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PREFACE

The writer wishes to express his appreciation to Mr, Iloyd A, Brink-
erhoff, Associate Plant Pathologist, U. S, Department of Agriculture and
Oklahoma Agricultural and Mechanical College, for suggesting the problem,
and for his advice and mamy helpful suggestions; to Dr. Walter W, Hansen,
Head of the Department of Botany and Plant Pathology, Oklahoma Agricultural
and Mechanical College, for permitting the genercus use of departmental
equipment and greenhouse.

The writer is indebted to Dr. John E, Thomas, Associate Plant Path-
ologist, Department of Botany and Plant Pathology, Oklahoma Agricultural
and Mechanical College for advice on presentation of the material,
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INTRODUCTION

Bacterial blight of cotton, caused by Xanthomonas malvacearum (E.F.S.)
Dowsony is one of the most important cotton diseases of Oklahoma, Atkinson

(2) first described the disease in Alabama in 1891, The first extensive
studies were made by Rolfs (15) and Faulwetter (6) in 1915 and 1917 respecte
ively. The disease is destructive from the Carolinas to the irrigated val-
leys of the southwest, except for California; however, it is more severe in
the southwestern part of the United States., Flanting infested seed has long
been considered (1, 3, 12, 1L, 16, 19) to be a major factor in transmitting
the organism from one crop of cotton to another, Primary infection occurs
on the cotyledons soon after the cotton seedlings emerge. Wind-driven rains
(7)s (15) and irrigation water (9) have been proven to be important agents
in disseminating the organism throughout the growing season. Seed treat-
ments with either acid or chemical disinfestant dusts will greatly reduce
bacterial blight in the seedling stage (1L), (15), under Oklashoma conditions.
However, seed treatments do not give adequate control throughout the entire

1
seasone It would appear that factors other than planting infested seed

may be of importance in perpetuating the disease.

Information at the present time is lacking on just how long the organ-
ism will survive in decomposing plant debris and soil under Oklahoma condi-
tions,

The present study was an attempt to determine how long the organism
would survive: (1) in infested cotton debris when placed under conditions
that favor decomposition, and (2) as free living bacteria in the soil.

a Final project report (Adams }16.1) Oklahoma Agricultural Experiment
Station, March 15, 19.9.



LITERATURE REVIEW

Early investigators, Faulwetter (6) end Rolfs (15), attributed little
importance to the survival of the bacterial blight organism in either the
soil or infested cotton debris left in the field, In Egypt, Massey (13)
was unable to isolate the bacterium from the soil except when it contained
undecomposed cotton debris, Infested powdered plant debris as found along
roadways was innocuous after three months providing it was kept dry. Dry
woody tissues retained the organiasm in a viable condition for a long period.
Weindling (20), working in South Carolina, collected leaf material from the
ground, from a field of cotton plants infested with bacterial blight the pre-
vious season, at intervals throughout the winter., The leaves collected were
of two sample parts, one from the upper dry layer of leaves and the other
from the moist leaf layer directly on the ground. The dry leaf part of the
sample consistently gave indications of containing a larger mumber of pathe
ogenic bacteria than the moist part., However both of the leaf portions yield-
ed viable bacteria as late as March of the following spring.

Hare and King (9), demonstrated that the organism was able to survive
the winter on infested seed cotton left in the field in Arizona, and suggested
that the bacterium may be transmitted to the planted crop from the volunteer
seedlings by irrigation water and wind-driven rains,

Archibald (1) was unable to isolate the bacterium from the soil, irri-
gation water or from water standing between the cotton rows, However, King
and Brinkerhoff (11) found the bacterium to be disseminated by irrigation
water in Arizona.

Hewison (10) reported that Archibald obtained infection by scattering
dust, collected from beneath apparently healthy cotton plants, upon the leaves



of healthy plants providing the leaves were kept moist. Archibald also
claimed to have recovered the organism from the dust washed from leaves
collected in the field from apparently healthy plmta.@ Hewison (10)

found that secondary infection was greatest where the rainfall was greatest,
and was of the opinion that secondary infection was due to the activation of
the causal bacterium, which he believed to be disseminated in an inactive
condition over an area long before any gymptoms of the disease became ob-
servable, rather than from infested plants.  The infection was more severe
where cotton was grown the previous season, Brown (5) reported that wind-
blown dust following a severe hail was an agent in tranamitting bacterial
blight,.

