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HAJIME MASAGO, KOUICHI TAKIMOTO and KIICHI KATSURA :
Comparison of the mechanism of the development
of disease symptoms between green mold disease
and brown rot of Citrus
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1. B : Phytophthora citrophthora (R. E. et
E.H. Smith)Leonian (FI#kilitk, SUECRFNLREERERIA
2epfoe SR ), Penicillium digitatum Saccardo

QR 2 # v KO FEARSEE
2. [HORE : 28°C, 7 [l PDA 85Hh L THAEL
DI Z S ORB ICBOTRE U/ Smm O a v
7 F— 52N TH bkl 7 14 2 7 %, 70% ethanol
THRIABE A U BEICE O 2 TEHE Ldl, B
Fi% A TR A IR - 7o B8 U 7 WIAARERICANZ28C
BT, T/ Emm fICBEEBLIRSE U0 e
AW ER E b OB BEICIN I,
3. WkfbJyakER - RHLEGE Smm ficy) LY 1g
Fig U7z 10ml it 4 4 vk & A potter [Tk Y
homogenize UJE.0/r#E (5, 000rpm, 2043H)) U7z bk
WHABBRRE Uiz, COBERIK 2ml (Cxf LAVH &
LTH=w U (& 7mm EX 0.5mm) ZNZT
208511 30°C TG X W THRAL I & F~ e BRKALITH)
EORMEIILITOREIIC X 5o 0 1 F 57c &M
L, 1 :#icTErEsussomhsd, 2 tfEICT
55010185, 3 HBEOLETRIIOILESD
&b LoigicTiBicEihg, 4 R ABRELRICLS
g iKiHT S, b HBRERRIRIOAS
TNF TS,
4. MFRBOHAY : 550 Uw PDA B Rtk
28°C 5 HRIEEHE L /- OB <€ 5 %% % Smm
DanryR—7—TIHEKE, DEORFICHEL28
°CTHRE S HEEAE LT,

2hhi3 peptone Eg, saccharose 15g, pectin 1g,
KH,PO, 2g, MgSO, . 7H,0 0.5g, thiamine 15mg
ZhiA A kT LU DEIRE S HEA 7 7 2
24z 500ml D4 EL 1 &UE 15 S8 A& L7,

P. citrophthora 31181, Pen. digitatum 135
H 2 h 2 bt Ok &R BB L, WIF
JE No. 2 TV, FRUEBRZZ0. 9T U7,
1 BE°ClLk - 72D B, 16,000G, 4550 ilEks L,
4 0.01 M phosphate buffer (pH6.3) ICHH L,
L buffe ot UBHT U TE SNl IR 2 HIEERIK
& U7
5. EATROEE  RAEOERS Cu-Folin #hic &
DEBE Y v 2 n AOSNIEEERH (Spectronic 20) @
750my (kO BIERIC L ORE LTz,
6. pectin SMEREFIEME D 72 DILEREE © K
pectin (351D HHAC KO KEBLL ™, sodium  poly
pectate {3 25% pectin %iC 0.5 N NaOH 7 100ml
AT 2 Kl 0°C it Uik LU, conc HCL Z %%

#2455

Wz pH %2 2. 0LLFIC LD H 70 % 2T 100%
ethanol THEIYEH L, IwcikiC ether THIKEGLL
TH7,

7. KEEEBIRENSY @ RS pectin @ 1 % YA WK 3ml %
1.2ml @ Mcllvain buffer ¢ pH » J4#, %@ 3.5ml
VCEMICTIB U 7oK 1 5ml 22 < 5ml &L
35°C THiIEES L7, Ostwald FifiHC X 0 o3
KIZRoRIC LD Ui,

8. TBA s> : Mcllvain buffer | k¥ pH8.0 IC
UK U 72 pectin ¥ 3. 5ml \GE MICTH N U 7 BRI
1.5ml Znz T30°Cic BT 2. SR G &, BTG
#% 1ml | 0.5N HCl 5ml %)%, & 51 thiobar-
bitalic acid (TBA) 10ml % Jji3-C 100°C, 1 KRl
BTz, BRI ERE A UEK U L% 480
—580mu TRPEANE LT,

9. BILHEDEE™ @ KR THEDBITIERR UK
IS AITHBE G X705, @ 1.5ml i DNS
HEA SRR 100°C I B TISA NG, Freiil
POBHEHIC40% @ v ¥ = VIR 0. 5ml &2 N2 Tk
CIBOMIL L, EIBICDOWLT 575mu (I TROLENE
% 7z, glucose anhydrous ZEI#EICZ 6 AT,

