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— Prawit Puddhanon, Suchavadi Nakatat 1988 Report of the

Training Course in Statistical Treatment of Genotype x

EnvironmentInteractions.



@ﬂﬂﬁvmﬁ

Y Vv
weldsumsevsildnsuiemsInnzisare
= A
neezls nddearliaaluiSesi ifhnlszTew!
Aa v Yy 1 F4 Aax
Tumsasziwaniiaglaeealsing aasaandIsms

asUwanmsnaaes



AINNYINIE

W

A Jd o ' :
D1IFIAINITHIIN cl"iﬁ»l1ﬂaﬂﬂ13u1ﬂaﬂ]ﬁﬂﬂﬂ@ﬁﬁd@!ﬁ@ﬂ H

A R Ay = Y 4
fAp ANEINISNIT(Treatment) yamednu IFuunNUN3
naaes (experimental design) nuuaenuilgianms
=~ U U g.’z Y :i =
NAGEUHNBUNY 1A8dAMINAaDIAINA 2 do1HN 2 1
A :%’ a J v Y d' =X
viseganavullunimazranuulsilsiusuniuneanin

R A A a' Y Y Y = d:ﬂ'd
NINENAVDNANLINADNA N ] ADNIAULNUANANH



U/

Y,
JUVIUIFENEY
v U a q
1. %@‘]J\‘]ﬂﬂ"“@\‘]ﬂ”lﬁ?!ﬂﬁ”lgﬁﬁﬁu
a q
2. MIAUAFTITNUIIN
1) T‘iﬁ1ﬂ€|@ﬂ1ﬁ
2) iangi)
~
3) a1 aaIun

4) KagN1INAand



v v a q
1.%@1]@ﬂ1]6“®\1ﬂ153!ﬂ51$ﬁ533~1

- LUVINUNTNARDY
A
- N3INID
- puramlasilan
- Myl fianunaassnaziiuvoye
- mnanuulsisu



1. MIIAUNIIZHIINHAIYYAND

M3199 1.1 HaNanvaIvd .25 (0n./19)

N-P205-K20 | 11 111 1V
gALAY
0-6-6 442 405 343 418
3-6-6 499 520 355 437
6-6-6 644 608 411 490
9-6-6 697 684 431 492
12-6-6 589 690 620 515
qas
0-6-6 450 478 477 521
3-6-6 506 553 498 684
6-6-6 450 520 561 574
9-6-6 498 550 501 550

12-6-6 346 612 547 526




. A J a v 3,’
M9197 1.2 M319BAZHiNanand 1 laile 5 9731, RCB 44, 2 ggnia

SV DF SS MS F
gauas

Replication 3 83,954 27,895

Nitrogen 4 114,946 28,737 8.09%**

Error 12 42,609 3,551
qQe

Replication 3 40,110 13,370

Nitrogen 4 13,256 3,314 1.12"

Error 12 35,460 2,855




3551 g
2855

df 12,12 : F = 2.69

.0



. a v ¢ A v
M990 1.3 wawaa (nn/19) vesdiiug nv.25 elailelulasiou 5 oas
Tugquas nazgaelu NamimaasnasItialg

N-P:0<K:0 faru faLas
0-6-6 482 a 402 ¢
3-6-6 560 a 448 bc
6-6-6 526 a 538 ab
9-6-6 525 a 576 a
12-6-6 S08 a 604 a

CV (%) 10.5 11.0



M15999 1.4 WIEUMEUAI519TLATI$1AMNLUTUTIUNINTFIUYEY RCBD

Split Plot Combined
SV DF SV DF
Rep. r—1
A a—1 A a—1
Error (a) (r-1)(a-1) Rep w/n A a(r-1)
B b-1 B b-1
AxB (a-1)(b-1) AxB (a-1)(b-1)
Error (b) a(r-1)(b-1) PooledError a(r-1)(b-1)
CV (a) %
CV (b) % CvV = %

10



! a ¢ 4 °
MIN 1.5 A3193IANLHINY s ggnia?, t N3auua RCB, r 41

SV DF SS MS EMS
Season (S) s-1
Reps.within Season s(r-1)
Treatment (T) (t-1) O : + 1sO T2
SxT (s-D)(t-1) O : + 1O :T
Pooled error s(r-1)(t-1) O ’

Cv (%)

U mlasnaassils nlilanaasdumlagifen

¥ gama 1Wuduls AN (Fixed variable)

11



! Aa q Y ?,’
ﬂTﬁNﬁ 1.6 AN NAUAINIZNIIN 2 t](?q] 5 ﬂﬂ§1ﬂﬂ N RCB 4 91

SV DF SS MS F
Season (S) 1 314 314 <1
Reps., withins S O 124,064 20,677
Nitrogen (N) 4 65,884 17,221 5.29*%*
SxN 4 59,316 14,829 4.56%**
Pooled error 24 78,069 3,253

12



. a v d ! LY
M31901.7 wawan (0n/19) Vo aug n.25 iwelaildlulasiou 5 ons
Tugauaanazgaru Naeriinaasinasdrialg

N-P,0.K,0 faLAg gaeli uag>elu
mn./13)
0-6-6 402 b 482 a - 80™
3-6-6 453 b 560 a -107
6-6-6 538 a 526 a 12"
9-6-6 576 a 525 a 51"
12-6-6 604 a 508 a 96"

CV(%)

11

13



. d v g
MINNL 8 MINIAIIZHIIIMN 299 500311y N RCB 4 41

SV DF SS MS F
Season (S) 1 314 314 <1
Reps., withins S 6 124,064 20,677
Nitrogen (N) 4 65,884 17,221 5.29%*

N (1) 59,024 59,024 18.15**
No (1) 9,162 9,162 2.82™
NRes (2) 699 350 <1
SxN 4 59,316 14,829 4.56%*
Sx N, (1) 51,867 51,867 15.95**
S x NO (1) 599 599 <1
SxN (2) 6,850 3,425 1.05™

Pooled error 24 78,069 3,253



wawan 700 . ~ 2 -
an/14 . Juds Y =409.2+17.5667 X, (r’=0.96")

600

25y

500

400.

