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A LARGE-SCALE YIELD SURVEY ON COTTON
By V. G. PANSE,! R. J. KALAMKAR? anx» G. C. SHALIGRAM!

SINCE 1942-43 studies have been in progress
on cotton for evolving a suitable method
on a random sampling basis for forecasting
and estimating the yield of the commercial
crop. These have led to extensive develop-
ments, and not only has one large-scale sur-
vey on cotton been successfully carried out in
the Central Provinces last year and another
proceeding in the current season, but similar
large-scale surveys on the principal food-
crops, wheat and paddy, have been completed
(Sukhatme, 1945) and are being conducfed in
different provinces by the Imperial Council of
Agricultural Research. Within a short space of
time, an efficient practical tool has thus been
made available for measuring with precision the
yield of crops covering millions of .acres. The
object of the present arucle is to describe the
yield survey on cotton conducted during
the season 1944-45 in Central Provincss and
Berar. This survey, which has spread over
29,342 square miles and covered nearly three
million acres of cotton, provided for the first
time the means of estimating the average
yicld per acre and total production of cotton
in the province by a scientific objective pro-
cess. '

For a proper appreciation of the sampling
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technique adopted, it will be useful to describe
in broad terms the structure of a province in
;ncha. A revenue district is the major admin-
istrative unit in a province, and a province
usually contains 20 to 25 districts. The geo-
graphical area of a district is abcut 3,000 sq.
miles. A district is divided into four or five
tahsils or taluqs, each with an area of 640 fo
800 square miles and containing roughly 400
tc¢ 500 villages. A tahsil is further divided inio
three to five circles for the convenience of the
revenue administration and a circle contains
about a hundred villages. A Reverue Inspsc-
tor is stationed in each circle. Communica-
tions between villages are poor. Gecod metal
roads are few and far Lketween and most
of the villages are only accessible by a cart
track. The revenue map of a tahsil with the
village boundaries marked on it looks like a
honey-comb with the villages forming the c:lls
of this comb. The map of a single village re-
produces the same pattern with individual
fields forming the cells. Complete lists of wvil-
lages in each tahsil or in each circle are avail-
able with the Land Records Department. The
area of each field is accurately measured perio-
dically and recorded in the villages. Except in
provinces like Bengal and Bihar with a perma-
nent land revenue settlement, there is a village
accountant or patwari for each village or a
group of villages and one of his principal
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duties is to make a complste seasonal enume-
ration of area under different crons hy an
1r'sp°ﬂt10n of fields within his jurisdiction. It
is this unique feature of the land revenue
administration in India which imparts to the
figures for annual crop acreages in most pro-
vinces a degree of accuracy unequalled in any
other ccuntry in the world.

Such a framework lends itself excellenily to
the application of stratified random samplirg.
The tahsils form relatively homogeneous and
compact subdivisions of the tract to the sur-
veyed, and villages and fields provide the
principal and secondary sampling units. A
strictly random selection of the sample villages
within a tahsil can be mads easily from the
village list and a similar random selection of
fields within a village also presents no diffi-
culty as the list of all fields growing a parti-
cular crop in the selected village can be readily
had from the patwari The selected fields can
be sample-harvested by locating one or more
plots of a suitable size in random positions.

From two pilot surveys described earlier.in
this Journal (Panse and Kalamkar, 1944 a, D),
the first carrizd out in Akola district in 1942-
43 and the second in Akola and Buldana dis-
tricts in 1943-44, it was found that if some 200
villages were sampled over ithe whole cotton
tract of the province and four fields sample-
harvested in each selected village, the provin-
cial yield weuld be estimatzd with a standard
error of 3 per cernt. or less. This expectiation
as will be seen later, was korne out in the
present survey. It was also found that the
harvesting of a plot of 1/10 acre size, with
which both the district land records staff and
the farmers are familiar because of its adop-
tion in the departmental crop cutting work,
was quite satisfactory on the ground of prac-
tical convenience, as any change in plot size
from 1,20 acre to 3/10 acre did not lead to
~a material change in the accuracy of the final
vield estimates. It was, moreover. suflicient
to harvest only one such plot per field as varia-
tion within a field was found to be quite
small comparzd to the variability between
fields.

The plot size may be made somewhat small-
er in a tract where the yield level is higher;
but very small plots, say 10 or 12
in size, like those adopted by other workers
(Hubback, 1927; Cochran, 19839: King and
others, 1942) in surveys on cereals are obvi-
ously ‘umsuitable for cotton where the harvest,
iz gathered in five or six rounds of pickings
‘spread over a period of three or four months.
The use of such small plots in other crops also
is beset with difficulties, both statistical and
practical, from which the large plot is mostly
free. In spite of its limitations the small plot
seems to be adopted by workers in England
and America on the grounds of conveniznce
and economy; but it cannot necessarily claim
the same advantage in India. The relation-
‘ships between thez availability and cost of
field labour on the one hand and of transport

and travelling facilities on the cther are

entirely differsnt in the two cases.

