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Table 1. The comparison between real time and post processing of Differential Global Positioning System (DGPS)

Real time Post processing
Merits Obtain product immediately Higher precision
Without data save question Differential detect easily

Can analysis product detailed

No real time data transmit question

Demerits Worse precision Can't apply product immediately
Differential detect difficultly With data save question
Data unsaved

Require real time data transmit

(#8554, 1992)
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Table 2. Coordinate and altitude of reference points on horizontal and vertical

Point No. Abscissa Ordinate Ellipsoid altitude Remark
L188 216999.608 2660573.132 84.104 Order 3 satellite oriented control points
L196 216774.274 2657513.126 98.025 Order 3 satellite oriented control points
L199 221101.092 2656638.234 138.579 Order 3 satellite oriented control points
Reference points of altitude
Point No. Altitude Remark
8406 69.46410 Order 1 bench mark
8407 88.68405 Order 1 bench mark
% -
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Q) VF AR
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Table 3. The coordinates of four control points

Point No. Abscissa (X) Ordinate (Y) Altitude
Al 218854.2419 2658263.724 89.1922
A2 218853.4169 2658266.442 89.1604
A3 218360.1306 2658648.193 72.8825
A4 218356.1845 2658648.275 72.8719
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Fig. 1. Determination of control points coordinate
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Application of Global Positioning System and
Technique of Real Time Kinematics Positioning on

.« . . 1
Precision Agriculture

Jen-Chyi Liu °, Tsang-Sen Liu *, Chien-Liang Chu *, Horng- Yuh Guo >
and Ming-Chih Yeh*

Summary

Two suitable base stations were set up on the rooftop of the building of Department of Agricultural
Chemistry, TARI and adjacent the experimental plot of precision agriculture, respectively, to determine the
accurate coordinate for sampling and fertilization. According to the best real time kinematics positioning, we
could transmit the positioning coordinate to a field computer for estimating the fertilization rates by a decision
support system. Setting up the base stations of the global positioning systems to develop the techniques of real
time positioning could spread and applicant any relational research on precision agriculture. Combination and

application spatial data and property data on agricultural machine could catch the objectives for auto control of
agricultural cultivation.

Key words : Precision agriculture, Global positioning system, Real time kinematics positioning.

1. Contribution No.2088 from Taiwan Agricultural Research Institute, Council of Agriculture.
2. Respectively, Assistant, Assistant Researcher, Assistant, Researcher, and Project Assistant, Department of Agricultural
Chemistry, TARI, Wufeng, Taichung, Taiwan, ROC.
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FACRITEHEAH: » HMMEF 28%5% " > Amamiya #ll Akemin 2 1963 F#i % 8 BB R 1 fE
Jamaica B2 H AXAHAEAN Norin 8 4 » HAHHEF, 2 15 HEf it SR ERA 2 40~ 60% » MHARE IR R
H5~8% > RHHEBS  WERIUR ARG L #8008 MR (Root inhibiting complementary
lethal genes) (L-r; ~ L-r;) Ft#%l| 5 1983 4 Sato §2 Hayashi “$8H » H A TEH 94% B Jamaica 2 HEFE F,

fall 2 Bt AR E MRS » REZSRZ— R EE R > SSRGS L-2-a ~ L2-b o

Jamaica IR 2 BME R, 555 - (R — BN AR ATEEH] » HEMERA > Amamiya
Fll Akemin 2 1963 “ 3255 Norin 8 Z R KBS L-r, L-r, ++ > Jamaica Z RS 4 L-r, L-r, ; Sato Bl
Morishima ""{£ 1987 2 &5 £ & B G HEFE 5 B 5L IR L Hwe % » ELUS Tamaica 2 Z KB E £ Hwe-1,
hwe-2 » WiZBF% Hwe-1 = L-r, = L-2-b, Hwe-2 = L-r, = L-2-a » Sl—fREER &4 2 8% » HEflES S
fi > RFSSEZGEM Z I8 5 TS Sato ~ Sano [ Nakagahra 7E 1987 /2 RGN (Rice Genteties Newsletter) 7KF6
HNIFERM — RS P GRS R =TSR T LA — » IERERER 5 7RE Jamaica 2 SRR
hwe-1, Hwe-2 [(r, ~ Lr) (I-2-a ~ L-2-b)] > —MTEHIKFEES hwe-1, hwe-2 [(ir, ~ Ir) ~ (-2-a ~ 1-2-b)]
B Hwe-1, hwe-2 (L, ~ Ir) ~ (L-2-a ~ 1-2-b)] > BARES| 2K -

H Bl Z@EsE < iamiE » 2 8 HASERKRE MR - T HASE RS Buns s i aEeg
Hwe-1 ~ hwe-2 2R > 1 Jamaica HIEE hwe-1 ~ Hwe-2 2/ “* 9 o FI, » % Jamaica SIFTRERS i
MERC - HAHE P NV BB 2 (R AT 2R ARG - ARSI SRk & T Sl B R 3t
1TaR®E - HRETHEH Jamaica R F, < RULRE EIEHZ - S 2 » B KASETE L/ VHARE
H Hwe-1 ~ hwe-2 Z=RA » FHE BRI SEESERESHERES Hwe-1 ~ hwe-2 HR - A% Jamaica
) Hwe-2 ZERIE A TR | §fE » BRUEE Hwe-2 R TREK ) S HEREE B2
B TRENEG I B Hwe-1 SERPVRERGH > AR ARFEAHE » B L IRRE S — R (K (5 ARG » (R ERE P S
THOMBIME A AR > BECERHRR - e 2 B | o E S R  HEE R TR
—fRFEFrh o R RAESS > HARISHIH] - EEEAFEREIET » KIS ol R sk 5 i T
ARMEE - 2508 B R B 80 F- 55 —HAVERALA » LU Jamaica BEEM + TRk K SRS » 4831 JTamaica 1575
) Hwe-2 2N » #EE T EHK IR S SE 2 > WG BRSSP E %028 Hwe-l ~ hwe-2
AR > (EESTRE RN Hwe-2 BRI E] TREEK ) 58 » BRE Hwe-2 SR BEE A %G thfd 7
anid 2 K4 o
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MRETSEA

E B 80 4 " HATERRANG » LLEA hwe-1, Hwe-2 KA Z Jamaica st fEELE 2 67 5% (TNG67) 55 4 (i
FfRELAE (R) BER > Tkl e el s o~ B b a5 s fE (GR) 32 » B84 HAEIE -
BEtE 11 AR (& 485058 m5E) K 2o [HAlfaMEAS » MR 1404 & - B & 7 RIFAE
HFEF, 2 e - AR BPEERKE ZE S L S zmiE (GR) LiEEEmEe -

RS TR LUMES RS 1 (REARLL43 CZiRKIZ 7 /788) - B9 & ERE R R FEAL » Wi
HeAZE HERATL o EIRE (Bih B =n2—) » KT - DIEER LR - BELPE
HIARLS » MR E PR E » R FREVE (—RBMRR28~30K) » 37 THEACTERS 45 CHztg
2o

BB EARIG A K R, RN AEAE - 1TRRIERS 28 X 16 %) » =17 » BATHE 108k - BEAHE » IEF
HEF > HEEKE o FRIGRHA RE A BRI -

YRR R A A A R P 2 s~ bR~ B BER - MEE - —FEREALE - fRE A
ThI R BB - WHAE R ZH S > GBS R LU & Bk 2 FIEFRR o

wm =R
— fiEFNES :

BT RGP ERNEDKER A RBEE 2V E » PRE84F ZHAME » 65 [ Jamaica ELFEA
P REIDEA (6@ » MM Z20 HEERME S (F1)  HEHEREBENR S
41K : Jamaica BLFFFEHERL F A 46 fE (87%) IR N 6.4~ 13.7cm » HAZ T E S5 9.3cm »
HHEE R A HE A 2 451 15.4cm 5 5 7 #14 Jamaica BEFEFS [Z 181 5% (TC 181) ~ #1754 5% (HC
54) ~ EFF 298 (CN 2) ~ 458 (CN 4) ~ S 13758 (KH 137) ~ &l 13958 (KH 139) MR 2425%
(CNG 242)) 552 F BT E MR 26.2~29.2em » HAEFH &5 27.2em » @R HBAZFIMHE -
TR FE (S o 7ERIFSEE Jamaica FEAC F 1 H SHHETIE &ML 27.0 ~ 34.4cm » HET T H &5
29.5cm ° SRR 2 (i 16.0cm 5 7 4(33%) & [ZHFl3 5% (TCS 3) ~ BRI 6 5% (CNS 6) ~
EER 18 5% (TNGS 18) KA A 195F (TNGS 19) B Jamaica] #5 F BT H &ML 10.8 ~12.5¢m »
HEEFY SR 11.5em » BAREME R B4 2 F91(E -

2 1. TERIFEEE Jamaica R H F, 2 20 HZF P @ B4, © (1995-1T)
Table 1. The average and range of seedling height (cm) of Jamaica F, hybrids and their parents at 20 days after sowing. (1995-1I)

. Seedling height (cm)

Type Parent or hybrid No. -
Mean STD Min. Max.
Japonica Parents 6 15.4 1.19 13.6 17.1
F, (normal) 7" 27.2 1.06 26.2 29.2
F, (weakness) 46 9.3 1.04 6.4 13.7
Indica F, (weakness) 4° 11.5 0.75 10.8 12.5
F, (normal) 8 29.5 3.45 27.0 344
Parents 5 16.0 2.21 13.9 19.6

Jamaica 1 25.6 1.83

STD : standard deviation
” Crosses of TC181, HC54, CN2, CN4, KH137, KH139, CNG242 and Jamaica.
¥ Crosses of TCS3, CNS6, TNGS18, TNGS19 and Jamaica.
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— HiEF LR

BT TRIER SO KRS LB 22 PRE 81 E—HA1F - FAEZE 675 (TNG 67)
ZH 257 (TK 2) ~ ZH189%% (TC 189) ~ ZFFH 1578 8% (TKY 1578) B Jamaica % 6 (AT E F, R E
K EAE 28 K ~ 61 K RIHEIR Z bk » GAFERAFANE 1 - A ERER - Z2675F - 2 258
B2 Jamaica IE ~ R ZRIVMHFA ; EMHHE 28 K » 6 A F, 2B R R EBEHAN e —
MR 61 KF, ZHRmERER  NBHEEBAN =92 —  WHERF 2RSS ER 43.1cm > TE
AR 104.1 ~142.2cm » FZEEHIBEHBEBRAN =22 — £ HH » 6B FHESTESR
AEEESBEES  HEIAIERHME 61 KEtE 9.5~ 14.9 X /788 » UG FERARREBAIE 9.2~ 13.0f8
(#£3) -

BT RSB E R R KGERBE ZVE > BIFE WP KELEE NN HEZE
67 5% ~ EZFE25% ~ EH 1895% ~ ZMFH 1578 ~ ZHRTEK 157 (TN 1) ~ Zhfil 109§ (TCS 10) B Jamaica
F{AMAHAF 2hmB Ml » fERFFWIE 2 > HFAEERET - BREAZ 14 HEBNE S0
20cm > Jamaica EEFIFAIR AT %) 27cm » Jamaica BLFFFS 2 HERC F U &8 8.2 ~ 10.8cm ° TEERIFE
HEAZF IV E =AY 30cm o 6 {EEEI F, & 2RSS - HIERACRIZRIBAINL » M 2 [ERIEY F, HI SEER e f
BE o TEEHETL 31 K » Jamaica B1EE 2 67 SRS HERS 2 6 {AFE AL F IRRE /M2 14.1 ~ 16.5cm » HEIAZ
PRI 52.5 ~58.5cm » AL APl 10 5% B B2 HPE 2K 1 5% 8 Tamaica 2 F, MRS Il 83.4 ~ 92em » 414
1% 59 RIERYF, RT3 22.3 ~25.2em » FEAVHHA 2 bk IS 84.2 ~89.3cm » MIAIE F, 2 k& HIIES
124.5~130.7cm ° Bhl {2 92 RIFFEE F, ZHEE M2 29.6 ~ 35.6cm » BRI A 2 FRE HIES 100.5 ~
105.1cm » ALY F, Z PR AIS 138.6 ~ 145.4cm 5 FAEM ZHERE R, 20k » HRE4 B 2HRGAZ
R WAR ZEEERRAENBIEF N ASZ— THWREEREHAZ =02 — » fEREH
BEIHESS > HEE—IE (B1) XML - mAlA E 2R EERES
= - HHEF RS EDEE

AR 17 {ElFE RS B 6 (ERITE B Jamaica 2 HEFE F, RAHBAEIAUSCHERA 2 ki B2 7 B8 (R 84 4 —Hf
TE) » R2MERBUR » WO Z bk = BUE SO B > T BAREMD /) 5 HERE (B B B FERE 95 54 R Y & Jamaica 2
PR 137.0cm » FEEUER AR ZRRE T2 92.8 ~ 111.4cm » 4955 104.2 &+ 5.06cm » FIEVE A Z ¥R &E 17>
89.3~110.7cm * 55 100.4 £ 8.78 ; Jamaica LB FTEENE 8.4 £ 23218 » FEAVEIA 2 HHFEEAN 12
102~ 14488 > TR 12.2 = 14858 » FIBVBIA B SHEBA R 1.6~ 14478 » B 13.1 £ 1315
H 1618 (94%) FEAFEF, ZHR &2 33.9~55.2cm » #8955 41.5 £ 5.86cm » BEFEEBE 1+ 0
(B EEES) - HERMET » WEHEF 2B ERHBIAY 33~50% » NEEHCEREL > B
WBARAN AR5 E - KB —AIZ B E 9243357 (TNGY 92433) X Jamaica HE5E F, B 19} » HF 8k
m5S 137.7 £ 4.76cm > HHIEEE 11.4 £3.27 - PR BB EH AL » 2 EERIEREIA % - AlfEHCH
EHREHRIZ SR (TCS 3) KEEER 185% (TNGS 18) £ Jamaica 2 $H&E F, TR EI £ 49.4 ~ 65.9cm » #1
BWERAZ —nZ— HEEF GHHEES 1.0~ 148 BHA (11.6~1441) GRANER
th 2BUREZE - 54 ERIEVEERE F 2 TS S 137.4 ~ 161.5cm » #8795 151.1 £ 12.10cm * B
FEHFS 10.5~ 1388 » #4511.7 £ 1.54 » BBEHZHEF Wk SO BES SR ERA » RS
% °
M0~ #iEF ESBNERIKE

REI80F2 _HIWELIZ R 67 575 4 B ahfE (GR) ¥ Jamaica §3C » RES —MAFMEMEF, ki
A WHER AT MR - ME - THE - —EECBERESR > FAESREWE - hERE
s IEBRAZERNR 21.0~27.9cm > LlJamaica & ~ 27 189 95% 5 » SHSFHEERNR 6.8
~10.8cm ° FHAZTIGEEN P 3.68 ~5.82g » LIZF 29 RIC » REE S Jamaica *» M SHSFEE
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1. TEfAEE Jamaica B E F TERS MR SR A Z AR (cm) © (1992-1)
Fig. 1. The plant height (cm) of Jamaica, F, hybrids and parents at different days after transplanting. (1992-1) (P1=TNG67; P2=
TK2; P3=TC189; P4=TKY1578; J=Jamaica)
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Bl 2. TEAlTEEE Jamaica B H F, Z B i BETERE A1 B IRHHA Z KR (cm) © (1992-11)
Fig. 2. The plant height of Jamaica, F, hybrids and parents at seedling and different days after transplanting. (1992-1I)
(P1=TNG67; P2= TK2; P3=TC189; P4A=TKY1578; P5=TCS10; P6=TN1; J=Jamaica)
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72 2. TERUFEEE Jamaica K H F, 2k 5 S8 - (1995-1)

Table 2. The average and range of plant height (cm) and panicle number of Jamaica, parents and their F1 hybrid at maturity.

(1995-I)
. Plant height (cm) Panicle number
Type Parent or Hybrid  No. - -

Mean STD Min Max Mean STD Min Max
Japonica  Parents 15 1042 5.06 92.8 1114 12.2 1.48 10.2 14.4

F, (normal) 1° 1377 4.76 11.4 3.27
F, (weakness) 16 41.5 5.86 33.9 55.2 1.0 0.0 1.0 1.0
Indica F, (weakness) 27 576 11.70 49.4 65.9 12 0.28 1.0 1.4
F, (normal) 4 1511 12.10 137.4 161.5 11.7 1.54 10.5 13.8
Parents 6 1004 8.78 89.3 110.7 13.1 1.31 11.6 14.4

Jamaica 1 1370 6.67 8.4 232

“Crosses : TNGY92433 X Jamaica.
? Crosses of TCS3, TNGS18 and Jamaica.

< 3. TEAIFFEE Jamaica I E B, TEMCERT & B8R - (1992-11)

Table 3. Agronomic characteristics of Jamaica, F, hybrids and their parents at maturity. (1992-I)

Plant Panicle Spikelets Seed-set Kernel
Parents or Hybrid height Number Weight Length / (%) weight

(cm) (g) (cm) Panicle (g/1000)
TNG67 108.3 12.7 442 21.1 208.0 86.4 22.94
Jamaica / TNG67 40.5 1.0 0.21 8.7 11.8 78.4 20.00
TK2 115.8 11.6 3.68 222 167.4 823 23.95
TK2 / Jamaica 34.8 1.0 0.13 6.8 9.3 70.3 15.38
Jamaica /TK2 425 1.0 0.19 83 11.3 77.1 21.37
TC189 114.1 11.3 432 21.0 204.2 88.9 22.03
TC189 / Jamaica 404 1.0 0.21 8.6 11.5 81.2 18.75
TKY1578 104.4 13.0 4.52 22.1 184.6 87.5 25.62
TKY1578 / Jamaica 43.1 1.0 0.37 10.8 17.0 85.3 24.14
Jamaica 142.0 92 5.82 279 201.2 94.8 29.14

1i20.13~0.37g » BrHEFEERNREEAZ 52— - FATRENR22.03~29.14g » F,.2T
FIE AT 18.75 ~24.14g » &HAHE F, 2 THIE B HBIAIKE o /£ —EEBO H/A RS » 54
—FEFEIEBNTY 167.4~208.0 » B, Z—FESEIEBNIR 03~ 17.0 » BIABRE HRAZZE - RESN
DISARE > M1282.3~94.8% » F ZRREZEHINA703~853% ° HELERHE/R » HEEF I TH
HRREFEERAZERB/ M R - BH - HETEEERESR > SHEEHMANER
EHUHESE o

BE—L THRHEEZEHZEKBREZVERGEGLEN PRBESIES _WE - 15
Jamaica BRI E AR 17 (EFERE & 6 EAIFEMAE (GR) MR - REFS IR FAE S BIA K F R
AR » BIARIRITEE ~ R - —FERIEE - REFE TR EEBEENEZR (£4) - BRRE
BRI F, » S RTBARARY 725 8 - TS SRR S BB AE T2/ E (F£2)  AlfEE Jamaica
AL HF R 2088 (ZHPRIB35RE - ZRMM185FK) FERHGE - B4HEHIRRHEES > H58
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R4, TEAIFEEE Jamaica K H F, FENSCHEIRF 2 745 B BRI BB < (1995-T)

Table 4. The average and range of agronomic characteristics of Jamaica, F, hybrid and their parents at maturity. (1995 I)

Parents Panicle Spikelets Seed-set 1000-kernel
or No. Per (%) Weight
Hybrid Weight (g) Length (cm) Panicle (g)
Japonica
Parent 15 3.64 £0.62 20.1 £1.52 155.8 £27.5 9249 +4.11 2392 +2.13
2.54~4.54 17.5~224 111.8~212.2 82.27~96.35 19.53 ~27.34
F, (normal) 1’ 5.32 23.8 £2.59 201.1 £55.5 92.68 26.87
F, (weakness) 16 0.40 £0.17 10.6 £ 1.73 18.7 £ 6.77 84.90 £7.70 22.16 £2.90
0.14~0.89 7.7~14.8 8.1~384 68.67 ~93.95 16.46 ~28.36
Indica
F, (normal) 4 3.95%£0.55 26.7 £1.17 224.8 +31.09 4518 £7.43 28.64 £0.28
3.39~4.67 252~27.1 191.7~267.5 39.60 ~57.59 28.32~28.97
F, (weakness) 27 0.47 £0.25 139+ 1.82 27.2%£10.335 49.23 £2.90 25.68 £5.89
0.29~0.64 127~152 19.9~34. 47.18~51.28 21.52~29.85
Parent 6 3.73£0.68 23.7+2.66 150.6 +21.55 90.21 £1.34 2532 % 141
278 ~4.58 20.3~274 124.0~179.4 88.48 ~91.52 23.02~26.87
Jamaica 1 3.33 23.8 =1.63 1183344 93.71 28.31

“Crosses : TNGY92433 X Jamaica.
" Crosses of TCS3 and TNGS18 with Jamaica.

