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Detection of Imncipient Decay in Wood Chip§ By Fluorescence
Microscopy and Staining Techniques
I-Chen Wang, Yu-Chang Su, and Huei-Kuo Liu,
[summary|

Wood chips for pulping are stored in outdoor piles for an indefinite period of
time before use. Under the hot and humid local weather, they are susceptible to mi-
crobial degradation, affecting pulp yield and strength. Screening wood chips is impor—
tant in ensuring good pulp quality. Microscopic observaiion of chips for signs of
degradation is, however, handicapped by procedure difficulties and rarcly cmployed
in routine work. In this study, fluorescence microscopy and staining technique are
investigated as means of detecting wood destroying fungal hyphae. Chips of Alnus
formosana, Acacia mangium, Eucalyptus grandis plantation wood and
mangrove were inoculated with Coriolus versicolor and Postia placenta fungi in
vitro and removed after 7, 14 and 30 days, fixed, microtomed or free-hand razor
trimmed, stained and obscrved under both bright-field and fluoresence micro-
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scopes. Wood chips stained with acridine orange generally fluoresced a ycllow-
green color while fungal tissue fluoresced reddish-brown. A contaminant fungus
suspected 1o be Trichoderma sp., on the other hand, can be stained ef fectively
with calcofluor siain. Fluorescence microscopy showed good distinction between
the wood substrate and the invading fungal hyphae. Some wood cell contents
tended to show similar fluorcscence to that of the fungi, but knowledge of cell
morphology should easily prevent confusion in diagnosis. Incipient fungal in-
fection thus can be readily observed with this technique.

Key words : Wood degradation Fungal hyphae Fluorescence microscopy

Staining techniques.

1-Chen Wang , Yu-Chang Su, and Huei-Kuo Liu, 1990. Detection of Incipient
Decay in Wood Chip By Fluorescence. Bull., Taiwan For. Res.
Inst. New Series,5(3):137-151.

—

]

FEREERY 0 FRERESE  BEEE
LD ST - TIAL R EERETEZ R
KRERERBEMED - #OEAEES BESHBEERD
EATRAR » HEAREE—#{E3056 AL » HESE
MERKEERIEER « ERERHE(1988) B ERE R A RITR
R ERSTHRI N SRR BE R BRSOk
MG - BIRAREREEARR ERRE
4 o[BS 862 BS4R hyphae) 53 B T 43 BREESE »
R WA EE R R W SNk - ARARERE
SFT. - A - BERMEEK o AT
EVE KB - AREE RS FREMZOR
FE - AREKBEL  SRECAERET
[ BISIERZIE - IR RIEES o ETER
SEEL  REFBRICE - BEANFEHRRE
FrEGEERRE  WHTER FERREF N
BRI AR TRERERL KR
= EEER -

EREECR R REREEER (2K R
e RBES KE BREAGEEES - B
HEAERERE  ZERENELE  BTHEAR
B REEEENT R4 REEBEREANE
» R RABAR S TE EERHERE RS R - AIfEA
— R ABEM S RA GBS B ER R L
e RH - EERENERERCEE B
AR SRR R - BUETIR - B E
B R BT A o TS - R L AHE
it THELREBREDEST - ERFEHEAE
TEEM S HERE RS B - ERERE . B
BREEMTS  TARARREMLZER « AP
AR BT EREHRR » S ERERIR Cry-

stallite) » MEEMHE ' (polarized light)BEA BHTHE
(birefrigence) B4 - Kl 2 #HAREEH B 65 53 ARG
» B K - B RS T AR
ARSI Kuo et al ., 1988) » HEEHARE
EEEACEMS -

