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CHAPTER I
INTRODUCTION
Situation in Oklahoma

Two and eight tenths million hectares (seven million acres) of

winter wheat (Triticum aestivum L. em. Thell) were planted in Okla-
homa during the fall of 1979. The cultivars TAM-W-101, Sturdy, TAM-
W-103, Caprock, and Payne (30) comprised 40.3% of the planted acreage.

These cultivars are ultra-susceptible to the fungus, Erysiphe graminis

D. C. ex Merat f. sp. tritici‘em. Marchal, which incites the disease
of wheat commonly called "powdery mi]dew."; Other cultivars currently
grown in the state usually express moderate susceptibility to powdery
mildew. Effects of E. graminis on wheat development and yield have
not been clearly defined. The purpose of this study was to determine
the effects of E. graminis on grain production in Oklahoma.

During the sprihg of 1980 this study was initiated both under
controlled conditions in a growth chamber, and in the field. The
winter wheat cultivar TAM-W-101 was chosen for this study because it

had been planted on 35.8% of Oklahoma's acreage in 1979 (30).
Growth Chamber Objectives

Objectives of the growth chamber study were to determine the

effects of a severe infection of E. graminis f. sp. tritici in



TAM-W-101 on seed weight per head, single kernel weight, seed number
per head, root weight, root vo]Ume, dry straw weight, tiller number,
tiller height, and any other observable effects on the growth and

development of the plants.
Field Objectives

Objectives of the field expefiment were to determine the effect
of powdery mildew on yield and 1000 kernel weight; and to determine

if gradations in m11dew control result in gradations fn the yield of

wheat.



CHAPTER 11
REVIEW OF LITERATURE

Powdery mildew has been damaging to cereal crops at various times
in the past. Dimitrou (9) stated that "between 1885 and 1889, the cul-
tivation of cereals in the heighborhood of Stockholm (Sweden) was ser-
1ous1y-thréatened by the prevalence of mildew" (8, p. 52). Salmon
(35) made note of the presence of powdery mildew in Ontario, Canada,
during 1900. | |

Wheat undergoes physiological changes 'when it is infected with
powdery mildew. Pratt (31) showed that after infection of seedlings -
respiration rose within nine days to a maximum 2.5 to 3.0 times that
of controls. This high rate of respiration then fell considerably
below that of the controls. The fungal respiration was insufficient
to account for the increased oxygen consumption of mildewed leaves.
Allen and Goodard (1) reported that the increase in respiratory rate
occurs in mesophyll tissue immediate]y underlying powdery mildew
colonies. Allen and Goddard (2) reported a respiration increase of
250% above healthy wheat. Allen (3) showed that éh]orophy]] content
and photosynthesis rapidly drop in heavily infected leaves. Wiese
(49) stated that "E. graminis f. sp. tritici utilizes nutrients, re-
duces photosynthesis and increases respiration and transpiration of

its hosts" (p. 29).



The physiological changes caused by powdery mildew on small
seeded cereal grains has been thoroughly reviewed by Jenkyn and
Bainbridge (17); therefore, a complete review of these findings is
not essential for this study.

Baenziger et al. (4) worked with three selections of wheat of
varying susceptibility to powdery mildew. Healthy seedlings were
not significantly different in robtband shoot length and weight.
They did, however, report the following: -

When inoculated, the susceptible Tine (Chancellor) has

11-13% shorter roots, 52-57% less root wt and 35-61%

less shoot wt than the resistant selection (Asosan) the

intermediate selection (Sonora) was better than Chancel-

lor which had 13-14% shorter shoots, 33-44% less root

wt, and 32-48% less shoot weight (p. 164).

Lupton and Sutherland (28) used ]4C to show that a reduction in root
and shoot weight of spring wheat was associated with a reduction in
proportion of carbohydrate translocated to roots at the third-leaf
~stage. Baenziger et al. (5) found that a susceptible cultivar and

an intermediately resistant line had, respectively, 31% and 22% fewer
tillers than a completely resistant line. Root dry weight of the
susceptible cultivar was reduced 54%, shoots were 10% shorter and
weighed 46% less than the resistant 1ine.

Allen and Goodard (2) reported that wheat infected with E.
graminis f. sp. tritici-gkadua11y declined in vigor and growth, re-
sulting in death when severely infected. Pratt (31) stated that in-
fected seedlings quickly showed symptoms of physiological derangement
and died in three to four weeks when kept at 18-22 C.

Johnson et al. (18) found that powdery mildew caused soft red

wheat to produce grain with lower flour protein content, but it did



not effect milling and baking qualities. Therefore, in soft wheat -
economic 1oss was related primarily to yield loss and not milling
and baking qualities.

