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INTRODUCTION

The esconomic importance of seedling disease injury cam hardly be
over-emphagsized. Many of the fungi assceiated with this type of plant
malady sre soil inhsbitants, end ere widely disseminsted im agricul-
turel soils, /s a rule, the incidence of seedling disease injury
fluctuates according to the existing enviromnmental eonditions., Depar-
ture from optimum conditions for the plant mey operate sc as to favor
the paresite and like departure in the case of the parasite may enable
the host to escape hamm,

Seed rot and seedling injury of cotton is attributed to verious
seed or soil borne fumgi, notably of the gemera Glomerelle, BFhizog~
tonis, Pythium, and Ascochyta. In addition to these, it is noct an
infrequent oecurrence to find species of Fusarium and Selerotium asso-
cieted either singly or together with the above in the form of a com-
plex (5, 24, 26, 38).

The hypocotyl of cotton seedlings may be slightly or seversly
demeged at or near the surfaee of the soll, or, the embryoc may be
eompletely decayed as the cotton seed iz germinating. In the first
case, the seedling mey be injured end recover from the attack, while
frequently in the latter instance the embryoc is destroyed or damaged
to sueh a degree that emergence from the soil is never accomplished.

liost eultivated upland cotton is very susceptible to attack by
seedling disease orgsnisms. At present & screening progrem is under-
way at the Oklshome Agrieultural Experiment Station in search of
reaistence or tolerance which might prove valusble for breeding



purposes., However, to date seed treatment and cultural prectices are
the prineipal control methods employed.

Seed tresaiment has not given complete control of cotton seedling
disesses, Fungicides applied to the drill row as the seed are planted
have been used with scme success on an experimentsl basis for the con-
trel of both seed decay and post-emergence injury. Results obtained
in the field have been verisble end indieate & need for informeiion on
the specifiecity of fungieides to given pethogens, end alsc the lengih
of time the different fungicides remain effective in the soil.

The purpose of this investigation was three fold: 1) to identify
a species of Eythium isolated fram infected seedlings, Z) to establish
2 method of infesting soil with Eythium to be used in greenhouse tests,
and 3) to determine the fungicidel and residusl effectiveness of the
four chemicals (zimeb, thiram, eaptan, and pentachloronitrobenzene)
against the cotton seedling pethogens, Pythiws debaryanun Hesse and
HEhizoetonia solani Kubn.



LITERATURE REVIEW

Li terature Pertaining to Rhizoctonia
R. solani is worldwide in its distribution and its role in the

seedling disease eomplex of many plants has been studied extensively.
/n excellent review was compiled by workers at the University of
Minnesota and published im 1952 (21). ILiterature relative to its as-
sociation with cotton hes been adequately reviewed by Young (37) and
Kortsen (22) and will mot be further treated here.

Literature Pertaining to Fythium
Arndt (3) first reported Pythium ultimum Trow as & cotton seed-

ling disease pathogen in the United States in 1934. Acecmpanying its
presence he found reduced germination of seeds and impoverished stemds.
Miller in 1938 (24) while teking remdom samples of diseased seedlings
from nine southern states, isolated Eythium 15 times out of 344 sam-
ples of diseased cotton seedlings. According to frequency of isola-
tion it reamked fifth, preceeded by R, solani, Fuserium spp., Fusariwm
moniliforme (Sheld.), end Glomerella gossypii (Edg.) in that order.
Five other species of fungi were isolated less frequemtly. Armdt (5)
suggests that P. ultimm is inhibited by fungicides used for surfece
sterilizing of cotton seedlings end that this may be why more frequent
recovery of this fungus from diseased seedlings is not obtained.
Weindling, Miller, end Ullstrup (35) list Pythium sp. along with
eleven other organisms associated with diseases of cotton seedlings.

Devis and Lumd (11) found Pythium sp. predominating in certain soils



of the Mississippi Delta and proceeded with tests which established
its pathogenieity to cotton. K. solani, due to its high degree of
virulence under various envirommental conditions, and because of its
frequency in Oklehoma soils, wes considered by Ray snd MeLasughlin (26)
to be the most importemt of some fourteem fungi involved in diseases
of cotton seedlings in the state. Pythium was mot isclated during the
course of this study.

Taxonomy of the Orgenism, P. ultimum wes first described in 1901
(33). Being uneble to inoeulate healthy cress plants with the isolate
obtained from & rotted-off seedling, Trow's conclusion was that the
fungus must be a saprophyte. All ettempts to induce the organism %o
produce Zoospores, so common to other species in the genus, proved
negative. Due to his belief thet this species exhibited greater adap~
tation to a terrestrial existence as evidensced by the fast that it
alone had lost all pewer of producing zoospores, the specifiec name was
chosen to call attention to its position in the genus.

Some contention eventually arose in connection with the validity
of new classification, due primarily to the fact that ¢lose similarity
existed between the organism snd P, debarysnum deseribed earlier.

P, debaryenum is said to be distinguished from P. ultimum by its typi-
eal plurslity of amtheridia which originate some distance from the
oogonium (23). Drechsler (12) reported similar observations of the
two species. Van Imijk (34) believed the entheridial cherscter insuf-
ficient for specific segregation, preferring to comsider P, ultimum
synonyous with P. debaryenum,

Later, Drekgiler (13) in 1946 end irk (2) in 1949 reported ways
of indueing P. ultimum to produce zoospores. In 1942 Reinking (27)



discovered the sxisteuce of reces in P. ultimum which varied inm their
ability to decay pea seed in moist soils. Campbell and Sleeth (9)
reported in 1946 that three types of cultures were found on diseased
guayule plants. One type produced only oospores, while amother pro=-
duced only sporangia, while the third produced both.

P. debaryenum and P. ultimum grow abundantly on meny types of
media at wide variations in tempersture. Ordinerily, isolates tend %o
grow best at temperetures between 25° and 30° O, yet the miniwum and
maximum may reesh s low as 1° ¢ and as high as 40° ¢ respectively.
Middleton (23) points out that the two fungi are very eommon members
of the genus in the United States and are frequently reported through~
out the world.

Teuperature end Noisture Reletions. It has been & gemeral obser-
vation by several mycologists that species of the genus Pythium exhibit
preference to 2 cool humid type of existence. Severe pre-emergence
injury to cotten planis has been observed to oceur during cool wet
weather (5, 7). Beach (6) reported that the severity of atteck on to-
mato inereases as the soil moisture increeses and is most severe ai
the point of saturation.

In 1934, Arndt (3) reported experiments which indicete that P.
ultimus is primeipally & pre-emergence rather than & post-emergence
pathogen of cotton. At & constant temperature of 30° ¢, all seedlings
in his tests emerged but & per cent were finally killed. Fourty-five,
70, and 100 per cent of the seedlings were killed at temperatures of
27°, 24°, and 21° ¢ respectively. Growing cotton seedlings at 30° C
for 6 or 13 days and then lowering the temperature to 21° C resulted im
some injury, but this was much less severe tham in the first experiment,



thus indicating thaet the eriticel periecd for coiton seedlings is dur-
ing the Tirst week of germinetion.

