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INTRODUCTION

Cotton is the most important erop in the Southern States.
Throughout the area where cotton is grown the plants are attacked
by various organisms causing plant disease and crop losses. Yany
of these organisms are Iknown to live in the soil from year to year
while others are seed~borne and are reintroduced into the soil each
year with the cotton seed. These organisms are freguently so de-
struetive in the germinating and seedling stages of the cotton
plant that it is not uncommon for the cotton grower to use a seed-
ing rate 10 or more times in excess of the expected stand.’

Seedling diseases are important to the cotton grower because
of s (a) poor stands, (b) necessity of replanting, (e) decrease in
production becsuse of frequent skips in rows, (d) excess amount
of cotton seed required, (e) the many seedling diseases which later
develop into lint- and boll-destroving diseases, (f) the lessened
value and amount of lint ecotton produced per unit area, (g) weak-
ening of the plants, making it much easjer for secondary grganisms
to infect the cotton.

Demping off and other seedling diseases of the cotton plant
may be caused and accelerated by & nmumber of organisms. Arndt®
in a study of the etiology of dmnping off of cotton seedlings, in
South Caroline in 1955 isolated the following organisms from

diseased seedlings: Glomerella gossypii, Fusarium sp., Pythium ul-

timum, Rhizoctonia sp., bacteria of various types, and several

species of nematodes. In 1957 Arndt® found that the presence of

the nematodes increased stunting of the plants by Fusarium moniliforme;




that typical damping off was produced by Glomerella gossypii; and
that the presemce of Fusarium spe. reduced germinmtion and pro-
duced lesions on the hypoeotyl but did not ceuse typical damping
off. Lehmanl® tested 35 seed lots of the 1936 cotton erop from 19
counties in North Carolina. He found that 81 per cent of the seed
germinated; 40 per oent of the seed in 31 of the lots were infected

with Glomerella gossypii and 5le4 per cent of the seed of all lots

were infected with verious species of Fusarium among which F. monili-
forme was frequently recognized. Shew'5 also reporting on eotten
digeases from the 1936 North Careclina crop, found T« vasinfectum
present in the soils of an extremely large number of farms. Shaw
stated that for the season of 1956, damping off caused a reduotion
in yield of approximately 133,650,000 pounds of seed cotton valued
at §$7,056,720. Cemp ot. al.® report from a survey in Floride the
diseases most common during the first 2 months of the season to be

sore shin caused by several organisms particularly Rhizoctonia

solani; angular leaf spot (Bacterium malvecearum); and rilt(Mriun

vasinfectum). They also found e large proportion of Pusarium monili-

forme to be present.

Miller'® collected and received samples (25 to 50 seedlings
per sample) of the 1938 cotton plantings from Virginia, North Caro-
lina, South Carolina, Georgia, Alabama, Mississippi, Louisians,
Texas and Tennessee. These samples were cultured and the fungi
associated with the diseased seedlings identified by Mllstrup of
the South Carolina Experiment Station. (\Eif the 344 cultures exemined,

Glomerella gossypii was found 283 times; Fusarium moniliforme, 239

times; Rhizootonia solani, 44 times; Fusarium Sp. 161 times; ﬂim



8pe 15 times; Diplodia gossypine, 11 timess Rhizoctonia (Seclerotium)

bataticola, 15 times; Fusarium vasinfectum, 4 timess Sclerotium

rolfsii, 5 times and Aspergillus sp., once. Glomerella gossypii

was found to be the predominant organism in 240 culturingsi Fusarium

moniliforme, 14 eulturings; Rhizooctonia solani, 11 culturings and

the others (organisms as listed above) 79 eulturingse Glomerella
gossypii was found to be the predominant organism in culturings from
every state except Texas. These survey data are important because
they show the predominance of CGe gossypii throughout the Cotton Belt
east of the Mississippl River reaching an apparent westward limit in
Texase

Miller and Weindling > collected and received samples of the
1932 cotton plantings from Alabame, Arkeansas, Ceorgia, Kentucky,
Louisjiana, Mississippi, Missouri, Worth Carclina, Oklahoma, South
Carolina, Tennessee, Texas smd Virginiae A total of 452 samples

were cultured of which 413 (894 ver cent) yielded Glomerella gose

sypii; 407 (88.1 per cent) Fusarium moniliforme; 61 (13.2 per cent)

Rhizostonia solani; 191 (41.3 per cent ) Fusarium sp. ( of whieh F.

vasinfectum made up 70 to 80 per cent); 21 (4.5 per cent) Rhizoctonia

(Sclerotium) bataticola; 10 (2.2 per cent) Diplodia gossypina; and

256 (55+4 per cent) other fun;i ineluding Altermaris spe; Penicillium
Spe; Aspergillus spe and other unidentified species. Hers again Ge
gossypii is the predominant organism east of the Mississippi River
and absent in Texas and Oklahomae

The foregoing references give ample proof of the presence,

variety, and destrucbiveness of seed-borne organisms of cotton.
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Table I« PFungi causing cotton seedling diseases ranked
according to predominance in the samples
exanineds

: Prodominence of Organism
State IMI!QI%II!_MIIII?N
Llabana t Geffe ofte ¢ RheB t FeBSD:
Trimneas B T Vells ¢ FeBpe 8 ﬁ:

3 3 Feme ¢ j;ﬂ. T TheBe

s T FPelle I_,gn T -

: t Telle "Fg. 3 lNeSe
Tesissippi : : Felle 1 3 PheSls
mmﬂgp 3 Usge 3 FPelle 1 FeSDe § ww=
Torth Carolina T Ceje 3 VPailw § FeSPs 1 Rhebats
South Carolins 3 Gwys & Felte § PeBPs 1§ RheSs
Te:messoe ' 3;';- i Teite 3 FeBpe 1§ ===
Virginia 1 Gege 3 Feiie & FeBpe 3 lGliebBibe
Oklahona : Teme 1 Tasps 8 lHhebat. 3 Dibegos.
Toxas T VaBile §  www § - g ——

Abbreviationa: Cege: Clomerells m&hn Pusarine moniliforme
Pe8Det Pusarium species; MeSst £

tonia (Seler~tiwa) bataticolas
Krrenged from date glwem by Vil
Examination of Table 1 shows G. gossypii to be the predominant

e

organism causing seedling disease in all of the states ssmpled exe
cept the two mentioned. The ebsence of Ge gossypii from Oklahome
and Texas may be explained by the fact that moisture in the seil
gredually becomes less as one comes westward from the Mississippi
Rivers uwmmdg.m_i_um_,m’
in 1957 reported thet surveoys in 1929 showed heavy infestation in
Pittsburg county and light infestation iIn 1531 and 1932, while sur-
veys in 1956 and 1557 showed no infestation in thet county.

Almost without excepltion the above investigators have sither

stated that the prilogenicity of the orgenisms encountered wes not

“ully known or that there were guestions as to their pathogeniecity.

3

Ohviously, when such a list of orgenisms 18 encountersd se closely

related to the problem of damuping off #nd seedling diseases of

a soleniy Vhy het. ShiZoe-



cotton it is desirable that information be awailable on the spe-
cifie pathogenieity of these organisms in their relationship to
the seedling cotton plants. The purpose of this paper is to pre-
sent the results obtained by the writer in soil inoeulation ex-

periments with many of these orgenisms,

VATERTAT.S AND WRTHODS

[/The cotton seed used in this experiment consisted of three
varieties namely:Oklahoma Acala seed from the 1938 corop grown in
Oklahome 3 ‘Texas Paymaster seed from the 1939 erop grown in Texes;
and D. & Pe Le 1llA seed grown near mttiuburg, Mississippi in
1938. The OHAhm Acale and Texas Paymaster seed were portions
of the seed used in the uniform seed treatment tests of the Cotton
Disease Couneil (Test A) in 1938.

Experiments were conducted to test the pathogenicity of the
various organisms by: (&) inoculation of the organisms into ster-
ile soil and subsequent pleunting of sterile cotton seed, and (b)
inoculating cotton seedlings grown in test tubes on water agar.

Tt was planned to grow the plants in the soil under as meny verying
conditions of soil acidity, temperature, moisture, and light as
feasible. .

The cotton seed were delinted with concentrated sulphurie
acid and graded to remove internally infected seed, then surface
sterilized by immersing in 10 per cent caleium hypochlorite for

& period of 5 mimites. immediately before planting in the soil.

The seed were planted in soil which consisted of 2 parts loam,



1 part sand and 1 part sewer sludgee. The soil was thoroughly mixe

—>>  ed, screened to remove foreign material, [anl sterilized inen .
autoclave at 15 pounds pressure for 50 minutes. The soil was —
placed in 34 inch clay pots, each of which had been sterilized by —
inmersing in boiling water for & period of & minutess The inceulun,
young eultures of the organisms to he tested, was used at the rate

>  of 5 tubes (approximately 50 cc. of agar) per 20 pots of soil. [:l'hc Ry

organisms were cultured on potato dextrose agar for a period of 10 —
days to 2 'leohj The organisms were removed from the tubes with =
sterile instruments and mixed with clean sterile sand in a mortar.
The fungus-sand mixture wes then added te the proper amount of ster-
ile soile Care was exercised to keep water which might contaminate —
the cultures {rom being splashed on the growing plants. Water was
boiled, then cooled before being used to water any of the pots.

The organisms used in the experiments are listed in Table II.



Table II. List of organisws used in scil and test tube inoculation experiments.

