Bot. Bull. Academia Sinica 27:101-115(1986)

B OB A B o= & K wm B o

I O S R
PR BB Y B e T

{Received October 17, 1985; Accepted November 1, 1985)

1 =

ALEHBBARESELBRGHERRAA A s P LU RS S RIZRBEZGHES R
REBRABEMRRMEZEELBEAE c REVRELRAEBANCERBRBELR | HEHEE
R B de AR ~ RBIE AT AR OAZE B B 0 ST L AHAR & 8 R R Rz o TR
BARARREREZR~GRURARA SR eBEEFRER s ERXGENEAT E G @B BB &Y
BABRAERAVALRBEBOBRL B R AL E N o BRARRETH@MRATE A4 N LRBILT
RN ECBABLGER o WERRABEMNLLERBARRRERARELGHRE

Key words: Rice blast; lesion; ultrastructure.

—~

TSRS B BAE VR AR VB2 B8 Hashioka B Kitano (1971) R&F » WMHEE
EfeTiF%%% (Hashioka, 1972; Hashioka #i Miura 1973; Hashioka i Nakai 1974;
Hashioka B8 Ando 1975) o AFERE B 1973 FEAMAIE THFE 7T s9BI5% » R AR
R BEFRIEEEAEE 0 SEREEE o & Koga, Kobayashi ¥ Horino (1982) ~ Koga #i
Horino (1983, 1984a, 1984b) &4+ » RIS M ASE R BEW NS  RIR AR E R - BE
—F I o SAHE e P ERABTIC A B FEHTRS BB R T 18 LS — P BRI URER I ER o

BT B S PTIC AR EEE AR TR (R AR AR A BT - Rl RV S R B A
MRS > TTREETEAEE L T LI AR o SEAEEE IR 3k BT o0 A B B RE G R SRS I 4R IE A 1R
BEENEIBELI A o £ BI7E Y B REAER B BE T EeE TSR E R e A AIRE SRR R A —2&
B0 TR SETTT B E R AL Y ESE o AR SCEMBHEREE D ITRE BN AYRDE ©

- HEHRAEE
R RRFREERA THERERE (ME 16-2, 11-1) 48 F 7R (ffE Caloro, Lomello)
TG o AR TR 1.5% 1 Bk BiAmTE 20406 » Bkehdh 2006 » BEER G BEREAH
=L ey AN R AT R BE MR 0 T A TS o AT AR (K Sgm

R TEER R SE TR SR R AR 302 o
2 BB A RS TR (SR —1ER ) B9 o
S vpLHISER IR SE TR E BUHISE R o SRBCRTEE 510 ©

101




102 Botanical Bulletin of Academia Sinica Vol. 27

K5ml - RFMEEIRE ) 3BE » U TR o B 24/ R fEE: 24°C » RS HESE: 28°C » 41
HHRE 95 % 1002 7 JEHR 3,000 Lux » JERERFH12/0 o 3% 4 REBE HBHRME » 5% 6 KB4
LR BIRRR B o

HLRIRBE S SR B A AT > BTE AR » £540 0.3mm > B R 0 Rk » ERER 05
X1.0 mm o FRFFRBEFIABABIR » PO RGE > BIRYPHE > TRK 15X2 mm ; BISseE
T R E s HAMEIEXE AR IR  RKY 1.5X5 mm o

REFRARTRBEST > £ BUE &R RO ~ BRI B0R K /MW 0.5 mm B 5/ o BA
L1 0.06 M —RIKERSNIR MR IT ALt IR K (2.525) ThAIREE » 4°C EE 4 /1 o LUA—iBmER
BUE=K » BEK3056E o KA LA — B ER R A TUE /SR (1.922) FSE » 4°C » 1/ o FAZREE/K
e 2R » FER30576 o FH2.52 BERREEE ShZe s 2 /NI o R 5025 ~ 7525 ~ 9525 110094 (k)
BRI > FER3076E o iR Spurr EADEH] (Spurr, 1969) o HA-AYEIMEAE Reichert-
Jung @G A B L LIGER T BN 77 (2 B3 80K o RIER A 0.352m » R EAE 600 Z5 900 A
2 (REBEX) o £BEK IREKE (toluidine blue, 124, pH 11.0) g » 70°C » 1 436F
HE 502 ZBER K6 o A Olympus BH-2 Yo ReEiss ~ R o mMwA s pess
(Reynolds, 1963) Zufs » 25°C » 7 5348 » ZKEKIEE o DL Zeiss 109 EEESHEEE ~ BAH o Ik
BEE 80 KV o FBHHRT B 1 5432415 (35570mm) » 452 HC 110 B o

