THE ESTIMATION OF MISSING PLOT VALUE
IN SPLIT-PLOT AND STRIP TRIALS :

By S. A. KHARGONKAR -
Institute of Plant Ir_zdustry, Indore, C.I.

WHILE agricultural experimenters are familiar with formule for
estimating missing plot yields in simple randomised block and .Latin
square layouts (Allan and Wishart, 1930; Yates, 1933; Hutchinson
and. Panse, 1937),- no attempt seems to have been made so far to
obtain formule for the missing sub- plot value in split plot and strip
designs which are in common use in. modern field experimental work.
The object of the present paper is to present approprlate formule for.
calculating missing values in such trials.

The following two types of designs are considered :—

1. Split plot d651gns in randomised block and Latin square
layouts.
2. Designs involving strip-treatments.

The missing plot value in each case is derived by a stralght-
forward -extension of Yates (1933) method of minimising the error
variance. - :
In a simple split plot design consisting of main and sub-plots there

are really two analyses of variance corresponding to the two types
_of plots. Thus there are two error variances, say, a for main plot
analysis and b for sub-plot analysis. To estimate the missing value of
a sub-plot we shall be concerned with minimising the error variance
‘b. If more than one sub-plot are missing their yields can be estimated
by the repeated application of the formula by substituting approximate
“values, equal to the general mean, treatment means or block means
for all the other missing plots, and then obtaining a second approxi-
mation for each missing plot in turn in the manner explained by
“Yates (1933). The degrees of freedom allotted to the residual variance
should, of course; be reduced by the number of missing. values
calculated. ) ) o
For simplicity the case of a' Simple split-plot design having two
plot sizes is considered with the help of an-actual example although
the method of deriving the formula for the mlssmg sub-plot value is
quite general. : -
) Table I gives the yield data from an experimént on cotton carried
out at Ganganagar Farm, Bikaner State. The experiment consists of
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four main treatments, 4, B, C and D, being combinations of manuring
‘and no manuring with heavy and moderate irrigations. The sub-
treatments are two varieties ¥; and V,. There were six replications.

TaBLE I ° .
Yield of kapas per plot (& ch. units)
Treatments 4 : Blocks . Total
Main Sub- ’ - )
treatments treatments L I I v v VI
A Vv, 173 162 115 82 146 89 767
-V, 196 252 204 208 257 142 1259
Total .. 369 414 319 290 403 231 2026
‘B A 86 68 2. 79 25 59 319
Va, 165 159 45 232 102 98 801
Total .. 251 227 47 311 127 157 1120
C v, 110 152 57 126 63. 97 608
Vo 152 216 169 193 201 151 1082
Total .. 262 368 226 319 264 248 1687
D . \'A: - 91 87 8 80 | . 64 63 393
Va 109 168 71 158 | 131 139 776
Total .. <00 255 79 238 195 | 202 1169
—1 - J
Grand Total 1082 1264 671 | 1158 989 838 . | 6002

" The various quantities relating to the analysis of variance w111 be
denoted by the following symbols —
Let -
the number of blocks, e.g., I, II, etc,, in Table I ¢
the number of main treatments or ‘the number of
main plots per block, e.g., A B, Cand D in

Table I .. . m
the number of sub-plots per main plot or the number
of sub-treatments, e.g., V7, V, in Table 1 .. p
the number of sub-plots per block or the number of
sub-plot treatments .. .. .. - v m=m<p
the total number of sub-plots b S .. n=mXpXq
Also let
the sum of known yrelds in the main plot containing
the missing sub-plot M
the sum of known yields in the block contamrng the
missing sub-plot =~ .. B
“the sum of known yields in the main treatment
containing the missing sub- plot e . P

the sum of known yields in the sub- treatment con-
taining the missing sub-plot .. . .. 0 -




3
é
|
|
:

ESTIMATION OF MISSING PLOT VALUE IN SPLIT-PLOT & STRIP TRIALS 149

the sum of known yields in the sub-plot treatment
containing the missing sub-plot .. .. R

the sum of all known yields .. .. .. T

Then if x is the value of a missing sub-plot, the terms in the
sums of squares contarmng x will be .

due to main plots, 5 (M + x)2 — ?i (T + x)?

due to main treatments, Elé (P 4+ x)? — ’1; (T + x)*

due to sub-treatments, —1— (Q + x)? — ’% (T + x)?

due to sub-plot treatments, - (R 4+ x)2 — - (T + x)2

due to interaction mam treatments X sub- treatments
LrR+xp—Lprxr—L sy Lryxe
(R = = (P4 ) mq.(Q%X).-i—n( + %)

Also the total s.s. will be x2 _rlz (T + x)2.

