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BEARCHTHARERAR (BF) REWT—5% (RE) o RIOSSEEIEELS A BER
BRPTHEIT A LR » #ARIR85S-HB o B EAEMP/ME (Spanish type) Ml » R ERE
» BT REAEHKIRGE - ERERBRIFMERITE » TAIER450~500A72 8 » 19824F 4 i o
BERAMEIRE Spanish White (FHEFH) 88 CJ44485SEHIHES » Spanish White 5195341
REGIE » RBEEAR IR EL1963E MR » BRIV » FRERE » SR E8E > 55
F191 o CJ444/%H Chiba Bunch (B BAS|# » BRAKE Virginia type) 8 Java 2 (BN
EESHE » BEF® Spanish type) FEZSEHUEESS » HET EIRIRME » BR/IVRAE o

BEANRZRXFEERT—9 » B Spanish type {HFERBRIFRITA » HRETR04AT »
THEFEIAT » ERINE » FE19865E MG » SEMREERSERSE - 8B+ —5%H
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—Spanish White
oL S—

=3k Chiba Bunch
(Tainung No.5) “—CJ444
g {Jaba 2

BE6H
(Tainung No.6)

A H105% (Tainan No.10)
L 2> 11 =
(Taif{aﬁ{) @E‘:(ﬁm 6 5% X PI 314817 X &7 6 5

(Tainan No.6) (Tainan No.6)

B 1. EEARNEARE
Fig. 1. Background of Tainung No.6
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= SRRER

B ERRRREENRTRITHER - 85S-HBMHATEKRTRBILERVEEARRBR TR
B » BEARARNARESSS-HB-3 o FERRER IBREBRIEARFT R EM TR BRMNH S HET -
HRERLRARER (F1) BR > 85S-HB-3THERRKRIFR A/ MNIREREERAERE
m+—8t » FEEERAHERR? RIAT » BREET—10.3% » MREEEN0.9% ; frhE
BELITAT » BRERET—713.6% » R EMENL6.5% « KIFRRERS2,992AF » Bk
BET—%7.0% » BREFERARLT.7% » TRERTAT » HPERERAR41.4% ; BREISIL
RAERERRIRG2.9% o

® 1. 8S-HB-3HRSMERRRBMZTRER ~ IFHER - TRERERE

Table 1. Average pod yield, 1,000-kernel weight and 100-pod weight of
85S-HB-3 and the check cultivars in yield trial

Entry Pod yield Kernel yield 1,000-kernel wt. 100-pod wt.
(kg/ha) (kg/ha) (2) (2)
-------------------------------- Spring ----------------emeemeoeeean e
85S-HB-3 2,921 1,775 558 131
Tainan No.11 (ckl) 2,648 1,563 546 118
Tainan S.9 (ck2) 2,634 1,523 446 83
LSD 5% 221 186 84 34
1% 291 244 111 45
-------------------------------- Fall --------------omommcmieee e
85S-HB-3 2,992 1,812 700 159
Tainan No.11 (ckl) 2,796 1,864 640 130
Tainan S.9 (ck2) 2,541 1,596 495 104
LSD 5% 310 195 144 37
1% 407 257 190 49
= BERRR

BRARERSEERNMRARBRT2LM - E2AE-H AR E LA AT R E 285t E
EEAEROENE: - 2RZERBRE 9 EmL 3 M RAELI2ME - AREIBEER > K23 4
> 5~ 6 REMERT2RVENRMEICRER « FPNER - JITE - TRERERENE - %2
BUR » E20EAR PHERE8RMRRAEERH3.875AF (1990 » EHEH) HIS6AT (
1990 » FREREENR) ZM 5 BKIEAMR3933AT (1991 HREE) HEIA6AFT (1991 » BLAR) Z
Mo FFRERHE (R3) » FERERMAPR24AILTRTMAT ZMH ; KIEAT2,9294 Fr 82787
AT ZHE - FIRFESE (R4) - HREFSHRIE RN EEREBRHTERE - FENRT4.3%5H
42.8% [ 3 BKIEN1275.0%5852.3% 2 - HRERTHRE (R5Kk%K6) REWBRAHEEKLE
T —8 - BETRENISATLESI0ATEZM » EIENTRIBATTHEITIATL LM ; BIFEXREN
B2I3ATRRI2EATEZ M » TKIENTO224ATIEIIATEZH] o FHRIFHIER HTH - BEBREERH T

—HZH > EEREFLERT » MRS FRKEREBRERER TR ESARP LRSS
KRG+ -
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* 2. BEMANBRBERRARPIZRKEESR (kg/ha)
Table 2. Pod yield (kg/ha) of Nung-yu 28 and the check cultivars in regional yield trial
Location®
Entry
A B C D E F G H I J Mean
(Spring, 1990)
Nung-yu 28 2,916 2,703 2,803 2,675 2,235 2,910 1,856 3,875 2,278 2,136 2,638
Tainan No.11 (ckl) 3,038 2,500 2,964 2,513 2,320 3,324 2,753 2,554 1,440 2,860 2,627
Tainan S.9 (ck2) 2,430 2,754 2,345 2,454 2,207 3,063 2,275 3,145 2,321 2,391 2,539
Tainung No.5 (ck3) 2,157 2,492 2,322 2,176 2,172 3,057 2,279 3,500 2,055 2,427 2,464
LSD 5% 235 445 551 399 193 290 501 580 420 319
1% 316 598 740 537 259 390 673 779 564 429
(Fall, 1990)
Nung-yu 28 2,037 1,841 3,454 2009 1559 2,544 3,459 1,557 2,502 1,665 2,353
Tainan No.11 (ckl) 2,812 1,975 3,337 2,151 1,723 2,622 3,124 2,190 1,819 1530 2,328
Tainan S.9 (ck2) 2,729 1,864 2,799 1,976 1613 2,213 3,225 1,808 1,947 1,648 2,182
Tainung No.5 (ck3) 2,708 1,978 3,224 2,009 1,615 2,303 2,777 1,851 1,466 1,511 2,144
LSD 5% 420 144 416 178 155 172 398 389 221 174
1% 565 193 559 240 209 232 535 524 297 234
(Spring, 1991)
Nung-yu 28 3,194 2,667 3,754 2,289 2,990 1,939 2,827 3,447 2,221 2,547 2,787
Tainan No.11 (ckl) 3,298 2,028 4,060 2,531 3,810 2,228 3,219 2,535 2,013 3,295 2,902
Tainan S.9 (ck2) 3,402 2,928 3,731 1,939 3,716 1,961 2,871 3,139 1,591 2,383 2,766
Tainung No.5 (ck3) 2,882 2,585 3,600 2,097 3,441 2,244 2,790 2,292 2,015 2544 2,649
LSD 5% 295 457 459 515 286 185 281 873 312 686
1% 396 614 617 692 384 249 3718 1,173 419 922
(Fall, 1991)
Nung-yu 28 2,071 1,416 2,447 3,069 2,386 2,114 2,417 3,933 1,807 1,690 2,335
Tainan No.11 (ckl) 2,742 1,291 2,877 2,795 2,254 2,085 2,257 3,500 1,772 1,443 2,302
Tainan S.9 (ck2) 2,489 1,016 2,317 2,756 2,183 1,988 2,273 3,422 1,854 1,312 2,161
Tainung No.5 (ck3) 1,825 1,055 2,211 2,753 2,077 2,021 2,202 3,300 1,786 1,439 2,067
LSD 5% 272 274 356 392 133 224 476 518 114 308
1% 365 368 479 527 179 301 640 696 154 413

* Location A : Holong B : Dacheng C : Lumbei D : Yuanchan E : Peikang F : Sufu G : Yenpo

H : Fonnli J : Dongson

I: Zuesuei
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* 3. BEEMRHNENEEERRARIZIFNER (kg/ha)
Table 3. Kernel yield (kg/ha) of Nung-yu 28 and the check cultivars in regional yield trial

Location®
Entry
A B C D E F G H I J Mean
(Spring, 1990)
Nung-yu 28 2,022 1,849 1,794 1,740 1,585 1,895 794 2,491 1,633 1,588 1,739
Tainan No.11 (ckl) 2,265 1,794 2,003 1,819 1,728 2,333 1,349 1,939 1,116 2,080 1,843
Tainan S.9 (ck2) 1,658 2,071 1,542 1,716 1,681 2,217 1,110 2,464 1,768 1,905 1,813

Tainung No.5 (ck3) 1,324 1,779 1,444 1375 1,623 2,125 1,117 2,601 1,517 1,835 1,674

LSD 5% 105 349 403 292 169 236 240 496 362 240
1% 142 469 542 393 227 317 323 667 487 322

(Fall, 1990)

Nung-yu 28 2,158 1,091 1,967 1,151 956 1,908 2,282 905 1,845 988 1,525
Tainan No.11 (ckl) 2216 1,189 2,204 1,449 1,223 2,006 2,247 1,373 1,349 990 1,625
Tainan S.9 (ck2) 1,958 1,336 1,889 1,291 1,219 1,769 2,38 1,223 1,523 1,111 1,570

Tainung No.5 (ck3) 1,754 1,224 2,162 1,341, 953 1,834 1,997 1,179 1,111 949 1,450

LSD 5% 174 172 281 152 260 140 286 284 177 189
1% 234 232 377 205 350 188 384 381 238 255

(Spring, 1991)

Nung-yu 28 1667 1,606 2,381 1,356 1,924 1,344 1,893 2,372 1,501 1,476 1,752
Tainan No.11 (ckl) 1,805 1,245 2,789 1,547 2,694 1,574 2318 1,801 1,371 1,865 1,910
Tainan S.9 (ck2) 2,187 2,096 2,112 1,288 2,812 1,444 2,124 2,324 1,190 1,700 1,928

Tainung No.5 (ck3) 1,909 1,861 2,365 1,396 2,495 1,635 2,064 1,677 1,469 1,436 1,831

LSD 5% 177 375 333 358 213 139 201 666 230 490
1% 238 505 448 481 286 187 271 896 309 658

(Fall, 1991)

Nung-yu 28 1,519 787 1,282 2,064 1,700 1,416 1,718 2,929 1,200 1,019 1,572
Tainan No.11 (ckl) 1,919 757 1,979 2,045 1,623 1461 1,739 2,683 1,201 821 1,632
Tainan S.9 (ck2) 1,843 576 1,463 1,974 1,647 1,487 1,919 2,604 1,415 772 1,560

Tainung No.5 (ck3) 1,348 618 1,712 2,120 1,577 1,496 1,736 2,633 1,376 838 1,545

LSD 5% 189 169 259 326 109 179 360 418 82 198
1% 254 227 348 439 146 241 484 562 111 266

* Location A : Holong B : Dacheng C : Lumbei D : Yuanchan E : Peikang F : Sufu G : Yenpo
H ! Fonnli I:Zuesuei J:Dongson
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® 4. BEREHELEEESSRbZHERE (%)
Table 4. Shelling percentage (%) of Nung-yu 28 and the check cultivars in regional yield trial
Location®
Entry
A B C D E F G H I J Mean
(Spring, 1990)
Nung-yu 28 69.4 685 637 649 709 65.0 428 644 70.9 743 655
Tainan No.11 (ckl) 749 715 679 724 744 702 490 761 773 727 706
Tainan S.9 (ck2) 685 752 654 700 761 724 488 781 762 797 71.0
Tainung No.5 (ck3) 62.2 713 622 632 747 695 490 742 738 756 67.6
LSD 5% 82 26 43 51 47 22 03 60 59 19
1% 1.1 34 58 69 63 30 04 80 79 25
(Fall, 1990)
Nung-yu 28 735 593 570 572 614 750 660 57.8 73.8 592  64.0
Tainan No.11 (ckl) 89 602 664 673 710 765 719 633 741 648 694
Tainan S.9 (ck2) 72.2 66.2 67.6 65.3 75.6 79.9 74.0 67.7 78.2 67.6 71.4
Tainung No.5 (ck3) 656 619 668 667 584 79.6 719 634 758 629 673
LSD 5% 74 3.1 4.1 4.3 2.0 1.0 0.2 7.4 2.0 7.7
1% 9.9 4.1 5.9 5.8 3.0 1.3 03 10.0 26 104
(Spring, 1991)
Nung-yu 28 525 600 634 594 644 693 670 687 675 57.6 63.0
Tainan No.11 (ckl) 55.1 613 688 608 70.7 70.7 720 755 67.9 565 65.9
Tainan S.9 (ck2) 643 716 564 663 757 73.6 740 742 747 713  170.2
Tainung No.5 (ck3) 66.3 71.9 65.7 66.7 72.5 72.8 74.0 73.2 72.8 55.8 69.2
LSD 5% 6.6 9.3 4.3 4.3 1.8 1.2 0.0 6.0 1.8 85
1% 8.8 12.5 5.8 5.8 2.4 1.7 0.0 18.1 2.5 114
(Fall, 1991)
Nung-yu 28 734 556 523 67.2 713 669 711 742 714 603 66.4
Tainan No.11 (ckl) 70.0 591 689 73.0 720 701 77.0 767 728 567 69.6
Tainan S.9 (ck2) 741 611 630 716 754 748 80.0 762 763 59.0 712
Tainung No.5 (ck3) 739 583 772 768 760 740 789 798 77.1 580 73.0
LSD 5% 2.0 5.1 43 43 1.5 1.8 0.3 3.2 1.3 3.5
1% 2.7 6.8 5.8 5.8 2.0 24 0.04 44 1.8 4.7

* Location A : Holong B : Dacheng C : Lumbei D : Yuanchan E :

H : Fonnli J : Dongson

I: Zuesuei

Peikang F : Sufu G : Yenpo
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% 5. BEVMRNBESBEESRERDZITHNE (g)
Table 5. Thousand-kernel weight (g) of Nung-yu 28 and the check cultivars in regional yield trial

Location®
Entry
A B C D E F G H I J Mean
(Spring, 1990)
Nung-yu 28 811 727 710 621 698 654 590 677 817 560 687
Tainan No.11 (ckl) 758 587 640 537 561 705 545 634 644 566 618
Tainan S.9 (ck2) 543 475 440 429 450 494 346 482 519 451 463

Tainung No.5 (ck3) 586 503 453 408 479 524 374 602 510 475 491

LSD 5% - 14 66 35 35 27 29 55 111 48 64
1% 19 89 47 47 36 39 74 149 64 8

(Fall, 1990)

Nung-yu 28 715 476 708 848 581 743 754 377 635 379 622
Tainan No.11 (ckl) 695 422 537 772 520 615 596 467 504 337 547
Tainan S.9 (ck2) 575 360 476 636 440 432 490 377 436 327 455

Tainung No.5 (ck3) 565 348 427 584 462 454 459 407 428 286 442

LSD 5% 87 42 34 43 36 44 59 82 20 21
1% 117 57 46 58 48 60 79 110 27 28

(Spring, 1991)

Nung-yu 28 861 556 746 632 666 771 653 968 721 510 708
Tainan No.11 (ckl) 675 454 722 611 595 681 682 600 670 500 619
Tainan S.9 (ck2) 654 476 584 500 508 514 509 755 530 407 544

Tainung No.5 (ck3) 552 505 560 500 508 514 509 755 530 407 544

LSD 5% 5 83 35 35 14 26 65 159 38 68
1% 6 112 47 47 19 36 88 213 51 91

(Fall, 1991)

Nung-yu 28 702 441 704 828 731 616 778 903 516 484 670
Tainan No.11 (ckl) 686 449 642 620 577 508 706 783 437 361 577
Tainan S.9 (ck2) 452 363 459 540 442 458 586 683 343 361 469

Tainung No.5 (ck3) 447 358 522 504 471 450 558 692 351 291 464

LSD 5% 54 38 43 34 20 25 56 94 24 72
1% 73 52 58 46 28 34 116 126 33 96

* Location A : Holong B : Dacheng C : Lumbei D : Yuanchan E : Peikang F : Sufu G : Yenpo
H:Fonnli I:Zuesuei J:Dongson
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% 6. BF2MHEHELAEEREFARPZERE (g)
Table 6. Hundred-pod weight (g) of Nung-yu 28 and the check cultivars in regional yield trial
Location*®
Entry
A B C D E F G H I J Mean
(Spring, 1990)
Nung-yu 28 189 184 129 144 188 195 155 155 196 126 166
Tainan No.11 (ckl) 168 150 116 111 151 170 136 146 150 116 141
Tainan S.9 (ck2) 118 125 74 92 115 135 105 113 123 94 109
Tainung No.5 (ck3) 127 132 83 97 120 145 99 126 128 97 116
LSD 5% 3 13 36 4 8 14 12 13 13 8
1% 4 17 49 10 19 16 18 17 10
(Fall, 1990)
Nung-yu 28 189 125 192 110 169 187 181 134 152 107 155
Tainan No.11 (ckD) 145 110 140 109 130 154 135 126 120 87 126
Tainan S.9 (ck2) 134 100 103 110 116 108 116 110 108 77 108
Tainung No.5 (ck3) 128 100 106 92 122 114 112 109 101 73 106
LSD 5% 20 11 8 17 11 12 14 17 6
1% 27 15 11 24 14 16 19 22 8
(Spring, 1991)
Nung-yu 28 212 150 189 197 202 192 181 273 146 142 188
Tainan No.11 (ckl) 164 120 199 185 167 163 160 154 138 137 159
Tainan S.9 (ck2) 132 112 181 144 132 123 124 186 106 108 135
Tainung No.5 (ck3) 126 124 159 129 139 132 121 166 107 106 131
LSD 5% 2 18 31 19 6 8 9 36 16
1% 3 24 41 25 8 11 13 48 21
(Fall, 1991)
Nung-yu 28 172 124 220 224 196 167 222 192 118 93 173
Tainan No.11 (ckl) 171 114 184 192 150 139 179 165 105 70 147
Tainan S.9 (ck2) 132 97 140 139 116 112 144 147 84 50 116
Tainung No.5 (ck3) 134 98 128 146 123 114 147 158 86 55 119
LSD 5% 5 10 8 8 6 7 26 9 10
1% 7 14 11 11 8 9 35 12 13

“ Location A : Holong B : Dacheng C : Lumbei D :

H : Fonnli J : Dongson

1! Zuesuei

Yuanchan E : Peikang F : Sufu G : Yenpo
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ZENTEAERENESRBATETIRRT » £5F  FHAEKEER  BERES
21120007 » BRE+—RM2, 7642 » MRARE2556A ; FPRER > BESRE17HSAT » &
M —IRL8T6AT » BIREARL 752 5 HITA » BE289R64.2% » B+ —BRS68.39% » B
AHRR68.4% | HRE » REWBWRBITIAR » B +—RBI50AE » BEARSINAL ; THE
P RE2MROTAT » BRI+ —IRR6ISAT » BEARAS05AR o i LS ETENERERT
HIE - BRI BE KA B R - RIS B —5%18.09% &12.8% » S AIAR BB IE43.9
%6538.0% ; KFPRIBUWE » MAERFSBI G - EEHT—RFS87.5% » HBTIRE6.5% o BE

2BMICRAVBIE » HEARAE » AR RERAEH T —REEEER » MR ERER =R+
_.gfleb o

® 1. RERRAHFSEESRRITYRRER  SPRER - HNE - BER - TRERPSAEE

Table 7. Average pod yield, kernel yield, shelling percentage, 100-pod weight, 1000~kernel weight
and full-kernel percentage of Nung-yu 28 and check cultivars in regional yield trials

Entry Pod Kernel Shelling 100-pod 1000-kernel ~ Full-kernel
yield yield Percentage weight weight Percentage
(kg/ha) (kg/ha) (%) (g% (2) (%)
----------------------------------- Spring -----memee e
Nung-yu 28 2,712 1,745 64.2 177 697 87.5
Tainan No.11(ckl) 2,764 1,876 68.3 150 618 87.5
Tainan s.9(ck2) 2,652 1,872 70.6 122 503 86.8
Tainung No.5(ck3) 2,556 1,752 68.4 123 505 86.8
LSD 5% 125 95 14 5 18 1.8
1% 165 125 1.9 7 24 2.4
----------------------------------- Fall -------ommeeee
Nung-yu 28 2,343 1,548 65.2 163 645 93.8
Tainan No.11(ckl) 2,314 1,628 69.5 136 561 94.3
Tainan s.9(ck2) 2,171 1,565 71.3 111 458 94.1
Tainung No.5(ck3) 2,105 1,497 70.1 112 452 94.5
LSD 5% 91 69 1.2 4 16 1.3
1% 120 91 1.6 6 21 1.8

TERKTE » PHAERRER » BEHSRE2,3M3AR » B+ —582,3144F » BEEARE2,1054
F©5ORPRIEER - BEE28URA1,5480 T » BT —URES1,628 » BEATES] A7AF HIWE B
H28HER65.2% » BRI+ —8RF269.5% » BEAMET0.1% ; BEBRERESIGAS » THES
64575 » BT —HRAAIRIBOATIRS61IAT » BEAMRS TS 11225 RS2 s FPRIBRFREE -
B85 BB R AR - £593.8% » BRI+ —58S94.3% o EERAREB45% - LR EHRE
RERTHEREBWRIIANE R » SIARERE+—5819.8% K15.0% » RIPEBFYR5.5%
Bed2.7% o BERBNFRER » BRE28EBR T —%EY - (i ERASRE BT - RIEBR T &I
TR RATRLE R RSB RS » BABISRER Bk o

B B 4 DA R R T SR B BRAS 5 » B RRIE O RIS AT 5 R BURR SE M 4347 » BRERRE (
regression coefficient, bi) REERIENTS (deviation from regression,di?) A - 235
RERFRIKERER REMERRE L TMERRATFIRE S BRI o
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% 5. BEMRSHAMRESFERHNBCRER - IPER - HIAE - THERERE

ZBRRE (bi) RERRERSS (61)

Table 8. Regression coefficient (bi) and deviation from regression (8i*) for pod yield,

kernel yield, shelling percentage, 1000-kernel weight, and 100-pod weight of Nung-yu

28 and check varieties in regional yield trials of spring crop

123

Pod yield Kernel yield Shelling Percentage ~ 1000-kernel wt. 100-pod wt.

