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DI]NNE IflILLTAM, Ph " D.

THEORETICAL

ABSTRACT

The UnÍversíty of Manitoba, March L973.

AND PRACTICAI CONSIDERATIONS IN THE SEGREGATION

OF CANADIAN I,üHEAT BY PROTETN CO}{TE}II

MAJOR PROFESSOR: Dr, J. A. Anderson

The objective of this research was to aid in the development of a

system for introducing proËein conËenË as a factor in grading Canadian

wheat. In preliminary sËudies, historical data on carlots of r,rheat

unloaded at mil1 and terminal elevators vrere examined. It was found

that the average protein content of Thunder Bay Unloads was about 0"3%

higher than trrlest Coast Unloads. Reasonably consisËenË differences \¡rere

also observed beËween termínals within each port.

Grouping of carlots according to fixed protein ranges indicated

that the amount of wheat going into each sub-grade and the mean proËein

content of each sub-grade varied considerably from year to year. Never-

theless, division into Ëhree suitable sub-grades would result ín sub-

grade means differing by L"/" protein.

About Ëhis time there rüas a developing consensus that Canadian

wheat should be offered at guaranteed protein levels of 15,0%, L4.0%,

and 13.0% or possibly at L4"5"/", I3"5% and I2"5%" It was found that

sub-grade means of the above proËein levels could be achieved if the

v



protein ranges for each sub-grade v¡as allowed to vary over time.

Current protein testing technology does not permit the testing of

each carlot at Unl-oad Ëime. It was therefore necessary to know in

advance the protein content of each carlot and the proËein range for

each sub-grade so that carloÉs can be objectively segregated by protein

conËent.

IË was found that a protein test made on a rrPrimarytt sample taken

by Ëhe counËry elevaËor agent at the time of loading provided a fairly

accurate advance estimaËe of the protein content of each carlot" About

807" of Ëhe Primary proteins differed by less than 17" protein from

results of Ëests made on the Unload sample taken by Ëhe Canadían Grain

Conrmrission. IË was also found that the mean protein content for each

shipping point, Ëhough not as accuraËe as the Primary proËeín, could be

used Ëo segregate Ëhe carlots by proLein content.

IË was established thaË Ëhe proËein range for each sub-grade de-

pended on t,he mean and the variance of the protein distribution of the

carlots and Ëhe correlation beËween Ëhe Primary and Unload proteins.

IË was found that Ëhe Canadian Inlheat Board by controlling grain move-

ments could affect both the mean and Ëhe variance of the carlots arriv-

ing at unload position" Also Ëhe Canadian Grain Commission, in provid-

ing the proËein testing and grading services, could influence the corre-

la¡ion between Primary and Unload proteins. It was therefore concluded

that protein segregation can only operate effecEively if there 1s a close

co-operatlon between these tr^Io organizaËions.

vl



T. I¡TTRODUCTION

The research recorded in this thesis was begun early in 1969, in

co-oÞeration with the Board of Grain Conunissioners for Canada. to assist

in developing a system for introducing protein contenË as a factor in

grading Canadian r¿heat. Since that time, the Canada Grain Act, which

controls grading, has been eompletely re-written, passed by Parlíament,

and proclaimed on Dec. 18, 7970" The new Act permitted step-by-sËep

inËroduction of new grades, and protein content as a grading factor,

without further recourse Ëo Parliament. The first nehr grade, No. l-

Canada Ì{estern wheat, essentially a combinaËion of the old grades of

Ì.Io. 1 and 2 Manitoba Northern, r¡ras inËroduced August 1, Lg7I, and this

grade was divided into sub-grades of guaranteed protein content, at

Thunder Bay on that date, and at Pacific ports on January 1, 1972. The

remaining new grades v/ere implemented on AugusË 1, L972, and No " 2 Canada

Western, which consists of No. 3 Manitoba Northern and thettbesttt of.'

No. 4 ManiËoba Northern, r^ras segregated ínto protein sub-grades at

Thunder Bay on that date. Thus, as the thesis is being written, Ëhe

objectives of the research have been substantially achieved"

It should be noted that the new Act changed the Boardf s name to

The Canadian Grain Commission, and it is referred to by that name, or

by the abbreviation C.G.C., throughout this thesis.

InteresE in the possible introduction of protein content. as a factor

ín grading Canadian wheat dates back to Ëhe nincteen EwenËies. On

February 16, 1928 Parliament resolved that ttthe National Council of



Lndustríal and ScienËific Research in conJuncËlon with the Board of Grain

0onrnissioners be asked to Ínvestígate and report on the feasíbi1íty of

uËilÍzing Ëhe proLein content of wheaË as a basic factor in grading that

producttr (1). The minuËes of proceedings and evídence and the reporË of

the select standing ConmriËtee on Agricul-ture and ColonizaËion of 1928

shows thaË Ëhe problems and prospects of inËroducing protein as a factor

in the grading of Canadian wheat $/ere exËensively discussed by this com-

míËtee. In 1929, R. Newton (2), then Professor of Field Crops and PlanÉ

Biochemistry at the Uníversity of Alberta, prepared 'ran int,erim report on

protein conËenË as a facËor in grading wheaË" for Ëhe NaËional Research

Council-. This reporË covered an investigaËion of protein tesËing pro-

eedures and relaËed problems in the UniËed States, and also discussed

the possible application of protein ËesËing under Canadian condiËíons"

This report also reco¡mnended that the inquiry should be extended to the

countries to which Ëhe Canadian wheat crop $ras mainly exported. In 1930

Newton (3) reported on an trinquiry in Europe regarding the feasibiliËy

of using proteÍn content as a factor in grading and marketing Canadian

wheattt" On the basis of these reports it was concluded that since it

was probable that protein segregation v¡ould not result in a higher price

for Canadian v¡heats to compensate for the difficulties and costs incurred

ín segregation.

In 1938 (4) the Turgeon Report of the Royal Grain Inquiry Cormnission

Ín discussing protein selection of wheat by Canadian and American



millers concluded thaË, while some prot,eín selection probably occurs

each year it saw no reason for suggesting a change in Ehe existing

attitude towards selecËion, províded the producer was made arrrare of

possible premíums for high protein.

The next reference to protein grading was made by Anderson in

1953 (5). His recornm.endations rvere based on technological demands for

closer control of protein content to meet the needs of an industry

rapidly developing to\,/ards compleËe automation. Anderson proposed

combining wheat of 1 and 2 Northern of over 60 lbs bushel weight, and

dividing this into three proteÍn sub-grades. This proposal was not

implemented, as it was again assumed that protein segregation would

noË result in higher price being paid to the producer"

It was not until the late 1960rs that further interest developed

in this problem. Tn L969 Ëhe Board of Grain Connnissioners made public

proposals to introduce pïotei 
"o.,a.rrt 

as a grading factor. The system

proposed r¡/as simílar to Andersonts, with the emphasis placed on a middle

grade maintained close to the long-term average proËein content of

13"6% with constant upper and lower bounds" IË was at this stage that

Ëhe current research started.

The renewed interest in protein content as a grading factor in

wheat \,Jas activated ín response to the world wheat surplus supply situa-

tion and the ability of other exporËing counËries, such as the United

States, Russia, and Australia to offer wheat of guaranteed protein con-
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tenË for which there appeared to be a market demand.

The increase in the market demand for guaranteed protein content

result.ed from a number of interrelated developments, In many importíng

countries the shortage of foreign exchange has resulËed in policies

aimed at self*sufficiency in wheat production. However, in mosL coun-

Ëries growing conditions are not conducive to the producËion of high

quality, high protein wheat" This results in the need to import certain

Lypes of wheat which compensate for the quality deficiencies of indige-

nous supplies. Since Lhese selective imporËs are usually expensive

there is an í¡rcreased demand for maximum uniformity and guaranteed

qual ity.

FurËhermore, past. graín policies of importing counËries not only

attempted t.o increase domestic wheat producËion but also economically

encouraged the milling and baking industry to make maxÍmum use of

available indigenous supplies. This in turn encouraged technological

developments which would circumvent the quality deficiencies of the

índigenous supplies. Moreover, the economic conditions in the milling

and baking indust.ries r¿ere such that not only were technological deve-

lopments encouraged but they were applied almosL inrnediately in an

attempt to curlail increasing costs. An example of such a technolo-

gical advance is the development. and application of Lhe Chorleywood

Bread Process in Europe in the 1960rs (6)" Such technological

advances are self-energizing and lead to more and more automation of



the industry. Automation in Ëurn increases the demand for unlforrníty

and the need for guaranteed quality in raw materíals.

ThÍs increased demand for uniforrniËy ís further reinforced by a

recent, structural change ËhaL has occurred in the milling and baking

índustry. In some countries bakeries have come under the dírecË control

of the rnilling industry $) " This sËructural change will

likely increase in intensity in the future since it offers Ëhe concen-

tration of purchasing power and easier introduction of technological

innovations which in t.urn increase the demand for uniformity in qual-ity

of raw materials. By the laËe 1960rs the market demand for guaranteed

quality, particularly protein content, had Íncreased to such an extent

Ëhat ít became necessary to offer a proteín guarantee to remain competi-

tive in world wheaË markeËs.

Historically, the quality and uniformity of Canadian wheat has

been conLrolled by an official grading system rvhich operated under the

provisions of Ëhe Canada Grain Act. I^lith the use of Government grades

and sËandards the quality of wheat exported from the various export

posit.ions was extremely uniform for the quality parameters controlled

by Lhe Canadian grading system.

Under the Canadian wheat grading sysËem, the grade to which a parti-

cular parcel of wheat \^/as assigned depended on its bushel weight; variety;

vitreousness; moisture; and Ëhe degree of visual or apparent soundness

and cleanliness. Thc Canada Grain Act specifices minimum or maximum



levels of each of these grading factors for each of the top grades of

wheat. Uniformíty with respect to proteín quality has been achieved

through a control over Ëhe licensing of new varieties under the Canada

Seeds Act, and Ëhrough varietal specificat.ion for the top grades of

wheat under the Canada Grain Act. These specifications have also affec-

Ëed the protein quality of the lovrer grades of wheat because the vast

majority of the farmers grew varieties rrequal t,o Marquisft.

The world-wide reputation enjoyed by the Canadían rtCerËificate

finalrr offers a good indication of Ëhe success of the Canadian grading

system in esËablíshing and mainËaining the quality and uniformity of

export shipments. However, Ëhe Canadian v¡heat grading system has noË

in the pasË expliciËly controlled an extremely important quality factor,

namely, protein conËent. Since the high price that Canadian wheaË

commands on the world market is largely due Ëo the quality and quanËity

of protein it cont"in", its uniformiLy with respect to these parameters

is of prime importance.

The introduction of proLein as a grading factor has presented a

number of problems because of the geographic spread of the wheat grorù-

ing area, the complexity of the collection, transportation, and storage

systems, the roles played by country and terminal elevaËor operators

and the C.G.C" in grading, and the interloclcing responsibílities of the

C.G.C. and the Canadian Wheat Board (C.l4I.B.).

The grain producing arca of Wcstern Canada is spread over abouL

84 nillion acres of the Provinces of ManiLoba, Saslcatchewan and AlbcrËa"
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thís region produces annually about 600 míl1ion bushels of wheat of whích

domestic consumption for food, feed and seed utilizes about 180 million

bushels. The remainder, which ís about 70% of. the wheat produced, must

be exporËed as v¡heaË and flour.

It is hardly surprising that vrheat produced over such a vast geo-

graphic area r¿ould exhibit considerable variability in average qualíty

from year Ëo year and location Ëo locaËion, This is parËicularly true

wiËh qualiËy parameters such as protein contenË which is signifícanËly

influenced by climaËic conditions during the growing season' The geo-

graphic distribuËion of the proËein conËenË of Canadian v¡heat \nias first

recorded by Alcock ín 1925 (7) " Anderson and Eva (B) in L943 presented

a considerable volume of daËa supporting Alcockr s conclusion. These

workers also discussed Ëhe relationship between the protein distribuËion

and climaËic and edaphic factors. In 1969 Martens and Hlynka (9) presented

data on the geographíc disËribution of the protein conËent of the Ìrlest-

ern Canadian r.¡heat crop for each year for the period L927 to 1968" The

above studies showed that the average proËein content of the trrlestern

Canadian wheat c::op varied from a low of L2 "4% to a high of. 15 "2%; ín

most years the average r¿as in the 13 to 14% range. Within each crop

it was demonstrated that the average protein content varied from one

region Ëo another by over 3.0 protein percentage units. Generally

speaking, protein levels ruere highest in the South-central part of the

wheat producing area, and tended Ëo decrease Ëor^Iards the North, WesE
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and East. This geographic variability with respect to protein content

and the logistics of the existing graÍn handling and transportation

system can seriously affect. the uniformity of export shipments.

The following brief outline illustrates the complexity of Ëhe grain

handling and LransporËaËion structures within which protein segregation

must be achieved. Large quantities of bulk grain are collected from

some 1901000 producers into almost 5,000 country elevators locaËed at

approximately 1r800 railway stations. These country elevators, which

are both company and co-operatívely owned, have combined storage capa-

ciËy of abouË 400 million bushels" The functíon of the counËry elevator

is Ëo receive grain from Èhe producer, weigh, grade, and bin it under

Ëhe provisions of Ëhe Canada Grain Act, ship it out in boxcars v¿hen its

forward movement is requested bv Ëhe C.I,il.B. It will be demonstraËed

laËer that the accessibility and proËeín conËenË of country elevaËor

stocks are of considerable significance in Ëhe co-ordinaLion of grain

movemenËs.

The transportation of Western Canadian grain from country elevators

Lo terminal elevators is inescapably tied to rail transportaËion for

tv¡o reasons. First, the distance of 500 to 1,000 miles over which the

grain must be moved is in the range where rail transportation has a

competitive advantage over Lrucking, (10) " Secondly, since grain

transportaËion rates in WesLern Canada are controlled by the rrCror¿s Nest

Passtt agreemenL the rates are low and hence trucking cannot economically

compeËe. The structure of transportation rat.es affects the direcËion of



flow of the grain" This flow is further complicated by Ëhe fact that

there are Lwo railway companies involved each serving approximately

900 stations 
"

In recent years the trBlock Shipping Systemtt was esËablished to facil-

itate the co-ordinaËion of grain movements. Under Ëhis system Ëhe

grain producing area of hlestern canada is divided Ínto 48 rtRailway

shipping Blocksr'. Although these shipping blocks are divíded amongst

Lhe two railvaays on an almost 50/50 basis, one raílway serves a more

Northerly area Ëhan the other. This geographic unbal-ance in the areas

served by each railway combined wiËh the fact that some terminals re-

eeive grain from only one railr^¡ay causes quality control problems,

parËicularly with respect Ëo protein contenË which iËself is geographi-

cally distributed" Hence, transportaËion logistics can significantly

affect the qualiËy and uniformity of the rvheat marketed at the different

export positions.

All Canadian

located at Thunder

and Prince Rupert,

funcLion of these terminal elevaLors is to receive grain in carlots,

and ship out whenweigh, grade, clean, dry and store when necessary,

reques ted .

At Thunder Bay there are 22 elevators with a total capacity of

102 million bushels (11). Thc shipping season from this port is limited

grain exported must move through terminal elevators

B"y, Pacific Coast porËs of Vancouver, Victoria,

or via the Northern route through Churchill. The
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apart from smal1 quantities moved forward to EasËern elevators by rail,

is loaded directly into ocean going vessels at the Head of the Lakes.

At Ëhe Pacific Coast there are 7 elevators with a combined storase

capacity of 28 million bushels" This export route is free from ice all

year round and consequenLly this is the major export route in winËer.

The volume of grain exported through the WesË Coast has increased sub-

stanËial1y in recent years. This has accentuaËed the qualiËy control

problems on exporË shipments for tr¡o reasons. Firstly, some Ëerminal

elevators, because of their country elevator affiliations and their

rail supply areas, receive grain which differs in average quality from

thaË received by other elevators " This is particularly true rvith res-

pect to protein conËent. secondly, hlesË coast elevators have a híeh

handling t.o capacity ratio and Ëhis results in the wheat going almost

directly from the raílroad cars, through the terminals, into ocean going

vessels. Therefore, Ëhe grain receives very 1iËtle rfblendingrt v¡hich

conLrasLs sharply with export shipments via the Eastern route.

to about eight months because of ice, The bulk of the grain from

lake vessel to transfer elevaËors in

overseas markets. The remainder.

Thunder Bay is moved forward by

Eastern Canada and from Ëhere to

ÃL

capacity

Bto10 weeks a year the volume of grain exported via Churchill is

churchill there is only one Lerminal elevator wiËh a storage

of 5 million bushels " Since this port is free of ice for only

rather smal1. The transporËation ratc sËruclure for the one railwav



whÍch serves the Churchill elevator dictates that Ehe

11

grain exported via

wheat producingthís route originaËes in Ëhe Northern portion of the

areas of Saskatcher¡an and l"lanitoba.

Besides the above terminals there are five public interior tenni-

nal elevators sítuated on the prairies aË Moose Jaw, Saskatoon, Calgary,

Edmonton and Lethbridge. These elevaEors provide facilities where grain

can be cleaned, graded, and stored to serve as a reserve to meet unex-

pected surges in demand"

The C"I{.8. is a semí-Governmental trading organizatíon" The pre-

sent Board was established under the Canadian l.üheat Board Act to effect

orderly marketing of trrlestern Canadian grain enteríng interprovincial

and export markets on behalf of trlesËern producers. CurrenËly, the C,Iü"8"

is the sole purchasing agency for wheat, barley, and oats; iË also exer-

cises control over the movement of other grains" Since Ëhe C.I,I.B. has

no grain handling facilities of its own it negotiates an annual agree-

menË r¿iËh the owners of country, termínal and port facilities whích

enables it to use existing facilitíes"

The C.I4I"B., within 1ímits, controls the movemenË of grain from pro-

ducer to exporË position with the dual objective of meeting market

conrnitments with respect to time, location and grade and also of equal-

Lzíng, as far as possible, the delivery opportunities for producers"

Through the use of t'permit boohstrand aitdelivery quotatrsystem the

C.l^I.8. selectively controls the volume, type and grade of grain Ëhat
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a producer may deliver to country elevators. !trithin the framework of

the ttBlock Shipping Systemrf the C.I{.8. controls the forward movement of

the grain from country elevator to the Ëerminal elevators. On the basis

of sales conrnitments and stocks ín transit and in store aË various posi-

tions the C.I\t.8. establishes a weekly shipping programme for each grade

and type of grain. These shipping orders are allocated among the shipping

blocks, and between the grain companies within each block on the basis of

the companies volume of business wíthin the b1ock. trIithin each block the

grain companies assign Ëhe orders to the stations of their choice and

notify the C.9f "B. accordingly. The C,f,ü.8. then Ëransmits the shipping

instructions Ëo the railway companies who ín turn relay Ëhem, and the

necessary boxcars, Ëo the country elevaËors"

I,Ihile protein grading must operate wiËhin the above handling and

Ëransportation sËructure it ís clear that Ëhe system allor¿s the C.I^l .8.

only limited control over grain movements. The C'W.B.ts ability to

effectively market wheat by proËein cont.ent is further confounded by the

following factors" Fírst, the protein contenË of wheat entering a countÐ/

elevaËor can vary by about three protein percentage uníts " Secondly,

the current lack of a quíck, accurate and reliable method of determining

proEein contenË complicates the task of classifying wheat by protein con-

tent as it enLers the country elevator. Thirdly, most of the existing

country elevaLors lack adequaLe storage facilities Ëo separately ttbinrl

wheaL of different protein levels. Therefore, since count.ry elevaËor
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stocks cannot be accurately identifíed and classified with respect to

protein content Ëhe task of controllíng the forward movement of grain to

meeÈ well defined sales conrnitments ís a complex operation.

The C.G.C., \,¡as set up by, and ís responsible for the administration

of, Ëhe canada Grain Act. This Government body regulates and supervises

all aspects of weighing, grading, and handling of grain from the producer

Ëo the consumer. The C.G.C. is responsible for the interpretation and

maintenance of the quality and homogeneity of all grain exported from

canada" TheoreËica1ly, Ëhe c.w.B. can market and move any grain Ít, con-

siders desirable provided that its quality and uniforrnity conforms to the

standards set and maintained by the c"G.c" In pracËice, there is much

cooperaËion and Ëransfer of information between the C.G"C. and Ëhe C"l,t.B.

Protein grading has served to intensify this level of cooperation between

these two bodíes. To effecËively operate protein segregation the C.G.C"

requires detailed data on the protein cont,enL of wheat. To this end the

C.G.C.rs proLein testing facilities have been expanded considerablv and

also extensive protein daËa acquisition procedures have been developed

in conjuction r¿ith country and terminal elevator operators. InIhile such

data is a prerequisite to C.G"C.ts effective operation of protein segre-

gation, it is also of considerable value to Ëhe C.W"B. in co-ordinating

grain movements. In fact, the interlocking responsibilities of the C.W.B.

and the C.G.C. rvill become more and more obvious as the system is dis-

cussed in detail thror-rghout tlie thes is .
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II" LITERATURE REVIEW

A. I.Iheat Quality Crireria

Quality of a product may be thought of as Ëhose properties observed

r¡hen that product is subjected to a specific test. Quality evaluations

are usually in relation to Ëhe end use of the producË. Ifheat quality

has many meanings, since there is virtually no lírnit to Ëhe number and

variety of conditíons and treatments Ëo which wheat is subjecËed during

processing. DifferenÈ types of wheaË are needed for ,r"riotr" end-uses.

The value of a particular lot of v¡heat for each of these end-uses is

conËrol1ed by its genetíc composiËion and the environmental condiËions

under which it is grown.

Traditionally, Canadian Red Spring wheat has been used for the pro-

duction of bakery bread. Importers use Canadian wheat to serve two main

purposes: first., to provide enough wheaË to fill Ëheir domesLic food

and feed requirements and, second, to provide stronger wheaË to permit

the manufacture of the types of flours desired by bakeries. Bakery prac-

tices and flour quality demands vary over tÍme, and from one counLry Ëo

another, and even from one region to another within the same country (12)

Thus, wheat quality requirements vary from time to time and from countrv

to country.

Even within a particular class of wheat, quality depends on numerous

kernel, flour and dough properties, and several mí11ing and baking char-

acteristics each important, in fhe production of bread. Finney and
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Yamazakí (13) conclude Ëhat hard wheats of good millíng quality should

have normal sifËing properties and also gíve a normal yield of flour of

good colour and low ash content. A flour of good quality for bread-

making should have a high water absorpEion, a medium to long mixing re-

quirement, a sma1l to medium oxidation requiremenË, satisfactory mixing

tolerance and dough handling properties, good loaf volume potentials,

and yield a l-oaf of good inËernal crumb, graín, and colour.

shellenberger et al. (14) note ttthere are many differenees of

opinion regarding Ëhe measurement of flour quality. Some consider baking

results, particularly loaf volume, Ëhe major criterion of quality, with

absorpËion values also highly important" ".. others conËend that the

ultinate in qualíty is a soft pliable dough that can be moulded easilv

and that gives a satisfactory loaf volume. often, satisfactory physícal

dough properËies are given paramount consideratíon, regardless of other

f acËors . tf

Protein ConËent and flheat Quality

The importance of proEein contenË as an index of baking strength

of bread wheats, particularly within one class of wheat, has been estab-

lished by numerous researchers and is now widely recognized. The most

cournonly used method of determining protein content of wheat is to deter-

mine its nitrogen content by the st.andard Kjeldahl procedure. The niËro-

gen value obtained from this test is expressed as proteÍn content bv

using a conversion factor. The conversion factors conrnonly uscd are 5.7

B"



L6

or 6.25" The 6.25 factor ís used mainly for feed materials; the custom

apparently originated from early research on proteins of animal origin

vlhich v¡ere found to contain about. 167. nitrogen. For wheat and v¡heat

flour Ëhe 5"7 conversion facËor is conunonly used. According to Tkachuk

(15) the use of this factor ís apparenËly derived from work done by

Osborne in 1907 (16) on the nitrogen contenL of gliadin and glutenin in

wheaË. Recent work, using quantitative amino acid analysis data to

calculate the nitrogen Ëo protein ratio for wheaË gave results close to

the generally accepted value of 5.7 (15, 17,18, 19). Tkachuk (18) re-

ported a value of 5.61 while Eward (19) obtained a value of 5"68"

Clearly, the conversion factor of. 6.25, conunonly used in estimat,ing the

proLein content of animal feedstuffs, ís erroneous for wheat and wheat

products.

In Canada, a nitrogen to protein ratio of 5.7 and a moisture conËent,

of 13"5 is used v¡hen reporting the protein content of wheat. By contrast,

in the United States, protein is usually reported on an ffas istt moisture

basis.

The Kjeldahl meËhod of derermining

quite accuraËe and subject Ëo very good

aËtention is paid to all fhe details of

the protein cont.ent of r¿heat is

reproducibility when careful

the procedrr" 
, 

(20-26). Over

Ëime several simpler and more rapid methods of determining protein con-

tent have been developed. For wl-reat and similar products Ëhe more applÍ-

cable of these methods include; Udy dye binding nethúd (27, 28,29),biu-

reL method (30, 31); and more recently the light reflectance method, the
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rfNeotec Grain Qualíty Analysert' (32) 
"

and are calibraLed againsÈ the Kjeldahl

results Ëhat correlate very highly (.90

Kjeldahl they cannot be reconunended as

under circumstances where a fev¡ tenËhs

ficant.

All these methods are empirical

. Although many of them yield

or greater) with those of the

an alternative to the Kjeldahl

of a percent protein are signí-

Research has shown that the error associated r¿íth the K'i eldahl pro-

Ëeín test is quiËe small; for ground wheat or flour the standard devia-

tíon varíes from about .08% to "15% proteLn (20-26) " However, Híldebrand

and Koehn (33) conclude that, although the Kjeldahl test is quite pre-

c.ise, the determination of the protein content of bulk wheat is influ-

enced by numerous acËual and potential sources of error. These workers

found thaL for bulk wheaË, Ëhe errors associated with sampling, cleaníng

and grinding were greaËer that the errors associated wiËh the actual

protein t.est. For the protein determination of bulk rrheat a st.andard

deviaËion of .3O7% was obtained" This is a sizable error which assumes

considerable significance in the segregation of wheat by protein content.

I,Ihile accuracy and precision are extremely important in ooeraLions

such as the segregation of wheaË by protein contenL ot,her factors must

also be considered. An important aspect of any f:esting procedure, under

practical grading conditions, is the rapidity with which the test can be

performed because testing cannoL interrupt the flow of grain.

For the product.ion of yeast leavened bread, flour with a proËein

content of at least 1I7. is usually preferred" To produce such a flour
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the wheat must have a proteín content of at l-east f2% G4). Flour pro-

Ëein content is an extremely important flour property because most other

properties are in one \¡ray or another a functíon of proteín quality (13).

Pomeranz (35) noËes 'rshort of the baking test itself, deËermination of

proËein content of wheat or flour is considered one of the best síng1e

tests of breadmaking potentialities "rt

Larmour (36) in 1931 obtaíned a correlation of .9 beËween loaf

volume and protein contenË of Canadian Red Spring r¿heat grovrn Ín one sea-

son. Using composite samples representing the normal proËein range, he

concluded that the regression of loaf volume on proteín conËent \nras

línear within the range of 7% to 15"9% protein" Aitken and Geddes (37)

ín 1934 usÍng Canadian flour, rather than wheat, found the relation be-

tvreen loaf volume and proteín content \,¡as approximaËely línear over Ëhe

range of 11"4% to 15.7% protein. McCalla (38) also investigated the

relationship between loaf volume and protein content " His data were

obËained over four years, L935 to 1938, from: field sample surveys;

fertílizer experiments; and replicated yield trials throughout Alberta.

McCalla reported that loaf volume was highly correlated (r = .9) with

wheaL protein content, but the increase in loaf volume per unit increase

in protein content varied significantly from variety to variety. Finney

in 1943 (39) developed a fractionation and re-constituting technique

whereby factors of soil and climate were eliminated. He studied the

relationship between loaf volume and protein contenL over the ranøa of

0 to 20% protcin, using varietics of wheaË which <liffered in protein
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quality. This work showed that the relationship between loaf volume

and protein content vras linear betr¿een the limits of. 7% and 20% protein.

Below 77. fÏl.e relation r¡as curvi-linear, all curves meeLing at 0% protein

and 275 cc. loaf volume. This work also demonstrated that the slope of

Ëhe regression line was a varíetal characterisËic. Finney and Barmore, Ín

1948 (40) suggested that regression analysis could be used for correct-

ing the loaf volume of a given sample to a constant protein basis" Thus,

making the comparison of Ëhe loaf volume potentÍa1 of different varieties

simpler" More recent studies by Bushuk et al. (41) shor¿ed that the re-

l-ationship between protein content and loaf volume \^ras essentially linear

for two varieties grown in a crop nursery in 1967 " Baker et al. (42)

invesËigated the relaËionship among quality traits ín wheat using over

20 cultivars grolrn at 15 locations in LdesËern Canada over Ëhe five years

1965 to 1969. These workers concluded Ëhat protein cont,ent vras an im-

portant parameter in predícting loaf volume.

Since bread is normally sold on a weight basis, rn/ater absorption

is of consíderable importance in determining bread yield. Finney (43)

defines conrnercial baking absorption as the maximum amount of water that

can be added to flour and yet yield a dough of a consistency that can be

conveniently and efficiently handled by bakery equipment. It has long

been established that baking absorption of flour depends to a large ex-

tent on its protein content. Finney (43) using flour from 10 pure

varíeties of hard red winter wheat, grorùn in widely different environ-

ments over the five years 1938 to 1942, found absorpEion to be essentíally
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a linear function of proteín content within a variety" However. oËher

factors such as starch damage and soundness also influence $/ater

absorption (44, 45).

In mosË modern cereal chemistry laboratories t.he v¡heat quality is

evaluated largely by subjecting wheaÈ flour to several physícal testing

devices which measure various rheological properties of dough. The

sÍgnificance of rheological properties of dough at each particular step

ín the breadmaking process has been described in deËail by Hlynka (46) 
"

Instruments developed to study the rheological properties of dough also

provide ínformation on such properties as ürater absorption, optimum

mixing Ëime, and mixing tolerance" These insËruments have become almost

a necessity for the efficient operation of a modern mechanized bakery.

In many counËries dough testing equipment such as the farinograph,

alveograph and extensimeter are used exËensively Ëo test Canadian v¡heat

imported for blending with domestic supplies. Aitken et al. (47) in

1944 studied Èhe effect of protein contenL of Irrestern Canadian wheaL

on farinograms) extensograms, and alveograms and found that. all curve

dimensions were directly correlated with flour protein content, except

alveogram height \47ith r,/hich there r{as an inverse correlation, More

recent studies (4L, 42) also showed that most of the parameters measureci

by dough testing equipment are significantly correlaLed with protein

content "

Many countries import large quantities of wheat to fulfill both

quant.lty and quality dcrnands. Traditionally, Canadian red spring wheaË
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has been imporLed by many countries for blending with 1ow quality domes-

Ëic supplies" Aitken et al. (48) in L946 studied the suitabílíty of

Canadian wheat for blending with European and other soft Ì.rheaËs. This

research showed that Canadian wheaË of highest protein content v¡as most.

effective in increasing the loaf volume of the blend, and that a straight.

line relationship exists beËween loaf volume and the percenËage of Cana-

dian wheat in the blend. It was also demonstrated thaL there r¡ras a

steady increase in i¿aËer absorpt.íon, and an improvement in crumb coJ-our,

wiËh íncreasing additions of Canadian wheat, and Ëhe higher the wheat

protein conËenË, the better the crumb score. Crumb texËure and Ëhe

handling properties of the dough r¡rere greatly improved in blends con-

taining Canadian wheat of over L2% protein conLent" Shellenberger et a1.

( J4) in 1969 investigated the value of North American wheats for blend-

ing with a number of European wheats. This study reported that North

American v¡heats improved the performance of almost all soft wheat flours.

However, with hard-wheat European f1our, a protein content of at least

L2% ín the supplementing wheat was required for systematic improvement.

In general , an increase in loaf volume and other improvements \nrere cor-

related with the protein content of the b1end.

c. Protein Variation in Canadian Wheat

It has long been recognized that the protein content of wheat varies

considerably and depends mainly on the climatic and soil conditions under

which it ís produced. The first recorded reference of the variability
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in the protein content of Canadian wheat appears to be that of Alcock

ín L925 (7). Alcock, over the 5 years 1920 to 1924, obtained data on

the protein content of just over 1,000 carlots of wheat which originated

at various poinEs in the provinces of Manitoba and Saskatchewan. This

data clearly demonstrated that in almost any croP samples may be found

which contain anywhere f.rom 9% to L7% protein. Alcock observed Ëhat the

híghesË proËein ¡,¡heat v/as grohrn in the central and southern portions of

T{estern Saskatchewan and the adjoining areas of Al-berta, while Manitoba

wheat was quite 1ow in protein content. lle also demonstrated ,that the

protein conËent of a districË varÍed significantly from year Ëo year;

and noted Ëhat it was noË uncontrnon to find carlots of v¡heat shipped in

Ëhe same season from the same country elevaËor differing in protein con-

tent by as much as 4%.

These findings hrere expounded in a comprehensive study covering

the 12 year period L927 to 1938 by Anderson and Eva (B). This report

contained maps, based on 3,000 to 10,000 samples, showing the distribu-

tion of protein content for the ülestern CanadÍan wheat for each of the

12 years studied. In these twelve years, Ëhe annual mean protein content

varied from a low of 11.4 in 1927 to a high of 14"9 in L936. This study

emphasized the similarity between maps for protein conËent, soí1 and

natural vegeËaEion; thus the higher protein levels occurred in the south-

cenLral region on brown soils developed under true prairie, and proteín

levels decreased as orÌe moved towards the periphery of the crop-growing

alrea, through bush country to forested areas, through the black to rhe
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Etey c and grey wooded soils.

A more recent report by Martens and Hlynka (9) in 1969 examined the

protein content of Canadian wheat for the 42 year period of 1927 to 1968.

This report shov¿s that the average protein content of índividual crops

varíed from a low of 7L"4% in L927 ro a high of 15 "l% ín Lg4r" The long

term average protein conLent for trrlestern Canadian wheat including a1-1

years was 13.6%. This study also shov¡s that despite the fairly wide

variation in protein contenË, and the shifting of protein zones, from

year to year the general- protein distribution paËËern observed in the

earlier studies does exÍst.

Paul and Anderson (49) investigated the relationship between protein

content and rainfall disLribution. This sËudy was limited to a relatively

small area on the brov¡n soils in South ïIestern Saskatchewan for which

climaËic data for six stations r¡/ere available for the years L927 to 1940.

For each of these weather stations there v/as an average of 19 protein

samples available for each of the 14 years studied" This v¡ork showed

thaË when the effects of years and stations r¡/ere removed that 34% of t},e

variability in protein content could be explained by the rainfall data.

Above average rainfall during the growing season generally tended to

reduce protein content, but this tendency was much more pronounced during

April and early May and during the latter part of July.

A number of stuclies shor¿ that facËors other than rainfall influence

Ëhe protein content of wheat. Newton and Malloch (50) in 1930 shorved

that considcrable variation existed in the protein contenL of wheat grorvn
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in a leve1 and apparently uniform field of a few acres. These vrorkers

observed that the average spread between high and 1ow protein plots

within a varieËy was 3.2% proteín; the spread varíed from a Low of 2"2%

Ëo a high of 4"9% protein" They also found that the average difference

bet¡¡een the highest and lowest variety was 2.37" protein which was signi-

ficantly lorver than the variabiliLy from plot to plot within a varieËy.

