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ABSTRACT

This study w as conducted to determine the e ffec ts  of 2, 6- 

dinitro-N , N -d i-n -p ro p y l-a , a, a - trif luoro - p -to lu id ine (trif luralin) and 

Rhizoctonia so lan i on cotton seed lings in the greenhouse.

Trifluralin w as incorporated into the so il a t  1 /2 , 1, 2, 4, and 

8 Ib/A. Two iso la te s  of R. so lan i were cultured and inoculated in 

ste rilized  so il. Pentachloronitrobenzine (PCNB) w as included in some 

treatm ents to control the pathogen. C erta in  phases of the experiment 

were studied under two or more average tem peratures.

A reduction in fresh  w eight of cotton seed lings was caused  

by low ra te s  of triflu ralin . M oderate root inhibition and stunting of 

seed lings were observed a t  1 Ib/A. Rates above 1 Ib/A severely 

retarded plant s ize  and inhibited  root growth.

R. so lan i reduced seddling em ergence, caused  a high percen t 

hypocotyl infection, and resu lted  in postem ergence dam ping-off of 

cotton seed lings.

PCNB applied  a t 15, 30, 45, arid 60 Ib/A produced 90 to 100% 

control of R. so lani and increased  seed ling  em ergence. A sign ifican t 

reduction in seed ling  w eight was caused  a t a ll ra tes  of PCNB.

Combined app lica tions of R. so lan i with 1/2 and 1 Ib/A 

triflu ralin  caused  no sign ifican t increase ' in hypocotyl infection

x



compared to R. so lan i treatm ents w ithout triflu ralin . There was a 

sign ifican t increase  in percent infection  among four .concentrations . : 

of R. so lan i, but no significant increase  in the pathogenicity  of the 

fungus when triflu ralin  w as presen t.

The pathogenicity  of R. so lan i was enhanced when low 

tem peratures slowed development of cotton seed lings.

The severity  of R. so lani under th ese  conditions em phasizes, 

the importance of a fungicide a t time of planting in su res cotton stands : 

and m aintains the advantage of preplant and preem ergence app lica tions ' 

of herb ic ides.



INTRODUCTION

The econom ics of cotton (Gossypium hirsutum L .) farming require 

the grower to u tilize  techniques contributing to m echanization and reduc­

ing production c o s ts . The use  of so il-ap p lied  herb ic ides a t  planting. hSs 

become an accep ted  practice  tha t has contributed to the economy of cotton.

Stand estab lishm ent is  a mdjor problem in cotton production.

There are  many lim iting factors in obtaining the stand; two of these  

factors are weed com petition and Soil-borne d ise a se s .

dbfton culture in the southw estern  United S tates often, requires ... 

the grower to plant a portion of h is acreage a t sub-optimum growing cohd i- 

tions - - specificalTy, when so il tem peratures are below the optimum level 

for cotton germ ination and developm ent. W hile the e ffec ts  of low so il 

tem perature and high so il moisture! retard  cotton seedling  development, 

they favor the incidence 6f Rhizoctonia so lah i Kuehn, a major seedlirig 

d ise a se  of cotton in the w estern  cotton-producing reg ions.

Unde# field  conditions crop injury has been observed where 

2, 6 -d in itrorN , ,N-di-n-propyl^a# ^ rtrifluo ro rR -to lu id ihe  >(frifluraliftH  

was applied  in the presence of a high incidence of Rhizoctonia so lan i.

The question  arises! as to the p o ssib ility  of an in terac tion  betw een 

trifluraliri^ treated  cotton plant ahd the fungus pathogen. Would p lan ts 

growing in triflu ra lin -trea ted  soil be more su scep tib le  to the fungus
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a s  compared to p lan ts growing in non-triflu ralin  trea ted  soil, under 

otherw ise sim ilar conditions ?

The purpose of th is  study was to evaluate  a specific  condition 

tha t might a lte r  the performance of triflu ralin . Before triflu ralin  was 

w idely used  in the field  it  was desirab le  th a t the in te rre la tions betw een 

the herbicide, the d ise ase , and a fungicide be studied w ith the o b jec ­

tive of reducing potential crop injury. The investiga tions included 

specific  stud ies of cotton seed lings grown in so il trea ted  with t r i ­

fluralin, R h i^ o c to n ^ so W n , and pentachlorbhitrobenzine (PCNB),

The combined effec ts  of the respec tive  treatm ents were a lso  studied.



REVIEW OF LITERATURE

Literature on the effects of herb ic ides and d ise a se s  of crops

is  lim ited. The recen t introduction of trifluraliri re s tr ic ts  the number
■ ■ ■ ,  .

of reports on i ts  performance. This review  w ill be oriented towards 

the cotton plant, trifluralin , Rhizoctonia so lan i, and chem ical control 

of R. so lah i.

. In the lite ra tu re  review two papers were found on the combined 

effects of a herbicide and a d ise a se . Boyle, Hauser, and Thompson.(9) 

studied the effects of sodium 2, 4-dichlorophenoxyethyl su lfa te  (sesone), 

and different lev e ls  of R. solani and Sclerotium ro lfsii on the emergence 

of peanuts (Arachis hypogaea L. ). They a lso  studied the effects of 

organic matter; so il m oisture, and tem perature on.the two d ise a s e s . .

They concluded that seedling  emergence w as more severely 

affected  when the organism s were p resen t with the herbicide than when 

the d ise ase  complex occurred a lo n e . It was further s ta ted  tha t germ ina­

tio n  tem peratures were probably the major environm ental factor affecting 

the severity  of the pathogens on peanut seedling em ergence.

Boyle and H au se r '{.10) conducted an experim ent to determine 

the re la tionsh ip  betw een sesone-induced  injury on peaput seedlings 

when grown in a so il with a natural infection  of R. so la n i. The peanut 

seed lings were evaluated  soon after emergence and 8 to 9 weeks :.

3



irvA'v. , /

4

following em ergence, th e ir  re su lts  indicated  that p lants showing a high 

degree of sesone injury are likely  to be a ttacked  by root-ro tting  organism s . 

They concluded th a t with increasing  ra te s  of sesone the percent of d iseased  

. roots increased .

Development of the Cotton Seedling

The germ ination of cotton seed  is  dependent upon m oisture. It 

is  reported (11, 36) th a t the  seed absorbs one-ha lf or more of its  weight, 

and tha t th is absorption takes p lace rather slowly due to the thin waxy 

covering of the seed. coat.

. Soil tem peratures may be a lim iting factor in successfu l cotton 

seed germ ination. The optimum tem perature as determ ined by Camp and 

W alker (12) is  940F. Their stud ies further s ta te  tha t a t 60°F germ ination 

w as slow and a t 57 °F it stopped. Temperatures above 97 “F tended to 

inhib it germ ination.

Soil salinity. (22) and varie ty  (6) were a lso  factors that influenced 

the rate  of cotton germ ination.

The cotton seedling develops very rapidly following the 

emergence of the primary root through .the micropyle (34), Balls (5) 

described  the tap root a s  growing w ithout branching for the firs t 4 days, 

and a t seven days it may be 5 .5  inches long with prolific root hair 

developm ent. During the extension  of the primary root, but prior to 

em ergence W alker (38) indicated  th a t the optimum so il tem peratures
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were 75° to 85°F. More recently  Arndt (2) ind icated  th a t a profusion of 

primary root growth was observed a t 93°F, Both workers e ssen tia lly  

agree tha t growth of seedlings may be stopped a t ranges .of .53° to 57°F, 

In additional stud ies, Arndt (2) determined tha t 93° to 97°F 

were the optimum tem peratures for the development of the firs t 100 mm 

of the hypocotyh Minimum tem peratures during th is  growth period 

were 64°F, while the maximum tem peratures to lerated  were in ex cess  

of 100°F«: In a comparable stage of development, the optimum tem pera- 

. ture for primary root development w as 93°F.

