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rAbstract- Land races are important sources of traits required for adaptation to low-input agricultural production systems. Hence, the apriori selected muItipIe-trait-\

specific germplasm accessions were evaluated over four locations to identify those with specific/wide adaptation to different locations using AMMI model and GGL
biplot for use in breeding dolichos bean pure-line varieties adapted to target production environments. The AMMI analysis of variance showed that all eight productivity
traits were significantly (p< 0.01) affected by genotype, location and GLI. The genotype, location and GLI, respectively contributing 43.02%, 36.42% and 18.20% of
variation in fresh seed yield plant-'. Proximate positioning of GKVK, Mandya and Chinthamani locations together in the GGL biplot indicated their similarity with respect
to the expression of days to 50% flowering, primary branches plant-1, racemes plant* and fresh pods plant-'. The accessions, GL 250, GL 12 and GL 66 were regarded
as widely adaptable based on the GGL bi-plot and lower estimates of IPC1 score, ASV and SI. The genotypes, KA, FPB 35, GL 12 and GL 250 with a fairly high fresh
seed yield and reasonably good adaptability could be extensively used in breeding dolichos bean pure-line varieties with wide adaptability and high productivity.
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Introduction

Dolichos bean (Lablab purpureus L. Sweet) with 2n=22 chromosomes [1,2] is one
of the oldest legume crops grown in Asia, Africa, and Australia [3] and known for
its food [3,4] and fodder value [5]. Dolichos bean is believed to have originated in
India [6, 7). Two botanical types of dolichos bean have been recognized [3,5].
These are (1) Lablab purpureusvar. typicus and (2) Lablab purpureusvar.
lignosus. Lablab purpureusvar. typicus produces pods that are flat, longer and
more tapering with long axis of seeds parallel to the suture of the pod. It is
predominantly grown for soft and fleshy whole pods for use as a vegetable. Due to
its twinning habit it is trained on a pendal. Lablab purpureusvar. lignosus is bushy
type annual. It bears tough firm-walled parchmented pods which are relatively
shorter and more abruptly truncated and long axis of the seeds is perpendicular to
the suture of the pod. The pods of Lablab purpureus var. lignosus exude oily
substances that emit characteristic fragrance, a highly preferred trait by farmers
and consumers [3, 8].

In India, dolichos bean var. lignosus is primarily grown as a rainfed crop in
Karnataka and adjoining districts of Tamil Nadu, Andhra Pradesh and
Maharashtra both as an inter-crop and pure crop [8,9] Karnataka alone
contributing nearly 90 per cent of both area and production in India [10]. Despite
its importance as a vegetable, pulse, forage, cover and green manure crop [11],
dolichos bean has remained as an ‘underutilized crop’ as evidenced from limited
area planted to this crop and efforts towards its genetic improvement [8]. However,
underutilized crop like dolichos bean can contribute to food security and better
nutrition, increased income to rural poor, ecosystem stability and cultural diversity
associated with local food habits [12].

Broadening the genetic base and enhancing crop cultivar diversity is the key to
attaining sustainable dolichos bean productivity and production, for which greater
use of diverse plant genetic resources (PGR) is a prerequisite. Recognizing the
importance of PGR, 648 dolichos bean accessions were collected and are being
maintained at University of Agricultural Sciences (UAS), Bengaluru [13] in order to
effectively utilize germplasm resources for dolichos bean improvement
programmes, a core set which captures 290% of variability of the whole collection
was developed [14, 15]. Multi-year evaluation of core set resulted in identification
of superior dolichos bean accessions for various productivity traits (Vaijayanthi e
al. 2016). The accessions, such as GL 142, GL 527, GL 110, GL 447, GL 576, KA,
FPB-35, GL 441, GL 12 and GL 66, were promising for multiple quantitative traits
and also for farmer- and consumer-preferred qualitative traits. Evaluation of these
trait-specific accessions across target production environments and years help
identify widely/specifically adapted most stable accessions for use in dolichos
bean breeding.