300

0 3 6 9 12 N®n./15)

= v T+
MNN 1.1 p5ligunss gmmwamuaummﬂﬂ N
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! a q Y :’
M3199N 1.9 MINIATIZHIIN 2 §9 5 0A91Je N RCB 4 41

SV DF SS MS F
Season (S) 1 314 314 <1
Reps., within S 6 124,064 20,677
Nitrogen (N) 4 65,884 17,221 5.29**
SxN o 59,316 14,829 4.56**

Sx N, (1) 51,867 51,867 10.98*

Sx N, (1) 599 599 <1

Sx N, . (2) 6,850 3,425 1.85™
Pooled error 24 78,069 3,253

(Rep w/n)N,  (6) 28,352 4,725

(Rep W/n)NQ (6) 27,449 4,575

(Rep W/n)Res (12) 22,268 1,856

16



9J
nsnaandile 2 gana (narutazgaudduIu 13 1 3o 26 A (crops)
HUUURUNISNAADY 2x2+1 Factorial in RCB
Ay A
N354T A9
Tadein 1 PO, 2 N33N7T Ao ld waz lld
Tade 2 K0 2 035135 Ao ld uaglula

Y
v

1 2 dave la N 9053175

Wuen 1 n3suas A lild N, P0,,K,0
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Y a d
M19197 1.10 N1SNATZHETIN Qmmamﬂﬂﬁzﬂzﬂn NUWNUNTNAADI 2x2+1
FACTORIAL in RCB haa94 3 91 (14NAasIs1nan

SV DF SS MS F
REPLICATIONS 2 1.71515 1.71515
TREATMENT 4 257.65764 64.41441 172.42%*
CK VS. FAC. (§)) 180.63827 180.63827 483.51**
P (§)) 60.52265 60.52265 162.00**
K (4] 12.26956 12.26956 32.84%**
Px K (1) 4.22717 4.22717 11.31**
ERROR(a) 8 2.98880 0.37360
CROP (¢) 25 321.16850 12.84674 108.87**
CxT 100 69.38400 0.69384 5.88**
Cx CKVS. FAC (25) 33.11775 1.32471 11.23**
CxP (25) 23.56400 0.94256 7.99**
CxK (25) 9.24125 0.36965 3.13%*
CxPxK (25) 3.46100 0.13844 1.17ns
ERROR (b) 250 28.45500 0.11832

18




M990 1.11

Nanuudsdsivs i ensan 1.10

a ¢
MSULNTIN VO Crop SS ttag Crop x Treatment SS lumsnsiey

Source Degree Sum
of of of Mean Computed
Variation Freedom Squares Square F*
Year (1) 12 193.27160 16.10597 136.49**
Season (§) 1 89.97732 83.97732 762.52**
Y X 8§ 12 37.91968 3.15997 26.78**
C X T, 25
@ (12) 16.30327 1.35861 11.51**
5( ¥ T (1) 14.81539 14.81539 125 55%*
YX 8 XT, (12) 1.99904 0.16659 L4107
CxP 25
¥x P (12) 12.79748 1.06646 9.04**
SxP (1) 4.48712 4.48712 38.03*%*
rr»SxP (12) 6.27942 0.52328 443>
CxK 25
¥ » K (12) 4.99842 0.41654 53**
A, o f’ (1) 0.39645 0.39645 R
L R (12) 3.84635 0.32053 2. 72%s
. 430 29.49909 0.11800
“TP = significant at 1% level, ™ = not significant. . 19



3.0

2.0 +

1.0

0.0

1.5 |

05 |

0.0

NaNan (t/ha)

()

L qauas

| q9¢lu
- qQuas

68 70 72 74 76 78 80

=
Un1snaaos

= = '+
mnn 1.2 matasuslasmsnsuauesnaily P (9 n.) uaz K (9 v.)

aauail 2568 99 2580 luunaz Crop (1 gama)
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v A J
M58 1.9 azidmsdinnzinnumilsilsi aunaessilovanil visenaegg

NUNAADITINAN

SV DF
REPLICATION (r-1)
FERTILIZER (f-1)
ERROR (a) (r-1)(f-1)
YEAR (y-D
FERT. X YEAR (-D(y-1)
ERROR (b) f(r-1)(y-1)
aauiian uanlaeudiiunlas

SV DF
YEAR (y-1)
REP. w/n Year Y(r-1)
FERTILIZER (f-1)
FERT. X YEAR (f-1)(y-1)
POOLED ERROR y(r-1)(f-1)

