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New citrus production systems that feature high density plantings being developed and adapted for Florida growing
conditions will require improved tree-size controlling rootstocks that bear early and produce good yields of fruit with
juice of high quality. Flying Dragon [Poncirus trifoliata (L.) Raf.], the standard dwarfing stock of the industry, grows
slowly in the nursery and generally does not yield adequately. Improved alternative rootstock choices are desirable.
Tetraploid rootstocks, both autotetraploids and allotetraploids, have been shown to have a capacity to reduce tree size
when budded with commercial diploid scions. We have been exploring somatic hybridization of complementary diploid
rootstocks via protoplast fusion to generate allotetraploid rootstock candidates for many years. Our early work featured
production of somatic hybrids of many complementary rootstock combinations, including hybrids of sweet orange and
mandarins with Flying Dragon. Field testing of such hybrids showed excellent tree size control, good yields, and juice
quality; however, there were usually one or more problems with each hybrid, such as inadequate seed production for
standard propagation, or poor tree survival at one or more locations. We have subsequently produced additional somatic
hybrids of complementary rootstocks that appear to have solved these problems, which also include parentage for coldhardiness. Although replicated field trials of these somatic hybrid rootstock candidates were destroyed by the state-run
canker eradication program, we were able to obtain yield and juice quality data over three consecutive seasons from a
small blight tolerance trial in St. Cloud in collaboration with Mr. Orie Lee. Features of five such tree-size controlling
somatic hybrid rootstock candidates will be presented, including information on seed production, tree size, yield, and
juice quality. For example, the somatic hybrid of ‘Changsha’ mandarin + 50-7 trifoliate orange consistently produces
2.25 boxes of ‘Valencia’ fruit per tree with high juice quality on trees of similar size to those budded to Flying Dragon.
These new somatic hybrid rootstocks should have good potential in emerging advanced production systems for Florida.

Rootstocks have significant impacts on tree productivity;
fruit/juice quality and survivability; and improved rootstocks can
greatly improve the profitability of citriculture (Castle, 1987).
The primary objective of our rootstock breeding program has
been the packaging of necessary biotic and abiotic resistances
together with wide soil adaptation, productivity, and the ability
to control tree size (Ananthakrishnan et al., 2006; Grosser and
Chandler, 2000; Grosser and Gmitter, 1990, 2005, 2010; Grosser
et al., 2000, 2003, 2004, 2007; Medina-Urrutia et al., 2004). In
Florida, smaller trees are desirable to reduce harvesting costs
and to maximize the efficiency of cold-protection, and may now
be needed for new production systems that minimize the impact
of citrus canker and HLB (huanglongbing, or citrus greening).
Allotetraploid somatic hybrids produced by protoplast fusion are
now playing a key role in this effort.
The original strategy we implemented more than 20 years ago,
using somatic hybridization for rootstock improvement, was to
combine complementary diploid rootstocks via protoplast fusion to
generate tetraploid somatic hybrid rootstocks. More than 100 such
somatic hybrid rootstock combinations were produced, propagated
by rooted cuttings, and many have been included in commercial
field trials (Grosser et al., 1995). Somatic hybrid allotetraploid
citrus rootstocks have continuously shown the ability to reduce
tree size, even from combinations of vigorous diploid parents
(Table 1). Although the physiological mechanism responsible

Table 1. Effect of polyploidy on tree size (based on percentage of Carrizo average canopy volume) – juvenile ‘Roble’ sweet orange scion,
McTeer Trial, Dundee; somatic hybrids indicated by plus sign. Trees
4–7 years old.
Rootstock
Size
Rough lemon 8166
141
Carrizo citrange
100
Cleopatra
100
Kinkoji
95
C-35 citrange
90
Swingle
78
Sour orange + rangpur
65
WGFT + 50-7 trifoliate orange
63*z
Cleo + Carrizo
61
Cleo + Argentine trifoliate orange
58
Nova + Hirado Buntan pummel zyg.
56
Cleo + rangpur
54
SO + 50-7 trifoliate orange
51*
Nova + Palestine sweet lime
49
Milam + Kinkoji
42
Cleo + Swingle
35
Cleo + Flying Dragon
35
Hamlin + Flying Dragon
34
Flying Dragon
33
Sour orange + Benton
29
*Indicates rootstock featured in manuscript.

