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ABSTRACT: Carrizo citrange [Citrus sinensis (1..) Osb. X Poncirus trifoliata (L.) Raf.] and Cleopatra mandarin
(C. reshni Hort. ex Tan.) are the most important rootstocks used in Spain, but they are problematic and it is
necessary to search for new rootstocks with better all-round performance. The performance of ‘Lane Late’
navel orange [Citrus sinensis (1..) Osb] on ten rootstocks was determined in the South of the province of
Alicante (Spain). They are Carrizo citrange, Cleopatra mandarin and eight new hybrids obtained at the Instituto
Valenciano de Investigaciones Agrarias in Valencia (Spain): 020324 [Troyer citrange (C. sinensis X P. trifoliata) X
Cleopatra mandarin], Forner-Alcaide 418 (F&A 418) [Troyer citrange X common mandarin (C. deliciosa Ten.)],
Forner-Alcaide 13 (F&A 13), 030118, 030127 and 030131 (Cleopatra mandarin X P. trifoliata) and 030212 and
030230 (Cleopatra mandarin X Troyer citrange). Soil is clay loam, with pH 8.5 and electric conductivity in the
saturation extract at 25°C of 5.79 mS cm™. Yield was weighed during the first nine harvests, fruit quality was
determined in the last three. Pre-harvest fruit-drop was controlled for the 4™ until 9" harvests. The trees of
‘Lane Late’ navel budded on Cleopatra mandarin were the tallest (2.5 m) and F&A 418 (1.6 m) the shortest of
all rootstocks tested. Trees on 030131 hybrid and Carrizo citrange rootstocks had the highest mean yield (81.2
and 80.3 kg per tree per year respectively), while trees on F&A 418 produced the lowest mean yield (22.3 kg per
tree per year). Trees on 030131, 020324 and 030212 had the highest yield efficiency as total cumulative yield
per cubic meter of canopy volume (62.1, 58.7 and 55.9 kg m™ respectively) whereas trees on 030127, F&A 418
and Cleopatra mandarin had lower yield efficiencies (45.0, 44.4 and 38.6 kg m™’, respectively). Pre-harvest fruit-
drop was lower in trees grafted on Cleopatra mandarin (24.62 %) and on 030212 (26.61 %), and was also low on
F&A 418 (27.76 %), 020324 (28.14 %) and 030230 (29.18 %) rootstocks. Trees on Carrizo citrange and 030127
experienced important fruit-drop (40.24 % and 38.27 % respectively). Trees on F&A 418 had the highest fruit
weight and fruit size whereas trees on 030118 induced the lowest ones. The ripeness index was the highest on
F&A 13 (18.3) and lowest on F&A 418 (15.3), 030212 (15.3).
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Introduction

‘Lane Late’ navel orange [Citrus sinensis (I.) Osb] is an
important cultivar in Spain that originated as a limb sport of
Washington Navel orange in Australia and was first recorded
in 1950. It gives rise to vigorous trees and has good productiv-
ity with high-quality fruits for fresh consumption. Fruits ripen
in December, but are usually harvested in Spain from January
to May when other navel oranges have already been harvested
(Agusti, 2000).

Carrizo citrange [Citrus sinensis (L..) Osb. X Poncirus tri-
foliata (1..) Raf] is currently the most important rootstock used
in Spain, today this represents over 80 % of nursery production.
Cleopatra mandarin (C. reshni Hort. ex Tan.) is also used, but
represents only 4 % of nursery production (Forner-Giner et al.,
2003). Both rootstocks are problematic, and it is necessary to
search for new rootstocks with better all-round performance.
Many hybrids, some of which are already commercially avail-
able, have been obtained by J.B. Forner and co-workers within
the citrus rootstock breeding program conducted at the Insti-
tuto Valenciano de Investigaciones Agrarias (IVIA), Moncada,
Valencia (Spain). The following demonstrate some interesting
traits (Table 1) as rootstocks: hybrids of Cleopatra mandarin x
P. trifoliata number 13 (commercially named Forner-Alcaide

13) (Forner et al., 2003; Forner-Giner et al., 2003; Forner-Giner
et al., 2009); n° 18 (030118), n° 27 (030127) and n° 31 (030131);
Troyer citrange hybrid (C. sinensis X P. trifoliata ) x Cleopa-
tra mandarin n°® 24 (020324); the hybrid of Troyer citrange X
common mandarin (C. deliciosa Ten.) n® 18 (sold under the
commercial name of Forner Alcaide 418) and the hybrids of
Cleopatra mandarin x Troyer citrange n® 12 (030212) and n°
30 (030230).