Levi and Anderson (51) in 1950 outlined four sources of variation in the

protein contenË of wheat: 1) The variation that occurs among the protein

contents of individual kernels within each plant " 2) The variation that

occurs among the mean protein contents of closely adjacent plants of a

single variety grovrn in essenLially Ëhe same environment. 3) Variation

Ëhat occurs in Lhe mean protein contents of Ëhe same variety grovrn under

widely differenË environmental conditions " 4) The variation thaË occurs

among the mean protein contents of lots of different varieties grovrn

under essentiallv identical conditions. These rvorlcers concluded that a

range of at least 6% in protein contenL can be expected for individual

kernels of a single head. This source of variation is obviously of major

significance wiLh respect to sampling bulk wheat. Within a single plant,

Èhe average protein conËent of individual heads had a range of 1.7% or

greater. The

McKercher (52)

differences in

any one field.

protein conLent of one variety had a range of. 2 "7% units 
"

in 1964, reporting on a 6-year field stucly, showed that

protein content of wheat of over 7% can be found within

This within field variation Ì,¿as attributed to changes
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in soíl- profíle and associated microclimate. Briggs et

a range of protein from I0.3% to 16.5% f.or a single crop

variety gror,rn in a wheaË breeding nursery. I{hile it is

nízed that envíronment exerËs a strong influence on the

of wheat, a recent report shor¿s that a genetic source of

wheat is avaílable (54) 
"

a1. (53) reporËed

of a single

generally recog-

protein content

high protein

The above studies clearly demonstrate that there is considerable

variabiliËy in the protein content of wheat even within a small area.

Varíability of Ehis magnitude obviously affect the efficiency wiËh whích

bulk wheaË may be sampled for proteín Ëesting purposes. The accuracy

with which the protein content of a parËicular lot of wheat can be deter-

mined is of eonsiderable significance in the selectíve control of wheaË

movement and ín the protein segregation of carlots at terminal elevaËors 
"

DespiËe the wide variation in the protein content of wheat produced

in Canada there has been no direct effort made to control it. Indirectly,

some control is exercised through the wheat gradíng system which provides

minimum levels for kernel vitreousness in the top grades.

Shollenberger and Kyle (55) studied the relaLionship beLween kernel

Lexture and the Protein content of 1,290 samples of hard red spring wheat

crops from 1915 to 1923" These samples covered 29 varieties and l¿ere

collected over 4 crop years in NorËh I{estern United SËates and Canada.

correlation coefficient of .54 and a standard error of estimaËe of

.7 i¿as found" It was concludcd that although the highest percentage

darlt lcernels tended to be distributed about a high mean protein conËcnt

tI
of
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there was v¡ide variation in the protein content of samples having a given

percentage of dark kernels. Mengels and Sanderson (56) reported similar

results on data collected in annual protein surveys made in North Dakota

for Ëhe four years 1922-25. The correlations obtained in this study

range from.07 to "66" IË was concluded thaË Ëhe 1o¡¿ correlation of "O7

reported for the L923 crop was due to the facË that many of Ëhe samples

r¡rere hreather damaged. Coleman et al. (57) sËudíed the relat,ionship be-

tween kernel texture and protein content for about 100 samples from both

the L923 and 1924 hard red spring wheat crops. The correlation between

proËein contenË and the percentage of hard vítreous kernels was "64I in

L923 anð.398 in 1924. These workers concluded that the percenËage of

dark and hard kernels was assoeiat.ed with high protein conËenË buË it

r^ras not a reliable measure of the protein content of wheaË. Moreover,

the correlation between kernel texture and baking strength, as measured

by loaf volume, r¡Ias not significant. Newton and Malloch (50) in 1930

examined the relaËionship betrveen Ëhe protein content of individual

varieËies and the percentage of vitreous kernels, and concluded ËhaË

Ëhere r¡ras a lack of a clear-cut relationship between these two qualíty

factors.

Aamodt and Torrie (58) in 1935 examined the relaËion beLween kernel

texture and protein content within populations from certain crosses. A

strong positive relation between vitreous kernel texture and hígh pro-

tein content r^ras found for several series of crosses.

The correlaEion between the percentagc of hard vi¡reous lcernels and
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proteín contenL may be relatívely high for pure varieties grown at one

location. However, it can be appreciated Lhat when r¿heat of different

varieties and from different fields ís mixed in counLry elevators that

Êhe kernel vitreousness of a sample taken from a carlot of grain shipped

from these elevators will be a relatively poor index of íts protein con-

tent. Therefore, the grade specification requiring a minimum percentage

of vitreous kernels in the top grades of Canadian wheaË is probably only

effective in keeping very 1ow protein samples ouË of these grades " More-

overe Anderson and Eva (59) have suggesËed that the relative ímportance

of vitreousness and other grading factors vary from region to region of

Ëhe producing area"

D" Protein Quality and hlheat Quality

It is generally recognized, that wheat flours that contain the same

amount of protein may perform differenËly in baking. This dífference in

baking performance is usually attributed to protein quality. Ilheat pro-

tein quality is involved with Ëhe physical rather than the nutrítional

characteristics of the end producË produced from it. These prot.ein

quality criteria are related primarily to the gluten portion of the

flour protein (60).

McCalla (38) in 1940 found that Ehe regression of loaf volume on

protein content. varied enonnously from one variety to another. He attri-

buted this difference to the protein qualíty of the variety which \,ras an

inherit.ed varieLal characteristic, Finney and Barmore (40) suggested a



2B

method of comparíng the relative proËein qualíty of dlfferenL varieEies

of vrheat by adjustíng the loaf volumes to a constanE protein level by

means of regression lines. These workers found that loaf volume level

for differenË varieties at 13"5% protein varied from 823 cc. to 1015 cc.

This represents a difference several times that required for staËistical

signifícance. Fifield et al. (61) examined a large number of samples

of L0 varieties of wheat grovrn in four crop years under a r¿íde range of

clima¡e and soi1. They concluded that Ëhe relaËionship between loaf

volume and protein content for each variety was linear and thaË the re-

gression lines \¡rere essentially the same for the four years. However,

Ëhe level of Lhe regression lines differed significantly indicaËing

differences between varieties in protein quality"

Historícal1y, many attempts have been made to determine the funda-

menËal nature of quality in wheaË proteins " In 1907 Osborne (16) frac-

tionated and classified the proteins of wheat on the basis of their

solubility. He classified Ëhe proteins into four major groups: 1) waËer

soluble proteins or albumins; 2) salt soluble proteins or globulins;

3) alcohol soluble proËeins or gliadins; 4) proteins soluble in dilute

acíd or base, the glutenins" Osborne reporËed the two main groups,

gliadíns and glutenins, Ì¡rere present in about equal amounts and together

constiËuted about B0% of the total protein of wheat flour.

Since 1907 nurnerous researchers have attempted to establish a rela-

tionship between individual components of wheat, protein and breadmaking

potentÍal. Today it ís generally recognized thaË breadmalcing qualiLy
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ls related primarily to the water-insoluble proteins of flour which are

collectively known as gluten (60).

In recent years many attempts have been made to correlate baking

quality with individual component.s separated by chromatography and

electrophoresis. Although marked differences in pat.terns have been

observed by these techniques no direct relationship betr,reen particular

protein bands and breadmaking qualíty have been established (60, 62, 63,

64) .

Although there is a consíderable difference in the protein quality

of different varieties of wheat, r"rheat is seldom marketed on Ëhe basis

of an índividual variety. IË is conrnon practice to use class or grade

specifications which accepË a group of varieties of similar qualÍty

characteristics. This means ËhaË unÈil a simple, instant, and accurate

quality tesË is developed, desirable varieties must have readily disËin-
t

guishable kernel characteristics to enable the grain inspector Ëo make

the proper classification. In the Canadian wheat grading system protein

quality of Lhe top grades is controlled by the varieËal specification

of ttMarquis or any variety equal to Marquis"rt FurËhermore, new wheat

varíeties are subjected to a rigorous testing prograntrne, to ensure the

breadmaking quality and kernel characteristics are of a desirable type,

before they are licensed for sale as seed.

Differences in the protein quality of wheats that Ërade in volume

on u¡orld markets appear to have decreased. This can probably be ex-

plained by Ëhe íncreasing efforts being made by most countries to replace
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lnferior varieties with better qualiËy ones and more rigid tesËing of

new varieties before they are released. Finney and Bramore (40) con-

cluded that the better hard red winter varieties are equal to hard red

spring. These workers attributed observed differences in the flours from

these classes to the normally higher protein contents of hard red spring

wheaË 
"

A recent sËudy investigated the relative value of U.S. hard red

spring and hard red winter wheats and Canadian red spring v¡heaËs as sup-

plements for I,Iestern European wheats using four different baking proce-

dures. It was concluded Ëhat hard red wínter wheats and hard red spring

wheaËs \,rere egually effective on a per unit protein basis (14).

E. l{eight Per Unit Volume and hlheat Quality

Any attempt to segregate wheaË on a protein basis musË take into

consideration the possible effect of this segregation on weÍght per unit

volume, which is one of the most widely used and símplest criteria of

wheat qualiËy. In Canada, the weíght per unit volume determination is

made with an imperial pint and a Cox funnel Ëo give uniform packing.

The grain in the measure is leveled with a round sËriker. The weight

of the grain is multiplied by 64 and the resulLs are reported in pounds

per Imperial bushel (65) . In the UnÍEed States test weight per bushel

is expressed in terms of the Ï^IinchesËer bushel which is only .969 of the

Imperial bushel. In countries using the metric system the weighË per

uniË volume is in Ëerms of kilograms per hecËoliter, whÍch ís L"247
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Ëlmes the value of the weight per imperial bushel (34).

t{eight per bushel is importånt chiefly because it has long been

regarded as a general index of the flour yielding capacity of wheat.

Very low test weighËs generally indicate shrivelled kernels which.result

from adverse conditions during kernel rnaturation" Shrivelled kernels

produce less flour when mi11ed, because the ratio of endosperm to bran

ís lower. The Canadian wheat grading system specifies a minimum bushel

weight for each grade.

Mengels and Saunderson (56) found a correlaËion coefficienË of

.1- t.762 beËvreen test weight of wheat and flour yield. Similar values

have been reporËed by other workers using laboratory mills (66, 67) 
"

Shuey (68) in 1960 found a significant correlation between test weight

and flour yield using several commercial mills, buË concluded Ëhat test

weight T/ùas an inaclequate measure of flour yield.

Finney and Yamazaki (13) maintain tr. . . neither flour ash nor flour

yield can be properly assessed or evaluated without a knor¿ledge of ker-

nel plumpness, usually indicated by weight per bushel.rt However, ZeLeny

(34) concludes rrThere seems to be considerable evidence that above 57

pounds per bushel test weight has relatively litt1e influence on flour

milling yield. At lower weights milling yield usually fa1ls off rather

rapidly with decreasing tesL weight..rt

Swanson (69) in 1938 observed that plumpness and shape of kernels

were the principal factors influencing test weight. This author con-

cluded that any factor which influences the flow of wheat into the test
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kettle would affecE the packing density and hence test r¡/eight. Swanson

and Pence (70) found that the amount of moisture in the grain influences

tesË weight. A progressive decrease in test weight !üas observed with

each increase in moisture content. It was concluded that part of the

decrease in test weight was due Ëo Ëhe lower specific-gravity of water

compared r,¡ith v¡heat and part v/as due to swelling afËer absorption.

Furthermore, it was observed that after dry v¡heat vras wetted and then

re-dried ít did not regain iËs original tesË \^IeighË" The apparenË

reason for this decrease in test weíght is the inability of the kernel

to contract afËer swelling and a decrease in kernel density through

internal fissuring and roughening of the bran coat (7I, 72).

Hlynka and Bushuk (73) concluded that the tr¿o main factors deter-

mining vreight per bushel are packing density and the density of the

grain iËse1f. Packing density depends on kernel shape and uniformity

of kernel size and shape. The condition of the kernel surface and the

presence or absence of a brush and exposure to wetting and drying after

maturaËion also influence packíng density (69) " Moving grain polishes

Ëhe kernels and allows t.hem to pack tighLer in the test kettle and hence

Ëends Ëo increase bushel rveight (68, 69) " However, these changes do noË

alter flour yielding capacity. Anderson (74) reported Ëhat kernel den-

sity remained essentially constant for hard red spring wheat of constant

moisture and ranging in bushel weight from 53-66 lbs. IË was concluded

that for such samples bushel weight is essentially a direcL measure of

packing efficicncy but that lcernel densiLy becomes a sÍgnificant facËor
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ln the bushel weight for different classes of wheat.

A number of investígators have studied the relationship between

protein content of wheaE and test weight per bushel. Davidson and

Le Clerc (75), reporting on a 1917 nitrogen fertllLzer field experiment,

found no relationship between the prot.ein content of r.¡heat and Eest

weight per bushel. Bailey and Hendel (76) collected over 300 samples

of v¡heat from the red spring wheat area of the Uníted Stat.es in each of

Ëhe tvro years L923 and 1924" A sma11 negative correlation betvzeen pro-

teín content and test weight was found for the 1923 samples, and a small

posiËive correlation vlas found for the L924 ðata. However, when the

daÊa for the two years were combined a signíficant positíve correlation

of .51 v¡as obËained. The significant correlation between these two

parameËers fo:: the entire data was attributed to the effect of combining

low protein lovr bushel weight data for one year with high protein high

bushel weight data for the next year. Mengels and Saunderson (56, 77)

reporËed both sma11 negative and smal1 positive correlations betv¡een

protein content and bushel weight for samples from individual crops be-

trveen 1916 and L924. Shollenberger and Kyle (55) examíned the relatíon-

ship between test weight and protein content for I,290 samples of hard

red spring rvheat collected from a large area of Lhe United States be-

tr¡reen 1915 and 1923. For th'e entire data a correlation of -.215 was

obtained between these tr,ro parameters. These worlcers concluded that

the relationshíp between protein content and bushel weight was curvi-

linear. For wheats weighing more than 54 pounds the relationship was
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negative, and for those weighing less than 54 pounds Ëhe relationshíp

vras posit.íve. These workers also noted that vrheat belor^¡ 54 pounds se1-

dom occurs unless injured by rust r.¡hích depresses both the protein con-

tent and bushel weight" Bushuk et a1" (41) examined the relationship

between protein content and ot,her wheat qualíty paramet.ers for one

variety grovrn in an experimental field at the University of Manitoba

for the Ë\,ro years 1966 and 1967. In 1966 a significant positive corre-

laËion of .27 was obtained beËween protein content and bushel weight,

while ín L967 a non-sígnifícant correlation v/as found between these two

quality parameters. Baker et a1" (42) studied over 20 culËivars gro\,/n

at about l-5 locations in Western Canada over the five years 1965 to

1969 and found a non-significant relationship between protein content

and bushel weight.

Publíshed data on the relationship between the protein content and

bushel weight of commercial Canadian vrheat appears t.o be lacking. Data

published in the Grain Research Laboratory annual reports (78) indicate

Ëhat wheat from the lor¿ protein areas of Western Canada tend to have a

higher than average bushel weight, while rvheat from the higher protein

areas tend to have a lower Ëhan average bushel weight. Shollenberger

and Kyle (55) found thaË a negative relationship exists beËween protein

content and bushel weight for wheat of over 54 pounds. If these find-

ings are applicable under Canadian conditions, then it is realistÍc to

expect that a negative relationship exists betr^¡een these quality para-

meters for conrnercial Canaclian r¿heat becausc all wheat entering the
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t,op grades must exceed 54 l-bs" bushel weight. The effect of such

relationship will certainly have to be consÍdered in Ëhe segregation of

Canadian wheat by protein conËent.

F" Moisture Content and Ï,lheat Quality

Moísture content. is an imporËant factor affecting the qualify of

wheat since the moisture itself has no coûtrnercial value. Moisture

Ëent ís also of great significance in that iË affects Ëhe keeping

of wheat. Under practical storage conditions moisture conËent is

the principal factor governing Ëhe keeping quality of wheat (79) 
"

difficult Ëo set precise moisture limits for safe storage of wheat

con-

qual ity

usually

ïË is

or to

predict accurately how rapidly the quality will deLeriorate aË any gíven

moisture level. However, near Ëhe criËical moisture level of about 157",

small differences ín moisture conËent make relatively large differences

ín keeping quality (34).

ldhen grain contains excessive moisture its respiration rate in-

creases. When respiration proceeds rapidly enough to produce heaË faster

than it can be dissipated, the temperature of Ëhe grain rises and heat

damage may occur. It is now known that the heat produced in stored,

damp grain is due both to the respiration of the grain itself and to the

growth of fungi and insects (80). Furthermore, moulds and insects that

develop under such conditions often produce odours, which if strong

enough may be carried over into the flour (81).

Excessive moisture can be rcmoved by artificial drying, but this
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musË be carefully controlled as heat damage can easily occur. Excessive

heat, resultíng from eiËher artíficial drying or from spontaneous heaL-

ing may injure the gluten quality of wheat (81, BZ) " Damage from exces-

sive heaË is usually recognized by díscolouration of the kernels buL

this is not always so (82).

I,ltreat Ëhat is Ëoo dry also has some disadvantages " VerT dry wheat

Ëends to be brittle and to break easíly in the handling operation. Thís

is particularly true when wheat is artificially dried (34) " Broken ker-

nels are removed in cleaning operaEÍons and Ëhereby result in an economic

loss. Another disadvantage of very dry wheat is thaË it is difficult to

temper ít to the optimum moisture level required for rnilling (81) 
"

The Canadian wheaË grading system considers moisËure content in

establishing the grade of a particular 1ot of wheat" WiËhin each grade

Ëhere are three sub-grades for moisture contenL: straighË, tough, and

damp. Samples of. L4.5 percenË moisture, or less, are classified as a

ilstraight grade.rt If Ëhe sample exceeds 14.5 but is noË above L7 "0% Lt

is graded as ít would have been otherwise except that the suffix trtoughtr

ís aËtached. If above L7% ít must be described as rtdamprt (83). Damp

graín is almost invariably dried before sale. Tough grain may be sold

ttas isrr. It may be blended with dry grain to reduce the average moisture

congent of the blend to a safe 1evel for storage and shipment; or iË may

also be subjected to artif icial drying. From a commercial viewpoint,

grain must be dry enough to ship and store safely.
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G. Soundness and Ílheat Quality

I^Iheat may be damaged from many different causes occurring in the

field before harvest, during harvest, or during subsequenL processing

and handling. Two types of damage oft.en encountered in Canadian wheat

are frost damage and inrnature kernels. The affect of frost damage is

difficult to access because Ëhe attack may occur at various stages during

growth, and to varying extents.

Nev¡Ëon and McCalla (84) sËudied the effect of frost on wheat at

progressive stages of maturity and found ËhaË frost exposure reduced

flour yield at all stages of maËurity, Ëhe reduction in yield being

roughly proportional to the irnrnaturity of the sample and the severity of

the exposure" Flour yield from mature frosËed samples r,,ras slightly but de-

finitely lower than from comparable unfrozen checks. The baking quality

of unfrozen checks was relaËively high, even r^rhen the wheat v¡as cut v¡hile

in¡nature. Frost exposure reduced the quality of irmnature samples in

proporËion to the irmnaturity of the grain and the severity of the expo-

sure, but had 1ittle effect on mature samples. Furthermore, flour from

imnature, frozen samples deteriorated in storage more rapidly than did

flour from unfrozen checks " These worhers concluded that, in grading

frosËed and inrnature rvheat, the reduction in flour yield \^ras proportional

Ëo Ëhe reduction in wheat grade, but the reduct,ion in baking qualiEy rvas,

on average, less than anticipated from the grading results. Malloch et

al. (85) in 1937 examinecl the quality and grading of frosted wheat. Sam-

ples from anuual surveys of the 1950 to 1935 WesLern Canadian wheat crops
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?¡ere segregated int.o three main categories; írmnature, heavily frosËed,

and bran frosted. These researchers found thac the greatest decrease

ín flour yield for a unit increase in damage r¿as obtained with in¡nature

kernels, fol-lowed by heavily frosted, while the effect of bran frost

was negligible. They concluded that for bulk lots, grade is a fairly

good index of milling quality but a reraËively poor index of baking

qualíty. However, 60 to 9ff/" of. the variance in loaf volume could be

predícted from a knowledge of the proËein content and the percenËage of

bran frosËed, heavily frosted, and ínrnature kernels in the sample..

The milling of frosted v¡heat presents many difficulties. The bran

is brittle and powders up on the break rol1s causíng the flour t.o become

dark and specky. The middlings possess a fibrous Ëexture and do not

reduce easily; ash content of the flour tends to increase and vield

decrease (7, 86) .

Anderson (86) Ín 1950 concluded Lhat frost damage and irnrnaturity

lower the quality of the protein of wheat enËering the lower grades of

Canadian wheat., and consequently'decreased the relationship beËween loaf

volume and protein content. FurËhermore, frosted wheat showed hisher

Þ7aËer absorption than normal but Ëhis v/ater was lost during fermentation

resulting in a slack dough that was difficult to handle. There is some

evidence that severe frost exposure while the grain is iunnature damages

the protein of wheat by interrupËing the synËhesis of Ëhe protein (34).

This may explain, in part, Ëhe decrease in Ehe correlation between loaf

volume and Kjeldahl protein conLenË with decreasing grade.
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Irvine (87) i.n L964 examined the effecË of dark iÍmature kernels

on milling and baking quality and found that heavily frosted, ínrnature

wheat markedly degraded flour colour, and crumb colour in the bread.

AnoËher type of damage occasionally encountered in Canadian wheat

ís sprouËing. Wet weather at maturiËy may lead Ëo sprouting, which

reduces flour yield and results in a flour of high alpha-amylase activity.

A small amount of alpha-amylase activity may be desirable but excessive

act,ivity severely damages breadmaking quality (34). When Ëhe activity

of this enzyme is Ëoo high, more starch is broken down into dextrins and

sugars during the proving of the dough Ëhan is necessary for fermenËa-

tion; Lhis reduces the effective r,,raËer absorption and results in a loaf

of poor Ëexture (45, 81). Sound flour does contain some alpha-amylase

activity but this is much less Ëhan that observed in unsound flour or

flour made from partly sprouted wheat (45, B0). Even if visible sprouË-

ing does not occur the alpha-amylase 1evel may be considerably elevated

as a result of wet harvest conditions. Thus the activity of this enz)¡me

cannot be readily est.imated by determining the percentage of sprouted

kernels (34) " Excessive alpha-amylase activity is a qualíty complaint

greatly feared by millers in Europe, especially Britain (12).

On occasion Canadian r^¡heat contains large or small amounts of shriv-

elled kernels. The principal factors invariably involved in this rvDê

of damage are drought and rust. Kent-Jones considers (Bl) drought wheat

Ëo be essenËially sound but of low bushel weight !/ith high protein con-

tent and baking strength. Low flour yield and yellowness of the flour
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and crumb are the only undesirable features of this kind of r,¡heat.

Greaney et al-. (BB) investigated the effects of stem rust on the milling

and baking properties of Marquis wheat. T'his investigation showed that

stem rusr had its greatest effect in reducing the plumpness of the ker-

nel-, which in turn decreased the ¡nilling value of the wheat. The lowered

rnilling value was reflected in reducËions in flour yield and flour eolour

grade. Baking sËrength as judged by loaf volume and crumb texËure was

noË seriously affected by rusË.

Damage that can be recognLzed by ínspection and simple physical

tesÈs is considered in assessing the quality of the wheat during grading"

Ïn most instances Ëhe estimation of the effects of damage is entirely

subjecËive" rn the canadian wheat grading system the type, or types,

and the exËenL of damage influence the grade (83). Anderson (g9) has

appropriately called this balancing of deficiencies in one factor against

superiority in others in determining grade as the ttCompromisert method of

grading" He concludes that this method can be operated only by skilled

grain inspectors aided by carefully prepared standard samples.

H. Impurities

The quality and characLer of impurities are of considerable impor-

tance in wheat quality evaluation. Since impr-rrities must be removed

before milling they cause an economic loss on tvJo accounËs. Firstly,

Ëhere Ís the cost of separaEing them from the r+heat, and this depends

on the types and anount.s present. Secondly, impurities are of consider-
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ably less value than wheat on a weighË basis. In the Canadi¿¡ orrdÍno

system Ímpurities which can be readily removed from wheat by prescribed

mechanical means are classified as tdockager" It is establíshed pracËice

Ëo determine dockage before grading and to deduct the weight of the dock-

age from the Ëotal weight of the producË (83). Impurities which cannot

be removed by standard dockage testing equipment is classífíed as

rrForeign material other than dockagef'" A1so, a parËicular 1oË of wheat

may conËain undesirable types or varieties of wheat. The Canadian grad-

íng sysËem classifies this material as rrwheat of other classestt" Each

grade has a maximum tolerance for Ehe amount of foreígn maËerial other

than dockage and for wheaË of other classes.

UltimaËe Criteria

It is evident from the above discussion that there are manv factors

which influence wheat quality" The market place provides the ultimate

means of interpreting quality. The interpretation, however, rests on a

value-in-use basis combined with the relative availabilitv of wheat. for

a given use.

On world markets, top grades of Canadian wheat have consísLenËly

conxnanded higher prices than the best wheats of other countries, except

when t.he protein levels have been extremely low. The princípal reasons

have been the high standards established for Canadian grades, and the

expertise of Canadian grain inspcctors. Control of the variet.ies eli-

gible for top grades, and hence of protein quality and general balcing
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behaviour, has been outstanding. There has al-so been excellent control

of bushe| weight, soundness, and moisLure conEent' and of admixtures of

other types of wheat or grains, and of weed seeds and other exLraneous

ma¡ter. In all these respects, cargoes of any given grade, and espe-

cially of the top three grades, have been uniform in quality and guaran-

Ëeed to meet established standards exemplified each year by widely dis-

Ëributed ItExport Standard Samples.rr Canadian wheat has been the only

wheaË that t.rades on rrCertificate Finalrr, that is, on Ëhe sellers guar-

anËee of the properties lisËed above and covered by grade specifications

and sËandard samPles.

Protein conËent, as distinguished from protein quality, has been

the only primary factor affecËing Ëhe quality of the wheaË that has not

been covered by the grading system. It has varied widely in a given

grade, not only from year Ëo year and from coast to coast, buL often to

a signif ícant extent among stoÌ^7ages in the same ship. Accordingly, iË

is not surprising that means of controlling proËein content I,Tithin the

grading sysËem are nor^r being developed for Canadian wheat.
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III" PRELIMINARY STUDIES

ná Introduct ion

In 1969 the Canadian Grain Conrnission made a proposal for introduc-

ing protein as a gradíng factor. The diagram illustraLing this proposal

is shown in Figure 1. The seven existing grades are consolidated ínto

four new grades at the counLry leve1, and the first tkro are segregated

by protein content aË Ehe time chat Ëhe carloËs are binned at Ëerminal

elevators. The proposed segregation levels are: ovet !4"2%; 13"0 to

L4"ZU and under 13"0%. It T^Ias expected that, in mosË years, about 60%

of the top grade wheaË would enter the middle sub-grade which v¡oul-d have

an average protein level of about 13 "6%, corresponding to the long term

average for Canadian wheat. In most years there would also be avaÍlable

smaller amounts of sub-grades of both higher and lower protein 1evel.

Preliminary studies reported in this secËíon were designed Ëo deter-

mine the amounts and average protein levels of the wheat entering each

sub-grade. It was obvious that boËh parameters would vary with varia-

Ëions in Ëhe average proLein level that occur from year Ëo year, and

that data for a number of years would therefore have to be examined to

provide a reasonable assessment of the proposal. The intention r,/as Lo

examine, in addition, various modifications of Ëhe C"G.C. proposal, and

to include studies of bushel rveight and moisture content.

The Ëechnique involved imposing the selected grading system, in

reLrospect, on data for past years As a first step it was therefore
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necessary to assess the variability in annual protein levels shown by

and data for the presentprevious studies,

ínves t igat ion .

A great deal

and Lo select suitable years

is known about the variaEions Ehat occur in the protein

content of Canadian wheat from year to year, from district to district,

from grade to grade and, in export wheat, from coast to coast and from

cargo to cargo" This information has been collected for many years by

Ëhe Grain Research LaboraËory of the C.G"C" in three systematic annual

surveys.

The first of Ëhese involved surveys of the protein levels ín each

crop as iË was harvesËed. These vrere started in 1927 and results were

published each year in Bulletins (gO); moreover, as noted earlier, com-

prehensive reporËs dealing with the first 12 years, and with Ëhe 42 years

up Ëo 1968, were published by Anderson and Eva (B) and by MarËens and

Hlynka (9) " For purposes of the presenË research, these daËa were use-

ful primarily for establishing the inter-annual variations in protein

content.

The cargo surveys may be eonsidered next. These provided data on

grade, protein content, and other quality parameters of every cargo ex-

ported from Canadian ports since 1955-56 crop year" These data were

sunrnarized and published each quarter in a second series of bulletins

(91). These data clearly showed that it would be necessary to make

separate studies of proËein segregation for each coast and probably for

each individual elevaEor at each porL. They a1-so served to emphasize
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the need for ímproved control of protein cont.ent ín export shipments 
"

The last survey, and the one wíthout which the present study could

hardly have been undertaken, involves carlots of wheat unloaded in the

trIestern Division. Annual surveys were made of a systematíc 57" sampling

of all carlots of wheat unloaded at all DorËs and at ínterior and mi11

elevaËors. These \¡rere started in the 1939-40 crop year. Sunrnary tables

were published each year in the Annual Reports of the Grain Research

Laboratory (78). However these sunrnaries dealt mainly with the origin

of the samples by province and crop disËrict rather than with their dís-

i:ribution at unload points. Moreover, these and all other surmnaries

published by the Laboratory gave frequency disËributions only in 0.5%

increments of protein content, and this IÀ7as too coarse an analysis for

studies of protein segregation.

IË was therefore necessary to go back to the original data for the

carlot surveys" Fortunately Ëhese were available on punch cards, and

provided extremely detailed and comprehensive data" The only addiËional

data that would have been useful in the research would have been the

loading dates for individual carlots. Identification of shipping points

by raihvay blocks and train runs qras eventually required, but as these

were introduced only in 1969 they could not have appeared in the original

data. The Ínformation provided by the Carlot Surveys is described in

more deËail in a later section.
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B. Selection of Data

Time series curves showing the mean protein conLent for both the crop

and Ëhe carloË survey since their inceptíon are presented in Figure 2.

Only data for the milling grades of wheat, namely No. 1 to No. 4 Manitoba

Northern are considered for both surveys" Figure 2 shows that the annual

mean protein content for the crop survey exhibits greater year to year

variatíon than the carlot survey and thaË the carlot survey mean tends

ro lag the crop survey mean by one, or more, years. The main factor

responsible for the difference beËween Ëhese tr¡ro surveys is Ëhe carry-

over of stocks on farms and in counËry elevators from year to year. Carry-

over stocks dampen the year to year fluctuatíons Ín the proËein content

of individual crops. In general, carloË levels do not reach as high as

survey levels in high protein years such as L94L and L964, nor as l-ow

in low protein years such as in L942, 1956, and L966"

Table 1 shows a frequency distribution of the annual mean protein

conËenË for both Ëhe carlot and crop surveys. The signífícantly greater

variability of the crop survey mean is readily apparent. However, despíËe

Ëhe decrease in the protein variabiliEy from the crop to the carloË sur-

vêy, the carlot survey mean varies from a low of L2.6 to a high of. L4"4"

Varíability of the above magnitude in the annual mean protein con-

LenË of carlot shipments illustrates the difficulty of devising a protein

grading system that \^/ill operate eff iciently in all years.

The carlot survey data were obviously preferred for the currenL
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Table 1. Annual ProteÍn Levels of Carlot
Grades lto4 Northern.

Surveys and Crop Surveys of

Protein,
"/"

Carlot Survev Crop Survey
Frequency Frequency

L5.2
15.1
15.0
t4 "9
1.4.8
14 "7
L4 "6
14 "5
L4 "4
L4.3
L4 "2
L4.L

L4 "0
13 .9
13.8
L3.7

13.6
13 .5
L3 "4
13.3
L3 "2
13"1
13 .0
t2.9
L2.B
L2.7
]-2.6
L2 "5
t2.4

LT "4

L94647,
L947 -48,
1960-61,
1959-60,
L2þþ:þ2,
1948-49,
L945-46,
1 9sB -59
L943-44
L942-43
Lg44-45,

1953-54,
L954-55
rv)o-)/

196L-62
L952-53,
r97 0-7 L ,
L967 -68,
L969-70
1950-51,
L949-50,

L94L-42, \964-65

l_939 -40
1940-41, 1962-63, L963-64

]-965-66
L97I-72

195r-52
L966-67

L94L

1936
L964

L937, 1961,

L934,1935,
1940, L959,
t932, L947,
1933, L962,
L946, 1958,

L963

1938, 1939,
1 960
L957
1968, 1969
L967

I
3

L957 -58

1955 - 56

2.

J

3

3

3

1

1

!

2

2

1

1

33

L931, 1945, 1951
1948, 1950
1943, 1965, r971
1949
193 9

L966, r97O
1930
t944, 1955, r972
19s3
L942
1952
1954

1 9s6
L92B

L927

7

3

T

3

J

2

3

1

1

2

1

3
I

1

I
1

1

I

1

46
Mean 13.61 Mean 13.63
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research. The data represent the v¡heat that actually moved to ports and

other unload points, the sampling was more systematic and representative,

and the available daËa were more complete. Nine of the available 31 years

were selected, and these are underlined in Table 1" The last three year

ðata, 1966-67, L967-68, 1968-69, were most readily available, and were

studied first both because Ëhey rn¡ere the most recent, and because they

represented years of average proËein content. These data were used, some-

times as a single group for developing and experimenËing with various

computer programs. Two more years in the rniddle of the range' L95I-52

and 1958-59 were added later Ëo obtain greater representaËion. The range

of proËein levels was then extended to include years of fairly high and

low protein levels , L963-64 and 1957-58, and two years representing Lhe

extremes L964-65 and 1956-57.

Twenty-four of the thirty-one years had protein levels in the range

from 13.1 Ëo L4.I%" IË appeared Ëhat any standardized system of introduc-

ing proËein as a grading factor, such as that proposed by the C"G.C." with

its segregation levels set at 13.0 and L4"2%, would have to deal satis-

factorily with years in that range. But modifications would also have

to be devised to deal with levels appreciably above and below that range.

The data for the selected years were obtained from the Grain Research

Laboratory (G.R,L.) of the C.G.C. The data represenLs a systematic strati-

fíed sampling to select five percent of the carlots for each year. I{ithin

each grade, on each working day, at each Ëerminal elevator, carlots \¡rere

counted. and each twcntieLh car LTas selected for sampling. Each selected
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carlot v¡as represented by a specially designed punch card, a sample of

r,¡hich is shown in Figure 3. The entire data for the nine selected crop

years totaled 94,894 cards" Each card shows daËa for quality, origin and

unload destination. The quality data include: grade, protein content,

bushel weight, moisture content, and dockage. Origin data include:

staLion, crop disErict and province" Destination data include: unload

area (i"e. Pacific Coast, Lakehead, Churchill, Interior governmenE ele-

vators, mill elevators) and elevator, week, monËh, and year in which the

carlot was unloaded.

C. Treatment of the Data

The punch eards were obËained on loan from the G.R"L. and read in

toto onto magnetic tape using the University LBI'/Í 360/65 computer. Since

Ëhe card format had changed over t.ime iË \¡ras necessary to convert the

daËa for the earlier years to the formaË currently ín use. A special

Fortran routine Lras prepared to achieve this, Another Fortran program

was written to check the daEa for errors. Each card was checked column

by column for ínvalid punches. The fields for bushel weight, proLein

content, moisËure, dockagerweek and month of unload, T{ere verified by

means of upper and lower bound values. The data on sËation, crop dis-

trict, province of origin, unload area, unload elevator, and grade, all

of which were coded, were similarly checked. Spccific value chechs were

made on the fields for cereal (1), 
,series 

(0), and year. The year-monLh

combinaËion required to give a specific crop year r¿as also tested by
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means of an algorithm. Errors detected by the above methods \{ere cor-

rected by means of a specially written Fortran program and the data were

then further checked to verify the corrections.

