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(A) (B) (C)
(Albugo bliti)

(D)
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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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 m.
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24
4 24 hr
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 for 4 and 24 hr.

(Abl)
24 0, 2, 4, 6, 8, 12,

24 hr
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 for 2 to 24 hr with 2-hr intervals.



(Albugo bliti) 81

4 hr
Abw, Abr Abl
Fig. 5. Sporangial germination of Albugo bliti in distilled
water incubated at 24 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.

(Abl) (Abr)
(A) (B)

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.

24 8 hr
(AP) = 10 m

Fig. 7. Appressorium (AP) formed on glass slide after
zoospores in distilled water was incubated at 24 for 8 hr.
Bar = 10 m.
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32 Abl
Abr Abw
20, 32 20 32 4 hr 24 hr

32 20 32 4 hr
24 hr 20 4 hr

20 32 20 32 p = 0.05
Fig. 8. Effect of 32 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 and 32 for 4 hr (A) and 24 hr (B), respectively. 32

20: sporangial germination in distilled water was recorded
at 32 for 4 hr (A) and 24 hr (B), then transferring to 20
for further 4 hr to stimulate the sporangia germination. The
same letter within the same isolate among the 20, 32 20 and
32 treatments, was not differed significantly according to
the Duncan's new multiple range test while p = 0.05.

36
36 3

16

p = 0.05
Fig. 9. Effect of 36 on the sporangia germination of Albugo
bliti. Sporangia of A. bliti collected from Amaranthus lividus
were maintained at 36 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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ABSTRACT
Lee, M. L. 1,3, and Hsieh, W. H. 2 2003. Effect of temperature on the sporangial germination of Albugo bliti.
Plant Pathol. Bull. 12:77-84. (1. Department of Pesticide Application, Taiwan Agricultural Chemicals and
Toxic Substances Research Institute, Council of Agriculture, Executive Yuan, Taichung hsien, Taiwan,
R.O.C.; 2. Department of Plant Pathology, National Chung Hsing Univeristy, Taichung, Taiwan, R.O.C.;
3. 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 , 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 , while 20 - 24 was optimal. The zoospore discharging capability of
sporangia was inhibited at 32 , which could be partially recovered by subsequently transferring these
sporangia to 20 for 4 hr, and still remained 3.4% at 20 for 4 hr after sporangia were incubated
previously at 36 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.
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