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Abstract

Root and tuber crops are the second most important food
category after rice in Vietnam. Vietnam has especially rich
root crop resources. Root crops play important roles as
human food, animal fodder, medicinal material, spices and
dyes. The collection and conservation of root and tuber
crops germplasm is becoming increasingly urgent. During
1991-2005, many exploration trips were carried out by the
Plant Resources Center (PRC) including collection of root
and tuber crops germplasm. Examples of some of these
crops are yams, taro, sweetpotato, cassava, and canna.
This paper reports on the root and tuber crop diversity that
is currently being maintained at PRC, and the preliminary
results on yam germplasm collected in Vietham.

Cay c6 cu la cay lwong thwec quan trong dirng hang
thir hai sau lta & Viét Nam. Viét Nam cé nguén tai
nguyén di truyén cay cé cu dic biét phong phu. Cay
¢6 cu c6 thé dwoc sir dung lam lwong thwe cho con
ngwdi, thirc an chin nudi, nguyén liéu lam thuéc, gia
vi va nhudém vai. Thu thap va bao tén ngudn gen cay
c6 ¢l tré nén dic biét cap thiét. Nnirvng chuyén diéu
tra va thu thap cay c6 cu & Vi ét Nam da dwoc Trung
tam Tai nguyén thwc vat tién hanh trong giai doan tir
1991 dén 2005. Téng s6 1699 s6 dang ky cua khoai tir
vac, mén so, khoai lang va céy c() cu khac da dwoc
thu thap. Nhirng thong tin ve giébng dwoc néng dan
dat tén va phan bé cla glong da dwoc thu thap va
phan tich. Két qua cho thay Viét Nam c6 sw da dang
cao vé tai nguyén cay c6 cu. Ngwoi nong dan Viét
Nam c6 kién thirc ban dia phong phu vé canh tac, bao
quan va str dung cay cé cu.

Introduction

The Southeast Asian region is considered to be the most
prosperous and richest in plant genetic resources in the
world (Trinh 1996). Vietnam possesses not only this com-
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mon richness of Southeast Asia but also the character-
istic of having both temperate and tropical crop genetic
resources.

Vietnam is located between 8° and 23°N, and between
102° and 110°E. It is divided into eight agroecological re-
gions. The average temperature ranges from 22 to 27°C.
In general, the temperature is lower in the north where
the climate is subtropical with a winter season. The an-
nual rainfall in the different ecological regions varies from
1500 to 2500 mm. The dry season lasts from November
to April and the wet season from May to October. The
South China Sea lies on the east of the country while the
Truong Son Mountain Range is on the west. The terrain
is highly varied, and the mountains tend to slope down
towards the sea. Mountains and hills cover about 80% of
the country. 7 million ha is in cultivated areas, of which 4.3
million ha is used for rice plantations. The rest is planted
with annual upland crops and perennial plants. The vari-
ability in climate, edaphic factors and diversity in farming
systems in Vietnam have generated different types of ge-
netic resources of various crops.
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Root and tuber crops are the second most important food
category after rice in Vietham. Vietnam has an especially
rich root crop resources. Based on economic importance
and scientific significance, the root crops are grouped, in
order of priority, as follows: sweetpotato, taro, yam, cas-
sava, canna and other minor root crops used as human
food, animal fodder, medicinal material, spices and dyes
(Nhan et al. 1995).

Yams are minor root crops in terms of volume of produc-
tion and hectarage planted. Studies on processing of yam
have just begun in research institutions and farmer house-
holds. Samples collected indicate that a wide diversity of
yam germplasm exists in north Vietham. Some species
are native to Vietham. Many varieties are cultivated but
others are gathered by farmers from the wild when need-
ed. Yams are used mainly as food but there are varieties,
especially wide relatives which are used as medicine, in-
secticide and dyes (Hoang et al.1995).

The collection and conservation of root and tuber crops
germplasm is becoming increasingly urgent. During 1991-
2005, many exploration trips were carried out by the Plant
Resources Center (PRC) (Chi & Hue 2001, 2003). The di-
versity of root and tuber crops were assessed. In addition,
root and tuber crops germplasm collection trips were also
conducted. Examples of some of these crops are yams,
taro, sweet potato, cassava, canna and other minor root
crop. This paper reports on the root and tuber crops di-
versity that is currently being maintained at PRC. Prelimi-
nary results on yam germplasm collected in Vietnam is
presented.

