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Bacterial Blight of Cotton Under Conditions
of Artificial Inoculation*
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Other Fiber Crops and Diseases, Burcav of Plant Industry, Soils, and Agricultural
Engincering, Agricutiural Research Administration
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t.heﬁeaves, stems, and bolls; hence, nccording to the organ affected,
it is known as angular leaf spot, black arm, or bacterial boll rot.
Although the disease is present mm all cotton-producing countries,
crop losses vary widely with region, var.eties grown, and seasonal
conditions,

Varieties of Egyptian and sea-island (@, barbadense 1..) are morc
susceptible to the disease than varieties of npland cotton (G. hirsutum
I3, In the western part of the Cotton Belt bacterial blight is con-
sidered second in importance only to cotton rootrot. Losses duc tothe
diseasc are difficult to estimate because its cffects are eumulative.
Plants are rarely killed, and destructive epidemics are infrequent, but
when those do oceur, the affeeted leaves and bolls tend to shed vapidly.
Thus the set-back to the crop is not readily recognized as brought
about by disease except when stands of secdling plants are destroyed
by black arm.

Two methods of controlling bacterial blight of cotéen are known to
be of practical value: (1} Treating sced with certain germicidal dusts;
(2) using resistant varieties. Seed treatment reduces primary infection
on sced lewves but cannot be expectea to prevent the disease from
building up later to serious proportions if conditions are favorahle.
On the other hand, under conditions of natural infection it is difficult
to sclect and breed varieties resistant to hacterinl hblight, because of
the erratic behavior of the disease. Under these conditions plants
that escape the disense are likely to he considered resistant. A system-
atic program of breeding for resistance to such a disease requires
methods of artificial inoculation that give uniformly severe infection,

The work reported here was concerned in part with developing
suitable methods of artificial inoculation and of grading varielies
with respect to relative resistance. In our first trinls with the method
Knight (12}* used in breeding work in the Anglo-Egyptian Sudan,
infection was erratic. Thus a need arose to determine the factors and
conditions essentinl for producing epidemics artificially. Previous
investigations in the epidemiology of the discase have been concerned
primariiy with survival, dissemination, and spread of the causal
organism (7, &, 9, 14, 16) and with the effects of environmental con-
ditions upon discase development (20}, The present study emphasizes
the host-parasite relationship itself, Special consideration was given
to various methods of inoculation and to the factors affecting invasion
and disease expression. The results of the study may be summarized
as follows.

SUMMARY

The investigations conducted were concerned with hacterial blight
of cotton, with cmphasis on (1} the host-parasite relationships funda-
mental in epidemics of the disease, involving intensive studies on infec-
tion of individual leaves; and (2) methods for producing epidemics
by artificial inoculation, including greenhouse and field experiments
on the epidemiology of the disease.

Severe infection of expanded leaves was found to depend upon
methods of inoculation that provide rapid penetration of lurge bacterinl
masses into susceptible tissues.  Placing bacterial suspensions upon

? Itaiie numbers in parentheses refer to Literature Cited, p. 33.
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mature leaves did not result in bacterial invasion, heenuse the bacteria
apparently require a liquid passage into the intercellular spaces.

Rapid stomatal invasion depends upon the degree of stomatal
opening and upon the extent of water congestion induced in the inter-
cellular spaces by water foreed against the leaf surface. The term
waber congestion” designates an abnormally high waler content of
the intercellular spaces. If leal Lisses wre visibly water-congested at
the tune of inoculation they later become entively discased; if water
congestion is nol visible the discase develops as seattered spots.

The larger the numbers of bacterin introduced into the tissue, the
shorter was the period of incubation and the more severe the disease.
These relationships suggest a hiypothesis of mass action effective in
abundant infection of cotton leaves, Hydrosig, the first symptom,
becomes v isible when the masses of bacterin have buill up to the peint
that they, together with the water or cell sap withdrawn from the
surrounding cells, practically Al the iotercellular spaces.  The larger
the initial number of bacterin introduced per unit velume of intereellu-
lar space, the shorter the period necessary for incubation and the
greater the ebances for further spread through the tissues.

Thus, incubation is subject to a biologien! mass effect.  Tnvasion
apparenily is dependent upon physical mass cllects, such as the
number of liquid passages and the forces with which bacteriz are drawn
into the infeelion eourts, These faclors appear to depend upon the
extent of temporary water congestion and in turn upon the water
pressure effective at the leaf surface.

Susceptibilily or resistance appears to be connocted with the degree
of compatibility of host iissue and parasite.  In suseeptible tissues
the pathogenic bacteria spread from a given infection court into sur-
rounding leaf aveas.  Tu resistant tissues infeetion is restricted to small
spots or may nol even result in visible lesions, 1t is well known Lhat
varicties differ in suseeptibility.  Moreover, leaves of plants that are
in active growing condition are more susceptible than those of plants
not actively growing; young suceulent leaves are gesorally mope
susceplible than older leaves of the same plant. Uider epidemic
conditions, factors ol susceptibility muy be obscured by physical mass
effects, e. g., leaves on plands of folerant varietivs may bocome as
severcely diseased as comparable leaves of susceptible varicties.  Qb-
viousty so many fuctors affert the disease that the importance of any
single factor will vary from enc set of conditions te another.

Epidemies bave been induced in the field by spraving plants with
bactevial suspensions, using & knapsack or wheelbarrow speayer.
This method has consistently given wniformly severe cdisense on
malure leaves it the previously statel regairenients lor successful
inoculation were satislied, ns follows:

1. Spray-ineculale the open stomata. in midmorning.

2, Apply pressure by beolding the nozzle close (o the leaves for pro-
ducing water congestion.

3. Use suflicient concentration of inoculom by employing about 1
million bacteria per milliliter,

4. Provide susceptible plant tissue by using plants in good growing
conclition when 5 to § weeks old.

Feaf spot served gs Lhe principal indieator of relatlive resiatance in
grading noculated field plants,  Varicties were (entatively groaped
1 three elasses: Susceptible, tolerant, and resistant, depending on the
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predominant reaction of the leaves. Tolerant reaction was more
readily distinguished from resistant than from susceptible reaction,
which latter was recognized by larger slower drying svots and by
greater secondary infection. Degrees of suscept,ibi?ity within the
groups were ofien more clearly in cvidence on stems, on bolls, and en
Teaves in the bud stage at the time of inoculatiot.. On these organs
stomatal invasion scemed to be of minor importance.

There is general agreement with regard to relative varietal resistance
in the several phases of the disease—leal spot, black arm, boll rot,
and seediing blight. The extent of the agreement, however, is not
known with certainty. Devintions have been noied. Thus, stem
and bell reaction should alse be ecensidered in hreeding programs.

Field experiments were conducted on the effects of various factors,
which had heen studiced first on greenhouse plants.  Mild forins of the
disease resulted (1) when planis were sprayed late in the evening;
(2) when the spray was applied as » fine mist; {3) when plants were
old or in poor growing condition. Experiments in the greenhouse
were conducied in parallel with field tests: sceondary infection, eom-
mon in the field, was excluded in the greenhouse. On susceptible
varieties it was demonstrated that leaves that were in the bud stage
at the time of inoeulation beeame rather severcly infected, even
when the inoculum was not applied forceiuily.

Meothods of artificial inoculation imitated natural inoculation during
rains.  Applying inoculum in the form of 2 mist corresponds to the
effect of applying it in gentle rain; fine spray when applied s deseribed
above, 10 n driving rain; and coarse spray, to & rain storm, The
coarse spray [requently injured lender orgens. On leaves it was not
mueh more effective than the fine spray, but on bolis and stems much
heavier infeelion was produced by eoarse than by fine spray.

Evidence was obtained showing that mild infections, especially
those of bud leaves and scodlings, may be seriously aggravated by
treatments imitaling dew and Trequent genlle rpins, sueh as exposure
to high humidily or frequent sprinkling following inoculation. These
proecdures deserve consideration for use in conjunction with the mere
severe methods recommended for inoculation of breeding plots. The
sovore melbods have the advantage of excluding eseapes from disense,
as they produce symptoms in the most rogistant upland varielies
known. Comparnafive studies of inoculation methods imitaling
varions nalurnl conditions may alse be useful in further investigations
ou the epidemiclogy of the disease, More information is particuiarly
needed n rvegard to the boll rob and black arm phases.

INFECTION AND DISEASE REACTION OF INDIVIDUAL
LEAVES

Recenl investigations on baclerial palhogens of tobaceo have dem-
onstented e importance of water congestion for infeetion of the
host plant and Tor the development of epidemies {3, 4, 111, The
ferm Cwiler congestion,” proposed by Johnson (71y, is used here Tor
desigmating an abnormally hich moisture content of the intercellular
gpaces of leal tissue, The present investigniions are concerned
primarily with waler congestion produced by external means, When
noticenble Lo the unaided eye, water congestion will be enlled “visible,”
in contrast te “nonvisible” water congestion. This is a crude differ-
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entiation, considering the complex nature of the phenomena, for
obviously therc arc various kinds and degrees of visible and nonvisible
water congestion that cannet be defined properly al our present state
of knowledge,

The investigations on bacterial blight of cotton were conducted from
1942 to 1945. The experimenis discussed in ihis seetion were con-
cerned with certain factors affecting the host-parasite relationship.
Nearly every one of these experiments involved several factors. 1n
order to facilitate the presentation these will be treated separately
and thea attempts will be made in the discussion to correlate and o
interpret the interrelations.  In tables | te 7 the results of represen-
tative experiments are given in a condensed form because it is imprac-
tical to present here all the experiments and all details of the reaction
of individual leaves. To illustrate the detailed observations on which
the tables are based, resuits from a single plant are shown in table 7,
omitiing notes on disease severity earlier and later than the 1Sth day
after inoculation. The data obtained by inoculating individual leaves
were eonfirmed also by experimental resulls on inoculation of whole
plants, as presented in a subsequent section.

MaTiERtALs aANp METHODS

Plants were grown in the greenbiouse in 2-gallon glazed pots with
sandy loam seil to which 5-5-10 fertilizer had been added ai the rate
of 1% ounces per pot.  To reduce soil packing a porous 2-inch clay
pot was placed in the conter for watering.  The plants were kept ina
Lhrifty condition by adding calcium nitrate solution about once & weck
at the rate of 300 mi. of a ¥ molar solution. At first, when the im-
portance of using thrifty plants was not fully reatized, 4 Lo 6 plants
were growtt in each pot and inoculnlod when 8§ to 14 weeks old. Later,
G to § plants were grown in ecach pot and inoculnied at the age of ¢
weeks or earlier,

The varicties of cotton used most frequently in these oxperiments
were, in order from highly suseeptible to resistant: S X P Egvptian,
Shafter Acala, Acala 11, Trice 2, Stoneville 37, Stoneville 4-8, and
Stoneviile 20.  Acala 11 was used in many of the basic experiments3

Bagterinl suspensions of Nanthomanas malracrarum were prepared
as follows. The bacteria were streaked thickly over hard polato dex-
trose {or sucrosce) agar in petri dishes, Afler 4 (o 6 days’ incubation
at 26° . the shmy masses of bacteria, which covered the agar, were
removed with a pol label onto o moist picce of cheesecloth spread over
a funnal. Water was added Lo give the desired dilution, and the sus-
penston was repeatedly filtered throngh the cheesecloth entil uniform,
The number of hacterin in suspension was estimnted for soveral tests
by dilution cultures and by direct count,  When relalive coteenten-
Lion was the factor to be congidered, il was found salislaetory to base
caleulations en the Tollowing estimate:

The sverage number of viable baeterin obtained from one petri
disle by (he outlined procedure is about 10 biltions. Suspending
these 11 1,060 milliliters gives 10 million per milliliter, which was the
concentration frequently employed in preliminary greenhouse tests,  In
ficld inoculations, suspensions containing { million bacteria permilliliter

3 The wriler s indebiod o (he following workers for furnishing the sved lots:
C.od King, G Harrizon, D, R, Hooton, and 1, M. Simpson,
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were used gencrally.  One isolate of Xenthomonas maelracenrum was
used throughout this work, including the ficld work, and its patho-
genicity kept constant by freqitent reisolalion Trom infected tissue,

Procedures of water congesiing and inoculating colton leaves were
developed and standardized so as to furnish results permilting valid
comparisous within any given test, Two types of water congestion
are distinguished—"visible’”” and “nonvisible.”  For producing vis-
ible water coneestion the method of Diachun and others (3) was used.
A No. 20 needie of a 10-milliliter B-1 Lucr-type hypodermic syringe
wascutoff togivencircularopening.  Astream of waterwas forced from
the syringe against the leaf surface, The syringe was moved rapidly,
inducing a water-congested streak that remained visible to the naked
eye for 10 to 20 minutes.  Nonvisible water congestion was produced
by means of & 1-quart spriyer, and more often by means of a No. 16
DeVilbiss atomizer,

An attempt was made to attain uniform pressure at the leaf surface
for cach of the described methods. The leal was backed by holding
it appressed to a rubber pad while the water was forced against its
surface from a distance of 1 to 1% inches. Atomizing or spraying was
done from the same distance, and the number of strokes adjusted soas
to apply about the same quantity of liquid per unit of leal surface.
Tor instance, leaves of 5-inch diameter wouldl receive six strokes, and
leaves of 3%-inch only three strokes from the atomizer. Yater con-
goestion was induced at the lower surface of the leal, unless otherwise
stated.

The degree of visible water congestion was used as an indicator of
the degree of stomatal opening (footnote 1, table 2), as Diachiun {4)
has shown that satistactory results are obtained by {his method, Lt
is realized that torms suel as degree of water congestion are ill-defined.
They are used here as temporary expedients, pending a clearer under-
standing of the complex phenomena,

Inoculation was carried out by various procedures. An attempt
was made Lo apply uniform quantities of bacierinl suspension to cor-
responding leaf surfaces when using any one procedure. 1n some
experiments the inoculum was poured over the leaf surface or leaves
were dipped into a jar containing the bacterial suspension. Aore
often inoculation was earried out by atomizing or by brushing with a
2-inch paint brush. Two methods of brushing were used—"gentle
brushing’ and “brushing with moderate pressure.”  1n gentle brush-
ing the brush was moistened with hacterial suspension and held
parallel to the leaf surface; the Iatler was touched 4t several places,
taking care to avoid rubbing.  lu Drushing with maoderate pressure,
the moistened brush was drawn over thie leal as in painting, but held
at an acute angle to the surface. Care had to be taken to avoid
permanent injury, which results if excess pressure is applied lo any
one point of the leal by hrushing or by loreing water arninst it

In ihe course of work conductied over several vears it was not
foasible Lo nvokl modilications of techniques.  Data of one experiment
were not strictly comparable with (hese of another.  Morcover, the
greenhouse work was done uniler conditions that did not permit rigid
control of temperature and soil moisture.  Temperatures were gener-
ally in the vange of 239 to 35° €', and the pot= were kept swell watered.,
Despito considerable variations from one experiment to another, the
resulls within any given experiment were generally consisient.
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In the first experiment cach test was repeated from 2 to 4 times,
using at least 10 leaves for a given itrentment. Whenever pessible,
parallel treatments were compared on individual leaves by applying
cach treatment to half of the leaf.

As the studies progressed and as the factors affecting infection and
susceptibility were defined, procedures were adopted that made it
possible to obtain comparable numerical data. The leaves were
tageed and the degree of water congestion noted at the time of inoculn.
tion. Relative development of expanding leaves was indicated by
measuring their diameter a¢ the time of inoculation (table 8, footnote
1). When the incubation periods were to be determined, daily notes
had to be taken. Arbitrary scales wore established, showing the
degree of water congestion at the time of inoculation and the relative
severity of discase 3 wecks afterward (table 2, footnotes 1 and 3.

Faeroits ArrEcTING INFECTION OF LEAVES
STOMATAL OPENING

Stomata of cotton leaves of greenhouse and field plants showed
wide variation in stomatal reaciion when tested by Diachun’s method
(2). The pattern of stomatal behavior agreed with data reported in
the literature (75) as follows: Stomata of mature cotton leaves are
practically closed during the night. They open in the morning,
rapidly in sunlight and slowly on eloudy days. Closing of stomata
is less regular than opening, particularly with stomata of the upper
surface. The period of maximum opening may be shortened by
various [actors, such as drought, shading, and low relative humidity,
Stomata of bud leaves are undeveloped, those of expanding lenves
tend to be open for short periods only, and those of very old leaves
become permanentiy closed.

