-

Nigerian J. Genet. 20(2006): 98-110

;L\. - GOMP: RISON OF JOINT REGRESSION ANALYSIS (JRA) AND
. ADDITIVE MAIN EFFECT AND MULTIPLICATIVE INTERACTION:
. |(ammi) MODEL IN THE STUDY OF G x E INTERACTION IN
T i'\SOYBEAN \CROSS TWO AGROECOLOGICAL ZONES

I ~ INNIGERIA |

Aremu, C.O.%, Ojo, D. K.z, *Oduwaye, 0.A.zand Amira, J. @*
1Agronomy Department, Faculty of Agriculture, Ladoke Akintola University of Technology.
Ogbomoso Nigeria ;
2Department of Plant Breeding and Seed Technology, University of Agriculture,
Abeokuta, Nigeria ' v

ABSTRACT

1,'.Ten”'iéach of early-maturing and late-maturing genotypes of soybean were evaluatedin
\ifour, | vironments. The yield data were subjected to joint regression (JRA) and additive

L ;
L1 main effect and multiplicative interaction (AMMI) analyses to determin€ the effectiveness:
} \ ‘of the two models in G X E interaction yield trials. The heterogeneity of regression (HR)

LL; T-‘anc';f"c?ev;’atr’on from concurrence (DC) portions of the Genotype X Environment interaction

?\15 oftthfl?A were not significant in both early and |ate-maturing genotypes, suggesting

|
| that

gavé large residuals of about 50.0 and 81.0% respéctively, in the early and late-maturing
genotypes. The G x E interaction in the AMM! model was highly significant in the early-

enotype response was not a linear function of the environment. The JRA also

maturing genotypes only. HoweVer, the first Prr’nci,bal Components AXis (IPCA) of 50.68
and 49.68% AMMI model accounted for 93.64 and 83.97% of the ‘intéraction sum of

: \ Isqua'res with comparatively low residuals for the early and late-maturing genotypes,
I respectively. |

o KeNords:AMMl and Joint Regression Analysis, Savanna Ecology, Tropical soybean
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INTRODUCTION

The improvement of grain yield in
soybean (Glycine max (L) Merr.) depends
on thorough understanding of the influences
of genotypes, environment and the
interaction between genotype and
environment (G x E) as this interaction limits
the genetic advancement of plant breeding
programmes (Helms, 1993). Itis therefore
important to quantify such interaction before
a reliable genotype selection is made. A
number of techniques have been used to
study the sensitivity of a gerotype to different
environments. These include the joint
regression technique and the additive main
effect and multiplicative interaction (AMMI)
technique. :

The joint regression analysis (JRA) is a
technique used in determining genotype
response to different environments. The
technique quantifies each environment by
the means of all the genotypes tested. The
sensitivity of a genotype to different
environments is determined by the
magnitude aof its regression coefficient and
the deviation from linearity (Wescott, 1986;
Ariyo, 1995). However, the major objective
of G x E analysis is to explain as much as
possib‘ie, the structural variability in the G x
E interaction and also interpret the variability
bio]ogically._The joint regression technique

rison of joint regression analysis (JRA) and || |
additive main effect and multiplicative interaction (AMMI) modei........ S BT

98

| |
n
‘(Any‘o
1995) for cowpea, (Ntare and Aken’ |Ova‘
1985) and for maize (Eberhert and Russell
1966). | r

The AMMI estlmate of genotype'

performance removes G x E ‘noise’ that !v

has been widely used for soybean

intrinsic to estimates from data ot g r}otype

performance in specrf:cenwren I
thereby producing estimates that '5(%
more predictive of future perform ﬂ ; !“'
genotype. The model has! ‘also be ‘

in multilocation yield trials for ‘alze
(Crossa et al., 1990) wheat (Mciare]n and
Chaudhary, 1994) and soybeani(Arlyo
1998). AMMI model explains more of th

variations in the interaction sum of squares

_m__

(SS) than the joint regression analysrs as
the environment or location increases.
(Nachit et al.,, 1992). However, as the.
environmental diversities are restrlcted it |?
proposed that JRA and AMMI 00uld bottlw
explain the variations in the mteractr n sum!
of square (Acciaresi et al., 1997) L:

Ojo (2000) compared varlous éghod
of G x E analysis on srx genot es [

I

soybean sown in three contrasting {rc prcq

field ecologies. The findings of tthEstudy '

needs further clarification maklngiuse of:
larger number of entries, in order to obtam

results with clearer agronomic meeﬂmn
The objectives of this study were; to

i \g ’
en

n.us P
I '1’? :
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1"‘detérrjnine the effectiveness of JRA and
AMMIZmodels in the G x E interaction studies
“of éélriy and late-maturing genotypes of
‘|$oybe n. To indicate the adaptability of each
|soyb an genotype to each of the two

‘|agroeco|oglcai zones using the two
\techmques

ii:n I 1
'\' | MATERIAL AND METHOD

Ten each of early-maturing and late- -

maturing soybean genotypes obtained from
:the Crop Improvement Division (CID) of
;?ilnternational Institute of Tropical Agriculture,
éil‘badan, were grown in four environments,
Abeokuta(derived savanna) in 1999 and
2000‘?énd Ogbomoso (guinea savanna) in
EOOi e‘md 2002 planting seasons.
w‘ i Each of the four-row plotsof 3mx6 m
|ln size|was planted in a randomized block
| \desngn W|th three replications. The between
! \and w:thln row spacing were 75 and 5 cm,
Hespectlvely Seed yield data were collected
from the two inner competitive rows and

expressed in kilogramme per hectare (kg/ .

ha). Statistical analysis was performed,
separately on the early and late-maturing
genotypes The data were subjected to
| ‘combmed analysis of variance, joint
regression (JRA) and AMMI analyses.

=~

The procedure of Freeman (1973) was
used for the JRA in which case a mixed
model was assumed where the genotypes
are fixed and the environments random
using the procedure,

Yijk = l‘J * Gi ¥ Ej * biEj ki dij+ Sjk T eiil-'.

Yy = Yield (kg/ha) of the i"' genotype in

the k'™ replicates of the jth
environment

g = Grand mean

0 = Additiveeffectofth:e ith genotype .
Ej = Additive effect of ' environment
bE,= Linear regression coefficient of

. T
" genotype in j"environment

dii Deviation from regression
|
S Effect of the k" replicates of the
jthenvironment

il

e, = Average of the errors associated

with i genotypes and j®
environment

For the AMMI model, the procedure given
by Yau (1995) was used. This model takes
into account the additive effect and the
interaction (multiplicative effects) in the
genotype x environment interaction studies.
Y.,- = Mp+a +Be+2nAnYgn Sen +
Pge - Xger
Where
Y. =

]

p:

Seed yield (kg/ha)
Grand mean

¥ 100
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g = Grand mean of the genotype
RBe= Grand mean of the environment
A = Eigenvalueofthe principal
component analysis (PCA) axis.
Ygnand den = The genotype and

environment PCA scores for the PCA axis,
respectively
Pge= Residual from the AMMI
zger= Errorterm
The JRAand AMMI statistical analyses
were performed by MAT MODEL Version
2.0 (Gauch, 1986). The PCA scores were
used in tneAMMl biplots.
The criteria to compare the two models were
based on:
1 The significant value ohtained in the

heterogeneity of regression in JRA and

the first PCA axis in AMMI, respectively .

(Yau, 1995).
2. The effectiveness of the two models
measured through the values of the

percentage sum of squares (% SS).

3. The significance of the concurrence of
regreSSIOH deviation from concurrence
and the AMMI biplot structure (Kempton,

1981).