Fried et al. (11) found highly significant reductfons in seeds
per head and seed weight, correlated with infections on thevf1ag
and penu]timate leaves. Smith and Smith (39) found a 34% and 53%
loss, respectively, in tiller number and grain yield with a moder-
ately susceptible cultivar in a greenhouse trial. Two cultivars
with genefa] resistance sdstained a 16% to 20% reduction in grain
yield over controls sprayed with colloidal sulfur when mildew infec-
tion was encouraged for the entire period of p]ant'growth. On Prince
Edward Island, Canada, Johnstqn (19) reported a significant difference
in yield and 1000 kernel weight between powdery mildew infected spring
wheat and a control using Soi]-app1ied benomyl. Partial control re-
sulted in yield increases of 35.6% and 1000 kernel weight increases of
5.6%.

Vik (47) stated that over the 20 years preceeding 1938, spring
wheat at the Royal Agricultural College of Norway was repeatedly
attacked by mildew. Powdery mildew also occurred in other parts of
Norway, sometimes in epidemic form. He estimated yield reduction to
be 30% to 40%, a greater reduction than that caused by any other
fungal disease of the crop.

Herbert et al. (12) found a significant reduction of wheat yield
in North Carolina associated with the interaction of powdery mildew
and spring topdressing with nitrogen fertilizer in 1948. Where nitro-

gen was topdressed in the spring, plots on which mildew was controlled



yielded as much as 40% more than plots on which mildew was not
controlled.

Large (25) found, in 1963, that 2.5% to 7.5% yield losses oc-
curred with light infections of powdery mildew in England. Losses
for three of the four years were one hundredweight per acre with the
mildew assessment seldom exceeding 5%. During the other year,
powdery mildew was found in only iréce amounts. None of his ratings
exceeded 16% mildew at Feeke's growth stage 10;5 (21). Shanner (36)
obtained, in 1972, a 13.8 bushel per acre, or 20% yield increase
using benomyl on powdery mildew-infected wheat in Indiana.

Smith and Wright (38) stated, in 1973, that mildew seemed to
become more severe in the 1940's with improvements in soi]’ferti1ity.
Yield Tosses due to powdery mildew on whea£ in New Zealand on all
trials were just over 5%. In‘other experiﬁents, losses as high as
15% were not rare. Severe ihfections coupled with a Tate spring
drought, or barley yellow dwarf virus, caused Tosses up to 30%. One
severely infected cultivars yielded 35% less than when mildew was
controlled with Tridemorph. The national yield loss from powdery
mildew in New Zealand was estimated at 1.54%.

In 1980 Jenkins and Lescar (16) estimated wheat yield losses in
Europe due to powdery mildew as 2.5% to 5.0%. Data from the Imperial
Chemical Industries Chemical Company (14) in Europe shows increases
of up to 16% in France, and 13% in West Germany from control of wheat
powdery mildew.

Foliage disease surveys conducted on winter wheat by James (15)
in Ontario, Canada, during 1959 and 1970 led him to estimate that

powdery mildew caused an average loss of not more than 1% in 1969



and between one and two percent in 1970. However, in 1971, on Prince
Edward Island, Canada,‘Johnston (20) reported a 36% yield increase
and a 16% increase in 1000 kernel weight for susceptible spring
wheat. The seed had been treated with ethirimol to achieve powdery
mildew control during early growth. Powdery mildew severity levels
at flowering were significantly different but were reduced only 20%
by the seed treatment. |

Johnson et al. (18), in 1974 and 1975, found yield losses of 34%
in soft red winter wheat in Maryland field plots. In that experiment,
mildew covered an average of 51% of the surface of each flag leaf.

Tuleen (46), during 1976 in Texas, obtained a 5.3 bu or 48%
yield increase by controlling powdery mildew on wheat grown under ex-
treme drought by using triadimefon. Sturgeon et al. (42), in 1979,
observed a 7.8 bushel or 16% increase in yield of TAM-W-101 wheat by
controlling mildew with triadimefon during the early season. How-
ever, as the wheat reached Feeke's growth stage 10.5 (21) and for the
remainder of the season, infection became severe even on sprayed

plots.



