
General information about citrus in Israel

Growth area- 17,500 hectare( 30% Sweet 
orange , 30% grapefruit, 30% peeled and 
others mainly lemons 10% ).
Sweet orange- Fruit production of 5,250 hec.
Fruit production- 530,000 ton/year; 125,000 
ton for export.
Citrus packing house- 16 for export and 100 
for the local market.



Grapefruit ( Citrus paradisi )



Sweet orange (C. sinensis )



Sweet orange ( var. Vlencia )



Other citrus trees
lemon Qumquwat

Red pomelo Etrog



Citrus packing house in Israel



Checking and packing the fruit



Packing of sweet orange ( var. Vlencia )



Irrigation system



Citrus tristeza virus

Citrus tristeza virus (ctv)- is a major cause of 
the decline and eventual death of trees on 
sour orange rootstock.

Causal agent- is clostervirus with long 
flexuous particales 2000 nm long and 12 
nm wide with a single-stranded RNA .



Citrus tristeza virus

A virus is small infectious 
agent that can 
replicate only inside 
the living cells of other 
organisms
Virus classification
Group: ��

Genus : Clostervirus

Species: Citrus tristeza
virus



Synonyms

Citrus quick decline virus ( Fawcett& 
Wallace ).
Citrus seedlings yellow virus ( Fraser, 1952 )
.Grapefruit stem pitting virus ( Oberholzer et 
al., 1949 ).

Lime die-back virus ( Huges & List’ 1949 )



Damage

Tristeza represents one of the biggest threats to citrus 
production around the globe ( Pauline &Harty, 1992 ).

Tristeza affects practically all kinds of citrus but mostlly
orange,grapefruit, and lime ( Agrios,1978 )

In 1981, the total world loss attributed to this disease was 
astimated at 50 milion trees ( Nawaz et al.,  2008 ).

Tree decline results from necrosis and death ( blockage) of 
the conductive tissue ( phloem), resulting depletion of 
sugars/starch in the feeder roots leading to the death of 
the tree Nawaz et al.,  2008 ).



SYMPTOM

Trees grafted on sour orange rootstock 
usually show :
Dieback and defoliation, stunting and in 
many cases complete decline, stem pitting 
and low yields with small and poor quality, 
pinholes below the bud union in the inner 
face of the bark, leaf chlorosis and curling.



Yellowing and declining of sweet orange trees 
grafted on sour orange rootstock by CTV



Sweet orange cv. Valencia grafted on sour orange 
rootstock affected by Citrus tristeza closterovirus

(CTV).



Tristeza induced quick decline of sweet 
orange on sour orange rootstock



Dieback of sweet orange grafted 
on sour orange caused by CTV.



Honey combing, or pinholing induced by 
CTV below the bud union on sweet orange 

trees grafted on sour orange rootstock.

Rootstock

Scion

Pinholes



Images of infection in the bark of C. macrophila (A) 
and sour orange (B) with mild strain of CTV ( j.of

virology , 1982 (13)



Valencia orange trees (Israel)
Left:diseased ; Right; healthy



Honeycombing, induced by CTV on valencia
orange trees grafted on sour orange 

rootstock (Israel ).



Suspected tree as affected with cvt



Stem pitting induced by CTV
on a grapefruit trunk



Stem pitting induced by CTV on small 
branches of grapefruit grafted on the 

tristeza-tolerant rootstock Citrus limonia



Tristeza aggressive isolate inducing stem 
pitting in branches and trunks of grapefruit in 

Uruguay 



Left: grapefruit from a healthy tree; right: 
four grapefruits from a tree grafted on sour 

orange and infected with CTV.



Mexican lime seedlings (Citrus aurantiifolia). 
Left: healthy; right: inoculated with CTV.



Vein clearing induced by CTV in
inoculated Mexican lime (C. aurantiifolia) 

seedlings incubated at 18-25°C.



Leaf flecking and vein clearing on 
leaf infected by tristeza (C.T.V)



Vectors of Citrus virus tristeza

1. Aphids ( Aphids feeding ):
Toxoptera citricidus (most efficient vector )
Aphis gossypi- less efficient but still effective
Aphis spiraecola- less efficient .
Aphis aurantii- “ “ .
2. Infected plant material is the most 
important means of tristeza spreading



Arthropods as Virus Vectors



Citrus brown aphid ( Toxoptera citricida ) 
vector of CTV



Apterae and alatae aphid of Toxoptera
citicida vector of CTV



Vegetative Propagation of Plant Viruses

Agrios, 1978 )��



Control

1. Tolerant rootstocks
CTV is controlled by the using of tristeza-
tolerant rootstock.

There is no such thing as perfect rootstock.

Selection is matter of determining which 
stock will perform best in your situation 



Rootstocks should be selected for their:

Ability to perform under your soil and 
climatic conditions:
Resistance to pest and diseases.

Compatibility with the variety you are plant 
and positive impact they have on fruit yield 
and quality ( Lacy & Foord, 2005 ).