21



a J =
2. ﬂ1'§’3!ﬂ51$1"i333~11’ia1ﬂﬂ

g I iﬂﬁ b I iﬂliﬁ T
1 550 576 558 493 571 536
2 571 436 503 504 532 492
3 487 508 563 456 566 664
4 534 546 675 458 526 672
5 21 448 409 557 550 796
6 650 623 743 588 518 680
7 570 733 662 519 704 780
8 542 622 459 472 579 512
9 436 441 429 430 342 51T




d a Jd
M3199 2.2 AnTzvanuulidsiv vesnunaaos
=~ v J9Y 1 S
nfseumeunugInuaazll

il il2
SV DF MS F MS F
Rep. 2 1700 38861
Var. 8 22009 6.20%* 15221 3.03%

Error 16 3551 5022

23



. A d Y
15199 2.3 M5193A512H5INVeY y TVt nIaNUn

RCB r ‘»’;f’ 1
SV DF MS EMS
Year y-1
Reps.withiny y(r-1)
Treatment t-1 Uez + ra§t+ ry O-TZ
Yearx T (y-D(t-1) Uez + r O'}%t
Pooled error  y(r-1)(t=1) O :
CV (%)

3] aﬂuﬁ”auﬂiéu (random variable)

24



Y a d a v d ?:’
M319N 2.4 IR 2 T vesnufsaumaunanandd 9 Wug RCB 341

SV DF SS MS  F-fiua F-A15 19
5% 1%
Y 1 1,814 1,814 <1
Reps.within Y 4 81,124 20,281
\% 8 219,208 27,401 279 3.44 6.03
YxV 8 78,632 9,829 2.29% 2.25 3.12
Rooled Error 32 137,152 4,286
M319N 2.5 wanammae (nn/13) wagan 3 i
Wusp U1 U2 Diff
1 561 533 28
(2) 503 509 6
3 519 562 43
4 585 552 33
5 426 634 208+
6 672 595 77
@ 655 668 13
8 541 521 20
@ 435 428 7
nRuunananin 1tz 2

Al
v A

* NaNanManNUN

. A O v
STAUANNITBNY 95% laalya LSD.

25



3. MINAADINALTDIUT (LOCATIONYS)

a o d Y 2,’
3.1 ﬂ151\1ﬂ'1ﬂ’313~l&!ﬂ§ﬂiﬁ‘l~!!!ﬁ$ Cv GIJENNQNQW%T) 21 ‘Wui;i 9 ﬁ'ﬂﬁ«!ﬁ , RCB 491

SV DF MS
PRE PAN SPT VBN KKN CPA PMI SKN SRN

Block 3
Variety 20
Error 60 1628 3067 9200 8764 3143 2256 3200 4373 6929
CV (%) 69 6.6 135 13.6 95 82 6.7 88 88

- Bartlett’s X2 test = 86.60**

-CV (%) 131D 20 % (Combined ANOV 19)

26



a\ d
3.2 A IUAIIZUIIN 9 Locations

SV DF SS MS F
Locations 8 11,493,984 1,436,748 75.63%*
Rep w/n location 27 512,892 18,996
Varieties (V) 20 1,195,100 59,755 13.40**
VxL 160 2,856,960 17,856 4.00**
Pooled Error 540 2,407,860 4,459

27



:i a :5 Y :,' = SN 4 Y =
1 MAN319N 3.3 NaNaainag (ﬂﬂ./“l‘i)mﬂ 4 qnﬁum1mlﬂaaaaﬂ%ﬂumﬂfuwawamnszmnamm

AU/ AIEWUG ﬂmﬁuﬁﬂgn
PRE PAN SPT UBN KKN CPA PMI SKN SRN
1 563 854 725 762 591 579 789 691 964
2 558 816 625 635 606 645 795 644 923
3 642 874 884 762 678 572 813 875 948
4 652 860 885 650 726 734 792 848 1096
5 625 811 743 748 677 430 878 824 1049
6 604 808 737 670 581 543 872 692 961
7 563 875 645 679 622 527 872 767 1024
8 544 870 436 683 401 530 837 853 900
® 618 ©12 796 686 608 556 882 774 1054
10 502 757 749 683 550 532 858 778 993
1 622 870 709 691 562 642 860 696 966
12 609 840 814 654 565 598 ©21 637 1056
13 562 809 738 672 634 606 880 787 958
14 550 826 445 712 554 578 865 832 736
15 603 688 696 628 553 620 825 610 848
16 555 867 821 676 502 554 833 726 940
17 507 926 566 610 459 535 814 644 961
18 627 870 627 810 496 562 834 747 931
19 688 854 844 733 659 633 786 796 891
20 576 870 698 650 623 503 917 747 1023
21 540 628 686 628 498 505 848 781 672 28
aamﬁ - !‘ﬂaﬁl 586 831 708 687 588 580 846 750 948




4 o v A a o d
M3199 3.4 MaunmananIssumeuTeEssvNaed 1 2528

T T T T I S S T A R i A e S R " ———— ————— ———— — o ———— —— .~ ——— e e e e e

- L g

Fuq/awuﬁuq PRE PAN SPT UBN KKN CPA PHMI

1 KKN 7205-35-1-SKN-1-1 12 12 11 2 11 9 20
2 SPT 7106-2-3-3-1 15 1s 18 18 9 2 18
3 KKN 7205-54-2-22 3 a 2 3 2 11 17
4 KRN 7204-25-2-1 2 10 1 17 1 1 19
5 KKN 7205-45-2-SKN-1-1 5 16 8 a 3 5 5
6 IR 8234-0T-21-0 9 18 10 14 12 15 6
7 BRNBR 1155-11-1-2-1-3 13 3 16 11. 7 19 7
8 KKNLR 7501-PMI-16—-1-1-6 18 5 (21 10 10 18 12
9 KENLR 75051-PMI-58-2-2 7 2 & 8 8 i3 3
10 KKNLR 75025-PAN—-9-7-2 21 19 7 9 17 17 10
11 KKNLR 75051-PMI—-18-1-3 7 6 7 12 7 14 3 9
12 KKNLR 75053—-PMI-12-3-1 8 13 5 15 13 8 :
13 SPTLR 77045-1-1-1-1 14 17 9 13 5 7 a
14 KKNLR 75051-PMI-16-1-1-6. 17 14 20 6 15 10 8
15 KKNLR 75044~PAN-16—2—1 10 20 14 19 16 6 15
16 KKNLR 75044—-PAN-10-9-3 16 - 9 a 12 18 14 14
17 KKNLR 75051-PMI-16-1-1-2 20 1 19 21 21 16 16
18 KKNLR 75051-PMI-16-1-1-1 a4 8 17 . 20 12 13
- 19 KKNLR 75053-PMI-42-3-2 1 11 3 5 a a 21
20 RD 7 (CK) = ok 5 13 16 6 21 2