The present survey included all four dis-
tricts in Berar and three other districts, Nimar,
Wardha and Nagpur, and three more tehsils,
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one each from the districts of Hoshangabad,
Chanda, and Chindwara, from the rest of the
province. It was carried out in 34 tahsils in
all and sampled 991/, per cent. of the total
cotton acreage in the province. A fotal of 204
villages were randomly selected in these 34
tehsils. In assigning the numbsr of villages
to each tahsil, two points need to be consi-
dered. The first is that the number of villages
per tahsil should be in proportion to the cot-
ton acreage in the tahsil in order to attain
maximum accuracy in the provincial estimate
of yield. Secondly, it is necessary to estimate
the average yleld of each district within a
reasonable margin of error, as this yield figure
is used administratively and forms the Dbasis
for calculating the normal or standard yield
for the district. The latter condition requires
that a certain minimum number of villages
must be selected in each district irrespzctve
of its cotton acreage. As a comparison between
these two considerations, the following scale
was ‘adopted for the selection of villages in the
present survey.

Area under cotton in the|No. of villages selected per
tahsil tahsil

Less than 50 thousand
acres :
50-120 .
120-130 "
above 139 vy

O O

A somewhat larger total number of villages
than the number available in the present sur- -
vey needs to be selected for a more satisfac-
tory distribution accordmg to the cotton acre-
age. The number in the present survey was
restricted by the factor that the fieldwork was
to be done by a wholstime temporary staff of
fieldmen, each in charge of a group of three
or four villages, and travelling between vil-
lages had to ke kept down to a minimum.

In each village, four cotton fields were ran-
domly selected and a plot of 1/10 acre (33
162’) was marked in a random position in
each field and harvested. The produce was
weighed by accurate iron beam bhalancss and
standard weights supplied to fieldmen, as the
village balances and weights are wunreliable,
and the local weights, moreover, have widely
varying connotations. The results of the sur-
vey are summarized in Table I.

The average yield per acre for the whole
province was determined with a standard
error of 2-9 per cent., and an error of this
magnitude was predicted when the present
survey was planned. The average yield per
acre in different districts had a standard error
ranging from 5 to 11 per cent. A som>what
higher standard of accuracy of the district
estimates is clearly desirable, and the number
of villages per district must be inereased in
future surveys, with a view to attain a stand-

~ard error of the district estimates of yield as

near to 5 per cent. as possible..
The official yield figure for the whole pro-
vince was 192:6 lbs. of seed-cotton per acrg
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per cent. higher than the survey estimate, and
the excess being more than twice ths standard
error of the survey estimate should be taken
to be real. The excess in the separate ‘blocks,
Beregr and C.P. was of the same order. The
official overestimate has to be mainly attribut-
ed to a significant excess of 39-6 per cent. in
Amraoti district and of 231 per cent. in
Nimar district though the official figures were
slightly higher than the survey estimates in
most districts. It should be recalled that in
1943-44 when yield was much higher, and ihe
survey estimates were 282 and 299 lbs. per
acre in Akola and Buldana districts, the offi-

cial figures were lower by 10 and 17 per cent. .

respectively. The tendency in the official fore-
casts to underestimate good crops and over-
estimate poor crops is well brought out by the
survey results for the past three yzars.

The total production for each district and
for the whole province is shown in terms of
lint in the last column of Table I. Conversion
of seed-cotton into lint involves the use of a
factor for ginning outturn. The usual proce-
dure is to adopt a conventional figure of 33!/,
as ginning percentage. Its wuse, however,
might introduce an error and possibly a bias
in the estimated total production of lint, as
the ginning percentage is known to vary
according to the season and the variety of
cotton. It was found, in the year 1943-44, for
example, that the variety Jarilla {(G. arboreum
var. neglectum) ginned by the agricultural de-
partment gave a ginning outturn as high as
37% per cent. The rapid spread of this
variety, which is growing in popularity, is
bound to raise the average ginning outturn of
the cotton tract in the province. For these
reasons an attempt was made through the pro-
vincial department of industries to obtain gin-
ning outturn data of the commercial crop of
the season from owners and operators of gin-
ning factories located in the cotton tract. Qut

