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2001 - 2002 (Amw) (Amr)
(A) (E)

(B, F) (C, G)
(D, H)
Fig. 1. Relationships among growth of Amaranthus
mangostanus (Amw) and A. mangostanus forma ruber (Amr),
and disease incidence of white rust caused by Albugo bliti in
2001 and 2002. Vertical axes were plant height (A), plant
density (E), leaf no. / plant (B, F), disease severity (%) (C, G)
and disease incidence (%) (D, H) of white rust from top to bottom.

Amw
Amr
Fig. 2. Relationship between leaf number and disease
incidence (%) of white rust caused by Albugo bliti. Amw and
Amr represent Amaranthus mangostanus and A. mangostanus
forma ruber, respectively.
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11 ( )
( )

Fig. 3. Symptoms of white rust on upper (single arrow) and
lower epidermis (double arrows) of cotyledon of edible
amaranth after seeds sowed 11 days.

A. ( ) B. 100 =
1cm C. =100 m D. =40 m
Fig. 4. Collection of sporangia of Albugo bliti from air in the field of Amaranthus mangostanus forma ruber by a portable air
sampler. A. Portable air sampler (arrow, Burkard Manufactring Co. Ltd.). B. 100 sample spots (red) on the agar plate. Bar = 1 cm.
C. Sporangia distributed on plate. Bar = 100 m. D. Sporangia stained with lactophenol cotton blue. Bar = 40 m.
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Fig. 5. Relationship between sporangial densities in the air and
disease incidence of white rust in amaranth monoculture field.

Fig. 6. Distribution of white rust on leaf order per amaranth
plant before harvest. Leaf order was the position number of
unfolded leaf counted from top per plant.
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Table 1. Spatial distribution of white rust of amaranth in field

Amaranth varieties and Period of growth (days)
investigated items 7 10 14 17 21

July-August, 2002
Amaranthus mangostanus forma ruber

VM 1 - - 0.96 0.25 0.04
LIP 2 - - 0.68 0.03 0.003
Sample size 427 400 338 287 278

Am. mangostanus
VM - 1 0.96 0.80 0.006
LIP - 1 0.67 0.40 0.0008
Sample size 476 419 414 306 211

September, 2002
Am. mangostanus forma ruber

VM - 1 0.87 0.84 0.20
LIP - 1 0.16 0.06 0.002
Sample size 928 941 833 734 817

1. VM, variance-to-mean ratio = s2 x , where s2 and x is variance and mean of disease incidence of amaranth white rust in field. VM is
expected to be < 1 for a regular spatial pattern, = 1 for a random pattern, and > 1 for an aggregated pattern.

2. LIP, Lloyd's index of patchiness = ( x + s2 x - 1) x . Values of LIP have similar interpretations with regard to spatial pattern as values of VM.

Table 2. Analysis of optimal sample size of white rust of amaranth

Optimal sample size 2

Disease 
Amaranthus mangostanus Am. mangostanus forma ruber

incidence (%) 1

D=0.2 D=0.25 D=0.2 D=0.25

1 25304 16195 34392 22011
2 6326 4049 8598 5503
3 2812 1799 3821 2446
4 1582 1012 2150 1376
5 1012 648 1376 880
6 703 450 955 611
7 516 331 702 449
8 395 253 537 344
9 312 200 425 272

10 253 162 344 220
11 209 134 284 182
12 176 112 239 153
13 150 96 204 130
14 129 83 175 112
15 112 72 153 98
16 99 63 134 86
17 88 56 119 76
18 78 50 106 68
19 70 45 95 61
20 63 40 86 55

1. Disease incidence (%) = No. of amaranth infected / total
amaranth accounted x 100%.

2. Optimal sample size could be inferred quickly from this table
according to the predetermined D value and different disease
incidence levels. Optimal sample size (N) = (t x s / D x x ) 2,
where t is the distribution under /2=0.025 and degree of
freedom by (sample size-1), s is the standard deviation of
disease incidence of amaranth white rust, D is the precision
levels defined, and x is the mean of disease incidence of
amaranth white rust in field.

(rG) 14 - 18 3 -

4 ( ) 4 - 5
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1 - 3

14 - 17 3 - 4

1000 ( )

1 - 2

3 - 12%

( )
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ABSTRACT
Lee, M. L. 1,2,3, and Hsieh, W. H. 1 2003. Inoculum sources of amaranth white rust and its disease
development. Plant Pathol. Bull. 12:163-172. (1. Department of Plant Pathology, National Chung Hsing
Univeristy, Taichung, Taiwan, R.O.C.; 2. Department of Pesticide Application, Taiwan Agricultural
Chemicals and Toxic Substances Research Institute, Council of Agriculture, Executive Yuan, Taichung
hsien, Taiwan, R.O.C.; 3. Corresponding author, email: mllee@tactri.gov.tw; Fax:+886-4-23321478)

During July-August in 2001 and 2002, disease development of amaranth white rust caused by Albugo
bliti were investigated continuously in amaranth monoculture fields at Hsilo in the central Taiwan. During
the experimental periods, the recorded temperatures and relative humidities were 25-31 and 80-100%
respectively, and duration of optimal temperature and relative humidity for sporangial germination lasted
11-14 hr and 9-12 hr everyday, respectively, were the suitable conditions for the disease development.
Increase of plant height and leaf numbers of amaranth exhibited the exponential and logistic growth model,
respectively, during 2001's trial. Relationship between leaf numbers and amaranth white rust showed the
linearity (R2 > 0.9). Before trials, the primary inoculum densities of A. bliti in soil varied between 220 and
260 sporangia/g soil were detected and no sporangium was trapped from the air. Based on the analysis of
sporangial density in the air, the infected cotyledons and diseased leaves of seedlings were the main sources
of the secondary inocula which produced maximally at 3-4 leaf stage. Disease development of white rust
exhibited the Gompertz model with an asymmetric sigmoid curve. The accumulated frequencies of diseased
leaf numbers on the 4th to 8th leaf order from the top were varied between 47-75%. Indices of dispersion,
variance-to-mean ratio (VM) and Lloyd's index of patchiness, both were used in spatial analysis of white
rust in the field. Spatial pattern of white rust in the field was random at cotyledon and one leaf stage
(VM=1, LIP=1), and quickly became regular pattern (VM=0.006-0.96, LIP=0.0008-0.68). The results
obtained from the disease incidence inferred the optimal sample size needed at least 300 samples to decide
whether white rust was occurred when the precision level was set at 0.2-0.25 and disease incidence was at
10% after seeds were sowed 14 days later.

Keywords: edible amaranth, white rust, inoculum, disease development, spatial pattern, optimal sample size


