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ABSTRACT

Traditional rice varieties (TRVs) form important components of genetic reservoir. TRVS used in study viz.,
Rajamudi, Ratnachoodi and Jeerigesanna are photosensitive. They may exhibit Genotype by Environment
(GxE) interactions for grain yield and quality traits. Hence, present experiment was conducted to understand
responses of yield and quality traits in selected traditional along with improved varieties of rice over five
different locations of Karnataka using additive main effects and multiplicative interaction (AMMI) model and
bi-plots were developed following GGE bi-plot methodology. AMMI analysis revealed that there existed
significant GE interaction among ten rice varieties and genotypes and environments were diverse in nature.
IPCA1 and |PCA2 together explained more than 75% of GE interaction for yield and quality traits and maximum
GE interaction wasexplained by |PCA (Interaction Principle Component Analysis) 1. BR-2655 and Ratnachoodi
were found to be most stable varieties and Mugadsiri was found to be most unstable variety for grain yield.
Jeerigesanna and BPT-5204 were stable for gel consistency and amylose content respectively. Among rice
varieties used, BR-2655 was found to be the best variety since it recorded highest grain yield and also it was
stable performer for grain yield and also amylose content across five different locations.

Key words: Rice, stability analysis, AMMI model, GGE bi-plot, grain yield, grain quality

INTRODUCTION grain, good cooking quality propertiesand higher straw
yield are few important characters for which these
Rice (Oryza sativa L., 2n=24) belonging to the family varieties are being liked by farmers (Rajanna et al.,
Gramienae, istheworld'smost important food crop and 2014).
aprimary food sourcefor morethan onethird of world's
population. Traditional Rice varieties (TRVS) are
valuable genetic reservoirs as they harbor time tested
traits. Hence, TRV's are given more importance by
farmersbecause of their better grain quality. Each TRV
show adaptation to specific ecosystem (Rajannaet a.,
2014). Among such TRVs grown in Karnataka,
Rajamudi, Rathnachoodi and Jeerigesannaarethethree
popular ones, but are photosensitive. These TRV sare
being cultivated in old Mysore region of the state
(selected taluks in Hassan, Mandya, Mysore,
Chamargjanagaraand Coorg districts). Medium slender

Yield is an important trait considered in any
givenvariety of rice. Alongwithyield, grain quaity and
cooking parametersare also important for the popul arity
of avariety in any location. Cooking quality of riceis
influenced by chemical parameterslike amylose content,
gel consistency, gelatinization temperature and alkali
spreading value. Gel atini zation temperature determines
the time required for cooking milled rice, whereas
amylose content influences texture of rice after
cooking. Gel consistency measures the tendency of
cooked rice to harden after cooling. Within the same
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amylose group, varieties with a softer gel consistency
are preferred and the cooked rice has a higher degree
of tenderness. Harder gel consistency isassociated with
harder cooked riceand less sticky (Juliano et al., 1964).

Expression of better yield and quality is
influenced by genotypes, environment and i nteraction
between genotype and environment.
GenotypexEnvironment interactions can be quantified
using several procedures based on evaluations of
genotypes under multi environmental trials (METS).
Various efforts were made to characterize the behavior
of genotypes in response to varying environments.
Earlier biometricians used ANOVA (Allard, 1960) and
linear regression (Finlay and Wilkinson, 1963; Eberhart
and Russel; Perkins and Jinks, 1968), which explain
GxE interactions in a single dimension. However, in
nature, complex GXE occurs which can now be
explained by the devel opment of multiplicative models
likeAdditive Main Effect and Multiplicative Interaction
(AMMI) model and Genotype and Genotype by
Environment bi-plot (GGE-bi-plot). These statistical
methods help breedersin identifying astable genotype
that can perform well in variable environmental
conditionsand also identifying locationswhere selected
varieties can perform well for gran yield and quality
traits (Elias, A. A. et a., 2016). Among these models,
AMMI model and GGE bi-plots serve as best methods
to understand GE interactions. AMMI analysis hasbeen
reported to have significantly improved the probability
of successful selection (Gauch and Zobel, 1988) and
has been used to analyze genotype x environment
interactionwith greater precisionin many crops(Gauch,
1992; Crossa et al., 1991). The model combines the
conventional analysis of variance for genotype and
environment main effects with principal components
analysis to decompose the genotype x environment
interactioninto severa Interaction Principal Component
Axes (IPCA).

