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ABSTRACT

This study was conducted to determine the effects of 2, 6-

dinitro-N, N-di-n-propyl-a, a, a-trifluoro-p-toluidine (trifluralin) and -

Rhizoctonia solani on cotton seedlings in the greenhouse.

'Triflutalin was incorporated into the soil at 1/'2,. 1, 2, 4, ,'a.nc‘l
8 1b/A. Two isclates of R. §_o_l_ﬂ were cultured and Vinoc_:ula_ted in
sterilized _sdil. Pentac;hlorvonitrobenzi,n’e (PCNE) i/vas included iﬁ some
treatments td confrol the péthogen. Certainvphases of the expériment
- were _sti.tdied under two or more é.verage tempera.tu‘resv. |

A reduction in fresh weight‘of éotton se_edlings was caused
by low ratéjs of trifluralin. Moderate root inhribi_tiAon and stunting of
‘seedlin'gs were. observed at 1 1b/A. Rates above 1 lb/A severei's}-
retarded plant size and inhibite-d’ ’root‘growth.

R. .s_,ollgn_i reduced seédli'ng e‘m'e'rg’envce,' céused a ﬁiéh percent °
ﬁyboéotyl infection, and resulted in postemergence damping-off. of
cotton séedli.ngs“.'_ . | ‘

PCNB applied at.15, 30, 45, an*d'véo 1b/A b?od_udéd 90 to 1-00%-;.
cbnt'rol of _11 solani and increased seedling emergence'. A significaht’
reduction in seedling weight was caused at all rates of PCNB.

C‘Aor‘nbi'r_l-e_d_applicé.tions of R. solani with 1/2 and 1 lb/A
trifluralin caused no .signific'ant iﬁcrease'cin hypocotyi infection

X
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comﬁared to._l_{_.. Ig__o_l-_gg}_ '}tréétment_s withéﬁt-triflpralin; There was a
significant incréase ih p'ercen.t. infection ém‘oné 'f.oﬁr\.conlcen.tra_tians;.. :"
of R. _s__o_la_aii_, but h'o‘ s'igﬁificant increase in the pathogenicity of the
fungus when trifluraliri was present. | |
| The pathqgehicit_y of R. scﬂﬂ@as 'erihanced when low . .
v'temperaturésl slow_éddevelo‘pmént of cotton see'diiﬁgs.
' Thé severity ‘Qf R. solani under fhese .cghditioﬁs e'rrjl.pha.sizes
';the imporfa_nce of a fungicide at tim.e'of.;plaﬁting insﬁres éo&orﬁ- sﬁtandé.
and maintains the édvantage of p‘replaht ana preemergence applid.atid.r;S-"' :

of herbicides.



INTRODUCTION

The economics of cbtto‘n (Gos sypium._hirsutdm‘\'r_..) farming require

the‘_grdweyr to uj:ili'ée'techn,iques' cc;ntributing to mechahizatioﬁ and reduc-:
' i‘ng, producﬁt'ilori éosts. | The use of SQil—applied 'herbicides at planting, has :
become 'anl acCgpted practice that has c‘ontributed“ fo the-econo@y of cottonv.r
Stand. 'estaluol'ishm'e'nt is a m;jéj_or»problem in cotton producrtion.'
There are mahy limiting factors in 'obtainling_ the sfand; jtlwo of-thes'e
factors are weéd. competitioﬁ and SOil_-borne' diseaseé. |
Cétton culture in the southwestern United States -often,‘requ'ire:s 3
the grov‘v'er to p:lan't a portion 6f his acreage at sub‘-optimum gfoﬁving cl:ohdi'-
tions - -specifically, when _spil tempera'ture's-are‘below the optimum_}eve-l" -
for cotton gefrhination .a_nd "developmvent. While the effects of Vlow s'oi:l' h

temperature and high soil moisture retard cotton seedling developmen;t,

they favor the incidence of Rhizoctonia solani Kuehn, a major seedling "
disease of cotton in the western cdtton-producing regions.
Under fleld conditions crop injury has been observed where

2, 6-dinitro-N, N-di-n-propyl-a, a; d-triflioro-p-toluidine. (frifluralipy™

~was apblied in the presence of a high incidence of Rhizqctonia I-éblahi.
‘The question arises as to the bOSgibility of an interaction between
trifluraliri-d»:re_ated‘ cotton p'la,nf ahd the f‘ungus' pathogeﬁ. _Wo_uld plants
growing1 in 'tfiflu_l:"alin—'it‘reated soil be more _sﬁsceptible to the fuﬁgu.s )

1



as compared to plants gfowing in 'nonétfifluralin. treated soil, under
otherwise similar conditionsjf> |

.T.he pufpose'of_thié stl_idy was to_’ev-aluate a speéifié:céndifiqn
that might alter the perf'orma_hce of triflura-liln;'. B‘efor-'el trifluralin was
wideiy, used in the field it was desirable .ithat the interre‘latiénsr-be‘tWeén:
the herbi-cidé, the disease, aﬁd a fun_gicide be studied with the objec_:—
tive of reducing pOfehtial c;jop-'injprfy. "4Th.e_ ihvestigations-included'

specific studies of cotton seedlings ‘grownrin- soil treated w_ith tri-

'fluralih,:,-R,hiz'octo’ni‘ajsola‘ni, and _'pehtacﬁloféﬁitrbbénzine (PCNB),"

The combined effécts of the respective _tréatmfeﬁ_ts were also studied. - .



REVIEW OF LITERATURE.
Literature on the effects of herbicide_s and diseases of crops
] 'isvlimited. _ The recent introduction of trifluralin restricts ’thé; ‘nﬁmber

of reports on its performance. 'This review will be oriented towards

- the .cotton plént,. trifluralin, Rhizoc,'conia' solahi, and che'mical control
of R. M |

) In the literature review two papers wére foﬁnd on the COmBined '
effects of a herbicide and a disease. Boylé, _.Hauser, and Thompéén_(‘))
studied the effects of sodium 2, 4—dicﬁlor6pﬁenoxyethyl sulfaté (Sésone),

and different levels of R. solani and Sclerotiﬁm rolfsii on the emergence

of.peanuts (Arachis.hy'pogaea L.). They also studied the effects of

organic matter; soil moisture, and temperature on the two diseases. -
They concluded that seedling emergence was more severely

affected when'the organisms wére present with the herbicide than when
the disease complex occ._:urred" alone. It was further stated that germina-
“tion tempefatures were probébly the maj.()r envirohmenta_l factor af,feqtingl
the severity of the pathogeﬁs on peanut seedling emérgerice,

- Bovle and Héuser;ﬁ.l 0) conducted an experimernt to determine
“the .r‘e.lat}onship‘between sésone—induced injury on pegput seedlings
when gfoWn in a soil with a natural infection of 5 solani. The peanufc _
seedlings Were evaluated soon after emergence and 8 to 9 weeks ..

3
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' fqllowing emergence. Their results indicated that plants showing a high
degree of sesone injury are likely to be attacked by root—réttin‘gj organisms.
They concluded that with increasing rates of sesone the percent of diseased

‘roots increased.

Development of the Cotton Seedling

‘The germination of cotton seed is dependent 'upon, moisture. It
is reported (11, 36) that the seed absorbs one-half or more ofvvits weight,
and that this _ébsorption takes place rather slowly dué to the thin waxy
covering of the seed coat.
. Soil temperatures may be a limiting factor in successful cotton
segd germinatic“>r~1; The optimum temperature és determined by Camp and.
- Walker- (12) is 94°F. Thei‘r studies further state that at 60°F germination
was slow and at 57°F it stopped. Temperaturgs above 97°F tended to
inhibit germination. |
Soil salinity (22) and variety (6) were also factors that influenced
the rate of cotton germination. | | -
The cotton seedling develops very rapidly following the
emergence of the brimary root through the micropyle (34). Bails .(5)‘
described the tap 'root as growing without branching for ,the ﬁrst 4 days )
and at seven days. it maﬁf be 5.5 inches long with prolific root hair
~development. During the extension of the primary root, but prior to

emergence Walker (38) indicated’ that the optimum soil temperatures



5 .
were 75° to 85°F. More recently Arndt (2) livndicateci“that a profusion of
primary root growth was observed at 93°f, “Bo_"ch workers essentially
agree that growth of seedlings may be _stopped _af"ranges of 53° to 57°F,

In additional studies, Arndt (2) determined that 93° to 97°:P,
wefe'the optimum temperatures for the develo,p'inent oﬁ the first 100 mrﬁ
of the hypocotyl. Miriimutn tempereturés during this growth- period
were 64°F, while the maxirr;um temperat-ures- tolerated were_ in exeess
' of 100°F.‘;. Ina cornpareble stage of develobment, the opti.murn.t_em_pera-_‘
" ture for primary root develepment v;zas“ 93°F.

