AN INVESTIGATION OF PUCCINIA CYNODONTIS LACROIX,

THE PATHOGEN OF THE RUST OF BERMUDAGRASS

By
JOSEPH MARTIN XARGAS, JR.
Bachelor of Science
University of Rhode Island
Kingston, Rhode Island

1963

Submitted to the faculty of the Graduate School of
the Oklahoma State University
in partial fulfillment of the reqguirements
for the degree of
MASTER OF SCIENCE
August, 1965



e
AN INVESTIGATION OF PUCCINIA CYNODONTIS LACROIX,
THE PATHOGEN COF THE RUST OF BERMUDAGRASS
Thesis Approved:
T}j:%? Adviyi'
V4 . . g
ry\/f Q} s JA Ve Cd/éz/% N
| /o
0
77 2 . %&(\

Dgati of the Graduate School

 Gh R G I
301854

ii



ACKNOWLEDGMENT'S

The author wishes to thank Dr. Harry €. Young, Jr. for constructive
criticism during the course of this study and in preparation of the
manuscript. Acknowledgment also is due Dr. Lloyd A. Brinkeihoff and
Dr. John E. Thomaes for offering helpful suggestions pertaining to the
manuscript. To my wife Mary Ann the author wishes to express thanks for

assistance, patience and understanding.

1ii



TABLE

INTRODUCTION ¢ o o o o o o o o
LITERATUREREVIEW.......;
” MA&ERIAL AND METHODS o « ¢ o o o
‘RESULTS

Description of the Pathogen
Urediospore Germination . »
Infection Process « o » o o
Incubation Period e v o o o
Urediospore Storage + « o »
Physiologlc Specialization
Alternate HOST o« e o o o o

DISCUSSION L] ° L] ° * ° ° * L] » »0

L L o ¢ @ [ *® * L L ° *

SUMMARY

LITERATURECITED»....»..

[} L] L] [ ] [ ] ° ®

OF CONTENTS

o o ¢ o © o
o 6 o & a o
& o o & @ e
* 2 o o e @
@ © € © o
@ o e © o o
s ¢ o 9 o o

iv

* ® ° L ] L ] @ ©

* © - ° [ ] @ ®

» & e @ o @ 9

L ] L] [\ ° * [ ] ®

o ® L L3 ° © *

® e o o @ o @

[ ] * L] [ ] * * [ ]

* L] L] L [ ] L] L]

[ ] [ ] L * * L] &

Page



Table

X

II.

III.

ViI.

VIII.

LIST OF TABLES

Tﬁe Percent of Germination of Uredlespores of Puccinia

Cynodontis at Various Temperatures in Total Darkness . . .

The Percent of Germinstion of Urediogpores of Puccinie
- Gynodontis at Different Temperature &nd Light

Intensi‘bieBAf'berllkﬂours O 4 @ 9 ¢’ s a.0 ® & 6 8 © € O @

-The Percent Severity (M@dif:.ed Cobb Scale) of Infection

of Puccinia Cynodontis on Cynodon Magennisii Following
Different Lengths of Postwinoculation Wetting Period '
atE’OOC, 22°Cand2}+00..-..-.v...o.........

-The Effect of Light Intensity and Tempeérature on the

Time Required from Inoculstion to Initial Pustule
Formation by Puccinis Cynodontis om Cynodon Magennisii . .

The Percent of Viability of Urediospores of Puccinia
- Cynodontis Stored at 00C for Various Lengths of Time . . .

Infection Types Used to Classify the Reaction of Cultures
of Puccinis Cynodontis on Selections of Various Cynodon

SPECiQS-oo,ona‘ooooonoooo.otooovooow

The Reaction of Four Cultures of Puccinia Cynodontlis on

Several Selections of G!!}Odon speCj;QSq O

Analytical Key for Phyaiologic Races of Puccinia Cynodontis
Identizfied on Selections of Cypodon Daci;_ylon 55 o o e o o

2
N

17

(o)
4

[12]
Wt



LIST OF ILLUSTRATIONS

Iigure Page

1. Variations in the Cell Wall Thickness and the Cap or
Crown Thickness in Teliospores of Puccinia Cynodontis . . 16

2., The Effect of Temperature on Germination of UrediOSpores
of Puccinia Cynodontis in Total Darkness o« o o s o ¢ o o 1z

3, . The Effect of Light on Puccinia Cyncdontis Urediospore
Germination at Two Different Temperatures « o o o o o o o 1h

k., The Reaction of Races 1 and 2 of Puccinia Cynodontis ,
on Four Varieties and Selections of Bermudagresss « o s« o 25

