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Effect of Water Control on Concentrations of
Carbohydrates and Flower Formation of Citrus.
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Fig. 1. Height changes of Rough lemon seedling during a water—
stressed period. (A : rewatering after water—stress) EWS:

early wilting symptom.
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Fig. 2. Relative water content of Rough lemon seedlings of well-
irrigated (O—Q), water-stressed (@—@) and after
rewatering (A--/A or A—A).
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Fig. 3. Changes of total carbohydrates concentration in leaves and
91sms of Rough lemon seedlings during a water-stressed
period. investigated in 1985.
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Fig. 5. Changes of carbohydrates concentrations in leaves of Rough
lemon seedlings during a water-stressed period.
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water-stressed (67% RWC) Rough lemon seedlings
increased after rewatering.
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Fig. 7. The carbohydrates concentrations of leaves of severe water—
stressed (38 % RWC) Rough lemon seedlings increased
after rewatering.
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Table 2. Effect of water control on flower formation of young orange
trees (C. sinensis cv. Liu—cheng) grafted on Rangpur lime.

No. of flushes*
No. of flowers

with flower [without flower total
Treatment 85 4.0 12.5 45.8
Well-irrigated 2.0 0.5 2.5 20

*Expressed as average number of shoots or flowers per young tree, which were calculated on

Feb. 21, 1987.
Treatment: Each young tree was irrigated 150 ml water per weeks, and well-irrigated on Jan.

8, 19817.
E~NKBENEENRSEER REAENY
Table 3. Effect of water control on nitrogen concentration of young orange
trees (C. sinensis cv. Liu—cheng) grafted on Rangpur lime.

Days after treatment

20 | 40 60
Treatment 293 345 3.37
Well-irrigated 3.06 3.71 3.60

Concentrations were expressed as 95 of dry weight. Treatment as table 2.
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Fig. 8. Many flowers developed in water—controlled young orange
trees (left 4 trees) after 14 months well-irrigation, right
4 trees were well-irrigated throughout the experiment.
Photographed on Feb. 21, 1987.
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Fig. 9. Effect of water control on carbohydrates concentrations in
leaves of young orange trees (C. sinensis cv. Liu-cheng)
grafted on Rangpur lime.

T : Treatment, as table 2.
C : Well-irrigated.
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Fig. 10. Relationship between carbohydrates concentration and

DW/FW ratio in leaves of Rough Lemon seedlings.
O : Well-irrigated.

A : Water-stressed till 57% RWC and then rewatering.

A Water-stressed till 38% RWC and then rewatering.
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Leave area was measured by portable area meter (Model LI-300. Lambda
instrument corporation)
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Summary

Two experiments were conducted to investigate the effect of drought on
carbohydrate content and flower formation of citrus. (1) Six months old
Rough lemon seedlings were subjected to a water—stressed period of 28 days
till 3295 RWC of newly full expended leaves. (2) Liu-cheng orange buddlings
of nine months old were water—controlled for 2 months.

When Rough lemon seedlings were water stressed, alcohol soluble sugar
increased slightly, and starch decreased before the mature leaves wilted.
After rewatering there was a lag period of growth, and starch accumulated,
its concentration reached 13% to 17% of dry weight.

Because dry weight of leaf (g/m?) of water-stressed seedlings and DW/
FW ratio of rewatered seedlings changed in accordance with the content of

total carbohydrate, it should be noticed that nutrient concentration may be
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influenced if dry weight is used as a basis.

A significant effect of water control on flower bud formation was ob-
served when container—grown Liu-cheng orange young trees were irrigated
150 ml/week for each tree. We found water-controlled trees produced 45.8
flowers per tree comparing with 2.0 flowers of well-irrigated trees after the
treatment of 2 months. Soluble sugar content in water~controlled trees was
2.7 times higher than that of well-irrigated trees.
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Summary

By the closed coopration and works of citrus related institutions, the
propagation of healthy citrus planting materials program was started in 1986
and going well. They propagéted enough budlings for the farmers according
to their requires and the demand of the markets. The recomendation of this
practices were based on the following conditions :

1. Primarily for the establishment of new healthy citrus grove in selected
isolate areas or on virgin lands.

2. For the replacement of aged, unproductive and heavily infested citrus
area.

3. For the deeply water table paddy fields which switched to be citrus
orchards.

4. For the replacement materials of the lightly infested areas, farmers to
replace their infested trees by the healthy materials.

There were 50 Ha. in 1987 and will be 127 Ha. of citrus orchards using
healthy budlings as planting materials in 1988.
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Fig. 1. The citrus stock mother trees
in Chikou, CAES, TARI.

B= FREMAFILR2ERE 5 HE
F R R S5 o

Fig. 3. Taiwan Fruit Marketing co-
opretive runs 5 citrus nurse—

ries under screen.

M7 ~ TOFE RN R EEE 2 — o

Fig. 5. One of the new healthy cit—
rus plantation established in

1987.

B~ REEFRZRERRSTEOR
B2 R -

Fig. 2. The scion grove in Chikou,
CAES, TARI.

P~ L ZERER » MEMER
RHE -

Fig. 4. Newly established citrus grove
should be properly ploted.

B~ TTEERY R RRER 2 — o

Fig. 6. One of the new healthy cit—
rus plantation established in

1988.
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RIER T AR B Im a4k B AR S

Heat Therapy for the Production of Virus-Free
Citrus Plants in Taiwan

FRaE B

Huang Chiou-hsiung and Hsu Hsin-tszu

B E: A TFEHRBEHAAMBEERMERE » BIHBILM
R OCGEBERR) ~ BIELMRR (tristeza virus) K BiRhiR (exocortis)
ZMEIBR - BRHERUBEEICAREE - HARER ETEYR
EREEFERSEE 2 CRARKMABHAOMBERMIRY - FFEHE5R
ABITEE R SLWFRRE SRR B 2R E M 2 Gk » tristeza
R Y B AR » BRI AFHRREERE » SR LT
BERBRELEERZ c H2EEFIEMBEENREZEREBE &
RERESV » REBEASE  FREYERETEDRE » 38
HREHH BB B R EREREE &1 BWNEOARERERD -
KMUARFERRNIERREERRERY » KRB EEGRH
T RN RS ) BIRBREL AR ERZ o REREALH
REEBRIRREMT S DBRERZREOMESE » BLLBE
BL4 shoot-tip grafting B MK LA BR KRB ERTEE o
BT 88 ~ B|RFTE ~ AR ~ BIEILAIR ~ BIRE o

Key words : heat therapy, virus—free plants, likubin, tristeza,
exocortis.

N

HRES—ELFELEEENABSAE—BRBEENMR o LERAE HRHMIEIL
ik (BBEER) RABRSOEEARE ) HALAHBRIZFERNEERNRE
AEHBEEOEMM s MHRHBEZNE ) KAREREREZER -BEE B
s o HEHMERBEEETREEZR ) DRAMHE » TEHHEREH S ZPRER
EHMmE - WILSHIE ; BMEE R B EEEEE » SHRI ~ LERIERSM > I8
AL AP EME » BRIMES - BRREEKRS - BUIZRES » BARKIW
WP SRR RBEBTE » MRS tristeza REEHREREREZS -

g B AT LU » SRR BIER & E B AR (tristeza virus) 4t 0 4
14 555 B 8 (mycoplasma-like organism, MLO) /B KM 4 & (phloem-
Limited gram-negative bacterium) " 27 o HRNCHERESHIERE Y o i
Nor KERBBIABIRER (exocortis viroid) ~ @8 (psorosis) » MERER (
concave gum) ‘5% » KFLJK(cachexia) ¥ R MIT BB~ I3 K (tatter leaf) &7 o

1) 2 e s B BT AR R Dept. plant Pathology, TARI
D FERBEAL S FTRER Dept. Hoticulture, CAES, TARI
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orange) FEBEIRNFILARS @ o BERATR EERE BN RMEHLEH BT
FAESEESHA  BUERBEMELERBNL  HEERBEN BB -
RAOBRERE  RBRERAVBNEN ) SREFOFFEISE ) AR—HER
MR o B ARE IR ER BN ARB MO » TYhREGEEABRE » mH
B o RHE o O A BAR BUEAR IR BE R i AR B IR 1 o B4 > BIBROIERACHIE » K
EILREEMRRN BB EMIBESR » 19BFEREARNESRILERES (AW
ZEEE) SEBYTEEREHB MBI MRS EEE ) SRHEERNY
YETY B 4 M AT R R 1 B P Y 0 ZNDRBICR BREE IR R BB o T FE P IR L gl R AR
THEBREDIEE RSN - FHESERCEENPELERRE © o AOHEELARE
HHRREY KB HFHEEZBRE/R S BABETHMLEZSS -

