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ABSTRACf 

The OOIlventionai method or analysis or harvest indices COIIIIkts or obtaiRing mean radGs on 
plot basis and applying analysis or variance to these radGs. These ratios need not OOIlfirm 
the assumptions or the analysis or variance while the variables in the oomerator and 
denominator may be in agreement with them. The application or analysis or variance or ratios 
on plot basis is criticbed and an alternative procedure or estimating1tarvest iDdex using ratio 
or means is proposed. The comparison or the proposed estimate or harvest index with the 
OOIlventioaal estimate bas been made aDd is illustrated with field data from experiments 
ooaduded on groundnut. The proposed estimate (based on ratio or means) is more precise 
and bas smaller bias compared to the OOIlventiODal estimate or harvest Index. 
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There are numerous situations in agricultural research, especially in plant 
breeding and plant physiology, where the experimenter is interested in assessing the 
relative pedormance of a set of genotypes by two character means and their ratios. 
For instance, an experimenter is interested' in estimating the economic yield, total 
biological yield, and harvest index of a genotype. For exa~ple, in groundnut, the 
economic yield is represented by pods and the ratio of' pod yield to the total yield 
(including vegetative mass) is the harvest index, while in sorghum, the grain weight 
measures the economic yield. Another example is the estimation of shelling percentage 
ill grotindnur. 

The problem of estimation of several ratios as characters within an individual 
plot has been discussed in [1, 2] using the almost unbiased ratio estimator [3]. The 
method [1; 2] uses a linear function of the ratio of the means and the mean of the 
ratios of the two character values' measured' on the plants randomly selected from 
the plot. These estimates from individual plots were subjected to analysis. In -the 
present paper, we consider the estimation of ratio characters (e.g. harvest index) 
from a designed experiment where there is one more factor (such as; block in 
randomised block design) in addition to the factor of interest (such as, genotype or 
variety). The measuremonts of the two characters used in the estimation of ratios 
are assumed to be available at plot level instead of the plants taken randomly in 
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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 a<tditive 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 -r'j (=xi/Yij) of the two variates Xij' Yij. and obtain t~e 
mean of rij values over replicates for each genotype and its standard error from the 
analysis of variance applied to rij' Here Xij and Yij are, respectively, 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 variance applied tg. variables X and Y (when the 
underlying assumptions of ANOVA are satisfied), it ·is not recommended to apply 
analysis of variance to theirratiQ R(=XIY), since thtm the assumptions of the 
ANOVA are not satisfied. This can be explained as follows. Consider the modol 

(1) 

(2) 

where 'iz' Pjz represent the performance of i-th genotype and the effect of j-th block 
for character z(z=x,y) and 

l: Pjx = 0, l: Pjy = 0 
J J 

The models (1) and (2) are additive in the effects of genotypes (treatment 
Jactor) and blocks (environment factor). The errors ~jx, ~jy satisfy the assumptions 
(ii)-(iv). It is easy to see that the ratio 

(3) 

in general, cannot be written as an additive model, 

rij = R; + Bj + eij (4) 

(i = 1, ... , v; j = 1, ... , s). 

The variance of rij [eij in (4)] (expression giv~n in the following section) is not 
constant for all i, j, as the variance of ratio of random variables depends on their 
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mean values which. may vary differently [9]. The distribution of rij 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 Hi = ti,.ltiy leads to the biased estimate 

ri = (l/s) 	~ fij
J 

and the bias of rj (given in the following section) also depends on block effects. 
Hereafter fi will be referre"d to as the conventional estimate used by several authors 
mentioned above. 

In this paper, we suggest .an alternative estimate of harvest index Hi and 
compare it with the conventional estimate ri 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 ~jk and Eijy have means 0 and.rVariances 02" and 
o2y, respectively, and correlation coefficient p. Eijz and Ei'j'z are fmtependent for i ::1= 

i', or j ::1= j' (z=x,y). The joint distribution of the pair (Eij'" ~jy) can be assumed to 
be bivariate normal. 

# 

The estimates of tilt and tiy can be taken alcleast square estimates 

~ix = rxi/s; tiy = TylS 

and those of 02", o2y as residual mean squares from "~.~riances on the 
data of x and y as .....,. 

/ 

cJ2x = ~ ~ ~\/Ile 

cJ2y = ~ ~ ~\.Jne 

where ne = (s-l)(v-l) error degree of freedom and ~j", ~jy least squares residuals 

~j)' = Yij - )Ii - Y.j + y.. 

where bar (-) denotes mean over t..;e dot (.) position(s). 

The correlation coefficient is estimated by 
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We propose to estimate the harvest index Hi by the formula 


Il = h· = ~./T.