*Corresponding author; phone: (863) 956-1151; email: jgrosser@ufl.edu
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for the tree size control has yet to be identified, we suspect it is
a graft union response, since tetraploid cells are different morphologically than diploid cells, generally exhibiting larger size
and thicker cell walls. This report will provide a brief history of
field trials designed to determine the potential of somatic hybrid
rootstock candidates for commercial use in Florida. Yield and
tree size data from early field trials indicates that somatic hybrid
rootstocks can produce adequate yields of high-quality sweet
orange fruit on small–medium sized trees. However, the somatic
hybrid rootstocks that performed well for yield in the early trials
had other problems, such as inadequate nucellar seed production
as needed for standard nursery propagation, or poor tree survival
at one or more locations. More recently produced somatic hybrid
rootstock candidates appear to have overcome these problems,
and this report will focus on five such somatic hybrid rootstock
candidates as follows: Changsha mandarin (Citrus reticulata
Blanco) + trifoliate orange 50-7 [Poncirus trifoliata (L.) Raf.];
White grapefruit (Citrus paradisi Macf.) + trifoliate orange 507; sour orange [Citrus aurantium (L.)] + trifoliate orange 50-7;
Changsha mandarin + Benton citrange [Citrus sinensis (L.) Osbeck × Poncirus trifoliata (L.) Raf.]; and sour orange + Carrizo
citrange [Citrus sinensis (L.) Osbeck × Poncirus trifoliata (L.)
Raf.]. These somatic hybrid rootstocks have yield efficiencies
higher than the standard industry dwarfing rootstock Flying
Dragon trifoliate orange, and produce adequate nucellar seed for
standard nursery propagation. Due to their parentage, they are
expected to have better soil adaptation than Flying Dragon, which
does not perform well on high pH, calcareous soils. Following
additional testing, we expect to release some of these somatic
hybrid rootstocks for commercial use.
Materials and Methods
Plant material. Allotetraploid somatic hybrids included in
the U.S. Sugar (Dunwoody Grove, Clewiston), McTeer (Dundee),
and Lee Groves (St. Cloud) collaborative field trials were produced
from our ongoing somatic hybridization program via protoplast
fusion (Grosser and Gmitter, 1990, 2005, 2010; Grosser et al.,
2000). Clonal replicates of each rootstock candidate were propagated by rooted cuttings according to Sabbah et al. (1992). The
trial with U.S. Sugar was planted in 1992 on a typical flatwoods
site, with ‘Rhode Red Valencia’ as the scion. The McTeer trial
was planted in 1995 on a typical central Florida ridge site, with a
relatively juvenile budline of ‘Roble’ sweet orange as the scion.
The Lee Groves trial was planted in 2000, with standard ‘Valencia’
as the scion. The St. Helena Project was planted in 2008, with the
newly released ‘Valquarius’ early maturing ‘Valencia’ somaclone
(UF/IFAS) as the scion. All rootstocks included in the St. Helena
Project were propagated by seed (including the somatic hybrids
and allotetraploid “tetrazygs”). Data from the Lee Groves trial and
the St. Helena Project were provided only from a selected subset
of scion/rootstock combinations included in the trial.
Cultural practices. Trees included in the U.S. Sugar, McTeer,
and Lee groves trials were grown under the standard citriculture
programs of the collaborators. The St. Helena Project is being
grown on an experimental program utilizing high quality slow
release fertilizer and daily-pulsed irrigation under computer
control, unless there is significant rainfall. During the first year,
trees were grown on Harell’s (Lakeland, FL) 12-month Nursery
Blend slow-release fertilizer, and since then on the UF/Harrell’s
10-month research blend, a modified formula containing calcium
nitrate and boron. For both fertilizers, staggered applications were
132

