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LOI CAM DOAN
T6i xin cam doan ludn 4n: "Nghién ctru nAm ngoai cong sinh v&i hé 1é& thong ba 14
Pinus kesiya tai tinh Lam Dong" 1a cong trinh nghién ctru cta chinh minh dudi sy
huéng din khoa hoc cua tap thé huéng din. Luan an sir dung thong tin trich dan tir
nhiéu ngudn tham khao khac nhau va cac théng tin trich din duoc ghi & ngudn goc.
Céc két qua nghién ctru cua t6i dugc cong bd chung voi céac tac gia khac di duogc su
nhat tri ctia dong téc gia khi dua vao luan an. Céac so lidu, két qua duoc trinh bay trong
luan 4n 13 hoan toan trung thuc va chua timg dugc cong bd trong bat ky mot cong
trinh nao khac ngoai cac cong trinh céng bd cia tac gia. Luin an duoc hoan thanh
trong thoi gian to61 [am nghién ctru sinh tai Hoc vién Khoa hoc va Cong nghé, Vién

Han 1am Khoa hoc va Cong ngh¢ Vi¢t Nam.
Ha Noi, ngay 8 thang 10 nam 2026
Tac gia luan an

(Ky va ghi ro ho tén)

Ngo6 Thuy Tram
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LOI CAM ON
Pau tién toi xin dugc bay t6 1ong biét on siu sic v6i TS. Pham Nguyén Puc
Hoang — Vién truong Vién Cong nghé Sinh hoc Ung dung va TS. Nguyén Hoang
Diing — Vién Khoa hoc Su sdng, 14 hai nguoi thdy hudng dan khoa hoc da giup da,
dinh hudng nghién ctru, chi dan, hd trg va tao diéu kién dé toi co thé thyuc hién va

hoan thanh luén an nay.

To1 cling xin tran trong cdm on cac anh chi em, can b Vi¢n Cong nghé Sinh
hoc Ung dung da tao moi diéu kién va hd tro nhiét tinh trong qua trinh t61 cong tac
tai Vién, dé t6i ¢ thé tién hanh nghién ctru va hoan thanh lun an.

To1 cling xin chan thanh cam on Ban 1anh dao, cac th?ly cO va cac anh chi em
Vién Khoa hoc Su Séng, Hoc vién Khoa hoc va Cong nghé da tan tinh hudng dan,
gitip d& va tao nhiing diéu kién t6t nhat dé t6i c6 thé hoan thanh tét chuong trinh hoc
va nghién ctru.

Ngoai ra, t6i cling xin goi 16i cam on dén Quy doi mdi sang tao Vingroup
(VINIF) da hd trg mot phan kinh phi cho nghién ciru ndy. Su hd trg ciia Quy VINIF
thong qua du 4n VINIF.2021.DA00163 di gop phan quan trong gitip toi c6 thé trién

khai nghién ctru va hoan thanh luén an.

To1 cling xin gui 101 cdm on dén Ban lanh dao, cac anh chi kiém 1am thudc
Ban quan 1y ring phong ho ddu ngudn Da Nhim va Vién Khoa hoc Sy séng (Tp. Pa

Lat) da ho tro va tao diéu kién dé t6i thuc hién luan an nay.

Cuoi cung, to1 xin cam on gia dinh, ngudi than va ban bé da luén quan tam,
ho trg va dong vién t6i trong sudt thoi gian qua dé téi ¢o thé hoan thanh tot nhiém vu

hoc tap.

Ha Noi, ngay 8 thang 10 nam 2026

Tac gia luan an

Ngo6 Thuy Tram
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MO DAU
Mbi quan h¢ cong sinh gitra nam va thuc vat 1a mot trong nhitng hién tugng
co ban cua tuy nhién, dac trung cho thuc vét trén can. Hon 90% thyc vat c6 mach trong
hé sinh théi c6 lién két v6i nam ré cong sinh va cic bang chimg hoa thach cho thiy
moi quan hé nay da xuit hién cach ddy khoang 400 triéu nim. Dé chi ra tAim quan
trong cua nam ré cong sinh va hé ré cua thuc vat, Begon va cs. da khéng dinh “Hau

hét thuc vat bac cao khong c6 ré, chung chi ¢6 ré nam cong sinh” [1].

Trong nhom nam ré cong sinh, ndm ré& ngoai cong sinh (ectomycorrhizal fungi
- EMF) tuy chi chiém khoang 5% nhung c6 vai tro hét sttc quan trong trong qua trinh
tién hoa cua thuc vat, dic biét 1a thuc vat rung. Theo nhiing ghi nhan cua Brundett,
c6 khoang 6.000 loai thuc vat va khoang 20.000—25.000 loai ndm hinh thanh cau trac
ré ndm ngoai cong sinh, hd tro tai sinh cdy con va duy tri sy ton tai ctia cic quan thé
ciy than gd wu thé thudc ting tan va vuot tin trong cac khu hé thyc vat nhu Thong
(Pinaceae), Dé (Fagaceae), Bach duong (Betulaceae), Dau (Dipterocarpaceae)...[2]
Trong hé sinh thai nay, nim ré ngoai cong sinh thuc ddy qua trinh hip thu chat dinh
dudng va nudc cua cay chu, nhd d6 nang cao kha ning chdng chiu cua cay dbi véi
han han, nhiét do, cac chat doc hitu co va vo co trong dat cling nhu bao vé cay chu
khéi tac dong cua cac mam bénh [3]. Vi vay, su hién dién cua nam ré ngoai cong
sinh, d6 da dang va thanh phan céac loai nAm c6 anh huéng rat 16n dén thanh phan
loai, tinh da dang ciing nhu kha ning hinh thanh thé hé ndi tiép cua thuc vat & mot
khu vuc rimg [4, 5]. Ngoai ra, nhiéu loai nim ré ngoai cong sinh c6 kha ning hinh
thanh qua thé, 1a mot trong nhimng 14m san ngoai gd ¢ gia tri cao va 1a ngudn thuc
pham cho con ngudi va dong vat (Boletus edulis, Lactarius deliciosus, Tuber spp.,...).
Céc loai nAm ré ngoai cdng sinh an dugc dugc danh giad cao vé cac dic tinh 4m thuec,
dinh dudng [6] va duoc pham [7], ngdy cang mang lai gi4 tri thwong mai 16n trén thi
truong trong nudc va qubc té [8, 9]. Tuy nhién su hinh thanh qua thé, san lugng va
do da dang cua qua thé ndm ngoai cong sinh trén cac khu vuc rung khac nhau chiu
anh hudng rat 16n tir cac yéu t6 moi truong nhu nhiét do, luong mua, pH dat, ... cling
nhu thanh phan thyc vat rimg, tudi cia cay ring... Vi vy, viéc nam rd cac thong tin
vé thanh phén va do da dang cua cac loai nam ré ngoai cong sinh an dugc theo do
tudi ciia rimg dong vai tro rat quan trong trong cac chién luoc khai thac, quan 1y rimg
bén viing két hop vai hd tro sinh ké cho cong dong dia phuong [10].

Ho Thong (Pinaceae), bao gom 11 chi va 215 loai, dugc xem 1a nhom cay 14
kim 16n nhét trén thé gidi, c6 phan bd rong khap tir cac khu vuc ndi cao, nti va doi &
Bic M§, Chau A va Chau Au. Trong d6 chi Thong (Pinus) 14 loai ban dia c6 phan b



trén mot khu vuc rong 16n ciia bac ban cau va ciing 13 loai ngoai lai hién dang duogc
trong phd bién trong cac khu rimg tai sinh & phia nam xich dao. Su cong sinh bit
budc véi ndm ré ngoai cong sinh dd gbp phan rat 16n gitp ho thong chiém uu thé va
c6 phan bo rong khap & hau hét cac khu vuc c6 khi hau theo mua rd rét va dat nghéo
chat dinh dudng [11, 12].

Tai Viét Nam, thong ba 14 Pinus kesiya 13 1oai cay 14 kim c6 phan bd ty nhién
chu yéu ¢ Ha Giang (nay thudc Tuyén Quang), Dién Bién, Thira Thién — Hué, Quang
Nam (nay thudc Pa Ning), Kon Tum (nay thudc Quang Ngii), Gia Lai, Dic Lic,
Khanh Hoa va Lam Dong [13]. Py 14 loai cdy 14 kim c6 kha nang tai sinh manh mé,
phat trién nhanh, thich nghi tdt vai cac diéu kién kho han, va moc dugc & nhirng noi
dat x4u, nghéo dinh dudng [14]. Pong thoi gd thong ba 14 con mang lai gi tri kinh
té khong nhé nho dugce sir dung lam van g6, vat liéu xay dung, dd gia dung, dd tha
cong my nghé, bot gidy, tinh dau...[13]. Vi vy thong ba 14 13 mét trong nhitng loai
cdy nam trong Danh muc nhiing loi cdy trong 1am nghiép chinh ¢ Viét Nam do Bo
Nong nghiép va Phat trién nong thon ban hanh [15]. Trong qua trinh d6, nAm r& ngoai
cong sinh dong vai trd bit budc dé nang cao ty 1¢ tai sinh cdy con ciing nhu ting kha
ning séng sot va phat trién sau khi dua cdy ra moi truong ty nhién. Mic du vy, mdi
quan hé gitta ndm ré ngoai cong sinh voi thong ba 14 van con chwa duge quan tim
ding muc. Hi¢n nay tai Viét Nam chua c6 nghién ctru nao ghi nhan cac dir liéu vé
thanh phan ctia hé nim ré ngoai cong sinh & dat rimg ty nhién ciing nhu sy thay d6i
vé thanh phan va do da dang cta cac loai ndm ré ngoai cong sinh & mdi giai doan

phat trién cuia cay.

Do d6, dé tai “ Nghién ctru nAm ngoai cong sinh v6i hé ré thong ba 14 Pinus
kesiya tai tinh Lam Déng “ dugc thue hién nhim xay dung mdt bo dir li€u co s& vé
thanh phan céc loai ndm ré ngoai cong sinh véi loai thong ba 14 Pinus kesiya tai tinh

Lam Déng, Viét Nam.
Muc tiéu nghién curu:

Xay dung bo dir liéu vé thanh phan loai ciia hé nAm ré ngoai cong sinh trong
céc giai doan phat trién khic nhau cta thong ba 14 Pinus kesiya. Tt d6, budc dau ing
dung két qua nghién ctru thu duoc trong cong tic phuc hoi rimg thong tu nhién & tinh
Lam Déng.

Noi dung nghién curu:

- Khao sét cac dic diém cta khu hé nam ré ngoai cong sinh & cic giai doan phat

trién khac nhau cua cdy chu thong ba 14 P. kesiya.



Danh gia anh hudng cuia khu hé nam ré ngoai cong sinh t&1 kha nang phat trién
cua cay thong con P. kesiya trong di€u kién in situ, ex situ va in vitro.

Khao sat sy hinh thanh qua thé ctia khu hé nam ré ngoai cong sinh véi cay con
P. kesiya 3 tuoi.

Nhitng dong gop moi cua ludn dn:

1.

Luén an 1a nghién ctru dau tién tai Viét Nam vé thanh phan loai nam ré ngoai

cong sinh trén ddi twong thong ba 14 Pinus kesiya.

Panh gia duoc nhing khac biét vé thanh phan loai nam ré ngoai cong sinh &

nhiéu giai doan phat trién khac nhau cta cay thong ba 14 Pinus kesiya.

Ghi nhan maéi vé sy xuat hién cua loai Rhizopogon boninensis & khu vuc Dong
Nam A, phén 1ap va danh gia tiém nang ung dung cta loai nam nay trong viéc
nang cao ty 1€ song va tang trudng cua cay thong con.

Ghi nhén ma&i vé chi Nothojafnea 1an dau tién xuat hién & Bac ban cau.

Phéan loai va li¢t k& mot s6 loai nam ré ngoai cdng sinh an dugc & khu vuc
rung thong ba 14 3 nam tudi, co thé dugce st dung lam tién dé dé xay dung céc
ké hoach quan ly, bao ton ring bén virng song song vdi cai thién thu nhap cia

nguoi dan dia phuong tai khu vuc 1an can rung.



Chwong 1. TONG QUAN NGHIEN CUU
1.1. RE NAM NGOAI CONG SINH
1.1.1. R& nim cong sinh

Nam 1885, A.B Frank, nguoi dau tién nhan ra ban chat pho bién ctia maéi lién
hé gitra ré thyc vat va nam ré cdng sinh, da dua ra khai niém “Mycorrhiza (R€ nam
cong sinh)” — bat nguon tur tiéng Hy Lap “mykes = fungus” va “rhiza = root” — dé mo

ta cic cAu triic nay [16]. Mot r& nam cong sinh bao gém ba phan:

- He¢ to nam bén ngoai ré.
- Cau trc to nam bén trong re.

- Cau truc ré.

Dua trén chltc ndng va cau trac hé to nam bén trong ré, ndm 1969, Peyronel

va cs. dua ra thuat ngt ectomycorrhiza, endomycorrhiza va ectendomycorrhiza [17]:

- Ectomycorrhiza — R& nim ngoai cong sinh: hé soi nim len 16i giita cac khoang
gian bao trong cAu tric ré va khong xam nhap vao trong té bao thuc vat, dic trung
b6i 16p bao va mang ludi Hartig trong gian bao va chi yéu hinh thanh & cac loai thuc
vat rung (Hinh 1.1a).

- Endomycorrhiza — R& ndm ndi cong sinh: hé soi nAm phat trién bén trong té
bao thuc vat va khong tao thanh mang lu6i Hartig, bao gdm 3 nhém chinh:

+ Vesicular-arbuscular mycorrhiza v6i cac cau tric dic trung nhu gidc hut

(arbuscular) va cdu tric ti (vesicles) (Hinh 1.1b). Pay 1a kiéu phd bién nhat,

thuong théy & nhiéu loai thuc vat, dic biét 1a nhitng loai thuc vat than thao va

cling 1a loai xuit hién sdm nhat trong qua trinh tién hoa.

+ Orchid mycorrhiza 1a nhém c6 mbi quan h¢ cOng sinh véi céac loai thuc vat

thudc ho Orchidaceae (ho Phong lan) (Hinh 1.1c).

+ Ericoid mycorrhiza la nhém c6 mbi quan h¢ cong sinh voi cac loai thuc vat

thudc bd Ericales (bd Thach nam) (Hinh 1.1d). Trong nhém nay c¢6 2 nhom phu

l1a Arbutoid mycorrhiza va Monotropoid mycorrhiza.

- Ectendomycorrhiza — R& nam cong sinh dang hdn hop ndi — ngoai cong sinh:
hé sgi ndm phét trién mang cic dic diém cua ré nim ngoai cong sinh nhung ciing
xam nhap vao sau va phat trién bén trong céc té bao ciia ré& cay chu (Hinh 1.1¢). Nhom
nay vé co ban chi gidi han & cac chi thuc vat nhu thong, van sam va mot s rat it duoc
ghi nhéan ¢ thong rung 14.



Ngoai ra, & mot s6 loai thue vat nhu bach duong hay bach dan co6 sy hinh thanh

cua ca hai loai ré nam cong sinh [11].

Hinh 1.1. Céc kiéu cau triic nim r& cong sinh (photo by K. Garcia)

(a) Ectomycorrhiza; (b) Vesicular-arbuscular mycorrhiza; (c) Orchid mycorrhiza;

(d) Ericoid mycorrhiza; (e) Ectendomycorrhiza
1.1.2. R& nim ngoai cong sinh

CAu trac 18 ndm ngoai cong sinh dugc tim théy phé bién & céc loai thuc vat
rung thudc cac ho Thong (Pinaceae), Liéu (Salicaceae), Bach duong (Betulaceae),
Dau (Dipterocarpaceae). .., ciing nhu mot sd loai thudc ho Hoa hong (Rosaceae), Pau
(Leguminoseae), D4 Quyén (Ericaceae) va Ho dao (Juglandaceae) [18]. Dy 1a mot
cAu tric két hop gitra nam va ré thuc vat thuong c6 hinh thai dac bié¢t dang phinh to,
ché d6i va khong c6 16ng hit do cac hormone duge nim ré ngoai cong sinh san sinh
ra trc ché sy phat trién ctia hé thong 16ng hut, kich thich cdc ré con phinh 1én va phan
nhanh theo kiéu dic trung (Hinh 1.2).

Hinh 1.2. Céu tric cia mot ré ndm ngoai cong sinh [19]
(a) Mot chdp ré nam ngoai cong sinh dién hinh; (b) Hinh thdi ré cdy gé khéng cé va
(¢) ¢é ndm ré ngoqi céng sinh
Bang chimg lau doi nhat ciia r& nAm ngoai cong sinh dugc tim thay & British
Columbia (Canada) trong héa thach ré thong bao gom mang luéi Hartig, 16p nhu mo
gia phil ngoai cta ré va hé soi ngoai (Hinh 1.3). Céc dic trung d6 két hop voi hinh



thai ré thong phan nhanh d6i, mét 16ng hut chimg minh mét cach rd rang vé mdi lién
két ngoai cong sinh d ton tai it nhat cach day hon 50 triéu ndm trude [20]. Tuy nhién,
dua trén cac ghi nhan vé phan tir, Berbee va Taylor dua ra cac gia thuyét vé ngudn
gbc c¢o xua hon cua ré ndm ngoai cong sinh 1a trong thoi gian dau cua ky Phan Tring,
cach day khoang 130 triéu nam, cting thoi gian voi cac bang chimg héa thach dau tién
cua chi thong [21]. Céc dai di¢n dAu tién cua thong nho ¢6 sy cong sinh voi nam ré
ngoai cong sinh, nén cd uu thé vé mit thich nghi hon han cac loai tién phong khac.
Theo dién thé nguyén sinh, r& ndm ngoai cong sinh da dong gdp vio qua trinh tién

hoa va dan dén sy ton tai cudi cung cua cac loai nay trong dién thé [21].

Hinh 1.3. Hoa thach r& nim ngoai cong sinh gitra Pinus va Suillus/Rhizopogon [20]

(a) Cum coralloid, bar = 3 mm; (b) Mdt cdt doc, bar = 500 um; (c) Mat cdt
ngang, bar = 100 um, (d) Mang lwoi Hartig, bar = 20 um, (e) Lop Hartig
don & phan biéu bi, bar = 20 um

1.1.3. Cau tric ré nam ngoai cong sinh

Céc lién két twong ho gitra nam ré ngoai cong sinh va thuc vat dugc hinh thanh
chu yéu & phan ré con cua cdy chi. R& ndm ngoai cong sinh c6 hinh thai rat khac
nhau tuy thudc vao mbi quan h¢ gitra loai nam va chi thuc vat. Brand [22] ghi nhan
cac cAu tric ré nAm ngoai cong sinh trén Fagus sylvatica v&i cac loai nAm khac nhau
trong khi Pillukat va Agerer [23] ghi nhan cau triic r& nim ngoai cong sinh cia
Russula ochroleuca trén céac chi thuc vat khac nhau. Tuy qua thé nam 1a chi thi v6
cung 10 rang cho su ton tai hodc Véng mit ctia nAm ré ngoai cong sinh, sy hinh thanh
qua thé ciia cac loai khong phai luc nao cling xuét hién. Vi vy, cac phan tich vé hinh
thai va giai phiu cdu tric ciia ré nam ngoai cong sinh 1 nhimg thong tin quan trong
trong qua trinh dinh danh ndm ré ngoai cong sinh.

Mot sb nghién ctru cho théy hinh dang cua ré nam ngoai cong sinh va mot )
cac dic diém giai phau (hinh dang va kich thudc cua té bao vo, su hién dién hay Véng
mit cia t& bao tanin, bé day cua mang ludi Hartig) hau hét duge xac dinh boi thuc



vat, trong khi cac dac diém cua 16p bao (mantle), sg1 nam dang ré (rhizomorphs) va
soi ndm bén ngoai (emanating hyphae) do timg loai ndm quy dinh [18]. Cac dic diém

gidi phau co ban cia 1 chop ré nam ngoai cong sinh dugc thé hién ¢ hinh 1.4.

Hartig net

Mantle
Hinh 1.4. Mit cit ngang cia mot cdu tric ré ndm ngoai cong sinh dién hinh [24]
1.1.3.1. Mang lwoi Hartig

Lu6i Hartig dugc hinh thanh boi cac soi ndm phat trién giita cac té bao biéu
bi & du chop ré ma khong xam nhap vao thanh té bao. Chic ning chinh ctia mang
lu6i Hartig 14 hd tro trao d6i hai chiéu nudc, cic chat hoa tan va cacbohydrat trong
cdy [25]. Nhiéu nghién ctru cho thdy su hinh thanh mang ludi Hartig phu thudc nhiéu
vao nhém cay chi. Trong trudong hop ctia nhom thyc vat hat tran, mang lu6i Hartig
bao thanh nhiéu 16p quanh té bao biéu bi va c6 thé xAm nhidm vao siu bén trong noi
bi. Trong khi d6 & nhém thuc vat hat kin, mang ludi Hartig chi tao thanh mét 16p gitra
cac té bao biéu bi ma khong xaAm nhdp vao sdu hon. Khi mang lu6i Hartig chi bao
boc mot phan cac té bao biéu bi sé& tao thanh ciu trac paraepidermal, thuong thiy &
cac chi Alnus, Betula, Corylus va Populus. Nguoc lai, & mot sb chi nhu Fagus, mang
lu6i Hartig bao boc hoan toan cac té bao biéu bi tao thanh ciu tric periepidermal [26,
27]. Truong hop dic biét 14 & Pisonia khi mang ludi Hartig khong ton tai, thay vao
d6 c6 nhitng vach ngin gitta t& bao biéu bi va vo [28, 29]. Ngoai ra, cu tric ciia mang
lu6i Hartig ciing c¢6 thé cung cdp cac dic diém riéng biét cua timg loai nAm. Theo
Agerer [30], ¢6 5 dang ciu trac cia mang luéi Hartig tir A — E (Hinh 1.5), trong d6

dang A 1a dang pho bién nhat, xut hién ¢ hau hét cac loai nam.
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Hinh 1.5. Céac dang céu triic mang lu6i Hartig [30]
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1.1.3.2. Lop bao mantle

La mot 16p mo6 nam tao thanh cau tric bao boc bén ngoai ré, gitp ré tang kich
thudc va di¢n tich tiép xuc véi 16p dat bén ngoai. Dong thoi day con la vung dém
gitp ngan chan sw xam nhap cua cac tac nhan vi sinh vat gay hai tir moi truong. Cac

quan sat ctia Chilver [31] cho thay ciu trac ctia 16p mé ndm nay c6 hai dang chinh:

(1) Plectenchyma — soi nam phat trién day tao thanh cic mé gia lam roi rac cac té bao
ré.
(2) Pseudoparenchyma — cac soi nAm bj phinh to va mat di hinh dang gdc ban dau, vi

vay chung giong nhu cac t€ bao nhu mo gia.

Theo Agerer [30] loai (1) c6 9 dang tr A — 1, loai (2) ¢6 7 dang tir K — Q (Hinh 1.6).

N2/
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Hinh 1.6. Céac dang céu tric cta 16p bao mantle [30]
1.1.3.3 H¢ sgi ndm bén ngoai va soi ndm dang ré rhizomorph

H¢ soi nam bén ngoai dong mat vai tro hét sirc quan trong trong cau truc re
nam ngoai cong sinh. H¢ sgi nay phat trién trong khong gian dat va c6 kha nang lan
xa, két n6i véi nhau tao thanh mang ludi h¢ sgi nam lién két gitra cac cay trong cung

mot khu vuc ring, dac biét phé bién véi cac cay trong cung mdt ho [32].

Ngoai ra, dé giap mai lién két giira cac hé ré chat ché hon, hé s¢i nam trong
dat khong chi ton tai & dang s¢i don ma con cudn lai véi nhau tao thanh sgi nam dang
ré. Kiéu ciu trac cudn cua hé soi ndm 1a ddc trung cho timg loai ndm ré ngoai cong
sinh khac nhau. Theo Agerer va cs. [30], c6 6 dang soi nam dang ré duoc dit tén tir
A-F (Hinh 1.7). Tuy nhién, mot sb loai khong hinh thanh hoc it nhat 1a chua duoc
bién dén co hinh thanh s¢i ndm dang ré (G) (Hinh 1.7).



Hinh 1.7. Céac dang hinh thai cta soi ndm dang r& [30]
1.1.4. Sy hinh thanh r& nim ngoai cong sinh

Su hinh thanh ré nam ngoai cong sinh dugc bat dau tir cic mam nam ré ngoai

cong sinh c6 trong dat xung quanh ré con ndy mam va phat trién thanh h¢ soi nam.

Tién xam nhiém Khéi dau Phan hoa Chire nang
0-12h 12-24 h 2-5 days 5-15 days

Nhan biét tac Hé soi kétndi  Hé soi ndm xam nhap ~ Phat trién hoan
nhan cong sinh voi 1&. Nam va phat trién bén trong  thién. Thyc hién
xam nhiap vaio  té bao biéu bi, hinh chuyén déi dinh
bicu bi ré thanh 16p mantle va dudng hai chicu gitra
’ mang ludi hartig nam va thuc vat

Hinh 1.8. Cac giai doan hinh thanh ré ndm ngoai cong sinh giita Pinus

pinaster va Pisolithus tinctorius [33]

Céc mam nim nay co thé 1a bao tir, hach, cac soi ndm don hodc cac doan ré
nam ngoai cong sinh dut ra. Trong giai doan nay r& thue vat s& tiét ra mot sb hop chét
hoa tan hodc bay hoi c¢6 kha nang thu hit h¢ soi nam ré cOng sinh ddc trung véi cay
chu. Hé soi ndm sau khi tiép xtc véi bé mit cta ré s& hinh thanh 16p mé nim moc
lan xung quanh va bao boc phan bén ngoai chop &, tao thanh mot 16p mé phit bén
ngoai goi 12 16p bao. Sau d6 sgi nAm xam nhap vio cau triic bén trong biéu bi cua ré,
phat trién gitra cac té bao tao thanh mang lu6i sgi ndm (lui Hartig) xung quanh té
bao vo ré. Cudi cing, dé dam nhiém vai tro hap thy nudc va dinh dudng chuyén dén
hé 1& ciia cdy chil, r& ndm cong sinh hinh thanh cau trac hé thong soi ndm bén ngoai
(extraradical hyphal) lan toa vao dat (Hinh 1.8) [33, 34].
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1.2. NAM RE NGOAI CONG SINH
1.2.1. Thanh phin loai ciia nAm ré ngoai cong sinh

Nam c6 kha nang tao thanh cAu tric ré nAm ngoai cong sinh véi thuc vat dugc
goi 14 ndm ré ngoai cong sinh (hay ndm ngoai cong sinh). Phan 16n nim ngoai cong
sinh thudc nganh ndm dam Basidiomycota va nganh nam tii Ascomycota, ngoai ra
c6 mot s6 rat it thudc nganh nim tiép hop Zygomycota (Hinh 1.10) [35], va hau hét
déu c6 phan bd rong rii trén khap thé gi¢i. Cau trac sinh san cia nAm ngoai cong sinh
bao gdm hai phan 13 phan qua thé nim thuong duoc quan sat thdy & khu vuc cac cay
chil va cAu trac hé soi nAm duéi mit dat. Sy hién dién cua qua thé nAm ngoai cong
sinh 1a chi thi cho théy su ton tai ctia mot loai nAm ngoai cong sinh trong khu vuc.
Tuy nhién mot s6 nghién ctru phén tir trén thuc dia da cho thay co t6i 60% nim ngoai
cong sinh khong c6 su hinh thanh qua thé 1 rang [36]. Khi so sanh hé ndm ngoai
cong sinh trén va dudi mit dit ¢ rimg thong Pinus muricata ty nhién, Gardes va Bruns
d3 nhan thidy mot sb loai nhu Russula xerarnpelina va Amanita francheti hinh thanh
ca & ndm ngoai cong sinh va qua thé, Suillus pungens c6 qua thé phd bién trén mat
dat nhung 1a thanh phan hiém gip ¢ dudi mat dat, trong khi d6 mot sé loai nhu
Russula amoenolens, Tomentella sublilacina... hiu nhu khong tao thanh qua thé [37].
Ngoai ra, mot s6 loai ndm ngoai cong sinh cé thé phat trién thanh hé sgi va tao ciu

trac r& ndm ngoai cong sinh trong diéu kién in vitro (Hinh 1.9) [36].

Hinh 1.9. Nudi cdy in vitro Populus tremula va Laccaria bicolor [38]

(a) Cdy con P. tremula va soi nam L. bicolor phat trién trén dia thach. Su cong sinh
cua nam va ré con cua cday dwoc danh dau trong vong tron do, (b) Ré nam cong

sinh hinh thanh béi 1é con cia P. tremula va L. bicolor
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Chi nim

S6 lwong loai
da biét

Ascomycota Caval.-Sm.
Amylascus Trappe
Balsamia Vittad.

Barssia Gilkey

Cazia Trappe
Cenococcum Moug. & Fr.
Chloridium Link
Choiromyces Vittad.
Delastria Tul. & C. Tul.
Dingleya Trappe
Elaphomyces Nees

Eremiomyces Trappe &
Kagan-Zur

Fischerula Mattir
Genea Vittad.
Geopora Harkn,
Geopyxis (Pers.) Sacc.

Gilkeya M.E. Sm., Trappe &
Rizzo

Glischroderma Fuckel
Gymnohydnotrya B.C. Zhang
& Minter

Gyromitra Fr.

Helvella L

Humaria Fuckel
Hydnobolites Tul. & C. Tul
Hydnocystis Tul. & C. Tul.
Hydnotrya Berk. & Broome
Hydnotryopsis Gilkey

Kalaharituber Trappe &
Kagan-Zur

Efibulobasidium K. Wells

Entoloma (Fr. ex Rabenh.) P.
Kumm.

Fevansia Trappe & Castellano
Fistulinella Henn.

Gallacea Lloyd

Gastroboletus Lohwag
Gastroleccinum Thiers

Gastrotylopilus TH. Li &
Watling

Gautieria Vittad.
Gigasperma E. Horak
Gomphidius Fr.
Gomphogaster O.K. Mill
Gomphus Pers.

Gummiglobus Trappe,
Castellano & Amar

Gummivena Trappe &
Bougher

Gymnogaster J.W. Cribb

Gymnomyces Massee &
Rodway

Gymnopaxillus E. Horak
Gyrodon Opat.
Gyroporus Quél
Hallingea Castellano
Hebeloma (Fr.) P. Kumm.
Hsimioporus E. Horak
Hoehnelogaster Lohwag

Horakiella Castellano &
Trappe

Hydnangium Wallr.
Hydnellum P. Karst
Hydnum Pers
Hygrophorus Fr.
Hymenogaster Vittad.
Hysterangium Vittad.

N A A e AN N

35
12

~100

15

10

37

10
10

~150
16

38
120
~100
~100
50

Labyrinthomyces Boedijn
Leptodontidium de Hoog

Loculotuber Trappe, Parladé
& L.F. Alvarez

Meliniomyces Hambl. & Sigler
Muciturbo P.H.B. Talbot

Mycoclelandia Trappe & G.W.
Beaton

Neocudoniella S. Imai
Nothojafnea Rifai

Otidea (Pers.) Bonord.
Pachyphloeus Tul. & C. Tul.
Paradoxa Mattir.
Paurocotylis Berk.

Peziza Dill. ex Fr.
Phaeangium Pat.
Phialocephala W.B. Kendr.
Phialophora Medlar

Picoa Vittad.

Plicaria Fuckel
Pseudaleuria Lusk

Pseudotulostoma O.K. Mill. &
T.W. Henkel

Pulvinula Boud.

Reddellomyces Trappe,
Castellano & Malajczuk

Ruhlandiella Henn.
Sarcosphaera Auersw.
Sowerbyella Nannf.
Sphaerosoma Klotzsch

Sphaerosporella (Svréek)
Svréek & Kubicka

Sphaerozone Zobel
Stephensia Tul. & C. Tul.
Tarzetta (Cooke) Lambotte
Terfezia (Tul. & C. Tul.) Tul.
&C. Tul.

Inocybe (Fr.) Fr.
Laccaria Berk. & Broome
Lactarius Pers.

Leccinellum Bresinsky &
Manfr.

Leccinum Gray

Lenzitopsis Malengon &
Bertault

Leucogaster R. Hesse
Leucopaxilius Boursier
Leucophleps Harkn.
Lindtneria Pilat

Lyophylium P. Karst.
Maccagnia Mattir.
Mackintoshia Pacioni & Sharp
Macowanites Kalchbr.

Malajczukia Trappe &
Castellano

Mayamontana Castellano,
Trappe & Lodge

Meianogaster Corda
Membranomyces Jilich
Mesopheliia Berk.

Muitifurca Buyck & V.
Hofstetter

Mycoamaranthus Castellano,
Trappe & Malajczuk

Mycolevis AH. Sm

Naucoria (Fr.) P. Kumm.,
Nothocastoreurn G.W. Beaton
Octaviania Vittad
Paragyrodon (Singer) Singer
Paxillus Fr.

Paxiliogaster E. Horak
Phellodon P. Karst.
Phyilloporus Quél

Piloderma Jilich
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=

500
25
~400

~5

75

11

Tirmania Chatin

Tricharina Eckblad
Trichophaea Boud.

Tuber P. Micheli ex F.H. Wigg.
Underwoodia Peck

Wilcoxina Chin S. Yang & Korf
Wynnella Boud.
Basidiomycota R.T. Moore

Afroboletus Pegler & TW.K.
Young

Albatrellus Gray
Alnicola Kiihner
Alpova C.W. Dodge
Amanita Pers.

Amarrendia Bougher & T.
Lebel

Amaurodon J. Schrét.
Amogaster Castellano
Amphinema P. Karst.

Anamika K.A. Thomas,
Peintner, M.M. Moser &
Manim.

Andebbia Trappe, Castellano
& Amar.

Arcangeliella Cavara

Aroramyces Castellano &
Verbeken

Astraeus Morgan
Aureoboletus Pouzar
Auritella Matheny & Bougher
Austroboletus (Corner) Wolfe
Austrogaster Singer

Austrogautieria E L. Stewart &
Trappe

Austropaxillus Bresinsky &
Jarosch

Bankera Coker & Beers
Boletellus Murrill

Pisolithus Alb. & Schwein.

Padohydnangium G.W.
Beaton, Pegler & TW.K.
Young

Palyozellus Murrill
Polyporoletus Snell
Pseudotomenteila Svréek
Psiloboletinus Singer
Pterygellus Comer
Pulveroboletus Murrill
Ramaria Fr. ex Bonord.

Retiboletus Manfr. Binder &
Bresinsky

Rhizopogon Fr.

Rhodactina Pegler & TW.K.
‘Young

Rhedogaster E. Horak
Rhopalogaster J.R. Johnst.

Richoniella Costantin & L.M.
Dufour

Riessia Fresen.

Riessiella Jalich

Royoungia Castellano, Trappe
& Malajczuk

Rozites P. Karst
Rubinoboletus Pilat & Dermek
Russula Pers.

Sarcodon Quél. ex P. Karst.
Scleroderma Pers.

Scutiger Paulet

Sebacina Tul. & C. Tul.
Setchelliogaster Pouzar

Setogyroporus Heinem. &
Rammeloo

Sinoboletus M. Zang

Sistotrema Fr.

12
20
63

25
~60

~150

20
10

~1300

25

Boletochaete Singer
Boletopsis Henn.

Boletus Dill. ex Gray

Bothia Halling, T.J. Baroni &
Manfr.

Boughera Vernes, Johnson &
Castellano

Byssocorticium Bondartsev &
Singer

Byssoporia M.J. Larsen & Zak
Calostoma Desv.
Cantharellus Adans. ex Fr.
Castoreum Cooke & Massee
Chalciporus Bataille
Chamonixia Rolland
Chlorogaster Leessoe & Jalink
Chondrogaster Maire
'ahroogomphus (Singer) O.K.
ill.

Clavariadelphus Donk
Clavulina J. Schrot.
Coltricia Gray

Coltriciella Murrill
Corditubera Henn.
Cortinarius (Pers.) Gray
Craterocolla Bref.
Craterellus Pers.

Cribbea A.H. Sm. & D.A. Reid
Cystangium Singer & A.H.
Sm.

Cystogomphus Singer
Dermocybe (Fr.) Wiinsche
Descolea Singer

Descomyces Bougher &
Castellano

Destuntzia Fogel & Trappe
Diplocystis Berk. & M.A. Curtis

Stephanopus M.M. Moser &

E. Horak
Stephanospora Pat.
Strobilomyces Berk.
Suillus Gray
Thelephora Fr.

Timgrovea Bougher &
Castellano

Tomentelia Pers. ex Pat.
Tomentellopsis Hjortstam
Torrendia Boidin & Gilles
Trechispora P. Karst.
Tremellodendron G.F. Atk.
Tremelloscypha D.A. Reid
Tricholoma (Fr.) Staude
Truncocolumella Zeller
Tubosaeta E. Horak
Tulasnelia J. Schrét.
Turbinellus Earle
Tylopilus P. Karst.
Tylospora Donk

Veloporphyrellus L.D. Gémez

& Singer
Xanthoconium Singer

Zelleromyces Singer & A.H.
Sm.

Zygomycota Moreau

Endogone Link

Peridiospora C.G. Wu & Suh

J. Lin
Sclerogone Warcup
Youngiomyces Y.J. Yao

15

18
32
13

~2000

20

20
50
49

Hinh 1.10. Céc chi ndm c6 thé hinh thanh ré ndm ngoai cong sinh [39]

1.2.2. Cac yéu tb anh huwéng dén thanh phin loai ciia nAm ngoai cong sinh

Trong tu nhién, trén madt vi tri nén rung, c6 thé cd dén hang trdm loai nam

ngoai cong sinh cung hién di¢n va c6 cac dic tinh sinh ly — sinh thai twong doi khéc

nhau [40, 41]. Hé sgi nam lan tda tir cac ré nam ngoai cdng sinh lién két véi nhau va
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hinh thanh nén c4c mang luéi (Hinh 1.11), ¢ tic dung hd trg ddi véi cay chi va chia
sé ngudn tai nguyén voi cac thuc vat khac trong khu vuc rimg. Thanh phan hé nim
ngoai cOng sinh trong mot khu hé thuc vat cé thé duoc du doan thong qua thanh phén
hé thyc vat, tudi cua cdy chu va diéu kién moi truong [3]. Tinh dic hiéu dbi véi cay
chil cia nAm ngoai cong sinh da dugc Molina va cs. dd mo ta, trong d6 dao dong tur
tinh dic hiéu cao — khi ndm chi lién két v6i cac chi hodc ho cay cu thé, dén tinh dic
hiéu trung gian va tinh dac hiéu thap — khi nam c6 kha nang lién két véi nhiéu cay
chu thudc cac bg, ho khac nhau [35]. Déng thoi trén mot cay don 1€ co thé c6 nhiéu
loai nAm ngoai cong sinh khac nhau trén r& cua né [42]. Cac loai ndm trong chi
Rhizopogon 14 nhitng vi du dién hinh thé hién tinh dic hiéu thap, lién két v6i cac chi
don trong ho Pinaceae, vi du nhu Rhizopogon vinicolor va Pseudotsuga. Tuy nhién,
mot s6 loai ndm thude chi Rhizopogon c6 phd ciy chu trung gian nhu Rhizopogon
salebrosus cong sinh véi nhiéu chi thyc vat trong ho Pinaceae [43]. Cenococcum
geophilum, véi pham vi phan bd toan ciu va c6 kha ning lién két voi hau hét cac cay

chu, 14 loai nAm ngoai cong sinh c6 pham vi ky chu rong [44].

