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Leaf rust incited by Puccin ia recondita Rob. ex. Desm. f. 
sp . tritici can reduce wheat yields when susceptible cultivars 
are grown and weather conditions favor rust development. 
Leaf rust is normalIy controlled by fungicides or resistant 
cultivars, but resistance is not permanent since the fungus 
has the ability to change and attack previously resistant 
cultivars. This ability of the pathogen to change makes leaf 
rust a constant potential threat to wheat production. 

Yield losses caused by this disease have been 
demonstrated by comparing yields of plots in which leaf rust 
was controIled with fungicides to yields of unsprayed plots 
(Statler, 1974) . Grower estimates of yield losses are also 
useful in loss estimations . The USDA Cereal Rust 
Laboratory provides useful loss estimates for the rust 
diseases (Roelfs. 1978) . Yield losses up to 30 percent have 
been reported I depending on the susceptibility of the 
cultivar and rust severity (Samborski and Peturson, 1960; 
Statler, 1974). 

Epidemics can occur when susceptible cultivars are grown 
on large acreages and environmental conditions favor rust 
development. Rust epidemics have caused widespread 
losses. In 1965, Samborski (1966) estimated a 20 percent 
yield reduction in late planted fields of Selkirk in Canada. 
That same year, losses were estimated at 6.8 percent for 
North Dakota (Roelfs, 1977). Dubin and Torres (1981) 
reported several thousand hectares of wheat destroyed by 
the 1977 leaf rust epidemic in Mexico even though there 
was large scale use of fungicides. 

Leaf rust was severe in 1985 with estimated statewide 
yield losses ranging up to 27 percent in Texas with an 
average loss of 7.4 percent on winter wheat in the U.S. 
(Long et al ., 1986). This was the largest loss ever reported 
for leaf rust in the United States. A lack of moisture limited 
leaf rust development in the southern U.S. during early 
1986, but leaf rust was severe and losses occurred in much 
of the northern winter wheat area. Losses were estimated at 
10 percent on winter wheat in 1986 for North Dakota 
(Cereal Rust Lab USDA St. Paul, MN Rept #6) . 

Fungicides can be used to control the disease when 
resistance is not available . However, changing environmen
tal conditions make spray decisions very difficult. A decision 
to spray is based on yield loss due to disease development. 
Fungicides must be applied before rust is present on the top 
leaf, so disease development must be estimated prior to a 
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decision to spray. Disease development is based on varietal 
resistance, environmental conditions, and biological factors 
(Eversmeyer and Burleigh, 1969). 

We have proposed a flow chart as an aid for a fungicide 
spray decision (Fig. 2). The chart is based on the fact that 
rust moves up the plant and increases in amount during the 
season if all conditions are favorable and that severe infec
tion causes yield loss. We have also developed a computer 
software program, "Wheat Leaf Rust Spray Decision Aid." 
This program is based on the chart in Figure 2. The program 
is available from the NDSU Extension Service. The follow
ing discussion is to help answer the questions in Figure 2 
and the Wheat Leaf Rust Spray Decision Aid . 

1. 	 Susceptible cultivar? 
Refer to North Dakota S mall Grain and Flax Variety 

Performance and Descriptions (Extension Service Cir
cular A-574) for current varietal descriptions. Resistant 
cultivars do not need protection by fungicides unless 
new races develop . 

2. Rust observed? 
If rust is not observed when fields are monitored , 

spray is not recommended . 

3. 	 Growth stage. 
Plant growth stage at onset of rust. 

Early is preheading . If plants are past heading, it is 
probably too late to spray. If the disease is found early, 
e.g. 10 percent on the lower leaves at the boot or joint
ing stage , and weather conditions favor disease 
development, fungicide applications may be advisable . 
This is based .on the fact that rust moves up the plant 
during the season and we are protecting the top two 
leaves, since most of the photosynthate for kernel fill is 
derived from those leaves. 

4. 	 Top two leaves infected? 
If the top two leaves have more than about 5- 10 per

cent rust at heading , it is probably too late to spray. If 
the disease is first discovered at the late milk or dough 
stage and the disease level is low, it is unlikely that the 
disease will progress to a point that would make 
fungicide application economically feasible. 

5. 	 Disease severity. 
Disease severity on lower leaves of 5-20 percent; 

consider spraying. Wheat leaf rust is evaluated by per
cent severity and infection type (Fig . 1). The percent 
severity is the amount of rust on the leaves . The infec
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Figure 1. Infection Type and Percent Severity for Wheat Leaf Rust. 

Susc. (1) 
Cult ivar? 

Ru st (2) 
observed? 

Disease (5) 
severity 

N 

y 
Warm days (6) 
cool nights? 

y 

N 
Free (7) 

moisture 

y 

N 

Expect (8) 
good 
yi eld? 