10. PE jE#:@ 5 : Mcllvain buffer 1€ & » THi%E
pH \CFa8 L 72 pectin 1 % VAT Sml [ M I RL
7o MIBESE 1ml ANz T 30°C, 4 RRIRIGE i,
IS THisRME LT BTB g3 0.1ml %nz,
0.05 N NaOH T#&E LU,

11. Cx F¥#EQEMNE « I Na-CMC 0. 5% I
DT pectin DA EFBEIC U T RIERETIECKYD
WiE Lz,

12. TLC iz x % phenol D™ : # 7 2 iTsilica
gel G % 2501 OEICHEAM LIS OEMBAIICY T
1 N Uik fe 3 H /e,
glacical acetic acid (45: 8 :

benzene : methanol :
4) ZHHTRELU,
benzidine 5g 4 HCl 14ml IC¥ UBE 4 4~ Kick
ST W T L7ed D E109% NaNO, JKEEK & A28 1R
SHLzboxREMELTHELINCT1I—2408
{ T & & - T phenol FioWiliz L7,

13. phenol ¥EE{THHL O JHEL « K3p#yE 11 vj1C pectin
10g, maltose 5g, peptone 5g, Ca(NO;), « 4H.O 1g,
KH,PO, 500mg, MgSO, « 7TH,0 250mg % &H, &
® ¢ chlorogenic acid, caffeic acid, pyrocatechol,
coumalic acid 3 X T pyrogallol 5 % 1 D% 107*M
B SN, 50ml = 7 5 2 3 i 25ml
FTONELRME U7z, fods phenol HiEF 570
DR ARG FIEX & U7,
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1. BEEIC K 2 imes

BWI»y, vey, #visy, E—vvbk
U2y YORE, Yvif e, =9 it
U, P. citrophthora, P. capsici L1 Pen.
digitatum ZHFE L 28°C 1T 3 HiR - - D BH A E
#2,7z, (Table. 1)

Table 1. Pathogenicity of 3 causal fungi to several plants and
the1r symptoms at 28°C for 3 days

Test plants for pathogen1s1ty

DEPICEL 72, FHUEKRETEH - T Rk IcEE
U7z Phytophthora capsici \IHZE4EITHEL
THATERL 72,

2. RENTER B HIYR D8k T

T v viCHE =R, 2, 3, 4HEIOK
EERE RS0 E LT Smm A & 0
S DRI DD T O DZ AL
ZWELIEC S, Fig. 1 \TRT#

Pathogens
Unshu Summer Lemon Red

- _orange orange pepper

Potato Carrot ber

Pen. digitatum D)5 2845 NE
2R LT E30B LS L

“Cucum-

P. cztrophthora +B +B +B — —
P. capsici — — — +M -
Pen. digitatum +M +M +M - -

- +M

4‘[15;%,&'&"(35 72,
3. BSOS O Hg
PDA Bihich o h U KL

+ Pathogenic,
M : Macerating

Ncn pathogemL,

P. citrophthora \C X ZWEZEMN I H b o &
bLBLLALLE~"Y, LY, VI VvORE
BHEVIR-XDELLLDTIRED - 70, FBIRIBIC
BIERMERIZIE s 2K RENTLI &L, DT
RIEMREETH -7co COMEMHT LD 2 Hi%
TH-TAHHDPSEFEVEZ) BILAAD S, B
B COWERME Y FfT UMEIWC & - THADH: EHs
XN TS &5 1 R BEMEEC s o hiih -
7o

—7 Pen. digitatum 3WMH>, vev, ¥
VINVEBRPTIENTETHLUS LLEKAAER
U7eBRER RS NED o 7c. T OMBEIC X B KB
BOHEEZ28°CIitBITid P. citrophthora OFHS

Pen. digitalum
54 P G-

degree of maceration

| 2 3 4
days after inoculation

Fig. 1. Production of macerating enzyme in the
lesion of Citrus fruit infected by P.
citrophthora or Pen. digilatum.

