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Summary
Five fungicides were evaluated for con-
trol of leaf rust, caused by Puccinia
recondita f. sp. tritici, on three winter
wheat cultivars in 1992 and 1993 to deter-
mine how protectant or eradicant
fungicides, applied individually and in
combination, affected leaf rust develop-
ment, area under the disease progress
curve (AUDPC), yield and kernel weight.
Symptoms of leaf rust were observed be-
ginning in April of both years. Disease
development was greatest on Coker
9733; this cultivar had the highest
AUDPC values and lowest yields with
and without fungicides. Except for two
treatments, the lowest AUDPC was re-
corded on Pioneer 2548, which had
higher yields than the other two cultivars
regardless of fungicide treatment. All
fungicide treatments to Pioneer 2555 re-
sulted in increases in yield and kernel
weight; eight resulted in reductions in
AUDPC. Six of the eight treatments also
reduced the rate of disease development.
Therefore, cultivars such as Pioneer 2555,
considered moderately susceptible to
moderately resistant to leaf rust in Mis-
sissippi, can be effectively treated with
flusilazole, propiconazole or mancozeb
fungicides.

Introduction
During 1992 and 1993, a one and a five
percent incidence of leaf rust, caused by
Puccinia recondita Roberge ex Desmaz f. sp.
tritici, resulted in the loss of 2891 and 9927
metric tons of wheat, respectively, in Mis-
sissippi (D.L. Long, USDA-ARS, Univer-
sity of Minnesota, personal communica-
tion). Epidemics of leaf rust on winter
wheat induce significant yield loss when
environmental conditions conducive to
disease development prevail for sufficient
periods (Burleigh et al. 1972, Roelfs 1986).
Moderate infections of leaf rust during
grain filling have been reported to reduce
kernel growth rate, resulting in poorly
filled grain (McGrath and Pennypacker
1991, Nagarajan et al. 1980). Leaf rust oc-
curs in early spring in south Mississippi
and develops throughout the state as the
growing season progresses. Disease con-
trol recommendations are made to protect
the flag and penultimate leaves. Cur-
rently, fungicides are applied at specific
crop growth stages or upon appearance of
disease symptoms.

Wheat cultivars with monogenic resist-
ance to leaf rust have succumbed to di-
verse strains of P. recondita f. sp. tritici
(Kolmer 1992, Roelfs 1991). Wheat
cultivars grown in the south-eastern
United States have less resistance to this
fungus than those grown in other regions
(Leonard et al. 1992). None of the high-
yielding wheat cultivars adapted to envi-
ronmental conditions in Mississippi offer
durable resistance to leaf rust. We previ-
ously reported the negative linear rela-
tionship between leaf rust development
and yield of soft red winter wheat grown
in central and northern Mississippi (Khan
et al. 1997). Control of leaf rust by both
seed and foliar fungicide application has
been reported by several authors (Christ
and Frank 1989, Everts and Leath 1993,
Line 1982, Livingston 1953, Von Meyer et
al. 1970, Watkins et al. 1977).

The current study was conducted to
characterize the chemotherapeutic re-
sponse to fungicides of available cultivars
of soft red winter wheat (Triticum aestivum
L. emend. Thell.). The objective was to de-
termine the effect of protectant and
eradicant fungicides on leaf rust, yield
and kernel weight of soft red winter wheat
cultivars grown in Mississippi.

Materials and methods
Field plots
Experimental plots were established at the
Mississippi Agricultural and Forestry Ex-
periment Station (MAFES) Plant Science
Research Center at Starkville in a
randomized complete block with five rep-
lications. Each cultivar was planted in a
block and considered a separate experi-
ment in which fungicide treatments were
randomly assigned and years were con-
sidered as replications.

Pioneer 2548 (P2548), Pioneer 2555
(P2555) and Coker 9733 (C9733) wheat
cultivars, chosen for their range of re-
sponses to the leaf rust fungus (Askew et
al. 1990), were sown in November, 1991.
The same cultivars were also sown in Oc-
tober, 1992, but only P2548 and P2555
emerged to successful stands. Treatment
plots were 1.5 x 6.0 m. The seeding rate
was 66 seed m-1 of row, and eight rows
were drilled on 18 cm centres. Lime and
fertilizer (P2O5 and K2O) were applied ac-
cording to soil test recommendations of
the Mississippi Cooperative Extension

Service. Nitrogen was applied at the rate
of 103 kg ha-1 in a single application in
early spring. Diclofop-methyl (1.10 kg a.i.
ha-1) and thimeturon (0.025 kg a.i. ha-1)
were applied at the 3- to 4-leaf stage to
control wild garlic (Allium vineale L.) and
winter annuals.