Methods

Selection of collection sites

Historically, the administrative structure of Vietnam has
been divided at four levels: province, district, commune
and village. The selection of collection sites began with
the selection of communes. This was done through direct
surveys and consultation with district officers. The next
step was the selection of villages in the commune. This
was the basic step in microsite selection. A village in Viet-
nam is not only an administrative unit but also a cultural
unit. Cultural features such as religions, traditions, cus-
toms and occupations vary from one village to another,
but are usually homogeneous within villages. The selec-
tion of village was based on surveyed data which was col-
lected in the company of consultants who were either dis-
trict or commune officers. Existing statistical data played a
very important role in the selection of collection sites.

Sampling and collection methods

After the collection sites had been identified, we inter-
viewed the heads of communes, old men, local farmers,
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and villagers. Standard passport data as recommended
by the International Plant Genetic Resources (IPGR) were
collected. A Crop Germplasm Collection Form (Appendix
1) was used to collect information on the collection sites
including village name, altitude, latitude, habitat and oth-
er ecological data together with maps of the collection
sites were recorded. Local farmers are professors in the
field. We interviewed them using guidelines for Rapid Ru-
ral Appraisal. Information about the different varieties of
root and tuber crops were gathered. Information such as
variety name, local variety name, origin of variety, peri-
od of growth and harvest, and plant diseases were also
recorded. Notes were also taken on cultivation practices
and utilization of the germplasm. All passport data were
analyzed using Microsoft Excel.

The methods used in the exploration and collection of
crop genetic resources were based on the manual by
Hawkes (1980). The sampling of vegetatively propagated
materials such as sweet potato, yam and taro required
distinct sampling technique since such crops do not oc-
cur as large populations, but as highly selected individual
genotypes. These materials were sampled based on infor-
mation from local farmers on what and how many variet-
ies they grew. All morphotypes were sampled whenever
possible. Morphotype were sampled without fear of pos-
sible duplication. The samples were sorted out and du-
plicates were discarded. In general, it should be pointed
out that vegetatively propagated material were often en-
countered in isolated conditions and sampling was often
determined by the availability in the prevailing local condi-
tions (Hawkes 1980). All of the plant data were collected
by PRC researchers with contributions from local farmers
and scientists from international organizations.

We did not prepare any herbarium vouchers for this study.
Instead, roots and tuber crops were collected and con-
served in the genebank at the PRC. These collections
would be used for future taxonomic work. Each variety
was kept in the field and a ceramic pot. A Characterization
and Preliminary Evaluation Form (Appendix 2) based on
guidelines from IPGRI was used when characterizing and
evaluating the germplasm. Descriptors for Taro (Coloca-
sia esculenta) (IPGR 1999) and Descriptors for Yam (Di-
oscorea spp.) (IPGR/IITA 1997) were consulted.

