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ABSTRACT 

The effect of three herbicides (diuron, promctryne, 

and trifluralin) and three fungicides (captan, penta-

chloronitrobenzene, and benomyl) on the incidence of 

seedling damping off caused by Rhizoctonia solani Kulin and 

the effect on cotton growth was determined. Each pesticide 

was tested in greenhouse or growth chamber experiments 

alone and in combination (herbicide plus fungicide) at two 

concentrations. Disease control was determined by the 

number of surviving plants. Phytotoxicity to cotton was 

measured by the number of surviving plants and plant 

height at one month after planting. Deltapine 16 

(Gossypiuin hirsutum L.) and Pima S2 (G. borbadense L.) 

cotton seed was used throughout this study. Seed were acid 

delinted with no other treatment. 

The effect of the pesticides on growth of the 

causal organism, R. solani. was measured by growth in 

liquid culture. The pesticides were applied alone and in 

combination at two concentrations. Dry weight after three 

days growth in shake culture was the criterion used to 

determine fungitoxicity of the pesticides. 

Three types of reactions were observed on the 

growth of R. solani: (l) an independent reaction where only 

the fungicide caused any inhibition of growth or where 

xii 
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either the fungicide or the herbicide caused inhibition 

alone but no additive effect was noted when they were in 

combination; (2) an additive effect where the fungitoxicity 

was equivalent to the sum of the inhibition caused by each 

pesticide alone; and (3) a synergistic reaction where the 

effect of the combination was in excess to the effect 

expected if the reaction was additive. 

In the greenhouse and growth chamber experiments, 

disease control was attributed to the fungicide alone with 

no change in disease incidence due to the addition of the 

herbicide. Herbicides alone did not alter disease 

incidence at levels tested. Phytotoxicity to cotton caused 

by the herbicides was not altered by the presence of the 

tested fungicides. The use of the tested fungicides and 

herbicides in combination under greenhouse and growth 

chamber conditions did not increase the herbicides • 

phytotoxicity to cotton nor was the effect of the fungi

cides on damping off control altered. 



CHAPTER 1 

INTRODUCTION 

Cotton is one of the world's most important food 

and fiber crops. About 52 million bales of cotton were 

produced in the world with the United States producing 10.2 

million bales on 11,610,000 acres in 1971 (96). Cotton 

fiber is used extensively in the production of material 

for clothing. Cotton seed is used in many food products 

for animals; cotton seed oil is used in human consumption 

in such food products as cooking oils, salad dressings, and 

margarine. 

The demand for cotton has risen continuously over 

the years (Table l). This demand has been met by increased 

yields per acre, since the amount of land in cotton pro

duction has not substantially changed in the last 10 years. 

Agronomic practices have changed over the years and 

more economical methods of crop production are being 

utilized. The use of pesticides is one of these practices 

which has evolved to maintain the high returns for every 

dollar spent in production; these pesticides are being 

increasingly used in combinations. 

1 



Year 

I960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

o 
Table 1. World consumption of cotton. 

2 

Million of Bales 

46.9 

45.8 

45.0 

47.6 

50.1 

51.4 

52.2 

52.2 

52.6 

52.8 

53.8 

aU. S. Department of Agriculture (96). 



CHAPTER 2 

LITERATURE REVIEW 

There are several reasons for the increased usage 

of pesticides in cotton production (64). Some of the 

contributing factors are: (a) scarcity of labor, 

especially of the caliber needed in today's complex, 

mechanized agriculture; (b) desirability that all plants 

reach maturity at the same time for the use of mechanical 

pickers; (c) development of more powerful and versatile 

machinery which makes simultaneous operations feasible; 

(d) high cost of labor and low cost of pesticides which has 

led to the substitution of pesticides and machinery for 

much hand labor; and (e) development of pesticides which 

are more effective than previously available chemicals. 

Pesticides have increased yields because of better disease, 

weed, and insect control. 

Pesticide Usage 

For cotton to achieve its maximum value, chemicals 

must be used in modifying the growth of the plant and 

protecting it against the damaging effects of disease 

causing microorganisms, nematodes, insects, and weeds. 

There are at least 50*000 species of microorganisms which 

cause plant diseases; 15,000 species of plant pathogenic 

3 



nematodes; 30,000 species of competitive weeds; and 10,000 

species of pest insects which exist in the environment (88). 

In 1966 there were 20 herbicides recommended by one 

or more states for use on cotton (88). Twenty fungicides 

for use as soil or seed treatments were in this same cate

gory. For insect control 40 insecticides were recommended 

by one or more states for use during cotton production. 

About 90% of all cotton acreage is treated with at least 

one herbicide and one insecticide. The number- of pesti

c i d e s  a v a i l a b l e  i s  i n c r e a s i n g  e a c h  y e a r ;  u s a g e  o f  d e 

foliants and desiccants is also rising. 

Types of Pesticides Used 

Fungicides to control damping off (Rhizoctonia 

solani) of cotton have been used for many years. The usual 

method of application is a seed treatment; however, seed 

bed soil applications are also relied upon for this type of 

disease control (l, 2, 3» l4, 21, 22, 73)* 

Insecticides have also been used in the production 

of cotton for many years. The use of the new soil-applied 

systemic insecticides is becoming more prevalent as a means 

of controlling insect pests (21, 22, 28, 36, 46, 47, 64, 

65, 66, 67, 70, 72, 88). 

In recent years herbicides have become the major 

method of weed control in cotton. Various herbicides are 

used with favorable results (17, 18, 22, 46, 62, 64, 88). 
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Interaction of Pesticides 

The use of more than one pesticide on a crop during 

the growth season is quite common. The simultaneous or 

concurrent application of differing pesticides has become 

routine in crop production. There are many ramifications 

of this type of multiple application; among these are 

physical incompatibility and possible chemical interac

tions. New degradation products may be formed or the 

original products altered to increase their results (i.e., 

better fungicidal, insecticidal, or herbicidal action) or 

their action may be reduced (ll). 

When pesticides are applied simultaneously several 

effects may occur on the plant: (a) each constituent can 

act independently, accomplishing the task for which it was 

intended; (b) they can have a positive synergistic reaction 

on the plant; (c) they can each act independently but cause 

additive injurious effects on the plant (d) they can give a 

negative synergistic effect on the plant; and (e) they can 

react with each other, reducing the effectiveness of one or 

more of the materials or forming new, injurious compounds. 

Effects on the Host Plant 

Under normal environmental conditions the inde

pendent use of fungicides and insecticides per se has 

little effect on the growth of cotton (68). However, some 

plant changes have occurred with the application of 
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insecticides (58) and fungicides (80, 86). Herbicides, 

being plant growth inhibitors, usually cause some growth 

reduction if not applied carefully and under close super

vision (37, 57) • Even when applied with caution, unfavor

able environmental conditions can increase phytotoxicity. 

Until a few years ago, studies of pesticide 

combinations involved the same type of agent. For example, 

to secure better insect control various insecticides were 

mixed together (3't); to secure increased plaiit disease 

control various fungicides were applied simultaneously 

('lO); to secure overall weed control various herbicides 

were applied together (50). Results of this type of 

interaction have become somewhat established and charts 

for compatibility of pesticides are published."'" As one 

means of reducing production costs, farmers are applying 

various pesticides (fungicides, herbicides, and insecti

cides) simultaneously to the soil. Simultaneous applica

tion of pesticides opens up a whole new area of possible 

effects in addition to those encountered when using each 

component separately. 

The effect of pesticide combinations made up of 

insecticides, herbicides, and fungicides is not well 

researched. Only a limited number of combinations have 

1. Various organizations, chemical companies, and 
magazines such as Western Fruit Grower, publish pesticide 
compatibility charts. 
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been thoroughly investigated. One of the best known 

interactions of pesticides is the reaction of the systemic 

insecticides phorate or disulfoton with the herbicide 

diuron (21, 22, 36, 65, 66, 67). Diuron caused little 

phytotoxicity when applied alone; however, in the presence 

of either of these insecticides phytotoxicity was much 

greater. Arle (5) found the opposite to occur when phorate 

or disulfoton was added in the presence of the herbicide 

trifluralin. Apparently the insecticides stimulated 

secondary root formation. Normally, trifluralin causes 

stunting of plants due to reduced secondary root formation 

(12, 35, 38, 52, 59, 73, 87). 

The addition of the insecticide parathion to rice 

treated with the herbicide propanil caused enhanced 

phytotoxicity to rice (6l). Bowling and Hudgins (15) 

found that the insecticide carbaryl plus the herbicide 

propanil caused severe leafburn, stand reduction, and 

highly significant yield losses of rice. Ranney (72) found 

severe root damage to cotton seedlings when the fungicide 

mixture hexachlorophene-captan was applied with the 

insecticides phorate or disulfoton. Neither the fungicide 

mixture alone nor either insecticide alone were phytotoxic. 

Brodie and Hauser (17) tested the nematicide, aldicarb; the 

fungicide, pentachloronitrobenzene (PCNB); and the herbi

cide, trifluralin in a weedy, nematode, fungus infested 

field planted to cotton. The effectiveness of the 
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nematicide was not altered by the presence of the other 

pesticides. Trifluralin gave better weed control in the 

presence of the other pesticides than when used alone. 

They found no changes in PCNB activity. 

Pfrimnier (70) tested several pesticide combinations 

with fungicides and found little or no damage to plants 

caused by the fungicides. In fact, the use of fungicides 

with some pesticides appears to make certain pesticides 

less phytotoxic, particularly systemic insecticides. 

Buchanan (l8) found a very low degree of phytotoxicity of 

fungicides to cotton. He also observed very few signifi

cant interactions among fungicides and herbicides. 

Corbin and Mobley (27) observed the phytotoxicity 

of the herbicide prometryne was decreased in the presence 

of the fungicide dexon and the decrease was proportional to 

the dexon concentration. Ranney (73) observed variable 

results when testing fungicides and herbicides under 

varying environmental conditions. PCNB-captan improved the 

stand, diuron caused chlorosis of cotyledons, and tri

fluralin stunted the plants. Use of the fungicide 

combination with the herbicides did not alter this phyto

toxicity. Kappelman and Buchanan (48) showed addition of 

trifluralin reduced emergence value, plant height, and 

final dry weight of cotton plants. Soil fungicides 

increased emergence values and early growth of plants. 

Only a limited number of treatment combinations was tested; 
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however, several of these chemical combinations reduced 

emergence values and seedling growth of cotton. 

Johnson (47) tested the herbicides atubien methyl 

ester, trifluralin, chloroxuron, and linuron, with the 

fungicides captan, PCNB, and thiram. He also tested three 

insecticides: disulfoton, phorate, and methomyl. He con

cluded that no pesticide applied alone or in combination 

caused significant difference in date of maturity, lodging, 

seed yield, seed size, or seed quality of soybeans. The 

pesticides apparently were still effective. 

Effect on Plant Diseases 

The effect of fungicides on fungal diseases is 

expected by the nature of the product, i.e., control of the 

disease. Interactions which occur are usually desirable 

where more than one fungicide is applied (49, 75)• 

The effect of insecticides on plant disease is 

usually due to control of vectors of the causal organism. 