Fungicide spray schedule
The fungicide spray schedule was based
on the mode of action of the respective ac-
tive ingredients, effective dosage, Feekes
crop growth stage (GS) (Large 1954), and
initial appearance of disease symptoms.
The fungicides, flusilazole, fenbucon-
azole, propiconazole, and triadimefon,
which have both eradicant and protectant
properties, and the protectant fungicide,
mancozeb, were applied with a CO2 pow-
ered backpack sprayer in one or two foliar
applications in 185 L of water ha-1. Un-
treated controls received no fungicide ap-
plication. A spreader-sticker (Triton CS-7
(0.125% v/v)) was added to fungicide
treatments (except those with flusilazole
or propiconazole) for uniform dispersal
and maximum foliar coverage.

Disease observations
During both years, natural inoculum was
the source of infection. Repeated measure-
ments of disease severity on the flag leaf
were taken from each plot at three day in-
tervals between mid-April and mid-May.
The flag leaf of each of 10 plants, sampled
randomly from each plot, was rated for
leaf rust severity by comparing the per-
centage leaf area covered by rust pustules
with the leaf rust severity scale developed
by James (1971).

Data analysis
The data were analysed as a combined se-
ries of randomized complete blocks across
cultivars (McIntosh 1983). The rate of dis-
ease development as influenced by fungi-
cide treatment over time for each cultivar
was determined by linear regression
analysis. Data were log transformed to
improve normality and stabilize variance.
The best-fit linear regression equation was
calculated for each treatment, and slopes
of regression lines were compared. Area
under the disease progress curve for leaf
rust development on the flag leaf was cal-
culated by the procedure of Shaner and
Finney (1977). Wheat was harvested at
physiological maturity, and grain weight
was adjusted to 13% moisture for yield
comparisons. Data were subjected to
analysis of variance using the general lin-
ear models (GLM) procedure of SAS, and
means were separated by Fisher’s pro-
tected least significant difference test. The
effect of fungicide treatments on yield and
kernel weight was determined by com-
parison with the untreated control.
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Results
In 1992 leaf rust symptoms were first re-
corded on flag leaves of C9733 on April 21.
Leaf rust continued to develop on this
cultivar for three weeks, and leaves be-
came necrotic earlier than on the other two
cultivars. No disease ratings were made
on this cultivar after May 9. Symptoms of
leaf rust on flag leaves of P2548 and P2555
were first recorded on May 3 in both
years. Leaf rust increased on these culti-
vars for two weeks following disease ini-
tiation, and no disease ratings were made
after May 18.

Differences in leaf rust measured as
AUDPC (F=1.89, P=0.05), yield (F=2.11,
P=0.01) and kernel weight (F=2.04,
P=0.01) were significant for the two-way
interaction between cultivar and treat-
ment. Total AUDPC for P2548 was re-
duced when propiconazole (0.12 kg a.i.
ha-1) was applied at GS-9 followed by
mancozeb (1.7 kg a.i. ha-1) at GS-10.5 (Ta-
ble 1). Yield of plots in this treatment was
5651 kg ha-1; the highest numeric yield for
any treatment on this cultivar was 5745 kg
ha-1 for plots treated with sequential ap-
plications of flusilazole (0.07 kg a.i. ha-1) at
GS-9 and 10.5. A single application of
mancozeb at GS-9 resulted in a yield of
5597 kg ha-1. Compared to the untreated
control, enhancement of kernel weight of
P2548 occurred when plots were treated
with either eradicant or protectant
fungicides.

The AUDPC for untreated control
plants of cultivar P2555 was higher than

the AUDPC for treated plants of this
cultivar. Only two fungicide treatments
did not significantly reduce AUDPC on
P2555: fenbuconazole (0.14 kg a.i. ha-1) ap-
plied at GS-9, and triademifon (0.10 kg a.i.
ha-1) applied at GS-9 followed by manco-
zeb at GS-10.5. All treatments increased
the yield and kernel weight of this cultivar
compared to the untreated control.

