
T ECHNICA L BULLETIN No . 74 APRIL 1968

FURTHER STUDIES ON THE

TOXICITY OF INSECTICIDES AND ACARICIDES

TO THE PAPAYA

Martin Sherman

and
Fernando F. Sanchez

HAWAII AGRICULTURAL EXPERIMENT STATION, UNIVERSITY OF HAWAII



CONTENTS

INTRODUCTION

EXPERIMENTAL METHODS

Materials Tested and Procedures

EXPEHIMENTAL HESULTS

Phosphates
Bidrin®
Bomyl ®
Ciodrin®
Dichlorvos
Mevinphos
Naled
Phosphamidon

Pyrophosphate
Propyl Thiopyrophosphate

Phosphorothioates
Bay 41831
Diazinon .
Nemacide v

Oxydemetonm ethyl
Phosphorodithioates

Azinphosmethyl
Bayer 47185 .
Carbophenothion
Dimethoate
Dioxa thion
Imidan v' .
Menazon .
Methyl Trithion'v

SD 7438 .
TD-72
Thiocron 'S

Phosphonate .
Trichlorfon

PAGE

5

6

7

8
8
9

9

9
14
14
15
16
18
18
19
19
19
21
21
23
24
24
24
28
28
33
33
33
33
33
33
35
35



CONTENTS - Continued

Phosphonothioates
Bayer 37289
Bayer 39197
Bayer 4667~

DC 8305 . .
Carbamates

Bayer 32651
Bayer 37344
Bayer 50282
Carbaryl .
Dimetilan
Isolan ®
Pyrarnatw
Temik ®
Tranid® .
DC 10854
Zectran®

Carbonates
Dessin®
Morestan®

Chlorinated Aryl Hydrocarb ons
Endosulfan
Pentac®

Acaricides
Chlorbensid e
Chlorobenzilate
Chloropropylate®
Dicofol
Tetradifon
Volek Supreme Oil Spray

Insect Repellent
TD-211

DISCUSSIO N

S UM M ARY

R EF ER ENCES CITED

PAGE

36
36
36
36
36

39
40
40
40
40
40
40
41
44
44
44
45
47
47
47
49
50
50

51
51
51
51
52
52
52
54
54

55

56

63



ACKNOWLEDGMENTS

Th e senior author is particularly indebted to the U. S. Educational
Foundation in Belgium for enabling him to pres ent part of this material
before the 18th International Symposium on Crop Protection.

The authors wish to express th eir appreciation to Dr. Henry Y. Nakasone
of th e D epartment of Horticulture, H awaii Agricultural Experiment Station ,
for donations of seed; and th e following for donations of experimental
pesticide formulations: American Cyanamid Company; Ch emagro Corpo
ration; Chevron Ch emical Company; CIBA Corporation; Dow Chemical
Company; Geigy Agricultural Ch emical Division, Geigy Ch emical Corpora
tion; General Ch emical Division, Allied Ch emi cal Corporation; Hercules
Powder Company; Hooker Ch emical Corporation ; Niagara Ch emical Divi
sion , FMC Corporation; Pennsalt Chemicals Corporation; Rohm & Haas
Company; Shell Chemical Company; Stauffer Ch emical Company; Union
Carbide Corporation ; and Vero Beach Laboratories, Incorporated.

THE AUTHORS

DII. MAIITI N SHEllMAN is Entomologist at th e Hawaii Agri cultural Ex
perim ent Station and Professor of Entomology, University of Hawaii.

DR. FERNANDO F. SANCHEZ was form erly Research Assistant in Ento
mology at th e Hawaii Agri cultural E xperim ent Station and is presentl y
Assistant Professor of Entomology, Coll ege of Agriculture, University of
th e Philippines, Laguna.



FURTHER STUDIES ON THE
TOXICITY OF INSECTICIDES AND ACARICIDES

TO THE PAPAYA *

Martin Sherman and Fernando F. Sanch ez

INTRODUCTION

With th e discovery of D DT and th e subsequent development of syn
th eti c organic insecticides, th ere has developed , concurrently, int erest in
th e toxic effec ts to plants of these material s. Phytotoxicity of insecti cidally
activ e chemicals precludes th eir use on agri cultural crops and thus reduces
th e usefulness of th e insec ticides.

The great ma jority of pesticid es used in Hawaii are formulated in th e
continental United Sta tes and tested for ph ytotoxicity on th e crops that
are gro wn th ere. Most of th e information obtained , th erefore, is no t
direct ly applicable to Hawai i, whi ch ha s plants chara cteristi c of tropical
or subtropical areas. Shor tly after World W ar II , th e Department of Ento
mology of th e University of Hawaii established a number of proj ect s to
study th e phytotoxicity of insecticides (Ta nada, et al., 1947, 1951; Holdaway,
et al., 1948; Sherm an and Mit chell , 1953; Sherman and Tamashiro, 1959;
Naka ta and Tanada, 1961 ).

Becaus e of th e increasing imp ortance of th e pap aya (Carica papaya
L. ) , its wid espread distribution throughout th e tropical and sub tropical
worl d, its availability, and its sensitivity to some wid ely used insecticides
and acaric ides, this plant was selected as one of th e test organisms to
determine wh eth er commercial pesticid es formulated in th e continental
United States have detrimental effects wh en applied under the mor e
tropical cond itions existing in Hawaii.

Sherman and Tamashiro ( 1959) published an intensive study on th e
toxicity to the Solo papaya of 22 formulations of 14 insecticidal and acar i
cidal materi als . In th eir study, th ey reported th e history of the papaya, it s
importance, and a detail ed discussion of its pests . For purposes of clari ty
an d continuity , a bri ef discussion of th ese asp ects of study follow s.

O'!'hi s materi al was pr esented in pa rt by the senior autho r a t th e 18th international
Symposium on Crop Prot ection held a t the Rijksfaculteit del' Landhouwwet en sch appen
in Gh en t, Belgium , on May 3, 1968.
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The papaya apparently is a plant of W est Indian or Central American
origin (de Candolle, 1864) th at is now grown throughout most of th e
tropical and subtropical countries of th e world. It was introduced to
Hawaii from th e Marquesas Islands between 1800 and 1823 (Storey, 1941)
and has sinee becom e th e most popular breakfast fru it in Hawaii.

Alth ough th e papaya is relatively free of pests, a few sp ecies of mit es
and insects can hecom e very destructive to it if control measures arc not
instituted promptly. Among th e mites ar e th e broad mite, Polyphagotarso
nemus latus (Banks) , whi ch is found primaril y on th e lower sur face of
th e younger leaves and in extremely heav y infestations ha s been known
to kill plants; th e carmine spider mite, T etrarujchus telarius (L.) , found
on th e lower sur face of the old er leav es; th e Texas citrus mite, Eutetramjchus
banksi (McGregor), found on th e upper sur face of th e old er leav es; and
th e red and black flat mite, Breoipalpus phoenicis (Geijskes), found not
on th e leaves but on th e upper trunk, petiol es, and, more importantly, on
the fruit, wh ere it cau ses a scarification appearing as brown, scaly, sunken
areas.

Insects are of relatively min or importance as pests of papaya. Th e three
important species of fruit flies in Hawaii , th e oriental fruit fly, Dacus
dorsali s Hendel; th e melon fly, Dacus cucurbitae Coquillett; and th e Medi 
ter ranean fruit fly, Ce ratitis capiiata W ied emann; can b ecome injurious
wh en th e fruit ar e allowed to ripen on th e tr ee, but since fruits are usually
remov ed mature-green , th ey arc not attractive to th e ovipositing female
flies. Th e aphids, My zlls persicae Sulzer , Macrosiphum eu phorbiae
(Thomas), Aphis gossypii Glover , A. craccioora Koch , and A. [abae Scopoli,
can become da maging and several have been implicat ed in th e tr ansmission
of a form erly serious virus disease, papaya ringspot. Th e onion thrip s,
Thrips taba ci Lind, may also cause injury.

EXPERIMENTAL METHODS

In general, the procedures used in this study were simil ar to th ose
descr ibed by Shennan and Tam ashiro (1 959 ).

Seedlings used throughout th e experimental work were of th e Solo variety
of papaya grow n in No. 2% cans . Treatments were initiated wh en th e plants
were between 6 and 13 em. ta ll. Prior to th e initial spray treatment th e
potted plants were assig ned random treatment and repli cat ion numbers
and th e heights of th e seedlings were measured . The height taken wa s th e
distance from a point on th e trunk at the same level as th e top of th e
containe r to th e base of th e terminal gro wing point of th e plant.

The plants were trea ted four at a time on a turntable in a specially
design ed spray cha mber. Two ad justable spray booms, each fitted with
one spray nozzle, were arrayed to direct the spray from below and above
the passing plant. A Teejet spray nozzle % 1'3 (Spraying Systems Co.,
Bellwood, Ill.) wh ich delivered a hollow cone spray was used . At 60 p.s.i.
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pressure, this nozzl e delivered 488 ml. per min ute. A volume of 800 ml.
of each emulsion or suspens ion concentration to be tested was prepared
and used since this volume insured sufficient material to give thorough
coverage of th e plants.

Materials Tested and Procedures

Each of the formulations was diluted to four concentra tions equivalent
to 2 pounds, 1 pound, % pound, and 1J4 pound of actual material per 100
gallons of spray. These concen tra tions were equivalen t to 0.25, 0.125, 0.062,
and 0.031 perc ent active ingredi ents and encompassed th e usual field
recommendations for insect and mit e cont rol. Each concentration was
applied to four plants at weekly int ervals for three weeks. A commercial
sticker (Triton B-1956) composed of modified phthalic glycerol alkyd
resins was added at th e ra te of 1:2,000 to all tr eatments including controls.
After treatment, th e plants were allowed to dry before they were placed
outdoors on tables in a randomized block arrangement.

Phytotoxicity was determ ined in two ways: (1) measurements indicating
effect on growth and (2) gross leaf pathology, whi ch included observations
on defoliation, chlorosis, necrosis , curling, and other apparent abnormalities.

Final measurements of th e height of the seedlings were ordinarily taken
five weeks after the initial tr eatment, although in some instances additional
observations wer e made six weeks after the third treatment. The growth
of the treated plants were compared with that of th e control plants using
analysis of covariance (Snedecor , 1946).

Usin g th ese testing procedures, th e phytotoxicity to seedling papayas
of 72 formulations of SO insecticidal and acaricidal compounds was
determined. The major ity of the compounds used are classifi ed as
organophosphates. These as well as the carbamates, carbonates, chlorinated
aryl hydrocarbons, acaricides, and an insect rep ellant are discussed in
separate classes in the appropriate section of Experimental Results.



o yH3 ?
(C H30) 2 ~-o -C=C HC-N(CH3)2

0

0 "II
?HZC-OCH3

(CH30 12 P - O- C:: CHR - OCH3

0

~ TH3 TH3-o
(CH3012P- O- C=CHC- OCH f "

" -0

0

(CH30 )2~-O-CH =CC I 2

a yH3 0
II

"(CH30 )2P -O-C=CHC-QCH3

0 B.

ICH30 )2 ~-O-CHCBf C I2

0 CH3 0

" I

"(CH30 )2P-Q-C=C - C-N(Cz HS)Z
I

CI

8 H AWAII AGlUCULTUHAL EXPERIMENT STATION

EXPERIMENTAL RESULTS

THE PHOSPHATES

The effects of the follow ing phosphate form ulations were studied :

(1) Bidrin®, 3-hydroxy-N,N-dimethyl
cis-crotonamide dimethyl phosphate, a
technical grade formulation containing
7.9 pounds of technical Bidrin per
gallon;

(2) Bornyl®, dimet hyl 3-hydroxygluta=
conate dimethyl phosphate, a 25 percent
wettable powder and an emul sifiable
concentrate containing 4 po unds of tech
nical Bornyl per gallon;

(3) Ciodrinw , alpha-methylbenzyl .3
hydroxycrotonate dimethyl phosphate, a
tccl mical grade formulation containing
8.6 pounds of technical Ciodrin per
gallon and an emulsifiable concentrate
containing 4 pounds of technical Ciodrin
per gallon;

(4) dichlorvos, 2,2-dichlorovinyl di=
methyl phosphate, a technical grade
formu lat ion containing 11.6 pounds of
technical dichlorvos per gallon and an
emulsifiable concentrate containing 4
pounds of technical dichlorvos per
gallon;

( .5) mcvinphos, methyl 3-hydroxy-allJlw
crotonate dimethyl phosphate, an emulsi
fiahle concentrate containing 2 pounds
of technical mevinphos per gallon;

(6 ) naled, 1,2-dihromo-2,2-dichloroethyl
dimethyl phosphate, an emulsifiable con
centrate containing 8 po unds of technical
nnlcd per gallon ;

(7) phosphumidon, 2-ch loro-2-dicthyl=
cnrbnmoyl-Lmethylvinyl dimethyl phos=
phate , a liquid formu lation containing 4
pounds of technical phospharnidon per
gallon.
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Tabl e 1 summarizes th e effec t of tr eatment with various formulations
of the phosp ha tes on th e growth of th e papaya.

