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WOTES PO ACCOMPANY TRCHRICAL BULIETIN FD. 814,
“in Objective Mathod of Sampling Wheat Plelds to Eatimate
\ Productisn and Quality of Wneat®

Substitute "North Dekatn Agricuiturnl College” wherevar the teym
"North Dakatn State College” anumars,

Page 23, per., 2: The formula should resd:

¥here ¥, = mean square among flelds in the district

¥, = mean square within fielde
both mean squares being on = sepmple bhasis

table 9, third column: Delete "NRumber.*

3
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o
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footnote 2: Change (1.e. 1/2 bu., 1/8 percent, or
1/8 1%.) to {t.e. 1 du., 1/4 percent, 1/4 1b.) Make
sare change nnge 26, line 4.

YRR T

line 16: After the etntement, "Where ¥{P} = varlance
of the estimate of production” insert "P = estimated
productioan;

BT thrsy i

J’;; Y P

line 31[ Subetitute the following line in vlace of the

line as given. Mshere r = the sammling rate (road milee
between flelds sammled)®

- '_"",:ﬁ E

last paragraph, firet sentence: Delete the "r and" and
change the word are to is.




Prpe 29, table 10: Chenge principal column headings to read:
“Wheat sampling rate 14, "Potal road mileage (M)*, and
“Fielids sampiled (¥ = g.).” Also change footnote to read

“Milee of wvhest between samples,®

The average number of milee of wheat instead of the aversge number
of road miles Detwsan fielde sampled (r) ie presemted in table 10.
To obtaln A solution for district I, for example, by using the

constants on page 30,
r = !25 = £8.81
Eb

Then, r multiplied by the ratlo of miles of wheat metered in the
district and total road miles sgunle the "wheat emmpling rate.®

. sa.a1( 1.224 x 104

wheat miles
r [ ———)

) = 6A.81 x .1421 = 9.772
road milen

886

The calculated number of road miles to be driven is:

¢ - _ 278 a 2437

a 1.862
- + b  r— TG
r BR. 81

from which the caleulated number of flelds 1= obtained:

M 2437
r = ©B.81 35

The cost, C = 278, used in solving the eguation to obtain M,
contained some fixed costs that should heve bheen excluded.

An sppropriste valus of G to use in district 3 1s;

C=al + BN = {1.535) (104} + {.0919) (B95) = 241

The calculated road mileages and nurbers of flelds to be sampled,
that appear in table 10, are somewhat large since eome Tixed coets
were included in C when solving the egquation to obtaln M.

Sufficient data are not given in the bulletin for tracing
the wolution on the baele of one sample per Tield. The method,
howevar, is the same, the only chanze being the uee of different
valuen for a and K. . .1-
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An Objective Method of Sampling Wheat
Fields to Estimate Production and Qual-
ity of Wheat
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INTRODUCTION

For many years, the United States Depariment ol Agriculture has
prepared und published information relating to crop production in
the United States with special emphasts upon the so-called speculative
erops—wheal, cotton, cuts, and corn. The Government crop reports,
prepared by an independent ageney interested in presenting the most
relinble information possible, ve been made available to botl buyers
and sellers of agricultural products. These reports, which inelude
forecasts of the prohable size of a crop prior to harvest, have met an
important need for information as to the volume of crop production.

The importance of quality in the marketing of wheat has created
an additional demand for information on the quality of the crop
by small goooraphic areas such as counties. At present little in-
formation ¢ quality of the erop is availuble until wheat reaches the
termiml markets,  As moeh of the wheat crop leaves the furniers’
hands and moves {o market soon afier harvest, quality and produetion

TS stodly was mule by the Agrlenliven] Satilstios Division when it wag o part of the
Agricnltoral Marketing Reeviee. e Division was ennsferred to (ke Blpesh al Agricul-
tural Leotemics, el 20, 142,

HRTHOLT Q0 .1 i
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information alike should be available at or prior to harvest to be of
maximum vaiue to producers and millers. With such information,
producers of high quality wheat would be better able to bargain for
higher prices that such grain is entitled to, and millers would be
better informed regarding the location of the various quulity types.
By quality is meant chieny protein content and fest weight {pounds
of wheat per measuved bushel} which are considered to be the best
indicators of baking quality and milling quality, respectively.* ()
As p result of the importance of these quality indicators, ehanges
have taken place in (rade practices of evaluating wheat (7).

In recognition of the growing need for quulity formation and
with the hope of discovering methods of improving the existing
estimaies of yield and acreage, the Agrienltural Marketing Service
with the cooperation of several ageneies * conducted preharvest whent
sturveys duving 1938, 1939, and 1940, Tt is the purpose of (his bulletin
to report the results obtained Trom the 1939 and 18440 survevs.  These
surveys were operated ag projects in objective sampling which also
provided for currently reporting tinely infornmtion relating to the
wheat crop. The results of the analysis of the 1938 survey have
been reported by King and Jebe (5).

The frst section of this bullefin deseribes the teehnique employed
in the field, Inboratory operation, and the method of publication of
the infornmtion. "Fhe second section presents an appraisal of ¢he
survey From the standpoinl of its efficieney in estimating quality and
production. The third section shows the results of a study designed
to evaluate several atiribules of yield and the possibilities of suecess-
fully foreeasting yield therefrom.

DESCRIPTION OF THE 19390 AND 1040 PREIARVEST
WHEAT SURVEYS

i RIECTIVES

The objectives of the surveys were:

1. To provide at harvest and prior {o marketing aeeurate, timely
information on the quality of wheat by small arens sueh as counties
or proups of counties.

9. To obtain by objective sampling methads an indieation of e
acrenge of wheat Tor harvest and the yield per aere.

3, To furnish current informalion on the distribution and acregge
of varieties of wheat.

4. To determine the nlility of cortain attribntes of yield per acre
for forccasting purposes,

Aneas INCLUDED IN THE SUBVEYS

The 1939 survey covered Iansas, Novili Drkota, and parts of Olkla-
homa, Nebraska, South Dakota, and Minnesoti.  “The variation in
the Lime of harvest in the Wheat Belt made it possible to hegin sum-
ping in southwestern Oklaboma abont June 1 and to proceed north-
wird at the rate of about 100 miles a week.

The 1940 survey covered Kansus nud the western half of Oklahoma
only. Field work in each of the 2 years was done by three crews

I Numbery in pureptheses refer to Literature Cited, p, 7O
£ oo the preface Tor w st of coopersling agenvies,
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of two men each. (Four erews ware used during the last 10 days of
June 1840.)  The erews traveled in automobiles equipped with crop
meters  for recording the frontuge of wheat on each side of the road
and the total mileage.  Tigures 1 to 8, inclusive, show the sampling
roufes Tollowed in 1930 and 1940,

The sampling, except in Kansas and North Daketa, covered only
the move important wheat-producing arens of the Stales involved.
The extent of coverage was affected by the time available for sam-
piing.  In 1989, wheat ripened in Nebraska and the southern part of
South Dakota so soon after wheat ripened in Kansas (hat theve was
not enough thme availuble for sampling all the important wheat
counlies In Nebrasloa.

SAMPLING PROCEDURE

Sampling of wheat in the field fo obiain essential data invelved
certain difticulties.  TU was neeossary to have a practical plan for
obtaining swmples of the wheat at maturity over extensive aveas.
Uneven ripening of wheat owing to differences in varietal charae-
teristios, cullural practices, and vagavies of the weather, there-
Tore, presentert certain diflicuifies in field operation, particudarly in
1940, Sinee it was necessiay {o take the samples before harvest, there
was only a relatively short period of about 2 week in which sampling
could be done in an area. Beeawse uneven 1pening wus prevalent
to un unusual degree in Oklnhoma and Fansas in 1940, problems in
practival operation of the sampling plan were rather perplexing,
In a few instunces expediency unecessitated the taking of somewhat
immuature grain in sowe of the felds sampled in order that the crew
could (inish sampling in a pacticular covnty and proceed with the
work i ather counties.

Aunother problem involved the manner of selecting the fickis to be
sumpled together with the loeation of the points within a fiecld from
which samples were to be taken.  IJrom the standpoint of operation,
random  selection of ficlds was not practiesl.  Apparently, some
mothod of route sampling was necessary.  The 1938 prelunevest
wheat survey demonstrated that rovfe sampling of wheat to estimate
and forecast vield per acre was n practieal and an efficient method
(7). Analysiz of route sampling Ly Hendricks ® indicated that the
rulio of crop frontage to tolal frontage as shown by the crop meter
could be sueeessfully expanded to give n relinable estimate of total
acreage of 1he crop. Thus, route sampling with the aid of a crop
meter permitied the gathering of samiples n a relatively shout time
atd also provided o stimple method of estimading acreage for harvest,

Sampling procedure was essentially the same in 1938 and 1940,
exeept Tor zlight jmprovements in operation in 180 which were
mnde as the readt of experienee in 1939, Depending upon the
density of wheal acrenge in the several counties, snmples were taken at

LA erap meler is ae Isbewmend for rocording feaginge of erops adong bhivhways, [T
s o witmbier of dinls eaeh of which noge Tee enizapmed angd dbsengnged ludependently of the
pihors by qnenns ol separate condrol bitense T nsteumenn §s conneeied Ba Uie deive
analt of ey netomaldle Inoa mnonee simdlne ta that used for canoeeddng o speedometer.,
Dreweloped T 1926 by 1), AL MeCanddlizg naw of the Ageiculberal dMarketing Service, the crop
mrler s Teeen used sinee vt fhie D abiein fndbeions of e Lo year elimiges inoerod
Aersges, M ose to regolnr eeap ropaeling work involves The ceeerding sejiiniely of Lhe

mileneres ol virions eropg ot Tran oo highways, .
Sllexowieky, Warren &, (A sty as yoel yapubiished, )
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Frovke 1.0 Oklihomi, Urehaevest wheat suvveyr snmpling routes, 1864,

intervals of 23 (o 200 crop mcter units of whent on the right-hand
side of the voad, (One crop meter nnit i egual to 15, mile,y  This
iterval by countios was determined in sdvanee on the basis of the
ratio of the proliminary oflicial estimates® of wheat acreage (o tolal
land aven in the county. Wheat acrenge on bath sides of the road
wis metered to obtain an indieation of {he aereage Tor evest.

FILLES SAMEULED
a Upon entering o county, the frsC lield o be sampled was the

field on the right-hand side of the vond indieated by the crop meier,
The sampling interval wsed Tor selecting this tirst field was (hat in

Frorere 20 Kansas, Preharvest wheat sorvey smnpling routes, 1039,
By gl

Estimn ey prepaeed by ohe Acrienltaed Stalistics Dvision.
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.

Frocur B Nebraski,  Drehorvest wihiont sevey swmpibie roctes, 1030

use in the preceding county.  The secoud ad following felds sam-
pled in the eounty were similarly seleeted by ustng the sampling in-
terval previously determined for that county,

b A field was not sampled unless the grain had reached the semi-
havd dough stage. I wheat in n ficld seleeted for smpling was
not that far developed, the field (if there was one) on the opposite
side of the rond was sampled. T there was no wheat on the oppo-
sife side, the next field encountered on either side was sumpled,

POINTS OF ENTRY TO FIELD, LOCATION OF SAMULING UNITS

Two wamples were taken {rom encl fold seleeted. The points
at which these samples were takers were located objectively as Tollows :
The ear was stopped when the crop moter indiented the miteage ag

Frovge 4.—%outh Dakota,  DPreboavyvest whont survey smmpling voutes, 1939,
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Frorme T Oknhonun, Ivebarvest whent survey sampling vowdes, 140,

which a saniple should he (aken.  The two samplers walked
from 1 to 100 sleps in opposite divections Trom the car to points
of entry to the ficld. They then walked from 1 to 100 steps into
the wheat fiekl to the poin.z where the sauples were taken.  The
two nunmbers between T and 100 used fo determine the distances
walked from the car and the two nunbers used to determine the
thistanees walked into the field bad been proviously selected from
a table of rodom numbers and enterved on the envelopes used for
holding the wheat heads that made up the sample,  In cases where
the var wax stopped near one end of a field, it somolimes was nee-
essary o divide the random number jnvolved by (say) 9, 3, 4. or 5.
Likewise, the madom sumbers that detormined the distance the
samplers were to go inte o field were veduced (by division) if the
ficld was very narvow,

N

]

1

a
!
)
AN

Frswuis 8- Knusps, Prelotevest whent stirvey samplinge routes, 140,

NEL_5e

YT
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SAMPLING UXNIT

Findings of Yates nand Zacopanay (7) made it appear desirable
to use a rectangular shaped avea that ineinded sections of a number
of drill rows us u sampling unit. Accordingly, this general idea
was followed in adopting the sampling unit nsed in the preharvest
wheat surveys, Due Lo varied widths of drill rows found in com-
mercinl wheat fields; however, the samipling unit vsed in the swrveys
was not n fixed rectangnlar ares with inflexible dimensions.”  Tusfead,
the sampling unit consisted of a certain number of contiguous rows,
96.136 inches in length, the number of rows being governed by
the distanee between drill rows. The number of rows ineluded in
& sumple together with the area of the sumple for given drill-row
widihs is showi in table 1,

Pang b Areg of semple taken al different acidths of row

Widih of drill Rows ineludoed

oW in snmple Area of sumple

Fnehes Number Asres

th 8 1/2000

¥ 8 174286

h G 115000

10 & 144000

12 4 175000

1 q 171286

Preparatory o faking a sample a rigid, rectangular-shaped steel
Trame open on one side was placed on the ground immediately be-
vond 1he sampler’s foul al the completion of the last step taken to
locate the sampling peint. This sampling frame was placed in
pogition by shpping the open side through the grain perpendieular
fo the deall rows, “The Trame, about 24 by 26 inches, wag used to con-
trol the length of the rows of wheat ineluded in the sumple.  {Fig. 9.)
After placing ihe sampling frame in position the sampler meas-
uredd the distance between drill rows fo deternine the number of
rows of wheat to be included in the sample. The sample heads weve
elipped and put into a 915 by 12 inch envelope for transmittal to
the laboratory.  Feads from the usual size siouple of approximately
18000 aere would maore than fill the envelope it the field being
sampled had unugually heavy, high yielding wheat,  Consequently,
in such eaxes {he number of drill rows included in the saniple was
reduced by one-half. The deeision as {o whether the numlere of drill
rows wis Lo be redueed by one-half was mude from genecal observa-
tion ot the field while walking to the point where & ssmple was to
be taken rather than heing based on observation of the wheat in the
sampling nrea.  This was done to nvold the effects of a possible bias
in the snmple.  The number of drill rows included in a sample was
recorded on the envelope used ax a container for the sample heads.

tIn the few enges where no deill rows conld e distinguished, o Gxed arenl ouilloed by
the snmpling frame wag used us the shpling wnit,
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Yields for each sample were culeulated separately by applying the
conversion factor appropriate to the size of the sampling unit used,

DETEHMINATIONS MADE AT TI1E TIME THE SAMPLE WAS TAKEN

a. Drill row width~—Several measurements were often necessary to
determine width of drill row. By using hand signals the two
samplers agreed on the drill row width before they started to elip
off any wheat heads.

b, Average height was obtained by mensuring a handful of culms
selected objectively.  Heipht was the distance from the around to
the tip of the hends, excluding the beards.

. Grasshopper dumage was determined by counting the heads that
appeared o have been eaten ofl by grasshoppers within the area
sampled.

o Bust infestation—Stem rust infestation was estimated as a
pereentage of the total culm surface covered by pustules. This,

f

e
DIRECTION OF DRILL ROWS —

24.000 |NCGHES

26.136 INCHES
Prevee O—=lllusteution of sampling (e dsed (o contral Tength of rows of
whent inelnded in sanple,

probably. gave only a very vough indieation of the extent of damage
becnuse other faciors, such us stage of development of wheat when
rust aufestation sots in, kind of ‘weather, amount of available soil
molsture, efe., are very impartant in governing the extent of injury
from stem rust.

Lf'(]'.f.f ruest was estimated as *shightly infected” or “badly infeeted.?
e. Lodging was estimaled as a pereentage of tolal wheat in the
sample,

RECORDING OF DATA

A Torm Tor recording data was stamped on the back of eaeh en-
velope used for holding the sample hesds. The Lboratory wddvess
iwlso was stamped on eneh envelope, before the sampling was started,
Each night the name of the State and county, u field nunmiber. date,
winl ranstom numbers used (o determine the points at which sumples
were to be taken, were entered on a set of envelopes for each county

bR 1A L A
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to be sampled the following day. When the car was stopped.to take
a sample, three crop meter rendings (Jeft side wheat dial, right side
wheat dial, total route milenge dial) and the time of day were re-
corded on the envelopes. The samplers were then ready to enter
the field to make varicus measurements and determinations to be
recorded on the envelopes. The time of day when the cur was
started after tuking the sample was also recorded. In addition to
the detailed information recorded on each envelope, the crop meter
readings nt the beginning sud end of sampling in each counly were
entered o 2 sepurate sheet. Thoe sumpling interval, number of
samples taken, and any pertinent comuients relating to the samphng
or to the wheat erop in the county were alzo shown. The routes
covered in each county were shown on a road map. This map and
the record sheet wore sent o the laboratory after sampling had
been completed in n county.  The field crew retained copies of the
route map and a county stmunary sheet.

MALLING OF SAMPLES T0 LABORATORY

Samples were mailed to the laboratory usually twice each day.
Where fensible the larger towns on main railroad Tines were selected
as peints from which samples were mailed.

SUNTPLEMENTAL SAMPLES

In addition to the regular measured samples. i equal pumber of
small supplemental samples from other fields were tuken in 190 to
give a larger number of samples to be used Lo estimate the distribo-
tion of wheat varictios.  Supplemental samples of this kind were not
taken in 1030, A supplemental sample ineluded a handfol of heads
clipped from two or more plants near the adge of  ficld. In obtsin
ing these samples it was neeessary (o clip beads from at least two
plants beenuse a sample from only one plant wonkl give misleadig
pesults In ease fwo or more variebies {(uixed) were growing in the
field, T near the ficld selected for regulnr sampling, there was
anolher wheat fiold, 1t was sampled so thal both the regular and sup-
plemental samples could be obtained at one stop. Otherwise the
supplemental samiple was tnken at a point belween two regular sam-
phng peints, In view of the widespread practice among wheat
farmers (st Teast in Oklnboma and Kansas) of growing more than
one variety of wheat on the same farm, it was believed that the
procedure, whereby regular and supplemenial samiples were often-
times obtained during a single stop, would inject but hittle bias into
the survey even 1f the two samples should be {aken from different
fields on the same farm,  Moreover, in many cuses the two samples,
heing obiained on opposile sides of the voad, cume from different
farms, The {}QI‘SOH who returned to the car first after tnking o
regular sample, took the supplemental sample. Thus, the picking
up of an extra sample for determining variety actually took but
little additional time. The supplemental sminples weve put in small
envelopes which earried the name of the Btate and county and the
same serinl number as the regular sample taken neavby.
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WHEAT ACREAGE

The wheat acreage that was metered and sampled ineluded only
that which the crew believed would be harvested. In 1940, however,
the decision us to whether a field in western Kansas would be har-
vested was in some cases difficnlt to make. In some instances the
samplers would start mefering a field and then stop before coming
to the end of it because the “sccond guess” was that it was too poor
to Iarvest. Likewise, il was sometimes decided 1o meter the latier
part of a field after refecting purt of it.  Some of this more or less
huphazard measuring was due to the erop’s being better in some parts
of the field than in other parts; although more of it was due to the
Tuct that some of the wheat appeared to be on the border line between
that which would be havvested and {hat which would not. Where it
appeared that a harvesting machine would be pulled over only the
oo spots in a field, the extent of the metering included only those
¥pots.