101

: M
the early-maturing genotypesl Three

il

L
| |
RESULTS R

l
The mean seed yield for both early and\

late-maturing soybean genotypes are
presented in Table 1. The mean yield of late- .

maturing genotypes was higher than that of1 x

genotypes, TGX 1636-7F, Samsoy- fand.ﬁ,_‘
TGX 1849-1E yielded below average n the\
early-maturing genotypes. Sumn arly
genotypes TGX 1440-1E, TGX 596 1 and‘
TGX 1448-2E had below average
yield in the late- maturing genotypes

eed

positive PCA score with the least !nteréo |on1
whereas TGX 1456-2E recorded the largesq

negative interaction among the early

i

Genotype TGX 1485- 1D had the lowestw |

E

maturing genotypes. However, the least :

interaction among the late- maturing group ]

was observed in genotype TGX 1410 1D. \

The mean performance of the eariy\“

and late-maturing genotypes acros ;\the i

2 areL
|!| ‘

presented in Table 2. The hlghest yi Id ofl
il bl

genotypes was obtained at Ogbom so |nl
2002. Among the late- matunng genotypes,
the highest mean yield (1139.73 kg/ha) was: i
obtained in 1999 at Abeokuta. The first PCAli
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tficients (b) and
ion (S2d) of the:
l '*'ge:i_tloiftypes are presented in Table 3. TGX
' 4485-1D, TGX 1019-2EN and TGX 1627-

?I1F ':?%fxong the early-maturing genotypes
:I‘l,\-‘l“a‘an(:i\-iiTGX 925-2C, TGX 1410-1D, TGX
/11445 3 and TGX 596-1D among the late-

‘!I\.‘mat“ ring, genotypes were the

1

The regression cO€

o o L b
| deviation from

|

regress

most
e genotypes had
ients that were
1.0 with high mean
s forall

ﬁresp‘,onsive as thes

| _Eﬁ_reg}r ssjon coeffic
A\ signiﬂ\ca&_\tly higher than
| yields. The deviation mean square

the genotypes. whether

maturing, Were sign'\ﬁcantly greater than

|
]

i

|

f"
|
i

.

T
o

3

1 ‘-".‘ T
. ’ jl;,netérqgé%he'\t‘{ of regr

‘ | ‘;I\wl“-‘!accodintéd for 7.04%
_ ‘lgccurrence (DC) that accounted for 1 3.73%

B
\

early of |ate-

zero. -

. The genotype. environment and GxE
Hl:inte“r;i‘ction mean squares Wereé highly
" significant (P < 0.01) in respect of the early
maturing genotypes except for

nthatwas

_‘ and late-
! .genc‘ﬁjd(pe w environment interactio
: "rf}ot s.ujh Qiﬂ_cant inthe late-maturing genotypes
5 (Table\ét).

e JRA gave a non significant
ession (HR) which

and deviation from

arly-maturing genotypes. In the late-
R ‘accounted for

inthee
maturing genotypes, H
6.46% and DC 15.61% of the total sum of

- squares. However, the concurrence from

regression (CR) was significa
locations and accounted fo
13.73% of total vari
Deviation fro
for 14

nt in the two
r 14.43 and
ation, fespectively.
m regression (DR) accounted
6% of total sum of squéres and about

50.0% of the G X E sum of silquares in the

early-maturing genotypes.
Differences between JRA and AMMI
model became evidentwhen the interaction -
<um of squares (SS) were 'p:artitioned. on
the other hand, AMMI analysis (Table 5)
ded highly signiﬂcanf |IPCA mean -
0.68% of the

recor
squares which accounted for B
GxE interaction sum of squares with 11
degree of freedom (df) in the early-maturing
genotypes. Alsothe late-maturing genotypes
gave a signiﬁcént |PCA axis, accounting for
49 68% of the G X E sum of squares with 11
degree of freedom.
The biplots for the early and late-maturing
‘ Figures 1 and

genotypes aré presented in

2 respectively. Theten soyflaean genotypes
from each maturity group are codedas TGX
1 to TGX 10 in the Figures. The Y-axis
showed the main effects (seed yield) while
e |PCA axis. The

le accounted for

the ordinate showed th
AMMI biplot as @ who
93.64% and 83.97% with residuals of 6.36
and 16.03% of the total sum of squares for

ate—maturin

the early and | g genotypes.

