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GREENHOUSE STUDIES ON
THE RELATIORSHIP OF AGE OF WHEAT PLARTS 70 INFECTION
BY PUCCISIA GRAMINIS TRITICI
By
¥. Bade
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INTRODUCTION
The resistance of wheat to the stem-rust organiem (Puccinia greminis i
triticl) bes boen under investigation for a mumber of yesrs. A4lthough rust
resistence hes been investigated from warious angles, there still remeins a
question es to the psture of resistance, the time when resistance first appesss
4n plants and whethor or not it is of a stable charecter. Peltier (11) found |
infestion on sheat plants; Miss Bart (5) proved thet stomatal behovior wes very
_anmmwmm(nmmm
hapitonce of rust resistance and found it to be of 2 fairly stable character.
~ Though heredity may plsy & large part in resistance, seversl investige-
tors, Johnston and Melchers (7), Stakman and Peimeisel (14) heve moted varia-
tions in resction to rust evem in the seme variety of wheat end have found
that msrked differences occur coincident with differences in age of the sheat
plant. Johnston and Melchers (7) in their work on leaf rust (puceinis tritiei-
an), stated that “oertain verieties of wheat, very susceptidle to lsaf rust
Fhysislogic form 9 in the sesdling stage, are highly resistsnt et heading time.
Yaristies resistant or rust free in the seedling stage are resistant at all
stages of growth.,* Stakman snd Peimeisel (14) found that seedlings of some
@rasses became infected with rust more readily them old plants of the same
species, MNelchers and Parker (10) concluded that "planta showing sertain ef-
fects from rust when inoculated in the secdling stage may heve an emtirely
~ different resction to the seme orgenise at time of heading.” Puttick (12) like-
wise found that seedling plants were infected very ssaily while it was much
sore difficult for older plants to become infected. Finslly Mains and Jacksom
| €9)s in their studies on physiologicsl forms of Puceinia triticins, found that
Lﬂ%d“t“mcﬂy*ﬁy%cmm_‘l
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MATERIALS ARD METHODS
 This experiment wes started in the winter of 192030, but due %o the
Mmmpmnmmmmmlammmm;&.nmm
ﬂwa&dmwmm.mmnwmmmmmm
m It msy be noted, however, that & high degree of infection was obe
on Msrquis wheat under these conditions. York was started amew in the
'h'xm.mwuuumumwtmuam
@ranints tritiel. The letter wes secured through the courtesy of the rust |
“mammmwswm
Narquis and Kota sheats were selected because of their high suscepti-
%umu(mmrms),umwmmm{m. The ||
planta were grown in siz-inch pots, five plants to each pot. Fifty plants of ||
each were gromn, twenty-five used for the seedling tests and twenty-Tive per-
aitted to reach maturity before they were inoeculsted.

A good stock culture of inoculum was secured by imoculating and ree |
inoculating small seedlings of Little Clud wheat, Plants to be inoculsted with
the original culture were molstened with sn ateaiser and the uredospores were I
transferred to them by means of s fine brush. The plants were then placed in |
& molst chember for 48 hours end at the end of 24 hours end 58 hours they were
spreyed with distilled water. This afforded the most fmvorshble conditions for
'ﬁ-mhma. After incubstion the imoeulsted plants were
placed on the greemhouse bemch, Re-inoeulstion to secure & good stock culture
was made Ly shaking a pot of heavily rusted plants over new ssedlings., Trens-
fa‘mw-nﬂrudatok-spnpoﬂmm#ﬁaﬂomum‘
L ¥hen the experimental plants had reached the desired stage of growth J
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_ they were placed in e moist chamber end the lesves and stems wore moistened with

& fine spray of water. Inoculations wers made by sheking the infected plants

of the stock culturs above the experimentsl plsnts, which trestment afforded a
uniforn distritution of spores. The plants were then cared for in the same way
as those of the original culture. ‘

The plants used were inoculated st two different steges of growth, half
at the scedling stags, which was taken two weeks after sowing, snd half at the
beading stage, taken as soon as the head emerged from the boot. Obssrvations
were made daily, after five days, to watch the development of infection.

In téking the final data, plants showing the sversge infection were com-
sidered and the class of rust reaction in each case was recorded as given Yy
Stekmen and Levine (13).

EXPERTMENTAL RESULTS |

The results are summarized in Tsble I and substantliated by Pigures 1, 2,
8, and 4, photogrephs of Marquis and Kota shests showing the infeetion obtained
at the two steges of growth. 4

Following the 5th day after inoculstion, daily observations were made
and the rust development was watched very closely. The seedlings of both Narquis
and Kots showed necrotic aress at the end of the sixth day. Upom the develop-
#ﬂh%ﬁ%&mmmwmlmw
and when the pustulss were fully developed, the necrotic aress were practically
gme, The pustules of the resulting infection were quite lsrge and typical of
those clessed as 4 infection, Stekmen and Levine (15). Photogrephs 1 and 3 were
One set of seedling plants showsd very little rust infeetion, which wes some-
what pussling until it was found that one of the members of the greemhouse
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staff had done some sulpbur dusting ths dey thet the plants were placed on the
main bench, The sversge seedlings of the other sets, which wers inoculated &
day later, rescted s shown in figures 1 snd 3 and the rust development was
quite high. ‘ '

The mature plants after inoculation first showed mimute hyperssnsitive
flocks beosme slightly larger though after twelve days' incubation they were
st11 quite smsll, os 1s shown in figures 2 and 4. Gospering the types of im~ ||
mmdnwmmﬂmmﬁ.nmawmu”
eeptidility 1s obvious; the infection on the sesdlings gave rise o very pro=
nounced pustules while the infection on the meture plants consisted of hyper-
sensitive flecks.

