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INTRODUCTION

Cats (Avena sativa L.) are in demand for human consump-

tion in Colombia and are one of the most promisinz crops for

N

Forage and silage in the cold highlands of the Andes, but

b

severe attacks by oat stem rust {Puccinia graminis Pers. T.

sp. avenae Erikss. and Henn.) have limited the development
of adapted varieties (Crowder et al., 1467). When vathogenic
races of the ocat stem rust fungus were ildentified in Colembia,
it was tTound that some were unugually virulent -- one, race

5C, was in fact, considered the most virulent race <nown at

that time {(CrJjuela et al., 1962) and there was apprenension

(=

est Colomblan races reach the United States. Therelcre, a
P.L. 48C project was established in which the U. S, Departnent
ol Agricultufe would cooperate with The Rockefeller Foundation
and The Colombian Institute of Agriculiture toc study oav stem
rust in Colombia and means of obtaining resistance to 1%,

That study revealed that certain cat stem rust resistance
genes are light sensitive and that at the elevation of 9,CC0
feet or above where races ave identified and cats are grown
commercially in Colombia, 1light intensity 1s high enough tnat
these resistance genes partially lose thelr effectiveness
(Browning et al., 1967). 1In a sense, then, the races ratcd as
"extra-virulent" in the Andes were "environmental' races
rather than “genetlc” races and, therefore, workers elsewhere

nad no reason to fear them.



The discovery of the light sensitivity of certain stem
rust-oat host-parasite Interactions led to many additional
guestions, however. One of these was, "Iz the light sensltiv-

ity of the Puccinia graminis avenae-Avena satlva interaction

peculiar to the races and environment of Colombla or is this
a general phenomenon where the same varieties of the host are
involvéd?“ And, "What 1s the function of light quality and
of photosyntheslis per se 1n the light-sensitlve host-parasite
interactions?”
The objectives of this study, then, were to answer at

least in part, the above guestions using the same varieties
and seed sources for the host, but using North American races

of the pathogen.



LITERATURE REVIEW

The infection process of the rust fungi (Uredinaies),
lilke other fungi, is influenced by environmental factors.
With the rusts, environmental factors éffect the infection
type, number of pustules, and/or duration of the latent
period of infection. The influence of temperature, light,
and COs level on uredospore development nas been observed in
some host pathogen systems. Temperature of 27°C or more, for
instance, can cause the breakdown of resistance to normally

avirulent races of stem rust (Puccinia graminls Pers. f. sp.

avenae Erikss. and Henn.) of oat varleties containing genes
Pg-3 and Pg-4 (Welsh, 1937). This temperature effect was
shown by Roberts and Moore (1556) to be a "local" reaction in
the plant, When the distal portion of a leaf was exposed to
22°C and the basal portion to 27°C or vice versa, the portion
receiving the lower temperature was resistant and the other
susceptible. A temperature change from 22°C to-ETOC between
day and nlght or vice versa did not affect the infection type

of

A

of two oat isogenic lines (genes Pg-4 and pg-4) to race
the oat stem rust organism (Gregory, 1966). Other data show-
ed that McMurachy wheat is normally susceptible at 249C to
stem rust (P. graminis Pers. I, sp. tritlici Erikss. and Henn.)
but it was resistant when it was exposed to 16°C for 16 hours
between 75 and 91 hours after lncculation (Forsyth, 1956).

Some oat selections were lmmune from race 203 of crown rust
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{Rosen and Balley, 1¢57). Some ocat varieties were suscepiib
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o crowa rust as seedlings at 15°%C but showed resist
inoculated as mature plants (Simons, 1854). A4t 258 <these
rariceties were susceptible at all stages of growih. Uncer

the extremnely low temperature treavments of Y0 the laten

vericd of infection of wheat stem rust was lengthened to TC

Bever (1933), working with Puccinia glumarun (Scin.)

Ericks. and Henn. and wheat Tound thet with a day lengin
longer than 12 hours, the infecticn type changed from 4 0 0.
Respeonse of the nost to guality of light i1z widely variable

ifferent host-pathogen palrs, as is the response To
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ht intensitcy. TFor instance, naked barley infected witn

bioctype 68-1 of brown rust (P. hordei Otth.) is heavily at-

when blcotype 11&8-2 1s uced the leaves are attacked in bliue

light but not in red or white ligni {Gaumann, 1950} ¢ Bea:

inoculated with Uromyces appendiculatus Fr, showed that red
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blue filiter had a depressing effect {(Sempio, 1938). Ultra-

viclet radiation, however, tended T repress the pusiule
formation in the lrradlated side of the leafl.,
Under the normal sunlight of the Upper Hississippl

Valley, plante of Hope wheat in various stages ol development

tacked in red or white light, but 2ot in blue 1lighl. However,



beyond the seedling stage appeared to have considerable re-
sistance to race 21 of the stem rust fungus (Hart and Zapesky,
1935). When 1light was reduced by shading, however, the plants
were completely susceptible, Just as in thelir seedling stage.
Thus, Hart and Zapesky concluded Hope variety seems {0 have

no protoplasmic resistance to race 21 when light intensity

is reduced. Absence of light during the 48 hours after inocu-
lation in some cases caused a local necrosis of host cells
adjoining the focus of infection (Gaumann, 1550). At the

same time, cereal plants grown in weak light were more resist-
ant to rust attack. This was due malnly to the tendency of
the tissues ©o become necrotic. As light intensity increased,
the level of susceptibility increased to a definite optuimum,.
However, different host-pathogen palrs showed characteristic
reactions to light.

