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Sumary

Pepper produced by black pepper plants (Piper
nigrum L.) is popularly considered as the “king
of spices”. Black pepper has become one of the
most important agricultural products of
Vietnam. Today, Vietnam is a worldwide the
leading producer and exporter of black pepper.
Plant protection is very important for pepper
production because pests and diseases
pathogens are major causes of the reduction in
yield and quality of pepper crops. One of these
pests pathogens are the root-knot nematodes
(Meloidogyne spp.).

In Vietnam, almost nothing is known about the
incidence of root-knot nematodes on black
pepper plants, their effect on plant growth and
yield, their interaction with soil-borne fungi
and their relationship with the occurrence of
yellowing of leaves of black pepper plants.
Therefore, the general objectives of our study
were to elucidate the incidence and effect of
Meloidogyne incognita on black pepper plants
in Vietham and their interaction and
relationship with the incidence of soil-borne
fungi and yellowing of leaves of black pepper
plants.

In the first part of our study (Chapter 2), the
plant-parasitic nematodes associated with black
pepper plants in Vietnam were identified. In
total 432 soil and 432 root samples were
collected from black pepper plants in 19
districts in six provinces in three agro-
ecological regions of Vietnam (North Central
Coast, Central Highlands and Phu Quoc
Island). 35 nematode species belonging to 19
genera were found. Five plant-parasitic
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Tém tit

Ho tiéu (piper nigrum L.) dugc xem 1a “vua
clia cac loai gia vi” va tré thanh san phdm néng
nghiép quan trong nhat cua Viét Nam. Ngiy
nay, Viét Nam la quéc gia san Xudt va xuit
khau ho tiéu duang hang dau trén thé giéi. Bao
v¢ cay trong 1a rat quan_trong trong san Xuat
cdy hod tiéu vi cac ngudén giy hai la nhiing
nguyén nhan chinh 1am gidm nang suat va chat
luong hat tiéu. Mot trong nhitng ngudn gay hai
d6 1a tuyén trung hai r& (Meloidogyne spp.).

O Viét Nam, phan 16n chua biét dén ty 1¢ gay
hai ciia tuyén tring hai ré trén cay ho tiéu, anh
hudéng cta ching den sinh truéng phat trién
cua cdy va nang suat tuong tac cua ching véi
cac loai ndm gy hai phat sinh tir dat va mdi
quan hé cta chiung véi bénh vang 1a cay hd
tiéu. Vi vay, muc tiéu tong thé ctia nghién ciru
la lam sang to ty 1¢ gay hai va anh huong cua
tuyén trung hai ré trén cay ho tiéu tai Viét Nam
va tuong tac clia chung cling nhu mdi quan hé
v6i ty 16 gdy hai ctia cac loai ndm hai phat sinh
tir dat va bénh vang 14 cay hd tiéu.

Trong phan dau cua nghlen ciru (Chuong 2),
cac loai tuyén trung hai ré ky sinh c6 két hop
v6i nhau trén cay ho tiéu tai Viét Nam di duoc
xac dinh. Tong sb 432 mau dit va 423 mau ré
tiéu da duoc thu thap tur cac vuon tiéu tai 19
huyén thudc 6 tinh trong ba vung sinh thai Viét
Nam (Duyén hai Bic Trung Bo, Tay Nguyén
va dao Phu Qudc). 35 loai tuyén trung thugc 19
chi da dugc tim thay Nim loai tuyén tring ky
sinh trén cdy trong lan dau tién dugc ghi nhan
trén ciy ho tiu tai Viét Nam. Radopholus
similis, loai tuyén tring quan trong nhét trén
cdy ho tiéu da khong tim thiy trén thé gisi.



nematodes were for the first time recorded on
black pepper plants in Vietnam. Radopholus
similis, the most important nematode species
on black pepper plants world—wide was not
found. The root-knot nematode Meloidogyne
incognita was the predominant plant-parasitic
nematode species on black pepper plants in
Vietnam. There was no difference in frequency
of occurrence of M. incognita among the three
agro-ecological  regions examined. The
percentage of root galling averaged about 40%
in the three agro-ecological regions. The same
type of root galls and yellow leaves as
described in the literature for black pepper
plants infected with Meloidogyne species was
observed. In general, a weak positive
relationship between the population densities
of M. incognita on black pepper plants and
percentage of black pepper plants with yellow
leaves was observed.

