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INTRODUCTION

Downy mildew of alfalfa (Medicago sative L,), caused by Peronospora

trifoliorum deBary, occurs throughout the world's temperate regions wherever
alfalfa is grown, The disease is endemic in cool, humid climates such as that
of the northern United States, but is sporadic in Kansas (5).

Chlorosis is the first symptom of the disease and is followed by necrosls
and leaf collapse, Other symptoms include reduced internode length, smaller
stems, and malformed leaves, Seedlings may be killed if conditions are
favorable to the disease (10),

Resistant varietiss appear to be the only practical means of control (10),
Resistance varies among varieties and tends to be greater in improved varieties
developed in the northern states while those developed in Kansas and Nebraska
are less resistant (6, 7). The endemic nature of the disease in the northern
area allows the more susceptable breeding material to be recognized and thus
discarded,

The sporangia of P, trifoliorum are deciduous and germinate by germ tube,
Optimm germination occurs in free water at 18 € (1L, 15). Sporulation is
favored by cool, moist conditions and may continue for several days (10, 1hL).
Sporangiophore production oceurs through the stomata on both leaf surfaces and
on the stem and petiole (21), but is most prevelant on the lower leaf surface
(10).

Little is knowm sbout the development of P, trifoliorum but studies on
related species of Peronospora have shown that light (17), rumidity (1, 26),
and tempsrature (2, 18) affect the germination of sporangia end germ tube
growth, Direct penetration appoars more common in the group (11); however, P.
destructor penetrates through the stomata (27). Sporuletion of Peronosypora

species is generally favored by low temperature (3, 19, 23, 2L, 25, 27) and



high humidity (1, L, 12, 19, 23, 2L, 27). P. destructor requires a diurnal
eycle of light for normal sporulation (25),

The purposes of this study were: (i) to determine the effects of
sporangial concentration in inoculun on the number of seedlings that becoms
infected, (ii) to determine the effects of light and humidity on infection,
(11i) to determine the optimel photoperiod and temperature for sporulation, and
(iv) to determine the effects of photoperiod and temperature on oospore pro=-
duction, BSeedlings of two alfalfa varieties with noted differences in their
resistance to mildew were used in all experiments to compars their reactions

under a range of environmental conditioms,



MATERTALS AND METHODS

Two varieties of alfalfa, 'Buffalo! and 'Narragansett!, were selected for
all experiments, Buffalo was selected for its high degree of susceptability
end Narregansett for its relative resistance to P, trifoliorum (6, 7). Beed
from lots NCC 63% and BCC 63 obtained from W, R, Kehr, University of Nebrasks,
was used,

Plants were grown in steam-sterilized masonry sand in 73 X 11 X 1 inch
sluminun pans with holes in the bottom for drainage, Five replicates of 2 rows
each were included per pan, with the varieties randomized within the pair of
rows of each replicate, SCeeds were planted-% inch deep, 70-80 seeds per row,
The first 50 plants in each row were used for the experiments, After planting,
the sand was watered until satursted and the pans were placed in a growth
chamber maintained at 16 €, 500 ft=-c of incandescent and flourescent lighting,
and an 8~hr photoperiod, The plants were watered daily until the 7th day.
Seedlings were inoculated 7 days after seeding and were in the cotyledon stage
of growth.

For inoculum, infected shoots from 2-week-cld seedlings (1 week after
inoculation) were placed in distilled wabter in a bottle and shaken until the
sporangia were in suspension, The plant material was removed by a tea strainer,
The sporangial concentration was estimated by hemocytometer, end the suspension
was adjusted to S0,000sporangia/hl except for experiments involving incoulum
loed, The inoculum was sprayed onto plants with a DeVilbiss atomizer until
most plants had a drop of inoculun resting between the cotyledons. This

required ca, 15 ml of inoculum/pen.

