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Biplot Analysis to Evaluate Wheat Performance and Adaptability in
Multi-location Trials of Peninsular Zone

AJAY VERMA, BHUDEVA SINGH TYAGI, GYANENDRA SINGH

ABSTRACT

Highly significant effects of environments (55.2%), genotype x environments interactions
(19.3%) and genotypes (7.3%) were observed by AMMI analysis of twenty wheat
genotypes evaluated at ten major locations of the peninsular zone during last cropping
season. AMMI Stability Value had exploited the 62.8% of the interaction components had
identified UAS3021, UAS3020, NIAW4183 whereas MASV and Superiority Index had
settled for UAS3021, HD3469B, MACS3949 wheat genotypes. BLUP based measures
analytic measures had settled for MACS6811, HI8826, UAS3020,NWS2222.Composite
non parametric measure NP” and NP” had identified MACS6222, UAS3021,
MACS3949,PWU15 for stable performance. Biplot analysis had observed PWUI15,
HI8841, HI8826, HD3469B, UAS3201 genotypes were placed at far places from the origin.
Ninety degree association had observed of HMGV, HMGV* Meanb with NP” and SD
values. AMMI based measures had also showed the ninety degree angles with rays
corresponding to BLUP based analytic measures. Straight line angle of CV had observed
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withIPC3 and of IPC2 withrASV, IPC7 with HMGYV, IPC6 with GAI measure.
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INTRODUCTION

The crops improvement programs identify or release the high
yielding genotypes every year across the zone of the country
to sustain the production requirement of gowning population
(Azam et al., 2023). Off course the main emphasis laid on the
grain yield, and the performance need to be evaluated by
statistical methods to identify promising wheat genotypes
(Khalid et al., 2023). The agro climatic zones of the country
were defined to represent homogeneous environmental
conditions for crop cultivations with similar altitude,
temperature, and soil types. It has been advocated to conduct
the evaluation process and recommendation of genotypes in
sub regions, because a more homogeneous region reduces the
GxE interaction effects and provides more reliable and
meaningful results (Mohammadi et a/.,2023). In addition,
evaluating the genotypes in specific environments allows the
selection and recommendation of genotypes that exploit their
maximum yield potential before release; promising
genotypes would be tested under multi location testing
procedure (Saeidnia ef al., 2023). This GxE interaction effects is
responsible for differences in genotype performance in
different growing environments and also pose a challenge for
plant breeders foridentifying and recommending genotypes
(Hossain et al., 2023). Several univariate and multivariate
AMMI analysis based measures are available that determine
GxE interactions to recommend better performing and higher
yielding genotypes across different environments (Pour-
Aboughadareh et al., 2019; Saremirad and Taleghani 2022).

The main types of analyses process for interpreting GxE
interaction effects viz. Parametric, non-parametric methods
and BLUP based analytic measures had reported in recent
literature (Taleghani ef al., 2023). Biplotanalysis have been
established as good tools for selecting superior genotypes and
to increase efficiency in selection. To be considered ideal,
genotypes must present both high grain yield (GY)
performance and stability among different environments. The
study was planned to ascertain the degree of relationships
among the different measures available for selecting suitable
wheat genotypes for the peninsular zone after evaluation in
multi environment trials.

MATERIALS AND METHODS

Twenty four wheat genotypes at ten locations of the
peninsular plains zone were evaluated under field trials
during the cropping season 2022-23 as details were reflected
in Table 1. The balanced random block designs with four
replications were used as the genotypes were evaluated at
third and final stage before their recommendation for large
area cultivation in the zone. The plot size at each location was 6
x 240 m’ and the inner 12 rows of each genotype were
considered for data recording to overcome the effect of border
rows. The recommended fertilizer dose (kg/ha) 120:60:40
(N:P:K) was thoroughly mixed with soil and sowing was
completed during November 05-15 with 100 kg per acre seed
rate. The details of AMMI analysis, BLUP and Non
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parametric based measures mentioned in the literature were reflected below for ready reference as: (Zali et al. 2012; Vineeth,

2022):
AMMI Stability Value | ASV = [(5;~—~PCI)? + (PC2)*]*/2
Modified AMMI 1
stability MASV = SSIPCr (pe,y2 1+ (PCoe)?
Harmonic Mean | HMGV = Number of environments / X5_, %
. £
Genotypic Value GV;; genetic value of ith genotype in jth environments
Relative performance | RPGVyi=3% GV;;/X GV;
of genotypic values

across environments

Harmonic mean of | HMRPGV:. = Number of environments / Zﬂfﬂﬁ
Relative  performance u
of genotypic values

