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CHAPTER 1
INTRODUCTION

Downy mildew of alfalfa (Medicago sativa L.), known as

lucerne in some countries, is caused by the Phycomycete,

Peronospora trifoliorum de Bary. The causal fungus attacks

plants during cool, wet, or humid climate conditions,
particularly in spring and fall, and it is an intercellular
obligate plant parasite (81). Upper leaves and shoots of
young seedlings are usually attacked first, resulting in
shortened internodes. Infected leaves become light gfeen to
yellow, twisted, rolled or curled down, and then the 1eéves
collapse (14). Grayish or pale violet downy growth of
conidiophores and conidia on lower leaflet surface is often
visible to the unaided eye (56). Dormant resting spores are
produced in diseased tissue. Conidia are spread by wind and
splashing rain. Seedlings may be killed wﬁen conditions are
favorable to the disease (65).

The most practical means to control the diseése is to
develop and use resistant cultivars (47, 62, 65).
Resistance differs markedly among cultivars (55, 71) and
tends to be greater in improved cultivars developed in the
northern United States while those developed in the central

states of the U.S.A. are less resistant (61, 62, 107). The



disease is sporadic in Oklahoma. Consequently, cultivars
developed in Oklahoma in field tests typically include a
relatively high proportion of susceptible plants because
susceptible breeding material is often not recognized and
discarded. Therefore, it was necessary to develop a
controlled environment chamber method to screen alfalfa

plants for resistance to P. trifoliorum. Such a test was

developed by Stuteville (114) at Kansas State University and
this test served as a model for a similar test in Oklahoma.

Foliar or soil treatment with fungicideé for control of
alfalfa downy mildew in laboratory field trials has not been
reported (3). Recently, a pre-sowing seed treatment with
thiram, phenthiuram-molybdate, or phenthiuram for control of
alfalfa downy mildew decreased infection and increased yield
in the U.S.S.R. (33). Effective control of the disease in
crops other than alfalfa has been obtained with applications
of various fungicides. |

The objectives of this study were to evaluate
resistance of certain cultivars and breeding lines to P.

trifoliorum in a growth chamber and to evaluate chemical

control of the disease in a growth chamber. Seedlings of 16
cultivars and two breeding lines were used in these
experiments. One highly-susceptible cultivar, Kanza, was
used as a control cultivar in chemical tests and a
highly-resistant cultivar, Saranac, was also used as a

control cultivar in the resistance tests.



CHAPTER 11
LITERATURE REVIEW

Peronospora trifoliorum de Bary on alfalfa was first

described by de Bary in 1863 (30, 43) and, according to

Jones, the disease was first reported in the U.S.A. in 1917

(118). This fungus was also called P. aestivatis Sydow
(43, 55, 115) and P. viciae (Bert) de»Bary (55, 68) on
alfalfa. No biological races of the fungus on alfalfa have
been distinguished (7, 53, 55, 70).

Downy mildew (DM) is usually less important than many
other diseases of alfalfa in the world. It is widespread
and can cause yield losses when infection is heavy but is
not severe, common, or very harmful in South Africa (54),
Australia (119), and Canada (5).

From early 1929 until 1960, losses from alfalfa DM were
usually minor in many states.of the U.S.A. (57, 62, 70, 75,
80, 86, 87, 103, 111, 120, 121); however, by 1950 the
disease was severe in lowa and Virginia (22, 41). During
1962 and 1965, yield of infected plants was markedly reduced
or lost in New York and Utah (8, 99). In Minnesota and
Nevada, a severe mildew epiphytotic was observed in 1972 and
1976 (71, 116).

In Oklahoma, epiphytotics of alfalfa DM have occurred



on Cimarron and Cody cultivars in Payne County for the years
1977-1981 (4). From May until June of 1977, it was observed
_in the counties of Wagoner and Kay (19). In April of 1978,
it appeared in Coal and Payne counties showing a 100% prev-
alence and 10% severity (20). 1In April of 1979, a survey of
alfalfa in Texas County by Williams and Conway revealed the
presence of DM in Cimarron, Dawson, Resistador, and Kanza
cultivars (21), and by June it was quite prevalent (122).
Cimarron and Kanza were very susceptible. In the spring and
late fall of 1980 and in the spring of 1981, alfalfa DM
recurred (123).

A number of sources of resistancé to downy mildew of
.alfalfa have been identified. Jones and Tofrie (69)
observed wide differences among classes from several culti-
vars and strains, and found that percentages of infected
plants in cultivars ranged from 12 in Hardistan and Ladak
to 60 in Hardigan. Smith (111) reported that the percent-
ages of infected seedlings of four cultivars and 17 strains
for D& resistance sown in the field ranged from 4.5% to
32.1%. Hanson and Smith (62) reported that of six cultivars
and six synthetics of alfalfa tested for resistance to
DM, Narragansett, Umta, Minn. Syn. M, and Utah Syn. J-2 were
the most resistant, and Buffalo, Ranger, Nebr. Syn. 27, and
Kans. Syn. KS-6 were the most susceptible. Hanson et al.
(61) also reported the highef level of resistance to DM by
Narragansett as compared to the susceptibility of Buffalo

under field conditions. Thyr et al. (116) noticed that



cultivars Pacer, Thor, and WL 307 were the most resistant
and AS 49R, Nevada Syn XX, and Washoe were the most
susceptible. Thirty-six cultivars under a severe mildew
epiphytotic were compared and were noted to have a range in
resistant plants frdm more than 90% in Saranac and
Narragansett to about 55% in Ranger and Vernal by Barnes and
Frosheiser (71). New York DM data in 1962 by Nittler et al.
(95) showed a range of 26%-61% plants resistant in ten
cultivars. Buffalo was the most susceptible and Alfa was the
most resistant. Caliverde cultivar was also shown as
resistant in either the greenhouse (112) or in the field by
several workeré (8, 60, 71). 4

Berkenkamp and Folkins (5) found that 10 cultivars
grown in the first year and 25 cultivars grown in the second

year had highly significant resistance to P. trifoliorum.

The data suggested that saponins may be a factor in resist-
ance. HS Ranger (high saponin line) was very resistant and
LS Ranger (low séponin line) was highly susceptible.
Pedersen and Barnes (102) have postulated that resistance to
alfalfa DM was conditioned by one tetrasomically inherited,
incompletely dominant gene (Dm). Therefore, resistance was
due to a dosage effect, with the multiplex genotype
(dmdmdmdm) being most susceptible and the quadriplex geno-
type (DmDmDmDm) being homozygous for resistance.

Stuteville (114) reported that four cultivars evaluated
at seedling stage in the laboratory generally agreed with

the field infection rankings by other workers (62, 71, 95).



The cultivar Kanza was the most susceptible and Saranac was
the most resistant.

Peronospocraceous fungi on alfalfa, vegetables, and gar-.
den flowers have been controlled by non-systemic and sys-
temic fungicides, antibiotics, and oil mixtures. In tobacco
DM (P. tabécina), McLean et al. (82-84) and Wolf (124)
reported that benzol vapors and other organic substances
were successfully controlled in early 1937 to 1939. Later,
paradichlorobenzene vapor (15, 84, 104), zineb dust (16, 49,
92, 117) and zineb spray (66, 97, 117), ferbam (52), strep-
tomycin sulfate (58), maneb (97), oil sprays plus copper
(17), and cottonseed oil with zineb, thiram, and dichlone
(106) provided excellent contrcl of the disease. Recently,
CGA 48988 (Ridomil) and CGA 38140 completely controlled
tobacco DM (67, 96).