Arndt (2) pointed out the ecblogidal rsignifieance Vin fhe_ differ-l
-ential temperature tolerance of the primary root and hypocotﬂ, The
aforementioned optimum temperature for elongetion of the primary root
~was 93°F for the first 3to4 days‘. .This tempe_ratureoptimtim then
shifted downward to 80°F; thtis' the reot conveniently adapts to the
fact that soil temperatures decrease with increasing depth.

As the development of tl;e primery'roo't adapted to cooler
‘temperatu're_s,) the hypocof:yl similarly adapted to warmer temperature. '
~ “Following the firet 4 to 5 days, it made its optimum growth at 97°F.

Following emergence of the cotton plant, | and up to the first -
‘1.4>days of growth, a shift in its temperature optimum was observed (2_),
Ihe Iﬁaximum length of top growth was reported at a constant tempera-
ture of 86°F, whereavs'the- maximum tap reot development occurred at

75°F,



Simultaneously with the emergence of the seedling, latéral
root fbrmation occurred under the conditions described above.

In 5-day-old seedlings, Spieth (34) observed that cém‘piete
differentiation and secondary thi_ckening were in',itiate,éi in the lower
Hypoéotyl region. In the upper limits of the same h’ypoc-ot'yl the
rﬁaturation of the primary tissue was just beginning, and th'ere» seemed
to be little differentiétion of the Vascu_l;ar elemeﬁts at the coty}edonary
node. |

Secondary thickening begins very early in the dévelopﬁjent
of the primary root. As the root increases in size the cortical andr
epidermal cells stretch and ultimately disintegrated but the pericyle
rémains active and produces a multilayer perid,érm that serves asa -
\'protecltive covering for the mature root (18).

Growth of the terminal bud between the cotyledons develops
into the main axis of the plant and the ultimate production of the first

true leaves,

Rhizoctonia solani

. Cotton is one of 230 reported hosts of the fungus, Rhié’éctoﬁia

" solani (37). The importance of this fungus as the causé of disease

-has béen recognized since Atkinson (4) in 1892 isolated a fungus from

cotton, later described as R. solani. This pathogen attacks the cotton
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seedlings causing & préefnergence‘ and postémergence disease. called’
"damp‘ing—pff" aﬁd "soreshin." On emeréed ,seredlilngs, it attac:_-ks the
'subtéfranean part of the hypocotyl, causing deep, reddisﬁ-bfown
lesions, which may or may not coalesce and g;'.rdle, the hypocotyl
(29, 31).7' |
| Various workers\(13, 1_4,‘ 21, 24) héve.,'reporfed that the host
plan‘ts to thisi disease are most suscebtible in the early stages of
se‘e.dling development. Infection occurring after secondary growth
has ibe.en initiated.is usually restrictéd to lesions and seldom causes
the death of the plant. |

In addition to the vulnerability of the youn§ seedliﬁg, the

" parasitism of this fungus is greatly influenced by environmental factors.
The disease is most severe under cool, moist conditions. Undelf these
,cbnditibns ipreemergence: and early po:slt'erﬁergencefz d'ampiing-off 1s -
most severe. Soreshin, (lesions that normaily do not result in the death
Vo‘f the »plént) is manifested at higher soil temperatures.

| Richards (32) in,dicéife‘d that the optim’ﬁfn. temperature for thé
maximum severity of infec'tibgiri of cotton by R. solani i‘s 70° to 74°F. |

He also found that the optinium range for ihféétién' by -another isolate

- attacking pea (Pisum sativum) to be 64° to 68°F. Conclusions from
thé work of LeClerg (28) indicated that the actual optimum temperature
for the growth of many isolates of R. solani will depend upon its origin,

its inherent pathogenicity, and the host.



It is evident from the above investigations (2, 12) that the
optimum temperature range fer the grthh of cotten is outs_i'de the
temperature range.for severe pathogehic ect'ion of the fungus, end
reletively high temperature would permit cotton te grow rapidly,
practieally uninjurjedA(24, 27). Orre can raise the question ef whether
‘ the dominant irrfluence of tempe,ratu,re was»threugh the pethegen, the
hoet, or both? Richards (32) reported that the temperature requirement -
for the pathogen on its various host is a fixed inheritable characteristic
of the fuhgus, and is .m'ore or less independent of terrtperature relations |

ot’ the host en which it becomes parasitic. Leach (27) lstates that the
’severity of ;preem,ergence‘: damping-off appeared to be closely retgited
to the growth rate of the host and to the growth rate of the pathoge.rl.-,.
ThlS concept explains why crops litce, cotton are more subject to pre-
emergeﬁce and *postemgrg‘en'ce_ damping-off at low_than at high temperaﬁ E
“tures. | |

fhe guestion of soil temperature becomes :more complex Whert
Ac.v‘onside_rir}g the high degree of variability between the numerous isdlatee
A (21, 24, 2.9) studied in a given area. Variability among the numerous
A.strains tsélated ‘f_rom dtseased_cetton seedlinés was ‘e__valuated by
Maier and Staffeldt (29). Some 245 isolates were collected and
studied for variable characteristics, VT“e_n types of growth patterns
were found amorrcj the i_'_solates studted. ; They further evaluated

pathogenicity of members of the 10 groups and determined this to



. range from a high degree to norne..’ Their studies_'ihdicated 10 strq_iné
"or, races could'be distinguished based on pathogeni’city and growth
characteristics. Various workérs (20, 29) generally rate and group
the strairis into 3 categories (slightlf, moderate, . and highly virui_ent-i_
based on their pathogenicity. |
When tl"xe virulence variationsf_ of the stréins were examined
under temperature variables, ceftain strains expressed a greater-deéree
of pgthogenicity over a bfoader temperature rangev_-than others .(3),,
- Infection of seedlings'by this pathogen is. §lso dependent
on soil pH.(8), the optimum range k?e_ing 6.5 to 8. Extremely acid
or av'lkaline pH levels inhibit most isolates. |
The soil organic content is réported’ by Sanford (35) to affect
- the rate of growth of the fungus. His studies indicated that 3 solani
produced more infection in a sandy soil, with a low organic matter
than did the samei treatments on a clay loam with .highe_riorganic matter.
O»therAfactorsl o_fteﬁ reported influencing R. vg_gla_-g_l_i_ are carbon

dioxide concentrations, light, and soil fertility, but these conditions

“are highly variable (8).

Infection of the Seedling

Histological studies (13, 25) revealed that within 48 hours
of the initial contact with the cotton hypocotyl by the fungus, the

.infected portion completely disintegrated. Actual penetration by the
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fungus was prediquséd by the formation of an infection cushion.’ Th'e_
infection cushions Were initiated when th‘e‘hyph‘ae— ca-mé .'in contact wifh
the hypocotyl. Khadgé, Sinclair, and Exner (25) described the infec"fion
cushion as an aggregation'qf the h_yphae, or a isingle .h‘y'phae'giuving- rise
to several braﬁches which in turn forml;a tuft of sh_ort s’;ubby branc-:hes".i
Regardless of the method 6f formation, the infection-'cushion is pictured
as a dome—shaped-structﬁre. - o | ) g S

Followihg the formation of infeétion cu'si'lions; the swollen
hyphae tips produce infection pegs whiqh penetrate the cuticle .and
epidermal cell walls. ‘The infection cushion appears to act as a
fulcrum against Which a force is exerted duriﬁg p‘enetration.' |

The lack of apparent discolorat'io‘n‘» or death of c.egllé priof té '
and just after benetration (13, 25)7 sugg-e‘st that i_nfection was broughtr :
about by the meéhanical’ pressure of the'infe:c.:ti_cA)‘n peg on ’rc'he.l'llﬂjds;t o
éﬂrfac_e and thaf no enzyme action is involved,‘ Upon eht_ry the |
mycelium grows aind' develops ihteréellularly"in ep’ide’rmél and’.
cortical tissue, branc-hiné in all direétions, ‘:Often tfée,tissue'in
advancei of invad_ing' hyphae showed granuiatibn ‘(.25) e;nd Al,oosenin‘g ‘
of the rri_iddle_lamélla in the cortical region‘éttributable to enzymes
(13, 25) produced affer infection. Bateman (7) has Showﬁ that the
fungus produqed pectolytic and cellulolytic enzyrrres. |

Other.: féctors that ar{e repérted (25) to increase hypoco}:yl

infection of cotton by R. solani are glandular hairs, lysigenous oil
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cells, and mechanical wounds. Invasion through stomata was not

considered to be important with this fungus.