Abundant infection of mature colton leaves by Xenthomonas
malracearum was found to take place only if stomata were open
(table I, experiments I and 2).  Stomatal invasion took place regard-
less of whether baeterinl suspensions were applied to the lower or
upper leal surlace, using any of the following procedures: (.) Forcing
the suspensions ngainst the leaf by atomizer, sprayer, o hypodermic
syringe; (2} forcing water against the leal by atomizer, sprayer, or
syringe immediately following or prior to pouring the suspension or
to brushing it gently over the leaf; and (3) moculating as in (2), but
from the leal surface opposite the one treated (tables T and 2).

WATER CONCESTION

Proof was obtained in the same experiments that in mature cotton
leaves sbundant invasion through stomata depends upon the presece
of water in intereellular spaces normally filled with air. This is
demonstrated most strikingly Ly powring the bacterial suspension
over the lower surface of the whole leal after inducing visible water
congestion in the form of streaks by means of a hypodermic syringe
as deseribed above, The leaf pars thus congested at the Lime of
inoculation become solidly infected later on, while in the rest of the
leal the discase either does not develop at all or oceasionally mani-
fests itsell in the appenrance of a few small spots {pi. 1, A)." More-
over, abundant infection does not oceur if the bacterial suspenston
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Disease symptoms produced by Xanthgmonns malvacearum on cotion Inaves,
Hiusirating the ditferences in symptoms resulting feom two different water-
conpgestion procedures (A and 1) and from differences in inherent resistance to
the distase {Cand M1 A, Leaf of a suseeptible variety, 3 weeks after inocula-
tion, water congestion by & stream of water from a by podermic syringe direeted
against lower surface of left half of lesf, followed immediately by pouring the
bacteril suspension over entire lower leaf surface (table 1, expt, 3); 7, swme oy
A, except water congestion by spraying with water; C, leal of a suseoptible
varicty (Aeala 11) 3% weeks after inoeulation, visible waler congestion on right
half of leaf by stream of water fram o hypodermie syringe, immedinely prior Lo
inoeulntion by atomizing ihe whole fenf with the bacterial suspension; £,
suinu as €, exeept that leaf is of a resistant varicty (Stoneville 20),
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PLite 2

Relative susceptibility of leaves as affected by stage of leaf development at tirne
of incculation. Plants 4 weeks old.  Inoculation by spraying with a knapsack
spraver, Stomata of mature leaves open.  Photographed 2 weeks after
inncculation. A, Sections from leaves of a Shafter Acala plunt: ¢ and b, Fram
expanding leaves; ¢ ahd d, from harcly mature leaves; e and f, from Iully mature
lenves, X 1W. B, Leaves of an 8% P pinnt: o, Bud leaf; b, exponding lenf:
e and o, barely mature leaves; e and §, fully mature waves.
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the incubation period and therefore the development of the discase.
This hypothesis is favored by all the results obisined in the investiga-
tion. Other conditions beirg tie same, the concentration of_ the
inoculum suspension determines the duration of the period of incuba-
tion and subsequently affects the severity of disease cxpression. The
incubation period may be reduced to 2 days by applying & highly
coneentrated suspension of bacteria to visibly water-congested parts
of leaves (tables 5 and 7), or it may be extended Lo 2 or 8 wecks if
the leaves are atomized with dilute suspensions (table 3). Further-
more, alomizing or brushing leaves with a concentrated suspension,
(table 7) may induce discase symptoms earlier than applying a very
((Iihﬁ(\ s)uspension to completely water-congested paris of the leaf
table 3).

Facrors AFFECTING SUSCEPTIRILITY

Suseeptibility of cotton to bacterial blight is affected not only by
varietal reaction bul also by the stage of development and the condi-
tion of leaves and plants. E. F. Smith (19), in his pioncer work on
bacterial discases of plants, recognized that “juicy’ or succulent tis-
sues favor disease development, and this fact lias since been confirmed
by all workers dealing with this or similar discases.

STAGE OF LEAF DEVELOPMENT

In the course of the preseni investigation the need arose for a more
precise definition of factors affecting susceptibility, especially with
respect to individual leaves.  Frequently, because of varintlions
between leaves, averages of numerical data did not adequately express
differences in disease severity resulting from various Lreatments,
although large differences were readily seen on examining the leaves,

In the early experiments this difliculty was partly overcome hy
using mature Jeaves only and by giving the contrasting treatments to
the opposite halves. It was noted, however, that barely mature
Ieaves fended to become more severely diseased than older anes, even
though stomata were uniformly wide open, as shown by {he visible
water congestion at the time of inoculation. In ihese barely mature
tenves the discased streaks appeared earlier and the lesions extoneded
farther into the neighboring tissues than in older leaves, When
lomized with hacterial suspensions,.old leaves developed smaller
lesions than younger leaves and sometimes the old leaves did not
become disensed af all.

The brush inoculation method permitted extension of these tesls to
expanding and hud leaves. Stomata are generally closed in budl
lenves and in leaves at enrly stages of expansion, while at later stages
stomatfal opening varies much more than in mature leaves. When
inoculated by brushing with moderate pressure, leaves in the expand-
ing stage beeame more severely diseased than mature leaves, whereas
the latier were generally the more severcly infected by methiods in-
volving stomatal invasion (luble 7). Bud leaves tended to have fow
lesions, which in highly susceptible varieties became very large at o
Iaier stage, often resulting in distortion of the leaf,

The high susceptibility of bud leaves is often not reffecied in (he
datn on diseasce severity becnuse ihe latter is an estimate of discased
lenf area, depending on both number and size of lesions.  However,
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when methods of inoculation that cause very mild infeetion {dipping
Joaves into bacterial suspension or gentle brushing) are wsed, leaves
of ail stages have few spots; the disense in bud leaves is then the more
severe, partieularly in highly susceptible varieties (table 6), Vein
blight was prevalent in leaves inoculated at the early expanding and
bud stages (pl. 2, B). The vein blight consisted usually of bands of
infected tissues ndjoining the veins and rarely alfeeted the vein tissues
themselves.

The size of individual lesions tended to deerease gradually from bud
leaves to those fully mature, This cifcet was most clearly showan
(pl. 2, A) when whole plants with four to six fully expanded leaves were
sprayed uniformly with bacterial suspension, using thic conrse spray
of a knapsack sprayer as later deseribed.  In presenting such data on
plants with mere than three expanded leaves, the following groups
wore distinguished: “Bud;” “top’ (expanding leaves with diameters
ranging from 10 te 70 mm. at the time of inoculalion}; “mid" (barcly
mature) ; and “low” {fully mature) leaves {tables 6 and 7).

Among leaves at various stages of development, the incubation
period becomes generally longer the older the leaves {tables 6 and 7).
The period of incubation, however, is usually longer in leaves of the
carly expanding and bud stages than in those of the late exprnding
and carly mature stages. Interecliular spaces are small ab first,
increasing gradually during expansion, particularly tiiwough develop-
meat of spongy parenchyma.  Thus, room for iarge masses of bacteria
is provided only after some duys, gecounling for the delay in symptom
expression.

AGE AND CONDITION OF PLANTS

Tt was commonly observed that leaves were fully susceptible to the
disense only when the plants were in vigorous growing condition before
and during the development of lesions,  in this field of invesligation
studios are needed Lo define more clearly the following factors and their
interrelations: {13 Temperature and water relationships, particularly
with respeet to soil moisture, {2) nuiritional conditions; (3} general
growing condition and age of plants.  The lew critieal datn obiained
in the present work will be briefly discussed, Logether with incidental
obscrvations.

Data on the effeet of soil meisture were oblained in one of the carlier
experiments, using mature leaves on 3-month-old plants. The planis
of three pots had been kept rather dry, while those in three others were
wricred normally. Al the time of inoculabion waler congestion of
leaves was cqually good in both series.  On the leaves of plunts grow-
ing in moist soil the disense was more severe and the nvernge period of
incubation shorter. The resnlts were eonsistent under two conditions
of inoculation and at Lwo concentrations of inoculum (table 3). Ina
later test similar results were oblained with younger plants (7 weeks
old when inoculated}, but the low leaves were more severely diseased
i the “dry” plants, apparently because they remgined longer in o
“Guiey” susceptible condition, whereas bud amd expandisg leaves were
pefarded in growth and therefore foss susceptible.

Considering data ebtained in the carly tests with old plants in
rather poor rowing condition, in vontrast to later detle on voung
piants in good growing eondition, waler congest ion was obhlained much
more readily in leaves of the young plants than in those of the old,
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Moreover, disease symptoms tended to be more severe in thrilty
plants regardless of conditions affecting wator congestion

VARIETAL REACTION

Under the conditions of these greenhouse experiments, outstanding
resistance of mature leaves was evidend in some strains of the Stono.
ville variety only. When comparing highly susceplible, susceptible,
and tolerant varieties, striking differences were sometimes noted with
respect to the reaction of bud leaves. When mature loaves of thrifty
plants of tolernnt varietics, however, were inoculated under conditions
of water congestion, they became as severely diseased as those of sus-
ceptible varieties (table 5). The lesions of the former tended to be
only slightly smaller and tended to dry a little fasier than lesions on the
more susceptible plants.  When such differences weee present they
were not reflected in the duration of the period of incubation but
seemed to involve thie subsequent spread of bacteria through the leaf
tissue, .

The high resistance of Stoneville 20 was manifested ecither in
absence of lesions or in very small lesions, which were brown and
dry from the beginning. Compleie water congestion in leaves of
this sbrain was as readily obtained as in susceptible varioties. When,
subsequent to sueh water congestion, lenves were inoculated with o
highly coneentrated suspension of bacteria .(100 to 300 million per
ml.) a light-brown streak was oblained (pl. 1, D) on the following day;
that is, a day earlier than hydrosis would have appenred under the
same conditions in leaves of suscepiible varietics,

This extremely rapid reaction suggested a phenomeneon similar to
the hyperseasitivity reported in rusts, but this iden is contradicted by
such evidence as is now available. Neither host tissues nor bacterin
seent to be killed. It appears rather that the discoloration of ihe
tissue is connected with a resistant renction of the host eells that
resiriets multiplication and spread of the bacterin. No reaction en-
sued when bacterial suspensions of rather low eoncentrations wore
applied to wiler-congested leaves of Stoneville 20; pale-yellowish
streaks resulted on some leaves when suspensions of informediate
concentration were used, usually becoming appareat shortly after
typical symptoms of hydrosis were noted on leaves of suscepiible
varieties correspondingly inoculated.  Furthermore, in some instances,
a few typical lesions were seen on leaves; under epidemic conditions
i the hield, greenish-yellow balos appeared around necrotic spois at,
the time when abundant seconelary spread was evident around diseased
lesions on leaves of susceptible plants,

Miscession
HYPOTHESES OF 1N PECTION

When bacterial suspensions are merely placed on the surface of
mature cotlon leaves, infection does not result, Apparently the
bacterial mnsses require a liquid passage leading from the surface
into the interccllular spaces.  Such invasion pussages are provided
by metkods that produce water congestion by external means.

When Indin ink is placed on the surlace of eotion leaves while
parts of their tissues are completely or partinlly waber-eongesicd,
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some of the ink is drawn immediately into the water-congested parts.
This elleet has boen demonstrated by Diachun and others (6), and
supports ihe view ilhat bacterin are drawn into ihe intercellular
spaces passively, apparently by capillary forees.  This work has been
exteaded here to include the alorementioned brushing method.
When India ink was introduced into $he intercellular spaces of cotton
leaves by brushing with moderate pressure, it could not be removed
by washing the leaf with water. Apparently the small wounds
caused by lfi.wusl]ing furnish the passnges, while cell sap from broken
cells provides walor congestion.

By coupling n hyvothesis of incubation with that of invasion,
infection of water-congested leaf tissue may be visualized as follows:
The first symptom of the diseasze, hydrosis, is outwardly similar to
the visible (temporary) water congestion produced by a hypodermic
syringe. Apparently hydrosis sets in when the zooglocal masses of
bacteria have built up to the point st which they are able to with-
draw water or coll sap from the surrounding celis fo such an extent
that the interecliular spaces become permanently congested.  The
peried necessary for building up the hacterial masses to the critical
point is the period of incubation.

Lvidence cited above indicates that the larger the initial number of
bacteria introduced inte the unit volume of intercellular spaces the
shorter the incubation period becomes.  This initial number depends
upon (1) the conceniration of the bacterial susprnsion used ns in-
oculum and (2) the degree of water congestion.  This latter, in turn,
involves two factors—ihe number of liquid passages and the force
with which the bacterial suspension is drawn through them. Thus,
in addition to the biological mass cffect that dominaies incubatjon,
physizal mass effects may be postulated as governing invasion,

1t is realized that the clfects of moisture and other factors in
infoction are of & very vomplex nature and that there is necd of
detniled basic invesligaiion, The hypothesis discussed in the pre-
ceding paragraph should be cousidered therefore as an outline,
oversimplified [or the purpose af presenting a cobierent picture of
infection,

SUSCEPTIRILITY Ot RESISTANCE

The terms “susceptibility’” and “resistance” are applied bere to
the rencetion of invaded tissues. The severity ol individun! lesions
was taken ag o eriterion, rogardless of whether relative reaction was
compared within any of the kinds of suseeptibility; that is, among
leaves at various stages ol development, among plants grown under
various condilions, or among vavieties, When used in this sense,
susceptibility and resistanee were expressions of the compatibility
of host and parasite and wepe shown to be independent of invasion
phenomens sueh as stomatal epening and of water congestion pro-
duced by external means at the time ol inoculation.  Tnother words, if
the tissues surrounding a given infeetion court are suseeplible, the puth-
ogenie baeteria will spread quickly and eontinuosly; in less suseepti-
hle tissues, multiplication and spread are retarded; in resistant Lissucs,
spread is restricted so mueh that the Jesions are very smaldl, or no
visible symploms appear,

The nature of the suseeptibilify or resistance of cotton Lo hacterial
blight is undersiood as litile as are basic factors of most other plant
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diseases. Obviously, host-parasite relations are complex. There
may be factors of susceptibility mvelving meistire and nutritional
relationships; and there may be factors of resistance, such as sub-
stances produced by the host that inhibit the pathogen. (The oxist-
ence of three genetical factors of resistance has been indicated by
Knight (12, 18).}

The lack of definite information with respret to the basic factors
involved makes it difficult to propose an adequate theory. Evidence
and observations suggest that susceptibility of eotton to the various
forms of bacterial blight is associated with immature tissues and with &
slow rate of maturing. It is not known, however, whether the various
kinds of susceptibility are fundamentelly the same. The offects are
similar, but the eauses need not be the same.  Gbviously mass phenom-
ena are involved, as has been discussed in relation to incubation.
Mass development ef bacteria in susceptible tissues, however, is a
consequence and not & cause of susceptibility.

INTERRELATIONS

It remains te examine how susceptibility and resistanee affect
disease expression when the various kinds of susceptibility are con-
sidered in conjunction with one another and with factors affecting
infection.

Susceptibility and resistance are relative reactions. Varieties may
be arranged in the order of increasing resistance as determined under a
given set of conditions. A change in these conditions docs not affect
the relative resistance rating o the different varietics, even though
the general level of disease in all varieties may be altered. Likewise,
on @ given plant with leaves at various stages of development, sus-
ceptibility tends o increase from the oldest to the youngest leaf;
this relative reaction is independent of concentration of inoculum
and of varicty. When highly resistant varictics show any disease
symptoms at all, they appear in the expanding and barely mature
leaves,

The element of time is important in considering the combined
action of the various factors that affeet the discase. This time factor
has been discussed already in connection with effects of mass action
upon the duration of the incubation pericd. When inoculated with
dilute bacterinl suspensions, fully mature leaves that watee-congested
well ab the time of inoculation often failed to become diseased, while
expanding lenves that water-cengested poorly developed severe symp-
toms. By the time these symptoms appeared, that is, from 10 o 20
days after inoculation, the older leaves had lest their susceptibility,
Thus the kinds of tissue susceptibility that arc connected with leaf
development and plant condition are dynamic, that is, they may
change while the liost-parasite relationship is in progress. Obviously
this is move likely to occur when incubation and symptom develop-
ment extend over & long period.

Even though the system of factors affecting infection and suscepti-
bility is complex, the data presented in tables 1 to 7 show that singla
factors and their effects can be cloarly recognized. It is necessary,
of course, to choose o range at which reactions to a given factor are well
differentiated. Moreover, the aforementioned interrelations of fac-
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tors hewve to be taken into consideration. In table 7, discase reaction
of leaf No. 7 is shown to be definitely less severe than for leal No. 8,
taking into account the stomatal condition at the time of inoculation
as expressed by the degree of water congestion. For both leaves the
ratio of water congestion to severity is about 0.6.

