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mean values which. may vary differently {9]. The distribution of r; will not be normal.
mmmm i) additivity of factor effects, (ilgoonntncy of error
variances, and (iif) normality of errors, are not tenable. Therefore, ANOVA should
not be applied to models (1), {2) and (4) simuitancously. Further the use of model
(4) to estimate harvest index of i-th cultivar H; = {,/{,, feads to the biased estimate

T = (lh)}:'fu
and the bias of T, (given in the following section) also depends on block effects.
Heruﬂer?,vmberefenedmnthemvenﬁonuemmmmedbysevenlmthm
mentioned above.

In this paper, we suggest an ahernative estimate of harvest index H, and
compare it with the conventional estimate r; for their biases and mean square errors.
An approximate test for equality of harvest index is also given.

MATERIALS AND METHODS
ESTIMATION OF HARVEST INDEX AND APPROXIMATE'STANDARD ERROR
lnmodah(l)md(!),emsgmdﬁ,hvemmommc’ and

y» vespectively, and correlation

and £/, are independent for i %
it orj*j'(z-x,y) Thejoimdhtﬂbuﬁonofuwpdt(e.,.q,)mbeamnndw
be bivariate normal.

The estimates of {, and {,, can be taken as lemst square estimates

z.-;w-;:..-w-

and those of 0%, c‘umdndm:qumhomndynhofvmmonm
data of x and ¥

& = I3 P,
¢, =T 2 Eyn,
where n, = (s~ 1){v~1) ervor degree of freedom and §,., &, least squares residuals
"y -+ X



376 Murari Singh [Vol. 49, No. 3

a plot. The genotypes are assessed for economic and total biological yield generally
using their means and standard errors obtained from analysis of variance (ANOVA)
on these characters individually. Tests of significance of contrasts of interest are
carried out when these characters satisfy a number of assumptions [4, 5]: (i) the
treatment and environmental effects (such as, block effects in randomised complete
block design) must be additive and without interaction when evaluated on plot basis;
(ii) the experimental errors must have a common variance; (iii) the experimental
errors should be normally distributed; and (iv) the experimental errors must all be

independent.

The practice followed by several workers [6-8] to estimate harvest index is to
generate vector R of ratios ry (= xy/y,) of the two variates x,, y;, and obtain the
mean of r; values over replicates for each genotype and its standard error from the
analysis of variance applied to r;. Here x, and y; are, respectlvely. the economic
yield (X) and total yield (Y) of the plot of the i-th genotype in j-th block. Let the
design used be a randomised complete block design (RBD) with v genotype and s
block i =1, ...,v;j=1,..,s)

In the light of analysis of variancé applied to variables X and Y (when the
underlying assumptions of ANOVA are satisfied), it is not recommended to apply
analysis of variance to their ratio R(=X/Y), since then the assumptions of the
ANOVA are not satisfied. This can be explained as follows. Consider the model

X = Lo + B + & )
Yo = by + By + &y )

where {,, B; represent the performance of i-th genotype and the effect of j-th block
for character z(z=x,y) and .

23,.-0.29,,=0

The models (1) and (2) are additive in the effects of genotypes (treatment
factor) and blocks (environment factor). The errors £, &, satisfy the assumptions
(ii)~(iv). It is ecasy to sec that the ratio

= XYy = (e + B + GMly + By + &) ®)
in general, cannot be written as an additive model,
I]'R(*‘B‘"’G‘ @

N

‘(iul,....v;j-l,....s).

The variance of 1 [e; in (4)] (cxpression given in the section) is not
mhdk;.a‘tlzgmﬁrﬂoﬂmmfmm
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mean values which. may vary differently [9]. The distribution of r; will not be normal.
Hence the three assumptions, (i) additivity of factor effects, (ii) constancy of error
variances, and (iii) normality of errors, are not tenable. Therefore, ANOVA should
not be applied to models (1), (2) and (4) simultaneously. Further the use of model
(4) to estimate harvest index of i-th cultivar H; = {;,/{;, leads to the biased estimate

?i = (]/S) ??“
and the bias of T; (given in the following section) also depends on block effects.

Hereafter T; will be referred to as the conventional estimate used by several authors
mentioned above.

In this paper, we suggest an alternative estimate of harvest index H,; and
compare it with the conventional estimate r; for their biases and mean square errors.
An approximate test for equality of harvest index is also given.

