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ABSTRACT

Hartman, G. L., Wang, T. C., and Tschanz, A. T. 1991. Soybean rust development and the
quantitative relationship between rust severity and soybean yield. Plant Dis. 75:596-600.

Phakopsora pachyrhizi was inoculated on two soybean (Glycine max) genotypes at three different
reproductive growth stages (GS) in four trials. Leaf rust was more severe on Taita Kaohsiung
No. 5 (TK 5), a commercial cultivar, than on SRE-BI5-A (B15 A), a genotype selected for
tolerance to leaf rust. At GS R6, the percentage of leaf area infected ranged from 14 to 95%
for TK 5 and from 0 to 34% for B15 A. Values for area under disease progress curve (AUDPC)
were significantly greater for TK 5 than B15 A. Yields in fungicide-protected plots ranged
from 2,312 to 3,546 kg/ha and were not significantly different between the genotypes. Average
yields of plants inoculated at GS R1 were reduced by 62 and 22% and seed weights by 35
and 149 for TK 5 and B15 A, respectively, compared with fungicide-protected plots. Regressions
of yield percentage of fungicide-protected plants on disease severity assessments at GS R6,
AUDPC, and area under the green leaf area curve were significant for both genotypes.

Additional keywords: yield loss

Soybeans (Glycine max (L.) Merr.) are
grown from temperate to tropical regions
of the world. Production is greatest in
the United States, Brazil, and the
People’s Republic of China, and it is
increasing in tropical and subtropical
regions because greater emphasis has
been placed on breeding soybeans
suitable for tropical environments (7).

There are numerous constraints to
soybean production in the tropics,
including problems related to adapta-
tion, diseases, insect pests, poor
nodulation, and seed longevity. In the
Eastern Hemisphere, soybean yields have
been reduced consistently by leaf rust,
caused by Phakopsora pachyrhizi Syd.
& P. Syd., which is endemic to most of
the region (2). Yield losses ranging from
5 to 95% have been reported from
experimental trials in Australia, Japan,
the Republic of China, and the
Philippines (1,5,6,12,16,22,24,28,30,32).
The pathogen is prevelant in other
regions of the world, such as Brazil,
Puerto Rico, and parts of Africa, but
it causes less damage, and isolates have
been reported to be less aggressive than
isolates from the Eastern Hemisphere (2).
Bromfield (2) has reviewed the impor-
tance of leaf rust in countries where the
disease occurs. Sinclair (21) recently
reviewed the potential threat of leaf rust
to soybean production in the tropics.
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Severity of soybean leaf rust greatly
increases during pod-filling stages (25).
Late-maturing genotypes were found to
be as susceptible as earlier maturing
genotypes when compared at similar
growth stages (23). The magnitude of
yield loss and adverse effects on yield
components have been correlated with
the onset of the disease in relation to
growth stage (16).

Rate-reducing and race-specific resis-
tance to leaf rust has been reported
(3,4,10,11,14), but no cultivars with
acceptable resistance to all strains of P.
pachyrhizi have been developed. The
difficulties associated with the identifi-
cation and quantification of rate-
reducing resistance and the ineffec-
tiveness of race-specific resistance have
led to the use of selecting genotypes
tolerant to P. pachyrhizi (24).

Tolerance to P. pachyrhizi was defined
as the relative yielding ability of soybean
cultivars grown under severe rust stress;
tolerance has been identified and used
to minimize yield losses (24). In exper-
imental plots at the Asian Vegetable
Research and Development Center
(AVRDC) in Taiwan, yield reduction in
commercial cultivars attributable to leaf
rust ranged from 48 to 91% and from
58 to 90% in trials conducted from March
to June (spring season) and from Sep-
tember to November (fall season),
respectively. Lines developed for toler-
ance to rust at AVRDC yielded 30-60%
more than commercial cultivars (26).
Tolerance has also been used in reference
to cultivars that have susceptible
reactions and an equivalent level of
infection and reproduction of the
pathogen but have significantly greater

yields than other susceptible cultivars
(18,19).

