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KR IZ N T fE 8 2 AR
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A

HE | AVRLG PR ERA R ~ R ESE 5 B2 o KRR EA MR - ES
SR ERER ZTIRE ~ B ~ BN ~ DM - IR R AR E AR RSB » AL AR
B BREmmEREt (EhHaitan) » SUET RS IE RS MR 2R o ABRS
RIGETT T RBUR | PREEEME MR REE » SRERERNE ~ BEE ~ Bk~ fElE -
WHER B S MR Z I BRT ~ R R B R R TR SRR RS BB - B
M B R AR A R e 2 KEBRBRER » 5 L RSRRBRIRAE S BRIS— B R BB AKER o HIESR
MEAR 3 K SR AR M T8 2 R R B > 5 (B BN RS » (B 5 3TN Ao RS IR ~ 3
S ~ MR WIS 4 ERZ P RE R BERME BE o BEABOWZEEEL » BEZ
FR R RR > MIEM:A EAYBIEMERIRK o

Bl » BAESHTENEEES FEZKEM I ZRERE » RRZEFEEESESRENEEHE
PR o MM e IE B RS ERET R EBERERWRIZHE » RS RIEXTE (milling quality)
s kkisM4R (grain appearance) RZEFHEEHMHE (cooking and eating quality) &=F5 o H
R R REZEE » EE UK ZEH#BIE R (amylose content) KIBHEWEE (gel con-
sistency) BEBEFIE 2K o AEKERABES RBER &1 » ERFEREATER 9 » &
BRTSEL AR ERERME c MAKWEEZMEMERIEE » (A0S - 2Lt AR R W Ea
B RFE S ARG o ARITGEMH  BRIGE - ERFTERGEET I AFEABRRELL LR
ZHEFEKER© -

WMEZ s KRERMEZRE » WiNMEORE0H © BRI REEERIAEE
(EIGE) 5 kR BEWREE S AMZIEE » £R%EH (AE%) ; =55 AEEHETERRTHE
YRR 2R R EE 0 (AT BAEEEATEQ) - MAATHK © ik 24MEEE s %K
FhoE i ORI B BRI R 2 DIFCHES BLBARE » M » ZAFIE » EAEKRFRZERRLESRET
DB BB » HOLmER TR R B R Y 2 R B E /TR R B 5 - MATREEE (E|BQ) »
EEK R EED IS » REB 2T A— R HABSESERER (Texturometer B Rheo-
meter) ZAEZ o PLIERRER ORI A KE 0 BB B) 5 NIMa%ET BB 2 Be 2% » TEEIE KR 2

(hardness) ~ %M (chesiveness) -~ 58t (elasticity) ~ Jifitd (brittleness) » H#EFEH
nEmEE (chewiness) K ZhitE (gumminess) SHIRstE » B—REr RSB EZBIBUELZ
B AAAHEEABRERERERER ©HHL .

BAREET » BRENAKZHERCHENZEAEBEENZET » BRNEICER S K2 H

LB RN DRSS 1957 Bk o
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JERBE NSRBI L — o MAPIIEZ B A9 RIZELREER (w8 1 18 Ak BV 68 s O 2 s B B
imAEEAR o MHE— PR RGE B IS E RE T B 2 B 5R o DIRBER MESCER S BB % -

MEERAE

ZAKTANEREERT 5 BF ~ 22/ 7 5% ~ ZRR6THE » 1895 » EHEL4LE  HEF 1 8% a3
W%~ ZEE RIS R AR 1 5 9 (AR - ARMKSMEE R ENEHBERELE - ZhEBES
BHRNAY s ZRELEYESEEGEIR - SR RENRESRHEAGE EHE S EYESERE D
485 (RS o HUBEIEH — o JEEE N : P,0s : K,;0=120: 60 : 60kg/ha o 5§IF (FABREAST) %
W2 2% AR » HINETIRISR 30K 55 B8 i 28 2. 20% 5. 30% 2 5BHE » £:25% AR - BEAE Al
Z2ERARER KA  SMEA2E 2 20%EHIE » AKEIRZE4B2E240% » Ji R mEE
o AR EHE LB ER » ZEE o NEERK 10m? [THEEE 30x 15cm » HHAEEHE » §4
— 5 K H o BHHER » BRKSEERALEULEBIFFABABREREX -

BEEERLLRAR Satake RERESIERHCEEK » BLIEE Seedburo McGill No. 2 Miller FEE S
s TRE30FD » JEVE30R o B AREMIMERTEL  (broken rice) #HZ5g#kks (head rice or
perfect rice) i o

Kz Okabe "0 2 /3= « 20g 2 & G MAYSEERERN 150ml 2R (Pyrex,
No. 1000) e s Jp—2k7548K25ml » LDUSBHEKE 0 it BiR105 8 - BRBEMNSZ KRESHR (TAC-
6H) ZEZ » SRR 6 EET » /MBINK 42ml - EiHEBEIRIBEIL » MaR155 BB tesH -
EREWR BB » EEBE T AP (therml equilibration) 1 {8/ o PEERIESR IR %
B TSR 8 » W — R 2806 » LL Okabe ZEijii: (one-kernel technique) HRZ - HRMRAE
L TUEAEMDETT 3 (HTEER (cycle) » KRBT (HEMN) WAEME - FERERHEBHRR
BT 3 BUR 2 I9ME R4 B R B ROR (R4 TR V1l » IR BN — R A 2 i B M (S 4 B R AR+ (A B
BLREE 24 o

BT OE PR SR A EAS PR AR B B A R B Tk X Gt 2 MBS RS (Rheometer, NRM-
2020J-CW) o JUEKIEHAFS © WEAHIE (sensorg range) 0—500g ; MIFAEE 30cm/M 5 FhE M
BEE 10.0mm ; WA FRUET (UP & Down) HEBEE)HAET o

KEEHREMNE PR SR B RERRE AR » FEESS 9 ERRES T2 -

B R

50 O ABHARAT Y 5 (BB ML T 5 K AR 2 T AR A B B M M 55 25 T 6 51
RET o B3 1A > BT » R RN 2 2 R R KA 5 B IV RER
S BEEE BB - Wtk - OBAR R TS 6 AL 2 BB B R 2 2 R - B> B9
1B KA B2 K R A T P T 7 R T BB 7R 5 LT (A BR s B 7 5 1 2 P K 5
B R E AR AR 2 R o PR BEMRIBAEESL » B » INET AR IUENSE 6 BETRMIEIR 27
R SO 2 AT RTINS o M » & TSI B2 B K R B P ST R T U7 %
2 FH (B RIER) WA o

BRI I BT R B M 2 B RNk 2 © A % 2 BRLORM 2
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Table 1. Analysis of variance human panel testing score and physical propertics of cooked rice.
y

Source of Human o
DF. |panel testing] Hardness |Cohesiveness| Elasticity |Brittleness| Chewiness| Gumminess
variance score
[

Location (L) 4 Hk ek ns Fk *k Aok ok
Error (A) 10 — — — — —_ — —
Variety (V) °8 ok *k w3k ok o R sk
LXV 39 i wx ns #k o *% *ok
Error (B) 80 — — — — — — —
Total 134 — — —_ — — — —

#*% : Significantly different at 19 level.

ns : Non-significant.

K2, CKBUE (R MRS IR 2 i B R
Table 2. Variabilities of human panel testing score and physical properties of cooked rice

of cultivated locations

| (
Human Hardness Brittleness | Chewiness | Gumminess
Location |panel testing Cohesiveness| Elasticity |
score €] i €] (&) (&
Hol-Long —1.45b! 453.7¢ 1.60a 1.85b 531.2¢ 1,315.8¢ 713.5¢
Ta-Tsuen —0.02a 386.8d 1l6la 1.86b 3675d 1,148.0d 625.0d
Si-Lo —0.02a 550.3b 1.60a 1.87b 444.1b 1,674.6b 900.5b
Ping-Tung —0.07a 560.0b 1.60a 1.92a 541.2b 1,710.0a 892.0b
Chih-Sun —1.49% 5771a 1.60a | 1.86b 562.3a 1,725.9a 926.6a
|

1 : Means in each column with the same letters are not significantly different at 59 level.

TEREY K BUE BeE 2 N - BB HENE BRE » KN~ WIRR % 4 (xRl o K2tk
DAE B ith b 2 K 88 B i Z MRS » 7 B AR Z R SN AT R R - 72 B IR R R R i AR 2 ok
BB VE(E AR 2 AT » MEBERNE ARES o RRZHESESERLUE B R i - il
k2l » ARRBEAEIRE » BREDEBRIEE » TLIE B AR ZRR A K SRS EE K
o REUZFMEE T RIAE Bib L2 KA AE R » MR RBERWERRFERE » REERAMN# o
£ 3IBBHR 9 EAENEE 5 BRI HRFEYIEFIER B RS REZAREG R 2 3 Ju
R > ZROTHBZR 9 BN ESH M BURIE S » (LR SRR G FE
EREE » WEHTRTMERFSRIRLE T -2 R AT E R 2RO - BRRESEME - -
BEE T RE K B G Wy TR AR 1 B R L B 2 R BB B AR AT — 2 R - BRI E »
ZEE 5 B~ SRR 7 W EROTHR » TP 189%% » mEIALIR R E T 1 905 6 (BN AU RE AL
BUBEBNZEPRN 3 5% » B AILSHE R 2 762K 1 45 4% 3 [ARNEE WA o AR E - E B8 M BURR M
MR TIERRE « BER6THE > 2 1895 > ME14 L5k > 205 5 35 > 0F 1 57 > 228 7 92 o Hirp 22867
B~ 189 R M HEL41BESE 3 MR HREANE (E MR A RAP T 5 K 1415R0A%ER 5 BRSF 2
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Table 3. Variabilities of human panel testing sccre and physical properties of cooked rice
of different varieties
Human | Hardness Brittleness|CheWiness Gumminess
Variety panel testing| Cohesiveness Elasticity
score (® €9) (& &
Tainan No. 5 0.39bc! 502.1¢ 1.57c 1.85¢cd 4879¢c | 1,458.8d 799.7¢
Tainan No. 7 0.24c¢ 440.'7f 1.55¢d 1.83d 414.6f 1,247.8h 70762
Tainung No. 67 0.6la 480.5d 1.57c 1.82d 462.7d | 1,349.1f 753.1d
Taichung No. 189 0.56a 441.8f 1.60c 1.87bc 424.9f | 1,2978¢g 697.3e
Kaohsiung No. 141 0.44ab 460.9¢ 1.52d 1.85¢d 443.8e | 1,307.6g 695.52
Yoshino No. 1 0.25¢ 559.9b 1.57¢c 1.89b 847.5b | 1,655.0¢ 859.0b
Taichung Sen No. 3 —1.01d 477.9d 1.58¢ 1.89b 462.0d | 1,412.9¢ 741.3d
Taichung Native No. 1| —1.66f 607.0a 171b 1.90b 885.5a | 1,922.8b 1,0109a
Tainan Sen No. 15 —1.45¢ 596.9a 1.76a 1.94a 574.5a | 1,981.9a 1,030.9a
1 : Means in each column with the same letters are not significantly different at 5% level.
MAREELRFEE ZESW 55 1 R 2R 73S 3 RELNZ LB REY - ISR TR

flE IRAZ R RS ZE il 3 38> Z A AUISHE > v 702 1 5% © EMTRIE ~ R ~ T8k - Mk - TS R 26
R AR E R BT S B RE » BARED S L ESE R EEE o i » IaEy
E Al 3 SRAVRE K B RS (E BT AR » TR RIS o 9 BRI ERE Ly s
HRAZBRBHRLES -

RA. OREUE BRI R R B 2 8 B R AR B

Table 4. Simple correlation coefficients among human panel testing score and physical

properties of cooked rice

Location Hardness |Cohesiveness| Elasticity | Brittleness | Chewiness | Gumminess
Hol-Long — 0.74%* — 0.76%* — 0.79%* — Q.73%* — 0.84%% — 0.83%*
Ta-Tsuen — 0.80%* — Q.72%* — 0.32ns — 0.75%* — 0.85%= — Q.70%*
Si-Lo — 0.69%* — Q.72%* — 0.44%% — 0.64%% — 0.85%* — 0.80%*
Ping-Tung — 0.54%* — 0.64%%* — 0.17ns — 0.50%* — 0.56%* — 0.58%*
Chih-Sun — OQ.72%%* — 0.63*%* — 0.5g%* — 0.70%* — 0.82%* — Q.81
Combined data — 0.48%* — 0.70%* — Q.37+ — 0.45%* — 0.59%* — Q.56%*

*, % Significantly different at 5 and 19 levels, respectively.

ns : Non-significant.

it
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B ity - =326 AEG 6RO BT B 5 B B R R 5F S R s B B O B B T - 3Rk
ARBIE o EHREANE SR L ~ WRARYE » BEYE - IR MR B2 AAERIE » AEMHEEHREE 2 K o
TT'E BEAh i BARE BE 2 AR 2 BN B R E I AR R » E R - IR LS =% S EE
s EAANRARREMLETERY o AAMINEIRZ RS 597 AE 8RS BURBLK BRI ~ B

Y~ BEtE > TERAE R B 6 (M BB RRE 2 S AR o

*S.

SKERE HE T AR (R A B T BB BB R 55 7

Table 5. The multiple regressions of human panel testing source on physical properties

of cooked rice

Location Hardness |Cohesiveness| Elasticity (Brittleness|Chewiness|(Gumminess| R2 F bo
Hol-Long 0.002ns —1.506ns| —0.235ns|] —0.003ns 0.001ns| — 0.004ns|0.79| 12.68** 16.46
Ta-Tsuen —0.007ns —0.588ns 1.942ns 0.016ns| —0.006% 0.001ns{0.8]1] 13.95%*  0.04
Si-Lo —0.002ns —0.114ns 0.160ns|  0.008ns| —0.004ns| 0.001ns| 0.80] 129.6%* 3.29
Ping-Tung —0.008ns —6.911ns|  2.777ns 0.004ns| —0.002ns| 0.006ns| 0.47] 2.99% | 6.62
Chih-Sun —0.190ns 2.883ns| —2.484ns 0.025ns{ —0.001ns| — 0.005ns| 0.76] 10.32%*  3.70
Combined data | —0.008% — 4.480%% 1.494ns 0.010% | —0.002%% 0.001ns| 0.58| 29.35%% 5.61

* %k 1 Significantly different at 5 and 195 levels, respactively.

ns : Non-significant.
=6, CRERVEEE B E R MR R
Table 6. The path coefficients of physical properties of cooked rice influening human
panel testing souce

Location Hardness |Cohesiveness| Elasticity | Brittleness | Chewiness | Gumminess
Hol-Long 0.134 —0.185 —0.345 —0.241 0.178 —0.549
Ta-Tsuen —0.508 —0.067 0.126 1.077 —1.534 0.170
Si-Lo —0.126 —0.010 0.009 0.670 —1.384 0.083
Ping-Tung —0.696 —0.726 0.381 0.366 —0.941 1103
Chih-Sun —1.661 0.312 0.188 2.224 —0.507 —0.983
Combined data —0.972 —0.490 0.127 1.201 —0.843 0.243

TR R KA T B AR 5 » % 5 BURTE B 2 BEI 5 MBS
i) » (ARERE (RD RINGE 28R « MHDREE 2 BERFRZEE » R FHHEE
W 2 HPSEET CRBCLBEET A > 8 4 MR B R e e 2 5 B RO BB 2% © (BT
WA A S HTES » 6 RO R AUREEE  WRAEUE ~ bk RO 55 4 RIEIR 2 B R L
GEEF A o Hoefr o TEEE © WREEVETR LR IES 3 (ARSI TS BT U AL A O 5 TS T AR
R R ENTE -
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% 6 ARSI 2 » SRR » WE RS R A E 2R RRERE
S koH ~ TEIRE RIS 3 M AR 5 th R BEE o TEE MR RS R RIER BRI -
SREE B K PSR L% 3 BB ; FEE L o BHEIREIE > BEHTE
R A SR SR 5 B T RO B 4 RIS R AKIE - HA DAE
i b 2 AR A o R E T AT HER S 2 wE R b KR4 EH2ANE
s gheb LIRS B R AR 2 A E I R SE o SRR M R R A IE B SRR ~ T
17 FEE M5 4 HIE o TTEH RSB A R LK 2 3 » PR RS B R 5 el
FERISE AL o BrEEE R T RN R B AR E Y R B o LTI - BH R
BRCEATES RE S WE MR B4 EBREATAZEE » RIE BN S ZAMEMERT K
s FEPEHTE o SRR A AR B A AN » IR RS 3B » d g AR RE L EERK
AFHIEZ B ARIERE L STE » hUEER L% ARERK - HATUbRERI T 2R
s AR SPE AR B R 2 A T S AR BB RN 2 IERY R

HoO@

Wik © BB KR ARTREA » RS (texture) ZEBETIREARREIZAREER
FRS » AT EENSE R GOR 2B ~ el - Bk ~ IRl ~ DB R BRI SR AR 238

(cooker) EEBEEK S Y BEREE o XA » RO (4 B 52 Hm 5 &L
KRB H A ARKNG0R (30°0) %0 kM EEELR ; ALY (automatic gas
cooker) FAEET4E (automatic electric cooker) Ff# 2K KIS REBE AR O 5 BXE
ER I TR — 2 it » BURREESREEME €00 78 U9 o SRR BUBEE BLR R 2 R BE BRI B Bl » 3
2hoo FEESAIRSMEIR S » BHAESIRE © o BTN EER » KEEERS 5 BRERREER
AR B E AR MG 1S (0 o AR L (peaty sol) 2 KRB HHEZME * « FREFK (rusty
kernel) ZHREE RIS » BhiERINGS @ o MREEERETREZEEREGEE D <
BLATA A TR (B RS R RTERERE O ZHE . AREFRERRIRIFATE
o EREE M R R D E MBS B R R S W E R IR R R B R 2 A R AR
BT o SEJL A TR ~ EANKEE - T PR K MELES BHIR ER SRS RBE B2
(T > BUR R B2 T A R B B I S A TR 2 R R I L R AT
s ML Ry AT R T R SRR TR REE IR FTE o FRARTIIE AR EERPEREE ~
Firr > BT L BN SR A RERE 2T (ERa3 HmRL » REAEZH RN E R
B AR YA EEENTEEE o EKR AR @ -~ Ebata and Hirasawa
™ \ Okabe ™ ~ Suzuki 1P B Suzuki ef ol M ZEEFURMG A o i RIS HEER N HBIE K
K ~ MR S IORBITY » FORIESE o BER - AP E A 2R E GBI
5t o RS BN o (AR BIZE R B AR IR BB B 2 B R AU R
$k © % Okabe UV 38 M2 fuok FBE B B 200 2 BRI U) o Okabe U0 E—/PIRHFEE
R LR —EREENEEA S (balancing parameter) o REIZBEEHE » BHEMER
s BB TS SRS » AR S « MR AR MER TV - HEE
e AR P AEE o A BB R B BLK B T AR BB R AR MR AR - (AR T
T4 B 5 S BT B AR B 2 SR 5 TR B AR AR s W PR AR M T S 2 R S SR B » (AR
R RIS  E I 2 R o SRR TIE 2 ORI o AR N R R BT e R W B AR R IR E
S (AU BN E RS 2R o AR B RE (FEMEERED ZHE R &
R LA CHBB ISR 2 ARRIR AR HUE o B AN A o
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The Relationship between Human Panel Testing
Score and Physical Properties of Cooked Rice’

Yih Chuan Kuo?, Ching Liu? and Sing Song?

Summary

Human panel testing score tested by Taichung District Agricultural Improvement
Station and physical properties of cocked rice, such as hardness, cchesiveness, elasicity,
brittleness, chewiness and gumminess, measured by Taiwan Agricultural Research Ins-
titute were for the purpose of elucidating the relationship between human panel testing
score and physical properties. Nine commercial rice varieties grown at 5 locations
distributed in the northern, central and southern parts of Taiwan were used as tested

material.

