
They aren't growing any cotton commercially this year on 
the Ord—only one or two experimental crops have been 
planted. Yet a few years ago this area was producing a lot of 
cotton. Then insect pests got out of control. 

A t one t ime t h e stage looked set for 
a similar crisis in t h e co t ton-growing 
areas of t h e N a m o i Valley of N e w S o u t h 
Wales . B u t for t h e last two seasons th ings 
haven ' t b e e n too b a d the r e . Las t s u m m e r 
it was Queens land ' s t u r n to b e in t roub l e . 

Eve rywhere t h e cause has been t h e 
same. T h e cot ton bo l lworm Heliothis 
armigera has become resistant first to 
DDT, a n d t h e n t o m o r e of t h e few insect ­
icides tha t are effective against t h e 
pest . I n t h e last year of commerc ia l 
co t ton-growing in t h e O r d , growers 
d u m p e d a s taggering 125 kg of insect icide 

tha t , regardless of its e thics , re ly ing 
entirely on insecticides for pes t control 
doesn ' t work in t h e long r u n . 

A n d t h e r u n m a y n o t be very long. O n 
t h e O r d i t was 10 years f rom t h e beg in ­
n ing of cot ton p roduc t ion t o its closing 
down . Resis tance to DDT appeared du r ing 
t h e s ix th growing season. I n t h e N a m o i 
Valley i t took 11 years for DDT resis tance 
t o develop . 

I t m a y seem chur l i sh to suggest t h a t 
he r e in Austral ia we could have foreseen, 
even before p roduc t ion s tar ted , t ha t h i g h -
in tens i ty co t ton-c ropping wou ld come to 

have arisen. I n every coun t ry , t h e 
insect icide-resistant pes t species have 
b e e n artificial in t h e sense tha t t hey 
w e r e n ' t r egarded as m u c h of a nu i sance 
before spraying s tar ted . Everywhere t h e 
created pes t has been one or other species 
of t h e Heliothis m o t h — t h e bol lworms and 
b u d w o r m s . 

H e r e in Austral ia , t h e mos t pers is tent 
species in all areas has been t he cot ton 
bo l lworn Heliothis armigera. 

B o t h a t t h e O r d a n d i n t h e N a m o i 
Valley t h e cot ton bo l lworm remained 
comparat ively u n c o m m o n unt i l fairly 
recent ly . Ins t ead ano ther species, t he 
nat ive b u d w o r m H. punctigera, caused 
some damage , b u t th i s was easily con­
trol led b y spraying small quant i t ies of 
DDT. G r u b s of b o t h species at tack t h e 
developing b u d s and co t ton bolls, t hus 
r educ ing yields . 

on each hectare of cot ton. T h a t ' s 1 cwt 
an acre—qui te possibly a world record . 

N o t only is spraying these h u g e 
a m o u n t s of insect icide on a c rop expensive 
for t h e farmer , it can also b e dangerous . 
N o b o d y knows for cer ta in w h a t effects 
t h e chemicals have on n e a r b y wildlife, 
l ivestock, a n d crops , a n d for tunate ly 
Austral ia has r ema ined comparat ively 
free of t h e h u m a n hea l th p rob lems t h a t 
insecticide spray ing can cause. E v e n 
so , in one week d u r i n g F e b r u a r y 1973, 
t h e W e e W a a hospi ta l i n t h e N a m o i 
Valley admi t t ed 17 people wi th insect i ­
c ide poisoning . 

T h i s tale of woe is no t u n i q u e to 
Austra l ia , in fact i t is pa r for t h e course . 
A n a lmost identical t ra in of events has 
h a p p e n e d again a n d again i n t h e U n i t e d 
Sta tes , a n d t h e countr ies of Cent ra l a n d 
S o u t h Amer ica . T h e lesson f rom t h e 
co t ton-growing countr ies of t h e wor ld is 

grief if i t d e p e n d e d exclusively on insect i ­
c ides . B u t b y t h e t ime commercia l 
co t ton-growing began in t he N a m o i 
Valley i n 1961, a n d on t h e O r d in 1963, 
disaster caused b y Heliothis resis tance t o 
DDT h a d already s t ruck in P e r u , a n d 
res is tance t o DDT h a d already appea red 
i n one or two other countr ies . By t h e 
m i d 1960s in t h e Amer icas , t h e wr i t ing 
was well and t ru ly on t h e wall . Yet he re , 
we a re only n o w beg inn ing to s tudy t h e 
al ternatives to s t ra ight insecticide use . 

