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Abstract: The Westcott (1986) method of stability analysis based on principal co-ordinate analysis is a simply
non parametric method.The method depends ultimately on the choice of a suitable measure of similarity
between genotypes.In the present study, there are 19 bread wheat genotypes for yield per plot under six
environments are taken and as a result, there are two genotypes namely K7903 and Sonalika came out as stable
genotypes. Further HUW100 and H1784 are stable for low yielding environments and HD2233, HD2214,
HD2285 and CPAN1798 are stable for high yielding environments. Most of the stability information appears in
a sequence of plots, where genotypes are immediately highlighted as consistently more remote points.
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I.  Introduction

Most of the measures relating to stability appeared in the literature are based on parametric
methodology. Among those methods the Ebarhart and Russell (1966) methods,Finley and Wilkinson (1963)
methods etc. are widely used approaches, which have some limitations. However here is need to look into a
method which is robust and consistent in the assessing the stability of varieties when either certain locations are
omitted or when sub-sets of varieties are analyzed. One such method is discussed by Westcott (1986) based on
principal co-ordinate analysis.as this method is non parametric then no certain assumptions is needed. Hence it
is easy to handle for the researcher and the breeder.

Il. Materials and methods

Nineteen diverse genotype of bread wheat were taken for the present study. These genotypes were
sown in three subsequent years with each at with a high and very low top dressing of boron respectively,
making 6 six environments in all. Natural sets of environments can also be partitioned into the high and very
low boron environments in turn. The method of study which is presented here is based on suitable measure of
similarity between genotypes. In a particular environment, if L and S denotes the largest and smallest genotypes
yields, then the similarity between genotypes’ yields x; and X; is defined byS(x;,x;)= (L-(xi+x;)/2)/(L-S) if i and j
are unequal ,while (x;,%;)) = 1.The higher yielding the genotypes, as measured by their means, the more
dissimilar, they according to this measure. The similarity is standarised by dividing by the yield range for the
environment. When a set of environments is being considered, the similarity between x and y is just the mean of
the similarities at advantage of the similarity matrix defined here is that in its principal coordinates analysis
(Gower, 1966), no negative eigenvalues are obtained.Coordinates of points in a Euclidean space thus result,
referred to principal axes, such that the distance between two points represents the dissimilarity between the
corresponding genotypes. Each analysis produces a two-dimensional picture, in which the first two principal
coordinates are plotted for each genotype. If distances are adequately approximated in this representation for a
particular set of environments, genotypes which are above average yielding over these environments will be
more dissimilar to the lesser yielding genotypes than the latter will be to each other and so will be represented
by points which are more remote. Such plots show their value when the stability assessment is best on the
sequential accumulation of environments. Thus, for the low-yielding environments, the first cycle (called LI)
involves the analysis of the lowest-yielding environment, the second cycle (L2) involves analysing the two
lowest-yielding environments, the third cycle (L3) adds the next lowest yielding environment.The lowest-
yielding environment of those remaining being added at each cycle. Similarly, cycles HI, H2 and H3
respectively involve the highest-yielding environment, two highest yielding and three highest yielding
environments based on the sequential accumulation of environments. Similarity matrix was also calculated
considering all environments (cycle ALL). The environments are first ranked in descending order of mean yield
and the low- and high-yielding environments are then examined in cycles’ environments. Analysing these
cycles produces a succession of pictures, in each of which the first two principal coordinates are plotted for each
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genotype. The methodology of principal co-ordinate analysis is used to reduce the high-dimensionality of the
raw data and to obtain geometrical configuration of points in a low-dimensional space, without distorting the
original relationship between items (Gower,1966). This is done by taking into account the two largest Eigen
values along with its principal co-ordinates (PCs). The good genotypes are simply the ones furthest from the
centre and their identification is generally immediate. The stable genotypes are then just the ones which are
consistently good over cycles.

I11. Result and Discussion
The analysis was performed using Microsoft Excel 2010 and R-3.4.3 (32/64). The similarity matrix is
calculated using the above mentioned formula by Microsoft Excel. And the eigen value and eigen vector are
calculated from the matrix using R and figures are drawn using SPSS version 20. The eigen value (the highest
two) and their corresponding eigen vectors (from both high and low yielding environments) for all cycles are
shown in the following tables (Table 1-3) and figures (fig.1.1-3).

