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Abstract

The G x E interaction was studied in pigeonpea genotypes
using AMMI model. The results indicated that main effects
as well as G x E interaction effects were significant for
most of the traits. Major portion of the G x E was contributed
by the genotypes. AMMI model having two principle
components axis was found as the best predictive model
in this study. AMMI biplots, ASV and YSV indicated PA 620
to be the most stable genotype for seed yield and number
of secondary branches per plant during all the three years
of testing.
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Introduction

Pigeonpea [Cajanus cajan (L.) Millspaugh] commonly
known as red gram, tur and arhar is the second most
important pulse crop after chickpea and occupies an
important place under rainfed agriculture (Saxena et
al. 2010). Pigeonpea can be grown under diverse
climatic conditions and can also be intercropped with
other crops without any allelopathic effect (Baskaran
and Muthaiah 2005). India contributes about 85% of
world’s pigeonpea production and consumption
(Danekar et al. 2014). In India it is annually grown on
4.43 million hectare area with an annual production of
4.25 million tones (Mt) at a productivity level of 960
kg/ha during 2017-18 (Anonymous 2018). This crop is
a boon for the resource poor farmers as it can be grown
with minimum inputs and fetches high price in market.
In order to make it popular among farming community,
it is very important to increase its productivity by
developing area-specific high yielding varieties and
their suitable cultivation practices. The genotype x

environment interaction is an important part of plant
breeding (Freeman, 1985). A stable variety must have
high mean yield with low genotype x environment
interaction when grown under changing environmental
conditions. For precise and reliable selection of
genotypes both yield and stability must be considered
simultaneously (Sara et al. 2019). Becker and Leon
(1988) defined a stable genotype as “one possessing
a constant performance irrespective of any changes
in environmental conditions”. An ideal genotype for
rainfed conditions must combine reasonably high yield
potential with stress-specific traits those buffer yield
against severe moisture stress (Blum 1983).

The additive main effects and the multiplicative
interaction analysis (AMMI) model are used
extensively by researchers to study G x E interaction
in different crops (Singh et al. 2000; Jha et al. 2013).
AMMI model clearly discriminate main effects and
interaction effects as it combines analysis of variance
with principal component analysis and makes reliable
yield estimations in multi-location trials (Gauch 1988,
1992 and 2006; Yan and Rajcan 2002). Stability per
se should not be used as the only selection criteria to
select desirable genotypes as most of stable
genotypes would not necessary give the high yield
performance (Mohammadi et al. 2007). There is an
approach that incorporates both mean performance
as well as stability in a single index called as Yield
Stability Index (YSI), which can be used for
simultaneous selection of high yield and stability
(Eskridge 1990; Kang 1993; Bajpai and Prabhakaran
2000). Hence, considering the reliability and
effectiveness of AMMI model along with YSI are
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important parameters to identify stable genotypes.
Keeping these points in mind a study was conducted
during three consecutive cropping seasons (kharif
2016-2018) to identify the stable breeding lines of
pigeonpea for yield and important yield components
under the varying environmental conditions of tarai
region.

Materials and methods

The experimental site geographically falls in the humid
sub-tropical climate zone situated at 29.5° North
latitude, 79.3° East longitudes at an altitude of 243.84m
above mean sea level. The climatic condition remains
highly variable in this tarai region during different years
(Supplementary Figs. 1, 2 and 3). The experimental
material comprised of eleven genotypes namely, viz.,
Pusa 992, Paras, UPAS 120, Pant A 291, PA 620,
PA 622, PA 623, PA 624, PA 625, PA 626 and PA
627 that included the released varieties and high
yielding breeding lines. The experiment was laid down
in a Randomized Block Design with three replications
in same plot at the N. E. B. Crop Research Centre,
GBPUA&T, Pantnagar for three consecutive years
during kharif, 2016-17, 2017-18 and 2018-19 following
the recommended package of practices to raise a
normal and healthy crop. The observations were
recorded on seed yield and yield contributing traits
viz., plant height (cm), no. of primary branches per
plant, no. of secondary branches per plant, no. of pods
per plant, no. of seed per pod, 100-seed weight (Q)
and seed yield/plant (g). The AMMI model was used
to analyse the G x E interactions (Gauch, 1992). The
planting seasons during three consecutive years
treated as environments [Environment | (2016-17),
Environment 1l (2017-18) and Environment 11l (2018-
19). An F-test devised by Gollob (1968) was used to
test the significance of main effects as well as
interaction effects. All the statistical analysis related
to AMMI model as well as constructions of biplots
were performed on GEA-R (2017) Version 4.1 software
available at www.cimmyt. org. AMMI stability values
(ASV) were also estimated to rank the genotypes
according to their stability (Purchase et al. 2000). The
Yield Stability Index incorporating both mean yield and
stability in a single index was used to identify stable
genotypes with high seed yield (Kang 1993; Bajpai
and Prabhakaran 2000; Bose et al. 2014).

