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IsTrobUCTION

A crop cutting experiment on sugarcano was conducted at tho Gopalpur Agricul.
tuml Furm in March 1947, under the dircet guidunce’ and  supervision of siatisticians
deputed from the Imdian Statistical Institute. The farm had Leen divideld into several
Llocks for purposes of cultivation and tho crop in only two of these blocks (M & N) was
available for the experimentation, the rest having been already harvested. The object
was to devise a sampling technique for forecasting the outturn of augarcane keeping in mind
the following considerations :—

(i

The quantity of canc harvested for sampling is a dircet Joas to the furm.  Tho
fraction sampled must theeforo be kept as amall as possible.

{ii) The survey should Le dono much carlier than normal harvesting period to

ako tho forecast useful,

(iii)  The sampling procedure must bo very simplo and straightforward.

{iv) Tho outturn of canes shoull Lo cstimated not only for tho entiro furm, but

also for cach individual block.

The crop was Jaid out in furrows, each bigha containing 100 such furrows of an ave.
rago length of 44 feet.  Tho total nrea sampled was 36 bighas or 10.91 acres.  The eamplo
units consisted of lincar cuty of 11 fect, each being taken in four cqual anb-cuta of 2 fect
9 inches in length,

A simple device consisting of a horizontal metal rod 11 fect in hength rexting on two
pegs ot the two ends provided with five pointees spaced 2 feet § inchea apart and fixed at right
angles to the Lorizontal picee, waa actually used in demareating the ramplo cuts, The rod
was pluced parallel and closo to the row of canes atxl the pointers passing through the cuncs
wero the natural borders of tho harvested euts,

Linear cuts were specially adopted to simplify the field work. For ono thing, such
cuta would avoil the uncertainty of one furrow mare or less, which is obviously involved

[in tho nse of squaro or rectangular cuts.

Total outturn is obtained as the product of the estimated menan yiekl rato per foot
of the furrow length and the total ruaning feet (r. ft.) of canes.  Total running fect of canes
is not dircctly known but could bo estimated from tho average furcow Jength and the total
number of furrows. Variubility of the individual furrow length, ae obtained from the
collected records, is only 2.04%. A earcful messurement of a number of furrows chesen at
random would givo us o very preciso estimato of tho averago furrow length,
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‘THE EFFECT OF SIZK OF SAMPLE CUT ON QUSERVATIONAL BIAS AND
CUEFFICIENT OF VARIATION
An overestimating bias in estimated yickl rates, usually attributed to the sampler's

general tendency® of including the burdering plants, ix highly pronounced iv tho caso of very

small cuta, whero the uncertainty at tho border ia not negligiblo in comparision to the tota}
yield of tha cut. In the present experiment, tho sub-cuts into which thesample cut measuring
11 feet wassplit up, were, under special instructions, harveated strictly in a numerical order,

proceeding from oncend to tho other. The first sub-cut had thus an unconditional freedom at
Dboth tho borders in the selection of individual cancs, whilo the second, third and fourth had
only ono of the two ends freo for the chuice of cancs, the first being slready defined by the
preceding cut. It is, therefore, expected that the first sub-cut would overeatimato while the
other sub-cuts (through a process of compensation) would lead to extimntes almoat free from
any bias. Tho estimated yicld rates in 1b per foot with standard errors Lused on cuts of
different sizes are shown in Tuble (1) separately for tho Blocks *M' & *N'. A glanco at the
columns (3) and (G) reveals that tho first sub-cut overestimntes as compnred to the other
sub-cuts. The bins in case of sub-cut 1, does not, however, come out as statistically signi-
ficant In relation to the yicld rato bosed on the Inrgest sizo cut, namely, 11 fect in length. It
might have been thought that this may havo been duo to the size of the sample being too
small. But tho samo pattern repeated in both tho Blocks, indicates that tho fint sub.
cut may havo a slight overestimating tendency. It is also to bo noticed that the yield rato
remains fairly steady alter a size of 5 feet 6 inches and onwards.