The effects of variety, location and variety xlocation were significant for all eval-
uated traits except cohesiveness which was only significant in variety. It is found that
human panel testing score was negatively correlated with all evaluated physical prope-
rties of cooked rice. The partial regression coefficients of human panel tesitng score on
physical properties were not significant for all five locations, however, the partial regr-
ession coefficients of hardness, cohesivenessbrittleness and chewiness were significant
for combined five locations data. The results of path analysis indicated that the trait
with the largest negative effect was hardness and the trait with the largest poritive
effect was brittleness among physical properties of cooked rice.

%

1. Contribution No. 1357 from Taiwan Agricultural Research Institute.

2. Respectively, Assistant Agronomist and former Senior Statistician (now, Professor, Dep. of Agron-
omy, National Taiwan University, Taipei , ROC. ), Department of Agronomy, TARI. Wufeng,
Taichung Hsien, Taiwan 43011, ROC.

Head of Crop Improvement Division, Taichung District Agricultural Improvement Station,

)
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Fig. 1. Influence of mean air temperature during the growth period of donor plant on the callus

formation ability in anther culture of Tainung 67 rice.

(me—e- Average temperature, «+-e--- Vegetative growth stage, Reporductive growth stage,

9Callus inducing ability) 1-13: Batch No. of rice donor plant (same as table 1)
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Table 1. Influence of anther inoculation time (month of the year) on the abilities of callus form-
ation and plantlet differentiation of Tainung 67 rice.

Batch
No.
of rice
donor
plants

© @ N o U W N

—_ e
N o— O

13

Date of anthers

cuitured

November 8-10 1982
December 9-11 1982
February 2-7 1983
April 13-14 1983
April 25-28 1983
May 11-12 1983
May 29-30 1983
June 14-16 1983
July 20-22 1983
August 1-20 1983
September 20-22 1983
October 7-9 1983
November 4-7 1983

Nu;n. Num. and %|Num. and %[Nu;n. Num. and %Iof callus forming

° of anthers | © plants

anthers| of anthers - callus

- forming Roots &

cul brownin, callus cul- Gre Albi b 1
tured g tured en 1no :hggtrsma
2,244 |1,186(53)bY/ |822(37)bed¥| 110 |23(21)bc?/ 22(20)abc?/ [18(16)cde?/
2,244 | 704(31)gh [661(27)g 108 |36(33)ab {27(25)abc {13(9)e
1,024 | 890(87)a 0(0)h — — — —

1,925 | 851(44)de [650(34)cde 126 [27(21)bc  [36(29)ab {32(28)ab
1,932 | 565(29)h |604(31)efg 120 [31(26)abc | 6(5)e 22(18)bcde
2,171 | 771(36)fg 1882(27)fg 124 |29(23)abc | 5(4)e 16(13)de
2,129 | 762(34)fg {890(42)a 122 [31(25)abc | 8(7)de {38(31)a
2,087 | 692(33)fgh [619(30)efg 120 [23(19)c  |18(15)cd |23(19)bed
1,282 | 601(47)cd [372(29)efg 120 |27(23)abc [21(18)be  |22(18)bcde
2,034 | 800(39)ef [651(32)def 134 [33(25)abc 27(20)abé 22(16)cde
2,189 | 693(32)gh |876(40)ab 118 |40(34)a |24(20)abce {19(16)cde
1,998 | 711(36)fg |839(42)a 140 40(29) abc 29(21)abc |39(28) ab
2,094 [1,049(50)bc [792(38)abc 136 |41(30)abc |40(29)a  [13(10)e

1/: Means with the same letter are not significantly different at 59 level by Duncan’s New Multiple
Range Test.
2/: Means with the same letter are not significantly different at 5% level by Chi-square Test.

Table 2. Effect of low temperature treatment during reproductive growth on the anther culture of
Tainung 67 rice.
Treat- |Num. of | Num. and % | Num. and % [Num. of Num. and % of callus forming plants
anthers of anthers of anthers callus
forming Roots &
ment* | cultured | browning callus cultured Green Albino abnormal
shoots
CK 2,189 693(31.7)bYV | 876(40.0)abl/ 118 40(33.9)a?/ 24(20.3)b2/ 19(16.1)a%/
L 1,156 388(33.6)b 394(34.1)bc 134 16(11.9)¢c 13(9.7)c 31(23.1)a
L. 1,263 390(30.9)b 532(42.1)a 160 25(15.6)bc 24(15.0)be 23(14.4)a
L 1,218 347(28.5)d 346(28.4)d 140 36(25.7)a 31(22.4)b 24(17.1)a
*k
L - — — - - — -
Loy 897 439(49.9)a 127(14.2)e 84 9(10.7)c 36(42.9)a 14(16.7)a
Lap 1,213 344(28.4)b 357(29.4)cd 140 35(25.0)ab 32(22.9)b 23(164)a

#: CK: Rice plants were grown under normal environment of the 2nd crop season, 1983.

L, L, and Ls: Rice plants at 13.5, 14.5, and 15.5leaf stage, respectively, were treated with tem-
perature (20/15C, 16 hr photoperiod) for 1 week. Lip, Lap and Lgp: similar treatments were exe—
cuted as Li, Ly, and Lg, respectively, except that the plants were kept at low temperature until
the anthers were collected for culture.

**; No anthers were available for culture due to prolonged low temperature treatment,
1/, ¢/t Same as table 1,
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Fig. 2. The development of microspores in rice anther culture

a. Uninucleate microspores (UM) and degenerated tapetum layer (T). (400X).

b. Microspore with a large vegetative nucleus (V) and a small generative nucleus (G) after one
week of anther culture. (400X).
Binuclei (arrow) of equal size in microspores after one week of anther culture. (400X).

c
d. Cell wall in multicellular microspores after two weeks of anther culture. (400X).

@

Two types of multicellular microspores after three weeks of anther culture. (200X).

)

. Proembryoids formed in anther after three-week in culture. (100X).
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Fig. 2. The development of microspores in rice anther culture

g. Globular embryoids bursted out of anther wall with dense cytoplasm (DC), and with thin cyto-
plasm (TC). Observation made four weeks after anther culture. (100X).

h. High magnification of dense cytoplasm cell in Fig. 2g having uniform small nuclei. (400X).

i. High magnification of thin cytoplasm cell in Fig. 2g having uniform large nuclei. (400X).

j. Multiple apical meristem (A), radicle (R), leaf primodium (L), coleoptile (CL) and scutellum (S)
of embryo five weeks after anther culture. (50X).
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Fig. 3. The abnormality of anthers from donor plants grown under low temperature in February

a. Normal anther () filled with microspores and abnormal anthers (AN) without microspores by

aceto-carmine squash. (35X).

3

Anthers with vacuoles (V) and anthers with abnormal cells (ANC) in pollen sacs during anthers

excision and culturing. (100X).

Abnormal cells with multiple nuclei (arrow). (200X).

o

=

Browning (B) and shrinking (S) of anthers observed three weeks after anther culturing. (400X).
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Fig. 4. Abnormality of anthers from rice plants grown under low temperature in growth chamber

a

Abnormal microspores with varied size from treatment Lg,. Some microspores had two or more
nuclei. Note: two nuclei microspores (TN) and three nuclei microspores (TRN). (200X).
Abnormal cells (arrow) in pollen sacs from treatment Lp. (200X).

Browning of anther (BA) and degenerating of microspores (DM) appeared one week after anther

culture. (100X).
Multicellular microspores (arrow) and degenerated microspores after three weeks of anther cul-

ture. (200X).
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Effect of Incoculation Time during the Year on
the Culture Efficiency of Rice Anthers'

C. C. Yeh and H. S. Tsay?
Summary

Rice plants (cv Tainung 67) were transplanted year round and anthers were collec—
ted and inoculated in different months of the year in order to investigate the effect of
environmental factors, especially temperature, on the efficiency of rice anther culture.
Results showed that the rate of callus formation for anthers inoculated between April
and December ranged between 27 and 42%. Anthers collected in February failed to pro-
duce any callus. No anthers were available for culture in January and March due to
the influence of temperature of the development of rice plants. Low temperature under
which the rice donor plants were grown affected callus formation more severely -than
did the high temperature. The reproductive growth of rice plant, espscially the meiosis
of pollen mother cells, was more sensitive to extreme temperature than vegetative grow-
th. Histological study indicated that low temperature inhibited microspore formation
and caused abnormal multiplication of tapstum layer cells. No relationship was establi-
shed between the rates of callus formation and plantlet regeneration in anther culture
for rice plants grown in different seasons. The influence of average air temperature on
the callus differentiation ability was also not clear.

1. Contribution No. 1353 from the Taiwan Agricultural Research Institute.
2. Research Assistant, Senior Agronomist, respectively, Department of Agronomy, TARI, Wufeng

Taichung Hsien, Taiwan 41301, ROC.
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WO - (ARREFTEEZZRENTEREEZED  EREFTEHNRE @  AHETBERY
BERMBEFTER 2T » DMRFISER 2 RS -

MEREE

LERERRERAT o BRI 1359 3% -
LAPTRERYE BIER =EE ZhRE BRI
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(1) ABEFE : DIARR () R2AFEREKZ =856 (Buplewrum falcatum L. ) Eh
BTFERABMHE - EFREENE D BB RIHFER0—4° CnHERFHA - :

(2) ABF i BHFAR  EMETEN L %REERY (NaHCIO) BEHE10748 » B LI
K iEE » BI04 EBHER LB ~FBWhatman No. 1EMEKZERAIEEK L (BBEABRKIS
AGHRLF) > BEEAIEE  FEHONET » BENPHRIMKRERK (PH 4.5—4.8) 120ml
s BIMEMERERE » BARRAFTESREEST  BOGRESF (BREEERD %H > =Z2H
S B AR ETIO TS0R T 5 HEBFEHHFME 10/1 - 10/5%.10/9 A9 » AIFER
HESEEE 9 BEERE: ASETURKER 2—6 BHRETHEFAR - mERs (KNOy) =
BTFEHEER  BRNSDAMBEN (0.2 % 1%) BESUETERZERNAERIEEK o
ARELEE  DIRE (1620 245%28°C) 8 /NRREHMIR (1216~ 20%.24°C) 16 /eG4 i
o pHfEEH : PHCIEINaOHFRE MK pHEE 2 E 9 » DTN - GAskKinetin B
BT ESERBEBEREATRREE 2 GABEKinetind HiE & %W (4.5<pH<B) » 24/\% (16°C)
BRTESRE - BEREEE @ BTFHHHEE  BRTREELF > 7 0—4°CTERK 1—8
B BHEENREETHES  Fh - BEENE  IHEZEERFERZIES  (micrometer)
ZHEBEMENERE » FREAONET -

FERBE

(1) fikEREER fRE AN 2 8
FELEHEEIRED » HAERIEK LB RIRAZ G » BRSRERFEEPBE Ly E -
FURI SRR I B W T KRB R T NI Z PG E - RARIER N AEE 2 K2R INE 157
/e £ 1A BIRARM16°C BAMES 2EGERE » BEREEFEREMAE TS0 MRHF&RE
R BBRES O ZHEREL HREZEFER BB EABHEA B GREBKZEFTRIEY
BTBRFFERZEE - ARABRVHRLZARKZET » THSE @ ZHHE6 AR RERE
BERETE » BRE—PHI « ZE12°CZHERT N 16°CHi20°C » MEHEE R 24°CH28°C » 7#224°CR

Table 1. Influence of pre-soaking and temperature treatments on the germination

of Bupleurum falcatum L. seeds

. -~ N
Duration of Germination Temperature (°C)

Character Pre-soaking*
(day) 12 16 20 24 28

Germination 0 57.5d** 80.0a 65.6bcd 21.9f : 5.6¢
Rate (%) 2 56.9d 76.3ab 62.5cd 36.3e 13.1fg

Days to 0 8 5 6 11 13
Beginning
Germination 3 8 5 5 6 6
Day to 50%
of Final 0 16.1a 10.9b 10.5b 16.4a —
Germination .
Rate (T-50) 2 14.8a 8.5¢c 8.6¢ 11.5b —

*#Seeds were soaked in running tap water.
*¥Means with the same letter across temperature and presoaking treatments for each character are not

significantly different at 5% level by Duncan’s New Multiple Rang Test,
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28°C B3 BsfiE R 16°C 2 1/4m1 /15 L TS50 WIRUE R » BRI BIZ N Z 53 o B FHAEM
BEFRER7EL8C, Atwater @ JRFE20°C EARBABR HEREET (linear embryo) Z#E
BHFREHEARBZAERE o MARE 2 R 2B RERRA 2830 JMAKER N
24°C28°C BB » (H R T50 R ANE HERHEENS - AT BRBEFERM 2 RZ
&8 (imbibition) B o (ARMFELE ke A (days to germinate) 5 o 16°C 2T IHRAKE
R IRE RS 5 KEFAEELE » TFIE TS0 T B BEHRAER 6 REA (10.9—5) » fiiKkE
BRIEHS.5K (8.5—5) MAZREE - 1o » BFRERSRITAEREIRERZHF it H =
BERSTHE - BRABEZEER T EERETRERENE - BB EE EMHDEREIEAE
B RLEREERE2 A BEEER HETENICETHT » BRMFK2 < hixkl > R22ZH
B » 124°CT 2 BEFHER T0E BB TR » Ll ER %S S ER I 2 BRI E T R AF

Table 2. Influence of different presoaking treatments and seed leachate on the germin

ation of Bupleurum falcatum L. seeds

Temperature Germination Days to% of Final Germ. Rate Days from T-10
Treatment® Rate
&9} (%) 10(T-10) 50(T-50) to T-50

16 78.0ab** 5.84b 8.66b 2.82ab
o

24 59.4cdef 6.24b 9.44b 3.20a

16 71.9abc 3.36cde 4.86e 1.50d
se

24 68.1bcde 2.51f 5.15e 2.64abcd

16 81.3a 3.58cde 5.21e 1.63d
St { o

24 78.8ab 2.90ef B.7cde 2.83abc

16 66.9bcd 3.8lcd 5.49de 1.68cd
ss |

24 68.8abed 2.18ef 5.40de 2.62abced

16 58.8def 7.56a 10.51a 2.95ab
CK(L) {

24 47.5f 8.18a 11,47a 3.30a

16 66.9bcd 441c 6.27¢cd 1.86bcd
S—6(L) {

24 55.6ef 4.21c 6.80c 2.65abcd

*CK, S-2, S-4 and S-6: pre-soaking in running tap water for 0, 2, 4 and 6 days, respectively, CK
(L) and S-6(L): pre-soaking in running tap water fro 0 and 6 days, respectively, and watered with
seed leachate afterwards.

#*Means with the same letter within each collumn are not significantly different at 5%zvel by Duncan’s

New Multiple Range Test.

BER - ETELMEENEMBET 28 (R2) » THEGERRABEER » 9HLR TS0HR
%o MERRTEENEREEF (GBEE T10) IR » #N TIOETS0Z ZETK © it
BHFREMS » SR (24°C) Z TSONAFTHRNEEG o thih > BHFERRET B EEEMEE -
ERENBET IR EFENERFIETEHROIF c HKEE (25 45 6 K) Z@EE» KT50
EESAIR A » FEEIRIA TR R T105E T50 2 3 Sh sl 5 W B AR A ki - (BEEFWHICGE
% T10) DI24°C16°Csi » SR R B MAL R TO50MRFREIRATR o T102 TS50 Z R H A
LAL6°CRERRIE o LA RIR B K B2 AR » T8 4 RZEEgCR e » KM RE 2 ERET
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RARBEN  BRZEEEEFTEVEETEZ - Ha LR » BRHKEET » BHFAHY
HEEHGRBNBE M2 EREURNGRETHE Y (saponin) o Nord ez al. " G BF
FEETREFNHNVEZ— - BAEREREOENET 5 ER T (saikosides) " » ER%
IR > RSB TRETRARBEDATMMHKEE T RES » FEE—-SWE -
BANEAETHRAEFTERER » ARRETRERNPETREF BRI A RRERE - [
ATRFERHRREZE A » ETRMETFAR  BRINES - HHE 1 - RIZHER » BHUB®RE

Table 3. Effect of different day/night temperatures on the germination of Bupleurum

falcatum L. seeds

Temperature (°C)

Germination Days to 509 of Final
Rate Germination
Day Night (%) Rate (T-50)
16 12 54.4d* 13.6b
20 i2 71.9bc 18.1a
20 16 72.5bc 8.8d
24 12 77.5ab 15.8a
24 16 75.0abc 8.4d
24 20 70.6bc 12.1¢c
28 12 63.8cd 15.1a
28 16 86.9a 1L7¢
28 20 | 81.9ab 11.7c
28 24 24.4e 15.3a

*Means with the same letter within each column are not significantly different at 5% Ilovel by

Duncan’s New Multiple Range Test.

ZREZ BHELER R R RSRR 2 EREE » M2l TSONRMREMENTS » BRERE
EBFINLEMZ B o L Davis "0 B Naylor ef al. 9 ZHMBETRE AR 2 EEHED - B8
LARR28°C » ®RiR24°CZM & » HBEHFREFE (T50) PATEM o I/ DRRI2CCZ &84 » K
Z3E TS0Z RIS BIER » HEERRI6CCZA S » BHERNBEER 16°C2ERER (1) » BxR
BERBAFINERZEYF - KR16°CZLBEEASRIART » B AR20°CR24°C2A4E » FiET50
ZHEHEEZE8.4—8.8K » HETE » T HE 28°C 24 » BER TOOBR RN 16°C 2 iR » (R
BHFEEE86.9%  FEEREM2AE » BB 28°CHER 20°C M & » HEEFERE281.9
% » BRAYE R28E20°CERIEE (R 1) o f7& Bl » TAIARAz2£7E12—8°C » MRIAEF16—20
°CHr HNEMBEIT EUIBARERR « SUBERRITRENBEBLEFEEZ BEBEUE 2 » e
gEZBRES (18°CHi20°C) B -
(2) mBEpe - WhREMR s UREENBF 2P

TARRSR AT (3 L RE D 2 BT E @ » RUTELIREREN0.2% R 1. 0% i (U 28 8 K IR
PIZEMS » HAERNR 4R » MEBRITEHNENEFETENYE  BETREYERZBE SRS
T+ T SE ANBAER » BURSSHATE T 16 Al AR ER ST R TR U4 DL B8 o

Wb (GAs) ERpETEMEREVEKER EEREREKEZ » MRS %% (Cytokinins)
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Table 4. Infuence of temperature and concentrations of potassium nitrate on the

germination of Bupleurum falcatum L. seeds

KNO3 Temperature (°C)
(%) 12 16 20 24 28 -
0.0 57.5bc* 80.0a 65.6b 21.9e 5.6fg
0.2 53.1be 63.8bc 61.3bc 8.8fg 0.6g
1.0 38.1d 54.4bc 11.9ef 0.0g 0.0g

*Means with the same letter across temperature and concentration treatments are not significantly

different at 5% level by Duncan’s New Multiple Rnage Test.

A EE R R R AREBTABTAERR (ABA) ZEUMER » MBS REAZEH
HELER &7 o APEREHEEHFE (GAs) 1000, 500ppm R #if5#3% (Kinetin) 100+ 50 »
10ppm BEEE G EE - MRS HRERRBEREGAR T » DRTRREZEENZEF » Bt
» LANaOH = HCIFRHA#E K 2 pHIE » ETTIRREHEENE T RF 238 » #RINFE 5 FR » W

Table 8. Influence of different pH values on the germination of germination of

Bupleurum falcatum L. seeds

pH
Character
2 3 4 5 6 7 8 9
R eayon Ot 700b  725ab  775ab  769ab  769ab  8l%  750ab
Days to 509, of
FinalGerm. Rate - 10.0a 9.7a 9.9a 9.5a 10.2a 9.la 87a

*Mean with the same letter within each row are not significantly different at 59 level by Duncan’s

New Multiple Range Test.

