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The impact of defoliating insects on the growth of eucalypt 
saplings 

M. D. LOWMAN permitted by Forestry and orrasional (albeit 
HAROLD HEATWOLE illegal) tree-felling The trees are up to 20 m in 
Department of Zoology. UniWrSir~ o/ New height. with initial signs o f  dieback in their 
England, Armidale, NSW 2351. Australia canopies (dying branches, epicownic shoots. 

open crowns). The dominant species are 
s Euca11,ptw blakelyi Maiden, E. viminalis 

Abstract Labill.. E. mdliodora A. Cunn. ex Schau.. and 
E. caliginosa Blakely el McKie with lesser 

The efkl 4 spraying i ~ u l i c i d e  on eucalypr 
saplingJ mu exper imcnlally ,csled in a New 

numbers or&wphora/lorlbundo 6m. j  Sweet 
and.4cacia melanoxylon R.  Br. Open areas with 

Rep1icate branche~of!w sadin, rmenerstion are scattered amidst the 
S P K ~ ~ J  w- sprayedfodnizhtly With Thiodan w&l;nd; average annual rainrall is 
over a vrid monfh. Their leddama@. 792 mm (H) mean, Anonymous 1982). 
leaf flushes. sfem arowih. and bud producrion 
w;; compared wiih those of control branches. 

ofleafarea to i ~ u l  grazers was exrremely 
variable, rangingfiom very low I e ~ l s  (e.g. 1.8% 

for sprayed new Ieaws of Angophors flori- 
bunda) to nearly rdal  dcfolialion (97.1% for 
unspradnrw I e a w  ofEucalyptus viminalis). 
The sprayed branches c~nristently sufered less 
herbivory and grew more than the c o n l d .  

As pan ofa  mvarch project on the defoliation 
o f  eucalypts by insects, this field experiment 
was designed to measure the impact of  insects 

, on eucalypt saplings. The two major questions 
addressed wem: (i) Docs insecticide application 
a l r r  the ertent o f  defoliation o f  eucalypt 
saplings? and (ii) Docs insect exclusion have 

I any immediate effects on the w w l h  o f  the 
saplinas. as measured by stem elongation or 
number o f  leaves produced? 

The study area 

Field work was conducted i n  the Eastwood 
State Forest, located 12 km cast o f  Armidale. 
This site represents one o f  the few nlatively 
undisturbed open woodlands in the Armidale 
region. subject only to cattle grazing as 

The insect exclusion experiment took place in a 
cleared area (about 0.5 ha) adjacent to the 
woodland where many eucalypt saplings had 
regenerated. Saplings o f  the following major 
t m  s p c i n  vere selected for experimenlalion: 
E. viminalis. E. melliodora. E. blakelyi. E. 
caliginoro. and A. /loribundo. Nine saplinp o f  
each species were markc! ( c c ~ p t  A r  A. 
F b u n d a  o f  which only six individuals o f  
slrnlbr sizecould belocated). Thesaplings were 
selected for their similarity: height 1-3 m; 
apparently vigorous well developed canopies; 
location within M m ofother individuals ofthe 
same species in full sunlight on flat terrain. On 
each individual, six branches at 1-2 rn height 
above ground level were marked permanenlly 
with plastic tags and all leaves numbered 
sequentially from the base outwards with 
waterproofmarking pens (Lowman 1984). New 
kaver were numbered as they emerged. Al l  
labelling and preliminary measuremeno were 
completed during July-September 1982 and 
the experiment commenced in Seplember 
1982. On each sapling, three branches were 
sprayed fortnightly with Thiodan (a general, 
non-persistent insecticide containing the active 
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ingredient 350gIl Endosulran) using a small 
hand sprayer which allowed carerul control of 
the spray. The remaining t h r n  marked 
branches were len as controls and were not 
sprayed. The spraying continued over 4 
months. during the major growth Rush or the 
saplings (Scplember-January). At the end of 
each month, the rollowing inlormation on the 
branches was recorded: stem elongation. 
number or new leaves Aushed. number of 
leavessenesced, number orbuds produced, and 
grazing damage to each lear. The methods lor 
measuring detoliation or individual leaves are 
described elsewhere (Lowman 1984). Wilcoxon 
Sums statistical tests were used l o  compare 
sprayed and control branches. 

Throughout the 4 months the sprayed 
branches were diferent rrom the controls in 
both herbivwy and growth (Fig. I). I n  all 
species. the sprayed branches produced a hi&r 
number or new leaves per branch, with the 
main Rush occurring i n  October. Consequently. 
sprayed branches had p a l e r  total numben of 
leaves (both new and old); there was one 
exception. a sapling o r  E. viminalu whose 
control branches retained more o f  their old 
leaves than did the sprayed branches. I n  some 
cases ( e . ~  A.jloribunda and E. melliodora). the 
control branch- actually showed an overall 
low orleaves per branch over the experimental 
period, since the number orleaves flushed was 
less than the number that senesced. Stern 
growth was greater in sprayed than i n  un- 
sprayed branches Tor all specin. 