Bidr in. Con centrations as low as 0.062 percent technical grade Bidrin
caused significant retardation of growth (Fig. 1). Serious foliar damage
was evide nt aft er th e first spray application. Th e edges of th e leaves were
burned. Th e young leaves and growing tips were particularly susceptible
to damage. Th ere was also a development of very small leaves. Beginning
just prior to thc third spray and continuing through the fina l observation
period two weeks aft er tr eatment, th e same symptons were evide nt. The
old er leav es were less aff ected than th e younger . Th e leaves were not
only burn t but fern -like in shape, narrowed , and thickened , and had
conspicuous veins (Fig. 2) resembling typical broad mite damage. Th e
terminal tips were killed by th e 0.25 percent concentration .

Bomyl. All tr eatments with emulsifiable con centrates and wettable
powders caused significant retardation of growth (Fig. 3). Serious foliar
damage was evide nt after th e first spray application, particularly at the
0.25 and 0.125 percent concentrations of both the emulsifiable concentrates
and wettable powders. There was tip burning and moderate red uction of
terminal growth . Two weeks after th e third spray, it was evident th at
treatment wit h the wettable powder formulation resu lted in mor e serious
damage th an equivalent concentra tions of th e emulsifiab le formulation .
The leaves of all plan ts were small wit h rounded edges and tips (Fig. 4 )
excep t those tr ea ted wi th 0.031 percent emulsifiable concentrate, the leaves
of whi ch were normal except for being chlorotic. The plants were ob
serv ed for an additional four weeks (Fig. 5) . At this time, six weeks aft er
the fina l treatment, all of th e plants treated 'with emulsions had recovered
but were stu nted when compared with the un treated plants. Of the wet
table powder-tr eated plants, thr ee of th e four treated with the 0.25 percent
conce ntra tion had died , leaving hut one sma ll survivor, whil e all of the
plants trea ted wit h the lower con centrations had recovered but were still
stunted.

Ciodrin . All treatments excep t 0.062 percent of th e technical grade
mat erial caused significant reduction in growth (Fig. 6). On e week after
the first spray application, plants treated with 0.25 and 0.125 percent of
the technical grade material showed severe tip burn, necrosis, and a
mosaic-chloros is. The older leav es had a blunted or rounded app earance.
Th e plants tr eated wit h th e emulsifiable conce ntrate exhibited more severe
injury than plants treated wit h eq uivalent concentrations of the technical
material. Even 0.031 percent of the emulsifiable material caused tip burn.

A week aft er th e second spray, plants tr eated with 0.25 percent of th e
emulsifiable concentrate were completely defoliated and th eir terminals
were dead. The plants tr eat ed with 0.25 percent of the technical material
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Table 1. Effect of phosphates on the growth of the Solo papaya

Mean increa se
Concentrat ion P e rce nt Mean ht. ( em.)

actual a ct ua l ht . ( em.) 2 weeks after
F ormulations Ib. /l OO sral . in secticide p r e- ap ru.y!' ard apr-aye

Bidrin®

Technical grade 2 0.25 10.1 5.2""
( 7.9 lb . act .( gal. ) 1 0.125 10.0 9.1""

0.5 0.062 12.1 12.3""
0.25 0.031 12.3 16.0

Control 10.2 22 .7

L.S .D. (1%) : 6.1

BomyZ®

E.G 2 0.25 6.0 2.9""
(4 lb. act.jgal. ) 1 0.125 6.3 5.7""

0.5 0.062 5.9 7.8""
0.25 0.03 1 5.6 9.7""

25% W .P. 2 0.25 6.4 2.2""d
1 0.125 5.9 6.0""
0.5 0.062 6.1 6.3""
0.25 0.031 6.2 8.7""

Control 6.4 12.7

L.S.D. (1%) : 2.0

Ciodrin®

Technical grade 2 0.25 10.3 1.3""
(8.6 lb . ac t.jgal. ) 1 0.125 10.9 6.1""

0.5 0.062 9.6 9.0
0.25 0.031 8.9 8.5""

E.G 2 0.25 9.5 d
(4 lb . uct.z'gal. ) 1 0.125 9.5 2.6""

0.5 (l.()62 9.4 6.6""
0.25 0.031 9.7 5.5""

Dichlorcos

Technical grade 2 0.25 9.4 9.8
(11 .6 lb . act.z'gnl.) 1 0.125 8.5 10.0

0.5 0.062 10.0 9.5
0.25 0.031 9.7 9.8

E .C. 2 0.25 9.3 9.7
(4 lb. act.jgal. ) 1 0.125 9.4 9.1

0.5 0.062 9.5 10.8
0.25 0.031 8.4 9.5

Control 8.8 10.6

L.S.D. (1%) : 1.8
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Fo rmu lation-

E.c.
(2 lb . ac l.jgal.)

8 E.C.
( 8 lb. act .jgal. )

Control

4 Sp ray
( 4 lb . acl.j gal.)

Control

Table 1 (continued)

Mea n incr ease
Concentration Percent Mea n h t , (e m.)

actual a ct ual h t . ( em.) 2 w ee k s after
Ib. /1 00 g a l. in sectic ide pr-e -spr-ay" 3rd s p ra yC

Meoinphos

2 0.25 ILl 10.2
1 0.125 11.9 12.1
0.5 0.062 11.0 12.8
0.25 0.031 12.2 15.7

Na/ed

2 0.25 12.6 16.0
1 0.125 12.5 16.7
0.5 0.062 12.1 13.8
0.25 0.031 14.5 16.0

12.0 13.5

L.S.D. (I%): 4.5

Phosplunnidon

2 0.25 10.6 8.0 0 0

1 0.125 11.0 11.4
0.5 0.062 10.5 12.3
0.25 0.031 10.1 14.9

11.4 12.8

L.S. D . ( IX) : 3.4

a W. P . = wettab le powder ; E .C . = emuls ifiable conce nt rate. Spra ys were applied as follow s :
m evinphos and rral ed , July 12 , 19, a nd 26, 1962: Bomvl, Augus t 10, 17 , a nd 24 , 1962 ; B id rin ,
M a y 27, June 3, and J une 10. 1963 ; Ciodri n and di chlc rvos . J anu a r y 16, 23 , a nd 30. 1964 ; a n d
phosphamitlon, Ma rch 12 , 19, a nd 26, 1964 . Tr iton B-l956 was ad de d to a ll sp ra ys at 1 :2 ,000.

h Measurem en ts we re taken one day befor e 1s t s pra y app licat ion except f or Hid rf n -tr-eat ed plants
w h ich were m eas ured f iv e da ys be fo re tr eatment.

C Pi nal m ea su re me nt s were taken on A ug ust a, 1962. for m evinphos an d nal ed ; August 3 1. 1962 ,
for Bo myl ; .June 24 , 1963 . f or Ridr in ; Februa ry 13, 1964, for Ciodrin and di chl orvos; and A pril
9, 1964. for n hospham ido n .

II Termin al tips killed after some growth or li ttl e or no growth.
• • Growth s ig nificantly infer ior to th at o f cont ro l pla nts .

showed severe foliar damage; all of the younger leaves and all but two
or three of the older leav es had dropped but the terminals were still alive.
Lower conce ntrations of both formul ations were also destructive; th e 0.031
percent concentra tions caused severe burning on th e older leav es whil e
the younger leaves were fern -like, thi ckened , had conspicuous veins (similar
to broad mit e damage), and were very chloro tic.

Two weeks aft er the third spray (Fig. 6) , plants treated with 0.25
percent of the emulsifiable formulation were dead. Those tr eated with
0.25 percent of the technical material were almost completely defoliated
with dead terminal growing tips, but their stems were still gree n and had
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Fig. 1. Effect of three weekly applications of Bidrin on the growth and foliage of
papaya. Numbers are equivalent to pounds of technical material per 100 gallons of spray.

Fig. 2. Treatment with equivalent of l/Z pound actual Bidrin per 100 gallons of spray.
Note thickened veins on younger papaya leaves resembling broad mite damage.
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2

1- ~
12 1 ~ J4- .. ,..

""".. _,,, """,,'" ~ "-. --
Fig. 3. Comparison of effects of three weekly applications of Bomyl emulsifiable
concentrate (top) and wettable powder (bott om) on growth and foliage of papaya
two weeks after third application. Not e relatively greater effect of wettable powder

than emulsion at equivalent concentrations.
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some active lateral buds. Plants treated with 0.125 percent emulsifiable
formulation were severely defoliated; two of the four plants had dead
terminals and the young leaves were malformed and chlorotic. Those
treated with 0.062 and 0.031 percent of the emulsion were similarly damaged
but did not have dead terminals. The plants treated with 0.125 percent
and lower concentrations of the teclmical material had no defoliation but
the young leav~s resembled those treated with the emulsion.

Dichlorvos. Treatments with technical grade or emulsifiable material
did not affect growth. No foliar damage was evident in plants treated
with the technical grade formulation and the emulsion caused only negli
gible tip burn at the two higher concentrations of 0.25 and 0.125 percent.

Meoinphos . Although treatment with the emulsifiable concentrate did
not significantly affect growth of the plant, foliar injury was apparent one
day after the first spray application. The plants sprayed with 0.25 percent
emulsion had severe tip burn, necrosis, and distortion of the leaves. Th e
young leaves were chlorotic, and th ere was a loss of lateral leaves. All

Fig. 4 . Foliar injury caused by treating papaya with V4 pound Bomyl wettable powder
per 100 gallons of spray.
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o

12

~
2 ) 1•Fig. 5. Recovery in papaya seedlings, six weeks after three we ekly treatments with

Bomyl emulsion (top) and wettahle powder (bottom).

oth er concentra tions caused slight chlorosis. Two weeks aft er th e third
spray, th e leav es were chlorotic and necrotic; th e edges were dead and
blunted ; the younger leav es were mor e susceptible th an th e old er (Fig. 7).

Naled. Treatment with the emulsifiable con centrate had no effect on
growth nor caused foliar dam age.



16 HAWA II A GHICULTUHAL EXPERIMENT ST ATIO N

F ig. n. E ffect of three weekl y applications of C iodrin technical grade material (top)
and emu lsifiable concentrate (bottom) on growth and fol iage of papaya.

Phosp ham idon. Treatment of the plants with 0.25 percent of th e liq uid
formulation retarded growth. Injury consisted of a rounding, wrinkling,
and chlorosis of the leaves, olde r leaves showed a brown ing on the upper
surface. Two weeks aft er the third spra y application, the plants treated
wit h the 0.25 percent concentration had leaves that were stubby , chlorotic
with vein clear ing , and form ed a bunchy top ( Fi g. 8) . Lower conce ntra tions
caused less injury but all treatments cau sed the leav es to be na rrower
than normal.
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Fig. i . Foliar damage to papaya ca used b y 0.25 pe rcen t spray of mevinph os emulsion .

Fi g. 8. T ypi cal papa ya foliar damage caused by 0.25 percent phosphamidon liquid
formulation .
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PYROPHOSPHATE

The effects of one pyrophosphate were studied:

(1) propyl thiophyrophosphate (AS P
51), an emulsifiable formulation con 
taining 4 pound s of actual material per
gallon of concentra te .

On e week aft er th e first spray application all treatments caused an
upward curling and roll ing of leave s and an "umbrella-e ffec t" caus ed by
the drooping of th e petiol es ( Fig. 9). On e week after the second spray,
thos e plants sprayed with 0.25 and 0.125 percent concentrations were
completely defoliat ed and th e terminal growin g points were dead. At th e
low er 0.()62 and 0.031 percent conce ntrations, th e plants were almo st
completely defoli at ed but the growing points we re still activ e. Two weeks
aft er the third spray, all pla nts were dead except two treated with th e
0.031 percent conce ntra tion. These still had gree n stems (Fig. 10) .