5. . The Reaction of Races 3 and 4 of Puccinia Cynodontis
© on Four Varieties and Selections of Bermudagrasse. « s« o e 26

vi



INTROBDUCTION

The leaf rust of bermudagrass (Cynodon spp.) is caused by the

fungus Puccinia cynodontis Lacroix. The uredial-telial stages are not
known to occur in the United States on'commercially grown strains of

Cynodon dactylon, although they have been reported to cceur on strains

of this species in Burcpe (3, 5). On the other hand, a variety of

Cynedor wmsgennisii Sunturf) grown principslly as a turfgrass in
Oklahoma énd adj%eent states, has been found to be very susceptible.
The disease seldom, if ever, becomes severe enough teo kill the plant,
but it does produce an chjecticnable breown discoloration and dusty re-
sidue.

The pathogen of the leaf rust of bermudagrass has been established
and described, and an alternate host, P&anmagwy which will support the
pynical-aecial stages has been d&terminedc However, no other studies
concerning this disease or its pathogen have been reported. Informs-
tion which would be useful in determining the reaction of new or intro-
duced stralns of bermudagrass, such as the effect of temperature upon
urediospore germination and infecticn, the incubation period, longevity
of urediospores in storage, and physieclogic speciaiizatian is lacking.
Therefore, the purpose of the study reported here was ta.determine:

(1) the optimum conditions for urediospore germination and infection;
(2) the incubstion period of P. cynodontis within the host; (3) the

longevity of urediospores in storage; (4) the presence or absence of



physioclogic specialization; and (5) the reaction of certain native spe-

cies of the alternate host, Plantago.

4
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LITERATURE REVIEW

According to Arthur (2) the 1n;tial description of P. cynodontis
-occurred in Desmaziere's "Plant Crytogrames of Northern France” publish-
ed in 1859 (4). This publication was not available for perusual, but
Arthur cites the fungus as P. cynodontis Lacroix, which would indicate
that Desmazlere had given credit to Lacroix for the initial description.
Fuckel (6) lated described the urediospores as being irregularly spear-
like or elliptical, 19-28j. in diameter, while Arthur (2) considered the
spores to be globoid and 19-24u by 20-26p in size. it appears that
Fuckel's description was based upon dried spores, while Arthur’s de-
sc;iption was based upon spores suspended'in water, which may account
f;r the difference in shapeo, Arthur (2) described the uredial lesion as
chiefly hypopylous and cinnamon-brown in color. - Both authors state that
the celi wall is finely verrucose, but the spore wall in Artﬁur’s spe=
cimen was cinnamon-brown, while Fuckel described his spores as light
brown in color. Arthur (2) described the spore cell wall as 1l.5-3pu
thick and having.two or sometimes three eguatorial pores.

Fuckel (5; 6) found that the teliospores were formed as long rigid
brownish steﬁs, were moétly elliptica; or oblong with the upper cell al-
most as long as the lower cell, but fecoming strongly thicker at the
head or crown and normally ending in a more or less elongated conical
tip. Frequently, however, the conical tip was absento‘ The lower cell

was rounded at the bottom or else was somewhat more narrow at the stem



end. The spores were a little constricted at the septum with smooth
brown walls, %0=-6Cu long and lh-26p thick.

Arthur (2) found the telial lesion to be chiefly hypopylous and
‘blackisthrown’in'colora~-He‘described the teliospores as ellipsoid or
oblong, 16-22u by 28-42,, and obtuse or attenuate at each end. The
spore walls were 1:5-2.5u thick at the side and 6-12u at the top of the
upper cell. The pedicle was almost colorless and about 1 1/2 times the
length of the spore or less.

Transchel_(9) in 1906 was able to show that the pychialeaecial

stage of P. éznodontis occurred on Plantago lanceolata, thus invalid-

ating the name Aecidium plantaginis. Bubak (3) in 1907 verified
Transchel's results by carrying P. cynodontis through its entire 1i£e

'cycle using Cynodon dactylon and Plantago lanceolata. Arthur (2) stated

.that Bubak was gble to extend the alternate host range to include

Plantago major and Plantago media. However, Bubak's original paper (%)

was examined and he definitely Statéd that he could not extend the al-

ternate host range to either Plantago_major or Plantago media. He (2)
‘described the pycnia as being 90;ll5p wide and honéy yellow in color.
The aecla ocecurred on the upper surface of the leaves of Eiantagg
lanceolata. These lesions were roundish and l-b mmL in diameter;(=The
aecia Qere at first light green, later becoming leathery and brown as
the lesion collapsed. The pséudoperidia were circwlar and irregularly
cﬁp shaped, 300=350 ¢ wide, and white with irregularly recurved edges.
The pseudoperidial cells were in fixed rows and were polygonal roundish
or polygonal elliptical in shape. He &lso described the aesciospores as

20-28.5. long and 20-24 wide, either roundish or oblong, in distinct

rows, yellow and with walls 2-2.5u thick.



