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Media Summary

The national citrus rootstock improvement programAastralia is a multi-stage

process involving glasshouse screening for seedactaistics, seedling uniformity,

graft compatibility, disease resistance and saleramce, followed by orchard

evaluation with a range of scion varieties. Ordhewvaluations are conducted in two
phases comprising short-term trials (up to 10 yetarsdentify candidates for entry
into longer-term semi-commercial based plantingscalaboration with industry

under a range of soil, climatic and managementitiond. This report describes the
results from the short-term assessments of hottii@ll performance in a range of
trials conducted at Dareton, NSW. Superior rootstoemerging from these trials
will be entered into longer-term industry-based owrcial evaluation plantings

across Australia.

The research conducted at NSW DPI, Dareton focussedhort-term trials to
evaluate the horticultural performance of a largenber of experimental rootstocks
with the aim of identifying candidates for entrytanlonger-term, industry-based
commercial trials. There were a tital of five stagmodules) A, 1, 2, 3 and 4 of trials
established at Dareton (Table 2.4, page 16). Hta ftom the experimental trials
from stage A and stage 1 has been been completeceported in previously HAL
funded project CT03025 in 2007.

This report presents the data from stage 2 (plamef01) and stage 3 (planted in
2003) experimental trials conducted on scion veeseNavelina, Lane Late navel,
Imperial mandarin and Eureka lemon to evaluate pbdgormance of the various

rootstocks. The rootstocks evaluated in theskstataDareton were sourced from the
Peoples Republic of China and CSIRO’s breeding iarng The introductions of

rootstocks from China were via seed and occurrédiinprojects supported by funds
from ACIAR during the period 1992-t0-2002. All thieotstocks included in this

component had been screened by NSW DPI and CSIR@idease resistance and
salt tolerance under glasshouse conditions befioe o 1999.

Data presented in this report from these trialBatton concern rootstock effects on
the performance of trees with regard to tree estaflent, growth, chloride uptake,
disease resistance, fruit yield and quality. Dadacerning tree growth, fruit yield

and quality are reported only for the second amdl ttages established, while data
for chloride uptake are reported for trees in thetages.

Rootstock effects on tree growth, fruit yield andhlity were assessed over a period
of five years in the stage 1 that had been estauisn 2001 (four trials with
Navelina, Lane Late navel, Imperial mandarin andeka lemon). Root excavation
was also carried out in trees from stages 1 arali@viestigate root distribution and
structure. Based on cumulative fruit yield, sizel anternal quality, as well as tree
size, a number of rootstocks were selected fromgesiaaccording to their effects on
different scion varieties with potential for entmto further longer-term (semi-
commercial) trials.



Selected rootstocks as an outcome of this reseaydh

Navelina
P. trifoliata: Jiangjin large leaf, Small leaf, Ghana and Xianyong

Lane Late
P. trifoliata: Guanyun, Xianyong an@hana

Imperial mandarin
C reticulata: Mantou hong ané. trifoliata: Ghana

Eureka Lemon
P. trifoliata: Wangchang large leaf, No. 22 and Wanyan




Technical Summary

The national citrus rootstock improvement programAastralia is a multi-stage
process involving the establishment of source treesuring uniformity of rootstock
seeds and seedlings, glasshouse screening foiselisga salt tolerance, short-term
preliminary field trials to evaluate horticulturgderformance; and longer-term
evaluation in semi-commercial plantings under agearof soil, climatic and
management conditions. This report describes teeddm preliminary field trials
conducted to investigate rootstock effects on tréidultural performance of a range
of scion varieties. The trials were conducted ajonregions for citrus production in
the Murray Valley. The results from the trials Mok used to identify rootstocks for
entry into longer-term, commercially orientated amdustry-based trials in the major
regions for citrus production. The new industrysdxh trials will also include the
current commercial verities.

The rootstocks evaluated in experiments condudi€heeton were sourced as seed
in 1992-t0-2002 from the Peoples Republic of Charad CSIRO’s rootstock
breeding program as a part of the ACIAR fundedgmbj All the rootstocks included
in the current HAL supported project have beenested by NSW DPI and CSIRO
for disease resistance and salt tolerance undsestgase conditions.

Tree growth, fruit yield, and internal fruit qualitlata collected for five years are
reported for trials established in 2001 (Stage r) 2003 (Stage 3) for Navelina,
Lane Late navel, Imperial mandarin and Eureka Ignad™NSW DPI, Dareton. Root

excavation was also carried out in Stages 1 amdivestigate root distribution and
structure. Chloride concentrations in leaves aérs are also reported to support
earlier glasshouse experiments and investigatehdurthe chloride exclusion

capacities of the rootstocks.

Fruit yield and quality data were collected wasdaasn cumulative yield, fruit size,
internal fruit quality and tree size, a number ofrpising rootstocks were identified
with potential for entry into longer-term follow-upndustry-based plantings.
Generally, trees grafted . trifoliata rootstocks produced better yields and yield
efficiencies for sweet oranges in Stage 2. Nomeunendations were made from the
rootstock trials conducted in Stage 3. Despitegbed salt exclusion ability, the
rootstocks bred by CSIRO breeding program failedramluce yield and fruit quality
which would have been of commercial significancéh Australian citrus industry.

Selected rootstocks as an outcome of this researdhare from Stage 2:

Navelina
P. trifoliata: Jiangjin large leaf, Small leaf, Ghana and Xianyong

Lane Late
P. trifoliata: Guanyun, Xianyong an@hana

Imperial mandarin
C reticulata: Mantou hong ané. trifoliata: Ghana

Eureka Lemon
P. trifoliata: Wangchang large leaf, No. 22 and Wanyan
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The selected rootstocks had higher yield and iaternit quality. Out of the above
rootstocks Ghana appears to be as one of the elembtstock for Navelina, Lane
Late and Imperial mandarin and therefor has theni@t to be trailed with new
commercial scions in the forthcoming new project 18004 — application submitted
to HAL).



Chapter 1: General Introduction

1.1 History of the Rootstock evaluation scheme

Rootstocks have a major impact on the horticultyp@iformance of citrus scion
varieties and consequently influence the health @oductivity of a citrus industry
(Broadbent, 1993). The effect of citrus rootstockgree vigour and size, fruit yield,
fruit size and a range of other quality factors wedl documented (Castle, 1987).
Therefore, the use of improved rootstocks is anomamt step for achieving a more
productive and competitive industry. The Austmal@trus industry is focussed on
developing fresh fruit and fresh juice productiondaexpanding export market
opportunities.

The priorities for rootstock improvement in Austaalvere determined by a National
Citrus Rootstock Screening Working party formedl#85. The major objective of
this working party was to promote a nationally @boated rootstock evaluation
program and to review screening procedures to materthe most effective means of
evaluating germplasm for characteristics deemeéngis$, desirable or of minor
importance. These characteristics reflected despesssures and growing conditions
in major production areas as well as anticipateceld@pments within the industry.
The ranking of characteristics deemed necessaryAtmtralian citrus rootstocks
agreed to by the working party in the mid 1980s $iase underpinned the national
program for rootstock improvement.

The National Citrus Rootstock Improvement Prograas wiitiated as a result of the
deliberations of the mid 80’s working party. Rdotk improvement in Australia
incorporates a multi-stage process starting witikeesting in a greenhouse for seed
and seedling characteristics (disease and salatule) before short-term replicated
field trials are conducted on a range of scionetas. Promising rootstocks are then
selected for long-term commercial trials under age of soil, climatic and
management conditions (Bevington, 1998).

1.2 Background of the current project

The development and subsequent use of improvedtooss to increase yield
efficiency, fruit size, external and internal frgjtiality is an important step towards
developing a more productive and competitive citnaistry in Australia.Poncirus
trifoliata, Troyer and Carrizo citranges are commonly usedstocks in Australian
for oranges and mandarins, and while these rodstdave many desirable
characteristics, they also have some negativebatés that can affect production.
For example, these rootstocks are highly susceptilthe salinity of the soils and
irrigation water used in the major citrus growingas of the mid-to-lower Murray
Valley, viz. the Sunraysia region of NW Victoria and SW NewitBhoVales (NSW),
and the Riverland of South Australia. Root zonegg has been shown to affect
citrus fruit yields and quality (Lehmann, 2003).n &nother examplePoncirus
trifoliata rootstocks are often unsuitable for Australian dzaim varieties and a
strong overgrowth at the graft union is observednature mandarin trees.

Thus, the national citrus rootstock improvementgpam seeks to identify and
develop new rootstocks with advantages over cuyreised stocks where biotic and
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abiotic factors restrict Australian citriculture meaching its full potential. This
project was closely aligned to the national progeard used a number of short-term
rootstock trials established in the main citrusvwgng regions to identify rootstocks
that improved scion performance with regard to dyietropping efficiency, fruit
quality, salt tolerance and disease resistance anlicipated output from the project
was that superior genotypes will be recommendedésting in wider, commercial
trials.

The research conducted at NSW DPI, Dareton focussedhort-term trials to
evaluate a large number of experimental rootstackislentify candidates for entry
into longer-term, industry-based commercial plaggin There were five modules;
Module A (Stage A) - mixed rootstocks, Module 1a@t 1) - Mixed rootstocks,
Module 2 (Stage 2) - Trifoliata rootstocks, Mod@l€éStage 3) - CSIRO hybrids and
Module 4 (Stage 4) - Vietnamese rootstocks. Stgeas grafted to Valencia,
Stages 2, 3 and 4 were grafted to Navelina and Late sweet oranges, Imperial
mandarins and Eureka lemons. The results from Staged Stage 2 have been
reported in project CT03025 (Final report submitg&7 to HAL). Trees for the
other three stages were propagated and plantedgdine course of CT03025 (2001-
2005). Stages 2-4, comprised four (Navelina, Lasie, Imperial mandarin, Eureka
lemon) trials each, which reflected the numberaddrs varieties used to evaluate the
performance of the various rootstocks. This remoibased on the data collected
from Stage 2 and Stage 3.

1.3 Project Objectives

The main objectives of this project were:

* To assess the horticultural performance of a rarigeotstock types in terms
of vyield, fruit quality, vegetative growth and retick and scion
compatibility.

e To confirm data obtained in greenhouse and labgrdtased screening tests
for salt tolerance and diseases resistance of gerahlocal selections and
imported Chinese and Vietnamese rootstocks ansstesa the performance of
these rootstocks on different scion varieties imte of tree establishment,
growth, salt tolerance, fruit yield and qualityshort-term orchard trials.

* To select promising rootstocks based on their ttiral performance in the
short-term trials for entry into longer-term, commuial trials at grower’'s
properties in the main citrus production regions.

1.4 Structure of the final report
Chapter 1: Introduction.

Chapter 2 reports on short-term performance trials conduetedSW DPI, Dareton
Primary Industries Institute, Dareton. This comgnof the project continued
previous research by NSW DPI and CSIRO Plant Imgukat was co-funded by the
Australian Centre for International Agricultural $&arch (ACIAR), in which new
rootstock germplasm was introduced to Australianfihe PR China and Vietnam.
Research conducted in ACIAR-supported projectsuthedl preliminary greenhouse
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and laboratory based screening of the rootstockngkasm prior to testing selected
rootstocks in short-term field trials.

Chapter 3 reportsthe influence of rootstock on scion chloride coriaion and also
on the short-term performance trials from Module 3.

Chapter 4 reports on the conclusion and recommendations basethe current
research studies. This chapter also describesgitat for wider adoption of the
promising rootstocks for the citrus industry in Aafia.

Chapter 5 reports technology transfer and extension actwitisdertaken during the
course of project CT07002. This also includes arezfce list.



Chapter 2: Short-term horticultural performance
trials with new rootstocks

This chapter reports on short-term trials estabtisho investigate the orchard
performance of the new rootstock germplasm to ifleandidates for entry into
longer-term industry-based evaluation trials. Tdosponent of the project continued
previous research by NSW DPI and CSIRO Plant Imguso-funded by ACIAR, in
which new citrus rootstock germplasm was introdu¢exn the PR China and
Vietnam. The ACIAR-supported projects included lipntenary greenhouse and
laboratory-based screening of rootstock germplasm.

2.1 Origin of the germplasm

The rootstocks used in the trials reported hereweurced from South East Asia and
CSIRO’s rootstock breeding program. The germpl&sm South East Asia came

from the Peoples’ Republic of China and Vietnand was introduced to Australia as

part of two projects supported by ACIAR from 1998iu2002.

Due to Australian quarantine restrictions assodiatih the introduction of budwood

from China and Vietnam, the rootstock germplasm ina®duced as seeds. Citrus
seeds can be mono- or polyembryonic. In polyemiicyseeds, the embryos are
derived either from nucellar tissues or zygotesarriBg somatic mutation, nucellar
embryos develop into seedlings that are genetigadgtical to the source or mother
tree and thus offer an option for the safe movenoérgermplasm from countries

where pests and diseases prevent the introductibadwood. Citrus diseases and
pests are rarely transmitted via seed tissues aunlface treatment with a fungicide
and bactericide adequately reduces the bioseaisity

At the start of the first ACIAR project, seedlingeeés of each introduction were
established in an arboretum as seed source tredstfioe research and commercial
use. Seedlings propagated from introduced seeds agsessed for uniformity and
characterised using isoenzyme polymorphisms, pdatily with regard to trueness-
to-type. Characterisation was important for transfig the results of Australian tests
back to China and Vietnam and to allow accuratep@gation of additional seed
source trees for industry use should any of theodhictions have commercial
potential. The potential propagation of off-tygesm introduced seed is of concern
to the Australian industry (Sykes and Lewis, 1995).

During the ACIAR funded projects the rootstock autuctions were screened under
greenhouse conditions fdPhytophthora root and collar rot resistance/tolerance,
Citrus Tristeza Virus (CTV) resistance (Sarooshd &arkley, 1996 and Saroosii

al. 1999), salt exclusion and early indications afgmcompatibility using a ring-
grafting technique. The initial screening was cartdd at CSIRO at Merbein and
NSW DPI's Elizabeth MacArthur Agricultural Instiei{EMAI). This chapter reports
on the testing of the rootstock introductions iorsherm field trials at Dareton.

2.1.1 Germplasm from China

There were several introductions of germplasm ftbenPR China during the course
of the projects supported by ACIAR. However onlptsiocks introduced as seeds
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during 1993 and 1994, and for which Australian seurees were established, were
propagated for inclusion in the horticultural penfi@nce trials at Dareton. These
selections were made from a large population oflfesnthat had been progressively
screened at NSW DPI's EMAI (Broadbent, 1993) andRC5(Sykes, 2011) for the

following characteristics:

» polyembryony and uniform nucellar seedling producti

» tolerance td?hytophthora root and collar root,

e resistance to CTV,

* sodium and chloride exclusion capacity.

Details of this germplasm for mixed rootstocks summarised in Table 2.1(a).

Table 2.1(a): Rootstock introductions from PR China assessatiamt-term
performance trials at NSW DPI, Dareton.

Year introduced CSIRO code no.

Common name

Species hame

1993 CO107 Nianju Citrusreticulata
CO108 Jinju Citrusreticulata
CO109 Shantou suanju Citrusreticulata
CO110 Jiangjing suanju Citrusreticulata
CO111 Jugan Citrusreticulata
CO112 Zhoupi Jiangjin Citrusreticulata
CO113 Gulin Jingianju Citrusreticulata
C0O114 Hongpi suanju Citrusreticulata
CO115 Anjiang hongju Citrus erythrosa
CO116 Zhuhongju Citrus erythrosa
CO117 Hongju Citrusreticulata
C0O118 Cao shixiangju Citrus erythrosa
C0O129 Nanju Citrus erythrosa
CR140 Zhenchen Citrus junos
CR141 Jiangbei Xiangchen  Citrusjunos
CR142 Xiechen (FALSE) Citrus junos (hybrid?)

(hybrid Citrus

CR143 Goutou chen aurantium)
CR144 Daidai Citrus aurantium
CR145 Ichang papeda 2586 Citrusichangensis
CR146 Ichang papeda No. 4 Citrusichangensis
CR147 Ichang papeda 2-3 Citrusichangensis
CR148 Lunan Poncirus trifoliata
CR149 Houpi Poncirus trifoliata
CR150 Donghai Poncirus trifoliata
CR151 Zhoupi Poncirus trifoliata
CR152 Tanghe No. 6 Poncirus trifoliata
CR153 Zao Yang Poncirus trifoliata

®The seedlings that emerged following the germimataf the introduction
labelled Xiechen had trifoliate leaves and themefarere notC. junos. This
accession has been called False Xiechen.
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Details of this germplasm for trifoliata type rotmisks are summarised in Table
2.1(b).

Table 2.1(b): Rootstock introductions from PR China assessetiant-term
performance trials at NSW DPI, Dareton.

Year introduced CSIRO code no. Common name Species hame

1994 CR158 Wanyan Poncirus trifoliata
CR159 Jiangjin large leaf Poncirustrifoliata
CR160 No. 24 Poncirus trifoliata
CR161 Ghana Poncirustrifoliata
CR163 Xianyong no. 8 Poncirus trifoliata
CR165 Guanyun no. 1 Poncirus trifoliata
CR166 Small leaf Poncirus trifoliata
CR168 No. 22 Poncirustrifoliata
CR170 Xiaogan Poncirus trifoliata
CR171 Donghu no. 1 Poncirus trifoliata
CR175 No. 5 Poncirus trifoliata
CR176 Bopi Poncirus trifoliata
CR177 78-85 Poncirus trifoliata
CR179 84-75 Poncirustrifoliata
CR180 84-79 (Seln. Of ZadPoncirustrifoliata

Yang)
CR181 Wangchang large lePoncirus trifoliata
CR183 85-24 Poncirustrifoliata
CR185 84-77 Poncirus trifoliata
CR194 Mantou hong Citrusreticulata
(mandariny

®Seeds from Mantou hong were introduced as partcohaignment generated via
controlled cross-pollinations in China using poleam P. trifoliata. Nucellar
seedlings were easily distinguished from zygoti&sda on the dominant trifoliate
leaf characteristic.

2.1.2 Germplasm from Vietnam

Germplasm was introduced from Vietnam on severahsions and included scion
and rootstock accessions for not only evaluationatgap as a genetic resource to be
maintained in the arboreta. An example of thestattas a consignment of seeds
collected from wild pummelo trees growing near Wietnam-Laos border in the
central region west of Hue.

These selections were made from a large populafidgamilies generated at CSIRO
during 1980-82 that had been progressively screeteNSW DPI's EMAI and
CSIRO for the following characteristics:

» polyembryony and uniform nucellar seedling produiti

» tolerance td?hytophthora root and collar root,

* resistance to CTV,

* sodium and chloride exclusion capacity.
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Only rootstock genotypes that showed potentialh@ greenhouse and laboratory
trials conducted during the ACIAR projects wereluded in the subsequent field
trials at Dareton. Details of these rootstocksgiven in Table 2.2.

Table 2.2: Rootstock introductions from Vietnam assesseashort-term
performance trial at NSW DPI, Dareton.

