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:\l though g-recni~~g disease has affected of greening. Results repol-tetl in cllis 
about 20 per cent n l  the citrus in Swazi- paper outlinc the incidence of peerling 
land, little has ljeen recorder1 on its rlisease in Swa~il;und, itnct tlescrihe sturl- 
r l is t r ih~rt io~~ anrl Ilis~ory. TIlere is alqo ics on vector irlfecti~ri ty anit on the rate 
little puh~ishcd rlata rrorri southern or sprencl of gree11i115 into a new pplant- 
Iifrica on the inrectivity or tlre vcctor i~y.  

TNCTDENCE OF GREENING 

Citrus prorluction is yot~llg in-  
ilustry in Swa7iPanrl. The first commer- 
cia1 groves, mainly wee t  orange, rverc 
plantctl in 111e RIalkertls district in 
1952. as were Ini-ger plantings of grape- 
fruit and sweet orange in the hot LOW- 
velcl region. Citrur distrillittiot~ is 
sllown in figure 1 .  T h e  XI:~lkert~s tlis- 
trict is in the RIIdclleveld region, ~ v i t l l  
nrl averxge altitude of fi60 n1 wl~ile the 
Lo~vvelcI rcgian is at an average altitllrle 
of 230 In. h'gonini, a t  500 m, i s  climat- 
ici11Iy intermccliate hetween the  r ~ + o .  

MiddlevelcI. Ear1 y in t l ~ c  I9)60s, cirrtls 
in the LIalkerns district declined, anrl 
rlevelopetl 5evcre foliar deficiency syrnp- 
iorns. I n  1 !165. JlcClean anrl Ol~crholzer 
implicated greening clisease as the ma- 
jor came of that decline. Bot11 author- 
i t  ies co1ttendetl that. grecnirrg had been 
epiphyrolic in the P 9.58-1 960 period. 
iintl Sauntl that thc cliseasc wac severe 
in trees planted then or sliortly artcr- 
~vartls.  Populations of citrus psyl !a, T? i- 
ozrz ~,ryfrcmr p e l  Gz~er~io) ,  11 ad lleen 
ptrticuIarly high in the Xfirl(l1eveld re- 
gion tluring the late 1950s and earl:, 
15460s. Orr~hreaks of T ,  r j  y trenc rz7crc 
:~tcoml~artied I>y a spread of vecning in 
several citrus regions in tllc Transvaal 
(luring those years (6). I,egi~l;~t ion was 
intmduced in 19fi7 proliil~iting move- 
mcnt of citrits prop;~qation inaterial 
from the RT iddleveld reqion. During 
the last f ve years, much ri trtts 1134 been 
either renlovetl or al,anrloned. Remain- 

ing trees llave improvecl, clile prol>;lhl y 
to a trentl to higlier summer temper- 
arul-es, r v l ~ i c b  inhihit FlotI~ the causal 
organism ant1 the vector (10). 

T h e  fu1l synrlrome occurs in all 
groves in this cIi5trict (R). Zinc-tIefi- 
ciency symptoms are particuIarly com- 
inon a t  a11 times ot the year. Catling ( I ,  
4)  f o ~ u ~ t l  that greening may redi~ce tree 
canopy area hy at least SO per Lent arltl 
that clitsters of Eeaves sl~owing foliar 
bylnptomr occur on the tree canopy a1 
tlettdtics of 1.2 to G.2/tnP. 

111ritIenre of greened frui t  zvas stud- 
ierl it1 l~locks oE 50 treer in fmir groves, 
over two seasoris. Fallen friril collecte(1 
at tvcekly inrervals. and a l a r ~ e  sample 
of ripe Fruit a t  pickit~g, were examined 
tor visual symptoms oT greening. Doubt- 
ful fruit were weenet1 by the albedo- 
llrlorescence method (9). A I a r ~ e  pro- 
pvrtion of the fruit (cliameter 2 to 3 cm) 
tli:tt d r o p ~ ~ e t l  after J at~liary wits aRectecF 
(35.2 to 81.9 per rent per tree). A t  pick- 
ing, the l~roportion of affected frttit per 
tree varied from 1.8 to 3.5 per cent. 
\lure rIiseased fniit w a s  founrl in Va- 
lcncia thzin in the navel cultivxr. 