=~ MR B R BARER

Wi (thermotherapy or heat therapy) i HIHIHA%HS P AT I8 A HBE A
I BEBARE o —BEAMFEROREYASRREENBK (hot water
treatment) EUREMIEBTRER (35°C~43°C) 7 B %5 (heat chamber) FEFE (
hot air treatment) % o B H fif FE AN HBLRE 2R » B4 1956 4P rice B
Knorr BEERE Y » KRMFVEREEREK » HUE X8 B R IR MR AR K
T o 19574F » Grant MU » R AL M 46 40~05°C Z A I BE SR ] » BRBLBG
BTy & A BRI A o 0 B2 AER » GrantHERIRIESLAGHN (tristeza) FRETEIEST
A BB 2 RE SN E R R ARERD) "0 o M EREY
BR 35°C~43°C (95°~110°F) #EH—ERHEK » FAEROBERLRTE » ARER
5 tristeza 275 BEERBEMHEERE 'V o AFEMEHSE » Desjardins 7 Lk
tristeza 7 BFEEAK (mexican lime) HER 40°C 7HEFREB » 83~ 484
BEFEEAEN L tristeza FREFENE o RUIEH > BFREREELBUKEERABER
B SRR 35°C L 1 o BB ENHHEA R o R 2R R BN e S B R
B /Tt e AT T 0 RIEE R M REERT B 2R ERYER > DA NS
BRI RO €y o 197248 » puKER Calavan % © BGERT AMYEREL » MRREBENT
B RS E B A L ) BERBRES KA TR0/ 40°C /4R 8 /1
30°C 2 BBELTKEE » &8 8 ~12 BaIEH » WHMERSEL » B8R ~ RIL
75 ~ BRE (yellow vein) o BEEESR R Dweet mottle JFRIAR G LIS R RE B LR S o
(B3 Miyakawa FHREYINIERR 2 Rl BRRHIEE B R 40/30°C e B 2 BRI =8 A Ll
b FEGEEIERE Y o

BEASEEMNET AL ERSHIGEY » EEERAEZEREERTEARE
375 2 S 1T B B T o 32 SRR B RIHIRG AL 95 BEJEAZ AR (tristeza) i ARG o FTBE
F ey B 5985 (1) Hotpack Model “352620” Programmed Refrigerated Incubator s Jg &
B IRYE16/ 40°C /IR 8 /NEE30°C » (2) BARBEFANEEER (3mX3mX 2m) »
BEFEE 40°/30°C » (RS HAHER » AHEBRERS 39~45°C/20—-33°C o @
REBEER (F—~FE) WL AW ZFEMRE (3§ gram-negative bacterium)
155 W RTINS o B3 ST RS R U2 R IR IR T 2k R U AR o | » 7 40/30°C
BEAERE4EY F BARMEN NEBEZ » REARM » YAHKRECHTH » A
tristeza §%5 73 Al 4 Bl K HME o S tristeza R ZBHEBIE AR BB R EZREE
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(0~158) » FHREEERHEE - TRBR » SLEBMEIEEY » BEARA—
FHBE BFEREDREEHRE -

F— ARHEBRREIMREAREZIMEER (Huang, 1978)

s m g MEEE R E il R
e VA AN R A& Tristeza\ BREH
G © FR .\ et 1
B 4 40/30 6/6 0/6
B H 8 40/30 7/1 0/1
o 13 40/30 3/3 1/3
B OH 8 39—45/29—33 4/4 0/4
#m OH 18 39—45/29—33 3/3 3/3
O BB 0 0/4 0/4

© RSN RREENE > BARRRRE -
VIARENBERREICRRE SR 8/ HEREZ LHER  40/30°C ZMEMS Hotpack Model
“352620”, 39—45/29—33°C £ 3mx3m X 2mME K 2 K BUBHE o

FZ BRAEBERHEIETMR (tristeza) REBRER (exocortis)
Z AR (Huang, 1978)

& oy | ¢OROROM a .
38/28 15 173 —
38/28 20 4/11 -
40/30 10 0/8 0/1
40/30 15 9/10 0/9
40/30 20 6/7 0/8
40/30 30 — 0/6
40/30 52 - 0/8

39—45/29—33 10 9/10 -
39—45/29—33 16 9/9 0/17
39—45/29—33 20 8/8 0/9

¢ RREBRIGERR tristezar BEFE KRS exocortisZ HFMERN B A B » LB HURITRIE
BERTERBZEE

b BRRAERRERSRICNERE KR 8 NHEHEEZZHER 38 728540,/30 ZHAREAB Hotpack
Model “352620” ; 39—45/92—338I B3m X 3m X 2m YRR K2 K SUBGE A o

—E  BREFOEREEDEYBERPBECRERERNELEEEX - BE
38°C DL ERBERHHESR » RLBRNERELROKRG » B ERBRASIE2XG8

AR » BHWEE - AR BERS » BARIF » BEZEIHYHANEZ
¥ o L138/28°C R IERBE » 18 tristeza—free fy ks I8 vl BEE15~20B Y R BRG] 5
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N eE tristeza o F7H BAIR ZIREWIC R —FHBERE » AEBRESEFEK - £
R AR E AR EOE 5~0°CH DEBREFTHZLRILARREZNLRNS
1~2°Cr RUPHNRETHLMRERRE » —RARZVBBREART » BELE
B RELZERE T BAD 2 86 o

= BERWERARTEANEEREEZIER

i B 9 » BRI B A S 2 IR AL BT R B 1k » RTT1974~19764F
[ 0 ARG T 2 R IR I TAF » 55 RUHEA TS R R RS ER » HETM RIS SEAT
I EEERAE s MES V> RFEHBE RS FREEE (REBBNR) » REER
BTREYEBMESEEY » XoRmT @

. BREEEEE U2 BY S REEE o WRERTREML AR R
B) o ARFELGEBBBREIOFAD Ly ABERRAA R BT BEEEERER
BAFHREF » EPEBEROERSAHEE B » EXFABLEES  EHET
VEGR AT R M B 2 R R R B A K » RS K R ERBUS EREE
2% 0 B B0 TR R L o I L OR (1) 4 45 B B A R B R B IR 2 A IR o o (2B 3T 4 %
BEILFRES » BEHM TN E (tristeza [RAL) F o BEREESKRE » HETR
A MR BR A RERTEL PRACHE » MARTLL TRRBE » MBS vaaais Ll VRMRE » M
AN LALFS 5% o

RGBT A A% A RS R SR 2208 0 Fo REAT O Tl 180 7 » Al 4 BEB04E » M 4
BOAE » Mo 65 5 B 10048 o PofE St A 3L FTA408R 048 » (BR AR F 362 4R o NIHRE
HyE M R S ~ FER R IE o FRAERTYT RE R MR EE D ~ FAlR R S
B MlwERLUERERFE o BE kL EREDREEREED » BRAKINE
MBEEGMESRELEREFHOEEEE I BMBER » flnZItBEol » Ei
TR 2 ARH R E RERE B RN B FHE > mERE S E RS »
RAMFEE - AR E L ZR RS ERDELH » R —ERMRER—EE
RBERAERE S » HEMGDRRFERBAAR

L BBYRFE S REAREI T  REERFREZOSHRE

BB ESRARIED EEERRA S ESERANHEEERENE REEWNTY
REREAST - RS HREREBBRIOGRE@EEHRE ~VE ~ 8~ L RPFEFHL)
HEIEREERESERMNES T BERE S REEE-RE - RHEE - REE -
EEE - RO BT BME - Bk BrbE - B TRRERY o SRS E
BRERILEEE o B4 BUBREERER IR SIS RE o BuR BIREER A B}
BRI » DEFEARNBER EAE R R L &8 3 ~ 7 RERERIB A B
GESEDEHER S EEREE L S8 S ERBTIFR T AEIE 2FRS s T
HEHLL 05~ 1 BEAKER - BEHERAKEAESEEREN » X/E 3mX3mX2m» &
BRI 39~45°C ML 16/ /29~33°C 4R 8 /N Z BB RIZE o BERIF BT
R E » BiRARLL Etrog citron 8017 » 855K R MIE R A5 L. Pineapple orange k.
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Exocortis Etrog citron 861