7 . .\ 1 5 c, ~’:-< [
e X ‘A ) VNe ¢
‘\ \ ) 7’ )

-
Hinh 1.11. So d6 mang ludi ré nam ngoai cong sinh trong mot khu h¢ thuc vat [45]

Mukc do lién két gitta cac ré nam ngoai cong sinh co thé trong cung mot ca thé thuc
vdt (a), dén mot ca thé ré nam ngoai cong sinh noi cac ngon ré cua hai ca thé thuc

vat (b), dén nhiéu ré nam ngoai cong sinh twong tdac trén nhiéu loai thuc vdt (c)

Céc diéu kién méi trudng nhu nhiét do, pH dat, d6 am, ham luong dinh dudng
trong dat cling anh hudng 16n dén thanh phan nam ngoai cong sinh trong dat. Mot s6
loai nam ngoai cong sinh cho thdy kha ning thich nghi cao va 1a thanh phan chu dao
¢ cac khu vuc ¢6 nhiét do lanh nhu /nocybe [46]. Trong khi d6, mot sb loai Amanita,
Russula, Lactarius va Boletus phd bién nhiéu & cac khu vuc ring nhiét d6i [47].
Thanh phan va cau tric cua quan thé nAm ngoai cong sinh v&i Pinus sylvestris var.
mongolica & Trung Qudc bi anh hudng dang ké boi nhiét d6 va lugng mua & cac khu
vuc nghién ctru [48]. Po pH cua dat ciing dd dugc ching minh 13 ¢6 trong quan véi

thanh phan loai nam ré ngoai cong sinh vai cac cay chu khac nhau va trén nhiéu chau
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luc, bao gébm P. sylvestris & Trung Qudc [48], ring Fagus sylvatica, Picea abies, va
P. sylvestri & Chau Au [49] cling nhu cac khu vuc rimg P. contorta va P. albicaulis
thudc Hoa Ky [50]. Ham luwong chét dinh dudng trong dat bao gdm nito, phdt pho,
cac chat hiru co, mun ciing anh hudng rat 16n dén su khac biét gitra cac quan xa nam
ngoai cong sinh ¢ nhiéu khu vuc rimg ty nhién hay rimg tai sinh dugc nghién ciru
[49—51]. Nhiéu nghién ctru cling cho thay su thay doi vé thanh phan trong hé nim
ngoai cong sinh theo thoi gian. Tudi cua cay chu dugce chimg minh 14 mét yéu t dong
vai tro quyét dinh 16n dén thanh phan nim ngoai cong sinh c6 trong hé ré. O nhimg
cdy chu 1au nam, cac loai ndm tién phong chi giéi han & phan ré non nhat nam ria
ngoai ctia ving ré. Trong khi d6 ndm cong sinh & giai doan mudn hau nhu khong thy
6 su cong sinh v4i cdy con, trir nhitng cdy con dang phat trién trong ving 1an can
v6i cdy lau ndm va ching thuong dugc tim thiy & cac phan ré gia. Lamb d3 tién hanh
phan 1ap ndm ngoai cong sinh tir hé ré cua P. elliotii va P. radiata sau mdi 5 nam tir
khi cay con dugc trong vao ti nhién va thu dugce ngdy cang nhiéu loai nim ngoai
cong sinh [52]. ChuChou di tim thiy nhiéu quéa thé cua Hebeloma shelluliniforme
trong vudn uwom, nhung chi thu duoc rat it sau khi cdy con cia P. radiata dugc dua
vao tu nhién, trong khi d6 qua thé cua cac loai nhu Rhizopogon spp., Laccaria
laccata, Inocybe spp., Amanita mucaria va Scleroderma verrucosum bat dau xuat
hién [53]. Visser da danh gid do da dang cac loai nam ngoai cong sinh trén khu vuc
ring P. bankiana tai sinh sau khi chdy [54]. Trong sdu nim dau, ré bi xdm nhiém béi
turong dbi it loai ndm, sau d6 su da dang ting 18n rd rét & cac 1am phan 41 tudi va 65
tudi, giai doan sau cho thiy murc d6 da dang vé s luong loai twong tu nhu & 1am phan
112 nim tudi [54]. Nghién ctru ciia Rao va cs. [55] v& nAm ngoai cong sinh voi P.
kesiya trén cac nén rimg 2, 4, 11 va 17 ndm tudi cho thdy c6 13 loai ndm ngoai cong
sinh hinh thanh r& nim ngoai céng sinh véi loai thong nay. Chi sé da dang ctia ndm
ngoai cong sinh ty 1¢ thuan véi tudi ciia cac goc thong, trong d6 sb luong loai nam
nhiéu nhat dugc quan sat thay trong khu vuc rimg 17 nam tudi. Qua thé ctia Boletus
luteus, Scleroderma aurantium, Tricholoma saponaceum, va Hygrophorus limacinus
thu duoc & giai doan dau cia P. kesiya, Russula lepida va Amanita phalloides thu
dugc & cac nén ring 1au nam, trong khi d6 Boletus luteus va Scleroderma aurantium
1a nhiing loai chiém wu thé ¢ tat ca cac khu vuc nghién ctru. Cac quan sat ctia Lu va
cs. ciing cho thiy sy da dang ciia qua thé nAm ngoai cong sinh trong cac khu rimg
Eucalyptus globulus & Tay Uc ting déu dan khoang hai loai mdi nam [56]. Mtc do
da dang cia cac loai nam ngoai cong sinh thudng ting 1én tuan ty va dat mic cao &

giai doan truong thanh. Khi hé sinh thai budc vao giai doan cudi cta chu ky dién thé,
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sO luong loai nam ngoai cOng sinh c6 thé giam, trong khi cac loai ndm c6 muc do

chuyén hoa cao véi cdy chil trd nén chiém vu thé [57].
1.2.3. Su hinh thanh qua thé ciia naAm ngoai cong sinh

Trong ty nhién, mot s6 loai nAm ngoai cong sinh c6 kha nang hinh thanh nén
qua thé, tuy nhién dong hoc cta qua trinh nay kha phirc tap. Hau hét cac loai ndm
thudc nganh Ascomycota va Basidiomycota c6 thé tao ra qua thé dé thiy duogc. Tuy
nhién, mot sd loai nidm thudc chi Rhizopogon, Tuber... tao ra qua thé it va kho thiy.
Trong khi d6, mot s6 loai nAm ngoai cong sinh nhu Cenococcum geophilum khong
hinh thanh qua thé [58]. Mason va cs. [57] d3 dua ra gia thuyét vé sy tuong tac cta
nam ngoai cong sinh v4i ciy chu tiy theo diéu kién méi trudng va kha ning tich liy
dinh dudng. Sau mot khoang thoi gian hinh thanh & nim ngoai cong sinh védi cay
chu, ndm ngoai cong sinh c6 thé hinh thanh qua thé va hoan thanh vong doi cua chiing.
Ngoai ra cac diéu kién vé loai dat, do pH, céc yéu t6 khi hau nhu nhiét d6 va lugng
mua 12 nhitng yéu t6 chinh anh huéng dén qué trinh hinh thanh nén qua thé ctia nAim
ngoai cong sinh [59, 60]. Mot yéu t quan trong khong kém anh hudng dén sy hinh
thanh qua thé ndm 1a tudi va giai doan phat trién cua cdy chu. Cay non, cdy trudng
thanh va ciy dang suy yéu déu co thé hd trg cac cong dong nim ngoai cong sinh khac

nhau, voi san luong qua thé khac nhau (Hinh 1.12) [60].

Hinh 1.12. Céc yéu té anh hudong dén cong dong ndm ngoai cong sinh [61]

Ngoai ra, cac hoat dong cia con ngudi nhu khai thac gd, tai trong rimg va tia
thua rimg c6 thé tac dong dén cac cong dong nam ngoai cong sinh. Cac hoat dong
quan 1y rimg bén viing, bao ton ciy trudng thanh va duy tri ciu tric tudi da dang cia
nén rimg c6 thé cai thién moi trudng phat trién cho cac loai nam nay. Nguoc lai, cac
hoat dong 1am x4o tron dat hodc pha bo cay chii ¢6 thé 1am giam quan thé ndm [62,
63]. Ngay nay, nhiéu nghién ctru di tién hanh dong nudi cdy mot s6 loai ndm ngoai
cong sinh co gid tri cao voi cay chii va tao diéu kién cho su hinh thanh qua thé trong
diéu kién nudi ciy in vitro (Hinh 1.13) [64—66]. Tuy nhién, trir mo hinh d6i véi
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Tricholoma sp. va Tuber sp. thi hiéu qua 1au dai va kha ning mé rong cac két qua ra
thuc dia di v6i nhiéu loai ndm khac van chua dugc ghi nhan day du. Ly do cho viée
nam ngoai cong sinh n duge rat khé trong 1 vi tbe do sinh trudng trong dng nghiém
clia sgi nam trén moi trudng dinh dudng cham, khong thé hinh thanh qua thé ma
khong hinh thanh ré ndm ngoai cong sinh v&i cdy chii va thiéu thong tin vé co ché
hinh thanh qua thé [67].

Hinh 1.13. Qua thé trudng thanh cua Hebeloma cylindrosporum va Cantharellus

anzutake trong nudi cy in vitro voi Pinus pinaster (a) [68] va P. densiflora (b) [65]

1.3. THANH PHAN THUC VAT NGOAI CONG SINH

Thuc vat hinh thanh cdu trac ré ndm ngoai cong sinh chiém khong qua 5%
thuc vat c6 mach, nhung céc loai dai dién dong vai tro hét suc quan trong trong cac
tham thuc vat khac nhau cua sinh quyén [3, 69]. Mot s6 chi thuc vat c6 it nhat mot
loai c6 kha ning hinh thanh ciu trac r& ndm ngoai cong sinh dugc trinh bay & hinh
1.14, trong d6 chu yéu 1a cac loai cdy nhu thong, sbi, bach dwong, bach dan...[36,
39]. Cac nghién ctru vé mbi quan hé ngoai cong sinh trong méi trudng rimg tu nhién
cho thiy rang ciy con tao thanh r& ndm ngoai cong sinh c6 kha ning phat trién t6t
hon nhiing cdy khong c¢6 cong sinh [3]. O cac hé sinh thai, sé lvong thuc vat cong
sinh v&i nAm ngoai cong sinh c6 thé 1én dén hang nghin loai [3]. Dong thoi, hang
chuc loai nAm ngoai cong sinh cling co thé duoc tim théy trén mot cay don 1¢ hoac
trong cac khu vuc rimg doc canh nho [70]. Kha ning tuong thich giita ndm véi cay
chu 1a mot trong nhitng yéu to quyét dinh dé cy con c6 thé phat trién thanh cong.
Céc nghién ctru vé tinh dic hiéu cta cdy chi dong vai tro quan trong khi nghién ctru
vé cac hé sinh thai rimg khac nhau trén thé gidi, it nhat & hai 1y do: 1) lam tang kha
ning ton tai cia cdy con trong moi trudng song ngoai lai, va nhd d6 cé thé mé rong
khu vuc phan bd cua thuc vat; va 2) gitp tang kha nang tiép can cua thuc vat déi voi
cac nguodn dinh dudng ca trong va gitta cac khu vuc khi cac loai nim riéng 1é thich
nghi linh hoat v&i cac méi trudng sdng hodc khi c6 nhiéu loai nim ré ngoai cong sinh

khac nhau c6 kha nang tiép can cac ngudn dinh dudng khac nhau [41, 71, 72].
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Family/Subfamily Genus Family/Subfamily Genus Family/Subfamily Genus Family/Subfamily Genus
Angiospermae Euphorbiaceae Poranthera Rudge Paplionoidess Eutaxia R. Br.
Aceraceae B AcerL. 8 Uapaca Baill & Gompholoblom Sm. BPyrusL
Betulaceae 8 Alnus Mil. Fagacese 8 Castanea Ml B Hardenbergia Benth Rwel.
B Betula L. B Castanopsis (D. Don) Spach Jecksonis RB:. e Sm B Sorbus L.
B Carpinus L. B Fagus L. Kennedya DC Salicaceae B Populus L.
B Corylus L. R Liocacpwe Bucys B Mirbeia Sm B SalixL.
B Ostrya Scop. B Nothofagus Biume B Oxylobium Andrews Sapindaceae Allophylus L.
B Ostryopsis Decne. 8 Pasania Blume Platylobium Sm Nephelium L.
B Quercus L
Bignoniacese Jacarsnds Jes. Puttensea Sm Sapotaceae Glycoxylon Ducke
Caprifoliaceae B Sambucus L. B Trigonobalanus Forman B Robinia L. Stercul B L sakoslis S
Casuarinaceae B Casuarina L. Gentianaceae Bartonia® Muhl. ex Willd. B Vicia L. .
B Al LAS Goodenaceae Brunonia* Sm. ex R Br. B Viminarie Sm . Sw
Cistaceae B Helianthemum Ml B Goodbal’ Sra. Comptonia (L) J. M.Coulter Sofeones: s""""' '
B Cistus L. (DC.) C.A- Mey. Myrica L Thymeieaceae B Pimelea Banks & Sol. ex Gaertn
Compositae (Asteraceae) B Lactuca®L. (incl. Mycelis Cass.) 9 B Canyn ot Myrtacese B Eucalyptus L'Hér B THaL.
o B Juglans L. . Ulmaceae B Uimus L
Cyperaceas B fobrwela’ V. B Leptospermum JR. Forster & G.
- s - Pterocarys Nutt. ex Mog. Forster Celtis L
B Balanocarpus Bedd i covsomd e e Afzelia Sm. B Melaleuca L. Vitaceae B VitisL.
B Cotylelobium Pierre Aldine Endl 8 Tristania R Br Gymnospermae
8 Dipterocarpus C.F.Gaertn. . -~ Nyctaginaceae B Neea Ruiz & Pav. Cupresseceae B Cupressus L.
’ 8 Torrubia Vell. '
:Dyab‘::C.F.M 3 ol N N B Juniperus L.
Hopea 9 Prsonia
Brachystegie Benth Pinaceae Abies Mill.
B Monotes ADC. G Oleaceae 8 Fraxinus L.
B Shorea Roxb. ex C.F.Gaertn - Plslssacens 8 Platanus L Cathaya Chun & Kuang
Elacagnaceae Shepherdia Nutt. Soane R Polygalaceae Coccoloba P. Browne B Cedrus Trew
Epacridaceae Astroloma R Br. Gestroboblm R. Br. Polygonaceae Polygonum"* L. Keteleenia Carmére
Gilbertiodendron J. Léonard
Ericaceae Arbutus L. Rhamnacese Cryptandra Sm. Larix Mill.
Arctostaphyios Adans Juibernardia Pellegr. Pomaederris Labill Picea A Dietr.
Monopetalanthus
Chimaphia Pursh Haems Rhamnus L. Pinus L.
Gaultheria Kalm ex L. Paramacrolobium J. Léonard S fium Ferat Pseudolarix Gordon
Kaimia L. Swartzia Schreb.
Trymaiium Fenzl
Leucothoe D.Don Acacia Mdl. Rosacese B Crateegus Tourn. ex L. SO R
Rhododendron L. Fab - sublam c sm. A Tsuga Cariére
Vacchim L. Mimosoideae Daviesia Sm. - Gnetaceae Gnetum L
B Maius Mil. 2
4 - - 8 Prunus L.

Hinh 1.14. Nhiing chi thyc vat c6 it nhéat mot loai ¢6 sy hinh thanh cAu tric ré nidm ngoai cong sinh [39]
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1.4. VAI TRO CUA RE NAM NGOAI CONG SINH VA NAM NGOAI CONG
SINH

R& ndm ngoai cong sinh dong mot vai tro quan trong trong cac hé sinh thai
trén can, ddc biét l1a trong cac hé sinh thai rung nghéo dinh dudng. Thong qua viéc
hinh thanh mang lu6i sgi ndm bao quanh va lan rong ra ngoai ving ré, chung 1am gia
ting dang ké dién tich tiép xuc véi dat, tir 46 ning cao kha ning hap thu cac chat dinh
dudng va khoang chit [73]. Ngoai ra, hé soi ndm phat trién day dic trong dit tao
thanh mdt mang ludi lién két cac hat dat, giip on dinh ciu trac dat, tang do toi xép
va kha ning giit nudc ciing nhu han ché su rira troi va that thoat cac chét dinh dudng
quan trong. Bén canh dé, thong qua qué trinh sinh truéng va phan giai, hé sgi ndm co
trong dat gop phan cai bién thanh phan hoa hoc cia dat, lam gia ting ham luong chat
hitu co va cai thién do phi nhiéu cua dat. Tir d6, thuc vat c6 thé d& dang khai thac
duogc cac dang dinh dudng hitu co kho tiéu c6 trong moi truong dat [74, 75]. V6i kha
nang tich lily va luu trir carbon trong dét, hé soi nim ciing gop phan 1am chim qua
trinh phat thai carbon, c6 ¥ nghia quan trong trong viéc diéu hoa khi hau. Ngoai ra,
hé soi nAm nay con gdp phan cai thién kha ning hap thu nudc, san sinh va cung cip
cac phytohormone quan trong [36]. Pdng thoi, cdu trac 16p bao cia ré ndm ngoai
cong sinh 1a mot co ché kiém soat sinh hoc hiéu qua, thong qua vi¢c han ché sy xam
nhap va phat trién cta cac tac nhan giy bénh tan cong vao ré [76]. Pang chi ¥, cac
mang ludi soi ndm trong dat con két ndi hé ré cua nhiéu cdy khac nhau trong cing
mot khu vuc séng, tao diéu kién cho su trao ddi carbon va cac nguén tai nguyén khac
gifra cac ca thé thuc vat [77, 78]. Bén canh d6, mot s6 loai nAm ngoai cong sinh con
c6 kha niang phan huy chét thai dong vat, thuc ddy qua trinh khoang hoa va tai ché
chat dinh dudng trong hé sinh thai. NAm ngoai cong sinh ciing thiét lap mdi quan hé
tuong hd chit ché véi cic nhom vi sinh vat dat khac, ciing tham gia vao cac chu trinh
dinh dudng thiét yéu nhu chu trinh nito va phospho, qua d6 duy tri sy can bang sinh
dia hoa [43, 56, 57]. Khong chi dung lai ¢ vai tro dudi mat dat, qua thé va hé soi nAm
ngoai cong sinh con 1a ngudn thirc an giau dinh dudng cho nhiéu loai dong vat, tir
con tring, dong vat khong xuong séng dén cac loai thii nho, dong thdi tao ra cac vi
moi trudong séng dic thu cho nhiéu sinh vat khac [69, 79, 80]. Ngoai ra, nhiéu loai
nam ngoai cong sinh con 1a ngudn thuc pham giau dinh dudng, chira ham lugng
protein, vitamin va khoang chét cao, dong thoi co gia tri kinh té dang ké trén thi
truong [9, 81]. Mot s6 loai ndm ngoai cong sinh con dugc khai thac 1am duoc lidu
nhd chtra cac hop chit c6 hoat tinh sinh hoc [82], hodc dugc st dung nhu la thude

nhudm ty nhién than thién v6i moi truong [36]. V€ mat van hdéa — xa hoi, nhi¢u loai
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nam ngoai cOng sinh c6 hinh thai dep, doc ddo, co6 gia tri tham my cao va la mot phén
quan trong trong cic nén vin hoéa dan gian & nhiéu khu vuc trén thé gidi [6, 9]. Dbi
v61 hé sinh thai ty nhién, sy da dang va phan bd ciia nAm ngoai cong sinh con dugc
xem nhu 13 mét chi thi sinh hoc quan trong, phan anh chat lugng moéi truong va mirc
do 6n dinh cua hé sinh thai rung [67, 83]. Nim ngoai cong sinh dong vai tro hét st
quan trong trong qua trinh bao ton va tai sinh rimg tu nhién thong qua viéc hinh thanh
mdi quan hé cong sinh vdi 1& cdy, gitp ting cudng kha ning hip thu nudc va dinh
dudng, tir 6 nang cao stc sinh truong va kha nang chong chiu cia cdy chi voi cac
diéu kién khic nghiét ciia moi trudng [83]. Nhiéu loai nAm ngoai cong sinh con co
kha ning hd tro ciy trong thich nghi voi cac diéu kién bat loi, dic biét 1a trong cac
vung dat bi 6 nhiém kim loai nang hodc cac hop chit hiru co doc hai [24, 84], gop

phﬁn quan trong vao qua trinh phuc hoi dit va hé sinh thai bi suy thoai [85, 86].

1.5. SU CONG SINH CUA NAM NGOAI CONG SINH VOI CAC KHU HE
RUNG THONG (Pinus spp.) TREN THE GIOI

1.5.1. Méi quan hé cdng sinh bit budc giira nAm ngoai cong sinh va chi thong

Theo Keeley [87] chi théng (Pinus) xuat hién tir giita Pai Trung Sinh. Cac hoa
thach ¢ nhat cua cu trac ré nAm ngoai cong sinh vai thuc vat hat tran co tir khoang
cach day 50 triéu nam co lién quan dén Pinus [20]. Ngoai ra, cac phan tich buc xa &
Basidiomycetes trong ky Paleogene va Neogene da phat hién dugc cac loai trong
nhom Rhizopogon va Suillus ¢6 hinh thanh ciu tric ré nim ngoai cong sinh voi cac
loai Pinaceae dang phan hoa [20]. Theo d6 sy phat trién cta cdu tric r& nim ngoai
cong sinh & r& thong dién ra dong thoi véi qua trinh biét hoa, hinh thanh va chiém vu
thé dan dan cua chi thong theo cac giai doan tién héa. Cac ghi nhan vé khao ¢ nay
d3 chimg minh cho quan diém rang su hd tro ctia nAm ngoai cong sinh 13 yéu t6 quan
trong thuc ddy qua trinh da dang hoa va phan b cia thong, dic biét 1a trong moi
truong tién phong khic nghiét. Ngoai ra, su phan bd rong khip cta thong qua cac vi
d6 ¢ bic ban cau (Hinh 1.15) va theo cac d6 cao ¢ vung nhi¢t déi dugc cho la nho
vao méi lién két da dang v&i nAm ngoai cong sinh (Hinh 1.16) [71, 88, 89].

America (66 species) Europe (12 species) Asia (27 species)
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Hinh 1.15. Su phan b tu nhién cta céc loai thong trén thé gidi [88]
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EM fungal phylogeny

Pinacese 4

EM fungal genera

Hinh 1.16. Kha ning cong sinh ctia mot s6 chi nAm ré ngoai cong sinh véi thong [89]

Ngay nay, ngoai bic ban ciu, thong ngoai lai dd duoc trong & nhiéu khu vuc
phia nam. Sau nhimg nd lyc ban dau bj that bai vao nhitng nim 1800 va dau nhiing
nam 1900, cac nghién ctru di chimg minh rang thong c6 mbi quan hé cong sinh bit
budc véi ndm ngoai cong sinh. Chung khong thé tdn tai néu khong co cac mam nim
trong dat thu tr vuon wom hoidc khu rimg thong ban dia [90]. Cac nghién ctu tiép
theo sau nay ciing cho thdy méi quan hé cong sinh chit ché cua ciy thong con véi hai

chi ndm Rhizopogon [91-93] va Suillus [94, 95] trong mdi truong séng.
1.5.2. Tac dong ciia niAm ngoai cdng sinh trong quan 1y va tai sinh rirng thong

Phén 16n hiéu biét hién nay vé chtc ning cua ndm ngoai cong sinh dén tir cac
nghién ctru tng dung tryc tiép trong 1am nghiép. V6i khoang 115 loai, thong c6 phan
bd ban dia & hau hét khu vuc Bic ban ciu va 1a mot trong nhing loai dugc trdng phd
bién & nhiu ving 6n déi va can nhiét déi trén thé gidi. Rimg thong duoc uu tién tai
sinh vi ddy 14 loai tién phong manh, rat thich hop cho cong tac tai sinh va bao tén
rumg ty nhién. Ngoai ra, nhd sb lugng loai 16n cing kha ning phat trién manh trong
nhiéu diéu kién méi trudng khac nhau, ciing nhu cac diéu kién dat kho can, nghéo
dinh dudng, bac mau, thong thuong dugc sir dung pho bién dé trong 1y gd. San lugng
ctia mot s6 loai thong co thé thu dugc rat cao ngay ca trong dicu kién dia 1y khong

thuan loi (https://www.fao.org).

Déi véi mot so loai thuc vat thude ho Thong, nam ngoai cong sinh da duogc
chtmg minh 13 diéu kién bat budc trong qua trinh sinh trudng va phat trién cia cay
[47] (Hinh 1.17). Céc cdy théng con khong co sy xdm nhiém ctia ndm ngoai cong
sinh ¢6 thé dugc trong trong nha kinh & diéu kién giau dinh dudng. Tuy nhién phan
dong trong s6 d6 thudng khong thé sdng sot va phat trién sau khi dua ra moi trudng

ty nhién. Cay con dugc bd sung ndm ngay tir trong giai doan vudn wom cé thé thiét
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1ap mot hé théng r& nAm ngoai cong sinh khoe manh trude khi dem tréng. Ngoai ra
c6 thé sir dung cac ngudn bd sung mam nim ngoai cong sinh nhur mot ché pham ndng
nghiép bd sung vao khu vyc rimg trong dé thuc day c6 dinh hudng dén sy hinh thanh
va phat trién cua cay con [96, 97].

Hinh 1.17. Thi nghiém vé tac dong tich cuc giita cAy con Pinus densiflora va nAm ngoai

cong sinh trong nha kinh [98]

(a) Cdy con P. densiflora 2 nam tuéi dwoc trong thanh ba hang véi khodng cdch
khdc nhau (15, 30, 45 cm); (b) Soi ndm ngoai cong sinh ldy tir cdy me (trdi) sang
cdc cdy con. Sy ldy nhiém gan hon dan dén kha nang tang trucng tot hon ciia cady.

Cady cudi (phdi) duwoc trong trong ddt wom hdp cé ludi

Bt ky su ¢c6 mat hoac bién mét cua cac loai nAm ngoai cong sinh déu co kha
ning anh hudng dén sy ton tai, sinh trudng, phat trién va kha ning chdng chiu cing
thang, khang bénh ciing nhu hap thu nuéc cua thyc vét [3]. Thanh phan nAm ngoai
cong sinh chiu anh hudng rat 16n béi sy bién d6i cua cac diéu kién ty nhién cling nhu
tac dong ctia con ngudi [80]. Do sy suy giam da dang sinh hoc c6 thé xdy ra dudi tac
dong cua bién ddi khi hau toan cau, cac nghién ctru vé thanh phan va sy da dang cua
nam ré ngoai cong sinh trén khip cac moi trudng séng 1a rat quan trong dé hiéu va
du doan méi quan hé giita ndm — cay chii — mdi truong va anh hudng cia chiung dén
chtic nang cua hé sinh thai rimg [99]. TAm quan trong cia nam ngoai cong sinh dbi
v4i su can bang ciia hé sinh thai rat 1on vi chung c6 thé dugc sir dung dé ting kha
nang chéng chiu cua thuc vat trudce cac ap luc sinh hoc hoac phi sinh hoc, cai thién

su sinh trudng va phat trién ctia cdy cdng sinh ciia no [69].

Vi vay cac nghién ciru danh gia mic do da dang vé thanh phan loai nam ngoai
cong sinh trong cac hé sinh thai rimg hét strc quan trong. Thanh phan loai cia nam
ngoai cong sinh trong mot sé khu hé rimg thong Pinus sylvestris [100, 101], P. kesiva
[55, 102], P. merkusii [103] P. caribaea, P. oocarpa [104], P. massoniana [51, 105],
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P. ponderosa hay P. contorta [106] di duogc nghién ctru k¥ trén nhiéu khu vuc phan
bb rong khap tir cac ving on déi dén nhiét d6i. Ngoai ra, phan tich thanh phan nam
ngoai cong sinh theo cac ving nhiét do ciing cho thay sy phong phu va da dang cta
nam xuét hién cao nhat & cac khu vuc lanh. Khi d6 khi hau néng 1én cé thé gy han
ché dén sy phan bd ciia cac loai ndm ngoai cong sinh chi thich nghi voi diéu kién lanh
va do d6 1am giam tinh da dang ctia hé nam ngoai cong sinh ban dia [107]. Tuy nhién,
c6 su khac biét dang ké vé d6 nhay nhiét do va kha nang thich img vé&i nhiét do gitra
cic loai nAm ngoai cdng sinh khac nhau. Vi du chi Cortinarius thé hién kha nang
thich nghi cao hon véi sy gia ting nhiét 46 [108]. Cac nghién ctru vé thanh phan loai
nam ngoai cong sinh da thuc hién cé ¥ nghia rat 16n trong cong tac quan 1y bén vimg
cac khu hé ring thong trén thé gidi [60], dic biét & cac khu vuc thong dic hiru [109],
c6 thé giam bot su suy giam cua cac loai thong dudi tac dong cua thay doi khi hau
bang cach sir dung ngudn ché pham nidm ngoai cong sinh phi hop [97] cling nhu bao
t6n ngudn nam vu thé va thiét 1ap cac khu hé rimg thong méi nhd vao viée ¢ chung

loai nAm ngoai cong sinh wu thé [110].

Céc hoat dong 1am nghiép nhu khai thac gd ciing gay x4o tron vé thanh phan
loai va d6 da dang ctia ndm ré ngoai cong sinh. Nhiéu nghién ctru da chi ra cac nguyén
nhan co ban giy ra sy x4o tréon nay ciing nhu so sanh sy khac biét vé kha ning xam
nhiém va thanh phan loai ctia ndm r& ngoai cong sinh giita cy con trong lai & ring
sau khai thac va cady con moc trong rung tu nhién [62, 111, 112]. Cac nghién clru nay
gitip danh gid duoc cac hoat dong 14m nghiép anh hudng nhu thé nao dén ning sut
va thanh phéan cta cac khu vire rimg tai sinh. Trong quén 1y rirng, dé thay thé cho viéc
chit pha hoan toan, mot phan 14m phan duogc giit lai dé duy tri su lién tuc trong da
dang vé céu tric va thanh phz‘in ctia hé nim ré ngoai cong sinh, tao diéu kién thuan
loi cho su phat trién cac cdy con méi trong [113]. Ngodi ra ¢ thé sir dung cac ngudn
bd sung mam nam ré ngoai cong sinh nhu mot ché pham ndng nghiép bod sung vao
khu vuc rimg trong dé thuc day c6 dinh hudng dén sy hinh thanh va phat trién cia
cay con [96, 97].

Bén canh d6, bién dong vé thanh phan loai nAm ngoai cong sinh trong mot khu
hé thuc vat thuong xay ra khi c6 cac x4o tron tu nhién nhu khé han [114] hay chay
rung [115-117]. Nghién ctru ctia Pérez va cs. trén hai khu rirng thong P. pinaster va
P. halepensis cho thdy mirc d6 da dang ctia nAm ngoai cong sinh & khu vuc c6 mirc
do tai phat hoa hoan thuong xuyén thap hon so véi cac khu vuc hiém khi xdy ra hoa
hoan [115]. Ngoai ra, chay rimg thuong xuyén lam giam dang ké su xuét hién céac

nam ngoai cong sinh & giai doan cudi (nhu Atheliaceae va Cantharellales) trong khu
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hé thong P. pinaster. Trong khi d6 cac loai nam ngoai cong sinh & giai doan dau thudc
ho Thelephoraceae xuét hién thudng xuyén, thoi gian tai phat hoa hoan cang ngan sb
lwong Cortinarius va Hebeloma xuat hién cang tang 1én [118]. O cac khu rimg thong
P. sylvestri khao sat & Thuy Si va Y, chi co6 Rhizopogon roseolus va Cenococcum
geophilum 13 c6 nhiéu & cac khu vuc bi chay va ving 1an can [117]. Qua d6 cho thay
su thay d6i cdu triic va chirc ning ctia hé ndm ré ngoai cong sinh lién quan dén tai
phat hoa hoan cé ¥ nghia thiét yéu d6i voi hoat dong quan 1y bén viing cac khu hé
thong d& bj ton thuong do khi hiu va duy tri kha ning phuc hdi cta ching trong cac
tinh huéng tuong lai. Viéc phuc hoi hé ndm ngoai cong sinh tich cuc ¢ cac khu vuc
sau chay c6 thé thyc hién thy dong nhd cac mam nam c6 kha ning thich nghi véi lua
con lai trong dat hodc bd sung cac loai nAm ngoai cong sinh chon loc trong vudn wom
(Hinh 1.18) [119, 120, 121].

Hoa hoan

Thue vt cong sinh véi nim
1 cb khi ning thich nghi va
phit trién tit & mdi trong
sauhéahoan

Su phét trién cia hé si ndm
ngoai cong siwh lim ting
mitc 6 on dinh trong dit

Nim ngoai cng sinh tu
nhan lvong Idn nito hi co
v Vo ciy chi & cic
o a

Hinh 1.18. Vai trd ctia ndm ré ngoai cong sinh trong viéc tai sinh rimg sau hoa hoan [121]

1.6. NGHIEN CUU VE NAM NGOAI CONG SINH VOI THONG O KHU
VUC PONG NAM A

Rimng thong tir nhién & Dong Nam A bao gdm ba loai théng quan trong vé kinh
té 13 Pinus kesiya, P. latteri va P. merkusii thuong dugc st dung trong trong rung,
hai loai dic hitu quy hiém 13 P. dalatensis va P. krempfii, va mot s6 loai thong khac
¢6 nguodn goc tir khu vuc nam Trung Hoa. P. kesiya dugc tim thiy & cac ving cao tir
800 dén 1.200 m tr An Do qua Myanmar, Thai Lan, Lao, Viét Nam va Campuchia
dén mién nam Trung Qudc va Philippines [122]. P. latteri dugc tim thdy & cac do cao
thap hon & cac qubc gia trén, ngoai trir Trung Qudc va An Do [123], P. merkusii 13
loai tuong tu nhu P. latteri nhung chi xuat hién ¢ cic ving dao cua khu vuc Dong
Nam A nhu Malaya, Borneo, Phillipine kéo dai xudng sat Chau Uc. Trong khi d6 P.
dalatensis va P. krempfii 1a loai dac hitu chi gidi han ¢ cac vung cao phia Nam Viét
Nam [124]. Trong nhiing thap ky qua nan pha rimg d3 lam giam dién tich cua tat ca
cac loai thong & Pong Nam A (FAO, 2007). Viéc khai thac nhua va ldy cai khong

bén viing dang 1am suy thoai nhiéu 1am phan thong con lai. Bién d6i khi hau c6 kha
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nang tao ra cic moi de doa bd sung va anh hudng dén qua trinh tai sinh, ting trudng
va phan b ctia nhitng khu rimg thong nay. Do kha ning thich nghi cao vdi cac diéu
kién khi hau khé han, dat nghéo dinh dudng, P. kesiya dang duoc sir dung dé tai tao
rimg theo huéng ty nhién cling nhu 13 loai ciy quan trong ddi voi rimg trong & cac
khu vye moi [125].

Tuy nhién, trai ngugc véi cac loai thong & vung 6n ddi va vung nui, cac nghién
ctru vé dic diém sinh hoc cta thong 4 nhiét d6i, dic biét 1a P. kesiya, va tuong tac
ctia chung véi cac yéu té moi truong con kha it. Didu nay gay thiéu hut dit liéu quan
trong can cho viéc xay dung chién lugc phuc hdi va trong rimg méi trén dbi tugng
nay. Pong thoi, thanh phan hé nim r& ngoai cong sinh thay ddi dang ké trong qua
trinh phét trién cua ciy con qua cac giai doan. Nghién ctru vé mdi quan hé cong sinh
gifra nam ré ngoai cong sinh va P. kesiya hi¢n nay méi dugc thuc hién & mot s6 noi
nhu An D6, Thai Lan va Philippines. Hiéu qua xam nhiém nam va tac dong hd trg
dbi voi cdy con trong nha kinh va ngoai ty nhién di dugc chimg minh bdi Khemnark
[126]. Céac nghién clru cia Sharma va cs. cling chi ra sy khac bi¢t ro rét trong kha
ning phat trién ré bén ciing nhu hiéu qua sir dung nudc va chat dinh dudng cua cac
cdy con c6 nhiéu ré ndm cong sinh, thuc ddy tiém ning khai hoang va trong lai rimg
& cac khu vuc rimg bi suy thoai [127]. Ngoai ra, nghién ctru trén cac d6 tudi rimg
khac nhau cua Sharma ciing cho thiy chi sé da dang cua ndm ré ngoai cong sinh, cac
loai wu thé trong timg d6 tudi khac nhau cta P. kesiva va mdi twong quan tich cuc
giita s6 lwong r& ndm cong sinh voi d6 Am cua dat, 46 pH cua dit, tong luong nito,

phét pho, kali ciing nhu cac chat hitu co cua dit [55].

Hién nay tai Viét Nam, cac nghién ctru vé hé ndm ré ngoai cong sinh vdi cac
loai thue vat cong sinh néi chung va thong ba 14 P. kesiya noi riéng van con rat it.
Trong khi d6 nhiéu dy 4n trong riing, cai tao va tai sinh ring tu nhién dang duoc nha
nudc quan tim dau tu va phat trién. Trong d6, thong ba 14 1a mot trong nhiing loai
duogc wu tién trong tai sinh nhd cac gia tri sinh thai va kinh té quan trong cua loai nay.
Pé nang cao chat lugng rimg, ting kha ning sinh truong ciing nhu giam thiéu ty 18
bénh, chét ctia cdy con trudc khi dua ra rimg trong bang cac giai phap sinh hoc mang
lai nhiéu loi ich vé mat moi trudng va dem lai hiéu qua kinh té cao. Vi vay, hiéu rd
vé thanh phéan loai nAm r& ngoai cong sinh sinh & mdi khu vuc ring khac nhau vé
diéu kién mai truong va thanh phan hé thuc vat, cling nhu thanh phan cac loai chiém
wu thé trong timg giai doan phat trién cua cdy c6 ¥ nghia quan trong trong viéc lya
chon ngudn chung gidng ban dau, co thé bo sung vao dat trong nhur mot dang ché

pham sinh hoc gitip nang cao hiéu qua nhan giong cay con.
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Chuong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. POI TUQNG NGHIEN CUU

D061 tugng nghién clru cua deé tai 1a cac loai nam ngoai cong sinh c6 kha nang
cong sinh v&i hé ré cua cay thong ba 14 Pinus kesiya c6 phan bo tai tinh Lam Dong

trong cac giai doan phat trién cua cay, bao gom:

- Giai doan cy con thong ba 14 6 thang tudi.
- Giai doan cdy con thong ba 14 3 nim tudi.

- (Giai doan cay thong ba 14 trudng thanh.

Ngoai ra, nghién ctlru cling ti€n hanh khéo sat nhiing loai nam ngoai cdng sinh

c6 kha nang hinh thanh qua thé trong khu vuc trong thong 3 nam tudi.
2.2. PHUONG PHAP NGHIEN CUU

2.2.1. No¢i dung nghién ctru

/7

<> No6i dung 1: Khao sat thanh phan loai nAim ngoai cong sinh & cac giai doan
phat trién khac nhau cta ciy chu thong ba 14 P. kesiya: 6 thang tudi — 3 nim tudi —
cay truong thanh.

<> Noi dung 2: Panh gia anh hudng ciia ndm ngoai cong sinh toi kha ning phat
trién cta ciy théng con P. kesiya trong diéu kién in situ, ex situ va in vitro.

<> No6i dung 3: Khdo sat sy hinh thanh qua thé ndm ngoai cong sinh ¢ khu vuc

trdng cdy théng con P. kesiya 3 nim tudi.
2.2.2. Pia diém thuc hién nghién ciu

- Dia diém thu mau dat dé thuc hién ndi dung 1 1a rirng thong ba 14 trudng thanh
thudc Ban quan ly rirmng phong ho Pa Nhim, xa Lac Duong, huyén Lac Duong,
tinh Lam Pong va Vién Khoa hoc Su song (Vién KHSS), thanh phd Pa Lat,
Tinh Lam Pong. Dién tich nghién ctru ¢ 2 khu vuc nay 1a 4 ha/khu vuc

- Cay con st dung dé trong rimg va thuc hién ndi dung 1 - 2 (cdy con in situ)
duoc gieo va cham sdc tai vudn wom cay con cua Ban quan 1y rung phong ho
Pa Nhim, x4 Lac Duong, huyén Lac Duong, tinh Lam Pong.

- Khu vuyc trong rimg duoc bd tri trén dién tich dat tréng lién ké véi dia diém
thu miu dat cho ndi dung 1. Dién tich dét trong rimg tai khu vuc nay 1a 2 ha.

- Céc thi nghiém thu mau ré nam ngoai cong sinh, dinh danh hinh thai va sinh
hoc phan tir ré nAm ngoai cong sinh va qua thé nam ngoai cong sinh, trong va
cham so6c cay con ex situ va in vitro dugc thuc hién tai phong thi nghiém thudc
Vién Sinh hoc Ung dung, thanh phé H6 Chi Minh.
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2.2.3. So d0 cac bude thwe hién trong nghién ciru

Hat théng

X ly vé tring
Rirng théng ba la trwéng

thanh Gieo triec tiép
Péat thu tir rirng théng
( Bau wom tw hay )1— ba la trwdng thanh
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v
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Gieo hat vbé trang
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e
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 ——
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thuin
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Cay con vo trung

trong 6ng nghiém

Cay con 6 thang
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Thu mau dit c6 chira ca ré

—— G

7
Chuyén cay con
vao binh chidra hat
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|
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Ré& nam ngoai -
Rirng trédng 3 nam
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™
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Phan nhém,
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ngoai cong sinh va
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~
BPinh danh sinh

hoc phan to
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sinh
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Panh gia chi tiéu sinh

( Ré& ndm ngoai cong sinh)
|
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Xac dinh thanh) (. )

hin loai na Xac dinh thanh phan loai nAm ngoai
phan loai nam N A i n x o N i Pinh danh sinh
|_cotrongait ) | 579 sinh v&i he ré cay théng ba 1a M6 ta hinh thai L"QC :h"énst'l-:
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Binh danh sinh hoc

hinh thai phan to
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ND2: Panh gia Aanh hudng ctia nAm NCS téi kha nang phat
trién ctia cay théng con P. kesiya trong diéu kién in situ, ex

situ va in vitro.
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2.2.4. Phuong phap thuc hién ni dung 1

2.2.4.1 Xdc dinh dia diém va thiét ké 6 mbu thi nghiém d@é thu mau dit va ré

ném ngogi céng sinh tai khu vue rieng thong ba ld P. kesiya truéng thanh
Hai khu vuc c6 hé thuc vat vu thé chu dao 1a thong ba la P. kesiya dugc chon:

- Khu vuc rung thong ba 14 P. kesiya trudng thanh thudc Ban quan ly rung phong

ho dau nguén Pa Nhim, xa Lac Duong, huyén Lac Duong, tinh Lam Déng.

- Khu vyc rimg thong ba 14 P. kesiya trudng thanh giap véi dat d6 thi thudc Vién
Khoa hoc Su séng (tén cii: Vién nghién ciru Khoa hoc Tay Nguyén), Thanh phd Pa
Lat, tinh Lam Déng.

Mau ré nim ngoai cong sinh va mau dit dugc thu & rimg thong ba 14 P. kesiya
truong thanh & khu vyc rimg phong hd dau ngudén Pa Nhim, xi Pa Nhim, huyén Lac
Duong. Dong thoi, dé kiém tra sy khac biét vé thanh phan loai ndm ngoai cong sinh
khi chiu sy tdc dong ctia cac xao trdn gay ra bdi qué trinh do thi héa, rung thong ba
14 P. kesiya truong thanh nam trong khu vuc d6 thi thudc Vién Khoa hoc Su séng
(Vién KHSS), thanh phé Pa Lat ciing duoc tién hanh thu mot s mau dat dé so sanh.

Tai mdi khu vuc, thiét lap 1 6 thu mau rong 4 ha dé thu thap mau d4t va ré ndm
ngoai cdng sinh (Hinh 2.1).

200 m

100 m

50 m

Hinh 2.1. Dudng thu mau

2.2.4.2. Thu va xvwr ly mau dat, mau ré ndm ngogai cong sinh tai khu vuc ring

thong ba la P. kesiya truwong thanh

X Muc tiéu: khao sat thanh phan va su da dang cta hé nim ngoai cong sinh
trong khu vuc phan bd tu nhién cia thong ba 13 P. kesiya. Pong thoi xac dinh loai
nam ngoai cong sinh twong thich véi cdy chu thong ba 14 & giai doan truéng thanh.
X Cac buoc thue hién:

Viéc 1dy mau dat duoc tién hanh doc theo duong thu mau (Hinh 2.1) da thiét
ké trong mdi 6 thi nghiém. Sau khi loai bo 16p 14 muc, 50 khdi dat (15 x 15 x 10 cm)
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duoc dao tir ving ré dudi tan ciy thong ba 14 P. kesiya truéng thanh, v6i khoang cach
t6i thiéu 20 m giita hai diém 1dy mau. Cac mau dat (Hinh 2.2a) thu duoc tai khu vuc
rimg phong ho dau ngudn Pa Nhim duoc danh dau ki hiéu tir AO1 dén A50, cac mau
dét thudc Vién Khoa hoc Su séng dugc danh dau ki hiéu tir BO1 dén B50. Téng cong
100 mau dit da duoc thu thap & 2 khu vuc nghién ctru, sau d6 dugc bdo quan mat va

xur 1y trong thoi gian sém nhat c6 the.