MATERIALS AND METHODS
ESTIMATION OF HARVEST INDEX AND APPROXIMATE' STANDARD ERROR

In models (1) and (2), errors £ and §;, have means 0 and variances o%, and
o?,, respectively, and correlation coefficient p. &; and &';', are independent for i #
i* or j # j’ (z=x,y). The joint distribution of the pair (£, &) can be assumed to
be bivariate normal.
The estimates of {, and {,, can be taken as least square estimates
bo=Exfsily =Ty

and those of ¢%, 0% as residual mean squares from analysis of variances on the
data of x and y as

& =323 gn,
&, =33 g,
where n, = (s-1)(v~1) error degree of freedom and §,,, &, lcast squares residuals
b =% - % - X + X
| %-w—ﬁ;m+i
where bar (-) denotes mean over the dot (.) position(s).
The correlation coefficient is estimated by
b= (I &y bynM@H)"
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We propose 10 estimate the harvest index H, by the formula

H: =h = i-x/&y

It may be noted that the estimate h, of H, can also be derived from the
functional relation

Cnx = H:{ly (l =12, .., V)

Where {, and {, are expressed in model equations (1) and (2). The estimate h, is
based on the ratio of two normal variates. The confidence limits for h, can be seen
from the Fieller’s theorem [10]. The estimator h, is biased for estimating H,.

The expressions for the biases B(h), B(r,) and mean square errors Mch,),
M(F,) of the two estimators, h, and T, of H,, will be obtained following some results
for infinite populations simplified for normal distribution [9].

If w, and w, are random variables with means u,, u,, variances 0%, o%, and
correlation p, then approximations to the expected value E(.) and mean square error
M(.) of w,/w, are

E(wiwy) = (u/p)(1 + (C — pCiCX(1 + 3C)

M(wiwy) = (/o) (Ch + €3 - 20C(C; + 3)((1 + 2p)CIC} + 3C; ~ 6pC,C%))

where C, = 0y/u,, C, = 0y/u, are coefficients of variation of w, and w;,, respectively.
Applying the above results for h;, we get after simplification
B(h) = Hey(l/s + 3C%s?)
M(h) = H%(aofs + oys?)
where
o, -=Cz,,—pC,,Cy,mz=C2,+C2,,—ZpC,Cy
oy = 3(1 + 2p)CLC?, -~ 18pC,C*, + 9CY,
G=oll G =0y (i=12,..,v
e e oo (o, cper of (U Hovewer, in uey cue
m.mﬁndﬂmmebuwsmneguﬁblemdthcmismmkpddiﬁemw

between the expressions evaluated up to the orders of . tes
“‘“":ﬂmmmml by° NO(V&%M 'ﬁt&aﬁm
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We now evaluate bias and mean squared error for the conventional estimator
r;. Writing

o= (IIS)?(xij’yii)v

we have E(T) = (lls)‘JZ E(xylyy) = (lls)}c E(r)(1 + u.(1+3Cz,)).

Using the expansion of the binomial term with negative power in the expression
of E(ry), we get

E(rij) = Hi(l + Bijx - sijy - Bijxﬁijy + 625"4- e )
where 8, = By/lin, By = Byl
Ignoring the terms in 8’s with power higher. than two, we have approximately
B(T) = E(T) - H
= Hj(oy(1 + 3C%) + 1 + a1 + 3C%))(ZdyYs — = 8By s)
]
The mean squared error is given by
M(E) = (15)3 M(xyyy)
]
= (WL Elr)(e + o)
= Hi(ayls + ays)(1 + S(8%, + 38%, — 48;,8;)s).
]
The biases and mean squared errors of h; and T; can be casily compared using
the above expressions. Considering the leading term free from block effects in 8’s,
the bias and mean squared error for h; are lower than that of T; and decreases with
increase in replications. Thus b, is, therefore, better than T, for estimating H;. Finally,
we compare the performance of h; and T; using data from an experiment conducted
at ICRISAT.

COMPARING CULTIVARS FOR THEIR HARVEST INDICES

When the bias of the estimate of harvest index b is negligible its mean squared
error equals its variance. For large residual degree of freedom, the variance estimate
closely approaches the true variance. The estimate h; is a consistent estimate of H,
(nmbenenﬁomiomsqnmmmpmnon) Thus following Rao [8],
the statistic

07 f. (hw ﬂ)’ml(h)

ummmmwm-“-
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wnotypumnmmonhmmtmdex The asymprotic distribution of Q when
(H; = .. = H)is y* with v—1 degrees of freedom and the common harvest index
ilenimatedlayﬂ the pooled estimate.

We take here the data on pod yield and total yield of 22 groundnut cultivars
grown in three randomised blocks in 1984 at ICRISAT Center. Weprmntthe
mrycompuuuononthcmlymofhmmdm In addition, a comparison
of the proposed estimate with conventional estimate is elaborated with the help of
a set of experimental data on groundnut.

RESULTS AND DISCUSSION

The analysis of variance for pod yield, total yield, estimates of error variances
and correlations and }* values are given in Table 1, and mean pod yield, total
yield, and harvest indices (conventional and proposed), and ranking of genotypes
based on the two types of harvest indices of the genotypes along with their biases
and standard errors in Table 2. It can be seen that the biases are negligiblé in
estimating harvest index from the data. The standard errors computed using approx-
imation up to order (1/s) are reasonably close to those up to order (1/5°), at any
rate up to three decimal places. The differences in the two approximations will
decrease with increasing number of replications. It can be noted that in the present
example, the percentage difference between the two estimates of harvest index (%d;
= 100(1- hVT)) exceeds 22% for cultivar 19. The ranks of some gengtypes are
also affected.