Yield loss studies have shown the
impact of leaf rust on soybean yield, but
there is a lack of information regarding
the relationship of leaf rust severity to
yield and its components in genotypes
that have been developed for leaf rust
tolerance. The objectives of this study
were to quantify the effect of soybean
leaf rust severity on yield and yield
components and to compare the effect
of leaf rust on a susceptible tolerant
genotype with a susceptible intolerant
cultivar.

MATERIALS AND METHODS

A soybean line, SRE-B15-A (B15 A),
selected for tolerance to leaf rust at
AVRDC (1980-1987), and an intolerant
commercial cultivar, Taita Kaohsiung
No. 5 (TK 5), were planted on 3 October
1986, 2 March and 21 September 1987,
and 3 March 1988. These trials will be
referred to as trials 1, 2, 3, and 4, from
the earliest to the latest date of planting,
respectively. Both BIS A and TK 5
mature between 90 and 105 days in the
spring and fall seasons in Taiwan.

Experimental plots measured 4 X 6 m
each and were spaced 2 m apart. Seeds
were planted in eight rows, 50 cm apart
with 4 X 10° plants per hectare, i.e., 10
cm between hills with two seeds per hill.
The four trials were conducted at
AVRDC in sandy loam soil. Crotalaria
sp. was grown in the field between the
spring and summer seasons, and the field
was fallow between the fall and spring
seasons.

Trials were arranged as split plots in
arandomized complete block design with
four replications of the main plots, line
BI5 A and cultivar TK 5. Subplots
included four treatments: inoculation
with P. pachyrhizi at GS R1, R3, or RS
(8) and a fungicide-protected treatment.
Dithane M-45 (80%) (maneb) was
applied weekly at 1.92 kg a.i./ha to all
plants from GS V7 up to 1 wk before
inoculation. The fungicide-protected
treatment was sprayed every 7 days until
GS R7.

Urediniospores used for inoculation
were collected from infected leaves of TK
5 grown in a field separate from the
experimental plot. Collected leaves were
placed in polyethylene bags overnight at
room temperature. The next day, leaves
were soaked and rinsed in water for 5-10
min. The washing solution of uredin-



iospores was filtered through cheesecloth
or a nylon net and diluted to 2 X 10*
spores per milliliter. Plants were
inoculated by spraying the suspension on
leaves with a pressurized sprayer set at
9.8-14.7 X 10* Pa. Plots were furrow-
irrigated initially and then overhead-
irrigated for 10 min two to three times
per week starting at the time of inoc-
ulation of the first plots (R1).

Leaf rust severity, defoliation, and
growth stage were rated every 7 days
from 38, 47, 51, and 57 days after
planting in trials 1-4, respectively, until
harvest at GS R8. The percentage of leaf
area infected was estimated based on a
visual observation of plants on a whole
plot basis. Defoliation was determined
by counting the number of defoliated
nodes on 10 randomly selected plants per
plot. The percentage of defoliation was
calculated as follows: (number of nodes
without leaves/total number of nodes)
X 100. Area under the disease progress
curve (AUDPC) was calculated
according to the formula presented by
Shaner and Finney (20). The percentage
of green leaf area was estimated as
follows: (100 — percentage of defoliation)
— [percentage of leaf area infected X (100
— percentage of defoliation)]. The
percentage of green leaf area in the
protected plots was 100 — percentage of
defoliation. The area under the percent
green leaf area curve (AUGLAC) was
calculated with the same formula as
AUDPC (20).

Before harvest, the height of 10
randomly selected plants per plot was
measured, and the number of pods and
branches were counted. The number of
seeds per pod was calculated by dividing
the total number of seeds by the total
number of pods. Yield was measured
from a 3 X 5 m area in the center of
each plot, weight of 100 seeds was
recorded in grams, and both weights were
adjusted to 13% seed moisture. Reduc-
tion in yield and seed weight was
expressed as a percentage of the yield
from plants in fungicide-protected plots
within each replication.

