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BB ERER 4 2 S5 R 40.0%BERER5EL 5.6%Mmb kA Z=TImEL
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Tl ~ B ERAEE SORH R AR (Hwang & Hung
2007) » S5 HESRE RBURRE AR E M R
BB MR 2 (Figueiredo et al. 2006) »
ARSI DU HSH5E Volkamerianna Fy
REARE SEEGE (Ashkenazi 1992) » ARGAEEFH
EARNFRMAE AT E R R - REEER
nn B EE » ME R SCE  fRkE -
MG E

i

it (Citrus tankan Hay.) SERESRH B
Fragr s R » BN BRI (Citrus
sunki Hort. ex Tan.) ~ Z£40#% (C. reshni Hort. ex

Tan.) ~ M1 (C. grandis Osbeck) (iS5 3 H x %L
X H) ~ MRS (C. jambhiri Lush.) ~ Troyer

;) 1. AR AT
Table 1. Soil analysis of the ‘Tankan’ orchard

F5o% H3W

fH ¥ [C. sinensis (L.) Osbeck x Poncirus
trifoliata Raf))] ~ fE¥& (C. auarantium Linn.)
Swingle 34l (C. paradisi Macf. x P. trifoliata
Raf.) <& 7 fEAEA o RbATE 1 FREGIEHLECETTT -
HERIERE R - AT - R
REA 1SRRI » IR 1 0 SBEEARKR
/INFESE A 2000 452 1H -
A BRI HEEESE

AR AL H S - Bl IR AT AN SR
1o BRITEE® S m o BBEER5C & B Gt
(completely ramdomized design, CRD) » DIEERR
Ry EE - BRI R B 2 - il ~ B8
T e 5 [T TR S LA P — b [ P e 1 e
B REGERER -

Organic matter P K Ca Mg Fe Mn
Soil depth (cm) pH (%) (mgkgh)
0-20 4.64 2.62 76 90 649 79 68 35
20-40 4.35 2.67 68 72 434 46 72 21

R 2. ZEHR G R RS AR R A AT

Table 2. Influence of tristeza field-infection on tree growth of Tankan tangor on different rootstocks *

Tristeza positive ¥ Tristeza negative ¥

No. of tree (%) (%) Abandoned tree *
Rootstock planted healthy declined  healthy declined (%)
Cleopatra (Citrus reshni) 13 30.8 0.0 69.2 0.0 0.0
Troyer citrange (C. sinensis X Poncirus trifoliata ) 16 50.0 0.0 50.0 0.0 0.0
Swingle citrumelo (C. paradisi P. rifoliata’) 16 50.0 0.0 50.0 0.0 0.0
Rough lemon (C. jambhiri) 14 64.3 0.0 35.7 0.0 0.0
Sunki (C. sunki) 8 37.5 0.0 62.5 0.0 0.0
Sour orange (C. auarantium ) 15 0.0 0.0 60.0 0.0 40.0
Pummelo (C. grandis ) 18 16.7 5.6 722 0.0 5.6

“ Trees were planted in June 2000 and evaluated as healthy or declined (Fig. 1.) in Jan. 2007.
Y Tristeza indexing by RT-PCR was conducted in Jan. 2007, based on the amplication of the CTV coat protein gene.
* Trees were abandoned owing to severe decline from 2005 to 2006.



REESRTHAESN

AR ST R 2005 2 2010 4E7 B,
AT - SRR R BRI T EE - RE
SHESMHTIA 2008 2 2010 4ERIHEST > fgpRRLE
FAFEAGR B PSEERS 6 #F - DI EE -
REhESMNE ~ R - PEER N RER
2R spiliE RS - R -~ MU ke
& BTRHNAIGE - 898k 12 kYR - DIEE)
METB% (Braun, MPZ6, USA) #EHHRL—HRA ©
ST ERDSREE BRI WATEETEYILL
FoEatiifEt (Atago, N1) HIE - SFEELL0.1N
NaOH JiE » #5R Ry 100 mL F R MEfsie
(citric acid) & - T EEDHBERE (spectro-
photometer, Color-Guide, BYK-Gardner, Maryland,
USA) HIERE/EHE 4 B V92 0 ik
R O - bk 12 B SPIE Ragtki %
TR -
ZEiaiR (Tristeza) g EHRGHEKIIE