21X RDP. 23 (CK) 19 21 i5 20 < 20 11




. Aa d Aa . :’
ﬂTiNﬁ 3.5 ’J!ﬂ§1$ﬁ§’JNNﬁNﬁWﬁTJ, !ﬂﬁﬂ‘%ﬁ] 4 %1

SV DF SS MS % Ofs ;l“otal % of VxL
Location 8 2.8803 0.3600 74.0
Variety 20 0.2990  0.0150 7.7
LocationxVariety 160 0.7138  0.0045 18.3
Heterogeneity (20) 0.1236 0.0062 17.3
Deviate from Reg (140) 0.5902 0.0042 82.7
Total 188  3.8930
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fusion level nau 35
7 BKNBR 115-11-1-2-1-3

e 41 20 RD 2 (CK)
5 KKN 7 205-45-2-SKN-1-1
13 SPTLR 77045-1-1-1-1
. 10 ‘KKNLR 75025-PAN-9-7-2

6 IR 8234-OT-21-0

11 KKNLR 75051-PMI-18-1-3
1 KKN 7205-35-1-SKN-1-1
1.5 40 16 KKNLR 75051-PMI-58-2-2
9 KKNLR 75051-PMI-58-2-2
12 KKNLR 75053-PMI-12-3-1

na:u 37
1.0 | 2 SPT 106-2=8-3=1
15 KKNLR 75044-PAN-16-2-1
17 KKNLR 75051-PMI-16-1-1-2
18 KKNLR 75051-PMI-16-1-2-1
37 !
bt NN 36
3 KKN 205-54-2-22
34 36
3 32 19 KKNLR 75053- PMI-42-3-2
; 3 " 252 27 29 3 4 KKN 7204-25-2-1
2 7 24 y
5 . nax 30
7 205 1336 11116 9 12 2 15 17 18 8 KKNLR 7501- PMI-16-1-1-¢
3 13 4 § 12l 14 KKNLR 75051- PMI-16-1-1-6
Nax 21
RD 23 (CK)
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rfusion level

1.0 1} 17

1 6 5 4 /7 2 B 3 9
PRE CPA KKN UBN PMI PAN SKN SPT SRN

jn‘wﬁ 3.4 Dendrogram of agglomerative hierarchical clustering

=] ] 34
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~ 1 Aaov 9 1 = o JY A o
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4 _— A - - 1]
masaan 3.0 nasatAaTIzUTInan uilgn TasuwsandlumlannuilsilsousasAuguilue 5 ngn

SV DF SS MS F Yo
Location (L) 8 I _*:l"l,:s:a;ao 1,436,748 75.63%"
Reps. w./n L 27 512,896 18,996
Variety (V) 20 1,195,104 59,755 13.40""

Among 5 gr” a 248,962 237,240 42.93%"

Within 5 gr 16 246,142 15.384 3.67%"

gr 21 (o) o o
gr 30 (1) 5,373 5,373 T 107
gar 35 (10) 148,473 Ya.847 aA.a7**
gr 36 (2) 28,811 14,405 2.56™
gr 37 c3) 63,485 21,162 359"
L x WV 160 2,856,736 17,855 4.00""
L x Among 5 gr 32 1,635,748 51,117 P.25""
L x Within 5 gr 128 1,220,988 2,539 2.28""
L 5 &% 21 (o) o o
L x gr 30 (8) 65,289 8,161 1 E67e
L x gr 35 (80) 591,991 7,400 223"
L x gr 3s (18) 175,548 10,972 1.95%
E 5 OF 87 (=2a) 388,160 16,173 - Tt
Pooled Error 540 2,408,096 4,459

Among 5 gr 108 596,792 5,526

Within 5 gr 432 1,811,304 4,193

(Reps. w/n L) x gr 21 (o) o (o]

(Reps. w/nNn L) x gr 30 (27) 132,272 4,899

(Reps. w/nNn L) x gr 35 (270) 897,545 3,325

(Reps. w/Nn L) x gr 3s& (54) 304,359 5,636

(Reps. w/Nn L) x gr 37 (81) A77,028 5,889

1/
ngNA 1 3 1 Wug Ae Wugn 21
P = - > - e » 14, 8
” 3 > 17 ” ” ” 13, 5, 10, 20, 7, 11, &, 1, 16, 12, 9
o5 ” s & - » » 19, 3, 4
- . »s 3 »s »s »s 18, 17, 1S, 2
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300 : e r @ — e — : ,
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a ! v d !
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a ! v d Y
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nn./13

1100 L Var4
1000 . Gr36
‘e Var3
900 L Varl9
800 |
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400 t
FRE UBN SKN PMI
300 I FP.A I.KKN IR.PT I P.AN I R.RN I
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Table 1 INames

NMISHaUNTIHIIHAIHES 3Ine sazUFulsaiusimiedSuilssnu3dudundea
Integrating Physiological Understanding and Plant breeding for

