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A Review on Development of Citrus
Indusrty in Taiwan

Chun-Teh Kuo, Chour Tsai and Min-Tze Wu

Food and Agriculture Department, Council of Agriculture, Executive Yuan

This article reviewed the development of official guidances for citrus industry in the
past 25 years, which contained organizing and training of farmers, establishment of citrus
mass production area, encourageing joint management of orchards and executing 'the
Development and Conducting project for Citrus’ and 'Reducting Production and Marketing
Cost of Citrus’. In the future, the policy of the citrus industry will be emphasized on increas-
ing fruit quality and productivity, reducing production and marketing cost, supply of virus-
free and diverse cultivars and establishment of efficient extension system.

Key words: Citrus industry, Offical guidance, Review
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The Execution and Outlook on the Project of
Reducing
Cost of Citrus Production and Marketing

Mei-Hua Huang' Gy-Shyong Chen? and Der-Ren Len?

Setion member!, Head of Fruit and Flower section’ and Chief of
Sepecial Crops Division®
Dep. of Agriculture and Forestry, Taiwan Provincial Government

Summary

In order to reduce the production and marketing cost, improve cultural practices and
improve fruit quality, the project Demonstration and Extension for Reducing Procduction and
Marketing Cost of Citrus has been executed through the cooperation of agriculture special-
ists and extension personnel snice 1991. Demonstration farms of improved orchard routes,
more machinized management and good ability in production and marketing were choosed
for extension. This project has shown some improvement in fruit quality and productivity
from the accounting data of demonstation farms and they will be the model for the project
and the extension scale will be increased in the following year.

Key words : Reducing cost of production and marketing, Demonstration farm,
Mechanization management
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The Promotion Policies of Lowering Cost and
Improving
Performance for Citrus Farms

Chao-Lin Tuan

Associate Professor, Department of Agribusiness Management Techniques
National Pingtung Polytechnique Institute

Summary

The main conclusions and suggestions of this paper are listed as follows:

1. The cost of wage, agricultural chemicals, fertilizers and garden reclaimming to the citrus
total farming cost are beyond 80%. The manager must lower these costs.

2. The hours of harvesting, protecting and trimming to the citrus total farming hours are
beyond 60%. The manager must adopting the lobor-saving and time-shortening
devices.

3. Focusing on quality management results in increasing profit.

4. Reengineering the citrus farm constitution, reforming to become as a agribusiness, and
adopting cost lowering, differentiation and concentration strategies, will produce synergy
for the citrus farm.

5. By the technique transfer policy, we must transfer the cultural, managerial, processing,
and touring service technique to citrus farm managers.

6. By the human resources development policy, we must provide the learning activities to
the farmers, upgrade the human quality, facilitatedly adapt to the environment, and
effectively solve managerial problems.

7. By the governmental support policy, governments must improve the industrial environ-
ments, build the systems, and subsidize, to promote citrus farm to operate better.

Key words: Lowering cost, Improving performance, Promotion policies
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Diverification of Citrus Cultivar

Hsin-Tszu Hsu' Ming-Hsiung Leu?
Horticulturist and Head', Chia-yi Agricultural Experiment Station

Professor’, Department of Farm Management
National Chia-yi Institute of Agriculture

Summary

Citrus, one of the important subtropical fruits,has more than 40,000 ha of plantation in
Taiwan. Due to fewer cultivars, as Ponkan, Tankan, Lieucheng, Matou Wentan and grape-
fruit, overproduction and marketing issues occurred year after year. In the article, We
discussed the reasons and purposes of diversification of citrus cultivar and proposed some
measures with a view to relief the overproduction and labor issues for the citrus industry in
Taiwan.

Key words: Subtropical fruit, Diversification of citrus cuitivar, Overproduction
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SMERERRAER S MEE LR RSIFIR A RE £ 127
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BB ALGHERSE > LREBEEHER  MMEBREHELAHAMEXESEER
A BEHE RS FAESHT o TEA ISHCHES  BIKBIERTHESR - TEKZE - D
VR GEER o AEHEE 1983 EEAEY - VT EREREZREERE - LUBERE
HHREA o ERERSZIEHESET SRR % > EETHF8EF  FHRBIIE S
ELLF > MEEATEE —EH A %A i - 51K - UER - BERGHEEEESE
“EIUTE% - BASSIESES  HETHUERPRE - FiffsEe MR EF SR 0K
HERIZ o 1988 AT S, 0604 - RERIRAETEN - ERRNNER > YBNER
IS0 A EEER FHSK - TEHTHEEHAF4EZEZEL EE Hamlin * Marrs early
LIRS 2 M RIS > 5 17.5% > Fortune x Chandler 5 * 560.7%  $HFEHZ RETHE
FEZ IR - (HERIESE » IBERRE 22 E RN 2 IE I BAREERD « BAZ —FHH
EERBERER o BXHABRERAT LA  CYREF 107 EFERE ~ D7 -
B E R IHESR S G - LB aASEm R E -5 -

BESRED MG - HECHTE - SECME - BECH -~ PR

Al

MIFESAEREENRE T —  BSEARENERAE  RABRFREELERRCALM -
R~ B RS > BB E A - BRARASEME RIERH S E - EFhE
SRl UL ES RUSIA VL E% « Fraf@s B8 Ry BXEEARAFEER
B~ BN  RaERS NSRBI S ERRARE o HREENEE P Rt
FEGE ~ SEENE BHRBESEEN - AR - ARBERERENETE o AE
BB AR S A SK eSS CEHERERS  BXTEE Y HEBRE
FEEYE . BRKE SEFZESHEEL - MRBERMERVELEN, EEBRS KN
67,2326 , Bl fEfEFHE—FEL LMK > BE —ESE MK (Sexual embryo . Zygotic
embryo )  HIZHIIHEAR XD » HBBI UM (Nucellar embryo ) » HFRUHHBH Z¥)
L 4R (Primordium cell) ML BB » B2 B HEBAMERE - —RIBES
R FHITBLE > § -HEFTOFHEREEAT K25k BEBEE  BXH (1K) 2K
EREE > HESE S0 o mt EK/B\JKE’\Jﬁi%%%']ﬁﬁﬁ%ﬁ?ﬁiﬂ@“k@ﬁ o it
SRETEEE TR AT DIEEA T e B (T8I0, praefEir chify B 185
Fefa @130, mrpmigmeS G158 T DNA BRSNS @ > (ENEEREE AR
DUEBHEE B E CHETRN -
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AERFE MRS - XCHEBEKM > SRR - N - NEE - SERB SR
(ERFAMER  BBEEHEZEZE - AFEAIECEE T REHMH  DUSRSISEMRATRE - #
BETAMEZ B RS > £ EAPTE 20U EY  SHPONR10E 148 5 DULAIZ
Y - A TEZHRE  IIBHS 10 SHESEIME - ERKEEESHSE - BT
AEFHICE  CARRUERERTREMELNKE - HRAREFHEREY KEZEER
MEERE > SRUKHHEAERNETY - AERENETSHE > —RIEESX > EKY
ABERKIE o

far ~ MR - SRS BIRER D - BASNETHRES NS » BEETH
FBREPREZERER - ENARTERENS - DIELREBRATRESE —EHEZ #
A2t OO0 o IWEEIREI A S L STEF » SR KEBESE > BT EENAEA -
S R R [EEE TR ERET  BEA FEF T AR -

BV H A SERESMN
—MH
1.8 X ERE - LUBHH -~ i - Wilking ~ Fortune SRFARBEHEE > ®5E Hamlin ~
Pineapple ~ Valencia ~ ¥l#& A HMMHEEREES - SWETEHERER BT
2. WM EE - UM E X HAEEAE Hamlin ~ Marrs early > Pineapple S5 ~ 4§
1R ~ IS RERC -
3. HAEERAE G USSR SEREEYE Hamlin ~ BIEHER - 15 RS AN HEER -
-
£ 1. FEHTH AW E T SE NS

HEZHEE WY &E HZE R

A x BRI 1% i 20 A 2 a4 ~ MHEE RS

W x #E 1% 18 B0 5 18 AR ~ DFF - TBER
X H x &g & B4~ D - mEER

X B x Rt & M B0 E B M B4 - WEBRE

1B x B8 Lemonage"® BASBEERTT

Fortune x 1 3# #] % 1 kEF ~ IEBER
Fortune x fif fif L& MR - KB

Fortune x #I1§ 1% 18 B EE 18 X~ KB

(&g )




RS ERE - R NEE  BEEYIE 45

HRXERZETHET

AN TH 1 3 R P SVEHRIL » BULTEY - #gHE » B—IBENENAESUEE -
S IRIEE o SRR AR THETE o 38TE% 06 (B F BB RBRIF2HCH  BER3AT
o BINEENETE LT 1% > EMNESSITERE - UZRELEERA - ETHEXE
> ARSI E RS i I DI o DS T EZ W -

A EE 1983 FABIIAISY » ARG EEEE _BNTHE - RIABSRMEE £
T [ BE P T BB T S B o EAY 0 SELABTIRERE « B2 2= BRI E RIS AT - 10
Z LA 2 R e AU D o EHRE S FERIA B FINEIARZER TUREYY B EAE - PR LN B
ATETI A B DA RE S IS B R AT B @ B BE AR o N PR R
S a2 Y o MIREETR  HHESE B INY - HHERY BEE o B DUBM S A IE RS
B o pSEF EHE > EREMIHEE.S SE3  SEGEETONTY - BB EA A A R R B
A O o DUSHRE PIRS RS - LB LM P - B E A ROR S  EERE - B
SEE SN SIS o Bl R S R 2 B E L 1Y o gesh o L
HE PR 2 BRSO HE S AT 70 % UL R R 2 B k@ D TR DT R
ZOEEBOAS ] o LA o MBS % RSB BRI BLABIEE L
R o

FEAS LA BRI F » BECH - 1R - Fortune ~ Wilking % » HAEXCHE
TP 2 G YIS A o AT — R T 2 P AREMEN 2.0 E 3.9 - iiE
0,621 fEAE 1 » JAHHEAS (8 3,819 bk, BEF L HERCHEER 39,7 % o F Z MBI 1.3E 1.7 »
EHE 648 (EH (- AT ATO MR » BEFZ T 72.5 % © Tl - Valencia F S 2
$al i -FARIE - 1&fE 838 EFET » WEBMATH 34tk » AET 2 HECHE 4.1 % © HI#ELL Chan -
dler KA & ML H 215 6.6 % o KBNS Z 0 (%2 ) o BIITBBL %0 RS R BHE o

7= 2. SO REA e v AR 89

BEA X 7N FOWBRE U CPYMIIEB EESR BB By
18 M Hamtin ~ 4 2,636 9,621 2.0—3.9% 13,091 3,819 39.7

Pincapple ~ M 11 il

Valencia ~ fiij % fill

EXE Sugar orange 60 648  1.3—1.7% — 470 72.5
Hamlin ~ #l K%

GFEY O EHEEY — 838  4.2—8.2% 1,090 34 4.1

ik Chandler fili - 379 9.5 57 25 6.6

i 254 — 30 6.5 47 0 0

2. RE AR R -

y. FECEE = (HEACH I/ RET0) X 100 % o M LIER TDREEIE L -
x. BRI E R B AR IEH o

w. BIEHIRE - FAH ~ Valencia ~ Pineapple ~ Hamlin 5450 fd o
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3. EMERIE S R

I L w0 16 ® B
81 824 834

% #H x Pineapple 77.3%80.2 42 4 5 9
#tH x Valencia 77.3%79.3 198 31 32 66
#4H x Hamlin 77.3%79.3 165 65 24 55
A x B A 79.3 % 80.2 85 1 5 22
A x W04 80.2 48 - 3 9
Fortune x Chandler 78.3 26 4 8 9
1% x Sugar orange 80.2 17 - 2 8
HEER x D4 80.11 49 - 4 12
&4 x Hamlin 80.11 14 - 1 2
X H x Marrs Early 78.6 £ 79.4 961 8 3 100
X H x Hamlin 78.6 £ 79.4 1,014 9 - 109
X H x fEAH 80.11 £ 81.10 94 - - -
XCH x HiiE 80.11 % 81.10 311 - - 1
S H x Pineapple 81.10 513 - — -
B R x fEtH 82.12 252 - - —
HibiH & 77.3 %2 80.3 81 30 18 19

=) F 3,870 152 105 421
*FEHH : 83F3H

AR ERMEKETS

REEAZ B EE 1988 F 3 HlkEfEtE » FER ISHXHEE (K3 )  #odLIkE
0.4 £0540K > TH3.0ES.OARKETEERR » EENRFEZESAT > 515,960k  {EEKIR
FEBMER > NI 150 A7 EBRER » SHRIGHEHE BRI AK EBRERE o BB 2w
,HERIIMAZE > LUBUD RE o BRAE RS RIECEHERMESRS » 21994 F= A1k HE=
TNBEME (K3 ) « AL —-BWEE  ©EHM x B.E# > Fortune x Chandler °
X Hx Marrs Early > 3 H x Hamlin > ftR4ERREMMEASHEE - L8 Cameron and Soost
(1974 ) Z$EHEE -

WA ELEHAE S S LB A B E TS - 84 IR < HU AR oAy 4 B A AT e i S B AR A R RS
H% o MBI BRI R ABIEERREMN FBRE (%4, ) - BENREEEEE RS/
BRI o W ERFBE - ERMIBRIENRAS 2 ERFE I ENERID ERAIZEE o
HZHEH " - —FRERER > MABERTE TR AR REE S » R IE
BRI AN EM o

MR P B E S - B - > FERESEER - IREREERR > R
B-MHBRSEECFRHRE o MR SEMS EERE T2 EEE =5 > (B
FEZIEBEREE®ETHZ 7 o it - M A B SHEEREIME S ST §HE - 85 - 13
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18 Valencia, Hamlin 707 25.2
Pineapple

1 1 6% 1 A 50 62.0

Fortune Chandler 32 87.5

X B Hamlin 582 88.5
Marrs early 509 93.3

1~ AR SRR T o BNRE SR ETUR AR S A BEREER AR — o S
FRZ ARBE » RBTHEZBEHEN =S4 ESEBER - ZRAUPENE -
FHHETE R B 1993 1% OodE RSN - B/ BoEdRIL - BRIBER IR - BUNEER
2 BRI 2 8N (aging ) A BIEERIEY © 3 Matsumoto & Okudai® Z#i7T - MG
BB S - BRI ZEE > HhiRE SN o Rt X E AR ERER
Rr 3 RR ° #% &SRR EFLEE ~ BOE Rk SRR B3N BT B A R T2 B = st
UD o SheE M2 WMk - TTRER BB S A B S RZR M S B

BREHKDE

YR (Juvenile period ) BREMBHABR L — « EMAEFEEZHOME > 5 -
ASIEE% 0 SFERIE 10 % E£20 %HIEREITE D « A ESUELHEMENHM - BEHER
HEE  (BREGE BRI > HEC TR R - RIEEENRE

EMZ B F1 HIEEL AR (REI% Y] - TUZEHE - Fortune ~ WM ERAE €L
2 BITEEYIER 50 % » CHEEME S HACTHE 255 % ( £5. ) o AFTEEEREETE 2 HEK
HEMSE 2 BITEERE 28.5% » A—HCHE 2R aE S WHEERFRICHE
] o iR EAEPBEAL 1% R HINTEE DR - DUBRARIRE » W hEE @) AR -

MR B 1992 S BIIA E B S EARBATE - AN B TE LR AR/ N - RIZ
SRACFERT S 2 2R TS B R S 2 S5 S - (RS —amE @ > Fitt  HOBEEE
MR ERBEEREEE - R o HERBITERE > 1992 F 152#F > 1993 £ 105 % -
1994 F 4214k (£ 3. ) » REFRDH - R 10tk - HEEFERMEFINEK 6. o bk P363 -
3 5 P158-2 > ~ H443-2 ~ SV32-1 - V198 -4 F VL112-23 Biitts - HEF VIR
Vi o TEHATEE — RAEAEES - T BISED - FEAE - P363 -3 BN - BEE  H443 -2
IS - B - KEATL B SHE ) P158 -2 AKE - SRES - MR
V1153 % V63 BH%5HE (Tangor ) * BIE RAMSHIL G » BERHHE > Ve3RIPA - BEH
1Y EAERD ) FSH19 2 B ~ BURELE & - AERmESE M EWE > HETES - 7128
R E S RIS B A S I — 4 5 - hMRIEZE - [RESE SV32 -1 X FSH19 Bk E
W HEEEBERE R E 2 RS URE T -
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®OEAFCHEREK IR

BEZE (%)
VN xRk FEKREK
WEL  AE4E

e Valencia,Hamlin 146 23.3 50.0

Pineapple
f At ik 1 feh 35 64.7 —
Fortune  Chandler f# 25 32.1 60.7
WER M 15 46.7 71.4

Bk 3
X H Hamlin 815 — 25.5

Marrs early

w5t A XA BREH R E (g) BEECHR) BE(Y) BFH K E(m)
P363- 3 # M Pineapple 1LATE 1771113 139401 080+001 & ¥ 49104
V63 # M Valencia 12AL4 24441242 92104  098+010 68+25 35106
VL112-23 Valencia # 1 HATE 17041391 11,705 0721003 36%52 43105
H443-2 # # Homlin 10ETH 12321109 121407 0704002 62%38 34404
SV32-1 % M Valencia 11HTHE 206.5%36.1 104105 088011 40t25 46103
V1153 # M Valencia 12RLE 2003%68 126106 087£0.04 70112 37403
FSH19 Fortune Chandler 11 A#E 5389 £70.7 8703 0801007 360172 58105
VI109-4  # M Valencia 12ALEE  3398+29.0 95+03 1081028 368+ 36 38104
P158-2 8 it Pineapple 11ATH 17321430 126103 1391018 132176 4101
V198 - 4 # M Valencia 12FHE 2049+ 9.8 111205 1541020 1161 3.0 33103
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Citrus Breeding — Identification, Culture and
Priliminray Selection of Hybrid

A-Shiang Hwang’ Hsin-Tszu Hsu?

Horticulturist! and Horticulturist and Head?, Department of Horticulture
Chia-yi Agricultural Experiment Station

Summary

To develop citrus cultivars, 'Tankan’ (Citrus tankan), 'Wentan’ (C. grandis) and
'Fortune’ were used as major seed parents and pollinated with sweet oranges and
mandarins. The polyembryony of some cultivars were investigated for choosing suitable
seed parents. 'Liu-cheng’ had higher number of embryos, but 'Tankan’, Calamondin and
lemon contained low degree of polyembryony and produced certain ratio of zygotic
seedlings. In the past years, 24,000 seedlings were raised and zygotic seedlings of polyem-
bryonic seed parents were identifid from the nucellar by leaf morphology, embryo color and
color of young shoot. A total of 5,960 zygotic seedlings were planted in field in high-density
planting and single-trunk trained. Flowering rate of seedlings of the major combinations in 5
years varied from 60.7 % (’Fortune’ x 'Chandler’) to 17.5 % ('Wentan’ x sweet oranges).
The period of juvenile phase seems to be inherented essentially by seed parent. Seedlings
were more resistant to citrus canker as they were aging. Ten promising hybrids with the
characters of few seeds, early maturity, high quality or resistant to citrus canker were
selected and propagated for further test.

Key words: Citrus, Crossbreeding, Polyembryony, Zygotic seedling,
Preliminary selection
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FEAD BREF? BEI? FTEHE?
P RHTR PR IHHTRATHTR 8 | RFFRBrzR?

BFHEYE o HERROEBREEFER LR L ®  HhEREYHE S E £ 3 DI
EERIPHGE > MR O EEERAYERBELZES  £V2 LR OB EETE
B E I (somatic cell embryogenesis ) & HARE LI (apomxis ) FEALZHIFE » 23 LRI
ARSI B2 O RIS B R R E SRS (virus - free ) » R
# (viroid - free ) X EIREFE B (spiroplasma - free ) SHEEHZERK °

WIRTE 785 Mo BRERNL I R - ZAHIGIBE THR—EE I MAR
(B EHER OB L2 B O EEETH 1 E 10D BB IEE T EE - ER %R
M2 SRR o HE BRI OB B E - R EEHRORZREE D o« KIFR
FERRFEMBHROMERZGHY > HIEABENEZPEEER - REERMERRL
B EH LI EM U LT RE - AR ZE ORI EIME QAR E X BRR DL
RERE > THROEETETREABF  BE0IAEEELS - B1 BRI XEXRLE
MBI ERESUE LB ERIFK -

RO ZREZEREMCZHOE  FMESEEFEMEERICEERR » LUERX
BEAREEZ/NEEBREZA - ZRMHBEARS R OB CEEVR > MIDATEREFEE
SR O RER D ©

RETROETEER  ERERECEETE > RO ORI AIEERER
EEBRELRZHOE - ARREASELH L BB B — ARz i EE > mR 1 - At
WEEE > B/ HEEECETERAT 285 A AR RS TIELS -

HEPRHRS OB BT LI 2 L > HEREER O 2R B 2R DR < HE B AR RS S
B> IRBAER - Al (EE T2 2 SREIE o R TRIERC HE AT EEEREkRERE
(vector) % > BJ ] “FE ik - HAMESEIEHE (Agrobacterium tumefaciens ) Z &4 » ¥4+
RERBAEYMEE GRS > DUEERNERES  REFTEIEN - FKARERRRRE
DIZITHE < H AR E > SPI# E (Lepidoptera) ¥ E (Coleoptera) * BEIPTZREAAD
F a8 B > B EYHRGRE - AWM o WEXAEE TRZEREIEE - AHE
FE BRI RS - HTHEMEE R (pBinAR - BTT) %5 B #E] Hallym Universi -
ty, Dr.S.L. Rhim ZFUHFSEERE (pWB139 / WAgl1) R1BH EEFEHE - 25 Z Wash -
ington University Dr. W.M. Barnes, #8258 B B e 1% 2 B DAL - B LB DRE (
2) RERLH (E3) EARBEESERIRESEASF  MEALBERZECEEHN
a5 - anE 4 AT ETa A BT E0E o

BRREST | VIS EREIE - ZROK - HRUE - 1



54 CEMBZHABERFTEEN

® W

HENHRBHRORZFEERHROEZME BENRELZERNT @ 1. EZRRE > 55
SRIZIEEEE > DEBRERE - 2 FHKOCEBHRARES BRI  THEKE
BOEMBEEAREE - 3. BEKOKZBE  EXBALRESHE o 4 R OMER
B LI 2 BRSNS E R E SR O R OE - RARECRBREY ERMET
18 » WBR LB APERAT ) BRS A  MAMBLEY > SHRGUERERREE » L
EER SR ABEER R PTR SBEER - FHEETSMHEE  E5ER 3G
ABEPAERT KRB > BlESERRI—TEZELREMEE -

£ LB O E  BROBEZ LR EBENREEL -
Table 1. Nucellar embryogenesis of Citrus in vitro and growth of nucellar

plants transplanted in screen houses

Nucellar embryogenesis of Nucellar plants of citrus in vitro
citrus in vitro transplanted in screen house
Polyembryonic species N gy ap o _
G RBAT E&ESH I LIEN

Citrus aurantium i 55 8 7

C. jambhiri R s

C. limonia Bk 36 36

C. reshni (Cleopatra) XL 33 23 5

C. sunki e 1%

C. reticulata cv. Ponkan KE FH

C. sinensis cv. Liu Tzen & 43 20 3

C. tankan cv. Hai Li A 10 27 50

C. hybrid cv. Murcott wE 12 20 10
Poncirus trifoliata bing=21d 4

Monoembryonic Species
C. grandis
cv. Ma Dou Bai You B B H

= 23 50 2
cv. Ma Dou Wen Dan  MEXEH

163 163 94
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/. Huang, L.C., W.L. Chen and D.S. Chiu. 1988. In vitro graft —enhanced nucellar pllant
development in the monoembryonic Citrus grandis L. J. Hort. Sci. 63:705-709 °

2. Huang, L. C., W. L. Chen, K. Y. Yeong and B. L. Huang. 1990. Hormonal require —
ments for proliferation of pseudobulils in citrus nucellus cultures. Bull. Acad. Sin.31:
211-216 »

3. Tisserat, B., E. B. Easn and T. Murashige. 1979. Somatic embrygenesis in angiosperms.
Hort. Rev. 1:1-78 °
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TR B
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Fig. 1. Nucellar plants obtained form nucellar embryogenesis in vitro of Citrus grandis cv.
Ma Dou Wen Dan growing in Taiwan District Agricultural Improvement Station,
Hsin Hue Branch Station.

B 2 REAE 2 P S BRI © /7 BB 2 O IC RS B R 2 A AN it 2 Kanamycin
ZERE > BEROCHEAREMESCMER, 6 RORERASBER ZEA -
Kanamycin, B0 BT o] #4185 LT o

Fig. 2. Insect resistance for beetle via nucellar embryogenesis by coculturing Agro for

gene transformation of C. reticulata cv. Ponkan mandarin. Left: control embryos
failed to development in kanamycin involved medium. Right: kanamycin stress
selected embryos.

8 3. HTH! S22 K SHE 2 MM BB 2R 08 o

Fig. 3. Insect resistance for beetle of Ponkan mandarin plant growing in vitro via nucellar

embryogenesis by coculturing with Agro for gene transformation.

B 4. LT TR DT #2888 > 68KD » 2 Pu B o
(O) BESEOQZHBHEENK - (O~@ )3 XAEEEk 2EFBEAZHE -

Fig. 4. Western blotting analyses for BT gene transformation for beelte resistance on

Ponkan mandarin. 1. control plant showed no detection of toxin, 68kd. 2 -4, plants

disclosed the presence of toxin as arrow pointed.
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Citriculture Applications of Nucellar
Embryogenesis in Vitro

Li-Chun Huang', Yu-Li Chang?, Huei-Yue Han?
and Bau-Lian Huang’

Research follow' and Resaerch Assistants?®
Institute of Botany, Academia Sinica, Nankang, Taipei

Summary

Nucellar embryogenesis in vitro is being exploited for citriculture applications: elimina-
tion of viruses, viroids and spiroplasma; rapid clonal propagation of rootstocks; induction of
desirable somatic cell mutants; and genetic transformation with agronomically useful
genes. Nucellar plants of two cultivars of C. grandis, Ma Dou wen Dan and Ma Dou Bai You,
have been transferred to the Tainan District Agricultural Improvement Station at Hsin Hue
Branch station for pathogen tests and cultivars performance evaluations. At least ten
species and cultivars have been propagated by nucellus culture and the plants released to
the Taiwan Agricultural Research Institute at Taichung, Chiayi and Guangshi for discovery
of possible desirable somaclonal varients. Through collaborations, we have also generated
Ponkan and Tankan plants from nucelli that had been co-cultured with Agrobacterium tume-
faciens carrying Ti plasmids containing Bacillus thuringiensis genes for proteins toxic to
coleopteran pests and lepidopteran pests. The plants are being muitiplied for detailed
biochemical analyses and insecticidal evaluations. Three plants have already tested posi-
tively by western analysis for the coleopteran insecticide.

Key words: Insect resistasnce via gene transformation, Nucellar embryogenesis, Nucellar
plant, Citrus



=0
HERG B 3% B ol U8



W ERRR A G ERZF(E59~70(1995) 59
Wi RERERSIEESTS

EFTR! IRITR?
FRAFRESTREZEARA AT ART £1£2
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BNENMHREERRESR > ETEH (NAA) GREBEERBEZHE > EFEHES
PUEE R o BREREER 7 BILL0 ~ 200 ~ 300 ~ 400 % 500 ppm NAAREN S A LA » KBtk
S0 HZ A B ERPHMA o B NAAE - AEEZFRREBR - EERHEHEED - HREME
NAA R ZIZIITIEN » — % 2AREE 2 IEAHR - A NAADIBIR » TEIMRERARL
teEs s (ARESNBERR TR - REIE  BEECREMAEEEER - EENFEKE
BT BRRAEERMEE - FERRT  BEREY - ERNTHRESEIREE
ZHR - S FEZEREFEKILFEERYE - AREERET > HREHERAEEGT—F/ER
B ERE AT STRDME-NER SR AEER > BBRREZKE  LEVREHERE
R o

BIERED : fAl  PBERR BB RIM - OEWER-

B

BEFMHAESRERFHERES  HERS R4BRRBRERE  BHHETLERESR
BE (220 BREEFEAREREMEBA ~ NEEER - BERFERSM > KEFETHRREH
Bt —MEREENER ATHRREZEARBEEBEIRS » DEHERR > EET - BR
%> HRBPZEABRREZIGINEEZANE > (HEE - BREZREN A8 > TJIREHERT
B G, I FEE R REREGRZ ERKER o HFIE KRR > TR
DB ZIBFERBAR O o a2 8B SFANHRNRR - & RBEL BTN L EEKEK
BEEAEZEE > UNAATEGTEYRSER T2 o BJNEMEL 200 2 30 Oppm NAARAE
HRIIMER - TEHREEMIOI1220 o NAA 558 400 F 800ppm FEF FREH BB RIABER 11
REZYIEHER » BB NAAKIRZ BEEXR 350ppm > HRHEMHE Y BEFRRERA® -
Kt ,NAA EARE Z B R B AT FE ST -

FIAZHIZR > BIRFIRESEBRERZ FE » ZLE R GI1215161920.20) « GRS « 8l
IS ERBDER KRR OB F MY - FESEHFSBMMATHRR » HE /R
MEFFE S0 E 100 B AE © o ARHFFTIFETREMH IR R 5 B2 Bl e B sl R TR 2 ABRRE - 3
FEMEEEZSEER -

MRS E

MR
1991 £ 5 B 6 HTH SEZE 6 BN ERMIEFLL200 ~ 300 ~ 400 & 500ppm NAA (Naph -
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thalene —acetic acid,Sigma ) SR TEAFRE R P HIEITEH R AR - 19935 A8 H T 30530
FESEHRETREZAHEE (FBEEERS0H ) #ETE KRR T3 NAAZSHE - ik
REREECLIFERBIEI N 5 10mm [ o 325 EEREE 5517 1979 £ 1983 £ E 1
(AMREESE 12 X 1054 ) » BEERT > HERFITTZENHEER - HBEETL%E
W e BEE B SEE - G251tk o AR ZHEERE R LB AR - B
PRI o BHREBGERR > MEZRBESINMN26E28CH > ZERZHBHENN0ZE
80joules /sec /m? > BEE/MFL 50 E 200joules /sec /m? ( B NAA KL Minimum Data
Set Recorder L11200, Licor » E/&EHH ) > MEMHZEL —BNIR TN o

—BERE

EEEE4H 180K #B— K BFIFAF6 AsH » ShAETHTINE 2 E4 2% 20
¥ X FLMER XY HERAE G 2R ShATAEZHRE  BAKBAT
300 400 8] - HEEE 4 A 20 HERAESD RS SHAT 2 FERE 1568 BREEE
SA1I8EATR2HFAEL - HEHEEZERF > SHRATAEZHREIBAKBHNR 500
800 [ o

—ESHE

REM N ATAE 12 BRI FHAEEBNAER - RERAFATHEREEEE  ES
EFE 1991 £ 1993 FZ2ERE » 1993 FF sHAERRERIIALE - REREFIRK
%A IR R TR IR R i
MREsRESH

R REE AU E S# 1.5 ARBEZRE 208 » 2 &E - RERTE  BELFENE
HEHEIE > BRI NaOH B ER BB S BRI o BE - REEKEBELUHFEZERHAIE -

EREIS

—NAABREBUE

EEVWHEZERATE191F4 5 18HE » &58—K > HZIFFE6 H8H » NAAKS
Be6 HEEmpaR o ManmBEasigEtt > s B 17 OBERY (E1) » 8#Fion (EHF
FId ) o B BT B R 2 R R AR EE R o EAKENRHLER > KRB EEEY
FREME > NAABRE#HEE  GREKEEA (F1) - BAEERER (H1) > EHENEH
ROv& ERFHAYSME » HERSEE AT NAAREREEGN -
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£ LU NAA SR E AT ROV 2 ( FE58aA B0 )2
Table 1. Influence of NAA spray on fruit thinning of ’Ponkan’ in Chiayi orchard (1991 )?

Yield NAA (ppm)

¢ Control
components 200 300 400 500
No. fruit 836.42 467.4° 513.5° 466.8° 340.8°
harvested
Fruit drop (% )Y 45.4¢ 74.6° 78.82> 89.32 89.8°
Yield (Kg /tree) 162.7% 110.5 121.5% 105.1° 87.6°
Fruit Wt (gm ) 191.6¢ 237.9% 231.4% 226.7° 257.4%
Larger fruit (% )* 48.5° 74.72 80.12 73.0° 89.5%

z Avreage from 5 tree / treatment. Means separation by yield components, using Duncan’s
multiple range test, 5 % level.

y Fraction of fruit drop was calculated between May 4 and Jun 1. NAA was applied on
May 6.

X Larger fruit means a circumference more than 25 cm.