Lowveld. Greenit~g is present in a 
small batch of trees ntl t l ~ c  Swaziland 
Irrigatioll Srhcme, with no apparent 
cpread from that roctzs. Althoudl the 
disease is i1nknou.n in the rest of tlle 
Ixm.~~eld region, the possible existence 
ol' a strain of the organism causing 
Ia tent infection rannor bu overlookctl. 
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Fig. 1. Citrus plantings in Swaziland. (Insert shnws location 
of Swaziland.) 

Triozn e?ytrrap is probably not infec- s i~ ie s  than in tlie Middleveld. McClean 
tive in the Lowveld regigion. (itnpt~blished) observed a gradual 

Ngonini. Greening is present in this spread of the disease in this intermediate 
intermediate region, but a t  lower den- region. 

IDENTITY AND INCIDENCE OF THE VECTOR 
Following evidence presented hy Mc- mission experiments have shown that 

CIean and Oherholzer ($1, many trans- Triozn elylrcne is tlie principal, if not 
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ihe onIy, vector of greening i n  southern 
!\frica. Schrvarz r t  ( 1 1 .  (11) nlen~iorl  snc- 
cessful transmibsions by this insect in 
Swazilancl. Catling (4) fotzncl that two 
o t l ~ e r  psyllids, J ) i n p A o ~ r n r r  prrnrtrtlnta 
Pcttcy iinrl D. zrbl-olrrr Capener, n t ~ d  
tile a p l ~ i d  Toxoptrl n (it)-icirlils (Kirk.) 
Ceerl on cikrt~s in S~vazilanrl, Imt are 
nonvectors. 

In a preliminary transmission test a t  
Xlalkerns, hr.e o l ~ t  of eight pottetl Va- 
I e ~ ~ c i a  seetllir~gs ~cspasetl to T ~ i o z o  cry - 
,I,rne tIevcl(111etl greeni tlg ryrnlltoms. In  
a secorlrl experiment, wit11 both adults 
ant1 nyml>l~s, iilvolving 50 Valencia 
scetllings wi t l ~  10 controls, no visual 
qyrn~torns or r l ~ e  disease cleveloped. Ap- 
pIiration or tile allletlo-fIuoresre~?ce tesL 
in Imrk shavings I18  nlnntlls after the 
expmure  periocl slio~vetl tliat plants ex- 
poretl to atlults were po~i t ivc  Tor green- 
ing, I V I I  ile R! mph-red plants atlrl con- 
trols were negative. 

. i t  T a m b : ~ n k i ~ I u  i n   he L u ~ z ~ c l t l ,  Jf! 
Orlantlo tangelo scetlli n g ~  Icere exposed 
i n  the lieltl. Twelve I~ecanlc infected 
1l.i t i t  T~,iozrr rlytl.rtrr. NO ~yn~ptonls de- 
vctol~erl in the 'ieerIli~i~gs, hut  I~ark  tests 
sho~vetl three to f ~ e  ~ ~ o r i t i v e .  In a sccon<I 
experiment, 25 7cccIlingr (type unre- 