Yan et al. (2000) proposed another
methodology known as a GGE-bi-plot for graphical
display of GEI pattern of multi-environmental trial data.
It appliesthe bi-plot techniquefor graphical display of
the GGE of amulti-environmental tria data, hencethe
term GGE bi-plot. This GGE bi-plot is constructed by
using thefirst two principa components (PC1 and PC2)
also referred to as primary and secondary effects,
respectively, derived from subjecting environment
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centeredyield data( Yan et a., 2000). The GGE bi-plot
can be used effectively to identify the GEI pattern of
the data. It clearly showswhich genotypewoninwhich
environments simplifying mega environment
identification.

The present study was undertaken to
understand the influence of different agro-climatic
zones (environments) on yield and cooking quality
parameters in selected TRV's and improved varieties
of riceandto identify locationsthat arewell suited for
their better yield and good cooking quality.

MATERIAL AND METHODS

Experimental material consisted of four
traditional ricevarieties (TRVS) viz., Rajamudi white,
Rajamudi red, Rathnachoodi, Jeerigesanna, two farmers
varieties(FVs) viz.,, BKB, PUB and four highyielding
varieties (HYVSs) viz, BR 2655, Tunga (IET13901),
BPT-5204, MGD 101(MugadSiri). Thesericevarieties
were grown in five locations of Karnataka viz., Zonal
Agricultural Research Station (ZARS), V.C. Farm,
Mandya(Zone 6), Agriculture Research Sation (ARS),
Gunjevu, Holenarasipurataluk (Zone7), Agricultureand
Horticulture Research Station(AHRS), Navile,
Shivamogga (Zone7), Agriculture Research Station
(ARS), Gangavathi (Zone 3), Agriculture Research
Station (ARS), Malagi (Zone 9) during kharif (wet
season) 2017.

The experiment was laid out in Randomized
CompleteBlock Design (RCBD) with threereplications
in al fivelocations selected under study. Nursery was
raised during July-August, 2017 and 25-30 days old
seedlings were transplanted and 20cmx10cm spacing
wasfollowed in all locations. Recommended package
of practicesfor rice cultivationsin respectivelocations
were followed. Sampleswere harvested at the time of
maturity. They were threshed, cleaned, dried and
weighed.

The following quality parameters were
estimated for all the seed samples collected from all
test locations as per Standard Evaluation System of
Rice (IRRI, 1996).

i)Alkali SpreadingValue (ASV)

Alkali spreading value was determined by the method
of Bhattacharya et al., 1971. The degree of alkali



disintegration wasvisually rated according to Standard
Evaluation System of Rice (IRRI, 1996). Ten polished
ricegrainsin triplicates were soaked in 10ml of 1.7%
KOH solution and kept inincubator at 30°C for 23hrs.
The degree of grain disintegration was estimated
according to Standard Evaluation System of Rice
(IRRI, 1996)

ii) Gelatinization Temperature(GT)

Gelatinization temperature was determined based on
alkali score according to Little et al., 1958.
Gelatinization temperature (GT) = 74.8- 1.57xAlkali
score

iii)Amylosecontent % (AC)

Amylose content of rice was estimated according to
the procedure suggested by Juliano et al., 1981. Amylose
content was calculated as;

Amylose content (%) =

Sample OD vdue x weight of the amylosetaken x 1 ml x 100

Standard OD velue x weight of the sampleteken (mg) x 5mi

Average of three replications was taken as
amylose content (%) in each rice sample.

iv) Gel consistency

Gel consistency was determined by the procedure of
Cagampang et a., 1973. Gel consistency measured as
the length of the gel of 100mg rice flour taken in
triplicatesin 2.0ml 0.2 N KOI in 100 x 13mm testtubes
after Ihinahorizontal position. Length of thegel flow
was measured and gel consistency datawere classified
according to Juliano, 1990 as soft (10cm), medium (4-
6cm) and hard (2.5-4 cm).