However, there are several reports of plant disease 

control per se by the use of insecticides. A seedling 

disease of barley caused by Helminthosporium sativum. 

Fusarium wilt of tomato and damping off of peas were con

trolled to some degree by the use of insecticides (19, 

76, 77, 78). 

The effect of herbicides on plant disease is a 

complex matter. A reduced incidence of foot rot of wheat 
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in diuron treated fields has been reported (4'i, 45) • This 

disease is caused by Cercosporella herpotrichoides and 

Rhizoctonia solani. Apparently the diuron increased host 

resistance as it had little effect oil the organisms in 

corn meal-dextrose agar at concentrations up to 100 parts 

per million (ppm). 

Richardson (76) found some control of a seedling 

disease of barley caused by li. sativum with herbicides and 

insecticides. Since the pesticides which showed disease 

control had little direct affect on the causal organism, 

the author felt that a change in the host might have 

occurred causing the resistance to disease. Richardson 

(77) also used various insecticides and herbicides to 

control early blight of tomatoes caused by Alternaria 

solani and Fusarium wilt of tomato. As with his earlier 

study, the pesticides apparently alter the host plant's 

resistance by some means. 

Insecticide plus fungicide treatments gave better 

emergence of peas than treatments with fungicides alone. 

The combinations were inhibitory to fungi in plate tests 

(78). The addition of the insecticides dieldrin, hepta-

chlor, lindane, or aldrin did not reduce the effectiveness 

of the fungicide captan in control of Pythiuni spp. caused 

damping off of corn seed (7)« Maize plants infected with 

maize dwarf mosaic virus (MDMV) and treated with small 

amounts of the herbicide atrazine gave better yields than 



the plants inoculated with MDMV but not herbicide treated 

( 2 6 ) .  

Pinckard and Standifer (71) reported an increase 

of Rhizoctonla spp. infected cotton plants in trifluralin 

treated plots. The trifluralin treated plot contained 69% 

Rhlzoctonia spp. infected plants; the check contained "}0% 

Rhizoctonla spp. infected plants; and the PCNB treated plot 

had only a 1% incidence of Rh.i.y.octonia spp. infected 

plants. Standifer, Melville, and Phillips (91) reported 

that this apparent disease enhancement also involved 

climatic conditions conducive to disease as the seedling 

disease was not as serious under warmer growing conditions. 

Their results indicate that trifluralin may predispose the 

plants to damping off". Altinan (4) reported 50 per cent 

greater damping off of sugar beets in pyramin (herbicide) 

treated soil than in infested non-treated soil and Romig 

and Sasser (86) reported greater damping off of snapbeans 

in herbicide treated fields than in non-herbicide treated 

fields. 

Effect of Pesticides on Microorganisms 

The effect of fungicides on plant pathogenic 

organisms is usually one of killing individuals in a 

population. Disease control may be elicited by a reduc

tion in numbers or by inhibiting the growth of the causal 

organism. Fungicides are somewhat selective in nature, 
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i.e., certain types are specific for certain genera (55). 

For example, PCNB is quite effective as an inhibitor of 

R. solani but has little effect on many other fungal 

genera (6, ). 

Insecticides may also affect soil microorganisms, 

some of which are pathogenic (29, 32). Richardson and 

Miller (79) found chlordane, aldrin, DDT, methoxychlor, 

endrin, and dieldrin to be inhibitory to R. solani. The 

neinaticide, 1,2-Dibromo~3~chloropropane has been shown to 

reduce damping off in Spanish peanuts, apparently due io 

its action against R. solani (8). Kiss (53) reported that 

several insecticides reduced inycorrhizal growth associated 

with pine. 

Not all insecticides which have been assayed for 

fungitoxicity showed inhibitory effects to microorganisms 

either in culture or under field conditions. Endrin, 

dieldrin, and DDT had no or very little effect on A_. 

solani. Fusarium oxysporum f. sp. lycopersici or II. 

sativum (76, 77)« 

Herbicides affect microorganisms variously (90)• 

Atrazine at 10 to 6k ppm stimulated the growth of Fusarium 

sp., Trichoderina sp., and Geotrichuin sp. (89)* Breazeale 

and Camper (l6) found no significant effect of atrazine at 

50 ppm on the growth of Erwinia carotovora, Psoudomonas 

fluorescens. and Bacillus sp. Atrazine at 10 to 70 ppm 

reduced the growth of R. solani for at least 22 days in 



culture (8l). Sclerotium production of Sclerotium rolfsii 

was suppressed and T?. viride sporulation was retarded with 

atrazine at concentrations greater than 40 ppm (30, 82, 

84) . Atrazine at 50 ppm caused some gi~owth inhibition of 

Gibberalla zeae. Diplodia inaydis. and JF. oxysporum (42) . 

Diuron showed no significant effect on the growth of IS. 

carotovora, £. fluorescens, Bacillus sp., and £. 

herpotriehoides (l6, 45)• Rhizoctonia solani growth was 

inhibited by diuron (10, 8l). 

Tweedy and Turner (94) tested 42 bacteria and 5 

actinomycetes against DCPA (Dacthal) and found no effect on 

populations. DCPA seemed to have no adverse effect on 

microbial growth in pure culture or in soil (95)• No 

adverse effects on soil microorganisms were found when soil 

was treated with the herbicide Zytron (33)• Chopra, Curl, 

and Rodriguez-Kabana (25) indicated that proinetryne at 

commercial field rates had little effect on IT. oxysporuin f. 

sp. vasinfectum. 

Dalapon had little or no effect on A_. solani. F_. 

oxysporum f. sp. lycopersici. and 13. sativum (76, 77)* 

Trifluralin increased the production of chlamydospores of 

£. oxysporuin f. sp. vasinfectum at concentrations of 0.6 to 

40 ppm in soil (92) . Erwinia carotovora, P_. fluorescens« 

and Bacillus sp. were not affected by trifluralin in 

liquid culture (l6). Altman (4) tested pyramin in graded 

concentrations up to 10,000 ppm and showed little or no 
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inhibition of R. solani. The herbicide paraquat reduced 

the growth of R. solani and S_. rolfsii in liquid culture 

(8l, 83)* Millikan and Fields (63) tested the influence of 

several herbicidal chemicals on the growth of some soil 

fungi. Growth of Pythium ultimum, F\ culmorum, T. viride„ 

and R. solani was reduced at least 72 per cent with 2,k-D 

at 100 ppm. Siraazine at 10 ppm reduced the growth of F^. 

culmorum, T. viride, and R. solani. Pythium ultimum was 

unaffected by simazine. 

Sodium penta chlorophenate and dinitro-o-sec-butyl-

phenol were quite fungitoxic to S_. rolfsii , Phytophthora 

parasitica var. nicotianae, II. victoriae, F^. oxysporum f. 

sp. lycopersici (2k). The growth of S_. rolfsii was reduced 

in proportion to the concentration of EPTC at 10, 25, 50, 

and 100 ppm (85) • Wilkinson and Lucas (98) found toxicity 

to 11. sativum and F. oxysporum when grown on agar contain

ing the herbicides linuron, MCPA, paraquat, and simazine. 

Richardson (76) tested several insecticides and herbicides 

for their effect on H. sativum on barley. No direct effect 

on the organism was found. The same effect was noted with 

A' solani and J?, oxysporum f. sp. lycopersici. 

Combinations of the fungicide thiram and the 

insecticides aldrin, dieldrin, or lindane were inhibitory 

to R. solani and Pythium sp. (78). The addition of the 

herbicide atrazine to the fungicides captan or thiram had 
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neither antagonistic nor synergistic effects on microbial 

populations (4l). 



CHAPTER 3 

OBJECTIVES OF THIS RESEARCH 

One of the diseases which is prevalent in almost 

all cotton growing areas is damping off caused by Rhi-

zoctonia solani. Atkinson (9) reported the damping off 

problem in cotton and described the causal organism 

without naming "it" in 1892. The described characteristics 

fit those of R. solani (69)* 

Various fungicides are used to control damping off 

and their use will undoubtedly continue. The reaction of 

fungicides when applied with other pesticides is not well 

known. Since multiple application of different pesticides 

is becoming an important agronomic practice, data con

cerning interactions are needed. The effect of the 

combination of selected fungicides and herbicides upon the 

incidence of damping off of cotton is one of the objectives 

of this research. 

The effect of these same pesticides on the growth 

of cotton was also an important factor to determine. If 

the interactions cause phytotoxic reactions at levels 

needed for disease control, the specific combinations would 

be useless. 

16 
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The direct effect of these pesticides alone and in 

combination on the causal organism (R. solani) of damping 

off was also to be determined. 



CHAPTER 4 

MATERIALS AND METHODS 

Experiments to assay the effect of pesticide 

combinations on the growth of Rhizoctonia solani were 

carried out in liquid culture. To determine the effect of 

pesticide combinations on plant growth and on the incidence 

of damping off, plant growth experiments were carried out 

in the greenhouse or in growth chambers. 

Medium Preparation 

The liquid medium was prepared by adding 22 g of 

instant potatoes and 20 g of dextrose to 1800 ml distilled 

water (DW). This solution was brought to a boil while 

being stirred. After setting for at least 0.5 hour, the 

liquid was decanted by siphoning, leaving about kOO ml of 

residue in the bottom of the flask (56). One hundred ml of 

the decanted liquid were placed in 250 ml Erlenmeyer 

flasks. Twenty-five ml of 0.1 M pH 7.0 sodium phosphate 

buffer were added to each flask. The flasks were stoppered 

with non-absorbent cotton plugs and metal caps; they were 

autoclaved at 15 lb per square inch (psi) for 15 minutes. 

18 
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Inoculum Preparation 

Rhizoctonia solani Kuhn isolate R-5 of The 

University of Arizona, Plant Pathology Department stock was 

used for all experiments (Appendix A). It was originally 

isolated from cotton in southern Arizona and when assayed 

on cotton was found to be virulent. Reisolations of R-5 

from diseased cotton plants were made periodically to 

minimize any loss of virulence due to repeated transfers to 

artificial media. 

Liquid Culture Tnoculum 

The organism was grown on potato-dextrose agar 

(PDA) prepared by using 37 g PDA (Difco) plus an addi

tional 5 g agar (Difco Bacto-Agar) per liter of DW. This 

medium was autoclaved at 15 psi for 30 rain and transferred 

to 90 mm Petri plates at the rate of 25 ml pe*" plate. Nine 

mm (#k cork borer) plugs of mycelium with agar were cut 

from the margin of 2 to k day-old colonies grown at room 

temperature (RT). One plug was placed in each flask for 

the liquid culture experiments. 

Plant Growth Inoculum 

Rhizoctonia solani inoculum for greenhouse and 

growth chamber experiments was prepared by either of two 

methods. In the first method the contents of Petri plates 

(containing 25 ml PDA) overgrown with the organism were 

placed in a Waring blender (Model 1042) with 100 ml of 
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sterile distilled water (SDW) per plate. The number of 

plates used was determined by the amount of inoculum needed 

for a particular experiment. The blender was run at high 

speed for one minute. 