Gassner and Straib (1929) found that increasing the
concentration of CO5 in the air had effects on both the assim-
ilation and the disease disposition of the host similar to
those of increasing the amount of light. The lack of 002
resulted in an increase in the latent period of infection of
several cereal rust diseases, and infectlion was less success-
ful., The normal 002 content of the air was sufficient to
faclilitate good infection, but infection could be improved
by artificially increasing the amount of CO,. However, they
found that the optimum concentration for infection lay belween

0.2% and 0.7% of CO, for the most important cereal rusts.



Rosen and Bailey (1957) found that oat varieties normally
resistant above 21°C to a race of crown rust were susceptible
when plants were grown with CO, added to the atmosphere or
when sucrose was applied to the leaveg. In this case, the
carbohydrate metabolltes appeared to play a very important
role in the host-pathogen system. The level of 002 was found

markedly toxic at a level of 9.0% in the Uromyces appendicu~

latus~bean system in any period of dlsease development

{Sempilo, 1938).
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Table 1. ©Oat Varieties used in this study and thelr probable
genotypes according to the original and the new
standardized system®

Variety c.I. Probable Genctype
or or Original Standardized
Cross P.I. No, System New System

Minrus 2144 D Pg-1

Richland 787 A Pg-2

Jostrain 2660 E Pg-3

Rodney 6661 B P-4

Ada T14Y AD Pg-1,2

Abda 7145 ABD Pg-1,2,4

New Garry 6662 AB Pg-2,4

Burnett 6537 BD Pg-1,4

Saia 4639 Undetermined Undetermined

Hajira X Joanette (H~J) 4023 BEF Pg-3,4,p8-8

Eagle x C.I, 4023 8111 P pe-8

Bonham 6102 D Pg-1

Cherokee 6003 D Pg-1

Nemaha . 6004 D Pg-1

Clinton 6034 D Pg-1

ICA-Bacata o BD Pg-1,4

Sac-SF x C.I, 6369 o BDE Pg-1,3,4

Bt-SF x C.I. 6969 - BDE Pg-1,3,4

Kyto sel. 2 221285 Undetermined Undetermined

5844 H -9

Markton 2053 abdef pg~1,2,3,4

4Simons, Zillinsky & Jensen (1966).



Begides the infection type, superscript "+" and "-

instance,

9

Hypersensitive flecks but not uredia present.
Necrosis develops slowly.

Uredia approximately 1 mm or less in diameler, sur-
rounded by chlorosis at 14 days and possible necrosis
at 18 days. The uredia seldom become linear; they
are nearly always circular.

Uredia varying in size from smaller, 0.3 - 0.5 mm

X 0.9 - 1.1 mm to larger, 0.5 - 0.6 mm x 2.5 - 3.0
mm, A green ilsland may surround the uredia and

they wmay be marked by distinet or indistinct chloro-
tic rings.

Uredia vary from 0.5 x 2.5 mm to 0.6 x 6.5 mm,
Uredia are éurrounded by varying degrees of chloroslis,
Uredia vary from 1.5 x 3.5 mm to 2.5 x 6.0 mm or
even longer. Pustules tend to bhe diamond shaped
and pustules are surrounded by about 1 mm of
chiorotiec tissue regardless of fthe size of the
sporulating area,

Infection types 0;, 1, and 2 (X" ); or 0;, 1, 2, and
3 (X3); or 2, S, and 4 (X" on the same leafl consti-
tute a meéothetic (X) reaction. No mechanical sepa-
ration is possible.

" signs are

used to distinguish the variation within a given reaction. For

t 1"

++" indicates the upper and "-" the lower limits

for each type. A dash indicates a continuous range of



10

reactlon. For instance, the reading "0; - 1*" is read
fleck dash one plus'" and indicates a continuous range from
flecks to pustules somewhat larger than those described as

infection type 1.

Varietal Response to Light
Light was supplied by Sylvania VHO cool white flucres--
cent bulbs for a 1lh-hr. photoperiod in Plant Growth Labs®,
All varieties were tested under 1,000 ft-¢ and 3,500 ft-c.
Light measurements were taken with a Weston Meter Model No.
756, Ambient temperature was held during 3 experiments at

20°C ~* 1,5°C and in another one at 24°c X 1,5°C.

Light Quality

Cool white fluorescent lights were the source of light
in most experiments. Besides that source, however, Cool
Beam incandescent, blue, red, and UV sources were tested,
Incandescent 1light was provided by General Electric
75 PAR38/2 FL and 150 PAR 38/2 FL Cool Beam lamps. The
lamps were located 62 cm above the tops of the pots so that
the ToHw and 150w buibs gave 1,000 ft-¢c and 3,200 ft-c,

respectively, at the level of the seedling leaves.

@Model No., PGW-132 manufactured by the Percival
Refrigeration Co., Des Moines, Iowa.
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RESULTS

Effect of Light Intensities on Infection Types

Culfures of Puccinia gramlinis avenae races 84, 1CA and

11A were tested initially on all 22 ocat varieties. The rust
reactions te these races at low and high light intensities
are presented in Table 2. The host-pathogen interactilons
were similar to those described with cultures of Colombian
races 4A, 6B or €, and 13B (Browning et al., 1967). Plants
kept in low l1light intensity had developed flecks by six days
after inoculation, Uredla were erumpent nine days aiter
inoculation and a well developed primary sporulation was
obtained by ten days. On the plants kept in high light
intensity, Clecks were present four days after inoculation
and an abundant primary sporulation appeared by eight days.
Kyto selection was always the first in showing {flecks. The
ma.terial in high light intensity matured sooner. Hence,
-notes were taken 13 and 15 days after inoculation.