Satistical analysis
AMMI analysis

The G X E interaction of ten rice genotypes over five
locations were assessed by AMMI model as proposed
by Gauch and Zobel, 1988, using the statistical program
GenStat 18" edition. First, an ANOVA model wasused
with main effects of genotypeand environment (without
the interaction), then a principal component analysis
(PCA) was fitted using the standardized residuals.
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Theseresidualsinclude the experimental error and the
effect of the GxE interaction. The equation was:

Y, =m+ G+ E+SlLag, +e

Where, Y . is the observed mean yield of the
i"" genotypeinthej™ environment. pu isthe general mean,
G, and E, represent the effects of the genotype and
environment, respectively. A, is the singular value of
the k™ axisin the principal component analysis. o, is
the eigen vector of thei™ genotype for thek™ axisy, is
the eigen vector of the j" environment for the k' axis.
nis the number of principal components in the model.
e isthe average of the corresponding random errors.

Sability parameters

Two stability parameters were calculated viz., AMMI
stability value (ASV) and genotypic stability index
(GSl). The AMMI model does not make provision for
aquantitative stability measure, and as such ameasure
isessentia in order to quantify and rank genotypesin
termsof yield stability (Gauch and Zobel, 1996; Gauch,
1992). Therefore, theAMMI stability value (Purchase
et al., 2000) was used to quantify and rank genotypes
based ontheir stability for atrait. AMMI stability value
(ASV) isthe distance from zero in atwo dimensional
scatter diagram of IPCA1 scores against IPCA2
scores. AMM I stability valuewas cal culated using sum
of squares and scores of both IPCA1 and IPCA2. The
genotyperecording the lowest ASV wasthe most stable
one across the tested environments and genotype
recording highest ASV was the most unstable across
the tested environments.In the same manner, the
genotype having IPCA2 score near zero reveals more
stability while large values indicate more responsive
and less stable genotypes. Genotypic selection index
(GSl), also called Yield Stability Index (Y SI)
(Farshadfar, 2011) was used for simultaneous selection
for stability and performance of the genotypes. Low
values of GSI show desirable genotypeswith high mean
yield and stability (Farshadfar, 2008). AMMI stability
value (ASV) and Genotypic stability index (GSI) were
calculated (Purchase, 2000) as;

2

SS

ASV :\/[ﬂ} + [IPCA2 score]’
IPCA2

Where SS..,, and SS.,, are the sum of

squares of IPCA1 and IPCA2 respectively. IPCA1
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score and IPCA2 score are the scores of the genotype
in those particular PCASs.

GSl =R, +RY

Where, R, is the rank of AMMI stability
value, and RY isthe rank of mean yield of genotypes
(RY) across environments.

GGE bi-plot analysis

GGE bi-plot methodol ogy, which is a combination of
AMMI bi-plot and GGE concepts (Yan et al., 2000),
was used for visual interpretation of patterns of GEI.
Polygon view of GGE biplot based on symmetrical
scaling for determining ‘which-won-where' pattern of
genotypeswith test | ocations and average-environment
coordination (AEC) view of bi-plot based on
environment-focused scaling for interpreting mean
performance of the genotypes vs. their adaptability
patterns were used to understand the pattern of
genotype-environment interaction.

