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NGHIEN cUU THANH PHAN LOAI )
VA BANH GIA MUC DO NGUY HAI CUA NAM
TREN MOC BAN TRIEU NGUYEN

Hoang Trung Hiéu, Bui Thi Thiiy, Bui Duy Ngoc, Nguyén Pirc Thanh

Vién Nghién ciru Cong nghiép rung

TOM TAT

Nghién ciru ndy dwoc thuc hién nhdm xac dinh thanh phan loai va danh gia nguy co gay hai ciia ndm trén moc ban tridu
Nguyén - Di san tu lidu thé giéi dang dugc luu trit tai Pa Lat, LAm Ddng. Bing phuong phap phan 1ap va giai trinh ty gen
ving ITS, két qua da xac dinh dwoc 22 loai nim thudc 3 nganh, trong d6 nganh ndm Thi (Ascomycota) chiém wu thé tuyét déi
(72,73%). Dua trén dic diém sinh hoc, cac loai nAm dwoc phan loai thanh 3 nhom nguy co. Pang cha y, nghién ctru di phat
hién sy hién dién ciia nhém nguy co cao gy pha huy ciu tric gb gdm ndm muc tring (Flavodon flavus, Phanerochaete sp.)
va ndm muc mém (Chaetomium globosum). Pac biét, su vfmg mit cua nAm muc nau phu hop véi déc tinh co chét 20 14 10ng,
thay vao do la hién tugng “gia muc nau” (pseudo - cubical rot) do Chaetomium sp. gay ra. Cac nhom nidm mdc (Aspergillus,
Penicillium sp.) va nim bién mau (Cladosporium sp.) chiém da s6, gay hai chii yéu vé mit thim my. Két qua nghién ctru 1a
co s6 khoa hoc quan trong dé dé xudt quy trinh kiém soét vi khi hau va xtr Iy ndm nham béo tén bén virng khdi di san tu lidu
quy hiém nay.

Tir khéa: Da dang loai nam, huy hoai sinh hoc, moc ban triéu Nguyeén, nam hai go, nam muc mém.

SPECIES COMPOSITION AND RISK ASSESSMENT OF FUNGAL INFESTATION
ON THE NGUYEN DYNASTY WOODBLOCKS

Hoang Trung Hieu, Bui Thi Thuy, Bui Duy Ngoc, Nguyen Duc Thanh

Research Institute of Forest Industry

SUMMARY

This study was conducted to identify the species composition and assess the potential risk of fungal infestation on the
Nguyen Dynasty Woodblocks, a UNESCO Memory of the World heritage stored in Da Lat, Lam Dong. Using isolation
techniques and ITS rDNA sequencing, 22 fungal taxa belonging to three phyla were identified, with the Ascomycota being
the predominant phylum (72.73%). Based on their biological characteristics, the identified fungi were categorized into three
risk groups. Significantly, the study detected high-risk species causing structural degradation, including white - rot fungi
(Flavodon flavus, Phanerochaete sp.) and soft - rot fungi (Chaetomium globosum). Notably, the absence of brown - rot fungi
aligns with the hardwood substrate of the woodblocks; instead, “pseudo - cubical rot” symptoms caused by Chaetomium sp.
were observed. Furthermore, surface molds (Aspergillus sp., Penicillium sp.) and staining fungi (Cladosporium sp.) were
prevalent, primarily causing aesthetic damage. These findings provide a crucial scientific basis for establishing microclimatic
controls and targeted antifungal treatments to ensure the sustainable preservation of this valuable woodblock heritage.

Keywords: Biodeterioration, fungal diversity, Nguyen Dynasty woodblocks, soft rot, wood - decay fungi.
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I. PAT VAN PE

Mac ban triéu Nguyén 1a khéi di san tur lidu dac biét
quy gia, khong chi vé mit ndi dung lich sir ma con
12 minh chimg cho k¥ thuat khic in dinh cao cta
Viét Nam. Véi s6 luong hon 30.000 tdm, bao gdm
152 du sach véi 1.953 quyén thudc da dang linh
vuc nhu lich st dia 1y, chinh tri - x4 hoi, quan sy,
phap ché, vin hoa - gido duc, tur twong - triét hoc -
ton giao, van tho va ngén ngir - van ty (Bo Noi Vu,
2016). Khdi tai liéu nay di dugc UNESCO cong
nhan 1a Di san tu liéu thuéc Chuong trinh Ky trc
thé gidi vao ngay 31 thang 7 nam 2009 (Trung tAm
Luu trit Qudc gia IV, 2020; Unesco - Memory of
the World, 2009). Hién nay, toan by kho mdc ban
dang duoc luu giit tai Trung tim Luu trit Quéc gia
IV, Ba Lat, tinh Lam I—)éng. Nim ¢ d6 cao khoang
1.500 m so véi muc nude bién, Pa Lat s hitu khi
hau 6n hoa quanh nam, dugc danh gia la diéu kién
moi truong 1y tudng cho cong tac luu trit tai licu tai
Viét Nam (Trung tdm Luu trit Québc gia IV, 2020;
S¢ KH&CN Lam Ddng, 2008).