TERZEAAR B GIRDER A - A 2007 4 1
HHEITEE—REREE » 2008 4F 1 H & RERES
F A 5 S [ A R 7 ml g RS AR BN 20 i s
Fro BRI E R = UL EENR - fhEY total RNA > [
RT-PCR % » $£ Hilf ef al. (1999) Frbd&E2
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tristeza EL—£5[-F-¥f T36¢p (+)/T36¢p (-) {HiH
TR R ZERIR R © TISTERDUSMELH
TE o AN B R LB S Ry S E ik - Bl
IEH RIS (E ) -
HEt ot

BAETEH 2 2 FERE M ES » DL SAS #R
#8.2 PROC GLM (General linear model) 4347
% > LA Tukey’s Studentized Range Test 5iHI[H]
PRI R -

7w R

EMRERK T ERRIGTE

SKIEHL 2000 4 6 HEFH < 2004 % 2005 4
] > EEAE AR RS TEK « 2 2007 4
AEREAR MRS EIEIR GET) fEREER - DL
FRFE il i = 0 M AR 3 il hs 40.0% K
11.2% o HAMERAE ~ KR8 ~ Swingle A ~
F LN e Troyer UG SEREARTEMI IR TR S
(3% 2) o FHILAT ST R REEL 4N A B - 2007
1 HEL RT-PCR JEMEZHEN © 280 93 Bk
Hf 36 Bk (38.8%) CUBGLZEMEA o FRERIGEL
fhoh - HAh 5 MR A TUIERAS - SE4ChE - FHEZ
f&15: ~ Troyer #1148 ~ Swingle FIRHTEAE - R

L. fREERA AEPRIMEL (A) BUREERRN R AR S S (LB GHERR (B) -
Fig. 1. The canopy of healthy ‘Tankan’ trees (A) and declined tree showed dieback and yellowing symptom of

tristeza infection (B).
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BRI SN ECRIBGE A - 1
RERGTFIE S 60.0% » ¥ 8 il ik B I L i
e+ HER 40.0% R CIETATERR < 2007 45 1 Hig
IR - MAGEIRE 1R (5.6%) » ZEHERbeE RS
R A PREBEH 3 1R (16.7%) SMEES~ 1
PR (5.6%) 2B EHBR » RERZHE
(72.2%) ¥JREHEPR (5K 2) - 2008 4 1 H X ia
5E  Mlihd ~ Troyer #R& J¢ Swingle #AlI#H 1
PRFREGE - 2008 H2E 2010 & » A 1 BREJE
QIR hhE ERESEHE - 549 R
FUIK - HERFTEEMRI N LI -

48 7 358 1 Ml BE  (Levene’s test for
homogeneity of observes variance) » & &5fi51457
Mt ] ZHSZEHERIIIRER (p = 0.3769) - ZEiifis &
nE R Ry 2008 FEZRE (p = 0.0422) Ed
2009 2 JZJE (p = 0.0414) -
REEERE

REFEEHFAH 2005 F2£ 2010 4 > Hrp
2010 4 1 H IR AT S5 B8E AR AR Y A
gt o ARG Swingle FRlAL 1 1k ~ BRAERS 6 P
hihih 4 #% (3% 2) - B@ERH 2005 44 2008
FEWTHS - 2009 HE 7 S RIRIENE N - 2010 .2
JE B A » BN PR E RS A - 2005 8
PR FE R DL Troyer fR8 2 36.6 kg &= @ A
RerEA5: ~ BgkE ~ Swingle AR ~ SEACHE BB Alk
KiZ AT 29.8-18.1 kg ikl 15.5 kg 5 -
2006 £F . ZEE R DL Troyer 8 47.1 kg ~ SE20H%
46.7 kg FoRLRZAEAE 40.9 kg fr 0 Swingle 1
Tt ~ PeAG ~ BRAS R » Ml 15.5 kg B AE - 2007
2 ERAT R RIACERE 725 - 2008 2 5
& » Troyer FRg 69.6 kg = » HAR 40K
Swingle Al 52 RS - IsH 48.3 ke Bilhih 45.3 kg
&K - 2009 2 ERELIZELRG 1394 kg B
Troyer t3#& 137.2 kg fxi5y ° HCRHH B2 isiss -
Swingle FIAHEAELRS - BEA% 96.7 kg Kzt 96.4 kg
I o 2010 7 FE BT R PR A R 22 -
2005 £E25 2010 4543} » Troyer A 418.8 ke 5