FW7FgMEE £ 0.47 £ 0.25g » R E 13.9 + 1.82cm » —FFELES 27.2 £ 1033 » FREEE49.22
+2.90% > THRER25.68 = 5.89g » MEMHEEZR 2 4{EF HFH7 515 3.95+0.55g ~ 26.7+
1.17cm ~ 227.2 £ 31.09 ~ 49.12 = 7.43% ~ 28.64 = 0.28¢ * HEAZFIGED B 3.73 + 4.58g ~
23.7 £ 2.66cm ~ 150.6 = 21.55f ~ 90.21 + 1.34% ~ 25.32 £ 1.41g » HEREETI — B F RIS EZHH
DAGE > E AR PYIEPERE A IARERY 22 22 - PIEVAERE S5 %A F PR T RIS B A ML) - T8 ~ R - —1F
FANCHRRERE R ER - BFRBAZTMEE ~ #E - — T REFETREN IS
3.64 £ 0.62g ~ 20.1 £1.52cm ~ 155.8 £27.51F ~ 92.49 £ 4.11% ~ 23.92 = 2.13g * TEHEEL Jamaica 5
o HF A 16 &8RS » HEZEE 92433 5% X Jamaica —fH EHEFEEE - 16 (A HERZF
HIZF9FEE S 0.40 £0.17g » FEES 10.6 £ 1.73cm » —TEFAIEEUS 18.7 £ 6.771H » FREZEE5 84.90 +
7.70% » FRIER 22.17 +2.90g » FEAGEAEGSZ F BRECE 25 ) Thy 8 B AR A) - MifdE - /4
R~ —FEFECRHI B A 2R 22 2 - B 81— HAVERVAS RARTT o M Z B2 H 92433 X Jamaica < F,
FHEES.32¢ » HMERAE 23.8cm » HHEFHEG 2011 {HFETE > MEREERAIS92.68% » HTHERS
26.87g * FAREMELELA 16 (AR & AIF - TREHBIARE » HBHEES -
T HEFESHNOM

7 Jamaica B B2 67 5% ~ ZAE2 5E R E 189 5% ~ ZTHE 1578 5752 Jamaica VUFH & 2 FEFE F, e H
AEET o SEFEESFRBEPIRE » 14 REKERTERAEES S - BRARE 3 - HAEE S5
% Jamaica 25.6 £ 1.83cm ~ ZFE675F 17.9+ 1.37cm ~ ZH259%18.7 + 1.61cm ~ 2118995 19.1 +
1.03cm K EEE 1578 5% 18.2 £ 2.81cm ; VU E F, B & 1E 2.5cm ~ 34cm Z [ 2 &N 1 » THKF
£516.9 £8.19cm ~ 17.0 £9.09cm ~ 15.7 = 7.10cm } 18.8 £ 7.47cm ° #5714 18cm (/) fASERE S 0 Bz L)
B AR EEETBRERS 0 E 18em EHHGE MR 18em EHBIEH » Bl4H &M HHEEH
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BT RIESS0 0 49 ~ 60 : 59 ~ 41 @ 31583 : 90 » 4% X {HIERKGH—4H A M EL IR < a0 - HERIES
AES1.328 ~ 1.644 ~ 0.014 5 4.812 » HHE9 72578 -

RIE 85 7 H 10 HLAZ R 67 5% K 2 2 70 57 B Jamaica X 2 MiAH S HE R8T - QS 122,
iR 49 X 39 X 15cm 2B %Wﬂﬂﬁﬁ;a X 2 cm * FEIE 151751 285 KLZ B, FEF » A4 BlHE
BHE OB I0K » BHAREIR  J0RBRAEY S > MHBEHAHE ES 2 FE 4 » B 675

30
A TNG67  Jamaica B TK2 Jamaica
25 1 —o— —e —e—i —e—i
§ 20 Jamalca/TNG67(N=99) Jamaica/TKZ(N=119)
g 15
2
& 10
5
30
C TC189  Jamaica D TKY1578 Jamaica
25 o —e—i ———i ——i
g2 TC189/Jamaica(N=72) TKY1578/Jamaica(N=173)
g 15 ]
2
& 10
5
0 - . .
5 10 15 20 25 30 0 5 10 15 20 25 30 35
Seedling height (cm)
3. % Jamaica HERZH . IREE Z I = 434 © (1992-11)
Fig. 3. Segregation of seedling height (cm) of F, populations derived from crosses of J amaica.(1992-II)
30
1 TNG67 Jamaica 2 TNG70 Jamaica
25 —e———e—
—_ TNG67/Jamaica(N=683) TNG7O/Jama1ca(N—697)
S 20
N
g 15
2
& 10
5
3 9 15 21 27 33 39 45 51 573 15 21 27 33 39 45 51 57
Seedling height (cm)

8 4. 52 Jamaica FEAHY F, 1B Z BT B34 © (1996-11)
Fig. 4. Segregation of seedling height (cm) F, populations derived from crosses of J amaica.(1996-II)
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ZEHEER29.425.13cm » Z2R 7052 ®5529.9 £3.67cm [l Jamaica ZHi £ 38.9 £
3.87cm * F, Mg 2= 8 » (HE 2D M1E 2.5cm ~ 57cm Z [ - A F, i S EPE 5 35 28.4
+16.45 52 26.4 + 15.01cm 5 FHLA21em 7R » QI A ARG IEH B A5 462 © 393 [ 485 :
370 - % XIS H B HIE LS 1.704 2 0.078 » ¥FE9 « 720k -
7\ SEKERECHENAERRETE

Jamaica B E M HEE BB hwe-1 ~ Hwe-2 BERB 2 KFaSES 0 » 5 REB\HES _HEE N+
VU —HAE » LA Jamaica S A1 KB 201 F BRI ST B L i (GR) 50> AEHMErR NS
REAHZERBE > HRHEBEERRAREEHMERD > I HERE Hwe-1 K hwe-1 5 EX
WE ZAE R - BB S AR - MREAL 140FSE GB) » Hbhf ~ AIFES RIS 111 82 29 {5 &
(%) ZBEEEREESHERZmA GHNERe) » E4EER GESHAMME [ {FEEERM.
) ~ sERIfRES A  KERETPIERR » A 103 EmE (GR) 14592.79 %892.52 % (&
SlEmE) WERME (B) BA Hwe-1 ER > MAlfamE (GR) FRIRAE4ESE (R) BE Hwe-1

®5. LURAE I 140 (B/KTEMIEZ Hwe-1 ZERAY -

Table 5. Analysis of the Hwc-1 genotype for 140 rice cultivars in Taiwan by test cross.

No. of cultivar contains

Type Total number of cultivars
Hwec-1 hwe-1
Japonica 103(92.79%) 8(7.21%) 111
Indica 4(13.79%) 25(86.21%) 29
Total 107 33 140

®6. RBRSHTAERE 140 ERTERE GR) MEBBER Hwe-1, hwe-1) ZERE -

Table 6. Determination of the genotype (Hwc-1 or hwc-1) for the 140 rice varieties cultivated in Taiwan.

Cultivar contains the Hwc-1 genotype

Japonica

Chianan(CN) 5, 6, 7, 8, 9, 10, 11, 13; J692153; Hsinchu(HC) 24, 50, 51, 55, 56, 62, 64; Kwangfu(KF)1, 401;
Kaohsiung(KH)6, 18, 24, 27, 140, 141; Kaohsiung Sel. (KHS) 1; Taichung(TC) 65, 145, 170, 176, 178, 179, 180, 187, 189;
Taichung Sel. 6; Taiken(TK) 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11; Taiken Glutinous(TKW)1; Taiken Yu(TKY) 3540, 5207, 9198,
9386, 9480, 11942, 13034, 13120, 13212, 13345, 13556, 13632, 1578, 26415, 31961, 33787, 35025, 53231; Tainan(TN) 1, 2,
3, 4, 6, 9; Tainung(TNG) 16, 37, 38, 40, 45, 60, 61, 62, 67, 68, 69, 70, 72; Tainung Sel. (TNGS) 3; Tainung Yu(TNGY)
51103, 82649, 91636, 95031, 95049; Taipei(TP) 7, 8, 9, 10, 177, 301, 309; Taitung(TT)25, 26; Koshihikari; Kinuhikari;
Hoshiyutaka; M401.

Indica
Chianung Sen(CNS)6; Taichung Sen(TCS) 3; Tainung Sen (TNGS)18, 19.
Cultivar contains the hwc-1 genotype

Japonica
Chianan(CN)2, 4; Chianung(CNG)242; Hsinchu(HC)54; Kaohsiung(KH)137, 139; Taichung(TC) 181; Tainung Yu(TNGY)
92433,

Indica
Taichung Sen 10, 16, 17;Taichung Native(TN) 1; Taisen (TS)1; Tainan Sen(TNS) 15; Tainung Sen (TNGS)12; Tainung Sen
Yu (TNGSY)115, 165; Tainung Sen Glutinous (TNGSW) 2; Kaohsiung Sen (KHS)7; Kaohsiung Sen Yu(KHSY) 392;
Chianung Sen(CNS)11; Black waxy(BW)1, 2, 3; Ti-chueh-min-tang; Chu-tzu; Hsin-chu-ai-chueh-chien; I-kung-pao; IR8,
20, 56, 60; Java 14.
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Studies on the Influence and Application of the
Hybrid Weakness Complementary Genes : Hwc-1
and Hwc-2 in Rice Oryza sativa
I. The Influence of Hwc-1 and Hwc-2 Genes on Agronomic
Traits and Genotypic Investigation of Rice Cultivars in

. 1
Taiwan

Tung-Hai Tseng” and Chang-Sheng Wang’

Summary

As a self-pollinated crop, 0-6 % natural pollination rate were still observed in the cultivated rice, Oryza
sativa. To prevent the pollen contamination, the colored rice such as red and black waxy rice varieties were
neither encouraged nor introduced to the farmers. The hybrid vigor has been studied and utilized in rice for a
long time nonetheless little was known on the hybrid weakness. It was reported that in rice the hybrid
weakness is controlled by a set of complementary genes: Hwc-1 and Hwc-2. In this report, we study the
influence of the Hwc-1, Hwc-2 genes on the agronomic traits of the F, and investigate the genotype of rice
cultivated in Taiwan. When the F, plants contain both Hwc-1 and Hwc-2 genes they present significant hybrid
growth weakness on the seedling and plant height. At maturity, most of F, hybrids of Jamaica have only one
panicle with an average length at 10.6cm : the yield components: panicle weight, panicle number, spikelet
number per panicle, and grain weight per plant also showed hybrid weakness however 1,000 grain weight and
seed-set rate were not influenced. The F, seedlings height segregated as 9 (growth weakness): 7 (normal)
indicated that the hybrid weakness was controlled by a set of complementary genes. In general, rice varieties
have either Hwc-1, hwe-2 or hwe-1, hwe-2 genotypes however the Jamaica variety contains Awc-1, Hwc-2
genotype. To investigate the genotype of rice cultivated in Taiwan, 140 test crosses were made by crossing
Jamaica with 111 Japonica (Ken-rice) and 29 Indica (Sen-rice) varieties (lines). The results showed that 103
(92.79%) crosses of Ken-rice and 4 (13.79%) crosses of Sen-rice showed F, hybrid weakness indicating that
the dominant Hwc-1 gene exits in most of the Ken-rice however, most Sen-rice contain the recessive hwc-1
genotype. More than 90% rice cultivated in Taiwan are Ken-varieties therefore, if the Hwc-2 gene of Jamaica
were introduced to the colored rice varieties that will be able to eliminate the pollen contamination from
colored-rice by the expression of hybrid weakness, and hence increase the farmers' willingness and earning of
rice cultivation. .

Key words : Rice, Hybrid weakness, Complementary genes, Indica, Japonica, Pollen contamination,
Natural pollination, Colored rice.
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HEBE 12571 /1%
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Fig.1. Effect of fertilization on grade of ‘Jen ju bar’ guava fruit. OrgM=FEF AT ChM= B fti F (L 22 A0 K}
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HT10% - HEAFRES - MG EIDESERERNES  LBERAERS » (SRS 56% ;
CEFRAFNEREIRI R 30% : H 4% AAHIESHTE DS » AZHEHIE 10% -
— > NEEIEEEREHEN DR
(—) BEhE{L ek

RRFERERT » ME VAR > HEFE CEETEI mg/100g EF » BEREWSE » G
ERIEBFWRER0.43 ¢/100g > FEMEFYIE BHIE 117 Brix D S5 R i & ATt
B E BRI 0.35 ¢/100g % 9.6 “Brix /245 » BHIHEELUEIEES + - SMEREEE R » BZ
R ERIRENE & E54.76 2/100ml » SHE RE A5 B/ 3.87 ¢/100ml * 3.03 g/100ml 5 CEHEEEH
PE e BUETYIHE  DERREAREEELL B AR T 1.37 @/100ml 7545 o 5 HEMIE LIRS citric acid)
BE > BERESEN 037 g/100ml » BEER C ~ DERIIRE - HAEEH EHERERER - B ZHE
HHpHE4.13 - 8C ~ DERRIE > HAE MBI EIE BRI (malic acid) K £/ (Oxalic acid) &%
WL E B HIFS 0.06 2/100ml K 0.05 ¢/100m! + KA S B /M7 2.001-2.162 g/100g » DR 2 Bk
i o HALRL A ANKEEE E ~ IR S RS R PR 7 Bt N HARE o

1. BRI R BB RIS T

Table 1. Effect of chemical fertilizer on the various components of different grade ‘Jen ju bar’ guava fruit.

Vit. C  Titratable Soluble Crude  Crude Ash Sucrose Fructose Glucose Citric  Oxalic Moisture
Grade acidity pH solid fiber  Protein acid acid content
(mg/100g) (g/100g) (Bx) (g/100g) (g/100g) (g/100g) (g/100mi) (g/100mi) (g/100ml) (@/100ml) (g/100mi) (g/100g)

A - - - - - - - - - - - — -
B 98.3 043 4.13 11.7 2.002 0.80 0.346 476 3.87 3.03 0.37 0.045 84.7

+367 £001 £006 £02 £0022 £007 £0056 £002 £007 +006 003 +0005 +05

C 96.9 0.38 4.19 112 2028 081 0.351 4.40 3.89 2.89 032 0.055 85
+281 £003 =001 £02 £0005 +005 £0038 +001 +004 £015 +003 =001 +03

D 922 0.35 424 9.6 2.162 0.77 0.351 421 3.42 273 0.32 0.045 85.7
+258 +£0.03 004 £03 0071 +002 £0059 +003 +011 +009 +004 0015 +02

(Z) BRRAERHE F Ry EtE 7 =

SFRREMIERNER2FT » A CERREMMAESE CEEBIE104 mg/100g 54 » DEHES
EHBIK90.7 mg/100g ° A SR RE N ERE & 85045 g /100g 0 PR E RIS pH 4.09 » AT MEE
T & BI85 12.7 “Brix 3 D SRR E T HERE « BgiE R TS HER a2 5815033 g/100g
pH4.15 5 9.7 *Brix /£ 45 o AFMELRIRAVHNE & BB S 152 4.87 g/100ml » EEHEA & 4.34 ¢/100m] »
REEES R 2.36 ¢/100ml 5 B ~ CHRRE S BINE  DEMRE S BRI - A - BERIVHERS
Hi70.35 g/100ml ; C ~ DERE A E0.31 g/100mI IS {E » B LHEHNERL S BB 0.04
g/100ml * A ~ BFRE AT S & (1.921 ¢/100g) BAFAE D ZMHE (2.120 ¢/100g) {5 » E Atk 5 H0E
BHE ~ K55 » (ERFSR R 2= BRI REAgE
=~ KERRAREF

AEZBEHARIERR B LR > S5 REERAKSRER » WEREHRYE AR R0
REZ G FRE—IBER 0.3-0.8 AN TZMBEVKEA » WE 27T - RERFBRITITR » 5l
M EREE O B SORRRE - SZEREZENEORA I TR - EREET
AR R AT E R RS 0.49 g/100g » pHEES4.02 » AIVAMEELY) 14.8 *Brix » M4 B 0.47
g/100ml > FRKRENERAE R ; KZFEREOEIES B5%6.81 g/100ml » HZESERERA
15.27 g/100ml H 1.5 g » kb A SRR E 4.87 o/100ml S HE 2 g 75  HARERANEES ER
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1.44 g/100ml » HKBESERAN 1.65 ¢/100ml E 2K : KEERRANHEEZRCEER58.6
mg/100g » BAER(KR KIZEIMERY 158 mg/100g > WK 3 AR °

|2, EAARIER . SR ERERBERS A

Table 2. Effect of organic fertilizer on the various components of different grade of ‘Jen ju bar’ guava fruit.

Vit. C  Titratable Soluble  Crude  Crude Ash  Sucrose Fructose Glucose Citric  Oxalic Moisture
Grade acidity pH solid fiber  Protein acid acid content
(mg/100g) (g/100g) (‘Bx)  (g/100g) (g/100g) (g/100g) (¢/100ml) (g/100ml) (g/100ml) (g/100ml) (g/100ml) (g/100g)
A 107.0 045 4.09 12.7 1.919 0.91 0.35 4.87 2.36 434 0.36 0.04 83.9
+£339 £007 £001 *03 +0.135 £001 0109 011 =£001 048 £005 001 £0.15
B 106.6 0.41 4.15 11.8 1.921 0.89 0.36 4.68 2.12 431 0.35 0.03 84.5
+285 003 003 =£03 +0.166 £0.03 £0063 011 £002 =046 £004 *0.005 £025
6 104.8 039 420 113 2.020 0.89 0.35 448 2.13 4.14 0.31 0.03 84.8
+262 +003 £001 06  £002 003 0028 *£018 £008 £051 £006 0005 =£0.15
D 90.7 033 420 9.7 2120 085 037 3.81 2.07 4.04 0.32 0.04 85.3
+142 +001 £001 015 £0071 £005 £0.028 *£004 002 *£039 006 £00I 035
2. BHRBIE R BN () BUKIRIRR N () Z LU
Fig.2. The appearance of normal (left) and watercore (right) symptom of ‘Jen ju bar’ guava fruit flesh.
R 3. BHRBUKRIRR AR Y Z 37
Table 3. The compounds of watercore fruit flesh of ‘Jen ju bar’ guava.
Titratable Soluble solid Sucrose Fructose Glucose Citric acid Vitamin C
Area acidity pH
2/100g) (°Bx) ¢/100ml) (g/100ml) 2/100ml) (g/100ml) (mg/100g)
Watercore
0.49 4.02 14.8 6.81 1.44 3.29 0.47 58.6
flesh
Outside
watercore 0.43 4.11 11.0 527 1.65 341 0.35 158

flesh
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Effect of Different Fertilization on the Fruit Quality

of Guava (Psiduim guajava)'

Shu-Hui Yang and Hung-Yeh Hung *

Summary

'Jen Ju Bar' guava fruit cultivated with different fertilizers were separated into four grades (A to D)
according to sensory evaluation and the content of various compounds of fruit flesh. The proportion of C grade
product of the guava fruit 'Jen Ju Bar' cultivated only with chemical fertilizers was 65% and that of A grade
was absent. Whereas, the A grade was 10% and B grade was 56% for fruits produced by plants cultivated with
organic fertilizers. Meanwhile, the content of ascorbic acid, total sugar, and titratable acidity of the fruit
cultivated with organic fertilizers was much higher than those cultivated with chemical fertilizers. However, the
crude fiber and oxalic acid content of the former were lower than those of the latter. Some of the guava fruit
cultivated with organic fertilizers appeared watercore symptoms. The contents of sucrose, organic acids and
titratable acidity of watercore flesh part were significantly higher than the A grade guava, but fructose content
was lower than the normal fruit.

