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Abstract. Yields, juice quality, and tree size were recorded from
one Hamlin orange (C. sinensis (L.) Osbeck) clone on 10 un
named citrumelo (Citrus paradisi Macf. x Poncirus trifoliata)
and 3 unnamed citrange (C. sinensis x P. trifoliata) rootstocks,
Sour orange {Citrus aurantium), Swingle citrumelo and Norton
citrange. Trees were planted in November 1986, spaced 14 x 22
feet in 6 replications of 3 tree plots. Cumulative yields were
highest for trees on citrumelos F/80-3, F/81-18, W-2, F/80-2, and
sour orange, and lowest for citrange F/81-10, citrumelo F/80-19
and F/80-7. Cumulative pounds soluble solids per acre were
highest for citrumelo F/80-3, F/81-18, F/80-2, F/80-8, and sour
orange. They were lowest for citrange F/81-10, citrumelo F/8019, and F/80-7. Tree size was calculated by measuring the ef
fective height of fruiting. Citrumelo F/80-2,W-2, F/81-18, sour
orange, F/80-3 and F/80-6 were the largest trees.
When Swingle was assigned an index of 100, there were trees
on seven rootstocks that produced fruit higher in the tree than
Swingle. Using Swingle as an index for production of pounds
soluble solids per tree in seasons 1992-93 & 1993-94, only
trees on F/80-2, F/81-18, sour orange, and F/80-3 rootstocks
out produced trees on Swingle. Tests for Citrus Tristeza Virus
(CTV) in December 1992 on all trees on sour orange rootstock
showed that 27.7% of these trees were identified with severe
isolates of CTV. By August 1993, five trees on sour orange
rootstock were declining.

'Retired
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Introduction

In 1955, Dr. Mortimer Cohen, then a pathologist with the

State Plant Board in Gainesville, made controlled pollina
tions among selected trees in the University of Florida horti

cultural grove on Archer Road as part of his interest in
horticultural characteristics of nucellar citrus seedlings.
Fruits from these pollinations were harvested in January and
March of 1956 and seed was planted. Many of these nucellar
and zygotic seedlings were subsequently planted in 1960 at
the Division of Plant Industry Budwood Foundation Grove lo
cated near U.S. 27 and 1-4 in Polk County.
After extensive evaluation by personnel from the Citrus
Budwood Registration Office, nucellar selections of 'Pineap
ple', navel, 'Valencia' and 'Redblush' grapefruit were re
leased as budwood for use by the Florida Industry beginning

in 1972 and have become popular scions commonly used in
the Florida industry. (Bridges 1973) (Bridges & Youtsey 1974)
(Norman 1964) (Pieringer et al. 1978).
Certain of the zygotic seedlings from Cohen's work were
fruited and from 1968 through 1973, many seedling stands
were established for evaluation of uniformity, vigor, germina
tion, and disease susceptibility. Several of the more uniform

and vigorous selections were identified for trial as rootstocks

in 1973 when the Budwood Foundation Grove was moved to
a new location near Dundee, Florida, and in other trials by
USDA and IFAS research scientists. (Wutscher et al. 1988)
(Youtsey and Bridges 1979).

Because of increased interest in the potential for use of citranges and citrumelos, this study was undertaken to deter
mine the performance of these controlled pollination
seedlings used as rootstocks for Hamlin sweet orange in com
parison with standard commercial rootstocks.
Materials and Methods

In the fall of 1983, seeds were harvested and sown for 10
citrumelo, (C. paradisi cv. 'Duncan' grapefruit x P. trifoliata)
and 3 citrange (c.sinensis cv. 'Parson Brown' x P. trifoliata and
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one cv. 'Pineapple' x P. trifoliata) seedling trees, and for Swin
gle citrumelo, Norton citrange, and Sauvage sour orange.
Uniform seedlings were lined out in Nov. 1984 and budded
in July 1985. Budwood was taken from the H-1-4-1-X-E mother
tree maintained under screen at the DPI Citrus Budwood
Foundation grove in Dundee. The budwood source was free
of citrus tristeza virus (CTV) as well as psorosis, xyloporosis/
cachexia, exocortis, and other detectable viroids. Subsequent

serological tests for citrus blight did not show the presence of

Results and Discussion

Trees on F/80-3 (container grown) averaged 118 fruit per
tree 2 years after planting. Trees on Swingle, F/80-8, F/81-12,