S
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. . TaBLE 1
Yield per acre and total production in different districts
. ) 5 3 Vield of J ‘ Total produ-tion
Name of district Cotton area |No. of v1‘la-s(.s;:d o(t)tolna‘ﬁl“" S.E. per cer | in baies o lint
(thousand acres)! ges selec.ed JA9% 0 of vieldt 1 bale=392 10
per acre | ; S
| lint)
Buldana 469 -1 30 194.6 7 5
. . -8 79154
Akola ] 5611 38 195-0 55 92x10
Amraoti 552.1 33 142.6 8-6 65292
Yeotmal 511.8 39 207-2 54 890U3
Total Berar block 20944 14 184-6 33 "—3.26359 T
Nimar 2284 18 178-3 70 | 92855
Wardha 269 -6 18 1772 10.9 ; 31272
N agpur . 108-0 16 123.6 - 10-8 11417
Harda (¢aksil) 7-8 4 ¢8-9 16-7 634
W:rora (zahsil) 335 4 122.5 23-3 3231
Sausar {yaksil) 228 4 141-6 6-8 % 2818
Total C.P. block 675-4 64 141-3 54 | Tioes
Whole province(C.P. and Berar) 2769-8 204 - 1741 _—2‘9 f 404225 o
i
according to thes final forecast. It was 10-6 of 82 factories addressed, apparently rsliable

informa_tiop was secured from 61. From these
data, ginning percentags values, appropriately
weighed according to the quantity ginned
and varieties, were calculated for almost
every tahsil for conversion of seed-cotton pro-
duction into that of lint. The ginning parcen-
tage values ranged from 29-7 to 34-0 in differ-
ent taehsils and were genzrally higher where
the variety Jarilla was dominant.

For the area covered by the survey the iotal
production was thus estimated at 404,225 tales
of lint as shown in Table I and this estimste
is subjzet to a standard error of 11,436 bales.
The area was, as stated earlier, 9914 per cent.
of the total cotton acreage. Extending the
calculation to the full 100 per cent. area, the
estimates of total production and its standard
error were altered to 406,558 and 11.664 bales
respectively. From the official estimates of
the yield of kapas (seed-cotton) per acr: and
a ginning outturn of 33!/, per cent., the tcial
production for the whole area was calculat:d
at 456,681 bales or 12-3 per cant. must be
countsd to be in significant execess. If actual
ginning percentages found from factory data
were employed fo convert the official wyield
figures for s:zed-cotton into lint, the ofiicial
estimate for total production would be reduced
to 449,148 bales and would then be higher
than the survesy estimate by 10-3 per cent.,
the excess still being significant.

Apart from its principal functicn of provid-
ing reliable yield estimates, the sampling sur-
vzy can be utilized to obtain a considerable
amount of ancillary information of great prac-
tical and scientific value. On certain {opics,
the survey is the only means of procuring
represcntative data. A variety of useful data
were collecied in the ‘course of the present
experim:nt and are under examination. Space
would not permit us to do more than make a
brief reference to one or two items here,
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The variety of cotton grown and its condi-
ticn of purity were carefully observed in all
selected fields, in order to assess the spread
of improved varieties in the cotton tract. In
this respect Berar was found to bhe in a dis-
tinctly better position than the rest of the
province. Jarilla was practically the only
variety grown in Buldana district, end in
Akola district too, the varieties Jarilla and
Verum (G. arboreum var. meglectum) account-
ed for nearly 90 per cent. of the fields. In
Amraoti, besides Jarilla, 30 per cent. of its
cotton area was under Buri (G. hirsutum), an
improved American Upland variety. In the
rest of the province, most of the area was
found to grow unselected indigsnous cotton
(G. arboreum var. meglectum), ecepting Nimar
district which had most of its area under im-
proved varieties including 40 to 45 per cent.
under Buri. This summary of the spread of
improved sesd has, however, to be qualified
by the observation that a considerable degree
of admixture was found in the fields. For
example, only about 25 per cent. of the fields
under Jarilla had a pure or a nearly pure
crop of this variety. The Upland variety Buri
was found to be purer in that about 65 per
cent. of the fields with this variety were found
free from admixture with indigenous plants.

Cotton is grown in the province mostly in
mixture with other crops, chiefly tur (Cajanus
indicus), the usual practice being to sow a
few lines of tur at intervals among the cotton
rows across the whole fleld. In calculating
the net area under cotton an allowance is
made for the areas occupied by these other
crops. In Berar, the patwari directly records
the net areas of cotton and of other crops in
the field by eye appraisement while in the
rest of the province numerical factors are pre-
scribed for converting the gross area of cotton
mixtures, which is recorded, into net area
under cotton. To verify the soundness of this
procedure and examine the accuracy of the
allowance made for crops grown mixed with
cotton, actual counts of rows of coifton &and
other crops were made in the fields selected
for the survey. The analysis of these counts
showed that the allowance made by the cur-
rent procedure is substantially correct. No
significant discrepancies were found in Berar,
and in other districts also the conclusion was
that only in areas on the periphery of the
cotton fract, the extent of the mixiure of other
crops in cotton was probably underestimated.