B : Browning,

P2 T E KT BB LR & S 3

ZLICbDRORERIT K %218, &
B1, BV U 7CHIBESERR I DI Tlb A el Uz,
Pen. digitatum 7585 KL S E R ICL B 15 85D
HEEE (0.03mg/ml) THED+ = v v YHICHd 3
TR % i U4 B2 Fig. 2 WWR$, Pen. digi-

5, .,.—-
Pl ‘\
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Fig. 2. Influence of pH on maceration of
cucumber discs after 20 hr at 30°C in
the crude enzyme preparated from the
culture filtrates of P. citrophthora or
Pen. digitatum.

tatum PSFEEICHRIL J10s88 & P. citrophthora |3
COERBRETREODTELIKMLI LR X 725 5
7o F7UFE pH 13 Pen. digitatum H33—4, P.
citrophthora 735 —6Th -1z WHEETALAY
T & 5 70 CBRALITME R & 250 - 7o,
4. pectin Sy fRRE AL VE

NI TG 7 BURE AU DO TR S 1520 S Wl o
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pectin S} EEEEIEE A H#R $ 5 YO Pen. digi-
tatum DOFiH3, P. citrophthora X0 5150 jEHE 43
El, (Fig. 3) Wi &b 77 ) ITRERNED
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Fig. 3. Effect of pH on viscosity-reducing
activity for pectin in 45 min. by crude
enzyme prepared from the culture filtrate
of P. citrophthora or Pen. digitatum.
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Fig. 4. Effct of pH on liberation of reducing
groups from pectin after 17 hr at 35°C
kept with crude enzyme of P. citro-
phthora or Pen. digitatum.

it SR oAk

WTHEL Pen. digitatum 3 pH 5.0 LL°F, P
citrophthora (3 6.0 LLF CABMIIEHEDE TS
hiz, MEOFE pH KA 5 & P. citropht-
hora 13 4.5—6.0 & IR LD X LT Pen.
digitatum 2 2.0—5.0 E2150[EV, Pen. digi-
tatum O pectin SMEEEFIITRMANT I3 A7 0 O
k- TR 2 b0 bbb, —77 WMk
BIEER AR T A & Fig 4 WR$ & D IC Pen.
digitatum DOFHS P. citrophthora {CH~THIED
L1,

—JiHiE & bic TBA HERICHBLT 550my AL
EEAERINATRE LT &, pH 8.0 T OKEE
TEEEDHTENC 0o TEERZIZEAEAL
s o s Bbhd, sodium poly pectate ZJLET &
LB A b MEETRTA I E AT OMFEHR
WoORCE:OREOME S 75 {, PH Rk d KIkIC
BOTEE - TEO5.5—6. 5 LIC peak b b, 7
AAVTRIZEAETEREZAZEMT &L
72, (Fig 5)
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Fig. 5. Effect of pH on viscosity-reducing ac-
tivity for sodium polypectate in 45
min. by crude enzyme prepared from
the culture filtrate of P. citrophthora
or Pen. digitatvm.

PEjEME(3 Table. 2 (€73 &5 IC P. citrophthora
oD DIWpH 7.0 fHTIC B TH I oICIE M L
7ehs Pen. digitatum \CI3IEEAEHSNILM 5T,
5. cellulose Sy shiGk

iR Na-CMC Z3E & U THiIRERE Mk & 0 75
Aok A Figs 6 WOR3 RO ICE & bICHET
OEMEL L, P. cittrophthora (4 3.5, Pen.
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Table 2. Comparison of the PE activity of the
crude enzyme prepared from P.
citrophthora and Pen. digitatum

pH of reaction mixture
Pathogens . T
4.0 50 6.0 7.0 8.0

P. citrophthora 0 0.031 0.038 0.075 0.038
Pen. digitatum 0 0 0 0.018 0

Number shown specific activity as units/mg protein,
where 1 unit equalled to 1 mole carboxyl groups
released/min.

0,

0
P. citrophthora
70+
2>
K]
o
o
02
>
£ 60
) .
12}
= Pen. digitatum
=
)
4
g 50+
40 v v v
3 4 5 6
pH

Fig. 6. Influence of pH on cellulolytic activity
of crude enzyme prepared from the
culture filtrate of P. citrophthora or
Pen. digitatum.