Je ﬁar\ray
¥elaughlin

t Penicillium epecies
 §

cotton seed § 1040 J. marvey
(external) s Melaughlin

T ASPerpilius Niger Ve Ti8g«t de HArvey f Oklee

“Culture Wos & Organism 1 1solated byslLooations isolated from: Lates jdentified by
18 1 PusArium moniliforme Shelcs Ge'ls ATNOL I S.0BT, § OCOLLON S6ed 3 100E: Celle ATNCE
115 3 Pusarium moniliforme Sholde Ca.is Arndt : S, OAT.3 OOLLON Se60 & 10083 CeFs Arnat
24 : Fusarium vasiniectum ACK. 1 e'e WAy § OFlAe 3 OOLtONn stem § 1000¢ Velie RAY
27 T rusarium vasinfectum ATk, : Wels By ¢ Okl8e 1§  OOCEON BEem t 1000z Welle DAY
4 ? Fuserium sem) tectum Perk, : K. Sterr : Okla. ¢ cotton geed : Iﬁsﬁx G«Ds Sherbakolf
: et Rav, t Chester 3 ¢
86~ t Tuserium soleni Mart. ¢ K. Acarr : Okla. ¢ cotton seed :193'8: CoD. Sherbakoll
t V. suffuscum Sherb. 1 Chester : el )
o8 ¥ Fusarium chlamydosporum & Ke GGarr @ Oklés : cotton seed : 19'3{‘: G.le Sherbakofl
1 ¥re ot Rgtﬁ(;g_mﬁ : Chester 3 :
iz t Fusarium a Tbe ¢ Ke DGarr @ Okla. ¢ cotton seed @ 1953: C.D. Sherbakolt
t Ve minus Wre ot Rge 1 Chester $ 3 g
LY t Fuserium Soirpl Lamb. et : Ky Starr : Okim. ¢ ootton seed ¢ Immn—
:  Fautr. : Chester ' 3 [ t
i) : Fuserium SGirpl lemb., et 1 Je HBrvey s Okla. 1§ cotton seed : 1040t J. HErvey
: Fautr. ¢+ Melaughlin i 3 t s Melaughlin
¥ ? Fuserium Soirpl Lamb. et : Js Harvey ¢ Okife 1 oOotton Seed r JO40% Js i
: FPautr. v. acuminatum (Ell.: MeLaughlin l ¢ : s Melaughlin
t & Eve) Vire : s $
20 : Glomerells gossypii {Eoutn) U‘H‘Tm.cu. t cotton seed : 1068: Cele Arndt
i » : H H
Rov 3 So& Touiunm bataticola Ta.uh: Wolie Ry 3_0111. T GoGton root : 10801 Wells RBY
41 ¢ Solorotium bataticola Taub: Gelennyson : Oklas 1 cobtton Yoot : 1080% Ce on
T t Rhizoetonia solani Kdhn Je narvey : Okla. ¢ potato tuber : 1040t Js HArvey
: MeLaughlin bl % : s Melaughlin
R t Rhizootonia soleni KOhn David lunn & Okla, 3 Gowpes stem s 10940: Levid Dunn
81 t Alternaria species Tiells RAy 8 Oklm. 1§ ocOtLGLOn 5600 § 10098 hiehs HBY
: : t  (external) : =
P : :
: '
A ]
H

wa s | ®s ss s sa [ | e ws

: Melaughlin :

cotton seed : 1040: J. Barvey

] ] %Lnughlin




EXPERIMENTAL RESULTS

Experiment I
One hundred sixty pots of soil were inoculated with the following

organisms, as indicated:

Culture Noe Organism “No. Pots
18 Tusarium moniliforme 20
20 Glomerella gossypii 20
24 Fusarium vasinfectum 20
27 Fuserium vasinfectum 20
115 Fusarium moniliforme 20
R37 Selerotium batsticola 20
cI Uninoculated check 20
CII Uninoculated check 20

Bach pot was planted with 6 surface-sterilized Oklahoma Acala seed
of the 1938 erop. After seedling emergence the plants were thimned te
3 plants per pote Ten pots inoculated with each fungus were plu;d
in the leboratory by & wincow with southern exposure. The remaining
10 pots of each series were placed in a greenhouse where the tempera-~
ture was usuelly between 70° and 80°F., The plants were watered daily
with boiled water. (KM: the termination of 22 deys each individuasl
plant was removed from its respective pot and examined for evidence
of fungal injury.| Three degrees of injury were reccgnized: "S",--
slight injury, no outstamding evidence of disease was observable
yet the root systems or hypocotyls were visibly attecked; "H",-<heavy
infeetion with marked damage to the roots or hypocvouyl, lesions very
pronounced in most cases, very evident dark discolorstions, growth of
plant visibly affected and retarded, and "M",--moderate injury, roots
or hypocotyl obviously attacked but apparently only slight injurious
effects suffered by the plants. Plants which showed no injury or
attack whatever were scored "N". These degrees of attack and injury
are used throughout the remsinder of this peper. The resulig of this

experiment are summarized in Table III.



Table ITi. Tabulated results of experiunent I showing perecentage infection
= by eack organism and severity of infection,

Symbols are as indicated on page 8e

Drganisn T Totel : Total 1 Total ¢t Total 3 Tobal : Tokal 3 Total i
t oo 3 Wo. 2 “age 1 Tage 1+ Tage t “age 1 % age 1
Laboratory tests 3 Pots :Plents :Infeeted : "H" ¢ ™" ¢ "s" ; ®"g*

Wo. 18 rusarium moniliforme t 0 ¢ B0 1 Bhel § U & 0.5 1 1BV .2 VYo 1
Hoe 20 Glomerella gossypii $ 20 ¢ 30 3. 96a6 1 8BNS s 13.3 0 ¢+ 8.4
Hoes 24 Fusarium vasinfectum s 10 3 B9 1 879 1+ O ¢ B9 s Bls ¢ 6. 3
Nos 27 Fusarium vasinfectum 1 10 & S0 3 3343 3 O 3 343 3 30. : 6B6e6
No.115 Fusarium moniliforne t. 30 5 3 3. 38 3 O 3 0O 3§ 35.3 1 66.6 3
WoesRS7 Selerotium bataticola v A 3 W t 20. g iy iy D : 20 s 80. :
Mo« CI Uninoculated cheek + A0 3 80 4 o oy o 3 0 100, :
No«CII Uninoculeted check s O s SO o 8B, ¢ 9 » O s ©Be8 3 933 1

“Greenhouse tests

Noe. 1§ Fuserium mordliforme 1 10 3 30 3 85« ¢ O 3 20s 1 8343 1 1646 :
lios 20 Blomerella gossypii $ 10 : 30 ¢ 100s ¢ 6646 : 20e ¢t 13545 @ e 5
Toe 24 Fuserium vasinfectum : 10 s o0 s 40. : O t 20¢ 1 20, : 60 1
HWoe 27 Fusarium vesinfectum 2 10 ¢ B30 3 D58s5 : 6.8 3 De51 43.5 1 46.6
No.116 Fusarium moniliforme t 10 3 30 3 60s :10s ¢ 16e6: O583.5 : 40
No+R37 Selerotium bataticola : 10 : 30 s 40 M SR 0s: 40, 3 60 1
Noe CI Uninoculated check ¢t I ¢ S0 3 138 4 O 4 O ¢t 13,5 : BB.6
Noe.CII Uninoculated check s+ 10 s 50 g B5«d 3 D 3 bedg 20. 1 T6e8 3
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The root systemsof the plants grown in the laboratory were
very sparse with few lateral roots whereas the plants grown in the
greenhouse were almost root-bound and with normal growth of lateral
roots.

The above ground portionsof the greenhouse plants were well de-
- veloped. The results with the plants in the laboratory indicate that

Glomerella gossypii is & severe pathogen on cotton seedlings and that

the other organisms are only sli htly pathogenic under the conditions
of the experiment. The results with the greenhouse plants also show

Glomerelle gossypil to be & very severe pathogen. Fuserium moniliforme

attacked quite generally in the greenhouse but with only slight sever-

ity.

Experiment II

Experiment II was set up to determine the pathogenicity of the
orgenisms already tested, at cooler temperatures than usual for cottones
The arrangement wes the same es in experiment I, with 8 additional
organisms added to the list being tested, as may be noted in Table IV.
One-half of emsch series was placed in the laboratory by a window with
southern exposure and the remaining half of each series was placed in
& cool portion of the greemhouse where the temperature varied very

little and avera.ed about 66°F. The results are given in Table IVe.



Table IVe

by each or anism and geverity of infection
Symbols are as indiotted on page 8.

Tabulated results of experiment II showing percentage infection

Drganisn 7 Total : Total 7 Total & Tobal ¢ Totil 7 Total : Total s
t Nos 1 Noe. 31 %ege 1% age 1 Hage : iege : 7 age 3

Taboretory tests 1 Pots. tPlants sInfected ¢« ™H" 4 "™ 4 "5* ; "N"

Wo. 18 Fusarium moniliforme t 1 s 1 2 oS ¢ A e 8 5 )
No. 20 "lomerella gossypii Y. 30 N - 100. t 774 ¢t 2246 3 0 1 5.3
No. 24 FPusarium wvasinfectum 20 i 32 1 Ble ¢ 2159 3 31,2 ¢ 2Ba) & '1847
Noe 27 Fusarium vasinfectum f 30 1 29 # B89:6 1 20,7 ¢ 7.5 3 '41:5 s+ 10,8
No.11l9 Fusarium moniliforme ¢ 20 §. 81 ¢t 100. f 151 1 41,9 ¢ _4LaD 0 g
No«R37 Selerotium bataticola : 10 v Bk 1 08+3 1 13.3 1 2646 : 58T ¢ Bs8
Noes A Aspergillus species t 30 ¢+ 29 s 8247 1 el ¢ B78ir 514Y 1 118 0
Nos P Penieillium species W : 30 s B33 ¢+ B0 v 20+ 1 4848 ¢ 16.6
Noe 7 Rhizootonia solani : 10 ¢t BB 1+ 988 1+ BBs 1 R6a® % 4248 : TAT '
Noe« ¢ Uninoculated cheeck s 10 1 90 t B6eE 1 BeB ¢ 646 ¢ 13385 1 788 ¢

T Greenho.se tests '

Noe 18 Fusarium mo oyme $ 10 3 28 1 THe&h 1 1445 3 1749 1 4249 3 2Bs 3
Noe. 20 Glomerella gossypii t 10 ¢ 50 ¢ 100 1 98e5 1 B3 ¢ DB e
No. 24 Fusarium vesinfectum t 10 s 32 31 96.8 s 15,6 1 8148 3 59:5 3 3.1
Noe 27 Fuserium vesinfectum t 10 5 30 ¢ 96,6 31 8.6 31 4545 1 46,6 : B.3 ¢
Noellb Fusarium moniliforme : X0 3 3D ¢ 100G g 16.6 ¢ 40. 31 48,3 : ¥
No.R37 Sclerotium beteticols t+ 10 : &2 ] Ble2 3 2149 1 18,5 1 4648 : 18,7
Nos A Aspergillus species t 10 B0 3 8343 3 3s3 1 1543 3 66e€ 31 1646 3
Nos P Peunicillium species ¢t 10 ¢ 30 31 98«8 31 648 3 1646 3 T0s 3 648 3
No. 7 Rhizoectonies solani 3 10 3 81 ¢ 8046 3 644 ¢ 168.1 ¢ 6B, : 19.3
Hos ¢ Uninecculeted check 1 10 2 Bl 1 16l 3 - 3 O x 36,12 8828

X



These plants were grown in the pots for 2 period of 28 days bhe=
fore examining. BExamination revealed that practically all the plants
both in the greenhouse and laboratory were becoming root-bound. The

plants growing in soil infeoted with Glomerella gossypii were the enly

ones to chow above-ground effects of disease. All other plants appear-
ed externally healthy. These results again show thot @. gossypii is

a serious plant pathogen on cotton. It may be observed that all organ-
isms used in the experiment showed general attack and infection, how-
ever, with the exception of G.  ossypii, the uajor portion of the
attacks were classed as slight. These plants although infected, ghow=

ed as good growth as did the check plants.