In broccoli DM (P, parasitica), streptomycin

application resulted in better and more economic control of
the disease (1). Copper-zinc plus streptomycin, maneb plus
streptomycin (93), agrimycin (90, 92), copper and maneb (49,
89), Spergon SL (89, 92), poiyram (63), Bordeaux mixture
(48), tribasic copper with copper sulfate and maneb (76-79),
and American cynamide 28720 (91) were the most effective for
control of the disease. Recently, Ridomil (CGA 48988) (50W)
was also the best treatment (100).

In cabbage DM (P. parasitica Fr.), spore germination and

systemic growth of the fungus were inhibited by streptomycin

(85), maneb (29) and Spergon (9, 28, 34-42). Recently,



Ridomil (CGA 48988) provided complete control (50, 51).

For control of onion DM (P. destructor), Dithane Z

78-sulfate dust (93), Rosin lime sulfate (125), and maneb
plus ZnS04, zineb plus ZnS04(9%94), and zineb spray (31, 32)
were recommended.

In lettuce DM (Bremia lactucae), zineb (75 WP) and maneb

(80 WP) (113) and a granular formulation of Fongarid (24)
were effective in control of the disease. Recently, Ridomil
(CGA 48988) in the greenhouse and high humidity chamber
effectively controlled as a protectant (25) and as a curative

spray (23, 26, 27).

In sorghum DM (Peronosclerospora sorghi) Ridomil (CGA
48988) (25 WP) as a seed treatment completely controlled both
systemic infection and local lesions (2, 45, 46).

For control of honeydew melon and cantaloupe DM

(Pseudoperonospora cubensis), Bravo and zinc ion-maneb

complex (80 WP) (59) and maneb plus zineb (44) gave good
control of the disease.

Sugar beet DM (Peronospora farinosa) was effectively

controlled by a maneb spray (11), and opium poppy DM (P.

arborescens) was reduced by zineb and ferbam sprays (72).

Copper oxychloride and zineb (25 WP) were the best control
agerits against rose DM (P. sparsa) (6), and maneb (80 WP) and
zineb (75 WP) excellently controlled spinach DM (P. effusa)
and cucumber DM (P. cubensis) (113). Recently, metalaxyl
(CGA 48988) (Ridomil) as a seed treatment and foliar spray

completely controlled sugar cane DM (Peronosclerospora




sacchari) (74), pea DM (Peronospora viciae and P. pisi) (64,

109), maize DM (Sclerophthora rayssioe var. zeae) (73), sun-

flower DM (Plasmopara halstedii) (108), and cucurbits DM

(Pseudoperonospora cubensis) (98, 105). For control of

snapdragon DM (Peronospora antirrhini), metalaxyl plus maneb

was an excellent treatment in nursery beds, and metalaxyl +
zineb or metalaxyl alone gave good results in flower trials
(101). Other new systemic fungicides, SN 66752 and SN
41703, exhibited systemic antifungal activity against cucum-
ber DM (18).

According to Patel (99), in early 1925, conidial

germination of alfalfa DM fungus (Peronospora trifoliorum)

was inhibited by formaldehyde, acetaldehyde, benzaldehyde,
butyraldehyde, furfuraldehyde, toluol, and ethyl alcohol in
the germinating chamber; and in 1981, Dokudovskaya (33)
observed thiram, phenthiuram-molybdate or phenthiuram as
pre-sowing seed treatment decreased infection of alfalfa DM

in the U.S.S.R.



CHAPTER I11
MATERIALS AND METHODS

Evaluation of Cultivar Resistance to
Alfalfa Downy Mildew in Growth

Chamber Trials

Sixteen cultivars and 2 synthetic cultivars were used

for testing cultivar resistance against Peronospora trifol-

iorum. Seed lots of Agate, Arc, Caliverde, Kanza, Ranger,
Saranac, and Vernal were obtained from Dr. D. L. Stuteville,
Kansas State University; and OK1 Syn 1, OK 3 Syn 1, Riley,
Team and WL 318 were obtained from Dr. J. L. Caddel, Depart-
ment of Agronomy, Oklahoma State University. Seeds of other
cultivars: - Aztec 11, Buffalo, Cherokee, Cimarron, Cody, énd
Liberty were obtained from Dr. G. L. Barnes, Department of
Plant Pathology, Oklahoma State University.

All alfalfa éultivars were randomly seeded 1/2 inch
deep in steam-sterilized masonryvsand with vermiculite and
perlite in a 3:1:1 ratid, to which was added a little Osmo-
cote fertilizer (7.6g) in a flat (21.5" x 15.8"). Fifty
seeds were planted per row. After seeding, the soil was
watered until saturated and the flats were placed in a
growth chamber maintained at 20°C and with approiimately

2,000 feet candle of incandescent and fluorescent lighting.
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The plants were watered daily until the fifth day, and then
the seedlings were inoculated in the cotyledon stage of
growth., No water was provided prior to inoculation.

Mass cultures of P. trifoliorum as inoculum were

originally collected from more than 50 mildewed plants in an
alfalfa field at the Plant Pathology Farm, Stillwater,
Oklahoma. The fungus is an obligate parasite that requires
living plants for sporangial production. The sporangia are
weak and survive only a few hours in the laboratory, but
mildewed plants kept in a deep freeze usually yield viable
sporangia for a few weeks (114).

To prepare inoculum, infected shoots were placed in
distilled water in a jar, then the jar was closed and
vigorously shaken until the sporangia were dislodged. The
spore suspension was passed through a tea strainer to remove
plant material. The sporangial concentration was estimated
by hemacytometer counts, and the suspension was adjusted to
contain at least 90,000 sporangia/ml. The inoculum was
sprayed with a small plastic atomizer between the cotyledons
of seedlings to runoff. Each flat needed 25 ml (or more)
inoculum. Sporangia would settle rapidly; therefore, it was
necessary to shake the inoculum often while inocculating.
Free water formed readily on the cotyledons of plants under
moist conditions.

Inoculated plants were kept in 100% relative humidity
condition and a dark period of at least 12 hours after

inoculation to produce sporangia and to permit germination



11

and infection (114). For these requirements, the inoculated
plants were put in an aluminum bun pan (18" x 26") and
covered with an opaque plastic donut cover. The sides of
the plastic cover set over the flat and inside the pan.
Moisture in the planting medium was usually sufficient to
maintain adequate humidity to produce sporangia; when it was
not, water was placed in the pan.

Optimum temperature for the fungus germination,
infection, and sporulation is near 20°C but 16°-24°C is also
satisfactory (114).

Table I shows the schedule used. Sporangia were
obtained from rogued susceptible planfs for inoculum for the
next set. This method was replicated eight times during
September and November of 1980 and during January and April

of 1981.

Evaluation of Chemical Control Against
Alfalfa Doﬁnf Mildew in Growth

Chamber’Trials

This experiment was concerned with the protective and
curative effects of Kocide 101 [copper hydroxide: Cu(OH)2],
CGA 48988 (Ridomil) [metalaxyl: n-(2,6-dimethylphenyl)-N-
(methoxy-acetyl)-alanine methyl ester], SN 41703 (Previcur)
[prothiocarb: S-ethyl-N-(3-dimethylaminopropyl)-thiol
carbamate~HCl], and Streptomycin (streptomycin sulfate)

against alfalfa downy mildew caused by P. trifoliorum.