Material and Methods

Experimental material: The material consisted of 11 multi trait-specific
germplasm accessions of dolichos bean and two check varieties viz., Kadalav are
(KA) and HA-didentified from a core set of dolichos bean germplasm [28]. The 11
landraces are GL 6, GL 12, GL 66, GL 110, GL 142, GL 250, GL 441, GL 447, GL
527, GL 576 and KA, one advanced breeding line (FPB-35) and one high yielding
released pure-line variety (HA-4). While all these 11 landraces and FPB-35 are
photoperiod sensitive and exhibit indeterminate growth habit, HA-4 is photoperiod
insensitive and display determinate growth habit.
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Methodology

The seeds of 13 genotypes were sown in randomized complete block design
(RCBD) with two replications at four locations viz.,, Gubbi-Tumkur, Gandhi Krishi
Vignana Kendra (GKVK)-Bengaluru, Agricultural Research Stations (ARS)-
Chintamani and Zonal Agricultural Research station (ZARS)-Mandya (representing
central, southern and eastern dry zones of Karnataka) during late rainy season of
2015. Each accession was sown in a single row of 3m length with row-to-row
spacing of 0.6m. Recommended crop management practices were followed during
the crop growth period to raise a healthy crop.

Data were recorded on five randomly chosen plants in each replication on days to
50% flowering, primary branches plant-, racemes plant, raceme length, nodes
raceme, pods plant!, fresh seed yield plant* and 100-fresh seed weight following
the descriptor [16].

Statistical analysis: The quantitative trait means of each germplasm accession
and each check evaluated over four locations were used for pooled ANOVA [17].
The mean trait values of 13 genotypes evaluated in two replications were
subjected to statistical analysis following Additive Main effects and Multiplicative
Interaction (AMMI) model [18] to detect and characterize the patterns of interaction
of accessions with production environments of four locations. The additive main
effects of genotypes and locations were fitted by univariate ANOVA followed by
fitting genotype  location interaction (GLI) by principal component (PC) analysis
based on the following AMMI | model.

n
Vi=utgite +Z/1kaik7jk t &

k=1
Where, Yiis the trait value of i genotype in the ji location, 4 is the experimental
mean trait value, giand e; are the it genotype and j location mean deviation from
experimental mean trait value respectively. A is the squre root of eigen value of
the ki IPC axis, ai and Y are the interaction IPC scores for k*IPC of the it
genotype and j" location, respectively and ¢ is the residual. The parameters of
AMMI Il model were estimated using least square principle implemented by
GENSTAT software, version 14.
Visual and objective criteria were used to interpret GLI patterns of trait-specific
germplasm accessions and their specific/wide adaptation. The visual criterion was
based on Genotype + Genotype x location (GGL) biplot given by Yan et al [19].
The GGL biplot is based on the following model.

Y =Y = Lauyp + hapy, + &

Where, Yi= trait mean of j genotype in the ji location; Yj= trait mean of all the
genotypes in the j Tocation; A and . are the square root of eigen values of first
and second IPC axes, respectively; ain and a2 are the scores of the first and
second IPC, respectively for the ith accession, yir and yiz are the first and second
IPCs respectively for it location.

There are numerous ways to use a GGL biplot, but the polygon view of the biplot
is most relevant [20]. Genotype and location interaction PC1 (IPC 1) scores were
plotted against their IPC 2 scores to visually identify accessions with specific/wide
adaptation and similarity between accessions and locations. The accessions that
are more similar to each other in terms of their trait expression are closer to each
other in the GGL bi-plot than those that are less similar. The accessions placed
near the origin of IPC1 vs IPC 2 biplot are regarded as better adaptable across
locations than those located far from the origin [21]. The accessions that are
farther from bi-plot origin are connected with straight lines so that a polygon is
formed with all other genotypes contained within the polygon. A set of lines were
drawn from the biplot origin perpendicular to each side of the polygon. The
perpendicular lines to the polygon sides divide the polygon into sectors, each
having its own winning accession which is the vertex accession for that sector
[19]. The areas between the two perpendicular axes cutting the polygon side are
considered as mega environments. These mega environments in the present
study are regarded as mega locations. The vertex accession for each sector is the
one which is the best performer for the environments falling within that sector and
mega locations.

To facilitate an objective method of identifying genotypes with specific/wide
adaptation across locations, the AMMI stability value (ASV) was estimated [22].