Insect damage both to new l cavn  and to 
enlirc branches with leaves or all ages was' 
higher i n  the control branches than in the 
sprayed ones. Herbivory oC most new leaves 
occumd within 1-2 monthsaner they Ruched. 
Inuelc selectively w e d  new foliage; new 
h v n  SUIT@ 1-3 times more herbivory than 
did entire branches New leaves o r  control 

FIG. I. M ~ ~ n y o r t h m n d h e r b i r o r ) . c h l ~ o r h r c ~ d  
m l r m  vdinu avn 3 months: 10) - contd hnrhec 
(*I - in~#uid;-spmwdbb.nrk t%hpointmpmntr thc 
cumulmtire chmne lmm the mmmrmmmt or the d a l  (t 
r.e.m.t tab Toul numhr or- *.m mr hnch: W T d  
n u m b  a( k a m  pr branch: (c) Stem worth: (d) New * I T  
hnbiror). mod (e) Entice h m h  hnbivwy. 
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FIG. I. ronlinurd. 
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bnnches lost up to 7% oftheir mean a m  in E. 
caliginosa and E. blakelyi. and 926 leafarea p r  
new leaf in E. viminalir when defoliation levels 
were cumulated at the end o f  the 4 month 
priod. I n  contrast. the new leaves o f  sprayed 
branches o f  these species suKered only one- 
third the loss o f  leaf area occurring on control 
branches 2096 for E. caliginom and E. b1akerJ.i. 
and 35% for E. viminalis. Mean area oflcafloss 
on entire spnyed branches (including both 
young and old leaves) ranged from as high as 
20% for E. caliginosa and E. viminalis to Icw 
than 2% for AngophoraJloribunda. 

The mean d iLrencn between spnyed and 
control branches for all five species are 
summarized i n  Table I. The mean number of 
leaves p r  bnnch before commencement ofthe 
expriment was the same for both treatments 
(7.4 leaves). and the average leaf areas 
previously consumed by hcrbivom wen 
similar ( I  1.3% sprayed, 11.5% controls). The 
herbivory kvels on the control branches had 
appmxima~ely doubled by 4 months aAer 
treatment to 20.4% mean leafarea loss p r  leaf. 
I n  contrast, the spnyed branches showed a 
decrease i n  herbivory to 10.3%. presumably 
since new leaves sustained little or no defoli- (dl 

ation. and mature leava showed little damage 
beyond that previously acquired. Sprayed 
branches produced an avenge o f  five leaves. 
whereas control branches produced only an 
aveqc  uf2.8 leaves. Average losses ofkafarea 
wrc 61.2%and 19.4% for control and sprayed 
branches. mpectively. Both stem growrh and 
bud production were generally higher on the 
sprayed branches. although not consistently so 
for all species i n  the latsr. 

These observed differences between control 
a d  spnyed branches were tested for sig- 
nificana between treatments (Table 2). I n  four 
of the five spcies, there were no significant 
dilTmnces in 'total bnnch herbivory' between 
the spnyed and control branches before the 
expriment. but all showed significant 
ditTerences aner the expriment. with control 
branches having bccn much more heavily 
defoliated. One spcies (A. Jloribunda) 
exhibited the reverse trend; however. there 
werc fewer u p l i n p  available for study ofthis 
species and herbivory was negligible on all 
branches (Fip I). Similarly. there werc too fcw 
replicates available i n  three species to p t f onn  
statistical to ts  on 'new leaf herbivory'. This 
was because not all saplings underwent a&- 
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TABLE I. Man mmulmlirr diem- in . I I ~ d l l ~ ~ ~ o T m e n n d i n ~ k * b i v q  brtrrcnapl,d and unspyrd 
burh m uplinp orlrc t m  apcio* 

W t h  in-ridc Wilhout inarclicidc 
b m l  ckrnnink I 2 1 4 J i hr.m.) t 1 1 4 J F (s.c.~.) 