,MATERIAL_AND METHODS

The initial collection of urediospores of P. cynodontis used in the
—-gtudy were obtained from four separate locations in the vicinity of

Stillwater, Oklahome. The collections were obtained from infection on

Cynodon magennisii, variety Sunturf. The collection sites were: (1)
fﬁé.turf disease plots on the Plant Pathology Farm; (2) the turs plots
on the west Agronomy Farm; (3) a lawn in the north paft of town; and (4)
the original entry plots of‘phis variety on the Lake Carl Blackwell
Agronomy Farm.

The urediospore germination studies were cérri@d out by placing two
‘sporg masées on each slide and adding a drop or two of tap water to the
spores. Adding the vater to the spofes caused them to be dispersed to
the edgedfof the droplet where the best germination took place. The
slides were then placed in a petri dish on top of'two glass rods. The
humidity was maintained with moist paper toweling plaéed in the bottom

"of the dish.

-Pour sprigs of Cynodon magennisii variety Sunturf were planﬁéd in
four inch pots containing a mixtu?e bf sand;, soil and peat. With sub-
sequent'growth and'cutting, an average of 8-=12 stems per pot was ob-
tained. These pots of plants were used for the minimum wetting period
and incubatioq period studies. The pots were kept in a separate rust-
free room until needed.

Four methods were used to inoculate leaves of bermudagrass plants.,
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In the first method the urediospores were dispersed in a light oil (Mo-
isol 100) and then sprayed on the leaves with a hané;atomizer (De Vilbiss
No. 15). A cotton swab was used in the second method. This ianlved
wrapping~a;small piece of cotton around the end of a toothpick and then
dipping the swab in a surface tension depressant or surfactant {Tween
20). The excess surfactant was then washed out of the cotton swab to
prevent water soaking of the leaf blades which was otherwise found to
occur, -The wet cotton swab waé dipped into a vial of urediospores and
gently brushed on the grass blades. The third method involved simply
dipping the plants into a beaker of water upon which urediospores had
been dispersed. When this method was used, the plants were fist dipped
in a beaker containing a dilute solution of surfactant (Tween 20, two
drops in each 1000 mlge« In the fourth method, heavily rusted plants were
used to brush the plants that were.to'be inoculated. -Again, the plants
to bé inoculated were gprayed with a dilute surfactant sclution before
they were brushed with the spores.

In gll)l cases, once the plants had been inoculated they were sprayed

with a dilute solution of surfactant and placed in a moistichamb@r 1o
maintain a high relative humidity.

The plants used for inoculation with individual spores were sprigs
—of-Bumturf placed inside hollow glass rods which in turn were placed in
50 ml:s. flasks. Tﬁe flasks contained a small amount of sand and approx-
imately 20 ml. of a 40 ppm. solution of benzamidazole. A droplet of wa=
ter containing a surfactant was then placed on the grass blade. Single
spores were picked off a glass slide under the microscope using a glass
needle which had been dipped in water contasining a surfactant, - The

spores were then placed at the edge of the droplets on the leaf blades.



The flasks containing the inoculated plants were then placed in 1000 ml.
beakers which had water covering the bottom. The beakers were sealed

with aluminum foil to act as a moist chanber.



RESULTS

Description of the Pathogen. Observations and measurements of the ure-
dial and telial sori and their associated spores were made on the cul-
tures used in these studies. The description which follows cor;esponds
rather closely with that given by Arthur (2).

The uredia were for the most éart, hypopylous and mummy brown (7)
in color. Secondary uredial formation occurred adjaéent to the original
pustule in the same interveinal>iine causing a striping effect. The
urediospores were globoid, 17-26p, with very finely verrucose cinnamon=-
brown walls l¢5~3p,thick with two or sometimes three eguatorial pores.

The telial lesions also were chiefly hypopylous and appeared
blackish-brown (7)- The teliospores were produced in the same sorus as
the urediospores and could be cbserved beginning about 10 days after
“inoculation. The teliospores were ellipsoid or oblong, lh«QBH'by 32
_ 5hu, obtuse or acube above and rounded below. 'They were only slightly
congtricted at the septum. The cell walls were dark chesbtrmbtebrowa {(7),
1.5-2.5u thick at the sides and 4=11p thick above. The almost hayline
pedicles were 1 1/2 times the length of the spore or leés.