SSIPC 2

1
2
SSIPC 2 (IPC1score)| + (IPC2 score)

Where, SS IPC1 and SS IPC2 are sum of squares attributable to first two IPC’s.
Conceptually, ASV is the distance from zero in a two-dimensional scatter gram of
IPC 1 vs IPC 2 scores [22]. Since the IPC 1 score generally contributes
proportionately more to GLI, it is weighted by the proportional difference between
IPC 1 and IPC 2 scores in order to compensate for the relative contribution of IPC
1-and IPC 2 scores to total genotype x location sum of squares. Higher magnitude
of estimates of ASV indicates specific adaptation, while lower magnitude of ASV
indicates wide adaptation [22]. To facilitate simultaneous selection of genotypes
for different quantitative traits and adaptability, stability index (SI) which
incorporates both quantitative traits mean and stability in a single criterion was
estimated as SI= RASV+ RY (ie., ranks of genotypes based on quantitative traits
mean over locations added to ranks of genotypes based on ASV) [23]. The
genotypes with low Sl were regarded as those with high trait expression and wide
adaptation.

ASV = [

Results and Discussion

Genotypes very often differ in their responses to production environments
represented by temporal (year-to-year) and spatial (location-to location) variation
resulting in significant crossover genotype * year and genotype X location
interactions (GLI) [24]. From commercial crop production point of view, crop
varieties should maintain consistent performance across years, referred to as
stability and across locations referred to as adaptability [25]. However, cross-over
genotype x environment interaction (GEI) leads to inconsistent performance of
best yielding genotypes across environments and challenge plant breeders and
complicates variety recommendations [24]. Nevertheless, GE| offer opportunities
for selection of genotypes exhibiting favorable responses to only a few locations
(exploitation of specific adaptation) or of genotypes with low frequency of poor
yield across years in a location (exploitation of yield stability). However, it is widely
acknowledged that only GLI could be exploited by selecting for specific adaptation
or by growing specifically adapted genotypes [24]. This is because, from a
farmer's point of view, location is a constant-not-variable factor and GLI effects are
repeatable in time [24].

The genes controlling high economic product yield (EPY) in low-input agricultural
production systems/ locations are at least partially different from those controlling
EPY in high-input agricultural production systems/ locations [26]. Therefore, crop
varieties bred under high yielding favorable conditions failed to have impact in low
yielding unfavorable production systems [26]. The most effective way to enhance
productivity of crops like dolichos bean which is normally grown in less favoured
low-input rainfed production systems is to use land race varieties/ germplasm in
breeding programmes and select advanced breeding material in target production
environments. Land races are important sources of traits required for adaptation to
low-input agricultural production systems [27]. Hence, the apriori selected multiple-
trait-specific germplasm accessions [28] were evaluated over four locations to
identify those with specific/wide adaptation to different locations for use in
breeding dolichos bean pure-line varieties adapted to target production
environments.

GEl largely affects selection process as it complicates superiority of genotype
across environments and the selection of superior genotypes [29]. Another
undesirable consequence of GEl includes low correlation between phenotypic and
genotypic values, thereby reducing progress from selection. This leads to bias in
the estimation of heritability and in the prediction of genetic advance [30, 31]. In
the present study, Bartlett’s tests indicated homogeneity of error variance for each
trait in the four locations and provided statistical justification for pooled analysis of
variance. In pooled ANOVA, total variation was partitioned into sources
attributable to genotypes, location, genotype x location and pooled error.
Multilocation testing of thirteen genotypes has shown not only significant
genotypic effects but also significant effects of the location and GLI for all the
productivity traits [Table-1].
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Sources
of
variation

Days to
50 %
flowering

2833.37"

Primary
branches
plant*

575"

Degrees of freedom

Locations (1)

Table-1 Pooled ANOVA of dolichos bean core accessions evaluated over four locations for productivity traits

Racemes

plant*

45.19™

Mean sum of squares
100 fresh
seed
weight
)
345

Fresh seed
yield plant!
(@)

16569.16*

Pods
plant

Nodes
raceme!

38.26™ 8.26" | 719.70*

Genotypes (g) 1110.15* 213"

29.59™

99.25" 6.59™ | 269.12™ | 4893.08™ | 641.61"

g% 10044% | 057"

514~

421 0.84™ 31.82" 690.09 10.06**

0.22

Pooled error (e) 0.16

0.82

2.31 0.39 540 61.68 3.76

* **Significant at 5% and 1% probability level, respectively

The significance of GLI indicates the differential performance of genotypes in the
four locations. This implies the necessity to examine pattemns of adaptability of
genotypes across locations. Several researchers have advocated numerous
models and their associated parameters to assess the stability of genotypes [32,
25, 3]. However, no single model stability parameter can adequately explain
cultivar performance across environments [34]. The Additive Main effect and
Multiplicative Interaction Model (AMMI) effectively combines additive parameters
of univariate ANOVA with multiplicative parameters of principle component
analysis (PCA) and efficient in analyzing interaction patterns [35]. Gauch [36] also
reported that AMMI model effectively captures a large portion of the genotype x
environment interaction sum of squares clearly separating main and interaction
effects, and the model often provides a meaningful interpretation of the data.

