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A comparatively new virus-like disease cal led greening has becone a very 

serious th rea t  i n  many c i t r u s  producing countries of the vrorld. The disease 

i s  transmitted by two insec t  vectors belonging to  the Psyllidae ( ~ o n o ~ t e r a )  

namely, ziizg ~ a t r e a e     el ~ u e r c i o ) ,  the African vector, and m o h . i %  

c i t r i  Kuw., the Oriental vector. - 
Field studies were made on the eco log ,  biology'and control  of 2. _erytr_eae 

in the northern Transvaal and i n  Swaziland during 1965 - 1970. This vector i s  

extremely fecund but has weak powers of dispersal. The nain ecological fac- 

t o r s  found to  regulate populations of t h i s  insec t  were the flushing rhythm 

and f lush  qual i ty  of c i t rus ,  extremes of weather, and natural  enemies. Other 

factors  involved included in te rspec i f ic  coi.ipe t i t i o n  with c i t r u s  aphids, and 

i n  some seasons in t raspec i f ic  competition f o r  breeding s i t es .  Fundar~entally 

f lushing r h y t h  determines the potent ia l  population density of the vector, 

while the occurrence and sequenoe of l e t h a l  weather extremes m i n l y  regulate 

the populatio~l s ize  during c i t r u s  growth periods. A weather index was found 

to  explain the pes t  s ta tus  of the veotor i n  southern Africa and p a r t l y  accounts 

f o r  previous outbreaks of vector and disease. A population nodel i s  given 

which explains the seasonal abundanoe of the insect .  Studies were a lso made 

on the general biology including sex ra t io ,  egg laying, mating behaviour, 

and the influence of temperature on the duration of the immature stages. 

The greening disease represents a severe l imit ing f ac to r  t o  c i t r u s  pro- 

duction in the highe-lying regions of the eastern Transvaal and Swaziland. 

The ho t te r  lowveld areas a re  v i r t ua l l y  f'ree of disease symptoms and vector 

populations though present a r e  usually low. Transnission s tudies  showed t h a t  

To i s  the pr incipal  vector, several other p sy l l i d  species feeding 
CI 

on c i t r u s  were not found to  be transmitters. It appears t h a t  a f a i r l y  m a l l  

proportion of f i e l d  adul ts  a re  infect ive  and t h a t  there i s  a seasonal fluctu- 

a t ion  i n  transnission efficiency. Single males and females were able t o  

t ransn i t  the disease. Unsuocessful a t t enp ts  were made to  screen adul ts  f o r  

i n f ec t i v i t y  using a chronatographic method, and to i so l a t e  the causal orga- 

nism fron excised salivary glands. 

The control  of 2. erytreae depends an the use of insecticides.  Experi- 

nents t o  s e l ec t  a suitable rxiterial and to  determine i t s  correct  t ine  o f  ap- 

p l ica t ion  a r e  described. A spray prosanme f o r  the control  of c i t r u s  psyl la  

has been used with apparent success by farmers i n  the Malkerns d i s t r i c t  of 

Swaziland. 



( ii) 

Comparative f i e l d  observations and surveys f o r  both Asian greening dis- 

ease and the Oriental  vector a r e  described, a d  the world d i s t r ibu t ion  of 

greening and of the two psy l l i d  vectors a r e  aven .  
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1. GENERA-L 

Studies on the eco lo ,y  of e ry t reae   e el ~ u e r c i o )  were begun i n  

1965 i n  the Letaba d i s t r i c t  of the  northern Transvaal and continued u n t i l  

February, 1967, in this d i s t r i c t .  P a r t  of t h i s  work formed the b a s i s  of a 

master's t h e s i s  e n t i t l e d  "Studies on the ecology of the South African c i t r u s  

psyl la ,  Trioza e ry t reae   e el ~ u e r o i o )  ( ~ o m o ~ t e r a  : ~ s ~ l l i d a e ) " .  This study 

was continued in grea te r  depth and extended t o  include inves t iga t ions  i n t o  

vector  transmission and epidemiology of the c i t r u s  greening disease f ron  Fe- 

bruary, 1967, t o  January, 1970, i n  ~wazi land.  

For three months during 1968 the author  was employed by the Food and 

Agr icu l tu ra l  Orsanization of the United Na t ions  t o  a s s i s t  the Phi l ippine  Bu- 

reau of P lan t  Industry i n  i n i t i a t i n g  research on the Orienta l  vec to r  of the 

greening disease. Surveys f o r  the d i s t r i b u t i o n  of t h i s  vector,  Diaphorina 

c i t r i  Kuw., and oomparative observations on symptom of decl in ing c i t r u s  groves, 
I 

were made i n  the Phi l ippines  and severa l  o ther  countr ies  in A s i a  and the Far 

East. During Novenber, 1969, the author at tended the 5 t h  Conferenoe of the 

In te rna t iona l  Organization of Citrus Vi ro lag i s t s  held in Japan and p a r t i c i p a t e d  

in a Post-Conferenoe tour  of severa l  citrus-producing countr ies  of South-East 

Asia. 

Ecological s tud ies  on the two p s y l l i d  vectors  a r e  of v i t a l  importance 

i n  gaining an understanding of the na ture  of t h i s  ser ious  and widespread 

c i t r u s  disease. U n t i l  the start of the Transvaal study t h i s  a spec t  had been 

l a r g e l y  neglected i n  southern Africa, while work on the Orienta l  vector  was 

s t a r t e d  i n  the Phi l ippines  i n  1968. Likewise, l i t t l e  a t t e n t i o n  has been pa id  

t o  the vector  transmissiun of the disease. Fron a n  academic po in t  of view 

the study on 2. eryt reae  may contr ibute  to  our howledge of the ecology of 

the Psyll idae.  1Naloff (1968) recognizes the  work of Clark (1962, 1963a, b etc.) 

on Cardiaspina a lb i t ex tu ra ,  and VJatmough (1968a) on two Arytaina spp. a s  the 

only bas ic  s tud ies  on the e c o l o ~ r  of t h i s  superfamily. To these may be added 

the work of Moran (1967) on the psy l l id ,  Paurocephala calodendri  Moran. 

2. PEST STA!KJS OF T. mYTRJUE 

Unt i l  i t  was shown t o  be a vector  of the q e e n i n g  disease, 2.  e-wtreae 

was regarded a s  a minor p e s t  of c i t r u s  i n  southern Africa.  Closely-related 

groups of the Hornoptera, such a s  aphias, leaf-hoppers and white f l i e s ,  have 

been known a s  vectors  of virus-l ike d iseases  of p l a n t s  f o r  nany years. But 

a p a r t  from the "psy l l id  yellowsv condition, which i s  a l o c a l i z e d  chloros is  

caused by toxins  secreted during feeding (Car ter ,  1962), i t  i s  only conpara- 

t i v e l y  r ecen t ly  t h a t  p s y l l i d s  have been shown to  be involved i n  disease 



transmission. I n  1964. Jensen & FA., c l e a r l y  demonstrated that P s g l l a  p.yricola 

Foer s t e r  was the vec to r  of the pea r  dec l ine  disease i n  California,  Following 

t h i s  discovery, f i rs t  x. &';y+reae then go c i t - i  were shown t o  be v e c t o r s  of 

the  greening d isease  of c i t r u s .  Both of these d iseases  a r e  graft t ransmiss ib le  

b u t  a r e  spread more e f f e c t i v e l y  5y the i n s e o t  vec tar .  

3. THE GREENING D I S F ~ E  OP -.-_._I_._ CITEXJS 

I n  the last three decades a nurber of c l o s e l y  r e l a t e d  v i rus- l ike  diseas-  

e s  have appeared i n  most regioas  of Yfie world where c i t r u s  i s  grown. Many 

workers now bel ieve  t h a t  the greening d i s sase  of South Africa, l e a f  mot t l ing  

of the Phi l ippines ,  an3. a major cornp.:nent i n  %he c i t r u s  die-back of India,  

a r e  caused '$y th same ?at.?.?gen c- pathogm cor$ex. It i s  a l s o  becoming in- 

c reas ing  c l e a r  ?!:EL t ths  s'L.--.':5orn <iseac s of Br.er!.cs, vein-phloem degeneration 
. - of Indone sj.a, yr?lLo:~-  z':oo2: c? r::,;~.:-.?.r-~ Ci:i:-?. , and lik&ia of Taiwan, a r e  very 

s i m i l a r  t o  g?s?ni.g. Il>:c;--4:.?.y g~.:aning has A".; 3 Seen repor ted  from B r a z i l  

( ~ o s s e  tti, 1559). I n  NoveAer, 1959, i - k  was the considered opinion of de- 

l o g a t e s  t o  the 5 t h  Coxt'e=.c:-,-e o f  the I r . t s r r ~ t L o n a 1  Organization of  C i t r u s  

Vi ro log i s t s  t h t ,  tl3.s c o q s r a t l v e l y  r:;:7 vi l . r~~=-l ike d isease  c o n s t i t u t e s  the 

most s e r i m s  d i sezss  p ro 'km frtcLrn - cqA-.' .,- . A  --  L_l 1 t u re  a t  the p resen t  time. 

S e v w a l  workers c w  Se1.i.e-.-e *;:;at fhe g;-eezing pathogen, which has al- 

ways been a soz3wh3-5 laO_qFc=i.l vi.~-.:;;~, 1i3.y k 3  a qcop?asm and n o t  a t rue  v i r u s  

a t  a l l ,  This IT-2-d e?nou::l for: G:i-J CC . i '~e ~ . n c ~ . a l i r s  a s soc ia t ed  with the 

disease c o ~ q l e x .  I n  the c v s  of' <. ::s pe?-: des l ine  2isease,  which c lose ly  

paralle1.s c i  t r c s  grer ..ling, :ace;r.",leecY.-im c l  :: :osc cp:;. s t::die s have revealed 

the presance of myco;-~3.asas j.n t t 3  sali;.;:-y g- .nds c:? inf'e2ted i n s e c t s  and i n  

the s ieve  tubes of p e r  t r e z s  ( ~ o h e i d e ? ,  H. 1969, personal  communication). 

Since mycoplas~s  a r e  suscep-5ble '3 tetx-scyclhes,  there  i s  some hope of  a 

cu ra t ive  t reatment  being dsvcloped i n  tks  fukure. 

( i )  2. ertae. C i t r u s  psyXLa was f i r z 5 r e p o r t e d  in southern Africa 

by Lounsbury i n  1897, Van d e r  Merwe (l9!!3) pzbl i shed a general  account of 

the i n s e c t  d i s m s s i n g  such &,pests  a s  t>,xor_:zy, p e s t  ~ t . 5 ~ ~ ~  biology, distri- 

bution, end con t ro l  measura s , AddF-3or nL bio: ?s ic31 note s were cont r ibuted  

from labora to ry  s tud ies  by Anneck3 & Cil!-iers (1963). The latter authors  

a l s o  discussed the  p a r a s i t i c  spec:-es a t h c k i n g  2. srytreae-.  

F i e l d  s tud ies  by Schwarz (1964) suggested that e i t h e r  2. e w t r e a e  or the 

b lack  c i t r u s  aphid, Gxop&eza , ~ ~ i , t ; - l ~ ~ i $ u . ~  (Kirk,),  w a s  a vec to r  of greening, 

while f i e l d  observat ions by Oberhoizer 2- gL,, (1965) implicated the former. 

Shor t ly  af te rwards  McClean & OSerholzer (1965b) were f i n a l l y  ab le  t o  demon- 

s t r a t e  t h a t  T. e ~ t r e a e  Ss i n  f a o t  an  itcpoAan-5 v e c t o r  of the disease.  - *-= m--- ,- 



Immature stages of  the p s y l l a  a n d x .  c i t r i c i d u s  d i d  no t  t ransmi t  the  d isease  

i n  t h e i r  experiments, Subsequently, a large number of t ransmission t e s t s  

have confirmed these r e s u l t s  ( ~ c c l e a n  A.P.D. & Cat l ing  H.D. - unpublished 

r e s u l t s ) .  

The e l eva t ion  of 2. e ry t reae  t o  major  p e s t  s t a t u s  encouraged seve ra l  

workers t o  begin b a s i c  s t u d i e s  on t h i s  c i t r u s  pes t .  Moran & Blowers (1967) 

described the egg and nymphal s tages,  and under cont ro l led ,  f l u c t u a t i n g  con- 

d i t i o n s  in the  labora tory  s tud ied  the l i f e  h i s t o r y  and noted the  e f f e c t s  of 

three  temperature regimes on development and surviva l .  I n  the same year  

these au thor s  described the  s t ruo tu re  and development of  the female repro- 

duct ive system  l lowers & Moran, 1967). From f i e l d  s t u d i e s  i n  the nor thern  

Wansvaal, Cat l ing  (1967) gave a general  ttcoount of the  biology and biono- 

mics of the i n s e c t  and enumerated the  main eoologioal  f ac to r s .  A b r i e f  ac- 

oount of t h i s  study was published the fol lowing yea r  ( c a t l i n g  & Annecke, 

1968). Moran (1968a) compared the development of 2. e w t r e a e  on f i v e  dif-  

f e r e n t  hos t  p l an t s ,  and i n  a companion paper   ora an, 1968b) desoribed pre- 

l i m i n a r y  s tud ies  on the choice of hos t  p l a n t s  by the adul t .  The work of  

that author  was brought together  in a Ph.D. t h e s i s   oran an, 1967) which in- 

oluded add i t iona l  b io log ioa l  notes  and a d iscuss ion  on the  d i s t r i b u t i o n  of 

both vec to r  and greening disease,  

Ca t l ing  (1969a, b, o) published th ree  papers on the bionomics of g. 
t r e a e  and described s t u d i e s  on the  chemical oont ro l  of the  i n s e c t  (1969d). 
I 

The influenoe of weather-induced mor ta l i ty  on the d i s t r i b u t i o n  of the vector ,  

and a n  explanat ion f o r  p a s t  outbreaks of both veotor  and d isease  were given 

by Green & Cat l ing  ( i n  p res s ) .  A l l  o f  the above f i v e  papers  a r e  included i n  

t h i s  thes i s .  

The eoology of the  p s y l l i d  vec to r s  of c i t r u s  greening was reviewed by 

Catling (1969 f and g). 

( i i )  South A f r i w n  greenin+ Oberholzer &., (1965) described the  

h i s t o r y  of greening outbreaks i n  South Afrioa. The l a t t e r  authors '  and 

MoClean & Oberholzer (19653) gave accounts of the  hos t  range and symptoms 

of the  disease,  and l e d  evidenoe t o  show t h a t  greening i s  a t ransmiss ib le  

v i rus .  S tudies  on the anatomical a spec t  of the  d isease  were made by 

Sohneider (1968). A c lose  c o r r e l a t i o n  between the incidence of 2. e r y t r e a e  

and the  spread of greening i n  southern Af r i ca  has been c l e a r l y  e s t ab l i shed  

( Catl ing,  1967; Schwarz, 1967; Schwarz & s., i n  press) .  

Schwarz (1965b; 1968a; 1968b) discovered a f luo resoen t  marker substance 

i n  the  albedo of f rui t  and the bark of  twigs of in feo ted  branohes. He then 

developed a r e l i a b l e  chromatographio method f o r  de tec t ing  the d isease  i n  many 

species  and v a r i e t i e s  of c i t r u s .  Schwarz ( 1 9 6 8 ~ )  a l s o  succeeded i n  the 





mechanioal transmission of greening t o  cucumber. Definite s t r a in s  of green- 

ing were reported i n  South Africa by the same author (1969). Schwarz & Green 

(1969) found the degree of symptom expression i n  the eastern Transvaal t o  be 

governed by a heat  index oorrelated with a l t i tude ,  and reported the success- 

f l i l  heat  inact ivat ion of inf'ec ted budwood. 

THE CITRUS INDUSTRY I N  S$UILAND 5. - 
Citrus  i s  a young industry jz Swaziland and the f irst  signigicant ex- 

por ts  of fruit began i n  1965. The oldest  commeroial groves were planted i n  

Malkerns i n  19% and 1955. Fig. 1 shows the d i s t r ibu t ion  of c i t r u s  i n  rela- 

t ion  t o  the main ecological regions. A s  a t  March, 1969, there wore 554,000 

t rees  i n  Swaziland, 58% s i tua ted  i n  the a r i d  Lowveld region and 42% i n  the 

Middleveld. Sweet oranges, mainly Valencias, form 6% of the plantings, 

3% are  Marsh Seedless grapefrui t  planted mainly i n  the Lowveld, and the re- 

maining 5% i s  made xp of several other t@es including lemons. 

OTHER PSYLLID SPECIES ON CITRUS 

T. e q t r e a e  and 2, c i t r i  a re  the only two psy l l id  speoies known to  breed - 
on c i t rus .  However, a number of other species a re  occasional feeders and some 

may e x i s t  on c i t r u s  f o r  extended periods when the i r  normal host  i s  unattrac- 

t ive  or dormant. I n  Japan, f o r  instance, Psyl la  coccinea (KUW.) has been col- 

leoted on c i t r u s  but does not feed on t h i s  host  asto top V.F., 1967, personal 

communication). The following psy l l id  species were found on c i t r u s  during 

the present study:- 

1. Illphorina p u n c t u l l  Pe t tey,  widely i n  Transvaal and Swaziland 

2. Diaphorina -- -.TI__ zebrana (capener MS*), widely i n  Transvaal and Swaziland 

3 n r  D e s m i o s t i ~  sp., Swaziland, April, 1968, ra re  

4. Awtaina nr mopani Pettey, Letaba and Agatha, December, 1965 

5. Agonoscena sp O, Swaziland Lowveld, January and March, 1969 

6. nr Pauro_psylla sp., Malkerns, Deoember, 1968 

7. W t a i n a  sp., Malkerns, 1968 

Six more species were found on other host p lants  adjacent t o  c i t r u s  groves:- 

two unde scribed Trioza spp . ; Ciriacremum sp. ; Paurop sy l l a  nr t r ichaeta  

Pettey; nr Allceneura sp .; Psylla sp. 

The above two Diaphora-  species feed on c i t r u s  i n  large numbers i n  the 

Transvaal and have been observed on c i t r u s  i n  Swaziland. Transmission t e s t s  

with these two psy l l ids  a r e  described i n  Section Be It i s  possible t ha t  un- 

detected psy l l ids  feeding intermit tent ly  on c i t r u s  may be responsible f o r  

* t o  be published shortly 

Fig. 1 Map of Swaziland showing the main ecological regions and d i s t r ibu t ion  
of c i t r u s  



the slow spread of the stubborn disease in California and Arizona ( ~ a l a v a n ,  

E.C., Carpenter, J.B., and Allen, R.M. 1969, personal oomrnunication) . 
( i )  g. punctulata. T h i s  species i s  widely d i s t r ibu ted  in South Af'rioa 

and h a s  been recorded on over 30 d i f fe ren t  indigenous shrubs and t r e e s  (cape- 

ner, L., 1967, personal communioation). Its main breeding p lan t  i s  the ma- 

rula, Sclerooarva oa f fm Sond. I n  the Letaba d i s t r i o t  i t  was colleoted by 

the author on manila a t  Ofoolaoo and New A g a t h a ,  and was par t iou la r ly  abun- 

dant i n  Ootober of 1966 a t  Letaba Es ta tes  when 57.8 n f  110 buds removed 

from 22 widely-separated marula t rees  were found to be infested.  It was 

aol lected on marula a t  Mpaka and Sipofaneni, northern Swaziland Lowveld, and 

on c i t r u s  a t  W k e r n s  and Esulwini. 

D. punctulata was present on c i t r u s  i n  the Letaba d i s t r i c t  throughout - 1)-- 
the year. During July, 1966, when m r u l a s  were dormant large numbers of 

adu l t s  were found feeding on c i t r u s  a t  Letaba Estates. Colleotions with 

the inseot  sampling mohine showed t h a t  the p sy l l i d  was present i n  c i t r u s  

a t  a l l  times of the day and night, and t h a t  t he i r  numbers s teadi ly  deolined 

a t  the end of August when t h e i r  breeding host  came i n t o  flower. Adults 

survived fo r  45 days i n  the laboratory on c i t r u s  seedlings. I n  one marula 

t ree  studied a t  Letaba, overwintering adul t s  were noticed on the pe t io les  cf 

old leaves i n  ear ly  September. Shortly afterwards, eggs of the f i r s t  spring 

generation were l a i d  i n  expanding buds giving r i s e  t o  oolonies of nymphs be- 

tween the braots of young flowers o r  i n  developing shoots. With fur ther  

shoot growth some of the darkish nymphs were noticeable on unfurling leaves 

but  l a t e r  the nymphs became enolosed between the upper halves of the leaf' 

whioh fo ld  inwards. Distinctive co i l s  of w h i t e ,  spaghetti-like excreta ap- 

pear on infes ted flowers and shoots. By the middle of October many teneral  

adu l t s  were observed, indicating s 5-6 woek poriod f o r  tho first- spring 

generation. The main peak of adul t s  was seen in November and the p sy l l i d  

was again f a i r l y  abundant on the January growth cyole. 

Buds examined i n  Ootober, 1966, indioated that severe weather extremes 

had oaused a high mortality r a t e  i n  f i rs t  and seoond i n s t a r  nymphs. 

( i i )  2. sebrana. Both i n  l i f e  his tory and general biology t h i s  g ecies  

i s  renarkably dimilar t o  2. punctulata. The c lear ly  s t r iped wings, however, 

dist inguish it frompunotulata. Both speoies breed on the young growth of 

the manzla t r e e  and a re  frequently found together on the same l e a f  or  shoot. 

During the ea r ly  summer of 1966 E. zebrana was found t o  be the predominant 

speoies on some t rees  a t  Letaba, 

This speoies was aol lsoted a t  New A g s t h e  and Letaba in 1966, and a t  

Malksms and Sipofaneni i n  Swaziland in 1967. Like punctulata it appears ta 

overwinter in the adult stage on several  evergreen trees, inoludipg citrus. 
- - - - - - 

- - - - - - - - - - - - - - - - - - - - - - - -  

- - - - - - - - -. 



When conf'ined on c i t ru s  in the laboratory, however, t h i s  speoies survived 

f o r  a oomparatively shor t  period. 





SECTION A 

Ecological S tudies  on Trioza e t r eae   e el ~ u e r c i o )  
-.1 -= - --~...?L..< 

1. NOTES ON 2. ERYTREAE 
-. 

The taxonomy of 2. eryt reae  has been discussed by Cat l ing  (1967) and 

Moran (1967). The eggs a r e  l a i d  on young growth, usual ly  along the margin 

of young l eaves  ( ~ 1 .  I.). There a r e  f i v e  nymphal i n s t a r s  (Fig. 2~). The 

f i rs t  i n s t a r  s e t t l e s  on the underside of the l e a f  and a c h a r a c t e r i s t i o  open 

g a l l  begins t o  form (~1. 11). The a d u l t  i s  winged and sexes a r e  separa te  

(Fig. 2 c,D). The leaves  and shoots of heavi ly  populated p l a n t s  may become 

sprinkled with white granules of excre ta  ( ~ 1 .  11). The feeding of l a r g e  num- 

be r s  was no t  observed t o  cause any se r ious  toxic  e f f e c t  t o  p l a n t  t i ssue ,  l e a f  

chloros is  being s l i g h t  and extremely rare .  

T. e ry t reae  has been reported i n  a l l  the main c i t r u s  a reas  of southern 
.I 

Afr ica  and was observed o r  co l l ec ted  by the author i n  Rhodesia, northern and 

eas te rn  Transvaal, Swaziland, Zululand, and a t  Cape Town and Tulbegh in the  

western Cape Province. Specimens were a l s o  received from the a r i d  Ci t rus-  

d a l  a r e a  of the western Cape. 

The world d i s t r i b u t i o n  of 2. eryt reae ,  and of the Or ienta l  veotor,  

Diauhorina c i t r i  Kuw., i s  discussed i n  Section C. I n  Appendix 1 s a l i e n t  

differences i n  the biology and appearance of the two vectors  a r e  tabulated. 

2. PIELD METHODS 

This chapter  describes the experimental s i t e s  and the main f i e l d  methods 

used i n  the study of 2. eyytreae. Other methods used in small-scale f i e l d  

s tud ies  o r  labora tory  experiments a r e  described i n  the appropriate chapter.  

The main method of sampling f o r  2. g t r e a e ,  the i n  s i t u  counts, and the 

method of pa ras i t i sm assessments were described by Cat l ing  (1967) bu t  a r e  

included here f o r  the sake of completeness and because of add i t iona l  datq 

obtained i n  the f i e l d  on the v a l i d i t y  of these methods. Similarly,  b r i e f  

descr ip t ions  of experimental s i t e s  i n  the Le taba d i s t r i c t  a r e  included. 

SXpLANATION OF FIGURE 

Fig. 2 Trioza e ry t reae   el ~ u e r c i o ) .  A - egg; B - f i v e  nymphal i n s t a r s ,  
t h i r d  i n s t a r  shown a s  newly-moulted; C - gravid female; D - male 
i n  feeding posi t ion.  A l l  s tages  t o  same soale. del.  H.D. Cat l ing  



plate I. Eggs of z. ewtrese  on the margin of young oitrus 
leaves 

Plate 11. Citrus seedlings heavily populated with 2. erytreae 
_CI 

showing l ea f  ga l l s  and white deposits of excreta 
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(i) b e r i m e n t a l  sites (Fig. 3) 
Letaba Dis t r iot .  Tranmrvaal. The Le taba d i s t r i o t  i s  flanked on the west 

by the Dralcensbsrg esoarpment and extends eastwards i n t o  the Lowveld 3- Bush- 

veld of Aoooks (1953). For the three main elcperimenbl s i t e s  in this area, 

blooks of 50 o i t ru s  t r ee s  of oomparable age, size, aspeot and distanoe from 

natural  bush were selected a t  three d i f fe ren t  a l t i tudes .  None of the trees had 

reoeived a regular spray programme fo r  a t  l e a s t  three years. Table 1 shows 

fur ther  d e t a i l s  of the s i t e s .  A thermohygrograph was operated a t  each s i t e  ao- 

oording t o  specifioations suggested by tho South African Weather Bureau. 

Two minor s i t e s ,  each with a srnall weather s ta t ion,  were established i n  

oommercial groves a t  Letswalo and Riverside. Regular surveys were made i n  the 

400,000 t r ee s  planted along the northern side of the Letaba Riv& belonging 

t o  Letaba Estates.  

Table 1. Details  of main experimental s i t e s  i n  the Letaba d i s t r i o t  

le taba 1 l?airview I 

Malkerns D i s t r i c t ,  Swaziland. - Malkerns i s  s i tua ted  i n  the Swaziland mid- 

dleveld a t  an average a l t i t ude  of 2,500 f a e t  and f a l l s  within the same veld 

type a s  the Letaba d i s t r i o t .  The experimental s i t e s  oomprised three, f i f e  

t ree  blooks and a single hundred-tree block (ROSS c i t ru s ) ,  a l l  a t  similar al- 

t i tudes.  Further de t a i l s  of the s i t e s  appear i n  Table 2. No insect ic ides  

were applied during the study period. Meteorological data was available from 

a olass  2 weather s ta t ion  a t  Malkerns Research S ta t ion  and a thermohygrograph 

was operated a t  Kelly' s Hope from Maroh, 1967, t o  Maroh, 1968. 

-- -C----.---L--.--- ' I 

Table 2. Detai ls  of experimentsl s i t e s  i n  the Malkerns D i s t r i c t  

I 
Altitude.. ................ .I 1960 f t  - 

Mean oanopy area of 279 sq. f t 
Variety ................... raid-seasons 

Watersupply... . . . .  ....... i r r i ga t i on  
Nutri t ion ................. good 
-lr --*-. 

Rosa 
Re searoh Kelly1 s I Usutu / C i h  

Sta t ion Orohsrda Bsttrtea 

1 - 
2800 f t  4200 f t  

225 sq. f t 292 sq, f t  
24 Navels Valenoias 
26 Valenoias 
r a i n o n l y  r a in  only 
f a i r  poor - 

-land Lowveld. A t  a mean a l t i t ude  of approximately 700 f e e t  a.s.1. 

and average annual rainfall of 20-25 inohes, the climate of the Swzi land LOW- 

veld i s  8 l i g h t l y  more a r i d  than t h a t  of Letaba Estates. S--scale studies 

and observations were made a t  Tambankulu Estates, Swaziland I r r i ga t i on  Soheme 

and Big Bend. (Fig. 1 ) .  

~ e a n  oanopy area of trees . 
Varie$y .................... .............. Water eupply 
Nutri t ion ................. 

261 sq. f t 337 sq. ft 2% aq, ft 
Valenoias Vslenoias , NBvels 
i r r i ga t i on  r a i n  only 

good very poor 

2% 89, f t  
Navels 

i r r i e t i o n  
good 
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(ii) Populat ion assessments of 2. e r y t r e a e .  - Severa l  methods have been 

used t o  sample the  immature, r e l a t i v e l y  s e s s i l e  s t ages  of p s y l l i d s .  Georgala 

(1957) sampled l e a f  c l u s t e r s  and rnade observat ions on tagged pea r  spurs  i n  

a study of  =la - p y r i c o l a  Foers te r ;  Clark  (1962) made f i e l d  r a t i n g s  of the 

l e v e l  of abunbnce  on s e l e c t e d  p a r t s  of the eucalypt  h o s t  of Cardiaspina 

a l b i t e x t u r a  Taylor; while Moran (1967) removed l e a v e s  and Watmough (1968a) 

green twigs, f o r  l abora to ry  examination. The l a t t e r  au tho r  used a carbon 

dioxide sampler f o r  a s ses s ing  the numbers of a d u l t s .  

T. e ry t r eae  f l u c t u a t e s  v i o l e n t l y  i n  numbers. Since the  i n s e c t  i s  a t  - 
very  low d e n s i t i e s  on dormant c i t r u s  t r e e s ,  where poss ib l e  des t ruc t ive  sampl- 

i n g  was c a r e f u l l y  avoided. 

( a )  g i ~ c t  f i e l d  count of,_cplonie%. Because females l a y  exclu- 

s i v e l y  on young f l u s h  po tn t s  and the nymphs a r e  r e l a t i v e l y  s e s s i l e ,  

the developmental s t ages  of 2, s v t r e a e  a r e  aggregated i n t o  d i s t i n c t ,  

eas i ly-spot ted  colonies .  I n  t h i s  method, populat ion assessments were 

made by a  d i r e c t  count of co lonies  on the  lower f o u r  f e e t  of canopy of 

each data k e e  us ing  a c o x t a n t  team of 3-4 f i e l d  scouts.  The a r e a  

searched conprised 40-50% of the k o t a l  canopy a r e a  of the  t ree .  Each 

colony was recorded sepa ra t e ly  according t o  i t s  predominant age c l a s s ,  

i . e ,  eggs, i n s t a r s  1-111, i n s t a r s  IV-Ve Assessments were usua l ly  made 

a t  weekly i n t e r v a l s ,  At Malkerns the 10  randomly-chosen d a t a  t r e e s  

used f o r  f l u s h  s t u d i e s  w e x  searched f o r  2, ery t reae ,  p l u s  one oonsecu- 

t i v e  t r e e  g iv ing  a t ~ t a l  of 20 t r e e s ,  This  means t h a t  16-2% of the 

t o t a l  t r e e  canopy a t  the s i t e  was searched on each occasion. 

Fig. 4. shows t h a t  a t  Malkerns Research S t a t i o n  the searching of 

10, 20 o r  50 t r e e s  u . % ~ ? l l y  made l i t t l e  d i f f e rence  t o  the mean popula- 

t i o n  dens i ty  recoz-ded. ??;.om c a l c u l a t i o n s  of the  95% f i d u c i a l  l i m i t s  of 

a  s e r i e s  of sample s i z e s  a t  v a ~ i o u s  populat ion d e n s i t i e s ,  the s i z e  of 

the r a t i o  of  confidence interval/mean x 100 was unacceptable when 1 0  

t r e e s  were seapled, bu t  was below 2@ f o r  moderate and high populat ions 

and from 20-305 f o r  low populat ions of 2. ery t reae .  A t  low populat ions 

there  w a s  l i t t l e  improvement by tak ing  a 50 t r e e  sample. The populat ion 

was expressed a s  t o t a l  co lon ie s  p e r  1 0  square f e e t  of canopy. 

----- 
EXPLAIUTION OF FIGURES ---- 

f i g .  3. Experimental s i t e s  i n  the Letaba and Malkerns d i s t r i c t s  

Fig. b. Mean populat ion d e n s i t i e s  of 2,  e ry t r eae  a t  Malkerns Research S t a t i o n  
a s  i n d i c a t e d  by %he sargpling of 10, 20, and 50 t r e e s  
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The number of  i nd iv idua l s  p e r  colony was s tud ied  from i n  sib counts 

and from a number of haphazardly s e l e c t e d  colonies  i n  the f i e l d .  Colo- 

ny s i z e  w ~ s  extremely va r i ab le  (from 2-5 t o  seve ra l  hundred ind iv idua l s )  

and in the egg s t age  was r e l a t e d  t o  the number of l eaves  p e r  f l u s h  p o i n t  

and the r a t e  of  egg-laying. A t  Malkerns Research S ta t ion ,  178 counts  

made dur ing  January and from May t o  November, 1968, showed the mean egg 

colony s i z e  t o  be the lowest  i n  mid-winter ( ~ u n e  20.4; J u l y  60.5) and 

the h ighes t  in September (176.7 eggs pe r  colony). The mean f o r  a l l  

counts  was 86.7 eggs p e r  colony. 

Simple t e s t s  f o r  the r e l i a b i l i t y  of searohing by this method were 

o a r r i e d  o u t  i n  the Letaba d i s t r i c t  a t  va r ious  d e n s i t i e s  of the i n s e c t  

( c a t l i n g ,  1967). A f t e r  a normal search, t r e e s  were searohed f o r  a se- 

cond time f o r  twice the o r i g i n a l  period, sometimes switching the scouts .  

The double search increased  the number of ao lon ie s  found by a mean of 

21% a t  moderate t o  high d e n s i t i e s  of 2. e q t r e a e ,  while a t  low d e n s i t i e s  

the populat ion was increased  by 157%. 

The d i r e c t  count of co lon ie s  was found t o  be a r ap id  and r e l i a b l e  

f i e l d  ne thod f o r  a s s e s s i n g  populat ion d e n s i t i e s  of the immature s t ages  

and was ex tens ive ly  employed a t  the main s tudy s i t e s .  Des t rua t ive  

sampling was avoided and the method f a c i l i t a t e d  r egu la r  f i e l d  observa- 

t i o n s  on a s p e c t s  of biology and the a c t i v i t y  of n a t u r a l  enenies. Es- 

t imates  of zge d i s t r i b u t i o n ,  a n  important a s p e c t  i n  populat ion ecolo- 

gy, enabled the c a l c u l a t i o n  of f i e l d  generat ions.  

A t  f o u r  o ther  s i t e s  of nature t r e e s  i n  the Malkerns d i s t r i c t ,  name- 

l y  Amaswazi Es t a t e s ,  Lenhaven Es ta t e s ,  and Ross C i t r u s  E s t a t e s  ( 2  s i t e s ) ,  

populat ions were assessed  a t  monthly i n t e r v a l s  by examining the lower 

fou r  f e e t  of canopy of 20 t r e e s  a long two diagonals.  

(b )  D i r e c t  f i e l d  count of a l l  s t a ~ .  A t  Fo res t  H i l l  from Janu- 

ary,  1966, t o  January, 1967, t o t a l  counts were a d e  of a l l  ind iv idua l s  

occurr ing on inf'ested f l u s h  p o i n t s  enclosed by the frame when making 

f l u s h  counts. Populat ions of eggs, i n s t a r s  1-111, and i n s t a r s  IV-V on 

the 10 da ta  t r e e s  were expressed a s  the mean number p e r  10 square f e e t  

of canopy. I t  i s  est imated t h a t  approximately 3% of the t o t a l  s i t e  

canopy a r e a  w a s  searched. This method ind ica t ed  s i m i l a r  p o p u l ~ t i o n  

t rends  and f i e l d  generat ions t o  that obtained by the previous nethod, 

bu t  due p a r t l y  t o  the small a r e a  sampled, mean d e n s i t i e s  f o r  successive 

counts  were extremely va r i ab le  during some periods.  Also the oounting 

of eaoh ind iv idua l  was exoessively tedious and f r equen t ly  inaccura te  

s ince  many of the young s t ages  i n  populous co lonies  may be obscured by 

leaf -cur l ing .  

( c )  I n s e c t  sampling machine. The a d u l t s  of - T. e q t r e a e  and the 

a c t i v e  s t ages  of the a s soc ia t ed  comelex of n a t u r a l  enemies were sampl- 



ed wi th  a Model 1 W a c  Vaouum I n s e c t  Sampling Maohine a t  f o r t n i g h t l y  

i n t e r v a l s  from August, 1967, t o  December, 1970, a t  Malkerns Research 

S ta t ion ,  and during the 1967/68 season a t  Ross C i t r u s  Es ta tes .  An 

e i g h t  inch  band around the  canopy of each of f i v e  haphazardly-selected 

t r e e s  were sampled f o r  one minute, the mean canopy a r e a  of the t r e e s  

a t  each s i t e  being wi th in  2% of each other .  Usually t r e e s  bordering 

the experimental s i t e  were se l ec t ed  b u t  a t  high popula t ion  d e n s i t i e s  

two o r  th ree  of t he  experimental t r e e s  were included. Samples were 

mostly taken between 10.00 a.m. and 3.00 p.m. 

Adults  c o l l e c t e d  by the  i n s e c t  sampling machine augmented the 

data from popula t ion  assessments of the  s e s s i l e  s tages .  Fig. 8 shows 

t h a t  a t  moderate t o  high dens i t i e s ,  peaks of a d u l t s  corresponded olose- 

l y  wi th  f i e l d  generat ions ind ica t ed  by a count of colonies .  A t  low 

popula t ion  dens i t i e s ,  however, very few o r  no a d u l t s  were co l l ec t ed .  

Larger  sanples  were n o t  cons idwed due t o  the des t ruc t ive  na ture  of t h i s  

sampling method. Catches fro:n the machine a l s o  proved t o  be valuable 

i n  p l o t t i n g  p a r a s i t e  populat ion f l u c t u a t i o n s  and, t o  a l e s s e r  ex tent ,  

i n  the  s tudy of p reda to r  a c t i v i t y .  NO a t tempt  was made t o  t e s t  the  

r e l i e b i l i t y  of t h i s  method. 

( d )  S t i c b  t r aps .  Yellow s t i c k y  t r a p s  have been used t o  sa~nple 

the  a d u l t s  of s eve ra l  p s y l l i d  spec ies  co as to^, 1961; Wilde, 1962; 

Moran, 1967) and were shown t o  i n d i c a t e  the a c t i v i t y  of x. e w t r e a e  

i n  pre l iminary  t r i a l s  i n  Malkerns. S t i cky  t r a p s  were used m i n l y  t o  

s tudy f l i g h t  a c t i v i t y  i n  and aQound the Malkerns Researoh S t a t i o n  ex- 

perimental  grove and were s i m i l a r  t o  those used by Moran (1967). 

They cons i s t ed  of a 1 2  inch square of hardboard pa in t ed  a b r i g h t  lemon 

yellow colour  and covered wi th  t r anspa ren t  p l a s t i c  shee t ing  smeared 

wi th  'lOstioo", a s t i c k y  tree-banding compound. The yellow colour  was 

c l e a r l y  v i s i b l e  through the p l a s t i c  and s t i c k y  coat ing.  Fur ther  d e t a i l s  

on the opera t ion  of these  t r a p s  i s  given i n  the chapter  on d i spe r sa l .  

( e )  J a r r i n g  of a d u l t s  onto s t i cky  p l a t e s .  A 1 2  inch square g l a s s  

p l a t e  coated with "Osticow and p laced  i n  a wooden frame was used t o  

sample a d u l t s  from f l u s h  p o i n t s  i n  two groves a t  Malkerns Research Sta- 

t i o n  between October, 1968, and September, 1969* This method was i n i -  

t i a l l y  used t o  sample the  o i t r u s  th r ips ,  S c i r t o t n r i p s  a u r a n t i i  Faure 

( s t a s s e n  & Catl ing,  1969). Five f l u s h  p o i n t s  on 10  haphazardly-seleo- 

t e d  t r e e s  were j a r r e d  a g a i n s t  the edge of the  frame, d is lodging  and 

t rapping  the  e d u l t s  on the s t i c k y  l aye r .  This ncthod gave a f a i r  re- 

f l e c t i o n  of the a d u l t  a c t i v i t y  during t h i s  period. 

( i i i )  Assessments of fkushing rhythm. I n  order  t o  a s s e s s  f l u s h  d e n s i t i e s  

i n  the f i e l d  i t  was necessary t o  make measurements of the canopy a r e a  ( sur- 

faoe a rea )  of tne da ta  t rees .  Accordingly, a s u i t a b l e  f o m u l a  was der ived  
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by Serfonte in  & Cat l ing  (1968). Previously i t  has been commonly assumed t h a t  

the shape of a  c i t r u s  t r e e  approximates a  hemisphere. However, f u r t h e r  ob- 

serva t ions  showed t h a t  because t r e e  he ight  and diameter f r equen t ly  vary in- 

dependently of one anothor, one o r  o ther  conic sec t ion  w i l l  r ep resen t  a  more 

r e a l i s t i c  shape f o r  most t roes .  

The requi rsd  form was found t o  be an  e l l i p s e  the ha l f  of which, stand- 

i n g  on i t s  minor axis ,  represents  a  t r e e  i n  cross-section. The minor a x i s  

then becomes the t r e e  diameter and the semi-mjor a x i s  i t s  height .  I t  can 

be shown t h a t  the canopy a rea  ( 3 )  i s  given by the fol lowing formula:- 

! 2 ab 
S = 2-ff b + a r c  s i n  e  

e  

where a  = t r e e  he ight  

b = skirt radius  

e  = e c c e n t r i c i t y  of e l l i p s e  

*om measurements of t r e e  diameter ( a t  s k i r t  l e v e l )  and he ight  ( f ron  

bottom of skirt t o  apex), Fig. 5 gives the canopy a r e a  of any t r e e  l i k e l y  

t o  be encountered i n  the f i e l d .  

Flush co~+-&. The canopy a r e a s  of a l l  experimental t r e e s  were ca lcu la t ed  

by the above method. A four  f o o t  square metal frame was held a g a i n s t  the ca- 

nopy of the t r e e  a t  random height  i n  each quadrant. The a rea  sampled p e r  

quadrant was i n  d i r e c t  proport ion t o  the s i z e  of the t r e e  and ranged from 

f o u r  square f e e t  f o r  small t rees ,  t o  16  square f e e t  f o r  l a rge  t r ees .  A l l  

f l u s h  p o i n t s  enclosed by the frame snd regarded a s  being su i t ab le  f o r  the 

development of 2. eryt reee  were counted end recorded p e r  u n i t  area. The frame 

was f i t t e d  with a  g r i d  t o  reduce counting ~ h c n  dense, evenly-distr ibuted 

f l u s h  p o i n t s  were present .  

Young f l u s h  po in t s  were c l a s sed  i n t o  two ca tegor ies :  

Class  A poin& ( ~ 1 .  I11 A,B) on which eggs of 2.  e ry t reae  a r e  usual ly  l a i d ;  
-: 

from the f i r s t  unfur l ing  of the bud t o  a  s tage  when the majori ty of the l eaves  

a r e  longer  than about 15 inches; weight usual ly  0.05-0.50 gm (maximum 1.00~m). 

Class B po in t s  ( ~ 1 .  I11 C,D) a r e  more advanced and support nymphs of x, s- - 
t r e a e -  f o r  normal nymphal development l eeves  nust remain s o f t  and succulent  f o r  

-3 

a t  l e a s t  2-3 weeks - the monont the t i s s u e  hardens and i s  no longer "tacky" t o  

the touoh the l eaves  a r e  unsuitable;  weight usua l ly  0.50 gm (~;mxinum 3.00 gm) . 

Fig, 5 The canopy a rea  of a c i t r u s  t r e e  from measurements of t r e e  r ad ius  and 
he ight  



Plate  111. Breeding s i t e s  o f  2, ewtreae. A and B - olass A - 
flush points;  C and D - o l a s s  B flush points ,  
Scale i n  inohes 



Though water shoots,  blossom f lushes  and prematurely-hardening f l u s h  po in t s  

were sometimes d i f f i c u l t  t o  cl t rssify,  the above f l u s h  ca tegor ies  proved adequate 

f o r  the  study. Experimental s i t e s  were sampled nos t ly  a t  weekly i n t e r v a l s .  I n  

the Letaba d i s t $ i c t  t e n  d i f f e r e n t  t r e e s  were se l ec ted  randomly a t  each sampling 

date;  a t  Malkerns, i n  order  t o  gain a  s t ronger  c o r r e l a t i o n  between f lush ing  and 

f luc tua t ions  of 2. eryt reae ,  the same t en  t r e e s  were sampled on each occasion. 

Except f o r  very low f l u s h  dens i t i e s ,  the 95% f i d u c i a l  l i m i t s  of the sample s i z e  

were always below 2% of the confidence interval/mean x  100. 

Flush s u r v e E .  Extensive f l u s h  surveys were nade on Letaba E s t a t e s  between 

August, 1966, and February, 1967. Bas ica l ly  the surveys were designed t o  c h a r t  

the annual f lush ing  rhythm and t o  a s s i s t  i n  the s p o t t i n g  of 2. e q t r e a e  out- 

breaks, but  they were a l s o  found t o  y i e l d  data on f lush ing  d i f ferences  due t o  

t r e e  age and va r i e ty .  S ix ty  p l o t s  were chosen i n  proport ion t o  the number of 

t r e e s  of each v a r i e t y  grown on the Es ta t e .  A " s t a r t e r "  t ree ,  representa t ive  of 

the p lo t ,  was se l ec ted  by a nethod of Serfontein,  C.M.A., (personal  communica- 

t ion,  1366) ~ h o  found t h a t  thc p r o b a b i l i t y  of a t r e e  being representa t ive  of 

the populat ion i n  any p l o t  v a r i e s  with i t s  pos i t ion  i n  the p lo t .  This  va r i a t ion ,  

when p l o t t e d  a s  a  funct ion  of %he t r ee1  s pos i t ion  (wi th  reference t o  any base- 

l i n e ,  i.e, p l o t  edge) gene-ates a  funct ion  very c l o s e l y  resembling the probabi- 

l i ty  d i s t r i b u t i o n  funct ion  r e s u l t i n g  from the t o t a l s  obtained from the s i m u l -  

taneous throwing of three  dice.  On each successive survey another  t r e e  was 

taken with reference  t o  the v s t a r t e r "  t r ee .  Flush was counted a t  f o r t n i g h t l y  

i n t e r v a l s  using a  s impl i f ied  vers ion  of the frame method described previously. 

A t  fou r  groves i n  the Malkerns d i s t r i c t  f l u s h  volume was r a t e d  a t  monthly 

i n t e r v e l s  on a  sca le  f r o n  0-6. 

( i v )  Assessment of pa-r~zi&e a c t i v i A O  ZPs i t i sm.  The assessment of pa- 

r a s i t i s m  was based on a  microscopic examination of the  nymphs. A t  regular  in- 

t e r v a l s  s ing le  l eaves  were removed f r o n  a  number of haphazardly-se lec tedr .  s- 
t r eae  colonies i n  the f i e l d  and examined almost immediately before the nymphs - 
v a c a t ~ d  t h e i r  l ea f  ga l l s .  Where the populat ion allowed, s u f f i c i e n t  l eaves  

were picked t o  provide a minimur?. of 500 suscept ib le  nymphs. With the exception 

of the Ross C i t rus  s i t e  sone colonies  were usual ly  se l ec ted  from t r e e s  borde- 

r i n g  the experimental t r e e s  i n  order  t o  l i m i t  des t ruc t ive  sampling. A t  higher  

hos t  dens i t i e s ,  however, and on each occasion a t  Ross Citrus, a l l  the l eaves  

were removed from the exper inenta l  t r e e s ,  A t  times of very low h ~ s t  density, 

a s  i n  midwinter, unsprzyed t r e e s  f u r t h e r  a f i e l d  were searched f o r  s u i t a b l e  

material .  

Nymphs were examined uniler a  d i s s e c t i n g  microscope a t  16-25x. The ventrum 

and l e a f  g a l l  of i n s t a r s  111-V, which a r e  the suscept ib le  s tages  f o r  2. radiatus, 

were examined e x t e r n a l l y  f o r  p a r a s i t e  eggs, l a rvae  and pupae. The i n s t a r  of 

each nymph and, where pa ras i t i zed ,  the species  and stage of the pa ras i t e ,  were 

recorded. Dried exoskeletons of p a r a s i t i z e d  hos t s  which remain a f t e r  the emer- 



gence of the p a r a s i t e  were included a s  these  s t r u c t u r e s  i n v a r i a b l y  r e m i n  fim- 

l y  a t taohed t o  the  l e a f ,  bu t  f i n a l  n o u l t s  i n d i c e t i n g  the emergence of a d u l t s  

were ignored as they a r e  f r a g i l e  and soon l o s t .  Nymphs a t t acked  by g. gu lv ina tus  

become recognizable by the formation of a d i s t i n c t i v e  mummy. 

Populat ion f l u c t u a t i o n s  of p a r a s i t e s .  Adult p a r a s i t e s  were sampled wi th  

the i n s e c t  sanpling machine a s  descr ibed  previously.  

The a f f e c t  of p a r a s i t e s  on s ing le  co lonies  was s tud ied  i n  s i t u  e i t h e r  on 

experimental t r e e s  o r  on p o t t e d  c i t r u s  seedl ings  i n f e s t e d  from a l aborz to ry  

c u l t u r e  of 2. ~ r y t r e a e  and placed a t  an  experimental s i t e .  

Adult  p a r a s i t e s  were reared  from mate r i a l  used f o r  pa ras i t i sm counts and 

from o the r  l e a v e s  c o l l e c t e d  s p e c i a l l y  f o r  t h i s  purpose. 

(v)  I n  s i t u  counts. The eggs and nymphal s t a g e s  of 2.. e w t r e a e  s i t u a t e d  

on young f l u s h  p o i n t s  a r c  c l e a r l y  v i s i b l e  i n  s i t u .  By marking colonies  i n  the 

egg stage on experimental t r e s s  near  a weether s t a t i o n  and fol lowing up wi th  

d e t a i l e d  oounts a t  r e g u l a r  i n t e r v a l s  u n t i l  the  encrgence of adu l t s ,  complete 

l i f e  t a b l e s  were cons t ruc ted  showing the inf luence of var ious  eco log ica l  f ao to r s .  

Counts were done d a i l y  o r  on a l t e r n a t e  days a t  Lotaba and usua l ly  e t  2-3 day 

i n t e r v a l s  a t  the o the r  s i t e s .  Using a hand l e n s  and a snrtll s t r i p  of paper 

marked wi th  the mean l eng ths  of i n s t a r s  111-V it  was p ~ s s i h l o  t o  r e c o p i z e  eaoh 

of t he  f i v e  nymphal i n s t a r s  wi th  reasonable accuracy. The random s e l e c t i o n  of 

co lon ie s  on a l l  p a r t s  of t r e e  canopy tended t o  coapensate f o r  d i f f e r e n c e s  due t o  

microclimate and fo l i age  conuit ion.  When s u i t a b l e  co lon ie s  were not  a v a i l a b l e  

i n  the  f i s l d ,  a d u l t s  from a l abora to ry  c u l t u r e  of x. e ry t r eae  were confined on 

a vigorous c i t r u s  seedling, allowed t o  l a y  eggs f o r  24 hours, and the  seed l ing  

p laced  i n  the c ro tch  of a t r e e  near  a weather s t a t ion .  

( v i )  Greening asses.s_m_nts. The inoidence of greening was determined by 

searching the f o l i a g e  of t r e e s  f o r  vein-yellowing and greening-induced def i -  

oiency symptom i n  the winter  months, by examinations of t he  f ru i t  a t  p i ck ing  

wi th  the help gf the  "albedo-fluorescence t e s t "  of Schwarz (1968a), and by the 

screening of tviigs f o r  the markcr substance i n d i c a t i v e  of greening by the  same 

method. 

3. INFLUENCE OF FLUSHING RH?THM 

Like most p s y l l i d s ,  g. e ry t r eae  breeds on the young l eaves  of i t s  p l a n t  

hos t  and thus  popula t ion  f l u c t u a t i o n s  a r e  s t rongly  c o r r e l a t e d  wi th  the f lu sh ing  

rhythm of c i t r u s .  A l t e rna te  hos t  p l a n t s  were extremely r a r e  i n  both study a r e a s  

and were never found t o  be inf'csted. There yas  thus no evidence of any l a r g e  

indigenous r e s e r v o i r  of x. s r y t r e a e  capable of r a p i d l y  re-inf 'esting spr-yea 

groves. Unlike the euca lypt  p s y l l i d ,  Cardiaspina a l b i t e x t .  (Clerk, l9"33a) .- = 

i nd iv idua l  c i t r u s  t r e e s  o r  f l u s h  p o i n t s  r a r e l y  d i f f e r e d  i n  t h e i r  attractiveness 

f o r  ov ipos i t i on  o r  feeding. 
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There i s  l i t t l e  doubt t h a t  populat ions of o the r  important  c i t r u s  p e s t s  a r e  

regula ted  by the  f lu sh ing  rhythm of c i t r u s ,  e.g. Panonychus c i t r i  ( M C G ~ . )  and 

P a p i l i o  spp. O s c i l l a t i o n s  of Toxoptera c i t r i c i d u s   i irk.), the  b lack  c i t r u s  

aphid, a r e  c lose ly  c o r r e l a t e d  wi th  the presence of new c i t r u s  f l u s h  ( ~ c h w a r z ,  

1965a). Bodenheimer Se Swirsky (1957) contend t h a t  the phys io logica l  s t a t u s  of 

hos t  p l a n t s  (new growth) i s  more important t o  Toxoptera a u r e n t i i  than the in-  

f luence  of c l i i m t e  and n a t u r a l  enenies.  Bedford (1943) s t a t e s  t h a t  the c i t r u s  

th r ips ,  S c i r t o t h r i p s  ~ a n t i i  Faure, f eeds  and breeds on tender  f o l i a g e  only, 

S tud ie s  by Stassen  & Cat l ing  (19G9) revea led  tbt  a c lose  o a r r e l a t i o n  e x i s t s  

between f l u s h i n g  rhythn and populat ion f l u c t u a t i o n s  of t h i s  pest .  

I t  i s  therefore  s u r p r i s i n g  t o  f i n d  t h a t  the study of the f l u s h i n g  rhythm 

of c i t r u s  has  bean so neglected. Webber (1968) and Caneron et &., (1952) 

d i scuss  b r i e f l y  the a a i n  growth cycles  in Ca l i fo rn ia  b u t  there  i s  no such data 

f o r  South African c i t r u s .  

(i) Flushing rhythm an? populat ion f l u c t u a t i o n s  of 2. e ry t r eae  
.P-**--.. C-U -.I- Y z - --- -- 
Letaba D i s t r i c t ,  Transvaal - January, 1956 t o  February, 1357 -- . 

Fig. 6  i n d i c a t e s  f l u s h  incidence and popula t ions  of g. e ry t r eae  a t  the 

three  w i n  experimental s i t e s  f o r  1966. Three inain cyc le s  wero produced during 

the s tudy period,  these  being the most d i s t i n c t  a t  Letaba vihcro well-defined 

peaks occurred during ~ u ~ u s t / ~ e ~ t e m b e r ,  ~ecember /~anuary ,  and Pebrmry/March. 