These fungicides were applied to foliage and their disease
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TABLE I

SCHEDULE FOR EVALUATING RESISTANCE AGAINST
P. TRIFOLIORUM

Days Methods

Day 1 Plant seeds 1/2" deep in flats of steam-
sterilized masonry sand with vermiculite and
perlite (3:1:1), and add 7.6 grams Osmocote
fertilizer per flat. Place in growth
chamber and add distilled water as needed.

Day 2-5 Add distilled water as needed.

Day 5 Inoculate, cover, and turn lights off for 12
hours. Do not water plants just before
inoculating.

Day 6 Remove plastic cover, turn lights on, and.
rogue late-emerging plants.

Day 7-11 Add distilled water as needed and rogue
late-emerging plants.

Day 11 Recover plants and turn lights off to induce
sporulation. Do not water plants just before
covering because the fungus will not
sporulate in free water.

Day 12 Uncover and evaluate infection rates.
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control effects and their effect on sporulation were
recorded.

Seeds of a highly—susceptiﬁle alfalfa cultivar, Kanza,
were sown 1/2" deep in steam-sterilized masonry sand mixed
with vermiculite and perlite in a 3:3:1 ratio, to which was
added 7.6 grams Osmocote fertilizer, in flats (21.5" x
15.8"). Fifty seeds were planted in each row in the flats.
After seeding, the soil was watered until saturated, and the
flats were placed in a growth chamber maintained at 20°C,
with 100% relative humidity, and at approximately 2,000 feet
candle intemnsity lighting for at least a 12 hour
photoperiod. The plants were watered.daily until the fourth
day, but not just before the chemicals were applied.

Protectant treatments of CGA 48988 (60 mg/100 ml),
Kocide 101 (360 mg/100 ml), SN 41703 (120 mg/100 ml), and
Streptomycin (60 mg/100 ml) involved spraying plants at the
second cotyledon stage up to one day before inoculation by
atomizing each row in different flats with 25-30 ml of
sporangial suspension. All fungicides were used
approximately the same recommended levels in 100.ml
distilled water. The procedures and materials to prepare
inoculum were the same as the methods as previously stated
in evaluating cultivar resistahce to alfalfa downy mildew in
the growth chamber.

Curative sprays were applied at one, three, and five
days after inoculation with the same rates of fungicides per

100 milliliter of distilled water as protecting sprays.
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Control or.untreated plants were not sprayed with the
fungicides. The following schedule of methods were
replicated four times in the growth chamber on April 1981
(Table II). Sporulation and symptoms on the 1eaflets were

assessed nine days after inoculation.



TABLE 1I

SCHEDULE OF EVALUATING CHEMICAL CONTROL AGAINST
ALFALFA DOWNY MILDEW IN GROWTH CHAMBER

Days Methods

Day 1 Plant seeds 1/2" deep in a flat of steam-
sterilized masonry sand with vermiculite and
perlite (3:1:1), and add 7.6 grams Osmocote
fertilizer per flat. Place in growth
chamber and add distilled water as needed.

Day 2-4 Add distilled water as needed.

Déy 4 Spray fungicides. Do not water just before
spraying.

Day 5 Inoculate, cover, and turn lights off for 12
hours. Do not water just before inoculation.

Day 6 Remove plastic, cover, turn lights on, and
rogue late-emerging plants. Spray fungicides
after inoculated. Do not water just before

applving.
Day 7-8 Add distilled water as needed.
Day 8 Repeat the same schedule as Day 6.
Day 9-10 Add distilled water as needed.
Day 10 Repeat the same schedule as Day 6.
Day 11-13 Add distilled water as needed.
Day 13 Re-cover plants and turn lights off to induce

sporulation. Do not water just before
covering because the fungus will not
sporulate in free water.

Day 14 Uncover and evaluate.




CHAPTER 1V
RESULTS AND DISCUSSION
Evaluation of Resistance

Eighteen alfalfa cultivars, including the two synthet-
ics evaluated at the seedling stage in the growth chamber,
were rated for their reactions to resistance against Perono-

spora trifoliorum. Ratings were made in September and

November of 1980 in which 11 and six cultivars, respec-
tively, were randomly replicated five times. Estimates of
the percentages of leaf area affected in the flat were
recorded as ratings from 1 to 100, depending upon the number
of resistant plants. The higher the number, the greater the
resistance. The same method was used to rate other tests
for downy mildew in January and April of 1981, in which six
and five cultivars were replicated eight times.

Although no flat was réted lower than 10 or higher than
60, highly significant differences in resistance between
alfalfa cultivars were found among tests shown in Table III
and IV. No cultivars were completely free of symptoms,
although some symptom-free plants were found in each
cultivar.

All cultivars and synthetics varied markedly in per-

centages of resistant plants. Comparison of the cultivars

16
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TABLE III

PERCENTAGE OF SEEDLINGS IN ELEVEN CULTIVARS RESISTANT
TO P. TRIFOLIORUM IN GROWTH CHAMBER!

Cultivars Percentage of Resistant Seedlings
Average Score?
September /1980 November /1980
3

Saranac 47.00 a 51.00 a
Arc 40.13 b 40.75 b
Riley 37.00 ¢ --
WL 318 35.88 ¢ --
Liberty 35.50 ¢ -~
Vernal 24,88 d 23.625 ¢
Ranger 20.25 e 26,125 4
Cody 15.13 £ --
Buffalo 13.50 ¢ -
Cimarrcn 12.13 gh 13.50 e
Kanza 11.75 h 12.375 e

1Data were averaged for eight replicates.

2Rased on 1% to 20% = susceptible, 21% to 40% =
intermediate, and above 40% = resistant.

3cultivars followed by the same letter are not signifi-
cantly different at .05 level by Duncan's multiple range
test,
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TABLE IV

PERCENTAGE OF SEEDLINGS IN EIGHT CULTIVARS
AND TWO SYNTHETICS RESISTANT TO
P. TRIFOLIORUM IN GROWTH

CHAMBER!
Cultivars Percentage of Resistant Seedlings
Average Score<4
January/1981 ' April/198i
3

Saranac 48.375 a 49.125 a
Aztec 11 -- ' ' 41.25 b
Caliverde - ’ 40.50 b
Arc : 39.125 b -
OK 1 Syn 1 37.750 ¢ --
Agate ' - 31.75 ¢
OK 3 Syn 1 30.50 4 --
Cherokee : = 30.25 ¢
Team .-~ 30.125 4 -—
Kanza 12.25 e 11.00 4

‘TData were averaged for eight replicates.

2Based on 1% to 20% = susceptible,
21% to 40% = intermediate, and above 40% = resistant.

- 3Cultivars followed by the same letter are not signifi-
cantly different at .05 level by Duncan's multiple range

test.
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indicated that Arc, Aztec 11, Caliverda and Saranac appeared
to be most resistant. Saranac was the most resistant. |
Buffalo, Cimarron, Cody and Kanza were most susceptible.
Kanza was the most susceptible (Figure 1). Thé remaining
cultivars fell into the intermediate group as moderately
resistant or moderately susceptible on their symptoms.