1t thus ‘appears that the bias with lincar euts in sugarcanc is gencrally small, and
a size of 2 fect § inches shiould be quiteadequate. On the other hand a size of 2 feet § inches
may bo rather small compared to the inter plant spacing of 1.5 feet only. Further investi-
gations aro obviously nceded. To bo on the safo sidoe & sizo of 5 fuet 6 inchies properly com.
ted should givo satisfactory results.

P

For effccting an automatic ‘compensation’ in thia sense, a pair of contiguous sub.
cuts should be demarcated, while tho actual sampling should be confined to the unit, second
in order of demarcation. It is important not to give out the real purpose of demarcating
tho superflous half, so that the enumerator may not get conscious of this dodgo. The sam-
plers, for instance, may bo asked to count the number of cancs for both these units, which
would give somo useful auxiliary information.

TABLE (1} MEAXN YIELD IN ]bS PER FOOT AND COEFFICIENT OF VARIATION a8
ESTIMATED FROM TIIE VAMIOUS SIZES

f Dlock M (nw=144) Block N {nm64)
Sub-cats total flold—158310 £.ft. total fiold—70354 .t

Pumbor  longih mean SE. cV. mean SE. o,

m @) @) (O] ) [} (L]
1 2591 0-222 1020 1347 1770
2 2-310 0-194 100 -4 1-079 203-0
3 21302 0-103 082 1-102 1768
4 2472 01 043 1137 L6
1+2 2465 0-104 80-3 1213 1558
14243 8" 2-424 0-142 701 1-198 1491
1+2+3+4 1107, 2-430 0127 23 1181 S8

Mahalanalis, P. C. (1044) 1 On largo scalo samplo survey's, PAil. Trans. Roy. Soc., 23(U}, 0%,
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8o far as the nampling variation in concerned, the cocflicient of variation as shown
in cols. (5) and (%) of Table I falls with an incressc in size of cut though nat in en invers pro-
portion to the increwse in cut size.  Comparing Block M and X, we note that Block N with
8 lower yicM level haa & higher variability.

STUDY OF THE CONCOMITANT (MARACTEHS

In situativny where the dircct estimation of any character ia 8 costly affair it would
bo very helpful if ono or more charucters highly corrclated with the character o be estimated
and capable of quick mcaxurement at a very low cont coull bo found out. The use of
such charactera fur extimation of crop yiclds would mean that a very large numbee of samplo
units could be measured with compurative caso with such characters alone, while actual
harvesting being confined to a small fraction of such sampling units._

Tho present experiment involved examining each individual eane of the second sub-
cut (2°-8") only, with reference to the following characters namely, the length in inches X,
dismcters in inches at foot X,, st middle X,, and &t top X,.

The suxiliury variates represent tho averages per cut in the case of diameters
(23, 73, 2,) and total per cut in the case of length (r)). The proportionate volume in cubic
inches per cut, denoted by r, i ealeulated by the formula x, = £,(z,)" fur each individual

cut. Another estimate of the volume xgin caleulated as z, = !:; [z,’+1‘1,'+x.']

summed over individual canes in n cut.

The correlativn between yicld of canca in thw per cut (y) ia considerablo with
7, and significant though lower with cach of the three variates zy, 7, 8nd z,. A very high
correlation is observed with z, and the highest ju obtained with z,. These correlutivn
cocfficients are based on 109 cuts excluding the cuts without yicld. The paramcters ‘a*
and 'Y’ of a lincar regresgion on the variates r,, 7,, and z, together wilh their standard crrors
ate also shown in cols. (3) and (0) of Table (2).  All units refer to tba per 2797,

TabLE (2) : CORRELATION BETWEEN YIELD RATE AND THE AUXILLABY VARIATES

suxiliary vanates

symbol  mean cv. aiS.E. bab.E.
D] {2 ) ) @) )

P 2408 50 1096 2532+ 688 0203 0015
z 1056 188 8108 = E—

Xy 075 16-7 6613 _— —

x, 0433 104 513 —_ —

x, 2160 1070 EHITY 14044 424 <0242 £ 0012
T, 2338 764 0352 0615 -285 0323 % 0010

The very high correlution of the yicld with the total length per cut, specially with
the computed volumes per cut called the xy and rq varinten ia encouraging and indicates that
the double sampling technique ean be applied with advantage. The eocflicients ‘a’ in tho
ity = @ +-bz is significant in all the cases. 1t may be interesting to compare the coeflicient
b of the yicll rate on 7,, caleulated by the kaxt square method with the mean ratio of cano
weight to the cune volume which have been obtained as 0.0
C.V. of 38.5%.

