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LRETRACT

N -
Several corbine-oricntated harvesting proocoegures were

cevaluated for applicability to yield testing in cercal bLrecaing

—
. : . - .
proqgriacs.  The performances of seven spring wiieat (Triticum. aestivum

‘L. em Thell) an of six spring harley (Hordewn velgare) genotypes
. L

for soveral commaonly measurced characters were used to assess the

ceffects of alternate harvesting practices. Harvesting treatments had -

i . i L}
a gignificant effect both upon the mean values andupon the relative
performances of the genotypes for all charaeters. Thercfore thé
| :

introducticon”of combine harvesting practicest into yield testing can

be'expectrd to influence the selection of superior genolypes within a

toct,

B

Five mcasures of maturity, (1) days. from sceding to 35%mewd,

(2) days from sccding to heading, (3) fizld rating, {4)"Delmhorst G-6c
reading of moisture content, and (5) days from secding oo swathing

ripencss, were compared with the objective of selectirng a method

, »

improving the sensitivity of large scale selection of maturity types

within a cereal breeding progrdm. - Once-over testing of lines at the

’ . . B
. N .

physiological muturity of the oarly‘gonotypcé} using a small dié]uétric

k3

moisture meter, is potentially a powerful mcthod of .selecting early e

maturing lines of both wheat and barley. The Delimhorst G-6c meter

studicd in this test was not atcurate cnough for this purpose. “U  .

Muliiplie regriession analysic ofs both wheat and“barlcy_v

drying curves saprorted the model of ripening incercals proposed- . g
’ ‘ - , i . \
by Mcredith and Jeakins, (1975). Regression analysis relating
- s . .

BTV



| i ' |
f ructuztions of several’ woather pyrametoers to deviations fromeestinated
. . { | \ .

- drying curves proved to be a uscful method of quantifying the influcnce

of local, daily weather on the drying process.
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‘ - B o ' : .
. . INTRODUCTION oo o e

N

e

1..harveuting Mcthodology

-

3

“ Yield is a major concern of all breeding programs; whethér

it be the improvement of yielding ability per se, or the maintenance of
+ per se . ’

s .
yield Jevels in cenjunction with the altceration of quality characters.

For this reason, éxtensiye.yicld\}rjals, generally during the later stages
of brceding prograﬁs, are performed. In Western Canada, yield testing

A o - . ® ! . ) " . “ .

in most cercal breeding programs.consists of preliminary trials carried
out by individual breeders, as well as regional and interprovincial
R . ' . PR . S .
Cooperative tests conducted by the Canada Committee on Grain,Breceding

in cooperation with all cereal breeders in Western Canada. The accumulation

of . several location-ycars of yield data dbout experimental lines-.pllows

——re

‘foi accurate assessme#ﬁs.of true yielding ability Qf the‘lings ov;f a
jgide range of environments.

Standard methods of yield testing have generally been adopted
by plant bre;derﬁ in Western Canada. The experimental designs commonly.

‘employcd arc those of the randomized block and lattice designs wit

-

three to four replicates. X standard four row, rod-row plot is the
basic harvest unit. The center two rows ‘are harvested; the outer rows

act as a buffer zone, minimizing the effects of interplot competition.
C &_ . s - .
. The harvested materia®, including the straw, is allowed to dry before

threshing. Test weight and seecd weight are commonly measured on the

threshell grain.

5% pntil receﬁtly mucl of the work involved in yield trials

.



1

was ‘done by hand.  However, of late, there has been an increasiag trend
) . . .
towardc the use of mechanized harvesting methods. This is particularly
. i N * i
g \ ]

»

truc‘of,yipld trials wich.arce highly standardized and therefore amenable

v

A

-

to such methods. Increasing labour costs, a shortage of | labour during

‘ R ’ -

the autumn harvoest months, 4and a short harvest period are three factors
N i
neccositating the move to mechanization of harvesting processcs in

—

 breeding programns. The desirability of large breeding programs is N
anothcr factor, "in conjunction with the above three fgctbr;, prompting  °

plant brecders to take an interest in mechanized harvesting ‘procedures. N

. . G N : Ry
Mecchanized harvesting operdtions may also be advantagcous in ‘that they
; ' Y S
minimize sample handling and, therefore, may be faster, less costly
> 2
and more efficient. ' C .

out of this interest in mechanized harvesting technjques
‘arose the need to assess alternate- harvesting methods before théy are
applicd to yield testing. The harvesting methodology study reported

hercin was designed to answér some of the following gquestions relating

&
(.

to mechanized harvest procedures. (1) what are the advantages and
disadvantages of mechanized harvesting for cereal breeding programs?

(2) 1s the asscssment of oxperimental'lines according to standard

¢criteria the same under conventional and mechanized harvest procedures?

(3) What bias, if any, is introducecd into the evaluation of lines

harvested by altcrnate procedures? (4) Can a mechanized harvest procedure'5
be developed optimizing the advantages of speed and efficiency, while

minimizing any disadvantages? _The performances of several well

characterized cultivars harvested by a variety of alternate harvesting

methods were compared. Seﬁjz/ﬁheat and six barley gdnotypes regreseﬁting

N

a wide range of types were chosen for this purposc. To detcrmine

iy
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of experimental lines of wheat and barlcy. Early matuiing types are "

-~

whlch chqrqct(r) were differentially Jnfl%«ncgg Ly 3)0 harvesting regimes,

a
several stundard characters, 1nclud1nq ylold t(&t wolﬂht sced weight

and germination capacity were uscd to evaluate yhe per¥OLdece of Lhn

cultivars. o o co i E

II. Maturity Auscssments A

4

B ’.

‘Céentral Albertd, with'an average of 100.- 120 frost-free

B

days, is gcncrd]ly considered a short season. arca for cereal production
(Longley, L967). For thlS reason, the cereal breeding programs centered
‘at the University of Alberta plaée,a considerable emphasis on the maturity

f

r(qu1rcd thaf will both YLle well and mature within a relatively short

growing £CaSOon . Gcnotypc, breaklng *the commenly observed assoc1atlbn

‘ botween high yJeld and late maturity mu»t be dcvelopcd for this region of

Alberta. Therefore, even small differences in maturity among lines
become ;mportant to. the breeding program, some doubts have becn raised”
as to whetheoer cur;ent methods are Juff1c1cntly accurate to dctcct Smdll
differencecs in maturity (Briggs, 1976). ‘Tﬁé’currently employed measurcs
of maturity arc (1) days from sceding to heading, (2) days from sced;ng
to late dough stage (SWéthiﬁg fipcness%, and (3) a visual rating of
relative maturity. Thué the impcfus for the sccond part of tﬁis study

arose from the need for accurate mecasures of maturity in a short scason

climate. It was also decmed necessary to develop a method of guantifying

-

_maturity prior to the harvesting period in order to spread the work load

at this time. .
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X Thé result 9f this interest in accurately quantifying the
maturity of wheat and'iérley was a study of the arying down or ripening
process under shg:t growing scason conditions.>(ﬁ%ying curves were
constructed for séuerql wheat and barley cultiv;rs{from moisture contents

. 3
determined at various times during grain-filling and dcsiccaf%on. These

curves were used to study the nature of the drying process anéktﬁé\
influence of several weather parameters on this process. 1In addition,
the recults of the current methods of maturity evaluation were comparced

to thosc obtained from the drying curves for the purpose of asscssing

the reliability of the presently employed methods .



LITERATURL REVIEW

I. Kernel Dovblopmcng ‘ -~

An underlying assumption of both aspécts of this study was a
basic knowledge of kerpel déyelopmcnﬁ. without thig knowledge precise
dgfinitions of maturity or. ripeness would not bé posgiblc; nor would‘
therc-bc ény basis for unde?standing the effects of alternate harvest
methods. |

The earlicst stud&es!of kernel development in cercal crops
are those of Brenchley and Hall (1909)>in wheat, and of Harlan (1920)
and Haglan and Pope (1922, 1923, 1926) in barley. " The detaiied'
histological and chemical studies of Brcncﬂley and Hall (1909) arose from
an interest in the nature’and the development of the ”sﬁreﬁgth" of wheat
flours. They found that dry matter, nitrogen, ash and phosphoric acid
gradually increcased ;n the kernel until one week prior to harves£ ripencss.
During the last week before cutting some less of dry matter, due in part
to losses from respiration, wasﬁobserved. Moisture content of the
caryopsis followed three'phaScS:uén initial phase of increasing
moisture per kernel; a sccond period of constant moisture content; and
a final desiccation period. Brenchley and Qall (1909) concluded
that kernel development occurred in three stages. In the first stage |

>

the pericarp tissue dried and contracted. The second stage was one of

starch and storage protein deposition and endosperm filling.~fThe final

and ripening stage was a period of desiccation. Few chemical changes

L

occurred during the final period, although the authors ﬁbted the
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transformation from nonprotein to protein nitrogen continucd throughout
this stage.

Harlan (1920) carefully followed the development of Hannchen

barley kernels from flowering to maturity. Harlan considered maturity
as that ‘point in time when dry matter accumulation ceased. In Hannchen
barley maturity occured at 42+mewb (moisture content - wet basis). Daily

z

samplés of Hannchen kernels were apélyzcd for dimension, volume, and
contents of QIy mattqr, moisture,'nifruq@ﬁ‘and ash. Dry matter and
nitrogen acchmulatgd’steadiiy until maturity. Moisture content also
incrégsed until maturity, but at a ratc slower than dry matter accumulation,
such gﬁat the proportion of moisture in the ierncls declined steadily to
maturity. Although Harlan's work did not include observati?n; during the
ripening phase, his results from bérley agrecd with those of Brenchfe?
and ﬁall (1909) in whéat,lfor the periods studied.
| Hérlén and Pope (1922) éonductcd an experiment to detorminé
the earliest stage at which barley kernecls could be harvested and”sti;l
maintain thci; capacity to germinate. The authors demonstrated that all
seven cultivars under test had acquired the capacity to germinate and
produce normal, although somcwhat small, seedlings_ﬁ; six days post-
anthesis. This test demonstrgted that development of the embryo was
very rapid:b As an extension of this study, Harlan and Pqpe.(l926)

examined the dcvelopment of impature barley kernels removed from the

‘plant; They found that fnost ernels, if attached to a length of culm and

stored under. cool, humid conditions, continued to develop for about four
days following harvest. Similar development was not obscrved in kernels.

removed from the spike and air dried.

In a second study of barley kernel development, Harlan and



seasons favored the formation of plump kernels.

Pope (1923) followed daily changes in the kernel moisture content. from
fertilivation to maturity. The (;Qxxclus:ion drawn by the authors in this
experiment was that ch:\ﬂgu{; in moisture content followed three distinct
phasces analogous to those described in wheat by Brenchley and Hall (1609).‘“
Harlan and Pope (1923) also commented that weaphef conditions‘can influence |
kerncel development and cited two qumplos.v Fluctuations in wéathor hrought
about concomitant changes in moisture content. Also, lony, cool growing

Woodnan and Engledow (1924) published a detailed study of
Ny Y

LoV
the chemical changcs that occur during thewdcvelopmcnt of wheat kernels.
They measured fluctuations in soveralqconstitucnts over thc course of
devciopment'from about 80%imcwb to f16mcwh. Thé chﬁracters assayed
included moisture content, dry Aattcr, total nitrogen, the nitrdgen .
content of various cxtracts (neutral salt, alcohol soluable and alkali
soluable cxtracts), amino acid content, ash, crude fat, crude fiber and
carbohydrates. Obser?ations of changcs'in dry matter and moisture content
confirmed those made previously by Brenchley and Hall (1909), Harlan
(1920), and Harlan and Pope (1923). The preoccupation of Woodman and
Engledow (1524) with nitrogen dctcrminations arose from an interest in
the development of proteins contributing to bread making quality in

1
wheat flours. Gluten formation began when dry matter accumulation ceased.

Measurements. of majoqlponspituents showed that total nitrogen increased

until harvést riﬁcncsg. However, crude fiber, ash and the cdrbohydrates
increcased only until physiologic maturity and then plaﬁcaued. Crude

fat tended £d peak Qurinq the period of epdésperm filling and‘thén
declincd to harQest ripeness.

Wellington (1956), in a study of the germinative capacity of

wheat kernels during development confirmed the earlier results described



above.  He documentoed changes in dry matter and molsture content for

-

-~

both the intact kernels and for the embryo during development.  Wellington

‘

(1956) observed that the embryo lost moisture in a manner different from
the whole kernel,  Whereas the whole kernel declined in percent moisture
steadily from two weeks post-anthesis until harvest ripeness, the embryo

shoved a decline of percent moisture values in two stages separated by
s

. {
a platcau at seven to nine weeks post-anthesis. /Unlikc Harlan and Pope
(1922), Wellington found that wheat kernels did not acquive the capacity

to germinate until five to seven weeks post-anthesis. Differences in

i
the prepjration of the kernels for germination testing may account for

the lack

£ agrecmént between the two sets of results. Harlan and Pope
(1922) dried thce immature kerncls prior to tos?ing; however, Wellington
(1956) testdd samples immediately for germination capacity, with no drying.
In the same paper, wéllington (135?) stated that desiccation may have an
important influence on thé germinative. ability of wheat/kernels.

- -

More rccent studies of kernel Qevelopment ;@ cereals have
emphqsized»fluctuations in specific constituents of ¢%e caryopsis other
than dry matter and moisture content. Two New Zealaﬁd workers, Meredith
and Jenkins (1270, 1975, 1976) have, however, taken‘ah interest in these
two basic components of the kernel. They fogund tyat in a wide range of

/

cereal crops grown under diverse conditiong, drx/matt§r accumulated at
a steady rate of about one to twé milligrams dyé matte£ per day unt;l
physiological matufity. In additon, Mereditéﬂ;nd Jenkins (1970, 1976)
demonstrated that in sbme cultiVars(eg, the gew Zealand wheat.
Hilgendorf and the French wheat Capelle-Desprez) dry matter did not

remain constant after the kernel had reached_physiological maturity

but fluctuated. The authors, therefore concluded that ripening kernels



were metabolically activeo A sinvey of moitsture loss in soveral cultivars
of the coreal crops wheat, barley and oats reatfivmed carlior

desceriptions of the occurrence of threc phases of moistme content and of

'
.

the steddy decline in percent nointure content during kernel development

1

(Mercdith gud Jenking, 1975) 0 Rased upon these observations Merodith

and .I/-nl;in:;\‘\é]‘ﬂ’») proposed a molel for the yAponing ;rr\u"n:.‘; in
cereals in which they have suggested that the loss of moisture from t‘}w
desiceating kernel is an active physiologic process.

The results described above can be summarized as follows.
Kernel development in wheat and barley follows a similar pattern with
respect to change:;»in the major constituents dry matter and moisture.
Dry matter content per kernel increases gradually from shortly after
anthesis until physiologic maturity (35 - 40%mcwb), when accumulation
ceases.ﬁ buring the ripening stage which follows, dry matter contoent may
remain constant, decline slightly or fluctuate. Moisture content per
kernel follows three phases. The initial phase cor:espdnds to the rapid
accumulation of moisture in the déveloping kernel. This phase is )
followed by‘a period of little or no change in moisture content. The final
phase is a period of rapid desiccation. The duration of each phase ®is
influenced by genotype and may be influenced by wéathe} factors (Meredith
and Jenkins, 1975). The combination of changes in these two major
components of the kernel leads to a steady decline in broportion of
moisture, and an increase in the proportion of dry matter over the course
of kernel development. During phase one, dry matter accumulates more
rapidily than moisture, resulting in a decline of percent moisture content

and an increase in percent dry matter content. The continued depogition

of dry matter, accompanied by static moisture content in phase two, brings



about o further v e N porcent rorsture content and ncrease an

per cont odry matter o The deasline an percent molsture \'\lll(ﬂl‘ll( and the
incteane in pereont dry matter oan ;»)1\1“.(' threo are pnoduced by a loss of
moisture from the kernels; the dry matter content e ning fair ly consitant.
l"i‘*lmw‘. 1 .m_t_i 2 diagram these changes o moisture and dry mat ter content,
and proper tion renpe tively.

As mentioned above, xn<)L'('~ recent exporiments relat T to
kernel developwent  aave been concerned prina 1ly with fluctuations in
speeit ic componenti. The starches have been studiced oextensively because
of their obvious relation to yield and to flour quality. Protein is o,
another well :‘J;ud%ud constituent of cyr’c.xl kernels. " The quality of
bread whoats and of malting barleys as well as the nutritional value of |
feed grains is determined by the nature and quantity of protein material
found in mature grains. In addition, scveral people have monitor(_*d the
pattcern of devel‘vol,»ment of various enzyme activities (Bushuk and Hwang,
1971,; Prentice ct al., 1971; MacGregor ¢t 11;,1971; Duffus and Rosicy 1977)
and minor componcnts of the kernel (Docl:a::".an(l warder, 1970; Skarsaune
et al., 1970; Duffus and Rosie, 1976a, 1976b; Radley, 19706) ip order to
gain some insight into the physiological processes de‘termininc%rnel
development.

Starch, as a major component of dry matter at maturity, is an
important determinant of yield (Jenkins et al., 1975; Jenner and Rathjen,
1975). Starch deposition during kernel development tias been described
both from histolo;‘ical and from chemical studies. The »pattex\s of
starch deposition in barley ’(Ha"‘rris and MacWilliams, 1957; MacGregor et

al., 1971) and in wheat (Bice et al.,1945; Jenkins-et al.. 1975;" ¥oney
- - . ™~

t al., 1975; Jenner and Rathjen, 19%5) are similar. The Jdescription

10
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‘offcred by J;nkin: et al., (1975) is as follows. Starch dc;ouitgﬁzzv%bu
- found in ﬁhc rericarp of very youﬁg kcrﬁcls, thus, the starch content of
kernels does n@t bcgin'at éz;fj7 Fi]ling of the endosperm cells begins
scverqi days afté; fcrtili:ation, shortly after the endosperm cells hévc
Completed_ccll'wall'formation:h Early in kerncl dcvploﬁment, A slight
. dezrease in starch qoﬁtent ray be observed. This coincide; with tﬁe
loss of starch and’moistu£e from the pericarps Starch is laid down in
the center of the kernel initially and the last depositions appuaf in

. : ,
the peripheral cells on cither side of the crease (Sandstedt, 1946). The
histological work of Sandstédt (1346) chowed thatvstagch granules .begin
as small bean shaped nuq}ei:’ These granules then‘qrow into 1argc;
lenticular granules. Later in developnent, small, spherical starch
granules are deposited, filling the spaces betwcén the larger granules.
Starch accumul ation abruptly ceases at physiological maturity. Thisv
patﬁern of stafch deposition and cessatién of deposition is very simila; K
for,mahy cereal crops. "On the basis of these obscrvationsydcnkins ct
al. (1975) have suggested that some'physiological mechan’sm is acting to
limit the_accumulation of any further starch. Developing this idea,
Jenner and Rathjen (1975) have suggested that inactivatioﬁ of starch
forming enyzmes, rather than a lack of suérose sub;trate is'thewcause of
the cessation of starch deposition.

Protein material, although it never accumulates to the same

u

extent as starch, is nonetheless very important in kerneldevelopment.
Throughout dévclopment functional proteins (enyzmes) are present for
metabolisp and for synthesis of stordge mate:ials {MacGregor et 5;.,1971;
Smith, 1972; Jenkins et al., 1975; Flint g&_él., ]9%5; pDuffus and Rosie,

1977). Proteins are also important as reserve materials in cereal kernels,

- . >
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" and these storage proteins determine Lhé final quality of‘nnny_corcal
grains. 1In wheat, the glutens -and other related proteins influence the
bread making propertics.of the dcrivea flour. Final protein content and
co;bositidn islimpdrtant for‘nutritional.reasons in wheats for both
human and animal consumptipn. Malting grade barleys differ from wheats
in that low protein ]cvélsjarc generally desirable; feed barley, like
feed wheat, i§ nutritionefl& ﬁore acceptable with <high pro}ein levels.
Although both the funcpfonal and storagc'protcins are important
determinants of kernei dévelopment, it is thc guantity and composition of
the:reservqbprotcins ﬁhat detcrﬁines the final quality of the cereal‘gr?in.
Protein accumulates ig thé.dcvcloping kernel in a battern
similar to starch and'dgy matter. WOfking with Conguest, & %pring plaﬁtcd,
malting barley, MacGreyor et al. (1971) found that protcin content
increascd stgadily from about ten to thirty—fi;e days post ear emergence
(BO%hcwb), when protein content platecaucd at a levellof aboué five g/
kernel. 7This result is consistent with the findings of several other
researchers (Woodman and Englcdow, 1924; éalcm et gi,, >375; Flint et v
5l,,1975). There have been some reports in the liperature suggesting
that although the content of protein in the kernel does not change
appreciably after the kernels have reachedlphysiological maturity,
metabolism of the proteins may contingé&bcyond this poirnt. In barley, the
compositj@n of the proteins may undergo\:omc alteratio;s even though no
new protein is synthesized (MacGregor et al., 1971; Pomeranz et al., 1971).
Harvesting malting barley at physiological maturity is generally not
. ~ | |
recommended because of the loss of quality incurred (Koenig et al., 1965;

Dodas, 1967; Pomeranz et al., ]971): The results from research on the

development of quality characteristics in wheat are equivocal. Some
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. % . e . ‘, \
rescarchers have demonstrated that both physiological and functional

(quality) maturity are attainced simultanpous]?‘qt about 491méwb in thétn
(Scott ct al., i957;-3alcm et 3i., 1975; Yamazaki, 1Q76). .Spillanu (%973)
has reported that bread miking quality improves from physidiogicaL
nmkﬁrity C? harvest fipcness.

Kerncl development in comﬁon ccfeals like wheat and bhar ley
follows threce broad pﬁases. The initial phasg\involvcs changes in the
pericafp, and the formé&&on of ‘the cndosperm. During this stage, most of

B ; .

the starch of the kernel occurs in the pericarp, and the major proteins

[N .

arc cnzymatic in nature (Sahdsfedt,_1946;';enkins et al., 1975; Flint et
al., 1975). During the seeond’phase reserve materials, the starches and
proteins are formed and ‘deposited (Sa;dstcdt) 1946; Jenkins ct al., 1975;
Flint SE al., 1975). ‘Tﬁe end_gf.the second>phasc indicates the attainment

of physiolcgical maturity. The final phase is primarily a desiccation or

ripcning period,‘although some chaiges in the kernel may take vlace N

‘(Meredgzh and Jenkins, 1970, 1976; Dodds and wWarder, 1970; MacGregor et

g7
§

i ' o
al., y971; Pomeranz et al., 1971; Loney et al., 1975).

N i
o , .
~ .
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II. Harvesting Methodology

Historically, the combine harvester is %@recent introduction
to agriculture; replacing the binder ~threshing operations shortly after
the turn of the century. Early symposia related many of the advantages

25 -
and disadvantages of combines still considered relevant toduy with more

sophisticated machinery (sce Agr. Eng. 8, 1927 and Agr. Eng. 10, 1929).

Although much enthusiasm for the new combine harvester was expressed in
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these carly reports, sonme reservations as to its usefulness in unevenly
nh&uréd fields, in excessively weedy fields and in high moisture content
grain‘wcru reported (Jones,vl927;bJoncs, 1929; Black, 1929; Bardy, 1929).
lThc swathihg and pickup operation cbmmonly utiiized in wgstcrn‘Canada

was bb}ng developed at that time by c¢ngincers in Séskatchowan (Hardy, 1927,
1929; lacKenzie, 1929): The primary advantage cited for the swatﬁing
operation was the reduction in lcngtﬁ of scason, thercehy rvduciﬁq risks

of crop failure ASSOCiatcd with short scasons and unpredictable weather.

. As early as ]9}0, rcsearchcrs'cxpressca intercst in gmgloyjng
the combine harvester in experimental cerealiplots; thereby, mimicking
current farming practices and oﬁtaining more realistic yield results 2
‘Aichd% and Hallsted, 1930). Eariy researchers used small_cqnmercial
Eémbines to harvest yield trgals (Richer and Hallsted, 1930).. Today
however; theduse of commercial combines is not practical on a research
scale;. Large plots are reqhircd'for commercial‘séale machines tovfunction
¢fficiently, and largeutracts of land are necessary for mancuvering space.
As aAcommoﬁly éccepteq practice, yicld;trialﬁ in Western Canada are
conducted on ﬁtandard four row, rod;row plots from which the ccnter_éwo-
rows are harvested (harvested-area: 2;3 da). -Often.sufficient seed for,
plagting larger plots is not available;v Also the increasing land costs
'and‘the expanding size of many cergaL breeding programé dictates that
land is always in short supply. These two fact;fs, the small size of
plots and the‘scarcity of land have prompted many researchers to uﬁe
alternatc methods of harvesting. Various engineers concerned w;th
experimental plot equipment have designed a variety of machines for
harvesting research plots (Jensen and Willis, 1952; Wolfe and Grafius,

1965; Hergert and Hurd, 1967: Hergert, 1970; Thompson and Wells, 1975).

< 16



Experimental plot combines have been designed and, released by several
manufacturers. Notable in this list are Hege (D.B.R.), FKompa,(Japan},
{

Universal (Austria), and ¥incaid Equipment Manufacturing (U.S.A.)

(Craigmiles, 1976).

Thc-advantadcs and disadvantages of swathing and straight

combining from the view point of a cereal breeder ane prescnted in, a list

below.
swathing - Advantages
1. Saving of time

Crain gener;lly dries more ;apid%y iﬁ a swath than Ftanding,
fesulting in a saving of one to seven days over strgight>combining
opcrations (schiwantes, 1929; Cromer Sﬁ.él:' 1929; Hardy, 1929; Dodds, 1957:
1967; Robertson, 1956,91957; Koenig€é£ al., 1965; Dodds and Pelton, 1969;

Q%Krohy et al., 1976) . This saving in time can be particularly important

L] ~
~in several situations. In short scason climates or in areas where harvesting

‘seasop'weatheb-is often unpredictabie, the risk of crop failure is

reduced (Hardy, 1929; Dodds, 1967). The saving in time in harvesting
v,

operations can 'be. used for fall fiéld'operations (Aicher ahd Hallsted,
©1930). ‘Double_cropping situations can also take advantage of the SaQing
in time offered by the swathing tcéhnique (TeKrony’gg al., 1976} . )
2. Harvesting ﬁnevenly ripened métérial ) |

Swéthing procedures can be useful in harVésting both unevenly
maéured.fields‘and yield trials contaiﬁing experimental'linés of a wide
range of maturities. G:ain in the swath dries to a uniform moisture

content suitable for threshing (D?dds;»1967).

3. Reducing .losses durieg weather disturbances



Crain in a swath withstdndslextrcme weather conditions (rain,
hail, snow, wiid, storms) during the harvest scason better thunvstanding
graiﬁ (Robertson, 1957;‘Dodd;, 1967). Losses due‘to lodgin; and |
shattering undcr such conditions are reduced. Also mbisture added by
precipitation is lost f;om~grain iﬁ a swath more rapidly than from a
.stnnding crop (Robertgdn,,lQSG; 1957; Dodds,l1967; pDodds and Pelton, 1269):

] } ] b
4. Reducing losscs due to .lodging’ N

hecause a large number of lines may be screened in cereal o
yield trials, weak strawed lines may be encountered. Swathinq»athearly
stagbsuoftcn ovorcomes;thc problems of reduced quality and‘yields
associated with lodged crops. Better cstimates of true worth for lines
tending to lodge can be obtained when such lines are harvestcd by

swathing.

5. Reducing shatter and hcader losses

Dodds (1974) dcmoﬁstrated that losses‘due'to shattering and .
header ‘losses during harvesting are minimized ifithe crop is cut at
'hiéher moisture contents, such as is possible with swathing.

6. Mixing of sced is minimized

Seea mixihg duringkhérvésting opefations can retérd the
developmcnt\of new lings in a breeding prbgram. With swathiﬁg'opcrationé,
threshing procedures arc Scparated in time from cutting proécdures.

The equipmwent and time for propef threshing and cleanout betwcen threshing -

each gcnotypc is available, and seed mixing is minimized.

Swathing - Disadvantages

1. Damaging quality

\\

kSwathing barley above 25-30%mcwb deprésses malting quality’
[
!

