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RINGKASAN

Parasi to id.  AnisopreromdLts cct lundrue (Howard) d idapat i  mcmpunyai  Hol l ing Tvpe I i  funct ional
response ke atas ketiga-tiga peringkat anak { rzllorobluchtts rttttt'ulatu.i (F.), iaitu. instar ketiga, instar
keempat dan kepompong. Mengun;rkan teknik nonl incar least  -squares.  parameter-parameter a '  dan T'
dar i  Random Parasi to id Equat ion te lah dianggarkan.  Juga. parameter-parameter ) 'ang tersebut te lah
dianggarkan dar i  Random Predator Equat ion.  Waiau bagaimanapun. bukt i -bukt i  dar i  kaj ian in i  menun-
jukkan bahawa tabiat- tabiat  pencar ian A^ culandrue nrendapat i  menverupai  tabiat  parasi to id tLr l in.

Kecekapanpenca r i an .a ' bas i  A .  t u l un r l r r c  ada lahpa l i ng t i ngg i  bag i  i ns ta r keempa t , d i susu l i  pu l a
oleh kepompong dan instar  ket iga.  Akan l f tapi  masa penvelenggaran.  T, . ,  scbal ikny-a bertukar dengan
samarata mengikut  per ingkat-per ingkat  perumah: pal ing ter t inggi  bagi  instar  ket iga,  d isusul i  pula o leh
instar  keempat dan kepornpong. Tafs i ran didapat i  berbeza d. ' rnpada tafs i ran lang di l ihat  pada prcdator-
predator  tu l in o leh penul is-penu[s larn.  Sebab-sebah vang boleh dipercavai  mengenai  perbezaan-
perbezaan in i  d ib incangkan.

INTRODUCTION

The theoretical background of pre-
dator - prev interactions has been exten-
sively studied. There is now an abundance of
mathematical models describing various
aspects of these relationships. Some of
these works have been reviewed
by Rovaue (1971), HASSELL & Mev.
(1973), MuRDocH & Oerex, (1975),

BEDDINGToN, et al., (1976), (Htssell errzl.,
(1976), MAy (1976) and Flrssntt (1976:
1978). Two aspects can be distinguished in
these interactions (HessrLL,, I976: HASSELI-
et a|",7976; BEDDINGToN, et al., 1976):

1. the death rate of the prey duc to prcda-
t i o r r  o r  pa ras i t i za t i o l r .

2. the rate of increase of the Dredator or
parasitoid.

To sorne extent this classification is parallel
to that between functional and numerical
responses proposed by Sot-ovclN, (1949).
However, the present classification is
broader in that prey density is now only one
of the factors affecting parasitoid etficiency
or reproductive rate (souruu'oclD. 1978).

This paper describes work done on the
functional responses of the parasitoid,
Artisopteromulus culundrae attacking three
stages,  the th i rd instar .  the t t rur th instar  and
the pupa, <>t Collosohruchu.s moculatus. in
the laboratory. Search parameters \{,ere
estimated from the data using both the
Randorn Parasitoid Equation and the
Randorn  P reda to r  Equa t i on .

FUNCTIONAI, RESPONSES

A functional response ma1, be defined
as the change in the attack-rate per para-
srtoid with variations in the host densitl '
(SoloruroN, 1949:  Hct I - l rxc.  1959;  1968).
Assumpt ions made in th is  def in i t ion is  that
the parasitoid search is random, the host
population is distributed at random and is
homogeneous. HoLLING (1959) suggested
that functional responses could be divided
into three categor ies (Type I ,  I I  and I I I ) .  For
insect predators and parasitoids. the Type II
response is  most  common. Recent ly ,  how,
ever, the sigmoid Type III response has also
been observed in some insect predators
(Hessnr-l et al.. 1977 FIASSELT . 1978).
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and NA : the number of hosts attached; P :

the number of parasitoids: N : the host
density: a' : the attack rate of the parasitoids
or the 'rate of successful search't Tt : the
hand l i ng  t imc  r r  h i ch  i nc lude  t im i  spc r r t

pursuing, subduing and resting after ovi-
posi t ion;  T :  the tota l  t ime that  the para-

sitoid and the host are exposed; and Ts - the

time that the parasitit id spends looking for
the host .

An important  point  t ( )  note in  L 'L lu i r t i ( )n
(1a)  is  that  no a l lowarrce is  nrade tor  thc
decrease in available host as they are para-
s i t ised (Roveue.  1971;  RocEns.  1972).
This means the equation is applicable either
to situations where re-encounters are com-
plete ly  avoided or  s i tuat ions where the hosts
are cont inual lv  replenished as thel '  are
exploited. Since these conditions are not
true, further refinements ha'n'e been made to
this attack model. The appropriate attack
equations tor both the parasitoids and pre-

dators were later developed (Roveltn.

1971;  RoceRS. 1972),  known respect ive ly  as
the Random Parasitoid Equation and the
Random Preda to r  Equa t i on  :

ln  the fype I I  response,  the number r t f

attacks per parasitoid shows a negativelv
accelarat ing r ise to an upper p lateau.  This
could be described bv Holl ins's Disc
E,quat ion (1959),

NA

P

M ATERIAI,S ANT' }IETHOI)S

Cuftures of Callosabruchus and, Anisoptero'

malus

Lirboratorv cultureE of (- u I it; tah ru c k u s

ntuculutus, reared on cowpeas {i ' igna ungtti '

cu lata (Walp.  ) )  [or  manv gdr lerr t i ( )ns in
Si lwood Park at  the ct lnstant  temperature
(C l '  )  room condi t ions of  30 'C,  7() ' ;  RI ' i .

16/2 '1 hours i l luminat ion were used to beqin

the exper imenta l  cu l tures.  Stc lck cul turcs o l

C.  maculutu. t  were kept  in  p last ic  food boxcs.
17 . , r  a t t - r  x  15 . . i  cm \  9 . . i  cn l .  u i t h  t uo  l ; t vc r r  o l

cowpeas covering the bottorns of the [- 't lxes.

Before use, the cowpeas were stant' iardisecl

b,' '- placing them in the C.T'. roont for at least

2ri hours. "I he bee tles were rentoved after' 2

or  3 days us ing a s ieve.  Two boxes of  s tock

cul tures rvere star ted everv *eck c lur ing the

durat ion of  thc exper imcnts.

Standurd hc ls t  c t t l tures \ ! 'ere in i t ia tcd
us inu .  t hc  s toek  cu i t u r t ' s .  A  l r r r e r  o l  s l l t t t '

di irdised cowpeas w'as pll iced in a plastic foocl

box,  label led as the ov iposi t ion bt tx .  At lu l t

beetles were placed in the brlx with the
cowpeas and kept  in  the C.- f .  room tbr  24
hours.  af ter  u 'h ich the cowpeas were
removed and p laced into a but ter  d ish.  10.5

cm diameter  r  .1 . -5 cm. The heet les were re-

used rvith another set of cowpeas. This pro-

cedure was repeated daily for the duration t;f

the experiments. The CLtllosrtbntr' l tus
beetles were replaced with fresh ttnes at
everv 3 or .1 days in terval .  A schenlat ic
diagram of the culture procedures is shown in

Figure I .