The f l u s h i n g  p a t t e r n  was the  l e a s t  d i sce rn ib le  a t  Po res t  H i l l .  The a a i n  sp r ing  

cycle began i n  e a r l y  August a t  Letaba b u t  a t  Fores t  H i l l  was a nonth l a t e r  and 

more profuse than a t  the two lower s i t e s .  ',Thereas small amounts of f l u s h  were 

recorded during the  winter  months a t  Fores t  H i l l ,  the Letaba t r e e s  were complete- 

l y  dormant f o r  a 3$ month period. 

Not only were the h ighes t  p o p u l ~ t i o n s  of r. e ry t r eae  recorded a t  Pores t  

H i l l ,  b u t  t h i s  was the only s i t e  t o  support  brecding popula t ions  during the  win- 

t e r .  2. e ry t r eae  was not  found a t  the Letabs experimental s i t e  a t  any t i n e  

during the  study period. An exanina t ian  of imture l e a v e s  a t  each s i t e  f o r  the 

d i s t i n c t i v e  p i t s  made by the  i n s e c t  showed t h a t  t h ~ r e  w a s  an  almost l i n e a r  re- 

l a t i o n s h i p  between a l t i t u d e  and previous indiddnce . I n  a l l  r e s p e c t s  f lu sh ing  

rhythm and populat ions of 2. ederyt2e2ee were i n t c r n e d i a t e  a t  Pairview. 

EXPLANATION OF FIG= ---- 
Fig. 6 Incidence of f l u s h  po in t s  and populat ions of 2. e w t r e a e  a t  the th ree  

main experimental s i t e s  i n  the Letaba d i s t r i c t  from January, 1.966, t o  
January, 1967. Class  A and S f l u s h  p o i n t s  sumed; seni-logdrithmic 
sca l e ;  v e r t i o a l  s c a l e s  i d e n t i c a l  
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Malkerns D i s t r i c t ,  Swaziland, pzbruary, 1267 t o  February, 1- 

I n  the 1966-67 season the t r e e s  a t  each s i t e  bore small a~nounts of f l u s h  

during the winter  and produced f a i r l y  well-defined growth cycle s  in ~ u g u s t / ~ e p -  

tember, November and ~ a n u a r y / ~ e b r u a r y .  Fig. 7 shows t h a t  the  spring cycle be- 

gan simultaneously i n  the l a s t  week of July a t  a l l  s i t e s .  Usutu Orchards pro- 

duced inore f l u s h  i n  winter  and f lushed more heavily in  August and November than 

the o ther  s i t e s .  The t r e e s  were v i r t u a l l y  devoid of f l u s h  in January and Fe- 

bruary a t  Usutu Orchards. Flush dsns i ty  was cons i s t en t ly  the lowest a t  Kelly's 

Hope, the November and January/February f l u s h e s  being very l i g h t  and separated 

by periods of v i r t u a l  dormancy. A t  the Research Sta t ion ,  however, f l u s h  was 

present  throughout the study period and a t  a l l  times these t r e e s  supported high- 

e r  populations of 2. ,e-eree~e,  than the other  two s i t e s .  

Fig. 8 ind ica tes  how peaks of egg colonies invar iably  succeeded peaks of 

young f l u s h  p o i n t s  a t  Malkerns Research Sta t ion .  The c o r r e l a t i o n  between f l u s h  

and populations of 2. e n t r e a e  was shorn f u r t h e r  by a oomparison of t h e i r  co- 

e f f i c i e n t s  of var ia t ion ,  these following one another  c lose ly ,  being the h ighes t  

f o r  the sparse, sca t t e red  winter  f l u s h  and the lowest f o r  the  major growth oycle 

i n  spring. 

Though there  was l i t t l e  differenoe i n  the winter  f l u s h  d e n s i t i e s  of 1967 

and 1968 a t  Malkerns Research Sta t ion ,  x. e ~ t r e a e  populations i n  June and July,  

1968, were approximately one-third of those f o r  the previous year. The t i a i n g  

and volums of the spr ing  f l u s h  cycle xas very similar i n  both seasons (Fig.  8). 

Beginning i n  mid-my,  the production of new growth reclchod a rmxinurn i n  A u ~ u s t  

and was followed by a  psak of JT_. eryt reae  eggs i n  the f i r s t  two weeks of Septem- 

ber. But i n s e c t  pogulations were considerably lower i n  t h o  spr ing  of 1968 and 

becane negl ig ib le  i n  Octobsr. The t r e e s  were almost coaple tc ly  devoid of f l u s h  

a t  this time. The second f l u s h  of the season, which reached a  peak i n  Dece~ilber 

and was 3 4  weeks l a t e r  than in the previous yoar, and the February flush, were 

both smaller than those recorded i n  the 1967-68 season. 2. gryt rcae  populat ions 

increased s t rongly  on the December f l u s h  t o  reaoh t h e i r  highost  d e n s i t i e s  f o r  

the season, bu t  by mid January had decl ined sharply and extremely low numburs 

were rscorded during l a t e  sumner and i n t o  the following winter.  

By p l o t t i n g  the proport ion of eG,'ij, i n s t a r  1-111, and i n s t a r  IV-V colonies 

a s  a percentage of the t o t a l  population, Fig. 8 shows t h a t  there  were 7-8 dis-  

t i n c t  broods o r  f i e l d  generat ions per  annum. A s imi la r  p a t t e r n  ~f f i e l d  gene- 

r a t i o n s  was p l o t t e d  f o r  Usutu Orchards and Ke l ly ' s  Hope during 1967 and e a r l y  1958. 

EXPLANATION OF FIGURES 
.-=*----I-----=- 

Fig. 7 Flushing rhythn of the three exper inenta l  sites i n  the MalkeBns d is -  
Wet from July, 1967, to  February, 1968. Class A and B f l u s h  po in t s  
summed 

Fig. 8 Populations of c l a s s  A f l u s h  p o i n t s  and egg oolonies; and f i e l d  ge- 
ne ra t ions  of 2. e  t reae  a t  Malkerns Researoh S t a t i o n  from February, 
1967, to  October, HiT- 1 9  8 
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fig. 8 ind ioa te s  t h a t  immediately a f t e r  peaks of instars IV-V the re  u s u a l l y  

followed waves of adu l t s .  Because females r equ i re  c l a s s  A f l u s h  po in t s  f o r  egg- 

laying wi th in  seve ra l  days of t h e i r  emergence, i t  i s  of obvious importance t o  

the popula t ion  t h a t  the a d u l t s  of each f i e l d  generat ion be we l l  synchronized wi th  

f l u s h  cyc le s  - p a r t i c u l a r l y  i n  July and August a t  the time of the main popula- 

t i o n  upsurge. A t  Malkerns Research S t a t i o n  the re  was e x c e l l e n t  synchrony du- 

r i n g  the s tudy pe r iod  but  a t  the  o the r  s i t e s  it was l e s s  favourable s ince  i n  

1967 there  was a two-week i n t s r v a l  a t  Usutu Orchards and a 3-4 week i n t e r v a l  a t  

Kel ly ' s  Hope between a d u l t  emergence and the  onse t  of the sp r ing  f l u s h  cycle.  

A t  both these  s i t e s  popula t ions  of 2, e w t r e a e  rose  l i t t l e  dur ing  August. I n  

the 1968 season there  was a very  sparse spr ing  cycle a t  Usutu Orchards on which 

no 2, e w t r e a e  was found, while a t  Kellyq s  Hope on a heavy sp r ing  f l u s h  wi th  

s l i g h t l y  b e t t e r  synchrony the re  was a h igher  populat ion than the previous year. 

Fig. 9, which compzes  popultitions of c l a s s  A f l u s h  p o i n t s  and co lon ie s  

of 2. e r y t r e a e  a t  Malkerns Research S t a t i o n  f o r  the 1967-68 season on the  same 

l o g  scale ,  i n d i c a t e s  the progressive increase  i n  the propor t ion  of f l u s h  p o i n t s  

which served as breeding s i t e s .  Ey Dhe end of December, j u s t  p r i o r  t o  the  po- 

p u l a t i o n  c ra sh  i n  Janmry ,  a'l f l u s h  p o i n t s  r e r e  g ross ly  overcrowded. 

March,l~6~-to-J,a~~~a~r:~~-l~70, A-- 
Flushing rhythm, and p opula t i o n  fluotu& 

t i o n s  and broods of 2, s - ~ t r e a e  f o r  t h i s  pe r iod  a r e  shown i n  Fig. 10. Due 

mainly t o  the  exceptiocs1l;r severe weather which p reva i l ed  from December to 

February, m a n  populat ion d e z s i t i e s  of g. g.,-t,r~ax from May t o  the end of J u l y  

were one f i f t h  of those recordsd i n  tiie previous season, and thus  only a small 

winter  nucleus e x i s t e d  a t  the start of the 19G9/~0 season. Flush d e n s i t i e s  

between A p r i l  and J u l y  were very  sirni2.m t o  previous years .  

S t a r t i n g  about  one week e a r l i e r  than i n  1968, the main sp r ing  f l u s h  

cycle began i n  the second m e k  of July.  The emergence of c d u l t s  from the 

June/July brood was w e l l  synchroni.zed wi th  the growth cycle  and there  w a s  a 

gradual popula t ion  r i s e  i n  l a t e  J u l y  and August. However, t he  d e n s i t y  of  

t h i s  f i rs t  f l u s h  was l o m r  and more i r r e g u l a r  than usual  g iv ing  r i s e  t o  a 

g r e a t e r  v a r i a t i o n  in thc  populat ion d e n s i t y  of x. e q t r e a e  from t r e e  t o  t ree .  

This  tendency was a l s o  observed i n  o the r  groves i n  the d i s t r i c t .  Hailstorms 

i n  September and November and outbreaks of  aphids  reduced the  volume and 

q u a l i t y  of young f o l i a g e  and popd-s t ions  of 2. e ry t r eae  were comparatively 

low in the f i rs t  p a r t  of the  season. The storm on November 21 was par t iou-  

l a r l y  severe and badly d e f o l i a t e d  the  southern and western quadrants o f  t he  

t rees .  This  s t imula ted  a  s t rong  growth f l u s h  in December, 85.0% of the t o t a l  

E X P W T I O N ~  FIG?JRES -- 
Pig. 9 Class A f l u s h  p o i n t s  and egg co lon ie s  of  511. t r e a e  a t  Malkerns Re- 

r i t hmic  sca le  
=-z search  S t a t i o n  from February, 1967, t o  February, 1 9  8. Semi-loga- 

Fig. 1 0  Populat ion f l u c t u a t i o n s  and broods of  2. e r y t r e a e  a t  Malkerns Research 
S t a t i o n  from February, 1968, t o  January, 1970, i n  r e l a t i o n  t o  flush- 
i n g  rhythm, percentage paras i t i sm,  and " l e t h a l  days" ( shown by arrows). 
On a " l e t h a l  day" the  s a t u r a t i o n  d e f i c i t  exceeded 25.9mm Hg (34.6 mbars) 
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flush a t  this t ine  appearing on the damaged half of the tree. With favourable 

weather i n  November and December there was another surge of 2. ewt reae  in De- 

oember. During January, however, the normal midsummer population crash took 

plaoe and some egg colonies were observed on advonced c l a s s  A f lushes  indioa- 

t i ng  a r e l a t i ve  shortage of breeding s i t e s .  

( i i )  =hence of flushin& on oviposition. As suspected e a r l i e r  (cat-  

l ing,  1967), young f l u sh  s timulate s egg-laying and the pre-ovipo s i  t ion  pe- 

r iod of the adul t  i s  considerably extended i n  the absence of young growth. 

I n  May, 1967, 40 newly-emerged adul ts  were col lected i n  the f i e l d  and caged 

in the insectary on c i t r u s  seedlings having mature leaves only. Flushing was 

disoouraged on these plants  and where young growth appeared i t  was immediately 

removed. Under these conditions the mean longevity f o r  males was 62.3 days 

(44-73) and f o r  females 52.2 days (16-82). Almost without exception the fe- 

males died without laying eggs. On one p lan t  where a f lush  was allowed a f t e r  

64 days, a single female l a i d  297 eggs before her death a t  82 days. 

( i i i )  Influence of t ree  age and var ie ty  on flushing rhythm. Populations of 

olass A p lus  B f lush  points from 39 Valencia survey p lo t s  on Letaba Esta tes  were 

grouped i n t o  those f ron mature t rees  (15 years and above) and those from young 

t rees  ( s i x  years and below). Fig. 11 shows t h a t  there were two main flushing 

oyoles in the 1966-67 season, August/september and January. Apart frorn the sur- 

vey on October 20 the young t r ee s  flushed more p rohse ly ,  and produced an ad- 

d i t iona l  oycle during ea r ly  November. A similar trend was evident i n  the few 

mid-season p l o t s  studied. 

Flush surveys a l so  demonstrated inherent differences i n  the flushing rhythm 

of nature Valencias, Navels and mid-seasons ( mainly Letaba Earlies,  Rubies and 

Tonangoes). I t  i s  seen frorn Fig. 12 t ha t  each var ie ty  produced a growth oycle 

in ~ugust/Se~ternber and again i n  ~ecernber/January. When comparing Navels and 

mid-seasons with Valencias, the Navels bore heavier f lushes i n  November and De- 

cember/~anuary. On the other hand once the spring cycle was over the mid-seasons 

produced very l i t t l e  growth f o r  the r e s t  of the study period, t h e i r  January f l u sh  

being very l igh t .  

EXPLANATION OF FIGURES 

Fig. 11 Flushing rhythm of young and mature Valencias from August, 1966, t o  
February, 1967, a t  Letaba Estates. Class A and B f lush  points  summ- 
ed. A log  ( x  + 1 )  transformation and % t e s t  showed the more profuse 
f lushing of young t rees  t o  be s ignif icant  a t  the 1% probabi l i ty  l e -  
ve l  on Dec. 20 and Feb. 28, and a t  the 5% probabi l i ty  l eve l  on Nov. 
18 and Jan. 27 

Fig. 12 Flushing rhythm of mature Valencias, Navels and mid-seasons from 
August, 1966, to  Februapy, 1967, a t  Letaba Estates.  Class A and B 
f lush  points  summed. A log ( x  + 1) transformation and % t e s t  show- 
ed the following: Valencias vs  Navels - Nov 18**, Dec 29**; Va- 
l enc ias  vs mid-seasons - Dec 2*; Navels vs  mid-seasons - Nov 18*, 
* s ign i f ican t  a t  the 5$, ** a t  the 1% probabi l i ty  l e v e l  
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Table 3. Flush indidence i n  two Navel and two Valencia groves i n  the 
Malkerns a rea  f o r  1967/68. Flush volume r a t e d  on sca le  0-6. 

1 NAVELS f VALENC IAS 
I 

s m z  i Mean i - 
I 

2 ! 2,5 1 2 1 2  2.0 
3 1 2.0 
4 2 3 e O  
2 1 1 . 5 
6 6 6 .O 
G 6 6.0 

Oct 121 2 2 2 2 2 . 0 
2 2.0 
2 - a  5 
0 0.0 
2 2 a0 

1 5 
- - -- 

Table 3 shows the r e s u l t s  of a monthly r a t i n g  of f l u s h  volume in two 

Navel and two Valencia groves i n  the  Malkerns a rea ,  Though both v a r i e t i e s  had 

a s i m i l a r  spr ing  cycle, the Navels f lushed more hoavily during May and in the 

~ovember/December and ~ e b r u a r ~ b h a r c h  cycles ,  Puring 1967 high populat ions o f  

T. s t 3  developed a t  Ross C i t r u s  i n  kpri.l@ky, and i n  a nearby grove i n  - 
July,  on f lush ing  l!avels. Again, the  t rend f o r  heavier  f lush ing  by Navels was 

demonstrated i n  s tud ies  nade i n  two similarly-managed groves on Malkerns Re- 

search S t a t i o n  (Fig,  13 ) .  

( i v )  Influence ----- of thu:.-aenin_g_disease -.. -- -- --- ----- on f l u s h i n g  rhythm. The s c a t t e r e d  

winter  f l u s h e s  and overlapping growth cycles  a t  Fores t  H i l l  were ns in ly  due t o  

a severe l e a f  drop caused by severe water s t r e s s  and the high incidence o f  

greening. 

There w 2 s  a high in;liden;e of greened frui t  a t  Fores t  H i l l .  Greening s u r  

veys h s e d  on l e a f  symptoms showed 41 t r e e s  a t  Fores t  H i l l  and 32 t r e e s  a t  

Fairview t o  have d e f i n i t e  symptoms, while a t  Letaba only s i x  t r e e s  showed green- 

i n g  symptoms. A s i n i l a r  t rend was evident  from the screening of twigs. 

It was shown proviously t h a t  there were marked d i f f e renaes  i n  the f l u s h i n g  

rhythm and populat ions of - T, a t r e a e  a t  Malkerns Research S t a t i o n  and Kel ly ' s  

Hope. Observations ind ica ted  t h a t  2. ~ ~ t r e a e  populat ions have been lower i n  

the t r e e s  a t  Kel ly ' s  Hope i n  previous years.  Yet the Valencias a t  both sites 

have been s i m i l a r l y  managed since they were taken from the same nursery and 

p lanted  o u t  on s i m i l a r  s o i l  types in the 1957-58 season. 

EXPLANATION OF _FIGURES 
-----mu 

Fig. 13 Flushing rhythm of mature Navels and Valencias from May, 1968, t o  
Apr i l ,  1969, a t  Malkerns Research $ ta t ion  

Fig. l.4 Flush populat ions according t o  t r e e  a spec t  from February, 1.967~ t o  
February, 1968, a t  Malkerns Research S t a t i o n  



Table 4. Inoidence of greening and fruit y i e l d  a t  Malkerns Researoh S h  
t i o n  and Kellyg s Hops 

S i t e  
pe r  tree 

Greening-induced 
Vein-yellowing deficiency 

symptoms --- 

There wore, however, s l i g h t  c l imat io  d i f f e rences  which may have induoed a 

g rea te r  winter  dormancy a t  Kelly1 s Hop:?. 

Kelly' s Hope 
Malkerns R.S. 

Table 4 shows t h a t  there were notable d i f f e rences  i n  the incidenoe of green- 

i n g  a t  the two s i t e s .  From Tables 2 and 4 i t  i s  ev ident  t h a t  the  t r e e s  a t  Kel- 

l y ' s  Hope were 3 6  l a r g e r  i n  canopy area,  had one f i f t h  of the greening symptoms 

and produoed nea r ly  trrj-cc a s  much heal thy f r u i t  a s  the t r e e s  a t  the Research 

S ta t ion .  A t  Kelly1 s Hope 2" e ~ t r e a e -  populat ions were lower and the f lush ing  

rhythm less  favourable f o r  the vector .  

(v )  Di s t r ibu t ion  o f - f l ~ ~ ~ ~ ~ c c ~ r , @ ~ & o ~ r o e  aspect .  S tudies  a t  Fores t  

H i l l ,  Malkerns and i n  a small p l o t  on Letaba Z +&tes, revealed t h a t  the bulk 

of winter f l u s h  i s  borne on the r o r t h e r n  and thus  warcest a spec t  of the t ree .  

This i s  shown graphica l ly  in r ig .  14 where a'c the Malkerns Research S t a t i o n  

s i t e  neg l ig ib le  arnomts of f l u s h  were recoyded on the  southern quadrant of the 

t r e e s  from the l a s t  week of k p r i l  t o  the second week of July.  A t  o the r  times 

of the year  f l u s h  was f a i r l y  evenly d i s t r i b u t e d  i n  a l l  quadrants of the t ree.  

These t rends were a l s o  evident  i n  the Swazilqnd Lowveld in June, 1968. 

U 

1.7 1 0 9  1 206 1-5 / 7 0 7 6 . 1  

( v i )  &cussion. There a r e  three,  sometimes four ,  annual f l u s h  cycles  in 

the c i t r u s  a r e a s  of the e a s t e r n  Transvaal and Swaziland Middleveld. The main 

f lushes  occur t y p i c a l l y  i n  ~ u g u s  t/sep tember, November, and ~ a n u a r y / ~ e b r u a r y .  

With the exception of Fores t  H i l l ,  the heavy sp r ing  oycle, which bears  the blos- 

som and supports the  spr ing  build-up of 2. erytreae,  beg.an towards the end of 

J u l y  a t  a l l  study s i t e s .  

5.34 

B i o t i c  Faotors Segula t ing  F I u s h i x i h y t h m  

13 03 19.5 23.5 5.3 4-1 

Var iew.  Limes, C i t rus  a u r a n t i f o l i a  ( ~ h r i s t m . ) ,  and lemons, g. lilnon  i inn.), 
a r e  known to f l u s h  more f r e e l y  than the sweet orange, 2. s i n e n s i s   inn.). With- 

i n  the sweet orange group t h i s  study ind ica ted  t h a t  Navels f l u s h  more profusely, 

and midseasons l e s s  profuse ly  than Valencias. Hal l  (1930) showed thst a t  Mazoe, 

Rhodesia, Navels blossom about three weeks before Valenoias bu t  on Letaba Es- 

t a t e s  the p resen t  au thor  observed that the re  was l i t t l e  differenoe i n  the timing 

of the sp r ing  growth cycle where both v a r i e t i e s  were s i m i l a r l y  i r r i g a t e d .  Be- 

cause ;. e ry t reae  breeds exclus ive ly  on young f lush ,  i t  seems poss ib le  t h a t  the 

more profusely-flushing v a r i e t i e s  a r e  more suscept ib le ,  and the qu ie t e r  v a r i e t i e s  



l e s s  suscept ib le  t o  a t t a c k .  This fac t  may p a r t l y  account f o r  the lower in- 

oidenoe of greening observed i n  many mid-season groves. 

. The nore prolonged and profuse f l u s h i n g  of young t r e e s  and the  de- 

c l i n e  i n  f l u s h i n g  vigour wi th  age i s  supported by Schwarz (196%). I n  the high- 

er- lying c i t r u s  a r e a s  vigorously-flushing young t r e e s  a r e  extremely a t t r a c t i v e  

t o  - T. e ry t r eae  a t  a l l  times. I n  the h o t t e r  a r e a s  young t r e e s  may become i n f e s t -  

ed i n  the  coo le r  months. II.;?nature t r e e s  f r equen t ly  support qu i t e  l a r g e  popula- 

t i o n s  when mature t r e e s  a r e  semi-dormant. I n f e s t a t i o n s  on young t r e e s  a t  Mal- 

kerns Resehrch S t a t i o n  reached sprayable propor t ions  i n  February and March, 1968, 

a t  a time when populat ions were very low i n  inature t r ees .  

Greenin& and tree condition. Any f a c t o r  which causes s t r e s s  o r  b r ings  

about: the  premature dropping of nature l eaves  nay r e s u l t  i n  a compensatory, 

out-of-season growth f lush .  Strong f l u s h e s  were observed t o  follow severe hail-  

storms i n  both study arep-s. Hal l  (1930) s t a t e s  t h a t  the t i n e  of f rui t  p icking  

inf luences  the  f l u s h i n g  and blossoming of c i t r u s .  

The greening d isease  was shown t o  have a  profound e f f e c t  on the f lu sh ing  

rhytl-m of c i t r u s ,  the f l u s h i n g  of severe ly  greened t ~ e e s  be ing  commonly ou t  of 

phase wi th  t h a t  of hea l thy  t r e e s ,  Like the  c1osel.y r e l a t e d  stubborn disease,  

greening causes dieback, l e a f  drop, and ou+of-season growth and blossoming 

( ~ o ~ l e a n  & Oberholzer, 1965a), Hol.tzhausen, L.C . (pe r sona l  communication, 1968) 

has found that greened t r e e s  shed l eaves  continuously whereas leaf drop from 

healt1-~jr t r e e s  i s  m i n l y  confined t o  sp r ing  and sumner. 

Evidence presanted  previous ly  suggests  t h a t  high popula t ions  of x. e rv t r eae  

have caused a high incideccc of greer ing  a t  Malkerns Research S t a t i o n  and Fores t  

H i l l .  The d isease  has i n  tu rn  modified the n a t u r a l  f l u s h i n g  rhythm by inducing 

heavier  winter  f l u s h e s  and overlapping growth cyc le s  dur ing  the  growing season. 

There i s  thus  a v ic ious  cycle a s  t h i s  new p a t t e r n  of growth i s  more favourable 

f o r  the  vec tor .  

Abio t ic  2 a c t o r s  r egu la t ing  2lushing "hythm 

O f  the a b i o t i c  f a c t o r s  which inf luence  the growth of c i t r u s ,  Webber (1968) 

s t a t e s  t h a t  photoperiod i s  r e l a t i v e l y  unimportant and i s  always dominated by 

temperature and moisture. 

Temperature. Based on Cal i forn ian  work t h i s  au thor  gives the  mean threshold  

temperature f o r  c i t r u s  growth a s  12.8O~ and shows t h a t  i n  Mediterranean regions 

wi th  a  winter  r a i n f a l l ,  the  mean d a i l y  and s o i l  temperatures do n o t  r i s e  suf'fi- 

o i e n t l y  above t h i s  temperature t o  permit  growth during the  th ree  winter  months. 

He shows t h a t  comparisons of h e a t  i n d i c e s  f o r  the growing season of the  year  ex- 

p l a i n  d i f f e rences  i n  the growth af c i t r u s  i n  var ious  a reas ;  t h a t  the nean tem- 

pe ra tu re  f o r  the two months preceding the  sp r ing  growth cycle ( ~ u n e  and J u l y  i n  

the  Transvaal and ~ w a z i l a n d )  l a r g e l y  determines the  timing of t h i s  cycle;  and 

t h a t  midsunmer temperatures slow down and i n h i b i t  growth. 



Because of the equal iapor tance  of moisture in regu la t ing  growth, i t  ap- 

pea r s  t h a t  in the  subt ropica l  reg ions  of South Af r i ca  with a dry winter,  mois- 

t u r e  and temperature ~ o r k  together  t o  r e g d a t e  f lushing .  The conversion of mean 

nonthly temperatures t o  monthly hea t  i n d i c e s  a b o v ~  12.8% ind ica t ed  that hea t  

u n i t s  a t  most of the s tudy s i t e s  were s u f f i c i e n t  t o  permi t  s n a l l  win ter  f lushes .  

A t  Letaba E s t a t e s  and i n  the Swaziland Lowveld c i t r u s  a r e a s  which have s t i l l  

higher  win te r  temperatures,  the p o t e n t i a l  f o r  winter  grovth i s  greatdr .  

The r e g u l a t i n g  a f f e c t  of tenperclture i s  shown by the f ~ c t  t h a t  the  bulk of 

normal winter  f l u s h  i s  borne on the nor thern  a s p e c t s  o f  the t r ee .  This i s  of 

p r a c t i c a l  importance in t h a t  i n s e c t i c i d e s  f m  the  c o n t r o l  of p e s t s  developing 

on win te r  f lu shes ,  such a s  2. e t y t r e z  and c i t r y s  aphids, w i l l  b e s t  be concen- 

t r a t e d  on the  nor thern  s i d e s  of the t r ees .  Local f l u s h  p o i n t s  developing i n  

win te r  a t  the  s i t e s  of l e a f  drop caused by greening were on occasions observed 

t o  develop on the  cool  a s p e c t s  of the t ree .  

Moisture. Under c o n d i t i m s  of favcurable tenperature oitrue my bc forced  -- 
t o  f l u s h  a t  almost any time by manipulating the water  supply ( ~ e b b e r  (194-8). 

The p resen t  au thor  has observed t h a t  a drought per iod  during the r e i n y  season 

nay de lay  o r  i n d e f i n i t e l y  postpone a recognized growth cycle.  This  occurred a t  

Letaba E s t a t e s  during the 1966/67 season (Fig. 6)  where the  usual  November cyc le  

was delayed f o r  approximately three  weeks due t o  a dry Novemb~r-early December 

and a c r i t i c a l  shortage of i r r i , s a t i o n  water. 

I n  the summer r a i n f a l l  a r e a s  a f  South Af r i ca  the sp r ing  growth cycle  i s  

s t rong ly  inf luenced  by water supply, heavy i r r i g a t i o n s  i n  J u l y  being a common 

p r a c t i c e  t o  s t imula te  v i ~ o r o u s  shoot growth and r e g u l a r  blossoming. H a l l  (1930) 

s t a t e s  t h a t  da t e s  of i r r i g a t i o n  (and picking) .  . ."my induce a d i f f e r e n t  da te  of 

blossoming i n  two groves of tho same v a r i e t y  and t h a t  un le s s  t r e e s  a r e  kept  

f a i r l y  d o r m n t  during winter  t h e i r  n a t u r a l  f l u s h i n g  rhythm i s  l o s t " .  

I n  the warmer a r e a s  e s p e c i a l l y  during n i l d  winters ,  heavy r a i n s  o r  i r r i g a -  

t i o n s  may s t imula te  s i ' y i f i c a n t  f l u s h e s  and p r e c i p i t a t e  outbreaks of x. e m r e a e .  

Ca t l ing  (1967) was ~f the opinion t h a t  the  n a t u r a l l y  high water  t ab le  and ex- 

cess ive  use of s p r i n k l e r  i r r i g a t i o n  was the main reason f o r  the h i s t o r y  of nid- 

w in t s r  outbreaks on some fsrms i n  the upper L e t s i t e l e  Valley of the Letaba D i s -  

t r i c  t. 

Aggravated by the grecning d i s ~ a s e ,  the  prolonged w i l t i n g  of t r e e s  a t  

Fores t  H i l l  and Usutu Orohards caused considerable l e a f  drop during the winter .  

This  s t imula ted  excep t i o l l s l l y  heavy growth cyc le s  which a t  Usutu Orchards sup- 

p l i e d  v i r t u a l l y  a complete new l e a f  canopy. 

E f f e c t  of f l u s h i n g  rhythm on populat ions of 2. e r y t r e a e  
F P  *- - 

The h o t  dry olirnate and well-defined f l u s h  cyc le s  of Letaba E s t a t e s  and 

the Swaziland Lowveld work a g a i n s t  the aevelopment of high populat ions of x. s a -  
t r e a e .  whereas thz cool,  n o i s t  upland a r e a s  such a s  Fores t  H i l l  and Malkerns 

-3 



which tend t o  f l u s h  more r egu la r ly ,  a r e  extremely favourable.  

I n  a r o a s  with a  favourable cl imate populat ion f l u c t u a t i o n s  of T. e r y t r e a e  

fol low c l o s e l y  on peaks : ~ f  f l u s h  production. Flushing imposes a  rhythm both  on 

the numbers and developmental s tage  of the i n s e c t .  F i e l d  generat ions a r e  more 

d i s t i n c t  on fa i r ly  well-defined f l u s h  cyc le s  ( a s  a t  Malkerns i n  1967) than on 

f l u s h e s  which tend  t o  overlap ( a s  a t  Fores t  H i l l  i n  the 1966-67 season). 

The synchrony between the  eaergence of a d u l t s  a t  the end of a f i e l d  gene- 

r a t i o n  and the  product ion of young f l u s h  appears  t o  be of s igni f icance ,  p a r t i -  

c u l a r l y  t o  the r i s i n g  sp r ing  population. 

Under except ional ly  favourable condi t ions  popula t ions  of 2. e w t r e a e  may 

exceed the supply of breeding s i t e s ,  become g ross ly  overorowded and su f fe r  in- 

t r a s p e c i f i c  s t r i f e .  Overcrowding was observed a t  Ross Citrus E s t a t e s  i n  Sep- 

tember, 1967, and aga in  i n  December a t  the  Malkerns Research S t a t i o n  experimen- 

t a l  s i t e .  Counts showed t h a t  i n  December v i r t u a l l y  every f l u s h  p o i n t  w a s  in- 

fes ted ,  a l a r g e  propor t ion  being densely overcrowded with eggs and yaung i n s t a r s  

and support ing 9-10 a d u l t s  o r  nore. Between J u l y  and September, 1968, however, 

a maximum of 3 a d u l t s  p e r  oolony was found, the  mean f o r  733 co lon ie s  examined 

being 0.42 a d u l t s  p e r  colony. Thcre i s  l i t t l e  doubt t h a t  the  overcrowding of 

breeding s i t e s  and consequent mor t a l i t y  cont r ibuted  t o  the midsummer populat ion 

crash. 

The s i z e  of the  winter  nuclcus of 2. ery t reae ,  which is respons ib le  f o r  the 

sp r ing  populat ion upsurge, i s  l a r g e l y  determined by winter  f lu sh ing  a c t i v i t y .  

Small b u t  s i g n i f i c a n t  wiiiter f l u s h e s  i n  groves a long the Transvaal escarpment 

and Malkerns d i s t r i c t  f r equen t ly  b r ing  about  severe sp r ing  outbreaks. The three- 

month near  ces sa t ion  of growth a t  Letaba Esb te s  during winter ,  and the r e l a -  

t i v e l y  f l u s h  f r e e  per iods  between suminer erowth cycles  tend t o  break up th?  L con- 

t i n u i t y  of breeding populat ions.  During such per iods  when the t r e e s  a r e  semi- 

doraant  the pre-oviposi t ion pe r iod  i s  considerably prolonged. Any f a c t o r  o r  

p r a c t i c e  which tends t o  promote dormancy w i l l  assist i n  l i m i t i n g  populat ions of 

T. m a s - .  - 

Competition with citrus aphids 

I n  most seBsons a t  Malkerns the re  was a  c e r t a i n  amount of i n t e r s p e c i f i c  

competition between 2. e r y t r e a e  and c i t r u s  aphids. Aphids a r e  quick t o  colo- 

n ize  young f l u s h  and produce copious honeydew which renders  many l eaves  mat- 

t r a c t i v e  t o  x. ery t reae .  I n  a saa11, repl ica ter l  l a b o r ~ t o r y  t r ia l  on c i t r u s  

seedlings, 30-40 a d u l t s  of 2. g ry t r eae  were ziven a choice between seven 

f lu shes  heavi ly  i n f e s t e d  with c i t r u s  aphids, and seven hea l thy  uninfes ted  

f lushes.  I n  the f i r s t  trial, 87.5% and i n  the  second, 68.8% of the a d u l t s  se- 

l e c t e d  aphid  f r e e  f l u s h e s  f o r  feeding  o r  breeding s i t e s .  The a d u l t s  cons tan t ly  

avoided f o l i a g e  covered wi th  honeydew. A small l abora to ry  t r i a l  and f i e l d  (2% 

se rva t ions  ind ica t ed  t h a t  the nymphs a r e  n o t  severe ly  a f f e c t e d  by aphids  o r  by 

noderate amounts of honeydew. 



Large populat ions of aphids developed on the September and aidsummer 

f l u s h e s  and were p a r t i c u l a r l y  severe in the 1967-68 and 1969-70 seasons. I n  

September, 1969, 300 randomly-selec t ed  f l u s h e s  revea led  t h a t  90.8% were in fe s t -  

ed  with aphids. 

4. INFLUENCE OF FLUSH QUALITY -.- 
Cat l ing  (1967) c i t e d  pre l iminary  f i e l d  evidence t h q t  the condi t ion  of 

the  hos t  p l a n t  i s  importent  in the development of the immture  s t ages  of x. z- 
t reae .  Nymphs developing on young ~ r o w t h  o f  poor oondit ion were reduced i n  s ize ,  -- 
showed prolonged i n s t a r  durat ion,  and su f fe red  high c o r h l i  t y  . Morsn ( l968a) 

showed t h a t  the imnature s tages  r eec ted  s i m i l a r l y  when developin? on l e s s -  

favoured hos t  species .  I t  was suggested by Cat l ing  (1967) t h a t  t h i s  was main- 

l y  due t o  inadequate amounts of a v a i l a b l e  food i n  the leaves,  p a r t i c u l a r l y  

d e f i c i e n c i e s  of p ro te in .  

E f f e c t  .of n u t r i t i o n  on nymphal dg~eJ._oment. Between J u l y  and Octo- ( i )  .,,*,,, ,,,, - . ,  - - 
ber,  1967, sna l l - sca l e  experiments wcre c a r r i e d  out  i n  the i n s e c t a r y  t o  inves t i -  

gate  the  influence of l e a f  composition on the su rv iva l  and development of T. cry- 

t r eae  nymphs. Fourteen Valencia seed l ings  were grown in washed r i v e r  sand i n  
P 

one ga l lon  t i n s  f i t t e d  wi th  a Kauze bottom t o  ensure e f f i c i e n t  drainage. Af'ter 

p l a n t i n g  and c u t t i n g  back t; s t i g u l a t e  new growth, two a p p l i c a t i o n s  of the  Long 

Ashton S t a n k r d  Nu t r i en t  Solu t ion  (Hewitt, 1966) were app l i ed  t o  a l l  p l a n t s  af- 

t e r  which they were matched f o r  s i z e  and divided i n t o  two se t s .  Seven p l a n t s  

were given a weekly a p p l i c a t i o n  of the n u t r i e n t  s o l u t i o n  and rou t ine  vratering. 

3Jo f u r t h e r  n u t r i e n t s  ware ap3 l i ed  t o  the second s e t  of p l a n t s  and i n  addi t ion ,  

these p l a n t s  were vn te r s2  heavi ly  t h r i c e  d a i l y  f o r  the  f i r s t  f i v e  weeks of the 

experiment t o  l e a c h  3ut  a l l  d isso lved  nu t r i en t s .  Twu successive q e n e r a t i m s  of 

T. g t r e a e  were r ea red  on both s e t s  of  p l an t s ,  a d u l t s  bein:; allowed t o  dv ip9s i t  - 
f o r  2-3 days and the developing i n s e c t s  examined and counted a t  r e g u l a r  i n t e r -  

v a l s  u n t i l  reaching the  f i f t h  i n s t a r  o r  a d u l t  sta,:e. Separate  records weri. kept  

f o r  each p l an t .  On completion of the f i r s t  generat ion thc p l a n t s  were c u t  back 

and the experimental process  repeated on f o u r  p l a n t s  of  each treatment.  A f t e r  

the f i n a l  count thc  i n f e s t e d  l eaves  were a n a l y s e i  f o r  n i t rogen  content.  During 

the f i rs t  generat ion seve ra l  p l m t s  became heavi ly  i n f e s t e d  with the  c i t r u s  

r e d  mite, Panonychus c i t r i  ( ~ c ~ r e  <or). 

No deficiency symptoms developed i n  the leached p l a n t s  during genera t i o n  

one, thc n i t rogen  content  of both s e t s  of p l a n t s  remaining i n  the  req ion  of 

4.3 pe rcen t  n i t rogen of .dry weight. D u r i n ~  the second generat ion the  leuoh- 

ed p l a n t s  showed a s l i g h t  l e a f  yellowing when compared wi th  f e r t i l i z e d  p l an t s ,  

the n i t r ~ g e n  content  being 2.W and 2.7% ni t royen r e spec t ive ly .  I n  Table 5 
i s  shown the s u r v i v a l s  f o r  leached and f e r t i l i z e d  p l a n t s  i n  both  generat ions.  

I n  both  generat ions the mevl su rv iva l s  on the leached p l a n t s  were s l i g h t l y  

higher  b u t  a n  a n a l y s i s  of variance f m n d  t h i s  differel ice t o  be non-signif icant .  



Table 5 Nynphal su rv iva l s  of 2. e q t r e s e  a on normally f e r t i l i z e d  
and leached Valencia seedl ings  

I_.------ 
- -* 

q_qY-I*_-- I 

I 

ge as a d u l t s  - - ---p 
ached p l a n t s  1612 79.2 

f e r t i l i z e d  p l a n t s  7 I 1736 I 1270 i 73.2 --- = . - ---- --+-==---*---.. - 
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leaohed p l a n t s  , 4 1 1450 T ' 7 2 Z I -  
two I ( f e r t i l i z e d  p l a n t s  I 4 lo& 587 i 56.2 

I n  the f i r s t  generat ion the re  was an  unaccountable t r end  f o r  nyaphal 

i n s t a r s  I1 and I11 t o  develop f a s t e r  on the leached p lan t s .  However, t h i s  

d i f fe rence  in growth r a t e  was not  continued i n  the  l a t e r  i n s t a r s  f o r  both  

populat ions completed t h e i r  n p p h a l  develop!x&'t a t  about  the same t ine .  I n  

the  second generation, though considerable v a r i a t i o n  was observed, the  r a t c  

of d e v e l o p w t  i n  i n s t a r s  1-111 was very s i m i l a r  i n  both t reatments .  By the  

time the f i f t h  i n s t a r  was reached, however, development was c l e a r l y  more rap id  

on the  f e r t i l i z e d  p l a n t s ,  the  f i rs t  a d u l t s  emerging a full  f i v e  days before 

those on the leached p lan t s .  

No obvious d i f f e rences  were n ~ t i c e d  i n  nymphal s i z e  between nymphs de- 

veloping on leached p l a n t s  and f e r t i l i z e d  p l an t s .  I n  generat ion onc, how- 

ever,  g. c i t r i  caused considerable mesophyll-collapse i n  some of the l eaves  

support ing nymphs. Tabls shows t h a t  i nd iv idua l s  developing on l e a v e s  wi th  

mesophyll-collapse t m d e d  t o  be s m l l e r  i n  s i ze .  Yet the  n i t rogen content  

of these a f f e c t e d  l eaves  (3.8%) w a s  apparent ly  s u f f i c i e n t  f o r  bas i c  n i t rogen 

r e  quirements. 

Tab12 5 Length neasurenents of 2. er~tr,e&e, nymphs developing on heal- 
thy and ne sophyll-collap sed leave  s. Measureinents i n  mn, n o t  
inc luding  nynpahal ~nar q ina l  f r i n m .  Number of ma sure nent  s i n  
brackets .  IV-V- f d u r t h  and f i f t h  i n s t a r s  

( ii) ~ . ~ a t i o n s S  ~n-S.<ttgoOse,n- c~nte;t ,~oL young f l u s h  -- in - the -= f i e l d .  --= > - Between 

March, 1967, and August, 1958, seventy-seven c l a s s  A and c l a s s  B f l u s h  p o i n t s  

were removed from w e l l - f c r t i l i z s d  c i t r u s  t r e e s  i n  the Malkerns d i s t r i c t  f o r  the 

d e t e r i n a t i o n  of nitro,rren content .  Each sample cons is ted  of 20-30 f l u s h e s  se- 

l e c t e d  haphazardly from a l l  p a r t s  of the &ta t rco .  Flush was sanpled st a l l  

--7--- - ---- 

t imes of  the year,  and from t r e e s  of d i f f e r e n t  age and v a r i e t y  o r  species .  I n  

young f lu shes  the succulent  steil, which i s  f r equen t ly  used f o r  oviposition and 

I Healthy l e a v e s  
! 
I 

Leaves with mescphyll- 
co l l apse  
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adu l t  feeding, was included i n  the sample, while the tougher s t e m  of more ad- 

vanced f lushes  was rejected.  Plant  t i s sue  was dr ied i n  an  oven f o r  1-2 days, 

ground i n t o  a powder, and then analysed by the micro-Kjeldahl method using a 

Markham still .  Nitrogen content was expressed a s  the percentage nitrogen of 

dry wei@t. By t h i s  method only organic o r  proteinaceous nitrogen i s  d e t e r  

mined. Several determinations of t o t a l  nitrogen i n  young fol iage revealed the 

presenoe of negl igible  amounts of inorganic nitrogen in winter and only small 

amounts in August following the late w i n t e r  appl icat ion of f e r t i l i z e r  (0.3% 

inorganic and 30% organic nitrogen). 

There were only small differences in nitrogen content from t r e e  t o  tree,  

and in the f l u sh  from Navels, Valencias and grapefruit .  However, nitrogen 

oontent was found t o  vary with the age of the tree.  Table 7 shows the r e s u l t s  

of four  comparisons between f lush  from yourig t r ee s  and f l u s h  of the same stage 

from mature trees. Each sanple consisted o f  20-30 f lushes  of the sane stage taken 

Table 7 Comphrisons of nitrogen content (percent dry weight) of f l u sh  
froin young and mature t rees  

Class B -.. 
young t rees  9-- 2.91 2,96 3.25 2.19 

Mature t r ee s  / 2.52 - 2.37 1 2.27 1.99 
I 

f?rom sweet orange t r ee s  in May, 1967. The f l u sh  f'rom young t r ee s  appears t o  

be higher i n  nitrogen and thus nore nu t r i t iouso  Similarly, there were indi- 

ca t ions  that the young growth of seedlings i s  higher i n  nitrogen than the 

f lush  of mature trees.  The mean nitrogen content  of c l a s s  B f lushes  from six 

seedlings was 3.46% nitrogen, while the mean f o r  the two composite samples of 

the same stage from nature t rees  shown in Tabla 7 was 2.4% nitrogen. 

It was shown conclusively by the se r ies  of sequential  samples t h a t  the 

nitrogen content of young f lush  declines with ago. f i r s t l y ,  the averaging of 

66 nitrogen determinations d i s t r ibu ted  over nine months of the year ( ~ i g .  15) 

showed t h a t  a t  a l l  times the younger f lush  points  were highest  in nitrogen. 

f ig .  15 Monthly means f o r  nitrogen content, a s  percent dry weight, of c l a s s  
A and c l a s s  B f l u sh  points  on c i t r u s  in the Malkerns d i s t r i c t .  
Means based on the followinq numbers of colnposite samples: Jan - 11, 
Feb - 3, Mar - 9, May - 12, Jun - 4, Aug - 6, Sept - 12, Nov - 7, 
Dec - 2 

fig. 16  Decline i n  nitrogen content, a s  percent dry weight, with age and 
length of l e a f  i n  midsummer f l u sh  of nature Navels 



The n i t rogen content  o f  c l a s s  A f lushes  va r i ed  from 2.22 - 4.16% with  a mean 

of 3.18% nitrogen, and c l a s s  B f lushes  va r i ed  from 1.73 - 3.34% with  a mean 

of 20J+% nitrogen. Secondly, by tagging f l u s h  p o i n t s  i n  a mature Navel grove 

a t  the  s t a r t  of a midsummer f l u s h  f o r  n i t rogen determinations a t  r egu la r  in- 

t e r v a l s  (Fig. 16) ,  i t  was shown t h a t  a maximum ni t rogen content  of  3.6% was 

a t t a i n e d  while growth was i n  the c l a s s  A s tage with leaves  below 1.3 inches 

in length. With an  i m r e a s e  i n  length  of  l e a f  t o  3,O inches  during the c l a s s  

B s tage,  n i t rogen c o n h n t  decl ined t o  2.22, A f t e r  maturing beyond the B s tage  

n i t rogen dropped t o  2.N befors  a modest c l i n 3  t o  2,4 - 2.5% nitrogen. Third- 

ly ,  the grouping of 38 samples i n t o  f o u r  ca tagor i e s  according t o  l eng th  of 

leaf  revealed a s i m i l a r  t rend f o r  a decrease i n  n i t rogen content  wi th  age. 

Last ly,  separate analyses of the  f i v e  t e r n i n l l  leaves  of c l a s s  A f lushes  

showed a decrease i n  ni t rogen coc-kn'; from 4.5% f o r  the  terminal l e a f ,  t o  

3.8% f o r  l ea f  5, T h i s  t rend vas p o t  s h o m  5 g l a s s  B f lushes .  

Prob??ly of far  g r e a t e r  eoological  sip~?.LL"Fzance was the marked seasonal  

f l u c t m t i o n  i n  the n i t ~ o g e n  content  of yourlg f l u s h ,  I t  i s  seen from Fig. 15 
t h a t  the highesf l e v e l s  of nit?og29,> 4,0$, wsre p r e s e ~ t  during the main f l u s h  

cycles  of Bug;:: ';,/,3epJ;am?x:? axd i n  Novembe?, while +he lowest  l eve l s ,  < ze5%, 
were recor&d i n  the smll  au';unn and r v i e k r  f l u s h e s  from Maroh t o  June. 

Nitrogen contents  recorded from i'.::.el;:72er t o  Fe>nr?.=y were intermediate.  The 

averages show:? f o r  the mont.hs of August arid Sep5ember include samples taken 

i n  1967 and 1763, c l a s s  .", ni";roc;c:l contsn-t; exceedi re  4,0$ I n  both seasons. 

The ro!..e of p r o t e i n  i n  t k ~  d i e t  of 2, erytre;~e,.  Amino a c i d s  a r e  the  
-_=_ -*7-.-_1=_- I*_*._? -----..-.I. -.? L" :. -1- -r. . .- 

most irrportaii-",souxs o? pro'Le9n f o r  j.xecCs, mny  species  r equ i r ing  proteina-  

ce0-x food 20 promote ovuln?.:rlor~ ar,d egg pYodtl.sl;ion ( ~ o u s e ,  1965). So, f o r  ex- 

ample, d=ing r e p ~ o d u c t i o n  when p r o t e k l  demands a r e  high, the aphid, Tubero- 

lachnus s a l i m z s  ( ~ n e l i n ) ,  contzibu';es some s to red  n i t rogen from he r  own body - --*- -. " , & -=- >- 

(Craig, 1960). 

The prec ise  p r o t e i n  requirements of i n s e c t s  i s  no t  we l l  known and has 

not  been stucEcd i n  the Psyl l idae .  Homopterans such a s  aphids and sca le  in-  

s e c t s  a r e  known t o  excre te  I .a~ge  quuntFties of anino a c i d s  i n  t h e i r  honey- 

dew ( ~ i ~ ~ l . e s w o r t h ,  1965; Dorr%, 1 ~ Q e ) .  This was a l s o  found i n  the case of  

T a Table 8 shoxs t l ~ e  r e s u l t s  of a n  a n a l y s i s  of seve ra l  grams of - 
excre ta  co l l ec ted  over severa l  weeks from a laboratory cul ture .  I t  i s  seen 

t h a t  a p a r t  from a small amount of ammonia, 15 amino a c i d s  were present .  Eight  

of these  are l a o m  t o  be pree2nt  I n  the honeydew of coccids and a l l  have been 

de tec ted  in the honeydew of q h i d s  ( ~ u o l a i r ,  1963)~ Typically, arnino a o i d s  

present  in the  honeydew of aphids are  found i n  the phloem of the hos t  p l a n t s  

( c ra ig ,  1960) and i n  2, ,e,er&rea~, I 4  of the  15 anino a c i d s  shown have been 

i s o l a t e d  from c i t r u s  leaves  ir, Flor ida   rickson on, 1968). ~ a r w u l a r l y  l a r g e  

amounts of p ro l ine  a r e  presen-kiin the exc--.eta and i n  Flor ida  c i t r u s  leaves. 

It would thus appear thet most of the  nnino a c i d s  a r e  no t  synthesized by 



Table 8 Amino aoids present  i n  the exoreta of z. Brvtreae. 
Ammonia was a l so  present  a t  0.195 gm/100 gm excreta 

Amino ac id  

Proline 
Aspartio ac id  
Glutamic ac id  
Valine 
Alanine 
H i s  t id ine  
Glycine 
Thre onine 
Leucine 
Tyrosine 
A r  ginine 
Ly sine 
Phenylalanine 
I soleucine 
Serine 

Grams anino aoid per  
100 grams excreta -- 

TO ewt roae  bu t  a re  merely ingested i n  excess and promptly excreted. The - 
shunting of l a roc  anounts o f  sugar (cat l int ; ,  1967) and f r e e  anino acids  i n  the 

oompound o r  compounds such a s  vitamins ( ~ u c l a i r ,  1963)~ o r  even ce r t a i n  minor 

elements which Erickson (1968) has found t o  influence the supply of f r e e  aidno 

acids  i n  c i t r u s  leaves. 

The e f f e ~ t  of low nitrogen leve l s .  The po t  experiment, which was design- 

ed t o  invest igate  the influence of low l eve l s  of nutr i t ion,  gave disappointr 

i ng  resu l t s .  Prolonged leaching of the sand cul ture  d id  not  ser iously  re- 

duce the nitrogen content o r  noticeably a f f e c t  the general l e a f  composition, 

I n  most respects  both s e t s  of p lan t s  remained favourable f o r  nyinphal develop- 

ment and survival  was not  affected.  The persistence o f  ni trogen i n  the leaves  

of the leached p lan t s  nay be explained by the work o f  Gates e t  al., (1961) 

who showed that i n  c i t r u s  cut t ings  nu t r i en t s  sh i f t ed  p r e f e r en t i a l l y  t o  develop- 

ing  p a r t s  of ths  p l an t  and t h a t  reserves in the s t e m  a r e  mobilized f o r  growth. 

However, nymphal development was prolonged on the leached plants ,  p a r t l y  

oonfirming e a r l i e r  f i e l d  observations by Catl ing (1967), and a s ize  reduc- 

t ion  was indioated i n  nymphs developing on me sophyll-oollapsed leaves. 

According t o  Chapman (1968) ni trogen shortage and disorders may be ex- 

pected in mature leaves when the nitrogen content drops below 2.0%. Catl ing 

(1967) reported on apparent p ro te in  s tarvat ion in the nymphs of x. ervt reae  

which developed on y o u n ~  leaves i n  the Letaba d i s t r i c t  during midsummer with 

a nitrogen content of between 1.25 and 1.34% nitrogen - normal nymphal deve- 

lopment proceeding i n  another grove over the same period on f l u sh  of the same 

stage with a nitrogen oontent of 2.4%. It would thus appear that the c r i t i c a l  

l e v e l  below shich p ro te in  s tarvat ion can be expected i s  i n  the region of 1.5 - 
2.% nitrogen. 

Catl ing (1967; 1969a) re fe r red  t o  the e f f eo t  of high midsummer tenpe- 

r a k e s  and intense sunlight  i n  slowing down and i nh ib i t i ng  c i t r u s  growth. 



Odum (1964) showed that these condi t ions  may reduce p r o t e i n  synthes is  and 

photosynthesis  i n  the leaves, thereby decreasing the n u t r i t i v e  value a t  a 

time when the demand f o r  n u t r i e n t s  i s  a t  i t s  h ighes t  ( ~ u r s e l l ,  1964). I t  

was shown t h a t  n i t rogen l e v e l s  i n  midsummer f lushes  a r e  lower than i n  sp r ing  

and e a r l y  summer growth cycles,, Thus i t  i s  concluded t h a t  the lower n u t r i e n t  

l e v e l s  i n  midsummer f lushes  a r e  detr imental  -to nymphal development and t h a t  

i n  poorly-nourished ci t . rus t r e e s  the  n i t r o p n  content  nay decl ine t o  reach 

l e v e l s  which cause nymphal mor ta l i ty ,  Sini l .ar  condit ions a r e  bel ieved t o  

a f f e c t  the nymphal s tages  of the p s;.llid, pF.yocepha1a ca&odendri Moran 

 o or an, 1967). 