Fig. 9. Effcct of a single application of
0 .125 percent [HOI>yl thiopvrophosphnte
cmnlsion on papaya . Note thc upward
cur ling and rolling of thc leaves and the
" umbrella-effect" caused b y the drooping

of th e petioles.

Fig. 10. .Papaya plant barel y survivmg
tr eatment with three applications of O.O:H
percent propyl thiopyrophosphate e rn ul
sion (left ). All lea ves havc dropped but
merjstemutic t issu e still livi ng . Plant on

right is a con trol plant.
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PHOSPHOROTH IOATES

The effects of the following phosphorothioate formulations were
studied:

(1) Bay 4183], 0, O-dimethyl 0-4-nitro
m-tolyl phosphorothioate, a 75 percent
emulsifiable concentrate;

(2) diazinon, 0, O-diethyl 0-(2-isopro=
pyl-4-methyl-6-pyrimidinyl) phosphore
thioate, a 25 percent wettable powder
and two emulsifiable concentrates con
taining 2 pounds and 4 pounds of
technical diazinon per gallon;

(3) Nemacidew, 0-( 2,4-dichlorophenyl)
0, O-diethyl phosphorothioate, an emul
sifiable concentrate containing 7.9 pounds
of technical Nemacide per gallon;

(4) oxydemetonmethyl, O,O-dimethyl
S-[2-( ethylsulfinyl )ethyl] phosphorothio
ate, an emulsifiable concentrate contain
ing 2 pounds of technical oxydemeton=
methyl per gallon.

Table 2 summarizes the effect of treatment with various formulations
of the phosphorothioates on the growth of the papaya.

Bay 41831. Only 0.25 percent of the solubilized formulation had a
detrimental effect on growth. The emulsifiable concentrate caused only
minor foliar damage at 0.25 percent as evidenced by slight tip burn and
minor chlorosis. The wettable powder at 0.2.5 percent caused necrosis,
particularly along th e edge and at the tips of the leaves. The solubilized
formulation was much more destructive to the leaves than the others; at
concentrations of 0.2.5 and 0.125 percent, the leaves were necrotic and had
blunted edges, particularly the older leaves, on which burning had occurred.

Diazinon. All concentrations of the 50 percent emulsifiable concentrate
and 0.25 and 0.125 percent of both the 25 percent emulsifiable concentrate
and the wettable powder formulations caused a retardation in growth
(Fig. 11).

One day after the first spray application, plants treated with 0.25
percent of the emulsifiable concentrates showed severe burning along
the edges of the leaves. One week after the first spray, the leaves were
chlorotic and narrow with the edges of the leaves rolled upward. Just prior
to the third spray, the plants treated with the 0.25 percent emulsion had
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T able 2. E ffect of phosphoro thioa tes on the growth of the Solo papaya

Mean in cr ease
Concentration Percent M ean ht. (em.)

ac tual act ual ht. (em. ) 2 weeks after
Form ul at.ion v Ib.jl00 gal. insect ici de nre-surav'' 3rd sp ray "

BII !! 41831

75 E .C. 2 0.25 10.2 16.7
( 0.94 gm. act.zrnl.) 1 0.125 10.6 20.6

0.5 0.062 11.4 20 .3
0.25 0.031 12.6 20.5

Control 10.2 22 .7

L.S .D. ( 1%): 6.1

S.G 2 0.25 8.2 8.600
( 4 lb . act./gaL) 1 0.125 9.7 13.0

0.5 0.062 9.2 15. 1
0.25 0.031 10.1 15.0

25 W .P. 2 0.25 9.7 12.1
1 0.125 10.4 13.6
0.5 0.062 9.9 14.5
0.25 0.031 10.0 15.7

Control 11.4 \ 2.8

L.S.D. (I%) : 3.4

D illzinor!

50 E .C. 2 0.25 9.5 2./)00
(4 lb. act./gaL) 1 0.125 9.2 4.8 00

0.5 0.062 9.3 6.000

0.25 0.031 9.6 8.500

Control 11.4 \ 2.8

L.S.D. (I%) : 3.4
____ '0 _ _____ _ _ _ _ _ _ _ _ _ _

25 E. G 2 0.25 12.5 5.300

( 2 lb. act. / gaL) 1 0.125 12.3 7.100
0.25 O.D:3 \ 11.9 \2.8

25 W .P. 2 0.25 13.1 6.000
1 0.12 .5 14.2 7.200

0.5 0.0()2 \2.5 11.5
0.25 0.031 12.8 11.0

Control \ 2 .0 13.5
----~-~-

I S D . (1 %): 4.5

Ne llll/cide®

E.G 2 0.2.5 10.3 7.0 00
( 7.9 lb . act./gaL) I 0.125 11.1 11.2

0.5 O.O(j2 I 1A l4.0
0.25 0.03 \ lOA 14.2

Control \ 1.4 12.8

L.S.D. (I%) : 3.4
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Formulation-

Co nc ent ratio n
ac tua l

Ib./ l OO rru l.

Perce nt
actua l

insect ici de

Mean
ht . (em. )

p re- s p ray"

Mean in cre ase
ht. (e m.)

2 w eek s a fter
~rd s pr-ay»

E.G
(2 lh. act. / gal. )

Co ntrol

2
I
0.5
0.25

OX!/ I [ClI IC/OII III C/ h !/1

0.25
0.125
0.062
0.031

12.1
12.6
iz.s
11.2

13 .0

5.6
6.0
6.2
6.9

6.9

N.S.D.

iii W .P . == w ettable powd e r ; S .C. == so lubi lize d co nce nt rate ; E .C. = e m u lsifiu b le co nce nt rate.
S pra ys w er e a pplie d as follows: d ia zinon 25 E.C. a nd 25 W .P .. Ju ly 12. 19 , and 26, 196 2 ;
oxyde meto nmethy l, Oct ob er 12, HI, a nd 21; , 1962 ; Ba y 41H:n . 75 E.C., May 27, .Jun e :~ . a nd 10 ,
19Ga ; and di a zinon 50 E .C., ll ay ·11sat S.C . a nd W .P .. a nd N e rnnci de, Ma rch 12, 19, a nd 26,
1964 . Triton H-19 5H was adde d to all Hpfa ys at 1 :2.000 .

II Measurem ents w ere tak e n one day b e f ore f i rs t spray a p plicn t . io n except f or th e pl ants t reated
w it h th e 75 E .C. and S .C. formul ati o ns of Ba y 4H~ :n whieh we re m ea su red fi ve days befo re
treatment .

l ' F inal measurem ents w er e t ak e n on AUJ!w, t a. 1!Hi2 , f or di a zinon 2 5 E .C. a nd W.P . : Novembe r
H. l H62. fo r oxydemeton met.hvl : .l u ne 24. I H6:J. fo r Ba y ·1183 1 E. C. : a nd A p ril !J. l H64. for
diazinon 50 E .C., Ba y 4 1R31 S .C. a nd W .P ., a nd N e m nci de .

•* Growth s ig n if ica ntly in fe rio r to t hat o f co ntrol p lan ts .

lost their older leaves and th e young leaves still attached were fern -like
and distorted . Plants tr eat ed with lowe r concentrations had less dam age.
Th e wettable powder sprays caused similar damage. Two weeks after th e
third spray applica tion all form ulutions caused similar symptoms. At 0.25
perce nt conce ntrations there was complete defoliati on except for young
lat era l leaflet s. At 0.125 percen t there were still terminal leaflet s, but th ey
were fern- like and rolled and lat eral growth ha d begun. T he plant s tr eat ed
with th e lower concentra tions had more leaves bu t th ey were chlorotic,
small , an d roll ed- up.

Nema cid e. Treatment with 0.25 percent emulsion caused significant
re tardation in gro wth . Foliar symptoms were chlorosis and burning just
prior to th e second spray on plants tr eat ed with 0.25 and 0.125 percent
concentrations . Just prior to th e third spray, th e olde r leaves were drooping
whil e th e younger leav es were erect. Two weeks after th e third application
plants tr eated with th e higher concentra tions exhib ited a stippled chloros is.
Th e leav es were narrow, roll ed upwards; the old lat eral leav es had dropped
off but new lateral growth was starting.

Oxudemetonmc tlu jl. No retardation of growth occurred aft er treatment
with th e emulsifiable concentrate. Th e only foliar abnormalities det ectable
were chlorosis, especially alon g the edges of th e old er leaves, tog ether
with some tip burn and moderate ne crosis.
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Fig. 11. Damage to papaya plants, two weeks after treatment with three applications
of 50 percent (top) and 25 percent (bottom) emulsifiable concentrates of diazinon.



TOXICITY OF INSECTICIDES AND ACARICIDES TO THE P APAYA 23

PHOSPHORODITHIOATES

The cffects of th e following phosphorodithioate formulations were
studied:

~
lCH30}2P-S-CH(CQ- NH-CZHS}2

1---- - ----------

5

(C2H50)2~-S-CH2 -S -oCI

~ ~
(CH30 12P -S -CHZC- NH-CH3

5
II

(C2H5012P- SXO j

(C2H50)2~ -S. 0

5

(I ) azi nphosme thyl, O,O-di methyl phos=
phorodithioat e S-cstcr with 3-( mer capto
methyl ) -1,2,3-ben zotriazin -4 (3I-I) -one, a
25 percent wettabl e powder and an emul
sifiable con centrat e containing 2 pounds
of technical az inph osme thy l per gallon;

(2) Bay er 47185, O,O-dimcthyl-S-(N,N'
di ethyl malonicamide ) phosphorodithio
at e, an 80 percent wettable powder ;

(3) carb ophe nothion, S-[ (p-chlorophe=
nyllhio) mcthyl] O,O-di ethyl phospho
rodithioatc, a 25 percent wettable powder
and an emulsifiable concent rate con
tabling 2 pounds of technical dimethoate
pcr gallon ;

( 4) dimethoate, O,O-dimethyl S-( N
mcth ylcarhamoylm ethyl ) phosphorodi=
thioate, a 25 percent wcttable powder
formulation and an emu lsifiable concen
tr at e containing 2 pounds of technical
dim ethoat e per gallon ;

(5) dioxathion , ]J-dioxan e-2,3-diyl ethyl
phosph orodithioate, a 25 percent wet
table powder and an emulsifiab le con
cenlratc containing 4 pounds of tech
nical dioxathion per gallon;

( 6) Imidan ®, °,O-dimcthyl S-phthali=
mid omethyl phosphor odithioat e, a 50
percent wettable powder and an emulsi
Iiablo concentrate containing 3 pounds
of technical Irnidan per gallon ;

(7) menazon , S-[ (4 ,6-diamino-s-triazin
2-yl) methyl] O,O-dilllcthyl phosphore
dithioatc, a 70 per cent wettable powder ;
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(( CH30)2~-S )2 CH-0

5 0 CH3
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(8) Methyl Trithion'[" , S- (p-chlorophe=
nylthio) methyl O,O-dimethyl phospho>
rodithioate, an emulsifiable concentrate
containing 4 pounds of technical Methyl
Trithion per gallon;

(9) SD 7438, S,S'-benzylidene bis-(O,O
dimethyl phosphorodithioate ) , an emulsi
fiable concentrate containing 1.6 pounds
of technical SD 7438 per gallon;

(10) TD-72, S-(N-cthoxy-carbomyl-N
methylcarbamoyl-methyl ) diethyl phos
phorodithioate, an em ulsifiable concen
trate containing 6.7 pounds of technical
TD-72 per gallon;

(11) Thiocron ®, O,O-dimethyl-S-( 2
methoxethylcarbamoyl-methyl) phos=
phorodithioate, a 50 percent wettable
powder and an emulsifiable concentrate
containing 2.58 pounds of technical
Thiocron per gallon.

Table 3 summarizes the effect of treatment with various formulations
of the phosphorodithioates on the growth of the papaya.

Azinphosmethul. The wettable powder formulation had no detrimental
effe ct on growth but concentrations as low as 0.125 percent of the emulsion
did retard growth significantly (Fig. 12) . The wettable powder formula
tion also had no detrimental effect on the foliage but the two higher
concentrations of the emulsion within one week after the first spray appli 
cation, caused severe foliar burning and large necrotic areas were found
on the leaves. Two weeks after the third spray, the plants receiving 0.25
percent of the emulsion had undersized leaves, as well as burning.

Bayer 47185. No effect on growth or foliage was noted aft er treatment
with the wettable powder.