BT7 pH (84— 9 M 2B E S » HEFURINEER » BURENEBREMBRRE P STIRF]
B - MR RMES HUFREW 2 pH (ERILFHERFAERL.5—5.020] - BiHE » HHRZEHET
7 16°C TRRBEA A ZFRS (R6) BR2UNEZHE 16°C THE » HERME6 » Wbk
VEEEARAE » MRS WRZEH » EEHRET (100, S0ppm) HHETEVE - AR XK
(100ppm) Ea#zEhsR (1000 ~ 500ppm( ZH & » HFELFERTF b LR » L2 BEFTE
R > WEMASETRETE—EEERBEE o S#TREZEFNHDE TR H AR ERTEL
o EEk » R AEBRREZETRTCANRBEREEE » RERMK 7 » K79 GARHER
HZBRIRTE » THEF KR RS 6 RIZERGA, 100ppmEL » HEF WIBRIGE » TGA,
1000ppmpE ERAIFIER T B o BRTCPIREE 6 RIT KR EERBFEEENIAL » WH GA R
TS » BURGAZEETIEIRBAIER -
(3) EREFHREMRBFTREF Z2VE
EREET (0—4°0) REHENBEFCEUWIRA @ » FRABREREEIEREE TR
HESRWAIREE B R PR3 TR (328) o Bryant @ SHEIREHE G°CLIT)(RIEMIYH 2 Heracleum
sphondyliuvm FFEEPOEKEN » Simmands et. al "9 JRIBHHERE T AHEINER (Acer sacch-
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Table 6. Influence of GA-3 and kinetin on the germination of Bupleurum falcaium L. seeds

Conc. (ppm) of

Germination Rate Days to 109 Days to 509
GA-3 kinetin (%) of Final Germ. Rate of Final Germ. Rate
0 0 77.5a* 6.73ab 9.15bed
0 10 79.4a 6.12b 8.73cd
0 ‘ 50 60.6cde 6.73ab 10.00ab
0 100 61.9bcde 6.80ab 10.01ab
300 0 76.3ab 6.06b 9.13bed
500 10 €6.3abcd 6.12b 8.37d
500 50 68.0abcd 6.62ab 9.38bc
500 100 51.3e 6.97a 10.57a
1,000 0 74.4abc 6.32ab 8.67cd
1,000 10 70.6abc 6.30ab 8.50cd
1,000 50 69.4abc 6.06b 8.73¢
1,000 100 55.0de 7.04a d9.98ab

*Means with the same letter within each column are not significantly different at 5% elvel by

Duncan’s New Multiple Range Test.

Table 7. Effect of pre-soaking and GA-3 treatments on the germinatio of Bupleurum

falcatum L. seeds

Days of GA-3 Treat.

Days of Germination Days to 109 Days from Germination
Final Germ.

Presoaking  100ppm 1,000ppm Temp. (°C) Rate T-10 to T-50 Rate (%)
0 0 0 16 5.84a% 2.82zb 78.0abc
0 0 0 2 6.24a 3.20a 50.4def
0 1 16 5.7%a 2.32ab 63.8cdef3
0 1 24 6.34a 3.23a 53.0f
0 1 16 5.83a 2.71ab 875bcde
0 1 24 6.27a 3.14a £6.3ef
6 0 .0 16 3.81b 1.68b 66.9bcde
6 0 0 24 2.78¢ 2.62ab 68.8abcd
6 1 16 2.32¢ 1.80b 76.9ab
6 1 24 2.08¢ 2.26ab 73.8abc
6 1 16 4.30b 1.86b 8l.2a
6 1 24 4.24b 2.33ab 73.1abc

*Means with the sanme lettter within each ¢ olumn are not sigfiicantly different at 5% level by

Duncan’s New Multiple Range Test,
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arum) WREHEYAERES) (growth potential) » Bl ZIRELR 5°C BH 10KBRARHAY A &K o 2L
BT REREFREAERE » E9H (1—2 EHD M8 (13 BHIRAEHENZER » £H
B2 BRI RE - R 8 BT R » HERERBERZ 3(5EA o M2 BIFEE » —RINE
s RRBFRERTMGE 5 BB 1— 2 BEETZENET » BAKREGEE N EREFEEMR
BEREIRAE > T 8 BAEE A » BEERKEFRE 9/10 (TI0) MRSHET 4 REA > BHE
215K (16°CEa24°C2 A 4) BIBIRE o pbot » MR B RERT W (T10) ATRRIRHH
(6.5%) > BrREMERETEEERTRT » MAREEENMAREST - WORR A2
TERE DI6°CIR AR » 20°CH ERIFEEBFAOTE » IEEREHFETE16°CH24°C ZH %
ERE RIEHMMEZEEFETERTFYH (T10) AMETL SRS » REFEENIE ; 82
WIRRHE BRI 24°CT » 3 T10 #1550 4R M7AEL6°CTHIE0.9K » £ REFE - (HEEE FH R
o BRAFE MRS BHBREEK 0 BRT REPFEELERI6°CHE I » HIETIORRFRHR
HiRiiash o BURERAELAR ETRFIRENES AN REERIETET RSN - Wit &
BREBFIRIBMIEMZ TR (£8) » HThaphliyalez. el. 1@ BERFEE (3—9°C) AIREEH

Table 8. Effect of durations of cold stratification on the embryo development and

germination of Bupleurum falcatum L. seeds

Days to 9% of Final Germinetion Rate¥¥

Stratifi- Embryo Germination

cation p ngthr  Nee (9 10(T-10) 50(T-50) 90(T-90)

(week) (mm) — ygec 24°C 16°C  24°C 16°C 24°C  16°C 24°C
0  046d 750abc  66.3c 6.4a 6.7a 90ab  93a  13.4b 16.7a
1 043d 806ab  688bc  SBlc 6.0b 73c g6b  1l3cd 12.6bc
2 047d 850a  736abc  43d 49c 6.7c 73 109d 10.5de
3 0.62¢ 77.5abc  73.8abc 3.8e 3.2f 5.8d 5.6d 8.01fg 9.1ef
4 079 8l3ab  775ab  26g 2.1h 39 4le 6.3h 75gh

082b 3¢ 675bc  24gh  24gh  43e 39 6.4gh 70gh

8  148a 650c  64dc 0.9 0.4j 1.9 1.7 40i 40

*Embryo length was measured after stratification, means with the same letter are not s ignificantly
different at 5% level by Duncans New Multiple Range Test.

**For germination rate and days to 9 of final germination rate, means with the same letter across
temperature treatments (16 and 24°C) are noi significantly different at 59 levll by Duncan’s New
Muitiple Range Test.

B (Cedusdeocara) ZEEHFEREEFEE 2 RRANED - ELEWETIN6 — 8 ZNIEHREE » K
BRI

BEHEAREARE > IWRES © BREN  BERRIZETREGYEETZINN » KRREWRE
REERZBRBEELRENZETHETSHENEHERHM -

B W
EHETRFTUIGEREEEETE » RENEF S UERBLE » Ch & MR ER »

AR 2L BRI EEEE » NUR16—20°CTMiR 2 12— 8°CZIE I T HF BH MR R FMER (12°C
W) BTEE  BErENEEREYANCRAWREREY o HNEFS R h RPER LR
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arum) JREHHERES] (growth potential) » ¥EMZHEF 5°C B H 10RBEAIZBIMER o 28
BT RERBSREEERE » 298] (1—2 28D WIem (13 2HHMENRNER » £
RINEFPGERRER - 1% 8 ENIEHR » KIRRERBHRZ 3 LA - M2 BEHFEE » —Bm S
s R ERERTIING ; 81— 2 ZMFHEZEMET > MARRREG S0 > (HIFREMA
EREIRE - T 8 BIIEH R » SBRERMREFRE 9/10 (TI0) HRMIET 4 RiEA » BHR
215K (16°CH24°Cz 1) BRI « oot > ABHIRAREEERF W (T10) FTREAIER]
(6.5K) > BMrREMEREFECERTRT » MAREEENARES - DR ERZE
FHELI6CHBINE » 20°CH LR BIEER TS » HEEREFRT7416°CH24°C 2RI
EEE RIBMN L EEETERSEDH (T10) NMETRHERME » RER(TENHRSE; 8 £
HEHEREER 24°CT » K T10 #EF0.4XMAEI6CCTALE0. 9K » ZREE - (AFEZ RFREWLT
> BRTHEFNBESCRWE RN > BT R EFREEENI6°CHE I » HF TR KR IR
BRI o BURERBELAR BRI » AAVRERRMEEET T B - it &
BEERTIEME ¥R (%8) » i Thaphliyales. ef. "9 SBERBE (3—9°C) fREE

Table 8. Effect of durations of cold stratification on the embryo development and

germination of Bupleurum falcatum L. seeds

Days to 9% of Final Germinetion Rate¥*

Stratifi- Embryo Germination

CALOD | ongths e (™ 10(T-10) 50(T-50) 90(T-90)

(week) (mm) o0 24°C 16°C  24°C 16°C 24°C  16°C 24°C
0 048d 730abc  66.3c 6.4a 6.7a 90ab  93a  13.4b 16.7a
1 043d 806sb  688bc  Slc 6.0b 73c 86b  1l3cd 126bc
2 041d 830a  756abc  43d 49¢ B.1c 73c  109cd 105de
3 062 775abc  738abc  38e 3.0f 58d 56d 8.0fg 9.lef

079  8l3ab  775ab  26g 2.1h 39 4le 6.3h 75gh

6  08%b 783c  675bc  24gh  24gh  43e 39 6.4gh 70gh
8  148a 650c  6dc 0.9i 0.4] 1.9f 17 40 40i

*Embryo length was measured after stratification, means with the same letter are not s ignificantly
different at 59 level by Duncans New Multiple Range Test.

*#For germination rate and days to 9 of final germination rate, means with the same letter across
temperature treatments (16 and 24°C) are ro? significantly different at 59 levll by Duncan’s New

Muitiple Range Test.
¥ (Cedusdeccara) ZPEIESRFEH R 2 HERMEM - (AENETR 6 —8 EIEAmER » 3L
EHRERIEABIS » LS @ BREL s BrRZBERBEGYERT ZET » KEKRTE
RAEERZARBELEBANZ2ETHE M RIKMEREE G -

B W
SMET BT EEGERCRIB M » LB B SR BEBLE » R &R

H R 2 BRI BEEE » MR16—20°CMR £ 128 CZ I TRFHHBEREFMER (12°C
LAY BN BREMEE BEYEVCRE MBS RET o RMEFE TR b RER LR
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i PR BB AR E A ALK R » Forh DUEIR & SCR IRt » TTRAWE KB R AT R e e 4g o
THERED ~ WK R AN SR 2 (E UL o SEiT7E pH 8 4 2 9 ZBIBHHEY » RTHIE LM
DAl s Rie il TR » R THRG -
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ALEFBIRITE L ~ ERAERERE » TR ISR EEME ) » Frtt sk o
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o

Studies on the Improvement of Seed Germination of

Bupleurum falcatum L.

H. C. Huang and S. Y. Liu®

Summary

Bupleurum falcatum L. is an important medicina species under the family of
Umbelliferae. Physiological immature embryo in the sseds of this family generally
require an after-ripzning pzriod to germinate. The purposes of this expesriment were
to find ways to improve the germinating vigor of this species. Optimal temperatures
for the germinztion of B. falcatum L. seeds were 16°C followed by 20°C. Germination
rates at the two temperateurs were 80 and 65.5% and days needed to 50% gemination
of final rates (T-50) were 10.9 and 10.5, respectively. Alternating day/night tempera--
tures accelerated seed germination. Night temperature of 16 or 20°C and difference
between day and night temperatures of 8 and 12°C were particularly effective. Pre-
soaking seeds in running tap water for 4 days could increase germination rate singific-
antly at 24°C, presumably the result of lzaching out some inibitory substances from the
seeds. Soaking the szeds in GA-3 (500 or 1,000ppm) and/or kinetin (10, 50 or 100ppm)
solutions or addition of potassium nitrate (0.2 or 1.0%) to the germination medium
showed no positive effect on the germination performance of B. falcatum sgeeds. Cold
stratification at 0—4°C, on the other hand, was of prominent importance in improving
seed germination. After eight-week cold stratification, embryo length was three times
longer than that of the untreated check treatment and tims needed to reach T-90 was
only 4 days, or 11 days shorter than the check. Cold stratification for eight weeks also
enable seeds to germinate even at the unfavorable high temperature of 24°C. Germina-
tion rate also increased as a result. The most suitable duration of cold stratification
was found to be four weeks.

1. Contribution No. 1359 from Taiwan Agricultural Research Institute.
2. Research assistant and agronomist, respectively, Department of Agronomy, TARI, Wufeng, Taichung
Hsien 41301, Taiwan, ROC,
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AR R W AR TR F Y
AR FEF BIIB

P © SERIRE T A BRTER 55.62.69R IR BN » RS BRRakirEiksE (0-5°C)
BRI B (30°0) RERT o MRS 3~ 6 ~ O R 12MEAF 4 WEHE
HERHFEE  BROFSET 2R IFREFERE » DBIEROOR IR & I MR
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Table 1. Comparison on the germination rates and Gt50 of fresh Bupleurum falcatum L.
seeds harvested at different dates after flowering.

Harvest date (DAF) Germination (%) GT50 (days)?
§
55 55ab! 22a
62 47b 2la
69 Tla 2la
76 39 23a

I: Means in each column with the same letter are not significantly different at 59 level.
2: Days needed to 509 of total germination.
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Fig. 1. Percentage germination of B. falcatum L. seeds against periods
of storage in refrigerator at 0—5°C.
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Fig. 2. Percentage germination of B. falcatum L. seeds against periods
of storage under room temperature.
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Fig. 3. Percentage germination of B. falcatum L. seeds against periods
of storage in desiccator.
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of storage in incubator at 36°C.
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Table 2. Comparison on the germination rates of B. falcatum L. seeds harvested at
various dates and stored in different ways and periods.
Germination rate (%)
Harvest date Storage ways storage period (months)
(DAF) 3 6 9 12
Al 64abcdefg? 94a 80abcdef 72abcdefg
52fg T4abcdefg 10hi 0

% C 68abcdefg 86abcde 82abcdef 72abcdefg
D Sdefg T1abcdefg 88abcd 84abcdef
A 66abcdefg T2abcdefg 90abc Sdefg
B 62abcdefg 84abcdef 18hi 0

¢ C 58cdefg 76abcdefg 82abcdef T6abcdefg
D 60bcdefg 88abcd 86abcde 46g
A 60bcdefg 86abcde 80abcdef 74abcedefg
B 66abcdefg 90abc 24h 0

o C 78abcdefg 90abc T4abcdefg 86abcde
D 68abcdefg 86abcde 92ab T9abcdef
A 64abcdefg 72abcdefg T4abcdefg S6defg

- B T2abcdefg S6cdelg 22hi 4h
C 56defg 84abcdef 80abcdef T4abcdefg
D 68abcdefg 86abcde Q4a 86abcde

1. A: Refrigerator B: Room temperature C: Desiccator D: Incubator (35°C).
2. Means with the same letter across harvest dates, storage ways and germination rate are not
significantly different at 59 level.
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Table 3. Comparison on the seed Gt30 of B. falcatum L. seeds harvested at various dates

and stored in different ways and periods.

Harvest date GTS0 (days)
Storage ways - ——
(DAF) 3 6 9 12 (months)
Al 17abc? l4cdefg 12efg l4cdefg
1Sbede 15bcde 17abc —

% C 15bcde ldcdefg ldcdefg 16bed
D 15bcde l4cdefg l4cdefg 16bcd
A 17abc 15bcde 15bcde 13defg
B 17abc 15bede 16bcd —

% C 16bcd 16bcd 13defg 15bcde
D 18ab 15bcde 13defg 17abc
A 16bed l4cdefg 12efg 12efg

. B l4cdefg l4cdefg 16bcd —
C 18ab l4cdefg 13defg 13defg
D 15bcde 14cdefg 13defg 16bcd
A 16bcd llfg 12efg 12efg
B l4cdeig 13defg l4cdefg —

" C 19a 12defg 11lig 1lfg
D l4cdefg 13defg 12efg l4cdefg

1. See the table 2 for description of storage ways.

2. Means with the same letter across harvest dates, storage ways and GT50 are not significantly
different at 59 level.

—. Seeds were not or poor germinated at 3) days after treatment.
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Influence of ‘»Hai'vést- Date -and Storage Method
on Seed Germination of Chia-hu
(Bupleurum falcatum L.)'

M. F. Hu, H. C. Huang and S. Y. Liu?
Summary

The seeds of Chia-hu (B. falcatum L.) were harvested at weekly intervals from
55 to 76 days after flowering (DAF), They were dried and sealed in plastic bags with
calcium chloride, and then stored (1) in a refrigertor at 0-5°C, (2) in a desiccator under
room temperature, (3) in a incubator at 36°C, (4) on the bench of this laboratory under
room temperéture. Germination rate and Gt50 for each treatment were tested at 3, 6, 9
and 12 months after storage. The results were summarized as follows:

(1). The best germination rate and GT50 were obtained in the fresh seeds harvested
at 69 days after flowering with a germination rate of 71% and GT%0 of at 21 days.

" (2). The germination rates and GT50 of dry seeds varied with time and mtehods
of storage. The best storage method was found with incubator at 36°C, which resulted
in a mean germinalion rate of 77% and GT50 of 14 days. The results stored in desiccator
under room temperature and in refrigertor at 0-5°C were better than that stored on
the bench in this laboratory, which lost their viability in 6 months, that meight due to
the great fluctuation of ambient temperature and relative humidity.

(3). The maximum germination rate for the seeds stored in the refrigerator. desi-
ccator and under room temperature were found in the périods of 6 months after storage.
The seede stored in the incubator, however, had lost their vigour in 9 months after
storage. ‘ o

(4). Among the four harvesting date, the best germination rate and GT50 were
observed in the seeds harvested 69 days after flowering.

1. Contribution No. 1360 from the Taiwan Agricultural Research Institute.
2. Research assistant, Resarch assistant and Agronomist, respectively, Department of Agronmy,
TARI, Wufeng, Taichung Hsien, Taiwan 41301, R. O. C.
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Table 1. Correlation coefficients between individual leaf area and other leaf characters of -

maize hybrid Tainung 351

Cemens | qbef | bl | Sepmetel | Sugeder | et
Dl—1 0.9135 09232 0.9145 0.9187 0.9889
D2—1 0.9147 0.9234 0.9162 09186 0.9762

. D3—1 09377 0.9337 09458 09321 - 0.9797
D1—2 09484 0.9469 09502 0.9444 09915
D2—2 0.9325 0.8965 0.9327 0.8965 0.9755
D3—2 09241 0.9043 0.9307 0.9070 09729
DI—3 0.9337 0.9190 0.9329 0.9149 0.9865
D2—3 0.9356 0.9219 0.9331 09188 09880
D3—3 09170 09237 09221 09248 | 09810 |

¢:DN-M: the Mth sampling of density treatment N. Plant spacings of D1, D2 and D3 were
80x% 10, 80x20 and 80x40cm, respectively. IR
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Table 2. Comparisons (t-tests) of regression coefficients of maize individual

leaf area on leaf lengthxleaf width between different treatments

Treatment® D1—1;D2—1| D3—1 | D1—2 | D2—2 | D3—2 | DI-3 D2—3 D3—3 gggg.
Dl—1 | 11500 0043 0733 —2.543% |—1.606 | 1.799 1315 1071 0.7706
D2—1 | e —1.003 ——0.607[ —3213%* |—2367%| 0383 |—0041 |—0.121 0.7567
D3—1 | | e 0572| —2357% |—1.521 | 1.492 1084 | 0921 0.7701
DI—2 | L e —3.205% | —2,184% | 1,244 0.697 0.496 0.7637
Da—2 || e 0.704 | 3.843%F | 3526% | 3.255% | 0.8036
D3—2 | | e 2.855%% | 2.543% 2.343% 0.7924
DI—3 | |l e —0513  |-0539 07519
D2—3 |1 e —0.095 07572
D3_3 ............... 0.7583

¢ See Table 1 for description of treatments.

b« #gnd¥* significant at 59 and 19 level, respectively; otherwise, nonsignificant at 5 % level.