The objective of the present study was to compate the
performance of ‘Lane Late’ navel orange trees on the most
commonly used commercial rootstocks in Spain, plus eight new
hybrids, in the citrus-growing areas of the south of Alicante and
Murcia provinces in Spain.

Materials and Methods

Carrizo citrange, Cleopatra mandarin and eight new hy-
brid selections, obtained in the rootstock breeding program
carried out at IVIA since 1974 (Table 1) were tested as root-
stocks for ‘Lane Late’ navel sweet orange. Seeds of Carrizo
citrange and Cleopatra mandarin were obtained from the
germplasm collection of rootstocks at IVIA and the seeds of
the hybrids from the plants obtained in the citrus rootstock
breeding program.
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Table 1 — Characteristics of the rootstocks tested for Lane Late' orange.

Name Botanical name CTV  Calcareous soils Salinity Citrus nematode
Carrizo citrange C. sinensis (I..) Osb. x P. t‘rifoliﬂtg (L) Raf. Tolerant® Susceptible® Susceptible® Susceptible®
Cleopatra mandarin =~ C, reshni Hort. ex Tan. Tolerant® Good tolerance®  Good tolerance®  Susceptible®

F&A 13 C. reshni X P. trifoliata n° 13

F&A 418 Troyer c. X common mandarin (C. deliciosa
Ten.) n° 18

020324 Troyer citrange (C. sinensis X P. trifoliata) x C.
reshni n® 24

030118 C. reshni x P. trifoliata n° 18

030127 C. reshni X P. trifoliata n° 27

030131 C. reshni x P. trifoliata n° 31

030212 C. reshni X Troyer c. N° 12

030230 C. reshni X Troyer c. N° 30

Resistant’ Susceptible Good tolerance’  Susceptible’

b fg

Tolerant” Intermediate” Intermediate” Susceptible

Tolerant'  Good tolerance” Good tolerance”  Susceptible®

Resistant® Intermediate” Good tolerance”  Resistant"®

Resistant® Susceptible® Good tolerance”  Highly resistant®

Tolerant” Tolerant Good tolerance’  Highly resistant’

Tolerant* Intermediate® Good tolerance®  Susceptible®

Tolerant® Tolerant" Intermediate’ Susceptible®

‘unpublished data; "Forner et al., 1996; “Forner et al., 2000; ‘Forner et al., 2003; “Newcomb, 1978; fVerdejo—Lucas et al., 1997; *Verdejo-Lucas

et al., 2000.

All nursery processes were performed in an aphid-proof
greenhouse, equipped with a cooling system, at temperatures
ranging between 18°C and 27°C and relative humidity of about
80 %. On May 28" 1996, one year after budding, the nursery
trees were planted in a randomized block design with 14 single-
tree replications for each scion-stock combination in Elche, a
village near Alicante, Spain (38°14’ N, 0°41” W). Tree spacing
was 4.5 x 4 m. The block was surrounded by guard rows on all
four sides. Elche is located near the Mediterranean Sea (about
10 km). It has clay loam soil, with pH of 8.5, CaCO, 44.4 %,
active calcium carbonate 17.1 % and electric conductivity in
the saturation extract at 25 °C of 5.79 m S cm™.

Standard cultural practices for this variety were used with
drip irrigation and chemical weed-control. Water pH was 8.0
while electrical conductivity was 0.8 m S cm™ up to 2000.
From 2001 water pH was 7.8 with electrical conductivity
ranging from 2.0 to 3.5 m S cm™ and 400 to 500 mg kg™
of B. Fertilizer was applied beginning in the 2™ year and
increased annually. After the 6™ year, the amounts applied
were: ammonium nitrate (33% N) 2 kg per tree, monoam-
monium phosphate 0.5 kg per tree, KNO, 0.7 kg per tree and
iron chelate 10 g per tree in springtime. After three years of
cultivation, trees were hand-pruned annually after harvest,
as is usual in Spain.