Geometric Adaptability GAI=" ’nLl X,

Index

Simultaneous selection
index

SSI = R (AMMI stability indices) + RY

Weighted Average of

WAASB =38 _,[IPCAy X EPy| / X7 _, EPy

Absolute Scores
Superiority index _ (rG;x8y) +(rW;x8s),
i Y S (8y+63) ’
Non parametric measures based on the ranks
n = 2
s 257 |7y =7y | S@ = Zj=1 (1ij —Tir)
i [n(n—1)] (n—-1)
z"“‘: Ti; — ?"_' 2 _
Si(g) = 1( lj :.) W E?:l(rij _ 1";)2
(5) E}Lllrij B FII (6) 2?=1 | Tij — ;|
Si = Si =
n ¥
¢ _ iz (1 — 7)*
' Ll — il
Measures based ranks of corrected means of genotypes with average of ranks and
median
1 & & * ®
*__ o =1 |
E(rij - Til)zfn NP(4) lzn—lz ~ | iy — gl
NF%B) =\, - -1) jU=j+1 7.
i-

The recent and well known software's viz. Meta-R, AMMIsoft and SAS were used to analyse the research data generated under
multi location evaluation of wheat genotypes.
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RESULTS AND DISCUSSION

Highly significant effects of, environments, genotype x
environments interactions and genotypes were observed by
AMMI analysis of 24 wheat genotypes evaluated at ten major
locations of the peninsular zone during 2022-23 cropping
season (Table 1). Major share of variation accounted by
environments effects 55.2% followed by GxE interactions
19.3% then 7.3% by genotypes (Table 2) as reflected by Jedzura

et al. 2023. Interaction effects had been further partitioned into
in to significant five IPC1, IPC2, IPC3, IPC4, IPC5 with their
share as 45.9%, 16.9%, 14.9%, 7.9%, 5.8%, 2.6% respectively. A
total of nearly 62.8% of interaction effects had been
augmented by first two significant interaction components
whereas the total of significant interaction components was of
91.4% in the current study as observed by Bocianowski and
Prazak, 2022.

Table2: Additive and multiplicative effects analysis of variance of AMMImodel

Source Degree Sum of Mean Sum Level of Share of IPC’s Cumulative

of freedom squares of squares significance | factors (%) | share (%) share

of IPC’s (%)

Treatments 239 106753.02 446.67 ok 81.77
Genotype (G) 23 9513.18 413.62 x 7.29
Environment ( E ) 9 72000.41 8000.05 ok 55.15
GxE interaction 207 25239.43 121.93 ok 19.33
IPC1 31 11586.00 373.74 o 45.90 45.90
PC2 29 4258.83 146.86 e 16.87 62.78
IPC3 27 3757.99 139.18 x 14.89 77.67
IPC4 25 1999.95 80.00 ax 7.92 85.59
IPC5 23 1467.57 63.81 ** 5.81 91.41
IPC6 21 876.11 41.72
IPC7 19 561.34 29.54
Residual 32 731.65 22.86
Error 720 23802.46 33.06
Blocks/Env 30 6130.20 204.34
Pure Error 690 17672.26 25.61
Total 959 130555.48 136.14

Performance of genotypes as per AMMI analysis based
measures

MACS6811, HI8826, UAS3020 genotypes had been ranked as
higher yielders as compared to others evaluated wheat
genotypes (Table 3). Lower values of IPC1 measure had
pointed towards UAS3021, MACS3949, UAS3020 for stable
performance among the locations of the zone while IPC2
measure had settled for GW322, DBW444B, UAS3021 and by
values of IPC3 measure, genotypes PWUI15 HD3469B,
MACS6811 would be desirable ones. Minimum values of IPC4
had selected the MACS6809, MACS3949, MACS6811 wheat
genotypes whereas values of IPC5 had settled for UAS3020,
NIAW4153, AKAW5314 wheat genotypes. ASV measure had
exploited the 62.8% of the interaction components based on
fist two components of the study and identified the UAS3021,
UAS3020, NIAW4183 genotypes whereas values of measure
MASV while considering all the significant interaction
components had settled for UAS3021, HD3469B, MACS3949
wheat genotypes as these measures highlighted by
Karimizadeh et al., 2023. Superiority Index measure had
selected the UAS3021, MACS3949, HD3469B wheat
genotypes whereas as per values of W2 identified UAS3021,
DBW444B, UAS3020 & UAS3021, MACS3949, NIAW4183 by
W3 whereas as per values of W4 the genotypes UAS3021,
MACS3949, HD3469B and UAS3021, MACS3949, HD3469B
by W5 respectively.

Behaviour of genotypes as per BLUP and Non parametric
measures

Average of BLUP's of genotypes evaluated over ten locations
of peninsular zone had observed more values for MACS6811,
HI8826, UAS3020 and the consistent performance had
expressed by AKAWS5314, DBW444B, NWS2222 and
MACS4100, HI8841 DBW443 genotypes as evident from least
values of standard deviation measure and coefficient of
variation values (Table 4). HMRPGV method provides
information on adaptability, stability, and yield in the same
measured unit and on the same scale as the assessed trait. The
lower the standard deviation of the genotypicbehaviour at the
locations, the greater will be the harmonic mean of their
genotypic values across locations. Thus, selection for the
highest values of HMGYV allows a simultaneous selection for
yield and stability as mention by Mohammadi ef al. 2020a. GAI
measure found the large values for MACS6811, HI8826,
UAS3020 whereas as per HMGV measures the genotypes
MACS6811, HI8826, UAS3020 had achieved more values as
compared to other wheat genotypes. More values of RPGV
and RPGV* Mean measures had been maintained by
MACS6811, HI8826, UAS3020as observed by Mohammadi ef
al. 2020b and last two analytic measures HMRPGV &
HMRPGV*Mean had settled for MACS6811, HI8826,
NWS2222.