Stock cultures of Ani.\()pt(rotnil lu.\
c'ulandrae were init iatcd from cultures reared

on C. maculutus in the sanle C"-I '. rocrnl. For

the experiments, the stock culturels were

maintained using L6-day old C'. mar:ulutus
larvae as hosts.

With the stock cultures. the standard
parasi to id cul tures were in i t ia tc t i  us ing only"

l6-day old larvae. A single la1'er of cowpeas

with the host was placed in a bLrtter cii ' , 'r

Af ter  that ,  the parasi to ids u 'ere anaestht ' -

t iscC lvith carbon dioxid. zind rentoveci usii:..

(  1 a )

( 1t ')

NA =  N ,  [ '  e \p  ,  
a 'TP '

' l  l + r ' T h N r

(for parasitoicls) (2

i
I
)

N A = N , l e x p (
a"fP-

c

r  r hs
Pt

( for  predators)  (3)

where Nt : the host density at t ime t and 11
thc predator  dcnsi ty  at  t imc t .
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parasitoids

Figure 1: Schematic diagram of the culture of Callosobruchus maculatus standard hosts
and standard females of Anisopteromalus calandrae for experiments. Temp.,

30"c, RH., 70%; 16124 hours iilumination.



a sieve. The parasitised hosts were kept in
the C.T. room and the parasitoids were re-
used for the next culture. This procedure was
repeated daily. The parasitoids were
replaced after 4 or 5 days. 

'fo 
ensure sul{i-

cient material for experimentation, 2 dishes
of cultures were started each day. The
scheme is illustrated in Figure L

The Standard Parasitoid

On day 12, the parasitoids and beetles
that emerged from the parasitoid cultures
were removed using a sieve. After 24 hours,
the parasitoids that emerged were anaesthe-
tised with carbon dioxide. removed and
placed with 16-day old larvae for 4 days. On
the fourth day, the standard parasitoids were
ready for experimentation. The scheme is
illustrated in Figure l.

The Experimental Arena

All the experiments with the parasi-
toids were carried out using butter dishes as
the arena. A hole of 29mm diameter was
made in the cover of each dish and covered
with a piece of cloth. The dish was fi l led with
24.5 gm of cowpeas. For the respective
experiments, cowpeas were replaced with
the same numbers of cowpeas infested with
C. maculatus.

Experiments on Functional Responses

The host density on each arena was
varied by changing the number of infested
cowpeas. Infested cowpeas were marked
with a coloured wax pencil for easier
recognition. One standard female
Anisopteromalus was used in each arena.
Details of the replications are shown in Table
t .

Each experiment was set up in the labo-
ratory and kept in the C.T. room for 24
hours. At the end of the experiment, the
parasitoids were removed and discarded.
The cowpeas with the Callo.gobruchus larvae
were dissected and examined for parasitism

between 1 to 3 days later. The total number

of hosts available (N) and the number of
hosts attacked (NA) in each arena were
recorded.

"fhrrd and fourti i  insf ar larvac attcl
pupae were used in the experirnents. l ' l tese
were animals obtained 12, 1"5 and 20 dai;s
after oviposition, respectivelv.

Analy'tical Methocls

The parameteri, a' and 
'f i ,, 

from thc:
Randc''m Parasitoid Equation i iJqn" 2) can

be estimated using twri methocls. The first
method is  s imple an, l  less t ime consurning.  I t
involves transfclrming the data and using
l inear  regression analys is .  RocnRs (1972)
proposecl that the Random Pariisitoicl
Equation may be re-arranged into a fornt
suit;rtrle for l inear regression analysis. In the
plot c'rf 1/ln (proportion of hosts survivins)
against the host density, the slope of the l ine
can be used to est imate the handl ing t ime.
T',,, and the intercept to estimate the search-
i r i c  e [ l  i c i cnc l  .  3 '  I  h r r ' .

1 * l i - n ,  r  
I  

i ( , 1 )
l n S  l P  a ' l ' P

w h e r e S : ( N  N , q ) l N .

Subsequentlr-, this method has been
used er tensively '  and is  s t i l l  be ing used by
many authors.  However,  i t  was pointed out
by Cocr (1917) that the method violates the
assumptions of regression analvsis, and is
thus stat is t ica l lv  unsouncl .

The seconcl method is bl ' the use of a
nonl inear  least  squares technique.  A com-
puter  program. FRESAN. was developed by
BEI-Lows (1979) for  th is  purpose.  The
program was run through a time-sharing
terminal  at  Si lwood Park which was con-
nected to a CDC 6500 computer in the
Imper ia l  Col lege Computer  Centre,
London. The program could provide:

1. the best f itted curves to the data using the
Holling Type II and Type III functional
response models of both a parasitoid and a
predator.

2. the estimates of a' and T6 values of the
mode ls .

3.  the analvs is  ofvar iance tables.
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r.At3l.L 1: R!-.PLICAi' i{}: i3 i)F Tli i. ITXPERI}{EN'IS oN THF. FUNCTIONAL RESPONSES
OF .,1.},1!5{}PTI:,fIGM.4{,T].1 {...1I.AAIDRAE ATTA.CKING DIFFER.ENT INSTARS OF

{.,4i f OSOBRUCHLlS MACUI.ATI.IS

f , runr t rer ' : f  in fested
t l0wp0a$ i - r* t  arenf i

Number of replicates

3rd instar 4th instar Pupa

5

1 5

t 0

I

l

4

1

8

1 5

1 9

l )

30

1 0

5

1 0

5

5

5

5

5

5

1 0

5

5

t n

5

1 0

7

1 3

20

1

1 0

6

5

5

4

5

5

5

5

50

1A

4. the plots of the residuals against the host
densities.

The usual t( ,ts used in l inear models
are, generally, not appropriate when the
model is nonlinear (Dneren & SunH,
1966). Thus, the F - statistic cannot be used
to obtain conclusions at any stated con-
fidence level. However, an approximate idea
of possible level of f it may be obtained by the
mean squares ratio (MSR) of:

Mean squares due to ' lack of f it '

Mean squares due to pure error

The sum of squares due to ' lack of f it '  is
obtained by the difference between the un-
explained variation (residual) and pure error
sum of squares. The latter can be obtained
from the repeated observations.

DRAPER & Sunu, (1966) also
described wavs to check the model by

examining the residual plots. Residuals are
def ined as:

e i  -  Y t  ) ' i ; i :  1 , 2 , . . . . .

where Yi is an observation and yi is the
corresponding fitted value.

In this paper, the functional response
parameters were estimated from both the
Random Parasitoid Equation and the
Random Predator Equation using the com-
puter program, FRESAN. Residual analyses
were used to check fbr deviations from the
models.

RESULTS

The functional response data of the
three stages of the host, C. maculatu.r, when
plotted showed forms typical of the Holl ing
Type II response. Figure 2 shows the curves
of the Random Parasitoid Equation fitted
using the least squares technique. The MSR
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l 0

5

0
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1 5

1 0

5

0

25

20

1 5

1 0

5

0

Figure 2; Functi<tnal responses of Anisopteromalus calandroe to the different stages
of Callosobruchus maculqtus

The curyes ure best fit curves fitted to the Random Parqsitoid Eqttatbn using least
squdres.