BB Dy NASEH ) BEAEEERS MAMHER  £Y  £EOTH  BENTFHRE
BREESHEETRERIN » &2 (B1) BREARERRE LA) MEERRIIERME
(LW) #EBURA » F % B2 TS HBI (A5 20. 9822 » LR BURLARIL W A1 1 59 ELR B 67
,%ﬁﬁummwzﬁﬁﬂﬁ,@?ﬁﬁﬁ-uvmwXbm,mﬁzLﬁ%aanwﬁmgfx
BIEERNE o HIEREE(2)BHE RERTE 2 EEN e RRE IR RE R EE 2 E
RAEZHES > ﬁ%b@ﬁﬁmﬁzmﬁ BRI EEELR o MRS RN » BEENEES
T I RS R SR R R 2 R A PUTATE » FIARSR B R o TTRREE
Bk 2 BN ER A BRETIRS » ERE KRS E RS SHE RBF KB EEA G
ARER (ZEBIW) ZBEEHETHAEYR LA T LW mBIGEEEE » aRASRLEE
FRTR 18 2 B SR I E0. 76 » MR AE B K BLEERRAO B A/ 1 » BDTE R4 2E 2 T ARAE VT
WEREE » WHERHERLO.T6MEEL o »
(=) EX2HERBEOEE

& EERAERSHETREMSTOEE » THREAELSRETREMBEANES » BE
BRI B E R R Tk 2 R EE R EREG  FRE BRGEABEEER A RER
EEOH LN E

GHE—REHSAENEL » SEZEESRGEEETR AN E 0.76 FUEH 2 EE
RRME o A EZTERS NN ER S 2 EBRETHENST » B2 G83) USAZER (LA,
) MEXRZHEFER (PA) ZMBSKL » HEEETHHEMGEEE 0.9499 » LEREFR PA Al
LA, BIABITFOERNG » 4T PA f1 LA, ZBHS ﬁ,@ﬁﬁﬁ%-wvmmxbm,m
B2 EFGENSEEERLEERBRONE » FIEE (F4) BIAREFE2 EENHERY
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BRFT R 2 ARG EA B TISE 9.27 MBMEERLHEEBOME » B RENHEER2KN
R EAVEREALZERR M BHERRIER 2 RRRLN0. TOR (535 A LM H



o BT B P R SRR 2 5 B 279

s BTGS2 B ASEMBERL 9. 2TA S EH X 2 HAERRE
RE  ZHEEFEEEER MR

Table 3. Correlation coefficients between total plant leaf area and individual leaf area

Treatment®
Leaf order
Dl1—1 D2—1 ’ D3—1 i D1—2 | D2—2 D3—2 | D13 D2—3 | D3—3
!

1 0.449 0.565 0.599 0.449 0.642 0.580 0.688 0.484 0.568

2 0.598 0.661 0.582 0.575 0713 0.548 0.734 0.585 0.625

3 0.698 0.724 0.623 0672 0.795 0613 0775 0.715 0.701
4 0.734 0.811 0.721 0.767 0.810 0.701 0.828 0.783 0.724

: 5 0.836 0.905 0.836 0.841 0.889 0.769 0.872 0.820 0.717
6 0.904 0.905 0.882 0.883 0911 0862 {0915 0:871 0.869

1 0.961 0918 0.956 0.926 0.958 0.905 0.931 0.904 0.928
8 0.970 0.961 0.956 0.953 0.968 0.947 0.959 0929 | 0.906
9 0.950 0.948 0.891 0.966 0.959 0.909 0.936 0.896 ‘ 0.917
10 0.903 0.930 0.890 0.933 0.930 0.881 0.875 0873 | 0.87%3
11 0.841 0.869 0.851 0.857 0.8717 0.837 0.596 0.841 0.807
12 0.847 0.847 0.821 0.843 0.834 0.803 0.755 0813 0.760
13 0.834 0.752 0.771 0.824 0.712 0.751 0.625 0.681 0.626
14 0.821 0.693 0.712 0618 0.633 0.567 0.484 0.447 0.359

4 : See Table 1 for description of treatments.

%M FREEMEXZGHERRYSAEERZESRBLE (- BB
Table 4. Comparisons (t-tests) of regression coefficients of maize total leaf area on the
8th leaf area between different treatments

Treatment® | Dl1—1] D2—1 | D3—1 |{D1—2] D2—2 D3—2 |D1—3 | D2—3 | D3—3 gsg};.
Dl—1  feeeeeeees — 0086 | —0501| 0316 0088 | —0.210 0.565. 0.094 | —0059 9.2803
D2—1 | e —0426 0395 Q142 | —0129 o.azgl 0166 | —0.002 9.3447
D3—1 | | e 0.801] 0557 0.280 1.024! 0515 0.295 9.6530
D1—2 || e 0256 | —0507 O.238|—O.159 —0.270 8.0400
P2—2 | | e —0.265 o.499| 0048 | —0.099 9.2347
D3—2 | | e 0.732] 0.268 0.088 9.4436
DI—3 | L e —0.345 | —0418 8.8566
D2—3 | | e —0.126 9.1919
D33 {1 e 9.3468

¢ : See Table 1 for description of treatments.
b : See Table 2 for notations of test result,
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AP R Z MR TR EREHEE R 2T RN E 0.76%9.27 » 52 Montgomery © FlMckee
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Tablo 5. Correlation coefficients between total plant leaf area and other leaf characters

Treat o Sum of Leaf Sum of Leaf Leaf Dry WT Total Dry WT
reatmen Length (L) Width (W) per Plant per Plant
Dl1—1 ‘ 08455 ‘ 0.8791 0.8345 ’ 0.6211
D2—1 0.9067 0.9054 0.9460 0.8604
D3—1 0.9269 0.9553 - 09371 0.7053
D1—2 0.9031 : 0.9488 0.9223 0.6609
D2—2 0.7709 0.7596 0.8011 0.7897
D3—2 - 0.9356 0.8989 0.9311 0.7235
D1—3 . 0.8749 0.8187 0.9377 0.6464 -
D2—3 0.8612 0.8932 . 0.9633 0.8217
D3—3 0.8326 0.9031 0.9490 0.6135

¢ : See Table 1 for description of treatments.
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A Simple Method for Estimating Individual
and Total Leaf Area of Maize

D. C. Shiou? and C. Liu?

Summary

This study was aimed to find a rapid, nondestructive and ‘accurate method of
measurement for estimating the individual leaf area and total leaf area of maize. The
experiment was conducted by using maize hybrid Tainung 351 in’ the fall crop of 1985
at Taiwan Agricultural Research Institute. Three samplings were made at one week
interval, starting from anthesis, for plants grown under three spacings, i.e., 80x10,
80x20 and 80x40cm. The double-sampling method was employed. For the destructive
part of sampling, the length, width, area and dry weight of each individual leaf were
measured. For the nondestructive part of sampling, only the length and width of indi-
vidual leaf were measured in the field. By statistical analysis of the data from destruc-
tive samplings, the most correlated leaf characteristics and its regression relationship
with individual leaf area were determined. By combining the data of destructive and
nondestructive samplings, similar infomation on total leaf area per plant was obtained.

The product of leaf length and width was found to be the most correlated charac-
teristics with irdividual leaf area (r=0.9822). The regression ccefficients obtained from
various density treatments and sampling stages were statistically the same. It was thus
suggested tkat the average regressicn ccefficient ¢f 0.76 wculd te efficient fcr estima-—
ting individual leaf area.

The area of the &th leaf(counted frcm the top)was the mest correlated characteristics
with tctal plant leaf area ard the regressicn ccefficierts ckbtaired frem various density
treatments ard szmplirg stages were rot significantly different, therefore the average
regression cceffiicent of 9.27 would be efficient for estimating the total plant leaf area.

1. Contribution No. 1361 from Taiwan Agricultural Research Institute.

2. Assistant Statistician, Department of Agronomy, TARI. Wufeng, Taichung Hsien, Taiwan 41301,
ROC.

3. Formerly Senior Statistician, Department of Agronomy, TARI; currently Professor,

of Agronomy, National Taiwan University, Taipei , Taiwan, ROC.

Department
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Effects of Nitrate and Ammonium Nitrogen Scurces on
the Seedling Growth and Root Phosphoenolpyruvate
Carboxylase Activity of Different Crop Species'

D. J. Liu, C. S. Wang and M. L. Wei?

Abstacts: Seven crop species, including maize, sorghum, rice, wheat, barley,
peanut and soybean, were grown hydroponically with either nitrate or ammo-
nium N at a concentration of 150 ppm. Rates of seedling growth were determined
to study. the effect of N sources on the performances of carbon metabolism. As
ammonium N could enhance the activity of PEP carboxylase in the roots of many
crops, attempts had been made to clarify the characteristics of this enzyme in
order to provide basis for further studies. Experimental results showed that crops
grew better in nitrate N than in ammonium N medium. However, shoots of rice
and wheat gained more fresh weight when treated with ammonium N which
was different from the results on maize, sorghum and peanut, indicating differ-
ence in response to N sources among plant species. Ammonium N could enhance
the activity of PEP carboxylase of various crops. The increase was 8—61% in
the leaf blade and as high as 4.5 folds in the root. PEP carboxylase extracted
from the roots of Tainung 67 rice with the methods employed in this experiment
was extremely stable. No decrease in enzyme activity was observed up to 7 hrs
after extraction. Optimal pH for rice root PEP carboxylase was between 8.0 and
8.5 with either Tris-HCl (100 mM) or Hepes-KOH(50 mM) buffer. Kinetic study
showed that the response curves of velocity versus substrate (PEP) concentration
was hyperbolic at pH 8.0 and sigmoid at pH 7.0. Reciprocal plots of the data was
linear, indicatng Michaelis-Menten kinetics. Km value for PEP was calculated to
be 0.16 mM at pH 80. Preliminary results suggested that the ammonium-N res—
ponsive root PEP carboxylase was similar to the same enzyme from leaf blades
of C3 plants in many aspects. As PEP plays a very important role in carbon
metabolism, and in view that ammonium-N at a very low concentration (e. g.,
1 ppm) could enhance significantly the activity of root PEP carboxylase, the
finding of this experiment could be utilized for further study on the interaction
of N and carbon metabolism in plants.

Introduction

It is generally recognized that although plant may take up nitrogen in various
forms, the main sources in natural conditions are nitrate and ammonium ions "® . The

physiological responses of plants to these ions are very different® and the ability of

1. Contribution No. 1362 from Taiwan Agricultural Research Institute.
2. Respectively, senior agronomist, assistant agronomist and research assistant, Department of -Agron- -
omy, TARI, Wufeng, Taichung , Taiwan 41301, RCC.
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plants to absorb and metabolize them varies greatly %% . It has been well noticed that
the source and availability of nitrogen can affect carbon metabolism in the plants ™.
Its implication on plant productivity has also bzen assessed » . Many research projects
focused on the influences of. nitrate and -ammonium nutrition on photosynthesis and’
related reactions have been executed and publlshed in recent years. However, the growth
responses to different mtrogen sources vary. .considerably according to plant species
and plant age ®»*”, and the interactions between nitrogen and carbon metabolism re-
main obscure "? . “The initial aim of this study was to examine the influences of nitrate
and ammonium nitrogen on the growth of seedlings of various crops under controlled
environment and to compare the resulted changes in photosynthetic and respiratory
activities. During the course of this study, it was found that the activity of PEP car-
boxylase, the key enzyme for photosynthesis in C4 plants, increased markedly in the
roots as a result of ammonium-N influences. Hence, efforts had been made to study
the characteristics of this enzyme under the experimental conditions employed.
PEP plays a very important role in plant‘metabolism. For example, it can bind to

at least six enzymes which catalyze the allylic replacement of phosphate ?*. PEP is
also the control points of glycolysis, gluconeogenesis and in the control of cellular pH
3 _ It is therefore worthy to understand the possible importance of PEP as a function
of the interrelationship bstween nitrogen and carbon. As for the enzyme PEP carboxy-
lase, it occurs in all plants and plays particularly important roles in carbon fixation in
C4 plants and in CAM plants. However, it has also been reported that PEP carboxyl-
ase extracted from the roots of several C4 plants was distinct from the leaf form
an,26 | Hence, the characteristic of this enzyme extracted from roots of C3 plants, es-
pecially rice, under ammonium nutrition was studied with the purpose of providing infor-
mation to future investigation related to this aspect.

Materials and Methods

Plant species used in this experiment included a japonica rice (Oryza sativa L.)
variety, Tainung 67, two indica rice varieties, Taichung sen 3 and Pegonil (the latter
has 1,000-grain-weight ca. 40g), a wheat (Triticum aestivum L.) variety, Taichung S.
2, a six-row barley (Hordeum wvulgare L.) variety introduced from CIMMYT, CB-1, a
single-cross maize (Zea mays L.) variety, Tainung 351, a single-cross sorghum (Sorghum
vulgare Per.) variety, Taichung 3, a soybean (Glycine max (L.) Mer. ) variety, Shih-
Shih and a peanut (Arachis hypogaea L.) variety, Tainan S. 9. Rice, especially Tainung
67, was used extensively for the study of ‘PEPC activities.

Seeds were soaked in aerated water for 12 hr (soybean and peanut), 24 hr (wheat
and barley), 48 hr (maize and sorghum) or 72 hr (rice) followed by germinating in ver-
miculate for 7 to 10 days. Germination was kept in a growth chamber (Conviron PGW-
36, Controlled Environments Co.) at day/night (14/10 hr) temperature of 28/20 C. Unifo
rm seedlings were transplanted to plastic pots and grown hydroponically with the basic
salts of Hoagland formulation. One or two seedlings were grown in a pot with 600 ml
of culture solution. Nutrient solution was aerated vigorously by using a small compres-
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sor connected via perforated polyethylene tubings and was renewed at a two-day in-
terval. Plants were kept in the same growth chamber under a daily regime of 14-hr
light at 28°C and 10-hr dark at 20°C. lllumination was provided with fluorescent "and
tungsten lamps giving 450 uE/m?/sec of irradiation at the top of the plants.--

The culture solution contained the following essential elements with the specified
concentrations (mg/l): K+: 234, Ca?": 200, Mg?**: 48, PO,™: 95, SO,*7: 192, BOs*: 2.
9, Fe (Fe-EDTA): 2.2, Mn?*: 0.27, Zn**: 0:13, Cu?": 0. 13 and MnO,*": 0.07. Nitrogen
was supplied as either NO; or NH,-N with a concentration of 150 ppm, unless otherwise
specified. The pH of the freshly prepared solution was 4.85—4.90.

For the extraction of PEP carboxylase (EC 4.1.1.31), immediately after harvesting
the leaves and roots under irradiation extracts were made in 4—5 volumes of buffer
containing 100 mM Tris-HCI (pH 7.6), 20% (v/v) glycerol, 1 mM EDTA, 5 mM DTE,
1mM MgCl, and 2% (w/v) insoluble polyvinylpolypyrrolidone (PVP), using a chilled
mortar and pestle. An aliquot was taken for chlorophyll determination prior to filter—
ing through one layer of miracloth and centrifuging at 20,000 g for 10 min. PEP car-
boxylase was assayed spectrophotometrically at 30 C in "é total volume of 1 ml by coupling
oxaloacetae formation with malate dehydrogenase as described by Uedan and Sugi-
yama " . The assay mixture contained 50 mM Hepes-KOH, pH 8.0 (or 100 mM Tris-HCl
, pH 8.0), 5 mM MgCl,, 5 mM DTE, 0.2 mM NADH, 10 mM NaHCOs, 2 mM PEP and 5
units of malic dehydrogenase. The reaction was initiated by the addition of PEP to the
assay medium. A Hitachi 150—20 double bzam spzctrophotometer was used to record
the decrease of absorbance at 340 nm. ‘

Results

Vigorous growth of plants in the nitrate medium (initial pH 4.9) caused rapid drift
towards alkalinity (pH 7 after two days of culture) in the culture solution, conversely with
the ammonium medium plant growth caused an acid drift (pH 3.5;data not shown). The
extent of pH drift was correlated with plant age and size. Older and larger plant, especi'ally
larger root system, caused more prominent pH drift than the younger and smaller
plants. The drift occurred mainly in the first day after renewal of cultural solution.

Seedlings of all crop species tested grew better in the nitrate that in the ammo-
nium culture solution in terms of fresh weight gain of - the whole seedling (Table 1). The
most significant case was found in maize where total fresh weight per seedling after 9
days in culture was 13.6 g for nitrate and 6.4 g for ammonium treatment, or a 2.14-
fold difference was observed. The least difference was in rice where the fresh weight
per seedling grown in nitrate solution was only 5—8% higher than that grown in.-am-
monium solution.

It is worthy to note that for maize, sorghum, peanut and soybean, both the shoot
and root gained more fresh weight when grown in nitrate than in ammonium medium
(Table 1). For example, the ratio of fresh weight between nitrate and ammonium was
2.38 for shoot and 1.77 for root in maize. On the contrary, shoot of rice and ‘wheat
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Table 1. Fresh weight (mg/plant) of various crops under hydroponic culture as affected
by different N sources®

Days NOs~ NH,*
Crop in
Culture Shoot Root Total Shoot Root Total
0 1,086 59 | 7934 22 | 1,979+ 46
Corn 9 9311257 | 4,330-=126 |13,641==209 | 3,922--214 | 2,440-=186 | 6,362-=199
CGR? 914 393 1,307 315 183 498
0 314-= 21 | 2194= 34 | 5333= 32
Sorghum 7 1,060-144 | 1,057-=189 | 2,117-=163 | 780==113 | 933==141 | 1,713=138
CGR 107 120 2217 67 102 169
Ri 0 77+ 11 434+ 13 120 11
Tai 1ce 67 13 488-= 51 442+ 27 | 930 41 561z 32| 304 28| 865+ 31
alnung CGR 32 31 63 37 20 57
Rice 0 139+ 27 | 119+ 18| 258+ 23
Pesonil 13 045 36 | 666 42 | 1,611 40 | 1,058z 49 |  477-= 39 | 1,535z 46
g CGR 62 42 104 71 28 99
0 2054 17| 211+ 27| 416 24
Wheat 9 697== 22 | 764z 43 | 1,461== 39 | 783z= 53| 392-= 33| 1,175+ 46
CGR 54 61 115 64 20 84
0 204 29 |  200== 16 | 424 24
Barley 9 744 31 | 495-= 22 | 1,239 29 | 7154 46 | 350 32 | 1,065 40
CGR 58 33 91 55 17 72
0 1,938:2116 | 1,555==148 | 3,493=+133
Peanut 7 4,035:=257 | 37212226 | 7,756-=244 | 3,027+:188 | 2,689-=238 | 5,716-=211
CGR 230 309 539 155 162 318
0 937111 ] 775138 | 1,7124=130
Soybean 7 2,517-=162 | 2,231::246 | 4,748:=214 | 2,0014=166 | 1,845:£211 | 3,846-=191
CGR 225 208 434 152 153 305

°Fresh weight at 0 day was similar for both N treatments.

tCrop growth rate expressed in mg fresh weight per day in culture.

grew better in the ammonium than in the nitrate solution, whereas the opposite was
true in root. Shoot fresh weight of nitrate treatment was only 87—89% of that of am-
monium treatment and the value of 140—195% was recorded in root.

Crop growth rate (CGR, expressed in mg fresh weight gained per seedling per day)
was also higher for the nitrate-grown plants than for the ammonium-grown plants
(Table 1). Highest CGR was found in maize (1,307 mg for: nitrate and 498 mg for am-
monium treatment) followed by peanut and soybean. CGR of the small-grain crops, i. e.,
sorghum, rice, wheat and barley was lower when compared with othr crops tested.

Comparison -between Tainung 67, a medium-grain rice variety, and Pegonil, a
large-grain variety (grain weight of 25 and 40mg, respectively) showed no difference
in response to different N sources. However, ‘the large-grain Pegonil grew much faster
than Tainung 67. After 13 days in culture, seedling fresh weights were 1,535-1,611 mg
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for the former and only 865-930 mg for the latter. Again, CGR of of Pegonil was
significantly higher than that of Tainung 67 (99-104 mg vs. 57-63mg).