CSIRO code no. Common name Species hame
C0163 Mat orange Citrussinensis
CO168 Hong Kim orange Citrus sinensis
C0209 Chanh orange Citrussinensis
C0210 Hong Nhieu orange Citrus sinensis
CO170 Tieu Son mandarin Citrusreticulata
CO172 Ta mandarin Citrusreticulata
C0206 Hong Nhieu mandarin Citrusreticulata
CG44 Tau (? Bong Tim) lime Citrus
aurantifolia

Rootstocks for the trials were propagated as @gtand grafted to scion varieties
Imperial mandarin, Eureka lemon, Navelina and LUatesweet oranges.

In addition to the new rootstocks under evaluati®ymons sweet orange,
Poncirus trifoliata (Australian selection 22) and Carrizo citrangeenecluded as
standards. These standard stocks were propagateceallar seedlings and
grafted with the scion varieties listed above.

2.1.3 CSIRO hybrids

Hybrid selections from CSIRQO’s citrus rootstock dmang program were included in
the short term horticultural performance trialsDareton. These selections were
made from a large population of families generae€SIRO during 1980-82 that
had been progressively screened at CSIRO and NSVg BMAI for the following
characteristics:

* sodium and chloride exclusion capacity,

» polyembryony and uniform nucellar seedling produrcti
» tolerance td?hytophthora root and collar root,

* resistance to CTV.

Details of the selections from CSIRO’s rootstocledaling program which were

propagated as nucellar seedlings for inclusionhan trials at Dareton are given in
Table 2.3.
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Table 2.3: Rootstock hybrids bred by CSIRO representedertrilals established in
module number 3 at Dareton. The hybrids were smlduased on their
performance in screening trials that assesseddbdity to exclude
chloride and sodium as well as tolerBtgjtophthora root rot and CTV

infection.
CSIRO code no. Parents of selection
80.05.05 Cleopatra mandarin x Carrizo citrange
80.06.05 Symons sweet orange x Trifoliata
81.02.400 Clementine mandarin x Rangpur lime
82.01.16 Rangpur lime x Trifoliata
82.02.02 Clementine mandarin x Rangpur lime
82.02.05 Clementine mandarin x Rangpur lime
82.05.05 Ellendale tangor x Cleopatra mandarin
82.08.68 Clementine mandarin x Chinotto orange
82.09.148 Ellendale tangor x Chinotto orange
82.09.57 Ellendale tangor x Chinotto orange
82.10.07 Chinotto orange x Smooth Seville
82.04.22 Clementine mandarin x Cleopatra mandarin
82.08.45 Clementine mandarin x Chinotto orange
82.13.01 Chinotto orange x Trifoliata
82.13.03 Chinotto orange x Trifoliata
Rootstocks tested in module 3 were propagated @dlauseedlings and grafted|to
scion varieties Imperial mandarin, Eureka lemorvdliaa and Lane late sweet
oranges.
In addition to the new rootstocks under evaluati®ymons sweet orangéoncirus
trifoliata (Australian selection 22nd Carrizo citrange were included as stand
These standard stocks were propagated as nuasdidiiregs and grafted with the
scion varieties listed above.

2.2 Tree propagation

As described earlier (Bevington at al., 2005), nim&ls, which involved rootstocks
introduced from China, were established beforegutof T03025 commenced. There
were one trial from Valencia (module A), 4 triala dlavelina, Lane Late navel,
Imperial mandarin and Eureka Lemon from module thges 1) and 4 trials on
Navelina, Lane Late navel, Imperial mandarin andeka Lemon from module 2
(stage 2), The other 4 trials in modules 3 (stagen3on Navelina, Lane Late navel,
Imperial mandarin and Eureka Lemon and 4 trialsiodule 4 (stage 4) on Navelina,
Lane Late navel, Imperial mandarin and Eureka Lemame established during
project CT03025 (Khurshidt al., 2007). The final report for project CT03025 was
submitted in 2007.

The trees in the trial established in module A atdion in 1997 were propagated at
NSW DPI EMAI by grafting Valencia orange to Chinessedling rootstocks grown
from seed introduced in 1993 (Broadbent, 1993)usTlthe first trial was established
with rootstock seedlings that had not been chargett and nominated as source
trees for these stocks in Australia. The treetedes the subsequent 16 trials were
all propagated from characterised source trees. rbéstocks for the trials in
modules 1, 2 and 4 were propagated as rooted gsittaken from the seedlings that
had been designated as source trees for the iatrods from China and Vietnam.
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The CSIRO rootstocks trialed in module 3 were pgapad as uniform nucellar
seedlings. Similarly, the rootstocks used as statgdin the trials were propagated as
uniform nucellar seedlings.

Sources of cuttings

Before cuttings were taken, source trees were @iaed in a healthy condition and
well watered, but not over fertilised with nitroge8emi-hardwood cuttings were
taken during early summer from first growth-flushosts of the season that had
hardened off. Cuttings were collected during trenmimg, which from experience at
Merbein was the best time of day to ensure maxirstuike or rooting rates.

Cutting preparation

Cuttings were collected using sharp secateurs mgall clean cut without crushing
or tearing the shoot tissues. For the purposesta#béshing uniform trees for the
trials, single-node cuttings were prepared wittyanie internode length of stem with
one bud and leaf. Such small cuttings can betla §tower to reach a size suitable
for budding but ensured that the starting matexia$ as uniform as possible. The
proximal region of each cutting was cut squaree base of each cutting was dipped
into a solution of 3000 ppm of indole butyric a¢lBA) in 50% water/ethyl alcohol
(v/v) before being placed in the rooting medium.

Medium for propagating cuttings

Cuttings were struck in a mixture of perlite andd#2:1 v/v), which experience has
shown to provide conditions favourable to root gitodark, humid and aerated, pH
5.5-6.5), but not conducive to fungal growth.

Containers

The container used for striking cuttings was a #(@BD0 x 200 mm plastic box filled
to a depth of around 150 mm. The bottom of the aiort was an open mesh
allowing for free drainage.

Conditionsfor striking cuttings

Boxes of cuttings were maintained in a propagagoeenhouse where they were
placed on heated benches that provided bottomafi@@-25C. Air temperature was
ambient or cooled via evaporative air conditioneffie cuttings were watered from
above via an automatic misting system designeeeép khe leaves constantly damp.

Care, maintenance and budding of rootlings

Cuttings were inspected after 3 months. Thosehadtformed roots (rootlings) were
potted into a standard potting mix and transferteda temperature-controlled
greenhouse where they were maintained until thaghed an appropriate size for
budding. During this period the rootlings weretifesed regularly with a standard
proprietary, all-purpose liquid fertiliser and mestere controlled using appropriate
pesticide sprays.

When rootlings had grown to approximately pencitkhess and 20cm above the
level of the potting mix, they were budded with arfefour scion varieties; Eureka
lemon, Imperial mandarin, Navelina and Lane lateehaThe budded rootlings were
maintained in the greenhouse until the scion waheid grown approximately 30 cm
before they were re-located to a shade house w@mkient conditions for hardening
off prior to planting at NSW DPI Dareton.
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2.3 Experimental design and trial conditions

There were 17 trials established at the Agricult®Research and Advisory Station,
New South Wales, Department of Primary Industrid3aeton (34 10’S., 142 04’'E)

for the purposes of conducting preliminary hortiotdl evaluation of new rootsto

ck

germplasm. The trials were planted as five modulele 2.4 summarises the

details of the different modules and trials.

Table 2.4: Summarised details of the short-term horticultpefformance trials
established at NSW DPI, Dareton using recentlyuohiced or locally
bred rootstocks.

Module  Year Rootstock Experim

(Stage) planted type ent nd Scion variety Data reported hergin
A 1997 Seedling 1 Valencia orange Tree growthf frui
yield and quality,
and root structure
and development.
1 1999 Clonal 2 Navelina orange  Tree growth, fruit
3 Lane late navel yield and quality,
4 Imperial mandarin and root structure
5 Eureka lemon and development.
2 2001 Clonal 6 Navelina orange  Tree growth, fruit
7 Lane late navel yield and quality,
8 Imperial mandarin and root structure
9 Eureka lemon and development.
3 2003 Nucellar 10 Navelina orange  Tree growth, fruit
seedlings 11 Lane late navel vyield and quality,
12 Imperial mandarin Leaf chloride
13 Eureka lemon concentrations.
4 2005 Clonal 14 Navelina orange Leaf chloride
15 Lane late navel concentrations.
16 Imperial mandarin
17 Eureka lemon

1 The various rootstocks were evaluated in modukasted at different times. Module A was plantethvgieedlings grown
from rootstock seeds introduced from PR China weckin 1993 before the different accessions westedefor uniformity
and other characteristics and source trees wegetedl The same rootstocks were used in moduteepethe plant
material was propagated as rootlings from singlgenzuttings taken from a single source tree thatieen characterised.
The rootstocks investigated in the trials that weeated as modules 2 and 4 were also propagatedtisags grown from
single-node cuttings taken from a single charasgersource tree of each genotype. The rootstogkstigated in modules
2 and 4 were introduced from the PR of China aretdm, respectively. The rootstocks investigatetodule 3 were
propagated as nucellar seedlings grown from polygantic seeds harvested from rootstock hybrids bretiselected for
salt exclusion and disease resistance at CSIRO&ferb

2 A number of experiments were conducted within @aodule according to the number of scion variatiesd to evaluate
rootstock performance. In module A only one sci@s used whereas four scions were employed intle 4 modules.

% As a series of modular plantings, not all experitaavere at a suitable stage for data collectioindithe course of project
CTO07002. This is reflected in the data presemddis report.

In addition to the experimental rootstocks beingeased, Troyer citrange and Swingle citrumelo tooks were included as
standards in module A, and Symons sweet orangerafias Poncirus trifoliata strain 22 and Carrizo citrange rootstocks
standards in modules 1-4. These standard rootsteeke propagated as nucellar seedlings and graftedhe varieties

S

listed appropriate for each module.
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The first module (one trial) was planted 1997 asdefferred to here as module A.
The other modules (four trials each) were planted999, 2001, 2003 and 2005 and
are referred to as modules 1, 2, 3 and 4, resgdgtiv

The 5 experiments from module A and module 1 haenlcompleted and reported
in HAL final report CT03025 (Khurshiet al., 2007). This final report (CT07002) is
comprised of data from module 2 and 3.

Climatic data for Dareton gives maximum temperatzneges of 30-32C during
December-to-February and 16-3C during June-to-August and an average annual
rainfall of 220 mm. The average total accumulaeadual heat units are 1880. A
general soil analysis of the site revealed deemlsands from 0-80 cm over loamy
sand/clay sand from 80 cm to 140 cm. The root zeae approximately 80-100 cm
deep and the electric conductivity ranged betwe®0 ds/m. The pH of the soil
solution ranged from 8-9.

Rootstocks were propagated either as single nodmgsi taken from characterised
source trees or as seedlings. Rootstocks wereatedl by investigating their effect
on the performance of a number of scion varietiespely Valencia orange (module
A, one trial only), Navelina, Lane Late navel, Impemandarin and Eureka lemon
(modules 1-4). Depending on the triRncirus trifoliata strain 22 (an Australian
strain), Troyer citrange, Carrizo citrange, Swingiérumelo and Symons sweet
orange rootstocks were included as standards fapaason.

The trials in each module were established usiremdomised block design with one
treatment (rootstock genotype) in each block. ffiaés in modules 2-4 were laid out
as five blocks. Separate replicated trials basedoon variety were established for
modules 2-4.

Trees were planted at a density of 1250 treesftee¢Zam within each row, 4 m
between rows). The trials were irrigated via gk&rdrip line for a total of 336 hours
during October-to-March and for 106 hours from Apmtil September. Fertiliser
was applied via the drip system and standard allpractices were followed during
the course of each trial. Light pruning was carreeit during the investigation to
manage tree canopy and to allow for accurate estingof tree growth, canopy
volumes and fruit yields.

2.4 Rootstock effects on tree growth, fruit yield and gality
2.4.1 Data collection and procedures

This section reports 8 years (2005-2012) of da&bl@ 2.4) collected at, Dareton
Primary Industries Institute from 4 trials in moeu? that investigated rootstock
effects on fruit yield and quality. Other factossich tree vigour, graft union
compatibility and tolerance to disease are alssidened in these trials. The effects
of rootstocks on leaf chloride concentrations aported in a subsequent section.

At the stage of preparing this document, insuffitidata were available to report on
rootstock performance in the trials in module 4 efdfamese rootstocks). A
subsequent project (CT14004) will complete the @atdn of the rootstocks for
module 4.
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Data for tree growth, fruit yield and quality wadlected for the Navelina, Lane Late
navel, Imperial mandarin and Eureka lemon treestethin 2001 were collected up
until 2012. The details of the data collection gineen below.

Tree health/disease assessment
Tree health was observed during spring and signssistent with disease,
physiological disorders or incompatibility were edt

Tree vigour measurements

Tree height (m) and canopy width (m) were measuweery year which allowed
canopy volume to be calculated. Trunk circumfeeefton) was recorded annually at
the same marked position on the tree 10 cm abavgrtft union.

General procedure for the excavation of rootstocks and assessment of root system
Assessment of root distribution, rooting depth @pdead was only carried out in
module 1 and module 2 trials which were not pathefpreviously completed project
CT03025. Selected trees were excavated and thetirsystems were examined in
detail (Castle, 1980).

The tree canopies were removed by cutting throbghtiunk 0.5 m above the soil

surface (Figure 2.1 a). A 1.5 m deep trench wagsaliuthe way around the stump in

a square arrangement (Fig 2.2a) with a back hoe.sphead of roots across the rows
was measured and the depth of fibrous and strdctaots also recorded. (Figure 2.1

b & c).

Figure 2.1: Root excavation process (a) digging around the (fo measuring the root
depth (c) measuring the root spread along the rows.

After these data were recorded the tree was gérakened and uplifted (Figure 2.2
a). Care was taken to keep the roots intact thraogthe final stages of lifting
process.

The stump and roots were placed on a metal gridteedoil removed with running
water (Figure 2.2 b & c¢). The number of structurabts was counted and root
diameters recorded. The fibrous roots were segéfadm the structural roots which
were separated from the trunk. The stump consisteélde solid wood between the
graft union and structural roots. The three conepts (Figure 2.3) were dried
separately at 60C for 24, 48 and 168 hours respectively. Afte thoisture had

been removed the dry weights were recorded for eastponent.
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Figure 2.2: (a), tree being lifted; (b), trees loaded for thashing process; (c), ropt
system after initial processing.

Figure 2.3: (a), Roots are divided into 3 main componentgrefis roots, structura
roots and stumps; (b), Components were dried terchene the dry
weights.

Rootstock/scion compatibility measurements
Two types of measurements were recorded to assetstack compatibility with the
scion varieties employed in the trials.

Trunk circumference (cm) at the graft unionsrunk circumference 6 cm above and
below the graft union was measured to determineetktent of any overgrowth
between rootstock and scion each year (AndersorBandtena, 1992).

Visual ranking: A smooth graft union indicates similar growthesafor the stock and
scion allowing a thorough fusion of tissues atdhaft union. Different growth rates
can lead to the scion overgrowing the stock or -vieesa. The ratio between
rootstock to scion growth near the graft union pfes a measure of the degree of
“benching” where either the stock or scion overgsdine other. ‘Benching’ can be an
early predictor of stock/scion incompatibility whican be an issue in older trees. In
addition to measuring trunk circumferences above aelow the graft union,
benching was also scored visually using a scalé-5f(Figure 2.4) similar to the
method described by Webber (1948). The same pemwiucted the visual rating of
the graft unions in all trials to reduce subjedyivn the results.
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Figure 2.4: A visual ranking used to score graft union ovenghs: (1), smooth
union; (2), rootstock slightly larger than scioB),(scion slightly larger
than rootstock; (4), rootstock significantly larglan scion; (5), scio
significantly larger than rootstock.

-

Fruit yield and fruit size distribution

Total fruit weight per tree, number of fruit peedrand fruit size distribution were
recorded for each tree by passing all fruits haecesicross a commercial grader
(Colour Vision Systems Pty. Ltd.). Fruit was sdriato five size classes based on
diameter (mm): <65 mm (>138 fruit/carton), 65-67 r(B8-125 fruit/carton), 69-72
mm (113-100 fruit/carton), 75-77 mm (88fruit/carforand >77 mm (<80
fruit/carton). Yield efficiencies (kg/cfh were calculated by dividing the total yield
(in kg) in each year by the trunk cross sectionaha

Biennial Bearing Index (BBI)
The BBI was estimated using the deviation in frwimber in successive yeat$ &s
given by Hoblyret al. (1936):

BBI=1n-1*[(a-al/a+a)+(a-al/a+a)+ ... +(a—anl/a+ any)
n = number of years; aa,..., &, &-1 = fruit number in corresponding years.

A BBI of 1 indicated a very strong tendency towabdmnial bearing and BBI close
to zero indicated that season-to-season yield biditiawas random.

Internal fruit quality

Fruit quality measurements were carried out atotfieet of the commercial maturity
period for each scion variety during each growiegsen. Ten fruit per tree were
randomly selected from the packing line at hansewl taken to the laboratory to
assess internal fruit quality. Percent total sl@udolids (TSS) of the juice were
obtained using a digital refractometer and % cia@d (TA) was estimated by
titrating 10 ml of juice against standard 0.1 mdNAOH solutions. Juice sugar:acid
ratios (TSS:TA) were calculated from these datalescribed by El-Zeftawet al.
(1982). Fruit length, diameter and rind thicknesse recorded for Eureka lemons
using digital callipers.

2.4.2 Statistical analyses

Module 2: Experiments 1, 2, 3, 4. (Navelina, Lane Late navel, Imperial
mandarin, Eureka Lemon)
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Analysis of variance (ANOVA) was carried out usithg statistical software package
Genstat (2013). Where F-tests demonstrated signifi(P<0.05) rootstock effects,
means were separated using least significant diffags (LSD) calculated pt0.05.
Data was also statistically analysed for Module 3.

Note that the Donghu rootstock treatment was exduilom the data analyses in
experiments 1, 2 and 3 due to the poor performahtee trees at the early stages of
the trial. At the later stages of the project heatl Donghu trees died or did not
grow beyond a tree height of 1 m.

2.5 Results and Discussions

Tree health assessment: Most rootstock/scion combinations exhibited goceetr

health. Donghu rootstocks performed poorly on @bss.

In Imperial mandarin a total of three trees diedNim 24 and No. 5. There was a
further tree death of one tree each in No. 22, Bleal, Tri22 and Xianyong trees.

In Lane Late four trees died in No. 5 and threedrdied in No. 24. There was a
further tree death of one tree each in 84-79, 85N® 22, Small leaf, and Tri22;

while two trees died in Xianyong. In Navelina thteees died in Mantou hong, two
in 78-85 and one in No. 5. No trees died on Euteken (Table 2.5).

In Eureka Lemons no trees died. Eureka lemon meedess likely to die compared
to trees grafted on Navelina, Lane Late and Imperandarin.

Table 2.5: The number of un-healthy or dead trees out ofegst in Imperial
mandarin, Lane Late navel and Navelina during tloarse of
experiment for Module 2 (Trifoliata rootstocks).