F/80-7 averaged 29 fruit per tree. Average fruit yield for all
rootstocks was 24 per tree. Trees began bearing a commercial
crop at 3 years of age and varied from 1/2 to 2 boxes. The
trees on citrumelo F/80-3 rootstock led, or equaled, all other
stocks in annual yields and led sour orange and Swingle by

blight specific markers (Derrick et al. 1990). Other visible

15.5% and 24.6%, respectively, in cumulative yields (Table 1).

symptoms of citrus blight in the mother tree have not been

Yields of scions on sour orange were reduced in the most re
cent 2 years due to CTV decline affecting 6 of the 18 trees. An
nual yields of citrumelo F/81-18 were comparable with sour

observed. Trees were planted in Nov. 1986 at St. Cloud, Flor
ida, in soil consisting predominately of Myakka fine sand.
Tree spacing was 14 x 22 feet. The experimental design was a

orange except in the 1992-1993 and 1994-1995 seasons and

randomized complete block with 6 replications of 3-tree

were comparable to or greater than Swingle in all seasons. Cu

plots. Trees of the citrumelo F/80-3 were container-grown in
a commercial greenhouse (budded in September 1985) and

mulative yields were less than 1% greater for F/81-18 vs. sour
orange, but 8.8% better than Swingle. Trees on citrange F/

were originally set in an adjacent trial, but later moved by tree

81-10, citrumelo F/80-19, and citrumelo F/80-7 yielded

spade into this planting in November.

47.3%, 33.2%, and 22.2% less fruit, respectively, than Swingle

For the first crop in the 1987-1988 season, fruit were
counted from individual trees; thereafter yields were deter

for the 6-year period. Sour orange had better yields than

mined for each 3-tree plot in standard 10-box tubs by measur
ing the depth of fruit with a calibrated stick inserted through
a crossbar placed over the rim of the tub. Each box equals ap
proximately 90 pounds. Approximately 40 fruit were collect
ed from each of 3 replications for juice analysis prior to

harvest. Analysis was done by the Dept. of Citrus using com
mercial extractors at CREC. Tree size was measured in July
1989 and height of fruiting was measured in November 1994.
Grove nutrition and pest control were managed to pro

duce fruit for processing. Irrigation was supplied as needed
from a microsprinkler system without fertigation. Only minor

Swingle in most years, but CTV will cause a reduction in fu
ture yields.
Pounds soluble solids per acre generally followed yields
per tree, except for citrumelo W-2 which was slightly better in
cumulative yields than Swingle, but produced less soluble sol
ids per acre than Swingle (Table 2). Trees on rootstock F/803 led all other rootstocks in production of pounds of soluble

solids per acre each of the six years, except F/80-2 in 1993,
and produced more cumulative pounds solids per acre than
sour orange and Swingle by 10.6% and 20.4% respectively.
Citrumelo F/81-18 and F/80-2 produced pounds soluble sol
ids per acre comparable with sour orange, while producing

means compared by least significant difference as appropri

8.7% and 5.8% higher than Swingle respectively. Citrumelo
F/80-3 produced 20.7% more pounds of soluble solids per
acre than Swingle, but only 10.5% more than the CTV affect

ate.

ed sour orange over the 6-year period. Rootstocks producing

hand pruning was done until 1994 when annual hedging be

gan. The data were examined by analysis of variance and

The trial was injured in a December 1989 freeze. Visual as
sessments of tree damage were made in April 1990.

the least cumulative pounds solids per acre were citranges F/
81-10,-12,-13, Norton, and citrumelo F/80-19, F/80-7.

