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IN'I'RODUC rrI ON 

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

tion in Colombia and are one of the most promising erops for 

forage and silage in the cold highlands of the Andes, b~t 

severe attaeks by oat stem ~Jst (P0eei~ia graminis Fers. f. 

sp. avenae Erikss. and Henn.) have limited the developrr.ent 

of ó.dapted varieties (Cro"Jder et al.) 1~,67). Hhen pathoe:enic 

raees of the oat stem rust fungus '"ere identified in Co10nbia, 

i t was found tha t sorne viere unusual1y virulent ,-- one" raee 

6e, was in fact) considered the most virulent race ~novJn at 

tDat time (Orjuela et aL, 1962) and the¡.ne was appreDension 

lest Colombian raees reaeh the United States. 

F. L. 430 pro,jee t was es tab1isned i:1 ',.¡hieh the U. S. DepartL1ent 

of Agrieulture VJOu1d eooperate Vlith 'Ihe Roekefeller Fo'",ndation 

and The Colombian Institute of Agrieulture to study oat stem 

rust in Colombia and means of obtaining resistanee to it. 

That study revealed that eertain eat stem rust resistanee 

genes are light sensitivo and that at the e1evation of 9,000 

feet er above where raees are identified and oats are gro\"l. 

eommereially in Colombia, 1ight intensity is high enough tnat 

these resistanee genes partially lose their effectiveness 

(Browning et al.) 1967). In a sense, then, the races ratcj as 

"extra-virulent" in the Andes were "environmen<:al" races 

rather than !'geneticlf races and, therefore, \.'Jori{crs e2.s8"í'lhere 

had no reason ta fear them. 
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The discovery of the light sensitivity of certain stem 

rust-oat host-parasite interactions led to many additional 

questions, however. One of these was, "ls the l~ght sensitiv­

ity of the Puccinia graminis avenae-Avena sativa interaction 

peculiar to the races and environment of Colombia or is this 

a general phenomenon where the same varieties of the host are 

involved?" And, "What is the function of light quality and 

of photosynthesis per ~ in the light-sensitive host-parasite 

interactions?" 

The objectives of this study, then, were to answer at 

least in part, the aboye questions uSing the same varieties 

and seed sources for the host, but using North American races 

of the pathogen • 
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LITERATURE REVIEW 

The infection process of the rust fungi (Uredinales), 

like other fungi, is influenced by environmental factors. 

With the rusts, environmental factors affect the infection 

type, number of pustules, and/or duration of the latent 

period of infection. The influence of temperature, light, 

and C02 level on uredospore development has 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 graminis Pers. f. sp • 

avenae Erikss. and Henn.) of oat varieties containing genes 

pg-3 and pg-4 (Welsh, 1937). This temperature effect was 

shown by Roberts and Moore (1956) to be a "local" reaction in 

the planto 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 27°C between 

day and night or vice versa did not affect the infection type 

of two oat isogenic lines (genes Pg-4 and pg-4) to race 6 of 

the oat stem rust organism (Gregory, 1966). Other data show­

ed that McMurachy wheat is normally susceptible at 240c to 

stem rust (P. graminis Pera. f. sp. tritici Erikss. and Henn.) 

but it was resistant when it was exposed to 16°c for 16 hours 

between 75 and 91 hours after inoculation (Forsyth, 1956). 

Some oat selections were immune from race 203of crown rust 
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(P. corO::l2.tc.. CCo.. var. avenae l?r2.Ger and Led.) at a "l:er.i"oeY'a-

ture of 22°0 but tbcy ~;,'Gre susceptib:e a t h~bhe:, tempera t-0.I'2S 

(fiosen aTld Bailey j 1957).. Sorne oa t varieties W828 suscep-c::"ble 

inocula ted as [:la ttire plants (Simons" 1954) .. ~-l..-nese 

varieties Nere susceptible at all stages of gl"ChTtC.. Vn6.er 

the extre:r~ely 10\'1 temperature J~r'ea-'cm8nts of ~ Oc -Che la-'cer.:.t 

period of ir..fec tion of ",rhea t s tem rJ.s t was lengthened to 70 
.. 

days (Me:ander. 1935). 

Bever (1933) ~ v~orking wi tú ?c.ccinia glur::arc.::~ (Sc:-:L:-:~.) 

E:r:-:"cks. dnd Henn .. and whea t found th8. t T,':i t:-:. a day 2. eng .ich 

longer than 12 hours" tne i~fecticn ty~e cnahged fro~ 4 to o. 
Response of tll.e host to quality oi' light is widely va.:."'iable 

among different host-pathogen pairs) as is the response to 

light intensi ty •. For ins -:'a:1.ce, naked ba:"-"l.ey infec ted I,'J~"'eh 

bio~cype 68-1 of -oro,:;'n rus t (p ... hord·ei O"'eth .. ) is :1eavily a t-

tacked in red or white light, 'cut t~.ot in ~l"C_e light. Ho~.'Jever) 

- when biotype 118-2 is \ .. :ced the leaves are at-cacl{ed ~n "t:l"G-e 

inocula ted T,lJi th Uro:nyces a9"gend::'ct~_la ~us Fr. shovred -r-hé.. t red 

anci green filters dia r.ot affect disease develo~Jr;ient 'out 2. 

blue filter had a depressing effect (Sempio) Ultra-

violet :::-adia tian, however.1 te~l.ded "'co repress 'che pus ¡;ule 

formation in t~e irradiated side of ~he lear .. 