In 1943 the same suthor published deste substentiating the above
findings end made en sdditicnsl series of tests at 18° ¢ that showed
ocnly 3 per cent emergence (5).

Alexander, Young, smd Kiger (1) had earlier reported & similar
tenperature relstionship while working with the seme organiam on tome-
to seedlings. In this cese, high soll moisture was 2lso considered
favorsble to damping-off.

The optimum for growth amd optimum for pathogenieily ere very
dissimiler. Herter (14) found that 12° emd 15° C temperatures were
highly favoreble to the sweet potato decsy caused by P. ultimum, while
laboratory cultures of the orgenism grown on cora meecl ager were most
luxuriant et 32° ¢, While using & peat soil known %o be infested with
P, vltimum end P, deberyenum, Hoppe (16) found that untreated corn
seed plented and incubeted st either & tempereture of 4° ¢ or 11° 0
for ten or fifteen days was atteacked and the resuliing disease wes
pragtiecally 100 per cent fatal., Ilsaeh found thet when watermelons or
beets are reterded by low temperature during germination &nd smergence,
susceptibility to E. ultiwws end R. solani is inoreesed.

Az interesting report by Jacobs (18), to the converse of any of
the foregoing data, states that emergence of elfalfs seedlings growing
in soil infested with P, ultimum and P. debaryenum wes not correleted
with temperature variatioms over a range of 7° to 229 C.

Centrol. Imphasis on contrcl hes been directed primarily toward
seed or scil treatments. Sueh control has seldo: beea 100 per ceat
effeative.



A formaldehyde drench applied so as to thorcughly wet the soil
was reported in 1931 (1) as a setisfactory control for damping-off of
tometo seedlinge where gpecies of Pythium were the chief ineiting
egenta., Sosking the seeds in different sclutiong of formaldehyde end
mercuric chloride d4id not econtrol the diseese., Soil disinfection by
use of gopper sulphate was unsctisfactcry becsuse phytotoxicity ocour-
red when effective cuentities were used. However, Horsefall (16) in
the year following, found copper oxide to be effective &8s & seed treat-
ment against damping-off of seversl vegetsbles grown in the greemhouse.

Sulphurie seid hes been reported to contrel P. ultimmm in an alke-
line soil by redueing the pHl (29). FHowever, in Oklshome, damping-off
of Siberian Elr was observed on soils in which pH values ranged from
5.8 to 6.4 (86). Jackson (17), while working with spruce and pine in
cther regions feund P. ultimm flourished at pH values similer to the
above when grown on ertifieiel media in the laborstory, yet demping-
off was most severe et pf 8 and negligeble at pH § or less. Soft rot
of sweet potatoes incited by P. ultimum wes most severe at pH 7 to 8.2
according to Jones (19).

If the cccaesion permits, steaming of the soil is as effective as
any of the previcusly considered econtrol measures (1, 16). FHowever,
tests have proved that susgeptible plents sceded in steamed soil inoe-
ulated with Pythium are mmuch more severely effected than those in simi-
lor soil where steaming hes been omitted (1, 10, 38).

'Tsm of the relatively newer organic fungicides have been found
toc be of eonsidersble value. Iiterature on this phase of the sudject
is abundent. Depending upon the situsation, the protective value of one
chemiea) may be in direet proportiom to the dosage epplied (32), while



snother ney be relatively effeciive at several rates {30).

Lerge seale eultivetion of the gweyvle plant in this cowmtry
injtioted furtker studies of chemicsl sesd protectonte vhere infested
. soile were used, Uersolite 19 {phervl mercurie sslieylste) erd Verso-

iite 2 (pheryl mercuric ceetate) when cpplied to the sesd ot rates of
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ent chemicel per unit weight of seed wore very effec-
tive {3C), ‘lrasan end TLE.R, 804 {2, B-diehlore-l, Z-nophthouinone)

‘wers glpo considered rronising.

eontrol of Be soleni on cotton wes obbeired with Fethieson 275 (pents~
chloronitrobenzope! when applied 4n the 4rfill row 83 & dust or spray
at the time of seecding. Zinehk ond ¥hirem applied in o similsr momner
appeared outstemding in thelr effectiveness azuninst pre-emeryonde |
injury which orecurred at low temperctures spd was e¥friduted to
Prthdwe gp.  Ipthiwe ep. wes obbuined fren deecying seed ond seodlings
guring eool weather, and in both leborstory apnd fizld teosis ¢cused

severs pre-emergence injury.



SCURCE WD IDENIIDIONTICR OF BIT

The culture of . gsolopi wsed in the followisg teste wae origine
ally iesolsted fyom er infsoted cofton seedling growm a:t éhi’ckasﬁa,
Oklehone in 1951, Since that tiwe cultures of the fungus hove boexn
madintainaed on stemmed grain sorghun seod, transfers eogh tipme heing
made only from those cultures which produced sn ebundense of sclero-
tia, This sEne 3301%3 hae been uwoed in sriifieciel inceviations-
sinee 1952,

She cﬂliure of Iythiuz used In these studies was Isolated frem
ﬁeé&ymg ecotbon seed émmg ool westher In Spril, 1954, Steanmed
sorghun geed cnl.so proved amtabla us @ subsitrute for culituring his
fungus, end field ‘c;as»’o‘s':vwaifa porried cut: dﬁring 1854 sonloying t%zis |

isolate as the tost pothegen (8).

The present invastigobicn sharted with an obtanpt fe identify

the spesies of fythiun wnder consideration. In so far &3 observed by
the writer, merphologiesl charanters of the Tunpvs freiting on weber

agor appetred to vonform to thosz of P. ulblimg {Figure 1). Plurelity

Foma:

|

Idom, amd irn no ssse wes noys tha twe

of smthoridie wers secn bub sell
found attached Yo ony one gogonium,

However, distingulshing cherasctorintics such as the awsber of
entheridiz ang thelir poingt of etbechnent wers nod easily @bsmé&g
A8 eudltures sent to Dy, J. T, Hiddlceton, Univeraity of Celifernin,

Riverside, were ilentified as P, debaryenun, the isolete will be ten-

tatively dessignated eccordingly in this paper,
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Figure 1. Oogonia and antheridia {A--D) emd
sporangiel hedbit (E--F) of Pythium observed as it
fruited on water agar.l

IThese drewings resemble F. ultimum, However, tremsfers of the
originel sulture were identified sz P. dedbaryanum by Dr, J. T. Middle-
ton of the University of Califeraia, It is possible that the original

culture was mixed, or that the mediaz affected the mmber of antheridia
that were produced.