Total AUDPC for C9733 was greater
than for either P2548 or P2555. There were
no differences for AUDPC between treat-
ments. Four treatments to C9733 resulted
in yield enhancement: flusilazole (0.14 kg
a.i. ha-1) at GS-9, propiconazole at GS-9 fol-
lowed by mancozeb at GS-10.5, mancozeb
alone at GS-9, and triadimefon (0.07 kg a.i.
ha-1) at GS-9 in combination with manco-
zeb. Fungicide treatment did not result in
significant differences in kernel weight of
C9733.

Disease, measured as percentage of the
flag leaf area covered with rust pustules,
increased over the period from initial oc-
currence until final measurements were
made. The linear model Y=b0 + b1X1 was
fitted to the data for each treatment where
Y=log disease; b0 and b1 are parameter
coefficients of intercept and slope, respec-
tively; and X=log time. When slope pa-
rameter estimates for each treatment were
compared, the rate of disease develop-
ment was significantly reduced by three
fungicides applied to P2548 (Table 2).
Treatments with propiconazole at GS-9,
propiconazole at GS-9 followed by
mancozeb at GS-10.5, and mancozeb alone

at GS-9 reduced the rate of disease devel-
opment on this cultivar. The rate of dis-
ease development was significantly re-
duced by six fungicides applied to P2555
(Table 3). Flusilazole applied at GS-9 or
10.5; a reduced rate of flusilazole applied
at both GS-9 and 10.5; propiconazole alone
at GS-9, or followed by mancozeb at GS-
10.5; and, mancozeb alone at GS-9 reduced
the rate of disease development on this
cultivar. Fungicide application to C9733
did not affect the rate of disease develop-
ment.

Discussion
Eversmeyer and Burleigh (1970) deter-
mined that regression equations gener-
ated from data obtained in a single season
were not accurate predictors of leaf rust
severity in the mid-western US. When
data for several cultivars were combined,
for a year in which leaf rust was consid-
ered light with a year in which it was
heavy, resultant equations were more ac-
curate for predicting leaf rust severity. The
amount of leaf rust on the top three leaves
of wheat is a significant factor in deter-
mining the magnitude of final yield
(Subba Rao et al. 1989b). Grain weight has
been reported as the additive effects of
leaves and awns of the wheat plant
(Simmons et al. 1982, Singh et al. 1983,
Subba Rao et al. 1989b, Vogele and
Grossmann 1985). Contributions of non-
foliar parts, including the stem, ear, and
leaf sheath, toward grain weight have
been reported to range from 36–60%

Table 1. Effect of fungicide treatment on area under the leaf rust progress curve (AUDPC), yield and kernel weight
of three soft red winter wheat cultivars grown at Starkville, Mississippi, 1992 to 1993.

Cultivar

Pioneer 2548 Pioneer 2555 Coker 9733

Fungicide treatment Feekes AUDPC Yield 1000 AUDPC Yield 1000 AUDPC Yield 1000
growth (kg ha-1) kernel (kg ha-1) kernel (kg ha-1) kernel
stage weight (g) weight (g) weight (g)

Flusilazole (0.14 kg a.i. ha-1) 9 44 abcdA 5416 28.9 a 33 c 5237 a 33.8 ab 311 4035 abc 34.3
Flusilazole (0.10 kg a.i. ha-1) 10.5 57 abc 5248 28.4 a 70b 4896 ab 33.4 abc 305 3376 cde 32.4
Flusilazole (0.14 kg a.i. ha-1) 10.5 63 ab 5288 29.3 a 68 bc 5064 a 33.0 bc 258 3795 abcd 34.1
Flusilazole (0.07 kg a.i. ha-1) 9 42 bcd 5745 29.1 a 33 c 4992 ab 33.7 ab 302 2810 e 33.4

followed by flusilazole 10.5
(0.07 kg a.i. ha-1)