A number of Fortran programs were designed and written to suntrnarÍze

the daËa. Líne prinËer tables from these programs, while classífied as

sumrnary Ëab1es, still contain much detailed information. These tables

later proved to be useful- ttutility Tablesrf and are presented in a supple-

mentary appendix. The data contained in these utility tables have been

excerpËed and condensed for presentation in the manuscript iËse1f" The

supplementary appendix will be referred to periodically in the text but

its main funcËion is to provide a pennanent and detailed record which

any investigator can examine for himself and apply to his particular need.

The tables have been carefully doeumented and are reasonably self ex-

planatory and are on file at the C'G.C.

The data for the nine selected crop years were initially sunrnarized

by existing grade, province, unload area, and termínal elevators within

unload area. The objective of this ínvestigation v¡as to idenËify and

quantify quality variations, particularly wiLh resPect to Protein contenL'

that arise under the exísting grading system"

Sample copies of the suTnrnary tables produced on the comPuter are

shown in Appendix A. Factord considered r¡ere the carlot distribution,

proLein content, and bushel weight" Table A-1 sumnarizes the data by

existing gracle and unload area. Table A,-2 shows similar data by grade

and province within unload area. Table A-3 shows monthly and quarterly
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data for a specific grade by elevator within unload area.

To faciliËate the examination of a series of gradíng proposals com-

puËer tabulations showing Ëhe cumulaËive and reverse cumulative protein

dístributions were prepared. These sunrnarized the daËa for the number

of samples, the percenËage distribution, mean proËein conüent, and mean

bushel weíght. Sample copies of Ëhese Ëables are shol^In in Appendix A.

Tabulations of the type shown in Tables A-4 and A-5 proved extremely

useful in examining alËernaËe grading sysËems. Consider for example a

three sub-grade system; data on grade disËribution, proËeín content and

bushel weight for the upper sub-grade can be read direcËly from the cumu-

laËive table; similar data for the lower sub-grade can also be obËained

directly from the reverse cumulaËive table; data for the middle sub-grade

can be secured from the difference of Ëwo products divided by Ëhe result

of a subtraction"

An additional analysis involved a study of Ëhe effect on protein

sub-grade of raísing the minimum bushel weight of the nevr t.op grade from

58 1bs. to a level of 60 lbs "

In a small studv of moisture content, data r^rere examined for the

three-year period 1966-67, 1967-68, and 1968-69" Moisture conËents rálere

recorded for 97.6% of. Lhe samples collecLed in the carloË surveys for

these years. A separate computer anal-ysis was therefore necessaryo

D" A Descriptive Analysis of QualiËy Variations Under
the Existing tr{heat Grading System

To províde background information on quality variations under the

existrng wheat grading "y.ro* the data for Lhe selected years were first
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sumrarized by grade, provlnce, unload area, and termlnal r¿ithín unl-oad

area o

1. Annual Distribution, Protein Content, and Bushel l{eight
by ExÍsting Grade

Table 2 suûEnarized Ëhe data for each of Ëhe nine selected years, on

the amounË of v¡heat entering each of the existing grades. Data for ËoËal

carlots, actual-ly a 5% sampling, are given in Ëhe last colurnn and show

wide differences between years. Hence, Ëhe annual variation in the grade

dÍstribution of the carloLs cari besË be examined by comparing data. Per-

centage disËribution of carlots among grades within years is shown in

Ëhe remaining columns of Table 2. The grade headings are self-explanatory

with Ëhe except,ion of rrothersrr urhich include the Garnet grades and a few

sarrples for special grades. The third column, hearled ttL+zet, !üas intro-

duced since it v¡as proposed to combine these two grades inÉo a neI^I t,op

grade prior to proteín segregatíon.

The daËa i1lusËraËe Ëhe relatively large variation in grade distri-

bution Ehat exisËs from year Ëo year. CarloË movements ín 1967 -68 were

of relaËively high grade; 7ff/" xepresenting grades I and 2 Northern com-

bíned" This percentage dropped Eo an exËremely low figure of 6% in l-951-

52" For Ëhe oËher seven selected years the percentage is between Ëhese

two exËremes, usually in 40 to 50% range. The generally low grade dis-

tribution in 1951-52 was caused by the 1951 fall being the wettest on

record, and large quantities of Western grain crops were noË harvested

until spring. Quality suffered severely as a result of weathering,

sproutíng, and other forms of damage associaËed with v¡et weather.
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The percentage of shipmenËs in gtade 3 Northern ís more constant;

varyíng from a low of 17% ín 1967-68 to a high of 37% in 1951-52. In

most of the other years the percentage in this grade ís close to 30%.

Grade 4 Northern usually encompasses 15-20% of the movemenËs, with a

somewhaË smaller amounË enËeríng the lower grades.

The daËa for the crop years recorded in Table 2 are arranged ín

order of decreasíng mean protein contenL. The percentage in the top

grades tends ,o i""rurse as the mean protein contenL decreases índicat-

ing that facLors which aff.ect Ëhe grade disËributíon may also affect

protein contenL.

be observed.

However, exceptions to the generalizaËion can easily

The mean protein cont.ents for each grade for the nine selected years

are shown in Table 3. The data show Ëhe vagaries of this quality para-

meter under the present gradíng system. The annual mean for any grade

can vary by almost Ër^ro percentage units. trIiËhin years the mean protein

contents of grades I and 2 Northern tend to be slightly higher than

Ëhose of 3 and 4 NorËhern, but there are often excepEions. For example,

Ëhe protein level of 1 Northern is belol that of 3 Northern in four of

nine crop years.

Table 4 shows that the distribution of individual carlots about the

annual mean varies considerably as indicated by the variat.ion in the

overall standard deviations (aI1 grades) from year t,o year. Moreover,

there does not appear to be any association between tl-re within year

variability and Ëhe overall annual protein lcvel. I,ttithin each crop year,
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the standard deviation for each grade shovrs some tendency t.o increase

with each decrease in grade. This indicates that, although the mean

protein content of the top grades may be no higher than Ëhat of the

lower grades, individual carlots in Ëhe upper grade deviate less from

theír mean than those of the lower grades. In other words, the distri-

bution of the carlots about the mean is more peaked in Ëhe upper grades

than in the lor¿er grades.

Within a single grade the shape of Ëhe frequency disËribution curve

varies considerably from year to year as indicat.ed by Ëhe magnitude of

Ëhe sËandard deviations of a particular grade over a series of years.

For example, Ëhe within-grade variation in the protein content of indi-

vidual carlots of any grade ín the I95L-52 crop year is 50 to 70 per-

cent greater than that for the correspondíng grade in the 1956-57 crop

year. The within-grade variability in protein conËent in any one year

is caused, in parË, by the relative quantities of crops of different

protein levels cont.ributing to the movements in that grade in that year"

The greater varíabiliLy in Ëhe protein cont.ent of the lower grades can

also be aËtributed to the fact that carlots of wheat entering these

grades have been degraded for different reasons.

Data for Lhe mean bushel weight for each grade for each of the

nine selected years is shown in Table 5. The mean bushel rveight drops

consistently with grade in each year with the exception of 1963-64 when

3 Northern rüas lower than grades 4 and 5. A consistent decrcase in the

mean would be expected since bushet weighL is a primary grading factor"
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Becaus e

weight,

Ëends Ëo

However,

of a low inverse correlation between protein content and bushel

the mean bushel weight for all grades in the high protein years

be lower than the corresponding value in the low protein years

1967-68 has a mean for all grades of 62.7 1bs. and I95L-52 has

a mean of 59"0 for the same grades although the mean protein for these

years differs by only "2 percentage units.

Table 6 shows that the disËribuËion of individual carlots about the

annual mean bushel weíght varies considerably from year to year. The

standard deviation for each grade shows a fairly consistent increase

vrith each decrease in grade. Thus indicating the greaËer variability

wíËh respect to bushel r.veight of the lower grades of wheat. Lower

bushel weight minima for the lower grades, and degrading of carlots

from higher grades, for reasons other than bushel weight, account for

this increase in variation.

Tables 4 and 6 show that the greatest wiËhin-grade variation with

respecL to boËh protein conLent and bushel weight occur in 1951-52 and

1968-69. It is of interest to note that 49% and 34% of these respective

crop year movements were classified as tough or damp. Substantial de-

grading associated with wet harvest conditions doubtless explains the

wide variability observed in these years.

Annua1 Distribution, Protein Content, and Bushel T^Ieight by
Province and Unload Area

Since protein grading will likely be introduced only for wheaE

grading 4 Northern or higher, further discussion will be restricËed to

Lhese grades.
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Although Ëhe volume of grain produced ín each province varies con-

slderabl-y from year to year lt is informaËive t.o examine Ëhe relative

contríbution of the individual provinces to the total grain movement ín

each of the nine selecËed years " The provincial distribuËions for car-

lots of grades 1 to 4 Northern combine<l, and grades 1 and 2 combined,

are presented in Table 7. The mean proËein contents and number of car-

lots, for grades 1f:o 4 combined, for each year' are shornrn in columns

1 and 2 respectively. Percentage dístributíon for Manitoba, Saskatchewan

and Alberta are shown in Lhe next three columns " Over Ëhe nine years

approxímately 13% of the carlots of grades I to 4 Northern origínated

ín Manítoba, 65% Ln Saskatchewan, and 23% ín AlberËa. The Manitoba

fígure varies from a low of 10% to a high of 16%3 Saskatchewan varies

from a low of 62% to a high of. 72%; for Alberta the percenËage varies

from a low of :IB% to a high of 24%" The years are arranged in order of

decreasing annual protein mean. However, there does not apPear to be

any relationshíp betvreen the overall annual mean and the provincial dis-

tribution of the carlots "

Similar daËa for grades I and 2 Northern combined are shown in the

ríght hand section of Table 7. Only relatively minor differences exist

beËween the annual protein means for the different grade combinations.

However, the relat.ive percentage distribution of Ehe carlots among the

provinces for the Ëwo grade combinations is mosË inLeresting. For each

of the years studied Manitoba makes a significantly smaller contribution

Ëo Ëhe upper grades than iE does to the lower grades. A similar situation
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generally exists in Alberta v¡hile the reverse is true for Saskatchewan"

The generally lower grade distribution of Manítoba and AlberLa wheat,

compared Lo Saskatchewan wheat, must result from provincial dífferences

in environmental condiËions during the growing and harvesting seasons.

I{heat from the three prairie provinces musË be exported by Ëwo

main rouËes, and one minor one. It either moves east via the Lakehead

to Ëhe Atlantic Coast, or it moves ü/est across Ëhe Rocky MounË.ains to

Ëhe Pacific Coast" A relatively small amounË, abouË 25 million bushels,

is exported through Churehill on Hudsons Bay.

In the pasË,70 to 80% of the v¡heaL exports moved eastward but Ín

recenË years the percenËage moving wesËward has increased considerably.

For a number of reasons r^restvzard movements will probably Íncrease even

further. Ìdestern shipments eonsist almost enËirely of carloËs origínat-

ing in Alberta and the l{estern portion of SaskaËchewan. Similarly,

Lakehead shipments originate in Manitoba and EasËern Saskatche¡¿an. The

t.ransportat.ion rate structure prohibits, except under excepËional cir-

cumstances, Manitoba wheat from moving vrestward and AlberËa r^¡heaË from

moving eas tvtard .

The proportion of the total wheat shipments, grades 1 to 4 Northern

combined, that moved east and west and the relative contribution of each

of the provinces to each movenent in each of the nine selected crop years

is shown in Table 8. Columns 2 and 3 shorv that Pacific and Lakehead

shipments combined account for approximately 807. of all unloads. The

rcmaining 20% were unloaclcd at Churchill, interior termirrals, and mi11
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elevators. The percentage of total unloads that move to eiËher the

Pacific or Lakehead ports exhibits consíderable year to year variation.

The data probably reflect the relative demand and facilities available

for wheat at these export positions ín the different years. Pacific

unloads vary from a low of. 29% to a high of. 41%" For the Lakehead the

percentage varíes from a 1ow of 39% to a high of 59%. The next three

columns of Table B show that, generally speaking, 55 to 6O% of Pacific

shipments origínate in the province of Alberta and the remaíning 40 to

45% ín Saskatchewan. The final three columns show that approximately

75% of the l,akehead shipments originate in Saskatchewan and 25% ín

Manitoba.

Proteín data for Ëhe same grades, years, unload areas, and pro-

vinces, using a similar format are shorvn in Table 9. The upper section

of the Ëable shor¿s that the Lakehead mean protein content exceeded the

Pacific mean, sometimes by almost 0.5%, in all years excepL L964-65"

The lower section of Table 9 shor¿s that the standard deviations for

Pacific shipmenËs exceeded those of the Lakehead shipments in six of

the nine crop years " BoËh unload areas showed equal variabilíty in

1957-58 and in L95L-52, while in I95B-59 the Lakehead showed the largest

variation. Thus it. appears that the protein content of Pacific unloads

is both lower and more variable than Lalcehead unloads.

Protein data for Pacific unloacls by province of origin show that

the mcan for Saskatchcrvan exceeds t.hat of Alberta in all years The

ruithin-year difference between the provincial means varics from .5 to
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1.0 percentage unlts in all but the two lowest protein years r^¡hen Ëhe

Saskatche\,/an mean v/as exceptionally low. The sËandard deviations reveal

that the protein content of individual carlots of Alberta wheat deviate

more from provincial mean than those of Saskatchewan. This occurred in

all years, except 1958-59.

For the Lakehead unloads, the range in the annual mean protein con-

tenË for Manitoba shipmenËs is considerably smaller than for Saskatchewan

shípments. However, Ëhe Saskatchewan mean exceeds Ëhe Manitoba mean,

by .5 to 1.0 percentage units, in all buË the two lowest protein years.

The standard deviations indicate that in all but t\,ro years, 1956-57 and

L967-68, Saskatchewan wheat is more variable in protein content Ëhan

Manitoba wheat"

In sunmary, Ëhe mean protein content of Saskatchewan wheaË is con-

siderably higher than that for Alberta or Manitoba; only minor differ-

ences exist between the laËËer ËInIo provinces. The variation about the

mean is greaËest in Alberta and leasË in Manitoba, wiËh SaskaËchewan

interrnediate. Lakehead means are higher and standard deviations lower

Lhan Pacific data" These differences will have significant effects on

the application of protein grading at the tr,ro coasts.

Bushel weight data, by year, unload area, and province, using the

same format as for protein content are shotm in Table 10. The vears

are arranged in order of decreasing overall annual mean protein

conËent; a 1ow inverse correlation between protein conËent and bushel

weighË is apparent, The range Ln annual means fs of the order of
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2 Lbs" The r^¡ithin year sËandard deviation ís approximatel-y 1"5 lbs,;

1t ís notevrorthy that a higher than average deviaËion was obtained ín

L951-52 and 1968-69 when large quantities of the shipments graded Ëough

and damp" A comparison of the fifËh and sixth columns reveals that

the annual mean for Pacific shípments tends to exceed the mean for the

Lakehead shipments by .5 to I lb. Provincial data show Ëhat Alberta

means are always the largesË, with the SasËachewan mean generally exceed-

ing the Manitoba mean by a slight margin. The higher mean for Pacific

shipments probably reflecËs Ëhe relatively high AlberEa mean. A study

of the standard deviaËíons shows that the within year variabilíty of

Lakehead shipments is somewhat greaËer than that for Pacific shipments

but consist.ent differences beËween Ëhe provinces do not appear to exist"

Similar daËa for each individual grade, for each yeat, for each

unload area, and province wiËhin unload area are available ín the supple-

mentary appendix. In general the above observations hold for this de-

Ëailed data also.

Annual Distribution, ProËein ConËenË, and Bushel tr{eight
by Elevator l.rlithin Unload Area

In Lhe end, application of any system of protein grading v¡il1 have

t.o occur at individual termÍna1 elevators " It is therefore important

t,o examine data for wheat unloaded aE individual elevators.

This study \¡ras restricted to the Ëop two grades of wheat for three

years daLa for trlest Coast carlot unloads. Data on the carlot distribu-

Èíon and protein content for Pacific unloads for Ëhe three years 1957-58,

3"
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Lg63-64, and 1968-69 are presented in Table 11" As expected the number

of carlots unloaded varies from year to year and from elevator to eleva-

tor. However, ín each of the three years, the bulk of the carlots \'/ere

unloaded aE four of the Ëen elevators "

For protein content; within elevator year Lo year variation is

expected since the overall protein leve1 moving to the port varies"

However, within ayear, differences of up to 1.07. protein can occur be-

tween the average of índividual elevators. It is also apparent thaL in

each of Ëhe three years the average protein content of vrheat entering

Saskatchewan Pool terminal is higher than that entering other Pacific

termínals. The higher mean for Saskatchewan Pool resulËs from the geo-

graphic distribution of this terminalts affiliaËed country elevators"

The SaskaËchewan Pool Ëerminal draws its wheat almost entirely from the

drier areas of Saskatchewan ¡¿hich are known to produce high protein

v¡heat. Although the Alberta Pool elevaLor operates on a similar local-

ized drawing area, Ëhe quality of wheat it receives is closer to the

porË average" Observed differences in the average proËein content of

Ëerminal inr¿ard shipments must. obvíously be reflected in ouËward

shipments.

The standard deviations presented in Table 11 indicate that the

distribution of individual carlots about Ëhe mean protein content varies

substantially from year to year, and from elevator to elevalor v¡ithin

a year. Normal blen<ling lvithin an elevator would significantly reduce

the protein variability of terminal or-rtrvard shipmenLs. lIowevcr, tvith
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rh

in

variation of the above magnitude ín terminal inward shípments, good

cont.rol of the protein variability of outward shipments cannot be achíeved

by normal blending.

Bushel lveight data for the same three crop years for the Pacifíc

elevators are shovm in Table 12. tr'lhiIe Ëhe mean bushel weight nay vary,

by about 2 pounds, from year to year, within a year good control of the

mean bushel weight for individual elevators is obËained under the exist-

ing grading system. However, the mean for Alberta Pool tends Lo exceed

e mean for Saskatchewan Poo1, reflecting the provincial differences

this quality parameter. The standard deviations of bushel weight

indicaËe Ëhat there are only mÍnor differences in the bushel weight

variabilitv from vear to vear and from elevator to elevator withín a

year.

Similar quality differences have been observed for wheat sntaríno

individual elevators at the Lakehead" Generally speaking, the mean pro-

tein content for Saskatchewan Pool elevators exceeds the port mean where-

as the mean for Manitoba Pool elevators is less than the port average"

Here again, the differences reflect the drawing areas of these elevators.

Unlike at the Pacific Coast,

has only a relatively minor

the Lakehead grain receives

Bastern elevators.

the between house variabilitv at Lakehead

effect on cargo variability because most of

further blending as it moves through the
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4. General Discussion

In ehe above analyses Ehe proËein dístribution for each grade,

province, unload area, and unload elevator r.tas defined by using the

mean as a measure of location and the standard deviation as a measure

of dispersíon. In the nexË section it will be demonstrated that both

the mean and standard deviation are important statistics influencing

the carlot distribution among protein sub-grades" It is therefore per-

tinenË to review the results of Ëhe above analysis"

tnder the exisËing grading system, the mean proteÍn conËent of car-

lot shipments decreases, and Ëhe variability about the mean increases,

wiËh each decrease in grade" Moreover, Ëhe daËa for tr¡o years r^lith

poor harvesË condítions (L951 -52 ar.d 1968-69) indícate Ëhat severe de-

grading of wheaË Ëends t.o increase Ëhe proEein variabiliËy of the lower

grades.

SaskaËchewan wheat has a considerably hígher mean protein content

than either Alberta or Manitoba wheat. The variability about the mean

is greatesË in Alberta and least in Manitoba, with Saskatchewan inter-
\

mediate.

Provincial differences gíve rise Ëo dífferences at unload areas.

In general, Lakehead wheat has a slightly higher average protein con-

tenÈ, and is less variable, Ehan Pacific wheat" The proËein data

examined for Pacific elevators show considerable within-year hetero-

geneity between elevaLors. The between house variability in average

proEein conLent and its implications in relatlon to transportation
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logistics and protein grading are díscussed further in a later section"

Moreover, data presented later show that withín an elevator the protein

leve1 varies from period to period within a year, reflecting the protein

level of the areas from which carlots were drawn.

Since bushel weight is a primary grading factor, the mean bushel

weight decreases, and Ëhe variability about the mean increases, with

each decrease in grade. Provincial data show Ëhat Ëhe mean bushel

rveight of Alberta wheat is the highest, wiËh the Saskatcher¿an mean gen-

erally exceeding the Manitoba mean by a slight margin. For unload

areas; Pacific unloads tend to be less variable and Ëo have a higher

mean bushel weight than Lakehead unloads. Bushel weight differences

between individual elevators at the Pacific Coast are smal1"

Throughout these studies Ëhere v/as considerable evidence of a

negative correlation between bushel weight and protein content. This

relaËionship, and iËs implications under protein grading, is considered

ín a later section.

This section reports

Alternate Grading Systems

studies of the C.G.C.fs initial proposal for

varianLs of the pro-introducing protein as a grading factor" Several

posed system were also examined. Tho i nr'r-r'¡l ^':oposal v¡as outlined

earlier (p. 43, and Figure 1). In brief,

Nos. I and 2 Northern be combined Lo sive

hlestern Red Spring llheat (1 Ci^l), that No.

\,Jas sugges ted that

new grade, No. 1 Canada

ir

3 Northern and the best part
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of No. 4 Northern be combined to form a second new grade, No. 2 CW, and

thaË each of the new grades be divided into three sub-grades on the

basis of protein content. For purposes of Lhe present study, it seemed

necessary to examine only Ëhe first of the new grades. Considerably

more data ¡,¡ere available for this grade, which was obviously advantageous.

Moreover, it appeared that conclusions drawn from a study of No. 1 cÍI

would also apply in principle to No " 2 CI¿I"

1" Canadian Grain Cormnissionts Three Sub-Grade Prooosal

In this report, Ëhe three sub-grades will be referred to as Nos.

14, 1B and lc" No" 1A represents that part of I cI^t of L4"3% protein

and over; No. 18, that part of 13.0 to L4"2% protein; No. lC, that part

of less Ëhan 13.0% protein.

Data for percentage grade distribution, protein content, and bushel

weighË for the main grade and each of the three sub-grades, for each of

nine selected years are shown in Table 13. The data represent all

unload areas combined. Crop years are arranged in order of decreasing

annual mean protein content for grade t CI¡l. The upper section of the

Ëable demonstrates that the percentage of 1 CI¡I entering each of the

Ehree sub-grades 14, 18, 1C varies considerably from year to year, It

is also evident that the mean protein content. of I Cül is a sígnificant

factor in determining how this grade divides among the sub-grades. rn

the four years when the 1 cw protein mean is close to the long term

mean of 13.6% about 50 to 60"A o1. the v¡hcat enLers the mÍddle sub-gracle,
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TabLe L3" A Three Sub-Grade System: Sub-Grade DlsËribuËion, Mean
ProËein ConËenË and Bushel l^Ieight, for all Unload Areas
Combined, for Nine Selected Years.

Crop Year Grade Protein Range, 7.

1 C.I^f A, over L4.2 B, 13.o-L4 "2 C, under 13.0

L964-65
L963-64
L95t-52

L967 -68
L968-69
L9s8-59
L966-67

1957 -58
L956-57

L964-65
L963-64
L95L-52

1967 -68
L968-69
1958-59
L966-67

t957 -58
L956-57

L964-6s
L963-64
L95r-52

L967 -68
L968-69
1958-59
L966-67

L957 -58
L956-57

100
100
100

100
100

100
100

100
100

L4.54
t4 "26
13 .99

L3.73
13.62
13. 61

13.60

13.01
L2 "63

60.8
60. 9

62,O

62 "9
62 "9
62.L
62.t

62 "7
63. 1

59 "7
48"8
40 "5

25 "L
23 "L
25.9
18 "4

7"6
0.9

T5 "L2
L4 "89
l-s.06

L4.68
L4 "65
14"78
14 "72

L4.70
14.54

60 "4
60 "7
6L "6

62 "3
62 "2
6L "6
61 .0

61 .3
62 "4

Distribution %

37.8
4r.6
40 "7

60 "2
56 "9
49 "8
63 .8

4L "5
29 "3

ProËein Content, %

L3"75
L3.70
L3.66

L3 "66
13 .65
l_3 .56
13.58

t3 "43
13 .35

Bushel inleight, 1b .

61 .3
61.0
62.5

63.1
63.0
62 "L
62 "2

62 "6
63"0

2"6
3.7

1_8. B

14 "7
20 "o
24 "2
L7 "B

s0"9
69 "8

L2.55
IZ "55
L2 "39

L2 "40
L2"36
12.43
L2.50

12 "40
12.30

62.2
61 .9
62 "6

63.s
63 "4
62.5
62.9

63 .0
63 "r
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and the remainder tends to be divided about equally between the other

two sub-grades. I^Ihen the mean protein content of I ChI rises to 14.0%,

more than 40% of. it enters 14, approximately 40% enters 18, and less

than 20% enters lC. Irlhen the 1 Cl{ mean protein content drops to 13.0%

less Ëhan 10% enters 14, 40% enters 18, and in excess of. 50% enters lC.

The data for proteín content shov¡ that the mean for 1A varies from

a hÍgh of 15.I% to a 1ow of 74.5%, lC varies from a high of 72"6% to a

low of 72"3%. It is significant Ëhat the middle sub-grade, wíth bounda-

ríes on either side, only varies in proËein content from 13"35 to

L3.75 and approaches Ëhe Commissionts expectation that the sub-grade

r+ould always have a proËein content close to the long-term average for

Canadian wheat. But Ëhe second expectaLion, that the sub-grade r¡ou1d

contain 60% of. the wheat grading No. l CI^I, is approached only when the

mean for that grade is close to 13.6%.

Bushel weight data for each of the sub-grades are shown in the

lornrer section of the table. Because of a low inverse corrlelation be-

t\^reen protein content and bushel weight the within-year mean bushel

weíght increases with decreasing protein separation 1evel. The mean

bushel weight for 1A is 0.5 to 1.0 lbs" lighter than 1B; 18 is about

0.5 lbs. lighter than lC. These differences are smal1 and probably are

only of minor importance.

Since both the qualities and amounts of grain unloaded at the

Pacific and Lalcehead terminals differ, separate analyses \tere made for

both thcse unloacl areas. Dat-a for Pacif ic and Lalcehead unloads are
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sho!¡n ín Tables l-4 and 15"

In Table 14, a comparison of the dist.ribution of the carlots among

the sub-grades for each unload area reveals that Ëhe Lakehead generally

shows a higher percentage of sub-grades 14, and 1B than the Pacific"

The reverse occurs wiLh grade lC.

In protein content, Lakehead unloads of I Ct{ are about 0.2% units

hígher Ëhan Pacific unloads. When the division is made into sub-grades

14, 1B and 1C, the differences in the protein 1evel between Lakehead

and Pacific unloads become negligible.

In Table 15, because of a low inverse correlation beEween protein

conËent and bushel weight, the bushel weight data tend to be the reverse

of those for protein content. Thus, for boËh the main grade and the

three sub-grades, bushel weights are higher for Pacific than for Lake-

head unloads, and within unload area the means decrease with increasing

protein separat.ion level.

The data presented in Tables 13 and 14, as would be expected,

demonstrate that the mean protein content of 1 CIJ ís the major factor

in determining how.carlots of this grade rvi1l split among the proposed

proËein sub-gracles. However, the distribution of the carlots about the

annual protein mean is also a significant factor in this regard. Table

16 sirows the standard deviation of protein content, for grade 1 CW for

the major unload areas, for the nine selected years. The annual stand-

ard clcviations clearly indicate that the shape of the protein frequency

cl istribution for 1 Ctr,ü varies considerably from year l-o year and from
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Tabl- e 15 . A Three Sub-Grade System:
and Lakehead Unloads for

Mean Bushel tr^Ieight for Pacifíc
Nine Selected Years.

Mean Bushel Ï.Ieight, lb"

ProËein Range %Crop Year Grade

1 Clil

1A

over 14.2
1B

L3 "0-L4 "2

1C

under 13"0

L964-65
L963-64
L95L-52

L967 -68
L968-69
1958-59
L966-67

1_957 -58
L956"57

L964"6s
L963-64
L95L-52

L967 -68
L968-69
1958-s9
L966-67

L957 -58
t956-57

6L "3
6L"4
62 "4

63 "6
63.2
62 "7
63 "2

63"0
63 "4

60.5
60.5
6I.7

62 "4
62 "6
6L "7
6L "7

62.5
62.9

60"5
61"0
6L "6

63 "2
62.7
62"O
62 "3

61 .8
61"0

60.2
60 "4
61.3

61 .8
61.8
61. 5

61"5

61"0
61 .8

62 "3
61"8
62"5

63.7
63 "2
62 "7
63.2

62.8
63.3

LAKHJEAD UNLOADS

PACIFIC I]NLOADS

60.8
60.7
6r "7

62.5
62.7
6t "7
6L "7

62"4
65"5

62 "9
62 "3
63 "3

63"8
63"3
63 "0
63 "6

63.1
63 "4

6L.2
6L"2
62.O

63.L
63.5
62"0
62 "2

62.8
63 .0



85

Tabl-e 16. Standard Deviation
Major Unload Areas

of Protein Content
for Nine Selected

for Grade I CtI for the
Years.

Crop Year ALL

Unload Area

PACIFIC IAKEHEAD

L964-65

1.963-64

L95L-52

L967 -68

L968-69

1958-59

L966"67

L957 -58

L956"s7

SËandard

"90

"77

1.13

.79

"84

.92

"77

"79

"65

contentr T.

"82

"68

L "37

.t I

.83

.88

"72

.7L

.60

deviaËion of proËein

1" 06

"93

"97

"79

"87

"83

"76

"66

.57
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unload area to unload area. The standard deviation for 1951-52 crop

year, for example, was about twice that for the 1956-57 crop year. More-

overe wíthin a year the standard deviation for Pacific unloads tends to

exceed that for Lakehead unloads.

An appreciation of hov¡ differences in the annual protein mean and

standard deviations affect the sub-grade distribution of the carloLs can

be obtained by studying Figures 4 through 6. The curves shown in these

figures are phot.ographic reproductíons of line prínter plots (see Table

27) of the proËein frequency distribution for 1 CW carlots (a11 unload

areas), for each of the nine crop years used in Ëhis study. Horizontal

bar-graphs vüere used in place of the more t.raditional vertical histograms

to simplify programming and permit direcË photography of the computer

oufput "

Curves for three years with essentially the same mean protein con-

tent but signíficantly different standard deviations, and shape, are

presented in Figure 4 " The dotËed lines show Ëhe barrier between sub-

grades at 13.0 and L4.2 on the proËein scale. Assuming a constant mean,

it is clear that, as the standard deviation for protein contenL for 1 CI{

increases, the percentage of the carlots entering 1A and lC increase,

while the percentage entering 1B decreases accordingly. Moreover, it

is apparent that the distributions are noË syrrmetrical. Of course, this

skervness of the protein distribution also affects the percentage distri-

bution of the carlots among the strb-grades.
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Fígure 5 shows protein frequency distributions for three crop years

with simí1ar standard deviations but considerablv different means. It

is apparent that the three curves have essentially the same shape but,

the difference in mean protein content causes the complete distribution

to shift along the protein scale" A substantial increase in the mean

places both sub-grade minima below the peak of Ëhe dístribution, as

occurred in the 1963-64 crop year. A substanËial decrease in the mean

protein posiËions both sub-grade minima above Ëhe peak of the curve,

as occurred in 1957-58. Conceivably, a very large increase or decrease

in the mean would resulE in either one or both of the fixed sub-grade

minima not cutting the distribuËion at all "

The three curves presented in Figure 6 differ significantly in

both mean protein content and standard deviation. These three curves

serve to illustrate the combined effects of differences in the means

and standard deviations. Clearly, the three distributions have little

in conrnon. The curves in Figure 6 are unusual in many respects; the

average protein content for the 1956-57 crop year is the lowest on re-

cord, while the average for the 1964-65 crop year is the highest on

record. Moreover, the 1951 harvesL \^/as the rvettest on record. This

wet harvest resulted in severe degrading of tl-re L95L-52 crop year ship-

ments; only abor,rt 6%, compared rvi.th the normal of over 30%, of the car-

lots in this year graded I Ctrl.

The above daEa demonstrate that both thc mcan and sËandard deviation
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índependently influence the relative volume of grain enteríng each of

the sub-grades. flhen both parameters vary simultaneously a more complex

situation occurs. Generally, speaking, since the curve is broader and

less peaked when the standard deviation is large, an increase or decrease,

in the meân has a signíficanËly smaller effect on Ëhe distribution among

the sub-grades than when the standard deviaËion is sma1l. It has been

observed in an earlier section that the standard deviation for protein

con¡ent increases with increasing existing grade number and Ehat for

Ëhe same grade the value for Pacific shipments tends Ëo be larger than

for Ëhe Lakehead shípments. Thus, iË appears that extrapolation from

grade to grade and unload area to unload area should be done wiÉh caution.

, General Discussion

The middle sub-grade in the Cormnissionts proPosal seems reasonably

satisfac¡ory. Year Ëo year variaLions in protein content are noË large,

and the amount of No. I Ci^l entering the sub-grade would seldom drop

below 407". A reasonably uniform product could thus be consistently

offered for export,.

The high and 1ow-protein sub-grades, with boundaries only on one

side are less satisfactory. They can vary widely in protein content

from year l-o year, and the amount of the main grade entering each sub-

grade can vary from essentially zero Lo as much as 60%.

Despite these limitations, introduction of the system would effect

a substantial improvcment in the unifonnity of proteín content in export

shipments of top grades of Canadian r¡heat. Ilowevcr, it appearcd that
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improvement.s could be ínËroduced. In particular, thínking developed

aË Ëhis stage of the research on the advisability of guaranteeing pro-

tein conten¡ as other countries were doing" Moreover, the guaranteed

levels should be at traditional levels, ê.g., 13.5 or 14.0%, and these

could not, be met by the Connníssionrs Proposed sysËem. It Ëherefore

seemed advisable Lo examine additional alternative systems ËhaË might

provide for raËional levels for guaranteeing protein conLent"

Other Constant-Boundary SYstems

At thís sËage of the research iË was Ëhe concensus thaË boundaries

betl¡een proËein sub-grades should remain constant from year Ëo year,

and that other sysLems would be too complex to be pTacticable. Accord-

ingly, ín this secËion, variations in boundaries are examined to deter-

mine at whaË levels Ëhese should be placed to enable prot.ein levels Ëo

be guaranteed aË levels of 13"5, L4.O%, etc.

These options are examined with carlot data (5% sampling) for crop

years having the following protein levels: L2"6, 13.0, 1-3.7 (three

years combined), 14.3 and L4.5%" The first and last years rePresent

the lowesË and highest proËein levels during the thirty-one crop years

for which carlot data were available. The Ëhree crop years L966-67,

1967-68, and 1968-69 are considered as a single entity representing a

period of average protein level"

a" Option 1-. A Three Sub-Grade System: This option differs from

the Canadian Grain Conrnissionts proposal, in that the lower and upper

bounds of the middle sub-grade are raised by 0.1 percentage uniËs to
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l-3.1 and 14.3, respectively. The objective of the change is to provide

better protection for the guaranEee especially in the low protein years.

The three sub-grades are given the following names: 14, 1B and lC.