Hinh 2.2 MAu dat (a) va cac chop ré nim ngoai cong sinh (b) c6 trong dat

R& thong trong mau dat dugc tach khoi dat, tién hanh rira nude nhiéu lan dé
lam sach cadc manh vun dat bam bén trén. Dya trén sy khéc biét vé ciu tric so véi ré
thong thudng, ré thong ¢ ciu tric r& ndm ngoai cong sinh (Hinh 2.2b, Hinh 2.3a)
dugc tach riéng bang nhip. Céc r& nAm ngoai cong sinh duoc phan loai thanh cac kiéu
hinh (ectomycorrhizal morphotypes, Hinh 2.3b, ¢, d) dua trén su két hop cac dic diém
hinh thai so bo khi quan sat dudi kinh hién vi soi ndi (SZM-2, Optika, Italia) theo
phuong phap dugc mé ta & muc 2.2.4.3. Nhimg ré& ndm ngoai cong sinh thu duoc
trong cuing mot mau dit co cac dic diém hinh thai twong dong dugc xép vao cing
mot kiéu hinh (morphotype) va duge ki hiéu “ABI-ki hiéu miu dat.ki hiéu kiéu hinh”
(vi du: ABI-A01.1) dé thuén tién cho viéc theo ddi va phan tich. Trong nghién ciru
nay, mdi choép r& nAm ngoai cong sinh (ectomycorrhizal root tip) duoc xem 1a don vi
14y mau co ban dé danh gia d6 phong phu cua cac kiéu hinh. Di véi mdi kiéu hinh
trong timg mau dat, cac chop ré nim ngoai cong sinh thudc kiéu hinh d6 dugc dém
toan b nham xac dinh mirc d6 phong phu ciia kiéu hinh trong mau. Pong thoi, tir 3-
10 dau chop ré ndm ngoai cong sinh (chop ré) dai dién cho mdi kiéu hinh dugc lua
chon dé bao quéan trong dung dich lactoglycerol (1 Axit lactic: 1 Glycerol: 1 nudc cat,
v/v/v) dé sit dung cho giai phau hinh thai (néu can). Ngoai ra, 3 chop ré dai dién cho
mdi kiéu hinh ciing duoc giit trong dung dich dém CetylTrimethylAmmonium
Bromide (CTAB) & nhiét d6 phong dé sir dung trong phan tach DNA va dinh danh
bang phuong phép giai trinh ty ving dém phién ma ndi bd (Internal Transcribed
Spacer — ITS) theo phuong phap dugc trinh bay ¢ muc 2.2.4.4.
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Hinh 2.3. R& ndm ngoai cong sinh thu dugc tir mau dét (a); cac kiéu hinh cua chop

r€ nam ngoai cong sinh c6 thé c6 trong mdt mau dat (b, c, d)

Phén dét con lai sau khi loai bo d4 vun va tach 1dy ré thong tir 50 mau dat trong

mdi 6 thu mau duoc tron déu dé tao thanh 1 mau hdn hop. Tir mdi mau hdn hop, 5
mau con (1 g/mau) duoc 14y ngiu nhién dé tach chiét DNA, tuong tng véi 5 1an lap
lai ctia thi nghiém. Ki hiéu miu: DA1 d¢én DAS5 dbi voi cac mau dat tir khu vuc rimg
phong ho dau ngudn Da Nhim va DB1 dén DB5 d6i véi cac mau dat tir khu vuc rimg
thudc Vién Khoa hoc Su séng. Téng cong co 10 mau dét cta ca 2 6 thu mau duoc st
dung dé tach chiét DNA phuyc vu phan tich thanh phan ndm c6 trong dét bang phuong
phap giai trinh tir thé hé méi (Next generation sequencing — NGS) theo phuong phap
duogc trinh bay ¢ muc 2.2.4.5.

2.2.4.3. M6 td dic diém hinh thdi ciia ré ndm ngoai cong sinh

Céc dic diém hinh thai ngoai ctia r& nAm ngoai cong sinh (Hinh 2.4) duoc mo ta
trén co s& mau sic, hinh dang, su phan nhanh, bé mat 16p bao manlte, su hién dién
cia cac ciu tric sgi nAm dang ré va soi nam bén ngoai dudi kinh hién vi soi ndi
(SZM-2, Optika, Italia) theo cac mé ta chi tiét ciia Agerer [30].

Hinh 2.4. Mot s6 dic diém co ban cia ré ndm ngoai cong sinh [33]



29

la-g: Pdc diém phdn nhdnh chinh cia cdu tric ré nam ngoai cong sinh (a don
nhanh-dang long vii; b don nhdanh-dang thap, ¢ phan nhanh dang tu do, d phan
nhanh dang san ho, e dang cuc, f phan nhanh doi; g khong phan nhanh).

2a-g: Hinh thdi ngodi ciia chdp ré ndm ngoai céng sinh (a dang thang; b cong; ¢
lieon song; d gdp khiic; e thit eo ¢ dau chdp; f dang nhiéu dot). Miii tén mau dé chi

ra cdc dau chop ré ndm ngoai cong sinh (chop ré).
3a-g: Bé mat ré nam ngoai cong sinh voi hé sgi ndm bén ngoai
2.2.4.4. Dinh danh sinh hoc phan tur ré nam ngoai cong sinh

Thanh phén nam trong cac & ndm ngoai cong sinh thu dugc dugc dinh danh
bang phuong phap sinh hoc phan tir dya trén vung trinh ty ITS voi cap moi ITSIF
[128] va ITS4 [129] caa rDNA. DNA bd gen cua cac chop ré nAm ngoai cong sinh
trude tién duogc tach chiét theo phuong phap CTAB cua Winnepenninckx va cs. [130]
(c6 hiéu chinh cho phu hop vai diéu kién phong thi nghiém). Thanh phan cac hoa
chét st dung duoc thé hién & phu luc 3 — 5. Toan bo cac chop & nAm ngoai cong sinh
dai dién cuia mdi kiéu hinh thu duogc trong tit ca cac miu dat déu duoc tién hanh tach
chiét DNA. Cac budc tach chiét duge tién hanh nhu sau:

- Nghién 1 ddu chop r& ndm ngoai cong sinh trong 50 pl dung dich CTAB 2x sau
d6 bd sung thém 450 ul CTAB va u 6 65 °C trong 1h.

- Thém 500 pl dung dich CIA, vortex déu va ly tam ¢ 15.000 vong/phut, 7 phat &
nhiét d§ phong.

- Thu 300 ul dich ndi cho vao 300 ul dung dich isopropanol lanh va u & -20 °C
trong 30 phut.

- Ly tam 15.000 vong/ phut, 7 phut, 4 °C, bo dich ndi.

- Thém 500 ul EtOH 70%, ly tim 15.000 vong/ phut, 7 phut, 4 °C, b6 dich ndi. Lap
lai budc rtra con tir 2 - 3 1an.

- Lam kho ty nhién trén bon @ kho & 50 °C trong 30p.

- Thém 50 pl dung dich TE va giit miu DNA tong & -20 °C cho dén khi sir dung.

Phan g chudi triung hgp (Polymerase Chain Reaction — PCR) dugc thuc hién
trong may luan nhiét TurboCycler 2 (BlueRay Biotech, Trung Quéc) véi cac chu ky
nhiét dugc thé hién & phu luc 2, stt dung MyTaq HS Mix (Meridian BioScience, Anh)
theo hudng din cua nha san xuat. Cac san pham khuéch dai thanh cong dugc tinh
sach bang ExoSAP-IT™ (Thermo Fisher Scientific, Hoa K¥y) va gui gii trinh ty theo
theo phuong phap Sanger tai cong ty 1% Base (Malaysia).



30

Cac két qua giai trinh tu chép ré nim ngoai cong sinh sau d6 s& dugc hiéu
chinh bang phan mém ATGC (néu can) va tién hanh so sanh véi cac dir liéu sin co
trén GenBank thong qua chuong trinh Blast cia NCBI. Ghi nhén céac trinh tu tuong
ddng c6 chi sé Max score cao nhat va kiém tra tinh toan ven cua céc trinh ty nay dé
xem x¢t tinh chinh xac cua phép so sanh.

Ngoai ra dé khang dinh chinh xé4c cac chop ré thu nhan 14 ciu tric cong sinh
clia ndm ngoai cong sinh va ré& cua thong ba 13 P. kesiya, cic mau DNA tong tach
chiét tir chop ré ddng thoi duoc str dung dé thuc hién phan tng PCR khuéch dai ving
trinh ty DNA lap thé #rnL voi cap mdi trnC-D [131] dé xac nhan danh tinh cdy chu

cong sinh.
2.2.4.5. Gidi trinh tw mdu dét bang phwong phdp gidi trinh tw thé hé¢ mdi

10 mau dat tir 2 6 miu nghién ctru duoc tach chiét DNA tong sé bang kit tach
mau dat PrimeWay Soil DNA Extraction Kit (1% Base, Malaysia) theo quy trinh
khuyén céo ctia nha san xuit. Mau DNA téng sau khi tach dugc dién di dé kiém tra
d6 toan ven ctia DNA trén gel agarose 1% va do ham luong DNA tng bang nanodrop

(két qua dién di va do nanodrop dugc thé hién & phu luc 6 — 7).

Mau DNA tach chiét tir dt sau d6 dugc bao quan & -20 °C va gt giai trinh tir
thé hé méi tai cong ty 1% Base (Malaysia). Thanh phan ndm c6 trong dat dugc xac
dinh bang phuong phap giai trinh ty viing gen chi thi ITS (ITS metabarcoding). Phan
tmg khuéch dai dugc thyc hién véi cap modi ITSSF [129] va ITS2 [128, 129]. Cac san
pham PCR dugc giai trinh tir trén hé théng Illumina MiSeq (Illumina, Hoa Ky) theo
ché d¢ paired-end 2 x 300 bp, trong d6 mdi phan tir DNA dugc giai trinh tu tir ca hai
déu, tao ra hai doan doc c6 chiéu dai 300 bp. Tiép theo, dir li¢u gidi trinh ty thu duoc
dugc xu 1y theo quy trinh DADA2 [132] dé tao cac bién thé trinh ty khuéch dai
(Amplicon Sequence Variants — ASVs). Mdi va adaptor dugc xac dinh va sau d6 loai
b6 bang Cutadapt 3.5 [133]. Chét lugng ctia cac trinh tu tho duoc danh gia bang phan
mém FastQC (https://www.bioinformatics.babraham.ac.uk/projects/fastqc/). Sau do,
cac cap trinh tu doc hai dau (paired-end reads) duogc loc chét luong, hiéu chinh sai s0,
ghép ndi va suy luan ASVs bang goi phan mém DADA?2 phién ban 1.18. Cac trinh tu
kham (chimera) duoc phét hién va loai bo bang thuét toan tich hop trong DADA2.
Viéc phan loai trinh tu ITS dugc thuc hién dua trén co sé dit liéu UNITE phién ban
9.0 [134]. Dit liéu giai trinh ty cudi cing duogc luu trit trén co s dir liéu NCBI voi
mi s6 truy cadp PRINA1356344.

2.2.4.6. Gieo wom cdy con trong vwon wom va chuyén cdy con ra khu vwe trong
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7

> Muc tiéu: Tao nguon cay chu ¢ cac giai doan phat trién khac nhau (6 thang
tu6i va 3 nim tudi) dé thu mau ré phuc vu khdo sat thanh phan ndm ngoai cong sinh.

7

> Nguyén li¢u:

Hat thong va dét sir dung 1am gia thé gieo wvom dugc thu tir khu vire rimg thong
ba 14 truong thanh nim lién ké vuon wom ctia Ban Quan 1y rimg phong hd dau ngudn
Pa Nhim, x3 Pa Nhim, tinh Lim Ddng. Do dugc lay tir rimg thong trudng thanh, dat
chtra cac ngudn ndm ngoai cong sinh ban dia twong thich véi thong ba 14 va duogc
xem 1a ngudn xam nhiém nam ngoai cong sinh tu nhién cho cdy con trong giai doan

vuon vom.
X Cac buéc thue hién:

Hat thong P. kesiya dugc thu tir cac ciy thong trudng thanh, bao quan tbi da
trong vong 2 nim & diéu kién mat 5 °C theo tai liéu “K§ thuét trong thong ba 18” do
Vién Khoa hoc Lam Nghiép Viét Nam bién soan [135]. Hat khong can ngdm vé6i dung
dich xir Iy nAm ma dugc gieo truc tiép vao cac bau vai ty huty di chta sin gid thé dat
va cham séc trong vuon uwom theo tiéu chuin TCVN 11872-3:2020 do B Khoa hoc
va Cong nghé ban hanh [136]. S6 luong bau ciy con dugc gieo 1a 2.500 cay.

Sau 6 thang sinh trudng, 2.200 ciy con duoc dua ra tréng trong khu vic rimg
trong dudi su quan 1y ctia Ban quan 1y ring phong ho dau ngudn Da Nhim (Hinh 2.5).
Hb trong c6 kich thude 30 cm x 30 cm x 40 cm (dai x rong x sdu) c6 bon 16t than
hoat tinh duéi nén, khoang cach giita cac cay tir 2-3 m. Cay con duoc chim soc dua
trén tiéu chuin nganh 04TCN 65-2003 — Quy trinh k¥ thuét trong rimg Théng ba 14
ctia B6 Nong nghiép va Phat trién Néng thon [137], nhung khong tién hanh dét thuc
bi.

Hinh 2.5. Khu vyc rimg trong Pinus kesiya 3 nim tu6i
2.2.4.7. Thu va dinh danh méu chdp ré nim ngoai céng sinh véi cdy théng con

trong vwon wom (in situ) va cdy 3 tuéi
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7

< Muc tiéu: Xac dinh thanh phan loai ndm ngoai cong sinh v6i hé ré ca cay
thong ba 14 & cac giai doan phat trién khac nhau cta cay con (6 thang tudi va 3 nim
tudi)

X Cac buéc thue hién:

Trong vuon wom, 30 bau cdy duoc thu ngau nhién khi cay con duoc 6 thang
tudi. Cay duoc ki hiéu AS1 dén AS30 dé thuan tién cho viéc theo ddi va phan tich.
Tién hanh bao quan mat nguyén bau cdy va xir Iy sém nhét co thé sau khi lay vé.

Trong khu vuc rimg trong, sau thoi gian trong va chiam soc, khi cay thong ba
14 con dat 3 ndm tudi thi tién hanh do chiéu cao cay va duong kinh tan cia toan bd
2.200 cay (sd liéu khong duogc trinh bay trong ludn an). Chiéu cao ciy trung binh ctia
cay con 3 nam tudi dat 52,6 cm, duong kinh tan trung binh dat 50 cm. Dya trén sb
lidu vé chiéu cao cay, phan thanh 3 nhom cay: dudi 44 cm, 44 — 61 cm, trén 61 cm.
Trong m&i nhom, 14y ngau nhién 10 cay bang cach dao quanh ving ré cdy kich thudc
1,2 m x 1 m (duong kinh x d6 siu), sau d6 loai bo bot phan dat quanh ré. Cay sau khi
thu dugc bao quan nguyén hé thong r& & diéu kién mat va nhanh chong van chuyén
vé phong thi nghiém dé tién hanh cac budc xir Iy tiép theo. Tong cong cbd 30 ciy
thong ba 14 3 nam tudi duoc thu thap, ki hi¢u P1 dén P30.

Cay con trong vudn wom va cdy 3 nim tudi (Hinh 2.6) sau khi thu vé duoc
tach 14y phan ré dé xur 1y. Hé thong ré cua cy duogc thu thip toan bo bang cach dung
nudce rira nhiéu 1an dé 1am sach dat. Thu toan bo hé 1 con va tién hanh quan sat dudi
kinh hién vi soi n6i (SZM-2, Optika, Italia). Cac dic diém hinh thai cta chép r& ndm
ngoai cong sinh dugc mo ta theo phuong phap da trinh bay & muc 2.2.4.3. Nhiing ré
nam ngoai cong sinh thu dugc trong hé ré cia cling mot cay co cac dic diém hinh thai
tuong déng s€ dugc phan loai vao cung mot kiéu hinh va duoc ki hiéu “ABI-ki hiéu
cay.ki hi¢u kiéu hinh” (vi du: ABI-AS1.1; ABI-P1.1) dé thuan tién cho viéc theo ddi
va phan tich. Pdi voi mbi kiéu hinh trong timg mau ré cay, cic chop ré nAm ngoai
cong sinh thude kiéu hinh d6 dugc dém toan bd nham xac dinh muc do phong phu
ctia kiéu hinh trong mau. Pong thoi, tir 3-10 dau chdp ré nam ngoai cong sinh dai
dién cho mdi kiéu hinh dugc Iya chon dé bao quan trong dung dich lactoglycerol (1
Axit lactic: 1 Glycerol: 1 nudc cat, v/v/v) dé sir dung cho giai phau hinh thai (néu
can). Ngoai ra, 3 chop ré dai dién cho mdi kiéu hinh ciing dugc giit trong dung dich
dém CTAB ¢ nhiét do phong dé sir dung trong phan taich DNA va dinh danh sinh hoc
phan tir dua trén vung trinh ty ITS da trinh bay 6 muc 2.2.4.4.



Hinh 2.6. Cay con thong ba 13 6 thang tudi trong vudn wom (a) va cay thong ba 1a
con 3 nim tudi trong rimg trong (b)
2.2.4.8. Xur Iy sé6 liéu
Cac két qua, s6 lidu nghién ctru duoc xtr Iy bang phan mém Microsoft Excel.
S6 liéu vé thanh phﬁn loai ndm thu duoc bé'mg gidi trinh tu thé hé méi duoc xur
ly trén nén tang phan tich Amplicon cua Nova Lifetech (Singapore)

(https://microbiome.novalifetech.com/).

Thanh phén loai ndm ngoai cong sinh v6i hé ré cay thong ba 14 P. kesiya trong
cac giai doan phat trién ciy con 6 thang tudi — cAy con 3 nim tudi — cdy truong thanh

duogc so sanh, danh gia thong qua cac chi so:

+ Chi s6 Shannon-Wiener: phan anh dong thoi do phong phu vé sé lugng loai va
mirc d6 dong déu vé sé luong ca thé giita cc loai trong mau [1]. Trong nghién ciru

nay, chi s6 Shannon-Wiener duoc tinh theo cong thirc:

S
H =— Zpi In p;
i1 [138]

Trong do:

S: tong s6 loai nAm ngoai cong sinh trong mdi giai doan.

p;: ty 1& cta loai i trong mdi giai doan, duoc tinh bang n; /N.

n;: sb chop ré ngoai cong sinh cua loai i trong mdi giai doan.

N: tong s chop ré ngoai cong sinh cua tit ca cac loai trong mdi giai doan.

+ Chi sd Pielou's (J): dung dé do mirc d6 dong déu vé sd lwong chop ré nim ngoai

cong sinh gifra céc loai trong mot giai doan nghién cilru
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H' H'

f_ e
J_Hgm_lns

[139]

Trong do:

H': chi s6 da dang Shannon—Wiener.

S: s6 loai nAm ngoai cong sinh trong mdi giai doan nghién ciru

H'max = InS 14 gid tri Shannon—Wiener 16n nhat khi tat ca cac loai c6 sd luong
chop ré ndm ngoai cong sinh bang nhau.
2.2.5. Phwong phap tién hanh ndi dung 2
2.2.5.1. Khdo sdt sw dnh hwéng ciia ndm ngoai céng sinh dén kha ning phat
trién ciia cdy con théng ba ld P. kesiya trong diéu kién in situ
< Muc tiéu: Khao sat thanh phan loai nim ngoai cong sinh v6i hé ré cay con
thong ba 14 P. kesiya va anh hudng cua chiing 1én su phat trién cua cy trong diéu
kién sinh thai ty nhién cua loai, l1a co s¢ so sanh vdi céac thi nghi€ém duoc thuc hién
trong diéu kién c6 kiém soat.
<> Cac buoc thue hién:

Cay con thong ba 14 P. kesiya 6 thang stir dung trong thi nghiém nay duogc thu
tr vuon vom & muc 2.2.4.6. Chop ré nam ngoai cong sinh dugc thu nhan va xu ly
theo phuong phap di trinh bay ¢ muc 2.2.4.7. Ngoai ra, kha ning phat trién cua cay
con P. kesiya dugc danh gid thong qua céc chi tiéu:

- Chiéu cao cay.
- Ty 1& cdy con c6 su cong sinh vi ndm ngoai cong sinh.
- S6 chop ré ndm ngoai cong sinh thu dugc trong mdi ciy.

Cac két qua, sb licu nghién ciru duoc xtr 1y va vé d6 thi bang phan mém

Microsoft Excel.

2.2.5.2. Chuan bj cdy théng con vé triing

X Muc tiéu: Tao nguon cady chu vo trung cho thi nghiém ex sifu va nudi cay in
Vitro

X Cac buoc thue hién:
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Hat thong P. kesiya dugc thu tir cac ciy thong trudng thanh, bao quan tbi da
trong vong 2 nim ¢ diéu kién mat 5 °C theo tai liéu “K§ thuét trong thong ba 14” do
Vién Khoa hoc Lam Nghi¢p Viét Nam bién soan [135].

Hat duoc xtr 1y so bd trude khi gieo trong dé dam bao vo tring. Quy trinh xtr
1y hat v6 tring bao gdm céc budc:

- Rira sach bé mit hat du6i voi nude chay trong 1 gio.
- Ngam hat trong dung dich ethanol 70% (v/v) trong 1 phut.
- Liac k¥ hat trong dung dich H202 7% (v/v) ¢6 bo sung Tween 20 (2 giot/500

mL dung dich) trong 15 phut.

- Rura lai nhiéu 13n bang nuéc cit vo trung.

Hat da xir Iy bé mit sau d6 duoc ¢ ndy mam trén moi truong thach nude (Water
agar - WA) 6 25 °C trong diéu kién tdi trong 1 tuan. Nhitng hat 3 nay mam va khong
c6 déu hiéu bj nhidm tap dugc chuyén vao 6ng nghiém (180 x 18 mm) chira moi
truong Murashige-Skoog (MS) (Phyto Tech Labs, Kansas, Hoa Ky). Sau 2 tudn,
nhimg ciy con phat trién t6t, khong c6 dau hiéu nhiém nim mdc hay khuan duogc sir

dung cho céc thi nghiém tiép theo (Hinh 2.7).

Hinh 2.7. Cay thong v tring sau 3 tuan gieo hat

2.2.5.3. Khdo sdt sw dnh hwong ciia nim ngoai cong sinh dén khd néing phdt

trién ciia cdy con théng ba ld P. kesiya trong diéu kién ex situ

X Muc tiéu: Khao sat thanh phan loai nAm ngoai cong sinh v&i hé ré va anh
hudng ciia chiing 1én sy phat trién ctia cdy con thong ba 14 P. kesiya trong diéu kién
ex situ. T 6, danh gia dugc kha niang duy tri chtic ning ctia nguén nim bén dia sau
khi duoc chuyén khoi sinh canh tu nhién, 1am co sé dé phat trién cac nghién ctru san

xuat ché pham nam ngoai cOng sinh phuc vu vom giong cay lam nghiép.
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> Cac budc thue hién:
- Chuan bj dat trong

Pit sir dung 1am gia thé gieo wom dugc thu tir khu vyc rimg thong ba 14 trudng
thanh nam lién k& vuon wom ciia Ban Quén 1y rimg phong ho Pa Nhim, xi Da Nhim,
tinh Lam Pong. Do dugc 1ay tir rimg thong truong thanh, dat chira cac ngudn nim
ngoai cong sinh ban dia twong thich v4i thong ba 14 va dugc xem 12 ngudn xam nhiém
nam ngoai cong sinh ty nhién cho cy con. DAt sau khi thu dugc dua vé phong thi
nghi¢m va tién hanh thuc hién thi nghi¢m trong thot gian ngén nhét c6 thé.

Gi4 thé dat sau do6 dwoc phan phdi vao cac ly trong cdy bang nhya PP
(Polypropylene) di hap tiét trung véi khdi luong 500 g dat/ly.

- Nubi cay thong con ex situ

Tién hanh chuyén 30 ciy thong con v tring da chuan bi ¢ muc 2.2.5.1. vao
cac ly trong cay chira gia thé dat da chuan bi (1 cdy/ly) (Hinh 2.8a). Cay duoc ki hiéu
ESA1 dén ESA30 dé thuin tién cho viéc theo ddi va phén tich.

Cay dugc trong va chim séc trong thoi gian 6 thang (Hinh 2.8b) & diéu kién
20 °C voi cudng d6 anh sang trung binh 3000-5000 lux, chiéu sang 12 gid sang/12

gio toi.

Hinh 2.8. Cay thong con méi chuyén vao ly trong (a) va sau 6 thang trong (b)
- Thu ciy va ghi nhan két qua

Sau thoi gian thi nghiém, ciy con dugc tach mot cach can than khoi dat trong.
Tién hanh do chiéu cao cdy bang cach do khoang cach tir ¢ ré dén dinh sinh trudng

clia cay bang thudc c6 chia vach [140], don vi tinh 13 centimet (cm).

Hé ré ctia cdy thong con dugc rira nudc nhiéu l1an dé lam sach cac hat dat bam

trén ré va thu nhan cac chop ré nam ngoai cong sinh dudi kinh hién vi soi noi (SZM-
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2, Optika, Italia). Cac dic diém hinh thai ciia chop ré ndm ngoai cong sinh duoc mé
ta theo phuong phap da trinh bay ¢ muc 2.2.4.3. Nhitng r& nim ngoai cong sinh thu
dugc trong hé ré cua cing mot cay cod cac dic diém hinh thai twong dong s& duoc
phan loai vao cting mot kiéu hinh va duoc ki hiéu “ABI-ki hiéu cay.ki hiéu kiéu hinh”
(vi du: ABI-ESA1.1) dé thuan tién cho viéc theo ddi va phan tich. P4i v6i mbi kiéu
hinh trong timg méu ré cay, cac chdp ré ndm ngoai cong sinh thudc kiéu hinh d6 duoc
dém toan bo nham xac dinh muc do phong phu cia kiéu hinh trong miu. Pong thoi,
tir 3-10 dau chop ré nAm ngoai cong sinh dai dién cho mdi kiéu hinh duoc lya chon
dé bao quan trong dung dich lactoglycerol (1 Axit lactic: 1 Glycerol: 1 nuéc cét,
v/v/v) dé st dung cho giai phiu hinh thai (néu can). Ngoai ra, 3 chop ré dai dién cho
mdi kiéu hinh cling dugc gilr trong dung dich dém CTAB ¢ nhi¢t d0 phong dé su
dung trong phan tach DNA va dinh danh sinh hoc phan tir dya trén vung trinh tu ITS
da trinh bay & muc 2.2.4.4.

- Xuly sé lidu
Kha ning phat trién cua ciy con P. kesiya dugc danh gia théng qua cac chi tiéu:
- Chiéu cao cay.
- Ty 1& cdy con c6 su cong sinh v6i ndm ngoai cong sinh.
- S6 chop ré ndm ngoai cong sinh thu dugc trong mdi ciy.

Cac két qua, sb liéu nghién ctru duoc xtr 1y va v& d6 thi bang phan mém

Microsoft Excel.

2.2.5.4. Khdo sdt sw dnh hwéng ciia ndm ngoai céng sinh dén kha ning phat

trién ciia cdy con théng ba ld P. kesiya trong diéu kién in vitro
<> Muc tiéu: Kiém chung kha ning xdm nhiém va hinh thanh cdu trac r& nim
ngoai cong sinh va danh gia hiéu qua cong sinh cia ndm ngoai cong sinh dén kha
nang phat trién ciia cdy con thong ba 13 P. kesiya. Két qua thu duoc co thé sir dung
lam co s& tuyén chon cac ching ndm ngoai cong sinh c6 tiém ning phat trién thanh
ché pham sinh hoc.
X Cac buoc thue hién:

» Chuan bi nguon sinh khoi nam ngoai cong sinh cho thi nghiém dong nudi cay

Tir cac két qua thu nhan ¢ ndi dung 1, loai nam ngoai cong sinh chiém uu thé
xuat hién & ca 3 giai doan phat trién cta cay thong ba 14, dic biét 1a trong giai doan

cay con, s€ dugc chon dé lam ngudn xam nhiém thuan chiing cho thi nghiém in vitro.
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Do that bai trong viéc phan 1ap nam tir cdc chop ré nim ngoai cong sinh, thi nghiém
s& sir dung nguodn gidng nim duoc phan 1ap tir qua thé nAm ngoai cong sinh thu duoc

tai khu vuc rung thong ba 14 truéng thanh.

Nam duoc phan 1ap trén méi trudng Modified Melin—Norkrans (MMN) [141]

theo cac budc [58]:

- Loai bo cac hat dit bam trén bé mit qua thé nam, sau do cét doi qua thé mot
cach can than nham han ché nhidm ban phan mé bén trong trong qua trinh thao
tac. Chi lya chon cac viing mo con nguyén ven, trdnh nhiing vi tri bi dap nat,
ung hodc bi con trung gay hai.

- Tach ldy mot mo nam sach kich thudc khoang 2 mm? bang dao cdy vo tring
va dat vao giira dia Petri chira méi trudng thach MMN. MAu ciy duoc nudi &
25 °C trong tdi.

- Cay chuyén nhiéu 1an cho dén khi thu duoc miu nim thuin khong bi nhiém
tap. Mau thuan sau d6 duogc giir gidng trong éng thuy tinh nip vin 19 x 55
mm (Nichiden-Rika Glass CO., Nhat Ban) chira moi truong thach MMN &
nhi¢t 4o 4 °C.

Dé chuan bi du ngudn sinh khdi ndm ngoai cong sinh can thiét cho thi nghiém
ddng nudi cdy, ngudn gidng nAm ngoai cong sinh trude tién duoc hoat hoa lai tir mau
thuan d3 gitr gidng. Budc hoat hoa gidng duoc tién hanh bang cach cdy chuyén mot
mau mo6 nim c6 duong kinh khoang 4 mm tir dng gitr gidng sang dia Petri chira moi
truomg thach MMN va u & 25 °C trong bong tdi. Sau 4 tuan, mdt mau to nim cob
duong kinh 4 mm dugc cit ra tir ria khuan lac béng dung cu duc thach vo trung va
chuyén vao binh Erlenmeyer (Schott, 50 mL) chira 20 mL méi truong MMN. Mbi
binh nuéi sinh khdi nAm dugce chuin bi dé bd sung vao mot binh nuéi cay con. Cac
binh erlen dugc nudi cay trong 3—4 tuan & 25 °C trong bong toi dé tao ra du sinh khoi

cho céac thi nghi¢m dong nudi cay.

» Chuén bi gia thé trong ciy

Hat dat nung 12 loai gia thé trong cdy pho bién, c6 gia thanh thap va dé dang
khir tring bang héa chat hodc bang phuong phap xir Iy nhiét. Ngoai ra, hat dat nung
¢ cau trac xép va thoang khi tbt, c6 thé hd trg cho su phat trién cua hé r& cay con
cling nhu hé soi cua nam ngoai cong sinh. Vi vay, vat liéu nay dugc chon dé 1am gia

thé trong cady con cho thi nghi€ém dong nudi cay in vitro cia luan an.

Qua trinh tién xtr Iy gia thé trong cay duoc tién hanh qua céc giai doan: Hat

dat nung (¢ 6-8 mm; Popper, Thai Lan) trudc tién duge rira sach bang nudc may dé
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loai bo bui trudce khi st dung. Sau do, hat duge xu 1y béng dung dich HCI 1% (v/v)
dé diéu chinh d6 pH dén 5-5,5. Cubi cing, hat duoc siy kho ¢ 105 °C dén khi dat
trong luong khong doi.

Pé chuan bi binh nudi cay, khoang 100 g hat dit nung khé duoc cho vao cac
binh nudi ciy thay tinh miéng rong cé nip polypropylene (70 x 190 mm, 500 mL;
CocoBIO Solutions, Viét Nam). Mdi binh dugc bo sung 100 mL méi truong long
Modified Melin—Norkrans (MMN) [141] khong chira duong (pH 5), sau do dugce khir
trung bang ndi hip ¢ 121 °C trong 15 phut. Cac binh nudi cdy sau d6 dugc 1am ngudi

& nhiét do phong trong 24 gid trude khi cay cdy con.

MB&i cdy con vo trung dugc cdy vao mot binh nudi cdy chira 100 mL méi trudng
MMN khong chtra glucose. Sau do, cay con dugc on dinh trong 4 tuan & nhiét do 25

°C, voi chu ky sang/tdi 12 gio/12 gid trude khi chuyén sang giai doan dong nudi ciy.

» Thuc hién thi nehiém dong nudi cay

Thi nghiém déng nudi cdy dugc tién hanh theo phuong phap di duoc sira doi
ctia Ho [142]. Sinh khéi ndm trong mdi binh erlen dugc chuyén hoan toan vao binh
nudi ciy chira cay con vo trung. Thi nghiém dugc thuc hién v6i 15 cdy c6 bd sung
sinh khéi ndm va 15 cdy khong dugc bod sung nim dugce str dung 1am dbi chimg.

Gia thé trong mdi binh duoc boc bang gidy bac dé tranh anh sang. Giai doan
ddng nudi cay duoc thuc hién ¢ 25 °C véi cudng d6 anh sang trung binh 3.000-5.000
lux, duéi diéu kién chiéu sang 12 gio sang/12 gid t6i. Qua trinh ddng nudi cdy duoc

dirng lai sau 12 tuan.

> Thu cay va ghi nhan két qua

Cay con sau thoi gian dong nuoi cay dugc tach mdt cach can than ra khoi co
chat trong. Tién hanh do chi€u cao cay va chiéu dai ré cua cdy bang thudc co6 chia

vach [140], don vi tinh 1a centimet (cm).

Hé ré cua cay thong con duoc rira nudc dé 1am sach va thu nhan cac chop ré
nam ngoai cong sinh dudi kinh hién vi soi ndi (SZM-2, Optika, Italia). Cac dic diém
hinh thai ctia chdp ré nim ngoai cong sinh duoc mod ta theo phuong phéap da trinh bay
& muc 2.2.4.3. Pong thoi, tir 3-10 dau choép ré ndm ngoai cong sinh & mdi cdy dong
nudi cdy v6i ndm dugc bao quan trong dung dich lactoglycerol (1 Axit lactic: 1
Glycerol: 1 nudc cat, v/v/v) va tién hanh giai phau, mé ta hinh thai theo phuong phap
ciia Agerer [30]. Ngoai ra, 3 chop ré ngoai cong sinh dai dién & mdi ciy ciing dugc
giit trong dung dich dém CTAB & nhiét d6 phong dé sir dung trong phan tach DNA
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va dinh danh sinh hoc phan tir dya trén vung trinh tu ITS da trinh bay 6 muc 2.2.4.4

nham khang dinh lai tac nhan cong sinh da st dung.

Can toan b phan than va ré cay con lai bang can phén tich dé xac dinh sinh
khdi tuoi ciia cdy. Sau do, tién hanh sdy & nhiét do 70 °C dén khéi luong khong doi

va ghi nhan sinh khdi kho ciia cay. Pon vi tinh 1 gam (g).
> Xt ly s liu
Kha ning hinh thanh cong sinh ctia ndm ngoai cong sinh véi ré cua cay thong ba 14

P. kesiya con dugc danh gia thong qua cac chi ti€u:

- Ty I¢ cay con c6 su cdng sinh voi nam ngoai cong sinh.

- S6 chop ré nam ngoai cong sinh thu dugc trong moi cay.

Kha ning phat trién cta ciy thong ba 14 P. kesiya con dugc danh gia thong qua céac
chi tiéu:

- Chiéu cao cay.

- Chiéu dai ré.

- Sinh khéi tuoi cua cay.

- Sinh khéi khé cua ciy.

Cac két qua, sb liéu nghién ctru duoc xtr 1y va v& d6 thi bang phan mém

Microsoft Excel va phin mém théng ké Statgraphics Plus 3.0 (Statgraphics
Technologies Inc., Hoa Ky).

2.2.6. Phwong phap tién hanh ndi dung 3

2.2.6.1. Thu mdu qud thé ndm ngogi cong sinh tai khu vic rieng trong P. kesiya

3 nam tuoi

<> Muc tiéu: xac dinh cac loai ndim ngoai cong sinh c6 kha ning hinh thanh qua
thé trong giai doan rimg thong ba 14 P. kesiya 3 nam tudi va sang loc cac loai c6 gia
tri thuc pham. Py 1a co s¢ dé danh gia tiém ning khai thac va phat trién ngudn tai

nguyén nam gan voi trong rung.
<> Cac buoc thue hién:

Khu vuc rimg trong thong ba 14 P. kesiya duoc thiét 1ap ¢ muc 2.2.4.6 1a dia
diém thu mau cta thi nghiém. Khi ring trong P. kesiya dugce 3 tudi, tién hanh thu
thap toan bo qua thé nim ngoai cong sinh xuét hién trong khu vuc trén. Téng dién
tich khu vuc rimg trong 1a 2 hecta. Thoi gian thu tir thang 4/2022 t&i thang 5/2023.
Téng s6 dot thu mau 1a 24 dot.
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Mobi mau qua thé nim sau khi thu s& duoc ky hiéu mau “ABI-V-AA sb thir tur
dot thu mau. S6 thr ty mau (vi du ABI-V-AAO01.xxx), chup hinh, ghi nhan cac thong
tin so bo vé hinh thai, mau sic, cac dic diém vé qua thé va khéi luong tuoi tai noi thu
mau. Sau d6 s& duoc bao quan riéng trong cac ti trit miu dé dem vé phong thi

nghiém.
2.2.6.2. Phuong phap mé ta hinh thai va dinh danh sinh hoc phdn tir

Hinh thai dai thé ctia cic miu qua thé ndm ngoai cong sinh duoc mo ta theo
Largent va cs. [143], bao gém kich thuéc, hinh dang, mau sdc ctia mil nam, phién
nam hodc bé mit sinh bao ti, cuéng nam, thit nAm va cac dic diém hinh thai khac
(Hinh 2.9).

Hinh 2.9. M5 ta so bo hinh thai ngoai ctia qua thé ndm

(https://www.shutterstock.com/)

Tiép theo, mot phan mé sach (5 g), khong bi nhidm ban hoic tén thuong & bén
trong ctia qua thé nim, duoc tach bang dung cu vo trang va luu trir trong dung dich
dém CTAB ¢ nhiét d0 phong dé sir dung trong phan taich DNA va dinh danh sinh hoc
phén tir dua trén vung trinh ty ITS va LSU theo phuong phap da trinh bay & muc
2.2.44.

Phan qua thé con lai dugc say kho ¢ nhiét do 60 °C trong 24 gio dé luu giir
1am mau tiéu ban.
2.2.6.3. Ghi nhén khd nang sir dung lam thuc phdm ciia cdc loai ndm ngogi cong
sinh thu dwgc trong khu viee rieng trong théng ba ld P. kesiya 3 ndm tudi

Kha ning st dung lam thuc pham cia nhiing loai nAm ngoai cong sinh thu
dugc ¢ khu vuc rimg trong thong ba 14 P. kesiya 3 nam tudi dugc xac dinh dya trén
su két hop giira két qua mo ta hinh thai dai thé va dinh danh sinh hoc phan tir. Thong
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tin vé gid tri str dung cua timg loai dugc tong hop va ddi chiéu véi cac tai liéu chuyén
khéo vé nAm rung trén thé gidi [6, 83, 144], danh muc cac loai nam rung an dugc cua
Trung Qudc [145], Thai Lan [146, 147], dong thoi tham khao cac nghién ctru tai Viét
Nam vé céac loai nim ngoai cong sinh ¢ kha ning lam thyc pham xuat hién trong
rimg thong ba 14 P. kesiya va thong hai 14 P. merkusii tai khu vic Pa Lat, Lim Dong
[148, 149]. Trén co s& d6, danh gia tiém ning khai thac va phat trién cac loai ndm
ngoai cong sinh nhu mot ngudn tai nguyén sinh hoc cé gia tri kinh té, gop phan cai

thién sinh ké gin v&i hoat dong trong rimg.
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Chuwong 3. KET QUA VA THAO LUAN

3.1. KET QUA KHAO SAT THANH PHAN LOAI NAM NGOAI CONG SINH
O CAC GIAI POAN PHAT TRIEN KHAC NHAU CUA CAY CHU
THONG BA LA P. kesiya

3.1.1. Két qua khao sat thanh phén loai nim ngoai cong sinh véi hé ré ciy
thong ba la truwémg thanh

Thanh phan va d6 phong phu twong d6i ciia ndm hién dién trong dat ving ré cta
cay chu thong ba 14 P. kesiya dugc xac dinh thong qua phan tich dit li€u giai trinh tu
NGS vung gen chi thi ITS. Song song d6, cac két qua dinh danh chép ré& ndm ngoai
cong sinh thu dugc tu mau dit thé hién thanh phén cic nhom nam truc tiép tham gia

hinh thanh lién két ngoai cdng sinh vd1 hé re cay chu ¢ khu vuc nghién ctru.

3.1.1.1. Két qua phan tich thanh phdan nim trong dit thu dwoc ¢ rirng thong ba
la P. kesiya truong thanh

Trong toan bd cac mau dat duge phan tich ¢ hai khu vuc nghién ciru 1a rimg
thong ba 14 P. kesiya truong thanh tai Rung phong ho Pa Nhim va Vién Khoa hoc Su
song, tong cong co6 1.700 ASV duogc ghi nhan. Trong d6 hai nganh nim c6 ty 18 hién
dién cao la Basidiomycota va Ascomycota, ngoai ra Mucoromycota va
Mortierellomycota ciing xuit hién véi mot ty 16 nho. Basidiomycota 13 nganh nim
chiém wu thé & ca hai khu vuc, trong ung véi 61,6% & Vién Khoa hoc Sy séng, cao
hon & Pa Nhim véi 52,6%, va sy khac biét ndy co y nghia thong ké voi p = 0,016.
Nguoc lai, Ascomycota 13 nganh c6 ty 1& phong phti cao thir hai, chiém khoang 35,5%
0 Pa Nhim va 33,2% ¢ Vién Khoa hoc Su séng, tuy nhién su khac biét gitra hai khu
vuc khong c6 y nghia théng ké (Hinh 3.1). Ty 1 nganh ndm Basidomycota chiém wu
thé cao hon so v6i nganh Ascomycota trong nghién ciru ndy c6 thé do mot trong cac
nguyén nhan sau: Khu vuc nghién ciru duge chon 13 rimg thuan loai trudng thanh voi
hon 90% trit lwong 13 thong ba 14 P. kesiya. Day 1a cay chil cong sinh bat budc voi phan
16n céc loai nAm ngoai cong sinh, dic biét 1a nhimg loai thudc nganh Basidiomycota.
Vi vay, cac loai nay hinh thanh mot mang ludi phat trién day dic cac sgi nam trong dat
va trén 1é& cay. Do d6, DNA cua chung thuong chiém ty 16 rat 16n trong moi truong. Dat
biét 1a khi miu déat cua nghién ctru dugc thu tai ving ré quyén cua cdy thong ba .
Ngoai ra, viéc lya chon cap moi trong giai trinh tu NGS cling ¢6 anh hudng dén két qua
nhan duoc. Cu thé, cac nghién ctru ctia Bellemain va cs. [150] hay Tedersoo va cs. [108]
cho thiy rang cac moi khuéch dai ving ITS1 thuong cé hiéu quéa cao trong viéc thu

nhan cic trinh tu Basidiomycota hon 13 Ascomycota. Vi vay, viéc két hop sir dung
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nhiéu cip mdi hodc ddng thoi phan tich ca hai ving ITS1 va ITS2 sé& giup nang cao do
bao phu va 1am giam thiéu sai 1éch trong danh gia da dang nim. Tuy nhién, do nhiing
han ché vé thoi gian, kinh phi va diéu kién thyc hién cta luan an, nghién ctru nay chi
gidi han trong viéc phén tich thanh phan nim thong qua cac dir liéu c6 duge tir ving
ITS1.

