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Present situation of the Citrus Greening disease 
in Tanzania and proposai for control strategies. 
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AB STRACT - The p reva\ence of C itrus G ree n ing Disease CG D in 
T anza nia is c\assi tïed into four zones. Zone A located in the h igh
la n ds above 1 200 m o f e\eva t ion is characte rized by a high degree 
of green ing infectio n and a d e nse popu lat ion o f Triou, ery1reae. t he 
Afriea n vector. Zone B (800 to 1 200 111) experiences fair ly high 
populat io ns of vector but moderate sy mp to m s of gree ning. Z o ne C 
(500 to 800 m) is inte rm e di are with ve ry light in fec tio n and re lati 
vely s m all vecror populat io ns. Fina lly in zo ne D (be\o w 400 m) t herc 
is n o natural sprea d of th e d isease and the vector is absen t. Th is 
grad ie nt is resulting fro m rhe te mperatu re se nsit ivity o f the gree n ing 
pathogen o n t he o ne ha nd , and fro m in creasing vector mortality 
unde r warm a n d dry condi tions o n th e o t he r hand . 
Whi\e nurse r ies and fo u nd at io n stock o rcha rd s should be exclusive ly 
esrab\ished in zone D , èirricu\ture can sri\ \ d eve lop in zo ne C and even 
to so m e ex te nd in zone B if appro pria te cro ppin g techn iques are usecl. 

INTRODUCTION 

Citrus Greening disease (CGD) is a major hinclrance for 
the citriculture in Africa and Asia. Originally, the narne of 
the disease is refering to the lack of colour break when 
fruits reach rnaturity. 

The disease was clescribed under va rious loca l na rnes 
such as Yellow Branch ing Disease, Cit rus Decline, Leaf 
mo ttling, Citrus Vein Phloern Degeneratio n , Hua nglungbin. 
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RE SUME - La prévalence de la ma lad ie du green ing e n T a n zan ie a été 
o bservée selo n q uatre types d e si tuations d ifférentes . Dans la zone A 
des H au ts Pla teaux située a u-dessus de 1 200 m d'a lt itude , les symptô
mes de la maladie sont très sévè res e t les pop ulati o ns d e Trioza ery -
1reae le ve c teur africain t o uj o urs élevées. La zone B située en tre 800 
e t \ 200 m héberge des ;op u lations de vecteu rs assez é levées mais les 
symptômes de la maladie sont mo ins sévères . La zone C qu i corres
pond à la tranche a ltitud inale 500-800 m ne connaft que des infest a
t io ns sporad iq ues et générale m e n t pe u importan t es de vecteurs, les 
symptô m es de greening y so nt e n général bénins. Enfin la zone D 
située e n-desso us de 400 m est indem ne à la fois de vecteu r et de 
green ing. Le grad ient observé résulte de la sensibilité de l'org,rn isme 
pat ho gè n e du greening (so u ch e a fricaine ) aux fo rtes tempéra tures et 
de l'importan te mo rtalité o bse rvée sur les oeufs e t les larves du vecteur 
lo rsqu 'a ugm ente k dl'gré de siccité dè l' air . 
Les pép iniè res et les parcs à bois doivent exclusiveme nt ê tre situés en 
zone O . m a is l'agrum icult ure reste possible encore en zo ne C, voire en 
zone B ·m o y ennant certaines précautions phy tosan ita ires. 

Greening was first considered as a vira l infection. But 
the causa l agent was later iclent ified as a phloern restricted 
intra cellular bacterium o rganism (Laf1èche a nd Bové, 
1970 ; Garnier and Bové, 1978 ; Garn ier et al. , 1984). 

Two strain s of Greening associated wi th two different 
vectors (both psyllids) are dist inguished the AFRICAN 
G REENING and the ASIAN GREENING. 

The two ty pes of greening organisrn are no t aclaptecl to 
the same range of te rnperature (Bové et al., 1974) while 
the two vectors have differe nt ecological characteristics. 
This has resultecl in cl ifferent geographical distributions of 
the d isease. 

Recent evid ence was obta ined of the presence o f the 
disease in Tan zania, where the vector Trioza erytreae 
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(Del Guercio) is widely observed in the highland areas of 
Morogoro (Grisoni , 1988) and Arusha. The Greening 
disease was successfully transmitted by graft inoculation 
from Tanzanian contaminated citrus to indicator plants, 
and these plants tested positive to electron microscope 
examination (Swai et al., 1991 ). Therefore TANZANIA 
is not an exception for the greening occurence in the region 

since the disease has already been described from RWANDA , 
BURUNDI, MALAWI (Aubert et al .. 1988) and KENYA 
(Seif and Whittle, 1984 ), four surrounding countries of 
TANZANIA. 

