioskop microscope (provided by Carl 
Zeiss) with magnification 50X, 100X, 400X, and 
1000X. Karyotype analysis was based on the 
characters of metaphase chromosomes, such as 
chromosome number, chromosome length, arm 
ratio and satellite chromosome. 

 
Fig.1  Allium crops collected sites in Vietnam 
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3. RESULTS  
3.1. Survey data 

Allium crops are widely cultivated and used in 
Vietnam. The frequency of Allium crops observed in 
the market of three main regions is presented in table 1. 

The result from our survey showed that 
wakegi onion and shallot were the main crops in 
the market of North region, followed by garlic and 
common onion. Only small amount of leek and 
Chinese chive leaves were sold. A few Japanese 
bunching onion and wide rocamble could be found 
but the presence of rakkyo was not recorded. In the 
South region, plenty of shallot bulbs were 
observed. In addition, rakkyo, common onion, 
Japanese bunching onion and garlic were seen 
frequently in every market. Wakegi onion was 
not found in the markets in HoChiMinh city but in 

Tayninh, 130 km far from the city. Few Chinese 
chive and leek was sold in all the markets. In the 
Central region, wild rocambole was very popular 
and its frequency in the markets was equal to that 
of shallot . Garlic, rakkyo, wakegi onion, leek, 
Japanese bunching onion and Chinese chive could 
also be found. 

Among edible Allium crops, shallot, Japanese 
bunching onion, common onion and garlic were 
frequently observed in the markets of three regions. 

For the chromosome observation, plants/bulbs 
were collected from different markets and home 
gardens. The collected results are shown in table 2. 

From seven provinces, 63 samples were 
collected (Table 2) Although the samples collected 
differed from province to province, shallot, wakegi 
onion and garlic are most common. 

Table 1. Frequency of Allium crops in the market of Vietnam 

Crop name North region Center region South region 

Common onion ++++ +++ +++ 
Shallot +++++ +++++ +++++ 
Wakegi onion +++++ +++ ++ 
Japanese bunching onion + + +++ 
Garlic ++++ ++++ ++++ 
Leek ++ ++ ++ 
Rakkyo - ++ +++ 
Chinese chive + + + 
Wild rocambole + +++++ - 

Note: (+) frequency of samples observed, the more number of +signs  the more samples observed; (-) not found 

Table 2. Collected places and the number of plant/bulb collected  

 Number of plants/bulbs collected 
Province Common 

onion Shallot Wakegi JBOz Garlic Rakkyo Chinese 
chive 

Wild 
rocambole 

A. 
hookerii 

Total 

Hanoi 1 4 1 1 3 - 1 - - 11 
Vinhphuc - 1 3 - - - 1 - - 5 
Yenbai - 1 - 1 1 - 1 - - 4 
Laocai - 3 9 1 3 - - 1 2 18 
Hue - 2 1 - - 1 - 2 - 6 

HCM 1 6 - 2 2 2 - - - 13 

Dalat - 1 - 1 1 - - - - 3 
Tayninh - - 2 - - - - - - 2 

Total 2 18 16 6 10 3 3 3 2 63 

Note: z Japanese bunching onion,, (-) no sample collected   
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3.2. Chromosome number counting 
The chromosome counts of different Allium 

crops are presented in table 3 and figure 2.  
Most shallot samples have 16 chromosomes 

except one sample from Ho Chi Minh city has 32. 
Wakegi onion had 2n = 16 chromosomes of which 
8 was from shallot and 8 was from Japanese 
bunching onion. Common onion and garlic 
possessed 16 chromosomes in somatic cells. The 
chromosomes of leek, rakkyo, Chinese chive and 
wild rocambole are 2n = 32. Two types of 
Japanese bunching onion could be observed, one 
was tiller type and the other single type. Both types 
have 16 chromosomes in somatic cells. The result 
from the cytological analysis of Allium hookeri 
revealed that there are 22 and 44 chromosomes 
(Table 3) in somatic cell, many of them are 
submetacentric (Fig. 2). 