Biological cont ro l , in wh ich p reda to ry 
insects are in t roduced to control insect 
pests in t h e cot ton c rop , m a y no t p rove 
to b e sufficient on its own. However , 
the re are gl immerings tha t us ing a m u l t i -
p r o n g e d attack m a y succeed, at least in 
t h e N a m o i Valley. 

M a n - m a d e p e s t s 

B u t first let 's look at h o w t h e p rob lems 

T h e nat ive b u d w o r m occurs only in 
Austral ia . I t feeds on a n u m b e r of nat ive 
p lan t s , b u t in t h e uncul t iva ted s i tuat ion 
na tu ra l enemies keep its n u m b e r s low. 
T h e co t ton bo l lworm H. armigera, on t he 
o the r h a n d , occurs i n all cont inents 
except Amer ica , whe re y o u find t he 
closely related H. zea ins tead. T h e cot ton 
bo l lworm m i g h t have been in t roduced 
in to Austra l ia , since it feeds almost 
exclusively on crop p lants like cot ton, 
maize , so rghum, or sunflowers. 

T h i n g s began t o go w r o n g at t h e O r d 
du r ing D e c e m b e r 1970. Cot ton-growers 
found t h a t they needed to spray on m u c h 
m o r e DDT to control Heliothis in the i r 
c rops . M r Angus Wi lson , an entomologist 
w h o is n o w w i t h t h e CSIRO Divis ion 
of P lan t I ndus t ry , was s ta t ioned at 
K u n u n u r r a to investigate. H i s studies 
showed tha t t he t roub lesome species was 
in fact t h e cot ton bo l lworm, and no t t h e 
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previous ly c o m m o n nat ive b u d w o r m . 
Suspect ing tha t t h e bo l lworm h a d 

b e c o m e resis tant t o DDT, M r Wi l son 
carr ied ou t laboratory tes ts . H e collected 
bol lworms f rom sprayed cot ton crops on 
t h e O r d River , a n d f rom u n s p r a y e d 
s o r g h u m crops a t two o the r localities in 
t h e Kimber leys . H e also collected na t ive 
b u d w o r m s e i ther f rom unsp rayed co t ton 
crops in t he O r d Valley or f rom weeds 
growing close by . H e c o m p a r e d t h e le thal 
effects of DDT on t h e t h r ee b o l l w o r m 
samples wi th those o n the nat ive b u d -
w o r m s . 

Co t ton bo l lworms collected on the O r d 
p roved 92 t imes m o r e res is tant t o DDT 
t h a n t h e nat ive b u d w o r m . T h e s e resul ts 
suggested t h a t resis tance t o DDT h a d 
developed. B u t t h e unsp rayed bo l lworms 
from D u n h a m River Stat ion 64 k m to t h e 
sou th-wes t of K u n u n u r r a were s t i l l 14 
t imes m o r e resis tant t o DDT t h a n t h e 
b u d w o r m s , a n d those from Cambal l in 
abou t 560 k m sou th-wes t 5½ t imes . So t h e 
possibil i ty tha t t h e cot ton bo l lworm was 
natural ly m o r e res is tant t h a n its relat ive 
cou ldn ' t b e ru led out . 

M r Wilson therefore collected a sample 
of bo l lworms nea r T o o w o o m b a , Qld , 
f rom an area well away f rom where DDT 
h a d been used . T h i s sample p roved to b e 
just as suscept ible as t h e O r d River 
sample of t h e nat ive b u d w o r m . So res is t ­
ance t o DDT really d id appear t o b e t h e 
cause of t h e u p s u r g e of t h e cot ton bol l ­
w o r m in t h e O r d . M r Wi l son th inks t h a t 
t he increased resis tance of t h e D u n h a m 
River and Cambal l in samples m u s t have 
been caused b y adu l t m o t h s migra t ing 
from the O r d . 

D u r i n g 1971 , growers d id wha t m a n y 
o thers h a d done before t h e m in t h e 
Amer icas—they changed to spraying 
D D T - T o x a p h e n e m i x t u r e . T o beg in w i t h 
this d id t h e t r ick, b u t b y J u n e 1973, t h e 
bo l lworm h a d a l ready b e c o m e n ine t imes 
m o r e resis tant to th is m i x t u r e t h a n t h e 
b u d w o r m . G r o w e r s t h e n t u r n e d to t r y ing 
to control t h e pes t w i t h a n u m b e r of m u c h 
m o r e expensive and less effective o rgano-
phospha t e insecticides. 