Arndt (2) pointed out the eco log ical sign ificance in the d iffer­

en tia l tem perature to lerance of the primary root and hypocotyl. The 

aforem entioned optimum tem perature for elongation of the primary root 

was 93°F for the f irs t  3 to 4 days. This tem perature optimum then 

sh ifted  downward to 80°F; thus the root conveniently  adapts to the

fac t th a t so il tem peratures d ecrease  w ith increasing  depth.
*

As the development of the primary root adapted to cooler 

tem peratures, the hypocotyl sim ilarly adapted to warmer tem perature. 

Following the firs t 4 to 5 days, it  made i ts  optimum growth a t 97 °F.

Following emergence of the cotton plant, and up to the firs t 

14 days of growth, a sh ift in its  tem perature optimum w as observed (2). 

The maximum length of top growth w as reported a t a constan t tem pera­

ture of 86°F, w hereas the maximum tap root developm ent occurred at 

7 5 °F.



Sim ultanequsly with the emergence of the seedling, la te ra l 

root formation occurred under the conditions described  above.

In 5 -day -o ld  seed lings, Spieth (34) observed th a t complete 

d ifferentiation  and secondary thickening were in itia ted  in the lower 

hypocotyl region. In the upper lim its of the same hypocotyl the 

m aturation of the primary tis su e  w as ju s t beginning, and there seemed 

to be litt le  d ifferentiation  of the v a scu la r elem ents a t the cotyledonary 

node.

Secondary th ickening begins very e^rly in the development 

of the primary root. As the root in c reases  in size  the co rtica l and 

epiderm al c e lls  stre tch  and ultim ately  d isin tegrated  but the pericyle 

rem ains ac tive  and produces a m ultilayer periderm th a t serves as a 

pro tective covering for the mature root (18).

Growth of the term inal bud betw een the cotyledons develops 

into the main ax is of the p lan t and the ultim ate production of the f irs t 

true leav es .

Rhizoctonia so lani

.. Cotton is  one Of 230 reported hosts of the fungus, RhlzOctonla 

so lan i (37). The im portance of th is  fungus as the cau se  of d isease  

has been recognized since Atkinson (4). in  1892 iso la ted  a fungus from 

cotton, la te r described  as R. so la n i. This pathogen a ttack s  the cotton



seed lings causing  a preem ergence and postem ergence d ise ase  c a l le d ''’ 

"dam ping-off" and "soresh in . " On emerged seed lings, it a ttack s  the 

subterranean part of the hypocotyl, causing  deep, reddish-brow n 

les io n s , which may or may not co a lesce  and girdle the hypocotyl 

(29, 31).

Various workers. (13, 14, 21, 24) have.reported tha t the host 

plartts to th is  d ise a se  are most su scep tib le  in the early  stages of 

seedling  developm ent. Infection occurring after secondary growth 

has been in itia ted  is  usually  res tric ted  to lesions and seldom causes 

the death of the pl^nt.

. In addition to the vulnerability  of the young seedling, the 

parasitism  of th is  fungus is  greatly  influenced by environm ental facto rs. 

The d ise a se  is  most severe under cool, m oist conditions. Under these  

. conditions ipreem ergence' and early  postem ergence dam ping-off is  

most severe. Soreshin, (lesions tha t normally do not re su lt in the death 

of the plant) is  m anifested a t higher so il tem peratures.

Richards (32) indicated  th a t the optimum tem perature for the 

maximum severity  of infectibh  of Cotton by R. solani is  70° to 74°F.

He a lso  found tha t the optimum range for infection" by another iso la te  

a ttack ing  pea (Pisum sativum) to be 64° to 68°F. C onclusions from 

the work of LeClerg (28) indicated  tha t the ac tual optimum tem perature 

for the growth of many iso la te s  of R. so lan i w ill depend upon its  origin, 

i ts  inherent pathogenicity , and the host.
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It is evident from the above investigations (2, 12) tha t the 

optimum tem perature range for the growth of cottqn is  ou tside  the 

tem perature range for severe pathogenic action  of the fungus, and 

re la tive ly  high tem perature would permit cotton to grow rapidly, 

p rac tically  uninjured (24, 27). One can  ra ise  the  question  of whether 

the dominant influence of tem perature vyas through the pathogen, the 

host, or bo th? Richards (32) reported tha t the tem perature requirem ent 

for the pathogen on its  various host is  a fixed inheritab le  ch arac te ris tic  

of thq fungus, and is  more or le s s  independent of tem perature re la tions 

of the host on which it becomes p a ra s itic . Leach (27) s ta te s  that the 

severity  of ipreemergence'. dam ping-off appeared to be c lo se ly  re la ted  

to the growth ra te  of the host and to the growth rate  of the pathogen, - 

This concept explains why crops like, cotton are more sub ject to p re ­

emergence and postem ergence - dam ping-off a t low than  a t high tem pera­

tu res .

The question  of soil tem perature becomes more complex wheri 

considering the high degree of va riab ility  betw een the numerous iso la te s  

(21, 24, 29) studied in a given area . V ariability among the numerous 

stra in s iso la ted  from d iseased .co tto n  seed lings w as evaluated  by 

M aier and Staffeldt (29). Some 245 iso la te s  were co llec ted  and 

studied for variab le  c h a rac te ris tic s . Ten types of growth patterns 

were found among the. iso la te s  studied . They further evaluated  

pathogenicity  of members of the 10 groups and determ ined th is  to



9

, range from a high degree to none. Their stud ies ind icated  10 stra in s 

or races could be d istingu ished  based  on pathogenicity  and growth 

c h a rac te ris tic s . Various workers (2 0, 29) generally  ra te  and group 

the stra in s into 3 categories (slightly , moderate, and highly virulent) 

based  on their pathogenicity .

When the virulence varia tions.o f the stra in s were examined 

under tem perature variab les, certa in  stra in s expressed  a greater degree 

of pathogenicity  over a broader tem perature range than  others (3).

Infection of seed lings by th is  pathogen is. el so dependent 

on so il pH .(8), the optimum range being 6. 5 to 8. Extremely acid 

or a lkaline pH lev e ls  inhibit most iso la te s .

The soil organic content is  reported by Sanford (35) to a ffect 

. the ra te  of growth of the fungus. His stud ies ind icated  tha t R. so lani 

produced more infection  in a sandy soil, with a low organic m atter 

than did the same treatm ents on a c lay  loam with higher organic m atter.

Other factors often reported influencing R. so lan i are carbon 

dioxide concentrations, light, and so il fertility , but th ese  conditions 

are highly variable  (8).

Infection of the Seedling

H isto log ical stud ies (13, 25) revealed  th a t w ithin 48 hours 

of the in itia l con tact w ith the cotton hypocotyl by the fungus, the 

. infected  portion com pletely d isin teg ra ted . Actual penetration  by the
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fungus w as predisposed  by the formation of an infection cushion. The 

infection cushions were in itia ted  when the hyphae came in con tact with 

the hypocotyh Khadga, Sinclair, and Exner (25) described  the infection 

cushion as  an aggregation of the: hyphae, or a single hyphae giving rise  

to several branches which in turn form a tuft of short stubby branches. 

R egardless of the method of formation, the infection  cushion is  pictured , 

a s  a dom e-shaped structure. ,

Following the formation of infection  cushions, the sw ollen 

hyphae tip s  produce infection pegs which penetrate the cu tic le  and 

epidermal ce ll w a lls . The infection cushion appears to a c t a s  a 

fulcrum aga in st which a force is exerted during penetration.

The lack of apparent d isco loration  of death of c e lls  prior to 

and ju s t a fter penetration (13, 25) suggest tha t infectioh w as brought 

about by the m echanical pressure  of the infectioin peg on th e .h o st . 

surface and that no enzyme action  is  involved. Upon entry the 

mycelium grows and develops in terce llu larly  in epiderm al and 

co rtica l tis su e , branching in a ll d irections. Often the t is su e  in 

advance of invading hyphae showed granulation (25) and loosening 

of the middle lam ella in the co rtica l region a ttribu tab le  to enzymes 

(13, 25) produced afte r infection. Bateman (7) has shown th a t the 

fungus produced pecto ly tic  and cellu lo ly tic  enzym es.

Other factors that are  reported (25) to increase  hypocotyl 

infection of cotton by R. so lani are g landular hairs, lysigenous oil
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ce lls , and m echanical wounds. Invasion through stom ata w as not 

considered to be important with th is fungus.