RESULTS AND DISCUSSIONS

Mean yield performance of al ten varietiesover five
locationsfor grain yield and quality parameters are
represented in Table 1 and Table 2 (a and b)
respectively.

i) Yield

Analysisof variance as per AMMI model reveal ed that
therewas significant contribution for variation by main
effects (genotypes and environments) and interaction

Ashwini et al.

effects for yield (Table 3). Significant mean sum of
squares due to genotypes indicate that there existed
genotypic differences and significance of environment
explains that environmental effects differ across
different locations and test locations were diverse.
Further, GXE interaction effects signify that genotypes
behave differently across different environments.

Large sum of squares dueto environmentsfor
yield indicated that differences among environmental
means were very high and environments were diverse
in nature (Zobel et al., 1988). It was found in present
study that environmental mean variations were very
higher than genotypic mean variationsfor yield (Table
3). Hence, test |ocations were diverse. Present results
are in harmony with results of Adesole and Yetunde
(2016) who evaluated fifteen upland rice varieties in
two locationsin South-Western Nigeriaand concluded
that environmental mean variationsweremorefor grain
yield and panicle characteristics. In contrast to this,
Akter et al. (2015) observed that mean sum of square
due to genotype main effect was high for grain yield
when rice genotypes were evaluated in different
growing seasons. These results suggest that variations
in environment means are majorly due to location
differences than seasonal variations.

The multiplicative variance of the treatment
sum of squares due to GE interaction was further
partitioned into two principle components IPCA1 and
IPCA2. Two principle components were highly

Table 1. Mean yield performance of varietiesin fivelocations.

Varietiescode Characters Grain yield g/ha.

Varieties Mandya  Gunjevu Shivamogga  Gangavathi Malagi Mean
1 BKB 61.20 64.00 53.20 71.60 40.80 58.16
2 PUB 59.20 66.00 80.00 73.60 42.00 64.16
3 Tunga 52.40 88.00 82.00 101.20 50.40 74.80
4 Rajamudi Red 48.00 74.00 86.80 91.20 66.80 73.36
5 Mugadsiri 46.00 64.80 95.60 97.20 95.20 79.76
6 Rajamudi White 50.80 79.20 102.00 86.40 73.60 78.40
7 BPT-5204 68.00 52.00 69.60 83.60 46.40 63.92
8 Ratnachoodi 52.00 61.60 82.00 76.80 60.80 66.64
9 BR-2655 67.20 77.20 93.20 88.80 80.80 81.44
10 Jeerigesanna 46.40 44.40 51.20 65.20 42.40 49.92

Mean 55.12 67.12 79.56 83.56 59.92 69.06

SEm+ 3.90 4.80 4.38 484 3.80

CD @ 5% 11.50 14.32 13.00 14.38 11.32

CV % 12.10 12.44 9.53 10.03 11.02

o/ha= quintal per hectare, CD= critical difference, CV = coefficient of variation, SEm+= standard error of mean
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Sability analysisfor yield and qualityinrice

significant for grain yield. The per cent contribution of
each of the IPCAs to the sum of squares of the
genotype x environment interaction for grain yield is
tabulated in Table 3. IPCA1 explained maximum
percent of genotype-environment interaction (60.5 %
). Zobel et al. (1988) proposed that two IPCAs for
AMMI model were sufficient for a predictive model.
Therefore, the interaction of ten rice genotypes
evaluated over five different environments were best
predicted by thefirst two principle component axesthat
explained about morethan 75% of theinteraction sum
of squares. The rest of the variations were taken as
residual effect.

Quality parameters

Quality of riceisthe second most important character
after yield and expression of quality parameters are
asoinfluenced by genotype, environment and interaction
between genotype and environment. Hence, stability
anaysiswas donefor important quality parametersthat
determine cooking quality of riceto identify locations

Table 3. ANOVA tablefor AMMI model for grainyield (g/ha.)

Ashwini et al.

that are well suitablefor better cooking quality of rice
varietiesused in present investigations. The results show
that there existed significant GE interactionsfor amylose
and gel consistency parameters which implies that
genotypes behaved differently over different
environments for these quality parameters.

Therefore, this study hel psto identify locations
that are suitable for better expression of quality in
selected rice varieties.

