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1. INTRODUCTION

Therobjective method of estimating a yield of a crop consists of select-
ing a sample or parcels or fields at random, which then are subsampled. The
sample units actually harvested are plots of a prescribed dimension located
and marked in the parcel (or field) according to clearly defined procedures.
The usual method is to make a list of first-stage units, say, villages, in
the area (stratum) to be studied. A sample of villages is selected and a
list of fields growing the crop in question is prepared for each village in
the sample. A sample of fields is taken and a plot is marked at random, in
the selected field. The plot is harvested and the produce is weighed after
it has been dried. The yield is then estimated from the data collected.

Surveys in different countries have shown that this is a practical method
capable of giving yield estimates free from bias, and with a high degree of
accuracy. But it is an expensive method, requiring the use of a large number
of trained personmmel. The method is delicate in the sense that various biases
can creep into the results if attention is not paid to details. A number of
steps can be taken to keep these biases under control; however, efficient
action requires a thorough knowledge of the type of biases and errors
encountered.

_The main sources of non-sampling errors and biasés in the estimation of
yield based on crop-cutting from sample plots are:

Selection of fields

Border bias

Plot size and shape

Missing crop

Date of cutting

Cutting procedures and harvesting losses

Biases arising in the estimation procedure
Other sources

- .

.
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The purpose of this report is to examine these sources of bias to
determine under what circumstances each occur; what consequences each has on
the yield estimate; and what tools and techniques can be used in improving

the estimate.



2.1. SELECTION OF FIELDS

Sample surveys of crop yields are usually carried out crop by crop.
The reason is that different crops mature at different times. The sample
for a particular crop can only be taken when the crop is mature. This means
that there is only a very short period before the actual harvest during
which the field is suitable for sampling. Consequently excessive difficulties
could be encountered in a rigorous application of the principles of random
selection. The main problem with random selection is that it would be very
difficult, and hence expensive, to assemble a frame and elicit the required
information from the sampled fields. This is why recourse is made to
simplification and deviation from strictly random selection. Many different
types of alternatives to strictly random sampling schemes are possible but

only four will be considered.

(i) With this technique a sample of villages (or Crop Reporting Districts)
from a suitable area of units is selected. The selectors then drive along
roads traversing agricultural areas near these villages. The car is stopped
at equal Iintervals and the field is selected in the sample which bears the
crop concerned and lies nearest to the car. Unfortunately some fields may
have been harvested already while others may not be ready for harvest
[Seé sections 4 and 5]. Furthermore, all the fields growing the crop
under survey do not have the same probability of selection. Those which are
far from the road have no chance of being selected. In many of the "develop-
ing" countries, a large proportion of fields will lie far in the interior
with no motorable roads. If their yield rates are different from those

along the road, the estimates will be biased.



Analysis of the crop-cutting material collected by the Indian Statistical
Institute in the three years 1947-48 to 1949-50 on winter paddy relating to
50 Police Stations in West Bengal, did not reveal any relation between yield
rate of paddy and distance from the nearest roadsides [19]. Sengupta concluded,
however, that this study, based on only three years data from 25 percent of
Police Stations of a single Province, namely, West Bengal, with its relatively
homogeneous yields contours, did not give any conclusive results. He recom-
mended examination of data on a larger scale, for different crops over a
larger number of years, before conclusions can even be tentatively drawn.

{(ii) A local enumerator makes a preliminary visit to the selected
fields and determines the date of harvest in consultation with the farmers
concerned. The farmers are requested not to harvest the selected fields until
a sample of the crop has been taken. The enumerator then visits the field
on the date agreed on and takes the sample. In this way very few selected
fields are missed. The disadvantage with this method is that the fields in
the sample are known in advance. For fear of taxation or otherwise, the farmer
may try to reduce the yield by stripping ears or by removing shoots, etc.
Second, the date fixed may be inappropriate in that the harvest is delayed
beyond its proper time; this may lead to loss of yield due to shredding, etc.

(iii) In this method the fields to be sampled are not known in advance
-to the farmers. Rather a cluster of fields is taken on the spot (say by
taking a sample of households and asking them about the fields they operate)
and the fields which grow the crop in question are sampled before the crop
is harvested. A sample of two fields is taken and the yield is determined
by subsampling the fields. The problem with this method is that the crops

ready for harvest at different times will be unequally represented in the



sample. [See section 5] This cannot be avoided unless the sampling is so
adjusted that its distribution over time corresponds to the distribution of
the actual harvesting of fields. Secondly, the interval between the time
when a crop is considered ready for cutting and the actual time of harvest

is not constant. The bias involved cannot be disregarded unless it can be
shown that there is no correlation between the yield and this interval. 1In
the third place, the selection of only two fields from all those judged ready
for cutting at a given time will result in over-representation of the areas
(villages) in which the proportion of the fields under the crop is low, This
source of bias can be eliminated by taking a sample from all or a fixed
proportion of the fields judged fit for cutting.

(iv) In another procedure, similar to (iii) above, a sample of households
or holdings is sometimes selected and those which are in the sample are then
visited and asked whether they grow a particular crop. If they do, a field
is selected at random for further work. If they do not, the selected house-
hold is substituted by the nearest household growing the crop.

The main problem with this procedure is that fields belonging to holders
residing in cities or outside the villages concerned have no chance of being
gselected., If one field is selected from each household growing the crop,
unequal probabilities will be introduced into the selection of fields. This
calls for weighting the estimates which is not desirable.

Many different types of deviation from random selection of fields are
possible. Unfortunately, the effects of some of these deviations on survey

results may be to cause bias in data unless due care is taken.
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2.2 BORDER BIAS

The sample cut is usually located by taking a pair of random numbers,

x and y, say. ‘The enumerator walks x paces along the length of the field
and v places in the perpendicular direction. The point reached is treated
as the southwest corner of the plot to be marked if the plot is a square, a
rectangle, or a triangle. In the case of circular plots it is the center

of the circle. If the demarcated plot partly lies outside the field it is
sometimes rejected. This method does not give an equal chance of selection
to the different portions of the field. A portion nearer the borders of the
field has less chance of being included in the harvested plot than a corre-
sponding portion in the central part of the field.

Thus the usual method of selection of plots gives a biased sample and
consequently the yield estimate may be biased if portions nearer the border
have different yield per unit area than the corresponding portion in the
central region.