FOURTH INSTAR



values were rather small indicating that the
data fitted the model satisfactorily. In the
plots of the residuals against the independent
variable, $, an overall impression of a hori-
zontal band of the residuals could be recog-
nised in each of the three cases. This implied
that there were no abnormalities in the data
and thus no reason to suspect that the data
did not fit the model (DnalEn & Srrlnu,
1966). The estimated values of the
parameters, 4l andTl, are presentedin Table

The data were also fitted to the
Random Predator Equation. In all the three
cases. the MSR values were also small
indicating satisfactory fits. The residual plots
also showed no abnormalit ies in the data.
Estimated values of a' and Tn from the
Random Predator Equation ar? shown in
Table 3.

DISCUSSION

The searching efficiency of a parasitoid
is influenced by the climate, the host density
(the functional response), the host
distribution, the density of the parasitoids
and alternative hosts or competing parasitoid
species present (Hnsser-r-, 1978). Thus, in a
homogenous environment, the functional
response is the prime factor. This is well
expressed by the Random Parasitoid
Equation (Roveua, 1971; Rocens. 1972;
FIASSELL et al., 1976) which is:

The assumptions implicit in the
equation have been discussed by RocERs
(1972) and HRssp,t-L (1978).It assumes that:

1. every host has equal probabil it ies of being
encountered by the parasitoids

2. the parasitised hosts remain exposed to
encounters by the searching parasitoid.
The re-encounters will lead to exactly the
same period of handling time as the first
encounter. Thus, more time is spent on
handling than an equivalent predator.

Parasitoids have been known to be able
to avoid superparasitism (Dourr, 1964;
VINSON, 1976). They may do this in one of
several ways. The pteromalid, Nasonia
vitripennis for instance, can distinguish
between a l ive and dead host (Eowenos,
195,1). Females of Trichogramma rejecting
hosts on which other females had walked
over is another well known example (Selr.
1937). The parasitoid in this case approaches
the predator situation, i.e. re-encounters are
completely avoided. This can be expressed
by the Random Predator Equation
(RoyAMA, 1971; RoceRS, 1972; FIASSELL,
et  a\ . ,1976: ;  HessEr-r - ,  1978).

The available evidence suggests that
there is some avoidance of superparasitism
by Anisopteromalus calandrae. Although at
low host densities, more than one egg per
host is commonly found (as many as 7 eggs
were found in a situation with the 4th instar
as hosts), at higher host densities, only one
egg per host generally occurs. On the host,
Sitophilus, it is rare for more than one egg to
be oviposited on a larvae (CorroN, 1923;
GsaNt & SwrerunN, 1955). On the one
hand it is not entirely realistic to assume that
avoidance of superparasitism is complete,
but neither is it true to assume that
superparasitism is complete. Thus,
Anisopteromalas females probably behave in
a manner intermediate between the two
extremes. The a' and T6 values estimated
from both the models app.u.  rather  s imi lar .
Thus, the Random Parasitoid Equation can

N A = N  

[ , - . *

where NA :

E

a'TP

1  +  a ' T h N
r ] r ' r

N

t

'|..
1 n

I -

the number of hosts attacked

the number of parasitoids
present

the host  dcnsi ty

a constant ,  the searching
cf  l ic iency

a constant ,  the 'handl ing t ime'

total t ime the parasitoid and

host are exposed.
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TABLE 2: PARAMETER ESTiMATES OF TliE [TUNCTIOI\AJ,. t{l,SPOh"i[:5 i ir.
ANISAPT'EIIOMAI,{JS CALAIVDRAE TO THI-. DIFFLF.FiTI- S'IA{;L:j {}F
CA LI.OS OBR UCHUS MA CUT,ATUS TJSING ]'H I I}. ANI X]I\,I PA FT,A!]}TOItr}

EOUATiON

Parameter i
Stages h,i' R.

t

3rd instar

4ttr instar

fupu

0.674. '

4 . 8 1 l r r

3 .8?  2 ' i

.  i . ' : ,  . i 3

{ t ' r : . 1 :

:  I  i t . ]  1 i

J  : -

, ' . X

:: .l i,i

a
T' h

MSR

searching efficiencl'
handling time (day)

mean square ratio

TABLE 3: PARAMETEIT ESI'i i !4ATir5 OF TtiF' l:t,r\{ 11tt- ',*^L tt i i5,irr.r}r5il:5 {l i
ANISOPTE:ROM,4L..IS (A.iAhlj l i , i-r l i  TO Tijf j-)lFl: i,Rj,\ ' t- q'r, ' i '  i . ' i  i l t
cALLoS)BRUCHUS xIA( t , t  t , , t i  r . r  i is lN( ;  T ' i l t ,  r t ; i \ r ; {  } \J  :J i - i l  } i , ! , i i ' r {

ir(jUATlL.lN

Pa ra nre i  ers
Stages 5l c. lt

i l t

3rd instar

4th instar

fupu

0.627 3

1 . 5  5 2 9

2 118(:

0.t'r780

0 06'  l3

0.0,11 0

I  
' r l

-1 -f "lt

i  0"1

a
Tr,
MSR

= searching efficiency
= handling time (day)

= nlean square ration

be considered adequate in describing the
searching behaviour of Anisoptrzmalus
culundrae.

The variations in the a' and fy, values
ui th the increase in prer  s izc in  p iedr tors
have been discussed by THoursoN (1975)
and FIASSELL,  et  a l . ,  (1976\ . I t  is  in terest ing
to note that for the parasitoid. A. calundrae,
the two parameters respond dift 'erenrly with
the host age (Figure -l l" ln the case of the
damselfly, Ischura elegans, feeding on
Daphnia magna, fh increases with the
increase in prey age (THouesoN. 1975).

Similar response was ii istr ut:rse'rr,*d in iht:
predator, \t 'r l t(: lttt:tu giunt:u {}l{{,tEI 1 . tt tt!
i976)"  Since srn; l l le  r  pre i t  wr i l "  i r r  s . : r : ; r ; r l .  be
easier tr.r subciue" {r)nsunie and il igcrt, {;, i '
depc i r Jcn t  t i r l  r t t h . : r  l ; r r ' t o r '  r r '  . .  ! i .  r r r i  i i  . r . .
host acceptallce anr,l h(.i i ,t l .:ci i i i{1rr" F{ost sizrr
and age a lso p iay imlror tanr  ro les in  i ror t
acceptance.  Hr :arnples of  such behavior" r r  : r r r :
tound in VrNso: t .  ( I9 iny.