T h e N a m o i t o o 

Even t s in t h e N a m o i Valley have followed 
a similar pa t t e rn . All wen t well for 11 
years , d u r i n g w h i c h t i m e t h e reg ion p r o ­
duced some of t h e h ighes t yields p e r 
hec ta re r ecorded anywhere . T h e n i n 
J a n u a r y 1973 growers began to compla in 
of r e d u c e d Heliothis control us ing DDT. 
M r Wi l son visi ted t h e area late tha t 
m o n t h and collected Heliothis p u p a e f rom 
t h e c rop . His sample conta ined mainly 

na t ive budworms, ou t abou t one- th i rd 
consisted of bo l lworms. However , w h e n 
eggs collected in t h e c rop from this 
genera t ion of insects ha t ched a n d p r o ­
duced adults in Februa ry , near ly all were 
bo l lworms. So t h e spraying was kill ing 
only t h e b u d w o r m s . 

T h i s discovery coincided w i t h a la rm 
a m o n g local g rowers , a n d t h e M a r c h 
generat ion h a d just abou t every insect i ­
c ide i n t h e book t h r o w n at it . Spray costs 
doub led—to about $185 per hec ta re . 
Never the less , t h e nex t genera t ion caused 
heavy losses of b u d s a n d bolls , and es t i ­
ma ted losses in lint p roduc t ion averaged 
a bou t $245 pe r ha . I n one year t h e co t ton 
bol lworm h a d become as m u c h of a pes t 
i n t h e N a m o i Valley as it h a d after 3 years 
o n t h e O r d . 

Labora to ry tests , wh ich were carr ied 
ou t b y M r Wi l son in collaborat ion w i t h 
t h e N e w S o u t h Wales D e p a r t m e n t of 
Agr icu l ture , revealed t h e increasing r e ­
sis tance. T h e y compared t h e resis tance of 

In one year the cotton boll­
worm had become as much of a 
pest in the Namoi Valley as it 
had after 3 years on the Ord. 

succeeding bo l lworm generat ions wi th a 
reference s t ra in of t he same insect 
collected f rom an unsp rayed sunflower 
c rop a t Ba thurs t , some 500 k m sou th of 
t h e N a m o i Valley. 

C o m p a r e d wi th t h e suscept ible s t ra in 
f rom Ba thurs t , t he cot ton bo l lworms o f 
t h e N a m o i Valley were 21 t imes m o r e 
res is tant to DDT in J a n u a r y 1973, 103 
t imes m o r e resis tant in F e b r u a r y , and 
m o r e t h a n 280 t imes m o r e resis tant t o 
DDT in M a r c h t h e same year . Res is tance 
to D D T - T o x a p h e n e showed a somewha t 
s imilar t r end , t h e N a m o i bol lworms be ing 
9 t imes m o r e resis tant to this m i x t u r e 
t h a n t h e suscept ible Ba thurs t s t ra in i n 
J anua ry 1973, and 4 3 t imes m o r e so i n 
M a r c h 1974. I t looked as t h o u g h disaster 
was a bou t to s tr ike. 

R e p r i e v e 

B u t t h e disaster ha sn ' t happened . T h e 
part icularly we t s u m m e r of J anua ry 1974 
caused major flooding in t he N a m o i 
Valley. T h e flooding ravaged t h e cot ton 
c rop , b u t it also w o n t h e growers a 

repr ieve f r o m m e cot ton bol lworm, since 
it d rowned m u c h of t h e bo l lworm p o p u ­
lation. T h e insect never really recovered 
t h a t year , so t h e growers d i d n ' t have t o 
spray very m u c h . As a resul t , insecticide 
res is tance d i d n ' t bu i ld u p any fur ther , 
and , following a cool s u m m e r , resis tance 
t o D D T - T o x a p h e n e i n M a r c h th i s yea r 
was sl ightly d o w n — t o abou t 40 t imes 
t h a t of t h e suscept ible Ba thur s t s t ra in . 

I n t h e mean t ime resis tance t o DDT a n d 
D D T - T o x a p h e n e appeared for t h e first 
t i m e last s u m m e r i n t h e i r r iga ted co t ton 
a t St . G e o r g e , west o f t h e D a r l i n g D o w n s 
i n Queens land . 