1 1 \01 ".y 

It may .be noted that the estimate hi of Hi can also be derived from . the 
functional relation 

Where tx and tiyare expressed in model equations (1) and (2). The estimate hi is 
based on the ratio of two normal variates. The confidence· limits for hi can be seen 
from the Fieller's theorem [to). The estimator hi is bi~d for estimating Hi' 

The expressions for the biases B(hj). B(i'j) and ·mean square errors' M(hj) , 
M(i'i) of the two estimators, It; and fi of Hi> will be obtained following some results 
for infinite populations simplified for normal. distribution [9). 

If w. and W2 are random variables with means p... P-2, variances 02.. 022, and 
correlationp. then approximations to the expected value E(.) and mean square error 
M(.) of w./w2 are 

E(W./w2) = (p.lP-2)(1 + (C2
2 - pC.Ct)(1 + 3C2

2) 

M(w./wz) = (p../p.:z)'C1 + ~. - 2pC.C; + 3)«1 + ~)C~Ci +3q - 6pC.C3:z» 

where C. =u.lp." Ct =u-iP-2 are coefficients ofvariation of WI and W2, respectively. 

Applying the a~ve results for lit. we get after simplification 

2B(hi) = HjO.l(lIs + 3C2/S ) 

M(hj ) = H2j(a-is + aJs2
) 

where 

0.,= C2~ - flCxCy, 0.2 == C2l! + C2
y - 2flCxCy 

0.3 = 3(1 + 2p2)C2l!C2y - isp<;c?y + 9C"y 

C. = uJtx. C; = u/~ (i = 1.. 2, ...• V) 

These expressions are up to the ·order of (1/52
). However. in rb.any cases 

simplification up to the order of (Us) is' adequate. In the example given in ~ next 
section, we find that the biases are negligible and there is no marked difference 
between the expressions evaluated up to the orders of (lis) and(l/sl). The estimates 
of bias and mean sqwtre error are obtained by substituting the estimates of parametetJ 
involved. 
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We now evaluate bias and mean squared error for the conventional estimator 
ri- Writing 

we have E(fJ = (l/s)~ E(xi/yj~ = (l/s)~ E(rij)(l + al(1+3C2,».
1 J 

Using the expansion of the binomial term with negative power in the expression 
. of !;(rij). we get 

E(ri~ = H j(l + &Ijx - &qy - &jjx&ijy + &2Ijy+ - .. - .) 

Ignoring the terms in a's with power higher: than two, we have approximately 

B(fJ = E(fJ - "' 
,. 

= ",(al(l + JC2,) + 1 + a2(1 + 3C2,»(l:~i/s - ~ &ijx~",S) 

J 


The mean squared error is given by 


M(fJ = (l/s~~ M(Xj/yq) 

J 


== (1/s2)~ E(ri~(a2 + a3) 

J 


= H2i(a:ls + a:is)(l + ~3~jx + laTjy - ~~jy)/s).
/ 'J ' 

The biases and mean· squared errors of ~ and rj can be easily compared using 
the above expressions. Considering the leading term free from block effects in a's, 
the .bias and mean squared error for ~ are lower than that of rj and decreases with 
increase in replications. Thus ~ is, therefore. better than rj for estimating Hi' Fmally, 
we compare the performance of hr' and ri Using data from an experiment conducted 
at ICRISAT. 

COMPARING CUL'DVARS FOR 1HEIR.'HARVES'I' INDICES 

When, the bias of the estimate of harvest index ~ is negligible' its mean squared 
error equals its variance. For lUge residual degree of freedom, the variance estinlate 
closely approaches the true variance. The estimate ~' is a consistent estimate of", 
(as can be seen from its mean ..uare error expression). Thus following Rao [8], 
the statistic 

v . 
Q - ~ Chi - iijlM(~.-1 , 

where H ,== ! bi1M(IiJt ! JAfCbi> can be taken to test the hypothesis that all the 
I!OJ i-ll ' 

', 
,,j 
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genotypes nave a common harvest index. The asymptotic distribution of Q when 
(HI = ... = H..) ~ X2 with v-I degrees of freedom and the common harvest index 
is estimated by H, 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. We present the 
necessary computation on the analysis of harvest indices. In addition, a comparison 
of the proposed estimate with conventional estimate is elaborated with the help of 
~ 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 X2 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 negligible in 
estimating harvest index from the data. The standard errors computed using approx
imation up to order (l/s) are reasonably close to tho~ up to order (1/s2

), 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- hjVrj» exceeds 22% for cultivar 19. The ranks of some genQtypes are 
also affecte<t. 