Experiment ITT

Experiment TII was arranged to determims the effect of constant
light and temperature upon the pathogenicity of the organisms. The
same group of organisms were used in this experiment as in experiment
II. One-half of each series was placed in a warm room of the green-
houses The other half of each series was placed in a windowless
room with two doors which were kept closed. Two 300-watt electric
lights were so placed as to throw contimucus light upon the plants
from e distance of approximately 3 feet. /n overhead light was also
kept burning continuously. Thus lizht was constant and continuous
and the temperature varied between 78° and 78%. The results are

given in Table Vs



Table V. Tabulated results of experiment ITI showing percentege infection by eack
organism and severity of infeetion. Plants in laboratory grown unﬂor
continuous light. Symhols are ag indicated on vege S.

“Organisn ﬂmx ? Total ¢ TOGAL 7 TOGAl & Total ¢ ToEtnl ¢ !foul :
; t ¥e 3 Nos. 3 % age zﬁups%&g&a‘!mc ‘ape 1t
Laboratory tests t Pots :Plants 3Infected ¢ "H" ¢+ "M ¢ "8" ¢« "N"
W:m—%ﬂﬁ'_- t A0 1 W & W8 § U ¢t SeZ 1 €% 1 X ¢
Hoe 20 Glomerella gossypii : 10 3 80 s 100, ¢ 10Q. 0 0 3 §5" »
Noe 24 Fusarium vesinfectum ¢ 10 ¢ S0 ¢ 585 1 848 s 10. ¢ 40. 1 46e8
Noe 27 Pussrium vaginfeotum ¢ 10 ¢ 60 3 4846 31 O 3 845 1 4545 1 B35
Hos115 Fuserium moniliforme : 10 3 80 ¢ T70. 3 3o85 ¢ 10 3 5648 1 30 o
HoeR37 Sclerotium bataticole 3 10 ¢ 30 3 70 ¢ O ¢ 6e6 2 633 ¢+ 30,
Hoe A Aspergillus species 1 10 : 80 s B8 3 8:3 9 0 1 155 ¢ B33
Nee P Poenicillium species t 3 + B9 ¢ 2% 3 O O : 10.8 : B9.6 1@
¥oo. 7 Rhizootonia soleni s 10 ¢ 80 3 60. 3 8.3 3 138 3 5545 ¢ 80.
loe € Uninoculated check s 3 s B 8.6 1 343 D 3 843 3 9348
Noe 18 IFissrium moniliforme s 10 s 30 ¢ 95.83 3 O : 20, 1 73.8 : 6.6
Kos 20 Glomerella ,ossypii s 10 1+ 29 s 100s 4 200.. @ 0. 3 B
Hoe 24 Pusearium vesinfeetum ¢ 10 3 51 3 90.5 3 16.] O ¢ 7442 ¢ 948
HosRS7 Selerobivi betativola 3 10 ¢ &9 & T9ed ¢ l0s & 10e¢. 3 UBeb 3 2046
‘e A Aspergillus species > A . W W B 0 s O &+ 40+. 3 60,
Nos P Penicillium species t 0 3 S0 3 S0s 3 Bed t  Ged 3 Zlel 1 T0.
Nos 7 Rhizootonia solani t 10 3 S0 3 D363 1 3485 3 10s 1 40 1 46,6
Yos C Uninoouleted check e t &0 ] O : 0. & Q. 0 a1 100.

eT
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These plants were grown in the pots for a period of 14 days at
whiceh time they were examined. All plents growing in soil inoculated
with Clomerella gossypil were severely injureds The root systems of

all other plants were becoming root-bound, however all plants except
those infected by Ge gossypii were apparently healthy. The tops of
the plants grown in contimmous light ﬁn € to 7 inches in height,
the other plants aversge@ S to 4 inches. The results of this ex-
periment ayain show that G. cossypii is a severe, killing cotton
seedling pathogen. The remaining organisas caused very little damage
under continuous light; in no case causing more than slibﬁt injurye.

However, Tusarium moniliforme, Ho. 18 end FP. vasinfectum, Wo. 24,

caused approximately 75% slight infection respectively although the
only apparent above-ground damage wes a slight stunting of the grow-

ing plents.

Experiment IV
Experiment IV was arranged to test the pathogenicity of the
following additional organismss

Tulture No. Orgenism Hoe Pots
) Fusariun sem tectum 20
36 Fe solani ve. suffuscum 20
38 Fe chlamydosporum 20
42 P. bullatum v. minus 20
61 Alternaria species 20
B F. goirpi v, scuninatum - 20
) Fe seirpi 20
C Uninoculated check 20

Observations in the previous experiments disclosed the fact that
the root systems were growing out through the smell opening in the
bottom of the pot and were thus exposed to sttack from all organisms

in the neighborhood of the pots To eliminate this factor each clay



pot of this and succeeding experiments was placed in a paper pot
which had no opening in the bottom. Table II shows the origin of
the above ocultures, all of which were isolated from the internsal
structures of cotton seed except Alternaria sp. Ten pots of each
of the series were pleced under the eom light and controlled
temperature conditions and the remaining ten pots of each series
were placed in a cool portion ;‘.:i‘ the groon;:ousa. The results were

as indicated in Teble V..

15



Table Vi. Tabulated results of experiment IV showing percentege infection
Plants in
laboratory grown under coatinuous light.
Symbols are as indicated on page 8.

by each organism end severity of infection.

“Organism : Total s Total : 7Jotal s Total : Total § Jotel s Total
1+ Nos 3 Noe 3 S8ge s % @ge s+ % age 3 % age 3 % age i

leboreatory tests s Pots ; Plants:Infooted s "H" 4 "M" 4 "S®™ : ™"

¥o. 54 Tusariom semitectum & 10 1. 80 ¢ 100. & 2Ge5 1 Z48e8 ¢ s U '
Nos 36 P, solani vs suffuscums 10 ¢ 29 ¢ 100, t Bla? 3 Bis ¥ B s © 3
Nos 38 Fe chlamydosporum t 10. 4.89 ¢ 100, a4 TE.4 t BESY 2+ S ¢ O 3
Noe 42 Fe bullatum ve minus : . 10 s 28 t 6.4 : 8241 1 10.7 : 5«8 ¢ 34D H
Noe 444 Fe scirpi : 10 1 30 1 7848 3 20, 3 AB.8 » 3543 128.3 :
Noe. 61 Alternaria species 310 . 31 5 TRyl ¢ ARB R 9.6 ¢ B5l.6 :25.8 :
Noe B Fe soirpi v, acuminatum 10 : 30 ¢ 100, : 90. : 10« o : O s
Nos D Fe seirpi t 10 .85 : 100 & 86,8 ¢t 10, 5 345 2 O 3
No. C Uninoculated check : 10 s 30 r 33,3 g 646 1 10 : 1646 :66.6 :

“Greenhouse teste .

Noe 34 Fusarium semitectum s 10 3 30 ¢ 96,6 : 10s 1 266 : 6345 : 5,3 3
Nos 36 Fe solani ve suffusevm: 10 : 30 : B0. 3 0 : B0. : 60. 120. t
Noes 38 Fe chlangydosporum 8 10 3 831 1 903 1 45.)1 1 1249 : I242 3 946 ]
Hos 42.F4 bullatum ve minus : 10 1 28 ¢ 64.2 3 2led ¢ 14,2 3 2845 :35.7 :
Nos 44AF. scirpi s 10 ¢ 31 @ 100, : 32,8 3 29. 3 38.7 3 O s
Noe. 61 Altornaria species t 10 : B0 ¢ B6.6 1 20. 1 1646 1 50s 11343 t
Nos B P, seirpi ve.aouminatums 10 : 30 : 100. 3 B6e6 1 40s 1 G531 O '
Nos D Pe soirpi : 10 ¢ 31 3 100 t 677 ¢+ 289 3 3421 O :
Nos C+ Uninoculated check s 10 : 30 : 4343 1 13.3 ¢+ 10s : R20s 135648 :

9T
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Examination of the plants growm under constant light brought
out the following facts:

Plants growing in soil inoculated with Pusarium solani ve suf-

fuscum, Fe ohhmgdoskorﬁn. e bullatum ve ninus a.u_d Fe seirpi

(culture D) were stunted with severely infected roots.

Plants growing in soil inoculated with Pusarium soirpi,(culte-

ure 44A), F. semitectum and Alternarie species showed some evi-

dence of slight stunting, however, the nlants in general were
nearly normal.

Plants growing in soil inoculsted with Fusarium m Ve aoum-
ﬂm were slightly stunted with good nbm-gmnd develppment.
The roots, however, were severely affected just at and slightly
sbove the ground line. This infection wes apparently the most
severs of the group tested although the plants gave little evi-
dence of being harmed at the time of examination. Tt is believed
that these plants would have died as soon as the supply of food
in the cotyledonary leaves was exhausted.

The check plants were in an epparently healthy conditione

These results indicate that & number of Fusarium species found

on and in cotton seed may cause serious losses to the cotton seed-
lings under favorable econditions.
The results obtained in this experiment with cultures 44A (Fu

serium seirpi) and D (Fusarium scirpi) indieate: considershle vari-

ation in virulence in this species of Fusarium. A similar situation
is seen in the results obtained in experiments I, II, and ITI with
cultures 18 end 115 (Pusarium moniliforme) end also 24 and 27 (Fusar-

ium vasinfectum)
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Experiment ¥V

Experiment V was lrrtngaé to obtain further date on the organisms
uBed in experiment IvVe Ten pots of soil inoculated with each organism
~were placed in the laboratory by & wiudow with & southern exposure, the
remaining 10 pots of soil inoculated with the organisms were placed in
a2 cool part of the greenmhouse. The plants were remcoved and examined st
the end of 20 davse.

In this experiment a poor stand was obtainsd. An average of 11.6
per cent of the total number of seed planted germinated and grew with
the roots extending upwards the tip of the roots apparently injured by
a fungus in each instence (root tip brown and with a demping off appear-
u;xoe). The plants soon wilted, due to the lack of water and minerals
from the soil.