Rootstocks Imperial Lane Late Navelina Eureka
Mandarin lemon
0

78-85

84-75

84-79

84-77

85-24

Bopi

Ghana

Guanyun

Jiangjin large leaf

Mantou hong

No. 22

No. 24

No. 5

Small Leaf

Tri22

Wangchang large leaf 0 0 0

Wanyan

Xianyong

Xiaogan 0 0 0
"Mandarin type
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Rootstock excavation and root inspection

Root excavation was carried out on un-healthy sealed trees to assess the health
and structure of the root system. The citrus rgstesn is comprised of a relatively
shallow, well-branched framework of woody laterddsaring fine fibrous roots
(Bevington and Castle 1982 and Castle, 1987). Rw&oavation is a difficult and
labour intensive task and therefore root develognmeenot often assessed as part of
rootstock evaluation (Castle and Krezdorn, 1979).

The following rootstocks were excavated due to gwalth and stunted growth from
2005-2012.

Module 1: In module 1 (mixed rootstocks), treesftgrhto Ichangensis and Daidai
rootstocks were excavated. Navelina, Lane Late,etiap mandarin and Eureka
lemon trees grafted to Ichangensis and Daidai (smnge) rootstocks exhibited poor
growth; trees were stunted, had a poor root systechincompatibility at the graft
union. Therefore, these two rootstocks have beetua@ed from further rootstock
evaluation. The poor root system and graft incdibpiéy can be seen in Figures
2.5-2.8.

Module 2: In module 2 (P. Trifoliata rootstocksjed grafted to Donghu were
excavated for Navelina, Lane Late and Imperial naaindFig. 2.9-2.11).

Ichangensis | " Daidai

Figure 2.5: Navelina navel trees grafted to Ichangensis aaidd) from Module 1
are shown. Trees were planted in 1999. Trees hao®aroot systen
and incompatibility at the graft union.

-
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Ichangensis

Daidai

Figure 2.6: Lane Late trees grafted to Ichangensis

and Daidai from Module 1 are

shown. Trees were planted in 1999.
Trees have a poor root system and

incompatibility at the graft union.

Ichangensis Daidai

Figure 2.7:

Imperial mandarin trees grafted
Ichangensis and Daidai fro
Module 1 are shown. Trees we
planted in 1999. Trees have a p(
root system and incompatibility

the graft union.
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Module 2: In module 2Roncirus trifoliata rootstocks), trees grafted to Donghu were
excavated.

Figure 2.9: Navelina Module 2: Root system of the Donghu rmats is shown
above. Trunks were cut across the graft unionaé for abnormalities,
or incompatibility with the scion.
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Figure 2.10: Lane Late Module 2: The root systems of the Donglotistock are
shown above. Trunks were cut across the graftutadook for
abnormalities or incompatibility with the scion.
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Figure 2.11:Imperial mandarin Module 2: The root systems efflronghu
rootstock are shown above. Trunks were cut ath@sgraft union
to look for abnormalities or incompatibility withe scion. Note the
distorted structural roots.
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Laboratory analysis of root samples

Root samples were plated onto selective and geagaaslmedia then inspected for
fungal growth (Table 2.6).

Table 2.6: Results of fungal isolatiohfrom root segments of Navelina, Lane Late
and Imperial mandarin trees grafted to Daidai am@mhgensis rootstocks

in Module 1.

Samples from Module 1
(received 29/10/12)

Results

Navelina / Daidai

No pathogen detected

Navelina / Daidai

No pathogen detected

Navelina / Ichangensis

No pathogen detected

Navelina / Ichangensis

No pathogen detected

Lanes Late / Daidai

No pathogen detected

Lanes Late / Daidai

No pathogen detected

Lanes Late / Ichangensis

Pythiumirregulare detected

Lanes Late / Ichangensis

No pathogen detected

Table 2.7:Results of fungal isolations from root segmentbdlabelina, Lane Late
and Imperial mandarin grafted to Donghu rootstonkglodule 2.

Samples from Module 2

(received 15/11/12) Results

Navelina / Donghu Pythiumirregulare detected

Navelina / Donghu Fusarium sp. detected

Navelina / Donghu No pathogen detected

Navelina / Donghu Pythiumirregulare detected

Lanes Late / Donghu No pathogen detected

Pythiumirregulare & Fusarium sp.

Lanes Late / Donghu detected

Lanes Late / Donghu Fusarium sp. detected

Lanes Late / Donghu No pathogen detected

Lanes Late / Donghu No pathogen detected

Mandarin / Donghu No pathogen detected

Mandarin / Donghu Fusarium detected

Mandarin / Donghu Fusarium detected

Mandarin / Donghu No pathogen detected

'Root segments from each root sample submittedefsting were cut with a sterile blade,
moistened then plated using aseptic technique duiifferent selective media; Phytophthora
selective agar, Pythium selective agar and ¥4 paettrose agar (%2 PDA) (5 root pieces /
plate). Plates were examined on 20/11/2012. Flate$ per medium were used for Module
1 samples (Table 2.6) while 2 plates per mediumewesed for Module 2 samples (Table
2.7).

No Phytophthora species were isolated from theeglabot samplesPythium
irregulare was isolated from some root pieces. This is a mama common soil-
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borne pathogenkusarium species are also common in soil environments. afisu
inspection of the root systems did not reveal aggificant health issues. Therefore
the Pythium and Fusarium species isolated from a small number of root [@ese
unlikely to be causing significant or economic dgmé#o the root systems.

Root measurements

Module 1:

Root spread data indicated that the root systemNavklina trees on Daidai and
Ichangensis rootstocks extended 71 cm and 61 cpeetgely within the row; and
58 and 48 cm respectively across rows (Table Zi8. roots grew to a depth of 20
and 15 cm respectively (Figure 2.5). Trees renthisteinted with the mean tree
height of 1 m and trunk circumference of 9 cm fothorootstocks

The root systems of Lane Late trees on Ichangewistocks extended 58 cm within
the row, 40 cm across the rows, and to a deptt6oani (Figure 2.6). All Lane Late
trees grafted to Daidai rootstocks died duringdtwrse of this experiment.

The root systems of Imperial mandarin trees extedéhin the row 80 and 40 cm
respectively and across the rows 66 and 28 cm casply for Daidai and
Ichangensis rootstocks (Table 2.8 and Figure Zfig. root depth was shallower for
Ichangensis (16 cm) compared to Daidai (24 cm).

Lemon trees grafted to Ichangensis rootstocks vi@bb a similar trend to Navelina
trees and all Eureka lemon trees on Daidai dieinduthe course of experiment
(Table 2.8 and Figure 2.8).

Table 2.8: Root spread within and across rows; and root deptfibrous and
structural roots of Navelina, Lane Late, Imperiandarin and Eureka
lemon treeSbudded to Daidai and Ichangensigotstocks originating

from China.
Root spread (cm) Root spread (cm) Total root depth (cm)
Cultivars (within the row) (across row)
Daidai Ichang Daidai Ichang Daidai Ichang
Navelina 76 61 58 48 20 15
Lane Late 0 58 0 40 0 16
Imperial 80 40 66 28 24 10
Eureka 0 60 0 47 0 17

Trees from module 1 planted in 1999

The data suggests that canopy growth of NavelinaglLate, Imperial mandarin and
Eureka lemon trees on Daidai and Ichangensis mmistwere limited by the poor

root systems which were not capable of meetingwhter and nutrient needs of a
larger tree, or were so poor that the result was tteath. Trees on Daidai and
Ichangensis also failed to produce any signifigaogitive results in terms of fruit

quality and yield therefore these rootstocks shdadcexcluded from the evaluation
program.

Module 2:

Root spread data indicated that the root systemsawtlina on Donghu rootstocks

extended within the row 61 cm and 50 cm across rGwable 2.9), while the root

depth was only 26 cm (Figure 2.9). The data sugdethat the root system of
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Donghu restricted tree growth. Trees remained stuwith the mean tree height of 1
m and trunk circumference of 12 cm.

In Lane Late on Donghu roots extended within the @®2 cm and 70 cm across
rows, and to a depth of 36 cm (Table 2.9 and Figui®). Trees remained stunted
with the mean tree height of 1.9 m and trunk cirfarence of 13 cm In Imperial
mandarin, roots extended within the row 105 cm &ham across rows (Table 2.9);
while the root depth was 34 cm (Figure 2.11).

Lane Late and Imperial mandarin trees on Donghtstocks had larger root systems
than Navelina. However because Donghu rootstodedaio produce significant
positive results for fruit quality and yield, thisotstock was excluded from further
evaluation.

Table 2.9: Root spread within and across rows; and roothdepfibrous root and
structural roots in Navelina, Lane Late and Impen®ndarin tre€s
grafted onto Donghu rootstock originating from Ghin

Root spread Root spread (cm) Total root
Cultivars (cm) (across row) depth (cm)
(within the row)
Navelina 61 50 26
Lane Late 102 70 36
Imperial mandarin 105 84 34

Trees are from module 2 planted in 2001

Root size distribution and dry weights

Module 1:

The data recorded for the different rootstocks satgyl that all Navelina, Lane Late,
Imperial mandarin and Eureka lemon tress graftedctmngesis had a higher
percentage of roots in the 0-10 mm diameter rangeaasmaller proportion that were
10-40 mm (Table 2.10). This aligned with root disition and canopy growth
indicating that these trees had smaller root systand were stunted, i.e. the trees
never grew beyond 1 m in tree height.

Table 2.10: Percent root size distribution in root diametass (mm) of Navelina, Lane
Late, Imperial mandarin and Eureka lemon ttegsafted onto Daidai and
Ichangensisrootstocks originated from China.

Root size distribution in diameter class

Cultivars 0-10 mm 10-15 mm 15-20 mm 20-40 mm
Daidai Ichang Daidai Ichang Daidai Ichang Daidai Ichang
Navelina 72 68 14 20 7 7 7 5
Lane Late 0 79 0 12 0 6 0 2
Imperial 62 72 14 13 13 13 9 2
Eureka 0 69 0 16 0 7 0 8

Trees from module 1 planted in 1999
The root dry weights were similar for Navelina, edrate, Imperial and Eureka trees
on both Daidai and Ichangenis rootstocks, with ékeeption of all Lane Late and
Eureka trees on Daidai that did not survive. HoweMavelina grafted to 60
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Ichangensis had slightly larger root systems thdnero species used in this
experiment (Table 2.11).

Table 2.11: The dry weight of the fibrous roots, structurabts and stumps and trunk
circumference (cm) of Navelina, Lane Late, Impenmndarin and Eureka
lemon trees Budded trees onto Daidai and Ichangensis.

Total root dry weight/tree (kg)

cultivars Fibrous Structural Stumps Trun?cﬁi)rcum.
Daidai Ichang Daidai Ichang Daidai Ichang Dada Ichang
Navelina 0.03 0.16 0.29 1.89 0.43 2.88 9.2 9.3
Lane Late 2 0.01 - 0.10 - 0.12 - 7.0
Imperial 0.06 0.03 0.43 0.11 0.76 0.22 10.0 9.8
Eureka - 0.01 - 0.06 - 0.19 - 10.3

Trees from module 1 planted in 1999
2 All Daidai trees died in Lane Late and Eureka lamo

Module 2:

The data derived from the excavation of the roatteays of 5 trees on Donghu
rootstocks is presented in Table 2.12. The treepggated to Navelina had an
average of 74% of roots with a root diameter of0OOPim. In Lane Late, Donghu
rootstock has 53% of roots with diameter of 0-10 ;mahile there were low

percentages of roots with diameter 10 to 40 mm.

Table 2.12: Root size distribution and dry weight of fibrowsots, structural roots
and stumps of Navelina, Lane Late and Imperial radndtree$
grafted onto Donghu rootstock.

Percent root size distribution in

Dry weight/tree (kQ)

Cultivars root diameter class (mm)

0-10 10-15 15-20 20-40 FibrousStructural Stump
Navelina 74 19 2 5 0.21 0.38 0.55
Lane Late 54 17 15 13 0.13 0.73 1.28
Imperial 33 26 20 21 0.20 0.64 1.78

Trees from module 2 planted in 2001
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2.6 Experiment 1 - Navelina
2.6.1 Yield and tree growth

Navelina trees grafted twifoliata type rootstocks Small leaf, Jiangjin large leaf,
Xianyong and Ghana produced cumulative yields df, 880, 168 and 167 kg/tree
respectively compared to those grafted to the stahdri22 (139 kg/tree) and to 78-
85, which produced 70 kgl/tree (Table 2.13). Nanelirees grafted to Tri22
(Control), No. 5, 84-77, 84-75, Wanyan, No. 24, Mahong and 78-85 had below
average yields of 137 kg/tree (Table 2.13). Thédyficiencies of the high yielding
Navelina trees grafted to Guanyun, 84-77, Xianyand Ghana were 2.2, 2.1, 2.1
and 2.0 kg/crhrespectively; greater than the standard Tri22 ki/8nf). The lowest
yield efficiencies were found on trees grafted 8&8b and 84-75 rootstocks, with
each producing on average 1.2 k§/nThe mean trunk circumference was 31.9 cm
and 28.9 cm respectively in Navelina trees graftediangjin large leaf, and Small
leaf, larger than Tri 22 (23.0 cm). Trees graftedoo78-85, 84-77 and 84-75 had
19.3, 20.7 and 20.8 cm trunk circumference respelgtiand were well below the
Tri22 (Control) trees. Results suggest that Nagetrees grafted to test rootstocks
with a larger trunk circumference are more vigoransl therefore produce greater
yields. For example Jiangjin large leaf had a trumicumference of 31.9 cm
indicating significant vigour. However, tree sizedacumulative yield has an
association (r = 60) and the regression analysiEates R = 39. This means that
only 39% of the linear increase in cumulative yiet&th be attributed to the increase
in tree size and other factors also contributetthéoyield increase.

The Biennial Bearing Index (BBI) was calculated determine the annual yield
variations. Navelina trees grafted to Wanyan andojan had lower BBI values
(0.24 and 0.26 respectively) compared to treegegtdd Tri22 (0.33), although these
results were not significantly different. Otheghiproducing Navelina trees grafted
to Small leaf and Ghana had slightly lower (but s@nificantly different) BBI
values than Tri22. The correlation analysis ofBiB# with cumulative yields and tree
size indicated a poor relationship between thesgablas. Therefore, it was
concluded that the Biennial Bearing Index doesseein to be a problem in Navelina
on the basis of the data collected in this trial(€ 2.13)

Fruit size is a major consideration when fruitagdsfor fresh market consumption in
domestic and export markets. Heavier fruit may dlawe high juice content but
results may vary between seasons. Navelina tre¢ted onto No. 5, 78-85 and Bopi
had an average weight of 252 g/fruit which was limto Tri22 (247 g/fruit).
However, these trees yielded heavier fruit comp&oeghl-75 (230 g), Xianyong (226
g), 85-25 (226 g), Ghana (225 g), Xiaogan (224rg) Mantou hong (221 g) (Table
2.13).

Large fruit gains higher returns when sold for fresnsumption as prices are based
on fruit size rather than weight. Therefore, theada also presented as the percentage
of large size fruit (Table 2.13). The differenogere not statistically significant,
although the percentage of fruit <77 mm diametes tigh in Jiangjin large leaf, 78-
85, and Mantou hong was above 70%, while Naveleastgrafted to Tri22, No. 22,
and No. 24 produced less than 65% fruit in large §Table 2.13).
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2.6.2 Fruit quality

Statistical analyses indicated there were no soant differences between the Brix
values of fruit grown on Navelina trees graftedhe different rootstocks in the field
trial. However, the Brix values were 12.2 for Nd, 12 for Xianyong (12) and 11.8
for the control Tri22. Lower Brix values of 11.4ere detected in fruit harvested
from trees grafted to 78-85, Wangchang large ladfMantou hong.

There were significant differences in fruit TA &ion trees grafted to different
rootstocks in the field trial. 78-85 had the high®A ratio of 13.6 compared to Tri22
(11.8), followed by Xiaogan (12.6), Guanyun (12)dadiangjin large leaf (12)
compared to the control Tri22 which had the lowiestratio of 10.8 (Table 2.14).

Statistically significant differences were foundtire juice content of fruit harvested
from trees on the trial rootstocks. Ghana, Xiaogdh,/7 and Guanyun had 44%
juice, while Tri22 had 43% juice. Rootstocks sash78-85, Jiangjin large leaf and
84-75 had lower juice values of 41% (Table 2.14).

2.6.3 Assessment of graft union

The analysis of the visual ranking suggested thertetwere significant differences in
the appearance of the graft unions of the differeeiati rootstocks, suggesting
differences in compatibilities. Rootstocks No. 22i{22 and Xiaogan have very
smooth unions. The data for rootstock:scion rattaates that the slight overgrowth
was due to an increase in rootstock circumfereateer than scion an effect of the
scion. The rootstock:scion ratio for Mantou hongsval compared to 1.6 for Tri22.
The rootstocks with high ratios of 1.7 were Xiaog&angchang large leaf, 84-79
and No. 22; while 78-85 had a ratio of 1.9 (TahlEs2.
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Table 2.13: Effect of rootstock on cumulative yield (Cum. Igie yield efficiency (YE), biennial bearing indéBBI), mean fruit weight
(FW), percent fruit in the >77 mm size class (%itfrand trunk circumference (Trunk circ.) of Nawveli orange trees during

2005-12.
. YE BBI Fruit weight % Fruit Trunk circ.
Rootstocks Cum. Yield (kg) (kg/n?) (9) (> 77 mm) (cm)

Trifoliata22 (Tri22) 139 1.8 0.33 247 52 23.0
78-85 70 1.2 0.38 252 63 19.3
84-75 115 1.2 0.31 230 60 20.8
84-79 157 1.6 0.33 238 55 23.8
84-77 120 2.1 0.30 246 56 20.7
85-24 145 1.9 0.31 226 58 25.3
Bopi 141 1.7 0.37 251 59 26.3
Ghana 167 2.0 0.29 225 54 24.0
Guanyun 159 2.2 0.30 231 55 24.0
Jiangjin large leaf 180 1.8 0.39 236 60 31.9
Mantou hong 74 1.3 0.31 221 66 22.6
No. 22 150 1.6 0.28 235 54 23.3
No. 24 106 1.4 0.28 240 52 24.7
No. 5 126 2.0 0.28 252 59 22.4
Small Leaf 180 2.0 0.32 241 61 28.9
Wangchang large leaf 153 1.9 0.29 234 57 22.0
Wanyan 111 1.9 0.24 236 58 22.1
Xianyong 168 21 0.33 226 56 24.2
Xiaogan 162 1.6 0.26 224 53 22.6
Probability |.s.d. o * ns il ns ol
l.s.d (p = 0.05) 67 0.66 - 16.43 - 4.78

*Mandarin type
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Table 2.14: The effect of rootstock on average total solgulkds (TSS), total titratable acid (TA), TSS: T&tio and %juice in Navelina fruit
for 2005-2012 growing season.