Generalizations have been made here on the basis of such evidence
as is now available. They are submitted as o possible basis for work
toward a more complete understanding of the disease, a goal that can
be reached only by further rescarch on the factors studied here as
well as on other factors., In' these experiments no concerted attack
has beer made on the role of moisture conditions as they affect the
host-parasiie relationship. The complex nature of this problem has
become obvious through many observations. Thus, “juicy” leaf
tissues have been found more susceptible than “dry” tissues, but often
juicy leaves water-congest casier than dry ones, other factors being
equal. Extensive investigations on other bacterinl discases have
demonstrated the importance of internal humidity (I7) and internal
water congestion (17). Indicative data along this line will be given
in the last part of this bulletin, Emphasis has heen placed here on
methods of inoculation that involve water congestion by external
means. These methods have proved practical for producing epiphy-
totics by artificial means.

ARTIFICIALLY INDUCED YEPIDEMICS IN RELATION TO
VARIETAL RESISTANCE AND EPIDEMIOLOGY

METHODS
DEVELOPMENT OF FIELD TECHNIQUES

The data presented in the first part of this bulletin provide an
explanation for the inconsistent results obtained in pruvious field
trials of the incculation technique described by Knight (13). It had
not been recognized that this technique was fully effective only wlhen
the plants are in good growing vondition and when stomatn are open
at the time of inoculafion.* The methods subsequently developed
are modifications of those used by Kunight for producing artificial
epidemies and for determining relative varietal resistance.

In order to be useful to the plant breeder such methods should be as
simple as possible and standardized so as to give consistent results.
Methods shiould be simple enough to permit casy and rapid prepara-
tion of inoculum, inoculation of large numbers of field plants, and
grading of individual plants. Standardization should minimize the
cffects of variable natural conditions and provide uniformly scvere
disease through (1) uniform coverage with inoculum, preventing any
plant from escaping disease; (2) uniform procedures of inoculation;
and (3) & comprehensive system of grading.

In developing satisfactory field techniques the oullined reepiire-
ments were kept in mind, together with the understanding of discase
factors gained by studies on indlividual leaves. Some work in inocu-

Y These points are not elearly brought out in Knight's original deseription. A
recent, communieation from him indicates that they have been considered in
practice.
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iating individual leaves was dene on field plants, using procedures
that inveived wisible or nonwvisible water eongestion. The results
were similar to those reported for greenbouse plants.  Once, after o
heavy rain, leaves of young ficld plants were found to be so “juicy”
that atomizing produced visible water eongestiion.

Inoculation with the knapsaek sprayer was fivst tested in the green-
house. The effect of the waler tongestion indueed was intermediate
between that of hypodermic syringe and alomizer, Usually waler
congestion was not visible; but visiblie waler congestion resulted when
a leaf was backed with a rubber pad whils tie spray was applied from
distance of 5 to 6 inches.  Such visible wafer congestion did not appear
if stomata were elosed; for instance, in leaves of plants shaded for
2 hours prior to ineculation,

In developing the methed, it was found that greenhouse conditions
have the advantage of being semicontrolled and permit continuous
close observation of the development of the disease,  IPurthermore, the
direct effeets of the inoculation could be recognized independent of the
secondary infection that is frequentiy responsible for variations in the
ficld. On the other hand, grecnbiouse tests bad to be vestricied to a
small number of plants.  Moreover, greenhouse plants growing in pots
with well-fertilized soil generally difter from field plants. Thev are
more tender and succuient at first but iend to gol more rapidly into
poor growing conditionn.  With a limited quantity of soil available, the
roots of the plants become pot-bonnd and growth is retarded despite
frequent watering and heavy fertilization,

INOCULATING PLANTS IN BREEIMNG PLOTS

The method of inoculnting field plants consisted in applying bae-
terial suspensions with a sprayer. A Kknapsack sprayes was satis-
factory for small plots; a wheelbarrow sprayer equipped with a pres-
sure tank was preferable for larger plots, When spraying with the
wheelbarrow type, iL was found convenient to hold the pressure at
125 pounds. This method was first tried in 1944, applicd on & larger
scale in 1945, and briefly deseribed in & recent article (I8).

Ifield plants were inoculated when in vigorous growing eondition,
usually when 5 to 7 weeks old.  Growing condition is dependent upen
soil moisture and other environmental factors thal cannot be controlled.
Growing condition, therefore, is the {eature least suseeptible to stand-
ardization.

Preparation of inoculum was standardized, using the provedure
deseribed  for experiments on  individual leaves. Concentraied
bacterial suspensions eontaining the yields of 10 pelri diskes in 1,060
ml. weve taken to the field. By adding ihis suspension eb the rate of
(0 ml. to 1,600 mi. of waler, & spray suspension was prepared that
contained about 1 millien bacteria per milliliter.  One gallon of this
suspension was sufficienl for spraying o 100-foot row of plants 5 to
7 weeks of age,

Stomatal opening was tested in the first trials, using as a eriterion
the degree of water congestion produced by & stream of water [rom a
hypodermic syringe, as described above., 1 was found later that this
test is not necessary when plants in good growing condition are sprayed
in midmorning of clear days, beeause at that time the stomata on the
undet sile of most of the mature leaves are wide open.

TTABUN 48— 2
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Spraying aimed at producing a high degree of nonvisible water
congestion in a large percentage of leaves was effected by (1) directing
the spray toward the under side of the leaves, wlhiere stomata are more
uniformly open than on the upper side; (2) holding the nozzle as close
te the leaves as possible; and (3) adjusting 1t so that il would deliver
& semicoarse spray. Thus, the procedure resembles that of applying
pesticides to obtain uniform coverage, but differs from that metliod
m thal ithe spray is made to sirike the leaves forcefully, like a driving
rain. When carefully applied under favorahle conditions, this method
gave uniformly severe disease, even though the spraying was done only
once. Repeating the spray on the [ollowing day from the opposite
direction, and with order of rows reversed, insures against the possi-
Lility that any of the plants might eseape infection.

GRADING FOR RELATIVE RESISTANCE

When plants are sprayed according Lo the method just described,
severe disease symptoms appear on mature leaves within 3 to 7 days.
Except on lighly resistant plants these lesions coalesce frequently.
Severely affected leaves start shiedding from 2 to 3 weeks after inocu-
lation. In 1944, aitempts were made Lo judge relative resistance of
-nrieties by severity of disease, as expressed by the number of diseased
leaves and by the diseased areas of individual leaves. This procedure
was laberious and not salisfactory unless secondary infection also
was considered.

A practieal scheme of grading varieties with respect to resistance
was developed in 1944 eand extensively used in 1945, Essentially
it is a simplificd version of Knight's method (¢3) and has been
briefly described previously (18).  Grading is based primarily upon
the size andl appearnnee of discase spots (outside of coalescent arens)
ahout 3 weeks after inoculation.  In addition to spot size, the lollowing
characteristies indiente the degree of compatibility hetween host andd
parasite: Rapidity of dryving of lesions; eolor when dry; bacterial
exudate; secondary infeetion; and vein blight (pl. 33,

Three groups have been established as a tentative basis for classi-
[ying plants or varicties with respect to resistance to bacterial blight.
These groups are defined by their prevailing leaf reaction, three types
of which wre diiTerentistad (table §).

(1) A resistant reaclion is easily recognized by nontypical small
roundish spots, which appear some days after typical lestons and are
dry and brown from the beginning; coalescent areas and vein blight
are very rare.

(2) A tolerant renction is identified by typical green angular spots
of 1 to 2 unn. in <iameter, which bheecome brown swhen dry and often
conlesee; secondnry spread and vein blight are rather limited.

(3} A susceplible reaction is chamcterized by large sreen angular
spots, which tend to dry slowly, becoming dark brown or blark and
are frecuently covers! by drey gravish films of bacterial exwlate;
seconmdary spread and vein blight are abundant. Tolerant and sus-
ceplible reactions are not so readily distinguished Trom one another
as are tolerant and resistunt reaction.

On the basis of this classilication, a numerical syslem of grading
upland varielics was devised in 1945, The following grades were used
Grade 1, resistant reactions; grades 2 and 3, tolerant; and grade 4,
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susceptible (table 9, pl. 3). Intermedinte reactions are indicated by
decimals, This tentative scheme may serve as a basis for a more
comprehensive system, possibly including varietal reaction in other
phascs of the discase.

DETERMINING RELATIVE RESISTANCE IN THE BLACK ARM
AND BOLL HOT PHASES

It would be desirable to hiave one method of inoculation for all
phases ol the disease. This, however, does not seetn to be feasible.
Special metheds have been developed, thereflore, for inoculating and
grading in the black arm and boll rot phases. These methods induce
vasion of bacteria primarily by mechanieal-injury. 1t appears that
these methods are not so dependent upon stomatal opening as the
leal inoculetion method. It is not known to what extent stomatal
behavior of leaves agrees with that of holls and stems,

Field tests in 1944 indicated that in upland varielics black arm
was serious only when a very coarse spray was applied to young plants.
Otherwise the methad of inoculation didl not differ from that previously
described.  Under field conditions stem lesions appeared within 2 to
5 weeks after incculation, mainly on the internodes of the stemns.
This indicated that most of the black arm originated from direct in-
fection and that little was secondary, that is, working down from the
leaves through the petioles.

Grading for resistance in the black arm phase was based on (1)
pereentage of diseased plants, and (2) severity of individual losions.
Severity was estimated by 2 seale ranging from 1, very slight, to 5,
very severe {table 10, footnote 3), depending upon size and depth
of the cankers.

Preliminary tests in 1944 sugeested that severe bacterial boll rot
may be obtained in the field by two methods, both of which were
used extensively in 1945: (1) Rubhing individual holls with a tooth
brush or with a piece of cheeseeloth wetled with a bacterial suspen-
sion and (2) sprayving the bolls as deseribed above, but USING & Course
spray. The rubbing method was very cffective but slow.  Rubbing
produces many small abrasions through which the baetcria enter,
Boll infection was not induced without such wounds; however,
severe wournds made by a scalpel resulted in rapid drving of the in-
dluced lesions.  Coarse spraying required large quaniities of spray,
at least 3 wallons to each 100-foot row; semicoarse spray was ineffee-
tive. Boll lesions appeared within 6 to 14 days after inoculation,

Grading for resistanee in the boll rot phiase was based on two
criterin: (1) Percentage of discased holls; (2) severity of individual
lesions. Severity has been defined by an arbiteary seale ranging lrom
I, resistant, to 10, highly susceptible, as indieated by size of [esion,
color, rapidity of drying, depth, and tendeney to spread. The extremes
of disease reactions on bolls are recognized s easily as those on leavoes,
The highly susceptible reaction is characterized at Tirst by green water-
soaked raised lesions, They tend to spread rapidly and to dry rather
slowly in the center, forming craterlike depressions. Trequently the
whele boll becomes involved. the lint is discolored, and the rot is
aggravated by fungus infection. The resistant reaction is manifested
at first by small pale-green flat spots. FPhey dry eather quickly., resule-
ing in brown scabby lesions that usually do nol result in serious injury
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to 1he boll. Intermedinte reactions cover the range betweea these two
extremes (pl. 4). At the time of taking data on severily, the pre-
dominant reaction (mode) and the range of reaction were determined
for each varviety.

Tn view of the practical importance of boil rot, methods of inocula-
tion necd further investigation, la developing satislactory procedures
the following factors may need consideration: (1) Bolls lack uniformity
in development on the same plant and on the different varieties;
(2) shedding of young bolls interferes because it is difficult to deter-
mine whethor it is due te physiological causes, boil weevil punctures,
or bacterial blight.

EPIDEMIOLOGICAL STUDLES

Phe described method of field inoculation was adopted after com-
paring various procedures in greenhouse and ficld tests. These oxperi-
ments also gave interesting information with respect to the epidemi-
otogy of the discase, Ifactors affecting the disease under conditions of
artiicial inoculation are likely to operate under conditions of nntural
inoculation. Similar tests were conducted therelore i 1945 in order
to check on the resulis oblained in 1944,

Four procedures of spraying were used—mist, fine, semicoarse, and
conrse spray. ‘The semiconarse spray has been deseribed in detail,
The fine spray follews the same procedure, except that the adjustable
nozzle is closed to produce the finest spray possible. The uselulness of
the conrse spray has been pointed out in deseribing methods of stem
and boll inoculaten, This spray dillers from semiconrse in that the
nezzle is opened to the point al which it stdl produces a cone ol spray
rathor Lhan a solid stream.  When applied from a distance of 1 loot,
conrse spray will sway plants and oecasionally tear tender leaves. For
the mist spray the nozzle is adjusted as for fine spray, When the
nozzle is held at a distance of 1 (o 2 leet Lo the side of the plant, a mist
is made to drift onto the leaves, settling mostly on the upper surface.
The Tour Lypes of spray may be likened to three types of rain: Mist, to
drizzie; line and semicoarse sprays, to driving painyg and conrse sprry,
{o a rainslorm.

Tn addition to spray Lype, lour factors were investieated and are
hiere listed, indicaling the speciiic comparisons mude I the lesis:
{1) Replication of sprays—spray applied on | vs. 2 and 3 days: (2)
slomatal opening—spraying in midmorning vs. late evening; (33 age of
planti—a4 vs. 6 weeks; (4) conceniration of inoeulum-—suspensions
having 1410 vs. 1 and 16 million bacterin per milliliter.

In (he ficld tests treatments were applied to 50-foal rows arrnaged
in randomized blocks, allowing at least two replicates for each treat-
ment.  In most oxperiments move than one variely was tsed.

Data on resulls in the biack nrm and boll rot phwases were obtained
as outhined for those on varietal resistance.  Inorder Lo determine the
offcets of the various treatments in the leaf spot phase other procedures
Lad Lo be devised. Two kinds of data were taken. {11 The imme-
dinte cffects of inoculation, apparvent within 2 to 3 weeks, were detes-
mined by rapid estimates of number of diseasced leaves and relative
severity of disoase, as indieated by feal aren alfecled. (23 Long yange
efforts were investigated m an attempt to differentinte leaves mainly
affected by primary infection (onginnting from the artificial inccola-
tion) from those affected by secondary infection (due to natural spread
through rain).
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In each 50-foot replicate row 10 plants were chosen ab random, A
(ag was altached to the leafl node that was judged to sepnrate lenves
ufleeted mainly by cach of the above 2 types of infection. In 19044
this was done 3 weeks alter inoculation, when the first symptoms due
to sccondary infection appeared. 1ln 1945 it was done 1 week after
inoculation. The leaf, which was at Lhat time in the late expanding
stage, was marked, as this was known to be usually the highest leaf
subject to primary infection, Data were recorded 5 to 6 weeks after
inoculation. Counts were made of leaves shed and of diseased leaves,
and the relative severity of discase was estimated on individual leaves.
Only the leaves attached to the main stem were considered.

Spots on bracts, obviously duce to secoadary infection, were eom-
mon in 1944, Counts were made of the number of squares, blooms,
or young bolls thus affeeted. In 1945 bract infection was too scarce
to be considered.

GUEENHOUSE AND FIELD PRACTICES

For the greenbouse experiments plants were grown as deseribed
in the first part of this builetin, page 3.

The field plots were located near Clemson, 8. C, in a field of about
1 acre on Cecil sandy loam, The land was fairly uniform, considering
the sloping soils of the Piedmont scction, and had nol been under
cultivation for severn] years but was plowed in the spring of 1944.

Acid-delinted sced was planted between May 9 and 11, in 1944 and
1845, A band-type planter was used by duoiling small lots in the
variety plots. Otherwise, sced were planted with a horse-deawn
planter in hills 13 inches apart. Rows weee 3 feet apart. Three
weeks after planting the secdlings were thinned, generally to three
plants per hill.

