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ABSTRACT

Huanglongbing (HLB) or greening disease is one of the most
destructive disease of citrus industry all over the world. This disease had
become widespread in Florida, USA since 2005. It is caused by a phloem
limited bacterium called Candidatus Liberibacter asiaticus (CLas).
Hybrids and populations produced by citrus breeding programs have
likewise been ravaged by the disease. Thousands of unique genotypes
have been exposed to natural CLas infection in the field for more than 10
years now, citrus researchers have had an opportunity to observe very
substantial differences in the speed with which different types become
affected by HLB, as well as the severity of symptoms. In the winter of
2015-16, we examined HLB responses in over 5000 citrus trees from
hundreds of crosses made by the UF-CREC breeding program since
1986. The parentage of the crosses included pomelo, mandarin, sweet
orange, grapefruit, trifoliate orange, and other miscellaneous citrus
species. Ploidy levels in the populations included diploid, triploid and
tetraploid. Depending on our field evaluation and symptoms of HLB
disease on the trees, we divided all the trees to 5 categories according to
the following ranking system (1=tolerant, 2=good looking, 3=medium,
4=bad, 5=dead). In total, only 5.3% trees among all other categories
showed a very healthy appearance and no symptoms for HLB that we
characterized them as HLB tolerant trees. Crosses {(Clementine x
Temple) x C. ichangensis} followed by {(Clementine x Temple) x
Swingle} had most tolerant trees among all of them trees. By using gPCR
to determine CLas titer in visual tolerant trees, we conducted that 48.7%
were CLas-positive, which have CT value less than 32, while 47.3%
were CLas-negative with CT value equals or more than 32, it means that
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some trees have the bacteria but still don’t show any symptoms for the
disease. The crosses [DPl 4-6 (Red Java) x H.B, (Clementine X
Minneola) X Chinotto, VB Temple X (Nova + Ortanique), VB Temple X
(Nova + Succari), (Clementine X Temple) X c. ichangensis] present the
best crosses because they have CT value =40, that means no CLas in
those trees. On the other hand, some characters of this category of
tolerant trees had been studied such as, production of fruits, seediness
and taste of fruits. A positive correlation between CT values and
production of mature fruits among the tolerant trees. Concerning to
seediness of fruits, most of seedless trees have been infected by Clas,
while seedy trees tend to produce more non-infected trees with HLB.
Taste of fruits from non-infected trees was better than those from
infected trees.

Conclusively, from these results, it could be concluded that, within
individual species and among some citrus hybrid, number of progenies
can be found that display substantial tolerance, and an ability to
overcome and sometimes outgrow symptoms, this disease tolerance is
not well correlated with estimated CLas populations. Future research
utilizing these results for genomic selection in citrus populations will be
performed.
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INTRODUCTION

Huanglongbing (HLB) or citrus greening is considered one of the most
dangerous and destructive diseases of citrus trees all over the world. This disease
is caused by a phloem-limited bacterium called Candidatus librebacter which
has not been cultured yet. Three major strains of this bacterium, Asiaticus,
Africanus and Americanus have been differentiated on the basis of
environmental conditions and insect vector (Coletta-Filho et al. 2004; Garnier et
al. 2000). HLB is transmitted through different means; infected propagation
sources, the parasitic plant dodder (Cuscuta sp.), and insect vectors in nature.
Citrus psyllid have been identified as the most potent insect vector for the
transmission of the disease. Two species, Diaphorina citri and Triozaerytreae,
are known as vectors of specific strains such as Asiaticus, Americanus and
Africanus of bacterial inoculum, respectively (do Carmo Teixeira et al. 2005;
Halbert and Manjunath 2004). Transmission of the pathogen has been described
and reviewed in detail by Manjunath et al. (2008). Pathogen populations inside
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the host tree induce the release of a specific volatile chemical, methyl salicylate,
which attracts the vector population to feed on the infected tree and the pathogen
is then ingested by the vector (Mann et al. 2012).

CLas’ infection causes a weakness and death of infected trees, loss of
fruit because of early abortion, also affects the fruit, and consequently, the
juice. Symptomatic fruit are smaller, misshapen, and often contain aborted
seeds compared to fruit from noninfected trees. Fruit from HLB infected tree
tend to fall prematurely and those that remain on the tree fail to mature
correctly and retain their green color, hence the name greening for this disease.
Early studies on HLB symptomatic fruit in South Africa have reported that the
juice was of poor quality and tasted bitter (McClean and Oberholzer 1965;
McClean and Schwarz 1970). The fruits do not color properly, remaining
green on the shaded side (hence the name "greening disease™) (Bové 2006;
Gottwald et al. 2007; Halbert and Manjunath 2004).

The symptoms on leaves diverge from full yellowing, asymmetric
blotchy-mottling, or other chlorotic patterns which sometimes looks like
mineral deficiency to intensive vein corking. Massive accumulation of starch
and disruption of chloroplasts were found to be associated with vein phloem
collapse in CLas -infected leaves and could account for the appearance of
symptoms.