In the present study, significant effect of GE
interaction on chemical quality parameterslikeamylose
content (Table 4a) and gel consistency (Table 4b) was
observed. GE interaction was found to be non-
significant for alkali spreading value and gelatinization
temperature (Table 4c). Large genotype sum of squares
were found for all four quality parameters indicating
that genotypes were diverse for these parameters.
Resultsarein accordance with Abeysekeraet a. (2016)
who evaluated different rice varieties over different
seasonsand observed that both variety and the varietyx

Source df. Sumof squares Mean squares  Fratio  %TSS G*E %
Total 149 51135 343.2 6.01 100

Treatments 49 45491 928.4*** 16.26 88.963

Genotypes 9 14218 1579.8*** 27.67 27.805
Environments 4 18064 4516*** 79.089  35.326

Block 10 504 50.4 0.88 0.9856
Interactions 36 13210 366.9*** 6.43 25.834

IPCA 1 12 7988 665.7*** 11.66 15.621 60.5%
IPCA 2 10 3164 316.4*** 554 6.1875 23.95 %
Residuals 14 2057 146.9 2.57 4.0227

Error 90 5140 57.1 10.052

***Sjgnificance @ p=0.001, g/ha.= quintal per hectare, %TSS= % of total sum of sguares, IPCA= interaction principle
component axes, %G* E= % of genotype and environment interaction

Table 4a. AMMI ANOVA for amylose content

Source d.f. Sum of squares Mean sguares F ratio %TSS G*E %
Total 149 783.3 5.26 100

Treatments 49 777.3 15.86*** 264.3333 99.23401

Genotypes 9 2719 30.21*** 503.5 34.71212
Environments 4 95.6 23.9%** 398.3333 12.20477

Block 10 0.6 0.06 1 0.076599

G*E Interaction 36 409.8 11.38*** 189.6667 52.31712

IPCAl 12 2255 18.79*** 313.1667 28.78846 54.95 %
IPCA2 10 109 10.9%** 181.6667 13.91549 26.59 %
Residuals 14 75.3 5.38*** 89.66667 9.613175

Error 90 54 0.06

*** Sjgnificance @ p=0.001, %T SS= % of total sum of squares, |PCA= interaction principle component Axes, %G* E= % of

genotype and environment interaction.
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Tabledb. AMMI ANOVA for Gel Consistency
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Source d.f. S.S. m.s. F ratio %TSS %G*E
Total 149 133.17 0.894 52.588235 100

Treatments 49 131.29 2.679*** 157.58824 98.588271

Genotypes 9 67.75 7.527*** 442.76471 50.874822

Environments 4 4,19 1.048*** 61.647059 3.1463543

Block 10 0.34 0.034 2 0.2553128

GE Interactions 36 59.36 1.649%** 97 44.574604

IPCA 1 12 34.53 2.877*** 169.23529 25.929263 58.16 %
IPCA 2 10 21.41 2.141%** 125.94118 16.077195 36.06 %
Residuals 14 3.42 0.244*** 14.352941 2.568146

Error 90 1.54 0.017 1 1.1564166

*** Sjgnificance @ p=0.001, %T SS= % of total sum of squares, |PCA= interaction principle component Axes, %G* E= % of

genotype and environment interaction.

season interaction effects were highly significant.
Endosperm starch amylose content is influenced by
ambient temperature. High ambient temperature
decreases the amyl ose content, while cool temperature
during grain devel opment increasesthe amyl ose content
(Juliano et al., 1981). Other than temperature, genetics
also play amajor role in the amylose content of rice.
The level of waxy gene protein increases in lower
temperaturesresulting in high amylose content in mature
seeds (Suzuki et al., 2003). The waxy genelocated in
rice chromosome 6, encodes the enzyme granul e bound
starch synthase (GBSS) which plays a key role in
amylose synthesis. In addition to the mgjor effect of
the waxy gene, minor genes also affect rice amylose
content (Suzuki et al., 2003). Juliano et al. (1964)
documented that variationsin amylopectin fractionsand
nitrogenous fertilization at heading stage affect gel
consistency in rice genotypes. Presence of GE
interactionsin gel consistency and amylose content in

Table 4c. AMMI ANOVA for alkali spreading value and
gelatinization temperature.