Chemical Control of Rhizoctonia so lani

Recent investigations (29, 33) have been undertaken on the 

control of cotton seedling d ise ase s  with fungicides. M ajor em phasis 

has been placed on chem ical control because  of the wide host range 

of R. solani and because the cropping patterns of the major cotton 

producing regions lim it the u se  of cu ltu ral p rac tices in controlling 

th is  pathogen.

Pungicidal app lications have been directed toward an inhibiting 

action  on the jbMhogen providing a d ise a se -fre e  environment for the 

young cotton< seedling . It is  believed (20) th a t most fungicides used  

today ac t d irectly  on the fungus c e ll. Consequently, the fungicide, 

or its  fumes, must come in d irec t con tact with the c e lls  they affect, 

and in most ih s tan ces  enter th ese  c e lls . PCNB applied to the soil 

is  a vapor-phase  fung ista t which does not prevent spores, from germ inating 

but stops hyphae growth.

The w idespread distribution  of th is  fungus and the econom ics 

involved have lim ited control m easures to a band or " in -th e  - seed -furrow" 

treatm ent. Earlier attem pts (29) to trea t the seed or dp ply the fungicide 

in the p lan ter box have provided poor to m ediocre control in the fie ld . .
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Comparing app lication  methods, M aier and Staffeldt (29) found in - th e - 

seed-furrow  treatm ents superior to p lan ter-box  app lica tions. They 

found in -the - seed - furrow, low-volume sprays superior to  in -the '-seed- 

furrow dusts .

There are many fungicides being te s ted  in the United S tatesi 

In te s ts  of new fungicides PCNB is often used  as a standard or in 

combination with the newer com pounds. The use  of PCNB a s  an 

effective fungicide has been dem onstrated by a number of experim ents 

(29, 33). PCNB alone or in combination (29) resu lted  in sign ifican t 

in creases in cotton stands and higher y ields when compared to the 

untreated  con tro l.

Trifluralin on Cotton

Trifluralin has been reg istered  for used  in cotton a s  a so il-  

applied  herbicide. It has been te s ted  in a ll major cotton - producing 

regions of the United S ta tes. Its  recommended use is  a so il-in co rp o ­

rated application . The incorporation techniques used  are extremely 

varied. Certain investigato rs (17) are currently evaluating the com­

pound as a layby treatm ent, but for the purpose of th is  review  only 

preplant and pre-em ergence app lica tions w ill be considered.

In describ ing the mode of action  of a se lec tive  herbicide 

one can only generalize, due to the lim itations of specific  knowledge.
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Plants absorb most so il-app lied  hefb ieides through the roots,, although 

certa in  compounds are. absorbed by the growing point. Trifluralin is  

believed to be absorbed only through the roots of p lan ts .

The se lec tiv ity  of so il-ap p lied  herbicides is  based  primarily

on the physio logical differences in the c rop 's  and w eed 's  ab ility  to
x / /  ' '  ■' ‘ " ' .

to lerate  or m etabolize the chem ical. This is  e spec ia lly  true when

the Herbicide is  mixed throughout a given depth of so il in  which the

cro^) and weed seedjS^are germinating. Many of the ,p resen t pre-

emergence herb icides are effective only on germ inating seeds or

young seed lings.

Another method in obtaining se lec tiv ity  is  through application  

p rac tices and the chem ical-physical properties of the herbicide. Under 

specific  conditions, a herbicide may be placed  above or beside crop 

seed allowing the crop roots to develop in a herb ic ide-free  zone.

It is  believed that the former method is  more im portant with 

triflu ralin . Physiological to lerance by a specific  crop, such as  cotton, 

to a given herbicide is  extremely important, as th is m eans of se lec tiv ity  

allow s for a greater safety  margin under varying app lica tion  methods, • 

environm ental conditions, and soil structure.

Trifluralin applied  to the soil and incorporated by rotovating 

resu lted  in an e igh t-fo ld  increase  in ac tiv ity  compared with surface 

app lica tions (30). Soil incorporation can  increase  the e ffec tiveness 

of th is compound, subsequently  reducing the rate  applied  to the crop.
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Soil texture (19) a lso  influences the ac tiv ity  of triflu ralin .

In certa in  in s tan ces  a 1/2 Ib/A rate  in a sandy loam so il w as as e ffe c ­

tive  a s  1 Ib/A on a s ilt loam sd il.

The exact so il-chem istry  functions involved in th is  phenomenon 

are not c learly  defined, but the adsorption properties of the clay collo id  

are known to have a strong a ttrac tan t force (26), which presumably has 

ah effect on the triflu ralin  m olecule. If the adsorption capacity  of a 

given clay  co llo id  is  great, there is  a le s se r  amount of the chem ical 

imm ediately availab le  for root absorption. The adsorp tive capacity  

and thus exchange capacity  is  c lo se ly  a sso c ia ted  with the inorganic 

and organic co llo ids of the soil (39). C ationic adsorption (39) appears 

to have litt le  influence on the av a ilab ility  of the compound to germ inating

seeds . Adsorption by anion exchange res in s  (39) tend to re ta in  the com-
: e  • • .

pound ag a in st solution on so ils  of higher c lay -o rgan ic  content due to a 

temporary "fixation" of the herb icide.

In 1961, H icks and F letchall (19) reported triflu ralin  se lec tive ly  

controlled annual w eeds in cotton. These workers reported that 2 to 8 

Ib/A as a pre-em ergence application  gave exce llen t weed control and 

did not affect co tton .

Early field  reports from w estern  cotton workers (16) ind icated  

tha t triflu ralin  showed considerab le  promise as a se lec tiv e  herbicide 

in irrigated  cotton.
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Arle and Hamilton (1) reported preplant app lica tion  of 1 Ib/A 

of triflu ralin  did not a ffec t the emergence of the cotton seed lings. Ten 

days after emergence the seed lings of cotton trea ted  w ith triflu ralin  

were stunted , Trifluralin provided early  and la te  season  weed control, 

but was more effective in controlling g ra sse s  than  broadleaved w eeds.

R esearchers in Arkansas and M iss iss ip p i (15) evaluated  the 

effec ts  of so il texture, ra te s , and app lica tion  methods of triflu ralin  

bn cotton. Prepilant, incorporated treatm ents were superior in their 

consistency  of performance and gave longer duration of weed control. 

Stunting of cotton was reported w ith 1 . 5 and 3 Ib/A  of triflu ralin .

Preplant app lica tions with 1 Ib/A of triflu ralin  in Arizona 

(16) during 1962 sign ifican tly  increased  cottoii y ie ld s . The herbicide 

w as disked  in  and the area  furrow ed-out for the preplant irrigation. 

Seedling retardation  w as observed but after six  w eeks differenbes 

betw een trea ted  and untreated  p lan ts  were no longer ev iden t.

In additional research  by the above workers (17) prbplant 

treatm ents were applied  in March of 1963 and the cotton was seeded 

into m oist soil with a dry mulch* The 1 Ib/A treatm ents caused  a 

temporary stunting of the cotton seed lings for 4 to 5 w eeks. These 

workers indicated  th a t triflu ralin  increased  th e ,su sc ep tib ility  of 

cotton seed lings to the Rhizoctonia d is e a s e . Seedling stands from 

experim ent were reduced 15 to 25 percen t by Rhizoctonia where 

triflu ralin  w as used  a s  a preplant app lica tion .



METHotis ABJD; MATERIALS

These experim ents were conducted in the greenhouse a t Tucson, 

Arizona, The study w as in itia ted  O ctober 1963 and com pleted in July 

1964. The work w as divided into severa l phases to study (1) the e ffec ts  

of varying ra tes  of herbicide on cotton seed lings, (2 ) R, so lapi concen­

tra tions on cotton seed lings, (3) PCNB ra te s  on germ ination of cotton,

(4) the effect of triflu ralin  and R. so lan i on cotton seed lings, and (5) the 

e ffect of trifluralin , R. so lan i, and PCNB on cotton seed lings.