F5o% H3W

fen HRSE 2017 381.6 kg BilRH RZf8if52 374.3 kg »
Swingle FHfi 341.6 kg BafEFE 334.1 kg XK.
M 299.8 kg Bilfh 255.7 kg ffE -
RESBEAN

2008 FEEENESTHT (3R 3) IR ELL
Tl S FRAE R EK > Swingle £HAi1 ~ Troyer
1~ MHEHEERE AR - BRAEhGEL 2L 20 Rl
i/ o RERAE R B 2 2 S B R EE AR - #E
&~ TRRLJERE ~ B3R RopEm LA T i P i e
Er R o nREEIEY & 2 DU s RG
8.9°Brix f{ - HER 6 FEAGARREIMEE A -
SRR E ARG 0.66% » Bl iR Rk Rz ks
Bz 0.56%E#E A5 « F O EMEHE
(lightness) ~ fatH A& (hue angle) DA K% E
(chroma) SE{FFRBEFIIIMERE ER (K 4) -

2009 FFILE ~ HER - B - RLEE - &
B SOBEIR LUSE 6 THH {R R BRI RS 22 L -
RI3R ~ WIS EE Y30 DU R i85 i
K - FLAth 6 FERGARRFIMEAE SR (R 3) -

2010 FpRHHERE WE FE AR BT
R SFEEPERRLL 5 R - B e - R
R 5 e AT s P [ T A i B T3 i A
SL o BUTRLH R MEERG . 49.9% A » Pt
fifif = 56.8% » " EMIGRIE AR - OfRELL
Swingle F-f1 0.75% ~ fikF 0.73%EH Troyer ff&
0.72% 1= » H AR Rl ~ SE20H R FRRE - R 2
MR 0.59%IxAE - KIFEMEETZY & AR
IR 225 - R PRI L S R 22 S
o B AR IEY (£ 3) -

S

TEIRGAR Z 1354 B F iR im R RA (R

ZEHAIR i A AT At AR & - W] D
KA  (Toxoptera citricida) ~ /NG WF (T
aurantii) ~ NiWF (Aphis gossypii) JeHSZENE (4.
spiraecola) % (Gottwald et al. 1998) Hr&TY
EAEIRBEI R o R - TR A e R
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Table 3. Effects of rootstocks on fruit quality of Tankan tangor in three consecutive years *