Besides the d i r e c t  e f f e c t  on tlevelopment, n u t r i e n t  l e v e l s  i n  the p l a n t  

hos t  a r e  known t o  i d l u e n c c  the fecundi ty  of nany phytophaeous i n s e c t s  and 

mites* Ths aphid, A r . y ~ ~ ~ ~ f : ~ ~  pL3-12 ( m r r l s ) ,  develops more slowly and i s  

l e s s  f e c ~ ~ ~ d  on r e s i s t a s t  plan.;; viz:ictd.es ~ 6 t h  low l e v e l s  of amino acids,  

while t r e a t ~ l e n t s  causi.:lg the accur-. _--st-Lon o.? anino a c i d s  r e s u l t  i n  improved 

growth and reproduction ( ~ e c k ,  l y S 5 ) .  A t o t t e r  growth r a t e  was repor ted  by 

Aucla i r  ( 1 ~ 6 3 )  i n  aphids f~~ .? i . i : g  s n  susc:ptS.ble pea v a r i e t i e s  wi th  higher  

l e v e l s  of three  key amho ac'.ds a d  preztlrsors. However, according t o  Bran- 

son & Simpson (1946) work: or1 the influence of p l a t  n u t r i t i o n  on aphid po- 

pu la t ions  has l e d  t o  inconsis5ent  r e s u l t s .  These authors  found t h a t  a  de- 

crease i n  the fecundi ty  of R,h~~+!asSi&un - - % P a  f i t c h i i  (~an&!rson)  on n i t rogen 

d e f i c i e n t  sorghun was due t o  cro17iti.ng on poorly-growing p l a n t s  r a t h e r  than 

a d i r e c t  effec-i  of low ni+,rogl;cr= l e v e l s ,  The n i t e ,  Tetranychus t e l a r i u s   inn.), 
was found b;~ Hsnr.eberry (1362) +G l;le nore fecuzd on young bean l eaves  and on 

p l a n t s  f e d  a t  :?i?;he: r a t e s  of n.it:.~gen, The lowering of fecundi ty  with in- 

crease i.1 leal" age P-ZS xos t  p;-~)~ou:::t?d O: p l e n t s  f e d  a t  low n i t rogen  ra t e s .  

Unfortunately no wo-k h s  be22 don2 -'o d.jt~?r;iine the influence of n u t r i t i o n  

on the general fecundi ty  of 2, e~r_5zt>;z, I n  ovipos i t ion  s t u d i e s  described 

elsewhere young, freely-fl.1: shine c i t r u s  seedlings were used a t  a l l  times. 

As w i l l  be discussed l a t e r ,  t h i s  i s  i n p o r t a ~ t  f a c t o r  t o  be inves t iga ted  

i n  the ecologr of  g. eq t reae_ ,  

Differences i n  the n i t ropen content  of .yr)ung f lush .  Figures quoted f o r  ,,,-, ,, -%-,->----- > - --- =- w 

the n i t rogen content  of mature c i t r u s  leaves  a r e  s i m i l a r  f o r  the U.S.A., Aus- 

t r a l i a  and South Af r i ca  end usuab1.y vary between 2.0 - 2.8% ni t rogen (chapman, 

1968; W i l l i a m  & Gates, 1956; Stanton, D,A, 1969, personal  communication). 

No published data i s  ava i l ab le  on the n i t rogen of young f l u s h  i n  a ~ u t h e r n  Af- 

r i ca .  Resu l t s  from the s e r i e s  of sequent ia l  samples i n  the Malkerns d i s t r i c t  

were i n  general  agreement with a  more d e t a i i e d  s tudy of the uomposition of 

Valencia leaves  by Caneron e t a l . ,  (1952) i n  southern Cal i forn ia ,  I n  both 

regions there  were three  annual growth cycles  and the n i t rogen content  of young 

f l u s h  decl ined s t e a d i l y  with age - from 4.0% ni t rogen i n  tender c l a s s  A flush- 

e s  t o  2.0 - Z05% f o r  advanced c l a s s  B f lushes  i n  Malkerns. The age f a c t o r  

was the  dtominating influence on f l u s h  composition. S imi ler ly ,  when compared 



with the two l a t e r  flushes, highest l eve l s  of nitrogen were fomd i n  young 

leaves of the spring cycles - 4.4% i n  California, 4.1% i n  Malkerns. 

The Malkerns study a l so  revealed l i t t l e  var ia t ion i n  the nitrogen con- 

t e n t  between t r ee s  of the same variety, and between Navels, Valencias and 

grapefruit.  The f l u sh  from young trees,  and seedlings, was hiqher' i n  n i t ro -  

gen than f lush  borne by mature trees. This agrees with the work of Gates 

e t  a 1  (1961) on o i t ru s  cut t ings  where the youngest leaves s t a r t ed  with a -- . ,  
nitrogen content of 4.0 - 5.%, declined s l i gh t ly  with ase, and then remained 

f a i r l y  constant a t  l eve l s  of 3.0 - 4.% nitrogen f o r  some months. Thus young 

trees,  be sides f lushing more profusely ( cat l ing,  1 9 6 9 ~ ~ ) ~  a l so  appear to bear 

young growth higher in nitrogen which makes then more a t t r ac t i ve  t o  2, txtqtreae 

than mature treos. Tho same reason i s  advanced f o r  the f a c t  tha t  populations 

of the red scale, Aonidiella au ran t i i   ask.), develop f a s t e r  on young c i t r u s  

t r ee s  than on mature ones (~edf'ord, E.G.C. 1969, personal communication). 

The very def in i te  seasonal f luctuat ion i n  the nitrogen content of young 

f l u sh  i s  of especial  i n t e r e s t  though a t  t h i s  stage i t  i s  only possible to  

speculate on i t s  ecological significance. I t  i s  perhaps meaningful t h a t  the 

highest nitrogen leve ls  a r e  present i n  the spring and ear ly  summer flushes 

when the main population upsurges of 2. erytreae take plaoe. This means t h a t  

the host p lan t  i s  l i k e l y  to  be a t  i t s  most nu t r i t ious  t o  the young stages and, 

perhaps of greater signifioance, t o  oviposi t ing females. Nitrogen l eve l s  de- 

c l ine  towards l a t e  sumner and a re  a t  t he i r  lowest during winter, Leaves a r e  

the major reservoir  f o r  nitrogen i n  c i t r u s  t r ee s  and i t  i s  possible t h a t  i n  

l a t e  summer the f r u i t  tend t o  draw on t h i s  reserve (Chapman, 1968). But i t  

must be remembered t h a t  young growing t i s sues  a r e  p re fe ren t ia l ly  supplied with 

nu t r ien t s  so t ha t  i t  would seem t h a t  only under exceptional conditions of ni- 

trogen shortage would young f lush  become def ic ient  i n  nitrogen - a s  a t  .Forest 

H i l l  i n  1966-67 (catl ing,  1967). The influenoe of midsummer weather condi- 

t ions  was mentioned etxrlier. 

Cameron st al.,  (1952) i n  California, discovered tha t  the l eve l s  of 

nitrogen, calcium, nagnesium, i ron  and manganese i n  c i t r u s  leaves varied from 

season to  season, Wellington (1957) considers t h a t  annual var ia t ions  in food 

quality, a fao tor  which i s  frequently overlooked or neglected by ecologists, 

are  extremely importent i n  the population f luctuat ions  of some insects.  

5. INFLUENCE OF PARASI!lBB 

Parasi tes  a r e  a l imi t ing  fac tor  to  populations of 2. erytreae (van der 

Merwe, l9W; Catling & Annecke, 1968). O n l y  the nymphal stages a re  attaok- 

ed, there being no records i n  South Africa of adu l t s  o r  eggs being parasit ized.  

The main primary parasite,  whose i den t i t y  was confirmed by D r .  B.D. Burks of 

the U.S. National Museum, Washington D.C., on specimens from the Letqba dis- 

t r i c t ,  was Tetrastichus radiatus Waterston. Tetrsst ichus s ica r ius  S i l v e s t r i  





and E t r a s t i c h u s  Waterston recorded from 2. erytreae in Kenya ( ~ e n s c n ,  

1957) a rc  not known t o  occur i n  South Africa (Annecke & Ci l l i e r s ,  1963). 

Tho b io lom and interre la t ionships  of the paras i te  complex of r. ,ezt~t?&e, 

were provisionally determined from f i e l d  studies and small scale laboratory 

studies. A deta i led b i o l o g c a l  study was made by Blowers ( i n  preparation) i n  

the Salisbury d i s t r i c t  of Rhodesia where a similar parasiti .  coiilplex exis ts .  

Studies on paras i te  a c t i v i t y  were s ta r ted  i n  1965 i n  the Lctaba d i s t r i c t  and 

were continued i n  Swaziland a t  Malkerns Research Stat ion u n t i l  January, 1970. 

k t  l e s s  frequent in tervals ,  similar observations were made a t  Ross Citrus Es- 

t a t e  i n  thc 1967-68 season. None of these t rees  received insec t ic ida l  sprays 

during the study period. Occasional parasit ism counts were made i n  other groves 

in the Malkerns d i s t r i c t .  

T. radiatus was or ig ina l ly  described from DJaphorina c i t r i  Kuw. (~,uph&l._ens, 
W N_U__N_U__ 

c i t r i  KUW.), the Indian c i t ru s  psylla,  by Husain & Nath (1924) in the hmjab. -. 
Annecke & C i l l i e r s  (1963) were the f i r s t  to reoord - T. radiatus in Afrioa, re- 

garaing t h i s  to  be the species mentioned by Van der Merwe (19W) a s  a t tacking 

c i t r u s  psyl la  nymphs i n  South Africa. 2. radiatus has since been collected 

widely i n  the Transvaal, Swaziland and Rhodesia. According t o  Moran (1967) 

there a r e  s l i g h t  morphological differances between specimens from various pa r t s  

of southern Africa. The biology of 2. ~ a d i a t u s ,  which was found to correspond 

closely with t h a t  mentioned b r i e f l y  by Husain & Nath (1924), was described by 

Catling (1967, 1969b) and drawings of a l l  s tages a re  shown i n  Fig. 17. A few 

addi t ional  notes f'ron observations in Malkerns are  given here. Table 9 shows 

t h a t  the fourth i n s t a r  i s  preferred f o r  egg-laying, followed by the f i f t h  in- - 
s tar .  Many f i f t h  i n s t a r s  with paras i te  eqgs appear to survive the attack. 

Table 9 Host i n s t a r  preference f o r  egg-laying by 2. radiatus 

S i t e  

t I 

/ Percentage of each i n s t a r  preferred j Number af  , f o r  e gg-laying 
1WJphs I- - - --- ---- l.. Ye 

r with eggs 1 i 111 I v T v 
-a 7 - - -- .-;---m-. -r I 

..................... Forest H i l l  1 459 10.2 ; 73 00 16.8 
Malkerns Research Stat ion 1967-68 1 2ll.8 18.4 I 42.4 39.2 

I 
Ross Citrus 1967-68 ............. i 1010 22.2 47.2 i 30.6 I i i I 

EXPLATUTION OF FIGURE 
_ P  - . I N  - 

Fig. 17  -._-- Tekas t ichus  --- radiatus Waterston. A-egg on venter of nymph; 
B-lamac; C-dead nymph with paras i te  i n  pupal stage; D-pupa; 
E-adult female. A l l  stages t o  sane scale. del. H.D. Catling 



k ce r t a i n  amount of super-parasitisn mas always found a t  high l e v e l s  of para- 

sitism. I n  the two seasons of study a t  Forest H i l l ,  6.8% of 617 nymphs had 

more than one 2. --- radia tus  egg; in the 1967/68 season a t  Malkerns Research 

S ta t ion  superpa$9asitism mas 3.M of 2118 nymphs and a t  Ross Ci t rus  3.5% of 

1010 nymphs. There was no sign of host feeding o r  host  mutilation, adu l t s  

resay feeding on the sugary faeca l  p e l l e t s  of t h e i r  host. Females were more 

abundant a t  a l l  times of the year, the sex r a t i o  of 2127 adu l t s  reared from 

emergence boxes o r  caught i n  the i n s e c t  sanpling machine was 41.1% males. 

P ~ U a e p h a w s  pulvinatus (waterston) (Encyrtidae) -.- 

T h i s  species was b r i e f l y  described by Catl ing (1967; 1969b). I n  Malkerns 

the sex r a t i o  of 296 adu l t s  reared fron emergence boxes o r  caught i n  the in- 

s e c t  sampling machine was 31.% nales. 

bhi$enc.vrtus cassatus Annccke ( ~ n c y r t i d a e )  

A. cassatus, a hyperparasite mhioh a t t acks  g. radia tus  and 11. 
-____n_ 

i s  a new species described by Annecke (1969). The pupal stage i s  external  and 

read i ly  dist inguishable from 2. radia tus  and Te t ras t i chus  sp., the adu l t  usual- 

l y  emerging through the abdomen of the nymph. S ix tp two  percent  of 1 x 0  spe- 

cemens exanined in the Malkerns d i s t r i c t  were males, this tendency being con- 

s i s t e n t  throughout the year. I n  one & s i t u  .-. count a t  Malkerns, A. $m.ssatus 

sucoessfltlly at tacked every l a rva  o f x .  radia tus  --- present  i n  the colony. 

Tetrast ichus sp. ( ~ u l o ~ h i d a e )  
c-_C___ =- 

T h i s  species was placed in the genus -= Tetrast ichus -. -.-. by D r  R.D. Burks. Known 

by the p resen t  author a s  a hyperparasite of 2, ewt reae ,  Blowers, J.R. (perso- 

n a l  communication, 1967) found i t  to  be a t e r t i a r y  pa r a s i t e  a t t ack ing  the l a r -  

v a l  and pupal s tages  of A. cassatus. Unlike x. radiatus,  the head, thorax and 

abdomen a r e  a l l  black and the l egs  have darkish coxae and femora. The a d d  t 

emerges through the dorsum of i t s  host. Females a r e  predmimmt, 29.8% of 299 

adu l t s  examined being males. 

Species of minor i m p o r t a n ,  

Several  o ther  pa r a s i t e s  were reared i n  smll numbers from 2. eryt reae  

nynphs but  a l l  a r e  regarded as hyperparasite s. Coccophagus pulvinariae Compere, 

(Aphelinidae) males were reared on several  occasions in the Letaba and Malkerns 

d i s t r i c t .  

PacQeuron sp. (~teromaliclae)  w a s  reared in the Letaba d i s t r i c t  only. -- - 

Euxanthellus sp . ( ~ ~ h e l i n i d a e )  male s were recorded in the Malkerns d i s t r i c t .  -.- ..-- 
A few specimens of xa r i e  tta_ pixiosa Conpere ( ~ ~ h e l i n i d a e )  were reared in the 

Malkerns d i s t r i c t .  

According t o  Catl ing (1967, 1969b) the two pr inary  paras i tes ,  2. r a d i a t ~  

and -. P. pulvin_a_tusS, and the hyperparasite s, _A_. &_s_satu.t and ~ s , ~ , c - h , u ~  sp ., 



were r ea red  from another  p s y l l i d ,  Trioza sp. on two creepers  r h i c h  grow along- 

s ide  c i t r u s  groves a t  some p l a c e s  i n  the study a reas .  

( i i )  F i e l d  s t u d i e s  a t  Ma1,kerns E e ~ c a  StLJUion (F&s~ 18 ar&L!L0,) .- 

P a r a s i t i s n .  I n  the  1967-68 s e a s ~ ~  the p e x e n t a g e  parasi t isrn of suscept- ---- 
i b l e  s t ages  w a s  cons tant ly  between 30-50% with a nean of 45.2% f r o u  March t o  

e a r l y  August on low d e n s i t i e s  of 2, atre%, 

On the  sp r ing  upsurge of the  host,  however, p a r a s i t i s n  dec l ined  sharp ly  

t o  l e v e l s  of 1.@ on September 5 and 7, A f t e r  a r a p i d  recovery i n  mid Septer.* 

ber, pa ras i t i sm remained f a i r l y  cons tant  ( u s u a l l y  from 50-70%) u n t i l  e a r l y  De- 

cember when t h e r e  w a s  another  drop, followed by a quick r e t u r n  t o  high l e v e l s  

on r a p i d l y  diminishing popula t ions  of the  host.  With a nean of 42.1%, paras i -  

t i s m  w a s  s i m i l a r l y  maintained a t  f a i r l y  high l e v e l s  during the winter  of the  

fol lowing season. There was no se r ious  dec l ine  i n  p a r a s i t i s m  on the sp r ing  

upsurge in 1968, the  percentage pa ras i t i sm never  dropping below 38% during the  

c r i t i c a l  months of August t o  October, 

Since 2. r a 6 i a t u s  a t t a c k s  oc ly  i n s t a r s  111, IV and V, p a r a s i t i s n  i s  n o s t  

accu ra t e ly  a s ses sed  when the  bulk  of the hos t  popula t ion  i s  in these  suscept- 

i b l e  s tages .  Well-defined f i e l d  generat ions o r  broods were shown f o r z .  e l y t r e ?  

during the  s tudy pe r iod  and a r e  included in fig. 18, Pa ras i t i sm dur ing  t h i s  

suscept ib le  p e r i o d  i s  r e f e r r e d  t o  as " e f f e c t i v e  p a r a s i t i s n "  and i s  shown f o r  

each f i e l d  genera t ion  a t  Malkerr_s Reseamh S t a t i o n  f o r  1.96; and 1968 in Table 10. 

Table 1 0  P a r a s i t i s n  by 2 ,  r a d i a t u s  and 2. p u l v i n a t u s  dur ing  the  suscept- 
i b l e  pe r iod  of each f i e l d  genera t ion  of c i t r u s  p s y l l a  a t  Mal- 
kerns  Research S t a t i o n  

i No. p a a s i t i s n  1 
f i e l d  

i 
Per iod  I counts  wi th in  t h i s  Mean percentage 

I genera t ion  pe r iod  i paras i t i sm 
==.?-=--a- . --,---------- - ---.-*a:%= *:m.- 

2 ! 1.967 Apr. 9-30 i 1 
2 

31.8 
3 I Junm 6 - ~ u l y  9 I I 4-407 
4 Aug. 17-31 2  10.3 
5 1 Sept. 21-Oct. 1 2  i 4 42.2 
6 ! Nov. 22-Dec. 14 3 9 *3 i 7 j1968 Jan. 2-19 2 33e5 
1 Feb. 6-Mar. 7 1 , 35.2 
2 Apr, 1-18 1 ! 

i 
10.8 

3 Mar. 9-28 I I 48 -1 
4 / Jun. 22-Jul. 9 1 1 t 30 8 1  

5 I Aug. 1-25 1 51.1 
6 I Sept,  l f ~ o c t ,  18 ; 5 I i 47 7 I I 

Fron November, 1968 t o  January, 1969, 40-50% of the suscep t ib l e  s ixges  

were p a r a s i t i z e d  u n t i l  the  poyulet ion c ra sh  of 2, _crytreae i n  mid January. Duc 

t o  excep t iona l ly  low hos t  populat ions,  no f 'ur ther  ma te r i a l  was a v a i l a b l e  f o r  

p a r a s i t e  counts  u n t i l  the midwinter of 1969. Between June and mid September no 

s i g n  of p a ~ s i t i s m  w a s  recorded i n  9 counts  (1,789 suscep t ib l e  s t a g e s  examined), 
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whereas in both of the previous seasons, paras i t i sm was above 40% f o r  the w i n -  

t e r  months. Similarly,  no p a r a s i t e s  were evident  i n  counts mde  i n  three o ther  

groves during August and e a r l y  September. P a r a s i t e s  f i r s t  made t h e i r  appear- 

ance in nymphs examined on September 24 and Fig. 10 shows a steady r i s e  in ao- 

t i v i t y  in Ootober t o  reach normal sumner l c v c l s  which p e r s i s t e d  t o  January, 1970. 

Mean "effec t ive  pa ras i t i sn"  rose progressivcly in the four  broods of the season 

a s  follows: 0.0% ~ u l ~ / ~ u g u s t ;  9,674 37.6%; and 50.5% ~ecenber/January. 

Pa ras i t e  popul,ation flucLt,u+,ions. Fluctuations of p a r a s i t e  s and the re- 
-%I- 

l a t i v e  h p o r t a n c e  of the four  main species were assessed by ( a )  an examination 

of paras i t i sm counts and the rea r ing  of a d u l t  p a r a s i t e s  f ron  t h i s  material ,  and 

(b )  by a considerat ion of the ca tch  from the i n s e c t  sampling machine. 

To r a e a t u ~  was the predominant primary p a r a s i t e  a t  a l l  t i n e s  but  was chal- - 
lenged by P .  pulvinatus  a t  low host  d e n s i t i e s  i n  ~ a ~ / J u n e ,  ~ u * s t / ~ e ~ t e n b e r  i n  

1967, and in May, 1968. z. pulv ina tus  was a l s o  a c t i v e  from December t o  Febru- 

ary in rapidly  declining populations of 2. e ~ t r e a e .  The primary p a r a s i t e s  

were consis tent ly  a t tacked by A. cassatus, this species heavily outnumbering 

primaries i n -  the latter hal f  of December, 1967, and again t o  a l e s s e r  ex ten t  i n  

February, 1968. I n  the following season the secondary p a r a s i t e  became s l i g h t l y  

more nunerous than i t s  host  in October, again on a declining p s y l l a  population. 

Small numbers of Tet ras t ichus  sp. were present  during the study period. 
---=-nlPJ 

A l l  species were a t  low l e v e l s  during winter  and e a r l y  spring, thc seaso- 

na l  inorease in numbers beginnin3 in Septernber. I n  the 1967-68 season the p r i -  

maries had increesed in numbers by October but  declined in November only t o  

bu i ld  up once more to reach t h e i r  highest  pcak in mid Decenber. There were 

small spikes of primaries i n  February and May, I n  the following season prima- 

r i e s  were very a c t i v e  in September on a considerably smaller outbreak of 2, ~ t -  

treae. Fig, 18 shows t h a t  high l e v e l s  of p a r a s i t i s n  coincided with peaks of - 
a o t i v i t y  of primary pa ras i t e s ,  

I n  1969 no p a r a s i t e s  were col lec ted  in the i n s e c t  sampling nachine be- 

tween Apri l  ll and the end of July, nor were p a r a s i t e s  obserrod in the f i e l d  

during this period. Small nmbers  f i r s t  appeared i n  September and small peaks 

were recorded a t  the end of October and egain in December. 2, 

EXPLANATION OF FIGURE'S 
rn-_--- 

Fig. 18 Population fluctuations and broods of  2. erytreae,  percentage para- 
s i t i sm and numbers of p a r a s i t e s  a t  Malkerns Research S ta t ion  from 
February, 1967, t o  November, 1968 

Fig. 19 Population f luc tua t ions  of To e r e a e ,  percentage paras i t i sm and 
numbers of p a r a s i t e s  a t  ROS; ~ i t r u s x t a t c  f'rom April ,  1967, t o  Apr i l ,  
1968. Arrows ind ica te  n i l  paras i t i sm 



predominant u n t i l  January when JS, &i& accountcd f o r  a g r e a t e r  share of 

parasi t ism. A. cassa tus  was very  qu ie t  during the 1969-70 seasm.  

( iii) e o s S S S  ( i 9 P a r a s i t e  a c  t i v i $ y  w ~ s  

s tud ied  a t  this s i t e  from Apr i l ,  1967> t o  bhy, 1968, Apart from higher  densi- 

t i e s  in the  winter,  populat ion f l u c - t u i t i o ~ i s  a f  2, e r y t r s  were very s i n i l a r  t o  

those a t  Malkerns Research Stc-tion, 

Parasi t ism. From Mai-ch t o  A v ~ = l l s - 5  pa r s s i l ; sn  vms f a i r l y  cons tant  rrith a 
-*_U 

mean of 51.1% of suscept ib le  s t ages  aLhcked,  There w a s  a sharp dec l ine  i n  Sep- 

teuber, p a r a s i t e s  being t o t a l l y  absent  from two counts  made a t  the end of this 

nonth. Pa ras i t i sm recovered i n  October t o  r ena in  a t  moderate, though i r r e g u l a r ,  

l e v e l s  f o r  the  remainder of  the  s tudy period.  

P a r a s i t e ~ o p u l - a t i o n  fJ~cu..ationsr The most abundant primary p a r a s i t e  was 
cD.LUQ--- 

2. 2. ~$~h._atus be~oming an i n p o r t a n t  spec ies  jn  A p r i l  of both  years ,  

in J u n e / ~ u l ~  and in Octobero - A, c a s w t u s  was p resen t  cont inuously and w a s  p a r  

titularly ev iden t  i n  J u n e / ~ u l y  (when i t  was a t t a c k i n g  both October 

and e a r l y  November, and i n  ~ c c c n b e r / ~ c ~ n u a r y ~  Tet ras t iohus  sp. was nore comnon 
r -  - 

than a t  Malkerns Research S+&tion, becoming f a i r l y  abundant i n  win te r  and show- 

i n g  a small peak i n  October, 

P a r a s i t e  nunbers were vexy low i n  September and 0ctobe:-, b u t  p r i n a r i e s  b u i l t  

up r ap id ly  t o  h igh  peaks i n  3ecorAler and, a l thoct ; ,  Ley we: s l i g h t l y  o u t n w b e r  

e d  by 4. c a s s a t u s  in January, they  1.2-ter rec5sserted thenselves before dropping 

t o  low winter  l e v e l s .  

( i v )  Other s i t e s ~ ~ ! a ~ $ & i ~ .  Sna1.l-scale parrtsitLs. counts, r ea r ings  

and observat ions a t  f i v e  farms i n  the Malkerns d i s t r i c t  showed sinilar t r ends  

- -- - T r z d i a t u s  was more i n  the a c t i v i t y  and abundance o f  T o  x t r e a e  p a r a s i t e s .  __. -- 
abundant than _P_. ~ulvinakl l a r g e  numbers of &, E c c a s s a t ~ ~  were ev ident  a t  t i nes ,  

while Te t r a s t i chus  sp, was in f r equen t ly  recorded i n  small nunbers. The per- 

centage p a r a s i t i s n  from s i x  counts  invo lv ins  2,268 nymphs v a r i e d  f r o n  9.0 - 63.9, 

r ea r ings  of a d u l t s  froin t h i s  and o t h e r  ma te r i a l  y i e l d i n g  272 2,  radia$i, 

21 2. p u l v i ~ t u s ,  187 &.. c&s&u~, and 49 Te t r a s t i c h u s  sp . 
. x - s  --a= .a=-. 

A l l  of the  f o u r  main p a r a s i t e s  were found a t  t i n e s  i n  the s c a t t e r e d  out+ 

breaks of 2. i n  the Lowveld region, percentage p a r a s i t i s m  varying f'rom 

0.0% t o  approximately 40%e 

(v )  D i s c u s s n .  Because 2, ~@..~t,u,s, i s  oc topa ras i t i c ,  and the  larval 

and pupal s t a g e s  of ,TT!r&~,t~iic&:s~ sp . and pupal  s t age  of A. cassa tus  a r e  ex- 

t e r n a l  when a t t a c k h g  2,  ~it,dLa-@.cj, pa ras i t i sm counts (and r e a r i n g  of a d u l t s )  

gave a good r e f l e c t i o n  of the  a c t i v i t y  of the  f o u r  r a i n  spec ies  a t t a c k i n g  

T o  ery t reae .  The r o l e  of  g. g d v i n a t u s  w a s  obvisusly underestimated a t  cer- - - -- - 
t a i n  per iods  b u t  t h i s  w a s  l a r g e l y  c o m p u : - s ~ ~ d  f o r  by e:- ..LL L, ;,: ,:!;is rron. the  

i n s e c t  sampling machine,, 





The successive na ture  in the  waves of abundance of the fou r  main p a r c s i t e s  

seen a t  both experimental s i t e s  a t  Malkerns ropresented a d d i t i o n a l  evidence 

of t h e i r  i n t e r r e l a t i o n s h i p s .  Fig. 20 shows the  f l u c t u a t i o n s  of these p a r a s i t e s  

a t  Malkerns Research S t a t i o n  a w i n g  the f i r s t  season of study. Examination 

of f i e l d  data i n d i c a t e d  the presence of a number of f i e l d  generat ions of x. r~dia- 

t u s  whioh corresponded f a i r l y  we l l  with generat ions of the hc?st. - 
The unnamed Trioza sp. which a c t s  a s  an a l t e r n a t e  hos t  f o r  2. e r y t r e a e  

p a r a s i t e s  i s  be l ieved  to provide a natural unsprayed r e s e r v o i r  of p a r a s i t e s  

i n  the  v i c i n i t y  a f  the  p e s t  whioh i s  of spec ia l  s igni f icanoe  i n  some of the 

low-lying a r e a s  where 2. ~ a t r e a e  i s  u sua l ly  a t  low d e n s i t i e s *  

P a r a s i t e ~ a s  a  limitinp,,Factor. Husain & Nath (1924) contended that parar  

s i t e s  were a n  i n p o r t a n t  l i m i t i n g  f a c t o r  i n  9opula t ions  of 2. c i t r i  i n  the Punjab, 

up t o  95% of the  nymphs being a t t acked  i n  October and November. They a t t r i b u -  

t e d  5w0 of t h i s  pa ras i t i sm t o  5 r&d>?>& and expressed the  opinion t h a t  the  

f a i l u r e  of this p a r a s i t e  had r e s u l t e d  i n  outbreaks of 2. c i s  i n  some l o c a l i -  

t i e s .  However, Husain (1924) found 2, r a d i a t u s  t o  be l e a s t  numerous when the 

hos t  was inost abundant in ~ a r c h / ~ ~ r i l  which immediately suggests t h a t ,  a s  wi th  

T. e ry t r eae ,  t he re  cay be a considerable t i n e  l a 3  between hos t  and p a r a s i t e  - 
numbers a t  c r i t i c a l  times in some seasons. Atwal (1962) repor ted  f r o n  West 

Pak i s t an  t h a t  2. r a d i a t u s  was p a r t i c u l a r l y  e f f e c t i v e  on 2. c i t r i  in the  p o s b  

monsoon months. I n  South Africa,  Van de r  Merwe (194.l) s t a t e d  t h a t  on occasions 

75% of the more advanced nymphs may become p a r a s i t i z e d ,  while i n  Kenya, Ander- 

son (19l4)  repor ted  that c i t r u s  p s y l l a  was kept  i n  check by p a r a s i t e s .  

Letaba d i s t r i c t ,  TransvaaJll ( ~ a t l i n ~ ,  1967; 1969b). O f  t he  two primary 

p a r a s i t e s ,  T. - c r a d i a t u s  was respons ib le  f o r  most of the p a r a s i t i s ~ n ,  2. pu lv ina tus  

being more a c t i v e  i n  the win te r  months. Hyperparasi tes  were r a re .  P a r a s i t e s  

were a c t i v e  in a l l  the  groves s tud ied  b u t  a t  lower a l t i t u d e s  t h e i r  inf luence  

was i n c o n s i s t e n t  and u s u a l l y  low an the r i s i n g  hos t  popula t ion  in spring. Para- 

s i t i s m  l e v e l s  were i r r e g u l a r  on the s c a t t e r e d  2. e r y t r e a e  populat ions a t  Fair- 

view and p a r a s i t e s  were t o t a l l y  absen t  i n  the  very  low hos t  popula t ions  a t  the 

Letaba experimental s i t e  i n  1965-66. 

P a r a s i t i s n  l e v e l s  were c o n s i s t e n t l y  high a t  Fores t  H i l l ,  the " e f f e c t i v e  

parasi t ism" i n  t h e  f i r s t  two broods of 1966-67 s tanding  a t  40.w0 and 68.7% 

respec t ive ly .  These high l e v e l s  of  pa ras i t i sm a r e  explained f i r s t l y  by thc  

f i g .  20 Percentage occurrence of the f x r  rain p a r a s i t e  spec ies  a t t a c k i n g  
T. e w t r e a e  a t  Malkerns Research S t a t i o n  from March, 1967, t o  March, - 
1968. Data obtained f r o n  p a r a s i t e  r ea r ings  and catches from the  in- 
s e c t  sampling mohine  f o r  each brood of the  hos t  



moderate hos t  popula t ions  which developed st this s i t e  (maximu;i of 0.6 colo- 

n i e s  p e r  10  square f e e t  of t r e e  canopy) and secondly, by the  na ture  of the 

f l u s h i n g  rhythm. Ca t l ing  (196%) shov~ed t h a t  the  overlapping f l u s h  cyc les  a t  

t h i s  s i t e  caused l e s s  disti2.n-b f i e l d  g e n e r a t i m s  of = 7 1 -  .. _e_qyeae. This neant 

t h a t  t ha re  was a w r e  coas.tm1; 5mp?.:r of wj.en,optlXk hosk s t ages  f o r  the  

main prsrasite, 2. =&;.at... 

Malkerns dis tr ic t ,Sr<a-~$l~~-;g,  Smoe fl.uc51aticJns of 2, e ry t r cee  paras i -  - 
t ism l e v e l s ,  and i n t e r a c X o n s  of thc r ~ A n  p a r a s i  ' .  spec ies  vrero e s s e n t i a l l y  

similar a t  Malkerns Research S t a t i o n  and Ross C i k u s ,  boLh s i t e s  a r e  d iscussed  

together  f o r  the 1967-68 season, Due t o  the  heavier  f l u s h i n g  of Navels, higher  

populat ions of 2. e ry t r eae  and p a r a s i t e s  developed a t  Ross C i t r u s  i n  A p r i l  and 

May, 1967. 

I n  the  f i r s t  two seasons p a r a s i t e s  a t t acked  a f a i r l y  cons tant  f r a c t i o n  

(30-5073 of 2. gry t r eae  nynphs dur ing  the win te r  months, I n  -Lhe 1967-68 sea- 

son the hos t  surged r ap id ly  t o  high populat ion d e n s i t i e s  on the  sp r ing  growth 

cycle in August and September due t o  the extreme i i a t a l i t y  of broods 4 and 5 

(Fig. 18). By the  middle of SepJ;ember a t  the Mallcerns Resea-xh S ta t ion ,  po- 

pu la t ion  d e n s i t y  stood a t  4. 3 colonies  pe r  1 0  square f e e t  cf  t r e e  canopy. k t  

the s tar t  of each brood, 80-90% of the  populat ion was pi-esent a s  eggs o r  in- 

stars I and I1 and a s  such rne1.e no t  suscep t ib l e  t o  z, ;';~fii.-z~Clt,us . .- f o r  12-14 days. 

Moreover, from Fig,  18 i t  appears  ths'~ t he re  wa:; no a:~p;.ec.iable r i s e  in the 

numbers of primary p a r a s i t e s  u:i-2.7- 1 7 . k  SoptemL;::. , I i ~ i ~ s ~  % ..;;ards the  end of 

August and i n t o  September p a r a s i + i s n  dec l ined  s h q d . y  t o  rec.sh l e v e l s  a s  low 

as 1.2%. A similar t;.snd xas ev2ilent a'c 20s;; CPt-us whid-re the arrows i n  Fig. 19 

showing pa ras i t i sm l e v e l s  of n i l  a-t the end of 8op'l;mLer coi.ncided wi th  high 

populat ions of xo s t x a e  - -. and low n m t e r s  of p a r a s i t e s .  

During brood 5 the  primary p a r a s i t e s  recovered s trongly,  4 2 . 8  of the  

nymphs being a t t aoked  when the  bulk of the  popu?.atfon was in the  suscept ib le  

s tage  (Table 10). 

I n  November, with another  populat ion r i s e  of g, e q t r o a g ,  the p a r a s i t e s  

again became ou t  of phase wi th  t h e i r  host,  " e f f ec t ive  paras i t i sm" of brood 6 
dropping t o  9.3% (Table 10) .  Numbers of primary p a r e s i t e s  had decl ined while 

A. cas sa tus  began t o  inc rease ,  O f  nore importance s t i l l  was t h a t  unfavourable - 
weather in October caused a high m o r t a l i t y  of  eg,-s and young nynphs, the more 

t o l e r a n t  a d u l t s  con t inua l ly  l ay inq  new batches  of eggs so t h a t  the 5u lk  of the 

populat ion was no t  suscep t ib l e  f o r  3-4 weeks, Fig,  18 shows the  long i n t e r v a l  

before the start of brood 6 and a l s o  the high l e v e l s  of pa ras i t i sm (60-7%) 

recorded i n  the small f r a c t i o n  o f  i n s t a r s  111-V p r e s e n t  a t  this t ine .  On the  

r e t u r n  of more favourable m a t h e r  the  po; )~~?  ?,f' r? 7": ~lr1.y drveloped i n t o  t h i r d  

and f o u r t h  i n s t a r s ,  thus  provid ing  c l a r g e  n w b c r  of p o t e n t i a l  hos ts  f o r  the  

primary p a r a s i t e s  which were a t  cz low ebb. By the end of Decelnber high l e v e l s  

of p a r a s i t i s n  were aga in  e - ~ i d e n t  and :he n ~ r ~ b e r s  of prin::ries and h n e r p a r a -  



s i t e s  reached t h e i r  highest peaks f o r  the season. 

Numbers of primaries were considerably higher a t  Ross Citrus (Fig. 19)  

than a t  Malkerns Research Station. 4. cassatus became numerically dominant 2 t  

both s i t e s ,  especia l ly  a t  l a lke rns  Research Stat ion,  and must have reduced the 

numbers of primaries though there was a small, dominant spike of p r i m r i e s  a t  

both s i t e s  i n  February, 1968. 

T, radia tus  was the main pr inary  paras i to  and a t  Malkerns Research S ta t ion  - -_I" 

was responsible f o r  approximately 7% of parasi t ism a t  a l l  times, and commonly 

90-100$. P. =lvinatus was moSC abundant when the host  was .kt low population 

densit ies,  a s  i n  winter, and on tho rapidly declining populations i n  midsummer. 

A l a rge  f i c t i o n  of 2. radia tus  was at tacked by 4. cassatus a t  some periods 

(46% a t  W k e r n s  Research S ta t ion  and 5% a t  Ross Ci t rus  i n  December, 1967). 

I t  w a s  conoluded by Husain & Nath (1924) t h a t  the two unnamed hyperparasites of 

D. c i t r i  i n  the Punjab have l i t t l e  e f f e c t  on 2. rad ia tus  f o r  i n  one investiga- 
- U Y I  

t i o n  only 2.4% of pa ras i t i zed  nymphs wore successfully attacked. The t e r t i a r y  

paras i te ,  Tetrast ichus sp . , was r e l a t i ve ly  uninportant st Malkerns Research S ta- 

tion, but  during the 1967 winter both hyperparasites were present  in  la rge  nun- 

bers  a t  Ross Citrus. 

I n  the following season population f luc tua t ions  of z. e w t r e a c  and i t s  

pa r a s i t e s  were very d i f f e r en t  a t  Malkerns Research Stat ion.  Fig. 18 shows 

t ha t  spring population dens i t i e s  of the host  rose t o  about one quarter  of t ha t  

recorded i n  1967 and "effect ive  parasitism" i n  the f i r s t  two broods was 51.1% 

and 47.7% respectively. The r i s e  i n  numbers c f  primary paras i t es ,  which reach- 

ed a sharp peak a t  the end of September, was well synchronized with brood 6. 

A. cassatus becane dominant i n  October. - 
The h o ~ t / ~ a r a s i t e  re la t ionship  was severely disturbed a t  Malkerns i n  1969 

when no pa r a s i t e s  were recorded a t  a l l  f o r  4 - 5 months. I t  appears that the 

two p r i m r i e s  were not  able  to e f fec t ive ly  search out  t h e i r  host  a t  the ex- 

tremely low dens i t i e s  which prevailed during winter and ea r l y  sumner, though 

they were c l ea r l y  able t o  maintain themselves and a r e  capable of ex i s t ing  i n  the 

sca t t e red  populations 3f x. eryt reae  i n  the Lowveld region. I t  i s  unlikely t h a t  

the severe summer weather of the 1968-69 season was d i r ec t l y  responsible f o r  the 

negl ig ible  numbers of pa r a s i t e s  since the a c t i v i t y  of Aphytis afr icanus Quednau, 

a pa r a s i t e  of red  scale, Aonidiella a u r a n t i i  ( ~ a s k . )  known to be espec ia l ly  vul- 

nerable t o  hot, dry oonditions ( ~ e  Bach, 1958), was not  disturbed i n  Malkerns. 

Despite the negligible a f fec t  of pa r a s i t e s  i n  August and September, 1969, there 

was only a moderate population r i s e  of x. m t r e a e  i n  ea r ly  summer. 

A t  nost  times pa r a s i t e s  represent  a f a i r l y  constant l imi t ing  f a c t o r  t o  

populations of 2. erytreae. A s  i s  of ten  the case, the ef fect iveness  of para- 

s i t e s  depends on t h e i r  a b i l i t y  t o  maintain a tenuous synchrony with every 

f luc tua t ion  of t h e i r  host. Where a favourable host-parasite synchrony was 



evident  ( a s  a t  Malkerns Research S t a t i m  in 1968 and probably a t  Fores t  H i l l  

i n  1965 and 1966) high l e v e l s  of p ~ c r a s i t i s n  were maintained. Where t h i s  de- 

l i c a t e  balance was disturbed,  however, ( a s  a t  Malkerns Research S t a t i o n  i n  

1967 and 1969, and Ross C i t r u s  i n  1967) pa ras i t i sm plunged t o  low l e v e l s  o r  

went undetected. 

Influence of I n s e c t i c i d e s  on the pa r&s&t~_c ,o~ lex  of c i t r u s  psy-lla,. Annec- --- 
ke & C i l l i e r s  (1963) were of the  opinion t h a t  c h a n t ~ ~  in p e s t  con t ro l  programmes, 

which have upse t  the  n a t u r a l  balance of b e n e f i c i a l  i n s e c t s  of some c i t r u s  pes t s ,  

were no t  responsible f o r  se r ious  outbreaks of g, e ry t reae  in the  eas t e rn  Trans- 

vaa l  during the  late n ine teen- f i f t i e s  and e a r l y  s i x t i e s ,  The p r e s e n t  au thor  

supports  t h i s  view, 2. e ry t reae  p a r a s i t e s  were found in a l l  heavi ly  sprayed 

groves and the low l e v e l s  of pa ras i t i sm on the  f i rs t  spr ing  generat ion was f r e -  

quently common t o  both sprayed and unsprzyed 5rovos. At the Ross C i t r u s  s i t e  

which rece ived four  app l i ca t ions  of para th ion  and one of na la th ion  i n  the  year  

previous t o  the  l ay ing  out  of the  experiment, p a r a s i t e  numbers were higher  and 

paras i t i sm l e v e l s  as high a s  the Malkerns Research S t a t i o n  s i t e  which had re- 

oeived a s ing le  y e a r l y  app l i ca t ion  of  parathion. 

I n  a  t r i a l  where 6 t r e e s  were sprayed wi th  DDT a t  monthly i n t e r v a l s  from 

August t o  March, 1968, only a moderate reduction i n  percentage pa ras i t i sm w a s  

ev ident  between sprayed (20.3%) and unsprayed t r e e s  (w-8%) i n  March. 

IM?LrnCE OF PREDATORS 

Since p reda to r s  ware bel ieved t o  p lay  a f a i r l y  small p a r t  i n  re , ;ulat ing 

populat ions of  2. e ry t reae  l e s s  time w a s  devoted to  the s tudy o f  t h i s  l i m i t i n g  

fac tor .  Data was obtained from f i e l d  observations, co l l ec t ions ,  mode s t  f i e l d  

experiments, and small-scale observation t e s t s .  It  w a s  n o t  poss ib le  t o  make 

use of more soph i s t i ca t ed  inethods such as those based on radio-active t r a c e r s  

and s e r o l q g ,  

P s y l l i d s  a r e  a t t acked  by nany groups of predators .  P s y l l a  p g r i c o l a  

Foer s t e r  i s  preyed on by anthocorids, coccine l l ids ,  lacewings, and syrphids 

( ~ e o r g a l a ,  1957; Wilde, 1962; Madsen & &, , 1963; Peterson, 1964) .. The 

eucalypt  psy l l id ,  Cardiaspina a l b i t e x t u r a  Taylor i s  a t t acked  by syrphids and 

even b i rds ,   lark, 1963b, 1964. ), while two broom p s y l l i d s  s tudied  by Watnough 

(1968a) a r e  a t taoked by mirids, anthocorids, coccine l l ids ,  hemerobiids, a 

dermapteron, mites  and spiders .  I n  the  case of Diaphorina c i t r i  Kuw., a com- - 
p lex  of predators  cons i s t ing  of f i v e  species  of cocc ine l l id s ,  a syrphid, a 

chrysopid, and sp iders  and rcites was repor ted  by Husain &: Nath (1927) t o  

....."p l a y  a, very important p a r t  i n  keeping t h i s  p e s t  in checkt1. Af ter  de- 

t a i l e d  s tud ies  Watmough (1968a) concluded t h a t  preda t ~ r s  were an important 

mor ta l i ty  f a c t o r  in broom psy l l ids .  However, though p reda to r s  m y  take a fair 

t o l l  of t h e i r  hos t  they have been found t o  be r e l a t i v e l y  unimportant i n  limit- 

i n g  the numbers of o ther  p s y l l i d s .  Madsen e t  al., (1963) found that it  was 

r a r e  f o r  p reda to r s  t o  e f f e c t i v e l y  reduce populat ions of 2, pyr ico la ,  and Clark 



(1963b) concluded t h a t  a l though up t o  55% of the th i rd ,  f o u r t h  and f i f t h  n p -  

pha l  i n s t a r s  of 2. a l b i t e x t u r a  may be l u l l e d  by Sgrphus sp,,  t h i s  p reda to r  p l ays  

bu t  a n inor  p a r t  i n  de tern in ing  the abundance of the  hos t ,  

( i )  Predators  of T. e r y t r e a e ,  *A-r *. The spsc ie s  l i s t e d  below were observed t o  - .---- ---. 
a t t a c k  2.  e ry t r eae  in one o r  more of the  s tudy gn'wes. Because i f  was soon 

r e a l i z e d  t h a t  m n y  were a l s o  aphid i 'eei~ers,  sm1J.-scale o b s e r ~ a t i o n  t e s t s  were 

c a r r i e d  out  t o  determine f se&ng prefsre:xes.  For these  'i-,ests 2 reda to r s  col- 

l e c t e d  i n  the f i e l d  viare i n d i v i d c ~ l l y  confiaed on c i t r u s  seedl ings  and given a 

choice between a11 s t ages  of the c i t r u s  aphid, Toxoptera p i t r i c i d u s  (Kirk.) and 

nymphal instars 1 1 1 - I V  of 2, ~ q t r e a e . ,  Thei r  subsequent feeding behaviour was 

then observed f o r  3-6 hours. Predators  a r e  l i s t e d  i n  t h e i r  be l ieved  order  of 

importance a s  p reda to r s  of 2,  , e ry t re~+,  

1. Chrysopa spp . ( ~ e u r o ~  t e r a  ! Chrysopidae), green lacewings. 

(Fig* 21 A, B,c), Malkerns and Letaba d i s t r i c t s .  Specirnsns f r o n  hial- 

kerns  were determined by D r ,  A, Tjeder  a s  a complex of f i v e  species ,  

namely 2, pudicq Pl~v., 2 ,  Lu,rge on+-+ Nav . , C. con- Val.k,, 2, &ndschini 

N x . ,  <-,n;l -. ?. - - -2. ' - - .  T, d .  2, p u a c f i  was a l s o  recorded es a p reda to r  a t  . -.rr- 

Zebediela i n  the  r,orthern Transvaal (~choeman, O,Pd 1969, personal  comm- 

n i c a t i o n ) ,  Green lacewings a r e  u s u a l l y  mure abundant than the brown spe- 

c ies .  The l a rvae  a r e  robust ,  a n  o v e r a l l  l i g h t  grey i n  co lour  with black 

narkings on the thorax, ~ . u d  a r e  u s u a l l y  p a r t i y  concealed beneath a bundle 

of exoskeletons represen:;inp; t h e  remains of the!? p rey  Green lacewings 

a r e  mainly considered a s  q h i d  f eede r s  i n  Ca l i fo rn ian  c i t x s   beli ling, 1959). 

I n  feeding  t e s t s  a t  hlalkerns one ind iv idua l  ;-ms observed t o  f eed  preferen- 

t i a l l y  on 2,  e w t r e a e  nymghs on f o u r  separa te  occasiorla. I n  one t e s t  a 

s i n g l e  larva consumed 20-25 nymphs i n  19 hours and a t  one s tage an aphid  

was a t taoked b r i e f l y .  A second ind iv idua l  f e d  on 2.  e w t r e a e  only, sucking 

d r y  approximately 20 nynphs i n  a n  hour and completely ignor ing  aphids even 

when a l l  the  nymphs had been consumed. A t h i r d  iniiLvidua1 a t t acked  aphids  

before feeding on nymphs, 

2. ~ i c r o m u s  s,joe s t e d t i  Weele ( ~ e u r o ~  t e r -  : ~emerob i idae ) ,  brown 

lacewing. (F ig ,  21 D) , Determined by D r  B, Tjeder. Malkerns and probably 

Letaba d i s t r i c t ,  The larva i s  s l ende r  and dark i n  co lour  feeding on aphids 

and the  nymphs of 2. k a r e a e ,  In C a l i f o r n i a  hemerobiids f e e d  na in ly  on 

c i t r u s  n i t e s   beli ling, 1959). On t e s t i n g ,  t h ree  ind iv idua l s  showed imme- 

diate and p e r s i s t e n t  preference  f o r  aphids, b u t  ano the r  ind iv idua l  a t t ack -  

ed rqmphs a f t e r  a n  i n i t i a l  f eed  on aphids,  

3. A,&o&rapta Eei feG Bigot  (Diptera : ~ ~ r p h i d a e )  ( ~ i g ~  21 E, F). 

Determined by M r  K.S.V. Sxi th.  Malkerns and Letaba a s t r i c t - ,  This was 

the most common s y r ~ h i d  species,  the  a d u l t  be ing  a handsome f l y  wi th  a 

yel low-str iped abdomen. I n  seve ra l  feeding  t e s t s  syrphid l a r v a e  showed 

a n  immediate preference f o r  aphids  and ignored 2. e q t r e n e  nymphs e n t i r e l y .  





When f e d  nyxphs only the l a rva3  were induccd t o  f eed  a f t e r  1-2 days. 

4. c + ~ ~ h a  sp. ( ~ i ~ t e r a  : ~yrphic lae)  Deti?mined by M r  K.G.V. Smith 

hlalkerns and Letaba d i s t r i c t s .  Adult recognized by i t s  black abdomen and 

s lender  pe t io l e .  

5. &&onia propinqua Muls. ( C o l s o p k r  : Coccinel l idae)  . ( F ~ E .  2 1 ~ ) .  

Determined by Miss H.A.D. Van Schalkwyk. Feeding t e s t s  showed an equal  ap- 

p e t i t e  f o r  aphids and qmphs  of 2. .e ,~ t , r ,c~g, .  This speciex has a l s o  been 

recorded as a predator  i n  the northern Transvaal ( ~ c h o e m n ,  O.P. 1969, per- 

sonal  conriwnication) . 
6 Araneida, spiders .  A l a r g e  number of undetermined species  were 

found to be predators  i n  the Malkerns and Letaba d i s t r i c t s .  Spiders  a% 

tack  nymphs, adu l t s ,  and even eg5s on sotile occasions. They were a l s o  laen- 

t ioned as predators  by Van d e r  Meme (1941). 

7. Ccniopterygidae, "dusty wings". h r v a c  son t  t o  the B r i t i s h  

Museum were i d e n t i f i a d  by M r  D.E. K i m i n s  as Coniventzis  sp. T h i s  i s  the 

f i r s t  record of the  cenus i n  southern Africa,  and this species  may possi-  

b l y  have been i n t r d u c e d  on c i t r u s .  Thc l a rvae  appear t o  be j u s t  occa- 

s iona l  f eede r s  on 2. e r y t r e a .  nymphs, f o r  i n  three  feeding t e s t s  they 

showed a t o t a l  preference f o r  aphids. 

8. Acarina, mites. Erythrasidae, determined by D r  M.K.P. Meyer. 

Bochartia sp. l a rvae  and a l o p h u s  sp. a d u l t s  were observed t o  a t t a c k  
----a 

T. e ry t r eae  nymphs a t  the Fores t  jlill Trove only. Abrolophus, a l a r g e  red - 
ni te ,  a l s o  preyed on two o the r  p s y l l i d  species .  I p h i s e i u s  (~p@-s.e,i~s) 

dogeneer,er& ( ~ e r l e s e ) ,  (Fig.  21511 a small dark m i t e ,  was found a t t ack ing  

the eggs and nymphs of 2. e ~ y t r e a e  i n  the winter  of 1967 a t  Malkerns. 

The ef fec t iveness  of t h i s  ~? i te  was no t  inves t iga ted  and, according t o  

D r  G.G. Van der  Merwe (personal  conmunication, 1.967)~ who a l s o  determined 

t h i s  species ,  t h i s  group feed  mainly on te t ranychid  n i t e s  and pollen.  

C.P. Van der  Merwe (1941) a l s o  repor ted  a r e d  mite p reda to r  of 2. eereae. 

Several  o the r  p reda to r s  of -. T. ~ x t r e a e  have been reported.  Larvae of 

the syrphid Baccha helva Bez. were recorded by Van de r  hlerwe (1941) and - --0 

B. sapphir ina Wied. by D r  O.P. Schoenan (pe r sona l  c m u n i c a t i o n ,  1969). .- 
The l a t t e r  a l s o  l i s t s  a >c.ymnus sp. (Coccinel l idae)  and .&locoris a f e r  

Reuter  ( ~ n t h o c o r i d a e )  as poss ib le  predators .  

Fig. 21 Some p reda to r s  of 2. z i & a e , .  A,B,C - Chrysopa spp. ( ~ h r p o ~ i d a e ) ,  
egg, l a r v a  and adu l t ;  D - Wicromus s ' oes t ed t i  Vleele (~emerob i idae )  ; - -.- - 
E, F - &lograp% pfeif 'eri  -,.. Bigot ~h-arva and adul t ;  

Muls. (Coccinel l idae) ;  H - I p h i s e i u s  ( 9 h i s e i u s )  
( ~ h ~ t o s e i d a e ) .  A - G sca le  l i n e  1 mn; 

H s c a l e  l i n e  0.1 rnm. del.  H.D. Ca t l ing  



( i i )  Experiments on the eJ'&ctiveness of ~ r e d a t o r ~ ~ ~ ~ & @ t i n ~ ~ f a c , t p ~ ~  

Experiments mere c a r r i e d  ou t  i n  or  near  the experimental t r e e s  a t  Malkerns 

Research S t a t i o n  using severa l  check methods described by De Bach (1964). 

DDT - check --_-=_ method, ~e~~mbe~&o~~a-r~h,~~?-,68,, S t a r t i n g  i n  Septembar, s i x  

t r e e s  ad jacen t  t o  the unsprayed experiment block of siii l i lar s ize,  condition, and 

f lush ing  rhythm were sprayed with DDT a t  monthly i n t e r v a l s  t o  check the a c t i -  

v i t y  of predators .  I n i t i a l  populat ions of _?1, 2- were s imi la r  in both 

l o t s  of t rees .  I n  e a r l y  February the nunbers of 2, e r y c e a g  and p reda to r s  in 

a four f o o t  band around the canopy of the s i x  sprayed t r e e s  were conpared wi th  

numbers in six of the surrounding unsprayed t r ees .  I n  the sprayed t r e e s  were 

found 24.l colonies  of 2. e r y t r e a ~  (11  - 66 p e r  t r e e )  and only two p reda to r s  

( one sp ider  and one syrphid l a rva ) .  I n  the unsprayed t r ees ,  however, were only 

38 colonies  ( 3  - Uc p e r  t r e e )  b u t  8 prcdators  ( 5  lacewings, one sp ider  and two 

coccine l l ids) .  Counts made in e a r l y  March showed that the l e v e l  of p a r a s i t i s n  

had apparent ly  been reduced from ~ ~ 8 %  - 20.3% i n  the  DDT-spmycdtrees. 

