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         Improvement of  Insecticidal Efficacy of  Carbaryl

                Emulsifiable Concentrates by Isobornyl

                              Thiocyanoacetate'

                          B. S. PARMAR  and  N. P. AGNIHoTRI

              Division  cV  AgyicttltuyaJ CIiemicals. hzdiavi Agficttltural Research  Jnstitttte,

                                New  Delhi-110012,  i'ndia

                               (Reccivcd Septcmber  1, 1983)

(1984}

   An  emulsMable  concentratc  of  carbaryl  was  develeped  and  its efficacy  improved  by

syncrgization  with  isobernyl thiocyanoacetate.  The  formulatiens  cxhibited  satislactory

ph>rsico-chemical characteristics,  Emulsions  {up to  O,29･h carbaryl)  froin these  concentrate$

exhibited  no  phytotoxicity  against  P'ieia Y'aba., Daucus  oa･rrota,  Bras'sica･ olei'acea,  (;oss.vPtltt･m

hirstdum, Ra.bitanits sativus,  Brassica  )'"ncea aiid  J"･'coPersicum esculentt･tm.  The  synergized

concentrate,  however,  showed  phytotoxicity  against  Solanum  tuberosum  and  Hibiscus

esoitlentus.  Isobornyl  thiecyanoacetate  showed  a  tactor of  s.v･nergisni  of  2.5 at  the  l:1

synergized  conccntrate.  For  a  cempaiEtble  biocficacy  with  the cornmcrcial  iVDI', only  l/'S

to 1/5 of  ca,rbaryl  froiii these concentratcs  vL･as  Tequired.  Their  O.059.S einulsions  contrelled

thc bellwurm  cemplex  iu cottvll, incrcased  seed  cotton  yicld and  left no  detectablc residues

in lint and  seed  at  harvest. In  insect control  and  yield incTeasc, the O.05V,'o' emulsiens  from

the  synergized  EC  rnatched  O.296 carbaryl  from  IVDP  and  O.02`],6 fem,alerate emulsions.

Carbaryl ivVDP  and  fenvalerate, however, lctt actectable resiclues  ut  harvest.

  Carbaryl (1-naphthyl AJ-nicthyl carbamate)

is one  of  the earliest  and  most  I)opular amongst

carbamate  pesticides. Its low  mainmalian

toxicity, environmental  degradabilit)x' and  a

broad spectruin  uf  insect toxicity are  rc-

sponsible  for its extensive  usage  thrc)ughout
the world.  A  number  of  its solid  and  liquid
formu}ations are  commercially  available  and

these could  be referred  to in literatures, No
information on  an  emulsifiable  concentrate

(EC) formulation  of  this  toxicant  was  trace-

able  in literatures although  such  formulations
are  stated  to be jn use  in Japan (personal
communication),  This paper  embodies  the

results  of  emulsifiable  concentrates  of  carbaryl

developed  by  us.  The  eficacy  of  carbaryl  in

such  concentrates  has been improved  by  using

isobornyl thiocyanoacetate  as  a  synergist.

  *'66htributiff--No.  2ol-2 fr6'rn th6 

'Division
 of

   Agricultural  Chemicals,

       MATERIALS  AND  METHODS

1. AIaterials

  Technical carbaryl  (979/b' a.i.) and  509,b'

commercial  carbaryl  (Sevin) water  dispersible

powder  were  obtained  from M/s Union  Carbide

<India) Ltd,, Bhopal, Madhya  Pradesh, India.
'Fenvalerate

 <Sumicidin 20%  EC)  was  ob-

tained from M/s Rallis India Ltd,, Bangalorc,

Karnataka, India, Isobomyl  thiocyano-

acetate  was  procured from Mls Camphor  and

AIIiecl products  Ltd,, Bareily, Uttar Pradesh,
Inclia. Various  solvents,  surfactants  and  other

auxiliaries  were  commcrcial  grade, indigenous-

lv available  materials.
v

2. PreParation  of Emtelsijfuble Concentrates

   ana  Determinatilon of Pdysico-chem･ical

   Characteristics

  The  concentrates  (carbaryl I09.lo wlv)  were

prepared  as  per method  reported  earlier.i)
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       concentrate  contained  the

        isobornyl  thiocyanoacetate

          Emulsion  charactcristics,

       temperature  stability)  and

          were  evaluated  before as

      heat stability  re{.luirement;

      visual  des.cription were  noted

       heat stability  requireTnent.