Fruit Diameter* Rind Juice  Total soluble
weight (mm) thickness  content solid Acidity
Year Rootstock (g) trans. longi. (mm) (%) (°Brix) (%) TSS/acid
2008 Troyer citrange 199.4 abc * 753 abc  66.4a 36a 50.5a 103 a 0.61 ab 17.0a
Rough lemon 195.6 be 74.5 be 66.3 a 38a 478 a 890 0.56 b 16.0a
Cleopatra 1879 ¢ 733 ¢ 64.5a 35a 51.7a 94a 0.60 ab 16.7 a
Swingle citrumelo  201.4 abc 749 abc  66.0a 37a 495a 10.0 a 0.62 ab 162 a
Sunki 186.1 ¢ 732c¢ 64.4a 3.6a 525a 99a 0.58 ab 172a
Sour orange 212.3 ab 76.5 ab 66.1 a 40a 51.8a 10.0 a 0.63 ab 16.0 a
Pummelo 222.7a 78.0a 67.1a 3.8a 51.8a 104 a 0.66 a 159a
2009 Troyer citrange 207.0a 654 a 76.1 a 37a 52.1 ab 99a 0.68 a 14.6 a
Rough lemon 203.8a 66.2 a 75.6 a 38a 47.6b 8.6b 0.61a 14.1a
Cleopatra 1973 a 64.2a 743 a 34a 51.8 ab 10.1a 0.65a 15.6a
Swingle citrumelo  204.5 a 659 a 755a 37a 51.4 ab 9.8a 0.68 a 14.1a
Sunki 199.4 a 64.5a 74.8 a 34a 51.1ab 10.0a 0.65a 153 a
Sour orange 2089 a 652 a 76.0 a 37a 53.7a 99a 0.69 a 144 a
Pummelo 2083 a 649 a 76.1a 35a 51.1ab 9.8a 0.67a 149a
2010 Troyer citrange 2355a 79.6 a 66.8 a 35a 55.3 ab 112a 0.72 a 15.6 be
Rough lemon 2214 a 783 a 66.4 a 37a 499b 105a 0.59b 179 a
Cleopatra 2123a 76.5a 64.7a 34a 55.4 ab 10.5a 0.67 ab 15.7 be
Swingle citrumelo  232.2 a 79.1a 66.4 a 36a 54.1 ab 109 a 0.75a 145¢
Sunki 210.1a 76.4 a 63.8a 35a 56.8a 108 a 0.73 a 14.9 be
Sour orange 218.7a 77.8 a 652a 3.6a 54.8 ab 10.7 a 0.65 ab 16.4 ab
Pummelo 235.6a 80.2 a 65.8 a 35a 54.5 ab 10.7 a 0.69 ab 15.6 bc

 Trees were planted in 2000. Fruits were harvested in Jan. (n = 6).

¥ Trans.: transversal; longi.: longitudinal.

* Means in the same column in the same year followed by the same letter are not different at 5% significant level by Tukey’s
Studentized Range test.

R 4. WEAREMBAH R K (0 28

Table 4. Effect of rootstocks on peel color of Tankan fruit”

Color parameter

Rootstock Lightness Hue angle (k) Chroma

Troyer citrange 59.8+0.2a” 65.1+0.6a 643+0.6a
Rough lemon 594+03a 659+0.6a 62.8+09a
Cleopatra 60.2+03a 65.0+0.6a 63.0+09a
Swingle citrumelo 59.8+0.3a 65.0+0.6a 63.3+9.7a
Sunki 60.1+0.2a 66.1+£09a 621+15a
Sour orange 60.3+03a 64.5+04a 65.0+0.7a
Pummelo 60.2+03a 644+0.6a 65.0+1.2a

* Trees were planted in 2000. Fruits were harvested in Jan. 2008 (n = 6).
¥ Means (+ standard error) in the same column followed by the same letter are not different at 5% significant level by Tukey’s
Studentized Range test.
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e (CTV-SY) ~ ZEiii2#t (CTV-T) REHLIMIFE
i (CTV-SP) Re55Ri- Rt ol Bl — ol & e
(Koizumi 2001) » FIpR7ERERNHE 24 ~ ML E
B AERGRH G RN o BRI ~ TTRZA
A AR ~ A SR AR RS A R A 1
1~ MEERR - SRR S [T
B9 3 HBUR R — M2 CTV-SY
CTV-T - fEMRIESAR - S5 ek - A SRR
SR ZEB S BUEATERE LT (Koizumi
2001) « FEFGFER - F BB RG AR P ERRs 20
W5 Fe TR 0 B B R VY K TE AR RS 2R
(Garnsey 1988) 111518 535 SRS Rk B
AR MZEEE (P-SP) SR#E (Su 1981) © Zhao
et al. (1993) LIW]5 [RUF A MITH SR (seed-
ling yellow) Z Z&kiifi AR AR » I fe A
A FEALIMBE (stem pitting) BRAEPRIE LR
iR o BIASAH A B Folitis sl - (L aTRERIRGAR
TSRS -