A sandy loam so il w as co llec ted  from the 0 to  6 inch level of 

the U niversity  of A rizona's C asa  Grande Highway Farm. Analysis of the 

so il showed it to be 12% clay, 35% silt, 53% sand, and 1.2% organic 

m atter. The soil w as sifted  through a 1 /4 -inch  screen  and then au to- 

claved  a t 249°F a t  15 psi for 10 hours.

The cotton variety , Acala 44-10, w as used  throughout the ex p eri­

ment. The cotton p lan ts were grown in p la s tic  trays 7" x 7" x 2 -1 /2 " , 

Twenty-five seeds were planted per tray, in  three rows, a t a depth of 

one inch.

Trifluralin and PCNB were app lied  with a single nozzle sprayer.

A 6501 nozzle tip  was used  and the solution applied a t 30 p s i. The 

inoculum w as applied  with sim ilar apparatus but due to the nature of 

the m aterial an 8003 nozzle tip  w as used . The soil con ten ts of each

16
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tray (2j6d0 ml) was spread over an 18" x 26" area and sprayed with the 

respec tive  trea tm en ts. Following the spray application , the soil was 

mixed for 20 seconds, which incorporated the treatm ent throughout the 

so il.

All trays were p laced  in shallow  pans for the duration of each  

study and, sub-irrigated  for germ ination. Subsequent irrigations were 

applied  in a sim ilar manner to m aintain adequate so il m oisture lev e ls .

P lants were harvested  10 or more days- after SO percent of the 

seed lings had emerged. Emerged seed lings were counted each day, 

and the number of dying p lan ts were recorded. Dam ping-dff of se ed ­

lings w as ca lcu la ted  a s  the percent of those p lan ts th a t died prior to 

harvest based  on the maximum germ ination.

At the conclusion of the growth period, the p lan ts were 

removed from the so il by w ashing the so il from the ro o ts . The p lants 

were dried betw een b lo tters and fresh  w eight imm ediately recorded.

The seed lings were rated  for Rhizpctonia solani in fection  as  clean, 

sligh t, moderate, severe, and dead.

S ta tis tic a l analy ses were conducted on certa in  specific  

data and are p resented  in  tabular form under the resp ec tiv e  experiment.

Soil and a ir tem peratures were recorded throughout the experi­

ment.
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R, solan! Culture and Inoculation

1Two iso la te s  of Rhizoctonia sb lani were used  in the experim ent. 

The stra in s were orig inally  iso la ted  from infected  cotton co llec ted  in 

commercial fie ld s in Arizona. The organism w as transferred  from pure 

culture s lan ts  and increased  on potato dextrose agar (12-15 m l/petri 

p la te ) . The fungus w as grown a t 7 2 0 to 73 ° t  un til sc le ro tia  were 

evident, a 7 - to 10-day period.

The fungus growth and agar were removed from 6 petri p la tes 

and mixed with 150 ml of s te rile  d is tilled  w ater in a W aring blender for 

15 seconds. This m ycelium -sc le ro tia -agar mixture represen ted  the 

stock solution- A 1 ml sub-sam ple w as taken  for mycelium fragment 

and sc lero tia  countsi The counts were used  to m aintain uniform ap p li­

cation  of inoculum betw een te s ts .

Four concentrations of R. so lan i were e s tab lish ed . Each 

concentration  can  be expressed  as  (1) ml of stock solution per 1000 

ml of w ater, and (2) fragm ent-sclero tia  counts per 1000 ml of sprayed 

em ulsion. N concentration  rep resen ted  the maximum leve l, 35 ml of 

the stock so lu tion  per 1000 ml of w ater, or 70, 000-105, 000 fragm ent- 

sc lero tia  counts/1000  ml of w ater, N /4  lev e ls  w as 17, 500-26, 250 

fragm ent-sclero tia  counts/1000  ml w ater, N /16 leve l w as 4, 37 0-6, 560

^Iso la tes I and II were provided by Dr. Alice Boyle, Department 
of Plant Pathology, U niversity  of Arizona,
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Figure 1. - -Five c la s se s  of hypocotyl infection used to evaluate  
the pathogenicity  of R. so lan i. (C) clean, (SI) slight, (M) moderate,
(S) severe, and (D) dead.
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RklzoeTcmta
I g o l a m

Figure 2. - -Mycelium and sc lero tia  of 10-day-o ld  R. solani 
culture prior to soil inoculation with the m ycelium -agar-sclero tia  
mixture.
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fragm ent-sclero tia  counts/1000 ml w ater. N /64 level w as 1, 090-1, 650 

fragm ent-sclerd tia  couhts/lQOO ml w ater.

One hundred ml of a given concentration  of inoculum mixture 

w as applied to 2600 ml of so il.

i Trifluralin Treatm ents

A study on the e ffec ts  of six  ra te s  of triflu ralin  w as e stab lish ed  

in a la tin  square design . Treatm ents wdre a t  the following ra tes: 0, 1/2 , 

1, 2, 4, and 8 Ib/A  of triflu ralin . The ra te s  were ca lcu la ted  on the b a s is  

of trea ted  surface a rea .

The herbicide used  contained 4 lb /g a l of triflu ra lin  formulated 

a s  an em ulsifiab le  concentra te .

Evaluation w as made on the percent and rate  of emergence, 

fresh  w eight of p lan ts, topgrowth, and roo ts.

The experim ent w as repeated  tw ice a t mean so il tem peratures 

of 73° and 84°F.

PCNB Treatm ents

The PCNB rate  of study involved six  treatm ents arranged in 

a la tin  square. S terilized  soil w as inoculated with the fungus a t the 

N concentration. The fungicide w as applied  a t 0, 15, 30, 45, and 

60 Ib/A. All ra te s  were ca lcu la ted  on the b asis  of trea ted  surface 

a re a .
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The form ulation of PCNB contained 2 lb /g a l a s  an em ulsifiable .

concen tra te .

Plant evaluations, .were made on percent em ergence, hypocotyl 

infection, and fresh  plant w eight.

The experiment was repeated  tw ice a t mean so il tem peratures 

of 80° and 83°F.

Triflufalin, R. so lan i and PCNB

A com pletely randomized block design  w ith  12 treatm ents and 

4 rep lica tions Was used  in  th is  study.

The N tconcentration rate  of fungus inoculum w as used .

Trifluralin w as applied  a t 1/2 and 1 Ib/A and PCNB a t 40 Ib/A.

Data co llec ted  from th ese  experim ents were percent em ergence, 

hypoCotyl infection, and fresh p lan t w eights.

Two experim ents were conducted a t mean so il tem peratures of . 

73° and 82 °F.

Trifluralin and C oncentrations of R. so lan i

A dom pletely randomized block experim ent involving 15 tre a t­

ments and 4 rep lica tions was used  in th is  study. R. so lan i was applied  

a t N, N /4, N / l 6 , and N /64 levels* Trifluralin w as applied  a t 1/2 and 

1 Ib/A.
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Plants responses were obtained on percent emergence, 

hypocotyl infection, percent damping-off, and fresh  p lant weight.

Three experim ents were conducted a t mean so il tem peratures 

Of 74°, 80° and 85°F.



RESULTS AND DISCUSSION

Trifluralin on Cotton Seedling s

Percent emergence a t three dates after planting and fresh  

w eight of the entire plant, tops, and roots of cotton seed lings treated  

with triflu ralin  are summarized in tab les 1 and 2. The data p resented  

rep resen t the re su lts  from two experim ents> tex t I six  ra tes  of trifluralin  

a t a mean tem perature of 73°F. and te s t  II s ix  ra te s , a t 84°F.

In te s t I there w as no sign ifican t difference betw een the top, 

root, or plant w eights from the 1/2 Ib/A treatm ents and th ese  w eights 

from the untreated checks. Top, root, and plant w eights from, the 

1 Ib/A treatm ents were sign ifican tly  le s s  than  from the 1/2 Ib/A 

treatm ent. There w as no sign ifican t d ifference in roots, tops, or 

plant w eights betw een the 2, 4, and 8 Ib/A r&tes. With the exception 

of the 1 Ib/A rate  on roots, the w eights from 2, 4, and 8 Ib/A ra tes 

were a ll sign ifican tly  le s s  than the w eights from 0 , 1/2 and 1 lb/A 

rate .