The mildew rankings were in agreement with those of
other workers under artificial infection (112, 114) and
under natural infection conditions (5, 8, 12, 13, 60, 62,
71, 95, 107, 110, 116). However, severity of disease was
much greater with the screening test of seedlings.

Cultivars Saranac and Caliverde appeared as resistant under
greenhouse (112, 114) and natural conditions (8, 60, 110) as
in our results, and Agate, Ranger, Riley, Team and Vernal
were intermediate, similar to other reports (5, 8, 12, 13,
71, 95, 114, 116). However, Ranger was observed to be the
most susceptible by Hanson and Smith in Wisconsin (62).
Buffalo and Kanza were the mostJSusceptible according to
several worker's results (62, 95, 107, 114); ﬁowever, Smith
(110) reported that Buffalo fell'into the intermediate
group. Resistant cultivars Arc and'Aztec II, and suscep-
tible cultivars Cimarron and Cody in the field mentioned by
Barnes (4), agreed with the mildew characteristics in growth
chambers. Cherokee, Liberty, OK 1 Syn 1, OK 3 Syn 1 and

WL 318 had not been previously tested for resistance against

P, trifoliorum; hqwever, these cultivers appeared as

resistant or moderately resistant against many insect pests



Figure 1.

Severe Mildewed Symptoms on
Susceptible Cultivar '"Kanza"

20
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and certain other plant diseases (12, 13).

The results with some cultivars were slightly different
from the other worker's results. We believe that it may be
caused by different environmental conditions or different
test methods. We also believe that the screening technique
of seedlings is a good tool for evaluating resistance to

alfalfa downy mildew.
Evaluation of Chemical Control

In the results shown in Table V and VI, highly
signigicant differences to control between fungicides weré
found among the treatments. Alfalfa downy mildew on the
seedling-susceptible cultivar, Kanza, was completely
controlled by a new systemic fungicide, Ridomil (CGA 48988)
(2E) at 60 ﬁg/100m1 in a growth chamber. No sporulation or
infection of downy mildew developed on either protectant
teatment one day before inoculation, and curative sprays
one, three and five days after inoculation (Table VI). No
chlorotic symptoms appeared on any leaflets.

Streptomycin at 60 mg/100 ml was excellent in foliar
treatment for controlling the disease one day after inocu-
lation, and it was also superior in controlling the disease
three days after inoculation. The other applications one
day before or five days after inoculation were more effec-
tive than SN 41703 and Kocide 101 in the same length of

time.

SN 41703 (120 mg/100 ml) and Kocide 101 (360 mg/100 ml)



TABLE V

EFFECTIVENESS OF FUNGICIDES FOR CONTROL OF P. TRIFOLIORUM ON SEEDLINGS
OF SUSCEPTIBLE CULTIVAR "KANZA"

Mean Number of Infected Leaf Lesions
Treatments SN 41703 Kocide 101 Streptomycin CGA 48988
(120mg/100ml) (360mg/100ml) (60mg/100m1) (60mg/100ml)

Sprayed One
Day Before 1
Inoculation 8 ¢ 4 d 2.75 ¢ 0

Sprayed One
Day After
Inoculation 2 e 2 d 0d 0

Sprayed Three
Days After ;
Inoculation 6 d 8 ¢ 1 d 0

Sprayed Five
Days After
Inoculation 16 b 12 b 5b 0

Unsprayed '
Control 85 a 88 a 86 a 63

Foliar spray method used.

'Fungicide methods followed by the same letter are not significantly different at .05
level by Duncan's multiple range test. ‘ N

l



TABLE VI

EFFECTIVENESS OF FUNGICIDES APPLIED AFTER INOCULATION
FOR CONTROL OF P. TRIFOLIORUM

Mean Number of Sporangium per Leaf Lesion

Treatments SN 41703 Kocide 101 Streptomycin CGA 48988
(120mg/100ml) (360mg/100m1) (60mg/100ml) (60mg/100m1)

Sprayed One

Day Before 1

Inoculation 9,750 b 6,000 b 6,000 b 0

Sprayed One

Day After

Inoculation 2,000 ¢ 2,000 c 0d 0

Sprayed Three

Days After

Inoculation 2,000 c 2,000 c 1,000 d 0

Sprayed Five

Days After

Inoculatio 9,750 b 8,000 b 4,000 c 0

Unsprayed

Control 69,000 a 64,000 a 67,000 a 59,000

Foliar spray method used.

1Fung1c1de methods followed by the same letter are not significantly different at .05
level by Duncan's multiple range test.

¥4
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were moderately effective one and three days after inocula-
tion. They did not effectively control the disease compared
~to metalaxyl. The least control was obtained when the SN
41703 treatment was used five days after inoculation.

Kocide 101 was phytotoxic to many leaflets; however,
the other fungicides were not phytotoxic to seedlings. Some
completely controlled leaflets were difficult to check as to
their symptoms (whether they still were infected or the
fungus had already been killed) because the symptoms looked
the same (chlorotic). Therefore, sporulation and infection
were checked with microscopes.

On unsprayed controls in CGA 48988 appliedvflats,
sporulation and symptoms appeared less than on the other
fungicide treatments. It may be caused by the volatile
activity of metalaxyl. Singh and Dickinson (109) reported
that up to 25 mg/ml concentration of metalaxyl reduced
sporulation more than on lower concentration. Therefore,
the reduction in sporulation by volatiles may be
propoftional to concentration.

Streptomycin effectively controlled and inhibited

broccoli and cabbage downy mildew (Peronospora parasitica),

and tobacco blue mold (P. tabacina) as reported by several
workers (1, 32, 58). However, it was moderately effective,
it did not provide greater control than other combinations
against broccoli downy mildew (88, 91) and tobacco blue mold
(97).

Gabrielson and Getzin (50, 51) reported that SN 41703
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as a soil treatment did not effectively control cabbage
downy mildew as in our experiment. However, Cohen (18)
noticed that SN 41703 had very good systemic antifungal

activity against cucumber downy mildew (Pseudoperonospora

cubensis), as soil drench.

For controlling downy mildews, Kocide 101 treatment was
not used. However, fixed copper compounds or other copper
containing fungicides related to Kocide 101 effectively

controlled broccoli and rose downy mildew (Peronospora

sparsa) (6, 77, 78, 79, 91), but Paulus et al. (100)
reported a copper containing fungicide as a foliar spray was
moderately effective against broccoli downy mildew as in our
experiment results.

Although systemic fungicides have had little success
against downy mildew in the past, seed, foliar and soil
application of metalaxyl (Ridomil) recently has been found
to be a good control for downy mildews incited by species of

- Peronospora (50, 51, 678, 96, 100, 101, 109),

Peronosclerospora (2, 45, 74), Bremia lactucae (23-27),

Plasmopara halstedii (108), Pseudoperonospora cubensis (98,

105) and Sclerosphthora raysiae (73). With a foliar spray,

Singh and Dickinson (109) found sporangia on pea leaflets
six and two days before inoculation. Our results were
different because of a different host, different length of
time or different date Qf dosage. Quite recently, Bruck et
al. (10) reported new evidence of metalaiyl (Ridomil 2EC)

resistant isolates on tobacco blue mold. The isolates
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fwére'from-presqil treatment of metalaxyl coilected in
nature. The‘condidial suspension (2000 Spore/ml)’were
atomized onto 4-1éaf stage potted plaﬁts‘treated‘24 hours

. prior to inoculation with metalaxyl,ranging froﬁ 0 to 200
pg/ml. Three‘out of 14 isolates tested were abie to form
lesions, Sporulate, and reinfect plants>up ﬁo 100 ug/ml.
They used 1e§é number of sporangia of inoculum, less dosage,
and>older leaf stage of plants than our experiments. This
data suggested that metalaxyl resistant isolates may exist
“in mature.