ARG 2000 GEFE  40%FERERGEL 5.6%
FeRFERRI 2004 22 2005 455 AR 2007
AR o 171G < HRrS R FE AR 2 8 g
PR - MIRGERYNE - BRI 2 PRERSSEIEL
ARG FE AR S G PR B 5 B R 1 = EBRY
% L St - SIS S B LR R
0 HIRAS BRI - Troyer BUE ~ £
1 S REL AN (Ann 1989) - HCT HEBTRRE
ARET RIS B ARG AR ) 2 A -
B TS AR 2R i A e 5 10 (S 4
ZEhiA - ARSI - BRESIN > IiHFER
BAIERAD » YRR o A0S RN
MREAEAER I - FRAE 7 SRR - 2R
BN - IS ERIEHEE 80.0%EE5 ~ fl
fili 40%3E55 - HABREARRIMESESHR S ((FE%
REERER) - BURMRGF BN - (RS T
5 HAREA R TR EIIHA © R I KAt
RS > BRASRG B ARG ik 2 HER L i
fthb A (Hwang & Hung 2007) - Jthe]RE]

F5o% H3W

ZERER A BT A H 2 72 B (Gottwald et
al. 1996) T 52 E%5 MG AR FH R 2R 1B 00 -
IEE &Mt ot A D 3 S o SR T A AR
B2 75 (Garnsey ef al. 1996; Fang & Roose
1999) » 52 fHEEEL A ERFIfhAG > {EA % ~
HEAGE SRR 25 DAMBE R A - AN o e
EHZ N At ] 2 IR M 1 BT - A
feio » AR B DABRAS B o A
MAHESERAENEE

R ARSI A R s - MER RS
Fr7e% » —fiin s - SR BN
Troyer fHFGEL Swingle FURIBH S - 640
T FE R HR{E (Ferguson ef al. 2003; Hwang &
Hung 2007; Miller et al. 1997; Oliverira Jr. et al.
2003; Roose 1997; Snyman et al. 1997) - A& Es
o » K R M5 A 2 ~ Swingle AHMIE SR
(3% 5)  BFTliHESAHE] > 2R Troyer FUSE R
X~ BB E B SR ES A TR -
[EFEER R - IREAR - BAG E SIE M
P FEEREA - HESEARE SO/ < il
FEERE (Hwang & Hung 2007)-1H Oliverira
Jr. et al. (2003) Z#ts @ BRAFGRGELAH K2 AsHERG
ZREAH EE B e - Davies & Albrigo (1994) HiJ|H
TS B A 2 fh fe T HIRABR R AN - M Rz s B
Swingle FiE @i - BRFGEL Troyer Ff8
&R RAEIRIE -

[ MR AR AGIEAR » BELARRAERIN &
b - CERSE o R R Swingle ARG
BEEREMIRD - ELGEEEAEHIRS N > Troyer
PR HIEREE 2258 (3% 6) - Van Vuuren (2002)
LA 6 ZEhi 2o R A EHREEARZ 2
EAE A - Y 2 MIBREAERRS R - SRR A E
YGRS ASE R AR SR o R
TR BB R P2 JEERFRME - iR
TR AR B - Z5iR IR BRI
HIEH - EHIHRARRGETE R S22 5
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Table 5. Effect of rootstocks on yield of Tankan tangor in six consecutive years

No. of Year

Rootstock trees” 2005 2006 2007 2008 2009 2010 Total ¥

Troyer citrange 16/16 36.6+58a* 47.1+54a 569+58a 69.6+48a 1372+ 6.7a 714+ 9.1a 4188+18.7a
Rough lemon 14/14 29.8+45ab 409+51a 532+47a 543+£56b 1207+ 6.7ab 754+ 6.8a 3743+159ab
Cleopatra 13/13 223+£39ab 46.7+47a 399+57a 625+56ab 1394+ 54a 70.7+ 8.7a 381.6+19.4ab
Swingle citrumelo  16/15 262+42ab 359+6.0ab 422+54a 615+3.7ab 1145+108ab 614+ S5.1a 341.6+24.2abc

Sunki 8/8 18.1+38ab 27.5+59ab 293+57a 483+84b 96.7+115b 799+133a 299.8+38.8 bc
Sour orange 15/9 27.6+4.8ab 235+4.8ab 33.1+69a 584+57ab 113.0+£10.0ab 78.6+ 9.2a 334.1+28.7abc
Pummelo 18/15 155+39b 155+47b 340+6.7a 453+56b 964+11.6b 553+ 72a 2557+255¢

“ No. of trees: planted/investigated. Trees were planted in 2000 and declined trees were excluded from calculation.