Nearly all cultivated and wild citrus species are likewise sensitive to
HLB in varying degrees. However, within individual species and among some
citrus hybrid families, number of accessions can be found that display
substantial tolerance manifest as minimal symptom expression. Recently, some
citrus cultivars released by the UF-CREC breeding program have exhibited
tolerance to HLB, specifically ‘LB8-9’ (Sugar Belle) and ‘7-6-27° mandarin.
To understand the mechanism of HLB tolerance, previous studies have either
used sweet oranges or mandarins as susceptible types in comparisons with
rough lemon (C. jambhiri) and HLB tolerant hybrids between Poncirus and
Citrus (Albrecht and Bowman 2012). This approach complicates the
understanding of plant-microbe interactions because the effect of candidate
genes in tolerant trees may differ in the genetic backgrounds of susceptible
trees due to epistasis.

Therefore, the objective of this study was to assess field tolerance to
HLB among citrus breeding populations, which may lead to the development
of efficient breeding methods utilizing HLB tolerant germplasm in a citrus
cultivar improvement program.
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MATERIALS AND METHODS

Field Assessments

In the winter of 2015-2016, we examined HLB responses of 6609 trees
from 1248 crosses made or mutations induced by the UF-CREC breeding
program during years 1986-2008 (Table 1S). The parents used for these families
included 89 different accessions of pomelo, mandarin, sweet orange, grapefruit,
trifoliate orange, and other miscellaneous citrus species. Ploidy levels of the
breeding populations included diploid, triploid and tetraploid. Eight field trials at
the CREC, or in Haines City and Vero Beach, have been maintained using
typical Florida citrus production practices.

Toleranjg
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Field evaluation of HLB infe

ction in different crosses. Pictures illustrates
the difference between tolerant (0% symptoms), good (0 to 25%
symptoms), medium (26 to 50% symptoms), bad (51 to 99%

symptoms), respectively in the field.

Fig. 1.

We observed very substantial differences in the speed which different
individuals became affected by HLB, as well as in the severity of symptoms in the
breeding populations. Examining of trees for disease symptoms was carried out
using HLB field identification guides (Spann et al. 2010). Generally, the trees
were divided into 5 grades according to the following ranking system (1=tolerant,
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2=good looking, 3=medium, 4=bad, 5=dead) trees (Fig. 1). These rankings were
made based on the severity of the disease symptoms, tolerant trees (%0
symptoms), good trees (less than %25 symptoms), medium (%25 to %50
symptoms), bad trees (more than %50 symptoms), dead trees were completely
died (Albrecht and Bowman 2011), those symptoms like asymmetrical blotchy
leaf mottle which was observed on most of the trees; bright yellow corky leaf
veins, foliar yellowing and defoliation, leading to a thin canopy, twig and branch
dieback and tree decline, which was substantial in large number of trees.

The fruit produced by infected trees is small, green, underdeveloped, and
misshapen, with aborted seeds and bitter in taste. Fruits also have higher acid and
lower sugar content. The fruits do not color properly, remaining green on the
shaded side (hence the name "greening disease™) (Bové 2006; Gottwald et al.
2007; Halbert and Manjunath 2004). These symptoms were substantially noted in
the diseased trees, but they could also be observed in some healthy trees, as well.

After HLB visual evaluation for every tree in the field, we selected the
tolerant trees according to our visual characterization, to assess the amount of
production especially mature fruits by counting the number of fruits per tree and
we gave this character four categories depending on number of fruits; (0= no
fruits, 1= few (less than 10 fruits per tree), 2= medium (between 10 to 20 fruits on
the tree) and 3= high (more than 20 fruits per tree). Stover et al. (2016) all scion
displayed increased cropping, greater than 20 fruit/tree.

Also, fruit taste had been assessed that is varied between (0= bad,
1=medium and 2= good taste). Also, seediness was assessed by checking and
counting the number of seeds in the fruits from each tree (O=abortion seeds (brown
and aborted seeds), 1=seedless (no seeds), 2=few seeds (less than 4 seeds) and
3=many seeds (more than 4 seeds)).

Pathogen Detection with PCR Analysis

Twelve fully expanded and old leaves were collected randomly from each
tolerant tree with or without symptoms of HLB. The leaves were kept in plastic
bags and refrigerated, then sent out to a commercial HLB diagnostic lab for DNA
extraction and gPCR detection of Ct values. DNA was extracted from leaf midribs
and petioles by using the plant DNeasy Mini Kit (Qiagen, Valencia, CA)
according to manufacturer’s instructions. Real- time PCR assays were performed
according to Li et al. (2006) . Amplifications were performed using a real-time
PCR system Agilent Mx3005P System (Agilent Technology) using a Brilliant 111
Ultra-Fast QPCR Master Mix (Agilent Technology). The industry standard for
HLB diagnoses were applied; specifically, cycle threshold (Ct) values <32 were
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considered CLas-positive. The statistical analysis of the results was done by using
JMP software.