It is possible that near the border the yield per unit area is different
from the central part of the field, because the border regions are more
exposed to wind and other factors of weather than the central omes. In
irrigated fields the border regions may be more effectively irrigated.

Competition from neighboring plants may also be less for the border regions.

Shaligram, Golhar and Ghosh (1963) [20] give probabilities of inclusion

i}DIAGRAM - in various regions of the field. Consider
K :
R | E S I R a rectangular field of dimensions L x B
_____ A-ipme - +-
I & . 1
i L-2 HE=L (units of length) from which a plot of
i
I
S ! B-2b Q S dimensions f x b is to be sample -
]
Y |
paem oz IS, S N harvested randomly. Assume that the
b
|
B i J S R field is relatively large compared to




the plot. The field is now divided into portions as indicated in Diagram 1.
There are four corner regions, four side regions and one central region
represented by>the symbols R, S, and Q respectively. They show that average
probabilities of inclusion of the central, side, and corner regions are in

the proportion of 1:%:%. To give approximately the same average probability
for inclusion in the plot for different regions, they show that the probability
for points from 0 to £ and from L - 2{ to L -1 should be twice the probability
for points from { to L - 2/ to be chosen for x-cordinates of the cornmer

point of the plot. Similarly probability for points from 0 to b and from
B-2b to B - b should be twice the probability for points from b to B -2b

to be chosen for y- cordinates of the corner point of the plot. Suppose

L = 100 and /| = 10. The x- cordinates of the corner point of the plot will
take any value from 0 to 90. Then the numbers between 0 to 9 and 81 to 90
(both inclusive) should have double probability compared to those between 10
and 80. From all numbers (0 to 110) if we randomly pick the number 0 or 1

it will fix x= 0 of the corner plot. If a random number comes out to be

2 or 3, it will fix x = 1 and so on up to x = 9 when a random number is

18 or 19. After that, the random numbers from 20 to 90 will fix x = 10 to

80 respectively. Again random number 91 or 92 will fix x = 81; 93 or 94

will fix x = 82 and so on up to x = 90 when random number is 109 or 110

Random Number (x =)
(0,1) 1
(2,3) 2
(4,5) 3

(18,19) 9
20 10
21 11
90 80

(91,92) 81

(109,110) 90



The y-cordinate of the corner point of the plot can be determined in a simi-
lar manner.

Another procedure for making a strictly random selection would be to
divide the whole field into the plots of given dimensions and then draw from
them at random instead of selecting the location by random coordinates. In
an ideal situation, i.e.,if the size of the field is such that it is composed
of an integral number of plots, the border bias will be eliminated. If the
field is rectangular, but not entirely divisible into plots, the border bias
will be eliminated at least along two sides of the field. But it is not
practically feasible to divide the field into portions of given size.

These two procedures can only be applied if the field is a rectangle.
Fields, however, are often irregular. If the plots picked on the basis of
the sampled cordinates do not lie entirely within the field, the difficulties
start. Namely, if they are kept in the sample all the plots will not have
the same area and weighting will be needed. Since this is unacceptable on
the grounds of computational complications, such plots are either rejected
or pulled inside the field so that their whole area is 1o;£ted within the
boundaries of the field. Rejection means that the border area of the field
has no chance of being included in the sample. On the other hand, if plots
are pulled inside, a belt of the area along the borders has a higher proba-
bii&ty of selection than the rest of the field.

Mahalanobis (1946) suggested the use of small plot size to reduce the
bias, but to be effective the plot has to be very small which would increase
the variance and/or cost of survey and introduces another kind of bias
[See section 3]. On the other hand, the larger the size of the sample

plot, the larger the part of the field which cannot be sampled.



It may be considered, therefore, that in normal survey practice equal
probability of selection of all areas within a field cannot be achieved.
This leads to the question: what is the danger of the border bias? Or is
the yield along the border different from the yield inside the fields?

According to Panse [2] no danger of border bias exists in India. On
the other hand, in 1941 Mahalanobis conducted a yield survey of jute where
data were collected on the yield of different distances from the edge of
the fields selected. His results, given in Table 1 (taken from Zarkovich [61)
indicate that the yield increases going from the border of fields toward
central points. G. Baptista [6] conducted experiments in Sudan and found no
significant correlation between the yield and the distance of the sample plots
from the border. From experiments in the eastern half of North Dakota (USA)
just prior to the 1938 harvest of wheat, King and Jebe [11] wrote that "It
was evident from observation that yields adjacent to the roads were lower
than yields occurring farther back in the fields. This was especially
noticeable in the areas where there was a heavy infestation of grasshoppers.
It appeared that grasshoppers were doing more damage around the border of the
field than in the center". 1In taking the field sample, the first 20 paces
from the road were excluded!

Thus, the importance of border effects seems controversial. Further
expé;ience from other countries for different crops and years would be of
great help in clarifying it. The investigator will have to be guided by his

own experiments conducted under the agricultural practices prevalent in a

particular country.
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2.3 PLOT SIZE AND SHAPE

The tendency towards over-estimation of yield in small cuts is ascribed
to a psychological bias on the part of the investigator to include unduly
some of the bordering plants or tillers inside a cut. 1In small plots the
relative proportion of plants on the perimeter is greater than in larger ones.
It is, therefore, to be expected that the inclusion or exclusion of even a
few plants should influence the results materially.

The effect of the plot size and shape on the estimated yield has been
studied more systematically in India than in any other country. Two different
groups of statisticans were mainly involved in this work, one working for
the Indian Statistical Institute under the leadership of P.C. Mahalanobis and
the other for the Indian Council of Agricultural Research under the guidance
of P.V. Sukhatme. Some of the results of these investigations (reported in 6)
are summarized in Table 2 from work on Indian Statistical Institute and
Tables 3, 4, and 5 of the Indian Council of Agricultural Research (reported
in 21).

Results in Table 2 do not seem to be conclusive, On the other hand,
results in Tables 3, 4, and 5 show that there is a definite risk of obtaining
over-estimates of the average yield with small plots. An ideal test of
" bias would be to compare the results of the different size plots with those
obtained from harvesting the whole field. However, for Table 3 the percen-
tages may be taken to represent biases because in earlier investigations the
average yield as estimated from the largest triangle (area: 1/100th acre or
435.6 sq.ft.) when compared with that obtained from harvesting the whole

field were found to give unbiased estimates [21].