=% £ S
(=) & IR I 5z

RRRERE ~ IEW BEPTIBHTIE F R B ot » B RRE 6 MR SRR » SRR
Rt o SHURRBER BB RASERINE (B 1) » EHaEr RSN SR » S8 R
» MESRIRRES K o A A ZERIIIRIE T IE R o A RBEATHEEIR &1 » FREEREAY 4 JEHE o
Ttk > fET—SHRRBEE R 1,000 (EHENG o W LA BRRBEAO R ~ LT SRISIID R 3t
THERMBEEARARENENEA (B 2) - ZEEHOERECIEBARE B
Ffth o2t B S BOBERBUER: > SRR/ NI (B4 &5 ) o REBEMZR B M BEA
Koy Bkl » R MIERIBENT (M3 K6 ) « B FEMEEEREMSATE
E8 MG > BIRA MBI EFE RSP o

(=) ¥

REFOTAABEPTEI AR LR » BSBEL (B 7a )  BTEAMBESES T
AEEAE (T8 ) o FEEWRE B BRI B SRR ~ BEPSHEN R B RS » A B2 35 ~ BE R
MEDEOE (B 7b KHH -~ SfE) o ¥ BRSSP EREE: - ALRREA kY
NEEEERTEENEYOEER (B9 ) - PEREBEOERE 055 10 m 28 BKASE
150,000 f5# » W] RLICEBERRE A H AR EESTTR (H10) o

PRI A BEATHINE R ME B SIS A BB o BEPSIIRSREDTR » (A HBERIS g ([@12) »
ARBRECIER G (8 7, 7d, 11) o AR G R AZEPRI N B B SR e rh D R O 55
% (LB TcH 7b) > BB A REYE (B 7c, 14) - LBEAEKNAEE LY
Hal (Tc, 7d) - WEHELRABRER: (E11) o EABRERESN —BERRIRN » %



Jan. 1986 BE ~ S—FERRRBEM RS 103

FAEEZ AR A A s (ELIX13) - BANEZ AT D E ST BRIESUk
B(EIRKI4) o

(Z) KZIK B AR s

TEBEZR b0 B H I DT R 5% R BE PRI BT AE A2 1B » 451 SR B B R pRaeE & I
ESEE AL (BI15 2 ) o HEE RPN BIRE T AR » (REUABOE ~ B eiftnt A E (1
15b) o AER AT, - THOQEMES R ([’16)

SRR YR A UBEPIIIR & BRI > BRBRIMA o BEARYEIHRA AR R ECTE MBI 2 7
TR - B R nERe S od > hRIET) (LT ) o

(v9) #5487 Bk i i

SRBEAR £ D B/ B R R B UAR o SRR > BB FERETE ROBEPRNINE S ~ FIBR AR
Py o SHPARBEAHBA 3 ~ B tAM sk i - AR (H18) - kSt RATHR (H
19) 1 {HEAE AL AP EREE AR /D » K988 0.2 pm (18] 20) o SLIRAZEY T RECATR S 774
o FERERTRES

FRHEAR 3R AV BEPURIIEETE > R B SEIE eYBERTHRAR S » & B R IBRR AR B3R
A (21 ) o SEATHIIRE D BEIE » HISGEEHIMA MR A N EEE (22) > EkkgeR e (|21b) o
fegsoetr (|R22) » BATRIET) ©

REEAS R M BE AT AR L T B 6 FUR SRR BB » A EML A
RHRE (E21D ) o BEPOMRNG AZEHEES B VIR EE BT R G bk VIR > Bk RTE ) (1
23) o WAREMBIRRERIA FIMEARRL o