In our chemical experiments in growth chamber, CGA
48988 (Ridomil) provided outstanding control of alfalfa
downy mildew as either a protecti&e or curative spray appli-
cation. An antibiotic, Streptomycin, as a foliar spray was

also superior in controlling alfalfa downy mildew.



CHAPTER V
SUMMARY

1. Downj mildew (Peronospora trifoliorum) on alfalfa

was collected in alfalfa fields in Payne County; Stillwater,
Oklahoma.
2, The>'fungﬁs waéninoculated onto 18 cultivars five
days'after seeding in growth chambers at 20°C with 100%
" relative hqmi&ity and in twelve hours of darkness.
3. Inoculum contained 90,000 sporangia per milliliter
distilled water. |
4, All cultivars were evaluated one week after inoc-
ulating for their reaction to the pathogen.
5. The average number of resistant plants ranged from
11.0% for Kanza to 51.0% for Saranac.
a. Arc, Aztec 11, Caliverde and Saranac were
resisfant. Saranéc was the most resistant.
b. Buffalo,_Cimafron, Cody and Kanza were
susceptible. Kanza was the.most sﬁsceptible.
c. The remaining cultivars, Agate, Cherokee,
Liberty; OK 1 Syn 1, OK 3 Syn 1, Ranger,
Riley, Team, Vernal and WL 318 fell into the

- intermediate group.
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6. Ridomil (CGA 48988) (60 mg/100 ml), Kocide 101

mg/100 ml), SN 41703 (120 mg/100 ml) and Streptomycin (60

mg/100 ml) were evaluated for control of the disease in

growth chamber.

ade

The fungicide as a protectant and curative
spray was sprayed at cotyledon stage one day
before and one, three, and five days after
inoculating.

Sporulation and symptoms of the pathogen in
leaflets were évaluated nine days after
inoculating.

CGA 48988 was extremely effective in
controlling the disease as either a protective
or curative spray; Streptomycin was also
completely effective one day after inoculating
and was superior to SN 41703 and Kocid 101.

SN 41703 and Kocide 101 were moderately
effective one day after inoculating, but they
were ineffective one day, three days, and five
days before inoculating.

CGA 48988 reduced sporulation on unsprayed
control plants because of volatile activity.

Kocide 101 was phytotoxic to the leaflets.

28

(360



10.

11.

LITERATURE CITED

Altman, J., and Davis, B. H. 1958 Experiments on the
control of downy mildew of broccoli and bacterial
spot of lima bean with streptomycin. Plant Dis.
Reptr. 42(4):416-419,

Anahosur, K. H., and Patil, S. H. 1980. Chemical
control of sorghum downy mildew in India. Plant
Disease 64(11):1004-1006.

Barnes, G. L. 1979. Personal communication.
Department of Plant Pathology, Oklahoma State
University, Stillwater, Oklahoma.

Barnes, G. L. 1980. Personal communication.
Department of Plant Pathology, Oklahoma State
University, Stillwater, Oklahoma.

Berkenkamp, B., Folkins, L. P., and'Meers, J. 1978.
Resistance of alfalfa cultivars to downy mildew.
Can. J. Plant Sci. 58:893-894.

Bertus, A. L. 1977. Rose downy mildew. Plant Dis.
Reptr. 61(3):228-230.

Bolton, J. L. 1962. Cytogenetics and breeding. In
Alfalfa. Leonard Hill Interscience Publishers,
Inc., New York, 145-182,

Bolton, J. L. (Ed.) 1962. Disease of alfalfa. 1In
Alfalfa. Leonard Hill Interscience Publishers,
Inc., New York, 294-320.

Borders, H. 1953. Preliminary report on fungicide
tests for control of downy mildew of cabbage
seedlings in South Georgia. Plant Dis. Reptr.
37(6):363-364.

Bruck, R. I., Gooding, G. V. Jr., and Main, C. E.
1981. Evidence for resistance to metalaxyl in
isolates of Personospora tabacina.
Phytopathology 71:558.

Byford, W. J., and Hull, R. 1963. Control of sugar
beet downy mildew (Peronospora farinosa) by
sprays. Ann. Appl. Biol. 52(23):415-422,

29



12,

) 13.

14,

15.

16.

7.

18.

19.

20,

21.

30

Caddel, J. L., Rommann, L. M., and Sholar, J. R. 1980.
Pest management series: Alfalfa varieties for
Oklahoma. 0.S.U. Extension Facts No. 2062.
Cooperative Extension Service, Division of
Agric., Oklahoma State University, Stillwater,
Oklahoma.

Caddel, J. L., Romann, L. M., R. C. Barberet, and
Barnes, G. L. 1979. Pest management series:
Multiple-pest resistant alfalfa. 0.S5.U. Exten-
sion Facts No. 2040. Cooperative Extension Serv-
ice, Division of Agriculture, Oklahoma State
University, Stillwater, Oklahoma.

Chambers, S. C. 1963. Foliage disease of lucerne.
J. Agri. W. Aust., Ser. A. 4(4):235-238.

Clayton, E. E., Gaines, J. G., Shaw, K. J., Smith,
T. E., and Graham, T. W. 1941. Gas treatment for
the control of blue mold disease of tobacco.
Leafl.0.S.D.A. 209, 8 pp., Washington, D.C.

Clayton, E. E., and Grosso, J. J. 1954, Tobacco blue
mold with zineb-dusts. Plant Dis. Reptr.
0 38(11):771-773.

Clayton, E. E., Smith, T. E., Shaw, K. J., Gaines,
T. G., Graham, T. W., and Yeager, C. C.
1943. Fungicidal tests on tobacco blue mold
(Peronospora tabacina) of tobacco. J. Agric. Res.
66 (7):261-276.

Cohen, Y. 1979. A new systemic fungicide against the
downy mildew disease of cucumbers. Phytopathology
69:433-436.

Conway, K. E. 1977. Alfalfa downy mildew. Oklahoma
Plant Disease Report. 77-13, 17. Plant Disease
Diagnostic Laboratory, Dept. of Plant Pathology,
Cooperative Extension Services, Oklahoma State
University, Stillwater, Oklahoma.

Conway, K. E. 1978. Alfalfa downy mildew. Oklahoma
Plant Disease Report 78-6,7,8. Plant Disease
Diagnostic Laboratory, Dept. of Plant Pathology,
Cooperative Extension Service, Oklahoma State
University, Stillwater, Oklahoma.

‘Conway, K. E., and Williams, E. Jr. 1979. Alfalfa

downy mildew. Oklahoma Plant Disease Report 79-8.
Plant Disease Diagnostic Laboratory, Dept. of
Plant Pathology, Cooperative Extension Service,
Oklahoma State University, Stillwater, Oklahoma.