respectively. -
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-

InFigure 1, (early- -maturing genotype) allthe
ten genotypes except Samsoy-2 and TGX
1849-1E were found adaptable to
Ogbomoso environment. Among the late-
maturing genotypes, TGX 1410-1E, TGX
996-22E and TGX 1018- 2EB were
adaptable to environmental conditions in
Abeokuta while TGX 925-2E, TGX 1445-
3E and M351 were adaptable to
Ogbomoso location. The other genotypes

had below average mean yield and were,

therefore, not promising.

DISCUSSION
The enormous usefulness of soybeanas
a source of protein, fats and oil has gradually
made this crop popular in Nigeria especially
in the transitional humid and Guinea
savanna agroecological zones where
animal protein is insufficient. The
productivity of soybean crop in diverse
environment is determined, among others
by its adaptability and interaction with the
environment. '
The comparative advantage of AMMI over
the joint regression analysis (JRA) in sum
~square recovery has been reveeted in the
current study and elsewhere (Yau, 1985;
Gauch, 1990; Ojo, 2000). This is because
the former reveals a highly significant
interaction component that has clearer

103

model........

agronomic meaning. Thefaotthatth l (E

and its two components, HR and D A ere

not significant suggests total absence of G ‘,

 E interaction and larger res:dual effec_ts” i
The non-significance of GR in parttcularl,
indicated that the correlation coefﬂcuent (r]
could not be a response parameter ThIS
according to Helms (1993), e,\pldlned that
the genotype response was not a: lmea"

o
function of the environment and enre b
regression coefficient was nota t]L tnder: 11 '\l
of testing genotype adaptability. - ! i'\ il J

Although, the stgmflcan‘

concurrence of regression in th

evaluations especially in the late- m tlunn :
genotypes indicated the existence o alhnoq |
correlation between the regr ssmd

coefficients and the genotype means m the
four environments (Nachit ¢ etal., 1992) th 1‘ ‘1
non-linearity inthe GxE mteractlonf rlbotlhnh \
early and late-maturing genot"pes |n tt\etg‘ |
current study revealed the lneffectweness of
JRA in determining genotype response to:,

[ - !.‘::-

agiven environment. S
On the other hand, the AMMI mogjetlclearj
demonstrated the existence of alftg igﬁcan{“
G x E interaction which was partitio ea;l N
the first PCA axis in the two evaluatio s Aleid
the mean squares for the first PCAaxis
larger than the mean square fr

y 'Wer@

oo
residuals. Wheareas the complet 1 HMl\fll |
. {54 |

f |

-C?EQ:

|
”,i
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rnodel recorded greater proport;on “of
lnteractlon sum of square with smaller

: reSIdual in the two locations, the JRA gave

l rger residuals relative to the interaction
sum of squares.

Therefore, the AMMI model is seen to

'h ve explained, as much as possible, the
structural variability in the genotypes
1:\eractson (Mclaren and Chandhary, 1994).
The AMMI biplots in particular, identified the
adaptable and high yielding genotypes in
each location and also quantified the
contribution of each genotype to interaction
withthe environment (Yau, 1995). In the early-
matunng genotypes, TGX 1566-2E, TGX
1636 7F and TGX 1456-1D apart from
recerdlng above average-yield, also gave
1ow PCA values. Therefore the three
ge}notypes can be recommended for the
Ogbomoso (Guinea savanna) agroecology.
G notypeTGX 1410-1Din the late- matunng
gr(?up was able to combine above average
yaeld with low-interaction and thus was