CHAPTER III
MATERIALS AND METHODS
‘Growth Chamber Experiments

TAM-W-101 wheat had beén pkeviousTy sown on November 1, 1979,
in a field near Stillwater, Oklahoma. On January 25, 1980, each of
24 seedlings were transported from the field into a 3.78 Titer,
glazed stone jar with é 1.27 cm diameter drain hole located near the
base. Each jar was filled to within 3 mm of the top with clay loam
soil. Transplanted, field grown, wheat_seédlings were used because
of the need for vernalization in winter wheat. None of the wheat
seedlings were damaged by transplanting. A1l transplanted plants
were watered equally as needed. Each plant received 0.3 g per jar
of "Scotts" fertilizer (18-12-14 NPK formulation) every 21 days with
watering. Plants were maintained in a greenhouse for 33 days until
a suitable location and experimental design could be determined.
Twelve plants were then chosen at random for a growth chamber
experiment.

Powdery mildew inoculum was increased on fAM-W—]O] seedlings
planted at a rate of 20 to 30 in each of 12 four-inch clay pots.
The seedlings were inoculated with conidia from a natural infection
of seedling wheat grown in a laboratory 1ight bank. Seedlings used
to increase inoculum were moved to the Sherer-Gillett model 3714

growth chamber 14 days after planting and kept there until the test



plants were inoculated and placed in the growth chamber. At the bé-
ginning of the experiment, seedlings maintained for inoculation pro-
duction were moved to a laboratory bench near a window with southern
exposure. Inoculated plants were kept only in the growth chamber
and on the laboratory bench'to.prevent powdery mildew contaminatidn
of other ongoing experiments in wheat.

On February 27, 12 plants wefe‘random1y chosen from those trans-
planted from the field and placed in the gfowth chamber. Light
within the chamber was provided by ten, 60 watt incandescent lamps
and 16 F72112/Cw/SHO 1500 milliampere f]uorescenf Tamps. Intensity

-1

was maintained at 100 microeinsteins M'2 S ' at the level of the jar

tops and 153 microeinsteins M2 57!

at the flag leaf level. Light
measurements were taken with a Lamda quantﬁm/radiometer/photometer
model LI-185A, using thevquantum sensor neér the central portion of
the growth chamber. A photoperiod regime of 12 hr light and 12 hr
darkness was maintained with temperature at 21 + 1 C during light
and 15 j_T C during darkness. This temperature is within the range
of powdery mildew growth (8, 24, 29, 32, 37, 44, 49), Hygrometer
readings indicated that humidity reached 70% in darkness and dropped
to 40% during light periods. Humidity, therefore, remained within
the range for infection (8, 37, 44).

Jars were arranged in three, two by two latin squares within the
growth chamber (Figure 1). Each square contained two infected plants
and two on which mildew was contro11éd by eight sprayings of ethiri-
mol, 5-butyl-2-ethylamino-6-methylpyrimidin-4-o01, trade name Mf]go E
(Imperial Chemical Industries, Surrey, England) (14). One milliliter

of a 280 g/1 solution of ethirimol was mixed with 200 ml of water.
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The entire plant was then misted to the point of drip with a hand-
operated 500 m1 polyethylene trigger sprayer. Plants were sprayed
at seven-day intervals through jointing and at 14-day intervals

after appearance of the head.

Fig. 1. Arrangement of the growth chamber test for com-
parison of powdery mildew infected and powdery mildew
free wheat plants, cultivar TAM-W-101.

Conidia used to inoculate the test plants were collected by
1ightly tapping a mildew infected leaf, and catching the conidia that

dropped on a glass microscope slide held beneath the leaf. These
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spores were picked up by a cotton swab and rolled onto young host
leaves with one forward and one backward roll going from base to
tip as described by Sadasivan Nair and E1linboe (34).

A record of the data of leaf appearance, head emergence, and
maturity were kept for each tiller. This was done by designating
as day one the date plants were transp]dnted and numbering succes-
sive days from that point. These’dates were used in statistical
analysis of 1eaf appearance, heading date, and maturity.

Severity of infection was rated on a zero to nine scé]e. Like
the zero to nine scale of Browder (7), this code allowed rapid and
direct recording of data on cards with a keypunch. A "zero" indi-
cated no colonies, and a nine indicated total coverage. Disease
assessments of awns and of glumes were madé with a similar zero to
nine scale.

On day 95 a Vapona (:) strip (Shell Chemical Company, San Ramon,
CA.) which contained dich1orVas‘(2,2—dfch1oroviny1 dimethyl phosphate),
was}added to control an infestation of the two-spotted spider mite,

Tetranychus telarius L. Plants were grown to maturity and harvested

109 days after inoculation.