In the second part of our study (Chapter 3), the
morphological and morphometrical characters
of seven Meloidogyne populations collected
from black pepper plants in six provinces in
three agro-ecological regions of Vietnam were
compared. The seven Meloidogyne populations
collected from black pepper plants in Vietnam
were all identified as M. incognita based on a
combination of the perineal pattern of the
mature females, and morphological and
morphometrical characters of J2 and males.
Based on the coefficient of variation, stylet
length, body length and a ratio are the least
variable morphometrical characters of the J2.
The M. incognita populations examined were
grouped using canonical discriminant analysis
in three groups based on a combination of 10
morphological characters of the J2. There was
no relationship between these three groups and
the geographical origin of the populations.

In the third part of our study (Chapter 4), the
population dynamics of M. incognita on black
pepper plants in two agro-ecological regions
(North Central Coast and Central Highlands) of
Vietnam was studied. There were significant
differences in rainfall and air temperature
between Cam Lo in Quang Tri province

Tuyén trung hai & Meloidogyne incognita 1a
loai tuyen triung ky sinh trén cay ho tiéu chlem
uu the tai Viét Nam. Khong c6 su khac biét vé
tan sudt xuat hién Meloidogyne incognita giira
ba ving sinh thai nghién ctru. Ty 1& xuét hién
ndt sung ré binh quan khoang 40% tai ca ba
ving sinh thai. Kiéu ndt sung hai re va vang la
tuong ty nhu da m6 ta trong phan tong quan veé
cdy tiéu bi nhidm tuyén trung hai ré loai
Meloidogyne. Nhin chung, méi twong quan
thuan khong chat giita mat s6 tuyén tring hai ré
M. incognita trén cdy ho tiéu va ty 1& cay tiéu
bi vang la da duoc quan sat nghién cuu.

Trong phan hai cua nghién ctu (Chuong 3),
cac dac diém hinh thai cua bay quéan thé tuyén
trung dd dwoc thu thap tir cdy ho tiéu tai 6 tinh
thugc 3 vung sinh thai néng nghiép cua Viét
Nam dugc so sanh. Bay quéan thé tuyén tring
dugc thu thap trén cy hd tiéu tai Viét Nam da
dugc xac dinh 1a M. incognita da dya trén sy
két hop kiéu ddy chau cta con cai trudng thanh
va cac dac diém hinh thai va céu truc cta J2 va
con duc. Dua vao hé s6 bién thién, chiéu dai
hinh que, chiéu dai than va ty 1& cia ching 1a
nhitng dic tinh cu trac hinh thai bién thién it
nhit cua J2. Cac quan thé tuyén trung hai ré
duoc xac dinh da gép nhom lai bé‘mg Vviéc sur
dung phan tich biét thirc hop véi tiéu chuan
thanh ba nhom véi can cir vao su két hop cia
10 ddc tinh hinh théi cua J2. Khong ¢6 mdi
quan hé gilta ba nhom nay va nguon gbc dia Iy
clia cac quan thé tuyén tring.

Trong phan ba cta nghién ciru (chuong 4), su
bién dong mat s6 tuyén tring M. incognita trén
cdy ho tiéu tai hai ving sinh thai néng nghiép
(Duyén hai Bic Trung Bo va Ty Nguyén) da
duoc nghién cuu. Da co6 su khéc biét co y nghia
vé lugng mua va nhiét d6 khong khi gitta Cam
Lo, Quang Trj (Duyén hai Bic Trung B9) va
Buén Ma Thudt, Pac Lic (TAy Nguyén). Sy
khac biét quan trong nhit 1a lugng mua. Mat so
quan thé tuyén tring M. incognita J2 trong ré
cao nhat duoc quan sat trong sudt nira mua kho
dau tién trén gidng tiéu Vinh Linh tai ca hai
diém nghién ctru. Chi s6 nbt sung ré tiéu da
duoc theo ddi dat cao nhit trong subt nira mua



kho dau tién tai Cam Lo va t&i két thuc mua
mua tai Buén Ma Thuot.