REAEEMN 19939 5 B 10 HFEA NAABK - B KD RBEHRE , RiwEs B 18 =7
H2H - A NAAERBIEESERENER (£2)  KEROHT > EEMEHEBERZ T
RESBEEPIREE “OREARR (E2) - 1991 £ EEEESH 170 BAEBZLHEHER
 (BE1)  MRBEAHEEM IS E235%E41.6 %2R N5H188E7 B2 HEKR
¥ o MELERERA T EIRLE - TRSEREEN IR - % &R HHREBE  ©
MERKE - MAZRHAEEEG BREAELEL > BHBHZEEE  HEFHE62.1
% FHEEA5.4%  REEEHBEEIKZGEWRANS  EEERNRERE - HEEIHE
B - HEBIERERSHES > ABENHEESE  HATEESRFAEZERD » BREH
AEtES ( RMREAE ) - ErRERERE R AR AR - R SR RRE
B o b4t BLERIERME A NAARFEZE 2 HIESEEK 10 E 120joules /sec / m? ( BHE
75k ) B ER5E & & NAARTE L Z 241 19 » B NAAZBRIERYIBHERZ
R ~ BE SIS 9141825 o

BIRAETE A FRERE 2 22 5 E R E M 2ME 2155 > B 200 82 300ppm M EEE =
£ 7 300 ~ 400 X 500ppm HIESHE R > (BYKATEAHBHEES (R1AE2) - lTAWHE
HRABNAAANRRRE —FBs X2 BERE > BIELTERN > REERTHEHESR
(7,23) o

RIBR2ZEBRAFH - BRERAREEER (NAABK ) ARERNRG E8
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Fig.1. Cumulative fraction of 'Ponkan’ fruit dropped after
NAA sprayed in Chiayi orchard. NAA was applied
on May 6. Numbers between the dot line represent

concentrations (x 100 ppm ),

FHRERRES BRI NAARARENZEN  BEXBERN/NLEFHIEBEUREME
ERELRARNTE - BRFEAREEM > AINBEZARTHRAZER & HERFTS
B%E > AEREARMNE/RIL > R ERERGREDEBL/NID o i REREFHE
BAR/NZEE  FHRE - KIARER > MaAREZHRE 200 « 300ppm NAABREE L
o RRFRYHFEER  H-RECERNRZBRRER - PHORELCE=REN - HYHEE
R ERIH ERARAFE o BEFFH NAABRENBR » BUERERAREREIENE
BRI -

KIRERER » EERERE - KEFRREZFRF K% » BETEIME NI NAARK
RZBE > RERZRREERZEENRR - L1200 % 300ppm BH o B HAE N EMH 25
REEEARY 1D (BHERIIMERE E R BERE T MERBRERRZHN > NAA
100 Z 800ppm I H R @ o AW FTHERET » NAABEEBHEHMIGIERE » HNAA
TEBACHISUR % S RN A T E AR © A NAARSR > EEEEERY
RIREAR o Btoh » EE B NAAFRIEm % 8 F 12/0 K » IRKERER SR 1O Rkt imEs
g0, —HrfEDIFEMRIE R BORBEX ©
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NAA CONCENTRATION (x100 pom)

2. NAA 22 S15558 R OR B AT BB R AR LS8R 74T ©

Fig.2. Regression analysis between concentrations of
NAA and fraction of fruit drop in Chiayi and
Tong - Shih *Ponkan’ orchard.

% 2 IET NAA B EALH B RIVEE

( mEHEEE )*

Table 2. Influence of NAA spray on fruit thinning of ’Ponkan’ in Tong — Shih

orchard (1993)Y

Yield NAA (ppm)
Control

components 200 300 400 500
Fruit drop (% ) AY 32.8¢ 53.5% 51.2%b 46.9° 45.7°

B 62.1° 77.0° 81.3%° 85.2° 87.32
Yield (Kg/tree) 88.22 69.22 79.4%° 67.0% 54.6°
No. fruit 405.0° 316.42%¢ 34828  279.4>  236.3°
harvested
Fruit wt (gm ) 219.9 219.1 227.9 241.3 230.9

z Avreage from S tree /treatment. Means separation by yield components, using

Duncan’s multiple range test, 5% level.
y A, calculated between May 10 (NAA spray ) and May 18;

B, calculated between May 10 and July 2.
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BT REEEER - BEREE - BRE - NE - RE - RESCSaBNY SRS
=# O HRE - RE  REFEE  BEHEEYEHBEELKSK (£3) « Ehakiikz 5
B REARBEMZEECER (R2) - HBERE ERMAETEEEMEMY  REAE
RGBT > FEE - BRIEHE - BRELL 02 o AEBRSER > LINAABE Y ik H BB A -
2N BERRRER N ZHBHELETRER  HIZ LTS SECESSE - HREHES
HRAERREBE/NEGR20H - HERBESETR B0 KBEREN > (X2) FFIz 88
il HERZEERENERNEHAEE - AMEESECHENE (HREEE S 1
® ) BRBEA > EREZEZRAEIFEEMESE (1)  REEEEMNs REREES
BRZIGN - TAEIEES  EREMERE (R2) » ERBREENREE SR T
W REEHRE - MIBEERRE > "THEIMREEELEECLD  (BHEHE  JIEDE
G SRR LI SRR 19 REERER L £ BRI BB R AR HR o

K3 NAAR R R ERIENEE (EERBE -
Table 3. Influence of NAA spray on fruit characters of ’Ponkan’ in Chiayi

orchard (1991 )*

Fruit NAA (ppm)
Control

character 200 300 400 500
Fruit wt(g) 232.2 262.0 241.3 248.5 241.3
(gm)
Length (mm ) 75.8 80.6 77.8 77.8 79.4
Diameter (mm ) 81.3 85.2 82.9 83.8 83.3
Rind thickness 3.66 3.85 3.85 3.66 3.59
(mm )
Sugar content 9.7 8.8 8.8 9.4 8.9
( °Brix )
Acidity ( % ) 0.58 0.51 0.54 0.56 0.49

z Fruit characters among treatments was not significantly different at 5%
level by Duncan’s multiple range test. Twenty fruits of each tree were
sampled from the outer skirt of the canopy in early Decem —ber, 1991.
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MERETIRESHEMEIESRE® » YARERFEREAERMERIHHET -
o EREHE -SENER  MEHRENIZYEE o Hoblyn etal (1936 ) B/ HBREAS Fod &
(Intensity of alternate bearing, ABI) 2RERAFFBERRIZE LA ZR > BERRBERS _F
CERERUZ_FZES - (BREIAWR » TEERE - EEROE - KEFHIE Rib
(12,20,23) {25 B BRSO B ZE BRI FEAE ©

FEE 1991 FEEKEREESE 11108 - E224.90 7 » HX9831H » B EHME »
HE% 7300 {EES00EM > D E106MH » E243LNT ; BREBERBIEHAEERERS
509.1 +237.5(8  EEES113.5 46,007 > HEEMZ ZERAREEZ (NAA) Bkt
TRIEERT—F 2 ERLSEHEM - 192 FEGKERBERS E 114018 > E192.6 07 » D&
208 1H > B 69.6 N7 » HMREREFYE 712.0 + 191.8EEES 139.1 + 32.0 8T ° 1993 4F
BRSBTS 464.3 + 231.6 8 - BB 102.8 + 43.7 A7 © 1994 FHRFERBII802.8 £
224418 » R 169.3 £ 40.3 AT o KELHEEFRTE 1991 811993 5/1NE » T 1992 £ 1994 £
RE o

72 4 R AR RS SR T B B R B R 1
Table 4. Correlation coefficients between intensity of alternate bearing ( ABI) and No. of

fruit of ’Ponkan’ mandarin in successive years.

No. fruit in successive years

ABI#

1991 1992 1993 1994
91/92 _0.942%**Y 0.589** 0.747*** ns
92 /93 0.892%** ~0.701%** 0.934%x* ns
93 /94 ~0.638** 0.472* —0.885%** 0.523*

z ABI91/92=(N92-N91) / (N92+N91). N91, N92 were No. of fruit harvested
in 1991 and 1992, respectively. The others were similiar.

y *,**and *** Significant at 5%, 1% and 0.1% level respectirely.

O N EARIBFAT R B IR B AR
Table 5. Correlation coefficients between intensity of alternate bearing ( ABI) and fruit

weight of "Ponkan’ mandarin in successive years.

Fruit wt. in successive years

ABI*

1991 1992 1993 1994
91/92 0.602%**¥ —0.672%** 0.546* ~0.636**
92/93 -0.536* 0.543* 0.691*** 0.543*
93 /94 —0.445* ns 0.556* -0.530*

z,y Same as table 4.
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Table 6. Correlation coefficients between intensity of alternate bearing ( ABI) and yield
of 'Ponkan’ mandarin in successive years.

Yield in successive years

ABI?

1991 1992 1993 1994
91/92 —0.884***Y 0.482* 0.772%** ns
92/93 0.845%** -0.668*** 0.917*** ns
93 /94 —0.594** 0.476* —-0.906*** 0.463*

z,y Same as table 4.

KRR AT > 1991 % 1994 » NERBZ RFEREEEL ERBENET » AERE - 28
B RERESRRARMESAEZARN (R4ERe6 - HP IR EBERERSRME 25
e ERRFARBEFRUREEGE  HEERFIREERA S THEKE BRI - 5%
RE -~ HESKEFTERERRERCNEZE > WUREBRFLEMER B REMERK
o EBRNEHMZ=AMEFRBELEGN —FZREE  CHEBIHEEEE R
1991 55 648 {8 - 1992 55 531 @5 > 1993 £ 735EEE (K7) » KEERERKREERSR
BEHE s 2R FEEKSBGETRAE 1991 811993 /N E » 71992 811994 B A EHRT o
i LAY £F R 3848 = 4F < BEARFR AR A RO BLRT — F X RE B FRBER S » IRERRHMES
OFFZHERE > 1991 E 1993 B 6091E (N=45 » R2=0.758 » P=0.01% ) » 1992 F 1994 5
60218 (N=40 » R2=0.750 » P=0.01% ) > BIEET (£7) - BRZBEEKkZ "SHE
BB 600fE - iMAHESZHE BEIERRERFERERASFAERIEZR o EAB/N
FZRBHARY - WEZHERSIT > FEREEEZERENS > SRIELGEE=E2 RSl

=x
FE °

7. IR F R SRR BT — R R B ER T BN . S E R
Table 7. Estimation of optimum yield of ’Ponkan’ tree from regression analysis of intensi —
ty of alternate bearing ( ABI') and number of fruit of the previous year.

ABI” No. fruit N R2 P - value
(ABI=0)

91/92 648 25 0.887 <0.1%

92/93 531 20 0.491 <0.1%

93 /94 735 20 0.781 <0.1%

91/92,92 /93 609 45 0.758 <0.1%

92/93,93 /94 602 40 0.750 <0.1%

z Same as table 4.
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Chemical Thinning and Estimation of Optimum
Yield in ’Ponkan’ Mandarin

A-Shiang Hwang' and Hsin-Tszu Hsu?

Horticulturist' and Horticulturist and Head?, Department of
Horticulture, Chia-Yi Agricultural Experment Station, TARI

Summary

To adjust the alternate bearing of "Ponkan’ mandarin (Citrus reticulata Blanco), experi-
ments were conducted in two commercial orchards located in Chia-yi and Tong-shih. Five
single-tree replicates were sprayed with NAA at rate 0, 200, 300, 400 and 500 ppm in early
May, and fruit drop, yield and fruit quality were investigated. The fraction of fruit thinned
was significantly correlated with the concentration of NAA. Fruit weight and the percentage
of larger fruit increased in treated trees, but sugar and acid content of the fruit sampled
from the outer skirt of canopy varied insignificantly for various treatments. The alternate
bearing intensity (ABI) of succesive years was correlated with the yield, fruit weight and
number of fruit of the previous year. The yield to diminish alternate bearing(ABI=0) was
calculated by regression analysis of ABI and the number of fruit of the previous year. The
result showed that optimum yield to alleviate alternate bearing may be estimated by this
model.

Key words: Ponkan, Alternate bearing, Fruit thinning, Optimum vyield
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An Investigation of Yield Components
in *Tankan’(Citrus tankan Hayata)

Chun-Ying Tsail' and Loong-Sheng Chang?

'Assistant, Hua-Lien District Agricultural Improvment Station
?Associate Professor, Departmemt of Horticulture, National Taiwan University.

Summary

Sampling branch yield of "Tankan’ was the product of the number of shoot bearing inflo-
rence, the number of inflorence, the number of flowers of inflorence, % fruit set and fruit
weight. Path coefficient analysis showed that the number of shoot bearing inflorence was
the most important yield component.

Two types of flowering shoots were on 'Tankan’, leafy and leafless inflorence. The fruit
set ratio was 32% on leafy inflorence. There was only 5% fruit set on leafless inflorence.

Key words: Tankan, Path coefficient, Yield component analysis.
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Fig. 1. Developmental changes in fresh and dry weight of whole "Ma -

tou’ wentan fruits.
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Fig. 2. Developmental changes in fresh and dry weight of pulp ball of

"Ma - tow’ wentan fruits.
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Fig. 3. Developmental changes in fresh and d;y weight of rind of "Ma -

tou’ wentan fruits.
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Fig. 5. Developmental changes in diameter of ’Ma - tow’ wentan
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Fig. 7. Developmental changes in absolute growth rate of 'Ma —tou’
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Fig. 10. Developmental changes in relative growth rate of ’Ma -tou’
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Fig. 11. Developmental changes in specific gravity of Ma —tou’ wentan
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Fig. 12. Developmental changes in water content of ’Ma -tou’ wentan

fruits.
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Fig. 13. Developmental changes in rind color of "Ma —tou’ wenton fruits.
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Fig. 14. Developmental changes in total soluble solids and titratable
acidity of "Ma —tou’ wentan fruits.
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Fig. 15. Developmental changes in total soluble solids of Ma —tou’

wentan fruits.
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Fig. 16. Developmental changes in soluble sugars of "Ma —tou’” wentan
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Fig. 17. Developmental changes in organic acids of ’Ma—tow’
wefruits. (A) O =citric acid > @ =malic acid. (B) O =

isocitricic acid * @ =tartaric acid ’ V =aconitic acid ’
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Fig. 18. Developmental changes in longitudinal / transv
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Fig. 19. Developmental changes in daily growth rates of "Ma - tow’

wentan fruits.
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Fig. 20. Developmental changes in growth rates in "Ma ~tou’ wentan
frults pollinated with *Pei —yu’[ (C. grandis Osbeck )
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Studies on Growth of Ma-tou’ Wentan
(Citrus grandis Osbeck cv. ’Ma-tou’) Fruits

Fan-Tswen Lin' and Tzong-Shyan Lin®

Unstructor, Dept. of Horticulture,: National Chia-Yi Institute of Agriculture
Professor, Dept. of Horticulture, National Taiwan University

Summary

This experiment was to investigate the fruit growth and development of 'Ma-tou’
wentan (Citrus grandis cv. 'Ma-tou’ Wentan). The fruit growth pattern showed "single
sigmoid" curve based on fruit volum, fresh weight, dry weight and fruit diameter. The fruit
peel grew faster than the pulp at the early stage of growth ; However, at the later stage the
pulp grew faster than the peel. The total soluble solids (TSS) actumilated quickly after 12
weeks of anthesis and reach the maximal amount after 24 weeks of anthesis and then
declined gradually. Titrable acidity decreased during the fruit development. There was no
change in rind color during the fruit growth ,but rind turned light yellow at the later develop-
ment stage. The segment began to split after 14 weeks of anthesis.

Key words: 'Ma-tou” Wentan, Fruit development.
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Table 1. The influence of fruitsetting on the growth of Spring-flush and sprouting of
Spring - Summer — flush in ponkan.

Type Shoot  Leaf Internode  Leaof Leaf Rate of sprouting
of length number length length  width of Spring- Summer -
Spring - flushes {cm) (cm) (em)  (cm) flush

Shoots from tip buds

Without flower 898 6.28 1.43  6.48 3.32 16.5
Fruit dropped 7.15 6.00 1.19 6.67 3.29 233
Fruit setted 6.73 5.80 1.16 6.59 3.39 0
Shoots from lateral buds

Without flower 469 4.21 1.11 5.67 3.13 8.8
Fruit dropped 575 478 1.20 6.17 3.34 10.1
Fruit setted 3.43 3.40 1.01 5.42 2.70 0

#0. B REW SRR EABYTREZRR (1914 - HEHE )

Table 2. The effects of girdling pruning on inhibition of shoot growth and induction of off - season

flowering in ponkan (at Miao - Feng, 1991)

% of shoot that "7 % of Autumn - flush

ceased sprouting ) with flowers
Date
of
Treatments /  investigation 8/20 9/17 10/17  8/20  9/17 10/17

Control 1.7 13.6 33.3 0.5 0.5 0.2
June girdling + no pruning 43.4 20.8 53.3 13.3 6.7 8.3
Aug. girdling + Sep. pruning 5.5 11.3 45.0 0.2 0.7 3.0

Oct. girdling + Oct. pruning 1.7 11.5 30.0 0.1 0.3 0.3




106 =R 7B RIS S BT

K3 RARENHASIMHTBERAFEFFLZRR (1992F - HERE )
Table 3. The effects of girdling and pruning on inhibition of shoot growth and induction
of off —season flowering in ponkan (at Miao - Feng, 1992)

% Sprouting % Sprouting % Sprouting

of Spring - % of  of Spring - % of  of Spring - % of
flush flowering flush flowering flush flowering
Treatments in Sep. in Sep. in Oct. in Oct. in Nov. in Nov.

Control 73.2 0 65.5 0 64.3 0
June girdling + Sep. pruning 48.7 3.3 68.3 0.4 67.7 0
Aug. girdling + Sep. pruning 69.4 0.8 60.7 0 59.0 0
76.8 0 66.9 0 52.7 0

Oct. girdling + Oct. pruning’

“ The leaves turned yellowing severely at late November in thosee trees girdled at Oct.

R4 PHAEDHIGEHETBERAFTERIBIEIBR (191F ~ BARHEARE)

Table 4. The effects of cultivation and pruning on inhibition of shoot growth and induc -
tion of off —season flowering in ponkan (at Shisuikeng, 1991 )

% of Autumn — flush with flowers on
% of Shoot % of

inhibition Sproutin

Treatments _
befo.re ofte.r Spring - SSPrmg Summer
pruning pruning flush ummer — flush
flush
Control 44.2 53.5 O 2.0 0
Cultivation + no pruning 74.6 69.3 0 3.3 1.0
Cultivation + pruning 68.3 87.6 14.5 8.3 0.2

? Cultivation at Aug. 5, and pruning at Sep. 17. The Autumn - flushs sprouted in late Oct.
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£ 5. PEE R E ST E T E AL AREE ZBR (1992F ~ REHE )
Table 5. The effects of cultivation and pruning on induction of off -season flowering in
ponkan (at Tung - Seng, 1992)

% Sprout—- Numberof % Sprout— Number of

ing flower on ing flower on
of Autumn - Autumn- of Autumn- Autumn -
flush flush flush flush
at Oct. at Oct. at Nov. at Nov.

Control 62.7 0 65.9 0
June cultivation + Sep. pruning 69.0 0.6 88.3 0
June cultivation + Oct. pruning 78.0 0.2 78.3 0
Aug. cultivation + Sep. pruning 78.5 0 86.7 0
75.0 0 70.5 0

Aug. cultivation + Oct. pruning

Fo MMER - hERIENHBEERMIERERZEE (192HBE - 193 5HE )

Table 6. The effects of girdling, cultivation and pruning on flowering and fruitsetting of
next year’s Spring - flush in ponkan (treated in summer of 1992 and investigated
in Spring of 1993 ).

Type of flower —shoot % of fruitsetting
in fruiting — shoot that

with flower without flower

(%) (%) with leaves without leaf

Miao - Feng orchard

Control 30.4 69.6 52.4 18.1
June girdling + Sep. pruning 379 62.1 45.0 26.3
Aug. girdling + Sep. pruning 33.2 66.8 48.5 22.0
Oct. girdling + Oct. pruning 14.5 85.5 28.7 15.0
Tung - Seng orchard

Control 29.2 70.8 56.2 21.0
June cultivation + Sep. pruning 25.9 74.1 58.3 20.2
June cultivation + Oct. pruning 22.7 77.3 41.0 17.9
Aug. cultivation + Sep. pruning 32.0 68.0 35.2 24.0

Aug. cultivation + Oct. pruning 23.5 72.5 40.0 16.3
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Approach on Application of Horticultural
Practices on Off-season Flowering of
’Ponkan’ (Citrus reticulata)

Jia-Hsing Lin' and Lin-Ren Chang?
Associate Pomologist! and Assistant Pomologist? of Taichung DAIS, Taiwan, ROC.

Summary

This study was conducted to survey the off-season flowering of ‘Ponkan’ and the
possibility of regulating production season artificially. The growth of the Summer-flush was
retarded by girdling and root-cutting since June, and the induction of Summer-Autumn flush-
es was followed by pruning, fertilizing and irrigation during September and October. The
results showed that girdling at June had better effect on shoot-retardation and off-season
flower induction, the treatments in August and latter months had no difference to that of the
controls. Root-cutting at June also had better effect on shoot retardation and higher
Autumn-flush sprouting rate after pruning. The trunk healing was slower in those girdled
after October and the leaves were weakened to fall in the winter, which caused the flowers
formed earlier but the fruitsetting was poor.

It seemed that the off-season flowering on the Autumn-flushs could be promoted by
means of girdling, root-cutting and fertilizing, whereas the huge difference among the trees
was difficult to control and the low fruitsetting revealed that the economic production by off-
season flower induction has a long way to go.

Key words: Citrus reticulata, Off-season flowering, Flowerbud differentiation,
Cultivation, Girdling
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Studies on Fruit Growth and Development
of ’Ponkan’ Mandarin (Citrus reticulata
Blanco) and ’Liu-cheng’ Orange
(Citrus sinensis Osbeck)

Yin-Kang Kuo!, Ching-Chang Shiesh?, Tang-Cha Leée®
and Ming-Hsiung Leu'
Instructor! and Professor®, Department of Horticulture
Associate Profassor?, Department of Agribusiness

Professor, Department of Farm Management
National Chia-Yi Institute of Agriculture

Summary

The growth curve of ’Ponkan’ mandrin and 'Liu-cheng’ orange fruits as judged by cumu-
lative fresh weight, dry weight, fruit width and fruit length were of the simple sigmoid type.
During the first stages of growth,the peel grows very intensively in thickness and decreases
in thickness during cell enlargement period. During maturation period, there is increase in
Ponkan peel thickness, no but change in 'Liu-cheng’fruit. We also determinated the change
of the total soluble solid and titrable acid of-juice.

Key words : Ponkan, ’'Liu-cheng’ orange, Fruit development
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Mother shoot

Last {ast Terminal

3rd shoot 2nd shoot shoot

B 1RO maRERgERE (HEERE ) AEE
Fig.1. Sprouting sites of spring flushes (arrow indicated ) on a mother shoot of ‘Mato

Peiyu’.
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Fig.2. The change of the accumulated leaf drop of mother shoots and growth of spring
flushes and their leaves on ‘Mato Peiyu’.
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FLARM G HEREREER ZEEES (%)

Table 1. Percentage of accumulated leaf drop of ‘Mato Peiyuw’ trees at various location.

Orchard Date surveyed (mon /day)
location owner 10/25 1/25 2/ 4 2/12 3/1 3/20 4/10

1990 - 1991 1990 1991
Matou 58 & 6.50* 7.5a 8.4a 9.5a 16.3a 58.2a 71.8a
Matou  FBf[B§  10.3ab 143b  18.5b 19.8b 27.4c  79.4b  91.1b
Matou FFF1 6.2a 7.0a 8.6a 10.1a 156a  553a  69.2a
Shanhua B E 14.6b 32.1c  36.7c 40.4c¢ 80.3d 96.2c  97.5b
Tanei % BlEh 8.3a 11.1b  13.6ab 16.9b 22.1b 653a  70.6a

91 - 1992 1991 1992
1991 fﬂg & ose gy 24Ib 32deb 220 73 84
Matou 5 8 ' 36.5c 402b  61.1b  86.3c  96.9b
Matou  FRMIBE  10.50 30.3¢
19.8a  23.6a 55.3b  68.4a 79.6a

Matou  FFFH 6.8a 13.5a
. 31.0b  32.8ab 42.5a 71.8ab  80.6a

Shanhua 8 E 9.2a 29.4¢

*B—FER-ERN R FOHAEREZEETEE (P=5Y% )
BHEER

FE2 A TORFEHNEHHEEMEZESE > BR2ZFAELRPTH > 1991 ERTH
CEPEESBIE89.1 % X879 AR 1992 £ IR T FRFUBEREE 94 % 4 0 EHERIE
75.9 % ~83.3 % 2 > FRAN1991 5 & 1992 £ 53 BIFYIH 11.5 % K 15.9 % RIBHSHEHIEE - It
FZEHBRERERS 128 AP RER - BMZBTHRiETR - EMEN S MKRFLE
R FYE 84.6 4 » EAZRISHEBE "M 11.5 & XEIBE=/3.9 % - CHEEEHRE S8
BB EILAIERAS -

EAMEBMERER  TEREEWERLEFERNEE YR SEBRERRE (
3)  EELELBEEERBEEN (B3 ~A) BESHAVESIERSHEN T
(E3~B)  BEHELEREWEHEMK (B3~C) » BESTEBSERELTFH (H
3~D) MEZEEES (E3~E) » HhFEHETEKBMER /D » [REEIF|ELLEB  B5E
MEGEBERFH S HTE » BEECEBENRD » FEEERFRESHTE - WERLER
REMIEN » ERELS L2 TEM - IS M REBEZSFEEL » AHAREEMAYLE
EMEETFE6.1cm - HABHERFH ( SFERELR ) Fi94.5cm - EERFH
(BEERRH ) REFYIB22om > MEBERREEBLEEREZEE  LEBRETYE
4.8cm » BIBLE M R EIBCE = e T 95 B0 3.9cm & 4.0cm ( R 3) o HE L Z BN
F4hulil > BEBRLIS 4.5 K WEUTR (SHERERFS) &F983.0H 0 &
B IEATERNENER B S T2 43 0 ABE TS 39F » BIEE=BEIF
¥E3.0F > HILER - BHE AT R EINNRENER BSER —BEE -
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2. MEAMEMEHERE
Table 2. The percentage of spring flush of ‘Mato Peiyw’.

Orchard h of Flushing rate on mother shoot
Year location spring Last Last Termial
owner 3rd shoot 2nd shoot shoot
flush (%) (%) (%)
1991 Matou 2 OAE 89.1a* 6.7a 14.7a 78.6a
Matou o Fa] 28t 87.9a 3.6a 15.6a 80.8a
Average 88.5 5.1 15.2 79.7
Matou Ok 75.9a* 2.0a 7.3a 90.7ab
1992 Matou ZPaIBE  94.0b 4.9a 12.3b 82.8a
Matou F¥0 83.4a 1.0a 8.9a 90.1ab
Shanhua #HBE  83.3a 2.8a 2.2a 95.0b
Average 84.1 2.7 7.7 89.6

* 7 —EERA-EMNEXFOHREREZRNEE (P=5) )
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B 3. e 2 mEREE

Fig. 3. The kindes of spring flush of ‘Mato Peiyu’.
A,Vegetative shoot ( & ¥1X ) B, Leafy inflorescence ( ## 1L # )
C,Leafy inflorescence with terminal flower ( # 3£ B JHE # )
D,Leafless inflorescence ( fE¥ETE 7 )
E,Leafless inflorescence with one flower ( £ Bt )
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RIMIEMERPFIRE
Table 3. Average length of spring flush of ‘Mato Peiyu’.

Orchard Last 3rd shoot Last 2nd shoot Terminal shoot

Year ) A* B+C D+E A B+C D+E A B+C D+E
location owner
(em) (em) (em) (em) (em) (em) (cm) (em) (cm)

1991 Matou L K 62 — — 69 45 20 87 49 36
Matou M 5.4 5.0 2.5 5.6 5.2 05 81 49 1.0
Average 5.8 5.0 2.5 6.3 4.9 1.3 84 49 2.3
Matou # & 50 — — 40 33 12 50 45 19
1992 Matou FIBE 4.5 3.3 2.7 5.0 4.0 20 52 43 19
Matou FFH 45 — — 5.0 3.3 24 64 63 32

Shanhua BHIE 65 35 20 69 40 28 68 51 27

Average 5.1 3.4 2.4 5.2 3.6 2.1 59 5.1 2.4

**A,Vegetative shoot B+C,Leafy inflorescence and leafy inflorescence with terminal

flower D +E,Leafless inflorescence and leafless inflorescence with one flower.

F 4. M OMEEFIER
Table 4. Average leaf number of spring flush of ‘Mato Peiyu’.

Orchard Last 3rd shoot Last 2nd shoot Terminal shoot

Year

location owner A** B+C D+E A B+C D+E A B+C D+E

1991 Matou 2 AE 43 — — 47 41 0 47 2.9 0
Matou ot Ba] B 4.0 2.0 0 4.0 3.4 0 5.6 3.7 0
Average 4.2 2.0 0 4.4 3.8 0 52 33 0
Matou ;O 43 — — 35 3.0 0 43 33 0
1992 Matou 2[5 By B 3.2 2.0 0 4.9 4.3 0 5.4 3.9 0
Matou FE¥F 3.0 — — 3.9 1.3 0 5.0 4.2 0
Shanhua B E 45 2.0 0 49 4.0 0 50 4.0 0
Average 3.8 2.0 0 43 32 0 49 39 0

**A,Vegetative shoot B+C,Leafy inflorescence and leafy inflorescence with terminal

flower D +E,Leafless inflorescence and leafless inflorescence with one flower.
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FHRBRENREGERE

i BB R I > RAEEE - REASBENR o« H& RSP 1991
EMERERES > UM BERESREE3S8 § » HABHERE15.4 % o 1992 EIUESR
BER USRS RERER49.7 & - HRB454 %k 362 % > MUETFHNRREBSREES
19.4 % MEEZFHE3LT % - BEFEREERERIMZEENE  SEEYUEBER
% EIEE MR BIEE=BRD > 795869 % ~ 125 5 K06 % (£E5) - FE
B ERIAFEIEF RS > HER 6T - ‘FHIME - EREMNEHE (HREUW ) £ EREE
18~ BB WEEBEE = LB PR R EEL T ( FEEELN ) BR% - Hit
BARF B 47.4 % ~ 421 % 5 404 % > 541 % ;5 500 % ; 46.9 % % o SEHE AN FR AR
o BERHE ERIEMT F 285107 » 5.6 ¥ &3.1 % o« LUAEEFRE L EBLER
B BR 7PN REMI U ELCFR L BELCFY ( SREETR ) 2EBRES » 5
B 3.8 % 3.0 » WEHEBELKERS 1.0 c ENRERE (RS IUREFERINEERES
ERABFKREF > F - CF 538 % » HoMatHs LUEMER%E 8 & » FIBE 8%
B2 Y% EIEESRASEER  TTHRNTEFERUISERF AN ERETR - Aribts
WETIE 66 % MECFEERERICAABIETIE34 % o

% 5. FiT BB R R

Table 5. Percentage of inflorescence on mother shoot of ‘Mato Peiyu’.

Orchard Inflorescence rate on mother shoot
[
Year infl # of Last Last Terminal
location owner infiorescence 3rd shoot 2nd shoot shoot
(%) (%) (%)
1991 Matou ;O 15.4a* 0.0a 21.2b 78.8a
Matou 20 FaT B 35.8b 1.2a 12.2a 86.6b
Average 25.6 0.6 16.7 82.7
Matou  # 1% 45.4b* 0.0a 4.7a 95.3b
1992 Matou FR By B 49.7b 1.4a 9.8a 88.8a
Matou EFR 19.4a 0.0a 13.0b 87.0a
Shanhua 5#E 36.2b 1.2a 5.2a 93.6ab
Average 37.7 0.7 8.2 91.2

*FA—FEA—-EFNRXFHERERZRIEE (P=5% )
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6. i Z OMEMERZIE TR RE

Table 6. The distribution of inflorescences on mother shoot of ‘Mato Peiyu’.

Orchard Last 3rd shoot Last 2nd shoot Terminal shoot
Year locati B* C D+E B C D+E B C D+E
ocation owner

(%) (%) (%) (%) (%) (%) (%) (%) (%)

1991 Matou A —  —  — 250 84 666 50.0 152 3438
Matou gz 50.0 O 500 75.0 O 25.0 53.6 10.7 357
Average 500 O 500 S50.0 42 458 51.8 13.0 353
Matou = —_ = - 16.6 84 750 351 46 604

1992 Matou FRFay B 50.0 125 37.5 354 67 579 398 157 445
Matou F3EF0 — — — 459 12.5 416 547 4.6  40.7
Shanhua BRE 50.0 0 50.0 250 O 75.0 420 8.1 499
Average 500 6.2 43.8 30.7 69 624 429 83 489

** B, Leafy inflorescence C,Leafy inflorescence with terminal flower
D +E,Leafless inflorescence and leafless inflorescence with one flower.

R7.MEAMBEERECECBERE

Table 7. The number of flowers on different types of inflorescence of ‘Mato Peiyu’.

Orchard Last 3rd shoot Last 2nd shoot Terminal shoot

Year

location owner B** C D+E B C D+E B C D+E

1991 Matou L FE — — — 1.5 1.0 29 23 1.0 43
Matou SRpIBE 40 0 — 20 43 — 1.5 37 10 19
Average 4.0 2.0 2.9 1.0 2.2 3.2 1.0 3.1
Matou ;L HFE — — — 2.8 1.0 25 52 10 3.8
1992 Matou ZEParBE 1.3 1.0 29 438 1.0 45 6.1 1.0 29
Matou F¥fn — - — 3.8 1.0 2.5 6.9 1.0 6.6
Shanhua HB#E 3.0 — 3.0 50 — 30 60 1.0 49
Average 22 10 30 4.1 1.0 31 6.1 1.0 46

** B,Leafy inflorescence C,Leafy inflorescence with terminal flower
D +E,Leafless inflorescence and leafless inflorescence with one flower.
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5 8. 5 A MRIE R R R BT AR BRI SR (% )
Table 8. The Percentage of final fruit —set in different types of inflorescence originated
from different sites of ‘Mato Peiyu’ shoot.

Rate of final set on mother shoot

Orchard .
Final set
Year per Last Last Terminal
inflorescence 3rd shoot 2nd shoot shoot
location owner
B+C** D+E B+C D+E B+C D+E

1991 Matou L 3.7a* — — 0 0 100 0

Matou SR B 3.4a 0 0 0 0 43 57
Average 3.6 0 0 0 0 72 28

Matou ;B 4.1a — — 0 0 58 42
1992 Matou SRR B 3.5a 0 0 0 0 63 37

Matou FF0 4.8a — — 8 0 46 46

Shanhua BRI 3.4a 0 0 6 0 57 37
Average 4.0 0 0 4 0 56 40

*A—FER-ERNRETFEOEREREZETEE (P=54 )
**B + C,Leafy inflorescence and leafy inflorescence with terminal flower
D +E,Leafless inflorescence and leafless inflorescence with one flower.
ETI-
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BEGES7EANS — 10EATE 16HA - HEENERME > BE—LEE > REEE
FERMFTH > EESEERERE  BRETZE 2@ A » R 2 - 3 FEHHMMERE -
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Eg?
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Studies on the Characteristics of Growth,
Inflorescence Formation and
Fruit-set of Spring Flush of ‘Mato Peiyu’
( Citrus grandis Osbeck.)