Chemical Control of Rhizoctonia solani

Recent investigétions (29, 33) have been -under-téken on fhe
control of cotton seedling diseéses with fungicides,,- Major e-mphaéis
has been placed on chemical control because of the Wide host rarigé
of R. solani and because the cropping patterns of the major cott;or_l—,
pfo’ducing regio_ns, limit the use of cultural practices in controlling
this pathogen.

'P'ungicidal applications have been directed toward an inhibiting
action on the ’b‘athogen providing.a disease-free environmen.t for the
younévcottonf seedling. It is beii_eved (20) that most fungicides used
today act directly on the fungus cell. Consequently, the fungicide,
or its fumes, musi come in direc;ft contact with the cells they affect,
and in most ’instances enter these cells, PCNB appliéd to the s’roil
is a vapor—phasé fungistat which dpes not prevent spores. from germinéting ,
but stops hypﬁae growth.

.The widesprea'd distribui:ioh of this fungus and the e.conofnids
involved have limited control measures to a band o'rb"‘in‘f’—’che-'seec'i—furrovv»"-I
treatment. Earlier attempts (29) to treat the seed or app;l,yi:thwe.-fungii:ide

in the planter box have provided poor to mediocre control in the field..



Comparing application methods, Maier and Staffeldt (29) found iﬁ-the-
seed-furrow treatments superior to planter-box appiicationé. | They.
found in—the—geed—furrow, low-volume svp_fa_y's- sﬁpe;ior to in%the‘—.ﬁ;s.eed--
furrow dusts. |
There are many fungicides. béing te.s.‘_ced in the .Uni‘ted- States.
In tests of new fungicides PCNB is often‘used as a stghdard or in
combination with the newér cvompqu.nds:.-: The uée éf P'CNB'a‘é an
effective fungicide has been demonstrate.d: b.y‘ a-.r'l,u%lb.er of expéfiments
(29, | 33). PCNB alone or in combination (Zé) resulted iﬁ significant
increaé_es in cotton stands and rhigher yields whgh COIﬁpar.'ed to ;che

untreated control.

Trifluralin on Cotton

Trifluralin has been registered for used in cotton asa s‘oil-. ";
‘applied_ herbicide. It has been tested in all major cotton-broducing
regions of the United .States., Its rjecommended'uée is a{ soil-incorpo-
rated application. The incorporation t‘echhiqueAs'used are extremely
yaried, Certain investigators (17) aré.currently e,v-.alt‘lating the cofn-
pound as a laybyfreatment, but for. fhe purpose of this revié&v ‘only ,
preplant and pre-emergence applicat‘ions.will be considered.

In describing the mode of action of a selective herbiCide

one can only generalize, due to the limitations of specific knowledge.

12
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Plants absorb most soil-applied 'her'bicidés tﬁréugh the roots,', although
certain compounds are absorbed by the growing point. - Tr:".fluralin is
believed to be absorbed only through:the roots of plants.

The sele‘ctivity of soil -applied herbicideé is 'based pfimarily
on the physiological diffgréﬁces in fhe crop's 'énd 'wéed,‘s ability to -
tolera;té or me‘taboli_ze .tf;e chefnica’l. This ié esﬁeéially true when
the HI;rbicide is ‘mixed throughout a giveﬁ*"dépth of 3011 in.whicﬁ .th‘le'
crop and weed seeds:are germlnatlng " Many ;)Af 't_he‘:_.gpr_e'se_nt_ pré— '
emergence herbicides are effective only o'n:_germinating seeds Qr‘
ybung seedlings. |

Another methbd, in obtaining selectii?ity is through application-
practices and the chemical-physical propertiesAéf the herbicide. ﬁnder
_specific conditions, a herbicide may be placed abo(zé or beside crop
seed allowing the crop roots to develpp in é herbicide —.ffee zbne.

It is believed that the former methqd is _rriqre impértant with
trifluralin. Ph‘ysi.ological tolerance by. a s_pecﬁfi’c crop, such as cotton, -
to a given herbicide is extremely ir“nportént, as thié means of .,ée'iéctivit»y
,a.llows for a greater safety margin under ‘Varying appllicat.ivon ﬁéthods,:i
environmentél conditions, and soil structufe.

'i‘rifluralin applied to the éoil and. incorporated‘by rotovating
resulted in aﬁ eight;fold increase in activity compared with surface
applica‘tions (30). Soil incorporation can increase the .effectiveness

of this 'compound, subsequently reducing the rate applied to the crop.
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Soil texfure (19) also influences the aétivifc’y .cl‘)f trifluraiin.
In certain instances ;1"1/2 lb/A rate in a -sandy loam s‘oil was as ef‘fecv-"-‘
tive és 1 1b/A on a silt loam. soil, |
The exact soilnchemistry-functions involvéd -.in fhi_s phenomenon
are‘n_op_ clearly defined, but theA-adE'orpti'on propv_-ertie_s Qf 'the clay colloid
ére known to have 'a strong attractant force (26), whichjprésﬁmabl? has
an effect on the trifluralin molec{iie,." If the ad'sorption capacity ¢f-a |
given clay colloid is great, there is a lesser amount of the che:r'nical-_ . |
immediately available for root absorption. The adsorptiv_'e capacity
'and thus exchange capacity is c_losely as.séciated with thé inérganic-
-and orgahic colloids of the soii, (3?). Catibnié adéorption .(395 appear$
~ to have little influence on the availébility of thé éompoun& to vgefmina_ting :
seeds. Adsorption by anion exchange rebsins-_(?:_‘)‘)i tend to »retair‘i:the' _corri- '
pound against solution on soilé of higher clay—ofganic' éz:oAri’cent due to a . |
temporary "fixation" of the herbicide. |
‘In 1961, Hicks and Fletchall (19) reported tfifluralin s'electiiv'elyvv’
controlled annual weeds in cotton. ‘These,workers reported tha’; 2 to 8   i
‘1b/A as a pre—em_ergencé application gavé exceilent weed control-ancil -
did not affect cotton. |
Early field reports from western cotton w'orklers_ (16) in‘dicat‘ed
that trifluralin showed considerable promise as a selective herbicide

in irrigated cotton.
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Arleanci Hamilton (1) reperted preplant epp,licatviorj of 1 lb/A ,
- of trifluralin did not affect the emergence of the cotton seedl;ngs; Ten
da,vyvs ,alfter: erﬁergen'ce the see‘diings of 'Acotton .treated with trifluralin |
‘ *'were' stunted. Trifluralin provided early ahd iate. season weed contfol‘,f
bUt was. more eff'ecti-ﬁre in controliih_g gAras-s.es' than vbroadleaved weeds.
_Reseafchers in Arkansas.and'l_\/[is-sis'sippi (15) evaluated the

effects of soil texture, rates, andfapplicat'ion methods of trifluralin

‘on cotton. Preplant, incorporated treatments were superior in their = R

' eonSistency of 'pérformance end gave loﬁger duration of weed c_ontrol;'
_ Stuntirig of cotton was reported with 1.5 and 3 1b/A of friflufalin.—_ |
| ?replant applicatiovn‘s with 1 lb_/A. of trifluralin. in Ari_zer'l'a.
' .>(16) during 1962 signifieantly increas.ed‘c‘ottori yieldsb. The herbicide
-'wa'e disked in and the area .furro.wed-out_fo: the pr'eplant_irrigation,'.
Seeciling retardation Wes observed but after 'si:x‘weeke differerides_'iv: SN
between treated and un’;reated plants were no longer' evident. |

| .In additional reeearch'b‘y. the above_workers. (1?) preialant
treatments were applied i.n‘ March -o:Af 1963' and the 'ce_tton‘. wa,sﬁ. s.e_e'de:d
into meiet soil with a dry mulch. The;i jillo/A',treaftments caused a .’
temporary sti.lnting of the cotton seé,dlincje for 4 to 5 weeks.- IfheS'e
Worke;s indicated that tfifluralin Aincre:ased th_e,,.susceptibi’lity of
. coiton. seedllings to Athe Rhizoctonia dis‘ease., Seedling stands fr-orﬁ
rexperiment‘were, feduced 15 to _25 ﬁerceﬁt ]ey Rhizoct,o‘nia-whe’re

trifluralin was used as a preplant application.
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METHODS AND: MATERIALS