Relevant information about the soil , pest, 
climate conditions and irrigation

Type and structure 
Depth and drainage
Ph and salt content
What is the virus/disease  status in your 
trees?
Temperatures
Water quality, salts.type



Left: troyer rootstock salt tolerance
Right: 812 rootstock salt susceptible



ROOTSTOCKS COMMONLY AVALIABLE
1. Troyer and Carrizo Citrange

Both rootstocks are cold hardy

Produced vigorous trees and perform well on most 
soil types, though they will not grow well in 
calcareous soils or under saline conditions

They tolerant to CTV,nematode, root rot, but 
susceptible to severe strains of exacortis viroid.

Both rootstocks compatible with most common 
varieties.



TRIFOLIATA (PONCIRUS TRIFOLIATA)
1. Trifoliata performs best on heavier clay loamy 
soils, but not well suited to sandy soils.

2.Trifoliata is cold hardy, but has poor drought 
tolerance and poor suited to saline and highly 
alkaline or acidic soil conditions.

3.This rootstockis resistant to citrus nematode, 
CTV, root rot, but susceptible to the exocortis
viroid.

4.Trifoliata is incompatible with some minor 
varieties ( Eureka lemon and others )



Others tolerant rootstocks to CTV

1.Swinglle Citrumelo ( grapefruitxtrifoliata )
2. Volkameriana
3. Rough lemon (C. jambhiri)
4.Cleopatra Mandarin
5. Sweet orange
6. C-35



Cross protection
2. Mild Strain protection
In the recent years much effort has been devoted 
to mild strain cross protection research. Cross 
protection works on the basis that if you 
inoculate trees with mild CTV isolate and later 
infect with a severe isolate, the symptoms of the 
severe isolate would not be expressed. This 
approach at the present appears promising in 
the controlling stem pitting symptoms in trees 
tolerant rootstocks varieties. It has not been 
effective in controlling of decline trees on sour 
orange rootstocks. However this method has 
many difficulties and in practical is only efficient 
in Brazil and South Africa 



Program for virus-free nursery plants

1. Scion groves or mother trees with 
protective measures to prevent infection 
with pathogen by insect virus. These 
citrus provide virus-free budwood for 
citrus nurseries.
2. Budwood is cut from one of the registered 
scion   trees. The rootstock is grown from 
seed.
3. Grafting or budding virus-free budwood
onto rootstock from seed produced 
almost 100% virus-free plants.



Greenhouse used as nursery for 
virus-free plants



Grafting of scion budwood cultivar on the 
appropriate rootstock



Healthy Young Virus-Free Citrus Plants



Budding on Troyer rootstock



Growing of scion on sour orange rootstock



Growing of the scion on Troyer rootstock



“Merav”- rootstock more  resistant to 
calcareous soils



Citrus  grafted seedlings



Cutting and removing of affected trees or 
due to low fruit production



A new plantations



Recommendations

1. Using only certified scion - from the local     
confirmed mother trees ( Examined every year to 
the ctv presence by ELISA and indicators tree ( 
Mexican lime and Citron ). Mother trees should be 
grown in nurseries under controlled conditions 
and treated with chemicals against aphids.
2. Use compatible tolerant rootstock to ctv with  
suitable scion cultivar ( Field experiments ). 
3. Destruction of all affected trees with ctv. 
4. Survey-in Israel is done mostly for the detection 
of ctv in mothers trees because the presence of 
the only mild strains.
5. Establishment- of local nursery for certified 
woodbud production.



Recommendations (Eppo quarantine pest).
1. Strict quarantine measures are  necessary to avoid introduction of CTV  into 

countries where the virus is not present or introduction of severe strains in 
areas with only relatively mild strains.

2. Continuing the maintenance of CTV- free trees of important commercial    
cultivars in an aphid- proof screen house. 

3. Using tolerant rootstocks and tristeza-free propagation material  .

4.It is also necessary to spray nursery  plants of young trees to control aphids 
to prevent re-infection with the virus.

5.Large-scale surveys using the ELISA  technique with monoclonal antibodies.

6. Any new outbreak should be eradicated quickly to avoid virus spread.

7.Fruit from infested countries should be free from leaves, penducles washed 
and waxed or fumigated.

8. Certification programmes should be established in all citrus- growing to 
guratee that CTV is not spread with budwood used for commercial 
propagation.



Gum oozing  from tree damaged by 
Phytophtora root rot ( gummosis )



Root rot of citrus trees and grafting beyond 
the affected zone by resistant rootstock



Resin exudation on grapefruit bark 
( gummosis )



Soft rot of citrus trees caused by 
Ganoderma applanatum



Breaking of trunk citrus



Malseco



Malseco



Malseco control

1.Destroying of infected plant material.
2. Spraying with Cu compounds ( Kocide
0.3%) every month from the spring up to 
the autumn. 
3. Using of more resistant cultivar named -
“Interdonato”



Interdonato lemon



Alternaria brown spot



Sooty mold



Green mold caused by Penicillium digitatum



Mineral deficiency



Purple scale (Lepidosaphes beckii )



Citrus grove declining



•THANK YOU VERY MUCH FOR YOUR 
ATTENTION !!