| The results of this experiment (Table 2) indicate that
varieties with genes Pg-1 or pg-8 are highly sensitive to
light intensity. Figures 1 to 4 show the breakdown of resis-
tance conditioned by gene Pg~1 in Bonham, Cherokee, Clinton
and Nemaha varietieg respectively. Differences from variety
to varietly were not great; however, the infection type 2 of
Bonham at low light intensity (Fig. 1) was larger, the green

island was not so sharp, and the uredial development was more
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Table 2, The effect of light intensity® on the infection type produced by
races of ruccinia graminis avenae on 22 varieties of oats

Variety Reaction at designated light intensity
or Probable Race 114 Race 104 Race 84

Cross Genotype 1,000 3,000 1,000 3,000 1,000 3,000
Minrus  Pg-l 2 3< 2 3" 2 3*
Bonhan 0 2 3+t ot 37T o o
Cherokee i 2% 3t ot 3t 2t 3%+
Nemaha, i 2% 3+ o+ 37 ot 3t
Clinton n o 3++ 2+ 3++ 2-!- 3++
Richland Pg-2 b Y L i L I
Jostrain ' Pg-3 03=1% 03=l X p e L b
Rodney Pg-U L H L I b 4
Bagle x C.I. 4023 pg~8 2 32 2 32 2 3"
c.I. 58lk4 pg-9 L u* L L* L u*
Ada Pg-1,2 ot 3++ oF 3++ oF 3++
Burnett Pg-l,l 2t 3t o 3" 2% 3t
ICA=-Bacata Pg-1,l 2+ 3* 2* 3* 2" 3"
New Garry Pg=2,l h b b i L Iy
Abda | Pg-1,2,4 o 3+ 2 3ty ot 3
Sac-HJ x G.I. 6969 Pg-1,3,4 03-1  03-1 X X o+ 3
Bt~SF x C.I. 6969 Pg-1,3,4 03-1  03-1 X X ot 3**
Saia Undeter. 0;-1 0;-1 0;-1 0;3;-1 O3-1 0;-L
Kyto sel 2 Undeter. O;-1 0O3-1 0;=-1 0O3=1 0O3-1 03=-1
Markton pe-1,2,3,44 4 u* b L L u*

8Lipht intensity is given in foot candles. ILight was supplied by Sylvan-
ia cool white VHO fluorsscent lamps in a 20°C growth chamber.



Fig. 1-3, Response of seedling ocat leaves to culture 102 of
Puccinia graminls avenae. The lefthand group of
leaves recelved 1,000 fT-c¢ of 1light, the righthand
group 3,500 ft-c. Photoperlod was 14 hours,
temperature 209C, The photographs were taken 14
days after inoculation. Flg. 1 shows the oat
variety !'Bonham'; Fig. 2, 'Cherokee'; and Fig. 3,
'Clinton’'.







Fig, 4-6,

Response of seedling oat leaves to culture 102 of
Puccinia graminls avenae, The lefthand group of

leaves recelved 1,000 ft-¢ of light, the righthand
group 3,500 ft-¢. Photoperiod was 14 hours,
temperature 20°C. The photographs were taken 14
days after 1noculation. Fig. 4 shows the oat
variety 'Nemaha'; PFig, 5, 'Burnett'; and Fig. 6,
'TCA Bacata'.
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linear than 1n the others (Fig. 2-4). The response of
varieties with genes Pg-1 and pg-8 was not influenced by
temperature when it was raised from 20 to 24°C, Burnett and
ICA-Bacata varieties (Fig. 5 and 6) are examples of the break-
down of resistance in plants with Pg-l1,% genes. Pg-4 is a
temperature sensitive gene (Roberts and Moore, 1950) with a
critical point near 27°9C, but the temperature level was kept
below 20°C in this experiment. The {fungus sporulated less

on ICA-Bacata than on Burnett.

The interaction of varietles with genes Pg-2, Pg-4 and
pE~1,2,3,4 with light intensity showed their infection types
were not altéred but their latent periods of infection were
longer by at least two days, at the lower light intensity.

Enowing the sensitivity of gene Pg-1l to light, an experi-
ment was planned to determine when after inoculation light
is effectlve in the breakdown of the resistance conditioned
by gene Pg-l. Seedlings of Burnett and Clinton were inocu-
lated with culture 102 of race 1lA. After removal f{rom the
moist chamber the plants were kept in a growth chamber at
1,000 ft-¢ for 14 hours/day throughout the experiment with
the exception of those days they were selected to be Kept
at 3,500 ft-c per 14 hour/day (Fig., 7). Figure 8 shows
graphically when after inoculation the exposition to high
light intensity was effective in breaking down the resistance
of gene Pg-1. The infection type increased (from 2-2% to

3 to 4~) as the exposition to intense light approached the
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2 3 4 5 6 7 8 9 10 M 1213 14

DAYS AFTER INOCULATION

Light exposlition of Clinton cat seedlings after inocu-
lation with Puccinla graminis avenae., The solid lines
indicate the period when poos 1n each treatment were
exposed to 3,500 ft-c of light. At other times plants
were held at 1,000 ft-c.
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Fig. ©%. Reactions to rust of the different treatment diagrammed in Fig., 1.
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eighth day after inoculation. It.stabilized from the ninth
to eleventh days, and then 1t decreased again (3-3* to 3% to
2-2*}. Thus, a clear breakdown was observed from the eighth
to the eleventh day after inoculatlon (Fig. 8). These re-
sults are similar to those obtained with Colomblan races
and Pg-1 varieties (Instituto Colombiano Agropecuario, 1964).
Secondary sporulation was present 1n all the plants expoéed
to high light intensity after the eleventh day. 7This second-
ary sporulation was similar to that of Marquis wheat when
plants were transferred from high to low temperature afler
rust sporulation had begun (Silverman, 1959). Piants receiv-
ing intense light for more than one day in the "critical
breakdown period", eight to eleven days after inoculation,
showed a more intense reaction and sporulation (infection
type 3%*- 47) than those exposed one day only (infection
type 3-3%"). Plants exposed during all the time to high
light intensity did not give a more complete breakdown than
piants exposed three or four days to high light inftensity
during the "critical breakdown period".