Hsi-Tan Chen

Assistant Machinist, Hsinhua Branch Station of Tainan DAIS,
18 Kou-Pei, Hsinhua 712, Tainan, Roc.

Summary

Survey were conducted at Matou, Tanei And Shanhua in the 6-year-old orchards of
Mato Peiyu. The leaf drop pattern, shooting site of the spring flush, inflorescence shoot
formation and final fruit-setting were recorded all the year round. Results indicated that
less leaf drop was observed during the fruit growing period because leaf drop was accumu-
lated only to 10% in October when the fruits were harvested. Not much of leaf drop was
also observed from October to early February of the next year. Before the shooting of
spring flush in middle February leaf drop increased to 20%. Since then leaf drop increased
greatly to 90% in early April. The data showed that most leaf drop occurred in the growth
period of spring flush. Meanwhile, different amount of leaf drop varied in different growth
environments. Within a plant, 86.3% of the flushes were shot in the spring and 84.6, 11.5,
and 3.9% of them were the terminal, the last second and the last third shoot, respectively.
Of the spring flushes, 31.7% were able to produce inflorescence, and most of the infores-
cence were developed from the terminal shoot, followed by the last second and the last
third shoot, they counted for 86.9, 12.5, and 0.6% respectively. More leafy inflorescence
Percentage were observed in the terminal shoot ° Of the inflorescence shoots, only 3.4-
4.8% were found with final fruit settings.

Key words: ‘Mato Peiyu’, Spring flush, Inflorescence, Final fruit-set.
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Bt (Navel) B—REA - BEEX B AREERZHMEE  ERLESSHEA
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It ERERSIHR EESHBEER T ER ARERRCSE - BHBAERKHIEEHET
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BABERERR AU ZHE -
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AR HEZ TG B E R EHER ML 1L R - RE79 FRABRENSIATIREL
P EER DEERMIERIEIRE (583% ) ~ KEWRE (48.5% ) KM (47.6 % ) ~ Hlt&
ZAETE IR ERF 4.6 % ©

B 80 FN EHRMENHIFHRERDSEZ BT ~ B A EmE RS (91.9% )
KEWEM (78.0% ) ~ W ZIEHENRERESF69.5%

1. A EBH RECE N ZARE

Table 1.The viability of the pollen of various pollenizer

Var. of No. of pollen FDA viability
Year . .
pollenizer (grain) (%)

Ponkan 634 47.6

Minneola tangelo 853 48.5
1990

Liu-cheng 679 44.6

Grapefruit 503 58.3

Liu -cheng 761 69.5
1991 Grapefruit 704 78.0

Pei-yu 666 91.9

EEED ER R B ENERR S ERSEZRE > HERNER 2. R RE79 %
B RE S A E AR DGR 8 BB 12.0 % 8.2 % » ELHIRHM BABE AR o iy
DIE e - MR R s S E A RIS 5.3 % 0 2.7 % B IRME (2.7 % ) FIHEZ WA
H/KYE o MEE 80 LA - O - WM REEHFEERHIR83% > 73% » 5.7
% > FEZBREEMZRAFERF/KE - MERERFENERBPEE -

EAR ARG ERERERE > HREXEE - 5 - sIREERMALINCRES
B o SLPIRARRT 2 Bk » (BRI R R RENSERET » UK LA
LIS - Wit & - TE - RENZEFEBRS B 3K 248 - WM NEE=ZR
o AR A M ETHE - RE S EE 12480 0 1L.ORLZHL (- - {ILHEHNIEH
M BARERAE KM - MRE 80 E 2B AWM EE —RUN LM FBEEIS
B WMERZ (9.341 ) ~ BEMAIS 4.9 6 ~ B RER AR 2 BRI
H#® -
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%2 A S EHERERESEAMEIEE
table 2. Effect of various pollenizer on fruit setting and quality of *Washington’ Navel

orange fruits

Year Var. of Final No. of seed Weight (g) Soluble Titrable acidity
pollenizer  set( % ) per fruit  per fruit solid (Brix ) (as citric acid% )
Ponkan 82a 24a 311.1a 99a 0.57a
Minneola

1990 Tangelo 12.0a 1.2b 317.0a 9.8a 0.62a
Liu-cheng 2.70b 3.0a 303.2a 9.4a 0.63a
Grapefruit 530 1.0b 297.7a 104 a 0.64 a

C K 2.7b 0 b 339.8a 10.1a 0.59 a

Pei-yu 7.3a 9.5a 322.4a 11.5a 0.78 a

Liu —cheng 57a 93a 3589a 11.7a 0.76 a

1991 Grapefruit 83a 49b 339.6a 10.1a 0.79a
C K 0 b - —— === - - -—— =

« 199042 F 23 B9 12 A 29 BiRi - 199143 A6 Bk 12 14 HERlic
** © Means followed by different letters are significantly different at the 5 % level by
Duncan’s Multiple Range Test.

CREBRIREERIEEEEERRE R

i 3. 614 > SEARIARERS 2 RR A BITERT 438 (1 A 23 B ) ETRRABIER » FREFE
5 (19.8% ) » HORBBIMERI 1B (2A 158 ) BEE (122 % ) » BB RERE (5.1% )
SRR BRTERT 1 K 4 EEITREBIR KU AT A BURB B L ERE - MARRRRR RS
SRS RE G R LR o

£ 3. BERIRA R B ERE AR EGEIRE
Toble 3. Effect of branch girdling on fruit setting and quality of *Washington’ Navel

orange fruits

Wk before Final No.ofseed  Weight (g) Soluble Titrable acidity

blossom set(%) per fruit per fruit  solid (®Brix ) (as citric acid %)
4 19.8 a Oa 312.7a 9.8a 0.63a
1 122 a Oa 302.3a 96a 0.66 a
CK 5.1b Oa 3053 a 10.6 a 0.50 a

+ 19904 2 A 23 HBSFE 12 A 29 HERM
x* . Means followed by different letters are significantly different at the 5% level
by Duncan’s Multiple Range Test.
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= REEBRRZIEHERERSERRAGE CER

&4 M EREEBIEER3IA6E (Bl ) ETHNERE > HERERS
(28.1 %) » kB3 B 148 (%1tH ) BEE (16.8% ) » 2A21H (1LY ) EBEE
BERK (119 %) @ ERLRERES (7.8% ) ° TERHHRERTIGEEIEHNR
MEEEER > CUBCHETERZHNERE - AT ABPRRIGRENEEREMREL
PE FRUNKRL R SEEEOBEECER -

R4 BBEBERIGHELEEERELEIER

Table 4. Effect of branch scoring on fruit setting and quality of *Washington’ Navel orange

fruits
Date of Final No.ofseed Weight (g) Soluble Titrable acidity
scoring set(%) per fruit per fruit  solid (%Brix) (as citric acid % )
2/21 1190 02a 270.8a 10.1a 0.68a
3/06 28.1a 0.1a 253.9a 10.1a 0.68a
3/14 16.8b 01a 253.9a 10.3a 0.71a
C K 7.8¢ 0.8a 274.0a 10.5a 0.68a

* 199143 F2HBATE, 12 A 14 BiRdk
** . Means followed by different letters are significantly different at the 5% level

by Duncan’s Multiple Range Test.

E:I.lLl
&b

— FEEHGEHERRREERReE IR

ARBAHERA I SEZIENE N » DU REEHEMERZERBR (K1.) - #
B R K AT RS S R H R R RO L 2 2 VET FIATEMZ 28 - B19FR
SRES IS P D SR AR S B R RRAC - BB MRS ~ TS - R ZTEHIBM - T 80
RESHENDEMBEERE  KEHEM » IHERE - BREBNESERM (Parthenoca -
rpy ) Hi#E  EFENMESERSEN Awin > EENREZER LIIHERIE - HENAR
(AR G40 | R EERNENRRFESEANEZ Awin » BORERHANER
GE BEREIZRE  c REMEMZABERESH (£2.) BOEEHETRERSE
W ERE -

EpEEy EERENRBELEENMEREER (AR R ERENETREE
M 80 FEERISHEE Y B REEETHETEERRER I FREESRS (X2.) @ #Hl
IR H TR ETEIE NERIE (£1.) - B/ HAE-REZBERAHTLEN - (BEFR
WAMEM2 E3E (£2.)  RERTTEIRGMRES ©
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Studies on the Improving Fruit Set and
Quality of Navel Oranges
(Citrus sinensis L. Osbeck cv.
Washington Navel)

Yin-Kang' Kuo Fan-Tswen Lin' and Ming-Hsiung Leu?
g 8
Instructors!, Department of Horticulture

Professor?, Department of Farm Management
National Chia-yi Institute of Agriculture

Summary

Cross-pollination with various varieties of Citrus could improve fruit setting and
increase the seed number of 'Washington’ navel oranges; however, it could not improve
fruit quality.

Girdling of limbs of navel trees 1 or 4 weeks before anthesis could increase fruit setting,
but it not affect fruit quality significantly. In addition, scoring of limbs of navel trees at pre-
bloom, mid-bloom and the end of bloom could increase fruit setting but could not improve
fruit quality as the girdling treatment. The scoring treatment at mid-bloom is most efficient.

Key words: 'Washington’ Navel orange, Pollination, Girdling, Scoring, Fruit quality.
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AR BTN ZRBENR > BRRAB RS BAERERN 200 AT » AR+ BT SR
& W BELUANTEZ ) c RBRETSF 10 A 28 HEH -
OB RER T 2ERERG EREREIGEREIER S THAER -

OLIE BB A EREA 200 AT BN E - TIREFAREE > TEERERSR2EE

# o

QEIMZ IR F R > [EEEHROBAF: -

QVLAERRIEG R BRI 2:1 (viv) BHREMEH 200 A TIREFTRER » LB » 5%

FEBRZEHR -

WE@ ARG > JEEEEIZOBE -

OATEEFNE » (EEEER R BEALIZLRE LT VR - MEFAENEREZ S

HRERE o

O FEENE » AR IR AEFEREIHE -
WFAEEH 18 — 9 B m B ER R L KBS ERES e BRI
FRRSHER W > EHREEEEHESES -

RLLSENIE IR ~ B PU R s AE Y 78 FF 10 A ERAARBHRERER > THBARENE
BERAERESENE  NEREREED REHRY » 8 R UNE HBITEE REBEIEE
B B279F 5 Af - #aliRAERNEBET 20 - 0 AT 2B EFET  EFER » LKA
FRENSREHERRA S TRE HERSHEERT 28 - MASHERS » EASER
ERHEERY - DRREREE - HRRSMIERERT 24 - 30 A0HER% (H1) -

ETHRASMRER  NERFTRERBEEEHRED  BREMMER 74 AREUS
SN GEUR/IEBETHE - REMEENSRmIZREERARZ FER B
R EbE b2 REE o it > FEZURA—REABRENRRENREEZ SR E S LEYE s i
TNUEBMAGECIBREEIELE -

HARRERBRZGHPEEEK - BrHETE > MEERIFRAEEST » HiEEE
HEZEETRERAEEANLTES B2 LEEHNEY > HH FRENEREAS - 25
% HBEMRE - MEME K ERENEREF ORI FEEREEINEBRIEN BN » B+
BEEHIES ~ Ky - BRRENBAEE eSS AR EER AR ERESE
A o ZEREAREHUINEER - 7K - BEESSERFHERE  WEBERENE » Kt
EERTBEBREZERRE  JEEMEREREFE - MEDIEHER > AR
TR BENEE > MREFBERNEBHIEZ I » MENBELG IR RE LS -

BIRT9 FEERBEMEZHL ~ 7 ~ fihSthz BEisRBE - 2R EfMgEsD
FEERT 20075 30 AU TERSHD - MUBRRZEEEREER » LR=EHER
BEFRR TR TRERRE » SEBILEER FEEEAREBIEL - RERRRAR SR A%
& DUEFIHME AR -

EF2AMZETBREHER (K1) > AEENEREEEZERE > EHIREHRE (6%
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b)) REEEREFRIRAR (CEC > #920) BERRERIAHRE (1.4-1.9%) K& CEC
(%14 -5) BEEIRFF o ME 1P 2 BEEF (BB 900 AT / AtE ) ~ &AL8H (48581000 AT
[ RN ) ~ B (BB 10000 AT / AE ) ~ BALEE (BBT0AT [ AE ) FEMR—F
BB G 2 RV B A s R IR R ANBEET 580 - 730 AT / A ) ~ SALEF (300 -
35T [ AEE ) ~ BALEE (3000-3890 AT / AtE ) EfLEE (176 -321 877 / AR ) &

L HEERENS Y ERERERSEESE > IREREH HIBNEFA¥EPH 5.8 -
6.20 > MEHEEEE 2 A2 pH &R —BEN > R EREEERHAEESRIEKE
BIEREERMEEpH S.0 %58 « HARKBERE » HEEERIE TR EEREREYE
LHEFR BRTIOFEOH (£2) » 80FIH (£3) » 81F9IA (F£4) ZHESITHE
o REE T EREE = B NTER L 6.5 G o (HEBRERABENE L RERAZ
—FENPLEEETE -

ET9F9 A TBRFEER (R2) » AEENEESRZEE > EBERE (N
4.5 —53%) R LBGEETF AR (CEC » £915.5-16.3) L EBRKEBEZAEE (1.5-
1.9% ) X CEC (#16.6-7.5) hR#E - 480 F 9 B2 HIBREFER (FK3) » FAREN

1ERBE » 28HEE
70~ 2IRMER R - FEEIE
JERERMER » £8REIE
- ARBERMES » FRFEE
Fﬁ SHE T FRIERIER] > £ E A
+ 50 6EHERIERE
Fj?j
1R
/_?\‘ b—
i
g}ﬁ
% 30 |-
% |
10l

PEHIRDUT LI|EE (27)

1. B LN S0 v T4 A4S S A R ARIRR B — F R AR R A R R Z -
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R A > HHEHRE (42-51% ) REEGHETCMAR (CEC » 14.6-156) It
HER BRI AME (2.5 —2.8%) X CEC(8.5-10.0) 85 » HLU# 79F 9 B2 S ES
o 8149 AMIZ TIRIRIERER (&I ) > ARENEES A ZERE > H W8S (2.6-
2.9%) R TEGBETTIEE (CEC» 72— 74) HEREEEZ HRE (1.6-1.9%) K
CEC(5.9-6.1) #5 > (HEE 79 F ~ 80 EZ T EEK o (b BIETE50 - 255k R s
TR ER - I —RES = FREERERZ BV BRHITREER - TSR E

R AR S A= F 8 BT -

K 1S REHE RS AR SR R 2 T B AR

=m0 OB pH OM. P05 K0 CaO MgO CEC
o EEARN (%) (kg /ha)

(1) B > 2R 5.0 6.0 9819 1793 17972 7229 18.4
(2) BHEHE > ERiEE 57 64 9760 1132 12300 800.5 21.4
(3) REEHRUESL 22 5.8 1.7 676.6 342 3685 262.0 5.4
(4) BEELRBIER - LERET 6.0 1.9 7315 385 3890 176.7 4.6
(5) P TFEIZ®IER > 2EHIE 6.2 1.5  586.6 354 3755 236.1 4.3
(6) HHieBEEM 6.4 1.4 5779 303 3008 3233 5.3

*R78F 10 A28 HEEHE » 79 2 H 20 HIRHE o INERERHUF S 7)1 |G MM » IR =

EHT30R/D » AFREL -

R 2. Bhawr R AHE AR AR EE B 1R L BT R

T i " pH OM. P05 K0 CaO MgO CEC
A% B B 75 (%) (kg /ha)

(1) BrEBE 2R 6.3 53 9499 2555 14283 310.0 15.5
(2) BHEEEK > R 6.2 45  949.1 273.5 13362 356.5 16.6
(3) RREHKUESL  22HE 6.6 1.5  948.6 234.6 9541 1945 7.0
(4) BRERWIEGL > LERBE 6.5 1.7 959.0 308.5 8707 177.4 7.4
(5) #ELEIERER > 2EBI 6.7 1.7 957.0 214.5 12549 1656 6.6
(6) BHEEIERNK ' 5.9 19  846.3 186.4 3954 2405 7.5

*R78E 10 A28 HIEE > 7949 F 18 H Bt - AR BHIE BTG » +SIREItT

KEHT0LT » ATREL -
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R BB KA ARSEERZ LR OITER

g i) i pH OM. P,0s K;0 CaO MgO CEC
5% i B 5 R (%) (kg /ha)

(1) RESK  2EHHE 6.5 42 631.5 281.2 18980 188.4 14.6
(2) BIESK - FEREE 6.1 5.1 700.9 286.8 16872 289.7 15.6

(3) BEREHRVWEL  £ERE 6.2 2.8  808.7 318.1 16938 148.6 9.1
(4) BRERUIER  FERE 6.6 2.8 1003.4 333.4 18514 1692 9.7
(5) #&+-EERER > 2BMHE 6.7 25  573.7 328.6 21698 103.0 8.5
(6) BHReEREER 6.4 2.5 7557 282.8 12428 101.2 10.0

* N T8 10 A28 HEE » 80F 9 A 20 H AiRtE - RFER RSk » LRI
EEHT30LT  AOoEREL -

K4 BAT R RS RRER . TRSITER

B Bom pH OM. P0; K0 CaO MgO CEC
{t% Iﬁ@iﬁiﬁ ( % ) (kg/ho)

(1) BESK  2E2/HE 66 26 593.3 233.7 7055 306.0 7.4
(2) RAEBTK  FEREE 6.7 29 329.0 3053 7529 4824 7.2

(3) BRHEEHKRUIESR  £2HE 6.6 20 598.6 439.8 4297 229.7 6.1
(4) EMEBHRUESL > FERKE 6.7 16 187.0 204.0 4220 3933 5.9
(5) ELFEZERER > 2ERE 6.7 1.8 270.0 261.0 6788 507.8 6.1
(6) HHLEEEM 64 1.9 273.8 230.5 4939 259.0 5.9

*R78F 10 B 28 HERHE - 8149 5 8 B BH#tE - KRB ST G/ > HIEREIthR
ZHT30LND  AHEREL -

R19E 3 ARERREE > AESRENEGRITYER SEEHCRERE (£5) »
BREERNE R85 - RE - RERAR (FERUSBROHEASHESRZEN ) REREE -
RitsE - BE - -BE - BRISEARFEESE Nt EREEARKEERB4E¥EH -
MEEFERERBEHK - BKSFE3IR (F6) » 81F3A (X7) ' 2F3A(XR8) ' &
FERR  FREECER - FELEIARREZE > HERHBEZIEE > ZRRE80 FREH
BREAHRERERNEE  ARBEEESE Rt sE - HRSRBEZRRERFEEL
AE(E1 -~ kE2) » B5E2 #HESEHE R HEERR I T I8 > RS EEE
W EHZREZI—FEARTFZRHEUNEERAEEEZE - ENRBEEEREETHRES
ZHEAAE  BERELECHEEFHSH FAZREREREZR (£R9) » HRAREGRA
REZATERERE  FRIBERESFAZEZHAE -
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=
o
o

I

50 |-

30

20 |

(32) PPN S BT S S ST R -

10

5 10 B 20 25 30 35 40 45. 50 55

THREE (A7)

TRIEHK > £ 2R
2B B - £ B T
SEMERDER 2B
AERERWIER - FEHERE
598 LARIERIER] - 2 BT
6 BIERK

2. BRLLIANSE s P R B I AR SR B R R R A AR FE 2 0

(HEED: EESIF105)

RS MATEMHERTARERAEREAHRIEEERREZEE

i . RE RE RR B KB A% BEE BE Byt £
fogg FORERTE ) ) (om) (em) (mm) (%) (Brx) (%) (kg 1)
(1) BREBE > 22EE 1584 646 662 208 317 597 118 087 141 95.6
(2) BRE#E  F2RE 159.1 646 662 208 325 587 118 090 131 1013
(3) BREHDEL > 22l 1673 655 672 211 358 536 116 076 152 98.7
(4) BEREHWED 2RI 1633 659 673 211 329 536 108 087 125 1001
(5) BEHEBRER 22HIE 1607 645 654 209 327 614 111 085 132 1071
(6) BL BRI 152.8 649 654 205 329 613 1.1 087 13.0 104.4

* I8FEI0ATHRE » 79F3 8 14 AR HE SFEEEER o
* ERUEHEBHRERIE  SEREHEIRE A h3E o
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Ko AP EHER A AR RSN TER RS E P

Bz X RE Re RE HE RirE BE BE BRI £&
gy RARESR (8) (mm) (mm) (mm) (%) (%Br) (%)  (ke/trec)
(1) BRBE > £ERE 1790 68.0 662 34 580 105 10 105 59.8
(2) BRBE - £ERE 1757 674 662 30 S84 107 11 103 579
(3) BERZHBEL > 28HEE 1646 660 6.5 36 580 109 11 105 516
(4) BRREZHEDER R 1534 643 673 34 590 109 1.0 109 56.2
(5) L HFEBRER - 2EHEE 158.6 641 664 34 585 110 11 103 513
(6) BHR2EEERH 1588 644 658 36 552 111 11 107 56.1

* 78 E10 A28 HIEH > 8042 B 27 HIR o T EREFE=R
* ERBDEHBHRSRGE > SERERERIREREtE -

R B PR A AR S R B N R EE R AE

7

i RIS R
sk

EE

(kg/ %) (K [ #)

RtE RE ORR ORE KB HE ME BN

(%) (B%) (2%) (5%) (BE) (%Brix) (%) &

(1) BRESK - £EHE

(2) BB - FEHE

(3) REEZHRBER » 2EEE
(4) BREHVWESL  FEHE
(s)ﬁ’iﬁ%}“{&h@ 2B
(6) BHREELEEKE

LSD 5%

4332
39.65
42.25
43.48
35.90
41.73

279.1
2573
268.5
285.3
246.8
290.3

58.4
56.1
58.1
573
571
56.8

151.9
152.6
155.9
152.1
145.9
144.8

6.43
6.52
6.59
6.42
6.29
6.51

0.26

6.46
6.53
6.57
6.51
6.40
6.50

3.55
3.55
3.67
3.68
33
3.48

0.34

10.35
9.88
9.74
10.10
10.27
10.07

1.00 10.69
092 11.07
0.99 10.71
0.99 10.64
1.01 10.72
0.99 10.48

* 78 F 10 H 28 HEE » 8142 B 2s HRZ HE -

*EENEGZEMERCRE > S ERBG 2 REERE - SHRBEEEIN10 K 2 Pk

BERBERREMG L ER - SERERERRE e -
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8. MK I RIREA R REERHREERE MBI E

BE  REEESA ER RIMERE RR RE KE KE HE KE EE
fU5% (g/B)(H/%) (%) (BF) (RR) (A7) (RE) (A%) (OBrix) (%) K
(1) BREBE  £E2HEE 3491 2135 5713 1635 656 664 395 618 1046 185 565
(2) BRI - FEEIE 37.00 259 611 1638 670 772 468 666 1046 181 578

(3) REZHDER » 2B 336 240 570 1571 653 657 455 612 1038 19 521
(4) BREDHDER - LEHE 3443 BL7 617 1486 644 652 395 547 1072 18 59
(5) B HIERIER - 2BHIE 3647 2350 601 1552 642 653 450 S54 1091 183 596
(6) B2 BIERR 3932 2350  S83 1673 721 674 405 582 1104 170 649

* 78 10 B THEE > 2F3F 1 HRNEZHE S REEE=R -
* ERANESYEBBEECRE  WUSREBGERGENE - SHRBEHEE 1082 FHE
BEGERNEMmMGY EE - MEREHERRE/\NHE -

FO.MAPERAERERERERHI RS UREMEIEE

REAEEN R E RE RE BR EE Rt x BE &g%ﬁ&ﬂ:
FzHr (g) (mm) (mm) (em) (mm) (%) OBrix (%)

B 5 1524 644  65.1 20.5 3.24 595 11.5 085 13.6
B 5 1624 642  66.6 20.9 335 594 11.4 082 14.0
B 5 1660 666  68.2 21.3 3.36 60.8 11.2 0.8 132
& # 1604 656 662 20.8 327 604 114 081 134

* WA SRR EME
* 78 FE10 A TEEE » 79E3 8 BHIRKRZ AT  EFREHEEZE -
* WEIREREHERRR RETE -

£ 10. B PR EA R ARBRCER TR ERRERM 799 18H

g BBEEHR N P K Co Mg Fe Mn Cu Zn B
R Y ppm

(1) BEME - 28 2.60 0.12 1.35 1.71 0.23 73.6 41.0 820 12.3 35.1
(2) Erfk - 2R 261 0.13 1.43 1.57 023 71.8 321 7.52 12.4 36.6

(3) BHEEHWER  £BMBE 270 0.14 143 1.77 022 81.1 420 8.13 133 34.7
(4) BREHRESL » FEBIE  2.67 012 136 1.90 0.22 84.1 434 8.13 13.5 36.9
(5) ELFmkER - 28I 266 0.12 1.33 1.71 0.21 80.8 47.0 7.76 13.6 35.1
(6) HHLELER 2.82 0.12 1.44 191 0.19 844 56.6 8.47 13.5 35.3

EHREAY: 79F9H18H
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ERESEETIF I AESE » REH e BICEEABHER2.70 — 3.10%Y LK
HERREARZ o EEEN SR - XAl R MEmEEs 2 ES2.60 X 2.61%
% - BHEBRRHEEE (£10) o ItAsE 2B R AEREERIE S AR TS B R BRI
FRILHE - ERERNZ HBEENRTERE  RIBEEZEEEMNES,, ¥ 5 8-
W B B B WSS E R EEN o

EREFNZEAEEBR E-FREEIEA RS (B REERE » L8 -8 - # -
B850 WIS SETHEETHEN SEEMERETA (11 -K12) o

2% 11, B PR RS R AR IS A T i 1 2 BE P D AT SR

N p K Co Mg Fe Mn Cu Zn B

ARk 5
% ppm
BT - 2 EHEE 2.79 0.14 1.34 474 0.23 57.3 29.1 10.4 21.4 17.8
B8 FEEC 268 0.12 1.36 4.81 0.22 63.7 269 11.8 238 17.8

REEHRIESL - £ 21 2.86 0.12 1.39 4.57 0.21 62.5 369 11.4 23.8 158
BEZRDEA - EEHEE 2.71 0.14 1.49 439 0.24 60.5 282 11.5 22.8 20.8
P L ORISR AR - 2 B0 2.73 0.13 1.43 434 0.23 54.4 30.0 150 239 18.5
Hix e BIEEN 2.83 0.14 1.34 4.38 0.24 541 37.5 102 21.6 21.2

* M HHIS0F 9 H 20 H

2R 12. W PURE RS AR AR G A IR BR 1% 2 BE Ry S 2R
N P K Ca Mg Fe Mn Cu Zn B

R IR B 5 A
% ppm
R - 28T 2.93 0.15 1.48 390 0.44 94 42.6 208 248 126
R R - S EHEAT 3.02 0.16 1.46 4.15 0.47 73 309 129 33.9 337

REZHRDESL > 22T 3.01 0.16 1.55 3.88 0.42 73 279 108 13.7 22.1
HHEZHRDIES > FE AT 277 0.14 1.45 4.64 0.48 61 48.0 10.6 20.8 31.6
i HEIZRIER > £ E 5T 293 0.15 1.44 4.01 0.46 66 31.8 10.7 17.0 30.0
flisi e EIt#RE 293 0.16 1.55 5.38 0.47 97 419 123 28.0 33.2

* SHTHE81FE9H8H
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Mia PE AR A ARG & R B R - TR BENSREEHRERINE » SURMEEE
BEGREHRY » BUER DU/IME T BITEIE MRS HE AR B OE A ENm g R e b R T
K120 A5 ZARRFEG BRI K 30 Ay LA » —F1RBIR IR %55 | BEME SO DT » i
EL30 — 45 e itflEE RS (B 1) > SLLURRRE < BREAERE T30 — 40 8%
BREERE - BEZERWIELRLZ » $ITEHR T 30 A7 R o B TS %ER Z IRFEE7EH
KT 25D E » MBREEEHRBOERRT 20 A7 BRABEL - ZF% (\+2F)
FRHBEBIRAFEER (E2) BAT—FERIOL UEHASEREBENRR Y E
& RERELUFHOES  SEBEFIE ZHRARBEHRESE -

Eavis #2 Payne® » Natsvliwshvilli®? % Russel’® HiEHIE R4 BEIERZ BT EER
TR~ BOPERZESE, » TR AR AR KICHHAR RS DR ERREAN TSRS
HEF BRI AL - EHis EEENEEKS « B5% > RBEURE - MBS R EHRE
NEREFHRAREEREZIEERIENER > HHIBEBNES - Ky - TREEEHE
AFEE WHERPERARARNERE CEEM R EREERRERBRFEZFER 1D -

EREARZHRYIEER - Rk - WEESSRAEHENR  HRLBARENE - ®
IWEER TBFEREMEYZARERE > BABBNERESRE » B REES
Ty RN EIMETEMY < AHREEUR o ELIETHRERE > TN LTEERENEE - AR
EHBEEREAGFEERICZIIN » BARABRNBIEANEHWDEREERZ - T8 BEETE
BEMBZEL -~ 7T - EHC EHEHREE - G2 R R MEFEEBET 2040
B 30T UTEMERD - MUIRACIERERER » Ll =EHRMEFRREET
BRERE » BUERIZE LT BB RE L » SRE R A R T E A E#HRE > DUEF M E
FRREEY -

FESEREAREEEREMRAIER > SEREFERERSERASHRE - HE
B PR 2 B e RS R A PR TR R M B R B R AR I E R E R B R
RES)  HYERER BRI R ACRBENRERRENERR —E _FNTFUEE - 2T

B HENEERENEBZESDHARAYE - RESEEN I REERLSE

FEFEER > LLUICHARREZEREIN S EZBHE PGS AmIEER - WESEE

FEHEZRAME AR EEBECAVE IR EEHES M EREREERREC

28 HERETRE R SZR B THEATEN - BHRAWL > ST BRI B 38 g2

B T AR SN o MER R i i B G B B o

¥ .

DR PR AR EEAR BRI - R K2R ~ SUELUINE HHIE SR B TE B % BT
FREFNHETH20 A5 ZIR%E5 [ BEHE 0L LT » —EREI0ER55 | EIE
HWFRSOLZLLT » ELA30 - 4S AYEES

QBFCHEERABEFLLURASREENRRA>HRE  BERBHURS - WERE
1B 5 TR EIRRAIE AN o

QPR RESREGAREEN - DS RERN ERGSEE TIRARE R TR SR EES -
HFRRE=F o

OB T RESRECREER LM EREHEEEZR > HATTAEGRERBEZ THEAE
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Studies on the Effect of Modifying Root
Region for Valencia Orange

Te-Chuan Su and Mou-Shen Chang
!Associate horticulturist and soil scientist, Tai-Tung DAIS

Summary

The effect of modifying root region for valencia in Kuan-San plot (soil condition as
Chulu series, FCC:G, Schist Old Alluvial Soils) by mixing bark compost, or vermiculite and
perlite with soil, or just digging but mixing none in 120x50x60cm volume under tree canopy
might induce root system depth as from 20 c¢m to 30 cm under the ground surface after 4
months and to 50 cm (concentrated from 30 to 45cm) after 1 year.

The most satisfied one was mixing bark compost treatment which caused the most
and deepest root system and with the highest CEC and organic matter content in 3 years’
investigation. Though the soil of the mixing bark compost treatment with the lowest soil pH
just at the first year and the lowest leaf N content by leaf diagnosis among treatments was
identified, there were no significant different from Leaf P and K content, fruit yield and quali-
ty of valencia fruits in all treatments during the 3 years.