B oanhim Vién KHSS

Ty & trung binh (%)

Mucoromycota

Mortierellomycota

Basidiomycota

Su khac biét (khoang tin cdy 95%) p-value

He- 0.009
| 0.009

0.016

]
Chytridiomycota i

Zoopagomycota

Ascomycota
e

Glomeromycota

T T T 1 I T T T 1
20 40 60 80 -20 -10 0 10 20

P P—

D& phong pha tuong déi trung binh (%) Sur khac biét vé ty |& trung binh (khoang tin cdy 95%)

Hinh 3.1. Ty 18 ctia cac nganh ndm chinh thu duoc nhd phan tich NGS mau dat

O khu vuc rimg Da Nhim, trong nganh Basidiomycota, cac chi nAm thudc 16p
nam tan Agaricomycetes phd bién nhat (chiém 52%), v6i nhidu chi nAm thudc nhom
nam ngoai coéng sinh phd bién nhu Russula, Lactifluus, Sebacina, Inocybe, ... (Hinh
3.2a, b, Hinh 3.5). Nguogc lai, trong nganh Ascomycota, 16p Eurotiomycetes (35%) va
Sordariomycetes (22%) chiém ty 18 cao voi cac chi nam Phialomyces (18%),
Tolypocladium (14%) va Penicillium (14%) 1a nhimg chi niAm pho bién (Hinh 3.2¢, d,
Hinh 3.4).

O khu vuc rimg thudc Vién Khoa hoc Sy song, trong nganh Basidiomycetes,
49% cac mam nam thudc 16p Agaricomycetes vi cac chi nAm ngoai cong sinh phd
bién nhu cac chi nAm thudc bo Boletales, cac chi Tomentella, Rhizopogon, Russula
(Hinh 3.3a, b, Hinh 3.7)...Ngoai ra, 16p ndm Tremellomycetes ciing chiém dén 43%
trong khu vuc nay. Trong khi d6 & nganh Ascomycota, cac 16p ndm Eurotiomycetes,
Sordariomycetes va Lecanoromycetes chiém ty 1& cao, twong (mg véi 38%, 26% va
17%, v&i cac chi nam Phialomyces, Phlyctis, Penicillum va Trichoderma l1a cac chi uu
thé (Hinh 3.3c, d, Hinh 3.6).
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Hinh 3.2. Ty 18 cac 16p nim (a, ¢) va cac chi ndm (b, ¢) c6 trong miu dit & khu vuc
rung Pa Nhim
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Hinh 3.3. Ty 18 cac 16p nim (a, ¢) va cac chi nam (b, ¢) c¢6 trong miu dat ¢ khu vuc
rung thudoc Vién Khoa hoc Su séng



46

p__Ascomycota | = |

Total: 29349

33% of |
k__Fungi

‘\{\19‘“
s__adametzi p__Ascomycota E
— k__Fungi 5 oh g_ GS35_ord_Incertae_sedis_gen_Incertae_sedis 0.4% .
e - amydospon'c“m o__Pezizales 0.1% -
c__Orbiliomycetes 0.1% .
c__Geoglossomycetes 0% -
g__Pneumocystis 0% .
%% o__Saccharomycetales 0.07% .

m,

Unknown_p__Ascomycota 0% .

g Sarea 0.02% .

c__Pezizomycotina_cls_Incertae_sedis 0.06% .

g Symbiotaphrina 0.003% .

Hinh 3.4. Biéu d6 Krona thé hién ty 1é thanh phan céc taxon thudc nganh Ascomycota trong cic mau dit & khu vuc Pa Nhim
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p__Basidiomycota ‘ 5| ‘

Total: 47826

54% of )
k__Fungi ;

p__Basidiomycota
k__Fungi

%]

c¢__Microbotryomycetes 0.6% .

g__Violaceomycetales_gen_Incertae_sedis 0% .

c__Tritirachiomycetes 0% .

o__Agaricostilbales 0.03% -

c__Pucciniomycetes 0% .

g_ GS25_ord_Incertae_sedis_gen_Incertae_sedis 0% -

g__Bourdotigloea 0% .

Hinh 3.5. Biéu d6 Krona thé hién ty 1é thanh phan céac taxon thudc nganh Basidiomycota trong cac miu dat & khu vuc Pa Nhim
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p__Ascomycota \ > |

Total: 32466

33%of |
k__Fungi

p__Ascomycota j @
k__Fungi | c__Archaeorhizomycetes 1% .

g__GS35_ord_Incertae_sedis_gen_Incertae_sedis 0% .

o__Pezizales 0.03% -

c__Orbiliomycetes 0.9% .

c__Geoglossomycetes 0% .

g__Pneumocystis 0.09% .

o__Saccharomycetales 0.006% .

Unknown_p__Ascomycota 0.5% .

g_ Sarea 0% .

c__Pezizomycotina_cls_Incertae_sedis 0.1% .

g__Symbiotaphrina 0% -

Hinh 3.6. Biéu d6 Krona thé hién ty 1é thanh phan céac taxon thudc nganh Ascomycota trong cic mau dit & khu vuc Vién KHSS
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p__Basidiomycota |E‘

Total: 60253

62% of \
k__Fungi /.J

p__Basidiomycota

k__Fungi

]

c__Microbotryomycetes 0.5% .

g__Violaceomycetales_gen_Incertae_sedis 0% .

c__Tritirachiomycetes 0.02% .

o__Agaricostilbales 0.01% .

c¢__ Pucciniomycetes 0.01% .

g__GS25 ord_Incertae_sedis_gen_Incertae_sedis 0% .

g__Bourdotigloea 0% .

Hinh 3.7. Biéu d6 Krona thé hién ty 1¢ thanh phan céc taxon thudc nganh Basidiomycota trong cac miu dat & khu vyc Vién KHSS
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Chi sb da dang Shannon va chi sb déng déu Pielou’s J & khu vuc ring Pa Nhim
déu cao hon vé&i khac biét c6 y nghia thong ké so voi ¢ khu vuc rimg thude Vién Khoa
hoc Sy séng (Hinh 3.8). Diéu nay cho thdy quin xa nim tai khu vuc Pa Nhim khong
chi ¢6 s6 luong taxon 16n hon ma sy phan bd twong d6i giita cac taxon ciing cin bang
hon.

Mann-Whitney U: p = 0.012 * Mann-Whitney U: p = 0.012 *

* *
- —

0.8
0.6
04
0.2
0.0

Shannon
Pielou's J

o = N W b~ U

Hinh 3.8. Su khéc biét trong cac chi sb da dang Shannon (a) va Pielou’s (b) giira hai

khu vuc nghién ctru

Su khac biét vé da dang va muc do d(‘Sng déu gitra hai khu vuc c6 kha nang chiu
anh hudng boi qua trinh d6 thi hoa tac dong 1én cac dic tinh Iy hoa cua dat. Dt & Vién
Khoa hoc Su sdng cho thiy c6 1an da xay dung (bé tong, xi ming vun, gach vun) voi
ty 1& kha cao, trong khi d6 loai da nay khong xuat hién & khu vic nghién ciru thude
rimg Pa Nhim (Hinh 3.9). Sy tac dong tir qua trinh d6 thi héa nay c6 thé anh hudng
dén qua trinh hinh thanh va duy tri cdu trac quan xa nim trong dét, din dén sy khac biét

ve thanh phan va phéan bd cua cdc nhom nam gitra hai khu vuc nghién ctru.

Hinh 3.9. Mau dét thu dugc & khu vuc rung Pa Nhim (a, b, ¢) va ¢ khu vuc rimg Vién
Khoa hoc Su séng (d, e, )
Riéng d6i voi nhom ndm ngoai cong sinh, tong cong c¢6 30 chi nam xuét hién &

ca hai khu vuc nghién ctru, bao gom Amanita, Amphinema, Astrosporina, Boletus,
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Ceratobasidium, Clavulina, Clitopilus, Cortinarius, Craterellus, Entoloma, Geastrum,
Hebeloma, Hydnum, Hygrocybe, Inocybe, Laccaria, Lactifluus, Lyophyllum,
Neoboletus, Ramaria, Rhizopogon, Rugiboletus, Russula, Sebacina, Sistotrema,
Strobilomyces, Suillus, Thelephora, Tomentella va Tremellodendron. Trong do tat ca
céc chi duge ghi nhan déu thudc nganh Basidiomycota va khong c¢6 chi nAm ngoai cong
sinh thudc nganh Ascomycota niao duoc tim thiy. Gia tri da Shannon cao hon c¢6 ¥ nghia
thdng keé tai Pa Nhim (p = 0,012) cho thiy thanh phan loai nAm ngoai cong sinh & khu
vuc nay da dang hon so véi tai Vién Khoa hoc Sy séng (Hinh 3.10b). Trong khi do, chi
sd Pielou’s J khong c6 khac biét co ¥ nghia théng ké (Hinh 3.10c) phan 4nh mirc d6
phan b twong ddi cta cac loai gitra hai khu virc khong thay d6i dang ké. Pong thoi, sy
khac biét co ¥ nghia thong ké trong chi sé Observed (p = 0,012) (Hinh 3.10a) d cho
thdy rang su khac biét vé da dang gitra hai khu vuc c6 thé chu yéu bat ngudn tir su khac
nhau vé s6 luong loai hién dién, thay vi do mét s loai chiém wu thé lam thay ddi tinh

dong déu cua quan xa ndm ngoai cong sinh.

Mann-Whitney U: p = 0.012 ** Mann-Whitney U: p = 0.012* Mann-Whitney U: p = 0.095
1.0

N
100 — 4 08 .
g e 3 04
3 :Z = 2 0.2
0 ’ & & ° & &
'ﬁ\‘\\@ & d b 02’& ;\@?@ 0§ ;\{é\ﬁ
a < & c

Hinh 3.10. Su khéc biét trong céc chi s6 da dang Observed (a), Shannon (b) va

Pielou’s (¢) d6i voi nhdém nam ngoai cong sinh gitra hai khu vuc nghién ctru

Ngoai ra, tir cac két qua phan tich cho thdy, c6 12 chi ndm ngoai cong sinh gom
Amanita, Astrosporina, Ceratobasidium, Cortinarius, Hydnum, Hygrocybe, Inocybe,
Rhizopogon, Russula, Sebacina, Thelephora va Tomentella Xuat hién ¢ ca hai khu vuc
nghién ctru (Hinh 3.11). Két qua nay ciing twong ty v&i nhiéu nghién ctru khac trén thé
gidi vé hé nam ngoai cong sinh c6 trong dat. Nam 2021, Tedersoo va cs. da tién hanh
nghién ctru thanh phan nam c6 trong dat bang k¥ thuat NGS véi 3.200 mau gop tir 3.084
khu vuc tai 108 nudc trén thé gioi. o) cép do phan loai bg, Agaricales, Helotiales va
Thelephorales 1a cac bd nam vu thé. Chi Tomentella va Russula 13 cac chi nAm ngoai
cong sinh co ty 1& da dang cao [151]. Nghién ctru ciia Edwards va cs. trén 16p dat mit
& hai khu vuc rimg hdn hop thuc vat cong sinh AM-EM va EM chiém uu thé cling thu
duoc két qua tuong tu, voi Agaricales, Helotiales va Russulales 1a ba trong muo6i b co
d6 phong phu tuong dbi cao nhat & trong ca hai khu vuc [152]. Doi véi cac khu rimg
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thong trén thé gi61, Thelephora, Tomentella, Russula, Cenococcum, Lactarius,
Rhizopogon, Wilcoxina... cliing d3 dugc chimg minh 13 cac chi nAm ngoai cong sinh

pho bién, chiém ty 1¢ cao trong cac quan xa [153-157].

DaNhim Vién KHSS

Hinh 3.11. Biéu d6 Venn thé hién mdi trong quan & cdp do chi giita hai khu

vuc Pa Nhim va Vién Khoa hoc Su séng

Dong thoi, muc do thay dbi twong ddi vé ty 16 phong pht cua timg chi nim gitra
hai khu vuc nghién ctru ciing cho thiy, c6 18 chi ndm ngoai cong sinh c6 ty 1& phong
phu cao hon tai khu vuc Pa Nhim, trong d6 12 chi khéc biét c6 y nghia thong ké (p <
0,05), cu thé Lactifluus 14 chi c6 mirc d6 khac biét 1on nhat (Hinh 3.12). Nguoc lai, tai
Vién Khoa hoc Su séng, ¢ 8/13 chi ndm ngoai cong sinh thé hién su khac biét 1o rét,
c6 y nghia vé& mit théng ké so v6i khu vuc Pa Nhim, véi Astrosporina 1a chi nAm c6

muirc do khac biét 16n nhét (Hinh 3.12).

B viénkHss W DaNhim

Sistotrema
Strobilomyoes
Laccaria
Craterellus
Hebeloma
Inocybe
Boletus
Hygrocybe
Russula
Neoboletus
Basidioascus
Rugiboletus
Sebacina
Amphinema
Amanita
Tremelladendron
Lyophyllum
Suillus
Lactifluus ~ *
Thelephora
Hydnum
Geastrum
Gymnopus
Entoloma
Ceratobasidium
Ramaria
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I [

*
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Clitopilus

i
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*

o
~
IS

log: Fold Change

Hinh 3.12. Muc d6 thay doi tuong d6i vé ty 1& phong phu ciia timg chi nAm ngoai
cdng sinh gitra hai khu vue nghién ctru
3.1.1.2. Két qua phén tich thanh phin ndm ngoai cong sinh trong mdu chép ré

thu dwoc 6 rirng thong ba la P. kesiya truong thanh
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Dua trén sy khac biét vé hinh thai ngoai cua cac chop ré ndm ngoai cong sinh
theo mo ta cua Agerer [30], c6 17.324 chop ré ngoai cong sinh duge thu nhan tir mau
dat rimg thong ba 14 P. kesiya truong thanh & khu vue Pa Nhim va 34.096 chép ré nim
ngoai cong sinh ¢ khu vyc Vién Khoa hoc Sy séng. Trong do, c6 3 kiéu phan nhanh
chinh dugc ghi nhan bao gdm don nhanh, phan nhanh d6i va dang cum san hé (Hinh
3.13 a, b, c). Mot s6 dac diém dac trung cua chop & nAm ngoai cong sinh nhu so1i nam
dang ré, hé soi ndm ngoai. .. ciing dugc ghi nhan (Hinh 3.13d, ¢). R& khong bi nAm xam
nhiém phat trién dai voi hé thdng 16ng hit 1 rét (Hinh 3.13f). Dong thoi, trong cung
modt mau dit, ¢ thé thu duoc nhiéu hon mot kiéu hinh cua chop ré nAm ngoai cong

sinh.

Hinh 3.13. Mot s0 dac diém ctia cac mau chdp ré ngoai cong sinh co trong dat

(a) Dang don nhanh (ABI-A17.1); (b) Phan nhanh doi (ABI-A32.3); (c¢) Dang cum
san hé (ABI-B22.1); (d) Soi nam dang ré (ABI-A28.2); (e) Phdn nhanh véi hé soi ndm
bén ngodi (ABI-B16.3); (f) Ré khéng cé ndm xdm nhiém

Trong 50 méu dit thu tai Rimg phong ho Pa Nhim (k¥ hiéu ABI-A01 dén ABI-
A50), c6 10% mau dat khong thu duge chop ré nAm ngoai cong sinh va 14% cac miu
dat c6 chira cac chop ré ndm ngoai cong sinh gia, kho khong thé dinh danh bang hinh
thai cling nhu sinh hoc phan tir. Bén canh do, sb chop ré nam ngoai cong sinh thu duoc
trong mdi mau dat khong dong déu, dao dong tir 5-331 chdp ré nidm ngoai cong
sinh/mau dat. Dac biét c6 4 mau dat thu duoc sb chop ré nam ngoai cong sinh cao dot
bién 1a ABI-A02, ABI-A10, ABI-A28 va ABI-A35 (tuong tng 1.268, 5.919, 1.610 va
1.246 chop r& nAm ngoai cong sinh/mau dat) (Hinh 3.14). Ngoai ra, c6 56 kiéu hinh cua
chop ré ngoai cdng sinh dugc ghi nhan, trong do trong cung mot mau dit co thé thu
duoc tir 1-5 kiéu hinh cua chop ré nam ngoai cong sinh khac nhau. Ty 1& cac mau dat
¢6 thé thu nhan duge tir 2 kiéu hinh cua chop ré nam ngoai cong sinh 12 50%, véi 1 mau
dat quan sat thay c6 5 kiéu hinh khac nhau.
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Pbi v6i 50 mau dat thu tai Vién Khoa hoc Su séng (ky hiéu ABI-BO1 dén ABI-
B50), s6 miu dat khong thu dugc chop ré ndm ngoai cong sinh 1a 10% va 10% mau dat
c6 chira cac chop ré ndm ngoai cong sinh gia, kho khong thé dinh danh. Trong khu vuc
nay, c6 50% s6 mau dat thu duoc trén 180 chdp ré ndm ngoai cong sinh, trong d6 25%
mau dit c¢6 s6 chop ré ndm ngoai cong sinh nhiéu hon 877 chop. Ngoai ra, 2 mau dét 1a
ABI-B15 va ABI-B31 s6 lugng cac chop ré nim ngoai cong sinh thu duoc cao dot bién,
tuong g véi 11.473 va 5.197 chop ré ndm ngoai cong sinh/mau dat (Hinh 3.14). Téng
cong c6 42 kiéu hinh cua chop & ndm ngoai cong sinh, dao dong tir 1-5 kiéu hinh cta
chop ré ndm ngoai cong sinh/mau dit. Trong d6 c6 52,5% cac mau dit co tir 2 kiéu hinh
ctia chop ré ndm ngoai cong sinh tré 1én. Pong thoi, ciing chi ¢ 1 mau dat tim duoc 5

ki€u hinh khéac nhau cua chop ré ndm ngoai cdng sinh.

Su khéc biét trong s6 luong cac chop ré ndm ngoai cong sinh giita hai khu vuc
nghién ctru ¢ thé xuét phat tir kiéu phan nhanh do twong tac giita loai nAm ngoai cong
sinh v6i ré tao nén. Mot s6 loai nAm ngoai cong sinh c¢6 xu hudng tao ra kiéu phan
nhanh dang san ho & hé r& thong (Hinh 3.13c), tir d6 din dén sb luong choép ré nim
ngoai cong sinh ctia chung trong mot don vi miu ting 1én cao hon han nhimg loai nAm
ngoai cong sinh tao ra kiéu phan nhanh don (Hinh 3.13a)

12000
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8000
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1246

Ba Nhim Vién KHSS

Hinh 3.14. S6 luong chop ré ndm ngoai cong sinh thu dugc ¢ hai khu vuc nghién ctru
Cac mo ta hinh thai chi tiét 56 kiéu hinh ctia chop ré ndm ngoai cong sinh & khu

vuc Da Nhim duoc thé hién & Bang 3.1 va 42 kiéu hinh cua chop ré nam ngoai cong

sinh & khu vyc Vién Khoa hoc Su séng dugc thé hién trong Bang 3.2.

Bang 3.1. Bang mo ta hinh thai cac kiéu hinh ctia chép ré ndm ngoai cong sinh thu dugc

trong mau dat khu vuc Pa Nhim
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X X Sé kiéll ;oL s A A Lo
Mau dat hinh Ky hi¢u Mo ta
ABLAOI 0o | ABI-AOLIL | Chép ré c6 mau nau den, phan nhanh doi
ABI-A01.3 | Chép ré c6 mau ndu dat nhat, phan nhanh déi
Choép ré c6 mau nau dat nhat, bén ngoai c¢6 16p bao
ABI-A02.1 | —, . A , A A s g
ABLA02 02 sdng mau, phan nhanh d6i khong déu, dai, thang
ABLA02 4 Chop ré c6 mau nau, phén dinh chop c6 mau den,
" | phan nhanh doéi khong déu
ABLAO3 01 ABLAO3.1 Clgop ré cO 16p bao mau trang, phan nhanh doi, dai,
thang
ABI-A04 01 | ABI-A04.1 | Chép ré mau nau sam, phan nhanh d6i, ngin
ABL-A05.1 Ch?p ré c6 mau nau vang nhat, phan nhanh doi,
ngan
ABI-A05 02 Chop ré mau nau nhat, bén ngoai c6 16p bao tring
ABI-A05.2 | bac, c6 cac s¢ nam manh cung mau vdi 16p bao,
phén nhénh 61, ngan
ABIL-A06.2 CAh.op ré c6 lf)’p bao trang bac, hoi xdm, phan nhanh
doi1 khong déu
ABI-A06 03 ABI-A06.3 | Chép ré c6 mau nau, phan nhanh doi
Chop ré mau nau nhat, ddu chop mau trang, dang
ABI-A06.4 | chop don hodc c6 mét than chinh voi cac chop xep
doi xung
ABEAOTL | (' i dang i g
ABI-A07 02 Ch()[.) 1é nau, Bén ngoai ¢ 16p bao tring méng, phan
ABI-A07.2 , A
nhanh dang san ho
ABI-A08 0 - -
ABI-A09 01 ABI-A09.2 | Chép ré c6 mau den, nhanh, c6 1ong dai den
Chop 1€ c6 16p bao day mau trang bén ngoai voi cac
ABI-A10.1 | soi nam manh cung mau, ¢6 sgi nam dang ré mau
trang, phan nhanh doéi khong déu
ABI-A10 03 Chop ré mau nau vang nhat, dinh chop sang mau, co
ABI-A10.2 | —, X \ o A . .
cac s¢ nam manh bén ngoai, phan nhanh do6i
Choép ré mau nau, c6 16p bao mong mau trang nhat
ABI-AL03 ngoai, phan nhanh d6i, dai, thang
ABLA11.1 Chf)p ré mau den, c6 h¢ sgi manh bén ngoai, phan
nhénh doi
Chop ré mau nau d6 sim, co hé sgi nam ciing mau
ABI-A11.2 I S A A . 2.
ABLA11 04 phét trién tir chop ra bén ngoai, phan nhanh doi
ABLA11.3 Chép ré mau nau, dau chép sang mau, c6 hé sgi nam
"~ | manh ¢ bén ngoai, phan nhanh doé1, dai, thang
ABLA11.4 Chop ré mau nau, c6 16p bao mdéng mau trang nhat

bén ngoai, phan nhanh d6i, dai, théng
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X X Sé kiéll ;oL s A A Lo
Mau dat hinh Ky hi¢u Mo ta
ABLAI2.1 Chop ré mau ndu, bén ngoai ¢4 16p bao mau vang
ABI-A12 02 " | sdm, c6 sgi nam dang ré mau vang
ABI-A12.2 | Chép ré mau nau, phan nhanh doéi, dai, manh, thing
ABLAI3.1 Chf)p ré mau Qen, c6 so1 ndm cung mau phat ra tu
chép, phan nhanh doéi
ABI-A13 02 X A Y, .
Chop ré mau nau, tron nhan, c6 16p bao trong mo
ABI-A13.2 | . A . A
bén ngoai, phan nhanh do61
ABI-A14 0 - -
Chop 1é ¢6 16p bao vang chanh, bén ngoai ¢ hé s01
ABI-A15.1 | nAm manh, mdéng, cung mau ¢ bén ngoai, c6 sgi nam
ABI-A15 02 dang ré cung mau, phan nhénh dang san ho day, dai
ABL-A15.2 C}l.op ré c6 l;)’p bao trang bac, hoi xdm, phan nhanh
do61 khong déu
ABLAIL6 00 ABLA16.1 CPop ré mau nau, ‘Erorn nAl.lan, co 16p bao trong mo
bén ngoai, phan nhanh do61
ABLA17.1 Chf)p ré mau qen, ¢4 soi nam cung mau phat ra tur
chép, phan nhanh doéi
Chop ré mau nau hon vang, bén ngoai co 16p bao
ABI-A17 03 ABI-A17.2 trong mo, nhan, phan nhanh do61, than chinh dai
ABLA17.6 ChoP ré mau nau xam sam voi 16p bao trong mo bén
ngoai, phan nhanh doéi, ngan
ABI-A18 01 ABI-A18.3 | Chop re€ c6 16p bao trang bac, phan nhanh doéi
ABI-A19 0 - -
ABI-A20 0 - -
ABLA21 1 Chop ré mau nau h’(\)’.l do, dau chdép c6 mau trang
trong, phan nhanh doi
ABLA21 03 ABLA21.2 C’ho;A) ré mau nauqhol doz co lop bac‘) mong mau vang,
cO h¢ so1 nam mong phia bén ngoai
Chop ré mau nau, bong, c6 16p bao trong md bén
ABL-A21.3 ngoai, phan nhanh doéi, thang, dai
ABI-A22 0 - -
ABI-A23 01 ABI-A23.1 | Chép ré mau nau sam, phan nhanh d6i, ngin
ABI-A24 0 - -
ABI-A25 0 - -
ABLA26 01 ABLA26.1 Chf)p ré c6 goc mau nau, l;lhat c%an Vemphla chop,
chop c6 mau vang trang, phan nhanh doi
ABI-A27 0 - -
ABIL-A28.1 Chf)p ré mau (?en, €0 s¢i nam cung mau phat ra tu
chop, phan nhénh d6i
ABI-A28 04 Chop & ¢6 mau nau dé gach, dau chép vang hoi
ABI-A28.2 | trang, c6 h¢ soi nam manh cung mau bén ngoai, cé

soi nam dang ré cung mau
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X X Sé kiéll ;oL s A A Lo
Mau dat hinh Ky hi¢u Mo ta
ABLA28.3 CPop ré mau Atrang,hcn vang, ¢6 hé s¢g1 manh phia
bén ngoai, phan nhanh d6i, ngan
ABLA28.4 ChoR ré mau nau xam bac,, c6 16p bao troPg mg bén
ngoai, tron bong, phan nhanh dang san ho, dai
ABL-A29 01 ABL-A29.1 ChO,p ré nau, bén ngoai co 16p bao trang moéng, phan
nhanh dang san ho
ABI-A30 0 - -
ABI-A31 0 - -
ABLA3?. 1 ChoR ré mau nau cd Al.op bcao mong mau trang bén
ngoai, phan nhanh d6i, ngan
Choép ré mau den, bong, c6 soi nAm trang phat ra tir
ABI-A32 04 |ABIA2S3 chép, phan nhanh doi
ABI-A32.4 | Chép ré mau nau nhat, phan nhanh do6i
ABLA32.6 Chf)p ré mau qen, c6 so1 ndm clng mau phat ra tur
chép, phan nhanh doéi
ABLA33 01 ABLA33.1 CPop ré mau vang trang trong, phan nhanh dang san
hd, ngan
ABLA34 01 ABLA34.2 ?h(zp re rn‘e}u vang hoi nau nhat, ¢6 16p h¢ sgi manh
O bén ngoai
ABI-A35.1 | Chép ré c6 mau vang, phan nhanh doi, dai
ABI-A35.2 | Chép ré c6 mau nau hoi vang, phan nhanh doi, ngan
ABLA35 05 ABI-A35.3 | Chop rej c6 mau nau, phan nhanh doéi, dai
ABI-A35.5 | Chop ré ¢6 mau den, phan nhénh doi
Choép ré c6 mau ndu, c6 hé s¢ ndm mau traing manh
ABI-A35.6 phat ra tir chép, phan nhénh do6i
ABI-A36 0 - -
ABLA37.2 Chf)p ré c6 mau nau hczl vang, 16p bilO tl‘Ol,’lg mo, dau
choép sang mau, hoi trang trong, phan nhanh doéi
ABI-A37 02 Chop ré,méu nau dam, 16p bao mong, mau xam bac,
ABI-A37.4 | c6 so nam manh phat ra tir chdp, phan nhénh doi,
dai
ABI-A38 0 - -
ABI-A39 01 ABI-A39 1 Ch;op ré mau ndu sgm, dau chop sang mau, trong
sudt, phan nhanh doéi
Choép ré mau nau co6 16p bao tring bac mong bén
ABI-A40 02 ABI-A40.1 ngoai, phan nhanh d6i, ngan
ABI-A40.3 | Chép ré mau niu vang nhat, phan nhanh doi
Chop ré mau nau vang nhat c6 16p bao mau trang
ABI-A41 01 ABI-A41.2 | bac va hé s¢gi nam cung mau mong bén ngoai, phan
nhanh d6i, dai
ABI-A42 01 ABI-A42.1 | Chép ré mau niu den, bong nhin, phan nhanh doi
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X X Sé kiéll ;oL s A A Lo
Mau dat hinh Ky hi¢u Mo ta
ABL-A43 01 ABLA43.1 gl};zl; ré cO 16p bao mau trang, phan nhanh doi, dai,
Chop ré mau tréng, ¢6 hé soi nAm manh, thua thét,
ABI-A44.1 | cung mau bén ngoai, chop don hodc phan nhanh doi,
ngan
ABL-Ad4 02 Chop ré mau nau nhat, dau chép mau trang, dang
ABI-A44.3 | chop don hodc co mot than chinh vo1 cac chop xep
doi xing
ABI-A45.1 | Chép ré mau niu vang nhat, phan nhanh do6i
ABI-A45 02 ABI-A45.2 CP.op rAe co l;)p bao trang bac, hoi xdm, phan nhanh
doi khong déu
ABLA46 01 ABLA46.2 Chop ré c6 mau nau vang, 16p bao trong mo bén
ngoai, phan nhanh do6i
Choép ré mau vang nau, dau chop trong sudt, phan
ABL-A4T |01 | ABIA47.2 | hanh doi voi than chinh dai
Chop ré ¢6 mau nau do gach, dau chép vang hoi
ABI-A48 01 ABI-A48.2 | trang, c6 hé soi nam manh cung mau bén ngoai, cé
so1 nam dang ré cung mau
ABLA49 01 ABL-A49.1 Ch’op ré mau (?en, ¢6 so1 ndm cung mau phat ra tur
chop, phan nhanh doi
ABLAS50 01 ABLA50.2 Chop ré mau vang hoi nau nhat, c6 hé sgi manh mau

trang bén ngoai, phan nhanh doi

Bang 3.2. Bang m6 ta hinh thai cc kiéu hinh cua chép ré ndm ngoai cong sinh thu duoc

trong mau dét khu vuc Vién Khoa hoc Su séng

So kiéu

Mau dat hinh Ky hi¢u Mo ta
ABI-B0O1 - - -
ABLB0? 01 ABLB02.1 C?op ré co thaAn mau nau .h(n Hdo, dau chdép c6 mau
trang trong, phan nhdnh dé6i hodc don
ABI-B03 - - -
ABI-B04 - - -
ABLBO5 01 ABLB05.3 Chf)p ré mau nau nhat, 16p bao trang, mong, phan
nhénh doi
ABI-B06.1 gh;pdrgnccr)l lgﬁ bao vang trang nhat, phan nhénh doéi
ABL-B06 | 02 L e Y
Chop ré mau nau sam, cé hé sgi to mong bén ngoai,
ABI-B06.2 ~ . Ae g
phan nhéanh doi, dai
ABI-B07 - - -
ABI-B08 - - -
ABL-B09 ABL-B09.1 Chép ré mau nau nhat, bén ngoai c6 16p bao mong

mau trrflng bac, phan nhanh 461, dai
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ABI-B10 - - -
Chop ré mau nau, dau chop sang mau, c6 16p bao, hé
ABI-B11.2 | soi ndm va sgi ndm dang ré mau tring bén ngoai, phan
ABI-B11 02 nhanh dang san ho, dai
Chop ré c6 mau den, ¢ cic sgi nAm cting mau phat ra
ABI-B11.5 | ~ n
tur chop, phan nhanh déi, dang cum
Chop ré mau nau, 16p bao mau do, nham, co hé soi
ABI-B12.1 | nam bén ngoai va soi nim dang ré cing mau, phan
nhanh dang san ho
Chop ré mau ndu, 16p bao mau vang chanh, c6 hé sg
ABLBI2 04 ABI-B12.3 | ndm va soi nim dang r& mau vang hoi d6 bén ngoai,
phén nhénh do1
ABLB12.4 CP()p réA mélu’tréngA F’J’ dinh, vang nau téi nau dan dén
g6c, phan nhanh doi
ABLBI12.6 Chop ré mau nau den, cé hé soi nAm mau nau do phat
ra tir chop, phan nhanh doi
Chop ré mau ndu, 16p bao mau vang chanh, c6 hé s¢
ABI-B13.2 | ndm va s¢i ndm dang r& mau vang hoi d6 bén ngoai,
ABI-BI3 02 phéin nhénh doi
ABI-B13.3 | Chép r& mau nau ddm, phan nhanh dang san hé, ngin
Chop ré mau nau, 16p bao mau vang chanh, c6 hé so
ABI-B14 01 ABI-B14.1 | nim va soi nim dang r& mau vang hoi d6 bén ngoai,
phan nhanh doéi
Chép ré mau nau nhat, 16p bao c6 mau tring, bén
ABI-B15.1 | ngoai c6 hé soi ndm moéng bao quanh, phan nhanh d6i,
khi trudng thanh tao thanh dang cum san ho day
ABI-B15 03 ABLB15.2 Ch’ép ré‘ méu nau sam, bong, phan nhanh déi voi than
chinh dai ,
Chop ré mau nau do, c6 cac soi nam cung mau phat ra
ABIBIS3 | i chép, phan nhénh do, dai
Chop ré mau nau, 16p bao mau vang chanh, c6 h¢ so
ABI-B16.1 | nam va soi nam dang ré mau vang hoi do bén ngoai,
ABI-B16 02 phan nhénh d6i
ABLB16.3 CAhép ré nAléu l’lﬁ}l' dé,ﬂcé cé’c sinpéim cung mau bao
ram rap bén ngoai, phin nhanh doéi
ABI-B17 - - -
ABI-B18.1 | Chép ré mau den, phan nhanh d6i, than chinh dai
ABI-B18 03
ABLBI8.3 Choép ré mau nau do ¢ than, dau chép phinh, c6 mau

trang, phan nhanh d6i hodc don
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Mau dat hinh Ky hi¢u Mo ta
Chop ré mau nau, 16p bao mau vang chanh, c6 h¢ so
ABI-B18.4 | nam va soi nim dang r& mau vang hoi d6 bén ngoai,
phén nhanh doi
Chop ré mau nau, 16p bao mau dd, nham, c6 hé soi
ABI-B19 01 ABI-B19.1 | nam bén ngoai va soi nam dang ré cing mau, phan
nhanh dang san ho
ABLB20.1 Chf)p ré ¢6 mau nau nhat, dau chép mau trang trong,
phén nhanh doé1, dai
ABLB20 03 ABLB20.3 g};ﬁp ré c6 16p bao mau trang, phan nhanh doi hodc
ABLB20.6 C}lop 1€ co l(?’p baoA mau nau, l}e $01 nam cung mau bao
day bén ngoai, phan nhanh doi
ABI-B21.1 | Chop ré mau nau den, phan nhanh dang cum san ho
ABLB?1 0 Chop ré mau nau, 16p bao mau vang chanh, c6 hé so
ABI-B21.3 | nidm va soi nim dang r& mau vang hoi d6 bén ngoai,
phéin nhénh doi
Chop ré mau nau hoi dé nhat, 16p bao c6 mau trang,
ABI-B22.1 | c6 h¢ sgi nam cung mau ¢ bén ngoai, phan nhanh dang
cum san ho
ABI-B22 03 ABLB22.2 Chf)p ré mau nau, ¢ hé sgi cung mau bao bén ngoai,
phan nhanh do61, dai
Chop ré mau nau do sam, c6 hé soi nam cung mau
ABI-B22.3 phat ra tir chép, phan nhanh doi, dai
ABI-B23 - -
ABI-B24.1 | Chép ré mau den, phén nhanh doi, than chinh dai
ABLB24 02 Chop ré mau nau, dau chop sang mau, c6 16p bao, hé
ABI-B24.2 | soi ndm va sgi nim dang r& mau tring bén ngoai, phan
nhanh dang san ho, dai
ABI-B25 - - -
ABI-B26 01 ABI-B26.1 | Chép ré mau den, phan nhanh d6i, than chinh dai
ABI-B27 01 ABI-B27.3 | Chép ré mau den, phan nhanh déi, than chinh dai
ABLB28.1 Chf)p ré c6 mau traflg hoi nga vang ¢ dinh, nau ¢ than,
phan nhanh do6i hodc don
ABLB28.2 Ch(?p ré mau nau de’n, coﬂhc 501 nam mau nau dé phat
ABLB2S 04 ra tir chop, phan nhanh do6i hodc don
i ABI-B28.3 | Chop ré mau nau bong, phan nhanh doéi, dai
Chop ré mau nau, lop bao mau vang chanh, cé h¢ soi
ABI-B28.4 | nim va soi ndm dang ré mau vang hoi d6 bén ngoai,
phan nhénh doi
ABI-B29 01 ABI-B29 2 Chop ré mau den, bong, phan nhanh d6i, than chinh

dai
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MaAu dat

S6 kiéu
hinh

Ky hiéu

Mo ta

ABI-B30

01

ABI-B30.1

Chop ré mau nau hoi vang nhat, tron bong, phan
nhanh doi, dai

ABI-B31

01

ABI-B31.1

Chép ré mau nau hoi vang nhat, tron bong, phan
nhanh doi, dai

ABI-B32

01

ABI-B32.2

Choép ré mau nau do ¢ than, dau chép phinh, c6 mau
trang, phan nhanh doéi hodc don

ABI-B33

ABI-B34

01

ABI-B34.1

Chop ré mau nau, 16p bao mau vang chanh, c6 hé sgi
nam va soi nam dang r& mau vang hoi dé bén ngoai,
phéin nhanh doi

ABI-B35

01

ABI-B35.4

Chop ré mau nau, 16p bao mau trang nga mong, soi
nam manh cung mau véi 16p bao bén ngoai, phan
nhénh dang cum san hd

ABI-B36

05

ABI-B36.1

Chop ré mau nau hoi doé nhat, 16p bao c6 mau trang,
c6 h¢ so1 nam cung mau & bén ngoai, phan nhanh dang
cum san ho

ABI-B36.2

Chop ré mau nau, 16p bao mau do, nham, c¢6 h¢ soi
nam bén ngoai va soi ndm dang ré cing mau, phan
nhanh dang san ho

ABI-B36.3

Chop ré mau ndu, 16p bao mau vang chanh, c6 hé soi
nam va soi nim dang r& mau vang hoi d6 bén ngoai,
phan nhanh doi

ABI-B36.4

Chop ré mau nau do sam, c6 hé sgi nam cung mau
phat ra tir chép, phan nhanh d6i hodc don

ABI-B36.6

Chop ré c6 mau den, c6 cac sgi nam cung mau phat ra
tir chop, phan nhanh do6i, dang cum

ABI-B37

01

ABI-B37.1

Chép ré mau nau hoi vang nhat, tron bong, phan
nhanh doi, dai

ABI-B38

02

ABI-B38.1

Chop ré mau nau den, phu 1 16p soi nam mau den,
phan nhénh doi

ABI-B38.2

Chop ré mau nau, l6p bao mau vang chanh, c6 hé soi
nam va soi nam dang ré mau vang hoi do bén ngoai,
phan nhanh doéi

ABI-B38

01

ABI-B39.1

Chop r€ c6 16p bao mau trang vdi h¢ sgi nam bao bén
ngoai day dac va sgi nam dang ré cung mau, phan
nhénh déi ngan

ABI-B40

01

ABI-B40.1

Chop ré mau nau, 16p bao mau vang chanh, c6 h¢ so
nam va soi nam dang ré mau vang hoi do bén ngoai,
phan nhanh doi

ABI-B41

02

ABI-B41.1

Chop ré mau nau, 16p bao mau vang chanh, c6 hé soi
nam va soi nam dang ré mau vang hoi do bén ngoai,
phan nhanh doéi




62

X X Sé kiéll ;oL s A A Lo
Mau dat hinh Ky hi¢u Mo ta
ABLB413 Chf)p ré mau nau den, phu 1 16p s¢i nam mau den,
phén nhanh doi
ABLB42.1 Chop ré mau nau %10’1 vang ‘n.hat, tron bong, 16p bao
trong mo, phan nhanh doi, dai
ABI-B42 02 X o A Ar i PR S :
Chop ré mau nau do, cd cac soi nam cung mau bao
ABI-B42.2 | . A . a
ram rap bén ngoai, phan nhénh doi
Chop ré mau nau, 16p bao mau vang chanh, ¢6 hé soi
ABI-B43 01 ABI-B43.1 | nam va soi nim dang r& mau vang hoi d6 bén ngoai,
phéin nhénh do1
Chop ré mau nau dd, ¢ cac soi nam cung mau bao
ABI-B44 01 ABI-B44.3 | rdm rap bén ngoai, phan nhanh d6i hodac don, than
chinh dai
ABLB45.1 Chop ré ¢ 16p bao mau vang chanh véi s01nam mong
ABI-B45 01 " | cung mau bén ngoai, phan nhanh d6i, ngan
ABI-B45.5 | Chop ré mau den, phan nhénh do6i1, ngan
Chop ré mau nau, 16p bao mau do, nham, c¢6 h¢ soi
ABI-B46.3 | ndm bén ngoai va soi nim dang ré cing mau, phan
nhanh dang san ho
ABI-B46 03 ABLB46.4 CPop ré ‘c.o me}u nal} do sam vo1 hé sgi nam cung mau
bén ngoai, phan nhadnh don
ABLB46.5 C}}op ré mau nauAnhat,’ bén ngoai ¢4 16p bao mdng
mau trang bac, phan nhanh doi, dai
ABLB47 01 ABLB47.2 Chop ré ‘mau nau nhat, nhan, c6 soi nam cung mau 6
bén ngoai, phan nhanh do61, dai
Chop ré mau nau, 16p bao mau vang chanh, ¢ hé soi
ABI-B48.1 | nim va soi nim dang r& mau vang hoi d6 bén ngoai,
ABI-B48 02 phan nhanh doi
Chop ré c6 than mau nau hoi do, dau chdp cé mau
ABI-B48.3 trang trong, phan nhanh déi hoic don
ABI-B49.2 | Chép ré mau den, phan nhanh d6i, than chinh dai
C,hép ré mau nau, 16p b‘flO mau do, nham, co hé soi
ABI-B49 03 ABI-B49.4 nér}l bén ngoai VE} so1 nam dang ré cung mau, phan
nhanh dang san ho
Chop ré mau nau véi 16p bao tring va soi nam dang ré
ABI-B49.5 P A A . A axs
trang bén ngoai, phan nhanh dang cum san ho, dai
ABI-B50.2 CAhop re\rpau flau n?at, nPan,‘c?o sO1 nam cung mau o
bén ngoai, phan nhdnh doi, dai
ABI-B50.3 CAhop ré c6 mau nau do sam voi hé sgi nam cung mau
ABI-B50 03 bén ngoai, phén nhanh don
Chop ré mau nau, 16p bao mau do, nham, c6 hé soi
ABI-B50.5 | nam bén ngoai va soi nim dang ré ciing mau, phan

nhdnh dang san ho




63

T4t ca cac kiéu hinh ¢ ca hai khu vyc nghién ciru déu dugc tién hanh tach DNA
3 chép ré ndm ngoai cong sinh dién hinh va gii trinh ty ving ITS. Két qua sau khi hiéu
chinh trinh ty (néu can) va tim kiém trinh ty tuong dong trén NCBI cho thiy, tai khu
vuc rimg Pa Nhim ghi nhin dugc 18 chi ndm ngoai cong sinh, bao gdm Amanita,
Boletus, Cenococcum, Coltricia, Hydnum, Inocybe, Laccaria, Lactarius, Lactifluus,
Macowanites, Pulveroboletus, Rhizopogon, Russula, Sebacina, Thelephora,
Tomentella, Tylospora, Zangia va 1 loai nam thudc bd Cantharellales. Trong d6
Lactifluus, Tomentella, Russula, Rhizopogon, Lactarius, Sebacina va Zangia,
Cenococcum va Amanita 13 cac chi ndm ngoai cong sinh chiém wu thé, v6i Lactifluus,
Tomentella 13 hai chi nAm ngoai cong sinh c6 sd lugng chép ré ngoai cong sinh thu
duoc cao nhét, tuong ung 44,2% va 24,7%. Trong khi d6 Russula va Tomentella 1a 2
chi ndm ngoai cong sinh c6 d6 thudng gip cao, xuat hién nhiéu nhit trong cic mau dat
thu thap duoc (trong 12 va 11 mau dét). Trong khi d6 tai khu vuc Vién Khoa hoc Sy
sdng ciing ghi nhan duoc 19 chi ndm ngoai cong sinh, bao gdm Amanita, Austroboletus,
Boletus, Coltriciella, Gomphidius, Hourangia, Inocybe, Lactarius, Multifurca,
Phylloporus, Pulveroboletus, Retiboletus, Rhizopogon, Sebacina, Suillus, Thelephora,
Tomentella, Tylopilus va Zangia. Trong d6, Amanita, Lactarius 13 hai chi nAm ngoai
cong sinh c6 sb lwong chop ré ndm ngoai cong sinh thu dugc cao nhat, tuong tng 35,7%
va 20,7%. Tiép theo 1a cac chi ndm Zangia, Rhizopogon, Tomentella, Retiboletus,
Coltriciella, Pulveroboletus va Suillus. Ngoai ra, Tomentella, Zangia va Coltriciella 1a
cac chi nAm ngoai cong sinh c6 do thudng gip cao, xut hién nhiéu nhit trong tong sb

cac mau dat thu thap duogc (twong Gmg trong 15, 14 va 10 méu dat).