During biochemical analysis of plants subjected to different N-source treatments,
it was found that root PEP carboxylase was enhanced significantly by ammonium-N.
Therefore, efforts have been made to explore its characters as well as its role in car-
bon metabolism as influenced by N supply. Table 2 showed PEP carboxylase activities
in the leaf blade and root of various crops grown in either 150 ppm nitrate or 150 ppm
ammonia. With the exception of wheat and barley, ammonium-N increased the activity
of this enzyme in the leaf blade of the tested crop species although the increase was
moderate. It was 8% for rice Tainung 67 and Taichung sen 3, 26—31 % for maize and
sorghum and 61% for Pegonil rice. Absolute values, expressed in the unit of decrease
in absorbance at 340 nm per gram fresh weight per minute, were highest for sorghum

(262 for nitrate vs. 343 for ammonium-N) followed by maize (141 vs. 178). Rice had
higher PEP carboxylase activities than both wheat and barley. On the other hand, PEP
carboxylase activity in the leaf blade of wheat and barley decreased (32—40%) as a
result of ammonium influence (Table 2).

Table 2. PEP carboxylase activities (AAsgp gfw™! min~!) in the leaf blade and root of

various crops as affected by different N sources

Days Leaf Blade Root
Crop in

Culture NO;~ J NH¢* !NH4+/N03 NOs~ NHst [NH¢*/NO;
Cron 9 140.92 | 177.55 1.25 3.719 11.25 297
Sorghum 7 252,61 342.86 131 4.67 791 1.69
Rice Tainung 67 13 7.92 8.53 108 4.20 9.63 2.29
Rice Pegonil 13 13.65 21.98 1.61 3.95 8.41 2.13
Rice Taichung sen 3 15 9.34 10.11 1.08 5.92 10.78 1.82
Wheat 9 6.53 443 0.68 3.22 14.85 4.61
Barley 9 3.87 231 0.60 2.33 7.50 3.22
Peanut 7 nd*® nd nd 0.52 249 4.19
Soybean 7 nd nd nd 3.03 211 0.91

°Not determined.

Very pronounced increases of PEP carboxylase activity were found in the root
system of almost every crop tested (the only exception was soybean) as a function of
ammonium treatment. The increases were from 3.79 to 11.25 units for maize (2.97-fold
increase), 4.20 to 9.63 units for rice variety Tainung 67 (2.29-fold), 3.95 to 8.41 units
for rice variety Pegonil (2.13-fold), 3.22 to 14.85 units for wheat (4.61-fold), 2.33 to
7.50 units for barley (3.22-fold) and 0.52 to 2.49 units for peanut (4.79-fold. ) A
slightly decrease in PEP carborylase activity was found in soybean grown in ammonium-
N source. It was from 3.03 to 2.77 units (Table 2).
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In order to verify that the increase of PEP carboxylase activity was a true res-
ponse to' ammonium-N, 10-day-old seedlings of Tainung 67 rice were transplanted from
vermiculate (supplied with tap water only) to culture solutions containing nitrate-N
(30 ppm) or ammonium-N of different concentrations (1, 10, 30 and 150 ppm) and PEP
carboxylase activity in the root was determined with the advance of seedling growth
for up to 15 daYs (Fig . 1). The initial value was 1.99 units. Activity increased ‘conti-
huously but slightly for plants grown in nitrate-N and was only 4.32 units at the 15th
day of culture. For those plants grown in 1 ppm or 10 ppm ammonium-N, the increase
in root PEP carboxylase activity was also continuous but at a higher rate. The acti-
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Fig. ‘lv. Responses of root PEP carBoxylase activities in developing Tainung 67 rice

seedlings to different concentrations of NHs* and NO;~.

vities at the 15th day were 9.14 and 10.87 units, respectively. Plants supplied with higher
concentrations of ammonia (30 and 150 ppm) showed peak PEP carboxylase activi-
ties after 7 days in culture and the values were 2.6 times higher than that of the nitr-
ate treatment. In other words, ammonium concentration of 30 ppm was high enough
for the increase of PEP carboxylase activity in the root system of rice and the maxi-
mum response was obtained within one week after treatment.

Further studies were made to understand the nature of root PEP carboxylase en-
hanced by ammonium-N. Fig. 2 showed the diurnal changes of the enzyme activity of
rice Tainung 67 grown in 150 ppm ammonium solution. Although there were fluctuations
during the 24-hr cycle, the variations were less significant and the response to light
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was less clear than those found in the leaf blades of many C4 plants. The activity
remained faiflyv‘cdnétant from 1 a. m. to 10 a.m. followed by a slightly decrease to-
wards 2 p.m. It increased again until 10 p.m.and then decreased (day time or light time
in the growth chamber was from 6 am. to 8 p.m. ). Since there was no significant
difference in PEP carboxylase activity from 8 to 10 é.m., samplings were made during
this period for the following experiments in order to obtain results for compairisovn.
Fig. 2 also showed diurnal changes in soluble protein and malate concentrations in
the rice roots. Changes in soluble protein concentration during the 24-hr cycle were in
good" accordance with those in PEP carboxylase activity. Statistical analysis showed a
positive correlation between the two characters (r=0.941%*). Malate content in the
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Fig. 2. -Diurnal changes of PEP carboxylase activity and contents of soluble protein
and malate in Tainung 67 rice roots. 15-day-old seedlings cultured in 150 ppm

NHy* solution were used. Data were means of 3-4 measurements.

rice roots was low and the values ranged from 1.72 to 2.86 micro-equivalent per
gram fresh weight. There was a tendency that malate content was lower during
the day time and higher during the night time although differences were not signifi-
cant. No correlation was found between PEP carboxylase activities and malate during
this diurnal study. .
As reports on root PEP carboxyla:e were very limited, efforts have been made to
study the characteristics of this enzyme in rice roots supplied with ammonium-N. Fig.
3A showed rice rodt PEP carboxylase was very stable with the method employed in
this experiment. Activity remined fairly constant for up to 7 hrs after extraction. An
1-6% increase in enzyme activity was recorded during this period which was consi-
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dered nonsignificant.

Fig. 3B introduced the responses of rice root PEP carboxylase activity to different
pH values. With 100 mM Tris-HC! buffer, maximum enzyme activity was recorded at
pH 8.5. The enzyme showed high activities within the pH range of 7.5 to 9.0. Activity
decreased sharply towards acidic pH and rather moderately towards alkaline pH. As
Hepes-KOH was used extensively in the study of PEP carboxylase by many scholars, it
was also included in this experiment to test its effect in the range of 6.0 to 8.5. The
results obtained supported those from Tris-HCI study. Maximum activity was recorded
at pH 8.0 with slightly decrease in activities at pH 7.5 and 8.5. However, PEP car-
boxylase activity was much lower at pH 7.0 with Hepes-KOH than with Tris-HCI(Fig.3B).

A comparison was made on PEP carboxylase activity at pH 7 and 8 with varying
concentrations of PEP. Response curves of velocity varsus PEP concentration were
presented in Fig. 4. The maximum activity was substantially higher at pH 8.0 than at

7.0. Response curve was hyperbolic in na-
ture at pH 8.0 and sigmoid at pH 7.0. Kin-
etic analysis of the data in Fig. 4 was made

' from double-reciprocal plots of velocity ver-
4
sus substrate concentrations(data not shown).
102 . .
Reciprocal plots of the data were linear,
100 indicating Michaelis-Menten Kinetics, and the
T s i+t o > Km value for PEP was calculated to be
=
£ HoRS AFTER EXTRACTION 0.16 mM at pH 8.0.
& 100} B
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Fig. 3. Influences of (A) time elapsed after Fig. 4. Effects of substrate(phosphoenolpyruvate)
extraction and (B) pH value on the concentrations on the PEP carboxylase ac-
it ¢ PEP b 1 . tivitz in Tainung 67 rice roots. 15-day-old
act.wx y o ) carboxylase 1n seedlings were used. Data were means of
Tainung 67 rice roots. 15-day-old duplicate measurements. Activities at ‘con-
seedlings were used. Data were centrations of 5 and 10 mM decreased at

means of duplicate measurements. both pH values.
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Discussion

Culture medium containing the anionic nitrate became more alkaline and those
with cationic ammonia more acidic with the advance of plant growth. The changes in
external pH are due to excretion of hydrogen ions by the plant upon ammonium up-
take, and hydroxyl ions upon nitrate uptake *? . In general, lower pH was recorded with
larger root volume and higher absorption capability of the plants. No significant dif-
ference among the seven crop species was found.

Weight gains by adding ammonia to an all nitrate system have been observed in
many plant species ® . Cox and Reisenauer ‘¥ reported that growth rate and yield of wheat
were enhanced under similar condition. The enhancement was suggested to result from the
reduced energy requirement in using ammonia in protein synthesis. However, ammonia
alone usually possesses a detrimental effect on plant growth. Results of this experiment
showed that seedling growth (fresh weight gain) of almost all the crops was inferior
when grown under ammonium nutrition (Table 1). Possible causes are the toxicity of
ammonium ions to plant metabolism and the lowering of pH in culture medium.

It is well known that nutrient supply affects the biomass distribution in plants,
especially with respect to the shoot/root ratio ® which indicates a change in the effectiveness
of shoot or root as sink for assimilates. Rosnitschek-Schimmel?® reported that in
Urtica dioica, low N supply favored dry matter formation of the root plus rhizome
fraction, whereas high N supply resulted in a preferential growth of the leaf plus stalk
fraction. In the current study, seedlings of maize, sorghum, peanut and soybean gained
more fresh weight in both shoot and root when grown in nitrate than in ammonium
medium. On the contrary, shoot of rice and wheat grew better in the ammonium than
in the nitrate solution, whereas the opposite was true in roots (Table 1). It is therefore
suggested that not only the extent of N supply but also the N source affect plant
growth and N utilization and storage. Variation in responeses to N sources among
different plant species was also suggested.

Stimulation of PEP carboxylase in the photosynthetic organs by ammonium N has
been reported by De Benedetti ez al. ¥ and Paul ez al. "? . Howewer, negative effect of
ammonia on the activity of this enzyme has also been realized !%»?® . Results from this
study showed that in the leaf blades of maize, sorghum and rice at seedling stage,
ammonium-N could increase the activity of PEP carboxylase by 8-61% (Table 2). The
influence of such increase on photosynthetic rate remains to be verified. Similar effect
was also observed in the roots of almost all the crop species studied. The degree of
increasing enzyme activity ranged from 82% to 4.8 folds (Table 2). The hypothesis
was further supported by growing rice seedlings in culture solutions containing differ—
ent concentrations of ammonia (Fig. 1). It was concluded that ammonium concentration
as low as 10 ppm colud effectively exhibit the stimulatory function. Results from culture
in 1 ppm ammonium also showed distinct difference from those cultured in 30 ppm ni-
trate. The extraordinarily high activity is not commonly found in the root tissue of
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most C3 and C4 plants. It is possible that a considerable amount of carbon dioxide must
be fixed by the ammonium-grown plants because earlier report by Ku e al. " indi-
cated a high total titratable acidity but a low malate content in such plants.

Little information is available on the PEP carboxylase from plant root tissues. In
addition, Ting and Osmond #® and O’Learly 97 stated that PEP carboxylase extracted
from the roots of several C4 plants was distinct from the leaf forms. It is therefore
necessary to study further the nature of this enzyms, especially under ammonium-N
condition, if detailed investigations are to be made. No significant diurnal change in
PEP carboxylasz activity was found (Fig. 2) . This is understandable as in the dark
condition, root PEP carboxylase might not respond to light as leaf PEP carboxylase
does. The moderate fluctuation in enzyme activity during the 24-hr cycle corresponded
well with the content of soluble protein in the root tissue. In other words, specific acti-
vity of this enzyme was fairly constant through the experimental pzriod.

Malate content in the roots of ammonium-grown rice plants was low and was not
in correlation with the activity of PEP carboxylase. In generall, oxalacetate formed in
the cells can be reduced to malate catalyzed by NAD- or NADP-malate dehydrogenase or
converted to aspartate by aspartate aminotransferase. The current experiment did
not analyze the activities of these two enzymes. According to earlier and unpublished
results of this laboratory, however, wheat plants treated with ammonium-N had ex-
tremely high NAD-malate dehydrogenase activity compared to the nitrate-grown plants.
Whether this is true in rice is unknown, and the disagreement between malate content
and related ezyme activities has yet to be clarified.

The stability of PEP carboxylase after extraction has drawn attentions from many
plant biochemists. According to O’Leary %", activity of the enzyms may change sub-
stantially after extraction, especially for CAM plants. For example, if PEP carboxylase
in CAM plant leaves was assayed within 1-2 minutes after extraction, the enzyme
showed large diurnal variations in activity. However, if extracts were allowed to stand
for an hour or more prior to assay, these diurnal variations disappeared. Gavalas et
al.® also indicated that PEP carboxylase in desalted leaf extracts suffered a fast
inactivation when activity was assayed at low PEP levels (e. g., below 0.6 mM). Results
in Fig. 3A of this experiment showed that PEP carboxylase extracted from rice root
with the described method remained fairly constant for up to 7 hrs after extraction.
One possible explanation is that 20% glycerol was included in the extraction medium
which may stabilize the enzyme 7.

For the assay of PEP carboxylase activity, desalting of the crude extract on a
small column of Sephadex G-25 has been practiced extensively as reported by O'Leary
an | Gavalas ez al. ® and Karabourniotis ez al. " . Test of desalting on Sephadex
G-25 column showed no difference in enzyme activity in this experiment and hence no
desalting was practiced in the current study.

PEP carboxylase is usually assayed in the pH range of 7.0—8.5. Studies at single
substrate concentration indicate that the enzyme has maximum activity near pH 89",
The affinity of PEP for the maize leaf enzyme decreases above pH 9.5 and below
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7.5, PEP carboxylase extracted from the root of ricé plant grown in ammonium
nutrition also showed a pH optimum at pH 8.0%8.5 with either Tris-HCl or Hepas- -
KOH as buffering material (Fig. 3B). This was also in good agreement with the results
on C4 plants by Huber and Edwards .

At pH 8.0, maize leaf PEP carboxylase showed hyperbolic kinetics with a Km near
1 mM. At pH 7.0, however, the kinetics were sigmoid with a Km that was saveral fold
higher than that at pH 8.0“”. The situation with regard to PEP carboxylase from
other sources is less clear. In a limited number of reports, Miziorko et al. " found
hyperbolic kinetics with respect to PEP in spinach leaves. Sigmoid Kinetics have been
reported for enzyme from cotton . In the present study, it was found that for rice
root PEP carboxylase, the kinetics were hyperbolic at pH 8.0 and near sigmoid at pH
7.0. Reciprocal plots of the data were linear, indicating Michaelis-Menten kinetics, and
the Km value for PEP was calculated to be 0.16 mM at pH 8.0. O’Leary “” stated that
Km value for PEP were about five-fold lower on average for the enzyme from C3
plants than that from C4 plants. In studying the kinetics properties of PEP carboxyl-
ase from C3, C4 and C3/C4 intermediate Flaveria spzcies, Nakamoto et al. 49 reported
the response curves were hyperbolic for the C3 and C3/C4 species at either pH 7 or 8 while
they were sigmoidal for the C4 spzcies at pH 7 and hyparbolic at pH 8. The Km value
for PEP determined from reciprocal plots was the lowest in the C-3 species. Based on
the above experimental results and discussion, it is suggested that the ammonium-N
resposive root PEP carboxylase from rice roots is similar to the same enzyme from leaf
blades of C3 plants in many aspects. More experiments should be done in order to provide
a complete understanding of this root enzyme. Results reported here can be utilized
as basis for future study in this very important field of plant biochemistry.
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Oriental Pear Breeding for High Fruit Quality and
Adaptation to Subtrepical Lowland in Taiwan'

Hsin-Tszu Hsu and Shue-Cheng Lin?

Abstract: The breeding objective of pear is to develop varieties with high fruit quality
but low chilling requirement for table use. Hybridizations of 9 combinations started in 1976
. were made from a native, very low-chilling required variety ‘Hungshan’ and 7 introdu-
ced varieties with high-chilling requirement but high fruit quality. Hybrid progenies
were planted with a highly dense spacing of IMx4M at TARI’s experimental orchard
which is about 100M above seca level. Five hybrid progenies with early maturing,
high fruit quality and low-chilling requirement in characters were selected out of more
than 1,500 hybrid seedlings after 1 to 5 years juvernile period by the culture of single
trunk training and heavy fertilization. Top-working of these selected progenies onto
bearing ‘Hungshan’ trees was followed at various lowlands for preliminary evaluation.
Data- showed that the genetical deviation of fruit color and size appeared in random,
however, fruit quality and date of sprouting and flowering ‘appeared in the middle
range of parents. Fruit maturing, on the contrary, earlier than ‘both of parents. The
sugar content of slected individuals is superior to their parents. A further evaluation is
being carried out for fruit quality, yield and adaptation to various environments in
different areas.

Introduction

Taiwan with Tropic of Cancer passing through and surrounded by sea is tropical
and subtropical in climate resulted a warm winter which is a detrimental factor for
growing deciduous fruits with high quality. Most of the high quality pear cultivars are
Japanese and European origin and were planted only in limitted mountain areas with
elavation of 1,500—2,300M above sea level. Although the current techniques to produce
high quality fruits in lowland by grafting mountain developed flower-bud onto
bearing ‘Hungshan’ trees are very successful, there are still some disadvantages such as

1. Contribution No. 1311 from Taiwan Agricultural Research Institute. Also submitted in the Sympos-—
ium of “Internatjonal Breeding on Horticulture Crops” 1985 sponsered by FFTC, COA and PAFD,
TAIWAN, ROC.

2. Associate and Research Fellow, Respectively, Department of Horticulture, TARI, Wufeng, Taichtung,
Taiwan, R. O. C, :



Oriental Pear Breeding for High Fruit Quality and Adaptation to 297
Subtropical Lowland in Taiwan

laborsome annual regrafting, high cost for collection of flower budwoods, high freque-
ncy of disease and pest control as well as high level of fertilization »* . The limitted
sources and low quality of flower budwoods are also another problems. ‘

For the viewpoints of plant physiology and commercial cultivation, th> flower bud
grafting practice is supposed only to be an alternative pear producion. Therefore, the
pear breeding with objectives to develop varieties with high fruit quality but low chill-
ing requirement for cultivation in lowland was initiated at TARI in 1976.

Materials and Methods

Two groups of pear varieties, low chilling required with poor fruit quality and high
chilling requried with high fruit quality, were used as crossing parents in the breeding
program. Low-chilling required cultivar ‘Hungshan’ (Pyrus pyrifolia) is naitve and
cultivated widely in the lowland of Taiwan. High chilling required cultivars of Pyrus
pyrifolia: ‘Shinseki’, ‘Nijisseiki’, ‘Chojuro’, ‘Kosui’, and® Kikukou’ as well as cultivars of
Pyrus communis: ‘Bartlett’ and ‘La France’ were used as another group of parents.
Reciprocal crosses listed in the note of Table 1 were made between these two groups
of parents since 1976 both in lowland and highland orchards. All the combinations of
hybrid seeds were collected separately when they were fully matured. Stratification of
the seeds was operated with moist vermiculite at 5°C. Germinated seeds with lcm rad-
icle were transplanted into small polyethylene bags containing vermiculite medium only.
Complete nutrient liquid fertilizer applied at an inteval of week during 6 months to one
year period in the nursery. Seedlings about 1 to 2M high were transplanted into select-
ion field with a spacing of 1M x4M at TARI orchard. Regular orchard management of
pear was routingly practiced. Number of hybrid seedling flowered in each combination
were recorded through the first five year period. Fruits harvested from individual see-
dling were measured and recorded separately with characters of weight, length and
diameter. Brix of flesh was measured with hand reflactometer. Texture and flavor of
flesh were tasted by 3-person panel. Only fruits with good shape and size, sweet,
juicy, crispy and good in flavor were selected for further evaluation. Scionwoods of
selected progenies were taken from the upper part of canopy and grafted onto bearing
trees of ‘Hungshan’ for further district evaluation on fruit quality, yield and adaptabi-
lity in lowland orchards.

Results and Discussion

Juvenile peried

It is very difficult to evaluate the juvernile period of pear at present bacause of
the polygenic controlling in inheritance " . Some segregates started to flower as early
as 2.5 years after seeding, the flowering percentages of hybrid seedlings in the first
five year was listed in Table 1. Data indicated that the varietal hybrids of Pyrus pyr-
ifolia had shorter Juvenile period than that of interspecific hybrids between P. pyrif-
olia and P. communis. The reason to cause short juvenile period in pyrifolia hybrids
was not clear. It might be due to the easier formation of spur in P. pyrifolia than
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that of P. communis. The high density spacing supplemented with single trunk trainning
and heavy fartilization used in the experiment also shortened the juvenile period dras-
tically. This method was taken widely in shortening juvernility in deciduous fruits‘® .