Results

A total of 1669 accessions of yam, taro, sweet potato
and other root and tuber crops were collected. All culti-
var samples are maintained at the PRC under field condi-
tions. The valuable gene resources found in Vietnam are
presented in Table 1.
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Table 1. Root and tuber crops are that are maintained at the Plant Resources Center.
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No. | Scientific name Viethamese name | No. of samples | Types of Plant Use
1 Ipomoea batatas (L.) Lam. Khoai lang 528 Human food
2 Colocasia esculenta (L.) Schott Khoai so 392 Human food
3 Manihot esculenta Crantz San 141 Human food
4 Xanthosoma sp. Khoai mung 133 Human food, animal feed
5 Dioscorea alata L. Cumo 126 Human food
6 Canna edulis Ker Gawl. Dong rieng 80 Human food
7 Dioscorea esculenta (Lour.) Burkill Cu tu 62 Human food
8 Zingiber officinale Roscoe Gung 61 Spices, medicine
9 Curcuma aromatica Salisb. Nghe trang 30 Spices, medicine
10 | Alocasia sp. Ray 22 Animal feed, medicine
11 | Curcuma longa L. Nghe vang 20 Spices, medicine
12 | Alpinia officinarum Hance Rieng 14 Spices
13 | Amorphophallus sp. Khoai nua 12 Human food
14 | Curcuma zedoaria (Christm.) Roscoe Nghe den 9 Medicine
15 | Alpinia galanga (L.) Willd. Rieng nep 6 Spices
16 | Kaempferia galanga L. Dia lien 4 Medicine
17 | Panax pseudoginseng Wall Tam that 4 Medicine
18 | Alocasia cucullata (Lour.) G. Don Ray quan 4 Animal feed, medicine
19 | Typhonium divaricatum (L.) Decne Ban ha 2 Medicine
20 | Dioscorea deltoidea Wall ex Griseb. Cu nau 2 Medicine
21 | Rehmannia glutinosa (Gaertn.) Sinh dia 2 Medicine
Libosch. ex Fisch. & C.A. Mey.
22 | Lasia spinosa (L.) Thwaites Choc gai 1 Medicine
23 | Dioscorea persimilis Prain & Burkill Cu mai 1 Human food, medicine
24 | Dioscorea pentaphylla L. Cu mo la kep 1 Human food
25 | Dioscorea hispida Dennst. Cu nau trang 1 Insecticide
26 | Dioscorea cirrhosa Lour. Cu nau 1 Dyes
27 | Tacca leontopetaloides (L.) Kuntze Cu nua 1 Human food
28 | Colocasia gigantea (Blume) Hook.f. Doc mung 1 Human food
29 | Maranta arundinacea L. Dong trang 1 Human food
30 | Polygonum multiflorum Thunb. Ha thu o 1 Medicine
31 | Polygonatum kingianum Collett & Hemsl. | Hoang tinh 1 Medicine
32 | Dioscorea bulbifera L. Khoai gian 1 Human food
33 | Ophiopogon japonicus (L. f.) Ker Grawl. Mach mon 1 Medicine
34 | Pueraria thomsonii Benth. San day 1 Medicine
35 | Schizocasia regnieri L. Linden & Rodigas | So canh 1 Ornamental
36 | Homalomena occulta (Lour.) Schott Thien nien kien 1 Medicine
Total number of samples: 1669
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Discussion

Assessment of root and tuber
crops diversity in Vietnam

Vietnam lies in a region where the maximum genetic di-
versities of these crops are found. Besides having a pros-
perous flora, Vietnam also has a diversified of crop ge-
netic resources (Hue & Chi 2004, Chi & Hue 2005). This
is due to the following reasons:

* The base rich crop genetic resources in North Viet-
nam, including tropical, subtropical and temperate
crop species, due to diversified climatic and geo-
graphic conditions,

«  The diversification of ethnic groups in Vietham where
each ethnic group has its own agronomic traditions
and food preferences, and

*  The age-old agricultural civilization of the Vietnam-
ese.

Table 2. List of yams that were collected in Vietnam.
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Preliminary results on yam germplasm
collected in Vietnam

During 1991-2005, many examples of yam germplasm
were collected. There are 208 accessions of yam (Di-
oscorea sp.), both wild and cultivated, belonging to 12
species. A list of the plants collected are presented in Ta-
ble 2.

The place of origin of Dioscorea alata L. is Asia and the
Pacific islands. Dioscorea esculenta (Lour.) Burkill is na-
tive to Indochina and is now grown as far as Madagas-
car and Papua New Guinea. Dioscorea hispida Dennst.,
Dioscorea pentaphylla L. and Dioscorea bulbifera L. are
native to India, Malaysia and tropical Africa. Dioscorea
persimilis Prain & Burkill was found to be growing wild in
Burma and other countries in Asia (Coursey 1967, FAO
1999).

The edible yam shows remarkable differences in stem
cross-section, tuber shape, tuber length, thickness, and