Cultivation followed practices commonly used in the Piedmont
section of Bouth Carolina. Before bedding, a 3-10-5 fertilizer was
disked into the soil, at the rate of 400 pounds per acre,  Side dressings
of nitrate of sodu were appliel shortly after thinning and 3 weels
Inter, using a total of 250 pounds per acre in 1044 and 500 pounds in
1944,

Enrly plant growth was good in 1944, but in 1943 it was retarded
by cool moist weather during May and June,  (This is the reason for
the heavier nitrate application given in 1945,)  In May and June,
average monthly mean temperntures were from 3° te 4° 15, lower in
1045 than in 1944, while tolal rainfall for the 2 months in 1945 wis
more than iwice that of 1944 (lable 1), The rest of the 1044 senson
was rather dry, and the growing condition of the cotton plants was
much poorer during that time than in 1843, when [requent rains
continuing late into the scason induced rank growih, Thus, aking
into consideration the first 2 months and the remaining months of
the growing season apart lrom one another, growing conditions for
cotlon plants in 1045 were exactly the reverse of those for 1944, Boll
weevil damage was slizht in 1944, hut heavy in 1945,

In both years the available field space wits divided about equally
between plots for (1) testing varieties and strains with respect to
relalive reslsiance and (2) investicating epidemiological aspeets of
the disease, Lo 1944 this separation was nol strict, as experiments
were made on the effectiveness of various methods of spraying in
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conjunction with lesting relative varietal resistance. In 1945 the
standardized methods deseribed above were upplied to iwo variety
plots of one-fourth aere cach, planted to the same 54 strains,  One
of the plots was n newly plowed seetion at a little distance from the
rest of the field. The strnins were planted {0 allow one 50-fool row
for each strain in each plot. Every sixth row was a checkrow of
either Aeala 11 or Coker 100 Wilt, varietics whose reaction had been
established previously as “susceptibie” and “tolerant.”” These
varielics were chosen beeause laege quantilies of seed were available.,
Using interspersed checkrows instead of replientes was satisfaclory
with respeet o excluding the effects of variable soil conditions. This
procedure would scem Lo be particularly suitable for breeding plots
whon one wishes (o determine the relative resistance of single plants
or of selections consisting of a {ew plants.

Epidemiological experiments were conducted in 1945 on two
quarier-acre plots consisting of alternate 100-foot rows of Acala 11
and Coker 100 Wilt.  The plots were arranged in randomized blocks
providing two or three 50-foot rows of each variety for every one of
the treatments. In the cpidemiological tests of 1944 plot arrange-
menis were similar but not so well standardized.

Table 9 gives information relating to the strains used in the variety
plots; no useful purpose woulld be served by enumerating here all the
strains tosted.  When selecling ihe strains for tabulation, emphasis
was placed on those developed hy D. M. Simpson, because they are
vepresentative of a wide range of reaction.

The experiments on the eflect of seed and seedling inoculation were
conducted in 1945 on o small plot of 16 100-foot rows, using 4 sus-
ceptible varieties,

GREENHOUSE Y XPERIMENTS

HESULTS

Unilormly severe infection was obtained on susceptible varieties in
early cxperiments testing the use of o knapsack sprayer. In the st
trial made, leaves of il plants with the exception of Stoueville 20
beeame so severely diseased that at first glance there scemed to be
litUe difference among them. As may be seen from the data of table
12, however, closer observalion revealed varietal differences with
regard 1o disease susceptibility, particularly on the older plants and
on bud leaves. In another experiment, the results of whith are not
hore recorded, it was found that variations in inoculation spray type,
such as doubling the quantity of spray, repeating the spray on three
conseeulive davs, or using fine or coarse spray, had little influence on
the disease renction.  In this experiment, curried out on 5h-week-old
planis, it was interesting to note, however, that Stonevilie 20 showed n
slight disease reaction, with very simll atypical lesions on the leaves
and without hvdrosis. As might have been expected from enrlier
experiments on isolated leaves, leaf blight was greatly reduced hy the
use of such distinetly less severe inoculation techniques as applying
the inoculum when the stomata weee closed or applying it ns & mist
when Lhe stomala were open ftable 13, The mildness of these inocu-
lation procedures was particudarly evident in the case of midleaves and
least evident on bud leaves.
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Influenee of concentraiion of inceulum on severily of baeterial blight, Green-
house seedling plants of Aealn 11 jnoculated by use of & eosrse spray from a
knapsack sprayer {table 100, Appearance of plant< 3% weeks after inoculalion
with three coneentrations of baelerial suspension: .1, Low: B, intermediate; ¢,
high., ¥ k.
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Results of an experiment designed to indiente the influence of age
of plant, variety of plant, and concentration of inosulum on infection
of leaves and stems of cotton plants with Xenthomonas malvacearum
are shown in lable 16. The influence of age of plant appeared most
sirikingly in the case of the black avm phase.  The influence of ¢on-
centration of inoculum was apparent in both leaf spot and black arm
phases in all eases. 1t is worthy of note that in this experiment all
planis were in excellent growing condition and that the succulent
condition of leaves and siems helped to make the coarse spray very
cffeclive in producing exiremely severe disease, especialiy ab the
highest concenlration of inoruluim.,  Several plants of 8 X P were
completely killed back by stem blight, as were also plants of Acala 11,
that had been ineculated in the seedling stage (pl. 5). ¥or the first
time stem losions were noted on Stoneville 20 (pls. 6 and 7) and leaves
of the same variety were found with typicel angular spots, alihough
sich leaf spots were few and dried very rapidly.

The high suscoptibility of 5 X P and the outsianding resistanee of
Stoneville 20, when compared with varieties of the intormediate range,
are illustrated by the data of teble 10. Ameong the varieties of this
range, dillerentiation was not consisient; apparently the number of
plants used was too small Tor accurate evaluntion of suscepiibility,

IMECUSSION

The greenhouse experiments on {esting varietal resistance led to the
nddoplion of a fielkl method of inoculation consisting essentinlly of
application of a vigorous spray of baelerial suspension to planis in
good growing eondition. This method secwed preferable o others
beeause it provided good diflerentiation among plants falling n the
range of resistant rveactions so important to the plant breeder.
Although other procedures, such as spraying older plants forcelully
or using less vigorous sprays, may give better differentiation among
varieties outside the resistant range, these procedures are not suitable
for the resistant range, in which they frequently do not produce any
symptoms af all.

The daia obinined in greenhouse experiments on epidemioclogical
aspeets of the disease generally confirmed resulis discussed in eonnec-
tion with inoeunintion of individual leaves. Wlien whole plants were
inocuiated (tables 10, 12, 13), the disease reactions of leaves wore
affected by the following factors in e divections previously pointed
out: (1) Stomalal opening; (2) speays inducing waler congeslion;
{3) conceniration of meculum; (4) relalive development of leaves;
(5} grewing condilion and nge of plants, Leaves al various stages of
development commonldy reacted according to The pattern indicated by
plate 2, B, the youngest leaves having the vein blight.  Sometimes,
however, in young leaves Lhe cisease manifeated itsell miainly in the
appenranee of spots, suel as are Mustrated by the leal sections of
plate 2, 4. Plate 2, A, also serves {o dilustrate the point thal leaves of
comparable slages of development must be considercd when using
size of leaf spol as a eviterion [or eelative varietal resistance {pl. 3).

Tligh severily of blight in the black arm phase was dependent upon
the application of a coneentrated baeterial suspension 1o veung
plants in good grewing condilion When considering plaants well
beyond the seedling stage the susceplibility to black arm of the
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8 X P (Egypiian) vaviety was ouistanding. This high susceptibility
is probably connected, at least in peri, with the nondelimiied
character of growih of this variety.

Bud leaves exhibited considerablo similarity to seedlings in their
reaction to various factors, On 8 X P plants, bud loaves became more
severely diseased than in any of the upland varieties and the number
of diseased bud leaves tended te be larger. Turthermore, mild
inoculations, e. g., those involving mist spray or a low concentration
of inoeulum, were capable of producing ratlier severe discase in bud
leaves of § % P but not in other varvieties. This finding suggests that
in bud leaves of 8 X P the threshold concentration of inoculum
reguired is lower than in other varieties.

The disease reaction of bud leaves was found to be characteristically
different from that of other leaves in two respeets: {1) Mist spray
may produce n considerable degree of disease in bud leaves; (2)
forceful spray is effective on bud leaves independent of conditions that
influcnice 'stomatal opening on mature leaves. These findings are
perhaps not unexpected, sinee stomain of bud leaves are thought to
be nonfunctional. It is also not surprising that more variation in
discase reaction was obscrved among bud leaves than ameng mature
leaves, since the bud leaves eonsidered hare, that is, the first or the
first two leaves ahove the expanding leaf, do not expand cither at
the same time or at the same rate.

FieLp EXPERIMENTS

The field experiments earried out in these studies fall into two
grouns, according to whether they were coneerncd primarily (1) with
varietal reaction to the bacterial blight organism or (2} with epidemi-
ologicnl aspects of the discase,

VARIETAL REACTION TO NANTHOMONAS MALVACEARUM

Data summarizing the results obtained with the methods of moen-
lating and grading deseribed in detail on pages 18 and 19 of this bulletin
are presented in table 9 and tables 14 Lo 18.

In the experiments of 1944 the high susceptibility of 8 X P and the
resistance of Stoneville 20 were easily recognizable in the field and
were outstanding with regavd to black arm, secondary leaf spot symp-
toms, and bract spot (table 14). Differences wore not so clear-cut
in the intermedinte range of varietal reaclion, although the susceptible
and tolerant groups were fairly well defined.  Leaf bBlight seemed
about equally severe in all varieties except Stoseville 20, so that leaf
data were taken only with vespect to sccondary infection.

A satisfactory leaf grading melhod was developed wm the late
season of 1044 {pl. 3. A) end was used exclusively in 1945 (pl. 3, table
8). Leaf grading dala ave summarized in table 9 for 10 representative
strains covering the range of susceptibility reactions of the 54 sirnins
tosted.  The most favorable lime for grading leaves was found to be
2 to 3 weeks after inovulation. Later grading, however, gave similar
results and permitted ebscrvalions on secondary infeetion and vein
blight. Data not given in table 9 indicated high resistance for other
seleetions made by D. M, Simpson from hybrids between Stoneville
20 and Stoneville 4 and {rom their backerosses.
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In general there was remarkable uniformity with respect to varictal
reaction to the discase in plants of the selections made from the above
crosses ot plants of selfed bines of other varieties and strains. Tn the
discase reaction resulting from the July 24 inoculation in plot ]
{lable 9), it was noted that the plants of Simpson’s Stoncville 4-3
segregated into susceptible and resistent individusls, The latter
corresponded in reaction to Stoneville 4-2, which had definite resist-
ance in the leaf spot phase, even though this varicty was not quite so
resistant as Stoneville 20, Such segregation was not found in any
other strain used in the experiments, the results of which are recorded
in table 9, nor did any of these sirains approach the vesistance of
Stoncville 2. :

Despite the wide differences in growing conditions between 1944 and
1045, susceptibility ratings on leaves and bolls showed approximately
the same relative order of ranking of the different varieties in the 2
years. In 1944 growing conditions for cotton were favorable carly in
the season and inoculation of plants § wecks old resulted in more
severe discase than occurred as a result of inoculation on older plants.
At the time of the first inoculation of 1945, plants 5 weeks old had
only two to four leaves. They were in their thriftiest state nt the
time of the third inoculation when 11 weeks old, furnishing excellent
leaf material for uniform severe infection. In eontrast with the
situation observed in 1944, black arm infection from spray ineculation
was negligible in the experiments in 1945 except on seediings. This
was apparently due to the fact that in 1945 the plants were in poor
growing condition at the early age at which upland varicties are
susceptible to this phase of the discase.

Data on boll rot reaction are summarized in table 15. The trend of
varietal reaction to the boil rot phase was similar o that observed
with the leaf spot phase (tanle 8). The agreement was particularly
interesting with respeet to the resistant and susceptible segregates of
Stoneville 4-3. The results were also rather consistent from one
test to another. Within the individual strains, however, there was
much variation in reaction, as may be seen in the range of grades shown
in table 15.  With the exception of Stoneville 20, all strains showed at
least some severe boll lesions, even including strains having leaf
regction similar to that of Stoneville 20,  The percentage of diseased
bolls was genernlly in line with the grade, but there were some notable
deviations. Turther studies on this point are necded, as only one of
the tests was made on sizable numbers of bolls per sirain.

Varietal susceptibility in the carly and late seedling stages appenrs
in general to parallel the reactions observed in other phases of the
discase. Thisis indicated by the data of table 16 eoncerning infection
of cotyledons subscquent to seed inoculation, and by the data of
table 17 coneerning bacterial blight of seedling plants inocuiated with a
knapsack sprayer. In the latter experiment the findings on Acala 11
were out of line, apparcently as a result of natural infection of the seed
with Xanthomonas malvacearum {sec footnote 4, table 16).

RELATIVE VARIETAL RESISTANCE TN THE VARIGUS PITASES
OF BACTERIAL HLIGHT

The relative ranking of the difforent varielies for resistance to
bacterial blight has been remarkably similar in the different phases
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of the discase. In order to facilitate eritical examination of experi-
niental results bearing on this point, representative data were as-
sembled in table 18, including results of leaf grading in September
1944 and grecnhouse results obtained by the sced inoculation method
(21) in 1943. The general consistency of the data is evident, particu-
lnaty when strains are considered in the four groups of prevailing
renctions: (1) Highly susceptible (S X P); (2) susceptible (Shafter
Aecala, Acala'11, and Trice 24); (3) tolerant (Coker 100 Wilt, Stone-
ville 87, and Stoneville 4-15); (4) resistant (Stoneville 20 and hybrid
bacleross). Heterozygosity with respect to bacterial blight resistance
has been found recently in a line of Stoneville 4 (table 15).  Thus the
position of Stoneville 4-15 in table 18 is tentative.

Available evidence indicates that some Stoneville 4 lines, such as
Stoneville 4-2, are intermediate i@ reaction between other varieties
of the tolerant group and Stoneville 20. Likewisc Shafter Acala is
intermediate between other members of the susceptible group and
SXP. Although there is. as shown in table 18, a general similarity in
relative rankings of susceptibility of the different varieties and strains
when judged aceording to the different phases of the disease, it is
equally obvious that large differences between two groups of strains
may oceur in one phase of the disease, while in another phase there is
little or no difference between the same groups.  For instance, S X P
is much more susceptible than any of the upland varicties in the
black arm phase; leaf symptoms of § X P, as indicated by leaf grading,
are on the other hand no more severe than those of Shafter Acala.
Similarly, some selections derived from hybrids of Stoneville 20 with
other varieties and previously found to be as resistant as Stoneville
20 in the leaf spot phase are decidedly more susceptible than Stoneville
20 in the boll rot phase.

Such divergent reactions in the various phases of bacterial blight
will have to be considered in working townrd a comprehensive system
of classifying varicties and strains with respect to their relative
resistance to the disease.

EPIDEMIOLOGICAL ASPECTS OF BACTERIAL BLIGHT

Date from experiments dealing with epidemiologienl aspects of
hacterial blight are presented in tables 19 to 22, the mothnds employed
in these experiments having been discussed on pages 18 and 19 of this
bulletin.

The datn of table 19 emphasize differences in effectiveness ol difler-
eni inoculation spray techniques. Disease symptoms produced hy
coarse and fine sprays were consistently more abundant and more
severe than discase symptoms following mist spray inoculation, other
conditions being the same.  Age of plant at time of inoculation and
concentration of inoculum were also considered in the experiment that
provided the data for the second part of table 19, There is an ohvious
tendency toward increase in disease when using younger plants and
higher eoncentrations of inoculum.  Wide generalizations, however,
cannot be drawn with respeet to the effect of any single factor on all
phases of the disease.

Thus, although young plants of Acala 11 developed much more
. extensive black arm than older plants, in the case of bract infection
the situalion was reversed, the younger plants being the less severely

*
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affeeted. This situation apparently resulted [rom the fact that
squares on younger plants developed later than these en older plants
and hacl less chanee to beeome infected,

The direct effects of differeneces in type of spray incculation on
extent of leaf spot infection are indicated most adequately by the data
on shed leaves in table 19.  In the experiment recorded in this table,
conrse and fine sprays generally produced abundant and severe lesions
within 5 to 8 days after inoculation, while mist spray resulted in
irregularly seattercd spots that developed slowly over 2 to 3 wecks.
Data on leaf spot were taken more than 3 weeks after inoculation. At
that time severely affected leaves hiad shed prematurely, On the
remaining leaves secondary lesions obscured the contrasts observed
in the carly stages of disease development.

The influence on severity of infection of degree of stomatal opening,
as determined by the time of day when inoculations were made, was
the main factor under investigation in another experiment (lable 20).
Severiby and frequency of biack arm lesions were consistently greater
for morning than for evening spray ineculation. Black arm scemed
{o have originated therefore at least in part from stomatal invasion of
stem tissues, as most of the lesions appeered on internodal parts of
stems and were not eonneeted with infection passing down from the
leaves. Data on sccondary leaf infection presented in fable 20 give
ouly a slight indication of the immedinte effcets of thespray treatments
ohserved 2 weeks after inoculation. At that time leaf spot was
abundané and severe only on plants that had been inoculated with
eparse or fne spray in the morning.