provided every 6 months (usually in January and July). All yield
and fruit quality data were collected using standard procedures.
Results and Discussion
Early trials of somatic hybrid rootstock candidates. In
our initial field experiments (U.S. Sugar and McTeer collaborative
trials) to evaluate somatic hybrid rootstocks, we identified several
good dwarfing rootstocks as compared to the industry standard,
Flying Dragon trifoliate orange. If planted at optimum high-density
row and tree spacing, somatic hybrids, such as sour orange [C.
aurantium (L.)] + Rangpur lime (C. limonia Osbeck.) or sour
orange + Palestine sweet lime (C. limettoides Tan.), could yield
over 22 tons (20,000 kg) fruit per acre on trees approximately 9 to
12 ft in height (Tables 2 and 3). These somatic hybrids exhibited
better nursery performance than Flying Dragon; however, they
later showed some deficiencies in other important characteristics.
For example, seed trees of all the somatic hybrids made with the
Cleopatra mandarin (C. reticulata Blanco) embryogenic callus
line produced inadequate numbers of nucellar seeds for standard
nursery propagation [an example of a dwarf Ambersweet (C.
reticulata hybrid) tree on Cleopatra + Flying Dragon somatic
hybrid is provided in Fig. 1, left]. Since Cleopatra mandarin
is quite seedy, we hypothesized that this could be due to some
mutation in the embryogenic callus line used to make the somatic
hybrids. Another somatic hybrid of Hamlin (C. sinensis L. Osbeck)
+ Flying Dragon performed well initially (Table 4), but had poor
survival at some field locations, precluding its further potential as
a commercial rootstock. As mentioned, the sour orange + Rangpur
somatic hybrid performed very well in the McTeer trial, where
the rootstock liners were grown as rooted cuttings (Table 2). Although seed trees of sour orange + Rangpur produce seedy fruit,
unfortunately the seedlings are of zygotic origin and, therefore,
cannot be used for standard nursery propagation, which relies
on nucellar embryony to yield uniform rootstock seedlings. The
same problem was encountered with the sour orange + Palestine
sweet lime somatic hybrid. Thus, these hybrids are now being
utilized as females in our tetraploid rootstock breeding program.
The early trials clearly demonstrated the potential of somatic
hybrid rootstocks to control tree size.
More recent trials of somatic hybrid rootstock candidates. Unfortunately, replicated trials of the more recently
produced somatic hybrids were destroyed by the state canker
eradication program. However, several of the more interesting
tree-size controlling somatic hybrids, including those featured
in this report (Table 4), were planted in a citrus blight screening
experiment on property of Mr. Orie Lee near St. Cloud. In this
experiment, 10 trees with ‘Valencia’ scion on each rootstock
candidate were planted in blight reset positions. This trial site
is a heavy blighted area, where resets on Swingle citrumelo
rootstock routinely come down with blight in just 8 years. The
overall incidence of blight in the block is greater than 8% per
year. The ability of the five rootstock selections to control tree
size in this trial is demonstrated by the data presented in Table 4.
Nearly all of the trees on the entire group of rootstocks were still
less than 9 ft tall after 10 years in the field. Changsha + Benton
produced trees with a larger canopy volume, which was due more
to tree width than height (more of a spreading growth habit; Fig.
1, middle). Seed trees of all five rootstock selections (at another
location) produced adequate seed fruit, and averaged a minimum
of 13 nucellar seeds per fruit, more than adequate for standard
nursery propagation. Four of the five rootstock selections proProc. Fla. State Hort. Soc. 124: 2011.

Table 2. Average diameter/estimate of optimum planting density and projected yield: with a 20-ft middle (Based on 2000 tree size and 2000–2001
yields) U.S. Sugar/CREC somatic hybrid rootstock trial (Dunwoody block) – typical flatwoods site ‘Rhode Red Valencia’ planted 1992.
		
Avg diam
Trees/acre
Boxesz/acre,
Boxes/acre,
Cumulative
Rootstock
(ft)
20-ft middle
2000
2001
total
Succari + Argentine trifoliate orange
9.4
232
309
320
629
Cleo + Swingle
9.8
222
369
346
715
Cleo + Flying Dragon
10.0
218
307
233
540
Sour + Rangpur
10.1
216
330
389
719
Cleo + Argentine trifoliate orange
10.4
209
355
299
654
Sour + Palestine sweet lime
10.9
200
488
464
952
Cleo + Sour Orange
11.5
189
354
276
630
Hamlin + Rough lemon
11.5
189
382
361
743
Valencia + Femminello
12.0
182
412
366
778
Hamlin + Rangpur
12.1
180y
428
454
882
Cleo + Rough lemon
12.4
176
422
509
931
Cleo + Volk
12.6
173
394
495
889
Sour orange
12.6
173
457
391
848
Cleo + Rangpur
12.8
170
430
491
921
Swingle
12.8
170
410
427
837
Smooth Flat Seville (SFS)
13.0
168
382
428
810
Palestine sweet lime
14.5
150
496
591
1087
Cleopatra
14.6
149
328
408
736
Volkameriana
14.7
148
546
599
1145
Carrizo
15.0
115
334
367
801
Rough lemon
15.0
115
455
472
927
Box = typical Florida field box containing 90 lb of fruit.
Italics = middle too close for equipment.

z

y

Table 3. Average diameter (feet)/estimate of optimum planting density and projected yield (based on 2000–2001 yield, 5–6 year old trees), at a
20-ft middle, sand-ridge site. CREC-McTeer somatic hybrid rootstock trial; juvenile ‘Roble’ sweet orange scion.
		