Total solids (TSS) % Total acid (TA) % TSS:TA ratio % Juice (w/w)
Trifoliata22 (Tri22) 11.8 1.0 10.8 43
78-85 115 0.9 13.6 42
84-75 11.9 1.0 11.2 44
84-79 11.8 1.0 11.7 41
84-77 11.9 1.0 12.0 43
85-24 11.6 1.0 11.3 43
Bopi 11.7 0.9 11.6 42
Ghana 11.9 1.0 11.7 44
Guanyun 11.8 1.0 12.0 44
Jiangjin large leaf 11.6 0.9 12.0 41
Mantou hong 11.4 0.9 11.4 43
No. 22 11.9 1.0 11.6 44
No. 24 12.2 0.9 11.7 43
No. 5 11.6 1.0 114 43
Small Leaf 11.7 1.0 11.7 43
Wangchang large leaf 11.5 1.0 11.4 43
Wanyan 11.9 1.0 11.7 43
Xianyong 12.0 0.9 11.8 43
Xiaogan 11.8 1.0 12.6 44
Probability ns * roxk *kk
l.s.d (P = 0.05) - 0.07 0.84 1.5

*Mandarin type
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Table 2.15: The effect of rootstock on the appearance ofgtiaét union on Navelina scion. Mean rootstock anin circumferences 6 cm
from the union measured in 2012 and the ratio @¢hmeasurements are also presented.

Rootstocks Visual Ranking Rootstock Scion

of graft unior Circumference (cm) Circumference (cm) Rootstock:Scion
Trifoliata22 (Tri22) 1 37 23 1.6
78-85 2 36 19 1.9
84-75 2 29 21 14
84-79 2 37 21 1.7
84-77 2 36 25 15
85-24 2 34 27 1.3
Bopi 3 36 26 1.4
Ghana 2 38 25 15
Guanyun 2 36 24 15
Jiangjin large leaf 3 40 31 1.3
Mantou hong 2 24 23 1.1
No. 22 1 41 23 1.7
No. 24 2 33 25 14
No. 5 2 35 23 1.6
Small Leaf 2 41 29 15
Wangchang large leaf 2 39 23 1.7
Wanyan 2 33 23 1.5
Xianyong 2 42 28 1.5
Xiaogan 1 38 23 1.7
Pr Obabl | Ity * *k%k *k%k *k%k
l.s.d (P = 0.05) 0.8 5.82 4.84 0.3

*Mandarin type
lvisual ranking to score graft union: (1), smootliom (2), rootstock slightly larger than scion; &jon slightly larger than rootstock; (4),
rootstock significantly larger than scion; (5),@tsignificantly larger than rootstock
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2.6.4 Selected rootstocks for Navelina

Selection of rootstocks for future Navelina trialere based on cumulative yields,
although vyield efficiency, percent fruit size abave mm, the tolerance of rootstocks to
CTV, Phytophthora and salinity and TSS:TA ratiogevalso considered. The selected
rootstocks and their attributes are presentedgnrgi2.12.

Jiangjin large leaf, Small leaf, Xianyong and Ghamae selected as rootstocks that will
produce smaller, high yielding Navelina trees. ndjm large leaf and Small leaf
produced 180 kg/tree while Xianyong and Ghana predul68 kg/tree. Jiangjin large
leaf was found to be resistant to CTV and Phytoptattand root rot and is a chloride
accumulator and sodium excluder. Jiangjin largé Bso produces highly uniform
seedlings and trees on these rootstocks can beeglah high densities. Small leaf is
both a chloride and sodium excluder with high segduniformity. Ghana is chloride
accumulator and sodium excluder and has high sepdiniformity. Xianyong is
chloride accumulator, sodium excluder and has nmedieedling uniformity. Generally,
all the selected rootstocks given below have hegistance to CTV and Phytophthora
collar and root rot. The selected rootstocks haekent graft union compatibility.

Jiangjin large leaf

H YId eff.
Fruit size (%)

Xianyong m TSS:TA

Ghana

Figure 2.12: Visual depiction of the relative contribution thigesirable characteristics made
to the selection process when choosing rootstamkiifther trials on
Navelina orange scion.



2.7 Experiment 2 — Lane Late navel
2.7.1 Yield and tree growth

Lane Late scions grafted to Guanyun, Xianyong ahdna rootstocks produced higher
cumulative yields (164, 163 and 160 kg/tree, retpely) than scions grafted to Tri22
(106 kg/tree) (Table 2.16). The yield efficienciet trees with Guanyun, 84-77,
Xianyong and Ghana rootstocks were 2.2, 2.1, 20.kg/cnf, respectively, compared
to trees with Tri22 rootstocks (1.8 kg/®m Lane Late trees with No. 24, Mantou hong,
78-85 and 84-75 rootstocks had lower yield efficien (below 1.4 kg/ch). Mean trunk
circumferences of trees with 78-85, No. 5, 84-78 88-24 rootstocks were 24.9, 25.8,
26.1 and 26.5 cm respectively, compared to theuwiference of trees with Tri22
rootstocks which was 26.9 cm (Table 2.16). Graftwth these rootstocks resulted in
trees of a relatively small size which are suitatole use in a high density planting
system. Trees with trunk circumference of 30-33 were normally high yielding
which included Guanyun, Xianyong, Ghana, Small leafd Jiangjin large leaf.
Generally high yield efficiency is associated wsthall tree size (trunk circumference);
however the associations between yield efficienuy ®unk circumference in this trial
were very poor.

Generally, differences in biennial bearing valuesewnot statistically significant across
all rootstocks. Lane Late trees grafted to Jianigjrge leaf, No. 24, Wangchang large
leaf, Wanyan and Ghana had mean BBI's of 0.3038@ 6ompared to Tri22 which had

a mean BBI of 0.37. Trees grafted to rootstocks8%884-79 and Mantou hong had
BBI's of 0.41 to 0.43. However BBI values are l@eportant if the rootstock improves

other desirable characteristics such as yield atgalnal fruit quality (Table 2.16).

Lane Late trees grafted to No. 5, Ghana and Jiatayjge leaf rootstocks had large fruit
sizes of 245, 233 and 230 g respectively comparettiP2 (212 g). Rootstock No. 5
which produced large sized fruit also had the sestltree size and therefore has
potential for use in a high density planting syst@nmees grafted to 84-75, No. 5 and 78-
85 rootstocks produced 64%, 63% and 60% fruit abglsize >77 mm, compared to
Tri22 which produced 48% (Table 2.16)

2.7.2 Fruit quality

There were significant differences between the VY&8es of fruits harvested from trees
grafted to the variougrifoliata rootstocks. Trees on control (Tri22) producedt$ru
with the highest TSS (12.9) compared to all otloatstocks in the trial; although the
differences were not statistically significant andt large enough to impact fruit
TSS:TA ratios. Other rootstocks which resultedr@es which produced fruit with high
TSS were 84-75, No. 24, 84-79 and Bopi. The lIowe&ss was noticed in fruit from
Lane Late grafted to Guanyun and Small leaf (T&l&). The TSS:TA ratio was 14
for Bopi, 84-75, No. 24 and Wanyan which were dligthigher than Tri22 (13.7).
However, lower TSS:TA ratios were noticed in Jiam¢grge leaf, 84-77, Small leaf and
Wangchang large leaf (Table 2.17).

The percentage juice levels of fruits harvesteanfrioees grafted to all thiifoliata

rootstocks were not significantly different comphre fruit harvested from trees
grafted to Tri22. Fruits from trees on No. 5, ¥iang, Xiaogan, Tri22, 85-24, Mantou
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hong and No. 22 had 47% juice, while fruit fromesegyrafted to Wanchang large leaf
had 44% juice. The rest of the rootstocks had jléeels between 45-46%.

2.7.3 Assessment of graft union

There were no obvious differences in graft uniompatibility between the trial
rootstocks and the Lane Late scion (Table 2.18) La#ne Late trees on the trial
rootstocks had a visual score of 1 (very smootbns)iand mean stock:scion
circumference ratios of 1.0 to 1.5. Matou hong tedsmoothest union, while 85-24
was the only rootstock with visual score 2 andls&gmon circumference of 1.6. The
diameters above and below the union were consiatehproduced a correlation
coefficient r = 85. The overall data suggests tiwate of the rootstocks in the trial are
incompatible with Lane Late navel.
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Table 2.16:Effect of rootstock on cumulative yield (Cum. yglyield efficiency (YE), biennial bearing indeREI), mean fruit weight (FW),
percent fruit in the >77 mm size class (% Fruit) &mink circumference (Trunk circ.) of Lane Latarmge trees during 2005-12.

Rootstocks Cum. Yield YE BBI Fruit weight % Fruit Trunk circ.
(kg) (kg/n) (9) (> 77 mm) (cm)
Trifoliata22 (Tri22) 106 1.8 0.37 212 48 26.9
78-85 65 1.2 0.41 225 60 24.9
84-75 67 1.2 0.36 228 64 26.1
84-79 109 1.6 0.41 229 53 29.4
84-77 123 2.1 0.38 221 54 27.2
85-24 106 1.9 0.36 219 47 26.7
Bopi 127 1.7 0.37 223 54 314
Ghana 160 2.0 0.32 233 56 31.6
Guanyun 164 2.2 0.35 221 52 31.1
Jiangjin large leaf 143 1.8 0.30 230 55 33.1
Mantou hong 78 1.3 0.43 201 55 27.3
No. 22 115 1.6 0.38 227 51 31.8
No. 24 76 1.4 0.32 217 51 26.5
No. 5 103 2.0 0.37 245 63 25.8
Small Leaf 146 2.0 0.35 228 55 30.1
Wangchang large leaf 111 1.9 0.32 228 50 26.8
Wanyan 115 1.9 0.32 224 55 27.4
Xianyong 163 2.1 0.34 223 48 315
Xiaogan 104 1.6 0.38 226 58 29.5
Probability ol * ns ns ns *x
l.s.d (P = 0.05) 46 0.74 - - - 5.1

*Mandarin type
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Table 2.17: The effect of rootstock on average total solidakds (TSS), total titratable acid (TA), TSS: Tétio and % juice in Lane Late
navel fruit for 2005-2012 growing season.

Rootstocks Total solids Total acid TSS:TA % Juice
(TSS) % (TA) % ratio (wiw)
Trifoliata22 (Tri22) 12.9 1.0 13.7 47
78-85 12.5 1.0 13.7 45
84-75 12.8 0.9 14.2 45
84-79 12.7 1.0 135 46
84-77 12.4 1.0 13.6 45
85-24 12.5 1.0 13.5 a7
Bopi 12.6 0.9 14.3 45
Ghana 12.5 1.0 13.8 46
Guanyun 12.0 0.9 13.4 46
Jiangjin large leaf 12.2 0.9 13.9 45
Mantou hong 12.1 0.9 135 47
No. 22 12.4 1.0 13.3 a7
No. 24 12.7 1.0 14.1 46
No. 5 12.3 1.0 13.3 a7
Small Leaf 12.0 0.9 13.8 45
Wangchang large leaf 12.5 0.9 13.8 44
Wanyan 12.6 0.9 14.1 45
Xianyong 12.5 1.0 13.6 47
Xiaogan 12.5 1.0 13.3 47
Probability el ** * ns
|.s.d (P = 0.05) 0.44 0.1 0.99 -

*Mandarin type
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Table 2.18: The effect of rootstock on the appearance ofjth#t union on Lane Late scion scored. Mean rooksind scion circumferences
6 cm from the union measured in 2012 and the cdttbese measurements are also presented.

Rootstocks Visual Ranking of  Rootstock Circumference Scion Circumference Rootstock:Scion
graft uniort (cm) (cm)

Trifoliata22 (Tri22) 1 39 26 15
78-85 1 35 25 1.4
84-75 1 37 26 1.4
84-79 1 36 26 1.4
84-77 1 41 29 14
85-24 2 39 26 1.6
Bopi 1 44 31 1.4
Ghana 1 43 31 1.4
Guanyun 1 45 31 1.5
Jiangjin large leaf 1 42 32 1.3
Mantou hong 1 31 29 1.0
No. 22 1 40 27 15
No. 24 1 36 27 1.3
No. 5 1 40 28 15
Small Leaf 1 41 29 1.4
Wangchang large leaf 1 41 28 15
Wanyan 1 38 27 14
Xianyong 1 48 32 1.5
Xiaogan 1 40 28 1.4
Probability ns o o *
l.s.d (P = 0.05) - 6.7 4.6 0.26

*Mandarin type; Visual ranking to score graft uni¢h), smooth union; (2), rootstock slightly lardlean scion; (3) scion slightly larger than
rootstock; (4), rootstock significantly larger thseion; (5), scion significantly larger than rootst
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2.7.4 Selected rootstocks for Lane Late navel

Potential rootstocks for future Lane Late trialgeveelected based on tree performance,
namely high cumulative yields, yield efficiencidajit size and TSS:TA ratios. The
rootstocks selected and the contributions of edithecabove factors are given in Figure
2.13.

Lane Late scions grafted to Guanyun, Xianyong am@n@ produced higher yields
between 160-164 kg per tree. These rootstockspatshiced trees that had higher yield
efficiencies. These rootstocks were highly resistam Phytophthora and CTV.
Guanyun and Ghana had high seedling uniformity eviianyong had medium
seedling uniformity. These three rootstocks wersmébto be chloride accumulators and
sodium excluders. The selected rootstocks had lextgraft union compatibility.

i B Cum yld.
Xianyong
i Fruit size (%)
- ETSS:TA

Figure 2.13: Visual depiction of the relative contribution tligesirable characteristics
made to the selection process when choosing raststor further trials
on Lane Late orange scion.
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2.8 Experiment 3 — Imperial mandarin
2.8.1 Yield and tree growth

Imperial mandarin trees grafted to No. 5, No. 2@ &mana rootstocks significantly out
yielded trees on the standard Tri22 rootstock (@a&bl9). Imperial trees with No. 5,
No. 22, Ghana and Xiaogan rootstocks produced 129, 120 and 109 kg/tree with
yield efficiencies of 5.1, 4.1, 3.9 and 4.0 respety, compared to trees with a Tri22
rootstock which produced 79 kg / tree and 2.9 k§/cifiherefore trees with the top 4
yielding rootstocks also had high yield efficierscielmperial trees with rootstock No.
24 had the lowest yield efficiency of 1.9 kgfand the lowest yield of 57 kg/tree. All
other rootstocks produced vyield efficiencies bem2d and 3.7 kg/cfn

The BBI of Imperial mandarin trees grafted to thal rootstocks were not significantly
different. The BBI of Imperial mandarin trees witlo. 5, No. 22 and 78-85 rootstocks
were 0.35, 0.37 and 0.38 respectively, comparettetes with Tri22 rootstocks with

0.45. Imperial mandarin trees grafted to Bopi,784-Jiangjin large leaf, Xianyong,

Guanyun and Small leaf rootstocks had BBI's betwe&i®-0.54. Imperial mandarin

trees with rootstock No. 24 had the highest BB&lbthe rootstocks tested with a value
of 0.60.

The mean fruit weight produced by trees grafted tridoliata types were not
significantly different compared to the standard2Zr Generally, fruit from trees
grafted to Ghana and/angchang large leaf had heavier fruit (94 g) imparison to
fruit from trees grafted with Tri22 (88 g). The lest fruit weights were recorded from
trees with Bopi (87 g), Xianyong (87 g), No. 24 (8 and Mantou hong (85 Q)
rootstocks. The proportion of fruit in size cla8%-72 mm was 53% and 48%
respectively for trees with Wangchang large leaf &Mmana rootstocks, compared those
with Tri22 rootstocks with 40%. Imperial trees Xianyong and Bopi rootstocks had a
lower percentage of large sized fruit (Table 2.19).

2.8.2 Fruit quality

The data indicated that there were significanistteal differences between the TSS of
fruit produced on the trial trees. Fruit producedtrees grafted with No. 5 rootstock
had the highest TSS value of 14.1 and this wassigstificantly difference to trees
grafted with Tri22. Fruit produced on trees grafteith Mantou hong had the lowest
TSS of 12.7. Trees which produced fruit with thghlest TSS also had high yields and
yield efficiencies (Table 2.20).

Total acid values of fruits produced by the trrakts were not significantly different and
ranged between 0.8-0.9. There were also no sigmifitreatment differences for the
fruit TSS:TA ratios. The percent juice level in fruit produced on trggafted with
Ghana and 84-75 rootstocks were 36%, compared%oGite from trees grafted with
Tri22 rootstock. The percent juice levels for frproduced on trees grafted to No. 24,
No. 5, Bopi and Guanyun were between 31 and 33%l other trial rootstocks
produced fruit with juice percentages between 38369% (Table 2.20).
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2.8.3 Assessment of graft union

A smooth graft union reflects a high degree of catitgility between a rootstock and a
scion. Benching (overgrowth at the graft union daeincompatibility) is a major
problem in Imperial mandarin trees in Australialwitee decline starting from 10-15
years after planting. The graft unions of thel triees were all assessed, with a rating of
1 or 2 indicating there was a smooth, compatibl®murbetween the rootstock and
Imperial (Table 2.21). Imperial mandarin treeafggd with 84-75, No. 22, No. 5,
Wangchang large leaf and Xianogan rootstocks haata@ptable graft unions with a
visual score of 4. The next worst rootstocks weretfees grafted with 78-85, Jiangjin
large leaf, No. 24, Bopi and Xianyong rootstock#wa visual score of 3. A visual score
of 2 was recorded for trees grafted with Guanyuh/8, 84-79, 85-25, Ghana, Small
leaf, Tri22 and Wanyan rootstocks. The rootstockctvthad the best graft union was
Mantou hong with a visual score of 1.
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Table 2.19: Effect of rootstock on cumulative yield (Cum. Igiie yield efficiency (YE), biennial bearing ind¢BBI), mean fruit weight
(FW), percent fruit in the 67-72m size class (% Fruit) and trunk circumferenceufkrcirc.) of Imperial mandarin trees
during 2005-2012.

Rootstock Cum. Yield YE BBI FW %Fruit .
(kg) (kg/cn?) @ (67-72 mm) Trunk circ. (cm)

Trifoliata22 (Tri22) 79 2.9 0.45 88 40 26.4
78-85 97 3.7 0.38 91 45 25.4
84-77 96 3.3 0.44 90 a7 28.5
84-75 87 2.9 0.39 89 45 28.2
84-79 105 3.4 0.50 91 a7 31.0
85-24 109 3.7 0.47 91 42 29.3
Bopi 77 2.4 0.50 87 39 29.4
Ghana 120 3.9 0.41 94 48 31.1
Guanyun 78 24 0.53 89 41 31.6
Jiangjin large leaf 83 2.6 0.53 88 42 32.1
Mantou hong 96 3.2 0.41 85 42 30.1
No. 22 129 4.5 0.37 89 40 27.7
No. 24 57 1.9 0.59 87 47 27.4
No. 5 147 51 0.35 90 44 27.9
Small Leaf 105 3.0 0.54 90 45 35.5
Wangchang large leaf 104 3.4 0.45 94 53 30.4
Wanyan 98 3.2 0.48 90 42 30.1
Xianyong 90 3.2 0.53 87 39 27.7
Xiaogan 109 4.0 0.48 91 45 27.3
Probability * *hk * ns ol
|.s.d (P = 0.05) 42.1 1.23 0.14 - 5.2

"Mandarin type
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Table 2.20: The effect of rootstock on total soluble s*oli?H§$), total titratable acid (TA), TSS:TA ratio, a¥djuice in Imperial mandarin
fruit for 2005-2006 growing season. Notktandarin type

Rootstocks Total soluble solids Total acid TSS_:TA Percent Juice (w/w)
(TSS) % (TA) % ratio

Trifoliata22 (Tri22) 13.9 0.9 17 34
78-85 13.4 0.9 16 34
84-77 13.6 0.8 17 35
84-75 13.4 0.9 16 36
84-79 13.5 0.9 16 34
85-24 13.6 0.8 17 35
Bopi 13.3 0.9 16 32
Ghana 13.6 0.8 17 36
Guanyun 13.6 0.8 17 31
Jiangjin large leaf 13.6 0.9 16 35
Mantou hong 12.7 0.8 16 34
No. 22 13.4 0.8 16 33
No. 24 13.4 0.8 16 32
No. 5 14.1 0.9 16 32
Small Leaf 13.4 0.8 17 35
Wangchang large leaf 13.1 0.9 16 35
Wanyan 13.5 0.8 16 34
Xianyong 13.5 0.9 16 35
Xiaogan 13.5 0.8 17 34
Probability * ns ns ns
l.s.d (P = 0.05) 0.58 - - -
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Table 2.21: The effect of rootstock on the appearance ofjtiaét union on Imperial mandarin scored during206&2 growing season. Mean
rootstock and scion circumferences 6 cm from theruand the ratio of these measurements are atsepied.

