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#INH G B i Sphaerotheca fuliginea race 1 3tk
Z HAR R AR

IHEY 28 kIR TR HEEg
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FRRHE - HWEE - ATYL - EZA - T - 2004 < FiHIE B Sphaerotheca fuliginea
race 1 LML E T FEEFURERE - T HEERSENTFE 53:1-8 -

FIFAA T# 5 5% B (Sphaerotheca fuliginea race AZEFTIEIAE & - 8E G
19 {i&fH I(Cucumis melo L.)FHs TR FUREME - HrP A TAHE 5% - 07 B %S 3 {4
REE TR B race | BAEHUMERDL - HAl 16 & ST R BoR 1 - R E1T HUR ML
gt - EREARFTEMAILZ 36 [EFTNE R (Ss~Sn) » FEREUR 02053 5 21 {53 R #H
F# B race | EEHURTE - THM 15 18 B ZRE RIS - B 7RI HETUR M - i
FTHZR R 02080 Z HUI PB4 - Hiw H 38R0 I BL R H 22 5% 02077 FE5 e [ml %2
JE1§ Fi~ Fo» BCr» BCHERBWER - A TLEEAWE race | RFAEBIHHEL - R
BRPURE 2R 02080 ¥ ETIRES race | Z HUR ISR H— SR M LRI Fr e -

BUSEEER : ALK~ DA - BUAERIE - RTINS AT -
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Al

#H IN(Cucumis melo L.) By & FH(Cucurbitaceae)— A EEFLA/EY) » 1 2002 £ FLEME 4 -
ARG EREE AR 9200 At - ERAEMPNGRER - GRH - FHER - SRR REERE - B
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Ji(powdery mildew)Z 24 Hi Ry i - MEGH HH R #8 HURES sia R RS - R F—FENFEaRHE - €
AIEEEYREER ~ WRRE - ERREREREKT  ERRRBEEEL - dt HRiRss s A
HEBRRRIuETE - BRRZDLEBLERIIG . - ENMEREEERA » BERERSCE - Kt
WEME RS RE N EE LIFER . — (2% & B 1995 Kyle 1995 ; Sitterly 1978) o F¥3 iR JE &
AT FE R TR AR 2L TR R BOBRR AR BRI TE D T e U (Sitterly 1978) o {RIZHIE -
5 WA Fl s 1R ] S B EH I T80 9K » Sphaerotheca fuliginea (Schlecht. ex Fr.) Poll.F1 Erysiphe cichoracearum
DC ex Merat > Htp S. fuliginea 53 {filik & (Kenigsbuch & Cohen 1992 ; Pitrat er al. 1998 ; Sitterly 1978 ;
Takada 1982 ; Vakalounakis & Klironomou 1995) - 1fii & RYEH N I #9K F Bt IE S fuliginea 5178 (355
2002) - {RIBEEIEH 0 S. fuliginea BRI ZEAH 7 H4H/NEFLE » A5 race 0~ 1~ U.S.-2 ~ France-2 *
3~ 4~ 5(Pitrat et al. 1998) » [MAES B S LR —H 4B/ Nl race 1(EHEE 2002) - Wff3e A B &% H
HIC B R IUR A GR) - EITE ST - FFEERIR - RS BHURSE GROB R R — A8/
Tl 2 YU T 2 B — EE e BL K 22 6 (Bohn & Whitaker 1964 ;  Epinet 1993 5 Floris & Alvaeez 1995 ;
Kenigsbuch & Cohen 1992 ; McCreight et al. 1987 ; Pitrat et al. 1998) -

AMHFEE BV R - ()ARE B Hi1E G 8 W R5s 0§ IS8 R R (S. fuliginea race 1):ZHUEAE 5 (2)
REAFTE B L B R (Ss~Sw) FERETUR H 3R - Q)ETTH R RZIURMEEE I - DLTHER
RE R EEER - A RER RIS RE B LR R -

MFERT R

RIS SIEH B E (S. fuliginea race 1) ZIEIMETE

HERE - T HE - EEO - KE - &5 /AIEA - BREETSR - 877 - BmES 10 [EEEGEE
TR 5 S HROT ~ AR - SEEE 4 (R I CAFH IO SR 5 Fritfd 1 s IS TE © DUk
S ~ SR 5 R - FEREEE 4 fE BT EHIC O IUBED St - 3T 19 fERRRS i > FR5E 2 E ST (CRD) »
—HWE GHEES K-
MM B XREBAME(S fuliginea race 1) ZIRISIEE

& 02053 02057 ~ 02062 ~ 02066 ~ 02067 ~ 02068 ~ 02069 ~ 02070 ~ 02071 ~ 02072 ~ 02073 ~ 02077 ~
02078 ~ 02079 ~ 02080 ~ 02081 ~ 02082 ~ 02083 ~ 02084 ~ 02086 ~ 02089 ~ 02091 ~ 02092 ~ 02093 ~ 02095 ~
02096 ~ 02097 ~ 02098 ~ 02101 ~ 02102 ~ 02103 ~ 02104 ~ 02105 ~ 02106 ~ 02107 Jz 02108 £ 36 f Sz~
S HR % @ M ERE 10 £k -
B33 02080 HEME (S. fuliginea race il 2B E D aEz

HEAFITE B HUR H 2% 02080 (S 12) B B 3255 02077 (So) A 89 FERKEFI A L2k 05 XA
—RHEAHE(F)) - 90 FEHNEEH R R F RTEIREE - U6 Fy 23 BB A BRI HUIR B 52 (02080) A1)k
95 H 2R (0207 7)HEAT R R LAAEE BCr F1 BCs BREFIRRE © 73 HIKF AT 2 BIAS ~ FEAS R IRl B AR T IR A
AEE PR AR R BE UK E 3S5R(02080) ~ YK H 322 (02077) M fEBIAR Fi & 20 £k ~ F2 7%
TEEE 114 £ ~ FRPURBARZ BEEEE(BCR)105 £k LB [E 3 R A 2 B B HEEE(BC) 104 £k o
B &E(S. fuliginea race 1) B IEFRIR Z fis |

P15 R R R I 0 2 SR P TR B EH B B FURY R B BE v IR IR R I A 7k BB R s 2
Bebr b IR IASSBILRER - 24 /N SIS THINE R F 2 H—amWE AT
AR ZE B L (RAN-H ff#) - 18 16°COBIR 12 /N2 E ARG 12 16 K > BN R
A Ty (B R R o AR DA B <o R o R S B 70 IE IR 9912-WF-AT By BRI #E - 48
B Q002)E EMETE R HBE S. fuliginea race 1 »
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AT B R R T IR R RN B 10cm 2B > MBS 28°C/22°C (H/EIE) IR
12 7N Z BB ReAfi R - DU G 4 BT 3 B8 4 FrARSE R EEAMRHI T - AREESE (2002) W38 2 7
EAETT IR B R SRR YT 2 Fr R BASE DL 2Rk e FERGIS 757K (1% R S e 80 i A #5035 Tween-20
IANE PEAEHE ) RIMIEEE 2~3mins » EE/KER =K - IRRZIFEEK - B LU SR SRR R < & 8 E
HHREUEER 1.5cm ZZEFEE - BREE TG ERZE#E&(20x15x5em) » IRMEH 50 ppm
tetracyclin Z M-solution(mannitol 10,000ppm % benzimidazole 30ppm Z /KiA#R) @ B E IR H
WFEEk A > DIHERTZE I B 235 )T o FRRAA L8RS V5 =0 M BRI T- (S, fuliginea race 1)$257 K
ABEIEET > 07 &AY 300 spores/om” - BERE IR & BE T MG BE 2R & A 24°C/18°C (H/ZIR) IR
12 /\NEf 2 SETRFE TR 10 KRB TR H 2R IR 8 (EEE 2002; Cohen 1993; Cohen ef al. 1995; Kenigsbuch
& Cohen 1992) » R HST Ry 0~9 4k 10 8% * O BR-FEWEBE 5 1 SRS DEALEERIRT 10% 5 3 M-I BEALi 42
THIRE 50% 5 5 BR- DR AL SETFIRT 80% 5 7 AR - BEAS ZEEI A 100% (B 1 M 5 9 - BRAL ZE R 100%
B+ &EH B3R E% % (Epinet et al. 1993 ; Mohamed et al. 1995) - k% Floris &
Alvaeez( 1995) » ZIRHEEL <1 RPUe » TR 1 ~3 B W HE> 3 AR IR -
BEto

F 1% 5 I RE B [T A2 B 7 MR T o LR M 23l EE DR AR ( x° test)3E1T 3 75 AR 52 (goodness of
fit) » BHZE/KHE p {H/NVR 0.05(Mead ef al. 1993)

7w R

B ISR EE R AE Y B B (S. fuliginea) race | ZIRETR 1%

A DLH HUAE £ 18 M R 5% o B ISR Ry bk RIS A Bl 1T 3 TR B (S, fuliginea race
DYUBIR I Z BT - KA TR 10 K% - FRERIRIEE HERWE 1 for > 2o S J B ORI
iz MR I > IR SRR BRIk 8.8« BEBHRIEEURAL - F¥9k 7.9 - 5 B AMLTE
ARG Dl eS8k e - R 7.7 5 RREE AR e RS SR R R A - PR 0o i 4
e Rz I A o DB 2R e R U = » 390y 8.8 5 S INBHN TR BURAR » SEET Ry 8.1 - I I
R HAC - B FR 8CRs 8.0 < M SRJGEIR 4 bl - DG K38 iR Bunem - P9k 8.6 SEEREEA
FRBURA > PR 7.2 - FHEBRAE RS AN - AR T i 28 5 8 St 1t TR Al AR > F (i) PR i MR
INEERE S R B (S. fuliginea) race 1 ¥ o8 A& A MERUEH INSLREERK3E 0% ~ 805 I %S 3
a3 E1RY 1 (S. fuliginea) race 1 RoBiii » HAES R B © S RZEH RS AR AT ~ 15 2 ITURE B et e T
#C B SR AR B et L 1 K B (S, fuliginea) race 1 83 R g -

HHINB R RBEAME(S. fuliginea) race | ZI RS

M THHE 9 B (S. fuliginea) race 1> BUEARFTH L 02053 25 36 fél & A H 3% (Sg~S1)
CUURMERB - FERAIRER 2 0 & 02053 ~ 02067 ~ 02068 ~ 02069 ~ 02070 ~ 02072 ~ 02078 ~ 02079 -
02080 ~ 02081 ~ 02082 ~ 02083 ~ 02089 ~ 02091 ~ 02095 ~ 02101 ~ 02104 ~ 02105 ~ 02106 ~ 02107 k2 02108
21 HERZE A E(S. fuliginea) race 1 FRIFHUK - HA{wE 0205702062~ 02066 ~ 02071 ~ 02073 ~
02077 ~ 02084 ~ 02086 ~ 02092 ~ 02093 ~ 02096 ~ 02097 ~ 02098 ~ 02102 Jz 02103 & 15 HER REHE
U -
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# 1. GEIRESEHERE (Sphaerotheca fuliginea)  race 1 Z I yptgHl
Table 1. Evaluation of the resistance of the cultivars of melon (Cucumis melo) in Taiwan to race 1 of Sphaerotheca
fuliginea *

Cultivar Average of disease index” Disease reaction”
Tsuimi 7.90 S
Hsianghua 8.82 S
Hsiumi 7.97 S
Lanpaoshih 8.01 S
Chiumi 8.19 S
Hungpaoshih 6.14 S
Chinhou 7.68 S
Chinmi 3.83 S
Autumn Waltz No.2 0.00 R
Chengtang 0.00 R
Mihua 0.75 R
Honey World 8.54 S
Golden Prize 8.51 S
Golden Lady 8.12 S
New Century 8.03 S
Golden Light 8.30 S
Silver Light 7.56 S
Chiayu 8.64 S
Chiahui 7.18 S

% The leaf discs were inoculated with conidia (300 spores/cm?) of the pathogen race 1 of S. fuliginea, and then were incubated
at 24°C /18°C (day/night ) with 12 hours photoperiod for 10 days.

¥ Disease index was evaluated on a scale from 0 to 9 depend on the leaf disc from health to severe.

¥ R=Resistant, disease index <1 ; S=Susceptible, disease index > 3.

2 2. FIAZER BRI I E 2GR B BB (Sphaerotheca fuliginea)  race 1 Z HURR T K IE

Table 2. Evaluation of the resistance of the melon inbred lines to race 1 of Sphaerotheca fuliginea

Inbred line Disease reaction” Inbred line Disease reaction Inbred line Disease reaction
02053 R 02078 R 02095 R
02057 S 02079 R 02096 S
02062 S 02080 R 02097 S
02066 S 02081 R 02098 S
02067 R 02082 R 02101 R
02068 R 02083 R 02102 S
02069 R 02084 S 02103 S
02070 R 02086 S 02104 R
02071 S 02089 R 02105 R
02072 R 02091 R 02106 R
02073 S 02092 S 02107 R
02077 S 02093 S 02108 R

“R=Resistant, disease index <1 ; S=Susceptible, disease index > 3.
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B3 % 02080 A E (S. fuliginea) race | Hiim 4t ZEE S

AR LI TR R (S. fuliginea race 1) > #2751 10 K& AR BINIEE > HE 3 FHRE
A1 PR H A% 02080 27 20 P - HFRBUE Ty il T8N H 2% 02077 $278 20 k- FLRILE R B
F1(02080x02077)#21d 20 £ - & R His » F2(02080x02077) R F IEHEEEAE 114 Pk » HUmik B RIwR Ik
B LEBTRy 83 1 315 Fy BLE N H 2R 02080 Z[H 5 5% T ki BCr(Fx02080)H24H 105 Pk » 2 kb 5
Fy Bl B 22 5% 02077 Z[EI R A AE BCs(F1<02077) 4608 104 Pk - i Pk B B RO bk B L Ry 53
ST ARBE o * BERSREUR o Fo PUR MR BR MR BIZ LBIRF & 3 1 10 F) BLUROR B 50 R Z B R 1R 7 ik
¥ BCs Z PR AR BRI AR BEEBIRT & 10 1> ER AT HERI G0 E 2R 02080 $f FR3  (S. fuliginea) race
WP 7N o= 5 E R U P PSR 2 IR
*x 3. }ﬁﬁ@ﬁ?ﬁ% 02080 HiJE&R H 32 % 02077 3 IR BB EEES A E ( Sphaerotheca fuliginea race 1) FiIR
Table I3&.ZS;iiﬁgkattion of resistance of the progenies between cross and back cross of the resistant melon inbred line

02080 and the susceptible inbred line 02077 to race 1 of Sphaerotheca fuliginea

Number of plants

Pedigree Generation Expected ratio x? P
R* S* Total

02080 P, 20 0 20

02077 P, 0 20 20

02080x02077 F, 20 0 20

02080x02077 F> 83 31 114 3:1 0.292 0.589

(02080x02077)x02080 BCr 105 0 105

(02080x02077)x02077 BCs 53 51 104 1:1 0.038 0.845

* R=Resistant, disease index <1 ; S=Susceptible, disease index > 3.

¥ &

IR0 Kol IR RS iz B B T » 4 0 2 o 08 O MR 3¢ e 8 R 5 P AT & S 3 TR s 15 1 - 3%
LB TR S AR KR 52 B - BESR E AR IR A R EER 1A EV M < BUR BT (HIE % B f e i 1 2
B B GRS G ER R » PRI RO R AR AR DIEE MR R RE (% & #1995 Khadar & Abdou 1972 ;
Sitterly 1978 :  Zitter et al. 1996) » [KIItL T B0 dto i Ko Mok & BRI DR o B R A -

BREPLEBR S. fuliginea race 1 :f8 PMR45 F ki (Jagger & Scott 1937) BT ¥R S. fuliginea
race 2 (il PMRS H i (van Haltern et al. 1943)#% - 31 % B 1A B thBHAATERH IR 5 b B H 0 H1 8t »
DIMERTUREREBE - #R4Z Pitrat 2 A (1998) ZMHFEH SR - 3F 2 VUMM IR ZR2Rk B BN - FE25 5N
ot R B 02 Bt A IORR T B BB 1% > VR IRI(S. fuliginea) L HoAh AR B/ NREAE TSR35 3 Hi 3L (Cohen et al.
1996; Hosoya et al. 1999; Kaur & Jhooty 1986; Pitrat et al. 1998; Reifschneider ef al. 1985; van Haltern
etal 1943) » f& race 0~ 1 ~ U.S.-2 ~ France-2 ~ 3 ~ 4~ 5 » FrLUETHUR S TIER: - S IR E 4
B/ S R - 55 (2002) B A AT BE H T iR SR C WARETT 0 AT S E - TEE AR S
fuliginea race 1 > {HJ2 1518 i W& 1A [F) i1 7 5 R ZR 6T 2 750 Ho AR B/ VTR - RIZEAE S ERIW I 1% -
MR ZE Fr EAR A RROE -

AEEEE e LG W H AT AR < 19 RS SR R kL - DAZE Fr B R EET T DU AR - AR
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AR RS IREUR - R TITE RS AT IR LRI ~ W% IR SR T RIS - ¥
S. fuliginea race 1 ¥ Ko B 1 » HLrh EERERIER IURKEE 5% - 577 RO HE5% 3 L A HURME - Kk
B IR BRI A2 EA B A B IR 22 M - HGETTARTBRZ 36 A H 2R (Ss~S12)
BB S. fuliginea race 1 FURMEME - HASREUR - Hepg 21 (AR REG YR - "WE—LH
EHUHE R R EBEMIR - S HAE RS R R E R - WETH A RS @I RPURE R I
BLH G T HACRAHEAERS - IWE G TERE (S. fuliginea) race 1 Z FEASHTHR °
HRYURIE B ETTE - CHEFFZ A BEITHUR S CGR) B ERE S. fuliginea race 1 F1
race 2 DA Erysiphe cichoracearum race 1 Z iR 8 E 537 (Bohn & Whitaker 1964 ;  Epinet 1993
Floris & Alvaeez 1995;Harwood & Markarian 1968a: Harwood & Markarian 1968b: Kenigsbuch & Cohen
1992 ; McCreight ef al. 1987 ; Pitrat ef al. 1998) » A FFHE TR i iE Z PUR M43 B R B A A 5] 4= 3 /)N
HE o RIFEHGOR BRI A FBAHE - SRS FERER - RS BPURIE GR) ¥ ke B — A B/ Ml i
P R B L R4 - Ry TR R AT R IO B R B AT Ry - TP LIPUR A 3R
02080 EilJgpg F 23 5% 02077 Ry b BHETT B AT - MBI R BIZRESRIEES S. fuliginea race 1 2
SR RS EELE - BEURYUR E 2% 02080 (Z HUfik 1 M Fl — S ERME BE IR A dhl - Bl AR Feik s h AT i
¥} S. fuliginea race 1 HAHIVENYSLTE » FLAU BE IR K 25 By B — B K KT P #2212 65 SRAH AT & (Epinet
etal. 1993 ; Floris & Alvaeez 1995 ; Kenigsbuch & Cohen 1992 ; McCreight et al. 1987 ; Pitrat et al.
1998) - T LHLHK F 3% 02080 Ef i A A B/ Vil o HURSR 1 S HE - RIZGE — S HIEA RERRS A5 2R -

et

AW PRI T B e R Ze iy il DS 2 > ¥ INRA $§4#% Dr. Pitrat $E{HEFH INHT Fy 2 B/ V2 3831
i ARFTRIRE L ~ FFEERCMHER AR AN - —OFE5 -

5| AR

EEEMRTEEHL - 2003 - fTERBEEESEZR B & MRE] - Bt - 424 pp.

BB TRREE - FEEIN - 2002 o FIFIZE Fr (Bl R v A v B A B T R il o TR R SRR ST
51:49-56 -

20 ~ BARBE © 1995 o TSN © p.135-146 « TUEIFYIRERR IR & BT - hHEEYIIRES G
HREND - 5E%% -
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Genetic Studies and screening for Resistance to
Powdery Mildew (Sphaerotheca fuliginea race 1) in
Melon (Cucumis melo L.)"

Yu-Hua Wang®”, Jin-Hsing Huang’, Tzu-Kai Lin?, San-Tai Wang®
and Chi-Hsiung Hsiao®

Summary

Wang, Y. H., J. H. Huang, T. K. Lin, S. T. Wang, and C. H. Hsiao. 2004. Genetic studies and screening for
resistance to powdery mildew (Sphaerotheca fuliginea race 1) in melon (Cucumis melo L.). J. Agric. Res.
China 53:1-8.

Leaf disc inoculation method was used to evaluate the resistance of 19 commercial cultivars of
Cucumis melo L. to Sphaerotheca fuliginea race 1, the causal agent of powdery mildew in Taiwan. The
results showed that 3 of the entries, i.e. Autumn waltz No.2, Chengfang, and Mihua, were resistant, while
the rest 16 varieties were susceptible. This indicated that most of the melon cultivars in Taiwan are
susceptible to S. fuliginea race 1. The disease reactions of a total of 36 melon inbred lines (Sg~S»),
developed in our institute, to the same pathogen were also tested by using the same screen method.
Among them, 21 inbred lines showed resistant and the other 15 lines were susceptible. In order to
understand the inheritance of resistance to S. fuliginea race 1 in the resistant inbred line 02080(S;,) cross
hybridization between inbred line 02080 and a susceptible inbred line 02077(Sy) was conducted. The
parents (P, and P,) and their progenies, including F,, F,, BCg, and BCg, were inoculated and the disease
response in each individual plant was recorded and analyzed. The segregation ratios of resistance vs.
susceptibility obtained from this experiment indicated that the resistance trait seems being under the control

of a single dominant gene.

Key words: Melon, Powdery mildew, Resistance screening, Breeding for resistance, Genetic
analysis.

1. Contribution No.2179 from Agricultural Research Institute, Council of Agriculture. Accepted: July 29, 2003.

2. Assistant researcher, Horticulture Division, ARI, Wufeng, Taichung, Taiwan, ROC.

3. Assistant researcher, Plant Pathology Division, ARI, Wufeng, Taichung, Taiwan, ROC.

4. Former Senior Horticulturist, Department of Horticulture, ARI. Currently, Director of Taiwan Seed
Improvement and Propagation Station, Taichung, Taiwan, ROC.