The teliospores, described above were considered to be mature spores.
However, in any given-telial sorus & tremendous amount of variability
could occur. For the most part, the spores could be placed in three
groups: (1) long, slender, light brown spores with comparatively thin

walls; (2) spores that were rounded at both ends and dark chestnut=brown



in color; (3) those that were considered to be mature spores that varied
from light brown to chestnut-brown in color and were c¢btuse to soute at

the top of the spore and rounded at the bottom (Figgre 1).

Urediospore‘Germination. The germination studies were carried out in

growth chambers, either the Sherer-Gillet Company model CEL 37-14 or the
Percival Refrigeration Company model PCG-78. The temperatﬁre within the
boxes varied no more than 4 1%. The lights ﬁere s0 adjusted that ap-
proximately 30 percent of the illumination was from an lncandescent
source and 70 percent from a florescent source. The study that included
temperatures of 2h°c, BOOC and 3400 was replicated five times with six
separate spore masses at each light intensity. The study made at»éoc,
1200 and l8°C was replicated only twice, but 1O spore masses were used
at each light intensity.

Ten spores were counted at egch of five sites taken at random in
each spore mass. The counts for each temperature and light intensity
were averaged and a percent calculated.

The first study was made in total darkness and the results are
given in Table I and illustrated graphically in Figure 2. Under these
conditions there were a few spores that germinated at I.BOC. The per-
cent of germination increased as the temperature increased to & meximum
of 95 percent at EOOC. Between the temperatu;es of 20°C and 5000 there
was little or no difference in the percent of germination; but at 3#00

germination was almost completely inhibited.



Figure 1

VARIATION IN THE CELL WALL THICKNESS AND THE CAP
OR CROWN THICKNESS IN TELIOSPORES
OF PUCCINIA CYNODONTIS
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TABLE I

THE PERCENT OF GERMINATION OF UREDIOSFORES OF PUCCINIA CYNODONTIS
' AT VARIOUS TEMPERATURES IN TOTAL DARKNESS

Temperature 1.5% 5% 7% 12% 14% 20% 24% %% =%

Percent of
Germination 5 25 75 80 85 95 95 95

o

In the second study, both temperature and light conditions were
varied. The initiation of germination took placeAmore rapidiy in dark~
ness occurring within one hour at temperatures between 19°C and BOOC,
two and one-half hours at 7OC, and five hours at l¢5OCo At any given
_tgmpérature the greatest percent of germination of urediospores of P.
:cznodontis occurred in total darkness (Table II). in darkness the opti-
mum temperature for urediospore germination again fell between 2OOC and
BOOC. Light inhiﬁited germination at all temperatures'ana this inhi- .
bition increased as the light intensity increased. The effect of light
intensity was approximately the same at all temperatures up to and in-
cluding 24°¢ but was much more pronounced at 20%¢ (Figure 3). Complete
inhibition of germination, for all practiéal purposes, occurred at
light intensities above 3000 ftfc and at temperatures ghove BOOO. The
inhibition of germination induced by either light or temperature, how-
ever, can be reversed by placing the spores under proper conditioﬁs for
germination. At all temperatures thé‘germ tube length at 12 to 1k hours

was greatest in darkness and decreased as the light intensity increased.
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FIGURE 2

THE EFFECT OF TEMPERATURE ON GERMINATION OF UREDIOSPORES OF
PUCCINIA CYNODONTIS IN TOTAL DARKNESS




TABLE II

AT DIFFERENT TEMPERATURES AND LIGHT
AFTER 14 HOURS

Temperature | Darkness Continuocus Light Inte'nsity‘ in Foot-Candles

500 1500 3000 3500
5% 60 © 50 50 Lo <1
12°%C | 80 60 60 25 <«
14 95 70 50 25 <1
24 95 , 70 ICE o5 <1
30°¢ 95 15 10 <1 _ <1
34°%¢ <1 <1 <1 <1 <1

¢t
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FIGURE 3

THE EFFECT OF LIGHT ON PUCCINIA CYNODONTIS UREDIOSPORE
GERMINATION AT TWO DIFFERENT TEMPERATURES
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Infection Progesso Following the germination studies an experiment was
made to determine the minimum wetting period for lnfection. The test
was repeated 1l times. Two to four pobts of plants were removed from the
mdist chamber for each wetting periocd for as long as the particular test
was carried out. In most of the tests, plants were hield at 20°C, 22°C,
and 24°C during the wetting period. However$ in & few bests temperatures
of l7°C, 27%, and-ﬁOOC were also used. Inoculation was azcomplished by
one of the four methodé previously described. In each test, regardless
of temperature or method of inoculation, the results were essentially
the same. The minimum webting pericd required for germination and ine
fection in this study was found to be three hours &t 20°C. This minimum
wetting period requirement was obtained only once. " In all of the other
trials a minimum webtting periocd of four hours was required. A webtbing
period of four hours produced less than 1 percent severity (modified
Cobb scale), a six hour wetting period produced a 1l0-25 percent severlty,
and 10 or more hours were reguired te produce a severlity of infection of
50 percent or more, Data from a repre§§ﬁﬁative test are presented in

