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WiEfEF > {E4 hr 1% > BB PR LA B o iR E R /2 12-28 °C »
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WA RFEN » B A E R 4 B R BHEERE (LUT iR 4 5
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FEHE MR 5 R LOARESEZ ) U M » DIZKE KR Z
FRAEAG SEMNIRIE » [BERE — a3 K Z IEHTELV 7R 3 1 s b
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Fig. 1. Symptoms of white rust occurred on various
amaranths (A) Amaranthus mangostanus, (B) A. mangostanus
forma ruber, and (C) A. lividus caused by Albugo bliti in the
field. (D) Irregular, white protuberant sori on the infected leaf.
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(> BB I TR RO R TELAR - 45 3 K 36
C R 2 AR T B T I o i e T R
B AT - BB 16 K5 1 o AR 4 &
1 0 TR 100200 W AEAT-4E - AHUBRIL 3 X -
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Frifg itEs s LL IMP® version 5 (SAS Inc., Cary, NC,
1989-2002) ;1T ANOVA 5347 » A5 BA & A= 720 » AL T
t test 3¢ Duncan's new multiple range test o 7585 B 5% B RS
SHUBBARE > FIEREIER 7T » FEILCHENS R 88 L2 BRR -

IR B 151 (Albugo blini) Wi fa T4 79

B~ RH SR E T SR e () il
WEEAET 5 (HEES) 1BIF - A Wl % -B. ik
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Fig. 2. Indirect germination of sporangia and direct
germination of zoospores of Albugo bliti. A. sporangia. B.
Protuberance on the tip of sporangium. C. Cytoplasm
squeezed from sporangium. D. Zoospores formed within the
vesicle outside the sporangium. E. Zoospores swimming
around the empty sporangium. F. Cyst zoospores germinated
and formed germ tube. Bar = 10 xm.

aR R A IR g LIRS {8 £ 422 HE (R 2% (mean +standard
deviation) 75 °

f R
i 10 BT 5 ]

FLESAER Abl BRI AE 0T 21T /K Fh Z R R F ]
ZWRHTIN > 226 8 hr IR » BRI ZS 2 BIFEEIRRE - Abl IiFAE
T BEAEEK PHE2, 4 2 24 hr BEHR 2 FEHZR 7 B 5% 58 +
18 %, 59 +5 %, Bd65 +6% - ifi HEFHE 7= 5 ([EIPY) - HEf
TEHERR - REIRBRS Z R EEBE Abl A7k #8224
hr 2 EfE TREHEREHE ETHE TREZ 8% - Abl
PRIENF A f TEEHEZ AL 2 K% > Hff T BN AR
43.8 £7.3% » 55 4 KAV T EEIES RS » #66.2 +
4.4% » [E1% 35T % 0 55 14 KiF - FFE%30.5 +£5.3% »
W T2 R A ER S Y = 30.35+9.92-X - 0.71 - X2, r* =
0.92 » HrY K& X 5 RlFsIE e SR it A e 12 bR
B’ AT BEHETZ AR 5.2 K B (18 =) - 384 10 K30 7[R
—WiE T EEHEN ~ I 2T RER 2 » A5 BERIF
A FREHEN ~ S AT S BEIRA A — B> DLt
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Fig. 3. Zoospore discharge of sporangia of Albugo bliti
collected from Amaranthus lividus. Sproangial germination
was tested with two days intervals after sori formed.
Sporangial germination in distilled water was recorded after
incubation at 24 °C for 4 and 24 hr.
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Fig. 4. Time required for the germination of mature sporangia
of Albugo bliti collected from Amaranthus lividus. Sporangial
germination in distilled water was recorded after incubation
at 24°C for 2 to 24 hr with 2-hr intervals.