Soybean Improvement Programs

_— ar =2 ar <1 ar 2 =t ar 2 = 3
FIZTFANG IMWIAHNS FATE UNIHNVE Mark Cooper
o : 1 . 2
Virasak Tepjun, Supachai Kaewmeechai, Mark Cr:)ope-r,3

and codes of the fifteen soybean varieties/lines in yield trials in the dry season, 1992

No Name Code
1. SJ.1 a
2. 532
3. SJ.4
4. SJ.5
5. CM.60
6. NS.1
= ST.1
8. 7608-25-4
9. 8207-24-3
10. 8039-42-1 .,
11. Doikum
12 KUSL 20004
13, CnMI-001
14. KKU-1001 n
15. LN-14 o

Table 2 Names of sites and their abbreviations of yield trials in the dry season, 1992

No. Name Abbreviation
) i Chiangmai C™M
2. MNakhonsawan NS
3. Khonkaen KK
4. Phetchabun rB
5. Chainat CIN
6. Suphanburi sSP
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Fig. 1 Performance plots for the group line mean on (a) seed yield, (b) pod numbers, (c¢) 100
seed weight and (d) days to maturity across six sites (CN is Chainat: KK is Khon Kaen; PB
is Phra Phutthabat; NS is Nakhon Sawan; CM is Chiangmai and SP is Suphanburi) sown 4o
Dry season. Lines in each group are listed in Table 4.



Table 3 Soybean attributes, their abbreviations and unit measured in yield trials in the dry season, 1992

No. Name Abbreviation Unit

1. Seed yield SY Seed yield (kg/rai)
2. Pod number PD .- Pod number/plant
3. Seed weight SW 100 seed weight (g)
4. Day to maturity MA

Day to matuarity (d)

-

Table 4 Five groups of soybean wvarieties/lines identified by the clustering of fifteen varieties/lines based on seed
yvield, pod number, seed weight and days to maturity in the dry season 1992

Group Warieties/Lines

SJ.1, SJ.2, SJ.4, SJ.5, NS.1, CM-001, KKU-1001, LN-14
CM.60, ST.1, Doikum '

8039-42-1

7608-25-4, KUSL 20004

8207-24-3

< dHH~

Table 5 Attribute components for the 3x2x3 solution obtained from the three-way ordination

analysis of four attribute data for 15 soybean varieties/lines tested at six sites in the dry
season, 1992. ' -

Attributes Abbreviations Components Proportion of
sums of squares
explained
A1l A2 | A3
Seed yield SY ) 0._45' 0.19 . 0.56" 0.55
Pod number PD (070 0.22 -0.26 0.61
Seed weight SW -0.51 L 0.74) -0.05 0.75
Days to maturity MA £0.83" 0.14 -0.11 0.72
Percentage wvariation 40.9 15.0 9.9
accounted for
A7
=

"attributes which have bold numbers are those that have the major effects for that component
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Fig. 2 Joint plot of the first and second components of varieties/lines and sites for the (a) first
(b) second and (c) third attributes component from a Three-way PCA 3x2x3 solution in the o
dry season, 1992. Abbreviation/code for the varieties/lines an

d sites are listed in Table 1 and8
2, respectively. Roman numerals refer to the clusters (see Table 4).



Table 6 Site components for the 3x2x3 solution obtained from the three-way. ordination

analysis of six site data for 15 soybean varieties/lines tested at six sites in the dry season,
1992.

e —
——

Sites ‘Abbreviations Components Proportion of sums of
squares explained
Al A2

Chiangmai o™ 08 023 0.73
Nakhonsawan | NS B 0.79 -0.23 0.68
Khonkaen KK 0.79 0.01 0.62
Phetchabun PB ' 0.55 0.38 0.44

Chainat oN o 0.48 0.73
Suphanburi ' SP 0.84 | -0.21 0.74
Percentage variation 57.0 8.8

accounted for

—
[ ——

‘sites which have bold numbers are those that have the major effects for that component 49




Component 2 (13.3%)

-3 -2 —% o L]

Component 1 (40.0%)

a.First site component

Component 2 (1.2%)

= o
Component 1 (7.6%)

b. Second site component

Fig. 3 Joint plot of the first and second components of varieties/lines and attributes for (a)
the first and (b) the second site component from a Three-way PCA 3x2x3 solution in"the dry

season, 1992. Abbreviation/code for the varieties/lines and attributes are listed in Table 1 and
3, respectively. Roman numerals refer to the clusters (see Table 4).
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NHNAAD 2 ﬂ‘i)":)lﬂ T‘ia1ﬂﬁﬂ1uﬁ
4 x 3 Factorial in RCB

=3

=4

Location Replication

Compost fertilizer N fertilizer

M151990 3.7 ANOV for grain yield (Kg/rai)

SV DF VS F VS F WS F
Replication 2 4,470 3,201 28,835
Compost 3 17,529 7.73*%*% 9,747 6.44** 27,988 14.73**
N 2 9,421 4.15* 8,257 5.46* 33,915 17.85**
CompostxN 6  2.940 1.29™ 1,642 <1 3,578 1.88™
Error 22 2,266 1,512 1,899
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M15199 3.8 Combined ANOV 3 Locations U949 4x3 Factorial in RCB 3 Reps.