Data for this system are shown in the bottom Ëhree lines of each section

of Table 17. DistribuËion data in the top section show that the middle

sub-grade No. 18 contains 6I"/" of Ëhe 1 CW in the medium protein year;

but this decreases to 25% in the lowest year and to 42% in the highest

year. The annual mean protein conLenË of No. 1B ranges from 13.4 to

L3 "8%"

The low sub-grade, No. lC ranges from 74% of I CW in the 1ow year

down to 3.3% in the hígh year, and the protein conLent ranges from

L2"34 ro L2,65%"

The high sub-grade, No" 14, is most interestíng. There is pracLi-

cal1y none ín the low year, some 18.5% ín the medium year, and as much

as 55% in the high year. The protein content for No. 1A ranges from

L4.6 to 15.2%.

Bushel weights in the bottom section of the table naturally show

dífferences between years. But within each year bushel weight increases

with each decrease in protein content. This resulË, the effect of a

low inverse correlation betr,¡een protein content and bushel weight, is

repeated in each of the systems examined in this report.

AcldiLonal OpEional Splitting of Top Sub-Grade:b" Option

Data for No. 1A

average this top

suggesl- that in years r'¡hen the protein level is above

sub-gracle sl-roulcl be split Eo give a sub-grade of
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TabLe 17. A 3 sub-Grade sysËem with oprional splitting of the Top sub-
Grade (411 unload areas).

Sub-
Grade Protein range 7956-7 t9s7 -B

L966-7 ro
1968-9 1963-4 L964-5

1A1

LL2

1A

1B

1e

1A1

LA2

l_A

1B

1c

1A1

LA2

1A

1B

1C

15.0 & over
14 "4 - t4.9

14 "4 & over
13"1 - 14.3
under 13.1

15.0 & over
L4 "4 - r4.9

14 "4 & over
13.1 - 14"3
under 13.1

15.0 & over
14 "4 - r4.9

14.4 & over
13.1 - L4 "3
under 13.1

0.L
0.6

0.7
25.r
74 "2

15 .05
L4 "57

L4 "62
L3.42
L2 "34

61 .0
62 "L

62 "0
63"0
63.1

1.5
5"1

6"6
37.4
56"0

18"0
2s.6

43 "6
5L.7
4.7

30 .8
23 "9

s4 "7
42 "0

3"3

Dis tribution,

4.4
L4 "T

18.5
6L "2
20.3

Protein contenË, 7"

L5.24 15 "26 15.43 L5 "62L4"62 L4"60 14"63 L4"65

L4 "7 6 L4.7 6 14 "96 15.19
13 "s2 13 .70 13 .83 13 . 84
L2.45 12"52 12.64 L2"65

Bushel weight, lb.

61 .0 61.3 60.6 60.0
6L "2 62 "0 60.8 60 "7

6L.2 61"8 60"7 60"4
62 "6 62 .7 61 .0 61 .3
63 .0 63 "2 61 .8 62 "L
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guaranteed 15.07" proËeín as well as one of guaranteed 14"5%" It 1s

assumed that Canada should se1l wheat of 15.07. protein when such v¡heat

is avaí1ab1e.

The tv¡o top lines in each section of Table 17 show the effects of

this split" The two sub-grades of No. 1A are called Nos" lAl and 142.

In the high proteín year, 3O% of. 1 CW enËers No" lAl and averages L5"6%

proËein" In Ëhe year of medium high proteín level, L963-64, Ëhe per-

centage is 18"0. and the protein leve1 is 15 "43%" Even in the medium

year there is 4.4% of. 1 CId in No. 141, say 7.5 mil-lion bushels, with a

protein content of 15 "26%" No" 141 would be of no significance ín years

of below average protein 1evel.

c. Option 3" A Revision of OpËion 2: OpËíon 3 is similar to

Option 2 except that Ëhe lovrer limiË of No. 18 is raised to 13 .3% pro-

tein so that No. 18 can be guaranteed at 13"5% protein. The daËa are

sho¡¿n in Table lB.

The middle sub-grade, No. 18 now represenËs 53% rather tl;larl 6l%

of 1 CIrI in the medium protein year; it falls to 39% in the high protein

year and to 16% in the low protein year. Its mean annual protein con-

tent ranges from 13.58 to 13.88%. The top sub-grades, Nos. 141 and 142,

are identical with Ëhose in option 2 which has been discussed"

The lov¡ sub-grade becomes larger, 28% Ln the medium protein year

and 66"/. and 837. in Lhe 1ow protein years. IË is stilL 5"9% in the high

year, Protein levels range from 12 "4 to L2.9%.
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Table 18. Revised 3 Sub-Grade System
with OPtional SPlitting of
areas) .

GuaranËeeíng 14.5
the Top Sub-Grace

& 13"5% Protein
(411 unload

Sub-
Grade Protein range 19s6-7 1957 -8

1966-7 ro
r968-9 1963-4 L964-5

DistribuËion, %

1A1

LA2

1A

l_B

1C

1-A1

1A2

1A

1B

1C

l_A1

LL2

1A

1_B

1C

15"0 & over
14 "4 - L4.9

14.4 & over
L3.3 - 14.3
under 13"3

15.0 & over
L4 "4 - L4.9

14.4 & over
13"3 - 14.3
under 13.3

15.0 & over
1_4 "4 - L4 .9

14.4 & over
13.3 - 14.3
under 13,3

0"1
0.6

0"7
1_5.9

83 "4

15.05
L4.s7

14.62
13.58
L2 "43

61 .0
62.t

62 "O
63.0
63"r

1.5
5"1

6.6
27 "L
66 "3

L5 "24
L4 "62

14"76
L3 "66
L2 "56

61.0
6L.2

6t.2
62.4
63 .0

4"4
L4.L

18"5
53 .0
28 "5

L5 "26
L4.60

L4"76
13.78
12 "70

61 .3
62 "O

61 .8
62 "6
63"1

18 .0
2s "6

43 "6
48.5
7"9

L5 "43
14 "63

t4.96
13"87
t2.85

60.6
60. B

60 "7
61"0
6L,7

30"8
23 "9

54.7
39 "4

5"9

L5 "62
L4 "65

15.19
13. B8

12 "87

60. 6
60.7

60 "4
6L.2
62 "0

ProËein cont,ent, %

Bushel weight, lb.
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Table 19 gives data for Lakehead and Pacific unloads for the sub-

grades of Option 3 together with a few additional protein ranges. In

all years the bushel weight is higher at the Pacific Coast; and in the

two low-protein years and in the medium proËein year the protein levels

are lower at the Pacific Coast" Protein grading reduces the difference

in protein levels between Pacific and Lakehead unloads to negligible

amounts; but the proportion of lower sub-grades (under 13.3%) is appre-

ciably higher in Pacific than in Lakehead unloads. 0f course, differ-

ences in bushel weight persist betr¿een the two unload areas.

d" Option 4. A System Guaranteeing 15%, L4% and 13% ProËein:

L/
At this sËage of the investigaËion, Mr. A. I{" Alcock, of the Canadian

Tfheat Board, suggested that a system with sub-grades that could be

guaranteed at 15% (when available), 14% and 13% was more raËional in

itself and more consistenË with marketing practices throughout the

wor1d"

DaËa for this proposal are given in Table 20. The top four lines

in each section of the Table (Option 4A) represent splits at 14.9,

13.8 and I2.7%; the next set of four lines (Option 4B) raises these

levels to 15.0, 13.9 and I2.B% and the last two lines (Option 4C) raise

Ëhe lowest level from 12.8 to 12.9%" The sub-grades are given the

following names: 14, 18, lC and lD.

The proEein data in Table 20 suggest that Option 4A (top four

lines in each section), is barely adequate to protect thc protein

1/nrraroa. 
Communica tion.
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Table 19. Compari.son of Lakehead and Paclfic Unloads for all Revlsed Options.

Sub-
Grade

Lt)o- I
Protein range Lake. Pac.

1957 -8
Lake. Pac.

t966 - L969
Lake. Pac.

1963-4 1964-5
Lake. Pac. Lake. Pac.

141

142

1A

1B

1C

lC1
lcz
181_

LBz

IAl
TAJ.

T.A

1B

1C

lC1
Lcz
181
tBz

22.7
ttq
45.6
40. I
t3.7
11 /,

2.3
19.1

15.0 & over
L4.4 - L4.9
14.4 & over
13.3 - 14.3
under 13.3
1t q, - 11 t
under 12.5
13.9 - 14.3
13.3 - 13.8

15.0 & over
L4"4 - L4.9
14.4 & over
I.J.J - I+.J
under 13.3
t2.5 - L3.2
under 12.5
L3 "9 - L4.3
13.3 - 13.8

I5.0 & over
L4.4 - L4.9
14.4 & over
IJ.J - 14.J
under 13.3
1t q - 112

under 12.5

LJ"' - L4.J
13.3 - 13.8

o.+
0"4

10. 5

89.1
43 .0
46.2
2.L
8.3

6.4

4L.0

0.4
6.0

l¿+. )4
L4.54
l1 qo 1? qô

L2.39 12.31
12.79 12.78
12.01 11.95
13.98 t4.L7
13.48 13.46

61 .8
61. B

62.9 63.4
0¿.> oJ.J
63.0 63.4
þr"o Þ¿. t
62.5 63.3

0.9 0.2
3.7 1 "3
4.5 L.6

24.9 L9.2
70.6 79.2
47.0 47.8
¿J.O JL "4q7 l, 1T.J
19.2 L4.9

15"23 15.00
14.60 t4.54
14"73 T4.6L
L3.63 L3.63
L2"s8 12.52
1t at 1t e/,

12.10 L2.O3
L4.07 L4.04
13.50 13.51

60.7 63.0
61.0 6L"7
60.9 6L.9
62.2 62.5
62.8 63.1
o¿. I oJ. ¡
62.9 63.2

6L.7 6t.1
62.3 62.6

Distribution, 7.

4.r
r5.1
'la ,

?< 1

10 0

\,
24.0
JL.I

2.7 L3,4
11.0 25.8
13.6 39.2
49.8 54,8
36.6 6.0
25.8 5.4
10.8 0.6
20"7 31.2
29.L 23.6

27.2 37.2
26.5 t9 .7
JJ.O )t.V
42.4 33.1

?q oo

J.O ö.J
0.4 1.6

,q R rÁ ?

16.6 16.8

Protein content, 70

14"60
L+. t4

L2"74
'ì, oq
1 r oÁ

t4.o9

1q t1 1q ?A

14.59 14.62
L4.72 74.87
L3.77 13.89
12.63 L2.88
L2.9t 13.00
r1.98 LL.75
14.08 14.10
IJ. )) IJ. ÞU

^t7
62.9
62.8
aa /,

oJ. o

63.6
bJ"o

63. 3

L5.52 15.56 t5.7r
L4.64 L4.63 L4.67
15.08 15.10 ls.35
L3.82 13.91 L3.84
L2.83 72.9L 12.83
L2.97 13.00 12.98
L2.1,5 L2 .03 t2 .06
14.11 14.11 14.11
13.57 13.59 L3 .57

Bushel weight, 1b.

lAl
Å¿
1A

1B

IC
1C1

lcz
i.¡r
182

61 .1
6L.4
OI.J
62.O
62.6
o¿6)
63.0
...^0r.ö
62.2

60.1 60.7
60.4 6t.2
60.3 61"0
ou.o oI./
61. r 62.2
6L.2 62.2
60.7 62.4
60.6 6L.4
60.7 6t.9

60.0 60.0
60.4 6L.2
60.2 60.5
60"7 62.2
61.0 62.8
60.9 62.8
6L.9 62.8
ou. I o¿.v
60.8 62.4
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Table 20. 4 Sub-Grade
(411 unload

Systems Guaranteeing 1-5, 14, L3 & L2"/" Protein
areas) "

Sub-
Grade Protein range L956-7 L957 -B

L966-7 to
L96B-9 L963-4 L964-s

DisËributíor., %

1A

1B

1C

l_D

1A

1B

l_c

1D

1C

1D

1A
1B

1C

1D

IA
l_B

1C

1D

1C

1D

1A

1B

1C

1D

1A
1B

1C

1D

1A

1B

14.9 &

13"8 -
L2"7 -
under

15"0 &
L3"9 -
Lz"B -
under

L2.9 -
under

over
14.8
t3 "7

t2.7

over
L4 "9
13"8

12"8

13"8
L2"9

14"9 & over
13.8 - 14.8
L2,7 - L3 "7
under 12.7

15.0 & over
L3.9 - L4 "9
12.8 - 13"8
under l-2 " B

i_2"9 - 13.8
under 12.9

14,9 &
13.8 -
L2,7
under

15.0 &
13,9 -
12"8 -
under

r2.9 -
under

over
14. B

L3 "7
L2 "7

over
L4.9
13"8

12. B

13 .8
t2 "9

0.2

43 "9
51.s

0.1
3.4

38"2
59 "4

3L "7
64 "8

L4 "96
L4 "02
13 .07
L2 "L2

15"05
14.13
13, 16

L2 "L9

!3 "23
t2 "25

62 "4
62 "6
63"1
63.1

61"0
62 "5
63"0
63 "2

63.1
63"1

60"8
61 .8
62.8
63.1

61.0
6L "7
62,8
63 .0

62 "7
63.0

L5 "T7
L4 "20
L3.29
L2 "t6
rs "26
L4 "28
L3 "37
tz "24

13.40
12.34

6L "4
62 "3
62.9
63 "3

61 .3
62.2
62.8
63 .3

62.8
63"3

2L.4
53.7
23,2
I"7

1_8.0

s2.3
27 "6
2"L

27 "O
2"7

15 .34
L4"28
13.40
L2.22

L5 "42
14.36
13.48
L2 "3L

13.49
L2.4L

60"6
60. B

61 ,3
6L "9

60 "6
60"8
6r,2
61.9

6t "2
61 .9

34 "6
46.7
L7.5
r"2

30.8
46 "6
2L"0
L"6

20.6
2.O

L5 "54
L4.29
13 .39
12 "26

L5.62
14,38
13,48
L2 "36

L3 "49
L2.46

60. 1

61" 0
60"6
62.4

60.0
60.9
6r "6
62 "3

61.5
62,2

L"9 5"9
L4 "s 40 "6
48 "5 43 "5
35.0 10.0

1,5 4 "4
L2 "3 36. B

45 "9 46 "B
40,3 11.9

40 "6 44 "s
45 "6 L4 "3

L5 "L7
L4 "T9
L3 "L4
L2"22

T5.24
L4 "29
l-3.22
L2 "28

13 .28
L2 "34

ProÊein conËenË, 7"

Bushel weight, Ib.
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guarantee (137.) for No. 1C in low protein years" Option 4B nay be more

satisfactory buL see¡ns too conservat,ive for No " IA G5%) in high protein

years. Option 4C provides added protecËion for No. lC in 1ow years but

wheËher this is required seems debatable. The following comrnenLs are

resËricted to Option 48, the middle four lines of each section.

The amounts of 1 CW ent.ering No" lC remain Lhe mosE consistenE of

the various sub-grades; the amounts range between 2L arrd 47%" No" 18,

though on1-y 3% in Ëhe lor¿est year, rises to 37% in the medium year and

to 52 and 47% in Ëhe hígher protein years. No. 1A is essenËially non-

esistenË ín the Ëvro lower proËein years but ranges from 4"4 up to 3l%

in the three hígher years. The lowesË grade, No. lD, ranges from 58%

ín Ëhe low year dov¡n to less than 2% Ln the high year"

ûnitting L956-57 for 1A because the amount is too sma11, mean pro-

tein levels range from 15"24 to L5"62% in 1A; from 14.13 to 14.38 in

No. 18; from 13.16 to 13.48 in No. IC; and from L2.L9 to,12.36 in No. lD"

Within each year, bushel weight increases as protein content de-

creases " The difference in bushel weights between the high and low pro-

tein sub-grades ranges from about 1 lb" in the highest protein year to

about. 2 lbs " in the medíum and low protein years.

IË seemed apparent that the possibility of guaranteeing

Ëhe top sub-grade for years when 157" protein is not available

in accordance rvith marlcet demands) should also be examined.

14.5% in

(or possibly

Results,

in Table 21 
"

fails to

again with two different sets of separation leve1s, are shown

(top two lines in each section)The separation at L4.4%
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Table 21" AlternaEe Top Sub-Grade Guaranteeing L4"5% ProËein.

Sub-
Grade Protein range 1956-7 L957 -B

L966-7 to
1968-9 L963-4 L964-5

1A1

1B

1A1

1B

141
1B

1A1

1B

1A1

1B

1A1

1B

L4 "4
13.8

t4 "5
13.9

& over
- r4.3

& over
- r4"4

o.7
3.9

0"5
2"9

ol

43 "6
31"5

38.6
31.6

s4 "7
26.6

50"5
26 "9

15"19
L4 "06

L5 "26
14. 15

60 "4
61.1

60 .3
61"0

Dis tribution,

6.6 18. s
9.8 28.0

5"4 L5"2
8 "4 26.L

Protein conËenË, %

L4.4
13 .8

14 "5
13. 9

14.4
13 .8

L4"5
13.9

& over
- L4.3

& over
- L4"4

& over
- L4.3

& over
- r4"4

14 "62
13.96

L4.69
14 .05

62.0
62 "7

62 "3
62 "5

L4"76
L3 "99

l.4.84
14.11

L4"76
14 .03

L4 "84
L4.L2

61. B

62,5

6L "7
62 "4

L4 "96
t4.06

15.03
14"15

60 "7
60"8

60 "7
60. B

Bushel weíght, 1b.

6t.2
62 "L

61"1
61 .9
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protect the guaranteed level of. 14% for No. 18 adequately.

Accordingly the split at L4.5% Ls preferred. It will be noted that

No. 18 becomes much more uniform in protein leve1 from year to year when

the upper part of Ëhat grade is removed at a level of L4"5% and over.

In years of medium protein level, for which this option (4D) would be

most used, !5% of I CW enters No. 141; this amount drops to 5"4% in the

year of next lower protein level - say 9 million bushels aË an average

proËein content of. L4.B%" In the medium protein years there ís aLso 26"L

of 1 GW in 18 and this amount drops to 8"4% in the nexË lower protein

year" Since No. 141 would not be used in a very J-ow proteLnyeax it may

be said that fhe annual proËein level of No" 18 remains exËremely uniforrn.

e. Option 5" Two Sub-Grade Systems: lwo sub-grade systems are

involved and because ofconsidered briefly Lo elucidate the principles

their possible use for No. 2 CtrI (No. 3 Northern

Nevertheless, this option r¡7as applied Ëo No. 1

report.

and parË of No" 4 Northern)

CW for purposes of this

Table 22 shows divisions at each of two levels, namely 14.4 and 13.9%.

The former would provide a top sub-grade with a mean protein content of

L4.5% or higher in all years; Ëhe latter level provide-s a toP sub-grade

with a mean of L4"0% or higher.

lfith Ëhe split at L4.47. No. 1A ranges from 0.7 to 55% of l CI¡I; it

amounEs Ëo 18.57. in the medium years" I,{iËh the split at 13.9% No. 1A

ranges from 3.4 to 77%, wi-t]n a level of 4l% in the medium years.

The most inËercsting aspec¡ of the Ëwo sub-grade option is the
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TabIe 22. Two Sub-Grade Systern (411 Unload Areas) '

Sub-
Grade Protein range L956-7 1957 -B

1966-7 to
1968-9 1963-4 t964-5

DisËributLon, %

LA
1B

1A

1B

14.4 & over
under L4.4

13.9 & over
under 13 " 9

14.4 & over
under 14.4
Difference

13.9 & over
under 13.9
Difference

14.4 & over
under L4.4
Difference

13.9 & over
under 13.9
Difference

0"7
99 "3

3"4
96.6

14 "62
L2.6L
-2 "Ol

L4 "L4
L2 "57
-L.s7

62 "O
63 .1
-1.1

62.5
63.L
-0.6

6.6
93 "4

13 .8
86.2

L4.7 6

12.88
-T.BB

l4.40
T2.78
"t.62

6L "2

^2e
-r "6

6r.6

^)a
-1.3

1B"s
81 .5

4r "2
58"B

t4"76
L3 "4L
-1.35

L4.39
L3 "I4
-L "25

61 .8
62 "8
-1.0

62.9
-o "7

43.6
56.4

70.2
29.8

14.96
L3.73
-L.23

L4.63
13.40
-1"23

60.7
61.1
-0"4

60 "7
6r .3
-0.6

54.7
4s.3

It"4
22 "6

ProLein contenL, %

1A

1B

1A

1_B

IA

1B

1A

1B

Bushel weight, lb.

15"19
13.7 5

"L.44

t4.87
13.40
-L "47

60 "4
6r.4
-1.0

60"6
6L.6
-1.0
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reLatively rride difference in protein contenL that occurs beËr¡een the top

and bottom portions, no matter where the split is made in relation to

the mean" These differences are shown in Table 22 and range from a low

of 1.23 up to a high of 1.BB percentage uniÈs (2.01% for L956-57 is dis-

regarded because the amount of No. 1A ís insignificant). Thus a single

divisíon of a grade Ínto t\nro parts on a protein basis provides sub-grades

of substantially different protein contenËs. The effect of Ëhe inverse

correlation beËween protein contenE and bushel weight is also illustrated;

the differences in bushel weight between Lhe top and bottom portions l:ange

from a low of 0"4 lbs" Éo a high of 1"6 lbs.

If the Ëwo sub-grade system is applied t,o 2 Cül, a someü¡haË larger

difference in the average protein levels of the two sub-grades would be

expected since Ëhe protein distribution f.or 2 CW is less peaked than for

I CW.

It should also be noted that. under a ttüo sub-grade sysËem there is

no upper proËein bound on Ëhe upper sub-grade, and no lower protein bound

on Ëhe lower sub-grade. The absence of eiËher_ upper or lower bounds and

the poËential1y broad range of protein conËenLs eligible for Ëhe tr¿o sub-

grades would result Ín considerable variabiliËy within the sub-grades"

4. A SysËem Involving Promotion from Lower to Higher Sub-Grades

A rigid system of non-mixing sub-grades presents difficulties. If

minimum protein levels are set high enough in each sub-grade Eo Protect

the guarantee in low-protein years, mean protein levels are r,¡el1 above
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the guarantee in high-protein years, and excessive amounts of high-

protein wheat are essentially given ai.{ay. Moreover, some terminals will

have difficulËy at times in providing shipments that meet the guaranLee,

ruhile others may be forced to make shipments rvith protein levels that are

far too high" These difficulties are subsËantial but should not be ex-

aggerated; any rigid sysLem will represent a marked advance over current

pract ice.

A possible alternative is a system ínvolving promotion of carlots

at terminals from one_ protein grade to another. In reËrospect iL is clear

that this is equivalent to permitting moveable barriers between sub-

grades that change in accordance with the mean protein conËent of the

main grade. Thus Ëhe study reported in this secLion represents the

first step from the initial proposal towards the system finally adopted

when protein grading vras introduced.

Assuming that one v¡íshes Ëo guarantee 15% (when available), L4"/" and

13%, the sub-grades become:

1A I5,O% and over

18 L4 "0% to L4.9%

1C 13.0% to L3"9%

lD under 13.0%

InvesËigation of this system takes a different tack" It is essen-

tial to cleter-mine, noL only hovr much of each sub-grade enters terminals,

but also how much of each leaves terminals. The difference represents

the anount of each sub-grade that is promotecl.
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The following criteria were tentatively adopted: (1) promotion is

permiËted only from one proteín sub-grade to the next higher protein

sub-grade; and (2) the mean of all outgoíng shipments must be of the

order of 0"15 percent.age units above Ehe guaranteed levels of. L5%, L4%

and 137 "

By t,cut and tryfr meËhods, the protein ranges that vrould meet the

second criterion r^rere esËablished for each year" These revised proLein

ranges are shown in Ëhe top ha1-f of Table 23" The resul¡ing mean pro-

Ëein levels are given in Ëhe lower half; and Ëhese seem reasonably saËís-

factory.

A comparison of whaL moves rtlnre wíth r¿hat moves rrOut¡r is shov¡n in

Table 24" Mean protein levels for each grade behave as expected. The

differences betvreen the ftlnfl and l¡Outll protein means seem reasonably

small; of the order of 0.1 to 0.4 percentage units" YeË relatively

large percentages of Ëhe sub-grades are promoted. The boËtom sub-grade

disappears entÍrely in the two high protein years. Bushel weights tend

to fall- by 0.1 to 0.2 lbs., which seems negligible"

PromoËions are recorded in Table 25" Percentage of No. I CT^I pro-

mot.ed are shown in the top section. The most inËeresting data are those

in the bottom line, which represent the total percentage of No. I CI¡I

promoted by one sub-grade. Neglecting the low protein year (L2"6%),

from 20 to 30% of all carlots of No" 1 CI{ entering terminals are promoted

by one sub-grade" The lower half of Table 25 shows the pcrcenËage of

Itlnfr cars promoted in each sub-grade. These Percentages are also
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Table 24 
"

Comparison of Sub-Grades
L3"9, under 13'07") with

ttinrt (15.0 & over, 14.O-I4"9' 13;0-
Sub-Grades rtOutrf after Promotion.

Sub-
Grade Graded Protein range 1956-7

1966-7 ro
L957 -B 1968-9 L963-4 L964'5

LA

IA

1B

1B

In
Out

In
OuË

In
OuË

In
OuË

In
Out

In
OuË

In
Out

In
Out

L4.24
T4 "L4

13 .31
13 " 16

L2 "30
T2"L9

15.0 & over
Revised

74.O - r4.9
Revised

13"0 - 13"9
Revised

Under 13.0
RevÍsed

15.0 & over
Revísed

r4"o - L4"9
Revised

13"0 - 13"9
Revised

Under 13.0
Revised

15"0 & over
Revised

14.0 - 14"9
Revised

13.0 - l-3.9
Revised

Uncler 13 .0
Revised

L5 "24
L5.L7

14.38
L4 "t9

L3 "37
L3 "L4

L2.4A
12 "22

1.5
l_"9

10"1
14 "5

37 .5
48"s

50.9
35"0

61.0 61.3
60.8 6r"4

61"6 62"2
61 .8 62 .4

62.7 62 "B
62.8 63 "0

63 .0 63 .2
63 .1 63 "4

Protein content, 7"

L5.26 L5,43
L5 ,L7 15.18

L4.34 t4 .4L
14 "L4 14.Ls

L3 .49 13 .58
13 " 14 t3 .24

L2.43 12.55
11 .80

DisËríbution, 7"

4.4 18.0
s"9 29"4

31 .8 47 .2
46 "1 50.0

46 "7 31.1
43.3 20 "6

17 .1 3.7
4"t

Bushel weight, 1b.

6t "6
60.6

60. B

60. 9

6t "2
6t.4

61 .9

L5 "62
15 .19

L4 "43
14.10

l-3.58
13 "40

L2"55

30"8
s4 "7

42.L
22.7

24.6
22.6

2.5

60 .0
60.4

60.9
61 .1

61"5
6r_ .6

A"

1C

1C

1D

1-D

1A

1A

1B

1B

1C

1C

1D

1D

1A
1A

1B

1_B

1C

1C

In
Out

In
Out

In
Out

In
Out

2.3
3"4

27 "8
38 "2

69. B

58 "4

62 "4
62.5

Á?1
63.0

63.1
63.2

1D

1D
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Table 25. Percentage
L4 "O-r4 "9%,

Promoted vrith Wheat Graded ttlnfr at L5"0"/" & over,
13 "0-13.9%, under 13.0%.

Promotion L956-7 1957 -B
L966-7 to
L968-9 L963-4 1964-s

1B to 1A

1C ro 1B

lD to 1C

Total, by one

sub-grade

LB to lA
lC to 18

lD to lC

r.r
11"5

L2.6

0.4
4.8

15. B

2L "0

4"0
t2 "B
31"0

cw

LL.4
L4 "2
3"7

28 "9

23.3
45"1

100.

23 "9
4"5
2"5

30.9

56. B

18"3
100.

Percentage of 1

1.5
15 .8
L2 "4

29,7

Percentage of Sub-grade

3"g
16.5

4.7
33.8
72 "5



substantial; neglecting the

Ls promoted to No. lC; from

to 57"/" of No. lB to No. 14.

110

lovr-protein year, frcrn 31 to 100% of No" lD

1B; and from 413 to 45% of No. 1C to No

It should be emphasized that the criterion of 0.15 percentage points

above Lhe guaranteed level may not provide adequaËe proËection" If this

proËection is increased, the percentage of promotions v¡i11 be reduced.

The promot.ion system must also be compared with a corresponding

rigid non-mixing system. Accordingly a comparison was made with Option

/+B (middl-e four lines of data in each section of Table 20) ' The results

of this comparison are shown in Table 26, w1nLcll corresponds Ëo Table 25.

As would be expected, the promotion sysLem is ident.ical with OpËion

1+ in the lowesL proËein year; and promotion is progressively more advan-

Ëageous as the mean annual protein level increases " The percent.ages of

carloËs of No" 1 Cl{ gaining one sub-grade, if promoËion is used rather

than Option 4, remains substantial: 8% in Ëhe medium-low years, and

well over 20% in the higher protein years.

The promotion system can be considered from a different viewpoint.

Inst.ead of the promotion taking place v¡ithin Ëhe terminals it could be

achieved as the grain moves inËo the terminals. In such a situation the

sub-grade boundaries would be allowed to vary to produce a specified pro-

Ëein mean for the sub-grade

A computer program r,¡hich símulated this variable sub-grade boundary

t.echnique was developed. A sample copy of the output from the program

fs shown ln Table 27. The program firsE establishes a proËeÍn frequency
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Table 26. Percentages
L3 "9-L4.9%,

Promoted r"riËh !¡heat Graded ttlntt at L5% & over,
LZ "B-L3 .B%, under L2 .g/" "

Promotion L956-7 1957 -8
L966-7 to
L968-9 1963-4 L964-s

1B to 1A

LC to 18

lD ro lC

Total, by one

sub-grade

from 18
from lC
from lD

;
0

o"4
2"6
5"2

8"2

Percentage of Sub-grade

PercenËage of I

1.5
l_0.8
7"3

L9.6

4"1
23 "t
61.3

CfrI

TL.4
9.1
2.1

22"6

2T"B
33"0

L00 "

23.9
0

1"6

25 "5

.51 .3
0

100.

0

0
0

3"2
5.7

L2"9
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distribution and then sequentially rrcuËsrr, from the top end of the dis-

tribuËion, a series of sub-grades of a predefined mean protein conLenË"

In the example presented in Table 27, protein means of 15"0, 14.0 and

L3.O% \¡/ere requíred; coluÍns 6 and 7 show Ëhe percentage of carlots and

the mean protein contenL of each of the sub-grades, wiËh the sub-grade

mínima at 74.8, 13.5, and 12.4% ptoteín. The program also produces a

1íne printer plot of the protein frequency distribution. In fact, the

prot.ein curves presented in Figures 4, 5 and 6 of Section II are repro-

ducËíons of the printer plots from Ëhis program.

In practice, the setËing of the variable boundaries would presumably

be Lhe responsibility of the Canadian Grain Cormnission" The overall

result should be the same irrespect.ive of whether promotion is permitted

or the boundaries are adjusËed"

General Discussion

The above presentation shows that there are tr¿o main factors to

consíder in Ëhe selection of a protein grading system for wheat.:

(1) The protein level of fhe guarantee; sub-grades should be designed

5.

to guarantee:

(a) L3.0%, 14.0% (and

(b) 13.57", L4"5% (and

(2) Methodology of protein

15.0% when available), or

15.0% when available).

grading; the system should be:

system, or

promoLion of carlots within Eerminals, or

(")

(b)

a rígid non-mixing

a systern involving
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(.) a system involvíng promotíon of carlot.s as they enter the

Ëerminals.

Option la is preferable to lb since it follows current world mar-

keting practices 
"

Ialith respecË to meËhodology, the rigid system (2a) appears the

Least desirable of the three sub-options for two reasons. FirsË, since

Ëhe segregation levels must be set high enough to protect the guarantee

ín Ëhe low proËein years, excessive amourì.ts of high-protein wheat r¿il1

be given away in high protein years, Second, wíthin each protein sub-

grade varÍability rvould be greater under rigid method than wíth the

promotion method.

It appears that either promotion syst,em, 2b ot 2c, is advanËageous

Ëo producers because substantial quantities of Ëhe wheaË are promoted

one sub-grade. Moreover, cargoes of rvheat leaving the country will be

more homogeneous both within and betrveen years. The increase in homo-

geneity should definitely benefit the producer in the long run.

I,trith option 2b iË is assumed that the promotion would be undertaken

by terrninal operators on a fee per carlot basisj and that for each carlot

promoted, the price spread between sub-grades, less a fee, would be added

to Lhe pooled payments to producers for the lower two sub-grades in-

volved. This sysËem is advantageous to terminals, provided that the

promotion fee represents adequate compensation for the valuable service

the terminals rvill render produccrs. The system also malces full usc of
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Ëhe experience and ski11 of terminal management and staff.

Option 2c retains many of the advantages associated with promotion,

but, with decision-making and control more cenÈralized, the system may

be easier Eo administer. However, it does not take ful1 advanËage of

the skill and experience of Ëerminal operators.

The sysËem eventually adopted by the Canadian Grain Conunission vras

option la for EasËern shipments and opËion lb for Western shipments;

option 2c was selecEed as the method of achieving the desired proËein

i-evel"

IË should be noted that all Ëhe above protein data represent single

determinaËions on single samples. Tt was assumed Ëhat experimenËal

errors r,¡ould cancel ouË and would not inËroduce any sysËemaËic bías.

However, iË was demonstrat,ed laËer Ëhat, under practÍca1 conditions, the

experimenËal error does introduce a systematic bias. This Èopic will be

discussed in a laËer section (pp. 138 to 141) 
"

F. Subsidiary Studies

Two subsidiary studies were undertaken and are discussed in this

section. The first related Ëo the proposal that the nevr top grade should

have a mínimum bushel weight of 60 rather than 58 pounds per bushel " The

second concerned the possible relation between protein conLent and mois-

ture content, and the question of whether sub-grades of different proteín

leveLs would also have differenL moisLure levels.
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1" Effect of Excluding üIheat of Less Than 60 pounds per Bushel

The minimum bushel weight for wheat enteríng grade I Northern is

60 lbs"; f.ot 2 Northern 58 lbs. l^Ihen these tvro gracles are combined to

form 1 cw the minimum bushel rueight might be raised to 60 lbs. . thus

elÍminating a portion of the current 2 Northern carlots. The effect of

such a decision on the protein sub-grades was examined using historical

data. A report on this maLter was submitted to the Canadian Grain

Commission in May, 1970" This sËudy rùas made with data on carloË ship*

menËs of No. 2 Northern, unloaded at the Lakehead and the pacific coasL.

in the five crop years 1956-57, 1957-59,1959-60, Lg63-64 and, 1966-67"

The grade is divided into wheat of 60 1b. per bushel or over, ancl wheat

of under 60 lb"; it is further subdivided into three proteín categories:

under I3"0%; 13.0 - I4.4%; and over I4"4%"

Table 28 shows Lhe distríbution of the grade bet\ùeen unload areas

and between bushel weight cat.egories " Unloads at Lhe Lakehead repre-

sented 68% compared with 32% at Pacific Ëerminals. Ì¡Iheat of under 60

1b. per bushel represented 10 "9% of the grade, and the proportion of

loru weight r¿heat was far higher at the Lakehead than aL pacific terminals "

Table 29 shor,zs the dist.ribution among protein ranges f or total un-

loads in both unload areas. Lrlheat of lor,r bushel weight is divided almost

equally betvreen the high and medium protein ranges and is negligible in

the lor'r protein range. rn the high protein range, the removal of lower

weigl'rt rvheat reduces the total amount in the range frorn 20.6 to L5.Z%.

a reduction of 26% Ln the amounr of high protein 2 Nortl-rern that might
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Table 28. Grade Distribution Among Bushel lteight Ranges for Lake-
head and Pacific Unloads 

"

No. 2 Northern Lakehead Pacific Both Areas

Total grade

60 lb" and over

under 60 lb.