Results and discussion

Analysis of Variance (ANOVA) of AMMI Model
The ANOVA revealed that for all the traits under study,
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the G x E interaction was found to be significant except
for no. of seeds per pod and 100-seed weight (Table
1). It clearly indicated that climatic conditions influence
the seed yield to a large extent in pigeonpea.
Significant main effects (environment and genotype)
and G x E interaction effect indicated that traits were
influenced by both main effects as well as their
interactions. The number of seeds per pod and 100-
seed weight was not analysed further as G x E was
non-significant. In pigeonpea, the significance of main
effects (environment and genotype) as well as G x E
interaction effects for no. of primary branches and no.
of pods per plant were also reported earlier by Singh
et al. (2018) while for seed yield per plant by several
researchers (Chauhan et al. 1998 1999; Wamatu and
Thomas 2002; Muniswamy et al. 2018; Singh et al.
2018). In all studied traits, major portion of total sum
of squares (TSS) was contributed by genotypic effects
indicating that genotypes under study were diverse
and the large differences between genotypic means
resulted in variation in the traits. However, the effects
by G x E component cannot be ignored as all the
studied traits except no. of seeds per pod and 100-
seed weight have significant G x E interaction effect.
The effects by environment were small as compared
to genotype and G x E effects for all the traits but still
exhibited significance except for two traits, no. of
seeds per pod and 100-seed weight where small and
non-significant effects were reported. The significance
of environment effect indicated that the environments
under study were variable. The sum of squares due to
G x E interaction were further partitioned into two
principal component axis i.e. IPCA | and IPCA Il
accounting for 100 per cent of the G x E interaction
sum of squares and uses entire degrees of freedom
available in the interaction. Thus, in the present study
AMMI having two principle components axis i.e., IPCA
| and IPCA Il is the best predictive model. The AMMI
having two principle components axis is also
considered as best predictive model earlier by Zobel
et al. (1988). The detailed discussion of ANOVA for
different yield and yield attributing traits is presented
in Table 1.

In general, it is evident from the Table 1 that for
all the traits studied, the major portion of TSS was
contributed by genotype followed by G x E and least
by environment. These results indicated that variation
exhibited by these traits was largely due to the
difference between genotypic mean, however the larger
contribution of G x E interaction than the environment
suggested the differential response of environments
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| is considered favourable environment for these
genotypes.

With regard to no. of pods per plant, the
genotypes UPAS 120 (IPCA I, 0.03; ASV, 0.13) ranked
first in terms of stability while Pant A 291 (IPCA |, -
0.08; ASV, 0.15) ranked as second most stable
genotype (Table 2). UPAS 120 (166.33) was identified
as most desirable genotypes as number of pods per
plant in UPAS 120 was higher than the general mean
(156.83) along with small IPCA | score. Among the
genotypes, UPAS 120, PA 620, PA 622 and PA 626
and in case of environments, environment | reported
positive IPCA | scores along with high average mean
for pods per plant (Table 2). Hence, it can be concluded
that environment | was the favourable environment
for genotypes UPAS 120, PA 620, PA 622 and PA
626. Diverse environment play a great role in
identifying a stable genotype in any crop. Bhartiya et
al. (2018) reported from the GGE biplot analysis that
the environments have direct correlation with the
selection of genotypes showing maximum yiled of
soybean in North West Himalayan Hills region.

For seed yield per plant, genotype Pant A 291
(IPCA,-0.03; ASV, 0.22) was identified as most stable
genotype (Table 2). Considering the mean values along
with the IPCA | score, genotype Pant A 291(43.67 g)
was marked as most desirable genotypes as its mean
for seed vyield per plant was higher than the general
mean 42.55 g along with top most ASV rank. The
genotypes viz., Pusa 992, UPAS 120, Pant A 291,
PA 620 and PA 622 and the environment Ill had high
mean for seed yield/plant along with negative IPCA |
score (Table 2). Hence environment Ill is identified as
favourable for the genotypes, Pusa 992, UPAS 120,
Pant A 291, PA 620 and PA 622.

ASV only gives an idea about the stability of
genotypes but it does not provide any idea about the
high mean yield. The analysis of yield stability index
(YSI) suggested that the genotype PA 620 has the
lowest YSI score and hence this genotype had the
high and stable seed yield across the studied
environments (Table 2). Among the environment, Elll
and El were found as stable and high yielding
environments for seed yield per plant.

On the basis of AMMI biplot | & 1l, ASV (AMMI
Stability Value), and Yield Stability Index (YSI) scores,
the genotype PA 620 was identified as most stable
and high yielding genotype for seed vyield per plant
across three studied years, it was also found to be
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most stable for no. of secondary branches per plant.
The genotype UPAS 120 was identified as most stable
for plant height and no. of pods per plant while for
seed yield per plant it is at third position. The genotype
PA 622 was found to be most stable for no. of primary
branches per plants while it holds fourth and fifth
position in terms of stability for no. of secondary
branches per plant and seed yield per plant,
respectively.
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Supplementary Fig. 1. Rainfall during Kharif 2016-18 from the last week of June upto November first week
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Supplementary Fig. 2. Maximum and minimum temperature (°C) during kharif 2016-18 from the last week of June
upto November first week
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Supplementary Fig. 3. Sunshine hours during kharif 2016-18 from the last week of June 2016 upto first week of

November, 2018