Rootstock Visual Ranking of graft Rootstock Scion
uniorn Circumference (cm) Circumference (cm) Rootstock:Scion

Trifoliata22 (Tri22) 2 45 25 1.8
78-85 3 44 25 1.8
84-77 2 45 28 1.6
84-75 4 49 27 1.8
84-79 2 46 30 1.5
85-24 2 45 29 15
Bopi 3 54 31 1.7
Ghana 2 56 31 1.8
Guanyun 2 a7 32 1.4
Jiangjin large leaf 3 49 32 1.6
Mantou hong 1 34 30 1.1
No. 22 4 51 29 1.8
No. 24 3 43 26 1.6
No. 5 4 51 27 1.9
Small Leaf 2 53 35 15
Wangchang large leaf 4 50 29 1.7
Wanyan 2 47 31 15
Xianyong 3 47 28 1.7
Xiaogan 4 a7 27 1.7
Probabil Ity bl * Kk Kk

l.s.d (P = 0.05) 1 10 5 0.2

*Mandarin type;Visual ranking to score graft union: (1), smoottiom (2), rootstock slightly larger than scion; &Jon slightly larger than
rootstock; (4), rootstock significantly larger thsgion; (5), scion significantly larger than rootst
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2.8.4 Selected rootstocks for Imperial mandarin

Potential rootstocks for future Imperial mandanials were selected based on tree
performance, namely high mean cumulative yieldsldyefficiency, total soluble solids,
fruit weight, fruit size and compatibility (grafinion). The selected rootstocks and the
attributes are presented in Figure 2.14.

Trees grafted with No. 5 and No. 22 rootstocks lhigtier yields of 143 and 137 kg/tree
respectively. These rootstocks had high yield efficies and small tree size, but were
rejected on the basis of undesirable graft uni@raft union is very important for the

longevity of an Imperial mandarin tree. Therefdfes selection criteria discarded all
those rootstocks exhibiting undesirable overgrovahshe graft union. Mantou hong

rootstock was the only rootstock with smooth unioran imperial scion; while Ghana

had an acceptable graft union (Figure 2.15). Bire on Mantouhong rootstock was
smaller than Ghana and yields for Mantou hong (§&rée) were below Ghana (120
kg/tree). Ghana had high seedling uniformity, wasdium excluder and was found to
be highly resistant tBhytophthora citrophthora.

B Cumyid.
m YId eff.
TTS
B Fruit size (%)

Mantou hong

Ghana

Figure 2.14: Visual depiction of relative contribution of thesirable characteristics of the
selected rootstocks for entry into further triaishwmperial mandarin scion.

48



(@)

(b)

(©)

Figure 2.15: (a) smooth graft union (score 1); (b) acceptaiien (score 2);
and (c) unacceptable union (Score 4)
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2.9 Experiment 4 — Eureka lemon
2.9.1 Yield and tree growth

In the trial, the cumulative yields of Eureka lenmtoees grafted with Wangchang large
leaf, No. 22, Wanyan rootstocks were 264, 233 &¥Wkg/tree compared to 175 kg/tree
for trees grafted with Tri22. For trees with Wangef large leaf rootstocks yields were
66% greater than trees with Tri22 rootstocks. Lertrees grafted with Donghu and
Xianyong rootstocks had the lowest yields of 99 &6dkg/tree respectively. Trees
grafted to Guanyun, No. 5, 84-79, Bopi, Small lédb, 24 and 84-79 rootstocks had
yields between 127 t0166 kg/tree which were aldovb¢he control trees (Table 2.22).

The yield efficiencies of Eureka lemon trees gihfigth Wanyan, Jiangjin large leaf,
Ghana and Wanchang large leaf rootstocks were &#&, 6.4, and 6.4 kg/cm
respectively, compared to 5.6 kgfcrfor Tri22. Eureka lemon trees grafted with
Xianyong had the lowest yield efficiency of 3.2 &g, while those grafted with
Donghu and No. 22 rootstocks had yield efficiencied.3 kg/cm. Trees grafted with
Guanyun, No. 5, Mantou hong, Bopi, 84-79 and Xiaogaotstocks has yield
efficiencies between 5.0 and 5.4 kgfcmvhich were well below that of the control. The
BBI values were not significantly different betwekial trees. However trees grafted
with Xianyong and 85-24 rootstocks had the loweBi Balues of 0.30, while trees
grafted with No. 22 and Xiaogan rootstocks had @igdBl values of 0.44.

Eureka lemon trees grafted with Small leaf and 38edtstocks had mean fruit weights
of 184 g compared to trees grafted with Tri22 rtmutss (177 g). Trees grafted with
rootstocks No. 5, Xianyong and Donghu producedageefruit weights of 160, 147 and
140 g respectively (Table 2.22). There was a Bagmt difference between trial trees
in the percentage of fruit in class 64-67 mm dia@neflrees grafted with Donghu, No.
24, Xianyong, 84-79 and No. 5 rootstocks had 288 @ercent of fruit in the 64-67 mm
size class (Tabl@.22). Eureka lemon trees grafted with 84-75, $realf, Bopi,
Mantou hong and Guanyun rootstocks produced 16-&8%tuit in size class 64-67
mm.

Eureka trees grafted with Donghu, 84-79, Xianyond &mall leaf rootstocks had trunk
circumferences of 23, 25, 26, and 27 cm respegtiv@mpared to trees grafted with
Tri22 rootstocks(31 cm). While trees grafted witlaMgchang large leaf, Matou hong,
No. 22 and Xiaogan rootstocks had large trunk onfemences of 40-42 cm (Table
2.22).

2.9.2 Fruit quality

Highest fruit Brix levels were between 8.9 and f@2fruit harvested from trees grafted
with No. 24, 84-79, Ghana, Donghu, Xianyong, 84-71%i22, No. 5 and 85-24
rootstocks. While fruit with the lowest Brix valuegere harvested from trees grafted
with Jiangjin large leaf, Bopi and Mantou hong siotks, values were 8.5, 8.5 and 8.2
respectively (Table 2.23). The Brix:Acid ratiosre@ot significantly different between
Eureka lemon trees grafted to trial rootstocks wilues between 1.4 to 1.6. There was
not a significant difference in the juice conterft toal trees, although trees on
Wangchang large leaf produced the highest at 3861€T2.23). The fruit of all other
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rootstock varieties produced fruit with a juice tamt between 35 and 37% (Table
2.23).

There was not a significant difference in the wisgtf fruit produced on the trial trees.
Trees grafted with Wangchang large leaf, Guanyuh \Afanyan rootstocks had large
sized fruit and the fruit length was 87, 87 andm@® respectively compared to fruit
harvested from trees grafted with Tri22 rootsto@@2 mm). Lemon trees grafted to 84-
75, 84-77, Ghana and 84-79 rootstocks had a megthlef 79 mm and a diameter of
62 mm.

The smoothness of the skin of lemon fruit is anantgnt attribute in the market place.
Lemon trees grafted with 84-79, 84-75, Wangchamgeldeaf and Jiangjin large leaf
rootstocks produced 96%, 88%, 88%, and 86% resdgtof smooth-skinned fruit,

compared to fruit from trees grafted to Tri22 (76%aees grafted to No. 24, No. 5, 85-
24 and No. 22 rootstocks had 64% and 66% smootinedifruit in the crop and the
fruit produced on all other rootstocks in the triadre not smooth skinned (Table 2.13).

2.9.3 Assessment of graft union

Rootstock/scion compatibility is a major problent femon producers. Eureka lemon
trees can produce large fruit with high juice comtdout this scion is not compatible
with most rootstocks. Eureka lemon trees on maoébliata types develop an
overgrowth at the graft union. There are some cerial rootstocks available for
Australian lemon growers but the industry needsenaptions. Lemon trees grafted to
Ghana, 84-77, No. 22, Tri22, Xiaogan and Wangcharge leaf rootstocks had smooth
unions and the visual score was 1. Visual rankisg auggested that trees grafted to
Guanyun and Small leaf rootstocks had the wordt graons with a score of 4.
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Table 2.22: Effect of rootstock on cumulative yield (Cum. Igie yield efficiency (YE), biennial bearing indéBBI), mean fruit weight
(FW), percent fruit in the 64-70 mm size class (Baitff and trunk circumference (Trunk circ.) of Ekaelemon trees during

2005-2013.

Rootstock Cum. Yield kg) YE kg/cth BBI FW (g) % fruit 64-70 mm  Trunk circ. (cm)
Trifoliata22 (Tri22) 175 5.6 0.34 174 23 31
78-85 194 6.3 0.35 184 21 31
84-75 205 5.9 0.40 174 19 35
84-77 210 6.3 0.35 170 23 33
84-79 127 5.1 0.33 166 25 25
85-24 206 6.3 0.30 176 22 32
Bopi 159 5.1 0.35 177 19 31
Donghu 99 4.3 0.40 140 28 23
Ghana 199 6.4 0.39 178 23 31
Guanyun 166 54 0.37 165 16 30
Jiangjin large leaf 216 6.4 0.31 177 20 35
Mantou hong 224 5.1 0.41 171 18 41
No. 22 233 5.6 0.43 164 21 42
No. 24 142 4.3 0.39 174 25 34
No. 5 166 5.4 0.33 160 25 30
Small leaf 155 5.6 0.37 184 19 27
Wangchang large leaf 264 6.4 0.42 172 21 40
Wanyan 227 6.7 0.34 170 21 34
Xianyong 86 3.2 0.29 147 25 26
Xiaogan 208 5.0 0.44 179 20 42
Probability ** * ns * *hx *rx
l.sd (P = 0.05) 87.1 1.99 0.11 23.4 5 6.5

"Mandarin type
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Table 2.23: The effect of rootstock on % juice, total solublaids (TSS), TSS: total titratable aciq (TA), ifrlength, fruit diameter, % rind
smoothness and % rind roughness in Eureka lemdarfdri2005-2013 growing season. Notstandarin type

Rootstocks Percent Total soluble TSS:TA Fruit Fruit diameter Percent Percent
Juice (w/w) solids (TSS) % length (mm) (mm) rindsmoothness rindroughness

Trifoliata22 (Tri22) 36 9.0 1.6 82 64 76 24
78-85 37 8.8 15 84 65 74 26
84-75 37 9.0 1.6 80 63 88 12
84-77 36 8.7 15 80 63 72 28
84-79 35 9.1 1.6 77 60 96 4
85-24 37 8.9 1.6 84 64 64 36
Bopi 36 8.5 15 85 65 76 24
Donghu 37 9.1 15 81 64 86 14
Ghana 37 9.1 1.6 79 63 78 22
Guanyun 36 8.7 15 87 67 70 30
Jiangjin large leaf 36 8.5 14 84 67 86 14
Mantou hong 36 8.2 15 82 66 72 28
No. 22 36 8.9 1.5 85 65 64 36
No. 24 36 9.2 1.6 84 65 66 34
No. 5 36 9.0 15 83 66 66 34
Small leaf 36 8.7 15 82 66 85 15
Wanyan 36 8.8 15 85 65 82 18
Wangchang large leaf 38 8.7 1.5 87 67 88 12
Xianyong 35 9.0 15 83 66 71 29
Xiaogan 37 8.8 15 84 65 72 28
Probability * Fxk ns ns ns ns ns
l.s.d (P = 0.05) 1.9 0.39 - - - - -
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Table 2.24: The effect of rootstock on the appearance of tiadt gnions on Eureka lemon scion scored during2®@6 growing season. Mean
rootstock and scion circumferences 6 cm from theruand the ratio of these measurements are atsepired. NoteMandarin type

Rootstock visual Ranking of graft union Rootstock circumference Scion circumference Rootstock:Scion
(cm) (cm)

Trifoliata22 (Tri22) 1 45 34 1.3
78-85 2 41 31 1.3
84-75 3 49 36 1.3
84-77 1 43 34 1.3
84-79 3 31 27 1.1
85-24 2 44 35 1.2
Bopi 3 46 34 1.4
Donghu 2 40 24 1.7
Ghana 1 45 34 1.3
Guanyun 4 41 32 1.3
Jiangjin large leaf 3 45 36 1.2
Mantou hong 2 48 42 1.1
No. 22 1 56 41 1.4
No. 24 2 46 39 1.2
No. 5 2 42 31 1.4
Small leaf 4 40 30 14
Wangchang large leaf 1 56 45 1.3
Wanyan 2 44 37 1.2
Xianyong 3 37 28 1.4
Xiaogan 1 57 43 1.3
Pr obabl | |ty * *k%k *k*%k *k%k
l.s.d (P = 0.05) 2 8.0 6.7 0.14
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2.9.4 Selected rootstocks for Eureka lemon

Potential rootstocks for future Eureka lemon triaksre selected based on cumulative
yields, yield efficiency, fruit size, rind smootts®se and trunk circumference. The
selected rootstocks and the attributes are pret@mtéigure 2.16. Only rootstocks with

a smooth graft union were considered, therefor@grushapes are not included in the
figure below.

Eureka lemon trees grafted with Wangchang largé heatstocks produced a high
cumulative yield of 264 kg/tree and vyield efficignef (6.4 kg/cni). Fruit was of an
acceptable quality with 82% of fruit having smost#ins. Trees grafted to Wangchang
large leaf had uniform graft unions. Seedling umifity was very high and Wangchang
large leaf rootstock was found to be a chlorideuaadator and sodium excluder.
Wangchang large leaf rootstock was also highlystast toPhytophthora citrophthora.
Trees grafted with No. 22 rootstocks also produgesinooth graft union. Fruit yield
was 233 kg/tree with a yield efficiency of 5.6 kgfc Fruit rind smoothness was 64%.
No. 22 rootstock was resistant to CTV, had mediwadBng uniformity and was a
chloride accumulator and sodium excluder. Treextep with Wanyan rootstocks
produced vyields of 227 kg/tree and had a high yéfitiency of 6.7 kg/crh  Fruit
smoothness was 82% and tree size was small. Sgadiiformity was very high and
Wanyan was a chloride accumulator and sodium egclud

Due to their effect on tree size, thi&oliata rootstock types selected for further trials
may be suited to high density plantings in an giteto encourage high yields per
hectare of good quality fruit for fresh consumptio®f the rootstocks tested,
Wangchang large leaf appears to be the best cfmiéaireka Lemon.

o ® Cum yld.

m Yld eff.
No. 22

Fruit size (%)

® Smoothness

Wanyan

Figure 2.16: Visual depiction of the relative contributiontbke desirable characteristics of
the selected rootstocks for entry into furthersrian Eureka lemon.



Chapter 3 Rootstock effects on leaf chloride
concentrations in the scions

3.1 Introduction

The National Citrus Rootstock Improvement Programhustralia involves multi-stage
evaluation of germplasm for its agronomic perforo@ninitial screening for disease
and salt tolerance occurs in the greenhouse, feliiotay short-term preliminary field
screening using a range of scion varieties and gromder different soil, climate and
management conditions. One component of HAL funplegect CT07002 “Assessing
the horticultural performance of new citrus root&® via short-term orchard trials” is
reported here and covers parts of the short-tegiinuinary field screening.

CSIRO Plant Industry has evaluated the new rodtsgmrmplasm for salt tolerance.
This work was initiated in project CT03025 (Khuilet al., 2007) and continued in
project CT07002. This chapter details the thremry®f data for chloride uptake for
trees in modules 3 and 4. Trees planted in mog8lulere established in 2003 to assess
CSIRO-bred salt and disease tolerant rootstockititybModule 4 was established in
2005 to conduct a short-term orchard assessmemoatStocks introduced from
Vietnam. These trees were propagated at CSIRO Pldustry and were either nucellar
seedlings (Module 3) or grown from single node ing taken from source trees
(Module 4).

3.2 Materials and Methods

Trees were assessed during 2008, 2009 and 20MesTa 1 and 3.2 give details of the
rootstocks in each module along with brief detaflthe experimental designs in each
case.

Table 3.1: Rootstock hybrid selections bred by CSIRO andssed for chloride
uptake in module 3.

CS RO code no.|Parents of selection

80.05.05 Cleopatra mandarin x Carrizo citrange
80.06.05 Symons sweet orange x Trifoliata
81.02.400 Clementine mandarin x Rangpur lime
82.01.16 Rangpur lime x Trifoliata

82.02.02 Clementine mandarin x Rangpur lime
82.05.05 Ellendale tangor x Cleopatra mandarin
82.08.68 Clementine mandarin x Chinotto orange
82.09.148 Ellendale tangor x Chinotto orange
82.09.57 Ellendale tangor x Chinotto orange
82.10.07 Chinotto orange x Smooth Seville
82.02.05 Clementine mandarin x Rangpur lime
82.04.22 Clementine manadrin x Cleopatra mandarin
82.08.45 Clementine mandarin x Chinotto orange
82.13.01 Chinotto orange x Trifoliata

82.13.03 Chinotto orange x Trifoliata
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Rootstocks tested in module 3 were propagated @dlauseedlings and grafted to
scion varieties Imperial mandarin, Eureka lemoryéliaa and Lane late sweet oranges.

In addition to the rootstocks listed above, Sym@nmeet orangeRoncirus trifoliata
(Australian selection 22) and Carrizo citrange waotuded as standards. These
standard stocks were propagated as nucellar sgedimd grafted with the varieties
listed above.

The module was laid out as 4 separate trial plgataccording to scion variety. Each
variety trial was laid out as a randomised blockigie with 5 blocks and each rootstack
replicated once per block.