Key words : Psidium guajava L., Guava, ‘Jen Ju Bar’, Chemical fertilizer, Organic fertilizer,
Composition, Watercore symptom .

1. Contribution No.2090 from Taiwan Agricultural Research Institute, Council of Agriculture.
2. Respectively, Assistant, Assistant researcher for Fengshan Tropical Horticultural Experiment Station, TARI, Fengshan,
Kaohsiung, Taiwan, ROC.
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JE R % R TARZEEAT EMWB (Capsicum) 72
JRAE R AR R AR R R AT

WA= EBAC B’ FRER' L M. Engle’

BE : BREDRERE SO RTEO S B (Capsicum spp.) FBHHE C. annuum ~ C.
baccatum ~ C. chinense ~ C. frutescens ~ C. pubescens ~ C. chacoense ~ C. praetermissum
K C. eximium S8\ “HE" (Y1E) » /A “FE" SOREL94 (HFR » LIRAPD HF12
FEITR BT TR WO R T LB EERE T o 5 R 580 HEMES | T e AT
B17{ERIFR & ML RN - ERIMERE 5 B RAPD EYHIREHERS 393 ([EHHN
FrE B Hdr 196 15 AT A DURAI_ B\ 8 FE "« ABUE LRSS 50% - 117
15| FEYKAER & HFHEIT LA Nei FI Li (1979) FTERZABBIE (R BUS 3 BT UPGMA
(Unweighted pair-group mean arithimetic) ££#¥5717 (Cluster analysis) * #% 5 94 {5 R BHEE
KR R 2R MERESRE s Kb LlC eximium 2 T NE/NFEEE (Mini Distance;
MD) £z/]\ (0.2783) » LAC. annuum 2 T8~ A/ \EEE (Mini Distance; MD) Z 5 A
HI£50.6009 » LA\RAPD 73 REfs RELIAIRE A SEATS 2 “H" ARG R &
PREEREA AT - BALLo4ESRIKIE " SRR EEE - FIAES RIS
7 CfET M HBSEE SR RE o EITITBER L (Hierarchical clustering) H1Z 71538
f&1% (Average linkage) ZSEREIIHT - HASRIREBI FkLL o4 (BRI TEEBE DT 248
RAEMLL ;s ERER/NEBES C. frutescens B8 C. chinense Z.0.747 5 T C. annuum %1 C.
frutescens ~ C. chinense Z JEBERS0.812 > RPN ZIEEE o It - 45 &R Baks R
T 0 P FIERZ RAPD 73 FARSEFETHIERE M ATAE SR » ol B LU MR B BRI
D CHE WG SR BE GRS LR R B R AR 2
% °

RAEEET - Wil EMIQIEL AUVEDNA ~ RO  EEERE -

il

Bl

ZH (Pepper, Capsicum spp.) F57iift (Solanaceae) Tifl/B (Capsicum) Z—FEB % EAVEY) » BTk

MZ AR =K1Y » ERPESBERFA - FMFEER LN B 055 KB EMIOILE ~ BRI

Ml - TIARSE 1999 47 FAO AR E BRI v] ANEE M5 575 2 ERFEHUR S IR 57% /245 (815,714ha) » TIAE

FERTHEEMME—FLLE (10,916,972 HEAME) - BHRE SHYEWHM G C - b B ftfzE
HHRERD - ATHHERR R ~ TR FIREIEEM E L ERE 0 BEEHESERNREEED© -

L ITEBE R 3R B o BEE S BRI ek 5 55 2091 5% -
2. FFEREIREA LR RE - BIEEMISER - RITAR - 24 ZhiE Feg -
3. BRI e R O AR IR IF I FE BB R AT - 2 ERRE SR
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HBHILE - RURRAKARRK » BHZRERE > WEKEYE LEN S EERET—
B > McLeod % A (1983) {RIBHEYIZRE K Rl Th RABEE R E vk 7 HTH0AS 3R > SR S B LAk B
20~30{EEFAERE » Hrp S{ABIMLERIEE DB © C. annuum ~ C. chinense ~ C. frutescens ~ C. baccatum
K C. pubescens® o BIRNIHFT L& RARFRO MR E5E 7,300 LA E (R 1) » ,EQ':P%’WE 60% B C.
annuum * T C. chinense ~ C. frutescens 1 C. baccatum 755y BUER 5.5% ~ 5.1% F15.0% » HAth “f&~ Fr
TG EERGEAR (B4 C. chacoense ~ C. eximium ~ C. praetermissum ~ C. pubescens ) o W C. annuum ~
C. chinense 1 C. frutescens% T8~ MRS » A5 HEKEREE T » SIRAFENE » RIEFRIRTE
FERPEETRER &R FEEIE%E% #IY DNA (randomly amplified polymorphic DNA * RAPD) 1&
FOMEIT TR Z8RA > REFUEERRE 2

T 1. BEHRFIEM (Capsicum spp.) FEIRRY) “F8" FIFIATF IR < & D ik

Table 1. The statistics of Capsicum collection in Taiwan by species and areas of origin”.

Species
Origin area C.annuum  C. chinense  C. frutescens  C. baccatum ~ C. chacoense  C. pubescens ~ C. eximium C. praetermissum ~others Total
Asia 1,640 10 89 7 0 1 0 0 902 2,649
Europe 1,518 11 11 21 9 3 3 4 130 1,710
North America 646 46 37 31 4 4 0 0 108 876
Central America 334 42 87 12 0 9 0 0 188 672
South America 121 277 82 286 12 9 0 0 92 879
Africa 164 10 47 5 0 0 1 0 24 251
Australia 8 2 2 1 0 0 0 0 3 16
Unknown S 121 5 16 6 3 2 135 288
Total 4,552 403 371 369 28 28 4 4 1,582 7,341

“ The data of species identified were collected by AVRDC.

SRR A R 5 BASEE R Bk AT B /> TA%5E (RAPD, RFLP, AFLP %) AR1E S SL A 8 E 0l 2%
Wi R AR s (HRR R [R D) R R Bk o iTRe iR I F R B R RN BB E AR - HEE%
KU G ZRIEPEY OB DWHER PRI SFE o S8 +4E2K » [ RAPD 171 7 38 & K HAHRBARY
WH9e » AIVEYEBIKBRIRIOISE ~ BB S E R 08 - ZREWAEESE - CREIZERAR : KE® -
INEEO  BEERE O VAL ~ BTEBCY A S ARV S iR ~ BT S AR s RN R g
BFOZEY) -

HREM T MRS RS » BT S BIRERRBATE RS SR HA - A EFI A B 25 R i
B R MARIZA - MEFEREE T s KM o EAFI A LR R E B2 B I R R
FHMLIEE » 8 Tanksley (1984)“” ~ Pickersgill (1988)®” & Conicella (1990)3 A " 5 FI|F AR E 2 K [R5
RIEMFAMEEN IS WEERESRGRAR " AR o Panda® A (1986) HIF|HIfE ¥l
M BB BUKIEFEETT AR (chili pepper) “fE” RLE{EAHPIE 28R - (HERKESES " Mk
R AMAIRIE AR RS FAREE © B Ina® A (1993) F|FH RAPD marker #1T C. annuum 82 C.
chinense " FIHEZBRETELRTF 298" 5 Prince F A (1995) FIIFI RFLP &2 RAPD Z /i * 447
21 BIF B AR Z R E &R Y SRR C. annuum B C. frutescens BEMLIM RS » {HE C.
baccatum ZBERAER 5 T Para® A (1998) LIRAPD K AFLP Wi{lEl Ll PCR B 2 7 F1Z5E
0 MG 348 C. annuum FREETE 2 SEERRRC" 5 Lefebvre %A (1995; 1997) H#&4 RAPD K RFLP fif#
1§ 2 TSN C. annuum FIEHE 2 TR YL ERE 7 FEAEERE o f7E LR - R bt
PN FEVRBR AR » HEERHZ D ESR BB R @ Mg HSRENS & W
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TRERERART s HRHESBE AR, SR A FAMEWESESY & Mk & R
HIEH

O A% (I 2FFIF RAPD ~ RFLP % 7 AV EIIE T R MBERR IR 2 851 - ARTAZ% Het#ts
{EF%3EE (C. annuum ~ C. chinense ~ C. frutescens ~ C. baccatum } C. pubescens) '™ > ; K52
/&R E LIRAPD 77 FARRE S E R (£5% 0 1996, 1997) 7 &R EUR RAPD 73 112355 0] fE
FIREM " FZ8EH - RUERmERZ R am B » B C. annuum BF - AR ZH
# 7Rt HATBE A ERFRI 8 HEEHHEM "> BAC annuum SMIEHERS " 28 &S
RAPD 7 AR SRR ARt OB (E IR AR - LIS TR R S R AIE BB AT 2 AR -

MEETSE®

— ~ RER

A FeR AR B R} » SEtEE 8 " Hoafd “MR” (F2) - RAMSE & H
S{EFEEHE » S C. annuum (BHRUSHTE B 2 BORMIRG 22 S0FE) ~ C. chinense (HHL) ~ C. frutescens (B
W0 ~ C. baccatum (B#) FC. pubescens (FHML) 5 K3 {EAEFAFE > BE C. chacoense ~ C. eximium ¥l
C. praetermissum ° HH » C. annuum 5 18 {l5H% » FERFEMSBIGE ~ IUHER] - EH LS %R
% 5 C. chinense 5 14{EM% » EEARFEMERFGE ~ BFIMETRRIERE 5 C frutescens 5 11 {5 »
FEARFH A SRR ~ KRHEMERELLE 5 C. baccatum 5 13 {E5H% » FEAFHEEFE -
BRI EMTF 5 C. pubescens H 19 5HF > FEARFEMES THBERL ~ W& ~ B % @A
% 5 C. chacoense H 14 Hih% » FERFHEH AR ~ KB ~ ZBEFFEE 5 C. eximium FI C.
praetermissum 73 AE 2 {855 K 3 Eah % > ¥R BEB] o ARRFSEFTE UM R AR B AT R
PR EHUE R A R I B B B ARt S B AN [R] TR 2t R ER o4 EBRWSE (R) »
LU Bt SR S St U R R RV — B Z RO g

T 2. o {EEMIAER SR 2 IREALAES ~ " A~ SRR - BRI E R SR AR

Table 2. RAPD code, accession number, species, original region and cultivar name of 94 varieties of Capsicum used in study.

No. RC‘/;(I;:) Aﬁﬁfg;ﬁn Species Original region Cultivar name
1. 1024ca C01221 C. annuum England
2. 1924ca C02090 C. annuum Hungary CSERESZNYEPAP PIKA
3. 2122ca C02283 C. annuum Mexico CHILGAUCLE AMARILLR
4. 3767ca C03862 C. annuum Mexico W-C 2065 DULCE
5. 3771ca C03866  C. annuum Mexico W-C 2073 DULCE
6. 3782ca C03877 C. annuum Mexico W-C 2154 CARIZO
7. 4826ca C04908 C. annuum Honduras HARMONICA NA 39911
8. 4840ca C04922 C. annuum Guatemala
9. 2313ca C02466 C. annuum Philippines
10. 4480ca C04563 C. annuum British Virgin Islands
11. 1595ca C01770 C. annuum Egypt
12. 2321ca C02474 C. annuum EL Salvador CHILE QUESILLO NUM-20 R.B.-J.E
13. 2322ca C02475 C. annuum EL Salvador CHILE QUESILLO NUM-20 R.B.-J.E.
14. 4647ca C04729 C. annuum Ethiopia ISCA 8730
15. 4661ca C04743 C. annuum India
16. 4682ca C04764 C. annuum Afghanistan ISCA K-1801

17. 4711ca C04793 C. annuum Guatemala IGAA GUACA CHILI RED G2102
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]2, 94 (EHEMER R Z IR BEALAHE ~ “WiE” R ~ AR - HEAIRME R R BB D

Table 2. RAPD code, accession number, species, original region and cultivar name of 94 varieties of Capsicum used in

study.(continued)
No. R(;ggi) A:S;f;i;n Species Original region Cultivar name
18. 4732ca C04814 C. annuum Guatemala IGAA
19. 0044cb C00044 C. baccatum Costa Rica CATIE 7201-1-3-4
20. 2275¢cb C02432 C. baccatum 94
21. 3988cb C04083 C. baccatum Jamaica 1979
22. 4069cb C04164 C. baccatum Brazil 132 BGH 341 PIMENTA
23. 4070cb C04165 C. baccatum Brazil 134 BGH 366 PIMENTA
24. 4072cb C04167 C. baccatum Brazil 140 BGH 481 PIMENTA WILD
25. 4075cb C04170 C. baccatum Brazil 144 BGH 682 PIMENTA PITONGA
26. 4095¢cb C04190 C. baccatum Brazil 183 BGH 1638 WILD
27. 4096¢cb C04191 C. baccatum Brazil 185 BGH 1646 PIMENTA
28. 4193cb C04279 C. baccatum Brazil IGAA MALAGUETA 209
29. 4194cb C04280 C. baccatum Brazil IGAA MALAGUETA 210
30. 4195¢cb C04281 C. baccatum Brazil IGAA MALAGUETA 212
31. 4240cb C04326 C. baccatum Brazil IGAA HOT PEPPER NO. 1233
32. 0264cc C00264 C. chinense Peru SCARLET LANTERN MISCUCHO
33. 0304cc C00304 C. chinense USA ISCA 4673
34. 0755¢cc ~ C00970 C. chinense England
35. 1565cc C01741 C. chinense Netherlands 1565CC
36. 3770cc C03865 C. chinense Mexico W-C 2068 HABANERO
37. 3775¢cc C03870 C. chinense Mexico W-C-2137 HABANERO ROJO
38. 3778cc C03873 C. chinense Mexico W-C 2147 HABANERO
39. 3784cc C03879 C. chinense Mexico W-C 2167 HABANERO AMARILLO
40. 4353cc C04436 C. chinense Puerto rico 1774
41. 4420cc C04503 C. chinense Bolivia IGAA PORTACHUELA 306
42. 4422cc C04505 C. chinense Bolivia IGAA 313
43. 4465cc C04548 C. chinense Surinam IGAA 1720
44, 4471cc C04554 C. chinense Venezuela IGAA CHIREL 1496
45. 4619cc C04701 C. chinense Brazil BGH 1725
46. 0971cco C00572 C. chacoense Netherlands
47. 4304cco C00572-1 C. chacoense Argentina IGAA 189
48. 0631cco C00849 C. chacoense USA
49. 0961cco C01174 C. chacoense ‘France
50. 1107cco C01304 C. chacoense England
S1. 1367cco C01554 C. chacoense England
52. 1368cco C01555 C. chacoense England
53. 1550cco C01728 C. chacoense USA
54. 1560cco C01737 C. chacoense Netherlands
55. 4305cco C04390 C. chacoense Bolivia COL No. 275 ARIVIVI
56. 4306c¢co C04391 C chacoense Bolivia IGAA ARIVIVI 277
57. 4307cco C04392 C. chacoense Bolivia IGAA 340
58. 4310cco C04395 C. chacoense Bolivia ARIVIVI 348
59. 4315cco C04400 C. chacoense Bolivia

60. 0736¢e C00951 C. eximium England
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Table 2. RAPD code, accession number, species, original region and cultivar name of 94 varieties of Capsicum used in

study.(continued)

No. R‘:;g? Agssgie(;n Species Original region Cultivar name
61. 1137ce C01331 C. eximium England
62. 1110cf C01307 C. frutescens England
63. 1173cf C01367 C. frutescens Costa Rica CHILE PICANTE 343
64. 1528cf C01706 C. frutescens EL Salvador
65. 2352cf C02505 C. frutescens Costa Rica R.O.
66. 4655cf C04737 C. frutescens Ethiopia ISCA 10192
67. 4678cf C04760 C. frutescens Ecuador 1285
68. 4715ct C04797 C. frutescens Ethiopia IGAA 1881
69. 4722cf C04804 C. frutescens Mexico 1249
70. 4761cf C04843 C. frutescens Costa Rica
71. 4765cf C04847 C. frutescens Costa Rica
72. 4457cf C04540 C. frutescens Mariana 965
73. 1135cpr C01329 C. praetermissum  England
74. 1136¢pr C01330 C. praetermissum  England
75. 1198cpr C01391 C. praetermissum  England
76. 0555¢cp C00778 C. pubescens Guatemala
77. 0632cp C00850 C. pubescens USA
78. 0737cp C00952 C. pubescens Germany
79. 1111cp C01308 C. pubescens Peru
80. 1127cp C01322 C. pubescens Guatemala
81. 1128cp C01323 C. pubescens Guatemala
82. 1129¢p C01324 C. pubescens Guatemala
83. 1181cp C01374 C. pubescens Peru
84. 1246¢cp C01439 C. pubescens Peru
85. 1268cp C01461 C. pubescens
86. 1385¢cp C01572 C. pubescens Guatemala
87. 1414cp C01599 C. pubescens Peru
88. 1425¢cp C01608 C. pubescens Germany
89. 1561cp C01738 C. pubescens Netherlands
90. 4813cp C04895 C. pubescens Ecuador AJI 80025 SAM 2657
91. 4814cp C04896 C. pubescens Ecuador AJIROCOTO SAM 2567
92. 4815cp C04897 C. pubescens Ecuador AJIROCOTO SAM 2568
93. 4825cp C04907 C. pubescens Bolivia W-931 LOCATO
94. 5430cp C05500 C. pubescens Indonesia
— - BBoE
(—) BB RAPD 7347
1. DNA Z£HL

DNA ZZ U7 FEEZ % Rogers A (1994) O Fig 2 /1% o BUREMRIMEE 0.5 AT 1.5 ml B
BRI/ N O AR BEZUEERE > JA S00u1 ) DNA ZEEUAZ &R (100 mM Tris-HCI, pH 8.0; 20 mM
EDTA; 1.4 mM NaCl; 0.2% /3 -mercaptoethenol, v/v) * J* 60 °C/Ki# 30 778 - #EERE ZJ M A 5000l
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chloroform/ isoamyl alcohol (24:1 ,v/v) FHSHZIEZ] o LL10°C » 16,000g &L 10 5788 (SIGMA 2K 15, rotor
12145) » HU L&A 300ul Z UK isopropanol YL DNA ° Fi24°C » 16,000 g B0 10 5788 - TR
DNA ° FAfiIA 1 ml#J washing buffer (75% ethanol, v/v) B8R Z)1% » 24 °CF LL16,000g B.C 10 535 -
B H DNA TRV SZ % VAR Sou FEEE K I RNase (10ug/ml) £ 37 °C F [ 30 778% © 5 DNA VA
T o PRI E ODy nm ZAEfE » KETH DNA S ERE -
2. B A B4 38 € (Polymerase Chain Reaction, PCR) &k