In January 2007, after being planted in the field for 11
years, tree height and canopy diameter were measured for all
the trees. Canopy volume was calculated using Turrell’s for-
mula (19406). In April or May each tree was harvested and the
recently fallen fruits were collected. Yield was measured for
nine years (1998/99 until 2006/2007). From the 4™ harvest,
the number of fruits harvested from each tree was also count-
ed and the mean weight per fruit calculated. To evaluate dif-
ferences between rootstocks in terms of pre-harvest drop, no
treatments with 2,4-DP (2-ethylhexyl ester or dichlorprop-p)
were applied and on the 4™ (May 10), 5" (May 5), 6" (April 29),
7" (May 12), 8" (May 25) and 9" (May 23) harvests, the fruits
that dropped from November until harvest were collected
and weighed fortnightly. Fallen fruit weights were added to
harvested fruit weights.

To estimate the first year of full production, for each
rootstock, a statistical comparison was made with the means
of yields of 3 to 9%, considering the full production to be
first year displaying no statistical difference with some of the
means of the posterior harvests. Cumulative yield for 1998 /99
through 2006/07 (nine-year cumulative yield) was used to
calculate the yield efficiency as the ratio of cumulative yield
to canopy volume. The alternate bearing index (ABI) was
calculated by dividing the difference between two consecu-
tive harvests by the sum of two yields x 100 % for the nine
harvests. If the index exceeds 50 %, this means that the tree is
in alternate bearing, while the tree is in regular bearing if this
index is below 50 %.

Pruit quality was determined for the 5", 6™ and 9" hat-
vests. After the harvest, 25-fruit samples were collected from
the harvest containers of each tree and fruit diameter, rind
thickness, juice content, total soluble solids (TSS) and total
acids (TA) were determined (Forner-Giner et al., 2003). Rip-
ening index was determined as the TSS/TA ratio. Peel-color
index was not determined because the fruits were fully colored
on harvesting.

Experimental data were analyzed using Statgraphic Plus.
For the percentage of pre-harvest fruit-drop and ABI, the
data were arcsin transformed prior to analysis. Statistical
analyses were performed using SPSS 18.0 for Windows. A
basic descriptive statistical analysis was followed by an analysis
on variance test for mean comparisons. The method used to
discriminate among the means (Multiple Range Test) was the
Fisher's Least Significant Difference (LSD) procedure (p <
0.05).

Results and Discussion

Eleven years after field planting, the trees on Cleopatra
mandarin were the biggest (tree height 2.5 m, canopy diameter
3.7 m, and canopy volume 18.0 m?) (Table 2). The smallest trees
were on F&A 418 (tree high 1.6 m, canopy diameter 2.3 m, and
canopy volume 4.5 m’). Trees on Carrizo citrange (14.0 m’),
030127 (13.4 m’), and 030230 (12.7 m’) did not differ in canopy
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volume. The F&A 13 (11.0 m’), 020324 (10.7 m’), 030212
(10.3 m?) and 030118 (9.2 m’) also did not differ among each
other. Trees on 030131 (11.9 m?) were not different from those
grafted on 020324, F&A 13, 030127, 030212 and 030230.
Trees on Carrizo citrange, Cleopatra mandarin, 020324,
030131 and 030230 did not present Fe deficiency and were on
excellent green color from the time they were planted. Trees
on F&A 418, F&A 13, 030118, 030127 and 030212 exhibited
some Fe deficiency despite the application of iron chelate in
springtime.

All rootstocks yielded their first fruits in 1998, two years
after planting (Table 3). Carrizo citrange, 020324, 030118,
030131, 030212 and 030230 yield increased until the 5" year
(means of the 4™ harvest with no differences with 8" and
with 9" for Carrizo and 030131). Yield of trees on F&A 418

Table 2 — Tree size of Lane Late navel orange on ten rootstocks 11
years after planting”.