Key words: Valencia orange, Soil reclamation, Root, Media
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REEREHIEBEERZVE

}2ocsg!  FEeAFE? FFRES
EMLBERBTELSTHRAERSFTE! » R ZHRIR LIRS

wm =

BAE/RHERERERAETNEERETESY  ERAERARLEETREEERL
71 R LB DEEHR 0 - 15 A BREEES > ERATEBOIES - BRI EFRK
Glomus aggregatum ~ G. geosporum ~ G. etunicatum ~ G. fasciculatum X G. mosseae ¥
B4 B REWNE » ERHEL G. aggregatum 4T - (B2 BEAEE SR E 4 K R IE
B ° UL G. aggregatum BHER /EIHE S - HBNAFERESEETNAHBRELZERR
TEZE  BRETEREYTHRER  EEREZBDMEBUSRZ 257 00 RA » X
B (TC) » TAHAh (SPB 4475) £ EZHEHR/NB 11.540% - HEWBERNRET » 115
SR FIREEERERER - SHEEERE R MR L FEIER - TRDRERHA
SHEREZFE  BHRENEEEN > £5E 0 18  BRTBEERE K REERT
BEENGFIRHRER > RS EEER -

BBREY | NAERE ~ HR

i

By

WA ERE ( Endomycorrhizal fungi ) 8 —EEEYHENEE > BAEZEFENRBARA
H oo BNEREREBAEERRE  BRANEER > EERTPEERE ( Vesicle ) SEFRE

( Arbuscule ) MEME LR » HIEWNAFHBRENBEEZEFRHERE ( Vesicular —arbus
cular mycorrhizal fungi ) * HRER MM FMEE#L ( External hyphae ) » FI3EAI7E
TRRZIRIRERE » WIS B SRZEY TR R CHEERME > Rt REEENER
4,7,15) ,

MRBEALGEEENRGZ —  HRNTRE HEARBREISE  ERRLEZIIR
B B EE TR BRSHRENNEEINE -HEEREE - FIAREENE
MRS ERFSEFEMHOERETQ  METELRFEERESEG  MRAZEE 1K
BEXNARBEERE » DURET %A » (B Kleinschmidt ¥ ARSIEHBBTEZETEHL
AL ERE R R - Mk S ( Stunting ) 35 19 EEENEEREXRE
e EBARE BIF - Wit AWEZ B RN EREEME DEAZTITE - BUE
AEHERRSRENGEZTE  EHENERREC ERRARY - DRHERKIHRE
BARERERMEEE -
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MEABGE

—HERNERREHIE

HHRANEHREE%E Glomus aggregatum ~ G. geosporum ~ G. etunicatum ~ G.
fasciculatum * G. mosseae % > FTARMELEZREEEGT  BHEEEEREEN RS
BRFIEEE > WO OBENC FHEE > UREE LB AR RS EEEE - 5T ERE
KEFTERE R - AHGHERR L5 WEETRGHIHGER% > S45AT8H -8 &
MRER 4 CHRERT - DS TEBEEZA -

—HEMERREZIEE

HEH RS IEE B - BERIEAR - MEPUSHR - Schaub rough lemon ~ # (SPB 4475) ~
g (TC) ~ # -~ BIBE - KSEMBETIIR L XERPEERSREBER > BERE
B MAERREZER  BESELIBFEN 27 CXEBMATEST - ERMEIEERHEE
BEERRRFRIETBASERZ MY » Hdh—FETEBALMEERREIMANEEHRE
HI  BEEREGEETFIMNSEAEL - BEEAZHERENERHEE  DHRKEHSZH o

ZHERALEEREBE

BAESHRREEERERECEG > SROEDEE > 585 0ItE 154
TEMERT ISR ZREL  FRRGRTEERE - BRELHRHEZBEA 100 EH745
M BRZERBEIA 10 % KOH @ BREEREEEL 1578 - £ KOH % LIS /K@% =
K> BEIA0.5 % Trypan blue F& 4/NRFf% » BRI AGEZ KR » BigLIRERBE—/ )
Btk - PIE—R o RARER 60 BREREIT - BEBEA 20 IR - Y LUSAZEaMEEsEH - 10
REA BERESRBREEER K EREERIL - HH 60 HRETEERICZREE SIS
RRFAER PR 2 ARBE T RIEX 100 RENEN G > DISBIETES B R WA HRE
BT ®) 5 Y 7E 200mesh E548 | 2 TUT-HEABAR S » MK EREERS 100 EH » B
TEBWE T FIRE 3 B IERNERILT - REHEMSE T EATE EF - RAERE
FHRRELFESHTEE -

NELENHANERREERBR LR

BESEIEYHNSEREEASBRAERNHNEESPE  BE8Tk -HEE - §F
R BIRLADNFEAARET - SEEVZIETELU A RERHEERSE > 8=
KERELHITES - FFERIPIBEBENEBETE2=6 » WS HEES BN A SRS
1% 200 E/ERBSE T - EHABRBEEPER - RE=F A RIHBMHRE 8RR > S35
BT E R AR LR e » PAERRMTBEAERTAE -

AREERREERESIENAEEEYRET P LBE

RESTASHEANEERSERBTIEIMEY  CBETX 458 HE5RELKEE
ESEImYy  #TNAERESEELEHNEREI AT LR b I EEETEE - REFE.
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MZEFE1 W REBINRERE - FLUEKERS KRB EITRY - TR EFHENAR
BRET > RATEELTEIW BRL =4 1ESTH > B2BEKLEREIIA 500 #
Glomus aggregatum RIRfE¥ > HEKENHEESHE: (BE2814°C) < HEHMER—E
RBIASREIE3SFESICH (RF12% ~HiT18 % ~ &/t#F12 % ) - BHE% 2(EREMES
15 AP IRE TR AEEBEAEFHREHEEREME o

RTAERETISKBHALEREEERFE IS

BEENEERER T SKEEETFEENEBRTHECSE T —3E - 43
EEERE4SATEZEL  BHETRERRETDES  URARERRTAREERE
300 BT > LFARELEKES0.16 % ~ 98 % & 15 %¥ MHCE » TRIE/KEEH 551
REREH > BEEB4SAT - BESKRIZETUORIBER 4°CH25 CE EREHET » 756
70~ 3~ 7{8R#% > B RIBHE L DISFHBEE ke T8 T » ARSI THI% » T
NEMZRERNRESEIES -

T Glomus BRAEEREHMBERRERRZLLE

BT _ERAZEANEHBHAENEFHIBMBBESE » SBARGERBEH (451
x1027%7) > BELBEEBRZ TE  BRL D IFER =5 2 3EATK » BB AR
BEBIMA0RE T > EHRENBEEHER > BR—EABRIELRSE » EHERE 178
iy BUHNERR DUB 7K SRR B 38 S DU ERIRIUR R 28k In ik ass » BRI RBukE
M EEREFE ~ ARE - IREEE - FERE S EER RS UIEMBES RS BEEREK

NAREBREHFHBRELERIBERNR LR

BEEE—NERREESRE AR REZ SR RERRETEEEE » Th#EfTI—1
Wl - LERHMERZ 2% - 1 N4EERES Glomus aggregatum » G MAESR
Betd ~ BESEAR - MHEUEME - Schaub rough lemon ~ #3H (SPB 4475) ~ #2318 (TC) ~ #i ~
BiEE > A HECSHRLENEEREFENEFEREES A% 2B ENEEERA
(45x10x10257 ) » FIELMEEIBZ 3 1 BRE ER =5 1 2 ' 3RATN  BHEFS
HIREEFEASMASOZEAT L » BEAHEGKENAETERER—BARESKS -

NORRNAN D EREHALBREREAERERIE

R RREE LR IA B REHNEEREREMEEEESEHEMRMER - THEfTIT
—3E - HANERREFNEFERBRBESEE=MAZYEE K HEARELEREBRZ
THCED =5 3RATIR - FRAZEREIEESE (F8) - B% (HWEE) - KB

(RE) ~BK (RIF) &> LlEEERs 51002 I FIMARRE L8ty BEAR
BEEE (45x10x104% ) H > BESIMERMEIES EESHE - NAEFEREENEHRE
RIZBIBAZG » BB EFERE » 56810 H L Hoagland’s S BK ( TaB 2 FIRHRE 20
&) BHBE10EH ER—EATENSEEREERESEASIL -
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+HRENHALEEIRBRENRERCEE
RERETREWHNEERERLEERERZEE > TR E G - RERE=fE 15,
REJBEASTDBBWEST - BEBIRET - A LEHLI70°CEE 3058 » KB 1
ERARBEIHEAERVEBRET - HEHEARZEREIHBAZT » B2% 21 G
W BELREME 28 Hp—2REBARIIA 200 2 Glomus aggregatum &1+ » ff
FEKENRETER  BR—EA BRI =ik - FEESSHEERENE -

= &

—HRHERALERER B

B - ZER - TER - ARNS/EMBEREZIFREL - KRRETHRZERL
BE > BERAREIEERE  EEREEZRER  —REER 1ISA0HZBRE
RIEEES - BRCEERSE87.5 4 » BHER ISASUTZBRUERICRE  (BX
A IERTEER (K1) » HEETEE T BEASHFEERENRES T RAEM - 58
ETRENZSEARRICERBEVEL R ISAPNIREL > EEATH—RES
BREES 100 218 1,226 E¥ - (BERERIEEAERMAFSEI EIFARRMNY - R
M ER I — R - B—RRAEH B EEAT e BN EaERR EREL o

“ETEDEALERERERR L]

HAZABNEFREFEEIEAK - 0EE - 55 - E2BEEEF REER=H
Aol REERRE A EEERATE > SRTRANEEBREEGRETX - BEERLEEN =&
B ERIEERS - REFEMREERLEK » G. aggregatum ~ G. etunicatum & G.
mosseae VB ZHEEBES - 75152567 ~ 2878 X 320018 » G. geosporum LAF#EENZ
1567 {E&® » G. fasciculatum BILITE K 3,689 e (£2) - Ht—ERATANEAS
FEN £ESEEMTFIELT  HAANSEREEREEEBH B EHET

ZAEEREFERIEIABTEENRELT PR

WEBERHE G. aggregatum ENEFFEYTX - 848 - EERRET I EREERY
=R EMREIFHEEFETX  AEEEZE 75 HE 1002 L HEIEH 2000 BHF » &
BRoEBEFEARERRTES  EEERES H  ESBRIREARBERTELE - B
B — B EEEEIFM A DEKEEEEE  ENRSEEEEZ S HER » §100
ZEATERUART > ELBHERENSEEEERE125H ' §100ZH 12 10656 B
o

DR RERELSKBHALBREFERI T IR

WERRE B 2REEE LM Rk EBETIRELFEEER  BSERERES
iR BNPEE TP EBEETHEZEFROAMUEN c BR=ZHERTH - £4°CES
K& (0.16 ¥ MHC ) T BRIERAEFZES  fF3 @78 A% - BEERTFEEI LS
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BIH 94781935 - (HEE T S/KEBE 15 % MHCH » #E3E AR EBEFFIEER 575
b BETEBEREE443 % - HESKEZEL 4 CZRBFRER L CZHEEFRE ¥
BRIRAFZAE  TTeeE B BEEER  BIEFE b7 RBEEMMEY 2 iEE » K
HEFRIRNRTFZIFE -

3 Glomus AL BIREHMBERITENRZHR

HERALE Glomus BEEF » BEAF17BAHAEKRS > B R G. aggregatum ~ G.
geosporum X G. etunicatum B R EBEZ HEHESE > HEE2 505 42.8 ~ 40.9 X 36.1 4
Gy TIHBRAAER 30.7 8% » B_HEEY G. fasciculatum ¥ G. mosseae * HIXE AL H
R EERI A EE o 2 B RAKSED - 7 T E AT > BENERHR
B G BREEERE  E2EREEE » VB G. aggregatum ~ G. geosporum &
G. etunicatum ZHEKE > HEF RIS 2.1 ~ 32K 202%  HBHIBEREREKREREY
AR IEARRAME > (HE A G. geosporum ~ G. etunicatum & G. mosseae BRBBL TR ERS
REES - 575155 44.6 % ~ 47.9 % 2388 % o

NAEBREFTANERREERIBERRZ LR

LB \EHESTE FENLFREEYRARESRS  (BRhBEEREE  H
BRERZBELE > ERNEERERESENIR - DRSS - 15 (TC) 81F » H4E
ZI RIS 25.78223.8 A5 » KRB - Schaub rough lemon XEEHEZ 19.8 ~ 19.5 % 17.5
Ny BEREM - ERSE AN (SPB4475) 2138 ~ 126 X 11.524% (£5) - Hiit
—fa Rt B-NEFRRETAREARTRZEELE - EEELRREEELT 558 %
ANEERTE - EITEERNENE - HIE TR BRI EA S -

TIRRIIFIERREANESRBBEHRERZEE

WEFEERBEEATESHHE - 5% - MR ARSI 2R E A%  LBERES
B DIFEZTINTHHEEZ OANTERMAETREREZ 66 A7 EE » HBAMK - &
HIRMEREENZSETF57.2 R 603407 RERMEBRBEZ RESE - LLBIENEHR
HIREERSHE - R - R RARYERZERL  £BEZESFIS57 ~ 62 ~ 424K 43.1
NOBRINAEBREREZ 3614755  HPUREREEHENEHBRBBERRF » H
KIBFHEHEIE (K6 ) - MNUABENEHBREAINERERELINS S 36.1 S5 - NE
HREDIIME4E - HE - BIERARYEIENZEE » BiiE25IEH 36.7 ~ 33.3 ~ 21.1
K425 EBERANEERENEINES 29907 BBFR4E - ¥ - By
R BIBRETE 1 20.9 ~ 25.9 ~ 6.3 K75 » Ht—HERS > EBEANEHRHEURILE
BEAAREERESE  UNAHERERAERMEINER » AESESREHEZ RERE
BRESEENEEREZRESE  (BERE L EBEMEINER -

NI EALERESEEERER 2 E
BWHET - WERT MR HNEFRERERE > UBDE BT BRFERER4EA
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672k HABWHERLZ 1834 BERERESHE L 122% - HEHS LBEZ(LE
SRR MEZHERE B HERRS > HABWESL  WELIZBMERE » KIS
REBEMRE DRI SERRMFE L RE A AN - hEER AL BE > SEns
FENERREBBERZSE  BREREIBENEERECBRRSERS > LASHIHE
PR Z A BB - BEAREENEHRELSENE L2 M% AR RRNEs
EBUR > EREG BETAHRANEERERERE At EEN IS ENEEREETEs
RAZER > BREELEH DRIBEL > NEERENTHERERDERZHE (£7) -

® =

— IR EHEREZKERERE > HEIEBRIERHEEREY ( Facultatively
mycorrhizal plants ) > FEFRE T REATIEEG T8 EREENEEREEEHBLEE
IR HEFAEREY SR EFHBE B - A EREHEIY » ik — 8 Taesiig e
HEBREEZREREM  MRCZHRTH > EREMZELT > SENEERE T BE
BEAREES R ESR - BEREMIVE LR BEETHER > EESEEEESR
MERHBREBNESRERRBMIDEL  BENAHBEIEG  SERaESENHL Yy
REFEEERRS - R BRI WA EREEME L2 FERE EEE -

NAEBRBZEEREE Bah R RBEERARE Y s EEEE R EHE

( Aeroponic culture ) ~ Root organ culture 5= » BLEHEHRZHE » BEERADE
BEERVFIBERBHHIDEIE Glomus etunicatum ¥ G. fasciculatum * 15 12N R ER 5321 8]
BEAE 26 B124 (BT > B EEA @ FI I SAUR S E SR AR B T %M Gigaspora gigan
tea » (BR MG AR BEERRNBE B HIFEE BRI - RHOCEE M2 REmAE
RETBEEBEMATEE  WEASFEEREEIENE D - NAEREEEELETES
RENEERNZREREEL > ANEEEEEA > NEHFSEEMALSERIN  FEEmEs
ELEEFPEFEEET  ERMBHAFER  ALEHES TEEEETE » YERRES
AILMER » XA BRI FRSGE - BEEETEENEEREMTZEEW®
MEfMSE—-REEEZEEBRAF c X2 - B1 T8 KEETEHEEEAE EH
BE —ENERITSIHEEELE L - RERAGSEERET  BEEE - TX - #5
H-MPBEERNKESE > Acaulospora ~ Glomus B2 HEE K %98 M » (B2
Entrophospora ~ Gigaspora ~ Sclerocystis X Scutellispora 5B BIETEL @A » T%
BXRAEAERBCEE  ERRTENEMETHZBEIRS - HREEEEEE3 -
48 ARVESR] BN EBERNESREET SN MAERRTFE T » FEEEEEN T(E -
HERZERTH > B LEKERE0.16 & MHC ~ 4°CZIKBREF7EE » EEETFIHE 93.5 %
BAEE > ARG ZE L BiSRAARERSHERE -

FARVRERZEE » KRS IFHHERE LA BENS  (EELEHERHFEERE B
VIRERRMNG - BAEEREREX  HRRARZ RERENERE (£4) - (HEEEK
PR S (K E AR MR S I EAERITE © Groham FA O ZHMETRET » WABREEEED4E
RZBREFRCEREE] - BIMHE L (Bxternal hyphae ) BZ S EBERIG o HikEE
B R B MY 5 B B TE 2 Bk BT TR » HE R B AR R TS 2 ek
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HRERBERIVRERT - YILHAEFERTENESMEEHERSEM - NEFREH A
ABRECERBERETEEZE  MRAZERER  MABRERERFEERS |
REEIRBREEN A RERE » DHERER - 48 (TC) ~ B& - Schaub IR KT K
A M~ BEREIR XARM (4475) BIZIES/)N RO ZHEREELZHER - —REHEA
EEME  FTAZEER LT » KEFEHELNE (Soilless medium ) » WESFRWE > TN
BHNAERAZZEHIRSER  FEHENEFUZEIRZBER > BaREaRERBER
K ©10 SRMBENFENM R 2EE > (EHEERBERLSEHEN Y HEFER IR
BRAFIRIIBRSOREH#EZRE > REBEENEFERECEGRBZRZER  EEH#WE
HNEERE P8 > bR EREREnER - REREYIEZ S LEIRHE 09,
(BEFFHEREREE 2T

R1LAAHBENEFRERLEFL

Table 1. Distribution of VAM fungi in citrus orchard in Taiwan

REHLEL BEIRBE (% )! T8 ({8 /100 ml 138 )2
Locations Percent of VAM Chlamydospores /100 ml soil
0-15cm >15cm 0-15 cm >15 cm
| 35 27.5 1166 84
B2 43.3 30 600 26
KIE1 35 43.8 280 186
KAOIE2 87.5 62.5 96 46
Ay I 1 72.5 57.5 110 32
by 2 87.5 32.5 1226 56
Fy g5 3 32.5 32.5 260 96
Ty 4 55 89 166 86
W 13.3 18.3 74 20
W1 25 13.3 360 140
T fE2 60 18.3 40 6
3 33.3 28.3 494 46
icp| 33.3 26.7 74 46
=iy 40 46.7 126 226
g 38.3 43.3 266 146

L+ERO-1SATHISAZ LT ZHIERR o Root samples in the depths of 0—15cm or
more 15cm.
2.ERKO0-15SAFTHISQAFT LT ZIRE 1 ° Soil samples in the depths of 0-15cm or

more 15cm.
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K2 LEFEFEYEENEEREZ L
Table 2. Effects of host plants on propagation of VAM fungi

HREME (%) BRI 82 /100ml 158
B * Percent of VAM Chlamydospores /100 ml soil
Hosts . ‘
Ga®? Gg Ge Gf Gm Ga Gg Ge Gf Gm
E X 9 100 68 92 92 2067 478 1944 3689 2533
- 93 68 53 57 42 2567 67 2878 1433 3200
BER 100 73 97 8 93 2300 133 2033 322 578
HEX® 0 8 47 38 85 0 589 656 78 133
#E ML 95 97 92 95 45 2278 1567 1656 1944 2589

LFIBFREENEERE =B AR =EBEZFME - Value is the mean of 3 replicates
at 3 months after inoculation.

2R EE Ga . Glomus aggregatum ~ Gg . Glomus geosporum ~ Ge . Glomus etuni-
catum ~ Gf | Glomus fasciculatum ~ Gm : Glomus mossese °©

RIFBTEEEF I SKEHNEFREERATFEZEE
Table 3. Effects of storage temperature and soil moisture on the survival of chlamy —
dospores of VAM fungi

EEAFFEERE (% )! % of survival

ELE/KE
4°C 25°C
Soil moisture o?
3 7 3 7

15 % MHC 95.4 57.5 44.3 55.3 38.2
9.8 % MHC 94.8 58.0 43.0 36.8 53.7
0.16 % MHC 95.1 94.7 93.5 79.8 70.7

LE T DIERIEE R B E R - NI TES ) IRTFAEYREEEEE
Mo
2ETRRRFIIREREEFIMTEARZIER -
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K 4.Glomus BAANEFHREHRBEER LR

Table 4. Growth response of sunki inoculated with different species of Glomus

e EFB T ER

HTE Top growth Root growth L A S
Species M B HE #EE percent of VAM

oivne Fre (%)

eight  Fresh wt. Length  Fresh wt.
(2%) (BE)  (BF) (AK)
(cm) (g) (cm) (g)

G. aggregatum 42.8% 7.0 38.1 2.1 11.7
G. geosporum 40.9 7.2 39.4 3.2 44.6
G. etunicatum 36.1 5.6 42.8 2.0 47.9
G. fasciculatum 29.8 3.7 36.9 1.4 1.3
G. mosseae 30.5 4.5 37.6 1.6 38.8
CK 30.7 4.3 36.3 1.3 0

* RYNBFRERMNEEZ FIIE © Value is the mean of 4 replicates.

RS NAERREHT MG LEEREERRZ LR

Table 5. Growth response of different citrus species inoculated with VAM fungi

%S (A% ) * Height (cm)

4% o T G REE (A7)
Species BE REEE (I)-(N) (cm)
Inoculated (1) Non —inoculated (N)
Sunki 42.1 223 19.8
Sour orange 37.8 20.3 17.5
Citrumelo 4475 45.8 34.3 11.5
Troyer citrange 53.4 29.6 23.8
Pummelo 34.6 20.8 13.8
Schaub rough lemon 47.4 27.9 19.5
Rough lemon 50.0 24.3 25.7
Rangpur lime 48.4 35.8 12.6

* RYNBFEERNAEAR Z?‘iﬁiﬁgﬁ—r‘gfgqﬁ@f@ > Value is the mean of 6 replicates at 8

months after inoculation.
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Fo. LIRAINTAEREHNEFRERENBERZEE
Table 6. Effects of organic matters on the growth of mycorrhizal and non - mycorrhizal
citrus plants

BT (25 )
Height (cm)

e :
Organic matters WAEFERER FEN A HAR R
0? 8 0 8
HHERE 11.6 84.4 9.2 66.2
FEEMER 11.8 81.2 8.4 70.4
16 R HERE 8.8 66.0 6.8 492
RIBHERE 13.7 74.0 8.9 52.0
il it 12.0 78.0 8.7 44.8

LEWREIRINER 20% ° Amended volumn of organic matters is 20%.
2BF ORFBRBREESRFENEERE=_MARR - EXBERAATIGS  sFR
RoHET% 8l A A L4k © 0 and 8 represented months after transplanting.

RIAALEEHHNEERF R ERBER ZHE
Table 7. Effects of soil textures on the growth of mycorrhizal and non - mycorrhizal sunki
plants

2R BA¥# AR KRE(L2) EREMKE(%)?
THEEH B W% {E Total  Effective Effective Height (cm) percent of VAM
Soil textures pH  nitrogen phosphate potassium

(ppm) (ppm)  (ppm)

BHE REE B8 K8

wWHE L 6.2 90 2.2 334 216 5.6 67.2 0
Sandy soil

WHEIE L 4.1 600 14.8 545 11.4 5.5 18.3 0
Sandy loam

B+ 3.9 1700 223.1 155.8  19.2 20.2 12.2 0
Loam

1812 : BEEENEFRENEA % & 35k THE

1 and 2: Value is the mean of 3 replicates at 4 months after inoculation.
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12000 1
-~ i %
10000 F -— B3
-~ BER
8000 1 -+ BEX

3

BB FHX1000(M/EaEH# L)
Spores X 1000/100 ml soil

0 30 €0 90 10 110 120 130 140 10
BAXH(X)

Days after inoculation

1. NEBRE Glomus aggregatum {EVIfETE Y 1 B8 >+ ERE T 8z 81t

Fig. 1. Chlamydospores dynamics of Glomus aggregatum in rhizosphere of 4 host plants.

2R’

1LEIIH o 1994 o AT RBHHEE HIR AR o HRARERBRATFTIE 445 © p.165-
172 »

2. B~ S ~ BREE © 1994 o FIIFIMFEE Ri T- DNABIR X E AR EHE R FIEE
#EH HE R & Gigaspora gigantea X Glomus mosseae 187 © EX B2 FTHS 34:21-3
2 o

3.HERALL o BESEHE o 1988 o MHIRMEHI T BIEHEE IR - BEA R LTI 2758 - p.98 -
102 °

4K - 1984 - NAEEREZ M AEH AT ~ X~ BB RAINERZE - B8
RKEPE LRI o 175H °

5.REE - 1984 - ZTEMEKBALEHIRREEHBRMERZ FE - ARG HEWRFR RS
138 -

6. FFGHE © 1979 - FARIRANEHERERAHHAEEZ Y - BEEREAHBREZ
HAWRR o R ABRBIATATIELIHC - 75H °

7. Gerdemann, J. W. 1968. Vesicular - arbuscular mycorrhiza and plant growth. Ann. Rev.
Phytopathol. 6:397 —418.

8. Gerdemann, J. W., and T. H. Nicolson. 1963. Spores of mycorrhizal Endogone species
cxtracted from soil by wet sieving and decanting. Trans. Br. Mycol. Soc. 46:235 - 244.
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= &
§ affl

BEZ HREERT -

- EREHRENF EESFEFE MY - BAFEESE > Mycorriza RYIEFRMRAPFEA
BAECEEAEHET L 2ERANZE - Bt HEH Mycorriza ifl > ZERBBRE LFEH
BOEZ - {C2IERER > MRAEERER - #ESE  BARLLER  -BRE_Z+E
FGEREES 2N EEEE - HETRERRAEFA -

HEWATE -

EANBREEENEE - BT HETRIIAANGERBTUEGESEE - BAEEMFES
HiE ? ASHREN LRENRS - THHEESANTRE - CHRRETEN » TreEll
H—TESE (species) WHRBERAREMEANER » UKEAMRABHRTRBESHE
o Y ESBARHERERAFESBE - MRSATIERIRENA  DEEFYNER - 5
Sbo THEMIIEE . —F > HERA  TEGERBEMEE WG  EEA LERBERE LT
ERAMEYICR - EVARSAZIEH > ERH4E » ERNDRP AR ARNE > BEE
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FIRIARS > I BRRR IR - REEFBSEINET BB BRI - BRERE R T EE &P
R mEAZERMRD

BABIE B :

rE TR LR R —EATMETRER RSB ERAREAMEEA  BRRAEE
FRE - R BIFOSEER % RICATAET LR AEEST  BIRBEEE - ST
FERET - (EYIRERRE - AR —BRERRMNG - fIURERETENER » T8
BB ERIRCT R D - Bt TEEENE > BRI LRIV ERE  EEELRS
PR HRERE (EF ) FRESRERNER » 4% ERTERSRIE  THER -
MmN (EAEHRE ) R REETHEENRR  ER LEFER I pH ER
HEx A IHBRABR - ERNEZCUEAAREIEHNHE - RBERRHTHRR -
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Growth Promotion of Citrus Inoculated With
Vesicular-arbuscular Mycorrhizal Fungi

Y. H. Cheng, M. F. Chuangand S. L. Hsu
Chiayi Agricultural Experiment Station, TARI

Summary

Soil samples from 8 citrus orchard in Taiwan were collected to investigate the mycor-
rhizal ratio of citrus in native, results indicated that all root samples formed mycorrhiza in
ratio, and high mycorrhizal formation and chiamydospores commonly presenced in the
depths of 0-15 cm rhizospheral soil from soil level. Comparison of growth promotion of sunki
seedlings inoculated with five VAM fungi, Glomus aggregatum, G. geosporum, G. etunica-
tum, G. fasciculatum and G. mosseae, seedlings inoculated with G. aggregatum grew
better than those inoculated with other four VAM fungi, but mycorrhizal colonization was
not correlated with growth response of sunki. Difference of growth response of eight vari-
eties of citrus rootstock inoculated with G. aggregatum was tested in greenhouse, results
indicated that roots of all varieties of citrus rootstock were colonized by G. aggregatum ,
but the plant height of inoculated rough lemon seedlings compared to non-inoculated ones
increased 25.7cm, followed by 23.8cm of Troyer citrange(TC), the plant height of inoculat-
ed citrumelo(SPB 4475) seedlings compared to non-inoculated ones increased only 11.5cm
was the lowest. Effects of soil texture on mycorrhizal formation of sunki seedlings were
tested, mycorrhizal formation of sunki seedlings planted in sandy soil was the highest,
followed by those planted in sandy loam, those planted in loam was the lowest, soil fertility
level might be the causal factor, thereby the plant height between inoculated and non-
inoculated sunki seedlings planted in loam were not different.

Key words: Vesicular-arbuscular mycorrhizal fungi, Citrus
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MBS RER (15 ) XK BRERETERIE R

AR HEE RIB
R 8BABRHELETRE

wm =R

SRR EAEET TRANBEEASHATY > DEAKREEYREERE
BYHAEE  MEERANETY - SERMRETHRESRE Z2EIRS - (HRERIFRR
Tt EMERARER - 57 WEBRR T A 2 aARRERREERRS - REEM
BASFEMBEN - BRI  RHE » Wi RE DR EL B R RELE
A o REBLERMIHBET  RESBRLEREROEEENE - FTA LG BiERrE
B B MR RS 2 IE X E » PR M REERES RIS E RIE > HILATE HER RS Probe 1
BE-IRAERABREN - HEELESHMAREENETRREEEEE R AR - BHE
BRI R ST 2 AR T LA TS R R M B B R IE O S RE R IR SO Y o 9 - ILERBEAIR IR A%
B F ST BEE A [ Dot hybridization (DH) | (SRR E B BRI HERES » R
50,25 UL E AR RIENEERIZIE R - BEZERARRR 2GR R ERZHE o BREIL—
EHE L AREVERENE  RIRESR ~ THEEE - BHIE MR T AR R L E -
FACERIL L > FEMIER AR DT AT - RS AR R RLT - FiEaIrh e REZ
BRf# 2 8ot » BLRUEZRER T A ) — B E AT R B LB AR R RSt - ISR BB
R AR R R R H IR 16 fHEHIBURE - ERFRZEHH & IERIRH 2R
YRR T TR S R A S TR 2 EEERR R SL o THai IR B SRAR R L FE R R U R IR 7R ]
AR St G IR TE - {H BT FE A BVBUR LR (L B R 4T ( Heat —sensitive strains ) RIA X
FE o SR ILESHR BTN T2 E S SR B R A 0 RS BRI Z R
HEERE R B 2R (Heat —tolerant strains ) °

BRRRET | IR EBERS - ROEMRCE - LRS-

BY =
HREEEFEMRALBRENMERES — 1947 FHEBEFRIL—FEMERU
"Greening" ( #/t% ) ®% > WRAN—-EAHMAGHAES - B8 L21E 1943 FHEARER]
BB EEREE WAt RIAESEEEAERANEE > EEEBRIINE - oF
71951 EE R AREI B HRILRE » MMM ISR G AL > 21958 FIRESEEM
B R LS E AR 12 o £ 1970 £ L EFE A B TR MEER IR FRE
7 E R A BB E A ERERAR R BB ERRERA T fAE GBS S L TE
L1 o B[R FHRERAE R 2 —TE5F IR EEIE (Fostidious bacteria ) » fEFHEE R AV EREHIIE
o HEBEESESER A/ 350 ~ 550 x 600 ~ 1500nm ° FHRE/EEREEE > [EX) 20
~25nm ° WWEESZM  HANEHBEME (100 ~ 250 x 500 ~ 2500nm ) MREZKIHE
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B2 A 2HGIRER - E1E49700 - 800nm - HEMSEBSEFEF - BLE BT LULF R % > 80Dy
FLEBOEBRANGTE 23D o AR HRYEI/ER B L M ERR IR 28 FABIES  — ST
PUEREMEE MR B IEARS - — DA R RS DI 2 A 7 b i v 2 58 > D)

T AR R R 2 R IR ER B S 2 5 1150
MEREE
— BRERRR R SR B :

MEMILZ T EDZ2ESNR2EHEYFEMHBEE (procaryotes ) Z L
WOBSIOID  RHEELUR TS o B HRISH BB SIBEE S D (midribs ) 13500 1 »
DA RE R B AT BHE NG » ARG K1, - STRNE & — BN BB X IR &k
(300mM mannitol,5mM MgCl;, 10mM KHP;0, ,50mM Tris — HCl, 5mM EDTA, 4mM
mercaptethanol, pH7.4 ) FHEFEHBIIE » DUEE (4000g) B0 1058 » FiB Y FRRESE
(10000g ) BEL 30 778 > B A ERWITIER > TR Z KR B UL BUE &) (100mM
Tris - HCI, 100m MEDTA, 250mM NaCl, 100ug / ml Proteiriase K, pH 8.0) BHIEZ » 18
ERATIIAZBELUEST S EBRTESEA LML HER - KBMLEsE
Current Protocols in Molecular Biology (U.S.A.) & 2.3 &i "Preparation of Genomic
DNA from Plant Tissue" % 2.4 £ "Preparation of Genomic DNA from Bacteria" ° %t
L Z R WA E Sarkosyl /55°C ~ CTBA /NaCl /65 °C & % &% #8 5 phenol / chloroform
/ isoamyl alcohol (25:24:1) ZHY > R FRENSKEEZEBITE » DUEEM TE buffer BiRY o

= BERACE (Dot hybridization)

BB IT IR A ¥ R & 20ug /ml RNase f TE B & W > BEET B - 81400
OD260 fEfl7HH DNAKRE » BLL6X SSCHRRBUEE M RFIHE . BE U4 ug/u i
DNAREBIREZHFRE > ARBEH1/200R5HE - SEDNAEALE# 10 9830
Bukit 5 773 - RRE I 3ul BAES LT HIEF H#8 K9 NC 2 Nylon membrane & ; Y2576
NC = Nylon membrane A UV crosslinker (Stratagene ) BBH 30 > {# DNA B ENE F
PR 80 CHIBLAE AL — /NP 1% ( ]88 ) > RO 1T HERTFE o

TGEER (NC 3l Nylon membrane ) AR T » DL 2X SSC BREHE—T » (#lE=
2 FREEEE > 12X SSC ## » J1A 20ml LA _E# Prehybridization solution [ 5X SSC;
5X Denhardt’s solution (1% Ficoll, 1% PVP, 1% BSA );25mM Na - phosphate, pH 6.5 ;
0.2 mg / ml denatured salmon sperm DNA ] AHEEUHR B A BB AN B35 2 #E) > 7568 °C
FIRFE2-4/)N8F | A% EH Prehybridization solution » Al A 10ml Bl Lk # Hybridization
solution (5%Dextran sulfate;5X SSC;5X Denhardt’s solution;20mM Na - phosphate,
pH6.5; 0.2 mg / ml denatured salmon sperm DNA ), 3645 1ug D b 27 EAZ ST RIS BRI 61
A& 10 788 BT Bvkia 5 7 8% - FRIIZ%E Hybridization solution 7 » FRRBEEHEEESE -
68 ‘C T IXfE12-16 /)N\BF o [RFEREH 1% - 8] Hybridization solution » L 50ml B - #7 2X
SSC, 0.1%SDS N EIR THRIERIK » 8K 578 » FLL0.1X SSC,0.1% SDS ¥ 68 °C
TURBRRRR » R 15705 - EHER/AEEREE) - B2k BEEEBEEITEERE (2
&R FERIEIT TR FER BRL A E)FTH 59 BluGENE System, LABC & Biotin FIZESE 245 ) o
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R E R AR R B T TR AMEEE S AT U ARKBEYREERE
%w%ﬁ%’WEE%EW%X%O@%ﬁ%ﬁ@ﬁﬁ%@%ﬁ%Z%%ﬁﬁ’@®@M%%
THREMBEEBHER o 57 FESERET B4 R4 bR S s B IS - AR REA
BRSTEMBH  EITRFEERZ SR SRS R E 2 MR E RS fE
Fi o DR pBS BEER - MOMIEIAEE F EREUNEE | » e T AR 836 (BT BRI (Trans —
formants ) FF3XE] 3 (B &H R BUEAGRE T ERE B RSN > REFRT SRS » DHE
HHERTEE ERAZGE N — (B RRiF 8t -