SR S M BE ORISR (ESEARAE B BBRUAHIR (1R24) o ZEPURRIRP ~ FRER S AER
TR M RERERRE o

m~ & £

Hashioka #1 Kusadome (1975) #ZZ3IRS8uR M7EIES £y L ERS IR BUR MR
TSR o TEMIBEEY A I > R Tradescantia reflesa » TERWREMBIBRIERE
AR FEE R RyBUIkGREE » MR (Canna generalis, Kyllinga brevifolia, Commelina
communis R Iris sanguinea) > RIBSREEIHEBARBNIE » EEERSH— > AN ©
WEEANES TR » WO SR BEEN 0 EEERER o WEREEM
Hashioka B2 BHEE o A » S M ey # 6 » B TR IRIRATAEE MY

ERREEATES » IR BURATREE o sHRRIBLRDE » MBRE » BETEM
Hoimass Rk o ASCIRER o MEHEREEHE Azt SOk BE 7] SRE RS RS AR
BATSEED [ B R E o B R e REEm S s TRER A2 B (AR P SR B
(Tomita Bl Yamanaka 1983 ; 3~ i » 1973) » SLE7E3E FEE 100063(EXEN (@ 1 ) 4Rk »
FSRFEE o [H T A B FIBE R S T SR MR R A TR BEWHPY R BGIMARE K BE 2
e o FEZE LBHME R IE E@i&fﬁlﬁ@%@ﬁ%ﬁ%ﬂﬁ@ﬁ%%%ﬁﬁ@ﬁﬁﬁ&@ﬁﬁ%ﬁﬁ%uﬁ%ﬁﬁ% AL
(3 ~ 6) » BEFAR REGHIATER M R E7EBAE L1620/ B 4= TR (Tomita %



104 Botanical Bulletin of Academia Sinica Vol. 27

1983) o Koga 4 (19842 ) FIfAfRap X e P IERAINGE FORIRIEREZY » SR EBERYAE T o i
MERORIRGEA S, BT Sk BBERE ) o BT 8 i i 0 B B o 7 o Pl 0 I B R i R
FEEAN KT (B 4-5) o

SEHEER  BEARETHA » TTHBRIERR » L TERAREE i BRSE o #H
IR ~ o BT TR (7K B R T A GRS B A I S BB S S R A B A5 B8 o R S T S
MR RO E R A FIRR o (ARGt ShmBih % TN B 2 R BRI 7 » T b - B0 b 2 3
BOMARRREHERET) ((HLBCE 3 ~ 6528 ) o (2)rh i BURBEAR £ b0 BLAR (038R 2 BUZE A 43
A B S TS R IR ORI - B IR FERA th A AR SRR o ()RR st A A ER ] » 2
PHIREEIPIR P L ARBER R o BT MM AIRIC R I » SEIRBESRSE2 S » AT RE RS 5k
BIERA » FEMIBRK EERBEEA o BEE N R AR G B A B TiE 1k
SRR HALEE o Mm@%ﬁﬁé%ﬁ%ﬁ%ﬁ%&@éﬁ%um%%mm%E%@ » H B bR
FEEEEM (LLREILTH22 ) o hEmOESSE @7k§ﬁkfﬁﬁ’]§ﬁ%%fﬁéﬂ?§§ﬁ%ﬁ%fﬁ
HyIBHK o (B)EME H IS 7EBEPTMIB B IR » (R AE KT B B ST BE AR fo b D i R T B,
Bk EREPTRIIRIER (152 ) » LT REA M ESEIREN (B R TR ) 2
o CEENSERTERS ST » MHSH 6 ISR CEE » BRER o