(ke/ha) (kg/ha) %) @ )
Entry

Mean bi di® Mean bi d6i? Mean bi di> Mean bi 6i* Mean bi di?

Hua-hsuan-si 12 2,823 0.89 27,676 1,952 0.86 9,328 694 1.00 26 639 101 256 149  0.90 71.5
Nan-kai-si 146 2,714 097 39504 1,831 107 38776 675 122 157 573 1.05 548 139 0.73  100.2
Nan-kai-si 147 2,966 1.06 146,255 2,094 1.13 55,990 70.8 0.97 51 596 1.00 643 140 091 39.1
Nan-kai-si 148 2,831 093 62,015 1,996 091 39,068 70.7 1.00 6.6 668 1.01 1,320 157 1.20 724
Nan-kai-si 149 2,815 115 67,566 1912 104 33142 683 087 181 683 0.88 1417 168 1.02 91.2
Nung-yu 26 2,732 1.03 3546 1,865 1.04 1,326 683 1.01 0.0 616 121 3,369 147 1.09 146.2
Nung-yu 27 2,775 110 50,916 1,860 1.05 29,193 67.1 0.98 11 645 1.01 1,580 160 090 1808
Nung-yu 28 2,713 0.83 110,242 1,745 086 37,660 642 1.02 35 697 134 1,875 177 133 186.6
Nung-yu 29 3,133 1.10 109,705 1,904 111 104,728 603 099 266 660 091 5028 18 1.24  556.1
Tainan No.11(ckl) 2,764 1.09 58,939 1,876 1.04 34,257 682 111 27 618 078 2155 150 0.86 94.2
Tainan s.9(ck2) 2,652 099 57,780 1,870 096 48835 706 091 1756 503 1.01 1,511 121 0.99 125.2
Tainung No5(ck3) 2,556 0.82 44,871 1,752 0.86 46,440 683 087 137 505 0.74 819 123 0.77 41.6
Mean 2,790 1.00 64,918 1,888 1.00 39,844 67.8 1.00 94 617 1.00 1,710 151 1.00 1422
SE 66 0.1 - 51 0.11 - 07 010 - 10 011 - 2 010 -

BERMKIEN+ ZELRAMRLERFRG T (6°) HRBEEKE - HEFRE (bi) 92
B kY o 5% 8 TR B AERFNIREY - MIHBERENEER - RERRFRERESE
REEE » THERERENBEERIE ; PP ER KX TREREREER - RERR

BHREEIREEEE - THRENRERRE (RI9) -

% 0. BESRSASREKFESHBRRER - FHER - AHE - THERERE

ZERRB (bi) RERFERES (17

Table 9. Regression coefficient (bi) and deviation from regression (di?) for pod yield, kernel
yield, shelling percentage, 1000-kernel weight, and 100-pod weight of Nung-yu 28 and

check varieties in regional yield trials of fall crop

Pod yield Kernel yield Shelling Percentage ~ 1000-kernel wt. 100-pod wt.

(kg/ha) (kg/ha) (%) (2) (2)
Entry :

Mean bi di* Mean bi 6i* Mean bi di*® Mean bi 6i* Mean bi o’

Hua-hsuan-si 12 2,363 1.08 54,158 1,672 1.08 35995 699 094 157 563 111 650 140 105 463
Nan-kai-si 146 2,080 0.88 76,722 1,449 090 49,856 69.0 093 151 527 0.96 1,438 129 088  59.0
Nan-kai-si 147 2,485 1.00 84,297 1,779 0.98 52819 711 0.8 41 531 082 1,222 127 0.89 1649
Nan-kai-si 148 2,388 091 51,396 1,698 0.95 27,829 704 1.03 46 603 1.03 1,067 143 1.09 441
Nan-kai-si 149 2,283 099 46,445 1,568 0.97 15,666 68.1 1.08 6.7 612 117 899 148 117  152.2
Nung-yu 26 2,176 1.08 45,677 1,507 1.05 22,889 68.7 098 41 540 097 579 127 091 824
Nung-yu 27 2,240 1.05 24,868 1,545 1.06 9,142 681 112 79 574 113 894 139 105 655
Nung-yu 28 2,343 1.09 58199 1,548 1.06 40,630 652 1.06 164 646 117 3,172 164 117 180.6
Nung-yu 29 2,379 1.03 69,908 1,444 094 39974 603 096 250 574 1.03 2,734 162 139 4332
Tainan No.11(ckl) 2,314 1.00 20,866 1,628 1.03 13,039 69.5 1.00 38 561 1.01 731 136 097 338
Tainan s.9(ck2) 2,171 093 30,336 1,565 0.95 20,037 713 0.96 6.3 458 0.78 1,227 112 0.66 111.7
Tainung No.5(ck3) 2,105 0.91 35,561 1,497 097 24,861 710 1.06 139 453 0.77 981 112 0.72 74.8
Mean 2,277 1.00 49,88 1,575 1.00 29,398 686 1.00 111 554 100 1,299 137 1.00 1206
SE 49 0.7 - 38 007 - 07 010 . 8 0.06 - 2 006 -
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B N TE AL BRSO L 3 » NSRRI RS 5 BUR Bl & SRR IR o IR 205k B AR AR
MERREIREARER T EEREE: - AR RERT— TR - B MFERE285N
BURFHRR3.08% - Er+—5t2.68% » EREFERAMRBERANI3.5R3.68% ; EKIERE 28
EHRE 2.3 » REFT—II2.28% - BRIBRNMRER AR ABMEEEER (£10) o

£ 10. BEREHESEERRNB S TEERE « S RERSR
Table 10. Average fresh plant weight, plant height, and lodging scale of
Nung-yu 28 and check cultivars in regional yield trials

Fresh plant weight Plant height Lodging scale
t/ha) (cm) (0-9)*
Entry
Spring Fall Spring Fall Spring Fall
Nung-yu 28 23.41 20.85 51.3 45.0 3.0 2.3
Tainan No.11(ckl) 17.73 15.41 44.2 35.9 2.6 2.2
Tainan S.9(ck2) 19.14 15.39 49.8 40.6 3.5 2.4
Tainung No.5(ck3) 19.48 16.01 52.5 41.7 3.6 24
LSD 5% 172 1.46 15 1.2 0.3 0.2
1% 2.27 1.92 2.0 1.6 0.4 0.3

*0 : no lodging, 1 : 10’lodging, 2 : 20’lodging, 3 : 30’lodging,
4 : 40’lodging, 5 : 50°lodging, 6 : 60°lodging, 7 : 70’lodging,
8 : 80’lodging, 9 : 90°lodging.

ElENERRE LSRR ERARERY » AR BRTENY TR » IR e
TEERAEA - XA TFRMEBPN A RTR » (FERRY » BERTHEEKIES » RHEEE M
HERA - RENHRBREEAE  2EEWERSARTIRRER - HREIES2.52% » &
TER2.258% » LEBH RSB B+ — SR 2. 93 AKIF2. 56 B B » b S R A
N RBBRIAE ; IR AE - BEBREER2.53 » TIERS2.124% » BB+ —RE M.
881R BREKF2.65 R THE Y » ILHMAH MR EEERNRREBARSE (£11) -

£ 1. RE2SMAHNHDERERIRRIR 57 R ESR SR8

Table 11. Average scale of rust and leaf spot of Nung-yu 28 and
check cultivars in regional yield trials

Rust® Leaf spot®

Entry
Spring Fall Spring Fall
Nung-yu 28 2.52 2.25 2.53 2.12
Tainan No.11(ckl) 2.93 2.47 2.88 2.65
Tainan S.9(ck2) 2.98 2.56 2.81 2.35
Tainung No.5(ck3) 3.27 2.51 2.97 2.32
LSD 5% 0.19 0.16 0.22 0.24
1% 0.25 0.22 0.29 0.32

*Field test (scale 1~9, by Subrahmanyam et al., 1980)
1.0-2.9 (hight resistance) , 3.0-4.9 (resistance) ,
5.0-6.9 (susceptibility) , 7.0-9.0 (hight susceptibility)

ERENBERNRS RS REEE » — Bl TE44~56% » HE L E & R1E22~30% 21
o REBHMA TR - FIER48.2% » BREMT—511949.3% » EERBASREETREAY ; &
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ERU.TBREEHRAEYEREER - HEOHS R - REMEIFRSL2Y% - BERP=EE
RS AERI30.0% ; EXTEERE 28R A820.4% » MRS HRME » BREM T -RZERRBHE - BRF
28 REOE SR - HESRMBKE - Htt=EHRMEFFHRRE (F12) -

% 12. BEMERHRSERFRIERBT M REOEIRILE

Table 12. Average oil and protein content of Nung-yu 28 and check cultivars in regional yield trials

0oil (%) Protein (%)

Entry -
Spring Fall Spring Fall
Nung-yu 28 48.2 4.7 31.2 29.4
Tainan 11(ckl) 49.3 44.2 30.0 28.9
Tainan S.9(ck2) 48.3 4.3 30.0 28.2
Tainung 5(ck3) 48.3 43.8 30.0 28.6
LSD 5% 0.4 0.6 0.4 0.6
1% 0.6 0.8 0.5 0.8

EEECERRMTU M TRARRAR T - ARBERERKRNTFNECRRABEREZE
BEHZ— - BERBE2RMARTIIRE R E 7 71533.62K%1.62cm » 3K HBRBEZRE +—
% (3.24K1.57cm) REERAIE (2.94K1.32cm) ; HFRFHIRERHEE » BE2851.8150.92
cm s FRRRERPRENRME » HERERT—SEM . BERPERAL - KIERE28MNTH
HRRERAESTHIRS21K1.52cm » FARREHKLE | RE2RIFNTHREREE SIS
1.50%0.91cm » PR REXPRAENRLE » RERARERAN - ZESEEFKIEILE > &
DB EBRRKBEBRURRRIFNARERE (R13) °

* 13. BEBRAHNBAERRERIFNOREMNEE
Table 13. Pod and kernel size of Nung-yu 28 and check cultivar

Pod (cm) Kernel (cm)
Entry
Length Width Length Width
------------------------------- Spring ------------ooooooooooooooeooe
Nung-yu 28 3.62 1.62 1.81 0.92
Tainan 11(ckl) 3.24 1.57 1.51 0.91
Tainung 5(ck2) 2.94 1.32 1.40 0.75
LSD 5% 0.28 0.04 0.09 0.03
1% 0.34 0.05 0.11 0.04
------------------------------- Fall ------------emmmmmmeee
Nung-yu 28 3.21 1.52 1.50 0.91
Tainan 11(ckl) 2.88 1.47 1.45 0.90
Tainung 5(ck2) 2.71 1.38 1.33 0.87
LSD 5% 0.15 0.03 0.04 0.02

1% 0.18 0.04 0.05 0.03
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BEARZXBEINRER T —RRBREL > RISSERMEEIT AT  FIHEASREE
MR » I REARGEE » WA RILE B IR IR - FREEA ATERANAL - e
REETFIN R IERR ~ R AR SR > 119955 E B A - BRABEHFE (Spanish
type) - WEPREICHEM: - FEKEEEIVE - TER A > HEEEEEIENS1.3cm » K {ER45.0cm » 5
BBHIA~T » RRPEE » RE3.6205 » HRL62A5% » RIEHRSE » f156%  BREXS B M
FARL > APRLEAREIT » RAVLSIASY ~ FKI0.928% » R BWALE o BATEH » BEIEN7EH 11835~
45K » BKIFHITE20~30K » £ H HBEIFRISRER120~135K » IERIB105~115K © HRFHA
CEERBERL, 1120 » TIER2,34340 7 » BB T—IRI2,764 0T K2, 34A T 2R THE | i
RERB(ERLTSLTERBERET—RMLT6AT » IKIFR1548A T REE+— 411,628 2
BT - BERERTHNEBREZEADERT—% » BREREMFITTATR » KIFI3AT » KibE
P —IRATIS0 AT RI36ATE | THREFIECITATE » TRIF64SATE » KIPZER+—4RHU618ATE K561
AT o FAREITAE RIS B R+ —SRAHE - $9587.5% A | o HRFE R RITRIK HERT - HALEAN
KINTH o ¥ sr& BEIFR148.2% » TKIERI44.7% » BERRERERE+—3% (49.3%) - tkiFH
BRI (442%) HE  AEOESEEFEN31.2% - BRERT—5RI30.0% » TKIERI29.4%
BRI+ —5TRI28.9% 1% - FERRE I - SR REEIR  EHMNBRSRASTER » OREH
T—HE -

2
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Development of Peanut Variety Tainung No.6

Kin-Hsing Yang?, Wen-Long Tsaur?, Yan-Sin Cheng??,
Hui-Jiuan Haung? and Hung-Shung Lu?

Summary

Tainung No.6 was developed from the Fs bulk population of cross between Tainung No.
5 and Tainan No.11 in 1985, and was released by TARI in 1995. Large pod and kernel, high
-yielding potential and good adaptability were identified through a series of tests at TARI
and major peanut production areas of Taiwan. Tainung No.6 is Spanish-type with erect
growth habit and early-maturity (about120-130 days and 105-115 days to harvest in the
spring and fall crop respectively) . It has two-seedes pod with medium cylindrical shape,
constrition , and reticulation. The traits of pod and kernel shows as follws: the pod size is
3.65X1.62cm, the 100-pod weight is 170 g, the kernel size is 1.81 X0.92cm, and the 1000-kernel
weight is about 700 g. Tainung No.6 possesses high yield potential, in spring and fall crop
the average pod yield are 2712 and 2343 kg/ha , and kernel yield are 1745 and 1548 kg/ha,
respectively. Oil and crude protein content are 44.7-48.8% and 29.0-31.2%, respectively.
Tainung No.6 has higher fesistance to leaf spot and rust than the commercial cultivar
Tainan No.11.

Key words : Peanut (Arachis hypogaes L.),Variety improvement.

1. Contribution No. 1842 from Taiwan Agricultural Reseach Institute. This work was long-term financial
supported by Coucil of Agricalture, Excutive Yuan.

2. Respectively, Asistant Agronomist, Asistant Agronomist, Agronomist, Asistant and Senior Agronomist,
Department of Agronomy, TARI. Wufeng, Taichung, Taiwan, ROC

3. Senior specialist, Coucil of Agricalture, Excutive Yuan. Taipei City.
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BEREIBINRIAARAR—EZBIA
B RAER T EZ BB AT

T2 AR Elen’

BHE  EIEEERRMEE  UERERETEIRREAYURZRR - WREREFELE
HIERERNREZ— o FHRRAZEER 198 - ZER17HE - ZER3515RB73 X Mol7% U {H
BRREEZ/ B4 (TA2808-176 ~ TA3651-377 ~ Antigua-2-44-1 ~ P-3184-1-3-1 ~
TA80-2598 ~ TA80-1410 ~ B73% Mol7) Z4EHX (FEMHERK) #H » £ITE -~ %~
HEZMEZHRAE - AEHEEEFNER - B - T8 - FATCH RN - 2R 1
MR RERRAZHTE  TREELEMME : (UeC RERRBRBEMAEE L R L,
UTEFEZARHENERZEE | QuG* B xG ZBRPREMGME ; QNI BFHRAME ;@)
PTC R=FHERHE ; (SYUBNDR 4G* ZBRELIRME ; (6)GCA H—M#HE /1% ;
(Mw BERZRIBE o RERRHRET > #G*~ NI~ PTC ~ UBND ~ GCA HHEZM#gZE
FEEHHR ; AMEEZRY » Antigua-2-44-1Z £G* ~ PTC ~ UBND K GCA #4755
— HERURER 1 A28 - BRRES -

BRERE - XER > Bk ~ BRE - FHER - a8 -

R LERMERSLGETEE - TXEEERIENZ— - B AHEERETRAEER
152~ EFITRRERLIRLUN - HEERERRCRERDERHHFS - RRBRERRSE
AURBIRZER - RIILARSAAES B RRGRRER » FHRTETFHREERNEER > #R
REFENERHE - 22RREAME | REFH-EEANTERNEZR  IVEREZEE—HE
BA  REBEREREZHAYR  UZERAERNIEWER -

EREREZEARYUR T » RERFETHEREERNARE — » BSMET AR ERSEEE
5o BREMMER (WHRETURES) - BPEHIRERZERBETS - EEEMRPRES %R
HiZR > ARG FEFERN » WERIRERHER) » R HEERE A KR RETSAT » T
ERER - BAPEOMR - ARERIEERZERBERS - FRAAEHE » BZEARITRS
B » FEME (Rl - RBRUHZARRRYERELZ—) » BUHBRESAREETR - MF
BT - REREREZEFMRZHRME » EROARFELFNNER - (IR » B4
TRA] RE IR SRR - SERREE - It - EFERED - FEERRMON > LEPEE
TERR R BB » SR ILERAT o

HRERIBAERN T » MEEEREZTRMBEZR ° Dudley® "HAZRERERER
BEEBRH R AR R AGHN G » QHEERERE R ERER AR R B - 7EE513E

1 EWMARZHERN WRMES 1843 4t o
2. AR RERBEAER - BIEARARAAA - ZEE BEhE BE-
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BRSBTS E » Dudley® RAMERLFE PG —EUE N B AT EE B R Z#EHESK > 1§
—ERERE L X, RAREZHEE v ZEHMBRZ/\BEREEESIMEL  /HfE «G °TH
DU SRS B RRAMEEFRR AR ERERHE - Gerloff and Smith®™" 5 UBND (&
{E_EFR minimum upper bound) & TC (ZMHZFIIE three-way cross mean) RIfEfHHE o
K% Dudley" ST ERRNIIE » Makat B — il £G* » YA 1G ZRE - FSEFERME
FIAMBERRABNEE - SERHEMEE (predicted three-way cross performance-PTC)

B—i3#H & /1% E (general combining ability effects-GCA) RFft—BH R RE EERES o
Bernardo®HIBIEPRME NI (net improvement) » DMHEEFRANEERD - SHEEER
ZER R AN EREFERERRARZZEMNERMZZME - Bernardo®E#§ Dudley® 'z 3
HIEEEE-REZERREHRE  UENHMBERTRES » FEAEEREERZNEy (E
+F+G) o BfFEMEZHERERNREIETZ 3 - AREHRREFHRER A RE
]l o Misevic™®® ~ Gerloff and Smith®*' ~ Bernardo™? & Zanoni and Dudley® FfEEKE
A EBERAZ L BREET — &Rt o

£ 1. ZEREESERZRTHEZERBEER

Table 1. Genetic status of classes of loci possible for three homozygous lines

Line®
Class of loci

I I. Iw
A + +
B + -
C + - +
D + - -
E - + +
F - + -
G - - +
H - — -

2 + =loci homozygous for favorbale allele ; —=loci homozygous for unfavorable allele.