No. of Types of
No. Scientific name Viethamese name | accessions | Distribution Plant Use
1 | Dioscorea alata L. Cu mo, Cu vac, 126 Bac Giang, Human food,
Cu cai, Mo Ninh Binh, animal feed
trang, Mo tim, Quang Tri,
Vac huong Ninh Thuan
2 | Dioscorea esculenta (Lour.) Burkill Cu tu, Cu tu 62 Ninh Binh, Human food,
long, Cu tu gai Thanh Hoa, animal feed
Ha Tinh,
Quang Binh
3 | Dioscorea pentaphylla L. Cu mo la kep 1 Quang Ninh Human food,
animal feed
4 | Dioscorea bulbifera L. Khoai gian 1 Lao Cai animal feed
5 | Dioscorea cirrhosa Lour. Cu nau 1 Bac Giang, Dyes
Quang Ninh
Dioscorea hispida Dennst. Cu nau trang 1 Quang Ninh Insecticide
Dioscorea persimilis Prain & Burkill Cu mai 1 Ninh Binh, Medicine
Bac Giang
8 | Dioscorea deltoidea Wall. ex Griseb. Khoai tay leo 1 Tra Vinh Human food,
animal feed
9 | Dioscorea cayenensis-rotundata ?? Mo chau Phi 1 Import from Human food,
Benin animal feed
10 | Dioscorea sp. Mo Nhat 1 Import from Human food,
Japan animal feed
11 | Dioscorea sp. Mo dai 1 Ninh Binh -
12 | Dioscorea sp. Mo dai 1 Nghe An -
Total number of accessions: 198
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tuber flesh color. Some yam cultivars produce tubers that
penetrate deep into the soil layer while others develop tu-
bers in the upper soil layer. Cultivars have either a sin-
gle tuber or tubers in a cluster. There is variation in dor-
mancy. Farmers name the varieties based on tuber shape
and flesh color. Examples of some of the names given
by the farmers are yam elephant foot, yam snake, drag-
on head, long stake, buffalo-liver tuber, purple tuber, and
white yam.

A majority of the yam species are well adapted to the wet
and hot tropics. In Vietnam, they are found almost every-
where even in regions with a long dry season or at alti-
tudes ranging from the lowland to 800 m asl. Vietnam-
ese farmers have cultivated yams for a long time. Yams
are grown in the gardens and in the fields using inten-
sive farming techniques that result in high tuber yields. D.
alata (winged yams) are grown in Bacgiang, Ninh binh,
Quangninh, Nghean, Ninhthuan, Longan, and Tiengiang.
D. esculenta (lesser yams) are grown in Hatay, Phutho,
and Hoabinh provinces. Other yams are found growing
wild in forest and hilly areas or in wet, hot, sunny and san-
dy places. Wild yams are gathered when needed. At pres-
ent some species are becoming rare in the forests, and so
people are cultivating them in the lowlands.

Two species, D. alata, D. esculenta are important food
sources. Their tubers are big, starch-rich and delicious.
Roots are cooked and eaten as delicacy. Tubers of Di-
oscorea cirrhosa Lour. are mainly used as a source of dye.
D. hispida is very poisonous. It is used for curing wounds
or employed as an insecticide. D. persimilis is used in Tra-
ditional Chinese Medicine. According to local farmers, the
bitter species can be used as food with proper prepara-
tion. The bitter principle, which is the poisonous alkaloid,
dioscorine, is eliminated after the tuber is sliced, soaked
in running water and then prolongingly cooked. Studies on
the processing of yam have just begun in research institu-
tions and farmer households.

Conclusion

The considerable amount of samples collected indicates
that a rich diversity of root and tuber crops is found in Viet-
nam. Some of the species belonging to Araceae, Diosco-
reaceae and Zingiberaceae are native to Vietham

Yams are used mainly as food but there are other species,
especially those wild relatives, that are used as medicine,
dyes and insecticide.

It is suggested that a more detailed exploration and col-
lection trip should be organized. More emphasis should
be placed on species in remote areas where variability is
known to exist.
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Appendix 1. Crop Germplasm Collection Form

PHI EU THU THAP QUY GEN CAY TRONG

Cach ghi cac muc ter 11-20, 22-32 va 42-45:

Khoanh tron vao 6 can thiét ctia mdéi muc

I. Nhirng thong tin chung
1. Sé thu thap:

2. Tén dia phwong cla gidng, dang cay thu: )

Tiéng dan toc gi: Ngh/'az tiéng Viét:

Tén théng thuong va céac tén khac cua giong, dang céy thu:
3.Chi: 4. Loai: 5. Loai phu:
6. Tén nguoi gieo tréng, cp gibng:

7. Ngay, thang, nam thu thap:

8. Noi thu thap:

Huyén: Tinh:
Vi do (N/S): Kinh do (E/W): D6 cao (m):