Data were analyzed by analysis of
variance. Fisher’s least significant differ-
ence values were calculated (P < 0.05)
for genotype, treatment, genotypes
within the same treatment, and
treatments within the same genotype.
Seed weight and yield data for each plot
were correlated with percentage of leaf
area infected, defoliation, percentage of
green leaf area, AUDPC, and AUGLAC.
Regressions of percentage of leaf area
infected, defoliation, and percentage of
green leaf area on days after planting
were obtained for each genotype in the
four trials. Regressions of yields on
percentage of leaf area infected, defoli-
ation, and percentage of green leaf area
were computed for each genotype and
trial. F statistics were examined to
determine the overall significance of each

model and the significance of polynomial
terms.

RESULTS

Leaf rust pustules were visible 10-14
days after inoculation. No disease was
observed on plants in uninoculated,
fungicide-protected plots. The percent-
age of leaf area infected did not
significantly differ between the two
genotypes at the initial rating (GS R2)
in any of the trials. At GS R6, the
percentage of leaf area infected was
significantly different for genotypes,
treatments, and the genotype X treat-
ment interaction. Among means of
percentage of leaf area infected for TK
5, treatments differed significantly for all
trials (Table 1). B15 A had significantly
lower values for percentage of leaf area
infected within each of the inoculated
treatments compared with TK 5 for all
trials (Table 1). Leaf rust development
was more rapid and severe for TK S than
B1S A for plants inoculated at GS R1
in all trials (Fig. 1). Regressions of
percentage of leaf area infected over time
were fit by quadratic equations, except
for TK 5 in trials 1 and 2 (Fig. 1).

Values for AUDPC and AUGLAC
differed significantly for genotypes,
treatments, and the genotype X treat-
ment interaction. TK 5 had significantly
higher AUDPC values than B15 A within
each of the inoculated treatments for all
trials (Table 1). In most trials, the
AUDPC values for B1S A and TK 5
increased significantly at each earlier
time of inoculation. The AUGLAC was

significantly lower for TK 5 than BI5
A within each inoculated treatment
(Table 1). Within TK 5, the AUGLAC
increased as inoculations were delayed.
Within B15 A, the range of AUGLAC
values was not as great as for TK 5, and
there were less significant differences
between treatments as compared with
TK 5 (Table 1).

The percentage of defoliation of plants
inoculated at GS R1 was not significantly
different between TK 5 and B15 A until
the last two ratings in trials 1 and 3 (Fig.
1). Defoliation increased at a similar rate
for both entries. Quadratic models were
significant and best explained the per-
centage of defoliation for both the entries
in 12 of 16 cases, and four cases were
fit by linear models. The percentage of
green leaf area was reduced as plants
matured, and it was significantly lower
for TK 5 than for B15 A after the third
rating for plants inoculated at GS R1
in all trials (Fig. 2). The percentage of
green leaf area significantly decreased in
each entry for each trial, and variation
in the data was best explained by a
quadratic model, except in two cases.

No consistent significant differences
occurred between height of plants, seeds
per pod, or in the number of branches
and nodes within B15 A or TK 5 in any
of the trials. The number of pods and
seeds from plants in fungicide-protected
plots and in plots inoculated at GS R5
increased significantly compared with
plots inoculated at GS R1 in trials 2 and
4 (Table 2). No significant differences
occurred between the number of pods

Table 1. Percentage of leaf area infected at growth stage (GS) R6, area under disease progress
curve (AUDPC), and area under green leaf area curve (AUGLAC) for two soybean genotypes
inoculated with Phakopsora pachyrhizi at three growth stages

Leaf area
Growth infected (%) AUDPC* AUGLAC*
Trial stage TK 5 B15 A TK 5 B15 A TK 5 B15 A
1 RI 69 3 2,573 356 2,056 4,071
R3 46 1 1,993 191 2,599 4,348
R5 14 0 769 43 3,830 4,676
FLSD (P > 0.05)° 6.6 189 199
FLSD (P > 0.05)° 10.5 240 349
2 R1 95 25 2,159 567 1,758 2,948
R3 80 10 1,507 228 2,286 3,456
R5 68 7 1,174 171 2,702 3,635
FLSD (P > 0.05)° 5.0 87 156
FLSD (P > 0.05)° 7.4 202 160
3 R1 89 31 1,335 423 1,925 2,775
R3 74 20 1,040 279 2,212 3,062
RS 29 3 491 42 2,857 3,380
FLSD (P > 0.05)° 4.2 57 91
FLSD (P > 0.05)° 4.2 64 172
4 R1 83 34 2,496 1,052 1,280 2,383
R3 60 20 1,572 606 2,162 3,024
RS 30 7 925 258 2,956 3,614
FLSD (P > 0.05)° 9.4 139 135
FLSD (P > 0.05)° 8.2 122 121