          test methods  were  follow-

       tcst conditions  compared  to

        were  also  investigated and

appropriately  indicatcd in the text.

          concentrations  from both
       tlie synergized  concentrates

       einulsions  over  bean  (Vilcia
         and  pod  formation, over

      carrotci)  at  full carrot  forma-

     liflower {Brassica oleracea)  at

      cotton  <Goss"vPium hi･rsutuj･n)

        pets  and  7 week  old  in the

      (H'ibiscus esculentus)  15 days

      <Solanttm t･u･be･rosum) at  tuber

      raddish  (RaPha-nus sat･iv,us) at

  formation, over  rapeseed  (Brassilca
           and  pod  formation and

     (L-t.rcoPersicum esc･ulentum)  at

          emulsions  at  2 and  59,6

       controls.  The  plants were

oxrersprayed  by. completely  drench-

    the spray.  Only  visual  observa-

       any  adverse  effect  on  the

    recorded.  Observation  pcriod
      1O-40 day.t..

    iiocyanoacetate  was  evaluated

     synergist  (carbaryl:synergist,
          filter paper  impregnation

       subsequently  in the emul-

         (carbaryl :synergist,  1 : 1)

         direct spray  technique.`)

        CO.5ml) of  carbaryl  andt'or

        regnated  on  pieces of  filter

        without  using  any  fixative

         tl)e ground glass rings,  10

        were  released  in 3 replica-

         ails  by  tl)e Potter's tech-
already･  reported.5)  A  comparison  ol

         with  the commercial  50%

 M1  
P.-

 ua tn 59 IP 2 fi
ttt

 carbaryl  inyTater  dispersible powder  (",'DP) was

 also  done by  the  spray  technique.`)  Appro-

 priate untreated,  solvcnt,  solvent  water  emul-

 stons,  etc.  controls  were  maintained  as  re-

 quired, Luboratory  reared,  15 days o]d  adult

 red  fiour beetle, V'ribolium castane7tm  Herbst.

 was  the test ins.ect. The  mortalitv  counts,

 recorded  72 hr after  the treatmcnt  {iTere sub-

 jected to probit analysis6)  and  factor of

 synergism7)  or  carbaryl  units  for the same  bio-

 eMcacy  worked  out.

 5, Field Emperifnent

   Cotton, Goss.x.:Pium htli'sutu･m Linn. 
"`Selec-

 tion 95'' was  sown  in IOm2  plots on  25th

 May, I980 on  the farm of  the Institute. A

 randomizcd  block  design was  eml)loyed  and

 each  treatment  was  replicated  four times,

 Five  sprays  each  of  carbaryl  VLTDP (O.2%
 suspension),  carbaryl  and  synergized  carbaryl

 EC  (O.05er, emuls.ion  each)  and  fenx･.alerate

 EC  (O.029,'.' eTnulsion)  were  ma(le  @  500lfha,,

 spray  at  10 days interval ceillinencinbcr  froni

 11th August, 1980,･ on  the day  when  boll-

 worms  first appeared.

 6. Etlicuc", of Insecticidat 1'reatntents

   Starting with  the 2nd  spray,  8 plants per

 plot "iere  randomly  selected  before each  spray,

 number  of  1iealthv and  affected  bolls were                  "

 counted  and  infestation expressed  as  E','o'
 damage.