Rootstock Tree height Canopy diameter Canopy volume
m m’
Carrizo citrange 2.4 b 34D 14.0 b
;1:;’5::2 254 374 180a
F&A 13 2.1de 3.2 bc 11.0 def
F&A 418 1.6 f 23e¢ 45¢g
020324 2.2 bed 3.0 cd 10.7 ef
030118 20¢ 3.0d 9.2f
030127 2.3 be 33b 13.4 be
030131 22cd 32b 11.9 cde
030212 2.2 bed 3.0d 10.3 ef
030230 2.3 bc 3.2 bc 12.7 bed

‘Mean separation within columns (LSD test, p < 0.05).

increased until 4™ year (means of 3™ and 4™ harvests not dif-
ferent) and Cleopatra mandarin, F&A 13, and 030127 until 6™
year (5" harvest) which may be considered the first years of
full production. It would appear that the F&A 418 bear fruit
carlier.

Trees on hybrid 030131 (81.2 kg per tree per year) and
on Carrizo citrange (80.3 kg per tree per year) had the high-
est mean yield, followed by Cleopatra mandarin (76.1 kg per
tree per year). Trees on hybrids 030127 (66.1 kg per tree per
year), 020324 (66.0 kg per tree per year), 030230 (64.1 kg per
tree per year), 030212 (64.0 kg per tree per year) and F&A 13
(63.5 kg per tree per year) formed a third group with high
mean yield presenting differences with the other rootstocks.
Trees on 030118 gave low mean yield (52.7 kg per tree per
year) whereas those grafted on F&A 418 rootstock the low-
est (22.3 kg per tree per year), with statistical differences
compared to the other rootstocks studied (Table 3). Trees on
030131 gave the highest yield efficiency (62.1 kg m™) but did
not differ from trees grafted onto 020324 (58.7 kg m™) and
030212 (55.9 kg m™). The lowest yield efficient trees were
those grafted onto Cleopatra mandarin (38.6 kg m™), F&A
418 (44.4 kg m™) and 030127 (45.0 kg m™), with no differ-
ences between them. Trees on F&A 13 (52.9 kg m™), 030118
(52.7 kg m™), Carrizo citrange (52.6 kg m™) and 030230 (47.0
kg m™) gave an intermediate yield efficiency, without differ-
ences between them.

The alternate bearing index (ABI) differed among some
of the rootstocks, although none of them exhibited alter-
nate bearing index. 030131 (20 %), Carrizo citrange (21 %)
and 020324 (24 %) were the rootstocks with most uniform
productivity. Pre-harvest fruit-drop was important (Table 4).
The average for the last six harvests (4™ till 9" year), trees
on Carrizo citrange (40.24 %) and on 030127 (38.27 %)
suffered the highest percentage of fruit-drop, followed by
trees on F&A 13 (36.84 %). Trees on Cleopatra mandarin

Table 3 — Yield and yield efficiency of ‘Lane Late’ navel orange trees on ten rootstocks planted in May 1996.

Yield (kg per tree)

Rootstooks 1% 20 3% 4 5* 6" 7t 8" 9" Means" Yie.l d ABI*
efficiency
1998/99 1999/00 2000/01 2001/02 2002/03 2003/04 2004/05 2005/06 2006/07
kg per tree I %
per year

Carrizo citrange® 8.1 38.0 495d 874c 1124b 1111b 133.1a 859c 97.1c 80.3a 52.6bcd 21e
Cleopatra mandarin® 3.1 227 358e¢ 661d 988c 99.6c 1423a 9l4c 1251b 76.1b 386 f 27 bed
F&A 13° 1.6 9.7 338e¢ 060.6d 943b 885b 121.8a 753c 859bc 635c¢ 529bc  30ab
F&A 418° 1.4 1.9 99¢ 178de 360b 254cd 30.6bc 322bc 455a 223e 444 cf  32a
020324° 6.5 277 393d 681c 893b 843b 1189a 67.0c 931D 66.0 ¢ 58.7ab  24de
030118 1.2 82 260d 512c¢ 732b 682b 101.3a  659bc 79.2b 52.7d 52.7bed 31 ab
030127° 1.9 92  299d 551c¢ 951b 893b 132.8a 850b 101.9b  66.1c¢ 45.0 def 30 abc
030131° 9.4 358 57.8d 833c 107.7b 1178b 1402a 922c 86.7c¢ 81.2a 62.1a 20e
030212¢ 7.3 21.8 30.7d 583c 989ab 86.6b 11092 694c 920b 64.0 559ab 26 cd
030230° 4.8 252 340d 651c 97.7ab 903b 1063a 543c 989ab 064.1c 47.0 cde 27 bed