VLA luorescence microscope) Z 5
BB ERGERTRUAS RSB — SR
S(excitation filter) » NERBEWRZ IS
B ERB—ErER S - BTSN
» A R A A BEHMREREE RIEFEL
@ mE$i(dichroic mirror) TN RBHERER - Bk
e R ERRATIBRMER  RERER
B BT ERBEHEAERER » @RS
S EHIHERYE (secondary emission) * R EEHREE
BREELED b S SRR AT Si(barrier filter) &
PR RN 2 AR Y - FEERIIZ BICTR
1 « REBY(epi-fluoresence) FEE R IESLEE ST
SEEREE A2 3 RS KRR RE
BT - ABERH b SASRERE » ¥
wERENRET  BaERRRE  RRRHY
BHEHTE S &R RN TR MRS - 3
BRARRETE - MABSEBRA SRR
I BTN TR (depth of focus)BEE
Baad - BERARe FHARABMEL  BF
GRS L RELT] A RFEE DX aR
BRRERTRRTEINEE - HETURER
REREE REOTHL o FIRFE S IEMSTE R NME
&3 (modular) SR L EERMDL - #15%
SR EEREEMSHTEEMLER - ®ERE
FEEMSI R - NIRRT AL B
IR AL - T — BB S R4
Fez BUER « TEEL BB TENE S S



HREBRBHHAREET) 5(3%137-151,1990.

-139-

i ocular lens

—

{

excitation filter
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. collector lens
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% dichroic mirrow
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B 1 SRS HE(Nikon Inc,, 1986) ©

A seecinen

. Fig. 1. Structure and principle of epi-fluorescence microscope.
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BERMEFSENDE  WEANREST
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3¢ (secondary emission) + HITEFEED » AN
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= BIARE
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2. BB Eucalyptus grandis (Hill) Maid-
en)
3. B (Alnus Sormosana Makino) °
% .
4, EEE BRI Acacia mangium Willd.) T4
E o
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BEE LA TFURRA R » ABREERE
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SHEYRSZENR EHRREETE KA
BRI R KSR o
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1K RHEE T
SHEE 7R A MR R R BRI R
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mesh) BFREZ AL IREE—RBITATLESD T
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T204 os-76FIE ©
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4T1THIE »
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(4)@*?@7!@%%%& : {XTAPPI standard
T222 om-74 R ©
(B AR B RE R ¢ WisedE & «

3

TAR B8 - IRE—SUERERAEETBENEN RS LI

(Bp e AT B - RIS P8O11 ol
FIEQIS, 1988) »

A EHECRRNTSEER R $NaOH
Rk E g mes - SR ERANE
PEETRENECFEERE L E8CLE
FAERR R AR - UIRAERERE Q)
TR - HEARIURERETIOERT

2. AEEN

R REIEHESTE S CZRATREE

» BORBESE RGBS » IR
JEREE B - MBS CEERAT - HHE
3 R IMERN LS RBAKE - HEkEER
ERIKR o FAEERBARRBRE—
IR Coriolus versicolor (L. ex. Fr.) Quel.,
RIS Postia (Poria) placenta(Fr.)M. Lars.
et Lomb.

KR REEESFIEEIE - 148 R30H »
B BAFAA (formalin : acetic acid : 50 %alcohol
=10:5:85) BEEE_H - MEGEKBREER

o BRI REFEMSETRITAA L LIFEX
7 B ii(sliding microtome) JIS B E#I1 Sum Z 18
CIEE A A EEIEK AR AL
71 RS REAH A A - BERERES
# - EKEMEFNRETFEMSEANRRZE
(Exley e al .1974) » K R %&BT RUIRRAS S
Famm 2Nz« BT RIBEAERA -

3. pRes

FRAVENRERECRAN  ERRE
fRE-AIRI

AN SRR ERcAES  ERBERGNERT

Table 1. Stains, staining methods and staining effects used in
microscopic observation of fungal infection of wood chips.

- " E HEER v oo o R .

& & o W &) #E SR . i ]
—Bright fieldFERE— .

Safranino O 1.0 10 EE HHE REH

Picroaniline blue 1:4 1.0 5 60T FEE B
—Fluorescence & -

Acridine orange 0.01 ' 20 FLEEKREER h-veac] A REEE

AT

Auramine O ° 0.5 2 E& e REF

Calcofluor 0.1 2 BE HKER 52

DAPI 0.1 2 EE YEEE i3

Malachite green 0.5 1 epitigel] i oacey AR

Methylene green 0.5 1 SRR & AR

Rhodamine 6-G 0.02 2 # & REF

« THEESTRRIREH AT T BRI Rz (iR



PRERBATTREEST ,5(30137-151,1990.