The contribution of terms containing x to the sub-plot error sum
of squares will be

(due to total) — (due to main plots) — (due to sub-treatments)
— (due to interaction main treatments X sub-treatments)

which after substitution of the above ‘quantities, can be expressed
after simplification as -

_1 Y s Lipa g2
x?2 p(M.—i-x) 4I—pq(P+x) q(R—I—x)._ .

- Differentiating and equating to zero we get

pPgx—qx +x—px—qm—pR4 P=0"
which gives,
_PR+gM— P
To-D@1Dn - @
where p, g, R, M and P represent the quantities expiained above.
Example 1.—In Table I assuming the value 82 in block IV in the

X

. sub-treatment Vy in the main treatment 4 as missing and applymg

the formula, the value of x is obtained as
2 X 6854 6 X 208 — 1944
C=D@E-1
the Yalue that would be substituted if the original value was really
missing,

= 134.8,

3
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Similarly taking the value 204 in block III in the sub-treatment
V, in the main treatment A4 as m1ss1ng, its value is estunated from
the formula as
2 X 105546 X 115— 1822

C—1DG—=1

In split-plot designs with further subdivisions of sub-plots there(
are more analyses to be done, depending on the number of divisions.
In the above example if the varietal plots ¥; and ¥V, are split into
two more plots, for, say,. spacing - treatments S; and-S, then the
ultimate plots will be those for S; and S,. There will then be three
error variances: (1) for main plots ‘corresponding to- manures and
irrigation treatments, (2) for first order sub-plots corresponding to
varieties and (3) for second order sub-plots corresponding to spacings.
To estimate the.missing value of a second order sub-plot the third
error variance will have to be minimised.

If x is a missing sub-plot value, then.the formula for calculating
x derived by a p'rocedure exactly similar to that explained above is
shown below :—

= 195.6.

IRI + qMI I o
- ==na=1 an
where p’ = number of second order sub treatments (spacmg in the
above illustration) ; : .
R’ = sum of known yields in the second order sub-plot treat-

ment, made up of second order sub-plots over all
blocks and containing the missing sub-plot;
g+ = number of blocks; :
M’ = sum of known yields in the cﬁrst order sub- plot con-
" taining the missing sub-plot ;
P’ = sum of known yields in the first order sub- plot treat—
ment containing the missing sub-plot.-

If the split-plot design is arranged in a Latin square instead of
randomised blocks, thie value of -a missing sub-plot can be found by
minimising the sub-plot error variance, by following a procedure similar
to that used for split-plot designs in randomised blocks. Thus if
x is the value of a missing sub-plot, the contribution of:terms contain-
ing x to the sub-plot error sum of squares w111 be,

———(M—}-x)2 —_ (R—{-x)2 (P+x)2.
Dlﬁ'erentlatmg and equatlng to -zero the value of x is obtained as
_PRA4pM—P - - II
@=D =D T
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where p = number of main plots per row or column or number of
‘ main treatments;
p’ = number of sub-plots per main plot or number of sub-
. treatments; .
R = sum of known yields in the sub- plot treatment cons1sf1ng

- of all sub-treatment plots in the main treatment con-
taining the missing sub-plot;
M = sum of known yields in the main plot contalmng the
missing sub-plot;
P = sum of known yields in the main treatment containing
the missing, sub-plot.

The formula for the missing sub-plot value in a Latin square
" split-plot design involving three plot sizes is :

'R 4+ pM'— P’ .
| S =D D W
where p = number of main plots per row or per column or
number of main treatments;
p” = number of second order sub-plots per first order sub-
, plot or number of second order sub-treatments;
R = sum of known yields in the second order sub-plot

treatment consisting of all second order- sub-treatment
plots in the first order sub-plot treatment contamlng
the missing sub-plot;

M’ = sum of known yields in the first order sub-plot contain-
ing the missing sub-plot; .
P' .= sum of known yields in the first order sub-plot treatment

containing the missing sub-plot.