RESULTS

Field Assessment
Tolerant trees

The present results illustrate that the tolerant trees represent very low
percentage (5.3%) comparing to the other categories in the field evaluation for
symptoms of HLB disease (Fig. 2). Based on the number of trees in every cross,
we can notice that more than 30 % of cross {(Clementine x Temple) x C.
ichangensis} were tolerant trees, followed by {(Clementine x Temple) x
Swingle} with ratio of 22.72% tolerant trees, (Fig.3A).

Good trees

From our studying we found 23.7% good trees between all evaluated trees.
(Fig. 2). This cultivar (C528/Cleo) had 96.5% good trees between all its trees,
followed by those crosses {(Ellen x (page+Ortanique) x (Rhode Red+Dancy)),
(Riley NR1 Pomelo 2 x McRed) and (Nules x (Hamlin+Dancy))} with more
than 70% good trees between all of them trees (Fig. 3B).

Medium trees

Medium trees with HLB symptoms between (25%- 50%) represent the
highest category in this study (32.8%) between all the other categories (Fig.2).
Cross (DPI 4-6 (red Java) x H.B.) has 70% from its trees that were medium
trees, following by (H.B. x DPI 4-6 (Red Java)), (King Mandarin x Seedless
Kishu). (Lee x Murcott) and finally (Clementine x Temple) x ortanique, with
(60.56%, 58.06%, 52.17% and 50%), respectively (Fig. 3C).

Bad trees

The trees older than 7 years showed 15.4 % bad trees between them (Fig.
2). Those trees were really infected, and the symptoms covered more than 50%
from the tree branches. Fallglo x (Nova + Osceola) had most of bad trees while
Citrus. ichangensis had the least percentage of bad trees between all its trees,
(44% and 32.3%, respectively) (Fig. 3D). On the other hand, there were some
crosses didn’t have any bad trees for example {(Nules x W.murcott), (Nules x
921), (Red Java x Page), (Lee x Murcott), (Nules x (Succari + Page)), (Shan
Tian You)} as shown in Table 1.
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Table 1. The cultivars which have no bad trees.
Nules X W.Murcott

Riley NR1 Pummelo 2 X McRed

1351 X W. Murcott |

Blk 3 14-45 X (Page + (Clementine X Satsuma))
14-45 X (Page + Ortanique)

14-45 X (Murcott + Ortanique)

Nules X 921

Red Java X Page

Temple X (Page + (Clementine + Satsuma))
13-51 X (Page +(Clementine+Satsuma))

C528

13-51 X (Page + Ortanique)

DPI Fortune X Minneola

Mandalate

Orie Lee's Temple X Hamlin 4x

Ellendale X (Page + Ortanique) X (Rhode Red + Dancy)
Lee X (Page + Ortanique)

(Clementine X Minneola) X (Page + Ortanique)
Lee X Murcott

Nules X (Succari + Page)

Shan Tian You

Percemtage of each category

HI. B categories

Fig. 2. Different categories of HLB in Field evaluation and percentage of each category.
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Dead trees
From our field surveying, we found 22.7% dead trees in different crosses
and mutations (Fig.2). Most of those dead trees were in those two crosses
Clementine X Minneola) X Murcott) with 54.70% dead trees, followed by
(DPI Fortune X Murcott) with 50% dead trees, while both (Clementine x
Minneola) x Seedless kishu and (Daisy Mandarin x Seedless Kishu) had the least
percentage of dead trees with 31.60 % and 30.80%, respectively (Fig. 3E).

Characterization of tolerant trees

After visual characterization of all trees in all the blocks, the tolerant trees
were selected for some studies such as checking CT value by gPCR analysis,
cropping, taste of fruits and seediness. The correlation between CT value and
cropping, seediness and taste of fruits had been assessed.

1.PCR Analysis

Among all visual tolerant trees 48.7% were CLas-positive, which have CT
value less than 32, while 47.3% were CLas-negative with CT value equals or
more than 32 (Fig. 4A). The best crosses for this study that have most tolerant
trees with CT value =40, [ DPI 4-6 (Red Java ) x H.B, (Clementine X Minneola)
X Chinotto, VB Temple X (Nova + Ortanique), VB Temple X (Nova + Succari),
(Clementine X Temple) (Cleo) X c. ichangensis, Fallglo X (Nova + Osceola),
H.B. x DPI 4-6 ( Red Java), Palestine Sweet Lime x C. ichangensis, (Clementine
X Minneola) X (Nova + Succari) (Fig.4E).

2. Number of fruits (cropping)

Number of mature fruits for every tolerant tree had been determined. Most
of trees didn’t have a big number, the greatest hybrids in number of fruits
[(Clementine X Temple) X Swingle, Clementine x (Nova+Succari) and Kansu
sweet orange with 40% high production compared with the other categories of
production in the same cross. The infected fruits had many symptoms such as
misshapen, smaller and green at the stylar end of the fruit. Generally, we noticed
a positive correlation between CT values and production of mature fruits among
the tolerant trees, by increasing CT value, the number of fruits had been
increased too. On the other hand, the production was really infected and low all
over the field not just in infected trees but the tolerant trees too. (Fig.4B).