Thus, desp i t e  six app l i ca t ions  of DDT, each of which may give a  4% con- 

t r o l  of nymphs (Catl ing,  H.D., unpublished r e s u l t s )  and only a  moderate reduc- 

t i o n  i n  paras i t i sm,  the DDT sprays a2parently produced a six-fold increase  in 

the nymphs of 2. e ry t reae  due t o  the e l i n i n a t i o n  of predators .  

Sleeve cage _check meLhod, Aumst  8 to_S&e>ber 14A,19a. Fourteen g. 9- 
t r eae  colonies  were marked in the egc and small nymph stage. Four were caged in 
I 

organdy sleeves, f o u r  given a vase l ine  b a r r i e r  t o  exclude l a r v a l  i n s e c t  predators ,  

and f i v e  colonies were l e f t  un t rea ted  a s  coa t ro l s .  No s i g n i f i c a n t  differenoes 

were found in su rv iva l  between the con t ro l  and e i t h e r  of the tw:, treatments.  

Predators  were observed t o  be a t  low d e n s i t i e s  in the  surrounding t r e e s  a t  t h i s  

time. 

February 8-28. 1968. Ten p a i r s  of  T, e- colonies  were se l ec ted  i n  the egg - .- 
o r  i n s t a r  1-11 stage, the menbers of each p a i r  being s i t u a t e d  on the sane branch 

o r  c lose  together  on the same t r e e .  One colony of each p a i r  was then enclosed 

in an organdy s leeve  t o  el iminate predators ,  Apart  f r o n  colony p a i r  10, where 

f l u s h  condit ion was poor, and unsleeved colonies 6 and 10  where populat ions of 

aphids developed, a l l  nymphs developed norna l ly  and those in the  s leeves  were 

p a r t i c u l a r l y  healthy. F ina l  counts of l i v e ,  unparas i t ized  i n s e c t s  were nade i n  

the l a t e  f i f t h  instar o r  a d u l t  s tages,  t he  r e s u l t s  appearing i n  Table 11. 

Survivals  were g r e a t e r  in the s leeved colonies  i n  8 of the  10 p a i r s .  The 

revers& i n  su rv iva l  i n  colony p a i r s  6 and 10  m y  be explained by poor f l u s h  

oondit ion and thede t r imenta l  e f f e c t  of honeydew produced by invading aphids. 

E v e n t u d  surviva ls  would poss ib ly  have been oven more i n  favour of the  s leeved 

i n s e c t s  f o r  some of the  f i f t h  i n s t a r  nymphs in the  f i r ~ a l  count of the unsleeved 

colonies  could have been a t t acked  by predators  bef ive  emerzing a s  adu l t s .  Pre- 

da to r s  were a c t i v e  in the  unsleeved colonies  on February 20, 



Table 11 S m i v a l s  of s leeved and unsleeved colonies  o f  2. g ~ r e a .  
a t  Malkerns Research S t a t i o n  in February, 1968 

Resu l t s  were t r e a t e d  as 10  p a i r e d  comparisons and the  angular  t ransformation 

appl ied  t o  percentage surv iva l .  The higher  nean su rv iva l  in the  s leeved co- 

lonies ,  60.1%, as oonpared t o  the  unsleeved colonies ,  28.@, mas found t o  be 

s i g n i f i c a n t  a t  the  5% p r o b a b i l i t y  l e v e l .  

(iii) Pryla-tor a c t i v i *  in --a-r- f i e l d  po&a_tions 

Letaba d i s t r i c t .  Predator  a c t i v i t y  was apparent ly  n e g l i g i b l e  i n  six in s i t u  -- 
counts c a r r i e d  ou t  a t  F o r e s t  H i l l  between August and e a r l y  November, 1966. Be- 

b e e n  mid November and the  end of January the  f a t e  of 786 i n s t a r  111 nymphs was 

c a r e r u l l y  watched in another  s e r i e s  of s i x  c:)unts. A t  the  time of a d u l t  emer- 

gence 1.5% of t h e  i n s e c t s  were s t i l l  a l i v e ,  9.5% were p a r a s i t i z e d ,  and 89.0% 

were dead o r  missing due t o  o the r  mor t a l i t y  f a c t o r s .  Since t h e  weether mas 

favourable during this pe r iod  and the advanced i n s t a r s  a r e  i n  any case nore re-  

sistant t o  l e t h a l  extremes, it i s  be l ieved  t h a t  the  high l e v c l  of nymphal nor- 

t a l i t y  was caused p a r t l y  by the  poor q u a l i t y  f l u s h  which p r e v a i l e d  a t  t h i s  time, 

and p a r t l y  by the  a c t i o n  of  predators .  R e l a t i v e l y  l a r g e  nunbers of neuropte- 

r an  l a r v a e  were observed i n  the a p e r i n e n t a l  t r e e s  during t h i s  period. Preda- 

t o r s  were a c t i v e  i n  a small outbreak of T. e r y t r e a e  i n  the  winter  of 1965 a t  - 
Letaba Es ta tes ,  and a t  a grove in DuiwelsMoof i n  e a r l y  summer of t he  sane year.  

Thus p reda to r s  only appeared i n  meaningrul numbers when the  hos t  was a t  

f a i r l y  high populat ion dens i t i e s .  I n  both  seasons a t  F o r e s t  H i l l  they were 

absen t  o r  a t  ve ry  low d e n s i t i e s  during the e a r l y  sunner p e r i o d  of s teady popu- 

l a t i o n  r i s e  by 2. ery t reae .  

Malkerns Resea-ruh S t a t i ~ ~ n , .  Apart  from regu la r  f i e l d  observa t ions  in the  -----*- 

20 da ta  t r e e s  and surrounding groves during the  s tudy pe r iod  f r o n  February, 1967, 
t o  Jmuary, 1970, prodator  a c t i v i t y  w a s  a s ses sed  from a s e r i e s  3f 15 $2 , s i k  

oounts dur ing  the f i rs t  yca r  of  study, by e s t ima t ing  the  p rcpor t ion  of h o s t  co- 

l o n i e s  i n f e s t e d  with one o r  more predator  spec ies  during the  1968-69 season, m d  



by a f o r t n i g h t l y  c o l l e c t i o n  of predator  species  during 1968 and 1969. 

Obcervations and i n  s i t u  caunts - Ilarch, 1967, t o  March, 1968 
-= --i__- 

--- -.--- - ..- _Ym---,P__ 

Chrysopa spp., sp iders  and I. d.enerens were a c t i v e  on T. e ry t reae  nymphs 

from March t a  the  end of J u l y  b u t  nc s igns  of predators  were cbserved from mid 

August t o  the end of September. I r r e q l a r  syrphid a c t i v i t y  and the corpses of  

sucked ou t  nymphs were seen i n  October and Novenber. I n  the middle of December 

the a c t i v i t y  of cocc ine l l id s  and lacewings increased  s t e a d i l y  reaching a peak 

i n  January and p e r s i s t i n g  t o  March. 

An a t tempt  was made to  deduce the  q u a n t i k t i v e  e f f e c t  of predators  on 

t h e i r  hos t  from 10 i n  s i t u  counts made during this period.  Again, the influence 

of weather on the more r e s i s t a n t  nymphal i n s t a r s  111-V was ignored and i t  was 

poss ib le  t o  m k e  a f a i r l y  accura te  est imate of mor ta l i ty  due t o  parasi t isni .  

Thus the balance of  nymphal mor ta l i ty  may be regarded a s  the combined e f f e c t  

of hos t  condi t ion  and predator  a c t i v i t y .  Unlike the Fores t  H i l l  t r ees ,  how- 

ever, the  experimental t r e e s  a t  Malkerns Re search S t a t i o n  were well-managed and 

the inf luence  of f l u s h  q u a l i t y  was f a i r l y  low. Table 1 2  shows the r e s i d u a l  mor- 

t a l i t i e s  grouped i n t o ' t h r e e  f a i r l y  d i s t i n o t  ca t agor i e s i  Even a f t e r  al lowing 

f o r  a poss ib le  seasonal  f l u c t u a t i o n  in the q u a l i t y  of  the hos t  p l a n t  and con- 

ceding the need f o r  seve ra l  assumptions i n  the  de r iva t inn  of the Table, i t  i s  

ind ica ted  t h a t  h igher  predator  a c t i v i t y  ocourred from m i d s m e r  t o  midwinter, 

than i n  the  June - Novenber period. The three  h ighes t  l e v e l s  of mor ta l i ty  oc- 

ourred i n  December, March and May. 

Table 1 2  Surviva ls  of 2. e r y t r e a ~  i n  10 , i ~  s i t u  counts made a t  Malkerns 
Re search S t a t i o n  be tween March, 1 9 r a n d  February, 1968 

Per iod  No. of 

- 

March - June ' 3  
June - November 
December-February ----- == -*.-A * v -. 

I Mean percent  mor ta l i ty  

I presumably due t o  
No. instar I11 p r e d a t i m  and p l a n t  Range 
nymphs s tudied  hos t  e f f e c t  I 

728 72.9 - 94.0 
1886 22.9 - 61,2 

43.0 - 82.1 - 382 

Percentage hos t  co lonies  i n f e s t e d  with predators  - December, 1967, t~ 

March, 1962. Colonies of  2, e ry t reae  counted on the 20 d a t a  t r e e s  i n  the m i n  

populat ion study were examined f o r  predators  and the  percentage colonies  with 

one o r  nore predators  recorded on each sam2ling date. The fol lowing p r e b t o r s  

were considered: lacewing eggs and larvae,  syrphid la rvae ,  a l l  species  of coc- 

c i n e l l i d  l a r v a e  and adu l t s ,  and sp iders .  Fig. 22 shows t h a t  p reda to r s  were 

a c t i v e  i n  2, s r y t r e a e  oolonies from January t o  hay bu t  were t o t a l l y  absent  from 

June t o  the beginning of Septenber. Their  r e l a t i v e  numbers increased  b r i e f l y  

in e a r l y  October b u t  s l m p e d  again  i n  November. A f a i r l y  s teady increase  in 

a c t i v i t y  took plade i n  December and January reaching a peak i n  February - by 

which t i n e  hos t  populat ions were a t  a low ebb, 
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Colleotion of predators - 1968 and la. Fmtnight ly  col lect ions  of lace- - 
wing adul ts  and larvae, syrphid adul ts  and larvae,  cmiopterygid larvae, 2. m- 
pinqua adults ,  and spiders, were made with the insec t  sampling maohine on each 

of f i ve  haphazardly-selected t r ee s  a s  described previously. Despite the crude- 

ness of this method, oertcrin trends i n  the abundance of predators were discern- 

ib le .  The nuclbers of spiders tended t o  be s l i gh t ly  higher i n  l a t e  summer and 

winter but were well represented a t  a l l  times. Results f o r  a l l  other species 

were grouped in to  monihlymeans f o r  the two  years of col lect ion and appear i n  

Fig. 23. It i s  seen tha t  there was l i t t l e  difference i n  numbers f o r  the nonths 

of January to July, but a def ini te  r i s e  was indicated in August, September and 

October when host  populations a r e  comonly a t  high densit ies.  

Observations - June to  De~mber ,  1962. No predator a c t i v i t y  was noticed 

i n  June, July  and ear ly  August, 2. erytreae populations being a t  exceptionally 

low densities. I n  the l a t t e r  half of August lacewings made an appoaranoe and 

several nymphal colonies were quite heavily attacked. Lacewing egqs were com- 

non in  ear ly  September but these predators were feeding mainly on the large 

aphid populations present on the young flush. No predators were observed i n  

October and November, sna l l  numbers appearing again i n  December. 

( i v )  Disoussion. 

A complex consist ing of t w o  lacewings, two syrphids, the coccinel l id  

C. propinqua, and several species o f  spiders appear to  be the main predators of - 
T. ,er@reae. Yet each of the f i ve  insectan predators i s  a l so  an aphid feeder - ~ ~ 

and a t  l e a s t  three species showed a marked feeding preference f o r  aphids. Be- 

cause 2. erytreae and the c i t r u s  aphid e re  v i r t ua l l y  synpatric having almost 

iden t ica l  hab i ta t s  and very similar population f luctuat ions  it i s  d i f f i c u l t  

on the present evidence to  r e l a t e  predator a c t i v i t y  with the abundance of a 

single host, namely 2. e r y t r e ~ .  For the main predators no attempt was made 

to  d i rec t ly  asoer ta in  the proportion of aphid feeding t o  2. e q t r e a e  feeding, 

and it would appear t h a t  f o r  most, if  not a l l  species, aphids represent t h e i r  

main source of prey. 

De Bach (1958) drew a t ten t ion  to the d i f f i cu l ty  of assessing the true s i p  

nificance of predators and warned ar:ainst the hasty acceptance of incomplete 

evidence. Because of the ra ther  superf ic ia l  methods used t o  assess the ro le  

EXPLANATION OF FIGUIiES -- 
Fig. 22 Percentage oolonies infested with predators, and population fluctu- 

a t ions  of 2. emtreae  from January, 1968, to  March, 1969, a t  Mal- 
kerns Research Stat ion 

Fig. 23 Mean monthly nunbers of inscctan predators of 2. erytreae collected 
with the insec t  sanpling machine i n  1968 and 1969 a t  Malkerns Re- 
search Stat ion 



of predators  i n  t h i s  study, only ~ e n e r a l ,  qua l i t a t ive ,  conclusions w i l l  be 

drawn from the r e s u l t s  described. I n  both  study a reas  aver  a per iod  of near ly  

f i v e  seasons there  was a general tendency f o r  predrztor nunbers t o  increase  du- 

rin'g nidsummer and remain f a i r l y  a c t i v e  i n t o  the  winter  months. During t h i s  

time of the  yea r  they a r e  undoubtedly a a iqni f icanz  l i m i t i n g  f a c t o r  and together  

wi th  severa l  o ther  ecologica l  f a c t o r s  a s s i s t  i n  suppressing gapula t ions  of 

T. t However, t he re  i s  s conssicuous 5.w l a g  i n  t h e i r  hos t  synchrony - 
i n  e a r l y  summer when 2. 2 e . e ~  i s  b u i l d i i l ~  up s t scb- ' J  on the young growth. 

( 1 t  i s  i n t e r e s t i n g  t o  note here t h a t  both aphids and ,T. z P q e , a ~  begin t h e i r  

f i rs t  populat ion r i s e  of the season sn  the  ~ u l ~ / ~ u g u s t  f l u s h  cycle) ,  Similar- 

ly ,  in s c a t t e r e d  outbreaks a t  o ther  t i n e s  of the yea r  p reda to r  nunbers only 

became neaningf'ul some time a f t e r  the outbreaks had reached f a i r l y  high pro- 

port ions.  Their  f a i l u r e  a s  a l i m i t i n g  f a c t o r  i n  spr ing  and t h e i r  increased  

importance i n  n i d s m e r  was confirned by the check exp.?_-lnents. 

Many species  of Psy l l idae  a r e  known t o  be i n t o l e r a n t  of high temperatures, 

f o r  instance,  -- Para t r ioza  c o c k e r e l l i  --- = -., ( ~ u l c  ,) ( ~ i s ' c ,  1939), F'5xU.l. gy&.~i.l& Foer- 

s t e r   adsen en &., 1963) and --=. Cardiaspina ,%1ali,t,eextura Taylor   lark, l964b) 

t o  mention j u s t  a few. I n  the Letaba d i s t r i c t  of the Transvaal the p resen t  

au thor  observed high m o r t a l i t i e s  i n  the young s taqes  of Di$&1:his 
Pe t t ey  and an  unnamed Tr ioza  sp, following extremes of hot ,  dry weather. 

The s e n s i t i v i t y  of 2. mtrxae t:-, hbgh temperatures wa; f i r s t  repor ted  by 

Van der  hlerwe (1941) and was l a t e r  shown under l abora to ry  condit ions by Moran 

& Blowers (1967). I n  1965 the p resen t  au thor  found i t  e x t r e n d y  d i f f j . cu l t  t o  

e s t a b l i s h  e successfu l  cu l tu re  of 2. s t r e a e  -- -*a a t  Letabs wi4;hout the use of 

cooling mchinery.  The work described here, which i s  based e n t i r e l y  on f i e l d  

s tudies,  supports  the above f indings .  P r e l i n i m r y  f i e l d  e-~idence  was presented 

by Cat l ing  (1967) and Cat l ing  & Annecke (1968) from a stutiy i n  the Letaba dis- 

t r i c t .  Addit ional  s tud ies  m d e  i n  Swaziland, and a more detail.eii a n a l y s i s  of 

the r e s u l t s  f ron  both d i s t r i c t s  a r e  presented here. 

The exper inenta l  s i t e s  i n  the Letaba d i s t r i c t  of the Transvaal, nainely 

Fores t  H i l l ,  Fairview, Letaba, Letswalo and Riverside, and those i n  Malkerns 

and the Swaziland Lowveld were described previously.  I n  the Letaba d i s t r i c t  

there  were f a i r l y  l a r g e  d i f ferences  i n  the dens i ty  of l e a f  campy a t  the three  

main sites, dens i ty  assessments showing the  fol lowing r a t i o s  : Letaba ( n o s t  

dense) 15, Fairview 14 and Fores t  H i l l  11. A t  each of the three  main s i t e s  in 

the Letaba d i s t r i c t  a tnerrnohygrograph was operated according t o  spec i f i ca t ions  

suggested by the South Afr ican  Weather Bureau. Temperature m d  r e l a t i v e  h m i -  

dity were checked biweekly a q a i n s t  a s ~ t  of meteorological thermometers and a l l  

equipment w a s  housed i n  s tandard Stevenson s c . r o ~ T ~ c  r?t Malkerns Research Sta- 

t i o n  and the Lowveld Experiment S t a t i o n  a t  Big Bend, meteor2logical &la were 

ava i l ab le  from a c l a s s  2 weather s t a t ion .  Methods f o r  a s sess ing  populat ions of 



T. erytreae a t  the nain experinental s i t e s ,  and i n  four  addi t ional  groves in - 
Malkerns, were described previously. I q  s i t u  counts were made a t  Forest H i l l ,  

Fairview and Letaba i n  the Transvaal, and a t  the Malkerns Research Sta t ion and 

Tambankulu Esta tes  i n  Swaziland. Mortality was shorn by collapsed o r  non-hatch- 

ing eggs and shr ivel led nymphs. 

( i )  Prel in inary evi,dence ,of  the 1e t ha l  e f f e c t  of high t e m p e r a & u ~ .  I n  the 

Letaba d i s t r i c t  a l i n e a r  re la t ionship  was found between a l t i t ude  and the previous 

indidence of 2. ewtreaeb Highest populations occurred i n  the oooler, upland 

groves while low o r  negligible populations characterized the ho t t e r  lowlands 

(cat l ing,  1967; 1 9 6 9 ~ ) .  

The ro le  of shade i n  noderating the e f f e c t  of s m e r  temperatures, f i r s t  

observed by V a n  der Merwe (194l), was soon confirmed i n  the Letaba d i s t r i c t .  

The na jor i@ of - T. erytreae colonies were s i tua ted  on the lower section of t i e  

t ree ,  On many occasions t r ee s  p a r t l y  shaded by high windbreaks were observed 

to  support higher populations than unshaded t r ee s  i n  the sar.le grove. I t  i s  l ike-  

l y ,  however, t h a t  interference i n  the a i r f law near windbreaks, which tends to  

accumulate insec t s   emis is, l968), may be an addi t ional  factor .  Counts of p i t t e d  

leaves i n  a nature ,?rove a t  Malkerns alone three rows a t  r i g h t  angles t o  a high 

windbreak, revealed the following mean nunber of colonies per  t ree :  windbreak 

89.3, 99.7, 72.7, 46.7, 33.0, 57.0, 4l.3, 51.3. Surveys on Letaba Esta tes  show- 

ed that groves of s i x ~ l l  t r e e s  (which have l i t t l e  i n t e rna l  shade) a r e  ra re ly  in- 

fes ted during the sunmer nonths. (cat l ing,  1967; 1 9 6 9 ~ ) .  

( i i )  Survival of e3as and f i r s t  i n s t a r  n v n ~ h s  fron I n  S i t u  counts. O f  a  

large  nunber of s i t u  counts ca r r ied  out a t  the %in s i t e s  i n  the Letaba dis- 

t r i c t  between Decenber, 1965, and January, 1967, 32 were se lected f o r  a study of 

the influence of weather on e g ~  and nynphal survival. Fi f teen counts mere made 

a t  Letaba, four  a t  Fairview, and 13  a t  Forest H i l l .  This involved a t o t a l  of 

10,458 eggs i n  82 colonies. Tv~enty-two & s i t u  counts were ca r r ied  out a t  the 

Malkerns Research Sta t ion and one a t  Tanbankulu Esta tes  i n  the Swaziland Low- 

veld, involving a t o t a l  of 21,112 insects.  Egg to  f i r s t  i n s t a r  survival  was 

calculated from the t o t a l  nuuber of egss i n  the colony and the naxinun nunber 

of f i r s t  i n s t a r  nynphs to  emerge and s e t t l e  normally. Counts were nade over a 

period of 8-13 days with a nean of 10 days, 

Despite the use of neans f o r  various aspects of prevai l ing weather fo r  the 

duration of the counts, which frequently concealed shor t  but  extremely l e t h a l  

weather conditions, Catling (1967) and Catl ing & Annecke (1968) were able to  

cone to  the following prelir3inary conclusions: 1. There was a def in i te  trend fo r  

a decrease i n  survival  with a r i s e  i n  tenperature or  decline i n  r e l a t i ve  hur~idi- 

ty (RH); 2. within the range 1 ; f  climate studied, high tenperatures and lorn RH's 

becane l e t h a l  a11.y when applied t o ~ e t t ;  3. ~or~lbinat ions  of tenperature and 

RH become pa r t i cu l a r l y  c r i t i c a l  i n  the region above 30°C and below 25% RH ( o r  

a t  a saturat ion d e f i c i t  above 25 rnn H ~ ) .  



Table 13 Surviva l  of eggs and f i r s t  i n s t a r  nynphs of 2. e ry t r eae  f r o n  
an  i n  s i t u  caunt  on Tar~bankdu Es ta t e s ,  Swaziland, a g a i n s t  the  
p r e v a i l i n g  d a i l y  maximum s a t u r a t i o n  d e f i c i t s .  Dead f i r s t  in- 
star nymphs mere renoved on each day 

.- 

Date * 

1967 Oct 19  
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 

--- 
Live I 

,.a- -- - - 
8- 

d 

-. 

458 
149 
119 
108 

5 
0 

0 

=---- 

Dead I 

0 - - 
0 

0 

0 
361 

54 
9 

10 3 - 
0 --- 

S a t u r a t i o n  
d e f i c i t  m Hg 

Table 13 shows the  r e s u l t s  of an  i", s i @  count a t  Tambankulu Es ta tes .  On 

October 19 e i g h t  egg-infested c i t r u s  seedl ings  were p laced  i n  diff'use shade nea r  

a thermohygrograph housed i n  a Stevensun screen. The naxinun d a i l y  s a t u r a t i o n  

d e f i c i t  was c l e a r l y  favourable f o r  10 of the  1 2  days over which the  count  was 

made. On October 23 and 24, however, j u s t  a t  the onse t  of hatching, t he  sa- 

t u r a t i o n  d e f i c i t  rose  t o  33.2 and 46.7 mm Hg re spec t ive ly .  Five days l a t e r ,  

desp i t e  cool  overcas t  weather, a l l  the i n s e c t s  were dead - many eggs col laps-  

i n g  o r  r ena in ing  unhatched and a l l  f i r s t  i n s b r s  sh r ive l l i ng .  Though l i v e  

nymphs were recorded from October 25 t o  28 t h e i r  genera l  s luggishness i n d i c a t e d  

t h a t  they were succumbing t o  the  e f f e c t s  of t he  severe condi t ions  on October 

23 and 24. 

Cor re l a t ions  between s u r v i v a l  and var ious  a s p e c t s  of weather. A c o r r e l a t i o n  

a n a l y s i s  was c a r r i e d  o u t  between percentage su rv iva l  ( 1 )  and va r ious  a spec t s  of 

weather (2-20), f i r s t  s ing ly  and then i n  combination. The fol lowing a spec t s  of 

d a i l y  weather werc considered: 

d a i l y  mxinum tenpcra ture  [ ]  hour degrees Centigrade p e r  day abovo 20' 
4 hours p e r  day temperature exceeded 26Oc 
(5) " 11 11 11 " 2 8 ' ~  
(6 )  It 

11 11 I1  30°C 
(7) " 11 11 11 3 2 ' ~  
( 8 )  " 

I t  11 11 

I 1  !I 
" 34Oc 

( 9 )  " I! 36Oc 
(10) 11 11 11 3 8 O c  
(11) d a i l y  olinimun RH 
12)  hours p e r  day RH below 40% 

L 3 )  11 11 11 
11 11 I 1  

" 35% 
(a) " 30% 
(15) " 11 11 11 

It 25% 

(lt] :: 11 11 11 20% 

(17 11 11 11 15% 
(18) maximum s a t u r a  t i m  d e f i c i t ,  f ron d a i l y  uaxinun tenperc ture  

and nininun RH 
(19) sunnation of  one hour units of  RH above 0% 
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(20) vapour pressure,  from d a i l y  naximun tenperature and n in i -  
nun RH 

Survival  was c o r r e l a t e d  with ueans of the  seve res t  weather condi t ions  f o r  

1, 3, and 6 days during the  8 t o  13 day study period. The b e s t  r e s u l t s  were 

obtained with the nean f o r  three  days; therefore  only the .  s e r i e s  represent ing  

mean weather condi t ions  f o r  the  3 seve res t  days a r e  considered i n  c o r r e l a t i o n s  

with egg t o  f i r s t  i n s t a r  nymph survivel .  

Table ll+ shows the  c o e f f i c i e n t s  of c o r r e l a t i o n  of the dependent va r i ab le  

( surviva l )  wi th  var ious  a spec t s  of p reva i l ing  weather. As s ing le  aspects ,  naxi- 

mum temperature ( 2 )  and vagour pressure (20) a r e  highly c o r r e l a t e d  wi th  survi- 

va l ,  Vapour pressure  i s  a  measure of hunid i ty  which i s  l a r g e l y  independent of 

temperature. S ingle  a spec t s  which a r e  dependent on both temperature and vapour 

pressure, such a s  RH (11) and s a t u r a t i o n  d e f i c i t  (18), were shown t o  be even 

nore s i g n i f i c a n t l y  corre la ted ,  the  l a t t e r  having, the h ighes t  correlation coeffi- 

c i e n t  of - 0.755. It i s  enphasized here t h a t  RH i s  the percentage r a t i o  between 

a c t u a l  vapour pressure  and sa tu ra t ed  vapour pressure ,  while s a t u r a t i o n  d e f i c i t  

i s  the d i f ference  between the two. 

Table ll+ Coeff ic ients  of s i a p l e  and mul t ip le  c o r r e l a t i o n  between thc 
su rv iva l  of eggs and f i rs t  i n s t a r  nynphs of 2. 
dent  va r i ab le )  and nunbered a s p e c t s  of weather 
vzr iables) .  Based on the nean of the  three  seve res t  days during 
the  study per iod  

Conbined aspec t s  '-I 

O f  the mul t ip le  co r re l a t ions ,  m e  of the  nos t  s i g n i f i c a n t  was a  l i n e a r  con- 

b ina t ion  of naxinm temperature and vapour pressure.  The only super ior  predic- 

t o r  of su rv iva l  appeared t o  be a  combination of nine a spac t s  of temperature. 

However, the requirement of such d e t a i l e d  meteorological &t=l nakes t h i s  combi- 

na t ion  impract ical .  The acce2table p red ic to r s  f o r  s u m i v a l  a r e  thus s a t u r a t i o n  

EXPLfiriATION OF FIGURE - 
Fig. 24 S c a t t e r  diagram and regress ion  curves f o r  su rv iva l  of eggs and f i rs t  

i n s t a r  nymphs of 2. e ry t reae  a g a i n s t  mean maximum sa tu ra t ion  d e f i c i t  
f o r  the three  seve res t  days of the  count, S o l i d  l i n e  curve and po in t s  
on the  f i g u r e  a r e  based on & counts  made a t  the three  n a b  ex- 
p e r i n e n t a l  s i t e s  i n  the  Letaba d i s t r i c t ;  X - Letaba, * - Fairview, 
0 - Fores t  H i l l ;  Y = 137.7709 - 5.5766~ + 0 . 0 5 4 7 ~ ~ ;  s tandard e r r o r  
of es t imate  = 19.99%. Broken l i n e  curve i s  based on i n  s i t u  counts 
made in Swaziland, Y = 134.7968 - 4.9386~ + 0 . 0 3 5 1 ~ ~  



d e f i c i t  a s  a  s ingle  aspect ,  and nrtxinur. t t . ~ . ~ p e r o t ~ x  ~ i t h  wipour pressure  a s  a  

simple combination. Exaninations of themohygTotj;raph t r a c e s  showed t h a t  i n  ge- 

n e r a l  the d a i l y  dura t ions  of l e t h a l  t c r~per2~ tu re  and RH were d i r e c t l y  proport io-  

n a l  t o  the maxima reached, 

A s c a t t e r  diagran and regress ion  cul-.;os f o ~  su rv iva l  a g a i n s t  s a tu ra t ion  

d e f i c i t  a r e  shovm i n  Fig,  21+.a Ti;? ::;~,:.f L-LC:L i;; 'izll.,-*ied 50 'de due "v the  ope- 

r a t i o n  of o the r  norbl iy fat+ Jgd- >-. -  ,,-. ,.--,. ,:. (-, n " , ('-' ,.- f - L  '( > ,  ' - :-:?? !.P& YE d m z i b ~  of l e a f  
, . - .  . 

canopy, fo l i age  condition, and the  Lii:;?:. e->.c.:;. - e- re:: c:; a? l e  th1.1. weather on 

d i f f e ren t  s tages  in the  deveiopnenl; oi' e,q;s c;:d fliTt; ::l~JvijT ~p1iph3. ( ~ a t u r a l  

enemies appear t o  p lay  a neg l ig ib le  r o l e  in these e a r l y  s tages)  Tor instance,  

the tendency f o r  the p o i n t s  of each s i t e  t o  be pouped  I s  expl.a:i.-ed by d i f f e -  

rences i n  leaf' densi ty.  The h ighes t  l e a f  dens?$ arid h 5 g h e s h s u r v i - ~ a l  a t  a  

cons tant  s a t u r a t i o n  d e f i c i t  o c c u r ~ e d  a t  Letaba, '1!2 1oxc:sl le-.-" dens i ty  and 

s w i v a l  a t  Fore s t  H i l l ,  with Fakv iew 7sej.ng ir, kernedj-a-i.2. ILSon goi.nJcs marked 

A and B i n  Fig, 24, which r ep resen t  two counts over the  c m o  per iod  a t  Fores t  

H i l l ,  i t  i s  seen t h a t  su rv iva l  va r i ed  f r o n  43 .- 80% unde: -2.r k7.11!.;. t he  sane 

condit ions of atmospheric s t r e s s ,  It i s  p r o l ~ a t l e  t h e t  L i f f e ~ c n c e  s 5-3 f o l i a g e  

condit ion were responsible f o r  +hS.s varial;! on, 0-l-llcy nor-L?.lF-:;y f a c h r s  a r e  

again  suggested by the  n i l  su rv iva l s  bet7~t .m SL t ~ ? x  S o n  C::fic5-L; o f  27 and 4-l 

mm Hg i n  s p i t e  of b ~ o  cases  of near  30% surviva l  a t  a  sa tu ra t ion  d d i c i t  of 

38 rnm Hg, 

A similar a n a l y s i s  of su rv iva l  a g a i n s t  satx.r~_,i;io:- d.jfic"-t r::s nade f r o n  

t h e  22 .in s i t u  counts made i n  Swaziland, Fii?:. '.& ~k.ow2 ~ - - ~ : . , L ~ . ~ x L  q y e e r ~ e n t  be- 

tween su rv iva l  curves f o r  the two regions, indic&t-:.ng vo:?;- L n i l a r  t e n p e r a h r e -  

no i s tu re  to l e rances  between populat ions of 2, _~@r,_e2 some 200 miles apar t .  

Survival  and ape. A number of separate f i e l d  obs5rv3ti3ns . c . ' I ov ;~~  that the 

more advanced nymphal s tages  of 2 ,  x t r o a c  a r e  nore t o l e r a z t  of severe weather -- 
than eggs and f i rs t  i n s t a r  nynphs ( c a t l i n g ,  1967). 

The s e r i e s  of & counts  described before  mere continued through the 

f i v e  nynphal s t ages  t o  the emergence of thc adu l t s .  Though the in"luence of 

a d d i t i o n a l  n o r t a l i t y  f a c t o r s  was s t ronger  d u r i r i ~  t h i s  pe r iod  of surviva l ,  there 

was a  s i m i l a r  t r end  f o r  h i @ r  surviva l  under r.lil.der corid:'tions of p reva i l ing  

weather. Table 15 conpares the clean ma-ther ccr.dl.';ions r:hLz!; p reva i l ed  f o r  s ix 

i n  s i h  counts of egg t o  f i r s t  i n s t a r  nynph s1rv2rrsl 153 f o x  c,m:lfus of f i r s t  -- 
i n s t a r  nymph t o  a d u l t  surv iva l ,  I r i  >o th  c:~sr .z  ~ v ~ r i - ; ~ . ? ;  :::J:-e :.;r,~::?er than 6%. 
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Clearly, i n s t a r s  I I - V  were able t o  withs-tand greater  extremes of weather than 

eggs and f i r s t  i n s t a r  nymphs. 

Table 15 Mean weather conditions pcrrni.tting survivals of 1. e ry t r eae  
above 6%. Data fi-om *& $2 counts made i n  the Letsba dis- 
t r i c  t of the Transvaal 

I 
I No. 

Mean % I dai ly  / days nax. 1. Mean / I Mean max 
Survival c l a s s  1 %  s i  tenp :. I co&d i z z c t s  I t2io0C / 29.9"~ 

( i i i )  Population f luc tua t ions  of - T. erytreae i n  r e l a t i on  to prevai l ing 
=wy___l-_I___-.-9 _- 

weather. The influence of neather on the population f luctuat ions  of 2. e m t r e a c  --- 
in the Letaba d i s t r i c t  was described i n  d e t a i l  by Catl ing (1967; 196%) and 

Catl ing & Annecke (1968) and w i l l  not  be repeated here. 

Swaziland Lowveld 

Fig. 25 conpares the man  nonthly naxiuun tenperatures and mean nonthly 

RH a t  U O O  hours f o r  Malkerns Research Station,  and the Lowveld Experiment Six- 

t ion  a t  Big Bend which i s  representative of the Swaziland Lowveld. The Malkerns 

d i s t r i c t  i s  considerably cooler with higher rela.f,ive hunidit ies,  and i s  l e s s  

windy with an average run of 68.2 n i l e s  per  day i n  1967, a s  opposed to  93.6 

n i l e s  per  day f o r  Big Bend. 

Scattered colonies appear on c i t r u s  a t  Crookcs Planta t ions  i n  the Big Bend 

area  during ea r ly  sumner, especia l ly  on nature t r ee s  p a r t l y  shaded by windbreaks. 

Regular surveys i n  the 100,000 t rees  belon,@ng to  the Swaziland I r r i ga t i on  Schene 

revealed the presence of i so l a t ed  colonies i n  22 of 51 survey blocks between Oc- 

tober, 1968, and January, 1.969 (~ackson ,  D. 1969, pcrsonal comunication). I n  

general, populations appeared to  be lower a t  Tanbankulu Esta tes  since, i n  the 

1965-66 season, twenty t r ee s  exai.iined a t  nonthly i n t e rva l s  f  ron Sep tenber to  

March, and surveys i n  8,000 t rees  i n  November showed no t race  of the i n sec t  

( ~ e  Roux, A. 1966, personal comunication). No xe erytreae  adu l t s  were taken 

i n  fo r tn igh t ly  samples between March, 1968, and March, 1969, with the i n sec t  

sampling nachine. Noteceable populations on t h i s  Esta te  occurred i n  the autunn 

of the 1966-67 season fd lowing  lonq periads of humid, overcast weather. 

EXPLANATION OF FIGURES - -  

Fig. 25 Mean nonthly maximum temperatures and RH a t  1400 hours f o r  Malkerns 
Research Sta t ion (1959-1968)~ and Big Bend (1962-1968), Swaziland 
Lomeld 

Fig. 27 Mean population density ?f 2. cry t reae  r +, f n i . 7 ~  s i t r -s  i n  the Malkerns 
d i s t r i c t  f o r  the three study seasons 
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Following unusually high humidities and riild h n p e r a t u r e s  i n  Nover~ber and De- 

cember, 1969, a general outbreak ~:f ,T. s t r c a e  -- - occurred on the nidsunner f l u s h  

i n  severst1 p a r t s  of Swazila.nd. Rela t ively  high p7pulat i  ms were ~ b s e r v e d  a t  

Ngonini i n  the northern Middleveld and a t  Swaziland I r r i ~ a t i o n  Scheme i n  the 

Lowveld. I n  a l a rge  Krove a t  Tambankulu Estates,  counts on December 10 reveal- 

ed t h a t  9% of the t r e e s  were in fes ted  with a nean densi ty  of .32 colonies per  

10 square f e e t  of t r e e  canopy. 

Malkerns d i s t r i c t  - 
I n  the Malkerns d i s t r i c t  f a i r l y  hiqh populations of T. ervt reae  were usual  

during the July t o  Decenber period. I n  Fig. 26 population f luctuat ions ,  broods, 

and the occurrence of " l e t h a l  days" a t  Malkerns Researoh S t a t i o n  a r e  compared 

f o r  the 1967-68 and 1968-69 seasons. I n  September, 1967, the population surged 

t o  a peak of 4.31 colonies p e r  10 square f e e t  of canopy and p e r s i s t e d  a t  densi- 

t i e s  bctween 0.85 and 2.30 colonies u n t i l  the crash  i n  the f i rs t  week of Janu- 

ary. From J u l y  t o  January there  were 13 " l e t h a l  days", only one occurring p r i o r  

t o  the September peak population. F'ive " l e t h a l  days" occurred between Septem- 

ber 27 and October 7 when the bulk of brood f i v e  were i n  the more t o l e r a n t  111-V 

i n s t a r  stage, bu t  a  s l i g h t  h e s i t a t i a n  i n  the r i s e  of brood six was evident, many 

young colonies being decinated by these extremes. With the continued l ay ing  of 

new batches of eggs by t o l e r a n t  adul ts ,  the advent of more favourable weather 

a t  the end of October permitted the  r i s e  of brood s ix .  

I n  the following season populations were considerably lower and there  were 

31 " l e t h a l  days" between J u l y  and January. Durine the peak densi ty  i n  September 

the population rose t o  0.95 colonies p e r  10 square f e e t  which i s  l e s s  than one 

quar ter  of t h a t  f o r  1967. Five " l e t h a l  dayst' occurred between J u l y  11-28 when 

the bulk of brood f i v e  was present  a s  eqgs and young ins ta r s .  There were three 

" l e t h a l  days" a t  the start of the following brood and, a s  in the previous season, 

a severe s p e l l  of  hot, d r y  weather postponed the r i s e  of the October brood. Due 

t o  the e i g h t  " l e t h a l  daysf' between September 27 and October 19  no d e f i n i t e  r i s e  

of egg colonies was evident  f o r  four  weeks and populations were a t  very low 

d e n s i t i e s  u n t i l  e a r l y  December. Very favourable weather i n  Novenber and the 

f i rs t  two weeks of Decenber resu l t ed  i n  brood e i g h t  momentarily approaching the 

d e n s i t i e s  recorded in 1967, but  another hot, d r y  s p e l l  i n  the t h i r d  week of 

Decenber contributed t o  an  e a r l y  population c rash  f o r  the season. 

For the 10 days, Decenber 30 t o  January 8, the mean d a i l y  maxinun satura- 

t i o n  deficit  was 28.6 mn Hg, " l e t h a l  days" occurring on January 1, 2, 3 and 4. 

Population s tud ies  showed t h a t  on January 4,33.% of the population were in the 

egg stage and 6 5 , s  present  a s  nymphal i n s t a r s  1-111. Fig. 24 f o r e c a s t s  a sur- 

v i v a l  of 22$fcreggs and f i r s t  i n s t a r  nynphs fol lowing such extrenes of satura- 

t i o n  d e f i c i t .  I n  order t o  compare such a predic t ion with a c t u a l  f i e l d  mortality, 

EXPIANATION OF FIG,UFC& - -- 
Fig* 26 Population f luctuat ions ,  broods of 2. eryt reae ,  and the occurrence of 

" l e t h a l  days" (shown by arrows) a t  Malkerns Research S t a t i o n  f o r  the. 
1967-68 and 1968-69 seasons. On each " l e t h a l  day" the sa tu ra t ion  de- 
f i c i t  exceeded 25.9 m HE (34.6 nbars j  



oolonies of 2.. e v t r e a e  were removed a t  random f r o n  the exper inenta l  t r e e s  on 

January 8 and examined under a  sterw-microscope. O f  875 egss  and first inststr  

nymphs axanined, 2% were a l ive ,  the r e m i n d e r  c l e a r l y  having succunbed t o  se- 

vere weather. 

February, 1969, was a l s o  abnormally h , t  and dry, the nean maxinun tenpera- 

tu re  beine 3,b0c above, and the m a n  RH a t  l 4 O O  hours 11% below the 10 year  ave- 

rage f o r  Malkerns Research Sta t ion .  There were 5 " l e t h a l  days" i n  t h i s  month 

( ~ i ~ .  10) compared with one f o r  1968 and n i l  f o r  1967. During l a t e  sunmer and 

winter  of 1969, populations reached t h e i r  lowest d e n s i t i e s  f o r  the e n t i r e  study 

period. No colonies were recorded i n  the data t r e e s  f ron  March 14 t o  May 14, 

no a d u l t s  were taken in 1 2  co l l ec t ions  of the i n s e c t  snnpling machine between 

February I 4  and July  29, m d  no specimens were seen i n  23 sainples taken with 

the s t i cky  p l a t e s  during t h i s  period. Mean populat ion densi ty of 2. exytreae 

from mid May t o  the end of Ju ly  was .009 colonies  p e r  10  square f e e t  of canopy 

as opposed t o  .044 f o r  the  previous season. 

Despite the  favourable weather which prevai led  in J u l y  the  f i rs t  ha l f  

of August when no " l e t h a l  days" occurred (Fig. l o ) ,  there  was only a gradual 

population r i s e  on the spr ing  growth of 1969. This can only be explained by the 

unusually s m a l l  winter  nucleus population a t  the  start of the season, and the 

lower f l u s h  dens i ty  which was heavily populated with c i t r u s  aphids. Mean tenpe- 

r a t u r e s  and " l e t h a l  daysH f o r  Au,+st t o  Novenber were s imi la r  t o  those f o r  1968, 

thus holding populations of x., e r y t r e a e  a t  r e l a t i v e l y  low dens i t i e s .  There were 

three  " l e t h a l  days" i n  e a r l y  September when the  bulk of the population was i n  a 

suscept ib le  s tage and a s  i n  the twt? previous seasms ,  there was a s l i g h t  hesi- 

t a t i o n  i n  the r i s e  o f  the October b r o ~ ~ d  due t o  severe weather. With only one 

" l e t h a l  day" i n  November, none i n  Decenber, and a f a i r l y  heavy December f l u s h  

cycle, p~opulations reached t h e i r  h ighes t  peak a t  the end of Decenber. There 

was a gradual decl ine  during January. 

Populations were considerably lower i n  the 1969-70 and 1968-69 seasons than 

in the  1967-68 season a t  four  o ther  s i t e s  i n  the Malkerns d i s t r i c t ,  (I?ig. 27). 

Population d e n s i t i e s  i n  these groves were r a t h e r  va r i ab le  i n  the 1969-70 season 

due nain ly  t o  i r r e g u l a r  flushing. Population explosions, where every f l u s h  

p o i n t  becomes overcrowded with ec:qs, were observed on two occasions i n  the 

1967-68 season, bu t  d id  no t  occur a t  any time during the following seasons. 

I t  w a s  es tabl i shed t h a t  d i f ferences  i n  chenical  con t ro l  neasures were n o t  re- 

sponsible f o r  these d i f ferences  i n  population dens i t i e s .  

( i v )  Discussion 

Survival  of e,gm and f i r s t  i n s t a r  nynphs. The i n  s i t u  counts proved the 

s e n s i t i v i t y  of the developmental s tages  of 2. c ry t reae  t o  extrenes of hot, 

weather, the eggs and f irst  i n s t a r  nynphs being p a r t i c u l a r l y  vulnerable. T h i s  

p a r t l y  confirms the work of Moran & Blawers (1967) who reared  the i n s e c t  a t  

three  regimes of control led,  f l u c t u a t i n g  temperature. A t  a  re@e of 24 hour 



degrees Centigrade per day above 20' with a mxinum temperature of 25O 

stages flourished. But a t  54 H r  'c/bay above 20' and a plateau of 32' f o r  se- 

vera l  hours eggd f a i l ed  to  hatch and when introduced from outside newly-emerged 

f i r s t  i n s t a r  nymphs died in seven hours, older f i r s t  i n s t a r s  surviving f o r  jus t  

over a day. However, a s  those authors r i gh t l y  point  out, the "plateaux" of 

temperature used in t h e i r  exposures a re  d i f f e r en t  tc; the "peaks" experienced i n  

the f i e ld .  And the influent$ of h m i d i t y  was not  considered i n  t h e i r  study. 

Aocording to  Woodbury (1954) temperatures near the l i m i t s  of to le ra t ion  are  

usually r e s i s t ed  nore strongly when applied gradually. I n  the f i e l d ,  especia l ly  

during September and October, not  only do extremes develop rapidly but several  

days of extreme heat  and dryness may of ten be followed immediately by cool, 

humid weather  a able 13). Wind w i l l  a l so  heighten the l e t h a l  e f f e c t  of hot, 

dry conditions by increasing the evaporative power of the air. 

Despite the operation of a number of addi t ional  mortal i ty faotors,  several  

aspects of both temperature and humidity, s ingly and in oonbination, proved to  be 

closely oorre la ted with survival. The be s t  of these corre la t ions  involved ei-  

the r  single aspects conprising both a i r  temperature and absolute hunidity ele- 

ments og. the n i n i m u m  RH and maxinum saturat ion de f i c i t ,  o r  a l i n e a r  combina- 

t ion  of m a x i m u m  tenperature and water vapour pressure. The in te rac t ion  of 

temperature and RH i s  fu r the r  demonstrated with reference to  the regression of 

survival  agains t  naxbun saturat ion d e f i c i t  shown i n  Fig. 24 from which predic- 

t ions  of n o r t a l i t y  can be nade. A t  3 2 ' ~  and 10% RH, which represents a satura- 

t ion d e f i c i t  of 32.1 mu Hg, there i s  a 15% survival  of eggs and f i r s t  i n s t a r  

nymphs, while an FU-I of 40% a t  the sane temperature gives a sa turat ion d e f i c i t  

of 21.4 mn Hg and a survival  of 43%. It i s  thus abundantly c l ea r  t hq t  both 

temperature and hur idi ty  operate together to produce l e t h a l  conditions. Thc 

bes t  s ingle  predic tor  of mortal i ty was naximun saturat ion d e f i c i t  and the be s t  of 

the combined fac tors  was naxinun tepperature with vapour pressure. 

Tenperatures and FU-I1s used in t h i s  study mere based on recordings from in- 

struments housed i n  Stevenson screens. The survival of 2. erytreae i s  a l s o  very 

dependent on nicroclinate,  &I s i t u  counts sometimes showing considerable varia- 

t ion  i n  survival  according t o  the posi t ion ( o r  shading) of the colony. KeetcbD.P. 

(personal coimunication, 1966) found t h a t  large  temperature differences a t  the 

surface of c i t r u s  leaves was dependent on the degree of shading and Vellington 

(1950) showed t h a t  l e a f  temperatures f luctuate  rapidly  and nay r i s e  loOc above 

the ambient air. In  the present study the uoderating e f f e c t  of shade was indi- 

cated by the occurrence of high populations near windbreaks; by the preponde- 

rance of breeding s i t e s  on the lower section of t rce  canopy; and by s n a l l  t r ees  

a t  low a l t i t u d e s  being in fes ted  only i n  the cooler nonths. Leaf density was 

a l so  found t o  influence the a ic roc l ina te  of c i t r u s  t rees ,  those with lower l e a f  

dens i t i es  allowing greater  so la r  radia t ion penetrat ian and the f r e e r  noveclent of 

air. The f a i r l y  l a rge  differences i n  leaf  density between the nain experimental 

s i t e s  i n  the Letaba d i s t r i c t  i s  tnou,;ht to  account fo r  much of the s c a t t e r  in 



the survival  corre la t ions .  Nevertheless, the e f f e c t  of both dense and f a i r l y  

open t r e e s  i s  well balanced and probably increases  the value of the survival  

regressions f o r  f i e l d  use. 

Survival  from second i n s t a r  toad&t.. The w ~ b  of MorLn & Blowers (1967)~ - 
who found t h a t  under laboratory condit ions the more advanced nynphal s tages  a r e  

nore t o l e r a n t  of extreme temperatures, was suy~ported by & situ counts and f i e l d  

observations i n  the Letaba d i s t r i c t ,  I n  both studies,  r e s i s t ance  t o  ext reaes  

was found t o  increase with successive moults, f 'ul ly nature a d u l t s  being the 

most r e s i s t a n t .  

Influence of weather on population f luc tua t ions  of 2.  eryt reae  

_Reaional d i f f e r e n c 2 .  I n  both study d i s t r i c t s  noderate t o  high popu la t ims  

of 2, eryt reae  were found only in the upland o r  cool, mis t  regions - a t  the 3'3- 

r e s t  H i l l  and Fairview s i t e s  i n  New Agatha; the Letswalo s i t e  i n  the  upper Let- 

s i t e l e  Valley; groves i n  the ~zaneen/^Duiv~elskloof area ;  and the Malkerns &is- 

t r i c t  of Swaziland. Survivals  i n  in situ counts were cons i s t en t ly  high a t  

Forest  H i l l  bu t  low and conr.~only n i l  during e a r l y  s u m e r  on Letaba Esta tes .  

Low, i s o l a t e d  populations occurred i n  the hs t ,  a r i d  regions such as Letaba and 

Riverside i n  the  Transvaal Lomeld, and i n  the Swaziland Lomeld. 

Seasonal differences.  There was a tendency f o r  higher populations i n  cool, 

humid seasons o r  during s p e l l s  of n i l d e r  weather between Ju ly  and January. The 

nonthly neans f o r  c r i t i c a l  aspects  of weather frequently concealed the occurrence 

of l e t h a l  extrenes, e spec ia l ly  i n  e a r l y  s u m e r  when s p e l l s  of hot, dry weather 

tend t o  a l t e r n a t e  with cool, overcast  conditions. This was p a r t i c u l a r l y  evident  

when conparing population d e n s i t i e s  a t  Malkerns Re search S t a t i o n  f o r  the 1967-68 

and 1968-69 seasons. Although di f ferences  in the October f lushing rhythn and 

l e v e l s  of paras i t i sm contributed t o  the higher populations recorded i n  1967 

(Catling, 1969s and b),  the nos t  s i ,yni f icant  f a c t o r  was the nore favourable 

weather which prevai led  during the first season. The 13 " l e t h a l  days" recorded 

i n  1967-68 as opposed t o  31 " l e t h a l  days" i n  the following season were poorly 

re f l ec ted  i n  the monthly neans f o r  the two seasons. Population f luc tua t ions  i n  

the 1969-70 season were s i u i l a r l y  explained i n  terms of " l e t h a l  days". 

There i s  l i t t l e  doubt t h a t  the  abnormally severe nidsunner weather of the 

1968-69 season was the 1;lai.n f ac to r  responsible f o r  the ext renely  low populations 

of 2. eryt reae  i n  the following winter and e a r l y  summer. 

Tining of l e t h a l  extrenes of weather 

The occurrence of d i s t i n c t  broods o r  f i e l d  generations and the extrene sen- 

s i t i v i t y  of epgs and f i r s t  i n s t a r  nynphs suggest that the l e t h a l  e f fec t s  af se- 

vere weather depend l a r g e l y  on the ase  d i s t r i b u t i o n  of the population. Severe 

weather when the bulk of the population i s  i n  the egg and e a r l y  nynphal stage 

w i l l  produce higher m o r t a l i t i e s  than s i n i l a r  s t r e s s  applied when the population 

cons i s t s  rminly of advanced nynphs. For t h i s  reason the unfavourable weather 



during July and August of 1968 was p a r t i c u l a r l y  l in i t inrg  and was probably the 

nain reason f o r  low populations in ea r ly  sumner. 

Causes of heat  nortali.3. -- 
The physiological  chances which take place i n  i n s e c t s  succunbing t o  h e s t  

exposure a r e  discussed by Woodbury (1754). There i s  some evidence t h a t  on poor- 

ly-nourished f lush,  nymphs of zr erytroae m y  die  o f  p ro te in  s t a rva t ion  during 

nidsunner ( c a t l i n g ,  1967). I n  t h e i r  laboratory exposures Blowers & Morm (1967) 

found t h a t  i n  i n s e c t s  succumbing t o  high tenperatures, the nycetone ( the nicro- 

organ is^ s of which a r e  assuned t o  be e s s e n t i a l  f o r  normal metabolism) s h i f t e d  

f ron i t s  normal pos i t ion  i n  the egg and underwent colour changes i n  a d u l t s  and 

However, there  i s  nuch evidence to show t h a t  the nain cause of m r t a l i t y  in 

eggs and ea r ly  nynphal s tayes  i s  desiccation. The presence of collagsed and 

sh r ive l l ed  young s tages  following severe weather conditions; the need f o r  fa- 

vourqble internal water r e la t ionsh ips  f o r  the nornal development of e g g   l lowers 
& Moran, 1967) ; and the  s t rong c o r r e l s t i m  between survival  and sa tu ra t ion  de- 

f i c i t ,  a r e  all f a c t o r s  supporting t h i s  theory. It i s  a l s o  known t h a t  when ra- 

diant heat  r a i s e s  the body tenperature above c e r t a i n  l e v e l s  (ketween 30' - 4 0 O ~  

f o r  nos t  i n s e c t  species) ,  the waxy c u t i c l e  of the egg chorion and the epicu- 

t i c l e  i t s e l f  i s  rapidly  broken down allowing excessive drying out  ( ~ i g ~ l e s w o r t h ,  

1965). Furthernore, because heat  uptake i s  prop r t i o n a l  t o  the surface a rea  of 

the body, and heat  l o s s  t o  the volune of water which can be evaporated, eggs 

and young i n s t a r s  being small exposed organisms on the t i p s  of f l u s h  po in t s  with 

a propor t ionate ly  large  surface area,  a r e  e x t r e ~ . ~ e l y  vulnerable t o  desiccation,  

The l a rge r ,  more advanced stayes on the shaded underside of leaves  a re  l e s s  ex- 

posed in t h e i r  p ro tec t ive  leaf  galls. 

8. EFFECT OF VWTHER EX-S ON DISTRIBUTION AND OUTBREAKS OF 

T. E R Y T W  

Fron extensive surveys conducted i n  the main c i t r u s  growing a reas  of South 

Africa, Schwarz (1967) found a convincing cor re la t ion  between the incidence of  

greening and the a c t i v i t y  of x. s t r e a e .  Greening was p a r t i c u l a r l y  severe in 

the cool, n o i s t  upland c i t r u s  a reas  of the Transvaal where the vector  i s  comon- 

l y  abundant. Very l i t t l e  greening and no na tu ra l  spread of the disease was found 

in the Transvaal Lowveld and the Eastern and Western Cape where populations of 

T. e ry t reae  a r e  low and isola ted .  A s i n i l a r  re la t ionship  e x i s t s  i n  Swaziland - 
( Catling, 1969a). 