The AMMI analysis of variance showed that all eight productivity traits were
significantly (p< 0.01) affected by genotype, location and GLI. For example, days
to 50% flowering of the test genotypes was significantly affected by genotype,
location and GLI with 52.35%, 33.40 % and 14.21% contribution, respectively
[Table-2]. The genotype, location and GLI, respectively contributing 43.02%,
36.42% and 18.20% of variation in fresh seed yield plant. Significant mean
squares attributable to locations indicated differences in the influence of locations
on the productivity of genotypes. The substantial contribution of GLI towards traits
variation suggested differential responses of genotypes to locations. Significant
GLI reduces responses to selection of superior genotypes [37]. Hence, it is
appropriate to assess yield stability under different production environments and
identify genotypes with specific/wide adaptation (Kang, 1993). Further, the GLI
was partitioned into two IPC axes by the Gollob’s F-test [38] which together
explained 2 90% of the total GLI variance for all the traits [Fig-1] indicating a good
fit of AMMI model to the data. These results suggested a good approximation of
bi-plot for inferring patterns of GLI and good predictability of genotype
performance across four locations. Abeya [39] in common bean and Girma[40] in
field pea also reported near complete capture of GEI by first two IPC for most
traits.

A20as

6L GL6
c:cL12
G3: GL6S

PCI-718.72%

2. Days to 50% flowering
s G4 GL 110
€5 CL142
€5 CL250
€7 CL4d1
©5: GL447
€0 cLa27
€10: CL 576
GIL:FPB 35
€12:HA4
c1a:KA

PCY-31.92%

PC1-60.92% b. Primary branches plant

12 7% S8R
ba

PCI8550%

PCR-6.49%

' €1:EL6
€2eL
G3: GL 66
G4: GL110
Gs: GL 142
Gf: GL250
C7: GL 441
€8: CL 447
GP: GL 527
Gl0: GL 576
Gl1: FPB 35
G2 Ha4
" § GIREKA

PC1-88.77% d. Raceme length

PC2H11.95%

PC1-76.61%

,,,,,,,

F1654%

PC1-8043% £ Fresh pods plant~

GLGLS
GLGL12
G3:GL 66
G4:GL 110
G5:GL 142
Gf: GL 250
GT:GL441
GE:GL 447
GE:GL 527
Gl0: GL 576
GIL:FPB 35
GInHA4
GL: KA

PC2110.52%

PC1-85.39% b Fresh seed vield plant”

PCL-251%
—

PC1-96.56% 1. 100 fresh seed weight (g)

Fig 1- GGL bi-plot showing patterns of interaction of dolichos bean germplasm
accessions with locations.

Biplot scatters the genotypes according to their interaction principal component
(IPC) scores [41] and qualitatively demonstrates differences in genotype stability
and adaptability. Yan [19] proposed a standard biplot of genotype (G) + Genotype
x environment (GE) based on a SREG (sites regression) model referred to GGE
biplot. It is a multivariate analytical tool that graphically displays interaction
between each genotype and each environment in a two-dimensional biplot [42]
and allows visualization of the inter-relationship among environments, and the
inter-relationship between genotypes and environments. GGE bi-plot is useful in
displaying which-won-where pattern of the data that helps to identify high-yielding
and stable cultivars and discriminating representative test environments [19]. The
model with first IPC axes capturing most of the GEI variation is considered as the
best one for extracting patterns and rejecting noise from the data [19]. The
partitioning of the G + GE sum of squares through GGE biplot showed that two
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Table-2 AMMI ANOVA of dolichos bean core accessions for productivity traits

s Degrees Days to 50% flowering Primary branches plant* Racemes plant!

ource of ) ) )