The second method of inoculum preparation was used 

for most of the cotton growth experiments; it consists of 

taking a 9 mm plug of mycelium from the margin of a growing 

colony of R. solani on PDA and placing it in a flask of 

liquid medium prepared as above. The flasks were placed on 

a platform shaker (Eberbach Corp.) operating at 80 cycles 

per minute. After 3 to 6 days growth at RT (26 to 27 C) 

the medium was decanted and the remaining mycelial "ball" 

was washed in two changes of 100 ml SDW. The "ball" was 

then fragmented in a Waring blender at high speed in about 

200 ml SDW. The amount of mycelium fragmented was deter

mined by the amount of inoculum required for a particular 

experiment. 

The fragmented mycelial suspension was then 

adjusted to an optical density (O.D.) of 0.26 at 375 nm on 

a spectrophotometer (Bausch and Lomb Spectronic 20). A 

final suspension was prepared using this mycelial suspen

sion at the rate of 50 ml per 950 ml DW. This final 

suspension was added at the rate of 100 ml per pot. 
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Pesticide Choice and Preparation 

Three fungicides and three herbicides were chosen 

for interaction experiments. PCNB was chosen since it is 

used as a cotton seed treatment and because of its high 

level of toxicity to R. solani (6). Captan is also quite 

effective against damping off and is used in many cotton 

growing areas. Benoinyl represents one of the new systemic 

fungicides which are effective in disease prevention and 

control (13, 31, 7^). 

Diuron is an example of the urea type of herbicide 

in use for weed control; pronietryne represents one of the 

triazine type herbicides in common use. These two herbi

cides as well as trifluralin are used extensively in cotton 

production. 

Pesticides were prepared as aqueous solutions or 

suspensions for use in liquid culture experiments and in 

the growth experiments (Table 2). 

The following pesticides were used in the experi

ments : 

1. Benoinyl (Benlate); Methyl l-(butylcarbamoyl)-2-

benzimidazole carbamate (Dupont). 

2. Captan; 50% active ingredient N-Trichloromethyl-

mercapto-'l-cyclohexene-l , 2-dicarboximide (Stauffer 

Chemical Co.). 

Pentachloronitrobenzene (PCNB); 75% active in

gredient (Olin Mathieson Chemical Corporation). 
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Table 2. Concentration of pesticides used in the plant 
growth experiments and in liquid culture experi
ments . 

Plant Growth Liquid Culture 
Experiments Experiments 

Low level High level Low level High level 
Treatment (ppm)a (ppm) (ppm) (pptn) 

Benomyl 3« .0 6. .0 0, .8 1, • 5 

Captan 23. .8 ^7--7 2. • 5 5. .0 

PCNB 60. .6 302. -7 0. .5 2. .0 

Prometryne 20. • 3 4o. > 7  25. .0 100. .0 

Diuron 17-.0 33< .9 12, -5 50. .0 

Trifluralin 17-.0 

ir
\ CO 

.0 5-.0 20. .0 

aBased on 300 g soil/pot. 

In liquid culture. 

4. Diuron (Karmex) ; 80% wettable powder (WP) 3-(3,4-

dichlorophenyl)-1, 1-dimethylurea (Dupont). 

5* Prometryne (Caparol); 80% WP 2,4-bis(isopropyl-

amino)-6-methylthio-s-triazine (Geigy Chemical 

Corp.). 

6. Trifluralin (Treflan) ; 44.5% oc ,0c ,0t,-trif luoro-2 ,6-

dinitro-N,N-dipropyl-p-toluidine (Eli Lilly & Co.). 
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Liquid Culture Experiments 

Liquid culture experiments were carried out to 

determine the effect of the pesticides on the growth of R. 

solani. 

Each pesticide was prepared in DW so that 10 ml 

when added to the flasks gave the final concentration in 

ppm as indicated in Table 2. The pesticide preparations 

were added to 250 ml flasks containing 125 ml of medium and 

buffer. Sterile DW was added where necessary to maintain 

the same volume in all flasks. A mycelial plug from the 

edge of growing colonies of R. solani was placed in each 

flask. Flasks were then placed randomly on a platform 

shaker or on a water bath shaker (Warner-Chilcott Model 

2156-1) moving at 80 cycles per minute. The temperature 

was 26 to 27 C for the experiments using the platform 

shaker and 30 C where the water bath shaker was utilized. 

After the 3-day growth period the pH of all samples was 

determined using a pH meter (Beckman Zeromatic) with a 

single probe electrode. The mycelial "ball" was removed, 

placed in pre-weighed Petri plates, and dried in a forced-

air oven (Hotpack Model 8107) at 60 C. Dry weight 

determinations were made after the samples had thoroughly 

dried. 

The following treatments were carried out for the 

liquid culture experiments: 
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1. Control. 

2. Fungicide low concentration. 

3. Fungicide high concentration. 

k. Herbicide low concentration. 

5. Herbicide high concentration. 

6. Fungicide low concentration + Herbicide low 

concentration. 

7« Fungicide low concentration + Herbicide high 

concentration. 

8. Fungicide high concentration + Herbicide low 

concentration. 

9. Fungicide high concentration + Herbicide high 

concentration. 

Growth Effect Experiments 

The soil mix used for the growth experiments 

consisted of Mesa loam, sand, and peat moss 1:1:1 (v:v:v). 

The sand and soil were passed through a 0.25 inch screen 

and the peat moss was thoroughly broken up before mixing. 

After blending in a cement mixer the soil mix was heat 

treated at 115 C in a soil pasteurizer (Soil King Model 

800) for k hours. 

The soil was placed in 6 inch plastic pots which 

had polyethylene bags as liners to prevent any chemical 

contamination from experiment to experiment. The pots 

were soaked in a 0.13% sodium hypochlorite solution for 4 
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to 12 hours before the liners and soil were placed in them. 

Holes were punched in the bottom of the bags to allow for 

proper drainage. 

Rhizoctonia solani was added to the soil in 100 ml 

of aqueous suspension and an additional 100 ml of DW was 

then added. The pesticides were prepared in DW in such a 

manner that the selected concentrations (Table 3) were in 

100 ml of the final preparation. One hundred ml of solu

tion or suspension were added to the soil in each pot; 

suspensions were maintained while application was made to 

the soil surface. Where more than one pesticide was 

applied to a single pot each pesticide was applied 

separately but the first was followed by the second in less 

than 5 minutes. DW was applied where necessary to maintain 

the same amount of water on all treatments. 

The treatments used for the growth effect experi

ments were as follows: 

1. Control. 

2* Fungicide low concentration. 

3. Fungicide high concentration. 

k. Herbicide low concentration. 

5. Herbicide high concentration. 

6. Fungicide low concentration + herbicide low 

concentration. 

7. Fungicide low concentration + herbicide high 

concentration. 
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Table 3« Pesticides used and concentrations employed in 
plant growth experiments. 

Pesticide 

Low 
concentration 
(mg/pot)a 

High 
conc entration 
(mg/pot) 

Benomyl (fungicide) 0.90 1.8 

Captan (fungicide) 7.15 14.3 

PCNB (fungicide) 18.19 90.8 

Prometryne (herbicide) 6.10 12.2 

Diuron (herbicide) 5.09 10.2 

Trifluralin (herbicide) 5.10 25.5 

aApplied to soil in each 6 inch pot. 

8. Fungicide high concentration + herbicide low 

concentration. 

9. Fungicide high concentration + herbicide high 

concentration. 

10-l8. The same as above plus the addition of R. 

solani. 

Deltapine 16 (Gossypium hirsutum L.) or Pima S-2 

(G. barbadense L.) cotton seed were planted (10 per pot) 

25-30 mm deep. The seed were acid delinted with no other 

treatment. The pesticides were added 2-3 days after the 



27 

soil was inoculated with R. solani and the planting usually 

was done 2 days after pesticide application. 

Greenhouse Experiments 

The pots wei"e randomized into k or 5 replications 

in such a manner that all treatments of a replication were 

in close proximity of each other. All replications were 

placed next to each other on a greenhouse bench. The 

"temperature in the greenhouse varied according to the time 

of year the experiment was carried out. During the cool 

months the temperature ranged from 21 C at night to 27 C in 

the day time. During the summer months the night tempera

ture was 21 C and the daytime temperature sometimes reached 

32 C. Normal daytime temperatures were maintained near 

27 C by the use of evaporative coolers. Plants were main

tained at a moisture level consistent with good growth by 

the addition of tap water to the soil surface. 

The number of plants which emerged was recorded 

(usually at 7 days after planting). The number of sur

viving plants was recorded after damping-off symptoms were 

evident. This usually occurred at 10-1*1 days after plant

ing. Plant heights were also recorded at 2 and k weeks to 

measure the phytotoxic effects of the tested pesticides. 

When dry weights were taken the plants were severed at the 

ground line, placed in paper bags, and dried in a forced-

air oven at 60 C for at least 3 days, at which time the 



weights were determined 

(Mettler P1200N). 

using a top loading balance 

28 

Growth Chamber Experiments 

The procedures for experiments conducted in growth 

chambers were the same as those for greenhouse experiments 

except the pots were randomized with 2 replications in each 

growth chamber (Sherer-Gillett Model CEL 255-6). The light 

level was 1000 ft-candles at pot height and a 12 hour day 

length was used. The temperature of all experiments in 

growth chambers was 25 C. 



CHAPTER 5 

RESULTS 

Data from the experiments were compiled and analyzed 

statistically by the method of Link and Wallace (60). Con

clusions were based on the 5% confidence level. Each experi

ment was run 2-3 times. Tables shorn are data from a 

typical experiment using the particular pesticides as indi

cated. The data in Tables 6 through 17 are typical of 

several experiments incorporating the same variables where 

no significant differences were found between any of the 

experiments. In the data reported in Tables l8 through 23 

there was some variability between experiments; however, 

trends were generally the same. For example, a reaction 

was additive in both experiments even though the percent

ages were different between experiments. See Appendices B 

and C for further data pertaining to these experiments. 

Inoculum Level 

Selection of the level of Rhizoctonia solani to use 

for the experiments was carried out based on the levels 

used by Khoury (51)• The contents of 5 Petri plates over

grown with the organism were used per liter of DW. After 

blending, the optical density was determined to be 0.26 at 

375 nm. Three, 5, and 7 ml per pot were tested; the 

29 



30 

organism was added in either 100 or 200 ml of DW. Ten 

cotton seeds per pot were planted and the number of live 

plants was recorded for a one month period. The 5 ml level 

applied in 100 ml of DW was chosen for further experiments 

as it gave a high level of disease incidence at approxi

mately two weeks after planting. Plant kill was delayed 

for some time when the 3 ml per pot level was used and the 

7 ml per pot level caused a loss in seed germination. The 

100 and 200 ml level gave comparable results; the 100 ml 

level was chosen for its convenience. Table 4 shows the 

effect of the various levels of R. solani on plant growth 

over a 21 day period. 

Pesticide Levels 

Assays were carried out to determine suitable 

pesticide levels to use in this study. Soil was prepared, 

infested, and cotton seed planted according to the pro

cedures in the Material and Methods section. 