Estimation of yield of a missing sub-plot value in split-plot designs
involving strip treatments ‘is considered next. The procedure can be
explained better with the help of an illustration though here again
the method is quite general.

" Table II shows the yiélds in a paddy experiment carried out at -
Dacca. There were four replications. 4 and B are the seedling treat-
ments representing row-strip treatments, sy, s, s; and s, are the
spacing treatments representing the column-strip treatments and V;
and V, are the varietal treatments representing sub-row strip treat-
ments. Th_us there are five different plot sizes, namely, row-strip
plots, sub-row strip plots, column-strip plots, interaction plots formed
by the intersection of row-strips and column-strips and the ultimate
sub-plots formed by the intersection of sub-rows and columns. There
are thus five errors a, b, ¢, d, e corresponding to these five plot sizes.




.l "Yield of grain.in the paddy experiment at Dacca

TABLE II

Block I

| Block II Block III Block IV
— ~——— | Total
, 51 sa | 53 | .54 | Total :1. S2i 53 | s4 | Total ‘51 l sqa | s3 | 54 [Total | sy | $2 | s3 Total
A Vv, ~| 17 | 2155|865 158 |16 | 34 48 65.] 163 | 15 27|50 61| 153 | 15|34 | 46| 76| 171 | 645
T Vg | 16 1130|5458 |158 [21| 20 |57 72|17 |19 |32 |45 |64 | 160 | 22| 36 | 50 | 67 | 175 | 672
CTotai .ol 33 |51 (109 123 316-|37| 63 [105 137 {342 |34 |59 | 95 1257 813 | 37 | 70 | 96 |143 | 346 (1317
B Vi ..| 12:5| 24 | 44 | 66 | 146:5/ 15 | 19 |45 | 67 | 146 |15 "33 | 51 | 64| 163 )16 | 26 48 | 68 | 158 | 613-5
- © VY, | 1a | 30|59 | 73| 176-0 15 | 26-5| 51 | 65 | 157-5| 19 | 32 | 47 | 63 | 161 | 16 30| 43| 66| 155 ! 649-5
Total ..| 265 54 [103 [139 | 322-5 30'| 45:5| 96 |132 30350 34 | 65 | 48 {127 | 824 | 32 | 56 | 91 [I134 | 313 11263
‘Grand Total .| 59-5| 105212 |262 | 638-5 67 [108-5 |201 |269 | 645-5| 68 [I24 193 |252 | 637 | 69 126 |187 |277 | 659-0|2580
' ‘ ’ ’ .l

o~

Seedling treatments (4, B) =
Varietal treatments (¥, ¥,) = Sub-row strip treatments.

Row-strip treatments. "

Spacmg treatments:(sy; Sz, Sa, 54) = Column—stnp treatments

ST
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where p = number of main plots per row or column or number of
main treatments; :
p’ = number of sub-plots per main plot or number of sub-
. treatments;; -
R = sum of known yields in the sub- plot treatment consisting

- of all sub-treatment plots in the main treatment con-
taining the missing sub-plot;
M = sum of known yields in the main plot contalnmg the
missing sub-plot;
P = sum of known yields in the main treatment containing
the missing, sub-plot.

The formula for the missing sub-plot value in a Latin square
" split-plot design involving three plot sizes is
pIIRI + pMI_ PI

| S T=D0=D W
where p = number of main plots per row or per column or
' number of main treatments;
p" = number of second order sub-plots per first order sub-
plot or number of second order sub-treatments;
R’ = sum of known yields in the second order sub-plot

treatment consisting of all second order- sub-treatment
plots in the first order sub-plot treatment contammg
* the missing sub-plot;

M’ = sum of known yields in the first order sub-plot contain-
ing the missing sub-plot; , :

P’ = sum of known yields in the first order sub- plot treatment
containing the missing sub-plot.

Estimation of yield of a missing sub-plot value in split-plot designs
involving strip treatments is considered next. The procedure can be
explained better with the help of an illustration though here again
the method is quite general. .