Tir cac két qua trén cho thay co sy gidng nhau vé thanh phan cac chi nAm ngoai
cong sinh giira hai dia diém nghién ctru, trong d6 c6 10 chi thudng gip ¢ ca 2 khu vuc
(Hinh 3.15) bao gém Amanita, Boletus, Inocybe, Lactarius, Pulveroboletus,

Rhizopogon, Sebacina, Thelepora, Tomentella va Zangia.

Hinh 3.15. Biéu d6 Venn thé hién su tuong quan & cap do chi giita 2 khu vuc nghién ctu
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Déng thoi, & khu vuc Vién Khoa hoc Su séng sb lugng cac chop ré nim ngoai
cong sinh thu duoc cao gip 1,97 1an so véi & khu vuc Pa Nhim. Tuy nhién mdi chi va
loai nAm ngoai cong sinh c6 ty 18 s6 chop ré ndm ngoai cong sinh thu duge khéng dong
déu (Hinh 3.16). S6 luong loai nAm ngoai cong sinh thu duoc & khu vyc rimg Pa Nhim
1én dén 56 loai. Trong d6 Lactifluus spl 1a loai nAm ngoai cong sinh c6 sb luong chop
ré nidm cong sinh cao nhét, chiém 31,82%. Tiép theo 1 Tomentella spl4 véi 20,2%,
trong khi cac loai con lai c6 s6 luong chop ré ndm ngoai cong sinh thu duge kha thap,
hau hét dudi 2%. Nguoc lai & khu vuc Vién Khoa hoc Su séng, chi ¢6 42 10ai ndm
ngoai cong sinh xuét hién véi ty 1& ) chop ré nam ngoai cong sinh thu dugc cao nhét
13 loai Amanita sp1 chiém 31,64%. Hai loai Lactarius subbrevipes va Zangia sp. ciing
c6 s6 luong chop ré ndm ngoai cong sinh thu duoc kha cao, trong tng chiém 15,44%
va 15,09%. Bén canh do, hé s6 twong dong vé thanh phan loai so sanh gitra hai khu vuc
Pa Nhim va Vién Khoa hoc Su song rat thap, chi c6 3,2% cac loai giéng nhau giita hai
khu vuc nghién ctru.

100

m Amanita sp1

M Lactifluus sp1
Tomentella sp14

M Lactarius subbrevipes
Zangia sp.
Rhizopogon flavidus
Lactifluus pilosus
Lactarius sp1

m Lactifluus ambicystidiatus

M Retiboletus brunneolus

M Tomentella sp1

M Sebacina sp2

m Lactarius hatsudake

Ty 1& chép ré& nim ngoai cong sinh (%)
1%
o

m Amanita pseudoporphyria

m Russula aff. illota

20 mTomentella subtestacea
Lactifluus subpruinosus
Coltriciella sp9

10 . .
m Amanita spissacea
m Céc loai con lai
0

Pa Nhim Vién KHSS

Hinh 3.16. Ty 1& chop ré nam ngoai cong sinh do mdt loai nam ngoai cong sinh hinh

thanh tai hai khu vuc nghién ctru

Nhu vay, tuy c6 sd lugng chi ndm ngoai cong sinh tuong dong cao (10 chi)
nhung thanh phéan cac loai ndm ngoai cong sinh & hai khu vyc Pa Nhim va Vién Khoa
hoc Su sdng c6 khac biét dang ké (Hinh 3.17). Pdng thoi, két qua so sanh hé nim ré

ngoai cong sinh trong chop r& & khu vye Pa Nhim ciing cho thiy c6 sy da dang hon so
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v6i & Vién Khoa hoc Su sdng thong qua hé sé da dang Shannon-Wiener twong tmg cia
hai khu vuc 1a 2,569 va 2,287.

/ien KHSS: 19 chi - 42 loai Da Nhim: 18 chi- 56 loai

S6 chi trong loai: 4
actiﬂum Dé phong phi: 44,2%
[-)0 thuimg gip trong d6i: 9.23%

56 chi trong loii: 1 ha:apogon
B phong phi: 9.88%
DG thuémg sip trong 361 8,22%

$6 chi trong loai: 1 Zangm
P& pheng phi: 15,09%
D6 thuémg gip trong d6i- 19.2%

52%

Tamenrei.?a $6 chi trong loai: 13
D phong phi: 24.7%
Bo thudmg gap trong doi: 16.92%

28/94

56 chi trong loai: 2 Lacrarms
Dé phong phi: 20,71%

S& chi trong loar: 8
B thuong gip tweng 461 5.48% _ Russula | D6 phong phin 7.89%
- B DG thubng gip twong 66i: 18.46%
: . . k S chi trong loai: 3
6 chi trong 1oi 3 Amanita  Rhizopogon | pophone piis 6,1%
D¢ phong phi: 35,7% D6 thirdng gap trong a6i: 6,15%

D4 thudng gip twong d6i: 5.48%

$6 chi trong o 1 Cenococcum = Da Nhim
D6 phong phu: 1.51%
D6 thwomg giip trong déi: 7,60% = yvijén KHSS Basl = Asco

Hinh 3.17. Céc chi va loai nAm ngoai cdng sinh ¢ hai khu vuc nghién ctru

Khi so sanh cac két qua thu duoc tir thanh phan ndm ngoai cong sinh trong céac
mau dat va thanh phan ndm ngoai cong sinh tir mau chop ré ta thiy cé ty twong quan
gifra cac chi nam ngoai cong sinh hién dién ¢ hai 6 mau Pa Nhim va Vién Khoa hoc
Su Séng. Céc chi Tomentella, Rhizopogon, Russula, Lactifluus, Sebacina, dé)ng thot
xuét hién trong mau dat va ca mau chép ré tai khu vuc Pa Nhim véi ty 1 phat hién cao.
Tuong tw, Tomentella, Rhizopogon, Amanita phd bién trong ca mau dat va mau chop
ré & khu vuc Vién Khoa hoc Sy séng. Nhiéu nghién ctru trén thé giéi da ching minh
vé tAm quan trong ciia cac chi nAm trong ho Boletaceae, Russulaceae, Amanitaceae va
Thelephoraceae ddi vé6i sy ton tai cta chi thong va su hién dién cua nhiing chi nam nay
& hau hét cac nén rimg thong trudng thanh véi ty 18 cao [53, 158, 159], dic biét ching
dong vai tro vo cuing quan trong ddi véi cac loai thong dang nguy cap [160] cling nhu
trong cong tac bao ton, tai sinh [103, 161] va trong mdi & cac khu vuc chiu stress hoa
hoc [100, 153] hodc cac xdo tron nhu 1d lut [162], han [163], chay [117, 119]...

Nhu vay, nhitng két qua thu dugc tir dé tai thé hién sy twong dong cao véi cac
nghién ctru trudc ddy vé hé nam dat noi chung va thanh phan loai ndm ngoai cong sinh
trong dat néi riéng [3, 37, 55]. Pong thoi cho thay kha ning thiét 1ap quan hé cong sinh
manh mé cua nhiing chi nam nay voi hé ré clia thong ba 14, cling nhu sy hién dién phé
bién clia cac mam nim ngoai cong sinh trong dat tai khu vuc rimg thong tinh Lam
DPong. Day la mot loi thé rat quan trong, gop phan nang cao kha nang tai sinh va hd trg
su phat trién bén viing cua nhimg loai thuc vat cong sinh & khu vuc nay. Nhitng khéac
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biét vé thanh phan va sb luong cac loai ndm ngoai cong sinh & hé ré ciing nhu trong dat
& hai khu vyc nghién ctru ¢ thé xuét phat tir dic diém phan b cta hai khu vuc. Ring
thong ba 14 Pinus kesiya & Vién Khoa hoc Su séng nam canh khu dan cu tai trung tam
thanh phé Pa Lat. Nhiéu nghién ctru cho thiy cac khu vuc rimg trong 10ng thanh phd
tuy khong chiu céac tac dong ndng nghié€p nhung céc xdo tron gay ra do cac hoat dong
cua qua trinh d6 thi hoa van tac dong manh me¢ 1én thanh phén hé vi sinh vat dt [164—
166]. bBac biét ddi v4i hé nAm ngoai cong sinh, thanh phén cla cac chi nAm tuy tuong
tu nhu ¢ khu vyc rung tu nhién, do giau loai va do phong phu tuong ddi cua cac chi
nam c6 sy khéac biét rd rét [167]. Trong nghién ctru nay, mdi chi nAm ngoai cong sinh
¢6 sb lugng chop ré nam ngoai cong sinh thu dugc khong dong déu. S6 chop ré ngoai
cong sinh c6 két qua dinh danh twong déng voi cac chi ndm nhw Amanita, Lactarius,
Zangia, Rhizopogon, Tomentella cao dot bién (twong tng 12.162, 7.064, 5.145, 3.371,
1.773 chép). Diéu nay c6 thé giai thich do tac dong cua cic x4o tron giy ra boi qua
trinh d6 thi hoa 1am cho tinh chit co gidi, 1y hoa ctua dat thay ddi, anh hudng truc tiép
dén cic mam nam & 16p dat bé mit. Cac chi nAm ngoai cong sinh nhu Rhizopogon,
Suillus, Inocybe, Laccaria va Hebeloma thuong c¢6 nhu cau dinh dudng thap tré nén wu
thé trong qua trinh tai xAm nhiém ¢ khu vuc nay [3, 80, 168]. Ngoai ra, chi nim
Rhizopogon di duoc ching minh c6 kha ning chdng chiu cao véi cac diéu kién moi
truong va bao tir ¢6 thé ton lai lau dai trong dét, 1a chi ndm ngoai cong sinh wu thé trong
cac hé sinh thai rimg [169—171]. Ngoai ra, Agerer dua ra gia thuyét rang mot s6 nhom
nam ngoai cong sinh nhu nhém Thelephoroid thich nghi tét véi cing thing cua moi
truong nho nhiéu loai hinh thanh soi ndm dang ré, cho phép khai thac khéi luvong dat

16n hon dé 14y nudc va chit dinh dudng [172].

Tuy nhién, van con mot sb két qua bat thudng khi so sanh thanh phan loai nAm
ngoai cong sinh thu dugc tir mau d4t va mau chop ré. Mot s6 chi nAm nhu Cenococcum,
Lactarius, Zangia, Coltriciella dwoc ghi nhan nhiéu trong cac mau chép ré, tuy nhién
khong thay hién dién trong két qua phan tich mau dat ¢ hai khu vuc nghién ctru. Mic
di Cenococcum hay Lactarius duge cho 1a nhitng chi ndm ngoai cong sinh pho bién,
c6 thé tao thanh cu tric cong sinh voi nhiéu loai thue vat c6 mach va cling 1a mot trong
cac chi nAm ngoai cong sinh wu thé tai cac khu vuc rimg [44, 173-175]. Piéu ndy c6
thé xuat phat tir mot s6 han ché trong thiét ké 1ay mau va phuong phap phan tich. Trong
do, sb luong mau dat su dung dé tién hanh phan tich NGS & méi khu vuc con it (5
mau/khu vuc) véi khdi luong sir dung truc tiép dé tich DNA kha thap, vi vay da lam
cho mot s6 loai c6 murc d6 hién dién thap hodc phan bd khong dong déu trong mau dat

¢6 thé chua dugc thu nhan day du. Ngoai ra, luan 4n di str dung cip moi pho quat dé
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khao sat toan bd quan xd nim trong mau dat cht khong phai cip mdi chuyén biét dé
phat hi¢n nam ngoai cong sinh, nén dir liéu thu dugc bao gém ca cidc nhém ndm hoai
sinh, ky sinh, gdy bénh va ndm ngoai cong sinh. Vi vay, két qua phan tich ¢ thé chua
phan anh day du tinh da dang va thanh phan loai ciia nhém nim ngoai cong sinh trong
quﬁn x4 ndm dat. Nguoc lai, thanh phﬁn loai nAm ngoai cong sinh dugc phan tich truc
tiép tir cac chop ré nim ngoai cong sinh giup nhan dién mot cach dic hiéu hon va chi
tap trung vao cac loai ndm thyc sy tham gia hinh thanh quan hé ngoai cong sinh vé6i cay
chu.

Dua trén két qua so sanh thanh phan nim ngoai cong sinh thu dugc tir chop ré
va tir dat tai hai khu vue Pa Nhim va Vién Khoa hoc Su séng, cac nghién ctru tiép theo
cua dé tai s& duoc dinh hudng trién khai tai khu vuc rung Pa Nhim.

3.1.2. Két qua khao sat thanh phén loai nAm ngoai cong sinh véi hé ré cia ciy
con thong ba 14 P. kesiya 6 thang tudi trong vudn wom
3.1.2.1  Két qua thu thip chép ré ngogi cong sinh

30 cdy con thong ba 14 P. kesiva dugc gieo trong trong cac bau tu huy sau 6

thang thi tién hanh thu nhan toan bo b ré (Hinh 3.18) va quan sat sy hién di¢n cta cac

chép ré€ c6 su hinh thanh cau triic ngoai cong sinh véi ndm dudi kinh hién vi soi noi.

Hinh 3.18. Cay thong con 6 thang tu6i
(a) cdy con trong vieon wom, (b) cdy sau khi thu va loai bé dat trong

Qua quan sat cho thay, ¢ tat ca cac cay dugc nghién ctru déu c6 su hién dién cua
chép ré nam ngoai cong sinh, hinh thai cta chop ré ¢6 nhiém nam co su khac biét 1o rét

v&i cac re con khong ¢ sy xam nhiém cia nam (Hinh 3.19).
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Hinh 3.19. Cac dang chop ré dic trung trong mau ciy con thong ba 14 6 thang tudi

a: phdn nhanh don, b — c: phdan nhanh doi, d: sgi nam dang ré, e: hé soi ndm bén

ngodi, f: ré thong khong nhiém nam ré ngoai cong sinh

Téng cong thu duoc 11.499 chép ré ndm ngoai cong sinh trén tong sb 30 ciy
con, & mdi cdy con c6 thé ghi nhan duoc tir 1 dén 4 kiéu hinh cua chop r&. Trong d6
53,33% s6 cdy co su xuat hién 1 kiéu hinh véi s chop ré ngoai cong sinh trung binh &
mdi cdy 1a 398,18 chép. Nhom céc cdy co tir 2 kiéu hinh tré 1én ¢ sb lwong chop ré
ngoai cong sinh dao dong 16m, tir 21 dén 1.016 chop ré/ciy. Chi ¢6 & 1 cdy con 1a thu

dugc 4 kiéu hinh chodp ré ndm ngoai cong sinh khac nhau (Hinh 3.20).
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Hinh 3.20. Ty 18 s6 lugng cac kiéu hinh ciia chép ré ndm ngoai cong sinh trong mot
mAu cdy con 6 thang tudi
Hinh thai dic trung cta chop ré nam ngoai cong sinh & ciy con thong ba 14 trong

vuon vom dugc mo ta & Bang 3.3.
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Bang 3.3. Bang mo ta hinh théi cua cac kiéu hinh chdp ré nim ngoai cong sinh trén hé

ré& ciy con thong ba 14 6 thang tudi

ci kieu Ky hiéu Mo ta
Y | hinh
ASI1 01 ABI-AS1.1 Chop re phong, mau tring nga Vang, phan nhanh don
AS? 01 | ABLAS? 4 Chop ré phong, dau chop mau tring nga, thin nau vang,
phén nhanh don
AS3 01 | ABLAS3.1 g};ﬁp ré dai, dau chop trang, than nau vang, phan nhanh
AS4 01 | ABLLAS4.1 g};ﬁp ré dai, dau chop trang, than nau vang, phan nhanh
AS5 01 | ABLAS5.1 Chf)p ré c6 mau nau, hot sang mau & dau chop, phan
nhanh doéi
Chop & c6 gbc mau nau sam, dréu chép phinh to c6 mau
02 | ABI-AS6.1 | nau vang sang, c6 16p h¢ soi rat mong bén ngoai, phan
AS6 nhanh don
ABL-AS6.2 Ch?p ré c6 mau nau vang sang, bén ngoai c6 16p to manh
ngan, phan nhanh do6i
AS7 01 | ABI-AS7.2 | Chép ré c6 mau nau vang nhat, phan nhanh doi
ASS 01 | ABLASS.1 Chf)p ré ’phmh, dau trang vang, than mau nau vang, dai,
phan nhanh don
Chép ré mau nau nhat, dau chép sang mau, dai, phan
AS9 01 | ABI-AS9.1 nhanh don hoac phan nhanh do61
AS10 01 | ABLLAS10.1 CPop ré phll’ltl o de}u, mau trang nga vang, than dai mau
nau vang, phan nhanh don
AS11 01 | ABLASII 1 Chf)p ré ’phlnh, mau ndu vang nhat, dau chép sang mau,
phan nhanh don hodc doi
ABLAS12.1 Chf)p ré c6 mau dein, c6 cdc soi to nam day cung mau
ASD phat ra tir ch6p, phan nhanh don
Chop ré c6 dau phinh mau trang nga, thin dai mau nau
02 | ABI-AS12.2 | 7, A ,
vang, phan nhanh don
ASI3 01 | ABI-ASI3.3 C‘hop ré phlnP mau trang nga vang, than dai mau nau
vang nhat, phan nhanh don hoac doi
AS14 01 | ABL-AS14.1 CAhop 1€ 6 gbc mau nau sam, dau cvhopAphlnh to c6 mau
nau vang sadng, phan nhanh don hoac doi
ABI-AS15.1 Chf)p ré c6 mau nau sam, co 16p to manh bén ngoai, phan
nhénh doi
AS15 02 X L PRI S : . ;
Chop ré c6 mau den, co6 s¢i nam cung mau phat ra tur
ABI-AS15.8 . A ,
chop, phan nhanh don
AS16 | 01 | ABL-AS16.1 C‘hop ré co dal} chép mau trang nga, than ngan mau nau
vang, phan nhanh don
AS17 01 | ABLAS17.1 Chf)p re,dal c6 mau nau hoi vang, dau chép sang mau,
phan nhénh don
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Ma Sf) - A oz
cy kiéu Ky hi¢u Mo ta
hinh
Chop ré sam mau ¢ goc, ndu vang dén trang nga ¢ phan
ABI-ASI8.1 trén, phan nhanh d6i1 vé1 moét than chinh dai
Choép 1é& c6 mau nau, 16p bao tring c6 hé soi nAm manh
ASI18 03 | ABI-AS18.2 | cung mau bén ngoai, phan nhanh don hodc phan nhanh
doi
ABL-ASI8.3 Ch('?p ré’c() me‘lAu den’,phinh to, cO soi nAm cung mau phat
ra tur chop, phan nhanh don
Chop ré c6 phan gbc mau niu vang, dau chop phinh mau
ABI-AS19.1 | nau vang sang dén tréng nga, co hé soi nidm méanh mau
trang bén ngoai, phan nhanh don
ABL-AS19.2 Cl}ép ré co gécA méu’néu s?m, dau chop phinh to c6 mau
AS19 04 trang vang, phén nhénh doi .
Chop ré c6 mau den, c6 sQi nam cung mau phat ra tu
ABI-AS19.3 . A .
chop, phan nhanh don
Chop ré cb géc mau nau sam, dai, 16p bao tréng voi1 hé
ABI-AS19.5 | soi manh va soi ndm dang ré ciing mau & bén ngoai, phan
nhanh doi
ABI-AS20.1 | Chép re c6 mau trang nga dén h0’1 vang, phan nhanh do6i
AS20 02 ABL-AS20.2 Choép ré c6 mau den, c6 soi nam cung mau phat ra tir
chop, phan nhanh don
ABLAS?1.1 Choép ré c6 mau den, co soi nam cung mau phat ra tir
ASD1 0 chop, phan nhanh don hoac phan nhanh do6i
Choép ré mau trang nga, c¢6 1op to mong cing mau bén
ABI-AS21.2
ngoai, phan nhanh doi
ABI-AS22.1 | Chop re cb mau trang nga den hoi Vang, phan nhanh doi
AS2) 0 Chop & ¢ 16p bao mau trang va soi nam dang ré manh
ABI-AS22.2 | cuing mau bén ngoai, phan nhanh don hoac phan nhanh
doi
ABI-AS?23.1 Choép ré c¢6 mau den, c6 soi nam cung mau phat ra tir
chop, phan nhanh don
AS23 03 | ABI-AS23.2 | Chop re c6 mau trang nga dén h0’1 vang, phan nhanh doéi
Choép ré c6 mau den, co soi nAm cung mau phat ra tir
ABI-AS23.3 chop, phan nhénh don hodc phan nhénh doi
ABI-AS24.1 | Chop re c6 mau trang nga dén h0’1 vang, phan nhanh doéi
AS24 02 ABI-AS?24.3 Choép ré c6 mau den, c6 soi nAm cung mau phat ra tir
chop, phan nhanh don
ABL-AS?5.1 Choép ré c6 mau den, co soi nAm cing ma‘}u phat ra tur
AS25 02 | chép, phan nhanh don hoac phan nhanh doi
ABI-AS25.3 | Chép ré c6 mau trang nga dén hoi vang, phan nhanh doi
AS26 | 03 | ABI-AS26.1 | Chop ré co6 mau trang nga dén hoi vang, phan nhanh d6i
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Ma Sé
ca kiéu Ky hi¢u Mo ta
Y | hinh
Chop 1& ¢ 16p bao mau trang va soi nAm dang ré manh
ABI-AS26.3 | cung mau bén ngoai, phan nhanh don hodc phan nhanh
doi
ABL-AS26.4 Chf)p ré mau den, ¢6 so1 nam cung mau phat ra tir chop,
phén nhanh don
AS27 01 | ABLAS?7.1 Cl}op ré c6 mau trafl.g nga dén }101 vang, c6 to nam manh
mau trang bén ngoai, phan nhanh doi
Choép ré c6 mau den, co soi nAm cung mau phat ra tir
ABI-AS28.1 chop, phan nhénh don hodc phan nhanh doéi
ASDS 03 Chop ré c6 16p bao mau tring va soi nam dang ré manh
ABI-AS28.2 | cung mau bén ngoai, phan nhanh don hodc phan nhanh
doi
ABI-AS28.3 | Chop ré c6 mau tring nga dén hoi vang, phan nhanh do6i
AS29 01 | ABLLAS?9.1 C}}op ré c mau trapg nga dén ’110’1 vang, c6 to nam manh
mau trang bén ngoai, phan nhanh doi
Chop r€ c6 16p bao mau trang va s¢gi nam dang ré manh
ABI-AS30.1 | cung mau bén ngoai, phan nhanh don hodc phan nhanh
AS30 | 03 doi
ABI-AS30.2 | Chop ré c6 mau trang nga dén hoi vang, phan nhanh do6i
ABL-AS30 4 Ch’op ré c mau den, c6 soi nam cung mau phat ra tu
chop, phan nhanh don

3.1.2.2. Két qua dinh danh sinh hoc phén tie chép ré ndm céng sinh véi hé ré cay

con thong ba la P. kesiya 6 thang trong vuwon wom

Dai1 véi cay con trong vudn wom, thanh phan loai nam ngoai cong sinh thu duoc

it da dang. Két qua cho thiy chi ghi nhan duoc 5 chi nAm ngoai cong sinh, bao gém:

Cenococcum, Nothojafnea, Rhizopogon, Sebacina va Tylospora. Trong do riéng chi

Cenococcum ghi nhan dugc 2 loai con cac chi con lai chi ¢6 1 loai duy nhét. Chi

Nothojafnea 1a chi nAm c6 s6 luong chop ré ngoai cong sinh thu dugc nhiéu nhat (9.766

chop — chiém 84,93% tong s6 chép ghi nhan dugc) va hién dién trong ca 30 hé ré duoc

nghién ciu. Chi Sebacina va Tylospora cb ty 1& xuat hién thap nhat, twong ing xuét

hién trong 1 va 2 hé ré v6i s6 lugng chop ré ngoai cong sinh thu dugc tuong tng 74 va
95 chép (Hinh 3.21).
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Cenococcum  Cenococcum spl Nothojafnea sp.  Rhizopogon Sebacina sp. Tylospora sp1
geophilum jiyaozi

Loai nAm ngoai cdng sinh
Hinh 3.21. Su phong phu cta cac loai nAm ngoai cong sinh trong hé ré cay
thong ba 14 6 thang tudi
3.1.3. Két qua khao sat thanh phén loai nAm ngoai cong sinh véi hé ré ciia cay
con thong ba 14 P. kesiya 3 nim tudi trong khu vuc rirng trong
3.1.3.1 Két qud thu thdp chdp ré ngoai céng sinh
B6 ré ctia 30 cay con thong ba 14 3 nidm tudi (ky hiéu tir P1 dén P30) duoc thu
nhan (Hinh 3.22) va quan sét su hién dién ctia cac chop ré c6 hinh thanh cau trac ngoai
cong sinh voi ndm dudi kinh hién vi soi ni.

2,
e L

G

Hinh 3.22. Cay con thong ba 14 tai rimg trong 3 nam tudi (a) va sau khi dua vé phong
thi nghiém (b)
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Két qua cho thay chép ré nam ngoai cong sinh c6 ¢ tat ca cac cay dugc nghién
ctru, hinh thai ctia chop ré c6 nhiem nam ngoai cdng sinh c6 sy khac biét rd rét voi cac
ré con khong c6 sy xam nhiém ctia nam (Hinh 3.23).

Hinh 3.23. Cac dang chop ré dic trung trong mau ciy con thong ba 14 3 nim tudi
(a) phdn nhéanh don, (b) phdn nhdnh déi, (c) dang san hé, (d) soi ndm dang ré, (e) hé

soi ndm ngoai (miii tén), ( f) ré khong co nam xam nhiém

Téng cong thu duge 37.361 chdp ré ndm ngoai cong sinh trén tong sé 30 ciy,
mdi hé ré cta cdy con co tir 1 dén 5 kiéu hinh ctia chép ré ngoai cong sinh. Trong d6
43,33% sb hé ré xuat hién 2 kiéu hinh, 26,67% va 23,33% hé ré c6 1 va 3 kiéu hinh, chi
c6 hé 1é cta 1 cAy ghi nhan duoc 4 va 1 hé ré ghi nhan duoc 5 kiéu hinh cua chép ré

nam ngoai cong sinh (Hinh 3.24).

6652 D00

5000

3787

Nhém cay c6 1 kidu hinh ciia chép ré ndm ngoai cong

3419 sinh

Nh6m cdy ¢6 2 kiéu hinh ctia chép ré ndm ngoai cong
sinh

Nhém cy 6 3 kiéu hinh ctia chép ré ndm ngoai cong.
sinh

g
g
CI I I

Nhém cdy c6 4 kiéu hinh ciia chépré ndm ngoai cong
L sinh

S6 lwgng chép ré nam ngoai cong sinh

2000
Nhém cdy co 5 kiéu hinh cdia chép ré ndm ngoai cong
1567 sinh

71

422
2515 199
0 8 59

Nhom cay

Hinh 3.24. Ty 1¢ s6 lwong cac kiéu hinh ctia chop ré ndm ngoai cong sinh trong mot

mAu ciy con thong ba 14 3 tudi
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Céc hinh thai dic trung cua chop ré ndm ngoai cong sinh ¢ thong ba 14 3 nim
tudi duoc mo ta & bang 3.4.
Bang 3.4. Bang mo ta hinh thai cta cac kiéu hinh chop ré ndm ngoai cong sinh trén hé
ré& ciy con thong ba 14 3 tudi

ci kieu | Ky hi¢u Mo ta
Y | hinh
ABLPI 1 Chop ré c6 mau nau vang nhat, trang dan vé phia dinh
P1 02 ] chop, phan nhénh doi
ABI-P1.2 | Chép ré c6 mau nau, tron nhan, phan nhanh déi
Chop ré c6 mau nau, sang mau & phan dinh choép, co hé
ABI-P2.1
P 02 to nam manh bao xung quanh, phan nhanh doi
Chop ré c6 mau den, ¢ hé soi nam cing mau phat ra tir
ABI-P2.5
chop, phan nhanh don
ABLP3.2 Chop ré c6 mau nau,co 16p 16p bao vang bén ngoai,
' phan nhanh doéi tao thanh cum
P3 02 Chop ré c6 mau nau, manlte mau trang nga, bén ngoai
ABI-P3.3 | phu 16p hé soi manh, xu day, phan nhanh ngan tao thanh
cum san ho
ABLP4.1 Chop re dai, c6 mau nau, 16p bao vang, phan nhanh doi
tao thanh cum
P4 03 | ABL-P4.2 Chf)p ré .dal, c6 mau nau nga cam, tron boéng, phan
nhéanh do1
ABLP4.3 Chop ré mau nau df_im, n}gt sO0 phan dau chop hoi den,
tron bong, phan nhanh doéi
ABLP5.2 Chop ré ¢c6 mau xanh den, sang mau & phan dinh chop,
tron nhan phan nhanh
P5 03 Chop ré co mau trang nga, trong suot & phan dinh chop,
ABI-P5.3 | cé 16p bao tring bac rit mong bén ngoai, dang phan
nhénh
ABI-P5.4 | Chép ré c6 mau tring trong, phan nhanh doi
Chop ré c6 mau den, c6 to manh mau nau sam & bén
pe | o2 ABI-P6.1 ngoai, phan nhanh doi
Chop ré c6 mau nau, 16p bao nau do gach, phan nhanh
ABI-P6.4 N \ A
doi tao thanh cum san ho
P7 01 | ABI-P7.3 Chf)p ré c6 mau den: co hé soi nam cung mau phat ra tur
chop, phan nhanh doi
ABLPS 3 Ch:op ré Elal, mau ndu nhat, 16p bao mau vang nga, tron
P8 0 nhan, pklan nhanh doi _
Chop ré mau nau den, tron nhan, phan nhanh déi tao
ABI-P8.5 \
thanh cum
P9 03 | ABLPY 1 gfl)liop ré dai mau nau den sam, tron nhan, phan nhanh
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Ma Sé
ca kieu | Ky hiéu Mo ta
Y | hinh
ABLP9 2 Chop 1é c6 mau den, dau chop phinh va 6 sgi nam cung
) mau phat ra tr chop, phan nhanh don hodc do6i
ABL-P9 4 C}lop ré dai mau nau, ¢ 16p bao mau trang nga hoi
xam, phan nhanh doéi
Choép ré c6 mau nau den sam, tron nhan, ¢6 16p to nam
ABI-P10.1 \ N . o A , N
mdanh mau trang bén ngoai, phan nhanh doi
ABLP10.2 Chop ré Amau I}au, l?p bao va sgi nam dang ré mau do
gach, phan nhanh doéi
P10 | 05 | ABI-P103 Chf)p reAc.ial, mau nau ¢4 16p bao mau trang xam, phan
nhanh doé1 tao thanh cum
ABLP10.5 Chop ré dai, co6 mau nau do, phan nhanh doi tao thanh
cum
ABLP10.7 Chf)p ré 6 mau del}.VO'I so1 nam cung mau phat ra tu
chdp, phan nhénh doi
ABLP11.1 Chop 1é c6 mau nau den sadm, c6 to manh mau nau hoi
"~ | nga do6 phia bén ngoai, phan nhanh do6i
ABLP11.2 ((ijgliop ré dai c6 mau nau nhat, bé mat nhan, phan nhanh
P11 | 04 Chop ré ¢6 mau ndu nhat, dau chép sang mau, 16p soi
ABI-P11.3 | ndam modng phia bén ngoai, phan nhanh tao thanh cum
san ho
ABLP11.4 Chf)p ré 6 mau del;l? cO soi1 nam cung mau phat ra tur
chép, phan nhanh doéi
Chop 1€ c6 mau nau dat, bén ngoai c6 16p soi nam day
P12 | 01 | ABI-P12.1 | mau vang nga va s¢oi nam dang ré cung mau, chop ré
ngan, phan nhanh
ABLP13.1 Chop ré c6 mau nau sang hoi vang, phan dau choép sang
P13 | 02 ' mau, phan nhanh tao thanh cym san ho
ABI-P13.2 | Chép ré c6 mau den, tron nhan, dai va phan nhanh
P14 | 01 | ABI-P14.1 | Chép ré c6 mau nau den, tron bong, phan nhanh
ABLP15.1 Chop ré c6 mau den, c¢6 to nam day cuing mau phat ra
P15 | 02 " | tr chép, phan nhanh do6i
ABI-P15.2 | Chép ré c6 mau nau vang, tron nhin, phan nhanh doi
ABLP16.1 Chrop 1é mau nau }A101 vang, co 16p soi nam mong min
phia bén ngoai, phan nhanh doéi
P16 | 03 Chop ré c6 mau nau dat, dinh chop sang mau, bén ngoai
ABI-P16.3 Y \ \ \ A . A
¢6 16p to manh cung mau, phan nhanh tao cum san hé
ABI-P16.4 | Chép ré dai, c6 mau nau, tron nhin, phan nhanh
P17 | 01 | ABI-P17.2 C‘hop 1€ c6 mau nau dor sam,iben ngoai c6 hé sgi nam
day cung mau, phan nhénh doi
P18 | 01 | ABI-PIS3 Choép ré c6 mau den anh xanh, sang mau dan vé phia

dinh chép, trong sudt, nhin, phan nhanh
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Ma Sf)
ca kiéu | Ky hiéu Mo ta
Y | hinh
ABLP19.1 gélop ré c6 16p bao mau trang, phan nhanh tao cum san
P19 | 03 | ABI-P192 Chf)p ré c6 mau nau vang, 16p bao mdéng mau trang,
phén nhénh doi
ABLP193 ChoP ré c6 mau deIAl,. cO l6p to manh mau trang bén
ngoai, phan nhanh do6i
ABLP20.1 Chf)p ré c6 mau den, c6 soi nam cung mau phat ra tur
P20 | 0 chop, phan nhanh don ]
Chop ré c6 mau vang nau sang, c6 16p soi nam manh
ABI-P20.4 | . N .
bén ngoai, phan nhadnh don
P1 | 01 | ABLP213 Cl}op ré c6 mau nau den, dfll, dag chdp nho, cé 16p bao
mau vang chanh mong, phan nhénh
ABLP22.1 Chf)p ré€ c6 mau nau, sing mau vé phia dinh chdép, phan
nhanh
P22 | 02 X A X Y Y
Chop ré c6 mau nau nhat, dau chop sang mau, c6 16p to
ABI-P22.2 \ . A ,
manh bén ngoai, phan nhanh
P23 01 | ABL-P23.1 C}}op rf: co Plau n?}l nh?t, ng,an, C?. 16p to min, ngan
mau trang bén ngoai, phan nhanh doi
Chop ré dai c6 16p bao ddy mau vang chanh bén ngoai,
po4 | o2 |ABFP2AL a0 nhanh
ABI-P24.2 | Chép ré c6 mau nau, tron nhan, phan nhanh do6i
P25 00 ABI-P25.3 | Chép ré c6 mau nau, dai, tron nhan, phan nhanh
ABI-P25.6 | Chop ré c6 mau nau vang sang, phan nhanh
Chop ré c6 mau nau sang, dai, cé 16p manlte mong mau
ABI-P26.2 | trang bac va soi nam dang ré manh cung mau & bén
P26 | 02 ngoai, phan nhanh
ABLP26.4 ChoP ré co rr}au den: co lpr hcfc_n manh va ngan bén
ngoai, tron boéng, phan nhanh doi
ABLP27.2 Chzop ré c mau nau sam, phan dau chdép sang mau, tron
nhan, phan nhanh
P27 | 02 X 1 o - A o Ane Am A
Chop ré dai c6 mau den, cé hé soi day dac phat ra tur
ABI-P27.3 . A ,
chép, phan nhanh
ABLP28.1 Chrop ré c mau del;l, co }%e; S01nam manh mau trang bao
phia bén ngoai, phan nhanh doéi
P28 | 03 | ABI-P28.2 Chf)p ré fial c0 mau nau vang , trang dan vé phia dau
chop, phan nhanh
ABIL-P28.3 Ch(?p ré c6 mau den’, c6 h¢ soi nam day cung mau phat
ra tir chép, phén nhanh
P29 | 01 | ABI-P292 Chf)p ré c6 mau nau, 16p bao c6 mau hoi vang xam,
phan nhanh
P30 | 03 | ABI-P30.1 | Chép ré c6 mau nau sam, dai, tron nhin, phan nhanh
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. | Sb
lc‘ga kiéu | K hiéu Mé ti
Y| hinh

Chop 1é c6 mau cam do nhat, sang mau dan vé phia dinh
ABI-P30.2 | chép, c6 nhiéu to nim mau trang, manh phi xung
quanh, phan nhanh

Choép 1& c6 mau nau, c6 16p bao trang va soi nim dang
ré cling mau & bén ngoai, phan nhanh

ABI-P30.4

3.1.3.2. Két qua dinh danh méu chép ré ném ngogi céng sinh é cdy con 3 nam tuoi

Trén hé ré cua cdy thong con P. kesiya 3 nim tudi, c6 16 chi ndm ngoai cong
sinh dugc ghi nhan, bao gém: Amanita, Cenococcum, Coltricia, Cortinarius,
Cyanoboletus, Lactarius, Phylloporus, Pulveroboletus, Rhizopogon, Russula,
Scleroderma, Sebacina, Suillus, Tomentella, Tylopilus, Tylospora va 1 mau thudc bd
Cantharellales. Trong d6 hai chi Russula va Tomentella c6 sb lugng loai da dang nhit
v6i 9 va 7 loai hién dién tuong tng trong 14 va 13 bo ré cay (Hinh 3.25). Dong thoi sd
chop 1 ngoai cong sinh thu duoc ctia hai chi ndm nay ciing cao nhat (11.235 va 11.594
chép). Nguoc lai, chi ndm Cortinarius chi xuét hién & hé ré cua 1 cay duy nhat vai 7

chép ré nam ngoai cdng sinh dugc ghi nhan.
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Amanita spissacea
Amanita sp.

Cantharellales sp.
Cenococcum geophilum
Coltricia sp.

Cortinarius sp.
Cyanoboletus fagaceophilus
Lactarius hatsudake
Lactarius alboscrobiculatus
Phylloporus luxiensis
Pulveroboletus sp.
Pulveroboletus sinensis
Rhizopogon jiyaozi
Rhizopogon flavidus
Rhizopogon boninensis
Russula sp2

Russula sp3

Russula sp4

Russula sp5

Russula adusta

Russula aureoviridis

Lo

Russula maguanensis
Russula rufobasalis
Russula subatropurpurea
Scleroderma sinnamariense
Sebacina sp4

Sebacina sp5

Suillus luteus
Tomentella sp1
Tomentella sp2
Tomentella sp3
Tomentella sp4
Tomentella sp11
Tomentella sp14
Tomentella sp15
Tylopilus microsporus

Tylospora sp.
B TV & hé ré c6 xuit hién cla loai ndm ngoai cdng sinh (%) B 56 lvong chép ré ndm ngoai cdng sinh (%)

Hinh 3.25. S0 chdp ré nam ngoai cdng sinh va s mau ghi nhén cia céc loai nam

ngoai cong sinh c6 trén cay 3 nam tudi
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3.1.4. Két qua so sanh vé thanh phan loai nAm ngoai cong sinh véi hé ré ciia

ciy thong ba 14 P. kesiya giira cac giai doan tudi ciia chi

Két qua dinh danh sinh hoc phan tir dya trén ving trinh ty ITS cho thay da
khuéch dai thanh cong 70 mau chdp r& ndm ngoai cong sinh ¢ khu vuc ring thong ba
14 truong thanh tai khu vyc Pa Nhim, 75 mau chép r& nim ngoai cong sinh & ring
thong ba 14 truong thanh tai khu vuc Vién Khoa hoc Sy séng, 64 mau chop ré nAm
ngoai cong sinh véi cy thong ba 14 con giai doan 3 tudi va 51 mau chop ré nim ngoai
cong sinh & giai doan ciy thong ba 14 con 6 thang tudi trong vuon wom. Tong cong co
32 chi va 116 loai nAm ngoai cong sinh dugc ghi nhan trong nghién ctru, trong dé 30
chi ndm thudc nganh Basidiomycota va 2 chi nim thudc nganh Ascomycota
(Cenococcum va Nothojafnea) (Hinh 3.26). Ngoai ra, két qua kiém tra loai cay cha cong
sinh v6i cap mdi TrnC-D cho thdy cac mau chop ré thu thap dugce déu 1 ciu trac cong

sinh hinh thanh giita nAm ngoai cong sinh va ré cay thong ba 14 P. kesiya.