Tristeza, Yellow vein Mexican lime

Psorosis, Concave gum Pineapple orange, Parson brown

Cachexia (Xyloporosis) Orlando tangelo, Parson’s special mandarin
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Summary

This paper deals with the effect of heat treatment on likubin pathogen,
tristeza virus and exocortis viroid, and the use of heat therapy for the production
of virus—free citrus plants in Taiwan. Based on the reports, likubin diseased
buds grafted on Rangpur lime seedlings exposed to the alternative temperatures
of daytime 40°C for 16hr and night time 30°C for 8hr for 4 weeks or longer,
new growth from the diseased buds showed no likubin symptoms, indicating
that likubin pathogen was inactivated. However, tristeza virus was not inactivated
by the same treatment. When young shoots from tristeza infected mexican lime
seedlings which were placed at alternative temperatures of 40/30°C for 15 weeks
or 39—45/29-—33°C for 10 weeks could be free from tristeza virus. Alternative
temperatures of 38/28°C seemed not sufficient for the inactivation of tristeza.
Because none of the heat-treated cuttings were free from exocortis even the
treatment was prolonged up to 52 weeks, heat treatment at the above conditions
seemed difficult to inactivate the exocortis. Application of heat therapy for the
production of virus—free plants has been succeeded in some citrus cultivars.
According to the field selection of parent source trees, analysis of horticultural
characters, and indexing results, virus—free citrus plants for Ponkan and Tankan
cultivars were obtained. However, due to the latent infection of exocortis in

Liuchen and Valencia orange, no virus—free plants were obtained in these two
cultivars.
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Improved Technique of Shoot-tip Grafting for Obtaining
Citrus Foundation Stocks Free of Viruses and Likubin Organism

Su Hong-Ji

#F L RBE AR R E R % (X 5 Likubin)
Z MW (Citrus tristeza virus) ~ %555 (Tatter leaf virus) % kG
5 (Exocortis viroid) #RMLIHHRBRGER » M—RRem
RERDEE —EY E2RE » BRI 2 EERE REZEE
Murashige % (1972) BEE > &) T B EHHSEE: ( Shoot-tip grafting
) BGEE AR 2 ek » (B IBE T2 5 o 1A A8 T
BT OIER: » BRIV HEIER 20 SBT3 60 %Ll 1 » 3677 sk
PRSI 2R o MRETIER 4 ~20 KRR AEREY
R o BRUING 2 ~ 3 AEIRY) 03~04RE 0B 2 EAZAN » BRI
BRUNAR  BREBHEARAZES » EEEHRNEE » A58
ZA RS R (02 ) IH » Y@ A TR A 7ok » Skek
= o BEHEBR SRS RAE Y ) KOKBREE » ik nL
BREZER ) ZBRBRYE BB 2~ S BERLRSEHYH » 5t
WIERH s AR LW R (1 ~15 A% E) o (6 ( Parafilm)

8 0 LASFHE: ( Side graft) BE3pha i BT AR (20~30
ROT) ZETHE L ERBPEEIEALL » BILGHES » KK
2o AIESFEIRIEE 3 ~ A A T EE R o AR —
ERRL o T D008 £ 2 MR o Lo i AR » B A
BIERABR o

BREET @ TRMIREE ~ 540 ~ HHBIRTS o

Key words: shoot-tip grafting, virus-freeing, citrus viruses.

.V 7N

L

gl

BT B o ds AR SO IR » DAV A8 75 B L7 7 P 2 S i 4
19724 Murashige s A T2 TR RS (STG) Bl » sERE —RERERGT MR o

* R EERBEMRRERARRRAEAE

Dept. of Plant Pathology and Entomology, National Taiwan University.

— 112 —




FI R BB R DR B N SRR B SR R 2 AT o (ELR00 % SRR R B8 B R IR T R
RIE » 88 QIR EE R AR MRS R B 7% 54 PAFIE % - FIA STG #ii
SUPT R IRBR A BT B A $h 4 MY AT o #8m Navarro A (1981) #— W R E
ISE » FTRER30~502 MY IR IERRIE AR » B EE £ P 1E 152832959 » T LA BE 4R B
REE SRR B RERE R LRE LA S 0 » RILSTG Bl 5K S AR
PRIFEM BT 2R R L% % (Virus and virus-like pathogens) o 57 REBER
A RFM B ~ RIEMBER 2 REER » RESKSTGEER » 525 B §i i A
BUETE » BIEREE ~ ORGR S WHGE S E— S ERYBREAMEEER %
5 o

MR %
STG# it #: : B Navarro% A (1975) it F 2 B T )%l i i B E A S AR Rk
o FEEJITE + R B NPT 2 ARSI o« EEERB TR EAZME » BT
¥ 15~ 2 ASRYIRER » Y0 2~ 3 AERE EEEHEEY 03~04RE 2
HEAZSATNR  BRRELEREGE DESERRFHYEEEETH 02AE K/
» BALNZHFORE  BEOYEMRBNESREERKBOYEES (B1) »

=1 RS STG REFEZMFENERRELBIRENERY

Table 1. Citrus cultivars used as sources of shoot—tips and infections of
citrus pathogens shown by indexing

)

" Variety ® = %;xtective Pathogtr;,?g‘2 *
H # Ponkan 2R ~ IR S BER CTV, Likubin, CTLV

=] H Tan kan FRER C ITHR C R CTV, Likubin, CTLV

m #& Leucheng EMER ~ IR R CTV, Likubin, CTLV

W ® M Grapetruit bV ] CTV, Likubin

4 B Buntan Pum. AR Likubin

=] i Peiyu Pum. SLEER Likubin

Eureka #5# FEureka lemon MR BER Likubin, CTV

w4 # Murcott EER - HER CTV, TLV

BE EMRERXDEERR - AUSTCHERMERREF T HEERRS  BE
RERULERBRE D) - BRHHHRGEBERRZAEh  ROKEEER A
WAREEBA 23~35°CREER » BERYPE » ER 2~ 38 o BKMR Navarro &
A2 TEETSTCHRHEM -

By BE-RHFEE STG 5~ 8B » BENBEERER 2HFETR
STG HY B AEBINITHE c BCEHELE STG 4 ~ 6 BEMMAR L2 BFITER
BEIBEERRE 2B LA REEFER - 8 STGC HEEH1 ~LOALKE 1
WECEF ZEMER S RFEAREFN BT » FIREE » LSRRI
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JRAH (8. 2mm)

1 HSESRERE:

Fig. 1. Diagram showing modified technique of shoot-tip grafting by

means of rectangular triangle-hole cut and tissue covering.
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P2 BUERIRIEE (60%) 37 » LAB T 5230 b AR S RN 1 22 160 00 R 15 2 L e C
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% 2 ETERREATSTCHE 2 BHERThERLE
Table 2. Percentage of successful grafts affected by shoot-tip grafting
methods, inverted-T cut in comparison with rectangular triangle-hole

B & & M E_Ttpiﬁi__* BTE _® . B | = mﬁ_‘%}—* &
Variety Inverted-T Citrange | R. triangular Citrange | Triangular Leucheng
bi # Ponkan 2/23 3/5 4 /5%
# #f Tankan 2/15 4/5 5/5
m # Leucheng 3/10 3/5 5/5
# B ki Grapetruit 5/11 4/6 5/8
b B Buntan Pum. 1/12 1/4 2/5
=] #i Peiyu Pum. 2/10 3/5 4/5
@ W Total 15/81(18.5%) 18/30(60%) 25/33(15.8%)
* RSTGHIAZ @i - As rootstock of STG

weg Tl B/ IR o No. of successful grafts /Total STG done.

H2 ZEERBNEA=SAMAREBER
FNERFEY
Fig. 2. Growth of shoot-tip (ST)

in rectangular triangle-hole

of cortex.