Variation ) *  Mss | Fel o o

freedom variation variation variation

Genotypes 1110.21 | 5019.83 , ) } )
Location 03 283343 | 8185.30 0.00 3340 576 | 99.78 | 0.00 24.20 4519 | 2327 | 0.00 18.76
GxL 36 100.47 454.20 0.00 14.21 057 | 351 0.00 28.70 514 | 6.29 0.00 25.62
IPCA 1 14 247.70 | 1119.81 0.00 95.88 1.07 | 6.59 0.00 72.95 1170 | 1432 | 0.00 88.44
IPCA2 12 9.7 44.04 0.00 3.4 033 | 202 0.04 19.19 095 | 1.16 0.34 6.16
Residual 10 3.20 14.55 0.00 016 | 1.00 0.46 1.00 | 1.22 0.30
Error 48 0.21 0.16 0.82

Degrees
of
freedom

Source of

%
variation

Variation

Nodes raceme!
%
variation

Genotypes ) 6.596 | ) } )
Location 03 3827 | 4392 0.00 7.31 8.266 | 1365 | 0.00 15.95 719.70 | 35.06 0.00 3140
GxL 36 421 1.83 0.03 9.65 0.835 210 0.01 19.34 31.80 5.89 0.00 16.67
IPCA 1 14 6.23 2.70 0.01 57.52 1.25 315 0.00 58.21 66.90 | 12.39 0.00 81.76
IPCA 2 12 4.56 1.98 0.05 62.84 0.878 2.2 0.03 35.04 13.80 2.56 0.01 14.49
Residual 10 0.9 0.42 0.93 0.203 0.51 0.87 4.30 0.79 0.64
Error 48 2.3 0.397 5.40
Table-2 contd...

Source of Degorfees Y Yy

PR freedom WSS variation 7 variation

Genotypes 12 4893.00 | 7932 | 0.00 43.02 64161 | 170.72 | 0.00 93.19

Location 03 16569.00 | 268.51 | 0.00 36.42 345 1.59 0.20 0.12

GxL 36 690.00 1119 [ 0.00 18.20 10.06 2.68 0.00 4.38

IPCA1 14 1165.00 | 18.89 | 0.00 65.68 20.30 5.40 0.00 7845

IPCA2 12 685.00 1110 | 0.00 50.36 5.62 1.50 0.16 18.51

Residual 10 31.00 0.51 0.88 1.05 0.28 0.98

Error 48 62.00 3.76

significant IPCs explained > 90% of G + GE sum of squares for all the traits.
Among different GGL bi-plots, polygon view of the bi-plot is the best way to
visualize GLI patterns and help identify possible existence of different mega-
environments [19]. Proximate positioning of GKVK, Mandya and Chinthamani
locations together in the GGL biplot [Fig-1] indicated their similarity with respect to
the expression of days to 50% flowering, primary branches plant-1, racemes plant*
and fresh pods plant-'. The near origin positioning of the genotypes GL 110 and
GL 142 in the bi-plot suggested their wide adaptation to all the four locations for
days to 50 % flowering. The accessions KA and GL 576 were winners in Tumkur
for fresh seed yield plant!, while the ABL FPB 35 was the winner in Chintamani
for fresh seed yield plant! [Fig-1]. The genotype KA was specifically adapted to
Tumkur location for most of the traits. The proximate positioning near to the origin
in GGL bi-plot indicated wider adaptability of GL 12 and GL 527 for most of the
traits.

Thus, it is evident that GGL biplot provided an effective means for visual
interpretation of GLI patterns and identification of adaptable genotypes. However,

it does not provide an objective means to identify genotypes with specific/wide
adaptation. The parameters, AMMI stability value (ASV) [22] and Stability index
(SI) [23] are considered as parameters for objective assessment of stability/
adaptability of genotypes and identification of specifically/widely adapted
accessions. The ASV is the distance from the coordinate point to the origin in a
two dimensional plot of IPCA1 scores against IPCA2 scores in the AMMI model
[22]). ASV aids selection of relatively stable high yielding genotypes. An ideal
genotype should have high mean grain yield and low magnitude of ASV. Based on
these criteria, the genotypes GL 142, GL 110, GL 250 with low ASV for days to 50
% flowering; KA, GL 110 and GL 66 for primary branches plant-'; GL 12, GL 250
and GL 6 for racemes plant; GL 142, GL 66 and GL 527 for raceme length; GL
66, GL 142 and GL 6 for nodes raceme-'; FPB 35, GL 250 and GL 12 for fresh
pods plant!; GL 527, GL 250 and GL 12 for fresh seed yield plant-! and HA-4,
FPB 35 and GL 6 for 100 fresh seed weight [Table-3] were identified as widely
adaptable across the four locations.