Rank based non parametric measure S, had favoured the
PBW891, UAS3021, NWS2222 whereas S found suitability of
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Biplot analysis to evaluate wheat performance

WH1306, MACS3949, UAS3021 genotypes while S’ had
identified WH1306, MACS3949, HD3469B genotypes as used
by Saremirad and Taleghani, 2022. Minimum values of S;" had
been expressed by WH1306, MACS3949, UAS3021 genotypes.
Measure S, had identified MACS6222, MACS3949, WH1306
and values of S’ had pointed out for MACS6222, UAS3021,
MACS3949 and last measure S, had settled for WH1306,
MACS3949, UAS3021 genotypes. Value of first composite non
parametric measure based on the ranks of genotypes as per
yield and corresponding corrected yield values pointed for
NP,” had identifiedMACS6222, UAS3021, MACS3949 and as
per values of NP ”measure theMACS6222, UAS3021, PWU15
would be of stable performance. Genotypes PWU15,
DBW444B, UAS3021 preferred by values of NP, while least
values of NP had expressed by UAS3021, MACS3949,
PBW891 genotypes.

Biplotanalysis of genotypes and measures of the study
Table 5 had explained that the first two principal components
had accounted up to 71.4% of total variation among data
values (Shojaei ef al., 2021). First component had contributed
to the tune of 44.6% whereas the second component had
augmented up to 26.8%. More values of loadings for the first
component had expressed by WAASB, W6, W5, W4,
W3,rWAASB MASV while for the second components major
share contributed by Meanb, Mean, RPGV, RPGV* Meanb,
GAI, HMRPGV, HMRPGV* Meanb measures. In terms of
genotypes contribution for the first components HI8841,
HI8826, UAS3021 were large contributors and genotypes
PWU15, MACS6811, HI8826 had expressed more shares in
second component.

Genotypes PWU15, HI8841, HI8826, HD3469B, UAS3201
were placed at far places from the origin in the biplot analysis
based on first two principal components (Fig.1) as found by
Olivoto et al. 2019. Shorter rays of IPC3, IPC5, IPC7 had
expressed their least share in interaction variations as
compared to rays pertaining to BLUP based analytic
measures. Highly tight association had observed for rASV
and TWAASB values and direct relation with S' measure.

Fig. 1: Biplotanalysis for the genotypes and measures for
evaluated wheat genotypes
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AMMI analysis based measures W2, W3, W4, W5, WAASB,
ASV, MASV had expressed very strong association among
themselves whereas the measure S’ had maintained direct
relation with NP,”, NP,”, SD measures on one side and with
IPC1, NP, on other side. Measure GAI had exhibited strong
direct association with other BLUP based analytic measures of
the current study. Ninety degree association had observed of
HMGV, HMGV* Meanb with NP, and SD values. Similar
type of nature had expressed by S, with NP” values and of
IPC6 with SD as well as with CV values. AMMI based
measures had also showed the ninety degree angles with rays
corresponding to BLUP based analytic measures. Straight line
angle of CV had observed with IPC3 ray and IPC2 with rASV,
IPC7 with HMGYV, IPC6 with GAI measure. First quadrant
with negative values of first and second principal components
found only CV measure alone and the next quadrantobserved
the cluster of IPC5, IPC6, IPC7 and of rASV, rWAASB & S/
measures (Fig.2). Large cluster ofS’, S, S/, S, S/ W2, W3, W4,
W5, WAASB, ASV, MASV, NP,” measures found in third
quadrant along with another cluster of S° NP”NP?,
NP? IPC1, IPC3 values. Last cluster of BLUP based analytic
measures GAI, HMGV, HMPRVG, HMGV*Meanb,
HMPRVG*Meanb placed in fourth quadrant.

Fig. 2: Association analysis among the measures based on
two principal components
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CONCLUSION

Highly significant effects of environments, genotype x
environments interactions and genotypes were observed by
AMMI analysis of twenty wheat genotypes evaluated at ten
major locations of the peninsular zone. AMMI Stability Value
had identified the UAS3021, UAS3020, NIAW4183 whereas
MASYV along with Superiority Index measure had settled for
UAS3021, HD3469B, MACS3949. BLUP based measures had
settled for MACS6811, HI8826, UAS3020 NWS2222.
Composite non parametric measure NP” andNP” had
identifiedMACS6222, UAS3021, MACS3949 and PWUI5.
Biplot analysis had observed strong direct association of GAI
with other BLUP based analytic measures. AMMI based
measures had also showed the ninety degree angles with rays
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corresponding to BLUP based analytic measures. Straight line
angle of CV had observed with IPC3 ray and IPC2 with rASV,
IPC7 with HMGYV, IPC6 with GAI measure.
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