test 3G SR HERE R 5 - (HURIEE M1 2 O 20k
fFREREHORA) LU e A BN & & - 1l 76 £31%
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HIEA R A A T2 K Fh R il A AR T Aol Z i
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EEAE AT B OK B KR 4520 min 1% 0 SRAEFLHREAON
T ik TR 2 107 £2.9% - 12.1+11.3%
ZI8 » B 20 B 240 min BEEEZ Abl ~ Abr B Abw iR E
fOFEERE A IERAE 72 B4 > H BRIEPRIR ] Z Abl PRI
AT R BEE & 12 Abr B Abw 1K (p < 0.05) ([&
) o Sy AT HL BRI U AR fE - 2 TEOK TR R B 2 Ak B
e AEFELF R iUl - 45 5L Abl ~ Abr Bil Abw PRI AE
fE7- ZE(EEF E 80 min B 4 hr 2.2 FEHUR » 73555 56.8 £
17.4% B164.4+14.4% »39.5+7.0% $137.5+4.1% F% 32.4
+8.6% Eil 39.0 £2.6% » L ANOVA 347 » &EH&FEH 80
min 24 hr FRFH[E LR A2 o

WA - FERF I AL 1 - Bl A - 3 2l i

B TS5 TR Abl Bl Abr BRI AEfET-#&1F 12-20 °C .2
PR LI AR THEI%S - 20 - 24 °C RIIBEEEARRE - BEIR
JE ETF o BEHESZEI TRE 0 32-36 °C K » SERAARENNENE
(7S~ A) °

B SA R L WA FERR O A A 1% (EEEfE T
VKB —ERIRF 1% » Eradib TR RS - BRAE
B3 R IR - & RT3 28 (appressoria) ([EL) » HhREH
$A1 Abl PR E /T2 12 °C £ 4 hr (REERERE Ul E
i (HRAAREZENE BT S IEE - 16-24°C jRHE
G TR Z WA P E RN B3 A BN
Fif=E 2% - 28 °C JEHR 2 f P A DB S - (HR35F
B IE TR 8 - R S5 Abr bR 2 BT 12
20-28 °C ] FEAEFE A » 24 - 28 °C IF Al 1T R 2 A Bl
FAR 0 BOE G Abr JEE TR AL 24 °C o