The pesticides were prepared in DW and applied in 

100 ml of DW per pot. The effect of the herbicides was 

measured by dry weight of the surviving plants or by plant 

height. The levels chosen for the interaction experiments 

were selected on the basis of a rate which caused little 

phytotoxicity and a rate which showed a more severe 

reaction, providing it was in the range of recommended 

application levels. 



31 

Table 4. Effect of various levels of Rhizoctonia solani 
on growth of cotton plants. 

Amount of R. solani , applied3 

Days after planting 0 3 5 7 

6 4.3b 2.0 2.7 0.7 

8 6.3 6.0 4.3 3-0 

10 6.3 6.6 5-3 3-7 

13 6.3 6.6 5.0 2.6 

15 6.3 3-3 1.3 0.3 

17 6.3 2.7 1.3 0.3 

21 6.3 0.3 0.7 0.3 

aml of suspension (O.D. 0.26 at 375 nm)/pot; 
applied in 100 ml DW. 

^Average number of live plants/pot; 10 seeds 
planted/pot; 5 replications. 

The effect of the fungicides was measured by the 

reduction of the incidence of R. solani caused damping off 

of cotton* A level which showed little reduction in 

disease incidence and a level which gave increased control 

were chosen. The rates of the pesticides used for the 

interaction experiments on plant growth and disease 

incidence are shown in Table 3* The approximate equivalent 

amounts of field applications to those used in the pot 

experiments are shown in Table 5* 
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Table 5* Approximate field rates used for plant growth 
experiments. 

Pesticide 

Plant growth 

Low rate 

, a experiments 

High rate 
Recommended 

rate 

Benomyl*3 3.0 6.0 — 

Captanc 0.1 0.2 0.3 

PCNBd 0.1 0.4 0.4 

Prometryne6 0.6 1.2 0.8 to l.6 

Diuron6 0.5 1.0 0.8 to 1.6 

Trifluralin6 0.5 2.5 0.5 

aEquivalent field rates calculated from actual 
amount added/pot (Table 4) . 

^Approximate ppm based on 300 g of soil/pot. 

£ 
Approximate lb/1000 square feet of surface area. 

^Approximate lb/1000 linear feet assuming a 6 inch 
band width. 

Approximate lb/acre based on 10. 4 mg/pot = 1 lb/ 
acre. 
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As indicated in Table 6 there was no phytotoxicity 

caused by PCNB at levels up to l8l.6 mg per pot. Captan 

caused no phytotoxicity at levels up to 43 nig per pot and 

benomyl showed no phytotoxicity at levels up to 30 mS Pe*~ 

pot (Table 7)• 

Table 6. Effect of various concentrations of PCNB on 
cotton growth. 

Height'3 

PCNB (mg/pot) (nun) 

0.0 (0.0 lb/1000 ft )a 110 a° 

45.4 (0.2 lb/1000 ft) 119 a 

90.8 (0.4 lb/1000 ft) 120 a 

181.6 (0.8 lb/1000 ft) 101 a 

aApproximate concentration based on 6 inch band 
width. 

Average height of plants at 2 weeks; 10 plants per 
pot; 5 replications. 

Data followed by the same letter not signifi
cantly different at 5% level; LSD = 20. 
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Table 7« Effect of various concentrations of captan on 
cotton growth. 

Height^ 
Captan (mg/pot) (mm) 

0.0 (0.00 lb/1000 sq ft )a 76 
c 

a 

5.4 (0.08 lb/1000 sq ft) 71 a 

10.8 (0.15 lb/1000 sq ft) 68 a 

21.5 (0.30 lb/1000 sq ft) 60 a 

43.0 (0.60 lb/1000 sq ft) 73 a 

Approximate concentration based on surface area of 
6 inch pot.. 

Average height of plants at 2 weeks; 10 plants/ 
pot; 5 replications. 

Q 
Data followed by the same letter not significantly 

different at 5% level; LSD = 24. 
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Table 8 illustrates that the herbicides prometryne 

and diuron caused detrimental reactions in cotton at levels 

between 3 and 6 ing per pot. Trifluralin retarded plant 

growth especially at levels in excess of 20 tng per pot 

(Table 9) • 

Table 8. Effect of various concentrations of prometryne 
and diuron on cotton growth. 

Dry weight'1 

Concentration Prometryne Diuron 
(mg/pot) (g) (g) 

0.00 (0.0 lb/acre)a 16.86 
c 

a 16.86 a 

3-05 (0.3 lb/acre) 12.60 a 17.90 a 

6.11 (0.6 lb/acre) 3-96 b 2.40 b 

12.23 (1.2 lb/acre) 0.37 b 0.00 b 

Approximate concentration based on 10.4 mg/sq ft = 
1 lb/acre. 

Above ground portion of plants at 2 weeks; 10 
seeds planted/pot; 4 replications. 

£ 
Data followed by the same letter not significantly 

different at 5% level; LSD =5*29* 
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Table 9. Effects of various 
on cotton growth. 

concentrations of trifluralin 

Trifluralin 
(mg/pot) 

Height*3 

(mm) 

0.0 (0.0 lb/acre)a 110 aC 

5-1 (0.5 lb/acre) 106 a 

10.2 (l.O lb/acre) 11 h a 

to
 

o
 

• 
rf

s-

(2.0 lb/acre) 80 

aApproximat e concentration based on 10. 'l mg/sq ft = 
1 lb/acre. 

jj 

Average plant height at 2 weeks; 10 plants per 
pot; 4 replications. 

£ Data followed by the same letter not significantly 
different at 5% level; LSD = 20. 

Effect of Pesticide Combinations on Cotton Growth 

The effect on cotton caused by the various 

pesticides alone and in combination was determined by using 

three criteria: (a) the number of emerged plants at 7 days 

was used as a measure of effect which the pesticides had on 

germination of the cotton seed; (b) the number of surviving 

plants at two weeks was used as a measure of the effect the 

pesticides had on plants after germination; and (c) the 

plant height indicated effects of the pesticides on overall 

growth of cotton plants. The pesticides were applied alone 

and in combination at the two selected levels. 



Effect of Fungicides Alone 

The three fungicides tested had no measurable 

effect on the plants as indicated by the above criteria 

(Tables 10 to 17)• There were no statistically significant 

differences between the control plants and the treatments 

on number of seeds germinated, surviving plants at two 

weeks or plant height at two weeks. 

Effect of Herbicides Alone 

The herbicides inhibited plant growth in some 

cases. In one experiment prometryne at 12.2 ing per pot 

suppressed germination; however, at two weeks the number of 

surviving plants was the same as the untreated control 

(Table 15)• As indicated by Tables 10 and 12, prometryne 

caused no significant phytotoxicity in other experiments. 

The effect of diuron on plant growth is indicated 

in Tables 11, 13, and 16. Diruon at the high level did not 

significantly reduce the height of the plants at two weeks; 

however, the leaves were shrivelling and severe desiccation 

had occurred even though the soil was moist. These 

desiccated plants usually were dead by the end of one 

month. 

In all experiments the higher level of trifluralin 

reduced the height of the plants at two weeks (Tables 1*1 

and 17). The germination and number of surviving plants 

was not different from that of the control. Figure 1 shows 



Table 10. Effect of benomyl plus prometryne on cotton germination, survival, and 
plant height. 

Number of Number of Plant height 
plants emerged 

at 7 days 
live plants at 14 daysc 

Treatment3 
plants emerged 

at 7 days at 14 days'3 (mm) 

Control 32d 35e 84f 

Benomyl low 30 31 79 
Benomyl high 32 32 79 
Prometryne low 33 34 79 
Prometryne high 32 35 66 
Benomyl low plus prometryne low 34 36 75 
Benomyl low plus prometryne high 32 36 76 
Benomyl high plus prometryne low 33 36 68 
Benomyl high plus prometryne high 33 33 74 

aBenomyl low level = 0.9 mg/pot; benomyl high level = 1.8 mg/pot; 
Prometryne low level = 6.1 mg/pot; prometryne high level = 12.2 mg/pot. 

^Total number of plants from 4 pots with 10 seeds planted/pot. 

Average plant height; 4 replications; 10 seeds planted/pot. 

^No significant difference between treatments at 5% level; LSD = 12. 

No significant difference between treatments at 5% level; LSD = 15• 

f 
No significant difference between treatments at 5% level; LSD = 24. 



Table 11. Effect of benomyl plus diuron on cotton germination, survival, and 
plant height. 

Number of Number of Plant height 
plants emerged live plants at l4 daysc 

Treatment3 at 7 days" at l4 days*5 (mm) 

Control 30d 33e 57f 

Benomyl low 32 36. 52 
Benomyl high 29 32 48 
Diuron low 3^ 35 62 
Diuron high 31 31 ko  
Benomyl low plus diuron low 28 31 ko  
Benomyl low plus diuron high 32 2k  55 
Benomyl high plus diuron low 35 36 52 
Benomyl high plus diuron high 37 32 k7  

aBenomyl low = 0.9 nig/pot; benomyl high = 1.8 mg/pot; diuron low = 5-1 nig/ 
pot; diuron high = 10.2 mg/pot. 

^Total number of plants from k pots with 10 seeds planted/pot. 

°Average plant height; k replications; 10 seeds planted/pot. 

^No significant difference between treatments at 5% level; LSD = 12. 

eNo significant difference between treatments at 5% level; LSD = 17-

£ 
No significant difference between treatments at 3% level; LSD = 29• 

\D 



Table 12. Effect ,of captan plus prometryne on cotton germination, survival, and 
plant height. 

Number of Number of Plant height 
plants emerg ;ed live plants at l4 daysc 

Treatment3 at 7 days at l k  days'3 (mm) 

Control 30d 336 58f 

Captan low 3k  37 49 
Captan high 33 37 53 
Prometryne low 28 35 50 
Prometryne high 36 39 60 
Captan low plus prometryne low 3k  37 55 
Captan low plus prometryne high 37 37 58 
Captan high plus prometryne low 35 38 5k  
Captan high plus prometryne high 33 37 5k  

aCaptan low = 7»15 mg/pot; captan high = 14.3 mg/pot; prometryne low = 
6.1 mg/pot; prometryne high = 12.2 mg/pot. 

^Total number of plants from k  pots with 10 seeds planted/pot. 

°Average plant height; k  replications; 10 ' seeds planted/pot • 

^No significant difference between treatments at 5% level; LSD = 12. 

0 
No significant difference between treatments at 5% level; LSD = 10. 

f 
No significant difference between treatments at 5% level; LSD = 22. 

»c-
o 



Table 13* Effect of captan plus diuron on cotton germination, survival, and 
plant height. 

Number of Number of Plant height 
plants emerged live plants at 14 daysc 

Treatment3 at 7 days*3 at l4 days13 (mm) 

Control 26d 31e 51f 

Captan low 32 34 62 
Captan high 33 33 50 
Diuron low 32 34 62 
Diuron high 33 34 56 
Captan low plus diuron low 31 34 59 
Captan low plus diuron high 23 36 46 
Captan high plus diuron low 23 31 45 
Captan high plus diuron high 32 33 49 

aCaptan low = 7*15 mg/pot; captan high = 14.3 mg/pot; diuron low = 5«1 
mg/pot; diuron high = 10.2 mg/pot. 