 Z  Residue l)ete-nination

   The  residues  "rere  estimated  in lcaves (at
 1 hr and  leth day  after  each  spray)  and  lint

 and  seed  (at harvest, 20th October). Carbaryl

 residues  were  extracted  with  methylene  cl)lo-

 ride,  filtered through  Hyflo  Super Cel and

 cleaned.S)  Carbaryl in cleaned  extracts  was

 hydrolyzecl with  strong  alkali,  derivatized with

 1-fiuoro-2,4-dinitrebenzene and  estimated  by

 GLC9) using  Tracor MT  220 gas chromato-

 graph.
   I;envalerate residues  were  extracted  in

 acetone,  cleaned  up  by  passing through  a

 neutral  alumina  column  and  analyzed  by
 GLC.iD,m

   Various  GLC  parameters for botli insecti-

 cides  were:  detector 63Ni
 electron  capture;

 column  39･b' OV'-17 on  Chromosorb  NV (HP);
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temperatures  (OC) 
-column

 225, inlet 250,

detector 275; carrier  gas (N) 80ml,imin,
Three mi ¢ rolitre  sample  was  injectecl,

        RESULTS  AND  DISCUSSION

1. Pfp'sico-chemical Character･istics

  The  physico-chemical  characteristics  of  the
concentrates  are  reported  in Table  1 (a, b and

c). As  it is apparent,  the formu]ations general-
]y complied  with  the requirements  prescribed
for emulsifiable  concentrates.  To  the best of

informations, no  specifications  for a  carbaryl

EC  are  as  yet available;  leaving no  scepe  fer

comparlsons.

  IS: 69402) prescribes conducting  of  thc

emulsion  stability  test at  300C for 1.0hr

whereas  CIPAC'Z) prescribes a period of  24 hr

fo]lowed by re-emulsification  after  that period,
The  present samp]es  were  left at  room  tempera-

ture (ry200C) after  8hr, As it is appa/r`ent

from Table  la, these formed stable  emulsions

and  at  24hr, little (often unmeasurable)  solid

settled  at  the bottom,  Rc-emulsification of

the samples  at  24hr  left thi$  solid  dispersed
up  to the final obscrvation  peried.                                     '
  In India, as  a  normal  agriculturaL  practice,

pesticide emulsions  are  sprayed  within  1-2 ]ir
of  tl]eir preparation, The  present concentrates
can  thus  be safely  recommended.

  A  cold  test at  100C  for 1 hr is the  usual  ISI

prescription,2) CIPACi2) prescribes conducting
tliis test at  O± 10C with  occasional  shaking

for 1hr  and  subsequently  keeping  and  ob-

serving  the samples  for 7 clays  at  this tempera-

ture, In these studies,  the conditiens  as

stated  in Table lb were  maintained.  Under

these, the test samples  performecl satisfactori-
ly. Slight solid  settling, whenever  observed,

vanished  when  the samples  were  brought back
to above  200C.
  The  fiash point of  both the formulations
was  above  24.50C and  acidity  as  H:S04,

though marginally  above  the usually  pre-
scribed  limit of  e.O:59,'3, was  not  expected  to

have any  adverse  effect  on  this active  ingredi-

ent.

2, Pdytotoxicity

  The  O,1 O/･b' carbaryl  emulsions  prepared frem
any  one  of  these concentrates  showed  no

phytotoxicity against  any  test plant except

9 Cl),February1984
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                                Tuble  I

b> Cold  testi)) (low tcmperature  stabi]ity).

{continuecl)

I'articular
Pre-heat  storage  test Post-heat  stora.ue  test

TEmp.  period  o.M.

 (oc) (upto)
Turb.s.s. Temp.  Period  O.M.  TuTb.  S,S.

       {UI)tO} (.C)

Carbarvl  EC

Synergizecl

  carbaryl  EC

O-1367o-!37 2 hr

 6 hr24
 hr25

 davs

 2 hr

 6 hr24
 hr48

 hr25

 days

NilNilNilNilNilNilNilNilNilNilNilNilNilNilNilNilNilNil  Nil

  Nil

  Nil

  Nil

  Nil

  Nil
  Nil

  Slight

   Slight
(no further
incrca?-c.) ..

lo6

106

 7 hr96
 hrNilNil

 7hr  Nil

24 hr Nil

55 hr  Nil

Ildavs  Nil

NilNilNilNil

Nil Nil

Nil Nil

Nil Slight

Nil Slight

   (no furthcr
  increase)

c)  Aeidity, fiash point  and  g.eneral description.

Particular

Acidity(.D/
 i.} 

as
 
H2S04

 (w/w)
  Pre-heat  Post-heat

  stora.ore storage

Flash  po{nt
   (cC')

Descriptiun

Ca.rbarvl EC     .