rorrIecl) were cxposetl to large popula- 
tions ol citrus psylla originating horn 
7'amb;lnkulu. KO symptoms rleveloped 
s ~ ~ l ) w q ~ ~ e ~ l t l y ,  ant1 I ~ a r k  tests failetl to 
reveal the marker subs~ance.  I t  is proll- 
able tliitr tllc Ijal-k-fl~toresccncc melhocl 
is urn-eli;kI~le wllen appIietl to one- to 
tnw-year-old plat11~. 1IcCle;in (1 07 1 ,  
~ ~ e r s o n a l  commi~nication) i s  of this 
opiniorl. Schwarz (9) cIicl not finti flu- 
orescent-marker sclbstarlce in  the hark 
of one-year-old twigs, I,lit ctid find it in  
crivo- to three-year-olcl twiss. >Ian? of 
the seedlings uscd in tlie sturlies tle- 
~cril,ed al,ore were Ixirely trvo years old 
~ehe i i  ~cstetl, ant1 11rol1:111Iy rtns~~ital,le. 

C:orrelatiun I>etween ;iIri tude ar~cl the 
inciclence of greening anrl vcctor activ- 
it? has I ~ e e ~ l  descrihetl in detail ( 2 ,  I;, 

lo). C:itriis psylIa is  more al~unclant in  
t l ~ e  higher, cooler citrus areas of Swazi- 
lantl. Fieltl ol,servations indicate that  
it tloes not possess strong clispersal pow- 
erc (::). \\'in<! direction rlitring spring 
:~ncI summer in Srvazilanrl, is mainly 
froin tlic east, towartl tlle hIiddlevelrl, 
so tli:~t in senrons when vector popula- 
tions are a t  their h i d ~ e s t ,  i t  is unlikely 
that  many infective aclults will reach 
I,o~vt.elrI citrus. 

INFECTIVITY OF VECTOR POPULATIONS IN THE FIELD 

Possible seasonal fluctuation. A pre- 
l i i l ~ i u a r ~  field exper i inen~ i~ldicated 
pov,il>le se:t'ional flr~ctl~;ltion in vector 
~rntas~nission eficicncv (,?). Recnusc only 
one ol rlic cxporecl pl;~nts tlevelopetl 
t l e f i ~ t i t i ~ . ~  cisu:il greening sylnl)to1ns, 
:tntl results were tllcrerore hnsecl on  the 
tirlrelinl,Ie I~nrk-[lliorescencc test, this 
~ x l ~ e r i m c n c  rvaq rcpeatutI in tletnil rlur- 
i11g tlic 11)(i!l-1970. sc;isoii. 
Six series of Orlantlo tangelo seed- 

I i  ng'; wcre cxposecl Iletwctn J t ~ l y ,  1!)6!1, 
;~nrl Fe l~ru ;~ ry ,  1 970, in ;111 :~lfectetl citrus 
grove ar hlxIkerns Kexearclr Station 
(tal)le I ) .  E:~ch sesics consirterl of 40 
plants cxposcrl Srlr 10 clays. Ten  itnex- 

poser1 plants were kept  in a sc reenho~~sc  
;IS coiltroIs for each series. Pl;tr~ts hat1 
I~een kcpt i n  ;I .scrcenlioi~~e prior to ure. 
;rrtd I F I O F ~  oh then) were actively grow- 
ing tlttrit~g the exposlire period. Dur ing  
exposure, plants were inspected tlaily, 
ant1 n i~ rn l~e r s  of arluli TY-iorn ~ l ' y t ~ e n ~  
on cacli pl:is~t were rerordecl. At  the 
cnrl of the expostwe perintl, insects were 
killctl ant! p1:111ts ryere held a t  19' to 

C: lo in~lucc  greening symptoms. Tn 
F c l ~ ~ . i ~ i ~ r y ,  I!)'iO, the plants were taken 
to Prcloria for virus-indexing tests. 
7'1iey were kept nntles inrect-free con- 
c t i~ ions ,  :tnrl were regliIarl y inspected 
lor q-eotling symptoms until 
uu t  i r ~  Jnnt~;iry, 1971. 