FRONTAGE

“Ifrontage™ of wheat was recorded on the crop meter when wheat
for havvest appeared in a field opposite the car and at a point about
70 yards beyoud the shoulder of the road. In other words, it was
“read”™ on a line parallel (o the road and abont 70 yards in.  Wheat
frontage on both sides of (he road was recorded for use in preparing
acreage estimales wherens the frontage on the right side only was
used to determine the fields to be sampled. It was felt that o front-
age line 70 yards in from the road would be far enough in to reach
fiekls beyond lanes, gavden patches, ete.. and yet would be close
enough so that erops could be easily identified.

In case a mailroad right-of-way was near. and parallel 1o, the
sampling route being teaveled, hoth wheat frontage dials were en-
gaged when there way whent frontage on the side of the highway
opposite that on which the railvoad was located, This seemed to be
& better procedure than wny of the following alfernatives, since
wheat frontage on each side of most roads tends to be about equal :

1. To record frontage of wheat beyond a right-of-way would be
likely to inject errors as a vesull of obstrueled view and increased
distunce 1o point where wheat would Le “read.”

h. To check out the strip s “ro route,” that is disengage the route
dial and stop recording wheat frontage would be rather wasteful in
areas where considerable highway and railroad mileages are located
side by wide.

v. To ignore the ucreage beyond the railroad tracks in such jn-
stances would resolt In the indication of wheat acreage being biased
downward,

I, while vecording the frontage of a wheat feld, the “frontage
line™ ent across a farmstead, prove, ravine, patch of waste land, or
anything other than wheat, the wheai dial was disengaged until the
“frontage line™ again renched wheat. Total length of sampling
roitles in ench connty was oblained from ihe readings on the “free”
dinl which eould be engaped and disengmged independently of the
other dials on the erop meter. It was kept engaged while fraveling
over a sampling ronte and (hen disengaged when “back tracking® or
doing any other driving while not sampling.
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BROUTES

Selection of sunpling roufes in each county was made by the crew.
The routes covered a county in a grid-like pattern insofar as pér-
mitted by available highways, time, and location of the county to be
sumpled next.  This grid-like coverngre was designed to give proper
represeniation to the various soil and topegraphieal sections within
the county.  Such representation seemed essential in sampling wheat
yvield aud quality ns well as wheat frontage for use in estimating
acroage. The total frontage in a county was proportionsl to total
area to the extent that practical operuting considerations permitted.

YWILEAT FIELD

Any continuous area of one variety of wheat having similar soil
treatment was called o wheat field. In case of strip cropping, the
entire traet was considered as a field, provided the strips of wheat
were all of the same varviety.

Lasousarony PROCEDURE

Tn order to conduet detniled analyses of the head samples, it was
necessary to establish Inboratories at centralized points to which
the field men coudd send the samples. For the 1939 survey, two
contrul laboratories were established.  One was set vp at Manhattan,
Kans.. tn cooperation with the Department of Milling and the De-
partment of Agronomy of Kansas State College.  This Inboratory
served the three winter wheat Mtates included m the survey—Okla-
homa, Kansas, and Nebraska, After sampling was completed in
{hiz aven, & portion of the equipment aud personuel was moved to
Targo, N. Dal.. under the direction of J. E. Pailesen, who was in
charge of the liboratory work., At Fargo, u_sccond laboratory was
st up in cooperation with the Departments of Milling and Agrononmy
of the North Dakola Agrienltural College. This laboratory made
the analysis of the spring wheat samples from North Dukola, South
Dalcota, and western Minnesota.  As the 1940 survey was vonfined
to the two winter wheat States—ICansas and Oldahomwa—the one
leboratory at Munhattan was ndequate to handle all saniples.

The head samples were obtained twice daily from the post oflice
by one of the lnboratory personnel. It was quite important that
the sumples be vemoved from the bags as soon us possible, since
some were talken under damp field conditions and the tight mail
bags alforded the samples tittle apportunity for drying out in transit,

Upon arrival at the Iaboratory, the envelopes containing the samiples
were opened and arranged by counties,  Thus the wheat samples could
dry readily und were handy for analysis when the laboratory crew
was ready for them. The next operation consisted of the counting
and measuring of heads.  In the 1939 survey all samples were counted
and measured for length of head. Because a larger volume of sam-
ples was handled in Oldabhoma and Kansas in 1940, it was necessary
to limit the counting and mensurement of heads to the even numbered
fickds in most counties. Otherwise, it would not have been possible
to mainluin thneliness of the releases. One.dnborniory assistant dic
most of the counting and measuring. The number and length of
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heads were recorded on the envelope which had confained the samples.

After they wore counted and measured, the head samples were iden-
tiied as to varicty by two graduate ngronomists, If time permitted,
each agronomist dentified the smnples independently of the other and
then compared resitls. 11 disagreement occurred. the guestionable
samples were taken to members of the agronomy department and
checlied for varioty. The disagrecmients were relatively infrequent,
however, and oecurred mostly with sumiples of mixed wheat which
were grouped tomether i the reports,

Next, the head samples were weighed on a large pan grain balance,
the weight being vecorded on the sumple envelope,  After weighing,
the sumples were stacked {o await their turn to be threshed, The
gratu was threshed in o small head thresher built by the Agricul-
tural Ingincering Departwent of Kansas State College.  In addi-
tion to runuing ﬁlt.‘ heads through the thresher, 11 was necessary to
winnow the chofl from the grain by “panning” the inixed chaff and
erain before an electric fan. The cleaned grain was then weighed
and placed o smadl paper bags and labeled to show State, county,
field number, sample nuimber. and weight of prain,

Weight per kernel was obtained by taliing two 500-keruel counts
o ench gradn satuple. The two groups of kernels were exch weighed
on the torsion balance wsed for obtaiming the test weight of samples.
The kernel counter used was designed by Dro H HL Lawde, Depurt-
nent of Agronowy, Kansas State College. The principal {eature
of the counter is a brass plate with 508 lernel-size hulvh‘. The brasy
plate is supported on a glass plate under which an electrie light is
tocated. A yuantity of grain was placed on the brass plate and as
the strplus grain was brushed off, 0 keroel was left in each hole.
Then the glass plate was pulled away Trom Leneath the grain, and
the 504 kernels were permitied to {low into 2 "nozzle pan™ at the rear
of the counter,

The next operation was to measure the test weight of the sample,
The small size of the samples mede it necessary to use a micro method
of detennining test weight, A 16 co. smple of wheal was weighed,
the weight in grams being converfed o pounds per bushel through
the use of a constant conversion factor,  The reliabilily of the micro
method will be discussed later.  The agronomist who analyzed the
saunple for test weight also estimated (he character of the sample,
indwating the proportion of dark, hard, vilreons kernels, This
(*.{}tnph!(t‘{T the operations perfored on the sumple before it was
tuken to the milling laboratory for further analysis. A separate
mimeographed form sheet was prepared on which the laboratory
and fleld data for each field were recorded.

In the milling lnboratory each sample was analyzed for moisture
content, by the use of o Tayg-Fleppensiull moisture meter according
to iustructions issued by the Deptment of  Agrienlture {(3).
Readings from the weler were converted to moisture content in
percent by the e of the moisture tables i the smne handbuook,

Next the samples were ground in s Hoburt coffee mill equipped with
special whea! burrs. In the grinding procedure, part of cach sumple
was rith tiirough the mill first Lo elean the grinder,  This portion was
then disearded and the remainder of the saniple wis saved for protein
analysis.  Crude protein was deformined by o modified Kjeldahl-
Guaning-Arnold method,
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After the protein content, variety, ete. had been determined and
recorded for ench tield, the datu were ready to be summarized and
prepared as u presy release.

ProLicamion oF INFORMATION

The 1939 and 1940 surveys were condueted with the dunl ebjectives
of supplying farmers and the grain trade with wheat quality informa-
tion as well as continuing the reseirely phiase of the project. There-
fore, it was necegsary Lo adopt means whereby the survey information
on quality could be currently released (o the public. In L1939, oniy
the “flash™ type of report was issued,  The 19 flash reports that were
relessed between June L7 and August 17 of that year reported quality
by groups of 10 to 20 contiguons counties eacl. s soon as the lab-
oratory analysis was completed for such a group of counties, the
means and frequeney distribuiions of the various quality items were
compuied.  Then a snmmary of these data was prepared in the form
of o flash reloase which also included inferpretative comments and
a report of additional observations made by the field crews,

After {the release was writlen, il was rushed to a fiekd office ol the
Apricultural Marketing Serviee for mimeorraphing and mailing.
The releases for the winter wheat States in 1939 were handled through
the Kansas City. Mo, Market News Office under the direction of
Dan E. Rogers, Loeal Representutive.  The sprang wheat reports for
1939 were released from the Mirmeapolis oflice, by W, R. Kuchn,
Locnl Representative,  These (wo offices distributed the reports to
their own mailing lists which consist chiefly of mills amd clevators,
farmers, newspapers, banks, and agricultural equipnment dealers. An
exsiple of a 1938 release ix shown in the appendix (exhibit 1).

Tn 180, one objective was to demonstrate further the (ype and
amonnt of information that vould he obtained from the prehaorevest
wheat survey and releaswd enrrently. Therefore, several changes were
made in the eonient. Trequeney, and distribution of the flash releases,
In regard (o content, the number of samples taken per county i L
wis considered adequate (o justify the release of information on u
county basie. It was not considered necessary o wait until the
gamples from o group of 10 or 13 counties liad heen mailed in anl
analyzed before a report could be prepared and released. Instead. it
was (hourht that data by counties could be refeased more frequently
with fewer counties reported in vach release tlan was possible under
the provedure followed in 1939,

TFourfeen flash reports were veleased in MO between June 13 and
July 15 for the two Stales, Kansog and Oklnboma. "The average
pmount of time hetween the date the sanple was taken in the field
and the date the information was released in wmimeographed form
wis Gob days in Kansas in (400 10 would have been possible to reduee
this period if less time In the Iaharatory had been spent in obtaining
datn for veseareh, At an early stage ol the swevey. however. il 1 quite
impoertant to ablain neeessary data (o study the sanpling errors of (the
menns released {e the publie, wnd to investigate alloeation problews,
An examiple of a 194 Mash report is shown i the appendix {ex-
hilht 2).

The flnsh reports were circtlated more extensively in 19510 than in
1938, In addition to the cireulation given themt by the Markel News
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Service, the 1940 reports were also released by the Agricultural Mar-
keting Serviee through the offices of the Agricultural Statisticinns
for Oklahons and Kansas. The reports relating to the Oklahoma
wheat erop were furnished to a list composed of nbout 3,460 names
wherens (hose for Kansas webe sent to o list of about 8500 names,
Included in the lists were substantial numbers of newspapers, radio
broadeasting stations, trade journals, extension workers, and county
agents.  Thus, the tmely information contained in the reporis was
quickly disseminated to the general public by press and radio facil-
ities.  Alse included in the lists of numes to which the reports were
sent direct were farmers, operators of mills and clevators, bankers,
and other interested persons who requesied them,

I addition to the flash reports, State summaries were wgued at the
campletion of sampling in Oklahoma and Kansas in 1940, Through
the cooperation ol the Agriculturn] Statistician for Kansas, Stale
stuuary reports for the two Slates were compiled and released to
present a combied aecount of the survey results in ench Stale,
Tables were construeted to show means by county and district and
graphs and maps were used to delineate further the quality of the
sewson’s wheat crop as disclosed by the survey,  The Ilansas summury
is veproduced in the appendix {exhibit 3). Attention is culied fo
the iaps that show (he disirict nnd Stute frequency distributions
of protein and test weight.  These frequencies have boen designed to
indicate the qumtity of whea! (hat exhibifs specifie quality charae-
teristic in each distriet.  In other words, the total sren of adl histo-
grams in the Siate represents {oful production, and the total wrea
of a distriet histogram represeats ihe relative production in that dis-

triet as a proportion of the State production.  Thus, the tatal pro-
duction of wheat for the State is eatalogued by quality within each
distriet.

EFFICIENCY OF THE SAMPLE

To evaluafing the suceess with which o samipling investigation has
hoon contducted, two nuportant questions need to be answered. IFirst,
how could the sampling have been conducted in order o permit an
estimate of greater precision { Fere considorstion rests enfirely with
the statistical efficieney of the sample. Bul a secand and more useful
evaluation necds 1o be made in terms of cost.  This second approach
requores an estitiate of the manner in which the tota) funds could
have been atlocated in order to have obtained o maximam amoeunt of
information for each dolar spent. Dotniled statisiical analysis of
the prebarvest wheat surveys has provided information upon which
the sumpling ellivieney could be appratsed from both the stalistical
and cost viewpoints,

Srarvisnical BrrcisNey
STRATIFICATION

Tn sampling a heterogencous population, the pattern of variability
is sometimes such that the population can be subdivided into mors
homogeneous groups,  Thix subdivision of a population for smupling
purposes Is comenly called s{entifiention. In obtaining a randon
sumple Trom a steatified population, & separate randomn sample 1s
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taken in cach strafum, rather than a single random sample over the
entire population us is done in unstratified sampling. The estimate
of the metn for the entire population is made by weighting the mean
per stratum by the total number of units in enc{m stratum. The pain
i precision that ean be ebtained through stratification depends
chiefly upon the differences amony strata, the precision of the esti-
mates of the weights per stratum (when the weights are not definitely
knewn}. and the disteibution of the sample among strata.

Previous observations indicated that the acrenge, yield, and pro-
tein content of wheat differ among crop reporting districts®  There-
fore, the sample was strutified by distriets in order to tuke advantage
of information at hand. From the results of a steatified sample,
the unalysis of varintee technique permils us to estimate the swm-
pling vurinnee of (he mean of an unstratified sample distributed at
random over the whole Stale (). By comparing this varianee with
the corresponding varianee for the mean of the stratilied sample
which was aetuadly taken, the inerease in precision due to steatifica-
tion may be estinuded.

Afier oblaining mean squares for both the stratified and random
sample, the pereentage of gain in information due to stratification of
the sample is caleulnted as Tollows:

Percent gain= 100 T .—1,) /T,

where 77, estimated varianee of means for o nonstratified sample;
Ie: varianee of the weighted mean of a stratified sample,
assuming weighis nre aceurate,

AL ihis stage ol the analyvsis s assoed that the weights ure esti-
miated without ervor. Table 2 shows the gains due fo stratifieation
Ly erop reporting districts i 1939 and 1940,

) pr ey g

LAkl Lo Peretgtuge of gain in dnformation due o strediffealion by erop
repeciing disieiels, dssuming w0 errar in aceiohis?

Yield ‘ Protein I Test weight

State ‘l : ;
P1039 ‘ P10 l 1439 1940 l 1939 1940

v Perecent - Preecent 0 Pereend | Pereend | Prreent | Pereent

Oklatama _. R AR 1 Ld o i a I 1Lt 1L 7 22,8

Kanstas. .. . B L L s N | A 6.8; - 4.8 —4. 0

Nebraskn. < | s S S P i 277 beaeann.

Soutly Dukote . ot s ITTTTE e I Le I

Narth Dakole . .00 - 2 CRPTEEE -6 ll.--_-__.i . P
! ! i I

: Depeent pnin ___m'l'}‘_., tl whers 1 = estimated varisuce sl means for o nopstratited sample;

f
V5 e vnrieney of woeistued mein,

Ml L purpese oF giradifying datn furnisbed by erap veporiers, the Agricultural
Sarhering Seeelee his dviisd cach Stade into groups of et les whiel are bnown as cvop-
repprting disteicls, Fignres 1 oa K, ineluglve, show the outlioes of crop reporiag dlstriets
I the Stales inehded in the prefarest wheat sueveys,
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It ean be seen from table 2, assuming that there are no errors
iy weights used to combine district means into a State estimate, that
for yield & gain would likely result from district stratification in
all States sampled in 1939 except North Dakota.  The table, however,
indicates that in both 1939 and 1940 the actual distribution of the
sample was such that in some cuses losses rather than gains oceurred
from stratification. This loss in efficiency due to steatifieation will
be discussed more fully later.

Actualty, the weights empleved in the computing of a State esti-
mate were subject to error. Therefore. the actual gains due to
steatification were even less than the previous paragraph indicates.
It s necessary now Lo compute another variance of weighted mean
vield ellowing for errors in weights. The approxtmate increase
i variancee of a weighted mean due to errors in weights has been
caleulated as follows (2)

Tuerease in variance, T0= :‘-'N.'.-_'rw).l,' Ve
— (X0 )¢
where w is the nean of the ith stratun.

Lo 1 the weichted moan ;

e, 1y the welght (acrengre in ihis case) ;

Ve in the variance of w,.

In applying this formula. it was necessary to calculate the sanmipling
error of the estimate of the acreage of wheat in ench district.  The
wheat weresge used for weighting purposes was estimated from crop
meter reeords by using the following forminla -

(Miles of whent wetered)

Totat land in district (wepes) x 22007 00 NUVRL NN
( ) {(Total miles driven)

The sampling error of the ratio of wheat mileage to route mileawe
was estimated from the crop meter records. There are some uhjece-
tions - thix procedure since the roate followed was not strictly
a “random” one, but it wppesred o be the most satisfactory meihod
available, The percent gains due to ztratification. assuming o
errar o weights and adjusted for ervovs i weights due 1o sampling
variation, are shown in table 3.

Tuble 3 indicares that the errors in weights resulted in a2 warked
reduction in the percent of pain due to district sieatification. The
table does not present nostrong argument i favor of district steati-
fiention, i view of the negative gains and the increase in variability
of the weighted menns due fo errors in weights, After admnitting
that the distribution of the sample did not permit full advantage of
stetifiention, consideration shoubd be given to the sample distri-
bution which i necessury in order to take advantage of possible gains
through steatibication.

Fin Coeliran's formudn Y5 appees iy plnes of “@i™ naeg hore Pl formuln Hpnlivg
eeen thevgh the welklids wsed mny poc be oschimetes of the tolel nember of snmpilog
watits im ench o stenenm, 16 they are satlineted fodegpendently,

qursol ~oqi— oy
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TanLe 3-—Percenlage of gain in inforauttion due to siratificution by orop roport-
ing districts, {1} assmning no orror i weights and (2} adjusied for error fn o
weights due to sumpling varialion

YIELD

Nu error in P weipghts | With ervor in? weights
]

1938 l 1940 | 1938 | 1940

Pereent Poereent ' Percent | Pereent
Oklahomn oo 75 0 -3 25, 2 -27.1
Kansas.. . _. ... . ... _ . 19, ¢ 27. 5! L3
Nebraska L ! 205 ... 15.0
South Dakota .. ., .. . . _ i 2841 L ’ 9,4 ;
Norih Dnkols. .. .. __. ____. ° -2 .. e

PROTEIN

Oklahoma

Kansas

Nebraska .