Jostrain with gene Pg-3, apparently was only changed
by temperature (Fig. 9). It i1s sometimes difficult to get
good infection with this wvariety. The cuticle has a thick
waxy layer and rust development is slow. The response of
Jostrain to temperature was quilte clear but the possibile
light influence is uncertain,

The Kyto selection which was tested with culture 102 of
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1.

Response of seedling leaves of the oat variety
'Jostrain' to Culture 102 of Puccinia graminis
avenae at 20°C (left 5 leaves) and 249C (right
5 Teaves). Light Iintensity was 3,500 ft-c,
photoperiod 14 hr., The photograph was taken
15 days after inoculation.

Response of seedling leaves of the ocat varlety
tKyto! to Cutiture 102 of Puccinla graminis avenae
at 20°C {left 4 leaves) and 28°C (right 4 leaves) .
Light intensity was 3,500 ft-c, photoperiod 14
hr. The photograph was taken 15 days after
inoculation.

Response of seedling leaves of the oat varlety
1C1inton' to Culture 102 of Puccinia graminis
avenae under conditions of different qualities

o Tight: From left to right, leaf palrs recelved,
respectively, blue (3,000 ft-c 28°¢), red (3,000
fi_¢ 280C), Cool Beam incandescent (3,000 ftoc
25°¢), cool ihlte fiuorescent (3,000 ft-c 209¢)
and cool white fluorescent (1,000 ft-c 20°c) .
Photoperiod was 14 hr. The photograph was

taken 15 days after inoculation.
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race 114, culture 105 of race BAF, and culture 106 of race
O6AFH showed a resistant reactlon to those races in the seed-
ling stage. The resistant reaction was not influenced by
iight intensity; however, when the temperature was ilncreased
to 249C the reaction was mesothetic and at 28°C the infection
type was 4% (Fig. 10). BRust developed on Kyto linearly

with increase in temperature from 18° to 28°C which gave

a biclogical indicator for checking the temperature.

Bffect of Light Quality on Infection Type
The influence of cool white fluoresceat light was
descerlbed in the previous experiments. That source of
light has a Blue-Red ratio (B:R) greater than one. On the
basis of the wide response to light intensity of the inter-
action between stem rust culture 102 of race 1lA and varie-
ties with genes Pg-1 and pg-8, these were selected to be

tested with other light sources.

Ultraviolet 1ight experiment

The ultraviolel experiment was designed (o test the
effect of this wavelength on the host-pathogen system.
"Weatherable Milar", used as barriers beneath the lights in
the growth chambers, is considered to intercept almost all
the UV radiation from the fluorescent bulbs. Thus, it was
necessary vo add iight of this wavelength, which is natural-
ly present in sunlight. The response of oat plants contain-

ing genes Pg-1l, pg-8, pg-1,2,3,4 and Kyto, in high and low
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light Iintensities with additional UV radlation was similar

to that of the control planis. Differences in the length of

the latent pericd of infection and sporulation were not ob-

served either.

Incandescent light experiment

Richardson (1967) found that Cool Beam lamps {(Fig. 12)
appeared to be as effective as natural sunlight in supply-
ing the energy for fixation of CO, and photosynthetic
response in cotton. These lawmps produce relatively less

energy than sunlight at the shorter wavelengths but they

produce proportionally more at longer wavelengths. Qlinton

and Bagle x C.1., 4023, containing Pg-1 and pg~8 genes,
respectively, were incculated with culture 102 of race 1lA.
After removal from the moist chamber the plants were kept
in a room where the temperature fluctuated between 18°C and

28°. 4 spore germination tesf was run 15 days after inocu-

lation to compare the germinability of spores which developed

under different light sources.

The material under low and high light intensities showed
flecks at five and six days, respectively. Complete uredial
development was observed elght {high intensity) and nine (low
intensity) days after inoculation. Abundant secondary sporu-
lation was present in both intensities. The Eendency of the
uredial development was linear, especially in high intensity;

however, the infection type was a 2-2¥% to 3~ which is closer



Fig,

Fig.

Cool Beam incandescent light experiment. Left, 'Clinton' and 'Ragle x C.I.
L023' inoculated with Culture 102 of Puccwnxq g“amL iz avenze and exposed
to 1,000 ft-c from 75w bulbs; right, tne Same varieties exposed {o 3,000
ft-¢ from 150w bulbs. Temperature was 23°C, photopericd 14 hr. The
rhotograph was taken 15 days affer lnocuidtlon.

Respeonse of ‘Clinton' ocats inoculated with Culture 102 of Puccinla graminis

avenae and ehposed to blue (lef%t) and red (right) light by [iitering 1ight
Trom 300w Coeol Beam bulbs with Cinamoid plasiic sheets secured under the
containers of water, Light intensity was 3,000 fi-c, temperature 26 G
prnotoperiod 14 hr. The phobtograph was taken 9 days after inoculation.