{
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(Kocnig ct al., 1965; Pomeranz et al., 1971). The bread making Gquality
of wheat may. {(Spillane, 1973) or may not (scott et al., 1957) be damaged

by swathing at 3%«mewh. Soft white wheats may be swathed at physiological

‘maturity without deleterious ef fects on cookie making quality (Yamazaki,

1976) .
2. Rcducing‘tcst weight ”

. | Low test weighte have been reported for swathca grain
(Pomeranz gﬁ ii,, 1971) . Suboptina1't05£ weights may adverscly influence
the sclection of lines as fcsg weight is an important componcnt'of
guality in the grain.trade (Pushman, 1975; Ghaderi ct gi.,'}971).

3. Weathcring |
\
A crop ‘left lying in a swath for too long wecathers (1oség
color and quaiity) more readily than a standing.crop;
4. Grain drying . | |
; Artificiél érain drying is necessary to ensure safe storage
if the crop is threshed prior to drying to l4%mcwb (Caidwell and D;Vies,‘
1957; smith, 1969; WAl;abe and Sinha, 1969). The germinative ability \
‘(Webster ané Dexter, 1961; Watson, 1970) and quality (Finn%y EE.El') 1962)

of cercals may be reduced by improper drying. Thus proﬁer drying procedurcs

must be obs?rved in order not to introduce error into the assessment of

experimental lines. This drying adds an additional cost to the- expense

v
of harvesting (Audsley and Boyce, 1974).

5. Multiple handliné stages ‘ .

in swathing operations the cu ting and threshing operations

- are spparated in time. This spread of theé harvesting operations may be

disadvantageous. Evaluation of lines is ‘delayed, and subseguent selection

of material for winter nurscricsaffected (Rriggs, 1976).
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.Straiqht Combining - Advaﬁ?uguﬁ
1. Mi,nix.z\izi ng handling

Straiqht combining operations mininmize hupdling as Cuttipq
and threshing ére carricd out simultancously. When hand]indkmuny
Qxécrimuntdl lines in yield trials, thisvmdy become an important
consideration. Also yield data;afe available iﬁmediato}y for carly
'evaluafion and éssessmunt of lines.
2..Redu;ing labor necds and costs

Much less labor is required for straight cémbining in
'xesearch/Operations fhag the currently employed swathing, bagging and
'thrpshing opérations.
3. Fast

- ,

Re@uccd handliﬁg and labor requircménts associated with
straight combining nake it a very fast system of harvesting given proper
conditions. This factor is very important in short season areas where the
time available for harvesting yield trials is minimal.

Straight Combining - Disadvantageé
1. Lacking flexibility
Straiéht combinjpg lends itself to once-over harvesting

operations becausc it is fast. However, this type of harvesting may not

be possible if a wide rangev;f maturities are displq
experimental lines within the nusery. For example, arvesiing'at a
median data suitale‘for medium maturity lines,'mayvp t earlier lines at
a d;sadvantage because of increased lodging and shattéring 1stes(>and

seed damage. The yiecl®s and quality of later lines may be aeprcssedﬁ

"pecausc the lines were harvested when immature (McAlister , 1943; Oelke



et al., 1969; Dodds and Warder, l’)?O).
2. Seed ‘mi’xinq i
“ Sued'mixing is a problem commonly asuociutcd with combine

harvesting. When straight combining methods are used in yield trials
scpar&;c seed ﬁlots are generally neééssary to maintaiﬁ the purity of
scedstocks. B
3. Adjumﬁing machine scptinqs

Most combines available do not lcnd themselves to rapid
adjustments of thc'threshing cylinders and the cleaning apparatus,
although it is desirable td make such adjustments before harvesting cach
new line if accurate yield assessments arce to be made. Those lines best
adapted to’the combine settings cmployed will be favored under
circumstances of a constant combine”setting.‘
4. shattering and lodging logscs

Shattering and 1odgiqg lbsscé may be:very high &n poorly
adapted material that is allowed to stand until harvest ripeness. This
factor may have abdetrimental effect on selection made from yield frials.
5. Delaying harvesting operations
Harvesting opefati9ns must be delayed until the crop has

driecd to low moisture contents. Therefore straight combining is best

suited to ldng season climates.with favorable ripening conditions.

6. Damaging kernels’

— Straight combining wet grain or very dry grain may cause
kernel damage. Wet kernels may be compreésed:or broken{ and.very dry
kernels may.craEk or break during threshing operati“! (Caldwell and
Davies, 1957; Kulik, 1973).. Damaged kerncls are more susceptiblé to

attack by storage fungi and bacteria (Caldwell and Davies, 1957; Kuiik,

a
-
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1973), reduced gmmin.l(ibn (\-J«l»:;t;-f and bexter, 19615 Jorgepsen, 1974
i"('l)l(‘&i, 1975) and low test weights (Yamazakd and Briggle, 1969) .

From the above discuuniog, it can be concluded that swathing
procedures are best suited to short scason climates, and, tllmrx:(:for'(},,W(‘l.]
L[] .
adapted to harvesting in northern and central Alberta.  The climate of
this arca is characterized by cooling temperatures and rainfall during
the primary harvesting months, August and Scptember., This cooling trend
tends to emphasize differcnces in maturities among cultivars, making the
late cultivars extremely late (Briggs, ®976). The harvesting poriod is
corresponding extended.  Swathing procedures, because of their flexibility
in handling matcriais of diffcrént maturities 1s best suited to thcse

areas of Alberta. However, the advantages of straight combining of

-

. -
reduced labor and reduced labor costs assume increasing importance as
the size of breeding programs increase and as the cost of .labor escalates.

&

In{iﬁy diééussion of harvesting techniques and ofbearly
harve;ting operations, some consideration must be givén‘to the ‘
effect of such operations on the yield and quality of the harvested
product. _This considerapion applies to both Swathingband straight
combiﬁing methods. There is some cohcern that early harvesting may
adversely affecct y;elds. If SO%; portion of the crop is harvested prior
to the final deposition of dry mattor,vyields will be suboptimal.

Since dry matter accumulétibn ceases at physiological maturity, c¢rops
may be harvcstgd at this time with no ldss‘in yield*(Dodds, 1957, 1967;
Molberg, 1963; Koenig et al., 1965; Dodds and Dew,vl958; TeKrony, 1976).

There are of course other factors influencing final yield that will”

determine the optimal time of harvest. Grain at physiological maturity



is damp and the ctraw very tough.,  Such grain is ditticult to thresh and
c¢lean,  Machinge lw.‘,'..‘% +nd mechanical damage of the kernels can boe

. = ‘Mhy"a";yﬂt b . . . .
conside?rd®d whicnhreshing wet grain.  Another consideration is that

-
many cultivars tend to shatter and lodge as they ripen.  These factors

may be emphosizod-dg adverse weather conditions such as strong winds,

heavy rain or hail.  Thus sced losses of specific lines can be large if

harvesting operations are delayed.  Mechanical damige of kernels increasos

slightly at Jower moisture contents (Dodds, 1974).  Such dum}aqv may
also contribute to yield losses and losses in quality or grade. The
decision as to wheﬁ to harvest is a complex one that must be tempered
by practjcél considerations such as weather conditions, machinery
capacity and length of season roﬁaining (Audsley and Boyce, 1974). For
cercal nursery trials, harvesting operations are further complicated by
a wide range of maturities in the plant material and the need for
accurate , reliable yield estimates.

Thc‘final quality of a cereal crop may also be influenced by
 the timing of harvest. As suggested above, uﬁder the discussion of
kernel developmc%t, metabolism in the kernels may continue beyond
physiological maturity. Thus, although yield may not be reduced by
harvesting at physiological maturity, quality may be affected.- Barley
Falting quality is suboptimal at physiological maturity and most

‘authoys suggest the harvesting of malting barley be delayed until 25-

wb (Dew and Beﬁndelow, 1963; Koenig et al., 1965; Dodds, 1967;
Pomeranz et al., 1971). The effects of early harvest on ’wheat lguality
are equivocal. Some authors suggest that harvesting at physiological
7)aturity has no detrimental effect on quality (Yamazaki, 1976; Scott
et al., 1957). chérs report improved sedimentation and baking test

results in fully mature wheat (Spillane, 1973). Associated with early

23



harvest ing in the need for artificial drying. U doying 15 not carried
ont at proper temperatuces, quatity can be 1](-:;tr'l»y¢}d (Finney ctoal., 19620),
Larly harvest may depress the germination capab iltitics of a crop citham
dirvétly (Harlan and Pope, 1923, 1920: Oelke et al., 1909; Wellington,
1956); or, indiveétly, through artificial drying effects (Dodds and
Warder, 19G9)  or through fungal and pest infestation (Caldwell and
Davies, 1957; Smith, 1973; Wallace and Sinha, 1962; Jorgensen, 1974) .

Test weights may be adversely affectoed by carly harvest.  Low test welghts
have been reported in cereals harvcstgd at physiological maturijty

(Koenig Sﬁ;ﬂl" 1965; Pdmerqnz et al., 1971). Others workers have not
found similar reductions in test weights with early harvest (Dodds, 1957,
1967; bodds and Dew, 1958; TeKrony, 1976). Quality characters such as
malting quality in barley, bread—makjné quality in wheat; germinagion

ability, and test weight may all be adversely affected by early harvesting
procedures. Scaveral factord must influence decisions concerning when to

harvest and subsequent decisions relating to the sclection of lines for

advancement. <

I11. Maturity Assessments

An accurate assessment of maturity can be important in
several aspects of a cereal breedi;;‘program. Programs concerned with
daveloping early cultivars adaptearto shotrt growing seasons are.
dependent upon accurate reliable determinations of maturity if selection

for earliness is to be cffective. A second major use of maturity

assessments is in conjunction with harvesting operations. To correctly



ascertain yilelding ability and come guality parameteyxs, experinmental

cercal lines rust he harvested at an optimil maturity. Harvesting a line

either too ezrly or too late may have a detrimental effcct upon‘both

. ]

: [ : .
yield and quglity. Tﬁgzlmcasurcs of maturity may influence the sclection
.

of experimental lines both dircctdy, as in the scdlection of ecarly types,

S ~ . r .

and indirdctly, throlugh seclecticon for ‘high yicld and a specific guality.
Freguently cobeserved landmarks in kernel dcvclopﬁﬁnt are - Y

.

physiological maturity and harvest ripeness. For most cereal crops

physiological maturity occurs at about 35-45% mcowb  (Harlan, 1920; }

Aldrich, 1943; Meredith and Jenkins, 1975; Lee ct al., 1977). Physiological
rmaturity is considered that point at which dry ratter accumulation

ceasces and desiccation initiates (Harlan, 1¢20; Harlan and Pope, 1923;

Meredith and Jemkins, 1975; Lee et al., 1277). It has been widely
demonstrated that céréal CIObS may be harvested at physiological maturity
‘with no 1 3¢ in yield (bodds, 1957, 1987; Dodds and Dew, 1958; Dodds and'
jarder, 1970). Unlike yield, however, the quality of some cereals’ .
may n@t be fixed at physiological maturity; further alterations in.the

N -

nature of the reservé materials may occur {Woodman and Engledow, 1924;

-
Uew and bcndcloﬁ, 19€2; Koenig gﬁ»g&,, 1965; Pome;anz et ilf' 1971;
Jénkins et .al., 1975). Therefore, harvest at phyéiological maturity
may influence guality. Harvest‘ripeness is the second landmark of
matuifty in cereal crops.' At harvest ;ipeness, the drying process is_
considcred completced and the kernels equilibrate with apmosPhefi%
moisture content at about 15%mcwb. Most straight combining harvesting
operations kegin thn t‘% crop has reached harvest ripeness. Thus, it is
in relation to these two signposts of miturity, physiological maturity

and harvest ripeness, that most lines are selected for earliness and that
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harvesting operations ard conducted.

Percent moisture content is-the most common measure of

LY It
maturity. ZXlternate measurcs generally relate in some nanner to percent
moisture content. Fercent mojsture content has been corrcelated with

various phycical states of development. Visual assesspient of maturity
based upon dryness of c¢ar husks in maize (Rldrich, 1943), color of the

- 9

panicle>in ken£ucky blucgra%s (Sumnier and Lindsay, 1962), cblor of the
panicle in oats (Leé ct al., 1977), o:‘latc dough stage of kernel

dcvelopment (liarlan, 1920) are a fcﬁ examples. The primary adyantagc
offered by any such visuagl determinations of maturity is the case:and

rapidity with which a large number of experimental lines may be sampled.

Other methods of determining maturity have been proposed. Aldrich (1943)

and more recently Lee et al. (1977) have suggested that maximum grain

3

development, although not‘a practical measure, is a rgore reliable estinmate
of maturity than percent moisturc content. Daynard d Duncan (1969)
stated tﬁat the appearance of the black layer ap éhe baéé of mAize Yernels
was a superior measurc of maturity. Formation of the blick layer coincided
with the death éndrsuberization of the vascular connections between the
kernel and tﬂe plant. The authors“found £his méasure of maturity facile,
rapid and reliable. Lce et al. (1977), wquing in ocats, have developéd

a.method of measuring maturity bascd upon the cessation of translocation

of assimilate to the kernel, using dye uptake in the glumes. O0Of all
the methods proposed for estimating maturity,upercent moisture content
or moisture content based assessments are the most widely applied.

Any discussion of selecction on the basis of maturity in

cereal breeding programs must assume some undecrstanding of the nature

of the drying process. Several authors have considered aspects of the
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dryjﬂg or ripéning proﬁcss in relation to selection Tor jearlinress:  Gunn
‘and C?xisténécu (1965) studicad Lﬁgxratcs of drying in several malze hybrids -
and coﬁcludéﬁ thaet the dryingxrqtcs were very similar for-all hybrid
lines tested.  The two authu;; ;uggestcd‘that carly ,silking was therefore
a better criteria for selcction of early types than a fast ratc of drying.
In ancther app;oach to the problem of celecting carly maize lineg, Troyer
and Ambrose (1971) studied several plant characteristics inf]uéncing the
drying rates of caf maize. ‘Thesc aulliors reported that fast drying types,
and, therefore early types, may be selccgéd using fuur.plant cha}aétorsﬂ
These characters are loost husks at harvest time, husks the same length
as ecars, -narrow husks of light texturc; and low nurboer of nodes, and
thercfore a low nuiber of husks.

Work bf a similar, thougH less detai]ca nature, canr be found

‘for whest and barley. Hyde (1971) studied the drying curves of winter
K . [ .

wheat, cultivars for several scasons. She concluded that the rate of

o 3

'dry;ng was basically lincar, and also, fairly consistent;over all‘
growing seasons. The regularity of the drying curves suggested to Hyae
t&giryusefulness for predictive purposes., Mbﬁclvie (1968), bascd upon
simiiag studies of drying curves of barley in Scdtlandt madera similar
6bservation as to the predictive value of drying curves. Tha Scottish
author made several additional®interesting comments concerning the nature
6f drying curves in barley. That the influence of the climate diffeérs
from the effect of local weather conditionp onvdrying CUrves was one
important point the author emphasized. McKélvig'(i968) demonstratcd that
the rate of drying varied according to th? potential trahspiratioh
associated with the farming district. This association was valid for a

[

large number of sites ranging over the full length of Scotland. 1In
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. I . S .
contrast, the author stated that the lonal weether conditions, rainfall

in particular, had little-or no-effect upon the, drying rates acsociated

with a particular area. Foisture added to the kernel as rainfall was
considered by MoXelvie (1863) to be supcerficial molsture that was lost

-

-
m

rapidly. - The moisture content of 'a wetted kernel returned to a
moisture content similar to that which it would have attained under
conditions of no rainfall. The rate- of drying as cnvisiloned Ly McKelvie
(19G4) is governed Ly the loss of metebolic moisture in an active
physiologic process.

Meredith and Jenkins (1975) consolidated the ideas of Mcrelvie
(1962) and others in a modcl of the drying process. Initial studies by

. . : . - .’ . ) 3
these rescarchers confirmed that the decline in the proportion of grain
moisture as kerncl development progressed represented both apparent
and real losscs of moisture from the kernels.- They found,; howcever, that
rates of drying (loss of moisture content expressed on a dry weight basis
per unit time) were linear over a' large portion of kernel development.
Drying curves of the winter wheat cultivar Cappelle-Desprez were noteable

O o

in this respect. These results prompted the duthors to conduct & survey
of the literaturc for additional examples of drying curves of cercal crops.

In their paper, Meredith and Jenkins (1975), illustrated the drying

curves of several cultivars of wheat, barley a ts taken from

several parts of the world. ~In each case, the rate of drying appcared .

fairly constant over the course of devclopment. The deviations from the \

1
basic drying rate related to local weather conditions. //

‘

The model Meredith and Jenkins (1975) proposed was derived
from these drying curves. The authors suggested'that two pools of

moisture exist in the kernel: one pcol consists of metabolic molisture,

&,
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ayd thic sccond pool is.supcrfical mo{sturu nddcd by ra;nfa]l cr
condinsation.  Further, the authors proposcd th;t the metabolic mui;turg
is.rcmu&ed %rpm the: kernel by an active physiological process éommon to
most corcal crops.  Superficial moisture is romo&ed passively by

cvaporation. The authors outlined several alternate hypotheses to
. , \ .
explain the drying process based on the number of pools of moisture Ed

(one versus two) and on the nature of the drying mechanism (active versus
passive). Gnly the first model was suppor ted by published- data.

The implications of the Meredith and Jenkins model are
twofold. The model predicts that little or no variation existsc among
o , 5

genotypes or even &mong common crop specics for the rate of drying.
\ .
Thus, little sucess can be expected in the selcd&}on of early lincs by

choosing fast drying types in ccrcélybrecding programs. The rescarch of

Gunn and Christenzen (1965) in maize, affirms this prediction. The modcl

also implies that .local weather disturbances do not significantly influecnce

N

the drying rate. ©Evaporation of added moisture returns the percent

. N i3 . . } .
moisture content to a value consistent with the inherent drying rate.
\

Local weather and certain plant.charaétcristics may affect

the addition and removal of superficial moisture. Such factors as
¢ - E

~precipitation and condensation,may contribute moisture to the kerncl,
: Y : .

thereby faising the ﬁ;isturc content. Evaporation of ﬁhis moisture may
be governed;byirclative humidity, tempcrature, radiation or air movcment:
Several reiearéhers have discussed the relationships between fluctuations
from the basic drying curves and various weathernpéFameters. McKelvie

(1968) and Hyde (1971) reported that rainfall added moisture to the

kernels, resulting in increased moisturce contents. Subsequent to the

vperiod of rainfall, the addcd moisture was lost by evaporation. . Dodds
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and Pclton (]96]).und@rto$k a morc detailed comparisonof the fluctuations

. . _
from the drying curves c¢f a spring wheat cultivar, Chinook, and

fluctuations. in several woathc% paramceters.  Rainfall, soll moisture and

- . . N

condensation appoared to contribute to deviations from the drying curve.

“Phe authors consnidered the' parameter, vapor pressure deficig, as the most
. a )
descriptive of the fluctuations about the drying curves. Plant

chara~teristics, such as permeability of the pericarp (MackMasters ct al.,

1964) or the nature of the husks of ear maize (Trdyér and Ambroxu,-1971)
ma& igflucncc addition and loss of superficial moisture. " This result
» suggested that thie decline in percent molisture ;n cereal kerncls“wus a£
a gonstant rate dependent ﬁpon active bhysio}ogical proécssc; (adding
dry matter and rcmgving‘metabolic watcr). ~Local daily. weather has no
influence on the bas%c drying rate but may cause fluctuations ih‘the
rate of drying Ly Lransicntlyvadding mqisture in thc‘fo;m of rainfall

or condcensation (McKelvie, 1968; Hyde, 1971; "Meredith and Jenkins, 1975).

In conclusion, maturity asscssmehts are an integral part of

s

cercil breeding programs. Thei£ influcnqe extends té the selection of
naturity types aha to the harvest operations. Pc:ceggiﬁQisture éontent
is the tiost widely employcd measure of maturity. Asséssments of méturity

basecd upon.tﬁé pﬁoportion‘of moisture may be confounded by superficial //,,—
moisture added by precipitation or condensation. Superficial moistﬁre

.added by rainfall mAy also delay harvesting operations until removed by

evaporation.



MATERIALS AND METHGDS

-

1. Location and Season

The University of Alberta Kesearch Parm at Ellerslie was the

-

site of the.experiments dascribed herein.  The soll type of this location
o/ w .

. R
is Malmo Clay loam. The growing ceason during 1976, the yecar of these S
. . : o
: . ) , ’
experiments, was unusual in two regspects. Phe spring season was considcrdg_//
"

- dry. Also the growing season'ﬁég/vcry Llong - 151 frost-free days. The . 7 )

15mg term averadge for the Ellerslic research station is 102 frost-frece

-

dsys (Attinaw, 1977; table 1 %N

~

- 11. Harvesting Methodology

.

A. Experimental -Design

Two harvesting methodology tests wcre grown, one for wheat

.
°
s

.and one for barley. The.cxperimentél design used for both test$ was a
split-plot design with cultivars as main plots and harvesting treatments

. .
* "as subplots.

B. Plant Material
1.  wheat

For the harvesting methodology €est in wheat, five spring

wheat (Triticum aestivum L. .cm Thell) cultivafs were uscd. -They vere

Park, Neepawa, Norquay, Glenlea and bPitic 62. In addition, two



Table: 1 Mcteorological Data for Ellerslie Station - 1976 and Long

Term Averages

Month Mcan Maximun : Mcan Minimum . Prcc1p1tutlon
Temperature Tempcerature (mm)
(°c) , ©(°0) |

2
» 1976 Long Ucrmz 197¢ Long Term 1976 Long lgrm2

Average N Average . Average
' _____________________ o e et = e o e —— e e e e e e e m o e o
May 19.4 17.6 4.4 3.7 18.7 19.8
June 19.0 20.5 6.6 - 7.6 101.9 43.8
July 22.7 22.3 9.7 9.6 69.9 39.2
: 3 -3 L

August : 22.6 21.5 11.2 8.8 78.1 35.6
September  19.5 16.0 5.7 3.7 44.0 35.8

1976: nunber of frost- frce days - 151 days  »
Long Term Average: number of frost- frce days - 109 days (Attlnaw,
1977)

1 from Division of ‘etcorology, Department of Geography, University
of Alberta ' ’
2 based on 13 yecars data

3 based on l4.years data
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cxperimental lines, 70M009002 and 70:4110001, from the Utility Wheat
Breoeding p;ogrum'of Dr. K.G. Briggs were usced.  The seven genotypes /

chosen represent a broad range of types and maturities. A detailed

3
v

description of these cultivars and lines may be found in table 2.

' L4

2. Barley

In the barley harvesting mcthodalogy test, Six 51X-Iow,

spring barlcy (Hordecun Qulggre) cultivars were usced ~ O11li, Gateway 63,
- ’ =

Conquest, Bonanza, Galt and Jubilee. Table 3 contains a description of
these gchotypos. As with the wheat test, these cultivars were chosen

becausce they were standard, well characterized types, exhibiting a wide

range of maturities and types.

C. Treétments

Planting énd maintenance of the field plots for both tests
followed standard procedures developed for yield trials. The two tests
were seeaed May 7, 1976 t? fa&low land that haa been fertilized the
prévioug fall (18.7 kg/ha nitrogen, 40.9 kg/ha phoSphorOus,'O ig/ha
potaésium;“éccording to goil_tcst recommendations. The teéts were )
seeded 100 kg/ha for wheat and 80 kg/ha for barley, using a four row
experimental plot -seeder developed at the Canada Department of Agricultu}e
R;search Station at Swift Current. Standard row spacing and row lengtﬁ
for yield tests of 23 cm.and 6.1 m respectivelywwere used. After seeding
fhé mainplots were subdivided into‘subplots for harvest trcatments. There
werc ten harvest treatments in the wheqt test énd thrcé.in the b;rley

test. Provision was made to swath and thresh onc plot for every

genotype in cach block at the date of physiological maturity for ecach

genotype; however in three instances, two cultivars attained physiological

{

;
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maturity ot the some time, ther by reducing the numboer of "swath oand

9

thrioch® harvesting {reatments from nine to six and the number ot total

harvest ing treatments from thir

teon to ten incthe wheat test.

Herbicide in the form of MCP'A-K ws applicd June r at the

four to five leafl stage to controt broad leaf weeds such as hemp

nettle. Purther woeoeding and rogueing was done Ly hand during the Growing

season. Prior to the initial h

’

wrvest treatment, ond borders woere

removed from all plots (August ¢). The final row length at harvest

was 5.0 m.
1. Wheat
The ten harvesting
'harvostinq mothodolégy test aré

list of the harvest treatments.

treatments cmployed. in the wheat

described below. See table 4 for a

a. Treatment 1 - Conventional System

Prior to harvest, .a
stored on ice until threshed.
but later in pho secason, thresh
contents wefc:determineéﬂah he
method (A.A.C.C., 19G2).

.The center two rgws

sample of ten heads was gathcred and
Initially threshing was done by hand,
ing was done mechanically. Moisturc

resulting samples using the air-oven

of a four row plot were harvested

. G : 2.
with a two-row plot Harvestgr (harvested area: 2.3 m Y. The swath,

including the st;éw and graihn,

>

¥

about 32°C in grain driers prio
Vogel thresher. Thid method of

& intended to mimic the windrowin

and allowed to dry on racks. The éwath was dried 36 - 48 hours at

was collected, bagged in cloth sacks,

r to threshing with a stationary
handling the grain at harvest was

g method of harvest commonly cmplo?cd

RN
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by farmers an ceptral and northern Alberta. AMtoer threshing, the gramn

was weighed, recloaned, and reweiahed. The pereent moisture content

of the dry grain sanples Vdu,ﬁPLPTmiHUd Leing a Burrows molsture metere s
Finally, the grain was storoed for further measurcments.
b. Treatment 2 - awath and T csh One Wecok Prior to the Date

of Physiological Maturity of the harlicst Genotype

The "ewath and thresh!'’ treatments were designed to simulate

once-over straight combining in écreal t{ials.u *'

Treatment 2 was‘introduced to test the effects of premature
harvest. The attempt to harvest one week prior to physiological
maturity of the earliest genotype, Park, wis unsuccessful (tablo’4);
however, this harvest troatmc6t is still representative of a preﬁature
harvoét.

Prior to harvest, a sample of heads was gathergd,‘and later ¢
threshed for moisture content determinations (A.A.C.C., 1992231 The
centexr two rows of a four row pldt were cut with a plot haqvoéﬁor :

)

2 N .
(harvested area: 2.3 m ). 3 e swath was collected and threshed

ogel thresher. The grain weight was
R
ain was then dried at 32°C until safe

R
immediately jith a statirw%
determined (wet wcight).‘* '

for ;toragc. A "dry weight" measurcment was madc, the grain recleaned,

g’;; 7

and a second dry weight taken (dry weight of cleancd grain):. Before

-

storage, moisture contént (Burrows) was measured on the clean, dry

°

grain.

c. Treatment 3 - Swath and Thresh at the Physiological

- ,

Maturity of Park and 70M110001

as described for treatment 2



- 1.,
d. Treatrment & - Swatlh and Threon et the Physiclogicel
v .
Maturity of leepawa
’ ac Coescerit.ed for trontrent 2 i 0
- o
. . . - .
¢. Treatrent 5 - Swath and Thresh et the Physiclogical
Maturity of ‘Norcuay and 70M0DR002
at described for treutment 2
K
f. Treat-ront € - Swath and Thresh at the bhysiological
Maturity of CGlenlca end Ditic o)
o
o . as described for treatment 2
g. Treatment 7 - Swath and Thresh Cne Weck Jfter the

Physiolosiczal Maturity of the Latest Genolype
s Treatmont 7 was included to test the effects of late
. . o M . -
harvesting. Althoush the intent was to harvest one week aiter the
latést gentoype, iPitic €62, attained physiological matur-=-y. in tant,
this harvest was made about 10 days after Fitic 02 reacnzd phiysiolen:t cal

maturity. The procedure used was that dezeribed gor treLont 2.
- Y

h. Treatrent 8 - Itraight Combining
. Prior to harvest’ a sample of hcads was collected
moigture content dcterminations (A.A.C.C., 1962). A Hege exporimental

- : :
plot combine was used for harvesting. Once-over harvesting was

racticed, whereby, one plot per genotyp s per Llock was harvestoed.
) I S i i

The harvest unit was based on an cight row plot; the center six rows
N
‘ 2 L .

were -harvested (harvested area: 6.9 m* ). ¥Wet weight measurcrents of

, ES

the grain were taken. A 2000 ¢ subzample of wet grain was driecd

(32°C; 3G - 38 h); and the dry weight and percent meisture content

. A
(Burrows) measured on the cleaned grain hefore storage. .
g

' S v %

© ~
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i. Treotrent b o- Straicht contining in Flots with 1:) ank

Guard Lows ‘ .
5] ’ S . :{}‘ny

i

The cutoer cuard rows were Ar ctyoved chortly after secding
. Z 4 Z

(June 13), leaving tho six row prlots bordered by Ylank guard rows.
3

Y
Thic harvest treatment was'included So that the cffects of an altered
plot type could Lo evaluated. With the cxception of plot.typre,
. \ ’
. . , .
troutment O wans identical to trcatment 8. .
r.’ .

j. Trecatment 10 — Streight Condining Late in the Seasun
Treatment 1%, straight conbining late in the scason, was

similar to straight, co"mlnvna treatment & and 9. The moisture
content of the standing grain was assayed using standard procedures
(h.A.C.C., 1962). The lege comhine was used to cut and thresh plots.

o

For -this treatrnent, the center three rows of a five rYow plot were /
. P ;
. 2 ] . ’
harvested (harvested area: 3.7 m ). Wet weight measurements were made

on the freshly hervested grain. The complete sample was,d{:gd, welched,

cleaned, reweighed, and the percent moisture content read on a BUurrows

iieter. The grain was then stored for further meats UrPﬂ“ntu.