(Jtlt-rurs lronr tirs host itre a isr r
important  when locat ing . i  host .  Suci t
exanlp ic :  are g iven by Vixst , l  {197{r) . ' i  i t , r :s i '
Odours.  in  COntrast  to  t i re  mt)re l i lnU-r  r r i t t

22



Figttre -l: Tlie searr:lirtg

tulaud rae at tat t;irt,s

.t

l l t  IV  Pu

STAGES

c.ffi( iutc; .\. a' atnI Itan,II iItg timcs.
tite 3rcl iwtur (il[ ), 4tli instdr (11'l

Cul loto bruth us nr*t u ls tus

0.06

T'h, oJ' Anisoptr:romalus
arr t l  pupa (Pu)t , r

vsilati le chenrrcals fhat attract the parasitoid
tr.i the host habitat, appear to influenc:e ahe
parasitoid only when it is a short distance

t: 20 cnr) ailay (HENuRt', e/ rrl., l i ;7-i;
Scsnltnr. 1974\. The r:xi.stence of !ucrh
crdours" callecl kqiromoni:s (Vr'HrrrAKEP &
FrI-tNNY, i97t ). in ( '. rnar:uiatus has, hclwer'.:r,
not been investigated. IIc,rst locatron rr.ith
respect to its position in the substrate rs ;rl:cr
important. F-or instance, a host located deep
in the cowpea may cause an increase in hand-
ling time because the parasitoid may spend
more t ime ' t r f  ing to gct  a l  i t ' .

The feerling cells of the early stages of
the larvae are usually quite deep beneath lhe
testa of the cowpeas. At the fourth instar. the
feeding cel l  is  e x tende d unt i i  a  par t  of  i t  rs  iust

beneath the testa,  creat ing a 'window'on the
surface of the cowpea. A large proportion
(81''.) of the third instar <>l (-). mat'ulutu.s
were found deep beneath the surface of the
cowpeas. No 'windows' were formed by'
these larvae. Some of the third instar larvae
were feeding near tire surf;rce, but the
'windows' formed were verv small (0.03
0.2. lmm diameter) .  Hosts located nearer  the
surface and with larger 'windows' wil l
probably require less handling time. Lower

\ values in the fourth instar and pupae
which are located nearer the surface of the
cowpea are thus to be expected.

In true predators, a' decreases with the
increase in prey age ('Ir{oMPSON, 1915
HessEt-I-, ct al., 1976). For parasitoids, rhere

z-)



is still insufficient evidence in the literature
on this relationship. However, the experi-
mental results tend to suggest that the situa-
tion is probably different in parasitoids.
Smaller hosts may be less nutritious and are
thus less preferred. Host locations are also
important. This probably explains the lower
q' for the third instar in the case of C.
maculatus and A. calandrae.

Figure 3 shows that a' increases and
then decreases. This may represent experi-
mental errors. However, it is highly probable
that a' is maximum for the fourth instar.

REFERENCES

BEDDINGTON,  J .R. ,  HASSELL,  M.P.  &

LewroN, J.H. (1976). The Com-
ponents of Arthropod Predation. II.
The Predator rate of increase. ,I. Anim.
Ecol.. 45: 165- 186.

BELLows, JR., T.S. (1979). The Modelling
of Competition and Parasitism in
Laboratory Insect Populations.
Unpublished Ph. D. Thesis, University
of London.

Cocx, M.J.W. (1977). Searching Behaviour
of Polyphagous Predators. Unpub-
lished Ph. D. Thesis. Universitv of
London.

CorroN, R.T. (1923). Alastomorpha
vandinei Tucker. an important parasite
of Sitophilus oryzaL. J. Agri. Res., 23:
549--556.

Several authors have shown that as larval
hosts reach the pupal stages, they become
less acceptable (VINSoN, 1976). Such
changes in acceptance may be related to
hormones or to alterations in the factors
necessary for acceptance.

ACKNOWLEDGEMENT

The author is grateful to MARDI for
the schoiarship award, to Professcr M.P.
Hassell for his supervision, to Dr. T.S.
Bellows for the use of his computer program
and to Professor M.J. Way for his support.

DrxoN, A.F.G.  (1956).  An Exper imenral
Study of the Searching Behaviour of
the Predatory Coccinell id Beetle,
Adalia decempunctata (L.). J. Anini.
Ec 'o l . .  28:259-281.

DouLT. R.L. (1961). Biological Charac-
teristics of Entomophagous Adults. In
Biological Control of Insect Pests and
Weeds.  (Ed.  P.  DeBach) pp.  145-165.
Chapman & Hall, London.

DRRpr,R. N.R. & SnrrrH, H. (1966). Applied
Linear Regression. John Wiley & Sons,
Inc.

EnwaRos,  R.L"  (1954).  The Host- f ind ing
and Oviposition Behaviour of
Mormoniella vitripennis (Walk.), A
Parasite of Muscoid Flies. Behaviour.
7:  88-112.

SUMMARY

The parasitoid, Anisopteromalus calandrae (Howard) was found to have Holling's Type II func-
tional responses to the three immature stages, thrrd instar, fourth instar and pupa, of Callosobruchus
maculatus (F.). Using the nonlinear least squares technique, the parameters a' and Tu of the Ranilom
Parasitoid Equation were estimated. These parameters were also estimated from the Rtndom Predator
Equation. However, the evidence obtained indicated that the searching behaviour of A. calantlrar: u'as
closer to that of a true parasitoid.

The searching efficiencv, a', of;1. calandrae was highest tbr the fourth instar, foilou,ed bv the
pupae and the third instar. The handling time, Tn, on the other hand, varied uniformly with the stage of
the host; highest for the third instar, followed by the fourth instar and the pupa, respectivelv. These
observations differed from those found in the true predators by other authors. Possible reasons lor these
differences are discussed.

', /1



Gnar;i, M.A. & SwEeruaN, H.L. (1955).
Ecological Studies on the Granary
Weevil Farasite, Aplastomorpha
c$landrae (I{ow. ). Biolrsgica, 6:
1i_s __ 139.

i-i,\ssEr-L. M.P. (1976). The Dynamics of
Competitic;n and Fredation. Stttdies in
Biologl,.Series No. 72, Edward Arnold,
London.

Hessp,l-r-, M.P. (1978). The Dynamics of
Arthropod Predator - Prey Systems.
Princeton Universitv Press.

F{asspr-r-, M.P. & MAy, R.M. (1972).
Stabil ity in Insect Host - parasire

Models. J. Anirn. Ecol. 46;249-262.

FL{SSEI-L, M.P., I-AwToN, J.H. &
BEDDTNGToN, J.R. (I9i7). Sigmoid
Functional Responses by Invertebrate
Predators and Parasitoids, "/. Anim.
Ecol. 46:249-262.

FIr,NoRy, L.B., GRr,eNY, P.D. & GILL. R.J.
(1973). Kairomone Mediated Host-
finding Behaviour in the parasite
Wasp, Orgilus legidus. Entomol. Exp.
Appl. 16: 471-477.

Hot-l-tNc, C.S. (1959). Some Characteristics
of Simple Types of Predation and para-
sit ism. Can. Ent. 91: 385-398.

I{OLLING, C.S. (1968). The Tactics of a
Predator. In Insect Abundance. (Ed.
T.R.E.  Southwood).  pp.  47 -58.

Sy^p. Roy. Ent. Soc., London.

Mav, R.M. (1976). Models for Two Inter-
acting Populations. In Theoretical
Ecology, Pinciples and Applications.
(Ed .  R .M.  May ) .pp .  49 -70 .

Munoocr, W.W. & OerEN, A. 0975). pre_
da t i on  and  Popu la t i on  S tab i l i t y .  Adv .
Ecol .  Res.9:1-_130.