rh ARG BEAR 1 B AL ARG PO AR IR B R A MO T o A BIL ESREEAE MO PE SR © M
A5 4 [ K A B LR, » SRBABR (1973 5 1974) ~ BBABR (1977) REERSBRE B E S (W E MR
PRI R o A SCHEHERRIL /AR A7 1B LA R B B TR LA R MEEXRPREINEESH
R 0 R/ME 0.5 28 1.0m 2 [l o 7K T AFSRTIRBEAY -h.O 0 A2 B ARIR A A BN ISR » (ESRRE(E
» BR/MERBHRRHRBEDAY 16 (L@ 108220 ) » LR AE A RURH L TR B B 7R BE P B 4E o
o RO B ORI A 4 0 USSR ER MY RB1 o MRS » FEHoR I 0 S BURZRS 8
TRBIFELERE Y P » 74 R MBI » RS EEREEE AR E Y TR
PR ER RS BEERS BRI RE EMBIREE o A THERARE RIEY » AR
AT (AREREM BRI LTRRT S (20 1973) » TR R A e
WWMWEFWTE°%%W%&&ﬁTﬁﬁ%@%ﬁﬁ%%mwmﬂ%ﬂ@@ » (B A BEAREY o
Tomita 5% (1983) 7EEMHEAE 14 B BLIRRL 1270 » Tk VRO ABE /012 o Hashioka 45 (1973) 7548
FRURIRHTIL & DR B A MBI ~ B R B EE A RSN S o Koga 4 (1984D)
TEASBEURE 7y i PR A BE R B2 30 BRI S B A VRS BT B B R BE - o
BrEshBik ~ SR 094 = » TURE B8R 50T B BN A AR o

R (1973 ) FHeBIEMEELS » REEA BRI hEE N IR 2 i - BB
ABAIHHING o 7 STt A5 TR BT PR B A 7 SR B NI AOMBA R b (1L ) DU St PR B
HUBEPSHENG (B8 7b ~7c) dheg o Z%Iﬁk?éﬁhR{Hﬁé%%*ﬂﬂ@g&ﬁﬁ‘mﬂ@% ~ AR T E F
BafmE (B14) o

SR A ST IR A A B AR S S BE AR 1 0 SRk I (SREED > 1973) BREMEFEEBAR
MRt RS AT A 4 > R AEH: ~ B ABPIRR 5 8 A EEBRE R RS o BT
Heim LR RSN A % BB A TS A2 MR o FRLER b e IS S 4 » SR
BRI TR Bl e o

BRA BT AE R T 5 2P R ays 2 i e B8R E B A A BB K e »
RIREA MBS EEHUIREEER » Bl A MR AR B R M AR IR P B A ek A TR
T SRBERERA BB SERT o B2 » iET0mnst Bk B ARk B R mess



Jan. 1986 B ~ R—TEEURRBE AR 105

HOR B BRI BRAER IR R EEN TTRER AL EELE » RIERSIRER K © BRES TER
Fo

5 B X B

B ~ BEE 1973 ~ 1974 UK EBA S R MIERTE PRI o 4Hnl » 62 - 63 SEEEgkas ©

BFE: ~ BRIER ¢ 197 THEENR B IS E B o i ReEErErry 19: 101-118.

Hashioka, Y. 1972. Fine structure of the rice blast IX. Scanning electronmicroscopical
observations on appressoria of the rice blast fungus and other species of Pyricularia. Res,
Bull. Fac. Agr. Gifu Univ. 33: 65-73.

Hashioka, Y. and N. Ando. 1975. Fine structure of the rice blast XIII. Ultrastructure of
Pyricularia oryzae—nonhost interfaces. Res. Bull. Fac. Agr. Gifu Univ. 38: 39-47.

Hashioka, Y. and N. Kitano. 1971. Fine structure of the rice blast VIIL Structure and ultra-

‘ structure of the initial infection of neck-blast. Res. Bull Fac. Agr. Gifu Univ. 31: 83-97.

Hashioka, Y. and H. Kusadome. 1975. Fine structure of the rice blast XIII. The mode of
pseudoinfection Pyricularia oryzae Cav. to the non-host plants. Res. Bull. Fac. Agr. Gifu
Univ. 38: 29-37.

Hashioka, Y. and N. Miura. 1973. Fine structure of the rice blast X. The initial infection of
node-blast. Res. Bull. Fac. Agr. Gifu Univ. 34: 45-53.

Hashioka, Y. and Y. Nakai. 1974. Fine structure of the rice blast XI. Qutthrust of conidiophore
cells of Pyricularia oryzae, etc., through an epidermal outer wall of a host leaf. Res. Bull,
Fac. Agr. Gifu Univ. 36: 9-18.

Koga, H. and O. Horino. 1983. Electron microscopical observation of rice leaves infected with
Pyricularia oryzae Cav. in compatible and incompatible combinations II. Resistance expres-
sion and cytoplasmic granulation in the epidermal cells. Ann. Phytopath. Soc. Japan 49:
322-330.