Carbon dioxide experiment, Plants were Kept in the small Milar chambers
inside & growth chamber and received 3,000 ft-c¢ of light. Temperature
was 20°C, photoperiocd 14 hr. CO, was supplled at 100, 300, and 3,000
ppm in biological atmospheres with air.
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to the rust reaction found under fluorescent light at low
light intensity (Fig. 11 and Table 3). The Cool Beam lamps
used in this exXperiment normally intercept two-thirds of the
infrared radiation. The use of a contailner of distilled
water probably eliminated most of the remainder. Rust de-
velopment, however, was slmilar to that under incandescent
lights without water ©o remove infrared.

Table 3. Effect of light quality and intensity on reactions

of Clinton and Eagle x C.I. 4023 ocat varieties to
Puccinla graminis avenae race 11A culture 102

Reactions at designated light qualify and intensity

Cocl Wnite Cocl Beam
Variety {Fluorescent) (Incandescent)  Red Blue

1,000% 3,000 1,000 3,000 3,000 3,000

Clinton 2.2%  3.3** pr_o¥ o D% 2=_p
c.I, 8111 2-2° 3-3% p.o* D-2%* 2.+ p=_2

4root candles.

Red light
Seedlings of Clinton were incculated with culture 102
of race 11lA and after removal from the moist chamber the
plants were kept in the same room with the incandescent
experiment (Fig. 13). A Cinemoid nunmber & plastic sheet
limited radiation to the primary red (625-700 mui), Trans-

mission was rated at 17%. Infrared radiation was avoided
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again by using a container of distilled water in the system,.
The intensity was Kept at 3,000 ft-¢ throughout the experi-
ment. First flecks were visible four days after inoculation,
and sporulation began two days later. PFull uredial develop-
ment was observed nine days after inoculation., Abundant
secondary sporulation was present (Fig. 11); this was
similar to that of incandescent light. The average uredial
size was about half of that of uredia which developed under

incandescent light, and the infection type was 2-27.

Blue light

The Cinemoid number 20 plastic sheet supplied the
inoculated seedlings with a wavelength of 400 to 500 mu with
a peak at 450 mu. Transmission was rated at 0.5%. Early
flecks on Clinton were visible six days after inoculatlon.
Secondary sporulation was sparse and the uredia, in general,
were circular in shape. The infection type was 2=-2 (PFig.
11 and Table 3j.

The peripheral chlorotic ring assgociated with uredia
which developed in the blue, red, and incandescent light
treatments was very similar to that which developed in the
fluorescent low light intensity treatment. Experiments
conducted with light intensities lower than 500 ft-¢ and
blue, red, or green filters resulted in poor develcpment of
bothh host and pathogen. Leaf tips became sealded in appear-

ance and the infection ftypes were of a range from 0; to 2%.
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Spore germinatlion tests were run using the method of
Hobbs {1958). The results are shown in Table 4. The data
show that germination was excellent for spores borne under
fluorescent light at both 1light intensities. The germination
of spores borne under incandescent light decreased in direct
relation to the lnerease in 1light intensity. The effect was
the same on Pg-1, pg-8 and Kyto varieties, but on the last
the reduction was more severe, Reduction in germinatlion was
present also in spores borne under blue and red light.

Table 4, Percentage germination of uredospores of Puccinia

graminis avenae race 1lA culture 102 borne under
different conditions of light quality and infensity

Light quality Temperature Host variety and
and intensity percentage germination®
in ft-c °c Clinton  C.I. 8111  Kyto

Fluorescent 20

1,000 - 98 99 99

3,000 100 100 100
Incandescent .28

1,000 ! 87 67

3,000 39 - 66 29
Red 28

3,000 63 L .
Blue 28

3,000 T3

—r——— ———

Saverage of 250 spores in each of 2 replications.
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Carbon Dioxide and Lignt Inieractlion

73

2

AR —— o~ - Y -~ - -y 2 = oy A= 2]
fter beiny removed [rom the molst chamber, infected

seedlings ol Clinton, Bagle x C.I. L4023, Richland, Jostrain

and Kyto varietlies were Kent in blological atmospaeres of

vpr.  Tne varietles were incculated with culbture 102 of

race 114 and culture 105 of race GAF. Iach chamber {Fig.

14y held 10 pots, one of eacn variety incculated with each

-

-

of the rust cultures. A& thermometer was suspended in the
air space between pols. One experiment was run with &
temperature of 28%° ¥ 1,59 and another cone at 20°
The swall chambers were kKent 1n a growth chamber and planis
in them recelved 3,000 fv-c of lignt. Coupressed alr wWas
Torced into each chamber continuously and 1T was exhausted
thru a glass tube. The humidity was 100% in the small
chambers., Data were taken and spore germinations were made
15 days alfter incculavion.

Data onlinfection type, temperature elfect, and spore
germination are presented in Tables 5, 6, and 7. Flecks
appeared on all varieties four days after incculation at
both 300 and 3,000 ppm of COs. AT 100 ppm flecks were pre-
sent on Xyto and Jostrain
Clinton and Hagle x C.IL. 4023 needed seven days. Drampent

uredlia were observed elghit and nine days



Table 5. Response to temperature and CO, concentration of 5 oat varleties inoculat-
ed with Puccinia graminis avenae culture 102 of race 11A and culture 105
of race DAF, 1light intensity 3,000 ft-c.