Number orkara b e h  1.1' 1.6 6.6 1.J 1.0 1.4 0.1 7.7 1.2 6.0 1.0 1 1  7 4  04 
Ikrrnuphcrbivqkrar 10.6 9.115.6 1.112.1 11.1 1.1 10611.411.0 19 1.6II.J I 7  
Numkr orkmm mncr to6 9.1 1.1 7 4  11.1 ~4 01 9.3 3.1 7.1 9.0 7.1 1.0 ab 
hm*tukrb l .gsnn 9.9 1.6 14.4 9.1 1.7 10.1 1.1 17.1 11.5 11.6 m.1 11.0 10.4 1.3 
Numberofmrhmpoduasd 6.1 I 9  5.2 1.5 1.1 5.0 a5 4.1 1.6 1.6 11 0.3 1.1 0.1 , No. kafkrbi-(X) 2 6  b 0  . I .  9 .  JJ 661 51.1 61.1 97.1 11.5 6t.l 11.1 . 
Slrm a m h  1.1 6.1 6.6 2.6 1.1 3.1 1.1 4.1 1.1 1.1 1.1 0.1 14 0.7 
NumberoTbudspcdd 1.5 1.1 06 0.4 1.6 1.1 a1 1.0 1.1 1.1 1.1 0.6 1.1 0.1 

*Spin. I - E m&gimsn. 1 - E. n d l i h  1 - E. bl&,i, 4 - L rim#wld& 5 - A. Wbuh ' W h  numb 
i nm~cnts thc ma dhr.. bnncha d e v r  t m r  

- - - 
/' 

A - *  
,' - I' 
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I 
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TABLE I .  Sutiuial dilkmce (Wilcoxon Sums Ywr) b n m  spnvrd and unsmvrd cuulvp~ bnnchn in mu1 bnnch 
M - q  (berm and anrr lmlmint) 

-a TWI b.nd, lurbirq N c r  *.I h e r b i r q  Slrm yomh 
&corn ARcr Ann A l tn  

4 1.1 , f 

1 I 5 k  10 

/' 

5 

, ' 
,I' 
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quate leaf flushing during the experiment: all 
species showed growth (Fig. I )  i n  some 
branches. but unless leaves flushed i n  at least 
six ofthe nine replicate saplings, the Wilcoron 
Sums test was not performed. I n  the two species 
where adequate replication occurred. sprayed 
branches showed significantly lower herbivory 
than did controls. Stem growth. however, 
showed significant diflerences in only two of 
the four species tested. This result impl iw that 
perhapsgrowth-related activities donot showa 
strong. immediate response to defoliation 
levels; rather. growth diLrences may be an 
indirect consequence o f  herbivory that become 
apparent only aner a lapse o r  time. 

Dlrcur8bn 

Spraying with inszcticides clearly reduces the 
amount o f  herbivory (especially on younl 
leaves). increases stem growth and production 
or new leaves. but docs not greatly aflect bud 
production. at lean over a short lime (4 
months). The likely sequenceorresponses is: (i) 
the insecticide kills insecls or makes the 
sprayed foliage leu palatable to them. thereby 
reducing their consumption o f  i t  and leavinm a 
greater leaf area intact; (ii) the larger leaf area 
produces a greater amount o f  photosynthate. 
leading to (iii) an enhancement ofgrowth. Like 
many studies (e.~. Morrow & La Marche 1978; 
Mackay n a/. 1984) the present experiment can 
not rule out a direct stimulatory cflect o f  the 
insecticide itself upon growth. However. the 
preunt authon consider this explanation leu 
likely than the one postulated above, especially 
i n  view o f  the marked diflerences in herbivory 
rates b e t m n  sprayed and unsprayed branches. 
Glasshouse experiments have shown that 
seedlings ofone swi6  (E. blak~l.YI) showed no 
growth response to insecticide application 
(Nadolny 1984). 

d i s  study deals only with relatively short- 
term eflects. There may well be additional long- 
term ones. Momow & La Marche (1978) noted 
temporal diflerences i n  the eflect of  spraying 
upon growth. Increased growth occumd during 
the first season on the sprayed halves of trees 
because translocation remained localized with- 
in the sprayed half. Howver, i n  the following 
year y o w h  i n  diameter also improved in the 
control halrbecause pholosynthate was drawn 
down to the mots over winter and then 

distributed to both halves the next spring. The 
New England relion o f  Australia has suflcrcd 
extensively from rural dieback in men1 
decades and all or the species o f  t rea in the 
preunt study have been aflected (Mackay d a/. 
1984; Heatwok & Lowman 1986). Herbivor- 
ous insects. expecially christmas ,beetles 
(Anoplognarhus) and chrysomelid bcetlcs have 
been suggested as a major muse or stress 
causing, ora l  las t  contributing to. this malady 
(reviewed by Old d at. 1981). There are few 
empirical data relevant to this claim, r i m  
most studies have been visual assessments o r  
overall crown damage (e.8. Williams & 
Nadolny 198I;Sinden el a/. 1983; Mackay na l .  
1984) but not quantified measurements oftear 
area losses. This study indicates that sapling o r  
species involved in dieback show d u d  
g r m h  coincident with imrcased herbivory. 
even when in apprent health. Severe and 
repated defoliation such as that observed l o  be 
associated with dieback may well contribute to 
a loss o r  vigour o r  t m s  and make them more 
susceptible to  other stresses. 
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