Height of tillers from the soil surface was heasured at harvest.
Heads were removed, threshed individually, and counted to obtain num-
ber of seed per head. Weight of seed per head was obtained by using
a Mettler toploading balance, type P-1200. Single kernel weight was
obtained by dividing the weight of seed per head by the number of seed
per head. Straw weight was determined for the entire plant on the
same balance by weighing air dry straw. Roots were cleaned by gently

rinsing the soil from them with a fine stream of water. After soil
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and particles of organic matter were removed. Roots were air dried
for 20 minutes to remove excess water. Root volume was then deter-
mined by slowly immersing roots into a comp]ete]y-fi11ed'beaker and
measuring overflow. Roots were dried in a microwave oven (Model 747,
Sears Roebuck and Company, Chicago, iL., 60684) with a power setting
of 75% of the 625 watt capacity for 12 minutes. Root weighfs were
determined using a Mettler top]oadihg balance type PN-1210. Data

were analyzed as shown in Table I.

Table 1. Source of variation for statisti-
cal analysis of growth chamber data

Source of variation df
Total 11
Squares 2
Rows within squares 3
Columns 1
Col*Sq 2
Treatment 1

2

Sq*Trt (error)

Field Experiments

Field plots were located on the James Schilitz farm west of
Ponca City, Oklahoma, in the Towland along the Chikaskia River. The

area had a recent history of high prevalence and severity of powdery
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mildew (50). The field containing the plots was}p]anted on October 7,
1979, with a 20.3 centimeter drill spaéing. Anhydrous ammonia was
applied at the rate of 40.8 kg of actual nitrogen per 0.4 hectares
immediately prior to planting. Such high levels of nitrogen are
known td increase powdery mildew (12, 24, 25, 37, 40, 44, 45). In
the field experiments, powdery mildew disease severities were depend-
ent entirely on natural 1nfection; |

Field trials were éstab]ished and sprayed initially on April 4,
1980. A split plot design was used (Figure 2). Each replication
contained three main plots, one of which was sprayed at intervals of
10-days, another at 20-day intervals, and another at 30-day intervals.
One of two subplots in each mainplot remained unéprayed, allowing mil-
dew to reach near normal levels. Subp]ots‘were 1.83 x 7.33 meters in
size, and contained seven to eight rows of wheat. Two locations,
each having four replications, were established in the same field.
Each Tocation had different environmental factors acting on them.

Mildew control was achieved by using spray treatments composed
of wettable powder sulfur, "Golden Dew," which contained 92% sulfur
produced by the Wilbur-E11is Chemical Company of Fresno, California.
Sulfur has been shown effective in controlling powdery mildew on
wheat (10, 12, 39). Spray was applied with a 9.46 liter knapsack
sprayer equipped with a Teejet 8002 nozzle tip. The suspension con-
tained 0.226 kg Golden Dew per 7.6 liters of water. The spray was
applied only over the top of the wheat for the first three applica-
tions. The last two applications were over the top and between each

row within the canopy.



Rep 1
Rep II
Rep III

Rep IV

Fig. 2.

DESIGN OF FIELD EXPERIMENT

60’
30-day sprayed 10-day sprayed unsprayed
unsprayed unsprayed 20-day sprayed
unsprayed unsprayed unsprayed

20-day sprayed

10-day sprayed

30-day sprayed

20-day sprayed

unsprayed

- unsprayed

unsprayed

30-day sprayed

10-day sprayed

unsprayed

unsprayed

30-day sprayed

20-day sprayed

10-day sprayed .

unsprayed

Ponca City, Oklahoma, in the spring of 1980.

Split plot plan for 10-, 20-, and 30-day sulfur spray treatments at

40'

vl
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Disease ratings were taken at seven day intervals using a zero
to nine scale like that used in the growth chamber work. Ratings
were applied to entire subplots by examining several plants in each
subplot, and estimating an average reading for the subplot. Average
disease ratings for each subplot were later kept on the flag 1eaves,
penultimate leaves, third 1eayes, and heads.

A severe armyworm infestation observed by the ﬁroddcef on May
31, 1980, was controlled on June 2 by an air app]icatjon of toxaphene
and parathion. Flag leaves and all other green 1eaf tissue was sev-
ered by the armyworms but heads were not Cut.

Subplots were harvested by hand on June 21, 1980, by laying a
2.44 meter pole between the third and fourth rows, and harvesting
the plants on both sides of the pole. Heads were bagged and dried
for two weeks in a greenhouse. Threshing was done using a stationary
Vogel (:) thresher.

Weight of grain from each subplot was determined using an Ohaus
25 kg capacity balance. A 1000 seed count was taken using an elec-
tronic seed counter (Model 850-2, The 01d Mill Company, Savage, MD.).
These seedé were weighed in lots of 250 with a Mettler toploading

balance type P-1200.