Table 1. Flowering Percentage of pear hybrid seedling from first flower through five years.

Cross
SH CH HN HC HS HK LH HL HB
Combinations
% of Flowering 89.1 83.0 79.4 85.4 72.6 61.3 44.4 23.0 27.4

Note : SH : Shinseiki X Hungshan
CH : Chojuro X Hungshan
HN : Hungshan x Nijisseiki
HC : Hungshan X Chojuro
HS : Hungshan X Shinseiki

HK : Hungshan x Kosui
LH : La France x Hungshan
HL : Hungshan X La France
HB : Hungshan X Bartlety

Fruit Quality

Breeding on high fruit quality is the most important goal in our pear breeding pro-
gram. Fruits with white or light yellow in color, juicy or crispy, and non-browning
flesh coupled with sweet and strong flavor are supposed high quality criteria In prelim-
inary selection. Five hybrid progenies, SH—033, SH—078, SH—085, HC—089, and HC—015,
were selected from 1,500 hybrid seedlings to meet the above mentioned criteria. The
fruit characters of selected hybrid individuals in terms of skin color, shape, sugar con-
tent, flesh texture and flavor were measured and listed in Table 2. Sugar content of
the selected individuals was significantly higher than their parents.

Table 2. Fruit characters of pear in the breeding parents and selections in 1935

Clutivars and Fruit skin Fruit shape® Average*
Flesh Texture Flavor
selections color Index (L/D) °Brix
Nijisseiki Yellow 0.93(0.90—0.97) 12.2¢%% | Tender, Juicy | Moderate
Shinseiki (1)¥ Yellow | 0.92(0.85—0.97) 11.4¢ Tender, Juicy | Mild
Shinseiki (2) Yellow | 0.93(0.90—1.00) 10.9¢f Tender, Juicy | Miid
Kikukou Yellow 0.91(0.85—0.99) 10.4f¢ Tender, Juicy Mild
Sinku/Hungshan (1) Brown 0.91(0.81—1.04) 10.9¢f Crispy, Juicy Mild
Sinku/Hungshan (2) Brown 0.85(0.82—0.88) 9.68h Crispy, Juicy Very Mild
Sinku/Hungshan (3) Brown 0.82(0.77—0.88) 9.0nl Crispy, Juicy Very Mild
Hungshan (1) Brown 0.94(0.90—1.04) 1.0¢f Coarse Moderate,
Slightly Sour
Hungshan (2) Brown 0.94(0.89—1.05) 10.4t8 Coarse Moderate,
Slightly Sour
SH—033 Brown 0.97(0.86—1.02) 12.8¢d Crispy, Juicy Strong.
Slightly Sour
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€))
Cultivars and Fruit skin Fruit shape®] Average®
Flesh Texture Flavor

selections color ndex (L/D) °Brix
SH—085 Yellow | 0.94(0.82—1.02) 13.98b Tender, Juicy Strong
SH—078 Brown 0.87(0.82—0.92) 14.22 Crispy, Juicy Moderate
HC—089 Yellow 0.98(0.91—1.04) 14.22 Crispy, Juicy Moderate
HC—015 Yellow | 0.89(0.82—1.03) 13.3b¢ Tender, juicy Mild

Notes : z : L/D=fruit length/fruit diameter,

y ! Mean value (maximum-minimum)

x : Difference is analysed with Duncan’s new multiple range test.
w . Means with the same letter are not significantly different.

v : 1, 2, 3 inside parentheses indicates orchard number.

u : Mean ualue contains 10 fruits,

Adaptability

The TARI selection field, located in central Taiwan with a elevation of 100M above
sea level, is very warm in winter. During winter period, the average temperature
seldoﬂa dropped below 13°C except that the cold front coming dewn occasionally from
Siberia area which would drop temperature lower than 7°C for a few days. Delayed
defoliation is a symptom caused by insufficient chilling hours ¢! . However, our data
showed that about 80% of hybrid progenies in the experiment sprouted and flowered
normally by April each year without symptoms of delayed defoliation (Table 3). In com-
paring the flower season of hybrids with parents, we observed that there was 2 to 3
weeks later than ‘Hungshan’ and 1 to 2 weeks earlier than high chilling parents. Howe-
ver, sprouting date of selected progenies became more narrow to 1 to 2 weeks after
topworked onto the bearing ‘Hungshan’ trees in orchards located at an alitiute from 200
to 500M sea level (data unpublished).

Table 3. Flowering and frujt-maturing seasons of breeding parents and selections

Cusléli::;istssnd Flowering sesason Fruit-matuing season Locatic(»:lstigidggchards
Shinseiki Early April August Li-shan(15000—2300M)
Nijisseiki Early April August-Early September Li-shan(15000—2300M)
Chojuro Early April Late August Li-shan(15000—2320M)
Hungshan February-Early March September-October Lowland( 100— 900M)
SH—033 March July -August Lowland( 100— 600M)
SH—078 March July -August Lowland( 100— 600M)
HC—085 March July -August Lowland( 100— 600M)
HC—015 March August Lowland( 100M)

Note : SH : Shinseiki X Hungshan
HC : Hungshan x Chojuro
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Fruit Maturity
Flowering and fruit-maturing season of both crossing parents and selected progen-
ies were summarized in Table 3. Fruit maturing was judged by the color of seed which
would turn dark brown when fruit matured. It took normally 140 to 160 days after
anthesis for the fruits of ‘Shinseiki’ and 150 to 170 days for ‘Nijisseiki’ to get matured. But,
it took much longer period of 7 to 8 months to reach mature stage on the fruits of
‘Hungshan’ in Taiwan. However, our data showed that the fruits of selected progenies
matured about 2 to 3 months earlier than ‘Hungshan’ (low-chilling required parent)
and slightly earlier than ‘Shinseiki’ and ‘Nijisseiki’ (high-chilling required parents)
(Table 2). Since the early maturing is rather meaningful to avoid the losses caused
by heavy rainfall and typhoon in summer harvesting season. Fruits mature early in
selected hybrid is supposed due to the early mature character of high-chilling required
parents and warm temperature in lowland.

Conclusion

Pear fruit breeding with an aim of adaptation to warm climates %% has been a
challenge task for those researchers devoted to subtropincal ad tropical horticulture.
Although the data collected so far are not yet enough, our data stongly support that to
develop new varieties with low-chilling requirement through hybridization is eligible and
encouraging. A further evaluation is being carried out for fruit quality, yield and ada-
ptation to various environments in different arsea.
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HE i Pseudomonas glumaed iy MR MRRR » TEAE S IVEE LS —1ES
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BUERRRRIEZ T o

I92EE M s EABTHTHEZTRE (FEBZLTHRE/R5) » BRAESEA R
TRRRE - AR AHRSNERNDEELE IS KAaRREROASERE » MER S
BAREZE26&E  BRERNSRAMARE » FEREIRRLEBS KA GRS  BHSEEE
REERERGE S F SR IR E 2B AR » SRR BT « IS IRERBN SRR > K8
At RGEERI ( Koch’s Postulates) JUER » 285 Hrb I3E MBI Bk B EME » E 3 Btk itven
TR o A TERBR » R 1955 ERESTE D RBBEY [RNMAEDEF]  (Bacterial
grain rot) [ » JRIRTYABR A FEEE 1967 S M B #8045 Pseudomonas glumae Kurita et
Tabei 2B R AL FAR » RMRFAE [SEEESHR] 1o o

193 FEEEEFRERTMES —  “HRE » DREDMBLENY  BRE-UREREL» B
RHZHERRER0.1~1.0% » MEHIERRIESEE » £ TEMEEERE » KBRE 2%
EREFTEBUARE » HEFHENSF0.1~5.0% » ME - B2 BRI S10~208 » (R BHE
REBF P EZBRMTE ; MRAREREDLEZRERS g » F—RENA/N 1 ~603 » H3;
ERBEAEE0.0% 27 » E—-HEBEFRERE » LU LR HMERHKTE » HEREER Y

LESEREHRA PIRMRES 1363 8t « AWRRTEREEEAGMY (IB—28—4.1—F—80) it
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FEE TR o0 I R R R 2 R - EARIRE 2L OO
i FRE 3 R R » SRR I o SR R W
SIEMEE » AN RIS RSN LB RS ETA - MEREREEA © © SUENAREEL
Rz A » AT EEE AR (Disease cycle) s B (FRHY » BIFSHBN - 2R
FUAOTSS DB SCRRAATE » Pl B S M2 K A P SR 2L (AL » T A AR 2 R - A
BikHE L2 -

HEEE

- BRI 2R AR R AUUE R 2 R RARK » B 1 %K AT KA
715t > LREKESE 35 » FLMBEIARRE AR T A Sy » R0 S0 AR WA » B
Bk ZEHMNA (Nutrient agar) FHE o ERFRERER ( 26:62°C) TREABIE » PR
2 LA B AT » DUR BRI NATHL EBURAIML - IS SAALE 2 5 » ) NA
BB T2 N > DUBBIKEIR 10° cfu/ml ZRRPHE » TEB R A 2 KRS o L
EEAR o §AARREZ G o STURASEZ B15~B23 B2 & O % 4k » Gt
RS PRI Z A - B8 B43  BSS - B8O B B0 {ER I M AT R
#1) o

F— MM EEFE (Pseudomonas glumae) BaVEIbE2 A

Table 1. Sources of the isolates of Pseudomonas glumae

Isolate VV;;V;;Rice l:zl:'ariety ] L(;cality of col]ect%ﬁn # Cc;llection d‘zte .
B I3 E OB 61 B E H R 10/13 1982
B 23 E B 5 B | = H oS 10/13 1982
B 24 E B 67 B | W # oS 10/21 1982
O 1 = & 67 i = w =S 9/27 1982
B 43 = W 140 B = " =3 5/11 1983
B 88 =z -3 61 B E=3 R 53 10/21 1983
B 89 = B 617 B Ed W 53 10/21 1983
B 0 = & 67 i =3 25 g 10/21 1983

=~ SRS RRR AR E PR B | SRR BOTIRVE SR BN » DL 1 %R ERRINE R
11055 » HIERABRLE » 305 i Kk—R3E 3K o WHARZBE 10° cfu/ml 2R
HRER B BR300 8 » TR - BR S22 BREREER MY » WHFERBENEEE (30x60
X 3/ » BRBERS 2508 » HAEHEHE-RBE AR AR 3 BE » BLUIER
FAEEERHRERE - BEESS AREKEETE » 200 RAEREEHK -

= B REE PR BRI | (EAERSTIREZZN DRRSRERRRE
BEREREST  BHEEMARETRER - SRERE 4~ 5 B BENAH » WR—-RIEE
WA PHEY o SR RERRFH  MAMEEL 10cm K > 5 5 LAGZERAIES B RREEEE
HEME o AR TR EH SRR o QIZERAIESERMES BRI E R > B
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GIEERMTHOAATA » EERRRSEEEBEE > SRPRAER ERERTE R o FREHIEHE
HESHER - BRER S B - HBENUNIES S IR RS 5EE R Bk L » BT
BEEES 15ml» B—EkEE144 (12X12) # > BURRZEEKZEEFRER - EEkENS
SHFE > R BRI ER -

e fEA R R R AR KR 2 BURE: | (RRARROTR KB AR T HARR =R - &
ZE RIS K R BIRT 148 R —FENE » AR R (ERE QIR PR FREE)
s BRMBEEREREE MY - BnMRERE 7 X D L2 HBREEEEREHEREK -
EREEERBEEER RS  ERATRESHZRERRRBRERNE SR -

A AOEEHEERRE 2 RURE | BIREABEREERE 1, 00085 B Z 219 #: 5 54 »
g P HEE i E R EFEETEHRZ - SFEREWMMENOI0KRE » HREAEDB43 - B88 » B8R
B90 % 4 BEkEARTR T 552 » MBSSLRE 2SR H > B DB B SRS » BREEIER
FHEEFREE  BEREIANRES EENEE - AERREERERZNZE0E8 » BEER
ERESBS Mo B0 CREF » 1 (E@~20%) » 2 (20~40%) » 3 (40~60%) » 4 (60
~80%) %5 (80%LAL) » FMEREER

HERAR

— - BB REERE AR Z BRI
ML, Pseudomonas glumae REFWER » SRS 5 KBRS » BT 4 (LR B15 - B23
+B24% Ol HfaE 2 EF S REE » BEFREBEIHRRME 2 HRELXRTEE (R - B
BREMEE 2 RERE L RRRETUZREER » ATEHERBEERE - ZHREREIH » ¥4
FEMEEERIRFHREZ2RECEREY » BERRHERE 2R XTBEMIE » RIEERER
B RMBRE R OEETRUREE » REFCRET - ZHEER208 » BEREKEEEZ®Y
RFDBEREZE > REVBEESE » AR TERERZIEE » J0m RN RE 2 6w Bl e T8
BRELRTRE (NER2 -

= EHEEERSREEER KA BRE

]| - TEE R R R B KR SR

Table 2. The pathogenicity of Pseudomonas glumae to rice plants at seedling stage

[ | B B8 ¥ =#3 5 & ®’ OB oW o\ 5 &
Isolate % of rice germination % of healthy seedlings

B 15 87.9 2.4 bxx

B 23 88.4 20 b

B 24 89.2 23 b

(0] 1 88.0 19 b

CK 88.6 985 a

59, LSD{# n. s. 1.9

* L HAEREREROTH o
The variety of rice tested was Tainung 67.

BV ERHARES FLSD W » 5 %EEERTEE -
Numbers followed by the same letter are insignicantly different at the 5% level by FLS
D test.
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HRABEREZETH » AISMEREN 10cmiy » DAIEERAEERE P. glumaeth » 5
2 REMRZB KBRS » 5 3 KRS HBERREE » 5 KAEHER 2R » WEIORER
B R ER MG - BRTEERTEHE > RERNEERARE » BN FBERGKRE &
VYR REBRTEIRN > (AR BRRMAIE - EEREME ZHRENERBHS » BERER
BAHERERTEE (X2 -

= BAESERARE D S EEE WA KB 2Rk
Table 3. The pathogenicity of Pseudomonas glumae to rice plants inoculated at booting

stage by injection method*

& % SRR 5 x OB OE B K B 4 Z& 9 of unfull grains
: 4 @ oB® N = # | b Ei
Isolate % of full grains Half-full grains _LEmpty grains Subtotal
B13 0 b*¥* 2.3 975 b 100 b
B23 0 b 3.1 969 b 100 b
B24 0 b 3.8 9.2 b 100 b
01 0 b 2.7 973 b 100 b
CK 83.5 a 59 106 a 185 a
59% LSD {& 06 n. s. 3.3 } 0.6

* ARBORRERANREZER
The data were recorded at mature stage.
**FH =~ 7l » See footnote on table 2.

P~ RAIE B AR R R B B W I K 2 B
Table 4. The pathologenicity of Psexudomonas glumae to rice plants inoculated at

booting stage by spraying method

& e WEBNE L E F* 1 B 8 B ©H 4 Z& 9% of unfull grains
: 4 B R | o= g2 | 2t
Isolate % of full grains Half-full grain Empty grains Subtotal "
B1S 289 d** 444 b 26.7 be 7.1 d
B23 370 be 343 b 28.7 be 63.0 be
B24 32.4 bed 356 b 320 ¢ 67.6 bed
01 393 b 391 b 216 b 60.7 b
CK 86.1 a 46 a 93 a 139 a
59, LSD{E 75 12.5 8.5 75

* REBIBRERBIAEZER o

The data were recorded at mature stage.
*xF =1l » See footnote on table 2.

ERFHPFRAEBRERE  HBRNAFBIRBZIIR - BERUARERIHE - RE8
EZEEPUHRREMEBEZER - BERRHEERE » BilERITOBR T ERTEMHIE » FHRERE
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BRTESE » (RIRRAETE 7 BTG TE o R AREER RS B A RSB H 2 B ERREAR I » 2E TIOR8 o
BEBRR AR ER B KRB R RIS » 2HE&E o TR ERERIERL0% »
RHERE R 2 R E RN R R BB » S9TH REER 4 M5k BI5 » B23» B24R Ol% 15| fe
TEREE60% L L2 Bb R BER > MEBIHREMBEE 2R RESES86.1% » XREFEE (EM) -

= BN R RE SRR R 2 BoRE ‘

TR IR B ERED. glumaelBiF itk » BEMARFREZAS » EERSWIRERERS
» FREE (B — BRI R 2 65D SAE50R » SRGEISHm BRI R A mERy s A
o RARBUT - ERRMERIEMNRERL 2 B ZH BB o (HEK BI5R BGEKHHEgE4 RS
RRFI 55151 #648. 8K 43. 1% 2 REBE A (B —) - BAHME%EE108 » BISK BUREKEER
FE 2 > HELE11H A% B23 - O1% CK 3 ME M7e R » (BRI £ 8508 » #ok
HERFRRER o 3 EHER 2 RRBEBMNESE » BBBEERERH 2 » RBARBNARTFH43.0
% » O H30MFI57369.1% » HREF1087F5110.9% o
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Fig. 1. The percentage of unfull grains from rice plants after inoculated with Psexdomonas

glumae at heading stage.