South Dakotn . __
North Dakota

FHerpent gnin= W0 (1 15300, and
TPeteentpnin=100 (1.~ 1" (440
wiere 1 exestlmuted varkhuwes of nienns {or » goanstretifled sauphe;
1= varfanee of the widehied o wssiming woelphis sectirnte;
i =lnerense b varinaee of welghted wenn due Lo erooes by welghts,

EFFICIEXNCY OF IHSTRIBUTION

In o stratified sample the most efficient distribution (from the
statistical standpoint) ix that in which the number of samples taken
per stratum is proportional to the product of welght for the stratum
and the standard deviation.  As the preharvest sample was not
distributed nceording to the oplimum criterin, it is desirable now to
investignte the actual distribution of the sumple, as it approximates
the optimum.  If optimum distribution of the sumple is assumed.
the variance of mean yield ean be enlenlated as follows

1- 1 Cwe)?
TUN (Sw)?
where Vo=variance of welghted menn with optimum distribution of
sample;
& =the number of samples taken in the State;
2e=the weighi per sbratug
oe=the stanard devistion per stratum,
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In applying this formula, the values of w; and o; found in the
sample were assumed to be the true population values. The optimum
mean squares were caleulated and compared with the mean square
of a ramdom sample to evaluate gains possible through district strati-
fication, provided the sample were distributed in the optimum man-
ner given above, Table 4 shows these gains, which provide an upper
limit to the mains attainable by district steatification. Tt will be
noted from the tuble that »if the gring from stratification are posi-
tive when the sample is distributed among the strata in optimum
proportions.

Tasre 4~ Pereeslage of guin in information due to stratfificadion by crop report-
iy distriefs, assuming the sample @8 distribuied wmony strale in optimum
proporlions !

Yield | Protein Test weight

Btate e
1934 10 ! 1539 1840 193¢ 1940

Percent | Pereent | Pereent _ Pereent t Pereent . Perernt
Okluhomn . B2 3 6.8 L0 L1 36,3 ;
Kansas | S 40, 7 P28t d. 14, ¢
Nebraska e 23 2 ; a6 36 3
South ko . 49. § P4 10. 3
North Dakotn G, 4 e 13. 3

HER] 1'._—_ i

Flepeopt vip = ywlhiere Vo ds the v peiznes af 5 randuemm saingde and 3, 85 the s arioee within

.
istriet of osusple distriinited o oplisens proportions,

The neturl distribution of the survey samples differed from the
optimun in fhat an artempl was tade (o distribute the sample qe-
vording to sereage. This was not successtul, liowever, beeause of
Irvegutar vipening of the grain, Tt was necessa ry to hurry through
some areas i ovder to keep nhead of harvesting combines, while in
arens where the wheat was maturing less rapidly time was available
to take a greater nwnber of sumples. It is important to cousider
whether much aceuracy was lost throngh the failure to distribute
strictly aecording 1o acreage, because steps could be taken in fature
vears to distribute the sample more strietly according to this eriterion
if such distribution materiaily inereased the accuracy, The sampling
varizace of the estinuted means, i the distribution of {he sample is
strietly necording (o avvenge, can be eanlenlated from the date. Table 5
shows the efficiency of distribution of the survey sumple and a swmple
distributed necording to acreage, compared with the efficiency of u
spinple distributed in the aptininm manner.

In talle 5 it is shown that the efficiency of distribution of the
netual sumple in 1938 was on the average only 2 or 3 percent below
the efficiciey of 4 smuple disiributed strictly aecording to arreage,
The Inek of information concerning (e standard deviation dild not
seriously impair eflicieney. In ofher words, the setual distribution
of the 1938 sumple did not depart seriously from the acreage eriteria
that closely approximated the optimum.  Additional ealeulations
have indicated that i i had been possible to distribute the protein
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and test weight sumples according to production, the 1939 efficiency
of distribution for these factors w could have avernged just as high as
that of the yield sample distributed according to acreage, that i
about 95 pereent efficient.  This comparison 18 academic. hcwevm‘.
in that the production of each stratum is not known nt harvest time,
while an idication of sereage ean be obtatned by the crop meter,

TanLk 5 Hfficicacy of the swreey sample and o sawmple distribuied aecording to
aereage, compered with the efficiency of a sample disiributed i Lhe oplinn
M HRCE

TIHELD

Distribulion

Avreage ! Actual 2

i R
{
j

1939 I 1940 i 1936 . 1040

1

. ;
1 FPereent | Horcend Prreent ' Pereent
edaboma_ o .00 o0 0 a4 a6’ a6

hoarnsas . . e 95 ! a6 1 85

Nebiraska - e {1 S a9

suiith DNakota . . : an . . s

North Pekotn ... HAS . . Gl

Average . e e a3 06 o2

PIOTEIY

Oklabotng . _ ... .. .. ... ! R
Ransns . L L T4
Nebraskn .. . tin
Suuth Diahora e My
North Dahota - . s

Asverapge_ .. . ' s

TESE WEIT

Oklahome . A LR
hoansas ) Sl
Nebiraskn . : )
Seuth Dnkoels . s
North Pakon L a7

Avernoe . L. k0 1

s prbtee of weighbed meaan of sampie dsoeiaoed oot propos-
LIrRls;

$ o snrpepes of Ehe weighted menn of saaple diseeibated striedy necord -

MR DT

[ .
! Pppevait eflicienrs - oW here =

vre '_\nrlunn of woelpheed oo of wenpde distributed in oftbinem pro-

o
T v s[Ebeae ey, . Wl
Percont elbhewses P vl porLtons,

e vnrinnee of welghted menn of stuvey saongio,
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The actuel distribution of the 1940 sample did not turn out so
well. Because of irregulavities in sampling conditions mentioned
previously, the 1940 smaple departed seriously from ihe Hereage
criterin. —An averwre of 14 percent efficiency was lost in 1940 by fail-
ure to distribute according to acreage, while the 1989 sample showed
only an approximate loss in efficiency of 2 or 3 percent from this
source.  In each survey, we cannot attribute all the inefficiency (o
the muldistribution of total number of samples among districts. Tt
hag been indicated previously (hai ingecuracies in the estimates of
weights per stratum also were responsible for failure to gain fully
from stratification.  Therefore. move attention wiil have to be di-
recfed townrd obtaining @ more accurale estimaie of 1he weights, if
eains from stratification wre to be more fully achicved. The estima-
tion of weights will be reconsidered later in the cost analysis.

NOURLE STRATIFICATION

In addition to distriet stratification, another possibility is that
varietal diflerences might be of sufficient magnitude to warrant double
stratifiention by both district and variety. Such procedure would
require extra effort to obtain accurate estimates of variety propor-
tions within o district. Tt is Delieved that the varietal weights conld
be estimated with adequate precision 3f 2 handful of heads for
varietal idenfification were obtained by samplers stopping at extra
fields. This extra varietal informution coulkl be obtained at low
cost in both feld and Iaboratory, so the extra expense involved in
obtaining aveurate varietal weights would not be n serious limiting
Tactor it varietal stratification appeared useful,

TanLe C—Mean sgudres on sapple hasiy: Fields in sqme disirict vy, fieids in
variely Bnodistriet

i Mean square

Toest
woight
et

Bouree of variability i
! bughel
'
1

acre sontenk

| Yield per 'i Prolein
|

Oktabhomn 1930: © fushely | Pereent Haunds
Fields in same distriet e o 127039 0,018 ¢ 9. 732
Fields in variety in distriet 0 AL EI 0,297 10. 356

Oklabioma 1940: !
Fields In swme district e 20, 616 7057 ¢ 1L 3
Fielik= In variety in distriet SR . 019 10931

ansas 1%39; 1 :
Fields in sume distries e . D . 728 ] 9. 312
Fields in variety o disiriel - _ alk (i3 . 358 4 042

Ransax 1040; ) :
Fields in same distriel U L9583 3333
Ficids in varieny in distriet i e [ER D LT 1. 783

Nehraska 1939: ! : :

Fields in same distried e 3 . 7ol . 705
Fivlds in variety in distriel . o L O . 862 . S0

Rouih Plnkote 1934: ;
Fiebeds i saoe distriet : . 5. (136 A, 626
Fields i viriefy in district : ! 5, 174 (94

North Dakota 1939: :
IFivkds in same distriet - 3.8 - a. 034 3. 4G9
Fields in variety in distriel . .42 . 250 0, 9
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In order to obtain an indication of the gain that would likely
result from stratification by variety within a distriet, table ¢ has
been computed, This tuble compures the mean squares between fields
in the same distriet and between fields within varieties in a district,

Since the mean square anong fHelds within varieties in a district
iz not much smaller than the mean square among ficlds in the some
district, the additional refinement of varietal stratification would not
have been of suflicient vadue to warrnnt the extra effort required to
extimate the weights accurntely.  Tuble 6 shows that such subdivision
of the district would not have substantinily reduced the sampling
eITer.

NUMHER OF SAMPLES PER FIELD

TWhen the preharvest wheat surveys woere {nken there way some
doubt about the munber of smupleg that should be faken por field.
It was believedd that the variation among fiekds was mueh greater
than the variation withis ficlds.  Therefore, it appeared advisable to
tule only u fow samples per field. and place wmore emphasis upon
sampling a greater number of fickls,  As two men were required to
operate the car and crop meter, it wax decided to take two sumples
per field.  These samples have given a basis for evaluating the
variability within ficlds. Tuble 7 shows the relative magnitudes of the
menn squares within field and among fields within districts in specified
States,

Tanne T —Anulysis of varinnce on somple basis

1

Yield Protein Tost weight
. -
Sauree of variahility Fro- ' De- | b De- [

grees Mean © grees’ Mean ' grees Mean
free- squuare; free- sqguare free- sguare

| dom II dow bdom
N |
i ——— N _
t
1 N
Oklahonn: : ! ! !
1930-—Tields within disteiels o ___7 280 127, 38 225 9. 018 231 9. 732
Samples within felds. . .7 2853 2818 225 1,833 223 2170
1040-—Fields within distvicts .2 00 191256060 GO 72057 61011, 324
Samples within fields . _ . o0 62 2874 624 20250 624 3. 04
Kannsas: ' ' :
103G~ Fields within districts .. 7 GALIGS 6 651, 7. 728 651 9 312
Smuples within ficlds 07 680 3877 608 1435 620 2017t
1940 - Fiededs wilthin distreicls _____ 1,091 171,021,001 7. 953 1, 691 25, 333
Samples within ficlds o i‘], 100 41, 721, 106 1, 7371, 100 & 90§
Nebraska: : : ; : :
1639— Tields within distriels .. C 133149037 133 K. TR0 133 B 795

Samples within felds .

South hakola:
1839 Fjoelds within disiricts. __ 0
Samples within fields

North Takola:

197 2815 1320 2,266 135 1430

i
{170 a8 77 170 5. 636 17015 6206
| 176G 25.60  Ie8 1 833 171 8 B3T

1938— Mickls within distriets_____.| 217 9098 __ L1 1
Snmples within fields L) 222 19,00 . b 0 oo b
1934-—Fields within districts _.___] 835 73 511 535 6. 034 53523 409
Sumples within felds. .o 544; 27.44; 518 2144 482 4. 324

I { i i
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The menn squares among fields within districts are much larger
than the mean squares between samples within fields. Appurently
it was well to take two samples per field. It will be useful, however.
to touk into the possibilities of varying the mumber of sumples per
field. It will be necessary again to apply some statistical theory to

Humdes of Fields {Peecenri™ Rumbwr of Frelds (Precentt™
1105 ) T 150 4
Chlahoma Konsas

125

L E + 1 3
Homber of Somplan par Fis Mumber of Somphd per Fuld
Humber of Frelda(Ferernt}® Hymber of FratdelPeccant}®

150 T T T 158 T T T
1939 South Dokota 939 Nortk Dakota

N

1938

\-\_‘___‘_

50

< Z . <

Num;u of Sumplas per Foptd Numter of Samplas per Fiald
#* Two Somples per Field Equal (0D Percent

Frever W—Yield of wiheal from prebarvest whest surveys, 198540, el
tionship hetween mmuber of somples per field and number of helds {exprossed
ag uperecntage) cequived o be sompied o order (0 obisin the same degree
of aeeurney,

estimate the hehavior of the sampling ervor as the number of samples
per field varies.

I Z saniples per field are taken from each of n felds, the estimated
variance of the sample mean for a district is

10—V
" L 1T
. ,'@."‘-‘-Q"\G‘\ IR AT
e where 770 - inean sqnare among fields in the district
Fae= mean square within fields
both mean squares heing on a sample basis,

The percent change tn the number of fickls required (o maintain
the aceurney of two sumples per fiekl will vary according to the
pereent change in sampling ervor. The graphs shown figure 10
Hlustrate by States the namber of fiolds required to be sanpled in
order to maintain the same degree of accuraey when the number
of sumples per field is ehangal,

To iMusteate the sicuation in Kansas in both 1939 and 1940, a re-
duction of the number of samples per field from 2 to 1 would require
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the sampling of 21 percent more fields in order to maintain the same
degree of accurney as was obtained with 2 samyples per field. But
in this case, the total number of samples required would be reduced
40 percent. It the number of samples per field were doubled from
2 to 4 m Kansus, the number of fields requived to be sampled wonld
be reduced 10 percent, but the total number of samples would be
incrensed 79 pereent. This would greatly increase costs.

The close agreement between the Kunsas and Oklahoma enrves in
1939 gud 1940 suggests that the relationship between the variability
among ficlds and within fields might be rather constant from year
to year. Such information would be useful in planning future sar-
veys,

In table 7, the ratie of the variance within field to that wnong fields
i shown to be highest in South Daketa. Tt follows, therefore, that
additional sumples per field would be most useful in that State. The
graph for Sounth Dakota also shows n more sloping curve, which
means that an increase in the namber of samples per field would have
been more effective in decreasing the number of fields sampled
than in the case of the other Stales.

How is it possible to estimale yield from samples of Y404 acre?
Some might {hink that il is necessary to nse a whole field as a sam-
pling unit, bul it can be seen from the graphs that increasing the
nuniber of these small samples per field beyond 5 or 6 would not have
apprecinbly increased the information. The 2200 samples of
Iogee aere cach taken in Kansas in 1840 constifute a total area of
only 0.44 nere. Yot from this small quantity of grain, the mean yield
of the State was estimated with a standard error of (.890 bushel.

It the fields ssmpled had been harvested complelely, the estimated
gains In information would be as shown in table 8.

Panni S—Pereenlage of yain in infarmation if ficlds had Been harvested

commpletely
Atete aud yveor Tield Protein Test weight

Tansas Pereent Perecnd Pereant

T8 e e e 20 23 30

O o e 32 28 54
{kinhomn:

A e 28 27 29

1046, e 30 39 a7
Nebraska, 1039 e e 23 35 23
Saulh Dakols, 1930 oL oL 76 48 32
North Dakola:

1038 e - ¥ SN

L5 1 e maea oy 1 31 12

1t is, of course, impractical to harvest each field completely. The
calenlations in fable 8 indicate (hat the loss in information as a re-
sult of sumpling ingtead of completely harvesting » field is negligible
in relation te the {hme and money required for complele enumeration
of the sampling unit.  The discussion of number of samples per field
will not be complete until costs are considered.  (See p. 27.)
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NUMBER OF FIELLS

25

It is important to consider the total number of samples taken and

the relationship of number of samples to precision.

he number of

samples needed {at two samples per field) to estimate the State yield,
protein content, and test weight within 1 bushel, 34 percent, and 14

pound, respectively,

at fiducial probability of 95 percent, and the

precision of the actual sample have been computed (table 9).

TanLE 9.—Precision of ihe sample in specified Stales, 19389 and 1940

YIELD

Stale and yeor

Sminpies
needed lor
eslimale of

given
precision
8h pereent
probability !

Samples
aetually
tuken

Preeision
calculated
frow samples
acluatly
taken 95
perenivh
probability *

Kansus:
e

f e T
[£1 224 J
Nebraskr, 1930 . oo .-
South Dekota, 1930 _ .-
North Dakots, 1638

Number
857
1,384

650
796
533
323
302

Nymbor
1, 320
2, 200

470
1,248
274
332
1, 088

Number
0. 806
. 793

.175
. 799
. 396
. 986

. 527

Kansus:

Nebraska, 14938
South Dakots, 1939 L. ..o,
North Dakota, 1939

Nebrasks, 1939 .
South Daketa, W3S oo
North Dakota, 1936

81%
334

oH7
8§39
780
1, 384
1,710

1, 285
2,200

458
1, 248
272
327
1,026

U'ihe number of samtes aveded te estitnte the State yield. protein contont, and test welghi witlan &1

@’}h!lslml. 2% porednt, and k4 pound
5
N

T Numbur of snruples seetded = n'eend Viiz—m)?

whure (z—my=one-Iglf o range of agearscy (1 e, b bu, M piereent, of b W) Veestitsled varistiod
of the mvsn; aud 4= uumber of sauples in M sumple acteslly tikon,

B2T602° —d2——4
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The number of samples (') needed to obtain given limits of
aceuracy is
4V

' =n———

(x—m)*

shere (@—m)=one-lalf the range of accurncy (i e. % bu., 14 per-
cent, or 14 1.)
T =estimated variance of the wean
n=the number of samples actuully taken
the limits of accuracy for the sample actually taken are EANA T
Tuble 9 shows that the number of samples needed to estimate yield
in Kansas in 1939 with the precision of =1 bushel ot 95 percent prob-

Shanderd
n Bubhal
Tm
6 \
S&K
it
3
A-Numbar ol Sampler Oblpined b Survey
2 [

Evw
2

e
\\\E‘?&' =
B Ghishama 134
o .

\ \ h"“"‘*—-—-‘.:‘____‘ """"-—--__.__u_._____-  Nonsan 1339 Kentan 1940y

] e Cdr —— [ 7

—
s boiow 97 | el L .
H. Daioto 1939

o 200 400 [l [Ts) 1000 5] 1400 [[29:e] {7 2000 2200 2400

HNumber of Somples
Frouri 11~Yiekl of wheat from prebarvest surveys of 1939 wnd 2940, Ninety-
five pereent fidueinl tmiks are shown for dilferent size samples.  Based upon
varience nmong ficlds within cvop repovting distriels.

ability, diflered from the number required in 1940 to give a similucly
precise estimate.  In other words, before the 1940 survey wus taken,
the Dbest information available—the 1939 data—indicated that a
sumple of 857 individual samiples distributed like the 1939 sample
would be the appropriate number to take.  Sampling variances, how-
ever, change from year to year. Hence, data for additional years
will be needed in order to appraise previous data as indieations of
the number of samples required to obtain an estimate of given pre-
cision in a given year. ) )

The relationship between size of sample and precision is shown in
fignre 11. _ _

The data used for computing the curves were obtained by calenlat-
g the number of samples needed to obtain an estimate of given
precision, by means of the formula outlined.  The purpose of this chart
18 to indicats graphically the relative effeetiveness of taking larger
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samples than were taken in the preharvest wheat surveys. It is
noted that in the 1939 survey in North Dakota and Kansas, and
the 1940 survey in Oldalioma and Kansas, the number of
swmples actually taken wag sufficiently large to place the precision
of yield estimates in these Stales at the lower end of their
vespective curves, where the slope I8 approaching the horizontal.
Tt is thus indicated that the collection of additional samples would
be relutively ineflective in reducing the sampling error of yield esti-
mates in the States mentioned.  If more precize estimates are desived,
it may be more profitable to divect additional effort townrd estimat-
ing the weights more necurately, and distributing the sample 1u the
proportions thnt will permit greater gains from stratification. The
efficiency in disteibution will be recongidered in the diseussion cf
costs.
SUMMARY OF STATISTICAL EFFICIENCY

1. T would have been possible (o obtain mure precise informadion
by district strutification w all States und for all variabies.