CHAPTER IV
RESULTS AND DISCUSSION
Growth Chamber Experiments

Between day 33 and 95, colonies of E. graminis f. sp. tritici
developed profusely on newly emerging leaves of infected plants (Fig-
ures 3 and 4), while spréyed plants were kept mildew free. On in-
fected plants, lower leaves reached an average disease level rating
of nearly eight. Following day 95; however, colony development rarely
occurred and average disease 1eve1s did not rise significantly (Fig-
ures 4 and 5). Average disease ratings on the first four tillers to
produce heads were, therefore, higher than for the remaining tillers.

4'Possib1e explanations of this reduction in colony development on
the upper leaves and heads include the following:

1. The dichlorvos strip used to control mites may have altered
the host-parasite relationship and reduced or prevented powdery ﬁi]—
dew infection.

2. Reduced infection may be partially attributed to the slowing
of the hosts' growth rate which is known to reduce susceptibility (49).

3. During an inoculation on day 94, mites were observed to be
more active, and seemed to be feeding oh-app]ied conidia. Mites may
also have been browsing on the conidia and confdfophores of estab-
lished colonies. This may explain the reduced condia production and

infection before addition of the dichlorvos strip.

16
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Fig. 3. An example of the powdery mildew disease level
obtained on infected wheat plants in the growth chamber
experiment.

4, Miticides and insecticides have previously been shown to control
powdery mildew (36, 41) and dichlorvos is known to influence the physi-
ology of fungi (6, 33, 51, 52, 53). Sporulation stopped within a week
after introduction of the insecticide. Hunter and Caplan (13) and
Sutton et al. (43) obtained control of insects and mites using dichlor-
vos strips for 4 to 72 hours. Therefore, it was unnecessary to leave
the dichlorvos in the growth chamber for such a long period.

Average disease ratings (Figures 4 and 5) show that glumes, awns,
flag leaves, and penultimate leaves did not have disease levels as

high as lower leaves. Smith and Wright (38) obtained data showing
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infected plants in the growth chamber. Inoculation was on day 33
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that yield losses of 25% can be caused by infections that are not sev-
ere on the flag leaf. However, Large and Doling (22, 23) found the
flag leaf to be very important to grain filling, and they assess mil-
dew damage in the field on the entire'p1ant at stage 10.5. Johnson
et al. (18) also estimated mi1dew damage at this grdwth stage, using
the percent disease on both the entire plant and the flag leaf. 1In
England, Lupton (27) found that tfans]ocation from the flag leaf was
entirely toward the ear, and there was no trans]océtion away from the
ear. Tréns]ocatidn from the third leaf was totally downwakd, and as-
similates from the penultimate leaves deed partially ubward until the
death of the third leaf. Assimilates from the penultimate leaf were
then translocated ma1n1y to the grain. Frqm this it may be theorized
that if the infection had been severe on the awns, glumes, flag, and
penultimate 1éaves; seed'weight‘would have been further reduced.

Single kernel weight was obtained by dividing weight of seed per
head by number of seed per head. vIndividua] kernel weights were
15.67% greater in sprayed than in unsprayed plants (Figuré 6). This
indicated that grain filling was reduced by powdery mildew infection.
Seed number per head was increased 23.55% and total weight of seed
per head was increased 46.91% by control of powdery mildew (Figure 6).
Weight of seed per head is influenced by both kernel number per head
and individual kernel weight.

The first four tillers of each plant were more severely infected
than those that headed later. An indication of damage done by high
levels of powdery mildew may be obtained by comparing the first four

tillers of each mildewed plant with the first four tillers of each
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sprayed plant. Seed number per head, individual kernel weight, and
seed weight per head on these tillers showed a much greater increase
with control (Figure 7).

Remaining ti]Ters could also be compared in a simi]af way for
an indication of damage by lower levels of powdery mildew. In this
comparison, seed number per head was not significantly differént and
increase in both individual kernel weight and seed weight per head
was less dramatic, although still significant (Figure 8). Tillers
that died before producing heads were shown by Lupton (29) to make
no contribution to grain yield by transfer of photosynthates and
were thus not included in the data.

Tiller number per plant was not significantly different between
the treatments. This is an apparent disagreement with Baenziger et
al. (5). However, they inoculated untillered plants less than 13
days old; while in this experiment, plants were inoculated after they
were three months old and had initiated tillers. In Oklahoma, powdery
mildew symptoms occur almost entirely in the spring (50). For this
reason, no effort was made to study affects of powdery mildew on un-
tillered seedlings.