The pans were then pleced on 2=inch~thick wood slats in metal trays

~

containing about L inch of water, To provide high relative humidity, a chamber



consisting of a lylar plastic hood supported by a metal frame was placed over
the pans and situated in the tray to form a water seal, Relative humidity was
determined using a wind-tunnel type psychrometer which sampled air from one end
of the moist chamber and returned it to the moist chamber at the opposite end,
The plants were incubated in darkmess for 12 hr at 20 C after inoculation and
before being placed under experimental conditions except in the expsriment
involving infection period, Free water formed readily on the leaves of plants
in moist chambers during periocds of darkness,

To test the effect of various inoculum loads, plants were inoculated with
suspensions of 13,000 to 200,000 sporangis/ml and incubated 7 days at 20 C, B-hr
photoperiod and 500 ft-c lighting,

To test viebility of the sporangia used for aéch.experimsnt, a portion of
the inoculum was sprayed onto petri plates of 2 water ager and incubated et
18 ¢ for 12 hr, with the per cent germination estimated from the average of 5
counts of 100 sporangis on each plate, Plates were exposed to white flourescent
and incandescent light and dark to test the effect of light on germination,

To test the effect of light and moisture on infection, plants were inocu-
lated and placed either under continuoﬁs light or dark conditions in moist
chambers at 20 C for 8, 12, 16, or 2l hr, Plants kept in the light were kept
wet by spraying them with water every ly hr to compensate for water vapor which
condensed on plants kept in the dark, After these infection periods, leaves
from some plents kept 24 hr in the light or dark were harvested, stained with
ploxine, and exemined for sporengial germination and penetration., All other
plants wero pleced in a growth chamber at 20 C, 8-hr photoperiod, and 70-85%
relative humidity for 5 days., The plants were then put back into the moist
chember for 12 hr to induce sporulation, and infection was determined using

chlorosis and sporulation as criteria. The data wes statistically analyzed



using analysis of wvariance,

For experiments involving light-tempersture intersctions, wooden boxes
covered with aluminum foll were placed over pans in the moist chambers and were
changed menually to regulate photoperiod, Temperatures used were 16, 20, 2l,
and 28 C and photoperiods were 8, 16, and 2, hr, Water was atomized onto plants
grovn under continuous light to compensate for water vapor which condensed on
the leaves in dark, Criteria used for determining infection were c¢hlorosis and
sporulation,

The effects of photoperiods of 8, 16, and 2l hr at 20, 2, and 28 C on
oospore production was determined, Cotyledons from inoculated plants wers
submerged in lactophenol (20) with 0,2 g Sudan IV (dissolved in 95% ethyl
alcohol)/ﬁiter added, autoclaved for 15 min et 15 psi pressurs, and examinad

microscopically for oospores,



RESULTS

Number of inf'ected seedlings increased with inocculum concentrations up to
25,000 viable sporangia/mi, Further increasing the concentration did not
inerease the number of resulting diseased seedlings, Fewer Narragansett than
Buffalo seedlings became diseased at each inocculum level used (Fig, 1).
Sporangial germination on watar agar ranged from 50-807% throughout the experi-
ments; most germinated lj=12 hr after inoculation, The presence or ebsence of
light did not affect sporangisl geramination on watar agar,

On cotyledons, germinstion of sporengie averaged L1 and L5% in light and
dark, respectively, while sporangia from the seme lot germinated 527 on water
agar, Following germination on the cotyledons, appressoria formed, and the
fungus penetrated directly through the epldermis, However, germ tubes from
many sporangia did not form appressoria end did not penetrate the host, Many
gern tubes grew over stomata, but no stomatel penetration was observed.

Maximum infection occurred in plants kept dark and wet for at least 12 hr
following inoculation (Table 1), Here, 32 and 674 of Narragensett and Buffslo
seedlings became infected in all treatments.,

P, trifoliorun sporulated within 5 days after inoculation on some plants
and by one week on all plants with mildew symptoms grown at 20 C and 8«hr
photoperiod (Table 2)., In a subsequent experiment at an 8-hr photoperiod and
16 and 20 C, sporulation occurred on all Narragansett and Buffalo plants with
mildew symptoms., As the temperature or photoperiod increased, sporulation
decroased until it was nil on plants under continuous light or at 28 C (Table
2).

To determine if the apparent inhibition of sporulation during e 7-dey

incubation period at & 2l~hr photoperiod or 28 C was reversible, some plants






Figure 1., Effect of inoculum load of P, trifoliorum sporangia on

Narragansett and Buffalo alfelfa seedling inflection.
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Table 1, Effects at 20 C of light and the peried of time plants are kept wet
following inoculation with Peronospora trifoliorum on the resulting
infeotion of Narrsgensett and Buffalo alfalfa seedlings,

% of seedlings infected

Period (hr) Narregansett Fuffalo Overall free water
of free water Light Dark Light Dark period means®
8 25 28 Iy 67 na
12 26 %2 él é7 LT7b
16 26 30 ay é8 L76
2l 20 3k & 70 l5v