Bén canh d6, chi c6 hai chi nAm Sebacina va Rhizopogon xuét hién & ca 3 giai
doan phat trién cua cdy thong ba 14 (Hinh 3.26). Cac nghién ctru vé cong dong nim
ngoai cong sinh trén thé gi6i ciing di cho thiy Sebacina va Rhizopogon cung véi mot
s6 chi nAm nhu Cenococcum, Suillus, Tomentella dugc xem la nhitng thanh phﬁn uu
thé, c6 pham vi phan b rong khip va c6 phd ciy cha cuc ky rong, hién dién trong dat
hay hé ré ctia thuc vat & hau hét cac giai doan tudi cla cay [55, 109, 176, 177]. Nguoc
lai, d6 twong ddng vé thanh phan cac loai nAm ngoai cong sinh xuat hién & 3 giai doan
vuon wom, 3 nim tudi va rimg trudng thanh cua thong ba 14 rat thap. Theo Mason va
Last mdi d6 tudi ciy c6 cac loai ndm ngoai cong sinh dic trung riéng. Diéu nay 1a do
nam giai doan dau can it carbohydrate nhung phat trién nhanh hon so véi cac loai nAm

giai doan sau [178].
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O giai doan 6 thang trong vuon wom, hé ré cia cdy con thong ba 14 cho thay co
su xuat hién rat cao ctia chi nim Nothojafnea thudc nganh Ascomycota so véi cac chi
nam ngoai cong sinh khac trong nganh Basidiomycota. Tuy chi nay chi ghi nhan dugc
1 loai nhung Nothojafnea sp. c6 ty 1& xuat hién 100% va do phong phu tuwong ddi
84,93% ¢ hé ré cay con 6 thang tudi duoc thu thap. Piéu nay ciing duoc ghi nhan tuong
tur & nhiéu nghién ctru trén cay giéng trong vuon wom cho thay sy vu thé ciia mot dén
mot vai loai ndm ngoai cong sinh & cdy con dudi 1 tudi thu tir cic vuon vom ciy giéng
[179-181]. Ty 1& nay thay doi v6i su gia ting nhanh chong cua cac loai ndm thudc
nganh Basidiomycota xdm nhiém vao ré con sau khi dugc dua ra rimg trong. Dong thoi,
thanh phan cac chi nAm ngoai cong sinh thu duoc tir nghién ctru & ca 2 giai doan 6 thang
va 3 nam tudi cta ciy thong ba 14 cling cho thay mdi trong quan v6i quin xi nim ngoai
cong sinh trong giai doan cdy con trong nhiéu nghién ctru trude ddy trong cac khu vuc
rung maéi phuc hdi sau x40 tron [162, 182] hoac tai cac khu vuc rung tré)ng moi [183,
184]. Nguoc lai, trong thanh phan loai nAm ngoai cong sinh ¢ rimg trudng thanh Pa
Nhim, nhiing loai thudc cac chi nam Tomentella, Russula, Lactarius, Amanita va céc
loai ndm trong by Cantharellales va Boletales xuét hién véi ty 1€ cao. Diéu nay cling
phu hop véi cac nghién ctru trude day cho thiy cac loai nay thudng biéu hién su phong

phu va wu thé ¢ cac khu vue rimg gia [185].

Bang 3.5 Cac chi sd da dang giita ba giai doan tudi cua ciy thong ba 14

Cay 6 thang | Ciy 3 nim Rirng truéng thanh
tuoi tuoi Pa Nhim | Vién KHSS
S6 lugng loai (S) 6 37 56 42
S6 luong chop ré (N) 11.499 37.361 17.324 34.096
(C}}I“) s0 Shannon-Wiener 0,577 2,942 2,569 2,287
Chi s6 Pielou's (J) 0,322 0,815 0,638 0,612

Gia tri ciia chi s6 Shannon-Wiener tir bang 3.5 cho thay, thanh phan loai nAm
ngoai cong sinh voi 1é cdy con thong ba 14 3 nam tudi va ré ciy thong ba 14 & ring
truong thanh da dang hon han so v6i ¢ hé ré cay con 6 thang tudi. Gia tri dong déu vé
thanh phan loai nAm ngoai cdng sinh & cy con thong ba 14 6 thang (0,322) cho thiy c6
su phan bd it can bang ciia cac ca thé thudc cac loai nAm ngoai cong sinh khac nhau so
v6i ¢ giai doan cdy thong ba 14 con 3 nam tudi hay & khu vuc rimg thong ba 13 trudng
thanh. Piéu nay c6 thé 1a két qua cuia viéc gidi han khong gian ving ré do dién tich cia
bau dat ciing nhu sy khac biét vé s6 lugng cic mam nam co trong gia thé dat trong bau

1am han ché tinh da dang cua thanh phﬁn nam ngoai cong sinh. Nguoc lai, cdy con sinh
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trudng gan cac cy truong thanh cho thy cé sy chia s& vé thanh phan loai nim ngoai
cong sinh v&1 nhau va véi cac cay khac [45, 98]. Ngoai ra, mQt vai nghién ctru cling
cho thay su khac biét trong thanh phan va sé lugng cac loai ndm ngoai cong sinh trong
cac diéu kién phat trién khac nhau. Southworth va cong sy ghi nhan c6 tong cong 22
loai ndm ngoai cong sinh, trong d6 bdn loai cé trén cay gidng soi trong luéng wom, nim
loai trén cay gidng 14 kim trong luéng wom va muoi ba loai trén cdy gidng sdi trong
rimg tu nhién [186]. Ngoai ra, mot trong nhitng yéu té quan trong anh huéng dén thanh
phan loai nim ngoai cong sinh 1a tudi ctia cdy. S6 lwong cac chi va lodi nAm ngoai cong
sinh tang 1én theo tudi. Piéu nay dugc ghi nhan trong cac két qua nghién ciru vé nim
ngoai cong sinh trén cac khu hé rimg theo d6 tudi ciia cay chu [4, 177]. Céc tac gia da
chi ra ring sy da dang ctiia nAm & ngoai cong sinh thip hon nhiéu & cac quan thé cay
con so v6i cac quan thé gia hon. Tuy nhién véi cac khu vuc rimg tir 60 dén trén 120
tudi thi hé nim r& ngoai cong sinh khong khéc biét [51, 54, 105]. O day voi cac diéu

ki€n ctia nghién ctru van chua thyc hién dugc.

Riéng trén d6i tugng thong ba 14 P. kesiya, hién nay chi c6 mot sb rat it cac
nghién ctu dugc thyc hién tai An Do va Philippine, cho théy cic chi nAm Boletus,
Scleroderma, Lactarius, Amanita, Russula, Suilus va Cenococcum la cac chi nam ngoai
cong sinh phd bién & ca mau chdp ré va mau qua thé nim thu dugc trong cac khu vuc
nghién ctru [55, 102, 127, 187]. Dat biét, trén hau hét cac khu vuc rimg P. kesiya 2 — 4
— 11 va 17 nam tudi déu co su hién dién cta cac chi nAm nay. Déng thoi chi sd da dang
clia nAm ngoai cong sinh ty 18 thuan voi tudi cia rimg thong va sb lugng loai ndm tdi
da duoc quan sat thdy & khu vue rimg 1au doi nhat [55]. O Viét Nam day 1a nghién ciru
dau tién vé sy da dang trong thanh phan loai nAm r& ngoai cong sinh vi hé ré ciy thong
ba 14 P. kesiya. Két qua thu dugc ciing cho thiy c6 su phu hop cao v6i cac nghién ciru

trude ddy trén ddi trong nay.

Bén canh d6, hai loai nAm Nothojafiea sp. va Rhizopogon boninesis 14 hai ghi
nhan méi tir dé tai. Nothojafiea sp. chiém uu thé cao véi ty 1¢ xuat hién 100% va do
phong phii twong d6i chiém 84,93% & hé ré cdy con thong ba 14 6 thang tudi duoc thu
thap. Pac biét 1a chi nam Nothojafnea chi dugc ghi nhan cdng sinh voi chi thuc vat
Nothofagus (s6i phuong nam) va cac bao cao vé chi nam nay chi xuat hién tai Chile va
Arghentina véi s6 lugng khé it 6i [188]. T&i thoi diém nay van chua c6 nghién ctru nao
cho thay su cong sinh ctia chi ndm Nothojafnea véi cac loai cay thudc ho Thong noi
riéng va cac loai thuc vat ngoai cong sinh noi chung ¢ phia bac ban cau. Ngoai ra, loai
Nothojafnea thaxteri thudc chi nAm nay ciing 1a 1 trong nhitng loai nim ngoai cong

sinh nam trong Sach do nam 2020. Nguoc lai, Rhizopogon 1a chi nam cuc 16n nhit,
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duoc cho 1a c6 mbi quan h¢ cong sinh chuyén biét véi cac loai thuc vat trong ho Thong
va c6 phan bd rong khip trén toan thé gii [91, 171]. Chi ndm Rhizopogon ddng vai tro
quan trong trong viéc tai sinh va ho trg ting ty 1& song cua cay thong con [93, 189]. Vi
vay ddy 1a mot trong nhitng chi nAm duoc nghién ctru xdm nhiém phd bién dé bo sung
vao dét gieo trong cdy con trong vuon wom trude khi dua ra ngoai khu vuc trong [170,
190, 191]. C6 khoang 212 loai nam thudc chi Rhizopogon hién co trén dit lidu cia
Indexfungorum, trong dé loai Rhizopogon boninesis dugc cho la loai dic hiru tai Nhat
Ban [192, 193]. Tuy nhién trong nghién ctru ndy, Rhizopogon boninensis da dugc tim
thay tai rimg thong ba 14 trudng thanh & khu viee Pa Nhim ca mau qua thé, chop ré nAm
ngoai cong sinh va trong mau phan tich dat. Py 1a mot trong nhitng phat hién méi co

gia tri khoa hoc ciing nhu kha ning ing dung cua nghién ctru vao thyc tién.

Nhu vay, ddy 1a nghién ctru dau tién dugc thuc hién tai Viét Nam c6 su két hop
giita phan tich thanh phan ndm c6 trong dit va nhimg loai nim thyc sy hién dién trén
hé r& cua cay thong ba 14 P. kesiya theo timg giai doan phat trién, tir ciy con 6 thang
tudi trong vuon wom, cdy 3 nim tudi dén cdy trudng thanh trong rimg. Nhimg két qua
nay giup bo sung co so dit liéu vé da dang thanh phan loai ndm ngoai cong sinh tuong
thich v6i ciy chu P. kesiya tai Viét Nam. V& mit thuc tién, két qua ctia nghién ctru cung
cap co s khoa hoc cho viée tuyén chon cac lodi nAm ngoai cong sinh tiém ning dé chu
dong gy nhidm cho cdy con trong vudn wom, giup nang cao chat lugng ciy gidng, hd
trg qua trinh trong va phuc hdi rimg thong P. kesiya, mot loai cay cé gia tri sinh thai va
kinh t& quan trong. Dong thoi, viée str dung cac két qua tir nghién ctru s& gdp phan xay
dung céc giai phap quan 1y rimg bén viing theo huéng dua trén chirc ning ciia hé vi

sinh vat dat.

3.2. KET QUA PANH GIA ANH HUONG CUA NAM NGOAI CONG SINH
TOI KHA NANG PHAT TRIEN CUA CAY THONG CON P. kesiya
TRONG PIEU KIEN in situ, ex situ VA in vitro

3.2.1. Két qua danh gia anh hwéng ciia nAm ngoai cong sinh téi kha niing

phat trién ciia cAy thong con P. kesiya trong diéu kién in situ

Trong diéu kién nudi trong tai vudon wom (Hinh 3.27), toan b hé ré cua 30 cay
con dugc 1y ngdu nhién dé khao sat déu cho thay c6 sy hinh thanh cau tric ngoai
cong sinh voi it nhat mot loai nAm ngoai cong sinh. Tuy nhién, s luong chép ré ngoai
cong sinh trén hé ré cia mdi cdy khong giéng nhau, cho thay mirc do xdm nhiém va

phét trién clia nAm ngoai cong sinh trén hé ré c6 su bién dong giira cac ca thé cay con.
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Hinh 3.27. Cay con trong vuon wom cua thi nghiém in situ

Ttir hinh 3.28, c6 thé thiy khong c6 su tuong quan gitra s6 luong chdp & ndm
ngoai cong sinh thu dugc & mdi cay voi sb luong kiéu hinh cia chép ré ndm ngoai
cong sinh trong mdi cdy. Hé ré cua cdy c6 1 kiéu hinh cua ré ndm ngoai cong sinh
v6i 86 luong chop ré nhiéu nhat 1 544 chop. Pong thoi, hon 50% céac ciy ¢ hé ré
chi c¢6 1 kiéu hinh cua chép ré ndm ngoai cong sinh c6 sd lugng chop ré thu duoc
nhiéu hon 200 chop. Trong khi d6, 50% sb luong cdy ma trong hé r& c¢6 thé thu nhan
dugc 2 kiéu hinh véi s6 lugng chop ré ndm ngoai cong sinh dudi 150 chop. Ngoai trir
hai ciy c6 hé ré c6 s6 luong chép r& ndm ngoai cong sinh cao dot bién, tuong tng 14
750 va 1.016 chép &, co 2 kiéu hinh thai ctia chép r& ndmcong sinh, chi c6 duy nhat
1 cy ma trong d6 ghi nhan dugc 3 kiéu hinh véi s6 lwong chdp ré nim ngoai cong
sinh 14 52 chop va 1 cay c6 4 kiéu hinh ctia chop ré nam ngoai cong sinh vi 56 chop.
Diéu nay cho thiy, trong hé ré ciia mot cdy thong ba 14 con, mic du sd kiéu hinh ciia
chop r& ndm ngoai cong sinh dugc tim thiy tang Ién, tong sd lwgng cta chop ré ndm

ngoai cong sinh tuong tmg véi kiéu hinh d6 khong ting 1én twong tng.
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Hinh 3.28. Ty 18 s luong cac kiéu hinh cta chdp & ndm ngoai cong sinh trong mot

mAu ciy con thong ba 14 6 thang tudi

Két qua giai trinh tur cac chép r& nAdm ngoai cong sinh nay cho thay c6 6 loai
nam thudc 5 chi ndm ndm ngoai cong sinh voi hé ré cia ciy thong con ba 14 6 thang
tudi (Hinh 3.29). Tuy nhién, mic du c6 nhiéu lodi nAm ngoai cong sinh khac nhau
cung hién dién trén hé r& cua mot cdy con, nhung chiing khong déng gop ddng déu
vao viéc hinh thanh cac chop ré nam ngoai cong sinh. Ty I¢ xuét hién cua loai
Nothojafiea sp. trong cic mau ré& cay con 1a 100% va chiém dén 84,93% trong tong
sd cac chop ré nim ngoai cong sinh thu dugc & giai doan nay. Chi ndm Cenococcum
v6i 2 lodi 1a C. geophilum va Cenococcum spl xuat hién tuong Gmg trong 10% va
33,33% hé ré cac cay dugc nghién ciru nhung cé tong sd lugng chop ré ndm ngoai
cong sinh it hon loai Rhizopogon jiyaozi (10%). Hai loai con lai 1a Sebacina sp. va
Tylospora spl. chiém mot ty 1é kha thap trong mau ca vé sb lugng chop ré ndm ngoai
cong sinh thu dugc va ty 1€ xuat hién trong cac hé ré duoc khao sat. Su khong tuong
ung gitra ) lugng chop ré nam ngoai cong sinh dugc ghi nhan va s6 loai nAm ngoai
cong sinh trén ciing mot hé ré co thé xuat phat tir kha nang thich nghi va canh tranh
t6t hon ctia mot s6 loai hodc chi nam, tir d6 chiém wu thé trong qua trinh thiét 1ap su
cong sinh véi cay chi. Nhimg loai nAm nay c6 thé hinh thanh nhiéu chép ré hon hodc
phat trién manh hon trén bo ré cta thuc vat, trong khi c4c loai khac chi hién dién voi
tan suat thap hoic dong gop han ché [35, 45, 79, 194]. Do d6, thanh phan va d6 phong
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phu cua hé nam ré ngoai cOng sinh trén ré cua cay khong chi phu thudc vao mirc do
da dang loai, ma con chiu anh huéng boi kha nang canh tranh, hiéu qua cong sinh va

su tuong thich sinh 1y giita timg loai ndm véi cay chu.
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Lodi ndm ngoai cdng sinh

Hinh 3.29. Su phong phu cta cac loai nAm ngoai cong sinh trong hé ré cdy thong ba

14 trong nghién ctru in situ

Ngoai ra, tir hinh 3.30 ta thdy c6 23,3% cac cdy con c6 chiéu cao cdy < 10 cm,
33,3% céc cdy co chiéu cao > 10 dén < 20 cm va 43,3% céc ciy con c6 chiéu cao >
20 cm. Tuy nhién, ty 1& vé chiéu cao ciy khong c6 su twong quan rd rang véi sd lugng
chop ré nim ngoai cong sinh ghi nhan dugc trén moi cdy, ciing nhu ty 18 loai nAm
ngoai cong sinh voi hé 1& cua ciy con d6. Tat ca cac cdy co tir 3—4 loai nAm ngoai
cong hién dién trén hé ré déu c6 chiéu cao cay duoi 16 cm. biéu nay co thé duogc gidi
thich dua trén hién twong canh tranh gitra cac loai nam ré ngoai cong sinh trén cung
mot hé ré. Khi sé luong loai ndm ngoai cong sinh ting lén, su canh tranh vé khong
gian va tai nguyén c6 thé 1am giam hiéu qua cong sinh tong thé, khién loi ich d6i vai
cay chu khong tang tuong rng, tham chi bi phan tan. Pat biét, giai doan phat trién
clia cdy O ddy la giai doan cdy con 6 thang tudi. Viéc duy tri nhiéu dbi tic cong sinh
khac nhau trén cing mot cay doi hoi cay phéi cung cap nhiéu carbon hon cho nam.
Chi phi carbon tir cay chii néu vuot qua nhitng lgi ich dinh dudng ma ciy nhan lai co
thé khong dan dén ting truong chiéu cao, tham chi con lam giam higu qua sinh trudng.
Tuy nhién, trong giai doan nay, biéu hién rd rét nhat vé tac dong cua nam ré ngoai

cong sinh ddi voi thong con 6 thang tudi chinh 1a ty 1 séng clia cay con dat 100%
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trong vuon wom, dong thdi kha niang thich nghi va phat trién t6t sau khi dua ra khu
vuc rimg trong. Céac két qua nay da duogc thé hién qua muc 3.1.3. Tuong tu tir két qua
ctia nghién ctru ciia Dominguez-Nufiez va cs. ciing thiy ring su cong sinh cta nim
ngoai cong sinh 1am giam chiéu cao va dudng kinh cta ciy con cong sinh. Tuy nhién,
su bd sung ndm ré ngoai cong sinh vao giai doan ndy 1am cai thién déng ké kha ning
hap thu nito trén gia thé nghéo dinh dudng [97].
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Hinh 3.30. S6 luong chop ré ndm ngoai cong sinh trong cac nhom cay (a) theo ty 18 kiéu

hinh (b) theo chiéu cao cy trong thi nghiém in situ

3.2.2. Két qua danh gia anh huéng ciia nAm ngoai cong sinh téi kha niing

phat trién ciia cAy thong con P. kesiya trong diéu kién ex situ

Véi nhiing ciy con thong ba 14 P. kesiya duge nudi trong trong diéu kién ex
situ, hat trudc khi gieo da duoc xtr Iy vo trung va loai bo cac hat d3 ndy mam nhung
c¢6 du hiéu nhiém méc va vi khuan (Hinh 3.31). Sau thoi gian 3 tuan tudi, ciy con
méi duoc tiép xuc voi hé nAm ré ngoai cong sinh trong dat. Picu nay khéac véi cac
cay con trong thi nghiém in situ & muc 3.2.1, do chua trai qua qua trinh khur trung hat
nén toan bo hé vi sinh vat ciia hat (seed biome) van dugc gitt nguyén, hat tiép xtc véi
cac mam nam ré ngoai cong sinh ngay tir giai doan ndy mam. Trong diéu kién d6, kha
nang canh tranh va thiét lap lién két cong sinh cila cac loai nAm ngoai cong sinh duoc

thé hién 0.
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Hinh 3.31. Cay con thong ba 14 trong thi nghiém nuéi trong ex situ, bar 2cm

(a) Cdy con 3 tudn tudi trong éng nghiém vé tring; (b) cdy con 6 thang tuéi trong

Iy wom; (c) hé ré cdy con 6 thang tudi sau khi lam sach ddt

Két qua sau 6 thang nudi cdy cho thdy 100% hé ré cua cic cdy con déu hinh
thanh cac ciu trac chop & ndm ngoai cong sinh. Trong do, 76,7% cdy chi ghi nhan
duogc 1 kiéu hinh cta chép ré ndm ngoai cong sinh, 16,7% cdy ghi nhan duoc 2 kiéu
hinh va 6,7% cac cdy c¢6 3 kiéu hinh thai trén cing 1 hé r&. S6 lwong chop r& ndm
ngoai cong sinh va sb kiéu hinh thai trong tng v6i cac nhdm chiéu cao cay duoc thé

hién & hinh 3.32.
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Hinh 3.32. S6 chép ré nAm ngoai cong sinh theo chiéu cao cay (a) va so chop ré ngoai

cong sinh trong mdi nhém kiéu hinh (b) trong thi nghiém ex situ
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Két qua mo ta hinh thai va giai trinh tu cdc chop ré ndm ngoai cong sinh & hé
ré cAy con thong ba 14 3 ndm tudi cho thay co6 5 loai ndm thudc 3 chi nAm ngoai cong
sinh xudt hién & giai doan nay (Hinh 3.33).

Hinh 3.33. Chop ré ndm ngoai cong sinh cia cac loai (a) Rhizopogon flavidus; (b)

R. jiyaozi; (¢) Pluveroboletus sp.; (d) Cenococcum sp. va (€) R. boninensis

Tuy nhién, ciing twong ty nhu nhitng két qua thu duoc tir thi nghiém in situ,
khong c6 sy twong quan rd rang nao giita sy da dang vé thanh phan loai ndm ngoai
cong sinh thong qua sd lwong loai nAm ngoai cong sinh va sb luong chop ré ngoai

cong sinh trén cung mot cdy voi chiéu cao cay.
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Hinh 3.34. Sy phong pht cta cac loai nAm ngoai cong sinh trong hé ré cdy thong ba

14 trong nghién ctru ex situ
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Phén tich hinh thai két hop véi dir liéu sinh hoc phan tir cho thay c6 sy khac
biét rd rét vé thanh phén nam ngoai cOng sinh gitra hai diéu kién thi nghiém in situ va
ex situ. Tong s chop ré ndm ngoai cong sinh thu dugc trong thi nghiém in situ cao
hon 13 rét, gip khoang 6,7 1an so voi thi nghiém ex situ, cho thdy muc d6 hinh thanh
cong sinh trong diéu kién ty nhién cao hon dang ké so v6i diéu kién co kiém soat.
Podng thoi trong diéu kién ex situ, phan 16n cic chop ré nAm ngoai cong sinh dugc
xac dinh thudc chi Rhizopogon, chiém 86,3% téng ) chop & nim ngoai cong sinh
quan sat duoc, trong khi chi Cenococcum chi chiém 6,67% (Hinh 3.34). Cac chi nAm
nay ciing dugc ghi nhan trong hé ré ctia cdy con 6 thang tudi trong diéu kién in situ,
tuy nhién véi ty 1& thap hon déng ké, 1an luot 13 10,1% va 3,5%. Nguoc lai, trong diéu
kién in situ, chi nAm Nothojafnea chiém wu thé voi ty 16 1én dén 84,9% tong s6 chop
ré nam ngoai cong sinh, nhung khong dugc ghi nhan trong mau ex situ. Su phan bd
nay cho théy su khéc biét rd rét vé thanh phﬁn loai va do da dang cua nam ré ngoai
cong sinh gitta hai diéu kién thi nghiém. Sy khac biét vé thanh phan va ty 1& xuit hién
ctia cac chi nAm ngoai cong sinh gitta diéu kién in situ va ex situ phan anh anh huéng
manh mé& ctia méi trudng cling nhu kha ning thiét 1ap cong sinh cua cac chi ndm ddi
v6i cdy chil. Rhizopogon va Cenococcum déu xuét hién & ca hai didu kién in situ va
ex situ cho thiy day 1a nhitng chi nim c6 kha ning canh tranh cao, thich nghi tt voi
diéu kién tu nhién va d& dang thiét 1ap mdi quan hé cong sinh vé6i cdy cha. Piéu nay
d3 duoc ching minh qua nhiéu nghién ctru trude day khi ma cac chi ndm nay thudng
duoc ghi nhan 1 nhing loai tién phong, ¢ kha ning xam nhiém nhanh va hinh thanh
chop ré hiéu qua trong cac hé sinh thai rimg [44, 171, 195, 196]. Ttr d6 ciing cho thiy
rang day 1a hai chi ndm tiém ning dé str dung nhu 1a ngudn gay nhiém hiéu qua dé
bd sung cho cdy con trong vudn wom, giup ting kha ning phat trién va duy tri stic

song trudc va sau khi chuyén cay ra khu vuc rung trong.

Nguoc lai, sy hién dién phong phu ctia chi Nothojafnea trong diéu kién ex situ
nhung vang mit trong cac cdy con & nghiém thuic in situ 1a mot két qua dang chi y.
Piéu nay co thé 1a két qua cia qua trinh xir 1y vo tring hat trudce khi gieo da lam mat
hé vi sinh vat ctia hat, noi c6 chira nhiéu mam ndm Nothojafnea. Trong moi trudng
tu nhién, chi nAm nay co6 kha ning thich nghi cao va dé dang bung phat, tir d6 canh

tranh xAm nhiém v&i cac chi nam ré cdng sinh khac trong cing mdi truong.

Tir cac két qua trén, c6 thé thiy duogc 100% céc ciy con thong ba 14 déu dé
dang hinh thanh ciu tric ngoai cong sinh khi c6 sin cac mam nim ngoai cdng sinh
ton tai sin trong moi truong. Mic di do thdi gian thyuc hién nghién ctru ngén (6 thang),

cac tac dong cua nam ngoai cong sinh chua thé hién 1o rét dén sy sinh trudng va phat
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trién cua cady con. Tuy nhién sy hién dién cia cac loai nam ngoai cong sinh da dugc
chtirng minh 1a c6 kha nang duy tri su ton tai cua cdy con sau khi dua ra moi truong
tu nhién cua rung trong.

3.2.3. Két qua danh gia dnh huoéng ciia nAm ngoai cong sinh téi khi ning

phat trién ciia cAy con thong ba la P. kesiya trong diéu kién in vitro

Nham kiém tra kha ning xAm nhiém va hinh thanh cau trtic ré nim ngoai cong
sinh, dong tho1 danh gia tac dong cua nam ngoai cong sinh dén kha nang phat trién
cua cay con thong ba la P. kesiya, thi nghi¢ém dong nudi cdy dugc tién hanh trong
diéu kién vo trung.

Chung nam dugc lya chon dé tién hanh dong nudi cay vaoi cdy con thong ba

la dua trén cac ti€u chi:

- Laloai nAm ban dia, hién dién & khu vuc nghién ctru va c6 kha nang hinh thanh
ciu tric r& nAm ngoai cong sinh voi hé ré cua cdy thong ba 14 P. kesiya.

- Chiém uu thé trong giai doan ciy con, thé hién dugc tiém ning hinh thanh
cong sinh ngay tir giai doan sinh trudng ban dau cia cay.

- C6 kha ning phén 1ap, nudi cdy thuan va phat trién on dinh trén méi trudng

nhan tao.

Tir cac két qua ¢ noi dung trén ciia nghién ctru, chi nAm Rhizopogon 13 mot
trong hai chi nAm duy nhat xuét hién & mau chép ré trong ca 3 giai doan phat trién
ctia cdy thong ba 14 va trong ca mau dat véi ty 16 twong ddi cao, dic biét 1a ¢ giai doan
cdy con. Cac nghién ctru trén thé gidi cling cho thay day 1a chi ndm déng vai trd quan
trong trong viéc tai sinh va ning cao ty 1¢ sdng cua ciy thong con [93, 189]. Vi vay,
nhiéu m6 hinh x4m nhiém d3 duogc thuc hién nhdm gy nhiém chi ndm nay vao gia
thé trong cay con trong vuon wom trude khi dem ra ngoai thuc dia, qua d6 danh gia
ty 1& séng va hiéu qua sinh trudng cua ciy sau khi chuyén ra rimg [92, 170, 190, 191,
197]. Bong thoi, nhiéu ché pham sinh hoc ¢ chira ndm ré cong sinh dugc ban va st
dung rong rai trén thé gidi, trong thanh phan déu bao gdm cac chiung nam Rhizopogon
spp.

Pé tai da thir tién hanh phan 1ap cac chiing ndm ngoai cong sinh tiém nang tir
céc chop ré nam ngoai cong sinh thu duoc. Tuy nhién, trong qué trinh phan lap, do
chop ré tiép xuc truc tiép v4i dat nén mang nhiéu ngudn tap nhiém, viéc khir tring bé
mit néu khong du s& dé dang nhiém vi sinh vat ngoai lai 14n 4t sy phat trién ctia nam

ngoai cong sinh. Nguoc lai néu khur truing qua manh s€ lam chét mo ré va hé sgi nam
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bén trong khién ndm khéng moc duoc trén méi trudng phan 1ap. Vi vay viéc phan lap
nam tir mau chop ré ngoai cong sinh gip that bai.

Tuy vdy, trong qua trinh thu mau dat & rimg thong ba 14 trudng thanh, mau
qua thé ndm Rhizopogon boninensis da dugc tim thdy (Hinh 3.35). Mau ndm sau khi
thu dugc ky hiéu VNMO00071130, tién hanh dinh danh hinh thai va sinh hoc phan tu.
Két qua dinh danh sinh hoc phan tir dugc luu trit trén co s& dir liéu NCBI vé1 ma )
truy cap PP748446.

Hinh 3.35. Qua thé nidm R. boninensis VNM00071130 thu tai ring truéng thanh
khu vuc Pa Nhim (a) va mét cat doc ctua qua thé (b)
3.2.3.1. Két qua phan ldp va nuéi nhéan sinh khoi chiing nim Rhizopogon
boninensis VNM00071130

Chung ndm R. boninensis VNM00071130 cho thiy kha ning phan lap d& dang
trén moi truong MMN, tuy nhién tdc d6 lan to kha cham. Sau 3 tudn nudi ciy ¢ nhiét
do 25 °C, duong kinh khuén lac ndm dat khoang 3 — 3,2 cm trén dia thach MMN.
Khuan lac ndm c6 to mau tring, day va hoi béng trén bé mit (Hinh 3.36a ). Cac mau
nam thuan sau d6 dugc ciy giit giéng trong éng thuy tinh nip vin chira moi trudng
MMN va giit & 4 °C cho dén khi str dung.

Pé tién hanh nhan sinh khéi cho thi nghiém dong nudi cay, mau nam thuan R.
boninensis sau d6 dugc hoat hoa lai 1 1an trén moi truong thach MMN. Tiép theo
chuyén sang nudi 16ng tinh ¢ 25 °C trong t6i trong vong 4 tuan (Hinh 3.36b).
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Hinh 3.36. Khuan lac nim R. boninensis VNM00071130 phan 1ap trén moi truong
MMN sau 3 tudn (a) va sinh khdi nAm nudi trén méi trudong MMN 10ng sau 4 tuan (b)

3.2.3.2. Két qua thi nghiém dong nuéi cdy R. boninensis va P. kesiya

Pé danh gia kha nang hinh thanh cong sinh va tiém ning Gmg dung lam ché
pham sinh hoc ctia chi nAm Rhizopogon trén ddi twong thong ba 14 trong diéu kién
nudi tréng tai Viét Nam, dé tai da tién hanh thuc hién thi nghiém déng nuéi ciy R.
boninensis v6i ciy thong con ba 14 trong diéu kién in vitro, nghiém thirc dbi chimg 1a

nghiém thirc khéng bo sung ndm vao binh nudi cdy (Hinh 3.37 va Hinh 3.38).

Hinh 3.37. Nghiém thtc khong bd sung R. boninensis va P. kesiya sau (a) 1 tuan;
(b) 6 tuan; (¢) 12 tuan; Bar 1 cm
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Hinh 3.38. Nghiém thtrc ddng nudi cay R. boninensis va P. kesiya sau (a) 1 tuan; (b)
6 tuan; (c) 12 tudn; Bar 1 cm

Sau 12 tuan nudi cdy (Hinh 3.38), két qua cho thdy 100% cac cdy con duoc
gay nhidm véi ching R. boninensis déu hinh thanh cdu trac ngoai cong sinh & ré,
trong khi d6 ty 18 nay 1a 0% & cac ciy con khong duoc bd sung nidm. Sy hién dién
ctia cac chop ré ngoai cong sinh duoc quan sat va dém dudi kinh hién vi soi ndi va
mo ta theo Agerer (1987-2012) (Hinh 3.39).

Hinh 3.39. Thi nghiém d6ng nudi ciy R. boninensis va P. kesiya
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a. Cdy con & nghiém thirc khong bo sung R. boninensis. b—c. Hé ré ciia P. kesiya &
nghiém thirc khéng bé sung R. boninensis. d. Cdy con & nghiém thirc ¢6 bo sung R.
boninensis sau 12 tuan. d—e. Hé ré ciia P. kesiva & nghiém thirc ¢é bé sung R.

boninensis sau 12 tuan. Bar: a—b, d—e 1 cm; c—f 1 mm.

Cac mo ta hinh thai ctia chop ré nam ngoai cong sinh thu dugc tu thi nghiém
ddng nudi cdy cho thay c6 sy tuong dong cao véi cac chdp ré ndm ngoai cong sinh
cta loai ndy duoc thu nhan tir méi trudong rung tu nhién (Hinh 3.40a, b). Cac chop ré
ngoai cong sinh c6 dang khong phan nhanh hoic phan nhanh d6i, hinh try, thing hodc
hoi cong, phinh to, bé mat nhén, phén dinh cta chép ré trong subt. Hé soi nAm bén
ngoai day dic, tao thanh 16p bao c6 cau trac dang ludi nhu cotton bao xung quanh
dau ré, mau tring xam dén tring nga vang. Cac chop ré truong thanh thuéng manh,
c6 mau nau vang véi 1op bao kha mong mau tréng bac. Sy hién dién cta sgi ndm dang
ré khong rd rang. Phan tich mit cit ngang cta chop ré cho thiy 16p bao c6 dang
plectenchymatous gdm cac soi ndm hinh tru sip xép khong déu, thudc kiéu hinh B
theo mo ta cua Agerer (Hinh 3.40c, d). Khong thay xuat hién mau ndi & hé soi nim,
tai vi tri vach ngan doéi khi co sy thit eo nhe hodc khong. Mang ludi Hartig kiéu

palmetti phat trién manh trong ciu trac r& (Hinh 3.40e, f).

Hinh 3.40. C4u tric cong sinh ctia hé & P. kesiya va R. boninensis
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(a) Chép ré nam ngoai céng sinh ciia P. kesiya véi R. boninensis trong diéu kién
nudi cdy in vitro; (b) Chép ré nam ngoai céng sinh tir ring P. kesiya trudng thanh;
(c—f) Mdt cdt ngang ciia chdp ré cong sinh: ¢ Lép bao ciia chdp ré cong sinh trong
diéu kién nuédi cdy in vitro; d L6p bao ciia chdp ré cong sinh tir rieng trieong thanh
P. kesiya; (e, f) Mang luéi Hartig ciia chdp ré ndam ngoai cong sinh trong diéu kién

nuoi cd'y in vitro. Bar: a = 0,5 mm, b = 1 mm, c—d = 20 um, e—f = 10 um

Két qua phan tich cac chi s6 sinh truong cia miu cay con thong ba 14 bao gobm
chiéu cao cdy, chiéu dai ré, khéi luong sinh khdi twoi va khéi luong sinh khdi kho
cho thiy c6 su khac biét c6 ¥ nghia thong ké giita hai nghiém thirc c6 va khong c6 bd
sung chung ndm R. Boninensis (Hinh 3.41). Cu thé, nhitng cdy con dugc bd sung nAm
sau 12 tudn phat trién trong diéu kién in vitro c6 chiéu cao cdy tang hon han 1,7 1an
so voi nhitng ciy khoéng duoc bd sung ndm (14,25 + 1,07 so véi 8,46 + 0,80, p <
0,001), ty 1& chiéu dai r& ¢ hai nhoém khac biét 2.9 1an (10,08 + 3,44 so véi 3,53 +
0,72, p <0,001). Khéi lugng sinh khéi twoi va sinh khdi kho cua cay lan luot dat 0,35
g +£0,07 so v61 0,13 g+ 0,009 va 0,07 g + 0,008 so véi 0,02 g = 0,002. Mac du ty 1€
sé)ng sot ctia cdy con dat 100% & ca hai nghiém thuc, su khac biét dang ké vé dic
diém sinh trudng va tich lity sinh khéi cho thiy loai R. boninensis c6 hiéu qua trong
viéc thuc ddy sy phat trién cua cay con P. kesiya. Két qua ctia dé tai cho thiy sy tuong
ddng v6i nhidu nghién ctru xAm nhidm khac khi st dung chi ndm Rhizopogon véi nhu
12 mot ngudn ché pham sinh hoc dé cai thién sirc séng cta nhiéu loai théng trén thé
gi6i. Nghién ctru tuong tu cia Dominguez-Nunez va cs. khi xAm nhiém R. roseolus
trén dbi twong cdy con P. halepensis cho thiy ty 16 xAm nhiém cua R. roseolus chi dat
42%, nhung khéi luong kho cua ré c6 su ting 1én 1,3 1an ¢ nhiing cy con c¢6 nim ré
cong sinh so v&i cdy con trong nhom ddi chimg [190]. Ngoai ra, khi bd sung mot hdn
hop cac loai nim ré ngoai cong sinh trong d6 cd Rhizopogon sp. vao ciy con P.
pinaster, Franco va cs. thu dugc két qua khac biét 1,5 1an gitta hai nhém cay c6 va
khong bd sung ndm. Pong thoi, Rhizopogon sp. ciing duoc phat hién trong nhiéu giai
doan ldy mau, diéu nay cho thdy chiing c6 kha ning ton tai bén viing trong ving ré
ngay ca sau khi dugc dua ra trong ngoai thuc dia [120]. Trong diéu kién han han,
nghién ctru ctia Atala va cs. chi ra rang viéc bo sung R. luteolus vao P. radiata 1am
gia ting dang keé ty 18 song sot ctia cdy con. Tir d6 cho thay viéc bd sung nAm ré ngoai
cong sinh c6 thé 1a mot chién lugc kha thi dé dbi pho véi cac dot han han kéo dai hay

trong rimg thong & cac khu vuc kho han [163].
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Hinh 3.41. Sy khac biét vé cac chi s6 sinh truong ciia cay con P. kesiya giita

cac nghi¢m thirc c6 va khong bo sung nam R. boninensis

Dau sao (*) biéu thi sy khdc biét ¢é ¥ nghia thong ké giita hai nghiém thirc
dwoc xdc dinh bang kiém dinh t-test (p < 0,05).

Nhiing két qua trén cho thdy kha ning nudi cdy va xam nhiém d& dang cia
chung nidm R. boninensis vao hé ré cua cdy thong con P. kesiya trong diéu kién co
kiém soat. Piéu nay cung cip cac co sd khoa hoc cho viéc tuyén chon va sir dung
chung nim nay trong thyc tién san xuat cac ché pham sinh hoc sir dung trong 1dm
nghiép, trudc hét 1 trén dbi tugng thong ba 14 P. kesiya. Ngoai ra, md hinh nudi trong
in vitro dugc thuc hién trong nghién ctru cé thé dugc mo rong dé khao sat kha nang
hinh thanh quan hé cong sinh gitra nhiéu loai nim va thyuc vat khac nhau. Trén co s&
d6, mo hinh c6 thé hd trg qua trinh tuyén chon cic ching nim cé hiéu qua cong sinh
cao, lam co so dé nghién ctru, phat trién va hoan thién cac ché phém sinh hoc chira td
hop ndm ngoai cong sinh c6 thé sir dung dugc trén nhidu ddi twong cay trong 1am
nghiép.
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3.3. KET QUA KHAO SAT SU HINH THANH QUA THE NAM NGOAI
CONG SINH O KHU VUC RUNG TRONG CAY THONG CON P. kesiya
3 NAM TUOI

3.3.1. Két qua thu thip qua thé nAm ngoai cong sinh

Khu vuc nghién ctru c6 dia hinh ddi dbc, tréng, nam lién ké véi khu vuc rimg
thong ba 14 Pinus kesiya tu nhién 1du ndm thudc Rung phong ho Da Nhim. Bén trong
rimg trong c6 sin rii rac cac cdy thong ba 14 trudng thanh, it cay bui (Hinh 3.42).

Hinh 3.42. Hinh anh tai khu vuc nghién ctru: (a) tir ngoai nhin vao; (b) bén trong

Qua trinh thu thap quéa thé nAm ngoai cong sinh duogc thuc hién khi rimg trong
Pinus kesiya dugc 3 nam tudi (Hinh 3.43) bit dau tir thang 04/2022 dén thang 05/2023

voi 24 dot thu mau.

Hinh 3.43. Qua thé ndm ngoai cong sinh & rimg trong thong ba 14 3 nam tudi
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Trong cing mot dot thu mau, cic qua thé ndm ngoai cong sinh c6 dic diém
hinh thai dai thé ngoai giong nhau duoc xép vao cing mot ma kiéu hinh. Tong s6 ma
kiéu hinh thu dugc qua 22 dot thu miu 14 103 ma. S6 luong qua thé ndm ngoai cong
sinh trong timg mi mau cta timg dot thu mau va khdi luong tuoi cia ching dugc

trinh bay tai bang 3.6.