Thesé experiments were _cdnduéted in the greenhouse at Tucson,
Arizona. ' The study was initiated October 1963 and completed in j‘-uly
1964. Thé work was divided into several phases to study](l) the effects
of vary,iﬁé rates of ﬁerbicide on éo_tton séedling.s,, (2) R. solani _don;iénf »'
txﬁa»tions on cofton seedlings, (3) PCN.B rates on germination of cotton,

(4) the effect of tr@flural_in and R. solani on cotton Séealings, and‘(S) tﬁe -
effect of .tri.fluralin, 5 fg_c_)_l_a_zg_i, ‘AAand’ PCNB on cotton ‘seedlvin_cjs; _

A séndyAléam soil wés colle,c:’vted froﬁ thé 0 to 6 inch l'evél of
.the'I.:Iniversity of Arizc_)_na‘s Casa Grande Higﬁway Farm. Analysis of the
'soil showed it to pé “.12;%. icl‘ay, 35% silt, 53% sand, and 1.2%vorganicv
mat‘ter,,--. .'FI‘he’ séil was 'si{fted fhrouigh,a 1/4-inch sﬁféén and then éufo-.

5 cléVea at 249°F at 15 psi for 10 hours. -

Ti’xe cottonuvar-i,e‘_ty, Acala 44-16, .was- uéed throughou;c the éxperi—
ment. - The cotton plants were grown in»'plasti'c tréys ".7" X" x 2;1./ ,"”
TWenty-five seeds weré planted per tray, in three rows, at a depth of' |
one inch. o

Trifluralin and PCNB were applied with a bsingle'nozzlve sprayer.

A 65_01_ nozzle tip was uséd-and the solﬁtion'applied at 30 psi. | The
inoculum was 'app'lied with éirﬁilar apparatus but due to the nature 'of
the material an 8003 nozzle tip was u‘se}d.‘ 'The soil contenfcs of each

16
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tray (2600 ml) was épiré_ad over a‘ﬁ 18" % 26" area and s;->ra'yeql with the -
respective treatments. Following the spray a‘pplicafion, the soil wa-s_ '
mi;%evd -for 20 seconds, which incorporated the treatment throughout the
soil,. | | | |

All trays were placéd.in_shallow pans for the duré.ti;)n of each
study and. sub-irrigated for germination. Subseqﬁent irrigationé were |
applied 1n a similar manner to méinfain adequate soil moisture iev-els,

Plants were harve.sted 1 0 br'mdre days-after 50 percent of t'he’
seedlings ha.d'emergéd:; -Emergéd seedlings were cou'nte'd each day, '
and the number of dying plahts were recorded.. .'Dam'piﬁg—éiff of seed- "
lingvs was calculated as the perc;ent of those plant.s.thafrdied prior to -
| harveét based on the maximﬁm germination. |

At »the éonclusion of the grc')w';h period, the plaﬁts_wére :

remox}ed from‘ the soil by washing the soil flrox;r‘l-thé roots. The plaﬁt-s:' '
Were dried between blotters and freshvwéigh't immediately recorded. |

"The seedlings were rated for Rhiz:octonia'solani.infectibn as clean,

.sligfht, moderate, -severe, and dead.
Stati’stical analyses were conducted on certaih s_pecific_

data and are presented in tabulér form under the respective experiment.
Soil and air temperatures were recorded -throughout the experi;_

ment.
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R., solani Culture and Inoculation '

Two is»ola‘teé1 of Rhizoctonia solani were used in the experiment.
The strains were originally isolated from infectee cotton colleeted; in-
cemmercial fields in Arizoha. The organism wa’s‘_” transferred from pure
eulture slants and i_ﬁcreased on .pot'ato dextro_se‘ agar (12-15 ml/petri
| plate).»' The fungus was grown at 72° to 7v3°lf‘ until sclerotia'lwere
evident, a 7- to 10-day period. |

The fungus grbwth and egar were remoyed from 6 petri p;.iates"
and mixed with 150 ml of sterile distiiied water in a Waring blender for
15 seconds.’ This mycelium-sclerotia;agaf mixture represented the
stock solution. | Alml sub-_sam'ple.wes taken for mycelium fragmentl
and sclerotia eountsi The counts Were used'te maintain 'unifofrﬁ applf;
cation bc_>f inoculﬁm between teets.

Four concentrations of R. solani were established. Each
concentration can be expressed as (1) ml of stock selution per 1000
ml of water, and (2) fragment-scleroiia counts per 1000 ml of spfa’yed
emulsioﬁ.- N concentration represented the maximum level, 35 ml of
the stock solution eer 1000 ml of water, or 70, 000-105, 000 fragment-
eclerotia counts/1000 ml of water. N/4 levels was 17,'5007-26, 250

fragment-;sclerotia counts/1000 ml water. N/16 level was 4,370-6, 560

, 1_Isolates I and II were provided by Dr. Alice Boyle, Department
of Plant Patholo_gy, University of Arizona.
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Figure 1. --Five classes of hypocotyl infection used to evaluate
the pathogenicity of R. solani. (C) clean, (SI) slight, (M) moderate,
(S) severe, and (D) dead.
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Figure 2. --Mycelium and sclerotia of 10-day-old R. solani
culture prior to soil inoculation with the mycelium-agar-sclerotia
mixture.

20
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fragmént-s-clerdtia coupts/lOOO ml 'wafer. N/64 level W‘as'.l, 090-1, 650 |
- fragment-sclerotia couhts./ 1000 ml water. |
Oné_huﬁdfe’d ml o%. é. givven éoncentréiié;n of incculum mixturé'

was applied to 2600 ml of soil.

'\ Trifluralin Treatments

A study on the effects of six rates of trifluralin was established

in a latin square design.  Treatments weére at the following rates: 0, 1/2, 3 .

1, 2,‘ 4, anél 8 1b/A of_;r.ifluralin. The rates were calcﬁlated on the basis
of tr_eated | surface area.-

~ The herbicide used contained 4 ‘llb/gal of trifluralin formﬁ,la_ted
‘as an en‘iul’éifiable concentrate. |
| ' Evaluation was r;nade o'n'the pef‘cent and rate of emergehce,'
fresh weight of plants, fépgrpx&th, ‘and roots. | |
" The experimeﬁt \.N,_a_s’repeate_gi 'tWicé bat mean soil te_mp_eratu‘rés _

of 73° and 84°F.

‘ ; PCNBA T_reatments

- The PCNB réte of study involved six treatments arra.mge'd‘ in
a latin square. Sterilized soil was inoculated with; the fungus a«t'th'e
N conc*g‘ntration.' ‘The fungicide was abpli_ed‘a't 0, 15, 3‘({)‘,-;45, and
60 lb/A, All rates Wéreiéql_dﬁlét‘ed bn the b_a'_sis'o;_f treated surfac'e

area.
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The formulation of PCNB cbntained'Z lb/gal as an emuléifiéble
concentrate. | | |
| Plant evalu.ations"were.zma'de on p,ercent- emergencé, hypocotyl
infection, and fresh plant weight‘ ‘ |
The experiment was repeated twicé af mean soil.temperatur‘es "

of 80° and 83°F.

Trifluralin, R. solani and PCNB

A qomple‘f.elly randomized biocik design wifh 12 f;eatments ‘avnd.: C
4 replications Wa‘"s uséd in this study. -
The N« concentration rate of fungus inoculum waé used.
Trifluralin was appiied at 1/2 and 1 1b/A and PCNB at 40 1b/A.
Data collected from these experiments were percent e‘mer'g”énvc‘e',,. : |
hypocotyl iﬁfection, and fresh plant weights‘. | |
Two experiments were conducted at mean soil te‘fnperatures of-

73° and 82°F.