3. Seeds
The obtained data showed that 35.7% of tolerant trees had fruits with
many seeds, on the other hand, 5.9% from the tolerant trees have few seeds in
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the fruits, while 18.7% from those trees had seedless fruits, most of them
in this triploid hybrid ((Clementine X Minneola) X (Nova + Succari)), and
4.8% had abortion seeds, this kind of seeds is considered one of HLB
symptoms, that’s why we noticed that the cross with biggest number of
abortion seeds was [Fallglo x (Nova + Osceola)] and it is the same cross
with the biggest number of bad trees, this result can reflect the effect of
HLB disease on citrus seeds quality. From the relationship between
seediness and CT value we found that most of seedless trees have been
infected by Clas, while seedy trees tend to produce more non-infected
trees with HLB (Fig. 4C). This result can lead to good way for fighting
this serious disease by breeding program, maybe there is an effect for
presence of seeds in fruits and tolerance to HLB.

4. Taste of fruits

The fruits of all tolerant trees were tasted, 18.4% of them had good
taste, most of them in this cross ((Clementine X Minneola) X (Nova +
Succari)), 7.4% trees had medium taste (not good or not bad), while most
of the visual tolerant trees had fruits with bad taste (40.2%). (Fig. 4D)
illustrates that the taste of fruits from non-infected trees was better than
those from infected trees.

DISCUSSION

Huanglongbing (HLB) has become a global problem that fights the
production of citrus. The disease is widely spread in Asia, Africa and not
long ago in America (Jagoueix et al. 1994; do Carmo Teixeira et al.
2005)Unfortunately, most of cultivated and wild citrus species are
likewise sensitive to HLB in varying degrees. Although, some citrus
species and relatives were considered tolerant to this disease (McClean
and Schwarz 1970; Miyakawa 1980). This disease is really hard to be
assessed in the field because the symptoms resemble other disease (such
as stubborn disease) and nutritional deficiencies (such as zinc), those
results illustrated by(Grafton-Cardwell et al. 2006).

One of the major difficulties for detection of HLB disease is that,
symptoms are unevenly distributed within infected trees (Folimonova et
al. 2009). That’s why we didn’t depend on just visual evaluation for
characterization the trees, but more studies had been conducted for the
tolerant trees.
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This study illustrated that very little percent from all the studied trees
were tolerant compared with the other categories. That means very big
loss happened as an effect to HLB disease. HLB has become the most
destructive citrus disease all over the world, where it generates substantial
economic losses (Bove 2006). The cross {(Clementine x Temple) x C.
ichangensis} includes most of HLB tolerant trees in visual evaluation.
These results mean that this cross considered the best cross in this study.
May be this related to Temple parent, (Stover et al. 2015) assessed HLB
in diverse cultivars in commercial groves with high HLB incidence and
conducted that ‘Temple’ had the least symptoms for HLB comparing to
‘Murcott’ had the most symptoms.

Concerning to tolerant trees, just 8.8 % from all tolerant trees had big
production, these results refer to very big loss in the production of trees
and this had been conducted before by Bové (2006). The fruits in most of
trees had many symptoms such as misshapen, smaller and green at the
stylar end of the fruit, those results had been conducted before by Grafton-
Cardwell et al. (2006). PCR results for visual tolerant illustrated that
almost 1:1 ratio, CLas-positive to CLas-negative. Data illustrated that,
80%from those CLas-negative have CT value =40.The cross (Clementine
X Temple) X C. ichangensis has most of those tolerant trees with CT
value =40. (Stover et al. 2015) resulted that ‘Temple’ showed the lowest
(Las) titer comparing to ‘Murcott’ had the highest titers. Taste of fruits
differed between all tolerant trees, 18.4% of them had good taste, most of
them been included in this somatic hybrid ((Clementine X Minneola) X
(Nova + Succari)), that was one of the best tolerant progenies in this
study, also had most trees of seedless fruits.

In recent years, HLB has caused substantial economic losses to
the citrus industry by shortening the tree life and reducing productivity
with poor quality colorless fruit left on the trees (Bové 2006). The
greatest hybrids in number of fruits [(Clementine X Temple) X Swingle],
this can be related to Temple that showed significantly greater cropping
than ‘Hamlin’ (Stover et al. 2016).

A significant correlation had been noticed between CT values and
the taste of fruits. Most of bad taste fruits were included in infected trees.
The infected fruits were bitter and sour. And this had been summarized
before by Grafton-Cardwell et al. (2006), HLB infected fruits are small,
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green, under developed, misshapen and bitter in taste. Thus, fruit cannot
even be marketed as juice.