“Mean separation within columns by L.SD test (p < 0.05); "As total cumulated yields per cubic meter of canopy volume; “Mean separation

within rows from 3" to 9" harvests by LSD test (p < 0.05).
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Table 4 — Pre-harvest fruit-drop of Lane Late navel orange trees on ten rootstocks in % over total yield.

Rootstocks Harvests
4" 5" 6" 7" 8" 9 Means"

Carrizo citrange 46.13 53.12 26.75 28.69 25.18 61.60 40.24 a

Sjggj;f 25.68 37.54 14.20 12.10 20.89 37.29 24.62 f

F&A 13 46.63 43.10 23.39 16.98 34.71 56.23 36.84 b

F&A 418 24.15 36.31 24.02 15.06 24.89 42.15 2776 e

020324 30.61 35.60 15.87 14.45 2591 46.39 28.14 ¢

030118 38.17 45.03 18.43 13.52 33.60 46.35 3252 cd

030127 49.80 43.56 32.69 20.11 28.46 55.00 38.27 ab

030131 42.01 39.32 21.75 14.58 23.84 59.45 3349 ¢

030212 30.65 27.66 19.96 11.71 23.28 46.41 26.61 ef

030230 30.92 37.76 15.67 16.46 31.96 42.31 29.18 de
‘Mean separation within column by LSD test (p < 0.05).
Table 5 — Weight, diameter and peel thickness of fruits of Tane Late’ navel orange on ten rootstocks.

Fruit weight (g) Fruit diameter (mm) Peel thickness (mm)
Rootstocks Harvests Means® Harvests Means® Harvests Means®
7" 8" 9" 7" 8" 9" 7" 8" 9"

Cartizo citrange ~ 219.4 189.1  176.8 229.2d 76.9 72.8 66.3 72.0 ¢ 3.9 4.2 42 41c
ﬁfjﬁjffj 2246 2272 1814 2294d 800 767 669 T45b 40 40 43 41c
F&A 13 232.8 2411 1862 2349cd  77.0 72.6 69.4 73.0 ¢ 4.0 3.6 4.5 41c
F&A 418 244.9 222.2 1715  262.1a 79.4 76.2 69.9 75.2a 4.1 5.0 5.4 4.8 a
020324 214.5 219.8 171.8  231.9d 80.5 75.2 65.8 73.8b 4.3 4.3 4.5 44D
030118 200.3 223.9 1709  2139e¢ 76.3 75.0 64.9 721 ¢ 3.9 3.8 3.9 39d
030127 241.4 231.5  169.0 226.7d 78.4 73.5 66.4 72.8 ¢ 4.0 3.9 4.0 4.0 cd
030131 243.8 2289  191.8 2464b 79.2 78.0 66.5 74.6 b 42 4.3 4.6 44b
030212 215.2 2059 1843 226.3d 76.3 70.6 65.8 70.9 d 42 3.6 4.6 41c
030230 2254 2249 1748 2427bc  80.1 74.1 67.6 739 b 4.1 4.3 4.5 43b

"Mean separation within columns by LSD test (p < 0.05).

(24.62 %) were the least affected by pre-harvest fruit-drop,
without difference with the trees on 030212 (26.61 %). Also
little affected were the trees on F&A 418 (27.76 %), 020324
(28.14 %) and 030230 (29.18 %) that did not differ between
them and with 030212. Trees on 030118 and on 030131 lost
a third of their yield before harvest (32.52 % and 33.49 %
respectively). As most fruits are destined for fresh consump-
tion, fruit size, juice content and TSS/TA ratio are of great
importance in Spain. Rootstock affected all fruit quality
variables studied.