The problem of improving yield forecasts
from the standing crop is also being studied
and eye estimates of the crop of the selected
fields and quantitative observations on stand,
number of bolls and boll weight, in small
sample areas in the plot are recorded for com-
parison with the actual yield. The object is
to determine how far eye appraisement alone
can be relied on or whether it has to be sup-
plemented or even -replaced by quantitative
observations. The possibility of a further im-
provement in the yield forecast made at the
beginning of the harvesting season from a
knowledge of the yield of the first picking is
also being examined.

On the technical side, valuable information
on the optimum number of samples and their
distribution can be obtained from an analysis
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of the survey data. The methods employed
for this purpose have been indicated in an
earlier article (Panse and Kalamkar, 1944 ¢).
The analysis of variance of the plot yields in
the present survey showed that variability
between villages was 1:56 times the variability
between fields within villages in Berar dis-
tricts, and 1-32 times in C.P. The two analy-
ses were made separately because the variation
both of fields and of villages was appreciably
higher in Berar than in C.P. In the two pre-
vious seasons’ surveys in Berar, the ratio of
variation betwesn villages and flelds ranged
from 1-4 to 1-8, and was thus of the same
order as that observed in the present survey
though the absolute variability of villages and
fields differs appreciably in different seasons
and in different tracts.

The number of villages and the number of
fields per village required to be selected for
securing yield estimates for the whole tract
with a given degree of precision were calcu-
lated from the present results and are shown
in Table II.

TapLe II
Number of villages and standard error of
mean yield '

No. of.villages and standard error of

ield
No. of fields mean yleld

per village

Berar -results C. P.results

1%s e.l2%s.e. 89,5.6.1%s.e.[2%s. e.3%s. e.

198
1568

2216
1825

554 | 246
456 | 203

1786
1425

446
356

e

Previous surveys had yielded numbers of
the same order of magnitude. The actual
numbers obtained from different surveys
would naturally differ to some extent both on
account of real differences in variability. and
the sampling errors to which these numbers
are subject. The present figures are found
to have sampling errors of 15 and 18 per cent.
in Berar and of 20 and 24 per cent. in C.P.
It is rather clear from the three years’ results
that sampling on a scale sufficient to attain a
standard error of 1 per cent. of the average
vield is not a practical proposition in cotton.
This low error can be reached in surveys on
cereals (Sukhatme, 1945); but cotton is obvi-
ously more variable, and a standard error of
2 to 3 per cent. is all that ‘can be aimed at.
Experience in U.S.A. is similar (Sarle, 1932).

The ultimate” goal of the present surveys is
the introduction of the random sampling
method as a permanent feature in the estima-
tion of crop yields. The fieldwork of the sur-
veys will have to be done by the existing
departmental staff as the employment of any
large permanent staff for this work alone
seems out of question. Equipped with the
technical experience of the past three years,
we are now in a position to study the organ-
izational phase of the problem, and this aspect
has been given primary consideration in plan-
ning the provincial survey in C.P. and -Berar
for the current season. The temporary staff
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of wholetime fieldmen employed previously has
been dispensed with and the fieldwork is
entrusted to the locally stationed district staff
of the Land Records Department. For admin-
istrative convenience and a more even distri-
bution of work, the vrevenue circle has been
adopted as the unit for sampling in place of
the tahsil though this change is not likely to
lead to any further increase in statistical accu-
racy of the yield estimate. Two villages per
circle where the cotton area is helow 20,000
acres, and three for higher acreages is the
scale of sampling adopted. This modification
has resulted in the selection of a large number
of villages, 335 against 204 in the last year,
and made possible their distribution in pro-
portion to the cotton acreage. The increase in
the number of villages will be advantagecus
for both reasons. There are three fields under
experiment in each village and the experiments
in each circle are in charge of the Revenue
Inspector of the circle. The supervising staff
for each district'also belongs to the department.
The projected survey will be watched mainly
to test the working efficiency of the organiza-
tion, to detect its possible shortcomings and
devise suitable remedies for these. With its
conclusion the end of the experimental stage
will be reached, and we may then expect with
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confidence that the provincial administrations
will undertake yield surveys on this plan
under technical direction as an arnual
routine. .

The survey described in the present article
was financed by the Indian Central Cotton
Committee. It is 'a pleasurs to acknowledge
the wholehearted co-operation and encourage-
ment given by Mr. M. I. Rahim, 1.c.s., first as
Director of Land Records, and later as Com-
missioner of Berar, and Mr. B. A. Bamba-
wale, 1.c.s., the present Director of Land
Records, in the prosecution of this experiment.
The initiative and hard work of Mr. N. N.
Bhide, who was in charge of the ficldwork,
was responsible for its satisfactory completion.
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