2. The actual smuple did not. however, fully achieve these gains.

3. Lack of gain from steatification ean be attributed chiefly to
errors in weights and improper distribution of the saniple.

4. A distribution according to the product of the weight and stand-
ard deviation per steatum would have been optimum from the statis-
tieal viewpoint,

5. Approximalely a 95 percent optimum distribution conld have
been obtdned by distributing the entive sumple according to nereage
alone.

6. The officiency of distribution of the 1039 sam 2les was ondy 2 or
3 pereent below ‘the eliciency ot distribution strietly acconding to
aeTene,

7. Practieal difficultios in fiekd sampling in 1940 were responsible
for less eflicient distribution Umn in 1939, and the actual efficiency
of the 1940 sample distribution was approxinately 15 percent below
the acreage eriterion.

8. Stratifiention by varicties would not huve been worth the extra
offort required to estimate varietal proportions accurately.

9. Substantin? reduetion of sampling ervor eonld not have been
practically obfained through inereasing cither the number of samples
per field or the number of fields sumpled.

ErmcieEscy oF SanvreLi, Consimering Costs

The foregoing analysiz hus appraised the cfficiency of distribution
of the surveys from the statistical viewpoint only.  The distribution
of the sample needs also Lo be studied in connection with relative costs,
Tt o certain amount of money were appropriated to sample the Kan-
sas wheal crop, the question would naturaily arise us to what is
the most eflicient sampling rate, mileage, and total amount of wmoney
to apportion Lo vach district in order to obtaun & maximum amount
of infortintion for vach dollar spent.  An attempt is made fo angwer
this question for the 1940 Kausas survey, Adeguate cost records
are nol avadlable (o pesmit w cost analysis of the other States sampled,
One State, however, furnishes a busis to approach the problem and
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indicate roughly the changes thut are required in sampling method
to promote efficiency from tho cost viewpont.

It has been shown previously that yield had a much greater
sampling errar than either protein or test weight in the States
sampled in 1939 and 1940. Accovdingly, in the cost study an at-
tempt is made to maximize the efliciency of distribution of the yield
sample. It hax also been found thad it is necessary to estimate the
\\'m-rht per stratum as well as the mean with relatively high pre-
(m(m, if the full advantages of stratification are to be obtuined,
Therefore, in order to account for both the estimate of the weight
(nereage) and the mean (yield), the procedure has been to minimize
the vaviance of production (yield X acreage) for n given cost.

The variance of the estimated production is minimized for o given
cost by using the following formula:

Ty 1 Van 1T
PN e T

where T7(P)}= vartanee of the estimate of production:
N =nunmber of fields sampled :
T {y) =vield menn square mmong fields in district. as given by
the analysis of variance on a sample basis;
a_/—llw district menn vield;
T (- 1) = variunce of the esting 110 of nereage;
A =rcstimated acreage.

In the following discussion it will be assumed that the variance of
the estimated aereage is inversely proportional to the number of miles
driven; then the equation may be written:
Ay _d
AT AT
where o 1&g a constant and
J=-total miles driven,

It may wlso be written:

K:l---(_” and M=rN

"-.

whore 7==he smpling rate {miles between snmples)
N the number of ficlds snpled.
Then P
LAl
= [(rI\f+(l)

The production variance is *o be minimized for a given cost:
therefore, it is necessary fo estimute how the total cost depends on
the number of miles driven and the rate of sumpling.  After in-
vestigating the costg involved in the survey, the foliowing linear
function wus selected to it the variable costs:

O a N4 b =) !(‘§+b>




AX OBJECTIVE METHOQOD OF SAMPLING WHEAT FIELDS 29

where £:={otal cost;
e=cost per field not including driving. Tt i composed of
the snluries of the swmplers for the time actually spent
sumpling in the field plus the laboratory costs of amatlyz-
ing eac b sample.
b=the travel cost per mile, 2.72 cents per mile for the nuto-
nwbile plus the salary cost per wile for the semipiers.

The a and & constunts were calenlated empirieaily from the cost
records.  Fo obtatn K and £ the production funetinn was minimizoed,
the total cost remuining fixed. This solution enabled the supling
rate (»} and the miles driven (W) to be evaluated as follows:

ad

This approach assumes that the density of wheat is rather constant
within distriets.  This is not strictly the e, It is thought, how-
ever, that the above approsch will be useful in !mllrhi} pmmmtr the
diveetion toward improvements in the cost efticiency of the ‘-.unpie
cistribution.

The ramd W calenlited to minimize the virionee of production in
each district are listed in table 1. In (‘ll{lll‘lllnlf these coefficients
for cwch distriet, the ¢ used in the formuala is an estimate of the
actual amount of funds spent for snmpling euch disiviet in 1940
Later, the alloention of funds amonyg districts will be investigated,

apsLe Hh—Huapeas, 1940 Sumpling rates and foted seifcage por distrie!, aetual
anrd  cifewtieted o minimize  production vorieree acverding o the  ecost
frnetion

Bumpling rate? Totnl milesge Fields sampled

Calewiated Calenluted i {"alenlated

: Actual i Actund ! : “Actun!
2 H'un-! { sum- | st~ 32 sam- | ! san- | sRi- P 2sam- L sn- san-
pos 1 ple pie ples ple pie ples v ple @ ple
ner b per Her por per L Der
field ; field ficld field Getd | feld
£l

! CNuw- L N Num-
1 Miles fes 1 Miles | Miles ) Miles | ber " ber
LBB2 ) L16S | 0. 930 8G9 W7 HEN 72 E 0
V86 2,006 1 2038 1 1,340 | L, 506 969 1 115 i 117
G.772 0 6,420 1 1,224 ¢ 2,437 | 2,502 895 ¢ 35 5 14
CURG O LZE T L0225 1,039 ¢ L, 176 Gsl 7% - 83
LTIT 3073 12,852 1L H3R 0 [L,A73 0 LOo3 b 78 - 110
B9 3383 | 770 ¢ 2,335 ¢ 2,470 815 : 49 . 155
3416 2172 ) CBHM T2 341 | 2,448 W6 D& 149
L 104 ¢ 3922 L2 T 2,306 | 2,482 11,2820 1A { 156
420 222y L7222 80 i 2,067 | 1,071 83 14

1 Miles betweon snopies,
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The first general observation o be made from table 10 is that the
sampling interval and the tofal milenge driven should bave been
ineressed in each of (he districts in order to bave utilized the funds
most efliciently in estimaling production.  The resson for this is
quite obvious when one looks al the costs of collecting and analyzing
ench sample, the error of the nereage ostimate, and the cost of ob-
taining suflicient milenge upon which to base an acreage estimate.
The sample showed o velatively high error in the aereage estimale
and n fow cost per route mile as compared with a high cost per
sumple for laboratory analysis and o velatively low coeflicient of
variability o yield.  For exnmple, the coeflicients in the cost function
in distriet 3 were:

a- L33, field and laboratory costs for each field sampled;;

i SO.0GTH, cost per route mile, salaries plus automobile costs;

o BOATTY:

A - 4.1300.,
Tt s indiented that sampling fewer ficlds as a result of an incerease
in the sampling interval and driving additiona]l miles to obtain a
more acewrate estimate of nereage would have resulied in a greater
amount of information per dollar spent,

In the preceding diseussion an estimnte of the actual amouny of
money spent per distriet in 1940 in Kansas (€ in the formula) was
used to estimate the rate of sampling and the mileage which would
promote maximum aceuracy of the distriet production estimsmies.
Next the allecation of total funds smeng disteiets which will mint-
mize the varianee of the State estimate for a given Btafe cost will
be considered. As the cost per districl is proportional to the miles
driven, the approach has been to distribute the total mileage among
distriets to promote a minimum production vaciance.  The optimum
rute of sanpling per disteiet caleulated from the aetund allocation
of funds is held constant in the ealewlntion of the optinum
nHocation,

For a given number of miles driven in thie Siales the varianee of
the Stule produclion estimate will be misinmn, when:

1

1\[,:—-:”‘;1!,

where A = the number of miles to be drives in ihe A distriet
M= the total number of miles to be driven in the Stale

Th= 1 \‘f-’r}\'.‘ +-dy

7 being the optimum rate of suupling computed above, and /77,
Hound o ns ealenlnied and defined previously,
The only romaining unknown gquantity in the expression for U, is
Al which s computed as Tollows:

A= - Qq_

{
b
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Where (7 is the total amount of mancy spent in the State. ¢ und
are constunts caleulated empirieally as shown previously, and

2D
» D‘)
=
After thus computing the total number of miles M, to drive per
distriet. the variance of production for a distrier when the swple
1 allocated according to the cost and variance functions can bo
vomputed by
P
(e

_‘]-;( (T‘; Iirf + dl)

Table 11 shows the number of miles that would have been driven
and the number of fields that would have been sampled at two samples
per field under the new allocation.

The high laboratory cost per sunple has an important bearing upon
the number of annples to be taken in each feld. The analysis of
variance has indicated that the variability within a field is very small
i relation to the vaviability among fields. To reconsider the prob-
fems from the cost stamdpoint. the analysis of only one sample per
field was made in lieu of the analysis of two samples per field, Tt was
necessary 1o wse different (v} and (A7) coctlicients in the function,
The new tu) includes the salary cost of the samplers while they
stopped to take the sample. plus the Liboratory costs of analyzing one
sample rather than two. The A used is ealedlated {rom the analyses
of variance, on the assumption thar only one sample per field was
taleen.  Fhe neve A7) i ealeulated as follows:

Ky 1 ’:_;,n:_“}_ )
2

where T4 p) = yield mean square nmong fielis in distriet. from analy-
siz of varmpee:
() =mean syuare within fields, from analysis of varianee.

Table 11 shows the number of miles and number of fields that
would have been most efficient with two samples and one sumple per
field, compured with the actua) numbers talen in the 1940 Kamas
survey. The redietion to one sample per field would have inerensed
the number of fHelds needed to maintain precision beeause of the
higher vaeiability among fields The otal nnnber of s prles, how-
ever, would have been decreased considerably. This deerease in total
nuwber of swnples world have resulted in lower costs at the labora-
tory, thus releasing funds for covering additional milenge and thereby
making possible a more aceurate estimate of acvenge. The total
mileage driven in epeh district is inercased and the total puniber
of wwmples taken in decreased, while the nunwber of fields sampled s
greater as the number of samples per field is reduced from two to
one,




32 TECHNICAL BULLETIN 814, U. 8. DEPT. OF AGRICULTCRE

TanLk 11.—Kansas, 1940: Number of miles and number of flelds per district when
wllocation of funds among divtricts iv oplimum

Miles per distriet Fields per district
Diistriet ; Calevluted Caleulated
i T Actund 777 7T T T Actual
iZ saiaples: 1 sumple ; 2 samples| 1 smnple
P per field ¢ oper field | per fleld | per ficld
' 1 |
I B —
Y ATumber | Number 1 Number | Number | Nuwmber | Number
| . . R4 732 Hdd 57 85 8
P 1, 4306 1, 507 a6 123 185 1i7
b S 2, 7606 3, M 15 40 67 10+
I, : H39 s 80 41 [V] 85
D memmma 3,671 3, 708 1, (134 196 300 110
Goo... et 2,200 2, 440 815 67 135 155
T e e 1, 16 1, 269 G406 47 81 141
N memmnano 3, k5 3,885 11,2852 176 301 156
LI . 1,417 1, Hedd - 1,074 1§ 40 67 144
Stage . 17,428 ¢ 18, 766 . 8, 160 oL 1,251 1, 100

i

To sunmarize the disenssion on cost efliciency, table 12 shows the
increase in efliciency that could have been obtained in Kansas in
v if alloeation of resources had been on the cost basis. With
a better alloertion of the funds spent in Kansas, an increase of 94
pereent in information could have been obtwined for the State pro-
dnetion estimate, on the basis of twoe samples per ficld,  If the unn-
her of samples taken pee field had been reduced to one, the gain in
information due to alloeation vn the basis of cost would huve been
123 pereent.  In severnl distriets, however. the cost allocation would
have reduced the accuraey of the production estimate.

Tanne 12~ Kuusas: Gain in tnformation tn 1840 due lo distribuiion according to
cost funclion

F 'rwduetion E Produetion
'roduction 1 varinnee _— varinnee s
sl riel - varinnee ) endeulnted 2 E ](rr;ilnm caleulnled | h‘,:ﬁ""t'
netual Dosamples per H samnple per gatn
i lield) i field
! !
; i ;
1 JO8, G546 f 128, 301 a - b b 447, 22 11,4
2 [, 352, 0346 1 1, 1M}, 766 : 22,8 930, 939 45 2
3 5, 421,780 1 2, 116, G4YS | 150, 1, 876, 08% 180. 0
- 255, 14960 1 A1, 875 3850 A6, THiG - 26, 4
H . 7,287,800 1+ 2, 733, 48T 1645, & 2, 346, 631 206. 3
] . 3451, 680 1, TA2, 429 09, Z 1, 507, 781 125. 0
7 THT, Do HUd, LD ] LB T8, 342 1.7
8 A, 712,042+ 2,737, 720 8. 6 1 2,397, 035 138. 2
0 1, (8, 515 1, 085, 826 t ~ 10 G, 203 12,0
State 25, 815,204 © 13, 341, 251 | 935+ 11,592, 328 122. 7

o
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SUMMARY OF COST ANALYSIS

a. The sempling interval should have been inereased und the total
mileage driven in each district should have been increased in order
to have utilized the funds most efticiently,

b. Fewer fields thus would have been sampled to estimate yield and
quality which have n velatively low ceefficient of variability and in-
volve compuratively high laboratory cosls of analysis.

¢. In saupling fewer fields, ndditional funds would have been made
availeble for covering more mileage in order Lo estimate wcresge
which showed a high coeflicient of vaviability and involved a vela.
tively low cost per mile to measure,

. Beeause of high laboratory costs per samiple and Jow eoeflicient
of varmbility within fields, the efficiency could have been improved
through reducing the number of samples per field from two to one,

¢. An alloeation of the sample on the busis of the cost function
woulll have permitted wn estinuted gain in information of 94 per-
cent with two snimples per field and of 123 percent if the number of
sumples per field had been reduced to one.

Brag ix e Es.amMarus oF ACREAGE, YIELD, Proriin, avo Test WEIGHT

In the diseussion of the statistical efficieney of the swumnple severul
methods Tor reducing sumpling ervor were pointed out. In addition
lo keeping the sampling error small, however, it ix also necessary
cither Lo chiminate virtually all bias from the sample data or be able
to nueke adjustnients in the estimates to counteract the effeet of bigs.
The term ¥bins™ is used here to refer to any systematic error that

occurs in the survey data,
Bias
SOURCES OF BiAS
AGHREAGLE

The wheat acreawe indicated by the preharvest survevs was ab-
(ained by multiplying the total Tamd area by the ratio of wheat
milenge ulong the sanipling routes {o total route mileage. The acre-
age thus obtained might be subject to several kinds of bias, |

In order to meansure 1he frontage of wheat along selected routes
m eomdueting a preharvest wheat survey, it is of course necessary that
the personnet doing the field work be able quickly to identity wheat
inafieki from an automobile moving rather swiftly slong a ighway,
Most of the time (his is ensy for persons with an agricultural back-
vround,  When strong winds are blowing, however, or when the
stiplers must “look into™ the wuu earty in the morning or late in
the vvening, or when it 15 difiieult 1o obtain a good view of a field
bocnuse of tree.. bunks, hedpes, woeeds, ele., it is sometimes NOCORIALY
to slop the autosnobile wnd walle to the edge of a field to dsiermine
whether it is a wheat field, Xt is believed that the identification of
wheat along the rontes was aceurate and (hat no biag in the in-
dicated wheat aererge occurred from this sowrce,

SL7H0LT g a—nf
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A seeond possible sonree of bias in {he acrenge arises from the
fauet thnt members of the erews who made the surveys lad to decide
whether u field of very poor wheat would be havvested. I a field
of wheat as a whole is very poor but has some stzeable patches or
spots of fair wheat. (hese patches may be harvested. A field of
wheat numy appenr good enough to warrant haevesting but. after
a few cirenits with a combine. the faemer way decide that iv 1s in-
advisable to finish harvesting the field. These cxamples of condi-
tions that sometines prevail with respeet to wheat farming in the
drier portions of the Great Plains arca are eited to show thar under
some circumstances, {he members of firld erews working an the pre-
harvest wheat swrveys could nof kuow definitely whether certnin
fields or parts of fields shonld be regurded as wheat for harvest or
wheat that would not be harvested.  Enstances of {his kind were not
widespread bui, when they aveurred. the erews had to make decisions
that sometimes were little more than guesses. Obviously, the pre-
harvest whent survevs lose some of their objectivity in cases of this
kind: but. fortunaiely. the numhber of such cases is relatively small,

A third souree of biss in the wheat acreage estimates from the
strveys mibeht resele from the failurve to record enough wheat frant-
age, because of the fact that farmsteads are nsually located uear
voads, The frontage line. which i= about 70 yards in from the
orfge of the right-of-wayv, would Tikely tend to be weighted teo
heavily to Tarmsteads and, therefore. a wheat acreage obtamed fron
this indieation wonld be expecied to be too low nnless other binses
should counterset this tendeney.  The practice of metering on
Jine farther in {say, about 150 yards) could have been followed.
But =ueh an increase o ihis distanee would make metering nore
diffieult awl the resulis less accwrate, particularly where trees, the
topography of the land, efe,, might mpaie visilitity,  Bias doe o
the “frontage™ line, however, shauld not vary frone one vear fto
another.

Failure of the snvvey routes inoa cowndy to pass through areas
that woere representative of the wheat amd ponwheat Iand in the
connly would he a Tourth souree of bias that could affeel the estimate
of wheat acrenge.  Compurison of the wheat acreage indieated by
the surveys with that shown by the official estimates by counties ve-
veals differonces <o great that one would he led {o believe that in
some connlies the survey roufes traversed o dispropertionate shave
of the areas with concenfrafed wheat aeveage. In some of these
pounities the sprvey indicaded (oo much whent, whereas i others il
indiented # wheat acrenge that was too small, The routes actually
solected were influeneed by fhe time available for sampling oo«
county, available roads, location of the county to be sampled next.
and he desire (o cover the county as uniformly as possible in oo
putfern somewhat vesembling s gril. Therefore, the bias resulting
from nonrepresentative routes inoa county should be compensating
when the ncreages Tor individual counties are vombined into a totul
for a crop reporting disirict or a Riafe.