Koga, H. and O. Horino. 1984a. Electron microscopical observation of rice leaves infected
with Pyricularia oryzae Cav. in compatible and incompatible combination III. Resistance
expression and loss of capability of plasmolysis in inner epidermal cells of leaf sheath. Ann,
Phytopath. Soc. Japan 50: 353-360.

Koga, H. and O. Horino. 1984b. Electron microscopical observation of rice leaves infected
with Pyricularia oryzae Cav. in compatible and incompatible combinationa IV. The interface
between invading hyphae and host cytoplasm in epidermal cells of leaf sheath. Ann.
Phytopath. Soc. Japan 50: 375-378.

Koga, H., T. Kobahashi, and O. Horino. 1982. Electron microscopical observation of rice leaves
infected with Pyricularia oryzae Cav. in compatible and incompatible combinations I. Fine
structure of invaded hyphae in host cells. Ann. Phytopath. Soc. Japan 48: 281-289.

Reynolds, E.S. 1963. The use of lead citrate at high pH as an electron opaque stain on
electron microscopy. Cell Biol. 17: 208. .

Spurr, A.R. 1969. A low viscosity epoxy resin embedding medium for electron microscopy.
J. Ultrastructure Res. 26: 31-43. .

Tomita, H. and S. Yamanaka. 1983. Studies on the resistance reaction in the rice blast disease
caused by Pyricularia oryzae Cav. 1. The pathological changes in the early infection stage
of the inner epidermal cells of leaf sheath. Ann. Phytopath. Soc. Japan 49: 514-521.



106 Botanical Bulletin of Academia Sinica Vol. 27

B O R W

Expanation of Figures
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The unit of scales appeared in all figures is pm.
CG: granulated cytoplasm EP: epidermis G: chloroplast
H: hypha IS: intercellular space M: mitochondrium
MS: mesophyll SG: starch grain VS: vascular bundle sheath
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Figs. 1-6. Brown specks, of resistant lesion

Fig. 1. A bird’s view of the lesion, sectioned in parallel to its surface that is 0.3mm in
diameter and composed of 15x 15 cells. The mesophyll is shown disintegrating and
has enlarged intercellular spaces.

Fig. 2. A longitudinal section of the lesion showing the invaded hyphae (short arrows) of
the blast. Note the particulate substances attached to those hyphae that are disinte-
grating and the granulated cytoplasm of the host cells (long arrow).

Fig. 3. Showing the granulated cytoplasm (short arrow) of the host.

Fig. 4. Enlarged hyphae shown in Fig. 2 showing the particulates (arrow) attached to its
surface and the plasmolysis happened to it.

Fig. 5. Enlarged particulates shown in Fig. 4, note that the hyphae has been plasmolysed.

Fig. 6. A longitudinal section of an epidermis cell showing the broken tonoplast and the
resulted granulation of its cytoplasm.

B 7a, b—10 : HkBUHURREER L DALY BT ©
# 7 2 FEAREREE AR RN (B - A o BikkS o eAEr i (BRI RMEETRA o
B 7 b ETHEEWN (ST Z3Eeinie (RRTER ) P ~ ORI Bk aL R AR o
B 8. RE 7 a b BTSRRI - HIERRERA o
@ 9. RE 7 b FHESTRAYEREERIERIRAIER (AR - BRREESE o
110, MTIREERIBOAR 150,000 £ » Bk R IREREETIER ©
Figs. 7a,b-10. Central gray region of the resistant lesions, all tangential sections.
Fig. 7a. Showing the long, dried mesophyll cells (long arrow) with invaded hyphae (arrow)
and the enlarged intercellular spaces.
Fig. 7b. Showing the densly gathered particulates, yellow-blue in color, attached to the
invaded hyphae in mesophyll (large arrow) and in the vascular (short arrow).
Fig. 8. Some enlarged mesophyll cells shown in Fig. 7a are drying.
Fig. 9. Some enlarged particulates and hyphae shown in Fig. 7b.
Fig. 10. The enlarged particulates shown in Fig. 9 are feather-like.
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Figs. 7¢,d, 11-14. Brown marginal region of the resistant lesions.

