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ABSTRACT

Additive main effects and multiplicative interaction (AMMI) is a statistical technique for multi-
environmental yield trial. It is used to serve three main purposes; (i) model diagnosis in which the initial model
is a part of AMMI (ii) to clearify the complicated genotype by environment interactions, and (iii) improving
accuracy of yield estimates (Crossa, 1990). The objective of this study was to analyse and estimate cane and
sugar yield and cane CCS value using AMMI analysis. Data from 18 experiments conducted during 1984 to
1989 in which three sugarcane varieties, namely F140, UTI, and CN1, were common in all environments.
Results of the analyses indicated that AMMI model can separate a larger portion from the total variation. Percent
of sum of squares for cane yield were 93.62, 94.01, 92.39 and 93.87 for CCS were 99.01, 89.45, 92.66 and
96.39 for sugar yield were 93.58, 95.02, 89.11, and 92.73 in plant cane, first and second ratoon, and all of
three crops, respectively. PCA1 score of UT1 was 0.59, 0.17 and 1.03 in cane yield, CCS and sugar yield,
respectively. UT1 was rather stable in cane yield and CCS value, but sensitive to environments in sugar yield.
F140 had the lowest PCA1 score (0.27) in sugar yield, which was considered stable, but it gave lower yield
when compared with CN1 and UT1, respectively.
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AMMI analysis of variance of yield from plant cane, first ratoon, second ratoon, and total of

Tahle 1 .

all three crops of 3 sugarcane cultivars grown under 18 environmental conditions.

Plant cane First ratoon Second ratoon All three crops
SOV df

SS %SS SS %SS SS %SS SS %SS
Environment (E) 17 48232 73.84 440.05 67.07 271.02 4330 229486 57.75
Genotype (G) 2 62.83 9.62 113.00 1722 22740 3633 112486 283l
GE Interaction 34 108.03 1654 103.03 1571 12745 2037 553.82 1394
PCA1 18 6634 6141 63.72 6185 7984 62.64 31002 55098
Residuals 16 41.69 3859 3931 38.15 4761 3736 24338 4402
AMMI Model ¥ 37 61149 93.62 61677 9401 589.26 9239 3730.16 93.87

Total 53 653.18 656.08 625.87 3973.54

1/ AMMI Model = Environment + Genotype + PCA1

Table 2  Mean value, main effect (M), interaction effect (INT), and estimated (EST) cane yield of all
three crops from AMMI model analysis of 3 sugarcane cultivars grown under 18 environmental
conditions.

F140 UTI1 CN1
Mean M INT EST Mean M INT EST Mean M INT EST

BOP 2327 2495 030 2524 3921 36.11 0.07 36.18 28.61 30.03 -0.36 29.67

DEM1 29.67 30.05 -0.20 2986 4146 41.22 -0.04 41.17 35.28 35.14 024 35.38

DEM2 29.03 3424 -6.18 28.06 42.53 4540 -1.38 44.03 4741 3933 7.56 46.89

DEM3 18.01 17.22 -0.87 1635 25.63 2838 -0.19 28.19 2427 2231 1.07 23.38

DEM4 3970 3436 5.02 3937 46.14 4552 1.12 46.64 3348 3944 -6.14 33.31

DEMS5 26.02 2488 048 2535 35.12 36.04 O0.11 36.15 29.74 2996 -0.58 29.38

FCN 25.57 2521 -2.33 2288 31.73 36.38 -0.52 35.86 34.59 30.30 2.85 33.15

FRY 25.65 20.74 3.38 24.12 3030 31.90 0.75 32.66 22.52 25.83 -4.13 21.70

FSP 28.43 29.69 -0.22 2946 4239 40.85 -0.05 40.80 34.49 3477 027 35.05

LOK 33.54 30.57 0.88 31.44 38.70 41.73 0.20 4193 3571 3565 -1.07 34.58

NOY 2390 2481 -2.02 22778 33.80 3597 -045 3552 3297 2989 248 32.37

PNTI1 2942 3237 -1.86 30.51 4479 43.53 -0.41 43.12 39.14 3745 227 39.72

PNT2 32.51 37.55 -0.72 36.83 55.19 48.71 -0.16 48.55 41.20 42.64 0.88 43.52

PNT3 3291 38.12 -2.44 3568 53.00 4929 -0.54 4874 4471 4321 299 46.20

SAM 30.07 30.44 -1.51 2893 39.52 41.61 -034 41.27 3799 3553 185 37.38

SPN 41.54 41.75 297 4472 5846 5291 0.66 53.58 41.50 46.84 -3.63 43.21

TAM 33.17 28.47 296 3143 37.61 39.63 0.66 40.29 30.87 33.55 -3.62 2993

TAY 2198 1899 239 21.39 29.78 30.16 053 30.69 2147 24.08 -2.93 21.15
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Table 3 AMMI analysis of variance of CCS from plant cane, fifst ratoon, second ratoon, and mean of

three crops of 3 sugarcane cultivars grown under 18 environmental conditions.