5. Corresponding author, e-mail: yhwang@wufeng.tari.gov.tw ; Fax: (04)23338162.



FhIE RS (). Agric. Res. China) 53:9~17 (2004)

B R 78 Ak S AE AR B 3 A 2 BB — A A 35S
BB Fo FRAKABARERA LS

FEA > ez’ A

m B

FEMEH - JEHC - MR - 2004 o JERIETEEY) AR R BT 2 BA S —FIR 35S Ri@)
T TG R N TR RARE » i3S 53:9-17 -

TGRS Bl AR T ) R (R o2 K I DA B i i B (R o2 R AE o R =UHE Y - T
B KETEFEYIAE DNA Jg R Z 91 R0 53 BT = TF 9 rp 5 (R 8 B 5 BR K 2 TR K
S ERR T - RRELECAN A DNA ZEHUSAS - DNA #5 DUR 55 5 I 3 8 I E RS IR -
LI Wizard™ Genomic DNA Purification Kit %<HUAS SRR - 53 b H H A B AR 2
$H 7 JfE (Nested Polymerase Chain Reaction) Lz —fi% 58 & B 35 8 85 S JE » 1T L[R5 A
ERERZEE - 53 LIBR P ] & B PR 2 5 (G #H (Biosmart Allin 1.0 GMO
Screening System)Fy ¥ 18 > AR IEY IR H B S BESOES R BB - K5 o] (ERERI 155
[RIE7E £ ok e KE ARG HEY CAMV 35S BRI FHi AL 150bp DNA Frg: 5 hobh - 4k
CAMV 35S Ek@i 74 » ik 35S 1/35S 2 5[FDLK 35S-F/ 358-R 8|F » JRA[ 43
AR DAHIAS B [RIEPE AR S CAMYV 35S EE) 7R 2 195bp DNA FrBeBd 207bp &
DNA g -

RRSEER ¢ ALINEIEIEY) - fadl -

[l

[

ZAd 2 s TAEYRIEGE R R TR B E RN - EREEYSRE L - BF S FEEh
PR EAER - SonE - @F - BERUEREGIRPIR REREEE 2 R EY) (Transgenic plant)E
B2 by BRI B0E YE Y (Genetically modified crops 5 GM crops)(i& 2000) o & ZEKSGEEY) “Flavr
Savr'™ tomato” - A 1994 4EJEUE Y SEER e B 1T - #KETE E AT (2003 4F) 2 EREEE 78 {1 5 Ko
VEY) & &2 345G B k3% ISAAA(International Service for the Acquisition of Agri-biotech
Applications )#figt » 2002 - BRpGSE MR < BRISCEFEE AT /\H B/ AH(James 2002) o HEEL

L ATB e R By BRI Je 558 2180 5% - B2 HI 924 8 H 18 H -
2. AFEYREIFEAHBI B S - TR EMHE - Z8a 2R ZEH -

3. R - 2EE 2k FIEY -

4. SEEAE#H - B T-IM © jywang@wufeng.tari.gov.tw 5 HELFE : (04)23331720 °
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K| TE AV E e SR Ry AN JEA OR R B S AR E U7 ~ v B8 DR R B IR MR - ARt mT R 7 A — SR VB (e
N R TE AT E - 5 © AR EY T Re g 21 S EY iEny Al L - DIHREH T
JIRTRERE B A E YR R 2 B - IR 7 R A 8 R R GRS B 2o Ak 1+ LUK - B [RIEE {E
VI E] RE R 25 ALK HEF T H 7 P 3 R B Al 3 7 R Gy 2 (RIS R RV 4 - WG B AT AR T AR
B PIEKE o SET S B R 4 BB 2 B (Losey ef al.1999) -

TERER 2 B ME R B KR I RGEE T > BRI ~ (RAFELRIF T/ % - FRigE s 5 E
R TR JE ML B P ER R SRR A AL 5 ST HE R A SR R Y o (TR RE R B e e
L2 RPAG RIS - 7 A R A v P L TE R P BRI M W o o3 1 8 8 B B AR 3 0 DABE HL B
JF BRI R 2 WK 595 TN W 1 B AR B 5 RIS E (E ) A0 A REBR B h (BB G e FEAEE -

MR TR
AR EEY
1 o BT T 2 AT R TR R » IR B BRSO 2 KT TR AT
i 8 S BRI A T (& Roundup Ready soybean)Hi TR 7 #tRIFL# S E F K (& BT-176)
AT B AR RE L KRBT SRR - LU E TS0 AR T - 3t 5 1
BB - AL 17 ERB TR R 1) -
& 1. EREHEEYRI < TR KGR 7B

Table1. Samples of maize and soybean seeds prepared for transgenic crops detection

Sample no. Crop Import/ Local origin Source Remark

1 Soybean Local origin #1 Supermarket Non-GMO labeling
2 Soybean Local origin #2 Supermarket Non-GMO labeling
3 Soybean Local origin #3 Supermarket —

4 Soybean Import #1 CGPRDI” GMO*

5 Soybean Import #2 CGPRDI GMO

6 Maize Import #3 CGPRDI GMO

7 Maize Import #4 CGPRDI GMO

8 Maize Import #5 CGPRDI GMO

9 Maize Tainung no.2 TARI” inbreed Non-GMO

10 Maize Tainung no.3 TARI inbreed Non-GMO

11 Maize Import #6 CGPRDI GMO

12 Maize Import #7 CGPRDI GMO

13 Maize Import #8 CGPRDI GMO

14 Maize Import #9 CGPRDI GMO

15 Soybean Import #10 CGPRDI GMO

16 Soybean Import #11 CGPRDI GMO

17 Soybean Import #12 CGPRDI GMO

“abbreviation, GMO:genetically modified oganism ; CGPRDI:China Grain Products Research and Development Institute ;
TARI:Taiwan Agricultural Research Institute.
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A X EY Z 73t Ed AR

DLER & K% 25 84 ) fE (Polymerase Chain Reaction, PCR) LR 5 =X 8% &5 % 2% 58 84 < JiE (Nested
Polymerase Chain Reaction, Nested PCR) 43 Il 17 (& Il EL K| E VE W) fE Ttk i T & 2 CAMV 35S Bl
B T-HJ DNA FrBt(Meyer 1999 ; Lipp et al. 1999) - Nested PCR |z » 3 DUBKHEEE A & B IR A 2
PCR {38 A ZUBTHE 1 Ry ¥ IR (Kuiper 1999) 5 T PCR 43 AT HII 2255 CAMV 35S E{E) T 5(Wolf et al.
2000) » EECHEE G| HEITEE I PR HE IR R

DNA Z Z ERER AL BRI ok LK S R 7 B4 - 43 IR 50~80mg Z At » Al Wizard™
Genomic DNA Purification System(Promega, Madison, WI) + Wizard® Magnetic DNA Purification
System(Promega) » LB Premier Excell Pure™ Plant/Fungi Genomic DNA Kit 2 » =fR[A% DNA [#
Z<HVEAMIRH > HETT DNA ZKHY - 25052 DNA FLL Spectrophotometer L ODqqo I EZLENVYIIRE » i
B3 IR RS Ky 80ng/ 11 £2HE{F Ry PCR SUBERYRRNR » LAHETT PCR 237l LRI RS AL -

B|PELEt 1 35S 1/35S 2 LUK 35S-F/35S-R —#1B]F + (%25 Wolf 2 A 2000)kl CAMV 358 F{
B ATE et CEHEG 135S 1 FF%lk 5°GCT CCT ACA AAT GCC ATC A3’;35S 2 FF%1ky 5°GAT AGT
GGG ATT GTG GGT CA5 -5 35S-F 5| THF¥ )k 5> CCT ACA AAT GCC ATC ATT GCG A3’;35S-R
Fe5E 5 GGG TCT TGC GAA GGA TAG TG 5° -

CAMYV 35S E4E)F 2 PCR 2#f : PCR [ JfEHEREFE R 25 11 & 1 unit Taq polymerase (Roche-
Fast Start) ~ 1 X PCR buffer (10 mM KCI ; 50 mM Tris-HCI > pH 8.3 5 5 mM (NH4),S0y4 ) ~ 1.5 mM MgCl, |
200 M dNTP ~ 0.5 M primer J 100 ng template DNA - PCR %28 Perkin Elmer Cetus
Thermal Cycler 9600 » [ZJEIR FEEBRAEAK CAMV 35S Bl 7 & 5 775102 Tm B3 BIECEATT ¢
(—)35S 1/35S 2 5[¥% [95C 5 Z3§E—& : 95C 208> 57°C 40%> > 72°C 1 43¢ > 1_{]‘40 x
R 72°C 3 ordE s SESE R T AT 4C 1 (Z)358-F/358-R 5[¥ [94°C 10 73§ ; 95C 25
B 62°C 308 > 72°C 458 » HE1T 50 K 5 B 72°C 7 SreE FESSRARITIEIE 4C ]

CAMYV 35S Ef&hFZ Nested PCR 5}1‘5 : Nested PCR 1—1‘H§EAf§1’§ﬁrﬂ’J§— " TR Wﬂﬁl
[ e B SRR AMINE 5 [ R AT 28 — ROFEAE AT 5 B - LAZB—K PCR EWIERefiitR
—EP RS |- > FFEETTEE — R PCR M - EEB"J«X%?Q?E”@E&@E’JT%HE DNA ’Eﬁ%—‘” PCR
B2 » FITEOR FE AR B & e B[RV B A Y -

Nested PCR 43748 DU [R5 22 S A A &2 2080 #H (Biosmart Allin 1.0 GMO Screening System)

HITZ » HpE—R I EREERE R 5011 A% 1 unit Taq polymerase (Roch- Fast Start ~ Promega
Taqg-buffer B) ~ 40 i 1 Allin Mix 1 (W’g 35S Fk@Eh T ERtZ5] T~ dNTP B PCR buffer) » FJA 400
ng template DNA 5 55 “ R ST FEFRLLEE — K PCR EY) » U1 1 EAFEERRR - FIA 49,ulA111n Mix
2 T o RINE KR D?{QEP%-}E'JU #: 75 internal control(Zein J:[X]) - B A LIS ] PCR [ JfE »
FEAE I ) AR B IR« W R ISR T 8 AR 2 43 B B 4 * (—) Neested PCR 25— R [95°C 3 ﬁ}
$—K 5 95C 308 55°C 405 - HE1T 40 X5 B 72°C 3 88 RIEGEERIEAE 4C - 1 (2)
Nested PCR 28 — R [95°C 1 43§E—K 5 95C 45F > 50°C 40 % > 72°C 30 % » AT 45 XK
R 72°C 3 o ESERARITIRAE 47C © ]

DNA &k : A ARG REHREMRE 2 DNA - B 1241 A 6 fSHEKEER (6
X loading buffer : 0.25% bromophenol blue % xylene cyanol » 40% w/v sucrose) » DA# 2.0% agarose
Bl 1.25 %Neu-Sev 3 : 1 agarose ZJBH& » £F 0.5X TBE buffer F13£{TE vk » Bk &k Cosmo, Mupid-2 »
FEIE 100 fREF » BRI 25~30 204 FEHRBER 0.5 mg/ml #Y ethidium bromide “H¥sf 20-30
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SrEE o EHRNEIMEEHET o iR DNA RN B o WEAH R EFIERE R IS 2000 Digital
Imaging System (Alpha Innotech Corporation) » #8317 R KEIHEEY 2 CAMV 35S E@ET & DNA
Fr Bkl -

DNA JERZZRL R LEER

Dl & BN o K G e AR EA-BEER S 50~80mg 1T DNA (ZZEHY » I LRk =Ff DNA Z£HY
B (Promega / Wizard® Genomic DNA Purification Kit ; Promega /Wizard® Magnetic DNA Purification
System for Food ; Premier Excel Pure™ Plant/Fungi Genomic DNA Kit),Z DNA f#lif& Bl & - fh S =Ff
DNA ZEHGAIHE S AT e D 2 HUS T K B SR 7Bk iz DNA-ZEHU#G 2 DNA FiLL Spectrophotometer
HIEF: ODygo BfH - HESLH: DNA SA5ER Ty 2pg ~4 pg « SIEEIARHE DNA SRR - —RZEEGURI
n] A S RIF 2 DNA » {HLL Wizard® Genomic DNA Purification Kit 7 fWE T  GEAEANTEE 2
TAERFRN3 B 1~4 /NEKE » {H DL Wizard® Magnetic DNA Purification System for Food {855 1 /\if »
BB (R 2) 2 HE I 25 J6E 100 Je 2 (HE FHILL Wizard® Genomic DNA Purification Kit
T 25 T B IRARGR 2) -

7 2. DNA PROEZEEGARHE B 20 DNA fE 2 Heig
Table 2. Different DNA extraction kits and the comparisons of their quality

DNA Extraction Kit Quality (IE::S) (NT dolfa(r)z;sample)
Promega / Wizard® Genomic

DNA Purification Kit Good 2 25
Promega /Wizard® Magnetic

DNA Purification System (food) Fine 1 150
Premier ExcelPure™

Plant/Fungi Genomic DNA Kit Fine 4 60

CAMV 35S EiEhF 2 PCR #F

&k CAMV 35S EElv BRIy 5B 3 Wil FP a1 » A7 358 1/358 2 5[#H(358 1 51k 5°GCT
CCT ACA AAT GCC ATC A3’ ; 35S 2 4k 5’GAT AGT GGG ATT GTG GGT CAS’) ; DLk 35S-F/
35S-RE[FH (35S-F5|FHF% [k 5> CCT ACA AAT GCC ATC ATT GCG A3°;35S-R %k 5 GGG
TCT TGC GAA GGA TAG TG 5°) « & 35S 1/358 2 2|7 LUK 35S-F/ 35S-R 2] 748 PCR | e »
] 43 S BRI K R Rk s CAMV 35S Bl 7 EE Kl 195bp DNA Fr B (@ 1)Lk 207bp
Z DNA FrE: (& 2) » H P £ 54k positive control {211 Biosmart Allin 1.0 GMO Screening System fiff
[ o Bt HERH (3 80ng DNA /ul 5 0.5% each, Round up Ready® soybean and BT-176 maize) ; #g5k 1,2 & IE
BEREIE KT - fak 3,4,14,15,16 ZERBE ATE L © fRI%E 9,10 Ak JEE REIH £k - #Rik
6,7,8,11,12,13 FI| /2 B [KIH#IE FORAR & - $8 35S 1/35S 2 5.2 PCR B Pk Bl 3% i SR BN » T B (Rl E
RE R EAE TR < DNA(EREEE 5% © 3,4,14,15,16,6,7,8,11,12,13)Fa] 73 HIHIEL 195bp
DNA JrBe(liEl 1);1fi1 35S-F/ 358-R 5[+ PCR Bk EFEAS R  Fir G A KEE AR LRI EA 207bp 2 DNA
FrEe(E 2) 5 S350 R IEES RIEE 2 R (1,2, 9,10) AR H b — (1 Fr B -
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Soybean Maize

M1 234141516 P 67 8 910111213

1000bp —»
500bp —»

100bp —

1. DLCAMV 35S Bl FrE 51 (35S 1358 2) Ju5 |7 » HEIT IR BOR AR KBS HEAR it Al
Fig. 1. Surveyed GMO samples by using PCR with CAMV 35S promoter specific sequence as primers
(35S 1/35S8 2).

Sample no. 1, 2 are non-GM soybean ; Sample no. 3, 4, 14, 15, 16 are GM soybean ;

Sample no. 9, 10 are non-GM
maize ; Sample no.6, 7, 8, 11, 12, 13 are GM maize. Lanes M: size marker (100 ladder of promega). P: Positive control .

Soybean Maize

M1 234141516 P 6 7 8 910111213

1000bp —»
500bp —»

SEScuBanae <«—207bp
100bp —

2. DICAMV 35S Bl 2R BP9 (35S-F /355-R) Rl » EIT R R KK AR R it Al -
Fig. 2. Surveyed GMO samples by using PCR with CAMV 35S promoter specific sequence as primers (35S-F/35S-R).
Sample no. 1,2 are non-GM soybean ; Sample no. 3, 4, 14, 15, 16 are GM soybean ;

; Sample no. 9, 10 are non-GM
maize ; Sample no.6, 7, 8, 11, 12, 13 are GM maize. Lanes M: size marker (100 ladder of promega). P: Positive control.

Nest-PCR ZERFNEXRERERZEFE

DUBK 3 3838 o J5k K] JE A 0 P G (Biosmart: Allin 1.0 GMO ' Screening System) - it 5 1

Nest-PCR 73473 T 2RI R 5 ke TR BE - WIS IR MEZ A DNA J2E s 400ng(PCR X
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JERARGAE S0ul) » B 200ng(PCR [ MEREHERT 2501) » $ ] SEAG AR E & $ 58 A5 IR - NI I A ) (30 15 5 R
THEARRARGRELFZ CAMV 358 BiE)1 ALK B BHY 150bp DNA JrBe(lE 3) -

Nest PCR 43 #7 #5 5 Bl B K| A% 2 FIIEE » #2 Biosmart Allin 1.0 GMO Screening System [t %
AR R AR E AR AR T P S Z D E R 0 23 ARy 278bp ( Zein (ZHE[R] o HZRJE Ky
Maize ) 217bp ( Zein Z F:[K]> DNA Z&jE & Internal Control)» 150bp ( CAMV35 E@EhFRE[K ) - 118bp
( Lectin 2 £&[K] ) - Nest PCR [EFEHH#RSE 1,2, FyIERE RS KT - #R5% 10 AR JRHS R FORER A -
PIARE 150bp .2 DNA B 5 HAERERGE 3,4,5 Ry B RIEIE K TR G 0 6,7,8,12 B [RIEAH FOREBR L - 7R
150bp {7 BB Al —IE W 2 k7

Soybean Maize

1 2 3 45 6 7 8 1012 P M

278bp (Zein)
<——217bp (Zein)
~<—150bp (359)

118bp (Lectin)

3. Dl Biosmart Allin 1.0 FRBRAEAEST AL KA TR S K AR CAMYV 35S Bl fifik -

Fig. 3. Surveying maize and soybean GMO sample by Biosmart Allin 1.0 GMO Screen system for CAMV 35S promoter with
nested PCR. Sample no. 1, 2 are non-GM soybean ; Samples no. 3, 4, 5 are GM soybean ; Sample no. 10 is non-GM
maize ; Samplesno. 6, 7, 8, 12 are GM Maize ; Lanes P: positive control ; M: size marker (100 ladder of promega).

¥ &

ELRIETEEYIRIEE - 2RV EYE B L BB SE R 5 Sef o Al 7 3 th i A5 (R
FEAEYE iz Bt - W RE DRI A W) e v B i L0 7 o B LR IR 58 A REERG T &l iz ST R LA
JIEEETTAEM - B R R 88 ) BRI A WUy 53 - R B R Wi KM - SR — DI Ry AL 2 A
i1 R & R 85 S E (Polymerase Chain Reaction, PCR) » G §E Ei## PCR(Gachet 1999)~Nested PCR
(Meyer 1999)Eil Real-Time PCR %5 ; 28 " FEDIE H'E /M7 At 2 /77 (Rogan ef al. 1999) & 1% 3458
5 1 IR [fE 43 #7722 (Enzyme-linked immunosorbent assay, ELISA) - %74 /5 22 B 43 A7 5 (Western blot
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analysis)& - Mt H FTECGNE ST AT 3 2R B RS TEYIRR - 26 DU —BROA% IR By 2 (Schreiber
1999) » A[FE CAMV 35S BBy a¢it 25 7P PCR i 5 BENITFL R E E 2 PCR 4347
(Multiplex PCR) » BUR B RIETERESES » 56 A Z BB (promoter) ~ #&5 ¥ (terminator) ~ i 33 5 [A]
(selection gene) DLR AR F B2 H AR LK (target gene)Ss: » BETEE 51T » LIHETT Nested PCR BiHF iE £
R EY) 2 W2 - bt > PCR EFEY) KAl SRR E ST ~ RN U R B - PREHEACE 0T
Bl - HETTIRAEHERE - LA E % B BL Ky PCR 23475 % Nested PCR 5% EL[KIJ PCR 7347 -
AL M & B 28 DU HY GMO i 5E R #f -

MEAR G2 3t PCR ~ Nested PCR Bl Real-Time PCR » I 5 R FE (4 2 HEME MR DUR P BRI - B
BLER T DNA /B S AR » 17T DNA G By 8 8 Dl < FEHE - FiR AGABR BE I 2 AR R BT
e R VE YRR 0 L& 3ok S Hoft — RGPS Y)E - DNA & &R RIE - 2EE RIF DNA
B - AR WIS ERA T =1 DNA ZEHGAEER - HFr3.Z DNA & PCR #5 R HIZEZ
FFBIME - H PCR ZEWIH I T FIGE - MESHBT DNA ZEHE ] Bl it 2 %5 & - HIPL Wizard®Genomic DNA
RN R A BB £ » ] Sl ELPROSH R (T NRR ) BARZE AN AR (25 TT/BR ) S G > DL 50~80mg (2 i &
Beah » RURIERS 2ug DL EZ DNA » #—ff PCR B¢ Nested PCR [ M - LRI HE#ETT 20 KL B2
PCR [ZHEREFT -

FfA Nest PCR Z3#7 &35 H - FI LLFIGE CAMV3S BB 1B AIRY 150bp Jr B DUR G RHE 1 A RTETE
HY Lectin B[Rz 118bp FrE: » MR 437 A/MEE HI9 R/ MR 150bp (2 FrBk » LL—fit DNA B vk HIEY
2% Agrose {REEIEMEFIGE RGN - AR TWRA Agarose [BHE - DUHE LR Agarose J¢
Neu-Sev3:1 Z [BHE » Bk A T AT DURFRRE fh Hh oS T K o B R K (B % 1,2 B 10) » DURCES[R]
T R L B O (R % 3,4,5 B 6,7,8,12) » F 150bp (2 A HE » HFJRE R % HY 2 75 Ry B KT 8 o

Wolf 52 A 5 (2000) i S #F FEKIESE A - CAMYV 358 Bl fE il Beat i #g i — &% PCR
[ HIg5 1 > & 358 1/S 2~ 358-F/35S-R » AGAERRIZ2Z HFF| GG [F - DUETERK
R RIS Rl o AR BR G SR R EE Wolf IR SERERAETT - 43 B m] B 4= FI DUE I CAMY 35S Bl
T 195bp B 207bp Z Fy B - Wolf Bt 5t R - HFRoRBIM 35S 1/S 2 572 PCR EPJFR CAMV 35S
BB E gz 195bp 4b » MEAFF S IEH— MRS - A4 35S-F/35S-R [ AEE4:ME—.Z 207bp Jr B¢
A EES PCR X2 B &R A Fast start polymerase - #5 5 ARNife 35S 1/S 2 8( 35S-F/35S-R 5|+
HH - PSR ME AT - BAREECH M R AIREME 5 ME 358 1/S 2 5[ #Y PCR 5 RAE non-GM HYK
(B 2)  SBIAHEERY 35S BUE) 2 195bp 55 5 TMAE 35S-F/35S-R 5]-F#f non-GM A& G = HI|
MG o B4 > S 35S BRE) 719 Nested PCR 4347 » FHHA S HETR A & 1Y internal control(Zein-217bp
& DNA) - i &=tk itz PCR EWYIEIH Zein- 217bp 55N 3 ARATHEER M Z Nested PCR EY) - H7E
4209 Lectin BE[RI:Z 118bp FrBt » ¥ E KIS S EGE— P MR B R AR5 342 ¥ Hal gt
¥} 35S BE) AR B B AR » BOURHA AR SACR oAt i R B EYIAETT GMO (I » SR INERET -

El A ECEZI AT PCR gl e 5325 ) 43 e = A Jg 8 (Kuiper 1999) « — Ryl (Detection ) * JoAgH]
B R & R R 2 R HFE—#E DL PCR Ju X Ml S 2B E A CAMV3S BB+
BREAH: selector marker FobgnHIBEIA] 5 1M & ) — Ko #i € (Identification ) @ $7E F7R DURK DRI H#UIE LA Ry ¥
% IR BRI 2 B o2 TS R B IR el iz “ il » BEFS BNl PCR ZpAr R - (HERERETFEIR T |
T~ LUK R b L (KI5 &2 B N & structure gene B fa] o Sl B LA DL BT (L JE )02 00T 0 IR SRS Y
HEM R E I - BE Y RREITZLF) 5 58 = E R E & (Quantification) Kok HIARE S A4 Het P BE X iE
sy 2 e & — MR Real-Time PCR - 76 DL R BR B ¥ ELKIETE A BHE T 715 - ARIFSELE R 2K
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FEFERME (E I E b > BRS BRSO R E RS - R B E IR IEREDE - MGl B %
AR T2 BEIERAR A TR HRRT -

et

AW FEE 3 531 A W) B 7R o BUK B2 [ EE TS P o S s FiR i

5| A3k

T - 2000 © BENSGE R AR EE T AR © p.27-85 » ZEINYGE RS B 5 PR B BLATUR A IR
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Developing the Techniques for Transgenic Crops
Detection -Detection of Genetically Modified Soybeans
and Maize by 35S Promoter Molecular Marker'

Jau-Yeuh Wang **, Ming-Jen Fan® and Chien-Yih Lin’

Summary

Wang, J. Y., M. J. Fan, and C. Y. Lin. 2004. Developing the techniques for transgenic crops detection- detection
of genetically modified soybeans and maize by 35S promoter molecular marker. J. Agric. Res. China 53:9-17.