22,
23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

31

Crall, J. M. 1951, Disease on red clover and
alfalfa in Iowa in 1950. Plant Dis. Reptr.
35:322. ‘

Crute, I. R. 1980. Evaluation of lettuce downy
mildew with systemic fungicides (1978). Tests of
Agrochemicals and Cultivars (a supplement to
Annals of Applied Biology). 94(1):24-25.

Crute, I. R. 1980. Granular application of an
acylalanine fungicide to control lettuce downy
mildew. Tests of Agrochemicals and Cultivars (a
supplement to Annals of Applied Biology). '
94(1):26-27.

Crute, I. R. 1980. Evaluation of lettuce downy
mildew with metalaxyl seed treatment. Tests of
Agrochemicals and Cultivars (a supplement to
Annals of Applied Biology). 94(1):28-29,

Crute, I. R. 1980. Foliar applications of metalaxyl
against lettuce downy mildew (1978). Tests of
Agrochemicals and Cultivars (a supplement to
Annals of Applied Biology). 94(1):30-31,

.Crute, I. R., and Gordon, P. L. 1980. Foliar appli-

cations of metalaxyl to control lettuce downy
mildew (1979). Tests of Agrochemicals and
Cultivars (a supplement to Annals of Applied
Biology). 94(1):32-33.

Darby, J. F. 1960. Vegetable crop disease reports:
Downy mildew of cabbage. Fungicide-Nematicide
Tests-Reports of 1961 16:49-50.. Amer. Phyto-
pathol. Soc., St. Paul, Mn. . -

Darby, J. F. 1961. Vegetable crop disease reports:
Downy mildew of cabbage. Fungicide-Nematicide
Tests-Reports of 1961 17:54-55. Amer. Phyto-
pathol. Soc., St. Paul, M.

de Bary, A. 1863. Recherches sur le developpment de
qualques champignons parasites. Ann. Sci. Nat.
BOt., bsero 4. 20:1_1 48.

Doepel, R. F. 1956. Downy mildew of onions. J. Dep.
Agri$. W. Austr., Ser. 3. 5(2):185-186,
189-190. :

Doepel, R. F., and Hardie, M. 1955. Downy mildew of
onions. J. Dep. Agric. W. Austr., Ser. 3.
4(3):313-314, 317 318.



33.

34,

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

32

Dokudovskaya, N. A, 1980. The protection of seed
lucerne. Zashchita semennoi lyutserny. Zaschita
Rastenii, 9(29). [Ru] All-Union Res. Inst.
Fodder Breeding Sta., Moscow, U.S.S.R.

Eddins, A. H. 1943. Control of downy mildew with
Spergon and Fermate. Gainesville, Florida.
Florida Agr. Exp. Sta. Press Bul. 589.

Eddins, A. H. 1944, Protecting cabbage plant beds
from downy mildew with Spergon. Proc. Florida
State Hort. Soc. 57:195-199,

Eddins, A. H. 1947, Control downy mildew of cabbage
with Spergon. Gainesville, Florida. Florida Agr.
Exp. Sta. Press Bull. 633.

Eddins, A. H. 1952, Diseases, deficiencies, and
injuries of cabbage and other crucifers in
Florida. Gainesville, Florida. Florida Agr. Exp.
Sta. Bul. 492:1-63.

Eddins, A. H. 1954, Control of downy mildew of cab-
bage with fungicides. Gainsville, Florida.
Florida Agr. Exp. Sta. Bul. 543:1-23.

Epps, W. M. 1952. 1950 summary of results of fungi-
cide tests on crops other than fruit trees.
Plant Dis. Reptr. Supplement 210:3-4.

Epps, W. M. 1955. Fungicides for downy mildew con-
trol on heading cabbage. Plant Dis. Reptr.
39(2):89-90.

Fenne, S. B., Henderson, R. 0., Smith, T. J., and
White, W. C. 1950. Alfalfa clover disease survey
in Virginia. Plant Dis. Repr. 34:204-205.

Foster, H. H. 1947. Comparison of benzene vapor with
certain sprays in the control of downy mildew of
cauliflower. Phytopathology 37:428-431.

Fraymouth, J. 1956. Haustoria of the Peronosporales.
Trans. Brit. Mycol. Soc. 39(1):79-107.

Cohoon, D. F. 1961. Vegetable crop disease reports:
Downy mildew of cantaloupes and honeydew melons.
In Fungicides-Nematicide Tests-Reports of 1961
17:55. Amer. Phytopathol. Soc., St. Paul, M.

Frederiksen, R. A. 1980. Sorghum downy mildew in the
United States: Overview and outlook. Plant
Disease 74(10):903-908.



46.

47.

48.

49..

50.

51.

52.

53.

54.

55.

560

33

Frederiksen, R. A., and Odvody, G. 1979. Chemical
control of sorghum downy mildew. Sorghum Improve-
- ment Conference of North America. Sorghum Newsl.
22:129,

Fried, P. M., and Stuteville,vD. L. 1977.. Peronospora

humidity and light on discharge and germination.
Phytopathology 67:89-894.

Gabrielson, R. L. 1962, Vegetable crop disease
reports: Broccoli downy mildew. Fungicide-
Nematicide Tests-Reports of 1962 18:55. Amer.
Phytopathol. Soc., St. Paul, MN.

Gabrielson, R. L. 1964, Actors affecting fungicidal
control of downy mildew of broccoli heads. Plant
Dis. Reptr. 48(8):593-596. -

Gabrielson, R. L., and Getzin, L. W. 1978. Systemic
chemical control of downy mildew, the cabbage
maggot and the cabbage aphid on cabbage
transplants grown for seed production. West.
Wash. Res. and Ext. Center, Washington State
University, Puyallup, Washington.

Gabrielson, R. L., and Getzin, L. W. 1979. Systemic
pesticides for control of downy mildew and
insects on cabbage transplants grown for seed
production. Plant Dis. Reptr. 63(2):131-135.

Garriss, H. R. 1950. Tobacco blue mold control.
University of N.C., Raleigh, N. C. Agric. Exp.
Sta. Extension Service Cir. 348, 11 p.

Gaumann, E. 1923. Beitrage zu einer monographie der
gattung Peronospora Corda. Beitr.
Kryptogramenflora Schweiz. 5:174-222,

Gill, G. A. 1937. Diseases of lucerne. Bull. Dept.
Agric. S. Afr. 170:81-83.

Graham, J. H., Stuteville, D. L., Frosheiser, F. I.,
and D. C. Erwin (eds.). 1979. Downey mildew. In
A Compendium of Alfalfa Diseases, pp. 26-27. The
American Phytopathological Society, St. Paul, MN.

Graham, J. H., Kreitlow, K. W., and Faulkner, L. R.
1972. Diseases. In Alfalfa Science and
Technology. Agronomy 15:497-526. American
Society of Agronomy.



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

34

Grandfield, C. 0., and Throokmorton, R. I. 1945,
Alfalfa in Kansas. Kansas State College of Agr.
and Applied Sci., Manhattan, Kansas. Kansas Agr.
Expt. Sta. Bull. 328, 64p.

Grosso; J. J. 1954, Control of tobacco blue mold by
antibiotics. Plant Dis. Reptr. 38(5):333.

Grove, M. D. 1980. Downy mildew control on suscep-
tible cantaloupe. Plant Disease 64(4):390-391.