11
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An investigation by Panse [16] also supports the conclusion that the
small plots give a higher yield estimate than large ones. Possibility of
bias due to size of plot was recognized in the United States by King, and
Jebe, [11] and again.by King, McCarty and McPeek [12]. Hendricks found that
yields estimated from small plots were 10-15 percent greater than the corre-
sponding estimates derived from harvesting whole fields [9].

Comparisons to test the yield estimates from plots of different sizes
and shapes made in Southern Rhodesia in 1951 and 1952 [2] showed that small
circular plots with a diameter of 5 feet 3 inches (area: 1/2,000th acre or
21.78 sq.ft.), as also square plots with a side of 6 feet 7 inches (area:
1/1,000th acre or 43.56 sq. ft.) overestimated the yield seriously, the
degree of overestimation approaching 100 percent, taking the yield obtained

by harvesting the entire field as the basis.



13

*30Tq 3Is981eT ay3j jo pTarL aleasae ayil jo 98ejusdiad se passaidxo ST PIOTX 9YL

:T 230uzoog

00T = = - -~ 0°SSTT "33 GE€ X g¢  °T3ue3adey
00T - - 001 - S hys ‘13 59T X g¢¢  9T3ue3day
86 001 - 90T 00T T°T0¢C ‘33 8§ snTpEY BT2ATD
66 001 001 901 66 6°00T "ur g 33 € sSNIPEY STIATD
66 86 £0T 90T 86 £ 08 ‘33 % SNIPEY STOAT)
66 66 0TI 901 86 A ‘33 7 sNIPRY ST2IATD
8Y-L%6T 9Y-Gh61 Sh=9961 6v-8%61 9%-G%6T
ajnp Apped sny Apped uemy 3983 31enbs uf

PI®TX 98eiusdiag

Ino 24yl jo ®aly

Ino 97dues syl jo adeyg

1" SL01d

40 SHZIS INTYAJIIA ANV SEHAVHS INAIHAATA ONISA SAIANNS
dTdWVS NI QANIVIEO SV AJAVd SOV NV NVRV 40 JTIIX JHL - 2 FTEVL




14

VARA L°L9L ANA £°E8TT LS 71 33 2
sSnTpeY
8° %1 87819 6°%1 S %56 67 '8¢ 3 ¢ 2T21T)
VAR XA 6°%99 L°6T 6°196 L%°6C 33 %8
011 £°86% 8’y 9°'0L8 68°LTT 37 591
aT8ueTa]
- 0°6ES - T°1e8 CSTTILY 3 te Tea9leTnby
210® 1ad a1oe aoad 3997
UOTIBWT]S? spunod UOTJIBWT]SD spunod axenbs
a=a0 28® ufr proté 19a0 98e ur preIf ur jo1d jo0fd 3O
-juada9g a8eaoay —-juadaag 93eaaay Jo eaay adeys pue °z1g
JeayM poledTiiTu() JeayM peledTial

(S%6T-y%6T “BTPUI ‘IDTIISTA PEQEPEIOK)

SLOTd TIVWS HLIM dTdIA 40 NOILVWILSHYIAO - £ HTIHVL




15

1°€2 T0° 99 T1 1T Ty SL°T601 08 80°ZLvT 96 Z9°I8TT 96 EETBLTT orT (A | & SOPTE
Tenba
318uer1l
pa1dure
-3ydta
S§3T30808]
9°'8 L0°09 LL°8L01 i1y 68° 926 08 SL*65YT 96 287 L80T 96 CETIV6 oyt LA 1676 FPTE
Jo ea73ueriy
Teaajepinby
= LE'6Y %$°166 90¢ LS°E96 oy S0°960T 8% S9°7L0T 8y 86° 168 0L STuns JH9T 4q
LEE 3T3ue3dnay
9T €T A 1T 01 6 8 L 9 S ¥ £ [4 1
ucT3 'sSqT
-PWI3S?d |10113 [AESTS gl07d “8qT ej01d '8qT sjo1d 'sqT sio07d ‘8qT gjord | *33°bs 301d
iano jo | 1§ EERETN: jo PIoT4 3o pIaTk jo pPIOTL Jjo pra1k 30 ut 3o oadeys
Juadaad paaydyamM "oN afeaaay | *oN efaiaAy "oN agexaay | "oN a8vaaay | "oN B3y pue azysg
(eden) 10T138TQ qepeEMEN pequueqar peqedueany vleg UOTSTATPQNS
jo auepN

S3ZIS INAYIIATA 40 SLOT Y04 F¥OV #8d SANMOd NI AQAVd 40 QTAIX ISVYEAY - # TIEVI




ILLEGIBLE
DOCUMENT

THE FOLLOWING
DOCUMENT(S) IS OF
POOR LEGIBILITY IN

THE ORIGINAL

THIS IS THE BEST
COPY AVAILABLE




16

Ty

=331 Trielw

(214 [A8 00 | B {4 14 1% [ 41114 9€ 19081 9t T°1iTY %€ 9 61T 9E 0°910¢ 18 [ 114 ¢¢ E1d 1t =10007 ¢
06 1°6I1 [ 719484 91z (AR (1) 9 9 1Iv6T " £ 1962 9 1°0822 9% 91962 L1 LML 7245 9L Figk 44 a[a133 2 "

'y 2782t [ 314114 91z 9'9991 .9 [ 119 9 € T8 L1 T 9E 9' 984T 9t 0-6LT1 £14 62°82 LR PR o
. - & 4 T “LEwt eI 'T0zT 81 YLz e [ 144} L1 Oy Sty BT LI )
LB o0'sot 79861 Wt £ LE8T (13 € 0681 8 [} _
!
[ i) g TU6L6T wi 1" Cest 119 [ 383114 L1 (81114 1 fagint4 1 05992 81 et [}4 PLaf) al- _

3 T 1 Fao0/uql CEELFLTY EFELTLTT CEELTLIYA LTI
:omwnuwunu sp;"h”ur”aumwuwn _u-.u?_”ﬂ.”,h_m s307d ”._n“...hnuw #301d uj L._.: w307d uy pratk s301d Jo pratk slofd uy pratd es107d U} plak saopd t3j-ba ege “ _
: * % ¥ % SLLE Fuk eDj

arvjusdaag 10133 PAPUVIS adwiany 20 "oR pivIBAY Jo "on s¥vaaay 3o *opn adwiany jo *oy oduizay Jo "oy adeaany jo roy aaviany Jo "oy o} wely ! kT Fib 1y |
(vuisiy) 2F0KQ anpeyped URIVAVULT] TATQ wprAIag Japury wan 30 i @.