YIELD

The yiekl per nere of wheat indicmied by the preharvest field sam-
pling was oblained by threshing nud weighing the wheat obtained
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from a small measured area in a commercial wheatfield and then
multiplying the weight by the appropriate factor to convert to bushels
per acre, Such a yleld might be sulject fo several kinds of bins.

The decision made regarding whether or not a very poor field
would be hnrvested would affect the avernge vields found in a county
or other geographic area, This sort of bias would be inversely
relnted to the bias in ascrenge from the sume source und, therefore,
the (wo should partiy compensate each other when acreage and yield
are converied Into a production figure,

A bias also would result i the sampling routes were selective
and yield levels were different over the ares being sumpled,

Biwsed yields would be obtained if wheat in the 100-yurd strip
of the field where samples were obtained differed from the wheut in
the remainder of the field. Yield bias might also oceur, because
1t sometimes is necessary to puss up n field selected for sampling if
wheat in i is nol mature.

Yield from the survey probably would be biased upward by the
amount of harvesting losses encountered in commercial wheat pro-
duetion,

Biag in the yield estinmtes might nrise ¥ inunature wheat were
inchided in the sample.  Precautions were taken 1o avoid this, how-
ever. and it 1 believed that this souree of bins did not nppreciably
wffect the vield estimates,

There may be other sourees of bing in ackdition to those mentioned,

UFPELN CONTENT

In the absence of adequuie check data, it has not been possible to
directly check the survey protein estitnnfes for bins. It is known.
however. that the protein cantent of the wheat kervel changes during
maturity.  Since the preharvest wheat survey samples were taken
about # duys or less before harvest, it is possible that some samples
showed u different protein content ihan would have been found in
the grain at harvest time.  Actually, the snmplers often found com-
bines harvesting in the fields smupled. so the difference between
sinpling and harvesting dates was usoadly quite simall. In order
to ull)tnin an indication of the change in protein content of wheat
during a short periad immediately preceding harvest, some data
taken at Fargo. N. Dak.. i 1939 have been examined.™ “The protein
content of 4 varietics was found fo inerease in approximately the
same manner throughout the 8-day period studied. Tlie corrections
that would have made the protein estimates of preharvest sounplings
comparable to havvest indications are lisied in table 13.

I the prebarvvest saiple estinmies were 10 be corvected for im-
maturity bias, it would he necessary dor the field wmen to estinefe
the number of days until havvest for each field.  Many of the fields
were actually sampled al hoarvest. Therefore, it would not be nee-
essary 1o correet all smmples. Af this time it s not recommended
that the preharvest wheat survey estimates be so corveeted. Tl is
not felt thal this Tited investition necesserily furnishes conely-

= HmEpnine, 3 OWALLACK, Unpuhlishod Report, “rie sePBCT 6F HAWVEST DATE OF TEST
WHIGHT, TTELIL AND PIRIPELN CONTENT OF SPRING WHEANL'  The datn wers obibnlte] noder

the direerion of ¥ 5% Telgeson, Xorth Dinkote Stege Callege, Purgn, N, Dak., it cooperatlon
wlth the Agrlcultural Marketing Seevive weathor-yledd peojeet,
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sive evidence regarding the change in protein content of wheat
during 1natuuh The datz have beern used only as an indication
of what one might have expecled at Fargo, N. Dak., in 1939. To
establish more definitely a basis for cor Le(-uon, it will be necessary
to conduct more extensive investigmlions for other States and for
additional yenrs and vavieties.

Tanue 13— Adjustment of protein conleni of spring wheal when sampled prior to
harvest
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TEST WHEIGHT

Compurabie data are not available to furnish a check for bias in
the survey test weighi estimales; however. at least (wo sources of
bias are helieved fo exist. One ig due fo weasuring fest eight on
samples taken prior lo harvest. The data collected at Fargo, N.
Dalk., have provided a basis for invesligating the change in test
weight accompanying changes in maturity llunulrhout § da ays before
harvest. ATl four varieties showed similar inercases in (est welght
during the veriod, the relative amouut of change being l.])llI(l\Ill“IslU.’_l}
the same a= was experiencetl i proteiu « confent.  The unulysis of
vaviance indicated that the changes in lest weight were significant.
The corrections which would have been applicable {0 preharvest
sumples are shown in talde 14,

TAmE 14 -~ Adfustment af lest aeeight of spring wheat awhen sompled prior to
fraieest

Days prion to Arzounl fa be
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Although the Timited investigation cited above has indicated
change in test weight of wheal prior to maturity at Fargo, further
sluch will he ttqum:d {o establish more definitely a basis for cor-
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recting test weight in preharvest sumples bused on similar studies
in other States and tor additionul years and varieties.

The test weight estimates were subject (0 a second bias whicli was
inherent in the laboratory technique used. As the amount of grain
obtuined from each head sample was insufticient for 1-quart standard
test weight analysis, it was necessary to use & micro method. This
method consisted of measuring 16 cc. quantities of grain, and con-
verting the weight in grams (o pounds per bushel ﬁu‘ough the use
of u computed conversion factor. As systematic error might arise
with such 2 method, & study was conducted to investigute the agree-
ment between estimates mnde from the micro methoed and the standard
method.

Ten batches of wheat of various test weights were obtained for
this study from the Grain Supervigor of the Agricultural Marketing
Service, at Kansus City, Mo,  After test weights were determined by
the regular method in the Supervisor’s oftice. the 10 butches of wheat
were shipped fo the Statistical Laboratory, Towa State College, in
alr-tight containers (o prevent moisture change while in transit.  For
the experiment. each of the 10 batclies of grain was placed in a
separate pan and numbered. Micro samplings were taleen at random
from the batches of grain, weighed, and replaced.  One person meas-
ured the grain, and snother weighed it. Tippett’s numbers were
used {o designate the order in which sumplings were taken from
each batch.  The weigher id not know from which bateh # sampling
was drawn: thus memory bias in scale reading was reduced. The
individuals took turns at measuring und weighing, so that the data
could furnish information regarding differences befween observers.
Two sizes of brass cylinders were used, one 1608 ce. and one 32.5 cc.
Thirty samples were taken at random from each buich of grain
by using the smaller eylinder, and 15 were similurly selected from
exch baleh by using the larger eylinder.

Analysis of the dats permils an estimate of precision as well ag of
bins. The precision or sumpling error of the micro method will be
discussed first. The analysis of variance of the small eylinder data
ig shown in luble 13,

n

TanLe 10, - Anaiyxis of variance of test welght obtaincd fhrough the micro smelhod
by using e .08 ¢or. eyfinder
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The standard ervor of the mean of 30 samplings taken with the
16,08 co eylinder from each batch is (0.0144) (4.831) = 36, or 0.1270
pounds per bushel.  Tuble 15 shows that the miero methad is capable
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of detecting diflferences in test weight befween batches of wheat,
with a proportionately insignificant smnphnﬂ error in the measure-
ment of each batch.” The mean square of 0.1262 for individuai
satnplers 1s significant.

The analysis of variance of the measurements obtained by using
the large cylinder is shown in fable 16. The sampling error of an
estimate from 13 sunplings by using the large evlinder is {0.182)
{2. S‘?G:L)—vl.;—{}ll‘)& Hence, ‘lpplO\llndf{ﬂ\ Ilw snme or more infor-
mation can be obtained from 15 of the 325 ce. samples as from 30
of the 16.08 cc. samples.  In fulnure surveys. it v suggested that the
325 ce. eylinder be ndopled for measuring test weight of individual
samples.

After (he experiment had beent completed. the standard test
weight measurements on cach batch of wheat were obtained from
the Grain Supervisor al Kansas City and were compured with the
mean estimate indicated by the micro method. Table 17 shows these
compurisons,

Tasix 1G—dnwlysis of rudidnee of fest :(('if;h! ebfained throxgh the aiere
meliod hy wying & 325 oo epfhinder
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Sumplings within batehes, . IETT 4. 6316 - L0332 0 082
Totall ._____ .. ... . 149 1700 2768 .‘

t A palysis of variaeee waik dutte on weighings nomewins, T8 canvert menn squanes t pods per 'hn\in‘l,
matitindy by (2300438,

TArtE 17~ Halinatcy of lest weight obuined by the wse of the standard method?
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Table 17 shows that estimates obtnined by the wiero method ure
lower and apparently biased when compared with estimates by the
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standard method. The bins in the test weights obtained by the use of
the lurge cylinder is slightly less than thut obtained by the use of the
small cylinder. In the standard method, 2 quart of grain is measured,
weighed, and the weight is converted into pounds per bushel. Tt is
thought that the weight of this larger quantity of grain tends to
compress the mass and theveby creates a Jarger amount of grain per
unit volume than is measuved by the micro method where the com-

Stondord Method
{Pounds per Bushal}
£6

50 52 54 56 58 ) 62 &4 3
Micro-Mathad {Pounds per Bustwl}

Fiivne 12—Comparison of micro method sud stundard method of obtaining
test weight of whoeat, 16,08 ee. oylinder used in {he miero method,

pression effect is decrensed, as o vesult of the reduced volume measured.
Figures 12 and 13 show graphically the bias in the micro method of
estimating test weight,

The graphs show that the bias of the cylinders is quite similar
and is a relative rather than a constant amount. Tt is interesting to
note that the bins approximately disappears at test weight of 50
pounds per busliel. In future surveys the charts shown as figures 12
and 13 could be used in correcling the estimafes from the micro
method.  As the unalysis of variance indicated a significant difference
between observers, it muay be advisable to use a separate correclion
system for each individual taking the micro measurements. So long
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as the research phase of the survey is carried on, it will be necessary
to collect quality information by individual samples. Therefore, it
will be necessary to maintain the micro method. If the research work
s dispensed with, however, the samples taken in a county can be
pooled and standard methods used fo measure fest weight.

BIAS FOUND IN THE ACREAGE AND YIELD DATA

In order to obtain statistical evidence regarding the actual occur-
rence of bias in the acrenge and vield data from the survey, the differ-
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Fmwowe 13.—Cotipurison of micre method and standavd method of obtuining
test welight of wheat, 320 cc. eriinder used in the micro method,

cnces between the survey estimates of yield and acreage and the
official estimates by crop reporting districts have been computed and
compared with twice the sampling error of the survey estimates. If
this difference between the estimates is greater than twice the sam-
pling errov of the survey estimate, it indicates that the survey esti-
mate is, at the § percent probability level, significantly different from
the official estimate. Asg the mnounts by which the official estimates
raay differ from the frac acrenges and yields are not known, it has
been necessary fo use only the sampling error of the survey esti-
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mates in the test for bins entioned above. Tables 18 and 19 show
the differences between the official and survey estimates by districts
in 1939 and 1940.

Tanre 18—Comparizon of 1489 survey estimates and official district eslinates
of wicld und eereage io delect biug
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WARLE 10w parison of 1950 swrvey estinaics and officiel distriet estiimgtes nf
wield and aereage (o detect bivs
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Table 18 shows that of 31 crop reporting distriets sumpled in 1938,
the survey estimates of yield were larger than the official estinmutes
i 27 disteiets with a difference of twice the sampling error of the
survey sample in 15 districts.  In 1940, stimilur bias was experienced
with yield esthnates fram 14 disteicts in which the survey estimute
exceeded the official in 13 districts and 9 of the differences were
grenter than twice the saupling ervor of the survey estiinates.,

As for the acreage estimates. the survey estimadfes in 24 of the 31
distriets snpled i 1939 wore above the official estimntes with 10
of the differences being more than double the sampling error of the
survey estimates.  In UH0, the survey ncrenge indications in 11 of
the 14 distriets sampled were above the oflicid estimates and 4 of
the diflerences were statist ienlly siguifieant aecording to the eriteria
heinge employed to discern significance of differences.

Beeause the survey estimates nie consistently higher than the offi-
ciad estimates and becanse half the survey vield estimates and a thicd
of its acreage estimates differ by more than twiee the sampling error
of the survey indicarions, evidenee points strongly townrd bias in
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the survey indications of yield and acreage for botls years. Not all
the differences were significant nceording to the criteria used; how-
ever, if the survey estimates are to be of much value in supplement-
ing the early official estimates it will be necessary to reduce these
differences or to e uble to anticipate them. If they should prove
to be relatively consistent for several years, that would indicute
that it might be possible to anticipate them.  The preceding section
vegarding statistical efficiency has suggested means wherveby  the
sunpling error of the survey estimates might be reduced by -
proved sampling technique,  The systematic error or bias found in
the estimates will now be investigated to try to determine the extent
to which this compenent of error can be reduced,

As 1t has not yet been possible to altoente the total bias to its
various assumed souress, our chief concern has been to investigate the
possibility of applying a constant adjustment for bias o suples
taken each year. If sufficient consisteney is found te warrant a
constant adjustment for bias in succeeding vears, a great portion of
the systenatie error couki thus be eliminated from the Testimates.
Fhe consisteney of bine between States in w given yewr has also been
examined to discover whether different adjastments would be needed
for encl State. In pding the comparizons of bilas befween States
and bhetween years. vegression techoique hax been emiployed (o indi-
eate differences in relutionship between survey and oflicial estimates,
The relutionship between these estimates for the several States
sempled in 1939 and 1840 s shown n figures 14 to 17, nclusive,

Figures 14, 15, 16, and 17 iadienie that in each State o different
regression was fonnd te exigt in both the 1939 and I940 surveys.
o figure 14 the slopes of the regression lines of official vield on
sipvey yvield are shown {o be quile simitar Tor four States, bur their
levels are different. The South Dukots regression line in figure 14
depuris considerably Trom the relationship <hown in the other four
States,  The relationship between the acreage estimate shown in
firare 13 likewise i found to differ among States with the Nebraska
fine departing from the nore consistent retations=hip foumd in the
other four States. The two Stater sampled in 31040 show different
slopes in the regression belwoeen yiekd estimates in figure 16, wherens
in figure 17 the slopes of the regression lnes Letween acreape esti-
mates are found to be quite shmilar but the elevations of the lines
differ shightly.  The differences shown above in the relrtionship be-
tween the survey and official estimates of yield and acrenge in the
different Btates mdbente that in adjusting the survey estimales for
Dias i may be necessiry fo use o different adjustiment for each Sinte.

After finding that each State appeaved o show a different bias,
the next step was lo isvestigate the extond to which a bins encoun-
tered { year in the distriet estintes within a State would be re-
peated in the following vear, As data Tor 2 years woere available
only for Oklahoma and Kansas, it was necessary 1o limit this phase
of the stwdy 1o these iwo Stades. In figure 18 i s noted that the
relationship between the official vield and survey vield is quite dit-
ferent in 184 from that shown i 193 i Okdaboma, Penres 16,
20, and 2L show, however, that the relationship belween survey and
oficial acreage estimates in Oklahonm and of both yield and acreage
egtiniules for Kunsus. shows little chiange from 1939 (o 1940,
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Table 20 shows the 1940 district estimutes of vield and acreage for
Oklabona and Kansas adjusted for bins as indicnted in the 1939
estimates.  After examining several methods of adjustment for bias.
it appeared that probubly the most appropriate adjustment could
be made by reading the 1940 survey estimates from the 1939 relation
ship charts sueh as figures 14 and 15, In making such an adjustment,
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the provedure tollowed was to enter the 1939 churl on the x-uxis at
the estimate of yieki or acreage indicated by the survey in 1940, then
by a vertical projection of this entry point (he regression line waus
miersected at a point which was extended horizontally {o cut the
y-axis at the point which was taken as the adjusted figure.

Table 20 shows that v adjnsting the 1940 districi estimutes for
bias that was shown in the 1939 estimates, an “overadjustment” oc-
curred.  After adjustment. 8 out of 14 survey yicld estimates were
lower than the oflicial estimates while before adjustment 13 of the 14
survey figures were higher thun the official estimates.  Eight of the
1+ adjusted survey estimutes differed from the officin] estinntes v
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more than twice the sumpling ervors of the survey estimates, Six
of these eight differences were negative and the other two were
positive. As for the ucrenge estimates after udjustment, in 11 of the
14 districts the survey indications were below the official estimates
as compared with 11 out of 14 zbove the official estimates before
adjustment,

From the foregoing investigation it has been found that the total
amotunt. of bins found in 1940 appeared to differ from that of 1939,
If this is true, it might indicate that the bias arises from several
sources, some of which are more important in certain vears than
others. Therefore, to ascerlain more aceurately the amount of bias
likely to veenr In a given year, it will be neecessary fo determine the
relative contribution of each of the various sources of bins. Then
with each yenr's sumpling it may be possible to estimate the relative
possibifity that esch bias might occur and adjust for total bias
secordingly.

Pavre 20—Cowmparizson of 190 survey district estimates
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Figures 22 to 38, inclusive, show certain comparisons of wheat
acreage, yield, und production as indicated by the preharvest fisid
suniples with the official estimates on u crop reporting district basis.
These figures show the amount of seatter in the distriet fgures.
Where the survey indicatious have not been adjusted. the extent and
direction of their hias and smmpling error may be observed.  Where
the survey indications have heen adjusted and the plotted pointx
depart from a one-lo-ene line of relationship, it mdicates that the
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bias iu the survey date was pot the sume in the 2 years o that any

error that might be present in the oflieial extimates differed yeur
with the ofher,

COMPARISON OF PRODUGCTHON ESTIMATES FROM THE PREILABVEST S1UHVEY
SVITTTT GEFFICIAL PRODITCTHON ESTIMATES

A vomparison of the official estimates of wheat production in K-
sin with estimates indicated by the preharvest survey will illustrate
the possibility of obtaining greater aecursey in the cstimated size
of the wheat crop at harvest thue. Kinsas is used ax an example




AN OBJECTIVE METHOD OF SAMPLING WHEAT FIELDS 47

because it is the only State in which the preharvest survey covered
all crep reporting districts in both 1939 and 1940. This permits o
reacly comparison of eslimates from the preharvest survey with the
preliminury official estimaten which in newvly all Stutes are on 2
Stwte basis only.

It is obvious from tables 18 and 19, as well as from the charts
of both acrenge and yviekd, that the unadjusted indications from the
surveys are high, When the acreage compurted from the whent
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frontage obtained throwgh tse of the erop meter is multiplied by the
vield comiputed from the wheat grain sunples, the indiented produc-
tion exceeds the official estimates as finally determined. Bias of
this kind is present in miost saniples of data relating to crop produe-
tion, particulariy of nereage.  Since 1939 was the first year the survey
was conducted 1n Kansas, there was no way of knowing currently
whether the survey data would be biased, or the direction and extent
of nuy bias that might be present. "The 1940 survey data relating
to snereage aud vield were adjusted for the bins shown by comparing
the 1938 surves indications with the official estimates for 1938,  Then.
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after the 1940 survey hiad been conducted, the 1939 survey datn were
adjusted for the bias shown by the 1940 survey to see what the 1939
survey would have indicated currently if some method of adjustment
had been available.