No significant difference was found for root weight, root volume,
tiller height, and straw height between treatments. This is in seem-
ing opposition to Baenziger et al. (4). However, they used seedlings
inoculated before they were 14 days old and, thereafter, kept under
continuous disease pressure. Plants in this experiment had a Tong
period of powdery mildew free growth.

In evaluating results of the growth chamber experiment, it is

necessary to examine the data shown in Table II which lists the
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Table 2. Individual wheat plant data for growth chamber test

Root Root Total Seed Straw
Weight Volume Number Weight Weight
Square Treatment (g (m1) of Seeds (g? (9)

1 Powdery Mildew Infected 5.20 36 120 4.24 7.03
1 Powdery Mildew Infected 4,35 31 129 4.08 6.83
1 Powdery Mildew Free 13.98 86 219 8.73 10.03
1 Powdery Mildew Free 16.56 -80 277 11.19 11.43
2 Powdery Mildew Infected 8.46 54 185 5.54 9.73
2 Powdery Mildew Infected 6.88 46 150 4.47 8.27
2  Powdery Mildew Free 12.89 74 205 7.30 8.67
2 Powdery Mildew Free 6.81 55 190 6.59 8.10
3 Powdery Mildew Infected 4,90 37 129 3.46 8.49
3 Powdery Mildew Infected 18.33 80- 234 6.90 11.41%*
3 Powdery Mildew Free 10.62 50 188 6.32 8.05
3 Powdery Mildew Free 9.54 70 183 5.88 7.35

*Obvious powdery mildew tolerant plant.

G2
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response for each individual plant. (Note data listed in the line
marked with an asterisk.) Yields from this plant weré~as high or
higher than those from powdery mildew free plants. Obviously, this
individual p]ént expreésed some form of tolerance or‘reSistance to
powdery mildew. The fact that yields from this plant were so much
higher than other infected plants contributed to the lack of statisti-
cal significance for root weight, root volume, and straw weight.

Sprayed plants grew and matured more rapidly than powdery mil-
dew infected plants. The date of flag leaf appearance and maturity
was significantly different at the 5% level of probability, and head-
ing date was significantly different at the 1% level. Head emergence
for all six sprayed plants occurred before any of the powdery mildew
infected plants (Figure 9).

To determine if heading date was affected by ethirimol sprayings,
thé ekperiment was repeated in the same manner except that no plants
were inoculated. Traces of powdery mildew did develop, however, before
the test was completed. There was no observable evidence that ethiri-
mol spraying alone affected flag leaf or head emergence. This indi-
cated that within the growth chamber éxperiment, powdery mildew did
significantly delay head emergence and plant maturity of TAM-W-101

winter wheat.

Field Experiments

Natural infestations of powdery mildew reached severity levels
above 5.0 within the field plots at location one (Figure 10). At lo-
cation two, the severity level was never greater than 5.0 (Figure 11).

The same scale of zero to nine, described for the growth chamber
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Fig. 9. The difference in maturity for wheat plants in
the growth chamber study. Six sprayed plants with heads
(1eft); six mildewed plants on which heads have not yet
appeared (right)

study, was used for disease ratings in the field. Although complete
control was never achieved, the 10-day spray interval with wettable
sulfur reduced the severity level to below 1.0 at location one, and
to slightly above 1.0 for location two (Figures 10 and 11).

At both locations disease severity appeared uniform throughout
the test area at zero days; i.e., the time of initial spraying for
all treatments. The first notable differences in powdery mildew
severities between spray intervals were recorded 20 days after ini-
tial spraying. At location one powdery mildew severities continued

to increase through the first 50 days of the experiment. At location
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two severity increased through the first 30-day period and then
showed a decline after 40 days. No severity readings were taken
at‘60 days because an infestation of armyworms had eaten or severed
all green leaves.

E. graminis f. sp. tritici was certainly the predominant foliar
pafhogen at the two locations. Other disease symptoms observed on

wheat foliage were traces of tan spot, caused by Pyrenophora tricho-

stoma (Fr.) Fekl., leaf rust, caused by Puccinia recondita Rob. ex

Desm. f. sp. tritici, and soil-borne mosaic virus. Because evidence
of these pathogens was very Timited, and there were no noticeable
effects of the sulfur spray except for a‘reduction of powdery mildew
colonies, it was assumed that control of the powdery mildew was the
major variable factor in this‘experiment.