P~ A A A 2 R

BERRZLAVE » AR EERIRS0R (5 617) » MRHRERTION 7 A THRBEAH » MALIIME
128 » RAMER LR > BREREEE  SROREFR » G2 R R 02
FPCSRREER o FRAIE A EHBRO AR B - SRVER T SR ES 86.3% 3 HARBIO
BBA35 HIF51.5%50.9% ; ik BSSZREILRT » W 31.9% - IR LI 6 AU HE R
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Table 5. The susceptibilities of 21 commercial rice varieties to Pseudomonas glumae
A @ ¥ Isolate 5y
Variety B43 B88 B89 B90 CK Average
Toyonishiki 38.2% 280 48.9 29.6 15 304
Todorokiwase 380 236 789 25.8 10.9 35.4
Hsinchu A. C. C. 62.7 46.9 82.4 59.6 201 54.3
Hsinchu G. 4 83.2 35.7 95.5 79.7 14.7 61.7
Taitung 27 80.2 339 946 74.8 145 59.6
Kaohsiung 139 57.5 30.5 923 3173 177 471
Tainan 6 87.4 37.3 95.8 86.4 16.2 64.6
Taipei 306 48.2 274 96.6 39.7 187 45.5
Taipei 309 33.5 249 96.4 38.8 124 45.2
Taichung 65 64.2 249 93.3 478 15.8 49.2
Taichung S. 10 39.6 240 76.5 348 9.1 36.8
Taichung N. 1 558.3 474 95.4 54.1 20.0 544
Kaohsiung S. 1 3175 343 79.1 58.2 13.8 446
Kaohsiung 141 42.5 25.2 93.6 480 144 442
Hsinchu 56 36.4 26.0 99.0 65.8 15.2 48.5
Taitung 29 52.9 314 96.9 64.5 12.5 51.6
Taichung G. 46 490 285 99.0 645 172 517
Tainan 5 387 304 83.9 60.0 159 45.8
Tainung 67 329 484 91.1 61.6 15.8 50.0
Kaohsiung S. 7 26.8 27.6 50.9 220 13.6 28.2
Taichung S. 3 43.5 328 73.2 29.6 6.5 371
Average 50.9 319 86.3 513 14.3 470
89, LSD Interaction: 7.04, Mean of variety:3.15, Mean of pathogen: 1.54
* WEIHE

* Percentage of disease incidence

B88 jR IR M 55 » HEROTIR K 27K 1 3R R B A M 2R IR IR T858 » 5 71548, 4547
4% ; itk B89 & MEZRIEESER ; Hik B BEBREIREE  ZREKA > HER6 %
51#e86.4% B ED » IRMER 7 5751#822.0% - LT RIEMBERER » 2R EMETREETRRE
W » BRGBIR -

BEL
FEHIBENHEHERERBHEERER > BREERAE > SORRECERFEERZ
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SH o MHE MRSt S Y ELEER  MiEWERERES » KRERETEE30%
2%, PEBEZBRNLSATHERERESLNEMER  ALBMEE TR LE N » HEERAKEZ
HEEK o

BHARE » BAEESNSRETREEEEE S0 EETENEGERREENRERK
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BRSNS » BFE~ 2 O REE Y SREEEEREMEREE  FRENBENER » B
HB AR RS EAK LYREAERERS - AR EK LT O THRE » BES
BERBRIILLS » Rk LIREFE Y WARRE » MRS HIEGR BB EES AR o -+
@ W SRt e MRS » THIFREEEENR > ARERRBRE ZREME » TREEERER -
AWRHBI5 ~ B23 - B24 & O1% 4 HEH: - A TEBNREE - BELAERENFERBEEK
EZEA s BENNBEETFHARKE  ARER S RIE TECHERIRE  I0RBEEK >
ERESIIE - EEH R REBRS O REESHEY . BERE LA ARE  BERT S
BEMNEIRE » BA BATHEAHRINE -

ARIEZEEBI R SHE S M EEERR R RS - BERGIEERAAN:  SRRERE  BhiE
VAR ERR - RSB O REMERTHEHEZE D » FAERARS RRGRE - 2
ARG O WG BORERRE » B TEHERERAREMEEA » 5 HEMERRE » RFLHERRT
BETHE - FSHLEREEERE R EERRNERERE » HERNAEEEE29~39% » HER
M8 2mBEEER BEEERNHESRN  HHEMEPHEE » (h34~M4% /M » HHRBRE>
4.6% 2 EEEEER o ABEH > ERLRAFRBEL . B AIE2ETTREMEE - BigE W
AR RAIEZ SRR - RIRMEARE S LBV > SRR SRS » RIRMEES
P ASRE L > TR AR T BB - AT RIS BB ERE > SIS BRE » 5
R PS> TR EERRA -

AR AT R B R W 2 B RE RS R - BURHENIE MR 2 0 R R BB RH - #
MR > XM ETHBES 5 MEREEE > AUSHERRE2PHENRBEEHES - S
s @0 A TH BRI AR REARE  REMEN4 BEHEE 1 BXTREBEES o 42k
f ) PR IERREBATE B BB G  BAEE o RE R o AT > BRTE 1 ~ 2 R 28R B B RR »
R EHTEIE R SRR BB o BRI BATERA AR o BH% © {5 » SRR
el » ARSI Z RO BB R AR » RN AREE BRI MNE —0.9747 arifiey » HEE
Z B EIRAR - AR ARIATE R AP 2GR - BHRIR 255 15 WETE B 22 R B e ST (B 0
FHEE BRRE 2 ERTRR

SRRSO REBE Y 4 E B ARBE RN R26TEKERE > EMEEET A TS » SR
BHREHER  ERBRZRBEREZRBREY » L RERBRES BSOS EHY: » TR
B2 kAR ER 2B R BREER o AR BHERWSE » RIEWWI0RTA
TEfE FRERARENZRREEEE LR HhUER 6 EERR » EABTNE4BRE
H2T9% » TR HER 7 BB IUR o MIEMEERE 2 ER IR EEEE R o IS0 BB 5 B 2 20k
FEBEEER » AR ZRRMETRERETRRREE (Pathotype) 275 » HHEFEEES
B2t o

51 A 30K
Lo R - HREA 1978 A b S EHIER TR LB & OB CARE) - BilRHRA40E) 1 383 —3
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The Susceptibility of Rice Plants at Different Growth
Stages and of 21 Commercial Rice Varieties to

Pseudomonas glumae:

C. C. Chien and Y. C. Chang?’

Summary

The results showed that the pathogen did’'nt affect the germination of rice seeds
but caused seedlings to die about 98% when rice seeds were dipped in a water suspen-
sion of Pseudomonas glumae (108 cfu/ml) for 30 minutes prior to sowing. Rice plants
inoculated with the suspension of P. glumae (10° cfu/ml) at booting stage by injection
method, the panicles and sheaths of rice plants were all infected and discolored. Howe-
ver, the pathogen didn’t infect the sheaths but the panicles when rice plants were inoc-
ulated at either botting or heading stage by spraying method. It was estimated that
more than 60% of unfull grains were recorded when rice plants inoculated at booting
stage by spraying method. The rice was more susceptible to isolate B24 or Ol from 4
days before heading to 2 days after heading, and to isolate B15 or B23 from 4 days
before heading to 4 days after heading if inoculation was made at heading stage.

Rice plants with a total of 21 commercial varieties were separately inoculated with
4 isolates of P. glumae for testing their susceptibilities to bacterial grain rot 10 days
before heading. The results indicated that isolate B89 was the most virulent while the
isolate B88 was the least. Among 21 rice varieties tested, Tainan 6 was the most susce-
ptible variety which was reached 64.6% of the disease incidence, but Kaohsiung S. 7
was the most resistant variety, the disease incidence was averaged only 28.2%. Based
on the significant interaction between rice varieties and pathogen isolates, the pathogen
might exist differential strains in nature.

1. Contribution No. 1363 from Taiwan Agricultural Research Institute (TARI) . This study was
supported by the Council of Agriculture under the code number of 73-Nungchien-4.1-Tseng-80.

9. Senior and Associate Plant Pathologists, Department of Plant Pathology, TARI, Wufeng, Taichung
Hsien, Taiwan 41301, ROC.
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WEZERTLLEMEE » Bhoks > TRVBEZMRERR] > FRRERIFERE—EA L
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B ZBREMAZIEHEE » JERRIREK > DURFHRE » BSKEENLAE 105155205 25530 &
35°C ZEMmAEH » HAFRE 3FEH » EEHI K -
4. VAR R BR R BT R 7 T SR B 2 T 6

F FH R [ 2 IR B (R 2 e AR W P A B K B 3 T 2 B B M T g » AR AR B I
AR RMAZRIGHE L > B 25°C ZEEMA+F » MUNSBIHIRE » It TEZERY)
BRI IET; 2N e A8 2 K R 2 > ORI T IR I (4104/ml) DU 55 S A4
Rz SR ER RS RIMAZ I L » AKX » DURFHRE » BEBERME R0 15
» 205 255 30% 35°C Z7iRAdd » BISORBIE R R ENATSE A B » BTRBESK 3EH » BHR 2
* o
5. RN IEH R S R B R K 2 M AT 75 B 8

WS 4 277 BT REENREEN 2 ERRSE » SEEHER 20°C ZeRsd » |
TRV RERMTAR  BEE5 R » BH 2K -
6. NERE R R R R TR/ T RIRE T 345 2 Y

HERR 1B 2R VAR L 2 TR ORISR AR L » 7 25°C 22l 1R
s DR O AP IER ZRERRTE » BRAGZEEAP » REHERER L B TRTE
» BT R - IR BRI B2 M TR B I 2 B3 & B4 BIHEE105 155 205 25
» 30K 35°C ZEWAF » K82 » 4 B 6 PEEHREM » 72150 (& 2 BEME THLE » BUAFEHEE 3
THEF » FOSRMETRETEH I o AABRBBETHA 3 F » HRIBK » EE I K -
1 GRRREE TR ET 28 E

AR A8 B R W e I B A b » DASS 5 1 > e 25°C 2 iBdeh 1 /N IR
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HIMZERR 7 — 9K » FEE IR 7 — 13K BN R BRI » SRR AT 7E A A B EIE » M1
RERERBIAT RN G 3 — 638 MEENTHEE2— 48, BFE1 - B2 RE3EHLE
ERERFHROEEER (K1) -

R, VEREEWNAERT GO Z A (25°0)!

Table 1. Days for root formation and greenish color maintained on the detached leaves of cucurbits.

% 2 # I e 5 I
Leaf position from top Cucumis sativus L. Cucumis melo L.

1 7—0% (21—42)3 7—13 (14—30)

2 7—9 (20—40) 7—13 (15—32)

3 7—9 (22—45) 7—13 (13—30)

149 PE 3#EH » B 3K o Three leaves for each treatment with three replications.
2 & RFTSE H B c Days for root formation.
SIRFHE M (23R4 > 4R ) o Duration for greenish color maintained (2/3 of leaf

remained in green and 1/3 of leaf was yellowing).

2. FAEEE AN A AR SRR BE 2 B R
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TREBEEEROME » HILEEE LB 30°C &tk » HKE20% 25°C» @7 15°CAR
i8 o MNZEIOR 35°C R4 » FEFLZEL0» 15] 35°C R4 (R2) - S
2. BEHNNEBEER2ERRERGOCHE

Table 2. Effect of temperature on the root formation and green maintenance
of detached leaves of cucurbits.

A . £ B OB T B % # & f ¥ B8 W
3 Days for root formation Days of green maintenance
T
em(poeé;ture 1 . i 2 % m il ] AN pes & I

C. sativus L. C. melo L. C. sativus L. C. melo L.

10 — 1 — 10 — 19 14 — 19

15 14 — 20 — 21 — 30 10 — 15

20 7— 9 8 — 13 22 — 47 15 — 30

25 7— 9 7—13 21 — 48 15 — 30

30 5— 7 5 — 10 18 — 25 14 — 21

35 — — 5 — 6 5— 6

1 77448 o No root formation.
2 ¥R EEE ¢ 4] | B FES o Green was based on 2/3 or more of the leaf area was green,

3. VAR R BT B e E MR BRI B 2 B £
WIEPE AN ZE R 7E15 » 205 25°C #:fE(4 4 — 5 RAITURUREL » 7E15R 20°C €5 — 6K »
£ 25°C 86 — 8 RikiEM » (B7£10 » 30% 35°C TRELFRHE » ANTEM (£3) o

®I. [NEBEFE (Pseudoperonospora cubensis) B NFHRELBRERE B BREE ZHR1
Table 3. Effect of temperature on lesion formation and sporulation of Pseudoperonospora
cubensis on the detached leaves of cucurbits

# i3 OB W R EF R K E o®m B % B W
Temperature (°C) Days for lesion formation Days for sporulation
10 2 _
15 4 —5 85 —6
20 4 —5 5—86
25 4—35 6 —8
30 — ) —
335 — —

1FEEE 3ZEH » P 2K o Three leaves for each treatment with two repliicatons.
2 AT RREE B 7N EER o No lesion formation and no sporulation.

4. IR IR R S TR BET B R 7E T 3 FL 3K

ZEEMRESEE 20°C THREFPRFTBHESR 4 —5 K ERMBEHEAERS—6K %
R ERERIY R R ERISEER o
5. NEBEEMENTRATREE TR 2 WY

T FRATFIBE T 2520 105 15°C #HEER » 7€ 10°C KR 2 /NEpIHT73.68% 585 »
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6 NP IS AR5, 18% » FE15°CHR 2 /MRFED9.68% B8 EF » 6 /MEHREET A 97.52% » (B7£20°C
TR 6 NRF{E#24.35% %5 » WEHE > BEFRME (F4) -

. NEBREFRERECTRARETZETE (%)*

Table 4. Percent germination of sporangium under different temperatures.

ﬂ B i i Time
Temperature (°C) 2 /B (hr) 4 B (hr) 6 /v B (hr)

10 73.68 91.98 95.18

15 59.68 94.85 97.52

20 12.33 1541 24.35

25 713 7.89 8.00

30 179 4.44 6.74

35 0.34 2.64 4.10

* ZRZEHE  Average of three replications.

6. FERE IR TER R E T 28 A
ERBSASSRER TR B2 lETHA » HUBR 7 Ml TERS » BH6 M > MR
3 ERIMEERD » FHRBK6.TH (E1) o

11
10
9
88
3
‘%37
§6
o
o ¢
Z 3
2

3 4 5 6 7 8 9 10 11

W E T B

No. of zoospore

BI1. PeelRTERIZEER TR

Fig. 1. Number of zoospore. released by sporangium
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HEABBI A SR A E AR o RBHEW > SCHRIR BN » ARINBERERE M »
AR EERNE » MR MMEERE > AT RIMERSBEER » WEFE—DH - BRRIEEN LR
EREFAENRE S » HANKRERERETER » BEEALGRKZERELEER » MUEAR
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“leat 3.8 1@ [ .
Inoculation | )

A FEEREEDLA
Detached leaf
was placed on
moist filter ¢f
paper in
petri dish

2. ERIEE
Seedling
cultivation

\ &

28

\ 3
ﬁ 5.9 I \ Sporangia
Lesions

1.2 &
Seeding

8. BB IDMER
Sporulation on
healthy leaf
tissue

6. 5541
Root
formation

TR B R B K

Induce sporulation and
reduce lesion necrosis

2. NEREREREESE

Fig. 2. Procedures for inoculation of downy mildew on cucurbits

L3ETE « 20HBIEE - NEA 25°C » XL 40W B EAH12/E » #8 20~25 X7y
B o £ RIHFTERAMRIFRREROME - RIS L25%%5 45T (Morestan)
TR 1,000 FEMRE 15 REE—K » ERZHIFIERMHE CCC (2-chloroethyl
trimethylammonium chloride) 2.000f4& R I0KEE—K » fEHREB 0K RGN - 3.
B - 4. BEERREZEENA » TABEMEN » R RERRNEELA > nE
BK o DURRHREE o 5.8 25°C T4 ~5 REARHERE - 6. EXERETERER
s KA ERERNEENAZ G- o 7.8 15°C SRAA » wEFEFEHREE A
> WA RERER - 8.74 15°C BRMAABE 25°C 1 RAJHREHRESEENS » Wi
Mo
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WAINR P A VB A S 2 IR B 0 » R 78 15—30°C » 3% 7E 20—30°C » 7 10°C Ti%
ERHRRGHTR » 7 35°C TALERFMER - EREIBERE @ L 15°C RAKS 20:
15°C Wi hafm » MARBBRBURE 15—20°C B EHERERSZI » (A7£10 5 30% 35°C HI7R
BRATER - —REHHERTEAEYNE  BERBETATEEREERHE EYHEBREE
M B SRR o SRR TR Z BESFASLII0R, 15°C S » MBS » B aE  RTEIFER2
HAETHALT BRES » FHR6.7E -

BETR
125k - 1985 - TUERE (Pseudoperonospora cubensis) ZI3n% o i@ TI27 : 456

2. Cohen, Y. and J. Rotem. 1971. Rate of lesion development in relation to Sporulation potential of
Pseudoperonospora cubensis in cucumber. Phytopathology 61 : 265-268.

3. Cohen, Y. 1981. Downy mildew of cucurbits. In The Downy Mildew. ed. by Spencer, D. M., pp.
341-354. Academic Press, New York and London.

4. Katan, T. and E. Bashi. 1981. Resistance to metalaxyl in isolates of Psexdoperonospora cubensis
to downy mildew pathogen of cucurbits. Plant Disease 65 : 798-800.

5. Reuvein, M., H. Eyal and Y. Cohen. 1980. Development of resistance to metalaxyl in Pseudoper—
onospora cubensis. Plant Disease 64 : 1108-1109.

Incculation of Downy Mildew on Cucurbits
under Laboratory Conditions'

W. H. Tsai?

Summary

Inoculation of downy mildew (Pseudoperonospora cubensis) on detached leaves of
cucurbits were studied. Due to the root formation on the petioles of the detached leaves
to absorb water, the detached leaves prolonged the fresh period in the petri dishes.
Hence, the pathogen could bs maintained on the detached leaves over one month. In
general, root formation on the detached leaves was, observed 7—-9 days on cuwcumis
sativus L. and 7—13 days on cucumis melo L. The lesion formed at 4—5 days and spor-
ulation at 5—6 days after seperated inoculation under 15, 20 and 25°C. No difference
was observed on lesion formation and sporulation on both upper and lower leaf surfaces
Lesion formation and sporulation were observed 4—5 days and 5—6 days after inocula-
tion, respectively. The optimum temperature for sporangium germination were observed
at 10°C and 15°C after 6 hours of incubation, the percentage of germination were 95.18
% and 97.52%, respectively. Germination decreased at higher temperature. Most spor-
angium produced seven zoospores with an average number of 6.7, a few sporangia
produced 3 or 11 zoospores. The procedures for inoculation of downy mildew on cucur-
bits under laboratory conditions are shown on Fig. 2.

1. Contribution No. 1364 from Taiwan Agricultural Research Institute (TARI).
2, Plant Pathologist, Chia-yi Agricultural Experiment Station, TARI. Chia-yi, Taiwan, ROC.
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Differential Preference of the Flower-Dwelling Thrip,
Thrips hawaiiensis (Morgan) (Thysznoptera:
Thripidze), to Some Gladiolus Cultivars'

Jeng-Shong Chen and Paul Kang-Chen Lo?®

Abstract: Flower-dwelling thrip, Thrips hawaiiensis (M. ) appeared to have
certain appetite for flowers of some cultivars of gladiolus. Cultivar T512 was the
most favorite one for this thrip. White Prosperity and T609 also had good
performance, but the other four cultivars, Red Beauty, Albert, Applause and Peter
Pears seemed to have little seduction for the thrip. Experiments were conducted
both in the field and laboratory. All data were shown as No. of thrips/flower
or No. of thrips/spike. The floral scent was proved to be a major factor influ-
encing the thrip’s choice of cultivars of gladiolus. In addition, color hue could be
another improtant factor. Fully blooming gladiolus flowers had potent attraction
to the thrip, and their performance was proportional to the degree of development
of flower buds. The conspicuous color contrast, floral scent, floral shape and
nectar of an inflorescent gladiolus flowers in concert played important roles in

guiding the thrip flying toward them. These attraction factors of gladiolus flowers
to the thrip are discussed.

Introduction

Cut flower is one of the exportable produces of Taiwan. The climate of this island
is suitable for year-around cultivation of gladiolus (Wang 1982) and the consumption
of cut flowers has increased considerably in the past few years. Therefore gladiolus has
received more and more attention. Several insect pests on gladiolus including three
flower-dwelling thrips, Thrips hawaiiensis (M.), Frankliniella formosae M. and Haplo-
thrips chinensis P. have been reported in Taiwan (Wang 1982).

Color hues (Gibb 1950; Trimble & Brach 1985; Bhuyan & Das 1985; Katsoyannos
et al. 1985), brightness (Katsoyannos et al. 1985), scents (Kullenberg et al. 1984; Numata
et al. 1985; Hodgson & Elbakhiet 1985; Young 1986), texture (Lovell 1918) and shape

1. Contribution No. 1365 from the Taiwan Agriculture Research Institute.
2. Research Assistant, Senior Entomologist and head, respectively. Department of Applied Zoology,
TARI. Wufeng, Taichung Hsien, Taiwan 41301, R. O. G,
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(Proctor & Yoe 1972; Hodgson & Elbakhiet 1985 ) of the plants, play important roles
as insects seek their hosts for feeding, shelters, and oviposition sites.

Insects would not visit flowers unless some sort of reward is held out to them, and
the reward offered by many plants to insect visitors is nectar (‘Gibbs 1950). F]owe‘rs
with nectaries are likely to be frequented by the flower-dwelling or visiting insects for
their nectar and pollens, while those without would be visited only for pollens. Flowers
are also occasionally visited by insects seeking shelter or making mistaken landing

(Proctor & Yoe 1972).

The floral scents of anisaldehyde significantly increased the catches of seven species
of flower-dwelling thrips (Kirk 1985). This experiment on attraction of Thrips flavus
by gladiolus of different colors indicated that color was one of the factors influencing
T. flavus’s choice of flowers. We also found T. hawaiiensis (M.) had the tendency to
appear more frequently on some cultivars of gladiolus. This paper describes the phenom-
enon and the distribution of the thrip on gladiolus inflorescences. The ways of at-
traction are also discussed.

Materials and Methods

Nine cultivars of gladiolus (Table 1) were grown twice in a random manner in
TARI experimental field in September and December, 1986. The bulbs were dipped in
1,000X benomyl solution for 1 hour before planting. No pesticide was applied in the
growing period. Plants were left to natural infection by 7. hawaiiensis (M.) in the field
Observations were made when the plants began to bloom.