The upadjusted and adjusted survey figures for both years are
compared with the official estimates prepared currently as of Juiy
1, August 1, and December 1 in table 21. The wheat production in-
dicated by the preharvest survey is the mest nearly comparahle

Officlal Acrecge (DOO)
BBOOD

Y.

i i T S N
400 800 1200 1600 2000 2400 2600
Pra-Harvost Wheot Survey Acreaqe (D00
Frovry 1T.—-Acvenge of whenl hiovested in Kansis and Ok, G, Be-
gression of ofivial aereage on pereage indicated by preharvesy survey, by erop
reporting districls,

as to time of prepeation and availability with the official estimate
for July 1.

The table indicater that in 1934 the prehavvest suevey {(if it Lhad
heen possible eurrently to make the adjustment for bi ax) would have
indicated a erop considerably too large and thai the official estimate
at hervesl wax practically (e sane as in December. A preliminary
exiumination of the Federal census enumeration of whent acreage
antd production For Kansas in 1038 suguests that the December official
estinaie may be o littke low but «till the official estimate as of Jualy
1 seems (o be better than the prelurvest survey indication adjusted
in the manner previously dvsvrihvd.
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Tante 21 Kanses wheal  production, official estimales and indications from
survey, 1939 und 1850

(Hleind estimndeos and indiealions Tro survey : 1938 1940

Million  Akiltion

Offieinl extineles: Y bushels bushels
July erop report. .. 111 89
Augusl erop roport . - 16" 1431
December crop report . L 112 - 124

Preharvest wheal survey: : :

Primnry indiention. ... : LG 1 160
Adjusted indieation_ N oo 2125 113

b Aereuge, fdlonted by eropometer retios, maltipdied by yisld pee nere indlested by wieat grsin ssieplos.

130 survey dntn adlusied by Dos showa by 110 survey.
Frse survey datn ndhastod by bins shown by 1930 snrvey.
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In 1940, however, the preharvest survey {adjusted) move nearly
indicated the true size of the Kansas wheat crop at harvest than
the official estimate on July 1. The survey related to a later date.
since the field work on the survey in 1940 was not completed until
July 10—the day the official July 1 report was released by the Crop
Reporting Board at Washington.  Since n few days must necessarily
elapse between the time field work is completed and the time when
samples can be threshed. weighed. computations made. ete., at the
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Inboratory, the complete results of the 1940 survey in Kansas were
not available m time to have been used as an aid in preparing the
official crop report as of July 1. The survey infornmtion for part
of Kansas could be made availuble even in vears of late harvest as in
1940, however, in time to be utilized in prepaving the July erop report.

Since the survey method is il in the experimental stage, it remains
to be seen just how effective 3t is ax an Indieation of acreage and yvield
of wheat.,  This will be learned only after observing the vesults of the
survey over n period of years.  Based on experience to date, however,
i appears to have merit and may prove to be o real contribution
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to methads of estiniating (he whoeat crop. It now seems that with
respect to estimating the size of the wheat crop, the survey may huve
its greatest utility in years when crop prospects shift radicully during
the several weeks immediately preceding harvest, The most recent
example of such a vear In Kansus is 1940 when wheat was seeded
under extremely unfavorable conditions and presented a dismal pros-
pect until copious. timely precipitation during the =pring permitted
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Figere 200 Yield of wheat per bharvesied acre In Noansas, 150 nnd 1940, Lbe-
gression of oflicinl yicld on yleld indicated by prelarvest survey, by erop
reporting districis.

a remarkable development. As a resull, rapid and continuous im-
provement of the crop persisied unfil harvest. Since the regular
acrenge schedules used by the Crop Reporting Board in preparing
its July 1 erop veport were filled out and sent in by growers in early
June, they apparently fuiled to vefiect ithe full recovery of wheat
that earlier appeared to be lost. Nor did other regular sources of
informalion fully indicate the extent of the area of wheat to he
harvested.  Yield information for the July report was sent in about
July 1 but growers even then were not tully aware of the yields that
would finally be seenred. Under these circumstances, the July 1
official estimate of Kansus wheat production was too low.
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The preharvest survey taken at or just before harvest, therefore,
should be of most help in years when prospects change rapidly as
harvest approaches. The limited amount of evidence now avagable
for purposes of comparison suggests that present methods emg;]oyed
by the Crop Reporting Board for obtaining wheat acreage and yield
data by mail inquiry probably will give more accurate estimates of
the wheat crop at harvest than the preharvest survey (as conducted
so far) in years when crop prospects are relatively stable as harvest
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Flerre 21.—Acreuge of whent harvested in Kaosas in 1938 and 1848, Re-
gression of ofliciai acreage on acrenge indicated by prebarvest survey, by crop
reporting districts.

o

approaches. During the period 1931—30, however, the official esti-
mate of Kansas wheat pro&uc{inn as of July 1 varied from the final
estimate by 15 percent or more in 3 of the 10 years. It seems that in
such yvears the results of the prebarvest survey might prove to be
valuable as supplemental information to be used in addition to that
obtained from other sources in preparing the official wheat estimates.

FORECASTING

Sufficient information relating to plant characteristics was col-
Jected to form the basis for a study of the corrvelation of yield per
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acre -ith plant counts and measurements. The plunt observations
were confined to (a) number of heads; (b) height of plant, and ()
average length of heads within the area of the sampling unit. These
observations can be readily obtained prior to wheat harvest. A cor-
relation between yield and plant characteristics would indicate the
possibility of developing an objective method of forecasting yield
from plant counts and measuremnents,
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of oflicinl yield on yield indicated by preharvest survey, by c¢ruop reporting
districts.

A more objective method of forecusting wheat yields than now
used might permit the Crop Reporting Board to attain greater accu-
raey in its forecasts. If it should develop that yields can be forecast
trom plant observations with greater accuracy than by present methods
which utilize reports from growers giving condition and probable
yield, the accurney of the })l‘OdllUii{)ll forecasts would be improved.
The production forecasts still would be affected by any error contained
in the forecust of the acrenge {o be harvested. Nevertheless, uny
method which wonld permit greater accuracy in the forecasts of either
of]t‘hilcomponents of production (acrexge and yield) would prove
valuable.
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If it should be found that wheat production can be foreenst with
more precision by preharvest field sumpling than by present methods,
it might be advisable to issue forecasts for aveas smaller than o State
hecnuse of varintion in date of maturity. In this way a wheat fore-
cast for southeastern Kansus bused on plant observations could be
issued soon after the field sampling in that nrea was completed, pos-
sibly about May 20. Ou the other hand the forecast for the north-
western part of the State, where wheat matures somewhat later, would
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not be wvailable until about June 18. TForecasts for other parts of
the State could be obtained between those two dates. Similar series
of forecasts of the whent crop for other States could be issued abour
3 weeks in advance of havvest in each aren, the forecasts to be based
on the results of field sampling started about a month prior to
harvest.

Such a series of forecasts would have the advantage of timeliness.
‘I'hat is, the foreenst for an urea smaller than a State could be pub-
lished as soon as it was possible to make the necessavy observations,
However, since the cffect of weather, insects, disenses, cte.,, on the
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wheat crop during the month preceding harvest cannot accurately
be predicted. it would seem thut the combining of u series of separate
forecusts vach applying to a different date to secure an over-all total
might give misleading results. Since one of the most Important
functions of the Crop Reporting Board is to furnish forecasts of
the total production of n crop for the whole country, it would be
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Fogune 240 Yield of whent per harvested acee in Kansas, 19349 Represslon
of officinl yield vn xield iodiented by prebievest suevey, by crop reporting
disbricts.

necessaty to utilize mformation from sowrces other than the pre-
havvest survey in forecasting total production ax of 2 given date.

An attempt has been made to point out sone of the goals to strive
for and difficuities that may be encountered in forecasting wheat
acrenge and yvield from preharvest field semplng and then utilizing
such forecasts in a program of crep reports.  The possibility of mak-
ing serviceable Toreensts front prehnrvest wheat survey data will be
rxamined next,

It was found in the 1938 survey () thal out of nine plant ob-
servations taken, the nuniber of heads, height of plang, and length
of head gayve most promise of providing a basis for forecasting the
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final yield. Consequently, in 1939 and 1940, the plant observations
were confined to these three. The observations were sunde on each of
the g0 acre sampling units that were talen from each field.
Since yield also was obtained on ench of these units, it was possible
to make several correlations.  Yield was first corrvelated with the one
variable, number of heads, then with the two variables, number of
heads and height, and finally with three variables. number of heads.
Lieight of plant, and length of head. The results of the three analyses
are shown in table 92,
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In both years the numlwl of hewds accounts for a highly significant
amount of Ilw varintion in yickl and might be (()llkl(i(‘ll\‘(l an lupor-
tant Tactor in determining the final vie A0 The addition of another
variable. lieight, however, increases the correlation coeflivient (&%) to
such a degree that the error of estimate is again veduced by u highly
signifie ant amount.  The ml:mluvlmn of o third varlable. length of
head. also reduces the unesplained varviation, bit by only a Tanall
amoutt. ‘Fherefore, in fimure surveys, |t111|;,_r|1| not pay to coutinue to
measure fength of heads. This can be seen by vomparing %, with &%
with £, in table 22,
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Tante 22 Malliple regression anelysis, with rariction vminng Stafes remered,
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To forecast vield of wheat based on & single variuble, such us
number of heads. it would be necessiry {o use a regression equation
such as y=y+b(2—w)=a+be, the regression equation to he based
on data secured from previous investyzations. In this equation ¥
is the estimated vield, @ is the number of heads. d is the regression
coeflicient of 4 on @ from the previous investigation, and ¢ s a con-
slant denoting the level of the regression and is obtained Ly sub-
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tracting (he weighted mean pumber of heads times {he regression
coeflivient from Vhe weighted mean vield, all obtained in the previons
investipntion.  Fhe weighted menn number of heads oblained in
the year for which the Toreeast is to he made would be substituted
in this equation for » and the Toreeasted yield would result. The
welrhted mean number of heads is obtuined by weighting the mean
number of heads in ench distriet by the acreage in the distriet ag
shown by the sample after it has boenccorrected Tor bins, T however,
the relationship between yield and number of heads i Tound o be
purvilinear the viuation would need to e mdified accordingly,  The
best results would be expected from a forecasting equation bused upon
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data secured in a verr when conditions of crop growth were similar
to the one to which the forecast applies. Since any variation in
the « cunstants and & cocflicients from year to year would result in
an error in the foreeasts, it would be of nerest to examine the dif-
ferences between corvesponding constants and cocflicients in the 2
yverrs for which we have data.

There have been three kimds of vegressions studied.  In one cuse the
regressions were obtained by pooling all the samples in each Stute.
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In a second ense the effect of disteier varinfion was remwoved {rom
the regression equation.  In the thivd case the sumplos were segre-
euted dnte the Tour most prevalent varieties with the remninder
thrown into a miscellaneous variety group,  Then {or each variety
classifiention the offeel of the connty variation was removed from the
regression equation.

Al three kinds of regressions have boen ealeulated wmd the result-
ing constants nnd coellicients are given in lable 23,
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From table 23 it can be scen that the o constants and b cocflicients
differed both between yewrs for o given State and between Stutes in
the same yenr.  This indicates that in the 2 yeurs both the slope and
level of the regression have changed. Weather factors affecting
the growtl of wheat in Kansas and Okluboma in the 2 years studijed
were dissimilar: and the differences in the constants and coefficients
of the eyuations for the 2 years ure probably greater than usually
would be found.
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Ficrne 31, Yield of wheat per leievested sere in North Dadsola, 1930, Roepres-
slon of ollicial yicld on yishd iglivaded by preharvest suevey, by erop reporting
dislrigtx.

Althongh wheat seeded in these two States for the 18939 erop had
i pourer than usnal prospeet as it went into the winter, it was rela-
Uyely o mueeh better condition ai this stage of development than the
I8 erop. The 1838 crop. however was foreed (o carly maturity by
abnormaily Jigh temperatires, e and after filling time.  The 1910
crop on the other hand was favered by timely rains and almost
ideal temperatures al filling time which permitied a retarkable de-
velopment (hegun in the spring) to continue right up to haevest,
Wheat liavvest in O was trom 7 1o 10 davs fater than iu 1939, The
difference between growing conditions immedintely preceding harvest
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in the 2 years probably contributed much toward the large differences
in the constants and coefficients of the regression equations,

After datn for several years have heen secured it would seem likely
that wore accurate forecasts would be made if the ¢ constant and b
cocfticient used in f(m'ca‘slmtr the yield were obtained from an aver-
uge of several yvears’ 1{""!0*1‘-‘1(!11‘-3 "Another possibility for increasing
the necuraey of the foreensts would be to jnclude a second variable
in the foreeasting eyuation, such as depth of soil moisture,

Othecial Acreage {000}
2400

/

2000

i
|500;..._.__._.'. PO

RGO 1200 1600 2000 2400
Pra-Horves! Wheot Survey Acreage [QOD)

4

Frovue 31, Avreoage of wheat hoaevested I Noeile Tiakoin, 19098 Begeosston of
ollictul aerenge on acrvage indieated by prehuevesi survey, by erop veporting
disiricws

1t s evident from the lwge dilterences in the coellicients by States
that the data for all the States shoold ot be pooled and a Toreosi
made Trom a conpnon regresston, A nore acewrate foreeast would
Hieely be obtained I bised upon o separate vegreessian for ench State,

From table 23 it ean be seen that the differences between the 4
cocflicients obtained Trom the (939 and 10H) regrressions Tor bath
Kunsas and Ollahoma nre snidler with disfriet variation removed
than Tor the & coelicients In the regressions obtiined hy paoling all
ri:llnpling units inoeither Siate. For Kansas, the difference hel wesn
the &'s 1 the regressions bused upon the data with county variety
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variution removed is smaller than with only district variation re-
moved while the reverse is true for Oklaboma. In testing the sig-
nificance of differences between the &'s in 1939 and 1040, it was found
that those bused on the within district regression for Oklehoma and
those based on the within county variety group regression for Kansas
showed sigmificunce at the 5 percent point while the others were
highly sigmificant at the 1 pereent point. Tt would seem from this
that the regressions i which the differences in the D's were the least

Official Yieid {Bu)
32

28 . b - - - L

& -Chlighomo;

©- Konsas
I

13 20 24 28 32
Pee-Horvest Wheal Survey Yistd {8u)

Fograe W20 Yisld of whent por harvested aere in Kansas il A Hohndwana, 105,
Hegtession of oflieind yiedd on yield indiented by prebaevest suevey, by crop
reporiing clisieiets,

stgnifivant might be (he best equations for foreeasting.  The ¢ con-
stant fn exch equation. however, migst be taken into consideration.
These constantx do not show 2 consistent vhange Trom one kind of
regression to another but in any I year the larger the & the smaller
tie o, This must be true as all regressions for any 1 vear for each
State puss through the intersection of the means of » and ¥ Since
th the o aud b affect the Toreeast. & balance between these two
st be considered. . From a comparison of the different «'s and &'s
in table 23, it is difficalt to draw conelusions as to which type of
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regression would give the best foreeast. A more direct way Lo deter-
mine this is to substiute in ench of the 1939 regressions the weighted
mean nwmber of hends indicated by the s:unpiv in 1940. The “fare-
cast” thus oblained can then be compared with the actual yield ob-
Lained from the 1940 sample. This comparison would furnish a
busis for evaluating the three sets of regressions given in table 23,

I table 24 the 1940 for ecast yiclds bused] upon the three different
kinds of regressions, that is, total. within distriet. and within county
vatiety groups, are compnred with the 1940 aclual yields. A com-
purisen is also made belween actual sample yields in 1934 and the
“forecasts” made for 1939 Trom the 1940 regression equation and
the weighted mean nouber of heads in 1939 tuken from the sumple,

TavLe 24, KNunsax and Oklahiome wheat. Yields from regression equation based on
number of heads com pared with actual semple yields

1k crap b

1
E Kannsus ’ Oklnhamna?
I
Ttepres<ion used in \ . Dol .
st 1oy v Acinnul Yield Devin- Actual Yield Tlevin-
forecasting {oyield b Tram tien - vield [ronu tion
Trom | vgr(-a- from - fromn FiErts- frum
" sample : siun l aetual | sumple sion netund
Hmhvh ' Hmh(h Bushels  Bushels | Bushels | Bushels
Totul . .. . i B8’ G, 8 14 3 149, 3 3.0
Within distrie_. . 15.0 2004 4 5.9} 6. 3 1489, 1 g3 1
Within ¢ounty \uru-!_\' : ! :
groups. ..o .. 6.0, 202 0.2 1.3 15.3 20
1ngn gpor
Total ot s wsi 16T 126, -
Within clistrier. . . - 150G . 11.2 i, 1 5.7 i IS A -4 G
Within county varety i ) : 1
gronps . A6 L1 w5 167 1 1204~ 3

Y ield foreensns tor PR wire Desed oo repressions frogu BMO survey datn, Yield foreeasts for 1940 were
sl on 1EM regressinh sauat bues,
1 Crop repeting istriers 1, 2,0, naed 7 were singaled in bBatb 1039 andd M

For Kansas the foreeasts based upon the total regression which
includes geographic and varietal variation were less accurate than
forevists From either of the other two regressions. For OQkluhoma
the 19440 regression within county variety groups gave the best “fore-
cnst” of the 19389 vield.  The hest Tarveast of the 1940 yield, however,
was secured fron the 1939 within district regression.

Tt should be noted that the difference between the : accurney of the
foreeast vields based upon the three kinds of regressions was rela-
tively smxll compared with the large error resulting from the year
to yenr change in the « constant and the b coeflicient,

The forecasts for 1940 based upon the 1939 regressions were in
all 1hree cuses below the actuad, while the 1939 furceasts bused upon
the 1940 regressions were ubove "the actual yields, indieating that the
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regression line was at n higher jevel in 1940 than in 1039, This
maght imply that other varinbles are influencing vield and therefore
need to be included in the regression equation. For exumple, it is
believed that available suil moisture would be a useful varinble to
use i an equalion fur forceasting wheat vield in the western Great
Plains area.

In computing the 1940 foreensts in table 24, the regression within
distriet wag based upon an gverage of mdividual regressions for each

Otilchal Acraoge {00G)
2400

i /|
2000 — : :

160G

1200} -

aco

400} -

o}

Lles] BOO 1200 1600 2000 2400
Fre—Horvesl Wheo! Survey Acrsoge {000)

maeer 33, Acreage of wheat barvesusd in Oklaboma, TREHL O Regression of
oflicial nererge on acveenge [udicated by prelaoorevest suevey, by crop reparting
dislricts,

of the nine distriets, and each district regression wus weighted ac-
curding o the number of sanples in the districts in 3939, Inazmuch
as the number of sampses in each distrier was not proporiional to the
aereages 1 the districts. there wonkd be errors in the weights based
on the number of samples. The assumption was also made that the
distriet weights did not ehange from yewr to vear. which was not the
case,  Fherefore, the Toreeast wight be improved by using the sepa-
pite distriet regressions and weighting the Torecasted vields for cach
distriet by the estimated aerenges as shown by the sample for the
year for which the forecast s made,
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For the State of Kansas the district regressions are shuown in figures
39 und 40,

In an attempt to determine whether it would be worthwhile to
use the individual regressions rather than the regression within dis-
tricts, » direct substitution of mean number of heads in cach district
was mnade in the regressions,

The results are shown in table 25,

Otticlal Asreage {CD0)

2400, T T T T
! i } 1 | : :
f i } { : ;
Pr ; T /
i . ! i
! ' ! ! ;
2000 i 1. 8
: ! | .
i | ' ; : :
1600
1200
800
400
o i ; . . : . | i i i

400 &30 1200 1600 200 2400
Pre-Horvest Wheo! Survey Acreage {000)
Flarae M Acrenge of whent harvested in Koo, 1940, Rogression of oflicial
acreage on o deremn dndicioed by prebarvest sarvey, by crop  Wporting
districis.