TABLE 1 

ACTIVITY OF TRkOZA ERYTREAE ON TEST PLANTS EXPOSED TO GREENING 
IN A CITRUS GROVE AT MALKERNS RESEARCH STATION, SWAZILAND, 

DURING 1969-1 970 

Plont series 
Plents with Plants with T o l d  

immotures or eggs and vector 
adults nymph5 doys* 

per cent 

1 .  July 1-Au~. 9 .......................................... 5-0 

2. Aug. 1Q-Sept. 18 ........................................ 35.0 
3. Sept. 19-0ct. 28 ................................... 37.5 

4. Oct. 29-Dec. 7 ........................................... 67.5 

5. Pec. 8-Jan. 16 ........................................... 47-5 
........................................... 6. Jan. 2-~eb.  10 72.5 

Total .................................................... . . .  

Vector day = one oduIt/plunt/day. 

Results of tile experiment are givetl 
it1 iable I .  01' 240 exl~oserl plnnth. 106 
M T Y ~  observet1 wit11 cither acluIts or im- 
m:ltures, ant1 40 with e g g  ;1nc1 nymphs. 
. i l  tl~ougli there were 503 "vector d i~ys"  
cluritlg exportrl-e, greening, as con- 
firmet1 1,y inrlcxinq, was tral~smitterl to 
only one plant, exposcrl !letwee11 De- 
ceml,er 8 and J a n ~ ~ a r y  lfi (series 5). Sev- 
csal other pl;~nts were ruspects. 'The 
low rate of ~ransmi%ion in this seconcl, 
Inore ~ a r e f ~ ~ l l y  controller1 experiment, 
I':~iled to rcreal any seasonal i l t~ut~tation 
in vector transrr~ission. 

Rates in spring ant1 summer pepuIa- 
tions. Retween Octohcr 8 i~ntl net cm- 
I~cr ! I ,  19fiX. 127 Orlantlo tanyelo seetl- 
litqs were exl>osetl to single Triozn 
rlyl?.mr aili~llts in t I ~ c  insectary a[ Ma[- 
kerns. Tile test inqects were collecrecl 
il-orn ~liseasetl trees i 11 111e Malkerns tlis- 

per cent 

0.0 2 
12.5 38 
25.0 48 
50.6 186 

44 . . .  
12.5 185 

503 . . .  

trict, itnrE allowecl no atlditional acquisi- 
tion reeding. Test seetllingr were heltl 
~ ~ n t l e r  insect-l'ree concli tions in a strecn- 
ho~the I~et'ore anrl after expt,st~re. Twenty 
i~nexl~osecl platlls servtlrF ;ir controls. One 
Ilalf of tlie pIants were exposed to atlult 
Feecling for a maxi~num of 7 days {mean, 
.I .i clays), the remai ndcr were exposed 
l'or a maximorn ai 14  t l i ~ ~ s  (mean, 1 1 .I) 
days). 

Konc or the con~rol plants rtevelopetl 
greeiling sympLoms. Strhinoculalt ions ~n 
inrlicalor lllants confirnletl grcenirlg in 
two exposetl plants. une From a male 
l'cerling lor six days in October and 
;i.lotl~er from ;I female feeding for thir- 
teen tl;tys in November-December. 
These data inclicatr. that single rnalcs 
ant1 retnales ran transmit the greening 
palllogen, anrl that 1 .G per cent of the 
p o l ~ i l a  tion tester1 wcsc carriers. 

SPREAD O F  VECTOR ANn GREENING INTO NEW PLANTJNGS 

Fi Cty Valericia tree5 on Rough lemon hertiliza tion and irrigation. Vector 
rootstocks originating from a nursery cotlms were carried our cithcr weekly 
in t ! ~ e  SwaziIancl Lowveld, where grecn- c-n- I~irnonthly to 1970, and insecticide 
ing symptoms arc unknorvn, were was applied whenever the vector den- 
plantetl a t  hZalkcrns Research Station sity approachetE 0.5 coIony per trec rlur- 
in Decemt~er, 1!367, a t ~ t l  give11 standarrl ing t l~e Grst year after planting. Nigher 



Fig. 2. Po~n~la~ ions  of Trioza mr*eac, applications of insecticides, and incidence of Foliar symptoms of greening in 50 rest citrus trees at 
Ma1 kerns. Swaxiland 
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populations were alIowed thereafter. 
T h e  incidence of greening symptorns 
was recorded. 