280¢ - 20°¢
Variety 100 ppn 3,00C ppm 100 ppm 300 ppm 3,000 ppm
or e
Cross 104 OAF 10A OAF 10A 64F 104 GAF 104 BAF

Clinton o= 4 3* i oz 4 3.1- N 3+ y

Eagle x C.I, 4023 17,2~ 4 3" 4 172~ &4 3 i 3% il

Jostrain x+ 4 XYy 0;-1% 4 0;-1% &4 0;-1* 4

Kyto-2 4 L h 4 0;-1" o0;-% o0;-1" o0;-F o0;-1Y o0;-1*

Richland 4 L 4 b L 4 4 4 ! 4

139
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Table 6. Effect of different GO, concentrations and light
intensities on rust reactions of five cat varieties
incculated with Puccinia graminis avenae race 114
culture 102, ftemperature 20°C

002 Light

Level Intensity fost varieties and rust reactions

ppm ft-c

Clinton Richland Jostrain C.I. 8111 Kyto

100 3,000 2-2 h-a 0;1% 2=8 0;-1
300 t 37 4 X= 3 0;-1"
500 " 37 L yes 3 0;-1°

3,000 " 3+ Qo+ x- 3 0;_1+
500 1,000 2 4 0;-1 2% 0;-1"

aDelayed sporulation.

Table 7. Percentage germination of uredospores of Puccinia
graminis avenae race 114 culture 102 borne at 20°C
under aifferent conditions of 002 concentration and
light intensity

COo Light
Level Intensity Host varlety and percentage germination®
ppm ft-c.

Clinton Richland Jostrain C.I. 8111 Kyto

100 3,000 100 100 100 100 100
300 . 100 95 100 100 100
500 " 100 99 100 99 100
3,000 ; 1100 100 98 100 99
500 1,000 99 98 99 89 99

a
Average of 250 spores in each of 2 replications.
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INFECTION TYPE

Pg-1
gO

Pg-8
o

Kyto

3000

ppm CO2

e

Hig.

1

5.

Increase 1in Inflection type with increasing COo
level of four oat varieties inoculated wlith a
cuiture of race 11A of Puccinia graminis avenae.
Dotted arrow points out the theoretlcal COo level
vsed atl low lignt intenslity by Pg-1 and pg-u
variety. Light Intenslty 3,000 ft-c¢ and tempera-
ture 20°,




Fig, 16 and 17. Response of seedling oat leaves to Culture
102 of Pucclnia graminis avenae at different
COn caricencravions, FProm i1eit to right each
leaf pair received, respectively, 100, 300,
2,000, and 500 ppm at 3,000 ft-c of light.
The righthand pair of leaves recelved 500
ppm of CO2 at 1,000 ft-c. Fig. 16 shows
leaves of“'Bagle x C.YX, 4023', and Fig.
17, 'Clinton'.

Fig, 18. Response of seedling leaves of the oat varlety
TRyto' to Culture 102 of Puccinia graminis avenae
at 100 ppm of COs (left 3 leaves), 300 ppm (center
3 leaves) and 3,000 ppm {(right 3 leaves). Light
intensity was 3,000 ft~c, temperature 209C, photo-
period 14 hr, The photograph was taken 15 days
after incculatlon,
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Since tests of spore germination were not made later, data

are not avallable on spore vigor alter a period of storage.
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DISCUSSION

The infection type 3% is the only reactlon normally pro-
duced in the Colombian highlands on varieties containing genes

Pg-1 and pg-8 by races of Puccinia graminis avenae with inter-

mediate virulence for these varieties. By reducing light
intensity this infection type could be restricted to a 2%,
considered normal for varieties with these genes at the lowa
Agricultural Experiment Station, or it could be increased to
4 or even 4% at 3,500 ft-c in plant growth chambers (Browning
et al., 1967). To see whether this was a phenomenon pecullar
to Colombian races, I selected several isolates of North
American races of the ocat stem mist fungus, and several
varieties with genes Pg-1 and pg-8 and tested these in all
combinations under conditions we had found successful in
breaking resistance in Colombia.

These tests showed that with North American races as
with Colombian, races which produce a 2% reaction on varie-
ties with genes Pg-1 and pg-5, develop in more or less
direct proportion to the amount of light incident on the
leaf. Therefore, my study showed that there is no apparent
difference between pathogenecity genes present in Colombian
and North American races as measured by rust development on
varieties with genes Pg-1 and pg-8 at different light inten-
sities. |

Varieties with genes Pg-2, ?g—3, and Pg-4 appeared to
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be insensitive to light, except that the latent period of
infection is longer, by at least two days, at low light
intensity.

Studies previous ©0 those of Browning, et al. (1967) on
the effect of light intensity ald not detect the breakdown
of resistance in intense light. The main reasons were the
use of rust races and host varieties with genes not sensitive
to intense light or the use of insufficient 1ight (Gregory,
1966; Melander, 1935). Observations made by Shukla (1954)
on wheat stem rust showed that the light effect was secondary
to temperature. He found that low intensities (100 ft-c¢)
were sufficient for extensive growth of mycelium but there
was very poor sporulation. He salid that a ligat Intensity
of 3,500 ft-c or higher intensified the primary and secondary
sporulation. Emge (1958) Tfound that the infection-type |

structures of Puccinia graminis tritici developed on arti-

ficial substrates only under these environmental conditions:
A light intensity of 2,000-5,000 ft-c and a temperature of
25°¢ to 28°C, With light-sensitive oat varieties, it is
clear that a level of 3,500 ft-c 1s sufficient to break down
resistance and the temperature level (within, say 15°-30°C)
-has no influence.