Source Alkali spreading Gelatinization
value temperature (°C)

Total 0.3221 0.794

Treatments 0.9796 2.415

Genotypes 2.2667*** 5.587***

Environments  1.35 3.328

Block 0.0001 0.0002

Interactions  0.6167 1.520

IPCAl 0.8 1972

IPCA2 0.8643 2.130

Residuals 0.2826 0.697

Error 0.0002 0.0002

***Gignificance @ p=0.001, IPCA= interaction principle
component axes.

present study may be correlated with differences in
soil fertilization and temperature across locations.
Mahalingam et al. (2013) also recorded similar findings
intheir study.

The two principle components were highly
significant for amylose and gel consistency. IPCA1
explained 54.95 % and 58.16 % for amylose and gel
consistency (Table 4aand Table 4b).

Sability parameters

Yield

According to ASV, Ratnachoodi was the most stable
genotype for yield since it recorded lowest ASV with
mean yield of 66.64 g/ha. BR-2655 was the stable
genotype recording highest mean yield (81.44 g/ha.)
among all genotypes next to Ratnachoodi. The least
stable genotypewas Mugadsiri sinceit recorded highest
ASV (11.57) with mean yield of 79.76 g/ha (Table 5).
Among TRVs, Ratnachoodi, Jeerigesanna and
Rajamudi red varietieswerefound to be stablefor yield
since TRV s harbor time tested traitsthat enable stable
performance across arange of environments (Rajanna
etal., 2014). Accordingto GSl, BR-2655 wasfound to
be the best variety sinceit recorded higher mean yield
and was stable for yield across locations, since GS
was found lower for it.

Quality traits

According to ASV, Jeerigesanna was the most stable
for gel consistency sinceit recorded least ASV value,
followed by BPT-5204 and Tunga. Most unstable
genotypefor gelconsistency was Rajamudi white asit
recorded highest ASV value and it showed a specific
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Sability analysisfor yield and qualityinrice

Table5. AMMI Stability parametersfor grainyield (g/ha.)

Ashwini et al.

Genotype IPCAg1 IPCAQ2 ASV Rank ASV Mean Rank of mean GSl
BKB 3.28376 0.54742 8.31 9 58.16 9 18
PUB 1.74449 -0.73497 4.47 5 64.16 7 12
Tunga 1.13058 -4.07731 4.98 6 74.8 4 10
Rajamudi red -1.35812 -1.3305 3.68 4 73.36 5 9

Mugadsiri -4.54528 1.4749 11.57 10 79.76 2 12
Rajamudi white -2.29367 -1.42322 5.96 7 78.4 3 10
BPT-5204 2.4275 2.04801 6.46 8 63.92 8 16
Ratnachoodi -0.70114 0.54597 1.85 1 66.64 6 7

BR-2655 -0.91629 1.15866 259 2 81.44 1 3

Jeerigesanna 1.22816 1.79103 3.58 3 49.92 10 13

g/ha= quintal per hectare, ASV=AMM I stability value, GSI= genotypic selection index, IPCA= interaction principle component

axes

adaptation. Similarly, BPT-5204 was most stable for
amylose content, followed by Rajamudi white and BR-
2655. Least stable for amylose content was
Ratnachoodi (Table 6). Most appropriate amylose
content for better cooking quality is intermediate
amylose content (20-25%) which was observed in
varieties viz., PUB (24.31%), Rajamudi white
(23.47%), Ratnachoodi (24.13%), Jeerigesanna
(23.94%) and BPT-5204 (24.77%). But these varieties
except BPT-5204 were unstable for expression of
amylose content across locations since they recorded
higher GSI values. BPT-5204 al so had stable and good
performance with respectiveto gel consistency across
test locations under present study