In te s t  II the top, root, and plant w eights from the 1/2 ; 

lb/A. treatm ent were sign ifican tly  le s s  than these  w eights from : 

the untreated check. W eight of p lan ts, tops, and roots trea ted  

with 1 lb/A of triflu ralin  were sign ifican tly  reduced from those  of 

the 1/2 lb/A rate  and the control.

24
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TABLE 1. - -Percent: em ergence, fresh w eights of tops, ro o ts , and entire
plant of cotton p'eedlings graven a t a mean so il tem perature of 7 3 ° F

following so il app lications of triflu ralin  ( te s t I).

Percent emergence Average w eight (grams) of

S Z   ---------------------------------------  p l a n t s  a t  h a r v e s t
Ib/A ■ 12 16 21days days days . Tops* Roots* Plants*

0 16 . 48 67 1.51 a . 0 .65 a 2. 16 a

1/2 13 49 65 1.56 a 0.66 a 2 .22 a

1 17 42 . 63 1.06 b 0 .40  b 1.46 b

2 15 37 55 0.73 c 0.32 be 1.05 c

4
;  11 36 54 0.62  c 0 .29  c 0. 91 c

8 9 41 53 0 .60  c 0.29  c 0 .89 c

*Values with the same subscrip t le tte r  are not significantly
different.
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TABLE 2. - -Percent em ergence, fresh  w eights of tops, roots, and entire
plant of cotton seed lings grown a t a mean so il tem perature of 84°F

following so il app lications of triflu ralin  ( tes t II). .

_  ̂  ̂ Percent emergence Average w eight (grams) of
‘----------- —  plants a t harvesttriflu ralin  ,

Ib/A
U

days
.7

days
1

days Tops* Roots* Plant*

0 67 81 84 1. 60 a 1.09 a 2 .69  a

1/2 57 83 85 1.27 b O'. 66 b 1.93 b

1 59 85 87 1. 00 c 0.37 c 1.37 c

2 61 79 81 0 .70  d 0. 36 C : 1.06  d

4 51 80 82 0.67 d 0.29 c 0 .96  d

8 42 71 75 0.68  d 0 .32 c 1,00  d

^Values with the same subscrip t le tte r  are not sign ifican tly
different.
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The 1 Ib/A rate of trifluralin  reduced growth of cotton seedlings 

harvested  21 days after p lan ting . The reduced weight of the cotton 

seed lings is  in agreem ent with Hamilton and Arle (1, 17), who reported 

tha t 1 Ib/A treatm ents in the field  caused  a temporary stunting for 4 to 

5 w eeks. Guse and Schwer (15) reported a sligh t stunting caused  by 

1 and 1. 5 Ib/A triflu ralin . No. sign ifican t yield reduction was reported 

(15, 17) from the 1 Ib/A application  of triflu ralin  indicating the temporary 

effec ts  of stunting in cotton seed lings.

Emergence data in te s t  I showed no difference due to trifluralin  

treatm ents although the 2, 4, and 8 Ib/A treatm ents averaged 10 percent 

le s s  than the untreated  check.

The percent emergence for a ll treatm ents was considerably 

higher in te s t  II than in  te s t  I. The so il tem peratures in  te s t  II were 

more conducive for cotton germination, approaching the optimum range 

described  by W alker (38).

Visual exam ination of the harvested  plant roots revealed  the 

reduction of secondary roots by the 1, 2, 4, and 8 Ib/A treatm ents.

The exact re la tionsh ip  of root inhibition to the duration of seedling
1

stunting w as not e s tab lish ed . It appears from work now in progress 

1Luo Vannoorbeeck, M. S. th e s is , U niversity  of Arizona,
1964.
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Figure 3. - -Root inhibition on 15-day-o ld  cotton seedlings 
following soil application of trifluralin . (E) 0, (A) 1/2, (B) 1, (C) 2, 
(D) 4, (F) 8 Ib/A.
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that triflu ralin  only inh ib its root development in the trea ted  zone and 

once roots extend through the trea ted  zone normal secondary root 

developm ent begins.

Another symptom of roots grown in triflu ra lin -trea ted  soil 

was extreme b rittlen ess .

Various workers (13, 25) have commented on the m aturation 

of the hypocotyl and .its  suscep tib ility  to R, so lan i. It is  possib le , 

tha t abnormal root developm ent may a ffec t the sucep tib ility  of the 

cotton plant to th is d ise a se .

PCNB on Cotton Seedlings

Seedling emergence a t three da tes after planting, hypocotyl 

infection and fresh  p lant weight following so il app lica tions of PCNB 

and R, so lani are summarized in tab le s  3 and 4,

Seedling emergence data from two te s ts  ind icated  no s ig n i­

fican t difference betw een the six  trea tm en ts. This is  in agreem ent 

with sim ilar experim ents conducted by several workers (29, 33).

The data on hypocotyl in fection  on plants grown in soil 

inoculated with the fungus indicated  a greater percent infection  in 

te s t  IV (six ra tes of PCNB at 83°F) than  in te s t.I l l  (six  ra te s  of PCNB 

a t 80°F). The re su lts  from te s t  III denote the com plete control of 

the pathogen by PCNB a t a ll ra tes, w hereas complete control of the
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TABLE 3. - -Percent emergence, hypocotyl infection, and fresh w eights
of cotton seed lings grown a t a mean soil tem perature of 80°F following

soil app lications pf PGNB and R„ solan! ( tes t III),

Treatments Percent emergence Hypocotyl Average

PGNB
lb/A

R. solapi 
level

6
days

.9
day s i

' 14- 
days

infection 
at harvest 

(percent)

w eight of plant 
a t harvest 
(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

^ V a lu es  with the same subscrip t le tte r are not significantly
different.

TABLE 4. --P ercen t emergence, hypocotyl infection, and fresh w eights 
of cotton seedlings grown a t a mean soil tem perature of 83°F following 

so il app lications of PGNB and R. solan! ( tes t IV).

Treatments Percent emergence Hypocotyl 
- infection 

a t harvest 
(percent)

Average 
weight of p lant 

a t harvest 
(grams)*

PGNB
lb/A

R, solani 
level

8
days

10
days

14
days

0 0 55 61 71 0 3.88 a

0 N 71 73 74 89 3.48 b

15 N 55 69 74 11 . 3 ,40 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 subscrip t le tte r are not sign ifican tly
different.
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L B /A c  i R e F L  

R H l Z u c T O h , ^  s .

PC h B

v- •j/'/lc 7 r  e  r  l  a  h

I Z O C T i i v a  - i o i . A N i

Figure 4. - -Left trays: 15-day-o ld  cotton seed lings 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 treatm ent.
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fungus in te s t  IV w as not obtained with any of the treatm ents. However, 

PCjSTB treatm ents reduced the percent in fection  about 90 percent.

The plant w eight data obtained from the two te s ts  were sim ilar.

In te s t  III there was no significant difference in  plant w eight between 

the untreated p lants and p lan ts inoculated  w ith Rhizoctohia solani, 

w hereas in te s t  IV th ese  plant w eights were significantly  d ifferent. A 

possib le  explanation is  the difference in percent infection  caused  by 

th ese  treatm ents in the two te s ts .

A sign ifican t difference in plant w eights betw een a ll ra tes  of 

PCNB and the untreated check w as observed in both te s ts .

The reduced p lant w eight caused  by the PCNB treatm ents 

w as probably unimportant if-one considered the severity  Of the pathogen. 

It appeared tha t the reduction in  seedling w eight was only temporary. 

Many field  investiga tions (29) have shown sign ifican t yield  in creases  

when R. so lan i was controlled w ith PCNB-

Trifluralin, R. solani, and PCNB 
on Cotton Seedlings

Cotton seed lings were evaluated  for percent emergence at 

three da tes after planting, hypocotyl infection, and fresh  weight 

following so il app lica tions of trifluralin , R. so lan i, and PCNB.