7 o 45 T 2o 2 750 bR 35 R 8 35 A% BE (picro-aniline
blue)st » 58— e i BRIA AR AR BT 65
P » Acridine orange ¥R tP i BN ARIRR-- iR
AR BN IBHEE PHIEES.6 + LIEHATEMills et al
-(1985) » B A RRTEZR R BEHE N Zpicro-
aniline blue R EMREIH B o6 FREE KSR
BRTESRER AR LA 2 EBIR & T A » AR
FREALAEREZAMEABERER L WL
HHEH - RNREH R B0TIINIR L - RE
AT R R EE 0 HEBKEREREE
BEE (Wilcox 1964) » SLEDUHEMIRRRZ AH B
» B {3 Sei¥malachite green Emethylene green
G WH BRI REUR R aBE
° Rl SRS BIE A A P R LIRS -
(DEERER

VEREREF MRS B AW R IRHLR
RERBEEERER - BRRHEA L IH®
—iF  BLASH R BRI - AR
& Nikon OptiphotE{ENikon Microflex HFX-II

&2 BEMARZBES S
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S BRI A o EAEKodak Ektachrome ISO
400118 R TR -
TEESLIRIRE B2 B et IR 7R ER
AP - DUEERINERE - KERCREH
EREE . EREERN S SR EE R —&
WAL BEERERFAT BETHE - &
FANikon Optiphot EEf S NEEEpi-f luorescence T
i - BEARECR . BPE SRR RER
o EMERCERERACESES TEREEV-
2AFHHEII80-425n m, B E54 30nm SIS
450nm) R B B B-2A( B B $1450-490nm, & £
$i510 nm, BB RRASE520nm) BHE - HHPRHERE
R R RETRER -

- REREETR
PERGEREIAR R E T RS R

SHET -
ERRES TR

Table 2. Chemical composition of the wood chips.

& & P BRsdh Bokdd 1%NaOHh £ KEFE ARE
_ Hifn% Hime - = % %
¥ om B 042 3.1 2.90 11.84 78.36 10.04 16.15
ERAEE 0424 29 3.40 12.17 79.71 19.58 13.63
G 0402 36 4.00 8.47 72.28 18.88 19.50
i & Q753 28 516 10.08 77.82 20.96 12,50

FEBA LA R BT ARIR IR

RPHT > EHEAR R ZCBRSGRAIZ

FESERIS » BRATAS M ESOR » RS
EHRERREA R TR - Sk R RS
BB EERIEAAR A RS BELIEERE 75

£33 BREABEEC. versicolor BP. placentaBZ 5B ~ 1%NaOH

RAKEIRING -

Table 3. The weight loss, 1% NaOH and hot water extractive content of
wood meals after inoculation with wood decay fungi.

Ciriolusversicolor Postiaplacenta
] [ .
(B) SE(%) 1% NaOH ok SRE(%) 1% NaOH # ok
3 104 19.85 a7 152 17.60 359
RS 7 395 21.00 6.1 3.30 19.61 470
3 1.56 31.20 5.4 112 11.80 4.02
bk
R 7 3.73 16.59 52 3.38 13.02 4.90
3 162 12.00 44 132 11.20 459
s
Shekikd 7 394 14.66 46 3.25 12.85 4.80
a * 3 156 14.88 4.2 113 12.05 420
! 7 368 16.09 49 2.63 14.74 4.50
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LURRMETITEER » S iR — e
SEEE - RAREEHPES] s NaOHIEEY)
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B R EM KR B SRR 2 2 Hi(specific
surface) FEZEHAE » BRFRARIIHETREEE
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R BEER  BEETRSEERARBE
BE - AREEART FEERL AN RS
EEB B MEEARAZERRE . LF
S B ASEETR - ESEEC. versicolor SRR Z
EAEARIEEEP . placenta Bk -