REEBLEXHOMBES - RERZERLE REBOHIEEE » e
(Pd1 & P2 - REFEZRBEME ) - MEEHH (Tdl X Td2, REFVREHE ) - Wik
1 (LCd1 R LCd2 - SREMEHME ) - MKEE M (GFd1 X GFd2 > REAFME ) » 5
HESELUAR AR > DB RSN LUMER] » 36 U Bia S A A S S R B 2 R
fAE ~ B4 - B RS KEBEIRRM (Ph > Th » LCh » HYh > GFh) & {&If0 R
INE 1. AR AR R SRR RS B S R F IR - AT MR ES R
HIXIE > BILaI B MRS Probe 1 B — % BAWWBEES  HEBLEZ T AEE
HIE R R BE e 2 A8 o

PCl! PAR H’\ le Tda Th. LC(L LCA) LC}\,

HYd: | HYd| HYh | GFd| GFds| GFh

W1 DU B RSt FE A B R S S RS B EER o 1~ 1 /8 ETRRMEL
1/ 2RERTIHE > RIERES4wg/ul °
Fig. 1. Dot hybridization test with GO ~DNA probe for detecting Huanlunpin pathogen
in citrus samples of various citrus cultivars collected from field in Taiwan.
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H—EHAAE > BEAE (LEERZAEREN —-EHMETE ) SHFERE &%
G RAEEGRIE R EEE - Bl - SIS 4R FARE SRR ERATE £ 1R
BOEEMLL FERABISR LB S AERE - e $ER L S\ EER - FERASERM
BaRET < BB BT DS R M R 1 B RE RS BRI R S RE R I 0 70 % - SRIB BB IEERR
BB —tk (BT WTd-L) » Bf/Ek (PYd-L1 » PYd-L2) » FI@&M/Etk (GFd -
L1 > GFd-L2) @ EAKHEBEEHEREREYR ENERBSNEMERN—E IR G E5TERK
RENISR > (H2EFNER IMEEINFERR IR o Bt ER B L L S m
PREHEITEE - LAAECHEFIEREAE (WTd) ~ B (PYd) ~ &M (GFd) &—
BRIEIEERRZHE > FRBRRENSE - Ot - WEME—%k (WTh > PYh » GFh) #
BEYHE > BEEHOERNE 2 TR | FRARELEEREROME S IR EYRE—
% HERNZIERRRR - AMEESEATRCEKRIERE 2 (EHERE - it RRE
ERHEESNRBERMEERR > WIEEIEREERER -

M E TR R BRI I BEHERC % Dot hybridization (DH) | (S8R IEE HHE
BEUEBRES > HE0.25 T LA RENeMERI IR - M1 U LA RHE RS B
HEAgE (E3) » BEZEANRREZERRERZ R o SR —EHE B AR RE
B > BRIREA RN - MTEEE - BRIMENE AR ST AR LBl © (1) EERERRER

B
PYd | PYR{PYd-L| PYd-Ly] wTd | WTh |wTd-Ll

GFd | GFh | GRd-L| GFd-L,

E
E

2. B ER AR AN E L RN EE BRI B2 REERB - 1~1/8
RABEERML/2BERIHRE > ERIRER4ug/ul °
Fig. 2. Identification of Huanlungpin - like disease due to physiological factor and Huan -
lungpin disease caused by GO by dot hybridization test with DNA probe.
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BRAEACTET > AR FHERIBR AT - FBERM  RLRER S KL TR B B (s
BE (E4) o (2) FENMAHSREZERE LG - WEKRE 0% 1% - BHIULHEEME
RASHY > S SRR R B2 B R — S AL AR L EL B EL R R R S HBURR B R R AT a1
RRERIA R E RS BB B TTHR S 16 RSO (ES) -

A wilb] ph oNA]Td oNA] Ph PHATPA DNA] Ph oAl Pd onA | Ph DVA fP;l r».s,qi;a-ﬁ
ora vol o fr 8 [fyom o fm\\o\lk fnlh‘odf rm.o\m;’;rr G
el e 3 ";;5;% R ] g i P Ao

As |

B 3. DRI ZBERACIEE o RRIRBRE HD BADE 2 B - 582g ~ 1g
0.5g ~ 0.25g ~ 0.125g Z ARG (MM ) MK (Pd) BRI AT R (Ph) FftifLz
B > SRS S A 6ul 06X SSCHA R 1% F TR B R IEM o 1~1/

16 FRZIRBEAM L/ 2BERVFE -
Fig. 3. Dot hybridization showing minimum amount of test tissue for DNA extraction.
DNA extracts obtained from 2,1,0.5,0.25, and 0.125 g of diseased (Pd) and heathy

(Ph) ponkan tissue respectively.

Old | Matue youn cHe\ | c‘.'{K. midvibs. “;2:'; bavk | flower| frwt
] (@) () O i O 0 Ol Ne!
flolo |o A o 110
Jdlo|o YA O ©
Ao | o % O
A B

4. DB RS T8 ) BB G i s S SR R B R 2 554 o
ATRIREEEE - BAE - DEZ 2R > H ZBFEMHEEHE -
BRI o - RESHL oo MizE  H 2EEMREEE -

Fig. 4. Distribution of GO within host plant detected by DH test with

DNA probe.
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5. LCRRRZ IR A A SR Z R A ) A9 B VB A I o R o
Dried Pd » 2 ERHEAHEAL B 52 15 B R 97 Al AH A4 Rt
Dried Ph > 2 B&tRAHEAL B 82 48 9 6 BRAN 1 4 %
Fresh Pd > B2 ER AR ASKEAL 5 AR 42 R B9 T8 555 M AH A1 RL
Fresh Ph > 2 BR AR AHEAL B A H0 4R 9 4 SR A AH A7 R
RZIRII R 2 G B BB EZ (air-dry ) BRES50% o
1~1/4096 RRELBEAML/2RERFIHFRE > HEBES4ug/ul o
Fig. 5. Dot hybridization showing improvememt of blotting sensitivity by DNA extracts
obtained from dried and freah tissue of Huanlungpin-affected and healthy
ponkan plants.

TERFEAREE  IHZBRS 2 R ESR T a8 S SED 2 SimEEy > &
M e AT B SR AH A 3 BRSPS R 7 T B AR SRR I E ([l 6) 0 {E BIRg IR A BB B B R
B:R# (Heat —sensitive strains ) BIAXE (B 7) - BRGS0 SR S EEmg
MR RENZRRRSH - SRR NS FERE R B AR 245 (Heat -

tolerant strains ) °
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MOI}V. "Hy MR‘A/. China | Chiva | China|| Thai. Ph‘.(ir. OKing,

LK | PC | FM [SO-CCf M-Lu| So-Hc|| Cleop. [ zK | sk
G- [ &2 | G3| G-I | G2 g &} | 6-1 | &)

M o | e ® ® & | © [+ © O

SO | O | @ @ e

) & & @
PO O O O
6. UZ BRI St FE I BL MR E B B/ Bl SR 2R B R > B AR EA 4G S fE vh 2 i

SIBTE IR o WM E TR B R > R S AEMEE E L E A
(M) ~ B84 (SO) ~ #hiE (PO) @ LIEEHHER B R EBRESENF &5 F1E
PR P B BE AT [ ) SR SE T U0 o 45 1550 Pk 5 R 0.5 g =2 o B LB 1 o

Fig. 6. Infection and multiplication of foreign GO isolate into citrus cultivars detected

by dot hybridization with a GO -DNA probe. Tested citrus cultivars: M=
Mandarin; SO =Sweet orange; PO =Pumelo.

SOd | SOh [SAGA[SAG->

)
( @
i 4
72

16 7. DA5 #0055 BE 09 75 5 A G 4% S FE PR B6 TR AR (I R JE U B 2 A S99 - SOd -
SEEAHER I (W18 ) itk MBRERAE .
SOh » SR ERASHE DK - (505 GRS I |
SAG2,4 - BHAVEERRSHER Valencia 315 1 » RE IR -
1~1/2 FREBEAM L/ 2 BRI - EBI5EELS dug /ul °
Fig. 7. Dot hybridization test with DNA probe for confirming the DNA homology between

Taiwan (Asian) greening organism and African greening organism in Valencia
samples collected from South Africa.
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Preparation and Application of Diagnostic
DNA Probe on the Fastidious Bacteria
Causing Citrus Huanlunpin (Greening)

Hong-Ji Su, Ting-Hsuan Hong and Meng-Ling Wu

Department of Plant Pathology and Entomology,
National Taiwan University

Summary

The fastidious bacteria causing citrus Huanlungpin, called Likubin (greening) inhabit in
sieve tubes of host plants unevenly in low population. In order to prepare highly sensitive
and specific diagnostic probes, an attempt was made to prepare nucleic acid probes for
disease diagnosis and pathogen detection. Through cloning genomic DNA of the pathogen
into plasmid pBS as vector, one stable transformant was selected to prepare biotine-
labled DNA probes. Dot hybridization(DH) with the selected DNA probe 1 showed specific
and sensitive reaction constantly with DNA extract from greening-affected citrus plants.
DH with DNA probe 1 has been commonly applied to detection and ecological study of the
pathogen. Detection of pathogen in symptomless citrus plants could be accomplished by
the techniques with DNA probes so far developed, which were applied the indexing citrus
foundation stocks and seedlings, and epidemiological study. As for the specificity in
pathogen identification, the DNA probe could be used for identifying Huanlunpin pathogen in
the all citrus cultivars of Taiwan, and also showed strong specific reaction in DH test with
GO in citrus samples collected from the Asian countries. However, this DNA probe did not
reacted with the heat-sensitive strain of African greening from South Africa. It implied that
the DNA probe was just specific to Asian heat-tolerant strain of greening pathogen, and the
all test GO isolates from the Asian countries were belonging to the heat-tolerant strain.

Key words: Citrus greening, Dot hybridization, DNA probe.
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I E R BBRT E B IS RIRT 2 EWE, HI8

FAAR BEE
SMEREABRTIARE | RPH1ELHR?

m B

HREEAERIEIERE > ERRSCEBEHE « RATTHN BB EIHHE LS (Li-
kubin) -~ SRR BAH LB R A%  MTERME RS SRS A e > B RS o
ROW TR B2 38 4 BB T SR I ) RSB AR AT (Diaphorina citri ) BEUR B Z 5%
TR - 18 1988 FE3 B 2 B - RN MG R A EARREERE Y &R O
BRSBTS AR BSIE o S BESHY I=~FH -
OB EARRZINNE - {OREMIEHE - BEAEAEENSBRT > SN rASEEy
TR o EABRE < (R I BLS I 2 P RN S A R AN - PSR e - 48 — 4 2 #h »
BRI AR R (B I8 PORE AL BB B4 — R A FLAHEEE » B4 S o 3
& TE 1990 F LR B = K 38R - K H S S SR B R E AR A PRI S 2o ERYlid‘e 351
EHEARAHELE - (BATH L - KRB OEEEME - B2 > KRR BHIE M B AT E
B BRONSEMIR ST AT IS B & DR AREAR bR ot » OSSR AL 280075 25 T B 5 LR A 2t 9
5B - DUERARIRAS R T S - BN B TR IR — S EH TS
PRICIERIBR © R > MR FHRIREBEN SRE AR Z BB HEMAERIEE S
‘EEENGLE > T AR ST AL & 5 A BT o

BREZET : MR SIASS (EER) ~ N B8 - MRS - JEHAE - TERYEES

il

A

RBAB L EEMHRE - B ELBALTERIH 2o HBERERA4E3FA
B FEREC BV LS REKEY EREEERSE o REHEEERES
anEESREAH ~ H0FE - WA R Bt - RS E A - IR R EAN > BINYE R L BY
et o AR B N R - Rt B AR A e E A REZEZEE I
BRI — LN JAFUUE BRI o YR E A E - BT ENHIE AR (Likubin) > 51835
€3 (Huanglungpin) & —EBHHE » RGBS ERES - EEREALER
B NItRBH AR F—HEERGIE F - SHRE IR ERLE > RREg TBlRESE
BE G RE 62 F & 70 £ 1% TR MIGER SE Y B E EIT RS ERHEES
LIE o DURMERBEHEN - MADEE S S EmEEEY (BN 7 (E RS IR E
W ASRHEN B SEERHE > i citrus tristeza virus (CTV) ¥ EEE » 248H
W REINREE S EH - S0 FETEL > KANAE S ETE S EEREA - RN B
TS o (BRI ISR IR B HE I 1% S5 4E R TP TR R RN T D 2
HISERE -
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Bl5MEE greening - type B ELA BTG ALK SHE BAALIZBE - LEMNERETZH
{@AT# 4 < stubborn JE AU A [ 1718 ok B g BOA SN o SRk greening - type
W BB SR R (FAO ) TERM SR E AT — ATURFZEHE - %5 DEE RS 2 i)
221 f& K& (Diaphorina citri) TEHEZ B EBRE - FLLEYBACS B 55K A 2R
W > AR R E M A 02152 « g iR DB BRI S ABHE AR
@0 o FRERARRLSIHM B A A RE SRR E IS B ROARA RS > B EERFTE 1983 ELIKE
INSREZIE 5T » EEE B R 450 o R A TG S R R A HBE S HEER »
B EHYRR EEET - B E R R ATITS T EN - BEHA S22 aEA o

mREERE

OBZEE | THRFRFEAESTBECTVHSIE®  BEfEE —SHABNEEEES
FRHERMEHE (gram negative bacterium ) AT5 [ 17 » T3 CTV BIHBHBE » 190K
FRIIE T MRS « RUELERH  BHEEEN R 2 AR L BRI EN SR 2 REA » &
FIER B E AR EBR -

QRN ESERE RSB ERH (1910 ~ 1940 5 ) HAHEEAE » @HEBIHSASEm
FHE MY BEENT ARG EREERRBE T BAEM 69 o FERREE -
A RIS RSB ZIR o I (1940 ~ 1970 7F ) I EISMRE » CTV AHE i sig
FEIE 19 o 7ERE > 1966 £E Matsumoto B Su® #i4: » FI|fH A (Toxoptera citricidus )
BB > TTERBPIFE AR (Mexican lime ) S0 [ 4 3R EIA{L (vein -clearing ) * K
BEASLIPE (stem - pitting ) HHE Z CTV IRE » KRS A5 E o 456 CTV M S 4
Ul o SEERHIRIBEAREE I NMEIE BT S (BERNUMER S B BRI E R » QR
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A Proposed Strategy for Control of Citrus
Likubin from Ecological Viewpoint
in Taiwan

C. H. Huang' and C. F. Liaw?

Senior Plant Pathologist' and Research Assistant?
Department of Plant Pathology, Taiwan Agricultural Research Institute

Summary

Citrus likubin is the most important disease in citrus cultivation in Taiwan. At present, it
is still not found an effective chemicals to control the disease. From our recent research on
the incidence and spread of the disease in relation to the population fluctuation of its vector
psyliid, Diaphorina citri The results clearly indicated that the number of adult psyllids
increased from mid-March (mid-Spring), then reached the highest density in late April and
early May(early Summer). The high population density lasted about 2 to 3 months (Fig. 1,2)
, but depends on environmental factors. Generally, psyllids increase in orchard after the
new flushes coming out from citrus trees if adult psyllids were survived over winter season
in next Spring. To understand the time of likubin transmitted by vector, the results indicated
that higher transmission rates occurred in March, April and May from our field experiments.
Based on above results, it is clearly that the timing of likubin infection may also be the
timing of new sprouts flushing in fields, especially from March to May in one year. However,
it is also important that different citrus species planted in different areas, the timing of new
sprouts flushing may be somewhat different . Another experiments indicated that intensive
insecticide sprayings were effectively prevented the spread of the disease. Therefore, we
suggest that intensive spray of insecticides from March, i.e. new sprouts flushing, to May
and early eradication of likubin-infected trees be carried out to reduce the spread of likubin
in citrus cultivated industry.

Key words: Citrus likubin, Vector, Citrus psyllid, Population fluctuation, Control strategy.
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Table 1. Detection of Greening organism and symptom development of test citrus plants

in test plot.

Planting date:1991 /10

1993 /4 1993 /6 1993 /8
Plant
No. DNA Probe test  symptom DNA Probe test symptom symptom
1 +++(a) H(b) + 4+ + 4 H M
2 ++++ H ++ 4+ I S
3 ++ H +++ M M
4 + + H + 4+ + 4+ H 1
5 + H ++ 4+ H M
6 ++ H +++ 4+ H M
7 + H + + H M
8 + H + + H S
9 + + H ++ + M I
10 + + H + 4+ + H S
11 + H + + H I
12 +/ - H + H I
13 +/ - H + H I
14 + H + + H I
15 - H +/ - H M
16 - H +/ - H M
17 + + H +++ M S
18 + H + + M I
19 - H +/ - H M
20 + H + + H S
21 + 4+ + H + 4+ + M M
22 + + H +++ M M
23 +++ H +++ + H I
24 ++ + H ++++ M S
25 + 4+ + H ++ 4+ + H M
26 +/ - H ++ H I
27 + H ++ H I
28 + + H + + + H [
29 +++ H ++ 4+ 4+ M I
30 + H + + H M

(a)Signal of dot hybridization. Signal index: - ,no signal; + / - ,very weak signal; +,weak signal;
+ +, intermediate signal; + + +,strong signal; + + + +,very strong signal.

(b)Symptom of citrus likubin:H,healthy looking;M,mild symptom;],intermediate symtpom;
S,severe symptom.
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Summary

The psyllid, Diaphorina citri Kuwayama has been recognized as a vectorial insect of
citrus likubin for a long time in Taiwan. Investigation on population dynamics of the psyliid in
citrus orchards was showed that the population of adults had three peaks per year which
were coincided with the period of citrus flushing at spring, summer and autumn. The number
of adults was most abundance in the first population peak and followed by the second peak
appearing in summer and the least in the third peak appearing in autumn. As the space distri-
bution of the adults in the field was referring to the Relative Degree of Aggregation(RDA) ,
the index of RDA went up during the flushing period when the adults aggregated on the new
shoots to lay eggs. The index went up to the highest when the adult emerged completely,
then it fell down with the dispersion of adults. Newly emer-ging aduits were not so active,
most of them dispersed by climbing within the same trees and sucked juice from down
surface of leaves. Migration of adults around citrus orchard was mostly from March to the
end of April. During this period the adults could be trapped by yellow sticky traps set in the
rice field or other fruit orchards located in several hundreded meters away from the tested
citrus orchard. While the adults immigrated into a new citrus orchard, they multiplicated
rapidly and spread to other trees. About 70% of citrus plants could be recorded to be infest-
ed by the psyllid four month after if the insect was not control with insecticides during the
period from March to May. The incubation period for infected plants to the appearance of
likubin symptom was more than one year. The dissemination of likubin in the field from the
primarily infected plants to the surrounding plants, which might not show any symptom with-
in one year, could be detected by using dot hybridization (DH) test cooperated with DNA
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probe . The same technique could be also used to detect the distribution and variation of
greening organism, the causal agent of likubin, in the infected plants. It was showed that
the greening organism distributed unevenly in the partially symptom-appearing plants in the
early infected period and their density lowered in the tissues with the distance far from the
infection point. However, the greening organism distributed near evenly in ail organs of the
diseased plant after appearance of typical symptoms. The density of the causal agent
varied seasonally with high peaks in late spring (May to June) and late autumn (October) ,
but low in winter. The psyllids on citrus plants was also clarified as a vec-torial insect of liku-
bin by DH test. But the percentage of viruliferous vectors was very low. This indicated that
affinity between the biotype of Diaphorina citri in Taiwan and greening organism was low.
However, high diseased rate would be expected in the field due to accumulation nf natural
infection for a long time period.

Key words: Likubin, Diaphorina citri Kuwayama, Population dynamics, DNA probe.
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BREAERBTERL RE RS TR &
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ABHIEZ EE T RN B RS SIS © ST AR LR BO% - AR - Rk
MIBHAY - Erh DR R B  AEARIES T EAREEE AE » HOKS Phytoph -
thora parasitica , P. palmivora , P. citrophthora , P. citricola % P. cinnamomi ° A& F &
fEEME L. RR, SRR, RREE o ¥URREGIE ¥ B S50 2 fhks /8 B e A
Ko EERERE T RRERESFRERR L EERF o BTa/{T2 R s ATE
Mt ot 2 RERRTE T B e AR R A » (M5 IR G RS S B > S DS
B, KRGS o S EIS SMIR W i Pythium spp., Rhizoctonia solani
( 3 R. solani like ), Phytophthora spp. & Fusarium spp. Fi3li2 » FEEHARENEL
Bk B BRI AR E o 5 EBSRE 2 BERERERE 0 KBS EEERE 5
B FIBYH Rhizoctonia sp., Fusarium sp., Diplodia sp ., % Phomopsis sp. % » — A3 7Et 85
HHiF - FEHBEEOIGARE > §IERZRBHERASRES KSR SR - FEEE.
B, KB RRFBEIBEEE > TTEBARE o AMEEUOBATSHBESRM LR TR

BRSEET « AH1% - 205 - BENE - IS - RIS o

Al

IR Klotz FA O 2 508 > fEEMIBIRED S S B0 2 A R 818 > Hooh DU
RS S EREZBBRA » SHBNABEHAHEERES — - (L= ESHEERE
M. BEMB. Kmalsecco o ) HK > BB HE YT RMHIGHE 2 E @k (damping
off) P41 > T EWEIF B ELE Rhizoctonia solani, Pythium spp., Phytophthora spp- * X
Fusarium spp. ° BX » B ZERRE G5 | IHTEH AR ER > KIS EBERE
EAER > BEECEOLE - BIE - REZ . BEFIRIBE - Wl HREEZfAE
Ao & A ARG m] RS AU A < I B M KRS 0% o PR IIBER 2 B4+
B AR EERCEE B AER - PHAIR TR > R SRS o EHMIREE T A E 2
RIGED » KEMYEBEFIRERERLS > WSHBERE L HEREYCEN T ¢

HiE=E»
— R
TV 55 B Phytophthora de Bary BB EFTS EHI/EYIBENBE > KT EHAL
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FH 4 2275 5 7 FSARIEHS (Phytophthora root rot) . #& /&% L1 B% (foot rot and gum -
mosis ) ~ REMIEMA (fruit brown rot ) . KFFEFH (Phytophthora bud and leaf blight) ©
EAE  EEMB ARG RE WY REALBMEST > FIRSREN R E T
AR » XN ZEBRKFCBRENTE > REE+55E% o

ISR PAIE IS £ (trunk ) ( —MRBEHBE 45 -60 A LA ) SiEETHb M 2 AR MR R
ZEREBRMG EZWE (B 1) - RS SRR EAEE  ERZREEH
MBH (Gummosis ) ®V o EREHE—MLBENLET » FHSR BB RTHHEME -
BRZEW - LHEREHIBREBERL o SR8 E 0% » T RIERBHTHSRL -
% » EEOL B 2 B BER H s s -

R A AEEMG MR © STRKAER - SEZRREHK - B8E - BEHD - 5%
s E kR IR M bhs T RIBESE o PR REiRs o th P REERAER MRR eI R - 3
FreEft ~ &3 £FFHE » MEBHEIEC - PR EHRBEZRE » Q8 Ems
KEHEEFEC (EH1) -

[ 1. FH A 78 B S B o (l)djmﬂ%%i’” o (2) BEW ° (3) %ﬁ‘ﬁﬁ{ﬁ o (4) EHKE
(Phytophthora parasitica ) Z ¥ o

Fig. 1.Phytophtora diseases of citrus and sporangia of P. parasitica. (1) Seedling root rot.
(2)Citrus foot rot. (3) Fruit brown rot. (4) Sporangia of P. parasitica.
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PR R EE MG L LR MT R FIERR » SRENRYEY - DB BT mAE
IS L BT G 05 o itk - BEIBKRIR R G AR N - B2 - TR KRG
BERB ORI - 5 R FBI T o

RIRBIS M O WEERENREEEREY NSRRI REE - 14
B CR-MEIHEENE SR SRS  (HERREE R o RERBRE - KBS
EMUREIH BB E ~ B - /KZARHE - WAL IRE R G ETRR - 1 — BN
WEERT (E1) - (AR ERERERAN - RENE % - BEDHE » R
ERHEAGEIRY) > BERE L EiHmE o
— BREER

Aot 121 TR RO B ] fEE A 1914102 o TEERE . P parasitica,
P. citrophthora, P. palmivora ° HX £ P. citricola, P. boehmeriae, P. cactorum, P.
megasperma, P. cinnamomi, P drechsleri, P. hibernalis, & P. syringae ° 2% P. hiber -
nalis 1 P, syringae 53 N IR I 4t HERG T E N RS T ASHE o ZEARRHRH
SR A fEEMHAF G919 Ik EE M5B P. parasitica, P. palmivora, P. citrophthora,
P. cinnamomi, P. citricola ° ¥/ P. parasitica ¥ P. palmivora 5 A E R LA RGHUIE © P.
citrophthora 81 P. citricola 5 i ALEHIE 5 P. cinnamomi BS54 &M% - 4k » P.
heveae(m, P. insolita ™ } P. humicola(wz&ﬁfﬁaﬁﬁ?‘fiﬁmﬁlw  {HEHHAE T A AE
P
= BRERE

PORETEBEBAIIE IR, ZERE. HBEGE  REREETRFEARKE
o FEMEAIMERSEIE - FEEE o ¥ HIRERRE - — KR 24/ LB > B
B AR ST RN - SR BN - BRIk SR MR FERET -
o (1) BiEETRERE 2 EREESE  BEAS (UERRN - BB - EEEY
) @O - EBBIEE TR T T BB RFEABBTNAIES O o wEEY
wH (UEEHNE - BE. FET. FERTEEEEAZIRT )  ATRAS. BE. B
2. TESWERE - USTIAREE - ABRETHAR  ERE RN - EERT. =
IPBE T 1 SRS  FEERS. b D o R BN M A S R
KRB o KM > SRS LRSI SR+ HIBERRE -

RIS > AR S A TS S R - S5 T AR o AN 2 RIS
BIE - E LSRR AN LT > MASFRIBER o ERESIHMBEN 2 B
B REPNEREREA o BEMEEERERK  IRERESRESEZ 8 - B0
B33 THERFEARCASIBETRR2IME  HERREe+oBE - BihaE
LRI o ERIRET RS H LA S SR 0 o MR o BTSRRI » B RS
IR EETEREAR - GRS H i BT BRI - B ~ R E R YRRy
AR o REF ZHBIRERIATL 528 B 4018 (EYDRERYEIR TR AR B A LIRS i 2
7 P20 o FERA > BR G RIS » —ARHHE S RS P, parasitica B P. palmivora
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YRR RS RS TERI LU A 8  (Rough lemon ) B B K » Big (Sunki) ~ 24k
(Troyer) X & R # & (Rongpur lime) X Z » LA - R #} (Trifoliates) & € # %i
(Kumquat ) EBPHE (£1)D -

REBBRRFERIEEFRER (20 -30C ) FRIREXR > TEAERNEE  GEL
M~ BN AL AMNES > THERBABRSEN > BTG4 30 -80% < B8 5w
% o it RIBARUERET ERFERE - SRR -

00 wEfse
LETHEREEFRE » UF 0] HBERRIRE - 1B 3K0.1% ERKEE= 58 o
2BEEE  AFRARECEENEESET c AN EERNEHE - B 2 L
WEED=+D5 M L o HEEEZE ol E R ERE (CuS0,) % @ LIBHRE o
SAHEHBWEY  GREERECHEERRER T SURBEREA SRR T
- BIBBRMRIFZWER T > G5k ME BT HKEE » O REEE o
BEsh - SCFEFE B R R /K E Ak B o
4 FHEEBR AV ET SRR > —SRERRER » BUB%  FaEnAR o
SBAMEMEYRMERIGA R EERRERE B S S B (I8 - A - 18
tH WEM - HEE ) o BRREIEE  SATBKEA (N8R I XES ) 748
& o BURENALEBEBAHIE 30 A5 LA L - B HIEA SR E TR B BRI o £ BN
Bt B GEAIEE LR -
6. REERFHIKRIF > TS RER 2 RIS ER BB > Dkt S E s
#IK o
7RFREER  BURE  BRRIREE > IFEEERNETHE  RNEREN > 5k
BE BR UHNBHRRENE  UTTEREBREN - HETEESE » NNEKREE
PRHESERTEE  BRRRE I TER R - (BHREENE RIS » BRs
FEEMEAGE > LWETRAFEREREREERRZSE o
8T ERATERIT AT A DD - SEE0 > FHRIEER o PHARIBS ELEREE B
ZERash  SBERBE (KOET ) SRR T8  [AEne4-ResT o
9. ZERIGHE | UIRERERR R RE AR 2 DB fEEE 0 DL (1).80% A 113158
EERKR20M 0 B (2). REEESE > I/KEBRMR  BHEED - SRSREER
E—EamstHREEG T o FFLPAHIBIRE 2 B O 18R R E M E IR TR >
BIE AR ERZHEELER » 80% $EEL T T IR MR 500 FEFRIENE - BUDH A EERS
RZ4-4 NWHEESE (SR TREFEMIEE ) o i 5 TTRRSRETREN
12 1k%  MEAR SR Y B it ] o



HIE LR RERE 213

R 1. ZEPHEVAR R BHHEAESE ( Phytophthora parasitica 8 P. palmivora) Z 3 HERE O+
Table 1. Response of roots of Rutaceae to artificial inoculation with Phytophthora para -

sitica and P. palmivora 1+

TURERR **
(Grade)

ZERAESR
('Varieties )

(Highly
susceptible )

R

ViR

(Susceptible )

R
(Moderate )

SRR ]
(Moderately
resistant or
tolerant )

7
(Resistant )

S HE (Sweet orange ) (HI4E ~ B PHIEZ 9 503% ) - MEREME (Lemon)
(7)*** > ¥R (Rough lemon) (2) * #&EH (Grapefruit) (3)
Tt (Sweet citron ) » B (Mandarins ) (R 9 &R ) - FE (2)
TRt (3) > ZEHE (Lime ) (5)

TR (BRKS (Sunki) ~ 544 - UBES s &% ) - 4G (Troyer) (2) °
RBEME (Citrus depressa) » EHHEH (Rangpur lime ) (3) > &M (1)

%8 (Pummelo ) ( EE X EZ9&% ) » AR (Wood apple) » A5
(tE%E ) (Jasmin orange )

HHBUE (Trifolates ) (3) > B4#% (Sour orange ) (2) » B4 » FILH » i
RS EE O M (MSAM - S~ fIrE)

S5HHA (Severinia) » & (Kumgquat) ( B4 ~ BEH )

* 1~2 ARZ BEMBEEREN A 1000 #8E / G582 mHEE gk o

One - to two-mo -old seedlings were planted in soils containing Phytophthora

about 1000 propagules / gram soil.
R RN E AN LI B ERERAL i AL T
WOMBREH - (BARREE R 3 T S o

Highly susceptible: seedlings died within 3 months; Susceptible: seedlings showed severe
yellowing; Moderate: seedlings showed slightly yellowing; Moderately resistant or
tolerant: seedlings didn’t show disease symptom above ground, but with slightly root rot;
Resistant: seedlings were healthy.