Table 1. Color Hues of the 9 Cultivars of Gladiolus Used

Cultivar Color Hue

Albert Crimson with red blotch on the lower petals

Applause Rosy with red flecks on the lower petals

Blue Isle Violet with a white band in the middle of each petal

Nymph White with crimson flecks

Peter Pears Pale orange-pink with creamy ill-defined blotch on lower petal which
were slightly streaked with orange-scarlet

Red Beauty Blood-red with velvet texture

T512 Pink with slightly rosy flecks in the center of the flower which had
white band in the middle of each petal

T609 Lilac with white flecks at the center of the flower

White Prosperity Snow white with a violet strip on the lower petals

Experiments I, II-1 and III were conducted in the field, II-2 and IV in the labora-
tory. The performance of attraction is expressed as No. of thrips/flower or No. of thrips/
spike. Data were analyzed by Duncan’s multiple range test.
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(Morgan) (Thysanoptera: Thripidae), to Some Gladiolus Cultivars
(Experiment 1) Distribution of the Thrips on Gladiolus Inflorescence
Flowers and buds on an infloresence were classified according to the degree of de-
velopment: (1) full-bloom stage; (2) half-bloom stage, the length of visible petals were
about 6 to 8cm; (3) bud stage I, petals from 3 to 6cm were seen; (4) bud stage II,
petals from 0 to 3cm could be observed, and (5) bud stage III, no petal was visible.
Flowers and buds of the 9 cultivars were picked and the number of adult 7. hawaii-

ensis (M. ) was counted. These plants were sampled at random in 5 repetitions on
different days with sunshine.

(Experiment 1) Cultivar Preference of the Thrips

II-71. Field Experiment

Some cultivars, Albert, Applause, Peter Pears, Red Beauty, T512, T609 and White
Prosperity, were chosen to observe the differential preference of the thrip in the field.
Gladiolus flowers at full-bloom and half-bloom stages were picked and dissected to count
the number of the thrips. Five repetitions were conducted on sunny days.
II-2. Laboratory Ezxperiment

Spikes of Albert, Applause, Peter Pears, Red Beauty, T512, T609 and White Prosper-
ity were cut when the petals were still in the buds. Those spikes without detectable T'.
hawaiiensis (M. ) were randomly put in containers and moved to a closed room with
sunlight shining from a window. When they began to bloom, adult thrips from the field
were introduced at the distance approximate bm away. The inflorescent flowers were
dissected for the thrip count after 72 hours. Three repetitions were conducted. Room
temperature was 24-28°C.

(Experiment I111) Attraction of the Thrips by the Color Hues of the petals of Siz
Cultivars
Six cultivars, Albert, Applause, Peter Pears, T512, T609 and White Prosperity were
used in this experiment. Thirty spikes per cultivar were sampled in the field at random.
Petals of inflorescent flowers were deprived, and only corolla tubes, stamens and pistils
were kept. Flowers still in the buds were removed. For the control, petals were kept.
Observations were made and number of 7. hawaiiensis (M. ) recorded after 48 hours.
Four repetitions were conducted.

(Experiment 1V) Attraction of the Thrips by the Floral Scent of the Cultivars
Spikes of Albert, Applause, Peter Pears, Red Beauty, T512, T609 and White Pros-
perity cultivars, obtained as experiment II-2, were put in a dark room. When the
gladiolus began to bloom, adult thrips were introduced as in the experiment II-2. After
72 hours, the inflorescent flowers were picked and dissected. Three repetitions were
carried out and the room temperature was 25-27°C.

Results

Most of the adult thrips, 7. hawaiiensis (M.), were found in the inflorescent
gladiolus flowers. The more the flower buds developed, the more attractive they were.
Inflorescent flowers were noticed to be the most important source of attraction to the
thrip, 4.94 thrips/flower was observed, and there was ca. 1 thrip/semi-blooming flower.
On average, almost no thrips were found in bud stages. And buds without petals broken
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out were the least effective, and none was found (Table 2).

Table 2. Distribuion of Thrips, T'. hawaiiensis (M. ) on the Inflorescence of Gladiolus

Development Stage No};:}?inﬁﬁggers No. of Thrips? Thrilgso/.F?f)wer
Full-Bloom 711 3,512 4.94a3
Half-Blocom 427 410 0.96b
Bud! (I) 334 43 0.13¢
Bud (ID 453 20 0.04c
Bud (III) 394 0 0 ¢

1. Classified According to the Length of the Visible Petals: I. 3-6em; IL. O-3cm; IIL. Nothing
2. Only Adult Thrips Were Counted

3. Means with the Same Letter Were Not Significantly Different at 5% Level

Half-blooming gladiolus were less attractive to adult 7. hawaiiensis (Table 3). The
result repeated the observation of table 2. The cultivar of T512 appeared to be the most
attractive of all, 1.08 thrips/flower. White Prosperity and T609 had some attraction,
with 0.84 and 0.62 thrips found per flower, respectively. The thrip seemed to have no
appetite for the other cultivars.

Table 3. Cultivar Preference of Thrips, T. hawaiiensis (M. ) on Gladiolus in the Field

Half-Bloom Full-Bloom
Cultivar -

gl%\n?ef.rs ¥ﬁ;ig£l Rate? Pl\‘Il(()).W(()zf_rs ¥§ngfg Rate

Examined Examined
Albert 136 19 0.14e3 152 135 0.89¢
Applause 233 49 0.21de 168 99 0.59¢
Peter Pears 195 21 0.14e 459 152 0.33¢
Red Beauty 149 56 0.38d 158 66 0.42¢
T512 204 221 1.08a 195 2,012 10.32a
T609 129 80 0.62¢ 122 4617 3.83b
White Prosperity 188 158 0.84b 145 289 1.99¢

1. Adult Thrips Were Recorded Only
2. No. of Thrips/Flower
3. Means with the Same Letter Were Not Significantly Different at 5% Level

Inflorescent flowers of cultivar T512 again showed strong attraction, 10.32 thrips/
flower, to adult 7. hawaiiensis among the records of the seven cultivars in the field test
(Table 3). Swarms of the thrips gushed out when the flowers of T512 were being
dissected. Besides, T609 also showed intermediate attraction. Cultivar White Prosperity

was a little more inviting to the thrips than the other four, yet the difference was not
significant.
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The fascination of gladiolus cultivars to the thrips in the laboratory was considerably
less than that in the field (Table 4). But cultivar T512 was still the most seductive
one, T609 the next and White Prosperity the third. This result was quite similar to that
obtained in the field experiment (Table 3).

Depriving the petals from gladiolus flowers decreased the attracting effect by 8-33
folds (Table 5). Corolla without petals of T512, T609 and White Prosperity were still
potent to attract the thrips, while Albert, Applause and Peter Pears became less attrac-
tive to the thrips.

In the dark, White Prosperity and T512 were equally more attractive to the thrips
than the other remaining 5 cultivars. T609 had medium effect but the other four gave
poor performance (Table 6).

Table 4. Cultivar Preference of Thrips, T. hawaiiensis (M. ) on Gladiolus in the Lahoratory

Cultivar No. of Flowers! No. of Thrips? Thity By wer
Albert 132 24 0.18cds3
Applause 119 12 0.10de
Peter Pears 108 18 0171d
Red Beauty 127 9 0.07e
T512 136 84 0.62a
T609 120 45 0.38b
White Prosperity 135 36 0.27¢

1. Full-Bloom
2. Only Adult Thrips Were Recorded
3. Means with the Same Letter Were Not Significantly Different at 59 Level

Table 5. Attraction of Thrips, T. hawaiiensis (M. ) by the Color Hues of the Petals of Six

Cultivars
Without Petals With Petals
Cultivar
glg)i.keozsfl ’?‘Il?figiz Rate3 ggi-kgsf ¥}?;ig§ Rate
xamined Examined

Albert 120 31 0.26bc* 120 318 3.15¢
Applause 120 20 0.17¢ 120 342 2.85¢
Peter Pears 120 36 0.30b 120 296 247c
T512 120 75 0.63a 120 2,481 20.68a
T609 120 81 0.68a 120 1,953 16.28b
White Prosperity 120 76 0.63a 120 2,127 1713b

1. Flowers in Bud Stages Were Removed

2. Only Adult Thrips Were Record

3. No. of Thrips/Spike

3. Means with the Same Letter Were Not Significantly Different at 59 Level
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Table 6. Attraction of Thrips, T. hawaitensis (M. ) by the Floral Scent of the Cultivars
in a Dark Room

Cultivar Flowers! No. Thrips? No. (Thri;ﬁe/ltf’elower)
Albert 113 7 0.06¢3
Applause 147 18 0.12¢
Peter Pears 130 13 0.10c
Red Beauty 116 8 0.07¢c
T512 126 42 0.33a
T609 102 24 0.24b
White Prosperity 116 43 0.37a

1. Full-Bloom
2. Only Adult Thrips Were Recorded
3. Means with the Same Letter Were Not Significantly Different at 5% Level

Discussion

During this investigation, many insects have been found on gladiolus inflorescences,
such as thrips, aphids, leaf beetles and mirid bugs, with T'. hawaiiensis (M.)as the major
flower-dwelling insect of gladiolus. Insects usually gather around the center of the
corolla, many are even drowned in the nectar. The basal part of the corolla tubes of the
flowers seemed to be the most favorite site for 7. hawaiiensis (M.), the stamens and
pistils the next, and the sepals the least. Most of the immature thrips dwell in the space
between the sepals and the petals. Our observation (Table 2) on the distribution of the
thrip indicated that adult 7. hkawaiiensis (M.) were inclined to visit fully blooming
gladiolus flowers, and disliked flowers in bud stages. Swarms of flower-visiting insects
are generally present in inflorescent gladiolus flowers and thus pollinate the flowers.
Thrips have been reported to be pollinators of beet (Imms 1924), Calluna vulgaris, Erica
tetraliz and Hypochaeris radicata (Hagerup 1950). Taeniothrips ericae has been reported
to complete its whole life-cycle in the flowers of Calluna and often cause pollination

(Hagerup 1950). In this respect, thrips may be considered as beneficial insects on the
other hand.

Animal-pollinated plants generally provide a convenient alighting place, food, con-
spicuous coloring and scent to attract the pollinators. The size, shape and arrangement
of flowers are involved in insect attraction (Proctor & Yoe 1972). Nectar is one of the
important factors of attraction as many insect-pollinated flowers contain nectaries
(Wilson & Loomis 1967). Carbohydrates, the main constituents of nectar, are the principal
food requirement of adult winged-insects (Proctor & Yoe 1972). The rate of nectar-
production and the sugar concentration sometimes vary with the age of the flowers
(Jaeger 1957), and those flowers which were highest on a plant or in an inflorescence,
produce the least nectar (Proctor & Yoe 1972). According to our preliminary observation
in this study, large amount of nectar was found in the inflorescent gladiolus flowers,
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much less in the semi-blooming ones, and none in the buds. This could be one of the
reasons why the performance of attraction was proportional to the degree of develop-
ment of the flower buds.

Insect-pollinated flowers are usually brightly colored or scented, sometimes both.
Some experiments have confirmed the general belief that insects are attracted to flowers
by colors and scents (Wilson & Loomis 1967). According to a well-known principle of
physics , a color viewed in the presence of other hues will be more brilliantly than it
is viewed alone (Lovell 1918). Studies on effect of background contrast on host-seeking
of Tabanus nigrovittatus M. pointed out that the attraction of 7. mnigroviatitus M. to
gray test panels was significantly greater when contrast against this gray background
panel was high (Allen & Stoffolans, Jr. 1986). There were more than one color in an
inflorescent gladiolus flower. The brilliant spots or bands near the center of the corolla

(Table 1) made the flower more conspicuous than the non-fully blooming ones and thus

might seduce more thrips. Inflorescent gladiolus flowers might release some special
scents which attract the thrips to fly toward them. Some species of flowers, for exam-
ple, Caryophyllacece, produce scent to attract insects only when their flowers are open
(Proctor & Yoe 1972). Shape response of apterous Myzus persicae is reported to deter-
mine its flying orientation (Hodgson & Elbakhiet 1985). The floral shape is said to be
a critical factor for the host-seeking of some tropical bees (Proctor & Yoe 1972). The
thrips might also be able to perceive the shape of a fully blooming gladiolus flower.

Flowers usually owe their conspicuousness to a bright-colored corolla or calyx. The
bright hues of flowers serve as signals or flags to attract the attention of insects living
on pollens and nectar (Lovell 1918). Some flower-visiting insects manifest a preference
for certain colors, as honey-bees for blue, butterflies for red, hoverflies for yellow, and
carrion-flies for lurid purple (Lovell 1918). Thrips flavus like bright red gladiolus
flowers most, and white ones the least (Lal & Chandra 1972-74). T'. hawaiiensis (M.)
seemed to like the color hues of violet, lilac, pink and white as they visited the gladiolus
cultivars with these colors more frequently (Table 3 & 4). All the efforts to investigate
the importance of the color hues alone failed due to the interference of the floral scent.
Crepe-paper-made flowers were used to attract the thrip, but it was hard to imitate
the combiation of color hues in gladiolus flowers, and the attraction was poor. There-
fore, not enough direct evidence was obtained to define the role of color hues in the
favorite-flower-seeking of the thrip. As it was not easy to determine which factor was
involved in thrip attraction in wide open fields, we started laboratory experiments. The
attraction of T. hawaiiensis (M.) in the laboratory was far less than that in the field

(Table 4). Lack of air flow could be an obstacle to the difusion of floral scent. The
sunlight came in from one side only could be another artificial factor which disturbed
the moving action of the thrips. Some thrips were found on windows and walls probably
because they had been confused. But their preference for certain cultivars was never-
theless similar to what was observed in the field. Experiment III was an effort to judge

the importance of combined effect of color hues, floral scent and shape. The gladiolus
flowers which had lost their petals lost their seduction to the thrips (Table 5). Similar
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phenomena were observed on honey-bees, which ceased to visit the flowers of common
pear when their petals were deprived (Lovell 1918). As those petal-deprived-flowers still
kept their scent and nectar, the decrease of attraction to the thrip should have something
to do with the lack of color index and floral shape. But still few thrips could find the
gladiolus flowers without petals. Floral scent should be an important factor as well.
Proctor & Yoe (1972) reported that scent was the means of guidance to beetles
approaching flowers of Arum from a distance. Attractions were recognized as playing
an important part in host-plant selection by Eurema hecabe mandarina larvae (Numata
et al. 1985). Table 6 suggested that floral scent had a role in attraction. With nothing
visible to the thrips, the floral color and shape became useless signals at all. Yet as
some thrips still could locate the flowers of gladiolus, and even chose the favorite ones,
indicating that the floral scent played an important role in favorite-cultivar-seeking of
the thrip. Young (1986) reported that beetles flew to the inflorescence in darkness,
suggesting that floral scents were attractants. Kirk (1985) reported that the floral scents
significantly increased the attraction of some thrips. The floral scent of gladiolus was
hard: to detect by human nose, but certain insects were indeed capable of detecting very
faint scents (Gibbs 1950). The cultivars T512, T609 and White Prosperity might have
some special scents different from the other cultivars, which could guide more - thrips
flying toward them in' darkness (Table 6), even in the abscence of floral petals (Table
5). Hoverflies, Helophilus pendulus and Syrphus balteatus ‘approached the flowers of
Parnassia palustris by visual preception, but at very short range, the floral scent induced
the insects to alight (Daumann 1932, 1935). It was possible that color hues and their
contrast, and floral shape of gladiolus might serve as visual signals guiding the thripz
flying toward the inflorescence,. and then the floral scent at a closer range attracted

the thrips to alight on their favorite corolla.
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Table 1. The investigation on infestation of Anoplphora maculata on indian jujube

in Kaohsiung area (Oct. -Dec. 1985)

Hh Bh H # - W RAE KB R E K BB E K &
Age of plant % of plants
Locality Date (yr) Number of plant| Plant infested infested
N i 2/X 15—17 45 8 1778
(Ta-she) .
3/XI 10—12 717 9 11.69
15/X1 15—20 64 12 18.75
e BT 15/X1 10—13 89 10 11.24
(Yane-chaw) ‘
18/X11 5—6 65 6 v 9.23
H E=4 13/X11 5—1 71 3 4.23
(Ten-liaw)
30/XI1I 10—13 74 9 12.16

o ERFREEGEBLAE
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BB A AR — T T2 248 » RERIRE ST > LUE IR h A BRI EE DD » DN LR ShaRFERD R A B
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Table 2. The infested position of indian jujube by Anoplphora maculata (Oct. -Dec. 1985)

5t i B 258 2] £ B (%) Infested rate (%)
Haui i I (cm) The position of branch from ground
Age of tree (Holes/25plants) 0 ~45 } 46~100 101~150 151~
5 —T144% 31 : 83.87 16.12 0 —
(5—17 years) v -
10—1344: 46 67.39 . 1956 ‘ 13.04 0
(10—13 years) ]
‘ : | . ‘ .
15484 Bl B . 58 65.52 ‘ 24.14 . 8862 . 172
(Over 15 years) ) : ‘ : : k
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Table 3. Control of Anorlphora maculata on indian jujube by Furadan 40649 F (Apr.-Oct. 1986)

. 7 =% S 9 9 i (@)
i m . W OE B E (%) % of plant infested B % %
5 #  Replicati C oz

. = . # Replication * 2 Percent

Treatment T ‘ T 1 m l v Mean Control

1.. Furadan 40.649%F 1 : 100 0 0 0 0 Oa 100
(one month interval)

2. Furadan 40.649%F 1 :100 5 0 5 0 2.3a 83.33
(two month interval)

3. Furadan 40.649%F 1 :200 5 0 ' 0 0 1.25a 91.67
(one month interval)

4. Furadan 40.649%F 1 : 200 0 0 5 ) 2.5a 83.33

(two month interval)

5. Check 15 20 18 10 15b —

el LR ABRAER » HREEFHNERZEBABERIE » ERFREFEHME 285 » KR
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Field Investigation of White Spotted Longicorn Beetle

(Anoplophora maculata) on Indian
Jujube and Control

Hung-chich Wen?

Summary

White spotted longicorn beetle, Anoplophora maculata (Thompson) attacked the ind-
ian jujube, Zizyphus mauritiana L. was a positive correlation with age of trees in sout-
hern Taiwan. The percentage of infestations were below 10 % on 5—7 years old trees,
10 to 15% on 10—13 years old trees, and over 15% on 15—20 years old trees, respectiv-

ely. The positions which the beetle’s larvae took place on indian jujube trunks were mo-
stly under 45cm from the ground and rised with the age of plants.

It can be efficiently prevented the adult of white spotted longicorn beetle from lay-
ing egg on the trunk of indian jujube, to spray carbofuran 40.64% F. which can be dil-
uted 100 times with water, one a month from April to August.

1. Contribulion No. 1366 from Taiwan Agricultural Research Institute.
2. Assistant Entomologist, Division of the plant protection, Fengshan Tropical Horticultural Exp-
eriment Station. TARI, Fengshan City , Kaohsiung Hsien, Taiwan, ROC.
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Fig. 1. Stain of different insect eggs imburied in plant tissues.
a. Eggs of Thrips tabbci Lindeman stained with lactophenol acid fuchsin solution.
b. Eggs of Liriomyza brassicae (Riley) stained with lactophenol acid fuchsin solution.
c. Eggs of Thrips palmi Karny stained with lacophenol acid fuchsin solution.
d. Eggs of Rhipiphorothrips crueniatus Hood stained with 19 aqueous acid fuchsin
solution.
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Table 1. Comparison of the two methods for staining insect eggs.
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Different Staining Methods for Eggs of

Diminutive insects

Feng-Ming Lu

Summary

Eggs of many leaf miners and thrips are laid in the plant tissues. We used two staining
solutions in order to detect and count the eggs which are 1% aqueous acid fuchsin and
lactopenol acid fuchsin. The preceding solution is cheaper and no poison but need long
time to stain it. The other solution is more effective but costed higher and also poisoned
to the human nervous system. There fore, we usually heat it in water bath for the
rapid dipping of the thin leaf, and in immersion method of long period dipping for the
thick leaf, it will decrease the damage of the toxic phenol. In conclusion, we select the
proper staining method for the special purose. After treatment, the color of eggs became
deep red or purple red that were easier to observe.

1. Contribution No. 1367 from Taiwan Agricultural Research Institute.
9. Research assistant. Fengshan Tropical Horticultural Experiment Station, TARI. Fengshan, Kaohsiung,
Taiwan 830. ROC.
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