Two te s ts  were conducted to study the above treatm ents, 

te s t  V a t mean so il tem perature, of 73°F and te s t  VI a t 82°P, These
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data  co llec ted  from te s t  V are summarized in tab le  5 and data  from te s t  

VI are p resented  in tab le  6 ,

Percent emergence w as sign ifican tly  reduced in te s t  V with 

the R, so lani treatm ents which did not include a PGNB application .

At the conclusion of th is  experiment i t  w as confirmed by re iso la tion  

procedures tha t the non-em erged seed lings were infected  w ith R. 

so lan i. Optimum tem perature for the pathogen (3, 38), adverse 

tem perature for cotton emergence (2 , 12) and the laek of R. so lani 

control accounted for the high degree of preem ergence damping -off .

These re su lts  are in agreem ent with Leach (27), who ind icated  that 

other factors being constant, the re la tive  growth ra tes  of the host and 

the pathogen w ill often determine the severity  of preem ergence .in fec ­

tion  a t different tem peratures.

There was no sign ifican t difference betw een comparable 

treatm ents in te s t  VI, which was grown a t tem peratures enhancing 

cotton seedling development.

Hypocotyl infection  resu lts  from the two te s ts  were the same.

All seed lings grown in R. solani treatm ents without PGNB were infected. 

The incidence of postem ergence dam ping-off was much g reater in 

te s t  V. In te s t  V, 98 percent of those seed lings included in the 

in fected  category were damped-off a t harvest, as compared to 50 

percent in te s t  VI. *
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TABLE 5. - -Percent emergence, hypocotyl infection, and fresh  plant
w eights of cotton seedlings grown a t a mean $oil tem perature of 7 3°F
following so il app lications of trifluralin , R, Solani and PCNB (test V).

'T reatm ents Percent emergence

Tri- R.
fluralin  solani 
Ib/A level

PCNB 13 21 24
Ib/A days days days*

Hypocotyl 
infection  
a t harvest 
(percent)

Average 
weight of 
plant a t 
harvest* 
(grams)

0

0

0

0

1 /2

1 /2

1 /2

1 /2

1

1

1

1

0

0

N

N

0

0

N

N

0

0

N

N

0

40

0

40

. 0

40

0

40

0

40

0

40

38

34

34

45

30 

32 

21 

57

31 

47 

25 

62

68

53

42

61

63

53

32

74

48

69

45

7:9

73 a

66 a 

45 b 

69 a 

71 a 

69 a 

33 b 

84 a

67 a 

73 a 

47 b 

80 a

0

0

100

0

0

0

100

0

0

0

100

0

2.22  a 

1.98 a 

0 ,95 b

1.80 a 

2 .30  a

1.80 a

0.32 b

1. 88 a 

2,10  a 

1.75 a 

0 .85  b 

1.72 a

*Values with the same subscrip t le tte r  are hot significantly
different.
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TABLE 6. - -Percent emergence, hypocotyl infection, and fresh  plant
w eights of cotton seedlings grown a t a mean soil tem perature of 82 °F
following soil app lications of trifluralin , R. solani, and PCNB (test VI),

Treatm ents Percent emergence TT  ̂ , Average
 -----------------------------------------------------  Hypocotyl w elght o£

„ infection , .. .
—‘ PCNB 7 11 15 a t harvest ĥarvest*

Tri- _
fluralin  so lani 
Ib/A level . lb/A  days d&jys days* (percent) (grams)

0

0

0

0

1/2

1 /2

1 /2

1/2

1

1

1

1

0

0

N

N

0

0

N

N

0

0

M

N

0

40

0

40

0

40

0

40

0

40

0

40

64

65

74 

73 

73 

67 

67

75

73

74

72

73

7§ 86 a

76 84 a

82

88

79

74

72

82

83

82

77

88

83 a 

88 a

82 a

83 a 

72 a

86 a

88 a

87 a  

80 a

89 a

0

0

100

0

0

0

100

0

0

0

100

0

1,70 a

1.58 a 

1, 50 a 

1«43 a 

1,65 a

1.58 a 

1,45 a

1.48 a

1.58 a

1.48 a 

1,63 a 

1.53 a

*Values with the same subscrip t le tte r are not significantly
different.



Figure 5. --H ypocotyl 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 te s t  V there w as a Significant difference in plant weight 

betw een th o se 1 treatm ents where £L solani was applied w ithout PCNB 

as compared to R= so lan i treatm ents with PCNB. The observed stunting 

and severity  of infection of the seed lings grown in th ese  treatm ents 

w as re f le c te d ; in the reduced plant w eights. Similar treatm ents in 

te s t  VI did not show a sign ifican t difference in plant w eight. .

The plant w eights from the remaining treatm ents in the two 

te s ts  are in agreem ent. There was a difference in average plant weight 

betw een the two te s ts .  D ifferences betw een the two growth periods 

were assum ed to be the major iac to r for d ifferences in  plant weight.

There were no sign ifican t d ifferences in hypocotyl infection 

or p lant w eights in the triflu ralin  treatm ents, when R. so lan i was 

controlled. In te s t  V there were sign ifican t differences in plant 

w eights when R. so lani w as not controlled, but they occured irre sp ec ­

tive of triflu ralin  treatm ent,

Trifluralin and Four C oncentrations of 
Rhizoctonia. solani on Cotton Seedlings

Data was. obtained from three experim ents on percent emergence • 

a t three dates after planting, hypocotyl infection, and fresh  weight of 

cotton seed lings grown in soil trea ted  with four leve ls  of R, solani and 

two ra tes  of triflu ralin . D ata from te s ts  . (VII, VIII, and DC) are summarized
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in tab les 7, 8, 9, and 10, Damping -off percentages were calcu lated  

from te s t  VII and are presented in figures 8, 9, and 10.

Results from te s t  VII indicated  a significant reduction in 

emergence 18 days after planting with the N and N /4 R„ so lani concen­

trations when no triflu ra l|n  was applied . This trend was not significant 

when triflu ralin  was present.

In te s ts  VIII and IX there were no sign ifican t differences in 

the percent emergence da ta . The higher emergence obtained in these  

te s ts  were attributed  to the increased  mean tem perature (2, 12) as 

compared to tha t of te s t  VII.

There w as a general tendency in the three te s ts  for increasing  

seedling emergence w ith decreasing  concentrations of R. solani regard­

le s s  of herbicide treatm ent.

The hypocotyl infection data showed a d irec t.re la tionsh ip  

betw een R. so lani concentration and the degree of Infection. There 

were reductions in percent infection w ith decreasing  leve ls  of R. 

so lan i. The hypocotyl infection data ind icated  no in terac tion  

betw een ra tes  of triflu ralin  and concentration of R. so la n i.

The dam ping-off data (figures 8, 9, and 10) ind icated  an 

increased  dam ping-off with increased  R, solani concentra tions. The 

maximum incidence of damping-off w as obtained a t the N leve l of 

R, so lan i regard less of triflu ralin  treatm ent. At the N /4  level the
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TABLp 7, - -Percent emergence, hypocotyl infection, and fresh  weights
of cotton seedlings grown a t a mean soil tem perature of 74°F following

so il app lications of. triflu ralin  and R. solani ( tes t VII).

Treatm ents ' Percent emergence Hypocotyl Average
— ------------     —-—----- ——~i---— -------  infection weight of p lant
Trifluralin R, solani 9 .1.4 • 18 a t harvest* a t harvest*

Ib/A level days dhys days* (percent) (grams)

0 N 23 29 29 d 100 a 0,95 def

O' N /4 25 39 42 cd 97 ab 1.03 def

0 N/16 39 59 70 abc 88 a&cd 1.68 be

0 N /64 65 75 78 a 80 d 2, 38 a

0 0 51 63 73 ab 0 e 2 ,65 aS

1/2 N 46 51 58 abc 100 a 0.78 e

1/2 N /4 46 60’ 61 abc 100 a 0,65 f

1/2 N/16 34 56 64 abc 89 abed 1,00 cdef

1/2 N /64 60 67 71 abc 86 abed 1.35 cde

1/2 0 41 58 68 abc 0 e 2.23 ab

1 N 38 43 46 bed 100 a 0,, 63
i

;f

N /4 .26 40 47 bed 100 a 0.88 ef

N /16 54 70 77 a 93 abc 1, 13 cdef

N /64 47 59 65 abc 83 cd 1,33 cde

1 0 15 34 58 abc 0 e 1.53 cd
i .