RoceRs. D.J. (1972). Random Search and
Insect Population Models. J. Anim.
Ecol .  1 l :3 t i l -383.

Roveua. T. (1971). A Compararive Srudy
of Models for Predation and Para-
sitism. Researches Popul. Ecol. Suppt.
I : 1 - 9 1 .

SALr, G. (1937). Experimental Studies in
Insect Parasitism. V. the Sense Used by
Tricho grammc to Distinguish Between
Parasitised and Unparasitised Hosts.
Proc. Roy. Soc. London Series 8., 122:
5',7 -75.

ScsuIor, G.T. (1974). I{osr-acceptance
Behaviour of Compoletis sonorensis
toward Heliothis z.ea. Ann. Entomol.
Soc.  Am. 67:835-844.

Sololrorv, M.E., (1949). The Natural
Control of Animal Populations. _I.
Anim. Ecol .  18:1-35.

SourHwooo, T.R.E. (1979). Ecologicat
Methods. With Particular Reference tct
the Study of Insect Populations.
Chapman & Hall, London.

THoN{psoN, D.J. (1975). Towards a pre-
dator Prey Model Incorporating
Age-structure: The Effects of Predator
and Prey Size on the Predation of
Daphnia magnaby Ischura elegans. J.
Anim. Ecol. 44: 907 -916.

vrNSON, B.s. (1976). Hosr Selecrion by
Insect Parasitoids. Ann. Rev. Ent. 2l:
i09-  133.

WuITrRrpR, R.H.  & FENNy. p.p.  (1971).
Allelochemics: Chemical Interactions
Between Species. Science, 171:
757 -710.

25



{ \  I  R {  } i } t  i  l ' l {  } \

' , \ i l l \ . 1 . .  ' i . i l , ! l  l r i r l i  ,  i '

! . . { , . , ! : , ! t r t .  , . ' . ! . , t .  ' . ' l ; \ } u '  i

; , r . ; ! L . i i r l l f t  : ' . i i i i i r i l ; ' .  i i t { i { i : \  ( l u r ! l l :  i i i r '

i i r ; : i : i  l  : ; : r i , t i r :  l ; o : i .  '  I f r e  c r o t r l  r  i : r r l i r r  : :

i , l i ,  , 1 4 i 1 - 1 , ' , ' i . r i  , t i ,  , t i  t i l r  i . i l r r  : l . i t r -
: l t  i  : .  " . ' . . i  1 1 ,  . , ' ;

,  r " ,  .  . r ; , i ) \ ' . ; i . . :  , l  1 : ' t - . ' .  l : l l  l | . : : t  i l : r

t i r : 1 1  A i , , r t l  l ' r i l n i  i ( ! r l t j l l - t ! i i l ! i  ; r , ) i  i : t r '  . ' 1 r , , . ' i i :

i ; l ( j i { ; i ' . t .  n t ' . ' i l {  \ a l i r : i . ;  . ; ' .  j i i i c i l f  i i :  r a - , , : ;  l i t : :

i ! n j a 1 , r j . . i , i . l ! :  i ) ! : r ! l ' i : i i t . . l i t .  S l a t t ' ,  l t i i l i j : ' t :  ; , : ' i

: i l , \ t . i ' i . '  { ! i  i l ; .  i ! r . - ' i r . 1  t ) r t l i i l d l l i  : i i l r l  i t . l . -

i  . , :  i . r t \ i  \ \ r ' i , :  . -  ' t l l ' . ' i  i r r ' l ' , ( | ,

: r t . { - ' l i i { . l i t !g l !  i  ! ' i  r \F i , i  h ' l , r t t r t i  l i  l { . r , / { i i

i u j i , t i ' ta i l v .  i r t i r t t t r i i ;  r . ' ' - : c r - l  i ' ,  , . ' ; t r r ie {1  i } [ ! t  : . l t

I tr ,- . '  t ; i r lv rfagr: l l r l i r i ' , r . t  t i  1", i l ()st-
"r i lefqcn{i. l  i : , . : ; 'hrr: :r j l r  a l |) \ i  !11{, 'r l ih\ i l t l t l l '

: i t i q l ,  t i  t l c e e s s a r v .  t l c a i '  h t i t ' . r . , r i f l f  i t  f  i 1 \
j i J f  I : ' l ] .  i \ K ! I v L \ l t \ t t  i ) .  j . { J l i !

Prcent;-:rge nce hc! 'hlu! i-Ji5 r1l i l1 hc

L lsed f ( ) r  t vee( i  c t )n l f i l !  t l t  i .assara ,  i i {  )1 . i .

a r t ( !  P t -p . i :Rar t t - r , {  i  i r } l t ' r1  h : : re  \ t lL : . l l f r . j

t l ian') '  preCnli l rgtrt ! ' 'n i tq:t ' r t) l { : i r i ;rs 1$r'  l l t i : i r

s f l r i : t i v l t v  t { i  a i i r \ r r i l t ; i .  I ' i : t "  l i c rb l , ' t t i c : ,

repur icd  t r r  l r c  a l i l i ; l b ic  l r r l r  t l i c  i - l ( )p

r r l c l i i l l ( :  so f f i c  o f  l i r *  l i t ca l i . l  l ? \ . i i l eh i !  , ) i l r s

suc i t  i : r3  t r la r :h l r r r .  f i r io i : rc tu r i ln .

I  i c i . l  ( . l , . i r :  i ; r ' i r , .  i r  \ l  i i l . ! ) i  S i : i i . l  : !  . 1 ' 1 , , , ; 1 - ' , , 1

l ' "  i i '  ' i  ; { ' {  ! i

!  ! - . i  !  .  \ \ r . ;

a  ' l r , l '  . : : ' ,  '

i r i t  i e

i l i r " l

I t  i ; ; 1 1

l i  i  i  ; . ; . i l  i {  }  ; . \ } }  1 ! ! . .  I  i r { i i } 5

{ ' . r l re r i r  t l ' t l i  i

- i : l ; : .  
i - " r t r !  i  r i : t r ' i r i  ! ! a r  u ( ) n r i i ! r , l i ( !  i t )

,  ' ,  . r  l i . i a t t  t ! r ,  : . :  l : i ' r - 1 . : ' ,  , , 1  !  h t '  5 * i r ' d lCd  p re -

:  1. , : ' !  t { l :1r ' r  i : '  : ' i r i1  1 i l ; " .  r r .  i t i r ' l1  i r i r .  l i t i l i : i " i
' ' i , r . h ! r i l .  t . r : r . i i r j i ' i  f i l i i r t - i t e t l r t i t i t t  i ) a ' \ t , i i t u

. , i t i i  1 r ' l l t . j { l t i i l l - r ' r t  f i l i  r v i ' C t i  i  ( ! l l t ! { t l  i { l

!  i \ : i t \ " i .  i i , r - ' .  \ r f r e  ; l i l i l i ; i , j  r k r l t ' - '  0 t  i n

J , i l i l r b i n i l i . i { } ' 1  . t t  t hc  r i l t c  ' , i  1 . 5  k i . t , r h l

i . i l 0 i t r "  i  . i l r !  . l i  k g , ' ! l a  ( c r l r r ; b i r i l l i t ' n  )  a s

l r i r . ' (  ' I t ( . 1 ! - . (  i r r  e  /  f , t h l t  '

f  i l f  , ' \ i l f : r : l l i f  l l :  ' . '  . t \  - \ t i r ' d  r t i t  I  he i r t rV

l r i !  i 3 r ) ! : : r r i . i l t ; r : r  \ r : ; i  \ L : I i i 5 i  i r i  S f  a ; - r L ' i : .

i  : : r ! .  i ;  f ) i ; r r i t a { t , , , i  t ; L ' . i : '  l r i t i ; r l r t l i t .  F ' e r l r k .

i$.t t ' ' i5A 1'.r' '

t I i  : ' i , . ' : ' .