A. FigEE 4 8 o
F Eklf aﬁer Ep@rﬁﬁ*sm%? leucheng.

B. SR EERBRA L 4 Bk -

4 wks, after tankan STG on citrange.

C. HEMEFGREFMERRE 2 8 -
2 wks. after grapefruit STG on leucheng.

D. i RFREEWERA L6 8t 1
HEFEEAZATRARRLET -

6 wks. after tankan STG on leucheng,
tankan was germinated from the trian-
gular-hole.

EEHEFYIN L HSTCZRIYAEL MEF o

HEERBREE » —EREHSTCEFRBMNT o MSTCHE R ZRIFZER » I
PEESBARSER2E  BEROMBIEE 2 ~ 38 RIBBRT & » HGEESF
BEVEEE2AET » BT HHESTCHR AR 5 ~ 8 HARNHE B BB HATHE - 12
REBRBE ) HENASTCHN —BRIFEIEEARNRA L » TEERERRE R
De Lange (1978) Ayt & 4%F o #6358 3 Fh@ 40 » STG REH#8 2 B » Fin bk 438
BAHTESRDOBRENR - XhBHEOLFERRNTE 5 BERMTMNENT
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68 THNMBRLBBESARBBEE . § STG WETRET 1 ~15A% 185 F
STGZH—g » AR o 07 2 G B M A B A R 2 - HR AR
B BREHSF MASE R % » 3 T BT A 3 2E W B o fxnzzizey STG FE g

®3. BSTCHIERIFMEEERyE

Table Successful grafts of doublemicrografting with apical stem-scions
derived from STG.

STG&@E&EZ%M(E)
OE OB A & @

4 5 6
" ) 4 = & 4/5 5/5 5/5
.l & 3/5 4/3 5/5
] 4 7/10 9/10 10/10

B3 STCHEBRE>EE
Fig. 3. Procedure of double grafting

with STG grafted stem-scion.
A. STGHEM (i /#18 » |STG 5 Atk
PSRN E 55 Bete M MRS A . (BT

) -

Tiny STG budling (Ponkan 5 wks after
STG on citrange) were Sipe-grafted on
R. L. rootstock with parafilm,

B. LIPEMSEAL: o
Bag with P. E. film.

C.ﬁmgﬁs;’ﬁfﬁ  BIRER R B ITA0R

Souand ponkan twig developed from the
graftage 6 wks later

D. #5588 Wik » STCEMY (BEEREB
L BEEINE) BEROERE -

Peiyu Pummelo shoot grew up 8 wks after

STG bulndig were side-grafted to leucheng
stoek.

o ANEREE B PEEBS (E3B) » BAEEE RlsE2 USIREE » 4
Fit @ RBIERRE K (B3D) o # STG # 3~ 4487 » R B R ARG AT 3R
FERZF

REEESTCIRBBT f3 9B A » /iR ELISA Jzt TEEEEERS B
AT BRABRAMARE - 0 ERE STC BEAM R B R E AL BR S
BB BSTGH 3 ~ 4 @A & M2 M RRSA93E » HEECT R T BEE—F s
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Summary

The mother tree of the all citrus commercial varieties have been com-
monly affected by the systemic virus diseases caused by citrus tristeza virus,
tatter leaf virus and exocortis viroid, and virus-like disease caused by likubin
fastidious bacteria in Taiwan. Most of the bud-woods used for propagating
citrus seedlings are generally infected with more than one virus pathogens
mentioned above, and consequently the growth and fruiting of the citrus
budlings are affected. The inverted—T method of shoot—tip grafting described
by Murashige et al (1972) has been widely applied for freeing viruses of
citrus foundation stocks, however the successful graft percentage is lower
and time-consuming. More than 609 of successful graft was obtained by
the present modified technique while ‘the inverted—T method yielded less
than 20%. A shoot-tip (about 0.2mm) was placed into rectangular triangle—
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hole (0.3-0.4mm) cut at 2-3mm from the top of decapitated rootstock epi-
cotyl instead of inverted-T cut. The hole was covered with a thin triangular
epidermal tissue as large as the hole, derived from the same rootstock seed—
ling. The micrografted seedlings were allowed to develop in vitro under cheese—
cloth-shaded condition for 2 weeks after 2-days incubation in the dark,
and uncovered condition for another 2-3 weeks in greenhouse instead of
growth-chamber condition. The apical stem-scions ( 1-1.5 ecm long ) from
micrografted rootstock seedlings were directly side—grafted onto younger
portions of potted seedlings of rough lemon or sweet orange which showed
fast growth, and yielded propagative buds 3-4 months after STG. More than
500 propagative buds free of citrus viruses and likubin organism could be
obtained from one shoot-tip of STG through 3 cycles of the young-bud

grafting at 3-3.5-month interval within one year.

SIS

K

BLE HBEA 08 WRE ? iR (tatter leaf virus) HF7E New Combf—{7)
HERFTUR M (serum) @975 B EHUNR » KIERRE o o ME— o RIRE 2 SRS
7 (Exocortis) FALERILEAMRIE o

HREEL

A Ry MR NMR BB S D » BB R KRR AR (origin) Hl'= ||
(Miyagawa) fliffI/Efe2 5 LAY » FAH BB AP _LE] (check) —(HHF » F7
DB 2BE R 2 iR B RER » BERB—F » HEREIFEE (neyer
lemon) #EFAAM » MRS B » (ARESOHBAEPRRSN » EHESE
BAT o (BRHEmy M EEE HAEAREGE® » EBORATRESES » REREy
BRYMEETE & KB (elminate) o EH7EFEB Roistacher i REEAIHEE » R
95 PTG » AR T PRI R (STG) RERTERIREE » CayEBTE Ik — e BN
THEVES » RIZA ) HEE » HRASESET UHRRHERERE - Ly
ARG YEIE o (BRMIRHZFES » RE ZFEREERSEETERBSERS o 7
BT F R 15 R AR BRI R B 2 o
=X

W53 75 R RS A (R 08 SR g R 2
HRREEL

EMERE—AMIF » BRAEST » RILTHE F—EEE NEFMHRY » 24
KR RGO LR BIA » BERTRRBREET » BRMTMBE SR -

— 118 —



PAG R R 2 RAE B Ao PR AR B 2 a8 s BB AF

The Establishment and Management of the Citrus
Foundation Block and the Citrus Scion Nursery
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The virus—free Citrus Foundation Block was established at Chiayi
Agricultural Experiment Station of Taiwan Agricultural Research Institute
in 1984. Virus species and cultivars, including ponkan, early tankan, tankan,
Matou Wentan, Matou Peivu, grapefruit, lime, Eureka lemon, and Murcott
orange, have bsen budded and maintained in scresn housss at CAES. Two
Citrus Scion Nurszaries are located at TARI and CAES respectly. Up to now,
totally 435,196 virus—free buds of ponkan, tankan, grapefruit, Matou Wentan,
Matou Peiyu, etc., had been released to five citrus nurseries operated by
Taiwan Provincial Fruit Marketing Cooperative in the past years. The virus—
free buds of other cultivars will also bs releasad to them in the near future.

even thousand budling plants of different major commercial cultivars, as
ponkan, tankan, Matou Wenten, Matou Peiyu and grapefruit, had already
been sent to 9 locations in 1935 for trial and investigating the problems
possibly occurred when these virus—free materials are over—whole released to

the growers.
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The Production of Healthy Citrus Nursery Plants.