FHEZEE > THFEEE = AR T RSN EREE REER 1 5% - 175} - BRBIRRE
BRREREZHEZE BI3XMol7 FNEERBZ \HERABLZLER (TRERR) #H » #
178 ~ * - BE=HIFHEMBRME «G - «G* ~ NI~ PTC~ UBND ~ GCAKIw FLESE » A
hgE—EmENGEZES - URWRESEZH -

MHEEREE
— RBRMHE
ARAREZEXSELAER (THFERK) AE » NEBA : TA 2808-176 ~ TA 3651-377 ~
Antigua-2-44-1 ~ P-3184-1-3-1 ~ TA 80-2598 ~ TA 80-1410 ~ B73% Mol7 » 53 RIS ZE 1 5% ~
EF175E ~ Z2R3515 R B73XMol7EMEERBERZ XA o NEFAZEREFREHRM
F£20o Z1+/\E F, AEZHTETFEE > 19914 8 ~12AMERSFBETR
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® 2. \HEXRZEREH
Table 2. Backgrounds of the eight inbred lines evaluated

Code Inbred line Background
S TA2808-176 ICAL210 derivative
T TA3651-377 Hi31l derivative
U Antigua-2-44-1 Antigua-2 Syn. derivative
\' P-3184-1-3-1 Pioneer Syn. derivative
W TA80-2598 CM105 derivative
X TA80-1410 77-4441 derivative
Y B73 BSSS Cs
Z Mol7 187-2x C103
ZHREHE

=HME By BEERAESA  EHETAEZR > REBR10924EE - K~ B ereEstr s
BT - RERAHERERE R EAEERRE BEEEH » —+/\E F FEEE B AR
FIHERSD FIREAE - EFSRERTRRER » IWEE » S8 » TR 5 AR » fTHRIET0 X 25543 »
DEEPRERS7,143 o JERIEARE N : P.0s : K20=200: 90 : 60T /A » EIEAHE N60 A - P
20s B K:0 28 - % —E A RIEEHMATS BN N 70AF&—K o« HEEEE > mgs
‘¢ﬁ‘%i&@ﬂ%’ﬁ—ﬁiﬁﬁﬁﬁﬁﬁ°Eﬁiﬁﬂﬁﬁﬁﬁﬁ‘ﬁﬁﬁ‘ﬁﬁﬂ‘&ﬁ%
BAFRIEEREAEMIR -
=~ #EtaR

SRR R AHETREB AN o BAHST » PIFREEEERE - F, MARER
%ﬁ$ﬁ%ﬁ%@ﬁﬂﬂﬂﬁ62$ﬁmﬁﬂﬁﬁdﬂ(QM)&ﬁ%(QM)ﬁéﬁﬁﬁ%m°
gélﬁﬂﬁﬁﬁﬁ&%Zﬁﬁﬁﬁﬁ(mﬂﬂ’E%ﬁﬂﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁZQQ%(M)
o FPRER MR Z I O R E T LB R R AME

(UG- BXREBBEEEHE L R L, EREEHYEHEREE®

1G= ((LiXIw)+ (I X Iw) — (LX) —L—-I,—1Iw) /4
@) G* — uGZ D IR ZEAHE®
#G*= ((LXIw) + (IXIw) — (LX) —=11) /4 if G, Gia
#G*= ((LXIw) + (I XIw) — (I, X I,) — 1) /4 if Qs1, Qo »
£G*= 20LiXIw)— (11 X1y) —1L.) /4 if G, Gn ;
rG*= 21, XIw)— (ILiXI)-1.) /4if Qxo, Q1 5
(BNI— kR E®
NI=maximum ((LXIw—11XI2)/25 (I.XIw—1;X1,) /2)
4)PTC— =R ERIE
PTC= ((ILiXIw)+ (I.XIw)) /2
(5)UBND — 4 G* 2 B /& LR
UBND=minimum ((I;XIw)—I, > (I.XIw)—1I,)
(6)GCA ——ffH & 13 pEan
@“Eﬁ%%(EA’%“ﬁ$ﬁ§ﬁ%¢’R—§§%5ﬁ2%§ﬁ62$ﬁﬁ@%ﬁﬁﬁ
HETHERZ R o



BRERETRZRAY R BB R U B i B e 131

(MIw— BRRBHEH AT ZRH
=4 E F EREEREIZ L CETRME - RS- BRREHERAE R EME - tE
Al Tl 2 Rt P R T ELA PR AR BRI A BB D o

EREFR

AERR PR PTG RIIANK 3 » AR MBS E - BT - AR A > 8RBIE
- HepUrRiEERR A (151.26%) - FATEHIR/ (—6.83%) ; —GHEAIEHRETR HZit
Bl DIREAIR AR (40.79%) - tRER/D (8.13%) FrRIEERME(ET18.31% » HL » B RO
ER SR ER Z R EER P RMEIER » RS BIAREREBRERERAS o FEEH R »
MAENREZRE T42RKE.4K | %R ~ BAIR AP ER » HRENPASENEBETR o

% 3. HEXRGERHEZHERS - —RASHTRTHE

Table 3. Midparent heterosis, general combining ability, and means for
a half-diallel set of 8 inbred lines evaluated

Day to Day to Plant Ear Grain
flowering silking height height yield
...................................... f}é e e e e e e e e e e e m————

Heterosis® —6.83 —8.42 35.22 42.29 151.26
GCAY 8.46 10.89 8.13 40.79 18.31
day day cm cm (t/ha)

F, means* 57.23 59.42 213.27 96.28 4.81
Inbred means* 61.42 64.89 157.72 67.66 1.91

* Heterosis : 100 (Fi—MP) MP where MP=midparent.
¥ Percent of hybrid sums of squares explained by GCA."?
*F, means . Average of all single crosses.

* Inbred means : Average of 8 inbred lines.

BRZZAEFNERZRIEERE » Hh W Z3.67AMEERR » Z Z0.66AMERY (F4) o
BR%R W £ CMI105 Z48E% » CM105 BEVHRIBER Rk » SEIEMIET - W ZBITEH ~ nhwh
WS AIF60. 1R R64.4K ; PR R FEALE 43 A1 B5180.4A 53 RILIAS - EXFR Z S BEE187-2X
C103 » iRt BUR R ROK » BATEHA ~ mhkI S 31 £560.2R 5 65.0K ; ki RAENIH 2 B1£5133.6%
53 RA0.9L 5T « BRHHATIL SXT K SXY IR RS 7H 26.28/AMH 526,25/ MF » HARAIN
13.22—584AMIZIH (R4) ~SXT RESEMEREENITNERMEER 1% - EEESE
Bhlzrh  SXY IREEEMMER > TR S B Y MERENEHREES - EREAZRIEHN
#85.56K (UXZ) —59.0K (UXW) ; HARANHST.6R (SXY) —62.7K (UXW) ; HREMi
195.1445r (UXW) —225.58%r (SXT ~SXY) ; BAIRAME.7AS (YXZ) —110.58% (
WxX)(&3) -F—EMREHEZHEMZZRER B/ \HH R RIFFBERAR (54) -
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® 4 BRE HAKRGLER) REZRFR (HARL) ZIFNERZTE (t/ha)

Table 4. Grain yield means (t/ha) for the single crosses (above diagonal)? and inbreds (on diagonal)?

Inbred S T U \' W X Y Z
S 2.93 6.28 5.84 5.68 5.49 5.41 6.25 5.36
T 1.05 5.75 4.75 4.99 3.54 3.49 4.27
U 2.16 5.58 3.22 4.55 4.68 5.67
A" 1.70 5.05 4.86 4.49 3.49
w 3.67 5.54 4.42 4.60
X 2.25 3.89 4.32
Y 0.90 3.28
VA 0.66

? LSD.0s) for F1 mean=2.06.
¥ LSD(o.05) for inbred mean=0.79.

HRE SXT RRURZERE (HEFNERTS) rBXR U-V-W-X Y -Z BF
FIERZ TREBHEH » ME-CENERR » SBEZRZ NI~ UBND ~ PTC ~ £G* & Iw &2
4G & NI ZBRAME (F5) - BXR X ARARZ G & NI (4718-0.89%—1.37) ;
MERAR U Z G & NI B/ (558 -0.21%—-0.27) - HRX% U Z UBND -~ PTC KuG*
BEAERERTREE (53182.91-5.79%1.07) ; BZ%R Z Z UBND (240) ~ HEX% X
Z PTC (4.48) REZR V Z pG* (0.4]1) HEHHEBHIREE - BXR W Z Iv B&E (3.67
) P KIBBER®R Z (0.66) ZARE BXR U~V-W Z GCA BE[f XY Z Z GCA A
fiE -

x5 BE SXT SRERZEREREFRERZ £G~ NI~ UBND ~ PTC~ »G*~ Iw & GCA f4{#
Table 5. Different estimates of favorable alleles not in SXT (2G, #G* and UBND) , inbred per se
mean (Iw) , predicted three-way cross means (PTC) , and general combining ability (GCA)
effects for grain yield (t/ha) when SXT was desigated as the hybrid to be improved

Inbred ©rG NI UBND PTC nG* Iw GCA
U —0.21 —0.27 2.91* 5.79* 1.07* 2.16* 0.23
A% —0.38* —0.77*% 2.75* 5.22* 0.78* 1.70* 0.01
W —0.86* —0.65* 2.57* 5.24* 0.79* 3.67* 0.17
X —0.89* —1.37* 2.49* 4.48* 0.41* 2.25* —0.15
Y —0.36 —1.34% 2.44* 4.87* 0.60* 0.90 —0.52*
Z —0.33 -1.00* 2.40* 4.80* 0.57* 0.66 —0.50*
S 2.93* 0.95*
T 1.05 -0.18

* Larger than 2XSE.

FHrserhCEMEZHRAYE - BRT «G & Iw 5% » E8& NI~ UBND ~ PTC ~ xG* ~ GCA B
HEEEZIEMER (£6) » Wik REARBMBNS » FRRERERGKECZ2E 5% » NI -
UBND ~ PTC ~ GCA 82 pG* ZXRIEZAREM - G BRTH Iw SEZAMEMNMN » mHE M E
MZ R REEEE (—0.20~0.48) ° Zanoni and Dudley®#4$#8H » xG* 82 UBND &

PTC ZHHRMRS » HREB GCA~Iw & uG ; AHZ%EEEE Zanoni and Dudley® 2 &t B4l
HEM -
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® 6. FPREREMZHRRER

Table 6. Correlation coefficient among estimators for grain yield

Estimator NI UBND PTC KG* Iw GCA
»G 0.34 0.36 0.48 0.48 —0.68* —0.20
NI 0.83* 0.94* 0.94* 0.43 0.78*
UBND 0.87* 0.87* 0.34 0.81*
PTC 0.99* 0.32 0.71*
uG* 0.32 0.71*
Iw 0.81*

* Significant at the 0.05 probability levels.

Dudley® & » BB RRMZHHMHR (uC+uF B uD+4xE) » 2#4G E » a{ERE
EEAMHOBC KR - BEEL > H#EES (X)) — (L+12) /2=xC+uD+xE+xF) HAElEERH
BRRABAHERE AR R AN - KARPSERHE CHEES 4.0 EEtE SXTS
XY~TXU RUXZ SME (R7) BRFRS R U SHSAHRERMAE ICAL210 K&
Antigua-2 Syn. ZZHER » BEZSRT Y ~ Z RIS B HE SRS s Hidl ~ BSSS Cs - 187—2
XCl03°S B T~Y ZRKk U B T Y ZHEMPEBEZHERIG - AL EEREESETR ;
MASRGUENECEHRZSR U 8 W 2 » EREZEHEEI » HEEESREEES (
0.31) - ZHEEFWREEELER » EERMFHTRMERELRY » TR X B2 & B g X
R ETERNHEERTIRESHEE -

x 1. IHRERCHERY (t/ha)
Table 7. Heterosis for grain yield (t/ha)

Inbred T U \% w X Y VA
S 4.30 3.29 3.36 2.20 2.82 4.33 3.53
T 4.15 3.37 2.63 1.89 2.51 3.42
U 3.65 0.31 2.34 3.15 4.26
\% 2.36 2.88 3.19 2.31
w 2.58 2.14 2.44
X 2.31 2.87
Y 2.51

Heterosis=F,—MP where MP=midparent.
2XSE of difference=1.71.

Dudley®&F#2HHZ #G MMH » EA& EHBEREHBERERZEEEAER (E G HEEE
b)) REERHHEE Iwv £ BERETE (LxL) 2H8A L k L SRHEELER - BA 16
ZHiRE z=—p K a=1- FIERE+ + ~ + —Kk— —ZHFAHE (genotypic value) RIS 2
2~ ztptap Koz B p SEAEESBEECPHE > - SBRELELIE; W 2 SELER
B a=1~a<lkk a>133RKRZ2HME - WAOBEERBEMS o B2 > Dudley”BH z=—u &
rA=pH ZEIRAER+5EE » Bk » BREBRM EZHERR » BA—ME £G* o FEA uG* &R
WHEREHE a=1 p EE—EEEEHEE - LM (no epistasis) SHEEHFEE S BE
ofE a#l ZWART » uG* NMEZEERRGLVOEHRE » fla<l & a=0 HEER £G* Z{E
i 5 T a>10 xG* HERMEZR o L fEFTE R IR B » B £G* G2 BEHREER
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* Pl — RS » RESERERERREZ G RERE LM £ EBREX T ¢ @8R
HERHEHRREETSBERRNEE - 54 - LN EERY G HENEERE » BriR
R B o

Gerloff and Smith®Zz UBND {7 G REREGZHEEAEZEMEME C &% E

Bz BRI BB E A o fEERMRT » #H08 Iw 1 I, ® L, SERZEFIRERE » RSESE Iw
g L 3R L FHRAZTHER (K1) -FHit ¥ C k E HEKSEFZREE - UBND Fif
BB SISBERMS THASBZERAE S c PTC 42 G REFEHESE B~ C E REFEE -
BHERE A-H RERBEZZEM > 3% B~ C-E RERENS » SEAB_ELAEEHRH
BiEga (4) BB —BERRBTAREEES (-) » PTC MERWESER G SEREBHREZS
fi (&1) o

FERAYRBETD > B HEEHRARSENERE R E BRI A RS G RRRZE=EAN » |7

# BernardoWRTAINZZIPYRME NI MIMEE - BRRBREASZRE (Iw) » TESERE
TREAEZFZREN AL ESESHEIERERBZ KR - PEERTREH » GCA BEAR
BRI — o RIMEERREZIER > Bl GCA fERTPIEERBTIS: | JERMMEEA S £ 2
R (WER) - EX GCA TERFAIENE » LBUSEIEA » IEE—$ 2B HMBUS F TERSE o

EHRENERE TR RSB REREEREARARE ZEBREHED > & Gerloff
and Smith®'¥Z TC (SC) Kk Bernardo®Z u (E+F+G) REFERFLS » H2-LEME

EZHEE © Gerloff and Smith"™& TC (SC) » &I LxI, FISKEZ2E 1 BAEEAH
Z Iwx (XTI #E > PUTRIESEM | HERES Iwx (LXL) HEZEFEEREZ
DBIE S AR - RAEAW AT © Bernardo®Zy (E+F+G) {3 Dudley® itk
FH—FHABRAZTRBERE » QEFHMERRAEETEAFER » 0 RISEA RS RS
ERPHEREEES » REHART > 1% Dudley®Z Lo I, Blw BHES T L B La o 2UA
WHRBRHEMR RIS FEDR » IFFI58 (E+F+G) ZMEEMESSE » RN ERAREEE
HHZR  BERHRIERE—F g o

AHERRSIRGRER » NI~ UBND ~ PTC ~ G* ~ GCA R /MEHE R EE RS 248

M MEERFER BT REEBAE - FrEllEZAEERERS > U (Antigua-2-44-1) 355 71/
# > H UBND - PTC~ £G* Rk GCA HBARETZERE > ME Iw FREAE2.16AM (
BELD) o RMAMBMMEINS » ETEE | N2 HARREE > Antigua-2-44-115 5 BT 2 e
Ho
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Improvement of Parents of Elite Single Crosses Maize-
Comparison and Application of Methods for
Identifying Inbred Lines with Favorable Alleles!

Chang-Lee Ho, Guang-Jauh Shieh and Hung-Shung Lu?

Summary

The identification of inbred lines as sources of favorable alleles not already present in
an elite single cross is an important part of a pedigree maize breeding program. A half-
diallel set of eight maize inbred lines, TA2808-176, TA3651-377, Antigua-2-44-1, P-3184-1-
3-1, TA80-2598, TA 80-1410, B73 and Mol7, representing four popular single-crosses
cultivars (Tainung No. 1, Tainan No. 17, Tainung No. 351 and B73XMol7) were evaluated
in three environments (spring, fall and winter crop seasons) for grain yield, plant height,
ear height, flowering date and silking date. Tainung No.1 was designated as the elite hybrid
to be improved. The following seven estimates were compared for their values of an inbred
as a parent for improving performance of an elite single cross : (1)#G—the relative number
of favorable alleles ; (2)uG*—less biased of £G ; (3NI—net improvement ; (4)PTC—predicted
three-way cross performance ; (5)UBND-minimum estimate of an upper bound on xzG* ; (6)
GCA-mean general combining ability effect ; (7) Iw-mean inbred per se performance. The
results indicated that there were high correlation among #G* ~ NI ~ PTC ~ UBND and GCA
for grain yield. Inbred Antigua-2-44-1 had the largest #G* ~ PTC ~ UBND and GCA, and
was the line chosen as potential donor line for improving parents of Tainung No. 1.

Key words : Zea mays L., Inbred line, Single cross, Favorable alleles, Donor.

1. Contribution No. 1843 from Taiwan Agricultural Research Institute.

2. Respectively, Assistant Agronomist, Assistant Agronomist, and Senior Agronomist, TARI. Wufeng,
Taichung, Taiwan, ROC.
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EXm ATTEZ dhme

HE:  AWEFEAAETRAZERERSRBME - #FEE1RXETE TA3651-37TTR
TA2808-176FRE B X RBWRES » 7S BIRE— K220 S, RFEHER » AEA200H 2L
B G108 o AEFNREHERER - GREARIEN » BRTFRARER RIEES
ARHEIBARZ RS » TGRS PN BRI Z B - REBRRSRER © Bl -
i~ AR - AR RFHERMER (XECYER - BREYER - £7E - RMESK
K TDN) ZiHMRREE > FEREFRRERZTFEMR ; iFERREEGER - BHRE
VIR EZEMMRG - AEERE - FRUEREVESRRBETH RN —HEE
SEEE o EF RIS A EREMAFTESE » X9 Thai Comp. No.3 (S)CG:(M)CISHE
{EXFRLAI » Maize Pathological Population No.2% Amarillo Dentado DMR BC; Fs
(S)C: BWHAIEHEAR ; T KU C(ME)Cs(S)C: RIFIFIEFRL R &2 o

BRERER © FOK ~ BZSCRIRES] - IREE - JIRHE ~ AR - FHIER - SIRBRRIRE -

EXBREENRARFARMEYZ— - (ERERARNEX » XAMERIFIRMATR » 2Rk
FAREEIR o FFRAEXK » STEETRPFEE » IBERM | HEIFEXR - QIS TERREAKE260~70
%[ » BAFRLESPLAAPEER » BAOWEKEE - — BT E > FNERSZHEREXFEESFHMAS » %
BUEZABKRE - BCILEME » FHERGBEIKREZNHERE - ERNSBEEFERTIS - F
RERSNERIRIMESEFFEHER  FHit » SEHERIFNEESEZFRLE » MARME
HAFEERCEEE o Btk - FETRWZER - HETRDSERA - TEEBRESREZR
PERABREYERNBETIRGESEY  H » #HEERNSERFNERSNREM &
SR MBRTFE o BIFRARK ~ 2 - RESHRECYERVTERN » MBHREMERED 28~
30% LA L » HUR B2V SRR E AR ERES o

FRIFPRERETRMRA BB RL » M SR ER ZIAIRER - Bt > FrhiEg
BB BRI LA » DIFEATE RN IEEBETITER o S0 BEHERREITIE » FhER
BARRLER ZHHBATREL » ZRNG/ NS FPRL EE B B AR Y EE B FE B R B o BRRNAIENRL B flil
REBRCYERN—E5S » ARRME ST E S RS R B Laramy: » CEHFSRE -
Deinum and Bakker® B8 21 {LAR B R E 2 A Z R EYT o Roth et ol “OHEIEH, »
BHEERT - DRMREREZ AR RN » TREEAEB S RIBLER 8k - Allen of
al. ORI FAS2MEMAE I RIERASE - BEFRIE R SRS R LEAERABIES ( r=0.80 ) > MR

1. SR RSESUERFT  THCHRIE SN 1844 8% o
2. RFRARBRERHMER - BERER REMcE - ZBE 2PH Bidg .
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PR B SIPRLE R I R TR RO - e A R A AR ST B BRI
A 53kt o

SIESHAIERE (exotic population) LUI@HEEMIERY (genetic diversity) » HEXETET
TPRMERIBIR » RERREEERS » SRR B R e A T » BEEEERRATES S
il > ERLZAFHITERE S o SRR T > WREE MRS —HR S M BEMERB ES0R - Rt ares
ERIAAHBMERE L BME » AR MBI AT LR R SRR 2 2 BB T R [ 21819 o A gess
FHBISPS BEC RLMETORIRRE » FFER 1 R RBABRES » SAMKES S, RHEL S A =|
RI757E & ()BERHFPRLEE 7 8 S B MR 2 A EL B QUBT R E S ARG 2 Ok
BT 2R | Q7SI T AR S SR N I B R Tk (FPRIER &)
ZWEST -