SOV df Plant cane First ratoon Second ratoon  Three crop means

SS %SS SS %SS SS %SS SS %SS
Environment (E) 17 15691 76.67 57.98 63.17 58.34 68.59 47.56  70.58
Genotype (G) 2 9.89 4.83 10.10  11.00 11.46 13.47 8.64 12.82
GE Interaction 34 3785 1815 23.69 2583 15.26 17.94 11.19 16.60
PCAI 18 30.83 8145 14.01 78.63 9.02  59.12 8.76 78.31
Residuals 16 2.02 1855 9.68 21.37 6.24  40.88 243  21.69
AMMI Model £ 37 202.63  99.01 82.10 8945 78.82  92.66 64.95 96.39
Total 53  204.65 91.78 85.06 67.38

1/ AMMI Model = Environment + Genotype + PCAI
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Table4 Mean value, main effect (M), interaction effect (INT) and estimated (EST) mean CCS value
from AMMI model analysis of 3 sugarcane cultivars grown under 18 environment conditions.

F140 UTI CNI1
Mean M INT EST Mean M INT EST Mean M INT EST

BOP 13.55 1278 0.81 1359 11.81 11.80 -0.11 11.70 11.57 1234 -0.71 11.64
DEMI 1485 1544 -053 1491 14.69 1447 0.07 1454 1538 1501 046 1547
DEM2 1404 1371 032 14.03 1268 12.74 -0.04 1270 13.01 13.28 -0.28 13.00
DEM3 1351 1436 -0.87 1349 1345 1338 0.11 13.50 1471 1392 0.76 14.68
DEM4 1422 1478 -0.49 1429 14.05 13.81 0.06 13.87 14.67 1435 043 14.78
DEMS 12.81 13.58 -0.44 13.13 1348 12.60 0.06 12.66 13.03 13.14 039 13.53

FCN 1541 1588 -0.52 1536 14.84 1490 0.07 1497 1597 1544 045 1589
FRY 1543 15.11  0.17 1528 13.73 14.13 -0.02 14.11 1476 14.67 -0.15 14.53
FSP 13.06 13.24 -0.05 13.19 1261 1227 0.01 1227 12.65 12.81 0.05 12.85
LOK 13.82 1349 023 1372 1223 1251 -0.03 1248 13.00 13.05 -0.20 12.85

NOY 1290 13.59 -091 1268 12.19 1262 0.12 1274 1428 13.16 0.79 13.95
PNT1 13.57 1251 1.09 1359 1145 11.53 -0.14 11.39 11.09 12.07 -094 11.13
PNT2 1497 1450 045 1495 1342 1353 -0.06 1347 1371 14.07 -0.39 13.68
PNT3 15.03 1466 027 1493 1340 13.69 -0.03 13.65 14.15 1423 -0.23 14.00

SAM 13.89 13.80 0.13 13.93 1292 1283 -0.02 12.81 13.19 13.37 -0.11 13.26
SPN 13.84 13.82 0.10 13.92 13.03 12.84 -0.01 12.83 13.17 13.38 -0.09 13.29
TAM 13.39 1322 0.16 13.39 1222 1225 -0.02 1223 1265 1279 -0.14 12.65
TAY 15.68 1546 0.10 1556 14.17 14.48 -0.01 1447 15.12 15.02 -0.09 14.94
3.0
W Fi40
20 + DEM4
10 - . TAY Ry TAMs ¢ SPN
mUT!
BOP, DEMS + LOK
0.0 U -
= ¢+ DEM3 FSp|" DEMI ¢ PNT2
5 NOY ¢ *  « PNTI
& -1.0 A ¢+ FCN SAM ¢+ PNT3
2.0
+ DEM2
307 CN m
-4.0 T I T T I
20.0 25.0 30.0 35.0 40.0 45.0 50.0

Total cane yield (ton/rai)

Figure 1 A biplot showing cane yield of all three crops of 3 sugarcane varieties grown under 18
environmental conditions.
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Table 5 AMMI analysis of variance of sugar yield from plant cane, first ratoon, second ratoon, and total

of all three crops of 3 sugarcane cultivars grown under 18 environmental conditions.