U~d.er the normal sunlight oí' the UPP8::c' Eississippi 

Valley..1 plants of Hope vJnea t in various ;3 tages cE deve:opr.1.8r-~~~ 
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beyond the seedling stage appeared to have considerable re­

sistance to race 21 'of the stem rust fungus (Hart and Zapesky, 

1935). When light was reduced by shading, however, the plants 

were completely susceptible, just as in their seedling stage. 

Thus, Hart and Zapesky concluded Hope variety seems to have 

no protop1asmic resistance to race 21 when light intensity 

is reduced. Absence of 1ight during the 48 hours after inocu­

lation in sorne cases caused a local necrosis of host cel1s 

adjoining the focua of lnfection (Gaumann, 1950). At the 

same time, cereal plants grown in weak light were more resist­

ant to rust attack. This was due mainly to the tendency of 

the tissues to becorne necrotic. As light intensity increased, 

the leve1 of susceptibi1ity increased to a definite optirnurn. 

However, different host-pathogen pairs showed characteristic 

reactions to light. 

Gassner and Straib (1929) found that increasing tne 

concentration of CO2 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 1ight. The lack of CO2 

resulted in an increase in the 1atent period of infection of 

severa1 cereal rust diseases, and infection was less success­

ful. The normal CO2 content of the air was sufficient to 

faci1itate good infection, but infection could be improved 

by artificially increasing the amount of CO2 • However, they 

found that the optimum concentration for lnfection 1ay between 

0.2% and 0.7% of CO2 for the most important cereal rusts. 
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Rosen and Bailey (1957) found that oat varieties norrr¿lly 

resistant above 210 C to a race of crown rust were susceptible 

when plants were grown with C02 added to the atmosphere or 

when sucrose was applied to the leaves. In this case, the 

carbohydrate metabolites appeared to playa very important 

role in the host-pathogen system. The level of CO2 was found 

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

latus-bean system in any period of disease development 

(Sempio, 1938) • 
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'cory .. 
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Table l. Oat Varieties used in this study and their probable 
genotypes according to the original and the new 
standardized systema 

Variety 
or 

Cross 

Minrus 

Rich1and 

Jostrain 

Rodney 

Ada 

Abda 

New Garry 

Burnett 

G .I. 
or 
P.1. No. 

2144 

787 

2660 

6661 

7144 

7145 

6662 

6537 

Saia 4639 

Hajira X Joanette (H-J) 4023 

Eagle x C.I. 4023 8111 

Bonham 6102 

Gherokee 6003 

Nema ha 6004 

Clinton 6034 

IGA-Bacata 

Sac-SF x C.I. 6969 

Bt-SF x C.I. 6969 

Kyto sel. 2 

Markton 

221285 

5844 

2053 

Probable Genotype 

Original 
System 

D 

A 

E 

B 

AD 

ABD 

AB 

BD 

Standardized 
New System 

Pg-l 

Pg-2 

Pg-3 

Pg-4 

Pg-l,2 

Pg-l,2,4 

Pg-2,4 

Pg-l,4 

Undetermined Undetermined 

BEF pg-3,4,pg-8 

F pg-S 

D Pg-l 

D Pg-l 

D Pg-l 

D Pg-l 

BD 

BDE 

BDE 

Pg-l,4 

Pg-l,3,4 

Pg-l,3,4 

Undetermined Undetermined 

H pg-9 
abdef pg-l,2,3,4 

aSimons, Zillinsky & Jensen (1966) • 
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O; Hypersensitive flecks but not uredia presento 

Necrosis develops slowly. 

1, Uredia approximately 1 mm or less in diameter, sur­

rounded by chlorosis at 14 days and possible necrosis 

at 18 days. The uredia seldom become linear; they 

are nearly always circular. 

2. Uredia varying in size from smaller, 0.3 - 0.8 mm 

x 0.9 - 1.1 mm to larger, 0.5 - 0.6 rr~ x 2.5 - 3.0 

mm. A green island may surround the uredia and 

3. 

4. 

they may be marked by distinct or indistinct chloro­

tic rings. 

Uredia vary from 0.6 x 2.5 mm to 0.6 x 6.5 mm. 

Uredia are surrounded by varying degrees of chlorosis. 

Uredia vary from 1.5 x 3.5 mm to 2.5 x 6.0 mm or 

even longer. Pustules tend to be diamond shaped 

and pustu1es are surrounded by about 1 mm of 

chlorotic tissue regardless of the size of the 

sporulating area. 

X. Infection types 0;,1, and 2 (X=); or 0;,1,2, and 

3 (X~); or 2, 3, and 4 (X"') on the same leaf cons ~i-

tute a mesothetic (X) reaction. No mechanical sepa­

ration is possible. 

Besides the infection type, superscript "+" and JI_JI signs are 

used to distinguish the variation within a given reaction. For 

instance, /1++/1 indicates the upper and JI./I the lower limits 

for each type. A dash indica tes a continuous range of 



• 

.. 

10 

reaction. For instance, the reading 110; - 1+ 11 is read 

fleck dash one plus l1 and indica tes a continuous range from 

flecks to pus tules somewhat larger than those described as 

infection type l. 

Varietal Response to Light 

Light was supplied by Sylvania VHO cool white fluores­

cent bulbs for a l4-hr. photoperiod in Plant Growth Labsa . 