The highest mean of fruit weight for the 7" till 9" har-
vest was obtained on F&A 418 hybrid rootstock (262.1 g per
fruit) (Table 5). The hybrid 030131 (246.4 g per fruit) also
induced good fruit weight, but did not differ from 030230
(242.7 g per fruit) and F&A 13 (234.9 g per fruit). There
were no differences between the latter rootstock and 020324

(231.9 g per fruit), Cleopatra mandarin (229.4 g per fruit)
Carrizo citrange (229.2 g per fruit), 030127 (226.7 g per fruit)
or 030212 (226.3 g per fruit).

Trees on F&A 418 gave the largest fruit diameter (75.2
mm), followed by 030131 (74.6 mm), Cleopatra mandarin
(74.5 mm), 030230 (73.9 mm) and 020324 (73.8 mm), which
also differed from the other rootstocks but without differ-
ences between them. Another group was formed by F&A 13
(73.2 mm), 030127 (72.8 mm), 030118 (72.1 mm) and Cartizo
citrange (72.0 mm). Trees on 030212 had the smallest fruits
(70.9 mm).

Fruits produced by trees on F&A 418 had the thickest
peel (4.8 mm) (Table 5). The 030131 (4.4 mm), 020324 (4.4
mm) and 030230 (4.3 mm) differed from the other rootstocks
but not from each other. Cleopatra mandarin, F&A 13, Car-
rizo citrange, 030212 (all four rootstocks with 4.1 mm of
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Table 6 — Fruit quality of ‘Lane Late’ navel orange on ten rootstocks: internal variables.

Total soluble solids

Rootsiocks Juice (%) Total soluble solids (%) Total acids (%) Total acids
Harvests Harvests Harvests Harvests

T gh g Means® S gh on Means® o gh o Means® B Means®
Carrizo citrange 56.7 54.6 50.4 539ab 145 154 14.7 149a 0.92 093 0.10 0.95a 15.7 165 147 15.6cd
Cleopatra mandarin 553 56.5 48.1 533D 129 148 152 143b 0.73 0.84 099 0.85b 17.6 17.5 154 16.8b
F&A 13 559 572 49.7 543ab 13.1 154 14.8 1445b 0.69 0.77 092 0.79 ¢ 18.9 20.1 16.1 183a
F&A 418 56.3 539 46.7 523 ¢ 129 154 153 145ab 090 092 0.10 095a 143 167 149 153d
020324 56.0 559 47.6 53.2b 13.4 148 153 14.5ab 0.82 096 097 092ab 163 154 157 158¢c
030118 58.7 57.4 51.5 559a 13.8 14.8 153 14.6ab  0.87 0.79 0.11 091ab 158 18.7 142 16.2c
030127 57.3 58.1 50.8 554 a 133 14.8 15.1 144b 0.78 0.87 0.11 092ab 17.0 17.0 13.6 159c¢
030131 56.4 563 48.8 538ab 13.1 153 15.6 147ab  0.73 0.81 0.11 0.87b 179 19.0 143 17.1b
030212 56.0 549 50.3 53.7ab 13.8 155 15.7 15.0a 0.88 0.10 0.10 0.98 a 15.6 153 15.0 153d
030230 56.9 53.7 454 52.0c 144 151 151 149a 0.88 0.84 0.87 0.87b 163 179 173 172b

"Mean separation within columns by LSD test (p < 0.05).

peel thickness) and 030127 (4.0 mm) did not differ from each
other. The thinnest peel corresponded to fruits of trees on
030118 (3.9 mm).

