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Multivariate Approach in Varietal Recommendations
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ABSTRACT. A crop variety (genotype) good for cultivation should necessarily give a
very good economic return to furmers with low cost of production along with good
consumer preference. In addition, a good crop variety should be consistent across the
locations over differcnt seasons over a period of time. These aspects are usually
measured by relative stability, performance and superiority, and are normally been set
as goals in all breeding programmes. The yield is often evaluated for the above
criteria. However, yicld alone will not lead to good economic returns, as other
characters such as quality aspects and agronomic aspects need to be considered. Thus
univariate statistical methods are not appropriate. This study proposes a methodology
Jor varietal selection hased on all the important aspects using Principal Component
Analysis (PCA) which can be used efficiently to obtain a solution to the above problem.
The eigen values and their vectors from PCA provide the basis to develop a single
aggregated index by which the consistency of the crop variety can be investigated.
Using this index relative stability, performance and superiority can be computed and
accordingly selections can be made. A paddy data set on three months age group of
Yala 2002 was used to illustrate the proposed methodology. The traditional univariate
analysis (on yield) was also performed for the purpose of comparison.

INTRODUCTION

The economic merit of a crop depends on many individual charters (traits) of a
crop. Single trait selection is often utilized to maximize the genetic gain. However,
traits negatively correlated to the primary trait can deteriorate the merits of the traits the
crop was selected upon. Selection based on multiple traits can be used to correct this
deficiency. For instant, in the case of paddy, researchers have identified, in addition to
yield, characters such as days taken to flowering (number of days taken to reach fifty
percent of heading), days taken to maturity (number of days taken to reach eighty-five
percent of the panicle golden brown), brown rice percentage (percentage of rice just
after dehusking), total milled rice percentage (percentage of rice after polishing) and
head grain percentage (percentage of full grain after milling) need to be considered in
varietal selection.

Multivariate statistical techniques pave the way to handle several variables
simultaneously. Thus a multivariate approach needs to be adopted in proper varietal
selection. Only a few research works has been carried out in Sri Lanka in the direction
of establishing selection criteria based on multiple characters (Perera et al 1989,
Wigesuriya. et al 1993). Often varieties give different yields under different
environmental conditions. Thus in varietal recommendation this phenomenon (which
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is referred to as genotype environmental interaction G X E interaction) is taken into
account. ’

If recommendations are to be based on multi traits then, for each of these
traits, the G X E will have to be considered. This will enable farmers to have a better
option for cultivation in the long run as well as new directions for future varietal
improvement programmes. This study suggests a more efficient methodology for
varietal selection based on multi traits.

MATERIALS AND METHODS
Univariate techniques used

A large number of techniques are currently used on univariate basis for
varietal sclection. Some of the popular technique often used are Yates and Cochran
(1938), Finlay and Wilkinson (1963), Eberhart and Russel (1966), Shukla (1972) and
Eskridge (1990). Most of these techniques consist of fairly complicated analysis and
cannot get performed by standard software available. However, Kamidi (2001)
proposed a simple technique for varietal selection. The uniqueness of this method is
that the methodology can get implemented easily using standard statistical software.
This technique is based on the regression model of the form;

Yi =Hi+ ﬂi'xji +d; M
where
y; - ield of the /" genotype at the /* environment,
i 1™ genotype mean,
[ .regression coefficient,
dj; - deviation from regression.

x; . environmental index for the /" genotype at the /" environment given by

g’- 1 —yi:
Xij =—# @

where

Y., - marginal mean of the * environment
g — number of genotypes

The three measures (indices) used for varietal recommendation are stability,
performance and superiority.

Stability

The stability is defined as the correlation between genotype and
environmental index. The correlation coefTicient ( 0 ) significantly different from zero
merely signifies the presence of some association between two variables. This
association has to be sufficiently strong for a stable genotype. If o = 1 then it is
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regarded that the variety is stable. Thus in testing the stability it is necessary to
determine whether the estimate of the correlation (r;) actually represents o = 1. The

test is then Hy: p =1 versus H,: p < I. Depending on the outcome, varieties can be

classified. If the p is not being significantly different from unity at @ = 0.05 (i.e. P

> 0.05) the genotype is regarded as very stable. Similarly, if 0.01 < P < 0.05, the
variety is considered as sufficiently stable, if 0.00) < P < 0.01 the variety is considered
as fairly stable and if P <0.001, the variety is considered as unstable.