*Values determined with the formula given by Shaner and Finney (20).
®Fisher’s least significance differences between treatment means for the same genotype.
“Fisher’s least significance differences between treatment means for different genotypes.
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or seeds per plant between the two
genotypes, except in trial 1, when TK
5 had a significantly higher number of
pods and seeds than B15 A.

Differences in yield and 100-seed
weight data for genotypes, treatments,
and genotypes X treatments were signif-
icant. The yield of B15 A was
significantly higher than that of TK §
for all inoculated treatments except for
the late inoculation at GS RS in trials
1 and 3 (Table 3). In the fungicide-
protected plots, yields of B15 A and TK
5 did not differ significantly. The lowest
yields for B15 A and TK 5 were obtained
from plots inoculated at GS R1. Yields
increased as the inoculation date was
delayed. In all trials, yields of TK 5
inoculated at GS R1 were significantly
lower than yields of plants inoculated at
GS RS or from fungicide-protected plots.
Yield reductions averaged over four trials
from plants inoculated at GS R1, R3,
and RS were 63, 53, and 34% for TK
5 and 23, 16, and 7% for B15 A when
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compared with yields of fungicide-
protected plants.

The 100-seed weight of B15 A was
greater than TK 5 for each treatment in
all trials (Table 3). Seed weights for both
genotypes increased as inoculations were
delayed. The range of differences within
B15 A was less than TK 5, although in
all trials, the seed weights from fungicide-
protected plots were significantly more
than those from plots inoculated at GS
R1. Seed weight reductions in the four
trials averaged 37, 32, and 20% for TK
5 and 14, 11, and 5% for B15 A when
inoculated at GS RI1, R3, and RS,
respectively.

The percentage of yield of fungicide-
protected plants of TK 5 was reduced
significantly as the percentage of leaf area
infected increased in all trials (Fig. 3).
The yield of B15 A decreased
significantly as the percentage of leaf area
infected increased in two of the four
trials, however, the magnitude of
decrease was significantly less than that
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Fig. 1. Percentage of leaf area infected in (A) trial 1, (B) trial 2, (C) trial 3, and (D) trial
4 and defoliation in (E) trial 1, (F) trial 2, (G) trial 3, and (H) trial 4 of two soybean genotypes

(B15 A and TK 5) inoculated at growth stage R1.
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of TK 5. The percentage of yield of B15
A was never less than 60% when fun-
gicide protected, whereas the percentage
of leaf area infected was greater than
60%. Seed weight was also reduced with
an increase in the percentage of leaf area
infected, although the coefficient of
determination values were lower and the
differences were not as great as for
percentage of yield. The range of values
of seed weights were, by comparison, not
as great as yields based on percentages
from fungicide-protected plants.

Slopes of regression lines of yield
percentages decreased as the AUDPC
values increased; yield of TK 5 was better
correlated to AUDPC values than was
yield of B1S A (Fig. 4). A quadratic
model accounted for 66-83% of the
variation, and only in trial 1 was a
second-degree polynomial not signifi-
cant. With an increase in the values of
AUGLACQ, the yields increased (Fig. 4).
Plants with an AUGLAC of 3,000 or
greater had 80% of the yield of plants
from protected plots for B15 A, whereas
AUGLAC for TK 5 did not reach 3,000,
and yields were mostly less than 80% of
fungicide-protected plants.
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Fig. 2. Percentage of green leaf area of two
soybean genotypes (B15 A and TK 5$5)
inoculated at growth stage R1 in (A) trial 1,
(B) trial 2, (C) trial 3, and (D) trial 4.