HFZEES 2 genomic DNA JeFifR{E 154K DNA (template DNA) » FIIF 10 {8k e 5I0IRE 255 F
580%& (UBC RAPD primer set: 100/4 J¢ 100/5 2007& ; Operon Kit : OPAO ~ OPAP ~ OPAQ - OPAR -~
OPAS ~ OPB ~ OPD ~ OPE * OPF ~ OPG ~ OPJ ~ OPK ~ OPO ~ OPP ~ OPQ * OPR ~ OPW -
OPX Jx OPY 380#%) » it/ \{l “f&~ Ak 30 (A R F M 25 - 1T RSB R A N FE L%
&8 Z primer © FHIFEREL A " ARSI DNA FERZ5|F o EITEE o4 (iR S 2 B Al
FOHRRIE > W K EEY EARH T #5152 marker band ° [ EIKZ% Oard & Dronavalli
(1992)® » [ FEAEREFAES 251 » W& 1 U Taq polymerase (Promega) ~ 1 X PCR buffer (50 mM KCI; 10
mM Tris-HCl, pH 9.0; 0.1% Triton 100) ~ 2.5 mM MgCl, ~ 200 uM dNTP ~ 0.2 uM primer & 25 ng
template DNA ° FX &% 55888 X 2315 Perkin Elmer Cetus Thermal Cycler 9600 » [ FEIR B 1614 3% €
AT 2 1R (cycle) : 94°C » 3534~ 42°C » 15388~ 72°C » 1538 5 44K (cycles) : 94°C » 1535 —
42°C > 15788~ 72°C > 2578 o RIESERIF EHBIEREAE 4 °C o FOBGTE R MR R FEIE%H.2 DNA » L
2% W) agarose 7E TAE buffer (40 mM Tris acetate, pH 8.0 5 1 mM EDTA) H13#1T DNA &k o i LI
Boeheringer Mannheim 2 &].Z DNA molecular weight marker XVI (250 bp ladder) 57 F&1Z3E » Bk
FE{RERH Cosmo 22 FIHY Mupid-2 » BEREERFE 100 A% » #ERELE 0.5 mg/ml I ethidium bromide H134
> LUV et agarose IB#8 - DNA £ B F B - U BRAH R U772 R 12 IS 2000 Digital Imaging
System (Alpha Innotech Corporation) #1753 4f7
(=) AR SR AR

15 6E7F Z RAPD T (BAS R 7 WK ES (GelCompar™, Applied Meth BVBA) R1S8{i1{k < 8k
% > FLL1995 4 Mumm 5 * U AH B R B AR (Dissimilarity Matrix) #9755 » #2 Nei #lLi (1979)®
HIAE [2Na/(Nu+Np)] 5 Nop + AfRAL K B ERERAHELZ IR > N, @ ARAIERFRER - N, @ BERSIE
T A B FE AT A AT PC-SAS BB A 1 5 HBK ECEEBfEAERH (Matrix for Euclidean Distance) ° Fx{% °
PRAEBERFIE (Hierarchical Clustering) R 584E% (Average Linkage) K1 T EERE /7 # (Cluster
Analysis) > A ARIEAFHE( L B/ M TEIEE A (Mini Distance; MD) SR 37 HASHRIE @ -
(=) T EREREDT

AR5 o4 (EF MG R AV E R T BHRBI AT RN Z BB SR - MDA S l “F" SEBEEITER Y
#7 > ®& C. annuum ~ C. chinense ~ C. frutescens ~ C. chacoense ~ C. praetermissum ~ C. pubescens

C. baccatum & C. eximium 55 )\EEEF » B9t » JRRH RAPD i BB (LRI FRER (03k1) EHEHS
EEHAFE NI RL B ER 2 IR —BUEEE (U)= (1/N)§1V; @ o B s DI 8 {H5E
BERAIRY 25 BUPEIGAT HBUSA B E RUE E T IR B E R E R P #S ik 2 BB R © » M7 Hopst
IREM BTG RN " R EE RS ERIRYE -
e

—  BHER RS HENRRRI D AT
H BB M P S SR AT R AF RO AR R 232 7,341 7 - Hrp LI EEIME RS AN B ERS > 27305 C

g

A
B

an
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annuum 194,552 43 ~ C. chinense ¥ 40311} ~ C. frutescens 37113 LLK C. baccatum 8369153 © C.
annuum 15288 > T C. chinense ~ C. frutescens ¥l C. baccatum K2 ~ ¥zt FEIF AR BEL AT 20 LARE SN FIIEL
IMEFBARILLA] (2—) » & thIEFT 1999 7 FAO FTEAER BRI ANSHET G » HFEBANABERERE
HHUZ B A ar s B A B RS EY) - SRR B E B IR  WETDE R A
RBATRT R ERAN T R#E - BRI SR A AS & 53 F AR W B 1l B2 25 S S0 o3 A 2R U5 2 o B ARUB 9 %%
REC MHEE R ARgmIE (GR) MZBHRRBRIREL o
~ ~ 4 {EE @R RAPD D

A58 UL UBC primer set 20015 random primer (UBC primer set : 100/4 K2 100/5 £ 20016 ) » &
Operon kit 380 {5 random primers (Operon kit : OPAO ~ OPAP ~ OPAQ ~ OPAR ~ OPAS * OPB -~
OPD ~ OPE ~ OPF ~ OPG * OPJ ~ OPK * OPO ~ OPP » OPQ ~ OPR ~ OPW ~ OPX - OPY) #
S80AHEMES | 5 EfEfE 17{E5| B T PSS A 0 HEBMEE (OPBS ~ OPB6 ~ OPBI2 ~
OPE14 ~ OPE15 ~ OPG13 ~ OPG16 ~ OPK12 ~ OPO10 ~ OPQ16 ~ OPQ18 ~ OPQ20 ~ OPR2 -
OPRS ~ OPRI13 ~ OPX2 ft UBC457) ; HLZSBIF2.9% « B 17{E7|FZ RAPD EY) 4L #5393 A&
Bueerts - I REER | AEA 23.5 A » Ho 8RR/ MR 253bp 2 2,741bp Z [ 5 Hr 196 (B
CHEC MR BUPEGRA » G2 BIVEIRTE 2 B 2B 50 % 0 B2 1998 4 Paran 55 A LL RAPD /7 14 88 Al # ks Al
C. annuum ¥E15 22 % .2 BIVE IR & " > It » AREABRATRILZ S MR 7 » BERKE 2 MK
K > HLULRAPD 70 FAZGE /EEE AT EA S 1l 2 fE R E -
= A EERERERF DN

HIEEM 94 Ean % - K5 & 17H5 | FRrAEEZ 393 {H % BUPEGERT » LINei FILI ™ HUAR LI (R BUR 2
i > FHEECRERRE AR TS 2 RAPD SR MriahiRIEl ([& 1) - ARSRISHIRE AT 2 500 i B B AR
AT RAVER 94 (EFEHGRAE S B 1" AT RBIFEES R E R A& MRSl " MRS
DEERREHA (F2) - BHREIBER C. annuum 19 18 {8 55355 B ELK » HEEA R T AR
0.601 : C. chinense ] 14 {El&h R IR EAE—R#E » HEFAREEBEA KL 0.5766 5 C. frutescens W9 11 {552 TR
BRI > HEFANIEBE R KL 0.585 5 C. baccarum #1913 {054 & BEN BERE/ N2 0.645 0% 5 C.
chacoense #) 14 {85434 & BE AN EREE/ M2 0.592 1% 3 C. praetermissum 1) 3 {85052 & BE A EEEE/ V2 0.393 I
FIC. eximium ¥ 2 {85055 & B ERRE MR 0.278 BRI B EEFEARAIHEES 5 C. pubescens Bl 19 {55 8 Bt
PIEEEE MR 0.552 IF = ERIRE R TR I AR SEREARAHEZS o 1% 17 105 | 7 A 0FEAT o4 (B S R EEEE 5
> 2094 (AR GIAREIRANE " BT 23 SRS AT FE VA R AT DURRAR - B
MR R R B2 /AT LARAPD ZAE SRR AR E T EEME & BT C. praetermissum R C. eximium
TR G E A Rz 88 (2515 0.393 5 0.278) 4 » HAh{EREZ A RE N2 0.65 F 0.55
Z > WS P £ o Y R [ PO (S SR 2 A M 5 [RIRRE » 7P SRR A R SR b S 2 A Ry 3
VEEE 2 BEMECEA 2 BERBEFEMEIA » & " AMELZBESEEABHER - BRE
FEREHBEL " o & T ZHEFRBELLC annuum il 62 % L E » BAGREEFTISHER C. annuum
THET SRR KRG - HESE T TR R T IES EE] LI (core collection)” ZJ5[A]
HHE TR » B R B RO TRz — o

Boh o R C. annuum ~ C. frutescens F1 C. chinense 5& B BitH R &+ TAREEA B > -5 1966 4
Lippert ™3 AAT{Z M FMUB LS 1" MRS HERIRBATRE - 725 C. annuum ~ C. frutescens Fll
C. chinense —{[l “1&" [ElEE P REE KR R4 - MR B A EST BT - Bl C.
annuum ~ C. chinense 1 C. frutescens ¥ = “1&~ B{RE{LIEFE A H ARG LA - BUE{LAY R PR
AATERN O EGRGER IR R EY) - IR R AR - HEREER S WER  HEEEAR
5y HAE RSB AR a2 e = (EF o A e & 94 {8 55 R 1 RAPD R Mk E hBExR » C.
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Fig. 1. RAPD denrogram of 94 varieties of Capsicum by 17 primers and constructed by UPGMA cluster analysis based on

Euclidean distances of Nei's and Li's Cofficient.

annuum W9 18 {B5L R ~ C. frutescens B 11 {BlfREL C. chinense B 14 {5 R 1 2 AH & BB Hh BR SR #E7K »
W HAKARRF " BImEREETEE > HIKRAPD Z#ERE "1 BEHE - ZIZFEEF 7 EFS
= " MaEz2% -
PO - 8fEZEH “HE” HVERFD

HEWBABEBILE ~ R REZHBRK P ERZEEL - K DeWittF A (1993)" 2
N3G 1852 4 Dunal F5RBAER 50{E “F&” » Irish (1898) AIIGBEMUB DL HEAZ C. frutenscens B
—E4Z C. annuum W{EFE ; T Bailey (1923) 325 C. annuum L FEAERE » @Al BENBRERE
L@ - BHElREBEZ SR E > 5 1957 5 Smith K Heiser % A 12 HEHUB A 5 (EBILHRE
& - Ed 1983 F Esbaugh “* {RIEFIIRIE 2 i E2 SR Armando Hunziker Z T 5214 HHUE < B 4 FEEF AN 22
{EfE s HhBHUE S EHLEREERD : C annuum L. (& 2 EREHMULIE R IR 7 Bl £ 5 b5 18 ) »
C. frutenscens L.~ C. chinense Jacqin ~ C. baccatum L.F1C. pubescens Ruiz & Pavon ° E AR C.
pubescens § BB T > KEPHEEMEOEF 2 EHBERSHE o M Lz 2 UERES > & c
baccatum FITLEEEE G RIS H MR B PRI » HER C. annuum ~ C. frutenscens ~ C. chinense =% 2]
HAEAZHE T ~ fERMERIET AR 5 0 - ([EREEE R R BTSSR RE S Z - 751
M E C. annuum 624 B4 > T C. chinense & C. frutescens QIEEITE 2% 2L E 5 B4 C.
frutescens {EBEEIL » T C. chinense & C. annuum BIFERE T I © bR C. frutescens Bk IETZES} » C.
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Table 3. Characteristics of domesticated species of Capsicum

Annular
Corolla Calyx constriction Number of
Souci T Corolla color sport Anther color margin  at junction Seed color pedicel/axil
pecies ype of calyx
Purple  White Iéﬂ; Yes No Puple Ble Yelow Yes No  Yes No Black yellow straw Single Multiple
C. annuum 1 * * * * * * *
2 * * * * * * *
3 * * * * * * *
C. baccatum * * * * * * *
C. chinense 1 * * * * * * *
2 * * * * * * *
3 * * * * * * *
4 * * * * * * *
5 * * * * * * *
C. frustescens 1 * * * * * * *
2 * * * * * * *
C.pubescens * * * * * * *

References: Greenleaf (1986) and IBPGR (1983) (3,1988) °

annuum BRI H EZE - B FERERD C. chinense 9V » ¥IHIRKE (F£3) © - (BEA EDAIREER "
ZIETE  HEREREEZE - MRS AV > SRR B R ERR R o

T o4 EfL% o & “HE” Bl R 8 [EER % - BIRBGRS 1751 FLL393 EiEwRE& "E” A
A fhh 2 IR SEZR S EL R - FiRdEE 2 RAPD SRR T BHIRE /R A& 2 » C. frutescens B2 C. chinense B
TERTEERE 0.747 BRI > A C. annuum 2% > ={EFEMZBERERS 0.8 12 B HMAER /)N » R C.
annuum ~ C. chinense F1C. frutescens %= "T&" JWEBER ZIEEF o HEFT & Pickersgill ¥ A (1979;
1988) > ARG = "YW REF-HAEEREAEL - HREEE - EE REHI{EABEZREE
MARTREE R =8 “HE SEEEE ¢ H McLeod % A(1979)*" & Jensen % A (1979) " LARI 2 S AEE2 =
EZ AR 25 RAHR - 1R3% 1966 5 Lippert ™ % A5 C. annuum K1 C. chinense 5] & 7 KA
B > TE C. annuum T C. frutescens G172 R B ) RIRER 73428y » TAE C. chinense ¥ C. frutescens [#]
IR R KRB » BREER C. annuum ~ C. frutescens Fl1 C. chinense ={B “1&" MfEBAIRE &K
SR FELE » MERAB L ERESENRGEGR + TREEH C. frutescens 1 C. chinense —{lHl “1&" fH.z
BERSIERE SR/ (0.747) ° C. baccatum 1 C. chacoense —. “1&" F[EZ IEBER 0.864 » T C. baccatum F
C. chacoense HI|FEHE Fli = “FE" WOREHRHEIMEE RS 0.921) » ;2 EA Lippert % A (1966 &) @ R HEF
WBEE fE MOREMNEHEREIRERE S C. baccatum 1 C. chacoense WISFHITE C. annuum ~ C.
frutescens F1 C. chinense =8 “T&" 19 BN EAHERE ° 1966 4F Lippert ™3 A\ LUEYI AR T 72481 C.
baccatum 8B C. annuum ~ C. frutescens } C. chinense ={B “T&" ZIBBE#SE 5 M Pickersgill (1991)%° K&
IBPGR (1983) AR 2 &WB “f&~ 2 B & M RBIR T BER C. annuum ~ C. frutescens ~ C.
chinense ~ C. baccatum 1 C. chacoense % LR L AT HES M AL IE & ELA{A1E Z F AR > 17 Jensen
%A (1979)" 8 C. baccatum B C. chacoense % FE > BRItL.2 9% » Panda <5 A (1986)°” LATE & H 7K
ARG BT ER O IREER C. annuum var ‘glabriusculum’ 1A% 4 BIEEAE 2 C. baccatum Z 8 »
1979 4 Pickersgill ™ /18 HEF A FE 2 C. annuum {LE_ LR EHEZBEE » LB C. baccatum ZFAMER »
PRI AERZ C annuum REFATREEIETE Y C. baccatum " RESTERN RIS 2 4 L FvE(L - B 5 EEF
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Fig. 2. Dendrographic relationships among phenotypically unique RAPD patterns of 8 species of Capsicum. 94 isolates and 17

primers were used. The top scale is the percentage of similarity by Nei's similarity coefficient.

A2 C. annuum FTRERS C. baccatum ZHH5%E 5 T HiREE#E RIFEE TR B A2 C. baccatum K C.
annuum FREEET Z WREE > ATREKIIL » AEBEHE R C. baccatum K C. chacoense 1 “i~ 8l C.
annuum ~ C. frutescens J¢ C. chinense % = “fi"~ ILFEIBRER —H#EEE 2 £ -

Bl ult 71 {8 feR BR A (L B BOE R C. pubescens #E8 C. baccatum ~ C. annuum ~ C. frutescens J C.
chinense [F] B EI{LRSERE » (ERREKH B G ILHE B G 7SRk 2 REMR - ik sy
B L e 5 A P o e A E A ] Ve - - SR E Y E BB B ot AE 3 - (R - C. pubescens
Bl C. chacoens ~ C. annuum ~ C. frutescens ~ C. chinense & C. baccatum FRTG R 2 8 B BE B w5
(0.974) ° C. praetermissum 1 C. eximium TEBURE F ARJBHREFERY » K84 F A4 PIHiT RAPD 2k R yT 8831
bt R B EYE - PARERY SRR R (OB IERE A 1.052 & 1.028) ¢ i B JREE C.
chacoens ~ C. annuum ~ C. frutescens ~ C. chinense JX C. baccatum 5 T8 F R R M 1 20 ic Es A n] B fa
FZAERAERT © Lok - ELAR TR RFTE Rk EUSEE B EL AR AT S0 RAPD S RE S HTRHIRE ([
2) » RO LUEEUR C. annuum ~ C. chinense ~ C. frutescens ~ C. baccatum ¥ C. chacoense BLAEF & b3t 94
{E % 2 RAPD SERE AR IE (& 1) 5 {5 SR BE BN B B SR A C. pubescens AV AL IR B HE3F C.
baccatum 8 C. chacoense SEREFAGHT “FE” HI(E 1) » ;ZATHEEE C. eximium 1 C. praetermissum FiT 3EFA Y
PR A 2 {803 (| - H RAPD R HTEHRIE R AR M ER S RER (&% & R’
PR il SR B I RSB RE B2 L) Nei AT L (1979)(9)WIAEBL: (R BN EERE A A T S A R BRI AR ) A8 T 88 R
oy RS AL BT o R 722 H BRI RBA LR © ER2 » 1345 B8 Lippert 5 A (1966 )™ 2 HHBEHBEE" fE" i
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W R SR IR C. eximium B2 C. annuum ~ C. frutescens F1 C. chinense ={f “T&" HIHERZ S =7 MI
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Analysis of the Genetic Diversity of Capsicum spp.
(pepper) Using Random Amplified Polymorphic
DNA Analysis '

Ming-Jen Fan’, Jau-Yueh Wang’, Shuen-Fang Lo”, Ting Rong Shu’ and
L. M. Engle’

Summary

Pepper (Capsicum spp.) is one of the most important economical vegetables of Solanaceae family. The
genus of Capsicum collected in Taiwan mainly includes 8 species. There are C. annuum, C. baccatum, C.
chinense, C. frutescens, C. pubescens, C. chaccoense, C. praetermissum and C. eximium. In order to identify
and analyze the inter-specific and intra-specific genetic distance, a total of 94 lines representing these 8 species
were selected for the study. From 580 random primers, 17 polymorphic primers were selected due to stable
reproducibility of polymorphic bands. Three hundred and ninety-three effective polymorphic bands were
obtained through RAPD analysis, and among them 196 bands could be used for species identification. The
Cluster analysis based on Nei and Li's similarity coefficient from these 17 primers was calculated by the
UPGMA method. The results showed that C. eximium has the smallest mini distance (MD) (0.2783) and C.
annuum has the largest mini distance (0.6009) within Capsicum species. The genetic distance between species
was also obtained from aforementioned results. The result of Cluster analysis from RAPD molecular marker is
accordant with that based on horticultural characters. The cluster analysis of the 8 species (groups) was based
on the frequencies of polymorphic bands appeared in the same "species”, and calculated by the average linkage
of hierarchical clustering. The result of cluster analysis of 8 groups is also similar to aforementioned results of
94 lines. In brief, the results indicate that RAPD markers are useful in estimating the genetic distances of the

species between Capsicum, and can be used as the references for germplasm collection and breeding programs.