Tuy nhién, do moc ban thuong duge ché tac tir
cac loai gd ¢ thd min, tinh chét vat 1y, co hoc va
dd bén ty nhién & muc trung binh nén dé bi cac
tac nhan sinh hoc gy hai, ddc biét 1a ndm gay hai
trong diéu kién khi hau nhiét doi gi6 mua cua Vit
Nam. Trdi qua hang trim nam, trong bdi canh bién
dong cua lich su, chién tranh va thién tai, moc ban
triéu Nguyén co giai doan khong dugc bao quan
t6t, do vay tinh trang vat ly cua nhiéu tim moc
ban da bi xudng cap. Mic du hién nay, kho bao
quan moc ban chuyén dung méi duoc nang céap
vao nam 2023, nhung cac yéu td sinh vat gay hai
tir qua trinh bao quan trong qua khtr van 1a méi de
doa tiém tang. Viéc xac dinh chinh xac tac nhan
gdy hai 1a yéu ciu cip thiét dé dua ra giai phap can
thi€p phu hop.

Trén thé gidi va tai Viét Nam, cac nghién ciru vé
hé ndm hai trén di san gd da chira mbi lién hé mat
thiét giira thanh phan loai ndm va mic d¢ hity hoai.
Tai Han Quéc, nghién ctu trén b Pai tang kinh
(Tripitaka Koreana) ¢ chua Haeinsa da phan lap

duogc 29 loai ndm, trong d6 ¢6 11 loai sinh enzyme
phan hiy gb manh duoc xép vao nhom nguy hai
(Lee et al., 2018). Mot nghién ctu khac tai cung
dia diém dd di sdu phén tich dic tinh enzyme
xylanase ciia nim, tic nhan chinh pha v& ciu tric
hemicellulose ctia gb (Hong et al., 2011). Tai Viét
Nam, trong nghién ctru khao sat da xac dinh trong
2.764 tim mdc ban triéu Nguyén c6 70 tAm bi muc
tring, chiém 2,5%; 157 tim bi muc néu, chiém
5,7% (Nguyén Thi Ha, 2009). Cac nghién ctru
tai chtia Vinh Nghiém va chua B6 Pa (Béc Ninh)
cling d dinh danh duoc 1an lugt 17 va 24 loai nim
gdy hai (Nguyén Thij Bich Ngoc et al., 2017).

Mic du vay, hién nay van chua c6 cong bé dit liéu
cap nhat va day du vé thanh phan loai nim gy
hai dic thu trén moc ban tridu Nguyén tai Da Lat.
M&i khu vuc dia 1y va diéu kién vi khi hau kho
tang s& hinh thanh nén hé vi sinh vat hai g khac
nhau. Xuét phat tir thuc tién do, nghién ctru nay
dugc thyc hién nhim muc tiéu phan lap va dinh
danh cac loai nam gay hai hién dién trén moc ban
triéu Nguyén. Két qua nghién ciru sé 13 co s khoa
hoc quan trong dé gép phan xay dung quy trinh
bao quan, tu bd va kéo dai tudi tho cho di san vo
gia nay.

II. VAT LIEU VA PHUONG PHAP
NGHIEN cUU

2.1. Vat liéu

Péi tugng nghién ctru 1a cac ching nam dugc
phan 1ap tir 100 tim mdc ban triéu Nguyén c¢6 biéu
hién hu hai dién hinh (méc, muc, 6 mau), léy ngau
nhién thudc cac b sach khac nhau, dang duogc
Ivu trir tai Trung tam Luu trit Québc gia 1V, ba
Lat, Lam Ddng. Cac thiét bi chinh sir dung trong
nghién ctru bao gom: may PCR PTC 225 Peltier
Thermal Cycler (Thermo Scientific, Hoa Ky),
may giai trinh ty gen 3500xL Genetic Analyzer
(Thermo Scientific, Hoa Ky), kinh hién vi quang
hoc Olympus BX41 (Olympus, Nhat Ban) va cac
hoéa chat chuyén dung cho sinh hoc phan tir.
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2.2. Phuwong phap nghién ciru

2.2.1. Xdc dinh thanh phdn loai ndm trén méc
bén triéu Nguyén

2.2.1.1. Thu thdp, phan ldp va lam thuan ching ndm

Dia diém léy mau: 4 kho luu trir moc ban thudc
Trung tim Luu trit Qudc gia IV, tinh Lam Pong.

Phuong phap ldy mau: MAu nam duoc thu thap
bang phuong phap gat tim bong vo tring (ddi voi
ndm méc bé mit) (hinh 1) hodc tach chiét manh
gd nho (d6i voi vét muc). Cac miu duge nudi
ciy trén moi truong PDA (Potato Dextrose Agar)
va i 0 nhiét do 25 - 28°C trong 3 - 5 ngay. Cac
khuén lac moc 1én dugc cfiy chuyén tiép nhiéu lan
sang dia petri mgi bang phuong phap cay ria hoic
c?iy cham diém cho dén khi thu duoc khuén lac
don (thuan khiét). Cac khuan lac don sau d6 dugc
quan sat hinh thai trén kinh hién vi va lua chon
céc chung nidm thuan khiét dugc bao quan trong
ong thach nghiéng ¢ 4 - 6°C dé phuc vu nghién
ctru tiép theo.

