
Evaluation of Citrus Tristeza Virus Tolerant 
Rootstocks Grafted with Valencia Orange in Venezuela 

R. Mendt, F. Ochoa, L. Villalba, H. Uhlig, G. Perez, A. Cedeiio 
and T. Barreto 

ABSTRACT. Citrus tristeza virus tolerant rootstocks grafted with Valencia oranges were com- 
pared in three different climatic areas. Yield results for 5 yr are presented. Other variables consi- 
dered were: canopy volume, efficiency, percent juice, total soluble solids (TSS), acid, and TSSIacid 
ratio. From the preliminary results, the most promising rootstocks are Cleopatra mandarin, Carrizo 
and Toyer citranges, Volkamer lemon, Swingle citrumelo and C i t m  amblycarpa. The selection of a 
single rootstock is not feasible due to the different climatic and soil conditions in the three main 
production areas of the country. 
Index words. canopy, efficiency, disease. 

In Venezuela, citrus is the third 
most important fruit crop after 
bananas and plantains. There are 
about 40,000 ha grown and most were 
budded on sour orange rootstock. The 
brown citrus aphid, Toxoptera cit- 
ricidus, was first noted in 1976 (4) and 
the presence of citrus tristeza virus 
(CTV) had been known in Venezuela 
since 1960 (5). In 1980 the first severe 
outbreak of the disease occurred and 
now more than 4 million trees have 
been replanted with an estimated cost 
of $ US 25 million (1,2,3,4,6,7,8). 

One of the alternatives which has 
given good results in other countries 
is the use of tristeza-tolerant or re- 
sistant rootstocks. Several rootstocks 
have been evaluated in the different 
citrus-producing areas of the country 
to establish their adaptability, yield, 
fruit quality and stock-scion compati- 
bility. Preliminary results of these ex- 
periments are presented. 

MATERIALS AND METHODS 

Rootstock trials for Valencia 
oranges with a clone free from exocor- 
tis, cachexia and psorosis were car- 
ried out in three different areas (lo- 
cated approximately 10" 20' N lat. and 
68" 30' W long.): At Yumare, Yaracuy 
State, at 70 m elevation with an aver- 
age rainfall and temperature of 1,512 
mm and 25 C, respectively. The soil 
is a silty clay loam with a pH of 7.3 
and an organic matter content of 

1.48%. In a second trial in the same 
area, the soil texture is sandy with a 
pH of 5.6 and an organic matter con- 
tent of 0.14%. No irrigation is used. 
Tree spacing is 8 x 8 m. The second 
location is in Giiigiie, Carabobo State, 
at 468 m elevation with an average 
rainfall of 969 mm and average daily 
temperature of 25 C. The soil type is 
a clay loam with a pH of 7.4 and an 
organic matter content of 3.83%. Tree 
spacing is 7 x 7 m. The third location 
is a t  Montalban, Carabobo State, at 
690 m elevation, with an average rain- 
fall and daily temperature of 969 mm 
and 22 C, respectively. The soil is clay 
with an organic matter content of 
3.01% and a pH of 5.8. Tree spacing 
is 8 x 8 m. 

The age of the plants is 8 yr old. 
Weekly irrigation is used in locations 
2 and 3 from January through April. 
A randomized complete block design 
was used in all experiments men- 
tioned in this paper. There were 6 re- 
plications. 

RESULTS AND DISCUSSION 

The fruit yield of the 1986 crop at 
the three different locations is sum- 
marized in table 1. Volkamer lemon, 
Carrizo and Troyer citranges and C. 
amblycarpa showed the highest fruit 
production over several years (tables 
1 and 2). Trees grafted on rough 
lemon, Swingle citrumelo, Cleopatra 
mandarin and C. taiwanica had lower 



TABLE 1 
1986 FRUIT YIELD OF VALENCIA ORANGES GRAFTED TO TRISTEZA-TOLERANT ROOTSTOCKS AT SEVERAL LOCATIONS IN 

VENEZUELA 

Location 

Yumare No. 1 Yumare No. 2 Giiigiie Montalban Avg. 

Rootstocks kg No." kg No. kg No. kg No. kg No. 

Citrus amblycarpa 
Volkamer lemon 
Troyer citrange 
Carrizo citrange 
Rough lemon 
Cleopatra mandarin 
Swingle citrumelo 
Citrus taiwanica 

"Number of fruit per tree. 
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TABLE 2 
AVERAGE YIELD FROM 1982-86 OF VALENCIA ORANGES GRAFTED TO TRISTEZA- 

TOLERANT ROOTSTOCKS AT DIFFERENT LOCATIONS IN VENEZUELA 

Rootstocks 

Fruit yield (kglplant) 

Yumare Giiigiie Montalban 
(1983-86) (1982-86) (1983-86) Avg. 