§

2. Barley

The three harvesting treatments in the barl?y test are

described below. Table 5 lists the burvgdt treatments 4mploycd

PO a. Treatment 1 - Conventiona] system ‘

4

o plof

The conventional system of harvesting fop #3 parley test
“fnvolved the harvest of the center two rows of a four r*

T 2 :
. (harvestéd arca: 2.3 m p;, at the physxologlcal maturlty bf a given

\
1
l

genotype. Moisture contents were deternmined on a samplT of {ifteen

n"
o

heads qatHCred pricr to harvest (A.A.C.C., 1962). The $wath was cut

‘ i
with a sickle as most cultivars were scverely lodged at|the time of



Table: 5% Days from Seeding and Moisturce Content of Siz Barley
’ Genotypos for Three Harvesting Treatments
Genotype larvest Treatment
- 1 B 2 3
Days from %mcwbl Days from %mewb Lays from smewb

Secding Sceding “Seeding -
011l 91 . 37.940 91 - 37.940 97 21.411
Gateway 63 94 42.548 .. 94 42.548 101 . 16.956
Conqueypt .97 - 29.349 97 29.349 103 25.793
Bonanga 101 21.115% 101 21.115 103 27.822
Galt) 101 - 21.309 101 21.309 103 26.254
Jubilee | 101 ‘ 3.319 101 23.319 . 103 . 26.416
B i




&

the time of harvect.  The siraw with grain was baarsed, and hung on
racke to dry.  Threshing web py weans of a ctationary Vogel thresher,

once the swath hed boeon Arie-l in dricers (32°C; 36 - 4% h). The grain
@

was cleancd, anl the dry weicht and pereent moisture ongent (Burrows)

de{tcr?nimfd. The grain was then stored for future measurements.

’

L. drcatment 2 = Swath and Thresl at Physiological Iik.tur xt/

— As fo* the wheat f’xr;erjmont the swath and thresh harvest
o

Ctreatments in the barley test were intended fo sinulate straight

—gonbining mcthods.,

As cach cultlvu'.‘ (Attrun(d physiological maturity, two plots

per Llock were har\mqt(d for-fhat cultivar, one by the conventional

g Qf«i& sth and threch r\(_t,ho .

Prioxr € 'hc‘ﬂng&", the percent moisture content of the

standing crop was determined (A.A.C.C., 1962). The center two rovs

of a four row plot were cut with a sickle (harvested arca: 2.3 m);

\
\ 1
and the swath was threshed jrmediately with a stationary vVogel thresher.’

The ygrain was. clcdncd anG weighed before drying in driers. Then the

-

grain was rcwcig(’w«i, and the percent roisture con ;tent read u";mg aw
Al ,
%

Burrows meter, before storage. ' . .

' i
¢. Treatment 3 - Swath and Thr(,s} at Harvest Ripencss

of the thr(o treatments studied, in Lho barley test,
«
harvest treatment 3 most closely resembled straight combining methods.
The procedure used for treatment 3 was identical to that
described aborvc for chatmfant 2, cxcept the cultivars were harvésstr;d
as they approached harves 3t ripeness or abhout 20%mewh.

D. Characters , : o ' %



£

L Wbt | . L

The: characters ugeéd to ascertain the effects of the various
harvesting troatiments are described below,
a. Protcih'Coutvnt (1)

The protein content dQ viicat samples was determined on
. : L
’ »

Mhole wheat flour using infrared tpectral analysis techniques. A 50 g
sample of wheat was ground with a Udy mill. The flour was prepared
1) . .

for.analysis eccording to instructions given for the Neotec andlyzer, :

>

and percent protein values read from a Keotec GC analyzer. The Neotec

had been préviously calibrated with wheat flour samples of known

protein content as deternined by standard Kjeldahl technigues,
b. Sced Weight (/1000 kérnels) R

i. Sced Weight, values unadjusted for moisturce content

2

One subsamnple of 200 kurnels,. counted with a Countapac
machine, was weighed in’.grams on a Mettler scale. 'This weight wégh

multiplicd by a factor of five to give a 1000 kernel weight.
" ji. Seed Weight, values adjustéd,to 10tmcwb

. \
The sced weight values obtained above were adjusted to

10%mewb using the Burrows moisture reading taken at the same time as . the

N

ceed weilght determinatioﬁs.
c. Test Weight (kg/hl)
i. Test inghL, values unadjusﬁ@% for moisture content
The test weight of each sample was determined as g/pint
using standard apparatus for.this, test. Test weight values were then
converted to kg/hl. : . .

ii. Test Weight, valucs adjusted to 1lO0imcwb

Test weigﬁt determinations were recalculated to a 10%mewb .



st vicights.

d. C«rmxnatioq}(;) . .
The pércant g?rmiuafLOn of whuat samples was tq;&cd acco}ding

to procedurces given by the Cfficial seed Analysts Associatiup Rules ila

A

(1970) . Duplicate detersinations were made for percernt chminations. I

sample of 100 kernels wag 5%rzag evenly over the top of a plastic petrie

dish (100 o in diamcter), previously lined with two white, Whutmah #40

ashlecs filter papers. YFour ml of distilled water were added to the top
of the petrje dish. The bottom cover of the petrie dish was uscd Lo
[ ' \ )

cover the sample.. Petrie dishes were placed oﬁ’trays (20/tray) in
random order, -and then stored in a germinator for five days.  The

temperature Was hept constant at 18°C and the cdabinet maintdined at high
{ - ) .
humiditxﬁ;,Onb ml aliquots of distilled water were added to the petrie

-

dishes if the filter papers became dry. Every 24 hours beginning at
48 hours and continuing until 120 hours, the samples were scorced for:

germination. Germination was considered the appcarance of a normal
P v . .

.

co]éérhiia and cocloptile. Germinated sequ'we:c counted and reﬁoved.
Also, any seeds exccssivciy contaninated by bacteria or -fungi were
rcmoVed to counteract thé:spreadbgf £hcse pathogens to héé%thy seeds.
Several extremcly contaminated samples weré analyzed by Drs. w. Skorépad
and J.P. Tewaril of the Plant Pathology division ¢f the University of
Alberta. ‘ ; . |

e. Dockage (%) e
, Y,

Two factors of the haféesting operations made cleaning of

T

J
the threshed grain samples necessary. One factor was that the wind specd

on the Vogel thresher was sct at a very low level to ensure that kernels

44
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were not lost during threshing operations. . An accurate asscesment of \\\\\\\\\;\;\

yield wias considered desirable.  The seccond, and more influential factor
nceessitating recleaning qf Lhu'qrﬁih samples was tﬁc fact that many
smoples were threshed when the grain was very'damp; At moisL;:e contents
grcater -than 25 - BOzmcuD; samples threshed vo;ytpoorly. Kernels fram
immature pi]l@rs were 9ftcn compréssed or the seed coat brokens. hueads‘
were not completely threshed, and frequcntfy, £hu floral ﬁracts udhcroa
to thc'kc;nc]s. Thus after drglng, samblés were put thrbﬁgh a barley
dcawner, the abrasivé action.of th;s machigc 1emovihg the floral bracts;
and thcn put over a sieve and fan to gemove small, damégcd~kcrnels,uand
to remove strawh‘chaff @nd untHreshed hea@s. .This material c§nstitut¢d
dockégé., Weed séeds and green wecd material were not problematic in
theithreshing and cleaning of samples. Dockage wés-detcrmiﬁéq ffgﬁ
the difference ig Qeighté of the dfiod’ana the driced, cleancd sampiég,
and was‘exprbsscd'as a'perccntagc.. ? -
£. vield (g/2.3 m) A

i. Yie]d, vct weig&}-of uncleaped graiﬁ; value unadjusted
for moisture contentu(WSU)

fhis yield paraméter was obtained 5¥ measdring thc'yeight
of gréin in gfamé after the ﬁhreshing operation, and prior to ei?ﬁer
‘cleaning or dryihg.  This weight and all other yield weights were
determined using a Mettler scale.  The yieid'so obtained was left
uncorrected ﬂer the mojsturé-contcnt'of the grain sample} For
trpatment 1, this wet'weight méasurc was calculated'from the moiéturc
céntcnt at hérvcst and.the dry weight of uncleaned grain adjusted to

10%mcwp (DSA) . The wet weights of treatments- 8, 9, and 10 were calculated:

)

on a two row plot basis for .comparison with the remaining sc¢ven trecatments.



ii. Yield, wet weight of unclceaned grain, value adjusted
to 35wmowly (WGRH)
This meacure of yicld was caleulated from the -above (veu)d

nents &,

iii. viceld, wet weight of cleancd grain,
for mojstgrc content (WCU) / = —
| The wet weight_of cleaned grain, uhadjg;tcd-for noisture
content was derived f?om the dry weight of‘clcaned grain, adjus;cd to
104mewly - (DCA) ayd ﬁﬁe percenﬁ\gg}sturc cgnﬁcnt of the standing crop at
harvest. Treatments 8, 9, and 10 yiela'values wére adjustéd‘tg;gwgyg

Yow pYot basis.
iv. Yield, wet weight of cleaned grain, ygluc édjustcd

to 35%mcwb (WCh) C ‘

This wct‘@eight yield measurc was obtainéd from the dry
weight of “cleanced grain valuc adjusted to 102mcwb (DCA).- Treatments
8, 9; and 10 were calculated on‘a two row plot basis.’

v. Yield, dry weight of uncleaned grain, value unadjusted
for moisture content (DSU) ’

The weight éf grgin, in grams, immediately after drying
was Qsed for this measﬁ?é;f ?brilreatments 8, 9, and 10 values were
converted to - a twaégxiplot basis.‘

vi. Yield, dry weight of uncleaﬁéd'grain, value adjusted
to 10%mcwb (DSA)

A Burrows moisﬁure determination and the above dry weight

measure (DSU) were used to determine thig}yield measure. Treatments

8,§9, and 10 were corrected to a two row .plot basis.

k‘

46



f .
o

vii. vield, dry weight of  cleaned grain, value unadjusted
for moisture content (DCU)

Oncc the dried grain had,becn c¢leanced, the sample was
ﬁ&&&{bhud. This value was uscd for the yield parametur’jfnytidht Sf
[ . - . ,

~ 4 . . | . . )
clTéaned grain, valuc unadjusted for moisture content. Adjustments were
mqﬂc for the subsampling in trecatments 8 and 9, and the yields 0fvthe'

last three treatments were converted to a two row plot basis.

76
BS

‘viii. Yield, dry weight of cleuned grain, value adjusted
to 10%mcwb (DCA)

This yicld paramcter was derived from-the previous measure

of yield (DsU) and the. -Burrows moisture rcading of dried, cleancd grain.

g. Moisture Conﬁept at Harvest (%mewb)
The percent moisture content at harvest was determincd in

conjunction with cach harvest.  Samples of heads weré gathered

iﬁgggiately prior to harvest, and threshed as described on page 36.

Moisture contents of the samples were measured using the air-oven.method

(A.A.C.C., 1962) ...

> - .

h. Moisture Content of Dry Grain (imcwb)

S )
L l
A Burrovs moisturc meter was utilized for these moisture s\ __
, "/ S .
- . . - g ‘
detcrmlnatggns; ghis machine uses the dielectric properties of /the ]
: — ; P

i .
grain to determine the percent molsture content. . The readings Are 7

A {
sensitive to the volume of grain and its packinq. Thcrefore»measuré@ents
were made on c¢lean grain only, with the awné and'chaff removed. Alsof
the meter is accurate chr'a range of low moisture contents (less than
25<mcwh) , and.was thercfore used only with dried grain;

i. Moisture Content of Grain after Storage (tmcwb)

These moisture determinations were made in conjunction with

" 47
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the test weight and seed weight mvuuuromcnta. Again: the Burrow;
moisture mogor was:uscd to test the wheat samples.
3. lelgring (number of tjller;/m)
1illers counts were.ruc;rded és tﬂe total nunbcr of tillers
a

in a one meter length. Tiller counts were taken in eight rows per

—-—

main plot. Four rows worc,éhuséﬁ\it random as gontfols, and the
remaining four Yows were tHosg Yows Adjaeant.to thé two bl;nk guard
ro?s of treatment 9. ’
2. Bdrley
The charactcrs.mcaéﬁrcd for 'the bariey harvestihg
methodglogy’test wcre‘as follows.
" a. Protein Content (%) - L ‘
The method used to determine protcin contentvof the burlcf
-

sémple wés the same as that described in Ehe wheat experiment. Two
readings were takén for each éampic and'their mean used as the protein
content value; The barley éamplcs seeﬁod inherently morcvvariabié than
th¢ wheat saﬁples thn used in the Neotec. The smaller proportion of

cndbspcrm ahd the grcater_proporgion of fibrous yatcrial in whole barley
flour as a result of tﬁe inCiusion of the-hulls may have accounted for
the greater'variability of‘the bariey,samples. Ig is for this reason
that‘two readings were taken for cvery barley sample. .
b. Seed Weight (g/ldOO kernels)
i. Secd Weight,vvalﬁe unadjusted for moisture content
as described for wheat )

ii. Seed Weight, value adjusted to 10tmcwb

as described .for wheat



’.'\iﬂ/

C. ’1‘(:‘;t' Weight (.}:«]/h]) .
i, Test Weight, valuce unadjusted for moist.mu‘ content
as descoriboed for Qhuat ' :
ii. Test Weight, value adjusted tv 104mewb
as described for whoat
d. Germination (%), e. Gormjnﬂtion ﬁonintancc, and f.
I‘Jni. formity Factor
The. char;\(:tprs yuermination, germination resi stance and
uniformity faeior are different Muasﬁrés of the‘procéss of germination.
Therefore a single sct of germination tests were condﬁctcd,.from which
all threc germination characters wcfc determined. The gcrminatidh
procedure used for the barley samples closely resembled’
that developed by Gordon (1971) . Sterile tochpiqucs were introduced to
reduce fungal and bacterial contamination. Cermination was scored as
»
the appearance of the coleorhiza (Gordon, 1971). Germinated seeds were -4
coﬁntod and removed évery 12 hours for five days. Duplicate gormination‘f\\““/
tests were carried ogt on éach barley sample. The barley germinafion
tests were made after the grain had been held in storage for six months
and scéd dormancy was not encountered in any of the sqmples tested, as »
evidenced. by the high percent germination values observed.
The character percent germination was calculated as the pfo-
portion of secds germinating, and converted to a ﬁercentage value.  The
gcrﬁination rgsistance (GR) and uﬁiformity factor (UF) values Qerc

calculated using the formulae given below (Gordon, 1971).

t Ct_+t t.+t, !
-~ ) 4+ S9o-—= - L Spe ot -
2l(nl) 22 1(n_-n_) 12 i _l(ni ni )

L} * -
. S s
- - v
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. I R S N ) oottt 2
ur = [m\—kl] ny + [“(‘Jli"'(l‘i"l] tooL. t GR- ‘1_:;;1‘—1\]_7 <ni~ni_])

' Sl '
t, = i ' hour of L(est\
i ot

n, ~ tolal pumber of grains germinating by t, time
i

n.
1i-1 <

. 2
g. Yiceld (g/2.3 m7)

i. Yield, wet weight, value unadjusted for moisture content (Wwu)

After threshing and cleaning, the weight of grain was
measuread in‘grams on a Mbtﬁlcr scale. This woighf was uscdlns the wet
wcighq, unadjusﬁed to a constant moistﬁrc. The nature of trcatmemﬂ'l
prevented wet weight determinations so they were derived from dry erght
(DA) measﬁres and the moisture content of the standing crop at harvest.

ii.-Yield, wet ‘weight, value adjusted to 35%mcwb  (WA)

Using the above wet weight value and the percent moistu;e
content of the standing crop at harvest values, the second wet weight
yicld parametoer was calculated.

iii. Yield, dry weight, valuc unradjustwI for moisture

content (DU)
Grain wcightﬁ&fter drying was read from a Mettler scale in
grams. This value represented the dry weight, unadjusted for moisture

content!

_iv. Yield, dry weight, value adjusted to-10imcwb (DA)
This yield measure was derived from the previous dry weight
determination (DU) and the Burrows reading of percent moisture content

-of the dried grain.




-Duncan's Multiple Range test.

 treatment interaction effects.

&

h. Moisture Cuntnnt’ht Harvest (omoewb)
as describyed for wheat
i. Moisture Conteont of I)'riodv Grain (“mewb)
as described for wheat
j. Moisturc Content of Grain after Storage (tmewb)

as described for whcat

B, Ctatistical Analysis
Analysis of varignCe was the principle @é%hod of "analysis
uscd for the two harvesting methodology tésts. The analysis of variance
design was designed to accommodapc a split-plot field design. The
harvesting trecatment means and chbtype means were compared usinq
. ‘ -
Significant genotype x harvest trcatment interaction effects
were studied in dctail.‘ Such interquignweffectgwﬁé§éW£H5ﬁ§g£"£6“”W“”

influence assessment of  the genotypes under alternate harvest regimes.

Aniltyeis.of variance for each _hayvest treatment was performed and the

genotype means within cach treatment .compared using Duncan's Multiple

Range test. The relative performances of the genotypes under each harvest <\

J

regime were compared using simple correlations between ecach of the

, ) - [3
alternate harvest treatments and the control or conventional harvest

o,

treatment. : . o

with measure of yield were analyzed in a similar mahncr
Simple corrclations calcglﬁﬁgdfaﬁriﬁg the i

b b L4 o B

. oy G it
study of higher order interacti@ns were tested_fo:ﬁhomogé%éltyvbefo
.1 . ot . A . e

& . Lt

& o

i

-
Ay

[t

¥




cfwudxillilu; for study of lower order interactions (Snedecor, 1()7I§).
1t. should be noted that m‘:‘.:-;"inq p](.»t values fdr percente
moi sture content at harvest for 0111 barley in block 3, and dry |
weight of uncleaned grain for wheat cultivar, Glenlea, in harvgsts . »
treatment 5, block 3 were calculated (1(:::"0r:’ding to methdds ou.t]ix'wd by
- /
Anderson (1943). l

III. Maturity Assessments

§

A. Experinental.Design
The tw6 maturity assessment cexperiments, one in wheat and
one in barley, were condugggd.in the plots used for the harvesting
methodology tests. A randomized complete block.design, with four
reblicates‘was the experimental design used for these tests. The

sevch wheat and six barley genotypes took the place of treatments in

this design.

B. Maturity Determinations ° ; 4

1. wheat ' f . i
- |
a. Days from Seeding to 35tmcwb

The date a genotype attained 35%mcwb was determined from
: SR S .
. Tk
the drying curves constructed\f&f eaih genotype as described below.
o |
- , |
This measure was then converted to ntmber of days from seeding.

b. Days from S_eedihg to Heading

Number of days from seeding to heading fs a visual method
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Ead *
° .
s
of, ceseooin; maturiiy. Uil meas

was expresced as the nuanber of

y

dovs from cocting o whon the heels have fully energed from the boot

. E ’

J o LF

N

A

. . o ) P
Lr. K.6. BErigge visuzlly assesscd plots for relative

maturity w.d wssigned tham a relotive maturity score (Augast 12).  Theco

. o

grnotypes soerod ag 2 owere considered very carly, and those which recedved
a1 rating were very late.  This rating was carried out .about one wech
’bcﬁg{éﬁthc initial harvests. ~ .
J< . B
d. Lelmhorst G-Co Peading (imowb)
icgs sampled cach gemotype for moisture content

moisture mmeter (hugust 14). These measures

harvesting began, and were used as indicators

of relative maturity of the genotypes. s
e¢. Duys fraon fecding to Swathing Ripencss
This measurc of relative maturity is also a visual methcd
i . N N
e . ] . . ‘ b . : .
of maturity cdetermination. 1t was made by Mr. F. Kutschera, technician

in charge of ycereal rcse%;gh, and was recorded as the number of days

. . \ Z . R
from seeding to when kernels had reache@d ' the late dough stage of
. , o )
development (the plot is considered ready to swath).
2. Barley,
. V ’
. a. Days from Seeding to 3Dimcwb
as described for wheat
. b. Days from Sceding to lteading
as described for wheat . T

¢. Ficld Rating (1 - 9) (kugust 5) K\g

cas described for wheat
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< .
»
. .
¢ “d. Delrhorst G-£o Deadinz (tmowh) (August 9)
. as drocoribed for wheat ‘
€. Dayo fyom Ceculing to Dwathimyg Hipeness @
. :
as described for wheat
. .
-

C. Moisture Doterminaticns -

1. Wheat

1Mol SRy

o t———— .

Stendard Alr-over

a.

. Sampling boganfkpree to f¢ :ks after heading, at which
/ W - N
e time. {he moisturc content of the cultdvars ranged from €5 -75%mowh.
. .
\ . : ~D
Samjles were taken every two o three days, weather permitting, until
-

the growing scason. Ail cultivars had reached & maisture

wvery late in
content of about 15imowh. Appendix 1econtains the sampling dates and
Al '\ N -
moisture contents of the genotypes at these dates.  Sampling was done
between 2:30 and 9:30 in the morning of ecach sampling date. Samples
were gathered according to the method descriied on page 36, and moisture

contents were determined using the American Association of Ceral Chemists

air-oven method (1962). Moisture content values were calculated on both

a wet arnd & dry weight basis.

b. Delinhorst G-Gc Reading
In addition to the standard moisture determinations, moisture
] ’ :

-

content of undried kernels was also measured with a Delmhorst G-6¢

moisture meter. The Delmhorst G-6¢ meter assesses the moisture content
of samples based upon their dielectric propprgies{ The.adyantages of |
this meter relate to i@s smallness. 1t is readi]y portable and ca; be
used in the fields. -Only a smzll sample of grain is requircc for the

g

N

o/ \ o R .
moisture content determinaticn (the grain from one to three heads).

1



ol

Therctfore, the Delrdiorosy -G

- \ W

applicability to ficld plot tefting., . o : _ @

Ojoration-of the Delrhorst Qﬁ%@

rolsture meter wac according

to instructions cupplied Ly the manufacturer. Approximately five grams
of threoshed grain were placed in a s%@ylc layer covering the bottom of
€7 .
L e

the measuring dish, and then nmoisture content readings were taken.
. <7 ’ 3 .

-

Adjuctrent  of the molsture content valw for the temperature of the

sawples was made using the supplied conversion chart.

Grain gathergd for the standard air-oven determinations was

-

A . . ey
subgsampled periodically for Delmhidrst G-Gc measurcments.  Thus for

several sampling daLug, the Delrmiiorst G-Gc values could be compared <o

those obtained by standard nmethods &0 test thgvaccuracy of the moisture

N

m_ct(fr .
2. Barley ‘ ) )

a. Standard Air-Oven Moisture Determination
. . v ‘ : .
For barley, sampling for moisture content evaluation by

standard technigues began three to four weeks after heading.  The moisture

content of the six cultivars at the beginning of the maturity asscessment

experiment ranged from 50 - &0%mewb. As in the comparable wheat test,
.4 ’

‘samples were taken every two to three days, weather permitting, until

e

v ) ) . . 5 ; .
“late in the growing season. Fifteen heads were sampled per plot in the

. .
barley test.r Dates of samplinf@hnd moisture-contents of the barley™

‘

genotypes are givgn in Appendix 2.

A

3 . N N ) LY )
Phe assay technique used wds that of-‘the American Associatio

of Cercal Chemists (1962), and was identical to. the procedure described

-~

for wheat. Q

O
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'
* b. Lelmborot G-C¢ brading .
a as descoribed for vwheat:
D. Weether Fararicters o
. it
Daily weather records for the. 1976 growing season, from the
Ellerslio Motecrolosical staticn were obtained fron the Department of
[} : :
Ceojrarty - Meteorological Livision, University of rzlberta. The:
metcorolosics) station was located about one km from the test site. 9
) S 7
These rocords were a@alyZQd.in conjunction with the standard moisture
\ o .
determinations, in an attempt to relate the-drying proucess in cercal
grains to various weather payemeters. The weather parametcers.employed
for this aspccot of the study were as follows.
@ : o 5
1. degree growing days (°C) - nuiber of . degrecs the &man daily
tomperature ezceeded the base line tamperaturce of 5°C
- ¥ .
. 2. maximum temperature (°C)
. 3. mininunm temperature (°C) )
4. grass level minimum temperature (°C) ‘
5. dew point (°C) ’ .
6. relative humidity (%) ’
7. precipitation (mm)
. .7 - .
8. daily wind run (miles)
9. accurrulated wind run (miles)
10. maximum daily wind speed (miles/h) .
. ] . - S T s
11. minimum daily wind spced (miles/h) . v S . ‘
. ; P ; 2
. . 5 3
12. evaporation (inches of water added or removed) - - s 7o 5
B . & Lo

13.'c10ud'cover (1=cloudy, and O=sunny)



n

14, Qaily colar radiation (langley)
o : - . ;

15. hours of bright sunchine

E. Statintical Analysis
; . ) . .
1. Maturity Detérminations
For the whuat and barley experinents, analysis of variance

anpd Duncan's Multiple Range test were used’ to detect significant

diffcrences -anong the genotypes for maturity for each of the five

~

different miturity determinations. Simple correlations were used to
Y ) g

v

compure the various methods of assessing maturity.
A In*addition, the accuracy and reliability of the Delmhorst:
G-Gc meter was tested by comparing the meter values with standqrg/airf

¢

oven values using the t-test and simple correlation.

2. Drying Gurves

vg i . )
glf}< Drying curves for cach of the genotypes from both tests were

-coustructed from the standard air-oven moisture determinations obtained
. 2% B

over the course of the growing scason. The model proposed by Meredith
and Jenkins (1975) provided the basis"or wdrking model for the analysis

IS

of these cwves.