Overall variety
means® 27a. &b

Overall light
or dark means® Light-lla Dark-10b

& lMean figures followed by different letters are significantly different at the
05 level,
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Table 2, Effect of phobopsriod and temperature on sporulation of Peronospora
trifoliorum on infected Narragansett (N) and Buffalo (B) seedlings.,

% of infected seedlings with sporulation
Photoperiod (hr)

a 16 2h Overall

Temp C N B N B N B temp mean®
20 100 100 77 90 0o I é2e.
2l 86 ge & 86 0 0 56b
28 0] 3 0 0 0 0 Ic

Overall

photogeriod

means fin 5Lb Oc

Overall

variety

means?® Narragensett-37a Buffalo-llb

2 Mean figures followed by different letters are significently different at the
L5 level,
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were placed in conditions more favorable for sporulation while others were
continued enother wesk under the original conditions, Sporulation did not
occur on infected plants during 1l days under continuous light (Table 3), but
did oceur on 85 and 97% of infected Narragensett and Buffelo seedlings,
respectively, kept 7 days under continuous light followed by 7 days at an 8-hr
photoperiod, ater atomized on plants kept under continuous light did not
promote sporulation,

Sporuletion did not occur on infected seedlings during 1l days at 28 C but
oceurred on 2l end 637 of infected Narragansett and Buffale seedlings,
respectively, kept 7 days at 28 C followed by 7 deys at 20 C {Table L).

Qospore production ir infected seedlings was effected by temperature but
not by photoperiod (Teble 5). By 7 days after inoculation, oospores wers
produced at 20 € and photoperiods of &, 16, and 2l hr but were not produced at
2l} or 28 C at any of these photoperiods, Oospores were not found in infected

Farragensett seedlings grown at 20 C and an 8-hr photoperiod.
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Table 3, Effect of photoperiod on sporulation of Peroncspera trifoliorum at
20 C on infected seedlings of two alfalfe varieties.

% of infected seedlings® with sporulation

Photoperiod (hr) Harregansett Buffelo

1st week 2nd week 1 week 2 weeks 1l week 2 weels
2L 2l 0 0 0 0
el 8 0 85 0 a7

& Seedlings with the chlorotic symptoms of downy mildew,
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Table L, Effect of temperaturs on sporulation of Peronosvora trifoliorum on
infected seedlings of two alfalfa varieties at an S-~hr photoperied,

7% of infected seedlings® with sporulation

Temp (C) Werragansett Buffalo
1st week 2nd week 1 week 2 weeks 1 week 2 weeks
28 28 0 0 0] 0
28 20 0 2L 0 63

& Seedlings with the chlorotic symptoms of downy mildew,



Table 5, Effect of temperature and photoperiod on production of oospores
Peronospora trifoliorum in infected cotyledons of Narragansett (X
and Buffalo (B) alfalfa seedlings,

3

Photoperiod (hr)

g 16 2ly
Temp (C) N B N B N B
20 - 4 + 4 - -
2k - - - - - -
28 . = - -

2 (+) indicates the presence of oospores 7 days after inoculation,
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DISCUSSION

An inoculum load of 25,000 viable sporangia/ml provided nearly as many
infected plants as did 100,000/m1, Resistance appeared to be maintained at
viable sporangis concentrations of 100,000/m1,

I have no explenation for the low per cent of sporangial germination,
There was no evidence of inhibition due to sporangial concentration, Uppal
(22) reported failure of P, trifcoliorum to germinate ir the absence of oxygen,
but lack of oxygen did not eppear to be a factor in this case since germination
did not inecrease on water agar where water was readily available,

No evidence of a light response was noted on the germination of P,
trifoliorum sporangia, This is in contrast to P, manshurica sporengia which
Pederson (17) reported were stimulated to germinate by light,

The direct penetration by P, trifoliorum is similar to that deseribed for
P, tabacine by Hendersen (8). 1t is contrasted with P. destructor which
penetrates through the stomata (27).

The pericd of time that leaves were kept wet af'ter inoculation appeers to
be o oritical fector for infection, Eight hr was not suffieient for maximum
infection by P, trifoliorum, but 12 hr was, On the other hand, Eill (9)
reported L, hr was sufficient for infection by P. tabacina,

The reduction of sporulation under continuous light hes also been noted
on both P, destructor (25) end P, tebecina (3). Cruickshank (3) reported that
continuous light at intensities of only L, ft-c reduces sporulation of P.