Most of abortion seeds were included in the infected trees with CT
value less than 32 and reduced in non-infected trees with CT value more
than 32, those results agree with (Capoor et al. 1974) and (McClean and
Schwarz 1970). They noticed that seed abortion is common symptom for
HLB infected fruits despite the absence of apparent disease symptoms on
fruit and leaves.et al

From our study, we illustrated that most of seedless trees have been
infected by Clas, while seedy trees tend to produce more non-infected
trees, but these results don’t agree with (Albrecht and Bowman 2011),
Fruit average seed did not differ significantly (P > 0.05) between
symptomatic and symptomless trees.

In summary, HLB tolerance is complex quantitative trait, and
controlled by many genes. To provide HLB tolerant cultivars as well as
good flavor, genomic assisted breeding could increase the efficiency and
precision of citrus improvement.

CONCLUSION

Use of resistant or tolerant citrus plants could be the most
economically way of managing HLB disease. The objective of this study
was to look at the impacts of genetically modified individuals of citrus on
HLB disease. The cross (Clementine x Temple) x C. ichangensis, was the
best cross in the field evaluation, showed less severe symptoms than all
the other trees. Also, it has most of tolerant trees with CT value=40. The
severity of HLB disease is often measured by visual assessment. Visual
assessment is rapid and useful when hundreds of trees should be
evaluated. Although, it is not enough for evaluation.