SZZ15 INNNALIIG 40 SIO0NL WO TIV/SET NI AGOVd 4O QTIIA ZOVHIAV - £ ITHVL



17

2.3.1 Analysis of Variance

Tables 6, 7 and 8, based on results reported by Sukhatme [21], give
estimates of the components of variance between villages (V), between fields
within villages (F) and between plots within fields (P) for different sizes
and shapes of plots. The results have been expressed on a pound per acre
basis to facilitate comparison between the different sizes of plots. Table 6
shows that P increases as the plot size decreases, as is to be expected.

The values of V and F components, which are interpreted as measuring, respect-
ively, the village to village and the field to field variations and which

are independent of the plot size, change with the size of plot. Thus for
irrigated wheat F shows a steady increase from the 33 foot triangle to the

8% foot triangle, thereafter apparently remaining constant. For unirrigated
wheat F shows a somewhat irregular behavior with change in the size of plot,
but increases on the whole as the plot size decreases. V is relatively more
steady but assumes an unusually large value for the 2 foot circle in the case
of unirrigated wheat. The variation in V and F is more than can be expected
on the ground of sampling error. Again in Tables 7 and 8 V, F and P increase
as the plot size decreases in agreement with Table 6.

It would, therefore, appear that small-size plots suffer not only from
a constant bias, but also from a variable bias from field to field which
results in inflated values of V and F. Small-size plots thus fail to furnish
unbiased estimates of both average yield and the between villages (V) and

field/village (F) variance components.

2.3.2. Effect of the Shape of Cuts

Certain standard shapes of plots have been used regularly in yield surveys

based on crop cutting. The most common ones are circular, rectangular and
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TABLE 7 - ESTIMATES OF VARIANCE COMPONENTS
(paddy (rice) in Gaya District-India, 1944-45)
(10 1bs/acre)

Size and shape of plets v F P

I. Rectangle 33 ft. x 16% ft.

(area: 544.5 sq. ft.) 1706 1544 -
II. Equilateral triangle of

side 9.9 ft.

(area: 42.5 sq. ft.) 2496 2173 294

III. Isosceles right—-angled
triangle equal sides 5 ft.
{area: 12.5 sq. ft.) 3076 2211 772

TABLE 8 - ESTIMATES OF VARIANCE COMPONENTS
(paddy in Kistna District - India, 1944-45)
(10 1bs/acre)

Size and shape of plots v F P
I. Whole field harvested 3272 1940 not appl-
icable

II. Rectangle 50 links x 20

) links (area: 1/100th acre) 3207 1924 -
IIT. Circle-radius 3 ft. 4321 3190 34
IV. Circle-radius 2 ft. 8770 3634 164

V. Equilateral triangle
sides 5 ft. 7297 4639 387
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triangular. One of the problems of yield surveys is to determine whether
the shape of plots has any effect on the yield estimate. For any given
size (area) a circular plot, which inherently has minimum perimeter, should
be preferable. From Table 3 it can be seen that circular and triangular
plots of approximately the same area gave yields which were very similar
for irrigated wheat and considerably different for the unirrigated wheat.
However, these differences were not statistically significant. Experiments
directed by Bose, R.C. and Roy, S.N. in 1945-46 showed that the bias due to
shape becomes negligibly small in the neighborhood of 50 square feet above
which no systematic tendency towards over-estimation was noticed.

Table 9, from Sukhatme's paper [21], shows that the difference in the
average yield obtained from a triangular plot and a circular plot of the same
size is not statistically significant. The results show that size is more
important than shape in determining yield estimates.

Mahalanobis and Sengupta [14] have also studied this problem by using
differently shaped plots of approximately the same size and comparing the
yield estimates. The results they got, given in Table 10, indicate that a
triangular shape may produce biased results.

It must be added that comparisons between the various shapes must take
into account the method of demarcating the plot. If it is found that the
shape of a meter square marked in the field by means of a rigid frame or a
corresponding metallic hoop, does not lead to significantly different results,
it cannot be concluded that the same will apply to square plots that are
marked using pegs, string, measuring tapes and cross-staffs, because of

differences regarding the inclusion or exclusion of border plants.
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TABLE 10 - DIFFERENCE IN THE YIELD OBTAINED BY USING
DIFFERENT SHAPED PLOTS OF APPROXIMATELY
THE SAME SIZE

(Aman Paddy, Bengal, India, 1945-1946)

Shape Average yield expressed in percentages of the
(each 12.5 sq.ft.) average yield of the circular cut.

Gouripur Katwa Sainthia Combined
Circular 100.0 100.0 100.0 100.0
Triangular 115.8 125.0 123.2 123.5
Square 93.0 109.3 107.9 103.5
"Pork"! 91.1 100. 4 108.8 103.5

Note: 1"Fork" is a rigid appliance in the shape of a fork with twe
parallel prongs, each of size 3 ft. 6 in. spaced 3 ft. 6 in.
apart and connected by a cross arm, at the mid-point of which
a handle is fixed - this appliance enclosed a square-

(area 12.5 sq.ft.)

2.3.3 Yield Surveys in Small Fields

There are crops, such as paddy and peas, which are sometimes grown in
very small fields. If yield surveys based on large plots are being conducted
it may not always be possible to accommodate sample plots on such fields,

‘As a_consequence small fields will be underrepresented in the sample. If
there is a difference in yield between small and large fields, a bias will
be introduced in the estimated yield.

The importance of this problem obviously depends upon the fragmentation
of land and cultivation practices in a country. Where large fields or
plantations belong to the wealthy, who have access to the modern ways of
cultivation, and small ones to the peasants, it is possible for yields to

be quite different.
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Mahalanobis and Sengupta [14] and later Panse recommended adjusting the
size of plots to the size of the fields sampled. The smaller the size of the
plot the lower the proportion of fields that cannot be sampled. With suffi-
ciently small plots the contribution to the total production from these fields
that cannot be sampled becomes negligible. Therefore, such fields may be
disregarded in yield surveys without any danger of biases.

In the Uganda Census of Agriculture (1965) most of the Correlations be-
tween yield and size of fields compared for 9 crops were not significant.