Hinh 1. Ly miu nim méc

2.2.1.2. Pinh danh cdc ching ndm bang phwong
phap sinh hoc phan tu:

DNA tong s6 ciia ndm duoc tach chiét theo phuong
phap Glassmilk (Raeder and Broda, 1985). Poan
gen vung trinh ty ITS (Internal Transcribed Spacer)
duoc nhan ban bang phan tng PCR st dung cip
mdi ITSI-F (5’ - TCCGTAGGTGAACCTGCGG
- 3”) (Gardes, Bruns, 1993) va ITS4 (5’ - TCCTC-
CGCTTATTGATATGC - 3°) (White ef al., 1990).
Chu trinh nhiét phan ing PCR dugc thuc hién
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trén may PTC 225 véi diéu kién: bién tinh ban
dau ¢ 95°C (3 phut); tiép theo 13 35 chu ky gdm
94°C (30 gidy), 55°C (30 gidy), va két thuc bang
budc kéo dai & 72°C trong 7 phut. San pham PCR
dugc kiém tra bang dién di trén ban gel agarose
1%, thang DNA 100 bp (Fisher Biotec) dugc st
dung d& udc luong kich c& DNA va tinh sach bang
bo kit Silica bead DNA gel extraction (Thermo
Scientific, Hoa Ky). Trinh tu nucleotide dugc xac
dinh bang hé théng may giai trinh tu dong (3500
Genetic Analyzer, Thermo Scientific, Hoa Ky) va
so sanh d6 twong ddng véi co s dir liéu GenBank
(www.ncbi.nlm.nih.gov/genbank/) thong qua cong
cu BLASt search (Altschul et al., 1990) dé xac
dinh tén loai.
- Ty 1é bét gap loai nAm duoc tinh bang cong thc:
T (%) = > x 100%

Trong do: P

s: tong s6 chung nidm phan 1ap duoc thudc mot

loai nim;

p: tong s6 chung ndm d3 phan 1ap duoc.
- Co cau thanh phan loai theo nganh phan anh tinh
da dang vé& mat phéan loai hoc (nganh ndm nao cé
nhiéu loai loai khac nhau nhét), duoc tinh bang
cong thire:

C (%) = % x 100%

Trong do:

n: téng $6 chung nam di dinh danh duoc thudc

mot nganh nim;
p: tong s6 chung ndm di dinh danh duoc.

2.2.2. Danh gia mirc dp nguy hai ciia nam trén
mdc bdn triéu Nguyén

Dua trén két qua dinh danh, d& xuat xdy dung phan
loai thanh 3 nhom nguy co (cao, trung binh va
thap) duya trén dic diém sinh hoc va kha ning phan
huy co chat gd (lignin/cellulose) cua cac loai ndm
dd dugc cong bo trong céc tai lidu chuyén nganh
uy tin. Tiéu chi phan nhom nhu sau:

- Nhém nguy co cao: Nhom nam gy muc, c6 kha
ning phan huy vach té bao gd (lignin/cellulose),
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lam gb bi giy vun, mat khéi lugng, mat kha niang
chiu luc, hu hong vinh vién cau tric.

- Nhom nguy co trung binh: Nhém nadm gay bicn
mau hodc nam phan giai cham, giy vét 6 sau hoac
lam mém bé mat gd, gd dan mat kha ning chiu luc.

- Nhom nguy co thap: Nhom ndm méc, nhém nay
chu yéu gay hai trén bé mat gd, bao tir nAm hinh
thanh cac khoang mau giy mat thim my song it
anh huong dén do bén co hoc gb.

III. KET QUA NGHIEN CUU
VA THAO LUAN

3.1. Két qua xac dinh thanh phin loai nAm trén
moc ban triéu Nguyén

Két qua khao sat va lay mau trén 100 moc ban cho
thay tinh trang nhiém nam dién ra & muc d¢ cao,
v6i tong s6 84% mau bi anh huong. Cu thé, ty 18
moc ban chi xuat hién ndm méc 1a 54% va ty 18
moc ban chi bi nAm muc 12 20%. Pang cha ¥, ¢o su
chéng l4n tac nhan khi ghi nhan 10% s6 moc ban
déng thoi bi ca nAm mde va nAm muc. Nguoc lai,
chi ¢6 16% s6 moc ban ghi nhan 1 khong bi nhiém
nam (hinh 2).

Chi myc

= Chi méc

* Ca moc ca myc * Khong bi nam

Hinh 2. Ty 18 mgc ban bi ndm gay hai

Quy trinh dinh danh nam duge thuc hién qua hai
giai doan: (i) Sang loc so bo 100 chung nam phéan
lap duoc tir 84 moc ban dua trén hinh thai dé chon
ra 27 chung dai dién va (ii) Giai trinh ty gen nham
xac dinh chinh xac tén loai. Sau khi so sanh trinh
tu cta cac chung ndm trén ngan hang GenBank
thong qua cong cu tim kiém BLASt, cic mau c6
d6 twong dong thip hodc trinh tw qua ngén (3 mau)
da duoc loai bo dé dam bao tinh chuén xac cua dit
liu. Két qua phan tich thanh phan loai tir 22 trinh
tu dai dién dat chuan duoc trinh bay chi tiét trong
bang 1.