Table 3.2: Rootstock introductions from Vietnam assessed litorade uptake in
module 4 trial

CS RO code |Common name SJGCiES name

CO170 Tieu Son mandarin Citrusreticulata

CO172 Ta mandarin Citrusreticulata

C0206 Hong Nhieu mandarin |Citrusreticulata

C0O163 Mat orange Citrus sinensis

C0O168 Hong Kim orange Citrus sinensis

C0O209 Chanh orange Citrus sinensis

C0O210 Hong Nhieu orange  |Citrussinensis

CG44 Tau Bong Tim lime Citrus sp. (similar to Rangjime)

The rootstocks tested in this module were propalgasecuttings and grafted to scion
varieties Imperial mandarin, Eureka lemon, Navetind Lane late sweet oranges.

[oX

In addition to the rootstocks listed above, Cargiécange was included as a standard.
This standard stock was propagated as nucellalisge@nd grafted with the varietie
listed above.

[}

The module was laid out as 4 separate trial plgataccording to scion variety. Eac
variety trial was laid out as a randomised blocthvait least 4 replicates per rootstoc
per block.

~

Leaf analyses

Samples of spring flush leaves were collected feawveral points around each tree at a
height of approximately 1.0 — 1.2 m during thetfisek of April 2008, April 2009 and
April 2010. Leaf samples were placed in paper lzagstaken to the laboratory where
they were rinsed with distilled water to removeface contaminants, blotted dry and
then dried in an oven at 60°C. Dried leaf samplese powdered in a hammer mill to
pass through a 1Imm mesh.

Dried powdered leaf samples were stored until thesre analysed for chloride
concentrations. Prior to analysis, powdered sasnwlere held at 60°C for at least 72h
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to ensure they were dry. Chloride concentrationdried powdered leaf samples were
estimated as means of at least two determinatiensgmple, after cold extraction in

dilute acid, by silver ion titration employing a &her-Cotlove chloridometer (Nuclear

Chicago, New Jersey, USA).

Data were subjected to analysis of variance acegrtti the experimental design. The
effects of rootstocks on leaf chloride concentratiovere tested for each scion variety
separately.

Average weekly salinities of irrigation water takieom the Merbein/Dareton stretch of
the River Murray are presented in Table 3.3. Theyenhigher in the period August 1
2007 until early April 2008, when leaves were sadplthan in the corresponding
period in 2006/07. They were similar in the periddgust 1 2008 until early April
2009, when leaves were sampled, to those expedendhe corresponding periods of
2005/06 and 2007/08. Salinity levels were lower2010 than for the two previous
years in the period August until early April, whieaves were sampled (Murray Darling
Basin Authority, 2009; http://www.mdba.gov.au/

Table 3.3: Average weekly salinity of irrigation water fromnet River Murray for the
period each year from when spring flush leaves logeel until they were

harvested.
Year Period Salinity (EC) inuS/cm at 25C
2006 August 2005 — April 2006 130
2007 August 2006 — April 2007 100
2008 August 2007 — April 2008 140
2009 August 2008 — April 2009 130
2010 August 2009 — April 2010 100
Source: http://www.mdba.gov.au/

3.3 Data analysis

Data were analysed according to the experimentgde The effects of rootstocks on
leaf chloride concentrations were tested for eaxbnsvariety (trial within a module)
separately. Data were analysed by a two-way aisabfsvariance according to the
experimental design with rootstocks and blocks asraffects.

3.4 Results and Discussion

3.4.1 Season 2008 (Modules 3 and 4)

Leaf chloride concentrations for trees in module 3

As in previous years, leaf chloride concentratioveye generally higher for sweet
orange trees than mandarin and lemon trees withatbweaariety means being 0.05%,
0.08%, 0.10% and 0.12% for Imperial mandarin, Eareknon, Lane late and Navelina,

respectively. Mean leaf chloride concentrations rfaotstock-scion combinations in
leaves collected in 2008 are presented in Table 3.4
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Values for t, the intraclass correlation coeffitidiiable 3.4), which measures the
degree of genetic determination, indicated thattHe trials with Eureka lemon and the
two orange varieties, genetic variation in chlorgeclusion capacity was quite large
between the different stocks. This statistic wagelofor the Imperial trees suggesting
that environmental variation had a greater infl@ean chloride uptake in this trial.

Table 3.4: Mean leaf chloride concentrations (% DW) in sgrilush leaves (approx. 9
months old) collected during April 2008 from fowi@n varieties grafted to
a range of CSIRO-bred hybrid selections and stahitetstocks.

Rootstock Scion variety

Eureka Imperial Lanelate Navelina

lemon mandarin navel
80.05.05 0.03 0.03 0.04 0.05
80.06.05 0.17 0.07 0.20 0.20
81.02.400 0.02 0.02 0.03 0.04
82.01.16 0.03 0.03 0.04 0.04
82.02.02 0.03 0.03 0.05 0.05
82.05.05 0.03 0.03 0.04 0.04
82.08.68 0.03 0.02 0.04 0.08
82.09.148 0.03 0.03 0.11 0.05
82.09.57 0.04 0.04 - 0.06
82.10.07 0.02 0.03 0.05 0.03
82.02.05 0.03 0.03 0.05 0.07
82.04.22 0.03 0.02 0.03 0.03
82.08.45 0.04 0.03 - 0.04
82.13.01 0.06 0.07 0.10 0.27
82.13.03 0.04 0.05 0.05 0.09
Trifoliata 22 0.44 0.21 0.48 0.64
Carrizo citrange 0.25 0.14 0.24 0.18
Symons sweet orange 0.08 0.03 0.10 0.11
S | g . *%k% *%k% *%k% *%k%
LSD (P=0.01) 0.11 0.08 0.09 0.09
t' 0.74 0.39 0.81 0.89
"t is the intraclass correlation coefficient

Eureka lemon

Eureka lemon trees grafted to trifoliate orange baphificantly higher leaf chloride
concentrations than with any other rootstock. Tgrafied to Symons sweet orange had
lower leaf chloride concentrations than those grato the other standard stocks. All
Eureka lemon trees grafted to hybrid rootstock céigles had lower leaf chloride
concentrations than those on trifoliate orange anith, the exception of those grafted to
80-06-05, Carrizo citrange. The data again supgadtteir selection as good chloride
excluding rootstocks.

Imperial mandarin

Similar results were obtained for the Imperialltril trees grafted to hybrid selections

had low leaf chloride concentrations similar tosbarafted on Symons sweet orange
and significantly lower than for those on trifobabrange. Trees grafted to Carrizo
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citrange had similar leaf chloride concentratioashese on trifoliate orange and hybrid
selections 80-06-05 and 82-13-01.

Navelina

As with the trees in the Eureka lemon and Lane tia#éds, Navelina trees grafted to
trifoliate orange had significantly higher leaf atilte concentrations than when grafted
to the other rootstocks. Similarly, most Navelirges grafted to the hybrid selections
had significantly lower leaf chloride concentrasothan those grafted to Carrizo
citrange. Trees grafted to hybrid selections 82813and 80-06-05 had similar leaf
chloride concentrations as trees grafted to Caniizange.

Lane late

Lane late trees grafted with Carrizo citrange rmalss had similar leaf chloride
concentrations to those grafted to hybrid selesti®®06-05 and 82-09-148 rootstocks.
As in previous years, the result achieved with ld/i82-09-148 was surprising in that
trees of the other 3 varieties grafted to it ald hagnificantly lower leaf chloride
concentrations than equivalent trees grafted torifdarcitrange rootstocks. This
suggests that rootstock x scion interactions maxe Haeen present, although, there
being separate trials for each variety; it is difft to substantiate this. Again, as with
the other varieties, trees grafted to most of tyiarid selections had lower leaf chloride
concentrations than those grafted to Carrizo gieamwotstocks.

Comparisons between 2006, 2007 and 2008 data foials in module 3
Mean leaf chloride concentrations between seasoese veompared using linear

regressions and correlation coefficients (Tablg.FRwotstock effects on leaf chloride
concentrations were consistent over the three ydaampling for all varieties.

Table 3.5: Relationship between leaf chloride concentratfonsootstock/scion
combinations in 2006, 2007 and 2008.

2

Years | Scion r sig.| “r linear regression Sig.
2006 Eureka lemon 0.97 **| 0.94 y=0.03+0.84x *rk
VS. Imperial 092 | * 10.85|y=-0.01+1.07x | ***

2007 mandarin
Lane late navel 095 **| 090 y=0.03+1.14x rxk

Navelina 0.94| ** | 0.89| y=0.03+ 0.94x el
2006 Eureka lemon 095 **| 090 y=0.06+0.61x *rk
VS Imperial 0.95| ** 10.90 | y=0.04 + 1.03x ol

2008 mandarin
Lane late navel 0.93 **| 0.86 y=0.09+0.93x ohk

Navelina 0.96| *** | 0.93| y=0.08 + 0.64x el
2007 Eureka lemon 096 **| 0.92 y=0.04+0.72x *rk
VS Imperial 0.96 | ** |0.91 | y=0.05+ 0.89x ol

2008 mandarin
Lane late navel 0.96 ***| 0.91 y=0.06+0.80x Fxk
Navelina 0.95| *** | 0.89| y=0.06+ 0.63x ok

The consistency in the data for trees in the foaist over the three years of sampling
suggests that sufficient data have been collectethis module.
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Leaf chloride concentrations for trees in module 4

As for trees in other modules, leaves of sweetgeararieties Navelina and Lane late
had higher leaf chloride concentrations than thokeEureka lemon and Imperial

mandarin. This suggests that the scion varietftegtabnto rootstocks had an influence
on salt accumulation in shoot tissues, althougleah variety was represented in its
own trial, the differences between varieties mayehaeen due to environmental factors.

Rootstocks had a significant effect (P<0.001) @i &hloride concentrations in Eureka
lemon and sweet orange varieties Navelina and laaagbut not for Imperial mandarin
trees (Table 3.6).

Table 3.6:Mean leaf chloride concentrations (% DW) in spiilogh leaves (approx.
9 months old) collected during April 2008 from faaion varieties
grafted to a range of rootstock types introducedfivietnam.

Scion Variety
Eureka Imperial

Rootstock lemon mandarin Lane late Navelina
Tieu Son mandarin 0.03 0.04 0.05 0.04
Ta mandarin 0.03 0.04 0.05 0.05
Hong Nhieu mandarin 0.03 0.04 0.04 0.04
Mat orange 0.04 0.07 0.09 0.06
Hong Kim orange 0.03 0.04 0.05 0.05
Chanh orange 0.03 0.05 0.05 0.05
Hong Nhieu orange 0.03 0.04 0.05 0.05
Tau Bong Tim lime 0.03 0.05 0.05 0.06
Carrizo citrange 0.08 0.06 0.15 0.11
Slg *%k% ns *%k% *k%
LSD (p=0.01) 0.02 - 0.04 0.03

With the exception of the trial with Imperial mama in which there were no
significant rootstock effects, trees grafted witharzo citrange rootstocks had
significantly higher leaf chloride concentrationsah those grafted with the other
rootstocks. The only other significant rootstocteef recorded in this module was for
Lane late trees grafted with CO163 rootstocks, Wwhiad significantly higher leaf
chloride concentrations than those grafted to theraootstocks from Vietnam.

Summary

Low leaf chloride concentrations recorded for allif varieties grafted to the CSIRO-
bred hybrids selected as good chloride excludeppated the greenhouse technique
used to identify these genotypes. This is encaongagnd indicates that by the end of
the evaluation, and depending on how they perfoith megard to their effects on fruit
yield and quality, it will be possible to nominaeperior locally bred disease resistant
and chloride-excluding rootstocks for entry intogler commercial-scale, regionally
based trials in cooperation with industry.
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The data for the rootstocks from Vietnam were pgingj suggesting that they all have
a capacity for chloride exclusion under the condsi of the trial. Continued sampling

of the trials in module 4 will occur to provide ther data to verify the results so far.
This is important as the salinity of the irrigatiarater in recent years has been low
(Table 3.3). Indeed this may have been a factactffg the results from the other
modules and should river Murray salinities increasethe near future; it may be

worthwhile re-sampling all the trials to collectneparative data for when root zone
salinities are higher.

3.4.2 Season 2009 (Module 4)

Rootstocks had a significant effect (P<0.001) dierothe concentrations in all four
scion varieties for leaves sampled in April 2008jak contrasted with the data
collected in 2008 where there was no effect fordmgd mandarin trees (Table 3.7).

Table 3.7:Mean leaf chloride concentrations (% DW) in sprilugh leaves (approx.
9 months old) collected during April 2008 and 2@@8n four scion
varieties grafted to a range of rootstock typehiced from Vietnam.

Scion Variety
Eureka Imperial

Rootstock lemon mandarin Lane late Navelina

2008 2009 2008 2009 2008 2009 2008 2009
Tieu Son mandarin 0.03 0.04 0.04 0.05 0.05 0.0540.0.05
Ta mandarin 0.03 0.04 0.04 004 005 0.06 0.05 0.04
Hong Nhieu mandarin 0.03 0.04 0.04 0.05 0.04 0.05040 0.04
Mat orange 0.04 0.05 0.07 0.07 0.09 0.13 0.06 0.07
Hong Kim orange 0.03 0.03 0.04 0.03 0.05 0.05 0.0204
Chanh orange 003 0.03 005 005 005 0.05 0.0550p.0
Hong Nhieu orange 0.03 0.04 0.04 0.05 0.05 0.0750.0.05
Tau Bong Tim lime 0.03 0.04 0.05 0.06 0.05 0.05 60.00.05
Carrizo citrange 0.08 0.12 0.06 0.11 0.15 0.22 0.1a20
S | g . *k% *k%k ns * *k%k *kk *k%k *k%k
LSD (p=0.05) 0.02 0.04 - 0.06 0.04 0.04 0.02 0j04
LSD (p=0.01) 0.03 0.05 - - 0.05 0.05 0.03 0.05
r2 2008 vs. 2009 data 0.99 *** 0.55* 0.98 *** 0.96

Trees grafted to Carrizo citrange had significaigher leaf chloride concentrations
than those grafted to the other rootstocks, with élRceptions of Imperial mandarin
trees grafted to Tau Bong Tim lime and Mat orafigees of Lane late grafted with Mat
orange rootstocks had significantly higher leafodldle concentrations than those
grafted to the other rootstocks from Vietnam.

There was close correlation between the data foekaulemon, Navelina and Lane late
trees collected in 2008 and 2009 (Table 3.7) shgwivat the rootstock effects were
consistent between years. This suggests that anlyeo$tocks investigated would be
superior to Carrizo citrange rootstocks in termsheiir ability to exclude chloride. The
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correlation between years for the data for Impemahndarin trees, though significant
(P<0.05), was less convincing. This was most likatyibutable to the fact that there
were no significant rootstock effects for thesesran 2008.

Summary

The data collected in 2009 for the rootstocks fiigtnam were again promising and
indicated that they all have a capacity for chlergkclusion under the conditions of the
trial.

3.4.3 Season 2010 (Module 4)

Rootstocks had a significant effect (P<0.001) oforitle concentrations in all four
scion varieties for leaves sampled in April 201@jck was similar to the data collected
in 2009 but which contrasted with the data colléate2008 where there was no effect
for Imperial mandarin trees (Tables 3.8a and 3.8b).

Table 3.8 a:Mean leaf chloride concentrations (% DW) in sptilugh leaves (approx.
9 months old) collected during April 2008, 2009 &@4.0 from four scion
varieties Eureka lemon and Imperial mandarin gdatitea range of
rootstock types introduced from Vietnam.

Scion Variety

Rootstock Eureka lemon Imperial mandarin

2008 2009 2010 2008 2009 2010
Tieu Son mandarin 0.03 0.04 0.05 0.04 0.05 0.07
Ta mandarin 0.03 0.04 0.05 0.04 0.04 0.05
Hong Nhieu mandarin 0.03 0.04 0.05 0.04 0.05 0.08
Mat orange 0.04 0.05 0.08 0.07 0.07 0.08
Hong Kim orange 0.03 0.03 0.06 0.04 0.03 0.03
Chanh orange 0.03 0.03 0.05 0.05 0.05 0.05
Hong Nhieu orange 0.03 0.04 0.05 0.04 0.05 0.05
Tau Bong Tim lime 0.03 0.04 0.06 0.05 0.06 0.06
Carrizo citrange 0.08 0.12 0.22 0.06 011 0.14
S | g . *%k% *%k% *%k% ns * *k%
LSD (p=0.05) 0.02 0.04 0.08 - 0.06 0.04
LSD (p=0.01) 0.03 0.05 0.11 - - 0.05

Trees grafted with Carrizo citrange rootstocks Baghificantly higher leaf chloride
concentrations than those grafted to the otherstocks. Trees of Lane late and
Navelina grafted with Mat orange rootstocks hadificantly higher leaf chloride
concentrations than those grafted to some of thersbotstocks from Vietnam.

There was close correlation between the data ferttbes of all four scion varieties
collected in 2009 and 2010 (Table 3.9) showing ttie rootstock effects were
consistent between these two years. This sugdgestsahy of the stocks investigated
would be superior to Carrizo citrange in termshadiit ability to exclude chloride. The
correlation between 2009 and 2010 for the Impenahdarin data was more convincing
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than those for the other years when the trees wanepled. This was most likely
attributable to the fact that there were no sigaitiit rootstock effects for these trees in
2008.

Table 3.8 b:Mean leaf chloride concentrations (% DW) in sprilugh leaves (approx.
9 months old) collected during April 2008, 2009 &@4.0 from four scion
varieties Lane Late and Navlina grafted to a rasfgeotstock types
introduced from Vietnam.

Scion Variety
Rootstock Lane Late Navelina
2008 2009 2010 2008 2009 2010

Tieu Son mandarin 0.05 0.05 0.08 0.04 0.05 0.07
Ta mandarin 0.05 0.06 0.07 0.05 0.04 0.06
Hong Nhieu mandarin 0.04 0.05 0.05 0.04 0.04 0.06
Mat orange 0.09 0.13 0.13 0.06 0.07 0.13
Hong Kim orange 0.05 0.05 0.08 0.05 0.04 0.06
Chanh orange 0.05 0.05 0.07 0.05 0.05 o0.07
Hong Nhieu orange 0.05 0.07 0.07 0.05 0.05 0.06
Tau Bong Tim lime 0.05 0.05 0.08 0.06 0.05 0.08
Carrizo citrange 0.15 0.22 0.37 0.11 0.20 0.27
S | g . *%k% *%k% *%k% *%k% *%k% *k%

LSD (p=0.05) 0.04 0.04 0.06 0.02 0.04 0.05
LSD (p=0.01) 0.05 0.05 0.07 0.03 0.05 0.07
Summary

The data collected in 2010 for the rootstocks fidimtnam were again promising and
indicated that they all have a capacity for chlerakclusion under the conditions of the
trial. To complete the data set, associations betwahloride uptake and tree growth
will be explored to assess any tree vigour effeatshe salt exclusion characteristic.

Table 3.9:Correlation (f) between chloride data for different scion vaeistbetween
the years in which data were collected.
Scion variety

Comparison Eureka lemon Imperial mandarin Lane late Navelina
r2 2008 vs. 2009
data 0.99 *** 0.55* 0.98 *** 0.96 ***
r2 2009 vs. 2010
data 0.98 *** 0.88 *** 0.93 *** 0.98 ***
r2 2008 vs. 2010
data 0.96 *** 0.33 NS 0.97 *** 0.95 ***
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3.4.4 Conclusions

The leaf chloride concentration data collectedtfees at NSW DPI Dareton in modules
3 and 4 of the short-term preliminary field scregntrials for new rootstocks have
shown that a number of introduced and newly bredtistocks are salt tolerant, however,
it remains to be seen if any of those rootstocksadle to produce high yields of good
quality fruit.