Testing p with H,: p =1 versus Hy: p <1 is fairly complicated. The test
used in this circumstance is the test suggested by Gayen (1951). However, one can use

the critical values published by Kamidi (2001) and make inference without actually
performing the test.

Performance

The relative performance of the i® variety (p;) is defined as b; -1, where b, is
the estimated regression coefficient (measure of response across environments) from
model (1) i.e., by how much its response lies above or below the average (b = 1).

Relative superiority

Superiority (s,) is measured as a product of relative performance and stability
ie. (5, = p;xr,). This measure is usually taken as the measure for selecting stable
high yielding varieties.

Although the method of Kamidi (2001) is easily to be implemented, the
limitation is that stability, performance and superiority indices are computed based
only on one variable, i.e. yield only. If the above technique need to be used for
multivariate situation then y; should be replaced by z; (single aggregated index of i
variety in j® environment) which gives a combined value for all the variables.

Multivariate approach

In the past, attempts have been made to select varieties based on multi .
responses. Most of these methods introduced were simply computing indices (Smith,
1936; Hazel, 1943; Kempthome and Nordskog, 1959; Johnson et al., 1988; Bernado,
1991 and Dolan et al., 1996) and do not provide a proper statistical basis. Therefore,
the conclusions were subjective. This study suggests a methodology that will take into
account all the traits with a proper statistical basis using the multivariate statistical
technique PCA

A principal component (Q) in general is of the form

O=ay,+a), * o a,y, 3)

where,
Y110y, presponse variables (traits).

a,to a, . eigen vector coefficient corresponding to p response variables
respectively.
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If only one PC is sufficient to explain the variability of the variables y, to y,,
Qy (where Qj is the principal component score of the i variety from j™ environment)
will replace z; Otherwise if several (assume m) PCs are necessary to explain the
variability; z; can be computed based on linear combination of PCs as follows.

where,
Qi 10 Omj — scores for PC, to PC,, for i" variety from j*
Environment. '
Aito A, - eigen values of corresponding PCs.

r
Z/T.k - Sum of eigen values from all (p) PCs.
k=1

P
It is to be noted that if PCA is based on standardized variables 2 Ac=p
k=l

Data used

The paddy data from six sub stations of Rice Research and Development
Institute (RRDI) of Sri Lanaka for Yala 2002 on six (3 months age group) varieties is
used to illustrate the suggested method. The six varieties were At-303, Bg-300, Bg-
305, Bg-2834, Bg-2845 and L.d-98-3. The sub stations were Ambalantota, Batalagoda,
Bowbuwala, Labuduwa, Maha Illuppallama and Vantharumullai. Other than yield the
traits considered here were, days taken to flowering, days taken to maturity, brown rice
percentage, total milled rice percentage and head grain percentage. The statistical
analysis was carried out using SAS Version 6.12 (SAS, 1990). The selection results
from illustrated multivariate method were compared against the results from univariate
based analysis. '

RESULTS AND DISCUSSION
Simple correlations

The correlation coefficients of five traits, days taken for flowering, days taken
for maturity, brown rice percentage, total milled grain percentage and head grain
percentage to yield were 0.40 (P = 0.02), 0.36 (P =0.03), 0.42 (P =0.01),-0.16 (P =
0.34) and - 0.16 (P = 0.35) respectively. The correlation coefficients show that certain
characters are not related to the yield. This indicates the fact that selection based only
on yield can deteriorate the merits of the expected outcome.

Use of PCA

The PCA for the 6 traits gave 6 PCs with eigen values 2.16, 1.57, 1.06, 0.63,
0.34 and 0.26 respectively. The eigen values of the first three principal components are
relatively large and these three principal components explained the 79.66% of the
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variability. Therefore three PCs were used to establish the single aggregated index (2).
The eigen vectors of the first three principal components are given in the Tablel.

Table 1. Eigen vectors of the first three PCs.

Trait PC, PC2 PC3
Yield (Yd) 0.51 0.03 -0.32
Days taken for 0.52 0.22 0.45
flowering (Df)

Days taken for 0.55 0.01 0.36
maturity (Dm)

Brown rice % 0.30 0.32 -0.70
(Br)

Total milled rice -0.23 0.61 0.27
% (Tm)

Head grain % -0.14 0.69 -0.04
(Hg) -

Eigen Value (3;) 2.16 1.57 1.06
% of variability  35.92 26.10 17.63
explained

According to the results the three PCs can be formulated as
0,=0.51Yd + 0.52Df + 0.55Dm + 0.30Br - 0.23Tm - 0.14Hg
0,=0.03Yd + 0.22Df + 0.01Dm + 0.32Br + 0.61Tm + 0.69Hg
03=-0.32Yd + 0.45Df + 0.36Dm - 0.70Br - 0.27Tm - 0.04Hg

The PCs were derived using standardized variables.