& 1t should be -noted here that only three of the four'possiblé

2

block valucs from the barley test were used. Missing values for 0lii in

“ R ; . 8 .
block 3 complicated statistical analysis; thercfore, block 3 valugs for
R _ o
~all cultivars were dropped from further ‘analysis.
The firstop5rt of the analysis of the drying curves was_

concerried with deséribing the basic, iftherent drying rate for each
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qenotype. Ahe least soguares methol of analysis was used to fit regression
J 7] i - / S|

curves to the drying curves.  Several regression models werc examined
- v w ‘
and comparced using the complete diata set for wheat and for bar@k. These
nodels include: . ' . -
1. Simple Linmcur Mogression ' 4 ‘ -
D

Y = bO + 1>1X 41 e

Y: molsture content '
¥: days from sceding

2. Polynomial Regression
)

. 2 3 - n
= + { + + L + ... +tb. X+t e

Y b0 blY b2X D3X v bnY e

Y: moisture contcht

X: days from sceding

3. Multiple Kegression -

N Y ’ (‘;\\
= b + b X + + b + e —

Y =.bg 15T bXpt baXgt e o X

Y.z moisthre content _
Y., X2, and X3: dummy- variables

1
N
The final model, the ﬁultipie regressién modcl was used~€o‘
describe two lineér tréﬁds andvthcir point of intersection. This approacn
was‘devclopcd gy Draper and Smith (1966) to estimate lincé; time trends
in economic data. Uéing this method four variables are defined and can
be used to'coﬁparcvthc drying process among gcnotypcé for similarities
vand differcnces (figure 3 ). The EO coefficient dnfines the intercept
of the first 1line and represents the "iﬁitial" moisture ééntent of a

given genotype. The slope of the first line is‘quantified by the bl
coefficient. The bl rcgrossioﬁ coefficient describes the rate of drying.
(“} . o

The slope of the second line, represented by b,, can also be thought of
as describing a rate of moisture loss. It was‘cxpected that the slbpe

of ;this sccond line would approximate zero bccause the grain was



(’;\ |

e
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Molsture
Content

(%)

U

Time

3

N \
Figqure:s - 3 Scheiratic Representation of a Drying Curve and

Associated Regression Coefficients



. . Al
expected to be in equilibriun with the atmoupheric moisture.  The relative

positions of the two lines is defined by b3 in this model, and as such,

it determines thuat point in time when the drying rate switches from the

T
.

fast (hl) to the slow (b2) rate,
Ultimately the multiple regression model was chosen to describe
the d;&ypg process as it prow d a good {it of the dygta and because it

:

wassthc model most readily translated into biovlogyical terms.

The drying curve of cach cultivar was xamined using the
multiplé rigression approach. The drying processes for the genotypes
- . / [ ) - i . 3 ..
within the two tests were then comparced.  Multiple regression analysis Was
i ' . . . -

Hg?ﬁbrmod’on the tha from cach block for cach gentoype. The regression

v N

S :
. B . . . F . “ LB
roefficients so obtained were compared using analysis of variance, and

’
/ .

_.’Duncan's Multiple Range test. Also the bl and‘b2 regression cocfficients

IR

were‘toétcd for significancc (HO: b = 0) using a t-test (Draper and Smith,

-

1966). | | o | \
Y - The basic drying pfocess having been described, the influenge
of the various weaﬁﬁe; par;mctSrs on the drying curves was then Sﬁudied.

>F0110wing the model of Mercdith and Jenkins (1975), tQS.drying érocess wus

considered a physiological process ipherent to the plant. Superimposed

on this drying process are random fluctuations caused by changes in

3

various weather parameters. Therefore, during the second aspect of the study

of drying curves, the residuals frbm'the drying curves estimated Sy

regression analysis:in the first part of the study (unexplaincd variation)

were analyzed for their sensitivity to fluctuations of weather paramgtefs
0o . ' - )

taken singly or as a group. Again least squares regression analysis was

used to study these relationships. | y

The weather parameters used are listed on pages 56 and 57. In



addition, ¢ix scts of w@ufﬁur data for cacli test were guncratod‘from the
daily weather records.  These sets worc.prodgced by classifying the
weather records into those for the day. of SMmpling; and for one, two,.
tﬁrcc, four and five days bcforu'sampL}ng, for each of the eightceen
sémp}inq dqtug for wheat and scvunteenvsampjing'daLes for barley. -Tho
fiual number of weather characters was then QQ; Simple correluti@ns
. among these characters aﬁd with the resjduais woere calculated.

- 'Simple linear regression was used to relate weather

R .

chan@ctbrs to the residuals of the Whole data set .and of the cultivars.

For this approach, the ten weather paramcters showing the highest
g - o ﬁ
corrclations with the residual moisture contents werce chosen. . Each of

thesce paramcters was sorted in ascending order. The relation between the

residuals and the weather parameters was quantified using simple linear

regression analysis.

A% : o - . .
. The sccond approach for assessing the in{i:iice of weather

on the residual moisture content values was to use multiple regression

3

. ) . . A\
analysis to rclate changes of more than one weather paramcter to

changes in residual values. Weather characters entered into the

N

regression analysis were those found not to be highly correlated. 1In

most cascs, the number of paramcters employed was limited to four or five.
Step~wise multiple regression was used for- this section of the analysis.

G
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RESULTS

“

I. Harvest Methodology

3

A. Wheat

%

1. Analysis of Variance

Reference to tables 6 and- 7 shows that highly significant

-differences among the seven wheat genotypes were detected for all

)

-~ characters studied except yield. This fact reaffirms earlier statements

that the five cultivars ana two experimental lines of this test
repfesented a broad fange of types. Highly significant differences were
foundlamong harvest.treatment means fof all characters, inclﬁding yield.
Similarly7gen5type x harvest treatment.inte;actioh means were significant}y
different for all characters. For those characte;s whose values céuld be

corrected to a constant moisture basig, the characters,seed weight, tést
weight and yieid, this adjustment Aéd a‘significant effect upon‘mean_
values. 1In additioﬁ the primary igteraétion effects,‘génotype X moisture
adjustment and'harVest treatmeﬂt'x moisture adjusgmgnt were highly

significant for the characters seed weight and test weight.

Table 7 details the analysis of variance for the character

. / s . . :
yield. The total sum of squarg? were subdivided into genotypes, harvest'’

treatments and three measures of yield (drying, cleaning and moisture
adjustment) . As mentioned above, no significantvdifferesces,in yields
could be attributed ﬁo genotypic effects. This result was unexpected.
Harvest treatments and each of the threé mgasures/of yield exerted

significant influences on-yield means. Thus, both harvesting methods and

62
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Table: 7 Ahalysis of Variance Table for Yield from the Wheat
Harvesting Mcthodology Test ‘

s e T g o A o S e = e T o S s S Y e e S o W S S P e g e W g e Yo €% 0 P G B S e s R O S 2

Source of | Degrces of Mean Coefficient of
Varigtion Freedom - Squares Variation (%)

Mainplot -

Replicate 3 3021100

Genotype (G) 6 720000

Error a 18 782740 66.9
Subplot ‘

Harvest -

Treatment (T) 9 2980600 wxl

G x T 54 146050 *

Error b , 189 94709 . 23.3
Subsubplot ,

Drying (D) 1 138120000 **
“‘Cleaning (C) 1 3075100 **

Moisture

Adjustment (A) 1 2204900 **

D x C : 1 260

D x A / 1 1564600 **

C x A 1 623 :
DxCxa 1 260 .

GxD 6 3127860 **

G x C 6 102680 **

G x A’ 6 71822 **

GxDbxC 6 67

GxDxaA 6 67583 **

GxCxA 6 48

GxDxCxA 6 67 :
T xD 9 2277400 ** B
T x C 9 78397 *% s
T x A 9 377100 **

TxDxC 9 181

TxDxA 9 388110 **

TxCxA 9 157 “
TxDxCxA 9 181 ‘
GxTxD 54 29983 ** >
GxTxC 54 6040 " **

GxTxA 54 - ' 7394 **
GxTxDxC 54 22

GXTxDxA 54 7314 **
GXxTxCxA 54 18

GXTxDxC xA 54 22

Error c 1469 1271 2.7

1 *, ** indicate significance at the 5% and 1% levels of
significance respectively :
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acceptably low levels (less than 15%)

’jJ

\

variation‘valucs for dockago and yield for both md&n plﬁts ar
e,;)

were pxcept;onally high dOaplte the uniform appoarance of th
of these charactgrs were dctcrmlned at the completion of sdvelwﬂ flckd ‘jf'
Q

s
3 ‘/ v %&) ‘: .
operations; each operatlon possibly 1ntroduc1ng SOmE. eror 1nto the yi 1d Ly 2

! EAY
. N - - ‘\. . !
determinations. Perhaps this is the basis for the extreme variability ;é%éﬂ N

‘A.' % . . IR - 3
*' . i * . %%a@
’ obsorved for thesce two characters. i ’ s .

iy
e

“, . :.Q%‘
2. Gcnotypcs K .

A
Y N
The 1976 season was generally favorable. The growing season

o

was exceptionally long - 151 frost-free days. All genotypes were able to

ripen and mature fully, eveh the very late, nonadapted cultivars - 4
Gieﬁlea and Pitic 62. = : | ’ 1///”_‘/k_7
‘ The incidence cf disease and pests was low. and did not
notic&bly af fect the characters studied. Cultivars Neepawa and Norquay
were slightly more disease prone than the-remaining genotypes.v The
discases powdery mildew and in llorquay, loose smut were the most prevalent
diseases duringxthe,l976 growing season. !
Lodging among cultivars was not pronounced. The £alleii/}
cultivars were more prone to lodge than the short genotypes like Norquay,
Pitic 62, 70M009002 and 70M110001.
Shattering notes taken late in the growing season suggest
. Pitic 62 was ‘the cultivar least likely to shatter and Norquay, 70M110001

and 70M009002 were the most likely to shatter. Shattering assessments

were of a highly subjective nature and may be further biased by the
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- Hib

rolativv maturities of the genotypes concerned,
*  The protein contents of the cultivars reflected the division

_ . ' N ’

wiﬁbetweon the two types present in the study (table 8 ). The hard red-

o

Epring wheats, Park and Neepawa, exhibited substantfally higher protean

@gj contents than the, utility typos; Norquay, Glenlea, Pitic 62, 70MC0H002
and 70M11000 A%he_lowes; protein values were ;é%érdcd for Norquay.
Germinaﬁion values were generall;jlow, reflecting the effects
- | o
of the early harvest treatments Glenlea gave the lowest germination
“values, and the genotypes 70M009002, Park, 70M110001 gnd’Pitic 62
demonstrated&%he highest germination capacities (table-s ).
Seed weights for the genotypes (table 8 ) were simil
those reported Previously (Qttinaw, ;977)2% Glonlea,/chéractéristi Ay

a large. seeded cultivar, had the highest seed weiéht mean. Pitib 62

was found to have the lowest seed weight of the seven genotypes under
. ) ’
study. Seed weights adjusted to 10%mcwb gave higher values than their

o

unadjusted counterparts. Interaction of genotypes and moisture adjustment
was higﬁly significant from analysis of variance, however éSSQSSant of
thg seveﬁ gepotypes using‘Duncan's Multiple Range test waswideggical for
the'ygo'éeeﬁgweight values.

Genotypichtest weights averaged over all treatments differed

P R
_slightly from Attinaw's results (1977). Test weights were genecrally,

£d
?

lowgr in the current experimenﬁg again reflecting the influence of the

~

: |
early harvest treatments as much as seasonal dlfferences  {table 8 ).

v

Durlng the' present experlment Park displayed the highest ‘test weight

. and Pitic 62 the lowebt. As with seed weight, adjusting test weights to

’ ‘a constant m01sture basis inflated values over their unadjusted

R . : "‘ N » K
s, ‘o - >

' coﬁnterparts. Using adjusted values, the test weights of Neepawa and

s
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Glenlea bccame'indistinguishéblej whereas, using unadjusted test weights -

Neepaha had a sxgnlflcdntl" hlgher test weight mean than Glenled

Dockage ualues for the latest cultl\ar Piti®™ 62 were

significantly higner than those of the remaln;ng cultivars. Glenlea

and Ncepawa gave 1ntermedlatc and similar dockage megb{) _The remaining
four. genotypcs oroduced relatively llttle dockage (t 8 ).
Analy is of'varlance indicated that significant differences
g ¢ |
» |

existed among the seven genotypes for the-.character tlllerlng Necpawa

and Park, the two hard red spring wheats, demonstrated the most tillering

‘(table 8 ). The remaining five genotypes fell into three overlapping

o

groups'witn.fespect to tillering capacity. Although significant
differences were deteqted;bet&éen tbe two treatments {rows adjécent to.
blank guard rows producing more tillers/m than-rows Within sﬁaldwstands),

'’

no signi fleant genotype b 4 treatméht 1nteractlon effecté’wereﬂ!

N &

oung ﬂhlSw

would suggest "that all genotypes rcsponded in.a 51m11ar manner to they
. . :

presence of an adjacent blank row w1th 1ncreased tlllerlng

Yleld was: the only character for whlch SLgnlflcant dlfferences

4 -
Co -

,among the seven genotypes could not ‘be detected (table.8 ). This result -

~

was ﬁnexpected as the seven genotypes used in this study commonly

o ke :
display'a,wide range of yielding abilities (Albérta Cereal and Oilseed

t .
3 o

. . .- w °
Adv;\_sory‘%ﬁu'gtgec, 1977 ?}f&lnaw 1977) . The utility wheatsagpiticﬁz,

CHY S i
Glenlca and horquay, gegerally Out—y1€ld the hard red spring wheats,

1

Park and Neepawa (Alberta Cereal and Oilseed Adv1so:y Committee, 1977) .
Attinaw_(l977) reported that at the Ellerslie station, exoerimental line
70MllOQOl yielded as well as Neepawa, Norquay and Glenlea, and thatv-
7’0Moo9-doé- yielded as v\ge'll as.Park.

. éignificant genotYpe x yield neasure interaetions were‘deteeted

’

oAl

a2
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in four daces., Table 2 lists :ﬁf genotypic meanus ofl wet and dry
. . PR B Taa e . . . v e g 3 . ' . S
weight yic¢ldz., Significant differcences wwnyg ther seven wheat
genotynes for either measure of yicld were «not detected by analysis of

vBriance. The genotype » cleaning, and gonotype » molsture adjustment

interaction torms were also highly significant. For both (tables 1u and 11)

o

S no significant genotyplce differcrncés were found, and assessuents of the,.

L

seven gonotyf ¢s were uninfluenced.  Tthe fourth interaction found. to be
significant was the sccond order interaction, genotypce x drying x
: . )

moisture adjustmént. Cignificant differences among the seven genotypes

werc dwtccted using the yield nedsure.wet, unadjustcd weight (table 12).

Using this measure the genotypes werd separated into two broad
. ’ . ~ . 1 : . .
overlap; ing groups by buncan's Multiple Rdnge test. Glédnlea and Pitic

62 gave the highest, and FPark the lowest wet, unadjusted weight values.

. For the remaining three yield reasures, genotyplc means were riot
} 5y ’

Siggificantiy different by‘analy;is of Qariance.
‘3.‘Ha€ve§£ Trdat;eﬁts

Frotcin contcﬁfs che higpgst for‘the céuQentionél
swathiné treatméﬁt, harvqst trcatmen£ l; and the straight megining
tre;tmcnt,'harvést treatment 9 (table 13). swath and,?hréﬁﬁ treatments

N

.4 and 6, as well as straight coriining treatnents 8 and 10 also gave

high pﬁotein‘valhes._ The lowest values were obtained from the ecarliest

treatments, treatmcntsA2'and.3. It is interesting to noté that .
treatments 8 and 9, straight combining trcatmcnfs fade on the same
i o : : Ty A : -
day produced significantly different mean protein values. The
: . - ‘
second last harvest: treatment’, straight cémbining,in'plots'with‘no
@
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Table:: 9 Wheat Genotype x Drying Interaction Means - (averaged .

1® Means
different at the 5% level of significance by Duncan's

M ’

‘Multiplsﬂangc test

over harvest trcatments, &¢leaning, moisture adjustment
and replicates) for Yield (g/2.3 m ) '

/ o
_~-;,_.____.__r'______.‘..._-____._‘_;"_‘g:.,.“.__ S _ : (
Genotype ‘Drying'; . o
et Weight Dry weighe - ®

Park 1445 a° 1038 a S E

Neepawa L1562 a 1051 a
‘Nor;uay ‘ 1554 a | ' 1089 a

Glenlea i l664'a_ : .1092‘3

Pitic'62 1631 a .. 105la e
7011009002 1614 a 1131 a ' L N
| A7’;6M"i_,ioo'01 © 152008 s 1066 a o

\fgllowed by the same letter are not significantl

.\’4\

! 8
o ' 4

i

/ .

. #
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Table: 10 .Wheat Genotype x Cleaning Interaction Means (averaged
‘ over harvest treatments, drying, mglsture adjustment .
and replitates) for Yield (g/2 3m)

Genotype CYeaning
Uncleaned Cleaned ‘
Weight - . Weight ) S
- : " l »
Park 1268 . a ., . 1216 ‘a
: ) ' ' ' . ) : '
Neepawa 1351 a 1262 a
Norquay ~ 1344 a 1293 a
L Glenlea 1426 a . 1330 a ,
Pitic 62 . 1411 a@‘ 1271 a S
- ' : - ‘ : I 3
" 70M009002 1394 a 1351-a. .
) ; L . - e .
RO ﬂpmlyoom 1337 a 1270 a e

a
. "ﬁ
1 Means followed: by the same ‘letter are not s?onlflcytly
different at the 5% leve], of sxgnlflcance by Duncan's &
Multiple Range test : . _ ‘
A N . ‘ . o . N c&
’ - .
@ @



. Table:

i

-1 Means follOWed by the sam

11 wheat Genotype x Moisture Adjustmént Intcraction Mcdns
(averaged over harvest treatments, drying, cleaning
and replicates) for Yield (g/2.3 m")

4

Genotype - Moisture Adjustment '

Unadjusted  Adjusted

. Weight Weight
it AN
bark , 1192 a' 1292 a
‘i “Ne;pgwa . ‘i272 a .4
NQr;;Ea_y . 12802
G;Lnléa 1367 a
Pdth_GZ 1330 a '

MY
2
70 >11259 a 1328 a
______ -"—""“—_;6’-—-_“'?—__-_-’—_
N : ‘e
Mean = 1290 1353 .

er .are not §iqnificantly

different at the 5% level of significance by Duncan

Multiple Range test - e A
3 . - .
o |
v
,@ . 3 -
e < e
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] ‘Table::12 Wheat Genotype x Q&ilng %-Moisture Adjustment
: i '. .. Interaction Means‘ﬁaveragédibver harvest traatmen;s,~
I cleaning and replicates) fpr Yield (g/2.3 m’)

Genotype Drying L :
' I “'Wet Weight : Dry Wetght
e T e = [ e e
_ , vy ‘Moisture Adjustment o
. o Unadjusted Adjusted - Unadjusted Adjusted -
» ’ ' Weight Weight == Weight . Weight,
Park - Te1350 bé 1540 a° - 1033.a 1044 a
Neepawa 1497 ab 1627 a 1047 a 1055 a
Norquay - 1482 ab 1626 a 1078 a - 1090 a
Glenlea ~ 1644 a 1683.a 1090 a 1094 a
Pitic 62 21616 a . 1646% AL
:." - . N -
o i . :
g, 70M009002 1540 ab -16897K:
. . ; . ‘ . - "-@V R ) K
70M110001 - 1456 ab 1584 a 1062 a 1071 a
e e e e e e e e__
- e
Meagi. 1512 1628 1068 % . 1078
[
: . P
'SJ‘ e e e B e e e T T ST T o O Gy e S e G4 e G S e
1 Means followed by the same letter are not significantly
different at the 5% level of significance by Dggafn‘s
Multiple Range test . e X
: g
!‘ _,
\ ooy
\ Lo
3 - » SRR ’ - T ;
Ty - L S : .
_ - k) A . 3 r <. .
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bordering guard rows cxhibited a higher protein mean than treatment 8.
Percent germination was another character significantly
influenced by the harvesting treatments utilized for this study.  High

germination means for the straight combining and conventional system
. r \ .

contrast the extremely poor germination of sead harvested by treaLVent 2,
. : RS .
swath and thresh one week prior to the physiological maturity of the

carlicest cultivar., The poorest Qurmination mcans were found to be

associated with hdYVLut at high mOLJturc content, either'bqpausc of early

'harvcsting or from precipitation prior to harvest (trcatments 2, 3, 5

)

Based, upon Duncan}g‘Multiple Range values, only for treatments 5, swath -

and 7). Significant amounts of fungal contamination were found in the

courSe of the germination tests for each of thesc harvest treatments.

Commonky QccurJng contamlnatcs were bactcrla, and the fungal genera.

.

Cochlhqbo]u/ Sp., Altorndrja sp. and Fusarium sp? (Skoropdd and Tewari,

. ¥, :
l9;€)w‘ uULh contamlnatlon Ly storage fungl and bacterla is kqun to
“ Lo

.§ dﬁ@ﬁ‘%ﬂterloratlon in grdln quallty and gcrmlnatlon (Wallacc and Sinha,

. "‘"‘{(

1969 Jorgongcn, 1974) and may hdvo»emvcurcd differences in, gcrm:natlon ..

The character seed weight rCSpondcd to the influence of the

varloub h rvcstlng trcatmcntv (table 13). " The lowest sced weights were

\‘trcatmeut 1 and,trcatmdnt 2. .Treatment 3 gavec an intermediate

S d{ycight»value. The seed weights from harvest treatments 4 through 10

were \high apfl ihdistinguishable. In addition the interaction of harvest

treatment—x moigture adjustm@nt had.a’highly significant influente on

'sééd.weiqht means ktdble.13). As with genotypes, harvest treatment seed

LI . - <

weights- dd]uStU@ to 10wmcwb were hlnhcr Lhan ‘their unadjusted counterparts.

and thresh at the physiological maturity of Norguay and 70M009002, ‘and

\ . . -

A
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9, straight combining in plots with blank guard rows, did moisture

-
/

adjustment produce a detectable change in rank relative to the odhcr

treatments.

Test weight means were significantly influenced by the type
of harves ting oneration tmployed (table 13). The highcst test weights

were produced by the stra1ght combining treatments 8 and '9; the lowest

\

test weight means came from trcatments -2, 4, 7 and 10. Significant

treatment QymOiStUrC adjustment ef fects were found for test weight as
[ well as. for . sced weight. 'Using_adjusted test weights, the harvest

treatments were separated into seven groups;‘whereas, using unadjus}ed
test weightsfoniy five éroups were detected by Duncan'g Multiple Range
-test.‘ Also the harvest treatments producing intermediate test weight
means, treatments 1, 6, 5 ané 3 showed some switcning of telatiVevposition
from one measure to the other;

The harvesting operatians had-a significant ef fect upon .”
dockage values (table 13)‘—.some treatments prodncing more d0ckage‘than
others. Treatments 6, 1,3, 5, 4 and 2 had the highest dockage means;
wheteas, straight combining methods 8, 9 and 10 gave the lowest dockage
values; B | _ N ‘ ’

Harvesting treatments had a Significant effect on’ the*
character yield. Harvest treatments 2, 4 and 5 gave the highest yield ‘
valuesz and the last harvest treatment treatment 10 produced the g%ﬁ
lewest yield values. The conventional system, harvest treatment l,
"gave one of thc lewest Qield means. Harvest treatment 9 displayed a
Significantly higher yield than’ treatment 8 (table 13) - _?

Four of the seven possible harvest treatment x yield

measure interaction terms were found to be highly significant by analysis



‘J'r
y

. moisture adjustment. Both of these trcatm

weights and loy unadjusted wg&ghts in relatid
- oo g ¥ .

of variance (tablo 7 ). The significant interaction ﬁu;ms inciuded
har%est trcatmcﬁt X d;;}ng” treatment x cleaning, treatment x moisture
adjustment and harVQSE treatment - x drying x moisture adjustment. Table
14 conﬁains the harQest treatment x dr?ing interaction mcans. :Groupings
of the harvest ﬁrcatments,based upon Duncan's Multiple Range valucs are

considerably different for the ‘two measures wet and dry weights (table 14).

For example, harvest trcatment 2 gave the highcéﬁ)wet weight yield and

‘one of the lowest dry weight yields. QThé converse was true of treatment

9.

. Harvest trcatment- x cleaning interaction means are listed
N,

in table 15. The grouping of the treatments based upon Duncan's
Multiple Range values are dif ferent for the uncleaned and cleaned weights.

The differences in groupings betwqén these two measures were not as
. 2 !

dramatic as thosé‘Bbservcd for the wet and dry weights. ) “‘

.The harvest treatment x moisture «wdjustment interaction term

was also found significant. Again, the groupings of the ten treatments

were dissinilar for the two yield measures unadjusted and adjusted weights

(table 16) . Treatments 6 and 9 appeared to be the,most sensitive to

/

,ited High adjusted
° > 2 ) :\“\ .
the othef\hgfvest “
T L ew )

trear{\ents . @ s

<

Table 17 contains the harvest treatment x deing’x §gi§Eﬁf% B

adjustment ;pteraction meahs; Each- of the four yield measures produced
o e e
a different grouping of the harvest treatments, based upon Duncan's . —

Multiple Range test.. However thé wet and the dry yieid measures appeared
more alike than the two unadjusted and the two adjustéd measures in the

.

assessments of the ten treatments that they produced.

"%



Table: 14 Wheat Harvest Tfoatment x Drying Interaction Mcans
(averaged over genotypes, cleaning, moisture
adjustment and replicates) for Yicld (g/2.3 m )

Harvest / Drying
Treatment =—-———=——=—————-—S-———=oo \

i o o A > o T o g T e o e o S R e ot S g 2

1 1496 d? 1094 bc

2 1928 a 992 d -
<3 1644 bc 1049‘c'

4 1704 b © 1108.ab

5 1697 b 1095 be

;e 1612 ¢ 1126 ab

7 1609 c (% 1128 ab )
,é 1337 e '104§ c

9 . 1482 4 1152 a °
10 g 1190 £ 94l ¢

Mean 1570 1073

)

1 Means followed by the same letger are not 51gn1f1cantly
different at the ‘5% level of dignificgpce by Duncan's
Multiple Range test

\
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Table: 15 Wheat Harvest Treatment x Cleaning Interaction Means
(averaged over genotypes, drying, woisture adjustment
and replicates) for Yield (g/2.3 m) ‘

Harvest Cleaning
Treatment =—=—=————c-——~-——-—-—o-—=-—=
Uncleancd Cleaned
Weight Weight
_______________ s
1
1 1354 cd. 1237 d
2 1493 a 1427 a
3 1392 bcd 1301 ¢
4 1448 ab 1364 b
5 1443 ab 1348 bc
6 1433 ab 1305 bc h
7 . 1408 bc | 1328 bc
8 1205 e 1179 e
9 1334 d 1300 ¢
-
. 10 1076 £ 1055 £
R o Y Y = Y T 8 T o P £ T o T e 9 O e e s e
"«J‘,
} Mean 1359 1285
“Jg . o)

1 Means followed by the same letter are not significantly
different at the 5% level of significance by Duncan's
Multiple Range test

a



dlffercnt at the 5% level -of SLgnlflcance by Duhc
Multlple Range test :

]
. , o
wheat Harvest Treatment: x Moisture Adjustment Interaction
Means (avéraged over genotypes, drying, cleaning and ’
replicates) for Yield (g/2.3#m ) '

"y
2

...___._'.__.__.__.:.._.,_..._h"_.... __________________
Harvest Y M01sturc Adjustmernt
Trcatment ---—————————--————-—=— -
‘ Unddjum&vd Adjusted -
Weight . Weight
e e e e e T s o ot S e e e e \«;
‘ 1
1 1273 ef 1318 od .
2. 1514 a 1406 ab .
3 1338 ¢d - 1355 be
4 1409 b 1403 ab
5. " .1373 be . 1420 ab“
6 1308 de  .1430 a_ S
1
7 1328 cde - 1409 ab AR
8 "1126 g 1259 @ )
9 : 1244 f 11391 ab
10 - 991 h 1141 ¢ :
Mean 12900  ° 1353
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Table: 17 Wheat Harvest Treatment X Drying ¥ Moisture Adjustment

Interaction Means @avnraqed over gsnotyped, cleanLng
and replicates) Tor Yield (g/2.3 m") :

Harvest S : brying
Treatment | Wet Weighe - Dry Welght
Moisture Adjustment .
Unadjusted Adjusted Unadjusted Adjusted

WCighE Weight - Weilght - ﬂgight
mmmoosmmmosmmoomTRooommmmmTIITTEITT "L'C“f_ _______
1 1454 ¢> ° 1538 d 1092 bc 1097 be
2 2037 a, 1819 a 992 e 992 4@
3 1637 c 1651 be 1039 & a 1058 ¢
4 / 1719 b 1690 bc 1100 ab © 1116 ab
o5 i 1663 bc 1731 b 1082 bed 1108 ab
¢ 6 - 1491 de  173¥b 1124 ab 1127’ ab
’ L co- b ..
7 15314 /%bc 1124 ab 1132 ab
<, 8 126é g 1467 a R 1045 ca 1052 e
9 1338 £ 1626 © 1150 a 1155 a
10 - 1044 h 1337°e ' 937 f 945 d
Mean 1512 1628 1068 1078

1 Means followed by the same letter are not'sigﬁificantly
different at the 5% level of significance by Duncan's
Multiple Range test '



. .
4. Genotype x Harve™t Troatment Interastions :
» o
Significant genotypoe x harvest treatment interaction effects
£ £ . + Y 3 5 3 I ’ *
were found for the six characterg ctudicd in this test. For the
ﬂ‘ ' .
-

‘character, protein contont all of the

A

“treatments gave

control method,

alternate ti«

4

~that trcatmen gave. The highest

1
were for‘thc

4

exhibited the lowest correlation. -

The character geérminative
- R ’
genotype ¥ harvest treatment effedts.