DISCUSSION

In our study, leaf rust epidemics on
soybeans were initiated at different
reproductive growth stages by inocula-
tion with P. pachyrhizi. Yields of B15
A and TK 5 were similar when fungicide
protected, but at equal levels of disease
severity, B15 A had higher yields than
TK 5. In trials 1 and 3, with lower yields
and rust severity (fall season), yields of
B15 A were similar in all treatments. This
indicated that B15 A had tolerance to
leaf rust.

Yield components, including seed
weight, number of pods per plant, and
number of seeds per pod, have been

Table 2. Production of pods and seeds of soybeans inoculated with Phakopsora pachyrhizi

reported to decrease when soybeans are
infected with P. pachyrhizi (16). For
other fungal foliar diseases of soybean,
such as brown spot (Septoria glycines
Hemmi) and red leaf blotch (Dactulio-
chaeta glycines (R. B. Stewart) Hartman
& Sinclair), reduction in seed size was
shown to be a primary component of
yield loss (9,13,17,29). Under controlled
conditions, leaf rust was shown to reduce
the number of filled pods, seeds per pod,
and mean seed weight (15). In our study,
the number of pods and seeds per plant
from inoculated plants differed
significantly from fungicide-protected
plants only when the yields were high,

at three growth stages (GS) and under fungicide protection

Trial 1 Trial 2 Trial 3 Trial 4
Pods’ Seeds® Pods® Seeds’ Pods® Seeds’ Pods® Seeds®
Growth stage” (no.) (no.) (no.) (no.) (no.) (no.) (no.) (no.)
R1 26 49 23 47 25 49 20 42
R3 24 47 26 53 25 50 23 50
R5 27 52 29 56 25 51 26 57
Protected 25 48 32 63 27 53 29 60

FLSD (P > 0.05)* NS© NS 3.5

7.0 NS NS 4.7 8.9

“Inoculated with P. pachyrhizi or protected with Dithane M-45 (80%) (maneb) (1.92 kg a.i./ha)

2.4 kg/ha) sprayed at 7-day intervals.

®Average count of pods from 10 plants per plot for two soybean genotypes (B15 A and TK 5).
‘Average count of seeds per plant from 10 plants per plot for two soybean genotypes

(BI5 A and TK 5).
“Fisher’s least significant difference.
“Not significant.

Table 3. Yield and 100-seed weight of two soybean genotypes inoculated with Phakopsora

pachyrhizi at three growth stages (GS) and under fungicide protection

Growth Yield (kg/ha) 100-seed weight
Trial stage” TKS B15 A TK 5 Bi15S A
1 R1 1,192 2,074 11.6 17.6
R3 1,475 2,095 12.9 18.3
R5 2,051 2,299 15.2 19.1
Protected 2,318 2,312 17.3 19.2
FLSD (P < 0.05)° 156 1.1
FLSD (P < 0.05)° 314 1.3
2 R1 1,196 2,717 11.2 17.5
R3 1,744 3,149 11.9 18.4
R5 1,855 3,164 12.7 18.8
Protected 3,639 3,546 17.4 20.0
FLSD (P < 0.05)° 165 0.9
FLSD (P < 0.05)° 388 1.3
3 R1 1,008 1,802 8.5 13.5
R3 1,121 1,880 9.1 13.6
RS 2,138 2,222 13.6 15.5
Protected 2,343 2,239 13.8 15.6
FLSD (P < 0.05)° 137 0.6
FLSD (P < 0.05)° 161 1.2
4 R1 890 2,249 11.0 15.8
R3 1,128 2,538 11.4 16.1
RS 1,613 2,984 12.2 17.7
Protected 3,282 3,383 18.2 19.8
FLSD (P < 0.05)° 508 1.1
FLSD (P <0.05)° 586 1.2

*Inoculated with P. pachyrhizi protected with Dithane M-45 (80%) (maneb) (1.92 kg a.i./ha)

sprayed at 7-day intervals.