All varieties were tested under 1,000 ft-c and 3,500 ft-c. 

Light measurements were taken with a Weston Meter Model No • 

756. Ambient temperature was held during 3 experiments at 

200C ":!: l. 5°C and in another one a t 24°c + l. 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. 

lncandescent light was provided by General Electric 

75 PAR38/2 FL and 150 PAR 38/2 FL Cool Beam lamps. The 

lamps were located 62 cm aboye the tops of the pots so that 

the 75w and 150w bulbs gave 1,000 ft-c and 3,200 ft-c, 

respectively, at the level of the seedling leaves. 

aModel No. PGW-132 manufactured by the Percival 
Refrigeration Co., Des Moines, lowa. 
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RESULTS 

Effect of Light Intensities on Infection Types 

Cultures of Puccinia graminis avenae races 8A, lOA and 

llA were tested initially on all 22 oat varieties. The rust 

reactions to these races at low and high light intensities 

are presented in Table 2. The host-pathogen interactions 

were similar to those described with cultures of Colombian 

races 4A, 6B or C, and l3B (Browning et al., 1967). Plants 

kept in low light intensity had developed flecks by six days 

after inocula tion. Uredia were erumpent nine days after 

inoculation and a well developed primary sporulation was 

obtained by ten days. On the plants kept in high light 

intensity, flecks 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 

material 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-l or pg-8 are highly sensitive to 

light intensity. Figures 1 to 4 show the breakdown of resis­

tance conditioned by gene Pg-l in Bonham, Cherokee, Clinton 

and Nemaha varietie~ respectively. Differences from variety 

to variety 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 uredia1 development was more 
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Table 2. The effect of light intensitya on the infection type produccd by 

races of Puccinia ~raminis avenae on 22 varieties of oats 

Variety Reaction at designated light intensity 

or Probable Race llA Race lOA Race 8A 
Cross Genotype 1,000 3,000 1,000 3,000 1,000 3,uOO 

Minrus Pg-1 2 3:!: 2 3+ 2 3+ 

Bonham 11 2 3++ 2+ ++ 
2~ 3++ 3 

Cherokee If 2+ 3++ 2+ 3++ 2+ 3++ 

Nemaha 11 2+ 3++ 2+ 3++ 2+ 3++ 

Clinton 11 2+ 3++ 2+ 3++ 2+ 3++ 

• 
Richland Pg-2 4 4 4 4 4 4 

Jostrain Pg-3 0;-1+ 0;-1 X X:!: 4 4 

Rodney Pg-4 4 4 4 4 4 4 

Eagle x C.I. 402,3 pg-B 2 3: 2 3: 2 3+ 

C.I. 5844 pg-9 4 4+ 4 4+ 4 4+ 

Ada Pg-1,2 2+ 3++ 2+ 3++ 2+ 3++ 

Burnett Pg-l,4 2+ .3+ 2+ 3+ 2+ 3++ 

ICA-Bacata Pg-1,4 2+ 3+ 2+ 3+ 2+ ,3++ 

New Garry Pg-2,4 4 4 4 4 4 4 

• Abda Pg-l,2,4 2+ .3++ 2+ 3++ 2+ 3++ 

Sac-HJ x C .I. 6969 Pg-l,3,4 0;-1 0;-1 X X 2+ ,3++ 

Bt-SF x C.I. 6969 Pg-l,3,4 0;-1 0;-1 X X 2+ ,3++ 

Saia Undeter. 0;-1 0;-1 0;-1 0;-1 0;-1 0;-1 

K;¡rto sel 2 Undeter. 0;-1 0;-1 0;-1 0;-1 0;-1 0;-1 

Markton pg-1,2,3,4 4 4+ 4 4+ 4 4+ 

aLight intensity is given in foot candles. Light was supplied by Sylvan-
ia cool. white VHO f1uorescent lamps in a 200 C growth chamber. 



Fig. 1-3. Response of seed1ing oat leaves to culture 102 of 
Puccinia gramlnls avenae. The 1efthand group of 
leaves recelved 1,000 í't-c of 1ight, the righthand 
group 3,500 ft-c. Photoperiod was 14 hours, 
temperature 20oC. The photographs were taken 14 
days after inocu1ation. Fig. 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 graminis avenae. The lefthand group of 
1eaves received 1.000 ft-c of light. the righthand 
group 3.500 ft-c. Photoperiod was 14 hours. 
temperature 20°C. The photographs were taken 14 
days after inoculation. Fig. 4 shows the oat 
variety 'NemalJa' j Fig. 5. 'Burnett' j and B'ig. 6, 
'ICA Baca ta ' • 

• 

• 
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linear than in the others (Fig. 2-4). The response of 

varieties with genes Pg-l and pg-8 was not influenced by 

tempera tu re when i t was raised from 20 to 24 oC. Burnett and 

ICA-Bacata varieties (Fig. 5 and 6) are examp1es of the break­

down of resistance in plants with Pg-l,4 genes. pg-4 is a 

temperature sensitive gene (Roberts and Moore, 1956) with a 

critical point near 270 C, but the temperature level was kept 

below 20°C in this experimento The fungus sporu1ated less 

on ICA-Bacata than on Burnett. 

The interaction of varieties with genes Pg-2, Pg-4 and 

pg-l,2,3,4 with light intensity showed their infection types 

were not altered but their latent periods of infection were 

longer by at least two days, at the lower light intensity. 