Cowling (1961) &Mk RS IR e 2 4o

' REREEEES R PRS- W
BEERR S RAER - BREAEES TR
FERS o BEAEAHEESBIAMpHREE -
B BSR4 BB N A 2 pHE - $BEES
ZETF LRSI A REEERBMERE -
TR SO R R AR R w2 BE L
EREERE R ERETREA ) AR RATH
RS RS - IS BRI SRR
F#EFHE %K o Jurgensen ef al . (1989) LIS
TR (wood litter) FE2 BIEHAE - ABWE
BRETHE B AES R BIRE SR
SHEETH B

B L - WEEIS(Kuo et al . 1988) RFFIE
& igloeophyllum trabeum 2815 K Populus
deltoides 2T - B ERBYERA - §ES
RAHGIR  BRHRFLEANEEZS2E - &
JRZE R R AR - RERMEMES2E - HESIREE

2 EBEMEAK K #EREC. versicolor 14 B fRLTEM R Lisafranine
ORpicro-aniline bluefifs » BESRF BMIREE & SE TR EFRRIRER
Fi(ca.4,000x)

E&E - HRE - SIRE—EERMER R E RATRR MR RIS (LR

MEEE AR SWE » BetRs 3 RS | WA ek
s EEPERE - ARSI hEN EaAE
YA AEE o

BER B BEEC. versicolor BB EP. pla-
centa THMEFASEMF L » HERKRE - WMEH
EEEIAEZ 4SRN A RFRBHEE
RS - TSEREER - ([HEEEEREAR R
Bk R FRBMREREER » (EEENUD R 5%
ARRKE - R ERE RRRENT A 25
REiky » SABUH RS RT S8 SRR
BREEREE - AR AR EREFEER
B AR RERAZEMAREE D - REES
AR REREER -

(R SHR SR T IR

| EREHE

T IERE M ST B B ERRAEE
FEFS AR AL BRI ALY
R R EERET20um AT BFG9RER |
B - REERIERIRA - —H F(xylene) BIAL
(clearing) FE 2R - #fH5(Canada balsam) H#EEHE
(mounting) R E1% - FHEZELER  BERAAL
BT R BME - RTERE A  BHIE—RA
£ o W ERFHIR R I BlTHE
AR - BETRRHEBRAIRE
TN RREARA ) R ERER  EFURER
o ML EERENE  BRBURECREH LR
BOBRBESHRE - R ERRE  BERNE
AR - LU WE E - SEERER K BB
& o ZRRINE R RAE:  UFRR - EXFR

Fig. 2. Micrograph of crosssec—
tion of Eucalyptus gran-

dis inoculated with C.
versicolor for 14 days,

. showing hyphae pene-
tration of cell walls
{brightfield, safranine
O-picro aniline blue,

ca. 4,000x).



PRI AMEST ,5(3%137-151,1990. -143-

v . .
T B3 BESEMEEREAZRREH K Lsafranine O Rpicro-aniline blue
2 RTREEME R(ca. 1,000x) ¢
Fig. 3. Micrograph of radial-section of Liguidambar formosana log inoculated
with Lentinus edodes , a white-rot fungus for 9 month (bright-field,
free-hand section, safranine O—picro-aniline blue, ca. 1,000x).

4 BBIEAR K %8P, placenta 14 H & YIWE R Dsafranine O Kpicro-aniline
blueefs » BRI HETIZ BT ca. 1,000x)

Fig. 4. Micrograph of cross-section of Eucalyptus grandis inoculated with P. pla-

centa for 14 days, showing aggregates of fungal hyphae in the vessel

(brightfield, safranine O--picro aniline blue, ca. 1,000x).
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BB SR R SRR A E I - RS
BARANMRBERRET - DURART » HR8UR
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H(Kiraly et al ., 1974) + ZREE BT R ICEH
el R TR o

2BIEEMEEE
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BEHE - RFEEEEATIELE  FRRT
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PIRRE R B LU L E RS TR
REBPTEAT o (LRI L ETEIEEREME
W ERE - TSRSEEE s R ST
% HBERFRS - ESFEMZSTETRE
50um A | - BERESE REREETK - BOkisE
HEB100xRE » BMER ST BT & FERERER

s
TEENCEHIE R(B-2ATEHE » #3000 »

