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ABSTRACT

The_effects of seeding rate and seeding date on agrohomic
characterisatics of seven common spring wheat (Triticum aestivum L.) geno-
types were studied at three locations in Alberta in 1975. In a split plot
design, seeding dates of May 8, 16, and 26 at Edmonton and Ellefalie and
May 15 and 22 at Oldé were used as main-plot treatments. Sub-plotsg
consisted of 42 treatment combinations of genétypé X seeding rate (30,60,
90,120,150, and 180 kg/ha) Data were collected on plant stand, plant
height, da¥s to heading and maturity, grain yield per plot, test weight,
grain pProtein content, grain yield components (ears per plant, kerneL;
per ear, kemel weight), ear length, extrusion length, fiag leaf lamina
»and sheath aregs. 'Grain yield per plant, gfain yield per tiller, and
protein yield per plot were computed.

Significant complex interactions between seeding dates and treat-
ment combinations wére the norm ;a;her than the exceptions for most
plant characteristics®in this,study. TIherefore, averéges across these
interaetions'alone can be misle;ding;

Averaged over all seeding rates and setding dates, Pitic 62 was
the highest gra’//yielder and Park was among the lowest grain yielders
at all locations. Pitic 62 was later in maturity than Park by about
16 days at Edmonton, 15 days at Ellerslie, aﬁd 6 days at.Olds. 70M110001 ,
one of the second highest grain yielders, outyielded Park by about 352
at Edmonton, and by 192 at Ellerslie and was later in maturity than Park
by only 2 days at Edmonton and by 4 days at Ellerslie \‘j\/r_

At all locationms, incregging seeding rate increased grain yield

and decreased the number of days to maturity of most genotypes., The

90 kg/ha seeding rate for Pitrc 62 and the 180 kg/ha seeding rate for
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\
Park at both .Edmonton and Ellerslie and the 150 kg/ha seeding rate for

each at Olds appe..red optimum for achieving relatively higher grain
yield and a fewer number of days to maturity. Early seeding at Edmonton
and Ellerslie increased both grain yield pPer plot and the number of days
to matur%ty of most treatment combinations.

%oth higher seeding éate and later seedings suppressed the expresbion
of all three grain yield components iﬁ moet cases. Between genotype
comparisons showed that higher grain yielding genotypes had relatively
higher number of kernels per ear. -

For a fe; genotypes, ear length and flag leaf lamina area decreased
with increasihg seeding rate while extrusion léﬁgth showed an increase.
Later seedings decreased‘ear length and extrusion length, and increased
flag leaf sheath and lamina areas of most treatment combinations. It wag

not possible to attribute the higher grain yleld, on a per plot, per plant,

or a per tiller basis, of 4 genotype to anyone of the morphological

characteristics above the flag leaf node.

At Edmonton and Ellerslie, both éarly seeding and higher seeding
rates decreased grain Protein percentage and increased protein yield per
plot in most cases. The highest grain yielding genotype, Pitic 62, was
also among the lowest ip grain protein percentage but was-among the highest

in protein yield plot."
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A

" ) INTRODUCTION

Since 1915; Marquis wheat has beuﬁ the standard of pgood
mi11ing and broad making quality bf wheat fu Canada, (Diclinson)
Since then the breeding objective has been to produce cultivars as
good 55 or better thgn Marquis in both quality and grain yield.
Recently a greater demand, outside Canada, for low priced wheat for
both bread and feed purposes, with less vegard to protein codteﬁt and
quality, has encburaged the Canadian market system to iﬁclude new |
. type« of whe;t with higher grain yield. New improvement in milling
and baking technology, and higher grain yield potehtial of tHese Qheat
typces are aiso aﬁong the factors which forced the crbatien of the new
market class 'Utility Wheat' in the Canadian Grain Act& 1969. Tbe
creation of this new market class change: the objec;ives of séme
Canadinn plant brgeders who no longer havé to breed exclusiveiy for
lines with Marquis type quality. 7

The possibility of using util{ty Qheats within Canadé?has
also’bcen investigated. The grade quality of hara red sp;ing wheat
’cultivars produced in_Central and Northernixiberta is’usually 1éw
despite the fact that high grain-yields are common, eséecially
comparcd to grain yields in the Palliser triangle. It has been
suggested by Briggs (personal communi i, 1) that 20-30% yield gains
could be made Ey breeaing utility wheats adapted to the area.

Tﬁe higher grain yield of utility whea . anc the problem of quality

deterioration of hard red spring wheats from these areas has .

aroused an interest in Producing utility wheats for feed purposes. .