N 

Y Wheat price (9) Y 
above 

threshold? 

N 

Figure 2. Wheat leaf rust spray decis ion ald. 

tion type indicates if the variety if resistant or suscepti
ble . Couple this reading with the plant growth stage to 
determine whether the disease is capable of devetoping 
to a level that will negatively affect yield . 

6. Temperature. 
Warm days and cool nights favor rust development. 

Dry, cold , or hot weather retards rust development. 

If the disease is first discovered at a preheading stage 
of plant growth and severity is above 5-10 percent, then 
we need to be able to estimate how quickly the disease 
will spread. Research indicates that along with growth 
stage and rust severity, the most significant factors 
related to yield loss from wheat leaf rust are daily 

minimum temperatures and hours of free moisture on 
leaves (Statler, 1974) . 

7. Moisture. 
Free moisture on the leaves (4-6 hours) is necessary 

for germination and penetration by the rust fun gus. 

The conditions which are conducive to the spread of 
rust infection are similar to those which promote good 
development of wheat plants and the attendant high 
yields. Warm days and cool nights (temperatures rang
ing from 60-80 0 F) with 4-6 hours of free moisture on 
the leaves are conducive to rust development. If any 
one environmental factor is not conducive, if the plants 
are not susceptible , or if rust is not present, then rust 

15 




development will be delayed , possibly to the extent that 
damage to yield will fall below the economic threshold 
to pay for spraying. 

8. 	 Yield. 
Spray only if a good yield is expected (probably 

above 40 bushels per acre) . Increased yield must pay 
for spraying. 

9. 	 Price of wheat. 
The value of the wheat produced by the expected 

yield increase must be above the threshold to pay for 
the spray application. Economic threshold can be deter
mined by co mparing the cost of fungicide application 
with the potential loss from not spraying. For example if 
the cost of applying fungicides is $12 per acre and the 
fungicide can be expected to reduce yield loss by 5 
bushels per acre, then a total value of $12 for the 5 
bushels, or $2.40 per bushel, is needed as a threshold 
to break even . Thus , a cost of 5 bushels per acre will 
trigger additional marginal profit and spraying is recom
mended (see cost return tables). 

It is commonly accepted that P. recondita increases in 
amount as the season progresses and that the amount of 
rust is generally correlated with yield loss (Roelfs , 1978). 
Therefore , if the variety is susceptible, leaf rust can q uickly 
progress to the point where the yield loss from rust is suffi 
cient to warrant protecting plants with fungicides. 

Data collected from spray trials at NDSU indicate the 
following relationship between the terminal level of wheat 
leaf rust development and yield : 

Yield =64.54600392 - [(0. 19392029) x (%Ieaf rust)] 
for the moderately susceptible cultivar Manitou and 

Yield = 62.77780304 - [(0.23003216) x (%Ieaf rust)] 
for the susceptible cultivar Thatcher. 

If all biological and environmental conditions are 
favorable for rust development, one may estimate a rapid 
rate of rust increase ending the season with 80-90 percent 
leaf rust. The increased yie ld from spraying should pay the 
cost of fungicides . If a ny factor such as hot dry weather 
severely retards rust, a slow rust increase with fin al severity 
of 15-20 percent can be expected . Spraying is not recom
mended whe n disease progress Is slow . 
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Table 1. Net Profits or ( - Loss) for Controlling Disease 
with Fungicides. 

Expected Loss (50 bu crop) Net Return 
% aulA DOllars/A 

0 0 ( - 12.00) 
10 5 1.25 
20 10 14.50 
30 15 27.75 

Values are estimates of severe rust on a susceptible cultivar, 
fu ngicide and aerial application costs for 2 applicatIons of $6 
each, wheat at $2.65, and 50 bu wheat. All values will change 
depending upon conditions. 

Table 2. Net profit (- Loss) in dollars per/acre from foliar 
fungicide application on wheat (for a 10% loss with chang· 
ing prices and yields). 

Crop 
Price Potential Yield 
($ au) (aulA) 

40 45 50 55 60 
$2.601 -1.60 - .30 1.00 2.30 3.60 
2.80 - .80 .60 2.00 3.40 4.80 
3.00 0.0 1.50 3.00 4.50 6.00 
3.20 .80 2.40 4.0'0 5.60 7.20 
3.40 1.60 3.30 5.00 6.70 8.40 

1Values based on fungicide costs plus aerial application costs of 
$12/acre, and an average of 10% yield gai n (Statler & McMullen, 
1986). 
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The information given herein is supplied with the 
understanding that no discrimination is intended and no en
dorsement by the North Dakota A griculture Experiment S ta
tion or NDSU Extension Service implied. 
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