Hanson, C. H. 1958. Registration of varieties and
strains of alfalfa. 1IV. Agron. J. 50:684.

Hanson, E. W., Hanson, C. H., Frosheiser, F. I.,
Sorensen, E. L., Sherwood, R. T., Gragham, J. H.,
L. J. Elling, Smith, D., and Davis, R. L. 1964,
Reactions to varieties, crosses and mixtures of
alfalfa to six pathogens and the potato
leafhopper. Crop Sci. 4:273-276.

Hanson, E. W., and Smith, W. K. 1964. Reactions of
some alfalfa varieties and synthetics to downy
mildew. Crop Sci. 4(2):229.

Hartz, L. B. 1964. Vegetable crop disease reports:
Broccoli downy mildew. Fungicide-Nematicide
Tests-Reports of 1964 20:57. Amer. Phytopathol.
Soc., St. Paul, MN.

Hickly, E. L., and Coffey, M. D. 1980. The effects
of Ridomil on Peronospora pisi parasitizing Pisum
sativum: An ultrastructural investigation.
Physiological Plant Pathology 17:199-204.

Houston, B. R., Erwin, D. C., Stanford, E. H., Allen,
M. W., Hall, D. H., and Paulus, A. 0. 1960.
Diseases of Alfalfa in California. Division of
Agr. Sciences, Univeristy of California,
California. California Agr. Expt. Sta. Ext.
Serv. Circ. 485., 20 p.

Janes, B. S., and Kaiper, J. 1963. Glasshouse and
field experiment on the control of tobacco blue
mold. Aust. J. Exp. Agric. Anim. Husb.
3(10):209-214,

Johnson, G. L., Davis, R. D., and O'Brien, R. G.
1979. Soil application of CGA-48988-a
systemic fungicide controlling Peronospora
tabacina on tobacco. Plant Dis. Reptr.

63(3):212-215.




68,

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

35

Johnson, H. W., Kilpatrick, R. A., and Bain, D. C.
1956, Downy mildew of crimson clover and
alfalfa in Mississippi. Phytopathology 46:16.
(Abstr.)

Jones, F. R., and Torrie, J. H. 1946. Systemic
infection of downy mildew in soybean and alfalfa.
Phytopathology 36:1059-1059.

Jones, F. R., and Smith, 0. F. 1953. Plant Disease.
U.S. Dept. Agr. Yearbook Agri., pp. 228-239.

Kehr, W. R., Frosheiser, F. I., Wilcoxson, R. D., and
Barnes, D. K. 1972, Alfalfa Science and
Technology: Chapter 15. Breeding for disease
resistance. Agronomy 15:335-370. American
Society of Agronomy, Madison, Wisconsin.

Kothari, K. L., and Verma, A. C. 1967. Control of
downy mildew of opium poppy by root application
of fungicides. Plant Dis. Reptr. 51(8):686-687.

Lal, S., Saxena, S. C., and Upadhyay, R. N. 1980.
Control of brown stripe downy mildew of maize by
metalaxyl. Plant Disease 64(9):874-875.

Lal, S., Bhargava, S. K., and Upadhyay, R. N. 1979,
Control of sugarcane downy mildew of maize with
metalaxyl. Plant Dis. Reptr. 63(11):986-989.

Leonard, W. H., and Whitney, R. S. 1950. Downy
mildew. In Field Crops in Colorado. Burgess
Publishing Co., Minneapolis, MN, p. 236.

Lewis, G. D. 1960. Vegetable crop disease reports:
Downy mildew of broccoli. In
Fungicide-Nematicide Tests-Reports of 1960 16:49.
Amer. Phytopathol. Soc., St. Paul, MN.

Lewis, G. D. 1961. Vegetable crop disease reports:
Broccoli downy mildew. In Fungicide-Nematicide
Tests-Reports of 1961 17:54 Amer. Phytopathol.
Soc., St. Paul, MN.

Lewis, G. D. 196Z2. Vegetable crop disease reports:
Broccoli downy mildew. In Fungicide-Nematicide
Tests- Reports of 1962 18:55-56 Amer. Phytopathol.
Soc., St. Paul, MN.

Lewis, G. D. 1963. Vegetable crop disease reports:
Broccoli downy mildew. In Fungicide-Nematicide
Tests-Reports of 1963 19_38 Amer. Phytopathol.
Soc., St. Paul, MN.



80.

81.

82.

83.

84.

85.
86.
.87.
88.
89.

90.

36

Lowe, C. C., Marble, V. L., and Rumbaugh, M. D. 1972,
Alfalfa Science and Technology: Chapter 18.
Adaptation, Varieties, and Usage. Agronomy
15:391-413. American Society of Agronomy,
Madison, Wisconsin.

Martin. T. J., and Stuteville, D. L. 1975. Cell wall
ingrowths of nonhaustorial hyphae of Peronospora
trifoliorum. Phytopathology 65:638-639.

McLean, R., Frederick, A., Wolf, A., Darkis, R., and
Goss, P. M. 1937. Control of downy mildew of
tobacco by vapors of benzol and of other organic
substances. Phytopathology 27:982-991.

McLean, R., Frederick, A., Wolf, A., Darkis, R., and
Goss, P. M. 1939. Laboratory studies on ,
toxicity of benzol vapors to tobacco seedlings
and to P. tabacina. Phytopathology 29:177-187.

'McLean, R., Pinckard, J. A., Darkis, F. R., Wolf, F.

A. and Gross, P. M. 1940. The use of
paradichlorobenzene in seedbeds to control
tobacco downy mildew. Phytopathology
30:495-506. :

McMeekin, D. 1972. Streptomycin inhibition of
Peronospora parasitica and its host reversed by
manganese and calcium. Phytopatholgy 63:34-36.

-Melchers, L. E. 1929, Alfalfa diseases in Kansas.

- Twenty-sixth Biennial Report State Board of
Agric. Kansas 31:153-173.

Melhus, I. E., and Patel, M. K. 1930. Study of
Peronospora trifoliorum de Bary on species of
- Leguminosae. Proc. Iowa Acad. Sci. 36:113-119.

Natti, J. J.:'1957. Control of downy mildew of
broccoli with antibiotics. Phytopathology 47:
245-246. _

Natti, J. J. 1957. Control of downy mildew of
broccoli with antibiotics and fungicides. Plant
Dis. Reptr. 41(9):780-788.

Natti, J. J. 1959. Control of downy mildew of
broccoli with fungicides and fungicide-
streptomycin combination sprays. Plant Dis.
Reptr. 43(7):735-740.



91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101,

102.

37

Natti, J. J. 1959. Vegetable crop disease reports:
Downy mildew of broccoli. In Fungicide-
Nematicide Tests. Amer. Phytopathol. Soc.
15:46-47., .

Natti, J. J., Hervey, G. E. R., and C. B. Sayre.
1956. Factors contributing to the increase of
downy mildew of broccoli in New York State and
its control with fungicides and Agrimycin. Plant
Dis. Reptr. 40(2):118-124,

Nelson, R. 1951, Control of onion mildew with dust
fungicides. Phytopathology 41(1):28. (Abstr.)

Newhall, A. G. 1952. 1950 summary of reports of
fungicide tests on crops other than fruit trees.
Plant Dis. Reptr. Supplement 210, p. 4.