Table 1: Results of low yielding environments

ELND Sandtypa PC1 PC2 ELNO | Ganotyps PC1 PC2 SLNO | Ganotype PC1 PC2
HP1ITS 0231 | D024 HP1ITS 022p | D025 1 HP137E 0208 | 0012
2 HD2329 0215 | 0051 2 HD2329 0223 | D01B 2 HD2323 0.225 | -0.004
3 HD2233 0286 | 002 3 HD:2233 oa7s | 0032 3 HD2233 0.254 | 0.013
4 U] 0212 | o072 4 U] 023 | D014 4 HUWH 0.212 | 0010
i K3 0181 | 0.792 ? K0 R 5 K7303 0.151 | -0.668
[ KT905 o261 | 0028 [ KT905 025z | 0020 [ KT905 0256 | 0.000
T SONALIKA 1'}_ 123 | 0-940 T SONALIKA 1'}_ 123 | 0887 T SOMALIKA | 0147 | 0.743
] HLUAN100 ;_12‘54 0.032 ] HUW10D ;1.1?3 003 2 HUW100 0302 | 0.005
9 HW135 ':,.2. g 5,__55. 9 HW135 ':,.2 4y | 0002 ] HW135 -0.252 | 0.000
10 BR2094 0234 | 0017 10 BR2094 022 | D028 10 BR20AY 0235 | 0003
11 e e T 1 CPANIEZE | o yop | D081 1 cAaNtEzs | -D.215 | 0DDE
12 HOZZ ”_ g ;__354 12 HOZZ :, g5 | 0096 12 HOZZ70 0208 | 00011
132 HDZ24 _':,_2_:,? ;__353 13 HDZ24 :, aog | 0025 12 HDZ214 0202 | QU013
14 HOZ2E5 -_:l.zm 5__522 14 HOZ2E5 5_2. 5 | 0040 14 HDZ285 0205 | 0013
15 H1T2d 0270 | 0038 15 H1724 0290 | 0-039 15 H1784 0278 | 0.003
16 HP1 257 025s | 0028 16 HP1 257 0244 | 0002 16 HP12aT 0.235 | 0.013
7 HDZ2314 0235 | 0007 i HDZ2314 023 | D014 17 HDZ314 0226 | 0,005
18 CRANITSE -:.:I.EE.' :1.__:.23 18 CRANITSE :IE 5 | D034 18 cRaniTas | D243 | -DUDOZ
13 TITE 0245 | 0004 13 TITE 0282 | 0016 13 TN 0.250 | 0.001
i L2 L
Highest two eigen Highest two eigen wvalues Highest two eigen values
value=13.858,and 0858 are 12.11% and 0.518 are 10.778 and 08705
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Fig 1.1: Comparative positions ofgenotypes w.r.t. first two PCs for L1
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Fig. 1.2: Comparative positions of genotypes w.r.t. first two PCs for L2
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Fig. 1.3: Comparative positions of genotypes w.r.t. first two PCs for L3

DOI: 10.9790/2380-1104010106 www.iosrjournals.org 3| Page



A Non-Parametric Method of Assessing the Yield Stability Using Principal Coordinate Analysis

Table 2: Results of high yielding environments

S5LNO | Genotype [ PC1 | PC2 SLNO | Genotype | PC1 | PC2 SLNO | Genotype | PC1 FC2
232
1 HF12T6 0232 | D008 1 HP1376 0.012 1 HP1376 0240 | 0.013
0250 | 4
2 HOZ329 0.254 | 0.006 2 HOZ325 0.004 2 HOZ328 0231 | 0012
0138 | 4
3 HD3233 0.125 | 0875 3 HD2233 0.138 3 HO2233 0461 | 0.908
4 HUW1SD | 0.229 | 0.005 4 HUW130 0234 | -0.005 4 HUWISD | 0213 | 0.047
0211 | 4
5 KT5303 £0.220 | 0.011 5 K733 0.005 5 KT303 0212 | 0.047
0188
f KT506 D.201 | 0.027 i KT505 0.025 i KT506 0217 | 0.048
0255
7 SONALIKA | D.238 | 0.001 T SOMALIKA 0.009 T SOMALIKA | 0.211 | £.048
0217
8 HUW10D | D.247 | -0.003 8 HUW100 0.014 8 HUWI0D | 0248 | 0.014
02584 |
g HW125 0.251 | D.004 g HW135 0.004 g HW135 0257 | 0.018
0218 | 4
10 BRI0%4 0.202 | 0.026 10 BRI 0.004 10 BRI 0227 | 0017
0226 | 4
11 CRAN1EZZ | 0.219 | 0.012 11 CRAN1EZD 0.004 11 CRANTEZD | 0231 | €0.012
0153 | 4
12 HD2IT0 D455 | 0479 12 HDZ270 0.004 12 HOZ270 0207 | D038
0.164 | 0.052
13 HDZ244 0144 | 0.386 13 HDZH4 13 HOZH4 0478 | D.268
0139 | 0,672
14 HD2285 0450 | 0.224 14 HD2285 14 HD2285 0481 | 0.298
. . -0.25% | -0.004 \
15 H1784 0299 | 0018 15 H1T84 15 H1T84 0270 | 0.009
0254 | 4
16 HP1457 0259 | 0011 16 HP1457 0.005 16 HP146T D240 | 0.006
0254 | 4
17 HDZ314 0.259 | 0011 17 HOZ314 0.005 17 HOZ314 0.240 | 40.008
R roprismen | 0-230 | -0.004
18 CRANTTSE | D.280 | 0.016 18 CRAN1TES 18 CPANITSS | 0.289 | D016
0263 | 4
19 UP115 0284 | 0014 19 UP115 0.004 19 UP115 0265 | 0.014
H1 H2? H3
Highest two eigen values Highest two eigen values Highest two eigen
are11.5and0.96 respectiviy are10.3and0.94 valuesare 10.52 and .789
respactively respectively
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Fig. 2.1: Comparative positions of genotypes w.r.t. first two PCs for H1