Bang 1. Két qua dinh loai cic ching nim bang giai trinh tw DNA

Co ciu
by | Macenmank | W e
T Loai nAm (Scientific Name) D6 dai ong (Accession P! 2L 9ap
dong No.) loai theo | loai nam
(%) ’ nganh (%)
(%)
| NGANH MUCOROMYCOTA (ZYGOMYCOTA) 4,54
Lép Mucoromycetes
1 Syncephalastrum racemosum Cohn ex J. Schrot. 457 99 KP721597.1 8,25
Il NGANH ASCOMYCOTA (NAM TUI) 72,73
1.1 | L&p Eurotiomycetes
2 Aspergillus flavus Link. 516 100 MH384818 7,22
3 Aspergillus fumigatus Fresen. 501 99,8 MF189909 7,22
4 Aspergillus niger Tiegh. 536 99,0 KU565727.1 8,25
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Co céu
N | tomg | MaGenBank | e
TT Loai nam (Scientific Name) bo dai déng (Ac;e;s)swn lodi theo | loai nam
(%) ) nganh (%)
(%)
5 Aspergillus versicolor (Vuill.) Tirab. 515 99,4 JX436463 12,37
6 Penicillium commune Thom. 503 98,2 JQ781712 10,31
7 Penicillium glabrum (Wehmer) Westling. 535 99,8 JX421718 3,09
8 Penicillium pinophilum Hedgc. 530 99,4 AB455516 3,09
O | Carmich Samson, N Yimaz & Frivad. | 5% | 987 |  KPo3s009 309
1.2 | L&p Sordariomycetes
10 | Acremonium fusidioides (Nicot) W. Gams. 468 99,6 KJ608089 2,06
11 Chaetomium globosum Kunze. 503 99,6 MG551579 4,12
12 | Fusarium sp. 509 99,6 KF576623 5,15
13 | Myrothecium sp. 551 94,7 HQ631067 4,12
14 | Trichoderma sp. 623 97,0 AF510497.1 2,06
1.3 | Lép Dothideomycetes
15 g::zfporium perangustum Bensch, Crous & U. 509 99.8 MF473172 5.15
16 | Cladosporium tenuissimum Cooke. 512 99,6 KX621982 4,12
17 Leptosphaerulina chartarum Cec. Roux. 516 99,8 AM231397 412
Il | NGANH BASIDIOMYCOTA (NAM DAM) 22,73
Lép Agaricomycetes
18 f:zﬁczl:}u:sgioiﬁans (Desm.) Vilgalys, Hopple & 633 98.6 KM979799 103
19 | Flavodon flavus (Klotzsch) P. Ryvarden. 511 99,6 KM277995 1,03
20 | Peniophora sp. 548 95,1 KT692549 1,03
21 Phanerochaete sp. 549 94,8 AF475146 2,06
22 | Polyporales sp. 515 93,0 JN116607 1,03

Két qua dinh danh cac chung nim thong qua giai  dwoc, c6 t6i 19 loai (chiém 86,36%) c6 do twong
trinh ty viing gen ITS tai bang 1 cho thiy do tincdy ~ ddng (identity) trén 98% khi d6i soat voi cac trinh
khoa hoc cao. Trong téng sb 22 loai nAm phan lap  tu cua cac loai nim trén co so dit liéu cia ngan
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hang GenBank. Két qua nay cung cap mdt co sé
dit liéu chudn xéac, cho phép phan loai hé nim hai
gd mot cach khiach quan & mirc 6 phan ti.

Céc dai dién phd bién thudc cac chi Aspergillus,
Penicillium va Chaetomium c6 do twong dong dao
dong tir 99% dén 100%, cho phép xac dinh chinh
x4c dinh danh & muc loai cho cac mau vat nay.
Dién hinh nhu cac loai Aspergillus flavus (100%),
Aspergillus versicolor (99,4%) va Chaetomium
globosum (99,6%) da duoc khang dinh tén loai
mdt cach rd rét. Nguoc lai, ddi vai nhiing ching c6
d6 twong ddng thap hon hodc chwa c6 dit liéu tham
chiéu day du nhu Phanerochaete sp. (94,8%) va
Polyporales sp. (93,0%), cong tac dinh danh duogc
duy tri than trong & muc chi (Genus).

Mot ) ching thugc nhom ndm Pam nhu
Phanerochaete sp. (94,8%) va Polyporales sp.
(93%) c6 @6 twong dong thip hon. Piéu nay phan
anh tinh da dang va dac thu ctia hé nim ban dia tai
Viét Nam, c6 thé la nhiing loai mdéi hodc chua co
dir liéu tham chiéu ddy du trén thé gidi, do d6 viéc
dinh danh dirng lai @ muc Chi (Genus).

Két qua phan 1ap ghi nhan 22 loai thudc 3 nganh
nam chinh: Ascomycota (nam Tui), Basidiomycota
(nam Pam) va Mucoromycota; voi sy phan bd
khéong dong déu:

Nganh Ascomycota (ndm Tai) chiém wu thé tuyét
dbi (72,73%). Pay 1a két qua phu hop véi cac
nghién ctru vé vi sinh vat trong kho luu trit trén
thé gidi (Pinheiro et al., 2019; Sequeira et al.,
2024; Guglielminetti ef al., 1994). Sy wu thé nay
chu yéu &n tir 16p Eurotiomycetes (nhém ndm
méc). Hai loai Aspergillus versicolor (12,37%) va
Penicillium commune (10,31%) chiém ty 1& bat
gip cao nhat. Pay la nhimg loai nAm méc sinh bao
tir tran (conidia) phéat tin manh trong khong khi.
Tan suat xuét hién cao cta ching phan anh diéu
kién vi khi hau (nhiét d6/do ém) trong kho luu trit
trong qua khir tao diéu kién cho nAim méc bé mit
phat trién, gdy nguy co chinh vé mat thaim my (do
¢ vét 6) va sirc khoe ngudi tiép xtc (do bao ti
phan tan trong khong khi).