(North Central Coast) and Buon Ma Thuot in
Dac Lac province (Central Highlands). The
most important climatic difference was rainfall.
The highest root population densities of M.
incognita J2 were observed during the 1st half
of the dry season on black pepper variety Vinh
Linh in both study sites. The root galling index
was observed the highest during the 1st half of
the dry season in Cam Lo and towards the end
of the rainy season in Buon Ma Thuot.

In the fourth part of our study (Chapter 5) the
fungi associated with black pepper plant roots
were identified and the relationship between
the incidence of M. incognita, F. solani and
yellowing of leaves examined in Quang Tri
province. The interaction between M. incognita
and F. solani alone or in combination on the
percentage of black pepper plants with yellow
leaves was also examined under greenhouse
conditions. Nine fungal genera were isolated
from the roots of black pepper plants in Quang
Tri province. Fusarium solani was not found in
roots of black pepper plants in the nurseries,
plants younger than 5 years and plants without
yellow leaves. Yellowing of leaves increased
with increasing frequency of occurrence of F.
solani. In the greenhouse experiment, there was
a negative relationship between the inoculation
with M. incognita alone or in combination with
F. solani and percentage of black pepper plants
with yellow leaves and plant growth. No effect
of inoculation with F. solani before, at the
same time, or 2 week after inoculation with M.
incognita was observed.

In the fifth and last part of our study (Chapter
6), the host response of five black pepper
varieties to M. incognita was evaluated under
greenhouse conditions. No differences in host
response to M. incognita of the five black
pepper varieties were observed. All five
varieties are considered equally susceptible to
M. incognita. There are however indications
that the variety La Da might be more sensitive
and the variety Loc Ninh might be less

sensitive or even tolerant to damage caused by
M. incognita.

Trong phan bén cua nghién ctu (Chuong 5),
nam gay hai ket hop véi ré cay ho tiéu da duogc
xac dinh va mdi quan hé giira ty 1¢ nhiém M.
incognita, F. solani va bénh vang la dugc
nghién ctru tai Quang Tri. Sy tuwong tac gitta M.
incognita va F. solani riéng 1& hay c6 su két
hop nhau dén ty 1¢ cay ho tiéu bi bénh vang 14
dugc nghién ctru trong diéu kién nha ludi. Chin
chi ndm hai da duoc phan 1ap tir ré cay ho tiéu
tai Quang Tri. F. solani da khong dugc tim
thay trong 1& cdy tiéu ¢ giai doan vuon vom,
vuon tiéu nhé hon 5 nim tudi va nhiing ciy
khong bi nhiém bénh vang 14. Bénh vang 14 gia
tdng voOi sy tang tan sut xuat hién cua nim F.
solani. Trong thi nghiém & diéu kién nha ludi,
c6 sy tuong quan nghich giira viéc lay nhiém
M. incognita don 1& hay c6 su két hop voi F.
solani véi ty 16 cdy ho tiéu bi bénh vang 14 va
su sinh trudng phat trién ctia cdy. Khong co sy
anh hudng cua viéc 1ay nhiém F. solani truéc,
tai ciing thoi diém hodc hai tuan sau khi lay
nhiém voi M. incognita dugc phat hién.

Trong phin nim va cudi cua nghién ciu
(Chuong 6), phan g cay ky chu cua 5 giéng
tiéu dén tuyén trung hai r& M. incognita da
dugc danh gia trong diéu kién nha ludi. Két
qua quan sat cho thiy khong co su khac biét vé
phan tGng cay ky chu cta 5 gidng tiéu d6i véi
M. incognita. Ca 5 gidng tiéu co6 kha ning
nhiém M. incognita tuong du:cng nhau. Tuy
nhién, c6 nhung chi s6 cho thay giong Lada c6
kha ning dé man cam hon va giong ti€u Loc
Ninh ¢6 kha ning it man cam hon hodc chéng
chiu dugc voi sy gay hai do tuyén trung hai ré
M. incognita gay ra.

Luot dich
Nguyén Vin An
Phong NC. Cay cong nghiép



Mot s6 két qua qua hinh, dnh cia Téc gia
(Trinh Thi Thu Thuy, 2010)

Figure 2.5: Root galls caused by Meloidogyne incognita on a primary root
(A) and secondary root (B) of a black pepper plant. Adult females of M.
incognita inside a primary root of a black pepper plant (C & D). Source of
the pictures: own pictures.