Table IIi.
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TABLE IIX

THE PERCENT SEVERITY (MODIFIED COBB SCALE) OR INFECTION OF
PUCCINIA CYNODONTIS ON CYNODON MAGENNISII FOLLOWING
DIFFERENT LENGTHS OF POST-INOCULATION WETTING:

© PERIODS AT 200C, 220C, and 24OC

Temperature

Duration of Wetting :
Period in Hours 20°¢C - 22 2koc

2 0 ) 0

L 1 1 1
6 - 10-25 10-25 10-25

10 50 50 50
ol 75-100 75=100 75-100

Incubation Period. The plants used in the determination of the incuba~

tion period of the fungus within the host were inoculated with one of
the methods previously described and subjected to a wetting pericd of 2C
to 26 hours at a temperature between EOOC and 2500 in darkness or with a
light intensity not exceeding 200 ft~c. Following inoculation and pbstw
inoculation wetting period, several pots of plants were held at each of
six different combinations of temperature and light intensity. In all
cases a 12 hour day was used. These results are given in Table IV. The
éhortest period from incubation to initisl pustule formation Wasaféuﬁd
to be five days at a constant post-inoculation temperature of 3000 and &
light intensity of 3C00 ft-c, although the average incubation period

for these condltions was five and one-half days. - The average length of

time for pustule formation at a constant temperature of 2400 with



TABLE IV

Temperature in . Light Intensity Number of Days Reaction
Degrees Centigrade in Foot-Candles from Infection Types?
With a 12 to Pustule
Day Night Hour Day Eruption-

Average ' Range

2 5 1000 9 9 ne
18 18 3000 9 8-9 i
2l ol 3000 7 6-8 h
30 30 : 2000 5.5 5-6 I
3k 34 3500 9 8-9 1°
3k 18 3500 7 6-7 L

a . . o
Reaction rated on a scale from O = immune to 4 = susceptible.

b . .
Extremely sparse infection.

LT
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3000 ft-c of light was found to be seven days. The same was true for
the diurnal cycle of 3408 at light intensity of 3500 fi-c and 18°¢ during
the dark cycle, Af the other three temperature and light combinations,
the incubation period was extended to nine days. AU a constant post-
inoculation temperature of 3400 with 3500 ftuc.of Llight or a temperature
'of 500 with 1000 ft-c;, the amount of infection was greatly reduced.

From 50 to 1l0C percent severity was observed on plants held at the other
five temperature and light combinations used, but only an average of
three pustules per plant was found at theSé minimum and maximum'temperm
ature and light combinations. Also, the pustules formed at 5&00 vere a
type "1," or resistant reaction, instead of thé susceptible type "4"
reaction observed at the other temperature and light combinations. If
the plants were removed from these minimal and maxlmal conditions
within 48 hours after inoculation and placed under more optimal con=-
ditions for pustule formation, the usual 50 to lOO'percent severity de-
veloped. If the plants at the 3h°c - 3500 ft-c combination were re-
moved and placed under more optimum conditions for pustule formation
within 72 hours after the pustules had erupted, the susceptiblé type

"W reaction developed. However, if tﬁe plants were left at Bhoc or
removed later than three deys after pustule eruption, the reaction re-

mained type "1.”

Uredliospore Storage. Two small test tubes containing urediospores of

P. cynodontisg were stored at 0°C. Tube A, 1 cm. inside diameter and
10 .cm. tall containing approximately 2 cm. of spores, was stored on
March 7, 1964, and tube B, 0.8 cm. inside diameter and 7 cm. tall

containing 0.5 cm. of spores, was stored on March 19, 1964k. The spores
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in both tubes had been air dried for three days prior t0 -storage. On
March 20, 196&, the germination of the spores in both tubes was tested
and found to be 95 percent. This was accomplishéd'by placing a glass
slide in a Petri dish which contained moist paper to maintalin the humid-"
ity. A small quantity of spores was placed at sach end of the slide |
and a drop of tap water was added to the spores. Two suchrPetri dishes
were used to test the spores in each tube., The dishes were then placed
in the dark for 24 hours and the observed for germination. The germi-
nation was checked in this mdnner periodically'for 1L months. The re-
sults are given in Table IV.  Even after 1% months, 60 percent of the

spores in tube A and 7C percent of thg spores in tube B were viable.