Yield, days taken to flowering and days taken to maturity contribute largely to
the first PC. This implies that these characters are linked, which was revealed from
correlation analysis too. The second PC is highly contributed by total milled rice
percentage and head grain percentage. The third PC is highly, but negatively
contributed by brown rice percentage. Since one PC is inadequate, the Z; was
calculated using the equations (3 and 4) as

2.16 1.57 1.06
Zij === Quy + Q2 +—— 03y )

where
Quj; - First PC score for i™ variety from j™ environment.

Qy; - Second PC score for i variety from j" environment.
Qi - Third PC score for i™ variety from j™ environment.

Using z; as the response variable, the regression analysis was performed for
the model specified in the equation (1). In addition, as a comparison, the regression
analysis was performed for the same model taking yield values only as the response
variable.
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Regression analysis

The estimated regression coefficient (b;) from the analysis using yield values
only is given in Table 2. The relative performance (p;) computed from b; is also given
in the Table 2. Corresponding output by using z; as the response variable is given in
Table 3. (Note that p values associated with all regression coefficients estimated were <
. 0.05 and also R? for all the models were above 80 %)

Stability analysis

The stability analysis resuits (r,.) for each variety using yield as the response
variable are given in Table 2. Corresponding results using z; are given in Table 3.

Computation of relative superiority

Relative superiority values computed for each variety taking yield only as the
response variable are given in Table 2. Corresponding values using single aggregated
index as the response variable are given in Table 3.

According to Table 2, all six varieties considered were found to be adapted to
locations at varying levels. Varieties Bg 2845, Bg 300, Ld 98-3 and Bg 305 were very
stable (P > 0.05) and Bg 2834 and At 303 were sufficiently stable (P > 0.01). The
variety Bg 305 was very stable across locations with higher yield but had poor relative
performance (p; < 0) and thus received lowest superiority ranking. Similarly Bg 2845
ranked one before the last in terms of yield but had relative performance higher than all
other varieties and thus received highest superiority.

Table 2. Mean yield and corresponding selection measures based on
univariate analysis for six varieties grown in six locations.

Variety Stability  Regression Relative  Relative
Yield (rye) coefficient performance superiority
(T/ha) (63 wi=b;-1) (5i=
) pi"ge)
Bg 2845 4.31 0.98*%*+ 1152 0.152 0.149
Bg 2834 4.52 0.93** 1.042 0.042 0.039
Bg300 448 0.97%** 1.030 0.030 0.029
At 303 4.24 0.93*+ 0.935 -0.065 -0.061
Ld98-3 4.52 0.96%** 0.895 -0.105 -0.101
Bg305 4.64 0.99%** 0.876 -0.124 -0.123

*EE A om0t significantly different from one (P > 0.001, 2 > 0.01,
P> 0.05 respectively) .

The results are not surprising because in varietal selection stability is considered more
. important than yield. The variety At 303 has exhibited negative relative superiority.
Thus, this variety can not be recommended generally. In fact, this variety has given the
lowest average yield. However, this variety has given high yield (6.48 t / ha) at Maha
Iluppallama. Thus, although the variety can not be recommended generally, it can be
recommended for that location and locations with similar environments. Varieties Bg
2845, Bg 2834 and Bg 300 were the most superior varieties and recommended for all
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the-locations but they were not the best three in terms of yield. This emphasizes the fact
that average yield is not a criterion for, selection.

Table 3. Mean single aggregated index and corresponding indices for six
varieties grown in six locations based on multivariate analysis.

Single . Regression  Relative Relative
Variety onted Sravility fFici f superiority

y  aggregate coefficient performance _
index (z;) (ree) (b)) pi=bi-1) (si=

Pist ge)

Ld98-3  0.19 0.95%*+ 1.389 0.379 0.359
Bg 2834 0.21 0.86* 1.215 0.215 0.191
Bg 2845 -0.40 0.97*** 1.026 0.026 0.025

At303 029 0.76" 0.850 -0.150 -0.114

Bg 305 0.38 0.80* 0.803 -0.197 -0.158

Bg 300 -0.09 0.95%** 0.539 ~0.461 -0.436

*, ¥ #3931, not significantly different from one (P > 0.001, P> 0.01, P> 0.05
respectively) *, r,. significantly different from one.