As previously stated infested seed is accepted as one of the major fact-
ors in tranamitting the organism, but there is disagreement as to the import-
ance of internal infection, Faulwetter (3), Hansford (L), and Stroughton (13)
all failed to obtain evidence of internal infection. However, Archibald (1),
Bain (2), and Rolfs (12) have reported small percentages of internal infecte
jon. Rolfs (11), found the organism was able to over-winter in or on the
seed. Tennyson (1), said, "The seedling infection resulting from internal
contamination may reach as high as 20 per cent." Brinkerhoff : found that
seedlings grown from seeds obtained from infected bolls of American Egyptian
cotton, Gossypium barbadense L., averaged 60.2 per cent infection for un-

2
L The writer was unable to find whether Archibald's studies referred to
by Hewison were ever published. They could not be found in the library.

[2 So far as the writer was able to determine the work of neither Archibald
nor Hewison has been substantiated.

L Unpublished data.



treated seed compared to 20.1 per cent for surface sterilized seed. Indir-
ect evidence of internal infection was presented by Leding and Brinkerhoff
(8) who found that soaking infested seed for 2 and 18 hours greatly increased
primary infection,

Ray (1L) found that dusting contaminated cotton seed with New Improved
Ceresan reduced the amount of infection in one test from 17.0 per cent to
0 per cent, and from 16,8 per cent to 0,7 per cent in a second test.



CREENHOUSE STUDIES

This experinment was an attempt to determine whether different tesper-
ature conditions would effect the length of time X, malvacearum remained vi-
able in infested cotton debwris buried in moist soil,

Kethods snd Materials

Leaves; stems, and carpels were obtained from bacterial blight infested
cotton plants from the field during the fall of 1549, Eight samples of each
plant part plus a noninfested check smuple were buried in individual four-inch
clay pots December 17, 1949 in tiwee locations representing different temp-
erature conditimes. The locations were as followst (1) outside and against
the north wall of the greenhouse, (2) in a cool ssction of the gresnhouse
maintained at approximately 70°F.s (3) in & warm section of the greenhouse
maintained at spproximately 00°F, Tasble I, lists the weekly mesn maximum
end minimum air temperature outside the gresnhouss, Table XI, lists the same
data for the warn section of the gresnhouss beginning with the week ending
January 22, 1950 and continuing for the duration of the experiment. The mater-
sl in the three locations was kept moist thrcugnout the experiment. The pots
ocuteide were buried gbout six inches deep, while in the greenhouse they were
buried in sand in wooden flats. All pots were washed snd filled sbout one
third full with sand, after which the infested cotton detwris was burded in
a layer of unsterilized sodl two thirds of an inch in depths The remaining
space was f{illed with sand,

Seedlings used for testing the viability of the bacterium contained in
the decomposing deberis were growmn from diseaso-fres seed, Seedlings were in-
oculated shortly after the cotyledins expanded which was ususlly about ten
to twelve days after planting, New wood veneer plant bands were filled with



Table 1. Air temperature outszide the
greenhouse for winter 1949-50.
Weekly means recorded in degrees
Fahrenheit.
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Table II. Air temperature in the
warn greenhouse for winter
19,9-50, Weekly means re-
corded in degrees Fahrenheit.

Week ending Haxcimum inimom

Jan. 22, 1950 85 [
Jan. 29, 1950 89 69
Febe 5, 1950 93 78
Feb. 12, 1950 95 79
Feb, 19, 1950 101 86
Feba. 26, 1950 ok 80
Yar, 5, 1950 ok 8o

Mar. B8, 1950 93 75




uncropped soil for each planting. There was ample space between each plant
to prevent contamination by contact. The plants were watered with a 125 ml,
flask being especially careful to avoid splashing,

The mortar and pestle used to grind the material was sterilized in the
autoclave at 15 pounds of pressure for thirty minutes. After the plant ma-
terial was placed in the mortar, a small amount of fine umsterilized sand
was used as an abrasive and a few drops of tap water were added to make a
suspension. Three plants were inoculated with each sample. As a precaution
against contamination by handling the plants, the investigator's hands were
washed with warm water and soap, rinsed in 70 per cent alcohol and dried with
individual paper towels between each inoculation.