TABLEVV

THE PERCENT OF VIABILITY OF UREDIOSDORES OF PUCCINIA CYNODONTIS
' STCRED AT O°C FOR VARIOUS uENGTHS OF TIME

‘5/26/6u 6/2/ 64 16/5/64 10/17/6# 1/50/65 3/30/65 5/29/65

Tube A2 95 80 75 50 50 o5 . 6o°
b

Tube B 95 95 65 85 8o 8o 70

& Puve A.spores harvested, March L4, 1964, and stored March 7, 1965.
Tube B spores harvested March 16, 1964, and stored March 19, 196k,

b The apparent lhcrease in viability may have been daused:by sélf—
inhibitors in previous tests, since no effort was made to control
the number of spores or the size of the water drop.

Physiologlic Specialization. Uredlospores from a mass field collection

from the variety Sunturf, C. magennisil, were used to inoculate six
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selections in three Cynodon species. The selection of C. magennisii
(variety Sunturf) was obtained from the turf disease plots of the Depart-
ment of Botany and Plant Pathology, Oklahoma State University, Stillwater,

Oklahoma. The remaining selections, two of C. trapnsvaalensis (Accession

numbers 220 and 292) and three of C. dactylon {Accession numbers 491,
497, and T00) were cbtained from Dr. W. W. Huffine, Department of
Agronomy, Okiahoma State University, Stillwater, Oklshowa. The later
five selectlons were‘from a portioﬁ of a world-wide collection of
Cynodon species made by Dr. Huffine. Accession numbers 220 and 497
éémé from South Aftica, Accession numbers 491 and 700 from Kenya and
Accession number 292 from Rhodesia.

A description of the infection types used in thié study is pre-
sented in Table VI. These were based on the infection types used by

Stakman and Harrar (8) for Puccinia graminis var. tritici. Since the

collections of urediogpores came frow C. magennisii variety Sunturf, it
was supposed that all spores would be virulent.on this selection. There-
fore, whenever an increase of urediospores was regquired, it was made on
this selection.

When these six sélections were inoculated with the mass culture of
urediospores obtained from Sunturf,:all of thebéélections were suscep-
tible except Accession 700, which had a mesothetic resction ("x"). The
pustules with the reaction (type "1") and pustules with a reaction (type
C"4") were removed separately to Sﬁnturf plants for increase. When the
seleétions were then inoculated with a culture obtained from the re=-
sistant (type "1") pustule, Accession 700 and 49l wefe found to be re-

sigtant, Aceession 497 was mesothetic, and Sunturf and the "



TABLE VI

TNFECTION TYPES USED TO CLASSIFY THE REACTION OF CULTURES OF PUCCINIA CYNODONTIS
ON SELECTIONS OF VARIOUS CYNODON SPECIES®:

Infection Type

0 Immune

0; Very Resistant

1. Resistant

2, Moderately Resistant

3 | Moderately Susceptible

L Very Susceptible -

5 Heterogeneous or Mesothetic

- No visible evidence of infection

Small flecks of dark brown nucrotic host tissue, but no
rust pustules formed

Rust pustule extremely small and surrounded by dark brown
or straw-colored nucrotic aress

Pustules small to medium in size, usually in green-islands

of host tissue, surrounded by nucrotic straw-colored areas -

Medium size pustules not surrounded by nucrotic areas
although small chlorotic areas may have been present

Pustules large and often coalesced longltudlnally w1th no
nucrotic or chlorotic areas present

Size of pustule usually including all of the above types
and intergradations between them on the same leaf

aAdapﬁed from Stakman and Harrar (8).
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two C. transvaslensls were found tc be susceptible. ILater, after a dif-

ferential serlesz had been established and a key prepared, this cultare
was labeled race 2 (Tsbles VII, VIII). The culture obtained frow the
susceptible type "L4" pustule on Accession 700 became contaminated and
could not be used. Later, however, a single spore isolate from the mixed
culture was obtained and increased. This culture was used to inoculate
four of the six selections (Accession 491, 497, and 700 plus Sunturs) and
all proved to be susceptible except 491, which was resistant. This cul-
ture was later labeled race 3. |

Another bulk of urediospores from two of the initial collections
mentioned previously was then used tc inoculate all six Cynodon selece
tions. This time a mesothetic reaction occurred on Accession 497 as
well as Accession T00. When a separation of the resistant and suscep=-
tible type reactions was made from Accession 497, it was found that the
resistant type reactions yielded a culture which was avirulent on Ac-
cessions 497, 491, and 700, and virulent on Sunturf. The two Trans=-
vasglensis accessions were not inoculated. Thig culture was desizgnated
race 1. The susceptible reaction on Accession 497 yielded a culture
which was virulent on Accession 491, 497, and Sunturf, but produced a

mesothetic reaction on Accession T00. Agsin the two C. transvaalensis

accessions were not inoculated. This culture was designated race 4,
Separation from the diverse reactions on Accession 700 was not made.
The culture designated race 4, however, produced a mescthetic reaction
on Accession 700 and the reactions on other selectlons were also simi-
lar to the reactions obtained with the first bulk of urediospores used.