=

Table-3 Estimates of IPC scores and stabili

parameters to assess adaptabilit

Genotyoes Days to 50% flowering Primary branches plant!

yP IPC2  ASV | Rank S | IPC1  IPC2  ASV  Rank
GL6 92.62 01 -4.22 0.60 8.96 13 14 01 413 11 0.61 0.08 2.32 12 23 13
GL12 79.12 06 1.34 0.99 3.01 07 13 2.5 4.75 07 0.36 0.28 141 08 15 15
GL66 76.62 07 1.62 0.37 3.45 09 16 2.5 4.63 08 -0.09 0.08 0.36 03 " 04
GL110 76.38 08 -0.29 -0.60 0.86 02 10 45 4.38 10 0.09 0.05 0.33 02 12 55
GL142 76.25 09 0.09 0.31 0.36 01 10 45 5.00 04 -0.52 0.26 1.9 " 15 15
GL250 80.38 05 0.48 0.77 1.28 03 08 06 4.88 06 0.10 0.54 0.66 04 10 03
GL441 81.12 04 -1.37 -1.13 3N 08 12 07 4.00 13 -0.19 0.63 0.97 06 19 10.5
GL447 82.25 02 -0.58 0.78 1.46 04 06 08 4.50 09 -0.52 0.02 1.98 10 19 10.5
GL527 67.62 12 1.94 0.40 4.13 " 23 9.5 5.13 03 -0.44 0.02 1.66 09 12 5.5
GL576 7313 Jil 1.73 -1.64 4.02 10 21 95 5.25 02 -0.34 0.29 1.32 07 09 02
FPB 35 74.38 10 1.25 0.01 2.66 06 16 " 4.88 05 113 0.1 431 13 18 10
*HA 4 41.62 13 -2.80 -0.48 5.95 12 25 12 4.00 12 -0.19 0.63 0.97 05 17 09
KA 81.75 03 0.81 -0.39 1.75 05 08 13 5.75 01 0.00 -0.23 0.23 01 02 01
SEmz 4.59 0.26
CD @p=0.05 13.46 0.76

*Determinate check; ** Indeterminate check
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Table-3 contd...

Racemes plant!

Genotypes

Raceme length (cm)

Mean | Rank

GL6 838 | 11 | 043 | 013 [ 64 | 03 [ 14 06 | 208 | 10 | 091 [ 088 | 170 | 11 |2t | 12

GL12 1025 | 06 | 004 | -085 | 102 | 01 |07 | 03 | 2476 | 05 | 025 | 135 | 141 | 10 | 15 | 09

GL66 1075 | 05 | 136 | -044 | 1959 | 13 | 18 | 11 | 2352 | 06 | 009 | 043 | 045 | 02 | 08 | 02

GLI10 888 | 07 | 101 | 038 | 1451 | 10 [ 17 | 95 | 2248 | 08 | 033 | -055 | 06 | 04 | 12 | 65
GL142 875 | 08 | 091 | 039 | 1312 | 08 | 16| 08 | 1940 | 11 | 007 | -036 | 038 | 01 | 12 | 65
GL250 175 | 03 | 022 | 080 | 319 | 02 |05 01 | 2154 | 09 | 154 | 045 | 250 | 13 | 22 | 13

GLa4t 788 | 12 | 049 | 022 | 708 | 05 [ 17 | 95 | 1739 | 13 | 061 | 021 | 100 | 06 | 19 | 105
GLa47 865 | 09 | 059 | 067 | 855 | 06 | 15| 07 | 1751 | 12 | 068 | 020 | 140 | o7 | 19 | 105
GLs27 865 | 10 | 109 | 040 | 1567 | 11 [ 21 | 13 | 2633 | 04 | 026 | -059 | 072 | 03 | 07 | of

GLs76 125 | 04 | 100 | 020 | 1441 | 09 | 13 | 45 | 2169 | o1 | 107 | 061 | 181 | 12 | 10 | 35
FPB 35 1213 | 02 | 044 | 018 | 638 | 04 |06 | 02 | 2684 | 02 | 060 | 084 | 127 | 08 | 10 | 35
HA4 600 | 13 | 072 | 020 [ 1028 | 07 |20 | 12 | 2291 | 07 | 045 | 043 | 084 | 05 | 12 | 65
KA 1250 | 01 | 27 | 026 | 1828 | 12 | 13 | 45 | 2671 | 03 | 078 | 033 | 129 | 09 | 12 | 65
SEmz 0.79 136

CD@p=005 | 230 3.96

*Determinate check; ** Indeterminate check

Table-3 contd...