Knowing the sensitivity of gene Pg-l to light, an experi­

ment was planned to determine when after inoculation light 

is effective in the breakdown of the resistance conditioned 

by gene Pg-l. Seedlings of Burnett and Clinton were inocu­

lated with culture 102 of race llA. After removal from the 

moist chamber the plants were kept in a growth chamber at 

1,000 ft-c for 14 hours/day throughout the experiment with 

the exception of those days they were se1ected to be kept 

at 3,500 ft-c per 14 hour/day (Fig. 7). Figure 8 shows 

graphically when after inocu1ation the exposition to high 

1ight intensity was effective in breaking down the resistance 

of gene Pg-1. Tne infection type increased (from 2-2+ to 

3! to 4-) as the exposition to intense light approached the 
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exposed to 3,500 ft-c of light. At other times plants 
were held at 1,000 ft-c. 
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eighth day after inooulation. It stabilized from the ninth 

to eleventh days, and then it deoreased again (3-3* to 3~ to 

2-2+). Thus, a olear breakdown was observed from the eighth 

to the eleventh day after inoculation (Fig. 8). Tnese re­

sults are similar to those obtained with Colombian raoes 

and Pg-l varieties (Instituto Colombiano Agropecuario, 1964). 

Secondary sporulation was present in all the plants exposed 

to high light intensity after the e1eventh day. This second­

ary sporulation was similar to that of Marquis wheat when 

plants were transferred from high to low temperature after 

rust sporulation had begun (Silverman, 1959). Plants receiv­

ing intense light for more than one day in the "critical 

breakdown period", eight to eleven days after inooulation, 

showed a more intense reaction and sporulation (infection 

type 3++- 4-) than those exposed one day on1y (infection 

type 3-3++). Plants exposed during all the time to high 

light intensity did not give a more complete breakdown than 

p1ants exposed three or four days to high light intensity 

during the "critical breakdown period". 

Jostrain with gene Pg-3, apparently was on1y changed 

by temperature (Fig. 9). It is sometimes difficult to get 

good infeotion with this variety. The outicle has a thick 

waxy 1ayer and rust deve10pment is slow. The response of 

Jostrain to temperature was quite olear but the possible 

1ight influence is uncertain. 

The Kyto selection which was tested with oulture 102 of 
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race llA, culture 105of race 6AF, and culture 106of race 

6AFH showed a resistant reaction to those races in the seed­

ling stage. The resistant reaction was not influenced by 

light intensity; however, when the temperature was increased 

to 24°C the reaction was mesothetic and at 28°c the infection 

type was 4 ++ (Fig. 10). Rus t developed on Kyto linearly 

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

a biological indicator for checking the temperature. 

Effect of Light Quality on Infection Type 

The influence of cool white fluorescent light was 

described 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 llA and varie­

ties with genes Pg-l and pg-8, these were selected to be 

tested with other light sources. 

Ultraviolet light experiment 

The ultraviolet experiment was designed to 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 to add light of this wavelength, which is natural­

ly present in sunlight. The response of oat plants contain­

ing genes Pg-l, pg-8, pg-l,2,3,4 and Kyto, in high and low 
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light intensi ti es wi th addi tional UV radia tion vlaS similar 

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

the latent period of infection and sporulation were not ob­

served either. 

Incandescent light experiment 

Richardson (19ó7) found that Cool Beam lamps (Fig. 12) 

appeared to be as effective as natural sunlight in supply­

ing the energy for fixation of CO2 and photosynthetic 

response in cotton. These lamps produce relatively less 

energy than sunlight at the shorter wavelengths but they 

produce proportionally more at longer wavelengths. Clinton· 

and Eagle x C.I. 4023, containing Pg-l and pg-8 genes, 

respectively, were inoculated with cúlture 102 of race llA. 

After removal from the moist chamber the plants were kept 

in a room where the temperature fluctuated between 18°C and 

2SoC. A spore germination test 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 eight (high intensity) and nine (low 

intensity) days after inoculation. Abundant secondary sporu­

lation was present in both intensities. The tendency of the 

uredial development was linear, especially in high intensitYi 

however, the infection type was a 2-2+ to 3- which is closer 



FiS. 12. Cool Beam incandescent 1ight experimento Left, 'C1into.1' and 'Eagle x C.I. 
4023' inocula ted wi th Culture 102of Puccinia grar.1inis avenae and exposed 
to 1,000 ft-c from 751'1 bu1bs; right, tne same varieties exposed to 3,000 
ft-c from 150w bulbs. Temperature was 2cl°C, photoperiod 14 hr. The 
photograph Vlas taken 15 days after inoculation. 

Fig. 13. Response of 'Clinton' oats inoculated wíth Culture 102of Puccínia graminis 
avenae and exposed to blue (left) and red (right) light by filtering light 
¡'rom 300w Cool Beam bulbs Vii th Cinamoid plastic sheets secured under the 
containers of water. Light intensity \'las 3,000 ft-c, temperature 28°c, 
pbotoperiod 14 hr. The photograph Has taken 9 days after inoculat1on. 

Fig. 14. Carbon dioxide experiment. PlaneS \'¡ere kept in the smal1 1IIi1a1' chambe1's 
inside a g1'ol'lth chamber and received 3,000 ft-c of light. Temperature 
... 'as 20°C, photoperiod 14 hr. CO2 Vlas supplied at 100, 300, and 3,000 
ppm in biolog1cal atmospheres with airo 
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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 experiment normally intercept two-thirds of the 

infrared radiation. The use of a container of distilled 

water probably eliminated most of the rerr~inder. Rust de-

velopment, however, was similar to that under incandescent 

lights without water to remo ve infrared. 