Biotechnology has enabled the modification of crops in a very precise way thereby improving
productivity and yield. Till 2003 about 78 transgenic crops were through safety evaluated and already
approved. Since that, the problem for discriminating between transgenic crops and non- transgenic crops in
the market was posed. In this study, we used herbicide resistance transgenic soybean and Bacilnus
tumufacisos (Bt) corn as model plants for setup the DNA level detection of transgenic crops. Three
commercial DNA extraction kits were evaluated for DNA quality and PCR efficiency. The results showed
that the Wizard® Genomic DNA Purification Kit can be manipulated easily to obtain DNA with good
quality. The results of transgenic crops detection revealed that Nested PCR (Nest Polymerase Chain
Reaction ) analysis based on Biosmart Allin 1.0 GMO Screening System allowed the detection of
transgenic soybean and transgenic corn by CaMV 35S promoter specific gene fragment of 150bp.
Furthermore, the synthesized primers of 35S 1/35S 2 and 35S-F/35S-R also showed very efficient in
detected the CaMV 35S promoter and produced the fragments of 195bp and 207bp respectively.

Key words: Transgenic crops, Detection.
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B H 38 T R TR DI R 2 SR A AR R T DA S B B JEORE SR i B R 25 5 HL AR IR e H A 32
7 th Satsumahikari {E Ry il T H #& it (Yamakawa ef al. 1994 5 [LIFf 58 1981 {HAIE 1996) ¢ Ry H 35
AEM A Z U bR - ST ORI 58 S I TR AR > B U R 0 T R0RH F & H 28 4%
K EPEEERR A 2 AERE H R AR R SR BB D - HATHRESOURFEN R ASE ~ LA E s
EAVSGE » DISE M A L A A B (F5E 1994 5 7155 1989 : Picha 1985) < AR 524 LFEH AR A
() 5 et o BBy ~ T VA T e B St S5 L B T e HSE BRI - NGRS 5 ~ DR HL HE R T
FOHHEMCHE ST - EH R SOERE SR ERIRE L - MR H 3 s E RF Al Bl T £

HHEEHE R -

MRS

M HE R EEEREEEE

ARHEELIHEEG R 57 9%~ BB 66 5% ~ 5L 68 9 il S ¥ Satsumahikari(E B8 %) Ry il Bt
o HEERERRGETEOER S 2B ERET  AEMER 6 AR > fTHRIEE 1025 AR » IUfTE=8EHE - &
HEE A 2 AR BRI H ~ BRI 7 K BRI Rk 14 KAETTHUAR AT 2 - Bk ey 15°C -
LB

KAEAAR  H SRR AE TR 100°C HFER Rz Bk & & 7~-8% /a4t » Ffs sk e
SRR B RO ARG LA 100 mesh i AT - FEFEER S 0.1g A 809615FE 10ml FE/MEMIE L 80°C
7K 30 434 - DL 3000r.p.m B0y 15 5388 - HURE RGN T - Dl iy ATk & AT o

AN EEEAIE  BEREESR 100ml > JY Iml Z&EE 5 ml > Rk H T 10ml Anthrone 3%
WAL > FRE 20 3 $EFR 100°C /KA HRINEL 10 4388 - 1Al DOBEE L a5 630nm #HIE -

B EEAE - VLB LA S0°CHERZ - TIA 3ml ZREH/KIEFIESS) - BL 100°C /KB InEk 30 438 -
RAEIIA 2 ml 92N ZBEMFFE 15 /08 > E&EE 10 ml > £8 3000 r.p.m B(s 15 4388 > BUEHEIRE
A 100ml - B 0.5ml E & E Sml - A7k A 10ml Anthrone ¥R A8 48 HE - i EL 20 3T
100°C 7RI HINEL 10 2388 - Al DOEE L EEHEE -

B HEACBE R B4 RS 5 A E (Kumagai & Umemura 1989)

AR R R 1 0.05ml > 23 JIHIA (A) 0.5ml 2% R PESEY (B) 0.5ml 7k ZREEAE 1
B 37C/KE T 10 7388 » AR FREE & A EUH Resuter(GRHIRHER 250k T8k ant.  HA) g
0 A~ B BT A (Resuter 8 FA) [Eig » (172 80K » BEURISR) BELIE SR (B -amylase)iE MK -
HET RS EAE

HFEARVEFLL 100°C KRR 20 388 Al - FI HIAH R M2 53 #7448 (stevens-Ifra  texture
analyzer, made in Germany)fg Il H 3% fu i 2 B Y BRFR M » 3 EME Ry Speed : 0.5mm/sec ; Model :
normal ; Probe : diameter 6mm ; k&5 (stevens 1 250E made in Germany) % 7€ {H B speed @ 2.0mm/sec °

7w R

HiEm R HEFERIREBN S E 281t

PO H 25 g AR A A F R N 2 B S R IRICE HILB R 57 572 64.4% 5 > B 68 5%
Bl Satsumahikari f SRR 725 » HAESHIR 61.0%6 K& 61.29% » MiEkE: 66 SRRy 58.7% ; £RIL
BT 7 RIRFEBEE 68 982 61.7% ~ 5 57 %2 61.3% % Satsumahikari 2 60.5% K55 66 98



20 hIEfREERYe HS3%E 1M 2004

53.4% > VU SLTE 2 A9 It 22 SREE A SRR ITRE 14 REABE 57 5% 69.1%m i ~ HRIKF Ry
Satsumahikari 2 63.0% ~ 5= 66 572 61.9% » MLAEE 68 57 57.9%HAK o Ll = {8 Ry i) - s
A FEIR & B AR SR SR S ML B (3R 1) o RORHEER IS - BRT Satsumahikari 4} -
Hoak 3 8 B & B TR B SR 22 SRA R S = (A R AR IR — B0 (RN ERIK
= HIZRIREE BT 7 K ~ 14 REgHEE - B3 & &L Satsumahikari fzm > = 8RN B
By 61.1% ~ 59.1% ~ 62.4% ; HREHBE 68 5% > ={E I A1k 33.8% ~ 35.9% ~ 32.8% ; &5 57 5}
= RA R 53 ARy 32.9% ~28.3%~26.9% (7= 66 5715 W 2 B AR =i Ak 27.1%
21.3% ~ 20.8%(3 1)

* 1. BFRCR R A SRR H R BAR R RE A R & B iR

Table 1. The starch content (% dry wt) between raw and baked roots of sweet potato cultivars on three storage

durations”

Starch content of raw root after storage for Starch content after baking and storage

Cultivar different days (% dry wt) for different days (% dry wt)
0 7 14 0 7 14

Tainung 57 64.4 2 61.34b 69.13 a 329b 283 ¢ 269 ¢
Tainung 66 587¢ 53.38d 61.88 ¢ 27.1¢ 21.3d 20.8d
Tainung 68 61.0b 61.69 a 57.94d 338b 359b 32.8b
Satsumahikari 61.2b 60.54 ¢ 63.00 b 6l.1a 59.1a 624 a

‘ Storage temperature was 15C.
¥ Means followed by the same letter within each column are not significantly different at 59 level by DMRT.

BRI % HEFERIRTAMEES E 281

AEFE ISR S BAERRICE HEAG R 57 58 ~ B 66 SRR » 2 H1E 16.9%F1 16.7% ; HREHR
B 68 B2 14.7% - ifij Satsumahikari B 14.2% ; FRICERETREE 7 KLIEEL 66 B2 19.1% 5 » 54 68 B
2 16.3% ~ B 57 BB 15.1%2%:2 » T kL Satsumahikari 2 14.8% 515 5 $RIKRET#H 14 KLIEE 68
BEZ 23 1%~ HR G 66 382 17.2% » 5 57 928 Satsumahikari 58 14.4% » i 518 fE 56
FrE 5 iR = AR - A A ERE S EBR Satsumahikari #LRRAKSN - HER=EAHEM G S
& » BEEESLEE - RORMERBZERT Satsumahikari 4b - Bk = 5 & A VA MR & 8 5 0
LTt o S EE A S E = R AR R — B i RICE HBNBEE B, 7 K ~ 14 K&
HERE > ST A RE S B DL Satsumahikari AR - EEEEIIS PR 19.7% ~ 15.3% ~ 16.2% ; LA
B 66 582 BB m » =TS ARy 48.6% ~ 56.3% ~ 56.5% ; H SRk 57 5% - = (@RS
ks 47.7% ~ 47.5% ~ 51.3% > LIS S 68 BB > = (EBTmiHAS Tk 45.4% ~ 47.5% ~ 47.5% (35 2) »
< 2. Py AR S R A R AR S R n VA NS & ML PR

Table 2. The soluble sugar content (% dry wt) between raw and baked roots of sweet potato cultivars on three storage

durations”
Soluble sugar content of raw root after storage for Soluble sugar content after baking and storage
Cultivar different days (% dry wt) for different days (% dry wt)
0 7 14 0 7 14

Tainung 57 16.9 a* 15.13¢ 1441 ¢ 47.70b 47.5b 513b
Tainung 66 16.7 a 19.11a 17.21b 48.6a 563 a 56.5a
Tainung 68 147¢ 1630 b 23.06 a 454 ¢ 475b 475¢
Satsumahikari 14.2d 14.80d 1441 ¢ 19.7d 153¢ 16.2d

z Storage temperature was 15C.
¥ Means followed by the same letter within each column are not significantly different at 596 level by DMRT.
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U H FRAR B HEEEE3R (S -amylase) Z &

T B R Bl A L I SR 0 1 £ 2 G R P X it i 2 B U RS > 552 66 5~ Bt 57 5
Gt 68 BRI A Bl B RiRAE (s 22 FEUTRACE 1) - RISk P LI SRIG MERIUG 2 (H) AV HE - B IR i
Satsumahikari 5 {5 JfE FII 4 72 52 (18 1) - SRk Bl (LI 3835 P e (G TR A LT 5 > 1302 57 BR le 5 B2 66
SRARREAE SRR, B~ SRR T 7 R PRI AT 14 R Bk L BERIG MR R 2 (H)IYE - T
Bkt 68 BRI ERICE H R SRR T 7 R Pk B (LB SR PR R Ry (—) - FEFRMCIR I 14 Rk B
{EBERIEMEA 2 (+)HE(FE 3) - BIESHRE Satsumahikari Ho B (b BE 22 I M 0 E 65 SR R S BRI
H o~ BRI 7 R R 14 RIFRy(— IR - BRI B A LR SR TG PEAR (K -

-LL B ]

PRI

B 1. HES R LREREERE Z e R R rHE ftal il A e 2O SUE (HARE IR GR 66 58 - GR STH &
B2 68 5% ~ ¥HIE hFE Satsumahikari) o

Fig.1. The rapid test method for /3 -amylase activity in fresh root of sweet potato cultivars (from left to right: Tainung 66,
Tainung 57, Tainung 68, Satsumahikari (CK)).

® 3. My RIS [ H 38 Sl A ek B L B 3R ( B -amylase) 75 P 8 2 0 GE A6 SR Ll

Table 3. The 8 -amylase activity in raw roots of sweet potato cultivars on three storage durations”

Storage days

0 7 14
Cultivar 5 -amylase Res.uter . 5 -amylase Rest}ter 5 -amylase Rest}ter

activity v color index X Activity color 1ndexx activity color 1ndexX

A B A B A B
Tainung 57 + 0.4 0.03 + 0.6 0.05 + 0.6 0.05
+ 0.6 0.05 + 0.6 0.05 + 0.6 0.08
Tainung 66 + 0.4 0.05 + 0.6 0.08 + 0.6 0.05
+ 0.4 0.05 + 0.6 0.08 + 0.6 0.08
Tainung 68 — 0.2 0.08 — 0.6 0.4 + 0.6 0.05
— 0.6 0.4 — 0.2 0.08 + 0.6 0.05

Satsumahikari — 0.6 0.4 — 0.2 0.2 — 0.2 0.2

— 0.2 0.2 — 0.2 0.2 — 0.2 0.2

‘ Storage temperature was 15C.

¥+ With /3 -amylase activity ; —: Without /S -amylase activity.

* Resuter color index: A:The color index of ‘0.05 ml raw root juice + 0.5 ml 2% soluble starch + Resuter’. B:The color index
of ‘0.05 ml raw root juice + 0.5 ml H,O + Resuter’.
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Satsumahikari

D
381 v~
Tainung 57

// 499
J\\H \ Tainung 68

164

ALJ '“‘--’--\“ “ Tainung 66

PEN DIRECTION

A

2. HHE M TRERPUEH A IR AR E R M Al -

Fig.2. The probe pressure curve on different cultivars of sweet potato measured by the texture analyzer. A: The point of probe
attack the root; B: The point of probe attack the periderm tissue of root; C: The point of the root center; D: Viscosity; E:
The probe leaves from the root; F: Radius of root.

ARBREFRR 2GR

TR L e T e 0 AT £ 0 K M1 O A R AR R AR 2 M LS RANE 2 R o
Satsumahikari ~ 15 /5% 68 5t ke 1952 57 SR ARMAEER BT 2R BUAR ] K R s B W B 2 ZE HIRR Tt - 5L
T ) B = {E K/ IMIRFP By Satsumahikari ~ 1552 68 5% ~ 5/t 57 BRALTE 5 I 5E 66 SEanfRELR ST 2R R BE
AR ] R REL R R S8 L 28 YRR T rhb A ¢ = {11 i 0 25 (ot R P EET St R A AT R A R = AR T R 3t
it H VR E LMK T k) B 2 Satsumahikari > BYE . Z 5/ 68 5t > kB L5 57 5% > i At
66 HRAE U FHI 2 /s B il -
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CI

HERMR PR &2 RO - At DUE 2 308 TR o R R e B sty e 38 Bl i oy 8 25 A W 4 B B 4%
(R 1987) - EEES H 2EEHURIYSRIFER T SRARA B Fr ST 0B R BERIFERE 51 - F R HARE ~ BUBTImELE
T2 PRy A S 2 BB 2K © Balls e al (1948) 155040 Bt L WSk b (LB SR - 38 L I SR REIRF ISR 43
PR NS - EHRABERVER - (SR OB R I - Picha(1985)35E flf 3% b rl v MR R o F 22
JEERE > TSR A AT PRI - RSN ¢ RRBLE I TR NS ~ SN A hE A =3 25N
HEKEAESE MRS A R E 22 S M LB 3205 M S K52 %8 (Takahata e al. 1992 > 1994) -
Walter et al.(1975)%# 25 5 ( H 3R AR A - SEEE IR R HEB R B2 KT 42% 2 95% L, - /K fiF
ZEEY) T0%LL R 28208 » HER R RN (dextrins) o GRS LR 4 {18 S5 St AR MRS I L T2 080k B m v
PEpE S RS LEUR - 4 RS B & BRE  MEEES R aE EE R -
T = A Ve S ] o ) i — B 72 S B - ARARHEIE R » BRT Satsumahikari 4b > H R 3 S0FEZ 5%
¥ o R AR N o ELAE = Rk AR E AT B R P AT R S R 66 5% ~ B 57 38 ~ Bk 68 5 0
— 5 E TR L I P A A A R A IR D T AR AR A 26 IR B HL IR & Rk A EL3R - HIE S R
HERR > DBE 66 982 R A » =R EE A A1 53.8% ~ 60.1% ~ 66.3% ; KX FE R 57 3% »
S3AE 48.9% ~ 53.7% ~ 61.0% > FL i i P 25 il H BAE R HO D R BEE $2 = B 68 BRI
A LLREAE > ATHY 41.3%2 44.6% + $HIAGAE Satsumahikari 4 5 RS LS R HBK & R A LERE=
TR R 0.1% ~ 2.36% ~ 0.9% @ WARMEE 8L - BRAIEMENES R > EAEERE TR &M
Jri il Satsumahikari 2 & REERAK > HER 3 SRR 2 A B AR o (HERBIR = 08t i
R 2 B E B BRI 2, 5 SRIQHLIEBR T Satsumahikari #h » Ak = 5 F 2 0] ME0E & R e U
BTt Ho AR 2 S S = R AR B BRAR 66 im0 B 5T RHEX > B
68 BRIAL + HHE— D F T B S R B R nT S MERERY B N R REER DA R 66 BRI 35 A T S M R S N
% = Al A BE 31.91% ~37.18% ~ 39.25% » X BEE 57 5% 73 31E 30.78% ~ 32.34% ~
36.87% 5 B 68 BEEME - ST HIE 30.69% ~ 31.23% ~ 24.41% ; ¥fIE5HE Satsumahikari
AR 1o 1 JEL W] Y 1 A oy e L 2 R T N R I 0 > = (A 5.51% 2 0.49% ~ 1.81% < &
F I L B A2 T A5 Ry LT T Y I 5 L S R R W AL S0 T I A SR - I R R H 3 Ll
FEJE 0 T B B A R o R AU D B ) B AL R TV MR 2 PR RN JE AR BE AR G T & Bk
BT RS & 2 S YUE o T 2 2 R B AL 3205 1 i 2 72 S S B A S TR R Ry i K i
T B 2288 Vo AL 11 SRR B

AGREE IR PR AR A il 1 BEIE AT AR oy BEL M Y MR 5 A AL B AR BRI MR AL R RS
PESZIE o R 8 = {18 sl JUA 0 28 S0 IR & v A R B L 2% (EHUER AR 57 SRR G R
66 515G Hy it A R 3 R T S e - L TR RIS B A 9 B R BRI, H Bl 7 HZ R > 582 68 B
B¢ Satsumahikari FIJE = {& {888 (L AR 55 A K ELYZ A REAE I 3Y o 25104 38 4% Sl iAE = (8 e SO R
WA TR ML E, > Satsumahikari TR EEME 0 B 57 SR 66 SREES SRR E N K ELE
2.5% 2N - MES R 68 B Ryt ARy R L7t - Hoply 7 HZE 14 HZBRIE 7% - 288
HERBME IR TTIATERE IR G R 66 5% K 57 BRKEZE A EElE H By R st - Hh &5 66 5R1E
ik 7 H RN — 2T 5 52 57 SR AEIT I 14 HA $Em B2 68 SR HI 2R E MR RE 1] Satsumahikari
Hilfyk 7 HRAE - &8 RIS RS LB R A ERS R - B8 57 98 ~ 66 97K 68 57 H by (LB 22
SETETE TR AR Z B 57 98 66 SRAEERICE HEDREL - ifi 5 52 68 SR AR 14 HA KRB
HUR LT ELE Wk WAL B SR 05 I A R 6 300 v B S AR 2 S8 A5 R B 02 R R e 1 i
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KGR 68 SEETEERIC 14 H B RrE Ry R AE LS 0 Iy B MR R Bl 2 15 BRER 68 98 {E AT
S A R VA R E KR B e Y DR (R o e — P RO BT -

HEEHHENEZ M ZRE KENZEMmA > MEEEENRRZ — KO HEEE
53Ky 2 % W21 (dry mouth feel) Fo#)y'H > ¥ (moist mouth feel) RyYBE (R 1987) « ¥yBE FERYH 3%
i 2R AR ey K1 ] R AR A e T B BR AR i A B - A1 P RE A 3t o BT (e 1 T e M B R 1
Fo I RFER 1  Z2 it I R A JBR ) A Be 2028 JR B2 AEL % - [RIEAE PR ST IRR ) A BA MR L& 2 IR ERZE il 4y
HEJI{E S - Sisturnk er al.(1954)F R FOR R0 & EAF » 2SR HEN LR - JeEihzE
HNER - B98I FEHITE HE HEE MM 7 F A KRE AR AR 2 B s - MRS HERIR A
IRET R I 288 > K2 B H EERIRZ Bk # 5 R K R 2E A B R A R A Ak (i
1S H R A LR 3 2 22 i FLIR B P KR R Y8E - 99D 7e H 35 & oh B R itk BB L B 2 B
FR¥E HH S 7E JE Hh BL 0 P RS JROWE A 3 2 IERHRH - FOseRy & R AR & FERE - Walter er
al.(1975) BT e i H 3 e B 12 ELE SR BRIk & Bk B - RN s R A 3 i bR S
BB EIN T HEE R - 54 #H AL B RIS T A AU SN TR & & AUKin A
TERE S B - EECKE S T R (viscosity) TR - T E AR EE - HEAEEE 66 JREHERE 57 5%
HAFBEOAECEREESREE 68 5% KIS L& AR ieHE » mHERS
Satsumahikari JRy FE(LEER TE MR 0 T8 A ELEH R HUE SR Moy B - 1) HE R 3t o3 i 4 W HH B
HIE R 22 52 2350 ETE B B3R 7 R iy B 2 B IR A8 Satsumahikari » ByE 252 68 5%
TRAn B 2GR 57 5% - B R 66 SRfE & IR JeH -

B i H R RIS E S S AN RE B2 R #55 ARH 3 S I TR R T A (H 2
S B RS R A B O o BT KRR LR AR (EAE 0 ARSI 0 B 66~ 57 BEHEE
TR ER MR RIE RS - I LR B AL p T A M bE & RN = it [RT B g SRR -
THER BEGE A MUEH AR - EAREG TR H RS - G5 68 BRERISAR Iy i — B i FE vy 5
HARIEHUR o HRA SR AL 2005 T =0 R A T 1T 0 IR m] B AR IR R R R - H th g 2B
r AR B AR AL o R Ih TELE eRy W A L P S8 0 P A A Y i R 40 Satsumahikari G SR (Yamakawa ef
al. 1994 ; ZAAR A% 1986) -

ERERAMEE R EEG I TR SEE BT HEE N X =B aef] AR AL 20 e 2
(b2 D ER R A E R AR T B B AL M B B R FRE DU B JTRI%
BB BT HERMAMEREENE R DS ENRR S ERRER(ES 1991) -
SRERER 43 BT H S8 0 3R B A i i R EEE by SO S vk L AR B IR TR T R S RV IR e I A R B &
Il > BAEBEIRET » DU S 3 Ak B RS HERYE SRS - (ELE H R PRP A0 3 T R IR 0 5 AR
B R A AR EE T s R bR AL B R M - T RE R A0 TR AR R Y K ~ 05 EE T R JEUR B e )
B o FEHHEHEE R A RS B B S T E SR BE AL B SR TG I HE T T B 8 NIRRT — A DURH S
B IR YRR o T PO E SR E H R T SR R AE BN LB FEE Rk -

5| AR

FR - ERAE AR - 1991 - HERAMER RO ER R 6R - iR e 156:83-94 -
B BFEE  BRECH - A - 1992 - RERNREHEECMEERRNEZRE - PHERBEEER
160:30-42 -
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Application of the /[ -amylase Activity Rapid Test
Method on Processing Character of Sweet Potato'

Hsin-chen Lee** and Yi-shin Chen’

Summary

Lee, H. C. and Y. S. Chen. 2004. Application of the /[ -amylase activity rapid test method on processing
character of sweet potato. J. Agric. Res. China 53:18-26.

The objectives of this research are to study S -amylase activity in raw root status, and changes of
starch and soluble sugar content and texture after processing in sweet potato ( I[pomoea batatas (L.) Lam.).
Tainung 66 and Tainung 57 showed (+) 5 -amylase activity immediately after harvesting. Tainung 68 did
not show (+) activity until stored two weeks. Satsumahikari did not show (+) activity through the
experiment period. After baking, the starch content decreased in Tainung 66, Tainung 57 and Tainung 68,
and the ratio of decreasing were larger in Tainung 66 and Tainung 57. The soluble sugar content was higher
in Tainung 66 and Tainung 57 than in Tainung 68. The texture of steamed sweet potato could be measure by
the texture analyzer by judging the probe pressure curve. The probe pressure curve jutted trend from high to
low were Satsumahikari, Tainung 68,Tainung 57, and Tainung 66, in that order. The probe pressure curve
jutted more; the texture was more dry mouth feel. The results indicated that after baking the soluble sugar
content influenced by /3 -amylase activity in raw root status. The [ -amylase activity influenced the
texture character of the steamed sweet potato, also. It’s necessary to use the 5 -amylase activity rapid test
method to detect S -amylases activity in raw status to select the appropriate variety to improve the product

quality of processing in sweet potato.