Carbophenothion. All concentrations of both emulsifiable and wettable
powder formulations significantly retarded growth.

Just prior to the second spray all plants were chlorotic and were show
ing the "umbrella-effect." The wettable powder formulation was more
detrimental to the plants than was the emulsion.

Two weeks after the third application ( Fi g. 161 top) plants sprayed
with 0.25 and 0.125 percent of the emulsion had lost all their leav es and
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th e growing tips were b urn ed . Th ose tr ea ted with 0.062 percent emulsion
had lost most of their leaves; the remaining older leaves were burned ,
whil e th e youn ger leaves were narrow and fern-like . Those sprayed with
0.031 percent emulsion had ret ained th eir leav es, hil t they were drooping,
giv ing a hall-like appearan ce wh en view ed from th e sid e. There wa s also
a highl y chlorotic, yellow stippling pr esen t.

The wettable powder con centrations gave similar but mor e severe in
di cations of phytotoxicity (Fig. 16, bottom ).

Table :3. Effeet of phosphorodithioutes on the growth of the Solo papaya

Fo rm u la t.ion e

Co nce nt ra t io n
a ctual

Ib .jI OO gal.

Percen t
ac tua l

insect ici de

Mean
ht . (em.)
pr-e-sp r-a y "

Mean in crease
h t . ( em.)

2 weeks af'ter
ani s pray"

E .C.
(2 lb. ae l./gal.)

25 W .P.

Control

2
I
0.5
0.25

2
1
0.5
0.25

A Zi/lplwsm ethyl

0.25
0.125
0.062
0 .031

0.25
0.125
0 .062
O.C)31

8.4 4.H··
H.5 6.9· ·
8.2 10.6
9 .0 11.1

9.5 11.1
8.G 11.3
8.8 11.3
8 .0 10.0

8 .8 10.6

L.S.D. ( 1%) : I. H

HO W .P.

Control

E.C.
( 4 lb . acL/ gal. )

25 W .P.

Control

Hay er 47 186

2 0.25 9.6 23 .5
I 0.125 10.8 19.8
0.5 0 .062 11.6 21.0
0.25 0.031 10.8 HJ.8

10.2 22 .7

N.S.D.

Curhophenot liiun

2 0.25 6.3 d
I 0.125 6.8 2.5 00

0.5 0.062 6.9 3.0 00

0 .25 0.031 6.8 4.4. 0

2 0.25 6.6 O.goo
I 0.12 5 6.6 1.8 0 0

0.5 0.062 6.7 3.40 0

0.25 0.03 1 7.0 3.60 0

6.4 12.7

L.S.D. ( 1%) : 2.0
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Table 3 (continued)

Mean increase
Concentration Percent Mean ht, (cm.)

actual actual ht. (em.) 2 weeks after
Formulation- Ib./IOO gal. insecticide jrre-apr-ay" 3rd -a p r'ay "

Dimethoate

2 E.C. 2 0.25 9.1 5.8""
(2 lb. act .zgal .) 1 0.125 8.8 8.1""

0.5 0.062 8.8 9.5
0.25 0.031 8.8 10.5

25 W.P. 2 0.25 9.2 7.2""
1 0.125 9.0 10.0
0.5 0.062 9.4 10.2
0.25 0.031 9.8 9.5

Dioxathion

E.C . 2 0.25 8.4 death of plants
(4 lb . act .ygal. ) 1 0.125 8.9 death of plants

0.5 0.062 8.8 d
0.25 0.031 8.6 d

25 W.P . 2 0.25 8.2 d
1 0.125 8.9 d
0.5 0.062 8.6 3.2""
0.25 0.031 9.2 3.9""

Control 8.8 10.6

L.S.D. (1%) : 1.8

Imidan®

3 E.C. 2 0.25 5.9 10.6""
(3 lb. act.zgal.) 1 0.125 5.9 11.2

0.5 0.062 5.8 11.4
0.25 0.031 6.8 11.7

50 W .P. 2 0.25 5.9 13.5
1 0.125 6.0 11.5
0.5 0.062 7.0 11.7
0.25 0.031 6.6 12.0

Control 6.4 12.7

L.S.D . (1%): 2.0

Menazon

70 W.P. 2 0.25 11.8 16.5
1 0.125 13.8 14.2
0.5 0.062 12.4 15.0
0.25 0.031 11.2 14.2

Control 11.4 12.8

L.S.D. (1%) : 3.4
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Table :3 (continued)
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Formul at ion "

4 E.C.
(4 lb. act./gal. )

Control

E.C.
(1 .6 lb. act./gal. )

Control

Co ncentration
ac tu a l

Ib .jIOO g a .l,

2
1
0.5
0.25

2
1
0.5
0.25

Per cent
act ua l

insecti cid e

Methyl Trithion®

0.25
0.125
0.062
0.031

SD 7438

0.25
0.125
0.06 2
0.031

M ean
ht. (c m.}
pre-spra y "

ILl
11.2
10.2
10.9

13.0

10.0
11.7
11.3
10.8

10.2

Mean in crease
ht. (e m .)

2 weeks after
3rd s p r a v c

6.4
7.1
6.1
7.8

6.9

N.S.D.

17.9
19.8
23 .3
22 .2

22.7

N.S.D.

E.C .
(6 .7 lb. act./ gal. )

30 E.C.
(2.58 lb. act./ gal. )

50 W .P.

Control

TD-7 2

2 0.25 10.0
1 0.125 10.2
0.5 0.062 10.4
0.25 0.031 10.2

Th iocron®

2 0.25 10.9
1 0.125 9.3
0.5 0.062 9.8
0.25 0.031 io.s

2 0.25 10.6
1 0.125 10.7
0.5 0.062 10.6
0.25 0.031 10.0

1l.4

5.0 0 0

4 .6 0 0

5 .60 0

7.0 0 0

12.9
13.1
14 .8
14.6

13.0
13.8
14.3
16.0

12.8

L.S.D. (1 %): 3.4

a W.P. = wettabl e p owder : E .'C. = emuls ifiable co ncentrate . Sp ra ys w ere ap pli ed as f'ollo w s :
ca r bop hen ot h io n a n d Im id nn, Au e us t 10 . 17 . a nd 24 , 1962 : Methyl 'I' r tthion , O ct ober 12. 19. a n d
26. 196 2 ; Bayer 471 85 a n d SD 74~ 8 , May 27, J un e 3. and 10. 1963: azinphosmeth yl, d im eth oate ,
and di oxa thion , J anuary 16. 23 , a nd 30 , 1964 : m e na zon , T D·72, a nd Thiocron , Ma r ch 12, 19, a nd
26, 1964. T riton B·1 956 was a dded to a ll s p ra ys at 1 :2 ,000.

b Measurem en ts we re tak en one day bef ore fi rst s pray a ppli cat io n except for B ay er 47 185. an d
SD 7438-treated pla nts . wh ich were measured fi ve days bef ore tr eatment .

C F ina l m easur em en ts were ta ke n on Aug-ust 31. 1962 , fo r ca rbop he no thion and Imid an ; N ovem
ber 9, 1962, f or Met hyl Trithion: Jun e 24. 196 3, f or B ay e r 471 85 a nd SD 74~ 8 ; F eb rua r y 13,
1964. f or az in phosmet.h yl, dim eth oute, and dioxathion ; and April 9. 1964 , fo r men azon, TD~72,

and Th iocr on .
d Terminal tip s killed ; little or no growth.

•• Grow th significantl y in feri or to th at of contro l pl ant s .
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Fig . 12. Damage to papaya two wccks after three weekly app lica tions of azinphos
methyl emulsion,

Fig. 17 shows the plants as they appeared six weeks af ter th e last
spray. In the emulsion treatments , all plants spraye d with 0.25 percent
concen tra tions had died . Only onc plant had survived treatment with 0.1 25
percent emulsion and it was stun ted . All plants surv ived treatment with the
lower concentrations. In the wettabl e powde r treatments, one plant sur
vived application of the 0.25 pe rcent concentra tions, two plants survived
treatment with the 0.12.') percent concentrations, and all plants trea ted
with the low er conce ntrations recovered but were badly stunted .

Dimeihoate. Appli cat ion of 0.125 pe rce nt of th e emulsion an d 0.25
percent of th e wet table powder formulations significantly retarded growth.

Two weeks after th e third applica tion, th e leaves of plan ts sprayed
with 0.25 percent of the emulsion had rounded ed ges and some necrosis
and were very chloro tic along the edges . Those spraye d with 0.1 25 pe rcent
of the emulsion ha d less round ing of the leaves hut the re was some chlo
rosis along the leaf edge. The two low er concen trations we re less affected.
In fac t, the 0.031 percent emulsion caused little or no abnormalities. The
wettable powde r formulation caused similar dam age but less than that
caused hy equivalent conce ntra tions of the emulsion spray (Fig. 13).

Dioxathion. This mater ial affec ted the plan ts very seriously. All con
cen tra tions of ho th emulsifiable and we tta ble formulations either killed
the entire plant or the terminals or barely allowed growth.
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E( _ III.1LIt, r:».
Fig. 13 . E ffect of treatment with equivalent conccntrations (0.25 percent) of emulsi
fiablc con centrate (left) and wettable powder (cen ter) of dimcthoatc on growth and

foliar damage of papaya .

...
1

- ... -
Fig. 14. Papaya one week afte r treatment with one application of 0.125 and 0.031
percen t dioxathion emulsion. Not c upward curling of leaves and drooping of the

petioles in thc treated plants. Untreated control plant on right.
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Just prior to the second spray application, the plants treated with th e
emulsion showed the "umb rella-effect" at all concentrations. There was an
upward curling of the leav es and a drooping of the petiol es (Fig. 14) .
Th e wettable powder formulat ions showed a similar effect but to a lesser
extent.

One week lat er , just pri or to th e third spray application, the plants
treated with 0.25 and 0.125 percent conce ntra tions were completely de
foliat ed and th e growing tip s were dead. Th ose treated with the two
lower concentrations of 0.062 and 0.031 percent had severely dama ged
leav es still adhering to the stems and the growing tips were still alive.
The phytotoxic effec t of the wettable powders was conside rably less than
that of the emulsion. Th e dam age caused by 0.25 percent wettable powder
was equivalen t to that caused by the 0.031 percent emulsion . Th e lower
concentra tions of wettable powder caused th e plants to exhibit the "umbrella
effect."

Two weeks aft er the third spray application all concentrations of the
emulsion had caus ed complete defoliation, death of the terminals or of
the entire plant. Th e wettable powders at 0.25 and 0.125 percent had
cau sed complete defoliati on and death of the term inal growing point,
although some lat eral buds were ac tively growing bu t were distorted. The
plants receiving the two lower concentrations were completely defoliated ,

1
r

E.
F ig. 15. Plants two weeks a fte r the thi rd applica tio n of 0.0 31 percent d ioxathion

emulsion (le ft) and wettable powder (center) .
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Fig. 16. Effect of three weekly treatments with carbophenothion emulsifiable concen
trate (top) and wettable powder (bottom) on the growth and foliage of papaya .
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....

o
•

Fig. 17. Recovery in papaya seedlings, six we eks afte r threc weekly applications
of carbophenothion emulsion (top ) and wettable powder (bott om) .
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and although the terminal growing tips were active the young leaves were
distorted (Fig. 15).

Imidan. Only treatment with 0.25 percent of the emulsion caused signi
ficant retardation in growth. The only foliar effect with this concentration
was minor tip chlorosis. Treatments with the lower emulsion concentrations
and all wettable powder concentrations had no detrimental effect on the
plants.

Menazon. No effect on growth or foliage was noted after treatment
with a wettable powder formulation.

Methyl Trithion . No effect on growth was noted after treatment with
the emulsifiable formulation . The only abnormal effect was a slight chlorosis
and necrosis of the tips of leaves treated with the highest concentration of
0.25 percent. It is interesting to note that carbophenothion, the ethyl analog
of this compound, was so much more drastic in its effects on the papaya
(see discussion above).

SD 7438. No effect on growth was noted after treatment with the
emulsion. Foliar injury was somewhat delayed. All plants appeared normal
prior to the second spray application, but one week later tip burn occurred
in plants treated with the 0.25 percent emulsion. Two weeks after the
third spray, these same plants still showed tip burn and some of the older
leaves had dropped. Leaf drop also occurred in plants treated with 0.125
percent emulsion. Plants treated with 0.062 and 0.031 percent emulsion
were normal.