®Fisher’s least significant differences between treatment means for the same genotype.
“Fisher’s least significant differences between treatment means for different genotypes.

i.e., in the two spring seasons. The
reduction in seed weight was greater in
TK 5 than BI5 A, which equated with
yield reduction. The reduction in the
number of pods, seeds, and seed weights
was more pronounced in TK 5 than in
BI5 A.

Specific and rate-reducing resistance
to P. pachyrhizi is not routinely used in
the development of commercial cultivars,
partly because of the lack of resistance
to allisolates and because of the difficulty
in breeding for rate-reducing resistance
(2). Selecting and breeding for high-
yielding lines that are tolerant to rust
have had only limited success. Yield
losses in international screening trials
ranged from 1 to 47% in tolerant lines,
compared with 20 to 87% for intolerant
lines (27).

Our study showed that B15 A had
partial resistance to P. pachyrhizi
compared with TK 5 because of the lower
range of severity values. Partial resis-
tance to P. pachyrhizi based on latent
period and the number of uredinia per
lesion or slow-rusting lines has been
described (31,33), but in the case of B15
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Fig. 4. Percentage of yield of fungicide-protected plants for two soybean entries (B15 A and
TK 5) on area under disease progress curve in (A) trial 1, (B) trial 2, (C) trial 3, and (D)
trial 4 and on area under green leaf area curve in (E) trial 1, (F) trial 2, (G) trial 3, and

(H) trial 4.

A, expression of partial resistance to leaf
rust has not been determined. The use
of tolerance and/or genotypes with
partial resistance, combined with the
timely application of fungicides, can
minimize the effects of leaf rust. To date,
there have been no recommendations to
indicate the most appropriate times for
applying fungicides based on a fore-
casting system and an economic analysis
of costs. Future research to assess lines
with partial resistance and tolerance over
a wide range of environments and a
forecasting system to maximize the
economic usefulness of fungicides are
needed to offset the yield losses in
soybeans caused by P. pachyrhizi.

LITERATURE CITED
1. Bromfield, K. R. 1980. Soybean rust: Some
considerations relevant to threat analysis. Prot.
Ecol. 2:251-257.

600 Plant Disease/Vol. 75 No. 6

2. Bromfield, K. R. 1984. Soybean Rust. Monogr.
2. American Phytopathological Society, St.
Paul, MN. 65 pp.

3. Bromfield, K. R., and Hartwig, E. E. 1980.
Resistance to soybean rust and mode of
inheritance. Crop Sci. 20:254-255.

4. Bromfield, K. R., and Melching, J. S. 1982.
Sources of specific resistance to soybean rust.
(Abstr.) Phytopathology 72:706.

5. Chan, K. L., and Tsaur, W. L. 1975. Investi-
gation of soybean yields lost due to rust. Annu.
Rep. Dryland Food Crops Improv. 16:206-208.

6. Chen, C. M. 1989. Evaluation of soybean rust
tolerance at Hualien. Soybean Rust Newsl. 9:4-
5.

7. Dashiel, K. E., Bello, L. L., and Root, W. R.
1987. Breeding soybeans for the tropics. Pages
3-16 in: Soybeans for the Tropics. S. R. Singh,
K. O. Richie, and K. E. Dashiel, eds. John Wiley
& Sons Ltd., Chichester, Great Britain. 230 pp.

8. Fehr, W. R., Caviness, C. E., Burmood, D. T.,
and Pennington, J. S. 1971. Stage development
descriptions of soybean (Glycine max (L.)
Merrill) Crop Sci. 11:929-931.

9. Hartman, G. L., Datnoff, L. E., Levy, C,
Sinclair, J. B., Cole, D. L., and Javaheri, F.
1987. Red leaf blotch of soybeans. Plant Dis.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32

33.

71:113-118.

. Hartwig, E. E. 1986. Identification of a fourth

major gene conferring resistance to soybean
rust. Crop Sci. 26:1135-1136.

. Hartwig, E. E., and Bromfield, K. R. 1983.

Relationships among three genes conferring
specific resistance to rust in soybeans. Crop Sci.
23:237-239.