Table 3. Effect of light quality and intensity on reactions 
of Clinton and Eagle x C.I. 4023 oat varieties to 
Puccinia graminis avenae race llAculture 102 

Reactions at designated light quality and intensity 

Cool Wnite Cool Beam 
Variety (Fluorescent) (Incandescent) Red Blue 

l,OOOa 3,000 1,000 3,000 3,000 3,000 

Clinton 2-2+ 3-3++ 2--2+ 2+ 2+ 2=-2 

C.I. 8111 2=-2 3-3+ 2-2+ 2-2+ 2-2+ 2--2 

a Foot candles. 

Red light 

Seedlings of Clinton were inoculated with culture 102 

of race llA and after removal from the moist chamber the 

plants were kept in the same room with the incandescent 

experiment (Fig. 13). A Cinemoid number 6 plastic sheet 

limited radiation to the primary red (625-700 mulo 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-c throughout the experi­

mento First flecks were visible four days after inoculation, 

and sporulation began two days latero Full 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 uredia1 

size was about half of that of uredia which deve10ped under 

incandescent 1ight, and the infection type was 2-2+. 

Blue 1ight 

The Cinemoid number 20 p1astic sheet supp1ied the 

inocu1ated seedlings with a wavelength of 400 to 500 mu with 

a peak at 450 muo Transmission was rated at 0.5%. Early 

flecks on Clinton were visible six days after inoculation. 

Secondary sporulation was sparse and the uredia, in general, 

were circular in shape. The infection type was 2=-2 (Fig. 

11 and Table 3). 

The periphera1 ch1orotic ring associated with uredia 

which deve10ped in the blue, red, and incandescent 1ight 

treatments was very similar to that which deve10ped in the 

fluorescent low light intensity treatment. Experiments 

conducted with light intensities lower than 500 ft-c and 

bIue, red, or green filters resulted in poor deve10pment of 

both host and pathogen. Leaf tips became scalded in appear­

ance and the infection types were of a range from O; to 2=. 
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Spore germinatiol1 tests were run using the method of 

Hobbs (1958). The resulta are shown in Table 4. T.~e data 

show that germination was excellent for spores borne under 

fluoreseent light at both light intensities. The germination 

of spores borne under ineal1deseent light deereased in direct 

relation to the increase in light intensity. The effect 1¡¡as 

the same on Pg-l, pg-8 and Kyto varieties, but on the last 

the reduction was more severe. Reduction in germination v¡as 

present al so in spores borne under blue and red light. 

Table 4. Percentage germination of uredospores of Puccinia 
graminis avenae race llA culture 102 borne under 
dil'ferent condi tions of light quali ty and intensi ty 

Light quality Temperature Host variety and 

and intensity percentage germinationa 

in ft-c Oc Clinton C .1. 8111 Kyto 

Fluorescent 20 

1,000 98 99 99 

3,000 100 100 100 

Incandescent 28 

1,000 84 87 67 

3,000 39 66 29 

Red 28 

3,000 63 

Blue 28 

3,000 73 

aAverage of 250 spores in eaeh of 2 replications. 
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CarbOD Dioxide 8..r.lod Llgiy'c Ir:teractio:l 

• A.ftcl'~ beinc; :c-er;1oved frOúl tne tlJ.ois t charn.be:C')' infec "cee 

seeo.lir::gs e: .... Cli:1.to::L" Zc:.zle :x C .. I .. ~·023-, Ric~J.land.) Jos-'cr2.in 

and Ky"to varietles Kere lzcp.lc in bio2-og::'cal a traospieres aL 

thr¿8 different levels of C02 i~ air: 100, 300, and 3,000 

pprJ..o ::'he varieties 'Here inoc-J.lat2d Hitt. culture 102 of 

race 12...\. a.no cul tur'c 105 of r'ace 6Ai7 .. r¡>~'Ch cha' 7'-":-'e-'" !-:;:~ :;,-...... "",L.lo .... l ....... 4w \.l.. ..... 0. 

lL)ha"CO o" ~. ~~Q ~ P ~s~ one of each variety i:1oculated ¡\.ji th e2.C~ 

of tbe ro.s t c-J.l tures. A thermotleter Kas suspended in tne 

a2..r space bet¡>ieen pot,s.. One ex~erirr~ent was FL.L.'l. wi th a 

.i.- ~ C'o 2:;~o ~. -1 SOll .., +-h t ~AV"" -;.. .., rO,...... vempe::::a cure 01 0 - • v al-j.Q ano ~1 sr O:-le a. - LU - ..L.:J v .. 

The sr:J2.11 chambers wel."'"'e kept in a gl/")ovlth cham'ce~"-' a:::.d plants 

in thel11 receivea. 3,,000 ft-c 01'""> light. Corl1p:cessed airo T.\!3..S 

forced into each c.har:lber cor.l.tir:.uously and i t. v·ras eXl18.US ted 

t11YLl a glass tube. The h"J.m:..dl. ty ti1as 1007& i¡¡ the sc;.all 

chambers. Data were takc:1 and spor0 gerr.1ina ~ions VJere mace 

15 days after inoculatio~. 