Total grade

60 ]-b " and over

under 60 lb.

LL,524

9, 951

L, 573

68"0

58 "7

9.3

30.4

1.6

89.1

t_0.9

Number of Carlots

5,425 16,949

5,144 15,095

2Br

Percentages

1, 854

32.A 100
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Table 29 " Grade DisËribution Among Bushel I,rIeight and Protein Ranges
for Lakehead and Pacific Unloads Combined"

No. 2 Northern ProEein range in 7.

Under 13 .0 L3 "O-L4 "4 over L4 "4 Total-

Number of carloËs

Total grade 3,873 9,586 3"490 L6,949

60 lb" and over 3"846 8,681 2,568 15,095

under 60 lb " 27 gQS 922 l-.854

ToËa1 grade 22.8

60 lb . and over 22 "7

under 60 lb. 0.1

Percentage

56.6

5L.2

5"4

20 "6 l-00

r5.2 89.1

s "4 10.9
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be made avaílable for export.

The percentage distribution among proËein ranges f.or 2 Northern and

on that part of it weighing 60 lb., or more, is aLso interesting:

Under 13 "O% 13 .0 - 14 "47" over L4 ,4% Total

ToÈal grade 22 "B 56 "6

57 .5

20.6

17"0

r00

10060 lb" & over 25.5

These daEa emphasLze thaË removal of v¡heat of under 60 lb. has Ëhe effecË

of decreasing the percentage of high protein wheat and increasing the

percentage of low protein wheat" The same effect would be apparent Íf

Ëhe high protein range hrere established at over 14"2%"

The data are presented in more deËail for Lakehead unloads in Table

30. Trends noËed above are even more apparent for Lakehead unloads" Ihe

amount of high proËein wheat is reduced from 21"6% to 15 "2% wlner. the low

weight wheaË ís removed" Data for mean prot.ein content and mean bushel

weight are also shovm. Removal of low weight wheat reduces the mean

protein content by 0.04% ín the high range and by less in the other tv¡o

ranges. Mean bushel weight is increased by 0.65 lb, in the frigþ protein

range, by 0.3 lb. in the medium range, and by 0"04 lb. in the 1ow range.

Corresponding data for Pacific unloads are shov¡n in Table 31. The

same cortrnents app1y, but the effects are less pronounced.

It is not easy to decide whether it would be advantageous to ex-

clude 2 Northern of less than 60 lb" per bushel from the proposed grade

of No. 1CI^I wheat. The reduction in the amount of wheat. ent,ering the

high protein sub-grade would be partially offset by the gain in average
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Table 30. Grade Distribution Among BusheL l,tleight and protein Ranges
for Lakehead Unloads "

No. 2 Northern Protein range in %

Under 13 "0 13 "0-14.4 over 14.4 Toral

Number of Carlots

Total grade 2,049 6,989 2,486 LI,5Z4
60 l-b. and over 2,026 6,L79 1,746 9,951
under 60 lb " 23 BtO 740 L,573

Percentages

Total grade 17"8 2L"6 100

Ls "2 86 "4

6.4 13"6

60 lb. and over L7 "6

under 60 lb" o"2

Mean Protein Content" %

Total grade L2"42 13.77 14.94

60 lb. and over L2.4L 13"74 L4.gO

under 60 lb " 12.60 13 "94 L5,02

Mean Bushel Ï{eíght, lb.

Total grade 62"47 6l.Ot 60"20

60 lb. and over 62.5L 61.31 60.85

under 60 lb " 58.74 58.75 58.6g

60.6

s3.6

7"0
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Table 31" Grade Distribution Among Bushel WeÍght and Protein Ranges' f.or Pacif ic Unloads.

No" 2 Northern Protein range ín %

Under 13.0 13.0-14.4 over L4.4 Toral

Number of Carlots

Total grade L,824 2"597 1,004 5"424
60 lb. and over L,820 Z,5OZ gZZ 5,L44
under 60 lb. 4 95 LgZ ZBL

PercenËages

TotaL grade 33"6 18. 5 l_00

60 l-b. and over 33.5 94.8

5"2under 60 lb" 0.1

Total grade L2.33 L3"62 15.08

60 lb. and over 12.33 13"60 15.04

under 60 lb " LZ "7 5 t3 .95 IS "Zg

Mean Bushel tr^leight, lb.

ToËal grade 63"18 62"27 60.8g

60 lb. and over 63.19 62.40 6L.37

under 60 lb. 58,75 58.65 58"66

47.9

46.L

1"8

Mean ProËein, 7.

L5 "2

3"3
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bushel- weight of that sub-grade, and a similar situaEíon would occur in

medium proteín sub-grade.

It ís interestíng to note Ëhat the decision finally made by the

Canadian Grain Conunission was to compromise by excluding wheaE of less

Ëhan 59 pounds per bushel from Lhe new grade of No. L Canada Western

Red Spring !trheat.

2" Relat.ions Between Moisture and Protein ConËent

}foisture data for the Ëhree year period 1966-67 to L96B-69 are pre-

sented ín Table 32. Mean data are given for Nos" 1, 2,3 and 4 Northern

(and for 1 and 2 NorËhern combined, i.e. No" 1 CI{) for all unloads and

separately for Lakehead and Pacifíc unloads, for each year, and for the

weighted mean.

The characterístic increase in moisture content. with increase in

grade number is clearly apparent. On average, No. 1 Northern is 0.6

percentage units lorver ín moísture conËent. Ëhan No. 2 Northern. ltlhen

the two grades are combined to form No. I CI^I, this grade will be about

0.5 percentage units higher in moisture Ëhan No. 1 Northern and about

0.1 percentage unit.s lower than No" 2 Northern.

Differences beLween Lakehead and Pacific unloads are small and

neither area has any consistent advantage in moisture 1eve1.

Table 33 presents mean data for I and 2 Northern combined (No" 1

Cl^I), for No. 3 Northern, and for No. 4 Northern divided inEo 0.5 per-

cenLage ÍncremenËs of protein content. There is a definite tendency
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Table 32. Moísture DaËa for Present, Grades.

Moisture ConËent. 7.Grade Unload

L966-7 L967 -8 1968-9 lrlË | d Mean

1 Northern

2 Northern

I+2
Northern

3 Northern

4 Northern

Lakehead
Pacific
All

Lakehead
Pacífic
All

Lakehead
Pacific
Á.11

Lakehead
Pacific
All

Lakehead
Pacific
all

L2 "5
L2.8
LZ "6

L3 "2
13 .1
1_3.1

13.1
13 .0
13 .0

13. 9
L4.4
14.0

T4.B
14.5
14.6

L2"3
L2.2
L2.2

12 "B
L2 "8
L2.8

L2 "6
L2 "5
12 "6

13 .3
L3.7
13 "4

L4 "2
L4 "4
14.3

L2 "6
L2.4
L2 "5

L3 "2
L3.3
L3 "2

13 .0
13 "0
13.0

14. B

L4 "7
14 "7

15.8
16.3
16.5

L2"4
12 "4
L2 "4

r_3.1
13,1
L3 .0

T2"9
L2.8
L2 "9

14.0
L4.3
r_4.0

15.6
15 .3
15.5
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Table 33. Moísture Data for Protein
(411 unload areas).

Ranges of 0"57. tlithin Grades

Grade Protein range
ol
to

Moisture Content, 7.

L966-7 t967 -8 1968-9 I{Ëtd Mean

I + 2 Northern

3 Northern

4 Northern

15"0 & over
L4"5 - L4"9
L4"0 - r4"4
13.5 - 13.9
13.0 - 13.4
t2"5 - L2"9
under 12.5

15.0 & over
r4"5 - t4"9
L4"O - r4"4
13.5 - 13.9
13.0 - 13"4
L2.5 - L2"9
under L2"5

15"0 & over
r4"5 - t4.9
L4.0 - L4.4
13.5 - 13.9
13.0 - 13"4
L2.5 - L2.9
under 12 "5

L2 "8
t2 "9
13.0
13 "0
13"0
13"1
L3 "4

13 .7
t3 "7
13"8
13. 9
14.0
14.o
L4 "7

14 "4
14.4
L4 "s
14.6
L4.6
14 "5
15.2

L2.3
12 "4
L2.6
L2 "6
L2 "6
L2 "7
12"9

L3 "4
L3 "2
13"3
13 .3
13 "4
13.5
L4 "0

14 .0
13"9
L4.2
L4 "3
14.0
14"0
L5 "2

L2 "8
t2.8
L2.9
13 .0
13 .0
13"1
L3 "4

t4 "9
L4 "7
14 "s
L4"4
t4.9
15 .0
L5.4

to. )
16 "7
t6 "6
L6,4
L6.4
16.4
16. 6

L2.58
L2 "66
L2 "79
L2 "84
T2.9L
L2 "94
13"21

L4 "28
L3 "92
13"85
13"88
L4.O2
14"05
L4.63

16. 15
16.34
r)"tt
L5.27
L4.95
t4.95
1q 77
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for moisture 1evel t.o decrease with increasing protein contenË, espe-

cially in 1cl{. For 1c[.I, the difference in moisture ís srnall: about

0.3 percentage units between wheat of 15.0% protein and over and wheat

of. L2.5% to \2"97. protein" For No" I cw and for No. 3 Northern" wheat

of under L2"5% protein is always highest in moisture content. ResulËs

for No. 4 Northern are less consístenË.

The q¡et year, L968-69, introduces variations in the daËa for 3

Northern and 4 Northern and Ëhese also affecË Ëhe weighted means. For

the Ërrro years, L966-67 and 1967-68, the trends in Ëhe data for these

two grades (Nos" 3 and 4) are similar Ëo those for No. 1 Ctü.

The inverse relationship between proteín content and moisture con-

tenË probabLy reflecËs a greaËer probability of poorer harvest condit.ions

in the more Northern 1ow protein areas of the provinces. However, it

may be concluded that no major problems associated r¿ith moisËure conEent

i+il1 arise r¿hen protein grading is implemented.
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rv. IMSLE}'ÍEMATION STUDIES

A" Introduction

In the preliminary studies historical data on the protein content

of Canadian wheaË vrere analyzed in an attempË to develop alternaËive

methods by which proËein segregation might be achieved. The research

described in the following secËions was undertaken on data collected bv

the C.G"C. under conditions simílar to Ëhose expecËed. to occur when pro-

tein segregaËion actually becomes a reality"

AË Ëhís time, early in 1971, there had been a Ëentative decision

to develop a system that would permit guaranËeeing protein conËent in

export shÍpments at 15, L4 and L3%, or at L4.5, r3.5 and Lz.5%" rt

eventually turned ouË that the first set of levels was introduced for

Atlantic shipments and the second for pacific shipments.

obtaining data for Éhe research r¡as no símple maËter. The c.G.c.

v¡as heavily engaged in developíng new techniques for accumulaËion and

transmission of data and the design of conÈrol procedures for protein

segregation" Its laboratories were beÍng expand.ed, and new sËaff were

being trained. Furthermore, methods of integrating the daËa accumula-

Ëion and flow procedures of the protein laboratories wiËh those of the

Inspection Division and the Economics and Statistics Division were being

developed. Under these conditions, research had to be undertaken with

such data as became available rather than v¡ith sets of data designed for

research purposes.
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The research

Pacifíc shÍpments,

Bay. Íhe problems

are similar, and it

one movement would

reporËed in the fo11-owing sections dealt mainly with

though some data were also investígated for T'hunder

presented for both westward and easËward movements

appeared that the principles developed in sÉudying

apply equally to the oËher"

B. Brief Outlíne of the ProËein Segregating procedures

The design of the system to segregate wheat by protein content is

heavily dependenË on the accuracy of the meËhod used to measure proteín

content" At this poinË in Ëime, the Kjeldahl procedure for measuring

protein content is Ëhe most accurate and widely accepted meËhod available.

However, iË is time eonsuming and it is not practicable Èo take a sample

as a carlot of wheat is being unloaded and delay binning until the

Kjeldahl proteín Ëest can be completed. The following is a brief ouËline

of the meËhods developed by the C.G.C. Ëo secure advance data on the pro-

tein content of each carloË of wheat to enable it to be binned by proÈein

content at the Ëerminal elevators 
"

The procedure for acquiring the advance informatíon starts aL the

country elevators " The elevator operator is requíred to forward by mail

a rePresentative sample of the contents of each carlot direcLlv to the

c"G"c. grain inspection of f ices at Ï^Iinnipeg or calgary. The sample

should consist of a sub-sample of each scale load or rdraftr of about

100 bushels which goes Ëo malce up a carlot of about 2,000 bushels. How-

ever, íf the agent is busy, one supposes that he may take a síngle rrgrab
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sampleft during or after loading the carl_ot.

on arrival aË the c"G.c.os inspection office the above sample,

called the ttPrimary samplet', is cleaned, graded, moisture content is

determined and a sub-sample is sent to Ëhe laboratory, with the relevant

documentation, for protein determination. The protein values, corrected

Êo a 13.57. moisture basís, are recorded on the documents r¿hich are then

reËurned to the cor¡nunications centre of the inspection divísion. Here,

the ínformaÉion is transferred Ëo paper tape and sent via telex Ëo the

central conËrol office at Thunder Bay or Vancouver. At the unload area

cenËral office the informaEion is fÍ1ed by boxcar number. hlhen the car-

lots arrive on track at a terminal, an employee of Ëhe c.G"c. records

the car numbers for each shunt and telephones the C.G.C"rs central office

for the Primary sample grade and proËein sub-grade. l.{ith this informa-

tion avaílable, the carlot can be binned by grade and protein sub-grade.

During unload, the sËream of wheaË is continuously sampled; from

this rtunload samplerra sub-sample is drawn and sent to the protein labo-

ratories for eventual comparison with the primary sample. All Ëhe in-

formation'available at unload Ëime is consolidaÈed, coded, and Ërans-

ferred to paper Ëape, and subsequently transmitted via teletype - card

punch to trrlinnipeg. Final1y, when the unload sample protein becomes

available, probably tv¡o v¿eeks later, the Unload protein value for each

carlot is merged with the original daËa"
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e. Description and Treatment of Available Data

Prior to the introduction of proËein grading, a subsEantial quantity

of protein data on both Primary and Unload samples was collected bv the

C"G.C. Ëo test the above data acquisiËion procedures. part of this data

was obËained from the C.G.C. on punch-cards. Each carlot Ì^las represented

by a punch*card which contained information on: boxcar number; consignor;

sËation of orígin; raílway company; unload area; unload terminal; grade;

together with Primary and Unload protein contenÉs. Carlots for wtrich

Ëhe Primaqy Protein l¡ras not available at unl-oad time were also ídenËífied.

ËoËo

The eards were obtained periodically from the c.G.c" and read in

onto magnetic Ëape using the universíty TBVI 360/65 computer. A

sequence number was added to each record for identification purposes"

The data on each record was verified, using a specÍal1y prepared Fortran

program, against a master file containing station names, consígnors, and

unload terminal names; range checks were also made to deËect. anC sub-

sequentry correcË, errors ín Ëhe data" At about Ëhis time, Ëhe c.w.B.

reorganized the ordering of grain shipments. The shipping area vras

divided into 4SrrRailway Blocksrr, each of these had from 5 to lOrrTrain

Runstt. The geographic origin of the carloËs, by Block and Train Run.

also contained in the masËer file, was acrded Ëo each record.

To analyze the daËa, a number of Fortran programs v/ere developed

Ëo simulate various aspects of the proposed protein segregating syst,em.

Sample copies of what are considered to be the most useful outputs ob-

taÍned from some of these prograns are presented ln a later secLion.
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The data examined were collected over a considerable períod duríng

the 1970-71 crop year and were analyzed by weeks. such a time period

would probably approach what would be practical when the system becomes

operational" For convenience, the v¡eek was defined by Ëhe date of unload

of Ëhe carloËs" Table 34 shov¡s the Ëime periods sËudied, with weeks

numbered from 1 to 12 "

Table 34. Time Periods Over ltlhích the SelecÉed Data
ï{ere Collected.

Tteek No.

1

2

3

4

5

6

7

I
9

10

11

T2

Time Period

Dec. 31

Jan" 7

Jan. L4

Feb. 11

Feb. 18

Feb" 25

Mar" 4

Mar. 11

June 6

June 13

July 4

July 11

- Jan. 6

- Jan" 13

- Jan" 20

- Feb" 17

" Feb" 24

- Mar" 3

- Mar" 10

- Mar. 17

- June 12

- June 19

- July 10

- July 17

It should be noËed that the data were collected over

time periods. tr^Ieeks 1, 2 and 3 are consecutive, followed

weeks 4 though B are also consecuËive, followect by about a

break; the third period consists of weeks 9 and 10; r+eeks

compríse Èhe fourth and final period studied.

four separate

by a break;

two month

11 and 12
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Betv¡een weeks B and 9 a significant development occurred in the

Ëransportation logistics of canadian grain" Data collected prior to

and including rveek B were obtained under a transportation system r¿hich

had been in effect for many years. Under this system carlots were allo-

eaËed among terminals on the basis of the company of origin. As men-

Ëioned earlier, Ëhis sysËem resulËs in certain terminals obtaining car-

lots from a limited geographic area, v¡hich may be of high or low protein

leve1 
"

In Sun¡ner L97I, Ín the interest of increasing handling capacity Ëo

meet record sales cornrníËments, the various interesËs involved in grain

movement agreed Ëhat carlots of graín would be allocated among terminals

irrespecËive of the company of origin. Data collected from week nine

onwards were obtained under the ernern/tr transportatÍon structure, For the

purpose of thÍs dissertaËion data collected under the new system are

referred to as "Pooled carlotsir while the earlier daËa referred to as

rrnon-Pooled Carlotsrt. Since different quality control- procedures nay

be necessary under the different transporËation structures it seemed

desirable to maintain the transportation identity"

n Comparison of Primary and Unload Samples

Since both a Prim¡rr¡ nnd rn Unload sample ruere taken from each car-

1ol- a paired comparison belween the primary and unload proteins can be

made" rt is pertinent to note, however, that the paired samples were

obtained by different sampling procedures at different times and went
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Ëhrough the protein laboratory on different dates. Hence, observed

differences between the treatments reflect sampling errors, accuracy of

the protein test, and the stability of the laboratory results over {:ime.

Data for weekly paired comparisons are presented in Table 35.

Column one shows that. week in r,¡hich the boxcars vTere unloaded" Column

Ëwo shows the number of carlots unloaded in each week; as expecËed the

number varies from week to week. lleekly Primary and Unload means are

shown in columns three and four, respectively. As expected the means

for both sample sets vary from week to r,reek" However, within a r.reek iË

was antícipated thaË the means for both sample sets would be essentially

equal " The within-week difference between Unload and Primary means is

shown in column fÍve. It is noteworËhy Ëhat in eleven of the twelve

weeks studíed that Ëhe Unload mean exceeds the Primary mean. Although

the differences are small such an occurrence would índicate a svstematic

bias of some kind, It is doubtful if this bias could be attributed to

laboratory stability. Since there is a tíme 1ag between protein testing

of the Primary and its Unload paír, continuous positive differences be-

tv/een Unload and Primary means could only be attributed Ëo the laboraËory

if the laboratory results \ùere continuously increasing over time. There

r'¡as no evidence of such an increase, and no explanation of the consistent

difference betr'veen the Primary and Unload means has been developed,

The standard deviation of the difference between the Primarv and

the Unload samples for each tveek is shown in column six. The standard

cleviations indicate that the variance of Lhc difference beLrucen primarv
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Table 35. Irreekly Paired Comparisons Between Primary and Unload Samples
for Proteín Content.

hleek
No" Carlots

Primary
Mean

Unload
Mean

S.D.
ofD

Ë

Value
Difference

U-P

I

2

3

l+

5

6

I

I

10

11

L2

298

539

62r

67s

79L

937

882

677

l_012

1107

879

r.373

.11

.13

"03

.06

.11

.05

"05

.07

17

.08

- .09

.05

"46

"4r

.36

"28

"33

"28

"28

.28

"44

"40

.4r

"40

13.34

L3.22

13.40

L3.57

13 "72

13 .65

13 "73

13 .95

13 .91

13"85

13 .81

L3.79

L3.45

13.35

L3 "43

13"63

13"83

13 .70

13"78

L4 "02

14.08

13.93

L3,72

13 .84

4 " 13*r*

7 "36r<*

2 .08'*

5 " 56*f,¡

9.37frÈ

5.46#É

5 " 30iíìk

6 " 51**

t2 "29'r*

6.65>'h'

6.51'å*

4.63;"*

at 5%

at L"/"

S ignifi cant

S ignif icant

1eve1.

1eve1.
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and Unload v¡as considerably srnaller in weeks 4 through B than in the

rêmaining weeks " thÍs is examined ín more detail ín a later section.

The last column of Table 35 shows weekly paired t values. The Ë val-

ues índicate thaË in 11 of the 12 weeks studied there were highly signi-

ficanË differences betr¡¡een the sample seËs. Moreover, the t-value for

the remainíng week (week 3) was significant at Ehe 5% level. Ilowever,

each t-value is based on a very Latge number of degrees of freedom and

hence sma1l differences between the tv/o means Ëend to result in signi-

ficant Ë-values. Therefore, the significance of Ëhese 'differences under

operational conditions should not be exaggerated.

E" The Perfonnance of the Prímary Sample in the Segregation
of CarLots of hfheat bv Protein ContenË

As previously mentioned, protein tests on the Primary samples offer

a practical method of segregating carlots by protein contenË" A simu-

lated segregation vTas therefore made on Ëhe carlot data for Ëhe 12 indi-

vidual weeks. The protein conËent of the sub-grades hras monitored by

means of Unload sample proteins. The object was to dívide Ehe main

grade (1 CI^l) inËo three sub-grades: the first guaranteeing 14.5% pro-

Ëein (1 CI^I 145) ; the second guaranteeing 13 "5% (l C:I^I 135) ; and rhe

third represenËing Ëhe remainder (1 CI^l 125) " For this purpose boundaries

hTere seL at L4.4% and over, 12,8 to 14"3%, and under I2"B%" The results

of this study are shown in Table 36 for each of the 12 weeks (column

one), and these are arranged in decreasing order of the proteín mean

for the maín grade (colurnn 6). As expected the percentage of the carlots
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fn the 1 clrI 145 sub-grade (column 3) decreases, and the percentage in

the 1 CI,,I 125 (coluurr 5) sub-grade increases, as the 1 CW mean protein

conLent decreases" These changes are substanËíal for a relatively small

change in the mean protein content for 1cw, frcnn 13.95 to r3.zz\"" The

percentage ín the middle sub-grade (1 cI^I 135) is much more stable.

Primary protein means for the sub-grades are quiËe sËable from week

to week; for 1 ctü 135 weekly means have a range of 0"3 proËein percenË-

age units, for l ctl 145 and I ctil L25 the rânge is about 0.1 percentage

uníts " ünload means for the sub-grades show a somewhaË 1-arger week to

r*reek variaËíon Ëhan the Primary means. It is also apparenË that, sub-

grade means are related Ëo Ëhe I CW mean.

When ureekly Primary and Unload means within Ëhe protein sub-grades

are compared certain consisËenË features become evidenË. trüeeklv mean

differences between Unload and Primary samples for 1 Ci,I and the three pro-

Ëein sub-grades are shor¿n in Table 37. Column 2 shows that the Unload

mean for I CW exceeded the Primary mean in all weeks except week 11 when

the reverse lrâs true. Hov¡ever, when Ëhe samples were segregated ínto

three protein sub-grades on the basis of the primary proËein Ëhe relaËion-

ship between Primary and Unload mean observed for 1 CInl does not hold:

for l CI^I 145 the mean of the Unload Samples is less than the mean for

Ëhe Primary samples in 10 of the 12 weeks stuclied; for l cLr 135 and

L CW 125 the Unload mean exceeds Ëhe Primary means with only one excep-

tion; and for I CI,l 125 the differences are much larger than they are for

1CI^l 135" It is also noteln/ortl-ry that the rvithin sub-grade differences
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Table 37. l,treek1y Mean Differences
for 1 ChI and the Three

BeËween Primary and Unload Proteins
Protein Segregates.

Mean Difference (U-P)

lCW 1CI^/145 1CI^tl35 LCfÃL25

PrÍmary
irleek

No" S.D. of D" S.D.

B

9

10

11

T2

'1

5

6

4

I

2

"07

.L7

"08

- .09

"05

.05

"11

.05

"06

"03

"11

.13

.01

- .03

- "L6

- "29

-.16

- .05

.01

-"06

-,09

-.07

" .08

-"09

"08

"2r

"14

-.06

.10

"vt

.10

.07

.07

.01

nq

.11

.15

.51

"36

.18

"27

.09

"23

"10

.15

"14

t^

"24

"28

"44

"40

.4L

.40

.28

"33

"28

"28

"36

"46

"ú+l

" 68 "92

"74 "82

.77 "87

"7 9 "87

.76 "86

"7 4 .93

"83 "92

" 
83 "94

" 80 "94

"86 .91

"81 "84

"82 " BB
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between corresponding Unload and Prímary means tend to Íncrease as the

mean protein level of 1Cf{ decreases" Thus, it would appear that the

segregation of carlots on the basis of Primary sample protein content

introduces a systematic bias Ínto the sysËem. Regression theory pro-

vides a satisfactory explanaÈion of this phenomenon.

F. RegressÍon Theory as ít Relates to the Segregatíon
of trüheaË bv Protein Content

The linear relationship between Unload ProËein contents of carlots,

U, and Prímary protein contenËs, P, of Ëhose same carlots is given by

(u-Û) =p (P-Þ) (1)

vrhere ü and ñ rt. ,n" ,*rn Unload and Primary proËeins of carlots being

considere d and, p ís the coefficient of linear regression of Unload proteín

contents on Primary protein contents" Applicat.ion of this equaËion to pro-

Ëein segregation assumes only Ëhat errors in protein determinaËion are in-

dependent of the true protein contenË.

If the standard deviations of Unload and Primary protein contents are

equal, the regression coefficíentfi can be replaced by the correlation co-
/\

efficient f' Ay Ëhe following identity:
' 

^ ,*-./

f = OuP
TÐp

= ()up = P
4_-- È-/

, since (),,= Ac4l(ffi
Thus, línear regression theory, as applied to the problem of protein segre-

gation of Canadian wheat, talces the mathematical form

(u-u) = Ê_ (P-P) (z)
luP

In words, the amount by wllich the Unload protein content of a given sub-

grade differs from the overall protein contenL is expected to equal the
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amounË by which the Primary protein content differs from the overall pro-

,n /)teÍn content multipliecl by the factor H . The factor ft Ís ËhefuPrup
linear correlation beËween Unload and Primary protein contenLs of the

carlots being considered.

This application

cussed by Cochran (92)

Ëhe basis of select,ion

proteins) 
"

of regression theory is equivalent to that dís-

r¿here phenotypic values (Primary proteins) provide

for improvement of genotypic values (Unload

rn cochrants paper Ëhe purpose of selection l,7as to maximize Ëhe

mean value of the selecËed porËion while maintaining a specific fracËíon

of the original populaËion. Birnbaum (93), in 1950 invesrigated the

related problem of maximizing Ëhe fraction of the population thaÉ is

reËained, subject to the condition that the mean value of Ëhe selected

universe has some preassigned value. Birnbaum showed Ëhat truncation

by means of linear regression was optimum for this problem also. The

segregation of carlots of wheat by protein content is essentially the

same as the selecËíon problem investigaËed by Birnbaum. The mathemat.i-

cal technique used by Birnbaum to determine the truncation point could

be used to establish the protein sub-grade minima in the segregation of

carlots of wheat"

The selection problems studied by cochran (92) and by Birnbaum (93),
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as in most selection progrann'nes, only involved selection from one end

of the population rvhereas the segregation of carlots of wheat by protein

conËenË involves the simultaneous selection of all carlots to give two,

or more, pre-defined sub-grades. Hence, the term rrsegregation" rather

than selection appears to be more descriptive of this specific appl-ica-

tion of Ëhe selection process.

Using equation 2, and Ëhe Primary protein data from Table 36 and

the v¡eekly correlaËion between Prímary and Unload samples shor¿n in the

last column of Table 37, iË is possible Ëo predict with reasonable pre-

cision the weekly Unload mean protein for each of the sub-grades in

Table 36"

IË is noteworthv that the difference in Ëhe Unload mean ís

always a fractíon of the difference in Ëhe Primary mean. Conse-

quently, if the segregation is made above Ëhe I CI^I mean, Lhe Primary

mean of the segregated portion of the distribution will always exceed

the corresponding Unload mean. Conversely, if Ëhe segregaÈion is made

belor¿ the 1 CW mean, the Primary mean of the segregated portion will be

lower than the Unload mean. Furthermore, as the sub-grade minimum moves

further and further ar¡ray from the I CI^I mean (i.e. as the selection

intensity increases) the absolute difference betrveen the sub-grade Unload

and Primary means increase"

Table 36 shows the same result is obtained if tl-re sub-grade minima

are held constant while the I Ctr{ mean varies. The shape of the distri-

bution is also a factor influcncing the selection int.ensity; assurníng a
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distribution of constant mean and sub-grade mínima, the selectíon inten-

sity increases as Ëhe distribution becomes more peaked. The standard

devíations shorvn in column 7 of Table 37 indicate that the shape of the

distribution does actually vary from week to week. Determining Ëhe

optimum sub-grade minima r¿il1 be Ëhe subjecË of a later section.

G" Factors Affecting Ëhe Relationship Betrveen the Prímary
and Unload Means for the Protein Sub-Grades

In equaËion 2 above, the magnitude of the correlaËion coefficient

deËermÍnes the proportional change in the Unload mean relaËive t,o the

Primary mean, it is obvious that the larger Ëhe correlaËion coefficient

Ëhe more effecËive the segregation" The magniËude of the correlaËion

coefficienË is Ínfluenced by many factors " Sokol and Rohlf (94) demon-

straËe that the correlation betrveen logically paired observations (e.g.

Prímary and Unload proteins) may be divided ínto Ëhe following

components:

p
I u"p

222S I. S -SupD

2 S.Sup

In this specífic case, S and S are the respective standard deviations
Pu

of the Primary and Unload samples and S- is the standard deviation of
D

Ëhe difference beËrveen Primary and Unload. If it is assumed that
222

S=S-S,thenup
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= L- (3)

Equation 3 shows that the magnítude of the correlation coefficienË,

and hence segregaËion effíciency, is influenced by the magnitude of both

the variance of the difference between Prímary and Unload, and the

variance of the protein disËribuËion (i.e. protein range). The stability

of both these sËatisËics over time also influences the reliabiliLy of the

regression equaËion (equation 2) in predicËing the mean value of the pro-

Lein sub-grades.

The standard deviation of Ëhe difference betr¿een Primary and Unload

proËeins (column 6) and the standard deviation of the Primary (column 7)

for each of the 12 weeks shown ín Table 37 indicates that both these

statistics vary from week to week.

The homogeneity of weekly variances of the primaries and of tn'eekly

variances of the difference beLween Primary and Unloads were tested by

Bartlett's test for homogeneity of variances (95). Each seË of variances

T,Ias tested for all tr¡elve weeks combined and a separation \r7as also macle

for each transportation structure referred to in Section C above. The

Chi-square values obtained are shown in Table 38.

Table 38 shows that the'heterogeneity of variances of the primaríes

for all twelve rveek combined are significant at the 1% level" ILow-

ever, rvhen the tveelily variances are tested wit-hin eaci-r transportation

structure iE rvas found that they were hcterogeneous for the non-poolcd

2
s

D

-)2s-
tÇ

/ u.p
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carlots but homogeneous for the pooled carlots.

Table 38" Chi-Squared Values
of the Variance of
Difference Betv/een

Obtained when Testing the Homogeneity
Ëhe Primaries and Ëhe Variance of the
Primary and Unload Sample Proteins.

TyPe d. f" 2
s

p
2

so

Non-pooled CarloËs

Pooled Carlots

Al-1 l,Ieeks

7

3

11

54 "39

4 "24

66 "75

301 " 51

13 "4L

594.O2

*;:tu SignifícanÈ at 1% level.

Table 38 also shorn¡s Ëhat Ëhe weekly varÍances of the difference be-

tween Primary and Unload proteins are heËerogeneous for Ëhe total period

and within each Ëransportation structure"

The heterogeneity of boËh sets of varíances obviously affects Ëhe

stability of the correlaËion coefficient, this ín turn influences the

efficíency of the regression equation in predicting Ëhe sub-grades means.

rn practice, attaining a stable correlation may be a difficulË task.

The C.l¡I .8" in conËrolling the forward movement of wheat can influence

Ëhe geographic origin of the carlots. since protein conËent is also

geographíca1ly dístributed, a limited geographic distribution of the car-

lots by the C.I,I.B. would impose a protein selection aË the origin. This

protein selection would influence the mean and the variance of the car-

lots arriving at terminal positions" The smaller and more stable standard
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deviations for the pooled carlot period (fa¡te 37 weeks 9 through 12)

would indícate that such a selection mav occur under this transÞortation

structure. If under the pooled transportat.ion structure the country

elevaËor affiliations v¡ith terminals can be ignored, a limited geographic

dispersion of the shipping orders may result. Protein selection by orígin

will be discussed in a later sub-sectíon in relation to the Block Ship-

ping System.

The variance of the difference between the Prímary and the Unload

ís the second factor influencing Ëhe correlation. The variance of the

difference may be further divided into sampling error and analytical

error. These have been discussed in an earlier sub-section (page 17)

where it v¡as eoncluded that their combined errors would be about 0"3%

protein. The standard deviation of the difference between Primary and

Unloads should be about 4tT Ëimes the combined error of .3, which ís

equal to "43" Table 37 shows that thís value \¡zas exceeded in only weelcs

No. 1 and No" 9. Moreover, ít may be concluded that the variances for

weeks No. 3 through No. B v¡ere unusually small, also noËe the effect of

this on the magnítude of the correlaLion in these weeks.

Since the C.G.C. operates the protein laboratories they can exercise

control over the magnitude of the analytical component of the variance

of the clifference between Primary and Unload samples. This control is

achieved by means of a laboratory I'checkrt sample system.

The laboratory check sample records r^rere examined in an attempt to

explain the relatively large weelc to rveeh variability obtaincd for Lhe
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sËandard deviatíon of the difference between Primary and Unload samples.

The check sample data indicate Ëhat the laboratory results I^/ere more

variable than usual about the perÍod the data f.or weeks 1 and 2 were

obtained. As for weeks níne through twelve the laboratorv records show

that the protein tesËs on the Primary samples vrere made in the Calgary

laboratory while some of the Unload proteins were done in the hlinnipeg

laboraËory and others were done in the Calgary laboratory. It is also

noteworthy that during this period the Inlinnípeg laboratory \,ras being ex-

panded to three shifts per day and consequenËly nev¡ staff had to be

trained" In Calgary the situation was even more complex; noË only was

a r1er.^7 laboratory being t'debuggedt'but thís was being done by rtnewttstaff.

The laboratory records further suggest that duríng the periods when

Ë.he varíance of the difference betrveen Prímary and Unload proteins T¡rere

smal 1 the laboraËory r\ias not working aË fu1l capaciËy. Thus it would

appear Ëhat, the small variances observed in r,¿eeks Ëhree Ëhrough eight

are at leasË partly the result of using experienced laboratory staff

under more or less research conditions. In vreeks nine through twelve

the data were obtained wiËh inexperienced staff in a new laboratory which

was likely working at full capacity. Even with experienced staff it

would probably be dÍfficult to achieve the same degree of precision when

Ëhe laboratory is working at full capacity as compared with the relatively

relaxed conditions expected in a research laboratory. It is lihe1y that

in periods of high through-put there is less attention to detail and

conscquently the magnitudc of the differences increase. lloruever, Ëhe
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significance of maintainíng the error at its absolute minimum was already

noted in discussing the regression equation above.