TD-72. All levels of the emulsifiable formulation caused significant re
tardation of growth (Fig. 18). One week after the first spray application
and just prior to the second, foliar evidence of phytotoxicity consisted of
an upward curl of the leaf edges and a resulting fern-like appearance. A
chlorosis with a distinct pattern of yellow lines, the severity of which was
greater with the higher concentrations, was also present. Foliar symptoms
became more severe with additional treatment (Fig. 19), but two weeks
after treatment new foliage was present.

Thiocron. No effect on growth by treatment with either the wettable
powder or emulsifiable formulation was noted. Equivalent concentrations
of both formulations caused the same degree of foliar injury. One week
after the first spray application, leaves of plants treated with the 0.25
percent emulsion or suspension showed tip burn. The edges of the younger
leaves were rounded and wrinkled. Less damage was caused by the lower
concentrations. Two weeks after the third spray application, the leaves of
plants treated with the 0.25 percent emulsion or suspension were chlorotic
with rounded edges. The older leaves in particular were badly distorted.
The symptoms decreased with decreasing concentration; plants treated with
0.031 percent Thiocron showed no foliar injury.
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Fig. 18. Effect on growth and foliar damage two weeks after three applications
of TD-72 emulsions.

Fig. 19. Close-up of foliar symptoms caused by three applications of 0 .031 percent
TD-72 emulsion.
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o OH

(CH3012~-/;H CCI3

PHOSPHONATE

Th e effects of one phosphonate were studied:

(1) trichlorfon , dim eth yl (2,2. ,2.-tr ichlo=
ro-l -hydroxye thyl) ph osphonate, in th e
form of a 50 perce nt wettabl e powde r
and a solution containing 4 pounds of
techni cal trichlorfon per gallon .

Table 4 summa rizes the effec t of tr ichlorfon on th e growth of the
papaya.

Although treat ment with the liquid formulat ion had no effect on growth,
0.25 percent wettabl e powder significantly res tric ted growth. Th e effect
of th e wettable powder on the foliage was also greater th an th at of th e
liquid solution but the damage was not very serious. Only treatm ent with
the 0.2.5 percent concentrations result ed in slight burning along the leaf
edge and tips and some chlorosis .

Table 4. E ffec t of a ph osphonate on the gro wth of th e Solo papaya

Mean in crease
Concentrat ion Perce nt Mean ht. ( c m .)

act ua l actua l ht. ( cm. ) 2 week s a ft er
F ormu lntio ne Ib .jI OO g a l. in secti cide pre-sprav" Sr -d sp r ny l'

T rich lorfon

S 2 0.25 8.3 9.6
( 4 lb . act. /gal. ) 1 0.125 8.3 10.8

0.5 0.062 9.9 10.9
0.25 0.031 9.5 10.6

50 W. P. 2 0.25 9.5 8.80 0

1 0.125 9.5 9.8
0.5 0.062 9.0 10.6
0.25 11.031 8.4 10.4

Control 8.8 10.6

L.S .D . (1 %) : 1.8

Il W .P . = wettabl e powder; S == solut ion . Sp ray s were ap plied Januar y 16, 23. and 30, 1964.
Triton n-1956 w as ad de d t o a ll sp rays at 1 :2.000 .

b Measu rem ents were tak en one day bef ore f irs t s pray ap pli cation .
(' F in a l measurem ents we re taken on February 13, 1964.

•• Growth s ig nifi cantl y inferi or to that of control plants .
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The effects of the following phosphonothioa te formulati ons were
studied:

( 1) Bayer 37289, O-ethyl 0-2,4,5-triehlo=
rophenyl ethylphosphonothioate, a 50
percent emulsifiable concen trate;
(2) Bayer 39197, O-ethyl-O-( naph thyl=
oxime )-me thylphosphonothioate, an 80
percent wettable powder ;
(3) Bayer 46676, O,O-diethyl-O-( 2-oxy
4-methyl-6 ethyl-pyrimidinyl ) phospho
nothioate, a 50 percent emulsifiable
concen trate;
(4) DC 8305, P-chloro-2,4-dioxa -5-meth=
yl-P-thiono-3-phospha-bicyclo (4'4'0) de=
can e, a 50 percent wettable powder and
an emulsifiable concentrate containing 4
pounds of technical DC 8305 per gallon.

Table 5 summarizes the effec ts of these phosphonothioates on th e
growth of the papaya.

Bayer 37289. No effec t on growth was noted after treatment with an
emulsifiable formulation . Foliar damage was negligibl e. Application of
0.25 and 0.125 percent conce ntra tions resulted in a sligh t chlorosis and
distortion of the leaf.

Bayer 39197. Tr eatment with 0.25 percen t of a wettable powder formu 
lation resulted in sign ificant redu ction in growt h. Some foliar damage was
apparen t in all treated plants , as evide nced by tip bu rn and chlorosis,
particularly on the old er leaves. Intensity of damage decr eased with a
decrease in conce ntration.

Bayer 46676. All concentrations of an emulsifiable formulation caused
a significant reduction in growth. Foli ar damage occurred at all concen
trations. Just prior to the second spray application, the plants treated
with 0.25 percent emulsion showed severe burning and extensive loss of
the old er leav es. Lower conce ntra tions caused less damage. At th e last
observation two weeks af ter the th ird spr ay application, the older leav es
had dropped (Fig. 20 ) in all plants treated with the higher concentrations.

UC 8305. No effect on growth was not ed aft er treatmen t with either
emulsifiable or wettable powder formulations. T he effect of the wettable
powder formulation on foliag e was slightly greater than the effect of the
emulsion. Tr eatment with 0.25 perc ent of the emulsion and 0.2.5 an d 0.125
percent of the wettable powder caused white, necrotic spots in the center
and along the edges of the leav es. How ever, this damage was not very
serious. All other treatmen ts had no effect on foliag e.
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Table 5. Effect of phosphonothioates 011 the growth of the Solo papaya

Mean in crea s e
Con cen t r a t ion P er ce nt Mea n ht. (em .)

ac t u al ac t ual ht. (em.) 2 weeks after
F or m u la t io n" lh ./IOO gal. insec t ici de p re-spr-ay '' 3r d s p r-ay "

Bayer 37289

50 E.C. 2 0.25 10.0 19.4
( 0.55 g. act ./mI.) I 0.125 10.2 22.1

0.5 O.OB2 12.7 22 .9
0.25 0.031 11.7 24 .8

Bayer 39197

80 W .P. 2 0.25 10.7 12.300

I 0.125 10.4 17.7
0.5 0.062 9.8 16.2
0.25 0.031 10.8 18.6

Bayer 46676

50 E. C. 2 0.25 U .S 5.4''''
( 0.54 g. act .zml. ) I 0.125 11.3 7,4 e e

0.5 0.062 11.2 9.7 ....
0.25 0.031 12.0 13. 100

Control 10.2 22 .7

L.S.D. (1 %): 6.1

UC 8305

4 E.G 2 0.25 t2 .3 7.2"
1 0.125 11.6 6.6"
0.5 0.062 10.5 6.4
0.25 0.031 ll.5 6.1

50 W .P. 2 0.25 ll.4 6.1
I 0.125 1l .2 6.6
0.5 0.062 12.5 6.4
0.25 0.031 12.6 7.1

Con trol 13.0 6.9

N.S.D.

It W .P . = wettable po wder ; E .C. = em u ls if ia ble concentr ate. Sp r ays were a p pli ed as foll ows : U C
83 05, O ctober 12, 19, and 26, 191;2: Bayer 372 89, B a yer 3!l19 7, a n d Baye r 46676 , May 27, June :l
and 10, 1963. T r iton B ~l n56 w as added t o a ll sprays a t 1 :2, 000.

b Mea su r ements w er e t a ke n on e da y before firs t sp r ay a p plication.
(' Final measurem en t s w e re t a ke n on November 9. 1962 , fo r U C R305 a nd .l u n e 24, 196 :~, for B a yer

:17289, Ba ye r 3!l197, a n d Baye r 466 76.
() One to two p la n ts were infec ted w ith pyth ium . Da t a a re m ea n of heal thy p la n ts a n d we re n ot

in cluded in t he statistical analys is .
** Gro w t h s ig n if ican tl y in fe r ior to t hat of con t rol p la nt s .
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CARBAMATES
The effects of the following carbama te formulations were studied:

39
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(1 ) Bayer 32651, 4-methylthio-(3-meth =
ylphenyl )-N -methylcarbamate, a 25 per
cent emulsifiable concentrate;
(2) Bayer 37344, 4-( methylthio )-3,5
xylyl methylcarbamatc, a 50 percent
wettab le powder;
(3) Bayer 50282, 3,5-dim ethyl-4-diallyl=
amino-phenyl-N-methylcarbamate, a 50
percent wettable powder ;
(4) carbaryl, I -naphthyl N-methylcarba=
mate, a 50 percent wettable powder;
(5) «limetilan, I-dimethyl-carbamoyl-5
methyl 3-pyrazolyl dim ethylcarbamate, a
25 percent wettable powder and a 25
percent emulsifiable concentrate;
(6) Isolan®, l-isopropyl-3-methyl-5-py=
razo lyl dim ethylcarbamate, a 25 percent
emulsifiable concentrate;
(7) Pyramatw, 6-methyl-2-propyl-4-pyri=
midinyl dimethylcarbamate, a 25 perc ent
wettable powder and a 25 percent emul
sifiable concentrate;
(8) Temik ®, 2-meth yl-2-( methylthio)=
propionald ehyd e 0 -( meth ylcarbamoyl )
oxime, an emulsifiable concentra te con
taining 1 pound of teclmi cal Temik per
gallon.
(9) Tranid ®, 5-chloro-B-oxo-2-norbor=
nanecarhonitrile 0- (methylcarbamoyl)
oxime, an emulsifiable concentra te con
taining 2 pounds of technical Tranid
per gallon ;
(10) DC 10854, 3-isopropylphenyl -N
methyl carbamate, a 75 perc ent wettable
powder and an emulsifiable concentra te
containing 1 pound of technical DC
10854 per gallon;
(11) Zectran f", 4-dimethylamino-3,5-xylyl
methylcarhamate, a 25 percent wettable
powder and an emulsifiable conc entrate
containing 2 pounds of technical Zectran
per gallon;
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Table 6 summarizes the effects of these carbamates on th c growth of
the papaya.

Bay er 32651. Tr eatment with 0.25 percent of an emulsifiable formula
tion sign ificantly reduced growth. Foliar damage consisting of tip burn
was cause d by treatment wit h 0.25 percent and to a lesser extent wit h
0.125 percen t concentrations .

Bayer 37344. No effect on growth or foliage was noted after treatment
with a wettable powder formulation .

Bay er 50282. No effect on growth was evidenced afte r treatment with
a wettable powder, an d the only foliar damage was some chlorosis and
burning caused by application of th e 0.25 percen t concentra tion.

Carbaryl. No effect on growth was not iced bu t some chlorosis was
noticed in all tr eatm ents with th e wettabl e powder. Two weeks aft er the
third application, however, complete recovery had occurred .

Dimetilan. This material not only affected growth at all concentrations
of both the emulsifiable and wettabl e powder formulatio ns but actually
killed the plants. Foliar symp toms becam e evident rather quickly . On e
week after the first spray application all concentrati ons of both formul a
tion s caused burning along th e edges an d tips of the leaves, a reduction
of terminal growth, and stunting of the you ng leaves (Fig. 21 ). Two
weeks aft er the third spray, plants tre ated with 0.25 perc en t emulsion
coul d not be measured since th e growing tips were de ad and there were
no leaves. Plants treated with 0.125 percen t emulsion were also severely
damaged; terminals were dead bu t lat eral leaves were growing although
they were badly burned. Some of the older leav es were still attached to
the plants bu t were very necrotic. Even the plants treated with 0.062 and
0.031 percent emulsion were seriously damaged. Plants treated with the
wettable powder were mor e dam aged than thos e treated with equivalent
concentrations of the emulsion. All plants sprayed with 0.25, 0.125 and
0.062 perc ent wettable powder were dead two weeks after treatment (Fig.
22 ) .

Six weeks after the third treatment, the plants were once more observed
(Fig. 23). Plants treated with 0.25 and 0.125 percent emulsion had died,
thos e treated with 0.062 and 0.031 percent emulsion wer e recovering but
were stunted. All plants treated with the wettable powder formulations
had died except for one leafless survivor of treatment with 0.031 percent
concentration.