Key words: Sweet potato, Starch, Soluble sugar, /3 -amylase, Texture.
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XEHHEAR'

RARE > X4 Bapgs
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BRERES ~ BES4E ~ SE0TRE - 2004 - 2218 R 4 SE R Y — = IR Se AR 2R 5 2 o K B0
WF5E - rhIgEREZERFSE 53:27-38 -

W SE H 09 1E B 5 2 18 R A 8 R M W) - & IR S8 80 (Bupleurum  kaoi Liu, Chao et
Chuang)#8 FHAH ST 2 K S B 09 T 1T 1 - B RS R B IR RS BN &H 1 my/l
Benzyladenine (BA)EZ & 0.1 mg/l @ -Naphthaleneacetic acid (NAA)Z 1/2MS KA BEAE RS
TR RIS REH MR o G E R NI 0.25 mg/l BA Z 1/2MS J
AHEE R R TLER KRB EN AW 6 2 A s B LB 4 s MRS
Bt & 0-0.8 me/l kinetin 2 1/2MS K528 5& HIl W] G B F B Al v S 4 - (E R 15 SR e
BA (0.25-2 mg/D)EHE o BEARBBIREELL 1/2MS B 2 AL 50 RS A I (E iR 4
FERERILL 3% & - IRABET 3 T IER W B R(CMR E L 3 - HiSE 6 ARASEE
RSB AL 0 DURRB RS I R TH ISR 2-14 RELFHB R EIER SR - B AR ML
GRS - KRR ES 2 07 AR e RS B e BT -

RRSREA ¢ m IRAEH] ~ SEHIEY) - KRB - BEEt -
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Al

L&A (Chai-Hu) 1 Byl B2 AR ~ BEE B0 > BEERIBE PR - IR - EEHEBREGT ~ AR
L~ BHE SRS DIRE » BIZIE R TP BIRRE ~ HAR ~ 5] e G ESE e rh 88 il 1E fL 5860 o
El(Umbelliferae) « L& )E (Bupleurum L)FEY) 2 ALEEHH (Bupleurum chinense DC)RYEZEEMR(H 1985 ;
Hiraoka 1989 ; Tang & Eisenbrand 1992) - A& %G & IR A= FHE %% FHfEY) -5 G 58 8H (Bupleurum kaoi Liu,
Chao et Chuang)Z {3 S8 7Y H A8 = B 5850 (Bupleurum falcatum L. var. komarowi Koso-Polj) k2 -P[E|
ITBPE R T B R BE AT oS 28 2182 5% - #ZHMA - 24 12 H9H -
ARTRBMHBBEITR - 2 Sk FBEE o (PECERBEE R PRI AE)
FRELA B R B R Y o i 2T e
GRS B A M i i e ds - =i Zrhig B -

SEENESE » B TE M © hstsay@mail.cyut.edu.tw 5 {HEHE © (04) 23742371 -
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KBEARLEN » Bl i B = IR IAE H A ZE M (H 1985 5 M&EH 1999 ;5 Yen et al. 1991) - ZEHIFRIE R
AR - B RZHEY) - IR ER R R A R R SRS EEE X HAeE RS
R TR > AR T RE RSN EEOREE LRI GE & F0 1995) - fHARET B EAT R A A
YRl 2 A 73 {2 RE 1% (totipotency) » 7E A R HUEREE SR YIME 8 B ~ MRS - F3 K&
flEl B DU AT RES ~ B s B SR QRIS PS8 (35 1999) 5 [RIIEL » 1 T AR 2 il A= 7 SR AR 1 3% 1
R ERRE - EAEYCE A DPRKEBERIINE T - 0 A2 IE - FE - At~ 7 B
CEG > EE - e S SRR R - 1UEE - B B - BE - SR ESEENEREY
(%% 1999 ; Nishioka 1988 ; Sagare ef al. 2000) - &5 F &2 = & 580 v | AR B 2B A &AM
BEHIEFSE 1993 5 Kohda et al. 1990) ; AR & A T REA T S A 2 K BT FC IR R -
DER AR 2R R HAT - AR MY — S KSR IR i R B I B R - K
WFSEE S 7 e IR AR AR A 2 K R B 1 2 73 > WIREER (b8 RAE t it R RAEAE > WL IEG B
BESERREHEY Z EERRE -

MR TR

M S KSR B IS A B 2R R

AW TEr B D R R R BT R (R 72 = e it 2 & KRS8 (Bupleurum  kaoi Liu, Chao et
Chuang)fE #k » fRIB 5T & BR(1995) T iz B M IR FE AR A HH R 3 42 R ARLPR - YTHNEH RS 2 & 1K
SEHNERHT AR S B (] 1a)RYMRZF TR R RS HE RS - AT A 20 A 10 {EIRZF - Sl 4 By b A7 B R L
B 5 R A TR R 35 5 A R B I T 5B - TS E BR LB v T Ry B K i T 3k B o B e e i
EEARE - IEEREEEIESE

ARFFEEZLL MS (Murashige & Skoog 1962)MEREHRAH S A H R 3 Fo L ARNC J7 HIA & 3% b 5
0.9%¥3%(Difco Bacto-agar) » WiiRINS S Y 4 FRAETH - B3 EIMATEREFIEH IN NaOH Sifid &
HCL % pH fEFHZ 5.7+0.1 » #R4%LL 121°C ~ 1.05 kg/em® (15 1b/in® )RR 15 5380 - HOL G -
REES B RLAANINPESE » H pH EFE 5.240.1 - EREEFER IS DIBAE S 125ml =M R ESBAE - /i
A 10 B 25ml B5 B EGETTHES - MKRBIEEAFI A ESH 10m RREET AL 125m] = AT IR GRS
2o WEBER RS > BN 2511°C 2 E IR BT 16 /NFFGRY 2,800 lux)ffF FHEFTIEIRER 22 > IRRERS
22 HIAEAH R R B IR B /R S R 2 25 DL 100 rpm SR EEAETTHR B 5522 -

e PRSI 2 5 A S R B 2 JR T ¢ ) P ] 48 038 v R AL PR 43 B (18 1) » IFBR B TBE 2 AN IR
ERALRI B L 0.5% NaOCl (% 100ml {5 & F 2-3 1§ Tween 20)ETT 15 43§ B i B - AEMEER 7K I B
3-4 Rig - YINEEE: B REFES BN EH 1 mg/l BA J 0.1 mg/l NAA 2 1/2MS FEARBRRAES 2 0L - I
ANV IR 2 S 35 A B B 2 R B - HOBT 3R 2 SR IR R BIE W 3 B N (18 1b) » AR 6 JE (&
lo)Zz 1.5em MELR A fURE 2P MHIRINC V7 i 9 e 55 2 5L » ] 07 s IR ARHII i I R R 22 (8 1d) » R0
e R TR

BA Bl kinetin 5 FQOREHAHES Fi I s %8 FIUMIBRZEA 0 55 1 Hidky 1.5em 1Y R A S B
HE B BB RN EE R BA (0.25+0.5~1.0 5z 2.0 mg/1)E kinetin (0.1+0.2~0.4 2 0.8 mg/l)
Z 12MS FEARERSHERE RS S AL - RREE 6 K 8 AL - FA B i B B B i B - $R5Y BA B2
kinetin ¥ = [RERHIHH RS B I < 528 -

MS BRI ) v ISR B i Y S 2 28 R IBR ZE0 0 ZE Fr Hosd 1.5em 1Y) FR AR A S B e
TERIETERS B3N &H 0.25 mg/l BA Z R [E] MS EAEEREH(1/4MS ~ 1/2MS ~ MS Eil 2MS)[E B % 2 A
FeEE 2R 6 % - A LR W KRB SR MS B & RSSO B s e 4 -
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s— )

L R RS A e U B e B L R e B P
PSR R R — A R RS B IR LR A2 A (2) s WP B5 38R 576 | mg/l BA J7 0.1 mg/INAA
Z 12MS BEARRAEESER AL - RRRTEE 2 JA(b)E 6 B (o) AHES T A RIEIE - MBI (1. 5em) Mg ESEAERIEC 5.2
TR IRALE 6 SH(d) B IS -

Fig. 1. Plant material and establishment of shoot cultures of Bupleurum kaoi. Growth of new shoots in one-year-old Bupleurum
kaoi plant maintained at Agricultural Research Institute’s farm in Taichung (a); Sprouted shoot in the axillary bud after
two weeks (b) and proliferated shoots after six weeks (c) of culture on half-strength MS basal medium supplemented
with 1 mg/l BA and 0.1 mg/l NAA; Established shoot culture using axenic explant (in vitro grown shoot, 1.5cm in
length) on the same medium after 6 weeks of culture (d).
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ORI S v IR SR HHARE B B N s 28 R BR BN 43 55 7 ELisndy 1.5em (5 FQSRHA MR 15 7 Ry
BEFERS - BRI & 0.25 mg/l BA BLAFEIFERSEREE (1.5~ 3~ 6 Bl 12%).2 1/2MS BLAHRAH S RE B e 4L -
FEEGEE 6 TR - FA LN R B B PRET R B ISR R e T i R -

] 8 B R B 5 2 A v IR SRR B v B P i e 2 R BRS040 55 v Hrsa k) 1.5em 1 FR SR A e 1
B R RS AE R BRI P 25ml [HREEL 10ml ¥ REES B 125ml = fif > B3 AL 00 U5 R ¥R n 0.25 mgy/l
BA 2 1/2MS EiARBEMARGFEL » #QK58 2 - 4 Bl 6 AR - FEEE LB BE L B - P E R B
RE RS2 3 5 [CSe AR S t I i s 2 -

TR T T R 36 v R SR HAE B B Y 2 2 28 R FIBR B 43 B5 Fr Hoisny 1.5em 198 IRSE M BN
B R RS BRI P2 10mIyRRE RS AL 125ml = Fif - 5588 ALl U5 R ¥R I 0.25 mg/l BA .2 1/2MS
BRI RE RS B AL - #8100 rpm HREHERRETHRSEE 2 ~ 6 ~ 10 B 14 R1% - BAHNINE 10ml (&8
Bk 125ml =il - BEER LG T BLR REES R AR - REEFERE o HR (U TR BN ) - AR
R B AL o B R TR R BRIRE A S v ISR B B T s e -

B o0

AWFIER IR S S M B B i A B b - [ R B 25 (AR (TR S S MER - SEES 5
BEtEASN - HARGBR IR T I 5558 20 (AR ES (R & 4 HEA - SEES S [EEHET) © R
TS KBHIE SAS 8.02 (SAS Institute Inc. 2001)EZEHfET /3 HTHR IS HETTHE S5 704 - 5 B B ] 7 S 0~ U
FIF Student’s ¢ test B Least significant difference test [Lifig £% i B S (E I 2 782 5 3L Sigmplot 8.0
kA B R AR -

SRR A ERE TR 2ET

e TR AR _E PR B P 2 R B AR R R B R R RN ER 1 R > LA B AL 2 5
RIYA Ry 64%EE 56% 5 HER BT EER > Bk 80%EE 66.7% ;b7 & FHEA SIS IS I B K 3.3
B TN ERAL P 2.6 B ¢ AR EAEEREORRE Student’s ¢ test MRS RSIHUR o L ERAZEL R AL
WA PR A5 G ~ 2R R B R B B A R B L 7 BU R B K E -
®1. RFUEHRREHHEEREZEE

Table 1. Influence of axillary bud explant position on shoot induction of Bupleurum kaoi *

Explant No. of explants Percentage of explants Percentage of Average no. of shoots
position ¥ cultured contaminated explants responded per responding explant
Upper 25 64 80.0 33

Lower 25 56 66.7 2.6

t value 0.49 0.43 0.58

Pr> [t 0.64 0.68 0.59

“ Explants were cultured on half-strength MS basal medium supplemented with 1 mg/l BA, 0.1 mg/l NAA, and 3% sucrose for
4 weeks. Each treatment contained 5 replications with 5 explants in each replication.

¥ Explants were collected from new shoots from the field grown plants. Each new shoot had approximately 10 axillary buds.
The axillary bud explants were categorized as upper (near to apical meristem) and lower position.

BA B kinetin 5 KRS EIREC B
SRERHE AN 2 TR 0.25 mg/l BA JEFE AR 6 Bl 8 5E - (RIS By BRI S 4E 6 B2 7.3 1 -
HZk 0.5 mg/l BA » 43318 5 81 6.2 1 » FFEZB 1 mg/l BA » 43Rk 4.1 Bl 6 1% » 1 2 mg/l BA 5%
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Rebz= > SR 3 BL 3.9 1 - kinetin i BUS SR BSOS SSORIR AT - R o B 8 TR - fEIEHEERY
TR 2.5-4.1 ¥ > A& AR A ETR 2 B GRS S FE O B > 3 1.3 B 1.9 i - pbobh > ANEAERR
BT i S IR B kinetin g BHEME A (LG EZE T 0.25 mg/l BA JREHR 55 6 B 8 5EER B RL
0.6 ke 1.2 fEBHAE AL (5K 10 B 16.4%) > 0.5 Bl 1 mg/l BA FRBI{ERS 38 8 Sk - HIE (L bR
EliE 46.8% > HER 2 mg/l BA JREIAERT 3R 8 SER < BB L i LRI AR (41%) - {ELAR{IE 55 FE e 004 0
% 3.9 & -

3R 2. BA B kinetin 35 ISR H W T 2 5o 28
Table 2. Influence of BA and kinetin on shoots multiplication of Bupleurum kaoi *

Plncgowthroguiaors N oLhooiprodueed N oflopeiydic shoois | Prreagel
Kinetin(mg/l) BA(mg/l) 6 weeks 8 weeks 6 weeks 8 weeks 6 weeks 8 weeks
0 0 13g* 19¢ Oc Oc 0 0
0.1 0 25f 2.6 de Oc Oc 0 0
0.2 0 2.6 ef 3.0d Oc Oc 0 0
0.4 0 2.9 de 41c Oc Oc 0 0
0.8 0 2.7 def 2.7d Oc Oc 0 0
0 0.25 6.0a 73a 0.6 b 1.2¢ 10.0 16.4
0 0.5 50b 6.2b l.l1a 29a 22.0 46.8
0 1.0 41c 6.0b l.l1a 28a 26.8 46.7
0 2.0 3.0d 39¢ 1.0a 1.6 b 33.3 41.0

“ In vitro grown shoots about 1.5 cm in length were cultured on half-strength MS basal medium supplemented with various
concentration of BA and kinetin.

¥ Shoots smaller than 2 cm in length were not scored.

¥ Twenty explants were tested per treatment and the data was collected after 6 and 8 weeks of culture. Means within a column
followed by the same letter/s are not significantly different from each other at the 5% level by LSD test.

MS ES3E R S KA RINA 2 &

PRBE RS RN 3 FioR 0 1/2MS BRIEIATESCR AR o SR BB nT A A 3.8 MIER T 0 HX R MS
FREZ 3.2 fHIEH W - 11 1/4MS Bd 2MS FREZ &5 AR - fEssfaae s B4 2 B 13 EIERE - A
KF > 1/4MS BB AR B AL B TP R - HORRER BRI A A BB - 23050 % 1/2MS ~ MS B 2 MS J&
Bz 3.8~ 8.6 j 3.7% 2 B HEEALY > HEAR 2 MS R B2 B R AL 1 SRR (H2 S (E RS AR S L
1.3 fEIEH T
} 3. MS EERRE B RS I 8

Table 3. Influence of MS basal salts on shoots multiplication of Bupleurum kaoi *

Strength of MS Avg. no. of normal shoots Avg. no. of hyperhydric Percentage of
basal medium produced per explant ¥ shoots produced per explant” hyperhydric shoots
1/4x 20c¢c* 0b 0

1/2x 38a 0.15 ab 38

1x 32b 030a 8.6

2% 1.3d 0.05b 37

% Invitro grown shoots about 1.5 cm in length were cultured on half-strength MS basal medium supplemented with 0.25 mg/I
BA and 3% sucrose.

¥ Shoots smaller than 2 ¢cm in length were not scored.

* Twenty explants were tested per treatment and the data was collected after 6 weeks of culture. Means within a column
followed by the same letter/s are not significantly different from each other at the 5% level by LSD test.
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RS REPHEERIEECE

ABRAE RANZR 4 BHUR - 3%oiE R e B T AR e s E e mT A 2R 3.1 IR i - AR i TR SO i
HR By 1.5%8 6%REREREHE - 70 2.5 B 2.4 fEIEFET > 0 12%EERE R B A R K - AR 1E
ER R 1.8 fEIER W - BRAh o 1.5%RERE R BE NG M B i O A - T HL AR B S 7 AR B e Ly
FERAE 3~ 6 B 12% 8RR R 43 Ak 13.9 ~ 5.9 52 2.7% -

R 4. FEFEH SRS IYE R
Table 4. Influence of sucrose on shoots multiplication of Bupleurum kaoi *

Sucrose conc. Avg. no. of normal shoots Avg. no of hyperhydric shoots Percentage of
in the medium (%) produced per explant” produced per explant” hyperhydric shoots
1.5 25b " 0b 0
3.0 31a 0.50 a 13.9
6.0 24b 0.15 ab 5.9
12.0 1.8¢ 0.05b 2.7

* In vitro grown shoots about 1.5cm in length were cultured on half-strength MS basal medium supplemented with 0.25 mg/1
BA and various sucrose concentration for 6 weeks.

¥ Shoots smaller than 2cm in length were not scored.

* Twenty explants were tested per treatment and the data was collected after 6 weeks of culture. Means within a column
followed by the same letter/s are not significantly different from each other at the 5% level by LSD test.

[ 45 B2 T S 2 7 R SRt T O 2 B

I PR B Y R 5 2 2 SR S SR 2 B 3 U - (BRI AR 16 R IR - W pE P
MG R 72 B TR ARG 28 4 SR R R AR R R B 2 - F B R S0 2R 2.7 % 1.9 fElIE
HHG o MIEERE 6 ERFHYZE R E R WIS - fE S E GBI R 4.2 B 1.3 (8 IEH s - 25 DI E (b
S > WG ERAER 2 HR N B AR - MRS 4 B 6 SERF/REAEE 0.6 B 0.9 {3
HEALE - BVRREEE T - B 2 - 4 B 6 HEBR ISR E L > 20l 0.1~ 1.7 B 2.7 f#3%
HBEALET > KIEAG 6~ 47 J 68% -
RRETAR B S REAAEHIGECHE

ABEAERANER S R - IRRRTHES 28 2 Rpg Bl /BT m P s R 2 > ARt i T 2R 3.6 I IE
W > HXWWETHESE 6 RigH.Z 3.2 HIEH R - MG 10 KB 14 R 2 #RRE -
A E BE AT R L BB R E 3 (IR - FH DB E RS - WRTHESE 2 KR8 6 RAVEH A
42 0.3 J 0.4 AR E LR - WRETHETER 10 KRB AU i 2 B B L E - LEREE 29.9% > k&
TR 14 RpE B 2 SO B LR LR B 5E 60% -
£ 5. IR T IE AT SRR IR AL T M B

Table 5. Influence of liquid medium pretreatment on shoots multiplication of Bupleurum kaoi *

Liquid Avg. no. of normal shoots Avg. no of hyperhydric shoots Percentage of
pre-treatment (days) produced per explant ¥ produced per explant” hyperhydric shoots
2 36a” 0.30¢c 7.7

6 32b 0.40 ¢ 11.1

10 2.7¢ 1.15b 29.9

14 1.6d 240a 60.0

“ In vitro grown shoots about 1.5cm in length cultured on liquid half-strength MS basal medium supplemented with 0.25 mg/I
BA for 2, 6, 10 and 14 days and then transfer to solid medium of similar composition in 125ml Erlenmeyer flask.

¥ Shoots smaller than 2cm in length were not scored.

* Twenty explants were tested per treatment and the data was collected after 6 weeks of culture. Means within a column
followed by the same letter/s are not significantly different from each other at the 5% level by LSD test.
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TARFT R I B (normal 5 [ )ERBHEE (L ES (hyperhydric 5 D% -

Fig. 2. Effect of solid or liquid medium on ir vitro shoot multiplication of Bupleurum kaoi. Normal ((]) and hyperhydric (Il
shoots of Bupleurum kaoi produced, when explants cultured on half-strength MS basal medium supplemented with 0.25
mg/1 BA, and with (Solid) or without (Liquid) 0.9% Difco Bacto-agar for 2, 4 and 6 weeks.
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3. EIRSEHIRHES R R B RR RS R BN 15 TP
1= A HHES B RS FR TR AN 0.25 mg/l BA (2 1/2MS FEANEA L [ERE(a, b) BRI (c, DBSERAL » #EHTHE 4 58(a, o)
6 (b, )R IEH N KB AL DB EE -

Fig. 3. Effect of solid or liquid medium on in vitro shoot multiplication of Bupleurum kaoi. Normal (N) and hyperhydric (H)
shoots produced on half-strength MS basal medium supplemented with 0.25 mg/l BA and 0.9% Difco agar and cultured
for 4 weeks (a) and 6 weeks (b). Hyperhydric (H) shoots produced in liquid half-strength MS basal medium
supplemented with 0.25 mg/l BA and cultured for 4 weeks (¢) and 6 weeks (d).

+ @

El 1902 £ Haberlandt 15 ZCHe HifE Y BLH N 2 A5 23 (L A HEME (totipotency) BH i £ » HARES E Bl i
ZHERIR R ~ BEE R MG 5 A RIS R MR EN K ERIAZ ~ FE -
E G - BRI B - B ALEA - 1Y - BIE - SRS EEE YRR
MOHR(#% 1999 5 Nishioka 1988 5 Sagare er al. 2000) - FF % WFFEHE REUR » [Al— G HA [ AL Z BEAR
FAHIA > SRR RS R B A AR 4 ERE TIPS - WO B0 5 Bt i D AR RS E ) i TR 2R
##(Chueh et al. 2000 ; Huang et al. 2000 ; Kohda ef al. 1990 ; Komalavalli & Rao 2000 ; Miller et al.
1991 ; Shoyama et al. 1986 » 1987 ; Tang & Eisenbrand 1992) - Hiraoka (1989)fA = E48#H(B. falcatum)
KB IEHR - R E TR S E Ry B I O Rl S 5E i SR Ry - Alen & Jain (1997)
R 3 b 1 28 By = B A (Catharanthus roseus){H RIS B KR BB HE Z RIERETE - HEEEENE (Gentiana

fiZ 2R R RE T il - TR T D AR e - PR e vl A AR 6.3 fEfisg e - [
fl b fE e - FEARIRIRG B e T RI5E 2 MR B 2 2 P B (Chueh et al. 2000) - ARFSEAI ] SR <&
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IREEANG A TE R RS TE RS B22RURIN 1 mg/l BA LA 0.1 mg/l NAA (2 1/2MS BEARRTEEL » v F R4
ARmMEREESER X MERFIHEHR 0.25mg/l BA Z 1/2MS R # A mETTHH RS 1 oA S0 78 (&
1) BEAh » R 1 ZASRAEUR » BRI A 2 A S B 35 R R 2 A -

Cytokinin ¥EfEY) 4 RFETH S G REEMMES A ~ /MbBE4 R ABIER - A ERERSHEE
R RS REEAE R 2 DR SHAFTRE THEF B 2 M 27 4 R B AR AYBUR » (EE s i)
RERER IR » H <~ cytokinins &5 BA ~ kinetin ~ zeatin F1 2ip Z:PUfd » H [l BA fY4:F/E
P58 (Gaspar et al. 1996) - Cytokinins JRE B S HIMkEEE - HAEFRIFFEE S ER - (HHBHE
BEERINE ) S RGBS YK S HH K (Paques 1991) © Tsay (1998)AFE TS (D. caryophyllus)¥<TH
EREERE - 4381 BA B A A BB HIREES B ERE - =555 (B. falcatum) [R5 E#R
#H 1~2 mg/l BA Bl 0.1 mg/l NAA ;7 1/4AMS B ARBRMERTZR I v = BLAS I 2 1 5R  JR G T
F1993) - AWFZERERATEUR - FIEH 1 mg/l BA Bl 0.1 mg/Il NAA 2 1/2MS FEARBRMEG 3 AL - 7]
LR ZF A Feifi i 07 = IR IR R 55 22 YR 0 0.25 mg/l BA (2 1/2MS 8% 3% FLiff ] K B BETH /=) [C AR 1S
B AR R AE BB S MHRRET B RN & 0-0.8 mg/l kinetin 2 1/2MS FEAEEAE
BRI 2 R BB - (A BETE RS 3R A BA (0.25-2 mg/DERFRAK(FR 2) - KL - Alfar#E s
BB AL G H )OO B i - Qg S —EES YRR E S © thAh - B R E IR AR R i B s
(LELRBIRRET @ A RS TP T 4 -

TR (Limonium wrightil) 8 K =B REUR - HIFREOHE TN MS 57 2MS 7 5 s
FERGEREL - 9 80 Bl 87 5%BIHMEII MR AF RS - HSP IS R AL 7.4 K 8.2 {85 (Huang
et al. 2000) LA} - G TR ESHEE (Anoectochilus formosanus) - HatEE Y& 1/4MS (fa[5F 1987) ~ H i
(Angelica sinesis)FSIRIGSEE A MS Bl 1/2MS (BEZE 1998) » =S SEiHA MEMEE A 1/4MS (%%
1993) » JELEIR SRR REM BB BN AR » A E#EENERNEERE - BESHMSE S
—EEZENRE T - 2REEETSERS ZERYE - ETEIRER I A KT - (LiGER
FETBERE - RE R H A R M R R A - 3R (2000) i FERE REUR - 0-5%H NS IR
FEY 0] 35 H 5 (sweet potato)fHES T RL > (H L 2-3%FERHE I B Bl I AR - iy B8 2 3 O
it ] Y 375 S SR AN AR o AN GBS S SR AR o DL 1/2M S B P BAL 3% e 0 i B e A5 R I v FG 58
BRI 2GR 3 ~ &k 4) -

FF L FURG SRR - AR RS E B B i B T 2 — (A A Ry B £ /720 - Shoyama er al. (1986)
R BB (Flitillaria verticillata) i ¥EHE2E /Y 1 mg/l BA B 0.5 mg/Il NAA 2 MS RS R 2L > 9 s %]
55 26 fE/NgEEE > TEIREET & 13 USRS 8.2 HSFX - = BSHIEF SR RN - IRREES R
AR BRI A E R YR 1 mg/l BA ZIREERI BB RGO TR EF —MHA > vF 13
ARV BIARORGEFEE 1993) © BL4h - FIFIWEES 28 U7 T S RUH 2 i BB RS 28 AME AT 2 e Rk
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Studies on in vitro Shoot Multiplication of Native
Medicinal Herbs - Bupleurum kaoi by
Axillary Bud Culture '

Uei - Chin Chen *, Mau-Shing Yeh ° and Hsin-Sheng Tsay *°

Summary

Chen, U. C., M. S. Yeh, and H. S. Tsay. 2004. Studies on in vifro shoot multiplication of native medicinal herbs -
Bupleurum kaoi by axillary bud culture. J. Agri. Res. China 53: 27-38.