The technique used to test the viability of the organism in the decom~
posing debris was similar to one previously developed at this station. A
amall bag was made by wrapping spproximately two grams of fine sand in two
thicknesses of cheese clothes Individual sterile bags were used for each
sample of decomposing plant debris. The method of applying the inoculum
was as follows: the leaf was held with one hand and the lower epidermis
well scratched with the small sterile sand bag that was first wet in the sus-
pension, Fig, 1. The scratches were made by moving the sand bag at right
angles to the veination of the leaf, The bag was then dipped again in the
suspension and daubed several times on the wounde

Readings were made from nine to sixteen days after inoculation. At first
an attempt was made to grade the plants as to the degree of infection as in-
dicated by the size of the lesions on the cotyledons. Later all attempts at

& E. _d_-t..



Method of inoculating cotton
cotyledons with X, malvacearum
by the use of a Enall sand bag
dipped in a bacterial suspen-
sion.

g



grading the amount of infection was abandoned and the infection simply cone
sidered either as positive or negative, If there was any indication of a
lesion as evidenced by water soaking, the plant was considered to be infected.

Results

Until it was almost thoroughly decomposed, the infested plant debris
always produced infection when used as inoculum, At first the symptoms on
the cotyledons were very easily read, However as the plant debris became
more decomposed the lesions developed more slowly and became progressively
smaller until eventually it was very difficult to determine whether or not
the test plants were infected, The leaves decomposed most rapidly and lost
their infectivity first, with the cu'pela apparently retaining the organism
in a viable condition longest. Figs. 2 and 3 show the variation in degree
of infection encountered during the experiment. Table III. lists the results
of the experiments in the different locations. X. malvacearum, as indicated
by the ability of infested plant debris to produce infection in disease-free
seedlings, remained viable longest outside the greenhouse where the average
mean air temperature was about L0° F, The bacterium appeared to lose its
viability with approximately the same incubation period in the warm and cooler
sections of the greenhouse where the average mean air temperature was approx-
imately 65° F. and 70° F. respectively. However data was obtained that would
raise some question as to the accuracy of the method used in the inoculation
technique as a2 means of determining viability of the bacterium, When coty-
ledons of two gquestionable test plants that occurred in the third series were
used as inoculum, the disease was produced in both instances. Later as read-
ings became more difficult, tests were made with cotyledons that were classed
as negative as well as questionable, In all instances test cotyledons that



Fige 2.

pifferent degrees of bacter-
ial blight infection obtained
with inoculum from decompos-
ing infested cotton debris.
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were considered questionable produced infection. OF ten test cotyledons

that were inoceulated with debris from outside and previously classed nege-

tive, nine produced infection when used as inoculum. On the other hand nine

test cotyledons that were inoculated with debris from the cool section of

I )
e e
T g

&
-,

genhouse and previously eclassed negetive did not produce the disease.



FIELD STUDILS

llowing study was made to determine what effect burying infested
cobton carpels and leaves ab different depths in the seil would have on the

viability of the bacteria.

B g

Hethods and Materials
Infested cobton carpels and leaves were buried April 12, 1950 in three
locations, nawvely, Paradise, Ferkins, and Stillwater, Olklahoma. The carpels
were buried at two depths, while the leaves were buried at four different
depthe. The plots and treatuents were as follows:
1. Carpels, & inches deep
2+ Carpels, top of soil
3. Leaves, & inches deep
L. Leaves, Y inches deep
5. Leaves, 2 inches deep
0. Leaves, top of soil.
The material on top of the soil was slightly covered to prevent it
from being blovm away.

Zach test was 2 two foot square plot with the plots being 15 feeb

in a row. The soil wag stirred to a depth of six inches in each

sauare belore burying the nmaterial, and the loose soil removed te the

desived depth, viz., 2, Ly and 6 inches. The plant debris was then evenly
distyibuted in the respective plots and the loose =oil replaceds Approxi-

motely forty discase=fvee cotion seed were planted in each plot Lay 18, 1950.
The =oil at Paradise and Perkins was a sandy loam while at Stillwater
it was a black clay type.