As expected, some differences were observed in the performance of
the HLB infected trees on the genetically diverse individuals included in
the study. However, it should be noted that the study was done over a
short period of time (less than a year). Longer studies and other additional
field trials along with greenhouse studies will be done to validate any
conclusions.
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Table IS. All cultivars in this study.
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Number The cresses Number
The coos oftress of trees
{Clementine X Minneola) X {Nena « Seccan | 243 | Shadoite kA
{Clementing X Minneols) X Seedless Kishu 212 | White Mandsnin (Ponkan) 33
Lnknorwn 177 | (Clemennne X Duncan) X Seedless Kisha 32
Dansv Mandarin X Sesdless Kisha 172 | 1Clementine X Mumneola) X Wabers 4x n
{Clementin X Minneob) X Orlindo 4x 168 | (Clementing X Templel X (Homdn + Dancy 43) 12
VB Temple X (Nova + Ortague) |63 (Clementine X Temple] X Ortmsague 32
Nules X (Hamlin + Dascy | 189 | Orie Lee's Temple X Valencsa 44 3
{Clementine X Minneoly) X (hosctto 136 | Ciorus chungenss ki
| Clementme X {Clementine X Mimeeola) 130 | Ky Manders X Seodless Kishy 3
Palestine Sweet Lime X C. ichangensis 128 | 1351 X (Page + Clementme X Secsuma) 30
| Fallglo X {Nova + Osceola) 15 | (Clementine X Mungols) X Ruby 2
BERITIZ! X Orsamigue 13 ?Jluﬁ)&cl‘g‘&muu)(hnln)x%ubrmgh )
VB Temple X (Nova + Succan) 103 (5282 b
Low Acid Pummelo X Walters 4x 9% Ellendale X 411 pa
{Clemeatine X Valencaa) X {Novs = Suocari) M LBERST6 X Imperal 4x 27
Nules X W. Murcon %0 3 13-31 X (Page + Oranigee) 26
{Cleenming X Minneoky) X (Nove + Secciei) 9 DPI Fortue X Muscon L}
{Clementine N Domcan) N Piascirus trifolitn 8 DPI Fortme X Moneoln 26
Rilev NRI Pummelo X McRed £ .\hnd.llg 26
Low Acid Pummelo X (Swocan + Hindi Busgan) §7 Flying Dragos 2 3
Marsod X 411 0 | One Led's Temple X Hamlin 4x i
{Clementine X Minnsols) X 911 USDA 78 (Clementine X Vadencial X Swingle 2
Rabasson X [Novn + Succan | 73 Ellendale X (Page+Octanmuet N {Rbodz Red+Danicy ) 24
{Clementina X Temple) X DF] Mernaola 7k Lze x X (Page + Onamcue} )]
Fartune X (Nova + Ssccan) T OTA /]
H.EB X DPI446 (Red Java) T (Clementing X Mimnzola) X (Page + Onsague) pi]
DP14-6 (Rod Jma} X HB 0 Lee X Murcont pa]
Low Acid Pummelo X {Nova + Succan) T0 Nedes X (Seocari + Page) pX|
Low Actd Pummelo X Valenoa 4x 70| Valenca Gigss 13
{Clementine X Minneols) X {Hamlin + (Clementine X Mimnaala)} & (Clementine X Mmneola) (BTR14T33. 341 X Vermil py]
{Clementine X Temphe) X €. khangensis 67| (Clementne X Templel X Swingle 2
{Clementing X Dancan) X Duscan &3 (Clementine X Murcon) X USDA 311 2
{Clementine X Minneoky) X Hinlet dx 63 Hirado Burgan N Chineto b}
{Clemennine X Minnoly) X Murcott 64| Nedes X {Murcont ¢ Ortanigee) X (Nova + Oscenlal 20
Clementune X Orlands 4x 6l Sha Tioe You 20
{Clementine X Minnzol) X (Rohde Red + Duscy) 9 | (Clementine X Valenciz) X Walters dx 19
1R8 X W Murceet 5 Fremont &)
1 Fallglo X Swingle bl Hirodo Burgan X {Swccari + Huado Bustinst$) 19
{Clemzonne X Minneols) X Foctune ) Temple X (Nova + Osceola] 19
{Clementing X Minneala) X Carniay 6 Thong Dee X Minsests Tamselo 19
{Clementing X Minnzols) X Orlando Tanuelo 28 (Clementing X Duscan) X Papernind 4¢ 18
DP1 Fortune X Murcos 48 [Clementing X Muneola) X Big Tangelo 18
{Clementing X Valencs) X Seedless Kishe 53 1331 X (Murcos +{Clemencine X Minsecka)) 15
1445 X (Page + Clemennoe X Satsuma) 53| Moseral X Orlando 4x 13
Les X Seedless Kishu 2 Sout Oraege X Radee Pineapple 13
BSRITI2I X Hambhn 4y $1 (Clementine X Mmneols) N Prgermind dx 4
14-45 X {Page + Oruanique) pi | Hirodo Buntan X Hudsos 17
Fortune X Valescis 4x 19 Hadson AN 17
(Clementine N Minneal) X 411 1 Lee X Fairchild 17
(Clementine X Valencaa) X Swngle AT | Mawial X (Page + Clemenooe X Sotuma) X (Nova + Osceoln) 1
Elendale X (Page - Oramigue) X Sanzumnefly 47 Temple X Seedless Kby 17
Nakon N (Clementing X Minneols | 47 (Clementing X Mumeots) X Morcou X (Valenca + Prge) 16
{Cl 2 X Matosolal X ( Thonz Deo X Pemeroy Infoliate omnac) 46 BERITI32 X Ruby 4x 16
Clementme X Orlando 4x 2 | Clemeatine seedlings 16
1445 X {Muorcott + Ortamue) 41 Ellendale seedlings 16
Clementne X {Nova + Suocari) 40 Nakos X Minneols Tangelo 1
Nules X 921 40 Shicanud 16
| Red Java X Page 40| (Clementine X Mineola) X US 119 15
{Clementine X Minneola) X Orlando 18 BARITI31 X Dascy dx 15
Temple X (Page + Clomeatioe X Satsunia) 37 | Ellendale X Orlindo 4x i3
Thons Dee X (Cl it X Muscott) 17 Hirndo Burean X Hudson I3
Robasson X 921 Y6 | Nakn X Pape is
Bendumo 15 Southers Farms curanges 13
{Clementine X Minneoly) X Orhanlo Tragelo X Valencis 4x M| (Clementing X Hamln) X Swimale 4
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(Clemsntine X Minneola) N Valencia 4 iy junosCamizg "
(Clementine X Minneol) X Valencu dx 4 Citruy stk frimes 9
(Clementing X Minneota) Caering i Fiwacke ormmpeorange X Argestine TEC i somis 9
(Clementine X Hambm) X Moty reifliun L) Formnell palmindFriwscke comgeorange X Arpertine TF 9
Lisag Ping Yau 4 Hirado Buntan X Chinottofevsunelks polyundng )
Rice Mandenin 4 1B4.19 X Swingletfirado Buntan X Chinotto 9
Rob X Fairchild 4 Roby X Paperrind 4NAxLB4.19 X Swingle 9
Robn XUSI1I9 i SF.12.2.31Rab Paperrmd 4x 9