»

treatments studied in this experiment,

genotypes similar to the conventional

o

correlations with the ¢ontrol tre
treatments .7 and 10 only.
.

The third character to Qe

5

R . : .
treatment intcraction effects was secd weight.

genotypes by Duncan's HMultiple Rangc

W@

treatment was unigue among the ten. treatments

harvest trecatment 1 (t

atmeonts reproduced ‘exactlys the grouping of the seven

- produccd
A

. :
atrment were found. for harvest

nine alternmte harvesting

high, positive, highly significant correlations with the

able 18) . However, none of the
s
genovypnes
correlations with the contrel method

. R ) < | .
straight combining treatmerts 8 and 9. . Treatment 2

1
|

N
1

ability was dlso seéensitive to

' ri" ‘ X .
Honc of the alternate haryest
{groupingsﬁof-thc seven

-

system (table 19).

. Significant

influenced by genotype x harvest

The grouping of the

test for the control harvest

(table ?O). The correlation

valucs were qgenerally high, ‘positive and highly significant for each -of '

"the nine altcrnate harvest treatments.
: 1
treatment 3 the lowes

t correlation values.

Treatmwsnt-5 gave the highest, and

Treatments 7, 8, 9 and 10

produced very similar se}araticns of the genotypes for (the character,

3

sced weight.
Test welght w

harvest treatment interaction effects.
v N 7

5 another character sensitive to genotype X

N

All harvest treatments, except
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:
the carliest two, gave groupingg of the seven genotypes similar but)

\

. . . - ) . .
not, identical to the'grouping achieved by the control' (table 21). Cofrelation

values between cach of the alternate harvest treatments .and the control

method were high, positive and hithy significant for all trecatments

harvegt treatments 8, 7 and 9 displaying the highest correlation valyes.

\

Genotype x harvest treatment intera%tions had a significdmp

effect upoh dockage Values. Se;cn of the nine alterngte harvesting
regimcs gave’posifive, highly'significant.cqrrelations>with treatment 1\
. (table 22). Treatments 2 and 7 did not.A'The correlation values werc j
?ot high. - The-highest correiat%on, tpét between treatments 1 and 9, /
was O.6il (vériéti&n explained:(37%). Not one of’thé alternate harvestiLg
treatments was found to reproduce the groupings of the seven genotypes
oﬁtained for the c7nventiona£ hayyestingAsysﬁem; |
Ssignificant genotype x harvést treatmen% interaction effects
- - 13

weie found for yield. For nine «of the ten harvest treatments, including
the control method, no signifidant differences could be detected émong
the se&eﬁ genotypes under study (table 23). For haryesﬁ treatmenﬁ 9,
Pitic 62 was found to yield significantly more ﬁhan all the remai;ing

N
génotypes except Glenlea.

Second and thi¥d order interactions.involving genotypes,
harveét,treatments and yield measures were. highly significant in four
instances for the characI;r yvield. Considering the genétype x harvest
'treatmenf‘x drying intefaction, for iny three of the twenty possible
treaFment cpmbinét%ons was it possibi§ to distinguish among the genotypes
fbr yieid.v*Theseitreatmenﬁs'were harvcstvtrqatment 9 wiph wet weights,

and harvest treatmgpts 3 and 9 with dry weights (table 24).

For the interaction genotype x harvest treatment x cleaning’
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significant dittorences amatg, the seven whoeat genotypens were tound 1n

N B!
only' two of- the twenty possible treatment combinat ions.e Treatinent 9
ditfored markedly from the others with respect. to both cleaned and
ancloaned weights (table 25).

)

* G('nf)typu s harvest treatment x moisture adjustment
interactions had a significant influcnce on yield values. However, all

.

trcatment combinations but one gave the same asscssment of  the

gcnotyp('s'(tah](‘ 26) . For harvest treatment 9 with unadjuctoed weights,
the genotypes woere separated into three overlapping groups.
- . .
The third order interaction, genotype X harvest treatment X
- . , .
drying x moisturc adjustment was also found to have a significant influcnce

- N

on yield. For six of the forty treatment combinations, significant

difforenqig among the genotypes were found by analysis of wvariance (table
27). The Highest correlation with the control {(treatment 1, with dry,
unadjusted weights) was obtained with treatment 1, with dry, adjusted

valucs. The harvest treatments often producing the highest correlations

with the Contfol treatment combination were harvest freatments 2 and 10.
The yicld measurevgenerélly giving the highest c;;relation values was the
dry, unadjusted measure.

Table 28 gives the‘drying x moisture adjustment meahs-. Dry
weights were substantially less than wet w;ights as would be expected.

Moisture adjustment exhibited its major influence upon wet weights. The

dry unadjustced and adjusted weights were indistinguisﬁéble.
- -

Y .

B, Barley

1. Analysis of Variance

The analysis of variance tables, tables 29 and 30, give the
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Table 28 Drying x Moisture Adjustment Interaction Means (averaged
over gcné%ypos, harvest treatrngnts, cleaning and
replicates) for Yield (g/2.3 m”) from the Wheat Harvesting
Methodnlogy Test

Moisture Drying Mean

Wet Weight 'Dry Weight

Unadjusted 1
Weight 1512' b 1068 c 1290
Adjusted
Weight 1628 a 1078 c . 1353
Mean 1570 1073 1322

1 Means followed by the samc letter are not significantly
different at the 5% level of significance by Duncan's
Multiple Range test
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Table: 30 ,Analysis of Variance Table for Yield from the Barley
: Harvesting Mothodology Test '

>
Degrees of

_Variation, ’ Freedom,
Main Plot
Replicate 3
Genotypel(G) . 5
Error a P
\\;—/f
Subplot
Harvest
Treatment (T) 2 -
jG x T . 10
Error' b 36
Sﬁbsubplot
Drying (D) l'
Moisture h
Adjustment (A) 1
b x A 1
G x D 5
G x A 5
G xDxA 5
T x D 2
T x A 2
T x D x A ~ 2
G x-T xD . 10
GxTxaA « 10
‘ G x TxD x A 10 .
Error c¢ 162
l * * ¥k .

157600
208950
?§D49
id.

<

1095900
74009
56156

5557800

190260
225730
26095
24773
23819
58466
11188
8067
21200
16075
15486

indicate significance at the 5% and

respectively.

.

Cocfficient of
es ‘ariation (%)
i
R 27.7
5
**1
7
23.5
e
* X
*x
* &
* &
* %
* &
* x
* x
:**
4.1

1% levels of significance
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mean uquarﬂ values and LhLlI blgnlflC1nCO for, the F-test égmparison of - o
. v 8 ,

. . ) \ .
v%iiances for the characters Jtudled in this cxpcrlmcnt Génotypic '

b . \ L
effects 'Jere significant for all characters cxcept two; ‘the &ormlnatlon

¢ . . - -

uni formity factor and yield were the two exceptions. .The harvest

treatments had a significant 1nflucnce on four of the scvenmcharacters.

P :
Protein content, unifofmity factor and sced welight were unaffcctcd by ‘ .

harvesting operationg. significant differences  among the gcnotypc X
harvest treatment interaction means were found for the characters '

'germinative abiYity, germination resistance, uniformity factor and test
; L » . :
wéight. For the characters sced weight ard test weight a comparison of - N

unadjusted values and values adjusted to l10wmcwb was made.; Siqnificaht
‘differences between the unadjusted and adjusted means for both characters
were found. In addition, the  interaction terms i vOlving-genotypes were

‘highly significant.

o - . .
A B
The analysis of variance .for yield is presented in table 30.

No significant differe;ces émong cuitivér means were deﬁonstratcd. The
factors’harvest treatments, drying and moisture adjustment each had a
- significant ihfluence on yield means;rlGeno£ype x harvest treatment

interaction ef fects were nonsignificant. ‘Significant‘interaction eff;cﬁs
were found for genotyée x drying, genotype X moistdfe adiustment,
genotype X drying x moisture adjustment and for the three ;hird ord;r
interactions. B

Coefficient of variation values for each analysis are
given in tables 29 and 30. Invmost cases, the coeffitient of variation

values were acceptably low (less than 15%). High coefficient of variation

va%ues for the characters uniform;ty factor and yield were recorded.
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The high coc¢fficient of variation values for main plots and subplots 'l
of the charactcer uniformity factor may reflect either the nature of the

sampling technique or the sensitivity of this measure. Both main plots

b -
e

ahdxsubplots for Yield‘gave high coefficient of veriationdyalggs:”nhs
suggested above for wheat yieldecoefficient’values, the complexitonf,
_the field opcrationé ﬁay be the cause of the'observedvhigh Vér;ability.
. -2, Geeotybes
. i ’ ) ¥ ' .
" The growing scason was exceptionally long. All cultivars were
eble to matuxc fully. Lodging was severe for all cultivars”in this Q\m‘
/}&st.v ‘The goeotypeg Conquo t, Bonanza and Jubilcc_apéeared more prone -~
to lodging phan 011}, Gateway 63 and Galt; which is in confrast to the
l\asscssmcnt; of prev ous researchers (Alberta Cereal and Oilseed Advisory:
Committee, l977k; isease and pest 1nfestatlons were mlld durlng the
‘g:owing season: Seala and net blotch were the most commonly noted disecases.

The diseases generally appeared late in the growing seasqgn and were not

~

>

'considereddserious.
Significant differences ‘among the cultivar means for protein
content were found. Ollivexhibited the highest ovefall percen£ protein
mean ef the six genotypes {table 31). This is consistent with the fact .
that 0111 is knownvto be a high pfotein cultivar (Briggs; 1976). The
'remalnlng five genotypes were grouped into three overlapping ‘groups
with respect Fo protein content. Gateway 63 and Conquest had the second
highest and Bonanzé the lowest protein values. The two feed grade
_berleys, Galt and Jubilee; had intermediate to low protein contents.
* The proteln contents of the six-cultivars were gencrally hlgh Those S

of the maltlng grade genotypes were somewhat hlghcr than is commonly ’ )

regarded as acceptable by.maltsters(BfCWing and Malting Barley Research
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Institute, 1976).

o ' N
rercent germination values were high for all cultivars

T

g

(table 31). The values® for O11i, Bonénza, Galt and Jubilce were similar
and significantly higher than the percent germination values of e

€.,

Gateway 63 and Conﬁuest.
' : o .
The six genotypes split into two groups based upon

e

germination rcsistqpce‘values (table‘31).v The two late feed cultivars,
Calt and Jubilee, showed significantly greate{ g;rmiﬁatibn resistance
than the remaiﬁing four malsing fyécs of‘barley.

No siéhificant.differénces among the cultivars for

uniformity faétor were detécted.
Seed weight means for the s}x‘genotypes were separated
into three distinct groups by Duncan‘é Multiple éange test (table 31).
Conquest gad the‘highest seed weight, and 0l11li and Jubilee the lowest
seed weight means. Seed weights -unadjusted for moisture content were
significantly higher than adjusted seed weights. A significant geﬂétype
X moisture adjusﬁment term was recordéd. This interaction effect,
however, did not appreciably influen;e relative evaluations of the
seven genotypes based upon Dunéén’vaultiple Range test (table 31).
Siﬁilarly, significant differences among the genotypic means
for test weight, aqd between unadjusted and adjusted for méisture content
values were detected by analysis of variance. Reference to the genotypic
means for test weight indicates that Gateway .63 had the highes? and
Jubilee the lowest test weight means (table 31). Unadjusted test weights
were consistently hiéher thaﬁ their adjusted coun&erpart;. The

interaction of gentbypes x moisture adjustment had a significant influence

on test weight values also, However, the relative ordering of genotypic



means was unchanged using adjusted vu]uéu in place of unadjusted test
weights (table 31).

The finu] character to be considered was yield. Unexpectedly,
no signifivant differences were detected among the six’gcnotypcs for
’thjs character (Alberta Cereal and Oilsced Advisory Committuo, 1977).
Howevog all genotype x yield measure interactions wcre”significant. "The
six genotypes could be separated into two or three overlapping groups
using wet welghts, unadjustog WQiéhts or wet, unadjusted weights (t@blcs
32, 33 and 34). Gateway 6% and Conquest displayed the highest yield
yalues for these yicld measures.

3. Harvest Treatmepts
- The use of alternate harvest regimes had little or no effect
on threce characters meésured in_thié study. No significant digferences
could be detected among the harvest.tréatment means for protein coﬁtent,
uniformity factor and seed weight.‘

Two measures of germination capacity were influenced by~
harvesting procedures. The sécénd harvest treatment adversely affected
the character germinative ability (table 35). Treatments 1 and 3 gave
high, very similar germination vglgfs. The paggmeter germination
resistance showed the same pattern of results. Treatment 2 produced
significantly different Qaluos than the control ‘and the ;éte swath and -

s o ~

thresh treatments.

'

J
The character test weight showed a significant.response to
the cffects of the three harvesting procedures. The conventional

éystem gave the highest test weight values. The test weights of the two

103
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Table: 32 Barley Genotype x Drying Interaction Means (averaged
over harvest treatments, moistyre adjustment and
replicates) for Yield *(g/2.3 m")

Genotype Drying

Wet Weight Dry Weight

""""""""""""""" R |

| 0l1l1li 1142 abcl 845 a
Gateway 63 - 1218 a 886 a - : :
Conqguest 1234 a 922 a
Bonanza : _‘1036 c B30 a
Galt 1200 ab 925 a
Jubilee 1052 be 807 a
Mean 1147 869 *

4 -
i Means followed by th&jame lettér are not significantly ' <
different at the 5% el of significance by Duncan's

Multiple Range test

~ [
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Table: 33 Barley Genotype % Moisture Adjustment Interaction

Mecans (averaged over harvest treatment, drying and
g 5 irying

replicates) for Yield (g/2.3 m’)

011i
Gateway 63
Conquest
Bonanza

_Galt

1 Means followed by the same. letter are not significantly

Unadjusted Adjusted

Weight. Weight
________________________ )

985 abl 1003 a

1063 a 1041 ‘a o

1049 a 1107 a
891 b 975 a

}613 ab 1111 a &
893 b 966 a ” .
982 1034 ’

different at the 5% level of significance by Duncan's:

Multiple Range test



Table: 34 Barley Genolype X Drying x Moisture Adjustment
Interaction Means (averaged over \Mxvos;t treatments
and replicates) for Yield (g/2.3 m’)

Genotype Drying .
wet Weight Dry Weight
. Moisture Adjustment ‘
Unadjusted Aadjusted Unadjusted Adjusted
Weight Weight Weight Weight
011i 1124 at 1161 a - 846 a 845 a
Gateway 63 1236 a 1200 a 890 a 881 a
Conquest 1175 a 1294 a 923 a 920 a
Bonanza 951 ¢ 1120 a 831 a 829 a
4
Galt 1098 ab ‘ 1301 a 928 a 921 a
Jubilee 977 bc 1127 a ' 810 a 805 a
Mean 1093 1201 871 867 ®

1 Means followed by the same letter are not significantly
different at the 54 level of significance by Duncan's
Multiple Range test )
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cwath and throsh troatronts were indictiniguisheble (tuble 3%).

Unlike gonotypes, harvest treatronte hed a sijrificant lmpact

1

Co
Upon yi@ld toeanus.  Treatioant o, st harvest riponess,
' hd . . - - N . .
sroduced a siunificantly lower yvield - -mean than the remaining twe hasycest

poe Py - Py 3 N

S " . .‘ . ) . . - .
trcatmoniﬁ, which were themzclves indistinguishuable by Duncan's Multiple
Eange test {(Lanle 25).
4. Genotyroe x Hayveot Treatment Interactions
. - T -‘ - - s - o /’\ 4 - 2
. Genotyype x harvest proatnent lnLc1c¢\1cn5 appearcd less
/ 1

important in the barley test than the whoat test. hs stauvced previously,

only four of a possible scven choracters dis

AGost treatrment interaction terms by analysis of variance.

genotype w I
Percent geofrinction, cormination rusist§nce, uniformity factor and test
weight wefe the charscters affected.

cultivar asscogments changed considerably for cach of thc
three harvest t;eatmcnts for percent germination. The group}ng of
genotypes base=d upon Duncan's Multiple Range values diffcred for
cach treatm;mt. Simple correlations betweon harvest treatmentse 2 and
3 and the control trcatment, although hignhly significant, were not

exceptions1ly high (veriation cxplained: 17 - 18%). It is interecsting

to notc harvest treatrment 2 was positively correlated to treatment 1,

;\ﬂyhile trestront 3 gave a negative correlation value (table 36).

~

Germination resictance was also subject to genotype %
'

harveost treatment interactions. however, two of the harvest treatments,

treatments 1 and 3, producced similar groupings of the six genotypes

“

(table 37). The grou;ings of cultivars for harvest treatment 2 was

unique. Those results cré furthor substantiated by the corrclation
-~

values.  Treatment 3 gave the highur corrclation value with the control



Table:36

(averaged cver all rerlicates and sarples)
Treatment Correlation Values (n=48) for

-

011li
Gateway 63
Conquest

Bonanza

95.9 c
97.9 ab

99.0

i)

899.0 a

92.5 ¢

98.2 a

95.4 b

1 Means followed by the same letter are not significantly
different at the 5% level of significance by Duncan's Multiple
Range test

2 ** indicates significance at the 1% level of significance

Larley Genotyrpe X pHarvest Treatment Interaction Means
and Harwest

Germination

(%)



Table: 37 Barlcy Genotype x Harvest Treatment Intceraction Means
(averaged over all replicates and samples) and Harvest
Prostment Corrclation-Values (n=48) for Germination
Resistance ' e .

Genotype Harvest Trecatment
TR T X

Ol11li . 24.8 bl 29.9 ¢ 25.1 b

Gateway 63 25.0 b 33.8 ab - 26.3 b
Conguest 24.9 b 31.3 bc 25.9 b

Bonanzu 24.8 b - 28.5 ¢ 27.4 b v
Galt - 30.9 a ‘ 33.9Aab 33.5 a

Jubilec 31.8 a 35.4 a 31.9 a
Mecan 27.0 32.1 28.3

I, 1.000 0.482 ** 0.673 **

1 Means followed by the same letter are not significantly

different at the 5% level of significance by buncan's Multiple

Range , test

2 ** jindicates significance at the 1% level of significance

110
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jmethod than treatrmoent 2. both correlation coctficloentys were highly

significant.

Genotyr: x harvest treatment interections had a significant
71 ! 8
influcnce on the third germinapoion character, uniformity factor.

Each Lreatment gave risc to a vhigue evaluation of the siz barley

cultivars by Duncan's Multijple Pange teot, (table 38). Significant

a .

diffcrences could not be Getected among the gcnotybus,uﬂﬂer the control

Tharvest treatnoent.  For treatments 2 and 3, the genotypes were

separated into two grou;s. he correlation of treatment 3 with 1

Qas uonsignificant and the cgrgclation of harvest trecatment 2.with
1, although highly-:ignificant; ;as very low (variation cxplained:
o

Test weight was the fourth character shown to be censitive
to genotype % harvest treatment intceractions. Each treatment produced
a different grouping or asscsoment of the six barley cultivars (table
39 ). vTréatment 3 gave the highest corrclation with the control harvest

-

triatiment. The corrclation values for both of the alternate harvesting
treatments were highly significant.

Although yicld values were not influenced Ly genotype %
M;rvcst treaiment interacticons, they were sencitive to genotype %
harvest treatment % yield necasure interactions. Table 40 lists the
génotypc » harvest treatment x drying interéction means, and table 41
lists the genotypc % harvest treatment mnoisture adjustment interaction

means. For treatment 1, ¢ing either wet or dry weights, the six

cultivars were scparated into thrce overlapping groups, and for the

o~ -

remaining four treatment combinations the genotypes were nonsignificantly.

111
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Table: 38 Barley Genotype x Harvest Treatment Intceraction Means

' © (averaged over all replicates and samples) and Harvest

/ Treatment Corrclation Values (n=48) for Cermination
Uniformity ractor ' ’

Genotlyyre Harvest Treatment
LTS s /
________________________ S —
011§ 11.0 at 14.1 a 10.0 b
Gateway 63 10.7 a 14.9 a 10.0 b
Conquest  10.6°a 13.9 a 13.4 a
Bonanza 9.7 a 11.6 b 14.0 a
Galt 11.2 a l3.1yab 13.8 a N
Jubilce 12.0 a 12.2 b 14.4 a
Mean ' h 0.9 ,  13.3 | 12.6
r 1.000 0.370 **°  0.210

v o - T g . e A o o = i P o o e 4 6 o o e o e

1 Mcans followed by the same letter are not significantly
different at the 5% level.of dignificance by Dunca%?s Multiple
Range test

2 ** indicates significance at the 1% level of significance
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Table: 39 Barley Genotype x Harvest Treatment Interaction Means
(averaged over moisture adjustwent and rpplicates) and
Harvest Trecatment CoX clation Values (n=48) £or Test
Weight (kqg/hl) ’

.

T arvest Treatment
LT Ty
o11i | 55.4 ¢t 46.9 4 50.6 ¢ - °
Giteway 63 gl.l a 52.6 a 57.0 a
-Conquest 5.0 b 50.6 b ~52.4 b
Bonanza / 52.3 d . 50.0 b 50.6 c
Galt : 51.5 d 49.8 b 50.1 c
Jubilee | 51.3 d 48.6 c.«  47.6 d -
Mean 55.1 49.8 51.4
ro 1.000 0.498 **2  0.825 **

__._.-—-._._....—_..._-...-.-..___.-.__._...-._._..._....__...._..-____....-...__.__—

1 Means followed. by the same letter ’are not significantly )
giffercnt at the 5% level of significance by purican's Multiple
Range test iy ’ ‘ .w

“

2 ** indicates significance at the 1% level of significance .
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Table: 40 Bardley Genotype x Harvest Treatment X Drying Interaction’
Means (averaged over moisture ud]ustmcnt and rop11CdLe°)
for Yield (g/2.3 m ) :

Qenotype . - Drying

Harvest Treatment

1 2 3 1 2 3
0l1i 1264 al 1174 a 9389 a 830 abc 827 a 818 a
Gateway ©3 1368 a 1365 a 921 a 927 abc 984 3i~f 746 a
oo .
Conquest - 1346 a 1364 a 994 a 1011 a 993 a 762 a
Bonanza 1057 be 1050 é 1000 a 839 bc 900 a 751 a
“Galt 1240 ab 1284 a 1075 & 985 ‘ab 975 a 814 a
- Jubilec - 1012 ¢ 1150 a 994 a 795 ¢ 871 a. 756 a
Mean 1214 1231 995 908 925 775

1 Means followed by the same letter are not significantly
"different at the 5% level of 51gn1f1cancc by Duncan's
Multiple Rdngc test



Table: 41 Burley Genotype x Harvest Treatment x Moisture Adjustment
' Interaction Méans (averaged over drying and replicates)
for Yield (g/2.3 m’)

| 0

Genotype Moisture Adjustment
______ Unadjusted jieight @ Rdered WOont
N N R Harvest Treatment
R s\ 1 2 3 1 2 3
Olli - 1090 él 1019 bc l 845 a i063 abc 982 a | 962 a
Gateway 63 1190 a 221 a 778 a 1105 abc 1127 .a 889 a
Coﬁqugst 1149 a 1153 ab 845 a 1207 a 1204 a 910 a
Bonanza 24 ¢’ 850 a 998 bc 1626 a 901 a*
Galt 1070 abc 911 a. 1168 ab 1189 a 978 a
Jubilec 964 c 851 a 943 ¢ 1056 a 899 a
Mean 1058 847 1081 1097 . 923

1 Means foilowed by the same letter are not significantly
different at the 5% level of significance by Duncan's
Multiple Range test ’
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(table 40), For the second sct of second order interaction

S -
means, genotype x harvest treatment x moisture adjustment means, three

of the six trecatment combinations Qave rise to significant genotypic'

differences by analysis of variance (table 41), These treatments,
: 5

were hagvesF treatment 1, with unadjusted and with adjusted weights,
énd harvest treatment 2, with unddjusted.weights.‘ Table 42 lists
the third ordex interaction means. For most treatment combinations™
{seven of twclve)} it was not possible to distinguish amongvthé
genotypic.-means by analysis oé variance. The treatment combinations
for which Significaﬁt differences among the six genotypic means

were found, were harvest trqatmgntil, uﬁing/wet, uhadjustéd; dry,
unadjusted and dry, adjusted weights} and treatments 1 and 2 ,

usiﬁg wet; unadjusted Qeights. Classification of gecnotypic means

¥

using Duncan's Multiple Range test was identical for the former

three harvest treatment combinations. This result was not unexpected

as two of the alternate treatment combination yield values were
“derived from-the control treatment combination values. - The latter
two treatment combinations wach gave rise to a unique grouping -

of the genotype means for the aracter yield. Simple corrélation

coefficient values were also calculated to provide some measure

of the relation between different harvest eatment combinations.
Simple correlation values between harvest trea nt 1, using dry,
unadjusted yield values (the control mcthpdfcurrentl?‘in use) and

each of the other harvest trecatments produced~Similar results (table
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The cohtfol trqutmunt»combinationbwas highly correclated with those
‘treatmcnts producing similar groupings of the six genotypes. The
cofrclatiou values with harvest treatnient 2 were of intcrmediate value
and those wfﬁh harvest treatment 3'wer0'nonsignificant for each of the
four yicld measures.
From table 43, each‘of the yicld measures, drying and
moisture adjustment; and their interactiog term‘haﬁ_a significant
influencé on yiela values. Wet weight values were siggificaétly higher
than dry weights, as would be expected (table 43). Unadjusfcd weights
were significantly lower than adjusted weights ({(table 43). Of the
interaction means, weé, adjusted weights were the highest; wet,.
unadjusted values were intermediate; and the dry; upadﬁusted and dry,
adjusted wéights were low and indistinguishable.(table‘43).

aQ
1I. Maturity Asscssments

A. Maturity Measurcs
1. wheat
Five methods of measuring maturity, including three measures
currently employed, were comparcd. These measures were (1) days from
seeding to 35%mcwb, the control method, (2) days from seeding to heading,
(3) field rating, (4) Delmﬂorst G-6¢ reading of moisture'content, and
(5) days from secding to sWathing ripeness.
Highly significant differences among the seven wheat genoﬁypes

were found for each of the five measures of maturity (table 44). However

for cach measure a different ranking of the wheat genotypes, based upon

)
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Table: 43 Drying x Moisture Adjustment Interaction Means {averaged
over ggnotyposﬁ harvest treatments and replicates) for
Yield (g/2.3 m“) from the Barley Harvesting Mcthodology

' Test R
Moisture " Drying Mean
Adjustment ——--msomomo—es oo
Wet Weigh®. Dry Weight
Unadjusted 1
Weight 1093 b 871 c 982
_Adjusted
Weight 1201 a 867 c 1034 .
°  -Mean 1147 869 1008

1 Means followed by the same letter are not significantly
different at the 5% level of significance by Duncan's Multiple
Range test :
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buncan's Maltiple Range valuaes, oo prodaced (tab e A5,

Corvelation: Lhetween the five meanures of matority are
given in table 6. Days (rom sceeding to swathing ripencss gave the
highest, and ly-lnﬂu)rnt G-0e veading gave the lTowest correlations with
the control method. "The measures ficld rating of relative matuiity
demonstrated igs highoest correlation with day: tronm wnvdinq to heading.
The Delnborst G-6e reading was more hightly correlated with days trom
seeding to swathing ripeness LI}AH‘(Uly other variable,

A sccond test of the Delmhorst G-06c moisture meter was made
in conjunction with standard alr-oven moisture detorninat ir;n:;. Correlation
between the two sets of moisture content determinations was highly

i -
significant (rxy:0.0BG, n=174). Howgver, comparison of the mean values
from the two sets of determinations u;%ng a t-test showed the means to
Bé highly significantly differentr (t=4.45, n=174).
Although it appears that moisture meter readings may be

.

adbquete for obtaining objective relative assessments of maturity, it

. “ .
<

must also be possible to reliably distinguish among experimental lines
according to maturity. Figure 4 presents the dryinq.curvos for each
of the seven wheat cultivars, as well as the resultséof analysis of
vafiance testing at eacﬁ sampling date. Highly significant differences
among the genotypes could be detected at the carly sampling dates;'
during maturation and ripening:\ As most of the cultivars approached
equilibrium with the atmospheric moisture differences among their means
became very small and for some sampling datés nonsignificant. From graph
4 , it is clear that the late cultivars, Glenlea and Pitic 62, have the
highest moisture contents, and Park, the earliest genotype, the lowest

values at any given sampling date prior to the attainment of physiological

o
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Moiar Duare from Layo from 1014 Uelrhiores
Moosare Heesdlng to T Al Lo Pating G-Cc

Days from Leacding 0.20
to Heaoing

Ficld kating ] -0.777 -0.875

Delitiorst C-Cco 0.66Y9 0.510 -0.527
ye from Cecding 0.892 0.825 -0.799 0.707
: 1

211 values sigrnificant at the 1% lewvel of significance
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maturity of the cultivars. The remaining genotypes generally \QZifl
v
indistinguishable intermediate valuces. This broad classification of

. rl

. R . . . : - > .

the seven genolypes into carly, irftermediate and Jate maturity 1s
consistémt with the ordering of the cultivars for days to 35.mcwb.
At the earliest sampling dates, thosc prior to 101 days from sceding,

however, the moisture content of Park was indistinguishable from some of

~

those of intermediate maturity, like leepawa and 704M110001. At the
sampling date, 104 days from secding, @ good relichle assesoment of
relative maturities of the sceven cultivars was obtained. This suggests
that sampling experimental limes of a range of maturitics for moisture
content on one date is possible. Very ecarly sampling of the lines is
'’ .

not as desireable as later sampling. Sampling when the earliest cultivar
has reached physiological maturity appears to be a suitable time for
assescing relative maturitics on the basis of moisture content. When
sampling is done later in the growing scason, differences amony the
cultivars become nonsignif@cant and the ordering of the genotypes is .

a \
altered. For cxample, at 130 days from sceding, highly XNignificant

differences could be found among genotypes for moisture content, but
. . | T

)
Glenlea had the highest and Pitic 62 the lowest va

Cx

o
five genotypes had similar, nondistirict mean values, different from

eithcf Glenlea or Pitic 62. The relat?ig maturities of the genotypps
gt thi§ date would be inaccurate and misleading.
2. Barley
'The:procedures used for maturity assessments in barley were
very similar to those ewployed in the wheat experiment. Highly
significant diffcrénccs among the six genotypes were found for four of

-

the five measurcs of maturity (table 47). .Days from geeding to swathing
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Table: 47 Analysis of ”ar;anff Table for Four Hatuxlty Charactrrs of
' the Barley Maturity Assessment “Test
T T o . 2 Y T A
Variaticmn of Days to Days to Fie-ld o lmhorst
Frecdom 35% mcewb Heading Rating keading
_________ /;-____-____~_____________________-____________________________
Replicate -3 T 0.7 0.1 0.8 7.0
. 1 ° . .
Genotyjn: ‘ 5 10.0 ** 26.6 ** 28.5 ** 30.6 **
g

t-% 1

' - . » . o - . . -1 .o -
** indicates significance at the 1% level of significance



was not subjected to analysis of variance because no variation in the
gonotypes wal recorded over the four replicates. 011i was consistently
v . .

the carliest cultivat and Galt and Jubilee the latest cultivars. The

regaining throe genotypes were of intermediate maturity (teble 48) .
Howaver, specific groupings based upon Duncan's Multiple Range values

of the six cultivars differed “for cach maturity mcasure (table 48).