Key words : Capsicum spp., RAPD, Cluster analysis, Core collection
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Selection and Breeding of King Oyster Mushroom'

Jin-Torng Peng, Min-Cong Dai, Yin-Fung Tsai, Meei-Hsing Chen and
Jene-Tung Chen’

Abstract: Three strains of the king oyster mushroom, Pleurotus eryngii (DC.:Fr.)Quél., were
grown with bottle cultivation system for the evaluation of commercial production. They were
the strains ATCC 36047, ATCC 90212 and Holland 150. One of them, i.e. the strain ATCC
36047, showed a high potentiality for commercial production. This strain produced medium to
large fruiting bodies with an excellent feature, a firm and fine texture and a long shelf life,
while the strain Holland 150 fructified fast and mostly produced large fruiting bodies with a
good feature, a soft and fine texture as well as a short shelf life. The latter has a higher
biological efficiency than the strain ATCC 36047 did, but it produced many warts on cap
surfaces during high RH. In order to obtain a highly productive strain which can produce high
quality fruit bodies, monokaryons from the strain ATCC 36047 and Holland 150 were isolated
and their mating factors were also determined. Crossing between the monokaryons derived
from the two strains and screening of the hybrids thus obtained were conducted. Four highly
productive hybrids, i.e. B112, B012, B030 and BO11, were obtained. The hybrid B112
produced large fruit bodies with a small cap, an equal to fusiform stipe, a medium soft and fine
texture. The hybrid BO12 produced stout fruit bodies with a prominent eccentric or lateral stipe
and a fan-shaped cap of which surface produced warts during a high humid condition. Its stipe
was equal and solid, and consisted of a white and very fine texture. The hybrid BO30 produced
slender fruit bodies with a medium size, and with a round cap, an equal and solid stipe. This
hybrid was inclined to produce many small fruit bodies when the humidity of the cropping
room was not properly controlled during cultivation. The hybrid BO11 was inclined to produce
stout fruit bodies with a large cap and a white and solid stipe. These productive hybrids of the
fungus took 54.4 to 60 days from inoculation to the end of crop and they reacted differently to
the composition of substrate in the aspect of productivity.

Keywords: Selection, Breeding, King oyster mushroom.

INTRODUCTION

The king oyster mushroom, Pleurotus eryngii(DC.:Fr.)Quél., is a typical fungus of the flora of the

subtropics and steppes and is widespread in southern Europe and the areas of central Asia and North America

1. Contribution No.2092 from Taiwan Agricultural Research Institute, Council of Agriculture.

2. Respectively, Senior plant pathologist, Project assistant, Assistant researcher, and Assistant, Department of Plant
Pathology, TARI, Wufeng, Taichung, Taiwan, ROC.
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1% Tt has been valued as the best one of all Pleurotus species due to its excellent consistancy of cap and stem,
and pleasant aroma as well as culinary qualities™'”. It has also the longest shelf life of any of the other oyster
mushrooms due to its thick, firm flesh®. Recently the mushroom has been welcomed as a valuable addition to

chefs's menus in the United States

. Besides, the mushroom has been demonstrated that both fruiting body
extract and its powder were effective to repress the increase in blood cholesterol level”. The king oyster
mushroom would have a great market potentiality in the coming years.

The king oyster mushroom has been commercially cultivated in Taiwan since 1993 using bottle cultivation

technology ® “ . Tt has also been successfully grown in Japan in the recent years"

. Now this new Pleurotus
species has become a popular mushroom on the traditional markets or supermarkets in the two countries. In
order to increase the yield, mushroom quality and biological efficiency of this mushroom strain improvement
would play an important role. The mating system of the king oyster mushroom has been shown as homogenic
tetrapolar incompatibility system®, therefore it would be possible to improve the mushroom strain by
traditional breeding method. Three strains of the king oyster mushroom were grown with bottle cultivation
technology for the evaluation of commercial production and monokayons were isolated from two of them for
hybridization. Hybrid dikaryons thus obtained were subjected to a series of fruiting tests. The results are
described in this paper.

MATERIALS AND METHODS

Strains of the king oyster mushroom

Strains ATCC 36047, ATCC 90212 and Holland 150 of the king oyster mushroom, Pleurotus eryngii
were used for the evaluation of commercial production. They were maintained on PDA for regular subculturing
and stored in liquid nitrogen for a long term storage.
Preparation of original and mother spawn

Sawdust from Trema orientalis was mixed with 40% of rice bran by weight and the water content of the
mixture was adjusted at ca. 63% and its acidity was adjusted at pH 6.5 with calcium carbonate. The mixture
was then filled into 200ml flask and sterilized at 121 °C for 30 minutes. After cooling down to room
temperature the sterilized substrate was inoculated with the mycelium of each king oyster mushroom strain on
agar slant and incubated at 25°C for about 25 days. When the mycelium has grown throughout the sawdust
substrate in flask, such sawdust culture is called original spawn which can be used to inoculate mother spawn.
The mother spawn has the same ingredients of raw material as original spawn, however the substrate was filled
in 1100 ml polypropane plastic bottle and sterilized in the same way as cultivation spawn described as
following.
Preparation of cultivation spawn for fruiting

Sawdust from Trema orientalis was used as basic raw material in most experiments. The sawdust was
mixed with rice bran or other nutritive supplements in various proportion by volume or by weight. Water
content of each mixture was adjusted at 63% to ca. 71% varying with different experiments. These were
illustrated in the note below each table of results. The mixtures were filled into 1100 ml polypropane plastic
bottles with an automatic filling machine(including filling, pressing, holing and capping), then sterilized at 121
°C for one hour. The sterilized substrates were cooled down to room temperature and then inoculated with

mother spawn using an automatic inoculator.
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Incubation and cropping

The inoculated substrates were incubated at 18.5-21.5°C for 32 to 42 days depending on the mycelial
growth rate of each mushroom strain. After incubation the top layer(ca. 1.5cm in depth) of substrate in each
bottle was removed by hand with a special spoon(bottle neck treatment, BNT) or was holed by an automatic
holing machine in the center of bottle with a diameter of 1.8cm and a depth of ca. 2cm for fruiting. Then the
bottles were moved to a cropping room of which temperature was controlled at 15.5-17.5 °C, RH at 90 to 95%
and light intensity at ca. 250 lux and carbon dioxide at 800-1200ppm during cropping.
Harvesting and determination of biological efficiency and production efficiency

Mushrooms in each bottle were harvested when the mushroom cap surfaces were flat to slightly up-rolled
at the cap margins. In most experiments only one flush of mushroom, was harvested. The harvested
mushrooms were then weighed for calculating biological efficiency and production efficiency. Biological
efficiency and production efficiency were calculated as following:
Biological efficiency(%)= (the weight of fresh mushrooms harvested + substrate dry matter content before

inoculation) X 100
Production efficiency(%) = (the weight of fresh mushrooms harvested + substrate dry matter content before
cropping) X 100

Isolation and pairing of monokaryons and cultivation of hybrid dikaryons

One mature fruiting body was harvested from each of the two strains ATCC 36047 and Holland 150
which were cultivated singly in separate cropping houses. Basidiospores were collected separately in a
sterilized large petri dish and stored at 2°C in a refrigerator before use. Isolation of monokayons was
conducted by dilution method and confirmed by the absence of clamp connections on mycelium with optical
microscope. Monokaryons from each king oyster mushroom strain were paired in all possible combinations on
PDA agar slant in test tube for mating type groupping. Seven monokaryons were selected from the strain
Holland 150 to cross with those derived from the strain ATCC 36047 on PDA agar slant. The hybrid dikaryons
with normal mycelial growth thus obtained were cultivated in bottle using the method described as above. The
productive hybrid dikaryons with high qualities of fruiting bodies were subjected to a series of fruiting tests

with various substrates of which ingredients were different.

RESULTS AND DISCUSSIONS

Comparisons of productivity and fruiting behavior seen in the strains ATCC 90212, ATCC 36047
and Holland 150 cultivated on a sawdust medium supplemented with 25% of rice bran by
volume

The yield of the strain Holland 150 was significantly higher than those of the strains ATCC 36047 and
ATCC 90212 including the yields of the first flush and of two flushes no matter what the time of uncapping
after complete bottle neck treatment. The strain ATCC 36047 produced heavier first flush mushrooms than the
strain ATCC 90212. The strain ATCC 90212 took the least time from bottle neck treatment to the first harvest
(Table 1). After bottle neck treatment and recapping, removing the caps after appearance of pinheads or small
mushrooms significantly reduced the time for harvesting 85% of total yield and for finishing the harvest of the
first flush mushrooms This was resulted from the uniform fruiting caused by recapping treatment. The strain
ATCC 36047 produced medium to large fruiting bodies with an excellent feature, a firm and fine texture and a
long shelf life(Fig. 1a), while the strain Holland 150 produced mostly large fruiting bodies with a good feature
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Table 1. Comparisons of productivity and fruiting behavior seen in the strains ATCC 90212, ATCC 36047 and Holland 150 of

Pleurotus eryngii cultivated on a sawdust medium supplemented with 25% of rice bran by volume

. Time of Yield(g/24bottles) Days from BNT Da){s for Days for finishing

Strain uncapping Ist Lsts2nd flushes 10 15t picking harvestmg.SS% the harvest of 1st
flush of total yield flush
ATCC 90212 BF 2117 e 4143 b 143d 73a 92a

Holland 150 BF 3508 b 4892 a 17.3b 6.7a 7.8 ab

ATCC 36047 BF 2742 ¢ 3925b 16.7 be 48b 63b
ATCC 90212 AF 2450d 4141b 158 ¢ 30c 42c¢
Holland 150 AF 3791 a 4767 a 185a 20c¢ 25¢
ATCC 36047 AF 3233b 4208 b 173b 25¢ 32c¢

*Sawdust from Trema orientalis and rice bran was mixed in a ratio of 3:1 by volume. The mixture was adjusted at pH 6.82 with
calcium carbonate, while the water content at 71.91% by weight. The mixture was filled into 1100 ml polypropane bottles with an
automatic machine(KPAC-50-2) for sterilization at 121 °C for one hour. Each bottles contained about 650g of substrate(wet).

*The sterilized substrate was inoculated with an automatic inoculator(RS-2000). All inoculated substrates were incubated at 20-22
°C for 32 days.

* After incubation the top layer (ca. 1.5cm in depth) of substrate in each bottle was completely removed by hand with a special
spoon(bottle neck treatment, BNT). Then all the bottles were moved to a cropping room of which temperature was controlled at
15.5-17.5°C, RH at ca. 95% and light intensity at ca.250 lux during cropping.

" After bottle neck treatment all bottles were capped again, then four days after the treatment half of the bottles for each king oyster
mushroom strain were uncapped for fruiting(BF), lids on the another half of bottles were removed until pinheads or small fruiting
body appeared(AF). Each strain had 6 replicates for each uncapping treatment. Each replicates consisted of 24 bottles of substrate.

“Means with the same letter of a column are not significantly different at 5% level by Duncan’ s multiple range test.

and fine but soft texture and a short shelf life (Fig. 1b). The latter strain easily produced many warts on cap
surfaces at high RH. The strain ATCC 90212 produced small fruiting bodies with a slender stipe (Fig. 1c), a
firm and fine texture and a long shelf life (Table 2). According to these observations the strain ATCC 36047
showed a higher potentiality for commercial cultivation than the other two king oyster mushroom strains.
Determination of the mating types of the monokaryons derived from two Pleurotus eryngii
strains

There were 23 and 38 monokaryons isolated from the strains ATCC 36047 and Holland 150 respectively.
After intra-stock and inter-stock mating the mating types of these monokaryons were shown in Table 3. The
result in Table 3 evidently indicates that Pleurotus eryngii is a tetrapolar heterothallic fungus of which
incompatibility factors, A and B, have multiple alleles. This result is consistent with that of Hilbert (1982) and
therefore it is possible to improve the agronomic characteristics of the fungus by traditional breeding.
Crossing of monokaryons and cultivation of hybrid dikaryons

Seven monokaryons were selected from the strain Holland 150 to cross all the monokaryons derived from
the strain ATCC 36047. Totally 92 hybrid dikaryons with normal mycelial growth were selected for primary
fruiting test. Yield, biological efficiency or both biological and production efficiency of each dikaryon, and
shape, texture and taste of the fruit bodies produced were observed and recorded(Table 4 and 5). The
productive hybrid dikaryons with good qualities of fruiting bodies were selected for the second fruiting tests

using equal amount of sawdust from Trema orientalis and that from Liquidamber formosana as the basis of
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Fig. la-c. Fruiting bodies of the P. eryngii strains ATCC 36047(a), Holland 150(b) and ATCC 90212(c) grown on a sawdust

medium consisted of 35% wheat bran and 15% rice bran by weight.
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Table 2. Agronomic characteristics of three Plearotus eryngii strains

.. Designation of strains
Items of characteristics

ATCC 36047 Holland 150 ATCC 90212
Earliness of fructification medium medium fast
Size of sporophores medium>large medium<large small>medium
Appearance of sporophores excellent good fair
Warts on cap at high RH afew many few
Color of cap surfaces light dark light
Firmness of tissues solid soft solid
Texture of tissues fine fine fine
Shelf life at 4 °C long(>2 weeks) short(ca.1week) long(>2 weeks)

Table 3. Mating types of the monokaryons derived from the Plearotus eryngii strains ATCC 36047 and Holland 150

Strain Mating type Monokaryon

ATCC 36047 AlB1 47003, 47004, 47019, 47023, 47026
A2B2 v 47001, 47011, 47012, 47016, 47020
A1B2 47005, 47009, 47010, 47017, 47021, 47022, 47024
A2B1 47006, 47013, 47014, 47015, 47018, 47025

Holland 150 A3B3 15002, 15008, 15010, 15025, 15031, 15035
A4B4 15007, 15013, 15015, 15016, 15023, 15022, 15033, 15036, 15037, 15038, 15040
A3B4 15001, 15004, 15011, 15012, 15018, 15019, 15026, 15027, 15028, 15029, 15030
A4B3 15003, 15005, 15006, 15009, 15014, 15017, 15024, 15032, 15034, 15039

Table 4. Primary fruiting test on some hybrid dikaryons of Plearotus eryngii derived from the cross between the strains ATCC
36047 and Holland 150

T e
15008X47001 8 162.0f-m 67.79 f-m G M.soft,sweett
15008X47003 5 172.2¢-1 71.95¢-1 G M.soft
15008X47004 1 179.2b-j 74.87b-j E M.solid,sweet
15008X47006 7 120.60-q 50.490-q F M.solid
15008X47008 4 193.6a-c 80.89a-c F M.solid,sweet
15008X47010 3 159.0-m 66.43h-m E M.solid,sweet
15008X47013 11 180.6b-i 75.56b-1 G M.solid
15008X47014 12 161.6f-m 67.52f-m E Solid, sweet
15008X47019 17 189.6a-f 79.35 a-f E M.solid
15008X47021 18 174.4c-1 72.95c¢-1 E M.solid,sweet
15008X47022 19 148.01-n 61.941-n G M.solid
15008X47023 20 151.2j-n 63.28j-n G M.solid,sweet
15008X47024 21 193.4a-d 80.19a-d G M.solid, TL
15008X47026 22 171.4c¢-1 72.62c-1 G M.solid,sweet
15025X47001 23 158.0h-m 67.22h-m F M.soft, TL
15025X47008 27 190.0a-f 79.49a-f F M.solid,sweet
15025X47009 28 96.8qr 41.55qr G M.soft, sweet
15025X47013 30 186.2a-h 78.89a-h E Solid, sweet
15025X47016 32 167.4c-m 69.95¢c-m E M.soft,sweet
15025X47019 34 164.4e-m 69.79e-m G Solid,sweet
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Table 4. Primary fruiting test on some hybrid dikaryons of Plearotus eryngii derived from the cross between the strains ATCC
36047 and Holland 150(continued) ‘

E?;nggon Dikaryon no.B-  Yield (g/bottle) ?;gii’eg;zil (@  Shapeof fruit body Texture a‘;‘ig’;‘e of fruit
15014X47004 36 179.0b-k 74.89b-k G M.soft, sweet
15014X47011 40 110.2pq 46.15pq F M.solid,sweet
15014X47019 45 173.0c-1 73.38c-1 G M.solid,sweet
15014X47026 47 149.4lmn 63.291mn G Solid,M.sweet
15023X47001 48 75.8rs 32.77rs B Solid, sweet
15023X47003 49 61.2st 26.67st B Soft, sweet
15023X47004 51 210.6a 88.99a G Soft,M.sweet
15023X47012 58 142.8m-0 59.77m-o B M.solid,sweet
15023X47013 59 182.4b-1 77.32b-i G M.solid,sweet
15023X47016 62 155.6i-m 65.15i-m F M.solid,sweet
15023X47017 63 182.2b-1 77.23b-1 G Solid.M.sweet
15023X47019 65 187.6a-g 79.48a-g G Soft,M.sweet
15023X47026 71 165.0d-m 69.47d-m B M.solid,sweet
15029X47001 72 181.4b-1 76.89b-1 G Soft,M.sweet
15029X47003 73 124.2n-p 52.96n-p F M.soft,sweet
15029X47004 74 203.6ab 85.06ab G Soft, TL
15029X47005 75 185.4a-h 78.69a-h F Soft, TL
15029X47006 76 142.0m-o 61.34m-o F M.soft, TL
15029X47007 77 150.6k-n 63.21k-n F M.solid,sweet
15029X47008 78 184.4a-h 77.52a-h F Solid,sweet
15029X47009 79 141.6m-o 59.16m-o G Soft,M.sweet
15029X47010 80 178.0b-k 75.79b-k G Soft,sweet
15029X47011 81 171.0c-1 72.54c¢-1 G M.soft,M.sweet
15029X47012 82 175.4b-1 73.92b-1 E M.soft, TL
15029X47013 83 151.0j-n 64.86j-n F M.soft,M.sweet
15029X47014 84 155.4i-m 65.36i-m F Soft,sweet
15029X47016 86 160.4g-m 67.59g-m F Soft,M.sweet
15029X47017 87 189.4a-f 79.98a-f G Soft,M.sweet
15029X47019 89 192.2a-e 80.41a-e G Soft,M.sweet
15029X47022 91 51.8t 22.51t B M.soft,M.sweet
15029X47024 93 211.2a 88.49a F M.soft,M.sweet
15029X47025 94 142.6mn 61.79m-o F M.soft,M.sweet
15029X47026 95 121.40-q 50.310-q G Soft,M.sweet

‘The substrate consisted of 35% of wheat bran, 15% of rice bran and 50% of the sawdust from Trema orientalis. Water content of
the substrate was adjusted to 65% and pH to 6.5. The substrate was filled into polypropane bottles by an automatic filling machine
and sterilized at 120 °C for 1.5hrs. Each bottle contained ca. 239.35g of dry matter.

*The substrate was inoculated by an automatic inoculator and incubated at 18.5-20.5 °C for 42 days.

*Before cropping the upmost central part of the substrate in each bottle was holed 1.5-2.0cm in depth with a aluminum rod of
which diameter was 1.8cm. After holing the bottles were covered with white papers for 4 days. After removing the papers, RH of
cropping room was adjusted to 85-90% until small fruit bodies had grown up to 3-5cm high, then the RH was adjusted to 90.-96%.
The temperature of cropping room was adjusted to 15.5-17.0 °C from beginning to the end of cropping and CO, concentration was
adjusted to 650-800ppm by heat exchanger and CO, controller.

“Each dikayon was cultivated in 24-36 bottles, experimental results from the five bottles with higher yield than others were used
for statistic analysis.

‘Duncan's multiple range test, column with the same letter or letters are not significant at 5% level.

*Shape of fruiting body: G= good; F= fair; E= excellent; B= bad.