L&p Sordariomycetes tuy chiém ty 16 thAp hon nhung
chutra cac tac nhan gay nguy hai cho mgc ban nhu
Chaetomium globosum (4,12%) va Trichoderma sp.
(2,06%). Su hién dién cua Chaetomium la chi bao
cho thdy da c6 sy xdm nhap vao cau trac gd (giy
muc mém), de doa truc tiép dén d6 bén co hoc cua
mdc ban. Nganh Basidiomycota (ndm Dam) chiém
22,73%. Mic du tin suét bit gip cua timg loai rat
thap (chi 1 — 2%), nhung tong thé nhom nay chiém
gan 1/4 s6 luong loai phan lap duoc.

Su hi¢n di¢n ctia cac chung ndm muc tr'Zing
nhu Flavodon flavus, Phanerochaete sp. va
Polyporales sp. 1a chi ddu quan trong vé nguy co
suy giam cAu tric gd ciia moc ban. Khac véi nhom
nam mdc chii yéu gay ton hai vé mit tham my bé
mat, cac tdc nhan nay c6 kha nang phéan huy lignin
- thanh phan lién két chinh trong ciu truc gb. Mic
du dugc ghi nhan véi tan suét thap (1 - 2%), su
xudt hién ctia ching van tiém an nguy co pha hoai
nghiém trong, de doa truc tiép dén su toan ven cua
hién vat do dac tinh phan huy cdu trac siu.

Loai Coprinellus radians (1,03%) dong vai tro
1a chi thi sinh hoc cho céc vi tri ¢6 do am cuc
bd it cao. Trong khi d6, nganh Mucoromycota
chiém ty 18 thip 4,55%. Chi xuéat hién 1 loai
Syncephalastrum racemosum (8,25%). Day 1a loai
nam hoai sinh phat trién nhanh, thuong 1a nhiém
tap tir moéi truong d4t hodc bui ban, it c6 kha nang
gdy hai céu trac gd nghiém trong.

Két qua phan tich cho thiy sy ving mit hoan toan
cia nhém nam muc néu (Brown rot fungi). Theo
thong ké cua Gilbertson (1980), Krah va dong
tac gia (2018), ndm muc nau phan bd wu thé trén
g6 14 kim (Gymnosperms), trong khi nam muc
trang (nhu cac loai da tim thdy: Phanerochaete,
Flavodon) chiém wu thé tuyét d6i trén gd 14 rong
(Angiosperms). Do moc ban triéu Nguyén duoc
ché tac tir cac loai gd 14 rong (nhu gb Thi, g& Long
mirc), cu tric lignin dang Syringyl - Guaiacyl cta
loai gd nay déng vai tro 1a rao can ty nhién han
ché sy xAm nhiém ctia nAm muc nau (Schmidt,
2006). Céc triéu ching ntt v hinh khéi (cubical
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cracking) quan sat duogc trén mdc ban dugc xac
dinh 1a hién twong “gia muc nau” (pseudo - cubical
rot), 1a giai doan muodn ciia qua trinh muc mém do
loai uu thé Chaetomium globosum gy ra.

Két qua dinh danh cac ching nam tai kho moc ban
Trung tdm Luu trit Qubc gia IV (Lam Ddng) khi
so sanh véi kho tai chtia Vinh Nghiém va chua B6
Pa (tinh Béc Ninh) cho thiy mot su thong nhat
13 rét vé céu tric hé vi sinh vat, trong d6 nganh
nam Tuai (Ascomycota) va nhom nim bat toan
(Deuteromycota - phan 16n ¢ giai doan hitu tinh
thuéc nganh nim Tai) chiém uu thé tuyét doi vé
ca s luong loai va tan suat xuét hién (Nguyén Thi
Bich Ngoc et al., 2017).

Cu thé, tai Trung tdm Luu trix Quéc gia IV, cac loai
nam thudc nganh Ascomycota chiém ty 1& ap dao
v6i 72,73%, vugt xa nganh nam Pam (22,73%) va
Mucoromycota (4,55%). Xu thé nay ciing dugc ghi
nhén tuong tu tai khu viic moc ban tinh Bic Ninh,
noi nhém nam bat toan chiém ty 1& 52,9% tai chua
Vinh Nghiém va dat ti 75,0% tai chtia B6 Pa.

O cap do6 loai, Aspergillus versicolor 1a tac nhan
gdy hai pho bién va dic trung nhat trén di san
mdc ban gb Thi tai Viét Nam. Tan suét bat gap
loai nay ghi nhan dugc su twong dong giita cac
kho luu trir: dat 12,37% tai Da Lat, 12,6% tai chua
Vinh Nghiém va 14,95% tai chua B6 Pa. Bén canh
d6, cac chi nAm modc thudc 16p Eurotiomycetes
nhu Aspergillus va Penicillium ciing chiém da s6
trong thanh phan loai phan lap dwoc (vi du loai
Penicillium commune dat ty 1€ 10,31% tai Pa Lat
va Aspergillus flavipes dat toi 14,95% tai chua
Bé Da).

3.2. Két qua danh gia mirc d9 nguy hai ciia nim
trén mdc ban triéu Nguyén

Tir cac loai nim da phan lap dugc ¢ bang 1, dya
trén dic diém sinh hoc va co ché gay hai da dugc
hé thong hoa trong céc tai liéu tham khao, ching
t6i phan chia cac loai nAm phan 1ap dugc thanh
3 nhém tic dong chinh ddi véi Moc ban triéu
Nguyén tai bang 2.