Isolan . Emulsion concentrations as low as 0.062 percent significantly
reduced growth. Considerable folia r damage occurred by application of
0.25 and 0.125 percent of th e emulsion. After one application, most of th e
older leaves dropped and thos e remaining were chlorotic and burned along
th e edges. Afte r the second spray all of th e leaves and particularly the
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terminals were severely burned. Two weeks after the third application tho
same symp toms were still evide nt. T he 0.062 and 0.0.31 perc ent concentra
tions caused the leaves to be chlorotic.

Ptjramat . The effect of pyramat closely res embled that of d imetilun .
Growth was grea tly affected by treatment wit h all concentrations of the
emulsion and wettable powder formulations. Onc week after th e first
spray all treatments caused foliar burning and the young leaves were
stun ted.

Two weeks after the third spray application, treatment wi th 0.25 percent
concentrations caused death of th e plants . Thc other treatment levels caused
necrosis and chlorosis. Plan ts tr eated with the wettab le powder formula
tions were more damaged th an those treated with emulsions.

Six weeks after the th ird application another observation was made.
There were no survivors of treat ment with 0.25 percent concen tra tions of
both form ulations. Trea tment with 0.125 percent emulsion killed two plants;
the survivors had leav es present but they were chlorotic. The plants tr eated
with 0.062 and 0.0.31 percent emulsion had recovered , and th e leav es were
ac tive ly growing but with a mosaic-ch lorosis . The plants treated with
0.062 and 0.0.31 percent wettable powder were small, chlorotic, and more
damaged than those tr eated with equivalent concentrations of emulsion.

Table 6. Effeet of carbamates on the growth of the Solo papaya

Mean in crease
Co ncent ra tio n Perce nt Mean ht. (cm. )

ac tua l ac tua l h t. (e m. ) 2 w eeks after
Form u lat.ions Ib ./IOO g a l. Insect ic ide pre-spray" 3 rcl sn r avv

Hily er 32651

25 E. C. 2 0.25 10.5 /{.4""
(0.27 g. uct .z'ml .) 1 0.125 10.6 ID.1

0.5 0.062 9.7 17.8
0.25 o.oai 10.2 23.1

Hily er 37344

50 W .P. 2 0.25 11.3 19.6
I 0.125 11.0 19.0
0.5 0.062 9./{ 17.7
0.25 0.031 10.0 20.2

Control 10.2 22 .7

L.S.D. ( 1%) : G. I

Hil yer 50282

50 w.r. 2 0.25 11.0 I G.4
1 0.1 2.'5 10.0 14.2
0.5 0.062 9.7 15.8
0.25 0.031 10.2 W. 6

Control 11.4 12.8

L.S.D . ( 1%): 3.4
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Table " (conti nued)

Mean in crease
Con centration P er-cent M ean ht. (em.)

actual ac t ua l ht. ( cm .) 2 week s a fter
F or mu lation s Ib ./IOO g al. in sectic ide pre-en ruv" 3rd sprayC

Carbanj l

50 W .P. 2 0.25 ILl 13.8
1 0.12.'5 11.3 13.5
0.5 0.062 9.7 17.2
0.25 0.031 11.4 13.1

Control 12.0 13.5

N.S.D.

Dim et ilan

25 E.C. 2 0.25 6.1 d
(0.27 gm . act ./ml.) 1 0.125 7.1 3.200

0.5 0.062 6J) 5 .800

0.25 0.031 6.1 6.6 00

25 W .P. 2 0.2.5 .5.9 d
1 0.125 6.2 d
0..5 0.062 6. 1 d
0.2.5 0.031 6.0 4.800

Cont rol 6.4 12.7

L.S.D . (l%) : 2.0

I solalJ®

25 E .C. 2 0.25 12.1 9..5 0 0

(0.25 gm . act ./ml.) 1 0.125 11.3 13.4 00

0.5 0.OG2 IO.G 14.900

0.2.5 0.03 1 10.0 19.9

Control 10.2 22 .7

L.S.D . ( 1%) : 6.1

Puramat ®

2.5 E.C . 2 0.25 GJ) II
(0.27 gm. acL/ml.) 1 0.125 7.0 3.10 0

0.5 O.OG2 6.4 .5.3 0 0

0.2.5 0.031 6.6 5.800

2.5 W .P. 2 0.25 7.0 d
1 0.125 7.1 I.Go °
0..5 0 .OG2 GJ) 4.40 0

0 .2;' 0.031 7.0 5.400

Control G.4 12.7

L.S.D. ( 1%) : 2.0
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Table 6 (continued)

Mean increase
Concentr at ion P er cen t Mean ht. (em.)

actua l ac tua l ht. (em.) 2 we eks after
Fo r mu lat ions lb ./IOO g a l. in sect icide pre-sprav" 3rd sprayC

UC 10854

1 E.C. 1 0.125 15.4 6.0
(1 lb. act.zgal. ) 0.5 0.062 12.7 6.4

0.25 0.031 II.6 5.9

75 W.P. 2 0.25 13.4 5.2
1 0.125 13.1 6.8
0.5 0.062 II .5 6.8
0.25 0.031 11.4 6.3

Control 13.0 6.9

N.S.D.

Temik®

1 E.C. 2 0.25 12.5 15.3
(1 lb. act.zgal.) 1 0.125 II .5 14.8

0.5 0.062 12.2 15.0
0.25 0.031 II .9 13.1

Tranid®

2 E.C. 2 0.25 12.5 12.0
(2 lb . act.ygal. ) 1 0.125 13.2 15.6

0.5 0.062 12.9 14.8
0.25 0.031 10.9 14.7

Control II.4 12.8

L.S.D. (1 %): 3.4

Zectran®

E.C. 2 0.25 13.4 12.4
(2 lb . act. ygal , ) 0.5 0.062 12.7 13.9

0.25 0.031 11.7 15.7

25 W .P. 2 0.25 10.9 13.6
1 0.125 II.7 15.6
0.25 0.031 10.5 13.1

Control 12.0 13.5

N.S.D.

a W.P. = wettable po w de r ; E. C. = em u lsifi a b le cou ce n t r a te. Sp rays were a p pli ed as fo llo w s :
ca r bary l and Zectran , July 12. 19, a nd 26, 1962 : dimetilan a n d Pyram a t., August 10, 17, a nd 24 ,
1962: DC 10854, October 12, 19, and 26. 1962 : Bayer 32651, Ba ye r 37344, and Isol an, May 27 ,
June 3 a n d 10, 1963: a nd Bayer 50282, Tt-a n id, a n d Tem ik, March 12, 19, a n d 26, 1964 . Triton
B-1956 w as added t o all spra ys at I :2,000.

b Measurem ents w er e tak en one day be fore first spra y ap plicati on exc ept fo r Bayer 326 51-. Bayer
37344-, and Isol an-treat ed pl ants which w ere mea sur ed five days before treatment.

C Final measurem ents w ere taken on Au gust 3, 1962, fo r ca rbaryl and Zectran; Au gust 31, 1962,
for dimetilan and P vram a t : November 9, 1962, for DC 10854 : June 24, 1963, for Bayer 32651,
Bayer 373 44 a n d Iaola n : a n d Ap ril 9, 1964 , f or Baye r 50282 , 'I'ra nid, a n d Temik.

d Terminal tips killed: little or n o growth .
•• Growth s ig ni fi cantl y in f erior to that of control plants .
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Fig. 21. Papaya, one week after a single application of dimetilan emulsion (top )

and wettable powder (bottom ) concentrations.

Temik. Treatment with this emulsifiable material had no effect on
growth or foliage.

Tranid. No retardation of growth was cau sed by the emulsion. Foliar
damage consisting of chlorosis and crinkling was cau sed by application of
0.25 percent of the emulsion and to a lesser degr ee by the 0.125 percent
concentration.

UC 10854. No effect on growth was not ed after treatment with either
th e emulsifiable or the wettable powder formulations. Foliar damage was
negligible.
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Zectran. No effect on growth was noticed in treatments with either
emulsifiable or wettable powde r formulations. Two weeks afte r th e third
application some necrosis on the edges of the leaves was noted in plants
treated with 0.25 and 0.125 percent of the emulsion and 0.25 pe rcent of
the wett able powder. The da mag e caused by the we ttable powder was
less than that caused by the emulsion. Some of the treatments we re dropped
from the experiment du e to excess infec tion of the plants with py thium.
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F ig. 22. Papaya , two weeks after the third application of dimetila n emulsion (top)
and we tt ablc powder (bo!lom ) concentrat ions.
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Fig. 23. Papaya, six weeks after treatment with three weekly applications of dimetilan
emulsion (top) and wettable powder (bottom) concentrations.
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CARBONATES

47
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Table 7 summarizes
papaya.

The effects of the following two compounds were investigated:
(1) Dessin® , 2-sec butyl 4, 6-dinitrophe=
nol isopropyl carbonate, a 50 percent
wettable powder;
(2) Morestan'v , 6-methyl-2,3-quinoxa=
linedi th iol cyclic S,S-dithiocarbonate, a
25 percent wettable powder .

th e effects of the carbonates on the growth of the

Dessin. Treatment with 0.25 percent wett abl e powder significantly
affected growth. Onc week after th e first spray application leaves treated
with 0.25 and 0.125 percent concentra tions were necrotic, particularly at
the tips and along the edges. The lower concentrations of 0.062 and 0.031
perc ent caused no foliar abnormalities. By the second week, the areas of
the leaves previously necrotic had torn off. These symptoms were present
throughout the period of observation.

Morestan . The wettable powder formulation had no effect on th e
growth of the papaya. Foliar injury was evident one week after th e first
spray application. Plants treated with 0.25 percent of th e wettable powder
wer e severely burned; white, necrotic areas appeared on th e upper sur face

Table 7. Effect of carbonates on th e growth of the Solo papaya

Mean in crease
Conce nt rat ion Per cent Mean ht. (cm.)

a ctual actual ht. (em . ) 2 weeks afte r
F ormulattone Ib ./ IOO gal. insecticide pre-sprav" 3rd s p r a v c

D essill ®

50 W .P. 2 0.25 12.7 8.7 0 0

1 0.125 11.8 10.4
0.5 0.062 11.8 10.8
0.25 0.031 12.2 11.9

Mor estl/ll ®

25 W.P. 2 0.25 9.9 10.6
1 0.125 10.7 13.1
0.5 0.062 10.1 12.4
0.25 0.031 12.1 14.4

Control 11.4 12.8
- --- - -

L.S.D . (1 %): 3.4

• W.P. = wettable powder. Sprays wer e a p p li ed Ma r ch 12, 19. a n d 26 , 1964 . Triton B-1966 was
added t o all sprays at I :2 ,000.

u Mea surem ents were ta ken one da y hef ore f ir st spray ap pli cation .
c Final mea surements wer e tak en un April 9, 1964 .

•• Growth significantly inferior to that of co ntro l plants .
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Fi g. 24. Close-up of foliar damage in papaya, two weeks after three applications of
0.25 percent Morestan wettable powde r. Not e normal leaves and bad ly damaged

older leaves.

of the older leaves and the younger leaves ap peared crinkled and distorted.
Plan ts treated wit h 0.125 percent wettable po wder showed less of th e
sam e kin d of damage . Treatment with th e lower conc entrations ha d no
detrimental effect.

Two weeks aft er th e third spray application th e older leaves of th e
plants tr eat ed wit h 0.25 percent of the wettabl e powder were crinkled an d
distorted whi le the newer leaves were normal ( F ig. 24 ). Damage decreased
with decreasing concentration.
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CHLORINATED ARYL HYDROCARBONS

The effects of the following two compounds were studied :

(1) endosulfan, 6,7,8,9,10,l0-hexachloro
1,5,5a,6,9,9a-hexahydro-6,9-methano-2,4,3
benzodioxathiepin 3-oxide, a 2,5 percent
wettable powder and a miscible concen
trate containing 2 pounds of technical
endosulfan per gallon ;

(2 ) Pentac'P, bis (pentachloro-2,4-cyclo=
pentadien-l-yl), a 50 percent wettable
powder and an emulsifiable concentrate
containing 1.5 pounds per gallon.