4. DISCUSSION 
There are various species of Allium crops in 

Vietnam (Phạm Hoàng Hộ, 1999) and among them, 
shallot, wakegi onion, tillering type of Japanese 
bunching onion and garlic play very important role 
in daily life. Shallot is a very important crop and its 
production accounts for  largest proportion among 
Allium crops. Pham Thi Minh Phuong et al. (2006a) 
reported that there are two types of shallot in 
Vietnam, and they can be easily distinguished by 
observing dry bulb skin color. The Northern type has 

 

brown bulb skin color and the Southern type has red 
bulb skin color. In other study, Pham Thi Minh 
Phuong et al. (2006b) also showed that the Northern 
type shallot had differentiated from shallot of 
surrounding countries in the North Vietnam, such 
as Thailand, Indonesia, the Philippines and 
Malaysia, while the Southern type seems to be a 
variant of the shallot sample distributed universally 
in the tropical zone of  Southeast Asia. The 
chromosome number of shallot is known as 16 
(Jones and Mann, 1963; Tashiro, 1982) but it is 
very interesting that we had found one sample with 
32 chromosomes in somatic cells. This may be the 
result of autopolyploidization. This sample will be 
an important resource for breeding triploid shallot 
and wakegi onion.  

It seems that there is a “convert method” in 
using Japanese bunching onion and wakegi onion 
in the Northern regions of Vietnam. Japanese 
bunching onion was only observed in the market 
during summer while wakegi onion is sold only in 
winter. Until now, wakegi onion has not been 
distinguished from shallot and only one name 
“hành ta” has been collectively applied for both in 
Vietnam (Pham Thi Minh Phuong et al., 2006a and 
2009). The similar mistake also recorded in 
Indonesia (Arifin et al., 1999). The chromosome 
numbers of Vietnamese wakegi onion are 16, of 
which 8 chromosomes originate from shallot and 
the remains are from Japanese bunching onion 
(Pham Thi Minh Phuong et al., 2009). 

Table 3. Edible Allium crops in Vietnam and their chromosome number

Scientific name 
Vietnamese 

Name 
English name 

Number of 
chromosomes (2n) 

Allium cepa L. 
Common onion group 
Aggregatum group 

 
Hành Tây 
Hành củ 

 
Common onion 
Shallot 

 
16 

16.32 

A.wakegi Araki Hành wakegi Wakegi onion 16 

A. fistulosum L. Hành hoa/lá Japanese bunching onion 16 

A. sativum L. Tỏi Garlic 16 

A. ampeloprasum L. Leek group Tỏi Tây Leek 32 

A. chinense G. Don. Kiệu Rakkyo 32 

A.tuberosum Rot. ex Spr. Hẹ Chinese chive 32 

A. grayi Regel Ném/nén Wild rocambole 32 

A. hookeri Thwaites “Hẹ”* - 22.44 

Note: - no English name, * Local name 
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Shallot 2n=16 ( A) and 2n=32 (B) 

 
Japanese bunching onion 2n=16 

 
Chinese chive 2n=32 

 
Garlic 2n=16   

 
Rakkyo 2n=32 

 
Chinese chive 2n=32  

 
Leek 2n=32 

 
Allium hookeri Thwaites (2n=22) 

 
Allium hookeri Thwaites (2n=44) 