Table IV, lists the weekly mean maximurn and minimue alr temperature
and §rec'@itatibn in inches at Stillwater; table V. lists the sane data

recorded ab ths weather station at the Horiticuliture Farm at Perkins. o



Table IV,

Aiy temperature and precipitation at
Stillwater, Oklahoma Tor spring 1950
recorded asg weekly memns in degrees
Fahrenheit. Precipitation recorded
in inches.

Feek ending Haxdmumn Vindmum Precipitation
April 18, 1950 67 L3 06
April 2%, 1950 77 51 00
May 2, 1950 7h v .0l
lay 9, 1950 85 62 «8h
Yay 16, 1950 75 52 1.97
May 23, 1950 83 59 <56
Hay 30, 1950 79 59 .53
June 6, 1950 78 55 1.21
June 13, 1950 &7 67 21
June 16, 1950 93 72 .00

&



Toble Vo  fir teommersbure and precipitation
Horticuliure westher station,
Parkins, Cklaohosme for spring 1950
rzcorded as weekly means in degrees
Fahrenheite. Precipitation recorded
in inches.

week ending asimma Hinivmm Precipitation

April 18, 1950 63 L5 .19
April 25, 1950 72 L0 .13
Vay 2, 1950 70 L6 .03
Yoy 9 1950 78 61 o1l
1950 73 53 1.93
1950 83 62 56

, 1950 79 62 2,38

5 6y 1950 75 59 1.3

June 16, 1950 90 72 .00




data were taken at Paradise. The seedlings at Stillwater werve thoroughly

gprinkled with a garden hose during dry periodse

The first disease readings were made lay 8, 1950 and plants were

classed as either positive or negative, as previously described, 7Three

e and lay 1E, 1920, when the ex-

readings were made between the ghowe da

e

hen a plant was classed os positive it wag re~

e, ] e,
moved Ifvon the o

nlot which eliminated this source of inoculum,

feoulbs

The only plints that developed disease gymptoms on the colyledons were
those planted in the plois where the blight infested carpely and leaves were
placed on top of the soils The resulits of this part of the experiment for
three lsocotions are listed in table VI. Vhere the infested leaves were
placed on top of the soil, none of the test plants developed bacterial blight
in the plot at Paradise, O per cent developed blight at Perkins and 38 per
cent ab Stillwater, Where the infested carpels were placed on top of the
g0il, 18 per cent of the plants developed bacterial blight in the plot at
Paradisc, 9 per cent developed blight at Perkins and 3 per cent at Still-
waters At the time the seeds were planted, the leaves ab the surface of the

soil apneared to be deconposed except for the veins. The carpels showed very

-y

4
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ittle decomposition.



Locaped seedliz Hak:

Lopad fron diseassd leaves and

2ls placed on top of bho soil
dise, Perlddns, and Stillwator,

[
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Mumber  lumber  Percent
healthy diseased diseassd

Leave 27 0 0
Prradise Carpels 1 3 18.¢
Perking Leaves g 10 5640
Perline Carpels 21 2 D0
Stillyaber Loaves 23 1k 36,0

Stilluater Carpels 3% 1 3.0




A

LABCRATORY STUDIES

The following study was made to determine how long X. malvaccarum,

when free from plant debris, would rewmain vigble in soil naintained under

Terent molsture conditions,

Hethods and Materials

Preparation of inoculume— A pure culbure suspension was made by
adding a smell quantity of tep water to one test tube culture of X, malva-
cearun, and shaking until the bacteria came free from the agar. The con-
tents of the tube was then enptied into a smell quantity of water and
strained through several thicknesses of chegse cloth, and then diluted
with tap water to malke one liter.