In view of the varfation in'length of the growing secason throughbut
. . o \ .
the province, the neced for plant breeders to se%}ct for types

a
!



rup(cnvcting a wlde range of maturity appcared to be ncccssery.‘

Wheat gives more energy per /unit weight of grain for many
livestock rations compared to barley\or oats, (Canada Ccains
Cocncil »(a)). On this basis, wheat which equals both barley ard
oats 1n grain yieid per unit area will actually produce more feed
grain cnergy on that area than the other cereals.

Most of the new utility wheat types have very different genetic
constitution from the commonly grownyhara fed spring wheats in the
Province. Also :ithin these new wheat types, the;e are radical differences
with respect to grain yield and maturity.

The f rain yield of a plant can be greatly influenced by
envirornmental conditions regardless of its genetic constitution.
Therefqre, as a new cultivac(or species 13 developed or introduced
irnto a ;egion, efficient cultural practices must be developed in
order to obtain the maximum possible yield from it. Determination
of the most suitable seeding date and seeding rate for optimum
grain yield and earlier maturity should, therefore; be of primary
Importance for achieving high energy per unit area. It was with
this objective in mind that seven different wheat genotypes were
tested in this study of the.effects of seeding rate and seeding date
on important agronomic characteristics. This experiment, with two
ha-d red sp:ing and five utility wheats, is mainly concerned with the
grain }ield and maturity responees to different}seeding rates and
seeding daces at three locations in Alberta.' The responses of grain

yleld components, and some morphological characterietics above the

flag leaf node were also studied in order to obtain preliminary
data concerning possible explanatiens of the grain yield and

- .maturity responses,
s
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LITERATURE REVIEW .

GRAIN YIELD COMPONENTS IN CERFALS

Yield'coqponents

It was probably Engledow and Wadham, 1923, 1in England who
first divided cereal grain yield into components They suggested that
the number of ear bearing tillers per plant, the number of kernels
per ear, the weight of single kernels, and the percentage of dry
matter in the kernel could be "compodents" or "governing factors" of
yield per plant in cereals. Later, meny other investigators, among

them Johnson et al., 1966, on winter wheat (T} ticum aestivum L.),

Walton, 1971, on spring wheat (Triticum aestivum L.), and Kaltsikes,

l973,von rye (Secale cereale L.) showed that the number of ears

per plant, the number of kernels per ear, end the ihdividual kernel
Qeight were the main componeﬁts of cereal grain yield. Cereal
grain yield was determined on a per plaht baeis by Walton, 1971, on
a per unit area basis by Johnson, 1966, and on both per plant and

per unit area basis by Kaltsikes, 1973,

Association of grain yield and the components and their inheritance.

Singh et al., 1970, in India, reported significant simple
correlation.coefficients of 0.62 and 0.45 between grain yleld per
plant add number of kernels per ear and grain yield per plant and
kernel weight, respectively in common wheat. The number of ears per
plant, number of'kernels'per plant, and kernel welight made important
contributions to wheat grain yield per plant as indicated by highly
significant standardized regression coefficients of 0. 69 0.71

and 0.41, respectively, in a stepwise multiple reﬁféésion analysis

conducted by Walton, 1971. In rye (Secale cereale L.), Kaltsikes,




1973, in Manitoba, reported significant simple correlation
coefficients of 0.58, 0.19 and 0.30 between grain yield per plant

and ears per piant, kernels per ear, and kernel weight, respectively,

In a stepwise multiple regregsion analysis, these classical grain
yleld components accounted for 97% of.the total variability'observed
in grain.yield per plot. Onl& the yleld components were entered into
the regresgion equation.p The number of ears per plant and kernel
Jéight, also had significant correlations with grain yield per plot.
Kaltsikes, 1973, also obtainea a High, significant, positive

correlation (0.83) betweén grain yield per plant and grain yield

per plot.

;Using the progeny - parent rééression methoa for heritability
eétimaﬁiﬁn, Lofgren et al., 1968, in-Kansas,'reportgd that kernel
weight.and kernels per 30 ml (ke{pel size) were highly heritable
in cbmmon wheat. They suggesgéd that it would be easy to select
- for ﬁhese two:characters'in common wheat. Singh and Anand, 1971, in
'Indiﬁ, showed ;he nymber of kernels per ea; in.common wheat was under
the control of genes with simple additive éffects, but that dominance
effeéts may become important under cerfain en&ironmental conditioné;
They suggested that selection for number of kernels per ear could
be very effective in attempting to make gains in improving ér;iﬁ yleld

per plant in segregating generations of wheat. This charactef had

a high narrow sense heritabiliéy estimate,



In barley (Hordeum vulgare L.), Rasmusson and Cannell, 1970,

in Minnesota, indicated that the number of ears per plant and kernel
weight were better criteria thAn number of kernels per ear in making
seléctionﬂfor grain yield per plot. When selection was practised for
J

kernels per ear in one population of FA families, grain yield per

plot in the F_ bulk actually decreased. In durum wheat (Triticum

5
turgidum L. var. durum), Lee and Kaltsikes, 1972, in Manitoba,

reported ﬁarrow sense heritability estimates of 0.70, 0.30, 0.65,
and 0.19 for number of ears per plant, number of spikelets per ear,
number of kernels per spikelet, and kernel weight, respectively.