SOV df Plant cane First ratoon Second ratoon All three crops

SS %SS SS %SS SS %SS SS %SS

Environment (E) 17 920 7777 870 7348 484 4792 38.54 65.60

Genotype (G) 2 0.33 2.70 0.92 7.69 2.09  20.69 8.03 13.67

GE Interaction 34 231 19.53 223 18.83 3.17  31.39 12.19 20.73

PCAl 18 1.55 6726 1.64 73.54 207 6546 792 6497

Residuals 16 0.76  32.74 0.59 2646 .10 34.54 427 3503

AMMI Model £ 37 11.07 93.58 1125  95.02 9.00 89.11 54.48 92.73
Total 53  11.83 11.84 10.10 58.75

1/ AMMI Model = Environment + Genotype + PCAl

Table 6 Mean value, main effect (M), interaction effect (INT) and estimated (EST) sugar yield of all
three crops from AMMI model analysis of 3 sugarcane cultivars grown under 18 environmental
conditions.

F140 UTI1 CNI1
Mean M INT EST Mean M INT EST Mean M INT EST

BOP 322 327 0.10 337 469 421 038 4359 334 378 -048 329

DEM1 440 482 001 483 6.09 576 004 580 541 533 -006 527

DEM?2 403 469 -0.15 453 539 563 -058 505 6.09 520 073 593

DEM3 245 267 -007 260 344 361 -027 334 357 318 034 352

DEM4 565 521 015 536 654 6.16 058 673 490 572 -073 499

DEMS 339 352 004 356 472 447 014 461 391 403 -0.18 3.85

FCN 397 425 -0.15 411 473 520 -056 464 551 476 070 547

FRY 401 335 007 342 415 430 025 455 335 386 -032 354

FSP 3.68 404 005 409 545 498 020 518 443 455 -025 430

LOK 465 4.16 -0.01 415 474 511 -003 507 455 467 004 471

NOY 321 340 -0.14 326 383 435 -055 380 4.62 391 069 4.60

PNTI 400 4.08 004 4.11 524 502 0.5 516 444 459 -0.18 440

PNT2 476 427 -022 405 390 521 -0.83 438 560 478 105 583

PNT3 506 569 002 570 7.12 663 006 669 633 620 -0.08 6.12

SAM 416 426 -004 421 508 520 -0.16 504 498 477 020 496

SPN 590 589 0.18 607 764 683 070 753 557 640 -088 552

TAM 441 382 005 387 459 477 0.19 495 392 433 -024 410

TAY 362 321 008 328 421 415 029 444 324 372 -037 335
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Table 7 Mean value and PCA1 score of AMMI model of total cane yield, total sugar yield and mean

CCS value of 3 sugarcane cultivars grown under 18 environmental conditions.

Cane yield CCS Sugar yield

F140 UTIl CNI1 PCAIZ F140 UTI CN1 PCAl F140 UTI CNI1 PCAl
BOP 2327 3921 2861 0.11 13.55 11.81 1157 -0.63 322 469 334 037
DEMI 29.67 4146 3528 -0.07 14.85 14.69 1538 041 440 6.09 541 0.04
DEM2 29.03 4253 4741 -235 1404 1268 1301 -025 403 539 609 -0.56
DEM3 18.01 25.63 2427 -0.33 1351 1345 1471 0.67 245 344 357 -0.26
DEM4 39.70 46.14 3348 191 1422 1405 1467 038 565 654 490 056
DEMS 26.02 35.12 2974 0.18 12.81 1348 13.03 034 339 472 391 0.14
FCN 25.57 31.73 3459 -0.89 1541 14.84 1597 040 397 473 551 -0.54
FRY 25.65 30.30 2252 1.28 1543 13.73 1476 -0.13 401 4.15 335 025
FSP 28.43 4239 34.49 -0.08 13.06 12.61 1265 0.04 368 545 443 0.19
LOK 33.54 3870 3571 0.33 13.82 1223 13.00 -0.18 4.65 474 455 -0.03
NOY 2390 33.80 32.97 -0.77 1290 12.19 1428 0.70 321 3.83 462 -0.53
PNT1 2942 4479 39.14 -0.71 1357 1145 11.09 -0.84 400 524 444 0.14
PNT2 32,51 55.19 4120 -0.27 1497 1342 1371 -035 476 390 560 -0381
PNT3 3291 53.00 4471 -0.93 15.03 1340 14.15 -021 506 7.12 633 0.06
SAM 30.07 39.52 3799 -0.57 13.89 1292 13.19 -0.10 416 508 498 -0.15
SPN 4154 5846 4150 1.13 13.84 13.03 13.17 -008 590 7.64 557 0.68
TAM 33.17 37.61 30.87 1.13 13.39 1222 12.65 -0.13 441 459 392 0.18
TAY 21.98 29.78 2147 091 1568 14.17 1512 -0.08 3.62 421 324 028
PCA1Y 263 059 -3.22 -1.29 017 112 027 1.03 -1.30