None of thie alternate measurcs were able to reproduce the grouping of the

control measure, days from -secding to 35imcwb. The simple correlations

between the five sets of maturity detcerminations are given in table 49 .
" Ficld rating gave the highest correclation value with days‘from secding

- to 35umewb, and Delmhorst G-6¢ reading, the lowest. Correlation valuces

between the control method and days from seeding to heading, and days
from seeding to swathing ripeness werc also high. The fiecld rating
acgessments were more closcly corrclated with days to swathing ripeness

than days to heading, in contrast to the results in the wheat test. The

"Delmhorst G~06L reading cxhibited its highest correlation with days from

sceding to swathing ripeness also.

o

In a second test of the Delmhorst G-6c moisture meter,
: 7 ‘

moisture contents from the diclectric meter were compared to standard
air-oven dcterminations made on the same samples of grain using simple
. o ~ .

correlation and a t-test: A highly significant correlation bctween the
Delmhorst G-6c readings and standard ‘moisture content values was found.
(rxy=0.928, n=213). Parallel to the results from wheat, highly
significant differences were displayed between the mean values of the
two measurces of moisture content (t=7.88, n=213). The standard

moisture content determinations had a mcan value substantially greater

than the mean of the Delmhorst G-6c readings.

4
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Table: 49

Maturity Days fron

Paramcter ] . Seeding to
“ s ' 359 mowbh

- . . 1

Days frof Secding 0.816

to Heading

Field Rating . -0.824

Dolmhorst G-6¢ 0.637

Rerading

Days from Sceding " . 0.810¢

to Swathing Kipeness

Ficld
Rating

Days from
Seeding to
Headlng

-0.828
0.651 -0.721
0.940 -0.863

Simple Correlation Corfficicents between Five Maturity Pararmeters
neasurcd in bBarley (n—id) )

. Delnhigrst

G-6¢
Reading

0.691

All valurs significant .at the 1%

level of significance

179
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The céncgrn of wgbn sampling of thg genotypes for
. ‘ > |
moisture content can be conducted with the condition thuat relative
assessments of maturity bé reliable and consistent with expectations is
important to the applicability of this method of maturity as;esémcnt.
. o _ e

Figure 5 illustrates the drying curves of ‘ecach of the §ix barley = "¢
cultivqrs and the results of Pnalysis of variance at cach sampling
date. Significant»differencqs among the gonétypiC'means digappear when
most of the cuitivars have completed ripening. Only in the rangce of
about 52%mcwb to 187mcwb (éverage éf all cultivars and replicapcs)
could significant differences for moisture cgntong.be aetecteabamong the
six éultivars. For the earliest and the later dates in which
significant differences could be found, the genotypes could not be
classified into garly, intermedigte and late maturity clasées,consistent
with‘expectatibns of what is known of thesc six cultivars. Sampling when’
the carliest génotypo has achiéved_physioiogical maturity can be

recommended as a suitable time for assessing relative maturities

using moisture content values. A similar result was found in wheat.

E. Drying Curves
W
1. Wheat

A study of the,nature of the dryiné curves of five wheat’
cultivars and two experimental lines was initiated. The basis for the
analysis &és the model of d;ying in cerealwgrdins proposed by Meredith
and Jenkins (1975). These authors suéqestcd th%t the drying process.
was basically an active physiolbgical procesé whereby metabolic moisture
is removed froﬁ the caryopsis. .Environmentaliy adaed moisture, the

. ;o o .
authors suggested, is removed passively by evaporation.
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The first step of the analysis of the drying curves was the
' hove g
description of the baSjc.undnrlying drying rate. A regression analysis
}apprOdch, rclating;moisture contents to days from sceding was utilized
Several models were tested (table 50). These included simple linear
regression, polyno%idi rcqression and multiple Fegfession nodels. Both
wet and dry basod.moisture contents were tested and comparcd. In‘addition,
reCJprécal transformations of both %mcwb and %mudﬁ values were ahalyzed
in an attempt to remove a curvilincar trend from the: data points (onal .
and Rohlf, 1965). |
| The inibial analysis was conducted on the full .set of data
.points, including moistpré conten?s of all seven genbtypes and all four
réplicates. Table 50 lists the results from the overall'régression
analyses. A significant amount Qf‘the variatioﬁ from the mecan could be
explained be the regxéssion in all cases tested. From table 50, a
(ﬂglgnlflcant llEk of fit (Draper and Smith, 1966) was demonstrated for
each analySLS of‘the data/ It is assumed that dCVLdtlonC from the__- '
fitted regression éurves were due pfincipally tb enviropmentally added .
moisture. }n a later ction( deviations from the estimated drying
curves are_;elated to fluctuations in variQus weather paramcters, thereby,
formalizing the influence{of weather upon the drying process. Using
the value percent variafion explained, £pé smcwb énd smcdb data could)
be, fitted with either a polynomial or a multiple regression model
. 7 \ | .
equally well. Simple regression models gave a poor fit of the data.
Little improvement of fit was obtained over the sihple linear regression
analysis be applying the multiple regression procedﬁre to the reciprocally

transformed data sets.: Only for the simple regression analysis did the

usé of reciprocal valucs improve the fit over the use of the

3
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nontrans formed data points, Bucause the multiple regression approach

) -
supplius some means Qf quantifying various aspcct* of "the drying cyrve
2

in a meaningful biological mannexr, unlike the polynomigl regression, the+
former was used to continuec analysis and comﬁSrisons of the drying cuwrves
of the seven wﬁeat genotypes.

RS A second consideration was thn type of moisture value to be
used for analysis. Values cxpressed on a dry weight basis wérc
selected over those expresseamon a wet weight basis for two reasons. The
. fit for the overall data analysis using the multiple regression model
was slightly superior using the smcdb data set. Expression of moisture
contents on a dry’weight basis 1is more sqund theoretically when relating
chénges in the probortion ofrmoisture in\the‘kernels. Moisture contents
expressed on a Qet’Qeighf basis are more common in commerce than research.

d Multiple %egression falysis waa applied to moisture contents

collected for cach genotypé. A good fitvwas found for each of the five
cultivars and two experimehtal lines (table 51, and figures 6, 7, 8, 9, 10,
11 and 12 ). -In all seven cases a highly significant mean'square due to
regression was found. The percent variation explaingd was greater than

90% for all genotypes."Comparison of the regression coefficients by

analysis of variance and Duncan's Multiple Range test indicated

highly significant differences could be detected among the seven genotypes:

The two latest cultivars, Glenlea and‘PitiC 62, had the highest bO values;
whilc,'Park, the earliest cultivar had  the lowest mean b0 value. This
suggests that park had experienced the: most drying, and Pitic 62 and
Glenlea the least drying at the initiation of sampliné.

Significapt differences in the rate of drying, as quantified

by the bl regression coefficient, were detected. The latest cultivar,
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s / :
Pitic 62 exhibited the fastest drfjng rate. anﬁqwa, a cultivar of
intermediate maturity, had the 5_:3.‘0\1:1::3?; drying rate. The dryinQ rates
of Fark, Horquay and. 'lU!i_fi']U()Ol were also 10w and ind‘j stinguishable from
that of HNeepawa (tahle 51).

The slope of the sccond line, as rcpru;cntedjby‘bz, was
small, negative and significant for cach gonotype, contrary to
expectations (table 51). The genotypes conti‘nuod t,;O jose molsture at

2

' : :
a reduced role after the initial drying period was completead.

z

The final regression cocfficient, b3, describes the position

of the two lines relative to one another. The mean b. values separated

3

into two distinét groups. For the two late cultivars, the b3 values

differed significantly from zero., The remainirng five genotypes fell

into a second group, characterized by b3 values nonsignificantly different

T~

. - R 3 ) . .
from zero. The two Jate cultivars switched from the first to the .C:»ec?)‘;"(’{'ﬂ
drying rate much later than the other five genotypes (table 51):

The sccond part of thec analysis of drying curves was to

develop a method of describing the influence of various weather paramcters

upon the nature of the drying curves. A rcgrossi?n analysis approach’ was
also used for "this section of the analysis. In keeping with the modcl of

Meredith and Jenkins (1975¥, ﬁhe,foSiduals or variation unexplained by
"lﬂ'-> ‘

regression on time, were used for this purpose. Both simple and multiple
' ' t s
regressions were erployed to relate deviations from the dry;né/curves to

various weather parametexrs for each cultivar.

Prior to running the regression analyses, simple correlations

-

-

N s ,/ .
between the weather parameters and thc/ovtrall tmcdb residuals were

obtained (table 52). rrom this sct of variables, ten parameters showing

¥ .
the highest correlation values with the residuals were sclected: These

143



Table:

52 Simple Corrclations

Between Sceveral Weather Parameters

7 and that Drying Curve Residuals (n=504)
1 ) \
————k~£73 ------------------ S it
weather Days from Sampling
Parameter SR L B LD bietebdet it
0 ) -1 -2 -3 -4 -5
DGD ~0.153 **°—0.204 ** O.QOl *0.170 ** QO.OGl 0.039
MXT EO.224 *% _0.278 ** -0.116 ** 0.241 ** 0.112 ; 0.021
MNT -0.0 -0.024 §.134 **- 0.016 -0.017 -0.031
GRS 0. 006 0.037 0.120 ** -0.041 -0.116 ** —6.138 *
pEW  -0.093 + _0.156 % 0.208 ** 0.076 0.0'73 C-0.172 **
) “RH 0.021 0.177 ** 0.287 **A-O.157 *x -0.076 -0.204 **
PPT ~0.171 ** VO.434 % - (0.312 ** 0.040 -0.245 ** —0.173 **
“pwg  -0.035 0.208 ** 0.125 ** -0.100 * =-0.325 ** -0.069 __
WSA -0.012 0.0i1 -0.022 -0.027 -0.024 -0,012
MXW -0.121 ** -0.320 ** -0.072 0.151 ** 0.107 ;b 0.018
MNW -0.096 * LO.O93 * ~0.050 0.149 **  0.089 * 0.033
EVD 0.100 * -0.377 ** -0.199 ** 0.063 0.189 ** 0.096*
COs 0.143 ** -0.396 ** —07084 -0.130 ** 0.115 ** 0.060
LGL 0.014 -0.419 ** -0.233 ** -0.062 0.059 0.095 *
BRS 0.094 * -0.395 ** -0.247 ** -0.057 0.139 ** 0,122 **
1 *, ** indicate significance at>the 5% and 1% levels of significance

respectively
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variables are:
1. precipitation at -1 days () pPpI-1
2. solar radiation at- =1 days (1gl) 1LGL-1
3. cloud cover rating at -1 days cos-1
4. bright sunéhine at -1 days (h) _BRS—l
5. evaporation at -1 days (in)  EVP=-1
6. dailf wind run at -4 days (@ilcs) DWS—4
7. maximum wind speed at -1 days (niles/h) MXW-1
8. precipitation at -2 days (mm) Sﬁ{—Z
9. daily wind run at -1 days (miics) s\i\{;)ws—-l
10. relative humidity at ~2 days (%) R§Y2
)
. % . . .
All ten variables werc highly significantly correlated with tﬁc
residuals. As might bc-expccted, v;riables from the day prjor'to
samplinq‘@omonstrdtcd the closest correlations with the fesidgals; Thé
residuals for cach genotype werc sorted according to an ascending order
of nine of the ten variables, with the exception of cloud cover rating.

This variable, becausc it existed in only bivariate form, proved unsuited
! ’

1

for regression analysis.
| Simple rogressions.betwecn-the sorted residuals for each

cultivar andlégéh weather paramcter were made. Table 53 lists the‘

results of the three best fitting regressions for each cultivar. For

most genotypes the variables precipitation at -1 days and‘solar

radia£ion at -1 days provided the best fitting simple regressions for the

residuals. However, usc of onc weather parameter -does not fully

describe fluctuations in the residuals as evidenced by significant lack

of fit values and jow values of percent variation explained.



. ‘
Table: 53 Summary of Simple Linear Reqression Analys
. seven Whueat Genotypcu

Drying Curve Residuals for

Regression
Cocfficient

Genotype Weather
Paramcter

- ——_— e o . ———

._._._.-—...._—-._...—..._.._,—_.._.-._.-._._._._—...___.._.__.__.-.-._._....-__._.__.-_.__.._._...___._—-.____.___.__.____._

——.._—._—___.~_..__.—......_...-.-.——._.-—-__..._...-..._....—._..—..._.-.-._.___....-.._.____._...__._.....__.._._.._.._..____

b, by
Park PPT-1 ~2.00 1.97 **7
LGL-1 . 15.77 -0.001 **
EVP-1 10.11 ~10.49 **
Neepawa _ LGL1 17.79 -0.002 **
“PPT-1 ~2.06 2.02 **
DWS-4 7.94 -0.12 **
Norquay LGL~-1 - 18.35 ~0.002 **
PPT-1 -2.11 2.08 **
DWS-4 8.29 -0.13 **
Glenlea PPT-1 -2.12 2.08 *f
BRS-1 9.02 ~1.10 **
LéL—l 15.59 -0.001 **
pitic 62 PPT-1 =-2.21 . 2.18 **
LGL-1 18.07 ~0.002 **
BRS-1 10.08 -1.22 **
70M009002 PPT-1 -2.14 2.10 **
EVP-1 11.11  -11.53 **
BRS-1 9.37 -1.14 **
704110001 LGL-1 16.79 -0.002 **
PPT-1 -1.95 1.92 **
BRS-1 9.05 -1.10 **

1 Mean Squares due to Lack of Fit

Square

Regression

1386.

1214

**

* *

* *

*%

* %

* %

* %

* %

* Square
or

* %

* *

* X

**

* %

* K

* %

s of the

variation
Explained

(%)

2 *, ** indicate significance at the 5% and 1% levels of significance

respectively
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Multiple regression analysis was used to relate the

variation of the residuals generated from.the drying curves (based upon
< e

¢mcdb values) of cach genotype to the fluctuations of several weather

parameters. simple correlgtions among the weather paramceters were

calculated (table 54).  Most of the pailrs.of paramcters were highly

significantly corrclated. From thi

s table, groups of uncorrelated

‘paramcters wore. selccted (Draper and Smith, 1966). Four such groups

were chosen. They are (1) RH-2, DWS-4 and LGL-1, (2) RI-2, MXwW-1, DWS~-4

and Cos-1, {3) pws-1, DWsS-4 and COS

-1, and (4) EVP-1, Rn-2 and DWS-4.

Table 55 lists the Titted regression equations and their associated

mean scquare and percentage variation explained values for each of the

1

seven genoﬁypes. For most equatibn
paramcters entered were selected.
highly significant’ amount of the va
explained by the given relations.
variables showed that cquations gen

RII-2, DWS-4 and LGL-1, explained th

s one to three of the three or fouf
For cach multiple regression, a
riation of the residuals could be
Comparison of thevfour'sets of
erated from the first set, including

e greatest percentage of the variation

for each of the scven cultivars. The perccntages of . :tion

explained by the use of mq}tiple re
1.

improvement over those obtained pre
53 and 55) in most cases. The perc
use of multiple régression analysis
werc less than 50%. It should also
equations, except those concerning .
a highly significant lack of fit.

2. Barley

Analysis of the nature

gression equations xhibited a slight
viously wi£h simple regression (tables «
entage of variation explained by the
was not substantial; most values

be noted that all mgltiple regression

the rosiduals of 70M009002 displayed

of the barley drying curves was’

*

wﬁfi

Y

R
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Table: 55 Summary of Multiple Regreasion Analyues of Drying Curve Residuals
for Seven Wheat Genotypes .

Toenotype T Regression Fquation T Moan Weanl  Variation "
. : Square Square Explained
‘«f Regression 10F . (v)
park Y- 1.70 s0.18 Ri-2 -0.000 LGl T T 63 o 404
Y= 18.63 -0.70 MXW-1 ~0.07 DWS-4 ’ 688 ** 70,) LA 44.7
b Y -l.<6 +0.09 DWS-1 -0.06 DWS:4 ' 584 %+ B4 =+ 37.9
Y= 12.84 -9.42 EVP-1 -0.06 DWS-4 692 ** T 70 2 44.9
TR e o oM —0.07 WS4 0.001 LGL-1  ®46 e+ 143 e 462
Y= -3,74 +0.16 RH-2 -0.08. DWS-4 -6.67 COS-1 745 ** ];:\5 b 40.1 b
. Y-\ 9.75 -0.09 DVSr—d -6,9’5 C0s-1 1015 bhd 167 ** -37.1
Ye 13.86 -7.23 EVP-1 -0.11 DWS-4 ‘ 884’" 185 ** 32‘.2
Norqua¥ st Y 5.09 +0.20 RH-2 -0-.-;8' DWS+<4 -0.001 ;;;/:;‘--_ 897 w+ 114 ** ;;:3 -
Y= 18.43 -0.46 MXW-1 -0.10 DWS-4 -5.08 COS-1 829 *¢* 159 L 47.4 :
Y= 6.02 -0.05 DWS-1 —0..09 DWS-4 -5.63 COS-1 ?86 bl . 138 *+ - 45.0
Y= 15.24 -ef?'EVp-ﬂ; i.—\o‘;‘;n DHS-4 - ’ 1037 #4148 4t 395
Glenlea Y= -5.95 +0.27 RH-2 =B.001 LGI-1 915 ** 144 *0 36.9
¥==13.85 +0.23 RH-2 -7.20 C0S-1 805+ 159 ** 32.4 .
Y= 4.49 -8.08 CO0S-1 ) 1160 *# 177 ** 23.4
Y= 12.29 -8.98 EVP-1 -0.06 D¥S-4 : 634 *o 181 ** 25.6
% Pitic 62 Y= -2.76 +0.29 RA-2 _‘;—0.06 DWS—.C---Q.Ool LGL-1 284 bl 159 ** 41.; -----
Y= -9.69 +0.24 RH-2 -0.06 DNS-4 -8.61 C0S-1 1022 ** 151 * 43.5
” ) Y= 10.47 -0.08 DWS-4 ~9.02 C05-1 1314 ¢ 170 #* 37.3
Y= 16.06 -9.67 EWP-1 -0.10 DWS-4 - mis e 170 e
79"009002 Y= "-3.74 +0.25 RH-2 -0,001 wL—J - 920 o 59 37.1
Ye =3.31 40,19 RE-2 -0.39 MV-1 -5.28 C0S-1 7 549 e 77 33.2
r= 4.2 -7.67 C0OS-1 _ 1046, %* 105 *+ _ 21.1
- Y= 13.73-10.51 KVP-1 =-0.06 DWS-4 797 ¢ 75 2.1
70M110001 Y= -0.69 +0.22 RH-2 -0.001 LGL-I 899 ** 85 ** 43.0 -" N
“ Ye -9.40 +0.18 RE-3 -7.69 C0S-1 - 753 e 105 ** 36.0 “
I= 7.71-0.06 DWS-4 -7.11 COS-1 ] | 749 %t 108 *x .8

Y= 13.59 -9.43 EVP-1 -0.07 DW5-4 775 ** 102 ** 37.0 r

-

N . 1 Mean Squares due to. Lack of Fit

2 ** indicates significance at the s level of significance

»
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separated into two parts, The first section was concernédiLQh fitting’

curves to the data.‘ The second part dealt with the influence. of various

weather parameters upon fluctuations about the drying curves. Three

°

types of rcgreSSLOn models were flttcd to data of all six cultlvars in,
three rcpllfates for an overall rcgr055lon analysis (table 56). The

three m&Qels employcdywere the simple regression, polynomlal regrgssion
.

and multiple regression’ models. Two types of transformations of the data

were tested.in an attempt to improve the fit of the daﬁa to, the modéls.

Percent mo\sture content values expressed on a dry weight basis was one
transformat/ion, and converted to reciprocal values was the second

transfgfmation utilized. _ Y

The simple régression model‘provided only a poor fit of the

data in each of the four cases tested (table 56). Also. the amourt of

¢

variation explained in -each case was considerablyhless,than‘that found

"in thc wheat gxperiment (table 51). The réciprocal,transfosﬁation was

not ablc to improye the‘lidg%rity of the data as evidenced by the values
\

of percent variation expldined. Better fits of the data were obtained

uéing either the polynomial or the multiple regression models in the

analysis. For the reciprocally transformed values the use of the multiple

' regréssion model enhanced the fit of the data only slightly over that

found for the simple regression analysis. The reciprocally transformed
data sets demonstrated the pooresf fits of the alternatives tested. The
percent variation explained by the polynomial and multiple regression

models was very similar. For %mcdb values, the multiple regression

model was able to explain a slightly greater percentage of the variation

than the polynqpiql.model. ror ' the %mcwb data set, the reverse was true.
AR ‘ , v ‘

-

£ the ten combinations of three models and twp types of transformations,

e
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%
the applicatioﬁ of tHe multiple regression model to the tmedd data set
exFibited thc best fit in terms of percent variation explained.

o ¢ Using this model and %mcdb data sets, the analysis of

each of the six barley cutivars was conducted. Table 57 lists the

regression coefficients and values describing each analysis. For

each genotypc, a significant variance dé
" percent variation explained yalues WGre'»\\fvy Lhigh, although somewhat
. , N K ” N .

;fylower than those found in wheat. The value for Jubilee, 78.7% variation

- . . , N
. explained, was the lowest percentage recorded. A significant lack of fit

4

was encountcred. for each regréssion analysis (figures 13, 14, 15, 16, 17, 18).
Multiple regression analysié of each cultivar in each
replicate was run and analysis of variance conducted on the resultant

regression coefficients. Differences in manner of drying among. the six

Y

genotypes were tested using Duncan's Multiple Range test to compare
regression coefficients (table 7). Differences among the cultivar means

were significant at the 5% and 1% levels of significance for the bO
L]

and b2 regression coefficients. respectively. No significant diffefénceé

could be detected among the cultivar means for the bl and b3 coefficients.

.