Total number of plants from 4 pots with 10 seeds planted/pot. 

°Average plant height; 4 replications; 10 seeds planted/pot. 

No significant difference between treatments at 5% level; LSD = 12. 

eNo significant difference between treatments at 5% level; LSD = 14. 

fNo significant difference between treatments at 5% level; LSD = 17. 



Table 14. Effect of captan plus trifluralin on cotton germination, survival, and 
plant height. 

Number of Number of Plant height 
plants emerged live plants at 1^ daysc 

Treatment3 at 7 days" at Ik days'3 (mm) 

Control 38d 39® 60 af 

Captan low 32 33 6l a 
Captan high 32 3^ 50 a 
Trifluralin low 33 35 38 b 
Trifluralin high 36 37 28 b 
Captan low plus trifluralin low 35 35 38 b 
Captan low plus trifluralin high ko ko 32 b 
Captan high plus trifluralin low 37 37 38 b 
Captan high plus trifluralin high 33 33 29 b 

aCaptan low = 7.15 mg/pot; captan high = l4«3 mg/pot; trifluralin low = 
5.1 mg/pot; trifluralin high = 25-5 mg/pot. 

Total number of plants from 4 pots with 10 seeds planted/pot. 

Average plant height; k replications; 10 seeds planted/pot. 

^No significant difference between treatments at 5% level; LSD = 10. 

eNo significant difference between treatments at 5% level; LSD = 12. 

f 
Data followed by the same letter are not significantly different at 5% 

level; LSD = 13. 



Table 15- Effect of PCNB plus prometryne on cotton germination, survival, and 
plant height. 

Number of Number of Plant height 
plants emerged live plants at 14 daysc 

Treatment3 at 7 days" at l4 days'3 (mm) 

Control 30 abd 43e 50r 

PCNB low 30 ab 36 38 
PCNB high 31 ab 36 42 
Prometryne low 39 ab 4i 50 
Prometryne high 24 a 36 38 
PCNB low plus prometryne low 34 ab 4i 38 
PCNB low plus prometryne high 33 ab 34 50 
PCNB high plus prometryne low 36 ab 38 52 
PCNB high plus prometryne high 43 b 42 52 

aPCNB low = 18.2 mg/pot; PCNB high = 90.8 mg/pot; prometryne low = 6.1 mg/ 
pot; prometryne high = 12.2 mg/pot. 

Total number of plants from 5 pots with 10 seeds planted/pot. 

Q 

Average plant height; 5 replications; 10 seeds planted/pot. 

^Data followed by the same letter not significantly different at 5% level; 
LSD = 15. 

eNo significant difference between treatments at 5% level; LSD = 17. 

f 
No significant difference between treatments at 5% level; LSD = 15. 

if 
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Table l6. Effect .of PCNB plus diuron on cotton germination, survival, and plant 
height. 

Number of Number of Plant height 
plants emerg ed live plants at 14 daysc 

Treatment3 at 7 days" at 14 days'3 (mm) 

Control 25d 43e 42 abf 

PCNB low 31 4i 48 ab 
PCNB high 33 43 52 a 
Diuron low 36 43 42 ab 
Diuron high 42 47 4o ab 
PCNB low plus diuron low 34 45 43 ab 
PCNB low plus diuron high 31 48 36 b 
PCNB high plus diuron low 42 47 52 a 
PCNB high plus diuron high 32 37 38 ab 

aPCNB low = 18.2 mg/pot ; PCNB high = 90.8 mg/pot; diuron low = 5.1 mg/pot; 
diuron high = 10.2 mg/pot. 

Total number of plants from 5 pots with 10 seeds planted/pot • 

Average plant height; 5 replications; 10 seeds planted/pot. 

^No significant difference between treatments at 3% level; LSD = 21. 

eNo significant difference between treatments at 5% level; LSD = 15« 

f 
Data followed by the same letter not significantly different at 5% level; 

LSD = 15. 



Table 17* Effect of PCNB plus trifluralin on cotton germination, survival, and 
plant height. 

Number of Number of Plant height 

Treatment8 
plants emerged live plants at 14 daysc 

Treatment8 at 7 days** at 14 days*1 (mm) 

Control *5d k7e 140 
f 

a 
PCNB low 46 44 139 a 
PCNB high 40 44 137 a 
Trifluralin low 4 3  46 113 b 
Trifluralin high 46 4l 33 c 
PCNB low plus trifluralin low 39 4o 106 b 
PCNB low plus trifluralin high 42 45 29 c 
PCNB high plus trifluralin low 46 40 102 b 
PCNB high plus trifluralin high 4l 4l 28 c 

aPCNB low = 18.2 mg/pot; PCNB high = 90.8 mg/pot; trifluralin low = 5*1 
mg/pot; trifluralin high = 25•5 mg/pot. 

Total number of plants from 5 pots with 10 seeds planted/pot. 

Average plant height; 5 replications; 10 seeds planted/pot. 

^No  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t r e a t m e n t s  a t  5 %  l e v e l ;  L S D  = 1 3 .  

No significant difference between treatments at 5% level; LSD = 14. 

-£• 
Data followed by the same letter not significantly different at 5% level; 

LSD = 18. 

ui 



Figure 1. Effect of trifluralin on roots of cotton 
seedlings. 
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the typical root damage caused by trifluralin. The plants 

remained in a juvenile condition with no primary leaf 

development even after two months (Figure 2). 

Effect of Pesticide Combinations 

None of the experiments showed any significant 

differences with fungicide-herbicide combinations as 

measured by effect on the plant growth. The effect of the 

herbicides on the plant was not altered by the presence of 

the fungicides (Tables 10 to 17). The amount of stunting 

caused by trifluralin did not change in the presence of any 

of the fungicides. The leaf damage caused by diuron was 

not altered in the presence of any of the tested fungi

cides . 

Effect of Pesticide Combinations on 
Damping Off 

To determine the effect of concurrent application 

of the tested pesticides on damping off of cotton, experi

ments using R. solani-infested soil were performed. Cotton 

was planted after the pesticides were applied to the soil 

in DW. In these experiments the fungicides and the 

herbicides were tested alone and in combination at two 

levels. Disease incidence was determined by counting the 

number of healthy plants which survived at two weeks. All 

other plants had lesions at the soil line typical of those 

caused by R. solani. 



Figure 2. 

A 
DHfA 

fliNt tUFIAH&.O 

Effect of trifluralin alone and in combination 
with PCNB on cotton growth and incidence of 
damping off (Rhizoctonia solani) of cotton -
(A) Effect of trifluralin alone; (B) Effect of 
trifluralin in combination with PCNB. 
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In all but 3 °ut of 31 experiments there were no 

significant differences in germination of cotton in treated, 

untreated, heat treated, or .R. solani infested soil. In 

the three experiments which showed decreased germination in 

R. solani treatments the environmental conditions were 

apparently more favorable to the R. solalii than in other 

experiments due to a period of moderate temperature and 

high moisture. 

Effects of Benomyl in Combinations 

Benomyl plus proinetryne combinations were no more 

effective than benomyl alone in controlling disease. 

Statistically, proinetryne at the high level did not show 

disease control; however, in many cases a degree of control 

was noted (Table 18). Even in these cases no increased 

control was noted when benomyl and prometryne were applied 

together. Apparently, they act in such a manner that 

either one or the other causes the control of disease; 

there was no additive effect. Benomyl in combination with 

diuron usually showed the same disease control in the 

presence of diuron as when used alone; however, there were 

some variations noted with some experiments. A synergistic 

action was observed in one experiment. Diuron alone did 

not have any marked effect on disease incidence. A 

typical response found with benomyl plus diuron is indi

cated in Table 18. 
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Table l8. Effect of benomyl in combination with three 
herbicides on the incidence of damping off 
(Rhizoctonia solani) of cotton. 

Treatment3 

Disease 
Control'3 

(%) Treatment 

Dis ease 
Control 

( % )  

Benomyl low 12 
c 

a Benomyl high '18 a 
Prometryne low 5 a Prometryne high 24 a 
Together 17 a Together 21 a 

Benomyl low 12 a Benomyl high 48 a 
Prometryne high 24 a Prometryne low 5 a 
Together 5 a Together 26 a 

Benomyl low 0 
d 

a Benomyl high 55 a 
Diuron low 12 a Diuron high 0 
Together 9 a Together 52 a 

Benomyl low 0 a Benomyl high 55 a 
Diuron high 0 a Diuron low 12 b 
Together 15 a Together 48 ab 

Benomyl low 10 
d 

a Benomyl high 55 a 
Trifluralin low 12 a Trifluralin high 0 b 
Together 5 a Together 38 ab 

Benomyl low 10 a Benomyl high 55 a 
Trifluralin high 0 a Trifluralin low 12 
Together 0 a Together 35 a 

aBenoinyl low = 0.9 nig/pot; benomyl high - 1.8 
mg/pot; Prometryne low = 6.1 mg/pot; proraetryne high = 12.2 
mg/pot; Diuron low = 5»1 nig/pot; diuron high = 10.2 mg/pot; 
Trifluralin low = 5»1 mg/pot; trifluralin high = 25«5 mg/ 
pot. 

^Determined by comparing the number of live plants 
in each treatment with the number of surviving plants in 
the heat-treated, non-infested check (usually 3^-40 
plants); the R. solani infested check had 0-3 surviving 
plants; data taken at 2 weeks; 4 replications. 

c 
Data followed by the same letter not significantly 

different at 5% level; LSD = 29* 

^Data followed by the same letter not significantly 
different at 5% level; LSD = 40. 
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Benomyl plus trifluralin elicited no change in the 

disease control afforded by benomyl alone. Trifluralin 

alone at both concentrations caused no significant reduc

tion in incidence of seedling damping off (Table l8). 

Effects of Captan in Combinations 

The efficacy of captan in reducing the incidence of 

seedling damping off of cotton was not changed in the 

presence of prometryne at any combination of the two levels 

of each tested. As noted in Table 19, prometryne had no 

effect on disease incidence at either level tested. 

Diuron did not statistically increase the activity 

of captan on disease control; however, a consistent 

increase was noted in most experiments using the high level 

of diuron in combination with either level of captan. 

Diuron alone had little effect on disease control 

(Table 19)• Trifluralin added to captan did not alter 

the activity of captan in control of damping off disease of 

cotton. Trifluralin at either level tested had no effect 

on disease incidence. The typical response found is 

presented in Table 19» 

Effects of PCNB in Combinations 

PCNB gave good disease control at both levels 

tested (Table 20). In some experiments a slight increase 

in activity was noted when used in conjunction with 
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Table 19* Effect of captan in combination with three 
herbicides on the incidence of damping off 
(Rhizoctonia solani) of cotton. 