MATERIALS AND METHCDS

Methode of Inoculating., Several methods of infesting soil with
R. soleni have been developed for both field snd greenhouse studies
et the Oklehome ‘gricultural Experiment Station (7, 22). YNost of the
methods employ the use of steamed grain sorghum seed as & eulture me-
dium and either whole grain or chopped hyphel suspensione to infest
the soil. It was found in greerhouse tests that a direect correlation
existed between the per cent of seedlings which emerged and the amount
of hyphal suspension spplied to the soil.

The whole grain method had proven effective for infesting soil
in the field with P, debaryenum (8), but tests had not been mede to
determine what methods might be effective in the greemhouse.

Efght ounce prescription bottles were filled with the desired
emount of rinsed sorghum seed snd sufficient water was added to sover
the seed, after which the bottles were plugged with cotton, espped
and sutoeleved for onme hour on eagh of two successive days. /fter
being inoculsted with the fungue, esch bottle was incubated at 70° F,

By the end of two weeks, mycelia of the organism had penetreted
the entire mass of seed. Inceulum was prepsred by ehopring the eul-
tures in e food blender with water snd then straining the mescerete
throngh two layers of cheesesloth sc thet the resultingz smspension
could be applied with an ordinary sprinkling ean, The hyphal suspen-
sion was then standardized by diluting each 125 ml of inoeulum with
sufficient water to make 1 liter.

Vhen flets were used, the desired smount of stock suspension of

11



inoculum was added to sufficient wster to make 400 ml total and then
sprinkled evenly over the entire surface of a flat at the seed level,
Unless otherwise specified, tests in 6 ineh pots were inoculeted sim~
ilar to flsts., Twenty-five ml of the diluted inoculum were &pplied
per pot.

Soil., Initial preparation of soil consisted rfirst of the addi-
tion of moisture (if needed) to soil in the storage bin., Subsequently
it was sereened and, in cases where partlal steam sterilization was
desired, placed in a steam chamber for a two hour periocd before using.

Seed, A one year old lot of zcid delinted seed of the variety
Deltapine 15 were used for all the following experiments. The light
fraetion was not removed when delinted, but all noticeably defective
soeds were removed individuelly by hend. The remeining portion ger-
minated between 70 and 100 per cent in laboretory end greenhouse
tests, the germination being higher at high temperatures.



INOCUINE DOSAGE TESTS WITH FYTHIUM

Test 1. In test 1, wooden flats (4 x 14 x 16 inches) were
filled 3/4 full with moist, steeamed soil. Three different soils were
used (see Table 1). Soil number 1 was eollected from FPerkins Ferm
end 2 and 3 from the Stillwater West Agronomy Farm. The upper omne
inech layer of soil in the flat wes removed and the remaining portion
leveled end pscked lightly with e bosrd. Five evemnly spaced rows
were marked across the flat. Twenty colton seeds were planted along
the length of each row., OSeeds were then pressed lightly into the
80il to help them maintein their position when liquid incculum was
applied.

Five flets were inoculated, receiving 0, 10, 30, 90, and 270 ml
of stock PF. debarysnum inoculum respectively. Enough water was added
to the inoculum in easch instance to make a total volume of 400 ml.
The surface of each flat was then covered with one ineh of loose,
stesmed soil smd placed in a refrigerator held et 63° F., After four
days, all flats were removed to the greenhouse. Seedling emergence
counts were made four days later.

Temperatures were exceptiomally high as exceedingly hot, dry
weather preveiled during the swmmer when this test was mede. Unfor-
tunately, no faeilities were available for controlling greemhouse
temperatures. DBecsuse of rapid drying and crusting under these con-
ditions, the soil surfaece was loosened to facilitate emergence of
seedlings.
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Table 1. Data pertaining %o the three soils used in inoculum dosage
tests.

Humber Soil type pH Phosphorus TFotassium Organie
: mat
2. Port sandy loam .4 Very high THigh 0.9

3. __Fort silby cley Joam 6.0  High Yoy high _ %.2

Besults. The statistical analyses for test 1 are presented in
tables 2, 3, and 4. Highly significant differencss were caleulated
for inoewlum rutes in the case of eagh soil type. In the combined
enalysis found in teble 5, highly significant differences were found
to exist for soil types, inoculum rates, and soil x inoculum inter-
aetion, 4An interesting observation was that in both sandy loam soils
(number 1 and 2), additional inoeulum above & certain level did mnot
result in additional decroase in emergence (Figure 2)., GClay, on the
other hand, required comparstively high inooculum dosages to seriously
reduce emergence.



Table 2, Cotton seedling test showing the effect of different inoe-

ulum retes of P. debaryemum applied to Norge sendy loem soil (f1 frem
Perkins ¥amm).
Incculum rate Replicates Treatment
(in ml per flst) 1 2 3 4 mean
10 47 54 92 81 68,5
30 34 38 38 56 40,0
0 10 & 5 5 8.5
270 14 14 20 10 14.5
Gheok /o 91 86 98 9 $3.0
Analysis of verisnce of Teble 2.
Source of Degrees of Sum of Mean ¥
miutgg m m squere velus
11,171.75
kpliut:m 5 554,75
Treatments 3 9,408.75 3.156.85 23,36%*
Error 5 1,208.85 134,28

/8 Checks were mot included in the analysis.

Table 3. Cotton seedling test showing the effest of different inoe-
ulum rates of P, debaryenum applied $o Port sandy loem soil (#2 froem
the Agronomy Famm, Stillwater).

Total surviving seedlings
Inceulum rate Replieates ' Treatment
{in m) per flat) 1 2 3 4 mean
10 23 17 56 51 58.8
30 7 S 11 S 7.0
20 14 20 iz 3 14.5
270 32 27 13 17 22,3
Cheek /e 97 89 94 89 92,3
/nalysis of varisnce of Table 3,
Source of Degrees of Sum of lean F
varistion freedom sguares square velue
Total 15 3,695.75 pome
Replications 3 45.00 e
Treatments 3 1,9390.25 646.41 7.17%*
Error ) 1,711.40 180.16

/& Checks were not figured in the analysis
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Teble 4. Cotton seedling test showing the effeet of different inoce-

ulum rates of P. m::ppud to Port elay soil (#3 from the
Agronony Farm, Stillwater).