Incidenta l ly , co t ton bo l lworms collec­
t e d f rom t h e O r d in M a r c h 1974 p r o v e d 
to b e n o less t h a n 200 t imes as resis tant t o 
D D T - T o x a p h e n e as t h e Ba thu r s t s t ra in . 

T h e p r o b l e m for t h e co t ton-growers is 
w h a t shou ld they d o next? A p r o g r a m 
u s i n g t h e idea of in tegra ted pes t m a n a g e ­
m e n t seems to b e t h e only long- t e rm h o p e 
if co t ton p roduc t ion is to con t inue . Such 
a p r o g r a m is also des i rable if we are t o 
keep ou r env i ronmen t clean. T h e U n i t e d 
Sta tes , a n d m o s t countr ies o f Cent ra l a n d 
S o u t h Amer ica , a re n o w bus i ly set t ing u p 
in tegra ted pes t m a n a g e m e n t schemes for 
the i r co t ton-growing areas , b u t few h a v e 
b e e n going long e n o u g h for t h e m to b e 
complete ly successful. 

Pe ru , possibly, is t he except ion . I t 
i n t roduced a sys tem of biological a n d 
in tegra ted cont ro l way back i n 1957, a n d 
t h e Peruvians c la im i t has p roved very 
successful ever s ince . H o w e v e r , t he i r 
sys tem m a y n o t b e di rect ly appl icable 
t o Austral ia . 

Pe ruv ian co t ton is p robab ly u n i q u e in 
t h a t i t grows i n i r r igated valleys isolated 
b y s u r r o u n d i n g deser t . T h e Peruv ians 
also grow a different t ype of co t ton . 

I n Aust ra l ia , as well as i n t h e U n i t e d 
Sta tes , w e g row very h igh-y ie ld ing 
strains o f t h e species Gossypium hirsutum. 
O u r cot ton-growers m u s t ge t very h i g h 
yields t o m a k e mach ine-p ick ing economic . 
Unfor tuna te ly these s t rains a re also very 
vu lnerab le t o insect at tack. T h e Peruvians 
use t h e lower-yielding T a n g u i s s t ra in of 
G. barbadense. T h i s p roduces ve ry h i g h -
qual i ty f ibre, a n d i t is m u c h m o r e res is tant 
t o insect at tack. T h e Peruvians hand -p i ck 
the i r co t ton , so they can to lera te lower 
yields . I n add i t ion , because o f t h e deser t 
c l imate , t hey can p robab ly t i m e the i r 
p lan t ings t o avoid t h e idea l t i m e for 
Heliothis popula t ions t o bu i ld u p . 

W o r k i n g w i t h t h e c l i m a t e 

A n d possibly he r e in lies h o p e for t h e 
co t ton-growers o f t h e N a m o i Valley as 
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Heliothis caterpillar beside its hole 
in a developing cotton boll. 

well . T h i s area is a bou t as far s o u t h as 
t h e c rop can grow; fur ther s o u t h t h e 
g rowing season becomes t o o shor t . As i t 
h a p p e n s t h e c l imate is ge t t ing a b i t cool 
for t h e co t ton bo l lworm too . T h e pes t 
has t o survive t h e w in t e r as d o r m a n t 
p u p a e i n t h e soil b e n e a t h t h e dead p lan t 
t r a sh r emain ing f rom t h e previous season. 
M r Wi l son has found t h a t t h e adul t s d o 
n o t emerge un t i l t h e soil t e m p e r a t u r e 
rises above 18°C. 

I n years w i t h a cool sp r ing (1974 for 
example) this m a y n o t h a p p e n un t i l ea r ly 
D e c e m b e r , so t h e popu la t ion canno t s t a r t 
t o bu i ld u p till t h e n . 

T h e fact t h a t t h e p u p a e r ema in do r ­
m a n t in t h e g r o u n d for 5 -6 m o n t h s makes 
t h e m vulnerab le t o at tack. Cul t iva t ing t h e 
co t ton res idues in to t h e soil in a u t u m n 
shou ld kill t h e great major i ty of t h e 
p u p a e — t h u s great ly s lowing d o w n t h e 
speed of b u i l d - u p of large a n d damag ing 
popula t ions t h e following season. 