32°C Bl st 2 5

A Abl, Abr &z Abw BRI T #EE R 32 °C
&4 hr F 24 hr £ » FAER 20 °C 4 hr » HEEHCZRSERE
FARETEI - AR E AL T332 °C #8 24 hr % > BERTFE
20 °C PRAGFERZR » 8132 °C #84 hr 2 FiE 220 'C 4hr FHH
Lt » B Abr EHRSE » Abl bz Abw RS LIRRE T %
A5 o Abl, Abr Jx Abw {1 2&48 32 °C g3 4 hr 1% >
FLL20 CHE4hr % » HREHERR 2.0 £0.8 %, 1.0 £1.4% K
1.3 +1.5% JEEHEREH)69.2+1.5 %, 35.24+1.5% F% 40.8
+2.6% » 8120 °C EEHEE .2 75.0£1.4 %, 12.9+3.8%
F224.8+2.9% FHEL » EHREEFE 7 (p < 0.002) ([E/\ -
A) o RFISEEIE 32 °C 24 hr #% » FEA 20 °C 4 hr ZJEE
fEF2ERE S - Abl, Abr Kz Abw L fE T $EFEHZEH 1.3
+1.5%, 2.2 +2.5% J 1.8 +1.5% 5 RIHEEE]25.04+3.7 %,
30.5 £2.5% 2 15.3+9.3% » €220 °C [EHL#E ~ 83.5+2.6 %,
26.8+1.8% F 44.5+£1.7% FHEL » FR Abr Bk SR 7= 52
4% > Abl Jx Abw HI| £ B{RE 752 (p <0.001) ([E/\ ~ B) °
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Fig. 5. Sporangial germination of Albugo bliti in distilled
water incubated at 24°C for 4 hr with 20-min intervals. Abw,
Abr, and Abl were isolates of A. bliti collected from
Amaranthus mangostanus, A. mangostanus forma ruber, A.
lividus, respectively.
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Fig. 6. Effect of temperatures on the sporangial (A) and
zoospore (B) germination of Albugo bliti Abl and Abr isolates
collected from Amaranthus lividus and A. mangostanus forma
ruber, respectively. Sporangial germination in distilled water
after 4 hr incubation at different temperatures.
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Fig. 7. Appressorium (AP) formed on glass slide after
zoospores in distilled water was incubated at 24°C for 8 hr.
Bar =10 ym.
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Uit » 0 SRS B2 U AE £ T 2E494 (sporangiophore) FIL )T »
B A fE T SN (R A A BRHE N AR > IR RZ
U RE£0L -3 7502 37 A FE 7 BEME TH > IO 1L B £ T2 M
G& o TRETE 7 A6 - ZEHE AR AR Rl BB (4 R 5T 2 Y
WA T FERTAHAL - [RIBLAELLs Ef RN ~ Sh 20
AT BERE R - BEIR LB 12% W22 FL0M ¢ test ANMERE
ZATARIR (B LE A fF ZEHE P 5 R B R B A
AT BT Z i > L EEE R TN 2
W fE - BE B AE AT ZF THAE IR = o R A Hhfefd
FIF AT FER A P TR AR » AR SR T R 2
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B\ ~ 32 °C BT (8 i L AE T8 E T 252 B - AbL
Abr K Abw SR ERE 8B ERS I ~ AL B REER
20, 32 = WEAEAET-2E7 BITE 20 8232 °C #€4 hr K 24 hr #%.2
WiFAE RIS = 3220 ¢ JF A2 5L 32 °C #£4 hr
Je 24 hr #% » T4 20 °C FE4 hr 2 2 i fE TREREE - [A)
— &R EZ R R - RSSO 2 880 i R A
20 ~ 3220 B 32 °C BEHE[E{Ep =0.05 IRFHERE & 7= 5% -

Fig. 8. Effect of 32°C on the sporangial germination of
Albugo bliti. Abl, Abr and Abw isolates were A. bliti
collected from Amaranthus lividus, A. mangonstanus forma
ruber, and A. mangonstanus, respectively. 20, 32: sporangial
germination in distilled water was recorded after incubation
at 20°C and 32°C for 4 hr (A) and 24 hr (B), respectively. 32
—?20: sporangial germination in distilled water was recorded
at 32°C for 4 hr (A) and 24 hr (B), then transferring to 20°C
for further 4 hr to stimulate the sporangia germination. The
same letter within the same isolate among the 20, 32—20 and
32°C treatments, was not differed significantly according to
the Duncan's new multiple range test while p = 0.05.
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K—R » HEAEWGE 16 K 2 & 6 FRE UL + 1S
P o BRGERR b ZAH R EE » MRETH 208 2 88 i RES R
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Fig. 9. Effect of 36°C on the sporangia germination of Albugo
bliti. Sporangia of A. bliti collected from Amaranthus lividus
were maintained at 36°C incubator for 16 days and
germination was tested with 3-day intervals. The same letter
above the bar was not differed significantly according to the
Duncan's new multiple range test while p = 0.05.
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SLAT LB A » 81 LA Duncan's multiple range test 73
#r » HI¥GH 80 min Bd 24 hr FRIE ¥ 2 A f 1 & B AR I
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2 FE1E - BIRHER 8 Z B8 i AE T2 MDA K H - 12 80
min #&3 BRI AT RERRIR - URERHEE T RS
A TAA B AR IR o AGABR = N TR S AR IR 0
TARTER SER S U 52 BRERFE(E 24 °C ARG » IRIfFEfT
PR ARIEHISE » 7 Edie & Ho ® WIZe%E 2511851 (A.
ipomoeae-aquaticae) IKf » 1T BB 2 LA TR ERRATH
FE ISR - B ERYSRIR A E S 225 °C o RIEAE
fOFERE s A LUHERF A e I LR - SR 2= H HHfR] e
AN 25 P TS 2 07 AE fo T BERE R IR R AEE - FEIELAR R
K REREABE 2T FRAERFESRGC)
T AAER 2= PGB FAHERHEZE IR (25 °C) » B PTEREEIRE Z IR
AFEIFREC? KL > BREABsF A 2 AR E 1 - 2 ZFEREE
ZHERBES AT 24 "C{RIE 2 - 4 hr 1% > A USRI A f T 2E
R > QI RTEIRAR E 2R TR AR -
AR AL A T8 DA A - BRI 7
R BE > Edie & Ho ™ B X 18515 (A. ipomoeae-
aquatice) JiEEFIT FRE IR - 5 15 °C RRBEA A D EuiEE
fOF B 4 - R YN W2 % 5 (Phytophthora
palmivora) IS T SRS BRI > AATERE 2 T
s SRTT L FI SRR I 10 738 2 75 5245 BRI A T 1 48