*Values with the same subscrip t le tte r  are not significantly
different.
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TABLE 8, - -Percent emergence, hypocotyl infection and fresh w eights
of cotton seed lings grown a t a mean soil tem perature of 8 0 °F following

so il app lications of triflu ralin  and R. solan! ( tes t VIII),

Treatments Percent emergence Hypocotyl Average
 ----- — — ---------- ------------ — ------ —---- — ----- ..infection weight of p lant
Trifluralin R. so lani 5 10 17 a t harvest* a t harvest*

Ih/A leve l days days dayg% (percent) (grams)

0 N 22 69 72 a 64 b 2 ,25 t )

0 N /4 27 75 82 a 50 c 2 ,50 a

0 N/16 26 76 79. a 24 ef 2 ,70 a

0 N /64 28 74 7 9 a 15 f 2 ,60 a

0 0 22 65 ' 82 a 6 g 2 ,58  a

1/2 N 23: 7 3 74 a 66 ab 1,80 c

1/2 N /4 28 82 85 a 32 de 1,48 d

1/2 N/16 15 , 72 A3 a 21 e f 1.75 c

1/2 N /64 44 88 93 a 10 f . 1 ,90 c

1/2 0 22 7 a 85 a 0 g 1.93 c

1 N 29 77 82 a 71 a . 1.38 d

1 N /4 27 77 84 a 42 c . 1.53 d

1 N/16 25 83 89 a 19 ef

COxhr-4 
.

d

1 N/64 39 80 88 a 6 g 00 d

1 0 18 68 73 a 0 g 1*43 d

*Values with the same subscrip t le tte r  are not significantly
different.
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TABLE 9. - -Percent emergence, hypo cot yl infection, and fresh w eights
of cotton seed lings grown a t a mean so il tem perature of 85°F following

so il app lications of triflurafin  and R, solani (tes t IX).

Treatments Percent emergence Hypocotyl 
infection 

a t harvest* 
(percent)

Average 
weight of plant 

a t harvest* - 
(grams)

Trifluralin R. so lani 
lb/A ' level

6 9 16 
days days days*

0 N 71 72 76 a 30 a .3 ,4 5 a .

0 N /4 62 66 69 a 19 b 3.33 a

0 N /16 70 78 78 a 5 d 3, 35 a

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 72 72 a 8 cd 2,25 bed

1/2 N/16 65 68 71 a 6 cd . 2 ,28 bed

1/2 N /64 74 79 80 a 0 d 2.35 b e '

1/2 0 . 72 77 78 a 0 d .2 ,50 b

1 N 78 81. , 81 a 17 b 1.73 e ^

1 N /4 75 79 80 a 4 d 1.78 e ;

1 N/16 80 81 82 a 1 d 1.78 e

1 N/64 70 82 82 a 0 d • .1 .7 3 e

1 0 72 77 79 a 0 d 1.93 de

^Values w ith the same subscrip t le tte r  are not significantly
different.
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TABLE. 10, --H ypocotyl infection of cotton seedlings grown a t three
tem peratures in soil trea ted  with R„ solani and triflu ralin .

Treatments

level

Percent infection*

Trifluralin R. solani 
Ib/A

Mean tem perature of experiment

74 °F 80°F 85 °F

0 N • 100 a 64 b 30 a

0 N /4 97 ab 50 c 19 b .

0 N/16 88 abed 24 ef 5 d

0 N /64 80 d 15 f 1 d

0 0 0 ■e 6 • g 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 abed 21 ef 6 cd

1/2 N /64 89 abed 10 f 0 d

1/2 0 0 e 0 g 0 d

I . N 100 a 71 a 17 b

1 N /4 100 a 42 c •4 ' d

1 N /16 93 abc 19 ef 1 d

1 N /64 93 cd 6 g 0 d

1 0 0 e 0 g 0 d

*Values with the same subscrip t le tte r  are not significantly
different.
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10 I

Figure 7. --S oresh in  symptoms on cotton seedlings following 
soil app lications of five concentrations of R. solani and 1/2 Ib/A 
trifluralin . (6) 0 level, (9) N level, (10) N /4 level, (11) N /l6  level, 
(12) N/64 level.
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Figure 8. - -Damping-off  of cot ton seed l ings  grown in soil
t rea ted  with four concentra t ions  of R. solani .
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Figure 9- - -Damping off of cotton seed l ings  in soil
t rea ted  with 1/2 ib/A tri fluralin and four concentra t ions  of R. solani.
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Figure 10. - -Damping-off  of cot ton seed l ings  grown in soil
t rea ted  with 1 Ib/A trif luralin and four concentra t ions  of R. so lani .
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Figure 11. - -F ifteen-day-o ld  cotton seedlings following soil 
app lications of trifluralin  and R. solani resu lting  in severe damping-off 
when the d isease  was not controlled. Left tray: R. so lan i. Right, 
tray: 1/2 Ib/A trifluralin  and R. solani.
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dam ping-off re su lts  were the same a t the 0 and 1/2 Ib/A trifluralin  

ra tes, w hereas the  1 Ib/A treatm ent w as about 20 percent le s s .  The 

percent damping-off for the N/16 and N /64 levels were in c lo se  ag ree ­

ment irrespective  of herbicide treatm ent.

The fresh  w eight data from th ese  te s ts  were in re la tive  ag ree ­

ment with te s ts  V and VI. There was a sign ifican t difference in p lant 

Weight betw een the untreated checks and herbicide treatm ents.

The plant w eights from the four R. solani concentrations of 

test? VII indicated  increased  plant w eight with decreasing  fungus 

concen tra tions. This same trend ex isted  when the R. so lani leve ls  

are p resen t with the herbicide treatm ents.

In te s t  IX, the fungus treatm ents with 0, 1 /2 , and 1 Ib/A 

triflu ralin  indicated  no sign ifican t difference betw een the individual 

lev e ls  of inoculum . This may have been due to. the low degree of 

infection  in th is  te s t .

The emergence and development of a cotton seedling  is  a 

complex process influenced by many factors (6, 12, 22), The presence 

of seedling d ise a se s , herb icides, arid fungicides adds to the complexity 

of th is  p rocess . In the study of the effects of R. so lan i, triflurdlin, 

and PCtfB on cotton seedlings, each of th ese  factors should be 

Considered under specific  conditions and subsequently  examined in 

combined treatm ents.
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Cotton is  a  warm season  crop, with tem perature being a major 

factor lim iting its  geographical d istribu tion  (11, 12). Temperature is  

a lso  d irectly  re la ted  to the pathogenicity  of R. solani and its  specific  

host re la tions (3, 21, 23, 35).

In these  stud ies, triflu ralin  reduced the w eight of cotton 

seed lings. As the ra tes  were increased  from 1/2 to 8 Ib/A, severe 

reductions in secondary root development and plant s ize  were evident. 

T rifluralin a lso  caused  extreme b rittlen ess  of the primary and secondary 

ro o ts .

It has been estab lish ed  th a t tem perature greatly  influence the
%

pathogenicity  of R. solani a t ranges of 60° to 77 °F. This tem perature 

range compares quites c lo sely  to thd soil tem peratures of early -p lan ted  

cotton . Since optimum germinatihg tem peratures are in the 809 to 97 °F 

range, i t  is  feasib le  to assum e that the tem perature range during early 

p lantings would enhance the d ise ase  and re s tr ic t the development of 

the cotton seed ling . The increased  pathogenicity  of R. so lani was 

evident by the reduction in seedling emergence and the increased  

severity  of damping-off when cotton seed lings were grown a t average
i

tem peratures of 73° and 74°F. It was a lso  found th a t the ddgree of 

infection  w as not significantly  a ltered  by the triflu ralin  treatm ent, 

when compared a t  th ese  two tem peratures.
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It has been .ind icated  that there are many other factors involved 

tha t may affedt the- pathogenicity  of R. so lani or influence the su sce p t­

ib ility  of the cotton seedling to th is d ise a se . The re s tric ted  root 

development of cotton seedlings grown in trlfluralin  - trea ted  so il may 

be one of these  fac to rs. Boyle and H auser (10) concluded from their 

work tha t herbicide injury to the roots of peanuts increased  R, solani 

in fection .