The data of table 21 represent results from a 1945 fiekd experiment
relating to three of the factors eonsidered in 1044, namely, stomaial
opening, sprey inoculation type, and concentration of inoculum.  The
results 1n 19435 were in general agrecment with those obtained in 1044,

The importance of degree of stomatel opening in inoculations for
producing black arm were clearly shown, the incidence of black arm
heing about the same for morning inoculations involving 0.1 million
bacteria per milliliter as was obtained by evening inoculations with
10 times as high a bacterinl concentration.  In the same experiment it
was found that within 2 wecks after mmoculation epiphytotie forms of
ieaf spot oceurred ss a result of morning applications of inoculum in
vither coarse or fine spray, more than 95 percent of the leaves becoming
affected, 50 to 90 perecnt soverely. Al evening spray applications,
however, induced milder forms of the disease, affecting 33 10 63 percent
of the leaves, with less than 15 percent of them severely discased.  As
shown by the data of table 21, hewever, 4 to 5 weeks after inoculation
the effects of conrse nnd fine spray applicd in the evening heeame more
severe.

Apparently, pressure at the bell surface is the decisive factor in
procducing boll infection by spraying. This conclusion had been
suggested by experiments eonducted in 1944 and was confirmed by
Inter experiments earricd out in 1945 (table 22).  Holding the nozzle
as close as possible to the bolls inereased the incidence of bacterinl
spots on bolls as compared with holding the nozzle at some distanee.
Semicoarse spray gave betler results than fine one, hut was not so
effective as conrse spray.

Further evidence along this ling was obtained in connection with
the boll inoculation of 1045 in varicly plot 2. Two applications of
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semicoarse spray were ineffective, only a few bolls becoming discased
within 2 to 3 weeks. The third inoculation, however, using coarse
spray, produced an epidemic of bacterinl boll spots within 8 to 12 days.
Included in table 22 are data sugzesting an increase of hacterial holl
rot as n conseqience of culting back the tops of rank plants after
inoculation, The effeet may be caused by nutritional or temperature
factors. On sunny days maximum air temperatures around holls of
cut plants ranged from 87 to 11° C\. higher than those around bolls of
other plants. :

MISCELLANEOUS STUDIES

In earlier parts of this bulletin there have been presented results of
detailed experiments relating to a few of the factors that determine the
incidence and severity of bacterial blight of cotton under conditions of
artificial inoculation. Tn addition to these experiments, preliminary
tests were earried ot in relation to other factors concerning the discasc
and its development.  While the experimental evidence on these addi-
tional points in some cases is not extensive, such data as are available
revenl a number of highly interesting new facts and suggest promising
lines of attack toward further knowledge of the disease.

MoisTurE RELATIONS IN INFECTION BY XANTHOMONAS MALVAGEARUM

It has been claimed by E, F. Smith (19}, and later by other plant
pathelogists, that greenhouse plants are more readily infected by bac-
terial pathogens if they are placed in a moist chamber for 1 or 2 days
after inoculation.  Diachurn, Valleau, and dJohnson (&) have demon-
sirated that when inoculation procedures involving water vongeslion
arce used, infection of tobaceo leaves by bacterial pathogens takes place
without moist-chnmber exposure.  The fact that severe infeetion of
cotton leaves by Nenthomonas wmelvacearum may take place after in-
oculation procedures involving water congestion but without recourse
to moist-chamber exposures s amply demonstrated by experimental
resulis reported in carlier sections of this bulletin.  Turther experi-
ments of o preliminary nature, however, revealed that when mild
forms of the disease were induced in vigorously growing plants of
highly susceptible vurieties by such inoculation methods, for example,
as the application of mist spray, the moist-chamber treatment in-
creased the severity of the bacterial blight on bud leaves and on leaves
in the carly expanding stage.

In view of the intensifying effect of post-inoculation moist-chamber
treatment on blight production in bud and young expancding leaves,
it seemed probable that a similar effeet might oceur with seedling
plants because of the vigorous growing condition of their leaves.  An
experiment with seedlings did in fact confirm this idea (table 23).
Moist-chamber Lreatment resulled generally in & greater disease in-
cidence and more severe disense, The scedlings for the experiment
reported in table 23 were grown in 4 wooden (lats with well-fertilized
soil, 60 seedlings to a flat, 10 seedlings of each of the 6 varieties used.
The plinig were kept in vigorous growing condition throughout the
experiment and beeame crowded and rank. At the time of inoeuls-
tion they were 12 days old, with bud leaves just beginning to expand,
the largest having o diameter of about 15 mm.  The ingeulum con-
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tained about 60 miilion bacteria per milliliter and was applied at the
rate of 700 ml. per flat.  About a fifth of the inoculum was atomized
onto the seedlings, an attempé being made to wet the bud leaves.
The rest was sprinkled over the plants with a small ean.  After inocu-
lation, two of the flats were placed in a moist chamber for 2 days;
the other two were kept in a greenhicuse and were shaded until the
plants were dry. When watering the flats, an attempt was made to
avoid wetting the leaves.

The seedling experiment reported in table 23 indicates that relative
varietal suseeptibility is similar to that ebserved in previous experi-
ments on grown plants.  Incidental to the findings made in conneetion
withi this experiment (table 23) observations on other disease symp-
toms were made. A wilé of the leaves exhibiting symptoms very
stmilar to {fusarium wilt was {requenily noticed, and when the stems
of the plants were cut, black streaks were often seen.  Data on these
wilt symptoms are included in table 23 and will be discussed in a
subsequent section.

The werease in infection of seedlings brought about by the post-
inoculation moist-chamber treatinent described above suggested that
similar effects might be induced by frequent light sprinkling of plants
following woculation. The results of an experiment to test this hy-
pothesis (table 24) indieated that such was indeed the case. On
seedlings grown [rom inoculated sced, the most striking offect of
sprinkling was on the true leaves. Very fow of these hecame infected
unless secdlings were moistened after emargenee.  When the seedlings
were sprinkled with water once a day for 8§ days after emergence,
bacterial spots appeared on the true leaves of nearly all scedlings that
had discased cotyledons.  Much of the black arm that occurred re-
sulted from invasion of the stems through the petioles of the cotyledons
and developed without sprinkling; sprinkling, liowever, did cause some
inerease in black arm,

In another part of the experiment reported in (able 24, seedlings
were inoeulated by sprinkling with bacterial suspension shortly after
emergence (8 days), at a stage when the bud leaves were still rudi-
mentary. Sprinkling with water twice a day for 4 days following
inoculation tripled the number of plants of Shafler Acala on which
the leaves beeame diseased, and while it did not change infection of
leaves on Stoneville 37, this strain showed a large increase in number
and severity of lesions on cotyledons as a consequence of water
sprinkling.  On secdlings of both these varicties inoculuted 16 days
after planting, repeated sprinkling with water subsequent 4o nocula-
tion resulted in shghtly more leaf spot than on control plants.  (Plants
of the two groups thoculated at the seedling stage became so erowded
that they could not be grown leng enough to develop black arm.)

In experiments to determine the relative effectivencss of seedling
inoculation by sprinkling as compared with inoculation by foreeful
spray from a knapsack sprayer, the results obtained were not entirely
consistent from one experiment to the next, apparently beeause the
condition of seedlings changes rapidly during growtiv and 15 greatly
influeneed by environmental factors.  The results of one sach expeni-
ment are reported in table 25. Tn this cxperiment the noculnted
plants were in good growing condition and some of the leaves had a
digmeter as great as 5 ¢m., stomata being wide open at the time of
inoculation.  Sprinkling noculation produced spots on the leaves of
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all plants, but the discase was more widespread and severe on leaves
of plants inoculated with a knapsack sprayer.

1t is clear Trom the experimental evidenee presented that infeetion
of bud leaves of mature or secdling plants differs in several respects
frem infection of older leaves. It seems probable that the epidemi-
ology of bacterial blight might become bebter understood through
studics on infeetion of bud leaves, especially those of scedlings.
Tnfection of bud leaves is not dependent on forceful spraying. Bud
leaves, I addition, are generally more susceptible than others, A
mature leaf does not becemne severely diseased when only o fow losions
are present, whereas bud leaves frequently do. During expansion of
& bud leal the disease may spread from a single infection court over
much of the leaf arcea as vein blight, or as “wilt,” which is discussed in
a subsequent section.

Abundant wmfeetion of mature leaves involves instantancous
invasiou, which occurs most readily when the stomata are open awd
the tissues water-congested. It is not known, however, how invasion
procecds in bud leaves. The bacleria may enter through stomata if
a few of them are functionai, or possibly through openings in Lhe
cuticle.  The cuticle is very thin at this stage and therefore more
subjoet to injury; leaves that are expanding while plants are in
o moist chamber have heennoted to be more tender than correspondimg
leaves on plants outside the chamber.

Data given here indicate that infection of bud leaves on seedlings
is inereasod by repeated wetting of leaves as well as by moist-chamber
treatment after inoculation; that is, frequent presence of free moisture
on the leal surface appears to be as effeetive as its continuous presenee.
Under natural conditions, thevefore, frequent dews or fight rains may
{acilitate invasion of bud leaves and of leaves in the carly expanding
stage. Tn highly susceptible varieties this may result in o grdual
build-up of the disease to epidemic proportions,

VascUrar [NFeCTioN

Beyan (1) desertbed as” “atypical” lesions on colton leaves 'a
eradual und progressive [ading out and dying of the tissues,” appar-
ently the result of vascular infection by Nanthomaonas malracearum.
She found the barteria to “pour out in great pumbers from the cut
ends of the veins but not fromn the intervening tissue—a condilion
opposite to the usual situation. Tn the present work this form of the
disease was frequently noted on inoculated plants in thie greenhouse
and, although not so frequently. in the ficld, The condition occurred
on seedlings and on bud leaves and expanding leaves of older plants
of suseeptible varieties. Tihius, this phase of the disease appears to
occur primarily on highly susceptible leaves, The vascular nature of
this type of infection was confirmed by reisolating the pathogenic
bacterin. from discolored streaks that extended {from the veins through
polinfes into the stem. Such dark streaks were followed in stems of
secling plants for distances of 5 to 8 cm., the most pronounced
discolorntion appearing in the primary xviem {pl. 8, £, On green-
house plants, leaf svmptoms were similar to those of fusarium wilt,

Data were taken I connection with the seedling experinients
represeniod by {ables 23 to 25 on this baeterial wilt and on internal
diseolorution of stems, These datn were in line with these on other
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Farly stage of black arw lesion on stem, produced by bneterin invading from
dizonzed leaf,  Btemn infection derived framn vein blighé of leaf by progression
of bacteria rhroush petiole.  Varlety, Trice 2A,
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BACTERIAL BLIGHT OF COTTON

symptoms of the disease, giving similar responses for faectors under
tests, such as varictul reaction and moist-chamber and sprinkling
{reatments.

An interesting late stuge of thie wilt phase was observed on okder
greenhouse plants of susceplibie varictics.  1n the center of the wilt
lesions was the original typieal angular spot, which was dry and durk
hrown at this time and surrounded by a light-brown area of «ry
tissue. Then u faded-green zone followed, which retained the green
color even when the healthy parts of the leaf turned yellow. At the
margin of this zone were typieal angular spots or minute spots along
veinlets, giving the appearance of a dark staining in the network of
veins (pl. 8, #1).

The following hypothesis is offered as a possible approach toward
explaining why bacterial blight, which is gypically a discase of paren-
chymalie tissues, may adopt a behavior characleristic of vascular
wilts. On hot duys, leaves in the expanding stage are the first (o show
temporary physiological willing in both field and greenhouse, The
water content of expanding leaves is known to be subject to larger
diurnal fluctuations than that of other leaves (15). Bacterin require
abundant moisture for their development in the leaf tissues. During
expansion of leaves, the pathogenie baecteria are most hikely to find
favorable moisture conditions close to veins, as is indicated by the
common occurrence of vein blight on expanding leaves in the paren-
chymatie tissues adjoining the veins, Conditions of water stress,
however, may induce the hacteria to invade the water-conducting
tissues themselves, resolting in “wilt,” as described above,

SURVIVAL OF XANTHOMONAS MALVAGEARUM IN PraxTt Tissve

The life evele of Nanthomonas malvacearum may he divided into
active and quicseent stages,  In the sctive stages moisturce is essentinl
for the spread of the bacterivm andd for infection.  In quiescent stages
dry tissues provide the most faverable condition for sursival of the
pathogen.  Many piant pathogenie hacteria, including Xenthomonas
malracearum, may peesist in dry plent tissues for yenrs (14, 16}, Rapid
drying of Lthe bacterial slime seems Lo be important, since the bacteria
tend to disappenr from rotiing tissues (10).

Proof of the presence of Nanthomonas maleacedrum in quicscent
condition in old diseasedl fissue was not difficult to oblain. Trap
methods were found to wicld the pathogenic baclerin casily, even
when attempts at isolstion failed in dilution culivres as o result of the
predominance of secondary organisms.  Suspensions made from dry
diseased tissues by erushing them in distilled water were poured over
leaves of suseeptible plants after indueing visible water congestion in
the leaves hy means of & hypodermie svringe or after genily rubbing
expanding leaves with a moist cheeseeloth,  As an alternative method
seed of 8 X P were soaked in the suspension for 2 to 3 hours, then
germinafed between paper towels. Tn some of these teats sstimiates
of relative abundance of hacteria in leaf tissue were obtained by
making suspensions ol comparable samples of dry material in 10-ml.
waler blanks.  Severity of lesions and duration of the incubation
period served as indientors of the relative numbers of bmeterin present;
the incubation period of different sumples differed by as mueh as
2 weeks,
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In order Lo investignte the possibility of survival of Nanthomenas
malracearnm i disensed tissues Lthrough the winter, samples of
leaves nnd of diseased parts of stems were colleeted during the winter
of 1044—45 from ficld sections in which there had been blight late
in the season of 1944, Leaves still attached fo the planis were
collected and also leaves from the ground.  In the case of leal colloe-
tions from the ground, lwo sample parts were tuken, dne frow the
upper dry layer of leaves and {he other from the moist leaf laver
directly on the ground.  The dry-leaf part of the sample consistentdy
gave indieation of contuining o larger number of pathogenic baclevin
than the moist part, The bacterial blight pethogen was recovered
from all types of samples colleeted up until and wcluding tie lnst
eollection dute, Mareh 9, 1945; that is, up until a few weeks prior Lo
the time of planting cotten,

Preliminary experiments were also conducled in the laboratory
on factors affecting the survival of Nanthomones malreccerum in
lewf tissne. In one experiment diseased leaves were removed from
areenbouse plants, were then deied and broken into small pieces,
subdivided, and slored in two screw-top bottles, one botile heing
kept in the laboratory at room temperanture, the other at 8° ¢, Three
vears Inter XL maelracearnm was recovered from the tissue in each of
the boitles, The maierinl kept at 8% (. contained more bacterin,
Other tests were made by cuiting disks of S-mm. dismetler with a
cork borer from lesions on the leaves of field plenis, mounting suech
disks on pins stiuek info corks, and altiempiing to recover the blight
bieteriim after different pesiods and conditions of storage.

IPive groups of samples were stored for 9 months.  One group was
stoved i1 the open in the Inboratory, Three groups were stored at
different reladive bumidities in desieenlors, one ut 25 pereent, one
at 35 percent, wnd one at 85 percent relntive humidity, A {ifth
group was held in a moist chamber for § weeks, at the ond of which
preriod the samples had become covered with meld growih wnd wese
removed to the open Inboratory for exposure in parsliel with the
first group.  Xeathomonas malracearvim was recovered by trapping
methods {rom samples in ench of the five groups after ss muel as
0 months. Some of the disks exposed Lo the moist chumber, however,
did not yvield the bacterin,  Moreover, a smaller number of bacterin
was present in disks kept for more than 2 months al 85 pereent
relative humidity {han in disks kept open in the laboratory at 25
and 35 pereend.

Ta view of the preliminary evidenee oblained from the experiments
deserihed above il srems quite possible that the angular leaf spot
bactertum may frequently everwinter in the field snd that sueh over-
wintered haelerin may be responsible for some secbling infection in
spring.  Observations made i connection wilth field experiments in
1945, howoever, confirmed the prevalent iden that infected sced is the
most importanl souree of primary inoenlum.  In 1945 the disease
appenred on colyledons of many seedlings, but it was fivst noted on
those [rom infected FPexas-grown seed, spreqding ater o other stradns
whose sced were not infested.