S () MZBEARBEZMEAEREE o

Numbers in ( ) indicates numbers of tested varieties.
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RERBENHBE TR - ST %1 - 2@ALN « BRREZFEHE  ALH
TEHERFEREN - BSBES MRS REEEATUIER @ o REemEst B R aE
HEER HEHEER T SR RES B R&s | EMRREg -

JEZ Rhizoctonia solani Kiihn. ( LA IZE ) 940E » MBS TR B8R
i, REHRE > WHRN1-20% ) BRiHEZ LEBES TERKE > BO5%(ES &
IRAFEFHTIFARB (B 2) - HRETERFRHTAIRE L% > WEREAERL  BE
SR B IR TR LIS - IR E S+ 70 » Pythiumspp. ([BRBH ) REKELEZ
A IRRMD - BRIRRARE ~ WL - i E BB R(L - £ B0 ( B2) o &
4& Fusarium spp. fI40H » {RZEH > BRER RS LR AR B GEIIRET SRSy ES]
MEL EZRBEFEREHBEEN Y » ©IF P. aphanidermatum, P. dissotocum i P
spinosum, X P. irregulare ° {BfEEARMNEZ Fusarium EAESIS B i ELS -

[ 2. THIB LD BRI © (1) IBBRES IR  (2) IAEKEES | -
Fig. 2. Damping off of citrus seedlings caused by (1) Pythiumsp. and (2)
Rhizoctonia solani.
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EYHE > MR LESEENESE GEE) - BEXRQRE | BB ERERR
PRIBELES BT B > YR VR 5 4 R EIa i T EEE @ o

IR EPHEFER L s b 2 Y8R - (—#% R. solani DI » Pythium LLEPfE
FHEBRWT » Fusarium DB FIEER L84 ) > SFBEEEN > HERT > REY
KIERAR - ZEAMNELY 2 BRI SAR AL, » BRI - BN -2 T RS — kM
ZRBERIR (R. solani ZEMTT LI B7E HBREE T Hbh 4 B —FRIEN > MEEST2H
¥R IR EEE KIS o Pythium SIS L R BB E T - Sk o I I o
Fusarium RISRELA Z 2 ERFESHEBEE - ) @ AEMEZHBETFHEYYE > 2 RHEAR
ZFERLT -

SIEMHEERERZREABSSIEN > TEELEEYZLE - HBEERE R B E7Et
> FWEER=MAL L SEEREIEAEEET Y  BEERARENR » Te e
ERBEZRE (HERIL) - HERAEY 5ERRER  (ARERIREER -

PHaBERELE  LESBENESEEY  RIFERESBERHANESE - 2FHABLT -
EERAHEENHEBZ RN EEE - BEAZNEVERSERES - 3 RFAREE
FEE - BalHSEE SR AR, HESEN SRR AT R B TR TEET
BRIE R 80% #5757 500 fEHIEIIE A RABS AR ] 1000 fEFEIBH T 5 088 » LUGHTE
FARSEMERTFREZFEREE © 1 - BEZER T ARERET » DEFRERES S
£ o MNRIRE—E 54 - WELUES] - AEERMEET RS EERE » SEEEDE
B o LERERIEZK  BEHAS , BN EREREBHENERREE > HRFE o

FEZ Qﬁglﬁzm#ﬂiﬁﬂgﬁ

SIEMRRBZREERES  BIRE S fGE A R R TSR 2 B R A B
BB o frRE  REHFEN > RESTEG Botrytis cinerea®®, Fusarium ramulicolum®?,
Diplodia oospora™®, Phomopsis sp.”, B Rhizoctonia sp.® @ /NG 3 R HRE - (B
SIARKRGRBIER ZRFEWRETFE > RERMBRER o SE=+ER  BIREE—$ 2 TR
R (FEEREREHRHEER - SRR EE R e SRS S EBE 2 REES
LHEE 1978 - 1980 FEEHERECRE | FENMIHE L RFRBEMK SR TER/A
BICL - RYERCH > SREHEES XA e A RFRE - EEENOREC S
WESENNRE R §1 > UeRH— LS BN TEE (R EMEENF
RFELHEB (RFE) -

RIRBISMRE 0% g8 kB - BEAT - ESTAHNE > BREZ > KRS
B WTREEES RS > SNERBR OB EEE o B AEATR  EEeERY
W5 RRESNEAMBIRE » FEMBRBEZ S —ER - HHZ4 2 55 Rio Grondo
gummosis » BESAT]AEEL L TER R B A B E - fﬁrlmﬁ%mﬁﬁﬁiﬁﬁ%ﬁgﬁf?{]\ R =)
WFRBR AR R ORIk » SUERRIEC 2 ATk 2028 o

PriaiiBmc B BiF | LRBEHEE > HERC. M. RIEY (SR 8
SRR o 2. 3BMERS > LIFITIUREL > BAENHRRIER » LURERE .
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HAGIREBRAM BRHE

KEEFEE Ganoderma australe!? B Rigidooporus lineatus"? 5 | M 2 At} EE R
(wood root ) ° BISMUGEETE £ 2R G015 [EAKE 18202 o g HHIBIRED. s, K
RIBRIEE » —MICEYET. FHE. B KBRS 3E o EHREEEF IR AL
AETREBIRA (Brown root rot) » MEMEKERTBIRT » LR KL HLE - FBRH
BEERFERERZBERE > SHEHY « MER5E (Armillaria root rot ) %2829 y
& Mushroom root rot, ZEARG I i H > ERIFF R LER4E BEREAN—{ER4ENERE
o OB, BIRZEMAERE RN RAE > 0] BB @RS (rhizomorphs, cords,
shoestrings ) EIEFER B IIRATEMNIA 148 F o BBV G EH A SR B aHE T8 - Z:N
REREERERE  ARFEEASEREEHEREA o

IR SCRRECEL - AR/ TR B BB A [ B M B R — @) FEH#E
R 1928 FEEBEFEATRE TS AUNMIES GO EIRE 2 L - NaMmERFEE
(9% IR B 75 Helicobasidium albicans Sawada » B3R AKATE K BILIRE E R o BERT %
MESCELIREE T B9 5B G S 0% - (B% 4%k RERFAWREANERREAREE >
BB ORI | BRERSRTMSHEIEL » AEHESEEY (BAR. ®E. BERE. 3
B BIAE ) ZRIQBIIRENEE @Y (HF S WRTASRROBIR I - REEE -
VIRMRIATEL -

FERTAA BRORET > EER T e EREED > i E ks e - TE fR iRy B4R
iR AT > FEFEHENM Y TR T EHMEE Tk SR PR R FE IR R 20 R
AR EL | ZHERICE - J9hitEkk 2 HEHTHE 2028 o

=3 ]

fEEM G TR 1 B E e E 2 fEEm % 20218 , (HEASEFMEHNEA% o F
HLRETHRESREZ W5 11 B 2 B R T OB R AR S IR B R LR E R &
40 : Ganoderma austm]e(”)E@Rigidooporus lineatus"'® 8] 5 [ A% 2 A KF B » —LEH 1%
I B AR 71229 F iR A A AL e A LR R O 2 = =R B R K FERE
HEAEME TEERERE LS SR ERETE DRHAREHESEIF Z%WE ? 78
W RBRTIRFERSEES ? AR E L S AERE S A 5 - BE. HAZF e E
R A o FLRH R R BB IR B E S G RE SR E R AR ERL A8
EHUER o

HEl » AEREE MG LA B ERE TSR G419, LHEHHEL S 2 et R
R > BRERFE SR > 1B PEE o BRT AEBZ S WENRERA RIEEFINER 2 &
A BRI 2 B fEEME PR RS SO BREIER: B —EF - i - fe&
AEMBLEBEERECELR (species) 2% @19, (B REEERH R R fax
BB EEEAREZ DAL A EHEE - [AITHT & I 2 MR B R . R BB A B S AR 2 &
IREER « HE - EEANG A B4 ikl y = B E— (R RREmERG - &
MAAERAMI - HREERTRMEZREET » RsEs 8N E RESE R 2 RS
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H o
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Soil-Borne Fungal Diseases of Citrus in Taiwan

Pao-Jen Ann
Associate Plantpathologist, Chia-yi Agricultural Experiment Station

Summary

Phytophthora diseases, seedling damping off and fibrous root rot, gummosis, and
wood rot are the important soil-borne diseases of citrus in Taiwan. Based on the frequency
of isolation and pathogenicity to citrus, Phytophthora species were the most destructive
fungal pathogens, and a total of 5 species including P. parasitica, P. palmivora, P. citroph-
thora, P. citricola, and P. cinnamomi were detected to be distributed wildly in citrus
orchards. These fungi could attack seedlings, root systems, wound bark of stems, and fruit
of citrus. The contaminated cultural media and irrigation water were the main sources carry-
ing the primary inoculum, and heavy rainfall and moist soil environment were the two key
factors inducing serious Phytophthora diseases. Integrated use of 1. healthy seeds, 2. resis-
tant or tolerant root stocks, 3. disinfected cultural media or vergin soil, and pathogen free
water for irrigation, 4. greenhouse or plastic sheet covering to protect young seedlings from
rainfall, and 5. protective chemicals, could provide a satisfactory effect for decreasing
citrus diseases caused by Phytophthora. Seedling damping off was mainly caused by
Pythium spp., Rhizoctonia solani (or R. solani like), Phytophthora spp., and Fusarium spp.
Sterilized or disinfected cultural mixtures and using healthy seeds cound improve seedling
problems caused by these fungi. Rhizoctonia sp., Fusarium sp., Diplodia sp. and Phomopsis
sp. have been isolated from the diseased barks of citrus stems with gummosis. All of the
four fungi were weak pathogens which attacked weak citrus trees, and caused gummosis
symptoms different from those induced by Phytophthora. Control of gummosis could be
achived by enhanceing citrus trees growing stronger by avoding flooding fields and applica-
tion of inadiquate ferterlizers and chemicals. Wood decay and root rot of citrus, which
were occassionaly found in citrus orchard, were mainly caused by Ganoderma and Phelli-
nus spp.

Key words:Citrus, Phytophthora diseases, Damping off, Gummosis, Wood decay and rot.
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IR ESTEET BT ~ i - B oe % - RERE - ENENECEE  SREEN  S4ER
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Bt 57 BEHLAT — T Pseudomonas MIE - MG EEREAEZIER » 6Pl REMEA - X



224 BEMB AR AR RATEER
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B BNFEERLERES - SUHEMNREE > THRAEYRIEMEN—& ) o Erwinia
herbicola 2—TEELHHE » EMFESHRMEEFEBEEREFE—L  METEECHA
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Table 1. Pathotypes, relative pathogenicity, host range, and distribution of Xanthomonas

campestris pv. citri"™®

Relative pathogenicity?

Pathotype / Distribution

Citrus spp. Commom name
A B C D E
(Asiaand (Argentina) (Brazil) (Mexico) (America)
other areas )

C. sinensis Sweet orange +++ + - - (+)
C. paradisi Grapefruit +++ + - - (+)
C. limon Lemon ++ + + 4+ + - -

C. reticulata Mandarin : + + - -

C. aurantifolia Mexican lime +++ + 4+ + ++ + ++ +

P. trifoliata Swingle (+)

x C. paradisi y citrumelo

z + - ++ +, Degree of pathogenic reaction; -, No disease development; ( + ), Flat
and water —soaking lesion.

y P, Poncirus.



THIG BB R E RS 225

H 1975 DU > Sl & R AT & HITGTE - BT R S I £ RS
PRI 7 Bl 383 B MK - 535 BB 0B PU ST S LR TR 4 e ~ RRRAL ~ MBI A
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TGRS B ARIR 2 3213 BIEkKI prh A WS ME SR &M E Escherichia coli DHS
o #IEPIET pSS10.35 Bl » W AIE - BB T SRS BRI 3048 BIHRAT X,
campestris pv. alfalfae ~ X. campestris pv. cyamopsidis » DL X, campestris pv. phaseoli
X. campestris pv. malvacearum FHIMRMIAN » 1S4EMER > ST EWEER SHIERS LR
RS HYER(LL A S5 IR AU I R BT 616D o

(=) IS LV e

PEHA ~ FIREE - BF ~ BRI E SRS B0 M G SIS R 2 7 s A B i ae (Pla-
smids )@ » H5f B 7~ 100kb X% 69 | & siHEEEREN 53% < Etkth 24 Ham 69 .
PEH 2 XWAT Btk TT{EHIH pXC2 ~ pXC3 - pXC4 - pXC5F4fEER  HHoTERA
29.5~ 52.7kb™ | XW4SHEHREH 5 FRE 55 351 64kb #9 pXWASN & pXW45J EH (
1) > WFEEREEE 5.556.95kb B ISXC4 % ISXC S EfTF (Transposable elements )
(B 2)  MHEENTFREDNED 105107 WHEEES X campestris pv. citri
XAS4501 & Escherichia coli HB101 P RP4 82 1- (] ter ZLFIP 69 o

PXWLSN PXWLS)

{64 kb) (35 &b}

i 1. pXWASN (A) K pXW45T (B) B AL 0480 B 3k o 154555 5132 51 ISXCA ~ ISXCS5#E{L
TTEpXWASN ~ pXW4STE B2 {7 5 ©9 o
Fig. 1. Physical maps of plasmids pXW45N (A) and pXW45J (B). The solid lines on the
maps of pXW45SN and pXW45J represent the locations of transposable elements
ISXC4 and ISXCS, respectively®®
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ISXCS5 ISXC4

2. pAXCS8(A) KX pAXC41(B) BRI 7 FREIMEZ % ISXCS X ISXC4 8L FHIEBE
B o ISXC5(A) RISXC4E I RS EEATTHEIHERR -
Fig. 2. Transposable elements ISXC4 and ISXC5 after intramolecular hybrids of plasmids
pAXC58 (A) and pAXC41 (B) are indicated by arrows®
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3. Cf16 — v1 W 5 8% i RF DNA DA ateP 36 A TEH %7 E M ( Xanthomonas campestris pv.
citri XW47) a8 Fi anBILE L (BESGED) o

Fig. 3. Integration of the Cf16 —v1 RF DNA by attP into the attB of its host ( Xanthomonas
campestris pv. citri XW47) chromosome. From the sequencing data, the following
was established: (a) the phage core was located approximately 250 bp 3’ to the
Kpnl site and 350 bp 5’ to the Pstl site on the 0.6 —kb phage 5’Kpnl - PstI -3’ frag -
ment and (b) the host core was located approximately 150 bp 3’ to a HindIII site
on the 1.5-kb HindIIl "host —attachment site” fragment. Therefore if Cf16-vl
integrates by a mechanism similar to 2 , a 0.5-kb 5’ - HindIIl -3’ - Pstl fragment
and a 1.6 -kb 5’ — Kpnl -3’ — HindIII fragment can be predicted to contain the left
and the right phage —host junction, provided no Pstl or Kpnlsite interrupts the 150 -
bp 5 - HindlIl-core -3’or the 1350-bp 5’ —core- HindlII-3" host fragment
(Modified?).
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VYRR (Tetracycline 30% WP ) ~ 38388 ( Kasuran 81.3% WP) - 58438 ( Yonepon 40
% WP ) ~ #$7FT (Hinodan 35% WP) ~ %4&1% (Benlate 50% WP ) ~ %213 (Topsin - M
70% WP ) FREBNEZY - (BREFZ I EHIHIER 1078~ 10" SEEMITIE e E 9
BESE 72 (B Bk £ AR BOER 7 $96¥82 757 (Macozeb 80% WP) ~ $238% (Benomyl 50% WP)
K 3R751 (Sankel 65% WP ) %2238 A4 ik 22 s 8% 09 o f¢ 7L R 4 1S B S0 NS T BE A
STBERT XW 47 Bk G889 5 4 50 ug / m] #9 Nitrosoguanidine BEHE 30 575 > T] 5B R
(Arginine ) ~ FBEEE (Cysteine ) ~ HEE (Histidine ) ~ BEEEM (Isoleucine ) ~ &,
B (Proline ) ~ FEEA &M (Phenylalonine ) ~ &M (Tyrosine ) %44 % GG 2o 8048 & 3t
CP115 UEE fEHIITZE @3 70 o

EEERR Ay Zel

Cf16 B —EHFHEREF LMK LS % > 41 Escherichia coliffy A ©8 57
Mu® ~ D108"7 ~ Vibrio cholerae 1 VeA1®® ~ Agrobacterium tumefaciens {7 % (5 %58
IR RS - H DNARATES THIE LG 109 5 (k107 RS » (FES TR E sz
TL8080 o MHAGIE B B XWAT Mk - B Cr16 1%, BUFSEH SR (Cysteine ) B
ERZEE R R (Cys mutant) © M5 Cys” 28 B E RO 4 EFI SRS (Citrate ) FIBEST »
By R FL¥E (Galactose ) ~ ¥GTEHE (Trehalose) ~ AN¥E (Xylose) ~ H & ¥R
(Mannitol ) ~ H#E¥E (Mannose ) ~ Hifi (Glycerol ) FI#i¥5 (Dextrin ) EW/AKILEY - T
FUMEBR HBUR I o Cfle B HE THl% > EDNAFEANES F @@ -
RIS - B Cf16 MR B AT A EAY Cys 288 » ATRERRI Cf16 DNA EA R F TAIIHT cys EF T
FITG (28 7288 o MIREIEERERIF Cr16 F535LA0 Cys 288 » BRI A B0 - BB Bt -
DIRE BRI F SR IR 2L D o HUFEEIRERT XW4AS EHE > 8 Cf16 HARIE B A8 B s L
% - WEELIR RS 107! MBS A S A AL AIZE @ 7880 | BT 2 B ELER(D His 28
tho BLXW4S A RERAR - A e ASRRLE - Tae sl - AN - 58 58
W&~ b RAERFLAE > B His SRR EREIER » RASHBES M » TIASM His* E{E
HIRKARIFUIL S BICRE o XW45s TFERIEREATSE pXWASN I pXW4sT “(EHE »
TEH L His BRI EMRK His* EEERAIERN - AR ESE - EENE s AR S ERYE
2 o Cf16 WEEIBR7E His 2R B IRA] His* [ {EERMIEPS T 2R GE E 8 IREEH DNA | X
St ATHEME R R TR AT S R G TR ERER LS —ELLE £ o cf29 - Cf3
2~ Cf99 ~ Cf117HI Cf134 FHABRE B8 2 7 BI SR @B E A B RAT 5 B - 2 gt
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WRIEZRE XWATHEHRET > W EFEEEH (Glutamic acid) ~ XFERNEE - HEE - BE
MEERRIEZRE - AT RIS RBERARO B AN IBEERHEEE W
ERin RIS E &AL - MM - SUET R ERESORREEUR S T o

L E ]

FH % B B8 B 9 XW 18 I B 28 B B bR A0 U7 8D 14 » 72 MLO.L 55 0.005 F915 I T » #& Cf29 -
Cf32 ~ Cf99 ~ Cf117 ~ Cf134 TR - KK 107 » T#¥E (Transduction) %
XW118 R BN A EF A BUTH R » (BABEEE G FINER - FERNER - HEH - EA&E/ -
WEE - BEBRAVSERFREER S FIEEFHKERERRE  WBH CP11SHE
AR - M EES RIS & ~ R - SRR SRRESIB R HE R 7470 o
L AT

CfHHAIRIEH B8 R S RIS DNA (RF DNA) » AJH|HBILER I E A BERE
XW47 EREFIHIBE o #i B F WA LLEH MgS04 & NaCl #9 Tris 2 E W 2B > 1A DNA
% LL12.5KV /ecmSBEE T » A115%]5.2x 10 pfu / ug DNAGERE Z#E (Transfection ) ©
FH—RKMEE RS © Xf - H RF DNA thaJ#HREIELEA X, campestris pv. oryzae 604 » EHi#
RS 3.1x 10 pfu/ug DNA > M1 Xpl10 WEEBEATEE AL DNA th o] LS FLik i 2 B A AR
HEME - TR ERMMAINERE DNA » B 52 RF DNA — K » ATl b #@ g X
campestris pv. citri B{ X. campestris pv. oryzae IRk o HEiH Cf I XT » HEDNA B #H
B LA X, campestris FI3EF FHM - MAEEL WAL EFEETHESS o i org
HERAWERE - HDNATHICf DNAETTHSKIE M XIELEBRYIGEHE > &
DNA B Xf DNAEA » FIEBBR LB FLIAEARIRE S DNA G 7E3ES THE S 0D o

GRS

R BB B AL ER R A AT B MR - 1984 F R EBIMHRE B2 INMGEE > &4
PARZRANE BT Swingle citrumelo HECTE - (FHERE £ R ~ /KIBIRATBE - RERB%
AUREANE U R AU TR 5 R AR A ~ AL - S EEEBREEEER > il
RS VBB EBILH RS ERHERE B E R 2% (Bacterial spot )®® o Gabriel
G UBFA 1989 F > HNEFESERFIRFLP TR (B 4B) @ BBHHIGEERENA - B
/C/D ~ EfRIRE B E#Hr a5 2 5 Xanthomonas citri ~ X. campestris pv. aurantifolii ¥l
X. campestris pv. citrumelo ° H&EIEERAIME M RR S S HHERNE - & - REENE
B CHERBRBEREERERMY BE  RERN - B8R PEMRNEE - SE &
LR HHEESRRDE—EXNCE 8 LBAKEX - FrLIEERHER 1984 F 1986
FEMHEEERRIZ I PR > BN SREVE B B B B AR TR SR 2 b > BUanrE B F s
HEE B I EYRIEW AT - 7EHRE BN EER WA - LUK 658 5 A S
REFENREES  SHBESBRIMEEEERENRET » 410 - M5 - DNA SHFH
g HIRMENERE » FITR200M 0 S RIC T B EEIR M A% 20 o B
B HBF EEE - A O« REEENA @70 « iiTREE A L mige 14 L g
EOEEIKE (SDS-PAGE) LIRS (FAME) 5347 © - DNA 388 R E IR 4l
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B T ER % BUME B[R R M (B93080) B T — RIS o SUREBERELRITRETS - MHIBEE
RIS  BRFEME SRR IRMA > [/E X RFLP ST BN B RE < MRS -
AT B B B P B < R AR IR & HEABEZ 2 2 o Gabriel % "9 52 1989 AT EEMI
X. citri » B X. campestris pv. citrumelo —% % REFT5 REAHEHE EPEESR - 8RS
ROBBETEMER G208 5 {H Vauterin % 0 12 1991 47 H DNA RIEY: - EAE &I
BERAE AN S IR S H 2 BRI R RO ARER (E4) - TER LERE  RETER
A LURFLP #i7% Xanthomonas campestris pv. citri {EE#H 7748 ; 1 Graham andGottwald
@ - Stall and Giverolo® ~ Young et al.®? ZEEH 1991 £5 T RMNL B FTLBAE
o OBEEHEFT Y MEER REAAS ENHBEERERRESSEERL X

capestris pv. citri °
HERERHNEETREN
Hana HE/MEEGED > BREBRNNHBRIESESE  REEENREEEIAET &
ARE AT SR H BRI o HIBEBRAEBRFENEEREE - BarE Nt nES
o MERESULERERI R EE » TR B SER

RRMERIEA

TR E SR SR AN - FIBTRBE R RAV ARG - BEPTRERSHIR - AR M B R
H175i% = Goto % 9 14 1970 SIS HIGEBFRE L21 AT RIRSRER LR BIZRA S
H1/4FHEE0.5mlEHE - (EERER EIRATLNE Tul / cm? (BFEAZEAN > 1~38%
RURT B S H 2 SRS BLETY | B - BPIRh & H/102-10° /ml AUHIEERS - 307
A3 100% ~ 65% > LLAIATIREE AT STRAR o

Koizumi® 1 1971 SR MHTSHE #MEE: - RAKERERELE 0.8mm 15 XSHEFE -
RSB EH ARG - A% ARCES S EEHRE E - KC6501 BE#RET 2 x 107 cells /
ml AP RS RS A RN 0 EREEBR > BN 25 CERMEN - K7~8H
fe » BUHBUREE o WaT0™7070 F wy % G480878889 g 1972 IR ILE — BB S EHE - 1E
BENGEERNER - ESEEMSERELEBE2H > 3~ 5 HERFHATYR

FIBF{EISMERIEUA

Goto % P2 1980 F s » HIBEBFRENBHEREAEESK > MAREALRE » 7£
Peptone —sugar agar plates ERTERATE /N - TR B ILME R B0 - ILED A B 4R
FIRIEE - M —E LRI - (HBR H I - BTHNE » 5f > Verniere % ©7 f2 1993
% I Biolog substrate utilization system 1 2 %f 95 HfR /KL S PIRIFIF AR - 72 24 /) BF PO EY
AR (BEEERSTET0% ; WIRAILEE BB (Fucose ) ~ F7L¥E (Galactose ) &
Alarinamide FRAMLEVIFIRIER - TR HEEBEHREA - B. C. D . EFHKR

Al o
WERREA

CP1 F1CP2 WEEE B 8 gE Be i H AR Hu R o5 BEAIHTE IS BT 800 B Bk 2 98 ~ 99%
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Xanthomonas campestris pv. citri pathotypes
Methods
A B D C E

DNA -DNA
>60% (A)

DNA -DNA
>85% (A)

SDS -PAGE of
proteins (A)

FAME
analysis (A)

RFLP
analysis (B) ,

RFLP analysis
<60% (C)

RFLP ananlysis

>60% (C)

B4 HFETHE LERELE DNAKS - EHE - EIHE (A)% -~ RFLP(B)™® &
(C)CVE T LEL o

Fig. 4. Schematic comparison of the pathotypes of Xanthomonas campestris pv. citri

obtained by different methods studied by Vauterin et al.®®
(A), Gabriel et al."® (B), and Hartung and Civerolo®” (C) °

46,4888, Rk o BN ULESERIE M > Obata F “DF2 1969 F HI % B H —TEFT 38 CP1 -
CP2 HE e BB BN A 451 - DUB I EE MR N EH B H E X8 - 58T 5B/ CP115 /]
CP122 WHE R » 4% Wu 5 C9 12 1993 F#¥ » sERUAN A B S S AETE - FIE - i
SEERY 138 (MR 1358k B EEE 98% » (EABERRATHER 50 % a5 B M
BRI - BOE - BRARSHE - Bt HEEERA RN AT RN GBS EH
BRBRE - HEREBHHBESRENE 28 - CP115 ~ CP122 IHH MR H
FEMBE I BREMAE » B 24 /NFRRIATERL » FTRL > IR IR S ATRE L2 —
- fE(E BRI o
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ME;RIEGE

B @G 188 1% (ELISA): Civerolo & Fan™ 7 1982 4 Fil FRHI G IS 15 A 7o B B &
XC62 BHRAT C IR AL XC70 BMRAIHTINE » LLELISAS M » TTEH A - B » C =JEEA o
AWRIFAFIB ~ CHRIFMAIMIERIAEE > fiB ~ C 5B AISAET » HANE o] S I
{EIRRERS 10° - 10° cells /ml o MbiE R BT AR EEMBROME » BTHRERZE -

SREBREEIEETE A4 (MEI): Briansky 2 @ 1 1990 SESHHE BRI A JRIE
A XC62 BLE R AL FLN B R AIIEAS 5.0um & 2.0um MR STRBEISIEI81L » HRlBEs &%
FH XC62 B¢ FLN #i B 5455 49 1 G HLII% KK FE » Fi) R Epifluorescene B E % > n]{&H
HER (B ERS 10%-10° cells /ml > MAEEIA - EXB > C » DHE=F (#£2) - HEBEMBE
HURNER S - MEE R ER R SRS - 505 - B8 FENEEEE - ORI
REATE > RtbE > SRR S A 3 B IE A Bk A AU 6 B I8 55 B e (F£3) o
Kt - MEI & e S S B R s 0 5 RS o

BICHME R FE © Alvarez % @14 1991 FF IR A8 H i BU S MG IBRS 5 A ~ B »
C D ERf@RFAEKESEREMLNAL~ A2 B2 B3 -Cl Tl ~ T2 - CBS] -
CBS2 ~ CBS3 ¥ 10 fH B HRIT8 - I A2 F1 C1 EEkHTIMES; - Her » HEMBENS X,
campestris I Pathovars (UHIE » 28 NEXIE (%4)
DNA DHTE

BRE T EYIBTRURSHE | R R B4 (Genomic fingerprinting) ~ DNA -DNA
# & & (DNA-DNA hybridization ) - RELP 547 i (Restriction fragment length poly —
morphisms, RFLP ) XIREM#¥ 52 HE X ME (Polymerase chain reaction (PCR) ) &Hifliay#e
e 8 S B BUNHAG 1 B T R 0 B o Hartung 1 Civerolo® 4t 1987 & i HHE BB &M
REMDNA - 48 EcoRIIRHIBEER » Bk D7 » 1AM DNASSEER S 1 » BITTES A ~
B~ ESMIRAL o Hartung® 5 1992 4F 451 % 1859 B 47 4+ 532 DNA & BamHI PR 158

» BT > LA pFLI EES RS  (THAIER » ITTESIHAHEEERZA - B - C -

D ERIRA » LR E M X. campestris pv. bilvae 1 X. campestris pv. vignicola Z#f
o IR B R LB 75 (5 A A ) e 2 8% DNA IR VB EE - Bk SM 4% » A RFLP 15
SHEITHAER » DMK EEMARLUESE > BIJEEE RFLP fE ° Hartung #l Civerolo®® A
1989 FFBGETE ST/ 60% B AT i MG EBRE 2B A/B/C/DRE “# » AR 60%
HIZF A~ B/C/D ~ B8 MEXASB=/1EE ( [B4C) ° Vauterin % % 1991 £
BCRFLP 8 > K1 60% RSt 15 7 5 FLEHE LS MEET S5 - AR 85% BRI E
A B/C/DREZEE o [RILZS > Gabriel % 19 1989 #4842 RRLP SRR - g
i ESREAERREASSBA - B/C/D ~ E=Eo Hartung®V 552 1993 4 » HAHIGEE
WA T A5 [ L B AR R 1T 2 4 (0 R TS PO BE AT 5 B AL Y DNA #EPCR HATHIIGTE » &
vk HTi% » LLE 572bp EcoR1 R 4§18 o EY4E A f pFL1 BRI EITTHAIER » a/{Em5)
25pg FIDNA B 10%cells / ml A RI4NE o
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F2 MBEEFE AERFELARG RBRIEEE &8 ErEE @
Table 2. Reactions of bacterial strains with antisera prepared to Xanthomonas campestris
pv. citri pathotype E strain XC62 and pathotype E strain FLN in membrane

entrapment immunofluoresence®

No. of reaction to antisera
(positive / tested )

Bacteria tested XC62 FLN
X. campestris pv. citri pathotype E 0/25 14 /25
X. campestris pv. citri pathotype A 18/18 0/18
X. campestris pv. citri pathotype B, C, and D 0/10 0/10
Nonpathogenic

X. campestris isolated from citrus 0/16 0/16

Other phytopathogenic
X. campestris pathovar alfalfae 0/4 1/4

Other bacteria z) 0/40 0/40

z Other bacteria: X. campestris pathovars begoniae, bilvae, campestris, dieffenbachiae,
hederae, malvacearum, maculifoliigardeniae, peiargonii, phaseoli,
poinseti icola, pruni, manihotis, and vesicatoria; Agrobacterium
tumefaciens, Clavibacter michiganense subspecies michiganense and
nebraskanese, Erwinia herbicola, Pseudomonas aeruginosa, P. cichorii,
P. solanacerum, P. viridiflava, P. syrigae pv. tomato, P. syringae pv.

syringae, and Xyella fastidiosa.

K3 MHEBHEARERREMARERBEREE REELERL
EH RS A fE @

Table 3. Reactions of bacteria from field samples with symptoms
of ’citrus bacterial spot’ and citrus canker with antisera to
bacteria cousing ’citrus bacterial spot’ and citrus canker
caused by Xanthomonas campestris pv. citri pathotype E
strain FLN and pathotyo pe A strain XC62, respectively®

Antisera reaction

Location FLN XC62
(positive / tested )

Citrus nursery 15/36 0/36

Door yard 0/30 26 /30

Commercial orchard 0/17 17 /17
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Table 4. Monoclonal antibodies used to characterize strains of X. campestris pv. citri

pathotypes®
Monoclonal Prepared from Specificity to Other pathovars
antibody pathotype pathotype of X. campestris
(positive /tested )
Al A A(34/34) manihotis, some strains
of pathotype E
A2 A A(6/34) None
B2 B B(10/12) phaseoli
B3 B B(2/12) dieffenbachiae
C1 C C(1/1) None
T1 D D(1/10) dieffenbachiae
T2 D D(1/10) dieffenbachiae
CBS1 E E(98/225) alfalfae
CBS2 E E(98/225) alfalfae
CBS3 E E(8/225) vitians
B

AR B R B 1 1910 TR RIELIK » & HA ~ 25 -~ B75F - U - WRE - hE%
TS BEIG . HESM - S - RBEEENY - REE - EER - LARBFIGHRE 5
A EFEAVRTZE © CHE RN SRR ER B N0 P S At B I BT Bhs o~ Bk » b R
ZIEB > DU EEE SO > BIFRT 10 ERAIEPIRIZE 1 - ERNEE HTH » &
TRBME ~ HERES ~ [17E - DNA ST SEEEZ S - 4 Wu 2 @ 1993 6 CP115 ~ CP122
W AR PR L S TR B S XA R A s SR A R BK ~ BB~ RS - LUK Brlan -
sky % (V1990 F IR S IRE IS E & 48 ek > BTG ISR - S AT BRI MR

gk IR AEDR 3 AR TS R B R R RIE S o DUE S B RS O B (e
ﬂa (o]
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Summary

Citrus canker caused by Xanthomonas campestris pv. citri has occurred widely in the
world. X. campestris pv. citriis a short rod with a polar flagellum and harbors several plas-
mids and transposable elements. Pathogenicity gene pthA of this bacterium belonging to
pathotype A, after conjugal transfer through the plasmid pSS10.35 of Escherichia coli,
enables strains of X. campestris pv. citri pathotype E and several pathovars of X,
campestris to elicit cankerlike lesions on grapefruit leaves. Phages CP1 and CP122 of this
bacterium have spherical heads each with a long tail,whereas CP2 and CP115 are polyhedri-
al cubics each with a short tail. Phages Cf and Cf16 are filamentous,containing circular,
single-stranded DNA. The replicative form (RF) DNA of Cf is able to transfect X.campestris
pv. citri XW47 by electroporation. Cf16, after infection, neolysogenizes its host by
integra tion of its RF DNA into the host chromosome. Phages Cf16, as well as Cf29,Cf32,
Cf99, Cf117, and Cf134, after lysogenization, induce several auxotrophic mutations of X.
campestris pv. citri XW47; the latters also mediate transduction of mobility of the
bacterium. Five pathotypes of X. campestris pv. citri have been distinguished: pathotype A
occurs widely in the world and is most pathogenic on grapefruit, sweet oranges, and
Mexican lime; pathotype B occurs in Agrentina, Paraguay, and Uruguay and is most
pathogenic on lemon and Mexican lime: pathotype C occurs in Brazil and pathogenic on
Mexican lime; pathotype D distributes in Mexico and pathogenic on the Mexican lime
leaves; all of these produce corky and raised lesions; pathotype E occurs only in Florida,
USA and produces lesions of flat,water-soaked, and surrounded chlorosis on grapefruit,
trifoliate orange, and citrumelo. Symptoms produced between pathotypes A-D and E are so
different that some plant pathologists have named the disease and the causal agent belong-
ing to pathotype E as citrus bacterial spot and X. campestris pv. citrumelo, respectively.
Although some degrees of pathological, biochemical, and molecular differences exist, the
diseases on citrus caused by the 5 pathotypes of this bacterium have still called canker
and, hence, the causal bacterium X, campestris pv. citri. This bacterium and citrus canker
can be identified or detected by pathological inoculation, physiological and biochemical
tests, phage,enzyme-linked immunofluorescence, monoclonal antibody, genomic fingerprint-
ing, DNA-DNA hybridization, restriction-fragment length polymorphism, and polymerase
chain reaction te chniques.

Key words: Citrus canker, Citrus bacterial spot, Phages, Plasmids, Transposable elements
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Fig. 1. Percentage of parasitism of D. diaphorinae on D. citrus in Taiwan.
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Fig. 2. Percentage of parasitism of hyperparasitism on D. diaphorinae and T. radiata in
Taiwan.