Exemination revealed that 50.8 per cent of the total number of
seed planted failed to germinate end were decayed. Comparable results
were obtained in germination tests of these seed on water agar in which
case 69 per cent of the seed failed to germinate and were intersally
decayed althou,h not yieldin, pethogenie fungl nor bacteriae.

The results of this experiment are given in Table VII which show
that 100 per cent infection was the general rule with the major portion

of the infeetions classed as slight.



Table Viie Tabulated results of experiment V showing percentage
infection by each

Synmbols are as indicated on page 8.

sm and severit

y of infectione

Organism e

Total s Totel 1 Total

Total & Total i Total : Total @

3 3

:+ No. : No. : % oge 1 7age s % age 1 %age 3 % age 3

Laboratory tests t Pots :Plants sInfected s "HY ¢ "w" . "g" ; "y"

Woe 34 Pusarium semitectum b, 30 - 3% T 100, 1 e3 1 Bed t o5 8 1
Noe 38 Fe solani v, suffuscum .30 g =% : 100, 3 0O s 28.6 ¢ 718 ¢ O 1
No. 38 Fo chlamydosporum Al 1 SRS R s 855 5 1838 2 825 s 0 3
Noe 42 F. bulletum v. minus ¢ 1060 ¢ & 1 Y00, T 0 300, «+ O ¢
Hoe 44AF. scirpi ¢ 10 ¢ 28 : 100, % e Bl R
Noe 61 Alternaria species § 10 ¢ 28 : 100. 1 J448 1+ BB 1 428 : 0O v
Noe. B Fe goirpi ve. scuminatum ¢ 10 ¢ 16 : 100. ¢ 8.8 's BO6 3 ¥5aB ¥ O :
Nos. D Fe seirpi : 10 ' 23 s 100. t 18+ 1 34.5's BR2.1 ¢ 0 :
No. C Uninoeulated check t 10 30 1 36e8 1 9,8 t 5.3 ; 2543 1 6343 1

TGreenhouse tests

lioe 34 Fusarium semitectum 1 10 1 24 1+ 100. H Bed ¢t 1646 : TBs : 0 H
No« 56 Fe solani v. suffuscum s 30 3 28 : 100, : 3868 2 U843 3 5343 : O :
No. 38 F's chlamydosporum : 10 : 14 : 100, s 2144 ¢ SR ;U R
Noe 42 Fs bulleatum v. minus s 10 H 7 1 BGaT g 28,5 1 14.3 : 42.8 : 14.3 :
Vo. 44AF. soirpi : 10 : 18 : 100, ¢ 3B.8 1 22,2 3 58,8 3 O g
Woe 61 Alternaria species s 10 3 8 3 618 1 O : 83,1 ¢ 584 : 58.4 1
Noe B F. soirpi v. acuminatum : 10 s 19 : B80.4 t Rlsl ¢ 5345 3 B8B:8'3s 1048
No. I Fe.e0irpi : 10 ¢ 22 ¢ 100, t 15,8 : 51.8 : 54,08 O 3
Noe ¢ Unineculated check ¢t A0 % @ ? 50a7 : 0 3 0 ¢ 80,7 1+ 689.2 g

6T
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Ixperiments VI to XI Inelusive
Exemination of the references in the introduction indicate that
a few organisms are found to predominate in cotton seedling troubles.

The organisms most frequently mentioned in the literature are Clomerella

ossypii, Fusarium moniliforme, Fusarium vesinfeetum, Rhizoctonia solani

ané Sclerotium bateticola. Lxperiments VI to XI ineclusive were erranged

to test the pathogenieity of these organisms under various environmental

conditions. Fusarium scirpi wes added to the list being tested because

of its virnlence as seen in Experiment IV. Tt has been frequently iso-
lated from cotton seed and disessed seedlings in Oklahoma end the major-

ity of the investigators list "Fusarium species" as a group attacking

cotton. It is believed that Fusarium seirpi oeccurs frequently under

this designation. Fach experiment was conducted under & slightly
different environment.

Each experiment consisted of 60 pots of soil inoculated with the
above organisms at the rate of 10 pots for each organism and 10 uninoc-
ulated check pots. The method of inoculation was the same as in previous
experiments. All pots in the experiments except those in experiment X
were plseced in the greenhouse for the duration of the experiment. =Ex-
_periment VI was placed under standerd conditions, that is, as nearly
as possible the plants were cared for &s were the precedin. experiments.
The plants of the remaining experiments of the group were subjected to a
variety of enviromments as indiceted below. The plants were grown in
the pots for a period of 21 days with the exception of those in experiment
IX which were examined sfter 18 days growth.

The temperatures in the greenhouse for the duration of these experi-
ments were as follows: for the week of April 15 %o A-pril 20, the maximum

was 104°F., the minimm 54°F. with an average of approximately 80°F.;
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for the week of April 21 to April 27, the maximum was 962!*‘., the minimm
57°F with en approximate aversge of 77°F; for the week of April 28 to
May 4, the maximum was Y8°F., the minimum 55°Fe with an approxinate

average of 78°Fa

Experiment VI
fhe results of the group of inoeulations under "standeard" conditions
are given in fable VITT. From the data tabulated in the teble it is
fapie ViIie Zabulated date of experiment VI showing infection

resuics wibth orgunisms under stangurd conditions.
oymMDOLS &re @ms 1N01CeTEE ON Dage Us

tTotais [OTELs ITOTaL 3 LUGGL 1 10TaLls IOGML: TOTGL *
Organism t Noe ¢ MOe t % age s % age : % age: % age: % agess
TPots tPlantsiInfected : "H® , Wy" , wgn , wyw

Tlomereiia . :
ossypii 110 3 28 s+ 100. ¢ 60e7 1 Tels B2.1¢ O
5 .
vasintectuns+J0' : 200 < HE.2 ¥ & ¥ 0 s B83%:%2¢ 157
— ~

moniliforme: 10 : 30 89<9 @ Sed 2 6.6: 80, : 10.
Telerotium , ;
bataticole : 10 : 30 : 899 0 1 6483 83,5110, 3
Fusarium

soirpi $t 10 ¢ 30 : B899 : 1343 t 20. 1 56463 10. 13
ThizZoctonia

solani $§10 2 B30 3 6888 1 3I0s v 0u 3 56,82 133 1
Tninoculated

check x 20 5 %8B .3 Teb 0 3 0 2 Tabzx 98.3 1

observed that all of the organisms produced high percentages of infection.

Clomerella gossypii gave its usual large amount of heevy infection, Rhizoo-

tonia solani and Fusarium seirpi ranked second and third respectively in

severitye These tiree organisms producecd some stunting of ;rowth whereas
the remaining ones produced only sli ht attacks on the hypocotyls of the
plants without stuntings The uninocoulsted cheek plents were relatively

uninfected. Comparison with the data of the preceding experiments sghows
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that there were essentially the same degrees of infection for each

organism in the respective experiments, under similar environmental

conditions.

Experiment VII
Table IX reports the results of a group of inoculated plants
under conditions of excessive wateringe In the table it can be
Table IX. Tabulated date of experiment VIT showing infection

results of organisms under conditions of excess moisture.
Symbols are as indieated on page 8.

: Total : Total : Total : Total : Total : Total: Total
Organism t Hoe : Nos : Hage : % age : Tage : % age: 7 age
t Pots 1Plants :Infected : "H"™ : "M" : "s" : "™y"
Clomerellsa
éﬁpﬂ : 10 $ 30 ¢ 96.6 1 78.,8 31 © t 23.3 ¢+ 3.4
um

vasinfectum 1 10 : 29 s 55.1 t 0 t 10.3 1 44.8 : 44.8
Fusarium

moniliforme s 10 3 30 31 7383 3 20 ¢ 1363 : 40s 1 2646
Selerotium

bataticola $ 10 2 30 1 93«3 110. 3 105 1 7823 x Bab
Fusarium

seirpi t 30 3 28 3 9R8 12 R5. : 214 31 4644 1 Tel
Fhizoctonia

soleni : 10 3 2 3 964 $ 39,3 1 178 31 39435 1 3.6
Uninoeculated

check s 10 3 80 3 40. g B3 &t 646 1 30, s 60,

observed that Glomerella gossypil a,ain proved its seedlin -destroylng

power. Under conditions of excessive moisture, each organism in the
series became more destructive than under dryer conditions, with the

exception of Fusarium vasinfectum which deereased strikingly in its

attacke Tusarium moniliforme became very pathogenic under these con-

ditions. Glomerella gossypii, Fusarium moniliforme, Fusarium seirpi

and Rhizoctonia solani each produced a few noticesbly stunted plantse.

The uninoculated checks gave & hi h percentage of slight infeetion which
may be attributed to the excessive watering and the accidental transfer
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of pathogenic organisms in cering for the exveriment.

Experiment VIII

The plants in the series were watered on the average once every
two days. An attempt was made to water the plants just enough to
prevent serious wilting due to lack of water. The plants did not grow
well; they averaged sbout 2% inches in height at the end of 21 days
and were of lighter green color than the other plants. The cotyledonary
leaves were sme=ll, thin, and somewhat leathery. The data tabulated in

Table X shows that all the organisms except Glomerella gossypii, Rhizoe-

Teble X« Tebulated data of experiment VIII showing relationship
' of infeection to xerophytic conditions. Symbols are as
indieated on page 8.

Total 3 Total t Total 1§ Total : Tobtel g Totels Total
Organism : Noe t Wo. : % age : Tage t % 1 % ager 7 age
' Pots : Plants:Tnfected ¢ "y ™" , "gW , nuyn

Glomerellia

Fgﬁr}i r 30 ¢ 3 : 100. t B6468 3 3.3 2 106 3 O
um

vasinfectun g 10 '3 30 3 883 3 10 3 353 &t 7TOe. 1 1646

Fusarium

moniliforme s 16 t S0 1 90. gt 10. 3 6a8 3 7832 10.

Telerotium

bataticola t JO 3 30 ¢ 98.3 1 18.5 t 2646 1 53.3: 6.8
um

scirpi : 10 : 30 : 983 1 2343 1 30 : 40. 1 6.6

Thizoctonia

solani t J0 31 29 1 90e 3 68s9 1 649 3 17i2: 649

Tnincculated

sheck : 30 2 B0 3 35,3 @ O 3 5.3 ¢t 30s. t 68.6

tonia soleni and Fusarium scirpi decreased in their pathogeniecity under

xerophytic conditionse The most significant point was the increase of

pathogenicity of Rhizmoetonia solani under these conditions. It is common-

ly assumed thet Re solani is most virulent under conditions of excessive

moisture. Glomerella gossypil was observed to produce some stunting of

growth in thig series.