In comparing the results of distriel forecasts obtained by sub-
stituting the moean number of heads for ench distriet in both the
uuhvulu.xl district u-'ru"«mn wied the State regression with district
varintion removed. i is poted that in 1959 thv individual distriet
regressions give better vesults in the western and centreal districts of
Nansas with the exception of district 3. The Siate vegression gives
better results for the oastern districts aml disiriet 5. In 1‘}-}0 this
sifuation is just the oppesite in most districls.  In both years, how-
ever, the weighfed "-{t‘zte AVerige of the districts is more accurate
waen the State regression s mul For Oklahoma three out of the
four districts in J.HJ show heiter foreeasts from the individual
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district regression but for 1940 the opposite is true. The weighted
State regression in 1939 is closer to the actual yield when using the
individual regression whereas in 1940 both give the same results.

TanLe 25.—RKansas and Oklahoma wheal: Yields from district regression equations
based on number of heods ecompared with aetual sumple yleld

1939 crop ! 1940 crop *

Yield Yield
Yield | fom Yiela | from
from Btate from State

L regres- | Aetnal . 00 reETesS-

ingivid- - “eld individ- :
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P win T P we
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yvield
from

srinple
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Y el Forernsts for 1008 were Dosed o regressions from 3H0 sucvey dute. Yield foreensts for 15940 were
Lsedd oy [0S regression squntionis,
P Crop reporiiog distrlets 3,2, 4, and 7 were sanipded i bodln 130 and 1940,

Sinee the results are not congistent by districis, no definile evidence
is presented that would indicate that one type of regression is su-
perior to the other.

From the graphs it can be seen that in both 1939 and 1940 the
regression lines in the three eastern crop reporting districts of Kansas
have u steeper <lope than those for the three central distriets, which
int turn have o steeper slope than those for the three western districts,
An average regression for each third of the State was obtained as
shown in figmre 41.

Attention is directed {o the fact that in 1840 the regressions for all
three sections have a steeper slope and are at a higher level than
those for 1939, Sinee a higher yield iz indicated for 1940 than for
1989 for the smne numiber of heads, this might be due to cither a
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larger number of lernels per head or greater weight per kernel.
This same cbservation can be made for eastern Kansas compared with
central and western Kansas, Toimprove the forecasts of yield it might
be necessary to predict the number and weight of kernels per head.
If it were found that depth of soil moisture earlier in the season or
height of plant was correlated with number or weight per kernel,
n prediction of these two variables might be made. This prediction
nught be used in a forecusting equation for yield to give n better

Ctficla! Yield (Bu.)
z8

24
3
=
20 =
4 5 9/
16 £
8, Ug
o3
2
[
ar
IEI
12
J L
B s
%
4 = Pre-Horvesl Survey —
Yield Adjusted for gius
Shown by 1929 Survey
a-Oklghoma
0-Kansas |
0 1
4 a 12 1& 20 24 28
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Mot 35.—Yleld of whent per harvested sere in Kansns and Oklahoma, 1840,
Yields indienlod by prebarvest survey were adjusted for bias found in yields
from the 1939 prelurvest suevey and then plolted agninst the oflielnl yivlds,
by crop reporting distriels,

forecast.  However, it would be necessury o test out this hypothesis
by obtaining the depth of svil mwisture earlier in the season and cor-
relatinge it with number and weight of kernels.

So far only the effect of number of hewds on yield has been dis-
cussed in any detail.  In table 92, a considerable inerease in 22, over
#*y due to the addition of another variable, plant height, was shown,
To nulke o forecust of yield based on these two arinbles, height and
number of hends, it would be necessary o use a regression equation
such ns y=y+b, (A—r)+b,(n—n)=a+bh+b.mn obtained by a pre-
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vious investigation . In the equation, 4 is the height, » is the number
of heads, b, is the regression coefficient of yield on height independent
of number of heads, 4, is the regression coeflicient of yield on number
of heads independent of height, and « is the constant denoting the
level of the regression, all obtained in the previous investigation.
The weighted mean height and number of heads obtuined in the

Otficial Acrwage Q005
3200

* Pre-Horvest Survey
Adjusted for Bias
Shown by 1933 Survey

400 800 1200 1650 2000 2500
Pre—Horyest Wheo! Survey Acreoge (0000

Fiovne 36—Acrenge of wheat larvested in Oklnbhoma, 1940, Acreages indicnted
by preharvest survey were adjusted for bing fuingd in acrenges from the 1939
prebievest survey and (hen plotted against the pffiein] acreages, by crop
reperting districts.

year for which the foreeast is to be made would be substituted in
the ubove equation for & and » to get the forecast yield.

By using the same type of regressions discussed in relation to table
43, Toreensied yiekls were obtained and are shown in table 26.

Table 20 does not give sich evidence in favor of one type of re-
gression equation over the others,  Aldthough the total State regres-
sion_without any variation removed seems fo give the best results
for Kansus in both years, the regression with the varintion among
county vartely groups reimoved differs from the total State regres-
stont by only 0.2 bushel for 1939 whereas the regression with district
varmtion removed differs from the total State regression by only
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0.2 bushel for 1940. TIn Oklahoma the regression with county variety
group variation removed gave the best by us much as 0.6 bushel over
either of the other two in 1939 while in 1940 it again was the best,
but by only 0.2 bushel.

Tasne 26.—NhKoensas amd Ollahome wheal: Yields from regression equations based
on nanmber of hewds and height of plands compared with actual sample yield

Taap egor !

Nansas | Chkinhoina

Regression used in

forceusling Actuat ¢ Yield © Dovia-  Aclund

vield . from tion  : wviekd
from PRS- from = from
sapple =iyt aetoal T omunple

Yield ; Devia-

fromn 1 tion

FOLTER- from
ston feluul

|
|
i
i
: : |
v fsushels | Hushels . Bushels - Bus}u‘isi' Pushols {s
|
!
L]
}

. T T A S N R T
Within distriel . 3.0 144 19 16 3
Within county varicty | ! ,

groups._ . _. .__._| 5.8 1.3 Ly 16. 3

I8,

(LR NI & HE | L

14,

Total o L. 1.7 .
Lo U T

Within district !
Within connty varicty : :
Eroups .t a0 L0 208 ; 16,

PN forecets for YU werr breaed on resressions frons PR e i,
Y eld fureensts fur WHE were Dismd an eegressions froe S0 srvey ol

By comparing the deviations shown in table 20 with those in
table 28 however, it can be seen that considerable improvement was
made in the foreeast yield obtained from regression equations with
(wo independent variables, height and nuniber of heads. over that
obtained Trom regression equations with number of heads alone.  The
use of height in addition (o number of heads in the forecasting equa-
tion definttely appesrs to be worthwhile.

It must he resuembered that the observations on which this study
was mnde were faken very close 1o harvest so that if it were de-
cided 1o (ake samples earlicr for forecasting purposes the equation
might pot give the same results. Observations on height taken as
soon ax countx on number of lieads could be made might very prob-
ably be different frows those observed in this study. The results
woukd probabiy be somewhat affeeted, hut whether they would be bet-
ter or worse can only he decided afler actually taking samples at
the envlter date and noting the olfect.

Lt was found that the incorporation of a third independent variable,
length of head. in the forecasting equation contributed little, if at all,
to the aveuraey of the forecusts.

Obviously, 1 a method of forecasting is {o be of much value, it
would be necessary to be able to reduce or anticipate any bius found
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in the forecasts. If the regression techuigue for forecusting yields
from plant counts 1aken prior to havvest is te be most useful 1n malk-
ing forecusts of wheat production, it will also be nccessary to obtain
relinble indicationy of the zlcleugc at the time the plant observations
are secured.

Diticiol Acreaga (OO0}
2400

I
- Pre—Hanresl Survey

led tor Bias
Shown by 1939 Surwey

P

40 800 1200 B0 2000 2400
Pra-Harvest Wheal Survey Acreage (OO0}

et 37 Avrenge of wheni hnrvested in Koosas, HHHL Acrenges indicated
by pweharvest survey were adjusied for bins tound in nerviges from the 18930
pretumrvest survey and then plotted sgainst the oflivkl aerviges, by orop
reporling distriets.

ACCURACY 0F Wreyr Pronecrion IForEcas s BASED ON PRELARVEST
SURvEY Dara

When the <atn collected al or just prior to harvest i 1939 and
1940 are wsed in am altempt to leariy how aeenrate production tore-
cnsls might be, i field sampling of wheal woere condueted about o
month before harvest, it is necessary to make three assguptions:

First, that the number of heads that would be counted at flowering
Line would be the same as the number of heads that would be counted
shortly before harvest,

Sccond, that the ncrenge metered as wheat for harvest would be
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the same for a survey made a month belore harvest as it would be
if the survey were mude at harvest.

Third, that height of plant would remain velatively unchanged
during the 4 weeks tmmec tately preceding harvest,

The number of heads counted a month before harvest would. of
course, exceed the number counted al harvest by the number that
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Figere 38 -—Produetion of wheat i Knopsa: ang ObGdwang, 198, Production
ligures ebludned from preharvest survey aerosiges and yieids, bothe adjnsied
forr bins found in 189349, were plotted agninst (he afficind estimules of produe-
ticn, by cron reporting districts.

might he destroved in the interim by grasshoppers, army worms, hail,
suiud, ele,

The metering of wheat gereage for harvest would also contain more
error it it were done o month before haevest than it it were done
just prior {o harvest; at least, this would be expected to e true in
pny yenrs in oareas with light waintull, sueh as western Kansas.
Losses from sueh eanses as hail would alse increase the error in
nereagre estimales obtalued ot (he enrly date.

nghi of wheat was found by ¥lorell wnd Faalkoer {4) to increase
rapidly during heading and (o continue wntil Howering was com-
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Frorne 3E—Yield af whent in Ransns, 19300 Regression of wiold on aamber
af hemdds, by crop reporibog disrriets.

pleted it {o increase litle or none thereafler. The experiments on
which these conclusions were based were condueted in the Northwest.
The same results might not be fowmt m the Great Plans area. If

the growth pattern in the Great Phiins is shmilar to that in the
Northwest, it would seeln (hat samiples Lo forecast yield could be
obiained innuedintely atter lowering was completed.

ild  qa
[ Busnels
pe Acre}
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a0 L) [1=3] 200 240 280 ik 52 400

o Qendlet ¥ ¥ Mumbar of Heods per 1/50Q0 Aces

Fraune 40.—Yield of whent in IKuusas, 18400 Hegression of yield on pumber
af heads, by crop repovting distriets.
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Freame 2L Yiekl of wheat in IKansns, 138 qoad el Begresston of yield on
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Production *loreeast<" Tram the preharvest sarveys are compared
with the oflivial figures for Kansas o table 270 The yield Toreeasts
for 1940 were computed Trom regression equations hased on data
obtained from the I8 preharvest field sampling while the 1839 vield
“loreeast=" were abtained through use of equations hused on data From
Beld sampling conduered Tu 1640,

Tanne 270 Neawsas wheet production, official estimutes end indicalions from
surrey, TR and 1140

Oficial estimate- winl indications from survey 1939 : 1940
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Indication fro adistricl rogeessions,

t
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In table 27 preharvest survey forecasts of wheat prodnetion based
on vumber of heads would he more nearly comparable with the
ollicial estimates as of May 1 and June 1 than on other dates because
the number of heads coulid ordinarily be counted throughout Kansas
hotween these two dates. On the ather hando f plant height s (o
be used along with number of heads to foreeast the erop. the data
on which o foreeast could e nsed would be cathered ar somewhan
Inter dates. “Therefore, the foreeasts in table 27 Dusedd on the two
independent vartables, muiher of heads and height. would he more
nearly comparable with the June 1 ad July 1 offieia] foreeasts than
any others.

The production Lgures from the prelutevest <urvey= were obtained
by applying a \1t'h1 foreeast Trom ~uple data eollected at harvest,
to the dereage Tor Tmrvest from erop meter indieations also secured
at harvest.  Both the yvield and the acreage obinined Tor 1930 were
adju~ted for the difference between the 18940 ~ample data and the
10h offieial estimates,  Likewise. the 1840 indicated acreage and
vield were adjusted for e diiference hetween the 19958 sample Jdata
and the 1939 oftivial estimates of vield and acresge. This was done
in an attempt o allow for hins in the swrvey dleations, Aftor
this mdjustment, the awdjusted acreagres were (hen nadtiplied by the
adjusted  vields (o obtain the suevey produaeton digures howa in
falle 27,

It can be seen from the table that the survey “foreeusts™ of che
1934 crop are substantinlly larger than the official foreeasts and alsa
Luraer than the official estimate i December. 10 wanld appear. there-
fore. that the official foreeasts in 180 were better tan forecasts
Trom the preharvest suevey would have heen.  Tn 18 the foreeasts
Imased on number of heads were lower than the offivin] foreeast- nuude
a1 or prior to harvest. bat those hased on nwmber of heads amd plant
Leight wire closer to the final production than the official fureeasts,

From the Timited amount of conrete evidenee available. It wounld
seemy that sanipling of wheat lields 1 momh before harvest to Tore-
eust (he ~ize of the crap o might have s utility as o supplement
to regitlar crop foreeasting methods,

After prebharvest stirvey data have heen ctullected for several years
with Ineres=ed crop meter coverage n! the avens swmpled amd ~.unplf“~
obtained from o greater number of fields than in 1980 and 1K
this methad of erop foreeasting mirht prove to be much better than i::
mclicated now.,

CONCLUSIONS

A fter derailed atistical investigation of the preharvest wheat
survey datas it appears that the route sampling of @ crop of wheat
at ar prior to harvest Turndshes o uselud nwithad for estimating
(1Ill||l\ and production.

As o supplement to present methods of estinating wheat pro-
:11|('ll|m the preliovest wheat survey might be expeeted to promote
fimeliness, geographic detail, and ohjeetivity in estimauting both pro-
llutlmn and quality of ihe erop at haevest,

The survey method of route samplivg will probabiy be mos
11~L‘1ul in nnosual vears when abnormal develapient of the wheat
erop eronfex production eonditions not readily detected by usual
crop reporfing methols
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4 Relatively small sampling crvors were found in the ctimates
of protein and test weight as compared with the sampling errors
found in the yield and acreage estimatoes,

5. Blight bins is believed 1o oveur in the estimates of protein and
test weighl because some fields were simpled too long hefore hae-
vest—(hat is when the wheat kernel might not yet have indicated its
quality as netunlly shown at hiarvest.

6. The estimates of yield and acreage were found to contain sys-
tematic errors or hias as well as random sanpling errors.

7. The random component of error ean e reduced  sufliciendy
throweh improved sampling (echnique fo render (his source of orror
relatively unimportant in the estimates Tor hoth  quality and
production,

8 The systematic error or bias in the yield and acreage estimales
presents o more serious problem in that the tolal amount of bins
diflers Detween years and between States in o given yenr.

9, In order to obtuin more aceurate estinmfes from the survey, it
will hie necessary further to investigute the sowrees of bins found and
extabli=h o more definite basis for removing this component of error
from the final estimates,

10, Bnorder to have obtained a maximum amomnt of information per
dollar spent in estimating a production, the sampling interval shoukbd
have been inerensed and the total mileage driven should have boeen
mveeased i eacl distriet,

L1, OF several attributes of yield exantined, number of heads wuld
plant hieight appeac to be most useful in foreeasting the yield of
wheat from plant observations taken 3 or 4 weeks prior to harvest.

12, The regression equation of yield on nunuber of heads and plant
height was not the smne meach yvear. This, the wselulness of such
an cquation Tor forecasting vield is seriously liniited hy the fuitare
of the equation Tound one year to apply o the other year. I it were
possible to formulate a specifie equation (o fit each of various erop
conthitions as they oveur cach year, the foreensting of yviehd from stand
and height of grain could he move accurately performed.
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APPENDIX

UNITED STATES DEPARTMENT OF AGRICULTURE
Buneav o AdwicrLrural Beoxosis
Speeial Heltase Kansas ey, Mo, June 24, 1838,
PRETARVEST WHEAT SURVEY

Test weights rangiuye fro 33 (o 62 pounds per bushel and protein content of
frova 4 to 18 pereent, are shown on the st two Kansas distriets comploied in
the prefurvest whont survey beiog condueted by the United Siates Departmenat
of Agrviewllure in cosporntion with Stale Agricultnral Colieges,  Considerable
varintion i protein eonient = evidem between ficlds wilthin counties, as well
e betwoen sinples within n field for the same vavieny,

I Phsteier Noo S0 Bowth Centend Kansas, cowpeising 1he countios of Sumner,
Huarper, Barber, Cotnanehe, Kiowa, Pratn, Kingman, Scdgwick, Huarvey, Reoo,
St Word, ldwards, and Pawnee, 134 fields sampled botween Jube 10 and 29,
<hBowsdd s avernge fosl weight of approxiimetely 58 pounds per bushel, Foriy
perecst of the fields {esisd belween 389 amd 62 pounds, and the renaining 60
percent stoged down (o 3 poasds per bushel Test welghis averaged highest
i castern nnd sorthern counties of this district, Protein of 57 perevat of the
ficlds rommed from T8 to 18 peveent. The remaindnge 43 pereent ranged from 9
to 1295 pereeal prodetn (peotebis ealewlaled oo @ 1853 pereent moisture basis),
Thie highe=st profeins aube from the wesiern counties in this distriel, The
penin from 89 pereent of e Hekds sampied was elassed ay Darck Haed, 18
pereenl as lavd, W pereent a8 Yellow Jhird, 2 pereent as Soft and 1 pereent
s Minel, Seveesl) felds had o smoal)l mixtwre of eye, .