The resistance breakdown increased after flecking and
it was sharp in the period between the opening of uredia (8
days after inoéulation) and full sporulation (11 days after

inoculation)., Many physioclogical changes have been found to
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occur during this critical period. Kiraly and Farkas (1962),
working with wheat stem rust, found marked differences in the
rate of phenol accumulation by the time of appearance of
chlorotic spots (5 to 6 days after inoculation). The big
difference consisted of a more rapid accumulation of phencls
in resistant plants with a peak on the 7th day after inocula-
tion, and a subsequent decrease in the phenclie concentration.
Susceptible varieties increased the phenolic concentration
after flecks appeared without & reduction in phenclic accumu-
lation 9 days after inoculation. Doodson (1965), studying
the influence of stripe rust development on wheat, found

that during the first week only small differences in trans-
location were observed between inflected and control plants.
However, a rapld decrease in translocation in infected
plants was observed after 8 days and this appeared to be
caused by the increased conversion of alcohol-soluble to
alcohol-inscluble compounds., Absolute translocation, when
infection was well developed, was only 0.87% of that from

the control., Battacharya et al, {(1965), working with wheat
stem rust, found that RNA increased to a maximum six days
after infection and declined slowly after 12 days. They
considered that the increase in RNA and acidic protein is
related with the activation of particular genes in the

nuclel of affected host cells. The alterations In the
specific metabolic pathways in the host determined the

infection type and the success or failure of the 1lnfection.
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Shaw (1963:282) stated that, "Since genes control the
productlon of enzyme protein and since there is a gene-for-
gene rejationship in host-parasite systems, susceptibllity
to rust depends upon the contreolled formation of induced
enzymes -- in other words upon an ordered avberration of
synthetic processes in the host cell." Thus, it is probable
that a mechanism like that suggested by Shaw (1963) is work-
ing in varieties containing genes Pg-1 and pg-8, but not in
those containing Pg-2, Pg-3, Pg-4 and Kyto as a response to
light.

Light Intensity experiments suggested that Intense
light may be the direct cause of resistance breakdown.
However, certain wave lengths may be involved differentially
or, the effect of intense 1light may be only on the total
photosynthate. Therefore, light quallty and 802 experiments
were conducted to further elucidate these points. Cool Beam
incandescent and red light at an intensity of 3,000 fi-¢
produced a latent pericd of infection shorter than that
produced in blue light and aisc abundant secondary sporula-
tion; however, there was no breakdown of resistance. Fluores-
cent light at 3,000 ft-c resulted in the same latent pericd
of infection as that from incandescent; however, there was
no secondary sporulation but a clear resistance breakdown
was observed. Daly (1964) found that in wheat the use of
fluorescent lights enhances sporulation by the stem rust

fungus in comparison with the use of fluorescent plus



d
[l

O
[
¢
l._

L)
D’!
W)
’._}
&)
@]
&)
o
I,
C o)
[
t’\
L)
¢

C

KRR} R Sl e o S T
incandescent 1ights. My re:

1010 of plue-red lignt more than the Individual actilon

oS
=
{o
(@]
)
&3]

of' gither 1s the cause of {The resisiance bLreakdown on Fg-1

0y s O = - R i T R E R T S R ~ ] e 7o N o s s on
and pg-o0 genes. On this assumption, a retio B:Rl higner than

e

N - -~ ‘e PR o [, S S PR e .
one leg necegsary to obialn the change in rust infecticn types.

1t 1s clear thet a potentially satislactory 3:R ratio will

-

not work alone 1f 1ight Intensity 1= limitinz. This could be

The difference between 1,000 fo-c¢ and 3,000 ft-c in fluores-

.

cent iight. Andreevs and Xorozheva {1904 found that Low

i1ight intensity is the cause ¢f the absence ol difference
between blue and rec light on guantitative aminc-acicd compost

ticn. Under high ligat, nowever, it was found that the tyge
Fa bl

ol light not only influenceg the totzal ralte of amino-acid

formation, but also changes the direction of aminc-acid svn-

red 1ight source cxerted the same efffect on the disvribution

- h ; . E
cf C+7 among the syntheslized amino-azcids as illumination oy

blue light alone.

cule treit" which covered all the pnlant was the
comron field reaction in Colombia (Krull et al., 1583}).

i

b

N
@)
40
e}
4]
]
e
O
}, ]
o]
Ui
v
o
£
=

Pz-L varieties, however, presented rus



b5

slight rust attack at the base of the interncde in Jowa (Dr.
J. Artie Browning, personal communication). Climatic condi-
tions.also differ between Iowa and Colombia. Iowa has 1ong,
cloud-free days during the rust season {(June-July), while Co-
lombia has short and variable cloudy to bright days. Inten-
sity readings indicate a higher maximum light intensity {to
19,000 ft~¢) in Colombia than in Iowa (maximum about 14,000
ft-¢); however, a greater total insolation is present in
Iowa. The light intensity difference could not he a critical
factor knowing that plants will need only one-third to cne~
fourth of that radiation (Loomis, 1949) but the probable
effect of 1ight quality and especially the B:R ratioc is
important. Observations at different latitudes showed that
the B:R ratio naturally varies somewhat depending upeon the
latitude (Johnson, 1966). His measurements during the day
showed alsignificant decrease in the B:R ratio at sunrise
and sunset, an increase under cloudy days and a ratlio clearly
higher or close to one during sunny days. Since there is a
-much higher percentvage cloud c¢over in Colombia than in Ilowa
Guring the rust season, it follows that the B:R ratio must
be higher there and suggests ithat thils rather than intensity
per se may be responsible for the "small pustule” reaction
of Pg~1 lines.