9. Tén ngwoi thu thap:
10. Thudc co quan:

11. Loai d4t noi cay sinh trwdng, trong trot:

1. Cét 4. Dat thit nang 7. Bun lay
2. Pat cétpha 5. Pat sét 8. Dat Ian séi, da
3. bét thit nhe 6. Dat mun 9. Nui da
12. MAu d4t noi cay sinh trwéng, trong trot:
1. Tréng, ghi nhat 4. Bé
2. Ghi s&dm 5. bPen ’
3. Vang 6. Khéc (ghi cu thé)
13. Théng tin vé& d6 pH cla déat: )
1. Rét chua 2. Chua 3. Trung tinh 4. Kiém
14. Ban chét di truyén cta mau thu thap:
1. Gibng dia phuong 4. Dang tap giao
2. Gibng cai tién 5.Cay hoang dai

3. Gibng, dong nhép néi 6. Khéc (ghi cu thé)

15. Thoi gian ton tai cia giong, oai tai noi thu thap:
1. Dwéi 2 ndm 2. Ttr 2 dén 10 nam 3. Trén 10 nédm

16. Phan clia cay dwoc thu hoach, st dung:

1. Hat 5. Hoa 9. Cu

2. Qua 6. Vo 10. Ré

3.La 7. Than 11. Nhwa

4. Canh 8. Théan ré 12. Khéc (ghi cu thé)

17. Muc dich st dung:
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1. Luong thuc 4. L4y soi 7. Chan nudi
2. Lam thuéc 5. Lay g6, xéy dung 8. Céy cénh ’
3. B uéng 6. Lam dé thd cong 9. Khac (ghi cu thé)

18. Dang méu thu:
1. Hat 3. Cay .
2. Qua, béng 4. Khac (ghi cu thé)
19. &nh chup 1.C6 2. Khéng
20. LAy mAu tiéu ban: 1.C6 2. Khéng

21. Tén loai ban dd va sach tham khao:

Il. Théng tin di v&i cay trong
22. Ngudn gbc mau thu thap:

1. Kho dung giéng, san phoi 7. Khu trdng cay luu nién
2. Rudng triing, ao, dam... 8. Péng cb, bai chan tha gia stc
3. Ruéng van 9. Vién nghién ctru, co quan
4. Thung liing mién ndi 10. Cho phién
5. Béi, nai 11. Cho doc dudng, ngudi ban rong
6. Vwon gia dinh 12. Khéc (ghi cu thé)
23. Kiéu canh tac:
1. Co twdi tiéu 4. Rudng dét cao nuéc troi
2. Ruéng triing nwéc troi 5. Rudng béc thang
3. Ruéng séu ngéap nuwéc 6. Khac (ghi cu thé)

24. Ky thuat canh tac: ) ‘ i
1. Gieo thang 3. Céy hai lan 5. Khéc (ghi cu thé)
2. Tréng céy con, céy 4. Choc 16 b6 hat

25. Pon canh, xen canh:

1. Bon canh 2. Xen canh voi: 3. Goi vu voi:
26. Thoi vu:
1. Thang gieo hat: 3. Thang ra hoa:
2. Théang tréng céy con, céy: 4. Théng thu hoach:
27. C6 dung phan bon:
1. Phén hoa hoc 3.Cédt1va2 .
2. Phéan hiu co 4. Ché phdm ho4 hoc khac (ghi cu thé)

28. C6 dung thudc trir sau:

1. C6 2. Khéng

29. Phuong phap nhan giéng: )
1. Hat 3. Chiét, ghép .
2.Ca, ré 4. Hén hop va phuong phép khéc (ghi cu thé)

30. Phwong phap dé giéng: ’
1. Tw dé gibng o 3. Mua, trao doi tai dia phuong
2. Mua ttr co quan san xuat giong 4. Khac (ghi cu thé)

31. Uéc lwong mire do phd bién cia gidng tai noi thu thap:

1. Nhiéu (Trén 30% ho tréng) 3. it (Tir 5 dén 15% h¢ trong)
2. Viira phdi (Tir 15 dén 30% hé tréng) 4.Hiém (Du6i 5% ho tréng)
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Murc d6 x6i mon ngudn gen clia gidng thu thap:
1.Xu hwéng khéng gidm dién tich tréng trot 3. Gidm nhanh
2. Gidm vcra phai 4. Nguy co bj loai
Céc déc tinh ngudn gen khang sau bénh:
Céc déc tinh ngudn gen chiu sinh thai bat loi:
Céc déc tinh ngudn gen khac:
Cac dac tinh kinh té ndi bat;
Tai dia phwong cé chi, loai hoang dai gan giii v&i vé&i loai trdng trot dang thu thap khéng?
Ghi chép vé tap quan xa hai lién quan dén trdng trot va st dung giéng cay trdng:
Ghi chép khac:

Thoéng tin d6i v&i cay hoang dai
. Khodng cach dén rudng cula loai trong trot cuing chi:

.Dién tich va kich thwéc quan thé:

.Mtrc d6 phd bién ctia cac loai tai noi thu thap (theo tai liéu huwdng dan riéng):
1. Nhiéu 2. Viira phai 3. it 4. Hiém
. Bia hinh sinh thai noi cay sinh trwdng:
1. Rirng nguyén sinh 5. Pbng cé 9. Khéc (ghi cu thé)
2. Reng cay bui tw nhién 6. Rudngvan
3. Rirng tai sinh 7. Bat ngép nuéc, ruéng triing
4. Bét tréng, ddi troc 8. Ao, ddm, séng, lach

- B0 thich nghi véi cuwong do anh sang:
1. Tw nhién 2. Rop mét phan 3. Hoan toan béng rém

. Phuwong thirc sinh san ty nhién:
1. Béng hat, tw thu phén 5. Sinh dudng ci
2. Bang hat, giao phan ty nhién 6. Sinh duGng choi )
3. Bang hat, giao phan cudng ché 7. Sinh duGng khac (ghi cu thé) ]
4. Apomicis 8. Ca bang hat va sinh duéng (ghi cu thé)
. Ghi chép vé céac loai hoang dai khac cling chi tai noi thu thap:
. Ghi chép vé sy da dang di truyén ctia quan thé:

. Ghi chép vé sau bénh hai:

. Ghi chép khéc:
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Appendix 2. Characterization and Preliminary Evaluation Form
CHARACTERIZATION AND PRELIMINARY EVALUATION FOR YAM

1 - ACCESSION NUMBER (Sé dang ky)

2 - COLLECTION NUMBER (Sé tap doan)
3 - LOCAL CULTIVAR NAME (Tén giéng)
4 - DATE OF PLANTING (Ngay trdng)

5 - DATE OF HARVEST (Ngay thu hoach)
6 - DATE OF EVALUATION (Ngay mé ta)
7 - EVALUATORS NAME (Nguoi mé ta)

8 - TIME TO HARVEST (TGST)

8.1 - STOLON FORMATION (Sw hinh thanh stolon)
1 - No (Khdng)
2 - Yes (C0)

8.2 - TWINING HABIT (Tap tinh xoén)
1 - No (Khéng)
2 - Yes (Co)

8.3 — TWINING DIRECTION (Hwéng xoan)
1 - Clockwise (climbing to the left - xoan sang trai)
2 - Anticlockwise (climbing to the right - xoan sang phai)

8.4 - PLAN TYPE (Dang cay)
1 - Dwarf (Lun)
2 - Shrub-like (Bui)
3 - Climbing (Leo)

8.5 - STEM HEIGHT (m) (Chiéu dai than)
1-<2
2-2-10
3->10

8.6 - STEM CROSS SECTION AT BASE (Than cat ngang tan gbc)
1 - Square (Vudng)
2 - Quadrangular (T giac)
3 - Octagonal (Bat giac)
4 - Round (Tron)

8.7 - PRESENCE/ABSENCE OF SPINE (C6/Khdng c6 gai)
1 - No (Khéng)
2 - Yes (C9)

8.8 - POSITION OF SPINES (Vi tri clia gai)
0 - No (Khéng co)
1 - Base of old stem only (Chi c6 & phan géc)
2 - Entire stem (Toan than)

8.9 - STEM COLOUR (Mau sac than)
1 - Green (Xanh)
2 - Purplish green (Xanh tim)
3 - Brownish green (Xanh nau)
4 - Dark brown (Xanh sam)
5 - Purple (Tim)
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9.0 - WAXINESS (Sap)
1 - Non - waxy (Khdng co sap)
2 - Waxy (Cé sap)

9.1 - WINGS (Canh)
1 - No (Khong)
2 - Yes (C9)

9.2 - WING COLOUR (Mau canh)
1 - Green (Xanh)
2 - Green with purple edge (Xanh ria mép tim)
3 - Purple (Tim)