! ad?ptable to Abeokuta (derived savanna)

agroecology.
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l
';Tabll%,- 1. Mean seed yield (kg/ha) and first PCA values from AMMI analysis for 10 soybean genotypes
b || grown in four environments '
i Early-maturing Late-maturing'genotypes
,l genotypes Mean yield | IPCA axis
LR Mean yield IPCA axis ?
-Genotype Genotype ‘
TGX 156626 1022.34 -8.01 TGX 925-2E 10135 © | 1022
' TGX 1636-7F 998.22 7.42 TGX 1447-1D 1038.13 . -11.89
TGX 1019-2EN 1065.41 -7.26 TGX 996-22E 1121.27 10.57
- TGX 1456-2E 1180.11 . -13.28 TGX 1410-1D 1097.56 4.82
TGX 1485 1D 1097.54 » 230 TGX 1445-3E 1141.27 -15.07
‘HSamsoy 2 849.68 6.50 .TGX 1440-1E 960.43 -0.94
TGX 536 02D 1028.37 12.50 TGX 596-1D 1011.14 -6.42
.\ TGX 1649 11F 1153.71 -12.76 . M351 1181.41 -4.92
rTGX 1849 1E 898.43 -14.07 " TGX 1448-2E 938.45 7.2
-TGX 16 7-1F 1227.56 - =10.79 TGX 1019-2EB 1155.17 9.65
;i?ranqi ir?ean 1052.14 1026.50
nvuro ment . Environment ;
Abeokulr: 1999 858.75 1.27 Abeockuta 1999 11:31.73 | 7.92
f\beok‘gt 2000 663.34 -7.39 Abeokuta 2000 948.25 | 9.37
?gbomoso 2001 974.93 -13.21 Ogbomoso 2001 998.42 | -10.81
®gbomoso 2002 1097.51 -18.44 Ogbomoso 2002 1072.14 | -8.01
:F-}rand mean | 999.06 ’

Grand mean 972.00
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Table 2. Mean yicld of soybean genotypes and |

oint regression analyéis (JRA‘
teraction (AMMI) mode!....‘....

PCA from AMMI analyses |n fou 'e

v:ron ; f

Early-maturing

Environment
Abeokuta 1899
Abeokuta 2000
Ogbomoso 2001
Ogbomoso 2002

Grand mean

Mean yield (kg/ha)

858.75
663.34
974.93
1097.51
999.06

IPCA
1.27
-7.39

-13.21

-18.44

Mean yield (kg!ha)

1131.73

948.25 b

998.42
1072.14
972.00 |

Table 3. Regression coefficients (b) and deviation from regression for the early and

late-maturing soybean genotypes , ‘ o | I]

Early-maturing genotypgs Late-maturing g_enotjrpeﬁ.;! %g llj'

Genotype Regression Deviation Genotype Regre:.ssio‘l (] jil (-T‘V.?Iﬁi?nl ||
| coefficient (b) (s°d) coefficient (b) T) (sfq: l 3
TGX11566-2E 0.92 52, 405.21 TGX 925-2E . 1.21  l "Eﬂzt, an . ‘i

TGX 1636-7F 0.84 5,882.34 TGX 1447-1D 0% [127}‘%22] "
TGX 1019-2EN 1.22 40, 327.31 TGX 996-22E 021 E df/q, ﬂ 4.53

TGX 1456-2E 0.99 118, 453.22 TGX 1410-1D 116 ﬁ? 2551.'40 |
TGX 1485-1D 1.01 14, 533.40 TGX 1445-3E 1.24 ‘g‘a '4711'5';_97 3

Samsoy-2 1.00 212,52540  TGX 1440-1E 106 "_:59,:"851!6}12]‘9 b

TGX 536-02D 0.81 7, 831.44 TGX 596-1D 128 1 sl%sﬁ{zax I

TGX 1649-11F 0.49 106, 458.39 M 351 0.47 W 44:1,@5 t

TGX 1849-1E 0.69 19, 281.47 TGX 1448-2E 0.82 1I53 683.41 l‘
TGX 1627-1F 1.10 16, 397.63 TGX 1019-2EB 0.67 199, 461 27

:: .iL -li|- | I{f

‘" o]

*l JE

‘ | 1 1| |

” 107 i i il| '\:|!