& second suspension of £, malvacearum was made by submerging 30.L
grang of dry infested cotton leaves in one liter of water for one hour.
The leafl debris was then removed by straining through several thicknesses

o cheese clothe

Incubation in molst soile-- Tue four-inch pots were filled with

screencd, uncropped soils The pure culture suspension was poured over

one of the pots, and the leal suspension over the other. In both cases

/‘u

the suspensions were poured into the pots until an excess ran out at the
botton. The nots were kept at room temperature throughout the experiment,
and wabered with tap water each time the soil began to dry on top.

weubation in dry soile=— & small guantity of screencd, uncropped

soil was placed in each of ten Petri dishes. The soil in five of the

dishes was well soaked with the pure culture suspension and the other



21
{ive with the leaf susponsion, The Petri dishes wore then placed in an
oven at 105¢ P, and the door was lefd open throuzhout the cxperiment to
increase the rate of evaporation. The soil in the Petri dishes was dry

and hard after 2L hours in the oven, bub measurenests of the soll molsture

content were not made at any time during the exporiment.

To test the viability of the organism, discasc-ires sesdlings ﬁefe
inoculated with samples frvom the pots and from the Petrd dishes at O, 24,
8, 96, and 192 hours after treasting the soil,

The samples werc taken two inches below the soil surface in the moist
pots. The dry samples sere removed from the oven and sw’ficient tup waber
then added to each Fetri dish to meke a suspension. The inoculations were
made with sterile sand bags sg praviously described. One plant was inocu—

lated {rom each soil sample., A check plant was lncculated wibh tap water.

Hesults

Table VIZ, lists the results of the tests on the survival of L. male

X
vaéearum.in the soil., The disease-free seedlings developed woeter soaked
spots when inoculated with X. malvacearum that was incubsted AS hours or

less in the soil. Uhon disease-free seedlings were inocculated with

bacteria that were incubated 96 hours in the soll the readings were question-
able, but when the cotylaedens from the cquestionable plants were used to
inoculate disease-free seedlings the water soaked spots developed from all
the samples except the iufosted leaf suspension in moist soll. The organism
produced negative vesulis when incubated 196 hours in the soil, and re-

meined negetive when diseacs~free seedlings were inocculsted with the lsaves

from these plants.



Teble YII, Recovery of I, molvecsarum fren deoy and nolst goil.
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RECOVERY OF X. MALVA FROM OVER-WINTERED INFESTED COTTON
DEBRIS AND FROM D STORED IN THE LABORATCRY
Methods and Materials

Diseased carpels were collected from the ground May 10, 1950, in a
field of cotton at Altus, Oklahoma, that had been infested with bacterial
blight the previous year, They were used to inoculate disease-free cotton
plants,

Diseased carpels and leaves, collected from bacterial blight infested
fields during the summer and fall of 1949, were stored in the laboratory
and hsed to inoculate disease~free seedlings in the spring,

The method of planting and spacing the seedlings were the same as
previously described. Three plants were inoculated April 20, 1950, with
material from each location. A check plant was inoculated with tap water,
The inoculations were with the sand bag, and upon reading were classed
as positive or negative as previously deseribed.

The material was collected from the following locations:

1, Paradise, Oklshoma; the leaves collected October 15, 1949.

2. Indiahoma, Oklahomaj the carpels collected September 15, 1949.

3. Tipton, Oklahoma; carpels collected September 1k, 1949.

L. Chickasha, Oklahoma; carpels collected September 13, 1949,
near west Bitter Creek, northeast of town.

5. Tucumecari, New Mexico; leaves collected August 23, 1949,
from Acala cotton,

6. Altus, Oklahoma; carpels collected October 30, 1949,
7. Chilocothe, Texas; carpels collected October 4, 1949.
8. Oreenville, Texas; carpels collected August 20, 1949.
9. Hobart, Oklahoma; leaves collected July 7, 1949.
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10. Stiliwater, Oklshomaj looves collected at Test Agronony Parm,
bugust 15, 1949.

11. Chickasha, Oklshoma; carpels ccllected dJuly 28, 1949.

Besults
Cotyledons inoculated with bacterial blight infested czrpels that

£,

over-wintered in the ficld were classed as positive. Cobyledons inoculated
with disecased carpels and leaves that were stored in the lshoratory for
several months were classed as positive for all the test Smﬂ@lbﬂ’ except
diseased lesvaes collected at 5tillwater, Oklahoma, Aucust 15, 1949. The
organism was isolated in pure culture and its pathogenicity established.
Table VIII. lists the results of the re seovery of L. malvacearum from
discased carpels thab over-wintered in the field, and dlssassd carpels and

leaves kept uvnder dey conditions.,



Table VIII. Recovery of Z. malvacearum from diseased carpels bhat
over-sintered in the field, and dissased cavrpels and
leaves kept under dry couditiouns. PFlants inoculated
dpril 20, 1950, readings mede iby 1, 1950.