Spores borne under cool white fluorescent light germi-
nated almost 100%. Blue, red, and Cool Beam incandescent,

however, affected the germinatlon process adversely, Dillion
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there appears to exist a close correlation between photo-
synthetic rate and the development of rust infection types
in light sensitive varieties; however, different 002 levels
did not influence temperature sensitive varleties. The
resistant response to a high light intensity (3,000 ft-c)
at a low 002 level should be similar f£o fthat of a low light
intensity (1,000 ft-c¢) with a high CO, concentration (500
ppm). The hypothetical value of 180 ppm of o, (Fig. 15)
could be considered as the critical 002 level to hold tae
resistant infection types regardless of the lignt intensity.
Also, a value of light intensity lower than 1,000 ft-c
should hold the same resistant infection type regardless of
the CO, level, |

The influence of light and CO2 level was attributed by
Gassner and Straib (1929) and Gassner (1930) tc changes in
metabolism and particularly to the improved assimilation
and carbon nutrition of the plants. However, other workers
consider as the most important fact, the availability of
nutrients at the infection site. The cat selections, C,I.
7908, exposed to 01402 in the dark nine days after inocula-

tion with Puccinia graminis avenae race bAF showed a high

level of radicactivity at the infection site (Mirocha and
Zaki, 1965). The uredial area was the highest in radio-
activity, but radiocactivity was common where mycelium was
present. The importance of the dark fixation of CO, was not

observed until sporulation occurred {Daly and Livne, 1900G),.
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However, the dark 002 fixation was considered a function of
host metabolism and 1t was regulated by normzl nost functions.
The flow rate of 002, 20 liters/hour, was very low. This
factor further decreased the original CO2 concentrations of
100 and 300 ppm. The CO, level of 3,000 ppm decreased also
but it would not have become limiting. Thus, the air move-
ment system of the regular growth chambers supplied a high

and nearly constant CO_, level but this aerodynamic process

2
was not possible in Cthe small growth chamber due to thne low
flow rate, JSome workKers considered that CO, experiments
should be made with single leaves (Bjorkman and Holmgre,

1963) and others said that 5 liters/hour was enocugh in a
chamber of 1,500 cc holding 30 oat seedlings (Harrison, 1965).
A more sophisticated method could be adapted to keep a con-
stant concentration of €O, (Goldworthy, 1965); however, the
way in which the experiment was conducted was accurate enough
for 1ts purpose.

The comparison between incandescent and fluorescent
light influence (Fig. 11) was made with the limitations of
differential sensitivity of the Weston meter. further, it
was used in a position perpendicular to the light axis while
the oat leaves were oriented parallel %o the light axis (Fig.
12 and 13). Light was diffuse and better distributed in the
growth chambers. However, the comparison between the two
incandescent light intensity levels did not show any differ-

ence on the host-pathogen response.
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Some environmental components such as moisture and,
especially, temperature were not analyzed crifically for
their possiblie iInfluence on infection type. However, be-
cause of the difficulty of measuring leal temperatures
accurately, temperature-sensitive blological enitities were
‘used. Kyto and Jostrain varleties responded to temperature
differenceslas little as 4°C. These varieties were used in
all critical experiments to sense and “"record bilologically”

undesirably high temperatures.
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SUMMARY

Light intensity experiments indicated that seedlings ol
oat varieties containing genes Pg-l and pg-8 lose their

resistance at high 1ight intensity to Puccinila graminis

avenae races 104, BA, and 11A to which they give moderate
resistance at low light intensity.

The reactions at different light intensities of varieties
with genes Pg-1, Pg-2, Pg-3, Pg-4, and pg~-8, to cultures of

Puccinia graminis avenae designated by the Cooperative Rust

Lavoratory, 8t. Paul, Minnesota, as of subraces 10A, 84, and
114, are the same as reactions to cultures designated by the
Instituto Colombianc Agropecurio as of subraces 4B, 6B {or
6C) and 13B, respectively.

Therefore, Colombian races and North American races Go
not appear to differ in their pathogenecity genes for these
varieties.

The critical period of breakdown for lines with gene
Pg-1 (i.e. Clinton and Burnett) is about 7-12 days following
inoculation. Secondary sporulation alter nine days was
observed as a response to high 1light intensity.

Ultraviolet and infrared light do not change the reaction
of light sensitive varieties.

Blue and red light experiments did not give a sharp
difference in response to rust, bul sperulation began two

days later with blue light. Light quality experiments with
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intensities lower than 500 ft-c resulted in poor development
of both the host and the pathogen.

Breakdown is more complete with fluorescent than with
incandescent light, but it is not influénced by tThe distance
of the plants from the lignt source if the intensity is the
same.

A ratio of Blue: Red of more than 1 rather than the
individual influence of blue or red wavelengths or even ol
intensity per se is suggested as the cause of the breakdown.

Carbon dioxide experiments showed that the light iaten~
sity-photosynthetic rate interaction appears to have the same
correlation as photosynthetic rate-rust development. That is,
at higher photosynthetic rates, whether caused by intense
iight or high concentration of COo, or both, the attack will
approach the infection type 4, and the latent period of
infection wWill be shorter. 7This is true with light sensitive
varieties but not with temperature sensitive varieties, even
with high levels of CO,. Increased photosynthate, therefore,
is probably the direct cause of increased rust development
on varieties with genes Pg-1 and pg-8.

Kyto is a temperature-sensitive variety. It is resistant
in the seedling stage to races 10A, 6?,‘6AF and 6AFH below
20°C but 1t is completely susceptible above 24°C. The infec-
tion type and latent period of infectlion is the same under
different 002 concentrations uniess it is changed by tempera-

ture.
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RDifferent parasite-host palrs show characteristic reac-
tions to light; this includes a wide range of response within
varietles apparently having the same genotype, especlially

Pg-1 varieties.
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