Experiment IX
Experiment IX was arranged to test the pathogenieity of the above

organisms uncer conditions which varied from time to time. The pots
were placed in the greenhouse for o days to obtain germination equal

to that of the other experiments of this groups On the fifth day the
pots were removed to a shaded area outside of the greenhouse where they
were kept for 3 days. These pots were then replaced in the greenhouse
in such a way as to receive normal sunlight and temperature. The pots
were watered daily to prevent wilting and to promote proper growth
activities. The last 5 days these pots were outside the greenhouse
where it was windy with very cool nights. The plants were whipped
about by the wind and & great meny of them bent and broke in the region
between the ground line and cotyledons. The plants were removed from
the pots and examined for fungous injury after a period of 18 dayse.

The results are tabulated in Table XI.

Table XI. Infection results of experiment X, under wvariable
conditions. Symbols are as indicated on page O.

-

: Totel : Totel 3 Total & Total : Total § Total § Totel
Organism t No. 3 Noe : Hage :%eage s #age : % age s 1 age
s Pots sPlants 3 Infecteds “H" ¢ "™ g "s"™ g "y"

Glomerella

%oatypii g 18 s &0 t 100. 1 B88.83 1 16.6 3 g 3 9
Fusarium -~ =

vasinfectum 3 I0 3 30 1 9648 1 13,3 1 40. t 43,8 1 3.4
Fusarium

moniliforme :+ 10 i 30 ¢ 100. t 30s 13848 138343 2 O
Selerotium

bataticola : 10 1 30 1 T3e3 1 3343 t 133 13 2646 1 2646
Tusarium

scirpi y 2 3 W % 30 t 30s 3 4343 32646 : O
Fhizootonia

soleni g B0 o B8y XD t 70, 1133 136,86 3 O
Uninoculated

check t 10 s @-f= 234 3 10 1 10. : 34 1 T6a6
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From these results it is observed that infection was general,

with Clomerella gessypii, and Rhizoctonia solani giwing higl percent-

ages of heavy infection. Tusarium scirpri agein gave indications of

being a severe pathogen when under favorable conditions.
It as observed that in the pots containing soil inoculsted with

Glomerella gossypii, the plants were very much stunted with the major-

ity being wilted and discolored at the groundline. Many of the plants

were deads In pots inoculated with Fussrium vasinfeotum, F. monili-

forme, and Sclerotium bataticola, the plants were normal with only a

slight amount of stuntings. GSome evidence of hypocotyl attack was
visible in & few instances. Plants growing in soil inoculeated with

Fusarium scirpi and Rhizoctonia solani showed general stunting of

growth with slight hypocotyl attacks above ground. The uninoculsted

check plants were normal and relatively uninfected.

Experiment X

The soil in this series was mixed with s small amount of calcium
carbonate. The pH at the time of inoeuleting and planting wes approx-
imately 9.6. At the time the plants were removed from the soil, the
pH tested 8.2. The sotton plants in this soil grew very well; the
average height wus about 45 inches. The hypocotyls were stout; the
cotyledonary leaves were thick and dark green in color. There were

no apparent above-ground lesions. (lomerella gossypii produced stunt-

ing in approximately 50 per cent of the plants growing in soil inocu-
lated with the orgenism. Rhizoctonia solani, ulthough very pathogenic

caused no stuntinge. It is seen from the date in Table XII that although

infection in general was very high, only Glomerella gossypii and Rhizoe-

tonie solani produced notable percenteges of heavy infection. lNost of
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the infeotions produced by tle remeining orpanisas were very slight

in nature. These results indicate that Glomerella _&osaypii and

Rhizoctonia soleni are severe pathogens in alkeline soil but the re-

meining 4 organisms were of little consequence under the conditions

of the experiment.

Table XII. Tabulated results of experiment X showing infection
results in an alkaline soil. Symbols are as indicated on page 8.

TWotal 7 Total & Total 7 Total 7 TowY 7 Tokal 7 Total

Organism t Noe 3 Nose : % eage :%age : %age : % age 3 Jage
s Poks :Plants :Infected : "H" : ™M™ . "g" g "§"

Tlomerella

“%‘1 316 «+ 30 3 10D. 3 9647 3 O % Sns 0
i um

vesinfectum 3 10 3 30 3 6646 : 10. : 0O : 566 3 3343
Tusarium

moniliforme : 10 ¢ 30 : BB.6 : 6.6 3 1646 1 63.3 3 13.3
Telerotium

bataticola s 10 : 30 : 90. 1 33 1 10. @ TBs6 1 10
Fuserium

q‘Bﬁil‘pi 33 10 3 R : 96 1 0 1 Sed 38 958 3 D3

Zoctonia

soleni s 10 : 30 : 100. 3 40 3 135 3 46.6 3 O
Tninoculated

check s 10 s 30 t 5345 3 0 3 1343 5 20« & 666

Experiment XI

The soil in this series was acidified by the addition of hydro-
chloric acide The acid (66°Beumé) was diluted 1 to 500 (epproximstely)
and sprinkled on the soil, then the soil was thoroughly mixed and dried.
The soil was then inoculated and planted es described on pages 5 and 6e
The plants which developed were very spindly and stunted in appearance.
Examination revealed that the roots were all swollen just below the
ground line. The tips of the root: systems were blackened and soft in
all series ineludin, the uninoculnted checks. Close ecaminaticn of the
hypocotyls, however, did reveal meny lesions end indieations of infeection.

Evidently the seid in this series caused the major part of the damage
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and hence the data ere not valid for comparison with the preceding data.
The pl of this soil at the time of inoculation was 4.U. At the close of

the experiment the pH was approximately Se4.

Experiments XIT to XVIT Inclusive

Experiments XTT to XVIT inelusive were arranged as duplications of
experiments VI to IT inclusive. The purpose of the duplications was to
obtain more data on the pathogeniecity of the orgenisms being used and
thus make the information more velid. The plants were grown for a period
of 18 days.

The téemperatures in the greenhouse for the duration of the experi-
ments were: for the week of April 26 to May 4, the maximum was 98°F., the
mininum 55°F. with an approximate averaze of 78%F .5 for the period of
ey 5 to May 8, the maximum was 103°F., the minimum was 76°F. with an
8, proximate average of 90%F.; for the period of May 9 to Yay 11, the
maximum was 98%° e, the minimus 60°F. with en approximate average of 76%F.;
for the period of May 12 to iay 15, the maximum was 101%F., the minimum

64°F, with an approximate avera e of 80°F.
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Lxperiment AII
The plants growing under "standerd" conditions reected as shown in

Table XTII.

Tabhle XT77. Tabulated deta of experiment XIT showing infection
. results with organisms under standard conditions.
Symbols are as indicrted on page 8.

: Tobal : Total : Total
% age : 4 age : 7 age
" a2 NS MRy

T Total : Totel : Total : Totel

Organisn t No. : No. : % age : % age
: Pots sPlants :Infected: "H"

Lo L L

Glomerellie

%11 ¥ 30 - 30 ¢ Y004 3 833 £ 1343 2 B3¢ O

u um

vasinfectun g 20 s 30 H 7686 2 .80, = B8 2 ‘3. 3 23.3
um

noniliforme s 18 3 30 1 T646 3 646 3 10. t ©60e 2 2323
Selerotium

bataticola $ 30 & .30 3§ T343 31 Dad3s Bed : 66.6: 2646
Tusariun

seirpi g 19 s 30 t BGs6 : 646 3 20. 3 60s 3z 1343
Thizoctonia
solani : 10 s 30 : 89,9 3 40s 1 133 : 356.6:1 10.
Uninoculated
cheok O £ 30 § 255 3 646 3 323 1 15431 76.6

These deta are compareble to those of experiment VI with the exception

of Fusarium vesinfectum which became more pathogenie in this experimentes

The plants in this series were severely stuhted by Glomerella gossypii and

Rhizoctonia solani, TFusarium vasinfectum, T moniliforme and Fs seirpi,

culture D, produced & slight emount of stunting. The plants inoculated

with Sclerotium bataticola and the uninoculated checks were normal.

Experiment XIII

A poor stand of plants were cbhtained in the experiment in which they
were subjected to excessive watering. Species of algae and saprophytic
fungi developed on the surface of the soil in the potse. All of the plants
except those in the uninoculated check pots were more or less stunted.

Examination of the data in Table XIV shows results which are comparable
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to those of experiment VII with “he exception of Rhizoctonie solani

which beceme very virulent under the conditions of this experiment.

Table XIVe Tabuleted data of experiment XIII showing infection
results of organisms under conditions of excess moisture.
Symbols are as indiecated on page 8. '

: Total : Total : Tobtal : Total 3 Total : Totel : Total
Organism t Noe t Yoo : % age : Zage : T age 1 % age : 7 age
: Pots :Plants sInfeoted: “H®™ ¢ ™y® 5 ™gh" ., "N

Glomerella

gossypii t: 10 3 80 1+ 100, : 60 3 20, : 20, 3 O
um

vaginfeetun : 10 3 18 H 04.0 1 222 1 2822 3 50s t Db

Fuserium -

moniliforme i 3O s 13 t 92,3 31 154 31 23.] 3 5548 3 7.7

Selerotium

bataticola - 5. 10 : 21 ] T6e2 3 05 ¢ 14.3 3 52.4 : 23.8

Tusarium

seirpi, D : 10 : 24 3 06933 1240 : 187 t 6647 ¢ 4el
THizootonia
solani 3O y 16 t 100s 3 B8le2 3 1847 13 p £ D
Uninoculated
check , & 305, % "BE 8 832l & SeB 2 TT 2 115 = T8.09

Lxperiment XIV
The results of inocculations under conditions of deficient moisture
are given in Table XVe.