Fenbuconazole (0.14 kg a.i. ha-1) 9 68 a 5362 28.4 a 81 ab 4743 ab 33.1 bc 276 3538 bcde 33.7
Propiconazole (0.12 kg a.i. ha-1) 9 34 cd 5368 29.4 a 64 bc 5195 a 34.7 a 332 3006 e 33.2
Propiconazole (0.12 kg a.i. ha-1) 9 27 d 5651 29.1 a 53 bc 5159 a 34.2 ab 295 4320 a 35.2

followed by mancozeb 10.5
(1.7 kg a.i. ha-1)

Mancozeb (1.7 kg a.i. ha-1) 9 58 abc 5597 28.4 a 67 bc 4536 b 32.1 cd 307 3908 abc 34.5
Triadimefon (0.10 kg a.i. ha-1) 9 47 abcd 5080 28.6 a 68 bc 4819 ab 33.1 bc 256 4167 ab 34.0

plus mancozeb
(1.7 kg a.i. ha-1)

Triadimefon (0.10 kg a.i. ha-1) 9 62 ab 5241 28.2 a 87 ab 4511 b 31.6 d 290 3510 bcde 33.1
followed by mancozeb 10.5
(1.7 kg a.i. ha-1)

Untreated control – 60 abc 4952 26.9 b 108 a 3892 c 29.6 e 269 3030 de 33.4

A Means within columns followed by the same letter are not significantly different according to Fisher’s protected least significant
difference test at P≤0.05.
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(Ibrahim and Elenein 1977, Seck et al. 1985,
Singh et al. 1983).

Estimated yield losses are usually
based on maximum yield from plants kept
disease-free after flag leaf emergence. Leaf
rust development on wheat in the south-
eastern US often begins with seedling in-
fection in the fall (Marshall 1988, Subba
Rao et al. 1989a). Most treatment protocols
involve fungicide application at advanced
wheat growth stages or after the develop-
ment of a certain amount of rust. From in-
vestigations of leaf rust epidemics, infec-
tion rate was found to be critical for accu-
rate loss estimates (Burleigh et al. 1972).

Symptoms of leaf rust were observed
beginning in April during the spring of
both years of the study. Statewide, leaf
rust severity was lower in 1992 than in
1993. Leaf rust varies in Mississippi from
year to year according to the time and
abundance of primary infections, the viru-
lence of predominant races of the leaf rust
fungus, host reaction, and prevailing
weather. Generally, leaf rust increases on
wheat cultivars grown in the state after the
first year of cultivation (Long et al. 1993,
Long et al. 1992); the loss of market accept-
ability of a particular cultivar of seed
wheat in Mississippi is usually a result of
increased susceptibility to P. recondita f.
sp. tritici. Results of the current study pro-
vide information regarding effective fun-
gicide treatments that may be used to
maximize the yield of certain cultivars or
extend the period of their cultivation.

Disease development was greatest on
C9733; this cultivar had the highest

AUDPC values and the lowest yield with
and without fungicides. The lowest
AUDPC was recorded on P2555 when
flusilazole was applied at a high rate (0.14
kg a.i. ha-1) at GS-9, or in two applications
at a low rate (0.07 kg a.i. ha-1) at GS-9 and
GS-10.5. These two treatments reduced
leaf rust by 69% compared to the level of
disease development on untreated P2555.
For all other treatments and untreated
controls, the lowest AUDPC was recorded
on P2548. Propiconazole applied at GS-9
followed by mancozeb at GS-10.5 reduced
leaf rust by 55% on this cultivar.

The yield of P2548 was greater than the
yield of P2555 or C9733 regardless of fun-
gicide treatments. Propiconazole applied
at GS-9, followed by mancozeb at GS-10.5,
increased the yield of C9733 by 43%, and
flusilazole applied at a high rate at GS-9
increased the yield of P2555 by 35%. De-
spite these increases, two applications of
flusilazole at a low rate at GS-9, which in-
creased the yield of P2548 by only 16%,
resulted in the highest yield recorded for
any treatment to these three cultivars.
Overall, P2555 had the second highest
yield, and C9733 had the lowest yield of
the three cultivars.

Neither tiller number nor kernel
number were recorded; however, reduc-
tions in both are likely (Simmons et al.
1982, Vogele and Grossmann 1985). Coker
9733, which had the lowest yield and the
greatest disease development of the three
cultivars, had the highest kernel weight
except in three treatments: flusilazole (0.10
kg a.i. ha-1) applied only at GS-10.5;

two applications of flusilazole (0.07 kg a.i.
ha-1), at GS-9 and GS-10.5; and, a single ap-
plication of propiconazole at GS-9. Re-
duced tiller number and/or kernel
number can account for lower yield of
plants symptomatic for leaf rust.