HEARFERZEMISHRATERR

Gauld and Bolton® BB F 4 kM A FEEEBREY  FERSIENSES T E
FETA EAEEE N L ERRE NI S5 £ RS Y - TSNS - SRR ERLEY
BiE L BEUE MR RS, » M ATRIE S 14 E0E TR 2 Rt EhEe - S F £ T
ZBEEZER - ENHERIZIE R/ MESATRERL ME 2 BN BT SR MES S DS
SRBE OEII0ILIZIN | [T pap NG R DBERS R 619 AZ BB EE - KB
EBIEZRBRER o 5 BRI A YIS aE £ 5 (£1) > FEAES CTEEHMLE
20 A ERY - RIREBK/ &2 S TE D BB IR/ EAR - B BB R IIE A RE Y (B
(BHRZE B EREHBFT LR (BENBEFEK ) 252 DI NEeHE
% (02190 /R ) BITHER/NME (0.3077 /K ) 55 o FIBEEEEF 41855 F 2 BT 1 B0E T 7|
MBS - 7RRR e R NS HHE AR TR S5 BRI R ME B K o BAEERISS S
B BRENRBEREEL  ETFEES20 S MERBEZERETE 0% » s
B2 ANTElER/ NEZ IR S — « IS BRI e BT » DIBT %™
AT AR EINA A — SR AL - SR NEREIN 6 K » SERI Rl S UG EVEE
B o (BEBRAT L MERRIMER 1% - HFAET A IS TR HARR 5 7E25°C ~ (HASEIERT
STHE R/ )ME(E 20 X > TATBERE/MERITT B3 20 ~ 60 X » SEREH BRTEER » Z X5 20
K& » KLRE B/ B RIE & 6 M o R R M S 3 o



248 BB HAERRATGET
RI1MHBEARGHET SRR B HE T 4R

Table 1. Population parameters and parasitism strategies of two parositoids of Diaphorina

citri

Items

T. radiata

D. diaphorinae?

Mode of egg production
Mode of reproduction
Strategy of parasitism
Mode of host —killing

Adult mostly activity

emergence

oviposition and feeding
Host preference

oviposition

host feeding
Superparasitism, %

1-8 hosts /day

20 hosts /day

30 - 40 hosts / day

Oviposition and host
feeding ratio

Longevity (25°C ), days

Lower developmental
threshold, °C

Degree —day, ‘C — day

Searching rate, day ™!

Handling time, min

Reproduction (25°C )

duration of one generation,
days

survival rate of one
generation, %

female ratio

fecudity, eggs laid / ¥
20 hosts / day
40 hosts / day

intrinsic rate of increase,
day™!

synovigenic type
arrhenotoky
koinobiont, etco — parasitic

mono — ectoparasitism,
host feednig, venom

5-10 a.m.
9a.m.-1p.m.

5th instar nymph
1st — 5th instar nymph

23-45
10

1-4

§=2.392 +0.132x - 0.002x?
R%=0.67 (1 — 80 hosts /day )
26 (%) 146 (%)

11 (egg - adult)
165 (egg - adult)
0.89

23.89 +0.004N¢?

11.4 (egg 1.9,larva 4,
prepupa 0.6,pupa 4.9)
88

0.76

215
434
0.3077

synovigenic type
thelytoky
koinobiont, endo - parasitic

mono —endoparasitism,
host feeding

6-12 a.m.
Sam.-1p.m.

4th instar nymph
1st - 4th instar nymph

41-45
42
8-12

§ =9.145+0.176x - 0.008x2
R%=0.76 (1-40 hosts / day)

19.6 ( %)

18.3

84

1.0

263
254
0.2190
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Table 1. Population parameters and parasitism strategies of two parasitoids of Diaphorina
citri (continued )

Items T. radiata D. diaphorinae?
Killing capability (25°C ),
no. hosts / ¥
20 hosts /day 245 177
40 hosts / day 513 288
Host utilization, %
lifetime
2 -8 hosts / day 90 - 94 61-78
20 hosts /day 68 41
30 - 40 hosts / day 55-68 39-46

most active oviposition
period (9 days)

20 hosts / day 90 56

Hyperparasitism

species 7 11

parasitism, % 2.3 40.6
Interspecific competition strong weak
Mechenism of synchronism oosorption oosorption

with host
Endurance of host deprivation

(25°C ), days 20 20 -60

z) C.C. Chien, Y. I. Chu, and H. C. Ku, unpublished data.
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The Role of Parasitoids in The Pest
Management of Citrus Psyllid

Ching-Chin Chien
Asistant Entomologist, Department of Applied Zoology, TARI

Summary

Control of citrus psyliid, Diaphorina citri Kuwayama has been emphasized because it is
a vector of citrus likubin which seriously threatens the citrus industry of Taiwan. Tamarixia
radiata (Waterston) was introduced from Reunion by Taiwan Agricultural Research Institute
and evaluated its efficiency against citrus psyllid from 1983 to 1990. The results showed
that the introduced parasitoid T. radiata has the ability to depress the population of citrus
psyllid which did not disperse actively on jasmine orange when the host environment is
stable. Therefore, we suggested to maintain a stable jasmine orange situation by avoiding
large scale pruning and insecticide spraying to provide suitable habitat for T. radiata and
the native wasp Diaphorencyrtus diaphorinae (Lin & Tao). However, It is not practical to use
parasitoids in orchard due to the following reasons: 1. a single citrus psyllid carrying the
pathogen can transmit likubin; 2. parasitoid activities are seriously limited by discontinuous
budding period and the insecticide application; 3. the citrus psyliid is easily controlled by
chemicals; 4. and insecticide application is necessary for citrus cultivation. Therefore, we
suggested to use cultivation systems and insecticides without parasitoids for the control of
the citrus psyllid to reduce likubin transmission in citrus orchards.

Key words: Diaphorina citri, Parasitoid, Biological control, Integrated pest management
system
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Ecology and Control of the White-Spotted
Longicorn Beetle on Citrus
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Summary

The white-spotted longicorn beetle, Anoplophora macularia ( Thomson ) is the most
destructive insect pest of citrus tree trunks. [t injuries more than 50 host plants. There is
only one generation per year in Taiwan and the adult often emergences from early April
through October with a peak on June. The adult needs to feed on the new leaves and twigs,
and after a few days it begins to do copulation and oviposition. Mostly, the female bites an
incision with her mouthpart and deposits an egg inside at the base part of tree. The eggs
hatched within 7-10 days and the young iarvae fed on the bark first, and then bored into the
solid wood after the third instar that might cause the plant to die. The control methods
include the white-brushing (with Lime and Sulfur), chemical spraying (on tree base or
canopy to avoid egg depositing or to kill the adult), mechanical method (hand picking, wire
net and iron wire), biological control (egg and larval parasitic wasps and fungus Beauveria
spp.) and cultural practice (sanitation on tree base, irrigation, fertilization, tree vigor and
tolerance variety), etc.

Key words : Citrus, Anoplophora macularia, Ecology, Control.
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Fig. 13. Change of relative site between the trap and hot spot after the capturing
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Fig. 14. Relation between the capturing velocity (active space) and accumulated
No. of attracted male in the male anhinilation technique
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Control of Oriental Fruit Fly (Dacus dorsalis)
Present Situation and Prospect

Yau-i Chu’  Yun Cheng? Lih-chu Yang’

'Professor, Department of plant pathology and Entomology, National Taiwan Uriversity
“Senior Researcher, Department of Applied Entomology, TARI
*Division Head, Plant Protertion Devision, Department of Apriculture and Forestry

Summary

Oriental fruit fly (Dacus dorsalis)is one of the most destructive pests on many kinds of
fruit in Taiwan. The damage by this fly is recorded from Japanses ocupied period and more
than 70 year had passed since the control operation in this island. Through some error and
trial of the control methods, male annihilation is already proved most effective and promising
method against this fly. Then, the large scale male annihilation is started since end of July
1994 with poisoned methyl eugenol (ME) soaked fiber board. Accordingly 4.5x4.5x0.9cm
fiber board are dipped in a mixture of 98% ME, 5% Naled and anti-oxidant for night. Then,
10ml of mixture are considered to be soaked into a piece of the board. In the present,
100,000ha of fruit orchard are decided for the treated area, where the ME soaked fiber
boards applid in the dosage of 6 piece/ha every 2 months. The application is done by the
farmer themselves. Besides, 60 localities covered whole the island are designated as the
oriental fruit fly monitoring site. In those area, 9 monitor traps are set at orchard, with fruit
plants, abandoned orchard and not cultivating area. Namely 540 monitor traps are used to
investigate the change attracted male fly for 60 localities. In the monitor trap, cotton
soaked 2ml of poisoned ME is set. The trap is hung on a branch at the 1.5m height with
35cm Diameter and 40 cm length nylon net to accomodate the attracted male flies. No. of
attracted is counted every 10 days. At the begining of moni-toring, namely on 23 July 1994.
77.7 male /trap/ day were attracted in an average of provided 540 traps. While , through 3
month’s survey, No. of attracted male decreased apparently.

Accordingly, on 23 Nov., No. of attracted in average recorded 12.6, namely around 1/6
of the first survey. However, in some area, the density of the flies still keep in high level.
Through preliminary analysis, it may almost due to the limited treated area and immigration
of the flies from the untreated area. In this paper, the cause of the low efficiency in some
localities, and the future prospective aspect are also discussed.

Key word: Oriental fruit fly, Dacus dorsalis, Male annihilation, Methyl engenol, Active
range for attractivenes, Velocity for attractiveness
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Fig. 1. The flow chart of the experimental design for establishment of quality
standards of Liucheng orange.
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Fig. 2. Distribution pattern of a and b values with the degree of color prefer - -

ence for the epicarp of Liucheng orange.

* Hedonic scale, use 1 -7 scale * n = 1438
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Tablel. The percentage of reaching "like slightly" level or above by
consumer —type panelists on color with various a and b
values of epicarp of Liucheng orange

a b Percentage (% ) *
>24 61.8 (886 /1434)
> 12 >28 64.4 (881/1368)
>32 75.5 (839 /1111)
>24 67.6 (886 /1310)
>_8 >28 68.0 (881 /1296)
>32 75.7 (839 /1108)
>24 75.4 (886 /1175)
> -4 >28 75.4 (881/1168)
>32 78.5 (839 /1069)
>24 80.6 (884/1097)
>0 >28 80.5 (879 /1092)
>32 82.5 (837/1014)
>24 84.3 (876 /1039)
>4 >28 84.2 (871/1034)
>32 86.2 (829/962)
>24 88.8 (834/939)
>8 >28 88.8 (830/935)
>32 90.3 (791/876)

* Percentage =

number of fruits evaluated as "like slightly" Icvel or above

total with the same level of a and b values
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Fig. 3. The different degree of color on epicarp of Liucheng orange.
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*Same as Fig.2.
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Table 2. The percentage of reaching °‘like slightly’ level or above by
consumer —type panelists on fruits with various “Brix and ©Brix /
titratable acidity of endocarp of Liucheng orange

OBrix OBrix / Titratable Acidity Percentage (% )"
9.0-16.0 15-50 71.5 (728 /1018)
9.5-16.0 15-50 73.3 (715/975)
10.0 -16.0 15-50 76.0 (698 /918)
10.5-16.0 15-50 78.0 (679 /870)
11.0-16.0 15-50 80.7 (645/799)
11.5-16.0 15-50 83.6 (606 /725 )
12.0-16.0 15-50 84.8 (563 /664)

9.0 -16.0 15-45 73.6 (662 /900)

9.5-16.0 15-45 75.4 (649 /861)
10.0-16.0 15-45 78.5 (632 /805)
10.5-16.0 15 -45 79.2 (613 /774)
11.0-16.0 15-45 81.1 (579 /714)
11.5-16.0 15-45 84.0 (540 /643)
12.0-16.0 15-45 85.1 (497 /584)

9.0-16.0 20-50 76.0 (659 /867)

9.5-16.0 20-50 77.3 (650 /841)
10.0-16.0 20-50 79.4 (639 /805)
10.5-16.0 20 -50 81.5 (623 /764)
11.0-16.0 20-50 83.8 (599 /715)
11.5-16.0 20 -50 87.6 (573 /654)
12.0-16.0 20-50 90.0 (532/591)

9.0 -16.0 20— 45 75.0 (593/791)

9.5-16.0 20-45 76.1 (584 /767)
10.0-16.0 20-45 80.0 (573/716)
10.5-16.0 20 -45 81.8 (559/683)
11.0-16.0 20-45 83.1 (527/634)
11.5-16.0 20 -45 87.5 (505 /577)
12.0-16.0 20-45 91.1 (463 /508)

* Percentage =

number of fruits evaluated as "like slightly” level or above

total with the same level of °Brix and °Brix /titratable acidity values
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Table 3. Comparison of experimental results from two different samples by using
quality standards established for Liucheng orange.

I* II
Citrus
Cultivar
Color Overall preference Color Overall preference
Liuchen . res
¢ 1 _gr09 118 _g6.19 S4_857%  3L_100%
orange 133 137 63 31

* 1 ! Samples were from 1993 -1994
II © Samples were from 1991 - 1993
**The calculated percentage same as table 1.

***The calculated percentage same as table 2.

LREER

HRNRESFREARGE FHRBRA BB RVERGEEENMH > RItPBRER
e LD IR S B RECR 2 BH ~ CEXARSEUEINEZH - ERWEHE & BIEHES
BHIFEKR T BRR - BRAERGLED - AMELERNESTERLURKEE - £5
RS ETE  EREMARBESRYER > MRAZTHEEERY SR - BEBE ER
terE R AIERR RIS EE R » SUst EEE TR ARG E S R SRS R K&
ERG AEIREENRREEE AR EEENES

Fit - GEH > HEEULTEHENEEEFZ " FHEE" - "S5 L "FEY
BrEEEsRE BB RAZTEEEEY SR - MEREXFERILZ GEE 5 tE
10 A7 o EHIE 10 8740 - DL 1438 ARBNRE B AT EHA R MBI ETE S S TR
FIER > SHEELGFENEREE "AHER EED ErHE 788 @S » HbE 728
{EtF 2 A B & 8759 OBrix PLL - RWEBRELTE 15~ 50 » HHh 166 B RS HEE
BARTENEREETE FEEEEE > BRI EENF 15~ 50 2/ - /i 166 B 5
Ho N8 EKESZARBYEERNSTEZEHEREE EEEBEER » HTAInH
A ER Y & BT 12.5 OBrix DI XFER L E B 25 ~ 45 « MGG Rt Z 58 oLl
EF L FHERTDONE B IEER Y& EEDE 12 OBrix AIERHFELE 20 ~ 50RT » &
FRE 2 AT M E Y& BT 12.5 OBrix ML RMERRLTE 25 ~ 45 B EEN O] B S5 R 5
fIGHE o

B o#
AR AFTEREEG 83 - -2.29-18 -50(4-1) WIRERE) > HEEML -
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LB BISRATYE © 1984 o Alift ~ AEfH - IRJNEH SRR G2 - M58 1121 - JESEN 1014 o

2. HBIBISARAE - 1963 o MRS A WL - 48552211 - FEHEN 1052 o

S EEEREFE o 1993 o R o GEEBITAKERA o

4 MED BB - TNE - B o 1993 o WIIEHIEERIIE M2 5T o ME$42(3):

25-37 °

SHMREH IRBE - FNFE - BN - 1993 o MBI - A/NELSEMIBIG o RS 0
(3):13-24 ©

6.HIE A ~ FHKEE 0 1989 - HEIFREXRNAFRKBEE - HERBHAKEHERT S
ST 27 5% 0 p.270-277 - BB EEREATRED o

7. B0M ~ BRBAT - MEERR 0 1991 - BIESLEOMEREEMER LB - SEusY
ABRATHRFTIEE 3558 ,p.89 — 113 o SEE BRI -

8. DN ~ B ~ TN BB - 1993 o AIHBEE RIS 2 FET - FEIEEE39: 115-
127

9. DM ° 1994 o REMT R MIRE 2 HHERFIEEL B Y MBI ZHE - BRI gikEs
(N'SC83 - 0409 - B0050018 ) ©

D.FNTE -~ FERE - 1992 - HEREENT - S4H - #F - Bt -

I1. Baier, W.E. 1954. The "Pritchett tongue." Calif. Citrogr. 39 (12 ) :442.

I2 Fidle, J.C. 1968. The metabolism of acetaldehyde by plant tissues. J. Exper. Botany 19:
41-51.

13 Kimball, D.A. 1984. ©Brix / Acid ratio correlation with climatic data for California
Navel and Valencia oranges. The citrus Industry. 65 (8 ):26 - 29.

4. Miller, E.V. 1958. The physiology of citrus fruit in storage. The Botanical Rev. 24:43 —
72,

. Stewart, I. 1980. Color as related to quality in citrus pp.129 - 149. in : Citrus Nutrition
ond Quality. (Nagy, S. and J.A. Attaway eds. ) American Chemical Society. Washing -
ton, D.C.

I6. Stone, H. 1985. Sensory Evaluation Practices. Academic Press, INC.

17. Teller, H.K., Parish, M.E. and Braddock, R.J. 1992. Microbially produced off -
flavors in orange juice. Proc. Fla. State Hort. Soc. 105:144 - 146.

18 Ting, S.V. and Rouseff, R.L. 1986. Citrus Fruits and their Products, Ana - lysis and
Technology, p.21 -93. Marcel Dekker, Inc. Press, New York.
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Studies on the Quality Standards and
Evaluation of ’Liu-cheng’ Orange

Sheng-Dun Lin' and Andi S. M. Ou

Graduate student (Postdoctoral researcher at present)! and Professor?
Dept. of Food Science, National Chung Hsing University

Summary

Using Liucheng orange produced at Dungshan in Tainan, Chuchi in Chiayi and
Chungliau in Nantou during harvesting and storage time as the experimental materials, the
physicochemical and sensory qualities for the fruits were analyzed by instruments and
consumer-type panelists. The quality standards of Liucheng orange are established by the
results from the a and b values of epicarp, the total soluble solids (“Brix), titratable acidity
and the ratio of “Brix and titratable acidity (S/A) of endocarp which are correlated with the
degree of overall preference for fruits. The ranges of a and b values of epicarp, the “Brix,
titratable acidity and S/A of endocarp for Liucheng orange are, -12 ~ 38, 21~ 40, 9 ~ 16
OBrix, 0.1~ 1.4% and 7 ~ 120, respectively in this study. According to the quality stan-
dards established for Liucheng orange, to be grade A and AA of Liucheng orange, the a and
b values of epicarp must be above 8 and 32, respectively; the “Brix must be above 12 and
12.5 9Brix and the S/A must be in the range of 20 ~ 50 and 25 ~ 45, respectively.

Key words: ’'Liucheng’ orange, Physicochemical analysis, Sensory evaluation, Quality
standards.



PR RE 5L B I 5 HBE I 2 33 309~ 322 (1995 ) 309

R EMRERACEE

KRG LR R
HEEA SN AEEABLT T AN P CEIAET RIRF

m E

BRRREEHE - B RELT2Rn - REBSOFE7TH1HESF6A30H  HEH
FEREMAERENESBREEEY L HMEETHETE BREMELEERZE
SR EIERST AR AR BES T ERILERERARS - i BEE - Bi
FA -~ RIBEE - pTAE - RO - DO 25N BRE - BRET - EIEZREHR
THRESB SRS MEEMS 0.4 ZE 18.91ppm ~ 5 0F 0.47ppm ~ #4550 £ 3.22ppm ~ #1
£ 0.67 £ 109.5ppm ~ 7K 0 F 0.43ppm ~ #550.2 2 7.45ppm ~ #3755 1.86 £ 11.36ppm ~ #¥
£ 1.54 % 58.63ppm ° HA160 % 13 pH [E/\7L 4.5 - BIRESHIE 4 REVMGERME ( pHS.5 -
6.5 ) L1 - {£(519.77 % o YIHBRITFIgRBILIG M RERE SR -

BREEST : fHAE - UIEE - BEE - ESB o

NG EETRERE » RIESESE - EYHSEEEBTRRE LNTREERREE - K
MBI EYCER - E - SENARIBEERE -

EREHEB R ESHEETARERS - EFTEI0HEEF 2R , RIRTSEEEBEE
MmAEERARERS  WBELNEEENASH A 232,734 70 > MKaEIEEFR 66,087
TCIMFERAZ 28.4 % » BHHE AWMLY - PHiARRELBESVHER - EREZEME,
HREGHEEN  EHAESHERISEEHEENTEE - HRAFRHEYLZ2ER 8 —F
BRRBEENENGR - BIREUEE H3\  HERELEE - EREE - FEELRREZRK
ZAEK - Bit s LEREST ENBRERRL L DUEIET] > TEBAMBILEER
B ERESBEY RERERGE  TEEEEZEE - A AEREHEEEEES
B IR T AR TR IR IHES » BB N ESBERNER » TR SR
BLELBRHRIUT » LEFREZ EERATHEBEARIER -

MHEESE
— FISERRAIRIE A
OATFEELAZENA+—FRA

DAFTYT RIE S A HAR SR AL B 2 BHE S F - EFRESR  8—REFESHR

10 - ISEERBRASN—1EM o BEELUEROR > BENEBHE LS T REEEN T o
ONt+—FEREA+ZFEXE

Wt E R LAATERR 3,658 AEE S ~ HOREFEK 2,532 0H - E=RH#kk 1,627 AtH - &
BEAE TR RN ~ 2488 ~ farl ~ TH - 8t ~ 1Lk~ il 83 BERZKRE
W R E  EMGRS G SR ELE - B-EREE-FAVURBRIERK
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ATHEE ¢ B S IR o TIBLI— S HhEV A B © o M EU\ B | = b A+ —Bh o Ok
o BREGRERFS RI5-30 078 ZIELE > BAREZ =FELR% » DIARKEITEH
FERH AAR > F 20mest ( FLIZE 0.84mm ) ZEF FB » BEHIRUMEIITESBSE -
RENEIRESRE - 7 - FEFHR 10 - 15 BER—FS - DOSBEERET O HmS
2o
O+ FEEAEN+=F/RH

BALEMERET o BIEIRIE A B AR - REMADREE - "B BRI ES
TE -~ #Frat RSN SR TE - TG BRI EE SR T - HITHT IS ES BT - ATTREAH TR - 48
IIEENEH SR PE X L BE B ST - BUIBLIIERIREEHS » B—REF9R 10 -
1SR ERAH— R » BEREDD B BREERE 5T
Y b
OL EBRERERERE

% B SR FIRFR S A ( Multi - Residue Analysis Methods ) 5 B & BRI REE
LE I TBEAZ ik, AT EFRRBEEEREEYESYRBIINRZ ik o tTgHZ
RTINS ¢

F1. AP\ EEEERBLTE

Table 1. The classification and name of pesticides.

oA

Zi R & (Monocrotophos ) FEF#A (Chlorpyrifos ) 5 #% ¥ (Fenthion)
Z K ¥ (Methamidophos ) A (Fenitrothion ) EX# 2 (Acephate )

H 71 # (Cyanofenphos ) T ER#2 (Disulfoton ) &5 A (Phorate )

. A # (Methidathion ) EHIf2 (Malathion ) AF|# (Diazinon)

s KW (Dimethoate ) 4% (Parathion ) F#F (Ethion)

o 2 32 (Mevinphos ) L (Prothiofos ) — &2 (EPN)
EZ (Phenthoate ) L {K¥A (Ethoprop) WER (Metasystox — i)

i INZ5# (Carbophenothion) & (Phosmet ) #i AEFR (Profenophos )
SEFFF (Pirimiphos — methyl ) HE BRI (Methyl — Parathion ) JI#E# ( Karphos)
= {EF (Triazophos ) #7# (Ofunack ) A#&%2 (Fonofos )

& Z X5 (Chlorothalonil )
% # % (Endosulfan )

- i oy | gt
TR | T

I4# #% (Carbofuran ) WV %% (Isoproparb ) #7518 (Methomyl )
TR F (Carbaryl ) BB 5 (Thiodicarb )
B3 & (Bavistin ) T E W % (Fenobucarb )
7@ % g pmE { Vinclozolin ) I E (Procymidone ) Z %+ (Captan)
= % f&#8 (Thiabendazole ) M f+ (Captafol )
%Mt% =& % (Triadimefon ) & F (Iprodione )
=R
& Dithiocarbamate % %€ FT (Moreston )
A
& & # W % (Cypermethrin ) E W ZE (Permethrin )
55 % % ( Alphamethrin ) 18/t #] (Fluvalinate )
&) F W % (Deltamethrin ) % E (Cyhalothrin )

%5 % % (Fenpropathrin) Z4{LF] ( Fenvalerate )
2yl FE = (Cyfluthrin ) 875 % (Bifenthrin )
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HABRE | BN30g MFRAZESIA 100ml A > 298 15# > HFRER - EEF 150ml
SRR ERGy o
—HB5r EY 120m1 - BHEE N E > #A 250ml 5 R > AN 100ml 2 5 % &8AL#R (in
0.1 NE&EZ ) > BUIA SOml IECKT » HE) 1 588 » HRORHIT o WRIECHE » LB BH T -
WERKIE » LB ATRS o
F—ER 30mI VB > Ml 1g (VEMEER - &L (10 1) ) EBEY > EE30% > BIE - I8
EIREIRREE AR - BILA soml —EHE > #E)308 » TM/KREEIARR K - ERRIR
figdz » LINEYA KD » DIARIKE 2ml > 1ml B CH % o BEH Iml fXEZ > JOA 1ml &
B LB DI -
A - - - /KEFAEPHES 7.8-8.2 » BASKIEY > LL50ml @& BT HEER
Ko BRFEL 78 BTG - DAE/KRERSRIR K - #HEvZ  DIFEERE 8ml °
B85 - — - WIECKTELEE/KERER SRR 7K - 8 HEEZ > R LER L (LB R 10g2 10
% Florisil » £ T &M 2g MKERELSH ) o LB SLLL S0ml IECHEEE 20ml (ECkE / —&H
B (1 /28R > TRIABE » BUsoml IECHK / 8% (1/2) #HlRER
% BfEE. > DIECIREBRE 8ml ©
OB R ETRE ©
FRHEX 100g t 38 A KB > DL 400ml ZREB/K S ie R ABER > BERNBINA 4g8tin
# ~ —iH Silicon & 40m1 Bl > BRHE—1% > BRI FELGEEE#EE - W EB ~ CEXE
(NEE1SmIZB ~ CHER) @ S LHREE  MAZHERIR07E NEEFRAZC
BREIEERM  IERERE 25ml > BIA[EIKAEE - BIERZHCE - /MBS 150g < BERR
FELL= i HEASETON - DIZREE/K 500m] > DUBFRER(F 2 A - CIBRZIEH - - H#mE
0.024g BEELH A SOoml — 3B LB > LUBREE EZX 500ml » LIS G -
ORGSR BESEGEmER?
O HEESRBE TR
13 H &
a. LIS - 80 - BE - 88 -8R RS A
HY + 58 4R 56 10g B2 250mIPyrex = A F > JIA 0.1INHC1100ml » # k% -/)NEF
#% > LA Whatman No.42 JEHKEIE - BRI A P.E. BB > TR ZE 100ml > DA~k
WS - F 2S5 Varian SpectrAA 330 » KIEBZERELOI WK > #
53 324.8nm ° #8455 283.3nm * $#£/5213.9nm ’ #5755 357.9nm > $41% 232.0nm >
#8755 228.8nm °
b. TR ST Gk
FREX 1 30 3% > B 250ml Pyrex = A o 1% 30 %t Wb ad sy ZKIMAZ A
o BRSBIES ~ 5~ 10ml, BFES= AT IIAM I (100-120°C ) MIEE
57 PRI TG A% > DA 9.6NHCI 30ml » BSUKH /N > 1HEREIRT 24 /B
% > BY E7EW Sml LARE/KFEELBE RS A 50ml © JIIA 0.5ml &£ 10 % KI B > BFE 30 7
#% o DURFIREEEE o R85 Varian SpectrAA 300 [fff VGA - 76 %%
o WE193.70m KBS LI G Y A o
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c. TEASRZ A
A S mH RN KR T - JIA 10ml BRI > SmIBHRZESER » RERT
& 48 /)N 5 LA 65ml #iZk AR E /D 10ml iBEBIFAR (5% ) » BEREHEF105
EBUEEIE (HFREHBE ABMAES ZBIEEITS %E®) » FIA10ml 5%
BIRERSTET > FEZIRT 30 0% IMA 5ml 12 $EAUH - REEER > N8
LRI EEE » AIBEMARIL - MEBEARE LIRS ERES L - B
#% R FIREEEIZ - (FAF2E Varian SpectrAA 300 (iR R REMRT - BRE

253 Tnm °
d. tBEF/\EESBZ RIKEHE
T 0.013ug 7R 1 0.017ug
% © 0.02ppm 2 . 0.03ppm
$&  0.03ppm £ : 0.05ppm
#7 : 0.02ppm #£ . 0.01ppm
@I R i

BEL 1g Wi BB 250m1 EUEERF » BIBfUE EINBEREKE o FFEAIERIIA 10ml
JETEEE ~ 2.5mlEBEES - 2.5mlEFEE - & LSBT > MBI 100 778 - UBEZRHEIIA
4ml FE ( HCOOH » 90% ) » HEEMIAIFERERESIE - EE THAE - BA S0ml EE
HEFE 0 BIA Sml E2EERE - LIM/KE B ZE 50ml o BILHIA 0.5¢KI > R ERER FTHE 30
58 DURTFIRGEEIS - 2 RS E s 1A R o
— \+TECBEN+—EB

AEEREFVRIBAIEN - HNEHNHAERREES > THERBKBTEAE
B o BHEARPHEEAGHE K (£3) » HPF-(IEBREELHK R4ARFAERER
IR Y G AR o RN A AL B S RAT S EREEZEYE - ARIERB &R
Bl > OB R B IR K B BRE R S —TEBUEYE ETU ( Ethylene thiourea ) °
BOWEEES PRI EE L EReE D > BAHBARAKE Bl —MERTFE—FH
7 o BAMERKT  UPFrE LIS ERERY - TEBEEEEE &R NEEXR
B~ KIS ~ B8 - BEERR - WA - EHREELE KEEESES o HREAN SRS
EEE - RHEN BRSO (ER - HE RS - EHEN RS nREERRPER
B, FrlBAREEFEH o A EHHERSEYEERAANKERE o HESHRRE R
R RIEE LT - ERIERKBATs 2R > R EREMERY: - BRERSVER
W (ERE L ZBERFRESEE - LEMREES - i ESRARKSEEE > InRH
IR S AIB T SR - Rt HERMMDESE IR -
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3. FITIEIBSE LG E S BT R RIE S (81F1H-5H)

Table 3. The spread pesticide records from the farmers in Shi - Chin village, Er - Mei town,

Hsinchu county.