Bang 2. Phan nhom ndm gy hai moc ban

Nhom Tén loailchi (d3 phan lap) Nhom sinh thai & co ché tac déng Tai ligu
nguy co tham chieu
I. NGUY CO CAO

1. Flavodon flavus (Klotzsch) P. Ryvarden.

2. Phanerochaete sp.

3. Peniophora sp.

4. Polyporales sp.

N&m muc trdng (white rot): Cac loai thudc
nganh N&m dam (Basidiomycota). Tiét
enzyme phan hdy Lignin manh nhét, khién
g bj xbp tréng va gay vun.

(Schmidt, 2006;
Morrell, 2020)

5. Chaetomium globosum Kunze.

N&m muc mém (soft rot): Loai ndm Tui nguy
hai nhat. Tao cac |6 réng trong vach té bao, lam
g6 mém nhiin khi &m. Gay hai d&c trung trong
diéu kién do am bao hoa hodc gb ngap nuéec.

(Savory, 1954;
Nilsson, 1973)

Il. NGUY CO TRUNG BIiNH

6. Coprinellus radians (Desm.) Vilgalys,
Hopple & Jacq. Johnson.

N&m hoai sinh/ Phan hdy thir cip. Loai nay
khong phan hay lignin manh dé gay sup dé
cAu tric gd nhw ndm muc trdng. Tuy nhién,
né hinh thanh 16p soi ndm thé mau nau vang
bam chat trén bé mét, kho lam sach bang
phwong phap co hoc.

(Domsch et al.,
2007)
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. ) 5i lia
Nhom Tén loailchi (d3 phan l1ap) Nhém sinh thai & co ché tac déng Tai ligu
nguy co tham chieu
7. Cladosporium tenuissimum Cooke. N&m bién mau (Staining fungi): Soi n&m _
, ) RN N (Seifert, 1993;
chra melanin den an sau vao go, gay vét 6 Sterfii 2010
8. Cladosporium perangustum Bensch, | vinh vién, khong tay sach duoc. terflinger, )
Crous & U. Braun.
9. Trichoderma sp. Phan gidi Cellulose manh: C6 hé enzyme .
lul At h Tuv kho ha hi x (Kubicek, 2012;
10. Talaromyces verruculosus (Sigler cellulase ra m’an - uy ?ng p) a ;uy ?0 Inoue et al.,
& J.W. Carmich.) Samson, N. Yilmaz & nh\anr} nhu; nhém | nhung lam man be mat, 2014)
Frisvad. mo& nét khac theo thoi gian.
. H,on h,qpi Vu’aAgay b|enxmau (dé/hong), vira (Morrell, 2020)
11. Fusarium sp. c6 kha nang gady muc mem nhe.
12. Penicillium pinophilum Hedgc.
13. Acremonium fusidioides (Nicot) W. Phan giai cham: Ca;C Ioa: nay ?O hoa} tmh. (Domsch et al.,
Gams cellulase cao hon nam moc thwong, gay hai 2007)
) tich Ity lau dai (lam mon bé mat).
14. Myrothecium sp.
lil. NGUY CO THAP

15. Aspergillus niger Tiegh.

16. Aspergillus fumigatus Fresen.

17. Aspergillus flavus Link.

18. Aspergillus versicolor (Vuill.) Tirab.

N&m méc (Molds): Phd bién nhét. Cha yéu
gay bén. Riéng A. niger c6 thé sinh axit gay
bac mau nhe nhung khéng lam muc gé.

(Florian, 2002;
Cameselle et al.,
2003)

19. Penicillium glabrum (Wehmer) Westling.

20. Penicillium commune Thom.

21. Syncephalastrum racemosum Cohn
ex J. Schrot.

Nam méc xanh/Ua khd: Chi thi méi trudng
&m, chi yéu gay hai thAm my b& maét (Iop
phén).

(Pitt, Hocking,
2009)

22. Leptosphaerulina chartarum Cec. Roux.

Nam hoai sinh/ngoai lai: Thwdng la bao ti tiv
moi trwdng bén ngoai roi vao, it co6 kha nang
phat trién sau trong gd mdc ban kho.

(Domsch et al.,
2007)

Tur két qua ctua bang 2, c6 mot s6 nhén xét sau:

Nhom nguy co cao (mdi de doa truc tiép dén tinh
toan ven cdu tric): Két qua nghién cru da phat hién
su hién dién ctia cic tac nhan phan hity gd nguy hai
nhét thudc ca hai nganh ndm Pam va nam Tui.

- Ndm muc tréng (hinh 3a): Sy xuét hién cua
cac chi Flavodon, Phanerochaete, Peniophora
(Basidiomycota) la dang bao dong. Cac loai nay so
httu h¢ enzyme Lignin Peroxidase va Laccase, cho
phép chung phén hiy lignin - thanh phan tao nén
do cing ctia gb. Khi lignin bi pha v&, gd moc ban

s& tro nén xOp, mat trong lwong va chuyén sang
mau trang nga (bleaching). Pay 1a dang hu hong
khong thé khic phuc dugc.