Previous serious autbreaks of the disease took place during the per iods  

1932-36 and 1939-46 but  were mainly conf'inea t o  the White River and Plaston 

a reas  ( ~ b e r h o l z e r  et &., 1965). I n  1958, a f t e r  greening had ex i s t ed  a t  low 

l e v e l s  f o r  many years  a general outbreak comenced i n  rnost of the higher-lying 

c i t r u s  regions of the Transvaal and Swaziland. 



TABLE 16 - 
LOCATIONS~ OF Mf;lTEQROLOGIW STATIONS AND QUALITATIVE ESTIMATES OF GREENING AND 2. ERYTREAE 

-- 

M a l e l a n e  1 Eastern Transvaal 

S ta t ion  Region Al t i tude 

Nelspruit  

White River 

Big Bend 

Malkerns 

Rus tenburg 

Addo 

E l  senburg 

Posi t ion 

Eastern Transvaal 

Eastern Transvaal 

Swaziland 

Swaziland 

We s t e r n  Transvaa3 

Eastern Cape Province 

Western Cape Province 

Greening 

*Since 1962/63 

None 

Low 

High 

None 

High 

Low 

None 

None 

Psyl la  

Very low 

Low 

High 

Very low 

High 

Very low* 

Very low 

Very low 



TABLE 17 - 
ACCUMULATED S.D.I. 

Rus tenburg 

95.7 

24*3 

94.0 
128.9 

76-2 . 

121.2 

138.6 

172.1 

99.6 

253 -4 
142 2 

77.3 

VALUES IN EXCESS OF THE 34.6 M U  (70 PER CENT MORT~~ITY) BASELINE 

Big  Bend - 
- 
- 
- 
- 
- 

154.2 
118.6 

2040 3 
126 .7 

153.5 

144.5 

Malelane 

- 
- 
- 
- 
- 
- 
- 
-. 

-. 

23 08 

124-8 

49.7 

*&r l a s t  3 yeahs only 

Nelsprui t 

- 
- 

108.3 

126.2 

78.6 

99 -7 
90.6 

100 3 

82.5 

155 *8 

94.9 

59.3 

Malkerns M t e  River 



Discussions m i  t h  growers and a r ; r i cu l tu r i s t s  revealed t h a t  a ser ious  out- 

break of 2. ~ c & r z  begin i n  the 1959/60 season and continued f o r  severa l  years  

i n  Rustenburg, White River, Tzaneen and New Agatha ( ~ r a n s v a a l ) ,  and i n  i k l k e r n s  

( ~waz i l and)  . Cat l ing  (1967, 19690) sugyested t h q t  d i f ferences  i n  c l i n a t e  may 

account f o r  the sii.~ultaneous outbreaks of the vector  i n  such widely sca t t e red  

regions. 

Green & Cat l ing  ( in  p ress )  developed a weather index f o r  p red ic t inq  vector  

outbreaks. They then applied t h i s  index t o  the  known s t a t u s  of greening and 

T. e ry t reae  in the  main c i t r u s  a r e a s  of southern Africa,  and r e l a t e d  it t o  the  - 
h i s t o r y  of both disease and vector  in two d i s t r i c t s  of the Transvaal. 

( i )  Derivation of a weather index. The young s t ages  d f  2, eryt reae ,  

which a t  the beginning of each brood conprise the bulk of the  population, a r e  

f a r  more susoeptible t o  weather extremes than the  nore advanced s t ages  and thus 

t h e  egg and f i r s t  i n s t a r  nymphs represent  a p a r t i c u l a r l y  vulnerable p a r t  of the 

population. 

Regressions ca lcu la ted  in  the previous chapter  r e l i a b l y  predic ted  the 

mor ta l i ty  of eggs and f i r s t  instar nymphs from d a i l y  naximun temperature and 

corresponding vapour pressure values on the one hand, and maximun sa tu ra t ion  

d e f i c i t  values on the  other. The parabolic  regression of n o r t a l i t y  a g a i n s t  

maxinun sa tu ra t ion  d e f i c i t  enabled Green & Cat l ing  ( i n  p ress )  t o  define a satu- 

r a t i o n  d e f i c i t  index (s.D.I.). This index was used t o  e s t i n a t e  n o r t a l i t y  f r o n  

standard weather records inc lus ive  of d a i l y  naxinun temperatures and values a t  

l4OO hours of e i t h e r  tenperature and RH o r  dewpoint. The s e t  of values a t  l4OO 

hours provided a zood approximation of the vapour pressure a t  the  t i n e  of the 

naximun temperature, naking poss ib le  the ca lcu la t ion  of the  come sponding 

value of sa tu ra t ion  d e f i c i t ,  Total  dosaqes of extrene condit ions mere derived 

f o r  successive ten-day periods, each period overlappinq i t s  predecessor by f i v e  

days. This provided 73 e s t i n a t e s  pe r  year  of egg t o  f i r s t  i n s t a r  n o r t a l i t y ,  and 

thus a n e a ~ c o n t i n u o u s  graph of n o r t a l i t y  due t o  the weather f ac to r .  

( ii) Regional mor ta l i ty  assessnents ,  Table 16 l i s t s  e i g h t  weather s t a t i o n s  

i n  southern Africa f o r  which S,D.I, values were computed, together  with a broad 

o l a s s i f i c a t i o n  of ,greening in&&nce  and vector  abundance. Table 17 shows s t r i k -  

ing  d i f ferences  in S.D.1. values accurlulated f o r  these e i 3 h t  s t a t i o n s  f o r  periods 

of 3-12 years, with t o t a l s  f o r  the three  years  1965/66 t o  1967/68, Extremely 

low values (75.8 and 82.8) charac ter ize  the vectorabundant  White River and 

Malkerns a r e a s  a t  r e l a t i v e l y  high a l t i t u d e s ,  whereas values f o r  Rig Bend and 

Malelane a t  lower a l t i t u d e s  w e r e  considerably g r e a t e r  ( 4 a . 7  and 411.3). Rusten- 

burg i s  subjec t  t o  moderately high tenperatures combined with low vapour pres- 

sures giving high accuuulated S.D.1, values. The s t a t i o n s  a t  Addo, Nelsprui t  

and Elsenburg a r e  in te rned ia te ,  Large f lua tua t ions  i n  both the S.D.I. values 

a t  +day i n t e r v a l s  and the accunulated annual S.D.I. values liclit the usefulness 

of f u r t h e r  conparisons on a 3-year bas i s ,  
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Fig. 28 shows the seasonal  t r end  of l e t h a l  weather i n  d i f f e r e n t  c i t r u s  

areas. Only those s t a t i o n s  which had a t  l e a s t  s i x  y e a r s  of a v a i l a b l e  clatzl 

(1962/63 t o  1967/68) were considered. Each poin t ,  r ep resen t ing  a monthly 

mean S.D.I., was derived f r m  a t  l e a s t  36 values,  conpr is ing  s i x  p e r  e lo nth f o r  

each month over tho six-year period. Curves f l  onki nq the  ,, .:I S ,D, I. curve on 

e i t h e r  s i d e  d i f f e r  p o i n t  f o r  p o i n t  by m e  s taadard  e r r o r  f r o n  the  c e n t r a l  curve 

and f o r n  a band of probable values. Considering the  cross-hatched p o r t i o n  of 

t h i s  band, i.e. the  po r t ion  p ro jec t ing  i n t o  the  l e t h a l  ?ange, i t  i s  poss ib l e  

t o  d i scuss  i n  g r e a t e r  d e t a i l  the wea-ther-induced vecto;- n o r t a l i t y  i n  the ?-iffe- 

r e n t  c i t r u s  a reas .  

The l e n g t h  of time t h a t  a po r t ion  of the  p r o b a b i l i t y  band exceeds the  70 

p e r  cen t  m o r t a l i t y  base l ine  i s  ind ica t ed  f o r  each s t a t i o n  by the  value B i n  

Fig. 28. Thus the  Addo  astern cape) cl imate nay be bracketed with those of 

Big Bend and Rustenburg as the  n o s t  l e t h a l  f o r  2.  erytrcse.. The Elsenburg 

c l i n a t e  (Western cape) compares with t h a t  of  Nelspru i t ,  while a t  Malkerns l e -  

t h a l  condi t ions  a r e  confined t o  2.5 nonths i n  spring. A second f a c t o r  which 

nay be considered, value A, i s  the  r e l a t i v e  a r e s  of the  p r o b a b i l i t y  band above 

the  sane base l ine ,  t ak ing  the  a r e a  f o r  Malkerns as uni ty.  I n  t e r n s  of this fac-  

t o r  the  weather s t a t i o n s  a r e  v i r t u a l l y  i n  the  same order  of  i nc reas ing  p o t e n t i a l  

f o r  vec tor  m o r t a l i t y  as b e f x e .  Nevertheless,  those taken t o  r ep resen t  a r e a s  

i n  the  Cape Province, i.e. Addo &nd Elsenburg, appear  t o  be r a t e d  s l i g h t l y  nore 

favourably f o r  vec to r  surv iva l .  However, i t  must be added t h a t  Elsenburg, while 

t y p i c a l  f o r  the win te r  rainfall region, experiences far lower l e v e l s  of tenpe- 

r a t u r e  and genera l  aridity than n o s t  c i t r u s  a r e a s  i n  $his  ~ e f L o n .  A major &if- 

ference between the  S.D.I. curves f o r  t he  nor thern  ( ~ r s n s - ~ a a l  and ~ w a z i l a n d )  

and southern (cape)  regions, namely the p o s i t i o n  of  the  peak S.D.I. v a l u e s  w i l l  

be d iscussed  l a t e r .  

( i i i )  An explanat ion f o r  outbreaks of 2. eqtrgae_ and greening: 1938-1968 ------ -- " -. I-- --I-- 

At  both Ne l sp ru i t  and Rustenburg, s e r ious  outbreaks of  greening and, more 

recent ly ,  r e l a t i v e l y  high populat ions of 2. e~treae have been recorded. The 

10-12 yea r s  of  accumulated S.D.I. values f o r  these s t a t i o n s  shown i n  Table 17 
i n d i c a t e  considerable y e a r l y  v a r i a t i o n  and suggest  marked d i f f e rences  i n  vec to r  

p o t e n t i a l s  f ron  yea r  t o  year .  Thus i n  o r d e r  t o  account  f o r  these p a s t  outbreaks, 

y e a r l y  e s t i n a t e s  of  the S.D.I. were made f rou  weather records  ~ o i n g  back t o  the 

nine teen-f if t i e  s . 

_WI&UTION - OF FIGW- 

Fig. 28 Seasonal t rends  i n  the  probable s a t u r s t i o n  d e f i c i t  index (s.D.I.) 
bands a t  six l o c a t i o n s  i n  d i f f e r e n t  c i t r u s  a reas .  The c o n t r o l  
curvc dep ic t s  the  t r end  i n  the  monthly nean of s i x  S.D.I. va lues  
p e r  nonth over s i x  years ,  The upper and lower l i n i t s  of t he  band 
a r e  def ined  by the nean, p l u s  and minus th2 s - t m h r d  e r r o r  of an 
observat ion r e spec t ive ly ,  A - r e l a t j - r e  a r e a  w i i . 1  Idalkerns as unity, 
and B - dura t ion  in nonths of rer:ion of  'mnd above the  34.6 nbar 
threshold  
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Values of a naxinun tenperature index were derived f ron W y  naximun ten- 

peratures, taking in to  account 12 nean vapcur pressure velues, one f a r  each 

month, which were based on observations dver the periods 1960/61 - 1967/68 a t  

Nslspruit and 1956/57 - 1967/68 a t  Rustenburg. A l i nea r  relat ionship was found 

t o  o x i s t  between binonthly m d  annual values of the naxi~lun tenperature index 

and accunulated S.D.I. t o t a l s  above the 34.6 mbar baseline f o r  corresponding 

periods. This enzbled sccur.lulated S.D.1. velues to  be estimated f w  the con- 

p le te  1938-1968 peri ,>d f o r  b r~ th  areas t h m , ~ h ,  unf ortunotely, there were s e r i ~ ~ u s  

gaps i n  the records fo r  Rustenburg fo r  the years 1942/43 and 1946/47 t o  1948/49. 

Fig, 29 shows s i p ~ i f i c a n t  trends i n  the documulated S.D.I. when viewed 

in re la t ion  to  greening and 2, ewt reae  xitbreaksl The shaded areas  indicate 

periods when the accunulated S.D.1, values dropped i n t o  a range qharacter is t ic  

of the nore v e c t o ~ a b u n b n t  areas  such a s  Vihite River m d  Malkerns. The graph 

f w  Xelspruit suggests t h a t  vector outbreaks occurred during the years 1938/39 

t o  1942/43 (populations i n  the adjacent, higher-lying White River area  vrerc 

probably considerably higher) . Thereaf tor,  ten unfavourable years in succession 

probably reduced populations t o  very low levels.  This i s  consis tent  with the 

relegation of greening to  a consistently law leve l  f o r  zpproximtely tvrelvc 

years s f t e r  1946. 3'ron 1953, s p o r d i c  seasonal occurrences of favourable weather 

appear to  have contributed to  a gradual buildup culninatint; i n  l s rge  populations 

i n  1960/61 and the reappearance of greening i n  1959. 

I n  Rustenburg s i n i l a r  vector outbreaks a re  indicated i n  seasons 1943/44 to  

1945/46, and i n  the l a t e  nineteen-fif t ies.  A decided upward trend i n  the acu- 

nulated S.D.I. since 1960 apparently accounts f o r  the subsequent suppression of 

the vector obsemed by two workers i n  t h i s  czres ( ~ e w o r d ,  E.G.C. and Milne, D.L., 

1969, personal comunication) . Nevertheless, greenins has pers i s ted  h e  to  what 

appears t o  be a p ~ r t i c u l a r l y  systenic s t r a in  of the diseese (Schwarz, 1969). 

( i v )  Discussion 

Catling ( 1 9 6 9 ~ )  established that psjula t ion dens i t i es  of 2. emtreae  i n  

the Letaba d i s t r i c t  and i n  Swaziland increcse with increasing a l t i tude .  This 

trend i s  typical  of those observed i n  1.1ost c i t r u s  areas  near the eastern es- 

carpnent of southern Africa, i.e., i n  the N.E. Transvaal, E. Transvaal, Swaziland 

and Natal. The author observed a s i n i l a r  e f f e c t  of a l t i t u d e  i n  Rhodesia, while 

BOV;, J. & Cassin, J. (unpublished report, 1968) reported no si,gns of 2.  ewtreao  

below 1,000 t o  1,300 f e e t  i n  ~Lunion  and Yadacascar but both synp toms of gre cning 

EXPUiYATION OF FIGURE -- 
Fig. 29 Long te rn  trends i n  annual accuuulatcd lethal-range saturat ion 

d e f i c i t  index (s.D. I.) values f o r  Nelspruit and Rustenburq. The 
shaded areas indicate  values t y p i c ~ l  of those whera 2, er f t reae  
i s  nore abundant. The broken l ino  represents a running nean 
S.D.I. value calculated fron the year i n  question plus the h o  Fre- 
ceeding years 



and s igns  of the  v e c t o r  above 3,300 f e e t .  Considerat ion of l e t h a l  S,D.I. va- 

l u e s  ( those in excess of 34.6 mbars) f o r  three  l o c a t i o n s  in E. Transvaal and 

two i n  Swaziland, conf i rn  the  a l t i  tude-related trend. Durat ions of probable 

S.D.I. va lues  i n  the l e t h a l  range v a r i e s  from approxina te ly  8 months a t  an al- 

t i t u d e  of 500 f e e t ,  t o  2.5 months a t  2,400 f e e t .  The longe r  the  dura t ion  of 

l e t h a l  condit ions,  the  more inprobable i t  becones f o r  the vulnerable  egg t o  

f i rs t  instar stages,  which a t  r egu la r  i n t e r v a l s  f o r n  the  bulk  of  the  population, 

t o  escape heavy mor ta l i ty .  

I n  sumner rainfall a r e a s  f u r t h e r  away from the  escarpraent e. g., Centra l  

and Western Transvaal, a l t i t u d e  alone i s  no i n d i c a t o r  of the  normal l e v e l s  of 

vec to r  populations. Rustenburg, a t  the r e l a t i v e l y  high a l t i t u d e  of 3,800 f e e t ,  

has in recen t  y e a r s  had very  low populations. This  seemingly low p o t e n t i a l  was 

wel l  accounted f o r  by the f i n d i n g  t h a t  probable S.D.I. va lues  nay be i n  the 

l e t h a l  range f o r  up t o  7 months p e r  y e a r  i n  t h i s  d i s t r i c t .  The n e g l i g i b l e  vec- 

t o r  populat ions which cha rac te r i ze  the  Cape c i t r u s  a r e a s  cannot be f u l l y  ex- 

p l a ined  by the  magnitude of t he  accumulated S.D.I. values.  It i s  necessary 

here  t o  cons ider  the  t iming of the  peak S.D.I. va lues  in r e l a t i o n  t o  t h e  sea- 

sonal  abundance of t he  vector ,  I n  the  summer r a i n f a l l  a r e a s  peak S.D.I. va lues  

occur i n  sp r ing  and e a r l y  s u e r  when populat ions tend t o  be f a i r l y  we l l  es- 

t a b l i s h e d  on vigorously-flushing t r e e s  and the  more r e s i s t m t  s t a g e s  thus  ca- 

pable  of producing a s u b s t a n t i a l  popula t ion  recovery fol lowing s h o r t  pe r iods  of 

l e t h a l  condit ions.  In the  Cape areas ,  however, the peaks f a l l  i n  nid- t o  l a t e  

sunmer when the  t r e e s  a r e  repor ted  t o  be r e l a t i v e l y  devoid of f l u s h  and when 

the  o t h e r  l i m i t i n g  f a c t o r s  a r e  probably nore severe. There i s  thus a low po- 

t e n t i a l  f o r  popula t ion  growth, l e t h a l  weather a t  t h i s  t i n e  being e s p e c i a l l y  

c r i p p l i n g  t o  vec to r  populations. The long-tern e f f e c t  of severe nidsunner  

weather i n  reducing popula t ions  of 2. e ~ t r e a e  t o  very  low l e v e l s  was observ- 

e d  i n  Malkerns fo l lowing the 1.968-69 season, 

The S.D.I. was a l s o  found t o  provide an  explanat ion  f o r  p a s t  outbreaks of 

T. e r v t r e a e  and greening i n  the Nelspru i t  and Rustenburg d i s t r i c t s ,  The S.D.I. - 
value in c e r t a i n  years,  roughly one i n  e igh t ,  appear  s u f f i c i e n t l y  low a t  both  

Nelspru i t  and Rustenburg f o r  severe outbreaks o f  the  v e c t o r  even though both 

a r e  marginal areas f o r  t he  i n s e c t .  There i s  the re fo re  a  r e a l  danger of re- 

newed transmission a c t i v i t y  of the  d isease  un le s s  careful. p recaut ions  a r e  

taken, 

9. DURATION OF INMATURE STAGES 

Under f i e l d  condi t ions  i n  the Letaba d i s t r i c t  Ca t l ing  (1967) found t h a t  the 

dura t ion  o f  t he  imuature s t ages  of  'J. e m t r e a e  was c l o s e l y  r e l a t e d  t o  nean te- 

pera ture ,  Highly s ignif icant  regress ions  were ca l cu la t ed  f o r  inoubat ion pe r iod  

from 11 in situ counts wi th in  a temperature range of 17.2 - 25.5'~, and f o r  

nymphal development from nine  counts wi th in  a  temperature range of 17.4 - 25.3O~. 

Extrenes of' hunid i ty  were n o t  found t o  a f f e c t  the  dura t ion  of  nymphal develop- 

ment. 
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Additional data was col lected during 1967 and 1968 by naking a s imilar  se- 

r i e s  of l.4 & QitU counts on c i t r u s  seedlings exposed i n  the f i e l d  a t  Malkerns 

Researoh Sta t ion re able 18). As i n  the Letaba ser ies ,  the limits of duration 

were usually f 'hed on the day on which the maxinum number of individuals  hatched 

or  energed a s  adults. I n  order t o  reduce the influence of host p l an t  on deve- 

lopnent, counts on p lan t s  which grew poorly were rejected.  The Malkerns sh-  

dies  extended the temperature range a t  the lower extreme by 3 - ~ O C  and since the 

new r e s u l t s  corresponded c losely  with those obtained i n  the Letaba d i s t r i c t ,  

the data f o r  both regions was pooled and new regressions calculated. 

Table 18 Inoubation period and duration of nynphal development of 
T. ew t r eae  aga ins t  prevail ing mean temperature a t  Malkerns - 
Research S ta t ion  

I INCUBATION 

No . 
i n s t a r  I 
nymphs 

Mar 29 - Apr 5 - Apr 24 
May 3 - May 11 - Jun 10 
May 20 - May 30 
Jun 20 - Jul 1 - Bug 3 
Aug 10 - Aug 22 - Sept 18 
Sept 25 - Oct 2 
Oct 11 - Oot 18 - Nov 6 
Nov 17 - Nov 24 - Deo 13 
Deo 15 - Dec 22 - Jan ll 

1968 

Jan 17 - Jan 2J+ - Feb 13 
Feb 15 - Feb 22 - Mar 10 
May 22 - Jun 2 - Jul 11 
May 22 - Jun 2 - Jul 17 
Jun 21 - ~ u l  6 - ~ u l  30 

- - - - - - - - 

lean temp 
O c  

Duration 
i n  

b y  s 

NYhPHAL DEVELOPMENT 

No 
i n s  tar V 
nymph 

559 
47 - 

1ll 
156 
0 

29 
101 
182 

40 
233 
13 
72 

153 

Mean temp 
O c  

- 
Duration 

i n  
days ._ 

19  
31 - 
34 
27 
-. 

20 
20 
20 

21 
18 
w 
43 
25 

Several types of curves were f i t t e d  t o  the durations of both incubation pe- 

r iod  and nymphal development, The curve of be s t  f i t ,  an asynpt &ic regression of 

duration in days on nean temperature, accounted f o r  a very high peroentage of 

variance, 86.5% and 91.25% respectively, and took i n  the new points a t  the low- 

e r  temperature extreme where there i s  c l ea r ly  a steep r i s e  i n  duration in the case 

of nymphal development (Fig.  30). 

EXPLANATION OF FIGURE 

Fig. 30 Soa t te r  diagran and regressions f o r  incubation period and duration 
of nynphal developnent of g. e w t r e a e  against  mean hnpera ture  from 
f i e l d  s tudies  in the Letaba d i s t r i c t  (hollow points)  and a t  Malkerns 
Researoh S ta t ion  ( s o l i d  points) ,  
Inoubation : Y = 4.9763 + 3.3443 x 0.84552~-~~, 

variance accounted f o r  = 86.5%. 
Nymphal developnent : Y = 16.7974 + 5.2726 x 

varianoe accounted f o r  = 91.2%. x-20 was used t o  reduoe conputor time 



Beoause the curves were asyntotic i t  was not possible t o  extrapolate f o r  

developmental zeros and then calculate the thernal  constants a s  described by 

Wigglesworth (1965). The curve f o r  nymphal development does indicate t h a t  the 

threshold temperature must l i e  between 10 and 12OC. However, nean teaperatures 

a re  unlikely t o  approaoh the thresholds f o r  the developfilent of x. ewt reae  i n  

al l  of the main c i t r u s  regions. No diapause has ever been observed i n  the i m -  

nature stages. 

I n  a single insectary study where 19 insec t s  were studied i n d i v i d u a l l ~  from 

egg to  adul t  stage with da i ly  observations, the incubation period and duration 

of nymphal developnent was found t o  be i n  sgreenent with the regressions i n  

Fie;. 30. A t  a mean temperature of 18.1°C the mean durations were 9.1 and 28.3 

days respectively. Durations of i n s t a r  I11 were the shor tes t  (4.3 days) and 

were the longest  f o r  i n s t a r  V (8.2 days) which confirns the e a r l i e r  work of 

ca t l ing  (1967). 

10. INFLUENCE OF POPULATION DENSITY, LEAF SIZE AND LEAF PLACEMENT ON EGG 

HATCH AM) NYMPHAL SURVIVAL 

I n  two species of Arytaina studied by Watnough (1968a) crowding caused in- 

t raspecif io  s t r i f e  which l ed  to  nymphal mortality. Clark (1964b) reported a 

similar increase i n  nynphal mortali ty a t  high population dens i t i es  of Cardiaspina 

a lb i t ex tu r s  Taylor. Catling (1967) found t h a t  nymphs of - T. erytreae .... "have 

higher survival  r a t e s  when developing on the smaller terminal leaves, than on 

l a rge r  leaves lower down the same f lu sh  point". 

The influenoe of population density, l e a f  s ize  and l ea f  posi t ion on the 

survival of the innature stages of 2. erytreae was investigated by analysing 

nine i n  s i t u  oounts made on c i t r u s  seedlings exposed under f i e l d  conditions. 

I n  these counts no r t a l i t y  due to  weather, natural  enemies and host condition 

was r e l a t i ve ly  insignificant.  The percentage egg hatch and percentage f i r s t  

to  f i f t h  i n s t a r  survivals were calculated on 93 individual leaves comprising 

5,782 insects.  Sca t te r  diagram showed a f a i r l y  oonstant relat ionship between 

l ea f  length and l e a f  area i n  Navel and Valencia va r i e t i e s  so t h a t  leaf  length 

was a f a i r l y  re l iab le  indicator  of l ea f  area. Leaf length was measured only 

once, a t  the s t a r t  of each oount when the i n sec t s  were i n  the egg stage. A l l  

leaves were classed in to  (a )  f ive  catagories of length, i.e. .13, .25-.33, .5O, 
.75 and 1.00 inches and (b)  i n to  s i x  catagories of posi t ion on the shoot, i.e. 

a (terminal), by c, d, e, f. The percentage egg hatoh and percentage nynphal 

survival were then calculated f o r  each leaf .  I n  those comparisons where mean 

values then indicated n e a n i n w  differences, the angular transformation was 

applied and an analysis of variance made. 

( i )  Influence of population density. Six to  seven c lasses  of population 

density were considered within the lea f  length catazories -25-.33, .50, and 

.75 inches, The population density varied from l e s s  than 10 eggs or  nynphs per 
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lea f  t o  more than 100 individuals per leaf .  There was no correla t ion between 

density and egg hatch o r  density and nymphal survival. Even with populations of 

more than one hundred eggs on leaves a quarter inch i n  length no apparent de- 

crease i n  survival  was observed. 

Table 19 Mean percentage egg hatch and nynphal survival according to  
l ea f  length, from i n  s i t u  counts on c i t r u s  seedlings 

Leaf length 
inches 

Nunber of 
leaves 

- 

5 
38 

29-30 
uc-15 

5 

Peroent egg 
hatch 

60.8 
69.2 
56 04 
40.9 
20.8 

Sign. a t  P = 1% 
C.V. 44.3% 

Peroent nymphal 
survival  

( i i )  Influence of leaf length and position. Table 19 shows a progessive 

decline in both egg hatch and nymphal survival  with an inorease i n  l ea f  length. 

On leaves greater than .25 inches i n  length, egg hatch decreased progressively 

down the shoot with the highest survivals on the t e r r ~ i n a l  leaves and the low- 

e s t  sunrivals on the basal  leaves - Table 20. A similar trend i n  survival  and 

lea f  posit ion was indicated i n  nyaphal survivals but t h i s  proved to be non- 

significant.  

Table 20 Mean percentage egg hatoh according t o  l e a f  position, f'rom 
in s i t u  counts on c i t r u s  seedlings 
'U- 

inche s 

025 - 033 

Percent survival  - 
I T -  

Sign. a t  P = 1% C.V. 
30 04% 

Sign. a t  P = 5% C.V. 
W.% 

( i i i )  Discussion 

Since f o r  a nunber of reasons t h i s  data was not considered to  be of suff i -  

c i en t  accuracy f o r  the multiple regression method to  be applied to egg hatch and 

nymphal survival, the r e su l t s  were grouped i n t o  a number of oatagories and the 

three faotors  analysed separately. 

There was no indication of a decrease i n  e i t h e r  egg hatch or nynphal survi- 

va l  due to  differences i n  population density. However, sna l l  f lush points heavi- 

l y  populated with eggs have been observed t o  shr ive l  up and f a l l  from c i t ru s  trees.  

Overcrowding of flush points  has been observed i n  the f i e l d  on some occasions and 

was reported a t  Malkerns Research S ta t ion  i n  J a u r y ,  196& A t  such times in- 

t raspecif io  s t r i f e  and nymphal competition undoubtedly occurs. However, i t  ap- 
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pears t h a t  i n  general, c i t r u s  f lushes a re  not  nore crowded than the seedlings 

used f o r  t h i s  investigation so t h a t  density-related no r t a l i t y  does not appear 

t o  be a regular f-ture i n  the dyna~nics of 2. erytreae. 

The marked decrease i n  esg hatch with increase in leaf  s ize  i s  in te res t -  

ing  fron a biological  point  of view. The egss of 2. emtreae  a re  supplied 

with a s t a l k  whioh i s  inser ted  i n to  the lea f  t i ssue and i s  thought to  have a 

water absorption function  l lowers & Moran, 1967). It i s  tempting to suggest 

t h a t  physiological changes which take place i n  maturing leaves my detriment- 

a l l y  a f f ec t  t h i s  mechanism of water absorption i n  the egg. 

There mas a l so  a trend f o r  a decrease i n  the survival  of eggs and nymphs 

the fur ther  the l ea f  i s  s i tua ted  fron the shoot t ip .  Though within a f lush  

point  there i s  obviously a d i s t i n c t  relat ionship between l ea f  posit ion and 

leaf length, i t  did appear t h a t  l ea f  posi t ion by i t s e l f  oontributed t o  this 

rnortaliw trend. 

11. SEX RATIO 

Catling (1967) found t h a t  fenales predominated in ear ly  suxnmer popula- 

t ions  of 2. erytreae in the Tzanee~Quiwelskloof area  of the northern Trans- 

vaal. O f  577 adul ts  reared fron f i f t h  i n s t a r  nymphs i n  October, 1966, 38.5% 

were males, and i n  the following nonth 40.6% of 456 adul ts  were males. 

It appears t h a t  nales and fenales of 2. erytreae develop a t  about the 

sane r a t e  and, from insectary studies a t  Malkerns, both sexes have a similar 

longeviw. Thus the sex r a t i o  does not  change with the age of the brood a s  i s  

the case in Cardiaspina a lb i tex tura  Taylor  lark, 1962) and Psyl la  p-yricola 

Foerster ( ~ u r t s  & Fischer, 1967). 

( i )  Sex r a t i o  i n  f i e l d  populations a t  Jfalkerns. Between March, 1967, 

and February, 1968, adu l t s  were collected haphazardly on c i t r u s  a t  several  s i t e s  

in the Malkerns d i s t r i c t .  Insects  were e i t he r  collected with a simple aspira- 

t o r  ( ~ o o t e r b ,  o r  by means of the insec t  sampling machine with the outer mesh 

removed a s  it was found that t h i s  sieve trapped nany gravid females. I n  addi- 

tion, a few counts were made by rear ing adul ts  fron f i f t h  i n s t a r  nymphs. 

E g ,  31 sunnarizes the r e su l t s  of 24 separate deterninations of sex ra t io .  

It i s  imuediately evident that there was considerable var ia t ion i n  sex r a t i o ,  

The percentage nales varied f ron 0.0% to  49.%, fenales being predominant a t  

EXPMNATION OF FIGURE 
-.-- 

Fig, 31 Sex ra t io ,  a s  percentage nales, i n  f i e l d  populations of 2. erytreae 
i n  the Malkerns d i s t r i c t  fron 1967 t o  1969. Arrow indioates  no 
males present 



a l l  t ines.  No re la t ionship  could be found between sex r a t i o  and f l u sh  density, 

photo-period, season of the year, o r  mean tenperature, though the three l o w  

e s t  values f o r  percentage miles occurred i n  the cool nonths of April,  June and 

August, 

However, there i s  some evidence t h a t  a re la t ionship  e x i s t s  between sex 

r a t i o  and population density. Ths 24 deteminat ions  shown i n  Fig. 31 were 

grouped i n to  two olasses according t o  the population density which prevailed 

a t  the time the adu l t s  were collected. Of 2202 adu l t s  col lected a t  low popu- 

l a t i o n  dens i t i es  24.56% were nales (range 0.0 - 36.8%), whereas a t  medim t o  

high population dens i t i es  37,25% of 4722 adu l t s  were m l e s  (range 28.0 - 49.2%). 

An analysis  of variance using the angular transformation showed these means to 

be s ign i f ican t ly  d i f f e r en t  a t  the 1% probabi l i ty  l e v e l  (transformed S.E. t 

2,21). On two occasions a t  Malkerns Research Sta t ion during April,  1969, a t  

very low population densit ies,  s n a l l  colonies of 2,  erytreae were without 

males. 

Sex r a t i o s  i n  three & 9 counts on c i t r u s  seedlings varied f'rom 13.7 - 
50.0% nales (355 adul ts  cxanined). 

( i i )  Sex r a t i o  i n  laboratory cultures. 2, erytreae was reared in a con- 

t r o l l e d  temperature roon f o r  a two year period. I n  June of 1968 a f t e r  6-8 

weeks of teuperatures between 1 8 ~ 2 2 ~ ~  the adu l t  population wcs found t o  cons i s t  

of a very low proportion of males. I n  Apri l  of 1969, a t  fci-rly low popula- 

tions, following several  nonths with a photo-period of 12  hours l i g h t  and 12 

hours dark and teuperatures of 21-24°~, no nales could be found i n  the adu l t  

population. Large numbers o f  i n f e r t i l e  eggs were l a i d  and the cul ture  soon 

died, 

( i i i )  Discussion 

The sex r a t i o s  of a nunber of p sy l l i d s  have been recorded. I n  DiQphorina 

c i t r i  Kuw. in the Phil ippines a r a t i o  of &.% males was encountered by Cat- - 
l i n g  (1968~~) .  I n  2. a lb i tex tura   lark, 1962) and Po ppr&-~-x& ( ~ u r t s  & Fisch- 

er ,  1967) the r a t i o  mas usually close t o  1:l. Swirski (19%) found t h a t  sum- 

mer adu l t s  of g. pyricola  consisted of 52.3% males, and winter adu l t s  43.3% 

males. 

For the purpose of sex r a t i o  s tudies  Moran (1967) reared 2. ewt reae  in 

the open and i n  an environnent roon both on c i t r u s  and on two rutaceous plants.  

His experinents showed ( i )  the sex r a t i o  t o  vary from 0% nales  to  nales being 

predoninant, but  never 100% nales  ( i i )  a seasonal f luctuation,  being about 

5% nales when reared outside i n  February and dropping t o  a s  low a s  6% nales  

when reared i n  ~ p r i l h a y  ( i i i )  t ha t  the proportion of fenales  increased and 

of ten reached 100% when 2. erytreae was reared under coo?. conditions of 12 

hours l i g h t  i n  the envirorment roon. Moran suggested t h a t  the lower tenpera- 

tures  of winter cause a change i n  the eex r a t i o  f ron  the approxinate 1:l 



r a t i o  of surmer t o  the fenale  predoninance i n  vrinter. ( i v )  there  was no c l e a r  

evidence t h a t  photoperiod, p l a n t  hos t  species  o r  t i n e  of f e r t i l i z a t i o n  of the 

female a r e  involved i n  c o n t r o l l i n g  the f l u c t u a t i o n s  i n  sex r a t i o .  

The Malkerns study showed the  sex ratio of 2. e ry t reae  i n  f i e l d  populad 

t i o n s  t o  be va r i ab le  bu t  t h a t  f ena les  were always predominant, The r a t i o  was 

no t  apparent ly  r e l a t e d  t o  photoperiod, season, f l u s h  densi ty,  o r  even t o  tem- 

pe ra tu re  as suggested by Moran (1967). The only f a c t o r  which was found t o  

c o r r e l a t e  with sex r a t i o  was populat ion density. As with many Lepidoptera 

(~ndcrsen , lg61) ,  the percentage of 2. e ry t reae  na le s  tended t o  increase  with 

populat ion densi*. Clear ly  the whole question of  f l u c t u a t i o n  i n  the sex 

r a t i o  of p s y l l i d s  w i l l  need c a r e f u l  s tudy before the  c o n t r o l l i n g  nechanisn i s  

proper ly  understood. 

The s igni f icance  of  a low ral;io of na les  t o  females i n  the  populat ion 

f l u c t u a t i o n s  o f x .  e ~ y t r e a e  i s  obvious. A t  t i n e s  of  low populat ion dens i ty  

when oolonies  a r e  widely soat tered,  the  chances a r e  that nany females w i l l  be 

without a mate and thus lay batches of i n f e r t i l e  eggs. Colonies of i n f e r t i l e  

eggs were observed a t  Letaba E s t a t e s  in 1966 ( c a t l i n g ,  1967). 

12. MATING BEHAVIOUR, OVIPOSITION AND LONGEVITY 

( i )  Mating behaviour 

Ca t l ing  (1967) b r i o f l y  described the mating behaviour of z. e m t r e a e .  

Fur ther  observat ions were nade during a s e r i e s  of  egg-laying t e s t s  t o  be de- 

scr ibed  l a t e r  and i n  snal l-scale mating t r i a l s  i n  the  insec ta ry  a t  Malkerns. 

I n  the mating trials na les  were placad with s ing le  f e n a l e s  f o r  an e i g h t  hour 

per iod  of observat ion during each day and renoved a t  the end of  the observat ion 

period. 

Mating took p lace  as soon a s  the  newly-emerged a d u l t  had hardened up and 

becone nature,  i .e ,  i n  about  th ree  days i n  sunner and seven days in winter.  

A l l  f ena les  ua ted  severa l  t i n e s  during t h e i r  l i v e s  and copula t ion  took p lace  

a t  any time of  the  day, Table 21 shows that under insec ta ry  condi t ions  many 

fena les  mated th ree  o r  four  t i n e s  a day; female 1 copulated 1 2  t i n e s  i n  six 

days with a nean copulat ion t i n e  of  four  minutes, 18 seconds, while female 2 

copulated 13 t i n e s  in f i v e  days with a mean copulat ion time of f o u r  ninutes,  

1 2  seconds. 

Mating i s  i n i t i a t e d  by the male who sonet ines  d i sp lays  an aggressive beha- 

viour. He n a y b u t t o r  b e a t  the  f ena le  with h i s  wings u n t i l  he r  abdomen i s  low- 

ered  s u f f i c i e n t l y  from a feeding p o s i t i o n  f o r  tho union of the gen i t a l i a .  Onoe 

in the copulatory pos i t ion  the  female nay nove about  .or take up a feeding stanoe. 

Eggs a r e  deposi ted inned ia t e ly  a f t e r  the na t ing  a c t  has ceased. 

According t o  Blowers & Moran (1967), the r e l a t i v e  s i z e  of  the spernztheca 

of the female suggests t h a t  2, eryt reae  r equ i re s  nore than a s i n g l e  na t ing  t o  



Table 21 Natini; behaviour of 2. i n  the i n s e c t a r y  at Malkerns 

f e r t i l i z e  the f u l l  complement of el;,gs. The above r e s u l t s  c ,mf i rned  t h a t  fe- 

males na te  repeatedly.  Moreover, i t  was fcund i n  the  egg-laying t e s t s  t h a t  

once males a r e  renoved, t he  eggs becone i n f e r t i l e  wi th in  11-16 b y s .  

( i i )  Ovipos i t ion  

Severa l  a s p e c t s  of egrylaying behaviour were s tud ied  by Van de r  Merv~e 

(194-l) on c u t  c i t r u s  twigs i n  the  labora tory ,  on seedl ings  i n  an environment roon 

a t  f l u c t u a t i n g  tenpera tures  by Moran & Blowers (1967), and on seedl ings  i n  

the  l abora to ry  a t  cons tant  te i lperaturc by C a t l i n c  (1967). I n  the  p r e s e n t  

study egg-laying t e s t s  and general  observat ions on ovipo s i  t i o n  and longevi ty  

were c a r r i e d  o u t  i n  the i n s e c t a r y  a t  kialkerns during surmer and winter  periods.  

Shoots v i t h  f i f t h  i n s k r  nymphs were c o l l e c t e d  i n  the f i e l d  and > laced  

i n  water in the  insec tary .  On enerTencc, the  t e n e r a l  fe l la les  were c a r e f u l l y  

t r a n s f e r r e d  t o  young, vigorously-growing ~ r a ~ ; e f r u i t  o r  sweet orange seedl ings.  

A s ing le  female was confined on each p lant ,  males being introduced according 

t o  the na tu re  of t he  s p e c i f i c  t e s t .  Despi te  the  c a r e f u l  handlin!; of the  de- 

l i c a t e ,  s a l t a t o r i a l  a d u l t s  wi th  a f i n e  sable  h a i r  brush, iJ2ny were l o s t  o r  

danaged, sone being t rapped i n  the  chinneys used t o  cover  the  p l an t s .  S tud ie s  

on 136 i n s e c t s  over a two day pe r iod  revea led  t h a t  few a d u l t s  emerged dur ing  

tine hours of  complete darkness. Most a d u l t s  cr.cr ;.: dur in3  e a r l y  ~ i o r n i n g  

beginning wi th  the  f i r s t  l i g h t  9f  bvm. On the  f i rs t  day 92,5$, and on the  

second day 74.% of the  a d u l t s  erlerged between 0500 and 1100 h m r s ,  

S i x  s e r i e s  of e,;g-layins t e s t s  were c a r r i e d  out.  I n  s e r i e s  1-5 i t  was 

usual  t o  kecp 2 d a i l y  record of  t he  egg pmduct ion  of each female, counts  be- 

ing done wi th  a, hand l e n s  between 0800 and 0900 hours. EGGS a e r e  c x n t e d  a t  

weeMy i n t e r v a l s  i n  s e r i e s  6. k t  weekly i n t e r v a l s ,  o r  sooner i f  a l l  young 

l eaves  becane densely packed wi th  c g  ;s, the i n s e c t s  were c a r e f u l l y  t r ans fe r r ed  

t o  a  new seedling. An accura tc  check count was then made on the  egg-infested 

seedl ing  and where necessary an adjustment aade t o  the running t o t a l  of e q s  

p e r  f ens l c .  



I n  s e r i e s  1, ltsint?le e a r l y  matin$', ful ly mature f e n a l e s  were supplied 

with 2-3 males f o r  three days a f t e r  which the  m l e s  were rexoved. Se r i e s  2, 

"v i rg in  femalest1, t e s t e d  the egg-laying p o t e n t i a l  of unf 'ertil ized fenales ,  

I n  s e r i e s  3-5, "continuous matingrt, the fewi les  were supplied with 1-2 na les  

throughout t h e i r  l i f e  and t h i s  t e s t  was repeated i n  s e r i e s  6 durin.5 the  winter.  

Table 22 summarizes the r e s u l t s  of the s ix ser ies .  

Table 22 Resul t s  of s i x  egg-laying t e s t s  made i n  the  insec ta ry  a t  
Malkerns on c i t r u s  seedlings between Deoerdber, 1967, and 
July, 1968. I 'Normal  femalest1 died a n a t u r a l  death and l i v e d  
longer than 14 days. Mean d a i l y  eag produotion excluded pre- 
ovipos i t ion  per iod  

I Single e a r l y  Virgin Continuous Continuous , Continuous lContinuous 
na t ing  females mating j mating , m t i n g  , mating 

~ 

- 

~- -- - - 
1 , I i 

Period of 
i 

s h W  . - a  Dec %Jan 3 I Dec 6- an 31 Deo 12-50 Dec 29-Jan 241 Jan l&Msr 4 May 21-Jul 

Egg production - continuous m t i n ~  The t e s t s  showed the  high e g p l a y i n g  ca- 

Mean temp "C! I 

I 

(insects-ry) . 23.7 , 23.7 1 23.3 1 25.3 i 23.4 i 15.7 -- ----- +-- 
1 Mean RH I I I 

( screen). . . 6903 1 , 69.3 j 68.4 68.9 j 73.3 -?-"--- 1 50.4 

p a c i t y  of 2. eryt reae .  I n  the  three  t e s t s  nade during the  sumner months, t he  

1 

--.,-.=----* __L)_ I--- No. females I , 

mean egg production was 3W.7, 359.7 and 1304.7 p e r  female with a mean d a i l y  

31 
I 

-- 

egg production of 29.8, 20.6 and 37.1 respect ive ly .  A s ing le  fenale  deposi ted 

7 7 :  8 i 7 studied.. . . - -- .g--'----.*- 
No. flnormal" I 

I ! I females.... 6 5 4 ,  3 j 3 i 3 ' I 6 
n---b- -r -A-- A- I.------- 

Mean longe- I I I / 
v i t y  "nor- 26.4 , 1 9  5 I 17.0 22.3 I 

I i 
36.3 52.5 

mitt f emal- 
e s  i n  days ( 2 5 2 )  (15-28) . (17) : (15-26) 1 (27-45) , (23-71) - 
Meanegg I I 

produotion 828.2 216.8 I 341.7 359.7 1304.7 ' 1303.8 
"normaltt 1 

females.. . . (550-1l.40)' (101-437) : (165.517): (31-721) (1049-1604) '( 266-2542) 

Mean d a i l y  ' I 1 
I I I 

egg produc- , 
! ! 

t i o n  all , I 
20.6 

I 
I 34.5 29.8 I fenales.. . . , 29.8 

more than one hundred eggs p e r  day on two occasions i n  s e r i e s  5. I n  the winter  

se r i e s ,  six females l a i d  a nean of 1303.8 eg.:s, one l ay ing  2542 eggs i n  TI 

days. The d a i l y  r a t e  f o r  t h i s  s e r i e s  was 29.8 eggs. 

I n  the laboratory,  d is regarding  esceping females and prenature deaths, 

Van der  Merwe (1941) found fena les  of 2. e ry t reae  to depos i t  a mean of 611 eggs, 



with a rssxiriium of  815 eggs f o r  one fena le .  He contended that g r e a t e r  f e r t i l i -  

ty  occurs under f i e l d  condit ions.  A t  f l u c t u a t i n g  temperatures i n  an  environ- 

nent  room seven females p r ~ d u c e d  a nean of 858 eggs (542-1222) f o r  Moran & 

Blowers (1967). 

Under favourable condi ti:!ns of p r e v a i l i n g  weather and q u a l i t y  of hos t  

p l a n t  the f e r t i l i t y  of e r:gs deposi ted by norually-nated f ena le  s nay exceed 95%. 

Egg-hatch i s  discussed more f u l l y  i n  chapter  10,  

Egg product ion - s i n ~ l e  e a r l y  matine;. Five f e n a l e s  i n  s e r i e s  1 produced a nean 

of 828.2 eggs a t  a d a i l y  r a t e  of 34.5 eggs thus showing no reduct ion  i n  produc- 

t i o n  when conpared t o  females with cmt inuous  nat ihg.  I n  go p y r i c o l ~ i ,  Bur ts  & 

f i s c h e r  (1967) found the ov ipos i t i on  r a t e  t o  decrease i n  the  absence of na les .  

Vi th in  11-16 days of the  renoval  of nales ,  t he  eggs of xo e r y t r e a e  becane in-  

f e r t i l e ,  thus resenbl ing  the pea r  p s y l l a  where, f o r  the  f u l l  conplenent of eggs 

t o  be produced, the  f ena le  inust be nated once every 10 days ( ~ u r t s  & Xscher ,  

1967). 

Eag production - v i r g i n  females. Four u n f e r t i l i z e d  females l a i d  a mean of 216.8 

eggs a t  a d a i l y  r a t e  of 10.9 eggs and thus  produced fewer eggs and a t  a lower 

r a t e  than f e r t i l i z e d  fena les .  The same has been repor ted  f o r  P. pp&61,~ 

( ~ w i r s k i ,  1954; Burts  & Fischer ,  1967). A l l  u n f e r t i l i z e d  eggs were i n f e r t i l e  

and many were observed to  co l lapse  and becone compressed. 

Influence of temperature and r e l a t i v e  hun id i i i .  Oviposi t ion proceeded a t  mean ---..-- - 
d a i l y  tenpera tures  between 14.0 and 29.0% and RHf s between 27 and 94$, I n  

temperate reg ions  i t  appears that the r a t e  of e ~ g - l a y i n g  i s  p a r t l y  con t ro l l ed  

by tenperature,  e. G. i n  ,a@= &e&ss&e, L a t r e i l l e  ( ~ a t n o u ~ h ,  l968b) a However, 

there  w a s  nc evidence of such a r e l a t i o n s h i p  f o r  x, eqAzcae i n  the mean t en -  

pe ra tu res  p r e v a i l i n g  f o r  each s e r i e s  shown i n  Table 22, Therefore the indiv i -  

dua l  egg records  of each f e m l e  were examined and s c a t t e r  diagrams drawn f o r  

egg product ion a g a i n s t  mean temperature f o r  ( a )  the  day on which the  eggs mere 

l a id ,  and ( b )  the  preceeding day. Though the re  >vas a s l i g h t  tendency f o r  more 

eggs t o  be deposi ted with a r i s e  i n  tenperature,  the  high day t!j day v a r i a t i o n  

in egg r z t e  rendered t h i s  t r e n d  of doubt fu l  s igni f icance .  According t o  Burse l l  

(1964) egg product ion nay n o t  fo l low any simple r e l a t i o n s h i p  wi th  mean tenpe- 

r a t u r e  wi th  t h e  f l u c t u a t i n g  t e r q e r a t u r e s  experienced i n  the  f i e l d ,  Under con- 

d i t i o n s  of oons tant  temperature Cat l ing  (1967) found t h a t  egg product ion w a s  

considerably reduced. k t  23OC f lo eleven females produced a nean of  only 

188.1 eggs a t  9.2 eggs p e r  day. 

High temperatures have been r epor t ed  t o  depress  the  egglaying of  a nun- 

b e r  of p s y l l i d s .  L i s t  (1939) repor ted  t h a t  a t  a cons tant  tenpera ture  of 32OC 

ovipos i t ion  was reduced and t h a t  one o r  two hour per iods  of 38 '~  v i r t u a l l y  

suspended the  eg*p lay ing  of Pa ra t r ioza  c o c k e r e l l i  ( ~ u l c . )  . Accordins t o  

Westigard & Madsen (1963) high summer teupera t u r e s  r e t a r d  ?he ovipos i t ion  of  

P. p i c o l a .  I n  x. ery t reae ,  working w i t h  l abora to ry  cul tunes,  Moran & Blow- - 
e r s  (1967) found t h a t  oocyte developnent was i n h i b i t e d  a t  a f l u c t u a t i n g  tem- 

pe ra tu re  regime of 54 Hour degrees Centigrade p e r  D2y above 20°C wi th  a naxi- 
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nun temperature of 32OC f o r  seve ra l  hours. I n  the  i n s e c ~ r y  a t  Rlalkerns, 

however, no i n h i b i t i o n  of e g p l a y i n ~  was observed during o r  fol lowing nax inm 

d a i l y  temperatures of 32Oc f o r  10 days. On each of the  f i v e  consecutive days 

Decenber 31 t o  January 4, 1968, raadincs  i n  a Stevenson screen nea r  t o  the  

i n s e c t a r y  showed t h a t  t he  mean d a i l y  maxinum tenpera ture  rose  above 3 3 . 0 ~ ~  

with 3-7 hours above 32' and the H r  'c/Day above 2 0 ' ~  between 130-178, Yet 

t he  Dean egg product ion of s ix f ena le s  on January 3 and 4 w a s  32.0 and 31.0 

eggs respec t ive ly .  It i s  n o t  un l ike ly  t h a t  under the  cons tan t  though fluc- 

- h a t i n g  d a i l y  tenpera tures  of Moran & Blowers' o u l t u r e  the  i n s e c t s  becarile 

condit ioned t o  the  a r t i f i c i a l  condi t ions  and thus  reaoted  d i f f e r e n t l y  t o  na- 

tural populat ions of g. e w t r e a e .  

Dif ferences  i n  RH nay a l s o  a f f e c t  t he  reproduct ive rate i n  n a t u r a l  po- 

pula t ions ,  e g p l a y i n g  genera l ly  inc reas ing  with a r i s e  i n  humidity ( ~ u r s e l l ,  

1964). I n  the  win te r  s e r i e s  of t e s t s  during which low l e v e l s  of RH prevai led ,  

t he re  was s t rong  evidence of a dec l ine  i n  product ion below RH1s of 5%. The 

mean product ion of s ix f e n a l e s  f o r  8-11 day per iods  dec l ined  through 38.2, 

31.1, 27.7 and 24.4 eggs p e r  day wi th  a r e spec t ive  decrease i n  mean d a i l y  RH 

of 62, 49, 45, and 44%. I n  s e r i e s  1-5, however, no simple c o r r e l a t i o n  toas 

found between mean d a i l y  RH and the  r a t e  of ovipos i t ion .  

Inf'luence of age of fer?a&. Ind iv idua l  graphs were drawn f o r  t h e  & i l y  egg 

product ion of 10  f e n a l e s  l i v i n g  f o r  21 days o r  nore. Though d a i l y  product ion 

was i r r e g u l a r  t h e r e  was a d e f i n i t e  t r end  f o r  a r i s e  i n  product ion a t  the  start 

of t he  oviposi t ionperiod,  wi th  a peak towards the  n iddle  of l i f e  span followed 

by a gradual  decl ine,  E g p l a y i n g  continued u n t i l  a few days before death, 

This  t r end  i s  i l l u s t r a t e d  i n  Fig. 32 which shows t h e  nean d a i l y  egg product ion 

f o r  5 females having a s i m i l a r  l i f e span .  A similar r i s e  and f a l l  i n  oviposi- 

t i o n  r a t e  wi th  age has been repor ted  i n  g. pyr ioo la  by Swirski  (19%) and 

Burts  & Fischer  (1967). 

Inf luence  of  h o s t  p l an t ,  Since eggs a r e  l a i d  a t  a l l  t imes of t he  yea r  and 

both  m t e d  and m a t e d  f ena le s  start t o  l a y  a t  about  t h e  saue t ine ,  i t  i s  

c l e a r  t h a t  the  overr id ing  s t imulus f o r  eeg-layin(; i s  the  presence of young, 

f l u s h  f o r  breedinl;  s i t e s .  

The egg-laying t e s t s  were c a r r i e d  o u t  on well-nourished, f reely-f lushing 

seedlings. I n  chap te r  4 itwas shown t h a t  the  n i t roqen  content ,  and thus  pos- 

s i b l y  the n u t r i t i v e  value, of young g o w t h  of seedl ings  i s  higher  than i n  the  

young f l u s h  of na tu re  t rees .  Moreover, the  females under t e s t  had an unlimited 

supply of young l eaves  so t h a t  ve ry  l i t t l e  searching was necessary t o  l o c a t e  

new breeding s i t e s .  There was a l s o  no conpe t i t i on  f o r  breeding s i t e s  from the 

c i t r u s  aphid. For these  reasons i t  i s  poss ib l e  t h a t  the ov ipos i t i on  r a t e s  ob- 

t a i n e d  in  the  i n s e c t a r y  t e s t s  mere higher  than would normally be r e a l i z e d  under 

natural condit ions,  except  poss ib ly  during the  e a r l y  summer period,  

EXPLANATION OF ETGTJRE 

Pig. 32 Mean d a i l y  egg product ion of f i v e  2. e r y t r e a e  f ena le s  on c i t r u s  seed- 
l i n g s  i n  the  i n s e c t a r y  a t  Yalkerns 



It w i l l  be shown l a t e r  t h a t  t he  inf luence  of t he  n u t r i t i o n a l  value of 

young f l u s h  on the  egg-laying p o t e n t i a l  of 2. z g t r e a e  i s  an i n p o r t a n t  f a c t o r  

s t i l l  t o  be i n v e s t i t p t e d .  