Dis eas e Diseas e 
control'3 control 

Treatment3 (%) Treatment (%) 

Captan low 93 
c 

a Captan high 100 a 
Prometryne low 0 Prometryne high 0 
Together 87 a Together 100 a 

Captan low 93 a Captan high 100 a 
Prometryne high 0 Prometryne low 0 
Together 100 a Together 100 a 

Captan low 100 
d 

a Captan high 69 a 
Diuron low 0 Diuron high 25 
Together 100 a Together 9k a 

Captan low 100 a Captan high 69 a 
Diuron high 25 Diuron low 0 
Together 9^ a Together 69 a 

Captan low 69 
e 

a Captan high 100 a 
Trifluralin low 0 Trifluralin high 0 
Together 67 a Together 95 a 

Captan low 69 a Captan high 100 a 
Trifluralin high 0 Trifluralin low 0 
Together 6k a Together 93 a 

aCaptan low = 7«15 mg/pot; captan high = l'i.3 nig/ 
pot; Prometryne low = 6.1 mg/pot; proinetryne high = 12.2 
mg/pot; Diuron low = 5»1 nig/pot; diuron high = 10.2 mg/pot; 
Trifluralin low = 5»1 mg/pot; trifluralin high = 25«5 mg/ 
pot. 

^Determined by comparing the number of live plants 
in each treatment with the number of surviving plants in 
the heat-treated, non-infested check (usually 36-^0 plants); 
the li. solani infested check had 0-3 surviving plants; data 
taken at 2 weeks; 4 replications. 

Q 
Data followed by the same letter not significantly 

different at 5% level; LSD = 19. 

^Data followed by the same letter not significantly 
different at 5% level; LSD = 22. 

6 
Data followed by the same letter not significantly 

different at 5% level; LSD = 38. 
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Table 20. Effect of PCNB in combination with three herbi
cides on the incidence of damping off 
(Rhizoctonia solani) of cotton. 

Treatment3 

Disease^ 
control 

(96) Treatment 

Diseas e 
control 

(°/o) 

PCNB low 63 
c 

a PCNB high 100 a 
Prometryne low 0 Prometryne high 1 
Together 85 a Together 90 a 

PCNB low 63 a PCNB high 100 a 
Prometryne high 1 Prometryne low 0 
Together 68 a Together 100 a 

PCNB low 100 
d 

a PCNB high 97 a 
Diuron low 0 Diuron high 88 a 
Together 100 a Together 9^ a 

PCNB low 100 a PCNB high 97 a 
Diuron high 88 a Diuron low 0 
Together 9li a Together 100 a 

PCNB low 79 
e 

a PCNB high 85 a 
Tirfluralin low 3 Trifluralin high 6 
Together 65 a Together 82 a 

PCNB low 79 a PCNB high 85 a 
Trifluralin high 6 Trifluralin low 3 
Together 53 a Together 85 a 

aPCNB low = 18.2 mg/pot; PCNB high = 90.8 mg/pot; 
Prometryne low = 6.1 mg/pot; prometryne high = 12.2 mg/pot; 
Diuron low = 5«1 nig/pot; diuron high = 10.2 mg/pot; Tri
fluralin low = 5.1 mg/pot; trifluralin high = 25*5 mg/pot. 

^Determined by comparing the number of live plants 
in each treatment with the number of surviving plants in 
the heat-treated, non-infested check (usually plants); 
the R. solani infested check had 0-3 surviving plants; data 
taken at 2 weeks; 4 replications. 

£ 
Data followed by the same letter not significantly 

different at 5% level; LSD = 38. 

^Data followed by the same letter not significantly 
different at 5% level; LSD = 31• 

0 
Data followed by the same letter not significantly 

different at 5% level; LSD = kk. 
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prometryne; however, the difference was not statistically 

significant. 

PCND activity in controlling damping off was not 

altered statistically by the presence of diuron at either 

level in any combination tested. Diuron did reduce the 

activity of PCNB in one experiment but the amount was not 

statistically different. In one experiment out of eight, 

diuron at the high level showed activity in disease 

control (Table 20). There was no increase in disease 

control with diuron at the high level in the presence of 

PCNB. The addition of triflui-alin at either level to 

PCNB did not alter the disease control caused by PCNB 

alone (Figure 2). As indicated in Table 20, trifluralin 

alone did not have any effect on disease incidence. 

The addition of the tested herbicides to benomyl 

(Table l8), captan (Table 19), and PCNB (Table 20) did not 

alter the control of damping off afforded by these 

fungicides. 

Effect of Pesticide Combinations of GroA>rth 
of Rhizoctonia solani 

To determine the effect of pesticides on the growth 

of R. solani. liquid culture experiments were performed. 

The pesticides were added singly and in combination 

(herbicide plus fungicide) at two concentrations to 

culture flasks as indicated in the Materials and Methods 



55 

section. Growth was determined by the dry weight of the 

mycelial "ball." 

The levels selected were chosen after screening 

the pesticides over a wide concentration range. One level 

was selected which showed a high percentage inhibition of 

fungal growth. Another level which caused a minimal 

effect was also used in the interaction experiments. 

A loopful of liquid from each flask was streaked 

onto PDA to assay for contaminants. Data from any 

contaminated samples were discarded. This was necessary 

as the normal cloudy condition caused by bacterial con

tamination could be confused with the cloudiness caused by 

partial insolubility of the pesticides at high concentra

tions. The pH of all samples was checked after the growth 

period to verify no change had occurred which would alter 

the growth of R. solani. The pH did not change except in 

flasks which were contaminated; the data from these were 

discarded. 

The fungicide levels chosen were: benomyl at 0.75 

and 1.5 PP«n; c apt an at 2.5 and 5«0 ppm; and PCNB at 0.5 

and 2.0 ppm. The herbicide levels selected for the study 

were: Prometryne at 25 and 100 ppm; diuron at 12.5 and 50 

ppm; and trifluralin at 5 and 20 ppm. 
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Effects with Benomyl 

Benomyl plus prometryne probably has an additive 

effect as seen in Table 21. At the levels tested, 

prometryne did give some kill alone. The variation within 

samples is large with this type of experiment; however, in 

many cases the fungitoxicity of benomyl plus prometryne 

was greater than could be attributed to benomyl alone. 

The addition of diuron to benomyl gave variable 

results. An example of an experiment is shown in Table 21. 

At some levels the effect seemed additive; at other the 

action was apparently independent, i.e., fungitoxicity 

could be attributed to the fungicide alone. 

Trifluralin apparently added little to the 

fungitoxicity of benomyl to R. solani. The amount of 

inhibition normally was not greater with benomyl plus 

trifluralin than with benomyl alone (Table 21). 

Effects with Captan 

Captan plus prometryne gave an additive fungi

toxicity to R. solani as indicated in Table 22. Diuron 

plus captan also elicited an additive fungus inhibition 

over that obtained with captan alone (Table 22). With 

captan at the high level and diuron at the low level a 

synergistic inhibition was noted in each experiment. The 

reaction of captan plus trifluralin was variable but the 
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Table 21. Effect of benomyl in combination with three 
herbicides on the growth of Rhizoctonia solani. 

Treatment9 
Inhibition'3 

(%) Treatment 
Inhibition 

(%) 

Benomyl low 32 a° Benomyl high 71 a 
Prometryne low 15 a Prometryne high 32 
Together 55 Together 72 a 

Benomyl low 32 a Benomyl high 71 a 
Prometryne high 32 a Prometryne low 15 
Together 69 Together 75 a 

Benomyl low 5C Benomyl high 76 a 
Diuron low 6l a Diuron high 53 
Together 66 a Together 82 a 

Benomyl low 5 Benomyl high 76 a 
Diuron high 53 a Diuron low 61 a 
Together 58 a Together 71 a 

Benomyl low 28 a° Benomyl high 80 a 
Trifluralin low k Trifluralin high 39 
Together 2k a Together 90 a 

Benomyl low 28 a Benomyl high 80 a 
Trifluralin high 39 ab Trifluralin low k 
Together 50 b Together 82 a 

aBenoniyl low = 0.75 PP"i» benomyl high = 1.5 ppm; 
Proraetryne low = 25 ppm; prometryne high = 100 ppm; Diuron 
low = 12.5 ppm; diuron high = 50 ppm; Trifluralin low = 5 
ppm; trifluralin high = 20 ppm. 

^Determined by comparing with untreated check; 
based on dry weight after 3 days growth in liquid culture. 

c 
Data followed by the same letter not significantly 

different at 5% level; LSD = 19. 
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Table 22. Effect of captan in combination with three 
herbicides on the growth of Rhizoctonia solani. 

Inhibition Inhibition 
Treatment3 (%) Treatment (°/o) 

Captan low 20 
c 

a Captan high 36 a 
Prometryne low 22 ab Prometryne high 28 a 
Together 42 b Together 64 

Captan low 20 a Captan high 36 a 
Prometryne high 28 ab Prometryne low 22 a 
Together 50 b Together 60 

Captan low 4l 
d 

a Captan high 46 a 
Diuron low 17 Diuron high 59 a 
Together 64 a Together 94 

Captan low 4i a Captan high 46 
Diuron high 59 a Diuron low 17 
Together 86 Together 90 

Captan low 25 
e 

a Captan high 86 a 
Trifluralin low 3 a Trifluralin high 34 
Together 81 Together 95 a 

Captan low 25 a Captan high 86 a 
Trifluralin high 34 a Trifluralin low 3 
Together 86 Together 95 a 

Captan low = 2.5 ppm; captan high = 5*0 ppm; 
Prometryne low = 25 ppm; prometryne high = 100 ppm; Diuron 
low = 12.5 ppm; diuron high = 50 ppm; Trifluralin low = 5 
pptn; trifluralin high = 20 ppm. 

^Determined by comparing with untreated check; 
based on dry weight after 3 days growth in liquid culture. 

Data followed by the same letter not significantly 
different at 5% level; LSD = 22. 

^Data followed by the same letter not significantly 
different at 5% level; LSD = 21. 

G 
Data followed by the same letter not significantly 

different at 5% level; LSD = 29» 
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data indicate the reaction probably is additive normally 

and synergistic under certain conditions (Table 22). 

Effects with PCNB 

The fungitoxic properties of PCNB and prometryne 

are probably additive as indicated in Table 23; however, 

the increase was not always statistically significant. 

PCNB plus diuron elicited an additive or independent 

effect on inhibition of R. solani (Table 23)* The addition 

of trifluralin to PCNB did not alter the activity of PCNB 

alone. As Table 23 shows, no statistically significant 

increase in per cent inhibition was noted when trifluralin 

was added to PCNB. 
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Table 23 • Effect of PCNB in combination with three 
herbicides on the growth of Rhizoctonia solani. 