Bang 3.6. Thong ké qua thé nim ngoai cong sinh thu duoc tai khu vic rimg trong

trong 24 dot thu mau

So luwgng qua thé z £ .
Dot thu miu Mai kiéu hinh nim .ng%s;li cong Tong khoi lugng twoi
. sinh (®

1 - - -

2 - - -

3 - - -

4 - - -

5 - - -

6 - - -
ABI-V-AA07001 5 53,04
ABI-V-AA07003 2 8,31
ABI-V-AA07004 3 127,03
ABI-V-AA07006 2 137,95
ABI-V-AA07007 2 5,59
ABI-V-AA07008 1 4,06
ABI-V-AA07009 18 2,56
ABI-V-AA07010 1 4,31

7 ABI-V-AA07011 1 4,48
ABI-V-AA07014 1 40,5
ABI-V-AA07015 1 0,86
ABI-V-AA07016 2 4,54
ABI-V-AA07017 3 2,61
ABI-V-AA07018 3 69,92
ABI-V-AA07019 1 3,74
ABI-V-AA07020 2 29,5
ABI-V-AA07023 3 73,23
ABI-V-AA08101 1 82,44
ABI-V-AA08102 2 3,04
ABI-V-AA08103 4 61,36

g ABI-V-AA08104 1 23,81
ABI-V-AA08105 1 10,95
ABI-V-AA08201 3 2,41
ABI-V-AA08203 1 1,86
ABI-V-AA08301 6 11,35

9 ABI-V-AA09101 1 27,82
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So lwgng qua thé z £ .
Dot thu miu Mai kiéu hinh nim .ng%)ajlli cong Tong khot lugng twoi
sinh (2)
ABI-V-AA09102 3 165,6
ABI-V-AA09103 5 22,22
ABI-V-AA09104 3 45,5
ABI-V-AA09105 13 43,56
ABI-V-AA09106 8 120,2
ABI-V-AA09201 2 20,82
ABI-V-AA09302 1 70,13
ABI-V-AA09303 8 2,54
10 ABI-V-AA10102 3 14,22
ABI-V-AA11101 2 1,6
1 ABI-V-AA11103 3 0,6
ABI-V-AA11104 2 4,2
ABI-V-AA11201 10 8
ABI-V-AA12102 3 6,33
ABI-V-AA12103 3 2,7
ABI-V-AA12104 8 41,9
12 ABI-V-AA12105 1 9,29
ABI-V-AA12106 5 31,05
ABI-V-AA12107 1 10,72
ABI-V-AA12108 1 4,74
ABI-V-AA12109 1 0,19
ABI-V-AA13101 1 3,35
ABI-V-AA13102 2 15,36
ABI-V-AA13105 2 34,96
13 ABI-V-AA13106 2 0,32
ABI-V-AA13201 5 15,2
ABI-V-AA13202 1 3,76
ABI-V-AA13203 1 95,62
ABI-V-AA13301 9 5,09
14 - - -
15 - - -
ABI-V-AA16101 2 26,43
16 ABI-V-AA16102 1 1,91
ABI-V-AA16103 7 2,38
ABI-V-AA16301 1 3,52
ABI-V-AA17101 4 39,14
ABI-V-AA17102 4 52,64
ABI-V-AA17201 1 5,22
17 ABI-V-AA17202 3 36,72
ABI-V-AA17203 1 11,65
ABI-V-AA17205 3 45,29
ABI-V-AA17301 2 11,24
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So lwgng qua the 2 £ .
Dot thu miu Mai Kiéu hinh nim .ng%)a;(lli cong Tong khoi lugng twoi
sinh (2)
18 - - -
19 ABI-V-AA19101 1 3,5
ABI-V-AA19102 2 22,74
ABI-V-AA20101 5 22,31
ABI-V-AA20102 21 151,28
20 ABI-V-AA20103 5 20
ABI-V-AA20104 6 17,27
ABI-V-AA20105 1 14,91
ABI-V-AA21101 1 1,8
21 ABI-V-AA21102 5 2,45
ABI-V-AA21103 1 4,12
ABI-V-AA21301 3 55,52
22 ABI-V-AA22101 5 8
ABI-V-AA23101 6 153
ABI-V-AA23102 1 5
ABI-V-AA23103 1 9
ABI-V-AA23104 1 1
ABI-V-AA23105 16 137,48
ABI-V-AA23106 1 16
ABI-V-AA23107 2 6
ABI-V-AA23108 1 7
ABI-V-AA23110 9 33
ABI-V-AA23111 1 11
” ABI-V-AA23112 1 11
ABI-V-AA23113 1 6
ABI-V-AA23114 1 10
ABI-V-AA23201 1 20
ABI-V-AA23203 8 32
ABI-V-AA23204 1 3
ABI-V-AA23205 2 1
ABI-V-AA23206 1 4
ABI-V-AA23207 1 27
ABI-V-AA23301 1 70
ABI-V-AA23302 1 11
ABI-V-AA23303 1 3
ABI-V-AA24101 1 31
24 ABI-V-AA24102 1 9
ABI-V-AA24103 1 5,2
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Hinh 3.44. Tuong quan giita lugng mua, s6 ngdy mua trong thang, nhiét do va

luong nam thu duge

Hinh 3.44 thé hién sb luong ma kiéu hinh nAm ngoai cdng sinh thu dugc theo
cac thang, qua d6 cho thiy s lugng ma kiéu hinh nAm thu dwgc khong déng déu. Cac
thang 4, 5, 7/2022 va thang 5/2023 thu duoc nhiéu ma kiéu hinh ndm nhét. Riéng céac
thang 8, 10/2022 va thang 2-4/2023 khéng thu duoc miu ndm nao. Cac dir liéu vé
thoi tiét tai khu vue Lac Duong — Pa Lat cho théy nhiét d6 bién dong khong nhiéu
trong giai doan thu mAu, trong khi lugng mua cua cac thang c6 khac biét dang ké.
Cac mau nidm chi yéu duogc thu nhiéu vao cc thang mua mua trong nam. Tuy nhién,
nhimg thang mua dam (lugng mua cao va sd ngdy mua trong thang nhiéu) thuong it
thu duoc nidm. Két qua nay phu hop véi nhidu nghién ciru vé ndm rimg tai cac khu
vuc khac trén thé gidi. Theo Collado va cong sy, san lugng va thanh phan loai nam
hinh thanh qua thé phu thudc chat ché boi lugng mua va ¢ mdi tuong quan yéu hon
dbi voi nhiét do [198]. Tai cac khu vyc ring thong & Nauy, Tay Ban Nha, mot s6
nuéc & khu vue Trung Au va Dia Trung Hai, Zimbabwe hay Trung Quéc va Nhat
Ban, cac két qua diéu tra nghién ctru vé su anh huong cua cac diéu kién thoi tiét dén
su hinh thanh qué thé va san lugng mot s6 loai nam ré ngoai cong sinh ciing cho thay

moi twong quan chat ché véi lugng mua [59, 199-203].
3.3.2. Két qua phan nhém so b dya trén hinh thai

Toan bd 103 ma kiéu hinh cua nim ngoai cong sinh thu dugc qua 24 dot thu

mau déu duge mo ta hinh thai dai thé tai thyuc dia trudc khi dem vé phong thi nghiém.
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Sau d6, dua trén két qua tong hop tir cac bang mé ta, c6 49 kiéu hinh ctia nAm ngoai
cong sinh dugc tim thay ¢ khu vuc rimg trong thong ba 14 P. kesiya 3 nim tudi twong
ung:

- Kiéu hinh théi 1 gdm cac ma kiéu hinh: ABI-V-AA07014, ABI-V-AA09302

- Kiéu hinh thai 2 gdm cac ma kiéu hinh: ABI-V-AA23303

- Kiéu hinh thai 3 gdm ciac ma kiéu hinh: ABI-V-AA07023, ABI-V-AA08104,
ABI-V-AA09101, ABI-V-AA23207

- Kiéu hinh thai 4 gdm cac mi kiéu hinh: ABI-V-AA07008, ABI-V-AA07011,
ABI-V-AA09103, ABI-V-AA12106

- Kiéu hinh thai 5 gdm cac ma kiéu hinh: ABI-V-AA23302, ABI-V-AA12104,
ABI-V-AA20105, ABI-V-AA24101

- Kiéu hinh thai 6 gdm cac ma kiéu hinh: ABI-V-AA16102, ABI-V-AA17201,
ABI-V-AA23103, ABI-V-AA23108, ABI-V-AA23113

- Kiéu hinh thai 7 gdm cac ma kiéu hinh: ABI-V-AA08101, ABI-V-AA21301

- Kiéu hinh thai 8 gdm cac ma kiéu hinh: ABI-V-AA23302

- Kiéu hinh thai 9 gdm cac mi kiéu hinh: ABI-V-AA07020, ABI-V-AA09104,
ABI-V-AA17203, ABI-V-AA23111

- Kiéu hinh thai 10 gdm cac mi kiéu hinh: ABI-V-AA07010

- Kiéu hinh thai 11gém cac ma kiéu hinh: ABI-V-AA12108

- Kiéu hinh thai 12 gdm cac ma kiéu hinh: ABI-V-AA16103

- Kiéu hinh thai 13 gém cac ma kiéu hinh: ABI-V-AA09303, ABI-V-AA23205

- Kiéu hinh thai 14 gdm cac ma kiéu hinh: ABI-V-AA13102

- Kiéu hinh thai 15 gdm cac ma kiéu hinh: ABI-V-AA08201

- Kiéu hinh thai 16 gém cac ma kiéu hinh: ABI-V-AA08102, ABI-V-AA13106

- Kiéu hinh thai 17 gdm c4c ma kiéu hinh: ABI-V-AA11101, ABI-V-AA12103

- Kiéu hinh thai 18 gom cac ma kiéu hinh: ABI-V-AA21102

- Kiéu hinh thai 19 gdm c4c ma kiéu hinh: ABI-V-AA08301, ABI-V-AA13301

- Kiéu hinh thai 20 gébm céc ma kiéu hinh: ABI-V-AA11104, ABI-V-AA20104,
ABI-V-AA21101

- Kiéu hinh thai 21 gom cac ma kiéu hinh: ABI-V-AA11103

- Kiéu hinh thai 22 gom cac ma kiéu hinh: ABI-V-AA11201

- Kiéu hinh thai 23 gdm cac ma kiéu hinh: ABI-V-AA12109

- Kiéu hinh thai 24 gom cac ma kiéu hinh: ABI-V-AA 13202

- Kiéu hinh thai 25 gdm cac ma kiéu hinh: ABI-V-AA23101

- Kiéu hinh thai 26 gébm cac mi kiéu hinh: ABI-V-AA23203
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- Kiéu hinh thai 27 gdbm cic mi kiéu hinh: ABI-V-AA23204

- Kiéu hinh thai 28 gdm cac ma kiéu hinh: ABI-V-AA23112

- Kiéu hinh thai 29 gdm cac ma kiéu hinh: ABI-V-AA07007, ABI-V-
AA07019, ABI-V-AA08105, ABI-V-AA08203, ABI-V-AA12105, ABI-V-
AA13101, ABI-V-AA23106

- Kiéu hinh thai 30 gdm cac ma kiéu hinh: ABI-V-AA09201

- Kiéu hinh thai 31 gdm cac mi kiéu hinh: ABI-V-AA07003

- Kiéu hinh thai 32 gdm cac ma kiéu hinh: ABI-V-AA23102

- Kiéu hinh thai 33 gém cac mi kiéu hinh: ABI-V-AA07001

- Kiéu hinh théi 34 gdm cac ma kiéu hinh: ABI-V-AA07017

- Kiéu hinh thai 35 gdm cic mi kiéu hinh: ABI-V-AA07016

- Kiéu hinh thai 36 gdm cac mi kiéu hinh: ABI-V-AA16101

- Kiéu hinh thai 37 gdm cic ma kiéu hinh: ABI-V-AA07015, ABI-V-AA17101,
ABI-V-AA17102, ABI-V-AA19101

- Kiéu hinh thai 38 gdm cac mi kiéu hinh: ABI-V-AA20103

- Kiéu hinh thai 39 gdm cac mi kiéu hinh: ABI-V-AA24103

- Kiéu hinh thai 40 gdm cac ma kiéu hinh: ABI-V-AA23114

- Kiéu hinh thai 41 gdm cac ma kiéu hinh: ABI-V-AA20102, ABI-V-
AA21103, ABI-V-AA22101

- Kiéu hinh thai 42 gdm cac ma kiéu hinh: ABI-V-AA07004, ABI-V-AA07006,
ABI-V-AA09102, ABI-V-AA17202, ABI-V-AA20101, ABI-V-AA23301

- Kiéu hinh thai 43 gdm c4c ma kiéu hinh: ABI-V-AA13203

- Kiéu hinh thai 44 gdm cac ma kiéu hinh: ABI-V-AA23201

- Kiéu hinh thai 45 gdm cac ma kiéu hinh: ABI-V-AA07018

- Kiéu hinh thai 46 gdm cac ma kiéu hinh: ABI-V-AA09105, ABI-V-
AA12102, ABI-V-AA13201, ABI-V-AA16301, ABI-V-AA17301, ABI-V-
AA23110, ABI-V-AA23206

- Kiéu hinh thai 47 gdm cac ma kiéu hinh: ABI-V-AA23104

- Kiéu hinh thai 48 gom cac ma kiéu hinh: ABI-V-AA23107

- Kiéu hinh thai 49 gom cac ma kiéu hinh: ABI-V-AA07009, ABI-V-
AA08103, ABI-V-AA09106, ABI-V-AA10102, ABI-V-AA12107, ABI-V-
AA13105, ABI-V-AA17205, ABI-V-AA19102, ABI-V-AA23105, ABI-V-
AA24102.

Trong do:
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Nhom ndm ngoai cong sinh ¢ thu ting phién: kiéu hinh théi tir 1 — 33 (Bang
3.7).
Nhom nam ngoai cong sinh c6 thu ting dng: kiéu hinh théi tir 34 — 48 (Bang
3.8).
Nhom nam ngoai cong sinh kiéu cuc: kiéu hinh thai 49 (Bang 3.9).

Bang 3.7. Bang mo t4 hinh thai nam ré ngoai cong sinh thu thdp dugc thudc nhom

nam phién

Kiéu
hinh

Hinh anh

Mo ta

Mii ndm c6 dang hinh clu, ¢c6 mau xam tro, cd
vay va phin mau xam, dudng kinh 3,2 — 4 cm.
Phién nAm mau tring, xép day. Cudng nim hinh
try, dinh tam, bé mit ¢6 vay va phén, cung mau
v6i mii nam, kich thuée (D x R) 7 — 10 x 2,5 cm.

Thit nam dac, c6 mau trang.

Mil ndm c6 dang 10i rong dén phing, c6 mau
niu, sdm dan vé tim, bé mit tron, ria mi dang
rang luogc, dudng kinh 3,5 cm. Phién nim co
mau tring hoi xam, xép day dic, phién dinh tu
do. Cudng nam dinh tdm, c6 dang hinh tru, bé
mat c6 mun, kich thude (D x R) 3,5 x 0,5 cm,
rong & giita. C6 bao géc mau trang, khong co

vong. Thit nAm mau trang.

Mii ndm cé dang hinh cau, mau xam, tron nhan,
duong kinh mii 4 cm. Phién nim c6 mau trang,
xép day dic. Cudng ndm dinh tim, c6 dang hinh
try, kich thudc (D X R) 9 x 1,2 — 2 cm. C6 bao
gbc mau trang, khong c6 vong. Thit nim dic, ¢6

mau trang.
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Kiéu
hinh

Hinh anh

Mo ta

Mii ndm c6 dang 161, mau xam, ¢ vay sam mau,
dudng kinh mii 3,5 cm. Phién ndm c6 mau trang,
xép day ddc. Cudng ndm dinh tdm, c6 dang hinh
try, phinh & gbc kich thude (D x R) 3 x 1 - 1,3
cm. Khéng c6 bao gbc, khong c6 vong. Thit nAm

dac, c6 mau trang.

Mii ndm c6 dang noén, c6 mau nau, bé mat tron,
ria mii dang rang lugc, duong kinh 7 cm. Phién
nam cé mau tring, xép day dic, phién dinh tu
do. Cuéng nam dinh tam, co dang hinh try, kich
thuéc (D x R) 15 x 1,3 cm, rong & giita. C6 bao
gbc mau tring, khong c6 vong. Thit nAm mau

tréng.

Mii nim ¢6 dang nén, c6 mau xam, bé mat tron,
ria mil dang rang luoc, duong kinh 3,7 cm. Phién
nam cé mau tring, xép day dic, phién dinh tu
do. Cubng ndm dinh tdm, c6 dang hinh try, rdng
o gitra kich thudc (D x R) 5 x 1,2 cm. Cé bao
gbc mau tring, khong c6 vong. Thit nAm mau

tréng.

Mii ndm cé dang 161, c6 mau xam, bé mit co soi
min, ria mi dang rém, dudng kinh 6,5 — 8,5 cm.
Phién nim c6 mau tring, xép day dic, phién dinh
tu do. Cuéng nam dinh tam, c6 dang hinh try,
rong & gitta kich thuéc (D xR) 5,5 -8 x1-1.3
cm. C6 bao géc mau trang, vong dinh ¢ dinh,

hudng xuong. Thit nam dac, cd6 mau trang.
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Kiéu
hinh

Hinh anh

Mo ta

Mil ndm c6 dang phang, mau tring nga cam, sim
mau ¢ tam, c6 vay mau cam hodc nau sam,
dudng kinh mii 5,5 cm. Phién ndm c6 mau trang,
xép day dic. Cudng ndm dinh tdm, c6 dang hinh
try, hoi phinh & géc, bé mit co vay mau hon cam,
kich thuéc (D x R) 5 x 0,7 — 1,2 cm . Bao gbc
va vong khong rd rang. Thit ndm dic, c6 mau

trang hoi cam.

Mil ndm c6 dang 16i cho dén phiang, mau niu
sang, bé mit co vay mau xam dam, dudng kinh
mil 4 — 5,5cm. Phién ndm c6 mau tring, xép day
dic. Cubng nam dinh tdm, dang hinh try phinh &
géc, bé mit co vay, mau nau sang, kich thudc (D
x R)4 —5x1— 1,5 cm. Khong c6 bao gbc. Co
vong dinh & dinh, huéng xudng. Thit ndm dic,

cO mau trang.

10

11

Mil nAm c6 dang phang, mau niu, bé mit ¢ soi
min, dudng kinh mil 5 cm. Phién ndm c6 mau
trang, xép day dic. Cudng ndm dinh tim, dang
hinh tru hoi cong & gbc, réng & giira, kich thudc
(D x R) 6 x 0,5 cm. Khong c6 bao gbe. Co vong
dinh ¢ gilta, huéng xudng. Thit nAm c6 mau

tréng.

Mil nam c6 dang phang, hoi 16m ¢ giita, mau
trang hoi nga xam, bé mit nhan, dudng kinh mii
4 cm. Phién dinh, c6 mau tring, xép hoi thua.
Cuéng nam dinh tam, dang hinh try, mau tréng,
kich thudc (D x R) 3,5 x 0,5 cm. Khong c6 bao

goc, khong rd vong. Thit nam x0p, ¢ mau trang.
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Kiéu
hinh

Hinh anh

Mo ta

12

Mil ndm c6 mau vang sang, dang loa kén, tron
nhin, duong kinh 1 —3 cm. Phién ndm dang gén,
tiép xuc voi cubng va chay doc theo cudng.
Cudng nam cing mau voi mil ndm, dinh tim,
hinh try, b mit tron nhan, rSng ¢ gitra, kich
thude (D X R) 0,5-2,5x0,2-0,5 cm.

13

Mii ndm c¢6 mau nau xam, 16m & tdm, chuyén
thanh dang loa ken khi truéng thanh, tron nhan,
dudng kinh 0,7 — 2 cm. Phién nAm dang gan, tiép
xtc véi cudng va chay doc theo cudng, mau
trang ngd. Cudng nim mau xam dam, hoi sang
mau & phén géc, dinh tAm, hinh try, bé mait tron
nhan, rong & giira, kich thudc (D x R) 2 — 4 x
0,2-0,5 cm.

14

15

Mii ndm c6 dang cau hodc ban ciu, mau cam hoi
do, bé mit co sgi min, duong kinh mii 4 — 5 cm.
Phién ndm cing mau v6i mil nim, xép hoi thua,
dugc bao bo1 mot 16p mang ludi soi nim mong
kéo dai tir mép mil dén cudng khi con non.
Cuéng nam dinh tam, dang hinh try, bé mat co
so1 min, nhat mau hon so vé1 mii va phién nam,
kich thudc (D x R) 5 x 0,5 cm. Thit ndm dic, co

mau trang hoi nga vang.

Mii ndm c6 dang non, hoiu 161, mau cam, bé mat
nhan, duong kinh mii 1 — 3 cm. Phién dinh, c6
mau vang nhat, xép thua. Cuéng nim dinh tam,
dang hinh tru, rdng & gifta, c6 mau vang sang,
kich thude (D xR) 1,5-3,2 x 0,3 —-0,5 cm. Thit

nam x0p, c6 mau trang.




109

Kiéu
hinh

Hinh anh

Mo ta

16

17

Mil ndm c6 dang 16i khi con non dan 16i rong khi
truong thanh, doi khi hoi u 16i, mau nau, bé mat
c6 16p soi thd, sin mau, huéng tam, duong kinh
mii 1,2 — 4 cm, ria cudn. Phién dinh, c6 mau nau
sim, xép day. Cudng nidm dinh tdm, dang hinh
try, c6 mau nau nhat, kich thuéc (D x R) 3 -4,5
x 0,3 — 0,5 cm. Thit ndm x6p, c6 mau tring hoi

nga.

18

Mii ndm cé dang non, hoi u 161, mau nau, bé mat
co 16p soi thd, sin mau, hudng tdm, duong kinh
mii 1,5 — 2 cm, ria hoi cudn. Phién dinh, c6 mau
tring nga nau, xép day. Cubng nim dinh tim,
dang hinh try, c6 mau nau nhat, kich thuéc (D x
R)2,5-5%0,3-0,5 cm. Thit nim Xép, c¢6 mau

trang hoi nga.

Mii nAm cé dang 161, mau nau sdm, bé mit c6 16p
so1 tho, hudng tdm, duong kinh mii 1,7 cm, ria
hoi cudn. Phién dinh, c6 mau tra"mg nau sam hon
mil ndm, xép day. Cubng nim dinh tdm, dang
hinh try, c6 mau nau, kich thuéc (D x R) 2,5 x

0,3 cm. Thit nam x0p, c6 mau nau nhat.

19

Mil nim dang 16i rong dén phang, 16m & tam, co
mau cam dat, khi gia thuong bi bac mau, bé mat
c6 hat min, duong kinh mi 1 — 1,7 cm. Phién
nam xép thua, ciing mau véi mil nam. Cudng
nam dinh tam, dang hinh tru dep, bé mit co soi
doc, rdng & giira, cing mau véi mil ndm, kich
thude (D x R) 2,5 — 3 x 0,2 cm. Thit nam xdp,

mau cam dat nhat.
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Kiéu
hinh

Hinh anh

Mo ta

20

Mil ndm dang 16i rong, 16m & tdm, c6 mau cam
dat, bé mat co vay min, duong kinh mii 3 — 3,5
cm. Phién nim xép thua, mau cam dat hoi hong.
Cuéng nim dinh tam, dang hinh try, bé mit ¢co
so1 doc, r5ng ¢ gilra, cung mau vo1 mi nam, kich
thude (D x R) 8 — 9 x 0,3 — 0,5 cm. Thit nAm

x0p, mau trang hoi nga.

21

Mii nim dang 1i, hoi nhon & tdm, c6 mau nau,
bé mit tron, duong kinh mii 1,2 — 1,8 cm. Phién
nam xép xit nhau, mau nau hoi hong. Cudng ndm
dinh tam, dang hinh try, bé mit co soi min, rSng
¢ gitra, nhat mau hon mi nam, kich thuégc (D x
R) 2,5 — 3 x 0,2 — 0,4 cm. Thit ndm xdp, mau

trang hoi nga.

22

Mii nim dang 161, 1dm sdu & tdm, ¢ mau cam
dat, cang nhat mau khi trudong thanh, bé mit co
vay min, dudng kinh mii 3 — 3,5 cm. Phién nim
xép thura, 6 mau cam dit. Cudng nim dinh tim,
dang hinh try, bé mit ¢ soi doc, rong & giita,
cing mau voi mil nim, kich thuée (D x R) 8 — 9
x 0,3 — 0,5 cm. Thit nim Xép, cung mau vdi

cuong.

23

Mii ndm dang 161, 16m & tam, c6 mau cam dat,
cang nhat mau khi trudong thanh, bé mat tron,
duong kinh mil 0,7 cm. Phién ndm xép thua,
sang mau. Cudng nam dinh tim, dang hinh try,
thudn dan vé dinh, bé mit co soi doc, cling mau
v6i mii nam, kich thuée (D x R) 3,2 x 0,2 cm.

Thit ndm x0p, c6 mau trang.
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Kiéu
hinh

Hinh anh

Mo ta

24

Mii ndm dang phéu tron dén gan tron, 16m sau &
tdm, c6 mau cam sam hodc d6 nhat, b& mit co
cac vong dong tim mo, dudng kinh mil 4 cm.
Phién nidm kha day, c6 mau cam do sam, phién
dinh hoi kéo dai xuéng cudng. Cudng nam dinh
tam, dang hinh tru ngén, bé mit tron nhén, rSng
& bén trong, ciing mau voi mil ndm, kich thude
(D xR) 1,3 x 1 cm. Thit ndm x&p, mau tring khi

cOn non.

25

Mii nam dang 161 dén phang, 10m & tam, c6 mau
trang kem hodc cam nhat, bé mat hoi san sui, ria

mil cudn vao trong, duong kinh mii 4 cm. Phién

nam hoi thua, c6 mau trang nga, phién dinh hoi

kéo dai xubng cubng, c6 tiét dich mau tring
trong khi bi cit. Cuéng nim dinh tdm hodc hoi
léch, dang hinh try ngén, bé mat tron nhén, cung
mau voi mil ndm, kich thude (D x R) 1,3 x 1 cm.

Thit nam chac, c6 mau trang.

26

Mii ndm c6 dang 10i phing, 16m & giita, bé mit
c6 mau vang nhat va cam dan vé tm, ria mil gon
song, cudn vao trong, duong kinh 1,5 — 4 cm.
Phién kéo dai xudng thin, hoi day, mau vang
nhat, chay nhya mau trang khi bi cat. Cudng hinh

tru ngan, dinh tdm hodac hoi 1éch, cung mau véi

{| mil ndm, kich thudc (D xR) 1,2 x 0,5 cm. Thit

nam dac, ¢ mau trang.
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Kiéu
hinh

Hinh anh

27

Mo ta

28

Mil ndm c6 dang phéu, 16m sau & gitta, bé mat
c6 cac vong dong tim, mau vang nhat va cam
dan vé tam, ria mil gon song, cudn vao trong,
duong kinh 3,5 cm. Phién kéo dai xudng than,
hoi day, mau vang nhat hodc cam nhat, chay
nhwa mau trang khi bi cat. Cudng hinh tru ngén,
dinh tdm hodc hoi 1éch, cting mau v6i mil ndm,
kich thuéc (D x R) 1,5 x 0,7 cm. Thit nAm dic,

cO mau trang.

Mii ndm c6 dang phang, hoi 16m ¢ tam, bé mat
mil mau nau hoi vang, kho, xin mau va bi nut,
dudng kinh mil 7 cm. Thy tang dang phién, kéo
dai xudng cudng, c6 mau vang. Cudng ndm hinh
try, hoi 1€ch tdm, cong, mau nau hoi dd, kich
thuoce (D x R) 3 x 0,7 cm. Thit nim dac, mém,

cO mau trang.

29

Mil nidm dang 16i dén 16i rong, 16m & giira khi
cang trudng thanh, c6 mau nga hoi nga cam dat,
¢6 16p vo mong bén ngoai co thé 16t dugc, dudng
kinh 4 cm. Thy tang dang phién, mau tring, xép
xit nhau. Cudng hinh try, tron & gbe, cling mau
v6i mii nam, kich thuéc (D x R) 7,8 x 1 cm. Thit

nam x0p, c6 mau trang.

30

Mil nim dang 16i dén 16i rong, 16m & giita khi
cang trudng thanh, c6 mau tring nga xanh 14, ¢6
16p vo mong bén ngoai cé thé 16t duge, duong
kinh 5 — 6,5 cm. Thuy ting dang phién, mau trang,
xép day dic. Cudng hinh try, tron & gdc, mau
trang hoi hong, kich thude (D x R) 4,3 x 1,6 cm.

Thit ndm x0p, c6 mau trang.




113

Kiéu
hinh

Hinh anh

Mo ta

31

Mil nim dang 156i dén 16i rong, 16m & gitra, ¢
mau nau dat, sim mau & tAm, co 16p vé mong
bén ngoai co thé 16t duge, dudng kinh 3,8 — 4,6
cm. Thu ting dang phién, mau tring, xép day
dac. Cuéng hinh truy, tron & géc, mau tréng nga,
kich thuéce (D x R) 2,53 x 1 cm. Thit ndm xdp,

cO mau trang.

32

Mil nAm dang 16i rong, hoi 10m & gitra, c6 mau
trang hoi nga vang, sim mau & tim, c6 16p vo
mong bén ngoai co thé 16t dugc, mép mil ndm ¢6
hinh ring cua, duong kinh 6 cm. Thy tang dang
phién, mau tring, xép hoi day. Cudng hinh try,
tron & gbe, mau trang, kich thude (D x R) 5,5 x

2,3 cm. Thit nam x0p, c6 mau trang.

33

Mii nam dang 161 rdng, hoi Iom & gitra, c6 mau

nau do, c6 16p vdo moéng bén ngoai cd thé 16t

{| duogc, mép mii nam c6 luon song, duong kinh 4

— 5,7 cm. Thu tang dang phién, mau tring nga,
xép hoi day. Cudng hinh try, tron ¢ gbc, mau
trang hoi hong, kich thuéc (D x R) 2,7 — 3.8 x

1,2 — 1,6 cm. Thit nim Xép, c6 mau tréng.

3.3.2.2. Nhém nim ong

Bang 3.8. Bang md ta hinh thai nam ré ngoai cong sinh thu thap dugc thudéc nhom

nam Oong
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Kiéu . . A Lo
hinh 1nh anh Mo ta

Mil nam c6 dang 16i, mau nau, nhin, dudng kinh
mu 1,5 cm. Thu téng dang 6ng, ¢6 mau nau sam,
xép day dic. Cudng ndm dinh tdm, dang hinh
try, kich thuée (D x R) 2 x 0,4 — 0,6 cm. Thit

nam dac, c6 mau nau sam.

34

Mil nim c6 dang phang, mau cam sam, nhén,
dudng kinh mii 4 cm. Thu ting dang dng, cling
mau voi mil ndm, xép day dic. Cudng nim dinh
tam, mau vang cam dang hinh try, kich thudc
(D x R) 2,5 x 0,5 cm. Thit ndm dic, c6 mau

vang sang.

35

Mil ndm dang ban cau khi con non dan chuyén
sang dang 10i khi trudng thanh, mau cam hong,
bé mat mi nhén, duong kinh mii ndm 3,5 — 4,5
cm. Thy ting dang ong, bé mit thu ting sim
mau 6ng c6 mau vang, hoi chuyén xanh khi bj
36 cit. Cué)ng ndm dinh tAm, thuon dan vé phia
gbc, cung mau véi mil ndm, kich thuée (D x R)

2,7 — 4,5 x 1,1 cm. Thit nim dac, ph?m 0 mu

nam c6 mau tring, hoi chuyén xanh khi bj cit,
phan than chuyén tir tring sang vang nhat va

cam dan vé phia goc.

Mil nAm c6 dang bang cau dén 16i, mau vang
chanh, bé mit c6 bot min mau vang chanh, kho,
ria mii ¢6 dinh cic manh mang mong 1a phan
37 con soét lai cua bao riéng, duong kinh mii 2,7 —
7 cm. Thy tang dang 6ng, cing mau véi mil
nam, xép day dic, c6 chuyén xanh khi bi
thuong. Cudng ndm dinh tdm, hinh try hoi

thuoén & phan goc, cuing mau véi mil, phan goc
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Hinh anh

Mo ta

phat trién hé soi tao thanh soi nim dang ré co
mau trang dén hoi vang, kich thudc (D x R) 3,5
— 8 % 0,7 — 1,5 cm. Thit nAm dic, c6 mau tréng

dén hoi vang.

38

Mil ndm c6 dang bang cau dén 16i, mau vang
chanh, bé mit c6 bot min mau vang chanh hoi
sam mau, kho, ria mil c6 dinh cac manh mang
mong 1a phan con sot lai ctia bao riéng, dudng
kinh mii 4 — 7 cm. Thy ting dang 6ng, cting mau
v&i mil nAm, hoa nau sam khi gia, Xép day dac,
¢6 chuyén xanh khi bi thwong. Cudng nim dinh
tam, hinh try hoi thuén ¢ phan gbc, cting mau
vo1 mi, phén géc hoi ¢c6 mau do cam, hé so1 &
géc tao thanh soi nAm dang ré c6 mau tréng dén
hoi vang, kich thudéc (D x R) 3 - 5,5 x 0,6 cm.

Thit nam dac, c6 mau trang dén hoi vang.

39

Mil nim c6 dang bang cau dén 16i, mau vang
chanh, bé mat c6 bdt min mau vang chanh, ria
mil cudn vao trong, c6 dinh cdc manh mang
mong 13 phan con sot lai cia bao riéng, dudng
kinh mii 2,1 cm. Thu ting dang 6ng, mau niu
sam, xép day dic. Cudng nim dinh tAm, hinh try
hoi thuén & phan gbc, cling mau v4i mii, phan
géc hoi ¢6 mau do cam, hé soi & géc tao thanh
soi nam dang ré c6 mau tring dén hoi vang, kich
thude (D x R) 3 x 0,8 cm. Thit ndm dic, c6 mau

trang dén hoi vang.
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40

Mii ndm c6 dang 16i phang, mau xam hoi nau,
nhin, dudng kinh mil 4 cm. Thy tang dang ong,
dinh vao cudng, c6 mau trang nga dan chuyén
sang hong sim, xép day dic. Cudng nadm dinh
tam, dang hinh try, c6 mau nga, dan sAm mau
vé phia gbc, bé mit c6 ludi rd phu toan bd
cuéng, mau nau hoi den, kich thudc (D x R) 7,8
x 1 cm. Thit ndm dic, c6 mau trang nga, chuyén

sang hoi vang dén hong nau khi bi cat.

41

Mil nidm c6 dang ban cau, chuyén thanh dang
16i rong khi truong thanh, mau nau vang bé mit
mil sang bong, nhét khi bi udt, kich thude mii 3
— 5,5 cm. Thu t?mg dang 6ng, kéo dai Xuéng
cudng, bé mit 16 hinh da giac, mau nau vang hoi
xam. Cudbng hinh try, cong, mau niu sang hodc
hoi dé, kich thude (D x R)3,5-6 X 0,6 — 1 cm.
Thit nAm dic, c6 mau hoi vang nhat, dan phot
hdng khi bj cit.

42

43

Mii ndm c6 dang 16i dén 161 rong, mau niu sang,
nhin, duong kinh mii 2 — 7,5 cm. Thu ting dang
dng, 6ng tring hoi tim, bé mit c6 mau tim dén
hdng tim, chuyén nau sam khi gia, 15 day dic.
Cuéng nam dinh tam, dang hinh try, cong hoac
phinh dan xudng gdc, mau niu dén nau sam,
kich thude (D x R) 2,5 — 8 x 1,5 — 4 cm. Thit

nam dac, ¢ mau trang.

Mii nam c6 dang 16i, mau cam sam, nhén,
duong kinh mii 1,6 — 12 cm. Thu tang dang ong,
mau tring nga, 16 day dic. Cuong nam dinh tAm,

dang hinh try, hoi phinh giita thdn, mau trang
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44

nga, kich thuée (D x R) 3 — 7 x 1 — 6 cm. Thit

nam ddc, c6 mau trang hoi vang.

45

Mii nidm c6 dang 161, mau nau dat, nhan, duong
kinh mil 1,6 cm. Thu ting dang 6ng, mau niu
sam, 16 day dac. Cuéng ndm dinh tim, dang
hinh try, than hoi cong, mau hoi ngd vang dén
nau do va nau, kich thude (D x R) 4,5 x 0,8 cm.

Thit nam dac, c6 mau nau do nhat.

Mil ndm c6 dang 161 dén 16i rong, mau nau sang,
nhin, khi gia bé mat kho nat, duong kinh mii
3,5—-9cm. Thu t?mg dang 6ng, mau vang nhat,
16 day dac. Cuéng ndm dinh tAm, dang hinh try,
cing mau voi mii nim, kich thuée (D x R) 4,5

—6x1,3-2,5cm. Thit nam dac, c6 mau tra“'lng.

46

Mil ndm c6 dang 16i, mau cam vang nhin,
duong kinh mii 2 cm. Thy ting dang 6ng, mau
hdng tim nhat, 16 day dic. Cudng ndm dinh tam,
dang hinh try, nhat mau hon mii nam, co céc
ddm mau cam, kich thuéc (D x R) 3 x 1,6 cm.

Thit nam dac, c6 mau vang cam.

47

Mil nim c6 dang 16i rong, mau vang nhat nhén,
duong kinh mil 2 cm. Thy ting dang 6ng, mau
hong tim nhat, 16 day dic. Cuéng ndm dinh tam,
dang hinh try, nhat mau hon mii nam, mau dam
hon & phan goc cudng, kich thudc (D x R) 3 x

1,6 cm. Thit nam ddc, c6 mau vang.
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Ilflllfl‘l‘ Hinh énh M ti
Mi ndm cb dang 161 rong, mau cam hoi nau
nhin, dudng kinh mii 3 cm. Thy tang dang ong,
48 mau hong tim nhat, 18 day dic. Cuéng ndm dinh

tam, dang hinh try, mau vang cam, kich thudc
(D xR)3 x 1,6 cm. Thit nam dic, c6 mau vang

hoi cam.

3.3.2.3. Nhém néim cuc

Bang 3.9. Ma2u nim ré ngoai cong sinh thu thap dugc thudec nhém ndm cuc

Kiéu . ) A o
. Hinh anh Mo ta
hinh
Qua thé ndm co dang hinh ciu hodc ban clu,
thuong moc don ddc hodac moc thanh cym 2 — 5
qua thé, bé mit c6 mau vang sang luc con non
va chuyén sang nau sam khi gia, kho nut tao
40 thanh cac vay san bén ngoai, kich thudc 3,5 — 9

cm. Hé soi ndm & géc hinh thanh nén dang ré
chum (soi nAm dang r&). Vo ndm (peridium) c6
mau vang sang, dé day 0,3 — 0,5 cm. M0 sinh
bao tir (gleba) c6 mau tring luc con non va

chuyén dan sang xam den va den sam khi gia.

3.3.3. Két qua dinh danh qua thé nam ré ngoai cong sinh thu thip dwoc &

khu vue rirng thong 3 nim tuoi

Két qua dinh danh sinh hoc phan tir dua trén trinh ty viung trinh tu ITS ctia 103

ma kiéu hinh cho théy thu dugc 49 loai nAm ngoai cong sinh thudc 20 chi nam. Tat

ca déu thudc nganh ndm dam Basidomycota (Hinh 3.45, Bang 3.10). Trong do,

27,18% cac ma kiéu hinh thudc chi Amanita, chiém ty 1& cao nhat. Tiép theo 1a cac

chi Russula, Scleroderma, Zangia, Tylopilus, Laccaria va Pulveroboletus tuong Gng
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10,68; 9,71; 8,74; 8,74: 7,77 va 5,83%. Cac chi ndm con lai co ty 1€ xudt hién kha
thap trong giai doan nghién ciru.

Basidiomycota
20 chi
49 loai

Hinh 3.45. Ty 1€ cac ma kiéu hinh nim thu duoc theo chi trong 24 dot thu mau
Dong thoi, cac chi ndm Amanita (11 loai), Russula (5 loai) va Laccaria (5 loai)
1a cac chi ndm c6 s6 luong loai nhiéu nhat dugc ghi nhan, trong khi d6 Scleroderma,
tuy ¢6 sd lwong qua thé thu dugc nhiéu nhung chi thudc 1 loai duy nhét (Hinh 3.46).
12
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Chi nam

Hinh 3.46. Ty 1¢ loai trong mdi chi nam ngoai cong sinh thu duogc
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Chalciporus sp.
Pulveroboletus sp.

Scleroderma sp.

Apr-22

Amanita sp.
Tylopilus sp.
Russula sp.
Craterellus sp.
Zangia sp.
Tylopilus sp.
Laccaria sp.

Hygrocybe sp.

May-22

Russula sp.
Scleroderma sp.
Inocybe sp.
Amanita sp.
Laccaria sp.

Inocybe sp.

Jun-22

Scleroderma sp.
Tylopilus sp.
Lactarius sp.

Cortinarius sp.

Laccaria sp.

Jul-22

Scleroderma sp.
Russula sp.
Amanita sp.
Inocybe sp.

Zangia sp.

Aug-
22

Scleroderma sp.
Tylopilus sp.
Pulveroboletus sp.

Zangia sp.

Sep-22

Cantharellus sp.
Amanita sp.

Neoboletus sp.

Oct-

Nov-22 22

Scleroderma sp.
Pulveroboletus sp.
Inocybe sp.
Amanita sp.

Laccaria sp.

Dec-22

Pulveroboletus sp.
Suillus sp.
Tylopilus sp.

Suillus sp.

Apr- Mar Feb- Jan-
232323 23

Craterellus sp.
Multifurca sp.
Tylopilus sp.
Retiboletus sp.

Phylloporus sp.

May-23

Scleroderma sp.

Zangia sp.

Amanita sp.

Russula sp.

Lactifluus sp.
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Hinh 3.47. Sy xuat hién cua cac loai nAm ngoai cong sinh theo ting thang trong nim
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Ngoai ra, tir hinh 3.47 cho thiy cac loai ndm ngoai cong sinh Amanita sp.,
Scleroderma sp., Tylopilus sp. thudng xuyén xuat hién véi sb luong nhiéu trong tat
ca cac thang. Trong khi d6 Russula sp. chil yéu thu duogc trong cac thang 4, 5 va 7,
Zangia sp. thu dugc & cac thang 5, 7 va 9, Pulveroboletus sp. c6 thé thu duoc & cac
thang 4,9, 11, 12. Nim ngoai cong sinh dugc chiing minh 1a hinh thanh nén mdi quan
hé cong sinh bat budc voi cac loai thue vuce thude ho Thong (Pinaceae). Cac nghién
ctru cho thay ty 16 tai sinh va kha ning phat trién ctia cdy thong con twong quan rd rét
v6i sy hinh thanh cac chop ré ngoai cong sinh. Vi vay trong cac khu vuc ring tai sinh
hodc rimg trong méi cin c6 cac mam nam ngoai cong sinh phi hgp. Mot s6 loai nam
ngoai cong sinh thudc cac chi ndm nhu Hebeloma, Rhizopogon, Scleroderma,
Suillus. .. thudng duoc nghién ctru sir dung dé xam nhidm vao cac ciy con in vitro dé
ting kha ning phat trién cua ciy trude khi dua ra khu vuc trong [103, 204-206].
Ngoai ra nhiéu loai nim ngoai cong sinh duoc ghi nhan cé gia tri dinh dudng cao co
thé 1am thuc phém, vi vay viéc thu hai va str dung nam ngoai cong sinh da phé bién
tir 1au & hau hét cac nude trén thé gisi. Pay ciing 13 mot trong nhitng ngudn 1am san
ngoai gd mang lai gia tri cao, gitip tang thém thu nhap cho ngudi dan tai cac khu vuc
lan can rung. Nhiéu loai trong cac chi Amanita, Russula, Cantharellus, Boletus,
Tylopilus... 1a cac loai nAm an phd bién [9, 60, 67, 81]. Do d6 viéc nam rd thanh phan
loai ctia cac loai ndm ngoai cong sinh ban dia cung voi thoi gian thu hai cia méi loai

trong nam 14 hét stc quan trong.