\ (  '  t r  i

,  I  : iI  l ; - ; , - ;  ; t r r  , '  ,  , i - j i L h  . :  u i i i ! , i i . l .

j l  t i l i n  h . t i t !  , , i  r  i \ : i .  | ' g r g 1 : i : i 1 , r . - i  1 r ,

: , i  i ) r ; .

i r . ,  ; :  r i : : :  i : ! " ; a : !  : i i . t ,  t , t . . ,  , : -  t i i l t - : ; , . ! .  
r l .  n  . j i r : h r i - \

i ; n r : i i l t - l x i - i j , i i i J r , t , . ; : ,  t ,  i : r i t c l l j .  i i t . t , : i , , r . , , ; , .  t i  .  ,  . ,  : r i l  !  I  t , r  - ,  J  i  i r u l l ] - l i l ' i r ' i " ' , . 1  , , l r ; l ; .  , j ' 1 i r

: t r y Z i l i i t ;  i i .  : : - i ] : l , r t . r i ' . l i i .  \ ' l  r i t i l f i i : , r i r , ; : : r : , i . r ' r , r : , '  l . , r r ; r ' ,  c r : . : , ' , , i :  l , , r - l :  . : 1 i i . ; . . i ,  , , , l i J . t  i - , , 1 1 : :  i  , i

i " . ' , j i t ; i  , - ! i l , :  : t l d i l i i ; , - r ,  K i j r , , : . . i 1  . l ' . . ; :  1  I  r ' \  I  . .  i r ; - ' , i .  f . , : , j : l  |  :  ; i i i  i t : . t  t r L t r t , r :  i . i  i j  l -

. , i i : i r . i r ' ; i l ! h , t n t i l  I  I  t i t r i t i l r ' , i U r : . : ;  i i i e ; : : t t $ i l - i : l l r i , i ; :  ! ;  . . r i l  i r l l : L r i  l "  r  1 i l , ' i l i l i j h i i ' : ,  t ; r : l ' ; a k . i l l  l r ' h t t -

l , l i : i t i ] t t  i l \ , i t r ' . 1 .  I  r r i i : r r ' i l r " 1 r . r i : ' i t  i .  : .  * . : ; ! , j i i r . i - ' , 1 ' .  ,  5 l - " 1 ' , . ' i ' r i i : r ' . . i 1  l n l : : r l n ' : ! i . ' : '  i ; 1 \ \ : . l 3 l r

i U a f i i : ! ; r i  r : i :  f l  r i ; l . i '  i " , : r , i ,  , i ; ' :  i l l : l ' , ,  l r  l . i i :  1 r r ,  i t , : 1 1 ' ,  , : i ! . ,  I  i  ' . i i i 1  !  1 . 1 j : i . i 1  1 ; i r l i .  i , ' i i r , i ,  i t ; ' : : : r * i i l l i l .

i : } i ' ! | i ' 1 i ] J ; l i ] i i 1 i i i J i j . i ] : . ] | 1 } i ] ! ] i ; ! i t . ' . l , i ] ] 1 l j , i \ 1 : j . . i : l . : i . : i ' ' . ' . . , : i : , ' , i i '

i l i u l l l ! ! L j r t \ A l  k a . l r i  l t . l , r i t , : r i  ' , i { a i f  l ; t : r i l 1  i , , - .  1 i ' r r . - r ' ,  l i i u r i l : ,  . ! i 1 , , : , : 1 r  i { . r t -  r . f : . 1 1 ,  i  i i , l i i  , l r u J ) g k ! i - !

l i t l ; i l  ' , : l a r : ' ' r 1  . 1 i i i t  " i t g u t l i . f ; ; , , ,  i r : ! 1 j ; 1  ! ; , . 1 r r  r r  : r t l ,  r l .  i l l : . r  ! :  I  " '  r , "  l ,  |  .  i k , : l l  1 r 1 : ; '  : l ;  j ' { J i " h  ; i l g i ! : 1 d l ' i i 1 1

, - l e n g e r t  c a * l i : t : l l r t  J l a c h i ( i r  i , . t i i . ,  n . :  ,  , r  , . ,  r i t  r r , ' d , r i ,  !  i - i r i , i  , i i i . i : { l r i s k ; r n  h l , i :  i  , " ' , 1  r a c u n  h ! ' r h i i

j , i t i r t  ! e 5 i l : r i  b ' t c l  l l l , r ! , e . ' r . ;  a d a i e } ] : i i , l i i . l  i .  i l ! i ' , i l ! , i i r l l  i i , l  .  ,  i ' , . l i i l l r

'  r ! .

i.{t

i  i :  r * ,  t i  1 . . ' i

i , '  . 1 ! r



' i  i i l t l i ' , i  :  .  :

i 'r,. l i .

i ;  i , r i r - 1 : : i  i , r  I i

I  r J  ;  / l l . l l  r _ '

' i ' i : :  
,  .

i , r i r : :  t , :

[ ; i i r  t r r  i r , :  I  , - i t  c ,  ;

i \ l , r rJr i . , r r

: \ i l i ; l r i l l  '

[ i ;  r t  t ' r . ; t i

. 1 - . t . ' i : . r 1  r

l ' i i 1 , , : l 1 , t i l i t ' r ,

i  {  r l l i l i . , J  l

L  l t r l : r l  i l

5; . ; r f l r : t  8 t l  Wl '

i l l . i i l  r . '  r1 l  \ \ ' l i

l -  
" r .  