ERR - FRE  SEE-SRHNS R R ATBR TR RIS (LR

BRRERRRE - bR NIRRT
Aih BEEECEEMEREREEIRER
Ho

POiER R R R - TR R
B EBENEMHTUE GRS aME RN
F HES#SEC e 80EEL ANERHAR
PR LR E - WERRZ ASWRBERZE
Feitylosis) RISBER RS « DITREIBH
Btk B RIEREH IS - BRTRZE
AR EERERE - RN RER R ERAA I
PSR ERT AR REM B AR &
SEENREBCHBHEFETEDN - BERE
SRR 2 W SR R ST IS OB R ©

A ERBRRE 2 T - RS H i
REABEOHEAN » HMNEVFFREDHER
RERHEE - — 8BS SRS EEREN -
BRSO BIAEEN » B{EBEEEETA  BA
THEEAEE  ETEMSRRC IETEA
E/NR - 7RI LR T RIS AgE
B0 RRBRATEBEEGE © aFEC. versi-
color RISEZEEP. placenta B RS BHEZIBF
B EaPY(basidiomycotina) » BERFIZ ¢ £ BE
&~ R FERIIRERS (vigor ) THEREE

BEAREAR R FHEC. versicolor #814 H 4 Limalachite green TR Kacridine orange%@t?’ﬁﬂ]

Fig. 5. Fourtcen days after inoculated with C. versicolor , fluorescence micrograph showing tan-
gential section of Alnus formosana stained sequentially with malachite green and acri-

dine orange {B-2A filter ser, ca. 300x).
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R REFFERERERZ RERRURHERS
(<100x) SR B U IR ERIEIESY » AR
EERBIRES R EEA -

REAFERER T SR B R IR RIER (30
Ry RN » FLEBRE - MBELBEE
FAAEERE » HRAERAEARZEM IR
BT RRE - BEIRNFARWE - ST
# - — AR HEE - FToeE MR F B
<z BHEY  ROEESBEEER o fhoka
IR > FEHREEE - MELAREREH S  vE LT RE
R EEY  E8EEERCARRBEE
Trichoderma sp.) * J& T % 88 55 9 (ascomy-
cotina) » AFFEBAMBEERBTTAERY
MRWEF U577 (Murmanis et af ,,1988) - lt—2
FeB NP RBREELHTERZTE R
ERTIAEE A R RERE AR - AR
Ficalcof luor RDAPI » S8R 53 Bl HEFAER HE %
B EEETR T (chiamydospore) » MUTFRESZER
HERTERERA RN -

(DAcridine orange

Acridine orange &% B B SIE NEE
(Botha, 1982; Krahmer e¢ al ., 1982; Miller e al
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., 1985; Nikon Inc., 1986;Tiburzy and Reisener,
1985) + EERURGERS - MEMEEEAN LY - LER
I FL(B2AHEHAD) By - fORM BRI
Hgadt  EEENRRORCRESS B
L Malachite green FENE » HEEREZE
#% o #acridine orange iR EFHER0.01% » IFIR
ZIREE  LEREMERES2058 » WHHRE
FERINESET ©

H REH S EHERE - BANEES
% (R4 FBmalachite green THHY) H EARESTEL
 HEEES - B ESRAMERTEREE - M
HENZEREAEE - B—RAENRATEE
CRTFEEDEABEEW - THEsERAZEE
B AEREASMEEERETRERER
HTREARENCRE  RERETERRE
FZRRBEAE - RERNELCZERERE
B (ERERER - BRERIRAARRRIET
EEER  FHBEIBRBLERY -

(2EIEFF HAuramine O

Auramine FAfESERES(Nikon Inc., 1986) A
FHRRHTAR FR(Botha, 1985) &L E A o IR
B REERREEA LI0.5 %auramine B » LU

E6 Bihiriiar. placent 7 8 & 5% W E malachite green Z’(aridine orangefft

B2 EIEBER Rca. T5x) °

Fig. 6.Seven days after inoculated with P. placenta , fluorescence micrograph
showing tangential section of Eucalyptus grandis stained sequeptially
with malachite green and acri-dine orange (B-2A filter set, ca. 75x).
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E 2 )
7 KLARIEFEP. placenta 30 HE M REBRLEE M T richoderma B + Macridine orange 2B E %
BT richoderma BHARSRELTT B LLIHREUBU(B-2A VBHEHL » ca. 300x) ©
Mangrove chip contaminated with suspected Trichoderma fungus, stained with acridine

Fig.7.
crange does not show clear distinction between fungal hyphae and the substrate (B-2A fil-

ter set, ca.300x).