HFzalRett - AIE ARG E o B EOSE ST Y
% SRS BIZRREE 2% (B > e f T &
FHER B > BB TR ST 3R LI RETE R 3
TEBISE R SBEIFE TR 2R A OBFE R » Wi T #E
IEFERFLE JTEMEE > IR LSS S8 e SR FLIR A e
JifE > SR M —MEE R Z TR - B SA I 1R ARG T 731
WMt B ELEEE - SRR E -

S S D07 167 BT o 2 B e A I B 2F
ZAR SRS 12 - 28 °C Bl 16 - 28 °C Z[H] (&) » th—
{0 P A (78] ] 0 T 2 T [0 7 26 B 2R 1 8 2 TR 4
12 BRI EE AR 16 - 24 °C I » BILVAEYE 25l s
FIER AL o 347 32 °C #€4 hr 8124 hr JRH{% » F12120 °C
8 4 hr [A118 57 B A2 i A0 7 38T » 32 °C #8 24 hr
JEHE AR ER Abr IR SL - 29 T REEIR e —4 /A (18
JU~B) » B 32 °C iR L2 AL T B R i 2 R ]
M2 PRI » LESRH 36 °C BRELZ 171558 18153
B ([ESL) - ARTAGRERES TIRE » {5 2120 C EHE4 hr > $17>
[A118 24 hr ZHASZE] 32 °C fmii 82 61 1285 vhm
5 AR 20 °C RRHRIFHI R SIFTERL - #5715 20 °C R
MIZE K% 24 hr #% » @&k 0] EE S| FJeiEE - AlE R
BREHET o 73— 7 AGAER ) LMK IR RS 2 FESEEA T o 17 FE [
FEAS AT HESR HAMERF(E—EIRIE - DI TR &kt
T - RGN 32 °C LIRS & #358 6 hr » [K i
32 °C 8 24 hr R BEEE ] - AHERS 4 KH 4 e R
F T R K S0 A B F 85 R 007 AEfE 7 S R AL U0 AE FE A0 IS
Ml > AIRSE 10 hr LLE CREERERD - BEEWEHRE S
RSB » B R ACRIREEGE & (8500 A TR R
AT o IR ZE 8RR — (EL AR 1 S A TSR A TR
» AR MR e -

I
At e L N o BhAst B & SEET T - BRI RE L
90AS-1.2.2-PI-P4 37§ -

10.

11.

12.

13.