Treatment3 

PCNB low 
Prometryne low 
Together 

PCNB low 
Prometryne high 
Together 

PCNB low 
Diuron low 
Together 

PCNB low 
Diuron high 
Together 

PCNB low 
Trifluralin low 
Together 

PCNB low 
Trifluralin high 
Together 

Inhibition 
(°/o) 

2k  
c 

a 
20 a 
39 a 

2k  a 
26 a 
39 a 

^5d 
1 

27 
60 

'*5 a 
3k  ab 
58 b 

5k  
e 

a 
10 
45 a 

5k  a 
53 a 
4i a 

Treatment 

PCNB high 
Prometryne high 
Together 

PCNB high 
Prometryne low 
Tobether 

PCNB high 
Diuron high 
Together 

PCNB high 
Diuron low 
Together 

PCNB high 
Trifluralin low 
Together 

Inhibition 
(%) 

26 a 
26 a 
k7  

26 ab 
20 a 
k l  b 

75 
5  k  
85 

75 
27 
88 

79 
53 a 
5k  a 

79 a 
10 
62' a 

PCNB high 
Trifluralin high 
Together 

aPCNB low = 0.5 PP'n; PCNB high = 2.0 ppm; 
Prometryne low = 25 ppm; prometryne high = 100 ppm; Diuron 
low = 12.5 ppm; diuron high = 50 ppm; Trifluralin low = 5 
ppm; trifluralin high = 20 ppm. 

Determined by comparing with untreated check; 
based on dry weight after 3 days growth in liquid culture. 

Q 

Data followed by the same letter not significantly 
different at 5% level; LSD = 19. 

Data followed by the same letter not significantly 
different at 5% level; LSD = 9« 

Data followed by the same letter not significantly 
different at 5% level; LSD = 20. 



CHAPTER 6 

DISCUSSION 

It would have been quite interesting to investigate 

the effects of fungicides in combination with insecticides 

and herbicides; however, the number of experiments using 

all three pesticide types in combinations is quite high and 

considerable time and facilities would have been required. 

The herbicide-fungicide combinations were chosen since the 

soil application of herbicides for weed control and fungi

cides for control of damping off of cotton is common. 

Effect of Pesticides on Cotton Growth 

Under the conditions of these experiments none of 

the tested fungicides (PCNB, captan, and benomyl) caused 

any phytotoxicity to cotton when applied alone. This is 

the usual result found by other investigators (l8, 48, 70, 

72) . 

All three herbicides (trifluralin, diuron, and 

prometryne) caused severe plant damage at high concentra

tions. Trifluralin treated cotton plants were stunted at 

lower concentrations; at higher concentrations the plants 

remained in the cotyledonary stage for over two months. 

Growth inhibition caused by trifluralin has been noted 

6l 



62 

previously for cotton and other plants (12, 35, 38, ^8, 52, 

59, 73, 87). 

Diuron caused a chlorosis and desiccation of leaves 

at the higher levels tested. This type of damage for 

diuron when applied to the soil has been reported before 

with cotton and othar plants (36, 37, 39, 67, 73)• Langc 

and Fischer (57) found little damage to peach, plum, or 

almond trees when the soil in the orchard was treated with 

diuron at 8 lbs per acre. The different effect noted by 

Lange and Fischer was probably due to the age of the plants; 

i.e., older trees versus small seedlings. Only a part of 

the root system of large trees would be in contact with the 

herbicide while the cotton seedlings are in direct contact 

with the treated soil. 

Prometryne was found to be phytotoxic at the higher 

level tested. Prometryne damage to cotton plants in the 

field has previously been observed by several researchers 

(22, 23, 37, 39, 97). 

The critical point where weed control is good and 

where phytotoxicity to the cultivated plant is minimal 

depends on many factors of the soil. The use of two levels 

for the interaction experiments gave one level where no or 

little phytotoxicity occurred and a level where phytotox

icity was greater. 

The addition of other chemicals to herbicides inay 

alter their phytotoxic properties at a given concentration. 
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This has been noted with various combinations of pesticides, 

especially the increased phytotoxicity of diuron in the 

presence of the systemic insecticides, phorate and disul-

foton (21, 22, 36, 65, 66, 67). Heathman (39), however, 

reported a reduction of phytotoxicity of diuron in the 

presence of another herbicide, trifluralin. 

The results of the experiments carried out in heat-

treated soil showed no statistical difference in herbicide 

damage to cotton caused by trifluralin, diuron, or prome-

tryne alone or when applied concurrently with the fungi

cides PCNB, captan, or benomyl. 

Other investigators have found few significant 

fungicide-herbicide interactions (l8, 21, 47, 48, 73)• 

Chambers et al. (21) indicated the addition of fungicides 

to herbicide-systemic insecticide combinations reduced 

stands. However, in many cases fungicides appear to reduce 

the harmful effects of herbicides and insecticides (22, 27, 

70). Better disease control may have been the factor where 

fungicides were reported to have reduced the harmful effects 

of other pesticides as nonsterile soil was used in these 

experiments (22, 28, 70). 

Because no change in phytotoxicity occurred with 

the fungicide-herbicide combinations tested, it is probable 

that no new products are formed which are more detrimental 

to plant growth than the herbicide alone. The herbicides 

do not appear to be altered by the presence of the 



fungicides when using two levels of each pesticide. The 

results of this investigation should be of assistance in 

recommending field applications of these selected pesti

cides. Of course, field reactions may differ from these 

greenhouse experiments; field trials should be carried out 

to test the reactions under field conditions before 

specific recommendations are made. 

Effects of Pesticides on Damping Off 

With the use of heat-treated and Rhizoctonia solani-

infested soils for the pesticide interaction experiments, 

it is possible to determine the effect of the pesticides on 

disease control by comparing the incidence of plant disease 

with the proper control treatments. None of the three 

herbicides tested (trifluralin, diuron, and prometryne) 

statistically reduced the incidence of damping off of cot

ton. Nor was there any increased incidence of damping off 

in the herbicide treatments. 

Several investigators have noted increases in the 

incidence of damping off in herbicide treated plots (4, 71, 

86, 91)• This phenomenon did not occur under the conditions 

of this investigation, i.e., soil containing only R. solani. 

Under the conditions of field soil with its diverse micro

flora the results could be expected to differ somewhat (7l)» 

There were trends with many experiments where dis

ease control was somewhat greater when the herbicide diuron 



was present with the fungicides tested. Diuron has pre

viously been noted to decrease plant disease incidence 

(kk, ^5)» Under different conditions the trends noted may 

have been significantly different. 

The disease control elicited by the fungicides 

PCNB, captan, and benomyl was not statistically altered by 

the presence of any of the herbicides tested. The data of 

Chambers, Overton, and Andrews (20) indicate an additive 

disease control with the herbicide prometryne plus a captan-

terraclor fungicide mixture. The experiments were done 

under field conditions which may account for the different 

reaction observed with this study using similar pesticides. 

Under the conditions of these experiments apparently 

no new compounds are formed which affect the disease control 

capabilities of the fungicides tested. No changes in the 

plant or the pesticides which affected the incidence of 

damping off appear to have come about as a result of the 

fungicide-herbicide combinations tested. 

The results would indicate the tested combinations 

could be used successfully in field operations. However, 

the combinations should be tested carefully under field 

conditions and under varied environmental conditions before 

being recommended for use in combinations on a large scale. 
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Effects of Pesticide Combinations on 
Hhizoctonia soJ_anJL 

As would be expected, the three fungicides (PCNL3, 

captan, and benoinyl) tested were quite active in inhibiting 

the growth of R. solani at quite low concentrations (Table 

2). The three herbicides (diuron, prometryne, and tri-

fluralin) also were fungitoxic but at much higher concentra

tions than necessary with the fungicides (.Table 2) . 

The inhibition caused by prometryne and that 

elicited by the three fungicides appears to be additive. 

This would indicate that the activity of each is probably 

not altered by the presence of the other compounds when 

applied in combination. Chopra et al. (25) found some toxic 

effects of prometryne on Fusarium oxysporum f. sp. vasin-

fectum at levels approximate to the commercial rates. 

Tatsuyama and Jikihara (93) reported that prometryne pro

hibited the development of aerial hyphae of R. solani. 

Increased control of damping off of cotton with prometryne 

plus a fungicide mixture of captan-terraclor has been 

reported. No data were given on the effect to the 

organism; however, it may be interpreted that the pesticides 

inhibited the pathogen (20). 

Diuron produced an additive and at times synergis

tic inhibition of R. solani in combination with the 

fungicide captan. Howell (kj) observed an apparent hybrid 

residue formed when captan and diuron reacted together in 



solution. This product was evidenced by formation of extra 

spots and color reactions in thin layer chromatography 

(TLC). Using TLC, a check was made for the presence of a 

hybrid residue under the conditions of the liquid culture 

experiments. No additional spots appeared when the 

pesticides were in combination without R. solani; in one 

of four experiments additional spots appeared under short

wave ultraviolet light in the sample containing the two 

pesticides in the presence of R. solani (Appendix D). The 

spots observed in the one experiment may represent inter

mediate degradation products which were not found in sub

sequent experiments due to small differences in sampling 

times. Further research into the conditions of formation 

of these products and their biological activity is needed. 

In combination with PCNB and benomyl diuron gave variable 

results; in some experiments the action appeared to be 

additive, and in others the total fungitoxicity could be 

attributed to the fungicide. The reaction may vary 

according to the concentration of the two constituents. 

Diuron has been previously shown to be inhibitory 

to R. solani (10, 8l); a search of the literature revealed 

no studies using diuron in combination with PCNB, captan, 

or benomyl. 

Trifluralin alone inhibited the growth of R. solani 

at the high level tested. In combination with PCNB or 

benomyl, the total inhibition of R. solani could be 



attributed to the fungicide with little increased inhibi

tion noted with the addition of trifluralin. The inter

actions of trifluralin with captan are probably additive 

in nature with a possible synergistic activity at certain 

concentrations. 

Summary 

The three fungicides, captan, benomyl, and PCND 

were tested in combination with three herbicides (diuron, 

trifluralin, and prometryne) for their effect on'pl'ant 

growth and incidence of damping off of cotton. The direct 

effect on the growth of R. solani caused by the pesticides 

alone and in combination was also determined. The 

pesticide combinations were tested at two different 

concentrations of each component. 

Effect of Pesticides on Cotton Growth 

None of the fungicides caused any phytotoxic 

reactions with cotton; all the herbicides caused some 

phytotoxicity. In combination, the phytotoxicity to 

cotton was not altered. 

Effect of Pesticides on Damping Off 

The three herbicides did not alter the incidence 

of damping off of cotton when applied alone; all the 

fungicides controlled damping off. In combination, the 
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activity of the fungicides was no-t altered in the presence 

of the herbicides. 

Effect of Pesticides on Rhizoctonia so3.ani 

All three fungicides were quite effective in 

inhibiting the growth of R. solani. The herbicides also 

were effective inhibitors of growth but at much higher 

levels than with the fungicides. Prometryne and diuron 

interactions with the fungicides were positive with 

increased inhibition noted. Trifluralin plus captan pro

duced increased inhibition but the toxicity of trifluralin 

with benomyl or PCNB could be attributed to the fungicide 

component. 
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APPENDIX B 

FURTHER DATA ON THE EFFECT OF BENOMYL, CAPTAN, AND 
PCNB IN COMBINATION WITH THREE HERBICIDES ON 
THE INCIDENCE OF DAMPING OFF (RHIZOCTONIA 

SOLANI) OF COTTON 
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Table 2k. Additional data on the effect of benoinyl in 
combination with three herbicides on the inci
dence of damping off (Rhizoctonia solani) of 
cotton. 