When the separation of reactions on Accession TOO was made from the
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TABLE VII

THE REACTION OF FOUR CULTURES OF PUCCINIA CYNODONTIS
ON SEVERAL SELECTIONS OF CYNODON SPECIES

Varieties Race 1 Race 2 Race 3% Race L4

Sunturf I L L L

Selection 491 a3, 1 03, 2 05y X 3, 4

Selection T00 03, 2 03, 2 4 X

Selection 497 03y 2 X by 1
TABLE VIII

ANALYTICAL KEY FOR PHYSIOLOGIC RACES OF PUCCINIA CYNODONTIS
IDENTIFIED ON SELECTIONS OF CYNODON DACTYLON

Selection Reaction Race Number
Accession Number 497 Resistant v A
Accession Number 497 Mesothetic 2

Accession Number 497 Susceptible
Accession Number 491 Resistant 3
Accession Number 491 Susceptible b

Z
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It iz therefore possible that

first bulk, races 2 and 3 vere ob

N

the culture now designated race L may setually be a mixbure of btwo or

more of the cui.tmresg Tfﬂis»p@ss
It was evident that Acc &mmiwl3@%smdﬂxy&l¢wumL®WWE
C. dactylon, would differentiate culfures of P. cynodowtis and that spe-
elalization did exist. The reactions of the cﬁltur@s gbbained din these
studles are listed in Table VII and illustrated in Figures 4% and 5. A
key was then prepared for the identification and nomenclature of these

cultures and is gilven in Table VIII.

Alternate Host. The only known alternate host for P. gynedontis in the

genus Flantago 1s the specles lanceclata (9). Two other species have

\-./

been tested, P. media and P. major, and were found to be inactive (3)
Two other species, P. surshii and P. virginica were found growing in
areas adjaceﬁt to plantings of C. magennisiil ét Stillwater, Oklahcma,
that were bearing aecial infections. Numerous attempts were made to ine
fect C. magennisﬂi in the greenho se with seciospores OlLéw*Cd from
these speeies, but all attempts failed. Healthy plants of these two
species of Plantago were then brought into the greenhouse and placed
under mats of telial material collected from C. magennisii, The telial
mats were alternately wet and dried and the plants %pv&V@d with water in
attempts t0 induce spofidial development and infection. No evidence of
pycnial or aecial lesions developed. Although these studies were nob

exhgustive, 1t seems evident that these two local species of Flantago

will not serve as an slternste host for P. eynodenbis.



Race 1

Sunturf Acc. Acc. Acc.
ka1 700 497
Race 2
Sunturf Acc. Acc. Acc.
ko1 T00 497
Figure 4

THE REACTION OF RACES 1 AND 2 OF PUC ;E;& CYNODONTIS
ON FOUR VARIETIES AND SELECTIONS OF BERMUDAGRASS



Race 3

Sunturf Acc. Acc. Acc.
Lol 700 497
Race L

Sunturf Acc. Acc., Acc.
Lol T00 i¥elrg
Figure 5

THE REACTION OF RACES 1 AND 2 OF PUCCINIA CYNODONTIS

ON FOUR VARIETIES AND SELECTIONS OF anﬁ‘mgmss

26



- DISCUSSION

The fungus used in these studles rather closely fitted the descrip-
tion gifen by Arthur (2) for the uredial and telial stages. It was
found, however, that some problems might afise in fhe identification of
the teliospores unless the telial lesion is allowed to mature. It is
believed that often the immatﬁre teliospore does‘not possess the thick-
ened cap at the crown of the upper cell.

‘Satisfactbry urediospore germination was dbtaiﬁed‘over'é wide range
of temperatures (700 - BOOC) 50 long as the light intensity during the
germination process did nét exceed 200 ft-c. It was found that light
intensities éver 500 ft~c cause a marked decrease in germination regard-
less of the ﬁémperature.-:Light in these studies was a much ﬁore signi-
fTicant facfor than temperature in ﬁhe germinaﬁion of urediospbres of
P. cynodontis.