- Ndm muc mém (hinh 3b): Loai Chaetomium
globosum dugc xac dinh 1a tac nhan chinh gy ra
hién twong muc mém. Khac v6i nAm muc tring,
loai nay tan cong vao 16p S2 cia véach té bao gd
giau cellulose, tao ra cac 16 rong vi thé. Pic biét,
trong diéu kién kho luu trit ¢6 bién dong am do, g
bi nhiém Chaetomium s& biéu hién dang giy gion
va nit v& hinh khi khi kho, d& gay nham lan véi
nam muc nau (hinh 3c).
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Trong rat nhiéu tai liéu vé y hoc, chét luwong
khong khi trong nha hay vi sinh vat dai cuong,
Chaetomium dugc xép 1a nAm méc. D6 1a do vé
hinh théi, thé qua Chaetomium globosum moc
thanh cac dam 16ng xu, sinh ra hang triéu bao tir
phat tan trong khong khi, didu ndy xdy ra y hét
nhu Aspergillus hay Penicillium. Tuy nhién, khac
v6i ndm mdc thuong (chi an tinh bot, duong trén
bé mit), Chaetomium c6 kha ning tiét enzyme
cellulase cuc manh. Khi d6, soi nim khong chi
nam trén bé mat, do kha nang khoan thing vach
té bao gd, chui vao va an rdng cellulose bén trong,
tao ra cac 16 hong hinh thoi. Két qua gb bi mét do
bén, mém nhiin va giy vun. Do d6, Chaetomium
globosum phai dugc nhin nhén 1a nam muc.

Db6i v6i nhom nguy co trung binh (tac dong kép
vé tham my va do bén bé mat): Nhom nay tuy
khong gdy sup d6 cau triic nhanh chéng nhu nhom
I, nhung lai gy ra nhiing ton that nghiém trong vé
gia tri di san (thim my) va do sic nét cua van ty:

- Bién mau vinh vién: Cac loai Cladosporium (nAm
den) tiét sic t6 melanin thim nhap sdu vao thé
g0, tao nén cac vét 6 den khong thé tiy rira bang

phuong phap co hoc thong thuong ma khong lam
mon gd. Lop soi ndm Ozonium cia Coprinellus
radians ciing gy mat tham my tuong ty va dong
vai tro 1a chi thi cho céc vung c6 d6 am cuc bo cao.

- X061 mon sinh hoc: Cac chi Trichoderma,
Talaromyces va Fusarium s& hitu hoat tinh enzyme
cellulase manh mé (Kubicek, 2012). Chung phan
giai cham cellulose trén bé mit ban khic, lam cho
16p gb bé mit bi mun, din dén viée cac nét khic
manh bi mo, gdy hodc mat nét theo thoi gian.

Dbi véi nhém nguy co thap (chi thi méi trudng va
rii ro héa sinh): Nhom nay chiém sé luong loai da
dang nhat (chu yéu 1a Aspergillus va Penicillium),
phan anh diéu kién vi khi hdu nong am dic trung
cua khu vuc bao quan.

- Tac hai chinh cia nhém nay la tao 16p tham bao
tr gdy ban bé mit va nguy co stc khoe cho nhin
vién bao quan.

- Tuy nhién, cin luu ¥ kha ning sinh axit hitu co
(nhu axit oxalic, citric) cia Aspergillus niger. Mac
du duoc xép vao nhom nguy co thap vé mit ciu trac,
nhung su tich ty axit 1au ngay c6 thé gay thiy phan
nhe 1am bac mau gd va gion hoa bé mat cellulose.

NN e 7 T S —

b. C.

Hinh 3. Moc ban bi ndm gdy hai
a— Mdc ban bi ndm mébc gy hai; b — Moc ban bj nim muc mém gdy hai lam mun ciu truc;
¢ — Mdc ban bi ndm muc mém gay hai ntrt vo theo hinh khdi.

Viéc nang cip hé thong kho chuyén dung tai Trung
tam Luu trit Qudc gia IV vao nam 2023 véi cac
thong sd vi khi hau dat chuan (nhiét do 23 + 2°C,
d6 am 60 + 5%) 14 mot bude tién quan trong trong
cong tac bao ton. Vé mit Iy thuyét, bao tir ndm mdc
khong thé nay mam néu d6 am twong ddi dugc duy
tri on dinh dudi 65%. Véi diéu kién d¢ 4m hién tai,
kho Iuu trit vé co ban da we ché duoc su phat sinh
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moi ctia cac chi nAm mdc phd bién nhu Aspergillus
va Penicillium. Tuy nhién, két qua phan lap cho
thdy cac loai nay van chiém da sb (nhu Aspergillus
versicolor dat 12,37% va Penicillium commune dat
10,31%). Piéu nay phan anh rang cac vét 6 mau va
tham bao tir hién c6, chu yéu la hé qua cua qua trinh
bao quan khong tt trong qua khir hodc cac giai doan
bién dong lich sir trude khi kho duge nang cép.
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bang chu y 1a su hién dién ctia nhém nguy co cao
gay muctrang (Flavodon flavus, Phanerochaetesp.)
va muc mém (Chaetomium globosum). Dic diém
sinh hoc cia ndm muc mém 1a tin coéng vao 16p
vach té bao giau cellulose, dic biét nguy hai trong
diéu kién do 4m bdo hoa hodc g5 tung bi ngap
nude. Viéc phat hién loai Coprinellus radians -
mét chi thi sinh hoc cho céac vi tri c6 d6 4m cuc
b6 rét cao - canh bao rang du maéi truong tong thé
duoc kiém soat, van can luu y cac diém dic biét vé
thong gi6 hodc hién twong ngung tu 4m tai cac khe
gia ké. Cac loai ndm muc nay c6 toc d6 phat trién
cham va nim sau trong 15i gd, do d6 chung ¢ kha
nang tiém sinh lau dai va s& tai hoat dong ngay khi
¢ su cb vé hé théng kiém soat am.