These experiences raise the question of what is the proper size and
shape of plots for yield surveys. The problem of size and shape of plots
must be considered not only from the error point of view, but also from that
of practical convenience. From the operational point of view small cuts have
many advantages:

(1) They can be more conveniently and quickly demarcated using a port-
‘able ridge frame.

(2) Actual field operations are simpler which is an important consider-
ation in ensuring good quality of work. Difficulties of field oper-
ations tend to make the investigator (interviewer) careless or dis-
honest.

(3) They reduce the amount of undersampling of the border of the plot
and the number of fields that cannot be sampled.

The efficiency of the design of a sample survey is determined by the
cost in relation to the sampling error of the final result. Sample-cuts of a
iarge size would have, individually, smaller errors of sampling but would be
more expensive compared to those of a smaller size. Working with small cuts.
it may be possible, for a given cost, to obtain so many more samples that
the sampling errors of the final estimates become smaller than those when
cuts of a larger size are used. The lower the cost of reaching an assigned

level of precision (i.e. any assigned margin of error) with a given size of

sample-cuts, the higher its efficiency.



TABLE 11 - RETLATIVE EFFICIENCY OF SAMPLE

PLOTS OF DIFFERENT SIZES
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Shape and size Number of Average number Total time Total
of the plot cuts needed of hours of needed (= time as
(sq.ft) for the work needed to col. (2) percen-
same sampl- cut the crop x col. (3) tage of
ing error the
(within stand-
plots) ard
(1) (2) (3) (4) (5)
Circle
12.5 3.47 0.3 1.04 67
50.3 2.19 0.6 1.31 84
100.9 1.74 0.9 1.56 100
201.1 1,39 1.4 1.95 125
Rectangle
544.5 1.00 2.6 2.60 167

Table 11 gives the relative cost of using sample-cuts of different
sizes to reach the same error within sample plots in the case of amman
paddy computed by Mahalanobis and Sengupta [14]. The plot of 100.9 square
feet is taken as standard and sizes of other plots are expressed as percent-
ages. Larger plots require more time while smaller ones require less time
but are subject to some bias. 1In this case we conclude that the plot size
of 100.9 square feet is the most economical size leading to unbiased
estimates.

In the yield surveys conducted by the Indian Council of Agricultural
Research, plots ranging from 1/10th acre (43.56 sq.ft.) to 1/160th acre
(272.25 sq.ft.), were used, depending on the crop and size of fields and
Sukhatme, P.V. concludes that ",.. large plots of the order of 1/80th

acre appear to be free from bias".
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In European countries, the United States, Japan, USSR, etc. it appears
very small plots, of size around one square meter (10.76 sq. ft.) are used.

Sengupta [18] points out that the bias, in addition to the size of the
plot depends upon:

(1) 1lack of precision in the instruments used to demarcate the crop to
be cut;

(2) bias in taking very small weights on a balance scale - there is a
tendency to overestimate weight when they are very small;

(3) ambiguities in the definition of the plots to be cut-whether to
include border crop or not, and

(4) errors of judgement on the part of the investigator (enumerator).
He éoncludes that circular cuts of radius 4 feet (50.3 sq.ft.) are adequate
provided the field staff are reasonably trained and the instruments are
accurate and dependable.

In the investigations by Hendricks, [9] (1948), provision was made in the
survey to control the various biases resulting from the use of small plots by
harvesting a subsample of the selected fields completely and to provide
correction factors for yields obtained from small plots.

It is clear from all this that practice varies from crop to crop and
country to country with respect to the size and shape of plots used in
yield surveys. With the present knowledge one cannot generalize. The diff-
. erences in cultivation may account for the variability in the experiences
with plot size, If the crop is cultivated in rows, as is normally the case
in modern agriculture, it is probably not difficult to ascertain whether each
individual plant belongs to the plot or not. With a crop planted by broad-
casting, the individual plants are spread all around and some of those on the

border line (perimeter) will present difficulties.
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As stated earlier, the overestimating bias is attributed to the general
tendency (on the part of the investigator) of an over-inclusion of plants
lying on the perimeters of a cut. Special experiments on different methods
for the elimination of this perimeter bias carried out by the Indian
Statistical Institute, are reported by Sengupta. [18] For one of the
methods, called "Balanced" cuts, the investigators (enumerators) were asked
to keep a separate count of the tillers that fell on the borders (the circum-
ference of the circle) and to have them harvested and weighed separately. It
was expected that an allocation of half of this quantity to the circular cut
at the analysis stage would effectively remove any bias accruing on this
account. Of the several types of sample cuts studied so far, this method
seems to be the best and reasonably free from over-inclusien bias. It has
been tried in a number of special experiments at different centers in
India, by the Indian Statistical Institute [18], on paddy and wheat. The West
Bengal (India< 1953-54) surveys on Jute and Aman paddy indicate that this
technique can be advantageously used even in large scale operations without

much additional trouble. "Balanced" cuts of radius 4 ft (area: 50.3 sq.ft.)

may be considered as completely safe for paddy and other cereal crops and

most pulses and oilseeds.



2.4 MISSING CROP

In carrying out yield surveys there are two main approaches from the
organizational point of view, namely using moving teams or using local staff.

The moving team approach consists of establishing a moving machinery of
properly trained staff who are equipped with transport and everything else
needed for the work. These moving teams visit the fields selected for the
purpose of cutting the crop. The ideal situation is to reach the field
selected immediately before the harvest. In some cases, however, the
harvest will already be over when the team reaches the selected field.
Statistically speaking this is how the problem of missing information or
nonresponse arises{ If each team is responsible for a large area, it will
hardly be possible to arrange the work in such a way that no sample field

is harvested before the team comes.

In a survey on wheat in the United States [11], when the team found the
selected field already cut and shocked or windrowed, they just went ahead
and located the sample plot in the same way as it would be located in standing
grain. The number of heads was then determined by a '"stubble count" of the
sample plot. The same number of heads was chosen from the nearby bundle or
windrow (a deducation had to be made for the number of heads that lay on the
ground in the sample plot stripped by grasshoppers. Although this method
of sampling was followed in 1938 and proved practical, it was much more time-
consuming than sampling of the uncut fields. Besides, it is not applicable
to crops where harvesting is done by uprooting the whole plant and it is
easy to introduce biases in the choice of the same number of heads.