Although i t  is  quite evident tha t trlflu ralin  influenced root 

development, there was no evidence in th ese  stud ies to ind icate  that 

the cotton p lants were more su scep tib le  to any of the concentrations 

of R. so lani following soil app lications of the herb ic ide.

There are two p o ss ib ilitie s  tha t might explain the lack of 

agreem ent betw een th ese  te s ts . Boyle and H auser (10) indicated  a 

necrotic  injury of the roots from sespnC app lica tions. Roots examined 

from the trlflu ralin  treatm ents showed secondary root inhibition, but 

no apparent t is su e  in jury  from the herbicide. It is  reported. (13, 25) 

tha t hypocotyl and root epidermal wounds w ill enhance the invasion 

by R. so lan i.

It is  a lso  suggested tha t sesone (a phenoxy compound) may 

have stim ulated secondary or adventious root developm ent in the  

peanuts, w hereas trlflu ralin  inhib ited  secondary root developm ent.
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Arndt (3) s ta te s  that "any environm ental condition th a t delays 

the formation of a qomplete periderm greatly  predisposes, the seedling 

td infection by fungi. " Since the periderm cannot form a complete 

protective cylinder, for some time, after the cortex is  ruptured by 

secondary roots, there is  the possib ility  of th is  lower hypocotyl 

region being more suscep tib le  to R. solani infection.

The lim its of th is  study can hardly attem pt to account for any 

anatom ical d ifferences in the hypocotyl region of the cotton plant when 

grown in triflu ra lin -trea ted  so il. The poss ib ility  of the above assum p­

tion  can only be asderta ined  by thoroughlm icroscopic and h isto log ical 

evaluation.

When R„ solani, PCNB, and triflu ralin  were studied, tem pera­

ture was the primary factor in the redudtion of seedling emergence when 

R. so lan i w as not controlled. These resu lts  were in agreem ent with 

Boyle e t aL  (9) work with peanuts. The increased  seedling  emergence 

under sub-optimum growing conditions- indicated  the e ffectiveness of 

PCNB to control the pathogen under these  conditions.

Although a sign ifican t reduction in seedling plant weight was 

m easured from a ll PCNB treatm ents, i t  is  fe lt tha t th is  is  of l i t t le  

im portance. The severity  of_R„ so lani greatly  exceeds the temporary 

stunting of the cotton seedling by PCNB,



The lack  of reports by various workers on PCNB injury to 

cotton seedlings might question the reduced seedling w eight and 

stunting obtained in th is  study. One poss ib ility  in the differences 

a rise s  from the methods of treatm ent. M ost workers apply the fungi­

cide to the seed line and tha t zone of so il immediately above the seed . 

Since PCNB does not move in the Soil solution, it would appear that 

the roots would not be growing in so il trea ted  in the above manner. 

However, the treatm ent method used  in th is  te s t  (fungicide mixed 

throughout the soil) forced cotton roots to grow in the trea ted  zone.

The re la tive  importance of R. so lani concentrations can be 

influenced by soil tem perature. Working w ith four lev e ls  of inoculum, 

a t 73°F resu lted  in severe R. so lan i infection  a t a ll  lev e ls . However, 

th ese  same concentrations did not cause  a sim ilar degree of infection 

on cotton seed lihgs grown at tem peratures of 80° to 84°F. Thus low 

lev e ls  of R. so lani are not ind icative  of the potential hazards, since 

optimum pathogen tem peratures w ill accen tuate  the severity  of th is 

d ise a se .

The com pletion of th is  study has ra ised  several questions; 

among them is^ the pathogenicity  range of m ixed-iso la te  cultures of 

several pathogens a s  compared to a single pathogen. This is  espec ia lly  

important when one considers that seedling d ise a se s  are caused  by 

severa l sCil ftjngi. Another area th a t re la te s  to th is  is  the- effects
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of n o n -ste rilized  so il with a natural infection as copipared to s te rilized  

so il with inoculated pathogens*

The poss ib ility  of th ese  being additional experim ental v a ria ­

tions.- suggest that further stud ies with h e rb ic id e -d isea se  rela tions 

should include tidmplexed pathogen populations in both gterilized  

soil and naturally  infected  so ils .

The use  of triflu ralin  a s  a soil -incorporated herbicide would 

tend to res tric t:th e  compound in the upper soil surface. Normal planting 

procedures would place the seed in the trea ted  zone. Germination and 

root development under normal conditions would extend above and below 

th is  zone in the early  days of seedling growth. Subsequently, the 

effects of triflu ralin  on the cotton seedling in the. fie ld  should be le s s  

than on those grown in confined containers in the greenhouse where the 

roots were res tric ted  to the triflu ralin  - trea ted  so il. If sub-optim al so il 

tem peratures prevailed in the field  restric ting  the roots to the triflu ra lin - 

trea ted  zone, it  appears tha t re su lts  would be sim ilar to those obtained 

in the greenhouse.

When conditions were adverse to cotton p lant growth or 

favored the pathogen the presence of R. solani might re su lt in loss 

of stand if not controlled.

The control of R. solani is  e sse n tia l to insure cotton stand 

estab lishm ent under adverse cond itions. Regardless of where these



conditions ex is t, fungicide treatm ent should be used where seedling 

d ise a se s  are an tic ipated  to insure maximum, benefits from preemergence ' 

herbicides-



SUMMARY

This study was undertaken to determine the e ffec ts  of a 

herbicide and a so il-borne fungus on cotton seedlings under greenhouse 

conditions.

This investigation  was conducted to study several phases 

of activ ity  with the herbicide, pathogen, and fungicide involved. 

Experiments were designed to study the pathogenicity  of R. solani 

on cotton seedlings under varied environm ental conditions. Cotton 

seed lings were grown.in so il trea ted  with 0 to 8 Ib/A of trffluralin .

Data were, co llec ted  to determine the effects of the herb icide on plant 

growth. The e ffectiveness o f PGNB on the pathogen and its  e ffects on 

cotton seedlirigs were studied in  several, experim ents.

The herbicide, pathogen, and fungicide Were studied in 

combined treatm ents and a t tem perature, averages of 13° and 82°F.

The re la tive  effects of four concentrations of R.. solani 

were studied in com bination.w ith three ra tes of triflu ralin  on cotton 

seed lings a t tem perature means of 74°, 80° and 85°F. . '

The re su lts  of these  stud ies may be summarized as follows:

1. Fresh weight of cotton seed lings grown in so il treated  

with 1/2 to 8 Ib/A ra tes  of triflu ralin  were significantly  

reduced from those of the check.

§5



Trifluralin caused  more inhibition of roots than of! top 

growth,

PCNB was effective in controlling R. so lan i a t ra tes 

of 15 to 60 Ib/A , There w as a sign ifican t reduotiqn 

in w eight of cotton seed lings a t a ll ra tes  te s te d .

There was no sign ifican t in teraction  in percent emergence 

or hypocotyl infection of cotton seed lings, when R. so lani 

was inoculated in soil trea ted  with 0, 1/2, and 1 Ib./A 

triflu ralin ,

The addition of PCNB to R. solani and triflu ralin -treated  

so il sign ifican tly  increased  cotton emergence and fresh 

w eight and sign ifican tly  decreased  hypocotyl infection 

a t 7 3°F,

Hypocotyl infection  on cotton grown in soil trea ted  with 

R. so lani and triflu ralin  did not ind icate  an enhancem ent 

of the pathogenicity  of the fungus by the herb icide.

The influence of tem perature on the pathogenicity  of 

R, solani was, evident w hen compared in te s ts  conducted 

at 73° and 85°F, A sign ifican tly  higher hypocotyl in fec ­

tion on cotton seed lings was obtained in the te s ts  con­

ducted a t the lower tem perature range.
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