(iii) P r e - o v i p o s ~ o m n _ ~ e r i o d .  Pre-ovipos i t i  m per iods  recorded i r ?  the i n s e c t a r y  

t e s t s  ( ~ a b l c  23) and i n  f o u r  o t h e r  s l aa l l e r  t e s t s  during 1967 va r i ed  f r o n  a p  

proximately 3-5 days i n  s u m e r  t o  6-7 days i n  winter .  These dura t ions  corres-  

pond f a i r l y  we l l  wi th  the r e s u l t s  of Van de r  Meme (1941), Cat l inq  (19G7), 

and Moran & Blowers (1967). During summer occasional  pre-oviposi t ion per iods  

of as s h o r t  a s  two days were repor ted  by Annecke & C i l l i c r s  (1963) and Ca t l ing  

(1967). Ca t l ing  (196%) found that the  pre-ovipasi t ion perioc? i s  i n d e f i n i t e l y  

extended i n  the  absence of  youne f l u s h  f o r  breeding s i t e s ,  Penales confined 

on mature l eaves  d ied  without  l a y i n g  e g p .  

Both na ted  and unr~ated feni t les  were found t o  have s i m i l a r  pre-oviposi t ion 

periods.  

Table 23 Pre-oviposi t ion pe r iod  according t o  nean temperature f ron  
observat ions on c i t r u s  seed l ings  i n  the  i n s e c t a r y  a t  ldal- 
kerns  i n  1967 and 1968 

.. ( i v )  

- .- -- 
Per iod  

-- 
Jul 3-10 
Jul 21-27 
J u ~  30-Jul 5 
May 21-Jun 1 
Aug 3-8 

No. of i c I Pre-oviposi t ion 
! Mean tenp . 

i n s e c t s  ; ' por iod  i n  days 

D ~ C  12-16 8 
Dec 5-9 
Sept  28-0ct 1 

j 7 
1 2  

Dec 6-10 7 
J a n  16-23 7 
Dec 29-Jan 2 , 
7.- 

7 ---- 
Longevity 

22.8 I I! 3 1 
23 .O 1 nininun 3-4 
uc.5 ' Mean 

I1  
3.6 

25.6 4.0 
25.7 11 5.3 - -- --- 

Under cont ro l led ,  f l u c t u a t i n g  condi t ions  V V ~  t h  a rlean temperature of 15. 5 O c  

Moran & Blowers (1967) found a d u l t s  t o  l i v e  f o r  a nean of 34 days (28-48), 

which agrees  we l l  with l o n g e v i t i e s  obtained by Van d e r  Meme (1941). I n  the  

p resen t  s tudy on f l u s h i n g  seedl ings,  Table 22 s h w s  t h a t  t h e  m a n  longev i ty  

a t t a i n e d  by ba tches  of 3-5 f e n a l e s  during the  f i v e  s e r i e s  of t e s t s  made during 

summer a t  nean t enpera tures  of 23.3 - 25.3'~ v a r i e d  f r o n  17.0 - 36.3 days wi th  

a maxinun of 45 days. I n  winter  a t  a nean tenpera ture  of 15.7Oc s i x  f e ~ l a l e s  

l i v e d  f o r  a m a n  of 52.5 days (23-71). Winter l o n q e v i t i e s  on r ~ a t u r c  l e a v e s  

were 62.3 days f o r  males (44 - 73), and 52n2 6ays f o r  f ena los  (16 - 82) (Tat l ing ,  

1969a). 

Unnated f e n a l e s  appear t o  have a s h o r t e r  l i f e  than  na+ed females. 
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DISPERSAL 3 -Rn_ 

Cat l ing  (1967) concluded t h a t  T-. e e z  d i spe r ses  weakly under condi t ions  

of low popula t ion  densi ty,  p l e n t i f u l  f l u sh ,  and the absence of appreciable pre- 

v a i l i n z  wind. I n  that study the  progeny developing over a 2.5 nonth pe r iod  

from two i s o l a t e d  colonies  of  2. e.?xtreae i n  a l a r g e  block sf c i t r u s  on Letaba 

E s t a t e s  was p lo t t ed .  I t  was found t h a t  i n  the  succeeding generat ions 63% of the 

co lonies  appeared on the  t r e e  which supported the  o r i g i n a l  populat ion,  and 88% 

appeared wi th in  a 24 f o o t  r ad ius  of  t h i s  t r ee .  

I n  February, 1968, the  au thor  v i s i t e d  Mazoe E s t a t e s  nea r  Sal isbury,  Rho- 

desia ,  t o  s tudy the  incidence of 2. ery t reae .  Usually the  i n s e c t  i s  extremely 

r a r e  on this l a r g e  c i t r u s  E s t a t e  ( ~ e a r l e ,  C.11. 1968, personal  comunica t ion) .  

I n  S9ptember and October of 1967, however, an  outbreak i n  a block of  na ture  

lemon t r e e s  provided a good opportuni ty t o  observe d i s p e r s a l  i n t o  neighbouring 

t r ees .  Counts of l e a v e s  p i t t e d  by 2. e w t r e a e  on f o l i a g e  4-6 months of age in 

the  v i c i n i t y  of t he  i n f e s t e d  lenon grove sugyested that the i n s e c t  had n o t  dis- 

persed f u r t h e r  than 50 f e e t  i n t o  an  adjacent  Valencia grove. 

( i )  L i s p e r s a l  a t  Malkerns Research S ta t ion .  The f l i g h t  a c t i v i t y  of - T. a- 
t r e a e  w a s  s tud ied  by opera t ing  seve ra l  t r a p s  on the  nor thern  s i d e  of the  s tudy - 
grove betvieen November, 1968, and Decenber, 1969 ( ~ i ~ .  33). Three p a i r s  of yel-  

low s t i c k y  t raps ,  described previously,  were nounted i n  wooden frames between 

the  rungs of  a spec ia l ly-cons t ruc ted  l a d d e r  a t  he igh t s  3f 5, 26 and 50 f e e t  

above the  ground. The l adde r  w a s  p laced  i n  a neadow halfway between the  s tudy 

grove and a l a r g e  t h i c k e t  of n a t u r a l  bush which included nany t r e e s  and shrubs 

r ep resen ta t ive  of the f l o r a  of  the  Malkerns d i s t r i c t .  One t r a p  of each p a i r  

f aced  towards the  s tudy grove i n  s souther ly  d i r ec t ion ,  while the  3 ther  f aced  

towards the  bush i n  a nor the r ly  d i r ec t ion .  Two o t h e r  t r a p s  p laced  a t  f i v e  f e e t  

above the ground were operated i n  the  bush. The t r a p s  were u s u a l l y  inspec ted  

a t  f o r t n i g h t l y  i n t e r v a l s  i n  suntler and th ree  week i n t e r v a l s  i n  winter.  I n  ad- 

d i t i on ,  between August and Decenber, 1969, a i r  sargples were taken a t  r e g u l a r  

intervals wi th  a Johnson & Taylor enclosed cane suc t ion  t r a p  (vent-Axia propel- 

lar  trap) mounted nea r  the  l adde r  car ry inq  the  s t i c k y  t raps .  

Fig. 33 Plan  of the  Malkerns Research S t a t i o n  s tudy grove and surrounding 
area.  D a t a  t r e e s  a r e  ind ica t ed  by s o l i d  r ings .  s t - s t i c k y  t r a p s ;  
suc. t. - suc t ion  t rap ;  l a d  - l adde r  with th ree  p a i r s  of s t i c k y  
t r a p s  

Fig. 34 Wind rose  f o r  Malkerns Research S t a t i o n  f o r  1967 showing t o t a l  
mi les  of wind p e r  nonth. The f i v e  nonths (?f h ighes t  2. e r y t r e a e  
populat ions,  A u , q s t  t o  Decenber, a r e  bracketed. ( ~ e t h o d  of re- 
p r e s e n t a t i o n  p a r t l y  a f t e r  Clark, 1962) 



Large nunbers of p s y l l i d s  were t rapped on the yellow s t i c k y  t raps.  I n  the 

1968-69 season Diaphorina punctu la ta  P e t t e y  and D i a p h o r i ~  zebrana (Capener MS) 

were comon from November t o  January, g%uyt-pp_av_3.% tk&~,.$ie,&~ Pe t t e y  was p a r t i -  

c u l a r l y  abundant between F e b r u a ~ y  eiid June, 181. f r Z.:l-;:'Lduals being c o l l e c t e d  in 

a three  week pe r iod  i n  Apr i l ,  and -r..z. 'l'j:.'.o:. ... . -- I. ;gir U* -...". . , t  r. : ' i ?I. .. :.;!.. ,-A,.-. ,352 rxnb, was 

taken regular ly,  The major i ty  of p s y l i i d s  asre tl.s.pped o;? -;.he c e n t r a l  p a i r  of 
.- - 

t raps ,  wi th  fewer on the upper pa?.? nrd  :rat;?:'.gr.c:e r:x~; -.r.:n on the lower t raps .  

Larger numbers were always presei;?; ol-1 ?-'.I? .'-:--:i).; ;'cis.;.:-!-; 2.. . .  .; f x : n  th3 grove. 

On the  l adde r  t r a p s  only fou r  specimwis of 2, _er,Q-:-_t~.. we-e -Laken i n  the  

1968/69 season. These were c o l l e c t e d  between Uecenber 2.'. =d January 13 when 

populat ion d e n s i t i e s  were a t  t h e i r  h ighes t  anc? a peak 02 a$-12.t~ was ind ica t ed  

in the  s tudy grove. I n  the  fol lowing season sLx ad~i-ltr ,  Irere t rapped (wi th  

eagments  of poss ib ly  two nore a d u l t s )  beeaeon SepJ:xber 3; er?d December 12. 

Most i nd iv idua l s  were c o l l e c t e d  on the  lower t:'+ f-,: - L; : 3 s-t,udy grove. 

T. e m t r e a e  was n o t  found on sticlqy t r a p s  p laced  f n t7:o bx.h i n  the  1968/69 - 
season b u t  f i v e  specinens were co l l ec t ed  betwee-; Szp 1;,... >LI ;.a--36 and f o u r  be- 

tween October 10-16 i n  1969. Both sexes were presqnhoi l  thg sticlcy t r a p s  b u t  

females were predominant. 

The suc t ion  t r a p  y i e lded  one a d u l t  _T, ~ryt---- ,c ,g -.-. !:I thc  f L r s t  season and 

f i v e  i n  the  second season. 

( i i )  Discussion 

Di sve r sa l  of o t h e r  p sy l l id s .  Sou <:hood i: 3 'l2' - ,  2.: :.T:.:;-:: .-. ',:x p::"nominon of 

n i p t i o n  i n  many groups of  arthropod..; ar3 p ~ o p o ~ 3 d  5:: zcc.;?-l Y2.e theory that 

Southwood found t h a t  nea r ly  a l l  s t rong ly  dispel-= ' ' ~ g  spe: ' e s  ha-;e t a q o r a r y  ha- 

b i t a t s .  Phytophagous groups which depend on hos t  p lan t - ;  which a r e  e i t h e r  an- 

nuals ,  deciduous wi th  a completely dormant period, s h o r t  !..:.;'ed o r  widely- 

s c a t t e r e d  p e r r e n i a l s ,  n u s t  be a b l e  t o  red iscover  ?.heir main h o s t  o r  f i n d  a l t e r -  

na t e  hos t  p l an t s .  

The wide v a r i a t i o n  i n  d i s p e r s a l  powers fouiiCi zj . l .2 .r~ t h s  Psy l l idae  seem t o  

f i t  this theory. For example, sunner generaCuions of P. g~ri.cc,&p, e x i s t i n g  on 

abundant pea r  f o l i a g e  show very l i m i t e d  f l i g h t  a c t l v i t y  whereas the  sp r ing  and 

autumn generat ions a t  the  c lose  and onse t  of the  winter  dormant period, dis- 

perse  s t rong ly  ( ~wirski, 19%; Wlde ,  1962; Ties t i g a r d  & ?/ladsen, 1963). Adults  

of two mtaina spp. r e g u l a r l y  migrate from b-.-om r b i c h  i s  widely s c a t t e r e d  i n  

England and l i v e s  f o r  only 10-15 yea r s  (WZ tnough, 1958a), g. cocke re l l i ,  

which a t t a c k s  pota toes  and tonatoes, appears  t o  n h g x t e  strong1.y from win te r  

breeding a r e a s   ensen en, 1954), It was shown ea.=2isy JL::zJ.: Fa0 p u n c t d a t a  and 

D. zebrana nove i n t o  c i t r u s  when thz i ?  r:oxsl hc::-; :.- do::,;-:-?- On 5he o t h e r  - 
hand, weak d i spe r se r s  u s u a l l y  have nore pcrr,::.: .;;.--'; I?::.; . :t im::~-;; :iu;h as evergreen 

f - 7  t r e e s  of shrubs, f o r  exanple, 2, 1.1.!:?.t.erc-i-?;-.-. ..... .. :,.-= =-- . -  c;-- c:-.-.s?:;~'-r: :,LLL::!:; ~ 9 6 2 ) ~  



D. c i t r i  on c i t r u s  i n  I n d i a  ( ~ u s r t i n  & Nath, 1927). 2. e r y t r e a e  c l e a r l y  be- - -u- 

longs i n  this oatagory, the a d u l t s  being able  t o  survive on c i t r u s  a t  a l l  

t i n e s  of t he  year. Few, i f  any, of the  recognized a l t e r n a t e  hos t s  of 2. s- 
t r eae  a r e  conple te ly  deciduous (van Hoepen, E. 1969, personal  comunica t ion)  - 
and probably r e t a i n  s u f f i c i e n t  f o l i a g e  t o  support  ove::winte:ing i n s e c t s ,  

Dispersa l  of 11. e w t r e a e .  The d i s p e r s a l  powers of 2.  e r y t r e a e ,  appear t o  be 

very l imi ted .  Though l a r g e  numbers of s eve ra l  p s y l l i d s  were c o l l e c t e d  on t r a p s  

operated a t  Malkerns Research S k t i o n  ad;'acent $0 the  m5n study s i t e ,  ve ry  

few of these were 2. ery t reae .  No a c t i v e  d i s p e r s a l  phsse was ever  observod 

i n  the  f i e l d  - even a t  f a i r l y  high popula t ion  d e n s i t i e s .  There was no indica-  

t i o n  of a d u l t  movement f r o n  a l t e r n a t e  h o s t  p l a n t s  i n t o  c i t r u s  groves o r  v i c e  

versa, y e t  t h i s  m y  occur i n  sone a r e a s  where a l t e r n a t e  hos t s  a r e  comaon and 

i n  c lose  p r o x i u i t y  t o  c i t r u s .  

According t o  Conpton (1966) the re  a r e  nine spec ies  of Rutaceae i n  Swa- 

ziland. Five of these a r e  known t o  be a l t e r n a t e  hos t s  of 2. e w t r e a e .  The 

most connon of these,  and the  only one ever found t o  be infes ted ,  w a s  Llausenrt 

anisata ( ~ i l l d . ) .  Within severa l  miles  of the Malkerrls s tudy s i t e s ,  and i n  

exper inenta l  groves in the  Letaba d i s t r i c t  ( c a t l i n g ,  19690.) , a l t e r n a t e  hos t s  

were r a r e  and were never  found t o  be in fe s t ed .  The n e a r e s t  i n f e s t e d  a l t e r n a t e  

hos t  p l a n t s  were observed on g. a n i s a t a  4-5 n i l e s  due south  of  hjalkerns Research 

S t a t i o n  i n  nontane f o r e s t .  F a i r  d e n s i t i e s  of t h i s  hos t  p l a n t  a r e  found a long 

shaded water  courses in the  Lowveld b u t  repea ted  exar ;---2'.ions revea led  evidence 

of the v e c t o r  on j u s t  two occasionso 

Severa l  p s y l l i d s  wi th  s t rong  migratory powex h , : ~  Y,rl c o l l e c t e d  a t  f a i r  

l y  high a l t i t u d e s  above the  ground, g, c o c k e r e l 2  WAS caught  i n  a e r i a l  scoops 

between 100-4000 f e e t  and i s  c l e a r l y  ti ispersed by ail. c u r r e n t s   e ens en, 1954). 

According t o  N i c h d s  e t  al., (1965), t he  invasion of the  p e a r  psy l l a ,  _P. pyr icola ,  

i n t o  Ca l i fo rn ian  orchards from Oregon has d e f i n i t e l y  been a s s i s t e d  by p reva i l -  

i n g  winds. Not only does 2. e ry t r eae  appear t o  p s s e s s ,  weak d i s p e r s a l  powers 

and show no behavioural  response t o  reach  the upper a i r  l e v e l s ,  b u t  the a d u l t s  

do n o t  survive ve ry  long away from s u i t a b l e  fo l i age .  Ten mature a d u l t s  con- 

f i n e d  i n  b o t t l e s  with no f o l i a q e  l i v e d  f o r  a mean of 35.2 hours, f i v e  t e n e r a l s  

surv iv ing  f o r  a mean c f  55.2 hours. After a few hours away from f o l i a g e  the  

a d u l t s  become not iceably  r e s t l e s s  and s h o r t l y  before dea th  t h e i r  abdomen shr inks  

and compresses. 

Nevertheless,  t he re  i s  a p o s s i b i l i t y  t h a t  a t  times of high populat ion den- 

sity a d u l t s  could be blown i n t o  the  Lowveld c i t x s  <roves from the  severe ly  

greened Middleveld region. I n  order  t o  i n v e s t i g a t e  t h i s  p o s s i b i l i t y  an exami- 

na t ion  was made of the  frequency and d i r e c t i o n  of  p r e v a i l i n g  winds. Wind 

roses  were drawn f o r  the  y e a r  1967 f o r  rseteorological s k i t t o n s  a t  Malkerns 

Research S ta t ion ,  Big Bend and Mpisi ( c e n t r a l   owv veld) (fig, 1) f r o n  t a b l e s  

appearing in the  Report on I:kteorolo@cal Ista o f  the  i -ear  1967 ( sou th  Afr ican  

Weather Bureau, 1968). The r e s u l t s  showed a f a i r l y  cons's :er?t p a t t e r n  of wind 



frequency and direction f o r  each stat ion,  with a r e l a t i ve ly  s ~ m l l  f rac t ion  of 

a i r  movenent i n  an easter ly  di rect ion (10~3%) f o r  the months i n  which the high- 

e s t  population densi t ies  of 2. erytreae occur. f i g .  34, calculated from dai ly  

readings of wind run and direct ion a t  0800 hours and l 4 O O  hours,indicates a 

similar pat tern  of wind direct ion a t  Malkerns Research Stat ion for  1967. I n  

August 18, and f o r  September to Decenber a nean of 4.5% of  reoorded wind was 

in an eas te r ly  di rect ion towards the Lowveld. The main p r e v ~ i l i n g  wind direc- 

t ion  a t  ground l e v e l  i s  thus from the Lowveld region towards the Middleveld 

and thus works against  the spread of the vector in to  the Lowveld. However, 

insects  i n  the small p lant inas  of c i t r u s  along the Lenbonbo nountab  range i n  

the ea s t  may possibly be car r ied  by winds i n t o  Lowveld c i t rus ,  

14. POPULATION DYNAMICS OF 2. DYTREAE 

The dispersal  powers of x. erytreae a r e  weak and the i n sec t  was almost en- 

t i r e l y  confined t o  c i t ru s  Troves during the study period. One aspect  which was 

not considered i n  t h i s  study was the pos s ib i l i t y  of genetic variat ion,  Though 

t h i s  would no t  seen to  be an important f ac to r  i n  the dynamics of 2, emtreae,  

a var ia t ion i n  the v i t a l i t y  of females, i.e. ea r ly  deaths (a l so  reported by 

Van der hlerwe, 1 9 ~ )  and differences in the pignentation of nynphs were ob- - 

served on several occasions, both of whioh could be inher i ted differences. 

( i )  Numerical f luctuat ionb I n  dl b u t  .thc viintcr nonths, them wcs a 

p r p c t u a l  f luctuat ion i n  the nunbers of erytreae, with large differences 

between the peaks and troughs of population density. Table 24 shows t h a t  the 

highest recorded peak occmed on September 18, 1967, when nore than a mill ion 

individuals of a l l  stages were es t inated a t  Malkerns Research Station.  I n  a 

population explosion encountered a t  Ross Citrus Esta te  in the sane month, 5,385 

adul t s  were collected i n . a  f i ve  ninute col lect ion around the kree oanopy with 

Table 24 Estimatedpeak numbers o f 2 0  erytreae in  the 50 c i t r u s  t rees  
a t  Malkerns Research S ta t ion  s i t e  during the study period. 
Estimates f o r  adu l t s  very approximate 

i 1 
i I ' Total a l l  

i Eggs I Npphs j ~ d u l t s  / stages 
I 

the i n sec t  sampling mchiner By oontrast,  it w i l l  be reoalled t h a t  i n  1969 no 

colonies mere recorded f o r  two winter nonths. An example of the usual popula- 

t ion  density prevai l ing during the winter nonths i s  t h a t  f o r  Apri l  19, 1968, 

when 2,850 individuals of a l l  stages were estimated a t  the study s i t e .  





(ii) Field  generations. Because several n o r h l i t y  f ac to r s  are  age-specific, 

the regular occurrence of d i s t i n c t  f i e l d  generations orbroods i s  of consider- 

able significance i n  the dynamics of ;. exytreae. (Table 25). The broods forn  

convenient time periods f o r  discussion and nake f o r  greater  understanding of 

the population f l u c b t i o n s .   h he nunbering of the broods i n  Fig. 35 i s  dif- 

fe ren t  f ron t h a t  used i n  previous chapters). 

Table 25 Age-specificity of three mortali ty fac tors  of 2. ewt reae  - 

i Mortality 
faotor  Egg I 

r 

Parasi tes  Not susceptible Susc . 

i n s  tars 

.4 

not  f a t a l  

quent- 
Predators ly at- 

tacked, 

A l l  stages attacked 

InfYe quen t- 
l y  attack- 
ed 

Weather I ~ x t r e m e l ~ l  
extremes I suscep& Inoreasing resistanoe / i b l e  1 

The mual cycle of broods i s  considered from June to  May during the study 

period a t  Malkerns Research Station. I n  the f i r s t  season of study i t  w i l l  be 

reoalle'd t h a t  a very s imilar  cycle of broods was completed a t  two other Groves 

i n  this d i s t r i c t .  F k .  35 shows t h a t  e ight  broods were completed each year, 

and t h a t  f o r  broods 1-5 (June to  January) there was a similar sequence in 

t h e i r  timing f o r  the three years. Field generations were nore nebulous i n  

the period February t o  May when the population was low, o r  reoorded a s  n i l  

as i n  1969. The nean durations of broods 1-5 shown below were re la ted  with 

nean temperature :- 

Brood 1 ........ 33.8 days 
2 ........ 30.6 
3 ......a. 30.3 
4 ........ 28.8 
5 ........ 27.8 

The above durations f o r  broods 3,  4 and 5 corresponded closely with those 

indicated f'ron regressions o f  incubation and nymphal developnent periods 

(Fig. 30). This difference i n  the r a t e  of developnent of the ianature stages, 

o r  completion of a brood, (and i n  the length of the pre-oviposition period),  

w i l l  obviously influence the po ten t ia l  r a t e  of increase of the population. 

EXPLANATION OF FIG- 

Fig. 35 Broods o r  f i e l d  generations of 2. erytreae f o r  the study period a t  
Malkerns Research Station. The two points  which s e t  the l i n e  f o r  
each brood were calculated f ron the peak of egg colonies and peak 
of i n s t a r s  111-V 



(iii) e Having a long reproductive l i f e ,  a sex r a t i o  i n  favour 

of the female, and a high eg,z-laying capacity, g. e m t r e a e  i s  an  extrelncly 

fecund species.  Several  t h e o r e t i c a l  concepts a r e  u s e f u l  i n  exaninin;; t he  fe- 

cundity of an  orsanisn. The b i o t i c  o r  reproductive p o t e n t i a l  ( r )  i s  defined a s  

the p o t e n t i a l  r a t e  of a species  t o  increase  i t s  n ~ m b e r s  i n  an unl imi tea  envi- 

ronment and i s  fequent ly  used i n  populat ion eco low,  Laughlin (1965) pro- 

posed the  use of a new populat ion s t a t i s t i c  - capac i ty  f o r  increase  ( r c ) .  

However, due t o  the s h o r t  i n t e r v a l  between generat ions and the extended re- 

productive l i f e  of the f ena le  which cause a.n overlap of generations, and tho 

unstable age d i s t r i b u t i o n ,  the  c a l c u l a t i o n  of r o r  rc i s  d i f f i c u l t  and i s  of 

l i m i t e d  app l i ca t ion  i n  the case of 2. eryt reae .  Nevertheless,  the  fol lowing 

s i n p l e  c a l c u l a t i o n  i s  of i n t e r e s t  i n  i l l u s t r a t i n g  the high reproductive po- 

t e n t i d  of  the insec t .  

The c a l c u l a t i o n  assunes t h a t  a l l  eggs hatch  normally and t h a t  the re  i s  

no nynphal n o r t a l i t y ,  Ignoring a few colonies where n a l e s  were t o t a l l y  absent,  

sex r a t i o s  in the  f i e l d  va r i ed  from 60-79% females. Under near  optimum con- 

d i t i o n s  i n  the i n s e c t a r y  the  n a t a l i t y  of bstohes of 3-5 f e n a l e s  v a r i e d  from 

360-1305 eggs p e r  female. Disregarding the p o s s i b i l i t y  of  the  follow in^ 

generat ion beginning t o  reproduce during the lifetime of the  generat ion in 

question, the b i o t i c  p o t e n t i a l  of  2, e rv t reae  i s  thus:- 

.6O - .79 x 360 - 1305 = U6 - 1031 

I n  o the r  words, i n  an  u n l i n i t e d  environment 2. e ry t reae  i s  capable of incrcas- 

i n g  i t s  nunbers by 216 t o  1031 t i n e s  i n  one brood, Under favourable condit ions 

i n  the  f i e l d  the  percentage egg hatch nay be as high as 95% and nymphal sur- 

v i v a l s  of  6@ have been f r equen t ly  recorded. 

The h ighes t  growth r a t e s  a c t u a l l y  performed i n  the f i e l d  take p lace  on 

the  nain growth cyc les  of  c i t r u s  i n  spr ing  o r  e a r l y  sunmer, A t  t h i s  t i n e  the 

environment say be p a r t i c u l a r l y  favourable and the  populat ion s t r u c t u r e  2 t  i t s  

optimun f o r  r a p i d  increase.  Graphs of  the  populat ion f l u c t u a t i o n s  of 2 ,  z- 
t r e a e  a t  Malkerns Research S t a t i o n  ind ica ted  t h a t  op tinum growth takes  place - 
in broods 2 and 3 and in brood 4 o r  5, When p l o t t e d  a s  l o g a r i t h m  these gronth 

r a t o s  were l i n e a r  f o r  brood 2 i n  1967 and brood 5 i n  1969, and approached the  

l i n e a r  f o r  brood 3 in 1967. The l i n e a r  r e l a t i o n s h i p  of l o g  populat ion den- 

sity with t i n e  i n d i c a t e s  an exponential  growth f ~ r n  and the  s lope of t f i s  l i n e  nay 

be r e ~ r d e d  a s  the  "unlimited s p e c i f i c  growth r a t e "  of the species  (Odun, 

1964). The populat ion growths in l o g  colonies  p e r  day were a s  follows:- 

1967 brood 2 - .02619, brood 3 - .05789; 1969 brood 5 - .03269. 

Table 26 expresses these naxii~un populat ion growth r a t e s  in another  way 

and i n d i o a t e s  that the s p e c i f i c  growth rate i s  a t t a i n e d  n o s t  f r equen t ly  by 

brood 3, 



Table 26 Time required,  i n  days, f o r  a populat ion of 1 0  colonies  of . -=r. 
T. to double i t s e l f  

( i v )  Survival .  The su rv iva l  of the  i m a t u r o  s t ages  of 2. e ry t reae  was 

s tudied  in numerous i n  s i t u  counts on c i t r u s  seedl ings  and experimental t r c e s  

during the e luc ida t ion  of weather extremes, natural enemies and p l a n t  h o s t  

q u a l i t y  as m o r t a l i t y  f ac to r s .  A t  any one experimental s i t e ,  however, t he re  

was no continuous record  of t o t a l  su rv iva l s  from egg t o  a d u l t  s tage  f o r  nore 

than a few months. 

A sunnary of egg t o  a d u l t  su rv iva l  in 52 & counts a t  var ious  t i n e s  

and p laces  during the  study pe r iod  appears i n  Table 27. Surviva ls  were ex- 

tremely i r r e g u l a r  and i n  22 counts  the re  were no survivors.  In t e res t ing ly ,  

the  Table i n d i c a t e s  a tendency f o r  high mean su rv iva l s  in broods 3 and 5 

when r a p i d  populat ion inc reases  do occur. Surviva ls  in excess of 2Wc were 

no t  uncomuon during this period. The number of  counts  i n  the pe r iod  February 

t o  dune were too few t o  al low any v a l i d  conclusions t o  be drawn. 

The r e l a t i v e  inportance of  each mor ta l i ty  f a c t o r  was discussed sepa ra te ly  

before and w i l l  again be considered below. 

Table 27 Sunnary of egg t o  a d u l t  su rv iva l s  i n  52 i n  s i t u  counts  nade -.. - 
on study t r e e s  i n  the  LekLba and Malkerns d i s t r i c t s  

Brood 1 June 

2 August 

3 sept/Oct 

4 November 

/ Indiv idual  
NO. of No. i n  s i t u  Mean ,C ; 1 sunr iva l s  
i n s e c t s  oounts su rv iva l  

; >2% 
I-- 

2 11.82 1 1 
I 

10 5.97 j 3 
I 

10  13.00 I 2 

I 14 1 

5 ~ e c / d a n  ' 4789 1 2  8.12 

6 February 495 1 1 

6027 I 1 

9.70 0 

7 h!ar/~~r 1029 ' 2 0.68 0 

8 May 669 1 0.90 ! 0 

( v )  Sipslificance of the  na in  ecologica l  f a c t o r s  

Flush d e n s i k  and qua1,id. F lush  dens i ty  and q u a l i t y  vary independently -= 

of the  populat ion dens i ty  of 2. e ry t reae  and are thus  t r u e  dens i tp indepen-  

dent  f ac to r s .  At  a l l  t i n e s  the supply of young f o l i a g e  i s  a p r e r e q u i s i t e  f o r  

populat ion increase.  Young f l u s h  i s  r a r e l y  coraple t e l y  absent  b u t  when sparse ly  



d i s t r i bu t ed  and beyond the searching powers of the adul t ,  a r e l a t i ve  shortage 

o f  favourable breeding and feeding s i t e s  develops and the reproduotive r a t e  

declines sharply. The synckxony between the emergence of waves o f  adu l t s  at 

the end of a f i e l d  generation with the supply of young growth i s  thus of oon- 

sequenoe t o  the population. Hence f lushing rhythm imposes a s i n i l a r  rhythn 

on both the nunbers and age d i s t r i bu t i on  of 2. eryt reae  and, especia l ly  during 

spring and sunmer, produoes d i s t i n c t  seasonal broods. Lower l eve l s  of nutr i -  

t i on  probably oontribute t o  nymphal morta l i ty  following midsunmer weather ex- 

trenes, but the main influence o f  f l u sh  qua l i ty  would appear t o  l i e  i n  i t s  ef-  

f e c t  on the f e r t i l i t y  and v i t a l i t y  o f  adul ts .  

Since the seasonal rhythm of f l u s h  density and f l u s h  qual i ty  a r e  f a i r l y  

constant, they a r e  no t  l i k e l y  t o  influence very nuch the var ia t ion  i n  popula- 

t i on  density f ron  year t o  year. 

The main period of psy l la  abundanoe occurs during the three  growth cycles  

of spring, e a r l y  swnmer and nidsumner. Flush quali ty,  pa r t i cu l a r l y  ni trogen 

content, i s  a t  i t s  highest  i n  the f i rs t  two f lushes  and probably st imulates 

maxim~~il na ta l i ty .  Calculations of the  persentage i n f e s t ed  f l u sh  po in t s  from 

f l u s h  s tudies  and psy l la  population counts a t  Malkerns Research S ta t ion  re- 

vealed a tendency f o r  ( a )  the proportion of i n f e s t ed  f lushes  t o  increase pro- 

gressively in  eaoh of the nain f l u s h  cycles a s  the fo l i age  hardened and matured, 

and (b )  f o r  t h i s  proportion to  increase with successive f lushes  i n  some sea- 

sons. Thus i n  October, 1968, and January, 1968 and 1970, t h i s  proportion rose 

to  between 70-75$, serious overcrowd in^ occurring i n  January, 1968, (ca t l ing ,  

1969a). 

From autumn t o  spring c i t r u s  i s  usually seni-dornant and supports low to 

very low population densi t ies .  F'ron February to  August, during which t i ne  4-5 
broods a r e  completed, 2. erytreae never approached the carrying capacity of 

avai lable  growth. I n  the three seasons a t  Malkerns the p e r o e n t a ~ e  infes ted 

f lushes  rose t o  20.0% on one occasion (3uly, 1968) but  on the average only 3.9% 

were i n f e s t ed  during t h i s  period. Af te r  a careful considerat ion of the various 

morta l i ty  fac to rs  which operate a t  t h i s  time and allowing f o r  an increase i n  

the pre-oviposition and developmental durations of the insec t ,  i t  i s  believed 

that environnental resistanoe i s  r ~ a i n l y  provided by the r e l a t i v e  shortage of 

breeding and feeding s i t e s  and, possibly, by the decline i n  the n u t r i t i v e  va- 

lue  of the flush. 2. erytreae disperses weakly and adu l t s  seem to  have poor 

searchin,: powers f o r  breeding sites. Many females a r e  thus obliged to feed on 

mature leaves  f o r  extended periods and mmy probably die without laying eggs. 

Due t o  the t rend  f o r  a lower proportion of males a t  l o w  population densi t ies ,  

there i s  a l so  the hazard of fena les  not  acquiring a mate. 

It i s  poss ible  t h a t  the v i t a l i t y  and fecundity of winter  adu l t s  a r e  ad- 

versely a f fec ted  by lower nu t r i en t  l eve l s  vihioh in turn reduoe the power of 

searching f o r  breeding s i t e s .  A reduction in  the number of eggs per  colony 



during the winter  dormant ge r iod  was observed by Cat l ing  (1969a). This expla- 

na t ion  i s  supported by the f a c t  t !a t  where na jo r  growth cycles  take p lace  during 

the  winter, a s  i n  the  upper L e t s i t e l e  Valley of the northern Transvaal, and i n  

young t r ees ,  populat ion outbreaks and l a r g e  vigorous colonies  have been observ- 

ed. Moreover, i t  w i l l  be r e c a l l e d  t h a t  the re  was no decl ine  i n  egg-laying on 

vigorously-growing seedlings i n  the insec ta ry  during winter. 

Population eco log i s t s  who support Nioholson' s theory would perhaps argue 

t h a t  this decrease i n  v i t a l i t y  and fecundi ty  r ep resen t s  a  "mutual adaptat ion" 

between i n s e c t  and p l a n t  hos t  which has evolved a s  a  dens i ty- re la ted  mechanism 

t o  prevent  an absolute shortage of food which could endanger the existenoe of 

the species  during dormant per iods  of the  p l a n t  host. 

Weather .extremes. Bas ica l ly  the influence of weather was s tudied  a s  follows:- 

( a )  By measuring the d i r e c t  e f f e c t  of extremes on colonies  of 2. z t r e a e  i n  

the  f i e l d .  Multi-variate a n a l y s i s  was then used t o  def ine  the  l e t h a l  

condit ions f o r  the highly susoeptible egg and f i r s t  instar nymphal stages. 

(b)  By r e l a t i n g  the oocurrence and s e v e r i t y  of these known l e t h a l  extremes 

t o  observed changes i n  population dens i ty  in the f i e l d .  A s e r i e s  of stu- 

dy groves were se lec ted  i n  such a way a s  t o  include a range of c l i m t i c  

extremes, the so-called "gradient  design" disoussed by Baltensweiler  

(1965) 

(o )  By the der iva t ion  of a  weather index whioh r e l i a b l y  explains the regional  

slatus of the  i n s e c t  and p a r t l y  accounts f o r  the h i s t o r y  of p a s t  outbreaks. 

Abundant evidence has been presented t o  show t h a t  weather i s  a key fac- 

t o r  in the populat ion dynamics of 2. erytreae.  Being a s t rong and va r i ab le  

oonponent of the  environment weather i s  bel ieved t o  be the chief f a c t o r  t o  

regula te  c i t r u s  p s y l l a  populations. 

Most a u t h o r i t i e s  agree that weather may influence the mean dens i ty  l e v e l  

and f l u c t u a t i o n s  of insec t s .  I n  the case of 2. eryt reae  the young s tages  f r e -  

quently s u f f e r  high mor ta l i t i e s .  Af te r  a given f r a c t i o n  of the  populat ion has 

been removed a c e r t a i n  t i n e  must e lapse  before the former dens i ty  i s  regained. 

Thus i f  s p e l l s  of unfavourable weather a r e  repeated i n  quick succession the 

r a t e  of increase  i s  obviously hal ted.  Since the o p t i ~ u m  supply of ava i l ab le  

breeding s i t e s  i s  usual ly  p resen t  f o r  r e l a t i v e l y  shor t  periods and the age 

s t r u c t u r e  of the  population i s  cont inual ly  changing, it m y  n o t  be poss ib le  f o r  

the r e s idua l  population t o  r i s e  t o  i t s  f o r n e r  l e v e l  on the r e t u r n  of more fa- 

vourable weather. 

I n  discussing the  regula tory  e f f e c t  of weather i t  i s  necessary t o  e n t e r  a 

bas ic  controversy among population ecologis ts .  Huffaker & Messenger (1964.) 

have shown that even a high r a t e  of mor ta l i ty  may n o t  be regula tory  f o r  ....... 
"the population dens i ty  a t  which regula t ion  occurs i s  n o t  determined by t o t a l  



percent  mor ta l i ty  bu t  r a t h e r  by the r a t e  a t  which mor ta l i ty  inc reases  with den- 

s i ty".  I n  o the r  worfis, i n  order  t o  cont r ibute  t o  the r egu la t ion  of populat ions 

a l i m i t i n g  f a c t o r  must i n t e n s i f y  i t s  e f f e c t  a s  populat ion nunbers increase.  

But many eoo log i s t s  be l ieve  with Klomp (1964) t h a t  ...."( weather) cannot have 

any regu la t ing  influence" .. because i t s  e f f e c t  i s  independent of density. 

Thus the  controversy revolves around whether weather i s  dens i ty  dependent o r  

dens i ty  independent. 

Papers by De Bach & &., (1955) and De Bach (1958, 1965) i n d i c a t e  t h a t  

this author  i s  a strong p r o t a ~ o n i s t  of the view t h a t  weather i s  a density- 

dependent f a c t o r  f o r  many species.  He argues that the  e f f e c t  of weather i s  

n o t  uniform and t h a t  wi th in  the broad h a b i t a t  of the  species  the re  a r e  always 

some microhabitats  where su rv iva l  f'rom l e t h a l  ex t renes  i s  possible.  Therefore, 

a s  the s e v e r i t y  of weather increases ,  the  number of favourable rf icrohabitats  

w i l l  decrease so t h a t  the higher  the populat ion dens i ty  r i s e s ,  the g r e a t e r  the 

proport ion of mor ta l i ty  during l e t h a l  conditions. The presence of she l t e red  

microhabitats  i n  c i t r u s  t r e e s  f o r  2. e ry t reae  was mentioned e a r l i e r .  De Bech 

desoribed in d e t a i l  the  regula tory  e f f e c t  of weather extremes on populat ions 

of two Aphytis spp. and C o m ~ e r i e l l a  k i f a s c i a t a  Howard which p a r a s i t i z e  the 

r e d  scale, Aonidie l la  a u r a n t i i  (Mask. ) , i n  Cal i forn ian  c i t r u s ,  

N a t u r a l  enenie s. Solonon (1957) has nentioned th ree  e s s e n t i a l  r e q u i s i t e s  if  

p a r a s i t e s  a r e  t o  e f f e c t i v e l y  reduce the  numbers of t h e i r  host ,  P a r a s i t e s  nus t  

be a b l e  t o  d isperse  and rap id ly  discover t h e i r  host; t h e i r  a c t i v i t y  should 

be wel l  synohronized with that of t h e i r  hos t ( s ) ;  and they should be a b l e  t o  

reproduce continuously and rapid ly .  

The p a r a s i t e s  of  T. e ry t r eae  were c l e a r l y  r e l a t e d  t o  the populat ion den- - 
s i t y  of the  hos t  and a?art from a few per iods  when they were m t i c e a b l y  absent  

o r  i n  undetectable numbers, they a t t acked  a va r i ab le  h-action of  nymphal in- 

s t a r s  I11 - V throughout the study pe r iod  e t  a l l  s i t e s .  Between then the  two 

nain species  appeared t o  seek out  co lonies  of nymphs f a i r l y  e f f e c t i v e l y  a t  a l l  

bu t  the extreme d e n s i t i e s  of t h e i r  host. They were n o t  observed a t  a l l  f o r  

seve ra l  months i n  the  very low hos t  d e n s i t i e s  recorded a t  Malkerns i n  1969 b u t  

they recovered la ter  the  fol lowing season. P a r a s i  t i s ~ n  l e v e l s  dropped sharply 

a t  the start of seve ra l  broods i n  the 1967-68 season when populat ions of 2. 2- 
t r e a e  were very high. Hyperparasitism does occur, the r a t e  usua l ly  inc reas ing  I 

towards nidsunner, b u t  this does no t  seem t o  se r ious ly  i n p a i r  the  synchrony 

between primary p a r a s i t e s  and t h e i r  host. 

P a r a s i t e s  a r e  not  regarded a s  an inpor t an t  r egu la to ry  f a c t o r .  The "ef fec t -  

i v e  paras i t i smf '  of suscept ib le  s tages  r a r e l y  exceeded 5077 and because of the 

d i s t i n c t  broods of  the hos t  and the f a c t  that the eggs, nymphal i n s t a r s  I and 11, 

and a d u l t s  a r e  n o t  at tacked,  the p a r a s i t e  conplex i n e v i t a b l y  f a i l s  t o  prevent  

l a r g e  populat ion increases.  



The influence of predators was studied ra ther  superficial ly.  While they 

proved to be a s ign i f ican t  mortali ty factor  during some periods, a s  i n  l a t e  

summer and ear ly  winter, i n  general t h e i r  a c t i v i t y  was i r regula r  and poorly 

synchronized with fluotua t ions of z r  erykeae.  

C o w e t i t i o ~ ~  The effect  of increasing density on the survival  and reproduo- 

t ive  r a t e  of 21 eryteese was no t  investigated i n  any great  de ta i l .  Studies 

on f a i r l y  heavily populated c i t r u s  seedlings did  not reveal  the expected in- 

crease in mortali ty with indrease in the number of eggs o r  nymphs per leaf.  

However, i n  January of 1968 a t  lhalkerns Researdh Station,  the dwindling sup- 

p ly  of f l u sh  points became heavily overcrowded with eggs and nymphal stages 

resu l t ing  i n  considerable mortality. Overorowding was not  repeated i n  the 

following two seasons and unfortunately this in t raspec i f io  oonpetifion was not  

properly measured i n  1968. Thus it would appear t h a t  a s t ab i l i z ing  meohanism 

working v i a  density-related egg and nymphal mortali ty oould operate only du- 

r ing  seasons of severe population outbreak. 

T. oi tr ioidus,  the blaok o i t ru s  aphid, i s  v i r t ua l l y  sympadkio with the - 
o i t ru s  psylla. Hence a oer ta in  amount of in terspeoif io  competition i s  common 

and t h i s  may become f a i r l y  intense i n  sorile seasons, par t iou la r ly  on the mid- 

summer flush. Competition takes the form of reducing the a t t raot iveness  of 

the foliage ra ther  than d i r eo t  nynphal disturbance o r  mortality. 

( v i )  A population nodel. Fig. 36 and the accompanying t ex t  represent s 

prelirJinary ' verbal modelt o r  a synthesis of the interaot ing environnental 

faotors  believed to govern the seasonal abundance o f x .  ewt r eae  in a favour- 

able region. 

Serious outbreaks in favourable regions, and abnormal populations i n  sone 

of the hotter ,  marginal regions a r e  possible a t  a lnos t  any *time when favourable 

weather corresponds with a major growth cyole. Such outbreaks were obsenred 

i n  the Letaba d i s t r i c t  i n  l a t e  January, 1967, and i n  Swaziland i n  January, 1970. 

Regular population outbreaks occurred i n  the upper Le ts i t e le  Valley area  in 

June/July of the ear ly  nine teen s ix t ies .  

Though environmental fao tors  a r e  largely  interdependent and t o  a ce r ta in  

extent operate continually, f'undamentally the dynamics of 2. erytreae appear 

to be governed by ( a )  the flushing rhythn of o i t rus ,  whioh determines the 

po t en t i a l  population dens iw a t  any tine, and (b)  the ooourrence and sequence 

of l e t h a l  weather extremes whioh d i r ec t l y  determine the r a t e  of population in- 

orease during growth periods. Thus tho l i f e  system of ;. e w t r e a e  i s  perhaps 

bes t  explained by the theory of Andrewartha & Biroh (19%) which, simply s t a h  

ed, depends on "weather and a place to live". 





Fig. 36 Populat ion m d e l  of  the seascnal  abundance o f  2. e r y t r e ~ e  i n  a  favourable reg ion  
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Period S t a t e  of 2. e ry t r eae  popula t ion  Governing e n v i r ~ n m e n t a l  f a c t ~ r s  

A. June 
Brood 1 

B. Ju ly ,  - n i d  October - 
Broods 2 and 3 

C. Mid October - : l id - 
December 

Bro .~d  4 

D. Mid December t o  - 
l a t e  January 
Brood 5 

E. February - 
Srood 6 

Usually l o n  and s t a b l e  
(numbers a t  end of t h i s  brood 

de tern ine  s i z e  of winter  nucleus)  

R i s ing  s t e a d i l y  
(optimum growth r a t e  o f t en  
a t t a i n e d  by brood 3) 

Rapid dec l ine  t o  low o r  nediun 
d e n s i t i e s  followed by another  
r i s e  

Third r i s e  
Populat ion 

brood in 

i n  some seasons 
c r a s h  a t  end of 
every  season 

Low t o  very  low 

F. March - May - Eow and s t a b l e  
Broods 7 and 8 

this 

Low f l u s h  d e n s i t i e s  wi th  r e l a t i v e  shortage of favourable breedinq  and feeding sites - 
Low f l u s h  q u a l i t y  
F a i r l y  r e g u l a r  a c t i o n  of p a r a s i t e s  and p r e d a t x s  
Low r a t e  of developnent of i m a t u r e  s t a ~ e s  
( Lethal  weather extremes inf requent )  

Dense n u t r i t i s u s  spr ing  growth cycle -2 
Number and timing of  J~,t-+-l weather ex t r enes  va r i ab le  and l a r g e l y  rlo- ' 

termines the popula t ion  dens i ty  a t t a i n e d  and r r t e  of  increase- (a)  r.r ( b )  
P a r a s i t e  a c t i v i t y  v a r i a b l e  
Predat ion  i r r e b d a r  and poorly synchronized 
Sone i n t e r s p e c i f i c  competition frm aphids 

Spring growth cycle  maturinc, low f l u s h  d e n s i t i e s  u n t i l  c n s e t  of the  second g o w t h  
cycle of the  season from the end of October t o  the end of Nwember 

~e thal weathe-r extrgi?=sSSf,r,e quent i n  October, l e s s  f r equen t  i n  November and e a r l y  
Decenber 

P a r a s i t e s  f a i r l -  a c t i v e  
Predators  i n c r e a s i n g  i n  a c t i v i t y  

Rapid decl;;e-ii.~oung growth causing severe i n t r e s p e c i f i c  competition i n  some 
seasons 

F a i r l y  f r equen t  l$Lh& yea  t h e r  extremes 
P a r a s i t e  and p r e b t o r  a c t i v i t y  f a i r l y  high 
I n t e r s p e c i f i c  conpe t i t i on  wi th  aphids f a i r l y  comon 
Poorer f l u s h  q u a l i t y  

Br ief  growth cycle  fo11owe4 by low f l u s h  d e n s i t i e s  -- .-a-. 

F a i r l y  f r equen t  l e t h a l  - weather --- ex t renes  
Natura l  enemies a c t i v e  
Flush q u a l i t y  dec l in ing  f u r t h e r  

Environmental f a c t o r s  very  s i m i l a r  t o  per iod  A, brood 1 



1. The population f luctuat ions  of 2. g t r e a e  .are olosely correla ted 

with the flushing rhythm of c i t rus .  The synchrony of emergent adul ts  with 

growth cycles i s  important t o  breeding populations. Flushing thus inpo  ses a 

rhythm on the numbers and age d i s t r ibu t ion  of the insect .  The prolonged flush- 

ing of t rees  in the cooler, nois ter  upland areas was found to  be nore favour- 

able  to  the i n sec t  than the shorter, wellddefined f l u s h  cycles whioh charac- 

t e r i ze  the arid,  lowland areas. There a r e  3-4 annual growth oycles i n  south- 

ern Africa, the main population r i s e  taking place on the f lushes  of ea r ly  

summer. The ro l e  of temperature and moisture in regulating flushing rhythm 

i s  discussed. On some flushes in t raspec i f ic  competition occurs. Interspeci-  

f i c  competition with the c i t r u s  aphid i s  f a i r l y  oomon on the spring and mid- 

sumner flushes. There a r e  considerable differences in f lushing rhythm due t o  

t r ee  age, var ie ty  and t ree  aondition. The greening disease tends t o  induce 

heavier winter f lushes and overlapping growth cycles i n  summer, 

2. On host t i s sue  of poor quali ty there i s  prolonged nymphal develop- 

nent and higher r a t e s  of mortality, this a f f e c t  probably being in tens i f ied  

under hot sunner conditions. Protein s tarvat ion was recorded on leaves with 

a nitrogen content below 1.5% of dry wei&t, these l eve l s  r a r e ly  occurring in 

well-nanaged c i t r u s  groves, The precise  prote in  requirements of p sy l l i d s  a re  

unknown bu t  large quant i t ies  of amino acids  were found in the excreta of 

To erytreae. Studies on the nitrogen content of young f l u sh  i n  the f i e l d  - 
showed that nitrogen declines with age; t h a t  nitrogen in the f lush of seed- 

l i ngs  and young t rees  i s  higher than the f lush  of nature t ree  s; and t h a t  

there i s  a marked seasonal f luctuat ion i n  the nitrogen content of successivo 

f lushes  - highest l eve l s  occurring i n  the spring f l u sh  and lowest l eve l s  i n  

winter flushes. 

3. Paras i tes  a t t ack  the third, fourth and f i f t h  i n s t a r s  of g. erytreac. 

The degree of pa ra s i t i sn  achieved was variable and depended on the presence of 

a favourable synchrony between the two main species and the host. During pe- 

r iods  of favourable synchrony a t  l e a s t  40-5% of the susoeptible stages were 

parasit ized.  Under conditions of poor synchrony, however, pa ra s i t i sn  frequent- 

l y  dropped below 10$ and paras i tes  were not recorded f o r  several  months a t  

Malkerns i n  1969. The paras i te  conplex was r e l a t i ve ly  unaffected by regular 

applications of insecticides.  Tetrastichus radiatus  Waterston was the nain 

prinary paras i te  which a t  times was challeneed i n  importance by Psyllaepha,ws 

pulvinatus  a at erst on), In  most seasons a t  Malkerns, Auhidencvrts  ,c&ssatus 

Annecke attaciced a f a i r l y  constant and sonetines large f r ac t i on  of the two 

primaries, bu t  t h i s  seoondary paras i te  did  not appear to  seriously a f f e c t  the 

degree of parasit ism of 2. erytreae. The four main paras i te  species were found 

associated with another Trioza sp. - 



4. A conplex of p r e d a t ~ r s  a t tack  mainly the nymphal stages of 2. sa*- 
treae. These include several green laoevhgs,  ,Chwsopa spp.; a brown lace- - 
wing, Micromus s.joestedti Weele; two syrphids; a coccinellid; and several 

spiders and mites. Most of these species a r e  a l so  aphid feeders, some show- 

ing a marked preference f o r  aphids. Predator a c t i v i t y  i s  i r r e g d a r  i n  ea r ly  

summer when 2. ewt reae  populations a re  r ising,  bu t  assumes greater  imporhnoe 

from midsunner t o  midwinter. 

5. Ektremes of weather play a predominant role  in regulating population 

f luctuat ions  of 2. ezytreae. Populations were consis tent ly  the highest  i n  

the 0001, moist upland region of eaoh study d i s t r i c t  ad were nearly always 

low and i so la ted  i n  the hot, a r i d  lowlands. There was a trend f o r  higher 

populations t o  develop in mild seasons o r  following spe l l s  of cool, overoast 

weather during the summer months. The i n sec t  favoured well-shaded breeding 

s i t e s  i n  the lower seotion of t r ee  canopy, was frequently found i n  large num- 

bers near windbreaks, and ra re ly  colonized small t r ee s  in the hot regions du- 

ring the summer months. A large nunber of i n  s i t u  counts revealed t h a t  a l l  

stages of 2. e w t r e a e  a re  sensi t ive  to  high temperature combined with low 

r e l a t i ve  humidity. The eggs and f i r s t  i n s t a r s  were found t o  be oonsiderably 

more vulnerable to  these extremes than the more advanoed stages. A correla- 

t ion  analysis f o r  egg t o  f i r s t  i n s t a r  survival  showed that maximum dai ly  sa- 

turat ion def ic i t ,  and maximum da i ly  temperature combined with vapour pressure 

were both highly s ignif ioant  and convenient predictors  o f  mortality. Be- 

oause of the ooourrenoe of d i s t i no t  f i e l d  generations and the extreme sen- 

s i t i v i t y  of the young stages, the degree of mortali ty depends la rge ly  on the 

age d i s t r ibu t ion  in the population, The frequenoy and timing of da i ly  satu- 

ra t ion  de f i c i t s  exoeecling 25.9 mm Hg (34.6 mbars) were found valuable i n  

explaining differences in population densf t i es .  I t  i a  believed t h a t  severe 

weather k i l l s  the developmental. s tages by desicootion. A saturat ion d e f i c i t  

b b x  ( S I D ~ I * )  was derived f 07 absebsing regional wea the~induoed  mortali ty 

a$ ~ Z I ,  e_rytreae. This index explained the known pea t  status of the i n sec t  i n  
southern Afrioa and a l so  shod l i g h t  on pas t  outbreaks of the vector and tho 

greening disease i n  two o i t r y s  areas  i n  the Tranavaal) 

6. The durations of the immature stages of f a re  r e l a t ed  with 

mean temperature. Highly s ign i f ican t  regressions of incubation and nymphal 

development period were oalculated from f i e l d  s tudies  a t  both study areas. 