MERAEE

REABRM A Maize Pathological Population No.2~ KU C1(ME)Cs(S) C: ~ Amarillo
Dentado DMR BCs Fs(S)Ci ~ Thai Comp. No.3 (S)Cs(M)C: & Caripeno DMR(S)Cs ZF{H
TREERARE » 53 FILUREE MP ~ KU ~ AD ~ TC ~ CD 35% o AEBRRRIPI9844E 2 BRI RE
Kasessart K&5]3# » B BE KR o 19914E8K/F » FIFH =2 1 BZ XA TA3651-377R
TA2808-176 3% EH » 53RN AMBEREY SoRMEITRE o TR ESOENRE (Hh20
fEES S«x TA3651-377 » 20{H S SaXTA2808-176) » &5H200fH o 19924EFk % EITHE R
BB - RBREFES » @78 > ZH8 > 78 5m » fTHIEI0X25cm » INEERE57,1438k
o JERIFHE N : P:0s: K.0=200: 90 : 60kg/ha ; #iEEIE N 48 P,0s & K.0 28 ; HkE
REFB » i N PREEN o HMOEARSE » R E KRR EERT o S EFEBAERREE - o
MR ~ PR REOLE AR RETH AN (NEZFLT) o FPRLEE 4 TR P s BRI R R

UNEZBPIT) o AEMERRAENT
1. FATE# (days to flower) B H S 2 /N 50 96 TR IR AATE BT T H B o
2. 68 (days to silk) : BB H R 2 /INE 50 9 M BRI REBE SaH- S5 BT T2 69 H 88 o
3. #f% (plant height) : S&/NEREEERI0N » R R E TR AT S » om 57 o
4. FEALE (ear height) : BE/NEEESERUI0M: » R A — R LA A TR B » em T o
5. BIREZWIER (whole-plant yield) : Ko7 SIHUALRS » F/NEIVR108R » R RE S » 18
HEEHE » REBERTCCHEBTHER » BREE PFHHSAECER D t £FRo
6. BIR¥ZYE (whole-plant dry matter content, DM content) : birEEmazmERgE R (
HZE /f#E) X100:21H o
7. RFEERLL (ear percentage, % Ear) :/NERGRHYZ (RMSE BEREZE) X100
8. MRWWER (stover yield) : LiBerkeswiE B R » BRI ETBR B o
9. MERIMLE (total digestable nutrient percentage, TDN) : #H#|EX TDN HIEHEBH
# Pioneer BT AT FEMER S (Japan Pioneer Hybrid Co. Ltd. 1986) #{Tfh%E » &
ETERBEIRE 2RSS » DIFFIARRE
TDN %=—EWW>< 100
W0 FFPRZEER (grain yield) : PSRRI » FNEERON 02 88 » BRI »
FHERAEER B t HBRZ o
DL EBR » IRIRRE R EBIA » 15 Bl R 2 R Mz LRI PR L e T8 s B R
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AR S, FIZEZHEERYFIZETINR 1 RE2 o £ 1 BREB TA3651-377HIER S
» BRTEHA R AREASLAREE CA Bt > T TC B&E o BREHREHNE TC» Bl CA % - BRI
MP 5% » Il CA BJ% o AUUFRERMNI.75t (AD) ~5.42t (TC) ZM o HIELWER 6.
46t (TC) ~8.19t (MP) o BtREZWIERENTP11.4t (AD) ~13.0t (MP) o BEREMZBIREZYER
r1528.6~30.6% ° Bk AD F{ES » HERZRTK - REESILI TC Z4B3.7% %% » BPHE
MP 237.3% - TC Z TDN 3#69.6% » T MP {££368.4% °

Table 1. Mean values of agronomic traits for five populations of TA3651-377 maize testcrosses.

Days to Days to Plant Ear Grain  Stover Whole-plant
Population flower silk height height yield yield Yield DM Ear TDN
content
(day) (day) (cm) (cm) (t/ha) (t/ha) (t/ha) (%) (%) (%)
MP 51.0 52.7 233.1 121.3 5.17 8.19 13.0 30.6 37.3 68.4
KU 51.2 52.6 229.4 112.9 5.00 7.45 12.1 29.5 39.0 69.0
AD 51.3 53.2 232.1 115.0 4.75 6.98 114 28.6 39.1 68.9
TC 50.3 51.8 236.5 117.1 5.42 6.46 115 29.9 43.7 69.6
CA 51.8 53.6 220.4 103.0 5.15 7.41 12.2 30.2 40.0 69.4
LSD(0.05) 0.5 0.6 4.5 3.2 0.27 0.53 0.5 14 2.4 0.5

FERERR TA80B-17T6ZWRME2 » F—HRZEHERMOELIRF - REREHAR
TA3651-377E SR o BATEH Rkt AD &8t > T2l KU K& MP &5 o B RBEAIE
RIZWE MP; Htt AD~TC Kk CA ZEBEHZHEEREEZR  MEMEI AD &5 - AH
FRIERAS5.38t (CA) ~5.81t (KU) - HEGVERKRBREZVERII KU K& > T
TC BIE o 525N 1329.8% (MP) ~31.2% (TC) - TC RHEEILLER (42.7%) > {2 TDN
&I&E (69.0%) -

Table 2. Mean values of agronomic traits for five populations of TA2808-176 maize testcrosses.

Days to Daysto Plant Ear Grain  Stover Whole-plant
flower silk height height yield yield

Population Yield DM Ear TDN
(day) (day) (cm) (cm) (t/ha) (t/ha) (t/ha) co(n%snt (%) (%)

MP 50.7 49.5 234.4 111.5 5.78 7.93 13.3 29.8 41.4 69.9
KU 50.6 49.6 2344 115.6 5.81 8.00 134 30.9 42.3 70.7
AD 52.5 50.9 242.5 126.9 5.57 7.92 13.1 30.5 40.8 69.8

TC 51.3 50.4 243.8 1154 5.69 6.81 12.1 31.2 42.7 69.0

CA 51.4 50.5 242.0 115.0 5.38 7.60 12.6 30.6 40.8 69.8
LSD(0.05) 0.4 0.3 3.0 1.7 0.22 0.48 0.4 0.5 1.6 0.2

—RME - EEFFNSEZHRBERESHFERRZHRMLE » SR EWRBRRGEFD
BEERBRL » fRIORERFFRERZRE » THEFTRAERERZINOL (stover and ear)
ZAREMERERI Y - RRAKZTRE? o TORERSIAAEREEILE » BEREBAT R
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HUABRIEML - FEEE R > HEEKREWE (U Circe SHEBH) MRZIHIS | B - 8
~ B ERRA ~ KRS GBI Z1.3 4355 10.1 ~ 11.8%33.3% ; MBS » i85 R
PRIIBIF43.1529.3% o F# Tk Bebkuzas MRS & R TI A I AR 2ML » RAERIRE R
WAHE R » BMEZ FORME - 5 BRRuE AR 08~ 309 R ME %2 5 00 25 I RE 09 o AR BB
o> AfEREEREREEZER » BB o
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TA2808-176FTEH Z MRERIHR » BRI X B » MAVEE X BSE » B —ERENEHE
SEREHE® o BIL - ARERPFTMEAZ AEBREE > #8858 TA3651-377R TA2808-17654755 2 4 = HIK
B HEFORR S EE S sl - SRS KRS HREE - RPN ERTS
c A{EBRHES - TC BSEES BRI TAGSI-37TRI AR R HAREGESELE . K2 »
BB KU BlEE2MEEZRE TA2808-176R52 AR HARBERRHE - S EERSaER
JiH > REMREYERTS » % MP FrSESHE TA3651-3775% TA2808-176 %%z H RS
;T KU B AD {S#&%8 TA2808-176R51Z2 HRRIMEE o HE LR » AlEENSYER
TDN $SE—iRAREMER » HERGHMABTEER » TC WESFNERSE » MP & AD 1
SHHERRE - KU QTR RESERSBEHE -

—EBRFHERERRZ % » BEERSE » RAEMER LT a2 808 » BREERR -
BBFFUREZ YRR B TRE TR 0519 o FoRSHERRIATHIBIGRE: » HREREHERR »
RERBBELETR - HRBQBEEFS T © Wolf ef ol ™ 9%5 » 7 FR23FSE D » Sk i
RELVER - BRGZYERSFIH0.53%0.65 ; £ LHTAZ AIZRES » ARG RIEERE - £0.
465%0.54 o HILZYEREBHRIZYER NGRS - £ FR23AZER LH74RZHE b4 315 20
8950.85 » HRNBRERELYERBYEFH TREHEYERBEENRET - B » I
SIRIEAR ; RERHARAA BISIFRIE R - RECWER - BRSYER - SARSEETERRN |
FRERRERER « BHREVER - SARBIEAEN ; XESYERRBHSYER - SABSE
THRA - SR E SR AN ; BHREERRSAESEMN | BNESHEEAE « HESwE
B~ B AMER o Vattikonda and Hunter™ #4351 » &%%82 TDN i i3 B v
TR SRR BB MR K o Geiger ef al. COBBIRRIER - YRS YRS
FRMEM  REIUTER - RIEER - BRGYE R RS AR RS —0.15 ~ 0.66 -
0.67 ~ —0.49 ; BIREWAIUFRER - WIEER - BHEWERZHFIGERSB0.46 « —0.76%
—0.54° Allen ef al“FBRATIRZIHRIAE - YERVIFRERS0.5] | M E S HIUTRER R
REVIER0.49% —0.48 - MEFOVEMIFRRZ ZER AR Z FEERRTR » RSy ER -
W~ REESHER TDN MEMIR 2 A S H2EAR o Dhillon ef al. "R AR s R
VERRETEYERSHEZ AN (0.42~055) ; BREYERARMREESERYSE
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REFEREFZENARN > MZSEREERTSSREESH TR 280 .

ARB > AEREAHAVRER » RIS Y: » 228 FES TA3651-37780 TA2808-
1762 —FHEH » WA 2IMEH (£3) - EZHERT » ABEZEMRN RS FATEHAEE
LR ~ BEPRIZVIEER | PRETEREOTES - B RUNIES B R « RIS ER - BUCYER

 FPRERRERGYER - BEWER - W% - BRESH - TDN ; RELYER ARk

VER ; REEESTILE TDN o ZHZ R » FBEZ &N R . FATEHAER SR E L
TDN ; HARIELRAEE ST ~ TDN o HARMRIIZARRIME: » ZEMHZR T » RESHK » H—58
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Table 3. Phenotypic correlation coefficients (n=100) among agronomic traits for TA3651-377
testcrosses (above diagonal) and TA2808-176 testcrosses (below diagonal) .

Days to Days to Plant Ear  Grain Stover Whole-plant
flower silk height height yield yield Yield DM 9% Ear TDN

content

Days to flower 0.83**  0.28** 0.18 0.07 0.47**  0.45%*  0.30** -0.37** -0.28**
Days to silk 0.86** 0.33** 0.20* -0.14 0.49%*  0.41**  0.19 -0.56%* -0.47**
Plant height 0.01 0.03 0.78** 0.21* 0.42**  0.44**  0.20* -0.26** -0.20*
Ear height 0.29*%*  0.13 0.44** 0.20* 0.37**  0.40%*  0.29** -0.21* -0.18
Grain yield -0.38** -0.35** 0.16 0.32%* 0.22* 0.52**  0.24* 0.49**  0.45**
Stover yield 0.01 0.05 -0.05 -0.30%*  0.52** 0.94**%  0.44%* -0.72** -0.55**
Whole-plant

Yield -0.23* -0.19 -0.08 0.37**  0.89**  0.85** 0.47**  -0.47** -0.35**

DM content 0.01 0.18 = 0.21* 0.04 0.30** -0.07 0.14 -0.24* -0.05

% Ear -0.46%* -0.47**  0.22* 0.18 0.81**  -0.08 0.47**  0.38** 0.82**

TDN -0.46** -0.45**  0.09 0.01 0.71** -0.16 0.36%*  0.42**  (0.94**

* 5 ** significant at 5% and 1% level of probability, respectively.

SREH RS- RRERET R ESEGZHRE » H—REFREZE—EREFHERER
(RFEMER - BIRCYER - W - REBESL - TDN) HZHERGRE - DB AERER
MERERZZR - LR TFHERERZMEMTINE 4 » EREBBTA3CSL-37TTHHRT -
KU~ AD Rk CA BREM > BIBATEMI SRR ERZYER  BRKGYER - EYAREHER ; BRM
BLA AR ; 58 TDN RIMHBTERE ; 55> MP & TC (B MP ZBA{EAMEE MRS EE
IEAEBASY) JRHESE - P 2E0E B AVEARERN o ZEMEBIS TA2808-17689IL T » MEIRAH
B EREEEFET - WRHBEM ZEREREMN ; BN ERES T H— R IR Z A
s MR HRFAET—EERE - EERERZT » HAERMRTERER - HANRR TR ERERS
HHBAER 5 » S BATEHE F R E R MR ARG ; ERESS TA3651-37721H T » KU
~AD K CA I - 7EAREHE TA2808-176 2T » AfEREKE—H | TRKEH THER
— IR » FAABMIREER o

Table 4. Phenotypic correlation coefficients (n=20) between days to flower and forage
traits for TA3651-377 and T A2808~176 testcrosses of five populations.

TA3651-377 TA2808-176
MP KU AD TC CA MP KU AD TC CA

Stover yield 0.16 0.57**  0.78**  0.26 0.65**  0.26 0.46*  -0.88** (.08 0.34
Whole-plant

Yield 0.25 0.55* 0.76**  0.17 0.63**  0.01 0.40 -0.94**  -0.43 -0.07
DM content  0.46* 0.51* 0.59**  0.20 0.56**  0.33 -0.78** -0.91** -0.01 0.45*
% Ear 0.09 -0.45*  -0.47*  -0.32 -0.52*  -0.41 -0.44*  -0.64** -0.62** -0.53*
TDN 0.01 -0.39 -0.29 -0.11 -0.43 -0.35 -0.45*  -0.61**  0.66** -0.61**

*» ** significant at 5% and 1% level of probability, respectively.
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Table 5. Phenotypic correlation coefficients (n=20) between days to silk and forage
traits for TA3651-377 and TA2808-176 testcrosses of five populations.
TA3651-377 TA2808-176
MP KU AD TC CA MP KU AD TC CA
Stover yield 0.07 0.60**  0.65**  0.45* 0.74**  0.12 0.44* 0.90**  0.03 0.41
Whole-plant
Yield 0.07 0.54* 0.57**  0.26 0.66** -0.09 0.61%*  -0.74** -0.70** 0.08
DM content  0.28 0.42 0.41 0.03 0.48* 0.46*  -0.56™* -0.61** 0.41 0.38
% Ear -0.21 -0.55*  -0.59** -0.63** -0.77** -0.38 0.08 -0.07 -0.89%*  -0.63**
TDN -0.25 -0.44*  -0.50* 0.41 -0.72%*  -0.27 0.08 -0.04 -0.94**  -0.70**

*» ** significant at 5% and 1% level of probability, respectively.

R EHERERZEMNE 6 - ERESS TAG51-3770FH T » MP & KU 2E7RA
BEEHIEAER ; AD ~ TC B CA RIEHMRZIEGER - BHREYERSESIEMRMN | %t
SEFR TA2808-176RITHULT » S EMEB LR 2RSS THE ; R s —EERE R R
REH T R UL R AR o REATR R HIERRIHIIME 7 » FEREES TA3651-377
HIEEET » MP R KU #HiE - 9T 28 ; TC K CA #iE » MR ERRESYERR
BRGCYIEREREIENRN - EREHS TA2808-176801H T » FIEBR B EELIZ H BT o

BERAFE - FETER I — BRI Z B R R o

Table 6. Phenotypic correlation coefficients (n=20) between plant height and forage

traits for TA3651-377 and TA2808-176 testcrosses of five populations.

TA3651-377 TA2808-176
MP KU AD TC CA MP KU AD TC CA
Stover yield  0.31 0.38 0.74**  0.50* 0.78* 0.61**  0.10 -0.17 -0.31 -0.33
Whole-plant
Yield 0.21 0.39 0.70%* 0.46* 0.80** 0.74**  -0.19 0.14 -0.53* 0.04
DM content -0.20 0.21 0.39 0.26 0.34 -0.40 -0.08 0.33 0.56**  0.46*
% Ear -0.31 -0.25 -0.52*  -0.30 -0.52* 0.48*  -0.71**  0.79** -0.23 0.28
TDN -0.22 -0.20 -0.52* -0.21 -0.43 0.12 -0.71%*  0.81** -0.33 0.23
*» ** significant at 5% and 1% level of probability, respectively.
Table 7. Phenotypic correlation coefficients (n=20) between ear height and forage
traits for TA3651-377 and TA2808-176 testcrosses of five populations.
TA3651-377 TA2808-176
MP KU AD TC CA MP KU AD TC CA
Stover yield 0.29 0.22 0.71%*  0.58**  (.44* 0.76%* -0.24 0.48* -0.37 0.36
Whole-plant
Yield 0.23 0.23 0.68**  0.59**  (.45* 0.92** -0.52* 0.34 -0.74*%*  (0.83**
DM content -0.17 0.31 0.35 0.42 0.36 -0.09 -0.06 0.20 -0.28 0.82%*
% Ear -0.21 -0.12 -0.50* -0.21 -0.32 0.59** -0.50* -0.18 -0.42 0.89**
TDN -0.17 -0.16 -0.50*  -0.05 -0.32 0.15 -0.51*  -0.22 -0.50* 0.84**

*» ** significant at 5% and 1% level of probability, respectively.
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FPRERREREGYERRERCYERMN  WREEEMN (TC I ERERELYER
HRARZREZRSY) - TEREHREH A RMAZR  FREREFHERMR AN » E£RE
IR TA3651-377H1HWT » MP ~ KU ~ AD K CA D{EREERIMEIEM ; T EHS TA2808-
1766165 T » AD 82 AC Ml - WA — BB EARRER T2 RE - ERMEERED » HEER
KU ZPEAREHEBE — B E SRR EM e (£8) o

Table 8. Phenotypic correlation coefficients (n=20) between grain yield and forage
traits for TA3651-377 and TA 2808-176 testcrosses of five populations.

TA3651-377 TA2808-176
MP KU AD TC CA MP KU AD TC CA

Stover yield  0.78**  0.65**  (.54* 0.29 0.56**  0.59**  0.56**  0.83** 0.10 0.50*
Whole-plant

Yield 0.84**  0.76**  0.72**  0.64**  0.73%*  0.92%%  0.78%*  0.97**  0.80**  0.93**
DM content  0.19 0.01 0.33 0.29 0.28 0.02 -0.38 1.00**  -0.44* 0.71%*
% Ear -0.36 -0.27 0.29 0.64**  0.07 0.85**  0.19 0.85%*  0.84**  0.91**
TDN -0.36 -0.33 0.39 0.67**  0.22 0.48* 0.20 0.83**  0.90**  0.88**

*» ** significant at 5% and 1% level of probability, respectively.

EMER IR  BEELIFRAZENEXSE - SBRESREMA M AF S » BEEs
FHRHERIBBEASEE » FIL » T RIS B BB - ZEIAARALBRREE RBRE R
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FHFETHERZ EREHYBIFRERSEZHTR » HAERSE » RIEE B EIEEAIZA
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Effects of Testers and Populations on the Relationship
among Grain and Forage Yield Traits in Maize!

Hung-Shung Lu, Chang-Lee Ho and Guang-Jauh Shieh?

Summary

Five maize populations were used to determine the effects of inbred testers and popula-
tions on the relationship among grain and forage traits, and to evaluate their potential as
breeding sources for grain and forage yield. Twenty S; families from each population were
crossed to two inbred lines, TA3651—377 and TA2808—176 to form ten groups of testcrosses.
The results of this study demonstrate that phenotypic correlation coefficients between
agronomic traits (days to flower, days to silk, plant height, and ear height) and forage yield
traits (stover yield, whole-plant yield, DM content, ear percentage, and TDN) varied along
with different testers and populations. However, the relationships between grain yield and
stover yield, also grain yield and whole-plant yield were consistently positive and signifi-
cant. Grain yield could be manipulated to develop genotypes with high forage yield. Of the
five populations tested, Thai Comp. No.3 (S)Cs(M)C: could be chosen for grain yield
germplasm, whereas Maize Pathological Population No.2 and Amarillo Dentado DMR BCs
F5(S) C: could be chosen for forage yield germplasm. Population KU C:(ME) Cs(S)C, was the
most valuable population as a source for both grain yield and forage yield breeding
program.

Key words : Maize, Inbred tester, Population, Testcrosses, Grain yield,
Forage yield, Phenotypic correlation coefficient.
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RASEE - oK ~ BRSNS RN - BERRE - HEES .