The problem of missing crops is sclved using a second approach based
on the cooperation of local staff who get in touch with farmers and

find out the harvesting day. In this case the crop-cutting is always done
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immediately before the harvest and the problem of missing information does
not arise [See section on Selection of Fields].

The extenﬁ of bias due to missing crop depends upon the differential in
yield between fields with an early harvest date and those with a late harvest
date.

In an attempt to avoid this problem in yield surveys carried out in
Sweden [6] it was decided to proceed in two stages. In the first stage, the
field was selected and in agreement with the farmers concerned, the position
of the plot marked on it. Afterward, the field staff remained in contact
with the farmers to get information about the day of the harvest. On the
bagis of this information the plots selected were cut immediately before

harvest. This arrangement was possible because each team was responsible

for a small area.



2.5. DATE OF CUTTING

As pointed out in sections on missing crop, the ideal way of conducting
yield surveys would be to cut the crop for survey purposes immediately before
the harvest takes place. However, the survey team will reach some fields
when the crop is not yet ripe and will be obliged to cut it as it is because
it is not normally possible to go back to the same fields several times.

The time lapse between the survey and the harvest may introduce a bias since
the crop will be constantly growing and changing.

The results obtained in experimental yield surveys conducted in Sweden
show that for some crops the difference of a couple of days between the sur-
vey cutting aud the harvest may cause considerable bias. As an illustration
consider the data obtained in the hay yield survey carried out in 1958.

In this, and other surveys, the time of the survey cut and of the harvest was
recorded and the difference between the two was found to vary between 0.5 and
2.0 days. In this particular survey the difference was 1.3 days. In order
to evaluate its effect on survey data a special sample of fields was selected
and a study of the growth of the crop was made in the course of the week
preceding the harvest. It was found that the growth varied from one area to

another. The average for the country as a whole was 3 percent per day.

Bearing in mind the above time difference of 1.3 days between the sample
cutting and harvest, survey data underestimated the yield of hay by
approximately 4 percent f6].

A similar study was conducted in 1959. 1In spite of all the precautions
taken to reduce the time difference between the survey and the farm hay-
making to a minimum, the difference turned out to be 0.9 day. A growth

study conducted along similar lines to the one in the previous year showed
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a growth of 1.9 percent per day. This means that the survey data under-
estimated the yield by 1.7 percent.. The same type of data were collected in
1960 with a time difference of 1.5 days and a daily growth of 2.1 percent,
making survey estimates off by 4.0 percent.

In 1938 in the Eastern half of North Dakota (U.S.A.) [11] it was found
that within a single county the fields did not differ more than 7 days in
date of maturity. About two-thirds of the fields did not vary more than 4
days in maturity. The greatest deviation in date of maturity within a county
was due largely to varietal differences. There was a marked gradation in the
date of harvest from the southern to the northern part of the state. In
some areas the fields were cut when the grain was in the dough stage in
order to avoid grasshopper damage. In these areas it was decided to sample
fields that would otherwise have been eliminated from the sample because
of immaturity. Ordinarily, if an immature field was selected for sampling,
it was discarded, and a sample was taken from the nearest mature field along
the route. However, immature fields were selected no more than once or twice
per 100 fields sampled. Thus, the substitution of mature fields for these
immature selections would make the bias from this source very slight. Data
on other crops are not available. Therefore, it is not known how serious

this problem is.



2.6 CUTTING PROCEDURE AND HARVESTING LOSSES

If the harvesting procedures in the survey and in the actual harvest
are not strictly comparable, biases will appear in the survey data. The
yield obtained from a sample cut is usually obtained under controlled condi-
tions. This is different from the conditions under which the farmer will
harvest his fields. If the crop is cut and the produce preserved so that no
losses occur, the survey estimates refer to what is often called the "biologi-
cal yield". The usual aim is to establish the "economic yield" i.e., the
usuable part of the biological yield, after allowing for harvesting wastage
and losses. Therefore, if waste is disregarded, the estimate of the yield
obtained from the survey will not be comparable with the yield actually

obtained by the farmers, i.e., the survey will overestimate the "economic

yield".

In experimental crop-cutting surveys conducted in Sweden a study was
made in order to estimate the effect of the difference in hay cutting for
survey purposes and the regular hay making. This is a typical case where
cutting higher or lower than the actual farmers' practice might produce
considerable bias in yield estimates. The problem was studied experimentally
in 1958 [6] and it was found that hay-cutting machines cut higher than
. did -the survey field staff using shears. Owing to this difference the
survey overestimated the yield of hay by 0.6 percent. A similar study made
in 1959 [6] showed a bias of 4.1 percent.

Other differences in handling the crop cause similar effects. For
example, the hay cut in the 1960 experimental survey [6] was dried indoors,
i.e., not as the farmers dry it. It was found that this difference accounted

for an overestimation of the yield of 12.8 percent.
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Investigations were carried out by the Agricultural Estimates Division
of Agricultural Marketing Services (United States) [26] to find to what
extent the differences in estimates of yield per acre, derived from weighing
small samples of corn just before harvest could be reconciled with yields
reported by farmers and the official yield estimates derived from such
reports. The harvesting loss was of the order of 10 percent of the estimate
of yield per acre derived from sample cuts.

A number of approaches have been tried in order to estimate the "economic
yield". In one approach the survey procedures are made to resemble as closely
as possible the procedures actually used by farmers., Thus the enumerators
are asked to harvest and dry the crop as the farmers do. The correction
involved is expected to be smaller in this case, but investigations are cer-
tainly needed to determine the amount of correction. The reason is that
farmers' practices are not uniform over the entire country.

In the Uganda Census of Agriculture-1965, [25] the enumerators visited
the selected households approximately daily for one year. On these visits
any crop harvested by the holder from previously measured sample fields since
the previous visit by the enumerator would be weighted.

In experimental surveys conducted in Sweden to estimate potato losses
[6]’a sample of potato fields was selected and after the harvest was over,
.plot; of 1 square meter were located at random on these fields. Within these
plots potatoes left in the ground were measured and an estimate was made
regarding the proportion of potatoes left by the farmers' method of harvest-
ing and that used in statistical surveys where no crop is left. This

method is concerned only with harvesting losses. There are additional losses



33

in handling the harvested potatoes, during transport, storage, etc,, which
are not included here.