- 

Volkamer lemon 
Carrizo citrange 
Citrus amblycarpa 
Troyer citrange 
Swingle citrumelo 
Rough lemon 
Citrus taiwanica 
Cleopatra mandarin 

yields. The trial at Montalban had 
drainage problems and the yields 
were influenced by lack of irrigation. 

Canopy volume was largest for 
plants budded on Volkamer lemon, 
rough lemon and C. amblycarpa. The 
rootstocks with the least tree growth 
were Swingle citrumelo, C. taiwanica 
and Cleopatra mandarin (table 3). 
However, the most efficient (kg fruit1 
m3 of foliage) combinations were Val- 
encia on Swingle citrume10,Carrizo 
and Troyer citranges, and C. 
amblycarpa (table 3). 

The best fruit quality was exhib- 
ited by Valencia oranges budded on 
Cleopatra mandarin, Carrizo and 
Troyer citranges, Swingle citrumelo 
and C. amblycarpa. Trees grafted on 
Volkamer lemon, rough lemon and C. 
taiwanica had the lowest fruit quality 
(table 4). 

We can say that in Venezuela it is 
possible to replace sour orange with 
CTV-tolerant rootstocks. From our 
preliminary trials the most promising 
rootstocks for the different produc- 
tion areas would be Yumare: C. am- 
blycarpa, Swingle citrumelo, Carrizo 
and Troyer citranges; Guigiie: Cleo- 
patra mandarin, Volkamer lemon, 
Carrizo citrange, C. amblycarpa, 
Troyer citrange and Swingle cit- 
rumelo; Montalban: Troyer citrange, 
C. amblycarpa, Swingle citrumelo, 
Volkamer lemon and Cleopatra man- 
darin. 

Swingle citrumelo can be used in 

higher density plantings than the 
others. The most common densities 
used by the farmers at Montalban are 
312 plantsha, 8 x 4 m; a t  Giiigiie 235 
plantsha (7 x 7 m in a-triangle); and 
at Yumare 204 plantsha, 7 x 7 m. 

Cleopatra mandarin should be 
used in areas with good drainage and 
without excessive clay. The yield of 
Valencia oranges on this rootstock is 
lower in areas like Yumare at 70 m 
elevation, even though the fruit qual- 
ity is good. 

Volkamer lemon rootstock yields 
well in the different production areas, 
even though the fruit quality is lower 
at 70 m elevation at Yumare where 
fruit is used mostly for the fresh mar- 
ket. 

Cleopatra mandarin and Volkamer 
lemon rootstocks are the most widely 
used by the farmers, but others like 
the citranges and the citrumelo will 
also play an important role in our fu- 
ture citriculture. It is recommended 
that growers use more then one 
rootstock according to the climatic 
conditions and types of soil in the 
various citrus-growing areas. 
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TABLE 3 
CANOPY VOLUME AND EFFICIENCY OF VALENCIA ORANGES GRAFTED TO TRISTEZA-TOLERANT ROOTSTOCKS AT SEVERAL 

LOCATIONS IN VENEZUELA' 

Yumare No. 1 Yumare No. 2 Giiigiie Montalban 

Canopy Efficiency Canopy Efficiency Canopy Efficiency Canopy Efficiency 
Rootstocks volume (m3) (kg fruit/m3) volume (m3) (kg fruit/m3) volume (m3) (kg fruit/m3) volume (m3) (kg fruit/m3) 

Volkamer lemon 
Rough lemon 
Citrus arnblycarpa 
Carrizo citrange 
Swingle citrumelo 
Troyer citrange 
Cleopatra mandarin 
Citrus taiwanica 

"Ratings made in 1986 on 8-yr-old trees. 



TABLE 4 
FRUIT QUALITY EVALUATION OF VALENCIA ORANGES GRAFTED TO TRISTEZA-TOLERANT ROOTSTOCKS AT SEVERAL LOCA- 

TIONS IN FEBRUARY 1986 

Yumare Giiigiie Montalbhn 

Rootstocks TSSz Acid (%) Juice (%) TSS Add (%) Juice (%) TSS Acid (%) Juice (%) 

Cleopatra mandarin 
Carrizo citrange 
Troyer citrange 
Swingle citrumelo 
Citrus amblycarpa 
Volkamer lemon 
Rough lemon 
Citrus taiwanica 

"TSS = total soluble solids (%). 
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