An efficient method for in vitro shoot multiplication of Bupleurum kaoi Liu, Chao et Chuang using the
axillary bud explants has been developed. The axillary buds dissected from nodal segments of the field grown
plants induced shoots after culturing for 4 weeks on half-strength MS medium supplemented with 1 mg/l
benzyladenine (BA) in combination with 0.1 mg/l « -naphthaleneacetic acid (NAA). Among the various
concentrations of BA (0 - 2 mg/l) or kinetin (0 - 0.8 mg/l) tested, maximum shoot multiplication (7.3 shoots per
explant) was achieved in the in vitro grown shoots by culturing on half-strength MS medium supplemented with
0.25 mg/l BA for 8 weeks. Although BA was more effective than kinetin in shoot multiplication, BA stimulated
hyperhydric shoots (10 - 33%) after 6 weeks of culture. Prolonged culture period from 6 weeks to 8 weeks
resulted in higher number of hyperhydric shoots (16 - 47%). Half-strength of MS basal medium and 3% sucrose
as carbohydrate source was found optimum for shoot multiplication. Pretreatment of the explants by culturing
them on liquid half-strength MS basal medium containing 0.25 mg/l BA for 2-14 days did not support shoot

multiplication.

Key words: Bupleurum kaoi, Medicinal plant, Shoot multiplication, Hyperhydricity.
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A Synopsis of the Syntretus Foerster Species of Taiwan

(Hymenoptera: Braconidae: Euphorinae)'

Jend Papp”

ABSTRACT

Papp J. 2004. A synopsis of the Syntretus Foerster species of Taiwan (Hymenoptera:
Braconidae: Euphorinae). J. Agric. Res. China 53:39-62.

The present synopsis is the first review of the Syntretus Foerster species
distributed in Taiwan. Twelve species are revised of which seven proved to be new to
science: S. choui sp. n., S. extensus sp. n., S. secutensus sp. n., S. subglaber sp. n., S.
temporalis sp. 1., S. transitus sp. n. and S. varus sp. n. The rear five species are new to
the fauna of Taiwan. Detailed descriptions are presented for the new species;
taxonomic remarks are added to the known species. A key is provided for the twelve
Syntretus species recorded in Taiwan and completed with 84 original figures of
diagnostic significance. A checklist was compiled for the Syntretus species of the East
Palaearctic and Oriental Regions.

Key words: Braconidae, Syntretus, New species, New record, Key to species,
Taiwan, Checklist.

Introduction

The genus Syntretus Foerster, 1862 is a middle-sized taxon comprising 31 species in the Holarctic Region
(28 species are listed in the Palaearctic Region, three species in the Nearctic Region) and three species in the
Ethiopian Region (Shenefelt 1969; Tobias 1986; Belokobylskij 1993b, 1996; Chen & van Achterberg 1997). In
the Oriental Region the first Syntretus species has been described by Belokobylskij (1993a). This paper is the
second one reporting Syntretus species from the Oriental Region. By this contribution the number of the Syntretus
species increased to 42 world-wide.

1. Accepted: February 3, 2004.
2. Department of Zoology, Hungarian Natural History Museum H-1431 Budapest, pf. 137, Hungary.
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In the present paper a total of 12 Syntretus species are reviewed: 7 are new to the science (their enumeration
is given in the abstract) and 5 have been previously listed but hitherto not from Taiwan (S. bulbus Chen et van
Achterberg, S. glaber Chen et van Achterberg, S. lyctaea Cole, S. parvicornis (Ruthe), S. testaceus (Capron)).

Concerning the hosts of the Syntretus species two Palaearctic ones have been recorded as the parasitoids of
adult ichneumonid wasp (S. lyctaea) and adult bumble-bee (S. splendidus), respectively.

In the terminology Huber & Sharkey (1993) as well as Wahl & Sharkey (1993) were considered. In the
material examined only "in BP" (= in the Hungarian Natural History Museum, Budapest) is indicated as the
depository institution; otherwise the depository is the Department of Applied Zoology, Taiwan Agricultural

Research Institute, Taichung, Taiwan.
Key to the Syntretus Foerster species of Taiwan

The 12 species in Taiwan represent the nominate subgenus Syntretus. Belokobylskij (1993a) has set up the
subgenus Parasyntretus within the genus Syntretus on the basis of the species S. amoenus Belokobylskij
described from Vietnam and deviating from all other Syntretus species by its conspicuously shortened radial cell
(Fig. 106 in Belokobylskij 1993a).

1 (14) Propodeum entirely polished, at least close along its hind margin rugulose (Figs. 73, 76, 79).

2 (3) Temple in dorsal view longer than eye; head in dorsal view subcubic, 1.5 times as broad as long (Fig. 15).
Petiole three times as long as broad behind (Fig. 60). Antenna with 17 antenomeres, first flagellomere a
bit longer than second flagellomere, further flagellomeres gradually shortening so that penultimate
flagellomere twice as long as broad. Hind femur 3.8 times as long as broad medially (Fig. 67). R1
approaching tip of wing (Fig. 44). Head dark rusty brown, meso- and metasoma blackish brown, legs

reddish yellow, wings subhyaline. Female: 2.3 mm S. varus sp.n.
3 (2) Temple in dorsal view either as long as eye (Figs. 6, 9, 12) or shorter than eye (Figs. 7, 10, 11).
4 (9) Temple in dorsal view as long as eye (Figs. 6, 9, 12).

5 (6) Pterostigma unusually long, four times as long as wide, r-rs distinctly longer than half width of
pterostigma (Fig. 35). Hind femur long, five times as long as broad, dorso-medially slightly indented
(Fig. 63). Antenna with 26-32 antennomeres. Head in dorsal view 1.5-1.6 times as broad as long (Fig. 6).
R1 reaching tip of wing (Fig. 35). Basal half of petiole somewhat flattened, pair of spiracles at middle or

slightly beyond middle of petiole. Body reddish yellow, vertex and frons brown, mesosoma dorsally and

tergites black. Legs yellow. Female: 5 mm... S. extensus sp. n.

6 (5) Pterostigma less long, at most 3-3.3 times as long as wide, r—rs at most half as long as width of
pterostigma (Figs. 38, 41). Hind femur less long, 3.8—4 times as long as broad. Antenna with 18-23(-25)
antennomeres.

7 (8) Pterostigma issuing r-rs less distally from its middle, r-rs half as long as width of pterostigma (Fig. 41).
Petiole 2.8 times as long as broad behind, posteriorly more broadening, i.e. twice broader behind than
basally (Fig. 57). Flagellomeres 2—10 relatively short and thick, 1.6-1.8 times as long as broad (Fig.

81-82). Dark coloured species: head reddish yellow, vertex dark brownish; mesosoma and metasoma

black; legs reddish yellow. Female: 3.2 mm S. temporalis sp. n.
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Pterostigma issuing r-rs more distally from its middle, r-rs clearly less than half as long as width of
pterostigma (Fig. 38). Petiole 3-3.3 times as long as broad behind, posteriorly less broadening, i.e. only
somewhat broader behind than basally (Fig. 54). Flagellomeres 2—10 relatively less short and less thick,
2.1-2.2 times as long as broad (Fig. 83). Light coloured species: head and mesosoma yellow to brownish
yellow; vertex, mesonotum, scutellum and propodeum light brown to brown; metasoma brown to dark

brown; legs yellow to pale yellow. Female: 1.9-3 mm, male: 1.5-2.9 mm. See also couplet-lead 13 (12)

S. parvicornis (Ruthe)
Temple in dorsal view shorter than eye, head in dorsal view 1-1.7 times as broad as long (Figs. 7, 10).

Pterostigma long, four times as long as wide (Fig. 39). Hind femur five times as long as broad medially
(Fig. 64). Antenna with 37 antennomeres, first flagellomere 1.6 times as long as second flagellomere.
Petiole three times as long as broad behind, broadening at its hind third (Fig. 55). Nervellus (or Cu &
cu-a) of hind wing antefurcal (Fig. 48, see horizontal arrow). Body yellow; vertex, mesonotum and

propodeum brown to blackish brown; tergites brown, petiole black; tegula pale yellow; legs yellow.

Female: 5.5 mm S. secutensus sp. n.

Pterostigma less long, at most 3.5 times as long as wide (Figs. 36, 38). Hind femur 4-4.5 times as long as

broad medially. Petiole broadening at its hind fourth (Fig. 54).

Pterostigma long, 3.3-3.4 times (female, Fig. 36) and 2.9 times (male) as long as wide. Antenna with
26-28 (female) and 23 (male) antennomeres, first flagellomere 3-3.2 times as long as broad apically (Fig.
1). Nervellus (or Cu & cu-a) of hind wing interstitial (Fig. 47, see horizontal arrow). Head in dorsal view
transverse, 1.6—1.7 times as broad as long, temple shorter than eye and receded close beyond eye (Fig. 7).
Reddish yellow; vertex, mesosoma dorsally and tergites brown to blackish. Female: 3-4 mm, male:

3-3.2 mm S. glaber Chen et van Achterberg

Pterostigma less long, 2.8-3.1 times as long as wide (Fig. 38). Antenna with (17-)18-25 (female) and
16-21 (male) antennomeres, first flagellomere 2.5-3 times as long as broad apically (Fig. 2). Nervellus
(or Cu & cu-a) of hind wing antefurcal (cf. Fig. 46, see horizontal arrow). Head in dorsal view somewhat
less transverse, 1.5-1.6 times as broad as long, temple usually as long as (sometimes slightly shorter than)
eye and receded not close beyond eye (Fig. 9). Reddish yellow or yellow, dorsally brownish to dark
brown. Female: 1.9-3 mm, male: 1.5-2.9 mm. See also couplet-lead 8 (7)---------- S. parvicornis (Ruthe)

Propodeum at least medially rugulo-subrugulose (Figs. 71, 72, 74), usually with carinae or areolation and
at least along carinae rugo-rugulose (Figs. 68-72, 74-75, 77-78).

Propodeum polished, at least medially and transversely rugulose-subrugulose (Figs. 71, 74). For further
details see couplets 11 (10) — 13(12) ---------- S. glaber Chen et van Achterberg + S. parvicornis (Ruthe)

Propodeum with carinae (Figs. 72, 75) or areolation (Figs. 68-70, 77-78).

Propodeum with a pair of posterior carinae, between carinae propodeum more (S. lyctaea) or less (S.

subglaber) rugo-rugulose (Figs. 72, 75).

Eye in dorsal view 1.3 times as long as temple, i.e. temple somewhat shorter than eye and moderately
receded (Fig. 8). Petiole 2.9 times as long as broad behind, relatively thick, i.e. its hind breadth 1.7 times

as broad as its thinnest section at laterope (Fig. 53). Antenna with (25-)29 antennomeres, first
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flagellomere 1.3 times as long as second flagellomere (cf. Fig. 1) (cf. Fig. 1C in Cole 1959). Nervellus
(or Cu & cu-a) of hind wing interstitial (cf. Fig. 47, see horizontal arrow). Propodeum smooth and shiny,
medially rugose and laterally rugulose (Fig. 72). Ground colour of body reddish yellow, dorsally

(mesonotum, scutellum, propodeum and tergites) brown to blackish. Female: 3.2-3.5 mm ------------------

S. lyctaea Cole

Eye in dorsal view 1.9 times as long as temple, i.e. temple about half as long as eye and rounded (Fig.
11). Petiole 3.6 times as long as broad behind, relatively thin, i.e. its hind breadth twice as broad as its
thinnest section before its middle (Fig. 56). Antenna with 22 antennomeres, first flagellomere just longer
than second flagellomere (Fig. 3). Nervellus (or Cu & cu-a) of hind wing antefurcal (Fig. 49, see
horizontal arrow). Propodeum rugulose between carinae and laterally (Fig. 75). Corporal colour similar

to previous species. Female: 3-3.1 mm S. subglaber sp. n.
Propodeum areolated, along carinae more or less rugo-rugulose (Figs. 68-70, 77-78).

Marginal cell of fore wing short, as long as length of pterostigma along metacarpal vein (or R1), i.e. R1
ending clearly before tip of wing; pterostigma 2.8-3 times as long as wide (Fig. 42). Antenna short,
about half as long as body and with 19 antennomeres, flagellomeres short, penultimate flagellomere
cubic. Propodeum with areola petiolaris, above areola propodeum striolate, areola itself at most uneven
(Fig. 77). Petiole 3.3 times as long as broad behind, its hind half evenly broad. Eye in dorsal view
somewhat longer than temple (Fig. 13). Body reddish yellow, three maculae of mesonotum and petiole

brownish. Female and male: 4.5-5 mm S. testaceus (Capron)

Marginal cell of fore wing long, at least one-fifth longer along metacarpal vein (or R1) than pterostigma,
i.e. R1 approaching (Fig. 43: S. transitus) or reaching (Fig. 34, S. choui) tip of wing. Antenna long, about
0.7-0.8 times as long as body, penultimate flagellomere always longer than broad.

Temple in dorsal view half as long as eye and rounded, eye somewhat protruding, head in dorsal view
1.5 times as broad as long (Fig. 4). Eye in lateral view as wide as temple, eye anteriorly clearly
broadening (Fig. 16, see arrows). Hind femur thin, five times as long as broad medially (Fig. 61). Along
carinae of propodeum with rugae (Fig. 68). Antenna with 22-28 antennomeres. Body brownish yellow to
rusty brown with more (Taiwanese specimens) or less (Chinese specimens) brown to blackish brown

pattern. Female: 3-3.2 mm S. bulbus Chen et van Achterberg

Temple in dorsal view as long as eye (Figs. 5, 14). Eye in lateral view at most just wider than temple
(Figs. 17-18, see arrows). Hind femur 3.5-4 times as long as broad (Figs. 62, 66). Along carinae of
propodeum at most with rugulae (Figs. 69, 70, 78).

Marginal cell of fore wing long, along metacarpal vein (or R1) 1.7 times as long as pterostigma and
reaching at margin close to tip of wing (Fig. 34). Areola petiolaris extending to half of propodeum (Figs.
69, 70). Petiole 3.5 (female, Fig. 51) and four times (male) as long as broad behind. Body chestnut

brown, legs, yellow. Female and male: 2-2.5mm S. choui sp. n.

Marginal cell of fore wing less long, along metacarpal vein (or R1) at most one-fifth longer than
pterostigma and reaching at margin in a distance from tip of wing (Fig. 43). Areola petiolaris extending
to two-thirds of propodeum (Fig. 78). Petiole 3-3.2 times as long as broad behind (Fig. 59). Body yellow,

dorsally brownish to brown. Female: 1.8-1.9 mm S. transitus sp. 1.
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Syntretus bulbus Chen et van Achterberg (Figs. 4, 16, 61, 68)
Syntretus bulbus Chen et van Achterberg, 1997: Zool. Verh. Leiden 313: 127 (in key) and 127 (description) 4.

Material examined (1 ¢). — 1 Q: Central Taiwan, Nantou Hsien, Tungpu, 1200 m, 18-21 October 1982,
leg. K. C. Chou et S. C. Lin.

Female: Body 3.1 mm long. Antenna with 22 antennomeres, first flagellomere 1.3 times as long as second
flagellomere. Head in dorsal view (Fig. 4) 1.5 times as broad as long, eye also 1.5 times as long as temple.
Propodeum areolated, carinae strong (Fig. 68). Hind femur thin, five times as long as broad medially (Fig. 61).
Pterostigma 3.3 times as long as wide. Petiole 3.6 times as long as broad behind. Body dark coloured: head rusty
brown, face, ocellar field and occiput dark brownish. Mesonotum brownish black, mesopleuron dark rusty.
Metasoma dark brown, petiole blackish. Legs yellow, hind coxa brownish.

Distribution: People’s Republic of China, Taiwan (new to her fauna).

Syntretus choui sp. n. (Figs. 5, 17, 23, 29, 34, 45, 51, 62, 69, 70)

Material examined (1 ¢ + 3 33). — Female holotype + one male paratype: Central Taiwan, Nantou Hsien,
Tsuifeng, 2300 m, 3 June 1980 and leg. L. Y. Chou et C. C. Chen (holotype), 9 May 1984 and leg. K. C. Chou et
C. C. Pan. — One male paratype: Central Taiwan, Nantou Hsien, Meifeng, 2150 m, 7-9 May 1981, leg. K. S. Lin
et S. C. Lin. — One male (not paratype owing to its poor condition, in BP): Central Taiwan, Nantou Hsien,
Tungpu, 1200 m, 23-27 July 1894, leg. K. C. Chou et C. H. Yang.

Holotype and two paratypes are deposited in the Department of Applied Zoology, Taiwan Agricultural
Research Institute, Taichung, Taiwan; one male specimen in the Hungarian Natural History Museum (Department
of Zoology), Budapest.

Etymology. — The new species is dedicated to the late DR. LIANG-YIH CHOU (1949-2000), braconid
specialist and the collector of the holotype specimen, who has arranged (before his unexpected decease) the
Taiwanese Syntretus material for elaboration.

Description of the female holotype. — Body 2.3 mm long. Antenna damaged, both right and left
antenna with 17 antennomeres. First and second flagellomeres equal in length, i.e. three times as long as
broad, further flagellomeres progressively shortening. — Head in dorsal view (Fig. 5) 1.6 times as broad as
long, eye as long as temple, temple rounded, occiput weakly excavated. Ocelli small and elliptic, POL =
OOL. Eye in lateral view 1.7 times as high as wide, temple beyond eye just less wide than eye and ventrally
faintly narrowing (Fig. 17, see arrows). Face almost twice as wide as high, inner margin of eyes parallel.
Clypeus 2.5 times as wide as high, its lower margin just convex (Fig. 23). Malar space shorter than basal
width of mandible. Head polished.

Mesosoma in lateral view 1.3 times as long as high. Notaulix missing. Mesosoma polished. Propodeum
areolated, areola petiolaris relatively wide, pentagonal and extending to posterior half of propodeum, close along
antero-medio-longitudinal carina with rugulae, otherwise polished (Fig. 69). — Hind femur four times as long as
broad medially (Fig. 62). Inner spur of hind tibia half as long as basitarsus. Hind claw long downcurved (Fig. 29).

Fore wing: Pterostigma (Fig. 34) 2.8 times as long as wide and issuing r-rs distally from its middle, r-rs
shorter than half width of pterostigma, Rs3—4 reaching tip of wing; marginal cell long, along metacarpal vein 1.7
times as long as pterostigma. Basal and subbasal cells evenly setose. — Hind wing: Nervellus (or Cu & cu-a)

antefurcal (Fig. 45, see arrows).
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Metasoma somewhat longer than mesosoma and shorter than head and mesosoma combined. Petiole 3.5
times as long as broad behind, pair of lateropes beyond middle of petiole, petiole itself parallel-sided and
broadening beyond lateropes (Fig. 51). Petiole anteriorly and along medio-longitudinal line uneven, otherwise
together with further tergites polished. Ovipositor sheath somewhat shorter than hind tarsomeres 1-2 combined.

Body castaneous brown. Scape and flagellum brown; pedicel straw yellow, basally brownish. Palpi straw
yellow. Tegula yellow. Legs brownish yellow, coxae and trochanters yellow. Wings feebly fumous or clearly
subhyaline, pterostigma and veins brownish.

Description of two male paratypes + one male specimen. — Similar to the holotype. Body 2 (1 &), 2.2 (1
&) and 2.5 (1 &) mm long. Antenna somewhat shorter than body and with 19 antennomeres (1 &; flagellum of
further two males damaged). First flagellomere a bit longer than second flagellomere, penultimate flagellomere
twice as long as broad. Areola superomedia (anteriorly of areola petiolaris) missing (Fig. 70). Pterostigma 2.6
times as long as wide; marginal cell rather approaching tip of wing (2 3. Pterostigma brownish to yellow.

Host unknown.

Distribution: Taiwan.

Taxonomy. — The new species, Syntretus choui, is nearest to S. varus sp. n. and S. bulbus Chen et van
Achterberg, 1997 (China), the specific distinction between S. choui and S. varus see at S. varus p.52; the

distinction between S. choui and S. bulbus is disclosed below:

1 (2) Eye in dorsal view 1.4-1.6 times as long as temple (Fig. 553 in Chen & van Achterberg 1997). Hind
femur 5-6 times as long as broad (Fig. 550 l.c.). Carinae of propodeum relatively strong and along them
uneven to rugulose(-rugose) (Fig. 557 l.c. and Fig. 68). Female antenna with 22-28 antennomeres. first
flagelomere 1.2 times as long as second flagellomere. Dark coloured, hind coxa brownish. Female: 2.8-3
mm S. bulbus Chen et Van Achterberg

2 (1) Eye in dorsal view as long as temple (9, Fig. 5) or just shorter (). Hind femur 4.5 times as long as
broad. Carinae of propodeum relatively less strong and along them surface smooth except
medio-longitudinal fore carina, along it rugulose (Figs. 69-70). Male antenna with 19 antennomeres,
flagellomeres 1-2 equal in length (female antenna damaged: with 17 antennomeres), female first
flagellomere a bit longer than her second flagellomere. Dark coloured, hind coxa yellow, basally
brownish. Female and male: 2-2.5 mm. S. choui sp. n.

With the help of Belokobylskij’s key (2000b) S. choui runs to S. signatus Belokobylskij and S. areolatus

Belokobylskij, the three species are distinguished as follows:

1 (4) Mandible with pointed tooth.

2 (3) Pronotum with pronope. Metacarp 1-1.2 times as long as pterostigma (Fig. 237: 18 in Belokobylskij
2000b). Hind femur 4.5-4.6 times as long as broad (Fig. 237: 16 1.c.). Pterostigma brown, basally yellow.