SV DF SS MS K
Location 2 611,926 305,963 25,14**
Rep w/n Location 6 73,008 12,168
Compost 3 150,402 50,134 26.49**
N 2 85,046 42,523 22.47%*
Compost x N 6 16,956 2,826 1.49™
Loc. x Compost 6 15,390 2,565 1,36™
Loc. x N 4l 18,136 4,534 2.40™
Loc x Compostx N 12 30,924 2,577 1.36™
Pooled Error 66 124,872 1,892
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M1319 3.9 Hanan (nn. /"!‘i) mawnwuﬁ %1ﬂﬂ1‘i‘i’lﬂﬂi’)ﬂ‘lﬂlﬂ?‘i3~lﬂﬁ?3~lﬂ°lJ‘lJ£l
"luimmu‘naﬂmﬂmaawn 3 19

1enain KSR SRN SKN

mn/l9) HJeNmnsls  feNen/dn  feN@nsls) {lovisin-mae
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0 398 ¢
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1 (Y] d' (Y] cé O'J Y 53
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a ] Y v d U+ YR | v o+
M319 3.10 wawaa (0n./13) vaau1IuE... oInmInaaeslyilavidinsnnuile
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Hawda (nn./19) AN 3 anunlgn
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0 398 ¢
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Split Plot Design ATIZHIIN m Location , a Main Plot b Sub Plot,

r Block (RCB)

SV DF MS F
Location (L) m-1 L MS L MS/R MS
Reps. Within L m(r-1) R MS
A a-1 A MS A MS/Ea MS
LxA (m-1)(a-1) LxA MS LxA MS /Ea MS
Pooled error (a) m(r-1)(a-1) Ea MS
B b-1 B MS B MS/Eb MS
LxB (m-1)(b-1) L x BMS LxB MS/Eb MS
AxB (a-1)(b-1) A x BMS AxB MS/Eb MS
LxAxB (m-1)(a-1)(b-1) LxAxB MS LxAxB MS/Eb MS

Pooled error (b) ma(r-1)(b-1) Eb MS




a Jd
4. NIAIUAINTUIINHAEYNIINAADI
4.1 UAUMINAADI CRD

v v
o =

M15197 4.1 MSNATOV biotype VB IUNAUNAYNITL]AATHIMANIVIIN 2 DUND

6 915 5 %1 CRD

MS
SV DF DUNOLNAY  DUNDINNIY
v d
WU 5
Error 24 232 204
' = 2320 = 1.14™
—7 204
42

F 91091918 df. 24,24 =2.27
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Experlment

Replication

Variety

p=2
r=>5
v=26

‘ a d
M1919N 4.2 1WSsumeumsiarasizvianundsdsiy CRD

Split Plot Combined
SV DF SV DF
Main plot. a—-1 =1 Expt. (p-1)=1
Error (a) a(r-1) =8
Sub plot b-1=5 Var. (v-1)=5

Main plot x Sub plot  (a-1)(b-1) =5
Error (b) a(b-1)(r-1) =40

Loc x Var. (p-1)(v-1) =5
Pooled Error pv(r-1) =48
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Combined ANOV

a J
@131\1‘17] 4.3 GﬂﬁN’Jm'iW‘I’iﬂ’JﬁJLL‘]J'i‘]Ji’JHi’J?J 2 N1INAaN

SV DF SS MS F
Experiment 1 261 261 117"
Voriety 5 11,500 2,300 10.35**
Expt. X Variety 5 1,495 299 135
Pooled Error 48 10,656 222

d' d & Jd v Y dv A : d' f,'
MN1319N 4.4 !‘I.Iﬂﬁwuﬂmﬁﬂgﬁﬂﬂﬁll@fm’J@?)‘L!!W’s]ﬂﬂﬁziﬂﬂﬁu1ﬂm (N8N 5 AB1)

g S iendund___ gyediynds DMRT
1. Resist. Ck 62 52 57 a

2. 62 54 58 a

3. 90 64 77 ab
4. 74 64 69 a

5. 86 96 91 bc
6. Sus.ck 98 100 99 c

d1UND-1NAY 79 72 58




4.2

HUUUNHNTIINAa93 RCB
MINAaaN 1 : YsueIMs 3 9931 o gungil 25 93N C
MINAADIN 2 : USNDIMIT 3 ORI U QUNAN 30 BIFN C

- HAUNITNAaDN RCB
Y
- T1UIU 6 41
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4.2 INUAUNINAIAN RCB
A15190 4.4 ’J!ﬂi1°’1’iﬂ313~l!!ﬂﬁﬂﬁ’3u 1UNAAD991%13 3 ¥HA RCB 6 °’lﬂ

Sov DF SS MS F
Rep (r-1)=5

Food f-1)=2

Error (r-1)(f-1) =10

. A q a v a ?:’
ﬂ’lﬁ"lx‘lﬁ 4.5 'J!ﬂi"lg‘l/iﬂ’ﬂﬁ»l!!‘ijﬁﬂﬁﬁu RIVCRIES 2 3¢ 911113 3 ¥UA RCB 6 %1

Sov DF SS MS F
Temp (t-1)=1

Rep/Temp t(r-1) =10

Food f-1)=2

TxF (t-1)(f-1) =2

Pooled error t(r-1)(f-1) =20 60




. Aa J a g
Gnﬁ‘lflﬁ 4.5 ’J!ﬂ§1$1"iﬂ’31N!!ﬂiﬂﬁi)uﬁﬁui’ﬂﬁ”ﬁ3“Ifuﬂ RCB 6 9

SV DF SS MS F
Rep (r-1)=5
Food (f-1)=2

error (r-1)(f-1)=10
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. a d a Y a g’
ﬂ‘lﬁ%‘l‘ﬁ 4.6 ’J!ﬂ5131’3?]31%!!1]51]5’31!33%@.@1!1’3@’% 2 30U 9113 3 YU 6 KB