digitatum 3 4.0 IChi#E PH 2626 DD K5 TH
726
6. I vEFHLEY methanol Hiii#k®th @ phenol
Y 1g Y04 10ml @ methanol & & HiC
homogenize U#%7 L, Z8i#ICE D methanol %
A T—BRBERFHL, SIHOVFKEAT S, C
& 35°C THHERIR L, %/ X 51C methanol 20
ZTHIERER Lk 2582k,  methanol T
B UEOSBEL (5, 000rpm, 2043) methanol REE
HOYIH ROz, EIERAEBERLE LT methanol
EEONDb, KEMATTABKE U, BFFICH

RO DRAIMICONTH FREDEIEE L TH A BK
%7z, MFHEMHRE, BAIHBEEEL TV,
i DT TLC T phenol DK AT 5 7o
chlorogenic acid MO7EFEITRE, BLTHICHHEAIN
7cHDd phenol BUIMHI S 78 ds - 72,
7. PhILEKD pectin SMHARERIGHICE X % L8
MR 1ml & fiEc B Iml 4 Mcllvain buffer
T, PH % P. citrophthora O¥:403 6.0, Pen.
digitatum OEAT40CHML T2 v VWHICK
> THRIE I ARE Ulc, #53%A Fig. 7 1CR$TH P

"
.|

degree of maceration
w

' 4
0 H b, ‘
Cc Bo Ho Cd Bd Hd

Fig. 7. Inactivation of macerating enzyme from
P. citrophthora or Pen. digitatum by
the extract from brown changed lesion
of Citrus brown rot,
C: control, B: brownish lesion,

H: healthy part, c: P. citrophthora,
d: Pen. digitatum.

citrophthora DIILINIEIE, HATBINILIEKIC &
STHEDBIFEINEDICH LT, Pen digi-
tatum ORI E - 72 EBAZF b ot L
U pectin SR FRIEAETS & U cellulese 45
TEPEZ RSB TILETIE Uz & S A MK & 475
DBARELED 572,

8. phenol ¥ D}

B 5L PDA KHpic 5 Bl Uil o<
DE AN K—F7TITHKE, % phenol AHEHH
ICRHE (8 HH28°C IR - 7 DB AL, 110
°C T2URMHAR LA TR & UZc, UK pectin
IHREEFRIEYE DERERIC T 7o, Table.3 ITRd LS5 1
P. citrophthora T34~ TOHtER phenol AT
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Table 3. Inhibitory action of phenolic substances
on the growth and PG activity of P.
citrophthora or Pen. digitatum.

Phenolic P. citrophthora Pen. digitatum
substances Dry PG Dry PG
weight activity weight activity

Chlorogenic acid 0.8 0.9 0.9 0.9

Caffeic acid 0.6 0 0.8 1.0
Pyrocatechol 0.7 0 0.9 0.6
Coumalic acid 0.8 0 0.9 1.4
Pyrogallol 0.6 0 0.9 0.9

Number shown relative values as 1.0 for the
sumple obtained from the culture without phenolic
substances.

RN B 7288, caffeic acid, pyrogallol D
VERDBHLB LB LW, UL Pen. digitatum OH:
BRIBEALEINLDEELZTIZD,
9. RERIHEITHEROEML
YL 2205 DA 4 ¥ K& & b IC homogenize LT
5°C Ic—BRHE®E 058 (5, 000rpm, 2053
U, O FHEEAFELUTFRARR & U,
BIEME R glucose ([CHFL U TR UZAS, HEHE 1
O#%AEEOBEA E S peak T 2 HH £ TIIERSOD
FiERIE D B, K SIWCHDIDERD LT
¢, &IC Pen. digitatum DJiHHHL S LU,
(Fig. 8)
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0.7 . v . -

| 2 3 4
days after inoculation

Fig. 8. Reducing groups in the lesion of Citrus
fruis infected by P. citrophthora or
Pen. digitatum.
Each points were shown the relative
values as 1.0 for healthy parts of the
fruit.

10. Wi pH oL

Fig. 9 (GRS &D WCHis & SHREE:,  HEDHED
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v Y v
I 2 3 4
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Fig. 9. pH change with development of the
lesion of Citrus fruit infected by P.
citrophthora or Pen. digitatum.