3 Ib per cubic inch with a
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ALTERNATIVE SCHEMES OF DOULLE SAMILING

A comparison of tho rclativo efticicncies of a few alternative schemes, in terms of the
cost of operations, is being made heee.  ‘Tho fickl cont components per cut in terms of money
havo been roughly estimated on the basiv of present ficld expericnces as @ (i) Ra. 0.062 per
suxilinry character (i) Ra. 0.37 for harvesting cte., and (i) Rs. 0.0876 for loxs of enncq,
Tho coxt of cancs wansted in sample crushing, was valued at Re. 1/ per maund, delivered at
tho factory gato.

On this basis, four diffcrent schemes each using threo of tho sizes 2°.9°, 6°.67 anq
11°.0” have been drawn up and shown in Table {3). The first is o wingle sampling scheme,
Tho other threo aro doublo sampling schemes wijlising (i) length of cunes (i) length und the
mid-dinmeter of the canes (iii) length and the three diameters of the cancs. It hus been
assumed that the cost increases proportionately with an incrense in the size of the euts ang
in tho number of tho nuxiliary charactera to bo read. ‘This nssumption may be made for
all practical purposes, time spent in nn\king.journcyn cte. being negligibly small in o com.
pact patch of area rampled. The optimum sizea at two stages of sampling for achieving
a preeision of 2.5%, are shown in cols. (4), (5); (8), (M: (12), (13). Total cost of fiell opera.
tions have been given in cols. (6), {10) and (14) and the fraction of eunc sampled from a total
block of 100 acres, have been given separately for cach size of cut in cols, (7), {11) and {15).

Itis cvillent that a rise in the price of cane or a reduction of cost in taking the
auxiliary records woukl alter the wholoe act up and the utility of a double sampling schemo
will bo rendered much more important.  As such, it appears that there is enongh seope fur
improving tho technique of height and diameter measurements.

TABLE (3) : OPTIMUM SiZES AT TWO STAGES OF S8AMPLING FOR A PRECISION OF 2.5%

24.9° (C.V.=1009%, 5%.6° (C.V. = 80%3) 11°.07 (C.V. m 62 6%,

o 2 - a . 8.
cFe 55 RN 0§ ey N om } 0 oc3E 2t
E 51t 37 38l 37 388 i
4§ 2% §% 32 £33 32 #53 H
[ IS ) I € T <3 TN € BN 19 S (1) B 5 I €] ({11 B ¢ R S I { ) )
1 il — —  — 1600 TI§ 339, — 1024 011 4395 — 0!
1 z, 7096 7.0 2308 1132 032 249, 1836 T4 B7A 304, 1033 349,

D ze 8034 3.6 2470 640 601 o 1581 400 760 179, ¥89 239 867 209
v 2, 0332 1473 2000 33T 600 07% 1304 310 028 1395 T43T 188 1077 .)gd;

=
&

o

Keratio of cost of harveating to cost of meaauting auxiliary variate.
N =no. of samplo unita for which the auxiliary characters are only to bo mesured.
n=no. of earaplo unita fer which all the eharaclers aro to bo measured.

From Table {3), it appeara that the smallest cut of 2 feet 0 inches in length is in
genoral more efficient than the bigger cuts and tho doublo sampling achemes are in all cases
more oconomical than the single sampling oncs. Tho best results are however obtained
with the vairate z, involving length and the mi

-diameter of plants. The smallest rampling
fraction is, however, given by the Jast achemo using length and all the threo dinmeters.

Paper received : 31 Oclober, 1947,
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