" Table II shows the yiélds in a paddy experiment carried out at -
Dacca. There were four replications. A4-and B are the seedling treat-
ments representing row-strip = treatments, sy, s,, §; and s, are the
spacing treatments representing the column:strip treatments and ¥,
and WV, are the varietal treatments representing sub-row strip treat-
ments. Thus there are five different plot sizes, namely, row-strip
plots, sub-row strip plots, column-strip plots, interaction plots formed
by the intersection of row-strips and column-strips and the ultimate
sub-plots formed by the intersection of sub-rows and columns. There
are thus five errors a, b, ¢,d, e corresponding to these five plot sizes.
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The formula for estimating a missing value in the ultimate
sub-plot can be obtained by rn1n1m1smg the error variance e. The
contribution of terms containing x, which.represents the missing value
to this error sum of squares is given by ’

(Total s.s. due to all sub-plots) — (due to row-strip plots) — (due
to column-strip treatments) — (due to erorr b) — {(due to
row-strip  treatments X column-strip treatments) — (due to
error ¢) — (due to sub-row strip treatments) — (due to sub-row
strip treatments X row-strip treatments) — (due to error d)

— (due to sub-row strip treatments X column-strip treatments)‘
— (due to sub-row strip treatments X row- str1p treatments
X column-strip treatments).

Substituting the appropriate algebraic quantities and simplifying,
the following expression is obtained :—

X (M 3P k(M D (@7 0

+ o @ )2—M(P+ D o R+ 97

Differentiating and equatmg to zero gives,

@@= +tq@mtaM'—M—gR+P
: (=D @—D@—1

where p; = number of sub-row strip treatments;

: number of blocks;

q =
g, = number of column- StI’lp treatments;
m = sum of known y1e1ds in the sub-row strip plot contain-

ing the missing sub-plot;

M = sum of known yields in the row-strip plot containing
the missing sub-plot;

M” = sum of known yields in that portion of the column-strip
plot which is cut by row-strip plot and containing the
missing sub-plot ; ,

O = sum of known yields in the sub-row strip treatment from
a row-strip treatment and containing the missing sub-
plot;

Q" = sum of known yields in the sub-row strip plots from

' a column-strip treatment.in a row- strip  treatment
containing the missing sub-plot :

R = sum of known yields in the column- étr‘ip treatment from
a row-strip treatment containing the missing sub-plot;
P = sum of known yields in the row-strip treatment contain- -

_ing the missing sub-plot.




-

154 JOURNAL OF THE INDIAN SOCIETY OF AGRICULTURAL STATISTICS

" Example 2.—Taking the value 48 in Block II in column strip
treatment s, in the sub-row strip treatment V) from the -row-strip
treatment 4 'as missing and applying the formula, we get its value as

2(4><151—597)+4 (2% 1154-4x57—294)—4 X 35741269 ‘
= 56.8.

. 1 x3X3

Similarly, assurning the value 57 in the block II in the same
column-strip treatment s, in the sub-row strip treatment V, from the
row-strip treatment A, as missing and applying the same formula we
get its value as

_2 (4><149 615)+4 (212244 X 48—285)— 4x348+1260
1 X3x3

If mstead of row-strips, column-strips are subdivided for intro-
ducing further treatments, the same formula (V) will be applicable
for calculating a. missing value in 'the ultimate sub-plot. The only
change necessary will be to replace row and sub- -TOW strips in the
formula .by column and sub-column strips.

When there is no subdivision of either rows- or columns, there
will - then - be only three plot sizes, namely, row-strip plots, column-
strip plots and the ultimate plots formed by the intersection of column
strips and row-strips. There will be three errors corresponding to these
three plot sizes. The formula for a missing value x of an ultimate
plot can be found in this case by minimising the third error variance.
The formula so obtained is, _

_P@R=P) +qg(pM+ M —B) — @S+ T -y
; , —D@—D(@—1)
where ¢, ¢, P, R and M represent the same symbols as given in the
formula V and

=48.2

p = number of row-strip treatments;
- M’ = sum of known yields in the column—strlp plot containing -
: the missing plot; _
B = sum of known yields in the block containing the missing
: plot;
S - = sum of known y1e1ds in "the column-strlp treatment
containing the missing plot ;
T . = sum of all known yields.