3.5: Short-term horticultural performance trials (M odule 3 - CSIRO Hybrids)
This section of the report describes the fruitdjiahd quality data collected during the
course of the trial;yield, tree growth and fruitadjty was also assessed for the varieties.

Experiment 1: Navelina

The cumulative yield for Navelina trees graftednalymon sweet orange x P. Trifoliata
rootstock was 118 kg compared to Tri22 rootstockl 85 kg; while trees grafted onto
Clementine x Rangpur lime rootstocks were the sedmmst and yielded 113 kg during
the course of this trial (Table 3.10). The worsbtstocks were Chinnotto x Smooth
Seville and Ellendale tangor x Chinotto orange-B@wever Chinotto mandarin x P.
Trifoliata-01 hybrid rootstocks failed to produasydruit (Table 3.10).

Fruit quality data found TSS values were 9.6 ar&lf&r Clementine x Rangpur lime
and Rangpur lime x P. Trifoliata rootstocks compate P. Trifoliata and Carrizo
citrange rootstocks (10.8). The TSS values weghdri for Chinotto orange x P.
Trifoliata rootstocks (11.9). There was no sigrafic difference in total acid across any
rootstock hybrid (Table 3.11). TSS:TA ratios wergher for Ellendale tangor x
Cleopatra mandarin and Ellendale tangor x Chinoteinge-57 (10.3). Most of the
rootstocks had low TSS:TA ratios. The lowest TSS:faio (8.7) was found in
Clementine mandarin x Chinotto orange-45 (Tabl€l)3.The percent juice content
varied between the different hybrids. Clementinendaain x Rangpur lime and Tri22
rootstocks had the lowest values of 35 and 37%ewxdsly; while Ellendale tango x
Chinotto orange, Clementine mandarin x Rangpur  lirf@éementine mandarin x
Rangpur lime-05 and Clementine mandarin x Cleopa@adarin rootstocks had 48 to
49% juice content. The remaining rootstock hyohdd juice content between 42-47%
(Table 3.11). Trifoliata rootstock had the largait weight of 360 g compared to all
other hybrids (Table 3.11).

Given the kg/tree and tons/hectare, the yields waenee low from all the rootstocks.
Fruit quality was also not to an acceptable stahdberefore rootstocks were not
recommended for entry to further field commerciald trials.

Experiment 2: Imperial mandarin

Imperia mandarin trees grafted to Symons sweetgerarP. Trifoliata hybrid rootstocks
produced 118 kg as compared to Imerial trees gilaté>. Trifoliata (66 kg), Carrizo
citrange (45 kg) and Symons sweet orange (29 kapl€r3.11). The worst performing
rootstocks were those hybrids which included Chmatrange as one of the parents.
Total yield for the best performing rootstock Symm@weet orange x P. Trifoliata and
Clementine mandarin x Rangpur lime-05 was 18 dntiha respectively (Table 3.12).

Fruit quality data suggested that Clementine mandar Cleopatra mandarin and
Clementine mandarin x Chinotto orange-45 rootstdwkd the highest TSS values of
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11.8 and 11.6 respectively compared to fruit foree$ with Tri22 rootstocks (11.4).
Skin colour of the fruit was orange apart from #dwrvested from trees with Tri22
rootstocks. Lower TSS values were observed int fnairvested from trees with
Clementine mandarin x Chinotto orange-68 (10.3) Radhgpur lime x P. Trifoliata

(10.4), Ellendale tangor x Chinotto orange-148 §)L0Cleopatra mandarin x Carrizo
citrange (10.7), Symons sweet orange (11.7) rockstoFruit from trees with these
rootstocks had green skin and was not marketalileer@ootstocks resulted in green
skin colour including Clementine mandarin x Rangijpue-2, Carrizo citrange, Symons
sweet orange x Trifoliata and Ellendale tangor xedphtra mandarin. Out of 19
rootstocks 10 rootstocks have immature green c@odrrough skin.

There was not a significant difference in the TAuea of fruit harvested from the trial
trees across all rootstocks. TSS:TA ratios rarfged 8.8 9.8 for fruit from trees with
Chinotto orange x Smooth Seville, Clementine mandar Chinotto orange-68,
Ellendale tangor x Cleopatra mandarin and Ellendafegor x Chinotto orange-168
hybrid rootstocks. Fruit from trees with Clementmandarin x Cleopatra mandarin and
Clementine mandarin x Rangpur lime rootstocks h@d:TA ratios of 13. Fruit from
trees with Ellendale tangor x Chinotto orange-168tstocks had the highest juice
content of 48%; while fruit from Chinotto orangePx Trifoliata hybrid rootstocks had
the lowest juice content of 32%. Most of the fiugtrvested from the rootstock hybrids
with high juice content were green; whilst the @arcoloured fruit had a lower juice
content of less than 40%. Fruit produced on tregls Trifoliata rootstocks had an
average fruit weight of 145 g; while fruit from égwith Chinotto orange x P. Trifoliata
hybrid-3 rootstocks had an average fruit weight 1.

Despite high yields, the fruit quality was belovdustry standard; fruit remained green
and had rough and hard skin. On the basis of goality and poor consumer appeal,
no recommendation was made for any rootstock tofugther into industry-based
grower trials. Therefore, further research worlkn@éd recommended for any of these
rootstocks with Imperial mandarin.

Experiment 3: Lane Late

The cumulative yield for Lane Late sweet orangedrgrafted with Rangpur x P.
Trifoliata and Chinotto mandarin x P. Trifoliataotstocks was 20 kg and 16 Kg
respectively compared to P. Trifoliata 22 (13 Kgrrizo citrange (16 kg) and Symons
sweet orange (5 kg) (Table 3.14).

Fruit quality data suggested that fruit harvestesinf trees grafted with Clementine
mandarin x Cleopatra mandarin, Chinotto orange »@mSeville, Cleopatra mandarin
x Carrizo citrange, Symons sweet orange rootstdwks the highest TSS values
between 11.4-11.6. However, fruit from trees gihfteith Clementine mandarin X
Rangpur lime rootstocks had the lowest TSS valueOdE (Table 3.15). The TA values
across all rootstocks were not different. The T®@S:ation were higher (16.2) for fruit
from trees grafted with Cleopatra mandarin x Cargiirange rootstocks and lowest for
Clementine mandarin x Rangpur lime-05 rootstockab(@ 13.5). Fruit from trees with
this rootstock also had the highest juice contdr496; whilst fruit with the lowest
juice content below 40% were harvested from treas Gdementine mandarin x
Cleopatra mandarin (35%), Ellendale tangor x Cho;é7 (37%), Clementine
mandarin x Rangpur lime (38%) and Symons sweetgeran P. Trifoliata (38%)
rootstocks.
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Average fruit size was large (328 g) for trees gm8&ns sweet orange x P. Trifoliata
hybrid rootstocks and fruit from trees grafted whHitlendale tangor x Chinotto-57
rootstocks were smallest (126 g).

The total yield per tree and tons/ha were extrgnh@lv and ranged between 1-14

tons/ha. None of these rootstocks are recommenadedufther trials on Lane Late
navel.
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Table 3.10: Cumulative fruit yield/tree, cumulative fruit nioer/tree, yield kg/tree and yield in tons/ha of Blava trees grafted to a range of hybrid
rootstocks developed at CSIRO Merbein.

Cumulative fruit

Yield

Yield

Rootstocks Cumulative yield (kg) number kg/tree tons/ha
Symons sweet orange x P. Trifoliata 118 636 24 14
Clementine mandarin x Rangpur lime0-2 113 677 23 14
Rangpur lime x P. Trifoliata 84 441 17 10
Ellendale tangor x Chinotto orange-148 67 393 13 8
Carrizo citrange 66 362 13 8
P. Trifoliata 22 65 371 13 8
Clementine mandarin x Chinotto orange-68 58 319 12 7
Cleopatra mandarin x Carrizo citrange 53 357 11 6
Symons sweet orange 53 274 11 6
Clementine mandarin x Chinotto orange-45 51 330 10 6
Clementine mandarin x Cleopatra mandarin 41 263 8 5
Chinotto orange x P. Trifoliata- 3 39 234 8 5
Clementine mandarin x Rangpur lime 35 216 7 4
Ellendale tangor x Cleopatra mandarin 30 183 6 4
Clementine mandarin x Rangpur lime-05 16 178 3 2
Chinotto orange x Smooth Seville 10 45 2 1
Ellendale tangor x Chinotto orange-57 5 35 1 1
Chinotto orange x P. Trifoliata-01 0 1 0 0
Pr Obabl | Ity *k%k *k%k *k%k *k%k
l.s.d (P = 0.05) 29 175 6 4
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Table 3.11: The effect of rootstock on total soluble solidS$§), total titratable acid (TA), TSS:TA, % jui@)d average fruit weight (g) for fruit
harvested from Navelina trees grafted to a randg/bifid rootstocks developed at CSIRO Merbein.
Total soluble solids Total acid TSS:TA Percent Juice

Rootstocks (TSS) % (TA) % ratio (%) Fruit weight (g)
Clementine mandarin x Rangpur lime 9.6 1.0 9.3 35 331
Rangpur lime x P. Trifoliata 9.9 1.0 9.9 42 314
Clementine mandarin x Chinotto orange-45 10.3 1.2 8.7 46 262
Clementine mandarin x Rangpur lime-05 10.4 1.1 9.7 48 285
Ellendale tangor x Chinotto orange-57 10.5 1.0 10.3 42 298
Chinotto orange x Smooth Seville 10.6 1.1 9.6 43 258
Clementine mandarin x Rangpur lime 10.8 1.1 9.5 49 270
Carrizo citrange 10.8 1.1 9.6 42 309
P. Trifoliata 22 10.8 1.2 9.3 37 360
Symons sweet orange x P. Trifoliata 10.9 1.1 9.7 46 268
Clementine mandarin x Chinotto orange-68 11.0 1.1 10.1 46 287
Cleopatra mandarin x Carrizo citrange 11.2 1.2 9.6 44 247
Symons sweet orange 11.4 1.1 10.0 47 243
Ellendale tangor x Chinotto orange 11.4 1.1 10.1 49 235
Clementine mandarin x Cleopatra mandarin 11.6 1.1 10.1 48 243
Ellendale x Cleopatra mandarin 11.7 1.1 10.3 47 247
Chinotto orange x P. Trifoliata-3 11.9 1.2 9.8 47 251
Chinotto orange x P. Trifoliata - - - - -
Probabhil |ty Kk *% ns * *kk
l.s.d (P = 0.05) 0.88 0.09 - 7.84 46
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Table 3.12: Cumulative fruit yield/tree, cumulative fruit nier/tree, yield kg/tree and yield in tons/ha of émal mandarin trees grafted to a range
of hybrid rootstocks developed at CSRIO Merbein.

Cumulative fruit

Yield

Yield

Rootstocks Cumulative yield (kg) Aumber kgltree tons/ha
Symons sweet orange x P. Trifoliata 118 1091 30 18
Clementine mandarin x Rangpur lime-05 76 679 19 11
Trifoliata 22 66 567 17 10
Clementine mandarin x Rangpur lime 59 514 15 9
Clementine mandarin x Rangpur lime-02 52 489 13 8
Rangpur lime x P. Trifoliata 45 382 11 7
Carrizo Citrange 45 410 11 7
Clementine mandarin x Chinotto orange-68 43 373 11 6
Clementine mandarin x Chinotto orange-45 39 399 10 6
Cleopatra mandarin x Carrizo citrange 39 362 10 6
Clementine mandarin x Cleopatra mandarin 38 407 10 6
Symons sweet orange 29 258 7 4
Chinotto mandarin x P. Trifoliata 28 284 7 4
Ellendale tangor x Cleopatra mandarin 21 203 5 3
Chinotto orange x P. Trifoliata-03 17 207 4 3
Ellendale tangor x Chinotto orange-148 11 111 3 2
Chinotto orange x Smooth Seville 4 31 1 1
Probablllty *k%* *k%* *k* *k*
l.s.d (P = 0.05) 33 280 8 5
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Table 3.13: Total soluble solids (TSS), total titratable acid\], TSS:TA, % juice, and average fruit weight ¢d)fruit harvested from Imperial
mandarin trees grafted to a range of hybrid rooksta@eveloped at CSIRO Merbein.

Total soluble solids Total acid (TA) TSS:TA Percent Juice

Rootstocks (TSS) % % ratio (%) Fruit weight (g)
Clementine mandarin x Chinotto orange-68 10.3 1.1 9.8 39 120
Rangpur lime x P. Trifoliata 10.4 1.0 10.9 41 126
Ellendale tangor x Chinotto orange-148 10.6 1.1 9.8 48 104
Cleopatra mandarin x Carrizo citrange 10.7 0.9 11.6 38 128
Symons sweet orange 10.7 1.0 10.3 43 124
Clementine mandarin x Rangpur lime 10.8 0.8 13.2 41 131
Clementine mandarin x Rangpur lime - 2 10.8 1.0 10.5 42 111
Clementine mandarin x Rangpur lime-05 10.8 0.9 12.6 45 120
Carrizo citrange 10.9 1.0 11.1 45 127
Symons sweet orange x P. Trifoliata 11.0 1.0 10.7 38 105
Chinotto orange x Smooth Seville 11.0 1.3 8.7 41 101
Chinotto orange x P. Trifoliata 11.1 0.9 12.6 39 113
Chinotto orange x P. Trifoliata- 3 11.2 1.0 11.3 32 72
Ellendale tangor x Cleopatra mandarin 11.3 1.2 9.5 47 108
P. Trifoliata 22 11.4 1.0 11.8 45 154
Clementine mandarin x Chinotto orange-45 11.6 1.0 11.9 36 104
Clementine mandarin x Cleopatra mandarin 11.8 0.9 13.0 40 105
Probabhil |ty *kk *kk *kk * *kk
l.s.d (P = 0.05) 0.59 0.2 1.5 8.8 21.6
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Table 3.14: Cumulative fruit yield/tree, cumulative fruit nioer/tree, yield kg/tree and yield in tons/ha of édmate trees grafted to a range of hybrid

rootstocks developed at CSIRO Merbein.

Cumulative fruit

Yield/tree

Yield

Rootstocks Cumulative yield (kg) number (kg) tons/ha
Rangpur lime x P. Trifoliata 20 78 7 4
Carrizo Citrange 16 58 5 3
Chinotto mandarin x P. Trifoliata 15 63 5 3
Trifoliata 22 13 50 4 3
Clementine mandarin x Rangpur lime-05 13 57 4 3
Clementine mandarin x Rangpur lime 11 63 4 2
Ellendale tangor x Cleopatra mandarin 11 45 4 2
Clementine mandarin x Chinotto orange-68 11 37 4 2
Symons sweet orange x P. Trifoliata 7 23 2 1
Cleopatra x Carrizo citrange 6 29 2 1
Clementine mandarin x Rangpur lime 6 26 2 1
Symons sweet orange 5 22 2 1
Ellendale tangor x Chinotto orange 4 7 1 1
Clementine mandarin x Cleopatra mandarin 3 10 1 1
Chinotto orange x Smooth Seville 0 1 0 0
Pr Obabl | |ty *%k% *%k% *%k% *
l.s.d (P = 0.05) 33.1 11.0 6.6 123
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Table 3.15: Total soluble solids (TSS), total titratable afid\), TSS:TA, % juice, and average fruit weighj ¢ fruit harvested from Lanes Late
trees grafted to a range of hybrid rootstocks dmesd at CSIRO Merbein.

Rootstocks Tc_)tal soluble Total acid TSS_:TA Percent juice Fruit weight
solids (TSS) % (TA) % ratio (%) (9)
Clementine mandarin x Rangpur lime 10.1 0.8 13.3 38 215
Rangpur lime x P. Trifoliata 10.1 0.7 14.2 42 298
Ellendale tangor x Chinotto orange-57 10.2 0.8 13.3 37 126
Clementine mandarin x Chinotto orange-68 10.6 0.7 14.9 45 255
Symons sweet orange x P. Trifoliata 10.7 0.7 14.8 38 328
Ellendale tangor x Cleopatra mandarin 11.0 0.8 13.4 45 233
Carrizo citrange 11.0 0.7 14.7 43 292
Chinotto orange x P. Trifoliata 11.1 0.8 14.1 45 287
P. Trifoliata 22 11.2 0.7 15.5 43 257
Clementine mandarin x Rangpur lime-05 11.3 0.9 13.1 54 208
Clementine mandarin x Rangpur lime 11.3 0.8 14.4 47 276
Symons sweet orange 11.4 0.8 15.2 44 195
Cleopatra mandarin x Carrizo citrange 115 0.7 16.2 44 216
Clementine mandarin x Cleopatra mandarin 11.6 0.9 13.4 35 202
Chinotto orange x Smooth Seville - - - - -
Pr Obabl | |ty *kk *% ** *kk *kk
l.s.d (P = 0.05) 0.76 0.08 1.82 6.94 54
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Chapter4 Recommendations

4.1 Conclusions and recommendations

Rootstocks have a major impact on the profitabiitycitrus orchards. Rootstocks can
influence fruit size, yield and yield efficiencyh@& ideal citrus rootstock should ensure
tree longevity and encourage consistently high ahgields, large fruit size (or size
appropriate for the target market) and acceptamternal quality. Fruit size is an
important fruit quality characteristic as buyersvdnashown a distinct preference for
larger fruit in recent years, particularly for naweange. Results presented from the
rootstock trials at Dareton have led to the sebectf a number of new types for entry
into longer-term, industry based commercial trials.

4.2 Rootstocks selected for entry to further trials

The performance of the following rootstocks indechtthat they should now be
commercially evaluated with the scions identifieahi Module 2:

Navelina
P. trifoliata: Jiangjin large leaf, Small leaf, Ghana and Xianyong

Lane Late
P. trifoliata: Guanyun, Xianyong an@hana

Imperial mandarin
C reticulata: Mantou hong ané. trifoliata: Ghana

Eureka Lemon
P. trifoliata: Wangchang large leaf, No. 22 and Wanyan

It is also feasible that other rootstocks that qrenied well could be entered into further
evaluation trials with other commercial varieti&be trials reported here only involved
4 scions that were considered to best represem#j@ scions grown by industry at the
start of the project. The number of scions wastéichby the resources available for the
research and the large number of rootstocks indlidéhe short-term trials.

The question now arises as to how further work codl be conducted and resourced.

One avenue to proceed from hereon may be to estalali steering committee

comprising industry, research agency and HAL mesibpr to oversee the

establishment of commercial trials. Cooperatirigusigrowers in the major regions of
production could be sought to participate in thalgr especially where new plantings
are being established so that the promising newstmeks can be evaluated further
alongside popular rootstocks that are currentlytaed in the different regions. By
developing a network of cooperating growers, thetstocks can be distributed under
testing agreements that will restrict the furthistrdbution and propagation of the plant
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material. This will be important for maintainindpiet genetic purity of the new

rootstocks and assist in further commercialising wat may be released to the local or
international citrus industry, potentially in cddaration with international research
institutes (e.g. Spain, China and USA).