H" Determining the Reliability of the Primary Sampling System

An atËempL rüas next made to assess Ëhe reliability of the Prímary

samplíng undertaken by country elevator agents. For this purpose the

ïnspecË.ion Division of the C.G,C. arranged Ëo take duplicate sub-samples

independently from the main Unload sample, and these then passed through

the lqhole procedure as separate sets of samples not known to be dupli-

cates. Protein data for these paired Unload samples r¿ere then compared

with the corresponding Primary samples.

Duplicate Unload samples, together with corresponding Primary sam-

ples, lvere obtained for 931 carlots. Data for mean protein content,

standard deviation of difference and correlation coefficients for the

various sample combinations are shorun ín Table 39"

Table 39. Comparíson of the Protein Contents of Paired Unload Samples
with the Corresponding Primary Sample"

Mean S"D" of D. Correlatíon

ut tz u,. uz

Unload 1 (U1)

Unload 2 (U2)

Primary (P)

13.93

r3.89

13 .93

.JJ

.38 .40

.85

.81 70
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The data on mean protein content show that there are only minor

differences between the means of the sample seLs. It rnay be concluded

that there is no bias in the Primary sampling at country elevators.

The standard deviation of the difference is smallest. r¿hen Unload pairs

are compared and largesË when Unload set 2 and the primaries are com-

pared. Although each Unload set performs somewhaË differently when com-

pared wiËh Ëhe Primary, there is little doubt that the Unload seËs are

more closely related in Ëhemselves than is either set wiËh the Primary"

l[oreover" the standard deviaËions of the difference beËween Priur,ary and

TJnload samples shown in Table 39 are comparable wiËh those reported

earLier. Since the data shown in Table 39 represent Eastern grain move-

ments and the earlier daËa represenËs l^Iestern movements iË is unlikely

thaË there Ì'üere any sampling operators cormnon to boÉh sets of data"

Hence, it may be concluded that the sËandard deviation of the difference

between Prímary and Unload proteins will be about .40.

If variances raÉher than sËandard deviations are compared, Ëhe above

data indicate that the variance of the difference betr,reen Unload pairs

accounts for 50% to 6O% of the variance of the difference between Primary

and Unload proteins. Hence, it may be concluded Lhat sampling error

accounts for the remaining 40% to 50%"

Differences betr,¡een the Primary and Unload samples may arise for

t\^ro reasons. FirsË, dif ferences may exist between the means of each set

of samples. Such differences would occur if one sample set is consis-

Ëently high or low relative to the other. Second, individual sample
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differences may be large but variable Ín direction. Such errors cannoË

be detected by comparing means " The magniËude of sample differences can

be detected by calculaËing the standard deviation of the difference. A

Fortran program which calculates the mean dífference and the standard

deviation of the difference betv¡een Primary and Unload samples for each

company at each station was prepared. Paired samples over a number of

weeks v¡ere analyzed using this program. Typical results for a number

of staËions for one elevator company (Saskatchewan Pool) are presented

in Table 40.

Table 40" Comparison of Primary and Unload Protein by Station of Origin
of Carlots "

ProËein, %

SËaËion Samples Primary Unload P-U S"D" of D

HENRIBOURG

ABERDEEN

RICI{MOTIND

BIC.GAR

BORDEN

FIELDING

DIXON

CO1IRVAL

MENDHAM

TI]NSTALL

MAPLE CREEK

LINACRE

HAZLBT

6

10

7

L7

T4

B

5

9

7

¿+

5

7

B

L2.LB

13"18

14 "46

13.72

13"31

t3 "44

13 "24

14.03

13 .33

L4.6s

L3.72

13.94

t4 "2r

12.38

13.28

L4 "70

13 .56

13 .3s

13.38

13 .10

L4.2I

t3 "46

14 "67

t4 "52

14"03

L4 "L6

-.20

-"10

- "24

.15

- "04

.06

.14

- .18

-"13

- "o2

-.80

- .09

-"05

"15

"23

"26

t9.

"29

"46

.50

"58

"64

"64

.79

.97
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Ït is apParent that the differences between the means are generally

quite smal1, and in both directions" However, the magnitude of the

sËandard deviations of the difference varies substantiallv from station

Ëo station" For about the first six stations in Table 40 the accuracv

of the Primary samples Ís beyond criticism. However, for Ëhe stations

in the lower half of the table the magnítude of the standard deviaËion

of the difference indicates that sampling errors are both large and

variable in direction, The Maple creek samples are obviously low as

indícated by Ëhe difference between the means, and variable as indicaËed

by the magníËude of the standard deviation of the difference"

IË may be concluded that differences in the standard deviations

reflect sampling consisËency. If Primary and Unload samples are compared

periodically by an analysis of this type, it should be possible to deËect

oPerators with poor sampling technique and any attempt Ëo Itsalttt samples

\^rith high protein v¡heat.

Iu Variability ín Protein Content Between ElevaËors
I{ithin Unload Area

In the t'preliminary studiestr section it was demonstrated that differ-

ences exist betr.reen Ëhe mean protein content of carlots unloaded at indi-

vidual elevators within an unload area. The between-elevator variability,

and the influence of transportation logistics on this variability, are

examined in this sub-section.

The weekly distribution of carlots arnong elevators, and elevator

mean protcin content are shornrn in Table 41. Carlot distribution clata
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show that during the twelve weehs under investigation five of the e1e-

vators receíved carlots of

(i.e" Bur) received carlots

number of carloËs unloaded

wheat in all twelve r,¡eeks. while one elevator

in only B of the 12

at the Port, and the

weeks " Moreover. the

distributíon of them

among the elevaËors, varied from vreek Ëo week.

It should be noted that the divis ion is maíntained between the

periods when carloËs Þ¡ere pooled and non pooled (cf" page 131). Column

9 shows that, within each transportation sËrucËure Ëhe weekly data are

arranged in order of decreasing mean protein content" The protein mean

for each elevator is shown as its wiËhín r^reek deviation from the port

mean. A scan of these deviations reveals that considerable dífferences

exist among elevator means. To test if these observed dífferences Tdere

greater than Ëhe analytical error of protein indication, the deviations

were analyzed st.atistically by Lreatíng the data for each elevator as

el
a sub-sample of the daËa for Ëhe port rviLhin a week.*' It was found that

most of the deviations r¡/ere greater than twice the standard deviation of

protein measurement, which r¡ras considered to be 0.2% protein.

A closer study of Ëhe deviaËions shorvs that within each week under

the non-pooling system the mean protein content for SI^IP was about "3

percentage units higher than the porL average while the mean for AI,IP was

about .2 percentage units lorver than the port average. As mentioned in

the preliminary studies secLion, these clifferences arise because of the

geographic origin of tire carlots unloaded at the individual elevators "

Ilorvcver, the differences betwcen the means for SWP and AWP, shown in

^t 2¿tt Dcviation grcater than (M-N) (.2)-/mV r^rhcre M is the
for the port and N is the carlots at ¿rn individual

number of carlots
el cva tor "
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Tabl-e 41, are quíte large despite the fact that during this period

there exísted a carlot exchange prograflme. Under this programrne, cat-

loËs which would normally be shipped Ëo AI^IP were exchanged for SI,'IP car-

lots originating in high protein areas. The aim of the progranrne v/as

to reduce the protein differences beËween these elevators. It is appar-

ent that the progranrne had only limited success.

The exchange prograurne outlined above díd not involve the remaining

elevators. Table 41 shows that the mean proLein conËent for UGG Ëends

Ëo be less than the porË average, while PACI approximately equals the

porË mean. The remaining Ëwo elevators, Bur and Vit, often exhibit rel-

atively large differences in both directions. The erratic behaviour

of these two elevaËors may be partly attribuËed to the sma1l number of

carlots each elevator receives within a week" Moreover, each of these

elevators receive carlots from only one of the Ëwo railway companies

and therefore the deviations may reflecË a protein imbalance between

railways. The mean for VIT is probably further complicated by reason

of its location on Vancouver Island. Since cars move to this elevator

by ferry, there is a serial delay which rvould influence the deviation of

the elevator mean from the overall port mean, partícularly when the port

proLein 1evel is changing.

It would be expected that when the carlots were pooled and allo-

cated between terminal elevators without regard to the company of origin,

that the difference in protein mcans beLween elevators would disappear.

The data for weelcs 9 through 12 show that while the pooling of the
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carlots reduced the deviations considerably ít did not enËirely eliminat.e

Ëhem. At least part of Ëhe differential between Str^IP and AWP is retained.

Hor¡ever, thís imbalance may be the reflection of a protein ímbalance be-

Ëween the raílways, since SI^IP receives carlots from both raílways while

AWP receives only Canadian Pacific cars. Furthermore, it was demonsËrated

1aËer that, even under the pooled transportation structure, the carlots

do not arrive in a random fashion at the terminals. It may be aPpre-

ciated that train loads of grain will tend to be composited from a number

of carlots which originate in a limited geographic area. It is obvious

that Lhe sequence of carlots in the train r.¡ill tend to fo1low the se-

quence of Ëhe stations along the railway line in the area of orígin.

Since Ëhe protein content of wheaL varies substantíally from station to

sËatÍon, the protein content of carlots unloaded at the terrninals will

obviously exhibit runs of high and lorv protein. It is hoped that by

binning the carlots of a particular proËein sub-grade in t\^/o or moTe

bins alternately that the effect of these runs within an elevator wÍl1 be

reduced. Moreover, it ís anticipated that the runs to the indívidual

elevaËors will average out over time"

In order to examine the effect on protein segregation operations

of the observed differences beËrueen elevators in mean protein content,

the segregation simulation system used in sub-section E was imposed

on the data. The results of the segregaLion exercíse are shown in

Tables 42, 43, ancl 44. The presentation format for each of the three

sub-grades is thc sane as for I CW,
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The data for l Ct^I 135, the centre and largesË sub-grade, is pres-

ented in Table 42. Table 42 shows, Ëhat within r¿eeks, mean protein

differentials exist between elevators, and the paËtern observed for 1 CI^I

ís essentially retained, The data for the remaining two sub-grades,

1CL{ 125 and l CI^I 145, are presented ín Tables 43 and 44, respectivel-y"

These tables also demonstrate thaË between elevator differences exist

within a sub-grade. However, it is apparent that the elevator to eleva-

tor differences are larger in the centre sub-grade (1 CIÀI 135) than for

Ëhe exËreme sub-grades I CW Í25 and 1 CI^I 145.

The between elevator differences observed, particularly for Ëhe

extreme sub-grades, do noË always refl-ect the relaËive magnitude of the

differences in protein means betv¡een elevators found for the unsegre-

gated carlots. This would indicate thaË both Ëhe mean protein, and the

distribuËion of Ëhe indívidual carlots about the mean varíes from ele-

vator to elevator. If the level and shape of the proËein distribution

varies from elevator to elevator, it can be appreciated ËhaË, when a

segregation sysËem which is adequaËe for the port as a whole ís imposed

on individual elevators, the selection inËensity will vary from elevator

to elevaEor" It follows, that if the selection intensiËy varies, the

sub-grade means for each elevator will vary accordingly.

Ideally, the selection intensity should be equal for all elevaLors"

This could be achieved by using an independent segregation system for

each elevator. This means that Lhe mínimum for each sub-grade rvould

vary from elevator Ëo elevaLor. Such a system could be operated if
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jurisdiction on the changing of the minima existed at the elevator

l-evel. However, it would be cumbersome to operate if control of the

sub-grade minima were cenEralízed and required manual íntervention. Un-

doubtedly, varíable elevaLor minima could be used in conjunction ¡¡ith

centra|ízed control if the control were aided by the necessary computer

facilties, such as a computer terminal in each unload elevator moni-

t.ored by the C.G.C.ts central computer at that unload area.

T,n order Ëo establish the optimum minima for each elevator some

advance knowledge would be required of the 1evel and shape of the distri-

bution. It. was demonstrated earlier that under the non-pooled Ërans-

portaËion system consistent differences in mean protein content exist

between elevaËors. Moreover, under Ëhis system the final destination

of the carlots is known in advance. Therefore, under Ëhe non-pooled

sysËem it should be possible to use variable sub-grade minima for each

elevator" In fact, under such a Ë.ransportaËion struct.ure iË is doubt-

fu1 if effective protein segregation could be achieved without the use

of variable minima. Under the pooled transportation system the final

destination of the carlots is unknorvn and consequently litt1e is known

in advance about the protein mean for each elevator" Accordingly, it

may be concluded that the use of variable minima under the pooled system

would be of verv little benefit.

J. The Use of Station Means in Protein Segregation

The carlots of grain unloaded at Lerminal elevators nìay be shipped



L59

from any one of some 1800 staLions. As the protein content of wheat

ís geographically distributed, proteín means calculated on the basis

of station of origin could perform a number of funcËions in the protein

segregation system outlined above.

Firstly, station means míght provide a mechanism v¡hereby the pre-

míums obËained from Ëhe sale of high protein wheat, might be reflected

back to the areas producing hígh protein wheat" Such a use of staËion

means is beyond Ëhe scope of Ëhe presenË study"

Secondly, sËation means might be used to aid the forqzarding of

ruheat by protein contenË Ëo terminal elevaËors. This function will be

considered in a later section. Thirdly, sËation means might be used

to replace the Primary sample as a method of segregating the carlots by

protein content.

For this last purpose, the station mean has one great advantage

over the Primary sample system in that it is independent of Ëhe mail

service. Therefore, in the event of a disruption of mail service, the

use of station means enables segregation to be achieved r¿hen it would

be impossíble to do it r¡ith the Primary sample system. Moreover, it

was found in practice Ëhat Ëhe Primary sample r,ras not alrvays available

when the carlot arrived at Ëhe terminal. This occurs for a number of

reasons, such as; no samples forwarded; sample received too late; cleri-

cal errors, etc. However, when a carlot of grain arrives aL a terminal

elevator it must be binned irrespecEive of the availability of the

Prirnary sample" If the number of carlots wit.hout, a Primary sample ls
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very small then it might be reasonable to bin them on the basís of the

average protein content. of the port. But, if the number of cars without

Primary samples is large, Lhen binning on the basis of the porË average

could jeopardize the entire protein segregation operaÈion. It would

appear more realistic to bin carloËs, for l¡trich there is no Primary sam-

ple available, on the basis of the rnean protein contenË of the sËatíon

of origin of the carlots. Data collected on hlestern grain movement prior

Ëo July 31, 1971 showed that about 20% of. the carloËs unloaded did not

have Primary proteins available at Unload Ëime.

A sËudy was initiated to evaluaËe the use of st,ation means as a

meËhod of segregaËing carlots of wheaË by protein content. However,

before such a study could be underËaken it appeared desirable Ëo estab-

lish the best Éype of staËion mean to use for this purpose. since the

proËein contents of a series of carloËs shípped from one sËation varies

over time it was concluded Ëhat a floating mean ¡¿ould be more suitable

than a cumulative mean" However, Ëhe question sËill remains as to the

optimum number of carlots Ëo include in Ëhe station meân, and the fre-

quency with which the means should be updated.

In order to study these problems protein data for 40 stations, each

of whích unloaded 35 or more carlots at l¡tresË Coast Ports in June and

July 1971, were selecËed. The number of carlots, mean protein and stand-

ard deviations for each of the selected stations are shorvn in Table 45"

The data show that the Unload protein means for the selected sËatÍons

cover a range of 1.5 percentage units. Moreover, the sËandard devíaËions
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TabLe 45. Number of
Devíation
in Bxcess
June 6 to

Carlots and Mean Proteín Content and Standard
by SLation of Origin for Stations which Unloaded
of 34 Carlots at the Pacific Coast in the Period
July 31, I97L"

Station Carlots Protein Station Carlots Protein
ol
lo

GOLDEN PR

I,IAIIIARIO

I(ERROBERT

LAPORTE

CLI}4AX

EATONÏA

ACADIA VY

LANDIS

MAJOR

DODSLAND

N BATTLEFORD

LUSELAND

MANKOTA

SHAUNAVON

ROSETOWN

SATTLEFORD

CORONATION

HILDA

BIGGAR

ABERDEEN

Mean
38 L4"52

48 L4 "50

68 L4 "45

38 L4 "42

43 t4 "4L

48 L4 "36

42 14 "36

53 L4 "34

44 14"30

37 14 "24

80 14 "22

L29 r4.2r

37 L4.L9

67 14 "12

44 14.12

42 L4.04

39 14 .01

39 14.00

36 14.00

42 13 "97

SWFT CURI]'I

GAIA]IAD

MOOSE JAI^I

A].LIANCE

MEDICNE HT

UNITY

GIILL LAKE

SAIVADOR

ORION

DENZIL

SKIFF

TABER

BOI,I ISTAND

ï4'RENIHAM

ETZIKOM

FOREMOST

GRANUM

VIJLCAN

NEMISKA-IVÍ

MILK RIVER

Mean S "D.
38 L3 .92 .36

4s 13 " BB .46

3s 13 " BB "43

37 13. 84 "4s

49 13 .81 .5s

71 13 "80 .s6

3s L3 "79 "36

3s 13.71 .40

60 13 " 63 .57

40 t3 "s4 .48

4L 13 .39 "37

s3 13:39 "s7

93 13.24 "46

53 13 "23 .s2

s5 L3 "23 "44

46 13.10 "52

44 13"04 .s6

53 t2.97 .49

45 t2 "95 " 55

86 L2.94 .49

S.D.

"32

?s

"56

"44

"56

.32

"+)
/,'l

.53

"34

.4L

/,2.

"4ö

"39

"34

"39
q't

"41

.Jt
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indicate that, despite the short period over which the data vrere col-

lected, there was considerable protein variation within each station"

Since the data shown in Table 45 covers a f.airly large range of

protein levels it should be a reasonable base on which to evaluate the

most desírable type of station mean Ëo use in protein segregation. Trvo

types of floating means, based on a variable number of carlots, \,r'ere

examined. A ttsËraightt' floating mean; this was calculated by dropping

Ëhe troldesËtt protein value and adding the ttnel./estrt proteín value. Such

a mean has the disadvantage that all individual protein values must be

retained ín the compuËer memory. If, for example, a 10 carlot floating

mean vTas being computed for some 1r800 stations, it would be necessary

Ëo sort. the data in advance or use a large amount of memory while comput-

ing the means. Using a rrDampedrrmean, these cumbersome procedures can

be avoided" The damped mean is calculated by dropping an average value

and accumulating the next protein value.

The efficiency of both of the above types of floating means r¡rere

evaluated by calculating a standard deviation of the difference between

the floating mean and the protein value for the carlot t.o be binned.

The pooled standard deviation of the difference obtained for both tvpes

of floating means is shoi+n Ín Table 46. Column one shows the number of

carlots on which the mean rvas based. Column two shorvs the number of

carlots by rvl'rich the mean lagged the value iË rvas used to predict.. That

is to say, when tl're mean is used to predict the next carlot, the lag is

1; a lag of 5 indicates that the predíction was madc on the fifth car
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TabLe 46 Pooled standard Deviation of the Difference values obtained
by using DifferenË Types of station Means to predict protein
Content of CarloÈs.

CarloËs

Mean Lag

Type of Floating Mean

Samples Straight Darnped

5

10

20

20

5

10

20

957

957

957

757

557

s57

557

10

10

10

"50

.48

"48

"50

.50

"49

"47

"47

"48

"49

"50

"49

.48
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shipped after the mean was calculaËed. The time lag must obviously be

considered since it will occur under practical conditions.

The sËandard deviations of the difference indicate that the damped

mean lTas at least as good as the straight floating mean. It must there-

fore be concluded that the damped mean, because of its computational

advantages, is best suiËed for carlot segregaËion purposes. while the

dat.a in Table 46 are not too conclusive iË would suggest thaË a 10 car

damped mean is best. Moreover, it should be noËed that all the sËandard

deviations of Ëhe differences shown in Table 46 are larger Ëhan the sËand-

ard deviation of Ëhe difference between Primary and Unload pairs shown

in earlier tables. This indicat.es, as expecËed, that the station mean

is not as efficient as the ?rimary sample system for segregating carlot

by protein contenË.

A carlot segregatÍon exercise using a 10-car damped staËion mean

was examined using Ëhe data collected under the non-pooled transportaËion

structure" Unload protein data collected during weeks one Ëhrough five

were used to esËablish a data fíle of station means. These station

means, updated weekly, tr{ere used to segregate the carlots for rveeks 6.

7 and B. The results of the segregation exercise are shown in Table 47"

Since station means cover a

samples, and since station means

accurately as Primary sarnples, it

protein sub-grades . Ilorvever, the

possible to use station means to

narrower protein range than primary

do not predict individual carlots as

\ras possible to segrcgate only two

clata in Table 47 sÌrow that it is

segregate carlots into two protein



TabLe 47.

t_65

Carlot, DÍstribuElon and Ëhe Unload Sample Mean Protein ContenË
Obtaíned Over a Number of l.leeks for Pacific Elevators Ï.ltren Car-
Lots vrere Segregated by Usíng Ëhe Mean Protein Content of the
Station of Origin of Ëhe CarloËs "

I Cf^I

Elevator Cars Mean
Mínima

Sub, 1A

Cars % Mean

Sub, lB

Qars % Mean

I{EEK NO. 6 (CONSTAM MINT},!A)

SWP

T]GG

PACl
BI]R

VIT
ATüP

TOTAT

SI^fP

TIGG

PACl
BUR

VIT
AIüP

To{tat

ST{P

UGG

PACl
BTJR

lrlT
AI{P

TOTAL

ST{P

UGG

PACl
BI]R

\NT
AI,TP

TOTA],

L72
93

249
46

2

209
77L

t72
93

249
46

2

209
77L

212
r57
263
42
23

tL2
809

247
96

L54
58
20
BO

65s

L4 "O4
13.56
13 .65
13 "94
L4 "L5
13 "37
l_3 " 67

L4"O4
13 "56
13.6s
L3 "94.
L4 "L5
13"37
L3 "67

14.09
L3"76
13"78
13"55
13 .50
13"35
13 "77

14 ,30
13 .88
13 "92
L3.96
13. BB

13.55
t4 "02

13 .00
13.60
13"70
L3 "70
13 .70
L3"75

14.t8
L4.27
L4 "LL
14.11
L4.70
13"98
l_4. 13

6

L4.O7
L4.27
L4"LL
14.11
L4 "70
13.98
L4.09

14.11
14.11
14.10
14.03
L4.33
14.05
14.10

14"31
L4.29
14.18
t4 "L9
L4 "39
14. 11

14.27

22.r
58.1
42.2
34 "7
s0.0
68"9
46 "4

3"5
s8"0
42 "2
34 "7
50"0
70,3
42 "6

L"9
29 "9
37 "6
4s "2
69.5
64 "3
32.0

o.4
37.4
31"8
29 "3
40"0
80"0
26.7

13"53
13"05
13 .02
L3 "62
13"60
13"09
L3 "I4

13"13
13 .05
L3.02
L3 "62
13 .60
13"11
13.10

L3 "32
12 "93
L3 "25
L2 "96
13"14
12.96
13.08

13"10
13 .19
L3 .35
13 .39
13.11
13.4r
13 .33

L3"70 77 "9
13"70 4L"9
13.70 57 "B13.70 65"3
13.70 50,0
13.70 31 " 1

- 53.6

ÏüEEK NO.

13 .00 96 "5
13.60 42.0
13.70 57 "8
13.70 65 " 313"70 50.0
13.7s 29 "7

- 57"4

13 .00
13.60
13.70
13.70
13.70
13.75

I{EEK NO " 7

98 .1
70.L
62.4
s4.B
30" 5

3s "7
68.0

TüEEK NO. 8

99.6
62 "5
68 "2
70.7
60.0
20 .0
73"3
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sub-grades which díffer in mean proteín content by 1.0 percentage uníts"

The proËein minimum for sub-grade 1A is shovm in column 4. The

top section of the table shows that the mínimum for 1A for all elevaËors

Ín week 6 v¡as L3.70. The remaining sections of the Ëable demonstraËe

the use of variable elevator minima. The sub-grade mean proteÍn data

clearly demonstrate that it is possible for SI^IP el-evator to achieve sub-

grade means similar to the other elevators and yeË use a sub-grade mini-

mum Ëhat ís significantly l-ower. The use of the variable elevaËor minima

clearLy affects the distribution of the carlots among the protein sub-

grades.

The 1A sub-grade can be kept fairly uniform, and could presumably

be guaranteed aË l4"O% protein. No. 18 ís more variable, but generally

above a possible guaranËee of 13"02.

The statíon means used t,o segregaËe the carloË data presenËed in

Table 47 were updaËed weekly" It was found Ëhat there was little advan-

tage to be obÈained by updaËing the means on a daily basis, because of

Ëhe limited number of cars shipped from a staËion r¿ithin a r.reek"

While staËion means are obviously inferior Ëo the primary samples

for controll-ing segregaËion, it seemed essential to know how the former

behaved. Firstly, as previously noËed, primary protein data are not

always available when a carlot is unloaded and staEion means must then

be substituted" secondly, in the event of a postal strike, which would

make the use of the Primary system essentiall_y impossible, a standby

method of making at leasË a partial segregation would be badly needed.
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In the above evaluation of station means for the segregation of

carlots, Unload sample proteins were used because these \^¡ere considered

'co be less subject to sampling error than the Primary sample prot.eins.

It was subsequently observed that, because the Primary protein is more

current than the Unload protein, the station means based on the Primary

hrere superior to those based on the Unload, especíally when a ne\¡/ crop

of a higher, or lower, protein conËent is entering Ëhe system" Of course,

ín Ehe event of a mail strike Ëhe Primary would not be available and

consequenËly the station means based on the Unload protein would have

to be used despite their limitations.

K. DeËermining the Protein Minima for the Sub-grades

In sub-secËion A above it was stated that the main objective of pro-

Èein segregation r,ras to obtain sub-grades of guaranteed 15, 14 and L3%

proËein, or of L4"5, 13"5, and 12.5% proteín" For discussion purposes

these alternate systems will be referred to as the t'evenil and tthalftt

segregation systems "

The data presented thus far clearly indicate Ëhat the location and

shape of the protein distribuLion of carlots arriving at terminal posi-

tions varies over time. Therefore, the sub-grade minima must also vary

if the sub-grade means are to remain constant over time"

There are a number of possible methods by which the desired sub-

grade minima might be determined. The preferred method seems to involve

the following steps: Firsl-, find therrl-runcaLionrrpoint A ín Figr-rre 7
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that represents the mínimum necessary

sub-grade of 14"57. proteín. Second,

A, ehat lsilL give the desired protein

Third, repeat step tvro subjecË to the

Ëo achleve a mean ín the upper

find the point B, subject to point

mean of the next lov¡er sub-grade"

last Ëruncation point.

CarloÉs 7"

Figure 7.

ProËein Content, %

Theoretical ProËein Frequency Distributíon of Carlots
of Wheat.

Having repeated step three as often as is necessary, it carr be

appreciated that all sub-grades above Ëhe last truncation point, will

meet Ëheir required mean protein and also opËimum use is made of the

available protein" However, the lowest sub-grade, belovr Ëhe lasË Lrun-

eaËion point, wilI always be ateresidual- sub-gradet'of variable protein

content over time. This sub-grade would be considered t.o be of the

r¡fí1ler typet' and therefore, the consequences of its variability would

not be too serious.

An obvious variation of the above segregation method is to sequen-

tially segregate from the lower end, instead of the hÍgh end, of the

proteÍn distrlbution" This would resulË in the highest proËein sub-grade

15
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belng variable over tíme which is probably not as acceptable as a vari-

able 1ov¡ protein sub-grade.

A thírd alternative might involve segregating one sub-grade from

Ëhe top and anoËher from the boËtom of the disËribution. But this urould

l-eave a large sub-grade of variable protein content ín the rniddle. To

control Ëhe mean protein content of this sub-grade it would be necessary

to blend after segregation; if the mean for the míddle sub-grade is too

high ít r¿ou1d be necessary to blend in some vrheat from the low proËeín

sub-grade, whereas if the mean for the mídd1e sub-grade is too low wheat

from the high protein sub-grade would have to be blended wiËh the míddle

sub-grade. trrlhile such blending would achieve sub-grade means of the

desired level and make maximum use of the available protein iË may be

cumbersome Ëo operate and eontrol on a daily basis"

The preferred method, sequential segregaËion from the high-proËeín

end of the distribution was examined by imposing it on data for tlne L2

r¿eeks examined in earlier sub-secËions. A computer program that simu-

lated the sequential technique was developed and this program will be

discussed in detail in Part V"

Table 48 presenËs Ëhe results of Ëhe simulation exercise using the

half-segregation system for each of the 12 weeks of available data. If

is interesting to note Ëhat when the standard deviation of the Primary

proËein (3rd column) is under .80 a single truncation point produces

Ëwo sub-grades of deslrable mean protein, whereas v¡hen the standard

devlaÈion is larger three or more sub-grades are requíred. Moreover,
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iË ís also apparent thaË as the means of the unsegregated carlots decrease,

the truncation point noves up Ëhe protein scale wíth the consequent de-

crease ín the percentage of carlots entering the high protein sub-grade.

The apparently high truncation poinË obtained for week 11 is probably

the result of the rather poor relaÈionship that existed between Primary

and Unl-oad proteins in that week"

In 9 of the 12 weeks, the mean protein content of the carlots below

Ëhe last truncaËion poinË r¡Iere very close to the mean of Ëhe next sub-

grade wíth the result thaË these carlots could be allocaËed to that sub-

grade" However, Ëhe mean of the residual earloËs in rnreeks 31 4o 6 could

not be allocaËed Ëo an existing protein sub-grade buË might well be

guaranteed at 11.5% protein. l{eeks 4 arrd 6 are also interesËing in that

there ís a relatively high percentage of the carlots ín sub-grade i- Ctr^I

L45" and particularly in l CI^I 135, despiËe a relatively low overall

mean. Two factors probably conËribute Ëo this result; Ëhe broad protein

distribution as indicated by Ëhe standard deviation, and a close relation-

ship between the Primary and Unload samples as indicated by the small

sËandard deviation of the difference. l^leek 3 differs from the remaining

¡.reeks in that it was the only week when four sub-grades were necessary.

This probably results from Ëhe rather broad proteín disËribuËion obtained

in v¡eek 3.

The above segregation technique \¡ras also examined for the even

segregatíon system. Since the results for the even sysLem are similar

to Ëhose of the half system Ehey are not presented.



The data presented in Table 48 clearly demonstrate thaË sequential

segregation from the upper end of the protein distribution produces two

or more sub-gracles that are very uniform in protein content. However,

Ëhe Ëechnique used in this simulatíon exercise to obtain Ëhe individual

sub-grade minima requires that both the Primary and Unload protein con-

tents be avaílable prior to the calculation. In practice the sub-grade

minima must be established prior to unloading the carlots. Accordingly,

Ëhe utility of this Ëechnique depends on trn/o factors, the rate at which

the Primary disËribution changes (mainly Ëhe overall mean), and the

Ëime lapse between Unload of the carlots and the availability of the

Unload proteins, If the day to day changes in the mean are not Ëoo

abrupË, and if prompt laboratory service is maíntained for Unload sam-

ples so Lhat the time lapse is minimízed, the computer program mighË

prove quite effective for controlling the sub-grade minima"

An alternative method of determining the sub-grade minima, inde-

pendent of the Unload sample protein, might proceed as follows. Ïn

sub-section F above, it r¿as shown that the Primary and Unload means for

Ëhe protein sub-grades are related by the following equation:

(P-P)

L72

(1)

grade and the sub-

betrveen the main

is the correlation

(u-u¡

rùhere (U-U) repres ents

grade Unload means an<l

grade Primary mean ancl

l¡etween the individual

p
t u.?

the differences betr.¡een the main

(P-F) represents the difference
/1

tlrc sub-grade PrÍ.rnary mcan. ffi
Primary ancl Unload samples.
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If we

are equal,

if we let

respect ive

redefined

assume that the Primary and Unload mean

which subsequenË data índicates is a val

OM equal the main grade mean, with P and

Primary and Unload means of a sub-grade,

as equation (2).

for the main grade

íd assumption, and

U representing the

equation (1) can be

(3)

(u - o}f) (2)

Then, if equaËion (2) is re-arranged in the form of equation (3) it ean

be seen that Lhe Primary sub-grade mean is a function of the main grade

mean, the sub-grade Unload mean, and the correlation beËween the índivi-

dual Primary and Unload samples

Æ (P - olr)

U-OM
â

I u,?

+oM

In practice, Ëhe Unload sub-grade mean (U) is always known since

it represents the export guarantee. Moreover, it may be assumed that

the correLati-on (ffi ) remains fairly constanË over time. Therefore,

the desired Primary sub-grade mean can be calculated once the mean for

the main grade is known. Thus by using this regression equat.ion the

Primary sub-grade means required to achieve specified sub-grade Unload

means can be estimated. Then, once the Primary protein distribution,

or a good esLimate of it, becomes available it is possible to determine

the optimum sub-grade minima by sequentially segregating, from the top

end of the distribution, sub-grades of the required Primary mean proLein

content. Later, when thc Unload sample protcins bccomc available the
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adequacy of the above sub-grade minima can be measured agaínst the sub-

grade minima obtained by using Ëhe computer program used to compute the

data for Tabl-e 48.

L. Achieving the Proteín GuaranËee on ExporË Shipments

The above sub-section ouËlines meËhods by which sub-grade means

of desired levels might be achieved. The ul-Ëimate objective of the

enËíre segregation sysËem is Ëo be able to offer a protein guarantee

on exPort shipments. I{hile a cargo of wheat may be obtained from tr¿o

or nore tersLinal elevators Ëhe protein guarantee v¡ill onl-y be applicable

to Ëhe entire cargo. IË is assurned, Ëhat for each protein sub-grade,

within and between termínal r¡ariation can be conËro1led with reasonable

precision.

Achievíng the proËein guarantee wiËh a high degree of precision is

noË only important economícally but also from the point of view of

maintaining Ëhe integrity of Ëhe entire sysËem of grain handling and

grading" It was shor¡n earlier (p" L7) that the standard deviatíon of

a single proËein measurement on a single sample of bulk wheat is of the

order of .30% protein" ülith this in mÍnd, it ís clear that if the pro-

t,ein guarantee is to be achieved with a high degree of confidence, that

the level of the sub-grade means will have to be somewhat higher than

Ëhe guaranLee. An esËimate of the magnitude of the increment above the

guarantee can be obLained wiËh the following formula:
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{;

The standard error of. a cargo mean (6;) can be estímated from the

above equation, where € is Ëhe standard deviation of protein measure-

ment and n is Ëhe number of samples on which the mean is based" For

Ëhe purpose at. hand n is given a low value of 16. In pracËice, n will-

probably exceed this value. Thus, the standard error of the cargo mean

should be less than "08% 
protein" ïf a failure raËe of less than 1% Ís

required for Lhe protein guararitee; Éhen, the sub-grade mean would need

to exceed Ëhe guaranËee by approximately three tímes the standard error,

or by abouË "25 proËein percenËage uníËs"

M. The Availability of the Protein Sub-Grades

If wheat Ís to be marketed by protein sub-grade advance estimates

of the quanËity available in each proËein sub-grade will be required.

Such estimates are also necessary for quality control purposes because

iË musË be esËablished in advance whether or not it is realistic to

att.empt Ëo segregate a specific protein sub-grade" A significant factor

in determining the availability of a specific sub-grade is Ëhe overall

annual mean protein content" I^Ihile methods of predicËing the overall

mean protein content are beyond the scope of Ëhis study the historical

data presented in the Preliminary Studies Section (see Table 1) shov¡

that the mean proLein content of individual crops is normally in the

12"0 to 15.07. range. I^lhile the variation in the annual mean protein

F
{rn
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content of carlot movements is considerably lower than the year to year

variaËion in individual crops, the mean protein content of carloË move-

ments has in the past been as low as 12"6% and as high as 14.47. protein"

In about t¡^¡o-thirds of the years the mean was in the range of 13 "0% to

14.0% protein. Accordingly iË seemed appropriate to examine the effect

of such a change in the annual mean protein content on Ëhe sub-grade

distribution of carlots.