I n  Malkerns development i s  conpleted i n  about 50 days in winter and 26 days 

i n  summer. 

7. Studies on o i t ru s  seedlings showed t h a t  population aensi ty  does 

no t  normally aff'eot the peroentage egg hatoh o r  nymphal survival. Percentage 

egg hatoh usually varied from about 60-10%. There was a progressive deorease 

in the survivals of eggs and nymphs with an inorease in leaf length. Survi- 

v a l  was a l so  influenced by the posit ion of the l ea f  on the f lush  point. 



8. Fenales  predominated i n  f i e l d  popula t ions  a t  a l l  t i n e s  of the  year ,  

t he  sex r a t i o  varying from ~ 4 %  males. The sex  r a t i o  was apparent ly  cor re l -  

a t e d  wi th  popula t ion  densi ty,  a higher  propor t ion  of males occurr ing  a t  me- 

dim t o  high populat ion dens i t i e s .  

9. Egg-laying s t u d i e s  and observat ions on mating behaviour were c a r r i e d  

o u t  on c i t r u s  seedl ings  i n  the  insec tary .  T. ~ r y t r e a e  w a s  found t o  be ex- - 
tremely fecund, some batches of f e n a l e s  l a y i n g  a mean of 1,304 eggs during 

t h e i r  l i f e span .  Egg-laying i s  s t imula ted  by t h e  presence of young f l u s h  and 

f e n a l e s  d i e  without  l a y i n g  eggs i f  breeding s i t e s  a r e  n o t  ava i l ab le .  There was 

a f a i r l y  s h o r t  pre-oviposi t ion pe r iod  (3-7 days) and batches of  f ena le s  l i v e d  

f o r  a mean of 17-53 days. Males and f e n a l e s  appear  t o  have sinilar longevity. 

Unmated females l a y  fewer eggs and these  a r e  i n f e r t i l e .  For t h e  full oomple- 

ment of f e r t i l e  eggs females r equ i red  seve ra l  nat ings.  High tenpera tures  were 

n o t  found t o  decrease egg production. 

10. I n  common w i t h  o t h e r  p s y l l i d  spec ie s  l i v i n g  w i r i l y  on evergreen 

hosts,  --.- T. e w t r e a e  has weak d i s p e r s a l  powers. 

11. The i n t e r a c t i o n  and r e l a t i v e  s ign i f i canoe  of the  va r ious  l i m i t i n g  

f a c t o r s  opera t ing  in the  populat ion dynanics o f z .  e r y t r e a e  i s  d iscussed  and 

a populat ion model i s  given which expla ins  the seasonal  abundance o f  the in- 

seot.  



SECTION B 
rn--- 

Stud ies  on d isease  t r a n s ~ ~ i i s s i o n  and o o n t r o l  of x. kntrea.2 - --- -- ------̂ I * I .a ,.I * *a r 'P - . - 'T -Y-L- - - .  ..- 

INTRODUCTION 1 -..%-=A ---- 

The sympto rno lo~  of South African greening has been descri5ed i n  consi- 

derable d e t a i l  by seve ra l  workers and w i l l  n o t  be repea ted  here ( ~ b e r h o l z e r  

e t  a1 1965; McClean Re Oberholzer, 1965a; Schneider, 1968). , ,,*, 

The incidence of greening i n  the  Letaba d i s t r i c t  was discussed by Ca t l ing  

(1967) who found no v i s i b l e  synptons of t he  disease i n  and around the  River- 

s ide  s tudy s i t e  a t  1,650 f e e t  (Fig. 3). With the  exception of a s ing le  grove 

where i n f e c t i o n  had c l e a r l y  o r ig ina ted  i n  t h e  nursery, p e e n i n g  was s c a t t e r -  

od and of the s e c t o r i a l  type on Letaba E s t a t e s  a t  an average a l t i t u d e  of about 

2,000 f e e t .  I n  the  Tzaneen-New Agttha-Letsi tele  Val ley  a r e a s  above 2,500 - 
3,000 f e e t ,  however, greening was comnon and f're quently severe. 

S imi l a r  ,gradients i n  the inaiiience of greening have been repor ted  i n  the  

Eastern Transvaal by Schwarz & Green (1969) and w i l l  be shown t o  e x i s t  i n  

Swaziland. 

INCIDENE OF GREENING I N  SWAZILAND 2. pea--- 

( i )  Malkerns, Swaziland Middleveld. I n  the  e a r l y  1960' s, desp i t e  reason- 

a b l e  n u t r i t i o n ,  young t r e e s  i n  the Malkerns d i s t r i c t  were observed t o  l a c k  

vigour and develop w h a t  appeared t o  be severe f o l i a r  de f i c i ency  synptons. I n  

1965, fo l lowinr  a v i s i t  t o  the  Nelspru i t  d i s t r i c t ,  M r  P.G.C. Dodson, ho r t i cu l -  

t u r i s t  of the  Swaziland Department of Agr icul ture  (pe r sona l  communication, 1967), 

suspected greening t o  be the  cause of t h i s  decline. Accordingly, D r  A.P.D. ivIc- 

Clean of t he  P l a n t  P ro tec t ion  Research I n s t i t u t e ,  P re to r i a ,  and l a t e r ,  Prof. 

P.C. J. Oberholzer of P r e t o r i a  Universi ty,  both  a u t h o r i t i e s  on the greening dis- 

ease, v i s i t e d  Swaziland t o  confirm these suspic ions  and t o  a s s e s s  the  general  

incidence of the  d isease  i n  the  t e r r i t o r y .  

Both a u t h o r i t i e s  cane t o  the  conclusion t h a t  greening was the  iiajor cause 

of c i t r u s  dec l ine  i n  Malkerns. They noted t h a t  the d isease  w a s  p a r t i c u l a r l y  

severe i n  young t r e e s  up t o  4-5 yea r s  of aTe. Trees p l an ted  i n  the n i d  f i f -  

t i e s  had grown we l l  and were found t o  be only s e c t o r i a l l y  infec ted .  I n  an 

unpublished repor t ,  McClean expressed the  view t h a t  the d isease  had become 

ep iphy to t i c  during the 1958-60 period, which agrees  wel l  wi th  s t u d i e s  made 

on the  populat ion f l u c t u a t i o n s  of the v e c t o r  i n  neighbouring c i t r u s  a r e a s  by 

Green & Cat l ing  ( i n  p res s ) .  McClean s t a t e d  tht ... "completely noma1  t r e e s  

were d i f f i c u l t  t o  f ind t t  and in September of 1965 r ap id  surveys i n  60 reprcsen- 

b t i v e  groves ( ~ o d s o n ,  P.G.C. 1967, personal  communication) revea led  t h a t  the  

d isease  was p resen t  i n  a l l  p o v e s ,  t r e e s  i n  the  1-5 year  age-group be ins  severe ly  

a f fec ted .  A s i m i l a r  account of the 3reening p o s i t i o n  was given by Drs. J. Grob- 



l e r ,  B.C. Loest and R.E. Schwarz followin;; a v i s i t  t o  Swaziland i n  1967. Legis- 

l a t i o n  now p r o h i b i t s  the movement of c i t r u s  propegative mater ia l  out  of tb.e se- 

vere ly  in fec ted  Mallterns d i s t r i c t .  

Between 1967 and 1969 many of the severely s tunted  young t r e e s  were re- 

moved o r  abandoned. However, t r e e s  of uediurn age or t r e e s  near r.1aturi.Q hdve 

shown improved growth and vigour during t h i s  p e r i d ,  due probably t o  higher 

midsumner temperatures and lower vec to r  populations. 

Inoidence of greened fruit,. The incidence of g e e n i n g  i n  f r v i t  dropped 
,-.* ----*= 

p r i o r  t,3 p icking and a t  picking was s tudied  i n  four  groves of mature o r  nea r ly  

mature t rees .  I n  each grove 50 t r e e s  were se lec ted  f o r  the co l l ec t ion  of 

dropped frui t  st weekly i n t e r v a l s  from e a r l y  May t o  picking time i n  1967, and 

from January t o  p icking t i m  i n  1968. A t  picking, 30-60 r e p r e s e n k t i v e  lugs  of 

f ru i t  were sor ted  according t o  the accepted v i s u a l  sy~~ptoms  of the disease, 

doubtful ly greened f r u i t  being t e s t e d  by the albedo-fluorescence nethod of 

Schwarz (1968a). I n  chapter  3 a br ief  oomparism was made between the incidence 

of greening a t  Kelly' s Hope and Malkerns Research Stc t ion .  

Table 28 shows t h a t  a l a r g e  prnport ion of the  f rui t  droppod before p icking 

was greened. I n  1967, between Iflay and picking, 35.5 - 81.9% (nean 6 2 . s )  of 

the fruit was greened in the f o u r  study groves. From Janary t o  ?icking in the 

two groves s tud ied  the followini; year, 59.6 and 63.0% of the dropped frui t  w a s  

greened. I n  1968 a l a r c e  number of fruit, nore than half of which were grecn- 

ed, f e l l  between January and pizking. I t  i s  a l s o  very probable that nuch of 

the f rui t  f a l l i n & :  bof ore January, i, e .  boforc :reeninq symptoms became recog- 

nizable,  i s  caused by greening ( ~ c h w a r z ,  R.E. 1967, personal  comnrmnication). 

Between Novenber, 1967 and t i e  end of January, 1968, 146 and 150 f r u i t  p e r  t r e e  

Table 28 The incidencc of greening i n  f r u i t  dropped p r i o r  t o  picking and 
st p i c k i n s  i n  f o u r  groves i n  the Malkerns d i s t r i c t  

Dropped f ru i t  i I 
Picked f rui t  

S i t e  
I 

, variety -;-~------*--*.-*---*- ---.--- ;.-..--.-.. :. --. -- -.z. . - --.- 
! ,Pe rcen t  Mean lugs  ! Percent  

per tree. greened p e r  t r e e  i greened 
--- -.. I . *...I L * CSJs- L m - 1  I _ J i - z . ~ ~ . . I ~ n N - ~ : r  1 ----=-:--_-- L_ - ~ =  . s J - J . -  - 1 . 1 . .  J1 

Ross Ci t rus  E s t a t e s  ' Valencias 13.8 81 9 
Kelly' s Hope , Valencias 6.1 52.4 
Ross C i t rus  Es ta tes  .Navels 14.9 35.5 

4 

-?kinp, ~ 9 6 8 '  
I 

I 

MalkernsRes. Stn. ,Valencias 52.8 63.0 
Ross Citrus E s t a t e s  ! ~ a v e l s  106.9 , 59-6 

May-p i c & n u Q  

Malkerns Res . S tn. : Valencias 16.5 78*8 5-3 



of diameter greater  than 12 m was collected a t  Malkerns Research Stat ion and 

Ross Citrus Esta te  respectively. The percentage of greened f ru i t  a t  pioking 

varied from 1.8 - 33.0% and there was a tendency f o r  more geened  f r u i t  to  be 

present on Valencias than on the Navel variety. 

Incidence of f o l i a r  s.Y~E,~o=., Foliar  symptoms a r e  present i n  every grove -*= 

i n  Malkerns during the winter months. I n  August of 1967 synptnms were counted 

i n  the study groves a t  Kelly's Hope and Nalkerns Research Station.  Using the 

f'rame method desoribed previously, points  of vein-yellowing and greeninpin- 

duced deficiency symptoms (mottling) were sanpled i n  32 square f e e t  of ca- 

nopy on each of the 50 t rees ,  A t  Kelly's Hope there were 1.7 vein-yellowing 

a.nd 1.9 no t t l ing  symptoms per  32 square f e e t  while a t  Malkerns Research Stat ion 

the means were 5.4 and 13.3 respectivelye 

( i i )  Swazi.&nd Lowveld. Surveys by McClean (1965, unpublished report)  a t  

Sipofaneni, Big Bend and Tshaneni, and by Dodson (1967, personal coa~unica t ion)  

revealed no c l ea r  cases of greening in the Lowveld. However, i n  1966 Oberhol- 

zer  (1967, personal communication) discovered a small pocket of suspicious t rees  

in a grove of midseasons a t  Swaziland I r r iga t ion  Scheme, Tshaneni, Subsequently 

D r  R.E. Sohwarz collected f r u i t  from these declining t rees  which showed the 

full syndrome of visual  s p p  tons and which tes ted  posi t ive  by the albedwfluo- 

r e  scence and th in  layer  chroma tographic methods. Iden t ica l  evidenca was found 

independently by the present author i n  the same year. This i s  the only known 

and fully-substantiated case of greening i n  the Lowveld and the disease does no t  

appear t o  be spreading t o  the surrounding trees.  A t  Tambankulu Esta tes  branch- 

e s  supporting colonies of 2. erytreae have not been observed to  develop f o l i a r  

symptoms. 

McClean (1965, unpublished report)  found evidence of the vector and two 

possibly diseased t r ee s  a t  Mpangelo Ranch near Mliba on the edge of the Swa- 

ziland Middleveld. A t  Ngonini Estates? ( ~ i ~ .  l ) ,  which a t  1,500 - 1,800 f e e t  

i s  ecologioally intermediate between Middleveld and Lowveld, low but s ign i f ican t  

sec tor ia l  greening i s  evident. The vector i s  f a i r l y  common during ear ly  summer 

and could reach outbreak proportions in cool wet seasons. McClean obtained evi- 

dence of a gradual spread of the d i s ~ a s e  on t h i s  Estate. 

Iktckyard t r ee s  a t  Stegi, s i tua ted  a t  2,150 f e e t  on the Lebombo range to 

the eas t  of the Lomeld ( f ig .  l ) ,  a r e  infected with greening and support fa i r -  

l y  high populations of the vector. 

T. ~ * a &  was f i r s t  suspected a s  a vector of the greening disease by - 
Schwarz (1964), oonclusive evidence being obtained the following year by McClean 

& Oberholzer (1965b). Catl ing (1967) described a correla t ion between the abun- 

dance of 2. ewt reae  and the inoidence of greening i n  the Letaba d i s t r i c t  of 

the northern Transvaal, and Schwarz (1967) found a similar corre la t ion i n  the 



major c i t r u s  a r e a s  of  the  Republic of South Afr ica .  Such a re la t ionskkp a l s o  

e x i s t s  i n  t he  Swaziland c i t r u s  a r eas .  

Unpublished w r k  ( ~ c ~ l e a n ,  1967) i n d i c a t e s  that the  ~ r e e n i n , ?  or[;anisn 

p e r s i s t s  i n  the  vec to r  f o r  a t  l e a s t  2-3 weeks b u t  that the  nynphs a r e  n o t  

capable of transmission. There i s  2s y e t  no evidence of t r a n s o v a r i a l  t rans-  

o i ss io i l  in  2. 5 r j t r e a e .  PcClean & Oberholzer (1965b) a l s o  showed t i a t  the  

c i t r u s  aphid, Toxoptera ~ i t r i c i d u s  (Kirk),  i s  n o t  a greening vector .  

F i e l d  observa t ions  suggest  t h a t  f a i r l y  h igh  v e c t o r  populat ions a r e  nead- 

ed  before  apprec iab le  d i sease  t ransmission occurs. I n  t he  Transvaal  and Svia- 

ziland. no t i ceab le  spread '7f t he  d i sease  has u s u a l l y  fol lowed severe outbreaks 

of . e .  S imi l a r  observa t ions  have been made on the  spread of Sreen- 

i n g  i n  the Ph i l i pp ines  by D&i..h,ooi~~~ &t& KUW. (Cat l ing ,  1968a). 

( i )  Screening of  a d u l t s  and nymphs of x. ~ ~ m t r e a c  and the  c i t r u s  aphid. 
-- .--- - - --As-. 

Main t r ia l  
-lv--t. 

Transmission s t u d i e s  were made in Malkerns t o  confirm (1 )  t h a t  2. ,e~,t=e, 
i s  the  vec to r  of greening, ( 2 )  that nynphs of 2. ce ry t r eae  a r e  n o t  a b l e  t o  t rans-  

mit the  disease,  and (3) that 2. sitrzAi5 i s  n o t  a vector .  

Transniss ion  s t u d i e s  were ~ ~ d c  during Apr i l ,  May and June of 1967 in 

Valencia seei l l int ;s  r a i s e d  under insec$+free c o n d i t i m s  i n  the  i n s e c t a r j .  

The 10  s e e d l i n , ; ~  t u  be used f o r  each of f o u r  t r ea t r l en t s  were c a r s f u l l y  nstch- 

ed  f o r  s i z e  and condi t ion  and p laced  beneath organdy-covered cages i n  the  

qreenhouse. A l l  i n s e c t s  used i n  the  t r ia l  w r e  c o l l e c t e d  f r o n  greened branch- 

e s  i n  a severely-diseased grcvc of  youn:: t r e c s  on Malkerns R ~ s e a r c h  Sta t ion .  

For treatment one, a d u l t s  of 2. ~ e e a e  were f i r s t  confined i n  the f i e l d  
-*a= 

f o r  2 - 3  day a c q u i s i t i o n  pe r iod  on mature l e a v e s  e x h i b i t i n q  d e f i n i t e  greening 

s p p t o n s .  A f t e r  a c q u i s i t i o n  feeding  a p p r x i n a t e l y  f i v e  males aAld f i v e  fe- 

males were t r a n s f e r r e d  t o  each t e s t  seedl ing  and allowed t o  f eed  fqr 38 clays. 

For the  second treatment,  20-30 young nyr,l;,hal s t a g e s  were t r ans fe red  t o  each 

seedl ing,  allowed t o  f e e d  f o r  26 days, and removed j u s t  p r i o r  t o  t he  f i n a l  

moult. S i x  a d u l t  aphids were p laced  on each p l a n t  i n  t rea tment  th ree ,  l a r p  

progenies  developins in the 64 day exposure perioci. The 1 0  c o n t r o l  p l a n t s  

were kep t  f r e e  of  i n s e c t s .  A t  the  end of  the  exposure pe r iod  t h e  seed l ings  

were sprayed. wi th  i n s e c t i c i d e  and kep t  under insec t r f ' ree  condi t ions  t o  await 

the developnent of qreening sym? tons. 

No c l e a r l y  daf ined  f o l i a r  symptoms had developed by November, 1968, 

some 18 months l a t e r .  Hence bark  shavings were taken frordeach p l en t ,  made 

i n t o  -two c o m p ~ s i t e  samples f o r  each t reatment ,  and screened by the  f luores-  

cenoe t e s t .  Both r e p l i c a t e s  of the  p l a n t s  exposed t o  2. e w t r e a e  nymphs and 

t o  2. citecis& were negat ive  f o r  p e e n i n g ,  as were the  c o n t r o l  seedl ings .  

On the  o t h e r  hand, bark  samples f r o n  seed l ines  exposed t o  a d u l t s  of =!. _e=rza~ 



were strongly posit ive.  I n  addition, Table 29 shows t h a t  there were marked 

growth differenoes i n  the exposed plants ,  the feeding of 2. ~ i t _ r i c i d u _  -. and 

both stages of 2. erytreae apparently reducing seedling growth when compared 

with the control  plants.  

Table 29 Growth differences i n  c i t r u s  seedlings exposed to 2. c i t r i -  
cidus and 2. erytreae. Mean shoot length per  p lan t  - 

T. c i t r i c idus  
G1 -_I__ 

To erytreae-adults 
v- 

In  a repeat  experiment, another batch of 10 seedlings were exposed to  

T. erytreae nymphs from the same source f o r  16 days. Again, f luorescent t e s t s  - 
and f o l i a r  symptoms were negative. 

Migo? ( N O  control  p lan ts  used) 

(1) ,MOalkern~ - I n  June of 1967, e igh t  Valencia seedlings were exposed t o  large 

numbers of 2. erytreae col lected from greened trees.  Seventeen months a f t e r  

exposure f i ve  p lan ts  showed c l ea r  fo1ia.r symptoms of greening. 

(2)  Malkerns - In  order t o  invest igate  possible differences i n  the transmis- 

sion efficiency of adu l t  2.  erytreae according to  feeding s i t e ,  nine Orlando- 

Tangelo seedlings were exposed during October, 1968. One batch of newly-emerg- 

ed adul t s  were confined on young f l u sh  removed from diseased branches, while 

another batch of adu l t s  were confined on mature leaves showing severe green- 

ing  symptoms. One year l a t e r  no greening symptoms were observed in any of the 

t e s t  plants.  

(3)  Lo=&d - Thirty-two seedlings were exposed in a c i t r u s  nursery a t  Tan+ 

benkulu Estates from July to  October, 1968. Though 37.5% of the seedlings be- 

came infes ted with 2. e r y t r ~ a ~ ,  no greening symptoms developed i n  these plants. 

However, when bark samples were taken three p lan ts  were found to  be posit ive.  

(4)  Loweld - Twenty-five seedlings were used t o  support a cul ture  of _T_. s- 
t reae  in a control led temperature room kept a t  18-22°~. The cul ture  origi- - 
nated from insec t s  collected a t  Tambankulu Esta tes  i n  the Swaziland Lowveld. 

Though the seedlings became heavily in fes ted  in the 4-6 months of t h e i r  ex- 

posure, no greening symptoms were observed under these favourable temperature 

conditions, nor was any m r k e r  substance found i n  the bark of these p h t s .  

I n  trial (1)  ca r r ied  out a t  Malkerns a high percentage of p lan ts  becane 

infected showing c l ea r  f o l i a r  symptoms. In  a l l  the other transmission stu- 

dies, including the se r ies  of exposures to  investigate a possible seasonal 

f luctuat ion i n  transmission eff ic iency (see l a t e r ) ,  def in i te  f o l i a r  symptoms 

developed i n  only one plant. However, the bark fluorescence t e s t  did reveal  



a number of posi t ives  among these p lan ts  - three of these in t r i a l  (3)  whose 

p lan ts  had Seen exposed a t  Tanbankulu Esta tes  where greening i s  unknomn, Thus 

e i t he r  the bark fluorescence t e s t  i s  not  r e l i ab l e  when applied t o  the bark of 

1-2 y e a r o l d  seedlings, or  a l a t e n t  s t r a i n  of greening ex i s t s  i n  the Lowvold 

which does not manifest i t s e l f  i n  foliar syuptoms. 

( i i )  Sc3c of other psy-lid species. During the winter of 1966 the 

adul t s  of two psy l l i d  species were found overwintering on c i t r u s  a t  Letaba Es- 

t a t e s  in the northern Transvaal, Both species, Diaphorina punctulata Pettey 

and Diaphorina zebrana (capener MS), were col lected in la rge  numbers from t h e i r  

breeding host, the marula, Sclerocamm caf f ra  Sond., in November, 1966, and 

taken t o  Pretor ia  f o r  transmission t e s t s  to  be car r ied  out i n  collaboration 

with D r .  A.P.D. McClean, Adults were allowed a 3-4 day period of acquis i t ion 

feeding on diseksed p lan ts  and were then confined f o r  a week on t e s t  seedlings 

a t  a r a t e  of 20 adul t s  per plant* By t h i s  method 34 seedlings were exposed 

to 2. punctulata, 32 seedlings to  2, zebrana, and a s  a standard treatment 24 

seedlings were s i n i l a r l y  exposed t o  2, erytreae adults .  By the following 

winter none of the 66 p h t s  exposed to  the two Diaphorina spp. had developed 

greening symptons, whereas 15  of the & plan ts  exposed to  2. e r ~ t r e a e  showed 

unmistakable greening symptons. 

Using similar me tho ds, McClean (196 7, personal communication) was not  

able  t o  achieve transmission w i thg ,  punctulata f ron Rustenburg ex Fagara 

capensis Thunb. and ex Carissa bispinosa, or  with the psy l l ids  Agonoscez sp, 

and a? unnamed brown Diaphorina sp. both ex lancea L.f. 

( i i i )  Seasonal f luctuat ion i n  transnission- efficiency. It i s  recognized 

t h a t  the spread of virus-like diseases i s  dependent on a number of interre- 

l a t e d  factors.  Besides vector density and the degree of host p lan t  infection, 

transmission rimy be influenced by changes i n  the proper t ies  of the pathogen, 

the physiological s ta tus  of the host plant ,  and by var ia t ions  i n  the trans- 

mission eff ic iency of the vector. !Pypically the greening pathogen i s  i r r e -  

m a r l y  dis t r ibuted and spreads slowly within the t r ee  ( ~ c ~ l e a n  et &., 1968). 

Studies have a l so  shorn t h a t  the organism i s  sensit ive to  high temperatures 

and this m y  explain the apparent seasonal f luctuat ion i n  the pathogen con- 

t en t  of infected t r ee s  found by Schwarz (1968b) where the highest  percentage 

of successrul g ra f t  transmissions occurred in the cooler months, Aprfl t o  

August, and the lowest in the ho t te r  months of September to  December and in 

February and March. 

Theso f a c t s  suggest t h a t  there may be a corresponding seasonal fluctua- 

t ion in the transmission efficiency of the vector. Several diseases a r e  

known to  be heat  inact ivated i n  the body of t h e i r  homopteran vectors, f o r  

example a s t e r  yellows in Macqosteles fasci f rons  i n  the hot sunner months 

(~aramorosh, 1953). Moreover, because the nymphs of 2. ervtreae have so f a r  

proved to be non-Wective and the adul t s  seen t o  require acquis i t ion feeding 



to  becone car r ie r s ,  tha  proportion of infect ive  vectors w i l l  depend largely  

on the exact feeding s i t e  of the vector. 2. emtreae  breeds cxclusively and 

feeds pre fe ren t ia l ly  on young f lush  so t ha t  i t  i s  probable t ha t  a t  normal 

population dens i t i es  the proportion of ca r r i e r s  declines when the t rees  have 

been flushing profusely f o r  soue weeks as in ear ly  summer. On the other hand, 

on the semi-dormant t rees  of winter adu l t s  are  forced onto mature leaves and 

twigs whioh have presunably higher pathogen concentrationsr Thus the f i r s t  

adul ts  to  colonize the spring f lush  cycle in ~u ly /Au~us t ,  when mean tempera- 

tures a re  favourable, a re  probably highly infect ive  and carry the disease to  

the new shoots. 

I n  order t o  investigate t h i s  hypothesis, Qght se r ies  of c i t r u s  seedlings 

were exposed to  f i e l d  populationsof z. erytreae in severely greened groves i n  

Malkerns a t  various times of the year. Seedlings f o r  this experiment were 

grown under insect-f'ree conditions and only vigorously-growing plants  were 

selected f o r  exposure. Orlando-Tangelo seedlings were used i n  se r ies  1 and 

se r ies  4-9, Valencia seedlings f o r  se r ies  2 and 3. Ser ies  1-3 were exposed 

i n  the open a t  the study grove a t  Ross Citrus Esta tes  (Fig. 3), and se r i e s  

4-8 were placed in s p a r t i a l l y  shaded posi t ion near the main study grove a t  

Malkerns Research Station. Studies already described showed that the degree 

of geen ing  and population trends of the vector were very similar a t  both 

s i t es .  After exposure the seedlings were sprayed with insect ic ide  and kept 

under insecbf'ree conditions i n  the greenhouse or insectary.  Ser ies  1-7 were 

inspected f o r  greening symptom i n  June and Novenber of 1968. Ser ies  6, 7, 
and 8 were l a t e r  noved to  a cool roon a t  22-2k°C to promote synptom expres- 

sion. Due to  the a lnos t  conplete lack of sympton development the fluorescence 

t e s t  was applied t o  bark samples taken f ron each t e s t  plant. 

The r e su l t s  a re  sunnarized i n  Table 30. By Novenber, 8-16 months a f t e r  

exposure, only one p l an t  had developed good greening symptoms i n  s e r i e s  1-7. 
I n  the June inspection symptom were too nebulous to  enable a r e l i ab l e  diag- 

nosis f o r  greening and were conf'ined t o  s tunting and vein-yellowing, the 

l a t t e r  of whioh had disappeared 3y the following s u r e r .  No greening-induced 

trace elenent deficiencies (mottling), s o  typical  of f o l i a r  symptom i n  the 

Malkerns d i s t r i c t ,  were seen i n  any of the plants.  There was no relationship 

between t h e  p lan ts  showing the i nd i s t i nc t  syqtoms recorded in June, and plants  

found posi t ive  by the bark fluorescence tes t .  Nor was there any correla t ion 

between plants  which supported breeding populations of the vector and those 

found posi t ive  by bark fluorescence. 

Attempts were made to  determine the r a t e  of' transrfission by searching 

f o r  a correla t ion between the percentage of infected p lan ts  ( a s  indicated by 

the fluorescence t e s t )  and the a c t i v i t y  of the vector. It was assuaed t h a t  

because a l l  exposed p lan ts  were flushing vigorously and were thus f a i r l y  

constant i n  a t t ract iveness ,  t h a t  the number of p lan ts  to  support breeding 

populations of the vector a t  the end of the exposure period would be some 



Table 30 R e s d t s  of exposing 8 s e r i e s  of g r e e n i n p f r e e  seedl ings  t o  
f i e l d  popula t ions  of 2. ,erytqe,as, i n  Malkerns. S e r i e s  1-3 
exposed st Ross C i t r u s  Es ta tes ,  s e r i e s  4-8 a t  Malkerns Re- 

search S ta t ion .  Presence of greening determined by the 
bark f luorescence method of Schwarz (1968a) 

Aug 15 - - S e p t  26 -42 25 

Oct 18 - Nov 15 - 28 44 
Dec 8 - 29 - 21 45 

Dec 29 - Jan 30 - 32 48 
1968 Feb 26 - M a r  2 l  - 24 48 

Percent  p l a n t s  
i n f  e  c t e  d *-. - a , - .> -- - 7 r - m  

measure of t he  amount of feeding. Of the  va r ious  r a t i o s  of vec to r  a c t i v i w  

and percentage t ransmission considered, a l l  showed a t r end  f o r  a low rah 

of t ransmission in m i d s m e r  b u t  were exoeedingly var'iable a t  o the r  t i n e s  of 

the  yoar. 

The r e s u l t s  of t h i s  experiment should be regarded as p r e l i n i n a r y  and 

incomplete f o r  the  fol lowing reasons; (1 )  the  absence of c l e a r  v i s u a l  synp- 

toms in the  exposed seedl ings  (2 )  the l a c k  of c o r r e l a t i o n  between i n f e s t e d  

p l a n t s  an2 p l a n t s  shorn p o s i t i v e  by the  f luorescence  t e s t  (3) the absence of 

cont ro ls ,  i.e. unexposed p l a n t s ,  i n  each s e r i e s  (4) the  many v a r i a b l e s  in- 

volved such as d i f f e r e n t  exposure s i t e s ,  and 1enl;th of the exposure period.  

Nevertheless,  t h e  fol lowing v a l i d  conclusions do appear t o  support  the  hypo- 

t h e s i s  t h a t  marked f l u c t u a t i o n s  occur i n  t r a n s u i s s i o n  e f f i c i ency .  F i r s t l y ,  

in t h e  1967-68 season, desp i t e  high v e c t o r  popula t ions  i n  the  surrounding 

trees (1.5 - 2.2 colonies  p e r  10 square f e e t  i n  s e r i e s  5, and 0.2 - 2.0 colo- 

n i e s  p e r  10 square f e e t  in s e r i e s  6), which r e s u l t e d  i n  80.0% and 40.8% of 

the  exposed p l a n t s  becoming inf'ested by breeding populat ions,  the  percentage 

t ransmission i n  midsummer was low - 13.3% and 0.0% respec t ive ly .  Secondly, 

though i r r e g u l a r ,  f a i r l y  high r a t e s  of t ransmission occurred in ~ u g u s t / ~ e ~ t e m -  

b e r  ( s e r i e s  3), ~ c t o b e r / ~ o v e n b e r  ( s e r i e s  4), and March ( s e r i e s  7). 

A similar s e r i e s  of exposures i s  b e i n s  c a r r i e d  out  a t  Malkerns Researoh 

S t a t i o n  i n  t h e  1969-70 season us ing  batches of c o n t r o l  p l a n t s  i n  each se r i e s ,  

and a oons tant  exposure period. A d a i l y  count i s  made of t he  number of a d u l t s  

on each p lan t ,  and all p l a n t s  a r e  kept  i n  a cool  room after exposure. 

( i v )  _Proportion of i n f e c t i v e  i ~ ~ d i v i $ s l s  i n  f i e l d  = n a t i o n s .  This ex- 

periment was designed t o  t e s t  the hypothesis  t h a t  t he  propor t ion  of i n f e c t i v e  

ind iv idua l s  i n  f i e l d  popula t ions  i s  low. 



Orlaiido-Tan,;elo seedlings were specia l ly  @own under insect-free con- 

d i t ions  in Pre ta r ia  by D r .  A.P.D. McClean, transported t o  Malkerns f o r  ex- 

posure t o  the vector, and then returned t o  the ,peenhouse i n  Pret:)ria to  

await the development of greening symptoms. Adults of 2. e w t r e a e  were hay- 

hazardly col lec ted i n  the f i e l d  froiil greened c i t r u s  t r e e s  a t  the Mslkerns 

Research S ta t ion  aLd Ross Ci t rus  Es ta tes  study s i t e s  and imecliately confined 

individual ly  on t e s t  seedlings in the insectary.  Most p lan t s  were f lushing 

a t  the time of exposure, I t  must be s t ressed  t h a t  no acqu is i t ion  feeding 

was given. Between October 8 and December 9, 1968, 127 seedlings were ex- 

posed t o  the feeding of s ingle  adu l t s  of 2.  z t r e a e ,  20 unexposed p lan t s  

a c t i ng  a s  controls .  I n  the f i r s t  57 seedlings exposed, adu l t s  were con- 

f ined f o r  a maximum of seven days and nean of 4.7 days; the rea f te r  adu l t s  

were allowed t o  feed  f o r  a naximum of Uc days with a mean of 11.9 days. 

By December of 1969, twelve months a f t e r  the l a s t  exposure, 17 p l an t s  

had developed possible greening symptons, while a l l  the control  p l an t s  were 

completely healthy. Fron each of the suspect p lan t s  two subinoculations were 

made by D r .  A.P.D. McClean to  confirm the presence of greening. Subinoculating 

onto disease-free seedlings i s  considered a s  a r e l i ab l e  method t o  t e s t  f o r  

greening. Thirteen p lan t s  mere found to  be negative, two were very doubt- 

ful and f r e sh  inoculat ions from the remaining two p lan t s  developoJ c l e a r  

greening synptoi~s. I n  the f i r s t  case yreening had been transmitted by a 

male feeding f o r  s i x  days from October 9-15, i n  the seclmd case by a felnale 

feeding f o r  13 days between N~vember 25 Decenber 8. Both adu l t s  origi-  

nated from the Malkerns Research S ta t ion  s i t e .  Disregarding the two doabt- 

f u l l y  greened plants ,  it i s  indicated t h a t  the proport ion of in fec t ive  adu l t s  

i n  f i e l d  populations of 2. ~y&.-eae a t  Malkerns i n  thc ea r ly  sunner of 1968 

was f a i r l y  low a t  1.6%. T h i s  experiment a l so  showed t h a t  s ingle adul ts ,  both 

males and females, w i l l  transmit the disease. 

(v)  R e  of' spread of greenin,? i n  thc f i e l d .  To study the r a t e  of 

spread of greening i n  the Malkerns d i s t r i c t ,  50 Valencia nursery t r e e s  on 

Rough Lenon rootstock from Tanbankulu Esta tes  were planted out  a t  the Mal- 

kerns Research S ta t ion  i n  Decenber, 1967. Originating i n  the Swaziland 

Lowveld, these t r e e s  were regarded a s  being f r e e  of ~ r e c n i n g  though the 

p o s s i b i l i t y  of l a t e n t  s t r a i n s  must no t  be completely overlooked. The t r e e s  

were well managed and inspected f o r  c o l m i e s  d f  T. ery t reae  a t  weekly o r  
< z. 

fo r tn igh t ly  in te rva l s .  Insec t i c ida l  sprays were appl ied  when populations 

rose above 0.5 - 2.0 colonies per  t r e e  depending on t r e e  size,  t h i s  being 

regarded a s  a p r a c t i c a l  threshold f o r  powers. The t r e e s  were regular ly  in- 

spected f o r  greening symptoms. 

T. g-qtrei~,e- populations exceeded one colony per  t r ee  i n  December, 1968, - 
and i n  September and Pioveinber/December i n  1969. I n  the f i r s t  year a f t e r  

p lant ing out  three i n sec t i c i da l  sprays were required, a d  i n  1969 f i v e  sprays 

were applied. Despite f a i r l y  e f fec t ive  control  of the vector Table 31 shows 



that  nearly half of the t r ee s  had become infected t o  some extent a f t e r  20 

months i n  the f ie ld .  I n  ~ u l y ,  1969, f i ve  t r ee s  were u n m i s t ~ b b l  y greened, 

three showing severe deoline and general stunting. Despite the oocurrence 

of sec tor ia l  symptoms, the growth of the remaining 45 t r ee s  was good. 

Table 31 The spread of greening in to  newly-planted Valencia t r ee s  a t  
Malkerns Research Stat ion 

Date - - Months af t e a a n t i n &  Greening s~mptons 

July 1968 7 2 t rees  with a l i gh t  vein-yellowing 

November 1968 ll. 12  t r ee s  w i t h  s ec to r i a l  l e a f  mottling 

Jm 1969 20 21 t r ee s  with seo tor ia l  l e a f  mottling 
o r  vein-yellowing; 5 t r ee s  c l ea r ly  
greened 

It i s  very l i k e l y  that the olose proximity of greened t r ee s  on two s ides  

of the experimental planting was a major cause in the rapid spread of greening. 

It i s  a l so  t rue  that the heavy and prolonged f lushing of young t r ee s  makes 

them very a t t r a c t i v e  t o  the vector. It i s  probably f o r  these reasons t h a t  

small replantings of healthy t r ee s  a t  Lipa ( ~ h i l i p p i n e s )  and Pokhara ( ~ e p a l )  

have become heavily M e c t e d  within 3-4 months (cat l ing,  1968a). 

4. LOCA'lrrON OF THE ( Z E R X W G  PATHOGEN I N  THE VECTOR 

I t  i s  highly probable that the greening pathogen multi2lies i n  the body 

of the vector and i s  thus present i n  f a i r l y  high concentrations i n  infeoted 

adults. I n  collaboration with other research workers, two small-soale at- 

tempts were made t o  i so l a t e  the pathogen from the exoised sal ivary glands 

of 2. ervtreae adul t s  by e lectron miorosoopy methods. Both attempts proved 

unsuooessful. 

M n g  in Bouin's solution and s ta ining with borax oarmine revealed the 

preaenoe of large, globular sa l ivary glands i n  the prothorax of the adu l t  on 

e i t h e r  side of the suboesophagial ganglion. For excision, amesthet ized adu l t s  

were f ixed to a layer  of wax i n  a Syracruse watch glass and the sal ivary glands, 

together with the suboesophagial ganglion, dissected out i n  sa l ine  solution 

with a p a i r  of f i n e  tweezers. 

The first attempt was made i n  November, 1967, i n  collaboration with 

Prof. A.H.P. Engelbreoht of the Department of Botany, Pre tor ia  University. 

Infected and non-infeoted adul t s  from Malkerns were dissected a t  Pretor ia  and 

the exoised t i s sue  f ixed and embedded immediately. No pos i t ive  r e s u l t s  were 

obtained. 

A seoond attempt was made in February, 1969, when 30 p a i r s  of excised 

sal ivary glands were sent  t o  Dr .  J.M. ~ o v e '  of tho I n s t i t u t  Francais de Re- 

oherohes Fruit i&es Outre Mer ( I.F.A. C. ), Versail les,  E'rance. Non-infeoted 

adul ts  were taken from the cul ture  room a t  Malkerns Researoh Station, and 

infeoted adul t s  were obtained by confining insec t s  from the same sourae on 



Table 32 R e s u l t s  of chrometographic s t u d i e s  on e x t r a c t s  of 2. e ry t r eae  a d u l t s  from var ious  sources.  
T r i a l  1, paper  chromatography; t r i a l s  2-7, t h i n  l a y e r  chronato,~raphy. I - V  - nymphal i n s t a r s  
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diseased seedlings f o r  16 days i n  the cu l tu re  room. The sa l ivary  glands plus  

suboesophagial ganglion were f ixed  i n  a glutaraldehyde solution plus  phosphate 

buffer, and post f ixed i n  osmium te t roxide  - both s teps  being ca r r i ed  out  in 

ice. The t i s sue  was then placed i n  70% ethanol p lus  .a sucrose and sen t  by 

a i r  t o  Versai l les  f o r  embedding and e lect ron nicroscopy study. The r e s u l t s  

were again unsatisfactory,  due e i t h e r  t o  the method of f i xa t i on  o r  the unavoid- 

able time which elapsed betweer, f i xa t i on  and embedding. 

5. DETECTION OF GREENING --- MAFEER SUBSTANCES I N  THE VECTOR 

Sohwarz (1965b; 19688) discovered a speci f ic  f luorescent  marker sub- 

stance of diagnostic value i n  the fruit  and bark of greening-infected c i t r u s  

trees.  Small-scale tr ials using s imi lar  methods of ext ract ion and detection 

were made t o  determine whether this substance, o r  a closely-related deriva- 

t ive ,  i s  present  in the i n sec t  vector. 

Adults and nymphs of 2. e w t r e a e  were col lec ted i n  the f i e l d  o r  taken 

from laboratory cultures,  anaesthetized, placed i n  a su i t ab le  solvent, and 

macerated i n  an embryological watch glass. Ether appeared t o  be a superior 

solvent  to d i s t i l l e d  water, o r  9% e thy l  alcohol. Af te r  evaporating a t  40%, 

0.5 ml d i s t i l l e d  water was added t o  the residue and the new solut ion e i t h e r  

spotted onto Whatnan NO. 1 f i l t e r  paper f o r  paper chromatography, o r  onto 

t h i n  l aye r  chronatographio p l a t e s  a s  described by Schwarz (1968a). The chro- 

matograms were developed f o r  two hours with n-butanol, dried, and examined 

under an u l t ra -v io le t  lanp having 95% of the rad ia t ion  a t  365 y. 

The r e s u l t s  of .seven trials a r e  shown i n  Table 32, The narker substance 

present  in c i t r u s  t i s sue  a t  Rf .08 - .O9 was not  found i n  ex t r ac t s  of the vec- 

tor. No consis tent  differences were found i n  the chromatographic p ro f i l e s  of 

infectBd and non-infected adu l t s  of - T. erytreae. However, a  f a i r l y  consis- 

t e n t  pa t t e rn  of three f luorescent  spots was present  a t  R f  values of .17 - .20, 

027 - m35, 051 - 058. 

A rap id  and r e l i ab l e  method of screening vector  adu l t s  f o r  i n f e c t i v i t y  

would c l ea r l y  be of immense p r ac t i c a l  value. Therefore, although the above 

preliminary t r ials  f a i l e d  t o  de tec t  a  su i t ab le  marker substance i n  the body 

of the vector, it would be advisable t o  continue the search using new nethods 

of ext ract ion and detection. 

CONTROL OF THE VECTOR 

It appears unl ikely  t h a t  2. eryt reae  w i l l  be control led  biological ly ,  

Being the vector  of a virus-like disease, populations must be held  a t  f a i r -  

l y  low dens i t i e s  a t  a l l  times. No micro-organisms appear t o  be associated 

with the i n sec t  and s tudies  a t  Msrlkerns indicated t h a t  predator a c t i v i t y  i s  

r e l a t i ve ly  ins ign i f i can t  a t  the start of a population build-up. Catl ing (1969b) 

found that although two primary pa r a s i t e s  cons i s ten t ly  a t t a ck  the more advanced 



nymphal stages, t h i s  does no t  prevent the extremely fecund in sec t  from regu- 

larly surging t o  high population dens i t i es  on the growth cyoles of ea r ly  sum- 

mer. Typically a t  the start of eaoh f i e l d  generation 7040% of the population 

i s  present in the non-susceptible egg and young nymphal stage. Unfortunately, 

egg paras i tes  a r e  unknown i n  the Psyllidae. 

Kaloostian (1968) attempted the chemosterilization of males of the pear 

psylla,  F'v11a ~ . v i c o l a  Forst., with tepa. The treatment caused a high mo- 

tali* i n  the males, but in the following generation produced by the sunri- 

vors there was a marked reduction i n  egg hatch, Chemosterilization i s  a new 

approach in the control  of psy l l ids  and more basic work w i l l  be required be- 

fore effect ive  measwes a r e  devised. 

Henae the control  of 2. erytreae depends mainly on the effeot ive  use of 

inseotioides, (cat l ing,  1969d) though amording t o  Broadbont (1957) the use 

of inseotioides has often f a i l e d  t o  control  the inoidenoe of v i rus  diseases 

even though veotor populations were apparently severely reduced. Another dis- 

quieting f a c t  i s  the report  t h a t  g. -c& has developed resistance t o  o+ 

ganophosphorus insect ic ides  i n  Israel ,  and t o  several  powerful modern inseo- 

t io idos  i n  the U.S .Ae, including parathion and dimethoate (Anonymous, 1967). 

( i )  P r e l i i w r y  soreengg  of insecticides.  A -a- L*_- !?he following materials were 

tes ted  a t  standard r a t e s  aga ins t  a l l  stages of 2. strere on seedlings in the 

inseatary - Temik (UC 2ll&9), parathion, malathion ( mercap tothion), endosul- 

phan (~hiodan) ,  dinethoate (Fiogor), mineral o i l  (Alboleun), m d  lime sulphur. 

All materials gave some degree of control, the most effeot ive  being dimethoate, 

endosulphan and parathion - which corresponds with the o f f i o i a l  South m o a n  

reoommendations ( ~ e t t e y  e t  a;., 1968), O f  these parathion was not  considered 

f o r  fk r ther  t e s t i ng  because of i t s  genaral hazards and detrimental effect  on 

beneficial insects,  and endosulphan because of i t s  high oost. The preliminary 

tests showed dimethoate t o  be extremely effect ive  against  eggs and qymphs f o r  

a s  long a s  15 days. Lime sulphur was a l so  promising and was included in sub- 

sequent f i e l d  trials. 

( i i )  - S o i l - a p p l i e ~ s t e m i o s  - vs f o l i a r  s p r a z .  During the ear ly  summer of 
-m- __Tea-* -*. 

1967 two soi l -appl ied systemio materials  were oompared with insec t ia ides  ap- 

p l ied  a s  f o l i a r  sprays i n  a grove of mature Navel oranges (mean omopy area  

250 square f e e t ) i n  the Malkerns d i s t r i c t .  Treatments consisted of yhorate 

 h hi met 16 granules) a t  227 g r a  and 456 gram per  t ree;  Temik 10 G granules 

a t  227 gram per  tree;  lime sulphur a t  .3% a.i. (aotive ingredient,) and di- 

methoate W.P. (Fiogor 2 0 ~ )  a t  .02$ a.i. The granular materials  were l i g h t l y  

worked into the olean t r ee  basin and watered, while f o l i a r  sprays were applied 

a s  a thorough aover spray with a standard power sprayer a t  500 p.s.i. Blooks 

of three t r ee s  were used f o r  each treatment with a t  l e a s t  one t ree  aot ing a s  

a ba r r i e r  between treatments. 
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The effectiveness of the inseoticides was mainly assessed by studyine 

mortali ty in three successive s e r i e s  of & s i t u  counts. Beginning in the egg 

o r  young nymphal stage, l i v e  insec t s  in taggedx. e v t r e a e  colonies were oounG 

ed a t  weekly in te rva l s  u n t i l  the completion of nymphal development. Where 

densely orowded, eggs and young nymphs were oounted in tens. Table 33 sum- 

marizes the r e su l t s  of the three se r ies  of counts. 

After  applying the angular transformation, a s t a t i s t i c a l  analysis  was 

made on the survivals recorded i n  the f i r s t  two post-application counts i n  

se r ies  1 and 2. Transformed standard e r rors  appear below. 

I n  s e r i e s  1 dimethoate gave complete control  of egg and nymphal stages, 

mortality of eggs being significant on September 5 at the 1% leve l  (s.E. _+ 
15.78), and of nymphs on August 29 and September 5 a t  the 01% leve l  (s.E. & 

7.73 and 5 8.79). Lime sulphur was ineff'ec t i ve  a&ains t the eggs and though 

it produc6d a signifioant reduction in the nymphal population on August 29 

and September 5, it was c l ea r ly  i n f e r io r  t o  dimethoate. With the excep t i cn  

of Temik which on August 29 produced a s ign i f ican t  mortali ty of nymphs a t  the 

1% probabi l i ty  l e v e l  (s.E. - + 9,69), none of the s o i l  t reatnents  were effective. 

Ser ies  2 considered the eff'ect of s o i l  treatments only. The steep decline in 

survival  in a l l  treatments between September 26 and October 3 was a t t r i bu t ed  

to the adverse e f f ec t  of three days when the saturation d e f i c i t  exceeded 26 mm 

Hg, suoh extremes being l e t h a l  t o  eggs and f i r s t  i n s t a r s  (cat l ing,  19690) . 
Nevertheless, there  appeared t o  be some neasure of control  by phorate a t  456 
g r a m  and by Temik, both treatments being s ign i f ican t  on September 26 a t  the 1% 

probabil i ty l eve l  (S  .E. _+ 9.85 and & 10.49). Though unfavourable weather and 

the a c t i v i t y  of natural  enemies severely affected the survivals reoorded in 

ser ies  3,  i t  i s  c lea r  tha t  there was l i t t l e  o r  no e f f e c t  from the s o i l  treat-  

ments. 

Fopulations of 2. e y t r e a e  were f a i r l y  high in t h i s  grove during the 

period of the trial, new egg colonies appearing on f lush  points  i n  the ex- 

perimental trees. Counts in a four  foo t  band around the canopy of each ex- 

perimental t r e e  21 and 64 days after applioation of the insect ic ides  showed 

no obvious differences i n  the degree of in fes ta t ion  between treatments. 

( i i i )  - Folier  sprays of dimethoate. --. Three separate f i e l d  t r i a l s  were 

oarried out between September and Dece~~ber, 1967, a t  Malkerns Research Sta- 

t ion  tes t ing  lime sulphur (once) and several  concentrations of dimethoate 

W.P. Ten 2. ewt reae  colonies were marked i n  the egg or  nymphal stage f o r  

each treatment and the insect idides  were applied with a power sprayer a t  

400 p.s.i. Frespray and intermediate postspray counts were made with a hand 

lens, while final c ~ u n t s  were usually made under a stereo-mioroscope. I n  

one trial spraying water on the control  t r ee s  did  not  a f f e o t  the survival  

o r developnent of the immature stages. 



From Table 34 it i s  c l e a r  t h a t  dinethoate gave outstanding c o n t r o l  o f  

eqgs and nymyhs a t  concentrat ions between .01$ and .02$ a.i. and of nynphs 

a t  concent ra t ions  a s  low a s  .0025$ a. i ,  Lime sulphur a,:ain qave no s i g n i f i -  

c a n t  con t ro l  of egj;s. 

I n  a s i m i l a r  t r ia l  wi th  th ree  colonies  p e r  t reatment  comprising 1022 

insec t s ,  dinethoate w a s  shown t o  be e f f e c t i v e  a g a i n s t  eggs a t  .01$ and .0025$ 

a.i. (Fig. 37). 

Table 34 Combined r e s u l t s  of 3 f i e l d  t r i a l s  t o  c o n t r o l  eggs end nynphs 
of T. e ry t r eae  by f o l i a r  sprays. Abbottl s (1925) fornula  was 
use; as a co r rec t ion  f o r  n a t u r a l  n o r t a l i t y .  E - eggs; 
N - nymphs 

I 
I : F i n a l p o s t -  ; 

Trea t n e n t  1 Prespray count , spray count ( Peroent  

I no. i n s e c t s  j no. l i v e  nymphs c o n t r o l  -- - =  - - -  -w 

! 
Dinethoate .020% a,i.  I 3928 E & N , 0 i 100.0 

1 I 

Dinethoate .015$a.i. 3 7 9 9 E & N  , 0 
1 

100.0 

Dimethoate .010$a.i. 6 9 3 5 E d N  0 s 100.0 
! 

Dine thoate  .005% a. i. ' 1387 N 
i 

0 
I 1 100.0 

2141 N I 
Dine thoate  .0025$ a.  i. 

1 1 
1 i 99.9 

I Lime sulphur .3& a.i. I 1360 E 
I 

360 j 34.8 
+ wet te r  I ! I 

I 
I 5266 E & N 1 3291 Control  - 

( i v )  Laboratory t r i a l s  with dinethoate.  Dip t e s t s .  To i n v e s t i g a t e  the  

mode of a c t i o n  on the nymphal s tages,  small s c a l e  dip t e s t s  were c a r r i e d  ou t  

wi th  dimethoate W.P. a t  .0$ a , i .  Untreated o o n t r o l s  were used i n  each t r i a l  

and a l l  counts were made under a stereo-clicroscope. 

The f i r s t  two trials were e s s e n t i a l l y  t e s t s  of  t he  con tac t  a c t i o n  of the  

i n s e c t i c i d e .  I n  the  f i r s t ,  us ing  a d ip  t e s t  method described by Coates (1969) 

i n  which o r g a n i s m  a r e  a f f i x e d  t o  adhesive t q e ,  f i f t h  i n s t a r  nynphs were dip- 

ped f o r  f i v e  seconds. S i x t p e i g h t  hours a f t e r  dipping a l l  of the 40 t r e a t e d  

nymphs mere dead, while 22 of the 40 undipped nymphs were a l ive .  I n  the se- 

cond t r i a l ,  i n  which nynphs i n  s i t u  on a l e a f  were dipped f o r  f i v e  secands, a l l  

of the 55 f i f t h  i n s t a r s  mere dead a f t e r  21 hours, whereas 6 ~ d  of 21 nyuphs on 

un t r ea t ed  leaves  were s t i l l  a l ive .  I n  the f i n a l  t r i a l  a conparison was inado 

between eneming  the e n t i r e  l e a f  and p a i n t i n g  the upper surface of t he  l e a f  

on the opposi te  s ide  t o  the  nynphs. A f t e r  21 hours 86% of  236 dipped nyuphs 

and 78% of 180 nynphs on the  pa in t ed  l eaves  were dead (most of t he  surv ivors  

were c l e a r l y  succumbing t o  the  i n s e c t i c i d e ) ,  while only 2@ of 164 un t rea t ed  

nynphs had died. A f t e r  45 hours su rv iva l s  were 0.0, 0.6 and 48.8% respec t ive ly .  

The th ree  t r ia ls  show t h a t  d ine thoate  possesses  both  a con tac t  and sys- 

t e n i c  a c t i o n  a g a i n s t  2. e ry t r eae  nymphs tho systeniic a c t i o n  being nore rapid.  



Control of adults. Dimethoate B.P. a t  .01% a.i. plus mineral o i l  was 
-----. 

tes ted against  adul ts  confined on c i t r u s  seedlinss in the insectary. Adults 

collected in the f i e l d  were allowed t o  es tab l i sh  themselves on &?sprayed seed- 

l ings  f o r  2& hours, and were then e i t he r  spraycd d i rec t ly  o r  carrerully trans- 

ferred t o  a newly-sprayed plant. After 2J+ hours there was no survival of 76 

adul t s  on the sprayed plants and an 887% survival of 60 adul ts  on the unsprayed 

plants. 