The above four characters showed predominantly additive genetic

effects with some degree of dom#hance and a general lack of epistasis.

General response of grain yield components to seeding rate and
seeding date. .

From a seeding rate experiment, Guitard et al., 1961, in
Alberta, obseéved locational variafion and varietal differences in
response of gréin yield compo;ents to different seeding rates.
However, location averages for two common whe;t cultiéars indicated
that an increase in seeding rate increased the numbef of plants per
unit area and decreased the number of ears per plant. Number.of
kernels per ear and Rernel welght were not as greatly ihfluencedoby
increased seeding rates as were number of plants per unit area and
‘number of ears'pef plant. Puckrid%e,and Donald, 1967, in Australia,
however, reported extreme and'signi}icant depression of number of
ears per plantvand=number of kernelsyper ear with increased seedihg‘
rate for the wheat cultivar Insignia. Kernel weight also showed

a decreasing trend with increased seeding rates. Both Guitard et

~



al., 1961, and Puckridge and Donald, 1967, reported that grain yield

per unit area increased with increasing seeding rate. They algo |
indicated that the higher grain yields per unit area were obtaithed
through the high plant population per unit area, since the grai
yleld components had lower values at higher.seeding rates, The'
effecg of seeding rate on ears per unit area and kernel weight was
found negligible for the common wheat cultivar Hindu 62 in Gezira,
Sudan (Khalifa, 1970). However, kernels per ear decreased wit? the
highes;\;eeding rate, 179 kg/ha, and this accounted for the reduced o

grain yield per unit area obtained at the highest seeding rate.

All three grain yield components showed a trend of decrease with

AN Al

decreased within-row spacings in both hybrids and varieties of .

barley (Hordeum vulgare L.) in Minnesota, (Severson and Rasmusson;‘

1968). 2.5, 7.5, 15.0 and 22 5 cm were the within.— row spacings

used in their study.

- Late seeding of Hindu 62 wheat cultivar in Gezira, Sudanp,

resulted in decreased grain weight per ear, decreased numbd;.bfb
kernels per ear, lower kernel weight, and then lower grain yield
Per unit area (Khalif;, 1970). The.higher grain yield from seeding
one month earlier was attributed to higher grain welight per ear, a
conse;ﬁénce of heavier and more numerous kernels per ear. Date of
— seediﬁ§~forA34 wheat cultivars in the Ord River Valley, Australia\
had very little éffect on the fertile tiller population aé measured
by number of ears per plant (Béech and Norman, 1971). Hdwever, grain
weight per ear was higher for early (April 20):sggding than with

later (June 29) seeding and this effect was magnified for late

maturing cultivars.



EFFECTS OF SEEDING RATE AND SEEDING DATE ON:

Plant stand per unit area. ; ) @

Plant stand generally increases with increased seeding rates
in wheat (Guitard et al., 1961, Puckridge and Donal&, 1967, Pélton,
1969, Willey and Holliday, 1971, and Stoskopf gg_él., i9?4). However,
Puckridge and Donald, 1967, in Australia, and Willey and Holliday,
1971, 1in England reported‘iﬁsgeased plant mortality at relatively
higher seeding rates. Inadequate light, water, and nutrients due
to high competition were suggested és causes for the higher plant
mortality rate at the higher seeding rates.

Higher plant stand has often been associated with highe;
grain yleld per unit area in wheat (Gﬁitard et al., 1961, and
Puckridge and Donald, 1968). McKenzie and Grant, 1964, reported

. v
a decline of stem cutting by sawfly (Cephus cinctus Nort.) with

Increased seeding rates for Thatcher, Chinook, and Rescue spring 3
wheat cultivars in Alberta. It was suggested that this response
appeared to be due to the slender stem diameter of plants at the

heavier seeding rates such ﬁha; sawfly larvae could not tunnel in

them and survive.

Willey and Holiiday, 1971, and Puckridge and Ddﬁald,'l967

recorded problem of 1odging.assoviated with higher plant density

while McKenzie and Grant 1964, did not mention a problem of lodging

in their report.