To -
Inocculun rate Replicates Treatment
{nmlper flat) 1 2 3 - 3 mean
i 84 83 77 80 83.5
30 70 é5 75 72 70,5
80 29 70 30 52 45,3
270 21 11 23 51 15.0
——Chock ja 92 81 93 82 87.0
_inalysis of varisnce of Teble 4.
Source of Degrees of Sum of ilean ¥
iat o 8 = va
Total 15 5465,94 e
Repliecetions 3 107.69 -— -
Trestments 5 10,947.19 3,662,509 23.46%*
Error 9 1,401,086 155,67
/2 Cheeks were nmot included in the amnslysis.
Table 5. Combined smalysis of all three soils.
Source of Degrees of Sum of Tean F
ati velue
To 47 36,490,98 -— :
Rep. in soil 9 607.44 77.49 WA84
Kind of soil 9 9,157.54 1,017.50 6.358%*
Inoculum retes 3 15,337.23 5,112.41 31.047%*
Soil x Inoculum 6 6,967,96 1,161.33 7. 257*%
Error 27 4,520,81 16003




EMERGENCE

PER CENT

(o) 10 © 30 90 270

INOCULUM RATE

Figure 2. Curves representing emergence
of cotton seedlings at different inoculum dosage
rates of P. debaryanum (inoculum expressed in ml
per flat). Soil 1 is Norge sandy loam; 2 is Port
sandy loam; 3 is Port clay loam.
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Figure 3. Flais of Fort sendy loam soil inoeculated
with P. debaryenum showing check (lower lef%), 10 ml (lower
right), 50 ml (upper right), 90 ml (cemter), amd 270 ml of
standard hyphal suspension spplied at the seed level. Note
thet adding inoeulum above 30 ml resulted in am inersase
rather than a decrease in totsl emergence.
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Meny surviving seedlings observed in inocculsted flats of test 1
eppeared to be unhermed, Examination of their root systems, however,
revealed thet the taproot of some plants had spparently been destroyed
and adventitious roots had developed. Others appeared to have nommal
root systems but not infrequently exhibited soreshin or distorted
cotyledons (see figure 4). Very few plants escaped injury. Petho-
genic cultures of the Tungus were isclated from injured tissues of
either the cotyledonary lesves, the stems, or the rocots. Decaying
seeds and young plants unsble to emerge were found to contain amn

abundance of ocospores.

Figure 4. Ten day old cotton seedling infecied with
P, debarysnum showing charecteristic symptome in steamed
Port sandy loam soil. Tempersiure for firat 4 days after
plenting was 64° F end 80° to 110° F for the following
6 days.



Figure 5. Typical pre-emergence injury of germinating
eotton seeds incited by P. deberyanum (bottom) as compaired
to healthy seeds (top).
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Test 2, The objective of this test wes to determine why addi-
tional inoculum above & certain level did not result in decressed
emergence in the sendy loam soils of test 1. It was thought that
something in the culture medium itself, possibly sterch, was respon-
sible for thess differences.

In test 2, the same procedure was follcowed &s for test 1 except
for the following modifications: 1) Two checks accompanied esch
series of dosage retes, In one, 400 ml of water was substituted for
inoeculum; and in the other, 400 ml of a sterile grain-gulture suspen-
sion was substituted which was prepaired in the same menner as the
inoculum. 2) Sufficient grain suspension wes added to each inoeulum
dosasge to make the grain eontent comparable. 3) Omly Port sendy loem
soil was used, 4) Greenhouse temperatures averaged epproximately
70° to 75° F compered to 80° to 115° F for the previous test which
was mede in the sumer.

Results., All inoculum retes of P, debaryanum effected 100 per
cent fatality of sesdlings, thus thwerting the original objective.
This was undoubtedly due to envirommentel conditions in the green-
house which favored disease development. However, both tests were
exposed to the same initial 4 dey incubdation et 63° F before being
placed in the greenhouse. A fact moteworthy of mention is thet there
were 16 per cent more seedlings whieh emerged in the check flats
receiving sterile grain suspension than in those receiving water;
emergence eversged 79 end €3 per cent respectively.

Test 3. This test was designed to determine the fessibility of
using pols rather than flats and to observe the mction of the host-

pathogen relationship in non-stesmed s0il when inoeculum rates were



varied. Inoculun dosages were 2, 4, 8, and 16 ml of stock suspension
per 6 ineh pot. Inceulum was prapa/md as in test 2,

For planting, the upper 1 ineh layer of soil wes removed from
each pot and the remaining portion was shakern down by lightly strik-
ing the pot on the floor several times. Ten seeds were distriduted
over the surfece of the soil. Inoculum was then applied end each pot
wes covered with the previously removed soil. After sn initial 6 day
incubation period at 63° F, all four replicetions were removed to the
greenhouse and maintained at an aversge temperature of approximstely
80° ¥.

Besults. Only 2 plents emerged in the 16 inoeulated pots.
Hence, P. debaryanum eppeared to be es severe in non-steemed soil as
in steamed soil, and no differences were obtained with different
amounts of inoeulum. Stends ranged from 0 to 90 per cent in the 8
checks indiceting that the teast wes conducted under conditions ex-
tremely favorsble for disease development. Apperently diseesse devel-
omment was the same regerdless of whether pots or flats were used.



DETERMINATION OF FUNGICIDAL AND RESIDUAL EFFECTIVENESS

OF FUNGICIDES TESTED AGAINST R, SOLANI AND P, DEBARYANUM

Identificat of Chemi

The 4 fungicides selected for these studies have shown promise
as seedling protectants when used as sprays or dusts in the drill
row in field tests (8). Informetion is needed in comnection with
their loss of potency as a funetion of time after soil appliecstion.
The determination of minimum effective rates end the speecificity of
each product are incorporeted in these studies.

Agcording to their respective menufacturers, captan hes an ex-
tremely short residuel life in the soil while thiram is gradually
broken down and its effeetiveness is usually 4 to 8 weeks. Thiram
has been found to persist for 2 months in sandy soil but diseppeared
from compost soil within 1 week (28). No comparsble infomation was
found for zineb or pentaschloronitrobemnzens.

Table 6. Data pertaining to the chemicals used in the following
studies.

Chemisal /e Aetive prineiple % Jative Menufecturer

1) Zineb Zine ethyleme bisdithio- 85.0 Folm and Heas
carbamate

2) Thiram Tetremethylthiuramdisul- 75.0 DuPont
fide

3) Capten N-trichloromethylthio 50.0 Calif, Spray
tetrehydrophthalimide Chem, Corp.

4) Mathi 275 ta ron 75,0 Methieson

/2 The zineb was Ditheme Z-78, Thiram was Tersam 75. Capten was
Orthoeide 50.



General irocedures
It will be observed that the following materials and methods

apply to the entire series of tests with fungleides: 1) Chemicals
were applied by mixing them with the soil; 2) ounly Port sendy loam
soll was used; and 3) each test, with one exception, received an
initial 6 day incubation period at 63° to e’ ¥ inmedistely after
planting., Conditioning of the soil, methods of inocculation, incculum
rates and chemical rates varied and will be deseribed in the appro-
priate plece under each experiment.

Soil taken from the field was uryd:yaﬂmw the addition
of water to the storage bin to raise the moisture level to approxi-
n.ntﬂy 35 to 30 per cent of its waterholding capacity. By averaging
the weights of 48 flats of moist screened soil, a stendard weight was
established end then converted to a volume standard. The volume
standsrd thus obtained was used for all subsequent tests in flats.

The chemicals were sprinkled over the surface of the soil which
hed been measured and poured into & large galvemnized pan. A thorough
mixture with the upper ineh or so of surface soil was accomplished by
hand, aefterward & hoe was used to facilitate mixing of the entire
eontents.