Table 1. Mean squares for pod yield 00, total yield 00, estimates of error variances aDd 
correlation, aDd values of Xl fer IIomogeueity of harvest Index 

Source d.f. MS MS 
X Y 

Blocks 2 7118 21557 

Genotypes 21 4034 18404 

Residual 42 4735+ 16031++ 

MSP=7034 p= 0.81 

0 1 = 28.867 02 = 27.78 d.l. 21 

+, ++ estimates of cr. and o2y, reSpectively. 

MS-mean squaIeS; MSP-mean sum of product; d.f.-degrees of freedom; and 0 1• O;r-Values of 0 

(statistics for testing equality of harvest indices) (defined in the text). 


While applying the test to the data of the experiment under discussion, we 
get the values Q1 and Q2 (Table 1) while using variances up to orders (l/s). and 
(1/s2

) , respectively. On comparing Q against the table value of X2 at 21 degrees of 
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Table 1. Mean pods yield aDd total yield (kgIha), harvest Indices (upper value hit lower vlaue ri)' per 

cent difference (%ct.), ranks, biases aDd standard errurs up to orders 


(lIs) aDd (l/sl) for 11 genotypes 


Genotype Mean yield Index %dj Rank Bias x 10" SE x 10" 
pods total bJ b2 seJ se2 

• 

CGC"*,163 279 751 0.372+ 0.0 17+ -6+ -7+ 319+ 324+ 


0.372++ 17++ -21++ -27++ 324++ 325++ 

J 11 x Robut 331-1 236 555 0.425 1.8 7 -2 -3 422 433 


0.433 7 -8 -20 433 437 

ICGS24 279 789 0.354 -3.2 19 -7 -8 307 312 


0.343 20 -24 -30 312 313 

ICGS3S 276 618 0.447 -0.2 3 -1 1 379 387 


0.446 3 4 -6 387 389 

ICGS II 331 684 (J.484 2.3 1 5 5 346 352 


0.495 1 17 9 352 354 

IOOS24 235 719 0.328 2.] 21 -12 -12 345 352 


0.335 21 -38 -45 352 354 

IOOS21 251 646 0.388 1.5 15 -7 -7 367 375 


0.394 12 -22 -31 375 377 
X41-x-l-BxGoldin 1 274 698 0.393 -0.2 14 ,.-5 -5 340 345 

0.392 14 -t7 -25 345 347 
Manfredi x X-I4-4-B-I9-B 253 604 0.419 1.2 9 -3 -3 389 397 

0.425 8 -10 -20 397 400 
TMV2 307 699 0.439 0.1 5 0 0 336 34] 

0.439 5 0 -8 341 343 
Faizpur 1-5-2 283 702 0.402 -2.6 12 -4 -4 336 341 

0.392 13 -13 -21 341 343 
J11 240 625 0.385 -0.4 16 -7 -8 38] 389 

0.384 16 -25 -35 389 391 
NCACI7090 254- 007 0.419 -0.2 10 -3 -3 387 395 

/0.417 \0 -10 -20 395 398 
NCAC 17142 252 545 0.462 0.8 2 4 -5 431 443 

0.466 2 15 2 443 446 
Gangapuri 347 793 0.438 0.2 6 0 0 296 299 

0.439 6 0 -6 299 300 
EC76446 239 fIJ7 0.394 1.4 13 -7 -7 390 399 

0.389 15 -22 -32 399 40] 
EC 109271 (55437) 290 793 0.366 -0.2 18 -6 -6 303 307 

0.365 18 -20 -26 307 308 
EC21024 291 660 0.441 0.1 .4 0 0 355 362 

0.441 4 1 -8 362 364 
17 

Manfredi 107 195 598 0.326 -22.5 22 -17 -17 415 426 
0.266 22 -57 -67 426 430 

Krapovicasstr.16 216 524 0.413 0.8 .11 -5 -5 449 462 
0.411 11 -18 -31 462 466 

NCAC16129 231 639 0.420 -0.2 8 -2 -2 351 357 
0.419 9 -8 -16 357 359 

JL21 219 627 0.349 0.7 20 -12 -13 388 397 
0.352 19 -41 -51 397 400 

SE ±39.7 ±73.l 

%dj 	 = 100 (l-h/fi)' 

Estimate of. harvest index, rank of genotype based on harvest index, b l and bz [biases up to order+ 
(lIs) and (J1r)], sel and sez (standard err~ up to order (115) and (1/s2)] using proposed estimator 11;. 

+ + Same as in +. but using conventjonal estimator'r\. 

http:Krapovicasstr.16
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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 (lis) and 
(l/s2) 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 easily available from ~ivariate 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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