. Kitani, X., and Inoue, Y. 1960. Studies on the

soybean rust and its control measure. Part 1.
Studies on the soybean rust. Bull. Shikoku
Agric. Exp. Stn. (Zentsuji, Japan) 5:319-342.
(Japanese text, English summary)

. Lim, S. M. 1980. Brown spot severity and yield

reduction in

70:974-997.

soybean. Phytopathology

. McLean, R.J., and Byth, D. E. 1980. Inheritance

of resistance to rust (Phakopsora pachyrhizi)
in soybeans. Aust. J. Agric. Res. 31:951-956.

. Melching, J. S., Dowler, W. M., Koogle, D.

L., and Royer, M. H. 1989. Effects of duration,
frequency, and temperature of leaf wetness
periods on soybean rust. Plant Dis. 73:117-122.

. Ogle, H. J., Byth, D. E., and McLean, R. J.

1979. Effect of rust (Phakopsora pachyrhizi) on
soybean yield and quality in south-eastern
Queensland. Aust. J. Agric. Res. 30:883-893.

. Pataky, J. K., and Lim, S. M. 1981. Effects of

Septoria brown spot on the yield components
of soybeans. Plant Dis. 65:588-590.

. Politowski, K., and Browning, J. A. 1978.

Tolerance and resistance to plant disease: An
epidemiological study. Phytopathology
68:1177-1185.

. Shafer, J. F. 1971. Tolerance to plant disease.

Annu. Rev. Phytopathol. 9:235-252.

Shaner, G., and Finney, R. E. 1977. The effect
of nitrogen fertilization on the expression of
slow-mildewing resistance in Knox wheat.
Phytopathology 67:1051-1056.

Sinclair, J. B. 1989. Threats to production in
the tropics: Red leaf blotch and leaf rust. Plant
Dis. 73:604-606.

Tan, Y. J. 1986. Epidemiology of soybean rust
in China. Pages 813-822 in: New Frontiers in
Breeding Researches. B. Nopompeth and S.
Subhadrabandhu, eds. Proc. Bangkok,
Kasetsart Univ. Thailand.

Tschanz, A. T., and Tsai, B. Y. 1982. Effect
of maturity on soybean rust development.
Soybean Rust Newsl. 5:38-41.

Tschanz, A. T., and Tsai, M. C. 1983. Evidence
of tolerance to soybean rust in soybeans.
Soybean Rust Newsl. 6:28-31.

Tschanz, A. T., and Wang, T. C. 1980. Soybean
rust development and apparent infection rates
at five locations in Taiwan. Prot. Ecol.
2:247-250.

Tschanz, A. T., and Wang, T. C. 1985.
Interrelationships between soybean develop-
ment, resistance and Phakopsora pachyrhizi.
Soybean Rust Newsl. 8:14-18.

Tschanz, A. T., Wang, T. C., Cheng, Y. H.,
Montha, N., and Chen, C. M. 1985. Interna-
tional screening trials for soybean rust tolerance.
Soybean Rust Newsl. 7:22-25.

Wamontree, L. E., and Quebral, F. C. 1984.
Estimating yield loss in soybeans due to soybean
rust using the critical point model. Philipp.
Agric. 67:135-140.

Williams, D. J., and Nyvall, R. F. 1980. Leaf
infection and yield losses caused by brown spot
and bacterial blight diseases of soybeans.
Phytopathology 70:900-902.

Yang, C. Y. 1977. Past and present studies of
soybean rust incited by Phakopsora pachyrhizi
Syd. Inst. Trop. Agric. Bull. 2:78-94.

. Yeh, C. C., Chan, K. L., and Tsaur, W. L. 1982.

Screening soybeans for rust resistance. Annu.
Rep. Dryland Food Crops Improv. 24:122-125.
Yeh, C. C, and Yang, C. Y. 1975. Yield loss
caused by soybean rust, Phakopsora pachyrhizi.
Plant Prot. Bull. (R.0.C.) 17:7-8.

Zambolim, L., do Vale, F. X. R., and Chaves,
G. M. 1983. Partial resistance of soybean
cultivars to Phakopsora pachyrhizi. Fitopatol.
Bras. 8:117-122.