VB Clementine ds X d11 L] Tabati aranpe X Arpeetine TFSF-12-2-33 [}
(Clementine X Minneok X (Valesois + Page) 13 (Clementme X Minneoka) Tahits ceamee N Argenune TF 9
e (Clemeotioe X Tomple) X (Vakncie= Robinson X Temple)
acciiaial B | (Clementime X Minneoks) i
" 3 (Clementme X Valescia) X Orundo Tangelo dx (Clementine
Clementine X (Pmk Marss + Murcott) 13 X Temple) X (Valencia+ Robemscn X Temple) 8
(Clementme X Temple) X (K+V ) (Clementsoe X Valencn) X
khangenses 13 Orkando Tanaslo 4y 8
Marisal X Succari dx i3 Cao Ju (€ mﬂs X Tﬂle[ X(K+\V) 8
Palestine Sweet Lime X Gou Teu i3 DFI Kang Hi X MarshCao Ju 8
Pimpled Mandern 13| Fallylo X MurceuDP1 King HA X Marsh 3
Chiroais (Clementine X Minneaks) X Oclanlo Tangelo N Hamlin 4% 12 Golden PeaFallglo X Marcont 3
Dominican Wild Grape fras Chiromgs 12 Mercer PugeGoklen Pen )
Faligho X Fair child Domssscan Wild Grapefran " Robmsce X RubyMesoer Page 8
Mi32Fallylo X Fairchild 12 SRIRUOIMBYCZORobinsom X Ruby 8
Swve Linda Temple X (Nova + Seccan) M132 12 St VncentSRIRLD ) -AMB2CZ0 §
39315 Lmida Tewple X (Nova + Succan) 12 (Clementme X Minmeoks) X 80-95t Vincent 8
(Clementine X Valencia) X Seedy Marsh (Clemestine X
LB 4-8 X Ortamecpee 3931 11} Mizneals) X 80.9 7
. (Clementme X Valencia) (BTRIAT36) X Vermmban Hong
Lishon X Chinotol B 4.8 NOrtamagoe 1 (Clementine X Valacia) X Seedy Mards 7
a. : Clemensing X (Swccan + Dascy) (Clementme X Valenca)
NB.7347171S897Lishea X Chinoto I (BTRI4T36 ) X Vermilian B 7
Nules X W. MarconNB-T-34 1US857 T Elfendale X (Paze + Ovarsigee) Clesscoune X (Succan + Dascy) 7
(Clementine X Minneola) X {(Fage + Clemestine X Satsuma) i" Fiwwcke Orange X Flying Dragon TF EBendale X 7
Nules X W Murcon (Page+Ortamgoe )
(Clementine X Mmnzola) X Ortamigque {Clementize X Mincols) N i
X (Pae + Clementine X Satsuma) 0 Hong Nim Moa Prwscke Ovange X Flying Dragon TF 7
(Clementine X Murcott) X Papemind 4 ( Clementsne X Minacols) 5 |
X Ocinlaise 10 Lew X (Murcoe + (Clementme X Manneola)) Houg Nin Moa ?
(Clementing X Valescia)  (BIRI4TRS 56) X Bendizao " +1Cl \enasndad
(1 X Maurcon) X Papenind 4x 10 RINAGZ-RALew X0 IC X ?
(Clementine X Tensple) X Sunburst (Clementine X Valencsa) ( (
| BIRITIS 36 ) X Bendizao 10 | |Sey Fiviag Deapa AIRINAALEA ‘
Clementing X (Hamlin X (Cl XM da)) (€ :
X Temple) X Susbarst 10 Saack/ CICCRuby X Flying Dragon TF 7
Frwxke cnogecrange X CarmzoUlementne X (Hamim X ; =
(Clementing X Minneola)) 10 Vangasay Lesooas X {Dpe 6 13) X 137521 Snack/ CICC 7
Orie Lee's Temple X Orlando 4x Fiwicke Orange X Camao 1o flmz,}' slencia) X HamitinVaagrsay Lemon'X {Dpi 7
Sanfoed Swees Orange X Argestioe TF One Lee's Tenple X Ocbndo 4x 10 1 X Valeacia) X Ruby (€l X Vakrcs) X Hamim 0
Sanford Sweet Orange X Flving Dragoo TF Sanford Sweet Orange 16 (Clemetme X Temple) (Cheo) X Swingle (Clemestine X N
X Arpurtine TF Vakencia) X Ruby
Tahiti ccpmge X F D R L3 fi Orange X X R
ﬂ}i:;m ¥ i Rgon ¥ Soid St ] 2014 (Clesneting X Temple} (Cloo) X Swingle 6
Wilking seedliogs Tahiti orange X Fhvng Dragon TF o 22242014 [
4 3 5 ‘Y
‘\E':Ieg:m:dhk Duocan) (BTRI4T232425) N Valeacin 4x (0 Eureks X O3 114 6
_Walking seeclings
(Clementine X Duncanl X (Nenay + Seccan) (Clemesting X e o
Duncan) (BTR14123.24.26) X Valensin 43 ¥: | [Tk 0 VARSI ) Chinolo g
(Clementine X Mmowola) X Murcott X Seedless Kishu g y Sies)
(Clementine X Deacan} X iNova + Succari) 9 Gt Chimen 3Fortune X Valescia o
(Clemennne X Mmoeola) X Valewoa 4x (Clemestine X X
Misneals) X M X less Koshu 9 LB 43 X ChnottoGit. Chumera 3 o
1) X Misnocls) Cheo (Ch N Mencols) X Vakncis 4x 9 Murcett 4N Cleol B 4-3 X Chunotto [
(Clerpentioe X Murcost) X Voo (Ckememese X Minneoh) Cleo 9 Rikey Formuae X (Vakercla + Rotersoe X Tenpie) Mercont N ko [
(Clementine X Vakoca) X (Ngkoo X Flying Dagoa TF) : R
Clementine X Murcott) X Valencia 9 Roctsprout Raley Foetune X (Valencm + Robeoson X Temple) o
BIIERSTI6 (Low Acd Pummedo) X Wakers Clementine X .
Vakencis) X (Nakoo X Flying Dragan TF) 5. |y X Aputine T Rospont s
CarrzeoBIERST36 {Low Acid Purmamseloy X Walters 4 9 Satsumsa X SunhurseRubry X Argentne T# 6
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X SaoaSasuma \ Ssnburst b BoRTT1I) X Hamlin $x3875 )
| Clemesnne X Momeols) X (Soccan + Dancy) Xie Shan 6 BERTTII1 X Vadones 4BSRTT131 X Hamlin 4x S
1k XM 1) X (Valemcu + M da ) {C X . v .
Mirnenla) X  Stccari + Dancyl 5 Kam (SRAMBORTT1I & Vadencia 1X 5
(Clemeatne X Maneol) X Oclindo Tangelo (Clemestne X A (Clemestme x X Minzoh) » X Murcont X (Nova + Dcecla) 5
Munsola) X (Velenca + Minseola| X Kam (SRA) X
(Clemennoe X Mumozob) X Ovhindo Targelo X Rebytlood 43 < Monrzal X Orhindo (Clanentine X Minsok) X Murcom X <
1Clemosnne Miancok) X Orlando Tangelo i (Nova = Oseeola) )
(Chemenene X Normeotal Suingle (Clemastne X Minnohh X | | Plestioe Sweet Lame X SwangleMenren! X Orbenda $
(Clemestne X Mucot) X Papemnd - (Clementive: X |5 | SimA01.MLB? Palestine Swcet Lime X Suingle 5
imneols) Swingle o
(Chemeanoe X VabeoeindCleo (Clementise X Morcot) N 3 Se¢ Linds Tempke X (Hamkn 4 (Clementine X 3
| Prgctrind Mimeds)ISSHAN LML 2
Chemomoae X' Vidoca) X Welen S0 (Clmeotise X s Temple X OdandoSue Liodu Ternpke (Hamlin = (Clestentine <
Vakneia) Cho XMunipoctal) x
3637 Clesnentine X Valencia) X Walters dx S TuNm MonTemple X Orhindo S
38731637 3 TN Mo )