. e r  ! i i l  i : ! ' i r

(  c1- r - r ran  l i l  \ !  1 '

i . r r s : . , - i . t ,  l : { '

l " :rs, iu 4 r i : i
l { : i rrnex i :{ , :  lV} '

i ."1:.;r) .1 l, r r

i ' ; tg1111 !f1 \ ' {r 'P

l \ ' l o l th i ' v 'nee i l inu

\ , , ,  rvc , , ' i i t i i i ,

l i

i l  .  I  i i . . . t i

f : r r ; r . : t : l  i

i  i ' i _  r l l s \ . i \ i t  t r , , . i " ,  i : i ; l i : l , , i l  l i :  ' , . l , r i l t  
i t i  i r l T \

t t i  - l  t l l *  l i e r l r  ' : , i , i i r ' r r r  ; : t  a  f r r r r i c l
: ' , ' r t '  i j E ! l  p i a n t t  i t n d  r o t ! .  i ' h c  h e r b i c i l l e s

' t i : fC  i i p l ) l i e c l  onc  dav  i l f i L r i  l l a i i t ! ns  \ \ i t h  i i

" , l f a v rng  ro l ume  r : f  l J ( l { i  l - i ha  l nd  on  a
r r i t  r l . - i r \ ' -1 : [ . t  b*s is  t .  e  nsrr rc  L-r ,en d is t r i -
r : i i l . i { } f r  { } i  the * :heru i r " ' . l ls .  } ;er l r i izer  rva i ,
, , f  i r , i iur . l  i1  rTr i )n l l " !  i i f t * {  p la i t t ing ;11 t i l i :  ra te
r l  l i : :  i  kg  r r t  ( ' { ' \ ' !  : 1 -1  (  1 l : t  : - 12 : -11  pe r

r  i ! - r  i i i i  , : .

i i l i l p  i n ; u n '  i r r t ( !  \ { e d d  i i , r i { J l t i r ) i l \
! rc ' f |  i )bservec l  ; r t  ih i -  t r i i r  a r i t - i  i i l Ih  i l *cL
t ' r ' r : r r i  p lan t rng  !  i s r r . i l  wec i i  r : t t l i l g \  \ \ . r r r
; t t l i i L :  l rase t i  r rn  a  s i ' l i r - :  r ) f  l )  t i i  1 ( ) ( ] /  '  .
* h{.: l 'c { i  repre :cnted i i , .r  t 'ce r,1 : . i r i r i  l {}{) '  ,

f f t , r i j i c l t t e d  c ( ) n r p l c t e  $ c c d  c ( , ! e r .  l l 0 u -
r:.r  r- ' i .  ar lgLtl : ,1r t t ' i lnst() irnit t i i ) i l  \ ! i i5 r. tsci i  l l t
fhq :  \ ia t i s t l ca l  a f ia l i ' : l b .  " fhe  f r ( )p  \ \ ,11s

f l r r r 'es lcc l  a t  l2  n r ( rn l i i s  a f t t s r  p lan t ing

f r , , ' l t r  :  sampl ing  area  u l  - l r r r  bv  l { )n r  1 rom

l i t r ' c * n t c r  o f  { i ' r c  p l { ) t s .  i r c t h  w c i g h r s  o f

{hc  
" ' *ge ta t i r .e  

pos i t io r rs  anr l  i i i } re r .s  \ \ ' a r r

r ld {c |n l ineL l .

l  he  cxper i rne i t ta i  des ign  \ r  as
l { i t t t t lonr izc i . i  { i rn tp lc ls  i : i l r ck  l r  i t l r  +

i  r r ; i i i ca l io r t r

l ixper imrrr t  I !

I  h l . .  f \ l ) ! , ' i l i i t t l t t  r v c i s  i . i r r . i  ( ) r , l l  i r

c \ ' r r lua te  fhc  h r . . r l r i c rc les  k rund l *  l r ,
p r { ) i . I l r } i i tg  1 i1  f , r l f r in len t  l  l i r r  th r , ' t r  i c r , r r r
(}f  sc' ieCtivi t) '  t t :  , ; ; i55;1y;1 ciOtr i :  iJ i f trk ]  r ,": : l
l h C  l : , ' r h i C r l l , r : " , :  t h : . i ; 1 1 . r  1 i . , ; q i  i . :  i i 1
l t ) ' .  r i { l i {a t i ' i ' ;  t r l ' e  i . l r ' r l : i ' j b r . ;  j  ; t i  j . , . , , , , , ,1 .

i ' i l e  u ' r " ; s ; t \ : t  ' . r . , .  i r i ; 1 1 i i ( . . 1 i  r n  . l i t | r : i ; i f \ .
l { ) 7 ! i  l f  \ i . \ F : i r J  i i c s r a r . , l r  ! , i . i t r , r i :
Serd t i i l .q .  ! r ' i ; . t r tg r , l  -  i )n  , r  : r re r j l r r : : :

t r : t : . tu t , . : t i  s i t i i  { l l r r i : t t r r  S i l r l  t r , -  I  i r . ' .  i .  
' l  

i i ,
n ic th t . r r " i  ( ) f  p l in l t !n l r  wa. - .  t t i r . : i { r ' l l c , t5  r r i
F rplcr irnent I  i rui nr: hcci r, ,as r: ! : i ! : j l r ' 'Li \ : i i  r i .
Ihe  i re r t r i c ides  ra r ' r r :  apph i : i l  r i r rc  i ia r  a f l , ; i
p l a n t i n g .

P l a n t  r l  j r ; i  .  r . t l i r l g s  \ r r . t L  . r \ s r ' \ s L . ( l  ( i l

one month ai ler ir lanting basi: \ l  on visibk:
phy to tox ic  sv lnp t { }ms and the  genera l
phvs ica l  appearan( :e  o f  the  c r ( )p  seed-
i rngs"  Ihe  ra l i r igs  were  c lasr i i i r : r l  under
f iVe  c i i feger ies :  1 )  None to  r .e  r !  s l igh t
in ju rv :  2 )  S i igh t  in ju ry ;  3 )  l \ , lo r l c ra te  bu t
acceptable inlury ' ;  .4) Severc injury;  . i )
Vt:rv sevcre lo rolnplete dcat i t .  , l \ l l  thr
l :"cat$re nts $ ert :  re pl ic i r t r .C ^.1 f  i ine s ar ' r<J
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TABLE 2: TREATMENT DESCRIPTIONS FOR EXPERIN{ENT II

Common name Formulation*

Rate (a. i . )
kg/ha

Herbicide
Entry

2

4

6

I

2

4

I

2

1

2

4

6

I

2

3

4

5

6

7

8

9

1 0

1 i

1 2

Nachlor Lasso 4.8 EC

Diuron

Fluometuron

Karniex 80 WP

Cotoran 80 WP

Oryzalin Surflan 80 WP

* WP = Wettable powder

EC = Emuls i f ied concentrat ion

arranged in a Randomized ComPlete

Block Design. The plot size was 4m by 5m'

RESULTS

Experiment I

Weed Control

The common weeds observed in the

experimental plots were AxonoPus

compressus (Sw.) P. Beauv., Echinochloa

colonum (Linn.) Link, Eleusine indica
(L inn.)  Gaertn.  Dig i tar ia  c i l iar is  (Rez.)

Koel, Imperata cylindrica (Linn.) P'

Beauv., Paspalum coniugatum Berg, P.

commersonil Sensu RidL, Stachytar'

phelia indica (Linn. ) Vahl. , Borreria

latifolia Schum., Cleome rutidosperma

D.C.,  Croton h i r tns L 'Her i t ,  Ipomoea sp. ,

P hy s al l is minima Linn. .

Ratings for the general weed condi-
tions are presented in Table 3. The experi-
ment site was selected on the area which
had a serious weed infestation history.