Fig. 7c. The distribution of the particulate is wide and dense not only in the mesophyll
cells (four at least in this figure) but also in the intercellular space (short arrow).

Fig. 7d. Most the invaded hyphae in the vascular are surrounded by the particulate (short
arrow).

Fig. 11. The hyphae invaded in the vasculars are surrounded by the particulates which
mostly distribute along the cytoplasm (long arrow). Mesophylls (short arrow) are
finely granulated and occasionally filled with densely gathered particulates(x).

Fig. 12. Enlarged mesophyll showing its granulation of cytoplasm (long arrow), the broken
chloroplast membrane(*) and the slightly disintegrated stroma lamella (short arm).

Fig. 13. An enlarged mesophyll is filled with many particulates that are feather-like.

Fig. 14. The distribution of the feather-like particulates extends to intercellular space. Note
its attachment to the invaded hyphae.
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Figs. 15a,b-17. Water-soaked (susceptible) lesions
Fig. 15a. The invaded hyphae dominate the mesophyll. Host cells totally disappear but
some dried remains (arrow).
Fig. 15b. The vasculars are filled with the invaded hyphae, but only very rare particulates
attach to the latter’s outside wall.
Fig. 16. The particulates in the vasculars are also feather-like.
Fig. 17. The hyphae in a dried mesophyll is still alive.
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Figs. 18-20. Central region of the susceptible lesion at later stage.
Fig. 18. Many hyphae have invaded the vasculars but only some of them is surrounded by
particulates.
Fig. 19. Enlarged particulates shown in Fig. 18 (arrow).
Fig. 20. Enlarged praticulates shown in Fig. 19 are also feather-like.
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Figs. 21a, b-24. Discolored marginal regions of the susceptible lesion at later stage.
Fig. 2la. At gray colored margins, many hyphae appear in the intercellular spaces of meso-
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Fig. 21b.

Fig.

Fig.

Fig.

22.

23.

24.

phylls (short arrow) which have already dried. The circled area denotes the
invaded hyphae in the vasculars.

The brown colored margin which is located outside the gray colored are composed
of mesophylls with dense content. The invaded hyphae (white arrow, in the
mesophyll; small arrow at intercuilular space) are few. :
An enlarged drying mesophyll shown in Fig. 21a, showing that the chloroplast is
not yet totally disintegrated and that the invaded hyphae are alive.

An enlarged mesophyll shown in Fig. 21b, showing that its content is dense and
that chloroplast is only slightly disintegrated.

Mesophylls at yellow:-colored margin have no invasion of hyphae but hold some
totally disintegrated chloroplasts.
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ULTRASTRUCTURE OF THE RICE BLAST
DISEASE LESIONS

Min-Huer CueN and HsiN-Kan Wu

Institute of Botany, Academia Sinica
Nankang, Taipei, Taiwan 11529, Republic of China

Abstract

Lesions of highly resistant (HR), moderately resistant (MR) and moderately
susceptible (MS) types obtained by artificial inoculation on rice leaves with conidia
of blast fungus were ultrastructually compared. The comparison was facilitated
by getting both semithin and ultrathin sections successively on an Ultracut E
microtome so as to correlate the structures at light microscope and electron
microscope levels.

About 1,000 cells were involved in the HR type lesion, in which only several
cells were invaded. The invading fungus had been plasmolysed and were morbid.
The host cells in the lesion had their cell membrane broken, cytoplasm granulated
and chloroplasts disintegrated. It seemed that this might be a result of hypersen-
sitivity which took place after the invasion of blast fungus (Figs. 1-6).

Many features of similarity and dissimilarity at ultrastructural level between
the lesions of resistant (Figs.7-14) and susceptible (Figs.15-24) types were recorded.
The most striking difference, however, was the distribution of the feather-like
particles. In the resistant type, it appeared in many cells at the brown margin
and was about 0.5-1.0 zm in diameter (Figs. 9-11). In the susceptible type, it
appeared only at central region and was far less frequent and small, 0.1-0.2 #zm in
diameter (Figs. 18-20). Most of the invaded fungus in the resistant host cells was
partially or totally surrounded by such particles and had their organelles disinte-
grated. It was suggested that the feather-like particles is one of the phytoalexins
reported previously by the other workers.