SYMPTOMATOLOGY OF THE DISEASE 

The symptoms of greening disease found in Tanzania 
are similar to those described in vario us other countries on 
oranges , mandarins, and tangelos (Aubert, 1987). Affected 
leaves exhibit mottling, yello wing with eventual zinc and 
manganese deficiences. Leaf yellowing is typically inter
veinal. At an early stage of infection in mature orchards , 
only scattered young twigs are affected but the yellow
ing will extend soon to entire branches in sectorial infec
tion. Off-season flowering and leaf shedding will follow. 

Affected branches bear few fruits that are usually 
underdevelopped, lopsided and may start to colour partially 
from the peduncle. Fruits often drop prematurely ; sugar 
and juice content are reduced. ln seedy varieties, seed 
abortioh,occurs. 

If the tree is severe ly infected , it will show sparse chlo
rotic foliage, die back of branches and heavy fruit drop. 

To some extend Citrus Greening symptoms can be 
confused with poor nutritional status of the tree. 

PATHOGEN PARTICULARITY 
AND-CHARACTERISTICS OF THE DISEASE 

The African strain of Greening Disease is «TEMPE
RA TURE SENSITIVE » and symptoms will appear only 
if day and night temperature are below 25°C and 20° C 
respectively. 

This characteristic is restricting the development of the 
disease and the expression of the symptoms to highlands 
situations in T ANZANIA. 
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T wo parameters may be used to assess the incidence of 
the disease : 

l) The number of degrees-hours per year during which 
temperature is above 30°C (DM/30) when the DM/30 
reaches 1,5 00 hours , the symptoms of greening are greatly 
reduced. At a DM/30 of 200 hours they generally show up. 

2) The number of days per year when the maximum tempe
rature remains below 25.50°C (Nb/ 25.5). If the Nb/ 25.5 
is less than 50 days/year , the symptoms are reduced or non 
existent. 

A survey on citrus greening was carried out in one of 
the most important citrus producing area of Tanzania and 
covering an a ltitudinal transect a long the slopes of Uluguru 
mountains between Matombo , Morogoro and Langali. The 
main results are summarized in Table 1. 

According to the daily temperature data of Morogoro 
(SUA campus, 550 m a.s.l), the number of days below 
25.5°C was the following for the last six years : 

1 984 : 1 2 days 
1985 3 days 
1 986 : 9 days 

1987: 7days 
1 988 : 1 day 
1989: 9days 

These figure s are far below the 50 days threshold , 
meaning that the symptoms ca nnot be observed in such 
conditions. But at a slightly higher eleva tion (Msikitini and 
Langali) where cooler temperatures are experienced. severe 
greening is undoubteclly affecting lo cal citrus. 

A general view of the citrus orchards establishecl near 
the Uluguru mountains in th e suroundings of Morogoro 
appears on Figure 1. 

VECTORPREVALENCE 

African Greening is transmitted by Trioza erytreae 
the psyllicl feeding on Rutaceous plants. Man can also 
transmit the disease through vegetative propagation with 
infected buclwood. 

The feeding activity of T. erytreae is detrimental to 
citrus not only for the sap depletion , but also because of 
the nesting of nymphs that results in the galling or curling 
of leaves, as well as honeydew secret ion and subsequent 
development of sooty mould (Figure 2). 

TABLE 1 - Greening situation on an altitudinal transect along the slopes of Uluguru mountains. 

Location Altitude (m.a .s.l.) * Presence of vector galls * * Disease symptoms 

Matombo 200400 none none 
Morogoro 500-600 few not clear 
Mskitini 800 many faint 
Langali 1 200 many yes 

* -Meters above sea level. 
* * -Leaf galls induced by T. ery treae. 
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Figure 2 - Damage of T. ery treae on a Ro ugh lemon seed
ling. 

Moreover an d by fa r , the grea test da mage indu ced by 
T. erytreae is t he transm issio n o f the Citrus Greening 
Disease. 