There were small differences between rootstocks with
respect to internal fruit quality variables (Table 6). All means
for juice content exceeded 52 %. Fruits from trees on 030118
and 030127 had the highest juice content. F&A 13, Carrizo
citrange, 030131 and 030212 did not differ from the latter two
and with Cleopatra mandarin and 020324. Fruits produced by
trees grafted on F&A 418 and 030230 had the lowest mean
juice content and were different from the other rootstocks.
Total soluble solids (TSS) ranged from 14.3 % to 15.0 %.
Fruits from trees on Carrizo citrange, 030212 and 030230 had
the highest TSS values while Cleopatra mandarin, F&A 13
and 030127 had the lowest one. The other rootstocks: 030118,
030131 020324 and F&A 418 were not different from the first
and the second groups. The highest total acid (TA) content
was found in fruits from trees on Carrizo citrange (0.95 %),
F&A 418 (0.95 %) and 030212 (0.98 %) while the lowest was
found on fruits of F&A 13 (0.79 %). Ripeness index (IT'SS
TA™) was highest on F&A 13 (18.3) and lowest on F&A 418
(15.3), 030212 (15.3) and Carrizo citrange (15.06).

The hybrid 030131 performed well with ‘Lane Late’ Navel
orange scions. It had the highest cumulative yield and the best
yield efficiency, higher than Cartizo citrange. The fruit quality
was good, with excellent fruit weight and size, juice content
over 50 % and mean total soluble solids (TSS) of 14.7 % for
three harvests. In previous trials this hybrid of Cleopatra
mandarin x P trifoliata (number 31) proved tolerant to citrus
tristeza virus, with good tolerance to calcareous soils and high
tolerance to salinity (unpublished data) and high resistance to
the citrus nematode Tylenchulus semipenetrans Cobb (Verde-
jo-Lucas et al., 1997 and 2000). The hybrid of Troyer citrange
x Cleopatra mandarin number 24 (020324) also performed
well in this trial, having a good yield efficiency. In previous
trials (unpublished data) it was tolerant to citrus tristeza virus,
and showed good tolerance to calcareous soils and salinity.

However, it is susceptible to citrus nematode (Verdejo-Lucas
et al., 1997 and 2000).

Cleopatra mandarin, 030127 and F&A 418 had the lowest
yield efficiency. Six out of the eight new hybrid rootstocks
performed better than Cleopatra mandarin in this important
trait.

The yield efficiency of trees on Carrizo citrange was not
different from 020324, 030212, F&A 13, 030118, 030230 and
030127 rootstocks. Bassal (2009) on studying ‘Marisol’ Clem-
entine, reported that Cleopatra mandarin was the least pro-
ductive rootstock. F&A 13 is resistant to citrus tristeza virus
(CTV), susceptible to lime-induced chlorosis (Gonzalez-Mas
et al., 2009; Llosa et al., 2009), and resistant to salinity (Fornet-
Giner et al., 2009). The yield efficiency is similar to Catrizo
citrange, but higher than Cleopatra mandarin (Table 3), but
tree size and canopy volume are smaller than Carrizo citrange,
as previously described (Forner-Giner et al., 2003).

Pre-harvest fruit-drop is currently an important problem
in Spain and to reduce this problem, the trees are sprayed with
2,4-DP (2-ethylhexyl ester or dichlorprop-p). In addition, the
excess of Spanish production of some cultivars lengthens the
harvest period and an important part of the crop is lost. For
these reasons it is an excellent trait for a rootstock to retain
the ripened fruit. In this experiment, Cleopatra mandarin and
the new hybrids 030230, 020324, F&A 418 and 030212 had the
lowest pre-harvest fruit-drop. In other trials (unpublished data)
F&A 418 retained almost all of the ripened fruits for several
months (less than 1C fruit drop). Carrizo citrange, 030127 and
F&A 13 were the rootstocks with highest pre-harvest fruit-
drop. Trees on 030131 and 030118 rootstocks dropped fruit
intermediately. F&A 13 and F&A 418 have been registered for
protection in the European Union by the Instituto Valenciano
de Investigaciones Agrarias (IVIA) and the Instituto Nacional
de Investigacién y Tecnologia Agraria y Alimentaria (INIA)
(Forner et al., 2003; Forner-Giner et al., 2003 and Forner-
Giner et al., 2009). Similar protection is being sought for the
hybrids 030131 and 020324, by the IVIA.
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