The above is one option for the further developnoéiiie rootstocks evaluated so far in
project CTO7002. It is recommended that this ameobptions are discussed at the next
National Citrus Breeding and Evaluation meeting.

In anticipating that there would be a stage duriing evaluation of the rootstocks
introduced from Asia when some may be releaseccaminercialised, the project team
decided early on that source trees for the rodtstoeeded to be characterised and
established in arboreta. Thus, during the ACIARpsuted research, source trees of the
different introductions were established at NSW 'BHDareton Primary Industries
Institute. These trees are vitally important agtto-type seed supply trees, particularly
for the rootstocks with commercial potential. Itasticipated that AusCitrus will be
licensed by agreement to handle the distributiosesds from any rootstocks released
to the Australian citrus industry.

4.3 Future research to be conducted in CT 14004 (Bposal submitted to HAL
for 2014/2015)

This research will potentially continue in a newjpct supported by HAL. Specifically,
the following activities remain to be completedwihese trials:

Module 4 was planted in 2005 therefore further degads to be collected in
order to identify promising rootstocks for nomimati to the next stage of
evaluation. Yield and fruit quality data will beltected for a further three years
to complete the trials in Module 4.

A trial which was established in the Riverina while included into the new
project and evaluated.

Commercial trials on grower properties of the nmsimising rootstocks

High density dwarfing trial

4.4 Strategies for wider industry testing of promisingrootstocks

Strategies for wider industry testing of promisiraptstocks from the Gosford trials
conducted during project CT96008 were developed edbaon the above
recommendations with some modifications and arfelbsvs:

Citrus rootstock breeding by NSW DPI (formerly NSMy) started in 1945 and
hybrids were produced up until 1965. Some of tlwstnpromising rootstocks
were selected from families generated from Scameindarin x Poncirus
trifoliata and Smooth Seville orangePoncirustrifoliata crosses.

* The transfer of the most promising selections frof8W DPI's Gosford and

Somersby sites to Dareton ARAS began in 2001 arsdowenpleted in 2005.

75



e The selected rootstocks identified in HAL fundeajpcts CT317 (1993-1996) and
CT96009 (1996-1999) as worthy of further invesiigatwere assigned accession
numbers before their transfer and the recommend#tiat they should be evaluated
further in different climatic areas of Australiasheeen progressed. Eighteen listed
rootstocks have been established as seed soueseatrdRAS Dareton. They have
also been budded with Atwood navel and plantedamefon for further evaluation.

« Twenty two hybrids were selected and recommended féiother testing in
Queensland at Bundaberg Research Station. NSWsDi#tEllectual property in
these rootstocks has been protected via a Mat@&rahsfer Agreement (MTA)
between NSW DPI and DPI&F Queensland. An agreemseaiso currently in place
for some of the Chinese citrus rootstock accessitas were transferred to
Bundaberg for evaluation in 2001. The selectiond mmwtstocks from China were
transferred as budwood for the establishment af searce trees in Queensland.

» Follow through on evaluation of rootstocks thateweot adequately evaluated in the
previous project (SARDI component of CT03025). Thetstock germplasm set out in

Table 3.13 have been collected from SARDI's LoxResearch Station, Loxton, SA,

for preservation. Seeds were collected and trenesfdo Dareton Primary Industries

Institute, germinated and are currently growing iglasshouse.

Table 4.1 Rootstock germplasm from Loxton Research Cehtigton, SA.

Accession # Parentage

58-220-2 (Rangpur x Shekwasha 54-63-24) x OP
59-24-8 (Rangpur x Swingk. tri. 54-61-4) x OP
59-47-3 (Rangpur x Shekwasha 54-63-46) x OP
62-109-40 (Sunki x Flying Dragdn tri.) Fl
63-199-31 (Sunki x MarB. tri.) FI

63-199-49 (Sunki x MarB. tri.) FI

4.5 Develop a comprehensive plan for semi commertiavaluation of rootstocks
identified in current and previous trials:

A comprehensive plan for the semi-commercial evadnaof rootstocks identified from
previous and current project has been formulated.

Previous trials: CT96009Rootstocks identified as potentially useful wernsferred

to Dareton in 2007 and established as future sotres. In addition promising
selections have been propagated to Atwood navehyal orange selection identified in
the variety evaluation program) and establishealtimal at Dareton in 2005.

Rootstocks identified as potentially useful for dann are being propagated as cuttings
for planting in a rootstock trial to be establishedDareton. This work is part of a
current ACIAR funded citrus project between NSW [HPd the Bhutan Ministry of

Agriculture.

Two rootstocks that came from the lemon rootstadgmm which was run at the NSW
DPI centre near Gosford have already been selestddmade available to the citrus
industry. Those rootstocks are Cox (Scarlet mandaPoncirus trifoliata) and Fraser
hybrid (Smooth flat Seville foncirustrifoliata).
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Current trials: A range of Chinese rootstocks have been selectegb tto the next
phase of evaluation in semi-commercial trials, ag pf a VC-HAL funded project
(CTO7006 ‘title’). Evaluation of superior procesgiroranges for fresh juice with
selected Chinese rootstocks). The rootstocks besegl in this project were those
identified in Module 1. The establishment phase¢hed project was completed in June
2011. The trial has now been included in the neappsed HAL funded project
CT14004. During this project the horticulture pemhance of the established trees will
be assessed.

Once the rootstocks are identified from Moduleginscommercial trials in other parts
of Australia will follow provided resources availalio conduct trials on a larger scale.

4.6 Mechanism to identify potentially useful rootsbcks from other important
overseas programs that may be available for evalu@in by industry

It is important that rootstock evaluation is pafteoco-ordinated program aimed at
meeting industry (national and regional) neeas$;hoc approaches consume scarce
resources and have limited applicability. New sbtatks identified from overseas
studies as having potential, should be importediatndduced into a national program.
AusCitrus could take a co-ordinating role in thepartation of new rootstocks for
testing. This would overcome multiple imports logé tsame material and its trueness to
type could be ensured avoiding, for example, th#usion experienced with multiple
imports of Swingle citrumelo more recently. Thepont and evaluation of new
rootstocks requires support; it is futile identifgi potentially useful germplasm overseas
unless resources are made available to assesadlgial under Australian conditions.

Some progress has been made in identifying andagtieg with the rootstock research
staff overseas.

Spain: Contact has been made with Ms Maria Forner from Spanish breeding
program regarding the possibility of testing twoRPByotstocks, Forner-Alcaide 5 and
Forner-Alcaide 13, under Australian conditions unaeeciprocal research agreement.
The reciprocity arrangement would mean that Ms €omould test selected Chinese
rootstocks under Spanish conditions.

Argentina: A meeting was held with Ms. Catalina Anderson, GQodi@a, Entre Rios,
Argentina, during the International Citrus Congréstd in PR China. Ms. Anderson
will suggest some rootstocks that may potentiadlyubeful under Australian conditions.

South Africa: Mr Wayne Parr (Variety Access, Queensland) has redoa hybrid
rootstock (Minneola Poncirus trifoliata) from the South African breeding program.
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Chapter 5: Technology Transfer and Extension

The project included a comprehensive technologystea program. Trial results were
presented to citrus growers, packers, processads ir@tustry service providers at
conferences and seminars in Australia and overgas. was also presented to local
and international visitors to the NSW Primary Inies Institute at Dareton and
numerous visitors inspected the trial sites. Thgegpt team established international
linkages with scientists and industry represengstiduring the course of the
experimental program. It is anticipated that tleg kcientific outputs from the project
will also be presented at the™Bhternational Society of Horticultural Science @ogss
to be held in Brisbane, Australia in 2014.

5.1 CITTgroup, farm walks and field days

A number of presentations were given around Auatdring the course of the project.
These presentations, which often included farm sjallwere given as part of
CITTgroups organised by industry development officer during other organised
events like the Mildura Horticultural Field Daysathare held annually during May. The
project team also took every opportunity to infacitnus producers about the project at
meetings and other less formal events. Some afxttension activities are listed below.

5.2 Industry Publications/reports

» Khurshid, T. 2009. Evaluation of locally bred and imported rootstoCkrus
Insight, submitted to HAL.

e Khurshid, T. 2010. Evaluation of locally bred and imported rootsto€itrus
Insight, submitted to HAL.

e Khurshid, T. 2011. Evaluation of locally bred and imported rootsto€itrus
Insight, submitted to HAL.

» Khurshid, T. 2012. Evaluation of locally bred and imported rootsto€itrus
Insight, submitted to HAL.

e Khurshid, T. 2013. Evaluation of locally bred and imported rootsto€ktrus
Insight, submitted to HAL.

e Khurshid, T. 2009.Milestone report 102, CT07002, submitted on 28 MaHAL.
e Khurshid, T. 2009.Milestone report 103, CT07002, submitted on 31 NapAL.
* Khurshid, T. 2009.Milestone report 104, CT07002, submitted on 1 fdeldAL.
e Khurshid, T. 2010.Milestone report 105, CT07002, submitted on 31 NapAL.
e Khurshid, T. 2010.Milestone report 106, CT07002, submitted on 1 fdeldAL.

e Khurshid, T. 2010. Milestone report 107, CT07002, submitted on 31 NapAL.
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e Khurshid, T. 2011. Milestone report 108, CT07002, submitted on 1 deldAL.

e Khurshid, T. 2013. Milestone report 109; Final Report, CT07002, sutedion 22
Jan to HAL.

5.3 National and International Conferences/Workshop

Khurshid, T. 2013. Data and updates from the Chinese rootstoclstwalre presented
to research scientists and staff of the Institutde¥iciano de Investigaciones Agrarias,
Valencia, Spain in November 2013. A paper on Gden®otstocks was also presented
at the International Horticultural Congress hel&/alencia, Spain in 2013.

Khurshid, T. 2013. The current rootstock project was discussed duangational
variety committee meeting on 3 September 2013 gréss of the project was presented
as a PowerPoint presentation to the committee @adHAL representative at the NSW
DPI citrus research station at Dareton.

Khurshid, T. 2013. Results from the rootstock trials were presemtedng a Citrus
Field day held in Perth, WA on 4-5 June.

Khurshid, T. 2012. Data and updates from the Chinese rootstoclstwalre presented
to research scientists and staff of the Citrus Rebelnstitute, Beibei, Chongqging on 17
May 2012 in China. The rootstock trials were oraly initiated at this research station
via an ACIAR funded project.

Khurshid, T. 2012. The current rootstock project was discussed aateomal variety
committee meeting on 21 March 2012. Progress wasepted as a PowerPoint
presentation to the committee and to a HAL repredime at the NSW DPI citrus
research station at Dareton.

Khurshid, T. 2011. Presentation of rootstock work to the NSW citnoduistry. Latest
results of the Chinese rootstocks were presenteplowers at Dareton research centre
on 29 June 2011. A field visit was also organisattiie growers to inspect the trees at
Dareton site.

Khurshid, T. 2011. Presentation of rootstock work to the WA citrusustly. A
formal presentation about the latest results oh€$e rootstocks was made to growers
and industry personnel at Harvey, Perth on 20 200.

Khurshid, T. 2011 The current rootstock project was discussed duannational
variety committee meeting on 7 December 2011. #fessywas presented as a
PowerPoint presentation to the committee and té\h t¢presentative at the NSW DPI
citrus research station at Dareton.

Khurshid, T. 2011. A field walk was organised for the national variéyprovement
committee meeting held on 16 February 2011. Latat from the rootstock trials was
presented to the committee prior to the field sessi

Khurshid, T. 2010. Imperial mandarin forum: Data and updates fréva €Chinese
rootstocks were presented to the citrus industrylénNovember 2010 at the Berri
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Hotel, Berri, SA and on 17 November 2010 at theear Primary Industries Institute,
NSW. The events were organised by Citrus Austlalited.

Khurshid, T. 2010. National Citrus Pathology Workshop: Results frora thotstock
trials were presented to citrus researchers, pagisal and physiologists on 30
November 2010 as a part of the National Citrus ¢latfy Workshop held at Dareton.
The presentation was followed by a field walk te @hinese rootstock trial site.

Khurshid, T. 2009. Results from the rootstock trials were presendeding an
“Imperial Dry Mandarin” Forum held at Loxton, SA @3 July 2009. The latest results
from the Imperial mandarin / Chinese rootstockgnaere presented to CAL.

Khurshid, T. 2009. Results from the rootstock trials were presemtedng a citrus
field day held on 16 June 2009 at Dareton. Growss had the opportunity to visit the
rootstock trial to see the recommended rootstocks

Khurshid, T. 2009. Results from the rootstock trials were presemtedng a citrus
field day held on 2 June at Dareton. Growers &lgd the opportunity to visit the
rootstock trial to see the recommended rootstocks.

Khurshid, T. 2009. Results presented to South African growers at Dareh 28 April
2009.

Khurshid, T. 2009. Updates were presented to Riverina CITTgroup grevaeiring
CITTgroup events on 25 and 26 November at LeetanGaiffith, respectively.

Khurshid, T. 2009. Latest data presented to more than 200 growersigltine field
session of the industry’s peak body conference Niowember 2009.

Donovan, N.J. 2009.Project activities were presented during a predem entitled
‘Citrus Pathology and Soil Health at EMAI'. This svgresented as part of ‘Sydney
Paddock to Plate Tour’ run by Riverina Citrus. Tneup visited NSW DPI’s Elizabeth
Macarthur Agricultural Institute, Menangle NSW Augia on the 2% June 20009.

Donovan, N. J 2009 Project activities were presented during a predem entitled
‘Citrus Pathology and Soil Health Unit at EMAI'. iBhwas presented to the Riverina
Citrus Young Growers group at NSW DPI’s Elizabethddrthur Agricultural Institute,
Menangle NSW Australia on 22April.

Khurshid, T. 2008. The results from the rootstock project were presgmuring the
Citrus International Congress in Wuhan, China inoDer 2008.

Khurshid, T. 2008. Results were presented to CITTgroup growers ald flay held at
Dareton on 22 August 2008.

Khurshid, T. 2008. Results were presented to a group of citrus ingudgrvelopment
officer’s on 30 May 2008. A field walk followed eldata presentation.

Khurshid, T. 2007.Rootstock trial data was presented at the Nati@uals Liaison

Meeting held during the 39Australian Citrus Growers’ Conference (16-19 April
Renmark, South Australia.
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Khurshid, T. 2007. Rootstock trial results presented to MIA growersimbers at
Griffith and Yanco, NSW (July).

5.4 Presentations/Farm walks for International visiors

Dr Maria Angeles Forner-Giner (25-26 June 2013)

Dr Forner visited Dareton, 25-26 June 2013. Shpeoted the rootstock program and
also presented the Spanish rootstock program teaysoduring a mega field day run by
NSW DPI and the Murray Valley Citrus Marketing BdarDr Forner is collaborating
with Dr Tahir Khurshid with regard to testing thpa®ish rootstocks in Australia.

Pakistan ACIAR project staff (12 September 2012)

Dr Munawar Kazmi (Australian High Commission, Iskpad), Dr Abdul Samad
(Director General Agriculture Research Institutesifawar, Pakistan) and Asif Khan
(Director Fruit and Vegetable Project, Lahore, Bti) visited Dareton on 12
September 2012 for a one week training program rop ananagement and also
inspected the rootstock program at Dareton.

Director General CCRI China visit to Dareton (24Rfy 2012)

Dr Zhou Changyong (Director, Citrus Research lastiof CAAS, Beibei, Sichuan, PR
China) visited NSW DPI Dareton on 24-25 July 2002 dliscussions on rootstock
improvement and other mutual research interests.

Postgraduate student visit to Dareton (30 May 2012)

A group of post graduate students from CharlestStimiversity visited Dareton
Primary Industries Institute on 30 May 2012. Thegrevaccompanied by Dr Bruno
Holzapfel (senior research fellow, NSW DPI Waggagg&s and Zubair Shahzad
(Viticulture officer, Australia Vintage). The grpuwisited the citrus rootstock trial sites
and took a keen interest in the project data ciidieqprogram and analysis.

ASLP Project visit to Dareton (20 May 2012)

Latest rootstock updates were presented to Dr Alsiamad (Director General
Agriculture Research Institute, Peshawar, Pakistslohammad Asif Khan (Director
Fruit and Vegetable Project, Lahore, Pakistan) BndViunawar Kazmi (Australian
High Commission, Islamabad) on 20 May 2012 at [@aret A field session was
organised to inspect the Chinese rootstocks fokblaea presentation.

Californian citrus growers at Dareton (1 April 2012

A grower’s group (3) from the Californian citrudimstry (Sunkist) visited Dareton on 3
April 2012. Data from the rootstock were preseri@idwed by a field visit to the trial
site.

Senior management visit to Dareton (29 March 2012)

Michael Bullen (Deputy Director General, NSW DPisited Dareton on 29 March
2012. He visited the rootstock trials and Dr TaKiurshid presented him with the
latest results.

Agromerrila group at Dareton (1 March 2012)
A private nursery group from Agromirilla, Spain &zl Dareton on 1 March 2012.
Agromerrila interact with Dr Maria Angeles Fornemér in the testing of her IP
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rootstocks. The group was briefed about the rocksteork prior to a field visit to the
trial site.

Vice Chancellor University of Faisalabad, Pakisthareton (September 2011)
Rootstock updates were presented to Dr Igrar Khace(Chancellor, University of
Agriculture, Faisalabad) in September 2011, at dare A field session was organised
to inspect the Chinese rootstocks followed by agmeation.

ASLP Project team visit to Dareton (June 2011)

Latest rootstock updates were presented to DrhHtikAhmad (Chairman PARC,

Islamabad) and Dr Munawar Kazmi (Australian Highn@oission, Islamabad) in June
2011, at Dareton. A field session was organisedh$pect the Chinese rootstocks
followed by a presentation.

Sunkist vistors from United States (20 January 2010
A group of growers visited the rootstock program2énJanuary 2010 at Dareton.

Visit of Visalia citrus growers to Dareton (2 Septeer 2008)
A group from a packhouse in Visalia, USA visitedr&€an to inspect the Chinese
rootstock program on 2 September 2008.

Visit of citrus researchers from Israel (4 July D0
A group of researchers visited Dareton to inspeet@hinese rootstock program on 4
July 2008.

Dr Graham Barry (16 April 2008)
Dr Graham Barry from the University of Stellenboscouth Africa visited the
rootstock program on 16 April 2008 at Dareton.

International group’s visit to Dareton (May 2007)

An international delegation and a policy advisogmenittee from ACIAR visited
ARAS, Dareton and CSIRO, Merbein, during May, 200The group took a keen
interest in the rootstock work being carried ouAurstralia.

5.5 Future Planned Activities:

+ Papers from the Chinese rootstock trials will bespnted at the $9International
Horticultural Congress at Brisbane, 17-22 August®0

* Visit to Valencia Spain and University of Florida tollaborate with the rootstock
groups and visit the growers orchard and interaitt gitrus industry — 2014

* Import Spanish rootstocks for inclusion in the neAL project (Proposal submitted
— HAL CT 14004)
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