Eggs and you ng nym phs (most ly first insta rs) o t· Triuza 
ery treae are ex treme ly vulne ra ble to dessicca t ion and to 
high te m perature (over 25° C). Com bining a ir humi cl it y 
and te m peratu re factor , o ne can ca lculate the a ir eva pora
ting power (o r maxi mum sat uratio n cle lï c it ) at midday and 
eva lua te t he p robabili t y o r mo [·ta li t y o f the eggs and 
nym phs : 

100 - RH 
MSD c= SV P X (in m ba rs) 

100 

MSD : Maximu m Saturat io n Delï cit ( m bars) 
SVP Satura te d Vapo ur Pressure (de pends direc t ly o n 
T empera tu re. data ava ilable o n tables) (m bars) . 
RH · Re la t ive Humiclity ('/r,) 

(ALL DATA TAKEN AT MIDDA Y/ 3 pm) . 
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- Da 

Figure 1 - Orchard of the SOKOlNE 
Agricultu ra l University (Morogoro) 
with Uluguru mounta ins in t he 
background . T he dark a rea (Da) 
shows the forest gallery near ki
kun cl i st ream . 

Fie ld experiments showecl that beyond MSD o f 45 
mbars . 1007,, m ortality o f eggs and first inst ar n ymphs 
succu m b : 3 5 m bars in d uced an average of 70% mo rtality 
wh ile a t 15 m bars only 10% of organism d ied (Green and 
Ca tli ng , 197 1). 

The vector popula tio n . 

A st udy of the cli ma tic con d it ions of the Hort iculture 
Unit in Morogoro (SUA) shows that a lthough t he humidity 
le ve ls a re not optimal fo r the development o f Trioza ery 
treae, t hey clo not preclude psyll id out breaks. Clearly , with 
a ma ximu m a ir saturatio n defi cit of 20 mil liba rs, t he u p
surges o f psy lli ds are minima l, bu t t he cycle of t he insect 
may be ca rried over t he cli ffe rent seasons of the y ear. The 
perio c: of the year covering the months between Ap ril and 
August wo u ld be t he mo st favo urable for the develo pment 
of th e vector. 

Data fo r the years 1984 to 1988 are given in Table 2 . 

Psy ll ids sy m pto ms are o bservecl at SUA Horticulture 
Unit almost al! the year a rouncl , provided there is a flushing 
o n citrus p lants. Yet t he psy lli cl attacks remain at a low 
leve l, a lt ho ugh more ga ll sy m ptoms a re observed o n cit rus 
located c lose to the K! K UNDI stream (cf. Figure !). 

Besicles the genera l climatic con dit ions prevailing at 
SUA , it is suggestecl t ha t so me topocli matic facto rs would 
be in vo lved 

- Pro xim it y o f the Uluguru mountai ns (vector reservoir). 
- Regula r w inds blowin g clow n from these mo unta ins. 
- Mic ro-cl imatic cond itio ns due to higher humid ity near 
t he forest ecosystem of the KlKUNDI stream . 

Pa rasites consti tute t he seco nd factor likely to limi t 
the psy llicl population . The observation at SUA showed a 
d ive rsit y of fa lrna associatecl wit h psyllicls but the rate of 
parasiti zed n y m phs is not e xceecling 40% (G RISON!, 1988). 

Observa tions on CGD a nd its vector will con t inue in 
Morogoro a rea as well as in o ther parts of the coun try. 
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TABLE 2 - Meteorological data with maximum saturation deficit (MSD) at Morogoro (SUA Campus, 570 m ). 

J F M A M J 

1984 
T. max 30.4 31 .0 31.5 29.5 27.9 27.2 
T.min 20 .9 20 .6 20.2 20.2 18.5 15.9 
Rainfall 186. 1 101 .4 110.8 297 .6 63.3 22.9 
R.H. (3 pm) 60 51 57 67 63 57 
MSD/mb 1 7.4 22 19.9 15.2 13.9 15.5 

1985 
T. max 32 .9 30.9 32.6 29 .6 28.8 28. 1 
T.min 2 1.0 20.8 20 .3 20.3 18.2 15. 2 
Rain fa ll 10.0 158.7 107 .1 135. 1 108.3 1.3 
R.H. (3 pm) 5 1 59 55 70 63 53 
MSD/mb 24 .5 18.3 22. 1 12.5 14 .7 1 7.5 

1986 
T. max 31.3 33. 7 3 1.5 30.1 28 .3 27 .8 
T.min 20.8 20.7 20.7 20.2 19.6 15.3 
Rainfall 134.6 70.1 155 .5 142.7 157. 7 11.4 
R.H. (3 pm) 59 46 65 68 70 57 
MSD/mb 18.7 28.2 16.2 13.6 1 1.5 16 .1 