P, tabacina 50%, The reduction of sporuletion of P, trifoliorum was roversible
in most plents when returned to a favorsble photoperiod, Perhaps both a light
inhibitory mechanism end a diurnal cycle of sporengiophore production are

involved similier to that found in P, destructor by Yarwcod (25).
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The unfeaverable effect of high temperature on sporulation of P. trifoliorum
is similiar to that reported for other species of Peronospora, Yarwood reported
13 ¢ optimum and 22-25 ¢ maximum for sporulation Of.zz destructor (27)., Jadot
(13) reported 30 C for 5 days irreversibly inhibited sporuletion of P, tabacins,
The inhibition of sporulation by P. trifoliorum at 28 C was reversible in some
infected plants when they were returned to 20 C, However, P, trifoliorum
feiled to sporulate on 76 and 3&%, respectively, of the Nerrsgansett and
Buffalo seedlings with mildew symptoms when they were returned to 20 from 28 C,
Because of this extreme variation in varietal response, more than temperature
per se was epparently involved, More likely the fungus was less able to
coﬁpete with the more resistant plants at 28 C and may have died although this
was not determined, Pederson and Barnes (16) have postulated that resistance
to dovmy mildew in alfalfa is conditioned by one tetrasomically inherited, in-
completely dominant gene (Dm), Therefore, resistance is dus to & dosage effect,
with the nulliplex genotype (dmdmdmdm) being most susceptible and the quadri-
plex genotype (DmDmDmDm) being homozygous for resistance.

On this basis, infected plants on which the fungus did not sporulate when
returned from 28 to 20 C would have predominantly duplex or simplex genotypes.
Plants with triplex or quadriplex genotypes would be less likely to become
infected while those on which sporulation occurred would have nulliplex
genotype.

The higher level of resistance to P, trifoliorum reported for Narragansett
compared to Buffalo under field conditions (6, 7) seemed to hold with seedlings
under the range of envirommental conditions tested, This suggests that seed-
lings can be screened for resistance to P, trifoliorum anytime, provided a means

of controlling temperature and an initial inoculating source is available,
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ABSTRACT

Downy mildew of elfelfa (lledicago sativa L,), incited by Peronospore.

trifoliorum deBary, occurs during cool, meist conditions and causes chlorosis,
necrosis, and stunting, and may kill young seedlings.

The purposesof this investigation were to determine the effects of light,
temperature, and moisture on infection, sporulation, and ocospore production by
this obligate parasite, in order to facilitete subsequent ressarch on disease
resistance,

Ons-week=-0ld seedlings of the relatively resistant alfalfa variety
"Warragansett'! and the susceplible variety 'Buffalo' were sprayed with a
suspension containing 25,000 viable sporsngia/ml water, Higher concentrations
did not increase disease incidence, Sporangial germination was not affected by
light and averaged 55% on water agar in closed petri dishes and L3% on coty-
ledons, -On cotyledons, the fungus formed appressoria and penetrated directly
within 12 hr at 20 €, Maximum infection occurred in seedlings kept dark and
wet for 21 hr following inoculotion; 32 snd 67% of Warragsnsett and Buffalo
seedlings, respectively, became infected,

After the initial 12<hr infection period and subsequent 8~hr photoperiods
at 20, 24, and 28 C, for one week, sporulation occurred on 100, 86, and 0%,
respectively, of'Narragansett seedlings and on 100, 92, end 3%, respectively,
of infected Buffalo seedlings, Sporulation was most profuse at the lower
temperatures, At 20 C and photoperiods of 8, 16, and 2L hr, sporulation
occurred on 100, 77, and 0% respectively, of infected Narrangansett seedlings
and on 100, 90, and 1%, respectively, of infected Buffale sesdlings.

The inhibition of sporulation by a 2li=hr photoperiod or at 20 C was

partially reversible, At an 8-hr photoperiod, sporulation occurred on 2], and



637 of infected Narrangansett and Buffalo seedlings, respectively, when
returned from 7 days at 28 C to 20 C for 7 more days, At 20 C, éporulation
occurred on 85 and 97% of infected Narrangansett and Buffalo seedlings,
respactively, when returned from 7 days under continuous light to an 8«hr
photopariod for 7 days,

Oospores were found 7 days after inoculation in cotyledons of plants grown
at 20 C end photoperiocds of 8, 16, and 2l hr, but were not found in those grown

at 2Ly or 28 C at these photoperioeds,