A maËhematical procedure for estimating the sub-grade distribuËion

of carlots might proceed somewhat as follows. In sub-section L it was

established that the sub-grade mean protein content would need to exceed

Ëhe guaranËee by "25% protein; by adding this incremenË Ëo Ëhe guarantee

it is possible to establish a series of sub-grade targeË Unload means.

In sub-section K ít ¡,ras established that the sub-grade Primary (segregat-

ing) sample mean is related to Ëhe sub-grade Unload mean (U) and Ëhe

overall mean (OM) and the correlation between the Primary and Unload

sampLes ( p ) by the follor,ring equation:' -t

p= l- Ol'l (1)U-OM-P-
To símplify the mathematics,

overall mean protein content

\4/e can choose a protein scale so that the

is zero (i.e. a linear transformatíon to

zero). Now U represents the difference betrveen the sub-grade Unload

mean and Ëhe overall mean of the population rohieh is zero" Therefore,

equation (1) is reduced to equation (2).

u

P
P= (2)
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This facilitates the calculation because we are now dealing with stand-

ard uníts. Having established a seríes of sub-grade Prímary means by

using equation (2) it is Ehen possible to establish the sub-grade minima

by the linear truncation method outlined by Birnbaum (93), this is dis-

cussed briefly in sub-section F" Once the sub-grade minima (in standard

uniËs) are established Ëhe proportion of the carlots in each sub-grade

can be calculated by integrating the normal curve between the sub-grade

minima.

A somewhat different approach for examining the effect of the over-

all mean proËein content on the sub-grade distribution of the carlots

is outlined in the following paragraphs" Using protein data for Pacific

carlot unloads for June and July of. L97L, a synmetrical curve (a mirror

image of the lower half of the curve) was generaËed. Also paired Primary

and Unload proteins which differed by more than 1.0% protein were dis-

carded. The resulting synnneËrical curve had a standard deviation of

"85; the standard deviation of Ëhe difference between Primary and Unload

proteins was .36, these statistics should give a correlation between

Primary and Unload protein of about .91 t¡hich is probably larger than

the value expected in practice" The effect of the correlation on the

sub-grade distribution r,¡il1 be discussed later.

The location of the above distribution vras then altered by incre-

ments of 0.17. protein (i"e. increment.s of 0.1 rvere added to the indivi-

dual Primary and Unload proteins) to cover the expected range in the

overall annual mean of Ëhe carlot distribution. The distribuLion was
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Ëhen segregated into sub-grades by the sequenËia1 segregation technique"

It was found Ëhat for curves differing only in location, the pattern

of sub-grade minima, mean protein content and carlot distribution repeats

itself for each 1% change in the overall mean. lypical results for the

even segregation sysËem are shov¡n in Table 49. Comparing Ehe sub-grade

data when the 1 CIII mean is 13 .5 with those r,rhen the 1 CI^I mean is 14 " 5

it is apparent that the sub-grade minima and means for Ëhe curve v¡ith

an overall mean of 13.5 are exactly 1% lower (in a lower sub-grade) than

Ëhe corresponding values when the overall mean is L4"5 and ËhaË the sub-

grade disÉributíon patterns are identícal except Ëhat the sub-grades involved

differ by I"/. protein (i.e. Ëhere is a linear transformaËion by I% protein).

Sub-grade data for both the half and Ëhe even segregation systems

are shown in Table 50" If the ËT¡¡o segregation systems are compared for

a specific 1 CI^I mean, it is apparent that the half system is a línear

transformation, by 0.5% protein, of the even system and vice versa.

In surmnary, for distribut.ions differing only in location; a within

segregation system change in location of the distribution by l% protein

results in a línear transformation by L% protein or by one sub-grade,

whereas for a dístribution of specific location a change from one segre-

gat.ion system to the other amounts to a linear transformation bv 0"5%

protein or by half a sub-grade.

The effect of changes in location of less than 1% protein were also

examined" Data showing the effect of a 0.1% protein change in tl-re loca-

tion of the distribution for the half scgregation systcn are shorvn in
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Table 49. Repetition of Minima, etc., for Each 17. Change in LocaËíon
of the Protein Distribution"

1CI,r

Mean, 7.

Sub-grade

1Cl^I150 1CI^I140 1CW130 1CW120 1CI,\r110

L4 "s

13 .5

L2 "5

1-4. s

1"3.5

L2 "5

14 "5

r_3.5

t2.5

Minima

15.5 13 "g

L4 "5 L2 "9

t3.5 11"9

Mean ProËeín, %

15.63 14"58 13"59

L4"63 13.s8 L2"59

1_3 .63 12. s8 11 . 59

DisËribution, 7"

10"9 70"3 t g.8

10"9 70"3 18.8

10"9 70 "3 18 "B
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Table 50" Comparison of Half and Even Segregation Systems for
Distributions Differing only in Location.

Half Even
lCI^I

Mean, % LCI^I155 1CüI145 1CW135 1-CI¡1L25 1CI,J150 1CI4I140 1CW130 l-CIr120

Minirla

L4 "O ]_s " 5 L4 "4 r_s .0 L3 "4

13 " 5 L4 "5 L2 "9 15 "0 L3,9

13,0 L4 "5 L3 "4 L4,O L2.4

Protein, %

L4"O L5 "46 L4 "60 13.70 15.13 14"08 13 "09

13"5 L4"63 13.58 L2"59 L4"96 14.10 13"20

13,0 L4 "46 13 . 60 L2 "70 14 . 13 13 .08 12 "09

DistribuËí-on, %

14.0 3"3 27 "5 69 "r 10"9 70.3 1B.B

13.5 10"9 70"3 18"8 3"3 27.5 69.t

13.0 3.3 27.5 69.1 10.9 70.3 l_B.B
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Table 51. The objective was Ëo obtain sub-grade means of .25% proteín

above the guarantee" The data ín Table 51 show that on all except. one

occasion (row 2) three sub-grades could be segregated" Sínce the sub-

grade mínima r¿ere obtaíned by sequential segregaËíon from the hígh end

of Ëhe proLein distribuËíon, the lowest protein sub-grade ís a residual

sub-grade" In all excepË Ëhe Ëop tr,ro rows of Table 51 the residual

could be allocated Éo the I CÍÃ L25 protein sub-grade.

The most inËeresting aspect of the daËa in Table 51 is the sub-

grade disËribution of the carlots" trrl?ren the I CI,II mean proËéín contenÉ

is in the upper half (í.e" 13"5 to 13"9) à reasonably good distributíon

of Ëhe carlots is obËained, whereas r¿hen the I CI,I mean is in Ëhe lovrer

half of iËs 17" range only a small percentage of the carloËs enter the

high protein sub-grade and in excess of. 5ú/" enËers Ëhe low proËein sub-

grade" Since Ëhe low protein sub-grade is essentially a residual sub-

grade of uncontrolled prot.ein content., it is highly undesirable that

such a sub-grade contain a large proportion of the carlots. Even if

Ëhe mean proËein conËenË of the residual sub-grade exceeds the guarantee

by the required amount ("25%), the sub-grade as a whole would be very

heËerogeneous because of the wide range of protein eligible for the sub-

grade 
"

Data ín the lower secËion of Table 51 shows Ëhe sub-grade distribu-

Ëion thaL would result if the high protein sub-grade were eliminated

when the 1 CW mean is beËween 13.07. and L3"4% proteÍn. In such situa-

tlons the eliminalion of the high sub-grade results in an approxímately
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50/50 split among the remaining two sub-grades. It should be noted

that in going from three sub-grades to two sub-grades the increase in

Ëhe percentage of carlots entering the middle sub-grade is more than

double the amounË that was originally in the hígh proteín sub-grade.

This ís because the t'bestrr, rather than the average, of the low sub-

grade was promoted.

As for the relative advantages of using trvo sub-grades instead of

Éhree sub-grades in the lower half of the 1.0% range; L\^/o sub-grades

gives a somevrhat beËter sub-grade distribution of Ëhe carloËs and it

may also increase handling and storage effíciency because it eliminates

a sub-grade with small quantíties" Moreover, the monetarT returns from

Ëhese sub-grade sets may differ depending on Ëheir relative efficiency

in using the available proËein and the price differentials between the

protein sub-grades. Holvever, it must be concluded that when the 1 CW

mean ís located in the 1or¿er half of the 1% range (i.e. 13.0 to L3.4)

the half segregation system, using either trüo or three sub-grades, does

noË give good control of the rvithin sub-grade variability.

The distribution of carlots among sub-grades for both the half and

the even segregation systems, for each 0.1% increment of the I CI,I mean.

for a protein range of 1.0% is presented in Table 52. rt is apparent

that rvhen the even and Ëhe half systems are compared that the sub-grade

distribution patterns are Lhe same when the overall mean differs bv 0.5%

pro te in.

rf it is assumed Ëhat a sub-gra<Je distribuÈion pattern rvhich has
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three sub-grades with about equal- amounts in both the hígh and lor¡ sub-

grades gives best results. such a sub-grade paEtern can essentÍally

always be obtained by using the even sysËem when the overall mean Ís ín

the lower half of a I% range and the half system when the overall mean

ís in the upper half of the 1% range.

Earlier in Ëhis sub-section it was staËed thaË the sËandard devia-

tion of Ëhe protein distribution used in this simulation exercise was

.85, which is somewhat higher than the value obtained in practice. More-

over' it r¡as also noËed that when paired Primary and Unload proËeins

differed by greaÈer than 1.0% they were eliminated" Both these -facËors

would tend to bias upwards the correlation between Primaqy and Unload pro-

tein and therefore tend to increase the percenËage of the carloËs allo-

cated to both the high and Ëhe low sub-grades of a Ëhree sub-grade system.

However, it can be shov¡n that even a moderaËe change in the values used

r¿ould not substantially alter the sub-grade distributíon paËEern obtained.

It may therefore be concluded that three sub-grades, all containing

in excess of L0% of the carlots, will tend to be available when the mean

of the cenËre sub-grade is close to the overall mean, and that three

such sub-grades could be made available at all times by alternating be-

Ë!üeen Èhe even and the half segregation syst.ems when Ëhe overall- mean

indicates it is advantageous to do so. Such alternation would certainlv

appear to offer control of protein variability and make efficient use of

handling facilities. Moreover, vrhen wheat is sold on che basis of for-

ward sales contracËs, the protein supply posiËion may change subsËantially
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between the tíme the sales contract ís negotíated and the time the con-

Éract i-s filled. In such situations ít may be easíer to adjust con-

ËracËs by a half sub-grade and change from one segregation system to

Ëhe other than to adjust the contracts by a full sub-grade. However,

Ëhe physical problems involved, and the magnitude and tenacíty with which

forward sales by protein sub-grade have to be adhered to, would cert.ainly

have to be considered before attempting to change from the even to the

half segregation system or vice versa.

Possibilities of Controlling Ëhe Amounts of the
Sub-Grades Available at ExporË Positions

In the above sub-section it was demonsËrated that the overall mean

N"

protein content of the carlots arriving at

determining the volume of sLocks available

e terminals is the main factor

each protein sub-grade 
"

of terminal handling

sales co¡rnnitments

each protein sub-

undoubtedly be very

rh

ín

Therefore, if the C.l^I .8. is to make ef ficient use

facilities at all times, they must atËempL to make

in proportion to the volume of st.ocks available in

grade. Such a supply oriented sâles policy would

res trictive .

Marketing flexibility would be increased if the volume of stocks

available at each protein sub-grade could be varied over time by one of

the following two methods. First, by blending sub-grades after segrega-

tion; 50/50 blends of trvo adjacent sub-grades under the even system would

yield the intermcdiate protein 1evel under the half system and vice

vcrsa (e.S. L5"0% and 14.0% blcndcd 50/50 to givc 14.5%). This woutd
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facílitate the transítion from one sysÈem to the other as far as advance

sales conrnítments are concerned. Of course, 50/50 blends of the Ëv¡o

end sub-grades under eíther system would yield additional quantiËies of

the middle sub-grades. Secondly, sínce the C.I^I .8. controls the forward

movement of grain from country to terminal elevators, they could attempt

Ëo alËer the locaËion and shape of the protein distribuËion, which ín

turn should alter the relative volumes in the protein sub-grades. Such

a system would amount to a proËein selecËion at the country elevator

or railway l¡Iock level, and a protein segregaËion at Ëhe terminal eleva-

tor level 
"

A protein segregation system imposed on a proËein selection pro-

graûne results in some ínteresting operational problems. Since Ëhe

C.G"C. musË ensure that, export shípments conform to Ëhe proËein guaran-

Ëee for that sub-grade they need Ëo control the seËting of the sub-grade

minima. It was demonstrated earlier that the sub-grade minima are de-

pendenË on the location and shape of the proËeín distribution which,

under the selection prograûEne, could be varied over Ëime by the c.w.B"

The C.l^I .8. could conËrol the mean protein content of the main grade,

at leasL in parË, by directing shipmenËs from specific Railway Blocks.

Table 53 ír1usËrates Ëhe sort of síËuaËion that the c.l.{"8. faces" rt

provides data on those Blocks that shipped more than 100 carloËs to the

Pacific coast during June and July 1971. The Blocks are arranged in

order of decreasing mean protein content of shipments (last column).

T,lhile the overall mean proËein content was 13.9, Block meâns varied from
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Table 53. Distribution of Carlots
Content for the Protein
from Indívidual Railwav

and Unload Sample Mean Protein
Sub-Grades of Carlots Shipped
Blocks in June and July 1971.

BLock
Number

of Carlots

Distribution, % Mean ProËein Content, %

Sub A Sub B Sub C Sub A Sub B Sub C All

77

79

¿)

2T

47

27

7B

!o

B1

37

43

86

Í,o

82

B3

B4

Total

8L2

423

413

L54

6L4

2L0

449

877

s6B

315

345

342

227

l-79

l_017

s49

7 494

49

62

72

67

69

76

79

69

7B

79

B3

76

B6

7l

B4

6B

72

t4 "B

L4 "6

L4.5

L4 "4

L4 "6

L4 "5

L4 "6

14 "6

L4 "5

L4.4

L4.3

L4.5

14.5

L4.7

t4 "3

13 .6

L4 "6

L4 "T

L4 "0

14"1

L4 "0

l-3"9

14.0

13 .9

13.7

1_3"8

L3 "9

13 .9

13 .8

13"6

13 "4

13"3

13 .1

13 .7

51

3B

28

33

30

23

2L

29

22

t9

16

2l

9

11

2

1

23

2

I

3

4

1B

L4

31

5

I

I

- L4"4

- L4"3

- L4"2

- L4"2

L2 "B L4 "L

L2 "9 L4 "r

- r_4.r.

L2 "7 14.0

12 "9 L4.A

L2"7 14"0

L3 .2 13.9

t2 "5 13.9

L2 "6 L3 "6

L2 "4 r_3.4

L2.5 13 "2

L2 "4 12,9

L2.5 13 " 9
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L2"9 to L4"4%. In Ëhis study Ëhe carlots for each Block were segregated,

on Ëhe basis of the Primary sample proteín content, into three sub-

grades A, B and C using sub-grade minima of. L4.4 and 12"5"

It is apparent that the sub-grade means for all carloËs are close

to those desired by the half segregation system. However, r¿ithin a

Block, Ëhe distribution of the carlots among the sub-grades, and the

sub-grade means clearly reflecË Ëhe protein leve1 for the block as a

whole" IË is clear that r¿hile the sub-grade minima were saËisfactory

for the bulked carlots from all Blocks they were not satisfactory for

the carlots from individual blocks " For Blocks r,øith means in the range

13.4 Ëo 13"9% the sub-grade minima yielded sub-grade means close to

Ëhe desired level. For the Blocks wiËh means higher L]nan 14"0% the

sub-grade means are too high, and for Blocks r¿ith means below !3.4, the

sub-grade means are too low.

The data in Table 53 clearly indicate that Ëhe C.I,I.B. by selecting

aË the Block 1evel can substantially alter the overall mean proLein

conËent of forward movements. DaËa for a number of Blocks shorvn in

Tab1e 53 r¿ere selecËed for further analysis by Train Run within Blocks.

The results obtained for three of the selected Blocks are Þresented in

Table 54 using a similar format to that used in Table 53. The data in

Table 53 clearly demonstrat.e 'that the location and shape of the protein

distributions also varies subsËantially within a Block" Block 77 segre-

gates into essentially two sub-grades A and B; for the individual Train

Runs the sub-grade split varies from a raLio or 97 /3% t" 25/737". rn
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Table 54" DlstribuEíon of Carlots and
for the Protein Sub-Grades
Train Runs, wíthin SelecËed
l97L 

"

Unload Sample Mean
of Carlots Shipped
Railway Blocks, ín

Protein Content
from Individual
June and July

Train Car-
Block Run -rots

DistribuËíon, % Unload Mean Protein Content, %

Sub A Sub B Sub C All

77 2

1

6

3

4
5

A],L

4
5

I
6

3

7

9

1

2

ALL

34
87

L27

118
332

64
BT2

BO

39

38
9

300
179

5

2L5
t2

877

2

I
I

o

25
2

L5 "2
L4 "9
L4.9
L4 "s
L4 "5
L4.6
L4 "8

14"B
L4 "8
L4 "6
L4 "2
L4.6
L4.5

L4 "7

L4.6

L4.2
16"5
L4 "3
l_3"8
14 "7
14"3

15"0
L4 "4
L4.2
L4.L
14 .0
r_4.0
L4 "L

L4 "2
13"9
L4 "L
13.8
13.8
L3 "7
L3 "7
13.6
13"5
L3.7

L3 "4
13.5
13"3
L3.2
13.1
13 .3

1/, 
'

L3.2
L3.7

t2 "4
t2.8
t2.7

t2 "6
L2.4
L2 "s
L2"5
t2 "3
L2 "5

L5 "2
14"8
L4 "7
L4 "3
L4 "2
L4,2
L4 "4

L4 "7
L4.3
L4.3
14"i_
L4 "0
13"9
L3 "'Í
L3 .6
L3 .3
14.0

13 "4
L3 "4
t3 "2
13.1
13"0
L3 "2

97

B4

72

51

32
25
51

J

L6
28
49
68

73
49

77 2.9

44 s6
42 s8
89 11

32 67

20 79
- 100

T2 82

- 75
29 69

76

83 5 400
4T7
1, 375
2 r58
367

ALL 1017

3

6

2

2

3

2

8B

65

85

7B

75
B4

29
13

20
22
L4
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Block 76 a similar siËuation occurs but there is more of sub-grade B,

whereas for Block 83 there is a fair percentage of sub-grade C.

The data presenËed in Table 54 indicate thar the C.l^1"8. could in-

crease amounLs available in individual sub-grades by selecting at the

Train Run level. An even further refinement of proËein selection might

involve selecting at the station, or even the counËry elevator level 
"

Horvever, boxcar allocation regulations would like1y prohibit a selection

of this intensitv.

The above data clearly indicat.e that the C.I,I.B.rs protein selection

potential should be quite high, assuming the aceurate estimaËes of pro-

Ëein content by geographic location are available. IË is also apparent

that if the C.I¡I .B.rs proteín selection is too intense that Ëhe protein

variabiliËy of carlots arriving at terminal positions will be too low

Ëo enal¡le the C.G.C. Ëo operate an efficient segregation of the carloËs

inËo Ër¿o or more protein sub-grades differing in mean pr:otein content

by 1.0 protein percentage units. However, there may rvell be an economic

opËimum blend of the selection and segregation operations. But, even if

this optimum \ùere established, the practical realLzatí-on of the optimum

may not be possible because of the numerous operational constraints r¿ith-

in the existing grain handling and transportation systems.

Although no quantítative estímates are gíven it may be concluded

that the C.l^1 .8. , withín limits, could successfully attempt to increase

markcting flexibility by operating a protein selection progrannne for

shipments from country points in conjunction r+ith the C"G.C.ts segregation
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programne. of course,

operation between these

Ít is imperative that

two bodies if such an

there be very close co-

operaËion is aËËempted.
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v. OPERATIONAT. PROBLMIS AND MONITORING

The Canadian l¡Iheat Board and the Canadian Grain Conrnission will be

faced with a number of problems in operating and monit,oring the new

wheaË grading system. These are described in Ëhis section, with parti-

cular reference Ëo the responsíbilities of the tr¡ro organizaËions. In

brief, Ëhe C.I¡¡"B" arranges the forruard movemenË of graín so that its

sales conrnitmenËs can be meË by date, porË, grade and proËein sub-grade,

whereas Ëhe C"G"C. provides Ëhe proËein Ëesting facilities, gradíng, and

protein segregation operaËions. Co-operation between these two organi-

zations rrill have Ëo be even closer in the future than it has been in

the past to deal effectively with Ëhe new grading sysËem.

The e.üI"B", as in the past, faces problems associated v¡ith the

need to make contracts for forward delivery, often these are made for

the coming year before the erop for the currenË year has been harvested.

Iherefore, the C.I,I.B. needs Ëo know, as early as possible, the esËimated

distribution of Ëhe new crop among the grades and the protein sub-grades

Similar estimates musË also be available on carrv-over sËocks at the

counËry elevator and farm 1evel "

For many years the C"G.C" has made available, early in October of

each year, its estimates of the grade distribution of the new crop, and

a protein survey. I,lith Ehe aid of the proËein survey daËa, estimaLes

of the amounËs in the protein sub-grades can be obtained. In addition,

the proLein survey data can be sunrnarized by Railway Blocks, Train Runs,
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and if need by, by shíppíng station. The C.l,I.B" will- thus have available

estimates of the amounts and locations of Ëhe protein sub-grades of the

ner^/ crop and these could be broken down as both Eastern and trIestern

shipments.

Corresponding information on carry-over stocks at termínal positions

will be accurately known. For carry-over stocks on farms and in counËry

elevators, estimates of the amounËs in each grade should be available

from the data the C.I^I.B" normally collects. The amounts'in each protein

sub-grade can be estimated from data on past shipments in terms of pro-

teín means for Blocks and Train Runs " Combiníng these estimates v¡ith

those of the ne\^/ crop should provide a general assessment of the amount

and locaËÍon of potentially available stocks by grade and proËein sub-

grade.

Under normal conditions, the C"I^I.B.ts problem in dealing with for-

ward contracts may be only slightty more complex than in the past. How-

ever, Ëhe occasional crop of low proËein content (or even high protein

conËent) may make it difficult or perhaps even impossíble to meet. con-

ËracËs for specific sub-grades. Moreover, the problem wí11 obvíors'lv

be especial 1y difficult if carry-over stocks are reratively smal1 so

that shipments will consist almost ent.irely of new crop. compromise

solutions will be inevítab1e'since the C.l^l .3. cannot deliver sub-grades

that are not available"

The C.I^l .8.'s second problem arises from t.he periodic neecl to meet

short-term demands for large quanl-ities of a specific protcin sub-grade.
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AË Thunder Bay, wiËh its Large sËorage capacity, thÍs may noË Prove Ëoo

difficult, AË the Pacific Coast, with a small number of termÍnals and

these operating mainly as cleaning and transfer houses, the sítuaËion

ís quite different" It is also complicated by the difficulËies the

railways experience during r,¡inËer months in Ëransporting grain across

the Rocky MounËains.

In the past Ëhe C.III.B. could order counËry elevaËors Ëo ship only

a specific grade of wheat aË a given tÍme, and since countr1¡ elevaËor

agents could estimâËe grade reasonably accuraËely, Ëhe required amounËs

of the grade could be delivered Ëo Ëhe porË. This ís impossible for

specific protein sub-grades since the agent cannoË estimate Ëhe protein

content of wheat. Moreover, experiments and experience with rapid pro-

tein tesËing methods, in both Canada and the United SËates, show ËhaË

Ëhese are not yet suitable for use in country elevators 
"

The C.l,ü.B. wÍ1l thus have to resort Ëo using avaílable protein data

for pasË shipments from Blocks, Train Runs, and even individual staËions"

By dírecting Ëhat shipments of a specified grade be made from selected

arease over a given period, the C"l^I .8. can increase Ëhe amount of a

desíred proËein sub-grade del-ivered at export positions some Ër,ro weeks

laËer" The control will not be precise" It lqi1l merely produce a

pealced protein distribuËion, with a lower Lhan average standard deviat.ion,

and a mean close to the required Primary mean for the selected sub-grade.

This inËerference with the normal flow of wheaE Ëo the port v/ill have

some disadvantages for both Ehe C"W.B. and the C'G.C. The C.l¡I.8., for
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example, wíl1 have additional problems in equalizl-ng quoËas" However,

it does appear that Ëhe siËuatíon the C.W.B. faces will be similar,

though somewhat more complex, than in the past. There have always been

a number of grades of varíous grains and oilseeds to contend with both

in making and in meeËing contracts.

The control procedures used by the C.G.C. in segregaËing wheat -by

protein conËen{: will depend on Ëhe degree of centralLzatíon desired. A

wholly centralized control system probably requires adherence to specífied

sub-grade minima, adjusËed as required. Decentralization to the ter:ninal

elevator level míght make ít possible to dispense with formal sub-grade

minima and use insËead running Primary means for each grade and sub-grade

for each termínal

Such a decentralized system would probably require that there be a

computer terminal in each elevator, or aË leasË in the larger elevaËors,

and that each computer terminal be moniËored and controlled by Ëhe C.G"C"rs

central compuËer at Ëhe porË. Under such a system the running sub-grade

means would have Ëo be based on the Primary samples" Hencer.the desired

Primary mean for each sub-grade would have Lo be adjusted ín relaËion Ëo

the port mean existíng at thaË time and the expected correlaËion between

the Prímary and Unload samples. Since the Primary sub-grade means for

carloË unloads at each individual elevator cannot be expecËed to remain

constant over time, pre-defined tolerance limits will have to be est.ab-

lished and corresponding adjustment procedures developed" Once Ëhe de-

tails of the procedures are worked out, and the necessary computer programs
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developed, the system should operat.e with little, lf any, manual inËer-

ference. However, the final decision on the adoption of this type of

control system depends on the outcome of cost-benefit analysis studies"

In using the centrali-zeð conLrol system, the C.G.C. must establish

formal sub-grade minima in advance of earloË unload. Assuming thar the

relationship beLween the Primary and Unload samples remain stable over

ËÍme, the main factor influencing Ëhe sub-grade minima is the mean pro-

tein conËenL of the carlots moving to the porË.

An initial estimate of the overall mean ÞroËein cont.ent can be

obtained by caleulating a weighted mean on the basis of the C.tr{.B"rs

shipping orders to each Railway Block, Train Run and possibly station"

If Ëhis mean remains fairly constanË from v¡eek to week, or if it ís

changing slowly but sËeadily in one direction, iË is probable that Éhe

shape of the disËríbution remains fairly constant. However, aË times a

beËter estimâËe of the distríbution may be required. An esËimaËe of the

protein distribution of the carlots could be obtained by sorting the

last available carlot data by reverse dat.e and Ëhen accumulaËing the pro-

tein values for Ëhe appropriate number of carlots from each Block, Train

Run, or even stations

A second and more current set of est.imates can be obtained bv ana-

Lyzíng the Primary protein data telexed (Primary transmission data) from

either l,Jinnipeg or Calgary Ëo Ëhe appropriaËe unload area each day. This

proËein daËa represents carlots that are acÈually in transit to the ports"

Table 55 shows the output obtained from a compuÈer program developed
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to estimate the sub-grade miníma from the Primary Ëransmission data.

The program first establíshes a proteín frequency distribution, and a

cumulative frequency, and a cumulative mean, over Lhe entire protein

range. Then, if the program is supplied v¡ith Ëhe Unload target mean for

each sub-grade and an estímate of the correlation beËr¡een the Primary

and Unload samples, it proceeds to calculate the required sub-grade

minima. The sub-grade minima are calculated by Ëhe fo11-owing method:

using the regression equation discussed in sub-section K (page 167) ' the

program establishes the Primary sub-grade mean required to achieve each

Unload sub-grade mean, it Èhen proceeds Ëo sequentíaILy segregaËe from

Ehe top end of Ëhe protein distribution sub-grades of Lhe required Primary

mean"

On the computer output, shown in Table 55, columns 6 and 7 show the

percentage of the carlots and the Primary mean protein for each sub-grade

on the same rov,/ of the table as the sub-grade minimum. For this particu-

lar set of data the sub-grade minima, for the half segregation system,

were at L4"8, L2"8, and 11,9% protein"

An assumption which influences the precision of Ëhe above advance

estimates of the sub-grade minima, eLc., is the expectation that the car-

lots will be unloaded in the sequence the C.I^I .8. ordered them out of the

country or in the sequence in ruhich the Primary protein values \^rere trans-

mitted to the unload area. Generally speaking, one r,¡ould expect that Lhe

time elapsed beErveen loading and unloading of Lhe boxcars would be a

funcËion of the distance beLween origin and dcsLination. Ilowever, as yet,



200

no adequate daËa are available on the time in transit. In the absence

of such data, ít must be assumed that the sequence in which the carlots

are unloaded is essentially the sequence in which the Primary protein

values r^/ere transmitted to the unload area. In pracEice, thís sequence

might easily be broken by such events as snovTslídes, rail disruption,

trbreak uptt of the trains to negotiate the Rockies, and stock piling of

carlots at various locations for a number of reasons. 0f course. Ëhe

consequence of a disruption in Ëhe sequence of carlots would depend on

the protein variabiliËy from one period to the nexË.

Ilhen Ëhe carlots are unloaded at the terminals, calculating a daily

Primary mean for each sub-grade for the actual carlots unloaded should

gíve a good indication of the adequacy of the existíng sub-grade minima.

This data, plus the information on the carlots that are stil1 in transit

should provide a reasonable assessment of Ëhe need to adjust the sub-

grade minima,

Later, when Ëhe Unload sample protein data become available it can

be consolidated wiËh Ëhe Primary sample data. A computer program r,üas

developed to provide a comprehensive analysis of this paired protein

daËa. A sample copy of the output from this program is shorvn in Tables

56, 57, 58 and 59. trrrhile the data presented are for Pacific shipments

the program can also be used for the Thunder Bay or Churchill shiprnenLs.

To compute the data for Table 56 the program establishes, on the

basis of t-he protein content of the Primary sample, a carlot frequency,

a perccnLage and a cumulal-ive percentage frequcncy distribution; it



P
¡l'

.J
T

- 
-.

P
ll!

'4
A

fìY
 

5l
G

qE
r"

lf 
lU

l' 
/iC

C
rr

ia
.

ht
¡1

,-
 

c^
?s

 
cl

ì1
,"

 
c,

r,
.,t

.,'
r,

 
lr'

,f,
:'

14
"7

 
'1

7 
ì.r

) 
5"

¡ 
l/r

c'
irr

14
.6

 
JO

 
1"

9 
l.'

-' 
)4

.5
3

.'.
'..

...
...

...
...

_.
.I 

\.\
..*

_.
_.

¿
 

t._
 _

_i
./'

 
__

_-
_ 

l.(
t 

-.
 

t1
.4

1\

li"
3 

_.
 

s!
 

l.
t\"

? 
a3

 
'1

 .
l4

.t 
61

 
3.

14
.ô

 
t,4

s,
Jt

ìc
a^

,-
ìr

:s
cA

tìs
,"

 P
R

'.l
T

I 
t. 

I 
9{

, 
).

t¡
 

/, 
I 

.1
 

I 
3 

",
)r

l
ll"

6 
2?

 
5"

4 
!0

6"
7 

11
"')

4
tl.

1 
11

2 
t¡

.r
¡ 

5l
.i 

11
'1

rl
l{.

4 
()

ì 
""

'¡ 
'ir

l"(
r 

l"'
tì/

r
__

l 
1.

i_
_-

-.
1.

,r
? 

--
,. 

/,.
') 

--
-,

\1
 

.tt
--

. 
Ii"

7'
t

t1
.2

 
I1

.)
 

'i.
1 

I.)
",

r 
11

./f
i

lj.
Ì 

76
 

-o
rc

 
7i

-(
r 

1J
.7

2
lr.

J 
76

 
!¡

.4
 

lt.
3 

13
"6

É
*_

,-
_.

__
 I 

2.
9 

._
 

6?
 

1.
 ì

 
11

. 
I 

l),
.t¡

t'
' 

I 
2.

3 
4\

 
? 

"1
 

rì
l'.

 I
 

\ 
:\ 

"6
)t

t 
2.

7-
-5

t 
--

-1
.'.

1-
--

-l 
)"

 I
 

| 
1"

 /
'^

r

" 
l¿

.e
 

31
 

1.
, 

'1
t"

0 
lj"

r¡
(ì

I2
.5

 
34

 
?.

X
 

41
.1

 
ì-

ì.5
-¿

1.
,.4

 
z'

l 
I"

5 
()

\.t
' 

11
.';

5
l?

.)
 

2L
 

1.
2 

'):
;"

ß
 

i)"
14

t?
-.

2 
t5

 
.)

.q
 

i.,
.7

 
i3

.5
1

T
A

B
IE

 .
56

"

I T

3"
D

 
14

.'t
7

F
R

Ê
rlU

t:\
C

Y
 D

IS
Ìll

lrl
U

T
IfJ

\r
 I

 C
l,,

|

l'A
C

IF
 lC

 : 
S

E
0R

E
G

^T
É

D
!P

R
 

t¡
{A

R
Y

 :

Ì4
.0

:]

l6

55
.6

t5

r 
3.

79

. 
oc

T
 8

--
0c

l 1
4¡

 L
JI

2
Â

C
C

tJ
T

U
LA

T
E

D
o 

tjr
tL

O
,lD

 
lF

 >

t'+
*+

i*
*û

+

+
t*

t*
*û

*/
¡t

*+
+

ùi
tÌ¡

+
+

*t
+

fq
+

+
û*

'f+
+

s*
e+

+
+

+
+

Û
+

f+
ãi

tÊ

P
R

0f
 E

IN
, 

lË
 

lf 
+

.!û
'r:

rÀ
È

it*
+

+
'¡

l4
lt 

+
 ù

 +
 {

.+
 q

 +
r*

ûf
 *

tq
* 

+
f 

*
+

**
f*

+
**

f*
+

*+
*Û

+
+

*È

--
 P

R
 ¡

H
A

P
Y

 D
i 

S
T

R
 I

 B
(,

,T
 I

O
N

l *
û*

+
 r

*q
+

t*
+

**
ür

* 
*+

{*
üÛ

È
È

| 
+

{t
*+

+
{,

+
+

ç+
*+

t?
t*

+
+

ûù
ûs

*û
û+

û
l +

**
+

 #
r 

+
f 
r*

+
+

+
*+

 *
û*

*+
f 

È
+

Û
*Ê

| 
+

,r
+

 +
 ¿

¡+
*+

+
{,

 +
r+

**
+

 û
+

â 
lÉ

*û
**

 ù
+

I 
4'

**
 f

 *
+

 û
tû

+
*+

ú'
rn

 È
*+

+
+

+
+

+
ûT

 {
*È

*
I 
*.

r 
+

 i 
tÉ

 (
' È

t+
+

*{
+

+
 t

r*
d*

 à
*s

l3
 

ìi¡
{*

+
f+

+
Ù

*+
+

+
st

+
lü

{+
ù*

*
| 
È

â*
*f

 f 
+

È
*t

t+
dt

'*
 û

{(
**

t

¡{
:a

sr
\+

f:+
+

t

| 
+

*s
n*

t+
+

+
'l{

úù
,!