Plant height
Puckridgé and Donald, 1967, chse +n increase in plant
height of common wheat with increased s :d: -ates while Pelton,

1969, noted the reverse on plants growr o: gt < _and. On the




4n-Ontario, Obiffved a decrease in number of days to heading both -~ ~—

| S

- 8

. - .
other hand, Finlay et al., 1971, on barley (H. wvulgare L. and H.

distichum L.) in Ontario and Briggé, 1975, on common wheat in Alberta

—

observed no aigﬁificant plant height differences due to variation in
seeding rate,

| faller plants generally appeared to have less tillers per
plant, less kernels ﬁg; plant, lower kernel weight, and lower grain
weighteper plant as compared to short?r plants in Saskétcﬁewan

(Simpson, 1968). He pointed out that short plants were more

. productive on a per plant basis and this was attributed principally

to their increased tillering capacity. Donald, 1968, in Australia,

has also indicated short plant height as being one of the criteria

‘which characterize his wheat ideotype for higher grain yield per

)

plant.

Days to heading

A trend of decreasing number-of'days to heading was observed
with increaged segaing.rafes on Manitou, Selkirk, and Cypress common
wheats and Stewart 63 durum wheat for both fall and spring seeding
in Saskatchewan (Austenson, 1972). Willey and Holliday, 1971, in
Englénd, reported faster plant development, including days to heading,

due to increased seeding rates‘in common wheats. Finlay et al., 1971,

with increased seeding rates and narrower row spacings in barley
(H. wvulgare Li and H. distichum L.),.

Highe{ grain yield per ear was obtained from late heading
culéivars compared to eafly heading cﬁltivars in Australia (Rawson,
1970). 1In his study, Rawson, 1970, divided wheat development into

three stages - sowing to floral initiation (double ridge, stage 1),

" -
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double ridge to terminal spikelet production (stage 2), and
terminal spikelét production .to ear emergence (stage 3). All late
heading cultivars took more time in stage 2 and higher grain }ield
.per ear was obtained from these types because of higher spikelet
number per ear compared to that from early heading types.

In a seeding date experiment in New South Wales, Australia,
on 5 wheat cultivars (different maturity range), grain yield per
untt area declined at rates between 9 - 14X for each week that
fipwering was delayed after October 10 (Doyle and Marcellos, 1974).
In their study, greater moisture stress, higher temperature, and
reductions in the duration of grain f11ling were mentioﬁed as
causes for the reduction in grain yieldlasqociated with flowering

later than the first week 1n October.

Days to maturity

Both lower seeding rates gnd wider row spacings delayed
maturigy of spring‘wheats in a study conducted in Alberta (Briggs,"
1975). hCFadden, 1970, also repofled that the number of days to
maturity was reddced'by 1-2 dafs by using heavier seeding rates
for both Conquest and 0111 barlé’ cultivars in Laéombe, Alberta.
The seeding rates used in thig study were 40, 67, and 94 kg/ha.
Higher seeding rates, up to 202 kg/ha rate, decreased the number of
days to maturity o% Yecora, Neepawa and Norquay wheat cultivars at
Beaverlodge, Alberta by up to 6 days (Faris gglgg:‘ 1976). This
reduction in number of days to makurity was primarily attributed to
reduction of tillering at higher seeding rates,

Nﬁmber of days to maturity was reduced when seeding date

-~

was delayed for both late and early maturing wheat types in Ord



River Valley, Australia (Beech and Norman, 1971). A simfilar result
was obtained by Doyle and Marcellos, 1974. In the Atlantic Region
of Canada too, every delay in seeding in spring significantly

A3

reduced the number of days to maturity of Opal wheat (Nass_gg_gl.,

1975). <;;
Rawson, 1970, in Australia, repdrted that late maturing :

cultivars had a higher grain yield per ear than early maturing typés.
Late maturing cultivars were also reported to have more ears per
plant, (Pinthus, 1969, in Tsrael, and Singh et al., 1970, in India)
than early maturing cultivars, thus showing a possibility of
expecting higher g;ain yield per plant, provided the other two grain
yield’compone&ts afe he1d>constant. By contrast, Beech and Norman,
1971, in Ord River Valley, Adstralia, reported that grain yield per
unit area was higher for early maturing,c&ltivars compared to mid-
late and late maturing cultivars when seeded late. TIn their'seedin;
date study, Beech and éorman, 1971, used 34 cultivars, with
different maturity‘groups,dand j seeding:dates (AafiI:ZO, May 25,

and June 29). For the May 25 and June é;v;eedings; moék early
mafuring cultivars flowered~ea£ﬁier (before the mean ménthiy teﬁper—
-atufe rose up, before September) than mid-late and late maturing
cultivars, The‘}ising mean monthly temperature (above 23°C after
August) before and during flower of mid-late and late maturing
cultivars might have decreased fewtilization rate. This led to lower
grain weight per fertile tiller and then ' ..:r grain yield of ﬁid—
late and late maturing cultivars compared to early ones for Tate

seedings.