Synergized

  carbaryl  EC

O.056

O.056

O.064

O.070

49.5

Sl,O

Clear stab]e  liquicl, deep  yellow  colour

  frcc from  extraneous  ilnpurities

Clear stable  liquid, brown  colour  free
  from  extraneous  impurities

[)
 C.L,: creamed  Iayer at  top, O.L.: free oil  separation  layer, S.S./ solid  settled,  F.J..: froth layer

  at  top. The  values  after  the  heat  stabi]ity,  test Nvere  the  same  as  before the  test  cxcept  a  chans.e

  in 2 hr  creamed  lavcr  i.alue  irom  <  1.0 to nil.                '
b)

 O.M.:  oily  mattcr,  Turb,:  turbidity, S,S.: solid  separation.

potato  (Solanrtm tuberost{m) in which  case  the
emulsions  from the  syner.crized  EC  severely

damaged  about  439,!. of  the  treated leaves.
Cotton  (GossyPitt･m hirsutum) was  in addition

sprayed  with  O.2 and  O.5%  carbaryl  emul-

sions.  "rhereas O,29,C) emulsions  caused  no

phytotoxicity, the O.5%  concentrations  from
both  the concentrates  were  I)hytotoxic, In-
creasing  synergist  cuncentratiun  in the emul-

sions  increased phytotoxic  effect.  The  solvent

and  surfactant  had  no  effect.  The  O.2%
carbaryl  eniulsions  from the synergized  EC
were  phytotoxic against  okra  (Hibilscus escu･-

lentus) too.

3. S"-rnergixati-o" b.v Isoborn-tJl Thioqyanoacetate

  The  factors of  synergism  by  using  isobornyl

thiocyanoacetate  as  a  carbaryl  synergist  are

reported  in Table  2. "Thereas the  preliminary
screening  of  isobornyl thiocyanoacetate  as

a  carbaryl  synergist  (carbaryl :synergist,  1 :5)

by  applying  acetone  solutions  on  filter papers
revealed  a  factor of  31.4, the same  in the 1:l
synergized  EC  by  the direct spray･  technique
was  2.5. A  higher factor by  the  fi]ter paper
impregnation teclmique  was  expected  because
no  fixative oil  as  prescribed inS) was  used.

This  screening  had  a  limited objective  of  cen-

firming the synergistic  abilit>r  of  isobernyl

thiocyanoacetate  before its incorporation into

the EC, The  factor obtained  by testin.a the

concentrates  by  the direct spray  technique

provided an  index  for the probable potential
of  the synergist  in the final formulation.
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4. ComParison ze,ith the Co7nmercial Carbarvvl

   IVater Dis?bersible Poie,der
  The  data in Table 3 reveal  tl]at for the same

bioefiicacy by  Pot,ter's direct spray  tecl]nique,

1 unit  of  carbaryl  frem its "'DP,  O.368 unit

from EC  and  O.219 unit  from the synergized

EC  were  required.  It iniplied that as  compared

to the use  of  a  WDP,  only  about  1t'3 to 1,i5 of

carbaryl  from these concentrates  was  required,

resulting  in a  considerable  economy  in the use

of  this insecticide on  Qne  hand  and  a  pollution
free environment  on  the other,  This finding

]ias been verified  on  a  ficld scale  against  cotton.

  It may  be mentioned  that the reason  for

the differences in the  LCso values  of  carbaryl

emulsions  in Tables 2 and  3 by  the  1'{.)tter's

direct spray  technique  was  that these bio-

assay  experiments  were  conducted  under

ambient  conditions  during two  djfferent sea-

sons  oi  the year-namely  summer  (Table 2,

Teml).N350C, R.H,N409/.) and  rainy  summer

(Table 3, Temp.N350C,  R.H.,-w959,,a). Tlie

environment  influencecl the actual  volume  of

the spray  reaching  petri-dishes.