FRMEESZEZAR » BRI EBEARETBIRMGEHERRER ERH - EHTE
BREERET » MRS ELHEERAE HEREMBEAMEAS (combining ability) #&EZ e
o ER—EAEARE LM - AJJHREFRWHE - AMFLBBET » EETRHBEEERERAR
MR Fi ERZHEEEDIRKRICS920 . S TREBEENNE - BESFMRINEIRERE
# (marker) TR > FEWFEEHENBRREZEMEREMBEANEREZRE o

FetafBiS (chromosome knob) HE(H BN BEHZETHERERERE T RMBREILEER
ARLE » HESBARRHERETHE F, FEESHOMHEBELNCS o 2RO EEREMNERE
» BEMBABHARUFRTIEEER (isozyme) FifllBZ BRRMEMKRERANEEES 2
REME o KERMDERE Z W Fohs SRR B [F) 2h SRS B R AT A 15 2 SR 1 SR B B A R R B P M S 1Y
FHRRPEFRAE S 215°020 o — SR 15 [F] 2 SRS e SR A 1K TR B B ) T RE SR BN 25 L AT A i s i
BEAD » BEREAREAERME (genome) H—/NE{D » REEEAREERRENETES BN -
EESHEIEBRBEGRETRE® - HEXMS » REBERVEEBREESEM (Restriction
Fragment Length Ploymorphism; RFLP) Z 4 FAZRYE BEAANERES » o/ T — 528 rsE
BRERE ™" » AL > Burr ef al., (1983) {2 ATFIARFLP HIE SIS R ISR FTh B
RERBEARD ZHE - FFA BN RFLP #ITZESHABRAA > BEEE RFLP aHs
BRRMEENRE  UEHESERREEESED » HREA F, RRZERSE S5

(21,11,22,23,9,33,24)

1. B B SR BR T E‘F%*ﬁ%ﬁ 1845 5% o
2. RFEVEIRERNE - HMWE Echir B
3. @iga‘%kéﬁﬁﬁhﬂﬁ?ﬁ&ﬁﬁ o Bt o
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HERERT RFLP #ZSRANSZERFERAEFENIER  BHRIRESEE  BHEKRE
B ~ APEESEE » AILERE RELP MABEIEME T AR RN TIEE HRHIFLE - 1985
FEHBBEBAENT—RAEREEKE (Polymerase Chain Reaction; PCR) REShiif2E <&
25 > Williams ef al. (1990) E#E—HRHAIUATARNBEREFIIERZLES | FRGHEHESR
» WG R HRBE SRS EM: (Random Amplified Polymorphic DNA; RAPD) o
AR E B H RIS R AR E R RS AR R TR B R R MB EIKRE - DR MERE
R ZATREME o JEAt - MBS EIFTE R BENREETORSN » FETHRECHZHEEESHES
EREHAE -

HHEEAE
CHEMERZFA

ZRBRAHSHENERAEEER M EERAE HRASE I EZ120 Ek B R R AT ER
PBEEZTHEBZR  HEZRAR - 4/ - REFREFBZIEEESHFMEL - A LRTEER
RETTXTPEREZ2EFH AN HERBRPR RATENSEEBREMNR AR ERSET » R
ERREREM S 2 AR (RCBD) » 3EELE » UBTHREH - AEMRERBEMEEIERR0
CHAT RSN B EITERTEFRYRER (BER) » BEMALAR? - RS EEHR

Griffing FHMIAI (PERME » TREHA) ZEEUMRET AN REHAE 2B
YT » A B — AL T SR FRAL & T B o

® 1. THZEKREZTRZERRTH

Table 1. Background of the seven maize inbred lines used.

Code Inbreds Pedigree Heterotic group”
P, B57 Midland
P. B76 (C131A X B37)F: X B37 BSSS
Ps H95 Oh43 X CI90A LSC
P, HCBSA?
Ps Mol7 CI187-2%X C103 LSC
Ps R98-13*
P, Ds1343*

“The pedigree background is unable to be found.
¥ BSSS=Iowa Stiff Stalk Synthetic
LSC=Lancaster Sure Crop

OLERRERIESBMET AN RMAFRREZSN

B ER7TEIKRERRETE S BRZTZRAZER R Doyle et al. (1990) Z /5 DNA » X
E OPERON ARIFB/ZALERERFY] (R2) BRI FETREERERRE - RIEER
WEEYE DNA 50ng ~ #%E5]F4uM ~ Tag REEER0.4 unit ~ ANTP £0.5mM ~ Tris-HCI (
pH=8.3) 50mM -~ Bovin Serum Albumin 250xg/ml > MgCL.3mM - ZHZ (denature) -~ Ei& (
annealing) BRIE{# (extention) ZiBEERFFESFIFLC -~ 0% ; 36°C~ 0B ; 74°C ~ 458 ; THOR
ZERERBERABMRBREBENTNZ ERIZRBERIIEAT —BERZBRE » XMRFEERE
MmE e



DisEs&tans ik (RAPD) MR E RN R EEES MR 149

® 2. BRMSITFZRFY

Table 2. The sequence of random primers.

CODE =3 CODE 5—3
A-01 CAGGCCCTTC A-11 CAATCGCCGT
A-02 TGCCGAGCTG A-12 TCGGCGATAG
A-03 AGTCAGCCAC A-13 CAGCACCCAC
A-04 AATCGGGCTG A-14 TCTGTGCTGG
A-05 AGGGGTCTTG A-15 TTCCGAACCC
A-06 GGTCCCTGAC A-16 AGCCAGCCAA
A-07 GAAACGGGTG A-17 GACCGCTTGT
A-08 GTGACGTAGG A-18 AGGTGACCGT
A-09 GGGTAACGCC A-19 CAAACGTCGG
A-10 GTGATCGCAG A-20 CTTGCGATCC

RCR RFERTSZIQREEYILIS.25% T » 4.8% C ZIRWEEMS% (Polyacrylamide Gel Electro-
phoresis; PAGE) BH#f® Hoefer SE 2503K{RBIRE70VIEEER TETEXMMEA /N » 3
Brant et al. (1991) FriRiiZ PAGE BUESRBEETEER » BEMEERUENBERMEBRS
ARZEE - PRSENZERBLE  WHHBARBESZERRER] - RERZARREH0 - L&
#EHRLL Modified Roger’s Distance (MRD) AR2RCVfEERIEE R RMZBEBRE » FiES
Z MRD MR0E1IZH » BERAFRRTHYMNEERS o

RIBEERT | FREBZBEKRERETEE —3M » XL Kendall and Babington-Smith
B2 Wallis A2 Kendall’s coefficient of concordance (W) ®3E{THHI o
EFRAHZBRRZAT

HHH_EAREBCOER S A BOE R TE S R AT B S R R M2 B MEER MRD & » BRSO
SRR ZERRIREEIMFE#IT Spearman SFHRAMAT o st » BR LRBOWIBFEEZ
BRRAMBEKREETIREDN (cluster analysis) - MREMZHEERE (1) HK 4

BEORFIA NTSYS-PC #$KES#E1T®Y » 447 /REB UPGMA (Unweighted Pair-Group
Method, Arithmetic Averages) ©

HREH S

HEERRITLL Griffing KA EERIRRET RS T ISTREA 1B 9 » B
R (R B TRERZ—BHEATREANKESIMES 2 RIgRREAE  AREST
T B RSB RS RN AT FHEH » Bl GCA J8SCA Z375HErT AR Mt se
BEMEREERERTS o ME—F R A — RS B S 320 S B & T U 2 s 551
B4 » B Z TR A IR Z 51T SN e 5 MR BB S 2 58 » DUEITHRBR e
PRE%ES RN AR Rtk 2 BRaY o
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Table 3. Analysis of variance of general combining ability (GCA) and specific
combining ability (SCA) in yield for the 7 X7 half-diallel of maize.

Source of variation df MS
GCA 6 31,632**
SCA 14 795%*
Error 40 278

MS(GCA)/MS(SCA) =39.8

** Significant at p=0.01

® 4 ERIXTZPLEZHETRERE —REE ISR A 1%0E

Table 4. The effect of general combining ability (GCA) and specific combining
ability (SCA) in yield for 7X7 half-dialle hybrids of maize.

SCA
GCA
P1 P2 P3 P4 P5 P6 P7

B57(P1) 25.58 34.17 5.05 —24.93 12.03 —9.77 —16.57
B76(P2) 110.28 —2.85 12.87 —13.67 —=21.77 —=2.77
H95(P3) 54.30 —4.45 17.61 —19.89 4.51
HCBSA (P4) 20.28 29.33 —3.67 —9.17
Mo17(P5) —11.18 —4.11 —41.21
R98-13(P6) —69.58 65.19
Ds1343(P7) —129.68

7B AR EE B T % B ) S (U SR o S TS SRS - R P 20 R 2 A | 7
BSTIE B 2SR BIHEHARS T88E R S Bt 2 B AT o ANSALRRS | RIS BRINIRRS » D ESCIEFH S
2 RN RORH NIHE PR TR S0 T S & R RS | PO R S DE LU AT 1 o SR B A
Rz o AABRSHE RS | T3 MRD Z#EF » H&Kendall’s coefficient of concordance
ZAERE W=0.15272 ; T3=3.05438 » Hi® T3 /h*31.41 (X?.0s) ¥% Ho #ER - EN& LS| 2AT
RSB B R — BT » BUTRRS | F R ERRI R » W B AT (S5 % AU AR T 1
B o MEHTEE R ISERF B 2 UM EMEE MRD 2 RER » 78 E 555 2 s
REN10.53~0.7520 o

AT 3 B E AR R R AR M % R M T IS SR RS » IR s
RAMRERBZATHY - RESEEESEIHENS D RE e TS R i 15 2 B s R
BEETT S BESI T ZAE RG] » L B57 (P)) ~B76 (P2) ~H9 (Ps) -~ Mol7 (Ps) ;EMU{ETIZE
RARTROVELRMNE - HO558 Mol7FEH LSC MMAESEE » RS REET » B76BR
BSSS MEEESEE - BSTRER Midland RARARCEIGHER » (XSBHBAN2EESR (H5, Mol?
) Z MRD £0.66 » MERBERSR (H95-B57, H95-B76, Mol17-B57, Mol17-B76) =z MRD Papiilh=]
0.67 ~ 0.60 ~ 0.67 ~ 0.67 » FKIILFRFS 1L FE AL RS E A0 T % U M B 18 2 S SR 08 B AT A R
PR NN B RAEESE - SR AFIE RFLP FARBZRERARF 12224339 ,
HeRITRESR RS A Al HIRLERT | 7R TSR ER A 4% 5 50 Rl SR P DA M R 43 2 o
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* 5. HAEKBERARMZ Modified Roger's Distance (MRD) BaHERE

Table 5. The Modified Roger’s Distance (MRD) and Rank for all
pair-group lines for the 7 X7 half-diallel of maize.

Primer (total) Primer (total)
Pair-group Pair-group

MRD Rank MRD Rank
P1-P2 0.55 2.0 P3-P4 0.53 1.0
P1-P3 0.67 12,5 P3-P5 0.66 10.5
P1-P4 0.62 5.0 P3-P6 0.65 8.0
P1-P5 0.67 12.5 P3-P7 0.65 8.0
P1-P6 0.71 19.0 P4-P5 0.65 8.0
P1-P7 0.75 21.0 P4-P6 0.69 17.0
P2-P3 0.60 4.0 P4-P7 0.67 14.0
P2-P4 0.57 3.0 P5-P6 0.68 15.5
P2-P5 0.66 10.5 P5-P7 0.68 15.5
P2-P6 0.70 18.0 P6-P7 0.64 6.0
P2-P7 0.75 20.0

T PR B R 2 UM AT IS S R B N TR S A R R B W T 2 P S S TS
DR BRI S M FTf4182 MRD HER - S5 S1138E1TSpearman BRI 2 k525>
HES—0.5746 (P=0.0064) B—0.4072 (P=0.0668) - EETf5E<Z MRD HER - FHRHEA AR
ZEFIRETHR - BUATH4 1889 MRD M5 » HEEM150.53~0.752 08 > Tl RELP ZElahestes
REZBIAAFS > Lee ef al. (1989) 52 Godshalk et al. (1990) k%= MRD {EEE S RI/#0.
479~0.824520.71~0.86[# » Melchinger et al. (1990a, b) Ll Roger’s Distance (Roger, 1972) f&
SURTRHE R B & 88 R 53 51 £50.31~0.68820.42~0.75 » Smith ef al. (1990) LI Nei’s Distance®
ERZRERE0.1~0.8 » £ T NI AR RILE » SARREBZRLL Roger's Distance SHEZitER
f120.28~0.56 » 2L Nei’s Distance FHEZIER/120.43~0.67 » Hs BB ARER T 4152 M
I SR BB A - HERIE T E R E NN RE . — » SRR AN EERESHRTEE LS
B BEERAEHE ? BERAESZRRER (B B HEESRET LIRSS ®
SEHEE SRR B8 FE A RRS | TR0 25 B 20 R M ik SR AR BRI 43 HH A T B R SRR £ 15 o S P S e o
BRENREZ— - BRHMERENEATIS » BB RS R TR EAE A 1 s B E A/ (
MS (GCA) /MS (SCA) =39.8) » ARSI S EBHEES 25 » FskEs
FILEBUA/NENS R RE B PIRAE » HERI T S AR RS MR 5 — R » TR = ity
BN RER M EESME T2 RBNERZ— » BHIEE (EAER » 1992) 7 ERERE—
RS2 » FTRERR LTS T E SR E B MRD SMB AR SIS HAHE &1 A A ERER
MEEEHENNREZS » HREEEEMENTEE DNA KBTS EE RIS (exon) 5K
TRIWFERS (intron) > MBEBERS SERTRBNEG » AT EEERERRUG RS
P MR EREEEEANNREZ— o b5 BRRBRATRZEES | TR BRI
51 fERTRRZ LIS | F A R S BRI SRR HE IR S R AR B 5 —
ATREIREA o

FRE DL LS R HA AT 0B A% RL T | FHTIE B A R TS5 % UM » ikl RFLP&HLE
PB REFAIT 98~ 99% ¥R ST BURHIRER Z AL A TS S B 2220 , BRI =I=RAPD {&HlE R
HIRE/ISR RFLP fH% o MK b —MEEE ] FResEsns MR —MH » ERaEHEEE
RAPD Z53#i/i\8 RFLP A5 - AL ZEEME » 155 RAPD £l s 2 A8 B o
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(B8 AR FEBR TR RIETS » B30 BREETALRIFIZER - BRI ERA N
TETRISHRIE » MREERCR I RE LR  MERZTHEAUS TS HZTREGIIRE - )t
B > EEFTIRE RIS UM ST AT O P RIS | IS » DO Sk WIS Hi 25 B 2RI
R R EHER S A R R RS » ERARAS OIS FRAE BN RET R
#ik - AR A ERE— SRR o
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Prediction of Heterosis with Genetic Diversity among
Maize (Zea mays L.) Inbred Lines Revealed by
Random Amplified Polymorphic DNA!

Shu Chen?, Kae-Kang Hwu® and Cheng Chen®

Summary

To evaluate the potential of RAPD-based genetic diversity in predicting the perfor-
mance of hybrids, the genetic diversity among maize inbred lines was dectected with
random amplified polymorphism. Modified Roger’s Distance (MRD) among seven maize
inbred lines was between 0.53 and 0.75 based on 88 bands using 20 primers. There was no
significant correlation between the RAPD-based genetic diversity and performance of
hybrids. Cluster analysis based on MRD was not also consistent with known pedigree and
heterotic group.

Key words: Zea mays L., Random Amplified Polymorphic DNA,
Genetic Diversity, Heterosis.
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FE B AR
(1) ABPEIZHABRIELBES ORI FH LR 4 R!

FKEMR REN? BRRED ZHAES

Y5 : ¥R Angelica sinensis (Oliv.) Diels SR ARHT » BRALESEES » HHE
RREZEREN - HIWAEE - EARESTEE > SRBAKE o EROMFREE S
RUETFRME > METRENRERLAETSEEH > BEERAEEE - HEsiss
RINAMHEERRE AR » BAERREQRIT A% o FIFFEN ISR 2 KRBT A
BRI  BRET  ERAMER MS Emirnidin—ma%  TBRER
{EREEHAR - EXEMEETEREYESEME o SRR AR MS Binity
EFIRVUE Bs & White HRELT o MEHEZMEIL NHs: Nos~=1 : 28581 : 4894
ABGHEE o b4t - 25°CRIIEY (2,000 lux) BIEAEIE S ML B RISTEEE

BASEER © EBR -~ RAVEER - DL AR o

BB Angelica sinensis (Oliv.) Diels B4R » BRAZSEZ%  BEISRECS
BZERF AT oty A DI E IR AR B HLBERE » WIHE [RIMBEFR]® o« @alllmss» [
EESE] o SR [RAEE] - 8 (WL FERRI o HRBR—YIME » ¥ LK » Bt
» FETES N ER BRI o BAAEFRERNIA » 5 ChEANERERaET|
%E(Q) °

ERBIRHEZEY 0 EERERANEEUEREY - BMEEREEANER  SERSI
HWEE (L) SRESERME - KEEHES LB FRAETERSRE  FEFRELRE » BF
RETEEERERME RBRAMEEHRE  PEERNGEREREE - @O8GIEH » SHEs
40~T0% FIHE AR E N HAZE o R » SREIF R A RS RER R R IR B T3S o

YRS R A BRYERMCRZERAERS A EEE - B (1982) MERBEZHA G
#HL (organogenesis) FIFEIEIHHYMELC® o Zhang ef al. (1989) RIBRZEIE 2 HE & MM
BURML (embryogenesis) #3AI1SE|EIFEYE o Ammirato ef al. (1983) $5H » BEIR(Liex
BREEMCEROEHFSANRYS - REBHBOEMRES o RHZELIE IR 2 MR (
excised immature embryo) RITEIFEERAR » E—SFNNES SRR LR S B 21
> MIREF/RRMBIE (somatic embryo) MAEZHMRIEREL » BERARBEREIRAL —BR
L EERSMGN GRS % 10165 -

2 PR BEEA I R o HME  Erhri o
3. AFBRERERARE - ZEY §¢'% TSR
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BB ER
— %
RHAFEBERZFE » RIEERHBZPRER Angelica sinensis (Oliv.) Diels E£HZ
T
=-F &
RSB R RIAE

B ERZ TR AES » 1370% B b @308 » BRA% REES (850ml
Tween 20—¥H) BWRPEFHIRBI[AFOLHE  BERBEREES - DEEKFEERK o
KIMET RS » BURBWE (immature embryo) BERERELE RIS o

OBFRERIACH -

FRREED MS ESEERERRIBESRTR T ERE3%ERR0.9%5E%E » AFsn
casein hydrolysate (CH) 1 L-glutamine HF&IEHMY - BHREMAERMEA IN
NaOH X HCI #% pH fEF%E5.7+£0.1 » AR%&LL121°C ~ 1.05 kg/cm? (151b/in%) BiEEREE
1558tk » MERBHEBOSHA -

CRFREE .
R > WHRIER2D I CZEREDE (F#8RE#K2,000 lux) Th# -
(% BRI LR S AR R 2 ST

RAEER MS EREREER—EAR » BPRIEEEYE (normal plantlet) ~ RIE
HHEYHE (abnormal plantlet) REEMEILIE AR (embryogenic callus) =& E (E1)
o MM LR GBS RR S E TR WESERE - WHIHERHEEE -

(BT T |

REMSERREB G TR » FREMEREZE » BIFIA Duncan’s multiple range test

HIE s R R E I 2R o
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1. REER MS EEEREdER (a) BRRERLEAHERS
(b) EXEMEKR () TEEEDS -
Fig. 1. Immature embryo culture of A. Sinensis. Embryogenic callus (a) with somatic
embryos (se) , normal plantlets (b) and abnormal plantlets (c) were induced
from immature embryo cultured on MS basal medium for one month.
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B R

KBRS MS EpEERE—EAR - MIUHEYRER{LESHMB (embryogenic callus,
EC) o BUNEERM LA ARMGEIT TFIRER - MHS30R BRI E LB FLIGTAME -
— FTRAREREHURERLESAMEREZYE

BRI SRS BT R R R R 2L > RERERIF TR - L MSHI1/2 MS Bz #r{
BAESENRYK - ERFREEEENEERE  EREMLEFEER - KRR B, HREE-M
White 3 EAIRZE 321 Bs HBEZHEAHBAAER » White IREAESEEE » WEZRK
AHBRERSTERLIER -

£ 1. FRNERSREN SRR CESERENS B

Table 1. Influence of basal medium on the growth of embryogenic callus (EC) of A. sinensis

Basal medium?® No. of EC cultured” Average fresh weight
-mg-
1XMS 54 235.92a*
1/2XMS 54 248.58a
1XBs 54 147.83b
1 X White 52 40.58¢c

2 Basal medium: MS (Murashige and Skoog, 1962) , Bs (Gamborg et al., 1968) and White (1954) basic
salts supplemented with 3% sucrose, 0.9% agar and pH=5.7.

¥ The initial fresh weight of EC was 20mg. The cultured duration was 30 days.