Nittler, L. W., McKee, G. W., and Newcomer, J. L.
1964. Principles and methods of testing alfalfa
seed for varietal purity. Geneva, New York, New
York State Agri. Exp. Sta. Bull, 807., 46 p.

O'Brien, R. G. 1978. Systemic chemicals for tobacco
blue mold control. Plant Dis. Reptr.
62(3):277-279. '

Paddick, R. G. 1964. Fungicides for the control of
tobacco blue mold in the field. Aust. J. Exp.
Agric. Anim. Husb. 4(14):236-240.

Palti, J., and Cohen, Y. 1980. Downy mildew of
cucurbits (Pseudoeperonospora c¢ubensis): The
fungus and its hosts, distribution, epidemiology
and control. Isral J. Plant Protect Sciences
8(2):109-147.

- Patel, M. K. 1925. Study of Peronospora trifoliorum

de Bary on species of Leguminosae. Phytopathology
16:72. S

Paulus, A., Snyder, M., Gafney, J., and Oftp, H.
1978. New systemic fungicide controls downy
mildew of broccoli. Calif. Agri. 32(11):12-13.

Paulus, A. 0., Besemer, S., and Nelson, J. 1981.
Systemic fungicide for control of snapdragon
downy mildew (Peronospora antirrhini).
Phytopathology 71:898. (Abstr.) :

Pedersen, M. W., and Barnes,; D. K. 1965. Inheritance
of downy mildew resistance in alfalfa. Crop
SCi. 5:4-5. »



103.

104,

105.

106.

107.

108.

109,

110.

111,

112,

113,

38

Pedersen, M. W., and McAllister, D. R. 1955. Growing
alfalfa for seed. 1. Agronomic practices.
Utah State Agri. College, Utah. Agric. Exp. Sta.
Circ. 135, pp. 1-22.

Pinckard, J. A., McLean R., Darkis, F. R., Gross,
P. M, and Wolf, F. A. 1940. Toxicity of
paradichlorobenzene in relation to control of
tobacco downy mildew. Phytopathology 30:485-495.

Reuveni, M., Eyal, H., and Cohen, Y. 1980. Develop-
ment of resistance to metalaxyl in
Pseudoperonospora cubensis. Plant Disease
64(12):1108-11009.

Rich, S., and Taylor, G. S. 1957. Cottonseed oil
formulations of organic fungicides for tobacco.
Plant Dis. Reptr. 41(5):465-467.

Rockett, T. R. 1970. Some effects of photoperiod,
temperature, and humidity on infection, sporula-
tion, and oospore production by Peronospora tri-
foliorum on seedlings of two alfalfa varieties.
unpubl. M.S. Thesis, Kansas State University,
Manhattan, 20 p.

Sackston, W. E. 1981. The sunflower crop and
disease: Progress, problems, and prospects.
Plant Disease 65:643-648.

Singh, H., and Dickinson, C. H. 1980. Metalaxyl for
control of downy mildew of pea caused Peronospora
viciae. Plant Disease 64(12):1090-1092.

Smith, O. F. 1948, Diseases of alfalfa in Nevada and
their influence on choice of varieties.
University of Nevada, Reno, Nevada. Agric. Exp.
Sta. Bull. 182, 28 p.

Smith, D. 1948. The reaction of strains and
varieties of alfalfa seedling infection by downy
mildew. J. Amer. Soc. Agron. 11(1):189-190.

Stanford, E. H. 1952, Transfer of disease to
standard varieties. Intern. Grassland Congr.
proc. 6th (Pensylvania) 6: 1585-1590.

Stevenson, W. R., Scott, D. H., and Pecknold, P. C.
1974, Vegetable disease control in the home
garden. Plant Disease Control Bul. 8. 6 p.
Purdue University, West Lafayette, Ind.



114,

115.

]16.

117,

118.

119.

120.

121,

122,

123,

124,

39

Stuteville, D. L. 1973. A laboratory method for-
evaluating downy mildew resistance in alfalfa.
Report of Joint Session of the 13th Central
Alfalfa Improvement Conf., Kansas City, Missouri,
February 4, 1973. '

Thind, K. S. 1942, The genus Peronospora.in the
Punjab. J. Indian Bot. Soc. 21(3-4):197-215.

Thyr, B. D., Hartman, B. J., Hunt, O. J., and
McCormick, J. A. 1978. ‘Response of alfalfa
- cultivars to Peronospora trifoliorum in western
Nevada. Plant Dis. Reptr. 62(4):338-339.

Todd, F. A. 1956. Experiment on tbbacco blue mold.
Tech. Bull. N. C. Agric. Exp. Sta. 111, 16 p.
University of N.C., Raleigh, N.C.

U.S.D.A. 1917. Diseases. The Plant Disease
Reporter. 1:85. Bureau of Plant Industry,
Washington, D. C.

Walker, A. J. K. 1958. Lucerne-pest and disease.
J. Dep. Agric. S. Aust. 61(10):476-480.

Weihing, R. M., Robertson, D. W., Coleman, O. H. and
Gardner, R. 1943. Growing Alfalfa in Colorado.
Colorado Agr. Exp. Sta. Bull. 480. Colorado
State College, Fort Collins, Colorado, 36 p.

Weiner, J. L., and Madson, B. A. 1932. Alfalfa
diseases in California. University of
California, Berkeley, CA. Calif. Agri. Exp. Sta.
Circ. 326, 19 p.

Williams, E. Jr. 1979. Alfalfa downy mildew.

. Oklahoma Plant Disease Advisory No. 79-4.
Cooperative Extension Service, Dept. of Plant
Pathology, Oklahoma State University, Stillwater,
Oklahoma. :

Williams, E. Jr. 1980. Alfalfa downy mildew.
Oklahoma Plant Disease Advisory No. 80-3, 7, 10.
Dept. of Plant Pathology, Oklahoma State
University, Stillwater, Oklahoma.

Wolf, F. A., Pinckard, J. A., Darkis, F. R., McLean,
McLean, R., and Gross, P. M. 1938, Field stud-
ies on concentration of benzol vapors as used to
control downy mildew of tobacco. Phytopathology
29:103-120.



40

125. Yarwood, C. E., and Cohen, M. 1952, 1950 summary of
reports of fungicide tests on crops other than
fruit trees. Plant Dis. Reptr. Supplement 210,
p. 4.



VITA
Young Joo Kim
Candidate for the Degree of

Master of Science

Report: EVALUATION OF CULTIVAR RESISTANCE TO ALFALFA
DOWNY MILDEW AND CHEMICAL CONTROL IN GROWTH
CHAMBER TRIALS

Major Field: Natural Science
Biographical:

Personal Data: Born in Junnam, Korea, January 9, 1947,
the daughter of Mr. Min Koo Kim and Mrs. Young Ae
Kim.

Education: Graduated from Jinmyung Girl's High School,
Seoul, Korea, in February, 1965; received Certi-
ficate from City College of Seoul, Seoul, Korea in
February, 1969; studied Master's program of Horti-
culture in Korea University, Seoul, Korea, from
September of 1974 until August of 1975; completed
requirements for the Degree of Master of Science
at Oklahoma State University, Stillwater,
Oklahoma, in December, 1981.

Professional Experience: President's secretary, The
National Textbook Ltd., as a government-operated
enterprise, 1969-1973, Seoul, Korea; member of
American Phytcpathological Society.