Figure 2. Chromosome numbers of Allium crops in Vietnam 
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Wild rocambole is popularly distributed in 
Korea, Japan and China. In Korea, it is used in the 
national food “Kim chi”. To date, there is no 
information about wild rocambole in  Southeast 
Asia. However, in Vietnam it is cultivated and used 
in the Central regions, such as Hue, Quangbinh, 
Hatinh etc. and a small scale is cultivated in the 
northern regions, such as Langson, Phutho etc. 
Several local names have been used for wild 
rocambole such as “hành chăm”, “hành tăm” or 
“nén”. It is known to have special flavor and can 
replace shallot in some dishes. Cytological analysis 
proved that all the wild rocambole from Vietnam 
were tetraploid with 32 chromosomes. Concerning 
the ploidy of wild rocambole, many reports 
revealed that the chromosome constitution in 
Japanese…. were tetraploid (2n=32), pentaploid 
(2n=40) and hexaploid (2n= 48) (Kurita and 
Kurioki, 1964; Ogura et al. 2000, Ogura, 2004). It 
is interesting that polyploidy of the wild rocambole 
was only reported from Japan but in not in China or 
Vietnam.  

Leek had been imported to Vietnam over one 
hundred years ago and it has become a common 
crop. Unlike other countries in Southeast Asia 
where leek is only grown in the highlands and sold 
to hotel for serving western customers (Osches, 
1931; Buijsen, 1990), in Vietnam leek is widely 
used in Vietnamese dishes in all over the country. 
There is no variation in chromosome number 
among leek samples collected from Vietnam. All of 
them has 32 chromosomes in a somatic cell. This 
result is in agreement with report from Brewster 
(1994) and these 32 chromosomes observed are 
thought to have doubled of an original set of 16 
chromosomes in an ancestral plant (Brewster, 
1994).  

Comparing to other edible Allium crops, 
Chinese chive is not commonly used in Vietnam. 
Our study showed that Chinese chive has 32 
chromosomes in the root tip cells but it is known 
that ploidy level of Chinese chive is 16 or 32 
(Brewster, 1994). Recently, Yamashita et al. (2005) 
had successfully crossed amphimitic diploid of 
Chinese chive with and A. scabriscapum Bois. Et 
ky. (a wild species) and concluded that A. 
scabricapum was useful for Chinese chive breeding 
as a secondary gene pool. Due to the limited 
number of samples collected, the detail karyotype 
analysis of Chinese chive in Vietnam was 
incomplete. Therefore, further study with more 
samples should be done.     

During survey, two samples of A. hookeri 
Thwaites were found in Lao Cai and the local name 
“hẹ” was used for both Chinese chive and A. 
hookeri Thwaites. The chromosome number of A. 
hookeri Thwaites cultivated in Vietnam is 2n = 22 
and 44 which is in agreement with the studies of 
Huang et al. (1995) and Wei et al. (1984). Buijsen 
(1990) reported that A. hookeri Thwaites was found 
in Yunan (China), however, during his surveys in 
Thailand and Indonesia in 1990, no sample was 
found. The result from our study is the first report 
on the presence of A. hookeri Thwaites in Vietnam 
and this is an additional information for study on 
indigenous plants of Vietnam. Further research on 
morphological and cytological characteristics of 
Allium hookeri Thwaites is in process. 

5. CONCLUSIONS 
From the present study, the diversity and 

chromosome number of edible Allium crops in 
Vietnam were clarified.  

- There are 9 edible Allium crops cultivated in 
Vietnam and among them shallot, Japanese 
bunching onion, common onion and garlic are 
frequently observed in the markets. 

- Shallot have 16 chromosomes in somatic 
cells except one sample obtained from Hochiminh 
city with 2n=32, other Allium crops as common 
onion, wakegi onion, garlic and Japanese bunching 
onion have 2n=16 chromosomes, while leek, 
rakkyo, Chinese chive and wild rocambole have 
2n=32 chromosomes.  

- A. hookeri Thwaites is found in Vietnam and 
it has 22 and 44 chromosomes in somatic cells. 