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

— - BENHYGRRR(RSEMeEZVE
LR A HRER15°C ~ 20°CHI2S"CERRIRE - JERIEERIF2,000 lux BIBEAF TR - &
RMFRTT » SRR SRR 25° C TR R » 20°CRA T RIAFI S R L & AR S8

% 2. BEHERERUESHMIEZZE

Table 2. Influence of temperature on the growth of embryogenic callus (EC) of A. sinensis®

Temperature No. of Average fresh weight
C) EC cultured” -mg-
15 40 140.37b*
20 31 195.12b
25 40 282.25a

2 Basal medium: MS salts supplemented with 3% sucrose, 0.9% agar and pH=5.7.
¥* Same as Table 1.

= ARHESRE(CESARREZEE
IR L A HERRE 2,000 lux HLRURBERE TR - RIRMRIFTR - R TR RS
EAEBEEDREE RS -
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® 3. ABHERBERCEAHREHES S
Table 3. Influence of light on the growth of embryogenic callus (EC) of A. sinensis®

Light intensity NO. of EC cultured” Average fresh weight
(lux) -mg-
Dark 60 139.00b*
2,000 60 168.44a

*Same as Table 2.
¥* Same as Table 1.

FERARHERER (RS AREEILE

LR SALRE R SR FELLAIR NHe 1 NOs™ # MS HRERA R T8 - RIS AFiR
» BEAR(LAE SRS NHL : NOs™ £31 1 2701 © 409 MS ERS i TIORRME » HRS1:8% - 1:
LR 3t RI@REIR AR 2E o

x4 ERAHERETGRSESMEZEE

Table 4. Influence of inorganic nitrogen source on the growth of embryogenic
callus (EC) of A. sinensis

Basal medium with No. of Average fresh weight
NH.*: NOs™* EC cultured” -mg-
1:1 60 149.11b*
1:2 60 214.78a
1:4 57 199.33a
1:8 60 178.33ab

*Same as Table 2.
¥*Same as Table 1.

B ARARHYRERLESERERS KT

U LR S AR B & FLLBIHI casein hydrolysate FIL-glutamine #9 MS SERSEERE T
B3t WRMFKSPTR » HHA casein hydrolysate 1 L-glutamine SHEFM LA S 4L HT18 R 45
BEPE OB SHEBP TR ERET » B REathEHEER -

* 5. ARENERET RSN IBE

Table 5. Influence of organic nitrogen source on the growth of embryogenic callus (EC) of A. sinensis

Basal medium with? No. of Average fresh
CH Glu EC cultured” weight
~ppm- -mg-
0 0 60 308.11a*
500 0 60 316.89a
1,000 0 60 293.00a
500 500 60 321.22a
1,000 500 60 331.22a

*Same as Table 2. CH=casein hydrolysate; Glu=glutamine.
¥* Same as Table 1.
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Sharp et al. (1980) RHEVHHSSREN(LEENELENSREBENBERE » 518 HEE
HEESENET 28 HSHEESERSERTHESHRF BB o MYE £ E &R EE
RIBEIR(LASSE - BRT R REERE AV RESERAE A RS - A REAERIRISES EEY
¥ - T MEN TS EREE NIRRT LR Ecytokinins F R » #l40 Hatanaka ef al. (1991) %R
¥ Caffea canephoratIFEF RETE cytokinins FIRIE T FREELEE » T auxin BHEMAERH
EEIE] A IR ®” o Norgaard ef al. (1991) 12 Abies nordmanniana B ZEHUESHELL
HIRESR » 0.5 M (1.12 ppm) B BA AIEE A. nordmannianaf KRBT REEEEY o MR 45
B LRI AT EEE auxin EAVEYIERAGEIER - Evan ef ol . (1981) EN#EHI57.1% RS EES
BRAA2,4-D BrEsIim"® - RIAR RN ERLAHEMEER - MR auxin FOEWEER
FENH 0 RHR2,4-D REMN ERBEMLEBENEEMMERFRGHEI « (BRWICHEER - FIH
ERRBEER MS EMEERRE  NREMEYE R R S R R R &R
IE¥BRARIERKEYEE o IRETERAPIEEREAME Sharp e al (1980) Fii#RHY proem-
bryogenic determined cell (PEDC) Ry%iE: » PIF#BE (1982) & Zhang and Chen (1989) #R
WT2,4-DR BT RSB IR LR B E - VISR RIS » ISR - BRK
KRR HE RS R SR (fygEdg) o

HEYESHEBERMBZIEREREREYEENR - FREYERSEENSEE (WB;s -
MS) » FERAGEREEENREEE (0 White) o B (1982) H#& White (1963) ~ MS (Mura-
shige and Skoog, 1962) 1 H (Hildebrandt et al, 1946) =B ENERESHBEENEE

» FEREUR MS fl H s8R uEryigEE 0 ; T Zhang and Chen (1989) L@ Bs (Gamborg
et al.,1968) ~ KU (Kameya and Uchimiya, 1972) ~MS K NT (Nagata and Takebe, 1971)
AR 2 EAEE - FRER Bs fl MS B RESE RN URSHEREREERRE® - &35
E&LL MS ~ 1/2 MS ~ Bs & White MFERBRIAR - RSB RSBERENY MS B8R 86HE
ERER LR ESHBRER -

ERBESELRREFEN LS RIEERR - Vazquez ef al (1991)$5H » BEEIBREBR Secale
vavilovii WIFE SRR BRIFIE LRSS o ZRTIEE (1982) & Zhang and Chen(1989)f§H » BT
FURERETR LR SHBHTR - B gE—SEL > BEGPERSHERBENSL » 18~20°CH
FHREHEBRSLH RFEREES o KARERET » ERETRLRSHEBZION » BEE N RR
BELI25°CHIEYE (2,000 Tux) RYIREERAE » 20°CLA T SRS 2 47 @ BRI LR A TR AT IE 5 -
20°C R BRI LIUERE R - 15°CUAT HIBERMHI IR - iSRS Esan (1973) A
B LS RNERAR 80 A RREEE - SRR LERETRNEE -

BEENR S B GPEEMMLRSHEBZIOM o Ghosh ef al. (1991) R Asparagus cooperi
HIRFRIEH - BEERRERZRIRH ST MEELE SHBAVEEE » 300 ppm glutamine
~ 1,000 ppm CH 1,200 ppm NH.NOs BE{EHFHE ° Norgaard et al. (1991) #HH » 3.4 mM

(496.9 ppm) glutaminef150 ppm CH KJ#& » VI Abies nordmannianalStfR LR S HERRAIRE
EIEHI30% - M AHEEEIRAERE R EREH (globular stage) EY“stage 17 o AWZews RAIETR -
EREAFHER RSB ERA - Bl NHt: NOs =1:281 : 48RENHESCH &
glutamine FEHFIFHEIMLR SRR MABRNRE -

BEAAEER » EFRRMETHE MS SRR EfSpRIRR LS HEE - L MS ®1/2
MS BEMRERE (NH.: NOs,~ £1: 211 : 4) - 725°CK2,000 lux JLIEAIIGEM TisR - WESHE:
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Studies on Tissue Culture of Angelica sinensis (Oliv.) Diels.

( I)Induction and Growth of Embryogenic Callus
from Immature Embryo!

Han-Lung Huang®, Chung-Chuan Chen? Uei-Chin Chen® and Hsin-Sheng Tsay®

Summary

Angelica sinensis has been used widely to cute women’s peculiar disease in China.
Because of its broad pharmacological effects, it has been adopted in a lot of traditional
Chinese medicinal prescription. The purpose of this study is to find the possibility to mass
-propagate and improve the quality of A. sinensis by developing its immature embryos. It
was found that the embryogenic callus, normal plantlets and abnormal plantlets could be
induced from immature embryos cultured on MS basal medium for one month. The growth
of embryogenic callus on MS basal medium was better than on Bs and White medium. The
inorganic nitrogen source in the medium, NH,*: NOs"=1:2o0r1: 4, are the better co‘mbina_-v
tion. The embryogenic callus showed better growth when cultured under light (2,600 lux)’_
than in darkness. 25°C was the optimal temperature for the growth of embryogeniézéallus. i

Key words : Angelica sinensis, Immature embryo culture, Embryogenic callus.
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EZREF ZFLEZIHE!
PELKR? SRE L2 BB HALE? Bl

HE  AWRETINEMY G A15H ~4A15H ~5 A16H K 6 A15H) K& =MmEE
WEE (83,000 ~ 53,000540,0008k / AtH) ZHE » FHHHERNREERRSBNBE -
HEBEREE NN ERERNVEREHEEL REERBHUETS - 3AEES
R16H¥ =M MR - R - BE - B - 858 FYHBERRIETRY - 53
BRRECERERROS YRR ENRS » 86 A5 ARREER LR/ HEmEet
RBEIGEZE - WA EMZBEILE » B D, (53,0008 AH) 8 Ds (40,0008 /2
B RE > HFYRBRRZESL D, (83,0008 AHR) RER - HEARY L HEE
BELARET 3 APAE S APaER > BRAEESREOREER

PR - EN-EER - -BE-

B¥ (Curcuma aromatica Salish.) WERERANTS LZEZRE » FEEAREEKHER
et - OB AR EERFRAET R » CH2ERLRBREE DM ESO » [BEERGE
ERARREMEED - BiiAAEVEE - PRERFMA WTO % » AR BEEIHREER
AR » ML AEREE » BRI AREEENBSNBER » BNV EETBHARBH

» BRESTMFTE - B RISHRARZ TR RRIEE 2 —BR o XFTERI » ZEBAEREE
T RROREVER CRISENTE - AN EEEBRRERDEFE IR > BEE
ROETFRZUBIARE 2B » S4TI9 S FEEEZI4E » HhLISSRAHET
R 45,196 o RATSVTRER » EBALEY EOEREERSE  HUBKSBRES » RS
B—RATEFED « HRENTTCARHESERRAESHE  BRIBKY - RESERSE
RRSEITIRE » (EEERERLRGATERS B BRI ER R SRS RE
RERES -

FIAFGRL LR R RAER » E—SENEREFLREREMREE » DU ST
BEGH - BB ER R ZRIRR » BN SSREL R » BB L EEEEE 20cm &
30cm ERAIFEE30% » FEFNERIHE (elphant root yam) 1 3—4 FRIEME » R BWEHHh

» 7—8 AR SWIER - [BIRGERILL 3 Hha—4 B aREsE© - A8 RERENE
£ B LSBT - (BAFERIETRR » MR R S R e E R
BAE > RO R E AR o
1 EMEREAEAT HISHE B 1847 B o

2. ZFTERBABEIATR - §IFIRE ~ BIERHAA o
3. FMBRMLAEIARE - BlE HEdk BIEK.
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R AE

FHRBHEAMBHBRERE » RERZRRAXIERE T2 ERESE » [THME > R Sm> &E 1.8
m » 31TE » ITHEEES 60cmm » /NEHERE 9m? - BIEES N » B3 H15H (S) »4 H15H (
Sz) »5 H].GE (Sa) ’ 6515E| (S4) °H§EE§E5} D:=20cm (83,000&/’.&@) » D,=30cm (
53,000&/&@) » Ds=40cm (40,000%/’.&@) » 5H12RHE - 4 ﬁ?‘g ° HB*’I’Z@FHE N-P.05-K:0
£5 90-60-100 kg/ha » BB R RESTAEL/3EEME - FERITEA hH R ERER BT -
EHEGERPEEEREE  KENEBESBE—RISETEESERH » RSEN > 5
BT L R20 60K A B » FMREETPHRE R L o B—ZEMH 580 Kk140K T4
BERAE i EERARERKE - HEHMSTE (1993—9) > AEEESIRKNE - &E - BER -
HELE - B RKDESE c ROSWUNTZHEET
OHEABEHE M semi-micro Kjeldahl ZHHEZEESE » MLl N%X6.25 FRZ o
(OfHAERS © F Soxhlet B ZEXHH1S/NEFRHIE o
EFEHER | KBIIAWESTHESY » RS % ZEENEMERIEEEE » MIEmERE

430 nm FERZEEE » ML Sigma AT C-1386 HHBEMEHERES -

EREFER

- RERBHRZRERR

i 1 TRHEUT » 19934 3 HEREZFHEA - E4 AREAEES 3.1°C 2 22.4°C » HEBM
BUNMBREE EF - E7 A5E 29.1°C &% - 8 R RN IUBEHRE - 1994F8IFF > 3 AHE 4 AR
Bt 7.3°C> 5 Afpr—ELUMEE L7 » 27 AMREERER 28.3°C BK19934E - (BR12A {31
MR 20°C DIERGE » BRATHEMZKRBBUMATR - WRATELE - ZEQUgSE+TR 3 E 8 AM
ZEFFI - HI994FERERS R - HIRIBILE - 199355 A & H RRFEA177/1NE - ER
BZAME 346~ RIIAMR > MMMETH 2 HBRFEE172/00 > (ERHEBZHBE 356
~ 7~ 8 RI2A 1 » A - 19935 B HEFRIHIMIL1094FF B Z HIBRS - RILOURERIEREN
&R o

® 1. ENEHEAFHMZATYRE - BRERBERB (1993,/1994)

Table 1. Monthly mean temperature, percipitation, and sunshine duration during
the growth period of turmeric plants cultivated at TARI in 1993 and 1994.

Month Temperature (°C) Percipitation (mm) Sunshine Duration (hr)
ont 1993 1994 1993 1994 1993 1994
1 15.6 17.2 19.5 36.5 172.2 165.3
2 18.1 17.9 3.9 130.7 182.6 119.7
3 19.3 17.8 119.3 109.5 139.3 117.6
4 22.4 25.1 109.9 374 123.8 217.2
5 25.8 26.6 204.4 326.3 185.8 167.6
6 27.7 27.9 321.4 220.7 158.9 171.3
7 29.1 28.3 116.9 474.6 226.4 170.4
] 28.6 27.7 154.9 520.5 237.5 155.6
9 27.7 26.5 19.6 133.2 190.7 207.9
10 25.0 23.9 0.0 19.9 213.8 211.0
11 22.9 22.3 36.6 0.0 115.8 216.3

12 18.6 21.0 4.2 18.3 178.9 149.0
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S R BENERERCYR

FER—FR L RBORFAT AR L2 REBER - H_EMBSERESB SRR (R
2)  BEBMRZEERRIESZERE - 17519934Ekk S, (6 H15H) BiHZEFKZS » Heg
B BREMERRIUG L1994 BIEE - SEFHR19935F H R BEER (BFH177>172/0N\0F) 57~
8 AMIES MiEE B M BX ERABUEM - BR7 /7S » FERE R - ROTHE
BB SEFER SR - SRR E hESTTRER » BRR—RERERAEHRE - T
ERHARBER EHP I EREB KRB FER E > WERT AN ERC A REER LS
AR ERZE RFTHER o

BRI Z5T - RIS MRS ~ R -~ BBRASRBS OISR HE RS SIEEE » I
FER—RESCKRE » MERETREERE THERTREIR LRMMER L E 2R o BRREHIE
JTEISIT - BB B SUAEIAR 5 I R B R S SR AR ~ EREAREE | R
FERMARREIE - ERBE R - MEREEARR TR RBIES T » RIS - 355
REBRFE=MIRE > 2R TR — RIERRSE B B — R AR 2 RS TE ~ HEUIRS — kb
B B AR BT RSB B AT = R AR B2 5 B P — R AR RSB A B PR o

® 2. TEEMAEENEEARBETRYN GFEMHL140R) EFERZFEBH T (1993/1994)

Table 2. Combined analysis of variance on the agronomic characters of turmeric
plants measured at 140 days after first leaf emergence (1993,71994).

Plant Leaf Leaf Leaf no./ Branch no./
Source D.F. h(%ir%l;t l%gglt)h v(vég.gl per plant per plant
Mean square
Y*? 1 5,628.87** T1L.77%* 11.62%* 17.85%* 7.37*
*B/Y 6 1,449.75 122.00 3.11 2.7 1.26
S 3 19,168.66** 1,861.64** . 41.36%* 25.70%* 20.35%*
SLY 1) 14,164.70%* 1,493.19** 25.12** 20.42** 9.35%*
SQ 1) 4,975.20%* 361.15** 15.36** 2.73%* 9.00**
SC 1) - 28.76 7.30 0.88 2.55%* 2.00*
Y XS 3 2,021.45** 296.10** 1.54 0.75 3.35%
D 2 2,696.52** 153.82* 3.56 2.03** 16.61**
DL 1) 2,652.25%* 136.31** o 3.42*% S 2.03** 16.40%*
DQ 1) 44.27 17.52 .0.14 ~0.005 0.21
YXD 2 276.68 26.29 0.56 1.27* 0.31
SXD 6 2,153.08** 531.39** 5.43 2.10% 4.14
SLXDL () 164.74 2.21 0.51 < :0.04 0.61
SLxDQ ) 278.43* 20.18 022 0.8 0.04
SQXDL 1) 415.14* 178.89** 0.95 0.18 0.06
SQXDQ 1 6.02 4,94 0.54 0.83* 0.75
SCXDL 1) 259.56 23.22 1.18 0.33 2.11
SCXDQ 1) 1,029.20** 301.95** 2.04 0.65* 0.56
YXSXD 6 1,163.90* 239.86* 6.22 1.10 3.48
Error 66 4,156.31 1,026.27 53.53 9.14 21.37

* ** significant at 5% and 1% level, respectlvely
* Y=year ; B=Block ; S= Plantmg time ; D=Density.
y Subscnpts L,Q and C for each factor refer to lmear quadratic, and cubic, respectively.

ek 2 RBMMREE —RFHEREFTAVE AR BEERSHAZ R EREIIMST L
) _199351’—%%.&%2%}%@@2% 110.1cm (S:D2) f172.41_cm (S:Dy) ; TEE 56.9cm (S.Dz) —



Leaf length(cm)
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78.7cm (SiD1,SiD2) ; ZEEE 16.0cm (S:Ds) —19.4cm (S:Ds) ; EBEE8.5% (SiDy,SiDs) —
10.4%5 (SiD2) ; SPHRBUE0.5% (SuD1) —33% (S:Ds) o 19M4FEZHEZHRREEES 112.2cm (
SiDs) —145.2cm (SiD:1) ; RS 58.6cm (S:Ds) —69.3cm (S1D2,S:Ds) ; EEE 17.2cm (
SiD1) —19.3cm (SiD2) ; FEHE 7.6% (S.D1) —9.43F (SiDs) ; HHREUFB1.3X (SD1) —4.3
K (SzDs) o WEAIBAKME » DAKRE ~ BREEHRE MR - REFIERS RS > SEBZHRER
BRI EEVERRERS S~ Sk S fHH - T S, B/  BEREEBZRE » BPREHZT
FEZEERET » g/ (E1) o

200
S1Y=111.98+4.11x-0.089x ?
— — — $2Y=17.06+0.076x
~ 180 - . $3 Y=79.88+5.22x-0.097x **
?, — - - — 84 Y=193.13-4.82x+0.07x"
Nt
£ 160 &
.80
&
< 140
g
20 Frrmee—l
100 L !
D Dp D3
Planting density(cm)
14
100 S1 Y=45.6+2.26x-0.044x ? S1 Y=6.140.24x-0.004x
9 f ———%2 — — — $2Y=11.450.2x+0.004x?
------ S3 Y=27,74+2.97x-0.05x * — 12 F oS3
go |~ sev=6812026x o ————s4
&
o
=
b
Q
i
50
40 * 6 :
o1 oe Os (=] D2 D3
Planting density(cm) Planting density(cm)
Q-5Mm¢ S:=15,April ; S:=16,M
D;=20cm (83,000 P1./ha) , D,=30cm (53,000 P1/ha) , Da—40cm (40,000 P1./ha) .

B 1. BERIHES - EREEBERZSTAHEPREEVEZRE
Fig: 1. Growth response of plants height, leaf length and leaf number of
turmeric plants under different planting times and densities conditions.

ERBRTHR OB ERBRES - RUSEFRNVERR SRS > HERRESETRBEZS
HREEARERE » RS —RUSEFRAENEIFELERE - £ 3 RH_ERERMSER
REF SRS EERBRERTSRS & FERC EEMEBREERERE » MEREEHTY



168 hELME B S B B2 W 1996

HEHRES S FREERE  WEEREER TN IZEHREE_RTHESL | B—RILSETE
BREZ RIERTETRE o MRREENEZ L SRR AR » EP BT £ TRBER
EMPEFELE » RS — REAREARE KR R A = R AR B KSR S AR » #8
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% 3. PRENETENESARERESE TRBAEE—FETERY
AR ZEEB 57 (1993/1994)
Table 3. Combined analysis of variance on the total finger sets and primary set
percentage of turmeic plant in 1993 and 1994,

Source DF. Lot fingerses 2 o primary sets
Mean square
Y* 1 33,735.00** 0.0043*
B/Y 6 1,142.92 0.0030
S 3 4,029.07** 0.0052**
SLY 1) 2,879.24** 0.0024**
SQ a) 1,056.03** 0.0028**
SC (¢)) 93.81 0.0000
YXS 3 917.76** 0.0002
D 2 773.54** 0.0019
DL (o)) 773.54** 0.0018
DQ (¢)) 0.00 0.0001
Y XD 2 99.39 0.0012
SXD 6 1,102.60** 0.0034
SLXDL 1 130.43 0.0000
SLxDQ (¢)) 594.56** 0.0014
SQXDL A 16.10 0.0002
SQXDQ (¢))] 6.06 0.0006
SCXDL 1) 123.88 0.0001
SCxDQ (6] 231.58* 0.0001
YXSXD 6 1,386.84** 0.0032
Error 66 ) 2,099.65 0.0003

* significant at 5% and 1% level, respectively.
* Y=year ; B=Block ; S= Plantmg time ; D=Density.
y Subscrlpts L.Q and C for each factor refet to linear, quadratic, and cubic, respectively.
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Planting density(cm)

S1=15, March ; S;=15,April ; S3=16,May.
D;=20cm (83,000 P1./ha) , D;=30cm (53,000 PL./ha) , Ds=40cm (40,000 P1./ha) .