Y Total was the sum from 2005 to 2010.

* Data presented are means + standard error (kg/tree). Means in the same column followed by the same letter are not different at
5% significant level by Tukey’s Studentized Range test.

£ 6. R AR RS A R 2

Table 6. Effect of tristeza infection on yield of Tankan tangor grafted on tolerant rootstocks

Rootstock Tristeza indexing * No. of trees Yield (kg/tree) ¥
Troyer citrange negative 9 281.3+12.2
positive 8 275.0+22.1
Rough lemon negative 6 266.4+12.0
positive 8 238.4+10.2
Cleopatra negative 9 261.5+12.6
positive 4 297.8 +£20.5
Swingle citrumelo negative 8 2529+179
positive 7 217.4+£20.6
Sunki negative 5 192.8 £29.7
positive 3 278.6 +57.3

* Tristeza indexing by RT-PCR was conducted in Jan. 2007, based on the amplication of the CTV coat protein gene.
¥Yield (means + standard error) was the sum from 2008 to 2010.

R R HE B LB A - 2 8530
RIS ~ PO 55 7 R

FRREMREME AR - MRS
: LRIR S AATEEIPY) RS TRE 3 IR

REWER S BRI ARBPHEEURE
BerE  REWE S &% ARBEUH
R REEKRS ERERS (Davies &
Albrigo 1994) » AT REARGABEAS S - K K2
Ha A5 Ak A R [F) M B 2 BE R A R IR
(Hwang & Hung 2007) - /K& E# 2008 £ 2010

1K 3 Fhor il 2 g AR (R3) H
bt AESRARE o HINVE S R E BRI
R e B 72 B 3% (Oliverira Jr. et al. 2003;
Reforgiato et al. 1997) - AERES - FH FZsfgE DL
Sz AR > HEEME FERFHAERS TR
e s WA—E -
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ZEHEI AR I k(RS - FHRERS AR H
NGIGIE - BRFEREE ARG R R R 5
HPEGET » NEER ARG - K Rz rsiE
fiiiZ SREJRIRIEIR - Troyer A8 ~ FH RZMSHE S
LA G RS - HEN - e
% (Ann 1989; Chang 1980; Lin 1989) » S =
P - Bt Rt B Al EZEREA - B0
P A/ Ry S+ Swingle AU BB S -
{HE IS - B TR EEY R  E R
A o R AT ARG SE A - (ELREER FH A i o
BRI SE0 (R R

EES |

REEARA T A IET &
st AT - ARG -
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Effects of Rootstocks on Tree Growth, Yield and Fruit Quality of
Tankan Tangor '

A-Shiarn Hwang” and Shih-Cheng Hung**

Abstract

Hwang, A. S. and S. C. Hung. 2009. Effects of rootstocks on tree growth, yield and fruit quality of Tankan Tangor. J.
Taiwan Agric. Res. 59:209-218.

Tankan tangors grafted on seven rootstocks were planted in an orchard located in Miaoli County. The
effects of rootstocks on tree growth, yield and fruit quality were investigated. 40% of the trees grafted
on sour orange and 5.6% of trees on pummelo declined during the fourth and fifth year after planting.
Plants were indexed for tristeza by RT-PCR in the seventh year. The results showed that trees on sour
orange and pummelo were susceptible to tristeza, however pummelo was relatively tolerant. Trees on
the other 5 rootstocks including Sunki, Cleopatra, rough lemon, Troyer citrange and Swingle citrumelo
were tolerant or resistant. Yield was examined from the fifth to tenth year. The highest yield was
found in plants grafted on Troyer, followed by Cleopatra and rough lemon, Swingle and sour orange, and
Sunki and pummelo. Fruit qualities were compared from the eighth to tenth year. The major
differences in fruit quality among the rootstocks were that the juice content, total soluble solid and acid
content were significantly lower from trees grafted on rough lemon than on the other six rootstocks. The
differences in fruit qualities among the other six rootstocks were not significant and were not consistent
during the three years of investigation.

Key words: Tankan, Rootstock, Yield, Fruit quality, Tristeza.
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