Chen Chi~hung* and Lie Rong-chiin*
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Summary

The maladies caused by the citrus viruses and virus-like organisms
(simply called here viruses) are the major problem in ecitrus industry in
Taiwan. For minimizing this destructive situations, The Consultant Commitee
of Taiwan Citrus Industry Development was established, in 1981 and then
The Taiwan Citrus Development Consulting Program was put under way
after then. The aims of the program are using healthy nursery’s trees to
replace the diseases infected ones, and minimizing the infection rate of
viruses in the citrus groves. It will promote the industry to be more healthy
developed in the future. The Taiwan Fruit Marketing Cooperatives are
responed to propagate and recoment the healthy citrus nursery’s plants to
the growers. From 1985 till now the cooperatives constructed 12 screen—
houses with total space of 1,265 pins (1 pin equal to about 36 sp. ft. ) ,
had raised 113,200 rootstocks and produced 42,508 budling trees for the
farmers as healthy planting materials. According to the present fascilities,
the cooperatives have the capacities to produce about 150,000 trees annually.
The recent problem of the nurseries are the overheating in the growing spaces
under the screen houses during the summer. To inprove this a project to use
wind tunnel cooling system is going on under the tecnical aid by The

Department of Agricultural Engineering, National Taiwan University.
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The Management and Inspection of Citrus Bud-wood
Certification Program in Taiwan

Su Hong-Ji
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Table 1. Disease-indexing methods of each Pathogen
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(Pathogen) , ( Bioassay ) (Lab-assay) (Field inspection)
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(Cachexia)
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( Psorosis)
*HARBREAE BN AR SRR RE RELUMBCTLV 2 » T HRRE R RS SRR KIS
FREBFICEV o
mERECHMBHEERERE -
R FWBRZBELE

Table 2. Disease~indexing methods for individual stages of

budling production

o oB R E kB OB

WoB R OE

B o® & B H . i B 1
Stage Inspection time Bioassay Lab-assay Field inspection
FRE EEE R vV vV vV
Stock mother seasonal
trees
& o] vV 4
Stock trees before bud-woods .
cutted
B FEE4REA vV v
Scion trees alf month before
bud-woods cutted
i y4] & Rerhtk il vy () vV
Virus-free later growing stage (random)
budling "
T \

just before the
budlings released
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AR BRE LR (R ~ Likubin=greening) [ $ich 75 $H HERTIF 1

EhAESHNGE L, TESEHRMEEE © 2655 (Citrus tristeza virus) ~ Bi3ERR  (Tatter
leaf virus) ~ #7455 (Exocortis viroid) ~ @ifz#x (Psorosis virus) ~ KILIK (Xylo-
porosis virus) RUFEFM LR GREER) » HWEHRERARERE (2 RH)
v PR R M DUT SRS » BHRER 2R ~ SFEOKETINIE » NEE MRS
R o B PR 7 I U R 2 A B A 1 o B A LR
e RREET  IHARET 2 EHE TR BT HE -
BT (R A L B AR B R R R AR L B R E W R L S B A
y BRI 2 R TOFBR B o HEE AT ~ RN ¢
(R R R VB 2 SLR R R AR B R R BRI 2R » DU SRR R R R
YL A ER T BN R R B N TER o
CFEWSH B~ B8 R HE kR 10005 > i 800(% » sk 1200
f2) B MR g B &b B I A B f o LATRABH STHRGIR B 2 2 g o MERR R BRI
2R PR A0 7 AR R IR i S LB O B o
E) AR BRI 2 80 71 R H AL T AR 0 MM EIEEE o BB IEBEER ~ 8RS
BRI 2 E Yy o L E IR S AT R R LRI o RN o AP
BT
LFEHEAR I IMARERHE (1 2RA8N) B1—-2%-
2 R HEE LDk 3 R 2H R LA (B LAY 21— 28 DUbRE
L BB HEZARGETER » BREEER -

A T G S

OB G ~ AR ~ SRR s BHALED 5 1988 o HPRS TR GRER B R
BE o

2. Roistacher, C. N. 1986. Indexing and conirol of citrus viruses and virus—
like diseases. FFTC Book Series No. 33, pp. 127—1352.

3, Su. H. 1., J. U. Cheon, and M. J. Tsai. 1986. Ciirus greening (Likubin)
and some viruses and their control trials. FFTC Book Series No. 33, pp.
142147,

4. USDA-ARS. 1968. Indexing Procedures for 15 Virus Diseases of Citrus
Trees. pp. 90.

Summary

The systemic virus and viros-like diseases of citrus trees have been

affecting the citrus industry considerably by causing great damage t6 citrus
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growth in Taiwan through pathogen-infected budlings derived from parent
trees carrying the causal viruses. Fawcett initiated bud-wood certificate
system by registration of healthy citrus parent trees in order to control the
virus diseases as early as in 1938. The pathogen—free foundation stock and
budling programs have been commonly performed in the other countries in
recent years. The diversified system has been adapted at present in the
United States as individual regulation for citrus bud-wood certificate program
has been performed in each state government. However, a conservative
policy has been performed in monopolistic way of pathogen—free stock and
budling program before the establishment of plant protection and quaran—
tine regulations in Taiwan. In view of the serious epidemic of citrus likubin
on the narrow island, the intensified stock and budling preduction system
was proposed as follows: foundation stock collection in screen house-::---
scion—production in screen house-.--.. screen nurseries of potted budlings free of
pathogen. The current system has been executed through periodical and
prompt quarantine by serological and biochemical techniques, indexing with
indicator plants and symptomological inspection. The pathogen-free budlings
are well protected from reinfection according to the integrated measures of

prophylaxis after transplating in the field.
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Field Survey of Healthy Citrus Budlings as Planting Materials
FEE AL
Huang Mei-hua and Shih Ming-shan
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fl T AR R B R
The Locations of Healthy Citrus Budlings Observational Orchards
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County | Thz orchards’ locations Variety planted acreage (Ha)
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Summary

For collecting the datas on management of citrus orchard with healthy
budlings as plantmg materials in Taiwan, that will help to solve some problems
may be faced in the further recomendatlon of the practice. There were 2,000 of
ponkan, 2,000 of tankan, 1,000 of paiyu (white pummelo), 1,000 of wentan

(buntan pummelo) and 1000 of grapefruit budlings were raised in Chikou farm
of Chia-yi Agricultural Experimenta] Station, TARI. Then distributed and planted
in famers’ orchards with the acreage about 1—2Ha. each in different parts of the
island including Yu-jan, Tai-pei, Hsin—chu, Nan-tou, Chang-hwa, Chia-yi, Tai~
nan, Kao-hsiung and Hua-lien County durmg the perlod around February to June
1986 The general performances of these trees were as followed :

1. The healthy materials are more vigorously grown than the ordinary ones.

2. The healthy and ordinary materials will be infected by pests and pathogens
in equally level if they did not properly managed.

3. Both materials will be infected by Phytophthora fungus’if planted too
deep or at water-log spots.

4. None of the healthy materials planted in 1986 showed any Likubin or
other virus infected symptons in the fields since April, 1988.
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@_.
Fig. 1. The healthy Wentan budling 6 months after planting.
Fl= -~ BEEES 29 B2NABBEHNE  BEARERAEBRIF

Fig. 2. Wentan budling tree 2 years after planting with good fruit quality.

E-NERREEE 2FEZBERI
Fig. 3. Wentan healthy budling trees 2 years after planting.

B~ EEEREEGERE » BRE TR 58K BEBRRZHE -
Fig. 4. Healthy budling infected by Phytophthora root rot for too

deeplyplanted.
BE -~ BEEEERE » ZEGEE  BETR
Fig. 5. Healthy budling too deeply planted was safocated and badly grew.
A~ EfZEERALERBNOE  EREEZZEERZHNEREERSR
=
Fig. 6. The proper planting method is planting the budlings on the soil
previously banged.

~— 1405 —



PRG AR R AR 238 ST A

The Breeding and Evaluation of Citrus Nucellar Lines
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APTOERERE S 0 ARTIRT MR (5 I R R 2B R R A BR O o B
SR RATRPEIR T RGBT PR 0 BT 9 R R T A T g
PSR ML & R BB ER I o TR TSR E 5 MR R 4 2 BROBE B o 405
RAFE s AELH G RN HE wifoliate ~ DI A% @R BH EAWRE big
leaf~wing ~ T LU 15 404 3% G R BLI B I AL (e 2 o

F AR O ~ A s BT EFE G FHEREIRE?2 o

# L MR 7 PR 1 B
Table 1. The Average Number of Embryos and Seedlings Grew

from Citrus Seeds

5 A R WS T B W B
ari ) No. of scedlings No. of seedling/No.
— Vdrleﬁi o EI‘O_? of embryos/seeds grew per seed of embryos
m 75 1 102 1.00 Q.98
. Kishiu Mandarin
1 L10 1.03 0.94
King Mandarin
B R #® % 1.18 1.08 0.92
Triumph Grapefruit
WOoOH M 132 1.20 0.91
Ellen Grapefruit
ES 10 1.50 103 0.69
Lime
il i 1 1.64 1.08 0.76
Tison Mandarin
¥ B " B & M 170 123 Q.72
McCarty Grapefruit
B B & # 1.70 1.08 Q.63
Rangpur Lime
H® & 178 1.38 0.76
Szimkom Mandarin
= il m 1 2.01 1.23 Q.61
Batangas Mandarin
i Gl i1 2.64 178 0.67
Ladu Mandarin
53} & 2.12 142 0.52
China Mandarin
s 2.19 131 0.47
Sweet Orange
H i 4 290 2.00 0.69
Rough Lemon
P9 F 1 395 170 0.47
Calamondin