The present study has just focused on the 
markets in three main regions in Vietnam. Further 
studies in Allium growing mountainous areas are 
needed, especially in the Northern regions of 
Vietnam, where the presence of many indigenous 
species is expected.  
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TÓM TẮT


Có nhiều loài cây ăn được chi hành tỏi được trồng ở Việt Nam như Allium cepa L. (hành củ và hành Tây), A.wakegi Araki (hành wakegi), A.fistulosum L. (hành hoa/hành lá), A. sativum L. (tỏi), A. ampeloprasum L. Leek group (tỏi Tây), A.chinense G. Don (kiệu), A.tuberosum Rot. ex Spr. (hẹ) A. grayvi Regel (hành tăm/hành chăm/nén) and A. hookeri Thwaites (hẹ). Sự xuất hiện của chúng trong các chợ có sự khác nhau từ miền Bắc đến miền Nam. Các quan sát về nhiễm sắc thể cho thấy hầu hết các dòng hành củ có số nhiễm sắc thể 2n = 16, tuy nhiên có một dòng thu thập từ thành phố Hồ Chí Minh có số nhiễm sắc thể 2n = 32. Hành wakegi có 2n = 16. Hành Tây, tỏi và hành hoa có 2n = 16 trong khi đó số nhiễm sắc thể của tỏi Tây, kiệu, hẹ và hành tăm 2n = 32. A. hookeri Thwaites thường bị nhầm là hẹ có cả hai loại nhiễm sắc thể 2n = 22 và 2n = 44 trong các tế bào soma. Đây là các kết quả nghiên cứu đầu tiên về số lượng bộ nhiễm sắc thể của cây trồng chi hành tỏi cũng như sự có mặt của A. hookeri Thwaites ở Việt Nam. Các kết quả nghiên cứu này là các thông tin có giá trị cho các nghiên cứu về cây trồng chi hành tỏi ở Việt Nam. 


Từ khóa: Allium hookeri Thwaites, hành tỏi, số lượng nhiễm sắc thể.


SUMMARY


Different edible Allium crops are cultivated in Vietnam, such as Allium cepa L. (shallot and common onion), A. wakegi Araki (wakegi onion), A. fistulosum L. (Japanese bunching onion),  A. sativum L. (garlic), A. ampeloprasum L. Leek group (leek), A. chinense G. Don (rakkyo), A. tuberosum Rot. ex Spr. (Chinese chive) A. grayvi Regel (wild rocambole) and A. hookeri Thwaites. Their frequency in the market was different from one region to another. Chromosome observation revealed that most shallot samples had chromosome complement of 2n = 16, except one sample collected from Ho Chi Minh City with 2n = 32. Wakegi onion had 2n = 16 chromosomes. Chromosome numbers of common onion, garlic and Japanese bunching onion were 2n = 16 while leek, rakkyo, Chinese chive and wild rocambole were 2n = 32. Allium hookeri Thwaites had both 2n = 22 and 2n = 44 chromosomes in somatic cells. The present study provides the first valuable information about diversity and chromosome number of edible Allium crops as well as the presence of A. hookeri Thwaites in Vietnam. 


Key words: Allium crops, Allium hookeri Thwaites, chromosome number.  


1. INTRODUCTION 


Edible Alliums include some of the most ancient cultivated crops (Brewster, 1994). They are distributed widely through the temperate, warm temperate and boreal zones of the northern hemisphere. The well-known features of the Alliums are their characteristic smell and taste (Brewster, 1994). In Vietnam, Allium crops are grown in large area from low to high land, from North region to the South region. They are widely used in the daily life for preparing Vietnamese dishes, pickles, taken raw and also as medicine to treat some ailments. Despite of their importance, there are only few reports on Allium crops published in Vietnam, (Pham Thi Minh Phuong et al., 2006; Pham Thi Minh Phuong et al., 2009). In the present study the chromosome number in somatic cells of edible Allium species in Vietnam was identified.


2. MATERIALS AND METHODS


2.1. Sample collection


A market survey to Hanoi, Hai Duong, Vinhphuc, Yenbai and Laocai (North region), Hue


Central region), HoChiMinh, Dalat and Tayninh (South region) was organized from Dec. 2001 to Jan. 2002 (Fig. 1). All the collected plants/bulbs were classified into different species based on the morphological characteristics of leaf and bulb as described of Brewster (1994). The samples were planted in pots under plastic house of Saga University from February 2002 to take root tip for chromosome observation.