N (1]

ﬁh [
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int regression analysis of yield (kg!ha) for early- and late-maturing ‘
cybean genotype.
| So ic‘e | , ‘ df 83 Ms %8S df SS ms % SS
i ““I #“ _T ‘ Eariy-matunng genotypes Late-maturing genotypes _ B
Tre rtment 39 7,122 024.44 18, 261.01 39 6, 241, 110.21 178, 317.4{
Genotype (G) 9 1,652 85525 183, 650.58™ 23.20 9 1,144, 361.81 143, 045.23‘f 18.34
Enwonrﬁant (E) 3 1.024,310.40 3,414, 38.8™ 14.38 3 1,233 51225 127.151.31"‘ 19.75
GxEl : 27 3,124.307.43 115, 715.00" 28.26 27 1.840,01311  76,667.21 | . 2948
H. R ! 9 498 459.95 55, 385,55 7.04 9 402 21253 50. 290.41 ‘ 6.46
F 1 977, 83.46 97, 788.46* 14.30 1 892, 691.20 892, 691.20*" 13.73
’ 8 101, 572.23 12, 696.53 13.73 8 974, 291.83 11, 347.12 | 15.61
Dﬁ (Resndual) 18 - 1, 544, 357.97 85, 798.19 14.26 18 1,489, 948.32 93, 121.65 % 23.87
e v 1 80, 3,895, 249,50 48, 691.8?" 80 291,683.22 3,B846.43 . |
. "l':. sgnlﬂcant at 5% and 1% probability levels, respectively ‘
o
]
.!: Lo
i ﬂ I',f )
alfle 5. AMMI analysns of yield (kg/ha) for early- and late-maturing soybean genotype
{s‘glgge ‘ df S MS %SS df Ss (5 % SS
) L I ‘ | Early-maturing genotypes Late-maturing genotypes
T atment 39 7.122,02444 18, 261.01 35 6 241, 110.21 178, 317.44 |
Genotype (G) 9 1,652 855.25 183, 650.58* 2320 9 1,144, 361.81 127.154.31* | 1834
Er_Mfoan‘ent (E) 3 1,024, 310.40 3,414, 36.8* 14.38 3 1.233 51225 411, 179 75" ‘ 19.75
GXE ! 27 3,124, 307.43 115, 715.09* 2826 2r 1, 8{10. 013.11 78 687.21 L 29.48
IIPCAI 11 928.230.35 84,384.58" 50.68 11 914.210.11 83110.11* | 49.68
Resmuai 16 453, 185.19 28,324.14 16 952, 207.81 '88, 512.99
I%'Tfor : 80 3,895 34950 48, 691.87 80 291, 68322 3.64643 !
EAT .sigmf cant at 5% and 1% probability lavels, respectively !
i F [
5 1 : {
; .
. i e
Wil
; f?”? g :
-
it |
; 108
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ABI &:AB2 = Abeokutz 1999 and Abeokuta 2000, respectively. IR | B0 i
0G1 & 062 = Oghormoso 2001 and Oghomoso 2002, respectively. | fi
Taxt- Tax10 are the ten soybean. genotypes as listed in Table 1 o [Ji'? l
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AB1&AB2= Abeokuta 1999 and Abeokuta 2000, respectively - 0 i .
S OG1&0G 2= Ogbomoso 20001 and Ogbomoso 2002, respectively, 2 ¥
LA © . Tax1-Tax 10 are the ten soybean genotypes as listed in Table § - .
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