- Table ¥V. Tabulated deta of experiment XTIV showing relationship
of infection to xerophytic conditions. Symbols are as im‘lioatad

on page 8.
t Total t Totml : Total : Tobtel i Tobtrl : Tobtal : Total
Brganism t Noe : No. : Zmge :t S age : Zage : £ age : % age
s Pots :Plants :Tnfected: "H" : ™™ . "g® ™M
¢Tcmerells _ '
ana_ygii : 18 3 8 : 100. :3100. 1 s B s ©

octgm:lo s+ 26 3 3004 2 BD.T 5 . 348 ¢ BA sy O
Tusariun

moniliforme T t 20 i 100 2 T3-3 5 6B 5 BOs s O
Selerotium

bataticola ¥ 20 : 28 g 100 &t 76+ ¢ 36 ¢t 214 3 O

0

0

Tusarium

“im, D ¥ a0 : 29 $ 100. 1 T6.8 3 10.5 : 158 2
Rhizoctonia
solani 3 30 B t 004 1 B3:5 35 Bal &t Be3 3
Uninoculated

check 8 10 31 28 3 Tleb 3 2Beb 1 14.3 3 2845 : 28.6
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The data in the table shows that 211 of the organisms in this

experiment produced high percentages of heavy infeetion. The plants

growing in soil inoculsted with Glomerella gossypii and Rhigoctonia

solani were severely stunted with 40 to 50 per cent of the plents killed.
The plants growing in soil inoculated with the remaining organisms show-
ed normel above-ground growth. The uninoculated check plants were normal

in appearanceas

Experiment XV

The plants in this experiment were prown u:der conditions which
varied from time to time. The pots were placed in the greenhouse for
4 days, then removed from the greenhouse and covered for 3 days to allow
the plants to harden to external conditions. The covers were then re-
moved and the plants remained outside the greenhouse for the rest of the
experiment.

Table XVI. Infection results of experiment XV, under variable
conditions. Symbols are as indicated on page 8.

+ Total : Total : Total : Total : Total : Total : Total
Organism : No. t Noe. : % age : hage : S age : % age : % age
r Pots :Plants :Infected: “H" : ™M™ : "“s" g "jy"

Clomerella :

gossypii t 10 3 30 : 100 s 7343 :$16.6 3 10, 3 0
‘usarium

vasinfectum T 20 :+ 30 y 9 3. - DaB 3 185 1. TSdia 20,
Fusariunm

moniliforme : 10 " $ T7«8 1 14.8 1 Ted 3 Bbsb 3 22.2
Sclerotium

bataticola £ 30 s <0 3 90. 3 o 3 U t B0« 3 B0y
Faserium

scirpi, D 330 s 30 $ B33 3 16e6 3 203 3 4343 ¢ 1646
Thizoetonia

solani £ 30 i v t 200 £ aB8s @ Tk § 29483 ]
Tminoculated

cheek : 10 R H 2748 2 10,3 ¢+ 3.4 ¢ V5.8 31 724

The date in Table ¥VI indicates that under conditions which epproximete

those to which field-grown cotton seedlings are exposed, only Glomerella
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gossypii and Rhizoctonia solani proved to be seriously pathogenic.

Experiment XVI

The soil in this series was mixed with ealecium earbonate. The pH
at the time of inoculating and planting was approximately 8.3. It test-
ed approxiuately 8.l after the plants were removed. The plants grew

rapidly, producing dark green, tuick cotyledonary leaves. They avers ed

6 to 7 inches in heights Rhizoctonia solani and Glomerella gossypii pro-
duced some stunting.

From Table ¥VIT it is ohserved that Glomerella gossypil produced

Table XVI1I. Tabulated results of experiment XVI showing infeetion
results in an alkaline soils Symbols are as indicated on page 8.

t Total : Total : Total : Total : ota

Organism : No. : Nod : % mge : % age : % age : % age : % age
: Pots iPlants :Infecteds "H* : "M" : "s" : "y"
Tlomerells
?&EE;{pil t 18 3 3 410 8 9646 1 3.3 : oy . 9
um
vesinfectum : 10 : 30 3 6343 1t 1343 13 0O : 50, 2 36.6
Tuserium

moniliforme i 10 § 80 3 7T6s6 3 3a3 3 6ab 3 66468 3 23.3
Telerotium

bataticola s 10 : 28 g The H O 3 T2 1 6748 1 2B«
Fusarium

scirpi, D : JO 3 30 3 B0s 23 0 3 20. : 60. 1 20.
Rhizoctonia

solani 3 10 1 26 : 100, 1 SBe4 : 15.4 : 46.1 : (o]
Uninooulated -

check 3 10 3 30 H Geb 3 SeS 3 2 3 Sed 3 933

very severe infection, 96.6 per cent infection being designated as heavy

("H"). Phizoctonia solani produced 38.4 per ceng heavy infection. The

remeining organisms produced high percentages of slight infection but
such infection is not believed to he & serious factor in killing seedlings.
These results agree closely with the results in a comparable experiment

(Exp. X).



32

Experiment XVII

The soil in this series was acidified by mixing with flowers of
sulphure The pH at the time of inoculating and planting was approx-
imately 6.4 At the time the plents were removed it tested 6.0 to 6.l.
The plants in this soil averaged & to 4 inches in height. The cotyledone
ary leaves were smaller than in the othnr experiments in the series.

Table XVIIT. Tabuleted results of experiment XVII showing infeetion
results in an acid soil. Symbols are as indicated on page 8.

: Total 3 lotal : Touel : Total : Total : Total : Total
Organism t Noe 3 Noe 3 HBze s hage 1 hage 3% age 1 % age
R Pots :Plants sInfected: "H" : ™" s ™3" g "N"

Glomerellae _ :

gossypii 8 10 1 30 3 ©66.6 3 40e 1 5.3 r 20.5 3 503
Tusarium :

vasinfectum 3 10 3 29 3§ 62.1 3 13.8 1 B4 3 44,8 : 37.9
*Fusarium , ,

moniliforme t 10 . S0 § 43,2 3 33 2 0O t 40. 31 5646
Selerotiunm

bataticola t 10 3 E5 .5 BAy ¢ B, 1 D ¢ 18. : 78,
Fusarium

soirpi, D t 10 31 26 : 6945 3 1943 : 11.5 1 5844 3 307
Rhizoctonia

solani § .30 : 30 t D93.3 ¢t B6uB 32 0. 3 2646 2 6.8
Uninoculated :
~cheek : 10 : 30 : 2646 ¢ 20. : 8 3 684835 TI.5

The date of this experient (Table XVIII) show Rhizoctonia solani to

be the most severe pathogen uncer acid conditions with Clonerella gossypii

ranking second. The uninoculated check plants showed 20 per cent heavy
infection, possibly related te direct injury from the acid as seen in

experiment XI.

Experiment XVIII
This/ experiment was arranged to test the protective gualitises of
ethyl mereury phosphate ("New Improved Ceressn") against heavy soil

inooulations of Glomerslla gossypii. Twenty pots of soil were inoculested




OKTAROMA
AGRICULTURAL ¢ i naNTRhL coutmee

LITBRARY
Ua © 1940
with G. gossypii according to the standard method outlined above. Tan

of these pots were planted with acid-delinted, graded, "Yew Tmoroved
Ceresan"-treated seed and the remaining 10 pots with "New Tmproved Ceresan?
treated fuzzy seed. Ten uninoculated check pots of acid delinted, graded,
and "New Improved Ceresan"-treated seed and 10 of uninoculated "New
- Improved Ceresan"-treated fuz:y gotton seed were also planted. The re-
sults were as given in Table XIX.
Table XIX. Tabulsted results of Experiment XVIII showing the
relationship between "New Improved Ceresan" cotton seed

treatment and infection with Glrmerella w from the
soil. Symbols are as indicated on page

; Total : Total z Jotal : Totel : Total : Total : Total
Cotton seed s Nos 3 MNoe : %oge 31 odge st % age 3 % age : % age
i Pots 3Plants 3Infected:s “H"™ ¢ "M" : "sS" ; "R"
Delinted,treated: :
Inoculated soil 3 10 3 30 g FEH 3 65«43 3 3B 3 Bel 1 2646
Delinted,treat
Uninoculatef @0l 10 ¢ 30 ¢ 45.5 31 3.3 1 JeB
FPazzy, treated’
Inoculated soil @ 10 L 29 : 100, t 24,1 v 44,8 : 3l. 1 (8]
Tuzzy, treated:
Uninoculated soil: 10 27 i BBsl 1 BT 3 2242 1 59.2 1 14.8
1. treated with "lew 'mproved Ceresan .

5646 1 56406

The De and P.L. 1lA seed used in this experiment had been found to
be internally infested with G. gossypii. This will account for th in-
fection occurring in the group of uninoculated check plants.

It may be concluded from these results that under & high infection
potential of the soil "New Improved Ceresan" has protective power but it
is limited, being more potent in fuzzy seed due to the great;r amount of

"llew Improved Ceresan" adherent to the fuzz.

Experiment XIX
The errangin, end condueting of onpsrianta, such as the ones cbove,
involves considerable work anﬂ many neqessary precnﬁtione. Time and space

are often at a prenium in tha laho*ﬁtory or greenhnuseg Tle possibility

that test tube cultures might be used to s*mnT*Fv evnluatiﬂr the index of
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of infection of a particular orgenism or a group of organisms wes
considered. An experiment was arranged with this in mind. Two hundred
and ten tubes of water &gar were prepared. Into each tube was pleced
one acid-delinted, siukings, surface-sterilized cotton secd. is soon &8s
the seed germinated the hypocotyls were inoculated with the organisms
listed in Table YT in series of 10 tubes per organism. The inoculating
was performed by »lacing a bit of the fungal myeelium, mixed with spores
in most instances, on the hypocotyl near the agar line. The tubes were
kept plugged with cotton until the cotyledonary leawyes came into contact
with :I:he cotton. ' The seedlings were grown for a period of 10 days after

inoculating. The results are given in Teble iX.



Table XX+ The results of test tube cultures showing the percenteges of injury
and index of infection ior each organism.