Natraar Serean oF Bacrenian Bruicnr

Observations mnde during the eourse of the 1945 experimonis
indieated that most of the natural spread of bacterial blight in the

-
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seedling stage in the ficld was hroughi abont by movement of inoculuin
i drainege water al the fime of washing ratns Inte in May,  These
obsorvations were in accord with reporis of Hansford () on the
influence of sloping land on such spread. Ta varietal plot |1, for
example, a comparison of strains of known susceptibility showed
that the incidence of seedling blight was muehi higher al the top
of the slope, where the rows joined those of the infected Acaln, than
al the botiom,  Varietsl plot 2, also bordering the infected Aenla
rows, had less slope than plot 1 and also less seedling infection.

Observations were made on the natural spread of blicht on older
plants in plots where spraying had produced epiphytotic disense
condditions,  In 1944, spread of Lhe disease by seeondary infection
oceitrred mainly on inoculated plants and to only a very slight or
negligible exient on planis adjoining them.  In 1945 more nalural
spread was poted.  This spread seemed to originate mostly, however,
from early secdling infeetion andd wag never so uniform and severe
us that produced by artilicial inoculation with n vicorous spray.
There was likewise very litUe natarsl spread of bactesial boll rot, even
on plants whose feaves had become severely discased prior to the
development of bolls,

GENFRAL DISCUSSION

Baeterial blight of cotton presents haflling problems to the investi-
gator who is i search of a comprehensive picture of the disease.
This situation has been aptly expressed by Butler (2, p. 1951 in
comparing the forms in which the disense oceurs in Indiz and Afriew

Il one were workimg with s different [ype of cotten, grown under cntinely
different eonditions, evervihing in the behaviour of the isense miulit be different
in the two arens, 5o that for practiead purposes it wonld seea a3 if one really bad
to do with two distinet disoases,

The presend investigntion may he considered as an experimental
approach toward exploring the bacterinl blight complex with regard
to epidemiology and varictal renction,  Many of the busie Tnctors
and phenomenn of the disense Lave been recognized by previons
investienlors (7, Lf, 16, 15, 200 Fuaadoumeotally the present work
is in agreement with the ideas of thege workers, but some of the issues
liave been more clewrly defined.,

In approaching epidemiologienl  problems  of baetesial  blight,
various methods of artilivial inoealation have been emploved in onr
experiments o define (11 basie Tnetors affeeting the hosl-parasite
relationship under semicontrolled condition=: amd 129 {he operation
of these factors under fiold conditions. 10 i readized that in goneeal-
izing from the resulis of =ueh oxperiments one needs (0 consider the
data eritieally, corvelating them with observations on the behevior
of the disease under varions juinenl condivions, Cuntion in inter
prefations needs {o be exeveised, parcticulaely with remaed 1o ()
nlermedinle effects under natoral conditions in cantrast Lo relatively
sharp lnes deawn in the experimental work: and 29 time faelors in
relation te graduant developsient of the disense,

A good exaniple Talling under the lirst of these enlegorios coneeens
the matter of stomatal opening and invasion,  Under conditions of
natural invasion on a rainy day, stomstn of leaves are likely to be
purtly open, tie degree of opening depending on the time of day and
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on the extent of eloudiness. The second group of eflcets, that of
relation of time factors to development of the disease, is maost obvious
when the disease oceurs in mild forms, building up gradually through
thesenson,  Lbwould seem difficult to imitate adequately the building-
up thirough o suecession of siages: (1) Primary infection originating
from infected planted seed; (2) inoculum from primary lesions on
scedlings spreading by runofl water or spinshing raindrops or by wind
carrying dry leaf debris; and (3) secondary infection cyeles repeniing
the processes of infection and of spread of inoculum with the ald
of rains or heavy dows,

g . C . .

Fwo forms of the disease have been distinguished in our experi-
mental  work—mild und  epiphytotic. Under naturel conditions,
mild forms nre most comumon, proceeding as described,  Apparently,
epidemic forms oceur only when at some stage of the building-up
process condilions for the disease become exceptionally favorible.
In 1944, such outbreaks were seen in two fields in the sand hill seetion
of South Carolina. The plants involved were aboul 6 weeks old
and the disease appeared in all respects similar to the epiphytotic
form produced artificially at Clemson, S. C., cach individual plant
being severely affected. A heavy rainstorm was conneeted with
the natural outhreak.

Since the western parts of the Cotion Belt have in general a drier
climate than the castern parts and since plant discases are commonly
favored by moist rather than dry weather, one is lod to wonder why
bactenal blight of cotton seems Lo oceur more frequently in epidemic
form in the western eather than in the eastern rogions, The work
reported hieve, together with other points diseussed, sugeests tho
following reasons for this apparent contradiction: (1) in Texas and
Oklahoma, summer rains consist commonly of hriel hard downpours.
Experimental evidence indiesies that such deiving vains provide
better conditions for epiphyioties than the frequent Tight eains com-
mon in Lhe eastern eotton States.  (2) Plants growing under dry con-
ditions lend to have open foliage se that the boils are more readily
neeessibile to infeetion when driving rains oceur.  (3) Dry weather
provides hetter cotudilions for survival of the pathogen in discased
tissues of leaves and bolls.  In the eastern seetion of the hell, baeterial
boll infection is followed by extensive fungus rot more commonrly than
i the western section, and sewd from “T'exas has been found to carry
more infection by Xenthomonds meleaccarum than seed from (he
enslern seetions.  (4) Several varietics grown in Texas, such as Acala,
are more susceptible to the discase than those grown in the Bast.

In the present work the influence of environmental and other lactors
on the development of the disease has been shown to vary according
lo the phase of the disease, the method of inoculation, and the type
of infection. The factor of stomaial opening, for example, is most
important for infeetion of mature leaves inoculated by foreeful spray-
g ; less important [or stem and boll infection by the same methads;
and least important for infeetion of bud lenves of susceptibile varicties,
using gentle methods of inoculation.  On the other hand, with bud
leaves of snsecptible varietics the severity of the disease may be
increascd by the frequent or contimious presencee on the plant of (ree
moisture or by high atmospherie moisture subsequent fo inoculation;
such moislure relations, howoever, seem (o be of little importance when
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invasion is instantaneous, involving rapid enirance of bacteria through
stomata or wounds,

After carrying out n series of investigations on the relation of cnvi-
ronmental factors Lo bacterial blight of eotton under controlled con-
ditions, Stoughton (20) concluded thaé the severity of the disease is
incrensed when temperatures are high throughout the period of its
development, and when humidity is high during the first 2 days after
ingculation. Stoughton’s work was apparently caried out under the
following conditions: (i) Young piants of a highly susceptible variety
(ILgyptian) were used; (2) inoculation was accomplished by atemniz-
ing, a rather gentle procedure unless carried oub from very close
range; and (3) inoculation was made undor rather weak artificial light,
the resuits suggesting that the stomatal opening was slight and irregu-
lar. As may be seen by reference to the preceding discussion, external
moisture relations have been shown to be an important factor under
conditions and with plant materials similar to those used by Stoughton
(20}, but not under some other conditions or with other plant materials.
These considerntions demonstrate the danger of generalizing with
regard to the effect of environmental factors on bacterial blight, even
if such generalizations are based on very carveful experimentation.

1t is perhaps desirable to consider cifects of individual [actors as
trends subject to modification by other factors. Such trends wore
noted in tables 10 to 31 with respect to the effects of concentration of
inoculum, age of plang, stomatal opening, and method of inoculation.
The complex nature of the discase is obvious when the tabulated data
are viewed as a whole, cansidering all the factors invelved and their
relation to the various phases of the disease. :

The leal spot phase has been emphasized in fundamental investiga.
tions discussed in the first part of this bulletin,  Similar studies of
the other phases may lead to a betier understanding of the entiro
disease complex.,

The need for including phases other than leaf spot in the further
development of methods of artificial inocuintion and of grading plants
for varietal resistance in breeding plots has been pointed out. Con-
sideration may have to be given to those phases and factors that are of
speciat importance under the local or sectional conditions for which the
breeding worlk is done.  For general purposes the methods of artificial
inoculntion that induce severe epidemics are thought to be most
practical heeause they exelude escapes and provide assurance that
plants resistant under those conditions will survive milder forms of the
diseasc.
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APPENDIX (TABLES 1 TO 25)

Tanne L.—ILffect of preinoculation trealmenis on inwasion of mature
cotlon leaves by Xanthomonas melvacearum, experiments of Augusi—
September 1842

[Plants of susceptible varieties, 8 to 9 weeks old]

. Leaves with
Num- lestons

her Leaf . . Methad of
of |surfage? Preinoculstion treatment? inoculation ¢

feaves Num-! Very
crous | few

Per- | Per-
cent | cent
Lower _| Shading for 2 honrs 0]236
.--da___| No shading 1 108
---do___| Visible water conpesting®_ . __ 160
-.-do___| No water congesiing ! 0
Upper _| Visible waker congesting 160
---do___| No water congesting 0
Tower | Bpraying with water? 91
---fdo___| No spraying 4]

Upper .| Spraying with water 75
..-tlo___i No spraving 0:
Lower .| Visible water congesting®. __. i0g ;
-._do___} Visible water congesting 20 0]
minutes prior to inceuls-
tion,

'In experiments Nos. 3 to 6, the preinoeulation treatment was applied to (a)
one-half of the leaf, but not to (b), the other half of the same leal,  Subsequent
disease sympiéoms reflecting the preinoenlation trentments are shown in fig, 1.

? Leaf surface to which preinceulation treatment and inoculation were appiied.

? Treaément immediately prior to inoculation, excopt in experiinent No. 8 in
which one-half of the leaf was treated 20 minutes hefore inocnlation.

¢ Using suspensions containing 5 to 10 million bacteris per milliliter.

& Spraying with bacterial suspension nsing a I-quart sprayer.

¢ Indueed by means of & hypodermie syringe.

7 Spraying with a 1-quart sprayer when stomata were open.
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Tanve 2.—Effectiveness of water congestion induced on the leaf surface
o%)lposite the one to which the bacteria were subsequently applied in
allowing invasion of colton leaves by XNanthomonas malvacenrum,
experiment of July 1948

[Plants of variety Acala 11, 12 weeks old]

Preinoeuiation treatment Ineubation Disense
period symptoms

Num-
ber of
leaves Leaf

Leaf -
surface §I
Jinoculatert? .. Leaves

Mini- affect.
cd

Water congestion
Aver-
age
Bever-
ity

. ; Aver-
Meathod of | De- 4 age | mum
production | gree !

surface

Per-
1 Telue Duys | Days | cent
Upper-__! Hypodermie: 2 7! Lower_.._. 8. E|

syringe, 1 i
Lower... 1 201 Upperoo_. 9 100
Upper.._. : Lower_.__ 15 100
Lower___ 1 | Upper-__. 16 o8

100

I The degree of visible water econgestion proditeed by o stream of water from a
hypoedermic syringe at the time of inoculation is a measure of the degree of stom-
atal opening, The recorded figures are averages of estimates on incdividual
leaves. Estimates of degree of water eongestion are tnade according to the
following acale:

Appearance of streak:
Solid heavy
Solid faint
Irregular
Intermediate reactions expressed by deeimals from

? Incculation donn by gently applying with a paint brush a suspeunsion con-
taining 10 million baeteria per milliliter,

! Disease severity in lesions appearing along the streshs Shat had been visibly
water congested at the time of inoculation, expressed as an average of estitnates
on digeascd leaves, Fistimates of severity were made 18 to 21 days after inoot-
Iation, using the following scale:

Appesrance of lesions:
Spreading much to bath sides of the streak
Bpreading little to both sides of the streak
Confined to the streak, forining a eontinucus band
Along the streak, not continnous
Intermediate reactions expressed by deecimals from

! Discense severity in leal areas which had nonvisible water congestion or no
water congestion at the time of inognlafion expressed oo an aversge of estimates
on disessed leaves. Estimates made 18 to 21 days after ineeulation, using the
following seale:

Fraction of inoculated area diseased (pereent):
100
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TaBLe 3.—Effect of soil moisture, inoculum concentration, and degree
of water congestion at the time of tnoculation on infection of cottan
leaves by Xanthomonas malvacearum, inoculation done by atomizing

z the under side of leaves with u bacterial suspension immediately after
tnducing water congestion, experiment of July 1943

[Plants of variety Acala 11, 3 months old)

Factors tested for influence on infection | .
. Incubation = Disesse
perind symptoms

}\i;g? l Bac- Water congestion

of terial | l
lenves ; conecen-i

i tration
in in-
- oeulum |

: ! Aver-

Method of pro- | De- @ Aver- | Mini- Leaves age

i v [ v, : in- SO
duetion gree? . ape | muom fcctedi‘{‘i‘tsr

Afil-
{ions
per |
cubic E ' .
renti- ! t Per-
meter : ~Days | Duys | cent
Moist.." 350! Hypodarmice 2.5 4’ 3
; Syringe, :
doo. LTl dooall L 2.4 . ] 100
Dey._.| 2350 1 2,3 41 100
wootdo__ LT ! . i 8 100 -
Moist__; 33 e ; 6 100
. - L7 Ld ) 1] 106
Dry___' 35.0. ; ’ 1] 108
I SR : 6] 76

! See footnote 1, tabie 2. 2 Bee fonatnote 3, table 2. 2 fee fuoinote 4, table 2,
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Tanug 4.~ ~Iffect of intensity of water pressure at the leaf surface m
infeetion. of cotton leaves by Xanthomonas malvacewrwm. One waler-
congested streak was produced on each half leaf by means of a hype-
dermic syringe.! Tnoculum, comlaining 40 million hacteria per ce.,
applied by alomizing. Left under side of leaf atomized from 1 inch
distance, right under side from 3 to 6 inches. A rubber pud was used
awhen leaves were “hacked” during tnoculation; when not ““bucked”
lecres were held ut petiole and allowed to sway when atomized; experi-
ment of May 1944

[Plants of variety Acalp 11, 8 weeks old; 16 leaves per treatment]

i
Inoenintjon t Tneubatian Disease
conditions period | symptoms
o it rmams et —rmm e e | —— S
Btage of leaf [ )
developmuent Atom- | Aver-
izing | Leaf Aver- [ Mini- | Leaves Bge
is- * baeking| age | mum infected ¢ sever-
taniee I ! : ! P
S PP AR A S i - _..__.,... e m————— -.
fuches ‘ Daye . Days . Pereent | Value
Burely mature... . _ . 1 + 2.0 q i 100 | P90
Dooee. oo oe 1 - 10.2 1 ¢ 100 .7
No... . ... . 5+ 8 2 7 100 ¢ )
Do ... .o a - 4.1 . 12 106 - .3
Fuliy mature.. ... .. 1. 4 120 9 160 -8
Qo o emmmmn 1 — ¢ 14 3 10 - 57 | L
Do . .. 5. 4+ 1 140 12 i 109 i
Do.. e 5 P A 15! 57 .2

U The average degree of witer congestion was 2.2 for the bharely mature leaves
and 2.5 for those fully mmiure.

2 Hee footiete 4, table 2. Legions siong the streaks which had been visibly
water-cangeated at the time of inceulation were disregarded.
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Tasie 5.—Effeet of cotton cariety and of inoculum concentration on
wnfection of cotton leaves by XNanthomonas malvecearum, experiment

of November 1948

[Plants were 4 weeks old; 10 leaves inoetlnied on 4 plants of cach varicty por
trosinient]

Method of
ineculation

SXPoeeeo oo Gentle
subseguent to
water congesting, 3

Aealn 10 _______.

Stoneville 37.__ _|___..

Sioneville -8

Stoneville 201 ..

S P ... Brushing?

eongesting,
Aeala Y.L .
Stoneville 37....;. .. __
Stoneville 4-8__.:_ .. _do
Stoneville 208_._ . ... .do

brushing 2 |

with ;
modorate pressure, |
no previous water

Average incubua-
tion period;
ingeulum

{expressed in
millions of
baetorin per
mitliliter) at 3
conechitrations

Average severity !
of disense;
inocufum

{expressed in
millions of
bacteria per
milliliter) at, 3
concentrations

300 ¢ 16

0.3

Dt ys
9. 2

Pays [ Days
37168

300 10 0.3

Valve | Vatue Velue
29t 21, 1.3

i

)

! Hee footnote 3, table 2.

? Using a paint brush with baeterial suspension.

One-half of each leaf received

the preinoculation trentment and was brushed gently; the other half was brushed

with moderate pressure.
3 Dsing a hypodermic syringe.
t Bymiptoms on some plants abypical.
5 Trace,
¢ Symptoms on all planis atypieal.
7 Bee footnote 4, table 2.
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TaerLe 6.—Influence of stage of leaf development and method of
inoculation on infection of cofton leaves by Xanthomenas malvacea-

rum; experiment of March 1944

[Plants of veriety 8 X P Epyptian, 5% weeks old, inceulnted 23 to 27 leaves per

! Stage of development at the time of inoculation:

Bud=hut leaves.