Female: 2.1-2.6 mm S. areolatus Belokobylskij

3 (2) Pronotum without pronope. Metacarp 1.7 times asd long as pterostigma (Fig. 34). Hind femur four times

as long as broad (Fig. 62). Pterostigma brownish to yellow. Female: 2.3 mm, male: 2-2.5 mm -------------

S. choui sp. n.

4 (1) Mandible with obtuse small tooth. Pronotum without pronope. Metacarp as long as pterostigma (Fig. 237:
51.c.). Hind femur 4.8 times as long as broad (Fig. 237: 17 l.c.). Female: 2 mm

S. signatus Belokobylskij
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Syntretus extensus sp. n. (Figs. 6, 19, 24, 30, 35, 46, 52, 63, 80)

Material examined (1 Q). — Female holotype: Central Taiwan, Nantou Hsien, Tsuifeng, taken with
Malaise trap, 2300 m, September 1984, leg. T. Lin et K. C. Chou.

Holotype is deposited in the Department of Applied Zoology, Taiwan Agricultural Research Institute,
Taichung, Taiwan.

Etymology. — The species name "extensus" refers to the unusually long pterostigma.

Description of the female holotype. — Body 5 mm long. Antenna about as long as body and with 32
antennomeres. First flagellomere 1.3 times as long as second flagellomere and three times as long as broad
apically (Fig. 80), further flagellomeres progressively attenuating so that penultimate flagellomere 2.2 times as
long as broad. — Head in dorsal view (Fig. 6) subcubic, 1.5 times as broad as long, eye as long as temple, temple
hardly rounded, occiput weakly excavated. Ocelli middle-sized and elliptic, POL = OOL. Eye in lateral view 1.7
times as high as wide, temple somewhat wider than eye and evenly wide beyond eye (Fig. 19, see arrows). Face
somewhat wider than high. Clypeus hardly twice as wide as high, its lower margin convex (Fig. 24). Malar space
as long as basal width of mandible. Head polished, face dispersely and very finely hairpunctured.

Mesosoma in lateral view 1.5 times as long as high. Notaulix missing. Propodeum smooth and
polished. — Hind femur long, five times as long as broad, dorso-medially with a faint indentation (Fig. 63, see
arrow). Inner spur of hind tibia just half as long as basitarsus. Hind claw less downcurved, basal lobe less large
(Fig. 30).

Fore wing (left pair of wings missing): Pterostigma (Fig. 35) long, four times as long as wide and issuing r-rs
clearly distally from its middle, r-rs distinctly longer than half width of pterostigma, Rs3—4 reaching tip of wing.
Basal and subbasal cells evenly setose. — Hind wing: Nervellus (or Cu & cu-a) antefurcal (Fig. 46, see arrows).

Metasoma somewhat longer than mesosoma. Petiole 2.8 times as long as broad behind, fore part of petiole
dorsally somewhat flattened, pair of lateropes slightly beyond middle of petiole, beyond laterope petiole
broadening (Fig. 52). Petiole and tergites polished. Ovipositor sheath as long as middle basitarsus.

Ground colour of body reddish yellow. Scape and pedicel reddish yellow, flagellomeres 1-2 darkening
reddish yellow to brownish, rest of flagellum brown. Frons, vertex and pronotum medially brown; mesonotum,
scutellum, propodeum and tergites black. Palpi and tegula straw yellow. Legs reddish yellow, coxae rather
yellowish. Wings hyaline, pterostigma and veins yellow.

Male and host unknown.

Distribution: Taiwan.

Taxonomy. — The new species, Syntretus extensus, is nearest to S. secutensus sp. n. and S. makarovi

Belokobylskij, 1996 (Russian Far East), the three species are distinguished by the following features keyed:

1 (2) Flagellomeres 3—10-12 cubic, i.e. as long as broad (Fig. 77 in Belokobylskij 1996), antenna with 29
antennomeres. Petiole twice as long as broad behind (Fig. 83 l.c.). Hind femur four times as long as
broad (Fig. 80 l.c.). In dorsal view eye somewhat longer than temple (Fig. 76 l.c.). Head and mesosoma
yellow with much light brown or reddish yellow pattern, petiole and tergites black, legs yellow. Female:
3.4 mm S. makarovi Belokobylskij

2 (1) Flagellomeres 3—10-12 at least 1.5-1.6 times as long as broad, antenna with more than 30
antennomeres (Figs. 80, 84). Petiole 2.8-3 times as long as broad behind (Figs. 52, 55). Hind femur five
times as long as broad.
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3 (4) Head in dorsal view subcubic, 1.5 times as broad as long, eye as long as temple, temple hardly rounded
(Fig. 6). Hind claw less downcurved (Fig. 30). Petiole broadening beyond its middle (Fig. 52). Antenna

with 32 antennomeres. Mesosoma dorsally and tergites black. Female: 5 mm ------------- S. extensus sp. n.

4 (3) Head in dorsal view transverse, 1.7 times as broad as long, eye 1.2 times as long as temple, temple
rounded (Fig. 10). Hind claw more downcurved (Fig. 31). Petiole broadening from its middle (Fig. 55).
Antenna with 37 antennomeres. Mesosoma dorsally and tergites brownish to blackish brown. Female:

5.5 mm S. secutensus sp. n.

Syntretus glaber Chen et van Achterberg, male new (Figs. 1, 7, 36, 47, 71)

Syntretus glaber Chen et van Achterberg, 1997: Zool. Verh. Leiden 313: 126 (in key) and 128 (description) 9.

Material examined (3 Q + 1 &). — Two females and one male: Central Taiwan, Nantou Hsien, Tungpu,
1200 m, 1 Q: 19-23 July 1982 leg. L. Y. Chou et T. Lin and 1 @ (in BP) + 1 &: 18-21 October 1982 leg. K. C.
Chou et S. C. Lin. — One female: Central Taiwan, Nantou Hsien, Meifeng, 2150 m, 19-21 April 1983, leg. K. C.
Chou et S. P. Huang.

Female: Body 3-4 mm long. Antenna with 26-28 antennomeres. Head in dorsal view (Fig. 7) 1.55-1.65
times as broad as long. Pterostigma (Fig. 36) 3.1-3.4 times as long as wide, Rs3—4 feebly curved. Petiole 2.7-2.8
times as long as broad behind.

Male: Similar to the female. Body 3-3.2 mm long. Antenna with 23 antennomeres, first flagellomere 1.25
times as long as second flagellomere and 3-3.2 times as long as broad apically (Fig. 1). Head in dorsal view 1.6
times as broad as long. Pterostigma 2.85 times as long as wide and issuing r-rs less distally from its middle.
Petiole somewhat thick, 2.6 times as long as broad behind. Colour of body darker than that of female: Head
reddish yellow, vertex and occiput with faint brownish tint. Mesosoma black, pronotum and prosternum reddish
yellow. Metasoma blackish to black, second tergite yellowish brown. Legs yellow.

Distribution: People’s Republic of China, Taiwan (new to her fauna).

Syntretus lyctaea Cole (Figs. 8, 37, 53, 72)

Syntretus lyctaea Cole, 1959: Ent. m. Mag. 95: 18 (description) $.

Material examined (1 Q). — One female: Central Taiwan, Nantou Hsien, Tungpu, 1200 m, 28 April — 2
May 1981, leg. T. Lin et C. J. Lee.

Female: Body 3.2-3.5 mm long. Antenna with 29 antennomeres, first flagellomere 1.3 times as long as
second flagellomere. Head in dorsal view (Fig. 8) 1.6 times as broad as long, eye 1.3 times as long as temple.
Propodeum on its hind third with a pair of carinae somewhat diverging anteriorly, medially and laterally
rugo-rugulose, otherwise polished (Fig. 72). Pterostigma three times as long as wide and issuing r-rs distally from
its middle (Fig. 37). Petiole 2.9 times as long as broad behind (Fig. 53).

Male: unknown.

Distribution: England, Hungary, Lithuania, European part of Russia (Ural Mts), Taiwan (new to her fauna).

Syntretus parvicornis (Ruthe) (Figs. 2, 9, 38, 54, 73, 74, 83)

Microctonus parvicornis Ruthe, 1862: in H. Reinhard 1862: Berl. ent. Zschr. 6: 323 J, type locality: "bei Berlin"
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(Germany), male holotype in The Natural History Museum, London (3.c.731); not examined. — Shenefelt

1969: 131 (literature up to 1946). Tobias 1986: 246 (in key).

Material examined (27 Q + 8 3). — Five females and one male: Central Taiwan, Nantou Hsien, Meifeng,
2150 m, 1 Q: 2-4 June 1980 leg. L. Y. Chou et C. C. Chen, 1 Q: 5-9 October 1980 leg. C. C. Chen et C. C. Chien,
1 Q: 15 July 1982 leg. S. C. Lin et C. N. Lin, 2 Q: 19-21 April 1983 leg. K. C. Chou et S. P. Huang, 1 J: 22-26
June 1983 leg. K. S. Lin et S. C. Lin. — Two females and one male: Central Taiwan, Hwalien Hsien, Tayuling,
2560 m, 6-9 September 1983 leg. L. Y. Chou et K. C. Chou. — Six females and four males: Central Taiwan,
Nantou Hsien, Tsuifeng, 2300 m, 1 &3 3 June 1980 leg. L. Y. Chou et C. C. Chen, 1 @: 8 May 1981 leg. K. S. Lin
et S. C. Lin, I Q:25-27 June 1981 leg. K. S. Lin et W. S. Tang, 1 @: 1-3 September 1982 taken with Malaise
trap leg. L. Y. Chou et K. C. Chou, 1 Q: July 1984 leg. K. S. Lin et K. C. Chou, 1 &: August 1984 leg. K. S. Lin
et K. C. Chou, 1 Q: 15-16 August 1984 leg. K. C. Chou, 1 Q: September 1984 leg. K. S. Lin et K. C. Chou, 2 &
(1 & in BP): 12—14 September 1984 leg. K. S. Lin et S. C. Lin. — Twelve females and one male (six females in
BP): Central Taiwan, Nantou Hsien, Tungpu, 1200 m, 1 Q: 28 April —2 May 1981 leg. T. Linet C. J. Lee, 6 @ (4
Q in BP): 18-23 November 1981 leg. T. Lin et W. S. Tang, 2 Q: 18-21 October 1982 leg. K. C. Chou et S. C. Lin,
2 @ (1 @ in BP): 22-25 November 1982 leg. K. C. Chou et S. P. Huang, 1 @ (in BP): 13—-16 December 1982 leg.
K. C. Chou et C. C. Pan, 1 9: 10-14 January 1983 leg. K. C. Chou et S. P. Huang. — One male: Central Taiwan,
Taichung Hsien, Kukuan, 730 m, 14-17 October 1980, leg. K. S. Lin et C. H. Wang. — One male: Central
Taiwan, Nantou Hsien, Wushe, 1150 m, 7 May 1984, leg. K. C. Chou et C. C. Pan.

Female: Body 1.9-3 mm long (1.9:5 9,2:19,2.1:29,22:29,23:39,24:29,25:32,2.6:3 9,
2.8:19,2.9:19,3:4 Q). Antenna somewhat shorter than to as long as body and with 17-25 antennomeres (17:
29,18:79,20:19,22:42,23:592,24:7 9,25: 1 Q). First flagellomere 2.5-3 times as long as broad (Figs. 2,
83). Head in dorsal view (Fig. 9) 1.5-1.6 times as broad as long, eye as long as temple (exceptionally slightly
longer). Propodeum polished (Fig. 73), exceptionally medio-anteriorly uneven to rugulose (Fig. 74). Hind femur
4-4.2 times as long as broad. Pterostigma of fore wing 2.8-3.1 (exceptionally 3.3-3.4) times as long as wide,
issuing r-rs clearly distally from its middle (Fig. 38). Nervellus (or Cu & cu-a) of hind wing antefurcal. Petiole
3-3.3 times as long as broad behind, broadening from its middle and relatively less broadening posteriorly (Fig.
54). Ground colour of body reddish yellow or yellow, dorsally dark colour variable brownish to dark brown.

Male: Similar to the female. Body 1.5-2.9 mmlong (1.5: 1 3, 1.8:13,2:13,2.1: 1 3,2.2:23,2.9:23).
Antenna shorter than body and with 15-21 antennomeres (15: 1 3, 16: 1 3,17:23,18:23,19:1 8,21: 1 &).
Pterostigma 2.8-3 times as long as wide. Dark colour of body more to much more extended.

Distribution: Palaearctic Region, Taiwan (new to her fauna).

Syntretus secutensus sp. n. ¢ (Figs. 10, 20, 31, 39, 48, 55, 64, 84)

Material examined (1 9). — Female holotype: Central Taiwan, Nantou Hsien, Meifeng, 2130 m, 2-4 June
1980, leg. L. Y. Chou et C. C. Chen. — Holotype is deposited in the Department of Applied Zoology, Taiwan
Agricultural Research Institute, Taichung, Taiwan.

Etymology. — The species name "secutensus" is the abbreviated form of secundoextensus indicating its
close relation to S. extensus sp. n.

Description of the female holotype. — Body 5.5 mm long. Antenna about as long as body and with 37
antennomeres; first flagellomere 1.6 times as long as second flagellomere and 2.7 times as long as broad apically,

its apical end obliquely truncate (Fig. 84); further flagellomeres progressively shortening and slightly attenuating
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so that penultimate flagellomere 2.2 times as long as broad. — Head in dorsal view (Fig. 9) transverse, 1.7 times
as broad as long, eye 1.2 times as long as temple, temple rounded, occiput weakly excavated. Ocelli relatively
large, elliptic, POL = OOL. Eye in lateral view 1.8 times as high as wide, temple a bit wider than eye and
ventrally indistinctly narrowing (Fig. 20, see arrows). Face 1.4 times as wide ad high. Intertentorial line three
times as long as tentorio-ocular line. Clypeus 2.5 times as wide as high, its lower margin just convex (cf. Fig. 23).
Malar space somwhat longer than basal width of mandible. Maxillar palp longer than height of head. Head
polished, face finely hairpunctured.

Mesosoma in lateral view 1.4 times as long as high. Notaulix missing. Mesosoma polished. — Hind femur
five times as long as broad medially (Fig. 64). Inner spur of hind tibia shorter than half basitarsus. Hind claw
downcurved as in Fig. 31.

Fore wing: Pterostigma long (Fig. 39), 4.1 times as long as wide and issuing r-rs distally from its middle, r-rs
somewhat oblique and longer than half width of pterostigma, Rs3—4 reaching tip of wing and very faintly sinuate.
Basal and subbasal cells evenly setose. — Hind wing: Nervellus (or Cu & cu-a) antefurcal (Fig. 48, see arrows).

Metasoma about as long as head and mesosoma combined. Petiole (Fig. 55) 3.1 times as long as broad
behind, fore part of petiole dorsally somewhat flattened, pair of lateropes at middle of petiole, beyond lateropes
petiole progressively broadening. Petiole and tergites polished. Ovipositor sheath short, one-fourth shorter than
hind basitarsus.

Ground colour of body yellow; vertex, mesosoma, propodeum brown to blackish brown, scutellum brownish
yellow; petiole black, tergites dark brown. Palpi and tegula straw yellow. Scape and pedicel reddish yellow,
flagellum dark brown. Wings hyaline, pterostigma and veins brownish yellow.

Male and host unknown.

Distribution: Taiwan.

Taxonomy. — The new species, Syntretus secutensus, is nearest to S. extensus sp. n. and S. makarovi
Belokobylskij, their distinction see at S. extensus s. n., p.45 and in key-couplets 4 (9) — 10 (11) p.40 — 41.

Syntretus subglaber sp. n. @ (Figs. 3, 11, 21, 25, 32, 40, 49, 56, 65, 75)

Material examined (2 Q). — Female holotype and one female paratype: Central Taiwan, Nantou Hsien,
Tungpu, 1200 m, 13—-16 December 1982 leg. K. C. Chou et C. C. Pan (holotype) and 18-23 November 1981 leg.
T. Lin et W. S. Tang (paratype). — Holotype and paratype are deposited in the Department of Applied Zoology,
Taiwan Agricultural Research Institute, Taichung, Taiwan.

Etymology. — The species name "subglaber" indicates that the new species is nearest to S. glaber Chen et
Van Achterberg.

Description of the female holotype. — Body 3.1 mm long. Antenna about as long as body and with 22
antennomeres. First flagellomere somewhat longer than second flagellomere and three times as long as broad
apically (Fig. 3), further flagellomeres progressively attenuating so that penultimate flagellomere 3.2 times as
long as broad. — Head in dorsal view (Fig. 11) less transverse, 1.6 times as broad as long, eye 1.9 times as long
as temple, temple rounded, occiput weakly excavated. Ocelli middle-sized, elliptic, OOL 1.5 times as long as
POL. Eye in lateral view 1.4 times as high as wide and 1.35 times as wide as temple, temple ventrally slightly
narrowing (Fig. 21). Face 1.4 times as wide as high, inner margin of eyes diverging ventrally. Clypeus 1.9 times
as wide as high, its lower margin truncate (Fig. 25). Intertentorial line 3.3 times as long as tentorio-ocular line.
Malar space as long as basal width of mandible. Head polished.
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Mesosoma in lateral view 1.35 times as long as high. Notaulix missing. Mesosoma polished. Propodeum
posteriorly with a pair of carinae, its hind declivous part rugulose-subrugulose, its fore horizontal part polished
(Fig. 75). — Hind femur 3.8 times as long as broad medially (Fig. 65). Inner spur of hind tibia shorter than half of
hind basitarsus. Hind claw downcurved as in Fig. 32.

Fore wing: Pterostigma (Fig. 40) 2.8 times as long as wide and issuing r-rs somewhat distally from its
middle, r-rs shorter than half width of pterostigma, Rs3—4 arched and reaching tip of wing. Basal and subbasal
cells evenly setose. — Hind wing: Nervellus (Cu & cu-a) antefurcal (Fig. 49, see arrows).

Metasoma about as long as head and mesosoma combined. Petiole 3.6 times as long as broad behind,
relatively thin, i.e. its hind width twice as broad as its thinnest section before its middle (Fig. 56). Pair of
lateropes beyond middle of petiole (right laterope or spiracle on a spineform tubercule: a teratorologic product?).
Petiole and tergite polished. Ovipositor sheath as long as hind tarsomeres 1-2 + half of third tarsomere.

Ground colour of body reddish yellow. Ocellar field, mesonotum, scutellum, propodeum, metapleuron,
petiole dark brown; tergites 2-3 brown, tergite 3 blackish. Scape, pedicel and flagellomeres 1-3 reddish yellow,
flagellomeres 4-5 darkening and rest of flagellum brown. Palpi, tegula and legs yellow. Wings subhyaline,
pterostigma and veins yellow.

Description of the female paratype. — Similar to the holotype. Body 3 mm long. Pterostigma three times
as long as wide. Paratype damaged: right flagellum missing, fore left leg from femur together with middle left leg
missing, hind leg and metasoma glued separately on the card.

Male and host unknown.

Distribution: Taiwan.

Taxonomy. — The new species, Syntretus subglaber, is nearest to S. glaber Chen et van Achterberg, 1997

(China), their specific distinction is presented in the subsequent key:

1 (2) Propodeum polished, at least and exceptionally medially rugulose-subrugulose (Fig. 71). Eye in dorsal
view less long, 1.2-1.3 times as long as temple (Fig. 7). Pterostigma 3.4-3.6 times as long as wide (Fig.

36). Antenna with 22 antennomeres. Female: 3.2-3.5 mm ---------------- S. glaber Chen et van Achterberg

2 (1) Propodeum posteriorly with a pair of carinae and its hind declivous part rugulose-subrugulose, its fore
horizontal part polished (Fig. 75). Eye in dorsal view long, 1.7 times as long as temple (Fig. 11).
Pterostigma 2.8 times as long as wide (Fig. 40). Antenna with (23-)26-28 antennomeres. Female: 3.1

mm S. subglaber sp. n.

With the help of Belokobylskij’s key (2000b) S. subglaber runs to S. lycteae Cole, the two species are clearly
distinct by the features keyed:

1 (2) Eye in dorsal view 1.3 times as long as temple (Fig. 8). Petiole more broadening posteriorly (Fig. 53).
Antenna with (23-)28-30 antennomeres. Propodeum as in Fig. 72, along carina at most rugulose. Female:
(2.8-)3.2-3.5 mm S. lycteae Cole

2 (1) Eye in dorsal view 1.9 times as long as temple (Fig. 11). Petiole less broadening posteriorly (Fig. 56).
Antenna with 22 antennomeres. Propodeum as in Fig. 75, along carina transversely rugo-rugulose.

Female: 3-3.1 mm S. subglaber sp. n.
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Syntretus temporalis sp. n. ¢ (Figs. 12, 22, 26, 41, 50, 57, 76, 81, 82)

Material examined (4 Q). — Female holotype and one female paratype (in BP): Central Taiwan, Nantou
Hsien, Tungpu, 1200 m, 22-25 November 1982 leg. K. C. Chou et S. P. Huang (holotype) and 19-23 July 1982
leg. L. Y. Chou et T. Lin (paratype, in BP). — One female paratype: Central Taiwan, Nantou Hsien, Tsuifeng,
2300 m, 1-3 August 1981, leg. T. Lin et W. S. Tang. — One female paratype: Central Taiwan, Hwalian Hsien,
Tayuling, 2560 m, 6-9 September 1983, leg. L. Y. Chou et K. C. Chou.

Holotype and two paratypes are deposited in the Department of Applied Zoology, Taiwan Agricultural
Research Institute, Taichung, Taiwan and one paratype in the Hungarian Natural History Museum, Department of
Zoology), Budapest, Hym. Typ. No. 7880.

Etymology. — The species name "temporalis” refers to the temple equal in length with eye in dorsal view.

Description of the female holotype. — Body 3.2 mm long. Antenna about one-fifth shorter than body and
with 23 antennomeres (left antenna damaged: with 22 antennomeres, i.e. ultimate flagellomere missing). First
flagellomere slightly longer than second flagellomere and 2.3 times as long as broad apically (Fig. 81); further
flagellomeres progressively attenuating, i.e. flagellomeres 2-10 1.6-1.7 times as long as broad, penultimate
flagellomere twice as long as broad. — Head in dorsal view (Fig. 12) subcubic, 1.57 times as broad as long, eye
as long as temple, temple rounded, occiput weakly excavated. Ocelli middle sized and elliptic, POL somewhat
longer than OOL. Eye in lateral view twice as high as wide, temple beyond eye somewhat wider than eye and
ventrally indistinctly narrowing (Fig. 22, see arrows). Face almost as high as wide. Intertentorial line three times
as long as tentorio-ocular line. Clypeus 2.3 times as wide as high, its lower margin truncate (Fig. 26). Malar space
somewhat longer than basal width of mandible. Head polished, face indistinctly hairpunctured.

Mesosoma in lateral view 1.5 times as long as high. Notaulix missing. Pronotum, mesonotum, scutellum,
mesopleuron and metapleuron polished; fore and hind margin of mesopleuron finely crenulated. Propodeum
polished, its hind margin with rugulae; above lunule with a pair of circular impressions (Fig. 76). — Hind femur
3.8 times as long as broad medially. Inner spur of hind tibia almost half as long as basitarsus.

Fore wing: Petrostigma (Fig. 41) 2.8 times as long as wide, issuing r-rs only somewhat distally from its
middle, r-rs half as long as width of pterostigma, Rs3—4 approaching tip of wing and indistinctly sinuate. Basal
and subbasal cells evenly setose. — Hind wing: Nervellus (or Cu & cu-a) antefurcal (Fig. 50, see arrows).

Metasoma about as long as mesosoma. Petiole 2.8 times as long as broad behind, clearly broadening
posteriorly, i.e. one-third broader behind than basally, pair of lateropes behind middle of petiole (Fig. 57). Fore
half of petiole transversely uneven, its hind broadening half together with further tergites polished. Ovipositor
sheath in lateral view as long as hind tarsomeres 1-2.