Test 1. A series of soll ssmples were treated with varying
quantities of each commereiel product in an asttempt to determine the
phytotoxieity of eaeh chemical., Moist, non-steamed soll wes placed
in flets and mixed with eaeh of the 4 fungicides at the rate of
1:20,000, 1:10,000, 1:5,000, emd 1:2,000. Immediately after



planting, all flats were watered &nd placed in the greemhouse.
HResults. The per cent emergence did not appear to be greatly
lowered by any of the ehemicals used. Thiram supressed seedling
emergence. Flants were stunted at all rates (Figure 6). Stunting
was especially severe in the two higher ones where few plents survived
for 36 days at which time the experiment was terminated. Although
unlike thirem in its toxie effects, capten produced noticesble damage
at each rate, marginal leaf burning being the typiecal symptom (Fig-
ure 7). Inereasing injury wae noted as the rate wes increesed wntil
approximately 1/2 the leef area wes destroyed at the highest rate.
Necrotic areas were light brown in color and distinetly separated
from healthy tissues. No plant injury was evident in any flats con~
faining zineb or pentachloronitrobenzeme. There wes evidence that

coptan eccelerated seedling emergence at all rates while thiram de-

layed emergence at high rates.

Figure 6. Six dey old seedlings grown in soil
treated at the following rates of thirsm: A, 1:20,000;
B, 1:10,000; €, 1:5,000; D, 1:2,000,



Figure 7. Three week old cottom seedlings
depieting eaptan injury when used at the rate
of 1:20,000.
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Test 2. This test consisted of 3 trials or replicates. One
part commercial chemical to 20,000 parts of moist steamed soil was
prepaired and 4 flats were mixed at & time., In the end, there were
16 flats containing 4 lois of soil treated with ecch fungicide.

Identical series were planted after O, 1, 2, and 4 weeks, Both
an inoculated (90 ml of standard hyphal suspension per flat) and am
uninoculeted check accompsnied sach series., The entire experiment
was conducted during early fall at a time when temperaturses were un-
seasonably high (80° to 105° F). Counts were made when seedlings
were 12 and 18 days old, but only the 18 day ecount weas enalyzed sta-
tistically.

Inoculation was attempted by 2 methods: 1) The upper ineh of
soil was removed, after which sceds were plented and the inoculum
applied. The soil which had been removed wes then replaced. 2) The
801l was not removed, but a thin boerd was used to make a 1 inch deep
furrow. Inoculum was applied to the entire soil surface of each flat.

Results. The first attempt wes a failure &8s no infeection oe-
curred with either organism. The inoculation technique (method 2)
wes apparemtly at fault.

In the second trial using method 1, infeetion was excellent at
the "0" plenting; however, R. solanl appeared to vary in its patho-
genieity as the inoeulated checks showed little infection in the 1
and 2 week series, yet was severe in the 4 week plenting.

In the third trial, flustuation in pathogeniecity of R. soleni
was again evident while P. debaryeonum remeined uniformly pathogenie.
Only the date obtained with F. debaryenum in trials 2 and 3 are pre-
sented (Table 7).
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Table 7. Cotton seedling test showing the effect of chemicels mixed
with moist, stesmed soil and tested egainst P. debaryanum after a

lapse of the indicated time.

Surviving seedlings

Trea tment Rate /a lisan of 2

tions lean

time before soil was
inogulated (in weeks)

0 1 2 &
TInosulated
Zineb 1:20,000 5.0 8,5 1.5 8.0 5.8
Thiram - 87.0 78.5 60.5 45.5 87.9
Captan ” 76.5 83.0 81.5 78,5 78,4
Pentachloronitro-
benzene /b » 31.0 30.5 7.0 16.0 21.1
Non-inoeulated
Jo_ghemical == 88,5 87,5 77.0 90.5  85.9
Analysis of variance of table 7.
Souree of Degrses of Sum of lean ¥
variation rr?lu _S8quares square value
Total 39 56,095.9 e
Times 3 646.5 215.5 1.89
Bloscks ¥n. Times 4 1,233.5 e
mt.o II:I. m 1‘ 53,0“.5 —is
Treatments o 51,163.9 12,790,898 112,27%*
Treats. x Times 12 1,875.6 156.3 1.37
Error Within 16 1,822.9 113,93

/8 A1l chemieals ere reported on & commercial rather than an active

ingredient basis.

/b Sinee date on pentschloronitrobenzene was verisble, it was omit-
ted from the amulysis. Replicate 1 averaged 52.2 per cent sur-
viving seedlings while replicate 2 averaged 1.6 per cemt.



Figure 8. Twelve day old seedlings grown in soil
infested with P. debaryanum end treeted with the indicated
chemicals immediately proir to planting. ("Ck ¢ F" repre-
sents check ¢ fungus.) Pentachloronitrobenzene failed to
control the disease in the second replication.
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Test 3. Non-steemed spil wes used in this test and only I.
debaryanun was used to infest the soil. Inoculum wes applied accord-
ing to the first method. Creenhouse temperstures were about 70° F
for the 0, 1, end 2 week planting, but were reised so that the aver-
age wes about 80° F for the 4 week plenting., Otherwise this test
conformed to teat 2.

Besults. Teble 8 liste pertinent date on test 3. Ospten alome
Mpmntmummcumnmmuuwo
Mplﬂt&nsﬂﬂth.ln&pmtiu mzn&plmtingm
captan still in the lead, zineb second, and pentaghloronitrobenzens
end thiram about equal for third place as ranked by total surviving
seedlings. Ceapten aend pentechloronitrobenzene appeered equally effece
tive in insuring seedling m for the 4 week planting when
temperatures were more favorable for gemmination end growth of eotton.

Interpretation of results obtained in this test is difficult.

No ecrbined anelysis was figured since true relationships would not
have been pointed out due to greenhouse conditions not r-linug con~
stent throughout the entire experiment. IFoor emergence of checks
eould probebly be attributed to s deperture from optirmm »-mrin;
econditions for the host in the presemce of seedling diseesse pathogens
which oecurred naburally in the soil.



Teble 8, Cotton seedling disesase test showing the effect of chemi~
sals mixed with non-stesmed soil and tested sguinst [, deberyanum

after indicated time periods.

Surviving seedlinge

Treatment Rate /a 2 Kean
time before soil was
inoeulsted (in weeoks)
0 1 T
Zﬁ 1:20,000 1.0 3.0 21.0 30,8 13.8
Thiram - 0.5 3.0 8.5 27.5 2.9
Captan " 51,5 26.0 4.5 51,5 42.4
- 0.6 5.5 10.0 48,5 168.1
- 0.8 1.0 0.5 0.0 0.5
- 30,0 21,0 27,0 64,0 3545
Analysis of varience of table 8,
Source of “Time in _weeks
%‘_m L] 1 L 4
To
D.¥, 11 1 11 11
8.S. 5,77 1,171 1,177 5,788
Blocks
DoF. 1 1 1 1
8-3. a ‘ 1‘ 0
Treatment
D.¥. 5 & & L)
5.8, 5,716 1,158 1,631 5,146
H.S. 1,145 231 326 1,029
Error
D.F. 5 5 1 5
8-8' w m “ m
.8, 10 3 6 128
¥ velue for treatments 114,377 77,07 54,377 8.07*

/2 Chemicals ere reported on & commercial rether them em active

ingredient besis.