Another approach commonly used is to ask the farmers to harvest the
fields by using the tools and machinery that they would normally use for the
purpose. This is done on a sample of fields from which cuts have been taken.
The difference between the two derived estimates provides an estimate of
the waste. As an illustration, consider the data presented in Table 12
based on two studies in Sweden [4]. It is clear from this table that the

loss may vary from crop to crop and from year to year.

TABLE 12 - ESTIMATED LOSSES IN YIELD SURVEYS
{Sweden)

Estimated percent loss

Crop 1958 1959
Winter Wheat 2.9 6.9
Winter Rye 6.1 4.9
Spring Wheat 37 8.0
Barley 6.1 6.1
Oats 6.6 112

Sometimes commercial yields are available from figures on marketing for
a subsample of the sampled fields. These figures can be used for making a
comparison with the corresponding sample yields in order to determine the

correction factor or verify their accuracy.



2.7 BIASES ARISING IN THE ESTIMATION PROCEDURE

Biases arising at the estimation stage are introduced in different ways
The most important of which consists in the use of an estimation procedure
that does not correspond to the selection procedure,

Consider a two-stage sampling procedure with first-stage units of unequal
size and simple random sampling employed at each stage, with villages (or
Crop Reporting Districts) as the first-stage and crop growing fields as the
second stage. Let

Mi w the number of second-stage units in the i-th first-stage unit
i=1, 2, -——, N),

N
Mo = Z M., the total number of second-stage units in the population,
i=1
mi = the number of second-stage units to be selected from the i-th
first-stage unit, if it is in the sample,
w |
mb = Z m, the total number of second-stage units in the sample,
: i=1
Yi. = the value of the j-th second-stage unit in the i-th first-stage
7 wnit (=1, 2, ==, M5 1= 1, 2, —, N);
n = number of first-stage units in the sample,
B 1 Mi
Yi =M, Z Yi' = the mean per second-stage unit in the i-th first-stage
g T 1j=1 J unit in the population (i = 1, 2, -—, N),
- i ¥ _
Y = N X,
N. izl 1.
NoM, 1§ _ _ 1)\21
Y..= }§ Y., = M, Y, where WM = M,
i=1 j=1 4=1 * i=1 *
N Tt
z Mi NM
i=1
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Several estimators of the population mean Y.. can be formed. Assuming
one plot per field, the simplest 1s the unweighted arithmetic mean of the

first-stage unit means in the sample within each stratum, given by
n

— _-1- —

Ys n ) Yi(mi)

where the summation runs over the first-stage units in the sample, and'?i( )
m,
i

represents the arithmetic mean of the m, selected second-stage units in the

i
i-th selected first-stage unit.

_ 1 B
= = ¥
We have E(YS) E (n ) i(mi))
n N —
1Y 5y L) F m T ¥
=E (;Z Y) -NizlYi_- Yy # Y..

The estimate ?; is therefore a biased estimate. The bias being given by

- 1 N _ 1 ¥ _
Y ~-Y..==,Y - =)MY
N. lel i. NMiZl ii.
-1 N 1. N _ N
- = [Imy, - :ﬁ(izl&'i) (iglMi)]
-1 N

An unbiased estimate of the bias is provided by

-(y-1) T
—)

L. M- M -
NM{n-1) ¢ )

(Bias 1n T) = v
Est.(Bias in YS) n n)( i(mi) s

It follows that an unbiased estimate of the population mean is given by

Y + Est. (Bias in Y )
s S
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The bias arises because the dnequality of sizes of the first-stage
units causes the probabilities of selection of the second-stage units to
vary from one first-stage unit to another. Unless the Mi vary considerably
and the characteristic under study is correlated with Mi’ the bias may not be
serious. In other words, when villages and fields are selected with equal
probability by simple random sampling, as would generally be the case, the
unweighted arithmetic mean (Y;) of plot yields does not give a strictly un-
biased estimate of the stratum value of the yield rate, since, this process
of selection gives smaller villages and smaller fields relatively a larger
change of selection per unit area under the crop. The unweighted arithmetic
mean would in this situation provide an acceptable estimate of the yield rate
only if it is known that there is no correlation between the size of villages
and of fields on one hand and yield rate on the other. Indian [2] and

Ugandan [26] experience indicate that the correlation is absent, but the

position needs to be examined in each individual circumstances. Where there

is evidence to suggest that the yield rate is correlated with the size of

the sample units, both the first-stage and second-stage units way Le sclected
with probability proportional to their crop areas, in which case the unweighted
arithmetic mean is an unbiased estimate of the yield rate. The justification
for the use of the unweighted arithmetic mean in either case is the extreme

" simplicity of its computation and its high efficiency fSee Table 13].

If, under the method of sampling with equal probability, the unweighted
arithmetic mean is found to be biased, an unbiased estimate can be obtained
by calculating the weighted meiﬁ given by

n i

vy -1-37M 7y

P
s A ni=l‘mij=l i 1]

where, A is the total area under the crop in the stratum, Aij is the area of

the j-th field in the i-th village.
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The variance of the weipghted mean is larger than that of the unweighted
arithmetic mean. Percentage standard errors calculated for the two types of
mean from a few yield surveys carried out in India are included in Table 13.

These results show that the unweighted arithmetic mean is far more
accurate than the weighted mean calculated from the same sample and is to
be preferred provided the bias in the former can be neglected.

The nature and magnitude of this bias is illustrated in Table 14 from
a large scale Indian survey. This table gives a comparison of the yield
estimate in large samples, based on the unweighted arithmetic mean and the
weighted mean. The standard error of the difference between the two estimates
is known to be of the order of 6 to 8 per cent; the table shows that not only
do the differences change sign from district to district, but also their
magnitude is negligible compared to their standard errors. The table is
typical of the results usually obtained and shows that bias arising from the
use of the unweighted arithmetic mean is negligible for all practical purposes.

Where on account of its bias the unweighted arithmetic mean does not
provide a good estimate of the yield rate, an alternative to the weighted

|
mean YS, which is far less efficient [See Table 13] is the ratio estimate

given by m,
1
) Aig Tiy
w n J=1
- Y = ) A,
s jo1 1 m,
TUOA,,
=1 M
n
1 A
= 1.
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The estimate is not strictly unbiased, [Ssee Sukhatme (1970)] but the bias
diminishes rapidly as the size of the sample is increased, so that in reason-
ably large sample surveys the bias would be negligible. Its chief advantage
lies in its accuracy; which is distinctly greater than that of the weighted
mean and often approaches that of the unweighted mean. This will be clear
from the percentage standard errors for the ratio estimates which are shown

in Table 13.