Orgenisnm s No. tubes s Total ; Totel : Totel : Total & Total & iIndex of
s eultured 2 % ege : % eage : % a.0 ¢+ % age 3 £ age 1 Infection
: sInfecteds "H™ 3 "w* 4 "g" ¢ "N
Yoe 18 Fusarium moniliforme : 10 $ -ah0s 5 D & 90 ¥ J0: & .U 13 120
To.116 “usarium moniliforme T 10 g 100, 1 40, ¢ 30y 3 30, ¢ .0 3 21U
To. 24 Fusarium vasiniectum : 10 T B0. 3 O § S0, 1 .00, o 20, 3§ 110
Wo. 27 Fusarium vasiniectum : 10 t 100. 3 U ¥ 10 ¢ W& '0 1 10
Toe 44 Fusarium semitectum P 10 2. o0, 0 : O 1 B0a 1 B0, ¢ ©OO
To. 38 TF. solanl v. sulffuscum : 10 1. J00s ¢ 40e 1 0. 1 BOs 3 O 1 170
To. 38 Fe cm%oagom s 10 : 100. 1 U &t d0s t e & U ¢ 110
Oe . Vs minus : 10 3 TUs ¢ U0 : 20, : UO. & O0s 3 B0
Wo. 44K Tusarium sCirpi : 10 t 00, : 10, ¢ 40, : 40. : 10. s 160
Fo. D Fusarium scirpi T 10 t 100e & 100. 0 ¢+ © ¢ ©0 131 300
Wo. B Fe 80Arpl ve smouminatum & 10 ¢ 100. 8 O ¢ 20. : 80s t O 3 120
No. 20 Clomerells gossypii 1 10 ¢ 100s & B0, 1 20s & O & O & 280
NoeR67 Gelerotium bataticole : 10 9 @0s 1 J0s ¢t 80, 1 40¢ & 20 1 130
¥Wo. 41 Sclerotium bataticola 1 10 T d00s 1 O 3 00, : 40, s O 133 160
¥o. 7 Rhizootonia solani : 10 L I8, ¢t M0 % e @ BOs.¢t U ¢ 1IN0
¥o. R Rhizootonis solani e 3 M0 t100s &0 & U 9.0 1 SO0
Yo. 61 Alternarias species ¥ W $ D0 3 U t. U 1 Wy 3 We 1 W
Wos P Pemicillium species T 10 3 s ¢ 10 v 10g & « ¢ B0, 1 B0
Wo. A Aspergillus niger 3 10 S 00§ O 3 B0, S t )
Wo. C Uninoculated check i 10 s 30y ¢ O 3 O s 10s & 0. ¢ 10
Woe CII Uninoculated check 3 10 3 g 0 0 3+ O 3100, 13 0

Sg



Reisclations of pathogens from representative samples of the
plants in each experiment were made to determine that the organisms
involved in the infections were identical with those which the soil
had been originally inoculated. The samples were obtained by slicing
thin portions of disessed tissue from the plants end, after surface
sterilizing in 10 per cent caleium }qrpoehloﬁte ("B=K" powder ) solu-
tion for a period of 5 minutes, placing the pieces on poteto-dextrose
agar in eulture tubel; Tha. fungi nhinh‘ devéloped were identieal with
the original inoeulum in practically every instance. Portions of hy-
pocotyls of the plants p‘Win{b in uninmlsulatod ;aoil were also cultured
to determine whether or not the cheek plants were infected. Table XAI

shows the percentage oI recovery of The organisms in each experiment.

Tahle XXT. Data showing percentgge recovery of wriginei inoculum.

Tt Wumber of tuhes . : Percentare : DercentAre of

Experiment Woe. : cultured from irecovery of :uninfected
tTnoculnted sUninoenlated: organisms : check plants
: Seedlings: Seedlings : :
Txperiment 1 : 40 F o Tt 02+0 T B0e0
Experiment II. : 40 4 t 6745 : 7540
Bxperiment III : 42 : 5 t 28B.5 s 80.0
Experiment IV ] 33 : 4 s 6640 3 750
Experiment V 3 37 H 10 H 0 3 100.0
Experiment VI ' 17 % 3 ¢ 5B8.8 : 10040
Experiment VII : 17 3 3 1 647 :  100.0
Experiment VIII 3 17 t 3 z 7644 3 6646
Experiment IX s 17 s 3 t 29.4 3 1000
Experiment X H 17 s 3 : 58.8 : 10040
Experiment XI 2 17 s 3 1 94,1 s 3343
Hlfi’nont XVIIT = 6 s 6 : 10040 3 16.6

It is believed that the strength of the ealcium hypochlorite
powder varies and although the sterilizing solution was mixed at the
ratio of 1 part powder to 10 parts water in every case, there is no

agsurance that the solution was of the same chemieal strength in all
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instancess A probable explanation of the.low percentage of recovery of
the orgenisms in some of the experiments #s that the caleium hypochlorite
solution was strong enough to kill the organisms in the tissues es well

as the external surfacee.

DISCUSSION

The experiments recorded above do not permit direct comparison
of the infectivities of the various orga;nisma because of differences in
moisture, temperature, light, soil reaction, and provenience in various
experiments. It seemed desirable to arrange a classification of the 19
organisms used in this study according to their relative pathogenicity.
In order to accomplish this some system of weighting the inf'ection per-
centa es was neceasary.x;érbitrarily, "E" (heavy infection) was piven
a value of 3 points, "u" (modérnte infection) 2 points, and "S" (slight
infection) 1 poinﬁzi It was found that the study could be divided into
% sets of exreriments that were each under comparable conditions and
with comparable opganisms, viz. Txn. I, IT,.and ITI; "xpe Tv,and Vi and
Bxpe VI ‘to XVITs An index of infeftion for each- organism in each ex-
periment was calculated by multiplying the percentage of heavy infection
by 3, that of moderate infection by 2 and that of slight infection by 1,
totaling and averagings These values are shown in Tables XXII,XXIII & XXIV.

Table XXII. Index of infection of the orgenisms in Expe I,II & III.

Culture Woe ~ Orgenism Tndex of Infeotion
18 Tusariwm moniliforme ~ 96
115 Fusarium moniliforme 113
24 Fusarium vasinf'ectum 98
27 Fusarium vesinfectum 94
20 Clomerella gossypii 283
R37 Sclerotium bateticola B6
7 Ehizoctonia solani 103
P Penicillium species 79
A Aspergillus nier 81
C Uninoculated check 16




Table XiIII. Index of infection of the organisms in
Expse. IV and Ve

T Culture Ho. Orgenism Tndem of Infection

o4 Fusarium semitectun 154

o6 Fe solani v. suffuscum 165

8 Fe chlamydosporum 186
4z Fe bullatum ve minus 161

44R Fe soirpi 168

D Fe soirpi 213

B Fe seirpi ve. acuminatum 209

61 Altermarie species 128

c Uninoeulated check 56

Table XAIV. I1ndex of infection of the organisms in
Expse VI through AVIIe

Culture Noe Organisn Index of Infection

116 Fusarium moniliforne 129
27 Fussrium vasinfectum 125

D Tusarium scirpi 150

20 Mlomerella gossypii 259
41 Selerotium bataticola 115

R Thizoetonia solani 221

C minoculated check 50

In every instance in which Clomerella gossypii was used it proved

to be the most serious cotton seedling pathogen, and other investigators
report similer results; therefore Ce gossypii was given sn arbitrory
weighted infection index of 100. Referring to Table XXTI, Ge gossypii
has an infection index of 283+ In order to give 0 gossypii the arbi-
trary weighted index of 100 the index, 283, was divided by 2.85, after
which each of the other indices was divided by the same number. Table
X.IV was weighted in & similar menner by dividing the index of infection
of each organism by Ze99¢ Compariscn of Table XaAlll and Table XXIV shows

Fusarium scirpi, culture U, to be tie one organism common to both group~

ingse Tn Table XXIV Fe soirpi, eulture D hes a weighted value of 58 in

comparison to the 100 rating of Clomerella possypli therefore the value

of Fe seirpi, culture D in Table XXTTT was weighted to equal 58. Tach
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of the other organisms in Table XXIII was then rated on the same basis
by dividing each index of infection by 5467 (2135 & 3467 = 58)s Thus
the infection indices of all of the 19 organisms used in this study
were weighted on a comparable basise. These values are shown in Figure
1 on page 40. PFigure 2 shows the weighted indices of infection of the
culture tube tests which are described in experiment X1¥.

Comparison of the two charts shows that the organisms ere distribe
uted in much the same order in relation to the other organisms in the
charts. The weighted indices of the culture tube tests are uniformly
higher than those of the soil inoculation tests, probably bhecause the
pathogens in pure culture are free from antagonism by other soil organ-

ismss It is notable that Rhizoctonia solani and Fusarium seirpi, D ere

rated above Glomerella gossypii in pathogenieity in figure 2. Cs gossypii

and R. solani are rated as severe pathogens in both charts; the other

species of Fusarium are grouped more or less together with indices between

50 and 60; and the species of iAspergillus, Altermarias and Penicillium
occur at the lower end of the group.

Information on the distribution of the organisms attacking cotton
seedlings is not very extensive. Some knowledge econcerning their dis-

tribution and prevalence may be gained from the following tablese
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Table XXV, HNumber of samples of seedlings from each stete found
infected by thisvarimza fungi indicated. Trom Miller and

Weindling “e
tNo. of 1 3 : 7 2 3 :Other

State :Semples: Gege: Feme: RheS.: FeBe: Dege: Rhebes £§§§1
Alabame. ¥ AR 3P 46 4 B % 9.3 0D 3
Arkeanses 1 . A SR R el ¢ R SRR T SRR e SO W § y 18
Georgie g 8% : 79 s 8Os Y. 218 & 1 a3 4 1 48
Kansas : e B 8 SN AT RRES Ao Ve SR TN EER Rl TR
Louisiana : 80 v &0': By 1T + 89 ¢ © 5 2} g B85
Mississippi i 48 ' 47 1 5B n 6 £330 O 1 & i 2B
Missouri 3 e '3 5 3 b : S th . Buy' 9§ H 1
North Carolinsa : e 236 8 A9 8 k. ¥R ¥ w R t 156
Oklahoma 3 b 7 S Q 3 6 s B SRR i Ul : 16
South Cerclina : 104 0y B8y ls =40 ¢ ETY-R s 67
Tennesree : T8 v % o 3 " AR RS - TR R R : 3
Texas H 4 3 0 3 0 3 O-x2 g 9 € 5 B 3 3
Virginga g . A8 4 85 1.2k O 320 & 0 s % - x3I8

Total 1+ 462 1 415 s 407 ¢+ 61 ¢ 191 : 10 g 21 3 256
Percentage found
with fungi t ¢t 89.4: BBals 1342 : 41431 2.2 ¢ 4,5 ¢ B5.4

Abbreviations: CGe.g.: Clomerella gossypiij; Feme.: Fusarium moniliforme;
Rhese: Rhizoctonie solani; F.S.: Fusarium Spej Deg.: Diplodin gossypinaj
Rh.b.: Fhizoctonia (Sclerotium) bataticola. "Other fungi" includes:
Alternarie sp., Pemicillium 5Pes Aspergillus sp. and unidentified species.