The vector colonizcrl the trees imtne- 
diately (fig. 2), requiring four sprays in 
rile first year. Foliar symptoms first 
sliowecl at seven m ~ n t h s .  At 1 I ~ n o n t l ~ s ,  
24 per cent of the trees sl~owetl symp 
toms, ancl at 20 months, 42 per cent. 
By 20 months, l i r t  trees were severely 
s t~~ntec l  h y  the disease, but the remain- 
ing ones were growing satisfactorily. In 
she 196!)-70 season, lector populations 
were l~ighcr,  and four sprays were ap- 
plied. h r  harvest in July, 1970, 13.7 per 
cent of the fruit  sllowetl greening symp- 
toms. De.fq-ce of greening, effect on can- 
opy area, and  fr~rit  yield arc sllotvn in 
cable 2 Tor the 1971 ancl 1972 h : ~ ~ v e s t ~ .  
Rating of foliar synlptonls on a s a l e  of 
I to 4 in increasing severity tva$ based 
on examination of each tree l)v two oh- 
sel-vers. In 1971. out of the tot;il uf 50 

trees, symptams were present in 41 
trees, ant1 i n  1972, in 49 trees. In 1971, 
most of the trees were rated 2; in 1972, 
most were rated 4. T h e  higher fritit 
yield i n  1972 is partly attrihutcd to 
h i d ~ e r  rainfall. 

Greening disease spreaci rapidly in 
the test trees cIespite rq i t l a r  vector con- 
trol. Vigorous grolvth of young trees 
increased their attractiveness to the vec- 
tor, and acccleraterl the spread of green- 
ing. hnothcr reason for the rapid sprcad 
inro t h i ~  small planting may have been 
the presence of severeIy affected trees 
ndjacci~t  to the experimental I~lock. 
Planting !arger I~locks snine distance 
from infected trees might retard thc 
rate QI spread. A similar ralsitl spread 
of grccning in young trees .rv;~s obscn~etl 
Iq Catling (unpn1)lislierl) in the Philip- 
pines and Nepal. Perhaps hig1:ller vector 
populations are needed for signi ficat~t 
tliseahe transminion to nlatlu-e trees. 

CONCLUSIONS 

T h e  incidence ant1 sprearl of green- males :~ncl fe~nales can transmit tlle 
ing and its vector in Sivazilantl are de- greening pathogen to seetllings, ,-in in- 
scribed. Transmission experiments con- rectivity rate ot 1.6 per cent of tIre vcc- 
firmed that Trlazn cryl7,errt: (Del Guer- tor papltlation was inclicatetl. Seasonal 
cia) is the main vector, and that single fli~ctuarion in vector inEec~ivity co~lltl 

TABLE 2 
SEVERITY OF GREENING, AND EFFECTS ON CANOPY AREA AND FRUIT YIELD 

IN 50 TEST CITRUS TREES AT MALKERNS, SWAZILAND 

Severity of Mean 
fruits Greened fruit Mean 

Year folior No. trees 
svrnotoms* aer tree 

at picking canopy ureo 

per cent m' 

1971 1 9 165 9.0 6-3 
2 27 186 14.4 6.0 
3 11 124 30.3 4.4 
4 3 46 39.0 2.5 

1 = slight; 4 - svere. 
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not hc demonstrated. TIlc rate of spread rate oE spread of the patlrogen into 
of p-eerling pathogen to seedlings ex- small, vigorotlsly growing trees in the 
posed in the fielcl war slow, whereas the hcfrl tvas rapid. 
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