9.3 - LEAF TYPE (Dang 1)
1 - Simple, entire, shallowly lobed (Bon, nguyén, xé thuy néng)
2 - Deeply lobed (50% or more) (Xé thuy sau (50% hay hon))
3 - Compound (La kép)

9.4 - LEAVES POSITION (Vi tri sip xép 1a)
1 - Alternate (Cach)
2 - Opposite (Dbi)
3 - Both (Ca hai)

9.5 - LEAF SHAPE (Hinh dang 13)
1 - Ovate (Tring)
2 - Cordate (Tim)
3 - Cordate long (Tim dai)
4 -Cordate broad (Tim réng)
5 -Sagittate long (Tén dai)
6 -Sagittate broad (Tén réng)
7 - Hastate (Mac)
8 - Other (Khac)

9.6 - LEAF COLOUR (Mau séc 1)
1 - Yellowish (Vang)
2 - Pale green (Xanh nhat)
3 - Dark green (Xanh dam)
4 - Purplish green (Xanh tim)
5 - Purple (Tim)
6 - Other (Khac)

9.7 - LEAF DENSITY (Mat db 1a)
1 - Sparse (Thwa)
2 - Intermidiate (Trung binh)
3 - Dense (Day)

9.8 - LEAF VEIN COLOUR (UPPER) (Mau gan bé mét trén 14)
1 - Yellowish (Vang)
2 - Green (Xanh)
3 - Pale purple (Tim nhat)
4 - Purple (Tim)

9.9 - LEAF VEIN COLOUR (LOWER) (Mau gan bé mét dwdi 14)
1 - Yellowish (Vang)
2 - Green (Xanh)
3 - Pale purple (Tim nhat)
4 - Purple (Tim)
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10.0 - LEAF MARGIN COLOUR (Mau mép 13)
1 - Green (Xanh)
2 - Purple (Tim)

10.1 - HAIRINESS OF UPPER/LOWER SURFACE (L&ng bé mat trén/dwéi 14)
1 - Absent (Khéng c6)
2 - Hairiness upper surface (C6 & bé mat trén 14)
3 - Hairiness of lower surface (C6 & bé mat duwai 14)
4 - Both (Ca hai)

10.2 - WAXINESS OF UPPER/LOWER SURFACE (S4ap bé mét trén/duwai 13)
1 - Waxy upper surface (Sap bé& mét trén 1)
2 - Waxy lower surface (Sap bé& mat duai 13)
3 - Both (Ca hai)

10.3 - TIP (mm) (Binh 18)
1-<2mm
2-2-5mm
3-2>5mm

10.4 - TIP COLOUR (Mau dinh 1a)
1 - Light green (Xanh nhat)
2 - Dark green (Xanh dam)
3 - Purple/green (Tim/Xanh)
4 - Red (D9)

10.5 - Other (Khac)
10.5.a - LEAF LENGHT (cm) - L2
(Chiéu dai 1a)

10.5.b - LEAF WIDTH (cm)
(Chiéu rong 13)

10.5.c - PETIOLE LENGTH (cm)
(Dai cubng 13)

10.5.d - PETIOLE LENGTH INCORRELATION TO LEAF BLADE (Dai cudng trong quan hé vé&i phién 13)
1 - Short (<L2) (Ngan)
2 - Medium (= L2) (Trung binh)
3 - Long (> L2) (Dai)

10.6- PETIOLE COLOUR (Mau cuéng 18)
1 - All green with purple base (Tat c& xanh v&i tim & gbc)
2 - All green with purple leaf junction (T4t ca xanh v&i tim & diém néi cubng)
3 - All green with purple at both ends (T4t ca xanh véi tim & hai dau)
4 - All purplish green with purple base (T4t ca xanh tim vé&i tim & gbc)
5 - All purplish green with purple leaf junction (TAt c& xanh tim v&i tim & diém néi cubng)
6 - All purple green with purple at both ends (T4t ca xanh tim v&i tim & hai dau)
7 - Green (Xanh)
8 - Purple (Tim)
9 - Brownish green (Xanh nau)
10 - Brown (Nau)
11 - Dark brown (Nau sam)

10.7 - SPININESS OF PETIOLE (Gai trén cudng)

1 - Absent (Khong)
2 - Present (C0)
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10.8 - HAIRINESS OF PETIOLE (L6ng trén cubng)
1 - Absent (Khéng)
2 - Present (C0)