B 2. BERZHESETFRESTRABENATEREZRIE
Fig. 2. Growth response of total finger sets per plants of turmeric plants
under different planting times and densities conditions.
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Table 4. Combined analysis of variance on the rhizome yield
(kg/20 pl.) of turmeic plant in 1993—1994.

Rhizome Yield

D.F.
Source Fresh weight Dry weight
Mean square
Y* 1 39.78* 0.60
B/Y 6 18.06 1.33
S 3 472.12** 29.67**
SLy 1) 293.91** 20.08**
SQ 1) 178.21** 9.19**
sC 1 0 0.47*
YXS 3 58.43** 2.80**
D 2 152.63** 9.98**
DL 1) 141.61** 9.23**
DQ 1) 11.02** 0.76**
YXD 2 2.44 0.19
SXD 6 23.90* 2.57**
SLxDL 1) 6.56* 0.65*
SLxDQ 1) 3.24 0.11
SQXDL 1) 0.81 0.02
SQxXDQ 1) 0.27 0.00
SCxDL (1) 0.28 0.62*
SCxDQ (¢)) 12.74** 1.18**
YXSXD 6 9.08 0.93
Error 66 90.33 6.64
"',*’: significant at 5% and 1% level, respectively.

Y=year ; B=Block ; S=Planting time ; D =Density.
¥ Subscripts L,Q and C for each factor refet to linear, quadratic, and cubic, respectively.
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D;=20cm (83,000 P1./ha) , D:=30cm (53,000 Pl./ha) , Ds=40cm (40,000 P1./ha) .

3. ERZARE CEITRBNRSELEZRE
Fig. 3. Response of the rhizome yield (fresh and dry weight (kg/20 pl.)) of turmeric
plants under different planting times and densities conditions.
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Table 5. Analysis of variance on the chemical composition of turmeic

plants in different planting times and densities (1993) .
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Source D.F. Curcumin Crude protein Crude fat Ash
Mean square
Block 2 0.042** 19.793 3.555 0.220
S ' 3 0.151** 16.968 4.307 0.413
SLY @® 0.118** 3.481 3.213 0.035
SQ (6)) 0.019* 10.444 0.697 0.242
SC (6] 0.014* 3.045 0.397 0.137
D ' 2 0.007 4.331 0.991 0.654
DL @ 0.006 4.225 0.627 0.507
DQ @® 0.001 0.106 0.364 0.146
SXD 6 0.054 41.829 4.812 0.494
SLxDL m 0.000 0.133 0.810 0.036
SLXDQ ¢ 0.020 8.990 0.664 0.020
SQxDL (6] 0.015 0.215 0.005 0.041
SQxDQ @® 0.003 31.113 2.599 0.360
SCXDL 6} 0.000 0.098 0.613 0.000
SCxDQ @ 0.016 1.280 0.120 0.037
Error 22 0.004 78.997 13.051 2.237

* ¥¥ significant at 5% and 1% level, respectively.
? Y=year ; B=Block’; S=Planting time ; D=Density.
¥ Subscripts L,Q and C for each factor refet to linear, quadratic, and cubic, respectively.
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4 THRENREEZET EXRSEMML

Fig. 4. Changes of curcumin content of turmeric plants under different planting times and densities.
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Effects of Planting Date and Density on the Rhizome
Yield and Curcumin Content of Turmeric Plant
(Curcuma aromatica Salisb.)*

Min-Fu Hu? Shan-Mei Chiu?, Huey-Ing Liu®, Ming-Hsin Lai? and Sin-Yie Liu?

Summary

Four planting dates each at 30-day interval from 15 March to 15 June were tested in
combination with three planting densities each at 10 cm interval from 20 cm (83,000 plants
/ha) to 40 cm (83,000 plants/ha) for their effects on the rhizome yield and quality (cur-
cumin content) of turmeric plant. Experimental results indicated that time of planting
played a more important role for the growth of turmeric plant than planting density. The
performances of the plant height, leaf length, leaf width, leaf number, branch number, total
finger sets number, dry weight of rhizome and curcumin content were found better in
planting dates from 15 March tol6 May than 15 June. Higher dry weight of rhizome/per
plant was found in D. (53,000 plants/ha) and Ds (40,000 plants/ha) treatments than in Dy

(83,000 plants/ha) treament. It suggested that two densties (D, and Ds) combined with
the planting dates from mid Mach to mid May could be obtain a maximum rhizome yield
in Taiwan.

Key words : Turmeric (Curcuma aromatica Salisb), Curcumin, Planting Dates,
Planting Density.

1. Contribution No. 1847 from Taiwan Agricultural Research Institute.

2. Respectively, Assistant Agronomist, former Agronomist, Research Assistant and Agronomist, Department
of Agronomy, TARI. Wufeng, Taichung, Taiwn ROC.

3. Agricultural Chemist. Department of Chemisty, TARI.
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Fig. 1. Daily mean temperature, monthly solar radiation and monthly precipitation
at Taiwan Agricultural Research Institute for the 1993-1994 cropping seasons.
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Fig. 4. Contribution by different plant fractions to total plant dry weight
during the growth course of wetland taro under different crop seasons.
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Table 1. Partition of the increased dry weight (g) and their relative percentages
(in parenthesis, %) during plant development stages among different plant
fractions of wetland taro under different crop seasons

1996

Crop Months after . z
season transplanting Leaf Petiole Corm Total
Fall 1~2 2.2(35.6) 2.6(41.1) 1.5(23.3) 6.3(100)
2~5 24.9(17.5) 53.3(37.4) 64.4(45.1) 142.6(100)
5~7 15.2( 7.5) 50.3(24.9) 136.8(67.6) 202.3(100)
7~9 —26.7 —59.4 145.5 59.4
Spring 1~2 5.7(35.6) 7.7(48.1) 2.6(16.3) 16.0(100)
2~3 12.8(27.8) 20.4(44.3) 12.9(27.9) 46.2(100)
3~7 -12.3 -17.1 143.2 113.9
7~9 -0.6 0.9 -0.6 -0.3

2 Total}1 increased dry weight from leaf, petiole and corm that do not include the changes in root dry
weight.
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Table 2. Ratio of harvest index on dry weight and harvest index on fresh
weight for wetland taro under different crop seasons

C Months after transplanting
TOD Mean SE?
season 1 2 3 4 5 6 7 8 9
Fall 1.37 1.73 1.96 2.08 2.22 2.40 2.19 1.94 1.50 1.93 0.32

Spring 1.73 1.25 2.21 2.39 2.05 1.46 1.44 1.23 1.26 1.67 0.42

*SE : standard error of mean.
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Fig. 6. Changes in water content of upper plant (leaf and petiole) and corm during
the growth course of wetland taro under different crop seasons.
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Table 3. Simple (in the right-hand of diagonal) and partialz (in the left-hand of diagonal)
correlations among harvest index on dry weight and other dry matter characters of
different plant fractions for wetland taro

HI CDW UDW TDW
HI 0.59* —0.16 0.40
CDW 0.80** 0.56* 0.96**
UDW —0.80** 0.82** 0.77**

Z partial correlation are computed when total dry weight is fixed.
** ¥ significant at 1% and 5% level, respectively.

HI harvest index on dry weight ; CDW : crom dry weight ; UDW : upper plant dry weight ; TDW
: total dry weight from leaf, petiole anf corm.

B KRR B R TR B b3t BRI E R Z BALR - FIBSER AT » B LIEREEE Y
H (CDW) SREs . sl (HI) ki L#HEwE (UDW) BEBMCEURAFERRER
SEIRBL (coefficient of determination, R?) #ITF :

CDW=-194.4+3.7HI+1.5UDW R?=0.784
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Harvest Index in Relation to Dry Biomass Production and
Distribution in Wetland Taro (Colocasia esculenta(L.)Schott) *

Lit-Fu Chan?

Summary

The objective of this study was to investigate the relationship between harvest index
and the production and distribution of dry biomass in wetland taro (Colocasia esculenta (
L.) Schott) grown in different crop seasons. Experiments were conducted in the fall crop of
1993 and spring crop of 1994 at Taiwan Agricultural Research Institute. A total of 8 plants
was randomly sampled at one-month interval from transplanting to harvest. The leaf
number, leaf area, and fresh and dry weights of leaf blade, petiole, and corm of each plant
were measured. Experimental results showed that the corm yield in the fall crop was two
times higher than that in the spring crop. Based on the contribution by differeent plant
fractions to total dry weight, the growth of wetland taro can be divided into four stages, i.
e.,(1)primary growth stage, (2)vigorous top-growth stage, (3) corm rapid-bulking stage, and
(4) corm maturity stage. Decline in air temperature at the vigorous top-growth stage was
suggested as the main cause of low production and partitioning efficiency in the spring crop,
which consequently hastened the bulking of corm. The production and distribution of dry
biomass also affected the timing of appropriate harvest. The corm continued to develope
between the 7th to 9th months after transplanting in the fall crop, whereas it attained
maximum dry weight at the 7the months after transplanting in the spring crop. When total
dry weight was held constant, the partial correlation coefficient between harvest index and
corm dry weight was positive and highly significant, but that between harvest index and
upper plant dry weight was negative and highly significant. A highly significant and positive
correlation between corm dry weight and upper plant dry weight was also observed. These
results indicated that yield increase might be achieved by selecting plants with high corm-
to-leaf ratio. A highly significant multiple regression equation of corm dry weight on harvest
index and upper plant dry weight was obtained. The partial regression coefficient of corm
dry weight on harvest index and upper plant dry weight were positive and highly significant.
This showed that harvest index and upper plant dry weight would be important components
for predicting corm yield of taro. However, the contribution of harvest index to yield was
higher than that of upper plant dry weight. Thus, the improvement of harvest index in
terms of enhancing taro yield was suggested.

Key words : Taro (Colocasia esculenta (L.) Schott) , Corm yield, Harvest index,
Biomass production and distribution, Leaf area index.

1. Contribution No. 1848 from Taiwan Agricultural Research Institute.
2. Research Assistant, Office of Farm Management, TARI. Wufeng, Taichung, Taiwan, ROC.
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Studies on the Relationships between Climatic
Elements and the Yield of Mango in Yuching Area'

Jin-Chuan Tsai, Ming-Hwi Yao, Kung-Shy Chi
and Lien-Shing Liang®

Abstract : Mango tends to produce embryo-aborted fruits when grown under
unfavorable climatic conditions in Yuching area. This study was aimed to investi-
gate the influence of climatic elements during the flowering period on the fre-
quency of seedless fruits and yield performance of mango. Experiments were
conducted in 1993 and 1994 at Yuching area with 8-year old ‘Irwin’ mango trees.
The seed aborted fruit percentage was counted 60 days after flowering, and the
total sugar content of mango pulp was determined by a refractometer at harvest.
The climatic data were recorded from 10 days before to 30 days after flowering, and
their relationship with seedless fruit formation and yield was analyzed. Early
flowering in January and early February resulted in high rate of seed aborted fruits
and yield reduction. The cummulative temperature showed a significant negative
correlation with the seed aborted fruit percentage and total sugar content. The
cummulative precipitation showed a significant positive correlation whit both yield
and total sugar content. The cummulative temperature and precipitation during
the period of 30 days after flowing was more influential than those during the 10-
day period before flowering in affecting the fruit characteristics.

Key words: Mango (Mangifera indica), Seed aborted fruit, Climatic elements.

INTRODUCTION

Mangoe (Mangifera indica L.) is a fruit crop of tropical origin. The cultivation area of
mango in Taiwan totaled at 20,115 ha in 1992, It is not uncommon that the yield of mango
is unstable across years and locations which results in problems of the economic production
of this important crop. The causes of yield instability are abundant fruiting in alternate
years only® and the frequent occurrence of embryo-aborted fruits’. Mango trees grown in
Yuching, located in the southern part of Taiwan and the main mango production

area, produce many nubbins which lowers fruit vield to a very great extent”’. Anatomical

1. Contribution No. 1849 from Taiwan Agricultural Research Institute.
2. Respectively, Associate Researcher, Assistant, Assistant Researcher, and Head, Department of Agricul-
tural Engineering, TARI. Wufeng, Taichung, Taiwan, ROC.
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studies indicated that most of the nubbins were seedless fruits which abscised well in
advance of harvestable maturity. Unfavorable the germination of pollens on the stigma
could be impaired by low temperature®, climatic conditions have been suggested as the
main causes of nubbin occurrence.). Singh et al.”” also reported that temperature alone was
the most important single in affecting the growth of mango. Heavy rainfall was another
deteriorating factor which lowers the fertilization function of the pollens®. Therefore,
temperature and precipitaiton are the two major climatic elements affecting the percentage
of seedless fruits as well as the yield of mango.

In view of this, experiments were conducted by this laboratory to investigate the
possible influlence of climatic conditions during the 40-day period before and after flower-
ing on the occurrence frequency of nubbins, and the yield and total sugar content of the
mango fruits. Climatic elements of concern included cumulative temperature, sunshine
hours, and precipitation. By understanding the relationship between these climatic ele-
ments and the fruiting characteristics, it is hoped that improvement measures could be
recommended to reduce the yield loss caused by unfavorable climatic conditions.

MATERIALS AND METHODS

Experiments were conducted at the northern slope direction of Yuching area with an
elevation of 110m. Eight-year old ‘Irwin’ mango cultivated at a planting density of 500
plants per ha was used as material. During the flowering period (J anuary to April) in both
1993 and 1994, flowers were tagged at the day of blooming and the occurrence frequency of
seed aborted fruits was measured 60 days later. At least 6 plants were investigated for each
flowering-date sampling. Fruit yield was recorded during the harvest season in July or
August. The climatic data on temperature, sunshine duration, and precipitation were
recorded from 10 days before to 30 days after flowering. Their relationships to the percent-
age of seed aborted fruit formation, and yield and total sugar content of the fruit were
analyzed.

The seed aborted fruits were distinguished from the seeded ones by visual examination
and dimension measurements. The average fresh weight, length, and diameter of the
normal fruits in this experiment were, respectively, 200g, 12cm, and 8.5cm. The respective
values for seedaborted fruits were 40g, 5.5cm, and 4.5cm (Fig. 1). The fresh weight, length,
and diameter of the stone (seed) of normal fruits were, respectively, 9.0g, 9.5cm, and 4.7cm.
Those for the seed aborted fruits were 0.7g, 3.8cm, and 2.2cm (Fig. 2). Total sugar content
of the mango pulp was determined by a refractometer.
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Fig. 1. One seeded (left) and Two seed aborted (middle and right)
fruits of Irwin mango at 80 DAF.
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Fig. 2. Stones (seeds) taken from seeded (right) and seed aborted
(left) Irwin mango fruits.
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RESULTS AND DISCUSSION

The changes in climatic elements of 1993 and 1994 were illustrated in Fig. 3. Similar
pattern of temperature change was observed between the two years. The temperature was
low in early January, or initial flowering stage of mango, and increased gradually towards
early April, or the end of flowering stage, and reached the maximum in July and August,
or the harvest period. The minimum, maximum, and mean temperatures in early January
were 14.4, 25.9, and 19.1°C respectively. The values in late April were, in order, 18.5, 28.0,
and 23.7°C. The temperatures were slightly higher than those recorded from previous years,
but were still lower than the optimum temperature (23.9—26.7°C) for the growth of
mango®. Low temperature during this period might be the main cause of the formation of
seed aborted fruits®. The minimum, maximum, and mean temperatures in July were,
respectively, 24.5, 33.0, and 28.0°C, which were lower than the high-temperature limits of 42.
2—43.3°C as suggested by Singh®. The temperatures between May and July were therefore
considered appropriate for fruit growth in general. Whether the low temperature in the
winter season, e.g., a mean of 18°C in December, was unfavorable to the differentiation and
development of flower buds remained to be clarified.

Sunshine duration and precipitation peaked in July and August in both years (Fig. 3).
The monthly mean sunshine duration was 173—243 hrs and that of precipitation was 335—
1,199 mm. Aithouth heavy rainfall has been suggested harmful to the fertilization by pollens
M the rather low precipitation recorded from January to April, or the entire flowering
period of mango, suggested that there was no over-precipitation stress on the fertilization
of flowers.

The flowering of mango trees concentrated from January to March in both years as
shown in Table 1. The entire flowering period, from January 6 te April 6, was divided into
10 stages with a 10-day interval. The resulits of Table 1 indicated that during the period of
10 days before and 30 days after flowering, cumulative temperature was the lowermost in
late January and early February, and increased continuously towards early April. The
pattern of changes in cumulative sunshine duration during the same period was rather
erratic and ranged from 210.8 to 288.2 hrs in 1993 and 200.8 to 279.3 hrs in 1994. The
cumulative precipitation was low during the entire flowering period, and the maximum
values were only 38.5 mm in 1993 and 60.3mm in 1994.

Early flowering (from early January to early February) tended to produce higher
frequencies of seedless fruits (66.2—84.6% in 1993 and 56.9—78.1% in 1994) as compared to
late flowering (31.3—40.8% in 1993 and 40.5—46.7% in 1994). There was a tendency that
fruit yield per plant was higher for those flowering between late January and mid-March,
which ranged between 20.4 to 25.8kg in 1993 and 20.5 to 26.8kg in 1994. Similar trend in total
sugar content of harvestable fruits was also observed. Late flowering (late March to early
April) also resulted in low fruit yield and total sugar content (Table 1).

Further analysis of the data in Table 1 revealed that cumulative temperature during
the period of 10 days before and 30 days after flowering was negatively correlated with the
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percentage of seed aborted fruit (r=-—0.7747, P>0.001) and total sugar content (r=
—0.6145, P>0.005). Cumulative precipitation during the same period was positively correlat-
ed with fruit yield (r=0.8025, P>0.0001) and total sugar content (r=0.6084, P>0.005). No
relationship was found between cumulative sunshine hours and the fruit characteristics. On
the other hand, yield per plant was positively correlated with total sugar contents of the
harvested fruits (data not shown).

Detailed correlation analysis indicated that the climatic elements in the 10 days before
flowering exhibited no significant impacts on the fruit characteristics, as the correlations
were all non-significant (Table 2). It is possible that the climatic conditions during this 10
-day period for all flowering stages listed in Table 1 might be adequate or not severe enough
in terms of affecting the fertilization and fruit setting of the crop. However, cumulative
temperature during the 30-day period after flowering was negatively correlated with the
percentage of seed aborted fruits and positively correlated with both fruit yield and total
sugar content. As for cumulative precipitation during the 30-day period after flowering, it
was positively correlated with only the fruit yield (Table 2). In other words, the cumulative
temperature during the 30-day period after flowering was more important than that
during the 10-day period before flowering in affecting the fruit characteristics. The results
of this experiment were not in full agreement with the report of Hsu® who stated that
cumulative temperature over 800°C during the period of 40 days after flowering was unfavor-
able to fruit setting of mango. It is suggested that since mango is a species of tropical origin,
the fruit setting and development of this crop prefer higher temperature, or at least within
the temperature scope recorded in this experiment.

Table 2. Correlation coefficient between climatic elements and the fruit
characteristics of mango in 1993 and 1994.

I Cumulative temperature (°C) Cumulative precipitation (mm)
tem
10 days before 30 days before 10 days before 30 days before
flowering flowering flowering flowering
Seed sborted fruit (%) —0.46 —0.61* —=0.21 —0.36
Fruit yield (kg/ha) 0.34 0.67* 0.39 0.93**
Total sugar (Brix) 0.26 0.65* —-0.17 0.55

*¥* significant at 0.05 and 0.01 levels, respectively.

The cumulative precipitation from flower bud stage to young fruit stage in both 1993
and 1994 was 300 mm less than the average from previous years. As precipitation was
positively correlated with fruit yield, it is worth to irrigate the crop during the dry season.
In 1995, farmers were recommended to perform irrigation with automatic sprayers. Its
effects on fruit setting and development, as well as vield, will be determined during the
coming harvest season.
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New Records of Aphelinidae (Hymenoptera) from Taiwan®

Ken-Ching Chou?, Yi-Shiow Su? Liang-Yih Chou? and Chiun-Cheng Ko®

Abstract : Three species of Aphelinus and 11 species of Encarsia from Taiwan are
recorded for the first time in this paper. All of these species were reared from their
aphid or whitefly hosts.