Da.ta on infection t;)rpe" temperature ei."'fect", ai-:d s)o:.ne 

gernination are p::--esen.iceci i::l Tables 5) 6" a:r:.d. 7. ?le:cl{s 

appeared on all varieties four d.ays alter inoculation at 

both 300 anQ 3,. 000 ppm of C02. A t 100 ppm f~ec:ts liere )l"e-

Cli::1ton and Eagle .x e .. l. 4023 needed seven dé..Ys. EY'"J.:rLp'2r ... t 

uredia Vlcre observed. eight and nine Qays after inoculé.. ::io:~ 

at 300 ar..d 3" oca ppr.." respec ti vely. Spor1.;..la tio:'": \\lél8 2.b1..L1.da:''1t 

on a11 varieties. T~'1e development of -Che infection type 2 
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Table 5. Response to temperature and C02 concentration of 5 oat varieties inoculat-
ed with Puccinia graminis avenae culture 102 of race llA and culture 105 
of race 6AF, ligh~intensity 3,000 ft-c. 

28°c 200 C 

Variety 100 ppm 3,000 ppm 100 ppm 300 ppm 3,000 ppm 
or 

Cross lOA 6AF lOA 6AF lOA 6AF lOA 6AF lOA 6AF 

Clinton 2~ 4 3'" 4 2= 4 st 4 3++ 4 

Eagle x C.I. 4023 1-,2- 4 3+ 4 1-2~ 4 3t. lf 3* 4 

Jostrain xH 4 x++ 4 O; -1+ 4 + lf 0;-1+ 4 Oj-l LV 
LV 

Kyto-2 4 4 4 4 Oj -1+ + Oj-l + O j-l Oj -1+ 0;-1+ O; -1+ 

Richland 4 4 4 4 4 4 4 4 lf 4 
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Table 6. Effect of different cO2 concentrations and light 
intensities on rust reactions of five oat varieties 
inoculated with Puccinia graminis avenae race llA 
cul ture 102, tempera tu re 200 e 

e02 Light 
Level Intensity Host varieties and rust reactions 
ppm ft-c 

Clinton Richland Jostrain e .I. 8nl Kyto 

100 3,000 2_a 4_a Ojla 2=a Oj-l 

300 11 3+ 4 x= 3':- o· ,+ ,-" 
500 11 3+ 4;- xi" 3 Oj -1 + 

3,000 11 3+ 4+ x- 3 Oj-l + 

500 1,000 2 4 0;-1 2:; O - + ;-.1 

aDelayed sporulation. 

Table 7. Percentage germination of uredospores of Puccinia 
graminis avenae race llA culture 102 borne at 200 e 
under different conditions of e02 concentration and 
light intensity 

e02 Light 
Level Intensity Host variety and percentage germinationa 
ppm ft-c 

Clinton Richland Jostrain e.I. 8nl Kyto 

100 3,000 100 100 100 100 100 

300 11 100 99 100 100 100 

500 11 100 99 100 99 100 

3,000 11 100 100 98 100 99 

500 1,000 99 98 99 99 99 

a 
Average of 250 spores in each of 2 replications. 
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Fig. 15. Inerease in infeetion type with inereasing CO2 
leve1 of four oat varieties inoeu1ated with a 
eu1'~ure of raee 11A 01' Pueeinia graminis avenae. 
Dotted arrow points out the theoretieal CO2 level 
¡,sed at 10w 1ight intensity by pg-1 and pg-tl 
variety. Light intensity 3,000 1't-e and tempera­
ture 200 



Fig. 16 and 17. Response of seedling oat 1eaves to Culture 
102 of Puccinia graminis avenae at different 
CO2 concentrations. From left to right each 
leaf pair received, respectively, 100, 300, 
3,000, and 500 ppm at 3,000 ft-c of light. 
The righthand pair of lea ves received 500 
ppm of cO2 at 1,000 ft-c. F5g. 16 shows 
leaves Di' 'Eagle x C.I. 4023', and Fig. 
17, , Clinton' • 

Fig. 18. Response of seedllng leaves of the oat varlety 
'Kyto' to Culture 102 of Puccinia graminis avenae 
at 100 ppm of C02 (left 3 leaves), 300 ppm (center 
3 leaves) and 3,000 ppm (right 3 leaves). Light 
intensity was 3,000 ft-c, temperature 20°C, photo­
period 14 hr. The photograph was talcen 15 days 
after inoculation. 
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Since tests of spore germination were not made later, data 

are not available on spore vigor after a period of storage • 



, 
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DISCUSSION 

The infection type 3t is the only reaction norrrally pro­

duced in the Colombian highlands on varieties containing genes 

Pg-l and pg-8 by races of P¡;ccinia 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 Iowa 

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 peculiar 

to Colombian races, 1 selected several isolates of North 

American races of tne oat stem rust fungus, ana several 

varieties with genes Pg-l and pg-8 and tested these in all 

combinations under condi tions vle 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-l and pg-8, develop in more or less 

direct proportion to the amount of light incident on the 

leaL Therefore, my study snovled 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-l and pg-8 at different light inten­

sities. 

Varieties with genes Pg-2, Pg-3, and pg-4 appeared co 
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be insensitive to light, except that the latent period of 

infection 1s longer, by at least two days, at low light 

intensity. 