10.9 - STIPULES (L& kem)
1 - Absent (Khéng)
2 - Present (C0)

11.0 - FLOWERING (Hoa)
1 - No (Khdng)
2 - Yes (C9)

11.1 - AERIAL FORMATION (Sw hinh thanh cu khi sinh)
1 - No (Khdng)
2 - Yes (C0)

11.2 - RELATIONSHIP OF TUBER (Quan hé cta ct )
1 - Completely separate and distant (Tach r&i hoan toan, xa)
2 - Completely separate close together (Tach r&i hoan toan, gan)
3 - Fused at neck (Gan lién nhau & phan cé cu)

11.3 - NUMBER OF UNDERGROUND TUBER PER HILL (S6 ct trén khém)
1 - One (M6t ca)
2 - Few ( 2-5) (Vai cd)
3 - Several (>5 ) (Nhiéu ci)

11.4 - TUBER WEIGHT PER HILL (Trong lwong cu trén khém)

11.5 - TUBER SHAPE (Hinh dang cu)
1 - Round (Tron)
2 - Oval (Oval)
3 - Oval long (Oval dai)
4 - Cylindrical (Try)
5 - Flattened (Det phang)
6 - Irregular (Bat qui tic)
7 - Other (Khac)

11.6 - TUBER LENGTH (cm) (Dai cu)
1 - <6-20(cm)
2-21-40 (cm)
3 -41-100 (cm)

11.7 - TUBER WIDTH AT WIDEST PART (cm) (Rdng cl tai vi tri rong nhat)

11.6/7 - TUBER LENGTH/WIDTH
(Ty 1& dai/rong)

11.8 - TUBER SKILL COLOUR (Mau vé cu)
1 - Light maroon (Hat dé nhat)
2 - Dark maroon (Hat dé sam)
3 - Greyish (Mau ghi)
4 - Other (Khac)

11.9 - TENDENCY OF TUBER BRANCH (Xu thé phan nhanh cla c)
1 - Little branched (it phan nhanh)
2 - Branched (Phan nhanh)
3 - Highly branched (Phan nhanh nhiéu)
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12.0 - PLACE WHERE TUBER BRANCH (Vi tri ci phan nhanh)
1 - Upper third (1/3 phia trén)
2 - Middle (Gitra)
3 - Lower thrid (1/3 phia duwoi)

12.1 - ROOT ON TUBER SURFACE (R& trén bé& mét ct)
1 - Some (it)
2 - Many (Nhiéu)

12.2 - PLACE OF ROOT ON TUBER (Vi tri r& trén ct)
1 - Lower (Phan dwdi)
2 - Middle (Gitra)
3 - Upper (Phén trén)
4 - Entire tuber (Toan cu)

12.3 - FLESH COLOUR ON CENTRAL TRANSVERSE CROSS SECTION (Mau thit ¢t & vi tri c&t ngang gitra ct)
1 - White (Tréng)
2 - Yellowish white or off white (Trang nga/vang kem)
3 - Yellow (Vang)
4 - Orange (Da cam)
5 - Light purple (Tim nhat)
6 - Purple (Tim)
7 - Purple with white (Tim pha trang)
8 - White with purple (Tréng pha tim)
9 - Outer purple/inner yellowish (Ngoai tim / trong vang)
10 - Other (Khac)

12.4 - PALATABILITY (Chét lwgng &n ludc)
1 - Poor (Kém)
2 - Fair (Kha)
3 - Good (Ngon)

12.5 - STICKINESS OF COOKER TUBER (B¢ dinh cta cu luéc)
1 - Sticky (Dinh)
2 - Very sticky (R4t dinh)

12.6 - YAM VIRUS (Bénh virus)
1 - Low (Thép)
2 - Intermediate (Trung binh)
3 - High (Cao)

12.7 - ANTHRACNOSE (Bénh chay 13)
1 - Low (Thép)
2 - Intermediate (Trung binh)
3 - High (Cao)

12.8 - FUSARIUM (Bénh n&m)
1 - Low (Thép)
2 - Intermediate (Trung binh)
3 - High (Cao)

12.9 - NEMATODE (Bénh tuyén tring)
1 - Low (Thép)
2 - Intermediate (Trung binh)
3 - High (Cao)

www.ethnobotanyjournal.org/vol5/i1547-3465-05-259.pdf