KON THERTO pH 3ET T2 HAcHY, 20K
TFid Pen. digitatum OFHMRHHELSE L, FHIC
BU7c v ORBEO/SY pH (34, 971K T H % 45,
WEE I A3 13 4EFICEFTETELD S,

v & =

—RCESR DR E U T AR O K EBIR E AL T
S UMD S5, FEAFERYOBRIC
BOTRFHOREELILD CEMNPHDB, TTIE
H oMYA U7 P. citrophthora (371 ¥ %7 ORHE
OHEBBARERNT 28, MR AZEILLAICE
T, Rk U Tkiz Phytophthora capsici &
BREERICLTVS, Zd—FEE RE LN
Pen. digitatum OEAZHREZ2RBIITWTHBEL
3 LLikiehED Shd, COFHBOBLEMBOREHED
AT & RN T B E B TR ENZ 72D TH
%, CCICHWh v+ VBT ORBNEOMEED
B TH D, WEE SIKMAEERZSWML T 3 B4,
Fig. 2 ICR&NB &5 IC P. citrophthora D7%hi3
Pen. digitatum {CE~THHEAYE 4458 pH 3%
HO3—4ICHUT, 5—6LHVETAHTHS, F
ToHERE IR DR D RALITYEDS, $RETIZ 2 H B
ST ST B DI, HIATII 2 Hi%% peak &
LTE T3, CoT&id Fig 9 lCRLIED I,
HH & S EED pH 2K T U TiT& P. citrophthora
T3 HRIC3. 8 &1 & DHEDIRILEEHL DIEMELR D
SFNTULE D, —J Pen. digitatum D5 P.
citrophthora LD &M /mIC pH OKFA8E Y, 4
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H#ICIE 3.1 fHEWCE T A0S, T DEDOSW
THBRMABEROFEMIBICH B C Lt b, Tk, 5%
WINORENCOEETNIYWHET P. citrophthora
OIREERIEMIINE LA L{EINEC L LT
> T P. citrophthore \C X 3HLI3H: U EZES
5hb. COBLICEEd 2R %3, PE, TE &
75 PG {Hikd Pen. digitatum OEAWCHLT
P. citrophthora 8555 35S T RAMEL ST B
I EBEZ N &S endo LD ¢ exo BID
PG D@y &Bp2 L aBHTETHLS,

MR BT ZWEDRMITIL, WHIOEE LT
V2% phenol MEERLICE 755 BIUIRIGEHI NS
Db BHEMNY S, KEBROEDS, 4 vREDIC
W% L &$ 5 phenol TH 3 chlorogenic acid
Tk 5 Tid, P.citrophthora OEEMSNELLES LY
HEEN/2Y, PG EUMETFTHLHLNLDTEE
&30, BRHIRIC BT H R AR E AT AR 2
THHELTLE L EOMHES & phenol BLU ZDB
WP BERICEEEEATOE LS KIREI LA
780,

1345 Pen. digitatum ps P. citrophthora *
RIGOFORKEEMLLICL LT E, 17 YRS
Wezmbhd PEY LOBREXT P. citrophthora
D& DIRBERIEMEZIE S 2 ¢ 4 v BRERS T
BHBPIEEZP HINICT B EICE - THBRRE DK
HEEZ X ST L 7ol

vV 5 B X #®
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Summary

Among the Citrus diseases, the symptoms of the
brown rot of fruit caused by Phytophthora
citrophthora show remarkable contrast to that of
the common green mold disease by Pewnicillium
digitatum. The former fungus changed the host
tissue to brown colour but didn’t macerate it, the
latter didn’t change colour although marked macera-
tion progressed. The difference of the mechanisms

on the reaction of Citrus fruits against these two

fungal infections were studied in this paper.

To evaluate the macerating activity the discs of
cucumber fruit and potato tuber were used. The
macerating activity of the host-pathogen complex
in the lesion reached a maximal peak at 3rd day
after inoculation with P. citrophthora, but fell
With Pen.

digitatum, the maximal activity was continued over

down during following several days.

several days after that.



Optimum pH range for the maceration was in
5—6 for Pen. digitatum and in 3—4 for P. citro-
phthora respectively and the activity of the former
was higher than the latter. On the other hand, pH
of the lesion formed by each pathogen began to
drop from 3rd day after inoculation and then
reached a stationary value, 3—4, at Sth day. In
this pH range the macerating enzyme secreted
from P. citrophthora didn’t show their activity,

HoAs

moreover the activity was inhibited by the extracts
from the pericarp of Citrus fruit.

The facts described above can explain some of
the reasons by which soft rot didn’t developed in
the case of the brown rot by P. citrophthora.

Pen. digitatum have endo-.PG, and P. citro-
phthora have endo- and exo-PG, but both fungi

didn’t secret trans-eliminase.