1987 
T. max 30.3 32. 1 32.3 30.5 28.9 28.4 
T. min 20.9 21.1 2 1.6 2 1.0 19.2 15.3 
Rain fa ll 52.5 74.9 65. 7 108. 2 132.7 -
R.IL (3 pm) 6 1 54 57 66 69 54 
MSD/mb 16 .8 22 .0 20.8 14.8 12.3 17.8 

1988 
T. max 33.7 33 .0 32.4 30.5 29.7 28 .7 
T. min 22.3 22 .2 2 1.8 21.3 18.5 18.5 
Rainfall 93 .7 33. 7 19 1.9 87 .1 12.7 44 .8 
R.H. (3 pm) 47 49 53 63 89 55 
MSD/mb 27 .7 25 .7 22 .9 16.2 4 .6 17.7 

MEAN of 2 1.0 23.2 20.4 14.5 11.4 16.9 
MSD/mb 

Morogoro (SUA campus) can be considered as the 
boundary of CGD vector territory where the disease seldom 
clevelops even on psyllid visited cit rus plants. A major 
problem remains for citrus nurseries if these are later 
planted in such a risk area . 

CONTROL OF THE CITRUS GREENING DISEASE 

Risk area. 

It has been shown that the disease is limited to the 
humid altitudinal areas. Temperatures below 26° C are 
favourable for both the vector and the disease clevelopmen t. 
While waiting for a better knowledge on CGD incidence in 
Tanzania , it is proposed - in a first attempt - to distinguish 
3 zones : 

HIGH RISK AREAS include cool and humid climate 
located above 800-1 000 meters such as Uluguru and 
Usambara mountains, Southern Highlands, Kilimandjaro 
<md Arusha regions ; 

JL A s 0 N D Total or means 

26.9 27.3 30.3 31.7 29 .7 31. 7 29.5 
16.8 15 .9 15.9 17.9 20. 1 21.0 18.6 

5.9 4.1 5.6 30.5 127 .4 56.2 1 0 11.8 
57 51 41 41 57 57 55 .1 
15.2 1 7 .8 25.4 26 .2 17.9 20. 1 18.8 

27.7 28.2 30.3 31.3 31.5 32.8 30.3 
15.2 14.1 16.6 1 17.8 19.6 21.3 18.3 
16.7 9.6 0.8 13. 7 58.3 43.3 663.7 
51 45 40 45 4 7 49 52.4 
18.2 21.0 25 .9 25.2 24.5 25.3 20.0 

27.4 28.5 29.7 32.0 31.5 30.8 30.2 
14 .2 15.4 16.4 18 .9 20.5 2 1.5 18.6 
2.3 6.9 1. 2 37.6 15 7.7 156 .2 1 05 1. 9 

50 46 43 45 55 65 55.7 
18.5 21.0 23 .8 26 .2 :ms 15.5 19.1 

28 .1 28 .8 30. 5 31.5 32 .4 33 .8 30.6 
15. 7 17.2 1 7. 7 19. 1 20.4 22.1 19.3 
4.0 8 .5 - 43.8 36.0 28.9 555 .2 

53 4 7 43 46 48 46 53. 7 
17.9 20.1 23 .1 25.0 25.3 28 .4 20 .4 

28.8 28 .9 29.7 32.2 31.8 31.5 30.9 
16.6 16.3 17.8 18 .8 20.6 2 1. 1 19.7 
- 17.G 33.4 27 .5 51.7 170.1 764.2 

50 46 45 40 75 54 55.5 
19.8 2 1.5 22.9 28.9 11.8 21.3 20.1 

17.9 20.3 24 .2 26.3 20. 1 22. 1 19.9 

- LOW RISK AREA are lim ited to humid climate located 
between 500 to 800 m and clryer climates above 800 m 
such as Morogoro and Dodoma , respectively : 

- ZERO RISK AREA covers any area below 500 m such as 

coastal zone, Tanga , Dar es Salam , Matom bo, Zanzi bar . 

Bet ter classification , is being obtained by a national 
survey for adjusting the altitudinal cri teria according to t he 
lat itude and any other rele vant climatic data . 

In terestingly the two major citrus production areas of 
Tanza nia (Tanga and Matombo) are located in zero risk 
area . 

Citrus production and propagation should be recom
mended according to the criteria of table 3 . 
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TABLE 3 - Recommendations for the management of foundation blocks and nurseries in Tanzania. 

Risk area Citrus production Nursery for local release 

High no* no 
Low yes ** yes ** 
Zero yes yes 

* - Un less for home production with citrus psy llid control. 
** - With th e control of citrus psy ll ids . 