Top=cxpanding leaves, up to 70 mm. in diameter.

Mid=harely mature leaves.
Low=rfully mature leaves.

Bud leaves are not susceptible to water congestion with a hy ;mr!nrnm. syringe.

? Bee footnote i, table 2,

3 Using 50 million bacteria per milliliter.

¢ Bec fooinote 2, tabie 5.

% See footnote 3, table 2,

* See footnote 4, table 2.

treatment]
Preinaculation Ineubation Disease
32:,%?00}{_ treatment period symptoms
Num- | ment of Inocula-
ber of | lenves tion proce- Aver
leaves ([)003:1“0“ Peoe De- dure* [ 4o Miuie L(c)lz;.;'_cs ae
plant)t o gree? age | mum [ S, Se'\t.,er-
1Ly
; Per-
t Duys | Days | cent Value
0. ! Top--.--] Hypodermie | 0.3  Gentle | 4.0 4 306: 2.8
f syringe. brush- . :
; : ing. 4 : i
20___. N ST U Y + [\ LS doooo__. 4.5 i 3 180 2.4
20..__. low_.__i . __ do___.__ . ~doo oo 9.5 . 6 - a3 | .6
10____. Bud____] None_______;____ Bl'uE:hIIIL’, 58 5 180 *1.6
with : .
E moder- ! :
i ate pres- i
. SuTe.
10..__. e T S S-S S S 4.8 [ 41 100 26
20-____, Aid. oo o] eeadoo_ ... pobod ] 40 100 2.0
W Low._ oo doao.. ... Y ¢ [+ TR B - N B+ G- 85 1.8
H{ - s Budo Lo doon o leao Dipping...© 7.9 a, W, LG
0. )+ SN IR ¢\ TN R < (A 5 2: a 100° 1.2
0. .___ i Mido._ .. _do__.___|-.._ s I T 10. 2 a1 100 .9
20 .. Tow___ | .._do.____.i..__ PR ; [ TR 14,1 12 . 60 .4
1 i

.
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TarLe 7.—Influence of stage of development of leaves on a single cotton
plant and of method of inoculation on infection by Xanthomonas
malvacearum, experiment of December 1943

[Plant of variety 8X P Egyptian, 7 weeks old)

Stage of leaf devolop- TPreinoenlation '
ment treatment i

_ ‘ ‘
Num- ‘ ]
Ler !

(r;llzlmkf_ Position | Diam- Tyoe De-
order { O0 Plant?: cter | ¥P croe * |

3 | o

. Aver-
H age

i Inoculation pra- . tlis-
i cedure + coage
; SE.\"QI"'
; Loty

- M-

. meler Duays Value
Top..__ 30, Water con- 0 . Gentle brushing .

1 ; © o gestion hy
| i . hgpoder-
1 : micsyr-

B e doe
Mid. . __

.0
LD !
0!
. 8
3 |

oo oo : -de _
Bud___. 8 Nowe. .._....._._. " Brushing with modd-;
crate pressure. 3
Fop..... ceeectloain ol Lo del Lol
do_.__ :
Mid. ...

RIS DD Wwoom

PR K5 (- S A
[ =R ke S Rl 1]

" The leaves are numbered in order from tip to hase of stem; a bud leaf is not
large cnough to be subjected to more than 1 treatment.

? Bee footnote 1, table 6.

¥ Hee footnote 1, table 2; water congestion by atomizing is not visible,

! Using 300 million bacierin per milliliter.

¥ See footnote 2, table 5.

¢ Sce footnote 3, table 2,

7 See footnote 4, table 2,




PanLe 8. Busis of method for classifying cotton varieties for relative resistance to Xanthomonas malvacearum, according

Reaction class

to characteristic disease symptoms on leaves

Character of leaf spols

Shape

Dinm-
eter

Resistant....-
Polerant. ... Angular

Suseeptible o

-<3 Roundish

RTTOIN s [+ T ——

§

Milli-
neler

v Clreen .o
§

¥
.

1

¢

Baeterinl exu-

Brown

Dark brown or
black.

~oning.
Rather ripid.

Slow_ i

to vein.

. Considerable, along
: VEHIS,
CExtensive, spread-
ing.

Color Ixtent of vein date and extent
e ‘ blight of secondary
b i e .| Time and rate spreatl
N of drying
Barly stage Late stage
Light brown. Reddish-brown. . Dry from begin- | Very little, limited | Negligible.

« Very little.

i

Abundant.

(1LATI0Ng TYOINHOEL - G
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TasLe 9.—Differences in susceptibility of several cotton varieties {o
NXanthomonas malvacearum, as measured by leaf grading n two
previously inoculated field plots; experiment of 1945

[Plants were 1, 1, und 21 months old at time of inoculalion]

Date of inoculalion

Strain 1 Tune 12, June 26, plot 2 July 24, plot i

plot L, - -

ﬁfﬂgg; Graded | Graded | Graded | Craded

July 14 ] July 24 | August 9 August 13

Grade? Grade Grrade Grade

3.5 4 4
: 3.
3

joo!
b3
=3
=
[

v I PO 60 00 e ik

[
— = G B D Ca DD s

o

e RO L S 0 Y g

Stoneville J-2_..__ ___ ____
Hybrid, hackeross. _
Stlone\‘ille 20-1...._.

—
Qlll
RIS IR

t The seed lots of these siraing were obtained from the following sources:
Acala 11 rom . R. Hooton, Greenville, Tex,; Coker 100 Wilt from C. . Rogers,
Hartsville, 8. C.; Empire from W.W, Ballard and A. L. Smith, Experiment, Ga.;
Stoneville 62 from W. W. Rav, Stillwater, Okla.: all remaining atrains from
1. M. Simpson, Knoxville, Tean.  “Hybrid, backcross" refers Lo a backeross to
Trice 24 of a Stoneville 20 X Trice 2A hybrid made by 1), M, Simpson.

?Grades: |=resistant; 2 and 3=tolerant; 4 =sugeentible,

3 Results variable.

“In plot | plants of Stoneville 4-3 tagged to differentinie resistant {R) in the
leaf spol phase from susceptible (8); 24 plants resistant, grade 1.5; 58 plants
susceplible, grade 3.5,




TasLe 10.—Influence of age and variety of plant and of concentration of inoculum on infection of leaves and stems of cotton
plants spray-inoculated with Xanthomonas malvacearum, experiment of December 1944

Bacte-

Leaf spot 2 Black arm
rial
Awe of Plants | concen-
Variety ° [1‘ % inocu- | tration Incubation period Severity
pian lated ! ¢ in i SR Plants Severity?
i inocu- | ; { ' affected | SeVerttY
codum o Bad Top Mid Bud { Top Mid
1 |
Millions : {
ner + 1
Nwmber | milliliter!  Duys Day. Days Value § Value | Value | Percenl i Value
5 a0 : 4.3 3.0 ... - 42,81 4281 ....... 100 4.5
5 1 L1000 4.4 1 .5 2.8 tivcnnen 100 4.0
5 .05 10. 5 5 8 | T - 0 S, 100 .9
5. 50 9,3 3.7 L 4 1.9 1.9 100 L5
5 1 9.5 4.2 . 1.9 1.4 60 .7
5 11 35 P 6.8 : .6 .9 40 .3
5. 50 7.0 5.3 7.5 1.1 5.4 5.2 100 .3
5 f A S 6.3 ! 0 .2 0 60 .1
5 05 b 13.8 foonioiaa 0 L o - ® -0
51 50 4.5 3.3 5.4 3.4 437 3.2 100 4.0
5 1 8.0 50{ 9.0{ 26 28] 20 100 2.8
5 .05 6.0 50! 110 1.0 .3 .6 ‘60 1.2
25 . 50 6. 5 4.0 5.3 .9 2.0 1.6 100 2.0
25 . 1 7.2 5.1 85 .8 1.6 i 114 76 .7
25 .05 9.4 8.2 11. 2 .5 .7; .5§ 24 .4
P ¢ H

2 Bee footnote 1, table 6.

3 Severity scale for black arm lesions: Value
Slight lesions. . ao lacoiny e m 1.0
Moderate 1eSions. o v oms e o cecmem e aimmac camennana-a 220
Severe lesions, ... ..« SR SR PR Ve . 3.0
Very severe 1esions. . oo oo aiciiieininnn wenaa i 8

e - L PR N

Stem killed... . ... ... L

-

I Tnocnlation by applying a coarse spray with a knapsack sprayer.

4 See footnote 4, table 2,

8 A few angular spots showing hydrosis at first, hut drying very
rapidly. Ong of the few eases in which typical angular spots were
produced on Stoneville 20.

¢ Trace. )

7 Shafter Acala, Acala 11, Trice, Stoneville 37, Stoneville 4-15;
they cover the range of disease reaction intermediate between SX P
and Stoneville 20

o0
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BACTERIAL BLIGHT OF COTTON 45

Tasug 11.—Monthly average temperature and total rainfall at Clemson,
8. C., during the growing seasons of 1944 ant 1945

Sep-

7 N iti i
Weather comditions June | July | August tember

Temperatures, 1944: 2 . °F, oF, °F,
{inimum 35. 5 . 66, 66. 0 63.
Maxtmum 84. 5 89, 26, 8 84.

70,0 . 77 76 4 73,

Temperatures, 1945:
Minimum 53. 4 4. 68. 66 ©
79. 2 , 87. 87. 9
66, 3 X 78, 76. 9

Fnckes | Inches | Inches | Inches
1.4 2.3 3.9 34
4.5 5.0 4.8 3.7

TaBLe 12.—Degree of differentiation of cotton varietics according o
susceptibility to Xanthomonas mealvacearum when tested by knapsack
sprayer inoculation technique; experiment of May 1944

[Plants 7% weeks old}

Num- Stage of leaf development 2
ber of
Variety piants

Ii:iaei;l_l Bud Top Mid Low

Number of leaves infected per plant

0. 0.9 31|

o

Average severity of disease (value)
£ ,

?

LR

o o

€
I
3

! A suspension of 8 million bacteria per milliliter applied at the rate of 600 ml.
per pot of 6 plants with a semicoarse spray.  Stomata of mature leaves Tairly
well open.

2 See footnote !, table 6.

3 Bee footnote 4, table 2,




TavLe 13— Influence o inoculation spray type, stage of leaf development, and stomatal opening on infection of leaves of
cotton plunts by Xanthomonas malvacearum

[Plants 4% to 5 weeks old)

ExperiMENT OF JULy 28, 1944

Discase symptoms*

Leaves infected per plant i

!
i
Stomatal
L Inoculation spray condition
T 2 A
Variety type on_matured
leaves .
Bud . Top
Num- Num-
, 1 ber ber

BX P i ciminans . Bemicoarse*___ . Open_ ... .21 10
D0 e O e Closedo o .. 1.5 .8
DO e cmam e Mist V. ooieiiaus Open.on ... .81 LO
Acala Tl cidam e Semicoarse. - iewraj-. caadoo o .51 L0
|31 TR (IR ¢ 1+ TR Closed- .- - .8 1.0
[ (. T N wme] Mistenwacmemiana Opencoaa.. .7 7
Stoneville 87 .o CocZainaa Semicoarse_ ... N T» SO 1.0 .8
Dol ... i ——— Mist.. oo o-loinin doL..wooa .2 .8
Stoneville 200, .0 alaann. Semicoirse. .. . [ [ .2 .8

DOeunin . Ceead Misto. oo ISR S dos. i 0 0

Mid

Num-~

ber

oo

TRINWN -ID
DO 00 T D 0010

o

Severity

19 days after inoculation

;33 days after
*ingeulation

LTow §__ e et . SRR
Bud | Top | Mid | Low . Bud | Top

Num- ; :
ber | Value: Valuel Valuel Value : Value : Value
0.81230.9 1.8 2.4 0.6 2.8. 3.5
1.0 .6 .6 .9 .4 23 27
71 .8l Sat 3} 3f Lei .7
1.2 ) 1.2 2.3 . .6 1.6
7 .9 .7 .4 .3 7 L1
.3 .4 .3 .3 .2 .61 4
1.0 ) L1 3.0 1.4 .5 1.5
0 4] .3( .30 .2t .6: .4
0 2 .4} 3} 0 2 4
VR WO RN RSN ST IO SIS

1 i

9
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Ex»ERIMENT or Avucust 28, 1944
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1 See footnote 1, table 6. :

2 Semicoarse spray applied at. the rate of 600 to 750 mi. per pot with 5 plants, holding the nozzle close to leaves; July 28 experiment,
1 milliow bacteria per milliliter; August 28 experiment, ¥ million per milliliter,

3 See footnote 4, table 2.

1 Mist spray containing 1 million bacteria per milliliter applied at the rate of 1,500 ml. per pot with 5 plants, holding the nozzle 2 to 3
feet from the plants,
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- TasLe 14.—Varietel differences in reaction of cotton to Xanthomonas malvacearum applied by spray inoculation in two
field plots; experiment of June 16 to 18, 1944
[Plants § weeks old]
Dara Froa Pror A1

Secondary leaf spot Bract spot Black arm

Diseased leaves on N .

~ 24 plants Area in- . ) .
nt%(l:]rnﬁh Ii DU f‘(}zgt;gg]; after in- 1}3);3::&5309 at:{‘t:,?i(il-
oculation g leaves | oculation oculation
Total hed

Variety

Discased | Average
plants 3 | severityt

Days Naiber | Number | Percent Percent Percent
X P 62 75 89 40 99
62 37 9.
62 15 3
62 ; 17
6
12
13
0

FUALTAOINDY J0 "LdEA 'S ‘0 ‘996 NilETindg TvOINHOEL 8F




Dara From Pror B?

S X
Shafter Acala

Stoneville 37 __________TTTT7T -

! Plot A was inoculated by semicoarse spray, :

2 Counts made on 150 plants per variety (squares, blooms, and young bolls). Specimens recorded as diseased when thiey had 1 or
more typical green spots.

3 Counts made on 75 plants per variety in plot A and 150 plants in plot B.

*+ See footnote 3, table 10. .

5 Average of data from' 3 subplots inoculated by fine, semicoarse, and coarse spray.

w
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=
=
-
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=
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Q
Q
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TasLe 15.—Differences in suscertibility of several cotton varieties to boll
rot gs measwred gfter artificial inceulation with Xanthomonas mal-
vacearum; experiment of 1945

Plot 1! Plot 22
Sevority Sevevity of dis-
of dis- £a5e Sy P oms
Blrain easd
p BnllsvI Symp- ;Ballsd P
isemsed | loms, [disense re- o
predomi- domi- | R “i:&'“
nant nant

grade grade ¥ grade ¥

Pervent Pereent | Value Value
Aenla 1V 4 . .. 100 9 Gl 9 6-10
Trice 2A. .. .. 90 g 67 4 6-1¢
Coker 100 Wilt 1, __ __________ 90 7 30 7 H— 8
Stoneville 3713, ... __..__ G0 5 33 [ 4- 7
Ympire* _____ .. . . 80 5 16 & 41— 8
Stoneville 62 .. oo oo, S0 5 42 [ ~ ¥
Stoneville &-38% . _ . _.. 80 6 26 i} 3-8
Stoneville 4-3R.&_._ _.___ .. __. a0 491, SR PR e
Stoneville 4-2_ . . ... 104 4 20 3 i— 5
Hybrid backerass ... _____.. __. 50 3 3G 4 2~ §
Stoneville 200__ .. . ....__. 20 i 20 1 .52

! Bolle inoeniated by rubbing tapged specinens with o picee of cheesceloth wet
with barterial suspension, Awg. 33, Data taken 3 wecks lnter, 10 bolls per
variety.

? Bolls inoenlated by & heavy application of coarse spray, Aug. 27. Tala taken
3 weelks faler, 80 to 170 bolls per variely,

3 Bolls graded by a seale ranging from L=very slight, (o 10=very sovere,

1 See footnote 1, table G,

4 Bee fooinote 4, tabie 9.

TABLE 16.—Differences in susceptibility in the seedling stage of four
cotton varieties grown in field plots from seed inocudated with Nantho-
monas malracearum,; experiment of May (845

Seedlings discased ?
Variely Sr:cd!in;fs Spverely ]_')isens::
. FROWD Fotal discased index
catvie-
dons
Number | Percent Pereend
S P L . 254 70 il 24,2
Bhafter Aeala. . _ .. . ... as6 67 5.6 21,0
Aeale L1V _ ... 635 1K .8 19.7
Coker 100 . ... 7 33 .1 31

12 160-fool rows per variety.