1 variety PCA1 score

2/ environment PCA 1 score
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Figure 2 A biplot showing mean CCS value of 3 sugarcane varieties grown under 18 environmental
conditions.
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Figure 3 A biplot showing sugar yield of all three crops of 3 sugarcane varieties grown under 18
environmental conditions.



7. wnmasenaas ne) TR 310 atiud 2 165

PNT3 18 INT #1 fimegszning 0.10 §u 0.10
(Table 6) 910 Table 7 ueraamsifToutiiea PCAL
veadeuia 3 1 wuh atug Fi40 Tiedosam
qeaa Taoilm PCAI score 111 027 dawsiug UTI
waz ONI1 Hauilu 103 nag -1.30 mwddy uau
MM biplot 11 Figure 2 1&uanaliisiut Soviusg
F140 Ssumiseg1ng PCAT iy 0.00 wnfiaa
smﬁlﬁwawamﬁmam?{mﬁqa duiug UTI uaz
cN1 Thades mwveaiug IndiRoaiu nawus Ut
Wwawﬁmfwmam?;ﬂqaniw

ayll

AMMI  aunsasenanudunlsainlug
& o =
Aludivveluaaninanulisdsianue 9
£ ¥
ostnovea ldiiouiavua iflessdiutioomniu
= 1 ~A £ Y da,w
wlimusoesuielasldluaald  wenviniids
aaa ' @ @ 3 1
wonlgnsersgniaiugiuanmademiudiu
' o g ' ¥ o q ¥
woaaaziugilgnluudazanmnadeny M
aunsodszinamannlumald U biplot
Iduaaaliiiudy devug UTI ladeinmgaga
ludnsuznandndosnazddiod  dIudnvasdy
wanaihdesug UTI wliadosnngaganan
T { s 5 v ¢ =
I unavddeamga Wug F140 Tnladosnm
[ ¥
qagauanananmgaludnyuznanantiinng

1PNA1501999

Basford, K.E., P.M. Kroonenberg and I.LH. DeLacy.
1991. Three-way methods for multiattribute
genotype x environment data: an illustrated
partial survey. Field Crops Res. 27 : 131-157.

Chatwachirawong, P. 1993. Yield stability of major

sugarcane cultivars in Thailand. M.S. thesis,

Kasetsart Univ., Bangkok.

Comstock, R.E. and R.H. Moll. 1963. Genotype-
environment interaction, pp. 164-196. In W.D.
Hanson and H.F. Robinson (eds.). Statistical
Genetics and Plant Breeding. Nat. Acad. Sci.-
Nat. Res. Coun. Pub. 982. Washington, D.C.

Crossa, J. 1990. Statistical analysis of multilocation
trials. Adv. Agron. 44 : 55-85.

Eberhart, S.A. and W.A. Russell. 1966. Stability
parameters for comparing varieties. Crop Sci. 6
: 36-40.

Finley, K.W. and G.N. Wilkinson. 1963. The analysis
of adaptation in a plant-breeding programme.
Aust. J. of Agric. Sci. 14 : 742-754.

Freeman, G.H. 1973. Statistical methods for the
analysis of genotype-environment interactions.
Heredity 31 : 339-354.

Gauch, H.G. 1988. Model selection and validation for
yield trials with interaction. Biometrics 44 : 705-
715

Kang, M.S. and J.D. Miller. 1984. Genotype x
environment interactions for cane and sugar
yield and their implications in sugarcane breeding.
Crop Sci. 24 : 435-440.

Mandel, J. 1961. Non-additive in two-way analysis
of variance. Amer. Stat. Assoc. J. 56 : §78-888.

Milligan, S.B., K.A. Gravois, K.P. Bischoft and F.A.
Martin. 1990. Crop effects on broad-sense
heritabilities and genetic variances of sugarcane
yield components. Crop Sci. 30 : 344-349.

Zobel, R.W., M.J. Wright and H.G. Gauch. 1988.
Statistical analysis of a yield trial. Agron. J. 80
: 388-393.