2.2. Chromosome counting


The chromosome count was done following the method described by Tashiro et al. (1982). Actively cell-dividing root tips were pre-treated with 0.05% colchicine aqueous solution for 2.5 h at 200C and fixed in the mixture of acetic acid and ethyl alcohol (1:3 v/v) before hydrolyzing with 1N HCl for 7 min at 600C. Then the root tips were stained with leucobasic fuchsine and squashed in 45% acetic acid. Chromosomes were observed by using Axioskop microscope (provided by Carl Zeiss) with magnification 50X, 100X, 400X, and 1000X. Karyotype analysis was based on the characters of metaphase chromosomes, such as chromosome number, chromosome length, arm ratio and satellite chromosome.




Fig.1  Allium crops collected sites in Vietnam

3. RESULTS 


3.1. Survey data


Allium crops are widely cultivated and used in Vietnam. The frequency of Allium crops observed in the market of three main regions is presented in table 1.


The result from our survey showed that wakegi onion and shallot were the main crops in the market of North region, followed by garlic and common onion. Only small amount of leek and Chinese chive leaves were sold. A few Japanese bunching onion and wide rocamble could be found but the presence of rakkyo was not recorded. In the South region, plenty of shallot bulbs were observed. In addition, rakkyo, common onion, Japanese bunching onion and garlic were seen frequently in every market. Wakegi onion was not found in the markets in HoChiMinh city but in

Tayninh, 130 km far from the city. Few Chinese chive and leek was sold in all the markets. In the Central region, wild rocambole was very popular and its frequency in the markets was equal to that of shallot . Garlic, rakkyo, wakegi onion, leek, Japanese bunching onion and Chinese chive could also be found.


Among edible Allium crops, shallot, Japanese bunching onion, common onion and garlic were frequently observed in the markets of three regions.


For the chromosome observation, plants/bulbs were collected from different markets and home gardens. The collected results are shown in table 2.


From seven provinces, 63 samples were collected (Table 2) Although the samples collected differed from province to province, shallot, wakegi onion and garlic are most common.

Table 1. Frequency of Allium crops in the market of Vietnam 


		Crop name

		North region

		Center region

		South region



		Common onion

		++++

		+++

		+++



		Shallot

		+++++

		+++++

		+++++



		Wakegi onion

		+++++

		+++

		++



		Japanese bunching onion

		+

		+

		+++



		Garlic

		++++

		++++

		++++



		Leek

		++

		++

		++



		Rakkyo

		-

		++

		+++



		Chinese chive

		+

		+

		+



		Wild rocambole

		+

		+++++

		-





Note: (+) frequency of samples observed, the more number of +signs  the more samples observed; (-) not found


Table 2. Collected places and the number of plant/bulb collected 


		Province

		

		Number of plants/bulbs collected

		Total



		

		Common


onion

		Shallot

		Wakegi

		JBOz

		Garlic

		Rakkyo

		Chinese


chive

		Wild


rocambole

		A.


hookerii

		



		Hanoi

		1

		4

		1

		1

		3

		-

		1

		-

		-

		11



		Vinhphuc

		-

		1

		3

		-

		-

		-

		1

		-

		-

		5



		Yenbai

		-

		1

		-

		1

		1

		-

		1

		-

		-

		4



		Laocai

		-

		3

		9

		1

		3

		-

		-

		1

		2

		18



		Hue

		-

		2

		1

		-

		-

		1

		-

		2

		-

		6



		HCM

		1

		6

		-

		2

		2

		2

		-

		-

		-

		13



		Dalat

		-

		1

		-

		1

		1

		-

		-

		-

		-

		3



		Tayninh

		-

		-

		2

		-

		-

		-

		-

		-

		-

		2



		Total

		2

		18

		16

		6

		10

		3

		3

		3

		2

		63





Note: z Japanese bunching onion,, (-) no sample collected  


3.2. Chromosome number counting


The chromosome counts of different Allium crops are presented in table 3 and figure 2. 