Table XXV indicates the presence of Glomerella gossypii and

Fusarium moniliforme throughout the ecotton belt with the exception of

Texase Fe. moniliforme is probebly grouped in the "Fusarium species"

by the Texms investigators. The small amount of Rhigzoctonie soleni is

of interest since it is such a virulent pathogen on cotton seedlings.
This mey be explained, to some extent, by the fact tiat R. solani is

& scileborne organism for the most part, attecking only the younyg seed-
lings, wherees Ge. .0ssypil is seed-borne. OSeed-borne organisms are
usually more evenly distributed in fields then are soil-borne organisms
and consequently spot essmpling may not pive comperable results with the
two types of pathogens.

It should also be pointed out that the results of isolations wery

3

according to the techniques used, and these techniques vary from one



investigator to another.

Table XXVI. Results of isolations from wilted and diseased
cotton seedlings collected in southern Oklahoma in May,1939.

t llos i es: Percent of : Percent ol parasitic

Neme of Organism t isolated : total fungi: fungi isolated
: : isolated :
Fusarium moniliforme  : 61 t 0. : 40.
Fe seirpi H 8 : 28 : 569
Fe vasinfectum : 5 3 1.6 : 2.4
Fe scirpi v. acuminatum: 2 3 o7 ¢ «98
Fe solani ] 21 : 75 $ 10.3
Fe solani martii t 20 : T2 1 9.9
Fe bullatum ve. minus 2 1 - +95 2 49
Khizoctonia solani t 40 : 15. : 19.8
Sclerotium bataticola : 24 : 8.6 H 11.8
r

(Unpublished data of LUre We We KAy &NG Cited with hiS pErmissiolls)

The data of Table XXVI reveal F. moniliforme to be present in 40
per cent of the diseased cotton seedlings examinede Figure 1 shows

Tusarium moniliforme to vary in itsweighted index of infection, from

34 to 50. This would indicate that, except under very favorsble con-

ditions, Fusarium moniliforme is probably a minor factor in Oklahoma

cotton seedling disease problems.

Rhizoctonia solani was isolated from approximetely 20 per cent of

the seedlings examined end because of its severe pathogenic rating under
meny variable conditions it is probably the most damaging of cotton seed-
ling pathogens oecurring in Oklahoma.

Sclerotium bataticola was isclated from approximately 12 per cent

of the seedlings, however, in view of its low rating in pathogenicity,
it is believed to be of slight consequence a&s & primary pethogen in
Oklehomsa seedling disease.

The many species of Fusarium isolated occurred in low percentages
of the total number of parasitic fungi isolated and since the majority
of the T™usarium species appear to be pathogens of only moderate virulence,
it is believed that these orgenisms are of slight consequence to the

cobton grower.



The oecurrence of Asperiillus spe, Pemieillium sp., and Alter-

naria spe in isolations from seedlings may be almost disregarded

because of their low ratings in pathogenicity. Fusarium vasinfectum,

(the eausal organism of cotton wilt) because of its low pathogenic
rating and infrequent occurrcnce in Oklahoma, mey be classed with
this group, although, it will prove more pathogenic occasionslly under
favorable conditions of host and funguse

The experiments have indicated Fusarium scirpi to rank third

in severity in the soil inocculations under the many wvarious environ-
mental conditionse This organism was isolated Pfam a small number

of aaedlingalin 1959, however, if conditions were to prewvail favoring
growth of the organism it migh® possibly prove to be a very destructive
field pathogen.

Glomerella gossypii is recognized as probably the most severe

and important cotton seedling pathogen east of Oklahom: and Texas.
Experimental results throughout this study have indicated that the
organism is a severe killing pathogen under all conditions tested.
Diseased cotton seedlings from Oklaloma and Texas have failed repeatedly
to yield this crpyanism in isolation cultures. In view of this, it is

suggested that Glomerella . ossypii is not a cotton seedling pathogen

of importance to Oklahoma or Texas cotton growers under ordinary
circimstances.

There is some question as to whether the results obteined in the
soil inoculation expegiments are faithful as indicators of field in-
fections from these organisms. There are factors involved which
necessitate revision of these results before using them to indicate
field infections. 1In all probability, the presence of the organisms

in the concentrations used in these experiments would seldom be en-



countered in soils. Orgenisms in soils are never found in pure culture.
There are always large numbers of psrasitic and saprophytic fungi and
bacteria found in samples of soile The phenomenon of competition in

the soil flora is known to be & tempering factor in raising, and lowering
the abundance and virulence of organisms in the soile Therefore, field
results would probably indicate lower "weighted indices of infection”
for these organisms. Comparison shows that the™weighted indices of in-
fection"of the organisms in figure 2 are uniformly higher than those

in figure le« It is probable that there are as great or even greater
differences to be found between the soil inoculation experiments as
conducted and acutal field experiments with these organisms. On the
other hand, the plants used in these experiments were favored in most
cases by adequate moisture, favorable temperatures, and freedom from
wind, insects, and other field hagards. To plants undeor stress of the
rigorous conditions of life in the open field, even pathogens of moderss:
to low indices mi ht prove very harmful.

It is known that serious losses occur annually from cotton seedling
diseases and that in most instances one or wore of the organisms studied
in this peper are responsible. These losses are usually the result of
all of these organisms, present in the soil, working together to produce
wounds and lesions which will permit the gecondary organisms in the soil
to gain entrance and work their destructions The entire group of 19
organisms listed in Table II were found to be capable of producing var-
ious degrees of attack under at legst some of t?gmoonditions to which
they were exposed. VWhen these organisms are not pathogenic enough to
ceuse serious losses by working alone, they may be thought of as the

fungal pioneers that open the way for the numerous other secondary fungi
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which meke up the soil flora and which, in &ll probability, often
are more severe sgents of destruction to the youny seedlings than the

original pathogen which dnened the plant to sttack.

SUMMARY
Hineteen cultures of fungi, isolated from diseased cotton seed
and seedlings, were used in a series of greenhouse and laboratory in-
fection experiments to determine the degrees of pathogenicity of the
various organisms under a variety of envirommentel conditionse.

Glomerells gossypii proved to be a serious cotton seedling pathogen

under all experimental conditions %o which it was subjected, however,
it is not believed to be & serious problem in Oklahoma because of its
infrequency in seedling isolations.

khizoctonie solani was found to be & serious cotton seedling

pathogen under a&ll of the experimental conditions u$ed and, because of
its frequent occurrence in isolations from diseased seedlings, is be-
lieved to be the most serious cotton seedling pathogen under Oklahoma
conditionse.

Fusarium scirpi was sufficiently virulent to be ~onsidered an

important seedling pethogen when present in abundance and when suitable
growth conditions for the fungus and host preveil.

A number of other s.ecies of Fusarium were found to rank in a
group of moderate pathogenieity and probably are of slight consequence
in Oklahoma except under very suiteble conditions for infection or
vhen acting in combination with ane another or with other orgenismse.

Alternaria sps, Penicilliun sp., and Aspergillus sp. were ranked es
sli htly pathogenic with probebly no importance in causing serious
lossess These species may even serve to inhibit the growth of some of

the more severe pathogens.



Charts (figures 1 and 2) sre presented showing the "weighted indices
of infection" of the 19 organisms used in the experiments and the cor-
reletion between soil inoculation and culture tube experiments.

Ixtensive experiments were conducted with 6 of the most common

organisms in the group studied (Exp. VI to XVII ine.,) Glomerelle gossypii

was found to be the most strongly virulent in the experiments conducted
under standard, xerophytic, and variable conditions, also in the alkeline

s0il experiments. RhiZoctomia solani ranked highest in virulence in

the acidified soil with Clomerella gossypii second and Fusarium seirpi

third. Under conditions of excessive moisture both Clomerella gossypii

and Rhizoetonim solani proved to bhe strongly virulent with the remein-

ing organisms showing stronger virulence than under previous conditions.

It is commonly assumed that Rhizoctonia solani is most virulent under -

conditions of excessive moisture, however evidence is presented which s
indicates that it may .ba just as severe under xerophytic conditionse.

The conclusion was reached from the results of experiment XVIII
that under & high infection potential of the soil "lNew Improved Ceresan"
has a limited protective power, being more potent on fuzzy seed than
on delinted seed, due to the greater emo nt of the dust adherent to the

fuzz.



"late I. Cotton seedlings of Ixp. VI growing un-
der stendard conditions. Hows of plante inoeulated
from left to right with: uninoculated checks; ihi-
zoctonia solani; Fusarium seirpi; Cclerotium bsta-
ticola; Fusarium moniliforme; Fusarium vecinfectum;
and Glomerells gossypii.

Plate II. Cotton seedlings of Exp. VII growing
under conditions of excessive watering. Rows of
plants inoculeted from left to right with: unin-
oculated checks; Rhizoctomia solani; Tusarium scir-
2i; Selerotium bataticola; Fusarium moniliforme;
Fugarium vasinfectum; and Clomerslls gossypnii.




Plate III. Cotton seedlings of Exp. VIII growing
under deficient moisture conditions. Rows of pla-
nts inoculated from left to right with: uninoculat-
ed checks; Rhizoctonie solani; Fusarium scirpi;
Selerotium betaticola; Fusarium moniliforme; rus-
arium vesinfectum; end Clomerella gossypil.

Plate IV. Cotton seedlings of Exp. XVIII produced
from seed which had been dusted with "New Improved
Ceresan”., Left to right: fuzzy secd in uninoculated
so0il; fuzzy seed in Glomerella gossypii infested
soil; delinted se=d in uninoculated soil; =snd delint-
od seed in Glomerella gossypii infested soil.



Plate V. Cotton secdlings of Exp. IX growing under condi-
tions which were varied from time to time. These plants we-
re severely injured by wind and cool night temperatures.



Plate VI. Cotton seedlings growing in soil which Plate VII. Cotton seedlings growing in soil which
had been alkalinized by the addition of caleium car- had been acidified by the addition of a weak solu-

bonate (Exp. X). Rows of plants inoculated from tion of hydrochlorie acid (%xp., XI). Rows of plants
left to right with: uninoculated checks; Rhizocton- inoculated from left to right with: uninoculated
ia solani; Fusarium_ggi;pi; SclorotigE bataticola; checks; Rhizoctonia solani; Fusarium scirpi; Scler-
Fusarium moniliforme; Fusarium vasinfectum; and otium bataticola; Fusarium moniliforme; Fusarium

Glomerella gossypii. vasinfectum; and Clomerella gossypii.




Plate VIII. Cotton sesdlings growing in culture Pl
tubes of water agar. Left to right: inocculated wit
Hhizoectonis solani; uninoculated check; inoculated 1
with Rhizoctonia solanl.

n seedlings growing in culture
rare Left to right: inoeulated with
arium ccirpi,D; uninoculated check; inoculated
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