SV DF SS MS F
Temp (t-1) =1

Rep/Temp t(r-1)=10

Food (f-1)=2

TxF (t-1D)(f-1)=2

Pooled error t(r-1)(f-1)=20
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M 4.7 wavesfSnamivsuazaamrginennunNeInzlnanve v u
= é’ b4 ci U
WLaaU13Ia1y No1E 10 U

Ranaers Fanaevs-mae
25 30
300 0.16 a
500 0.17 a
700 0.17 a
aungil-inae 0.16 b 0.17 a

CV (%) 8.4

1 d' 1 a\ d' 9 (Y] A Y] [ | Y] d' (Y] d' o
aundslunnazguvnl, Ysuwems Mawdeenysmilounu luanuiszauanurely
95% 1a8 DMRT
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a v

9]151\17] 4.8 Naﬁll601]%%1@1!@11’115!!@@ﬂﬂ!ﬁﬂuﬂﬂﬂ’ﬂuﬂ’ﬂ\‘]ﬁJﬂui?‘iﬁﬂﬁlli’)\‘i?‘iuﬁ)u

U

N!ﬁi’)ﬁlﬂilﬁﬂﬁ ‘YIE’NSJ 20 U

Fanaevis Fanaevs-mae
25 30
300 0.51 a
500 0.53 a
700 0.53 a
aungil-inae 0.43 b 0.61 a

CV (%) 4.8

1 d' 1 a\ d' 9 (Y] A Y] [ | Y] d' (Y] d' o
aundslunnazguvnl, Ysuwems Mawdeenysmilounu luanuiszauanurely
95% 1a8 DMRT
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a v

9]151\17] 4.9 Naﬁll601]%%1@1!@11’115!!@@ﬂﬂ!ﬁﬂuﬂﬂﬂ’ﬂuﬂ’ﬂ\‘]ﬁJﬂui?‘iﬁﬂﬁlli’)\‘i?‘iuﬁ)u

U

N!ﬁi’)ﬁlﬂilﬁﬂﬁ ‘YIE’NSJ 30 I

YSnaeins Fanaevs-mae
25 30
300 0.76 a
500 0.78 a
700 0.79 a

1 d' 1 a\ d' 9 (Y] A Y] [ | Y] d' (Y] d' o
mmaﬂmmazqmwgm, ‘]J%?J"Iﬂ!@']ﬁ'ﬁ NATUAIIDNHIMUDUNU UliJﬁ']\‘lﬂlWlﬁ%ﬂ‘Uﬂ'J']ﬂJL‘lf@ﬂJu

95% e DMRT
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4.3 UAHUMINAANY LT

d' P~ J
A1519% 4.10 aszviaNulsdsiu

4x4 LT
Setl Set2
SV DF MS F MS F
Row 3 0.5237 0.88 5.8656 470
Column 3 29936  5.02*  5.1924 416
Treatment 3 43350 227 1.7385 139
Error 6 0.5965 - 1.2484 -
d' A d

M195199 4.11 Naszrinnuuedsisiv 5742 Msnaaoe 4x4 LT

SV DF SS MS F

Set s-1 = 1 3.6113 3.6113

Row w/n set s(r-1) = 6 19.1678 3.1946

Column w/nset s(r-1) = 6 24.5582 4.0930

Treatment t-1 = 3 14.2055 4.7352

Treatment x set (t-1)(s-1) = 3 4.0150 1.3383 1.45™
Pooled Error s (r-1)(r-2)= 12 11.0694 0.9224

66



! a d
ﬂﬁNﬁ 4.12 ’J!ﬂﬂ%‘l’iﬂ?ﬁl!!ﬂ‘iﬂ‘nui?u 2 MINAaod 4x4 LT

SV DF SS MS F
Set 1 3.6113 3.6113 359
Row w/n set 6 19.1676 3.1946 3.18*
Column w/n set 6 24.5580 4.0930 4.07*
Treatment 3 14.2056 4.7352 4.71*
Pooled Error 15 15.0840 1.0056

51971 4.13 wanaarheamas (nn/34 1)
%’uﬁﬂgn NN/34 3
10 3iguE 5.84 ab
20 3iguaY 6.73 a
30 diguaY 4.99 b
10 nﬁm,]mu 5.26 b

gmaunmﬂan NﬂNﬂﬂ‘i’lﬂ]Mﬂ’Jﬂﬂ’Ji’)ﬂ‘Hﬁ!‘ﬁNi’)‘Hﬂ‘M UlNﬂ%‘iﬂ‘M‘Vn\‘m’ﬂﬂ Iﬂﬂ DMRT

muﬂnmmmauu 95%
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5. Combined analysis of variance over P Locations And S season

SV DF
Season (s-1)
Location (p-1)
Season x Location (s-1) (p-1)
Rep w/n Season and Location sp(r-1)
Treatment (t-1)
Treatment x Season (t-1)(s-1)
Treatment x Location (t-1)(p-1)

Treatment x Season x Location

Pooled error

(t-1)(s-1)(p-1)
sp(t-1)(r-1)
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A ¢y g.ll = <& :i g.lz
6. msamswwmaymmmam ﬂgﬂﬂiﬂ!ﬂﬂ?!ﬂ‘ﬂ!ﬂﬂ? (OREREN

% v Y a Y \ o
f1I08N maa&awawamﬁﬁlﬂﬂmﬁm
HUVURNUMINAA0Y : (3x3)+1 FACTORIAL IN RCB