Under standing patter n of genotype-envir onment
inter action display using graphical tool

A polygon isdrawn on the genotypes that are farthest
from the bi-plot origin so that all other genotypes fall
withinthe polygon. The perpendicular linesstarting from
GGE hi-plot origin are drawn to each side of the polygon.
The perpendicular lines are equality lines between
adjacent genotypes on the polygon. The genotypes
located on the vertices of the polygon perform either
the best or poorest in one or morelocations (Yan et al.,
2000). Theequality linesdividethe bi-plot into sectors.
The vertex genotype in each sector is the winning
genotype at |ocations whose markers (points) fall into
therespective sector (Yan et a., 2000). Locationswithin
the same sector share the same winning genotype, and
locations in different sectors have different winning
genotypes. Thuspolygon view of aGGE hi-plot indicates
presence or absence of cross-over GEI (Yan and
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Rajcan, 2002).

"Which won where' pattern of GGE biplotsfor
grain yield of selected varieties is given in Fig. 1.
GenotypesBKB, BPT-5204, Mugadsiri, Rgjamudi white
and Tungawere found to be responsive genotypes and
unstable for grain yield since they were located on
vertices of thepolygon. Malagi and Shivamoggashared
Mugadsiri and Rajamudi white as their winning
genotypessincethey fall inthe same sector of polygon.
Similarly, BPT-5204 was winning genotypein Mandya
and Tunga was winning genotype in Gunjevu and
Gangavathi. Rest of the genotypes were found to be

Grain yield
X axis IPCA1= 60.5%; Y axis IPCA2: 23.95%

Which Won Where/What

ANIS2 2365 %

Malagi

T T T
[+]

Fig. 1. Polygon view of GGE bi-plot based onthe symmetrical
scalling for 'which-won-where' pattern of genotypes and
locations for grain yield. (1=BKB, 2= PUB, 3= Tunga, 4=
Rajamudi red, 5= Mugadsiri, 6= Rajamudi white, 7= BPT-
5204, 8= Ratnachoodi, 9= BR-255, 10= Jeerigesanna)
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Table 6. AMMI stability parameters for gel consistency and amylose content.

Gel consistency (cm)

Amylose content (%)

Genotype IPCAgl IPCAg2 ASV Rank Mean Rank GSI IPCAgl IPCAg2 ASV Rank Mean Rank GSI
ASV of ASV of
mean mean

BKB 0454 -0468 087 6 8013 10 16 0.28322 -1.2267 1.27 7 268 2 9
PUB -0468 -0304 081 4 9.860 2 6 147439 0.46596 1.70 8 2431 7 15
Tunga 0416 0334 075 3 8500 7 10 0.20281 1.87275 1.89 9 2747 1 10
Rajamudi red -0.353 -0607 083 5 9127 5 10 -0.7413 0.16622 0.84 4 26.79 3 7
Mugadsiri -1.019 0198 165 9 8500 8 17 -0.80363 0.03812 0.89 5 26.37 4 9
Rajamudi white 0977 0742 174 10 8260 9 19 0.56502 -0.01315 0.63 2 2347 10 12
BPT-5204 -0214 -0192 039 2 9980 1 3 -0.44432 0.05402 0.50 1 2477 6 7
Ratnachoodi 0601 -0679 118 7 9.787 3 10 -1.89733 -0.14 211 10 2413 8 18
BR-2655 -0507 0886 121 8 9.087 6 14 041971 -0.66354 0.81 3 2529 5 8
Jeerigesanna 0111 008 020 1 9427 4 5 0.94143 -0.55367 1.18 6 2394 9 15

ASV=AMMI stahility value, GSI= genotypic selection index, IPCA= interaction principle component axes

stable according to GGE biplotssincethey arelocated
near origin.