However, during the course of the experi-

ment, the weed population was observed

to be not as dense as expected probably

due to the prevail ing d.Y weather

conditions. In the first six weeks, all the

plots were practically free of weeds as

reflected by low weed ratings. Weed

ratings at the 10th week gave an average

of 66% for no weeding plots and a range

of 4c,/c to 287c for the herbicide treated
plots. Among the herbicides, tebuthiuron
gave exceptionally good weed control;

weed rating of 4cic was recorded at the

10th week. It also provided a long residual

control as indicated by the weed condi-

tions observed during crop harvesting.

The other herbicides, alone or in com-

bination, gave a satisfactory weed

control.

Crop Performance

Cassava was found to be susceptible

to tebuthiuron. The crop seedlings in

tebuthiuron treated plots showed severe

leaf chlorosis and stunting, and some
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TABLE 3: THE EFFECTS OF
CASSAVA

FIVE PREEMERGENCE HERBIC{DES ON
PLANTS AND WEEDS

Herbicide Rate (a.i.)
(kgiha)

Pnytotoxicity Plant Stand
(7")

Weed .%)

6th week lOth week

Oryzalin

Tebuthiuron

Diuron

Fluometuron

Alachlor

Aiachor +
Diuron

Aiachor *
Fluometuron

Control I

Control II -

1 . 5

1 . 5

1 . 5

1 . 5

1 . 5

. 1 5

. 1 5

.15

. 7 5

Monthly weeding

No weeding

NIL

Severe

Slight

NIL

NIL

NIL

NIL

100

+-f

100

r 0 0

1 0 0

98

99

1 0 0

99

- 8

6%

: 3

4

/ a

20

I 6

28

L .S .D . *  5%

C.V.

5

8

1 4

2 1

1 1

66

J

1,1ry-

1

26%

eventually died. Only 43% of rhe affecred
seedlings survived and recovered. Diuron
at the rate of 1.5 kg/ha induced some
phytotoxicity. The affected seedlings
exh ib i t ed  w i l t i ng  symproms .  bu t  no  p lan r
casualty was recorded. However, when
mixed with alachlor at half the rate. nt_r
visible toxic sgnptoms were observed.
The other herbicides were safe for the
crop at the rates tested (Table 3).

The vegetative and tuber yields are
shown in Table 1. They ranged from 73 kg
to 137.7 kg/plot and 71.3 kg to 141.5 kg/
ha for vegetative and tuber yields, respec-
tively. The lowest yields came fiom the
tebuthiuron treated plots, and these were
explained by the losi of 57?i plant srand.
The highest yields came from oryzalin
treated plots. Among the herbicides.
diuron produced one of the lowest
vegetative and tuber yields. The no
weeding plots produced vegetative and
tuber yields comparable to that of the
monthly weeding plots probably because
of low weed infestatioir.

Experiment II

Cassava Tolerance

The crop tolerance to the various
herbicides was assessed based on the
responses of cassava seedlings one
month after planting. The results of the
study, presented in Table 5, indicate that
cassava had a high level of tolerance to
alachlor, f luometuron, and oryzalin.
Treated with as high as 6 kg/ha fbr
alachlor and oryzalin and 4 kg/ha for f luo-
meturon, the crop seedlings exhibited
litt le visible toxic symptoms, indicating a
high level selectivity of the chemicals.
However, cassava had a low level of toler-
ance to diuron; rates higher than I kg/ha
produced severe yellowing of leaves and
stunted seedlings. This was in agreement
with the responses to diuron observed in
the  ea r l i e r  expe r imen t .

DISCUSSION

The efficacy of preemergence herbi-
cides is highly regulated bi, the availa-
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Siigh t
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Severe
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Slight

Slight

Ve 11" sligir t

Sligirt

Slight

b i l i ty  0f  so i l  moisture.  Under wet

condition, the herbicidal properties of the

chemicals are usual ly '  enhanced.  And in

the t ropics,  such as th is  country"  where

the weather is generally ht-it and wet with

unpredictable ra infa l l ,  the sui table
herbicides tor a crop thr:rerfore should not

only be safe at the rate applied but shoLrld
have an acceptable margin of safett '. This
is even more important when considering
the tradition of herbicide application
(manual)  in  th is  country wherei r r
accurate calibration is r.:ften diff icult. anti
(.)vcr application ma""' r)ci"ur.
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1976) ln  thcni - r  f  rpe r in i i r l t { "  l l l r r t .  :  .
ci i l lrolr 1n';rr fouriri !r '  hc p;irt iall., .r,-.!r,:c1rrL. to
cassa\ , i1  .  In  the f i rs t  c . lper i lnctn i .  ihe crop
treated wi th 1.5 kgiha r : f  d juron erprer le i i
some phvtotox ic i t i , .  I  { r . r ! ' , ,cve r .  the ia i r t
expenment showed th; t t  r . i i i l r0n nas s; r ic  at  I
kg /ha  bu t  r v i t h  I  kg ih ; r , r r  i t i : : i ; t r  r r : r i r i i l : t l  i ; ,
severe phvfotrrricitr ' . i  i icsc it ' \ i i i t". ' . i i ! t!r!r !1
that  d iurc ln mal  n( l t  i re  s ; l fc  . l i  i i  i ; i i : ,  in( r i t - .
than 1. -5 kglha for  cassava.  F lou e r  e r .  t i lurcn
may be used in combinat ion u, ' i th  i r lachlor  l i r
a  lower rate.  The contradic t ion on the selcrc-
tivity of diuron as reported e lseu,here antl in
this study is probablv due ttr the differerrt
levels  of  suscept ib i l i ty  among cassava c lones.

For  tebuth iuron.  the rate used in th is
study may be too h igh.  fh is  was indicated bv
thc excel lent  and long durat i ( )n of  , , r  ucc l
contro l .  And the surv iv ing p lants f rc lm the
1.5 kg/ha of  tebuth iuron t reatment  tota lh,
recovered and produced some vields. tsut in
v iew of  the local  envi ronment .  though t l re
herbicide rnav have a potenti it l  at kru,er rirtc,
it should he ai'oiried frrr u::i-. i lue tr.r t lrt-, serini-
t iv i ty  of  thc crop.
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SUMMARY

'Iwo 
experiments were conducted to determine the suitability of five preemergence berbiciCes lor

cassava. The first experiment showed that alachlor [2-chloro-2', 6'-diethyl-N-(methoxymethyl.)-

acetanilide], fluometuron [1, 1-dimethyl-3-(g, a, a-trifluro-$-toly) urea], and oryzalin (3. 5-dinitro-N',

Na-dipropylsulfanilamide) were safe to cassava at 1.5 kg/ha and produced a satisfactory weed control

Applied at 1.5 kg/ha, diuron [3-(3, 4-dichlorophenyl)-1, 1-dimethylurea] induced some phototoxicityl

tebuthiuron tN (5-(1, 1-dimethyl-ethyl)-1, 3, 4-thiadiazol-2-yl)-\, N'-dimethylureal gave a long and

excellent weed control but induced severe phytotoxicity. The second experiment confirmed that alachlor,

fluometuron and oryzalin were selective and had a wide margin of safety to cassava. Diuron had been

found to be partially selective and may not be safe if applied more than 1.5 kg/ha. However, it may be used

in combination with alachlor at a reduced rate. It is concluded that suitable herbicides fbr cassava were

alachlor, fluometuron and oryzalin.
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