I n t h e shor t t e r m i t shou ld b e possible 
to ho ld t h e co t ton b o l l w o r m at bay b y 
do ing th i s . Small a m o u n t s of insect ic ide 
m a y have t o b e appl ied too . A n d deft 
m a n a g e m e n t , par t icular ly of i rr igat ion 
a n d n i t rogen fertilizer, can m a k e su re 
tha t t h e co t ton c rop sets as soon as 
possible , hopefully before t he bo l lworm 
popula t ion gets too large. 

T h i s approach shou ld give t h e grower 
a b r ea th ing space, a n d research workers 
t i m e t o find o the r ways o f keep ing bol l ­
w o r m popula t ions down . F i n d i n g a co t ton 
var ie ty t h a t m a t u r e d earlier wou ld o b v i ­
ously h e l p . 

Ear ly in 1974, M r Wi l son joined o ther 
research workers a t t h e CSIRO Cot ton 
Research U n i t at t h e N e w S o u t h Wales 
Agr icu l tura l Research Sta t ion near N a r r a -
b r i . I n coopera t ion w i t h officers of t h e 
S ta te D e p a r t m e n t of Agr icu l tu re , these 

researchers are n o w t ry ing to develop a n 
effective sys tem of in tegra ted pes t cont ro l 
for t h e c rop . 

O n e approach has been s t ra ight b i o ­
logical cont ro l w i th an Amer i can wasp 
called Trichogramma, wh ich preys on all 
Heliothis species. T h e wasp h a s n ' t been 
t r i ed in t h e N a m o i Valley, b u t releases o n 
t h e O r d a n d at St . George in Queens land 
failed. T h e wasp could n o t keep bol l ­
w o r m a n d b u d w o r m n u m b e r s low e n o u g h 
—even t w o larvae per m e t r e in a co t ton 
row can cause serious economic damage . 

A n o t h e r idea was t o b r ing in a c o m ­
mercial virus spray already available in 
America , b u t this p roved to b e too 
uns tab le a n d expensive—it h a d to b e 
flown f rom t h e U n i t e d States in d ry ice. 
Never the less , M r B o b Teak le of t h e 
Queens land D e p a r t m e n t of P r imary I n ­
dustr ies is looking at t h e use of local 
virus diseases. 

St rangely enough t h e mos t hopeful 
agent has b e e n a r o u n d for some t ime . 
T h i s is a bacter ium—Baci l lus thuringiensis 
— w h i c h b y itself could n o t do t h e job . 
However , a research worker in Amer ica 
t r ied mix ing it wi th t h e chemical chlor-
p h e n a m i d i n e a n d found tha t , as tonish­
ingly, t h e two h a d a synergist ic effect— 
t h a t is , t h e two toge ther p roved m u c h 
m o r e effective t h a n e i ther separately. 
Effective control of Heliothis has b e e n 
claimed following applicat ions of t h e 
m i x t u r e at as low a r a t e as 280 g rams p e r 
hec ta re . ( C o m p a r e t h a t w i th 125 kg of 
DDT on t h e Ord . ) 

When DDT resistance appeared 
i n Heliothis 

Peru 1952 

Louisiana, U.S.A. 1956 

Arkansas, U.S.A. 1961 

Lower Rio Grande, U.S.A. 1963 

Mexico early 1960s 

Nicaragua 1965-66 

Ord River, Australia 1970-71 

Namoi Valley, Australia 1972-73 

The spraying's to stop boll damage 
like this. 

M r Wi lson a n d his colleagues are 
following this u p , s ince it should m e a n 
t h a t control is poss ible us ing very litt le 
insect ic ide indeed , so resistance shou ld 
take a very long t ime to appear . 

F u r t h e r n o r t h , especially on t h e O r d , 
prospects for bo l lworm a n d b u d w o r m 
control d o n ' t look so good. I n a t ropical 
c l imate t h e bo l lworms can b reed all t h e 
year r o u n d , so they d o n ' t have a vu lne r ­
able p h a s e i n t h e g r o u n d . I t m a y b e 
possible t o r educe t h e n u m b e r s of bol l-
w o r m s b y i n t r o d u c i n g a crop-free per iod , 
a n d t h e n cult ivat ing in t h e c rop res idues 
a n d ruthlessly keeping d o w n any weeds 
o n which the co t ton bo l lworm can feed. 
G r o w i n g s o r g h u m a n d maize nea rby 
wou ld also have to b e forb idden , since 
these ac t as reservoirs . Even so , t h e 
na t ive b u d w o r m a n d t h e hos t of o the r 
potent ia l pests t ha t live natura l ly in t h e 
b u s h nea rby would still b e the re . 
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