5. Fiela Et,aluation a.vainst  Cotton
5.1 Bollze'orms coJttrol

  Data  in Table 4 reveal  that all  the treat-

ments  were  effective  in controlling  cotton  boll-

worms,  Fenvalerate  was  most  effective  fol-
lowed  by  the synergized  carbaryl  EC, carbaryl

"iDP  and  carbaryl  EC  respectively,  Fenvale-

rate,  carbaryl-synergized  EC  and  WDP  vsrere

statistically  at  par at  59/. Ievel. These were

better than  carbaryl  EC.

  It is apparcnt  that  both the  carbaryl  emul-

sifiable  concentrates,  dcspite their  lower rate

of  application,  were  effective  in contro]ling.

bollworms.  Performance  of  the 0.05%  syn-

ergized  EC  matched  with  O.02%  fenvalerate

and  O,2%  carbaryl  XVDP  treatments.  Carbaryl

EC, though not  as  effective  as  these three

treatments, gave a  significant  control  of  boll-

worms;  the differences being significant  even

at  1%  CD  level A  slightly  higher dose  of

carbaryl  from  this EC  may  be required  for a

parallel performanee.
5,2 Seed cotton",ield
  Concomitant with  tl]e reduced  bollworm
damage,  the yield increasecl in all tbe treat-
ments,  Highest yield was  with  fenvaleratc,

NII-Electronic  



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScienceSociety  of  Japan

102 n ?ts ue ee 7  ft E- ･S.,za 9 igttt
 t

'I'a.ble
 3carbarylConlparativc perfonnance  ef

",ater  dispersible  powder.the

   za 1･Z-

etnulsifiable

eefu sg e{ v- H
t t tttttt ttt tt t

 concentrates  withthe  cuinniercial

I'articular     XVDI)
     ttttttt t-t t tt

X2cs)=5･617

Y=O.839x+2.633

2,8210± O.3116

O.0662O.0323-O.l357

1.000

EC Synergized EC

Heterogeneity

1<egression equation

Log'  (LCsox}a)± SE

LCso  (% carbaryl)

Fiducial ]imits

Relative  carbarvl  units             J

x2co=2.301

Y-O.922x+3.721

1.3872  ±
･
 O.3822

O.0244O.OIOI-O.0588

O.368

a)
 x  10:i ior EC, × 104 fur synergizcd  EC

x2(,) ==.  4. 035

Y=1.975x+O.732

2.161010,1098
O.O145O.Ol]3-O.OIB7

O.219tttt
 t

Table  4 Relative

complex.

efficacy  of

and  WDI'.

carbarvl  and     v .[envalerateformulations a.crainstcotton  bo]1",orm

Treatment

       Be]lworni  infestation
            ubseTvatians

I 
'

 Il 
'iil

(%)

IV

Carbaryl  EC

Synerg. ised carbar.vl  li.C

Carbar}..1 "JDP

Fenx.aleratc lt']C

Control

    Scm ±

    CD  (o-%･)
    CI) Cl?L)

14.9712.7613.73

 9.5922.08

 1.56

 5 10

 7.{-1

19.61]6

 46]8.9113.1123.99

 1.14

 S.71

 3.79

2119201628o23451503374767191927.2622

 372I.3B21

 1237.69

 1 41

 4.59

 6.:F)8

Secd  cottoll

   yield

  (kglha)
     t tt tt t

   907.0

  1169.l

  I135.8

  1267.5

   691.3

    52.43

   161.54

   226.48

.Ns  to I, II, III, and  IV', the trcatment'"ras  coinmenccd  from  1 lth .bLu.uust, 1980  at  lO days  interx'al

and  the  observations  werc  denc  10 days  after  the  treatment,

        Table  5 Rcsidues  ef  caTbaryl  andi  fenva]erate on  cotton  (GosslJi]i-u･Jn hirsutTti･n').

'

l'{esidues inleaves(PPI]i)

Spray

 Ia)

 II

 III

 IV

 V

 I.in

Days
     t tt tt tt ttttttt tttCarbaryl

  EC
Synerg'ised

carbarvl  EC     J

Carbaivl
 WDP

Fcnvalerat.e
   EC

   t at  harvest

Seod  at  haTxrest

o10o10o10o10o104.601.928.421.703.21O.234.50O.626.6BO.72NDh}ND6.S7I.866.22O.683.27O,786.00O,966.54O.8INDND

1980. Sprays

15.2･1

 1.6416
 80

 O.5517.10

 O.7727.20

 6,62Sl.40

 4.32

 O,164

 O.I47

a)

b)

Spray  I was  done  on  1lth  August,

each.NDt

 less than  O.Ol ppm.