Avg diam
Trees/acre
Boxesz/acre,
Boxes/acre,
Cumulative
Rootstock
(ft)
20-ft middle
2000
2001
total
Cleo + Flying Dragon
8.7
250
348
490
838
Flying Dragon
9.3
234
429
311
740
Valencia + Carrizo
9.8
222
438
593
1031
Nova + C. inchangensis
10.2
214
303
402
705
Sour orange + Rangpur
10.5
307
513
458
971
Hamlin + Flying Dragon
10.6
206
480
309
789
Cleo + Argentine trifoliate orange
10.8
202
440
424
864
Succari + Argentine trifoliate orange
10.9
200
430
426
856
Cleo + Rough lemon
11.2
195y
496
390
886
Cleo + Volk
11.6
188
482
455
937
Valencia + Femminello
12.2
178
425
425
850
Sour orange + Carrizo
12.4
176
489
470
959
C-35 citrange
12.6
173
564
455
1019
Swingle
12.6
173
439
403
842
Carrizo
12.7
172
455
459
914
Kinkoji
13.0
168
365
420
785
Palestine sweet lime
14.5
150
535
525
1060
Cleopatra
15.0
145
330
332
662
Rough lemon 8166
15.0
145
476
476
952
Box = typical Florida field box containing 90 lb of fruit.
Italics = middle too close for equipment.

z

y

duced an average of more than two boxes of fruit per tree (Table
5), with sour orange + trifoliate orange 50-7 as the exception,
producing slightly less fruit. Changsha + trifoliate orange 50-7
was the most consistent bearer, averaging approximately two
and a quarter boxes per tree over the 3-year harvest period (Fig.
1, right). This rootstock also produced the most uniform sized
Proc. Fla. State Hort. Soc. 124: 2011.

trees. Juice quality (based on solids in the juice) was excellent on
all five rootstocks, averaging greater than 7 lb solids per box for
four of the five rootstocks, and slightly less for white grapefruit
+ trifoliate orange 50-7 (Table 5). Overall, Changsha + trifoliate
orange 50-7 seems to be the best performing rootstock in this
group, and will probably be the first rootstock released by the
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Fig. 1. Four-year-old trees of ‘Ambersweet’ on Cleo + Flying Dragon somatic hybrid (A); 10-year-old tree of ‘Valencia’ on Changsha + Benton somatic hybrid
rootstock (B); 10-year-old tree of ‘Valencia’ on Changsha + 50-7 trifoliate orange somatic hybrid (C).

Table 4. Tree size controlling somatic hybrids producing nucellar seed
average seed production, tree size and canopy volume (10-year-old
‘Valencia’ trees, rootstocks grown from cuttings). Data are averages
of 10, single-tree plots; trees were planted as blight-resets in the
Batton Block c/o Mr. Orie Lee.
		
Seeds
Avg diam
Canopy volume
Hybrid
per fruit
(ft)
(ft3)
Sour orange + 50-7
18
8.21
293
WGFT + 5020
8.95
342
Changsha + 50-7
17
8.73
338
Sour orange + Carrizo
13
8.35
298
Changsha + Benton
19
9.96
458

Table 5. ‘Valencia’’ sweet orange yield (boxes per tree = B/T) and juice
quality (lb solids per 90-lb. box) on tree size controlling somatic
hybrids; data from 2009–2010–2011 seasons. Data are averages of
10, single-tree plots; trees were planted in 2000 as blight-resets in
the Batton Block c/o Mr. Orie Lee. Thanks to Mr. Lee, Mr. Vargas,
and Mr. Garcia for assistance with yield data.
		
Yield
Lb soliods/boxz
Hybrid
(B/T, 09/10/11)
(2010–2011)
Sour orange + 50-7
n.d./1.69/1.84
n.d./7.15
WGFT + 502.03/2.08/2.16
6.96/6.30
Changsha + 50-7
2.25/2.14/2.25
7.04/7.29
Sour orange + Carrizo
2.10/1.73/2.09
7.28/6.84
Changsha + Benton
2.42/2.17/2.35
7.51/7.22
Box = typical Florida field box containing 90 lb of fruit.

z

Table 6. Projected ‘Valencia’ fruit yield on somatic hybrid rootstocks
with trees planted at optimum spacing in rows with 20-ft middles
(based on 2011 actual yield data). Yield data are based on the average.
		
In-row spacing
Hybrid
(ft)
Trees/acre Boxes/acre
Sour orange + 50-7
8.2
265
488
WGFT + 509.0
242
522
Changsha + 50-7
8.7
250
563
Sour orange + Carrizo
8.4
259
541
Changsha + Benton
10.0
218
512

Table 7. Early-bearing yield and fruit quality data from ‘Valquarius’
‘Valencia’ trees on selected allotetraploid somatic hybrid or tetrazyg
rootstocks at new St. Helena Project (Sandridge site, Dundee FL,
funded by Mr. Orie Lee); data are from the harvest recently completed
in early March on 35-month-old trees.
		