Nodes raceme!

Genotypes

IPC2 AsV

‘ Rank

Fresh pods plant!
Mean ‘Rank IPC1 ‘ IPC2  ASV

GL6 863 019 | 028 | 042 | 03 85 | 2400 | 10 | .33 | -005 | 750 | 09 | 19

GL12 950 | 04 | 029 | 077 | 090 | 08 | 12 | 45 | 3088 | 05 | 032 | 040 | 185 | 03 | 08 | 03
GL66 925 | 07 | 005 | 049 | 020 | 0f |08 | 15 | 3050 | 06 | .04 | 050 | 589 | 07 | 13 | 55
GL10 888 | 09 | 005 | 047 | 048 | 04 | 13 | 65 | 2842 | 09 | 045 | 080 | 268 | 04 | 13 | 55
GL142 8.75 10 | 010 | 020 | 026 | 02 | 12 | 45 | 2888 | 08 | 263 | 108 | 1490 | 13 | 21 | 12
GL250 913 | 08 | 029 | 048 | 068 | 06 | 14 | 85 | 3412 | 04 | 046 | 086 | 125 | 02 | 06 | 02
GLa41 713 13 | 033 | 041 | 086 | 05 | 18 | 11 | 2075 | 13 | 049 | 13 | 307 | 05 | 18 | 95
[ 8.38 12 | 086 | 047 | 119 | 11 |23 | 13 | 2288 | 12 | 074 | 118 | 436 | 06 | 18 | 95
GL52T 938 | 05 | 070 | 046 | 125 | 12 [ 17 | 10 | 2962 | 07 | 424 | 055 | 701 | 08 | 15 | 08
GLs76 1038 | 01 | 033 | 047 | 072 | 07 | 08 | 15 | 3538 | 03 | 142 | 119 | 808 | 11 | 14 | o7
FPB 35 1038 | 02 | 052 | 029 | 091 | 09 | 11| 03 | 3600 | 02 | 040 | -1.02 | 148 | o1 | 03 | o1
HA4 925 | 06 | 095 | 059 | 168 | 13 | 19 | 12 | 2388 | 11 | 232 | 002 | 1308 | 12 | 23 | 13
KA 1038 | 03 | 066 | 009 | 141 | 10 | 13 | 65 | 4038 | o1 | 135 | 040 | 765 | 10 | 11 | o4
SEmz 0.39 2.29

CD@p=005 | 1.1 6.2

*Determinate check; ** Indeterminate check

Table-3 contd...
Fresh seed yield plant(g) 100 fresh seed weight (g)
AT IPC 1 ‘ IPC2  ASV Mean IPC1  IPC2  ASV
GL6 81.88
GL12 98.05 06 0.36 0.63 0.95 02 08 2.5 63.36 03 0.73 062 | 245 08 1 45
GL66 110.17 05 355 | 263 755 | 10 [ 15| 75 | 6285 04 067 | 012 219 o6 [10] 03
GL110 79.53 10 1.77 0.28 3.53 05 15 75 60.38 06 0.54 -0.16 1.77 05 1" 45
GL142 88.16 08 3.26 -1.80 6.73 09 17 1 53.38 1 0.20 -1.18 1.34 04 15 09
GL250 113.89 04 027 | 09 109 [ 03 Jor] ot 58.36 09 067 | 063 [ 228 ] 07 [ 16 10
GLA# 5953 12 1.69 2.29 407 | o6 [ 18] 12 4575 13 | 218 | 081 [ 718 ] 13 | 26 13
GL447 76.74 11 026 | 1.2 1.31 4 [15] 75 | 115 02 0.99 143 [341 ] 10 [12] 06
GL527 88.30 07 010 | 044 049 | o1 [o08| 25 [ 615 05 079 | 025 [ 259 | 09 [14] o8
GL576 124.02 02 465 | 1.3 933 | 13 [ 15| 75 | 5950 08 | 149 | 069 [ 490 | 12 | 2 11
FPB 35 118.09 03 221 | 4620 767 | 11 [ 14] 05 50,59 07 | 024 [ 092 [121] 02 9 02
*HAd 54.06 13 451 0.03 895 | 12 | 5] 13 5097 12 012 | o016 Jo#t | of [13] o7
KA 136.04 01 321 | 0419 650 | 08 [ 09| 04 57.08 10 | 417 | 041 |38 11 [ 2 12
SEm+ 9.64 2.81
CD @p=0.05 | 18.74 8.22