On the basis of z;. values, varieties Ld 98-3, Bg 2845 and Bg 300 were found
to be very stable (P > 0. 05). while varieties Bg 2834 and Bg 305 can be grouped into
the fairly stable category (P > 0.001). Variety At 303 is unstable.

The varieties Ld 98-3. Bg 2834 and Bg 2845 occupied the first three ranks by
means of relative superiorjty. So these varieties can be recommended based on all
traits. Out of the three varieties recommended based on z;;, the varieties Bg 2834 and
Bg 2845 were recommended under univariate analysis too. This emphasizes the fact
that even under the multi-trait approach yield plays an important role. However, Ld 98-
3 is recommended under multi trait approach where as it is not recommended under
univariate approach. Even though the variety Bg 2845 was more stable than Bg 2834,
Bg 2834 was superior than Bg 2845 mainly because the latter gave poor head grain
percentage (Table 4) and vieid.

The variety At 303 is not recommended for generally since the relative
performance is low. However, this variety has given highest z; at Maha Illuppallama
(This was revealed by the univariate analysis too). This indicates that this variety is
suitable for Maha Illuppallama and locations with similar environments.

The variety Bg 305 recorded the highest average z; with highest yield and
head gain percentage at all the locations except at Labuduwa. In fact this is the only
variety that. meets RRDI recommendation for head grain percentage. However,
superiority is low mainly because of poor relative performance. Late flower initiation
and, shorter grain filling period (Table 4) could be the reason for poor performance of
Bg 305. An interesting point here is that there are indications that late flower initiation
and short grain filling period lead to the higher yield with higher head' grain percentage.

In calculation of single aggregated index, PC, is the most important PC. PC,
represents yield, days taken to flowering and days taken to maturity more or less
equally (Table 1). Accordingly days taken for flowering and days taken for maturity
play an equal role as yield in giving higher z. This emphasizes the fact that it is
important to improve these characters too. However, these three traits are inter related
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and when one trait is improved the other two also get improved. The second and third
PCs represent other 3 traits that are economically important. Not having these three
traits in PC1 implies that they are more or less mdependent from yield and thus should
be considered separately in breeding. -

Table 4. Mean values of each trait for different paddy varieties and over all

mean. '
Days Days Total
Vari taken for tak)e/n for B_rown milled He§d
ariety flowerin .. Dm-Df rice . grain
g  maturity % rice %,
(DD (Dm) ’ % ’
Ld98-3  66.94 95.79 28.85 7849 73.18 48.53
Bg 2834 68.28 97.04 28.76  77.66 73.18 4393
Bg 2845 64.25 94.97 3072 .77 7231 3537
At 303 65.79 94.42 28.63 77.38 72.33 4121
Bg 305 68.42 95.33 2691 7844 73.64 5325
Bg 300 "65.51 94.33 28.82 7840 7299 43.88
Overall - (¢ <3 95.31 2878 78.02 7294 4436
Mean . . . . . .

One might argue that farmers are selling their product before processing or,
they are getting the price for paddy regardless of the variety. But the consumers
actually pay for it. Therefore, it is mandatory to give attention to these traits too. In
addition, awareness must be credied among the farmérs and buyers in this regard. -

In this illustration of multivariate approach yield played an important role.
However, there can be argumerits raised as to ‘what assurance can be given that yield
will always be taken care of? In* general, among the ‘tharacters considered, yield gives
the highest variability. Thus yield: wnll always be in the first PC. Hence’ yleld will
always receive a high weight.

ot e CONCLUSIONS

The recoinmendation made under the suggested method is more or less in
agreement with the univariate mettiods. The importance of this suggested ‘method is
that selection is done taking into account all important yield characters in addition to
the yield alone with a proper statistical basis. The methodology suggested here can be
implemented by using standard statistical software. Information on the stability,
performance and superiority can alse be obtained by this method. Thus the additional
information obtained in this method is not by sacrificing information obtained in
univariate methods. Therefore, this approach is much more superior compared to
existing univariate techniques. The recommendations currently being done are based
purely on yield (quantity). Therefore it is high time in this country that other characters
(quality parameters) are also used in making varietal reccommendations so as to avoid
long run risk in the breeding programme.
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