Body dark coloured. Scape and pedicel brown, flagellum distally darkening brown. Head reddish yellow;
frons, vertex and occiput dark brownish; palpi pale. Mesosoma and tergites black, sternites with rusty tint. Tegula
blackish. Legs reddish yellow, middle coxa anteriorly and hind coxa entirely blackish. Tarsi brownish darkening.
Wings hyaline, pterostigma and veins opaque yellowish brownish.

Description of the three paratypes. — Similar to the holotype. Body 3.2 mm long. Antenna with 26 (2 Q)
and 27 (1 Q) antennomeres, flagellomeres 2—-10 1.7-1.8 times (Fig. 82) and penultimate flagellomere 2.4-2.6
times as long as broad. Eye in lateral view 1.8 times as high as wide (Fig. 22). Pterostigma 3-3.3 times as long as
wide. Pair of circular impressions above lunule of propodeum less distinct. Fore half of petiole also polished.
Mesosoma reddish yellow, only dorsally (i.e. mesonotum, scutellum, propodeum, metapleuron) black.

Male and host unknown.
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Distribution: Taiwan.
Taxonomy. — The new species, Syntretus temporalis, is nearest to S. parvicornis (Ruthe), their specific
distinctions are disclosed in key-couplets 5 (6) — 7 (8) p.40.

Syntretus testaceus (Capron) (Figs. 13, 42, 58, 77)

Microctonus testaceus Capron, 1887: 82 (in key) and 85 (description) @&, type locality: "at Shiere, near
Guildford" (England), deposition of the type series (I @ + 4 &) unknown, perhaps in The Natural History
Museum, London or in Hope Department, University Museum, Oxford (England). — Shenefelt 1969: 132
(literature up to 1938). Tobias 1986: 246 (in key).

Material examined (2 9). — Two females (one female in BP): Central Taiwan, Nantou Hsien, Tungpu,
1200 m, 20-22 June 1980, leg. C. C. Chen.

Female: Body 4.5-5 mm long. Antenna short, about half as long as body and with 19 antennomeres, first
flagellomere just longer than second flagellomere. Head in dorsal view (Fig. 13) 1.6 times as broad as long, eye
somewhat longer than temple, latter rounded. Propodeum with areola petiolaris on its hind two-thirds, above
areola striolate and rugulose, otherwise propodeum polished (Fig. 77). Hind femur 4.6-5 times as long as broad.
Pterostigma (Fig. 42) 2.8-3 times as long as wide, marginal cell short, along metacarpal vein (or R1) as long as
pterostigma. Petiole 3.3 times as long as broad behind (Fig. 58). Body reddish yellow with rather effaced three
brownish maculae on mesonotum, petiole faintly brownish.

Male: known, hitherto not captured in Taiwan.

Distribution: western Palaearctic Region, Taiwan (new to her fauna).

Syntretus transitus sp. n. (Figs. 14, 18, 27, 33, 43, 59, 78)

Material examined (2 9). — Female holotype and one female paratype: Central Taiwan, Nantou Hsien,
Tungpu, 1200 m, 16-20 April 1984, leg. K. C. Chou et C. H. Yung. — Holotype and paratype are deposited in the
Department of Applied Zoology, Taiwan Agricultural Research Institute, Taichung, Taiwan.

Etymology. — The species name "transitus" indicates its deceptive similarity to S. parvicornis.

Description of the female holotype. — Body 1.8 mm long. Antenna as long as body and with 17
antennomeres. First flagellomere as long as second flagellomere and both flagellomeres three times as long as
broad apically, further flagellomeres progressively shortening so that penultimate flagellomere twice as long as
broad. — Head in dorsal view (Fig. 14) subcubic, 1.5 times as broad as long, eye as long as temple, temple
rounded, occiput weakly excavated. Ocelli small and elliptic, POL somewhat shorter than OOL. Eye in lateral
view somewhat less high, 1.6 times as high as wide, temple beyond eye just a bit wider than eye and evenly wide
(Fig. 18, see arrows). Face 1.7 times as wide as high, inner margin of eyes parallel. Clypeus 2.5 times as wide as
high, its lower margin truncate (Fig. 27). Malar space a bit shorter than basal width of mandible. Head polished,
face very finely hairpunctate.

Mesosoma in lateral view 1.4 times as long as high. Notaulix missing. Mesosoma polished. Propodeum
areolated, areola petiolaris extending to two-thirds of propodeum, along medio-longitudo-anterior carina rugulose,
along other carinae almost indistinctly uneven, otherwise propodeum polished (Fig. 78). — Hind femur 3.6 times
as long as broad medially (Fig. 66). Inner spur of hind tibia half as long as basitarsus. Hind claw long

downcurved (Fig. 33).
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Fore wing: Pterostigma (Fig. 43) 3.1 times as long as wide and issuing r-rs distally from its middle, r-rs
somewhat shorter than half width of pterostigma, marginal cell less long: along first section of metacarpal vein
(or R1) 1.25 times as long as pterostigma, metacarpal vein (or R1-2) approaching tip of wing (Fig. 43). Basal and
subbasal cells evenly setose. — Hind wing: Nervellus (or Cu & cu-a) antefurcal (cf. Fig. 46).

Metasoma as long as mesosoma. Petiole (Fig. 59) 3.2 times as long as broad behind, pair of lateropes large
and clearly beyond middle of petiole, petiole itself relatively less broadening beyond lateropes, on its anterior
two-thirds uneven, otherwise together with further tergites polished. Ovipositor sheath as long as hind tarsomeres
1-2 combined.

Body yellow. Scape and pedicel yellow, flagellomeres darkening yellow, rest of flagellum greyish brown.
Vertex brownish; mesonotum, scutellum, metanotum, propodeum and metapleuron brownish to brown. Petiole
brown, tergites 2—-3 brownish, rest of tergites blackish brown. Palpi straw yellow. Tegula straw yellow. Legs
yellow. Wings hyaline, pterostigma and veins yellow.

Description of the female paratype. — Similar to the female holotype. Body 1.9 mm long. Head in dorsal
view 1.55 times as broad as long. Pterostigma 3.2 times as long as wide. Hind femur 3.8 times as long as broad.
Petiole three times as long as broad behind. Tegula yellow, hind tergites dark brown.

Male and host unknown.

Distribution: Taiwan.

Taxonomy. — The new species, Syntretus transitus, is nearest to S. choui sp. n. and S. parvicornis (Ruthe,
1862) (Europe, Taiwan), the distinction from S. choui is disclosed in key-couplets 25(26)-26(25) p.42, the

specific difference between S. transitus and S. parvicornis is presented in the subsequent key:

1 (2) Propodeum not areolated (Figs. 73—74), polished. Pterostigma 3.4-3.6 times as long as wide, marginal
cell or vein R1-2 reaching tip of wing (Fig. 38). Hind femur 4.5-5 times as long as broad. Female and

male: 1.5-3 mm S.  parvicornis (Ruthe)

2 (1) Propodeum areolated, along carinae closely uneven to rugulose (Fig. 78). Pterostigma 3-3.1 times as

long as wide, marginal cell or vein R1-2 approaching tip of wing (Fig. 43). Hind femur 3.6-3.8 times as

long as broad (Fig. 66). Female and male: 1.8-1.9 mm S. transitus sp. n.

Syntretus varus sp. n. (Figs. 15, 28, 44, 60, 67, 79)

Material examined (1 ¢). — Female holotype: Central Taiwan, Nantou Hsien, Tungpu, 1200 m, 18-23
November 1981, leg. T. Lin et W. S. Tang. — Holotype is deposited in the Department of Applied Zoology,
Taiwan Agricultural Research Institute, Taichung, Taiwan.

Etymology. — The species name "varus" refers to the subtle deviation from its nearest species, S. choui sp. n.

Description of the female holotype. — Body 2.3 mm long. Antenna nearly as long as body and with 17
antennomeres. First flagellomere a bit longer than second flagellomere, first flagellomere four times as long as
broad, second flagellomere apically broadening and 2.8 times as long as broad apically, further flagellomeres
progressively shortening and attenuating so that penultimate flagellomere twice as long as broad. — Head in
dorsal view (Fig. 15) subcubic, 1.5 times as broad as long, temple long and rounded, 1.3 times as long as eye,
POL = OOL. Eye in lateral view 1.7 times as high as wide, temple a bit wider than eye. Face just twice as wide as
high. Intertentorial line three times as long as tentorio-ocular line. Clypeus twice as wide as high, its lower margin

convex (Fig. 28). Malar space just shorter than basal width of mandible.
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Mesosoma in lateral view 1.5 times as long as high. Notaulix missing. Pronotum medially rugose, otherwise
polished. Propodeum also polished, basally with a pair of short carinae, its hind margin with short rugulae (Fig.
79). — Hind femur 3.8 times as long as broad medially (Fig. 67). Inner spur of hind tibia half as long as
basitarsus.

Fore wing: Pterostigma 2.8 times as long as wide, r-rs a bit shorter than half width of pterostigma, R1-2
approaching tip of wing (Fig. 44). Basal and subbasal cells evenly setose. — Hind wing: Nervellus (or Cu & cu-a)
antefurcal and hardly distinct.

Metasoma about as long as mesosoma. Petiole three times as long as broad behind, pair of lateropes beyond
middle of petiole, petiole itself gradually broadening beyond lateropes (Fig. 60), together with further tergites
polished. Ovipositor sheath as long as hind tarsomeres 1-2 combined.

Head dark rusty brown, meso- and metasoma blackish brown. Antenna faintly darkening brown distally.
Palpi greyish yellow, mandible yellow. Tegula and legs reddish yellow. Wings subhyaline, i.e. faintly brownish
fumous. Pterostigma and veins opaque yellow.

Male and host unknown.

Distribution: Taiwan.

Taxonomy. — The new species, Syntretus varus, is nearest to S. choui sp. n. viewing their dark corporal

colour as well as their corporal size, the specific distinction between them is summarized in the subsequent key:

1 (2) Temple in dorsal view 1.3 times as long as eye, head in dorsal view subcubic, i.e. 1.5 times as broad as
long (Fig. 15). Propodeum smooth and polished (Fig. 79). Marginal cell of fore wing somewhat less long,
metacarpal vein (R1-2) approaching tip of wing (Fig. 44). Female: 2.3 mm ------------------ S. varus sp. n.

2 (1) Temple in dorsal view as long as eye, head in dorsal view rather transverse, i.e. 1.6 times as broad as
long (Fig. 5). Propodeum areolated (Figs. 69-70). Marginal cell of fore wing long, metacarpal vein

(R1-2) reaching tip of wing (Fig. 34). Female and male: 2-2.5 mm S. choui sp. n.

S. varus sp. n. is related to S. parvicornis (Ruthe), the two species are separated by the key as follows:

1 (2) Eye in dorsal view as long as temple (or slightly longer) (Fig. 9). Hind femur 4-4.2 times as long as
broad. Petiole somewhat broad (54). Body reddish yellow or yellow, dorsally with variable dark colour.
Female: 1.9-3 mm S. parvicornis (Ruthe)

2 (1) Temple in dorsal view 1.3 times as long as eye (Fig. 15). Hind femur 3.8 times as long as broad (Fig. 67).
Petiole somewhat less broad (Fig. 60). Body rusty to blackish brown. Female: 2.3 mm----- S. varus sp. n.

CHECKLIST OF THE SYNTRETUS SPECIES OF THE EAST PALAEARCTIC AND
ORIENTAL REGIONS

abbreviator Belokobylskij, 2000 — Russia (Primorski Territory)

amba Belokobylskij, 1993— Russia (Primorski Territory)

amoenus Belokobylskij, 1993 — Vietnam (Gia Lai-Con Tum)

areolatus Belokobylskij, 2000 — Russia (Primorski Territory)

bulbus Chen et van Achterberg, 1997 — China (Guizhou)

combinator Belokobylskij, 2000 — Russia (Primorski Territory)
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conterminus (Nees, 1834) (Perilitus) — Palaearctic Region

= cultus Marshall, 1887

= vernalis (Wesmael, 1835) (Perilitus)

7= politus (Ruthe, 1856) (Microctonus)

choui sp. n. — Taiwan

daghestanicus Tobias, 1976 — Russia (Daghestan, Primorski Territory), Moldavia
= microphthalmus Tobias, 1986

elegans (Ruthe, 1856) (Microctonus) — Palaearctic Region

= transsylvanicus (Zilahi—Kiss, 1927) (Perilitus)

excavatus Belokobylskij, 2000 — Russia (Primorski Territory)
extensus sp. n. — Taiwan

glaber Chen et van Achterberg, 1997 — China (Zhejiang)
grodekovi Belokobylskij, 2000 — Russia (Primorski Territory)
hirtus Belokobylskij, 1996 — Russia (Primorski Territory), China (Guizhou)
= setosus Chen et van Achterberg, 1997

komarovi Belokobylskij, 1996 — Russia (Primorski Territory)
kui Belokobylskij, 2000 — Korea

lyctaea Cole, 1959 — Palaearctic Region

makarovi Belokobylskij, 1996 — Russia (Primorski Territory)
miscellus Belokobylskij, 1996 — Russia (Primorski Territory)
parvicornis (Ruthe, 1862) (Microctonus) — Palaearctic Region
planifacies Belokobylskij, 1993 — Russia (Primorski Territory)
sculptor Belokobylskij et Ku, 1998 — Korea, Russia (Primorski Territory)
secutensus sp. n. — Taiwan

splendidus (Marshall, 1887)* (Microctonus) — Europe, Russia
subglaber sp. n. — Taiwan

temporalis sp. n. — Taiwan

testaceus (Capron, 1887) (Microctonus) — Palaearctic Region
= niger Tobias, 1976

transitus sp. n. — Taiwan

varus sp. n. — Taiwan

venus Chen et van Achterberg, 1997 — China (Hainan)

* The name S. splendidus was placed in synonymy by Belokobylskij (2000b) with S. parvicornis (Ruthe).

An examination of the female paralectotype of S. splendidus (housed in the Hungarian Natural History Museum)

clearly revealed that it differs in a few clear-cut specific features from S. parvicornis.
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Syntretus species: 1-3 flagellomeres 1-2: 1 = S. glaber Chen et Van Achterberg, 2 = S. parvicornis (Ruthe), 3 = S.
subglaber sp. n. — 415 head in dorsal view: 4 = S. bulbus Chen et van Achterberg, 5 = S. choui sp. n., 6 = S.
extensus sp. n., 7 = S. glaber Chen et Achterberg, 8 = S. lyctaea Cole, 9 = S. parvicornis (Ruthe), 10 = S.
secutensus sp. 1., 11 = S. subglaber sp. n., 12 = S. temporalis sp. n., 13 = S. testaceus (Capron), 14 = S. transitus
sp. n., 15 = S. varus sp. n. — 16-18 head in lateral view: 16 = S. bulbus Chen et van Achterberg, 17 = S. choui sp.
n., 18 = S. transitus sp. n.
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Figs 19-36. Syntretus species: head in lateral view 19-22: 19 = S. extensus sp. n., 20 = S. secutensus sp. n., 21 = S. subglaber
sp. n., 22 = S. temporalis sp. n. — clypeus 23-28: 23 = S. choui sp. n., 24 = S. extensus sp. n., 25 = S. subglaber
sp. n., 26 = S. temporalis (Capron), 27 = S. transitus sp. n., 28 = S. varus sp. n. — hind claw 29-33: 29 = S. choui
sp. n., 30 = S. extensus sp. n., 31 = S. secutensus sp. n., 32 = S. subglaber sp. n., 33 = S. transitus sp. n. — distal
part of right fore wing 34-36: 34 = S. choui sp. n., 35 = S. extensus sp. n., 36 = S. glaber Chen et van Achterberg
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Figs 37-50. Syntretus species: distal part of right fore wing 37—44: 37 = S. lyctaea Cole, 38 = S. parvicornis (Ruthe), 39 = S.
secutensus sp. n., 40 = S. subglaber sp. n., 41 = S. temporalis sp. n., 42 = S. testaceus (Capron), 43 = S. transitus
Sp. n., 44 = S. varus sp. n. — proximal part of right hind wing 45-50: 45 = S. choui sp. n., 46 = S. extensus sp. n.,
47 = S. glaber Chen et van Achterberg, 48 = S. secutensus sp. n., 49 = S. subglaber sp. n., 50 = S. temporalis sp. n.
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Figs 51-67. Syntretus species: petiole 51-60: 51 = S. choui sp. n., 52 = S. extensus sp. n., 53 = S. lyctaea Cole, 54 = S.
parvicornis (Ruthe), 55 = S. secutensus sp. n., 56 = S. subglaber sp. n., 57 = S. temporalis sp. n., 58 = S. testaceus
(Capron), 59 = S. transitus sp. n., 60 = S. varus sp. n. — hind femur 61-67: 61 = S. bulbus Chen et van
Achterberg, 62 = S. choui sp. n., 63 = S. extensus sp. n., 64 = S. secutensus sp. n., 65 = S. subglaber sp. n., 66 = S.
transitus sp. n., 67 = S. varus sp. n.
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Figs 68-84. Syntretus species: propodeum 68-79: 68 = S. bulbus Chen et Van Achterberg, 69-70 = S. choui sp. n.: 69 female
and 70 male, 71 = S. glaber Chen et Van Achterberg, 72 = S. lyctaea Cole, 73-74 = S. parvicornis (Ruthe), 75 = S.
subglaber sp. n., 76 = S. temporalis sp. n., 77 = S. testaceus (Capron), 78 = S. transitus sp. n., 79 = S. varus sp.
n. — Proximal flagellomeres 80-84: 80 = S. extensus sp. n. (flagellomeres 1-3), 81-82 = S. temporalis sp. n.
(flagellomeres 1-5): 81 holotype and 82 paratype, 83 = S. parvicornis (Ruthe) (flagellomeres 1-5), 84 = S.
secutensus sp. n. (flagellomeres 1-4).
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nm ~ 558 nm J 1607 nm ;7 [ §F FUAH R Y =00 B AR BB AR = - ETT R SE Y B bk
Z8 A P ek Y o A A B S — IR B R R BE P B AR 8 20 1 3 L A S 8 R 3
B FZE R?=0.763 (P<0.0001) K R*=0.738 (P<0.0001) - % —HARSEHI 43 B FA &
R?=0.790 (P<0.0001) 5z R*=0.803 (P<0.0001) » #& 5 35 £ =TT FL 5 4 30 B =iy £ 01 (2
EEHI{E R - BT R (RMSE)Y/INA 0.548 » REERRIAM 0.94 » SR IEERIER
AR AR - R 1 1 eGSR -

RASRER @ M AU LEOBRE ~ DERRE L - ARG R - MBRE S 2T AR -

5 UE B 22 (precision agriculture or precision farming) /¥ B8 (% P 25 Fi & i BEY % & (site-specific
aspects) - LR EEH ¥ F AR Ml & a8 BhY 22 BT DL S iR B DK B PR e A e > SE 2 — RS aL

ITHPEREZ B REABTRRE S 2183 5% - B2 HIH : 9344 H 21 H -
ARTEREAHABBEIE - ZEE ZRR B

AFTREMMILE - Z2HEE ZPE B -

ARTEALAHBI BT - ZEE =R FE -

WIEL » BTE M cmyang@wufeng.tari.gov.tw 5 {HELHE : (04)23396057 -

N W W N =
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JE BV R FEME R ERIEOE o DL B R B - BIME IR B2 T 25 3 BE B B B 2 VIR B R385 - 2Kt
TARENEANE - I PEEREY R T REENE © 200K Ui 1 ZUIER 53K - i T BEAS R P IR
B SUIRTEAY 22 B S ) — B EEMAES AR AR B - R B E Je it R T - ]
[T I 98 A B 5t R VI B - S 3 R 7 2R RR B IR A REAY AT B2 D 3

RFARMNIRE B U EY) L A R B B AR B 5 (R % IR BR 2 B s ek T HH B TR A AH A
BB E - (KL AT RE FRAE % S B DEREAY R BORR AL TEYIRY & ZUIR TR (F5F 2002 5 BREE 2001 ;5 £8&
B 1966 ; Baret & Guyot 1991 ; Blackmer 1988 ; Gausman et al.1969 ; Hergert & Ferguson 1997 ; Milton
et al.1991 ; Xue et al. 2004) » {35 2GR E - e H 2 )R R PG BLEERUR/ N A YIRAR - DUk
R B ISR R T A B B (R (B &G 2002 5 BE&AK 1968 1 455 2003 ; #555 2003a 3 ZE&PR 1966
Baret & Guyot 1991) ° 5 FHAF S A Rt v B _E it fOIRAH BRI b B AT SR+ ] DAB b HHRR 52 OGRS
RSB e S BB 25 SR REAY Y% I (1) 2003b + Xue er al. 2004) » BRI & -
e B A R 208 B HEAS R i ke 2L R T O 38838 A5 3000 BESUIIRDRE A1k ) o3 BE BT (E RE BT ok -
AE S EIE B 25 2RI ] FUJ e ECRE i o e S R RRE B I AR EE A R OR 1988 5 LA &k 1968 ;
Yoshida 1981) = FT LA - fE #8580 R AIFRET B AR ZUIEAIBLIE - BB R /KT AE IR 2 A AR e
B IR R PR -

e AR R e & BUIRRE PR DB SR 04T 3 DA S5 - ORI LA (0 5 vA e B TR M AR - FERE
FHEHI AT T S RFREIEET T o0 A AR o i 7 B AT 4 20 T IR s Rt e Y BRI » <228 ~ 55 7Bl ATy
FY S HARFAE & T - AR AT S B - TRIEL > Al Py B B AR A S S O R s G vk fe i ) — R
B BES (R A IRF ] PO SE A J R MR A DR AR RS SR JC SLRE S RRIOA IR Y B2 T A G R A
Vil MBUE REE AR A B AR AR MR IR RECR 1988 5 B&f 1969 5 #5&fik 1997 5 Blackmer 1988 ;
Gausman et al. 1969) » 52 & Il S EL A D RERTIEEBY o K P Y st P A Py [ B 2 ) g8 S 0341
N BIVAT G f BRI A S HE Y 2 35 5 - tE S DA L T e o5 B T A5 Sy A ME AT BE - i e\ I B T
5 AR EY L BT S T & PIEEASG s p el R R IR BRI M S R S - FRE R EY AR RSB
BRGIRRE  (EREAS T H AR 2 E B HE BB Mt ZUIE F & - T B i VI A RS M B - KPS e SR TED)
A R R B ZUIRRE A AL B - B DU 5 P R R E A K -

FE IS 7 e S i it 0 ' T R i e 28 ML e K B2 R ) - SR B B IR R B i A B J s
HER RS B > DL IR A f 26 > O R BT RS KRR TR PR - A Y B A B AT
DU v e 6 28 e e e B F 8  Acat 6 W] DAk 0 st 5 JIES ek s e 9 JF 3% 95 175 4¢ (non-point source
pollution) » ELA7 ikt 4 8 BLERBE ARG M EE 288 (RS 2002) » MEAE /KRR B RIS 25 DLE /5 36 #U e
HIZVE IR - BIVBE DLPATHR - 30 F B o e I & - e DU IR MR 75 5K 39 2 & B AV Jie P R R o
ANBIFFEER O Al 33 5 Al (e 3800 50 3 T /K R R AL 4 = S AT (high resolution) SRR - Biika Bl PR 2R
o EATRH EOERE R DU RFAL & IR BRI GRS R 2 - T DUBD £ i AR 20 B it SO s e B P e

MFER TR

IKFERIE R AREESH
ARr5E 2 HREAEE R 2000 -2 2002 FAEA A 2P R EIEIS TR R T B o i B AT e
55(24°45°N, 120°54°E, VFi0 5 85 m)iEfT » /K B EE 67 5% (Oryza sativa L. cv. TNG  67) »
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G BIAE — ~ IUIRE AR S R S AR R IR R A 4 o S DK% (350-2400 nm) -+ [R]IRF A Fe 2R 2 I 3 2% B i X
B ALBRER R EHRA SN ARIRE G EEH ) -