Table 8. Effect of chlorinated hydrocarbons on the growth of the Solo pa paya

Mean increase
Concentration Percent Mean ht. (cm.)

actual act ual ht. (cm.) 2 weeks after
Formulatlone Ib .j100 gal. insecticide p r-e-sp r -ay" 3rd s pray"

Endosulfan

Miscible 2 0.25 14.3 12.7
(2 lb . act./gal.) 1 0.125 13.4 12.8

0.5 0.062 12.0 15.8
0.25 0.031 12.1 14.4

25 W .P. 2 0.25 13.5 12.7
1 0.125 12.3 15.1
0.5 0.062 12.3 16.5
0.25 0.031 12.1 14.7

Control 12.0 13.5

N.S.D.

Pentac®

E.C. 2 0.25 11.2 7.2'>0
( 1.5 lb. act.zgal. ) 1 0.125 10.6 8.0'>0

0.5 0.062 10.8 11.6
0.25 0.031 9.0 11.9

50 W.P. 2 0.25 9.2 14.9
1 0.125 9.4 13.8
0.5 0.062 9.9 14.6
0.25 0.031 9.9 13.4

Control 11.4 12.8

L.S.D . ( 1%) : 3.4

a W .P. == wettable powder; E.C. == emu ls ifi able concent rate. Sprays were a ppli ed as follows :
endosulfan, Jnly 12, 19, a n d 26, 1962 : P e nt .ac , Mareh 12. 19, and 26. 1964. Triton B-1956 was
a dded to all sprays at 1 :2,000.

b Measurements were taken one day before first spray application .
e Final measurements were taken on August 3, 1962, fo r endosulfan and April 9, 1964 , for Pentac.

"'. Growth significantly infe rior to that of cont ro l plants .
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Table 8 summarizes the effect of the chlorinated hydrocarbons on th e
growth of the papaya.

Endosulfan. No effect on growth or foliage was noted afte r tr eatm ent
with either the miscibl e liquid or wettabl e powder formulation.

Penta c. Treatment with 0.25 and 0.125 percent of the emulsifiable
formulat ion significantly affected growth hut the wettabl e powder had no
effect on growth.

One week af ter the first spray ap plicat ion , plants treated wit h 0.25 and
0.125 percent emulsion showed severe foliar symptoms; younger leaves
were thi ckened , distorted , and spide ry wh ile th e older leaves showed slight
tip-burn and chlorosis. At the lower 0.062 and 0.031 percent conce ntra tions,
the emulsion caused only slight injury, particularly chlorosis in the younger
leav es. T reatment with 0.25 and 0.125 percent of th e wettable powder
caused less damage tha n half the conce ntration of the emulsion but the
younger leav es were thi cker than normal and chlorotic, and exhibite d
necrotic spots along th e veins.

Two weeks afte r the third spray, all plants tr eated with the emulsion
had leaves that were distorted and thi ck. The wettabl e powder treatments
affec ted th e foliage fa r less. Da mage caus ed by the 0.25 percent wettable
powder was equivalent to that caused by the 0.062 percent emulsion.
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ACARICIDES

The effec ts of the following acaricidal formulations were studied:

( 1) chlorbenside, p-chlorobenzyl p-chlo=
rophenyl sulfide, a 40 percent wettable
powder;
(2 ) chlorobenzilate, ethyl 4,4'dichloro
benzilate, an emulsifiable concentrate
containing 4 pounds of technical chloro
benzilate per gallon;
( 3) Chloropropylate's, 2,3-isopropyl 4,4'
dichlorobenzilate, a 25 percent emulsi
fiable concentrate;
(4) dicofol, 4,4'-dichloro-alpha-( trichlo=
romethyl) benzhydrol, a 25 percent wet
table powder; an emulsifiable concen
trate and a miscible formulation, both
containing 2 pounds of technical dicofol
per gallon;
(5) tetradifon, p-chlorophenyl 2,4,5-tri=
chlorophenyl sulfone, a 25 percent wet
table powder;
(6) Volck Supreme Oil Spray, 98 per
cent petroleum oils, un sulfonated residue
92 percent, 6.94 pounds per gallon.

Table 9 summarizes the effect of these acaricides on the growth of th e
papaya.

Chlorb enside. No effect on growth was not ed after treatment with
the wettable powder formulation. The only foliar symptoms noted were
on the leaves of plants treated with th e 0.25 percent suspension, a slight
mosaic and browning of the upper surface of the older leav es.

Chlorobenzilate. Treatment with 0.25 and 0.125 percent emulsion caused
significant growth retardation. These tr eatments also caused severe burn
ing along the edges and th e middle of th e leaves, particularly of the older
leaves. Two weeks after the third spray, plants receiving the two higher
concentrations were defoliated and th e edges of the remaining leaves were
necrotic. The old er leaves of plants treat ed with 0.062 percent emulsion
were less burned and the lowest concentration of 0.031 percent had no
detrimental effect on the plants.

Chloropropylate. Concentrations as low as 0.062 percent of the emulsion
Significantly affected the growth of the papaya. The major foliar effects
were chlorosis of the leaves and necrosis along the leaf edges.
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Dieafal. The wettable powder formulation had no effect on growth but
0.25 percent of th e emulsifiab le formulation, and 0.125 percent of th e
miscible formulation significantly aff ect ed growth.

No foliar damage was caused at any tim e by tr eatment with th e wet
table powder formulation. Of th e two liquid formulations, miscible formu
lation was more damagin g. Two weeks after th e thi rd spray application,
th e 0.25 percent miscible formulation caused severe defoliation . The 0.125
percen t concentration caused less severe defoliation but tip burn was very
obvious, The 0.062 percen t concentra tion caused only slight tip burn an d
necrosi s, while th e 0.031 percen t caused only minor injury.

Tetradifan. No effect on growth or foliage was noted after treatmen t
with th e wettable powder.

Valek Supreme Oil Spray. No effec t on growth was noted. Some of the
older leaves on plants tr eated with 0.25 an d 0.125 percent concentrations
had edges rolling in an upward position (Fig. 25 ) . With thi s exception,
all plants were unaffected .

F ig. 25 . Upward rolling of leaves of papaya treated with 0.25 percent Volck Supreme
Oil Spray (left ). Normal plant on righ t.
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Table 9. Effect of acaricides on the growth of the Solo papaya

Mean in cre ase
Concentration Percent Mean ht. ( cm.)

actual a ctua l ht, (cm.) 2 weeks a fte r
Formulation- Ib ./lOO gal. in sectic ide pr-e -spr-ay" 3rd en ra vc

Chlorbcnsule

40 W .P. 2 0.2,5 13.2 11.7
1 0.12,5 11.0 14.6
0.5 0.062 12.0 13.7
0.25 0.031 10.5 12.8

Control 11.4 12.8

N.S.D .

Chlorobenzilatc

50 E.C. 2 0.25 10.0 6.2 0 0

(4 lb . act .Zgal.) 1 0.125 9.0 Hi.6 0 0

0.5 0.062 9.0 20 .2
0.25 0.031 11.4 17.2

Chloropropylatc ®

25 E.C. 2 0.25 11.4 6.80 0

(0.64 gm. ac t./ ml. ) 1 0.12,5 10.4 10.4 0 0

0.5 0.062 11.5 13.50 0

0.25 0.031 11.2 23 .0

Di eofol

25 W.P. 2 0.25 11.2 16.6
1 0.125 11.0 20 .6
0.5 0.062 11.5 19.6
0.25 0.031 10.0 21.3

E .G 2 0.25 11.4 6.80 0

(2 lb . act.Zgal. ) 1 0.125 10.4 20 .1
0.5 0.062 10.9 21.0
0.25 0.031 10.9 23.6

M .F. 2 0.25 10.8 5.2 0 0

(2 lb . act. /gal.) 1 0.12,5 10.2 11.9 0 0

0.5 0.062 11.0 22.4
0.25 0.031 11.0 19.4

Control 10.2 22 .7
--

L.S .D . ( 1%) : 6.1

Tetnuliiou
25 W .P. 2 0.25 5.6 12.6

1 0.125 6.1 14.4
0.5 0.062 6.0 12.5
0.25 0.031 6.9 13.4

Control 6.4 12.7

N.S.D .
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Table 9 (continued)

Formulation-

Concentration
actual

Ib.jl00 gal.

Percent
a ctual

insecticide

Petroleum Oil

Mean
ht. (cm.)

pr-e-spr-ay"

Mean increase
ht. (em.)

2 weeks after
3rd spraye

Volck Supreme Oil Spray
(6.94 lb.ygal.)

Control

2
1
0.5
0.25

0.25
0.125
0.062
0.031

8.7
9.4
8.8
9.0

8.8

10.6
10.9
12.3
11.0

10.6

N.S .D.

HZN( CHZ) ll CH3

0 2NON02

N0 2

a W.P. == wettable powder ; E.C . == emulsifiable concentrate ; M.F. == miscible formulation. Sprays
were applied as follows: tctrudifon, August 10. 17. and 24. 1962; cb lorcbenai late, Chloropropylate
and d icofcl, May 27, June 3 and 10, 1963; Volek Supreme Oil Spray. January 16, 23, and 30.
1964; anil chlorbeneide, March 12. 19, and 26, 1964. Triton ll-1956 was added to all sprays at
1 :2.000.

b Measurements were taken one day before first spray application except for cb lorobenzflate-,
Chloropropylate- and dicofol-treated plants which were measured five days before treatment.

C Final measurements w ere taken on August 31, 1962, for tetradifon ; June 24. 1963. for chloro
benzilate.. Chloropronvtate, and dieofol; February 13, 1964, for Volek Supreme Oil Spray; and
April 9, 1964. for ehlorbenside.

.... Growth significantly inferior to that of control plants.

INSECT REPELLANT

The phytotoxic effects of an experimental chemical were studied:
(1) TD-211, dodecylamine picrate, a 50
percent wettable powder formulation ex
hibiting repellant properties to a number
of insect species.

Table 10 summarizes the effect on the growth of the papaya of applying
TD-211. No effect on growth was noted . Only minor foliar tip burn and a
slight chlorosis was evident in those plants treated twice with the highest
concentration. All plants were normal two weeks after the third application.

Table 10. Effect of dodecylamine picrate on the growth of the Solo papaya

Mean increase
Concentration Percent Mean ht. (cm.)

actual actual ht. (em.) 2 weeks after
Formulatlone Ib.j100 gal. insecticide pre-sprav" 3rd spr-ay"

TD-211

50 W .P. 2 0.25 9.9 18.9
1 0.125 10.1 18.1
0.5 0.062 11.0 20 .0
0.25 0.031 10.6 20 .8

Control 11.4 12.8

N.S.D.

a W.P. = wettable powder. Sprays were applied March 12. 19 . and 26. 1964 . Triton B-1956 was
added to all sprays at 1 :2,000.

b Measurements were taken one day before first spray application.
C Final measurements were taken on April 9, t 964 .
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DISCUSSION
In an earlier study on the phytotoxicity of insecticidal and acaricidal

formu lations to the papaya, Sherman and Tamashiro (1959) gave the
effects of six organophosphates, three synthe tic aearieides, four chlorinated
hydrocarbon insect icides, sulfur, and a triethanolamine salt of din itro-o -sec
butylphenol . All of the organophosphates except malathion caused retarda
tion of growth and foliar injury after application . The emulsifiable formu
lat ions cau sed more severe reactions than did equivalent concentrations
of the wet table powders .

In the present study, a greater number and vari ety of compounds were
investigated . Many of th e organophosphorus insecticides studied were
non-toxic to the papaya seedlings. Although in general th e emulsifiable
form of a particular pesticid e was more toxic than the suspension, in a
number of instances the wettable powder formulation was more toxic to
the plant than equivalent conc entrations of the emulsifiable formulation .
Th ese did not be long to any particular group of compounds but were dis
tributed among several, e.g., Bomyl, a phosphate; carbophenothion, a phos
phorodithioate, and two carbarnates, Dim etilan and Pyramat. Ordinarily,
one would expect the small er particle size and th e greater solubility of a
toxicant in the emulsion form to increase foliar penetration and possibly
cause increased phytotoxicity. Th ere is no doubt that the inh erent toxicity
of the solvents and surfactants used in the preparation of both typ es of
formulation plays a very important role in phytotoxicity. Gast and Early
(1956), among oth ers , reported that much of the phytotoxicity cau sed by
agricultural sprays was du e to the surfactant rather than to the solvent or
the pesticide. Nak ata and Tunada (1961) found that lychee leav es wer e
susceptible to both ionic and non-ionic surfactants . In th e pr esent study,
since all of the pr eparations were proprietary or commercial form ula tion s,
it can be safely assum ed that surfactants played a particularly important
role in the determination of phytotoxicity.