Hinh 2.5: Nhiing nét sin ré gy ra do tuyén trung nbt sung M.
incognita trén ré chinh (A) va ré thir cap (B) cua ciy tiéu.

Tuyén tring M. incognita cai truéng thanh bén trong cia ré

chinh cay tiéu (C&D)
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Figure 2.7: Correlation between Meloidogyne incognita population
density and percentage of plants with yellow leaves in 67 black
pepper fields in three agro-ecological regions in Vietnam.

Hinh 2.7: Tuong quan giita mat sé quan thé M. incognita va ty
1€ cay bi vang 14 tai 67 vuon tiéu thudc ba ving sinh thai nong
nghié€p cuia Viét Nam

Figure 2.6: Yellow black pepper plant leaves (A). A black pepper field
with plants with yellow leaves (B). Source of the pictures: own pictures.

Hinh 2.6: Céy tiéu bj vang 14 (B). Mt vuon tidu bj bénh vang
14 (A)

I

Figure 3.2: Light microscope photographs of the female and male of
the Meloidogyne population from Cam Lo district. Female. A: perineal
pattern; B: stylet {scale bar: 5 pm). Male. C: head; D: tail (scale bars C
& D: 10 um).

Hinh 3.2: Nhitng hinh dnh chup qua kinh hién vi con cai va con
dyc cia quén thé tuyén tring tai huyén Cam Lo. Con cai. (A):
kiéu day chau; (B) kiéu hinh que (5 uM). Con duc. (C): dau;
(D): duéi (10 uM)

Hinh 3.5: Phén tich biét thirc phil hop quy chuén cua 7 quin
thé tuyén tring dugc thu thap tir cdc vuon tiéu tai Viét Nam da
dwa trén 10 dic diém hinh thai J2. Nhitng vong tron b1eu dién
tai ving c6 do tin ciy 95%. Cac chit viét tit quin thé
Meloidogyne tai Bang 3.1. (Trang dudi)
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Figure 3.5: Canonical Discriminant Analysis of seven Meloidogyne populations
collected from black pepper plants in Vietnam based on the 10 morphological J2
characters listed in Table 3.5. The circles display 95% confidence regions. For the
list with the abbreviations of the Meloidogyne populations see Table 3.1.

Figure 5.4: Experiment in the greenhouse. Source of the picture:
own picture.

Hinh 5.4: Thi nghiém trong nha luéi

Control

Figure 5.8: Root systems of black pepper plants 9 months after
inoculation with Meloidogyne incognita and Fusarium solani either alone
or combined. Control: Uninoculated plants; I: F. solani alone; II: M.
incognita alone; Ill: F. solani and M. incognita inoculated simultaneously;
IV: M. incognita inoculated 2 weeks after inoculation with F. solani; V: F.
solani inoculated 2 weeks after inoculation with M. incognita.

Hinh 5.8: Hé théng 1 tiéu 9 thang sau lay nhiém M. incognita
va F.solani vira riéng 1& hodc két hop. B/C: cay khong lay
nhiém; I: Lay nhidm F. solani; II: M. incognita; TII: 1y nhidém
két hop cung lac F. solani va M. incognita; IV: M. incognita
dugc lay nhiém sau 2 tudn lay nhiém F. solani; V: F. solani

duoc 1ay nhidm sau 2 tudn lay nhiém M. incognita

Flgore 8.2 Effect of incoulation with Meiolcopne Incognits on the black
mpper varigttac Loc Mich {f), Vinh Linhi |2} and La Da (2], bafore incoulation (4]
and 5 monthe after incculacisn (8]

Hinh 6.2: Anh huéng cua sy 1ay nhim M. incognita trén cac
giong tiéu Loc Ninh (1), Vinh Linh (2), va La Da (3). Trude
lay nhiem (A) va 5 thang sau lay nhiém (B)

Figure &.3: Effect of inoculation with Meloidogyne incognito on the black
pepper varieties Phu Quoc (4) and Trau (3}, before inoculation (4) and 5 months
after inoculation (B).

Hinh 6.3: Anh huong ciia sy lay nhiém M. incognita trén céc
giéng tieu Phu Quéc (4) va Trau. Trude lay nhidm (A) va 5
thang sau 1ay nhiem (B)