Iy Drisgriet No, &L Seuthenstern Konsns, 290 {fields woere sanmipled in 11 of ihe
Ll vagtities on June 15 and 160 ther 75 pervent of these fioelds had o rest
wokghl beibween 37 and 61 pounds per bushel. The remaining 25 pereent raaged
thown to 53 powinds. Approxinmiely B prreent of the ficlds sbhowed pretein
vitnging between T3 jod 18 percost, with the rempining 3 gereent between $)
awd 1250 pereenl prodein. The gedn from 28 pereent of these Aelids was
elassed as Daek Hawl 10 pereent as Yollow Jasd, T opereent as Mixed, aigl
SEopereent ax Soft. Wih (he exception of tree westorn counties--Builer,
Cevwber, snd Chawtnngise—the wheat raised in Disziricl Noo 9 = predominaatly
Roft, Yields averged faivly high over the Distreieg oy @ whaolo,

Camipletion of sampling in the wesiorn fonr countics—Alnlfa, Woods, Major,
and Wousdwurd  -of isteiel Noo2, Novth Cepira] Oklihomn, showed iost weights
Tram B to 0 peuids and prolein from 9 to 18 pereent, Righty pereent of the
sigriphes frosn o8 fiekls obiadned Bn the four couniles ranged from 536 (o 6O
pords per buesbel. The remaining 2 pereent rasged down e 35 pounds,
Forty ¢ighi pevcent of fhe stmpeos showed o protein conbest (oa 13 to 18
perestl, and the remining 82 percent eanged from 8 to 1275 pereont,  The
gy feom 42 pereesst of the ficlds was elassed as Dark Hard, 206 percent s
Hard, 22 poreend as Yellow laed, snd 10 pereent as Boft. There were 0o
stimples from felds In fhose Qowr coundies having havd and soft whoast mixtures,
and varictnd aixtures ja (e Gelds sampled were not as prevalent o< i the
eqistorn bl of Phe districl. The saomples elassed g Yollow Hard (ested below
avernze in protehn Soveral fields woere bidly baldged.

Over S spmples have been reccived {o date o e Maohoiian, Kansas,
Lathorntory.  The feld crews hfive progressegd as o novthward as Cenleal
Wan=ns, Apprecinble doss from il damage s oovident in osome fields, and
enmbipe Brevesting in some areas has bhees detayed by Ioeal rains.

THatribatiod by Breaneh Murketr Nowg (Mliee, Tinresn of Aprlesitorsl Peenomdes, 1513
Genesee Sereet, Kousas Uy, Mo, Bon 10 Bogers, leenl coprssentntive,

7
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UNITED STATES DEPARTMENT OF AGRICULTURE
AnicrLrinan MARKETING Sguvice
Epceinl Helense No. 6 lKansas Cery, Mo, June 26, 100,

PREHARVEST WIEAT STURVEY

Wiheal smpples obtained by preharvest wheal sarvey erews of the Apricultucg)
Marketing Serviee in {acfiold, Geant, Kay, and Nuble Countles in North Centent
Oklnhoww, show an arevege proloin eondend of L2 pereend, with 67 pereent
of the field sgupdes Galling Between 107 sod 147 pereent praleing The fest
weeight areraged G748 popnds per bueshod with 67 pereent of Hie siaaples fudling
hoetween S0 asd S5 posads pee bashel. I thess counties i/ 1935, (he protein
eaptent averaged 20 pereent and the test woislit avernged 357 pounds per
hasbiel, Ta 1030, G7 percent of {he Hekis Tedl between B3 pereent and 137
pevecat prolein, swl ST fo SRS podands Jost weipgll,

In Distriet 4, West Centind Okisbone, the eipeaing of the erop is progrossing
slewdy. Cusier and BinIne Conntios ave heon smupled by el erpws,

Qarlicld, Geant, Kay, and Nobie Connlies were ssmpled June 17 (o 200 Custor
aud Biaine Counfies wese sgpled June 390 to 22 Detadls by eounties are
shnwsr betow,

ORLATHIMA

sl ET e Frarp 3 ety a
Average Averngt Poreeat i each class

=y s test weisht
. == protan per hushel Lo
Di=triet sl county © = ) L
5 . 25 ‘= £ =
=¥ ' ~EF- T = Z
= o m3e i ey =220 3 L= g !z
s o=z . F o=
Pi~triet 2:
{irnnl JL T TR % T N DO 4 TRt T ST ¢ SR BN i 0 0. H)
[RITES TR . [ LI 1 T £ T L S L R | I B e | o 0 |7 H}
oty .- £ I L I DL L B A G0 448 T
Nobde L. LT L S I 1 as 0 an o 62 = 0 in 2
Thstpiet |
Hhaine = I35 133 a8 505 e 2 0 4 4
{iis1er Gf V2 L1 580 as T i 0 1 . 0

The ssungdes drdivaled that stem et was prevadent in tese conpiios. <j-
ties of the peresstage of the otal endne suriee covered by pustides was mndoe by
the fieh] erews ar the tine of satapling, For the fedividosd eonnties the average
pereent of tatal endm stfiee coversd by postales s Guefield 5 poreent, Grant 8
prreenl, Koy b peeecnt, Noble 7 opereea), Caster 8.5 pereent, and Blaine 16
pereiut.

Frotrifmted b Beon b Marhod Sews Do, Apmenloarst Muarbeling serviee, 3203 United Stales Couret
Pleuse, Konsas Cuty, Moo D B Bogers, Toend represenlat =g




AN OBJECTIVE METHOD OF SAMPLING WHEAT FIELDS

C. 8. DEPANTMENT (0" AGRICULTU LI
Agricultural Markefing Servive
KANBAR BTATE BOALND OF AGRICTULTULRE
Division uf Statistics

OFFICE OF THE AGRICULTURAL STATISTICIAN
207 Federal Building, Topeka, Kans.
JUry 21 1640,
KANBAR 1HO MRENARVESRT WIHEAT SULRVEY !
NUAAARY MHErokT

Aooavernge prolein content of 12,0 pereent and an average test weighi of
W pounds e bushel were stown by 220008 siiinples of wheat faken fTrom
livlds In Kunsas (his season Just oo o harvest, In 1830 Lhe peatein content
avermnndd 140 pereent and the avoage test weighn was 570 poutids peer bushel,
Fen the wble of distreiet avernges for the o Years iF cun be seen (hat the
differences betwein the 2 years are not unitor by areas, In the eastern
il =otthern peris of (he State the proleln averaged lower in TIHHY, while in
the western and norith eentral paris protein content was about the same,  The
tesp wedsht Inthe southwest and west eomtend disorics mveriged approximaitoely
4 pountds per bushod lower In THO. In the epstern two-thirds of IKansas the
tes weizht wis higher in BHO, rnging from 4.5 poutnds per bushel biglier it
the nertlt conteal 1o 08 pounds per hashl higher in the south contera) couolies,

The THO samples =how thar Blackholl ol Turkey varicties continue to
prmlomitnte in western Kansas, Ta the contral third of the State the T8
samypdes show @ Invger propartion of he crop grown to Tenmarg than In 409
Temnary, Blackhall, and Turkey consiitute approximately 85 percent of the
wheat preadueed in e ventend third of the Siate, Kawvale, (e leading singde
variety in eastern Kansas, coustilttes glout one-third of (he (otal productiog
in this seetion of 1the State. Wihile the proportion of Kawvale has inereased in
the sast centeal aml southeast distriets, the 700 Sunples show thut for the
northenstera disteiet the proportion of Tenmarg exeoeds that of Kawegle,

The aftaehed maps god tibles summarize {he ueality and variety informa-
tion Trom the 22K samplis of wheat obgined by S48 mites of travel on the pre-
harvest wheat =urvey in Knnsas, The abfieet ol (he survey has heen to sunpply
whett growers, denlers, millers, and others ol haevest aod o to purket g,
with information as to the relative quality of (he wheat erope erown i dittee.
ent doealities. This report sunnmarizes infornation relegsod as the haryest
[rigrisEsed,

Lieresmy s Wik s SUsveEy Procknree

The samples hatve been olitabed T Tour skl vrews, enelt erew consisting
ol twor en tooa ear. The crews sireged sampding in Lithelte Caunty, Kuns., on
June 2 nmad o continuel samipting s they vl toeth with the hirevest,  The
routes deiven wers well seatiersd over wneh county. Farh ear was equipned
Wil o crop meter, which was tsed o naesgre the todal mitew driven and
e Trondates of the whent liehls bordoring the romids deiven, A fixel rale of
sampling was wiintained in oach eounty, suel ae rery 2omiles of whept as
Indivated by the ernp meter, so 1 was possible 1o distreibute the ~anpling ae-
roviing to whent gerese. Rinee (he rongd Innd in o Cotnly - e, sd {hie
erop eter gives e indiention of the mitio of wheat e ool e, B ows pemsible
too olnain an indiestion of (he wheat gerenpe by mulliplyiog the tetal Lo
by the wheat eatio ohituined by the erop meter, Twn stmples, Fsgny of oo gere
b sbee, wore selortd ol rawilont Teo enel el sampled. Thise sanmpbes gave
it basis for enleelding the yield per aere, the pereenl profein, test weishi per
bushel, ns well ga< athor Ginctors,

Axosamn aw thie samgdes were cbiained, they were placee] in ouvelopes aipl
midiead oo el Lihornry whers cuinls, pivasuretents, wolghings, aml
clismiral ot~ were nealie o olupin o e seeue e indiention of the tlis-
TUhe JUI0 predirsesl whegt sueven i Kilsas wis iz provss b thromrele hie eomahd e
elfrts of the Axrientierad Marheling Sermiee, the Kansas State Doned of Agrlealiure, apd
the Kausns Slute College,
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tribution of variclies in difercnt areas, exira samples were taken hetween the
tields snnpled for both guality and veriety.

The percent protgin for ench sample wis tested necording to the Kjelduhl-
Gunning-Aarnold procedure, using a1 onr-graim sampie, tie nilrogen  coutent
being convertnd o protein by meaus of the factor 5.7, ANl prolein results
were reported on the basis of 130 perrent wmoisture ('l ay-Heppensiall) In the
whient.

A owide spreard in the dates of seeldinge last Fall, unfavorable weather ronilitions
during the Falt and early Winter, a wel, vool Spring. coupled with hlnelk stem
rust in seme Helds resulied in grent varciability in yield per aere, percent prolein
content, and test weight per bughe] hotween eountics, hepween fields, wed within
fields. The large number of samples obtained should, however, Tnsure reliable
indications. In a few eounties e feids i not vipen ot Phe same fime and
a fow sunples obfained wore stighily immature, which may possibly resulr do
the samples indieatiog o low test weight. Any bius tdoe o Inumaturily is con-
fined te n Tew fickls, beeause the nwnber of tmmature Gelds siwpled was too
sitall fo alect the guntlly indieatinns miterially.

Kansas— District and State swmmery of ererage prolein cantenl and arverage lesl
weight in (950 and 1039 semples

Number of  Average pro- Average test
i ganipies tein content ! weight

District '

: i B : ! '
]$I»‘!O'} 1939 1040 I 1939 © 1940 1 1039

50,
a6,
8.
ai.
ol
s,
ot
.
37,

West Central .. 1 14
Southwest - ... ._.... .. . 2 115,
North Centrul ... k : L7 14
Central. . Cou0 ) 272 2.7 ¢+ I
South Central . e e L BR 208 L0013
Nurtheast b 126 13
Fast Gentral .- .. ... . A6 5 16 LR
Seutheast._ 200, 48 Lo 1a

.o 202000 1,334 13.0 0 14

Northtwest .. ... .. I . 1 7 5 T I 16,
i

T Gl T

.

7
8
]
2
5
0
1
N
T

IuN (e Ry

i

=
=]

) Do ot inetoda 073 wlHeona) smupbes oblaine] b ossest fo deterntining the distribucden of sorietins
in e lbdurent wreas.
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AN OBJECTIVE METHOD OF SAMPLING WHEAT FELDS Sl

. KANBAS PREHARVEST WHEAT SUMAMARY-—IM0

Percent profein and average fest weight per bushed of wheet as sampled- - county und
district summary 1050

Mrotein ' Tost weighl.

1 3
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Counly nnd distried miles sani-

cent

driven. ples | 0 | _. . bnshel
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HE (Y

Cheyeane, 700 30
Decainr Co. ho La
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leweane L. 1y 0 16,
Newsoooonl . 94 26 L 15,
Seolt L. 77 20 Vo RN
U 6l 24 . 1.
Wallace iy - i . 103,
Wiehita 3 w2 L2t
iFeat Crdentd st} i)
Clark . (2 5
Finpey . . 1IN 15
Fored - 93 - J4i)
Giraned . . . . B 22
Cirwy, R 72 30
fHwmillon N3 14
Hauskell . TS SN AN
Hodaeia . . [T is
Rearny . . . 7 L
Mowede L 47 ! 22
Marion 45 4
Sewnrd . O 28
Sfamtan E I
stevens 17 20
Meandloe st (O3 Nt

Clay . __. . 5o 11
Cloned _ Ni020
Jewel . LA
Mitehell RAN T i)
{harne S RES
Olpwa_ . . . A
Phillipe . b 1
{tepatblic NEG s
ok SR 1
Smith ., . o 16y 16
Wahingian s, 20

S1dd TR B AT R LK H0.
i, [} 0.3 H. 4 als,
6.2 I8 a0 4R 52
15,4 (212 170 R B 4 B R
1 14, a3. 0 BL0 - 5h
17,2 IS.5 0 63 40046 3.
HIR S8 OARH R2T ath
1os b BE 45.0 b,

R
NEs

._:i:-l_-l;-l
WHSTEERL

-

=l
-

-

a7,

oL

i a2,
4L G Gl
48,3 At

- 4.2 1.

. 52,3 N,
WY, - 9.7 0 61l

~l
Lmilmww=mD D

i anfon e ] v SN -RY |
EF RN
HE S Sl L ) (e ) v

ML 2
4i5 0 59, 2
My 2 57,8
L o i
A, 6 HYS
a2 5%,
BEEAR: 3.8
52,2 a4
BYA

L el g 14

-

SN WL WD -
jaeiiat U

3303
e
HE Pt

—

Lo

WM A e T
Rl [ SN B
e |

Gremgim Lz it

§ —
MEEErrn
Lo o W S |

o

ok fma imd bt s e L gt b oy b

DS e G2 G

b

Pl
o
=

E
i
1
|

Bee fuotnotes at eqd of {abile,




82 TECBNICAL BULLETIN 814, U. 8. DEPT. OF AGRICULTULRE

KANSAS PREHARVEST WHEAT SUMMARY—1940—Continued

Pereent profein and average tesl weighi per bushel of wheut as sempled—county
and distriel summary {840—Continued

Protein Test weight
Num-
Roule| her of Per 67 pereent U |Pounds; 67 percent !
County and distriet | miles | sain- 111; TN por range
driven| ples | % bushel
aver- | aver- '
aRe Lower Upper| age |LowerUpper
Nerth Central 234 F14T7 | ... o {10 I RN I
Barton_ . ___._..... 06 24 13158 13.4} 182 | hG. A | 53. 2 59. 8
Diekinson. ... __.. 01 181126 | 1,0 140 | 593 | 85.5 63. 1
TS e | 108 2G | 16.6 | 15.0 | 18.2 | 522 | 48. 2 56, 2
Kllsworth____ _____. 104 157 01 173 | 86.G | 519 GL 6
Liveoltio ool ... 72 1611801 16,8 | 10.2 | 6.2 | 3. 3 59.1
MePherson. . _. 116 26 1 10. 1 901 1L.8} 878 5LT 60. 9
Marion._._.. .. ._..' 8# I8 P10.8 ] B8 {12.8; 545} AL D 62, 8
Rieteee e —o.| 100 22 112,91 10.8 | 15,0 57.0 | 53. 1 60. 9
Rush oo ... 62 IR 3 Ie2 I8 L1880 507 60.3
Russello ... ... ... 104 1811571489 | 6.4 {5881 56,2 6L 4
Baline.____________. 0l 26 1 145 | 12.4 | 6. U] 5% 8 1 630 GL. 6
Central 1,084 1 220 2127 |..___.| . . =579 ]
Barbero ..o ... 105 jol 1125157 57.7 | Bk L8
Comanele. .. _o._ Vi 92 1T IA A | 109 | 8L 3 . 5. 4
Ldwards. . - .. ___ 70 12 1 8 [ 13.3 1 16.3 | 50,7 | &7, . 6
Marper. ... ooy 102 A6 1130 510,90 1a 1, 501 86 .0
Flarvey .o ... .. 55 1S P1L0 9.8.12.2; 601 , .3
Wingman _ . _________ 10 221 12,0 00 141 i 57,0 . .7
Kiowta . cuonoon a_—- 73 18, 15,3 3.6 17,0, 5L 8 @ 47, {3
Pownee ____________ 70 1211584101261 182 33. 8 48 9.4
Pratt ... ..o mmm— 093 I8 1281 1LA ] L1 1520 45 .3
Renoo oo .. 109 22 1 117 G067 188! 598 50 0 (3. 7
Sedewiek. oo ... o] 134 L1027 9.4 1L0 | 596 57.7 iL 5
Stafford.____________ 73 16 1 12,6, 10.3 | 4.0} 57.5 % 53.7 6l 3
Sumper.............] 143 40 ;1207 1L 2 | 112 ) 581 ) b3 GL 9
South Central .1, 0 ! 2 AERD ... .
Atehisono coo.  ooens ;oo 161120 103 13.7 | G3.&; 618 " 630
Brown_ ..., 92 18712281 1L0 [ 146G 00.G | 57.0; 633
Doniphan... .. .. ... 5 8i12.3F w51 151]G0. 0 555 6l A
JaeksoNa e oo Al 200 13,06 1L S} 1a.4 | 60.2] 8706 62. 8
Jellerson. oo oome. A2 221 11,1 | 881134 | 574|521 62,7
Lenvenworth oo _ . -9 220 106G, 89,123 | 59.5: 5801 G2. 9
Marshalle oL oos a5 18] 128107711491 623 60.6 (i, O
Nemaha. oo T 20 1208, 0.4 153 ! 6l ; 58 9 G3. 9
Pottowatomice .. o 126 an ]I 96132, 601 53 0 62, 2
ROV o o 61 001157 0.9] 1811607003 621
Wyandoble ___.__._. a a0 B S £ T R S L . TP B

HBoew footnoles ab e af lalie.
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¢ KANSAS PREHARVEST WHEAT SUMMALY—1940—Contin:.od

Percent protein and uverape lest weighl per bushel of wheal oy sampled-—county
and district swmmaory 1940——Continued
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PROTEIN CONTENT OF WHEAT, KANSAS 1940

As indicated by preharvest survey conducted by Agricultural Marketing Service of the United States Department of Agriculture.
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Within each district and for the State the height of the bar indicates ~ pgrcent Protein (Range)Ejgg_g 109\119]i29)3sl.o|m9lica7 o8 5lee
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WHEAT PROTEIN CONTENT DISTRIBUTION. KANSAS 1940

SUTHEIA LVAEM DNIIINVS J0 JOHILAIN AATIOALIO NV

As indicated by preharvest survey conducted by Agricultural Marketing Service of the United States Department of Agriculture.
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Within each <district - ond for the State the height of the bor indicates the
relative volume of .wheat preduced in~ each test weight group.
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WHEAT TEST-WEIGHT DISTRIBUTION, KANSAS 1840

As indicated by preharvest survey conducted by Agricultural Marketing Service of the United States Department of Agriculture.
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Within each district and for the State the height of the bar indicates 6le3olie8lini |6l |42]32
the relative- volume of wheat produced of each variety.

Percent of Total
WHEAT VARIETY DISTRIBUTION, KANSAS 1940
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As indicated by preharvest survey condueted by Agrieultural Marketing Serviee of the United States Department of Agriculture.
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