Key words: Aphelinus, Encarsia, Aphidoidea, Aleyrodidae, Taiwan.

INTRODUCTION

The species of the genus Aphelinus Dalman are parasitoids of aphids. It contains about
50 species worldwide, including 1 species, A. mali (Haldeman), in Taiwan, However, this
species was misidentified by Tao & Chiu®, Chiu & Liu® and Liu*. This species must be
corrected as A. gossypii Timberlake. The species of the genus Encarsia Foerster are
parasitoids of whiteflies, scale insects and aphids®®. It contains about 230 species world-
wide, including 10 species in Taiwan. In this paper 3 Aphelinus species and 11 Encarsia
species are added to the aphelinid fauna of Taiwan. All of these species were reared from
their hosts. The material, unless otherwise stated, was collected by the senior author. The
specimens used in this study are deposited in the Insect Collection of the Taiwan Agricul-
tural Research Institute, Taichung, Taiwan, ROC.

Genus APHELINUS Dalman
Aphelinus (Aphelinus) albipodus Hayat & Fatima

Aphelinus albipodus Hayat & Fatima, 1992. Entomon. 17:103.
Aphelinus sp.: Tao & Chiu, 1971. Taiwan Agr. Res. Inst. Specl. Publ. 10:18.

Material examined: TAICHUNG: Wufeng, 3%, 11I-1995, ex A. gossypii, L. Y. Chou.
Distribution: Chad Republic, India, Pakistan, Paraguay and Taiwan (new record).
Host: Aphis gossypii (Aphididae).

Aphelinus (Aphelinus) gossypii Timberlake

Aphelinus gossypii Timberlake, 1924. Proc. Hawaii ent. Soc. 5:408. - Hayat & Fatima, 1992.
Entomon. 17:103.

1. Contribution No. 1850 from Taiwan Agricultural Research Institute.

2. Assistant Entomologist, Research Assistant and Associate Entomologist respectively, of the Department of
Applied Zoology, TARI. Wufeng, Taichung, Taiwan, ROC

3. Instructor of the Department of Plant Pathology and Entomology,'National Taiwan University, Taipei, ROC.
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Aphelinus mali (Haldeman): Chiu & Liu, 1969. Taiwan Agr. Res. Inst. Specl. Publ. 9:3. - Tao
& Chiu, 1971. Taiwan Agr. Res. Inst. Specl. Publ. 10:18. - Liu, 1975. J. Agr. Res. China
24:67. (misidentification).

Aphelinus kashmirviensis Hayat, 1972. Entomophaga 17:50.

Material examined: TAICHUNG: Wufeng, 3 %, II11-1995, ex A. gossypii, L. Y. Chou.
Distribution: Guadeloupe, India, Reunion Island and Taiwan (new record).
Host: Aphis gossypiz (Aphididae).

Aphelinus (Indaphelinus) ancer Hayat

Aphelinus (Indaphelinus) ancer Hayat, 1990. Criental Ins. 24:253.

Material examined: CHIAI: Chiai, 1 ¥, 26-111-1993, ex Greenidea mangiferae on Litchi
chinensis, L. Y. Chou and C. Y. Wong.

Distribution: India and Taiwan (new record).

Host: Greenidea mangiferae (Greenideidae).

Genus ENCARSIA Foerster
Encarsia albiscutellum longipalpa Hayat

Encarsia albiscutellum longipalpa Hayat, 1989. Oriental Ins. 23:34.

Material examined: NANTOU: Hoshe, 1%, 12-1V-1995, ex R. maesae on Ardisia cor-
nudentata; Meifeng, 1$15, 14-X-1994, ex Aleurolobus sp. on Rubus sp.

Distribution: India and Taiwan (new record).

Hosts: Aleurolobus sp. and Rhachisphora maesae (Aleyrodidae).

Encarsia azimi Hayat

Trichaporus indicus Azim & Shafee, 1980. J. Bombay Nat. Hist. Soc. 76:335.
Encarsia azimi Hayat, 1986. Oriental Ins. 20:160. - Hayat, 1989. Orienta! Ins. 23:62.

Material examined: NANTOU: Wushe, 1%, 24-X1-1993, ex A. rhododendri on Rhodo-
dendron formosanum; TAICHUNG: Wufeng, 1%, 8-XI1-1993, ex D. fici on Bischofia
Javanica; T %, 29-VIII-1994, ex D. piperis on Piper kadsura. HSINCHU: Wufeng, 13 ¢, 16-
X11-1993, ex O. rhododendri on R. formosanum; TAIPEI: Hsintien, 1%, 18-VI-1994, ex P.
myvricae on Morus alba.

Distribution: India and Taiwan (new record).

Hosts: Aleurolobus rhododendri, Dialeurodes fici, Odontaleyrodes rhododendri, Parabe-
misia myricae (Aleyrodidae).

Encarsia bifasciafacies Hayat

Encarsia bifasciafacies Hayat, 1989. Oriental Ins. 23:58.
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Material examined: PINGTUNG: Kentingkunyen, 1%, 2-111-1994, ex A. marlatti on
Murraya paniculata.

Distribution: India, Pakistan and Taiwan (new record).

Host: Aleurolobus marlatti (Aleyrodidae).

Encarsia cerataphivora Evans

Encarsia cerataphivora Evans, 1995. Oriental Ins. 29:37.

Material examined: TAIPEI: 32% 15, 30-1-1994, ex Reticulaphis distylii fici on Ficus
Spp.

Distribution: Taiwan (new record) and Thailand.

Hosts: Reticulaphis distylii fici (Hormaphididae).

Encarsia duorunga Hayat

Encarsia duorunga Hayat, 1989. Oriental Ins. 23:40.

Material examined: CHIAI: Fenchifu, 3%, 28-VII-1994, ex A. malloti on Polygonum
thunbergii; 2315, 12-1V-1995, ex A. elatostemae on Elatostema edule; 4% ,11-1V-1995, ex
A. caerulescens on Alocasia macrorrhiza and Thladiantha nudiflora; 1$25, 11-1V-1995, ex
A. elatostemae on Elatostema lineolatum; 1%, 11-1V-1995, ex Aleurotrachelus sp. on Pilea.
ILAN: Fushan, 6%15, 3-VI-1994, ex A. elatostemae on E. lineolatum; 3%, 4-VI-1994, ex
Parabemisia sp. on E. lineolatum. NANTOU: Fenghuangku, 1%, 18-1V-1995, ex A. elatos-
temae on E. lineolatum ; Lienhuachih, 3%, 2-V-1994, ex A. micheliae on Begonia ta-
iwaniana; Lushan, 1%, 1-X11-1994, ex P. polygoni on Boehmeria nivea; Meifeng, 1%, 23-VI
-1994, ex P. rubi on P. thunbergii; 2%, 7-X11-1994, ex P. rubi on Rubus sp. TAICHUNG:
Anmashan, 45, 21-V1I1-1994, ex A. caerulescens on P. chinense; Lishan, 157, 22-VII-1994, ex
A. multipori on Viburnum taiwanianum; Wufeng, 2915, 20-V-1994, ex Aleurotrachelus sp.
on R. taiwaninaus. TAIPEIL: Hsintien, 1%, 18-VI-1994, ex Aleurotrachelus sp. on R. ta-
iwanianus; Shihting, 1%, 28-111-1995, ex A. rubi on R. taiwanianus; 15, 28-X-1994, ex A.
elatostemae on E. lineolatum; Wulai, 63657, 31-X11-1994, ex A. elatostemae and Parabemis-
ia sp. on E. lineolatum; 3%, 20-1-1995, ex Aleurotrvachelus sp. on B. nivea.

Distribution: India and Taiwan (new record).

Hosts: Aleurotrachelus caerulescens, A. elatostemae, A. micheliae, A. vubi, A. spp.,

Aleurotuberculatus malloti, A. multipori, Parabemisia sp., Pealius polygoni, P. rubi (
Aleyrodidae).

Encarsia lahorensis (Howard)

Prospaltella lahorensis Howard, 1911. J. Econ. Ent. 4:132

Encarsia lahorensis (Howard): Viggiani & Mazzone, 1979. Boll. Lab. Ent. Agr. “Filippo
Silvestri” Portici 36:46. - Hayat, 1989. Oriental Ins. 23:73.
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Material examined: PINGTUNG: Kentingkunyen, 1%, 4-V-1995, ex D. citri on Ardisia
sieboldii.

Distribution: Pakistan and Taiwan (new record).

Host: Dialeurodes citvi (Aleyrodidae).

Encarsia longifasciata Subba Rao

Encarsia longifasciata Subba Rao, 1984. Proc. Indian Acad. Sci. (Anim. Sci.) 93:260. -
Hayat, 1989. Oriental Ins. 23:29.

Material examined: NANTOU: Lienhuachih, 4%, 21-1-1994, ex A. rhododendri on
Psidium guajava.

Distribution: India and Taiwan (new record).

Host: Aleurolobus vhododendri, A. setigerus (Aleyrodidae).

Encarsia lutea (Masi)

Prospaltella lutea Masi, 1910. Boll. Lab. Zool. Gen. Agr. R. Scuola Agr. Portici 4:25.
Encarsia lutea (Masi): Viggiani & Mazzone, 1979. Boll. Lab. Ent. Agr. ‘“Filippo Silvestri”

Portici 36:46. - Hayat, 1989. Oriental Ins. 23:48. - Polaszek, Evans & Bennett, 1992. Bull.
Entomol. Res. 82:384.

Material examined: CHIAI: Chuchih, 1 &7, 16-1V-1994, ex A. ficicola on Maesa japonica.
KAOHSIUNG: Fengshan, 1%14, 22-X1-1993, ex A. gordoniae on Cinnamomum camphora.
NANTOU: Chunghsinghsintsun, 15, 10-X1-1993, ex A. cinnamoni and 1%25, 23-XI1-1993,
ex A. gordoniae on C. camphora; 15", ex A. rhododendri on Bauhinia variegata; Kuohsing,
15, 21-X-1993, ex A. marlatti on Murraya paniculata; Lienhuachih, 4$34, 2-V-1994, ex
Aleurotrachelus sp. on Rubus piptopetalus; 182, 21-1-1994, ex A. melastomae on Melastoma
candidum; 1%, 27-V-1994, ex A. gordoniae on Liquidambar formosana; 3%34, 27-V-1994, ex
Aleurotrachelus sp. on R. piptopetalus; Nantou, 1925, 28-X-1993, ex A. psidii on Psidium
guajava; Shuangtung, 15", 24-VI-1994, ex D. formosanensis on Boehmeria densiflora;
Sunmoonlake, 6%, 18-XI1-1993, ex A. melastomae on M. candidum; Tsaotun, 1%, 11-XI-
1994, ex A. malloti on Mallotus japonicus; 1315, 13-X1-1994, ex A. gordoniae on C.
camphora; 15, 24-X1-1993, ex A. marlatti on Citrus ponki; Wushe, 1%, 18-111-1994, ex A.
rhododendri on Rhododendron formosanum. PINGTUNG: Nanjenhu, 4%, 20-1V-1994, ex A.
melastomae on M. candidum. TAICHUNG: Wufeng, 115, 18-V-1994, ex S. hibisci on
Macaranga tanarius; 1¥15, 6-X11-1993, ex P. mori on Morus alba; 15, 16-X11-1993, ex A.
gordoniae on Elaeocarpus sylvestris; 1%, 13-1-1994, ex B. tabaci on Rhinacanthus nasutus;
14", 17-1-1994, ex B. porteri on B. variegata; 3%45", 2-11-1994, ex A. gordomiae on C.
camphora; 2%15", 12-1V-1994, ex A. ficicola on M. alba; 2%, 9-V -1994, ex T. meliosmae on
Polygonum chinense; 1 $15, 9-V-1984, ex Pealius sp. on R. taiwanianus; 5%35, 17-V-1994,
ex P. rubi on R. taiwanianus; 15, 18-V-1994, ex A. setigerus on M. tanarius; 25, 21-VI-
1994, ex Aleurolobus rhododendri on C. ponki; 1%, 20-VII-1994, ex A. gordoniae on Magnolia
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denudata; 2%, 1-VIII-1994, ex S. hibisci on M. tanarius; 15", 19-VIII-1994, ex A. setigerus
on Gardenia jasminoides; 157, 9-1X-1994, ex A. rhododendri on P. guajava; 1%, 16-X1-1994,
ex A. melastomae on M. candidum; 35, 16-1X-1994, ex T. vaporariorum on R. taiwanianus;
2214, 1-V-1995, ex A. rubi on R. taiwanianus; 2%, 20-VI-1995, ex A. malloti on Ampelopsis
brevipedunculata; 3315, 17-V-1994, ex Aleurotuberculatus sp. on P. chinense. TAIPEIL:
Kungkuan, 15", 21-XI-1993, ex D. fici on Bischofia javanica; 1%, 7-VIII-1994, ex A.
pectiniferus on Sapium sebiferum; 15, 7-VI11-1994, ex D. kirkaldyi on Jasminum sambac;
Shihting, 2%, 28-X-1994, ex A. melastomae on M. candidum; Mucha, 3%, 9-VIII-1994, ex A.
melastamae on M. candidum; 1%, 19-1X-1994, ex Aleurotuberculatus wmalloti on M.
japonicus; 1%, 7-1-1995, ex A. jasmini on M. japonica; Wulai, 2%, 16-1V-1994, ex A.
melastomae on M. candidum; 15", 2-X11-1994, ex D. fici on B. zollingeriana; Yangmingshan,
151, 27-1-1994, ex A. pectiniferus on B. zollingeriana.

Distribution: Brazil, India, Italy, Pakistan, Taiwan (new record), UK. and Zimbabwe.

Hosts: Aleurocanthus cinnamoni, Aleurolobus mariatti, A. rhododendri, A. setigerus,
Aleuroplatus pectiniferus, Aleurotrachelus rubi, Aleurotuberculatus ficicola, A. gordoniae,
A. jasmini, A. malloti, A. melastomae, A. psidii, A. rhododendri, A. sp., Bewmisia porteri, B.
tabaci, Dialeurodes fici, D. formosanensis, D. kirkaldyi, Pealius mori, P. rubi, P. sp.,
Singhius hibisci, Taiwanaleyrodes meliosmae, Trialeurodes vaporariorum (Aleyrodidae).

Encarsia mohyuddini Shafee & Rizvi

Encarsia mohyuddini Shafee & Rizvi, 1983. J. Ent. Res. 6:157. - Hayat, 1989. Oriental Ins. 23:
42. - Polaszek, Evans & Bennett, 1992. Bull. Entomol. Res. 82:386.

Material examined: NANTOU: Lienhuachih, 1%, 6-1-1995, on Crotalaria pallida; Puli,
1%, 19-VIII-1993, on Euphorbia pulcherrima; Shuili, 1%, 5-1-1995, on Trema orientalis.
TAICHUNG: Wufeng, 8$75, 26-1-1994, on Rhinacanthus nasutus; 1%, 13-1V-1994, on
Ipomoea batatas; 1%25", 15-VIII-1994, on Fragaria chiloensis; 1%, 4-X-1994, on Salvia
plebeia; 1%, 23-X1-1994, on Lycopersicon esculeutum; 4%, 25-1V-1995, on Dumasia bicolor;
2214, 26-VII-1995, on Awrachis hypogea. TAIPEI: Kungkuan, 1%, 26-XI-1994, on
Compositae; Mucha, 15, 3-X-1993, on E. pulcherrima; Sanhsia, 15", 11-X1-1994, on Rubus
sp. All ex B. tabaci.

Distribution: Pakistan and Taiwan (new record).

Host: Bemisia tabaci (Aleyrodidae).

Encarsia perflava Hayat
Encarsia perflava Hayat, 1989. Oriental Ins. 23:43.
Material examined: CHIAI: Chuchih, 157, 20-X-1994, ex A. rubi on Boehmeria densif -
lora; Fenchifu, 1%, 11-1V-1995, ex A. caerulescens on Alocasia macrorrhiza. ILAN: Fushan,

2%, 3-VI-1994, ex P. myricae on Engelhardtia roxburghiana and Magnolia denudata.
NANTOU: Aowanta, 15, 28-X1-1994, ex A. malloti on Ficus erecta; Chitou, 15, 20-X-1994,
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ex A. jasmini on Sambucus formosana; Chunghsinghsintun, 12-XI1-1994, ex A. micheliae on
Osmanthus fragrans; Hueihsun forest, 2%, 31-111-1994, ex A. cacrulescens on Myrica rubra;
Kuohsing, 1¢, 21-X-1993, ex A. micheliae on O. fragrans; Lienhuachih, 2%, 21-1-1994, ex
D. formosanensis on Schefflera octophylla; 1%, 2-V-1994, ex A. micheliae on Begonia
taiwaniana; 15, 2-V-1994, ex B. tabaci on Elatostema edule; 1%, 6-1-1995, ex A. caerules-
cens on Ardisia sieoldii; Liyushan, 15, 16-11-1995, ex D. fici on Bischofia Javanica; Shuili,
1%1a, 5-1-1995, ex A. ficicola on Maesa japonica; Tungpu, 1%, 4-VIII-1994, ex Aleurotra-
chelus sp. on B. nivea; Nanshanchi, 1%, 21-111-1995, ex P. kankoensis on Cyclobalanopsis
globosa. PINGTUNG: Kentingkunyen, 1%, 5-V-1995, ex A. mallot; on Koelreuteria for-
mosana. TAICHUNG: Wufeng, 1%, 16-XI1-1993, ex O. rhododendri on Rhododendron
formosanum; 2%15, 12-1V-1994, ex P. movi on M. alba; 3%, 18-1V-1994, ex Aleurotrachelus
sp. on B. nivea; 1%, 5-V-1994, ex T. meliosmae on Polygonum chinense; 1%, 11-V-1994, ex
Aleurotrachelus sp. on B. nivea; 1%, 19-V-1994, ex A. malloti on Ampelopsis brevipedun-
culata; 3%, 20-V-1994, ex T. carpini on M. alba; 1%, 1-V-1995, ex A. ficicola on M. alba; 1
%, 20-VI-1995, ex A. caerulescens on A. brevipedunculata. TAINAN: Kuantyling, 15, 22-
IX-1994, ex A. uraianus on S. formosana. TAIPEI: Hsintien, 1%, 21-1V-1995, ex S. hibisci
on Glochidion philippicum; Kungkuan, 1%, 7-VIII-1994, ex B. tabaci on Ipomoea obscura: 1
%, 24-VI1-1995, ex D. kirkaldyi on Jasminum sambac; Mucha, 1%, 6-111-1994, ex A. caerules-
cens on Turpinia formosana; 157, 4-1X-1994, ex D. fici on F. virgata; 1%, 19-I1X-199%4, ex T.
carpini on M. japonica; 1%, 7-X-1994, ex A. ficicola on Wendlandia fomosana; 15, 9-X1I-
1994, ex A. marlatti on G. hongkongense; 15, 9-X11-1994, ex D. fici on Glochidion hongkon-
gense; 2%35", 9-XII-1994, ex A. caerulescens on Smilax china: 1%, 19-11-1995, ex A.
smilaceti on S. china; Shihting, 15, 28-X-1994, ex A. murrayae on E. lineolatum; Wulai, 3
%, 10-X11-1994, ex P. myricae and A. Jasmini on M. japomica; 1%, 31-XII-1994, ex A.
elatostemae on E. lineolatum; Yangmingshan, 8%, 15-1V-1994, ex A. michelize on O.
fragrans.

Distribution: India and Taiwan (new record).

Hosts: Aleurolobus marlatti, Aleurothrizus smilaceti, Aleurotrachelus caerulescens, A.
elatostemae, A. micheliae, A. rubi, A. sp., Aleurotuberculatus ficicola, A. jasmini, A. malloti,
A. murrayae, A. uraianus, Bemisia tabaci, Dialeurodes fici, D. formosanensis, D. kirkaldyi,
Odontaleyrodes rhododendri, Parabemisia myricae, Pealius kankoensis, P. mori, Singhius
hibisci, Taiwanaleyrodes carpini, T. meliosmae (Aleyrodidae).

Encarsia tristis (Zehntner)

Prospalta tristis Zehntner, 1896. Meded. Proaf. Oest-Java (n.s.) 29:11.

Aspidiotiphagus aleyrodis Ashmead, 1904. Proc. U. S. Natl. Mus. 28:139.

Encarsia neomaskelliae Prasad, 1955. Indian J. Ent. 17:49.

Prospaltella breviclavata Shafee, 1973. Entomophaga 18:252.

Encarsia tristis (Zehntner): Hayat, 1981. Oriental Ins. 14:468. - Hayat, 1989. Oriental Ins. 23:
66.

Material examined: CHIAI: Chiai, 25165, 22-X1-1993. TAICHUNG: Wufeng, 2%24,
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4-X11-1993. All ex N. bergii on Saccharum sinensis.

Distribution: Australia, Bangladesh, India, Indonesia, Philippines and Taiwan (new
record).

Host: Neomaskellia bergii (Aleyrodidae).
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