I 
tâ

*È
+

**
**

t+
f+

*
lr*

*f
 

+
ff{

,+
+

l-i

I'r
È

+
t

ll.
sy

.-

t"
r' l+
t

lq I I I I I + I o

II

¡\
)

H



rÂ
rì

15
 5

7 
"

?¡
,c

t.Í
-lL

sE
c'

{i:
;Â

rE
rì

 B
y 

pq
r"

¡\
av

 r
r¿

in
, 

vl
Ñ

r'l
a.

 t¡
n¡

 ¡
ro

,'.
s

A
C

C
'J

'1
'.l

L^
T

tD
'J

Y
 

U
l'L

tlÂ
r)

 D
Â

lA

Â
tc

_-
, 

A
ti2

 _
._

__
- 

-I
1q

__
_l

1J
 _

_.
_?

1
R

rt
u 

14
.{

 
I 
lJ

 
q'

r

P
¿

C
l 

I4
q 

11
? 

?1
S

w
o 

l4
¡J

 
l3

J 
'tt

\
tJ

\)
ç 

- 
14

3.
 

l-l
] 

q(
)

vl
I 

l/.
B

 
¡lt

 
9j

,ì

_-
c 

G
! 
5_

-.
,-

_J
 

tl-
 -

_ 
LJ

-1
_-

-9
 ì

Í)
T

ilS
 

l4
d 

lì]
 

')l
'

¡l|
. 9t 1a
')

4t
1

?-
7 

|
10

9
l6

.Q
()

1r
"0

" 
)

tc
t.,

1r
'c

.o
I 
ôr

'"c
11

0.
 íl

l(,
0"

r)

l,,
lll

 " 8
20 I 

t,

15
I l)

Ll
_c

 ,
 o

._
._

?"
?

l.l
n.

...
 ,_

.=
 | 

t, 
7.

(,
:)

2 
rq

?-
 8

4
ì 

qí
l ql

--
-.

...
 .

..:
r1 û

¡J
 .9 1(
)

r)
o 

t¡

,{
t. 
I

I{
Ill

lI]
[R

 O
F

 C
A

F
S

 A
ilt

 
P

E
R

C
E

N
T

.1
 L

t 
E

Lr
vi

l¡r
s,

 
.',

if 
t\i

 
):

iìT
tl'

.le
 

'i 
11

.5
(ì

 
l5

.o
t 

t-
å,

ir4
 

12
"7

6 
0"

0 
ll.

ql
 

13
-4

4
s"

í_
,. 

lr-
 

:lf
 

F
.-

"!
'J

{-
i-s

 
c"

çt
r)

 
, 

. 
Q

"J
] 

î.'
,r

 j
 

. 
O

.5
4 

-,
. 

-.
 

-.
.0

.0
 

. 
0.

/r
4 

o"
50

f, 
N

D
.

,.5
t.1

 
..-

l'1
0

65
" 
<

) 
? 

)
55

"1
 

15
2

{¡
t1

.4
 

l1
5

5¡
ì. 

) 
çB

i7
4.

7 
27

.."
.!,

1.
.)

_-
. 

_-
_(

).
¿

0.
0 

()
0"

(r

C
 1

¡S
 

v;
'\'

l
c\

 
È

Ll
::K

s 
ql

6 
ll.

f,.
z

C
p 

nL
.)

r.
(5

 
ô7

1 
I 
t.I

 I

0C
 I 

8:
.-

0C
f 

- 
1.

4 
o 

.. 
19

72
6R

^n
E

:l 
cr

.t
U

R
IG

IN
: 

A
LL

,!6
.-

9.
. 

__
_-

 0
'{ 

N
0.

 
'f.

Z
rr

.l 
0 

0"
 0

3'
).

0 
0 

0"
0

27
 .7

 
0 

0.
0

)6
.?

2t
,"

8 
0 

0"
o

.,l
ô"

 il
. 

__
_-

.-
_.

.0
. 

__
.q

"0
0.

0 
0 

0"
0

0.
0

0 
0.

o

r.
tíÌ

. 
ï

f.4
3 

53
.2

óf
! 

71
.7

. 
2l

fì 
61

.0
-t

00
 7

?.
 )

I7
 1

 
63

. 
B

32
 

f 
F

.>
 

"2
_.

 _
_.

 -
.9

3.
 _

,4
 I

 . 
3

0 
0.

0

¡1
0 
" 

r,

?7
2 

97
"r

r
83

 
eI

.2
I?

C
r 

94
 .9

:l 
o.

) 
96

. 
I

25
6 

q4
. 

5
10

8 
9e

"l
t6

0 
lo

0"
o

13
0

o 
o-

o

23 t5
2

I 
15 98 6?

46
 "

B
?5

")
19

.0
27

 .7
16

.2
24

 "
A

?8
.3

t2
 "

76
0"

54
.

t\) N
)



cîoN
0"0C

I rrlIl 
0'0

o"ù 
0 

0'0
€'0 

L0"0
É

,"0 
9I 

0"0
9"¿

 -' Irt-'--0"0
z"o 

€ 
(ì"cì

(:"L 
'r€l 

0'0
9',' 

€ll 
0"0

L"' 
,L 

0"0
8"6 

B
9I 

0'0
¿

'9 
bu 

0'0
€'¿

 
5¿

l 
0'0

t't 
61 

0"0
0'0 

0 
0'0

u'0 
0 

0'0
0'ù 

0 
0'0

u'0 -- ú --- -- 0'l)
0"0 

0 
o'0

0"o 
0 

0"0
0'o 

0 
0"0

0'0 
0 

0'u
0"0 

0 
0"0

o'o'- 
0 -'."-" 0"0

0'o 
0 

u'0
0'o 

o 
0"Ü

t"¿
 

o, 
0'0

s" 6 
¿

91 
0'0

0'0 
0 

0'0
t'z 

6t 
.-'0"0

,"o 
¿

 
0'c)

r"c' 
l9l 

0'0
t'z 

0' 
0"0

0"0 
0 

0"o
0'0 

0 
0"0

o0r)0
.U00000
'U

L)

00
-''co0UUo0u0r)0
'0

(r00o

ü'001 091 
r:'Ltul t,(rl

0'0 
0 

0"u 
c

0"0 
u 

(ì"(1 
()

ù"0 
u 

c'() 
0

t''o 
--*Ò

 -'----- o'ct '' 
u

0"0 
0 

0'o 
o

u'0 
0 

Ù
"u 

c'

0'0 
u 

0'0 
0

L, '0 
0 

0"0 
Ú

0'ù 
0 

C
'0 

rJ

'' u'o -- 
o ------ 0'o '-'0

0'0 
0 

0'0 
Ú

0'0 
0 

o'o 
0

0'0 
0 

()'0 
c

0'o 
Û

 - 
0'o 

0

cì'0 
0 

0'0 
0

-(,'(''-- 
O

 "'-
0'0 

o 
(,'0 

0
0"0 

0 
u'Û

 
0

C
,'0 

0 
t''0 

0

0"0 
0 

c'0 
Ù

ü"0 
0 

Ü
"(r 

iJ

O
"r)01 1¿

¿
 

rJ'O
( l 

çl', 
Ù

'(,jl 
uf,t 

(r'(( 
1 1ô 

:'C
t 

t 
É

¿
¿

 
'llv

(l'L 
0 

Û
'lr 

U
 

C
'() 

(, 
O

'tr 
(' 

v"C
 

C
 

S
IIIU

¿
.ù 

Z
 

O
'(; 

0 
f.r'o 

t 
L'u 

Ç
 

t"'(' 
L 

çL

,'C
 

[ 
{)'tr 

0 
f]"1 

¿
 

0'0 
C

 
9"¿

 
L 

l3
*'ir 

iç- -u"d-'-(,"-- -ö"tr 
ls'-- v")---ú----r''-- 

LZ
--s¿

-
0.0 

ü 
0.1. 

O
 

I"O
 

Z
 

(i'(r 
C

 
't'U

 
9t-

tt"tl 
(ttt 

¿
'U

 
1 

,'Ll 
í\'t 

úr'(¡ 
C

 
¿

't, 
LZ

 
+

'E

¿
'(/t 

tt(, 
o'7 

¿
l 

r/"rl 
"'¡s 

t''t' 
¿

 
s"¿

 
¿

 
19

0'u 
0 

u"U
 

u 
\", 

¿
l 

I't 
1 

l"C
¿

 
tt9 

¿
A

0'¿
 

r,1 
*t'(t 

()t 
Þ

"L 
u¿

 
L'L 

L 
<

"9¿
 

',L 
lo'

;'i 
.;'- -;,'t- 

r€ -- ;'l 
";'¿

' 
i'i 

-I--r'' 
'--trr---'-

tJ'ù 
0

ç'ç 
96

ù'9 
¿

ul
u"o 

o
1"0 

¿

6"LlI 
981

u"0 
0

0"cì 
0 

0'0 
o

C
''0 

0 
0"C

' 
0

{J"0 
0 

8'Z
l 

,1
t'[ 

9 
{r'lt 

?l
0'0 

0 
0'o 

u

9"0 -'-I''-'--.t.'l. 
tt'

.r'0 
f 

0'U
 

0
€'1 

? 
¿

'lf 
,ç-

c'0 
0 

¿
'f- 

,
0'0 

0 
t'"Û

 
0

0"0 
0 

0"0 
(,

0"0 
0

0 "0

u'0
() '(.)
u'0
u"0
C

'U
c "c
o'0
(,"0
ú'0
o¿

o

0'0 
0

0'0 
0

0"0 
0

o"C
r 

o
o'0 

0

û' cr- -- 0--- - -'

000il00U0
fìo1

" (.,

.U

u'0 
0 

0'0 
0

9' ll 
09 

u'(¡ 
0

c'€9 
9U

 
u'o 

Ü

C
,"0 

0 
0"0 

0

¿cì

u"r) 
0 

c'0 
0

l'Z
 

I 
()'€[ 

tt

0"0
0"0
0'0
0'0

u'0 
0 

0"() 
o

t''0 
0 

c'c 
0

()"0 
U

 
0'0 

C
r

u'0 
0 

0"0 
0

0"0 
u 

0'0 
0

0'0 
0 

0'0 
0

llv 
S

H
II, 

9193 
't I ^ 

:;tf ì 
tlllS

0

'tlv 
:N

¡tl 
b0

h3 1:i(lvb9
¿

161 . Þ
T

 .(fo--rl rlo' u'0 
0 

0:0 
0

0'0 
ú 

o"t) 
o

0'0 
0 

(r"0 
0

0'0 
0 

u"0 
c

lN
l'Jì,.3d 

G
tìV

 5¡V
l 

:¡[r b¡li]¡l¡t{

ír'(ì 
{l 

()'L 
(l 

li'O
 

Ù
 

(r"{ì 
C

 
û"t 

( 
çl

C
.0 

U
 

0.(r 
O

 
C

.(l 
rr 

U
"() 

a, 
i'"( 

C
 

,. 
'tl

(¡"C
 

(J 
0'L 

U
 

C
'U

 
(1 

U
"O

 
0 

('r'(J 
O

 
-" 

tl
c,"0 

iJ 
(,'c 

0 
Ú

"u 
(, 

u'(r 
c 

c)"u 
c 

c¡

¿
'"¿

 õ- --,,"c 
- o - ._-¡'; 

- u 
-1"o ."(; -----.0"ü -þ-r-

0"0 
o 

0'Ú
 

Ü
 

c''ç 
u 

u'(-r 
0 

c"L 
L 

ç

t..ú 
¿

 
a"Ç

 
(r 

0'C
 

0 
0'(' 

t 
u'(i 

C
 

t 
.'

()'ú 
u 

Lr'(r 
O

 
U

"Ù
 

(J 
0'C

 
0 

L'i 
L 

I

l'JV
d 

ì,|¡L

l\l'¡l f:ìllt 
(ll:V

 )'Jr,tltl ^il 
À

lfi!f :('JJJ
:I ilfr¿

 
"

'B
ç 

;'l1r'ir

)tltllg



.:lO(\I

6¿
'¿

1 
0'0 

cl¿
.II 

0.c 
0,)"

It "tl 
0'{J 

{J"cr 
6I"Ë

1 
g(r'rl 

lu'r,t 
6t,.r. l 

(r5../l 
c,¿

"[t 
Ll

ù"o 
0"0 

0"0 
0"u 

ü.0 
ú.r, 

o.L 
ù.c 

c.O
 

gt

'zs'€I 
0"() 

Þ
9"f.1 

û'!) 
atO

"Í_L 
lr.f.l 

ù9"f1 
(¿

,fl 
(¿

..,t 
6¿

'ra 
Lt 

u 
r, 

7Y
 

Lr 
u-u 

!/Q
-t_t 

tt.7.7 
ug"fl 

(¿
,fl 

(¿
.,,1 

6¿
Z

L'€t 
'0"0 

- 
0€'É

1 
0'0 

rJ"() 
f b.i, 

l 
u"ú 

r).u 
!,.rj 

L¿
0"0 

G
"0 

o"o 
0.(J 

(i.ù 
0.u 

c"(ì 
o.u 

t "(, 
ç¿

¿
9"€I 

0'0

ù'0
ù'0 

0"ü'
0"0'------ 

0'o
0'0 

0'0 
0'0 

()'0 
U

"0 
(,.() 

()"U
 

(¡"(, 
0.L 

I
sr'21 

0"(r 
0.0 

c,"c 
sr"zl 

o.ú 
û.0 

u.c 
(.c 

F
Ù

"0 
Lr'o 

0.0 
0.0 

c'o 
().0 

u.{-, 
û.(, 

L"(. 
t

't'tv :N
lt¡ut)

H
f .I : IU

V
 U

9
z¿

6T
-.tT

--I30--B
 1fO

"

ì"¿
l 

C
"(; 

r¡(¡ ',r_l 
u'C

, 
ü.L 

l,

íio' , 
I

/s'fl 
96"L1 

(,{;.rl
(,!,-rt 

tg'tt 
lz

vlvc 
r;vf ,'t¡'r' À

1, c_r.iv-lnr.f 3.Jv
lV

rtl!;,r:i.l G
hV

 )ir.r,-b ^L l.V
rr, tll-irr.¿

,¿
JLA

IJT
C

" 6ç 
3rt,vt



205

simultaneously accumulates the protein content of the Unload sample to

form a cumulative Unload mean over the entire protein range. Then, the

program, when supplied r^rith the desired sub-grade Unload means, reads

direcËly from the frequency table the sub-grade minimum required for the

high-protein sub-grade. If this sub-grade contains less Ëhan 1% of the

total distribution the sub-grade is noË segregated; the assumpËion beíng

Ëhat it would be uneconomical to segregate such a small quantity. The

minima for the remaining sub-grades are calculaËed as the dífference of

the product of Ëhe cumulative percentage and the cumulative Unload mean

at various levels in the frequency distribuËion, divided by the differ-

ence in the percentage of Ëhe carlots at Ëhe two levels.

The computer ouËput shows the sub-grade minima, the sub-grade means,

and the distribution of the carlots among the sub-grades. The frequency

distributions are also printed so that the user can estimate Ëhe effecË

of changing the sub-grade minima r.vithout resorting to the computer" The

sub-grade minima obËained in Table 56 represent the opLimum minima even

when the unload ínformation is available. Therefore, the sub-grade

minima obtained in Table 56 provide a yardstick against rvhich the actual

sub-grade minima in effect at the time can be compared.

The data presented in Table 57 show the resulEs of the actual

segregation for the port as a whole and for the individual elevators at

that port. Columns 2, 3, 4 shorv the sub-grade minima (multiplied by 10)

which lvere actually used to scgregate the carlots for that particular

Eirne period. It should also be noted that Ëhe compuLer program allows
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Ëhe flexibilíty of usíng a different set of sub-grade minima for each

Índividual elevator.

In Ëhe top secËion of Table 57, the number of carlots unloacled at each

índividual elevator, and the carloL distribution and percentage distri-

bution among the individual sub-grades within each eleva¡or are shor¿n.

The 1as.t six columns show distribution data for various combínaËions

of sub-grades.

The middle section of Table 57 presents data on Ëhe Unload sample

mean protein conËent for the main grade and the sub-grades for each ter-

minal. It should be noted thaË the carlots are allocated to the sub-

grade on the basis of Ëhe Primary sample protein but the sub-grade means

are based on the Unload sample protein data. Therefore, the proËein

misplacement of carlots Ëhat occurs in practice is built ÍnËo the mean

data.

The 1or¿er secËion of Table 57 contains Ëhree independent items;

the Primary sample mean protein content for the main grade and the sub-

grades, the standard deviation of the difference between Primary and

Unroad samples for both the main grade and the sub-grades, and the per-

centage of all carlots for whích the primary sample protein was not

available. Also presented in Table 57 are the number of carlots and

mean protein content for the shipments of each Railway Company. It r,¡as

noted in an earlicr section that a protein imbalance between the Rail-

ways give rise to differenccs between terminal elevators.

Table 58 prcsents data on the origin of carlots by Railway Block,
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and on destination by unload elevator. It is interesting to note Ëhat

carlots from an individual Block mav constitute onlv a smal1 fraction

of the entÍre shipments and yet

unloads at a specific elevaËor.

heawy concentration of elevator

contribute a large proporËion of the

Transportation logistics cause this

receipts, over a short period, to be

from a limited geographic origin.

Table 59 shows the mean proËein conËent of carlots by Block and

Unload elevator. The mean proteín content clearly varies from Block to

Block and from elevaËor Ëo elevator r,¡iËhin Block. The data shown in

Tables 58 and 59 usually provide an explanation of the between elevator

differences observed in Table 57.

A computer program is also available that produces a modificatíon

of Table 57, In Table 57, the sub-grade minima in effect at the Ëime

Ëhe carlots were unloaded are used to allocate Ëhe Primary samples among

the sub-grades. In practice, carlots are occasionally allocated to sub-

grades contrary to Ëhe sub-grade minima in effect at the time. To simu-

late this practical operat.Íon, a computer program which produces a modi-

ficaËion of Table 57 was designed. In the modified table the carlots

are allocated to the sub-grades on the basis of the sub-grade ín which

they rvere binned in practice. Then, by comparíng the origínal output

for Table 57 with the moclified form, the effect of binning carloËs con-

Ërary to Lhe sub-grade minima can be examined. Generally speaking,

strict adherence to the sub-grade minima results in the most efficient

usc of available protcin in the long run. Ilowcvcr, in the short-run,
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because of the sequence in whích carlots are unloaded it may be necessary

to bin some carloLs contrary to the sub-grade minima ín order to minimize

Ëhe dífferences betrveen elevators for a particular sub-grade"

In sunrnary, the C.G.C., in establíshing the sub-grade miníma and

in controlling the segregation operations has information avaílable from

the follorving sources.

Firstly, the mean protein, and possibly the frequency distributíon,

ealculated on the basis of the C"l^7.B. ts shipping progranrne provides a

general assessment of what is likely Ëo be encountered in the next few

weeks,

Secondly, the Primary transmission data provide an esti¡nate of the

mean and the distribution of the carlots in Ëransit to the terminals"

A change in Ëhe esËimates of the sub-grade minima obtained from this

data should signal the possible need to adjust the sub-grade minima.

Thirdly, the Primary mean protein contenË of the daily carlot un-

i-oads in each sub-grade should also indicate whether or not the current

sub-grade minima are adequate.

FourËhly, when the unload protein data become available, iË

possible to establish r¿hat the optimum sub-grade minima i¿ere for

period, and to compare the actual minima with the optimum minima"

Finally, all the above estimates should be confirmed by the

IS

that

protein

tests made on the export cargoes for each índividual sub-grade.

hlith the normal flow of grain from country elevators to terminals,

and vith a port mcan rvhich is close to thc lììean of the middle sub-gracle
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control of protein segregation should be relatively simple and effectÍve.

However, it becomes more and more diff icult as the C.I^l .8. disrupts Ëhe

normal flow of grain in an attempt to maximize the amount available in

a particular sub-grade. In such situaËions, the C.G.C, could probably

achieve beEter control by changing from the even to the half segregation

system or vice versa. However, it is not clear as to who makes thís

decision, - the C"l^/.B. on Ëhe basis of its sales contracts, or the C"G.C.

because it controls protein segregation and grading; probably some

compromise by agreement.

The efficiency of the entire protein segregation is dependent to a

large extenË on the accuracy of the Prímary sample proËeíns since, they

and they alone, are used to segregate the carlots inËo the protein sub-

grades. The Primary samples are not official samples; Ëhey are taken

by country elevator agents and not by the C"G.C. staff.

lrlhen the Primary sample protein is not avaílable at unload time

Ëhe carlots must, be segregated on the basis of the mean proËein contenË

for its station of origin. The accuracy of the Primary sample protein

and the station means can be measured by comparing them luith Ëhe Unload

sample protein for the same carlot " A computer program lvhich makes

these comparisons r^Ias prepared and a sample copy of the ouËput is shorvn

in Table 60.

Table 60 consists of three sections; in the first section paired

Primary and Unload prot-eins are compared, in the second section station

means and the corresponding unloads are comparcd, the thircl section is
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Ëhe combination of the first and second sectíons. l,lithin each section,

frequency distributions based on the absolut.e difference between the

paired observaËions are established. Also shown is the correlation and

the sËandard deviation of the difference beËrveen paired observations.

In the lower portion of Table 60, the percentage of carlots segre-

gated on the basis of Ëhe Prímary (paired samples) and on the basis of

station means (Primary mÍssing) are shown. The corresponding mean pro-

Ëein contents are also gíven"

fhe program also provides the facility for printing out detaíled

records of paired observations thaË differ by more than a given amount,

say 1"0% protein. Then, if the original samples are available, dupli-

cate proteín determinaÈions can be made on both the Primary and Unload

samples. This provides a method of checking the errors due to samplíng

and analysis. The use of laboratory check samples also provides an

additional method of checking Ëhe sampling and analytical error of work

done by the C.G.C. staff.

After almost two years experience with protein segregation iË can

Ëruly be said that the C.G.C. possesses a satisfactory system for segre-

gating protein sub-grades at terminal positions, and for delivering car-

goes of sub-grades rvhich can be depended upon Ëo meet the protein guar-

ant.ee. Therefore, the Canadian Grain Commissionrs maín objective has

been successfullv achieved.

From the viewpoint of the Canadian Wheat Board, marlceting flexibitity

would be increased if it ruere possible to bring forward from far¡ns and
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counËry elevators wheat of a specific proËein sub-grade. FurEher re-

search might be profitably direcLed ín this direction.

For the grain industry as a whole, iË would be desirable if pro-

cedures could be developed whereby protein premiums could be reflected

back to producers. An ínitial step ín this direction might involve a

premium, based on the average protein content of wheat shípped from

individual counËry elevators within a yeat, being incorporaËed into pro-

ducers final payments.

llhile the main objectives of proËein segregaËion have been success-

fully accomplished, there is little doubË but that improvements will be

made as more and more experience ís obËained" Moreover, procedures

wíll also be developed for dealing with problems thaË may arise, such

as a sudden change in the protein content from year to year.
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VT. SUMMARY AND CONTRIBIJTTON TO KNOWLEDGE

1) The research reported in this thesis was designed Ëo aid the

Canadian Grain Conrnission in the development of a sysËem for using pro-

tein conËent as a factor in grading Canadian vrheat. CarloË surveys

urade by the Coumission since 1940 were selected as Êhe most suitable

for preliminary studies. These surveys represent a five percent stratí-

fied sampling of the carlots of wheat unloaded ín the r¡Iestern divisÍon

in each crop year" For each select.ed carlot data on origin; unload

destination and date; and on quality facËors such as grade, bushel

weÍghÉ, protein conËenL, and moísture v¡ere availabl-e" lhe records for

the three mosÉ recent years, represenËing a period of average protein

content (L3 "7%) and of currenË marketing distribution, and subsequenËly

Ëhose for seven other years represenËing a range of annual protein means

of. 12.6 to L4"4, r,/ere transferred to magnetíc tape, edited and the errors

detecLed \.{ere corrected by computer.

2) Carlot survey data had prevíously been suurnarized each year,

but only by origin, i.e., primarily by province and crop districË. Com-

puter programs were writËen to provide Ëabulated sunrnaries, for both

eastern and western movemenËs, by unload area and by individual elevators

within each unload area. I^ltrile Lhe tables dealt mainlv with mean levels

for protein and bushel weight, and with Ëhe numbers and percentages of

carloËs in each grade, frequency distributions and their standard devia-

tions v¡ere also exanrined. A comprehensive and detailed picËure of the
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situaËíon Lo be faced in introducing protein contenE as a grading facEor

qras thus developed.

3) hrhen Ëhe work was started the Conrnission had already proposed

a system involving combíning current grades Nos. I and 2 Northern to

nake a new grade, No. l Canada trIestern, t.o be divided into three sub-

grades wíth the following constant protein ranges: over 14"2%, 13.0 to

14.2%, and under L3"0%" No" 3 Northern and part of No" 4 Northern ¡¡ere

to be combined Ëo form a second new grade with similar proteín sub-

grades. CompuLer prograns rnrere developed to facilitaËe study of this

and símílar proposals ín terms of means for protein content and bushel

weight, and percenËage dísËribuËion of Lhe principal grade among sub^

grades. The original proposal and a number of three sub-grade, four

sub-grade, and some Ëwo sub-grade systems, all involvíng different but

consËant protein ranges for the sub-grades, were examined. Each system

was imposed on data for selecËed years represenËing a wide range of pro-

tein levels" Results were consídered unsatisfactorv because of the wide

variaËion in the amounts of wheat enteríng each sub-grade, and the con-

siderable variation from year to year in the mean protein content for

each sub-grade, especially the highest and lowest. However, it was

established that if Ëhe main grade IÁras divided into three suitable sub-

grades Ëhese would have protein means differing by approximately 1%.

4) A more promising system \,ras developed r¿hich involved promotion

at Lerminals of higher proËein carlots from one sub-grade to the next

higher sub-grade" In a three sub-grade system, the subsÈantial increase



2L5

in Ëhe amounts of grain entering the

the uniformity of the protein means

attractive. It was also clear thaË

upper and mídd1e sub-grades, and

for these sub-grades, rrere obviously

in years of high protein level the

lowesË sub-grade r¿ould disappear, and that a still higher sub-grade would

for low protein years. In effect, thehave to be added: and vice versa

idea of constant protein ranges for sub-grades was discarded in favour

or aiming at constanL protein means for sub-grades; and Ëhis idea gave

promise of meeËing a currently developing consensus that Canadian wheaË

should be offered at guaranteed levels of 15% (when available), 14% and

L3%" or possibly at L4"5%" L3"5% and L2"5%.

5) These studies also demonstrated a fairly consistenË difference

in protein level beti¿een r¿heat. unloaded aË Thunder Bay and at the Pacific

CoasË, with Ëhe former about 0"3% hígher. Reasonably consisËent differ-

ences also occurred beËween terminals at each port. For example,

Saskatchewan Pool terminals unloaded r¿heaË of a higher mean protein con-

tent than Manitoba Pool elevators at Thunder Bay, and at a higher than

the Alberta Pool terminal aL the Pacific CoasË. There was also a

tendency for terminals served onLy by the C.N.R. to unload vrheat of

lower protein content than those served by the C.P"R., or by both rail-

r^lays. These matLers also deserved consideration in developing a system

of protein segregation of carlots of v¡heat.

6) The Canadian Grain Conrnission had proposed that No. 2 Northern

of less than 60 lb. per bushel be excluded from the new top grade.

Lnvestigat,ion showed that, because of an inverse correlation beËween
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protein content and bushel weight, No. 2 Northern of 59 and 58 lb. v¡ould

be r¿ithdrawn mainly from the higher protein sub-grades, and therefore

substantially less of these would thus be available for sale. The

eventual compromise involved excluding only wheat of less Ëhan 59 l-bs "

per bushel.

7) A sËudy of possible dífferences in moisture contenc among pro-

tein sub-grades was also undertaken but showed no significant assocíation

between proËein content and moisture conËenË.

B) At this stage of Ëhe research, in December of 1970, the Canadían

Grain Co¡rnnission introduced its proposed system of requiring country

elevator agenËs Ëo Ëake a t'Primarytt sample of each carloË of wheat. as

iË r¿as loaded. This sample, for carlots moving east, was mailed to

TdinnÍpeg, and samples for carlots moving west ln/ere mailed to Calgary.

Protein determinations vrere made and resulËs qrere transmiËted Ëo Thunder

Bay and Vancouver before the car arrived to permit segregation on the

basis of proËein contenË. ttunloadte samples taken by the Conrnissionrs

staff at unloading were also analyzed" Accorclingly, a nevr seË of data,

wíËh paired Primary and Unload proteins, theoretically for every carlot,

became available for sEudy. Since the same principles apply at all

ports, it seemed advisable to concentrate on Pacific Coast data since

problems are greater at the Pacific Coast because of the rapid Ëransfer

of wheat from rail to ship. Data for shipments made during eleven weeks

were obLained (about 10,000 carlots), and in four of these weeks cars

were erpooledrr; i"e., alLocated to terminal-s without regard to shipper,
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Ëo speed up Ëransport by avoiding sorting over the hump in the yards.

Addítíonal problems were brought to light during study of the new set

of data"

9) Since some 20% of the carlots r¿ere unloaded before the Primary

resul-ts were available, íË was necessary when the Primary was missing,

to substitute the station mean for the shipping point. A twenty car

floating mean was first proposed. Comparisons were made r¿ith shorter

floating means, and r,/iËh damped means, by comparíng Ëhe standard devia-

tions of the difference between Ëhe selecËed mean and the protein con-

tent of the next carlot shipped. tr damped t.en-car mean (nine Ëímes

the old mean plus the proËein value for the nexË carloË, all divided by

ten) appeared Ëhe most accurate, and also reduced the computaËíons

considerably.

10) The objective was no\¡r to produce a sysËem involvíng binning

basis the Primary protein, or station mean, to provide three sub-grades

(and a possibl-e low-proËein remainder) ËhaË could be exported at guaran-

teed proteÍn levels of 15"0, 14.0 and 13"0%, or at L4"5, 13.5, and 12"5%"

Moreover, Ëhe accuracy of the sysËem had Ëo be monitored wíth Unload pro-

Ëeins representing official samples taken by Ëhe Conrnissionts staff. A

computer program was developed for establishing the successive sub-grade

minima, basis Primary proteins, required for target sub-grade means,

basis Unload proteins; it involved a cumulative mean of Ëhe Unload pro-

Ëein from the high end of the frequency distribution and Ëesting after

each 0.1% incremenE until the mean fell Eo the desired level, which was
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recorded before restarting the cumulatíve mean for the next sub-grade.

Percentage distribution of carlots among sub-grades v/as recorded, and

the prÍntout also drew the frequency dísËributíon diagram and. recorded

the standard deviation. A sub-routine to this program \4ras vrritËen to

moniÉor indivídual elevators, and this permitted different seËs of

Primary sub-grade minima to be used wíth different elevators, depending

on the protein mean for each Ëerminalrs unloads. The printed tabl_e

recorded protein meâns, basis unload prot.ein, for each sub-grade at

each elevator, together rvith the percenËage distribution among sub-

grades. Some such program is obviously required for cenËraLized control

of binning in individual elevators" But, also for use as a feedback

loop for adjusËing sub-grade minima, the Ëime lag between unload and

determinaËíon of unload protein must be minimized, and the protein means

musË change slowly rather than abruptly.

11) It became apparent Ëhat the error of the protein determination"

a single analysis on a single sample, affecËed the results; if the Ëar-

get mean for a sub-grade is higher than the mean for the main grade Ëhe

sub-grade minima need to be higher Ëhan the earlier results indicated.

whereas Ëhe reverse is true if the sub-grade target mean is less than

the main grade mean. A search of Lhe literature shovred that this type

of problem, selection of a segment with a desired mean from one end of

a frequency distribution, had been invesLigaËed. The rnathematical model

was adapted to the present problem" Given Ëhe error of the det.ermination,

the standard deviaËion for the distribution, and the mean, iL was possible
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to calculaËe the Primary. mean for each sub-grade requíred to produce

a given unload mean. rt was also shown that a safety factor of.0"25%,

basis Unload protein, was required to ensure 99% reLíability in meeting

a guaranteed level for export (i.e., a sub-grade Unload mean of L4.75%

for a L4.5% guarantee). This sysËem, of required Primary means, appears

useful if Ëhe control of binning is decenËralized to the porË, or

possibly Ëo the level of individual terminals"

LZ) It was established, as woul-d be expected, that each system

of sub-grades repeats itself precisely for each decrease of 1% in the

mean proteín content of Ëhe main grade, províded that the distribuËion

oËhervrise remains unchanged. For example, the Primary mean and mÍnirmrm,

and the amounË of the guarantee L4"O% sub-grade, for a 13"5% mean for

the main grade, are precisely duplicated for a guaranteed 13.0% sub-

grade, when the mean for Ëhe main grade ís L2"5%" Accordingly, the

range of sub-grades Ëhat can be made available for export in any crop

year will depend on the mean protein content of the available wheat,

and subsËanËial changes rrust occasionally be expected in successive

years.

13) Since the Canadian trrlheat Board direcËs shipments from 48

'rRailway Blockstt, and from 5 to 10etTrain Runsrr in each Block, Block

and Train Run numbers urere added to the 12 r¿eeks dat.a. The mean protein

contenË for Blocks and Train Runs, and the distribution within Blocks,

and for selected groups of Bloclcs, vrere also examined. Considerable

differences 1n the protein means for Train Runs were found rvÍthin Blocks,
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and wfde differences exist in Bl-ock means. Dístríbutions wíthin Blocks

tended to be more peaked than distributions represenËing say, a normal

weeks unloads at the Pacífic CoasË" It is apparent thaË the Canadian

l{heaË Board can so direct shipments that Ëhe protein level for Ëhe car-

loËs unLoaded at the export posítion are more closely peaked around the

Ëarget mean" However, such biasing of the distribution creates obvious

difficulties for Ëhe segregation of carlots into Ëhree sub-grades of a

specific proteín content" Ihese difficulËies could be more readily

overcome if iË \^rere possible to predict Unload means and distributíons

on the basis of the number of cars ordered from each Train Run, or

possibl-y each sËation. Detaíled study of Ëhis maËter r¡ras prevenLed by

lack of records for shipping daËes, and by the considerable difference

that exists in the time lag TreËween shipping and unload.

L4) Proper binníng by sub-grades depends primarily on the accuracy

of the Prirnary sampling íncludrng the analysis. A compuËer program was

developed to monitor ?rimary sampling by comparing protein data for

paired Primary and Unload samples, for paired sËation means and Unload

samples when the Primary sample is missing, and for both sets combined.

The printout tabulates the cumulaËive percentage of pairs differing by

0, 0.1, O"2, etc", percentage units, together with the standard devia-

tion of the difference. In one experiment, duplicate Unload samples

were studied together rvith corresponding Primary samples; standard devia-

tions of the difference trrere 0.40 for paired Primary and Unload samples,

and 0.33 for paired Unload samples" Additional monitoring can be
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provided by tabulating, or punching cards, by computer, for all primaries

that differ from the unload by more than a predefined value, say 1% pro-

teín. Similar records can be provided for all carloËs lacking primaries"

Possible cases of recurrent careless sampling or failure to submiË sam-

ples coul-d thus be identified.

15) The ner¡ Ëop grade No. 1 Canada l{estern red spring wheat became

effecËive August 1, L97L, and sub-grades wiËh guaranËeed protein levels

of 15"0, 14"0 and L3,0% were introduced at Thunder Bay on the same date.

Sub-grades of guaranËeed protein leveLs of. 14"5, 13"5 and L2'5% were

introduced at the Pacific Coast on January 1, L972. The second new

grade No" 2 Canada WesËern red spring wheat, with similar protein sub-

gradese vras íntroduced on August 1, L972" The studies reported in this

thesis contribuËed Ëo the development of Ëhe proËein segregation system

now in use, and the principal objective of the research has Ëherefore

been achieved.
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