VR B 1§51 (Albugo bliti) i EfR14& 83

51 RIS

F=K -~ W e 1996. S ETEAGRIEE /. SR
Pl 2= 11 28: 14-17 -

HRUER ~ FRrCE. 1998, SRS AN L B iR E
F]40: 439-440 (F55) -

FMEHE ~ BHESS ~ SR S 2002, REZSIERS R 2 86 E
BUZHERL. R T 11: 33-44 -

B, 1981, Y L R S (E I BT R — R
R~ HER R - AR YR OV SRR
BehfFredi ey 21:88-105 ©

EEHSRTS. 1922, # 5 nn % (Suborder Peronosporineae) F
$5E £l (Family Albuginaceae) 1§55 /& (Genus Albugo).
p. 22-27. MR EIRE S 2 . SR R
WFSele B S e 25 2 . k. 173 pp o

Barr, D. J. S. 1992. Evolution and kingdoms of organisms
from the perspective of a mycologist. Mycologia 84:1-11.
Clerk, G. C. 1972. Germination of sporangia of
Phytophthora palmivora (Butl.) Butl. Ann. Bot. 36:801-
807.

Edie, H. H., and Ho, B. W. C. 1970. Factors affecting
sporangial germination in Albugo ipomoeae-aquaticae.
Trans. Br. Mycol. Soc. 55:205-216.

Kajornchaiyakul, P., and Brown, J. F. 1976. The infection
process and factors affecting infection of sunflower by
Albugo tragopogi. Trans. Br. Mycol. Soc. 66:91-95.
Patterson, D. J. 1989. Stramenopila: Chromophytes from
a Protistan Perspective. Pages 357-379 in: The
Chromophyte Algae: Problems and Perspectives. J. C
Green, B. S. C. Leadbeater, and W. L. Diver ed. Oxford
Univ. Press, New York, 429 pp.

Petrie, G. A., and Verma, P. R. 1974. A simple method for
germinating oospores of Albugo candida. Can. J. Plant
Sci. 54: 595-596.

Verma, P. R., Harding, H., Petrie, G. A., and Williams, P.
H. 1975. Infection and temporal development of
mycelium of Albugo candida in cotyledons of four
Brassica species. Can. J. Bot. 53: 1016-1020.

Verma, P. R., and Petrie, G. A. 1975. Germination of
oospores of Albugo candida. Can. J. Bot. 53: 836-842.



84

REYREREZ S S 1248 552 H] 2003

ABSTRACT

Lee, M. L. ', and Hsieh, W. H. > 2003. Effect of temperature on the sporangial germination of Albugo bliti.
Plant Pathol. Bull. 12:77-84. (" Department of Pesticide Application, Taiwan Agricultural Chemicals and
Toxic Substances Research Institute, Council of Agriculture, Executive Yuan, Taichung hsien, Taiwan,
R.O.C.; * Department of Plant Pathology, National Chung Hsing Univeristy, Taichung, Taiwan, R.0.C.;
* Corresponding author, E-mail:mllee @tactri.gov.tw, Fax:+886-4-23321478)

The effect of temperature on the discharge of zoospores from sporangia of Albugo bliti (Biv.) Kuntze
was studied. Sporangia of three isolates, Abw from Amaranthus mangostanus L., Abr from Am.
mangostanus L. forma ruber Makino, and Abl from Am. lividus L. respectively, were used to inoculate on
their original host plants. Sori formed on leaves 4 days after inoculation. The highest percentage of
discharged zoospores was obtained from 4-day-old sori. Zoospores would be quickly discharged within 20-
40 min as mature sporangia were incubated in distilled water at 24°C, furthermore, the highest amount of
discharged zoospores could be obtained 4 hr after treatment. The temperatures for sporangia to discharge
zoospores ranged from 12 to 28 °C, while 20 - 24°C was optimal. The zoospore discharging capability of
sporangia was inhibited at 32°C, which could be partially recovered by subsequently transferring these
sporangia to 20°C for 4 hr, and still remained 3.4% at 20°C for 4 hr after sporangia were incubated
previously at 36°C for 16 days, both suggest that A. bliti have already adapted well to the variation of
temperatures in field. Conclusively, in order to undertake a successful inoculation of A. bliti to amaranth,
mature sporangia from 4-day-old sori should be used and inoculated leaves should be kept under moist
condition for at least 4 hr.

Keywords: white rust, Albugo bliti, amaranth, temperature, sporangia, germination