Most shallot samples have 16 chromosomes except one sample from Ho Chi Minh city has 32. Wakegi onion had 2n = 16 chromosomes of which 8 was from shallot and 8 was from Japanese bunching onion. Common onion and garlic possessed 16 chromosomes in somatic cells. The chromosomes of leek, rakkyo, Chinese chive and wild rocambole are 2n = 32. Two types of Japanese bunching onion could be observed, one was tiller type and the other single type. Both types have 16 chromosomes in somatic cells. The result from the cytological analysis of Allium hookeri revealed that there are 22 and 44 chromosomes (Table 3) in somatic cell, many of them are submetacentric (Fig. 2).


4. DISCUSSION


There are various species of Allium crops in Vietnam (Phạm Hoàng Hộ, 1999) and among them, shallot, wakegi onion, tillering type of Japanese bunching onion and garlic play very important role in daily life. Shallot is a very important crop and its production accounts for  largest proportion among Allium crops. Pham Thi Minh Phuong et al. (2006a) reported that there are two types of shallot in Vietnam, and they can be easily distinguished by observing dry bulb skin color. The Northern type has

brown bulb skin color and the Southern type has red bulb skin color. In other study, Pham Thi Minh Phuong et al. (2006b) also showed that the Northern type shallot had differentiated from shallot of surrounding countries in the North Vietnam, such as Thailand, Indonesia, the Philippines and Malaysia, while the Southern type seems to be a variant of the shallot sample distributed universally in the tropical zone of  Southeast Asia. The chromosome number of shallot is known as 16 (Jones and Mann, 1963; Tashiro, 1982) but it is very interesting that we had found one sample with 32 chromosomes in somatic cells. This may be the result of autopolyploidization. This sample will be an important resource for breeding triploid shallot and wakegi onion. 


It seems that there is a “convert method” in using Japanese bunching onion and wakegi onion in the Northern regions of Vietnam. Japanese bunching onion was only observed in the market during summer while wakegi onion is sold only in winter. Until now, wakegi onion has not been distinguished from shallot and only one name “hành ta” has been collectively applied for both in Vietnam (Pham Thi Minh Phuong et al., 2006a and 2009). The similar mistake also recorded in Indonesia (Arifin et al., 1999). The chromosome numbers of Vietnamese wakegi onion are 16, of which 8 chromosomes originate from shallot and the remains are from Japanese bunching onion (Pham Thi Minh Phuong et al., 2009).


Table 3. Edible Allium crops in Vietnam and their chromosome number


		Scientific name

		Vietnamese


Name

		English name

		Number of


chromosomes (2n)



		Allium cepa L.


Common onion group


Aggregatum group

		Hành Tây


Hành củ

		Common onion


Shallot

		16


16.32



		A.wakegi Araki

		Hành wakegi

		Wakegi onion

		16



		A. fistulosum L.

		Hành hoa/lá

		Japanese bunching onion

		16



		A. sativum L.

		Tỏi

		Garlic

		16



		A. ampeloprasum L. Leek group

		Tỏi Tây

		Leek

		32



		A. chinense G. Don.

		Kiệu

		Rakkyo

		32



		A.tuberosum Rot. ex Spr.