Studies previous to those of Browning, et al. (1967) on 

the effect of light intensity ciid not detect the breakdovm 

of resistance in intense 11ght. The main reasons were the 

use of rust races and host varieties with genes not sensitive 

to intense light or the use of insufficient light (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 10w intens1ties (100 ft-c) 

were sufficient for extensive growth of mycelium hut there 

was very poor sporulation. He said that a 1ight intensity 

of 3,500 ft-c or higher intensified the primary anci secondary 

sporu1ation. Emge (1958) found that the infection-type 

structures of Puccinia graminis tritici deve10ped on arti­

ficial substrates only under these environmental conciitions: 

A light intensity of 2,000-5,000 ft-c and a temperature of 

25°C to 28°c. With light-sensitive oat varieties, it is 

clear that a level of 3,500 ft-c is sufficient to break down 

resistance and the temperature level (within, say 150 -300C) 

. has no influence. 

The resistance breakdown inc·reased after flecking and 

it was sharp in the period between the opening of uredia (8 

days after inoculation) and full sporu1ation (11 days after 

inocu1ation). Many physiological changes have been found to 
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occur during this critical periodo 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 phenols 

in resistant plants with a peak on the 7th day after inocula­

tion, and a subseqc;ent decrease in the phenolic concentration. 

Susceptible varieties increased the phenolic concentration 

after flecks appeared without a reduction in phenolic 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 infected and control plants. 

However, a rapid 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-insoluble 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 

nuclei 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 infection. 
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Shaw (1963:282) stated that, "Since genes control the 

production of enzyme protein and since there is a gene-for­

gene relationship in host-parasite systems, susceptibility 

to rust depends upon the controlled format10n of ind~ced 

enzymes -- in other words upon an ordered aberration of 

synthetic processes in the host cell." Thus, it 1s probable 

that a mechanism like that suggested by Shaw (1963) is work­

ing in varieties containing genes Pg-l 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 invo1ved differentia1ly 

or, the effect of intense light may be only on the total 

photosynthate. Therefore, light quality and CO2 experiments 

were conducted to further elucidate these points. Coo1 Beam 

incandescent and red light at an intensity of 3,000 ft-c 

produced a 1atent period of infection shorter than that 

produced in blue 1ight and also abundant secondary sporula­

tion; however, there was no breakdownof resistance. F1uores­

cent 1ight at 3,000 ft-c resulted in the same latent period 

of infection as that from incandescent; however, there was 

no secondary sporulation but a clear resistance breakdovm 

was observed. Da1y (1964) found that in wheat the use of 

fluorescent lights ennances sporulation by the stem rust 

fungus in comparison with the use of f1uorescent plUS 



, 

• 

in.c2..ndcsccnt lights.. Yly rS;::".llts al~o ~UZ2;est ths..t é:.rJ. &.\....8-
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o1':.e i8 :::ccessary to oD\:ain th8 cll.ange ::'n rus t in:'ec t::"'OD types. 

It i3 clear th3..t a potentially satisf2..ctory 3:H rz.tio i:lilJ.. 

r..O"c \',Tork alone if ligh.lc intensi ty ~8 lirr~i ting .. '3.'1i3 cOuld be 

~he difference bet~een 1-,000 ft-c and 3~COO ft-c ::'n fluores-

ce~lt light .. Andreeva and Korozneva f -¡ Cio"'" ~ \ \...1-,.. ¡) faund tt.3. t ="0':: 

li.ght in'~ensi~cy is the cause 0-: the a'os8[' .. ce 01' diffe::'ci ... ce 

bet·d8CD bl~e s.nd rec. liGht on c¿ü..2.nti ta ti ve 2.mi:'1o-o.cid. composi-

oi' lisht not only ::"nfluences tne total rate oi' amil.i.o-acid 
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Ficld observations of Pg-l varieties in Color;.'~b:':"2. aúe 
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11 S r:12.1 1 pus tule trai t1! \-'i~'1ich covered all the Dl2.nt T,':a.S .lehe 

CO:r.:rDE f'ield reac tior... in Color:'Loia (Kru11 et al., lS~65) • 

Pg-2. "\larieties." however." presented 7u.st-free ps..nlc::'es a:l.C:. a 
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slight rust attaek at the base of the internode in Iowa (Dr. 

J. Artie Browning, personal communieation). Climatic condi­

tions also differ between Iowa and Colombia. Iowa has long, 

cloud-free days during the rust season (June-July), while Co­

lombia has short ana variable cloudy to bright days. Inten­

sity readings indieate a higher maximum light intensity (to 

19,000 ft-c) in Colombia than in Iowa (maxlmum about 14,000 

ft-c); however, a greater total insolatlon is present in 

Iowa. The light intensity difference could not be a critical 

factor knowing that plants will need only one-third to one­

fourth of that radiation (Loomis, 1949) but the probable 

effect of light quality and especially the B:R ratio is 

important. Observations at different latitudes shov;ed that 

the B:R ratio naturally varies somewhat depending upon the 

latitude (Johnson, 1966). Ris measurements during the day 

showed a significant decrease in the B:R ratio at sunrise 

and sunset, an increase under cloudy days and a ratio clearly 

higher or close to one during sunny days. Since there is a 

-mueh higher percentage cloud eover in Colombia than in Iowa 

during the rust season, it fo110ws that the B:R ratio must 

be higher there and suggests that this rather than intensity 

per se may be responsible for the "smal1 pustule" reaction 

of Pg-l lines. 