Table 1. Average annual and cumulative yields (boxes/treez) of Hamlin trees on 16 rootstocks.
Rootstocks

1989-1990

1990-1991

1991-1992

1992-1993

1993-1994

1994-1995

Cumulative Yield/Tree

Citrum F/80-3

2.2

2.9

4.0

6.8

6.3

8.9

31.0

Citrum F/80-8

0.9

2.1

3.1

5.8

5.5

7.5

25.0

Citrum W-2

0.7
0.7

2.0

3.0

6.3

5.6

8.0

25.6

Citrange F/81-12

1.8

2.7

5.5

4.9

6.6

Citrange F/81-13

0.9

2.0

3.3

5.1

4.9

6.4

22.2
22.6

Sour Orange

0.8

2.3

3.7

26.9

0.8

2.4

3.2

5.7'
5.7

7.3*

Citrum F/81-18

8.3

27.1

Norton Citrange

0.7

1.9

2.9

7.0
6.7
5.1

4.9

7.0

22.5

Citrange F/81-10

1.1

1.1

4.0

3.6

4.9

16.9

Swingle Citrum

0.9

2.1

2.1
2.8

5.8

5.6

7.6

24.9
23.8

18.7

Citrum F/80-19

0.6

1.3

2.1

4.5

4.1

Citrum F/80-18

0.6

2.3

3.0

5.5

5.0

6.2
7.4

Citrum F/80-7
Citrum F/80-14

1.1

1.8

2.1

4.4

4.6

6.3

20.4

1.1

2.2

3.0

5.3

4.8

6.7

23.1

Citrum F/80-6

0.6

5.9

5.0

0.4

2.1
1.9

2.9

Citrum F/80-2

3.1

6.3

5.6

7.7
8.7

24.2
25.9

Mean

0.9

2.0

2.5

5.6

5.1

7.2

23.8

LSD"

0.3v

0.5

0.5

1.0

0.9

1.1

—

'Box = 90 lbs.
>3 declining trees.
"6 declining trees.

"Least significant difference.

V5 replications only.

70

Proc. Ha. State Hort. Soc. 108: 1995.

Height

Width

80-3

80-8

W-2

81-12

81-13

81-18

NOR

81-10

SWG

80-19

80-18

80-7

80-14

80-6

80-2

Rootstock
Figure 2. Tree height and width in feet—July 31, 1989.

trees were killed. Trees on citrange F/81-10, 12,13 citrumelo
W-2 had injury into larger limbs and were the most severely
damaged. Citrumelo F/80-7 suffered the least damage with
little or no dead wood.
Average height and width of all trees was measured in July
1989 (Fig. 2). Trees on citrumelo F/80-3 and W-2 were the
largest and citrumelo F/80-7 and 19 were the smallest.

ed from several flatwoods plantings on citrumelo F/80-3 and
F/80-8 with at least one instance traceable to infected trees
from the nursery and 2 occasions from close association with
fire ant injury. Screening tests of F/80-7,8, and 18 to deter
mine susceptibility to Phytophthora have been rated intermedi
ate to susceptible. (Graham, personal communication) F/80-

Fruiting height was measured in November 1994 after the
trees had filled the in-row spaces (Table 3). Visual measure

ments recorded the average height of fruit in the tree for 3
replications (9 trees each rootstock), to determine if any rootstock might produce acceptable yields at a lower height which
could result in more favorable harvesting costs. Swingle rootstock was assigned a value of 100 and the fruiting height and
average yield in pounds soluble solids per tree for the most re
cent two years were compared.

Seven rootstocks produced trees that bore fruit higher in
the tree on average than did Swingle. Trees on citrumelo F/
80-2 bore fruit higher than Swingle by 12.7% however the
yield was only 4% higher in pounds soluble solids per tree. In
contrast, trees on sour orange bore fruit only 6% higher in

the tree than swingle, yet the yield was 12% more in pounds
soluble solids per tree. Yield was directly related to tree size,
except for trees on F/80-6 and W-2 which were larger than
Swingle but produced less pounds soluble solids per tree.
A number of commercial plantings containing some of
these citrumelo rootstocks have been established in Florida in
different soil types and under various cultural practices. Tree

losses from Phytophthora footrot and rootrot have been report
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Table 3. Average fruiting height measured 11/01/94 on 3 replications (9
trees).
Rootstocks

Average Feet"

Frt Ht Index*

Yield Index'