		Hẹ

		Chinese chive

		32



		A. grayi Regel

		Ném/nén

		Wild rocambole

		32



		A. hookeri Thwaites

		“Hẹ”*

		-

		22.44





Note: - no English name, * Local name


		

Shallot 2n=16 ( A) and 2n=32 (B)

		

Japanese bunching onion 2n=16



Chinese chive 2n=32



		

Garlic 2n=16  

		

Rakkyo 2n=32



		

Chinese chive 2n=32 

		

Leek 2n=32



		

Allium hookeri Thwaites (2n=22)

		

Allium hookeri Thwaites (2n=44)





Figure 2. Chromosome numbers of Allium crops in Vietnam

Wild rocambole is popularly distributed in Korea, Japan and China. In Korea, it is used in the national food “Kim chi”. To date, there is no information about wild rocambole in  Southeast Asia. However, in Vietnam it is cultivated and used in the Central regions, such as Hue, Quangbinh, Hatinh etc. and a small scale is cultivated in the northern regions, such as Langson, Phutho etc. Several local names have been used for wild rocambole such as “hành chăm”, “hành tăm” or “nén”. It is known to have special flavor and can replace shallot in some dishes. Cytological analysis proved that all the wild rocambole from Vietnam were tetraploid with 32 chromosomes. Concerning the ploidy of wild rocambole, many reports revealed that the chromosome constitution in Japanese…. were tetraploid (2n=32), pentaploid (2n=40) and hexaploid (2n= 48) (Kurita and Kurioki, 1964; Ogura et al. 2000, Ogura, 2004). It is interesting that polyploidy of the wild rocambole was only reported from Japan but in not in China or Vietnam. 


Leek had been imported to Vietnam over one hundred years ago and it has become a common crop. Unlike other countries in Southeast Asia where leek is only grown in the highlands and sold to hotel for serving western customers (Osches, 1931; Buijsen, 1990), in Vietnam leek is widely used in Vietnamese dishes in all over the country. There is no variation in chromosome number among leek samples collected from Vietnam. All of them has 32 chromosomes in a somatic cell. This result is in agreement with report from Brewster (1994) and these 32 chromosomes observed are thought to have doubled of an original set of 16 chromosomes in an ancestral plant (Brewster, 1994). 


Comparing to other edible Allium crops, Chinese chive is not commonly used in Vietnam. Our study showed that Chinese chive has 32 chromosomes in the root tip cells but it is known that ploidy level of Chinese chive is 16 or 32 (Brewster, 1994). Recently, Yamashita et al. (2005) had successfully crossed amphimitic diploid of Chinese chive with and A. scabriscapum Bois. Et ky. (a wild species) and concluded that A. scabricapum was useful for Chinese chive breeding as a secondary gene pool. Due to the limited number of samples collected, the detail karyotype analysis of Chinese chive in Vietnam was incomplete. Therefore, further study with more samples should be done.    


During survey, two samples of A. hookeri Thwaites were found in Lao Cai and the local name “hẹ” was used for both Chinese chive and A. hookeri Thwaites. The chromosome number of A. hookeri Thwaites cultivated in Vietnam is 2n = 22 and 44 which is in agreement with the studies of Huang et al. (1995) and Wei et al. (1984). Buijsen (1990) reported that A. hookeri Thwaites was found in Yunan (China), however, during his surveys in Thailand and Indonesia in 1990, no sample was found. The result from our study is the first report on the presence of A. hookeri Thwaites in Vietnam and this is an additional information for study on indigenous plants of Vietnam. Further research on morphological and cytological characteristics of Allium hookeri Thwaites is in process.


5. CONCLUSIONS


From the present study, the diversity and chromosome number of edible Allium crops in Vietnam were clarified. 


- There are 9 edible Allium crops cultivated in Vietnam and among them shallot, Japanese bunching onion, common onion and garlic are frequently observed in the markets.


- Shallot have 16 chromosomes in somatic cells except one sample obtained from Hochiminh city with 2n=32, other Allium crops as common onion, wakegi onion, garlic and Japanese bunching onion have 2n=16 chromosomes, while leek, rakkyo, Chinese chive and wild rocambole have 2n=32 chromosomes. 


- A. hookeri Thwaites is found in Vietnam and it has 22 and 44 chromosomes in somatic cells.


The present study has just focused on the markets in three main regions in Vietnam. Further studies in Allium growing mountainous areas are needed, especially in the Northern regions of Vietnam, where the presence of many indigenous species is expected. 
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