- BRAE1 _— BRAK?2 i BARAES3 BRAE
8 BELHE EE RE4E g AREsm HE  gmegm
ﬁﬁ (RIB(EE ) Bﬁ (HBER) . (mEgy) HE (wmesw)
~ 24-D 81.02.25 E if 81.01.11 2.4-D (¥335000)
oL BT D) SLO3 (o) xan T (o)
0220 BT 2.4_D(1250) BT Bt 0225 =% B
02.26 i (800) (2000 ) 04.15 {8 R T (95%,951% )
: KA (800) 02.24 I EEM EEM (50% 1000) *
SR (800)* TR WA 05.14 {82} 05.03 3 ## (500)*
04.14 BEF (800) (1000) FEEMR HESES
: %Fzm(soo)* S A > = EE g 06.05 ( ¥31000)
05.11 %1RiF (11000) 04.15 fg’%* 05.17 K&£22 %%Pﬁ(i@mo)*
1B SCHA (7K 1000 ) * Egg%* ?3*’7%1370{0%)@
KA 22 (¥ 500) 05.16 1 g g
F# i (1 4000) * mRs H & % ( ¥74000) *
= EEMm FHA (FH1000)
=525 (¥ 1000)*
K& 22(¥5500)
i BRAS S = BRAK6 " BRRRE7 _ BERRES
H B2 S mELR G OBE4E [ BRELE
(REER) I8 Grew) 00 (krew) D0 (mees)
= (1000) £ i (1000) =M (1000) 2.4 -D (¥335000)
81.02.25 i 81.02.14 2o i 81.02.25 SRR (1000) 81.01.13 BT (#2000
B B BHE e ES 0205 OBELIE (95%,95)
04.30 mEMA 04.15 EmEA (1000)* 7 8% (40%,1000)
) é%i’é* ) égg&;‘% 5 0430 ii%‘i%*j(looo) i%gg (500) *
BFELZESF BERLRI L EEM BFESHES
0530 i g 05.15 1 g gt 05.02 ’(*1000)* 05.03 (51000
BERE~ EWE~ 05.03 H & % B3 (124%,750)
K&E22 7 (1000) * A4 22( ¥ 500)
FHA(1000) E %
A422(1000) ( ¥ 11%,1500 ) *
o e EER
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Table 4. The pesticide residue analysis reisults of the samples from Shi - Chin Village, Er -

Mei Town, Hsinchu County.
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FHROBEMRER  SRBBEHNEMBIALELHE - \+—FLAEEIMEEE
ENFATHEREATEESBAE  HRERA T UAHBES  MEEWEE - HREER
MK RBE N SEANEEM ERERE S > BERNTESIZERNELRR, B
HorBREF AMENREFEYIEREMRT L o TIERBERNER - BB TR ER
SEEANE AT o S MEEHE 0.40 2 18.91ppm » FHE RS 6.71ppm ; FA R
SHEE BRI EE 0.47ppm » FHIEES 0.12ppm  BEBSHHEEHRAAHE
3.22ppm ’ ‘FHEEF 0.63ppm  HHEEZ 7 MEHEH 0.67ppm £ 109.5ppm > FHEE S
0.83ppm ; KRB SMEE HHEAHZE 0.43ppm > FHPEES 0.06ppm > RSB 5%
EH 0.2ppm ZE 7.45ppm ’ P EZES 2. 1ppm;

RS TRESBHTHR

Table 5. The analysis results of heavy metals concentration in soil samples.

g ¢ B & B (ppm)

nE EBF i
% o,
R R HE Acm cd$ Cré Cu$ HgR  NifE Pb#  Znfr
EEMEB  A-1 81/05/15 6.49 0.06 0.14 16.01 0.04 1.59 3.44 8.22
81/08/01 11.55 0.09 0.00 14.10 0.04 1.36 5.34 7.64
81/09/18 3.67 0.12 0.63 44.66 0.03 1.37 2.90 15.19
81/12/03 9.57 0.11 0.16 9.43 0.04 1.65 4.43 6.04
A-2 81/05/15 6.25 0.00 0.00 18.90 0.06 1.19 4.43 4.39
81/08/01 14.47 0.00 0.00 7.60 0.06 1.43 4.88 6.88
81/09/18 3.66 0.13 0.32 25.13 0.05 1.01 4.86 6.90
81/12/03 8.34 0.17 0.26 09.50 0.04 1.86 4,98 15.27
A-3 81/05/15 4.20 0.00 0.00 0.80 0.04 0.37 3.60 1.77
81/08/01 6.87 0.00 0.00 1.17 0.04 0.92 5.34 3.37
81/09/18 3.07 0.06 0.25 0.67 0.03 0.20 4.11 1.54
81/12/03 7.08 0.09 0.21 1.02 0.05 2.05 5.08 5.16
A-4 81/05/15 8.38 0.02 0.00 8.24 0.04 0.53 3.95 2.80
81/08/01 8.85 0.00 0.00 28.96 0.03 1.00 4.97 4.49
81/09/18 3.35 0.08 0.62 18.29 0.02 0.57 3.54 4.58
81/12/03 9.90 0.09 0.62 30.11 0.02 0.98 4.76 7.26
A-5 81/05/15 6.76 0.02 0.00 1.53 0.04 0.54 3.92 2.50
81/08/01 9.08 0.00 0.00 3.28 0.04 0.89 5.94 2.43
81/09/18 3.37 0.06 0.35 6.11 0.04 1.40 5.00 3.78
81/12/03 6.10 0.08 0.13 6.29 0.12 2.34 5.03 7.89
A-6 81/05/15 7.06 0.05 0.00 8.35 0.05 0.74 4.40 2.58
81/08/01 18.91 0.00 0.00 11.49 0.05 1.06 5.91 3.73
81/09/18 5.59 0.22 0.63 31.91 0.07 1.36 6.31 6.80
81/12/03 9.90 0.09 0.23 16.56 0.05 2.09 -5.38 4.22
E&hiE B-1 81/10/08 2.58 0.07 0.26 17.24 0.11 1.32 4.31 2.54
B-2 81/10/08 2.69 0.14 0.30 4.86 9.05 1.71 6.39 4.50
B-3 81/10/08 6.06 0.29 1.35 11.39 0.08 2.98 7.14 13.04
B&HKkE C-1 81/10/08 2.27 0.31 0.26 7.43 0.04 2.40 8.17 7.74
C-2 81/10/08 2.27 0.13 0.51 4.59 0.07 1.59 5.70 4.52
C-3 81/10/08 0.40 0.12 0.28 4.80 0.00 1.44 4.43 4.25
EiIEHE  D-1 81/05/21 7.96 0.00 0.00 3.90 0.07 2.74 5.38 8.68
81/08/27 9.56 0.00 0.00 2.67 0.07 2.26 6.74 7.74
81/11/26 9.64 0.08 0.17 2.54 0.08 3.10 6.45 6.91
D-2 81/05/21 11.85 0.05 0.00 2.54 0.06 2.38 4.46 4.96
81/08/27 16.48 0.00 0.00 2.25 0.06 0.71 5.71 2.65
81/11/26 9.19 0.07 0.00 1.83 0.05 2.23 4.72 4.62
D-3 81/11/26 9.54 0.06 0.00 2.31 0.05 2.03 3.81 4.19
EMEHT E-1 81/05/29 4.13 0.08 3.22 4.91 0.04 5.77 2.48 4.63
81/09/25 3.43 0.05 1.24 4.39 0.03 1.58 3.89 2.44
2 81/05/29 5.22 0.06 0.25 3.83 0.04 5.67 2.72 3.44
81/09/25 3.48 0.06 1.22 3.27 0.04 1.02 4.83 2.31
E 81/05/29 4.93 0.04 3.20 6.68 0.06 1.24 5.78 4.34
81/09/25 5.00 0.06 1.45 2.79 0.04 0.87 4.99 2.76
E- 81/05/29 4.69 0.00 0.00 5.28 0.07 0.63 6.73 3.84
81/09/25 3.38 0.02 0.79 2.51 0.03 0.75 3.57 2.44
E- 81/05/29 4.13 0.04 0.32 1.79 0.03 0.83 3.38 3.51
81/09/25 3.22 0.06 2.67 5.96 0.03 1.34 2.87 4.02
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RS
E ¢ B & B (ppm)
rees £ L mesm _

v As T Cd 58 Cri& Cu $ Hg X Ni $8 Pb 4 Zn #
sEmft F-1 81/09/04 6.13 0.32 0.61 43.27 0.06 2.26 6.27 58.63
F-2 81/09/04 7.36 0.11 0.24 7.26 0.05 1.20 4.78 6.62
F-3 81/09/04 5.94 0.10 0.12 5.84 0.05 0.69 6.26 3.98
F-4 81/09/04 3.17 0.08 0.11 0.88 0.07 0.73 1.86 2.89
F-5 81/09/04 5.25 0.29 0.57 5.64 0.10 1.25 6.00 11.22
F-6 81/09/04 7.00 0.13 0.45 3.08 0.05 1.47 2.89 11.20
BEEME G-1 81/09/24 2.77 0.14 0.66 28.84 0.06 1.65 3.14 12.74
G-2 81/09/24 3.58 0.14 0.73 16.61 0.10 2.19 2.03 14.55
G-3 81/09/24 3.37 0.11 0.35 8.47 0.06 1.8 2.85 7.16
G-4 81/09/24 2.58 0.28 0.88 26.00 0.11 1.82 11.36 36.79
G-5 81/09/24 2.92 0.06 0.24 6.17 0.03 1.09 2.05 3.93
HEEEHF H-1 81/09/25 4.23 0.10 0.53 9.77 0.05 0.82 4.05 10.47
H-2 81/09/25 4.16 0.16 0.95 16.71 0.03 1.04 2.91 19.61
H-3 81/09/25 4.89 0.07 0.74 2.71 0.06 0.88 4.24 3.89
H-4 81/09/25 5.24 0.11 0.77 2.67 0.04 0.83 4.68 6.85
£8BA  1-1 81/10/07 4.38 0.40 2.52 7.99 0.43 4.61 6.29 21.31
1-2 81/10/07 1.70 0.41 2.37 45.76 0.05 3.88 7.02 2.47
1-3  81/10/07 8.12 0.47 1.92 4.53 0.07 5.39 7.99 31.03
HEEEHE  J-1 81/10/13 5.70 0.29 1.14 4.17 0.04 6.05 7.93 13.63
J-2 81/10/13 2.32 0.14 0.54 3.59 0.03 2.62 3.98 4.50
J-3 81/10/13 4.34 0.15 0.68 4.11 0.06 7.45 5.97 6.65
@it K-1 81/10/15 4.13 0.16 0.52 3.37 0.05 1.82 4.59 5.51
K-2 81/10/15 3.26 0.15 0.53 2.34 0.06 1.24 3.04 7.43
K-3 81/10/15 3.82 0.15 0.85 2.76 0.04 1.68 3.05 7.32
H8MAW  L-1 81/10/16 2.88 0.16 0.77 4.17 0.14 1.53 3.10 4.99
L-2 81/10/16 4.81 0.15 0.96 2.23 0.07 0.96 3.79 6.57
L-3 81/10/16 2.75 0.17 1.09 10.14 0.12 1.25 4.66 9.09
EEEIL M-1 81/10/18 6.20 0.11 0.20 4.86 0.05 0.62 3.57 1.82
M-2 81/10/18 9.51 0.16 0.20 30.71 0.12 0.86 8.86 4.19
M-3 81/10/18 5.72 0.06 0.52 5.21 0.06 0.64 1.95 3.06
M-4 81/10/18 735  0.07 0.52 8.74 0.03 0.79 3.05 3.90
M-5 81/10/18 6.79 0.12 0.55 3.94 0.05 1.56 3.58 7.82
SHEREL N-1 81/10/22 11.77 0.18 0.82 26.79 0.05 3.51 2.92 40.67
mHEEMK  O0-1 81/10/22 12.85 0.12 0.68 4.25 0.05 1.74 6.32 6.60
0-2 81/10/22 5.53 0.06 0.00 1.11 0.07 0.85 3.23 2.27
0-3 81/10/22 10.70 0.10 0.14 3.64 0.06 1.87 7.21 3.77
MY E 6.71 0.12 0.63 9.33 0.06 2.10 4.78 10.81

SRR MEEE 1.86ppm £ 11.36ppm » FHIEES 4.78ppm ; HEEZ T EEE
1.54ppm %X 58.63ppm * ¥ EE 10.81ppm ©

HRERREREENESB SR RIZE (R7) HH L BT ECBEISHEBENL
HEEESL (£8) - \EESBESSRNSHLEEZ - = aEEEMNREETER
PIEZ > w2 DRIIREERMEREHEPE R 24 REERTHeH - 5l
it~ BT~ BWILE 1R - M2 RS 1 o SRR 4 fF > IREG R - Bl -
WREHERL R 1F S 30 HIREAEEW o 1» 82F 3 -4 AHHELEE
WAL ESBERYTRET B8 - i NMIFEHEESORNES SR > TREXE
EiEERIE o

HAMVRERIE A -3 2B S8 FREE0.92ppm » FHES BB Z HATE
B ERIENEMERMUENRE 2 OEmTEEaHs -
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Ko MR LIRPES B FHSE Ko iEE
Table 6. The heavy metals average concentrations and distribution
ranges in orangery soil.

HE B FH&E (ppm ) & ( ppm)
As 671 (F & &) 0.40 —18.91
Cd % 0.2 (&= ND -0.47
Cr #& 063 (F& &) ND -3.22
Cu # 9.83 (K& &) 0.67 - 109.50
Hg 7% 006 (E&&) ND -0.43
Ni 38 210 (HEE) 0.20 —7.45
Pb A 478 (HERE) 1.86 -11.36
Zn $¥ 10.81 (EZ &) 1.54-58.63

H M -RBLE H KM H H HH0INEREHEE

£7.MELTETELBEE RIS SR

Table 7. The classifications of heavy metals concentrations in soil (Draft).

& o

A

= 1 (BrZ) 2(E&2E) 3(HEE) 4(EHE8E) 5(8F)
Astll (¥ L) <4 4-9 10 -60 > 60
Asti (# 1) <4 4-15 16 — 60 >60
Cd 5% <0.05 0.05-0.39 0.4-10 >10
Cri& <0.1 0.1-10 11-16 >16
Cu ifi <1 1-11 12-20 21-100 >100
Hg7R <0.1 0.1-0.39 0.4-20 >20
Ni & <2 2-10 11-100 >100
Pb A <1 1-15 16 - 120 >120
Zn#¥ <1.5 1.6-10 11-25 26 - 80 >80

it 0 L BA{Ifppm
2W - RELE R H - in - FHRINSEERHMEE
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K HEEN BT ESC R B ESFREFNZIHFRLE T T
Table 8. The concentration distribution of orangery soil heavy metals in classifica -
tion levels.

& & ® #
1 (BkZ) 2(&E&E) 3(FEE) 4(558) S(FF)
AsT (¥ 1) 271 57 2
31.40 % 66.28 % 2.33%
Cd i@ 18 65 3
20.93 % 75.58 % 3.49%
Crig 21 65
24.42 % 75.58 % 11 1
Cu 3 63 8 12.79 % 1.16 %
3.49% 73.26 % 9.30% 1
Hg 7R 77 8 1.16 %
89.53 % 9.30%
Ni 88 63 23
Pb A 73.26 % 26.74 %
86
100 %
Zn ¥ 1 71 10 4
1.16% 82.56 % 11.63% 4.56 %

E 0 1L B ppm

28 - RBLE -85 - 8 8 HRINEETHHE

TR pHEZBIELM (K IFTR) » 86 FHIBEEATHKI60 % BREFFIEME (pH
<4.5) > pHETESSUATEIIET 76.74 % , R 19.77 % 1 HIBE HOE I 4 RVETER
% (pH5.5 -6.5) °

o MR EN T EpHE L 7B T
Table 9. The pH value distribution of orangery soils.

FHE R MM BERIE it et ElE

pH & <45 45-55 55-6.5 6.5-7.5 7.5-8.5 >85 & &t
HEY 50 16 17 3 0 0 86
% 58.14% 18.6% 19.77% 3.49% - - 100 %

ZATTECBENATZENS
AEEREHE OEEBVHBHEBAE » LIRS ZRAST o BIEAHBHERTTHRA
Hieis - HBEEAMEBTHR T LR > REMHTHER -8 it B ENS
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PHR-F MR8 TS S SNH ESPTIR+ 0 » SYETESMEERIHR At KSRt E
SBIHRCMF > LSRN ERTHR T8 > T {CRERNHESSTHR N o Hoh RS SN
H(—fF) RRUHHERTE (=) ZEAS RSB CEY » IBERS0.2ppm £ 0.269ppm °
Prigs B R E SIS B I8 EEMEMR LB T ERIEZ B » AR EAEER
BB RLT o
®
AEREEE  HREESHEESH2EEH - RItEERTENREM A ERE

T - HERFIGHEIERE - MEREEFEBIER - KMGIMATLRERZ KA o Fit
FEAMERNGEEEEE  SRPAERZTE-

2EE
1B - 1992 - HEESEEEIRN - BEL 2R CE 13-33H -
2ATHE AR - 1987 - B BEREEME L - ARIHEE 2185 - 716,730 B AT
5 678001 5% o
SATHBREEE - 1994 - RYBBEL L RIFEIEE - 83.10. 14 HEFBETH 83060880 5% o
4. BLHA" o 1988 o FHE LIBITRIIN M A BHEBUR R o ROREAREEAL -
5. B1E1E - 1994 - B EMBIR S BFASGHRYE R L 2RE - B RE 1281 - 18-20
H o
6. 28R - 1982 - BEFEEE -
7. B EE BB ERAT 0 1994 o I -
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The Investigation of Citrus Quality Control
of Radom Sampling and Supervising

Kuan-Yan Chu! and Fan-Hui Kung’

Associate Technican! and Technican?, Liu— Kung Agriculture Foundation, Taipei.

Summary

The purpose of this investigation is to understand pesticides and heavy metals residue
in citrus and orangery soil respectively. In past three years, from July 1991to June 1994, we
collected samples from main productive areas in Taiwan. We found that insecticide, fungi-
cide and acaricide were used on citrus widely. And there was no tolerance for some of
them, such as decamethrin, torak, quinolate, neoron, methyl parathion, triazid, tamaron,
permethrin and cypermethrin. The heavy metals concentration ranges of orangery soil are
as follows : arsenic was from 0.4ppm to 18.91ppm, cadmium was up to 0.47ppm, chromi-
um was up to 3.22ppm, copper was from 0.67ppm to 109.5ppm, mereury was up to
0.43ppm, nickel was from 0.2ppm to 7.45ppm, lead was from 1.86ppm to 11.36ppm and
zinc was from 1.54ppm to 58.63ppm. The pH value of 80 % orangery soil samples were
less than 4.5 and only 19.77 % were between 5.5 and 6.5 which is proper pH range for
citrus growth. There was no pesticide or arsenic be detected in orange juices.

Key words: Citrus, Orangery, Pesticide, Heavy metal .
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B IEIE 5 AT < B A& R5Y

FHRL EVSIT? HELS SAR!
SMERAEHBIBEIHRFTRE! - HRIRWRYRS
B i AFERSRASERMIILRERE

1 g

HME B R LU AL A DU R RETRRERS  AFEUMBRRER TR
BRAREIIZE o ARFICIR T 7ERE 1Y ~ 1718 ~ Shx Rk B T Bt 2 it - LRt
EAKEEETHATMG - BFREESOEEMEEERE ( Ll TBZ1000 AR 2,4-D 25
ppm 5 TBZ 1000 f5AC4A Benlate 3000 5@z ) - AIfEfHER G I REN2~3 ERE
BITHRESE  AIFEESEEAL  HEFE3~4EARIRFRELE » FILHHEERE
EREEERS2EE  BRESKIER - QFEBRELIRNEF T ESMEREERE - O
SRETTRR AN E - (R T A S A TE 108 0 GBS EE 5 o DITRIRERRIF
MBS 2E B 2 RS E R eEEa s  JURESEIETmRARNT0% | &
3 1E B HIFIZE R A S M AR | B 408 A B a S AR S REERENATR - E
e E REREF] -

FRRRET « U0E - AR - B HER o

Bl
BB REASHSTE  (WAERBAPS 1 AERF 1R HREF 2 AEEFAT
IS AR (YT T A B 1518y » GBS AV R RS - TR Z KRN
FEER LGB RS o IRITRENEAGRERER O AEHBmEHES > X
YIRS T B R ARSI RES  TENYA PER - HERAENTRD R EHHE
T dE 50 | gl ATAEBR @« IS GO0 R/ RIE 00 DURGEBZALD | BIME
AEEENRESLEMRES HTRMEC  BRENERELIEFET  ERITEET
EEHESHAEZ I IEEREAE RO | RS FalRa A b o LU R
& A T aER s s B IR T AR R TR REERERS @
IR LU s B SRR 5.5 1 A IR A% 38.1%  HIRMHBRELER 5.1%  BAREETS
FEATASIEUL S M SR B - 125% 2 - aminobutan X BEUEEA] (mertect, TBZ ) AT
EEEE > MREMTER? | B HREE—RE LHBERBERELE > ERENRES
HN B - LRGSR IEE B o B KBRS R R B BRI B R R BIRE R
BENEE > REBEERILASEE? ; USSR FERE AT B 5.5 B A RE
A 14.7% o HIBHBRRESES 11.9% © HRHRE RN HERES UREHPIMETER
HERERE - RIEER2 SRS M5 SRk BE - DR P I RE AR
B T LR T AR LS, 0 LR E T RATT G R REE L2
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MEE S &
—FARPEME | SR RS ERE R AR EETROIIBE - REIREZ IS8 H=E T 5
W3 HZ % > BETESHETE -
ORI R
1. TBZ ( Thiabendazole * 40 % 2 - (4 —thiazolyl) benzimidazole > BAVH B ZE L 1IN L
Hidh ) FERERL 1000 fE8IFW o
2. TBZ 1000 f&% +2,4-D (2,4 -dichlorophenoxyacetic acid > SIGMA) 25ppm ©
IR 1 . R 2. EIIEER Tween - 20 (MERCK )2 B 15 ; BB SRS 208 o
OBERE
LERER (HEH )  FfHZEEEE0.02mm EZ PEBEL (19cm x 16cm ) R4
_% o
2 HERRIRE | S ERRNIENERE (BEER~ULAT )BER 18 BERE
ETFER 3 AR - B YA KA TEES LA PE (polyethylene 0.01mm /& ) flifiE i
o MR —BR S0 AR E300%, HEHEBRBFEECKRAE LEH » ERRE
HAFER > F@ELKRHEE - BEEFHEEFLER > £1 3 5ES Liisn
1.TBZ 1000 f5EEHE » 552 ~ 4 BEE5%ER] 2. TBZ 1000 % +2,4 -D 25ppm BB ©
BEEFEERS SR 28 SHFRi4ER >  BEADCHEAERERE /M H
REGE - ZREZ{ORTRATHEERRESE4E > SEANIERE -
CRTEERE
LIRAERBATRE NG 2 ILER - K 300 AR, 5 HA FH 8 B AT s
R AR EAILE - H9RERTHIE  BERE o
2. BREIHERS -RETHEITRER - BREE - (I FHETE » WEHSKR
H o KLIREWE S -
WFEAEHEE G

REMEREOERERES - BWE - BFE - JREERY - TECHSE -

KEE - BRERSEELUE SR (% ) 518 v[REERY K o] ER & & HEE 5
REREREGER TBZ - FRELRE G TBZ AERELK S TBZ +2,4-D = - TTAHEER
IR LLE EBEE ST (Refractometer ATAGO DBX-55) HIE - BERBBINI0ES -8
Ao METRIRENE - "EERL B EMEERE T2 (Radiometer » TTT 80 Titrator & ABU
80 Autoburette ) #IE © BX Sm1 RHEE I Sml ZX 887K 558 > LL0.1N NaOH B S E % PH
BAZIETERTH o
2T ~ SNROKEE ¢ e B EHREA RIS MR 5 H, BT RS R o

ORI R

LATBZ 1000% + Benlate [ Benomyl;50% methyl -~ ( 1 - butyl carbamoyl ) -2 - benzim —

idazole carbamic acid, EEHLFE 13000 fZHIBER Tween — 20 3000 fSE SHIZIE 305 -
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OEEERE
LERES (HEM)  FEIEEE50.02mmELZ PEBEL (19cmx 16cm ) BHE
-

2. FERENERE ¢ 5 S B L REAE BB RS | TR - SEMERE 3 B
£ AR RS -
CHFRRE
LT © BRIBACRY LK - M55 S0 25R > TURAATAH -
2.4HEE ¢ BRI o
SIKEHIE | BRIELFIEH 320 ARG  EBE  KHTHE -
AT S B
AERERME » UESH (% ) 7 -
= =R
—REKEE
HIBRRIIE B 2 X ER(CAIE 1 - BRHERE B RN RERTEBNERELE -
BB 2 A R RER 3 6 AR s X BEOR 6%  BRERKL KEE
BIES1~2% « FRE3EA (BE ) k4B (RE) > MEROEEAZAELAEE 10
% fehs > TIERESERI~5% o
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L AEBEHMERENTRIIHAERIEE
Fig . 1. Effect of packaging on weight loss of "Liu —cheng" citrus fruit during

4 months of storage.
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“RERM=:

R E B U E B 2 R E MRS LINE 2 - R EERTS - fiEEas
RIGHBEFRERES > HEREFE3ERETEE (B2) - EFERE Uﬁ%HBZﬁ@ﬁ
P TBZ +2,4 -D IS E - TBZ +2,4-DREZMHFERUETRE IER ZRBENET % »
8 2 DIERIEER A 1R KRAVSGE » IEIFHIBHBERER I RRENE 1% -

BEEmEEKE > iFE2 @A RREENES (B2) » “ERRABERYERNEE
ZHEIFINA 2,4 - D BHEVRBEFRRANIBEE o

78 7 | | | ' .
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B2 FREEENERENITHRAHRBEZIEE

Fig. 2. Effect of packaging on decay of "Liu ~cheng" citrus fruit during 4 months of storage.
P ~ 7S Bok B 2 S ER 52 3% R T - WIE BTl (8 A Ay RSB LanE 3 - H
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7K B R ARG LRI 2,4 - D B, RIIRFH RIS (FEMERFESE IR - 517
Fwm - BIREREC RS  REEERNTESAHIME INHTRZERE) - EREREE
RN EME LS > THERRBERNEEIER L ZR - RIHGE SR R e R R A mey
Wix > AREG LT FEMES ©

12 + ! i T T .
10 . ]
8 L Ju—chi ﬁ
6 o —
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| | i |
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B 3. TR~ SRS ROk BRI B RS RENITRARRBEIEE
Fig. 3. Effect of packaging on decay of "Liu —cheng" citrus fruit during 4 months of storage
in different areas.
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K B3 EBREER 45 %k o HBEEE TBZ EHHEECERZRRERS W RIEE
Bl B 1B R > #HFEREBREI0% (BE ) R15% (RE ) » E2@AEEE10%LLF »
HEI3EA LIRS TLHEEET BR24-DYREHFIHISTERERWEER -

I ! T T T T
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4. TREERHEIRRENTRBEEEECRE
Fig. 4. Effect of packaging on calyx freshness of "Liu ~cheng" citrus fruit during 4 months
of storage.
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Fig. 5. Effect of packaging on total soluble solids content of "Liu-cheng" citrus fruit
during 4 months of storage .
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6. FRIBEBNERENTBNBERETECRSECYE
Fig. 6. Effect of packaging on titratable acidity of "Liu - cheng" citrus fruit during 4 months of sto —
rage .
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Table 1. Comparison of cost between film shrouded packaging and bagged packaging of
"Liu —cheng" citrus during 4 months of storage. ( NT dollar per 10,000kg fruit )

Storage period Bagged packaging Shrouded packaging
1.packing material 4.600 800
2.labor cost 6,520 600
3.cost from fruit 400 800
1’month weight loss
4.cost from fruit 400 400
decay
total 11,920 2,600
1.packing material 4.600 800
2.labor cost 6,520 600
3.cost from fruit 900 1,800
2’month weight loss
4.cost from fruit 900 900
decay
total 12,920 4,100
1.packing material 4.600 800
2.labor cost. 6,520 600
3.cost from fruit 1,650 6,600
3’month weight loss
4.cost from fruit 2,200 6,600
decay
total 14,970 14,600
1.packing material 4.600 800
2.labor cost 6,520 600
3.cost from fruit 4,500 13,500
4’month weight loss
4.cost from fruit 13,500 30,000
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The Application of Film Shrouded Packaging
on the Storage of ‘Liu-Cheng’ Citrus Fruit

Chao-chia Huang', Yee-ting Wang?, Shing-miau Lin3
and Ming-hsiung Lu
Assistant researcher', Research assistant’ and Former project assistant®

Dept. of Horticulture, Taiwan Agricultural Research Institute
Professor!, Dept. of Farm Management, Chia-Yi Institute of Agriculture

Summary

For long term storage, 'Liu-cheng’ (Citrus sinensis) fruit is usually packed individually
with polyethylene(PE) bag. To save labor cost, fiim shrouded packaging was tested. Sever-
al boxs with citrus fruits were packed with stretching film in stead of individual fruit bagging.
In this way, the labor cost for packaging can be lowered by more than 10 times. The cost
for packing material can be lowered by more than 5 times. After 2 months storage, fruits
with shrouded packaging had similar decay percentage as individual bagged packaging.
The fruit qualities such as calyx freshness, total soluble solids content, titratable acidity
and flavour were not significantly different in these two kinds of packaging. During 2
months storage, film shrouded packaging was more economic than individual bagged
packaging. Storage of more than 3 months, higher percentage of fruit decay made it
unfavourable in shrouded film package.

Key words: 'Liu-cheng’, Citrus, Packaging, Storage.
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Table 1. Effect of fruit size and storage period on the percentage of
decay of ’Ponkan’ mandarine in ventilated storages.

Fruit size Storage Decay (%)
period
(cm) (months) A Farm B Farm C Farm Avg.
CK 1 5.9 9.0 9.8 82+1.7
2 11.0 13.3 15.4 132+ 1.8
21 1 16.0 12.7 10.0 129+2.5
2 14.9 18.8 17.9 172+ 1.7
23 1 18.3 16.7 12.7 159123
2 24.1 19.6 19.3 21.0£2.2
25 1 14.7 16.6 5.1 121+ 5.0
2 21.7 21.0 10.2 177+ 53
27 1 11.6 245 10.2 15.4 £ 6.5
2 22.1 28.7 14.5 21.8+5.38
30 1 15.4 27.4 23.4 21.4£3.2
2 22.3 31.9 28.4 253140
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Table 2. Effect of fruit size and storage period on the quality of ’Ponkan’ mandarin in

ventilated storage.

Fruit size Storage  Total soluble Titratable TSS / TA Percentage
period solids acidity of juice
(cm) (months) (“Brix ) (%) (%)

21 0 10.5+£0.2 0.63 £ 0.04 16.6 £ 1.2 61.8 0.4
1 10.9£0.4 0.58 £ 0.02 18.9 £ 0.4 58.1+1.4

2 10.0 £ 0.5 0.46 £ 0.04 22128 58.8 4.5

23 0 11.0£0.3 0.59 £ 0.06 18.7 £ 2.1 59.8 £0.4
1 11.0 £ 0.3 0.57 £0.01 19.4 1+ 0.4 56.8 £ 1.1

2 10.6 £ 0.2 0.49 £ 0.06 222127 55.9+0.5

25 0 10.7 £ 0.3 0.60 £ 0.11 182 +39 59.2 +0.3
1 11.1 £ 0.3 0.58 = 0.04 19.5 %+ 0.7 57.1£1.9

2 104 +0.2 0.49 + 0.08 21.8 £33 545+t 1.1

27 0 10.2£0.4 0.50 £ 0.06 20.9 £3.0 57.6 £ 0.6
1 10.6 £ 0.5 0.52 £ 0.02 20.4 = 1.3 53.6 £0.4

2 10.0 £ 0.3 0.44 £ 0.05 234128 56.3 +5.1

30 0 9.7%0.2 0.55 = 0.06 179 +32 56.1 £ 1.6
1 10.2 £ 0.1 0.54 £0.01 19.3+0.4 52.3+0.3

2 9.9+0.2 0.48 + 0.05 21.1+£2.4 48.9t2.5
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Table 3. Effect of fruit size and storage period on the percentage of

decay of ’Liu -cheng’ orange in ventilated storages.

Fruit size Stor.oge Decay (%)
period
(em) (months) A Farm B Farm C Farm Avg.
AR 1 0.9 3.7 0.5 1.7+ 1.4
2 1.9 8.6 1.8 4.1+3.1
17 1 2.6 7.3 0.0 3.3+3.0
2 3.7 14.2 2.5 6.7+5.2
19 1 1.2 2.8 0.8 1.5+0.8
2 3.3 7.9 1.8 43+25
21 1 0.5 3.4 0.7 1.5+1.3
2 1.4 8.9 1.5 3.9+3.5
23 1 1.6 0.0 0.0 0.5+0.7
2 2.3 0.0 2.6 1.6 +1.1
25 1 1.7 - 0.0 0.8+0.4
2 3.7 - 0.0 1.8 £ 0.9
5% 1 3.8 10.3 1.5 5.1+3.7
R L 2 7.1 18.8 5.1 10.3 + 6.0
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Table 4. Effect of fruit size and storage period on the percentage of green button of ’Liu -

cheng’ orange in ventilated storage.

Fruit size  Storage Green button ( % )
period
(cm) (months) AFarm  BFarm  CFarm Avg.
A5 8] 1 86.1 56.4 65.0 69.1 +12.4
2 78.1 45.9 52.4 58.7 + 13.9
17 1 55.8 34.2 72.7 542+ 15.7
2 52.3 9.8 62.9 41.6 +22.9
19 1 78.2 46.2 75.4 66.5 + 14.4
2 57.7 24.5 42.9 41.7 £13.5
21 1 93.2 54.5 82.3 76.6 + 16.2
2 84.0 20.9 66.1 57.0 +26.5
23 1 89.6 76.0 87.4 843+ 59
2 70.7 76.0 74.7 73.8 + 2.2
25 1 88.7 - 89.6 89.1 + 0.5
2 65.2 - 68.7 66.9 + 1.6
5 8] 1 50.6 35.2 38.5 41.4 £ 6.6
FRiZ B 2 11.4 17.0 9.0 12.4+ 3.3
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Table 5. Effect of fruit size and storage period on the quality of ’liu-cheng’

orange in ventilated storage.

Fruitsize  Storage Total soluble  Titratable TSS / TA Percentage
period solids acidity of juice
(cm) ( months ) (“Brix ) (%) (%)

17 0 146 +04 0.43 £ 0.08 359+ 7.0 441=x21
19 0 13.8+£ 0.6 0.50 +0.14 295%6.2 473+ 0.8

1 14.1 +0.2 0.38+0.08 39.81£10.5 50.0 £ 1.8

2 13.9£0.3 0.37 £0.08 40.4 = 9.7 50.4 2.5

21 0 13.0 £ 0.8 0.47 £ 0.06 28,629 476+24
1 13.6 0.2 0.41 £0.05 335+ 34 489:+1.8

2 13.3+0.3 0.42 £0.08 333157 483142

23 0 126 0.4 0.48 +0.11 275+ 56 48.0 £ 0.8
1 13.0 £ 0.1 0.44 +0.07 30,1 £ 47 49.1+0.2

2 12,7 £0.1 0.41 = 0.08 325162 49.0+04

25 0 12.3+0.1 0.58 £0.17 236+ 7.0 467122
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Studies on the Relationship between Fruit
Size and Storage Ability of ’Ponkan’
(Citrus poonensis) and ’Liu-cheng’

(Citrus sinensis) Oranges.

Fan-Tswen Lin', Yin-Kang Kuo', Min-Hsiung Leu?
and Tan-Cha Lee?
Instructor' and Professer’, Department of Horticulture

Professor?, Department of Farm Management
National Chia-Yi Institute of Agriculture

Summary

The rot rate of 'Ponkan’ mandarin, which were sized by rolling sizer and stored at the
conventional storage room, increased significantly. Large fruit (fruit size, 27cm and 30cm)
showed lower TSS and acidity, higher TSS/acidity, thicker peel, lower juice percentage and
lighter fruit gravity. Therefore, large 'Ponkan’ fruits were not suitable for storage, but suit-
able for fresh market after harvest. The medium fruit (sized 25cm) and small fruit(sized
23cm) had higher TSS and acidity. They showed good flavor and lower rot rate after stor-
age.

The smaller Leu-cheng oranges showed higher TSS and more fruit juice. small fruit had
thinner peel, better flavor, and lower rate of green stem bottom. They also had more rot rate
after storage. Therefore, smaller 'Leu-cheng’ oranges were suitable for comsuption immedi-
ately after harvest. the large 'Lue-cheng’ oranges had good flavor, lower rot rate and high-
er green stem bottom after two months of storage.

The fruit quality and storage ability of 'Ponkan’ mandarine and 'Lue-cheng’ orange culti-
vated by farmers were quite different. It showed that cultural methods and harvesting
affected fruits storage.

Key words @ ’Liu-cheng’ orange, 'Ponkan’ mandarin, Quality, Rot rate, Percentage of
green stem bottom, Conventional storage.
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