There were more significant responses
to fungicide treatments on P2555 than on
the other two cultivars. All ten treatments
resulted in increases in yield and kernel
weight, and eight resulted in reductions in
AUDPC. Six of these eight treatments also
resulted in reductions in the rate of dis-
ease development. These responses were
cultivar dependent because fungicides
with different modes of action were
equally effective.

Statler et al. (1977) reported that hard
red spring wheat cultivars which exhib-
ited less leaf rust in the field also had
slower rates of rust development. There
were exceptions to this in fungicide-
treated, soft red winter wheat cultivars
tested in the current study. P2555 treated
with triadimefon and mancozeb, or with
flusilazole at GS-10.5, had the same
amount of leaf rust at the end of the rating
period. However, the rate of disease de-
velopment was not reduced when P2555
was treated with flusilazole.

When the amount of disease in fungi-
cide-treated plots was low, yield in-
creased compared to untreated control
plots. Some fungicide treatments resulted
in yield increases despite the lack of dif-
ference in the rate of disease development
between treated and untreated plots. A
single application of mancozeb increased
the yield of P2548, P2555 and C9733 by
645, 644 and 878 kg ha-1, respectively.
However, the rate of rust development
decreased only on P2548 and P2555. Some
variation in disease ratings on fungicide-
treated wheat was due to the activity of
these materials to pathogens which could
not be excluded from field plots.

Based on results of a previous study
which defined the relationship between
leaf rust and wheat yield in northern and
central Mississippi (Khan et al. 1997), the
most effective disease management strat-
egy would be to plant resistant cultivars.
This practice requires certain assumptions
and considerations. It is assumed that ad-
equate supplies of seed wheat of resistant
cultivars will be available and economical
to producers. It is also assumed that these
cultivars have other agronomic character-
istics that are acceptable to producers.
Even with adequate seed supplies of ac-
ceptable cultivars, diverse virulences
among races of the leaf rust fungus in the
south-eastern US, and the documented
susceptibility of soft red winter wheat to
this organism, require the employment of
other disease management practices.
Based on results of the current study,
cultivars such as P2555, considered to be
moderately susceptible to moderately

Table 2. Comparison of slope parameter estimates of linear regression
equations for effect of fungicide treatment on leaf rust development on
Pioneer 2548 wheat in Mississippi in 1992 and 1993.

Treatment comparison Feekes growth F test for slope
vs. untreated control stage (b1) comparison

Propiconazole (0.12 kg a.i. ha-1) 9 4.75*A

Propiconazole (0.12 kg a.i. ha-1) 9 9.51**
followed by mancozeb (1.7 kg a.i. ha-1) 10.5

Mancozeb (1.7 kg a.i. ha-1) 9 4.12*

A Critical F.05, 1, 289 value = 3.84; * = P≤0.05, ** = P≤0.01.

Table 3. Comparison of slope parameter estimates of linear regression
equations for effect of fungicide treatment on leaf rust on Pioneer 2555
wheat in Mississippi in 1992 and 1993.

Treatment comparison Feekes growth F test for slope
vs. untreated control stage (b1) comparison

Flusilazole (0.14 kg a.i. ha-1) 9 22.04***A

Flusilazole (0.14 kg a.i. ha-1) 10.5 4.09*
Flusilazole (0.07 kg a.i. ha-1) 9 14.48***

followed by flusilazole (0.07 kg a.i. ha-1) 10.5
Propiconazole (0.12 kg a.i. ha-1) 9 9.53**
Propiconazole (0.12 kg a.i. ha-1) 9 8.53**

followed by mancozeb (1.7 kg a.i. ha-1) 10.5
Mancozeb (1.7 kg a.i. ha-1) 9 6.68**

A Critical F.05, 1, 289 value = 3.84; * = P≤0.05, ** = P≤0.01 and *** = P≤0.001.
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resistant to the leaf rust fungus in Missis-
sippi, can be effectively treated with
flusilazole, propiconazole or mancozeb
fungicides. These materials reduced total
disease, increased yield and kernel
weight, and reduced the rate of disease
development.
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