Accordingto polygon view for gel consistency
(Fig. 2), Rgjamudi red, Rajamudi white, Ratnachoodi,
BR-2655 and Mugadsiri were unstable for gel
consistency and show specific adaptation. Accordingly,
Rajamudi white show specific adaptation to Gunjevu,
Mandya and Malagi, whereas Rgjamudi red and BR-
2655 show specific adaptation to Shivamogga and
Gangavathi respectively and are winning genotypesin

Gel consistency
X axis IPCA1= 58.16% Y axis IPCA2= 36.06%

‘Which Won Where/What

05

Gunjevu

0.0

\  Mandya

AXIS2 36.06 %

-0.5
|

=10

Shivamogga
T T T T T
-1.0 -0.5 oo 05 1.0

AXIS1 5816 %

Fig. 2. Polygon view of GGE bi-plot based onthe symmetrical
scalling for 'which-won-where' pattern of genotypes and
locations for gel consistency. (1=BKB, 2= PUB, 3= Tunga,
4= Rajamudi red, 5= Mugadsiri, 6= Rgjamudi white, 7= BPT-
5204, 8= Ratnachoodi, 9= BR-255, 10= Jeerigesanna)

respective locations. Similarly in Fig. 3, for amylose
content, BK B waswinning genotypein Gunjevu, PUB
in Mandya and Gangavathi, Tunga in Malagi and
Ratnachoodi in Shivamogga.

Winning genotypes does not always mean best
genotype in respective location. For example,
intermediate amyl ose content (20-25%) isregarded as
better for good texture after cooking. Though BKB
was a winning genotypeGunjevu, it recorded higher
amylose content (28.42%, Table 2a) which is not

Amylose content (%)
X axis IPCA1= 54.95%; Y axis IPCA2= 26.59%
Which Won Where/What

Gangavatihy,

AXIS2 26.50 %
-

Mandyh,
>

AXIS1 54 95 %

Fig. 3. Polygon view of GGE bi-plot based onthe symmetrical
scalling for 'which-won-where' pattern of genotypes and
locationsfor amylose content. (1=BKB, 2= PUB, 3= Tunga,
4= Rajamudi red, 5= Mugadsiri, 6= Rgjamudi white, 7= BPT-
5204, 8= Ratnachoodi, 9= BR-255, 10= Jeerigesanna)
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Sability analysisfor yield and qualityinrice

preferred for good cooking quality.

Results of biplots were found to be similar to
AMMI stability parameters. But, GGE biplots could
explain the relationship between environments and
varieties and could explain the pattern of GE
interactions. Similar findings were obtained by
Ogunbayo et al ., 2014.

CONCLUSION

Genotype-Environment (GE) interaction isacomplex
phenomenon in nature which needs to be understood
by breeders in order to identify locations that are
suitable for better yield of a given variety. It was
revealed by AMMI analysisin present investigation that
there existed significant GE interaction among tenrice
varieties evaluated across five different locations.
Genotypesand environmentswerediverse. IPCA1 and
IPCA2 together explained more than 75% of GE
interaction for yield and quality traitsand maximum GE
interaction was explained by IPCA 1. GGE hiplots
provided an excellent graphical tool to understand
pattern of GE interaction and hel ped in identifying mega
environments and locationsthat are suitablefor better
yield of agiven variety.

Analysis revealed that BR-2655 and
Ratnachoodi were found to be most stable varieties
and Mugadsiri was found to be most unstable variety
for yield. Jeerigesanna and BPT-5204 were stable for
gel consistency and amylose content respectively.
Amongtest varietiesused under investigation, BR-2655
was found to be best variety since it recorded highest
grain yield and also it was stable performer for grain
yield acrossfive different locations. It was also nearly
stablefor amyl ose content acrosslocations. Hence, BR-
2655 can be considered asbest variety with stableyield
and stable cooking quality across locations. AMMI
model and GGE bi plotswerefound to be excellent tool
to understand GE interactions. But, GGE biplotscould
provide more meaning information with reference to
rel ationship between genotypes and environments.
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