Trifluralin and Concentrations of R. solani

A ¢ompletely randomized block e‘xperi'm,e_rvlft involving 15 treat-.
ments and 4 replications was used in this study. R. solani was'applied
at N, N/4, N/16, and N/64 levels. Trifluralin was applied at 1/2 and

1 1b/A.



Plants respons_es were obtained on percent emergence,
hypocotyl infection, percent damping-bff, and fresh plant weight.
- Three experiments.were conducted at mean soil temperatures

~of 74°, 80° and 85°F.
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'RESULTS AND DISCUSSION

Trifluralin _oﬁ Cotton-'S'eedlings :

Percent emergénce at. thré.e dates §ftef plénting and frésh
weight of the entiré plant, tops, and roots of cpttoﬁ seedlings tfea{ted-
with trifluralin are sumr'nafizéd :i;n tab_les 1:‘ andz Thedatapresented
represent the results frém two exbérimeht;, .teng Ism rates ofltriflurali'r:l -
a_t a mean temperatﬁre of 73°F. and tést iI' six fates;_ a_‘t_>84v°P. ‘

- In test I there Wés no significant differ-ence‘ betWeén the top,
root, or plant weights froﬁq the 1/2 lb/A tre_afm;eﬁts_ and the'se-'Weigh_ts .
friom th»e untreated checks. Top. réot, a;ldill)l‘aﬁt ‘weig:hfs‘ fr‘om,:the
| 1 '1b/A treatments were signifiéa'ntl_y less thén ffom the 1/2 lB/A ‘
treatment. There was no éignificant differ..'éndél m z"'Q:‘ojts.,‘ ;tbp_é, or : |
| p.lant weights between the 2, 4, and 8 lb_/A _f’a'té"s_..i _ With the exception
of the 1 Ib/A rate on roots, the weights from‘iz_',‘ 4, and ;8"lb/A‘fafes ,
were all significan»tly‘less than the weights -frgm_‘rof,f 1/2 alfid 1 1b/A-
Arate. | . |
| In tes£ II the top; root, and p‘laﬁf- .W_eights ffom..the’ 1/2 .
- 1b/A treatment were sig'nificantly less than _theée wéighfs from ..
the untreated check.’ Weig.ht' of plants, tops, and roots"created
with 1 1b/A of trifluralin were signifiéantly reduced from those ofA .

the 1/2 1b/A rate and the control.
24
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TABLE 1. --Percent:emergence, fresh weights of tops, roots, and entire
plant of cotton geedlings grown at a mean soil temperature of 73°F
following soil applications of trifluralin (testI).

e

Percent emergence Average weight (grams) of

' ;‘{ea tmeflt plants at harvest
Crrifluralin 6 : . :
Ib/A - 12 1 21 : :

: days days days .Tops* . Roots* Plants*
0 16 48 67 1.51 a 1 0.65 a 2.16 a

1/2 13 49 65 1.56 a 0.66a  2.22a
1 17 42 63 1.06 b - 0.40 b 1.46 b
2 15 37 55  0.73 ‘¢ 0.32 bc 1.05 ¢ -
4 11 36 54  0.62 ¢ 0.29 ¢ 0.91 ¢

8 9 41 53  0.60 ¢ 0.29 ¢ 0.89 c

*Values with the same subscript letter are not significantly
different.



TABLE 2. --Percent emergence, fresh weights of tops, roots, -and entire.

- plant of cotton seedlings grown at a mean soil temperature of 84°F

following soil applications of trifluralin (test II). .

26

Percent emergence

Average weight (grams) of

g;i?jf;?g: . ; T plants at harvest

1b/A days déys days | Tops* L | Ro_ot'saf< -P.lant??"‘_
0 67 81 84 ,1;505 1.09 a 2.69 a

1/2 57 83 85  1.27 b  0.66 b 1.93 b
] 59 85 87 1.00 & 0.37 1.37 e
2 61 79 81 0.70 d 0.36 . 1.06
4 51 80 82 0.67 d 0.29 0.96
8 42 71 75 0.68 d 0 1,00

.32

*Values with the same subscript letter are not significantly

“different.
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The 1 lb/A raterf trifluralin reduced growth: of cotton seedlings
harvested 21 days after plahtingo The reduced weight of the cotton
seedlings is in agreement with Hamilton and Arle (;, 17), who- reported
that 1 lb/A treatments in the ,.field caused a temporary stunting for 4 to. |
5 weeks. Guse and Schwer (15) repdrted a slight stunting caused by
1 and 1.5 1b/A triflurélin, Nb_ significant yield reduction was reported
(15, 17) from the 1 1b/A éppliéation of trifluralin'iﬁdicating the terr.xpor.ar_y-
effects of stunting' in cotton séé.dlings., |

Emergence data in test I sho.wbed no difference due to trifluralin-
 treatments although the 2, 4, and 8 lb/A treatments averaged 16 pé'rcent
less than the untreated check. |

The percent emergenée for all treatments was considérably
lhigher in test II than in test I. The soil temperatures in. test II wefe
- more conducive for cot‘ton germinatioh, a.pproachiAn.g the Optimuin-rahge
described by Walker (38).

Visual examination of the harvested plant robts revealed the
reduction of secondary roots by the 1, 2, 4, and 8 lb/A >t‘r_eatme.nt:s.‘f~}>
The exact relationship of reot inhibition to the duration of seedling

. 1
stunting was not established. It appears from work now:.in progress

.1Luc Vannoorbeeck, I\/VI'., S. thesis, University of Arizona,
1964, ‘



Figure 3. --Root inhibition on 15-day-old cotton seedlings

following soil application of trifluralin.
(D) 4, (F) 8 Ib/A.

® 0, & 12, B 1, (O 2,
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that‘ trifluralin only- inhibits root develppm‘ent in the treated zone and
once roots extend througﬁ the treated zone normal secondary root

- dévelopmeht begins. |

. Another symptom of roots .grown_ in trifluralin-treated soil

- was extreme brittleness.

Various workers (13, 25) have commented on the maturation

of the hypocotyl and.its susceptibility to R. solani. It is possible.
that abnormal root development may affect the suceptibility of the

cotton plant to this disease.

PCNB on Cotton Seedlings

Seedling emergence at three dates after planting, hypocotyl
infection and fresh plant weight following soil applications of PCNB

" and R. solani are summarized in tables 3 and 4.

‘Seedling emergence data from two tests indicated no signi-

ficant difference betWeen the six treatments. This is in'agreément
with simiiar experiments cohducted by several workers (29, 33).

The data on hypocotyl infection on plants grown in soil
inoéulated with the qungus indicated a greater percent infection in
test IV (six rates of PCNB at 83°F) than in test III (six rates of PCNB
at 80°F). The results from test IIl denote the complete control of

the' pathogen by PCNB at all rates, whereas complete control of the

a9
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TABLE 3. --Percent emergence, hypocotyl infection, and fresh weights
of cotton seedlings grown at a mean soil temperature of 80°F following
soil applications pf PCNB and R. solani (test III}. '

Treatments Percent emergence Hypocotyl Avérage
infection weight of plant -
PCNB R. solani 6 9 ' 14 at harvest - at harvest
1b/A level days days. days (percent) (grams)*
0 0 66 71 73 0 2.26 a
0 N 65 69 73 52 _ 2.21 a
15 N 67 78 78 0 2.03 b
30 N 63 75 76 0 2.00 b
45 N 61 69 77 0 1.95 b
60 N 69 72 79 0 1.91 b

*Values with the same subscript letter are not significantly
different. :

TABLE 4. --Percent emergence, hypocotyl infection, and fre'sh weights
of cotton seedlings grown at a mean soil temperature of 83°F following
soil applications of PCNB and R. solani (test IV).

- Treatments Percent.emergence Hypocotyl Average
: infeetion  weight of plant
PCNB R. solani 8 10 14 at harvest at harvest
1b/A level days days ‘days (percent) (grams)*
0 0 55 61 71 0 3.88 a
0 N 71 73 74 89 3.48 Db
15 N 55 69 74 11 . 3¢4O b
30 N 61 71 81 11 - 3.26 b
45 N 49 62 71 10 3.26 b
60 N 48 59 67 10 3.26 b.