Loeation of Kind of
Material Hatorial Date Collscted Readings
Hobart, Okla. Leaves July 7, 1949 r £
Chickasha, Okla. Leaves July 28, 1949 £ £ F
Stillwater, Ukla, Leaves August 15, 1949 - -
Greenville, Tex, Carpels August 20, 1949 A A
Tucumcari, N, ex. Leaves Avgust 23, 1949 A A £
Chickasha, Okls. Carpels Sepbember 13, 1949 A £ £
Tipton, Okla. Carpels September 14, 1942 £ £ A
Inddalomn, Ckla.  Carpels September 15, 1949 £ £ £
Chilocothe, Tex. Carpols October k, 1949 A A A
Faradise, Ckla. leaves October 15, 1949 £ £ £
Altus, Ckla, {arpels October 30, 1949 A A £
£od 4

#*5ltus, Cklae GCarpels Hay 10, 1950

% Ovepr-wintered in the field
# Positive

-~ Hegative
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The resulis of the forsgoing cxperiments, clthough nob conclusive,

indicate that I. malvecssrum can rewain viable for o much lonper period
in infested cotton plant debris burizd in soll and maintained at near
freeging temperatures than it can alt higher temperzturss, providing the
molsture content is approximotely the same under botl comditions. The
more suitable the conditions are for deccnposition, viz., high temperature
and adequate moisture, the less chance the organism has of suvvival., This

*

is in agreement with Weindlings (24) findings that the leaves collected
directly on the meist surfece of the soil consistently conbalned a fewer
number of viable bacterle than the dryer leaves,
In this study tle orgonism meintained its vicbility se long as ten
months in infested plant debris kept under dry eonditicns. Thls material
was tested only oncc; theveforc, the fir
long the orzanlsm would live under dry conditions.

fact that the baciter found to over-winter in Oklahoma
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supports the hypothesis thet infested plant debris Iaft in the ficld may

be & source of infocticn for the plented crop in the spving, (97, (L.
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© develop bactericl blight when planted

i
3
£
:
2
5
4]

o

shere the diseased debris was burded for 36 days belove planting tine.

The organisn, however, was viable when ploced on top of the soil. The

buried debwis was nob recoversd and uged as ilnosulit to test the visbility

23

of the crgar nism,

Rolfs (L6) found the organism ours in

distilled water, whils Tennyeon | {23) found the orgavism to live from 46



to 56 hours in run off water. Massey (13) stated that the bacterium dis-
appeared after 72 hours in river water, but might live a month in rain or
distilled water. In these studies it was demonstrated that the organism
may live in the soil in a free condition somewhere between 96 and 192

hours,



SULIARY

L ¥}

Zxperiments were conducted in different locations to test the viability
of X. malvacearum under different temperature conditions.

£, mglvacearum in cotton debris was still viable outside the greenhouse
after ¢l days of incubstion in the soil where the average wmean alr tempera—

(8

O T .. - -
nproximately L0Y F.  However, in the cool and warm sections inside

he greenncuse, vhere the average mean air temperatures were approximately
¢ A - 3 . . . :

707 Fo and 85° F., respectively, the organism apparently died out after LO

daye of incubabtion in the soil.

In a field study discased carpels and leaves were buried fpril 12,

1950, at different depths in the soil at three locations. The only positive

]

esults occurred where the diseased material was placed on top of the soil.
The discased leaves produced from O to 56 per cent infection for the three
locations, while diseased carpels produced from 3 to 18 per cent infection.
The laboratory studies demonstrated that the organism msy live in the
soil in a free condition somewhere between 96 and 192 hours. The bacterium
n discased carpels collected at &ltus, Oklahoma. X malvac-

or diseasad carpels and leaves keopt in a dry condition

£ n - W e e B e e %
Ior as lonz as ten moniisS.
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