Test 4. This test, using steamed soil, was set up contemporary
with the 0, 1, and 2 week plenting of test 3 when greenhouse tempera-
tures were approximetely 70° ¥. It wes designed to compare the effec~
tiveness of chemicals tested at varying retes., Ninety ml standard
hyphal suspension of I. debaryanum was used to inoculate each flat.
Checks in this case consisted of chemicel retes used for residual
tests 2 and S, ie., 1:20,000. Due to their phytotoxieity in test 1,
eoncentrations of thirem snd eaptan were lowersd. On the other hand,
the concentration of wmmmimm and zineb were increased.
Counts were mede when seedlings were 19 days old.

Results. Table 9 lists stand counts and chemical rates used in
test 4, Captan, even when uscd at relatively low rates, insured seed-
ling protection under the ecnditions of this experiment. Almost no
control was shown for the other chemicals. One exception was zinedb

et 1:3,000 which had 10 serviving seedlings,



Teble 9. Cotton seedling test comparing the effec-
tiveness of four chemicals at varying rates against P.
debaryenum applied to steamed soil at the seed level.

Treatment

Rete /a

Surviving seedlings (%)
(after 19 days)

Thirem

Pentachloro-
nitrobenzene
"

Captan

Check + Fungus

1:20,000
1:25,000
1:30,000
1:40,000

1:20,000
1:15,000
1:10,000
1: 7,000

1:20,000
1:30,000
1:40,000
1:45,000

1:20,000
1:15,000
1: 7,000
1: 3,000

HOooOQ

'SOOD 3383 HOODO

e

/e A1l chemicals are reported on & commercisl rather
then an setive ingredient basis.



Zests in Fots

A switch from flats to pots was considered because of limited
greenhouse space. By making such a change, more replicstes sould be
run; also, soil samples could be measured more accurately. A.u
chemical-seoil mixtures were prepeired sccording o a weight basis.
Each 6 inch pot reseived 1500 g of soil before any fungielde was
added. In every case, chemicals were figured on em active ingredient
basis and were applied at the following rates: Captan 1:60,000;
thirem 1:20,000; =zineb 1:5,000; end pemtachloronitrobenzeme 1:5,000.
Chemicals were added after first mixing them with sand thet passed
through a §40 sieve. Send-fungicide mixtures used as stock contained
1 per cent active fungicide =nd ell subsequent dilutions were mede
from there, .

Agscording to preliminery experiments, each product was used at
a rate whereby, 1) it was not seriocusly phytotoxie; and 2) its
fungitoxie effectiveness had been indicated at least in one or more
tests for the test pathogen. A thorough mixture of soil and fungi-
ecide was obtained by placing each together end reolling them in a
bucket fitted with a tight 1id; seversl large bolts were included to
aid in the mixing process.

Both R. solani and P. deboryanum were used as test organisms,
Caps were removed from plugged preseription bottles in which cultures
were grown, as it had been observed that both fungi grew better; also
R, solani failed to produce se¢lerotia in capped bottles and when used
for inoculum proved nmot to be pathogenie in some csses.

Ten seeds were planted in each pot after first removing the
upper 1 inch of soil. Stend counis were made after 12, 18, end 22



days. Surviving seedlings were examined and a cownt made of plents
free of soreshin,

Test 1. This was an attempt to substanticte the previous tests
on how long the chemicals remained effective in the soil. In order
to minimize variations in the chemical-scil ratiocs, the scil was sir
dried at room tempereture. This wes easily sccomplished by pouring
soil imto & large eontainer and stirring it seversl times each day
with & hos, Usuelly, the scil was dry within 4 to 7 days.

A sufficient guentity of soil was trested with each chemicel so,
thet 3 eomplete series were available. One was designated to be
inoculated with R. solami, one with P, debaryanum, and the other used
es en wninoculated check. All pots were then placed in the green-
house end watered daily. Three and 6 weeks thereafter, idemntiecal
series were prepared &nd placed in the greemhouse. Vhen reedy to be
inoculated, 5 ml of the standard hyphal suspension were used for each
inoculated pot.

At the end of 6 weeks all 3 lots with P. debaryspum were plented
end removed to the refrigerator for 6 days of incubstion. Due to
mechanicel diffieulties, temperatures in the box for the first 24
hours were 54° to 59° P, A fan supplied with & heating unit was then
used to raise the temperature to 63° F after which the R. soleni and
check series were plented. 7There was & similer incident which ceeur-
red in the greenhouse 5 deys after the F. deberyanum series was placed
there; soil temperetures dropped to 59° F for a period of about 6
hours. Otherwise, temperatures in the greemhouse remged around 85°
to 90° F.

At the retes used, all chemicals showed some promise of



eontrolling R. soleni inm inoeculated pots (Teble 10). Pentachloro-
nitrobenzene gave the best control against both pre-emergence and
post-emergence injury. Zineb at 1:5,000 and thiram at 1:20,000 also
showed promise, whereas eapian at 1:60,000 gave as good emergence
but did not control post-emergence injury.

In the P, dedbarysmum series, no chemicals showed marked promise
of contrelling the organisn under conditions prevailing for this test.

Of especial interest i1s the disesse pieture shown by the check
(uninoceulated) series. Treatment differencea were signifiecent at the
1 per cent level (Table 1l). It wes noted that zineb was very effec-
tive in preventing seedling injury to plants sub jected to any organ-
isms which might heve prevailed in this soil. Thirem likewise
eoffered & high degree of protection, but showed some tendency to lose
its residual effectiveness. Captan and pentachloromitrobenzene,
while rendering a great deal more protection than the untrested check,
were still substentially lower in velues than zineb end thirem,
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Teble 10. Cotton seedling diseuse test to determine residual effec-
tiveness emong four fungicides using P. debaryenum and R, solani as
test organisms in non-steamed soil.