Finally, in an experimental design where row-strips as well as
column-strips are divided into sub-row strips and sub-column strips;
there will be eight plot sizes: (1) row-strip plots, (2) column-strip
plots, (3) plots formed by the intersection of row-strips and column- -
strips, (4) sub-row strip plots, (5) plots formed by the intersection of
sub-row strips and column-strips, (6) sub-column strip plots, (7) plots
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' formed by the intersection of sub- column strips and row-strips, and_
(8) plots formed by the intersection of sub-row strips and sub-column
strips. There will thus be eight errors corresponding to' these plot
sizes. - The formula for estimating a missing value x in the ultimate
sub-plot can be obtained by minimising the eighth. error variance.
Applying the usual method .of procedure the.formula for the. m1ss1ng
value is obtained as 5

D (%k — Q") + g (pim"+ gm"” M”) - ‘I2Q1”+ R (VID)

BGi—D@—1D (g1 c

where P g, M", Q" and R represent the same symbol;s as in the
formule V, VI and- : .

g, = number of sub-column strip treatments;

- Q," = sum of known ylelds in the sub- column strip plots in .
: column -strip treatment from row-str1p treatment con- -
tammg the missing sub- -plot ; '

m” = sum of known yields in_the plot formed by the inter-

" section of sub-row strip and column-strip and contain-
ing the missing sub-plot; '

m'" = sum of known yields in the plot formed by the 1nter-
section of sub-column strip and row-strip and contain-

- ing the missing sub-plot; ; :

k; = sum of known yields in the sub-row strlp treatment in
sub-column strip treatment from. column-strip treat-
ment in row-strip treatment and contammg the. missing"

, sub-plot. , )
‘It ‘is interesting to compare the formul& derived in the present
paper with the formula for simple randomised block and Latin square
layouts. The formule, T to IV, for ordinary split-plot designs closely
resemble the formula for simple randomised blocks, provided the main
plot- in the 'split-plot layout is considered analogous to the- block.
Where there is a further division of sub-plots, it is the immediately larger
sub-plot-that would take the place of the block, as in formule II and
- IV. 1Infact, as far as the estimation of a missing sub-plot is concerned,
the - experiment can be properly regarded as only - cons1st1ng of the
replications of the. particular main plot, -or, in case of further sub-
division, of-the larger sub-plot, containing the missing. sub-plot and
is’ thus reduced to a simple randomised block layout. The formula .
for the missing plot can then be set down immediately. It should be
tioted from formule III and IV that this analogy holds even when the .
main plots are arranged in a Latin square, since the Latin square
structure is conﬁned to- the main plots, while for sub-plot analysis the
partacular main plot contalnmg the _missing plot assumes the place

x =
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of a block with a number of replications equal to the rows or columns
of the Latin square. The missing plot formule V, VI and VII for
- strip treatments are also expressed in a form similar to that of the
missing plot formula in randomised blocks; but no simple relationship
between these is evident, nor does it appear possible to deduce the
formule for strip treatments directly from . the randomised block
formula. )
Anderson* (1946) has derived formula I above for a missing plot
in a split plot design' by -the covariance. technique (Bartlett, 1937).
The method of covariance futnishes an easy means for estimating the
bias in the treatment sums of squares and for calculating the standard
errors of .the treatment means containing the missing value. This
method was applied to the designs described in the present paper for
calculating the bias in the various treatment sums of squares and
incidentally, the formulse derived earlier by the least square principle
for estimating the value of a missing plot were also verified.. Accord-
ing to this method let x = 0 and y = the actual yield for plots with
known yield and x = — 1 and y = 0 for the missing plot. Analyses
of variance of x and covariance between x and y are then worked
out and the expressions for Sx? and Sxy for the various-items in the
analysis of variance are obtained. The estimate of the yield of the .
missing plot is then 'simply the corresponding error regression coeffi-
_cient. gxy . By using the estimated value of the missing plot, ‘all sums’
of squares except that for the error which is m1n1m1sed will be slightly
overestnnated The bias thus introduced in any treatment sum of -
squares is: :
: ’ (Sxy S'x* — S'xy sz)2
(Sx2)2 (Sx2+ S'x?)
where Sx2 and Sxp are sum of Squares and sum of products for the
error minimised and
§'x% and .S'xy are sum of squares and sum of- products for_
a treatment. )
Sx? and S’'x? are really the respective degrees of freedom divided
by total number of plots, i.e., n in all cases.