Treatment3 

Disease 
control'3 

(%) Treatment 

Disease 
control 
(%) 

Benomyl low 22 
c 

a Benomyl high 35 a 
Prometryne low 0 a Prometryne high 22 a 
Together 13 a Together 48 a 

Benomyl low 22 a Benomyl high 35 a 
Prometryne high 22 a Prometryne low 0 a 
Together 22 a Together 52 a 

Benomyl low 0 
d 

a Benomyl high 20 a 
Diuron low 0 a Diuron high 0 a 
Together 48 Together 100 

Benomyl low 0 a Benomyl high 20 a 
Diuron high 0 a Diuron low 0 a 
Together 0 a Together 36 a 

Benomyl low 7 
e 

a Benomyl high 53 a 
Trifluralin low 2 a Trifluralin high 5 
Together 13 a Together 42 a 

Benomyl low 7 a Benomyl high 53 a 
Trifluralin high 5 a Trifluralin low 2 
Together 10 a Together 40 a 

aBenomyl low = 0.9 mg/pot; benomyl high = 1.8 ing/ 
pot; Prometryne low = 6.1 mg/pot; prometryne high = 12.2 mg/ 
pot; Diuron low = 5»1 mg/pot; diuron high = 10.2 mg/pot; 
Trifluralin low = 5«1 nig/pot; trifluralin high = 25*5 mg/ 
pot. 

Determined by comparing the number of live plants 
in each treatment with the number of surviving plants in 
the heat-treated, non-infested check (usually 3G-llO plants); 
the R. solani infested check had 0-3 surviving plants; data 
taken at 2 weeks; k replications. 

Q 
Data followed by the same letter not significantly 

different at 5% level; LSD = 48. 

^Data followed by the same letter not significantly 
different at 5% level; LSD = 29 • 

0 
Data followed by the same letter not significantly 

different at 5% level; LSD = 3 6 .  
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Table 25 • Additional data on the effect of captan in com
bination with three herbicides on the incidence 
of damping off (Rhizoctonia solani) of cotton. 

Disease Dis eas e 

Treatmenta 
control'3 control 

Treatmenta (%) Treatment (%) 

Captan low 8o c 
a Captan high 100 a 

Prometryne low 0 Prometryne high 0 
Together 100 a Together 87 a 

Captan low 80 a Captan high 100 a 
Prometryne high 0 Prometryne low 0 
Together 100 a Together 87 a 

Captan low 20 
d 

a Captan high 60 a 
Diuron low 0 a Diuron high 3 
Together ko a Together 8l a 

Captan low 20 a Captan high 60 a 
Diuron high 3 a Diuron low 0 
Together 81 Together 60 a 

Captan low 82 
e 

a Captan high 77 a 
Trifluralin low 0 Trifluralin high 0 
Together 85 a Together 79 a 

Captan low 82 a Captan high 77 a 
Trifluralin high 0 Trifluralin low 0 
Together 90 a Together 72 a 

aCaptan low = 7*15 mg/pot; captan high = l'±.3 mg/ 
pot; Prometryne low = 6.1 mg/pot; prometryne high = 12.2 mg/ 
pot; Diuron low = 5»1 mg/pot; diuron high = 10.2 mg/pot; 
Trifluralin low = 5*1 nig/pot; trifluralin high = 25^5 mg/ 
pot. 

^Determined by comparing the number of live plants 
in each treatment with the number of surviving plants in 
the heat-treated, non-infested check (usually 36-^0 plants); 
the R. solani infested check had 0-3 surviving plants; data 
taken at 2 weeks; k replications. 

Q 
Data followed by the same letter not significantly 

different at 5% level; LSD = 32. 

^Data followed by the same letter not significantly 
different at 5% level; LSD = • 

8 Data followed by the same letter not significantly 
different at 5% level; LSD = . 
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Table 26. Additional data on the effect of PCNB in com
bination with three herbicides on the incidence 
of damping off (Rhlzoctonia solani) of cotton. 

Disease^ Disease 
control control 

Treatment9 (%) Treatment (SO 

PCNB low 96 
c 

a PCNB high 71 ab 
Prometryne low 0 Prometryne high 43 a 
Together 79 a Together 100 b 

PCNB low 96 a PCNB high 71 a 
Prometryne high 43 Prometryne low 0 
Together 96 a Together 100 a 

PCNB low 76 
d 

a PCNB high 100 a 
Diuron low 0 a Diuron high 0 
Together 24 a Together 100 a 

PCNB low 76 a PCNB high 100 a 
Diuron high 0 a Diuron low 0 a 
Together 10 a Together 95 a 

PCNB low 86 e 
a PCNB high 79 a 

Trifluralin low 48 b Trifluralin high 0 
Together 79 ab Together 79 a 

PCNB low 86 a PCNB high 79 a 
Trifluralin high 48 Trifluralin low 0 
Together 100 a Together 100 a 

aPCNB low = l8.2 mg/pot; PCNB high = 90.8 mg/pot; 
Prometryne low = 6.1 mg/pot; prometryne high = 12.2 mg/pot; 
Diuron low = 5«1 mg/pot; diuron high = 10.2 mg/pot; Tri-
fluralin low = 5»1 mg/pot; trifluralin high = 25•5 mg/pot. 

Determined by comparing the number of live plants 
in each treatment with the number of surviving plants in 
the heat-treated, non-infested check (usually 36-40 plants); 
the Fl. solani infested check had 0-3 surviving plants; data 
taken at 2 weeks; 4 replications. 

Q 

Data followed by the same letter not significantly 
different at 5% level; LSD = 40. 

^Data followed by the same letter not significantly 
different at 5% level; LSD = 66. 

0 
Data followed by the same letter not significantly 

different at 5% level; LSD = 2 8 .  
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Table 27« Additional data on the effect of benomyl in 
combination with three herbicides on the growth 
of Rhizoctonia solan!. 

Inhibition Inhibition 
Treatment8 (.%) Treatment (%) 

Benomyl low 9 
c 

a Benomyl high 82 a 
Prometryne low 20 a Prometryne high 26 
Together 47 Together 87 a 

Benomyl low 9 Benomyl high 82 a 
Prometryne high 26 Prometryne low 20 
Together ^9 Together 85 a 

Benomyl low od 
[ 

Benomyl high 83 a 
Diuron low Diuron high 76 a 
Together 68 Together 81 a 

Benomyl low 0 Benomyl high 83 a 
Diuron high 76 Diuron low ^3 
Together 39 Together 86 a 

Benomyl low 6l 
e 

a Benomyl high 88 ab 
Trifluralin low 36 Trifluralin high 73 b 
Together 69 a Together 98 a 

Benomyl low 61 a Benomyl high 88 a 
Trifluralin high 73 a Trifluralin low 36 
Together 78 a Together 95 a 

Benomyl low = 0.75 PPin; benomyl high = 1.5 ppm? 
Prometryne low = 25 ppm; prometryne high = 100 ppm; Diuron 
low = 12.5 ppm; diuron high = 50 ppm; Trifluralin low = 5 
ppm; trifluralin high = 20 ppm. 

Determined by comparing with untreated check; 
based on dry weight after 3 days growth in liquid culture. 

£ 
Data followed by the same letter not significantly 

different at 5% level; LSD = 1*1. 

Data followed by the same letter not significantly 
different at 5% level; LSD = 20. 

Data followed by the same letter not significantly 
different at 5% level; LSD = 17. 
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Table 28. Additional data on the effect of captan in 
combination with three herbicides on the growth 
of Rhizoctonia solani. 

Inhibition*3 Inhibition 
Treatment3 (°/o) Treatment (°/o) 

Captan low 36 
c 

a Captan high 65 ab 
Prometryne low 29 a Prometryne high k5 a 
Together 7k Together 86 b 

Captan low 36 a Captan high 65 a 
Prometryne high 45 a Prometryne low 29 
Together 77 Together &k a 

Captan low 18 
d 

a Captan high ko a 
Diuron low 0 a Diuron high 60 a 
Together 57 Together 91 

Captan low l8e 
k 

Captan high 'iO 
Diuron high 60 a Diuron low 0 
Together 82 a Together 85 

Captan low 22 
e 

a Captan high ko a 
Trifluralin low 16 a Trifluralin high 50 a 
Together 78 Together 60 a 

Captan low 22 Captan high ko ab 
Trifluralin high 50 a Trifluralin low 16 b 
Together 60 a Together 52 a 

a. 
Captan low = 2.5 PPm» captan high = 5*0 ppm; 

Prometryne low = 25 ppm; prometryne high = 100 ppm; Diuron 
low = 12.5 ppm; diuron high = 50 PP"1; Trifluralin low = 5 
ppm; trifluralin high = 20 ppm. 

^Determined by comparing with untreated check; 
based on dry weight after 3 days growth in liquid culture. 

Q 
Data followed by the same letter not significantly 

different at 5% level; LSD = 28. 

^Data followed by the same letter not significantly 
different at 5% level; LSD = 2k. 

0 
Data followed by the same letter not significantly 

different at 5% level; LSD = 35. 
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Table 29• Additional data on the effect of PCNB in com
bination with three herbicides on the growth of 
Rhizoctonia solani. 

Inhibition'3 Inhibition 
Treatment9 (°/ 0 Treatment (%) 

PCNB low 30 
c 

a PCNB high 45 
Prometryne low k  Prometryne high 0 
Together 30 a Together 69 

PCNB low 30 a PCNB high 45 a 
Prometryne high 0 Prometryne low k  
Together k3 a Together 49 a 

PCNB low 32 1 d ab PCNB high 35 a 
Diuron low 9 a Diuron high 49 a 
Together 35 b Together 78 

PCNB low 32 a PCNB high 53 a 
Diuron high 49 a Diuron low 9 
Together 50 a Together 6  k  a 

PCNB low 33 
d 

a PCNB high 3 k  a 
Trifluralin low k  b Trifluralin high 36 b 
Together 27 ab Together 50 ab 

PCNB low 33 a PCNB high 54 a 
Trifluralin high 36 a Trifluralin low k  
Together k 2  a Together 52 a 

aPCNB low = 0.5 ppm; PCNB high = 2.0 ppm; 
Prometryne low = 25 ppm; proinetryne high = 100 ppm; Diuron 
low = 12.5 ppm; diuron high = 50 ppm; Trifluralin low = 5 
ppm; trifluralin high = 20 ppm. 

^Determined by comparing with untreated check; 
based on dry weight after 3 days growth in liquid culture. 

Data followed by the same letter not significantly 
different at 5% level; LSD = 21. 

^Data followed by the same letter not significantly 
different at 5% level; LSD = 24. 



APPENDIX D 

THIN LAYER SEPARATION OF PRODUCTS WITH DIURON AND CAPTAN 

o 

0 

Spots as seen under shortwave ultraviolet light; various 
extracts of captan and diuron in liquid culture. 

1 = contr.ol 4 = captan plus diuron extract 
2 = captan extract 5 = captan plus diuron plus Rhizoctonia 
3 = diuron extract solani extract 

6 = R. solani extract 
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