Spraying with wettable su]fur at three different spray intervals
was chosen for two primary reasons: (1) to achieve, as nearly as
possible, powdery mildew free wheat subplots for determining the ef-
fects of powdery mildew on grain production, and (2) to produce dif-
ferent levels of disease that would enable one to determine at what
disease level powdery mildew may cause economic losses of winter wheat
in north central Oklahoma.

Plots treated with the 10-day spray interval received a total
of five applications of wettable sulfur at a rate of 9.4 kg/ha/spray
treatment (8.3 Tbs/acre/spray treatment) of elemental sulfur per ap-
plication. The 20-day'interva1 received three applications and the
30—déy interval was sprayed oh]y twice.

At location one, which had the highest level of powdery mildew,

a yield comparison of all sprayed subplots with all unsprayed
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subplots indicated that grain production was increased by 13.48% in
the sprayed subplots (Figure 12). This yield difference could also
be calculated as a 11.87% decrease in grain production, which would
amount to a loss of 7.34 kg/ha (6.47 bushels/acre). The coefficient
of variation for this test at location one was 14% for error A and
12% for error B.

An 11.87% decrease in yield is in approximate'égreement with
| losses projected by Large and Doling (23). They devised a'formq1a
stating that twfce the square root of the percent powdery mildew
assessment at 10.5 Feeke's growth stage [59 on decimal code developed
by Zadoks et al. (54)] estimates the percent yield loss. Large and
Doling (22) described an infection of 50% as follows: "Upper two
leaves fully green with up to 5 percent mildew; 3rd leaves half yel-
Tow with 50 percent mildew on green parts; 4th leaves nearly all dead
with marks of heavy mildew on them" (p. 52). They estimated a 75%
mildew infection as follows: "Three quarters of all the upper leaves
covered with mildew or yellow or killed by it" (p. 52).

In this study, at Tocation one, levels of powdery mildew cdu]d
be derived at about 60% from the following severity estimate in all
the unsprayed subplots at the 59 decimal growth stage: flag leaf
fully green with 30% mildew; penultimate Teaf beginning to yellowwith
45% mildew; flag-3 leaves yellowing with 70% mildew; flag-4 leaves
dead. The sum of these values divided by the number of values yields
a value of 61.2%. Assuming a 60% infection, losses could be esti-

mated by Large and Doling's equation in the following manner:
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Loss = 2 v % powdery mildew -
Loss = 2 ¥ 60
Loss = 15.49%

This‘1oss estimate is 3.62% higher than the measured loss obtained in
this experiment. However, control of the disease was not complete.
Therefore, actual loss indicated in this experiment would be less than
that which would be expected with complete control. Thus, it would
seem that mildew losses in Oklahoma may approximately fit Large and
Doling's formula (23). However, more work is needed to more accurately
determine the amount of loss aftributab]e to powdery mildew in the
field.

At location two, no significant difference was found between any
of the comparisons. It is important to note, however, that powdery
mildew reached its highest level at the 20-day reading, then leveled
off and started to decline by 30 days (Figure 10). The dec]inelin
powdery mildew development during late stages of wheat gfowth may
explain why no significant yield reductions occurred at location two.
However, a nonsignificant loss was shown (Figure 12).

No significant differences in grain yields were found between the
10- and 20-day spray intervals and their éubp1ots at location one, or
between all spray intervals and their subplots at location two. This
occurred in spite of a considerable reduction in powdery mildew sev-
erity when the spray frequencies were increased (Figure 12). At loca-
tion one, subplots sprayed every 30 days produced significantly more

grain at the 5% level than unsprayed subplots.:
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The Tack of significant differences between yields in the 10- and
20-day intervals is difficult to explain when the 10-day spray inter-
vals reduced powdery mildew levels to one or below. There was no cor-
relation between gradations in powdery mildew levels, obtained with
different spray intervals, and grain yields. Possible reasons for
lack of significant differences in the field experiments may be:

1. High rates of sulfur may be phytotoxic to winter wheat, al-
though there was no visible evidence of phytotoxicity. On the 10-day
interval subp]ots, a total of only 47 kg/ha of elemental sulfur was
applied.

2. TAM-W-101 wheat, even though ultra-susceptible, may express
high tolerance to mildew. However, this hypothesis conflicts with
results obtained in the growth chamber.

3. Mildew levels obtained in the field epxeriments were not
severe enough to seriously reduce grain production, but this hypothe-
sis ignores the significant gain with the 30-day spray interval.

4. E. graminis infections would have lessened the flow of photo-
synthates and decreased the amount of yield loss had not the armyworm
infestation destroyed all leaves.