II, ILI,

7.281.226.S21.328.261.226.80l.407.341.44･O.085O.037

Iv  
atia"v

 followedat  10 clays  interval
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followed　by　synergized 　carbaryl 　EC ，　 carbaryl

WDP 　 and 　 carbarvl 　 EC ，　 The　 former　 three　　　　　　　　　　　　　　　り
treatments 　were 　statistically 　at 　par　and 　were

better　than 　carbaryl 　EC ．

5，3　　∫N．sectic ・ide−residu ・e

　　The 　dePosits　（，f　 d｛£Eerent　sprays 　 were 　gen −

erally 　ill　the　order ⊂）f　tl〕eir　sprayed 　concentra −

tions（Tablc　5）．　 Thc 　rate 　of 　illsecticide　dissipa−

tion　by 　using 　diffcrcnt　carbaryl 　f⊂）rmulatiolls

apPcarcd 　to　bc　the　salne ； ill　lO　days，
58．2−

96．7％ of　the　aPP1 ｛ed 　insectjcide　beillg　lost．

　　Fenvalerate 　 deposits
，
　 despite　 its　lower 　rate

Qf 　aPplication ，　 wcre 　cit1 】er 　comparable 　to　or

l〕igher　 than 　those　fr（．）m 　carl ）aryl 　EC 　formula−

tions．　 It　 could 　 be　 ascribcd 　 t（，　 solne 　 inherent

propcrty 　of　fcnvalerate　or 　tQ　the　nature ｛，f　the
formulation　 aux 丗 aries ．　 Tl】e　 dissipation　 rate

of 　fenvalerate　was 　siInilar 　to　car1 ）aryl ，

　　As　is　apParent 　froln　Table　5，　at　harvcst　Ilo

detectable　 residues （＜ 0．Ol　ppm ）of　 carbaryl

cxisted 　 from　 either 　 of 　 two 　 emulsifiab ］e 　 con −

centrates 　 in　 both　 lint　 as 　 well 　 as 　 seed ．　 Thc

WDP 　left　O．164　and 　O．147　ppm 　and 　fenvalerate
O，085and 　O．037ppm 　residues 　in　ljnt　and 　seed

respectively ．　 The 　 carbaryl 　 emulsi 且able 　 co ］1−

centrates 　as 　such ，　 aPpeared 　better　tllan　both
the　carbarvl 　WDP 　as 　well 　as 　fenvalerate．　　　　　　　　ゾ
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　　Isobornyl　thiocyanoacetate に よる カル バ リル

　　乳剤の殺 虫効果の 改良

　　　　　　　　　　　　　　　　 B ．S．　Parniar ，　 N ．　P ．　Agnihotri

　 IsobOrnyl 　thioc ｝
．aneacetate を共 力剤 と して カ ル バ リ

ル 乳剤 の 改 良を試 み た と こ ろ ， 両 者 1 ： 1 の 組成 で 殺虫

効果 に お い て 2 ．5 倍 の 共力効 果 が得 られ た ．こ の 共力剤

を 力lrえ た 乳剤 は ，バ レ イ シ ョ お よ び オ ク ラ に 対 し て 薬害

を生 じ た．圃場試験の 結果は ，
こ の 改良剤 の 有効成分 で

0 ．05％ の 乳 濁液が
．
rli販 の 水和剤 の O．2 ％ （成分）！デ濠濁液

お よ び 0 ．02 ％ フ ェン バ レ レ ー ト乳濁液 に 相当す る 殺虫

効 果 と収量増 の あ る こ と を示 し．て い る．ま た ， 収穫時に

お い て カ ル バ リ ル 水和剤 お よ び フ ェン バ レ レ ー
ト乳剤散

布 区 で各薬剤 の 残留が 認 め られ る の に ，カ ル パ リ ル 乳剤

で は 検知 で き な か っ た （＜ O．Ol　ppm ）．
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