“Totel of B replications (%)

- E sole
Treatment Rate . Time ) Emerged Survi Free of le-
in weeks ; sions
(E g_azli ‘,1_8 SE] {88 MI
Zined - 1t 5,000 s 30.0 26,6 16.6
Thi rem 1:20,000 . 40,0 333 16.6
Captan 1:60,000 " 26.6 13.3 0.0
Pentachleoro-
nitrobenzene 1: 5,000 " 23.3 23.3 13,3
Check Joze . 3,3 3.3 0.0
Zineb as above) 3 40,0 26,6 10,0
Thirem " ® 16.6 15.3 6.6
cﬂm " " 40,0 28.6 13,3
Fentachloro-
nitrobenzens - » 53.3 80,0 43.3
- - 8.3 3.3 3.3
% (es ebove) ) 50,0 30.0 ﬁ
Thiram - " 13.3 12,0 0.0
Captan = e 16.8 13,3 10,0
Pentaghloro-
nitrobenzene o) W " 48,6 46,06 36.6
Cheek hod " 6.6 6.6 8.6
F. debaryenum
Zineb (as ebove) 0 23,3 23,3 B3
Thiram " - 10.0 8.6 0.0
Captan " - 6.6 6.6 0.0
Pentachloro-
nitrobenzene " " 3.3 3.3 0.0
Cheek . - 0.0 0.0 0.0
Zineb (a8 above) 3 6.6 3.3 0.0
Thiram » w 0.0 0.0 0.0
Captan » " 6.6 3.3 3e3
Pentachloro-
nitrobenzene " - 10.0 3.3 0.0
Cheeck o " 26,6 26.6 20.0
Zineb (as above) [ 20,0 16.6 0.0
Thiram " » 10.0 10.0 6.6
Captan " - 16.6 16.6 3.3
Pentechloro-
nitrobenzene - - 13,3 16.6 6.6

Cheek . . 0.0 0.0 0.0



Table 10 (continued).

Total of 3 replicetions (%)

Uninoeulated
Treatment Rate Time Honerged Survived Free of le-
(in weeks) ) (lim
(12 deys) (18 days) (22 days)

Zineb 1: 5,000 0 93.3 96.6 96,6
Thi rem 1:20,000 " 93.3 20,0 76.6
Captan 1:60,000 " 46,6 43,3 23,3
Pantagchloro-

nitrobenzene 1: 5,000 “ 56.6 60,0 56.6
Cheok _ None . 53,3 16.6 16,6
Zined {as above) 3 100,0 100,0 96.6
Thiram » " 96.6 3.3 93.3
Captan " J 93,3 83,3 83,3
Fentaghloro~ ;

nitrobenzene - . 80.0 66.6 58.6
Chesk » " 50.5 46,6 30.0
Zineb (l. m’ ] 100,0 100,0 100.0
Thirem " L 83.3 83.3 86.6
Captan "' i 93.3 93.3 0.0
Fentachloro-

nitrobenzene . . 83.3 83%.3 76.6
Check " » 63.3 0.0 56.6

Combined deta showing totels for the R. soleni, F.
debaryenum, end uninoculated series.

Treatment B. solani F. deberyenum Uninoeulated

Zinedb 277 14,4 98.8
Thiram 13.3 5.0 9l.1
Captan 17.7 8.8 7646
FPentachloro-

nitrobenzens 40,0 77 70.0

Sheok f.4 8.8 41.1




Table 10 (eontinved)., OCombined snelysis of both inoeulsted and non=-
inoeulated soils.

Rhizoetonia

Source of

yariation

Treatments 4 cs.m 15,842

Time 2 2,086 1,018 _.245
Treatment x Time 8 10,205 1,276 «307
Error 50 124,574 4,152

Eythiun -
Total 44 90,082 Vig
Treatments 4 2,531 832 .568
Time 2 2,206 1,148 .668
Treatment x Time 8 33,694 4,212 2,457%
Erzor - 51,561 1,718

Oheck (uninoculated

Total 44 207,583

Treatments 4 88,609 22,162 8,800**
Time 2 21,231 10,615 4.217*
Treatment x Time 8 22,215 2,777 1.103
Error 30 75,508 2,517




Test 2. The objeet of this experiment was to see what modifica-
tions in chemical protection would be encountered if test orgenisms
were allowed to become established before fungicides were added. Each
1500 gram lot of soil for this test was weighed while moist, then
inoculated with its respective pathogen by mixing 10 infested sorghm
seeds throughout the soil sample. All pots were them placed in the
greenhouse and watered daily for 20 days., Chemicals were then mixed
with the soil as described in test 1, each pot was planted immediately,
inoubated 6 days at 63° to 66° F end agein returmed to the greemhouse.

Results, Captan at 1:60,000 showed & very marked tendemey toward
ellowing seedlings to become peresitized after emergence. Thiram st
1:20,000 also showed the same tendency with P. deberyanum but not with
R. solani, There was no indication that pemtachloronitrobenzene at
1:5,000 inhibited P, debaryenum; however, its value against R. solani
was ¢leerly evident. Fre-emergence and post-emergence injury caused
by either pathogen was greatly reduced with zineb,



Teble 11, Cotton seedling disease test to determine effectiveness
among four fungicides after R, solani had been allowed to become
established in steamed soil.

Cotton seedlings
Treatment Rate Total of 3 replications (%)
Emerged Survived Free of lesions
{12 days) (18 days) (22 M[
ted
Zineb 1: 5.000 76.6 76.8 80,0
Thiram 1:20,000 20.0 86,6 76.6
Captan | 1:60,000 . 90,0 20,0 . 00
Pentachloronitro-
benzene 1: 5,000 73.3 73.3 70.0
No chemiecal e 20.0 33 0.0
Nou-inoeulated - -
_ Yo chemigal - 80,0 80,0 53,3 /a__

/& One wminoculated pot mtaining 8 plants was obumly contamin-
ated thus leesving no plants free of injury.

Data for seadlings surviving after 18 deys (%).

Treatnsnt Replicates Mean
2 2 3
Depisied
100 80 50 76.6
Thiram 100 80 70 86.6
Captan 0 20 40 20,0
Pentaghloronitro-
benzene 70 70 80 73,3
No chemical 0 4] 10 3.3
Non-inoculated
—No_chemical 70 100 70 80.0

Anelysis of veriance of table 1l.

Souree of Degrees of  Sum of Mesn ¥

ation freedon 8 -]
Total 17 222.0
Replications 2 1.3
Treatments 4 189.3 47,3 16.89**
Error 11 Sl.4 2.8




Teble 12, Cotton seesdling disesse test to determine effectivencas

among four fungieides after the orgunism P. debaryanum had been
allowed to besome established in steamed soil.

Treatment Rate ‘rota]. of 3 replications (%)
Survived Free of lesions
2 ' ML.LILML_L_GM)_
Inoculated |
sineb 1: 5,000 83.8 80.0 60.0
Thirem llﬂ},m 70.0 70.0 26.6
Captan 1:60,000 50.0 38.6 040
Pentachloronitro- ' - .
benzene 1: 5,000 0.0 0.0 0.0
No chemical - 0.0 0.0 0.0
Non-inoculeted
_ Vo chemical == 88.6 86,6 86,8

Data for seedlings surviving after 18 days (%)

o

Replicates
Treatment p 4 2 3 Mean
Zineb 100 60 80 80.0
Thirem 80 40 80 70.0
Captan 50 0 60 36.6
Fentachloronitro-
benzene 0 0 o 0.0
No chemical 0 0 0 0.0
& .
No_ghemica 20 70 83,3

Analysis of variance of table 12,

Replications
Treatments

2
4
Error L 3.1 3.5




DISCUSSION

The foregoing investigation tends to confirm field tests in
which certain fungicides controlled cotton seedling disesses., For
the scke of convenience and comparison, all rates of the chemicals
used in these studies will bde discussed scecording to whet their con-
ecentration would be when figured on an active ingrediemt basis. (the
first 3 tests were not figured in this memmer in the text).