Considering Table-1 and Fig.1.1-1.3. it is revealed that genotypes mainly 5" (K7903),7" (Sonalika),8"
(HUW-10) and 15" (H1764) are stable in low yielding environments. And similarly for high yielding
environments (Table-2 and Fig. 2.1-2.3) genotypes mainly 3" (HD2233), 13" (HD2214) and 14" (HD2285) are
stable. Further it is seen that when all environments are taken under consideration the genotypes 7", 5™, 13"
and 14™ viz. Sonalika, K7903, HD2214 and HD2285 are stable among all genotypes studied.
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Fig. 2.2: Comparative positions of genotypes w.r.t. first two PCs for H2
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Fig. 2.3: Comparative positions of genotypes w.r.t. first two PCs for H3

The method of stability assessment proposed here can highlight features of performance which might
otherwise be overlooked. It is free from the shortcomings of regression methods, cluster analysis and principal
components which were detailed by Westcott (1986).

In conclusion, the method accurately reveals those genotypes which are stable for different sets of
environments. This is completely assumption free method, which may easily be acceptable by the breeders and
researchers as well. Hence for any sets of environments one may reveal such important genotypes, may be used
for future breeding program adopted for boron deficient terai zone.
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Table 3: Results of all environments

SLNO |Genctype FC1__ |PCZ
0‘3
1 HP1376 F0.2256 |0.016 S
12 HD2328 F0.228 |0.014
3 HD2233 F0.210 |0.032 iy
13
s |muwiso  [0.213 |o.0z7 i ; 0°
o OG'S _.‘9 o 581&_339‘;;' GSD.:; B
5 Kranz -0.182 |0.561 8 L] 17 W0
o
o
|5 KTF8086 F0.238 |0.008 o
ey
T SONALIKA [0ATS (0214
e} HLAA 100 FO.27TF  |0.000 <500
] HW135 F0.255 |0.005
10 BR2094 F0.231 0016 - 0-7
11 CPAM1823 [HD.223 [H0D.016
x . . . T
5 . 25 2
12 HD2270 F0.207 [O.D18
PC1

13 HD2214 -0.191  [D.108

Fig.3: Comparative positions of genotvpes w.r.t. first two PCs for

ALL

14 HD2285 -0.194  |0.084

15 H1784 F0.275 -0.001

16 HP 1467 H0.238 (0.019

17 HD2314 F0.233  [0.011

18 CPAN1TSE 0.266 |0.002

19 UFP115 H0.2528 (0.012

References

[1] WESTCOTT,B.(1986) .A method of assessing the yield stability of crop genotypes Centro Jnternacional de Mejoramiento de Maiz
y Trigo (CIMMYT), Mexico ,J. agric. Sci., Camb. (1987), 108, 267-274

[2] WESTCOTT, B. (1986) . Some methods of analyzing genotype-environment interaction. Heredity 56 , 243 — 253.

[3] GOWER, J. C. (1966). Some distance properties of latent root and vector methods used in multivariate analysis. Biometrika 53,
325-338.

[4] EBERHART, S. A. & RUSSELL, W. A. (1966). Stability parameters for comparing varieties. Crop Science 6,36-40.

[5] FINLAY.K. W. & WILKINSON, G. N. (1963). The analysis of adaptation in a plant breeding programme. AustralianJournal of
Agricultural Research 14, 742-754.

- o o o

. Tufleuddin Biswas "A Non-Parametric Method of Assessing the Yield Stability Using |
. Principal Coordinate Analysis." IOSR Journal of Agriculture and Veterinary Science (IOSR- |
. JAVS) 11.4 (2018): 01-06. :

DOI: 10.9790/2380-1104010106 www.iosrjournals.org 6 | Page