L

B8 & B4 B H $ M. versicolor 14 B % 1B %t 5% L Trichoderma & » Llmalachite green
Realeof luorIRFF ST + HUBHER BTNV - 2ABHE » ca. 300x)

Fig. 8. Acacia mangium wood chip contaminated with suspected Trichoderma fungus, stained
with malachite green and calcofluor, the fungal hyphae stand out clearly against the sub-

strate (V-2A filter set, ca. 300x).
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9  BBIGIKMEC. versicolor 30H » WM Trichoderma BB » LADAPIHR
B AT ARG U V-2A R85 » ca. 300x)

Fig. 9. Alnus formosana wood chip contaminated with suspected Trichoderma
fungus, stained with DAPI showed fluorescence of nucleic acid rich
chlamydospores/conidia {UV-2A filter set, ca. 300x).

BEORVRBRENEHE  AHMEEESEHE
 BEEAIREESR - M ARRRE  RET
BEZHReRBEERR  ORBROGERES
HABSEE  RTFH TR
(3)Calcofluor White M2R
Calcofluor B &G FI B » KIBHERE
Rohringer et al .,(1977) K Tiburzy £2 Rei-
sener (1985) & LIRS B FEBEE - BEHL
JREKES (Trichoderma sp.) e BEF o E8 BER
EEE B AR MR - SRR
BEEV2ARSHLE  EMEERRRAR SO S -
Caleofluor #R 5 SRR £ -pyranose fEH 2 < B
B RS MU FE S (Tiburzy HReisener,
1985) » B EBHAEEWRITRTHEELER
» AREE 2 SRR RRERER - BEERS
ZHA R REARIERAE - IR
FEERSEMAETEN  DFBEERHE - &8
acridine orange Birhodamine 6-G Hu 8 = #fE84%

FE5 % B Mcalcof luor » RILEERSE - i
PV 2A SRR AR ERRER
53R BT » MFF %A Trichoderma HH %
EAMETE e TR -

(4)DAPI (4 , 6-Diamino-2-phenolindole

dihydrochloride)

DAPIEE{ERER « RAEMEZENCBLEH
THE¥E - FHEE1989 5 Nikon Inc,, 1986) » KiE
BAEA » FRBEZMUVEOnm) MR NEE
» AN BRGER R EAR  RREEZ
M 41T (conidia) 2 BIBAIGH BN E R
& o B9 BN BB AR Trichoderma sp.

© EHBDAPIREIHEZ R A » $Murmanis er al

A{1988) EREZBIZT. polysporum B TFEEER
REGEM - '
{(5)Rhodamine 6-G
Rhodamine 6-G Z K& % £ 4L & + Botha
(1982) ALIAENAR - BRAEEETIMEH(V)R
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Fig..10. Mangrove wood chip inoculated with P. plau:n ta for 30 days and observed with a fluores-

cence microscope after staining with rhed 6-G (V-2A fllt 300
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Fig. 11. Fluorescence micrograph showing wood chip of Acacia mangium inoculated with C. versicolor for 30
days and contaminated with suspected Trichoderma fungus after staining with malachite green —ac-
ridine orange and calcofluor (V-2A fil-ter set, ca. 300x).
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fig. 124 A+B. Mangrove wood chip inoculated with P. placenta for 14 days and contaminated with an
unknown fungus, after staining with rhodamine 6-G and calcofluor (V-2A filter set, 300x).
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fig. 12B A+B. Mangrove wood chip inoculated with P. placenta for 14 days and contaminated with an
unknown fungus, after staining with rhodamine 6-G and calcofluor (V-2A filter set, 300x).
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