Four compounds in particul ar were extremely damaging to the papaya
in that th ey actually killed the pla nt-propyl thi opyrophosphate, dioxathion,
Dim eti lan, and Pyramat , In the previous study it was almost impossible to
kill the papaya seedling. Despite retardation of growth, loss of leav es, and
the exhibition of oth er phytopathological symptoms, actual mortality du e
to chemical action of an insecticide or acaricide did not occur pr eviou sly.
These four mat erials, however, at the concentration levels used in this study,
were sufficiently toxic to cause death of the plants.

Th e syndrome exhibited by plants tr eated with chlorobenzilate in the
present study was quite different from the one exhibited by plants in th e
previou s study (Sherm an and Tamashiro, 1959) . Earli er , all plants treated
with chlorobenzilate as either a 25 percent wettable powder or a 25 per
cent emulsifiable conce ntra te had a mosaic type of chlorosis which in
creased with concentration. No such syndrome was caused by th e 50
percent emulsifiable concentra te used in the present study.
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SUMMARY

The phytotoxicity to papaya of 72 commercial formulations of 50 in
secticidal and acaricidal pesticide chemicals was determined. Phytotoxicity
was determined by measuring th e effec t on seedling growth and by gross
foliar pathology. Table 11 summarizes the effec ts of applying th ese pesti
cid es. Although gen erally the wettable powders were less phytotoxic than
equivalent concentrations of th e emulsifiable formulations , Bomyl, carbo
phenothion, trichlorfon, DC 8305, Dimetil an, and Pyramat were more
toxic as wettable powders.

Table 11. Summary of the effects of pesticides on the Solo papaya

Co ncent ration
Pesticid e actual Retard atio n of Folia r

f ormulation Ib./ 100 g a l. g rowth] injury2

Azinphosmethyl 2.0 + +++
Emulsifiabl e Cone. 1.0 + ++

0.5 0 +
0.25 0 0

Azinphosmethyl 2.0 0 0
W ettabl e Powder 1.0 0 0

0.5 0 0
0.25 0 0

Bayer 32651 2.0 + ++
Emulsifiable Con e. 1.0 0 +

0.5 0 0
0.25 0 0

Bayer 37289 2.0 0 +
Emulsifiable Cone. 1.0 0 +

0.5 0 0
0.25 0 0

Bayer 37344 2.0 0 0
W ettable Powder 1.0 0 0

0.5 0 0
0.25 0 0

Bayer 39197 2.0 + ++
W ettable Powder 1.0 0 +

0.5 0 +
0.25 0 +

Bay 41831 2.0 0 +
Emulsifiable Cone. 1.0 0 0

0.5 0 0
0.25 0 0

Bay 41831 2.0 + ++
Solubilized Cone. 1.0 0 +

0.5 0 0
0.25 0 0

Bay 41831 2.0 0 +
W ettable Powder 1.0 0 +

0.5 0 0
0.25 0 0
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Table ll .-contillucd (2)

Co nc entrati on
Pes t ic ide ac t u a l Ret u r dat.lon of Foliar

form ulat ion lb./ l 00 g a l. z rowth ' i n ju r'y ''

Bayer 46676 2 .0 + +++
Emulsifiab le Cone. 1.0 + +++

0.5 I- ++
0.2,5 I- 1-+

Ba ye r 4711),5 2 .0 0 +
Wottablo Powde r t,o 0 0

0. ,5 0 0
0.25 o 0

Baye r ,S0282 2. 0 0 +
Wetta h le Powde r i .o 0 0

0.5 0 0
0.25 0 0

Bi,!J'in® 2.0 + +++
Te chnica l Grade 1.0 I- +++

0.5 + +++
0.2,5 0 ++

Bomyl® 2 .0 + +++
E mulsifiable COliC. i .o I- ++

O.,S + ++
0.25 + +

Bomyl® 2 .0 +-+ +++
W ett ahlo Powder 1.0 + +++

o.s + ++
0.25 + ++

Ca rba ry l 2.0 0 +
Wcttahlo Powder 1.0 o 0

0..5 !l 0
0.2,S 0 0

Carb ophcnothion 2.0 ++ +++
Emulsifiuhl« Cone . J.O f 1-++

0 ..5 + ++
0.2 ,5 + 1+

Carbophcuot liio» 2.0 I- ++ +
'vv eltahl" Powder r.o \. +++

o.s + +1-
0.25 -1- 1-+

C hlorlx-nxir]« 2.0 0 I-
\Veltahle Pow der 1.0 0 0

0..5 o 0
O.2,S 0 0

Ch lorolx -uvi lut« 2 .0 + -I- -j- -\-
Em ulsifia ll]e Cone. 1.0 + ++ +

0..5 0 ++
0.2,5 0 0

-~~------ -----~_._ -
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Table 11.-continued (5)

Concentratio n
Pesticide ac tua l Ret ard ati on of F oliar

formulation lb. /IOO ~al. g rowt h! inju ry2

Chloropropylate ® 2.0 + +++
Emulsifiable Cone. 1.0 + ++

0.5 + +
0.25 0 0

Ciodrin® 2.0 ++ ++ +
Technical Grade 1.0 + ++

0.5 0 ++
0.25 + ++

Ciodrin® 2.0 ++ +++
Emulsifiable Con e, 1.0 + ++

0.5 + ++
0.25 + ++

Dessin® 2.0 + +
Wettable Powder 1.0 0 +

0.5 0 0
0.25 0 0

Diazinon 2.0 + +++
50 Emulsifiab le Con e, 1.0 + +++

0.5 + ++
0.25 + ++

Diazinon 2.0 + ++
25 Emulsifiab le Con c. 1.0 + +

0.25 0 +

Diazinon 2.0 + ++
Wett abl e Powder 1.0 + +

0.5 0 +
0.25 0 +

Dichlorvos 2.0 0 0
Technical Grade 1.0 0 0

0.5 0 0
0.25 0 0

Dichlorvos 2.0 0 0
Emulsifiable Con c. 1.0 0 0

0.5 0 0
0.25 0 0

Oicofol 2.0 + ++ +
Emulsifiable Cone. 1.0 0 +

0.5 0 0
0.25 0 0

Oicofol 2.0 + +++
Miscib le Formulation 1.0 + ++

0.5 0 +
0.25 0 +
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Table H .-continu ed (8)

Concentration
Pesticide actual Retardation of Foliar

formulation Ib ./IOO gal. gr-owth! inju ry 2

Dieofol 2.0 0 0
Wettable Powder 1.0 0 0

0.5 0 0
0.25 0 0

Dim ethoate 2.0 + ++
Emulsifiable Cone. 1.0 + +

0.5 0 +
0.25 0 0

Dimethoate 2.0 + +
Wettable Powder 1.0 0 +

0.5 0 0
0.25 0 0

Dimetilan 2.0 ++ +++
Emulsifiable Cone. 1.0 + +++

0.5 + +++
0.25 + ++ +

Dim etilan 2.0 all plants killed
Wettable Powder 1.0 all plants killed

0.5 all plants killed
0.25 all plants killed

Dioxathion 2.0 all plants killed
Emulsifiable Con e. 1.0 all plants killed

0.5 ++ +++
0.25 ++ +++

Dioxathion 2.0 ++ +++
Wettable Powder 1.0 ++ +++

0.5 + +++
0.25 + ++ +

Endosulfan 2.0 0 0
Miscible 1.0 0 0

0.5 0 0
0.25 0 0

Endosulfan 2.0 0 0
Wettab le Powder 1.0 0 0

0.5 0 0
0.25 0 0

Imidan® 2.0 + +
Emulsifiable Cone. 1.0 0 +

0.5 0 0
0.25 0 0

Imidan® 2.0 0 0
Wettable Powder 1.0 0 0

0.5 0 0
0.25 0 0



60 H AWAII AGRICULTUHAL EXP ERI M ENT STATION

Table 11.-eontinued (10)

Concentration
Pestic ide actual Retardation of Foliar

formulati on Ib. /IOO g al. g-rowth1 inj u ry 2

Isolan® 2.0 + +++
Emulsifiable Cone. 1.0 + ++

0.5 + +
0.25 0 +

Menazon 2.0 0 0
Wettable Powd er 1.0 0 0

0.5 0 0
0.25 0 0

Meth yl Trithion® 2.0 0 +
Emulsifiable Cone. 1.0 0 +

0.5 0 0
0.25 0 0

Mevinphos 2.0 0 ++
Emulsifiable Cone . l.0 0 ++

0.5 0 ++
0.25 0 ++

Morestan ® 2.0 0 ++
Wetta ble Powd er l.0 0 ++

0.5 0 -I-

0.25 0 0

Naled 2.0 0 0
Emulsifiable Cone. l.0 0 0

0.5 0 0
0.25 0 0

Nemacide® 2.0 + ++
Emulsifiable Cone. 1.0 0 ++

0.5 0 +
0.25 0 +

Oxyd erneto nmethyl 2.0 0 ++
Emulsifiable Cone. 1.0 0 +

O.S 0 +
0.25 0 0

Pentae® 2.0 + ++
Emulsifiable Cone. 1.0 + ++

0..'5 0 ++
0.25 0 +

Pentae® 2.0 0 +
Wettable Powder 1.0 0 +

0.5 0 0
0.25 0 0

Phosph amidon 2.0 + ++
Emulsifiable Cone. 1.0 0 +

0.5 0 +
0.25 0 +
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Table n .-continued (12)

Concentration
Pesticide actual Retardation of Foliar

formulation Ib./100 gal. g rowth- i n ju ry .:?

Propyl Thiopyrophosphate 2.0 all plants killed
Emulsifiable Cone. 1.0 all plants killed

0.5 all plants killed
0.25 all plants killed

pyramat® 2.0 all plants killed
Emulsifiable Cone. 1.0 + +++

0.5 + +++
0.25 + ++

pyramat® 2.0 all plants killed
Wettable Powder 1.0 + +++

0.5 + +++
0.25 + +++

SD 7438 2.0 0 ++
Emulsifiable Cone. 1.0 0 +

0.5 0 0
0.25 0 0

TD-72 2.0 + +++
Emulsifiable Cone. 1.0 + ++

0.5 + ++
0.25 + ++

TD-211 2.0 0 0
Wettable Powder 1.0 0 0

0.5 0 0
0.25 0 0

Temik® 2.0 0 0
Emulsifiable Cone. 1.0 0 0

0.5 0 0
0.25 0 0

Tetradifon 2.0 0 0
Wettable Powder 1.0 0 0

0.5 0 0
0.25 0 0

Thioeron® 2.0 0 +
Emulsifiable Cone. 1.0 0 +

0.5 0 +
0.25 0 0

Thioeron® 2.0 0 +
Wettable Powder 1.0 0 +

0.5 0 +
0.25 0 0

Tranid® 2.0 0 +
Emulsifiable Cone. 1.0 0 +

o.s 0 0
0.25 0 0

61
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Table H .-continued (13)

Concentration
Pesticide actual Retardation of Foliar

formulation Ib./lOO gal. g rowt.h! injury 2

Trichlorfon 2.0 0 +
Liquid Solution 1.0 0 +

0.5 0 +
0.25 0 +

Trichlorfon 2.0 + +
Wettable Powder 1.0 0 0

0.5 0 0
0.25 0 0

DC 8305 2.0 0 +
Emulsifiable Cone . 1.0 0 0

0.5 0 0
0.25 0 0

DC 8305 2.0 0 +
Wettable Powder 1.0 0 +

0.5 0 0
0.25 0 0

DC 10854 1.0 0 0
Emuls ifiable Con e. 0.5 0 0

0.25 0 0

DC 10854 2.0 0 0
Wettable Powder 1.0 0 0

0.5 0 0
0.25 0 0

Volek Supreme Oil Spray 2.0 0 0
Emulsifiable Con e. 1.0 0 0

0.5 0 0
0.25 0 0

Zectran® 2.0 0 +
Emulsifiable Cone . 1.0 0 +

0.5 0 0
0.25 0 0

Zectran® 2.0 0 +
Wettable Powder 1.0 0 0

0.5 0 0
0.25 0 0

- --- -- - - - -~-- -------
++ Terminal growing tips killed.

+ Significant retardation of growth.
o No retardation of g-rowth.

2 +++ Severe injury : defoliation .
++ Moderate injury : necrosis, chlorosis, tip-burn.

+ Slight injury : necrosis, chlorosis, tip-burn.
o Insignificant to no injury, normal leaves. some spott.ing',
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