5. Excessive rain and lodging of wheat in subplots may have
obscured the true measurement of the effects of powdery miidew. Lodg-
ing is known to reduce kernel weight if it occurs after heading (26,
48). Lodging occurred in the milk stage in some subplots at location
one, and as late as méturity in others. The earlier after heading
that lodging occurs, the more serious the loss (26, 48). This varia-
tion in Todging date obviously caused variations in degree of shrivel-

ing among subplots.
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Degree of shriveling was measured by taking 1000 kernel weights.
At Tlocation one, no significant difference in 1000 kernel weights
occurred overall between sprayed and unsprayed plots. With the 30-
day spray interval, the‘sprayed subplot was significantly higher in
1000 kernel weight than the unsprayed subplots at the 5% level of
probability (Table III). The 10- and 20-day interval subplots at
both locations and the 30-day intéfva] subplots at location two were
not significantly different from their unsprayed subp]ots in 1000
kernel weight. Reasons for this may include the following:

1. Squur sprays were toxic to wheat and lTowered 1000 kernel
weights below that caused by powdery mildew. However, at 1ocatioh
two, which had less disease pressure and had been sprayed in the same
way, no statistical difference between spray treatments interacting
with subplots was indicated. |

2. E. graminis f. sp. tritici interacts with high sulfur levels
to reduce kernel weight.

3. Lodging may have produced variation that masked significance
in the 10- and 20-day spraying interval subplots, but the 30-day in-
terval subplots escaped. The first subplot to lodge had the Towest
1000 kernel weight. Other subplots that followed two days later,
after heavy rain, also showed reduced 1000 kernel weights. By re-
calling which subplots had lodged wheat first, it can be determined
that, generally, wheat in the 10- and 20-day sprayed subplots and the
30-day unsprayed subplots had Todged during either the first rain-
storm of 3.5 cm which occurred sporadically with high winds betwéen

May 14-22, or during the second 5 cm rainfall which occurred between

May 24-27. The remainder of the subplots did not have lodged wheat
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until 8.4 cm of rain fell between the 18th and 19th of June. Sub-

plots were harvested on June 21, 1980.

Table 3. Significance of average 1000 kernel weights
in sprayed versus unsprayed field subplots with three

spray intervals at location one.

1000 Kernel Weight

Spray Treatment (9)
10-Day Interval Spray 28.6
10-Day Unsprayed 29.1
20-Day Interval Spray 29.7
20-Day Unsprayed 32.5
30-Day Interval Spray 31.9%
30-Day Unsprayed 27.6

*Significant, LSD (.05) = 2.97 gq.

As a result, Tittle consideration should be placed on the 1000

kernel weight results. Variation from lodging definitely distorted

the data. The distortion may also account for the seemingly greater

yield increase with the 30-day spray treatment and the reduced yield

increases from the 10- and 20-day spray treatments, especially since

1000 kernel weights in subplots with early lodged wheat were 20% to

30% less than in the other subplots.

The facts remain, however, that at both locations, yields were

increased by partial control of powdery mildew, although the increase
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was not significént'at location two. Loss did occur and was related
to the amount of mildew present in both growth chamber and field
tests. Powdery mildew is causing 1oss to producers; therefore,
further research is necessary to determine the amount of loss that
occurs with varying levels of powdery mildew and to develop adequate

and inexpensive control measures.



CHAPTER V
SUMMARY

The following is a summary of results obtained from this study:

1. Control of powdery mildew in the growth chamber was shown
to increase seed number per head by 23.33%.

2. Kernel weight was increased 15.67% in the growth chamber
when powdery mildew was controlled. This was true even with sparse
infections on the flag leaves.

-3 Weight of seed per head was increﬁsed 46.9% by control of
powdery mildew on growth chamber plants. | |

4, In the growth chamber experiment grain yields were reduced
more on the first four tillers than on the other tillers, due to
higher levels of powdery mildew.

5. Root weight, root volume, straw weight, tiller height, and
tiller number were not significantly effected by powdery mildew con-
trol in the growth chamber test.

6. A delay in appearance of flag leaf, heading, and maturity
was obvious with:'powdery mildew infected plants in the growth chamber.

7. Overall yields were increased in all field plots by control
of E. graminis. A 13.48% increase was significant at location one,

but an 8.01% increase was not significant at location two due to

Tower disease levels.

38
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8. A 10¥day spray schedule proved more effective in controlling
powdery mildew in the field than either the 20- or 30-day spray
schedule.

9. Differences in 1000 kernel weight with decreased 1eve15Aof
powdery mildew were not significant in the field because data»was ob-

scured by lodging.
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