With the exception of one replication of one test in steamed
s0il, pentechloronitrobenzene was not effective agsinst P. debary-
amm up to a rate of 1 part per 5,000 parts of soil. It was consis-
tently effective egainst R. soleni at 1:5,000 and at 1:25,000; how-
ever, data on the test where the lower rate was used was not included
with the other results as the organism did not remein comnsistently
virulent throughout this perticular test. Zineb showed promise
ageinst both R. solsni and P. debaryenum in both steamed and non-
steamed soil only when greenhouse temperatures were relatively high
and conditions were less faverable for a severe test. Thiram, like
zineb, did not eontrol either F. debaryenum or R. solani when condi-
tions were favorable for a severe test. It exhibited marked toxicity
to cotton seedlings above a rate of 1:20,000 as evidenced by delayed
germination and stunting. Capten was consistently effeective in insur-
ing emergence throughout the entire series of tests even at & raie as
low as 1:60,000 and under conditions favoring extreme disease severity.
Emergence wes usually secelerated at leest 24 hours. At the lower
rate, however, captan did not control post-emergence injury.



Fhytotoxicity, as evidenced by marginal leaf scortehing, oeccurred if
the rate of pure eaptan exceeded 1:40,000,

Since only one type of soll was used in these studies, different
results might have been obtained had other types been used. Richard-
son (28) found that thirem persisted for 2 months in sandy soil, but
disappeared from compost soll within one week. According to its
manufacturer, csptan breakdown under lsboratory conditions is & fumo~
tion of pH. Decomposition was relatively rapid above pH 9.5. Ne
comparsble information on zineb or pemtashloronitrobenzene. could be
found by the writer.

The type of soil used in these studies, being seid and sendy,
would probably favor the persistemnce of thiram and eaptan for & consi-
derable period of time; &t least long emough to insure satisfagtory
practical eontrol. A% any rate, all chemicals used (except possibly
thirem) provided protection to seedlings for st least 4 weeks where
seedlings were tested in flats and 6 weeks when tests were made in pots.

There were some discrepancies in the results obtained when flats
were used, but most or all of these can be attributed to differences
in temperatures in the greenhouse. As these tests were conducted over
a considersble time period, differences in length of dsy end light
intensity sl=c appeared to retard the growth of cotton, thus probabdly
eugmenting its suseceptibility to seed rotting end demping-off fungi.
In the test where scil weas dried before using, the microflora may have
been chenged, possibly modifying chemicel decomposition; however,
there ieg little evidence from these studies that the bdelence of miero-
flora wes changed enough to alter the disease pieture.

The nature of eurves plotted from dete representing seedling



emergence as a function of inoculum rates of F. debaryanum suggests
that soil type, and the amount of inceulum are interacting factors
affecting disease severity. A further investigation to detemmine
whether or not this would ocecur in non-steamed soil under natural con-
ditions would be interesting.

Another interesting point would be to conduct a series of tests
varying the inoeulum potential while keeping the amount of sorghum
seed uniform. One could then observe what effeet the medium would
have on disease severity. /mn attempt to determine this relationship
during the winter was not successful as infection was very severs at
all dosage levels., Had conditions been more favorsble to cotton as
in previous tests, differences would probably have been evident.

When seeds were subjeoted to temperatures from 90° to 110° F,

97 to 100 per cent of the seeds germinated; however, if they were
first incubated et & temperature of 63° to 68° F for the first 4 days,
germination dropped o around 85 to 95 per cent. It was further ob-
served that if seeds were incubated for 6 days, then pleced in a
greenhouse held et temperatures renging from 65° to 768° P, a further
reduction in germination down to sround 65 to 70 per cent was not
uncommon., Two possible reasons as to why this occurred are: 1) the
seed may have been internally infected with some orgenism thet wes
detrimental to seed viability at low temperatures but was not as harme
ful et high temperetures, or 2) physiological process oeeuring in the
seed while in the process of germination may have been adversely
effected at lower emd not at higher temperatures. Jacobs (18) sug-
gests that alfalfa seeds should be indexed aceording to their probable
response to conditions unfavorable for germinetion. ZAccording to his



view, the likelihood of & seed rotting is determined primerily by the
condition of the seed itself (eg. immaturity of & seed when it is
harvested and possibly ebnommel fractures in the seed coat).

A fungicide showing toxieity to severazl orgenisms would be most
beneficial es a mumber of different fungi infect cotton seedlings.
The eheck series in the first test in pots of this study seemed to
indicate that zineb gave the best control of the pathogens that ex-
isted in soil as it came from the field. Capten showed the most
marked control of either R. solsni or P. debaryemum in artificially
infeated soil. Perhaps more investigation will show that other path-
ogens are as important es R. soleni end P, deberyenum in this eomplex,
Fossibly a mixture of fungicides will be needed to give effective
control.

It is probsble thet more then one species of Eythium is respon-
gible for reduced stands of cotton in Oklshoma., Further studies are
underway at the present time in an effort to detemmine whether species
other then P, debarysnum asre involved in the problem.



Conaiderction wae given to a method of infesting greenhouse soil
with a cotton seedling pathogen temtatively idemtified as Eythium
deberyenum Hesse. Soil wes setisfactorily infested by either of 2
ways: 1) Stenderdized hyphel suspensions could be applied et the seed
level es seed were planted, or 2) infested sorghum seed could be placed
in the soil so as to allow the fungus to become esteblished before
plenting, Disease severity in steemed seil was found to be affected
by temperature, soil type, and amowmi of inoceulum,

2. debaryanum may reduce siands of cotion by rotiing the seed or
attecking any pert of the young seedling before it emerges from the
soll. The fungus may elso ctuse post-emergence injury, soreshin being
the typical symptom,

Rates of 1:40,000 end 1:60,000 capban, when figured on an aetive
ingredient basis, effectively reduced pre-emergence injury, but fell
short of adequate post-emergence protection. Thiram remasined fairly
uniform in protective value against each organism when used at a rete
of 1:20,000. Zineb and pentachloronitrobenzene were consistently
effeetive only when used at a rate of 1:5,000; with one exception, the
lstter wes effective ouly against R. soleni.

Stunting of young seedlings wes evident when the rate of pure
thiram exceeded 1 part per 20,000 of soil. Leaf burning was expressed
when plants were grown in soil eontaining more than 1:40,000 parts of
pure capten, Zineb and pentachloronitrobenzene exhibited no phyto-
toxicity up to & rate of 1:5,000.
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