*Values with the same subscript letter are not significantly
different.
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Figure 4. --Left trays: 15-day-old cotton seedlings exhibiting
severe damping-off symptoms from R. solani and 1/2 Ib/A trifluralin,
without PCNB. Right trays: complete control of R. solani when PCNB
added to the treatment.
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fungus in test IV I_wés not obfgined'with any of theﬁfcreatmeﬁts. However, _
PCNB treatments reduced the percent infection aB’c?T)uﬁ 90 percelfit,

The'p'lant w‘ei'ght data obtaineg trom: the tw<_5 tesjt'swe.re Asimilaxhr.

In test III there was no significant difference in plant weight between

the untreated plants aﬁd plants inbculéted 'W‘i:th 'RhiZQCtonials,dlani,
whereas in test v .these, planf weights wﬁer_e sigﬁificantly_différent. A
possible explanatibn is the difference in plercern't 'i‘nfecf.ion caused ‘by
tﬁeée treatmenfs in the two tests. |

A significant difference in plant wé_ighfs befween -éll rates of
PCNB and the unt-réated check was: obéervéd in bq'th tests.v '

The reduced plént weight caused by tﬁé PCNB :t'fe_aifhentsv
was probably unimportant if:one considered tAh:e' sex}eritgrtéf ;ch'e bathoge_n;
It'appe,ared that 't.he reduction in seedling w'eight.}w‘as oﬁly tempo,rary. N
l\/Iany field investigafions (295 have shown s.ignif,iAcaht‘IYilelc_i‘ increésels
when R. solani was controlled With PCNB.

Trifluralin, R. solani, and PCNB
on Cotton Seedlings |

Cotton ‘seédiings were evaluated for percent emergenée at
three dates 'éfter planting, hypocot_;;} irifection,. énd'fresh weighf : |
following soil applications of triflu_falin, R. solani, énd PCNB.

Two tests.;..wer.e conducted to study the above treatments,

test V at mean soil temperature. of 73°F and test VI at 82°F. These -
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dafa collected from test V are summarized.in table .5 and data from test
VI ére preéenfed in table 6. |

Percent emergence was sig'riifidéntiy reduced in te1’st V. with
the R. solani treatments which did not incAzlude'_.arPCNB’ :applicatiqn.

At ‘;hé conclusion of this experilmentv-it‘ wasconflrmedby féiédlatiél;i"'
procedures that the non-emerged s_eedlincjs were infecte:d with E -
solani. .Optimu.m temperatu_r_e for thé pqth'o'g‘;:k_.ap:__('3,i '38_), adv_e‘rsxe
temperature fér cotton emergeﬁce (2, 12) and the ‘_lag.:k of B_ .§_<_>_l_§_,r_1_i_ |
»control accounted for the high degree o_f preerﬁergénce- damping-off."
These results are in agreement with Leach _'(2'7), who indicated thaf
other factors being constant, the relétiv'_e Qro'x./vth‘ ratés of thé host and
the pathogen will often determine thb.e ééverfty of preemergence_.inf.ec—

| tion at different temperatures.

There was no significant différencé'bé‘tweeln .comparable.
treatments in test VI, which was grown at temperatures enhénéing
cotton seedling developme_nt. _ | |

Hypocotyl infection resulis from'the two testé Were the- same. -
All seedlings grown in R. solani treatments Withovui: PCNB were infectéd,
The .incidence of postemergence damping.-off Was 'much'éreater i~nv .
test V,.' in test V, 98 percent of those seedlings included in the
infected category were damped-off at harvest, as compared'to,‘BO.

percent in test VI.
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TABLE 5. --Percent emergence, hypocotyl infection, and fresh plant
weights of cotton seedlings grown at a mean soil temperature of 73°F
following soil applications of trifluralin, R. solani and PCNB (test V).

'.'V*:%"'-I'mr'ear’eme.nts Percent emérgence Average |
. Hypocotyl , -
‘ ) . . weight of
Tri- R. ; . infection plant at
. .= . PCNB 13 21 24 at harvest
tluralin - solani 1b/A da da days* (percent) harvestr
1b/A level cays. ys cays® P (grams)
o 0 0 38 68 73 a 0 2.22 a .
0 0 40 34 53. 66a 0 1.98 a
0o N 0 34 42 45 b 100 0.95 b
0 N 40 45 61 69 a 0 1.80 a
1/2 0 0 30 63 Tla 0 2.30a
1/2 0 40 32 53 69 a 0 - 1.80a
1/2 N 0 21 32 33 b 100 0.32 b
1/2 N 40 57 74 84a 0  1.88a
1, 0 0 31 48 67 a 0 2,10 a
1 0 40 47 69 73 a 0 1.75 a
1 N 0 25 45 47 b 100 0.85 b
1 N 40 62 79 . 80a 0 1.72a

_ *Values with the same subscript letter are hot si‘gnificaritly
- different.



TABLE 6. -~-Percent emergence, hypocotyl infection, and fresh plant
weights of cotton seedlings grown at a mean soil temperature of 82°F

35

.following soil applications of trifluralin, R. solani, and PCNB (test VI).

Treatments Percent emergence Average
s Hypocotyl )
. , weight of
Tri- R. ' infection plant at
. — ., PCNB. 7 11 15 at harvest - o
fluralin - solani 1b/A days days days* (percent) harvest*
1b/A level Y 'y cey pe (grams)
0 0 0 64 73 86 a. 0. 1.70 a
0 0 40 65 76 84 a 0 1.58 a
0 N 0 74 82 83 a 100 1,50 a
0 N 40 73 88 88 a 0 1.43 a
1/2 0 0 73 79 82 a 0 1.65 a
1/2 0 40 67 74 83 a 0 1.58 a
1/2 N 0o 61 72 Tza 100 1.45 a
1/2 N 40 75 82 86a 0- 1.48 a
1 o o 73 83 88a 0 1.58 a
1 0 40 74 82 87 a 0 1.48 a
1 N 0 72 77 80a 100 1.63 a
N 40 73 88 89 a 0 1.53 a

different.

*Values with the same subscript letter are not significantly



Figure 5. --Hypocotyl symptoms of R. solani and 1 Ib/A
trifluralin without PCNB (9); with PCNB (12).

Figure 6. - -Hypocotyl symptoms of R. solani and 1/2 Ib/A
trifluralin without PCNB (8); with PCNB (11).
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In test VAt_here_ was a significant difference in pla-nt weight |
bé'tw_éen those'treatments where B,., EQL@E& was applied without PC.N‘B
as compared to R. .g:_glé_g_;i treatments with PCNB. 'fhe observed stunting
and severity of infection of the seedlings grown in these treatments
w"ars' reflected’ in the reduced plant weights. Similar treatments in
test VI did not show a significant difference in plant weight. .
| The plant weights from the r‘eméiniﬁg treatments in the two
te‘éts are in agreem.e‘ht; There was a difference in average plant weigh’;
- between the' tWo tests. Differences between thevtw,o growth periods
were .a5sum.ed to be 'the major féctor for differences in plant weight.
There were no significant differences in hypocotyl infection
or plant weights in the trifluralin treatments, when _li ‘solani was '
| conf.c‘:rovlle-dn In test V thére were significant differences in plant N
w‘eigﬁts when 5 _s__g;ggg was not contrélled, but they occured‘irreépec—
tivé of trifluralin treatment.

Trifluralin and Four Concentrations of
Rhizoctonia solani on Cotton Seedlings

Data was obtained from three experiments on percent emergence -
- at three ciates after planting, hypocotyl inf'ection, and fresh weight of
cotton seedlings grown in "so'il treated with four levels of R, solani and

tworates of trifluralin. Data from tests (VII, VIII, and IX) are spmmarizéd
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“in tables 7, 8, 9, and 10. bamping—off percentages were calqullated-
from test VII and are presented in figures 8, 9, and 10.

Results from test VII indicated a significant reduction in
emergence 18 days after planting wii:h the N and N/4 5 solani concen-
trations when no trifluralin was applied. This trend was no't_significant
wﬁen tfifluraiin was present. | | |

I'n teets VIII and IX there were no significaht differences in
the percent emergence data. The higher emergence obtained in these =
tests were attri‘butedb to the increased mean temperature (2, 12) as
comparéd to that of test VII,.-

There was a general tendency in the three tests for increasing
seedling emergence with decreasing concentrations of R. solani regard;
less of herbicide treatment.

The hypocotyl infection data showed a direct.relationship
between R. solani concentration and the degree of infection. There
were reductions in percent infection with deereasing levels of R.
solani. The hypocotYl‘infection data indicated no interaction
between rates of trifluralin and concentration of R. solani.