NURSERY REGULATIONS 

Budwood should on ly be taken from vigourous grow
ing, high producing , healthy trees from greening free areas 
(zero risk). ln low risk areas, a strict control of psyllids 
with insecticides (dimethoate, diazinon, endosulfan, .. ) 

~_l1_ould be practiced from the stage of young root
stock seedlings u p to the release of the trees. 

An efficient broad insecticide/acaricide / nematicide 
th~t can be used - l N NURSERIES ONL Y - is aldicarbe. 

ORCHAROS PRACTICES 

Psy ll id control. 

Wh en there is a risk of Trioza erytreae attack , strict 
co ntrol of the insect should be obtained. This is necessary 
during flushing periods if the tempera ture and the humidity 
conditions are favouring psyllid out breaks. 

Yellow Saturn traps together with the follow up of 
climatic parameters of temperatures , relat ive humidity 
and tree flushing can be used as a warning system to deter
min e th e accurate tim e of first spraying. 

For effic ient psyllid control , sprayings should be repea t
ed every 7-10 days as long as young leaves will appear. 

Disease co ntrol. 

Although infested trees could be trea ted with anti
biotics, this technique is not a ll owed , nor commercially 
feasib le in TANZANIA. 

The first policy to adopt is to ensure a very good 
nutritional and water status to the trees. If only a fe w 
branches presumably contaminated appear in a otherwise 
hea lthy orchard, they must be pruned off immediately. 
Severely infected trees not producing mark etable fruits 
should be uprooted , and thorough eradication has to be 
enforced in producing zones. 

Young nursery trees showing generalised symptoms 
should be replaced immediatly as they will never bear 
fruits . 

Nursery for transfert Mother tree orchard (germplasm) 
to other areas 

no no 
no no 
yes yes 

l 

CONCLUSIONS AND GENERAL RECOMMENDATIONS 

The African citrus greening disease CGD is occuring 
in Tanzania. A national survey cou id gather ail relevant 
information on CGD and came up with a more accurate 
map showing the different ri sk areas of the country. 

This would assist extension officers in advising properly 
citrus farmers. 

One has to be very care ful white dealing with citrus 
material imports. As a matter of fact, the Midd le East and 
Asia should be completely prohibited areas for avoiding 
accidentai importation of vec tor/ strain of the Asian Citrus 
Greening into Tan zania , since they wou ld easy es tablish 
in the coasta l area o f th e countrv. 

Also a good policy should be fina lise d at national level 
for limiting the propagation of the disease in Tanzania. 
Strict control of nurseries through registered disease fre e 
certification sc heme is essential for reducing the spread of 
CGD. Hea lthy mother tree orchards are a prerequisite for 
deve loping citrus production in Tanzania, since CGD is 
gra ft-transmissi b le. 

The banning of tr~n sport of nursery trees or budding 
materia l from contaminated to hea lthy areas must be 
enfo rced . 

Finally, extension service officers should be warned 
that if a pest or a disease lik e CGD is threa tening citrus 
production in a given area alternative fruit crops should be 
prefered for concentrating citrus production in disease-free 
sectors. 
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EL GREENING DE LOS CITRICOS EN TANZANIA. SITUAC ION 
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RESUM EN - La prese ncia de la en fermedad de l greening en Tanzania 
fué o bservada de acuerdo a cuatro sit uac io nes di [erentes. En la zo na 
A de los a lti pia nos situada arriba de 1 200 m de altit ud , los sfnto mas 
de la enfermedad so n m uy severos y las po blacio nes de Trioza ery
treae, e l vecto r africa no, son siempre elevadas. La zona B situada 
e ntre 800 y 1 200 m tiene poblaciones de vecto res bastante elevadas 
pero los sin to mas de la en fermedad son menas severos. La zona C 
que corresponde a l rango altit udinal 500-80 0 m solo presen ta infesta
cio nes esporadicas de vectores, generalmente poco importantes, los 
sfnto mas de greening so n en general ben ignos. F ina lmente la zo na D 
sit uada a baj o de 400 m esta indemne al mismo tie m po al vector y al 
gree ning. El gradie nte o bservado es el resul tado de la sensib il idad del 
organ ismo pat6ge no del greening (cepa a fr ica na) a las fuertes te m
peraturas y de la im porta n te mortalidad de l vector luego que au me nta 
el grado d e desecaci6 n del aire . 
Viveros y lo tes productores de esquejes de be n exclusivamente estar 
situados en zona D , pero la citricultura es posib le aun en zona C, 
incluso en zo na B m edian te algunas precausio nes f itosa nitarias. 