Table 1. Mean squares for ped yleld (X), otal

Lol X3 for |
Source df MS MS
: X Y

Blocks 2 s 21587

Genotypes 21 4034 18404
2 s+ 16031+ +
) MSP=004 p=051
Q, = 28.867 Q= 21] df. =21

+. ++ etimatos of o, uuﬁ,.m
s of product; d.L—degmes of freodom; aad Q, Qr-valaes of Q

aquares; MSR--mean
(thm«mm)whhuw

Y

applying the test 10

1
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Table 2. Mean pods yield and total yield (kg/hn), harvest indices (upper value by, lower visue T), per
cent difference (%d,), ranks, bisses and standard ervers wp to orders
(1/s) and (I/s) for 22 gesmotypes

Genotype %gm Index %d;, Rank x 10* SE x 10
total | ™) 8e;
CGC 4063 v, A1 0.372+ 0.0 17+ -6+ =7+ 319+ 324+
N 0.372++ 1744 =214+ =27+ + 324+ + 325++
J 11 % Robut 331-1 2% 555 0.428 18 7 -2 -3 42 43
0.433 7 -8 -20 433 437
ICGS 24 29 19 0354 -32 19 -7 -8 307 3
0.343 20 -24 -3 312 313
10GS 35 276 618 0.447 -02 3 -1 1 3 38
0.446 3 4 -6 387 W
ICGS 11 331 684 0.484 23 1 s 5 M6 382
0.495 1 17 9 3852 354
1CGS 24 235 719 0328 21 2 -12 =12 M5 382
0.335 21 -38 -45 352 3m
10GS 21 251 646  0.388 1.5 15 -7 -7 367 375
0.394 12 -2 =31 35 3
X 41-x-1-BxGoldin 1 274 698 0393 -02 14 -5 -5 340 uS
0,392 14 ~17 =25 M5 W7
Manfredi X X-14-4-B-19-B 253 604  0.419 12 9 -3 -3 3% W
. 0.425 8 -10 -20 397 400
TMV2 07 64 0.439 0y 5 0 0 36 341
0.4%9 S 0 -8 341 343
Faizpur 1-5-2 283 M 0.402 -26 12 -4 -4 3% WM
0.392 13 -13 =21 M1 343
n 240 625 0385 -04 16 -7 -8 38 389
0.384 16 -25 -35 389 WM
NCAC 1709 25 607  0.419 -02 10 -3 -3 387 395
0.417 10 -10 -20 395 398
NCAC 17142 252 545 0462 08 2 4 -5 431 43
0.466 2 15 2 443 46
Gangapuri 347 793 0438 02 6 0 0 29 2%
0.439 6 0 -6 29 300
EC 76446 239 &7 0.3% ~-1.4 13 -7 =7 3%0 3
0.389 15 -2 -3 39 401
EC 109271 (55-437) 20 793 0366 -02 18 T 6 -6 303 307
0.36% 18 -200 -26 307 308
EC21024 21 660 0.441 01 4 0 0 355 36
0.441 4 1 -8 362 364
17
Manfredi 107 195 598 0326 -25 2 -17 -17 415 426
‘ 0.266 2 ~57 -6; 3 :ﬁ:g
Krapovicas str. 16 216 sS4 0413 08 11 -5 -
0.41 1 ~18 =31 462 466
NCAC 16129 21 6 0420 -02 8 -2 =2 3 W
o ‘ 8% 0.419 , 9 -8 ~16 357 3%
21 ‘ 219 &7 0.349 07 2 -12 ~-13 388 w
‘ . 0.352 i -41  -~S51...397 400
By 2T DY ‘

m Index, -d by up o onder
quwtmumm'"g estimatorty,
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freedom and 5% level of significance, the harvest indices of the genotypes do not
show any significant departure from a common value

The data of some other trials were also analysed. There biases were also
negligible and the standard errors from considering the terms up to orders (1/s) and
(1/5*) showed similar closeness as above (12).

The proposed method has provided more precise estimates of harvest indices
compared to the conventional estimates. The difference in the two estimates, although
small for the groundnut data, may be remarkable for other data sets. The computations
in the proposed methods are straight forward, as we generally evaluate means of
genotypes and their standard errors. However, one requires the estimation of residual
correlation coefficient which is casily available from bivariate or multivariate analysis
of variance procedures in standard statistical packages. Based on the above analysis,
we recommend the estimation of harvest index as ratio of means instead of mean
of ratios.
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