‘Texture and taste of fruiting body: M= medium; TL= Taste Less.
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Tableb. First fruiting test on the 39 hybrid dikaryons of Plearotus eryngii derived from the cross between the strains ATCC 36047
and Holland 150

Pairing of Dikaryon Yield (g/bottle) Biological Production Shapeof fruit  Texture and taste of
monokaryon no. B- efficiency (%) efficiency (%) body fruit body
15026X47003 97 184.3e-h 74.60e-h 83.44d-i G M.soft,sweet
15026X47004 98 195.3c-e 79.05¢c-e 87.60c-e G M.soft,sweet
15026X47005 99 190.9d-g 77.27d-g 84.90d-g G M.soft,M.sweet
15026X47006 100 183.8f-1 74.39f-1 82.371j F Soft,M.sweet
15026X47007 101 178.8h-j 72.37h-j 80.51g-j F Soft,M.sweet
15026X47008 102 180.8g-1 73.18g-1 79.31h-k G Soid,sweet
15026X47009 103 169.0j-m 68.40j-m 75.02k-n G M.soft,sweet
15026X47010 104 200.5b-d 81.15b-d 89.82a-c G Soft,M.sweet
15026X47012 105 185.2e-h 74.96e-h 82.54¢e-j F M.solid,sweet
15026X47013 106 209.3ab 84.72ab 91.33a-c E M.solid,sweet
15026X47015 108 167.7k-m 67.88k-m 73.75mn G M.soft,sweet
15026X47017 110 193.8d-f 78.44d-f 83.28d-i E M.solid,M.sweet
15026X47018 111 200.7b-d 81.24b-d 87.37c-f G M.solid,sweet
15026X47019 112 166.0lm 67.191m 71.62n E M.soft,M.sweet
15026X47021 113 190.6d-g 77.15d-g 84.30d-h G M.solid,sweet
15026X47022 114 200.2b-d 81.03b-d 87.59c-¢ G M.solid,sweet
15026X47024 116 214.86a 86.97a 92.50ab G M.solid,M.sweet
15026X47025 117 173.2i-1 70.10i-1 77.85j-m E Solid,M.sweet
15026X47026 118 178.4h-j 72.21h-j 80.64¢-j G M.soft,sweet
15002X47001 119 205.6a-c 83.22a-c 83.01a G M.soft,M.sweet
15002X47003 120 160.7m 65.04m 73.46mn G M.solid,sweet
15002X47004 121 186.1e-h 75.33e-h 84.88d-g G M.solid,sweet
15002X47005 122 184.1e-i 74.52e-i 83.70d-1 G M.soft,M.sweet
15002X47006 123 212.0a 85.81a 94.00a G Solid,sweet
15002X47007 124 91.30 36.950 42.41p B M.solid,sweet
15002X47008 127 163.2lm 66.06lm 73.95mn G M.solid,M.sweet
15002X47009 125 136.9n 55.41n 62.440 G M.solid,M.sweet
15002X47010 126 190.4d-g 77.07d-g 83.86d-i G M.solid,sweet
15002X47012 128 187.6e-h 75.93e-h 83.01d-i E Solid,M.sweet
15002X47013 129 177.5h-k 71.84h-k 78.94i-1 F M.solid,sweet
15002X47014 130 162.3m 65.69m 73.96mn F M.solid,sweet
15002X47015 131 69.4p 28.09p 32.59q B Soft
15002X47016 132 135.4n 54.8n 60.720 F M.soft,M.sweet
15002X47017 133 159.0m 64.36m 71.79n G Soft,sweet
15002X47018 134 166.7lm 67.47lm 74.501-n G M.soft,sweet
15002X47021 136 194.5d-f 78.73d-f 88.05b-d E M.soft,M.sweet
15002X47023 138 191.6d-g 77.55d-g 84.64d-g G M.solid,sweet
15002X47025 140 177.8h-k 71.97h-k 79.40h-k E M.solid,sweet
15002X47026 141 180.6g-i 73.10g-i 81.01g-j G M.soft,sweet

“The substrate consisted of 35% of wheat bran, 15% of rice bran and 50% of the sawdust from Trema orientalis. Water content of
the substrate was adjusted to 65% and pH to 6.5. The substrate was filled into polypropane bottles by an automatic filling machine
and sterilized at 120 °C for 1.5hrs. Each bottle contained ca. 247.06g of dry matter.

"The substrate was inoculated by an automatic inoculator and incubated at 18.5-20.5 °C for 41 days. Water content of the spawn run
substrate was 65.35%.

*Before cropping the upmost parts of the substrate in bottles were holed 1.5-2.0cm in depth with a aluminum rod of which diameter
was 1.8cm. Ater holing the bottles were covered with white papers for 4 days. After removing the papers, RH of cropping room
was adjusted to 90-92% until small fruit bodies had grown up to 3-5cm high, then the RH was adjusted to 93.-95%. The
temperature of cropping room was adjusted to 15.0-17.0 °C from beginning to the end of cropping and CO, concentration was
adjusted to 600-800ppm by heat exchanger and CO, controller.

"Each dikayon was cultivated in 12-24 bottles, experimental results from the ten bottles with higher yield than others were used for
statistic analysis. :

"Duncan'’s multiple range test, column with the same letter or letters are not significant at 5% level.

* Shape of fruiting body: G= good; F= fair; E= excellent; B= bad.

‘Texture and taste of fruiting body: M= medium.
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substrate for cultivation. The results were shown in Table 6 and 7. The yields, biological efficiencies and
production efficiencies of the most of the hybrid dikayons in the second fruiting test were obviously lower than
those of the same dikaryons in the first test. This may be mainly related to the scale of experiment and the basis
for statistic data analysis. In the first test only the data of the top 5 or 10 high productive plots were selected for
statistic analysis and the repeating cultivation unit was one bottle, while 12 bottles in the second test. In
addition, differences in the compositions of substrate might also be one of the reasons, however it is necessary
to be confirmed further. Therefore three or five hybrid dikaryons were selected for further fruiting tests using
various substrates with different compositions. These dikaryons were selected according to their good
appearance and quality of fruit bodies, and higher biological efficiency and production efficiency or earliness

of fruiting. The results of cultivation were shown in Table 8, 9, 11 and 12.

Table 6. Secondary fruiting test on 17 hybrid dikaryons of Plearotus eryngii derived from the cross between the strains ATCC
36047 and Holland 150

e Dluoinod a2 Dol T D e
15008X47024 21 1906.33a 70.40a 76.55a 23.67 bc
15008X47021 18 1779.33ab 68.12ab 72.19ab 22.17 de
15008X47019 17 1759.00abc 64.96abc 70.66abc 2533 a
15008X47008 4 1753.83abc 64.77abc 69.15bc 19.33 gh
15025X47008 27 1706.33bed 63.01bcd 67.76bcd 17.001
15029X47001 72 1702.00bcd " 62.85bcd 68.25bcd 20.50 fg
15023X47004 51 1683.67bcd '62.18bcd 66.91bcde 20.50 fg
15029X47012 82 1682.00bcd 62.12bcd 66.89bcde 19.50 gh
15008X47014 12 1668.33bcd 61.61cd 67.57bcd 22.67 cd
15008X47004 1 1642.27bcde 60.67cd 67.77bcd 24.67 ab
15029X47011 81 1612.33bcde 59.54cde 64.49cde 19.00 h
15023X47017 63 1601.67cde 59.15cde 64.31cde 21.33 ef
15029X47004 74 1564.00def 57.76def 61.35def 17.00 i
15008X47013 11 1495.33efg 54.07efg 60.09ef 19.67 gh
15029X47010 80 1425.00fg 52.63fg 56.59f 22.67 be
15029X47019 89 1397.00g 51.59g 57.42f 17.67 i
15029X47024 93 1381.00g 51.00g 54.83f 24.00b

*The substrate consisted of 35% of wheat bran, 17% of rice bran, 24% of the sawdust from Trema orientalis and same proportion

from Liquidamber formosana. Water content of the substrate was adjusted to 64% and pH to 6.0. The substrate was filled into
polypropane bottles by automatic filling machine and sterilized at 120 °C for 1.5hrs. Each bottle contained about 225.6g of dry
material.

'The substrate was inoculated by automatic inoculator and incubated at 18.5-20.5 °C for 41 days. Water content of the spawn run
substrate was averagely 65.79%.

*Before cropping the upmost parts of the substrate in bottles were holed 1.5-2.0cm in depth with a aluminum rod of which diameter
was 1.8cm. After holing the bottles were covered with white papers for 4 days. After removing the papers, RH of cropping room
was adjusted to 85-90% until small fruit bodies had grown up to 3-5cm high, then the RH was adjusted to 90-96%. The
temperature of cropping room was adjusted to 15-16.0 °C from beginning to the end of cropping and CO, concentration was
adjusted to 650-800ppm by heat exchanger and CO, controller.

“Each dikayon had 6 replicates arranged by random, each replicate contained 12 bottles of substrate.

"Duncan's multiple range test, column with the same letter or letters are not significant at 5% level.
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Table 7. Secondary fruiting test on 9 hybrid dikaryons of Plearotus eryngii derived from the cross between the strains ATCC
36047 and Holland 150

Pairing of Dikaryon Yield Biological Production Days from holing to 1st.
monokaryon no. (g/12 bottles) efficiency (%) efficiency (%) harvest
15002X47013 129 2325.33a 85.88a 93.45a 19.50 cd
15026X47019 112 2243.00ab 82.84ab 89.40ab 19.83 ¢
15002X47001 119 2034.00bc 75.12bc 80.01bc 24.00 b
15026X47013 106 1923.67¢ 71.04c 83.59abc 2733 a
15002X47004 121 1877.67¢ 69.34c 74.48¢ 24.00b
15002X47012 128 1470.33d 54.30d 59.25d 2833 a
15002X47026 141 1452.00d 53.62d 57.02d 17.50d
15002X47022 114 1413.67d 52.21d 56.69d 27.17 a
15002X47025 140 1114.67e 41.17e 44.03e 23.17b

“The substrate consisted of 35% of wheat bran, 17% of rice bran, 24% of the sawdust from Trema orientalis and same proportion
from Liquidamber formosana. Water content of the substrate was adjusted to 64% and pH to 6.0. The substrate was filled into
polypropane bottles by automatic filling machine and sterilized at 120 °C for 1.5hrs. Each bottle contained about 225.6g of dry
material.

*The substrate was inoculated by automatic inoculator and incubated at 18.5-20.5 °C for 41 days. Water content of the spawn run
substrate was averagely 65.79%.

*Before cropping the upmost parts of the substrate in bottles were holed 1.5-2.0cm in depth with after aluminum rod of which
diameter was 1.8cm. A holing the bottles were covered with white papers for 4 days. After removing the papers, RH of cropping
room was adjusted to 85-90% until small fruit bodies had grown up to 3-5cm high, then the RH was adjusted to 90-96%. The
temperature of cropping room was adjusted to 15-16.0 °C from beginning to the end of cropping and CO, concentration was
adjusted to 650-800ppm by heat exchanger and CO, controller.

“Each dikayon had 6 replicates arranged by random, each replicate contained 12 bottles of substrate.

*Duncan's multiple range test, column with the same letter or letters are not significant at 5% level.

Table 8. Comparisons of productivity and fruiting behavior seen in eight Plearotus eryngii strains cultivated on a sterilized

sawdust medium supplemented with 40% of rice bran

Days from
Designation Yield (g/12  Production Biological Day§ from Da}{s for holing to Dain f or
. . . holing to  harvesting 90% . finishing
of strain bottles) efficiency (%) efficiency (%) . harvesting 90%
1st harvest of total yield . harvest
of total yield
B112 201552 105.08 a 92.83a 18.0b 3.75d 2075 ¢ 5.00¢
(218.0) : : : : : :

B030 2(38(2’:2)3" 103.4a 86.27 ab 19.0b 3.50d 21.50 be 475¢
BO12 2(‘2‘(2)3:8)3" 98.13 ab 86.07 ab 19.5 ab 3.00d 21.50 be 5.25bc

BO11 %%ggzg)bc 91.12b 80.16 be 18.0b 400 cd 21.00 ¢ 450¢

BO45 1822:2; 81.24¢ 7091 ¢ 18.0b 3254 2025 ¢ 425¢

ATCC 36047 1(‘1‘3212)“ 62.47d 53.07d 20.52a 575 be 2525a 6.50 abc

Holland 150 1(?%:2)‘1 69.34 d 60.00 d 16.0 ¢ 8.25a 23.25 ab 8.75a

ATCC 90212 ll(gg;g;* 4824 ¢ 4151 18.0b 6.50 ab 23.50 ab 8.25 ab

“The substrate consisted of 40% of rice bran and 60% of sawdust from Trema orientalis by weight of dry matter. Water content of
the substrate was adjusted to 64% and pH to 6.5. The substrate was filled into bottles by an automatic filling machine and
sterilized at 121 °C for one hour in an autoclave. Each bottle contained ca. 234.77g of dry matter.

*The substrate was inoculated with an automatic inoculator and incubated at 18.5-20.5 “C for 34 days.

“Before cropping the upmost and central parts of the spawn run substrate in bottles were holed 1.5-2.0cm in depth, 1.8cm in
diameter with a PLC automatic holing machine. After holing bottles were covered with white paper for 5days, the cropping room
(negative pressure) was controlled at 16-17 °C in temperature, 90-95% in RH and under 1050 ppm in CO, concentration.

“Each strain had 4 replicates, each replicate consisted of 12 bottles of substrate.

‘Duncan's multiple range test, columns with the same letter or letters were not significant at 5% level.
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Table 9. Comparison of the productivity and fruiting behavior seen in seven Plearotus eryngii strains cultivated on a sterilized

sawdust medium supplemented with 30% of barley flour and 20% of rice bran

Days from
Designation Yield (g/24  Production Biological Day.s from Day's for holing to Da.y S f or
. . . holing to  harvesting 90% . finishing
of strain bottles) efficiency (%) efficiency (%) . harvesting 90%
1st harvest of total yield . harvest
of total yield
BOI12 zgng.g)a 84.07 ab 82.50 a 15.6 cd 6.2 abc 20.8 ab 6.4 abe
B030 ‘E‘fﬁ%ﬁf‘ 86.47 a 85.05a 14.0¢ 12a 202¢ T4a
B045 ‘}‘l)gg:g)b 81.95 be 77210 17.0 ab 42d 202¢ 444
BO112 3(?‘6‘?1‘2)" 77.82 cd 7478 b 16.2 be 50cd 202 ¢ 54cd
ATCC 36047 3(?22-3)" 73.90d 75.02b 178a 424 21.0a 42d
Holland 150 ‘t‘l’%?)b 81.71 be 77.45b 152 cd 5.8bc 200¢ 58bc
ATCC 90212 %?gggf 63.03 ¢ 62.61 c 15.0 de 6.4 ab 20.4 be 6.8 ab

“The substrate consisted of 30% of barley flour, 20% of rice bran and 50% of sawdust from Trema orientalis by weight of dry
matter. Water content of the substrate was adjusted to 64% and pH to 6.5. The substrate was filled into bottles by an automatic
filling machine and sterilized at 120 °C for one hour in an autoclave. Each bottle contained ca. 219.63g of dry matter.

*The substrate was inoculated with automatic inoculator and incubated at 18.5-20.5 °C for 34 days.

*Before cropping the upmost central part of the spawn run substrate in each bottle was holed 1.5-2.0cm in depth, 1.8cm in diameter
with an PLC automatic holing machine. After holing bottles were covered with white paper for Sdays, the cropping room
(negative pressure) was controlled at 16-17 °C in temperature, 90-95% in RH and under 1050 ppm in CO, concentration.

“Each strain had 5 replicates and each replicate consisted of 24 bottles of substrate.

"Duncan's multiple range test, columns with the same letter or letters were not significant at 5% level.

Table 10. Formulas of the substrates for studying the effect of addition of barley flour or wheat bran on the productivities and

fruiting behaviors of six Plearotus eryngii strains

Sawdust Barley flour Wheat bran Rice bran Water Substrate. Water

Substrate dded content

no. FW DW FW DW FW DW FW pw  adde DW efore
(kg) % (kg) % (kg) % (kg) % (k) (g/bottle) 1 ino(e)

1 660 50 160.7 35 0 0 69.41 15 239.73 24533  See note

2 660 50 0 0 162.6 35 68.53 15 22446 23722  See note

“‘Sawdust from Trema orientalis was heaped for 3 months before use. Water contents of sawdust in the two different substrates were
68.33 and 68.73% respectively. Average water content in barley flour, wheat bran and rice bran were 8.95, 11.15 and 8.95%
respectively. The two substrates were added with 3.97kg and 3.92 kg of calcium carbonate respectively. Water content of each
substrate was adjusted to 63%. The substrates were filled with an automatic filling machine and sterilized in an autoclave for one
hr at 121 °C. Water contents of spawn run substrate of the strains B012, B045, B112, ATCC 36047, Holland 150 and ATCC 90212
were 63.2, 64.3, 63.53, 64.73,64.53 and 65.20% in the substrate no.1, while 66.27,64.9, 65.06, 66.17, 66.50 and 64.07% in the
substrate no.2.

The dikaryons B112, B030 and BO12 were not significantly different from each other in yield, production
and biological efficiency, however they and the hybrid BO11 were significantly more productive than their
parents, ATCC 36047 and Holland 150 when the sawdust medium was supplemented with only 40% of rice
bran (Table 8). The hybrid B112 produced large fruit bodies with a small cap, an equal to fusiform stipe, a
medium soft and fine texture, being suitable for canning (Fig. 2d1-2). It took 56 days from inoculation of
substrate to the end of crop. The hybrid BO30 produced slender fruit bodies with a medium size, and with a
round cap, an equal and solid stipe (Fig.2c1-2). This hybrid was inclined to produce many small fruit bodies in



54 IR F508 FH4H 2001

Fig. 2a-d. Fruiting bodies of the four P. eryngii hybrids, BO11(al, a2), B012(bl, b2), B030(c1, c2) and B112(d1,d2) grown on a

sawdust medium which consisted of 30% wheat bran and 20% rice bran by weight
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one bottle when the humidity of the cropping room was not properly controlled during cultivation. It took
56.75 days from inoculation to the end of crop. The hybrid BO12 produced stout fruit bodies with a prominent
eccentric or lateral stipe and a fan-shaped cap of which surface produced warts during high humid condition.
The stipe was equal and solid, and consisted of a white and very fine texture (Fig.2b1-2). This hybrid took
57.75 days from inoculation to the end of crop. The hybrid BO11 was inclined to produce stout fruit bodies
with a large cap and a white and solid stipe (Fig. 2al-2). It took 55.5 days from inoculation to the end of crop.

When the selected hybrid dikaryons were cultivated in a sawdust medium supplemented with 30% of
barley flour and 20% of rice bran the hybrids B0O12 and B030 were found to be significantly more productive
than their parents and the hybrid B112 in yield and biological efficiency (Table 9). The hybrid B112 was not
significantly different from its parent in their yield, production and biological efficiency. It took 55, 54.4 and
54.6 days for the hybrids B012, B030 and B112 respectively from inoculation to the end of crop (Table 9). The
duration for each hybrid was obviously shorter than that for the same hybrid when cultivated on a sawdust
medium supplemented with only 40% of rice bran. This might be due to the difference in the composition of
substrate and needs to be confirmed further.

In order to examine the effect of different supplements on the productivity of the selected hybrid
dikaryons and their parents, two formulas of substrate were used (Table 10). When grown with a sawdust
medium supplemented with 35% of barley flour and 15% of rice bran the results of the comparisons of yield,
production and biological efficiency were similar to those of the comparison when cultivated with a sawdust
medium supplemented with 30% of barley flour and 20% of rice bran except that the hybrid B112 was
significantly less productive than its parents ATCC 36047 and Holland 150 (Table 11). When barley flour was
substituted by wheat bran in the medium, the yield and biological efficiency of the hybrid B112 was
significantly higher than those of the hybrid BO12, while not significantly different from those of its parents

Table 11. Comparisons of productivity and fruiting behavior seen in six Plearotus eryngii strains cultivated on a sawdust medium

supplemented with 35% of barley flour and 15% of rice bran

Days from
Designation Yield (g/24  Production Biological Day§ from Day's for holing to Da'ys f or
. . . holing to  harvesting 90% . finishing
of strain bottles) efficiency (%) efficiency (%) . harvesting 90%
1st harvest of total yield . harvest
of total yield
4584.67 a
BOI2 Gores) 80.21a 77.87a 17.83a 433a 2117a 483a
BO45 zg%%b 78.95 ab 71.57b 16.17b 4.00 a 19.17b 6.00 a
3495.83 d
B112 (14360, 63.59d 59.37d 17.00 ab 417a 20.17 ab 5.17a
ATCC36047 ‘E(l’gg:ﬂ)bc 74.92 be 69.06 be 17.00 ab 433a 20.33 ab 517a
Holland 150 3(%832; 71.80 ¢ 6533 ¢ 17.00 ab 433a 20.33 ab 550
ATCC90212 3(‘1‘23122)‘1 65.28d 5892d 16.00 b 567a 20.67 ab 6.17a

“Formula of the substrates and related data see Table 10.