Jodei 1 ‘N 35201
0, 40, 80 nn./13
Fodei 2 :P,0, 3920

0,10 20 nn./13
129 TREATMENT COMBINATION 14 K,0 20 nn./13
CHECK 0-0-0 (N-P,0,-K 0)
fudeatena 6 ass
-Snnernmusdsauvesmsiiuie uazads
STRIP PLOT IN RCB
- (3 x 3)+1 Factorial
- m3éia 6 ASY
- Iaszvinnumilsilsau
Tnel¥¥oyavesnsiiuieasan 6 s
(3 x3)+1 Factorialin RCB
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HaMIneUaNRIVRIY N 1az P O Aemigavlatazwanamaulathusi

M13199 6.1 A512¥inNNu5153u Strip Plot 1533035 (3 x 3)+1 Factorial in RCB A 6 A9

SV DF SS MS F
Replication 2 3,631,634 1,815,817
Fertilizer 9 107,885,799 11,987,311 21-46**
ck. Vs. Treat. (1 14,539,104 14,539,104 26.03**
N 2) 91,154,908 45,577,454 81.59**
P 2) 752,064 376,032 <1
NxP “) 1,439,724 359,931 <1
Error (a) 18 10,055,214 558,623
Cut 5 9,667,250 1,933,450 9.71%*
Error (b) 10 1,990,870 199,087
Cutx F 45 14,915,610 331,458 4.40**
Cut x (Ck Vs.Treat.) 5) 1,602,545 320,509 4.26%*
Cutx N (10) 11,358,200 1,135,820 15.09*%*
Cutx P (10) 583,510 58,351 <1
CutxNxP (20) 1,371,380 68,569 <1
Error (c) 90 6,775,740 75,286
Cv (a) 26.6 %
Cv (b) 15.9 % 70
Cv (¢) 9.8 %



wamsnovaussvasilelulawumazomlademswsaaulanazwanamaulaihus i

iaou A Y a A
AUEIVLNY 153y AN 2533-2534
d = J
SmﬁN‘ﬁ 6.2 Gl"lﬁ"l\‘i’)!ﬂﬂ%ﬂﬂ’ﬂllllﬂﬁﬂﬁ’]u split Plot

SV DF SS MS F

i 2 3,631,634 1,815,817

o 9 107,885,799 11,987,311 21-46%*
ck. Vs. Treat. 1) 14,539,104 14,539,104 26.03%*
N Q) 91,154,908 45,577,454 81.57%%
P ) 752,064 376,032 <1
NxP @) 1,439,724 359,931 <1

Error (a) 18 10,055,214 558,623

M3Ina 5 9,667,250 1,933,450 22.06%*

M39a x 1o 45 14,915,610 331,458 3.78%*
M3A@ x (Ck Vs.Treat.) (5) 1,602,545 320,509 3.66**
M3AA x N (10) 11,358,200 1,135,820 12.96%*
M50 x P (10 583,510 55,351 <1
M3AA x N x P (20 1,371,380 65,569 <1

Error (b) 100 8,766,610 87,666
Cv (a) 26.6 % 71
Cv (b) 10.0%



AM9197 6.3 wawan (0n/19) iwulethus iy wasanmsaa 6 asa (nag 3 41)

N K,O P,O, N-mean
0 10 20
0 20 1959 1740 1998 1899 Y
40 20 3208 3187 2958 3118 b
80 20 3816 3751 3530 3699 a
P,0_ -mean 2994 2893 2829

1/

Ck (0-0-0) 1958
a d' c; Yo v I v v Y aad' Y d' Q'J k4
Nawaﬂmaﬂﬂ‘lﬂmanmmmunu ﬂﬁlﬂ‘lx‘lﬂﬂ‘l’lﬁﬁﬂﬂﬂi%ﬂ‘ﬂﬂ’ﬂu 1waNH 95% Iﬂﬂsl‘lf LSD
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M313N 6.4 wawan (0n/13) dwlethus il wasanmslails o, 3520y, 34

Y
(%4

N K,O maiansan
1 2 3 4 5 6

0 20 2167 2279 1549 2303 1498 1596

40 20 2738 3259 2772 3352 3256 3330

80 20 2974 3883 3313 3743 4140 4142

0-0-0 2018 2338 1644 2498 1565 1685
WRewfeuauadosznia LSD.05  LSD.01
sanilelulasion 2 svdiy AdanSumeaiuriodandei 394 532 nn/ls
mada ftlelulasouszaumean 277 367 nn/ls
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a d a % g’J
19314 6.5 mmwm’iayawawam(nn/"l%) A1NNIIAAIIN 6 A

SV DF SS MS F
Replication 2 21,789,804 10,894,902
Treatment 9 647,314,803 71,923,867 21.46**
CK. VS. Factorial 1 87,234,622 87,234,622 26.03**
Among Factorial 8 560,080,184 70,010,023 20.89**
N 2) 546,929,446 273,464,723 81.59%**
p (2) 4,512,390 2,256,195 <1
NxP 4) 8,638,344 2,159,586 <1
Error 18 60,331,248 3,351,736
Cv=10.86%
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M319 6.6 wawan (nn/13) idulathusnfiomslaialulaswumazeomula

(kgl/\i"ai) . PO, il;g/rai) 20 N-mean
0 11,755 10,440 11,986 11,394
40 19,245 19,123 17,750 18,706
80 22,896 22,506 21,182 22,195
P_O_-mean 17,965 17,356 16,973
CKk. (0-0-0) 11,747
Factorial 17,431 B4

nReuieunanannag  LSD.0S LSD.01

2 N-means

1,813

2,484  kg/rai
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