3.3.4. Két qua khao sat kha ning &ng dung 1am thwe phim cia cac loai nAm
ngoai cdng sinh thu dwoc trong khu vue rirng trong théng ba la P.

kesiya 3 nam tuoi

So sanh 49 loai nAm thu dwogc & khu vyc rimg trong thong Pinus kesiya 3 nim
tudi voi cac danh sach vé nam ngoai cong sinh an dugc trén thé gidi [6, 144, 145] va
danh muc nam & khu vuc rimg thong tinh Lam Pong [148, 149] cho thay c6 31% la
cac loai nam an dugc, trong d6 mot sb loai duge ngudi dan tai dia phuong thuong
xuyén thu hai va st dung bao gdm Amanita sinensis, Cantharellus sp., Lactarius
hatsudake, Russula virescens, Neoboletus sp., Retiboletus brunneolus, Tylopilus sp.,
Suilus bovinus. Ngoai ra, 28% cac loai nAm ngoai cong sinh thu duoc c6 kha ning
gy doc, hau hét thudc cac chi Cortinarius, Inocybe, Multifurca, Pulveroboletus va
Scleroderma. Con lai, 41% cac loai nAm van chua xéac dinh dugc chinh xac kha nang
st dung (Hinh 3.48, Hinh 3.49).
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Loai an
dwoc
31%

Hinh 3.48. Ty I¢ cac loai nam an dugc
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Hinh 3.49. Ty 1& céc loai nAm an dugc trong mdi chi

Puogc xem 1a mot trong nhitng ngudn 1am san ngoai gd quan trong, viéc quan
Iy va khai thac ndm rimg phit hop c6 kha ning thuc day phat trién du lich, kinh té
cling nhu gop phan dam bao an ninh lwong thyc [9, 10, 207, 208]. Qu4 trinh thu hai
tw nhién da pho bién tir xua trén khip thé gidi, tuy nhién san luong va thanh phan phy
thudc rat 16n vao cac yéu t6 tu nhién, dong thoi ciing ngdy cang giam manh do bién
d6i khi hau va suy giam dién tich rimg [59, 67, 203]. Vi vdy, d6i voi mét sb loai ndm

ngoai cong sinh cd gia tri cao nhu Tricholoma matsutake, Tuber sp., Cantharellus



123

sp., Lactarius deliciosus... Chau Au, Uc, New Zealand, Bic My, Nhat Ban, Han
Qudc di thyc hién thanh cong canh tac ¢ kiém soat nhiing lodi nAm nay véi cay chu
chuyén bi¢t cua chung [64, 209-211]. Tuy nhién ngoai Tricholoma matsutake, Tuber
sp., viéc nuoi tréng va thu hai nhiéu loai nAm ngoai cong sinh van con han ché trong
quy md cy con trong vudn wom, két qua 1au dai khi dua ra rimg trong ty nhién van
chua dugc bao cao diy dia [212]. Mot trong nhimg nguyén nhan chinh 1a do ciu trac
hé ndm ngoai cong sinh va thanh phan, san lugng qua thé nam hinh thanh, ngoai phu
thudc vao cac yéu td méi truong con phu thude vao timg giai doan sinh trudong cia
cay chu [55, 154, 213, 214]. Vi vay, cac dit liéu vé thanh phan loai nim ngoai cong
sinh trong khu vuc rimg trong thong Pinus kesiya 3 nam tudi cung v6i kha ning st
dung lam thue phdm va cac giai doan xut hién trong nim ctia chung c6 thé duoc st
dung 1am tién dé dé xay dung cac ké hoach quan 1y, bao tén rimg bén vitng song song

v6i cai thién thu nhap cua ngudi dan dia phuong tai khu vyc lan cén rung.

Bang 3.10. Dit liéu két vé& qua dinh danh loai ndm ngoai cong sinh va kha ning st

dung cua chung trong khu vuc nghién ctru

Kiéu hinh thai Mai kiéu hinh Loai Pic tinh

1 ABI-V-AA07014 4 i . -
ABI-V-AA09302 manita Sinensis

2 ABI-V-AA23303 Amanita ovalispora N/A

ABI-V-AA(07023
ABI-V-AA08104 : :
3 ABLV-AA09101 Amanita pseudoporphyria P

ABI-V-AA23207

ABI-V-AA07008
4 ABI-V-AAQ07011 4 ’ _ .
ABI-V-AA09103 manita sepiacea

ABI-V-AA12106

ABI-V-AA12104
5 ABI-V-AA20105 Amanita spl N/A
ABI-V-AA24101

ABI-V-AA16102
ABI-V-AA17201
6 ABI-V-AA23103 Amanita sp2 N/A
ABI-V-AA23108
ABI-V-AA23113

ABI-V-AA08101 :
7 ABLV-AA21301 Amanita sp4 N/A
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Kiéu hinh thai | M3 kiéu hinh Loai Pic tinh
8 ABI-V-AA23302 Amanita sp6 N/A
ABI-V-AA07020
9 ABI-V-AA09104 4 14 Spi P
ABLV-AA17203 manita spissacea
ABI-V-AA23111
10 ABI-V-AA07010 Amanita sp5 N/A
11 ABI-V-AA12108 Amanita sp3 N/A
12 ABI-V-AA16103 Cantharellus sp. E
ABI-V-AA09303 :
13 ABLV-AA23205 Craterellus tubaeformis E
14 ABI-V-AA13102 Cortinarius sp. N/A
15 ABLV-AA08201 | [Dvgroavbe E
pseudoacutoconica
ABI-V-AA08102
16 ABLV-AA13106 Inocybe sp3 P
ABI-V-AA11101
17 ABLV-AA12103 Inocybe spl P
18 ABI-V-AA21102 Inocybe sp2 P
ABI-V-AA08301 :
19 ABLV-AA13301 Laccaria laccata E
ABI-V-AA11104
20 ABI-V-AA20104 Laccaria bicolor E
ABI-V-AA21101
21 ABI-V-AAI11103 Laccaria spl N/A
22 ABI-V-AA11201 Laccaria sp2 N/A
23 ABI-V-AA12109 Laccaria sp3 N/A
24 ABI-V-AA13202 Lactarius hatsudake E
25 ABI-V-AA23101 Lactifluus sp. N/A
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Kiéu hinh thai | M3 kiéu hinh Loai Pic tinh
26 ABI-V-AA23203 Multifurca zonaria P
27 ABI-V-AA23204 Multifurca sp. P
28 ABI-V-AA23112 Phylloporus luxiensis E

ABI-V-AA07007

ABI-V-AA07019

ABI-V-AA08105
29 ABI-V-AA08203 Russula prasina N/A

ABI-V-AA12105

ABI-V-AA13101

ABI-V-AA23106
30 ABI-V-AA09201 Russula virescens E
31 ABI-V-AA07003 Russula spl N/A
32 ABI-V-AA23102 Russula sp2 N/A
33 ABI-V-AA07001 Russula sp3 N/A
34 ABI-V-AA07017 Chalciporus sp. N/A
35 ABI-V-AA07016 Chalciporus radiatus P
36 ABI-V-AA16101 Neoboletus sp. E

ABI-V-AA07015

ABI-V-AA17101 o
37 ABLV-AA17102 Pulveroboletus icterinus P

ABI-V-AA19101
38 ABI-V-AA20103 Pulveroboletus retipes P
39 ABI-V-AA24103 Pulveroboletus spl P
40 ABI-V-AA23114 Retiboletus brunneolus E
41 ABI-V-AA20102 Suilus bovinus E

ABI-V-AA21103
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Kiéu hinh thai

M3 Kiéu hinh

Loai

Dac tinh

ABI-V-AA22101

42

ABI-V-AA07004
ABI-V-AA07006
ABI-V-AA09102
ABI-V-AA17202
ABI-V-AA20101
ABI-V-AA23301

Tylopilus neofelleus

43

ABI-V-AA13203

Tylopilus balloui

44

ABI-V-AA23201

Tylopilus brunneirubens

45

ABI-V-AA07018

Tylopilus sp.

N/A

46

ABI-V-AA09105
ABI-V-AA12102
ABI-V-AA13201
ABI-V-AA16301
ABI-V-AA17301
ABI-V-AA23110
ABI-V-AA23206

Zangia cintrina

N/A

47

ABI-V-AA23104

Zangia spl

N/A

48

ABI-V-AA23107

Zangia sp2

N/A

49

ABI-V-AA07009
ABI-V-AA08103
ABI-V-AA09106
ABI-V-AA10102
ABI-V-AA12107
ABI-V-AA13105
ABI-V-AA17205
ABI-V-AA19102
ABI-V-AA23105
ABI-V-AA24102

Scleroderma sinnamariense
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Chuwong 4. KET LUAN VA KIEN NGHI

KET LUAN

Nghién ctru da thu thap duoc 100 mau dat tir 2 khu vuc rimg thong ba 14 trudng
thanh tai khu vuc Pa Nhim va Vién Khoa hoc Su séng, phan tich thanh phén
nam co trong dat thong qua ky thuat giai trinh thu thé hé méi cho thiy thanh
phan loai nam trong d4t tai rimg Pa Nhim cao hon so v6i & Vién Khoa hoc Su

song.

Thu thap, mé ta va dinh danh thanh céng 70 mau chop ré nam ngoai cong sinh
& khu vyc rimg truong thanh Pa Nhim, 75 mau chop ré nim ngoai cong sinh
¢ khu vuc rung truong thanh Vién Khoa hoc Su séng, 64 mau chop ré nam
ngoai cong sinh & hé ré ciy théng con 3 tudi va 51 mau choép ré ndm ngoai
cong sinh & hé ré cdy théng con trong vudn wom. Tong cong thu duoc 32 chi
va 116 loai ndm ngoai cong sinh duoc ghi nhan trong nghién ctru, trong d6 30
chi thuoc nganh Basidiomycota va 2 chi thugc nganh Ascomycota. Hai chi
nam Sebacina va Rhizopogon xuét hién & ca 3 giai doan phat trién cua thong
ba la.

Thanh phan loai nam ngoai cdng sinh véi hé ré cay thong ba 14 ¢ rung trudng
thanh va cay con 3 ndm tudi da dang va phan bé dong déu hon han so voi & h¢

ré cay con 6 thang tudi.

Loai ndm Rhizopogon boninesis 1an dau tién duoc ghi nhan & Viét Nam va da
cho thiy kha ning ting cudng strc séng ctia cay con thong ba 14 khi duoc dong

nudi cay trong di€u ki¢n in vitro.
Loai nam Nothojafnea sp. 1an dau tién dugc ghi nhan xuat hi¢n & Bac ban cau.

Khoéng ghi nhan duoc méi twong quan rd rét gitta thanh phan loai nAm ngoai
cong sinh va sb lugng chop ré nam ngoai cong sinh xuat hién & mdi ca thé cay
con v&i kha ning phat trién ctia thong con ba 14 thong qua chi s6 chiéu cao cay
khi khao sat thanh phan va anh huéng ctia nAm ngoai cong sinh trong diéu kién

in situ va ex situ.

Thu thap, dinh danh va phan loai duoc 15/49 loai nam ngoai cong sinh tai rirng

thong ba 14 ¢ giai doan 3 ndm tudi c6 kha nang st dung lam thyc pham.
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KIEN NGHI

Tang sb luong mau dat can cho nghién ciru NGS nham nang cao kha nang phat
hién céac loai ndm c6 muc do hién dién thip trong dat. Pong thoi co thé két
hop st dung nhiéu cap mdi khac nhau hoac sit dung cac cap mdi chuyén biét
cho nim ngoai cong sinh dé ning cao do bao phi trong d4nh gia vé thanh phan

loai ndm noi1 chung va thanh phan cac loai nam ngoai cong sinh nai riéng.

Tang thoi gian thir nghiém 1 - 2 ndm va sir dung thém cac chi s6 danh gia kha
nang sinh trudng va phat trién khac (chiéu dai ré, ty 18 sinh khéi tuoi, sinh khéi
kho, sb 1a...) dé 1am rd hon vé tac dong cua hé nam ré ngoai cong sinh 1én

thong ba 14 trong diéu kién in situ va ex situ.

Tién hanh cac phan tich vé thanh phan 1y hoa cua dat (pH, chét hitu co, N téng
s, 1an, kali, o Am dat, két cau dat (ty 1& sét, cat)...) dé 1am rd hon anh huéng
ctia diéu kién méi trudng dén thanh phan loai cia ndm ngoai cong sinh ciing

nhu sy khéc bi¢t gitra hai khu vuc Pa Nhim va Vién Sinh hoc Sy séng.

Tiép tuc mé rong khu vire nghién ctru va bd tri thém cac 6 thu mau tai cac rimg
thong ba 14 tréng tir 3—5 ndm tudi nham theo ddi sy hinh thanh qua thé va uéc
tinh san lwong ndm ngoai cong sinh. Pay sé& 1a co s¢ dé danh gia tiém ning
khai thac ndm ngoai cong sinh nhu mot ngudn 14m san ngoai gd c6 gia tri, gop
phan gia ting thu nhap tir rimg trong va nang cao hiéu qua quan 1y, st dung

tai nguyén rimg theo huéng bén virng.

M6 rong nghién ctru theo hudng nudi trong mot sé loai nam ngoai cong sinh

an dugc c6 huong vi thom ngon va gia tri kinh t€ cao.
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PHU LUC
Phu luc 1. Trinh ty mdi st dung trong nghién ctru
Primer Trinh tw Ta Ghi chi
ITS1F | 5>-TCCGTAGGTGAACCTGCGG-3’ 55
ITS 4 5—- TCCTCCGCTTATTGATATGC-3’ (128, 129]
LROR | 5—- ACCCGCTGAACTTAAGC-3’ 53 ’
LRS5 5—- TCCTGAGGGAAACTTCG-3’
TrnC 5>-CGAAATCGGTAGACGCTACG-3’ 50 (131]
TrnD 5>-GGGGATAGAGGGACTTGAAC-3’
ITSS5F | 5>-GGAAGTAAAAGTCGTAACAAGG-3’ (128, 129]
ITS2 5-GCTGCGTTCTTCATCGATGC-3’ ’
Phu luc 2. Chu trinh nhiét cho phéan g PCR
35 chuky
Nhiét ¢5 IS)SUC 950¢:
Théi gian 1:00 0:30
(Plu'lt:_ gidy)
Phu luc 3. Thanh phan dung dich CTAB 2x
STT Héa chat Nong do cudi S6 lwong
1 CTAB 2% 4¢g
2 IM Tris-HCI (pH 8,0) 100 mM 20 ml
3 0,5M EDTA (pH 8,0) 20 mM 8 ml
4 DTT 0,125% 025¢g
5 NaCl 1,4 M 13,36 g
6 Nudc cat Di 200 ml

NaCl dugc cho vao cudi ciing sau khi cac thanh phan khac da duoc hoa tan hoan toan.

Phu luc 4. Thanh phan dung dich CIA

STT Hoéa chit Thé tich (ml)
1 Cloroform 192
2 Iso-amylalcohol 8

Phu luc 5. Thanh phan dung dich TE

STT | Héa chit Nong dé cuoi So luwong

1 IM Tris-HCI (pH 8,0) 10 mM 500 pl

2 |0,5EDTA (pH 8,0) 1 mM 100 pl
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Phu luc 6. Két qua dién di DNA tong tach chiét tir cic mau dat

‘_Ju_a——\_’

PAl

DbA2 BA3 bA4

BA5 bB1 bB2

bB3

bB4

Phu luc 7. Bang két qua do nanodrop mau DNA tong duoc tach chiét

bB5

~

L

M3 mau dat Nong dd (ng/ul) 260/280 260/230
DAl 70,4 1,83 0,65
DA2 76,3 1,73 0,75
DA3 87,0 1,89 1,14
DA4 42,0 1,69 0,48
DAS 38,8 1,79 0,39
DBl 54,1 1,75 0,1
PB2 41,1 1,81 0,43
PB3 28,9 1,68 1,02
PB4 21,9 1,71 0,07
PB5 85,2 1,89 0,72

Phu luc 8. Thanh phin méi truong MS

STT Hoéa chat Nong dé (mg/1)

1 NH4NOs 1650
2 KNOs 1900
3 KH>POq4 170
4 MgS04.7H,0 370
5 CaCl.2H,O 440
6 MnS04.4H,0 22,3
7 H3BO3 6a2
8 ZnS04.4H,0 8,6
9 KI 0,83
10 NaxMo04.2H>0O 0,25
11 CuS04.5H,0 0,025
12 CoCL.6H>0 0,025
13 Pyridoxine(B6)
14 Thiamine
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15 Nicotinic acid 1

16 m-Inositol 100
17 Biotine 0,01
18 D-Pantothnic acid 1

19 FeSO4.7H,0 27,8

20 Na,EDTA.2H,O 37,3

Phu luc 9. Thanh phan méi truong MMN
STT Héa chit Khdi lwgng (/1000 ml)

1 (NH4)>HPO4 250 mg
2 KH2PO4 500 mg
3 MgS04.7H,0 150 mg
4 CaCl,.2H20 50 mg
5 NaCl 25 mg
6 FeEDTA 20 mg
7 Glucose 10g
8 Malt Extract 3g

9 Thiamine HCI 0.1 pg

10 Agar 8-15¢g

Phu luc 10. Két qua giai trinh ty va hinh anh chop ré ¢ rimg trudng thanh Pa Nhim

Ki hiéu Két qua dinh danh Hinh anh
ABI-A01.1 Russula laurocerasi
ABI-A01.3 Tomentella sp11
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Ki hi¢u Két qua dinh danh Hinh inh
ABI-A02.1 Lactifluus pilosus
ABI-A02.4 Tomentella sp12
ABI-A03.1 : .
ABLA43 1 Lactifluus subpruinosus
ABI-A04.1 Russula subniori
ABLA23.1 ussula subnigricans
ABI-A05.1 Russula aeruginea
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Ki hi¢u Két qua dinh danh Hinh inh
ABI-A05.2 Tylospora spl
ABI-A06.2
ABI-A15.2 Russula aff. illota
ABI-A45.2
ABI-A06.4 Lacearia iavonica
ABI-A44.3 acedria japont
ABI-A07.1 Janeid S
ABI-A12.1 angia sp-
ABI-A07.2

ABI-A29.1

Russula subatropurpurea
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Ki hi¢u Két qua dinh danh Hinh inh
ABI-A10.1 Tomentella spl4
ABI-A10.2 Sebacina sp2
ﬁgi:ﬁ}?i Lactifluus spl
ABI-A11.1 Tomentella stipitobasidia
ABI-A11.2 Coltricia sp.
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Ki hi¢u Két qua dinh danh Hinh inh
ABI-A11.3 Tomentella sp15
ABI-A12.2 Tomentella badia
ABI-A13.1
ABI-A17.1
ABI-A28.1 Cenococcum geophilum
ABI-A32.6
ABI-A49.1
ABI-A13.2 Boletus reticulatus
ABI-A15.1 Pulveroboletus sp2
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Ki hi¢u Két qua dinh danh Hinh inh
ABI-Al6.1 Sebacina sp3
ABI-A17.2 Lactarius rubrocorrugatus
ABI-A17.6 Macowanites sp.
ABI-A18.3 Laccaria sp.
ABI-A21.1 Thelephora sp9
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Hinh anh

Ki hiéu Két qua dinh danh
ABI-A21.2 Tomentella spl6
ABI-A21.3 Russula cyanoxantha
ABI-A26.1 Sebacina spl
igi:iigg Rhizopogon flavidus
ABI-A28.3 Tomentella sp16
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Ki hi¢u Két qua dinh danh Hinh inh
ABI-A28.4 Lactifluus ambicystidiatus
ABI-A32.1 Russula rosacea
ABI-A32.3 Tomentella sp17
ABI-A32.4 Sebacina sp4
ABI-A33.1 Lactarius pinguis
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Ki hiéu

Két qua dinh danh

Hinh anh

ABI-A34.2

Rhizopogon jiyaozi

Phu luc 11. Két qua giai trinh tu va hinh anh mau chép r& & ring trudng thanh Vién

Khoa hoc Sy sdng
Ki hiéu Két qua dinh danh Hinh anh
ABI-B02.1
ABLB4S 3 Thelephora spl
ABI-B05.3 Tylopilus microsporus

ABI-B06.1

Thelephora sp2
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Ki hiéu

Két qua dinh danh

Hinh anh

ABI-B06.2

Inocybe sp3

ABI-B09.1
ABI-B46.5

Amanita pseudoporphyria

ABI-B11.2
ABI-B24.2

Pulveroboletus icterinus

ABI-B11.5
ABI-B36.6

Tomentella sp4

ABI-B12.1
ABI-B19.1
ABI-B36.2
ABI-B46.3
ABI-B49.4
ABI-B50.5

Rhizopogon flavidus
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Ki hiéu

Két qua dinh danh

Hinh anh

ABI-B12.3
ABI-B13.2
ABI-B14.1
ABI-B16.1
ABI-B18.4
ABI-B21.3
ABI-B28.4
ABI-B34.1
ABI-B36.3
ABI-B38.2
ABI-B40.1
ABI-B41.1
ABI-B43.1
ABI-B48.1

Zangia sp.

ABI-B12.4

Tomentella sp9

ABI-B12.6

Coltriciella sp5

ABI-B13.3

Boletus sp.
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Hinh anh

Ki hiéu Két qua dinh danh
ABI-B15.1 Amanita sp3
ABI-B15.2 Tomentella sp7
ABI-B15.3 Hymenochaetaceae/Coltriciella sp9
ABI-B16.3 Coltriciella sp6
ABI-B18.1
ABI-B24.1
ABI-B26.1 Tomentella spl
ABI-B27.3

ABI-B49.2



https://en.wikipedia.org/wiki/Hymenochaetaceae
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Ki hi¢u Két qua dinh danh Hinh inh
igi:g;g; Tomentella sp2
ABI-B20.1 Pulveroboletus spl
ABI-B20.3 Tomentella sp10
ABI-B20.6 Suillus sp.
ABI-B21.1 Gomphidius sp.
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Ki hi¢u Két qua dinh danh Hinh inh
igi:ggé} Retiboletus brunneolus
ABI-B22.2 Austroboletus sp.
ABI-B22.3 Coltriciella sp8
ABI-B28.1 Tomentella sp6
ABI-B28.2 Coltriciella sp7
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Ki hi¢u Két qua dinh danh Hinh inh
ABI-B28.3 Tomentella sp5
ABI-B29.2 Lactarius spl
ABI-B30.1
ABI-B31.1 Lactarius subbrevipes
ABI-B37.1
ABI-B35.4 Hourangia nigropunctata
ABI-B36.4 Coltriciella sp2
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Ki hi¢u Két qua dinh danh Hinh inh
igi:gi?; Suillus bovinus
ABI-B39.1 Amanita spissacea
ABI-B42.1 Sebacina sp5
ABI-B42.2 Coltriciella sp4
ABI-B44.3 Coltriciella sp3
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Ki hi¢u Két qua dinh danh Hinh inh
ABI-B45.1 Phylloporus luxiensis
ABI-B45.5 Tomentella sp3
igi:gggﬁ Coltriciella spl
igiggg% Tomentella sp8
ABI-B49.5 | Multifurca sp.
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Phu luc 12. Két qua dinh danh va hinh anh miu chop ré ciia cdy con thong ba 14 trong
vuon vom

Ki hi¢u Két qua dinh danh Hinh inh

ABI-ASI1.1 Nothojafnea sp.

ABI-AS2.4 Nothojafnea sp.

ABI-AS3.1 Nothojafnea sp.

ABI-AS4.1 Nothojafnea sp.

ABI-ASS5.1 Nothojafnea sp.
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Ki hiéu Két qua dinh danh
ABI-AS10.1 Nothojafnea sp.
ABI-AS10.2 Sebacina sp.
ABI-AS12.2 Nothojafnea sp.
ABI-AS13.1 Nothojafnea sp.
ABI-AS14.1 Nothojafnea sp.

Hinh anh

—
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Hinh anh

Ki hiéu Két qua dinh danh
ABI-AS15.1 Nothojafnea sp.
ABI-AS16.1 Nothojafnea sp.
ABI-AS17.1 Cenococcum spl
ABI-AS17.2 Nothojafnea sp.
ABI-AS19.3 Nothojafnea sp.
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Hinh anh

Ki hiéu Két qua dinh danh
ABI-AS20.1 Nothojafnea sp.
ABI-AS22.1 Nothojafnea sp.
ABI-AS22.8 Cenococcum spl
ABI-AS23.1 Nothojafnea sp.
ABI-AS27.1 Nothojafnea sp.
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Hinh anh

Ki hiéu Két qua dinh danh
ABI-AS31.1 Nothojafnea sp.
ABI-AS31.2 Tylospora spl
ABI-AS31.3 Cenococcum spl
ABI-AS32.1 Tylospora spl
ABI-AS32.2 Nothojafnea sp.
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Hinh anh

Ki hi¢u Két qua dinh danh
ABI-AS32.3 Cenococcum spl
ABI-AS32.5 Rhizopogon jiyaozi
ABI-AS33.1 Nothojafnea sp.

ABI-AS33.2 Cenococcum spl
ABI-AS34.1 Cenococcum geophilum
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Hinh anh

Ki hiéu Két qua dinh danh
ABI-AS34.2 Nothojafnea sp.
ABI-AS35.1 Nothojafnea sp.
ABI-AS35.2 Rhizopogon jiyaozi
ABI-AS36.1 Cenococcum spl
ABI-AS36.2 Nothojafnea sp.
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Hinh anh

Ki hi¢u Két qua dinh danh
ABI-AS36.3 Cenococcum geophilum
ABI-AS37.1 Nothojafnea sp.

ABI-AS37.3 Cenococcum spl
ABI-AS39.1 Cenococcum geophilum
ABI-AS39.3 Nothojafnea sp.
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Hinh anh

Ki hiéu Két qua dinh danh
ABI-AS40.1 Nothojafnea sp.
ABI-AS40.3 Rhizopogon jiyaozi
ABI-AS40.4 Cenococcum spl
ABI-AS41.1 Nothojafnea sp.
ABI-AS42.1 Cenococcum spl
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Hinh anh

Ki hiéu Két qua dinh danh
ABI-AS42.2 Rhizopogon jiyaozi
ABI-AS42.3 Nothojafnea sp.

ABI-AS43.1 Nothojafnea sp.
ABI-AS44.1 Rhizopogon jiyaozi
ABI-AS44.2 Nothojafnea sp.
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Ki hiéu

Két qua dinh danh

Hinh anh

ABI-AS44.4

Cenococcum spl

Phu luc 13. Két qua dinh danh va hinh anh miu chop ré ctia ciy con thong ba 14 3 tudi

Hinh anh

Ki hi¢u Két qua dinh danh
ABI-P1.1 Cantharellales sp.
ABI-P1.2 Russula sp3
ABI-P2.1 Tylospora sp.
ABI-P2.5 Cenococcum geophilum
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Ki hi¢u Két qua dinh danh Hinh inh
ABI-P3.2 Pulveroboletus sp.
ABI-P3.3 Suillus luteus
ABI-P4.1 Pulveroboletus sinensis
ABI-P4.2 Lactarius hatsudake
ABI-P4.3 Russula subatropurpurea
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Ki hi¢u Két qua dinh danh Hinh inh i
ABI-P5.2 Tomentella sp2
ABI-P5.3 Russula maguanensis
ABI-P5.4 Rhizopogon jiyaozi
ABI-P6.1 Tomentella sp3
ABI-P6.4 Rhizopogon flavidus
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Ki hi¢u Két qua dinh danh Hinh inh
ABI-P7.3 Cenococcum geophilum
ABI-P8.3 Tomentella sp4
ABI-P8.5 Tomentella sp3
ABI-P9.1 Tomentella spl
ABI-P9.2 Cenococcum geophilum
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Ki hi¢u Két qua dinh danh Hinh inh
ABI-P9.4 Rhizopogon boninensis
ABI-P10.1 Tomentella sp2
ABI-P10.2 Rhizopogon flavidus
ABI-P10.3 Tylopilus microsporus
ABI-P10.5 Russula rufobasalis
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Ki hi¢u Két qua dinh danh Hinh inh
ABI-P10.7 Cenococcum geophilum
ABI-P11.1 Coltricia sp.
ABI-P11.2 Russula rufobasalis
ABI-P11.3 Lactarius alboscrobiculatus
ABI-P11.4 Cenococcum geophilum
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Ki hi¢u Két qua dinh danh Hinh inh
ABI-P12.1 Russula aureoviridis
ABI-P13.1 Russula sp4
ABI-P13.2 Tomentella spl14
ABI-P14.1 Tomentella spl
ABI-P15.1 Cenococcum geophilum
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Ki hiéu Két qua dinh danh i_n
ABI-P15.2 Russula adusta "‘
ABI-P16.1 Russula subatropurpurea
ABI-P16.3 Suillus luteus
ABI-P16.4 Russula subatropurpurea
ABI-P17.2 Coltricia sp.
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Ki hi¢u Két qua dinh danh Hinh inh ‘
ABI-P18.3 Tomentella sp2
ABI-P19.1 Cyanoboletus fagaceophilus
ABI-P19.2 Amanita spissacea
ABI-P19.3 Tomentella sp3
ABI-P20.1 Cenococcum geophilum




PL39

Ki hi¢u Két qua dinh danh Hinh inh
4 ~~
ABI-P20.4 Sebacina sp4
ABI-P21.3 Pulveroboletus sp.
ABI-P22.1 Tomentella sp2
ABI-P22.2 Russula rufobasalis
ABI-P23.1 Amanita sp.
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Ki hi¢u Két qua dinh danh H‘m anh
ABI-P24.1 Scleroderma sinnamariense
ABI-P24.2 Tomentella sp3
ABI-P25.3 Russula rufobasalis
ABI-P25.6 Sebacina sp5
ABI-P26.2 Cortinarius sp.




PLA41

Ki hi¢u Két qua dinh danh Hinh inh
ABI-P26.4 Russula sp5
ABI-P27.2 Russula sp2
ABI-P27.3 Cenococcum geophilum
ABI-P28.1 Tomentella sp15
ABI-P28.2 Tomentella sp4
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Ki hi¢u Két qua dinh danh Hmhz;nh
ABI-P28.3 Cenococcum geophilum
ABI-P29.2 Phylloporus luxiensis
ABI-P30.1 Russula subatropurpurea
ABI-P30.2 Tylospora sp.
ABI-P30.4 Tomentella sp11
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Phu luc 14. S6 luong cac chdp ré cong sinh & mdi chi tai cac khu vuc nghién ctru

Chi nim ngoai cong sinh | CAy 3 nim | Ciy 6 thang | Pa Nhim | Vién KHSS
Amanita 911 238 12162
Austroboletus 113
Boletus 24 102
Cantharellales 186 52

Cenococcum 775 403 262

Coltricia 567 2

Coltriciella 1082
Cortinarius 7

Cyanoboletus 287

Gomphidius 136
Hourangia 119
Hydnum 6

Inocybe 120 71
Laccaria 220

Lactarius 666 870 7064
Lactifluus 7664

Macowanites 10

Multifurca 201
Nothojafnea 9766

Phylloporus 550 16
Pulveroboletus 554 30 499
Retiboletus 1394
Rhizopogon 471 1161 1057 3371
Russula 11235 1368

Scleroderma 2750

Sebacina 163 74 763 137
Suillus 636 439
Thelephora 20 145
Tomentella 11594 4279 1773
Tylopilus 5885 127
Tylospora 124 95 21

Zangia 318 5145
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Phu luc 15. SO lugng chop ré ngoai cong sinh & mdi loai nam thu duoc tai cac khu vuc

nghién ctu

Loai AR B0 SIS Cay 3 nim | Cay 6 thing | Pa Nhim | Vién KHSS
Amanita aff.pantherina 0 0 182 0
Amanita pseudoporphyria 0 0 0 995
Amanita sepiacea 0 0 27 0
Amanita sp. 40 0 0 0
Amanita spl 0 0 10 0
Amanita sp2 0 0 19 0
Amanita sp3 0 0 0 10787
Amanita spissacea 871 0 0 380
Austroboletus sp. 0 0 0 113
Boletus reticulatus 0 0 24 0
Boletus sp. 0 0 0 102
Cantharellales sp. 186 0 0 0
Cantharellales spl 0 0 40 0
Cantharellales sp2 0 0 12 0
Cenococcum geophilum 775 77 262 0
Cenococcum spl 0 326 0 0
Coltricia sp. 567 0 2 0
Coltriciella spl 0 0 0 127
Coltriciella sp2 0 0 0 10
Coltriciella sp3 0 0 0 27
Coltriciella sp4 0 0 0 133
Coltriciella sp5 0 0 0 12
Coltriciella sp6 0 0 0 140
Coltriciella sp7 0 0 0 5
Coltriciella sp8 0 0 0 4
Coltriciella sp9 0 0 0 624
Cortinarius sp. 7 0 0 0
Cyanoboletus
fagaceophilus 287 0 0 0
Gomphidius sp. 0 0 0 136
Hourangia nigropunctata 0 0 0 119
Hydnum sp. 0 0 6 0
Inocybe spl 0 0 114 0
Inocybe sp2 0 0 6 0
Inocybe sp3 0 0 0 71
Laccaria japonica 0 0 60 0
Laccaria sp. 0 0 160 0
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Loai nam ngoai cong

sinh Cay 3 nam | Cay 6 thang | Pa Nhim | Vién KHSS
Lactarius
alboscrobiculatus 506 0 0 0
Lactarius hatsudake 160 0 692 0
Lactarius pinguis 0 0 62 0
Lactarius rubrocorrugatus 0 0 68 0
Lactarius spl 0 0 0 1800
Lactarius sp2 0 0 18 0
Lactarius sp3 0 0 30 0
Lactarius subbrevipes 0 0 0 5264
Lactifluus ambicystidiatus 0 0 790 0
Lactifluus pilosus 0 0 1216 0
Lactifluus spl 0 0 5339 0
Lactifluus subpruinosus 0 0 319 0
Macowanites sp. 0 0 10 0
Multifurca sp. 0 0 0 201
Nothojafnea sp. 0 9766 0 0
Phylloporus luxiensis 550 0 0 16
Pulveroboletus icterinus 0 0 0 200
Pulveroboletus sinensis 285 0 0 0
Pulveroboletus sp. 269 0 0 0
Pulveroboletus spl 0 0 0 299
Pulveroboletus sp2 0 0 30 0
Retiboletus brunneolus 0 0 0 1394
Rhizopogon boninensis 100 0 175 0
Rhizopogon flavidus 360 0 820 3371
Rhizopogon jiyaozi 11 1161 62 0
Russula adusta 3726 0 0 0
Russula aeruginea 0 0 20 0
Russula aff.illota 0 0 469 0
Russula aureoviridis 1805 0 0 0
Russula cyanoxantha 0 0 70 0
Russula laurocerasi 0 0 204 0
Russula maguanensis 10 0 0 0
Russula rosacea 0 0 203 0
Russula rufobasalis 2129 0 0 0
Russula sp2 291 0 0 0
Russula sp3 527 0 0 0
Russula sp4 412 0 0 0
Russula sp5 111 0 0 0
Russula subatropurpurea 2224 0 224 0
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Loai nam ngoai cong

sinh Cay 3 nam | Cay 6 thang | Pa Nhim | Vién KHSS
Russula subnigricans 0 0 63 0
Russula zhuzuijun 0 0 115 0
Scleroderma
sinnamariense 2750 0 0 0
Sebacina sp. 0 74 0 0
Sebacina spl 0 0 7 0
Sebacina sp2 0 0 696 0
Sebacina sp3 0 0 44 0
Sebacina sp4 10 0 16 0
Sebacina sp5 153 0 0 137
Suillus bovinus 0 0 0 155
Suillus luteus 636 0 0 0
Suillus sp. 0 0 0 284
Thelephora spl 0 0 0 133
Thelephora sp2 0 0 0 12
Thelephora sp9 0 0 20 0
Tomentella badia 0 0 62 0
Tomentella spl 3566 0 0 1399
Tomentella sp10 0 0 4 23
Tomentella spl1 197 0 10 0
Tomentella spl12 0 0 52 0
Tomentella sp13 0 0 35 0
Tomentella spl14 659 0 3500 0
Tomentella spl5 1094 0 26 0
Tomentella sp16 0 0 21 0
Tomentella spl17 0 0 20 0
Tomentella sp18 0 0 132 0
Tomentella sp19 0 0 33 0
Tomentella sp2 982 0 0 40
Tomentella sp3 2286 0 0 10
Tomentella sp4 2810 0 0 84
Tomentella sp5 0 0 0 35
Tomentella sp6 0 0 0 5
Tomentella sp7 0 0 0 62
Tomentella sp8 0 0 0 105
Tomentella sp9 0 0 0 10
Tomentella stipitobasidia 0 0 10 0
Tomentella subtestacea 0 0 374 0
Tylopilus microsporus 5885 0 0 127
Tylospora sp. 124 0 0 0
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Loai nansli::ﬁoal cong Cay 3 nam | Cay 6 thang | Pa Nhim | Vién KHSS
Tylospora spl 0 95 21 0
Zangia sp. 0 0 318 5145

Phu luc 16. Thanh phan ndm ré ngoai cong sinh va sé chop ré thu thap duge trong thi

nghiém ex situ

Loai nim ngoai cdng sinh S6 lwong chép ré nim ngoai cong sinh
Pulveroboletus sp. 51
Rhizopogon boninensis 180
Rhizopogon flavidus 704
Rhizopogon jiyaozi 588
Unidentified fungi 96
Cenococcum sp. 86

Phu luc 17. Két qua phan tich théng ké ANOVA so sanh sy khac biét vé chiéu cao cdy

¢ nghiém thirc ¢6 bo sung nam va khong bo sung nam ngoai cong sinh trong thi nghiém

in vitro

Summary Statistics for Height

Treatment Count verage Variance
Inoculated pl 15 14.2533 1.138
Non-Inoculate 15 3.4¢ 0.€e3e857
Total 30 11.35€7 9.53702
Treatment Standard deviation Minimum Maximum
Inoculated pl 1.0€€95 11.7 15.7
Non-Inoculate 0.758033 7.1 9.5
Total 3.08821 7.1 15.7
Treatment Stnd. skewness Stnd. kurtosis Sum
Inoculated pl -1.2%201 0.75802¢ 213.8
Non-Inoculate -0.80078 -0.758852 12€.%9
Total 0.128€09 -1.99€9 340.7
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ANOVA Takle for Height by Treatment
Analysis of Variance

pource Sum of Squares  Df Mean Square  F-Ratio  P-Value
é;;;;;;';i;;;; """"""" 26172 1 26172 28388 0.0000

ithin groups 24.8533 28 0.887€l19
;;tal (Corr.) 276.574 s
Multiple Range Tests for Height by Treatment
Metnod: 5.0 percent 1sD
Treatment Count Mean Homogeneous Groups
Non-Tnoculate 15 oae x
Inoculated pl 15 14.2533 X
Contzase Difference +/- Limits
noculated pl - Non-Imoculate  +5.75333  0.704€s3
+ dentes a statistically significant difference.

Phu luc 18. Két qua phan tich théng k& ANOVA so sanh sy khac biét vé chiéu dai r& ¢

nghi¢m thirc c6 bd sung nam va khong b6 sung nam ngoai cdng sinh trong thi nghiém

in vitro

Summary Statistics for Root length

Treatment Count Average Variance

Inoculated p1 15 10.08  1i.ss1a
Mon-Inoculate 15 3.583333 0.51€€e7

fotar 30 e.oeer 17.0082
Treatment Standard deviation Minimum Maximum

Inoculated p1  3.4405¢ €8 w2
Non-Inoculate 0.718755 2.7 5.2

fovar  aazess  zo 12
Treatment Stnd. skewness Stnd. kurtosis Sum

Inoculaved p1  1.84887  o0.4ss2es  1s1z2
MNon-Inoculate 1.€8257 0.434377 53.0

ol 251025 o.7saam 2002
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ANOVAE Table for Root length by Treatment

Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratio P-Value

Eetween groups 321.441 1 321.441 52.04 0.0000
ithin groups 172 .5957 28 €.17705

Total (Corr.) 4594 355 2%

ultiple Range Tests for Root length by Treatment

ethod: 95.0 percent LSD

reatment Count Mean Homogeneous Groups

Non-Inoculate 15 353333 x
Inoculated pl 15 10.08 X

conerase bifference . t/- Limivs
Inoculated pl - Non-Imoculate  *€.54667  1.85885
+ denotes a statistically significant difference.

Phu luc 19. Két qua phan tich thong k& ANOVA so sanh su khéac biét vé khéi lugng
sinh khdi twoi ¢ nghiém thirc c6 bd sung nidm va khong bd sung ndm ngoai cong sinh

trong thi nghiém in vitro

Summary Statistics for Fresh biomass

Treatment Count Average Variance

fnoculated p1 15 o0.3sas07  o.oodssas
[Non-Inoculate 15 0.127€53 0.000072727

fotar s o.2a12s  o.o1sas2m
Treatment Standard deviation Minimum Maximum

lnoculated pL  0.06sels4  o0.231s  o0.4s87
Non-Inoculate 0.00882801 0.1171 0.145%5

totar  o0.2443  oum o.asen
Treatment Stnd. skewness Stnd. kurtosis Sum

fnocalated pL ~o.281486 “o.sa7a7s sz
Non-Inoculate 1.544¢€2 1.€3404 1.5148

foral  o.sasere “17ases 72384
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BNOVA Table for Fresh biomass by Treatment

Analysis of Vahiance

Source Sum of Squares Df Mean Square F-Ratio P-Value
Between groups 0.387331 1 0.387331 175.8¢ 0.0000
Within groups 0.0€leeas 28 0.0022024¢

Total (Corr.) 0.4489%9% 29

ultiple Range Tests for Fresh biomass by Treatment

ethod: 95.0 percent LSD

reatment Count Mean Homogeneous Groups
Non-Inoculate 15 0.127¢s3 x
Inoculated pl 15 0.354507 X
;;ntzast Difference +/:--;;;;;; -----
;;oculated pl - Non-Inoculate ¥0_227253 D.;;;I;;; -------

¥ denotes a statistically significant difference.

Phu luc 20. Két qua phan tich thong k& ANOVA so sanh su khéac biét vé khéi lugng
sinh khéi khoé & nghiém thitrc c6 bd sung nim va khong bd sung nim ngoai cong sinh
trong thi nghiém in vitro

Summary Statistics for Dry biomass

Treatment Count Average Variance
et @, 8 o.0eseze7  o.o000€selsz
[Non-Inoculate 15 0.00203333 5.€€ce7E-8

Total 30 0.03383 0.00107514

Treatment Standard deviation Minimum Maximum

Inoculated pl 0.00825574 0.04¢€l 0.07¢€2
[Non-Inoculate 0.000238048 0.001¢ 0.0024

fotal  o.oszss0s o.ot6 o.ore2
Treatment Stnd. skewness Stnd. kurtosis Sum .
reoculated g1 120168 o.soesos  o.ssaa
Non-Inoculate -0.451¢€ll -0.707842 0.0305

Total 0.201733 -2.2¢€3¢8 1.0149%
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ANOVA Table for Dry biomass by Treatment

Analysis of Variance

Source Sum of Sguares Df Mean Sguare F-Ratio E-Value

Eetween groups 0.0303308 1 0.0303308 880.74 0.0000
ithin groups 0.0009c42¢€3 28 0.000034438

Total (Corr.) 0.0312551 29

Multiple Range Tests for Dry biomass by Treatment

Method: 95.0 percent LSD

Treatment Count Mean Homogeneous Groups

Non-Inoculate 15 0.00203333 X

Inoculated pl 15 0.0€5€2¢€7 X

Contrast Difference +/- Limits
Inoculated pl - Non-Inoculate *0.0€35933 0.00438594

* denotes a statistically significant difference.
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