It is seen that the bias is positive. " This bias was calculated for the )
numerical examples described earlier with a split-plot design with two
plot sizes and a strip treatment design with five plot sizes.. The 9]
bias is shown in Tables III and IV. Expressions for S'xy and Sxy

* The present paper was first submitted for _publication before Anderson’s
results were published. - -
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are also given for the str1p design in Table IV Corresponding
expressions for the split-plot design are not included in Table III
as these have been given by Anderson (1946).
' TaBLe III - ' .
Split-plot trial with two plot sizes

(Plot value 82 in “exa_mple 1 was replaced by 135 calculated as a missing plot)

% Dbias in the \
o
; Due to sum of squares
2N
’ Main treatments «« L= e .. . 8:9%
Error {a) . . . 5:5%
Sub-tretments .. . .. 4-89%,
-Main treatments x sub-treatm ents . . .. 0-1%
Error (4) . e

TABLE IV
Strzp trial with five plot sizes

(Plot value 48 in example 2 was replaced by 56-8 calculated as a missing plot)

R
: K
- Due to Sums of prolucts S’xy and Sxy av g
a v @
'ﬂ‘h‘
R
Row-striptreatmentsﬂ : 5:3%
Error (a) 'MT . 75%
. n
Colamstrlp treat- |=uS+7 1-2%
ments r . 4
|Exror (3) M A aS+eE-T .. . | s
. 72 . .
Row-strip Tr. X —pgiR+pP+q,S—T -
. 3:6%
Column-strip Tr. 2
Error () — 290 M+ pgM+ g M o1 R—gB—pP— ¢1S+ T 17%
7 .
Subrow strip treat-|Z 10 +T : 5-3%
ments 2 . -
Sub-row strip Tr, X —M1Q+1’P+ﬂiQ"' ’
s 5:3%
Row strip Tr. i -
Error () —pﬁlq”L+qu+ﬁ?1Q pP . 0:3%
Sub-row stripTr. X|— p;¢,0’ +p1Q"’+qlS T o
‘| Column-strip Tr. w0 T 0-4%
Sub-rowstrip Tr. X ” , "
Row-st1ip LA ol 22Y21% 2610421010+ 2. R— 2,0 ‘P =iSHT | 560
Column-strip Tr. . ” :
Error (¢) paa M A ppaqm+ 281010 — pqM — 98,0 —p1 R +20F
. - B
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The letters in the above expressions represent the same quantities
as explained under formule V and VI. .

Q' = the sum of known yields in the sub-row strip plots from
column-strip treatment containing the missing sub-plot.

Q’" = the sum of known yields in the sub-row strip treatment
containing the missing sub-plot.

It will be seen from Tables III and IV that the bias introduced
in the various treatment sums of squares is small. ' Consequently the
unbijased treatment sums of squares would not generally differ from
the corresponding uncorrected sums of squares to such an extent as
to upset the significance of difference between treatments. Only the
differences which are just significant might be rendered just non-
" significant after removing the bias from the treatment sums of squares;
‘but in such cases the result of the test of significance would be regarded
as merely suggestive of a real difference both before as well as after
the correction for bias. Secondly, the effect of bias will be even less-i -in
tests of significance- involving errors other -than the one which is
minimised in estimating the missing plot value; because here both
the treatment as well as the error sum of squares will be slightly

overestimated. It may be concluded that removal of bias from the -

treatment sum of .squares need not- be considered as an essential
routine before making tests of significance in the analysis of variance,
4a1though this might be done in borderline cases. )

In calculating the standard errors for comparisons between two
treatments, one of which includes a missing plot, a component of
variance corresponding to the contribution of the missing plot value
tothe treatment mean which includes the missing plot has to be added

- to the ordinary variance of this treatment mean, which would have been

appropriate had there been no missing plot. For ‘example, in .the
split-plot trial with two plot sizes the variance of a sub-treatment mean

without missing value would be q_En% , where’

E, = mean square for the sub-plot error
- g = number of replicates or blocks
" m '= number of main treatments

If this treatment contained a missing value, the. contr1but1on of
this value to the treatment mean would be the missing plot value
divided by gm. The regression coefficient of y on x for the sub-plot
error provides the estimate of the missing value and its variance is

om@=D -1y
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where E,, m and q are the same quantities as explained above and
p = the number of sub-treatments.