Brix
Brix/acid
Juice
Avg yield
Hybrid
avg
ratio avg
color (boxes/tree)
Changsha + 50-7
11.17
21.09
37.9
0.567
Changsha + Benton
10.98
21.53
37.3
0.375
Sour orange + 50-7
10.84
19.03
37.6
0.425
Blue 1*z
10.44
21.31
39.9
0.500
Cleopatra + Carrizo
10.28
20.34
37.3
0.356
Orange 3**y
9.95
21.17
37.8
0.300
WGFT + 50-7
9.78
20.67
39.1
0.400
Blue 9*
9.77
22.20
37.7
0.150
Sour orange + Carrizo
11.52
20.57
37.9
0.238
Tetrazyg of Nova + HB Pummelo (zyg.) × sour orange + Palestine
sweet lime.
y**Tetrazyg of Nova + HBPummelo (zyg.) × Cleo + Argentine trifoliate orange.
z*

UF/CREC rootstock breeding team. This rootstock should have
good potential for use in high density Open Hydroponics Systems
(OHS) plantings, with projected yields of approximately 563
boxes per acre at the optimum planting density of 8.7 ft apart in
the row, 250 trees per acre using a 20-ft middle (Table 6).
Tree survival. A few trees on each rootstock in the Lee
trial are beginning to show blight symptoms, indicating some
susceptibility to this disease. However, their blight susceptibility
appears to be at least as good as Swingle, which routinely shows
blight symptoms at the age of 8 years in this same block. Also of
interest is that eight trees of ‘Valencia’ on the Changsha + 50-7
rootstock were planted as resets in the Dunwoody Block (a typi134

cal Flatwoods site) with U.S. Sugar Corp. in 1997. This block is
now heavily infested with HLB (huanglongbing or citrus greening
disease), yet seven of the eight trees have survived and are still in
good health. These trees average about 9 ft in height, and are still
showing good productivity. Trees on all five rootstocks showed
minimal freeze damage at the St. Cloud location with microsprinkler cold protection, and at the St. Helena site near Dundee,
without cold protection, suggesting that these rootstocks induce
Proc. Fla. State Hort. Soc. 124: 2011.

good cold-hardiness in ‘Valencia’ scion, as temperatures were in
the mid-20s for prolonged periods at both locations. Significant
cold-damage was observed on trees budded to other rootstocks.
Early fruit production and quality. As mentioned, new
OHS production systems are being tested as a potential way to
profitably grow citrus in Florida now that HLB is endemic. Early
production of high quality fruit is an important requirement for
such systems, especially to meet the demands of the major not-for
concentrate (NFC) processors. Data from trees just less than 3
years of age planted in the St. Helena Project (Table 7) indicate
that the five somatic rootstocks described in this report all bear
significant yields in the their third year, and all with good fruit
quality. Fruit/juice quality was presented as average brix, since
there were a lot of freeze-damaged fruit in the trial, which led to
reduced juice percentages and altered lb. solids data. Changsha
+ trifoliate orange 50-7 was again the best rootstock of the five
at present in this trial, with yields averaging more than a half-box
of fruit per tree and 11.0 brix in the juice, from trees just under
3 years of age. Data from the St. Helena Project also support the
excellent potential of this rootstock for use in OHS plantings. It
will, of course, be interesting to follow yield and juice quality
from the various rootstock candidates as this trial proceeds.
Conclusions
Citrus rootstock improvement is a daunting task because a
large number of traits must be packaged into any successful new
rootstock. For Florida, these traits include resistance/tolerance
to blight, citrus tristeza virus, Phytophthora spp., nematodes,
Diaprepes and salinity, adaptation to challenging soils, tree size
control, nucellar embryony for seed propagation, good nursery
performance, and the ability to consistently produce high yields
of quality fruit. During the past 20 years, we have built a successful somatic hybridization program at the CREC, including direct
application to rootstock improvement (Grosser and Chandler,
2000; Grosser et al., 2000). More than 70 allotetraploid somatic
hybrid combinations are currently being tested for rootstock
potential, and a few hybrids look promising. Seed trees of many
of the somatic hybrid rootstocks are now flowering, including
several that appear to have commercial rootstock potential. Of
the five tree-size controlling somatic hybrid rootstock candidates
featured in this report, the Changsha + trifoliate orange 50-7
hybrid appears to be the best rootstock candidate for use in OHS
production systems in Florida.
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