2 Data taken May 29-30 on sced plented May 8.

3 Discase index=pereentage of seadlings diseased X relative severity. considering
disense severity of destroved secdlings as 1.0,

i In checkrows pinnted with sced that had vet been inoculated a count of 980
seedlings of Acala 11 gave 24.2 pereent diseased.  Practically o seedling infeetion
was nofed at this time in other varieties. This indicated that the Texas-grown
Acale 11 was naturally infected,

L

%
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TanLe 17.—Seeerity of leaf spol and black arm symptoms on cotton
variefies tnoculated in the secdling stage by spraying with suspension of
Xanthomonas malvacearum; experiment of May-June, 1945

{  Leaf spott ~ Blaek arm t

T T e e e e
T

Encealation spray

P
Varicly Lype

Teaves . :

diseased | Avernge . Plants - Average
per  :severily? discased severity?
plant - . .

' Number  Value ' Percent - Value
Shafter Acala " C'oarse spray.______. Lo 7.5 92 2,
Acala 114 do. . 1077 .0 174 8% 2.
Coker 100.._.____._ . . .do.. .. ; 0 12,00 63 i
Shafter Acala s Fine spray________ LB L5 30
Acala 114 7T T ol T .8 10,0 65
Coker 100 _____._.i .. ; ST 4.0} 7
. i i i

' Discase counts made June 25 on 40 ihinned plants of each varioty per treat-
meni.

* Expressed as eslimated pereeninge of diseused leaf areas,

3 See footnote 3, tabie T0.

1 See foolnoic 4, tahle 16.

Tanre 18.—Swummary of relative susceptibility of cotton varieties to var-
rous phases of bacterial blight caused by Xanthomonas malvaceariem

i !
v f apet 2 Blaek arm ¢ Boll rot,3
Leaf <pot ; {plants September
IColty- - Braet | diseased) 1945
edon | ' . o N
spot, ! g Jine :ﬁ}mt‘:i ;
jo43 | Sep- tg | dune i
: itember (gt 1044 1945 FPlot ' Plat
P 1944 -15-_15 i 2 o2

Viriety

b

Disg- ; .
pitse y Per- ' Per- Per
tndez . Crade Grade  cent  cend cent  Grade Crade
8 X P (Egyptian) ) B T B | B 13 |
Shafter Aeala______ __ a6 - g 7 . 25
Aculn 11 . __ .. 47 ;0 . g, 23
Triee 2A_ . __. .. 3 B E :
C'oker 100 WilE_____ __._ )
Stonaville 87._._._..
Stoneville 4-15
1 ybrid backeross s
Stoneville 20__ _ et

! Seed inceulated and cotyledans praded for disense reaction, as deseribod in n
previous paper (21).

® Leaf grades range fromn !=resistant to A=highly susceptible; 1945 daia
from tahble 9.

¥ Data from plot A, table 14,

1 Age of plants at time of ineenlation: 3 weeks in 1944, 3 wecka in 143, The
1944 data are from plot A, lable 14, the 1945 datn from fable 17,

* Boll grades range from I =resistang, Lo 1=highly suseeptible; data from table

bl

*See footnote 1, tahle 9,
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TasLe 19.— Iafluence of inoculation spray type, age of plants, and concentration of inoculum on infection of cotton plants

in field plots with Xanthomonas malvacearum; experiments of June 1944

Dara or Pror C, INOCULATED JuNE 22 10 24, 1944

Variety

SX P il
DPo._ ...
Do vl

Shafter Acala_. ... ...

Do . o . oiio-y
Coker 100, . vecn.

Age of
plants
at time
of inocu-
lation

Concen-
tration
of inocu-
Jum,

Million
bacleria
per milli-
liter

ot k fk ok kb ik ek

Leaf spot Black arm
Toveie . .| Primary infection,! dis- { Secondary infec-
["Oml't‘t,";g SPraY | ensed leaves on 10 plants tion! Bra{:}
¥Pe S e b it e e spo Diseased} Average
i b da plants ¢ |severity *
: Average {Diseased] Average
Total 4’ Shed severity 3 leaves lseverity 2
c Number Number Perrcgzl Percent i Percent 4
SOATSE oot 97 74 92 100 17 96 98 . 5
Fine.owincmcua-n 93 64 89 | 94 13 96 92 3.5
Mistowoaooiloos 33 58 84 79 4 92 26 2.0
Conrsea o nno. ! 82 52 89 71 6 92 8 1.0
Fine. ... .ducuen i 70 46 89 67 6 84 4 1.0
Mistmneonaaan 63 22 80 51 3 24 2 4
Coarse. oo 78 55 89 54 3 76 6 .7
Fine_ ..l . co. 77 47 86 55 3 48 2 .7
Mist. ol 69 | 43 85 49 2 16 0. ---_.C
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Dara orF Pror D, InNocuraTep Juxe 21 To 23, 1944

Coarse.__._._... ! 33 39 ¢ 89
i H ) 39

W TS 0N LS T 00

0
0
1
0
0
.1
. 0
0
1
0
0
1

Do.u o

31

1 Counts made on 10 plants per treatment 25 days after inoculation.

2 Fxpressed as a percentage of infected leaf surface, considering shed leaves as 100 percent infected.

3 Clounts made 47 days after inoculation in plot C; 38 days after inoculation in plot D. )

4 Clounts made on 50 plants per treatment 47 days after inoculation in plot C; 41 days after inoculation in plot D.
$ See footnote 3, table 10, - ,
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"Tanue 20.—LEffect of time of day and inoculation spray type on infection
of cofton. plants wn field plots with XNenthomonas mafeacearum; cs-
pertment of June 1944 2

[Plants 3 weeis olid]

Inoculation Secondary leaf spot *: Black arm *
1 Diseased | Area | :
Variety { leaves on fn- 1 © Aver
: L Sprav 10 plants | feeted! Dis- - e
Time of day ! ° é‘_, g v o e OB edserl ! 'I‘g',c
¥P ! i (lis-i i plants’ b;‘h?:'
s . ' pasec B
: Totai: Shed &) 0
"Num- Num-- Per- . Per-
i ber ber cent  cenl | Value
SXPo..... Late morning } Coarse__ 52 27 . o 987 4.0
Do. ... _.odo.. . D Fineo.. 0 27 . 7 81 3.3
Do. .. o.doo. . Mist...... 33, 20! 3 157 L8
Do... Late evening__. Cloarse.... 306 . 11 | 6 A6 2.5
Deo. eeeodon L0 Fineoo.ot 360 16 & 2. 20
Dol.. ... Zlldol” D70 dmst..l 15 3: 3 . 12
Shafter Acala. . Late morning . Coarse._ 0 28 6 : 1} 20" 1.0
Do.... . do.. . Fine.ll 28, 3 8 71 .7
Do..... S { - S P oAlist__._ . 29 21 31 L .7
Do.......: Late evening__! Coarse_._: 24 | 4 6 : 8 i
Doo..... .. doo_.... Fine..._. 21 2. 3 3. 7
Do ... .dooo. .. CAiste-__ . 14 0! 3: LU

! During the morning inoculation the stomata of most leaves were wide open;
during the evening inoeulation they were closed or nearly closed.

1 Ohsgervalions made 50 days after inoculation.

3 Estimated percentages, excluding shed leaves.

+ Counts on 50 plants per treatment,

¥ Bee fooinote 3, table 10,
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BACTERIAL BLIGHT OF COTTON 5>

Tanry 2V —Lffeet of inoculation spray type, concentrations uf nocndum,
and time of day on infection of cotton plants in. field plots with Nen-

themonas malvacearwm; experiment of June 1945

(Plants of varicties Acala 11 and Ceker 100, 6 weeks old]

Inoculation

Con- -

i een-

I'ime of day tra.

. tion

I

Leaf spot ! i Black arm 2

type
11

. . I
Primary in- | Seeondary

fection
Spray ... .

Acala | Coker; Acala | Coker-

T

infection * i
_: Aeals i Coker
17! 100

100 11 1160

¢

o M-
lion |
hae-
lerig

per
miblii-
titer
Late morning____ 10
Do_... o1l
Do, . A 1 X
Do.._.....0 1.
Do PRSI
Do . A
Do. :
Lo,
Da.
Late evening. .

cise

(Frder ¥ indez Sindex 3 index 7 index

Coarsc.. . .: 74
Fine. _.© 73

CoMistl . L

(‘oarse. L)
Fine_. .. :
Misto.
Coarse_ _ .

. Fine_
©OMhst. o L

Coarse.. !

Dis-

l
!1

Pis-  Dis-  Dis- Dis-
etse  euse  fuse  ease

70 - 11
62 - 13
32 :
60
53 ¢
16
32
25
18 -
32
26 -

1]

e

82
H

9
29
20

14

=

Lem o R = o . § e o
bl L= B S R
SO S S —

Fine. . _.j
; 9

Ll
[S-FCRN U R R

! Counts made on 20 planis per treatment, 35 days after inoeulation.

* Counts made on 100 plants per treatment, 36 days after inoculaiion,

# Caleulation of leaf discase index: (Number of shed leaves X 10034 (number
of diseased leaves 3 severity)-=- 100,

* Culeulation of black arm index: Pereentage of diseazed plants ¥ soverity.
All black arm lesions were rather slight.
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Tarte 22.—FEffect of inoculation spray type on boll rot in field plots of
cotton plants tnoculated with A anthomonus malracearum; experiment

of August 1945

Tnoculation Tolal number] Bolls with
of bolls in- baeterial
- i ceulated spots !
I Method of | —-—7 -
Date Spray type | Si’rﬁgt;:}?p“‘ Acals t Coker | Aenla | Coker
! 101wl on 160
Num-i Num-| Per- | Per-
ber = ber cenl | cend
Aug, 200 . ____ Fine_ oo Low?______ i3} 197 ¢ B2 33
[ SR SSUY . - SPIPRIRRN B | § 14 FIPSRES 7w, 21F 0 L3 2.8
) i Seniieoarse. ..o - Low._._____ 67 231 16 7.8
DOm0 e High. _._.- 61 202 10 | L5
Aug 28 ... p Comrse.. . .ooo.-| Low? _.___ 111 ; 232 40 2%
Lo S L I [ TR P, dojd____ 88 - 287 | 29 26
i Uninocutated . . oo oo aoan 3, 118: 0 3.3

! Four weeks after inoculation.

2 Low = nouzzle held eclose 10 bolle. High=nouzzle 1 to 2 feet further away from

holls,

1Tops of these plants cut above the boll-bearing laterals immediately sfier

inoculation.
¢ Pinnts not eub.




Tapre 23~ Liffect of moist-chamber treatment on bacterial blight of seedling cotton plants; experiment of March 1945
[Plants 12 days old])

Leaf spot? Stem infection 5

Moist-
chamber
treat-
ment !

Variety Black arm Vascular
Diseased |

leaves | Severity 3
per plant

Discase e s e | Disecase

: > . . index §
index Discase | Lesions index
index 7 | per plant

Lesions

Severity o
per plang | 7eVerity

Number Value Namnber Value N um(;)cr
1.

1. 1. 1

1.

=]

SXP__.. ...
Do T

Shafter Aeala .
Do ..

Trice 2A_, ...

—

k-

1.

ek et bk btk bt 1D
latalatetatei i\
[

=SSO NWW W

Do.. . . 1.
- Stoneville st-15
] Do. e
Stoneville 20

b

\!;L‘-NNIHQCJIW@:
NORNo®owa
ecm§5§55

e Ot D

o

—
 ERESRNBOS®

R QO =S =]

o . . o
0 0

NOLIOD 40 LEDITE TVINIIOVE

IS I B ORI B

! One group of seedlings, placed in a moist ¢chamber for 48 hours following inoeulation; other group kept outside the moistchambpr.
ﬁhlnoculutimn done by applying a suspension of 60 million bacteria per williliter, partly with a quart sprayer and partly with a small sprin-
klitig can.

2 Data taken 15 days after inoculation.

3 See footnote 4, table 2,

4 Disease index=10 "% number of discasced leaves per plant X severity.

5 Data taken 33 days after inoculation.

8 See footnote 3, table 10.

7 Disease indéx== 10X number of lesions per plant X severity.



http:Disen.sc

TasLe 24.~—LEffect ¢f sprinkling seedling cotton plants with water several days after inoculation upon subsequent infec-
tion. by Xanthomonas malvacearum; experiment of April 1945

[Seedling plants, 25 to 30 of cach variety per treatment, grown in M-gallon pots; soil képt very moist by watering from beneath]

i L . R - R et ae—

I“"‘\"O";IO‘::; :‘('ot‘\vle- Leaf spot 3 Infection ¢
Growth stage at time of ¢ . Sprin- e i
inoculation.t i Varicty kling?
1 . Plants | Disense Plants Disease Black | Vascular Total ?
discased | index ¥ | discased | index # arm  {symploms
- e it - '_.._.4.;,7 . e ey i s i A§ S AN B P
i Percent Percent Percenl Percenl | Percent
Seed. ..o o.viinie... . ShafterAcala... ... .. — 55. 2 20.0 3.4 0.3 24,1 20.7 24,1
Do oo a0 Moo L L4 58. 8 20. 9 52.9 5.0 44, 1 26. 5 44. 1
Do - o0 Lo o Stoneville 37 . . ... — 17. 2 4.5 0 0 6.9 0 6.9
Do oo e oL el + 25. 9 7.2 29,6 1.5 14. 8 L1 14. 8
S-day-old scedling. .. . ....0 Shalter Acala_.. .o .. : - 6. 5 91 L5 S 3 SRS SR JO
Do e dOL i e e + 741 13.0 37.0 ) A2 SRR SN UIR A I
Do.. ivivinnoa. . Stoneville 37. .. ... = 28. 0 3.0 80 .31
Do e e o e e 4 76.0 11.0 8.0 4
< 16-day-old scedling. .., .. Shafter Acala. ... .. - wr il s 84.0 .8
1 51y B S NSO SPRE ¢ [+ VPR - B B . 106. 0 7
Do e Stoneville 37, ... R N —— 77.8 7 :
DO e e i [ (A I R RSN ——— 87. 3 2

! Sped inoculation earried out by sonking sced for 2 hours in a suspension containing 60 million bacteria per milliliter; seedlings: ingcu-
lated by sprinkling with bacterial suspension on two successive days.

2 - Plants not sprivkled and not wetted when watering; -+ == plants sprinkled with water from a small sprinkling can: (@) Seedlings
from inoculated seed sprivkled early in the moening for 8 days, starting with the day of emergenee; (b) other seedlings sprinkled early in
the morning and late in the evening of the 4 days following inoculation.

3 Data taken 13 days after inoculation.

1 See footnote 4, table 23;

¥ Datw of seed inoculafion taken 28 days after planting those of other scedlings, 13 days after inoculation.

¥ Data taken 40 days after planting.

7 Total number of stems with black arm, vaseilar symptoms, or both.

@ L @ o0
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TanLe 25.—Effect of method of inoculation on bucterial blight of seedling cotton plants; experiment of April 1945

[Plants of varicly Shafter Acala, 12 days old at time of inoculation, 27 plants per treatment]

Diseased
cotbyle-
dons?

Method of inoculation !

Sprinkling :
Semicoarse spray .4

Leaf spot

Stem infection 8

Leaf wilt 7

Discased l
leaves per:
plant t

1

Spots per
leaf3

Severity

Black
arm

Vascular
symp-
tos

Total ¢

¥

Leaves

4 cerity
per plant Severity

Number

Number
1.3
2.1

Nuwmber

Percen
33.
40.

Percent
30. 4
47. 7

t I Percent
3 14. 9
7 22,2

Value
2.0
3.3

Nawmber
0.5
1.6

1 Inoculated in the moruing of 2 successive days using, for cuch 2-gallon pot with 9 plants,
bacteria per milliliters.  Sprinkling done with a small sprinkling can.

2 Data taken 13 days after inoculation.

3 See foolnote 4, table 2.

+ Average number of spots per diseased leaf,
5 Data taken 40 days after inoculation.

¢ Total number of stems with black arm, vascular symptoms, or both.

7 Data taken 30 days after inoculation.

For sale by the Superintendent of Doecunments,
Washington 23, D, C.
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Price 20 ¢ents
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600 ml. of a suspension c¢ontaining 10 million
Secmicoarse spray applied with a knapsack sprayer.

NOLIOD 'J0 ILHOHI'Td IVINALOVE