According the the bolvalues) the cultivars can be grouped into three
overlapping classés. OQlli and Gateway 63 had the lowest, and Galt the

highest b, values. Ordering of the cultivars by b2 values producéd three

6]

g

distinct groups. 011i, the earliest. genotype, gave the highest b2 value,

a value’ not significantly different from zero. The cultivars Gateway 63,

Conquést and Bonanza produced siopes of the second line, -as characterized

¢
J -

by b2, of intermediate value, The latest genotypes, Galt and Jubilee,

gave rise to the largest slopes of the second likhe. In both cases, these

-

i

slppés were highly significantly different from zero. "o
} _

»
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» 0,
The initial step of quantifying thc‘inf]ucnce of the weather
"upon drying was govchoosc a subset of variables wi£h which%%; work.
Simple correlations between the residuals generated fro#LU\e fitﬁing of
the tmcdb values with the multiple reqgression model and several
weather paramotcrs were calculated (table 58). Many of the wea£her
paramcters exhibited significanf corrclation with the rcsiduais (54 of
90). Of these parameters . ten demonstrating. the Highest correlation
values wérc selected. The chosen weather parameters were:

1. evaporation at -1 days (in)  EVP-l

2. relative humidity at -1 days (%) RH-1

3. bright sunshinevat -5 days (h) BRS~5

4. solar rgdiation at -2 days (lgl) LGL~2

5. solar radiation at -5 days (lgl) LGL-5

6. bright sunshine at -2 days (h)' BRS-2

7. relative humidity at -2 days (%) RH-2

8, precipitation at -1 days (mm) PPT-1 -

9. solar radiation at -3 days (1gl) LGL-3

10. daily wind run at -0 days (miles) DWS-0

Simple regressioE analysis was utilized to rclate changes o

in each of these ten weather parameters to flucﬁuations in the residuals
of each of the six cultivars tested in this experiment. Table 59 lists
the regression cocffigients for the three best fitting regreésions for
each cultivar. Evaporation was able to explain relatively highy'
proportion of the variation in the residuals for four of the si#

cultivars. For Galt and Jubilee, the late genotypes, the measure of

‘

solar radiation, hours of bright sunshine five days prior to sampling was



Table

‘Weath
Parame

o — " Tt S . 4t S vy, S o S T g - Ty PR v o 4 T et oy T e b S e o S G S e A R S e e e e

MNT
GRS
DEW
RH

PRT

:DWS

WSA

: 58. Simple Correlations Between Several Weather Parameters
’ and Barlcy Drying Curve Residuals

er

QY = r e e e e e e e e e S e S e e

0.169

0.152
0.161
0.190
0.305
0.084
~-0.306

-0.380

0. 205
0.194
0.176
0.213
0.129

0.336

* %

* %

*x

* %

* %

* %k

* %

* %

* %

-0,183 **

0.206 **
0.579 **
0.452 **

-0.047
0.014

~0.152 **
0.104

~0.590 **

-0.323 **

~0.174 **

-0.282 **

~0.229

0.359

0.378

0.363

0.494

0.307

~0.031

0.015

-0.248

0.015

~0.096

-0.294
-0.552

-0.521

¥

* %

* X

* %

* %

**

**

LEd

*x

*

* %

L0473

.021

. 066

.103

.182

.203

»,

.095
.016
.031
.220
.245
.196
:426

244

(n=3006)

* %

* %

* %

* X

* %k

.131
.193
.093
.313
.294
.062
.141
.019
.042
.012
.152
.128
.009

.014

**

**

* %

*

1 *,** indicate significance at the 5% and 1% levels of

respectively

.121
.187
.015
.212
.195
.133
.025
.297
059
.223
.339
.523

.555

—— s

* K

* %

* %

* %

L

* %

* &k

* %

* %

significance
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Tabic:ﬁ59 SunuR qimplc Linear Roqrcsﬁfoﬂﬁfgﬁﬁygﬁé‘of the .
; Dry¥ Rugaduils for Six é@ﬁ;b;&c)hkgyéps A )
Tomouyne  weather | Rearession  Mear fiiation
CParameter Cooff1c1ent“ Squarp‘?w Sa Plﬁmfﬁd s
————————————————————— Regression . D voos)
________________________ T S
olii pPPT-1 © =3.59 296 *x2 7 2571 *,
EVP-1 16.45 ~ -16.96 ** 2193 ** !
LGL-2 14.29 ~0.001 ** 1318 **
T e s Tanier e syt
RH-1 ¥-43.02 0.58 ** 3354 **
BRS-5 13.42 ~1.59 ** 2781 ** 254 ** 38.3
"E;;;L;;Z""';9511’"'—Eéféé_’—_359f6;~11’_'_2555_11—"'555'11"_"EETS"'_
" LGL~2 28.10 -0.002 ** 5099 ** 293 ** 50.3
RH-1 ~52.48 0.71 ** 499] ** 293 ** 49.3
ey ariee er | seea e 01 525
LGL-2 28.59 -0.003 ** 5279 ** 366 ** 46.5.r
RH-1 ~-53.46 0.73 ** 5180 ** 334 ** 45.6
T s e mies ax 438, 4% 496
LGL-5 40.43 -0.003 ** 7308 ** 496 ** 44.3
RH-1 -60.76 0.83 ** 6690 ** 492 ** 4076}
T aiel ex sert a+ 502+ s21l
16L-5 40.50 -0.003 ** 7334 ** 591 **  44.0
RH-1 -59.99 0.82 ** 6523 ** 556 ** 39.2
1 Mean Squares due to Lack of Fit
2 *, ** indicate significance at the 5% and 1% levels of significance

respectively
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N
most effective in explaining deviations in the residuals.  This
. relationshipaugy be spurious as it was not expected,

The mean squarce valuc for regression was significant in

all cases, and highly significant in most cases. Value of pernooat

variation cxplained were fairly high (tuble 5%a§‘ The highest, 54.2%,
! k i '

came from the regression of 0l11i's residuals on the PPT-1 values. Thus

: i )
although a substanﬁgal amount of tgs variation in the varietal
L J

»

residuals may be expléincd by régreSSion upon weather parameters taken
individually, there remained a considerablc_poftion of the vaiance
unexplained. Significant mean’ square values for lack of fit for most
of the regressions confirmed this observation. Thé re n of Olli
icsiéuals on PPT-1 was ‘the oné éiceptiqn,displayingha noM¥ignificant »
4 lack of fit, s
In order to.improve the fit of the residuals 9r reduce the

unaxplained variation, multiple regression was used. The influence of

N

several weather parameters acting in concert upon the residuals was .
tesé%é. Four different subsets of uncorrelated weather variables were

sclected for the multiple regression analysis. These sets of variables
. . . 4

o
Jincluded gl) EVP-1, RH-2, IGL-3 and LGL-5, (2) pPT-1, RH-2, LGL-3 and

L)

BRS-5, (3) DWs-0, PPT-1, LGL~3 and LGL-5, and (4) DWS-0, RH-1, LGL-3 and -

#

fBRS—S. Table 60 lists the simple correlation values for all pairs of the

¥

v

"+ - ‘ten weather paramecters.. Bascll upon these values, the above scts of variables
. t

£

weré seledted.
W E B Four multiple regression analyses for the residuals of
< .+ each cultivar were-conducted; each analysis employing a different subset
—~ , o

.of variables. The results of the analysis®are presented in table 61.

;,' In all 24 cases, the mean square due to regression was highly
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-of Six Barley Genotypes

B4

Table:J 61 Summary of Muléipfé Regression Analyses of the ‘Drying Curve Residuals

o

} Genotype_—- ~ —.~- Kegression Equatxon Mean Heanl Variati;;-
5 : A < . ' Square Square . Explaingd
Regression LOF (%)
Tomi . 1e 25.71 -16.58 EVP-1 -0.001 LGL-3 ' o1 o2 0 so.7
Y- 8.67 +2.98 PPT-1. -0,001 LGL-3 1457 4 24 61.5
Y= 8.67 +2.98 PPI-1 -0.001 IGL-3 1457 ** :24 1.5
’ ‘ Y"":26'.94‘ +0.37 FRE‘-I; ) ‘ 1315 *+ 129 *+ 2‘7.8
Gateway 63 Y= 51.90 17.72 EVP-1 -0.002 LGL-3 -0.001 LGL-5 1861 s 7% 76.8
Yo 20.13 +2.5¢ PPT-1  -0.002 LGL-3 v'-l;éo“éRS-.s 1857 4% 78 % 76.6
© | Ya37.92 +2.49 PPl -0.002 IGL-3 -0.001 LGl 1748 s 198 Fa2i2
Y- -4.03 +0.43 RH-1 -0.002 LGL-3 -0.85 BRS-5 1718 ;r”" 1fge ex:;éga
-Conqﬁesr. Y= 43.46 -19.;; EVP-1 +0.19 RH-2. --0.002 LGL-3.- o T
: v .=b.00Y LGL-5 o I R 2176 ** 66 *+  B5.9
. Y- 34,64 +3.19 '.PPZf—ZI -0.002 LGL-3 -1.41 BRS-S- . 2734 . fv1pd o 8.0
: e ;446:,}75 +3.09 PPT-1 -0.002 LGL-3 -0.002 LGL-5 2707 %% 106 *t 0.2 -
' I= -6.53. 0. 53 RA-1 -0.002 LeL-3 0,98 RES-5 /'2_497 se G4+ 74.0. '
" ponanza Y= 46.65 -19.82 EVP-1 +o 21 RH-z, -0.002, LGL-3 _ : e
o -0.001 IGL-6 : o aarsan 72e 812
B Y= 39.41 +3.32 PPT:1 -0.002 IGL-3 -1.49 ERS-5 = 3169 *% 97 s+ - 83.8
Y= sé;oa 43,22 PP_I'.J —o.%os LGL-3. -0.002 BRS-5' 325+ 107+ 82.6
R i- 0.75 v0.52 RE-Jt -0.002 1GI-3 -1.08 BRS-5  2824.8% 5177 STR B
Gare “&-,&gﬁt 6. é Ew:i‘ 4§.003 LGL-3 -0.002 i Cmrs e 17w T2.4 ¥
: . b o i : .
7= 49.24 +1:89 Pﬂ'— ,-0.003 LGL-3 -2.30 BRS-5 3778 *¢ 263 *+ 8.7
- = 6340 . 74 PP7-1 -0.003 LGL-3 ~0.003 IGL-5 - 36‘4“4.,“ 294 *s . 663
Y= 7,73 +0.51 FE-F -o. ooz [CL-3 -1.78 BRS-5 =~ 4126 ** 183 *+ - 75.1
Jubilee Y= 95;51_-‘17v._9z:m-1, -o. -003 LGL-3 -0.002 LGL-5 T4zl e+ 260 *+ 76.9.
7_; | yi 52.67 +2.03 PPT-1 . -0.003 IGL-3 -z.‘u:a&_s-s‘ 4143 4% 290 e 4.6
r= 71.26; ;i:.’ei;%m-z '-0.003 LGL-3 -0.003 GFL-5 3897 ¢* 346 e 70.2
o Y= 13.85 +o.43_‘ RE-1 \;-_o._oo:i LGL-3 ~-1.87 BRS-5 . | 4365 ¢+ . 239 -: 78.6
:_1mn5qmzudu;coucxotue” | S
' '2 . Micatu s.lqniticanee at m 1 1m1 of uiqnifican@t
- iy " N T :" :
N ' IS v .\‘;.m ';/.\'ﬂ.‘..‘.‘)f
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significant. the percent variation explained values were greater. than

58 in all but one analysis; that case being the regression of Ol11li

!

residuals on data set 4. - Gencrally a substantially greater proportion
of the variation in the barley residuals was explained by fluctuations

in weather parameters than was possible for the wheat residuals,.

Significant lack of fit was found for most analyses.

. . . » . .
Nonsignificant lack of fit was found for three of four regression.analyses

inyol@ﬁhg 0l11i residuals.

.

[+]
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DISO?SSION

'I. Harvesting Methodology - o

N

&

.Accurate, reliable assessments‘of experimental lines are
eSSeutial td‘aﬁy productive breediné program. SelectiOn;cf'new'mater%alﬁ
must be based upon.characters_defining true agronomic and market
worth. Currently eméloyed metﬁods of testing and licensing new

cultivars‘appear to be Satisfactory in this respect (Briggs, 1976).

It is known that harvesting practices may lnfluence both yleld (Dodds,
RN

Koenig et a]., 1965) and guality (Koenlg et al., 1965 Dodds, 1967-
. Spiilahs, 1973), ﬁherefore'.any change in current harvestlng methods =
o 4 - ~ n.‘,:..<

: . el . . e
st be inmyroduged thn caution.

A. Wheat

’@\ﬁg The effects of ten harvesting treatments were'monitored
4

with the performance of seven well—characterized.genotypes. The
4 ’ '

~

-characters studled with the exception of tlllerlng and»dockage are

vcommonly assessed in both Utlllty and Hard Red Spring wheat breedlng

programs. Evaluation and selection of llnes for advancemeut thhlq '
breedlng‘programs are based upon these characters and characters not
subject to the lnfluence of harvestlng operatlons such, as maturlty

and disease'resistance.~ The characters tillering and dockage were

1nc1uded in the study in an attempt to. partlally characterize dlfferences

/

among the various harvesting treatments. The lnfluence of harvestlng

: ;ﬂ% operations on bread-making quality was not assessed in this study. It
ol : » : T

’e ’
) '

5 FR 167
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would be useful for hard red zpring wheat breeders-to conduct a
similar harvesting methsdology study. in which bread-making quality

paramcters were monitored, as the results in the literature are

O
Contradictory (5Scott et al., 1957; Spillane, 1973).

The genotypes were selected for this study as representative

of some of the widely divergent types found in breeding piifryms in
. . " \‘%ﬁ

Western Candda... The results from the cxperiment confirmed this

assessment of the seven genot;}es, Highly signifjcant differcnces among
genotypic means WV;éjfound for all Ehar;ctcrs-measﬁrcd except yield 6‘
(tables v6,‘ 7 aﬁd 85.> 1t is difficult‘to‘cxplain the léck OE significanﬁ
differences aﬁong‘the gén&typcs for yield as”past.résearcﬁ sugécsté that
’suéﬁj“’:’differé;'xces gxisi: ‘(Alb‘crta; Cer@ .and 'O'i,lséed'lxd\;isory Committece,
V197.v57;,.'.~Attiz:1aw, 1977, R : ' A »

Y

o Harvesting freatments had a significant influcnce‘upon all

e % v

B P 4 A . s -l , v .
of “the @haracﬁ@%ﬁ measured, including -yield (tables 6 ,-7 Qﬁ?d 13%.
B . . o : N B

B R S . : L T : . Gig !
No one of the ﬂinewgﬁxerpatqﬁharvest}ng treatments-E?oduced i sgme
\ o T W ¢ - e

‘mean value as the control or chvenfiffal harvest sy€tem for all of .the - | 3
ok C L cL . k :

characters studicd (table 13). o . L : ‘ -
- The earliest harvest treatment, swath and thresh one week . & Aatd

v

P

prior to physiologicél mafurity of the earliest genotype (treatment 2),

w

. o - ;- . L
displayed depressed value€ for several scharacters, including protein

content, germinative ability, seed weight and test weight. /The yield E;‘F’“
{ Q. ' L :
mean of tyeatment 2 was high and'likely inflated by high wet weights,

‘from harvesting immature grain. Treataqnt'2 produced the lowest‘yield

oL , ' ,
values of the ten harvesting treatments when the yield values were

j4expressed on-a drereighE basis (table 14). Several other researchers =~ !
. _d ) “ \ \ . . . .- .
have reported similar gesults (Dodds, 1967; Spillane, 1973).

¢ . -

5 i



The latest harvest treatment, trcatment 10, gave rise
both to very low test weights and 1low yieldsry Shattering of plumn, @
‘overrine kernels may have oaused toth'of tncse resnltsL Also kernel
~damage from threshing very dry, brittlekgﬁrnels.néy haVe‘aiso depressea
test weights (Dodds, 1974; Yamazaki and Briggle, 1969).
Treatments 8 and 9 were straight combining treatmenég
‘differiﬁg only in the type of plot used. Plots.used for treatment 9
were bordered by blank guard rows. It has been suggested that the '
separatlon of plots, ﬁ;ther with blank rows or nonheadlng w1n\Er wheat
.Inay facxlltate the Ldentlflcatlon and harvesting of plots w1th a combine
‘(Brrggs, 1976) . Therefore, treatment 9'was f,ft
to test the effects of plot type on harvf - .
assessnents/of gentoypes. ‘Eor most'charaﬁ
pro&n ‘Q}c‘:“ontent aW vig e ements 8'an
by Duncan'eruitipie- g : 24 (table 13). ’Theiaverage‘orotein content

= . . e § g N ’x’
for treatment 9 was?s gz cantly higher than that of harvest treatment

>
+ - Ca

8, iyd the average ylél - treatment 9" wa¥§ greater than that of 8.
Both of ‘these results may be attrlbuted to the increased tlllerlng of all
cultlvars with the treatment 9 plot type. UThe kernels from secondary

, tillers are often less plump and n*»mmature than main till'ers, and .

¢ BN

therefore,:they are more 1xkely to ‘#imje hlgher proteln contents. Thgs

-

plot type was found to haygﬁa SLinflcant lnfluence ‘on two of the more

¢

important characters to a Utility wheat breeding program.

,s.“ﬁgga . K For some  characters, the three stralght comblnlng treatments

v‘

gave results that were very srmllar, and dlfferent from the remalnlng -

harvest treatments.‘ This was,true_of germlnatlon and dockage. The ~

similarity oﬁygermination values may reflect differences in harvesting
N ‘v s B, ~ ° . " P - . . " ) :

il V S S N ‘ - ok

=3 .

i

169
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‘ﬁghw

"and 10 from the timing of,the harvests. All threc¢ harvests were conductcd‘_

‘late in the grow1ngq~,cdsor0 The -reduced moisture content of ‘the .,tand-lng i}

A | 170

with the Hege combipe, or they ﬂhy refléct the time of harvest. The
¥ \,' g " :

dockagg va]ucs .,ugqu,t the clcqnlnq, wechanisms of thc ll(gc were more

v'y)
, )’/*'
phorough'than those of -the Vogel' ﬁhrCSherg "For the character yicld,’ i

N

s
i

there is some suagestion that the stfaiqht combining harvest operations
. . . . -~ !
produce smiller yields. The yield of treatment 9 may be inflated by,

‘ . . S v
extra tilleging of the genotypes as suggested above. Thus for two, and

possibly three chatacters, the "swath and thresh" h@vasts‘did not provide
. . > A
.

, dn, accurate simalation of the straight combining regime. 1t is difficult

. . ’ g, . ) S
howeyer, to scparate the straight combining effects of treatments 8, 9

B

b

crop at harvest (table 4 ) could have facilitated thre°blng, and reduced

3

doekago valucs,‘and it would have reduccd the possibility of storage

funq1 infecting the harvested graln samples, thus 1mprov1ng gcrmlnatlon e

values. Yield valugs for latevharVQQ

-

shattering. - B o

’ . Yy Lo N
That harvest treatm%nts modified the mean values of all of

the characters studied, emphasizesethe dependence of ‘such asse8sments upon
. : -3
. . . . . . » . . ‘ v
techniguggused in determining these parameters.
: &

ECog 1so emphasizes the

% neced for standgrdizatign of harvesting practibes if assessments of lines

from tests conducted in different.years and locations are to be compared.
: ’ ; 4 " : : ~
- v A
The occurrence of significant genotype x hatvest treatment

inﬁeraction éffects for most of. the characters studiedgias‘important o n
. . o . 7 S B ) ’

implications for breeding programs. . Harvesting operationsg can affect not.

t

nly the mean valucs for sevcral charactcrw, but also the relative»

‘)‘ ’ - w

performanccs of iines Within\a test. ThUs the use of alterhate harvesting

techniques can produce alternate assessments of the relative worth

. . - . s

Rl
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of lined in a test. :

s

The rnlatlon ship bctuacn the evaluation of the ! seven wheat

a

genotypes based upon the results from'trcntmesnt 1, the control trecatment, '

B .
and from the nine altcrnate harvesting metliods was examined in two ways.

a .
Groupings or relative. rankings of the genotypes of the ‘nine altcrnatc

harvesting t:catmehts were compared with the results of the control

harvest regime. 1t was reasonced that only sthose changes of rank ppoducing

ulgnlflLdntly different groupings of'the\hﬁnqtyycs‘would‘bc of conscquénce
- :

to the aaﬁfa;mcnt ani selection of superior lines: This yeasoning can

only be acccptchWith rcservatlon as it is a fairly common practlco in -
A - w . 47 : '
breeding programs to sclgkt as many of the best lines as can be grown

R

the fOllOWlng geason (Briggs, 1976). The specified.humber of lines arc

?ﬁaf‘ @ pot‘bulected at random from the best groups of lines but rather the top

¥ n

’ ranklng lines within Lhc best groups are seleéted for advancement. Thus
although, Jw1tch1ng of rank within a group of llnLq Aqdis;inguishablé by
+ e ¢ ‘_,l N ) B R ;m.) "_g'

Dgncan‘s Multiple Rfhyge test or some .similar test, will not influence

al o
) . o
- evaluations of lines, it_mae influence the selection of lines for

.

~advancenent. From this point of view, any alteration of .the rank of
genotypes w1th1n a test can be con;ldcred 1mportant The Second measure  ©
‘of similarity betweon the alternate harvesting treatments and the

conventlonal syktam was the v\mple correlation. It provxdes a measure

of the common variation of thc gunotyplc means between two. harvest

.

treatments. ' »
% b S _ . : A
e S Tables 18 19, 20, ‘21, 52 and 23 present the genotype x
hdrvest troatment 1nLeractlon means for thls expcrlment For five of the
. sxx chardcters, nonc.of the nine alternatc harvestlng 0puratlons were !,

able to reproduce thc‘grouping,of'ﬁhe sevcn genotypes displayed for
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trecatment 1. The one exception was the character yield, which will be

discussed below. For the characters, protein content, seed weight and

.y R

test weight, the correlation values for all nine alternate mcthods were
generally high and positive; whereas, for germination and dockage, they /
were commonly nonsignificant. Thus, for three characters, protein

content, seed weight and test weight, some of the alternate harvesting
. . » . ’

’methods studied maxﬁbg\considered as acceptable aiternatives to the
control method if the bteeder“is willing to accept some degree of
nmisclassification ot lines. However one harvest treatment satisfactory
as a replacement to the conuentional method for all characters was not

found. ~If the status quo evaluations of genotypes are to be maintained

-
7 - .
.

v . : : :
‘then chariges in harvesting pratices such as thosg studied in this test,

caA;ot bé recommended - : ' .
- ' ’ : i[a

’?“%ﬂ@@ Yleld was one of the more complex characters to analyze.
Although no Qenotyplc effects were found yleld-values from this test
‘wereggqp itive to harvest treatments, yield measures and several

Ty ]

’on effects. As one of the most important characters in the
%

selectl%h of new llnes, it 1s of concern that yleld is unstable.
',,_,‘\ . hel

Ahlgher order interactions were studied in order to determine
\ harvest ‘treatment - yleld measure treatment comblnatlon most

fai hfully‘ ep duced the evaluatlon of the seven genotypes of the

v

cur;\\t\method of harvest (harvest treatment 1, with dry, uneleaned,

- "*‘ i

. unadjusted welghts)

f; - Cancluslons drawn from the genotype x harvest treatme

’int%xaction means for yield ar differentvfrom those of the other five

characters displaying significant genotype x harvest treatment te
Eight of the nine alternate hafzisting regimes produced a groupin

;

nt

rms.

g of
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the scven wheat genotypes identical to the\control treatment (tabbe 23).
The exceptional'treatment was treatment 9, straignt combining’ in plots
™ ' .

with blank guard rows. Thus, with the exception of trcetment 9, any

one of the alternate harvesting treatments could be used in place of.the
conventional system if‘only the character yield was‘of concern.

| Of the significan® genotype x yield measure interaction
terms, only for the genotype x'drying x moisture adjustment interaction
vddd evaluations of the genotypes change (tables 9, 10. 11 and 12). Use
of wet, unadjusted weights gave tise to an evaluation of the seven
genotYpes.d;tfcrent from the remaining three yield measures of that
i . ‘ ' :

interaction.

If genotype X harvest.treatment x yield measure inteiaction‘
means are considered, few of the possible treatment combinations produce
a‘detectable alteration of assessments of the genotypes based upon Duncan's
ﬂultiple Ranée test (tablee.a4,'25, 26 and 27). Harvest treatment 9.and¢.
treatment 3 are commonly the anomalofe treatments. However if for tne
genotfpe X harvest treatment x drylng x moisture adjustment treatment
combinations, the--correlation values are examined, none of the remalnlng”
acceptable treatoentucombinatione gave very high correlation values with

the control treatment combination. The highest correlationé, as would

be expeéted “were produced by treatment 1 using wet unadjusted

wet, adjusted ox dry, adjusted weights. All three of these sets of values

]

were derlved from the control values. Of the femaining treatment

comblnatlons, harvest treatments 10 and 2 usually. gave the hlghest

2 ©

correlatlons and treatment 9 the lowest correlatlon with the current

harvesting method\ Yleld measure dry, unadjusted welghts generally gavé

r

higher correlations with the control than the remaining yield'measures.

' ° . it
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Preatments 2 and 10 cannot he conuidered ash practical alternative: _H'“C

a

tontgol harvLsting regime because they are too purly and too late
respeotively.,” 0f the yemalning truuﬁment conbinqtionn,;trcatmcpts 5,
‘swath and Lhrcsh at the physiological‘matﬂrity of Norquay and 70M009002,
~and G, sWnLh and thresh ate the physiological maturity of Glenlea and
Pitic G2, using cither dry, unad]uStcd or dry, adjusted weights provided

r
I . . 2
the highest correlations with the control (table ﬁ/).

. «}

.

v

Thcro is somu‘difficulty Ln drawing cpnclusions from thei
yield data bccauso gcnotypic differences among ﬁhe cultivars Kknown
to exist with respect to yield falled to manifest themselves in this
experiment. Therefore the inability to detect diffcrcnces amony many
ﬁf tbe harvest treatments, based upon grouping of the genotypes using

. Dugcan S Mu]tlple Pango values, does not nccessarily imply that such

differences do not exist. Yor thc character yield, the seven genotypes

__-s.- chosen for this study, proved unsuitable for avaluating the effects of

7ol
alternatg harVLotlng treatmunts . This result coﬁla not haveabcen

’ -

ant101deLd from prcv1oUC‘ous(ertlons .of ‘the gcnotypcs (Alberta Corcdl
and Oilseed Advisory Committee, 1977; Attinaw, 1977) .
Some consideration must also be influence of moisture

! - adjustment on se epd Wnghts ‘an jg?‘test w01ghts as. both significant‘gcnotypé'

@

P molgguru ad]u%tmunt and harvest treatmgnt x moisture adjustment

Lo, .

Tk 7

interactions werc found (tablg G ). ‘From tables 8 and 13, ‘Grouping of
%§ the wheat gcnotypcs and harvest treatments was unchanged by mojsture
adjustment for all except harvest Lreatmont test welght means. Thus, it

wou}d appear that Tor seed Wnght and test weight, moisture adjustment

-
-

generally does not have a majoxr effect upon assessments of genotypes and
'harvest(treatments. This is to be expected as during drying and storage,
=2
3 B )

-

174



most samples should have attained fairly similar moisture contents,; and
further adjustment of weights to a constant moisture basis would be
unnecessaryl. In the case of test weights, some authors have questioned the
soundness of making adjustments for moisture such as was done in this
test (Pushman, 1975). Alteration of test weight with changes.in moisture
. ! Y ‘
content is not a straightforward, linear process, but involves changes
in density, as well as changes in the proporﬁion of dry matter. Thus

there is some bias in the use of adjusted test weights which may necgate

the advantages of adjustment.

B. Barley
Conclusions similar to those drawn from the wheat experiment
can be made from the reeults of the barley harvest;ng methodology test.

The,characters assayed in the bdrley test were similar to

those studied ln the wheat harvestlng study These Gharacters are
!

H

commonly measured in barley yield trials and prov1de ‘the basxs for the
selection;of, genotypes for advancement within the breedlng progr‘ Two -
additional éermination parameters wege included in the barley test.
Germination resistance ?yd uniformity facﬁgr are two terms coined by
Gordon (1971) to describe or quantify the germinat}on of the sample as
to rapldlty and unlformlty It is importénf to the ﬁalting industry
that samples of barley have not -6nly high germination but also rapid,
uniform germination. Théféfore, it is advéntageous for a malting

barley greeder to monitor.these two additiona¥l parameters of germination.
Séveral other p;0pexties:are important to thg malting and brewing quality

of barley samples and although not assesséd in this_experiment, would

be of interest to study in regard to harvesting practices. -

°
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The sixigéhotypes studied 1in this test displayed a wide
" \
rdnge of values for all of the characters measured, bxccPt yield and
germination uniformity factor (table 31). As noted previously

in the results section} genotypic means for the characters seed weight,

<
-

test weight and yield contradicted to some extent those observed by othr
researchers (Alberta Cereal and Oilsecad Advisory Commi ttee, 1977{ Hamiq,
1977). Severe lodging and hot, dry weather during the harvest period may

: «
have affected kernel development, thereby, causing discrepancies betw\

4

the results of this test and previous studies.

Hot, dry weather encountered during mid-August also hgd

influence upon harvest treatment effects. Difficulty was encounteﬁn
-

selecting correct harvest dates for the three harvest treatments~ {table

5). Only the earliest cultivars, Olli and Gateway 63 were haf%.ﬁted for

W

harvest treatments 1 and 2 at moisture ¢ontents substantiélly higher

than for the last treatmeh;,'treatment 3. Moisture contents of Bonanza,

v

Galt and Jubilee for harvest treatment 3 were slightly higher than

moisture contents reported for the earlier harvest because of moisture

»

‘addeda by precipitation; Thus differences among the three hArvest

.trcafmcnts attributabfe to,differences in the state of kern%l development .