HF 3-4 TG < K TERL i DA S /7 R MR A - fg3 3-5 #k - REdbIA - 17EE%Y 0.3 m ~ #REEEKY 0.18
m o FRFEZEEE 185,000 hills ha™ « —HIESRIR 02/26/2001 K 02/27/2002 H#ERR » TR 06/27/2001
06/18/2002 W f# - —HAVERIS> BIFA 08/07/2000 kz 08/06/2001 HHFd - 1 A 11/23/2000 %z 11/28/2001 I -
DUt AN 4 S AR A N A U AR Rl ~ S b Rk E & » 314 030~ 60 ~ 90 ~ 120
B 150 kg N ha™' S5 ZUILEERE - R B/ NE A 400 m* (S0 m 8 m) - G Ry HEE +-4 - J@iR
Fluvaquentic Dystrochrept » ZXE&HTHIE ZEERE(EKT 5.60 » HH'E 1.2% » 132 Kjeldahl-N £ 755
ppm ~ HUEREy 9.5 ppm ~ [ RHRENy 44.3 ppm ~ WA By 623 ppm ~ W ACHREERy 107 ppm &
B AR =) - BIE(EE 39 5% > N:P,0s:K,0= 12%:18%:12% » E@ AR F] » EifE)
P — BN - BB EREE - 21% N > ZEIEAE] - SRR R 2 B 3
B(—WEH 258 " ZCENEGEI - SREOF FIEEET 2 = (I 3 EJ (—IME) i -

AR BRI R 2R B N ~ e FUEIR o AR ORAE T (2002) M il f 4 - SOV REME L] o HE S
A4 HERRKGIR L © Horh o TR (butachlor » 5%KEF] 0 1.5 kg ad. ha )RR —IEPY > AR
(bentazon » 44.1%¥53% > 200X » 1.3 L a.i. ha e i SR s =38 5 i FH A B S0 5% 1 (cartap » 6%h7 7] »
1.8 kg a.i. ha " )Ff751E s (stem borer, Rupella spp.) » IRk (carbofuran » 40% 7K ¥ ¥ 7] > 800X >
0.48 L a.i. ha )56 Zx[planthopper, Nilaparvata lugens (Stal)] ks #%FUE [leaffolder, Cnaphalocrocis
medinalis (Guenee)] » DIUHERI (3% (Validamycin A » 50%¥5W > 1000X » 0.5 L a.i. ha™)B57550 4% (sheath
blight, Rhizoctonia solani Kiihn) °

T R RS M S S0 Sl % B SRR AR W BN 6 AR - W43 Re B8 Fr () B SRR (ER I
O TH RSy FEUREE SR - 4R 70°C HEZ 72 h SR FEEEZ EE o S HCBER AT (0.1 mm)BRAERA - DUE
IERY Kjeldahl J53E(F5 2002)53 HT3E v B 3R & %0 H 23 Ei(%) © HITHUET 2% B B /N BE Fr B iR i
B AR 0.2 g A 50 ml 538N - HIA 4 ml .2 36 N JREREE & 0.2 g fEL7(K,S04:CuSO,-5H,0:Se=
50:10:1, w/w/w) » A 800°CHME EANEK) 2 hr » 3 RIK 2R Rk RIS AR =0 > A 8
F-7kK(NANOpure, Ultrapure Water System, Barnstead/Thermolyne Inc., lowa, USA)Z 50 ml » ¥ER G
Z o HEHEL S ml BB A 5 ml 2 10 N NaOH ¥ » DLZKE 5 B Bt ZRSR A IR B B 22 4 ml
A% MBS TS - B R AL RS %% - FILL 0.01 N HCL S E B il - BB (o b 4S B AL -
It AR E S R () THIAZETE: N(%)=0.01xWyxVx(50 ml/5 ml) x(1/W) x100% » HHh V kK
HCl Z i E S (ml) » W RERARE R (mg) » Wy Bl ARR FE(14) -
IKFEAE MR ERL =1

fim— ~ IHRETE - X E KAE AR A 8 H A R 1 > SR BIF B (10:00 %2 12:00 2 [H]) -
T P SR AR RS IR AR o S I DGR o R TR BB A S - FlRR — H M A 2Rt 70% - Itk
IR iz B G S R < K AR 73 e Be AN 2 /K TS 5O < 8 - R s BHE RS 3 ZUIR B OGS Ry ik -
S 22 3 32 S0 0 EH ) 1 7 =K o A AT 4 B DG 3 435 (spectroradiometer, model GER-2600, Geophysical &
Environmental Research Corp., Millbrook, NY, USA) ~ 10 EEH A (FOV, field-of-view)fFfii§a0H « (A 2t
fERfS FEEENS ~ Eith R EERE  WHDEREEM 330-2600 nm - SGLRHEAS HA M0l
(spectrometers) » H— % 512 {E A HES 2 79 '& &I %% (silicon detectors) » &Iz B/ FA 330-1050 nm »
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HEREEATJI3E 1.5 nm 5 H Tk 128 fEHRALENE B ZR(PbS detectors) » EHIZ B/ 1050-2600 nm >
HEEAAT JJ%) 11.5 nm (GER-2600 User Manual 1996) « 758 Al K223 B2 HRO O I R R R A B 0 I
HEH 350-2400 nm SEFE G EIETT 3BT - DURE BRI 6 R0 6 R W b o B BT AR R T8 - (RS AR B
VR 537 il -

R 8 R AR BB A T L N RS B 22 (RS B L » M0 R i 5 0 S 7 e e 2% i T e 51
ERFI 5.8 m A7 E > EEAXEHESLN 1 m WETZHEE(E ) SR - HRERTFiREK
ERER S PR SRR AR - SRS B 8 & AT A 22 I By 2 TR AT (radiance) » 48 A AR T {E ALK
TETERREHE - RERIRHIRE Ry 4 TOEEINE 2 F3ME - S m il /K Rt ik 5 2% F R (reference panel,
'Spectralon', Labsphere, Inc., North Sutton, NH, USA)Z 57 S} #5 5 YE 284 » Bk i 21 5 5 8 FhoGa g -

RIS PRGN 15 R FLEE » DO 2 DA R A R SRR
Heat o -
AR

SRRl #2421 HH Statistical Analysis System 8.1 Fi (SAS 1998) 5z Sigmaplot 2000 (SPSS ASC
BV, The Netherlands)#ETTpzHH > 5t DU #E38 Bk (M) %E (dummy-variable test) EEZ[RIH{E <A [E] 474 K
NEIEZ A — 63 tab 2o M 22 52 - 5 R E A R IR 3 72 5 R R & OF 00T - (R B EAR
FHRA 73 BT b SKEURES £ 3 Fr (leaves) Kz %= #k (shoot) i Z8 3% 11 73 Lb Bl 25 72 3% B S 4% L o AH B 1% 3L
(correlation coefficients) » S HE1GAHRA 5 FE Hh AR < 8 FH LG AR Ebe i A AHBR R BGRE BHEL AT A 22 I B » b
B LR A R B S 5 PR B ZE o e R B R A 0 Lhie T RATR -

15 2% J0 (B B0 #5014 6531 555 49 /T (multiple linear regression analysis, MLR) |- » DL SAS thf) 44 2
(collinearity diagnostics) kz A 5] 38 BHH & P B4R B (R-square  selection) % F2 7 i 38 H 5 T & WY 22 1%
Bt 0 FELLZEAS R 34T (step-wise selection)f2 [l & Mallows’ Cp criterion » 38 26/ 5E I 6 3 7 A
JE i R Y 2 TR MR B A o AR TR i i = 0 BRI AR LA T 31 Ya=a+bRy+cRp+dRy 3 » H
Hh{f¢ 88 85 (dependent variable, Y3) By BE Fr ol 21k 2 & % 5 29 Lh - 807 888 (independent variables, Ry, R;2,
Ro.3) By 7K R 4 s Bf S 38 v i 332 HE 2 R A R B (M1, 02, A3) S5 L B 7245 7 il (oot mean square error,
RMSE){RH LT ARG H:

k
RMSE =\/%Z(Xi X,)?
i=1

FH LA EEH B I X B At IR C Xi ) [EIRFAL AL -

m R

B FE R R REAE S HOERE - FAOUR SRR AR YGRS A B L BS - ME S22 fit F AN 55 R IS
S (EERER S » BHAEZN 2 5 2 B & (8 A R i v 5200 W e [] 2 5 A e i 25 A/ N
ARLAMEWE - 2R IR B LA B 3T RRIRIE Fr e R 2 21 20 L BRI RS (R 2L B 1
IR IR R A AR NRE(E 1) > 85 2 B0 R AT S %05 20 EeRE MRl r g i i -
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8 AR R AR B A R 0 i) B B KRR AR A DG [ (350-2400 i) % %2 2 B ) 5 S Lot i
1 A SRS R SE i b Pk 201 40 ST T B ELRRAHRR S0 A > 283 5 72 I B I B PR B R bR 5 2 1 o LR
FHBRVENG A — 2 M E 3P R bR %00 70 FER RS U BE R R (8] 2) - H& DUITAL A6 I B
(740-1300 nm) Jz 3B KL IME BB (1300-1800 nm)AYAHERMER S - HIZ - — SRS 1EEL —IIRs fERYAHRA 58
JER— » KHe b — TR 1E & DO OGRS 2 A2 0 By B B P B2 2 1 20 EE RO RHRR PRAR Y IR 1 o
FHER CRBAE — IR ME T 2-0.5 2 0.5 Z [ - £ JRSIERI T 2-0.75 2 0.5 Z[#] -

FEATHL G B BRI BRLIIG I B 2 v - BEEE Fr Je ki 280 1 o0 Ll AH B AR BIHE B e R A2 38
BATE - fE—JRRIETE Y 1240 nm » SEH — K ELARRBAAR - JUELRBIR) S35 Ey 0.176 (P<0.005) k2 0.146
(P<0.01) ; 7F " HAFEVERIZE A 1208 nm » 58 R ~RE#HESR » R? 281k 0.698 (P<0.0001)5 0.730
(P<0.0001)([& 3) -

8
| @ st crop, 2001 Leaf N (%) | ® 2nd crop, 2000 Leaf N (%)
6 O 1st crop, 2002 O 2nd crop, 2001
A R?=0.888 (P<0.0001) Q R?=0.684 (P<0.0001)
2 §
B R o .
)
o\ O 1 1 1 1 1 1
SN 8
Z | e 1stcrop, 2001 ShootN (%) | | ® 2nd crop, 2000 Shoot N (%)
O st crop, 2002 | O 2nd crop, 2001
6 -
4l R2=0.901 (P<0.0001) i R?=0.802 (P<0.0001)
5 (@] I
8 L
8 % _
0 I 1 L 1 " 1 L L 1 1 1 L 1 L
0 30 60 90 120 O 30 60 90 120

Day after transplanting

1. AR 2000-2002 4 RSIRE SR FH AR S5 S ZUIEBREE (0, 30, 60, 90, 120, and 150 kg ha ) Z FEHREEF K 2tk & 4
TS HEbE R A B R s L -
Fig. 1. Temporal changes of nitrogen concentrations in leaves and shoot for rice plants grown under different nitrogen
fertilizer application rates (0, 30, 60, 90, 120, and 150 kg ha™) in the cropping seasons of 2000-2002.



68 hEERENTsE BB S53 % 1A 2004

1.0

—— 1st crops, 2001/2002 Leaf N (%)
~~~~~~~~~ 2nd crops, 2000/2001

1.0
Soot N (%)

0.5

Correlation coefficient (r)

-0.5 1

_1 0 . I . I . 1 .
0 700 1400 2100 2800

Wavelength (nm)

2. R 2000-2002 4 FARE AR AR R EUIRBEEE(O, 30, 60, 90, 120, and 150 kg ha ) ZFEHRIE KB HRE A
T3 EC BB A SOG4 B S Ll i B B AR R B AT R
Fig. 2. Correlation intensity curves between nitrogen concentrations in leaves and shoot and spectral reflectance of canopy for
rice plants grown under different nitrogen fertilizer application rates (0, 30, 60, 90, 120, and 150 kg ha™) in the
cropping seasons of 2000-2002.
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Leaf, 1240 nm ® 2nd crop,2000 Leaf, 1208 nm
® 1st crop, 2001 0 2nd crop,2001
L O 1stcrop, 2002 '
Y Y=3.970-0.046X Y=6.543-0.447X+0.010X?
o0 9 R2=0.176 Q:’<0.0027) R?=0.698 (P<0.0001)
r e 00 oe
o
o)
o«
L OO'b@ ©
08 ]
1) [eXe} o CPQ:)
)
é 1 L 1 N 1 1 1 1
= Shoot, 1240 nm Shoot, 1208 nm
Y=2.860-0.040X Y=5.366-0.399X+0.008X>
R?=0.146 (P<0.0066) R2=0.730 (P<0.0001)
4r o o
[ ]
o o0 8O [ ]
2 P o © -
w b [oNe)
O o©
00 & 509 o %
0 ! 1 1 1
0 15 30 45 60 0 30 40
Reflectance (%)
3. AR 2001-2002 F—HAFEIERT 2000-2001 4 _HAFE/E RIS e Btk & A 54 BB 1240 nm(—IA{E) K

1208 nm( I E) 72 B A LEZ B
Fig. 3. Changes of nitrogen concentration in leaves and shoot to spectral reflectance at 1240 nm and 1208 nm for rice plants
grown in the first cropping seasons of 2001-2002 and the second cropping seasons of 2000-2001, respectively.

X% TOARR P AR o ARG SR bR A = 0 ELAR A B AR U O RE R A B - sk 1
AR © 845 = U E AR A ERAR e = 1 AT MR SR IR B A R MR - RN HE 7 SRk s i e etk

F 1. ERR 2000-2002 4 IR B 30 o AR R B S G D R R e B B B AR BE Jr e R B A B Heie %
TUAE: 50 i AT A SR

Table1. Summary of multiple linear regression analysis for relationships between nitrogen concentration in leaves and
shoot and spectral characteristics of canopy reflectance spectra for rice plants grown in the cropping seasons
of 2000-2002
e Y=a+bRy+cRo+dR;3 R P
a b c d
First crops, 2001 and 2002
Leaf N (%) 1.783 1.828 -0.804 0.091 0.763 <0.0001
Shoot N (%) 0.560 1.745 -0.703 0.077 0.738 <0.0001
Second crops, 2000 and 2001
Leaf N (%) 2.632 0.874 -0.308 -0.097 0.790 <0.0001
Shoot N (%) 1.673 0.863 -0.293 -0.082 0.803 <0.0001

Y represents leaf nitrogen or culm nitrogen; A1=403 nm, A2=558 nm, A3=1607 nm.
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FET S L A A - SR —  IUIRSPE © 403 nm ~ 558 nm Kz 1607 nm 2 = A2 By 1 SO ELAR A6
A - —BIRETERY R? 2350k 0.763 K 0.738 » HARSERY R” HIZ 51k 0.790 K 0.807 - fiij5a &k
G A A A B B B BEAR 43 258 BRI 0.94 » #7EE AR (RMSE)E /I 0.548(f 4) -

8
| 1st crops, 2001 and 2002 /// | 2nd crops, 2000 and 2001 ///
s | LeafN (%) 7 | Leaf N (%) i
e 2001 // ® 2000 //
o 2002 go - o 2001 7
5 v
4r A - )4
09«6. % §/ °s
()] i S G0 O | Y&,
= 2t SLoqy T ° B Qe
© 2;)9 N=49 N=76
> L 2 Y=0.975X (P<0.0001) | | Y=0.963X (P<0.0001)
© Ve RMSE=0.548 s RMSE=0.421
q) O Z L 1 L 1 1 L z " 1 L 1 L 1
et
£ " 1
V Ve
= | Shoot N (%) e Shoot N (%) e
2] e e
W st e e
7 7
v 7
// &//
4+ 80~ 6
d // o
/0 (026 (8
00
oL o K ) Ve o ¢}
ocC% S &0° N=49 e (e, N=76
. 4 Y=0.943X (P<0.0001) Y=0.942X (P<0.0001)
RMSE=0.539 RMSE=0.372
O i " 1 " 1 1 L s | N
0 2 4 6 80 2 4 6

Measured value

4. AR 2000 472 2002 FERRIGITETEIAR Rk 3E Fr Se ik 0 B 23 L BN B e £ = e M s A=A B
Eilibaet 3
Fig. 4. Comparisons between the estimated values, from the best three variables linear regression models, and the measured
values of nitrogen concentrations in leaves and shoot for rice plants grown in the cropping seasons of 2000-2002.

7 i

PEGED VIR AV BA T ~ DGR ~ RERSRSHE ~ ML B A B B B2 - IR S S L S S DGRt s 1 -
T AR 5% fr i 5 e S A BRI 22 3 B RIS o IR MEAE SR ORI 1 B e Ay - — etk
VIR AR - IRy L E A EERR R G K A R (AR A 3R ~ e RN EERFRT) - KA
AJ KOG 1E (400-700 nm B¢ 400-740 nm) A5 #8096 YW =R e [A] 0 3% B Al BE AR T KL A1 6
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(740-1300nm) 2% - AN IR » AELA S 5 D3 A ST RL A1 5 W iy B — {18 s S i 1 (BRS5: 2001 5 Blackmer et
al. 1996 ; Gausman 1982 ; Gausman et al. 1969 ; Sinclair 1971) - Y FHAEERKE a FIBERRE b 1V F Bk
WRTIEE AV 7> W] B S e A B S e B B RO B » 43 LA 450 nm % 670 nm Byruls » Bt DU #AYAE 550 nm
WOF 3T A e SR P S L (BRE 2001 5 £ &fk 1997 5 Arnon 1949) »

AT FE B K FEFE R SRS » BAARAMUR btk (R e 5 i s b 24 e BREE (200 1) A 7K A
HE G Sl BB RS IR+ (E S 3 B i 1 AN 5 e A NI SO U35 dh R GEERER F1 HY) » 412255 (2002)
B AN A U S SRR A A SO R R 2 28 - 87 % SO S SR » il S IR R R e
o PEHEAE ] ROVTE RIE B0 & 7E I EAA BARRY S B AR AL AN & IR 8 A 3 1Y 2% B s 59
BT ISR I BB SRS B 5 B2 TR R E YRR A A ] RO W A S5 S 8 AT B R TR B Y [RR K
TGN » AEEARL AP W Y S5 AR e 3 Fr MR g B I T A (Baret & Guyot 1991 ;5 Guyot 1990 ;
Hergert & Ferguson 1997 ; Milton et al. 1991 ; Sinclair 1971) » [K|[tt » 7] BE KT RL YNNG B iE (R 48
b » IR R EVIRE PR S SR R0 28 I -

PEREIRIE Fr e BRI & R E o3 LR A B IR OO - G — ~ ZIIRME - AR REHMEE 4
BREE R B N BRI BA (R 1) - BHARHE - AR A A R E MR B R IR R - A R
ME » RS E 2 LR BEPRER A TS TR - HEMIAE A= B a7 vt by 28 RS 2 28 B (AEE ~ 5Oy
AR AT T BRI B A R R W T R - AR B RRITHIEE 3 B R A% B AR J 28 B (IR )&
{CHARR AL ZEiPA RS - MR IR E A E SR AR -

A1 G 7K R A 4 DG 3 A 12 179 (350-2400 nm) » 842382 B o2 S 5 LB AR AR BE Fr Je RV 3 8 B 43 b
B £% - T P 5 B B AR AR R 5 o0 AT - 19 BI/K S 2 42 B IR 25 22 i B Bl 2 38 5 BV AHR 9 B ([ 2) -
REE B B R 0 43 b B S 3 PR 2 AHRR 58 B i S L B IR - R B2 B B SO LR R 58
Fro b B iR Ay 2 3R R B 5 A AR U E B DUIT 6 A O 2 B (740-1300 nm) Jz H AL 40 6 8 B
(1300-1800 nm)YAHRA MR 5 - {EE — IS /F Bl — SRS fE A AHBRSREE AR — - BEE8KER - — IR ERI b
59 3 2 72 0 B SO U B G T 4 RO AH BR P (RHBR AR BT R -0.5 28 0.5 (2 DR —J0IRs1E % (FHBA 1%
BT iR-0.75 2 0.5 Z[H]) « TEAHBA TR S R AL G B R R AL MG B - —HIRSTELL 1240 nm %2
e B 7 B 11 I Sef BB P B 2RI 25 280 1 0 L Z R AR B @ BB iR K » S — R ELAR B PR (R 4331
F 0.176 K2 0.146) ([ 3) « HERIPLE FRBIRY) AN - B/ EAT R A8 B > R 54 (4 D — 2 s 24
RIETHEA] « —JHRSVERILL 1208 nm 72 357 Be (v B 1 SO ELBRAR R BE v e 2 RIAY 2& Z80 F 3 EL iz AR BR AR Bk
BHE A SE A R AR B AR (R 43 HIES] 0.698 K2 0.730) o Kl » AKLL B — %2 iz By Kz S b 3 it 1 Bt
TBHE— RS TEAUTE MR 2 R IR S - KRR B R KT AN 5 IR /EI0IR - #5588 HY 1208 nm %2Rz B -
RIIAT UG S 38 Fr R MR S R IR B 70% 2 Al I MERERE » R RIHAE & FEIRYR[A] » s HES IR 3 4
FR K LR PR IR — 2 AR AR R L RWIREE BNE RS E 73 FER A - REEL S — ~ 3
TR i e R AH B 22 B B A BN AN AR -

ARWFFERER ] 2 TORR I BB 53 A 53 - B LABR RS HE 58 2 AH BRI SR R B2 I B » L & I i
Rl ER 5 S R IR A A HE B - HRR 1 WA MG — IR MR s RS - Tt i R =
JCE AR ER AR S - B SRS R EE P B vk B B 4 PR A A 0 - E# AT 403 nm ~ 558 nm %z 1607
nm 55 =423 B ST LA o B — SRR VR R E Py B PRI 25 20 1 0 L s LA I HE Rl 1B (R 520R)
#0176 J¢ 0.146 E7H28 0.763 J¢ 0.738 » HARSVEFEMRAYZE Fr ke Ak HITS3 BT 0.698 J% 0.730
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Estimation of Nitrogen Content in Rice Plants from Spectral
Characteristics of Canopy Reflectance Spectrum'

Fan-Ming Chang?®, Chwen-Ming Yang™ and Ay-Hwa Chang®

Summary

Chang, F. M., C. M. Yang, and A. H. Chang. 2004. Estimation of nitrogen content in rice plants from spectral
characteristics of canopy reflectance Spectrum. J. Agric. Res. China 53:63-74.

This study was to measure near-ground remotely sensed canopy hyper-spectral reflectance data during
the growing periods under varied treatments of nitrogen (N) fertilizer and to identify spectral characteristics
in related to N concentration so as to establish spectral models for estimating N status in rice plants. Results
indicated that reflectance spectra of rice canopy were similar to other green plants. Applications of different
amounts of N fertilizer changed the spectral patterns, but did not change the decreasing trend of N
concentrations in leaves and shoot following plant development in both cropping seasons. Correlation
intensity curve between spectral reflectance in range of 340-2400 nm and N concentration was similar in
leaves and shoot, suggesting that responses of reflectance along the spectral domain to N concentrations in
leaves and shoot were quite alike. However, the correlation intensity curve of the first crops was not
conformed to that of the second crops, and varied correlation coefficients existed in different narrow bands.
In general, correlation coefficients from near-infrared (740-1300 nm) to short-wave infrared region
(1300-1800 nm) had larger values than the other bands. Change of correlation coefficient was in
between —0.5 and 0.5 in the first crops, with the maximum absolute value of correlation coefficient located
at 1240 nm (R?<0.18). The values of correlation coefficient in the second crops had greater variability, with
the maximum absolute value found at 1208 nm (R*>0.70). Results also indicated that estimation of N
concentrations in leaves and shoot of rice plant may be improved by using multiple linear regression (MLR)
models. The spectral wavebands suitable for the best three variables MLR models were 403 nm, 558 nm
and 1607 nm for both cropping seasons. The slopes for the relationship between the estimated and the
measured values of N concentrations were greater than 0.940, with the root mean square error (RMSE) less
than 0.548.

Key words: Canopy reflectance spectrum, Spectral characteristics, Nitrogen content in rice,
Correlation coefficient, Multiple linear regression model.
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