¥ #46% B The Citrus Industry VOL II 1968
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RIS 5 BB R S SENE Tuvenility o gyt B S Lk AR VA 4 BE R %
RIE o BRUHLZEA BT T8RRI %5 7 o TR B JH 00 A 4t 70 ( Monotrunk-Training ) #i
R TE A B R AR L 5RAY 5 58 (Repeated top shoot grafting to its own root) A
B2 RE 02K OVE 0 B A 8 108 8 AT 6 10 oL ) R » [0S 45 7 B PR B R3] L
BRI o SO IREE BT — R 6 o AR TR R R LB T e a0 {5
BHIR TR AL AR AN A ~ MERER S8 0D 3 BECR AR R R o AT 1h S S EE R S MHE L
Pl a3 o

AR IR S IR Z MR8 BB R otk 2 3
HEW B BT W T LS TR AR B » 5 e B R R F AL B A 3 54 s L
PN TR O TR o PRI 4 85 sl OIS 0 TR S s 2T L T BT

B2 AT R RR o IO S R 0088 AR BHAR RS B » FE RO T 0T ~ Moy
FCANEL o W02 S HRERER R R TL R B 2L 0 R CHRLE 3 s BRI NG ~

#3 EFH SRR IR LI R R T

Table 3. The Fruit Qualities of TARI Nucellar Ponkan Selections 1988

™ 103 |
B BTN I T E ) P e
. rvest A
e & 7 4 75 ! % Average 39, acid Average
BAMR | 198 ] 193 | 1985 | tage | 1997 | PR | T rado [“(“g)‘“ Notes
001 o4 | 1as | 2565 | KB
004 124 | 141 125 | 118 13.2 1822 2003
006 130 | 145 | 110 121 12 23.3 214.0
010 130 | 146 | 110 | 122 | 115 127 213.5
012 122 | 143 | 120 | 125 | 115 127 | 18l 200.2
013 183 | o143 | 1w 12.9 129 16.2 2304
018 134 | 154 | 116 | 122 | 131 13.1 207 241.1
042 128 | 159 131 | 132 139 19.9 238.1
046 130 | 138 13.4 16.0 163.8
055 130 | 142 135 137 18.0 2175
031 135 | 134 122 | 136 13.0 21.2 230.0
103 133 | 130 | 1.0 | 118 | 132 122 192 | 2394
120 126 | 151 13.2 136 | 194 193.4
142 1.0 | 106 | 116 108 23.9 262.7
155 10.0 103 | 1Ll | 105 107 21.6 302.4
179 133 | 147 | 114 | 119 | 131 128 206 206.4
180 130 | 144 14.1 133 0.2 188.3
185 20 | w45 | o120 | 123 | 128 13.0 211 203.7
201 10.4 10.4 24.8 182.2
216 90 | 110 10.0 289 2659 | fei g
228 100 | 108 10.4 23 | 2831 | B
233 113 | 106 113 283 | 1785 | T

— 152 —



AR ~ U AU~ AU R R SR E R AR D B R B AT R T8 EF
FER A & M AT IGARE » IR AT ESR ORI 2 RIFHR » ARG BEEEAEMAR
HitMEE  NZBEFEGRENER - RERMEMESHER - ERZ G BEH
By T A BTN B 755 B 2 45 B ZE A B BRPE MRS T 1 56 ~ 4 BT R ABR B £ LU0 R (ARG
REJZRORERHRE » GIEERA ~ FH ~ B R EEMERENBEEE » LA BHEELX
HAEG AHBERRLNESREREERENERER - REAWRFI R LS BERLKRLO
RS RARHERER » FIREMEA » DRBRMANRM AT RFES » MAR
— AR o BT ERBHEEREERIEEESE ARARR » DB R ERE
ROBAHHEZBE o

BRCHAMBETNETRRANMEE EALGRAYE

HEEYREAE SN AU EE R R REREIEEALMKRORE » BHE
THRENMESNEA RV TEIX2WRFOMEE  RLBNERREZEOMBER
WEEHMN > MM ~ EFE ~ BRRUATISRAEZTENREET HBROBRREE
RWREEERSNERF - FHERRBENARERIELMAEHERRVERER
MRS - REHEALTRES T RY » B B RERMIEORE » BT » S0ER
FTEENROERF» BNEEZERERRUR BB T FHEREEKTE - B2E
FRRNAFTHERABEET » FIAREEEER ) EENAEE AR OEERR
o HE 3 -5 FERMMEEHERE  BRATNARRERE » ERELFEREPRK
BRI ~ BEM BN BREROBRARKBER A T HEN T ERER AR
Ko MG HAE ) RUEBBEHBEEE S FROKOERBABRHERRZE
Bie EmES LB RS HREMIER SRS R EEA B /Y o B R R
BORE ) BELERE ~ RERBEKE -

2% LK

LTEGBREEREA e 1982 ERMEEREELE -

2. pkBE 1962 MR IEIEE » AR E EHER TS -

3. PREE 1984 ZEWMBEEE BRI EBXBEEFMELNE

4. 253 1985 EEMBEE2BRR FTREARERTI: 141

5. FHTH 1964 HIRERER » EFER o

6. FEEE 1983 MR LT ~ BROME ~ BRORTREREBRIE—HERETE1 -
9 BEFGREAAIIMERR -

7. Bridges, G. D. & C. O. Youtsey 1974
Yield Variations among Citrus Nucellar Seedling Clones at The Florida
State Budwood Foundation Grove. Fla. Sta. Hort. Soc. Proc. 87 : 856—87

8. Cameron, J. W. & H. B. Frost 1968
Genetics, Breeding and Nucellar Embryony The Citrus Industry vol. II p.
325—371 rev. edtn. UCR

9. Frost, H. B. & R. K. Soost 1968
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Seed Reproduction: Development of Gametes and Embryos. The Citrus
Industry vol. II p. 290—324 rev. edtn. UCR

10. Garnsey, S. M. 1967

11.

Mechanical Transmission of Exocortis Virus with Contaminated Budding
Tools . Plant Dis. Rep. 51 : 410—413.

Garnsey, S. M. 1968

Exocortis Virus of Citrus Can Be Spread by Contaminated Tools. Citrus
Industry 49 : 13—16.

12. Reuther, W. 1959

13.

A Program for Establishing and Maintaining Virus-Free Citrus Stock. in
Wallace , J. M. (ed.) Citrus Virus Diseases p. 215—17 UC Berkeley.
Weathers, L. G. & E. C. Calavan 1959

Nucellar Embryony—A Mean of Freeing Citrus Clones of Viruses. in Wall-
ace, J. M. (ed.) Citrus Virus Diseases p. 197--202 UC Berkeley.

Summary

Most of the field grown citrus trees in Taiwan were more or less infec—
ted by several citrus viruses that caused the low productivity, less vigour,
inferior qualities and relatively short lived. By using the natural characters
of citrus which can produce nucellar embryos and most citrus viruses would
not passed through the seeds to the seedlings. TARI began the citrus nucellar
breeding prograon under screen in 1976. The selected superior fruit qualities’
trees in the field were artificially pollinated with trifoliate orange, pummelo or
lemon pollen to identify the nucellar seedlings from the zygotic ones by leaf
appearances after seeds germinated. All the seedlings were potted and grown in
the screenhouse as virus—free nucellar candidate stock-mother trees. They are
mono-trunk—trained to accelerate maturity. Some budwoods took from already
flowered twigs were topworked to the field grown trees. According to 5
harvesting years and fruits analysis records, there are 21 best fruit clones of
ponkan were selected and are propagated in the screenhouse. They will be
validated in the citrus groves around the island. Because the healthiness of
virus-free and rejuvenility, the nucellar citrus trees are very thornny and
were rejected by the farmers. By using mono-trunk—training and repeatedly
shoot top grafting to their own roots, TARI had successfully overcome this

practical problem.
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T ACEEE BTSRRI o
MEEEIR ¢

BFEMER O » ZREBHCHRAEMR - BK » REZESHHDRBMAZRETE
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FoBERERT  HREEAFEN  FRLPZENEE - LECHEBREMRED
AR AR o HECHMABEZEACBOER  IREE—T |
EHiR -

AL » REXE T - NEARRBMRRENE » R TR GERKE » REE
REHARABETIFNE > RMAEEEM shoot-tip grafting AYMK} » FTHERMREF
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B o1
Fig. 1.