Spores borne under cool white fluoreseent light germi­

nated almost 100%. Blue, red, and Cool Beam incanaescent, 

however, affected the germination process adversely. Dillon 
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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 e02 levels 

did not influence temperature sensitive varieties. The 

resistant response to a high light intensity (3,000 ft-c) 

at a low e02 level should be similar to that of a low light 

intensity (1,000 ft-c) with a high e02 concentration (500 

ppm). The hypothetical value of 180 ppm of e02 (Fig. 15) 

could be considered as the critical e02 level to hold the 

resistant infection types regardless of the light intensity • 

Also, a value of light intensity lower than 1,000 ft-c 

should hold the same resistant infection type regardless of 

the CO2 level. 

The influence of light and CO2 level was attributed by 

Gassner and Straib (1929) and Gassner (1930) to changes in 

metabolism and particu1arly 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 oat selections, e.I. 

7908, exposed to e1402 in the dark nine days after inocula­

tion wi th Puccinia g·raminis avenae race 6AF showed a high 

level of radioactivity at the infection site (Mirocha and 

Zaki, 1965). The uredial area was the highest in radio-

ac ti vi ty, bu t radioac ti vi ty was comrnon ''ihere mycelium was 

presento The importance of the dark fixation of CO2 was not 

observed until sporulation occurred (Daly and Livne, 1966). 
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However, the dark CO2 fixation \'1as considered a function of 

host metabolism and it was regulated by norrr~l host functions • 

The flow rate of CO2, 20 litersjhour, was very low. This 

factor further decreased the original CO2 concentrations of 

100 and 300 ppm. The CO2 level of 3,000 ppm decreasea also 

but it wouldnot have become limiting. Thus, the air move-

ment system of the regular gro\.¡th chambers supplied a high 

and nearly constant CO2 level but this aerodyrBmic process 

was not possible in the small grov¡th chamber due to the low 

flow rateo Some workers considerea that CO2 experiments 

should be made with single leaves (Bjorkman and Holrr~re, 

1963) and others saia that 5 litersjhour was enough in a 

chamber of 1,500 ce holding 30 oat seedlings (Harrison, 1965). 

A more sophisticated method could be adapted to keep a con­

stant concentration of CO2 (Goldworthy, 1965); however, the 

way in which the experiment was conducted was accurate enough 

for i ts purpose. 

The comparison between incandescent ana fluorescent 

light influence (Fig. 11) was made with the limitations of 

differential sensitivity of the l\Teston meter. Further, it 

\'las used in a position perpendicular to the light axis while 

the oat leaves were oriented parallel to the light axis (Fig. 

12 ana 13). Light was diffuse ana 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 critically for 

their possible influence on infection type. Rowever, be­

cause of the difficulty of measuring leaf temperatures 

accurately, temperature-sensitive biological entities were 

used. Kyto and Jostrain varieties responded to temperature 

differences as little as 4°C. These varieties were used in 

all critical experiments to sense and IIrecord biologically" 

undesirably high temperatures • 
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SUM!flARY 

Light intensity experiments indicated that seedlings of 

oat varieties containing genes Pg-l and pg-8 lose their 

resistance at high light intensity to Puccinia graminis 

avenae races lOA, SA, and llA to which they give moderate 

resistance at low light intensity. 

The reactions at different light intensities oí varieties 

wi th genes Pg-l, Pg-2, Pg-3, pg-4, and pg-SJ to cultures of 

Puccinia graminis avenae designated by the Cooperative Rust 

Laboratory, Sto Faul, Minnesota, as of subraces lOA, SA, and 

llA, are the sama as reactlons to cultures designated by the 

Instituto Colombiano Agropecurio as of subraces 4B, 6B (or 

6c) and l3B, respectively. 

Therefore, Colombian races and North American races do 

not appear to differ in their pathogenecity genes for these 

varieties. 

The critical period of breakdown for lines with gene 

Pg-l (i.e. Clinton and Burnett) is about 7-12 days following 

inoculation. Secondary sporulation after nine days \'1as 

observed as a response to high light 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, but sporulation began two 

days later with bIue Iight. Light quaIity experiments with 
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intensities lower than 500 ft-c resulted in poor development 

of both the host and the pathocen. 

Breakdown is more complete wi th fluorescent than ',Ii th 

incandescent light, but it is not inf1uenced by the distance 

of the plants from the light source if the intensity is the 

same. 

A ratio of B1ue: Red of ¡aore than 1 ra ther than the 

individual influence of b1ue or red I'lavelengths or even of 

intensity per se is suggested as the cause of the breakdown. 

Carbon dioxide experiments showed that the light inten-

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 

light or high concentration of C02' or both, the attacl( will 

approach the infection type 4, and the 1atent period of 

infection wil1 be shorter. This is true with light sensitive 

varieties but not with temperature sensitive varieties, even 

with high levels of CO2 • Increased photosynthate, therefore, 

is probably the direct cause of increased rust development 

on varieties with genes Pg-l and pg-8. 

Kyto is a temperature-sensitive variety. It is resistant 

in the seedling stage to races lOA, O
'" 
. , 6AF and 6AFH belo\'l 

20°C but it is completely susceptible aboye 240 C. The infec­

tion type and latent period of infection is the same under 

different CO2 concentrations unless it is changed by tempera-

ture. 
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Different parasite-host pairs show characteristic reac­

tions to light; this includes a wide range of response within 

varieties apparently having the same genotype, especially 

pg-l varieties. 
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