Tuy nhién, do gd Thi lam mdc ban c6 do bén tu
nhién kém v6i nam moc, chién lugc bao quan hai
cap do duoc deé xuat la hoan toan cé co sd khoa hoc:

- Cép d6 1: Kiém soat phong ngtra. Duy tri nghiém
ngit ngudng do am 60 + 5% dé ngin chan nim
mdc nay mam.

- Cép d6 2: Can thiép xu ly. Ddi véi cac thm moc
ban d3 xac dinh nhiém ndm muc tréng va muc
mém (nhu cac truong hop bi muc nat hoac nit vo
hinh khdi), can ap dung bién phéap cach ly va xu
1y hoa chét chuyén sau dé diét tan géc hé soi nAm
trong 181 gd, vi diéu tiét vi khi hau don thuan chi
c6 tac dung tc ché chu khong tiéu diét dugc hoan
toan céc tdc nhan nay.

IV.KET LUAN

1. Két qua ldy mau trén 100 tim moc ban cho thay
ty 18 nhiém nim ¢ mirc cao, chiém 84% tong mau
nghién ctru. Trong do, sy hién di¢n cua nam mdc
chiém wu thé voi 64%, tiép theo 1a cic tac nhan
gdy muc v6i 30%; dang cha y c6 10% mau ghi
nhan sy déng nhi®m cua ca hai nhom tic nhan nay.
Tir cic moc ban lay mau, nghién ciru da phén lap
duge 100 chung nim. Théng qua sang loc dya trén
dic diém hinh thai hoc (morphological screening),

27 chung dai dién da dwoc lya chon dé tién hanh
dinh danh bang k¥ thuat sinh hoc phan tu.

2. Két qua nghién ctu da xac dinh dugc sy hi¢n
dién cua 22 loai ndm thudc 3 nganh chinh trén mdc
ban tridu Nguyén, trong d6 cac loai ndm thudc
nganh ndm Tai (Ascomycota) chiém wu thé tuyét
dbi (72,73%), tiép dén 1a nganh nam Pam (Basi-
diomycota) chiém 22,73% va nganh Mucoromy-
cota chiém 4,55%. Két qua dinh danh bang phuong
phap sinh hoc phan tir (viing gen ITS) cho thdy do
tin cay cao, phan anh chan thyc hé vi sinh vat dac
thu trong moi truong luu trit tai Pa Lat.

3. Nghién ctru da phéan loai thanh cong cac nhém
nim dua trén nguy co gy hai ciu tric:

- Nhom nguy co cao (Gay muc nat): Da phat hién
chc tac nhan gdy hity hoai cdu triic nghiém trong
nhit gdm nhom nim muyc tring (Flavodon flavus,
Phanerochaete sp.) phan huy lignin va ndm muc
mém (Chaetomium globosum) phan huy cellulose.
Pay 1a nguyén nhan truc tiép dan dén cac hién
tuong gd bi x6p dang soi va giy gion quan sat
duoc trén mau vat.

- Nhoém nguy co trung binh va thip (Gay hai bé
mat): Chiém da s6 12 cac loai nAm mdc (Aspergillus,
Penicillium) va ndm bién mau (Cladosporium).
Tac dong chinh cia nhom nay la gdy mat thim my
(vét 6 vinh vién), lam mun bé mit va che l4p cac
nét khic Han Nom tinh xao.

4. Mot phat hién quan trong cta nghién cuu la su
vang mit hoan toan cia nhém ndm muc niu trong
két qua phan 1ap. Diéu nay phu hop v6i quy ludt
sinh thai hoc ndm, do mdc ban duge ché tac tir g
14 rong - co chét co ciu tric lignin khang lai ndm
muc nau.

5. Pé phong chdng su gay hai ciia ndm d6i véi moc
bén, chién lugc bao quan hai cép dd duoc dé xuat:
- Cap do 1: Kiém soat phong ngira. Duy tri nghiém
ngit ché do vi khi hau kho tang & mirc nhiét do 23
+2°C va d6 4m 60 + 5% dé (rc ché su phat trién
ctia nhém nam mdc va nim bién mau.
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- Cép d6 2: Can thiép xir ly. Pbi vi cac moc ban
nhiém ndm muc tring va muc mém (di dugc dinh
danh), can tién hanh cach ly ngay lap tic va ap
dung cac bién phap xtt Iy chuyén sau (nhu phuong
phap thiéu khi hoac st dung hoat chét diét ndm co
kha niang thdm sau) dé loai bo hé soi nam trong 13i

Léi cim on: Cong trinh nay la két qua nghién ciru
ciia ludn dn tién sy “Nghién cieu xir Iy cimg héa
méc ban triéu Nguyén da bi min muc bang Acrylic
polyme” theo Quyét dinh so 70/QP-KHLN-DT
ngay 15/3/2024 cua Vién Khoa hoc Ldam nghiép
Viét Nam. Tac gia xin chdn thanh cam on Trung

g0, ngin chin sy lay lan sang cac tai liéu khac.

tam Luu trit Quéc gia 1V, Cuc Van thi va Luu triv
Nha nuwoc, BoO Noi vu dd ho tro va tao diéu kién
thudn loi trong quad trinh trién khai nghién ciru.
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