B 2
Fig. 2.

B 3
Fig. 3.

& 4
Fig. 4.

AT o R OERIEE A Z R RERE o

The isolation screen—house used for nucellar citrus breeding in TARI

Bk OFE R 15 358 RS O B B B AR Y o
Mono-trunk—training of candidate trees in citrus nucellar breeding

program.

BBk DR R B R AE R AR o
The citrus tree was top—worked by mature twigs taken from nucellar

candidate trees as scion woods.

REM B S BBk DR R B = F RS REVTETY ©

The ponkan tree fruited 3 years after top-worked with nucellar

scionwoods.
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AR IO AR Z AR IR AR E K
Nucellar Embryogenesis of Citrus In Vitro and
Extended Growth in Screen House

FREEY EHRY Kgn®
Huang Li-chun, Yeh Light Chie~yauw, Lin Chiung-chiuo

W E HRES IS T AR AR OARAIEE » k0K
B9 ~ BRORETTHETT LA » 3B B REAT B AS 0 5L el B2 0 2
SCB ~ BREHIRG I BOREAR ~ B0 ~ A ~ TR ~ 00 ~ B RE
ARG o 2R OMZ 2 WIRBE R » 32 cytokinin B JREE /R AR
MR o HEROMS 2B OH » B EBRET » WEMRDHEER
B0 WHMYLE MO ERERESR » 23R8 ESFA
ROMZRABE » WEHRGFR o

WG © BARR R A BEHIRG ~ BROIE ~ SIABE: ~ kR
Key words: monoembryonic and polyembryonic citrus, nucellar
embryogenesis, shoot-tip grafting, somatic variants.

B %

MEE TSR RITIVE A R O YA ZEERTTRIEA RS R RS 8
(9F &5 RIERR 0 BUEL SRS M VEBR B ER O AL S 8 5151219 Starrantino & Ru—
sso U9 B Moore ® DRPREARBEE 2RSS HE FHENER o Maheshwari &
Ranga Swamy ‘*, Rangan, Murashige, & Bitters %!  Mitra & Chaturvedi " 7
I E 2 A A 250 AR R e R 3L, FLFRER O A0 A3 P9 9 s B AT B 55 2 T 28
R ANGR DRI DR TR0 2 0 B O LS T S R o R (B TR A U PR e A AR 2 A R —
BORIRER DR » BROMMEE B 28 RV AT TG Y 2 2k BB » BBAEY B A 1T 4%
S » BBUR N2 BWFR » BOW SR © » (B AR 0D , RShE R -
SCCURA IR 0 SR QS Y4 1 ARAIBRIERSE  HA S
W B RS > BOHCTHSE » S e AR IR BERS /R B 3 BB R 1 DB OHEBHEY » O
FH S R IOR M L B B0 2 RS B S o

5 RER ARG ER S BE 6T B E ~ Hah B H b

W EHER (Citrus jambhiri Lushinton, Rough Lemon) s %# (C. limonia
Osbeck, Rangpur Lime) » Eff (C. aurantium Linn, Sour Orange) » EgK% (C.
sunki Hort. ex Tan. )s 445 (C. reshni Hort. ex Tan. Cleopatra) s fH# (Po-
ncirus trifoliata (L. ) Raf. ) KHG# (C. reticulata Blanco, Ponkan Mandarin)

DR TSRS EHLHE) o This work was funded by Council of Agriculture.
)P RIIRE - K HIEHT o Inst. of Botany, Academia Sinica.
3)EEME B FBPTEEER o Dept. Hort. TARL

O EBEHEBRARETE# S FTEEE o Dept. Hort., CAES, TARL
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s (C. sinensis Osbeck) FSFABRMBIME » PAIEH 4 — 8 Bz RESRBIHR  BER
EEERERBRE (s EHBzFREAK & 1% NaCIO, y3058@) » R
rh B HY AR HENMEBEMGTYRE R (Hi > B RS ERE AR ORED A
#EF » R Chalazal end 2RO s s B OABRBERERE L EEE
5 Murashige & Skoog Ei%g > s Img/l Thiamine HCL, 0.5mg/l Pyridoxine HCl,
0.5mg/] Nicotinic acid, 2mg/1 L-Glycine, 100mg/1 i-Inositol, 10mg/1 Adenine
Sulfate, 500mg/1 Malt Extract, 50,000mg/1 Sucrose, 0.8%5 TC Agar BL 0.2% Gelrite
pH5.7 » 2% 2 BHHOEBBH 5 LBROM 2R ORI TS » (B 8 BB
Wig o REEESLRAR  LFENHES piEggdmA BA B 2ip MK B
60mg ~ EFEME R RFEEEZ BA B 2ip (0, 03, 1, 3, 10mg/1) > KB RBT
Bl 2 ik HiEE 0.3mg/l BA A OPREE201E » BERZ 60me s 21260 £ 0.4
mg» FiHR 1lmeg/l BA HBHE AfEEA 2431£0.0mg ZRER 0 ki 0.3mg/1
BA BAEA3E EE 2619 £0.3mg » RN 10mg/12ip 3 IN 9 & » BEAE 526+ 0.1mg »
KA B I 7ZE 0.3mg/1 BA & 27 B 2915 » EEAE 16111202 & 1764 + 0.3mg » iR
Bl A AL Cytokinin » MAEFF22(E 2 B » NP9 ~ LRE—

%— ~ REBMEFA cytokinin > B DR O N o LR E R
Table 1. Cytokinin requirements for maintenance of nucellar
embryogeny in vitro of Ctirus species.

Rootstock Species Cytokinin Supplement, mg/L
Citrus aurantium 0.3 BA

C. jambhiri 0.3 BA

C. limonia None

C. reshni 1 BA

C. sunki 10 2iP

Scion Species

Citrus grandis

cv. Ma Dou Bai You 0.3 2ip
cv. Ma Dou Wen Dan 0.3 BA
C. reticulata 0.3 BA
C. sinensis 0.3 BA

BA =Né—benzyladenine, 2iP=Né—isopentenyladenine
BRENFREREE » ERRERYE » MaLBEHEN BIZR ORI ~ &7
TR » W IE%Hvh 2 Cytokinin 322 » WA 05meg/l 2 NAA » BIfREER »
gk (Bl 2) -
RS EREIE 25°C HR o+ I6FERE 30sE m™ sec™ S Bk
R 42uE m™® sec o

BRAEREREZSE s AR

ﬁﬁf@‘_E!ﬁh&ﬁﬁﬁf‘iiﬁé’w]%ﬂﬂ%%N%%ﬁﬁﬁ&ﬁ]ﬁ‘ﬁk%%iﬁkb%ﬁ@  BER
RAEEEZ 2ip (0, 003, 0.1, 03, 1, 3mg/1) R NAA (0, 0.01, 0.1, Img/D) Z k3
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P 38 0.3mg/l 2ip B 0—0.1mg/l NAA a]#% 83095 7 B A ek O »
LU P JEE PR R S L > (0,425 09 B o

W R R OV 0 » SEGE » AV H 4 BT AR ~ WaRE KR 0 PR
TRIERS » BREIE (B%LE) » WHEEAE R R &R A R T REEEE A o

i 3L Bk OVE 5 1 OE E » MERERE (L H B > B LA R » IHEIR (
G°CHRIEEQ» 19 2 458 RIT°CEFEA4E) » &iE B7°CHEEO0» 3 5910
20H)» GA, (0, 0.1, 1, 10mg/l), BA (0, 0.3, 1, 3, 10, 30, 100mg/L)F 58 an £ R ~
HkimE > 45EE (0219 29 39 5975910%) » Hiu (glycerol) (0, 100,
200, 300, 400, 800mM), TC Agar i Gelrite 7 [hilig » o 528 3 7 ] (Starvation)