This variance divided by (gm)? would be the component of the
variance of the treatment mean due to the missing plot value so that,
Variance of sub-treatment mean with missing value
L2 Ey,
gn  gm*(@—D@—-1)

and
Variance of sub-treatment mean without missing value
_E
qm’
Therefore the variance of difference between the two sub treatment
means is

2E, : P R '
o U G =) - o

Similarly "the variance of the difference between two main treat-
ment means, one with and the other w1thout a missing unit, would
be given by -

2 E, '
IX
1% T 1g= DG =l : 0
where E, is the mean square.for the main plot. error.

The formula for the variance. of difference between two sub-plot
treatment means in the same main treatment, one with and the other
without the missing unit can similarly be derived as”

2E, o
U e *)

Two other types of comparisons may occur in split-plot designs.
One of them is the comparison between two sub-plot treatments con-
sisting of the same sub-treatment but belonging to different main
treatments, e.g., a,b; — ab, where a;, a,, etc., represent the main
treatments and by, b,, etc., represent sub-treatments. The other type
is the comparison between two sub-plot treatments consisting of two
different sub-treatments from two different main treatments, e.g.,
‘a;b; — azp,. For both types of comparisons the formula for the
variance of difference as given by Nair (1944), for the ordinary case

E, +(@—1)E }
p

Adding to this formula the variance contributed by the missing

plot value, we obtam the formula appropnate for the variance of

without any missing plot is — . {
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difference between two treatments one of which contains a missing

plot. ThlS formula is ‘

! |

g T (0 _)+2(q 1)(p—1)

All these formul® for the split-plot design involving a missing -
plot agree with those given by Anderson (1946).

» Formula for the strip treatment designs can be similarly set down

by adding to the ordinary formule for variance of difference between
two treatments, the component corresponding to the contribution of
the missing plot value to the treatment mean. For strip trials with
three plot sizes, i.e., where treatments-in column and row-strips are
laid across one another, the various formul® are as follows:

(XD)

V (Difference between row-strip treatment means)
2 E.,p } ' .
= —E, ¢ XII
Y CEap VY (P Y it
14 (Diﬁ'crence between column- -strip treatment means)

2 Eq -
5l B s n G D=/ (i
V (a1b1— albz)
‘ 2E, ‘ P’a
BE I R LR o AT
V (a:b,— azby) - . :
2Ea 2E, DI
a9 qq{(1 1)4'2(4—1)(%— ne=p &
14 (alb1;: ashs) ) _
E,  2FE, E, Piq®
A {pr=r= ot s G =)
o (XVI)
where p- = Number of row-strip treatments, a;, a,. . .q, '
g, = Number of column-strip treatments, by, by. . .5y,
q = Number of replicates or blocks .
E, = Mean square for row-strip plot error
E, = Mean square for column-strip plot error
E, = Mean square for ultimate sub-plot error

The last three formule are based on those given by Nair (1944) -
for the ordmary case not involving any missing plot.

More complicated cases involving a larger number of plot sizes
in split-plot and strip designs have not been examined, but in such
cases also the appropriate error variances may presumably be obtained
by setting down the formula for variance for the ordinary case without
a missing plot and adding to it a component for the contribution of the
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missing plot value to the treatment mean. The use of ordinary formule
for standard errors for comparisons involving a missing plot would
.underestimate the standard error; but where the number of plots in
the experiment is not too small the bias in the standard errors is not
likely to affect the significance of differences.

1 wish to express my thanks to Dr. V. G. Panse for his guidance
in preparing the paper. : S
' SUMMARY -

Formule for calculating miséing values in various split-plot and
strip treatment designs are derived in this paper by the procedure of
minimising the appropriate error variances. The calculation of the
missing values is illustrated by numerical examples. The covariance
method is employed for calculating the bias in the various sums of
squares, due to the use of missing plot value in the analysis of variance.
Formule for standard errors for the various typés of treatment
comparisons, when one treatment contains a missing plot are given
for the split-plot and strip trials.
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