Although urediospore germination would proceed over a broad tem-
perature ranée, a rather long wetting period was required to produce s
satisfactory‘degree of infection regardless of the temperatﬁféq Trace
amounts of infection were obtained with wetting periods as short as
three to four hours, but wetting periods as long as 10 hours were re-
quired for 50‘percent infection or more. Light waé éritical, particu-~
larly, early in the wéttiﬁg period, and any light intensity'oﬁer 20 ft-c
restricted tﬁe amount of infection and extended the required>ﬁetting

period.

27



28

Light intensity was also more critical than temperatufe in determin;
ing the time from infection to pustule eruption. At this stage, how;
ever, a iight intensity of 3000 ft-c or more was réquired, at any given
temperature for the shortest incubation period. A light intensity be-
low 3000 ft-c delayed pustule eruption regardless bf the temperature.
There'appeared 10 be certain temperaturé limits, héwevera Only trace
amounts of iﬁfection occurred at 506 and 1000 ft-c or at 3400 and
3500 ft-c.

The ﬁrediospores of P. cznédontis had a surprigingly high survival
ability wheﬁ stofed at o°c° The oniy prewstorage preparation the spores
received was three days of air drying, yet after fourteen months in
storage the ge:mination was a8 high as TO percent. The urediospore
wéll»in P cynodontis is rather thick compared to other gr&ﬁin&cious
rusts and this may well account for its survival sbility in storage.
Befmudagrass has a 1oﬁg dormant period in many areas of 1ts culture in
the_United States,:and the ability to survive tliese dormant periods
would'be necessary for the survival of the paxhogen in nature.

The experiment on uredidspofe survival indicated a wviability of
only 25 percent aftef 12 months of storage, and 60 percent viability in
the same storage container after 14 months of storage. Such a differ-
ence seems unlikeiy and was probably due to a sélf=inhibitor of germi-
nation. /No particular care was exercised in measuring either the amount
of spores or water used in these germination tesgs° Self-inhibitors of
urediospore germination are known to occur and according to Allen (1)
and Wilson (10) the percent of germination of urediospores in their

studies was inversely proportional to the amount of spoies present.
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No specific test for the presence of self;inhibitors was -made in this
study, but it does seem possible that the reduced germination after 12
months of storage was caused by the presence or a self-inhibitor,

The selections of C. dactylon used in the identification and nomen-

clatbure of races of Puccinla cynodontis in this investigation may never

have any significance in breeding new Varieties of this grass. Thei:x
importance rests in the fact that with them variants within P. cynodontis
have been shown to exist. The importance of pathogenic or physiologic
speclalization in a breediné program for dlsease resistance is well re-
cognized. The fact that specialization exists in P. cynodontis will
have important significance in turfgrass improvement programs utilizing
this grass. These studies also could indicate that C. dactylon rather

than C. magennisii or C. transvaalensis would provide the best source of

resistance. It should be emphasized, however, that only & minimal nunber
of selectlions in each species were tested.

The inability to demonstrate that either P. purshii or P. virginica
would serve as an alternate host in this study tends 4o eliminate ten.
liospores found in turfgrass plantings in this area. 'The species F.
lanceolaba remains the only known alternste host in this gemus, and
ﬁhiie it does occur, at least in the eastern areas of Oklahmma, nothing
is known concerning the infection of this specles with P. cynodontis in

nature in this area.



SUMMARY

1. The uredial and telial states of Puccinia cynodontis are
described. | | |

2. Urediospores were found to germinate well over a wide range of
temperature (500 to BOOC), but darkness or at best a iight intensity of
less than éOO ft-c was required for this process.

%. Similarly, the process of infection during the wetting period
would proceed over a wide range in temperature (at least 17°C to BOOC),
but again, minimal light intensities were required. vThe‘required web~
ting period (10 hours:) for satisfactory infection severities was rath-
er long compared to othervgraminacious rusts.

4, The minimum incubation period from inoculation to pustule
formation wés determined to be approximately five days at EOOC with
" 3000 ft-c of light. Light was required during incubation aﬁd any in-
tensity less than 1000 ft-c led to a greatly extended incubation period.
A temperature of EMOC‘Wifh 3500 ft-c of light greatly altered_the host=
parasite interaction.

5» Urediospores were found tO‘store>well at OOC, maintaining 60
to 70 percent viability over a period of 14 months.

6,_ Phyéiologic specialization was shown to exist and four races
were isolated and name&,.and & key was made for their identification.

7. No pycnial or aecial development could be obtained 6n Plantago

purshii or Plantago virginica. Aeciospores found on these species in '

30;



the field could not be induced to go to Cynodon magennisii.
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