The resctions obtained from the two steges of Marquis and Kots whests
show that thore 15 o merked chenge in the degree of susceptibility to Puceinis
greninis tritiel physiologic form 38, renging from very susceptible in the

DISCUSSION
This experiment has shown thet the varieties of wheat used (Marquis
and Kota) may be highly susceptille to = definite physiologic form of the stem=
rust fungus in the seedling stage and moderately resistant %o the same form of
rust at the hesding stage. Whether or not the same reaction would take place
6 Gstarnl 13004 eenditions 1o Supossidle te delmnine wiilunt raming s setes
of tests under these conditions for, as showmn ly Johnston snd Nelchers (7),
wvaristies of whest exhibiting o high degree of resistance to lesf rust under
greenhouse conditions showed unmistakable signs of lowered resistance under
field conditions. Just what causes this chenge in susceptidility is still i
questionable although several theories heve beem advanmced to secount for it.
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Hiss Helem Hart (5) states, "Such accurste observations and experiments as heve
h-mmummaMsmathuumww
inis tritici, nsmely, physiologicsl snd morphological.® Miss Hart has slse
shomn that there may de a third factor, viz. in stometal behavior, since the
.Mmmmmarumwm;-mm The germ tubes
of the rust fungus enter the plant only through the stometa, Bert (85), and
drtiur {11) end since the stomata of seedlings and of rspidly growing plents
Open soconer in the day and remain open for a longer period of time than those
o older plants they may bave direet influense upon the degres of rust infec

'_ In my studies, Kota and Harquis wheats both show considersble flecking
@ven when inoculated in the hesding stege, which 1s evidence enough that the ﬂ
fungus gern tubes must heve entered end given rise to grosths of mycelinm in the |
$ssues of the hosts. From this 1t appears that the behavior of stomata has
*MW&!&&uatwﬁth&amﬁrm«afﬁcmﬁm
on these sheat varieties. Miss Hart (5) found that the stomats of these varie-
%les opened early in the morning snd resained open until late in the aftermocom ||
and the time that the stomsta remained open was greater in scedlings then in
*M.wm.ﬁammtorwmwhwmnml
then in sdults. BDvidently, them, there is something else, either in the struce
tare of the meture plant or the materials within the cells, that is detrimental
%0 the development of the rust fumgus after it bos entered the tissuee of the
host,

Peltier (11) found thet the development of rust was greatly influenced
1y envirommental conditions such as soil tempereture, soil moisture, air temper-
ature and husidity. The effsct of soil temperzture and molsture would influence
the rate and type of growth of the plants but had little, if any direct ine
flusnee upon the degree of rust infectiom secured, while air temperstures vary-
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4ng betwoen 69°F and 7697 seemed to be the optimm temperature for good rust in-
fostion. In genersl, he found that temparatures favorsble for good plsnt growth
wors much the seme as those &t which the rust fungus would best develop. Bne
mwuaumxdmammmsmgmwfmm
sppeared in the young and mature whest planmts of my investigation, for these
eemditions were kept as neer alike ss possible for both sets of plants.

© Bursh (6) has shown that the amount of selerenclyne tissus is verisble
iMwumgmm&e,utmmbth;mp
mnmnm.mmuzmarmmmn

mﬁlm the latter being confined to small regions between the
MMM He has also shown thst the latersl extent of mycelium
Wtsmwmmm In Kota wheat whers the
Mnuummupm,mmmu,mmmmu—
&u—,mmmnm while in Little Clud, where sclerenchyma is
Sosrce, the resulting pustules have greater width, which indicates that the
mycelium hes spread over 2 larger arez. Now if sclerenchyma tissue in adult
plants is more sbundant and better differmntisted than in seedlings, it follows
that infection, even though equal in the tmo ages, would be the more consploucus
n the seedling, in which case the differences in infection betwesn seedlings
dmummnmmtmm It should be added, however, that
%Mummwwmmamu
viable spores, in the adult plsmis infection progresses only far emough im an
oqusl period of time to produce flecking in the tissues.

Whatever camuses the resistance, thmunmam&ﬂamﬁp

different ages of plamts, has some direct effest upom it.
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In the work ecmaried out for this repori, only greemhouss observations
were madej 00 results were obtained under field conditlons. Therefore the
smdmmmmuumm.mumwam
m;,mummwamm.ngmm. The mature plants
msy or msy not show the same degree of resistance in field conditions that they
showed in the greenhouse tests. Fleld tests would have to be carried out before
any eomelusions in regard to rust reaction under field conditions would be
fisble.