*

were minimized. Differences among ‘the three harvesting treﬁtments were

more likely:éaused by differential “Ssensitivity to such factqrs as
' i e
mechanical dama@éﬁ lodging and shattering on the part of thé cultivars.
'l

Harvest treatments had a significant influence dn four of

-

. i
the seven characters studied. - For protein content, uniformﬂty factor
. R . b

and seed weighﬁéhd significant differences were detected among the

i
K]

harvest treaﬁment means. ‘The late 'swath and thresh harvest,it:e%tmentr3,

\produced values similar to the control harvest, treatment 1, for the

L



character qgerminative ability, in addat ion to protein content and seed

*

welght.  Treatment 2owas indistinguishable from treatment 1 for the
.
characters yield,! protein content and seed, weight. Foro the charactger

test weight, the swath and thresh treatments wore not significantly

Adifferent. For the remaining character, germination resistance, cach
3 0 . - *
“ $ - . ‘
harvest Ureatment produced a significantly different mean value, with
. 5,

Ry

treatment 2 displaying U;b_ hiyhest and the control method the lowest!
X . "L‘r‘ .

5t

germination resistance means. g °

o

b
S A ,
treatments for the characters protein content and seed weight supports

N

The lack of significunt differences among the three harvest

P R

ecarlier statements that kernel development was complete for all .

cultivars for all harvest treatments. The low germination and high
germination resistange values obsurved for harvest treatment 2 are
9

difficult to explain unless some additional maturation of the kerncls

is proposcd for harvest treatments 1 and 3. The~low yields displayed

o

by treatment 3 are most likely due to shattering and lodging Tosses.
The ;imi,iarity of values observed for treatments 2 and 3 for the

character test weight may relatb to kernel ciiimaqa from threshing undrifod

T, B 3

grain samples. ' ' . )

a t

From the discussion above, it is apparent that neither of

the alternate swath and thresh harvest treatments produced mean values
for all of the characters studicd similar to the conventional system.
As for wheat, this results suggests harvesting operations should be

. . . ” - .
standardized if comparisons of lines are to.be made over %everal tests.

For barley, only four of the scven characters studied proved
sgnsitive to genotype x harvest ‘tremtment interaction effects. The three
germination parameters, gérminative ability, germination'resistanc:e,and

. r
4
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unifdrmit,y' factor, and test welgnt diplayed significant genotype X
harvest trealnent terms, while protein contont, sced weight and yield.
ST : : '

did not (tables 29 and 30).A_Thué,relative assessments of barley

- . )
genotypes may be influenced by harvesting operations for the former four
characters. If a wider range‘otharvcst treatments or even harvest
| ) - '
dates had bhHeen studied the latteér three characteys may also have
demonstrated sjgnifi%ant gqenotype X harvest treatment terms such as was
o S : C

found in the more extensive wheat harvesting methodology experiment. In
. . 3 : ¢

4

only onc ins%auce was the grouping of the six barley cultivars for the

swath and thresh'treatments'identiqal to that of the tontrol method.

For the character germination resistance, treatment 3 mimicked the

. ' B
results of the conventional system (table 37). “*For . another character,

. ’ - 8 : s £,
test weight, the late harvest treatment, §§é£tment 3,~gave a high positive
) f PRS- S -, . ?,\;‘?

<. . . . . : o . . . .
correlation with the conventional harvesting procedure, and a similar,

althouéh not kdentical assessment of the genotypes. ~Thus for.barley,

L M . . s .

. - . ‘/ A' T . - .
as for wheat, theoccurrence of significant genotype x harvest treatmens

interaction terms suggests that evaluation or relative assessments. of

lines within a test will change ‘with harvesting practices. If the

% . . N

conventional system produces ‘a satisfactory evaluation of true agronomic

.

and market worth of new experimental’lines, then any change of harvesting

N : X s ; . . . # : ’
operations, such as 'these considered in this tcﬁt, may produce a false
assessment of lincs and will deterxr advancement® of superior l?péé$}n a

. - + & N ‘ ‘ N

breeding program. “Therefore; from the results of the barley gxperiment,

it must be recommended that the conventional harvest system be
maintained.

For the. character yield, the results in barley were similar

to those from the wheat test. Although no‘genotypic effoects were observed

vy



179

“in thla studxu yicld values were Jnflatnced by harves t treatments, yield

- s

measurces and some of the interaction cffects. Unllko the MhLdt Leqt,

gcnotype x harvest treatmeont and harvest treatmﬁntvx yicld measurce

. ‘interaction terms were nonsighificant (table 30)h" Again the inability

to detect significant interaction eff;cts may bé duc to the narrow range’

of harvest treatments studied, or the small range of moisture contents

.

of the cultjvars Letween the two harvest dates. The highest order

‘

1nLoractLon term (genotvpe x harvest treatmerrt x drying x moisture

.

adjustment) was houevgr found to be hlghly 51qnlflcant (table 42) -

Considering both crlterla, the glouplnq of genotypes based upon Duncan s

-
=

Multiple Range values and correlatlons, only treatment I, using either
‘ . : . R

Wet;:adjustod on dry, édjusted weights could be donsidered as acceptable

i .

alternatives to the control harvesting opefations (harvest treatment 1,
using dry, unadjusted wcightsj. Thi§ relationship was expected as these
AN ’

two treatment: ‘combinations were derlved from the cdﬁtrol treatmert

combination. Nelther of the;e trcatment comblnutlons nlov1des a

practical alternative to the conventional system of harvesting, as wet

'
"

weights cannot be measured directly for treatmant l in the first case,
P

and adjusting dry weights to a constant moisture basis adds additional

; X , : E]
3 g , [ v .
. N N E

work to the harvesting operations. Any treatment combination involving

2
o

harvest treatment 3 was unsatisfactory as a replacement for ‘current - .
harvesting practices as correlation values were very low or

nonsignificant. = Of the remaining treatment combinations, treatment 2

with either dry, unadjusted or dry, adjusted weights gave the highest !

correlations with the control. However adoption of cither of these

trgatment combinations would likely introduce some misclassification of
? i - ) ‘ : < . § ; .
lines for the character yield. Thus 1t appears that none of the alternate

§ o
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treatments studied arc acceptable as,replécements for the .current labor . = y

intcAsive harvesting practices. o ; ~ S N

v

The effects of meisture adjustment on«seed weight and test
weight values were notvmajpr. No significént harvest t;qasment.x o

moisture adjustment interactjon effects weré foundlfofhthe barley test.
' . . ) ; : ; ! }
* Although genotype x moisture adjustment’terms were Sighifican; for both

characters, evaluations of the gehotypés‘we;e iagntica} for both’
unadjusted and adjusted weights., As with wheat, this result in,barley,

is to be expected as samples should.have attained fairly similar
B “ . [

moisture contents during drying and‘storagef Moisture adjustment of

seed weight and test weight values can be considered unnecesshry.. Also
? . B . N ! i

¢ )

as mentioned previously, adjustment of test weights to a constant

moisture basis using the methods employed in this test may not be .valid
» . B ? ’ ’

(Pushman, 1975) .

II. ﬁaturity Assessments

Incorporation of selection for maturity types intq'a gereal .

-

breeding program requires an'acéeptabie ﬁethoq of assessing t%is
characteg;k_ggr the short season growiﬂg areas ofycentral-and northern
Alberta, early maturing types are nﬁquiréd. ' The supcéssfﬁl selection
of early maturing gfnes is.dependent upon‘the‘aécuracy and reliabilit}
;hth which such measu:emen£s can be executed.. Both the.enﬁirénment and
the‘method of maturity deter@ination can intrcduce®variability o?lerroz
into tﬁe assessment of expefimental lines. Such’ error can pb;;ufe trhe

differences among lines and impede advancement through selectipn.

&

oy



. ) : .
: wiﬁh‘guminimum of misclassification are essential to a productive
\ - e . .

A. Maturity Measures

' . ) "

Techniques able to detect small differences in maturity

!
>

' . ¥ T 2
breeding program. Currently utilized methods of determining maturity

depend upon mcasures of moisture content or upon methods relating

indirectly to the moisture content of the crop. The most accurate

. technique of.detern@nihg maturity is probably the measurement of moisture

o«

‘contenﬁ utilizing standard techniques developed by the A:A.C.C.. (1962).

'This_methods:is'vefy.accurate) reproducible and is able to detect small

diffefences in moisture content. ‘Howevér, standard forced-draft oven

measu;eé of maturity are impractical fof field fesiing of a large

number of experimental lines, such as is required for selection within

" a. breeding program. . A segond‘measure of maturity commonl} employed by

3 . P
cé#eal breeders is date of heading. The advantaées offered by this

5
'

W . . ’ T yd ~ . N .
method are that it is rapid, easy to score, and fairly reliable. Heading

dates often exhibit strong positive correlations with final maturity
(Briggs, 1976). However, because the two events are separated in time,
it-is.pﬁssible thét‘éﬁcertai proportion®of genotypes will be misclassified

if date of heading is the only measure of maturity used for'the'seiection-

'

‘of early types. §uch.opportunities for erxqr reduce- the effectiveness

of a selection program. Date of swéthing fipeness is a third measure

of maturity employed by some cereal breeders in the Prairies. This

.measure is primarily a visual rating of readiness for swathing (about

. . y . . R -
30%mcwb) based upon color of the plant and stage of kernel development
(late dough étage).A Date of swathing ripeness is a éapid method of .
assessing maturity. However, it/suff§r§‘fr6m‘the lack of reliability

and accufacy inherent in any subjective measurement. In addition, the

181



SRERE : ' 182

N
t

timing of this third method of assessing maturity concurs with the:

harvesting operations and sufficicnt time ta assess the lin . Ly
. i - ; .

is often pot evailable. The fourth measure of miturity, a mecthod

“adopted by the ‘University qf.Albﬁrta ccereal breeding program, 1s a

visual field rating of relacive maturity, bascd upon a .l - 9 score,
o | | . - | .
before harvesting operations begin.” Vvisual assessment’ of maturity

,-offerg}advuntaqcz‘qvér'each-of tﬁé~prcviousv&cthods. It‘is"a rapid,
‘}aéile nethod. Assessments are made late”infthe growiﬁglécasbn,

minimiéinq the p&ssibility’of misé&assifiéagion, and yet' do not coincide
wiéh harve;ting.operations. The mgjor d%sadvaﬁta;é of "field ratings of
relative maturity ‘is that they are sﬁbjectivc,assessments, and therefore

"

lack the ‘accuracy necessary to detect small differences in maturity.

‘
2

)

For the purposes of this study a fifth method of determining

maturity was introduced on’a trial basis. The moisture- content of a

sample of kernels was measured using a dielectric moisturt meter, the

Delmhorst G-6c¢. Because+this apparatus is small and easy to use, large
scale field testing of experimental lines is possible. Utilization of

a moisture mater providés an o?jective measure of matuxrity that should

R

be reasonably accurate andAréliable.

¢

It is out of concern for our ébility to detect early

maturing gcotypes that this section of the study argse. The major
concern was to compare the. above fivevmethoﬁs for accuracy, reliability,
ability to detect small differences in maturity, applicabiiitY‘to

3 e

immature material and usefulness for large scale field testing.

1. Wheat

For both the wheat and barley test; the measure days to )
35%mcewb calculated from drying'burves Based upen standard moisture : .

o
s - : >
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-« content determinations, was used as the standard or reference method.

This method’ of agsessment was chosen as a standard because it satisfies
i . i oo : : ‘
four of the fivé requirements. Days to 35%mcwb does not satisfy the

" criterion of applicability to iar@e scale field testing. The four

remaining methods of maturity measurement were assessed on the basis

of comparison to the control technique. g

<

The seven genotypes studied displayed a wide range of ¢

maturities. For each of the five measures of maturity highly significant

\

differences. were found among the genotypes (table 44). HoweQer, none
of the alternate techniques gave_rise to the s&mé classification of

v

. ) ' ¥
. the genotypes, based upon Duncan's Multiple Range test, as the control

- method, days from seeding to 35%mcwb (table 45), emphasizing the

Y |

-

] . ' * #
difficulty of reliably and accurately detecting small differences in

" maturity among lines. Fron table 46, the measures days from seeding to

3 »

““swathing ripeneés and days from seeding to heading provided the highest

corr€lations with ‘the contrél method. As mentioned above there are,

1

disadvantages to both of these methods of assessing maturity. The

remaining two méthods, developed to overcome some of the objections
S ) , . 9
of days to swathing ripeness and days to heading, however, provided . ;

v

poorer. correlations with the control method and thus increased
: ‘ v

o

 possibilities for thé misclassificétion of genotypes.

TWO tegts of thé utility of the Delmhérst G-6¢ npistufe
meter were made. The Delmhorst G-6c was tested fér aécurac? usiné
simple correlation and é t-test to compare Deiﬁhorst G-6c valueé to
’standard.air—oven determinations 6f moisture content for several samples

. of grain. A very high correlation value was found (r*y=0.936, n=174)

suggesting that the Delmhorst G-6c gave reliable éstimates of moisture
. ) ‘ H L 4

a
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- o~ | <

~ .

i content, However, pelmhorst values werc nét very acourate, as indicqpud
by the t-test results (Lt=1.45, n=174). It is not surprizinq that the
' , i
mean of the standard aitr-oven dotcrm)nltlons was qunlflcantly higher
than that of the Delmhorst G- GC readings as the moisture meter was
désjqncdrfor‘mvu;urcment of samples lcos than 30%mcwb only The relatively
péor correlation béhwccn Dclmhorst G—Cq readings and days from sceding
to 3bimewb is likely a rof]ect%on of the inadequacy ©of the mo;Qtu;e meter
with grain of high moisturé content. ﬂhus, although the use of a

o s o) . s

noisture meter offcrs somne potqntial as an alternatlve to current methods

of as sesJLng maturity, the Delmhorst G-6¢ meter does not appcar to be
""‘«\,;3 .

\;ﬁ%&ler Me?qned for measuring grain of high
*ﬁ;'..‘if o

fwﬂ and -easy to use, should be

- PP

ur ty evaluations ‘in breeding pfograms.
A second consig,ration of the use of such a moistu;epmeter
is the effect of sampling upon the values obtained.: The rel}ébility of
the Delmhorst G 6c reddlnqs is dependcné upon thé size of sample tested.
Kernels from only one to three heads are\ﬂ\&ded to obtain a xeading.
in this experiment, a mixed_§ample of kerne}s taken frqm ten heads was
uscd.‘ Further'tcsting would be réquired to determine thé-optimal
sample size.
2.'Barlcy

The six barley cultivars demonstratcd a wide range of
maturltles (tables 47 and 48) Classxflcatlon of the genotypes differed .
slightly for cach of .the four measures of maturity. Nbne of the four
alternate measures éave rise to a grouplng of the cultivars.identical

to the control method. These discrepancies of evaluatlon of the cultivars

demonstrate the difficulty of reliably detecting small differences in
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- “

maturity among barley das well as whoat genotypes.

1 a plant brecder werce willing to accept some degree of
misclassificat ion, cofﬁc]utioﬁ aynlygis sugqgests that for b&rlcy field
rqting,;ddys ffom seddinq to_head%ng and days from sceding to swathing
ripeness ‘provided the best agreement with the control method (table 49).
The Delmhorst G-6¢ redding dempnstrated mdch poorer correlation with
days frgm sceding to 35mewb.

Assessment of thé Delmhorst G-Gc in barley was similar to
that in wheat. The moisture mete; was not very accurate wheon - compared

@ i standard methods as evidenced by a highly significant t-value. Howecver

% -
the high correlation between the moisture meter readings and standard

e

.determinations. suggests that the Delmhorst G-6¢ meter readings crtgd//’"‘

s L

in a consistent manner. When applied to grain samples of high moisture
. ' A

S :
contcnit (greater than 30%mewb), the Delmiorst G-6c appeared less

. satisfactory for evaluating lifes far rciativ

Ry .

,5 EUOiSture sontent

R -

vphysiological maturity of therearliest cultiﬁar is potentially 4
powerful method 5f selection for particular maturity classes. However,
altérnaté moisture meters and sampling proéedures'should be tested "
ﬁefé;é such a method can be adopted for a breeding progran.
i
B, Drying Curves 4 .
Moredith and Jenkins (1975) have ﬁréposed that an active,

physiological process was res;onsiblc for the loss of moisture from

ripening kerncls. The drying ratevwas‘to have described this metabolic

fﬁnction. The authoré also suggested that the effects of weather were p



\'

transitory. Prcecipitation may cause temporary fluctuations in

moisture content, but does not affect the rate of drying.

Regression analysis was used to test this model of Meredith

and Jenkins (1975) on the drying curves constructed for seven wheat

by

and six barley genotypes. As stated in the results section, a multiple

.

regression approach using %mcdb glata was selected over the simple

v

and polynomial models to analyze the wheat and barley curves (tables 50°

and 5g).

3

B - The use of multiple regression analysis assumed that the
" 3 & Py i

drying process was basically a constant linear function. It is possible

that this assumption of linearity may be an oversimplification. The over

all shape of the drying curve may be slightly curvilinear reflecting
~ g R

the influence of climate. The drying curve might be expected to be

4 slightly concave under cooling conditions and convex for warming

cohditions over the growing season (Dodds and Pelton, 1969). Similar

. )
testing over several diverse locations and seasons could prove or
disprove this statement concerning the influence of climate upon the
. - - " N

drying process.

In contrast to the effects of climate, the influence of

daily, local weather was’assumed to be transitory and random. The effects .

v
# B

of weather were thought‘to cause deviatiohs from the drying curves

estimated by multiple regression analysis. Because of . the fluctuations

in moisture. gontent caused by ,the weather, a good fit of the drying

«
curves is possible only if the weather conditions are constant.

4 . : .
- : - 7 K

1. Wheat

" The use of multipie regression analysis would appear to be

S . N

a satisfactory method of desctibing mathématically the drying process.

o
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For each of the gseven wheat genotypet, more than 90% of the variation
. about Lhe mean could be explained by multiple regression analysis
(table 51). Implicit in thiy

statement is the further assumption that.o.

the Mercdith and Jenkins m is satisfactory for explaining the drying

s process in wheat.
The four reqregséion coefficients derived by multiple
regression analysis, can be used to charactdrize early and late maturing

genotypes (table 51). Bafly g'enotypes,~ like Park, are characterized by

a lower initial moisture contént (émaller b0 value), than latgg geﬁotypes
iike Glenlea and Pitic 62; This is likely due to the carlier heading
(table 45)‘and‘anthesis dates of the earlier genbhypes . Somewhat -
surbrizingly the ‘earlier genotypes had slower drying rates (smal}er bl
and bz values) tﬁgn the léter cultivars. Early”types also diffeéqd from
the la£e genotypes fof the b3ivalues. Early cultivars fwitched from the
faster to the slower drying rates earlier than -the laté cuitivars.A Thése
conclusionsvare based upon a'limited sample of genotypes and would be

more sound if many lines were similarily characterized.

The attainment of physiological maturity is dependent upon

’ both the rate gf drying and the date drying is initiated. Selection

/"if early types should include selection 6f early heading or anthesis

dates. The selection of fast drying types would appear leés

. Q

important for determining earliness. Selettion for earliness on thES
basis of heading date is also more practical, and easy to accomplish

in a breeding program 8ealing with many lines. Scoring drying rates
- ‘ 4 .

would require at least two separate measures of moisture content.
5

Estimation of dryidg rates on the basis of two or only a‘§%w poiﬁts
cannot be expected to be reliable. Weather parameters,‘especially

rainfall, would have a substantial influence on absolute values gnd
- ' - 2

N

v,
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estimated drying rates.  Thus ailection for a maturity class, such as (
earliness, is more feasible when Selection is basped upon heading or
anthesis dates. Alternate me thods such as the cessation ot translocation

il

to the kernels as proposed by lee et al. {1977) 'may also be uscful.

2. parley

. The multiple regression analysis as outlined by Draper
and Smith (1966) provided a good fit of the drying curves of the six
barley cultivars (table 56). The fit obtained for the barley-genotypes

was less than that for the wheat genotypes from comparison of variation

explained values (tables 51 and 57). ) .

’ .
It was possible to distinguish among the six barley
ge;otypesiﬁn the basis of the bo aqd b2 regression coefficients only.
The drying rate (bl) was ﬁimilar for all cultivars. This result
contrasted‘with tpe results from Lhe wheat experiment but agreed with
results found in maize (Gunn and Christenson; 1965) . Earli'barley
cultivars from this test, like Olli,ﬁwere‘characterized by low initial
moisture contents (bo) and.slow or nonegistent rates of drying
during the sécon§ drying period (b2). Late cultivars, like Galt and
Jubile;, demonst;ated high bo values and fast drying rates dufing the
second pefiod of drying (b2). Again, this&chéracterizétion of éarly and ~, -
late cultivars was based upon a restricted sample size. A large number
of barley genotypes shoﬁld be simiiﬁrily analyzed before early qualities
can be properly defined»for this s;stem. J
This characterization of garliness suggests selection for
earliness or a partigular maturity type can be made on lhe basis of

heading date or on the basis of relative moisture content during

maturation such as has been proposed in the maturity measures section,
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with the mudithAfiuh that twedh values be nsed in place ot tmowh va lues,
For reanonity ﬁilnilux to that presented fnr.tlue wheal Lent, selection ot
maturity types bhased upon dry int;‘r.lt(n: it not pract ical.

3. Influenee of Weather Parameters on the l")t'yinq curves .

The local weathor conditions were (\:;:;;xm:-d to (:(;ufu- transient
fluctuations in moisture contun‘t‘:;,, or deviations from the underlying
drying rate. Both weather pargmeters adding moisture to the kernel,

" such as precipitation, relative humidity and evaporation, and those

concerned with the removal of moisture from the grain, like wind,

y

temperature, solar radiation and evaporation, af fect the magnitude and
sign of the residual values._ It was reasoncd that the effects of the

.~ weather paramcters may persist for several days. Thercfore the
. /, H

P . N

influence of various weather parameters ong to five days prior to

sampling as well as on the day of sampling were analyzed. It should

~ . < N

_be noted that fluctuations in the weather parameters will not be able
\t’CPwholly account for the residuals generated from the drying curves.
Deviati-a{s_iue to transient fluctuations in metabolic processes and

random, unexplained error, not attributable to weather conditions

.

will also contribute to the residual values. 4‘*“

.

¥The approach used to formalize the relationships between

the weather parameters and the residuals was basically-that of the least

Y

squax.es method of regressiop ana1§sis. Siméle correlation \(alues
between. the weather parameters and the resiauals provided the basis for
selection of the ten weather ?arameters most likely to exhibit an
influence upon the residual values. Many of "the simple correlations for

both the wheat and barley ‘data sets were significant or highly

significant. Not surprizingly, weather parameters from one day prior

2 " g
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AN
to sanpling generatbly demonst fated the hoghest correlations with the
N |
residualts., However , inoall 90 casen, the magnitude ot the correlation

.

o
value wan sl bl the \ﬂ‘nl}.ul ton exp Latned wan very low o oagy one

variabloe (tables 52 and HHY)Y) . '

S : ”,
’ Simple reqgressions of the whoeat and har ley residuads on

.y '

weather paxamet ers taken individually tended to confitm obiervations made
L)

from the simple correlation valued . Althouqgh a signiticant proportion.:

of the variation of the residuals could be att ihutad to related -

.

fluctuations in some of the weather parameters, a large proportion of

the variation of the residuals remarned unexplained.  This was true of

.
‘

both the wheat and barley residuals (tables 93 and 59). Resi1duaals from
the barley drying curves appeared more subject to the influcence of

the weather parameters than those der ived from the wheat drying curves,

)
.

as evidenced by the greaterepercent varigtion explained values. For

wheat, the vartables prbl=l and LGL-1 most commonly provided the best

fit of the residuals (table 53). Not urrbxpec,tedlg'?U these two variables
S

were highly significantly and negatively correlated (table 54). For ‘\

e
s

barley, EVP-1 and PPT-1 often provided the best éfit of the residuals of

P

w

-

the six cultivars (table 59). Thege two parametens were. also highly
significantly and nq%atively‘correlated (table 60)\. For the two late
barley cultivars, BRS-5 gave the -best fit of the driying curve regiduals. .
This result was unexpected and difficult to explain.
Multiple regres§£on models relating several weather parameters
to residual values were analyzed. It was reasoned that several weather
parameters acting similtaneously at a given sampling date determine the
magnitude of the deviation from the<expected_moisture content value.

The weather parameters tested, particula‘rly those taken from the same

o *

RN
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day were hlthv lntcxdepcndent Correlation values among the parameters

were often hlghly Slqnbflfdnt (tables. 55 and 61). This reduced the

number of parameters that could be included in the same multiple

regression analysis to four or five for both the wheat and barléy

an&iyses: Use 6f the multiple regression approach was able to improve
the flt of the residuals in both specxes (tabléi/ii/aﬁa 61). -'For the

the varlatlon could be

GRS

- ba % re51duals, a subngntﬁgJ proportlon of

explained by the application'of multiple regfession aé;1y51s (table 61)

The effectlveness of the multiple regression approach ln wheat was. less
pronounced (table:55) ) Thus, it would appear that a superlor flt of
the dryihg . curves is p0551blc for the wheat data, but that for the_

residuals, the barley re81duals were better descrLbed by fluctuatlons

of the weather parameters than were the wheat residuals. .
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Appendix: )

bays from

\

of Seven Wheat Genotypes for each Sampling Date

Seeding Mean
94 54.374
97 49.440
101 44.280
104 40.319
108 34.216
110 31.764
112 35.896
115 23.909
117 20.678
119 19.786
121 17.384
123 < 28.39
125 20.941
127 17.491
130 15.951
133 15.811
138 14.544
141 16.755
Mean 27.885

1~August 9

35.375

27.991

22.256
31.814
19.106
19.144
18.599
157887
27.370
19.930

17.386

15.818
15.944
14.888
16.838

53.248
48.508
44.333
39 /902
LY
33,415

30.698-.

34.987
20.163
18.317
19.335
15.493
28.812
21.582
17..475
15.909
15.888
14.417
17.754

56.657
52.255
46.165
43.843
40.137
37.726
40.160
31.084 .

© 24,345
©20.761

22.488
28.915
21.622
18.24;
17.486
16.957
15.010
16.904

Days from Seeding, Mean Maisture Content (averaged over all replicates
and genotypes), and Mean Moisture Content (averaged over all replicates)

Pitic 62 70MO09002 70M110001
.59.847  54.576 53.414
54.370  48.808 48.250
48.123 . 42.594 43.706
44.567 = 38.843 39.028
40.820  31.202 32.699
39.550  29.592 31.021
39.652  34.704 34.381
28.811  22.538 24.282
24.872  20.458 19.948
21.164  19.900 19.269
17.101 18.573 16.271
28.914  27.669 29.017
21.197  21.387 20.902
17.314  17.323 17.476
15.052  15.767 15.919
14.860 5 .476 15.732
13.938  14.184 14.521
16.332  16.376  16.384
30.360  27.243 27.346
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Apfwendix: 2 Days from Seeding, Meah Moistire Content (averaged over all replicates and
genotypes), and Mcan Moisture Content of Six Barley Genotypes (averaged over

r"\ . all replicates) for each Sampling Date

Days from . d_molsture content-wet basis_° \
Set{ding : Mean O\Ji & Gateway 63 Conquest *Bonanza Galt Jubilee
g1t 52.902 53.645 52.234 52.885 ° 51.375 54.157 . 53.115
87 52.036  45.093 48.889 52.987 52.820 56.605  55.819
90 50.479  44.071 47.577 51.991 50.521 54.394  54.324
94 44.565  34.230 .  42.688 44.879 45.220 49.915  50.459
97 ' 3£1884 19.431 _ 31.296 28.670 30.566 38.871  42.472
99 22.123  14.933 18.392 23.563 18.989 28.248  28.615
101" 18.384 14.445 16.164 ° 19.696 17.968 19.750  22.283
104 "™1908® 18,273 18.574 19.506 - 19.448 20.634  22.463
106 15.306  13.388 _  14.786 16.593 14.401 17.424  15.246
108 15.307  14.854 14.888, 15.308  15.807 15.165  15.820
112 29.729  31.589 29.394 31.504 32.400 25.873  27.615
‘115 16.985  16.802 : 17.051 16.692 17.306 16.763  17.293
117 17.439  17.664 17.209 17.225 17.324  .17.934  17.279
119 18.951  17.967 19.611 18.949 19.078 19,617 18.475
121 14.691  14.696 14.763 14.605 14.575 14.678  14.828
125 .22.593  21.098 22.526 23.548 22.078 22.809 . 23.499
133 14.429  14.393 14.254 14.960 14.914 13.910  14.142
Mean 26.919  23.916 25.900 27.268 26.752 28.632  29.044

July 27