Citrum F/80-3

14.5

106.6

106.0

Citrum F/80-8

13.4

98.5

93.0

Citrum W-2

15.0

110.3

91.0

Citrange F/81-12
Citrange F/81-13

12.9

94.9

87.0

12.3

90.4

84.0

Sour Orange

14.5

106.6

112.0

Citrum F/81-18
Norton Citrange

14.9

109.6

105.0

13.6

100.0

87.0

Citrange F/81-10

10.6

Swingle Citrum

13.6

77.9
100.0*

100.0*

66.0

Citrum F/80-19

12.7

93.4

76.0

Citrum F/80-18

13.8

101.5

90.0

Citrum F/80-7

12.1

89.0

75.0

Citrum F/80-14

13.4

98.5

83.0

Citrum F/80-6

14.4

105.9

94.0

Citrum F/80-2

15.3

112.5

104.0

'Index - Pounds solid per tree for 92-93 & 93-94.
>Index - Maximum fruit height.
"Average maximum fruit height per tree.

"Indexes are computed with Swingle at 100.
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3 was ranked with Swingle as more tolerant. (Graham et al.
1993). Few problems related to Phytophthora have has been re
ported in plantings of these rootstocks on well drained soils
of the ridge.

Citrus Blight has been reported in plantings of F/80-3
while F/80-8 has not sustained severe losses. (Youtsey and
Rosenthal 1986). It remains to be seen to what extent that Cit
rus Blight will occur in this trial.
From observations to date it would seem that few of these
rootstocks are superior overall to Swingle, but citrumelo F/
81-18 and F/80-2 may be acceptable rootstocks for further tri
al plantings with Hamlin orange scions because of increased
yields of fruit per tree and pounds soluble solids per acre. Cit
rumelo F/80-3 should also be included due to the outstand
ing yield performance, however, care should be taken that
nursery stock should be free of Phytophthora and careful atten
tion should be given to control of fire ants in the planting.
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TREE SURVIVAL IN LONG-TERM CITRUS ROOTSTOCK FIELD TRIALS
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Macf. x P. trifoiiata) rootstocks common to most trials. A broad
range of other rootstocks were included in the experiments.
Early losses were caused by site conditions, cultural practices
and Phytophthora foot rot. Overall, few trees were lost to the
latter except for trees on sweet orange rootstock where gener
ally < 50% survived. Blight was the primary cause of loss
among older trees except for CTV decline in trees on sour or

Additional index words. Blight, citrus tristeza virus, Phytoph
thora.

Abstract. Tree losses caused by blight, citrus tristeza virus
(CTV) or Phytophthora foot rot were recorded periodically in
four formal rootstock experiments and one grower trial. The
five trials, located throughout Florida, were planted between
1968 and 1978. The scion cultivar was either * Valencia' or
'Hamlin' sweet orange [Citrus sinensis (L.) Osb.] with rough
lemon (C. jambhiri Lush.), Volkamer lemon (C. volkameriana
Ten. & Pasq.), sour orange (C. aurantium L.), Cleopatra manda
rin (C. reshni Hort. ex Tan.), Carrizo citrange [C. sinensis x
Poncirus trifoiiata (L.) Rat J, and Swingle citrumelo (C. paradisi
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Jack Neitzke, the Berry Corp., Florida growers through a Citrus Production
Research Advisory Council grant (Project 928-27), and L. W. Timmer and R.
F. Lee for disease assays.
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ange. Trees on commercial stocks survived blight according to
prior experience, i.e., high survival among those on Swingle
citrumelo, sweet orange, and sour orange (> 80%) and lower
survival (< 50%) for those on rough lemon with other root
stocks having intermediate losses. The survival results be
tween trials were sufficiently consistent to suggest that longterm field trials are, and continue to be, the only current means
to conduct blight evaluations. Among non-commercial and
new rootstocks, tree survival was > 75% for those on English
Small trifoliate orange, C. ambiycarpa, Koethen sweet orange
x Rubidoux trifoliate orange, Chinotto, a pummelo, and 80-8
citrumelo.

Blight, Phytophthora diseases, and citrus tristeza virus
(CTV) continue to be among the principal causes of tree loss
in the Florida citrus industry. In searching for rootstocks tol
erant or resistant to these diseases, new plant material is fre
quently screened in controlled tests before field evaluation.
These tests function well to identify the usually small number
of plants with desirable traits among the much larger original
population; however, these tests also have certain disadvan73