(49 89125 248) % » AR ER » (LEBRBES L BFIRATYE
BOH » HPEROEWIE I W EARRTK » BETES 1 — 53 BEZEYT
FOUEER 0 REERDL B A AR EMAE » BHRIEEVGEZEY) THEER Troyer
Citrange ZEEfE 2T L BIEFAERELEE » BERBRENBRENER
o SRR R INTERE » BRIBIER RN MBI L BURRE O L) »
THERUE RADIE (B13) » REFAERIT > ZESTT -~ REFBESBHEENRN -

B a2 AR RO RERAERTHENERES TSR (B 4) » EHR
FAELKREZERE W3AR) ZHEFR VHRERFARZETMEAR E o BEHERERL
(RHEDHIE » B AR RBATERS T » REW ~ BH SN EHEBEHES TR A#RE » T
=7 B HH R BRI BE TS B T B AR SR A T T S0 B R AT B s R AR B A RE T
o RKDET A RBIE R ERE o

W

KRB % IE B W R M A B B I R B T 7 2 o PR R R o T el
BT A2 B LUE A SRR O BBk O 18 TSR RN R A AL 2 B i D o B BRAS A5 A
ES R o & EHIRABR S » W REA MMM ER » MRS E B RO
i FHUBEWFER s TSSO LFIE » TEARS Mk (Callus) <0y jia]
AeBLfB A 2 Auxin/Cytokinin LS B » B.OMESLER OISR » BROIEERS 42
[ fE ) BB » 35325k i n A B &Ry Cytokinin AR R (L BIERIET) » 2
FEAVIHESTOARERRIDE » HREEEP G Cytokinin W FF it M HE
B R TR o S (R 0E PR RER R R MR RN » FiA Cytokinin 2
FERREAR » RPN A L & e R E IR R AR E 2B
= o

B RA AR AN 5 AN T ik e e > HERUBLER H R A o L e iR a Bl -
Esan ® SR ER » BB B MAR R T AR EE ST > sRRE TR W2
M E AR - LB B E 5 W B Chalazal end » J§ Citron (C. medica) ZKER{LimZ
WEEk SR MR BR 3L [ 52 3% (Co—culture) » REMIER OIRAY 5L U 0 AR
g Citron FEBRBRIE L » S RERIER FLERIEZEER Citron chalazal end » HISEERIAER
ORI EEA R I UE 2 f5 0 1 » Esan X pL#i¥E 4% (Cleopatra Mandarin) fyfEERH
Y% Chalazal end B8 » S8 2R LU 2 2R O » (354 Chalazal end ZER.0>
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BUEEAR  BREERRIRZEERS KON » KRB EKR Chalazal end 2 HEK
R > $432% Chalazal end BEBROSLED + HE T HMEEEN Chalazal end
GHUKEYE » THHEEENSL  WYERM ESETERE

ROMEBS M ZEROMREEOE » Bin LBEEY » REERSREAMREE
ARB 2 10 MR LB R T S B A B R KBt RSB » HAmBIE
FEE FN7E B R A #EF Y o Navarro, Ortiz and Juarez " H# Clementin 8
RZROEBBRAEDS2HE » ROEHENTEELBETAEERZKBOHRE - ©
B MREA R ERESERSEE S L ERE EBREERENTE
BAEERHEEZ o
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Summary

Nucellar embryogenesis of citrus enabled to induce with different cyto-
kinins at various concentrations depending on species. Plant regenerations
were obtained after prolonged consecutive cultures in the same medium.
Tested species included monoembryonic: Citrus grandis cvs. Ma-Dou-Wen—
Dan and Ma-Dou-Bai-You, polyembryonic: C. aurantium, C. jambhiri, C,
limonia, C. reshni, C. reticulata, C. sinensis, C. sunki, and Poncirus trifoliata.
Theoretically plants differentiated from nucellar embryos were free of patho-
gens and regained tree vigor showing juvenile traits. Somatic variations

appeared in vitro on morphology were selected for variants on crop breed-

ing program.
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Fig. 1. Plants differentiated from nucellar embryos of rough lemon, (1X)

2~ BUREBR O 251K o .
Fig. 2. Plants originated from nucellar embryos of P. trifoliata. (1X)

@3‘ﬁﬁiﬁﬁ%ﬁ%ﬁﬁﬁZﬁ%ﬁ%ﬁ%%ﬁﬁﬁﬁﬁ*tz:ﬁiﬁo
Fig. 3. Two-year—old plants of C. grandis cv. Ma-Dou-Wen—Dan in screen
house with shoot tips from in vitro regrafted onto green house growing

shaddock rootstocks. Plants being first grafted onto troyer citrange in
vitro.

B4 - MEAMROE AT RRAESE=E2 4L o )
Fig. 4. Three years old plants from nucellar embryos of C. grandis cv. Ma—
Dou-Bai-You in sereen house.
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The Studies on Citrus Virus and Virus-Like
Diseases and Their Speed Indexing Technique

& B £
Su Hong-Ji
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Key woods: citrus virus and virus-like diseases, disease indexing,
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Summary

The virus and virus-like diseases of citrus trees had become seriously
epidemic since the first outbreak of Likubin (greening) in 1951, and called
public attention in citrus industry of Taiwan. The etiological studies on the
systemic virus and virus-like diseases of citus trees have been made through
transmission experiments with the diseased scions and vector insects. Citrus
trees of the all commercial cultivars grown on the island were proved to be
commonly infected by the virus and fastidious bacteria pathogens. In order
to promote the pathogen-free foundation stock and budling program for
controlling the systemic disecases of citrus trees, the identification of causal
viruses, their pathological studies and development of disease~indexing
techniques were realized to be primarily important. The etiolngical natures
and diagnostic technology of the citrus virus and virus-like diseases were
briefly described.
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The Past and Present Status of the Vector Transmission
of Citrus Likubin in Taiwan

* A Y

Huang Chiou-hsiung
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- Summary

Studies on vector transmission of citrus likubin change mainly by the
concepts of the causal agent of the disease at different stages during the past
six decades. In 1913-1940, most work on likubin research were focused on
identification of the causal agent. There was no report on insect transmission.
During the years of 1940 to 1970, because likubin was considered to be
caused by a virus which was closely related to tristeza, and therefore aphid
was suspected to be the vector. Report of aphid transmission showed that
likubin diseased citrus trees contained tristeza virus and one unknown
component. In 1970’s, the finding of mycoplasma-like organism (MLO) in
likubin-affected citrus trees and reports from other countries, scientists
started to suspect psylla(Diaphorina citri)would be the vector of the disease.
It was not proved until 1982 Huang et al. reported that likubin was trans-
mitted by D. citri from diseased citrus plants to healthy citrus seedlings.
Because the transmission efficiency by the vector was low, the acquisition
feeding time and incubation period are still undetermined. At present,
ecological studies on likubin and its vector, and evaluation of biological
control of D. citri in fields are in progress.
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Summary

The insect pests of citrus comprise many diverse groups, the most im—
portant of which are the aphids, scale insects, mealybugs, cottony-cushion
scale, citrus psylla, leaf miner, citrus red mite, and citrus rust mite. These
pests almost invariably have a long list of parasites and predators attacking
them. Biological control work on the insect pests of citrus has been under
way in Taiwan since 1909, and since that time, the majority of the studies
have been devoted almost entirely to the cottony—cushion scale and mealy-
bugs. Recently, in order to develop a more available integrated citrus pest
management program. This program involves: (1). Screening the selective
insecticides that favor natural enemies, yet control the pest, or reducing the
dosages of pesticides to favor natural enemies of the pest insect. (2).
Increasing predation and parasitization through use of supplementary foods
and kairomones where naturally—occurring biological control agents require
augmentation. They can be used in conjunction with releases of natural

enemies. (3). The role of the secondary parasitoids thould be investigated.
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Summary

The citrus psyllids, Diaphorina citri and Trioza erytreae, are the vec-
tors of a bacterium-like organism known as the citrus likubin. This paper
included the descriptions of their parasitoids and predators, the case studies
of using these natural enemies for their control, and the causes of success

in their biological control or integrated pest management.
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