In connection with the feilure of ame set of inoculated seedlings to re~
act o the rust inoculum after sulphur dust wes used in the greenhouse, the ﬁ
works of Lambert and Stakman (8), Bailey and Gresney (2), and Broadfoot (3)
may be mentioned. Bsiley and Greeney (2), in their work on sulphur dusting for ||
control of wheat rust, found that rust development and damage dome to rust
oould be grestly reduced ty spplying sulphur dust to the plants. More bushels
per acre were received from the dusted plots then from the undusted plots. Lam-
bert end Stakmen (8) concluded that stem rust of whest eould be controlled by
mmmu_u&;mmmm Brosdfoot (3) found that rust
losses could be grestly reduced by using Kolo Dust. With three appliestions he
received as high as 80.2 per cent reduction in the amount of stem rust and s
ST.1 per osnt incresse in yicld. From the work of these investigators, the
fallure of rust to develop on ths one set of seedlings can possibly be sccounted
for, The plants were very moist st the time and & large amount of sulphur dust
was applied to sll plants in the greenhouse with the object of checking mildews
sod red spiders. That the sulphur dust must also have had & very definite off
mmmgmmmuumum
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CORCLUSIONS

From the greenhouse studlies carried on in this work it is evident that
mamwmmzmsmmnﬁamumm
Y Puceinia greminis tritici, physiologic form 38, as they grow from seedlings
to mature plants. mmw«:mpum, this fact is of im-
mmum-nmmmxy.mmunnmmmu-
waxd saturity before the rust organism is avellable in the uredospore condition,
and when the uredospore stage is reached, the older plsnts will be more resiste
@6 o yust Safestion. Sevewsr, 16 sst bs kupt in uind that sy investigetien
deslt with only one physioclogic form of stem ruste.

SUMMARY

1. Wmmnmmnsﬁam”u
College.

2. Two varieties of sheat were useds Marguis snd Kota.

8s Uredospores of physiologic form 38 of Puccinia greminis triticl were
wmm

L Mu-ﬁom&acﬂlamtmmﬂoﬁuofmntm
possess low resistance in the seedling stage, their resistance incrsases notico-
ably as they approach maturity.

In conclusion, I wish to Shank Prof, E. i. Walker for his sssistence
end miggestions throughout the izvestigetion. I also wish to thesk Dr. Werd L.
¥iller for his helpful criticis im the writing of this report emd for his kind
sssistance throughout the investigation. The writer is also indebted to Dr.
E. O, Stakman of the University of Himnesota for suggestions snd for rust
 imoculum used in this investigstion.
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Table II
_ (After Stekmen & Levine(®))
Mammﬁumurywmmaxwﬁmm
by Biologic Forms of Puccinis Grawinis on Varieties of Wheat

* Zepos of Infectlon
0 - Tmemz Fadae
No uredinie developed; hypersensitive flecks usually present,
,"";,77‘MWMhsthWmMefmh-
 veslons in the host tissues.
&wﬂm
. Uredinis minute and isolated; surrounded by sherp, contimuous,
hypersensitive, necrotic areas,
2 = NODERATELY RESISTANT
’ Uredinia isolated and small to medium in sizej hypersensitive
'mmnmrmoxmmm»m;m
often in green, but slightly chlorotic, islends.
$ = MODERATELY SUSCEPTIBLE _
Uredinia medium in aize; coslescencs infrequent; development of
rust somewhat subnormalj true hypersensitivencss ebsenis dalmm
areas, however, may be present.
4 - VERY SUSCEPTIBLE
Uredinia large, mumerous snd confluemdtj true hypersensitivencss
entirely sbsent, tut chlorosis may be present when cultural conditions
ars unfavorsble,
X - HETEROGENEOUS ’ - I
Uredinia very wariable, apperently including all types and

E . .
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~ blej on reinoculation smell uredinis msy produce large ones, and vice

Degrees of Infection
. '
Uredinia very few in mumber snd covering = limited surfaces
, development of rust generally poor and decidedly sulmormal.
| Rust development below normsl, but someshet better tham “trece.
- Verfation in rust development from ®slight® to “considerable;
when infection is uniform but only medium in queniity the symbol is
ondtted.
.~ Infection better them mormel; uredinis fairly mmerous end
scattered.
(+4) ~ ABUBDaNT
Iaxurisnt development of rust; uredinia very meny, covering
large ares of affected host.

(3) =~ Bypersensitive flecks
(«)} = Hecrotic lesions

_ degrees of infection on the same bladej no mechenical separation possi-
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Fig. 1

Pig. 2

Fig. &

Fig. 4

Explagetion of Flaies

. Hakeld

m«tmmmuﬁ
Puceinia

grauinis tri
{a) rust pustules

Sections of meture stems of Harguis wheat in-
fected with Puccinis granminis tritici
* {b) fleeking due to rust infegtion

Pate I

mammwu&»m
graninis triticd
(o) rust pustules

Scotions of meture stems of Kato whest infected
with Puccinia grosinis tritici
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