(v) D i scus s i s .  Choice of insec.tici&r The s o i l  systemics Teuilc and 

phorate gave poor control  of the egg and nymphal stages of x r  a t  the 

application r a t e s  tested. Though higher ra tes  of Temik ( 2  pounds per  t ree )  

have been found effective against  nymphs (de Vi l l i e r s ,  E.A., 1969 personal 

communication), these materials cannot be recommended. Besides being expen- 

sive and extremely toxic to  mammals, many s o i l  systemics, including Tenik, 

have been found l e t h a l  t o  predacious coccinell ids on c i t r u s  ( ~ r t e g a ,  1967). 

Dinethoate ( ~ o g o r  20 W) was found t o  be outstanding f o r  2. ervtreae con- 

t ro l .  Possessing both systemic and contact  action it proved effect ive  against  

adul ts  a t  .01$ a.i. and against  eggs and nymphs a t  .0025$ a.i., such low con- 

centrations being r e l a t i ve ly  inexpensive. I n  bioassays a t  .04% and .075$ a.i. 

Searlo (1965) and Rosen (1967) found dimethoate to  have an adverse a f f ec t  on 

c i t r u s  parasites.  A t  the concentrations recommended f o r  2. control, 

namely -01% and .00%, and with the addit ion of $ - mineral o i l  which re- 

duces the initial tox ic i ty  of dimethoate ( ~ e a r l e ,  1965), no disturbance was 

observed i n  a.n in tegrated control  g o v e  where three sprays of dimethoate were 

applied in the 196&69 season. Neither was tho a c t i v i t y  of 2. m e %  para- 

s i t e s  seriously affected i n  any way, Tetras t ichus  radiatus Vaterston and A&- 

d e n c ~ t u s -  Annecke emergkg normally from pupae on leaves sprayed with - 
dimethoate a t  -01% a.i. Citrus aphids, which frequently occur with 2. streai. 
on young flushes, were e f fec t ive ly  controlled with dimethoate a t  .005% a.i. 

Time o_f__application. It i s  always d i f f i c u l t  t l ,  a ssess  the economic 

threshold leve l  of insec t  vectors. But high populations of 2. e r y t r - 2  which 

a r e  always r e l a t ed  t o  growth cycles of c i t ru s ,  cannot be tolerated a t  any tine 

of the year and should be prevented through 2dequate control measures. Popu- 

l a t i o n  explosions of the order encountered i n  one grove i n  Malkerns i n  ~ilid 

September, 1967, where a f i ve  minute suction ssnple around the t ree  canopy 

yielded 5,385 adults, a re  par t i cu la r ly  dani;erous. I n  generd  the most c r i t i -  

c a l  periods f o r  control  would seem t o  be j u s t  before and during the main 

growth cycle i n  spring when the vector i s  capable of surging t o  high dens i t i es  

and i s  presunably a t  i t s  most e f f i c i e n t  a s  a disease transmitter. 

propramme_. The following spray programe i s  recommended f o r  the 

control  of 2. 5rytreae in the Mdkerns d i s t r i c t  (cat l ing,  19698):- 

1. A full cover spray of dine thoate a t  .01% a.i. plus &% nineral  o i l  
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in the f i r s t  rne~lc-of July to  reauce the overwintering population. 
Q_* 

(~ imethoa te  requires a &clay safety period before 

2. A second application of dimethoate a t  .005% a.i. plus $$ nineral  

o i l  i n  August o r  Septenber when the bulk of the m i n  generation 

on the spring growth cycle i s  i n  the young nymph stage. The exact 

time of application w i l l  depend on the timing of the f lush  cycle 

and l eve l  of in fes ta t ion  so t h a t  each grove should be judged sepa- 

rately.  

3 Further applications of dinethoate a t  .005% a.i. during the Novem- 

berbeoember f lush  cycle ( o r  a t  other times of the year) w i l l  de- 

pend on population l eve l s  shown by orchard inspections. 

During the 1968-69 season the above programme was applied t o  a block of 

50 mature t rees  near the unsprayed study s i t e  a t  the Malkerns Research Station. 

I n  the sprayed block 20 t r ee s  were selected a t  random f o r  fo r t .dght ly  vector 

assessments and f l u sh  aounts. Flushing rhythn was very similar i n  both s e t s  

of t r ee s  and there was no indicat ion of any meaningful differenoe in l eve l s  

of parasitism. Fig. 38 compares population dens i t i es  in the sprayed and un- 

sprayed trees. Populations recorded a t  the s t a r t  of the build-up i n  August 

and during the two main upsurges were analysed a s  a t i ne  sequence using the 

pooled e r ro r  derived from an individual analysis  o f  variance of data c o l l e o b  

ed on eaoh date. A log  (x  + 1) transformation was used. 

T. erytreae populations were considerably lower i n  the sprayea t r ee s  from - 
July t o  Ootober and during the September peak densi t ies  were about one seventh 

of those recorded i n  the sprayed block. The Ju ly  spray appeared t o  be effec- 

t i ve  i n  checking the spring upsurge, populations i n  the sprayed t r ee s  being 

s ignif icant ly  lower on August l.4, Se~ternber 11 and September 25. Following 

the September spray environmental fac tors  conbined t o  cause a general popula- 

t ion  decline i n  October and November. With the advent of more favourable con- 

d i t ions  in December a sharp population build-up took place in both s e t s  of 

trees,  the t h i rd  spray being applied about two weeks too l a t e  t o  prevent the 

Fig. 37 XfYect of dimethoate on the eggs of 2. erytreae. Trial conduotsd 
in February, 1968, application with knapsack sprayer 

E'ig. 38 Populations of 2. erytreae i n  sprayed and unsprayed t r ee s  a t  Mal- 
kerns Research Stat ion during the 1968-69 season. Arrows indicate  
the application of sprays. Mineral o i l  a t  added to  a l l  sprays. 
( 1  July  1 - dimethoate .Ol% a.i. (2)  Sept 25 - dimethoate .005% a.i. 
( 3  1 Dec 12  - dimethoate . oo~% a m i .  Populations were s ignif icant ly  
d i f fe ren t  a t  the 5% probabiliky leve l  on Aug Uc, Dec 19, and Jan 2; 
a t  the .1% probabi l i ty  l eve l  on Sept 11, 25, and Oct 10. Pooled 
S.E. of means = .0735. L.S.D. P = 5% .16; P = .1% .34 



development of f a i r l y  dangerous populations. However, dens i t i e s  remained sig- 

n i f i c an t l y  lower i n  the sprayed t r e e s  and by the end of Jmuary  both popula- 

t ions  declined t o  to lerable  l eve l s  f o r  the r e s t  of the summer. 

It must be emphasized here t h a t  although the spring parathion spray 

adopted by many growers gives a good k i l l  of 2. ewt r eae ,  i t  i s  usually di- 

rec ted  primari ly agains t  the other  members of the spring pe s t  complex and as 

such i s  of ten  appl ied  too l a t e  t o  prevent high populations of 2. e w t r e a e  in 

August and September. However, i f  ca re fu l ly  timed the parathion spray could 

replace the second dimethoate spray in the above programme. 

Due t o  t h e i r  vigorous and prolonged flushing, young trees o r  heavily 

pruned t r e e s  frequently support high and pe r s i s t en t  populations. Newly plant- 

ed t r e e s  a t  Malkerns Research S ta t ion  a r e  sprayed with dimethoate a t  .01% a.i. 

p lus  @ mineral o i l  when inspections show a mean of 0.5 colonies pe r  tree. 

The importance of f lushing rhythm in regula t ing vector populations should 

be borne in mind a t  a l l  times. Where possible cu l t u r a l  pract ices ,  e spec ia l ly  

i r r iga t ion ,  should encourage winter t r e e  dormancy and well-defined f lushes  i n  

the summer (Catling, 1969a). 

7. -I- SUMMARY 

1. Greening became epiphytotic in the Malkerns d i s t r i c t  of Swaziland i n  

the ea r ly  n ineteen-s ixt ies  and has since been a severe l im i t i ng  f a c t o r  t o  c i t r u s  

production. I n  Malkerns the disease causes a decline in growth, premature f r u i t  

drop, and a l a rge  proportion of unnarketable f r u i t .  Apart from one small pocket 

of infected t rees ,  no cases of clearly-defined v i s i b l e  greening a r e  known in 

the Lowveld region, though the presence of a l a t o n t  s t r a i n  i s  no t  unlikely. 

Intermediate between Middle- and Lowveld i s  Ngonini where f a i r l y  low but  po- 

t e n t i a l l y  dangerous l eve l s  of the disease occur. 

2. Transmission s tud ies  showed 2. eryt reae  t o  be the p r inc ipa l  vector 

of greening i n  Malkerns. No transmission was obtained with the nymphal stages 

of this vector, o r  with the black sitrus aphid, 2. c i t r i c idus .  Four o ther  

p sy l l i d  species, two of which may feed on c i t r u s  f o r  extended periods, were no t  

found t o  be vectors. Preliminary invest igat ions  suggested a seasonal fluctua- 

t ion  i n  the transmission e f f i c iency  of 2. zryt reae ,  highest  eff iciency occurring 

i n  spring and ea r l y  summer and lowest ef'f'iciency i n  midsummer. The percentage 

of inf'ective individuals  i n  f i e l d  populations was found t o  be low (1.6%), but  

s ingle  adults ,  both male and female, t ransmitted the disease t o  c i t r u s  seedlings. 

Greening spread t o  new plant ings  within 3-7 months i n  heavily-infected areas. 

3. First attempts t o  i s o l a t e  the causal  organism from the sa l iva ry  

glands of in fec ted  vectors were unsuccessf'ul. Preliminary t e s t s  d id  not  re- 

veal  the presenoe of a de f i n i t e  marker substance of diagnostic value i n  infect -  

ed individuals. 



4, The con t ro l  of 2, 2r~&r,e,62 depends on the  use of i n s e c t i c i d e s .  

F o l i a r  sprays were found t o  be nore e f f e c t i v e  than  so i l -appl ied  systemic m- 

t e r i a l s .  A low concent ra t ion  of dimthoat:,, which i s  r e l a t i v e l y  inexpensive 

and s a f e  t o  use i n  an  integrated programne, was found t o  be ~ f f c c t i v e  a g a i n s t  

a l l  s ta t ;es  of the  vector .  A spray gropaihae based on 2-3 sprays  of dirnethsate 

was shorm t o  c o n t r o l  vec to r  popula t ions  provided t h a t  a p p l i m t i o n s  were carc-  

f u l l y  timed dur ing  the f l u s h i n g  period.  



SECTION C 

Observations on Diaphorina c i t r i  Kuw . 
1. INTRODUCTION 

Diaphorha  c i t r i  Kuw. has been recogrhzed a s  a ser ious  p e s t  of c i t r u s  f o r  - 
the p a s t  50 years. It was recorded a s  a dangerous p e s t  i n  Asia by Crawford 

( lg lg ) ,  i n  Ind ia  by Husain & Nath (1927), i n  southern China by Hoffma.nn (1936), 

and according t o  Dr .  Clare R. Baltazar  (personal  communication, 1968) has been 

a p e s t  of c i t r u s  i n  the Phil ippines since 1921. 

It appears t h a t  toxins a r e  introduoed i n t o  the p l a n t  during the feeding 

of 2. -.- c i t r i .  Nakadaira C& &., (1964) found that the i n s e c t  produces irregu- 

l a r ,  yellow feeding spots  on leaves. I n  the Punjab, Husain & Nath (1927) re- 

p ~ ~ r t e d  that l a r g e  numbers of g. c i t r i  cause branches t o  ' d ry  up1, t h a t  two 

seasons of high populations cause extensive dieback, and t h a t  a t h i r d  suc- 

cessive outbreak may kill e n t i r e  t rees.  Ahmad (1961) repor ted  that high popu- 

l a t i o n s  may reduce o i t r u s  y i e l d s  by as much a s  90% i n  some areas  of western 

Pakistan. Exceptional outbreaks have been observed to cause blossom and fruit- 

l e t  drop i n  the Batangas Province of the Phi l ippines  ( ~ e l i n o ,  C.S., 1968, per- 

sonal communioation) . 
Like 2. erytreae,  however, the present  s igni f icance  of 2. c i t r i  l i e s  main- 

l y  i n  i t s  a b i l i t y  t o  transmit  the causal  organism of the greening o r  l e a f  m o t 6  

l i n g  disease. I n  1965 Tirtawadjaja e t  ald,  demonstrated that the vein-phloem 

degeneration disease of Indonesia i s  transmitted by g. c i t r i .  Sal ibe & Cortez 

( 1966) c i t e d  preliminary evidenoe t h a t  this p s y l l i d  i s  the vector  of Phil ippine 

leaf  mott l ing and t h i s  was l a t e r  oonf'irmed by Celino 9 &., (unpublished re- 

p o r t  of I-966), and Martinez & Wallace (1967). I n  India, Capoor & &., (1.967) 

have shown convincingly that 2. ---, c i t r i  i s  a n  e f f i c i e n t  vector  of greening. I t  

i s  a l s o  believed t o  transmit the l ikubin  disease of Taiwan (SU & Matsumoto, 

1969) and probably greening i n  Braz i l  ( ~ o s s e t t i ,  1969). 

The greening-leaf mott l ing disease has had a ca tas t rophic  e f f e c t  on c i t r u s  

in a number of countries i n  Asia and the Far East. Fraser  et &., (1966) con- 

cluded that greening i s  the major ceuse of  the general decline of c i t r u s  i n  

many p a r t s  of India. Aocording t o  Thrower (1959) there has been a v i r t u a l  col- 

lapse  of the c i t r u s  indust ry  i n  Indonesia due to  a disease which strongly re- 

sembles greening and which was l a t e r  named vein-phloem degeneration. It w i l l  

be shown l a t e r  that the disease i s  p a r t i o u l a r l y  severe i n  the ~ a t a n ~ a s  a rea  of 

the Phil ippines,  and t h a t  i t  occurs i n  severa l  o ther  countr ies   a able 36). 

Excellent  d e s c r i p t i ~ n s  of the symptomology of Indian greening and Phi l ip-  

pine leaf  mott l ing may be found i n  recent  papers (Fraser  e t  al., 1966; Sal ibe  

& Cortez, 1966, and Martinez & Wallace, 1967). I n  Asia and the Far Eas t  recog- 





n i t i o n  of the d isease  from symptc;ns alone i s  o f t e n  d i f f i c u l t ,  Very s in i -  

lar  l e a f  symptoms i,lay be caused by a  wide v a r i c t y  of f a c t o r s  varying f r tm nu- 

t r i t i o n a l  d i so rde r s  t ! ~  the presence of o the r  ciiseases such as r o o t r r o t s  and 

gunmosis, and even o the r  v i r u s  d i seases  such a s  t r i s t e z a  and exocor t i s .  Hence 

t i s s u e  g r a f t s  and i n s e c t  t ransmission s t u d i e s  a r e  o f t e n  necessary before a  re- 

l i a b l e  diagnosis  can be made. 

A review of the  l i t e r a t u r e  r evea l s  that the re  has been l i t t l e  s i g n i f i c a n t  

study on the biology o r  e c o l o ~ r  of 2. s ince  the work of Husain Nath 

i n  I n d i a  (1924, 1927). Those authors  a l s o  inc luded a d e t a i l e d  desc r ip t ion  of 

a l l  s tages  of the  i n s e c t  (1927). The information given i n  t h i s  s e c t i o n  i s  

based mainly on the  papers  of Ca t l ing  (1968a, 1970). 

2. BIOLOGY OF Q. CITRI 

The fol lowing observat ions on the  biology of 2. c i t r i  in the  Ph i l ipp ines  

a r e  i n  general  agreenent  with Husain & Hath (1927). Fig. 39 snows a l l  s t ages  

of the  inseot .  

The egg i s  0.3 mrn i n  length ,  ye l lw i sh -o ranqe  i n  colour,  and i s  f i r n l y  

anchoured i n t o  the  p l a n t  t i s s u e  by neans of a s h o r t  s t a l k ,  Eggs a r e  l a i d  

on the  t i p s  of yrowing shoots  and i n  l e a f  a x i l s  where they appear t o  be we l l  

p laced  t o  r e s i s t  unfavourable extremes s f  weather. The nyilphs a r e  sna l l ,  dorso- 

v e n t r a l l y  compressed, w i  t n  the ~ e n e r a l  appearance a f  unarnoured sca l e s ,  wi th  

which they a r e  o f t e n  conhsed .  They develop deep r e d  c o n p ~ u ~ d  eyes and dark 

antennae. Xymphs s e t t l e  on the  s t e n  and l o a f  p e t i o l e s  of young shqots  and 

when overcrowded nove d m n  the shoot b u t  a r e  r a r e l y  found on na ture  fo l i age .  

The developmental s t ages  a r e  thus aggregated i n t o  d i s t i n c t  co1:mies. The f i v e  

i n s t a r s  r ay  be r e c o q i z e d  by s i z e  d i f fe rences ,  the  shape of t he  developing wing 

buds, and by the arrangenent  of t h e i r  do r sa l  t ho rac ic  s c l e r i t e s .  

The newly-emerged a d u l t  i s  approxina te ly  2.4 im i n  length, d e l i c a t e  and 

l i g h t  i n  colour.  A f t e r  a  few days, in which the re  i s  a darkening in colour ,  

a d u l t s  copulate  and the  f ena le  i s  then a b l e  t o  l a y  f e r t i l e  eggs inlmeiliately. 

Adults  a r e  normally a c t i v e  i n s e c t s  which juilp a t  the  s l i g h t e s t  provocation. 

They f l y  s t rongly  f o r  a few seconds before  a l i g h t i n g  near  t o  t h e i r  take-off 

point .  Under normal condi t ions  they appear t o  d i spe r se  weakly and a r e  inca- 

pable of sus t a ined  f l i g h t .  There i s  no diapause, Adults  m y  l i v e  f o r  s eve ra l  

months e s p e c i a l l y  when t h e i r  h o s t  p l a n t  i s  semi-dornant ( ~ u s a i n  & Nath, 1927). 

Feeding produces no nalformation of p l a n t  t i s sue .  The sex r a t i o  of 518 a d u l t s  

Fig. 39. Diaphorina c i t r i  Kuw, A-egg; B-five nymphal ins- ta rs ;  C-adult 
female i n  feeding  pos i t ion .  A l l  s t ages  t o  same sca le ,  Drawn from 
freshly-preserve6 s p e c i m n s  i n  alcohol .  del.  H.D. Ca t l ing  



co l l ec ted  a t  various p laces  i n  the Phi l ippines  was 44.8% males. Faeces i s  i n  

the form of  white threads of honey-dew which acoording t o  Husain & Nath (1927) 

may support a black soaty mould fungus. 

Egg-laying i s  s t rongly  influenced by the a v a i l a b i l i t y  of f l u s h  p o i n t s  

f o r  breeding s i t e s  and i s  suspended when t r e e s  beoome dormant. According t o  

Husain & Nath (1927) f ena les  of  2. c i t r i  w i l l  l a y  up t o  800 eggs when confined 

on a continuous supply of  young shoots. The r a t e  of egg-laying in the insec- 

t a r y  a t  Lipa during J u l y  and A u y s t ,  1968, was anly 8.0 eggs p e r  day; and the  

mean colony s i z e  i n  the f i e l d  was 4.5 eggs p lus  3.3 nymphs, o r  7.8 individuals  

p e r  colony (60 colonies examined). The mean p re -ov ipos i t im per iod  of f i v e  

females was 1 2  days. Although l a r g e r  colonies were observed on some occasions 

and in Camarines Sur one i s o l a t e d  colony was found with 160 four th  and f i f t h  

instar nymphs and 25 adul ts ,  i n  general colony s i z e  was s n a l l  a t  this time of  

the year. It i s  l i k e l y  t h a t  maximum fecundi ty  and colony s i z e  occurs on the  

f i rs t  f l u s h  cycle a t  the beginning of the r a iny  season. 

I n  the inseo ta ry  a t  Lipa, a t  a  mean temperature of 25-26O~, the incuba- 

t i o n  period was three  days and nymphal developinent was completed i n  11-15 days 

(32 adul ts ) .  Due t o  the t r o p i c a l  climate of most of the Phil ippines,  durat ions 

a r e  probably very similar a t  o ther  times of the  year. 

A l l  species  of  c i t r u s  a r e  a t tacked by 2. c i t r i .  I n  the Phi l ippines  the 

i n s e c t  was co l l ec ted  on oranges, Citrus s igens i s   inn.); mandarins, 2. r e t i -  

c u l a t a *  pumoelos, 5. p a n d i s    inn.); lenons, 2. limon  inn.) ; limes, G. auran- 
-3 

t i f o l i a  ( ~ h r i s t m . ) ;  and calamondin, Ci t rus  x Fortunella  hybrid. There i s  some 

oiroumstantial  evidenoe t h a t  2. c i t r i  has spread t o  c i t r u s  from indigenous hos t  

p l a n t s  i n  some areas. The Phi l ippine  f l o r a  i s  r i o h  i n  Rutaceae and in Ind ia  

and South Eas t  Asia 2. c i t r i  has been found on f i v e  d i f f e r e n t  genera i n  t h i s  

family. The author  found 2. c i t r i  breeding on M-aya exot ica  a t  Los &s 

in the Phil ippines,  and on Murraya sp. in Taiwan. T h i s  introduced species 

i s  f requent ly  used as a hedge near c i t r u s  groves in the  Phil ippines.  

3. BIONOMICS OF 2. C I T R I  

(i) Population f l u c t u a t i o n s  and f lush ing  rhythm of c i t r u s .  The population 

f l u c t u a t i o n s  of 2. c i t r i  and the f lush ing  rhythm of the  o i t r u s  hos t  were s tudied  

in an unsprayed grove of mature mandarin t r e e s  a t  the Lipa Experiment Sta t ion ,  

Batangas, Phil ippines,  from September, 1968, t o  September, 1969, by M r  C .S. Celino. 

The study si tewas l a i d  out  and f l u s h  counts conducted according t o  the method 

described e a r l i e r .  2. c i t r i  was sampled a t  f o r t n i g h t l y  i n t e r v a l s  by removing 

20-50flushpoints  f o r  examination under a  stereo-microscope. No at tempt was 

made t o  t e s t  the r e l i a b i l i t y  of t h i s  sampling method. 

Fig, 4-0 shows a c l e a r  r e l a t ionsh ip  between i n s e c t  populat ions and f lush- 

i n g  rhythm. 2. c i t r i  was n o t  found during the dry period from March t o  May when 

the t r e e s  were dormant, h ighes t  populations were recorded from June t o  September 
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on the na in  growth cycle  of the s e a s m  which i s  s t imula ted  by the  s t a r t  of the  

r a iny  season, and small npnbers were p resen t  from October t o  February on two 

l i g h t e r  growth cycles  i n  sep  t e ~ a b e r / ~ c  tober  and ~anuary/February.  Two yellow 

s t i c k y  t r a p s  operated from A p r i l  t o  November, 1969, and removed a t  2-4 week 

i n t e r v a l s ,  i nd ica t ed  corres2onding populat ion t rends.  A s i m i l a r  p a t t e r n  of 

seasonal  abundance was ev iden t  i n  the  previous season a t  Lipa Experiment Sta- 

t i o n  ( c a t l i n g ,  1968a). 

( i i )  Natura l  enemies. dusa in  & Nath (1924) found Te t r a s t i chus  r a d i a t u s  
ID- 

Waterston ( ~ u l o ~ h i i l a e )  t o  be the  na in  p a r a s i t e  a t t a c k i n g  2. o i t r i  i n  the  Pun- 

jab. This e x t e r n a l  p a r a s i t e  wzs n o t  found during f i e l d  surveys i n  the  Phi l ip-  

p i n e s  ( c a t l i n g ,  1 9 6 8 ~ ~ )  no r  has i t  been recorded i n  t h a t  oountry ( ~ a l t a z a r ,  1966) 

and  should thus  be oonsidered as a candidate f o r  i n t roduc t ion  i n t o  the  Phil ip-  

p ines  . 
Severa l  spec ie s  of  i n t e r n a l  p a r a s i t e s ,  a t  l e a s t  two of whioh a r e  probably 

hyperparasi tes ,  were r ea red  from 2.  c i t r i  nymphs oo l l eo ted  i n  the  Phi l ippines .  

The three  main speoies  were:- 

? ? g l l a e p h a m s  sp. ( ~ n c y r t i d a e )  females, from Batangas, Bicol  

and Mindanao 

Mar ie t t a  n r  e x i t i o  sa  Compere ( ~ ~ h e l i n i d a e )  from Batangas -- m _= 

Alh&dencyrtus sp . ( ~ n c y r t i d a e )  from Batangas 

O f  I47 p e r a s i t e s  reared,  51 .8  were ?Psgl laephams sp. which appears  t o  be the  

n o s t  comnon primary p a r a s i t e  i n  the Ph i l ipp ines  and has been recorded by D r .  B.D. 

Burks of the  U.S. National  Museun, Washington D.C. i n  Taiwan (Annecke D.P., 1969, 

personal  communication). Mar i e t t a  n r  _exitioa, which i s  probably the na in  hyper- 

p a r a s i t e ,  accounted f o r  25.8; and 17.0% were Aphidencyrtus sp. Other spec ies  

recorded i n  small numbers were C occ ophagus t i b i a l i s  Compere ( ~ ~ h e l i n i d a e )  males 

from Balete,  Rosario and Lipa; and Cheiloneuru_s_ sp. ( ~ n c y r t i d a e ) .  I n  1969 

M r  C.S. Celino (personal  cornrnwlication) r ea red  536 p a r a s i t e s  of which 9 8 . s  

were ?&yl laephagus  sp. and 0.B were Mar ie t t a  n r  e x i t i o s a .  

Husain & Nath (1927) observed f i v e  spec ies  of c o c c i n e l l i d s  t o  a t t a c k  the  

nymphs, Coccinel la  septunpunctulata Linn .  being the  most common. Also l i s t e d  

as p reda to r s  were a syrphid larva, a chrysopid l a r v a  and var ious  sp ide r s  and 

mites. S imi lar ly ,  i n  the  Phi l ippines ,  l a r v a e  of a syrphid, a neurop t e r a n  and 

a c o o c i n e l i i d  were found a s soc ie t ed  with 2. c i t r i  nymphs on seve ra l  occasions 

(Cat l ing ,  1968a). 

Fig. 40 Flushing rhythm and abundance of 2. c i t r i  from September, 1968, 
t o  September, 1969, a t  the Lipa Experiment S ta t ion .  (From data 
supplied by M r  C.S. Celino, 1969) 



(iii) Extremes of weather. The influence of extremes of ~ e a t h e r  on the po- 

pula t ion f l u c  tus t ions  of 2. c i t r i .  i s  an extremely important f ac  t a r  s t i l l  t o  be 

elucidated before any serious attempt can be made to  explain the popu la t im 

dynamics of t h i s  vector .  I t  appaars f r o n  severa l  f i e l d  observ;tions, however, 

that 2. c i t r i  i s  more r e s i s t a n t  t o  extremes of weather than 2. eryt rcse .  I n  

 duni ion f a i r l y  high populations of 2. were observed i n  the hot coas ta l  

zone whereas 2. e w t r e a e  was confined mainly t o  cooler  a reas  above 1,600-2,000 

f e e t  (BOV;, J. & J* Cassin, 1968, unpublished repor t ) .  I n  t h e i r  study 2 f  

D. c i t r i  i n  the a r i d  Indian Punjab, Husain & Nath (1927) did n o t  nention any 
I _  

signs of morta l i ty  of eggs and nymphs following extremes of weather. D r  L.C. 

Knorr, who s tudied Indian decline during 1969, i s  of tha opinion t h a t  the 

vector  must be ab le  to  strongly r e s i s t  high sa tu ra t ion  d e f i c i t s  (SD) i n  order 

t o  e x i s t  a t  a l l  i n  the Punjab, I n  Multan, western Pakistan, where 2. c i t r i  i s  

a serious p e s t  (Ahnad, 1961), the mean annual r a i n f a l l  i s  6.6 inohes and the 

mean naximum L i l y  temperature exoeeds 3 8 ' ~  f o r  f i v e  consecutive nonths of the 

year. 

I n  equa to r ia l  regions duch a s  the P h i l i ~ p i n e s ,  high l e v e l s  of SD r a r e l y  

occur. Temperature-moisture climographs were drawn f o r  four neteorological  

s t a t i o n s  i n  o r  near  some of the c i t r u s  a reas  of the Phil ippines,  namely Lipa 

(Elatangas), Lucena ( ~ u e z o n ) ,  Legaspi ( ~ i c o l ) ,  and General Santos ( ~ o t a b a t o ) .  

None of these clinographs entered the a rea  of temperature and RH found l e t h a l  

f o r  2. emtrek?  i n  South Africa. I n  the d r i e s t  area,  the Batangss, Lips ex- 

perienced a m a x i i l ~  d a i l y  SD i n  the 1968 dry season (February t o  ~ u l y )  of 

23.1 mm Hg. The s i x  severes t  days during t h i s  per iod avera3ed 16.6 m Hg which 

i s  considerably l e s s  than the c r i t i c a l  l e v e l  of 25.9 im Hg (3lc.6 mbws) f o r  

T. ewt reae .  It  i s  thus unlikely t h a t  weather i s  an  important n o r t a l i t y  f a c t o r  - 
in populations of 2. c i t r i  i n  these regions. 

4. SURVEYS FOR D o  CITEU AND GREENING I N  ASIA AND TKE FAR EAST 

( i )  Phil ippines.  

The vector  was surveyed by two methods depending mainly on the s i z e  of 

the grove selected.  On nost  occasions the same two o r  three observers exanin- 

ed  a number of randomly-selected f l u s h  points  f o r  eggs and young s taqes  of the 

insect .  I n  most l a rge  groves 50-200 f lushes  were examined with a hand l e n s  

e i t h e r  - i  o r  a f t e r  removal from the t r e e s  ("surveys"). I n  small or  back- 

yard groves, o r  where t r e e s  were seni-dorrmnt, a r ap id  search was nade f o r  

10-20 minutes or  u n t i l  the vector  was recovered ("spot-checks"). The r a t e  

of d i scover j  was taken a s  a measure of' prevalence. 

Greening mas i d e n t i f i e d  naiiily by l e a f  and fruit  symptoms. I n  addit ion,  

a small nunber of f r u i t  and bark samples were taken from diseased t r e e s  f o r  

indexjng by the fluorescence t e s t  of Schwarz (1968a). 

The r e s u l t s  of vector  surveys and spot-checks a r e  summarized i n  Table 35 

and the a reas  surveyed a r e  shown i n  Fig. U. 





Table 35 Resu l t s  of surveys and spot-checks f o r  2.. c i t r i  i n  c i t r u s  --- 
groves in the  Ph i l ipp ines  during J u l y  and August, 1968 

Region 

Southern 
Tagalog 

Bicol  

Mindoro 

Mindanao 

Northern 
Luz on 

= 

Province 

rn C-E_--_ 

Ba tanga s 

La 

Cavite 

Que z on 

Albay 

Sorsogon 

Camarines Sur 

Camarines Norte 

O r i e n t a l  
1 

Davao de Sur 

Davao O r i e n t a l  

Cotabato 

i 
I 

I 
Bengue t 
La Union 

i 

groves groves f l u s h e s  f l u s h e s  
surveyed i n f e s t e d  examined i n f e s t e d  
--#,----y. i-FC--Y-d-.*----. 

spot- NO . 
checks i n f e s t e d  -- s-=- *- .,- . ..-* . - 

Southern Tagalo5. With one exception, g. +-txi- was f a i r l y  abundant i n  - 
a l l  groves searched i n  t h i s  region. Centred i n  the  Batangas province, this 

i s  the  o l d e s t  and formerly the  most important  c i t r u s  growing a r e a  i n  the 

Phi l ippines .  Since the  rainpant spread of the  d isease  i n  the  l a t e  1950qs, how- 

ever,  more than one mi l l i on  t r e e s  have been l o s t  and the 1968 crop was e s t i -  

mated a t  about one t e n t h  of  t h a t  harvested i n  1960. Because much of the  pro- 

pagat ive  ma te r i a l  f o r  o t h e r  c i t r u s  a r e a s  has o r i g i n a t e d  from the  Batangas, i t  

i s  poss ib l e  t h a t  the  d i sease  has been in t roduced i n t o  nos t  of  the  recognized 

c i t r u s  a r e a s  of  t h e  Phi l ippines .  

Disease symptoms were found in every grove., most t r e e s  showing severe 

dec l ine  with the exception of the  ~ o s a r i o / P a d r e  Garcia a r e a  where f o r  some 

unexplained reason t r e e s  continue t o  b e a r  and p o w  well.. Apart  from the  ab- 

sence of vein-yellowing, t h e r e  was a s t r ik inp;  resemblance between l ea f  symp- 

toms and general  t r e e  appearance of ~nandarins i n  Batangas (mainly Ladu and 

~ z i n k o n ) ,  w i th  greened sweet orange t r e e s  i n  South Africa.  It was too e a r l y  

i n  the  season f o r  a v a l i d  comparison of  f rui t  symptoms b u t  i t  would appear  

t h a t  these  a r e  n o t  r e l i a b l e  i n  mandarins. No d e f i n i t e  narker  substance ;rms 

ExP~T?K$L-~=FIG,? - =  

Fig. U Areas surveyed f o r  g. +tri and greening d isease  i n  the Ph i l ipp ines  
i n  1968 



110. 

found in two fruit samples from diseased Ladu mandarins, but a bark sample 

from the sane t r e e s  was c lea r ly  posi t ive  f o r  greening. Greenins symptoms were 

a l so  observed i n  several  neglacted Valencia t rees  i n  Batangas, three f r u i t  

samples showing low concentrations of narker substance and a single bark s a w  

p l e  again being o lea r ly  posit ive.  

Biool andMindoro. Table 35 ind ica tes  t ha t  the vector was common i n  the ------ 
Bicol rzgion with the exception of Camarines Norte, but  was not found i n  seven 

groves i n  Mindoro Oriental. It i s  possible, however, that f 'urther search w i l l  

reveal  i t s  presence i n  these areas. Scat tered l e a f  synptoms were observed 

i n  both regions but i n  only three groves could t h i s  be associated with greening. 

I n  one grove i n  Mindoro the disease had obviously been introduced with propaga- 

t i v e  material from Batangas. Cortez (1969) has since observed the vector in 

Mindoro Oocidental and i n  the Visayas. 

Mindanao and N,orthernmL~z,oq. The vector was present i n  most groves ex- -..-- - 
amined i n  Mindanao and i n  one i n  northern Luzon. Very few symptoms were observ- 

ed  i n  e i t h e r  region. 

The vector i s  thus widely d i s t r ibu ted  in the Phil ippines and the poten- 

t ial  e x i s t s  f o r  greening t o  spread t o  most of the c i t r u s  growing areas. Bor- 

hmately, diseased ,proves outside o f  the severely-affec ted Batangas area appear 

t o  be r e l a t i ve ly  few and a r e  isolated.  

(ii) Other countries 

m. Citrus was examined f o r  2. c i t r i  and greening symptons a t  the 

Okitsu Hort icul tura l  Research Station,  i n  the Miyahara and A r i t a  d i s t r i c t s ,  

a d  i n  the Eh ine  Prefecture. No sign of vector o r  disease was found a t  any 

of the f i ve  s i t e s  surveyed. Greening has no t  been reported from Japan nor i s  

there my r e l i ab l e  record of 2. occurring i n  the country. 

Taiwan. 2. c i t r i  was col lected on c i t r u s  a t  Kwanhsi Citrus Experiment 
-u_. 

Stat ion outside Taipei and on a hedge of hlurraya sp. i n  Taipei. Symptoms of 

l ikub in  were observed i n  the f i e l d  and i n  t e s t  p l an t s  i n  the Phytopathologi- 

c a l  Laboratory of the National Taiwan University, Taipei. Likubin synptoms 

were very similar t o  those of leaf-mottling i n  the Philippines, pa r t i cu l a r l y  

i n  the case of the calanan&rin var ie ty  which i s  grown i n  the Batangas. As 

y e t  small-scale transmission t e s t s  have f a i l e d  t o  implicate 2. c i t r i  as the 

vector of l ikubin,  but the author considers it very l i k e l y  t ha t  f u r t he r  t e s t s  

w i l l  reveal  the neoessary evidence. 

Hong Tong. 2. c i t r i  was found i n  one of the three groves v i s i t e d  i n  1968 

and pinned specimens were examined i n  the i n sec t  co l lec t ion  a t  Tai Lung (cat+ 

l ing ,  1968b). b r i n g  another v i s i t  in 1969 f a i r l y  oonclusive greening symp- 

toms were observed i n  sweet orange, mandarins, and pummelos a t  T a i  Po Kau, and 

i n  mandarins a t  Hong Talc Yuen. According t o  M r  L.Y. Fai, declining t r ee s  i n  



Table 36 Dis t r ibu t ion  of 2. c i t r i  and the presence of greening- 
l i k e  diseases of c i t r u s  

Nepal  asto to^, 1969)l - -- ----.- --.---- 
~ a k i s t a n 7 H u s a i n  & Nath, 1927; 

Eas top, 19691 ) 

Ceylon ( ~ y n i g e r ,  1962) 

B'ur&-s, 1959) 

~hailand(Ano-nyI~ous, 1965) - 
Malaysia (Ebeling, 1959) 

Southern Chim ( ~ u s a i n  & Nath, 1927; 
Ebeling, 1959) 

Hong Kong (SO, 1907) 

Indonesia (Husain & Nath, 1927; 
Ebeling, 1959) 

-- 
Phi l ippines  ( ~ u s a i n  & Nath, 1927; 

Ebeline, 1959) 

Taiwan (Husain & Nath, 1927) 

Mauritius ( ~ o r e i r a ,  1967; Eas top, 
1969' 

 union (BOV; & Cessin, 1968)2 

S. AMERICA --- 
Braz i l  ( ~ i m s ,  1942; Eastop, 19691) 

GREENNGLIIG DISEASES 

~ r e e n i n g  ( h s e r  e t  al., 1966) --.- . - - _ _ C  - 
greening ( Ca t l ing ,  19680) --- ----.- ------ - -. 

greening ( ~ o r e i r a ,  1967) - 
-- -.Am> -- 
decl ine  ( Thrower, 1968) 

--.- --- 
poss ib le  greening (chiarappa, 1368)3 - --.. 

yellow shoot (Calavan, 1968) -- 

probable greening ( Catling, 1968b) 
-.---- - 

decl ine  ( Thrower, 1959) : vein  phloen 

degeneration (Tirtawadja ja  e t  a l e ,  1965) --- -.-_ - - _  - - - -  - -  . ------ - -  
greening ( leaf-no t t l i n g )  Sa l ibe  & Cortez, 

1966; Martinez & Wallace, 1967) ----. - 

l i k u b i n  (Calavan, 1968; Su & Matsmoto, 
1969) 

greening ( ~ o r e i r a ,  1967; BOV; & Cassin, 
19682) 

stubborn ( Calavan, 1968) 
g e e n i n g  ( ~ o s e e t t i  .e .F&o, 1969) 

1 Eastop, V.F. 196% personal  communication, specimens i n  B r i t i s h  Museum 

2 BOV;, J o  & J. Cassin 1968, unpublished repor t s  

3 Chiarappa, Lo 1968, personal  communication 



Hang Kong a r e  i d e n t i c a l  in appearance t o  t r e e s  i n f e c t e d  with yellow shcot  o r  

dragon shoot  in Canton, southern China. Yellow s h m t  i s  be l ieved  t o  be close-  

ly a k i n  t o  greening ( Calavsn, 1968). 

Thailand. Two of s i x  groves i n  the  Chantaburi d i s t r i c t  were found wi th  

low popula t ions  of 2. c i t d . .  Specimens i n  the  i n s e c t  c o l l e c t i o n  of the  P lnn t  

Indus t ry  Division i n d i c a t e  that the vec to r  i s  widespread i n  Thailand. No 

greening symptoms were ev ident  i n  the young c i t r u s  a r e a  of Chantaburi b u t  the 

d isease  has been observed i n  o the r  p a r t s  of the Kingdom ( ~ h r o w e r ,  1968). 

India .  2. c i  tri wes n o t  found i n  any of the  th ree  groves v i s i t e d .  Green- -- 
ed  t r e e s  were shown t o  the  au thor  st the I n a a n  A g r i c u l t u r a l  Research I n s t i -  

t u t e ,  New Delhi. A t  Poona. A g r i c u l t u r a l  College and in a nearby grove, seve- 

r e l y  a f f e c t e d  sweet orange t r e e s  were observed with the  f u l l  syndrome of the 

d isease ,  A s ing le  fruit  sample was found t o  be s t rong ly  p o s i t i v e  wi th  the  

albedo-f luore scence t e s t .  

Nepal. The vec to r  was n o t  observed i n  the  Kathmandu Valley, all t r e e s  

appearing f r e e  of greening ( c a t l i n g ,  1 9 6 8 ~ ) .  I n  the  Pokhara Valley, where a 

v i r u l e n t  s t r a i n  of greening has caused a severe dec l ine  of c i t r u s ,  t h r e e  out 

of s i x  s i t e s  were i n f e s t e d  with 2. $.It@-. A t  the  Pokhara Research Subs ta t ion  

the  ccmplete syndrone of the  d i sease  was observed; sweet orange t r e e s  showine 

abundant l e a f  mott l ing,  vein-yellowing, lop-sided f r u i t  wi th  dark abor t ed  seeds 

and two f r u i t  samples y i e lded  high concent ra t ions  of t he  g e e n i n g  marker sub- 

s tance;  and nandarins showed i d e n t i c a l  l e a f  spptorus and general  t r e e  appear- 

ance t o  t r e e s  examined i n  the  Phi l ippines .  A s  i n  South Af r i ca  and the  Phi l ip-  

pines,  lemons an6  l i n e s  a t  Pokhara were only s l i g h t l y  a f f e c t e d  by the  d isease  

and were s t i l l  growing and bear ing  well. The v e c t o r  i s  a l s o  r epor t ed  t o  be 

p r e s e n t  i n  the  e a s t e r n  Terai  from where l e a f  symptoms have been noted. There 

i s  evidence t h a t  greening-infected rntiterial has been introduced i n t o  Nepal 

from U t t a r  Pradesh, India.  

D i s t r i b u t i o n  of- (~i! ; .  42). This v e c t o r  i s  r e s t r i c t e d  t o  Af- .-:-.- - 
r i c o  south of the  Sahara, i .e .  Sudan, Ethiopia,  E r i t r e a ,  Cmeroun, Congo ( K i n -  

shasa) ,  Ruanda, Kenya, Uganda, Tanzania, Zambia, Malawi, Rhodesia, South Af- 

r i c a ;  and i s  found i n  Madagascar, Mauri t ius  and St .  Helena ( ~ o m o n w e s l t h  

I n s t i t u t e  of en to no lo^, 1967). It has a l s o  been recorded i n  ~ i u n i n n  ( B o d ,  

J. & J. Cassin, 1968, unpublished r e p o r t ) ,  Swaziland ( c a t l i n g ,  1969a), and i s  

suspected i n  Angola (Eastop, V.F. 1969, personal  communication). Greening i s  

known i n  South Af r i ca  ( ~ c ~ l e a n  & Oberholzer, 1965a), Swaziland ( c a t l i n g ,  1969a), 
# Madagascar ( B o d ,  J o  & J e  Cassin, 1968, unpublished r epor t ) ,  ~ 6 u n i o n  (Bove, J. 

& J. Cassin, 1968, unpublished r epor t ) ,  Maur i t ius  ( ~ o r e i r a ,  1967) and has been 

observed by the au thor  i n  Rhodesia. 





Distribution of -. Pig. 42 and Table 36 show tha t  2. c i t r i  i s  

widely dis t r ibuted i n  the Orient and i s  present i n  Brazil.  North of Taiwan 

the vector occurs i n  the Ryukyu archipelago (Miyatake, 1965) but a s  f a r  a s  

oan be ascertained has not  been recorded i n  Japan. Greening-like diseases 

have been reported from 11 of the 15 countr iss  where t h i s  vector i s  hown 

t o  occur on c i t ru s .  Furthermore, the disease i s  suspected i n  Malaysia and 

Hong Kong and there i s  a  strong pcs s ib i l i t y  of i t  being present i n  Burma and 

Pakistan - especially i n  western Pakistan bordering the Indian Punjab, 

D, c i t r i  was col lected by the author i n  the Philippines, Taiwan, Hong 
- M _ _  

Kong, Thailand, and Nepal, and he has since received specimens f ron Brazil,  

~ i u n i o n  and India. 

/ 
Both p  s y l l i d  vectors thus occur i n  Reunion and Mauritius. 

A t  present the application of insect ic ides  i s  the only prac t ica l  way of 

con t ro l l i ngg ,  c i t r i .  Many workers have shown t h a t  the immature stages can be 

effect ively  controlled with a  wide range of modern insecticides.  As f o l i a r  

sprays Ahmad (1961), S e t h -  (1967) and Atwal & Verma (1968) found parathion and 

demeton methyl t o  be effective.  Malathion, carbaryl, diazanon and thiorneton 

were tes ted  by Sethi  (1967), and malathion and phosphamidon by Atwal & Verma 

(1968). Ahmad (1961) found endrin, a ldr in ,  d ie ldr in ,  chlordane, trichphon and 

azinphos t o  give good control. Atwal & Verma (1968) t r i e d  s o i l  applications 

of the systeaics dimethoate, demeton  ethyl, and formothim but absorption and 

translocation i n  the t ree  were disappointingly slow and re infe  s ta t ion  occurred 

within four weeks of application. 

O f  the above-mentioned na t e r i a l s  only trichlorphon and demeton methyl may 

be regarded a s  f a i r l y  safe, se lect ive  insecticides.  Vir tual ly  a l l  of the other 

materials a r e  l i k e l y  t o  p rec ip i ta te  severe mite and scale problems on c i t r u s  - 
especially i f  i t  becomes necessary t o  use materials such a s  endrin three times 

a year a s  has been the pract ice  i n  some p a r t s  of India ( ~ r a s e r ,  L.R., 1968, 

unpublished report ) .  Low concentrations of na t e r i a l s  such a s  dine thoate, 

deneton methyl, and endosulphan a s  f o l i a r  sprays would appear t o  be the bes t  

way of control l ing 2. c i t r i .  I n  the Philippines dimethoate, which was shown 

e a r l i e r  t o  give excellent  control  of 2. s t r e a e ,  - gave 79% k i l l  of nymphs a t  

a  concentration of .0075% a.i. i n  a  small f i e l d  t r i a l ,  despite the occurrence o f  

heavy r a in  two hours a f t e r  application (ca t l ing ,  1968a). Good control has been 

obtained with this material  a t  approximately .0@ a.i. and many growers in the 

Batangas a r e  now reported t o  be using t h i s  material,  ( ~ e l i n o ,  C.S. 1969, p e r  

sonal communication). 

f ig .  42 The knovm dis t r ibu t ion  of Trioza, erytreae  e el ~ u e r c i o )  and Diapho- 
rim c i t r i  Kuw., p sy l l i d  vectors of the c i t r u s  greening disehse. 
m t r i b u t i o n  of 2. erytreae pa r t l y  a f t e r  Map No. 234 of the Cormon- 
wealth I n s t i t u t e  of ~ntonology) 



There seems t o  be l i t t l e  hope of e r a d i c a t i n g g .  c i t r i  i n  nos t  c i t r u s  

a r e a s  of the Orient.  The i n s e c t  i s  widely d i s t r i b u t e d  and we l l  adapted i n  t h e  

prof'usion of smell  p l a t i n g s  and backyard t r e e s  which c h a r a c t e r i z e  these  coun- 

t r i e s .  It has been c o l l e c t e d  on a wide range of a l t e r n a t e  hos t  p l a n t s  from 

which i t  could r e i n f e s t  sprayed groves. The mounting of a s u i t a b l e  cradica-  

t i o n  programme would r equ i re  considerable f inance  and organizat ion.  Fortu- 

nately,  as mentioned e a r l i e r ,  t h e r e  i s  evidence that f a i r l y  h igh  vec to r  popu- 

l a t i o n s  a r e  needed before any la rge-sca le  t r ansn i s s ion  of greening oacurs. 

The ref ore, by keeping vec to r  populat ions a t  low d e n s i t i e s  wi th  well-timed 

f o l i a r  sprays of a  s e l e c t i v e  ina ter ia l  i t  i s  poss ib l e  t h a t  t he  spread of the  

d i sease  may be h a l t e d  o r  a t  l e a s t  d r a s t i c a l l y  reduced. 

7. SUMMARY AND CONCLUSIONS 

The b io log ie s  of 2. c i t r i  and 2. e ry t r eao  a r e  very s imi lar .  Aspects of 

biology and appearanoe which a r e  use fu l  i n  d i s t ingu i sh ing  the  two v e c t o r s  

a r e  shown i n  Appendix 1. The world d i s t r i b u t i o n  of both spec ie s  and the  oo- 

currence of greening-like d i seases  of c i t r u s  a r e  d iscussed  i n  this sect ion.  

D, c i t r i  i s  an important  vec to r  of the  d isease  i n  Asia and the  Fa r  East 

s n d  i s  a l s o  p r e s e n t  i n  South America, From t h e  r e s u l t s  of s e v e r a l  t r a n s n i s s i o n  

experiments i t  would appear t h a t  2. c i t r i  i s  a nore e f f i c i e n t  v e c t o r  than  the  

Africsn species .  A t  t h e  p r e s e n t  t i n e  the  only  e f f e c t i v e  nethod f o r  con t ro l l -  

i n g  the vec to r  i s  the  a p p l i c a t i o n  of s e l e c t i v e  in sec t i c ides .  

Very l i t t l e  researoh has so far  been c a r r i e d  out  on the  ecology of 2. c i t r i ,  

That popula t ions  vary  g r e a t l y  i n  s i z e  during the  season and from y e a r  t o  year,  

as i s  the  case  f o r  2. erytreae,  has been recorded i n  I n d i a  by Husain & Nath 

(1927) and i n  t h e  Ph i l ipp ines  ( ~ e l i n o ,  C .S. 1968 personal  comunica  t ion) .  

The r a t e  of development of the  immature s t ages  i s  f a i r l y  cons tan t  i n  e q u a t o r i a l  

regions such a s  the  Ph i l ipp ines  xhere the re  i s  l i t t l e  change i n  mean tempera- 

t u r e  throughout the  year.  And i n  these  reg ions  weather extremes do n o t  appear  

t o  be an important  l i m i t i n g  f a c t o r ,  I n  those regions wi th  a con t inen ta l  c l i -  

mate, such as the  Indian Punjab, the  d e f i n i t e  seasonal  f l u c t u a t i o n  i n  mean 

temperature produces a d i f f e rence  i n  the  r a t e  of developnent during the  y e a r  

( ~ u s a i n  & Nath, 1927). Probably of more importance from an eco log ica l  p o i n t  

of view, however, i s  the  extremely hot  and a r i d  cl imate of some of these  re- 

gions, though t h e r e  i s  f i e l d  evidence t h a t  g. c i t r i  i s  more r e s i s t a n t  t o  such 

extremes than 2, ery t reae ,  

Both vec to r s  appear  t o  have a similar complex of  n a t u r a l  enemies bu t  this 

i s  u n l i k e l y  t o  be a key f a c t o r  i n  t h e i r  popula t ions  dynamics. Nothing i s  h o w n  

of seasonal  changes i n  the  q u a l i t y  and n u t r i t i v e  value of c i t r u s  f l u s h  under 

t r o p i c a l  condit ions.  However, s t u d i e s  i n  the  Ph i l ipp ines  have shown that 

t h e r e  i s  a s t rong  c o r r e l a t i o n  between f l u s h i n g  rhythm and the  numbers of 

D, c i t r i .  The p a t t e r n  f o r  h ighes t  populat ions t o  occur on the  major f l u s h  -. 
cycle  a t  the end of the  dry season, and lowest  numbers t o  be found 2uring the  



d r i e r ,  seni-dormant per iod,  has been observed i n  Indian  c i t r u s  by Husain & 

Nath (1927) and Capoor $4 s., ( 1 ~ 6 7 ) ~  and i n  Braz i l i an  c i t r u s  by R o s s e t t i  

( 1969 1. 

It i s  p o s s i b l e  that d i f f e rences  i n  seasonal  f lu sh ing  rhythn and flush- 

i ng  dens i ty  p l a y  a ve ry  important  p a r t  i n  r e , q l a t i n g  numbers. Much Asian c i -  

t r u s  i s  no t  i r r i g a t e d  and thus  t o t a l l y  dependent on r a i n f a l l ,  while s t i l l  

more i s  subjec ted  t o  monsoons and v i o l a n t  tgrphoons which must produce consi- 

derable v a r i a t i o n  i n  t r e e  growth from year  to year.  It i s  conceivable t h a t  i n  

some seasons a s e r i e s  of  p a r t i c u l a r l y  favourable growth cyc le s  could p rec i -  

p i t a t e  l a r g e  outbreaks of the  vector .  
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Biologica l  d i f f e rences  of the two p s y l l i d  vec tors  

Trioze e ry t r eae   e el ~ u e r c i o )  
---=a 

Diaphorina c i t r i  Kuw. -- - 1 

C_I?-._i_3_. -.=-_-.--_.1.* -I-im---_L_-*.I .-_=_ _* - - -. -P_.._A. =-r-%--.*-. -i .- --. *-.-r- -.-.--=.= 

Egg : l o c a t i o n  I mostly along edges of young leaves i 
! on t i p s  of growing shoots,  on and between 

i 
i I unfu r l ing  l e a v e s  ! 1 : placenent  on p l a n t  t i s s u e  i long axis hor i zon ta l  t o  surface ( l ong  a x i s  v e r t i c a l  t o  surface --- *--*== -a- . - .m --,-- - . . .-.=. *..-. .Lm.-~*.-= .--.-.----. .... --.. -..--.-.- ----a - .---:- ---- .- - --7 

Flynph l o c a t i o n  , on l a n i m  of underside of leaves  
v - h *  b - - - r r P r n u - - -  -.-a -2 =-*-a- P--..& - -- -- . r.-rrr- > 3 r.- -r il . . A=--- 

appearance: co lour  

abdominal s p o t s  
I 

s c l e r i t e s  

wing pads 

fkinge 

va r i ab le :  yel lowish orange, l i p h t  green, grey 

advanced n p p h s  wi th  two dark abdoninal spo t s  

no d e f i n i t e  p l e t e s  o r  s c l e r i t e s  

small wing pads 

complete f r i n g e  of f i n e  white  f i l amen t s  

~ a i n l y  on young s t en  and p e t i o l e s  -- *-- . 
yellowish brown 

no abdoninal spo t s  

well-defined s c l e r i t e s  on dorsun 

massive wing ?ads 

l a r g e  f i l amen t s  on abdonen only 

I l e a f  g a l l s  , open g a l l  o r  p i t  formed, only dorsa l  su r face  1 no g a l l  formed, nynphs conp le t e ly  e x p s e d  
! of  nyngh exposed 
i I 

Ts;r a-- :- =.-_- ,.-- - -.--.* .-. -- a. *-d-.--3.:-%-*.- -I..-.---" .=,-YU---i- ----a- -- :-em.- ----..------- 
Adult : a p p e a r a c e  : colour  : o v e r a l l  brown-grey, abdomen l i g h t e r  v e n t r a l l y  I general  co lour  l i g h t  brown 

\ 

! head b leck  he& na in ly  l i g h t  brown 
' 

wings ' c l e a r  and t r anspa ren t  ; wi th  d w k  a r e a s  (nacula te)  
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