" Substrates were inoculated with an automatic inoculator and incubated at 18.5-20.5 °C for 38 days.

“Before cropping the upmost central part of the spawn run substrate in each bottle was holed 1.5-2.0cm in depth, 1.8cm in diameter
with a PLC automatic holing machine. After holing bottles were covered with white paper for Sdays, the cropping room(negative
pressure) was controlled at 16-17 °C in temperature, 90-95% in RH and under 1050 ppm in CO, concentration until the end of
cropping..

"Each strain had 6 replicates, 24 bottles of substrate in each replicate.

“Duncan's multiple range test, columns with the same letter or letters were not significant at 5% level.
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Table 12. Comparisons of productivity and fruiting behavior seen in six Plearotus eryngii strains cultivated on a sawdust medium

supplemented with 35% of wheat bran and 15% of rice bran

Days from
Designation Yield (g/24  Production Biological Day§ from Day's for holing to Da.y S f or
. . . holing to  harvesting 90% . finishing

of strain bottles) efficiency (%) efficiency (%) . harvesting 90%
Ist harvest  of total yield . harvest

of total yield
BO12 %ﬁ?ﬁf 68.21¢ 59.48 ¢ 17332 5.17 ab 2150 550b

4094.17 ab

B045 0059 79.60 ab 71.97 ab 16.17 abe 450b 19.67b 550b
B112 %ﬁggggfb 73.47 be 66.90 ab 15.00 ¢ 533 ab 1933 b 567b
ATCC36047 %zgﬁggfc 72.30 be 65.15 be 17.17a 5.50 ab 21.67a 6.50 ab
Holland 150 f};gggf 83.13a 73.06 2 16.67 ab 5.00 ab 20.83 ab 6.17 ab
ATCC90212 %?%%g}f 52.46d 49.58d 15.67 be 7174 21.83a 8.00 a

“Formulas of the substrates and related data see Table 10.
*Other illustrations see Table 11.

(Table 12). The difference in the result of such comparison is obviously ascribed to the difference in the
composition of substrate. Since wheat bran contains higher percentage of nitrogen (3.59%) than barley flour
(2.01%) (Shiuan-Yun Chien, personal communication) such difference might be related to the content of
nitrogen or protein in the substrate for growing the fungus. This result also shows the difference in the
preference for nutrient in the substrate as reported by Visscher(9) on other Pleurotus species. In this study the
hybrid BO12 seems to prefer a substrate containing less nitrogen or protein and more starch, while the hybrids
B112 and one of its parents Holland 150 to prefer a substrate containing more nitrogen or protein and less
starch.
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Table 1. Effect of various parental crosses on fruit-seting”

3 Sun Yueh Hong  YuHer Pao Kaohsiung Early ~ Hak Ip SahKeng  NoMiTsz  73-S-20 Kwai Mi Shih Tou

¥ CEAMD) (kR @#EE) (B @) R (FEBR) (€T
Sun Yueh Hong - 16/54°(28)  9/19(17) 4/9(10)  2/7(4) 0/1(0) — - -
(=R
Yu Her Pao 25/99(49)  — 11/50(13)  7/80(14)  0/62(0)  10/45(11) - - 20/72(38)
(EfR)
HakIp (BEE)  24/99(40) 13/47(16) - - 5/37(8)  13/28(36) - - 3/17(8)
Sah Keng (?PH1) 31/47(61)  5/21(15)  3/13(9)  8/29(12) - 5/9(13) - - -
No Mi Tsz 1/6(3) 3/6(5) - 6/53(7)  4/67(14) - - 0/288(0) -
(RRAHE)
73-8-20 0/2(0) 0/1(0) - 1/1(1) 0/3(0) 0/1(0) - - —
Kangwei Late - - - 6/15(16)  7/16(11)  3/155(3) - - —
(HEREMRAE)
Kwai Mi (EEK)  0/25(0) - - 0/3(0) 8/13(11)  15/23(43) - - —
Hawi Li (%) - - - 0/3(0) 1/2(1) 3/8(5) 2/53(2) - -
Shih Tou (HiBH)  — 0/21(0) - 0/13(0) 0/49(0) 0/33(0) - 0/161(0) -

“The table was the total data which collected from 1991 to 1993.
’Denominator was the number of pollinated panicle, numerator was the number of fruit-seting panicle, the number inside

parentheses denotes total fruit harvested.
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Table 2. Distribution of seedlings in juvenile period of progenies from various mother plant varieties (%)
Juvenile period (Years)
Mother plant varieties 5 6 7 8 9 10 11
Sun Yueh Hong (= A#L) - 28.6 57.1 14.3 - — —
Hung Pi (FLE7) 5.9 23.5 353 5.9 11.8 177 3.4
Kaohsiung Early (i R4) 133 133 13.3 40.0 13.3 6.8 -
Hak Ip () 49 9.8 56.0 9.8 24 122 4.9
Sah Keng (1) 11.7 233 26.7 28.3 5.0 1.7 -
Fei Tzu Hsiao (&%) - - 64.3 143 14.3 7.1 -
Shih Tou (Hili5E) - - - - - 100 -
Kangwei Late (FFEBRAE) - 50.0 10.0 10.0 10.0 20.0 -
No Mi Tsz (§&HKHk) - - 36.4 9.1 - 54.5 -
Kwai Mi (FEK) 10.0 15.0 35.0 40.0 - - -
R BRI ERETEERERENAIZEES M (%)
Table 3. Distribution of seedlings in the mature seasons of progenies from various mother plant varieties (%)
Maturity seasons’(%)
Mother plant varieties Very-early Early Medium Late Very-late
Sun Yueh Hong (=H %I)(Very-early) 4 14.3 71.4 14.3 — —
Hung Pi (KL 5Z)(Early) - 17.6 529 29.5 —
Kaohsiung Early (i 5 4E )(Early) - 6.7 73.3 20.0 -
Hak Ip (%) (Medium) - 4.8 61.9 23.8 9.5
Sah Keng (0¥1)(Medium) 8.0 36.8 46.0 17.2 -
Fei Tzu Hsiao ({i2F%)(Medium) — - 64.3 35.7 —
Shih Tou (¥iiZH)(Medium) — — - - —
Kangwei Late (B4 )(Late) - - 40.0 60.0 -
No Mi Tsz (f&K¥k)(Late) - - 455 545 -
Kwai Mi (£5£)(Very-late) - — 50.0 25.0 25

“On the basis of "Hak Ip" maturity season each year, very early - 20 days earlier, early - 10 days earlier, late - 10 days later, very

late - 20 days later.

* mother plant varieties maturity season.

R4, TRBARIRZ B RN E & i RE IR ER

Table 4. Main fruit characters of progenies from various mother plant varieties

Mother plant varieties Fruit weight (g) Aril ratio (%) Total soluble solids (“Brix)
Sun Yueh Hong (= A#L) 19.7 6.2 648 5.7 163 +3.1
Hung Pi (A7) 154+32 60.6 £8.3 163120
Kaohsiung Early (FRilfE5.4E) 189+17.1 63.7+7.1 172+13
Hak Ip (B3) 190+ 6.4 65.4 8.7 16,5+ 1.9
Sah Keng (D31) 21152 63.0+10.2 162+2.1
Fei Tzu Hsiao ({2 F5%) 203 £ 6.4 62950 168+ 1.6
Shih Tou (liZH) 267125 613+43 157+18
Kangwei Late (AEREMi4E) 18.7 £6.7 715+ 4.4 166 £25
No Mi Tsz (fEAKHE) 153+438 60.9 + 6.9 185+ 1.9
Kwai Mi (FE8R) 158+ 1.7 63.3£29 17.7+£2.1

“The total open pollinated seedlings were 324. Data were the means of total progenies with SD per variety.
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Table 5. Fruit characteristics of promising lines of litchi

Fruit weight ~ Seed weight Aril ratio Total soluble solids

Lines Parents ) @ %) (Brix) Maturity seasons
71-3-55-18"  71-3-55 26.9 25 66.8 153 Late of May
77-3-2-17  Sah Keng (7037) 18.5 0.8 76.0 17.1 Early of June
77-S-3 Unknown 21.9 2.0 70.0 19.0 Early of June
76-C-2 Hak Ip X Yu Her Pao 27.7 13 727 18.1 Mid of June

(BEXEFAE)
78-9-5-10  Fei Tzu Hsiao (ic55) 19.6 1.4 67.5 19.4 Late of June

“The first number of the line number was the year which got the seed, but the seed of 71-3-55-18 was gotten in 1990.
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Litchi (Litchi chinensis Sonn.) breeding-The |
influences of mother plant on juvenile period, fruit
maturity season and fruit characters, and the

. . . . 1
selection of promising lines

Jer-Way Chang’, Cheng-Nan Chao” and Chung-Ruey Yen’

Summary

In controlled pollination, 'Sah Keng' and 'Kwai Mi' used as mother plant could produce more fruits than
other varieties. The influences of mother plant on juvenile period, fruit maturity season and fruit characters of
progenies were studied. 'Sah Kehg‘, 'Kaohsiung Early' and 'Kangwei Late' used as mother plant contributed to
shorter juvenile period of progenies than other varieties. The progenies of 'Sah Keng' showed divergence
toward early maturity season. When the progenies of 'Sah Keng' were used as mother plant, some seedlings of
the 2nd progenies had maturity season one week earlier than mother plant and three weeks earlier than 'Sah
Keng'. The contribution from mother plant to fruit size of progenies was not quite significantly correlated.
However, the progenies of small mother plant produced smaller fruits more than the larger mother plant did.
Aril ratio of progenies was not positively correlated with that of mother plant. Soluble solids in fruits of
progenies were rather consistent with those in mother plant. Five promising lines were selected for advanced

test in the breeding program.

Key words : Litchi chinensis Sonn., Breeding, Progeny, Juvenile period, Fruit.

1. Contribution No0.2093 from Taiwan Agricultural Research Institute, Council of Agriculture.
2. Assistant horticulturist, Chia Yi Agriculture Experiment Station, TARI, Taiwan, R.O.C.
3. Professor Dept. of plant Industry, National Pingtung University of Science and Technology, Pingtung, Taiwan, R.O.C.
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Table 1. Effect of different microbial inoculation on the flower number of Eustoma grandiflorum.

Unit: flower no./plant

Days after inoculation
Treatment

86 91 96 100 105 112 116
Control 0? 0 0 0.1° 0.1° 0.2 0.2
VA" 0.2" 0.3 0.4~ 0.4 0.7 0.8 1.0
PS 0.1° 0.1° 0.2" 0.4 0.5" 0.7¢ 0.8
NF 0.2 0.6" 0.8 1.3 1.8° 2.0™ 2.1™
VA+PS . 0.3 0.4° 0.7" 1.0™ 1.2% 1.2% 1.3"
VA+NF 04" 0.6" 1.3* 1.8° 207 2.3" 26"
VA+PS+NF 0.7 1.2 2.1° 2.7 3.1 3.3 3.4

% Means each in column with the same letters are not significantly different by Duncan's multiple range test, 5% level.
Y VA: Vesicular arbuscular fungi; PS: Phosphorus solubilizing bacteria; NF: Free-living N.-fixing bacteria.
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Table 2. Effect of inoculation with different microbies on the dry weight, P contents and infection rate of Eustoma grandiflorum

Treatment Shoot dry wt. Root dry wt. Leaf P Root P Infection rate
(g/plant) (g/plant) (%) (%) (%)

Control 1.14°% 0.36° 0.32' 0.25" 0

VA" 1.33% 0.56° 0.24" 0.20 77

PS 1.23¢ 0.38° 0.31° 0.24° o

NF 1.73 0.54° 0.31° 0.20" o

VA+PS 1.48" 0.55° 0.26° 0.22° 50°

VA+ NF 1.62° 0.55' 0.21% 0.16" 36°

VA+PS+NF 1.59* 0.56* 0.23% 0.19° 36"

“ Means in each column with the same letters are not significantly different by Duncan's multiple range test, 5% level.

¥ VA: Vesicular arbuscular fungus; PS: Phosphorus solubilizing bacterium; NF: Free-living N,-fixing bacterium.
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Microbial Inoculation Effect on the Growth and
Phosphorus Concentration of Eustoma

. 1
grandiflorum

Su-Chen Lin’, Su-Yuang Lin’ and Chi-Guang Wu’

Summary

The main purpose for this experiment was to evaluate the effect of VA mycorrhizal fungi (VA), phosphate-
solubilizing (PS), and free-living nitrogen-fixing (NF) bacteria on the growth of Eustoma grandiflorum. Plants
with 4 true-leaves were used for inoculation. Bulbs of calla lily were grown in the vermiculite-perlite-peat
medium (6 : 3 : 1, v/v/v) with day/night temperatures as 23/18 °C and were fertilized with modified
Hoagland's solution weekly. The growth effect of the microbes to calla lily was investigated and measured 116
days after inoculation. Treatments inoculated with either VA mycorrhizal fungus (VA) and free-living nitrogen-
fixing bacteria (NF) have significantly higher dry weight of shoot (17% and 52%, respectively) and dry weight
of root (56% and 50%, respectively) than those of uninoculated treatments (control). The plant growth of the
treatment inoculated with phosphate-solubilizing bacteria (PS) was not significantly different from that of
control. Any combination of VA+PS, VA+NE, or VA+PS+NF could promote 30%, 42%, and 39% dry weight
of shoot, and 53%, 53% and 56% dry weight of root, respectively. Treatment inoculated with VA+NF and
VA+NF+PS produced 2.4 and 3.2 flowers per plant, respectively, more than that of controls. Furthermore, these
two treatments flowered 14 days earlier. Adding PS or NF to the VA inoculation, or mixing the three inoculants
together caused slower in colonization rate. However, the shoot dry weight of each treatment is heavier than
that of single VA inoculation. There is no promoting effect on phosphate uptake by plants among those
different microbial inoculations.

Key words : Eustoma grandifiorum, Arbuscular mycorrhizal fungi, Free-living nitrogen-fixing bacteria,
Phosphate-solubilizing bacteria, Phosphorus.
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Fig.1. The growth curve in pollinated capsule of D. moniliforme (L.) Sweet.
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Fig.Z. The relative growth rate in pollinated capsule of D. moniliforme (L.) Sweet.
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Table 1. Effect of self-pollinated timing on fruit set of Dendrobuium moniliforme (L.) Sweet

Pollination (DAF)*  No. of flowers pollinated Formed Fru;/: st 95 % CL°
0~1 20 0 0 0~17
2~3 20 2 10 1~31
4~5 20 2 10 1~31
6~7 20 1 5 0~25
8~9 20 0 0~17

10~12 20 0 0 0~17

*DAF: Days after flowering.

*95 % Confidence limits of Binomial distribution.



GEFRTEY) — SR B It N TR BORFE B 2 5E (f9h) 77

|2, SR AT RIRUEARE 2 TR B\ T RAIER I 2 E R

Table 2. Effect of pollen and ovule maturity on fruit set in crossed pollination D. moniliforme (L.) Sweet

Ovule age (DAF)*
Total & Avera
Pollinia A(0~1) B(2~3) C(4~5) D(6~7) E(8~9) (0~9‘)/er ge
age
(DAF) Fruit set’ Fruit set Fruit set Fruit set Fruit set Fruit set

o 95% v 95% v  95% v 95% 0 95 % 0 95 %
No. % CL* No. % CL No. % L No. % CL No. % L No. % CL

A(0~1) 6 30 12~54 20 100 83~100 6 30 12~54 4 20 6~44 1 1005 0~25 37 37 28~47
B(2~3) 8 40 19~64 18 90 69~99 11 55 32~77 8 40 19~64 2 10 1~31 47 47 37-~57
C(4~5) 8 40 19~64 11 55 32~77 9 45 23~68 5 25 9~49 1 5 0~25 34 34 25~44
D(6~7) 6 30 12~54 7 35 15~59 8 40 19~64 2 10 1-31 1 0~25 24 24 16~33
E(8~9) 2 10 1-31 3 15 3~383 3 15 3~38 1 5 025 0 0 0~17 9 9 4-~16
Total &

Average 30 30 21~40 59 59 49~60 37 37 28~47 20 20 13~29 5 5 2~11
(0~9)

*Days after flowering (DAF).
Number of flowers pollinated in all treatment were twenty.

*95 % Confidence limits of Binomial distribution.
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Studies on Pollination Time and Capsule Growth in
A Medicinal Orchid Plant Dendrobium

moniliforme (L.) Sweet '

Shu-Ru Yang’, Yih-Juh Shiau’, Uei-Chin Chen’ and Hsin-Sheng Tsay’

Summary

The width, thickness, and length of capsule showed sigmoid development in a medicinal orchid
Dendrobium moniliforme (L.) Sweet. The most rapid growth of capsule was 1~2 weeks after pollination. The
width, thickness, and length reached maximum in 3“, 8", and 9" week, respectively. The optimum timing for
self-pollination was 2~7 days after flowering, but it only achieved 10 % fruit set. The optimal cross-pollination
was 1~5 days after flowering (DAF) and the fruit set varied between 30% to 100%.

Key words : Artificial self-pollination, Artificial cross-pollination, Dendrobium moniliforme (L.) weet,
Fruit growth, Sigmoid development.
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Insecticide Resistance in Plutella xylostella L.

XI. Resistance to Newly Introduced Insecticides in Taiwan

(1990~2001)'

Ching-Hua Kao and Edward Y Cheng’

Abstract: The diamondback moth (Plutella xylostella, DBM) has developed resistances to
almost all conventional insecticides, for example, carbamates, organophosphorus compounds,
synthetic pyrethroids, and insect growth regulators. The resistance and cross-resistance
amongst these insecticides had been studied and clarified. A strategy by rotating selected
insecticides to manage the resistant DBM has been proposed and tested in field, and the result
is acceptable to farmers. From 1990 to 2000, many new insecticides with unique mode of
actions were registered, and DBM control is no longer a problem for farmers. However,
whether DBM also slowly develops resistance to those new insecticides is worth to study.
DBM strains were collected from two largest vegetable districts, Hsi-hu and Lu-chu, for testing
the resistance profile to newly registered insecticides. The test results confirmed that field
DBM has developed resistance to new insecticides except diafenthiuron. The resistance ratios
of abamectin and emamectin benzoate between two field DBM populations are 2500~5000 and
300~150 respectively; the resistance ratio of another GABA inhibitor, fipronil, between these
two populations is 65~104. The resistance ratio of derivatives of cartap and carbamate,
bensultap and benfuracarb between two different populations are 20~30 and 10~30
respectively. The resistance ratio of chlorfenapyr and spinosad between two different
populations are 10 and 60 respectively. The DBM resistance to commercial product of neem
extract, azadirachtin, is too high for field application practically since the high viscosity of the

extracted product plugged the spray nuzzle of sprayer when the concentrated product was used.

Key words: Plutella xylostella, Insecticide, Resistance, Resistance monitoring.

INTRODUCTION

Crucifer crop is the most important group of vegetable in Asian countries. The major insect problem of
crucifer crop is the diamondback moth (Plutella xylostella L., DBM). During 1950s to 1960s, synthetic
insecticides such as DDT and parathion were introduced for DBM control. Bt products also were used since

1. Contribution No.2096 from Taiwan Agricultural Research Institute, Council of Agriculture. This paper was presented at
the 4th Asia Pacific Conference of Entomology, Kuala Lumpur, Malaysia, August 14-17, 2001.