The damping-off data (figures 8, 9, and 10) indicated an
increased damping-~off with incr»ea‘sed R. _s_@__&r& concentrations. The
maximum incidence of damping-off was obtained at the N level of

R. solani regardless of trifluralin treatment. At the N/4 level the
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TABL:E: 7. ~-Percent emergence, hypocotyl infection, and fresh weights
of cotton seedlings grown at a mean goil temperature of 74°F following
soil applications of trifluralin and 5 solani (test VII).

Treatments - _ Percent e;ﬁergence Hypocotyl _ Avérag.e
— st infection weight of plant
Trifluralin R. solani 9 14 - 18 at harvest*  at harvest*
1b/A level days days days* (percent) ~ (grams)
0 N 23 29 29 d 100a  0.95 def
0 N/4 25 39 42 cd 97ab . 1.03 def
0 N/16 39 59 70abc  88abcd  1.68 bo |
0 N/b4 s 75 78 a Y d 2.38a
0 o 51 63 173 ab 0 - 2.65al
1/2 N 46 51 58abc  100a 0.78 e
1/2 N/4 46 60 6labc 100a 0.65 £
1/2 1\}/16 34 56 64 abc | 89 abcd 1.00 cdef
- 1/2 N/64 60 67 71 abc 86 abcd | 1.35 cde
1/2 0 41 58 68 abe 0 e z;.:z;a ab
1 N 38 43 46 bed 100 a 0,63 f
1 | N/4 26 40 47 bcd 100a 0.88 ef
1 N/16 54 10 77a 93 abo 1.13  cdef
1 N/64 47 59 65 abc 83 cd 1.33 cde

1 0 15 34 58abo 0 e 1.53 cd

*Values with the same subscript letter are not significantly
different.



TABLE 8. --Percent emergence, hypocotyl infection and fresh weights
of cotton seedlings grown at a mean soil temperature of 80°F following
soil applications of trifluralin and R. solani (test VIII).

Treatments Percent emergence Hypocotyl Average
..infection  weight of plant
Trifluralin R. solani 5 10 17 at harvest¥® at harvest*
1b/A level days days days® ({percent) (grams)
o N 22 | 69 72 a 64 b 2,25 b
0 - N/4 27 75 82 a 50 ¢ ~2.50 a
0 N/16 26 76 79 a 24  ef 2.70a
0 N/64 28' 74 79:a 15 -f . 2.60 a
0 0 22 65 82a 6 g 2.58a
1/2 N 23 73 ‘74 al 66 ab 1,80 ¢
1/2 N/4 28 82 85 a 32 de ©-1.48 » d
1/2 N/16 5 12 83a 21 ef 1.75 ©
1/2 N/64 44 88 93 a 10 £ 1.90 c
1/2 0 22 16 85a 0 g 193 ¢
1 N 29 77  82a 71a 1.38 - d
1 N/4 27 17 84a 2 o 1535 4
1 N/16 25 83 89a 19 Cef  1.43 4
1 - N/64 39 | 80 88a 6 g 1.48  d
1 0 18 68 73‘a 0 g : 1,43 d

*Values with the same subscript letter are not significantly
different. ‘ ’
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TABLE 9. --Percent emergence, hypocotyl 'infection, and fresh weights
of cotton seedlmgs grown at a mean soil temperature of 85°F following
soil applications of trifluralin and R. solam (test IX).

Average

Treatments Percent emergence Hypocotyl
infection weight of plant
Trifluralin R. solani 6 9 16 at harvest*  at harvest* -
1b/A [ level days days days* (percent) (grams)
0 N 71 72 76a 30 a 3.45a |
0 N/4 62 66 69 a 19 b 3.33 a
0 N/16 70 18 78a 5 d  3.35a
0 N/64 68 70 71 a 1 d 3;38 a
0 0 72 74 78' a | 0 d 1.73 e
1/2 N 81 84 88 a 14 b 2(.,13 c
1/2 N/4 69 7;2' 72 a 8 «cd 2,25 bca
1/2 N/16 65 68 71la 6 cd  2.28 bed
1/2 N/64 74 79 80a 0 d 2.35 bo
1/2 0 72 77 18 a 0o d .2.50 b
1 N 78 é]. . 81 a 17 b 1.73 e:
1 N/4 75 19 80a 4 d 1.78 e,
1 N/;l.é 80 81 82 a 1 d 1.78 - e
1 N/64 70 82 82 a 0 d .1.73 e:
1 0 12 17 79 a 0 d. 1.93 de

#*Values with the same subscript lettef are not significantly
different.



TABLE 10. -~Hypocotyl infection of cotton seedlings grown at three
temperatures in soil treated with R. solani and trifluralin.

Treatments Percent infection*
Trifluralin R sol_ani» Mean temperature of experiment

1b/A, . level 74°F 80°F 85°F
0 N 100 & 64 b 30 a

0 N/4 97 ab 50 ¢ 19 b

0 N/16 88 abcd 24 ef 5 d
0 N/64 80 d 15 f 1 d
0 0 0 e 6 0 d
1/2 N 100 a 66 ab 14 b
1/2 N/4 100 a 32 de 8 cd
1/2 N/16 89 abcd 21 ,'ef 6 c;d,
1/2 ‘N/64 89 abcd 10 f 0 | d
1/2 0 0 e 0 - o d
1 ‘N 100 a | 71 a 17 b

1 N/4 _1700 a 42 ¢ 4 " d
1 N/16 93 abe 19 ef i 4
1 N/64 83 cd 6 0o d
1 0 ip e 0 o d

- *Values with‘ the same s
different, ’

:ubsc_ri_pt letter are not significantly

42
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Figure 7. --Soreshin symptoms on cotton seedlings following
soil applications of five concentrations of R. solani and 1/2 Ib/A
trifluralin. (6) 0 level, (9) N level, (10) N/4 level, (11) N/I6 level,
(12) N/64 level.
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Figure 11. --Fifteen-day-old cotton seedlings following soil
applications of trifluralin and R. solani resulting in severe damping-off
when the disease was not controlled. Left tray: R. solani. Right,
tray: 1/2 Ib/A trifluralin and R. solani.
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: damping»—off results were the same at the 0 and 1/2 1b/A trifluralinl
rates, -whereas the 1 1b/A treatment was about 20 percent les_s, The
peréent damping-off for the N/16 and N/64 levels were in clos‘ev agree-
ment irrespective of herbicide treatment. |

The fresh weight data from these tests were in relative agree~
ment with tes.ts V and VL There was a significant difference in pl_ant
weight between the untreated checks and herbicideltreatme'nit‘s.-

The plant weights from the four _11 m conceﬁtrations_ of
test: VII indicated increased plant wéight with decreasing fungus
concentrations. This same irend existed when'the R. solani levels
"are present.with the herbicide treatments.

_In test IX, the fungus treatments with 0, 1/2., and 1 1b/A
trifluralin‘ indicated no significant difference between the indivi'du,a,l.
levels of inoculum. This may have been due to the low,deg}ree of
infection in this test.

The emergence and development of a cotton seedling is a
corr‘l'plex proce,s:s influenced by many factors (6, 12, 22). The presence
of seedling diseases, h,erbicides, and fungicides adds_td the. complexit?
of this process. In the study of the effects of R. solani, triflurdlin,
and PCNB on cotton seedlings, each of these factors should bé
cdnside;ed under specific conditions and subsequently exarnine‘d'nin

combined treatments.
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Cotton is a warm season crof), with temperature being a major
factor limiting its geographical distribution (11, 12). Temperature is
also directly related to the pathogenicity of R. solani and its specific '
host relations (3, 21, 23, 35).

In fhese stu_dies, trifluralin reduced tlhe Weight of cotton
seedlings., As the rates were increased from 1/2 to 8 lb/A, severe
reductions in secondary root development and plant size were evident.
Trifluralin also caused extreme brittleness of the primary and secondary
roots.