Table 2S. The tull names and the abbreviations for some crosses

Fall mames Abbreviatisns
«l x Temple) (Clooi x € Ichangersis (Clex Temps € khan
(Clemestae x Tample) (Chool x Swinghe (Cle s Tems Sw

HB < DPL&6( Red Java )

B < P46 (R])

Palestiog Sweet Lame x O Kchagensis

Pal Swo lune a( khan

Low Acid Pammelo x (Nova + Saccan) LAP x(No * Suc)
DPI46( RedIma ixHB DPf26RHxHEB
Classentine » (Novir-Seccan| Che x (Nova + Sue)
Orie Lee's Temple x Hambs 4X One Lee's Tem x Haml 41
(Clementato x Valonaa) & (Nova-Saccan) (Cle s Valix (No + Sic)

Diee x (Clemestme x Murcott) Dee x (Che x Murc)
() x Minneofa b Car x (Nowa + Sueeani) (Cle x MinyCar x {No+Suc)
Virado Barnan 5 Chnoso Hi. Ba x Chin
C524Clew [
Ellendale x (Page-Oimamaque) x (Rhode Red+ Dancyy Ellen x (Page+Ovmaxi® R +Dan)
Riley NR1 Pamimelo 2 s McRed R NRI P 2 x McRed

[ Noles s (Hulin-Ovacy ) Nl » Fam
OTAClew OTACRo
T You Shon Tan Yau
Mandalate Cley Mutidalare Clo
Lllendale v | Page el X h Ellen x (PapetOra) x San |
Low Acid Pammelo x (Nova + Seccan) LAP xiNo = Suc)
Robresan x 921 Robinson 1 921
| Flring Oexpon 2 Flying Dragoe 2

Fallgho x (Nova + Osoeolt) Fallgh x (Nova + Osceols) |
(Clemerzae x Mmnscla)x 411 (ClexMmixdl]
Ellendale 1 411 Ellendale x 411
Valencia Gogas Valenoa Grzn |
Low Acid Prmmeko x Wahers 4N LAP x Walters 4x
Low Acid Pusmelo x (Succan+Haado Bustas 155 LAF » 1 SsctHi By
Citris ichangrensns Cornus kel 15
(' x Mimneola) « Marcon (Cle x Miny x Mur
DPI Foctume x Murcott DPE Foetune X Murcott |
(Cl x Minngola) x Ocfands £X (Cle x Minj s Ovlando X
Lieknomn Uniknowe
‘Clamx)(um]xlism‘hll (Clex Muryx 1SDA .11

(Clemegtne x Duscan) 8 Poscirs Tridoline

(Cle s Donny x P Ty

(Clementoe x Valmaa) » Seedess Kshu

(Clex Val)x Se_ Kisk

| (Clemetine » Vemple) s DPiMinecots | (Cl 1 .
(Clementme x Minmeolist  (Rebids Red + Dy (Cle x Mind x (Ho R + Dan) |
DPI Fortune x Murcoet DPI Fortune « Murcost
Bendizan Bendum
(Clementse x Valenoa) x Swagle (Cle x Val) x Swi
BORIT I 3 Ovtanique BARATIA & Omanigue

(Clemettzte x Mmool x Seedess Kishu (Clex Mind x Se Kssh |
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