2. Respectively, Entomologist and Senior Entomologist, Department of Applied Zoology, TARI, Wufeng, Taichung, Taiwan,
ROC.
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1960s. Following more restricted safety consideration, many early registered insecticides were banned in recent
years. Nevertheless, there're still a great number of carbamates and organophosphorus insecticides registered
for DBM control ®’, meanwhile synthetic pyrethroids were introduced around 1980s. All of them had

confronted with strong resistance problem“ >

, and DBM has become a perennial insect problem for crucifer
production. Taiwan Agricultural Research Institute (TARI) has monitored and studied this resistance problem
since 1980 7. After sorting out the interrelation of cross-resistance among various insecticides, we are able to
propose a resistance management strategy ® by rotating selected insecticides with minimum cross-resistance
effect, and the results are acceptable by farmers”.

On the other hand, pesticide industry has been continuous making efforts in developing new insecticides
to counter the resistance problem. For example, the BPU-type IGRs were introduced in early 1980s, although
very promising at the beginning, it met strong MFO resistance and the effectiveness was vanished in just one

(10)

year . Later on, abamectin, a new GABA inhibitor, was registered, and this biological-originated insecticide

had been very effective. However, the low-quality generic products of abamectin were massively marketed

without the consideration of resistance management”

- Another GABA inhibitor, fipronil, was subsequently
registered in late 1990s. From 1990 to 2001, there are several other insecticides with new modes of action been
registered for DBM control, which are either chemicals or biological-originated products (Table 1). Currently,
DBM control is not a significant problem in Taiwan due to the introduction of these products®, but whether
DBM has gradually developed new resistance is a question that needs to be studied. TARI has re-initiated the

resistance study on DBM in two major vegetable production areas, Lu-chu and Hsi-hu, on the above mentioned

Table 1. DBM control agents registered in Taiwan

Insecticide categories Common names Number

Chemical insecticides

Organophosphorus compounds Diazinon, salithion, phenthoate, quinalphos, cyanophos, profenofos, naled,
pirimiphos-methyl, prothiophos, mevinphos, acephate, pyridaphenthion, 13
mephosfolan

Carbamates Methomyl, carbofuran, benfuracarb’ 3

Synthetic pyrethroids Fenvalerate, permethrin, cypermethrin, deltamethrin, flucythrinate, 6
fenpropathrin”

Organonitrogens Cartap, thiocyclam hydrogenoxalate, bensultap’ 3

Mixtures Phenthoate+dimethoate, teflubenzuron+fluvalinate, prothiophos+mevinphos, 4x2
chlorpyrifos+cypermethrin X

Insect growth regulators Teflubenzuron’, chlorfluazuron 2

Others Fipronil’, chlorfenapyr’, diafenthiuron” 3

Bioinsecticides

Bacillus thuringiensis (Bt) Dipel, Thuricide, Javelin, Turex’, MVP’, Cutlass’, Xentari’, Quark’, Batik’ 9

Streptomyces avermitilis Abamectin’, emamectin benzoate” 2

Neem extaract Azadirachtin (Neemix) * 1

Saccharopolyspora spinosa Spinosad” 1

Total 47

“Compounds registered after 1990.
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newly registered insecticides such as abamectin, emamectin benzoate, bensultap, benfuracarb, diafenthiuron,
fipronil, chlorfenapyr, spinosad, azadirachtin and the new Bt products.

MATERIALS AND METHODS

Insecticides used:

Commercially formulated insecticides were used for comparison which include abamectin, 2% EC;
emamectin benzoate, 2.15% EC; bensultap, 50% WP; benfuracarb, 20% EC; diafenthiuron, 25% FP; fipronil,
4.95% FP; chlorfenapyr, 10% SF; spinosad, 2.5% SF; azadirachtin, 4.5% EC; Javelin, 6.4% WP; Thuricide,
3% WP; Turex, 3.8% WP; Xentari, 10.3% WP; MVP, 10% FP; Cutlass, 10.3% SW; and Batik 10.4% SF.
Insects used:

Two field-resistant DBM strains collected from Hsi-hu and Lu-chu were tested against a native susceptible
IL strain. Both areas are major vegetable growing districts in Taiwan, and are nearly 150 kilometer apart and
geographically separated by non-vegetable growing areas.

I. Susceptible strain: I-lan (IL) DBM strain was collected in 1983.
II. Field-collected resistant strains: Collected in 1996, 1997, 1998 and 2001, respectively, and only the
offspring of the first and the second generation were used.
i. Hsi-hu strain: collected from vegetable growing district in central Taiwan.
ii. Lu-chu strain: collected from vegetable district in southern Taiwan.
Bioassay methods:
I. Spray tower method:

The susceptibilities of DBM to bensultap, benfuracarb, diafenthiuron, fipronil and chlorfenapyr were
tested as described by Cheng et al."®. One milliliter of insecticide solution was pipetted into the holding tube
of Burkard Potter Spray Tower and sprayed on leaf disc. After air-dried, the leaf disc was inverted and loaded
with fifteen third instar DBM larvae, and sprayed with another milliliter of the same insecticide solution.
Treated larvae and leaf discs were transferred into the petri dish, and total of 60 larvae in 4 subsets was treated
for each dosage. The post-treatment holding condition was controlled at 25 “C in a constant temperature growth
chamber. The leaf discs used were 24 cm’ and changed to fresh untreated leaf discs after 48 hours.

II. Leaf dipping method:

The susceptibilities of different DBM strains to abamectin, emamectin benzoate, Javelin, Thuricide, Xentari,
MVP, Cutlass, Batik, azadirachtin and spinosad were determined as described by IRAC Method No. 7.
Cabbage leaves were washed and air-dried first, and leaves were punched into discs of 3.5 cm in diameter.
Total of 20 leaf discs were prepared for each dosage and leaf discs were dipped for 5 seconds in testing
solutions containing 333ppm Triton X-100 and left to air-dry. For the control test, cabbage leaf discs were
dipped in a 333ppm Triton X-100 solution only and air-dried on wire rack. In each petri dish, three leaf discs
were used in the beginning and 15-20 third instar DBM larvae were put on the treated leaves. Forty-eight hours
after treatment, these leaf discs were discarded and changed to the other two treated leaf discs that been stored
at 5°C until pupation.

Assessments:

Mortalities of DBM to besultap, benfuracarb, diafenthiuron, fipronil and chlorfenapyr were recorded at 48
and 72 HR after the spray tower treatment. For abamectin, emamectin benzoate, Bt products, azadirachtin and
spinosad, the mortalities were recorded at 24, 48, 72, 96 and 120 HR after the start of treatment. Analysis was
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made by correcting with the control first, then analyzed by Probit analysis"®. If the DBM mortality in the

control test was over 8%, the test was abandoned and a new test was repeated for compensation.

RESULTS AND DISCUSSION

It has been demonstrated in the past that DBM is capable of developing resistance to all conventional

synthetic insecticide groups such as organophosphorus compounds, carbamates, pyrethroids “*

(10, 12, 17)

, insect growth
regulator , and even the biologically originated Bt products *“* ***. A program of rotating selected
insecticides for managing resistant DBM has been mandated in several counties and gained successful results
@, which confirmed that certain insecticides are still useful in rationally rotation to minimize the resistance
problem.

When TARI re-started the DBM resistance study program on these new insecticides in 1996, we
experienced a five-year work span because previous reports showed that field DBM did develop resistance to
insecticides within one to three years®. The monitored result confirmed DBM has developed resistance to the
most potent insecticide ever registered for DBM for example, abamectin. The resistances to fipronil and
spinosad are also noticed, even they have different modes of action. The sensitivities of the susceptible and
resistant DBM to eight new insecticides were presented in Tables 2 and 4, as well as the resistance ratios were
calculated and listed in Tables 3 and 5.

Two derivatives of traditional insecticides, bensultap and benfuracarb, are discussed first. Bensultap, an
analog of cartap, was registered in 1995 and rapidly developed 20 to 30 times resistance in 1997, which was
much higher than previously recorded cartap-resistance ®” . This high resistance may build upon the already
existed cartap-resistance; hence bensultap was not considered to be an effective insecticide for DBM control
anymore. Benfuracarb belongs to the carbamate group, and its effective dosage for DBM has already exceeded
2000 - 5000 ppm in two monitored areas. The obvious cross-resistance from carbamates” made the bensultap
application not realistic in practice.

The field DBM was not very sensitive to azadirachtin (neemix), a natural product extracted from neem,
even without too extensive usage. Strong resistance in DBM had occurred as the LCs, is 0.24 ppm in the
susceptible strain, while the resistance ratio in both field strains exceeded 1000. This material also has high

viscosity that caused spray problem in operation at higher dosage.

Table 2. Susceptibilities of Lu-chu strain DBM to newly registered insecticides

. LCs in ppm/slope
Insecticide
Suscep. -IL 1996 1997 1998 2001
Abamectin 0.01/1.58 2.02/1.46 3.30/1.58 6.06/1.49 49.88/1.88
Emamectin benzoate 0.004/1.67 - - - 0.61/1.90
Bensultap 194.73/2.11 1214.70/1.32 4450.36/1.28 - -
Benfuracarb 164.03/1.30 610.40/3.87 1990.82/2.59 1594.58/2.20 -
Diafenthiuron 346.77/2.71 406.58/2.12 362.98/2.05 337.28/1.84 -
Fipronil 0.82/3.60 2.18/4.62 12.53/4.49 22.91/1.95 85.57/3.59
Chlorfenapyr 17.32/3.93 - 29.72/5.52 24.45/3.57 167.05/1.70
Spinosad 0.41/3.80 - - - 24.06/2.41

Azadirachtin 0.24/0.047 - - - >300ppm




84 ELEMIT H50E H4a4H 2001
Table 3. The resistance ratios of Lu-chu strain DBM to newly registered insecticides
Insecticide Resistance ratio
Suscep. -IL 1996 1997 1998 2001
Abamectin 1.0 202.0 330.0 606.0 4988.0
Emamectin benzoate 1.0 - - - 152.5
Bensultap 1.0 6.2 229 - -
Benfuracarb 1.0 3.7 12.1 9.7 -
Diafenthiuron 1.0 12 1.1 1.0 -
Fipronil 1.0 2.7 15.3 279 104.4
Chlorfenapyr 1.0 - 1.7 1.4 9.6
Spinosad 1.0 - - - 58.7
Azadirachtin 1.0 - - - >1000
Table 4. Susceptibilities of Hsi-hu strain DBM to newly registered insecticides
.. LCy, in ppm/slope
Insecticide
Suscep. -IL 1996 1997 1998 2001
Abamectin 0.01/1.58 1.44/1.04 3.33/1.85 3.71/1.30 24.97/1.50
Emamectin benzoate 0.004/1.67 - - - 1.22/1.07
Bensultap 194.73/2.11 - 6123.52/1.39 - -
Benfuracarb 164.03/1.30 4755.60/1.53 4976.68/1.73 2262.06/2.13 -
Diafenthiuron 346.77/2.71 562.88/1.83 345.11/1.96 319.71/1.45 -
Fipronil 0.82/3.60 7.61/3.09 9.38/4.80 6.87/2.68 53.62/4.34
Chlorfenapyr 17.32/3.93 - 20.56/4.76 32.91/4.50 159.86/1.71
Spinosad 0.41/3.80 - - - 26.77/3.24
Azadirachtin 0.24/0.047 - - - >300ppm
Table 5. The resistance ratios of Hsi-hu strain DBM to newly registered insecticides
Insecticide Resistance ratio
Suscep. -IL 1996 1997 1998 2001
Abamectin 1.0 144.0 333.0 371.0 2497.0
Emamectin benzoate 1.0 - - - 305.0
Bensultap 1.0 - 315 - -
Benfuracarb 1.0 29.0 30.3 13.8 -
Diafenthiuron 1.0 1.6 1.0 0.9 -
Fipronil 1.0 9.3 114 8.4 65.4
Chlorfenapyr 1.0 - 1.2 1.9 9.2
Spinosad 1.0 - - - 65.3
Azadirachtin 1.0 - - - >1000

There're compounds with only minor resistance problem e.g., diafenthiuron did not show any sign of
resistance up to 1998. Since diafenthiuron was not used extensively, this may be the reason that resistance was

not found and hence was not tested in 2001.

Chlorfenapyr belongs to a new category of insecticide developed by the American Cyanamid Company.
The commercial product is a pro-insecticide (AC303.630), which has to be activated by MFO to AC303.268,
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then acted on mitochondria and influenced the electron flow in the cell”. The unbalance in ion concentration
finally blocked the production of ATP and caused death. Processes of actual poisoning of chlorfenapyr include
at least three steps i.e., the absorption through stomach, the activation by MFO, and the biochemical lesion on
mitochondria. Hence, more than one step may be involved in the resistance mechanism. The multi-steps
poisoning makes things more complicated and possibly lengthens the resistance development, which may be
the reason why only minimum change in susceptibility of field DBM to chlorfenapyr were recorded in 1998.
However, almost 10 times resistance was recorded in both DBM in 2001. The high resistance causes the
effective dosage of chlorfenapyr reached the upper limit of its registered concentration, and currently the field
efficacy of chlorfenapyr for DBM control is remained in question.

Both abamectin and fipronil act on the GABA transmission in the neural system"*, Aabamectin
resistance in both DBM strains of Hsi-hu and Lu-chu areas has increased progressively from 100/200-fold in
1996, 400/600-fold in 1998, and has already reached 2500/5000-fold in 2001. Since the generic abamectin
products once occupied 90% of abamectin market, the resistance induced in DBM might be the consequence of
those generic products rather than abamectin. These generic products contain a lot of toxin impurities ", and
may induce more complicated resistance mechanism in DBM. The purified Bla/B1b mixture, emamectin
benzoate, was registered for DBM control in March 2000, and is the most potent DBM control agent as its LCs,
is 0.5-1.0 ppm for both Lu-chu and Hsi-hu strains. Emamectin benzoate suffered 150~300 fold resistance of
DBM in the test of 2001, and the cross-resistance from abamectin is obvious but in lesser degree. The
difference may be contributed from purified Bla/B1b active ingredients, and suffered less cross-resistance
from other toxins.

Fipronil, another GABA inhibitor, was registered in Taiwan in 1996 but has already confronted with 10- to
30-fold resistance since 1998, and its resistance ratios increased to 60/100 fold in 2001. Although current DBM
resistance did not hamper the effectiveness of abamectin and fipronil seriously, the trend of resistance
development is alarming. It is unclear whether the cross-resistance has developed between abamectin and
fipronil, but the introduction of abamectin for field application is much earlier. Since both compounds share the
similar action site, the GABA transmission, the resistance mechanism study is needed. The registered
concentrations of both abamectin and fipronil for DBM are comparatively high, and that is why farmers are
still able to use these compounds despite the strong resistance.

Spinosad was registered in 1996 and tested for resistance for the first time. This bio-originated insecticide
acts as a stimulator on central nerve system. Surprisingly, we found the spinosad-resistance has occurred in
both tested field strains and the resistance ratio between resistant and susceptible populations is around 60-fold.
Whether this resistance is the cross effect from other insecticide is unknown, but this consequence already
raised the LCs, dosage to 25 ppm, which is comparable to the current LCs, of abamectin .

The Bt resistance in DBM has been studied and reported ** ™ *** and TARI has developed an
empirical testing system. Four discriminating dosages, 2000-, 4000-, 32000- and 128000-fold dilution, were
chosen for all tested Bt products, and the 50% mortality is used to distinguish the resistance development. Two
higher dosages are used mainly for identifying the field resistant strains, and the two lower dosages are used
for confirming the test standard for the susceptible strain. When the 50% mortality occurred between 4000- and
32000-fold dilutions of Bt, we consider there is no alarm for Bt resistance. While the 50% mortality occurred
at the dosage higher than the 4000-fold dilution, a warning for Bt resistance should be issued.

Bt mortalities in DBM collected from Lu-chu and Hsi-hu from 1996 to 2001 were recorded in Tables 6
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and 7, which confirm at that field DBM did develop resistance when compared to the susceptible strain. More
than 50 % mortality in the susceptible strain was found in the first three dosages of all Bt products; while in
both field strains, only two higher dosages caused more than 50% mortality. For the past five years, most Bt
products still maintained reasonable efficacy in Hsi-hu DBM, while Xentari, Turex and Cutlass had met
resistance in Lu-chu DBM since 1998. In general, the result of Xentari testing in 2001 is almost the same as in

1998, and the Bt resistance of field DBM is rather stable when compared to chemical insecticides.

Table 6. Susceptibilities of Lu-chu strain DBM to commonly used Bt products (1996-2001)

o % Mortality
Bt products Dilution
Suscep.-IL 1996 1997-1 1997-2 1998 2001
Javelin, 6.4% 2000X 100 95.7 100 96.3 87.9 -
4000X 100 90.5 95.0 79.1 79.1 -
32000X 93.5 51.2 63.1 15.6 41.7 -
128000X 774 20.7 39.7 13.3 35.8 -
Thuricide, 3% 2000X 100 89.3 83.1 63.0 82.1 -
4000X 100 727 73.9 48.7 80.0 -
32000X 70.6 252 20.5 26.5 25.0 -
128000X 30.9 13.4 19.5 18.3 18.2 -
Xentari, 10.3% 2000X 100 88.5 95.9 83.6 91.9 71.7
4000X 95.4 65.3 63.7 68.5 423 52.0
32000X 55.5 18.6 16.2 22.8 18.4 14.7
128000X 24.7 7.2 2.6 172 6.3 5.0
MVP, 10% 2000X 100 81.0 83.1 66.0 - -
4000X 89.7 63.3 81.3 56.9 - -
32000X 85.6 13.5 26.4 23.6 - -
128000X 64.0 7.7 11.2 12.3 - -
Turex, 3.8% 2000X 100 95.3 98.3 95.2 74.5 -
4000X 80.9 84.4 88.1 78.3 50.4 -
32000X 69.1 31.7 24.2 313 18.7 -
128000X 409 14.3 20.4 6.9 6.4 -
Cutlass, 10.3% 2000X 100 96.3 99.2 96.9 50.0 -
4000X 97.6 94.3 93.2 83.2 32.8 -
32000X 68.4 522 54.2 313 13.4 -
128000X 323 28.8 30.5 16.0 1.6 -
Batik, 10.4% 2000X 100 - - - 87.2 -
4000X 95.0 - - - 67.4 -
32000X 59.5 - - - 26.2 -

128000X 22.0 - - - 11.9
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Table 7. Susceptibilities of Hsi-hu strain DBM to commonly used Bt products (1996-2001)

o % Mortality
Bt products Dilution
Suscep.-IL 1996 1997 1998 2001
Javelin, 6.4% 2000X 100 ' 91.8 97.4 95.7 -
4000X 100 69.7 93.3 88.7 -
32000X 93.5 15.7 433 49.7 -
128000X 77.4 132 28.8 36.7 -
Thuricide, 3% 2000X 100 924 79.3 - -
4000X 100 71.6 50.8 - -
32000X 70.6 28.7 25.7 - -
128000X 30.9 19.3 16.9 - -
Xentari, 10.3% 2000X 100 98.4 100 - 82.0
4000X 95.4 65.0 85.0 - 71.1
32000X 55.5 21.7 29.2 - 19.8
128000X 24.7 16.7 30.5 - 10.9
MVP, 10% 2000X 100 85.3 82.5 - -
4000X 89.7 68.0 429 - -
32000X 85.6 313 26.8 - -
128000X 64.0 11.7 15.5 - -
Turex, 3.8% 2000X 100 99.2 100 - -
4000X 80.9 77.0 83.1 - -
32000X 69.1 20.4 23.0 - -
128000X 40.9 13.0 222 - -
Cutlass, 10.3% 2000X 100 ‘ 98.7 91.7 - -
4000X 97.6 90.9 84.9 - -
32000X 68.4 32.1 39.2 - -
128000X 323 10.1 28.2 - -
Batik, 10.4% 2000X 100 - 87.1 87.0 -
4000X 95.0 - 62.9 63.3 -
32000X 59.5 - 14.3 8.2 -
128000X 22.0 - 12.1 8.1 -
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