*Determinate check;** Indeterminate check

Cotes [43] reported that breeding for stable mean yields has overshadowed the
goal for increased yield. The Sl is a useful parameter to identify stable genotypes
based on both mean yield and stability. Low magnitude of SI indicates wide
adaptability. Based on this criterion the genotypes GL 6, GL 12 and GL 66 with
low Sl for days to 50% flowering; KA, GL 576 and GL 250 for primary branches
plant'; GL 250, FPB 35 and GL 12 for racemes plant-'; GL 527 and GL 66 for
raceme length; GL 66, GL 576 and FPB 35 for nodes raceme™'; FPB 35, GL 250
and GL 12 for fresh pods plant!, GL 12, GL 250 and GL 527 fresh seed yield

plant* and GL 6, FPB 35 and GL 66 for 100 fresh seed weight [Table-3] were
identified as widely adapted to four locations.

Negative environmental indices for days to 50 % flowering for all locations except
Tumkur [Table-4] suggested tendency of advancing days to 50% flowering at
GKVK, Mandya and Chintamani relative to that of Tumkur. Similarly, negative
indices for most of the productivity traits suggested production environments at
Chintamani and Tumkur are less favorable for trait expression. Further, positive
indices indicated that GKVK and Mandya locations were similar (also indicated by
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their proximate positions in GGL bi-plots) in their influence on the expression of
genotypes for fresh pod yield potential suggesting breeding varieties in either of
the locations for adaptation to these locations. On the contrary, highly variable
(also indicated by their farther positions in GGL bi-plots) influence of Chinthamani
and Tumkur locations on the expression of genotypes for fresh pod yield plant*,
fresh seed yield plant and 100 fresh seed weights suggested the need for shuttle
breeding programmes to develop varieties specific to these locations.

Table-4 Estimates of environmental indices for nine quantitative traits in dolichos
hean

ZARS- ARS- Gubbi-

Mandya | Chinthamani | Tumkur
Days to 50% flowering -2.53 -2.01 -0.96 5.50
Primary branches plant 0.44 045 0.53 -1.43
Racemes plant! 1.19 0.83 0.55 -2.58
Raceme length (cm) 1.67 0.65 0.56 -1.76
Nodes raceme*! 0.86 0.53 -1.39 0.04
Fresh pods plant! 1.45 1.73 0.81 -3.99
Fresh pod yield plant(g) 7.32 5.96 -3.86 -9.42
Fresh seed yield plant*(g) 5.26 4.1 -3.69 -5.67
100 fresh seed weight (g) 2.25 043 -0.09 -2.58

Thus, it is evident from the discussion thatthe accessions, GL 250, GL 12 and GL
66 were regarded as widely adaptable based on the GGL bi-plot and lower
estimates of IPC1 score, ASV and S [Table-3]. However, these genotypes were
not the best performers for fresh pod yield plant’. On the contrary, and as
expected, the good performers such as KA, GL 576, and GL 142 and FPB 35
exhibited poor adaptability. Keerthi[44] have also reported that best yielders were
not stable across different sowing date environments in dolichos bean. Such
negative relationship between performance levels and stability/ adaptability could
be attributed to involvement of different sets of genes controlling per se
performance and stability [45]and trade-offs between performance and stability
[46].

Conclusion

The genotypes, KA, FPB 35, GL 12 and GL 250 with a fairly high fresh seed yield
and reasonably good adaptability could be extensively used in breeding dolichos
bean pure-line varieties with wide adaptability and high productivity. Such widely
adaptable varieties are expected to contribute to sustainable dolichos bean
production. Also, breeding varieties with high yield and wide adaptability is
essential to increase economic returns to the farmers and hence maintain
competitiveness of dolichos bean with other crops.
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