TABLE 13 - PERCENTAGE STANDARD ERRORS OF
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DIFFERENT ESTIMATES OF MEAN YIELD

Simple
(unweighted
Arith. Mean

Weighted Mean
)

Ratio estimate

Wheat (1947-48)
(Uttah Pra desh
India)

3.7

14.0

4.7

Wheat (1948-49)
{Delhi-India)

Cotton (1944-45)

(1945-46)

(Madhya-Pradesh,
India)

o Ln
w LU

TABLE 14 - MEAN YIELD IN WHEAT SURVEY
IN PUNJAB (INDIA) (1943-44)

District Yield in 1b per acre
Simple Mean Weighted Mean

1. Amritsar 1,029 1,041
2. Gurdaspur 829 862
3. Jullundur 839 881
4. Hoshiarpur 804 796
5. Ludhiana 1,247 1,246
6. Ferozepur 1,052 1,079
7. Ambala 854 820
8. Karnal 839 868
9. Hissar 1,090 1,142
10. Rohtak 1,004 997
11. Gurgaon 766 752
State 920 927




2.8 OTHER SOURCES

Other sources of error still contribute tec the error and bias in the
final yield estimate, The most important of these is the sampling error,
which is beyond the scope of this report.

Various tools are used in the collection of data for the estimation of
yield. These include tables of random numbers, questionnaires, measuring
and weighing instruments, instructions, etc, Clearly, all of these tools can
be biased, which introduces errors in the data collected, and hence, in the
yield estimate., For example, the procedure often applied in the selection
of the sample consists of reproducing a part of the table of random numbers,
which is used later in the field for drawing the sample. It is possible for
the table as a whole to satisfy the criteria of randomness but for parts of
it not te, so if the selected part is not random, the resulting sample will
be biased. Alsc, for economic reasons, strings are often used as a cheap
material for demarcating the plots. Before long tension may stretch them
and their lengths will alsc be affected to some extent if they get wet,
Similarly, the spring on balance scales often used for weighing will lose
some of its resilience in time and this may also cause some biss.

Errors resulting from the use of biased tools tend to have a systematic
. character, 1f a question is not properly worded and gives rise to faulty
interpretation, the respondents may give the same type of inaccurate answer
and the resulting bias could assume considerable magnitude. This systematic
character of errors makes it necessary to check the quality of the tools to
be used and ensure that they are as accurate as is reasonably possible, If
a table of random numbers is to be satisfactorily used, it has to satisfy

the criteria of randomness as a whole as well as in parts. However, better
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quality of tools will increase the cost of the survey and so the problem is
that of striking a balance between the increased cost and the improved
quality of the-information collected.

Bias may also be introduced if some of the selected farmers are not
found at home or if they refuse to cooperate. There can also be errors
during the processing of the data, that is when collecting, editing, coding,
punching, tabulating, etc.

Although the above sources of bias have the potential of affecting
survey results, in actual practice, they are kept well under control and
do not contribute very much to the bias in yield estimates, especially when

compared to the major sources discussed in the text of this report.



3. CONCLUSION

From a comparison of survey, Yield Estimates versus the Officical Estimates
for Kansas and Oklahoma [12] it was found that the total amount of bias found
in 1940 appeared to differ from that of 1939, If this is always true, it
might indicate that the bias arises from several sources, some of which are
more important in certain years than others.

Therefore, to ascertain more accurately the amount of bias liksly to
occur in a given year it will be necessary to determine the relative contri-
bution of each of the various sources of bias. Then with each year's
sampling it may be possible to estimate the relative possibility that each
bias might occur and adjust for total bias accordingly.

It is clear from the preceding sections that more investigations on the
problem of bias arising from the use of small plots in crop cutting surveys
are highly desirable, especially under conditions where the small plot would
be adopted for routine sampling on the grounds of operational suitability.

In such investigations it is important that the same type of field staff

as would normally be entrusted with crop cutting work should carry out the
field operations connected with the location marking and harvesting of plots,
after suitable training. The investigations should also be sufficiently
extensive in their coverage both in regard to area, seasons and crops. In
the absence of these precautions the results might prove misleading, as it

is not unlikely that in the hands of highly trained investigators, as was the
case in the Indian Statistical Institute and Indian Council of Agricultural
Research, comparisons made in limited areas might not show any evidence of
biased estimation of yield from small plots.

The estimation of yield based on crop cutting from sample plots is,

42



43

therefore not a simple operation but a complex procedure with many elements
that may be subject to error. To make it a success the fields must be
selected at random, the sample plot must be demarcated accurately, its
location should not be influenced by thé appearance of the crop, and the time
of crop sampling must be very near to the time of harvest of the crop.

The size of the sample plot should be large enough so that the danger of
bias arising from errors of demarcation is appreciably reduced. Objective
tests should be made from time to time against full-scale harvestings.

The method of double sampling may be used for increasing the precision of
the estimate. In this method eye estimates are made on a large sample of
fields. Sample harvestings are done on a subsample to calibrate the eye

estimates. The procedure, however, needs adequate testing.



10.

11.

12.

13.
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ABSTRACT

In this report, the main nonsampling errors and biases that could creep
into the estimation of yield based on crop cutting from sample plots, have
been identified. The circumstances under which each occurs have been deter-
mined and their effects on the yield estimate examined. A number of tools
and techniques that can be used to keep these biases under control and improve
the data have been suggested. Results from a number of investigations on
tﬁe subject have been presented.

To make the estimation of yield based on crop cutting from sample plots
a success, the fields must be selected at random; the sample plot must be
demarcated accurately; its location should not be influenced by the appear-
ance of the crop; the time of crop sampling must be very near to the time
of harvest of the crop; the size of the sample plot should be large enough
so that inclﬁsion or exclusion of the border plants or tiller does not
greatly influence the results; the harvesting procedures in the survey and
in the actual harvest must be comparable and the estimation procedure must
correspond to the selection procedure.

Adjustment for total bias in the yield estimate requires the estimation
of the relative probability that each bias might occur. This in turn requires
"the determination of the relative contribution of each of the various sources

of bias, which seems to change from year to year and crop to crop.