It has been established that temperature greatly influ_ence the

o
pathogenicity of R. solani at ranges of 60° to 77°F. This tem,pAera'ture
Arange compares quites closely to thé soil temper’atu.res' of early-plantéd
cotton. Since optimum germinating temperatures are in the 80° to 97°F
range, it is feasible to assume fhat the temperature range during early'v ‘
plént.ings would enhance the disease and restrict the devel,opmenf of _
the cotton seedling. The increéséd pathogenicity of R. solani was
evident by the reduction in seedling emergence and th"é increased
severity of damping-off when cotton seedlings were grown at average N
:temperatures of 73° and 74°F. It was also 'foursld that the dégree of

infection was not significantly altered by the t:ifluralin treatment,

when compared at these two temperatures.
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‘It‘ has beén.indicated that there are many other factors involved
that may affect the pathogeniéi-ty of R. §_g_l_§_._1_1__i or influence the suscepi-
ibility Of, the cotton seedling to this disease. The restricted root |
development of cotton seedlings grown in trifluralin-treated soil fnay
be one of these factors. Boyle and Hauser (10) concluded from their
work that herbicide injury to the roots of peanuts increased R. solani
imfec_:‘t‘ion‘g

Although it is quite evidént that trifluralin influenced root B |
development, there was no evidence in these studies to indicate that
the cotton plants were more suscéptible to any of the concentrations
of B_ s_g}_g_g_i_ following soil a-pplications of the herbicide, |

There are two plossibil.it_ies that might éxplain the lack of
agreement between these tests. Boyle and Hauser {10) in'dicatéd a
necrotic injury of the roots from sesone applications. Roots examined
from the trifluralin treatments showed secondary root inhibition, but
no apparent tissue .injury from the hérbicide, It is report.ed_'(l.3', 2’5)
that 'hypédotyl and root epidermal Wou‘hc_ls will enhance the inva"sﬁioh,
by R. solarni.

It 1s als;) suggestea'-that sesone (a phenoxy compound) may
have stimulated secondary or adventious root development in the

peanuts, whereas trifluralin inhibited secondary root development.
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' Afndt (3) states that "any environmental con"d_ition that delays
the formation of a gomplete periderm greatly. predisposes. thé seedling
to .infection by fungi." Since the periderm cannot form a complete
protective cylinder, for some time, after the cortex ié ruptured by -
secondary roots, there is the possibility of this lower hypocotyl
region being more suscéptible to R. solani infection.

The limits of this study can hardly afternpt to acéount for any
anatomicaldifferences inthe hypocotyl‘region of the cotton plant when
grown in trifluralin-treated _goi.l, The possibility of fhe above assﬁmp-
tion can only be astertained by fhorough;microscopic and histological
evaluation.

When R. solani, PCNB, and tfrifluralin were studied, tempera-
ture was the primary factor in the reduétion of 'seedling emergénce when
R. §.9.1£‘£i_ was not controlled, Thes'é‘results were in agr_eemént With
Boyle _e_EEl: (9) work with peanut:s. The increased seedling emergence
un@er sub-optimum growing conditions, indicated the effectiveness of
PCNIB to control the pathogen under these convdilti‘on>s,

Althoﬁgh a _sighificant réduction in seeélling plaﬁt weight was
measured from all PCNB treatments, it is felt that this is of little
imﬁprtanoe; The sevelrity ofﬁa_ . m greatly excee‘ds the temporary

stunting of the cotton seedling by PCNBe



The lack of reports by various workers on PCNB injury to
cotton seedlings ﬁlight question the reduced seedlir;g weight and
stunting obtained in th.is: study. One possibility in the differences
arises from the methode of treatment. Most workers apply the fungi-
cid'e to the seed line and that zone of soil immediately above the seed.
Since PCNB does not move in the soil solution, it would appear that
~the roots would not be growing in soil treated in the above manﬁer.
However, the treatment method used in this test (fungicide mixed
throughout the soil) forced cotton roots to grow in the treated zZone.

The relative importance of R. solani concentrations can be
influenced by soil temperature. Working with four levels of inoeu‘ium’_
at 73°F resulted in severe R. gpiq_r}i_.infection at all levels.u Howe'v‘er,,
these same concentrations did not cause a similar degr.ee of 'infectien
on co;cton seedlihgs grown at.temperatures of 86° to 84°F. Thué lo-V\f-'
levels of 5 solani are not indiceti-ve of the potential hazards, sin_ce
optimum pathogen temperatures will accentuate the severity e,f this
disease.

The'cor‘n’pletion of this study has raised several euestions;

“among them 1is: the pathogenicity range of mixed-isolate cultures ef
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several pathogens as compared to a single pathogen. This is especially

important Wheh one considers that seedling diseases &re caused by

séveral soil fungi. Another area that relates to this is the effects



of I;on-sterilized soil with a natural infection as compared to s"terili{zed
soil with inoculated pathogens. |

The possibility of these being additional experimehtal varia-
‘tions, suggest that further studies with herbicide-disease relations
should include cémplexed pathogen populations in both gtériiized
soil and naturally infected soils.

The use of trifluralin as a sovil—incvorporated herbicidve would
tend to restric'.t"rthe' compound in the upper soil sﬁrface., Normal planting
procedures would place the seed in the treated zone, Germinatid,n and
root d_evelopment under normal conditions would extend abox}e and below
“this zone _.in the early days of seedling growth. Subsequently, the
effects of trifluralin on the cotton seedling in the field should be les'sr
than on those grown in confined containers in thA’e greenhouse where thé
roots were restricted to the trifluralin-treated soil, If sgb—op‘_cimal_so_il
temperatures prevailed in the field restricting the roots to the trifluralin-
treated zone, it appears that results wou‘ld be similar to those o.bta:ined
in the greenhouse.

When conditions were adverse to cotton plant growth or -
fa{zored the pathogen the presence of R. golani might result in loss
of stand if not controlled.

The control of R. solani is essential to insure cotton stand

establishment under adverse conditions. Regardless of where these



conditions exist, fungicide treatment should be used where seedling
diseases are anticipated to insure maximum benefits from preemergence

herbicides.



SUMMARY

"This study was undertaken to determine the.effects" of a
herbicide and a soil’éborne-fungus on cotton seedlings under greenho;l\se
conditions.

This inv‘estigation was conducted fo étudy s_eﬁeral phases
of activity with the herbicide, pafchqgen, ‘and fungicide_ involved.
Experiments were designe_d to study the pathogenicity'of 5.. s_g_la_n_i
on cotton seedlings under varied environmental conditions. éotton
seedlings were grownf\:i'n sdil treated with 0 'to 8 1b/A of trifluralin:" )
Data Wer:e\ collected to de'termi{le' th_e effects of rthie herbicide on Vplatht»'
growth. The ef_feétiveness of PéNB on the pathogen and its effects on
cotton seedlings Wefe studied in seveifal, e‘xperirﬁents. | |

The herbicide, pathogen, and fungicideé were studied in
combined‘_vtfeatments and at: temperefi'ture,,averagé‘s of 23° .a_nd 82°F.

The relative effects of‘ four concentrations of 5 solani
were .stud:ied in-combination.with threé rates of i:rifluralih on cotton
seedlings ét temperature means of 74°,' §0° and 85°F. |

The results of fhese studies may be summafizecli' as fol],bwéz

1. Frésh we'i.ght. of cotton seedlings vgr_.ow‘n inﬁs‘.oil treated

With 1}2 to 8 1b/A rates of trifluralin wefé significantly
reduced frdm those of the clhec]g,
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Trifluralin caused more inhibition of roots than of top»
growth. | |
PCNB was effective in qontrolling R. solani at rates
of 15 to 60 ib/A. There was a significant re@uctiqp

in weight of cotton seedlings at all.fates tested.

There was no significant interaction in percent emgrgence

or hypbcotyL infection of cotton seedlings, when R. g;g_l_a_g_xi
was inoculated in soil treated with O, 1/2, and 1 ll?,/A
trifluralin, |

The additibn_l qf_ PCNB to R. solani _and trifluralin—'treated
soil si.gnific§r§..tly incr,é'ased cotton emergence and fresh
weight and s;ghificantly decreased hgpocétyl‘ infection
at 73°F.

Hypocotyl inf;g_c_:tion on cotton- grown in soil-treated with
R. ?.9!.22.1 and -tr:_iflura:lin did not,irf,dicate an er;hancement
of the pathoggh_iéity of thé _fungus. by‘thé hérbiciaé.

The influ_enée. of t.e;rhperatﬁre on tﬁe patjhpgenic:@ty of -

R. solani was evident when compared in tests conducted

at 73° aﬁd 85°F. A sig'nificantly higheir hypocd‘tyl infec- -

tion on cotton seedlings was obtdinéd in the tests con-

ducted at the lower temperature range.
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