10
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Morphological characteristics above the flag leaf node.

Later seeding showed a trend of increasing flag leaf arealof
Rothwell-Sprite and Kloka wheat cultivars at Boxworth, England
(Jessop and Invins, 1970).

. Asana and Mani, 1950, in India, oSserved that about 50, 22
and 281 of the weight of gréln f wheat came from a;similation in
the leaves, ear,and stem, respéztively. 140 labélled assimilate
movement from the flag leaf of spring wheat was reported to be
predominantly towards\Yhe ears (gyinian and Sagar, 1962, in India,
and Stoy, 1963, in Sweden), pedu%cles (extrysion), and 'kernels
(Stoy, 1963). Later, Thorne, 1965, 1in England, observed that about
83X of the carbohydrates entering the ear in spring wheat was from
photosynthesis in the flag leaf (including the lamina, sheath and
extruded peduncle). ,___

Thorne, 1965, also reported that about 17% of the
carbohydrates entering the ear in spring wheat wags from photo-
synthgsis.inAthe ear itself. 1I‘C labelled assimilates that

’ .
entered the ear were observed to be distributed fairly uniformly
throughbut the length of the ear (Rawson and Evans, 1970). They
also reported that of the l[‘C preéént at maturity, only 12414Z.was
present in the ear structure, éhe remainder being in the grain.
However,'vaiietal differences in the émount of;carbohydrate : .
contribution to the grain by ear photosynthesis was noticed‘by Evans
and Rawson, 1970, in Australia. They found that for the whole pefiod
of grain development, the estimated contribution to total grain
yleld by ear photosynthesis was 33, 23 and 20%Z in Sonora 64,

Pitic 62 and Gabo wheat cultivars, respectively. Longer ears

could therefore mean more chance for accumulation of assimilates-.



in the wheat grain.

Voldeng and Simpson, 1967, in Saskatchewan, obtained
significant positive simple correlation coefficients (0.54 to 0.90)
between grain yield per main tiller. and photosynthetic areas

hotosynthetic areas included flag leaf and peduncle area, ear area,

d flag leaf and ear areas) in both high and low grain yielding

lines. 1In this leaf shéding eiperimeﬁt, grain dry weight per tiller
7 '

increased significantly m when ear and flag leaf areas together

unshaded compared to- om kéeping any other plant part

or paxfs unshad Yom a s eties 1in Saskatchewan,
Simpson, 1968, Feporred significant sidple correlation coefficients
of 0.84, 0.91 and 0.93 betweeh welght of grain ber Plant and flag
leaf lamina area, flag leéf sheath area, and total photosynthetic
area above the flag leaf node per plant respectively. Both on a
per plant and on a per tiller basis, grain dry welght ana components

6f photosynthetic area above' the flag‘leaf node had high, sigﬁificant,
and positive simple correlation coefficients. This indicates that

the photosynthetic areas above the flag leaf node could be important
CQAtributors of dry matter for the wheat graiﬁ. Simpson, 1968,

also reported a very high, significant, and positive siﬁple

correlation coefficient between fhe area of the flag leaf sheath

and total photosynthetic area above the flag leaf node both on a per

¢

plant and on a per tiller basis, ’

In spring rye (Secale cereale L.), Kaltsikes, 1973, in

Manitoba, Canada, reported that there were no significant simple
correlations between grain yileld per plant or grain yileld per plot
with ear length, flag leaf lamina length 6r‘w1dth, or flag leaf

sheath.length. Extrusion length, however, had significant positive

12




correlation (0.24) with grain yield per plot.

In a factor analysis with 14 different pPlant characteristics
in spring wheat, flag leaf sheath length was one of the six plant
characteristics included in the largest factor which explained
about 31% of the total variability in the data (Walton, 1971).

' The second largest factor was made up of extrusion length, flag leaf
length, flag leaf breadth, and flag leaf area, and accountdd for
another 30X of the total variability in the data In rye, however,
Kaltsikes, 197%, reported that the morphological characteristics
above the flag leaf node accounted for only about 6% of the total
variability in grain yleld per plot when they were entered alone in
a stepwise multiple regression equation. The positive associations
between grain yield and some morphological characteristics”above the
flag leaf node could mean that increasing the magnitude of these
characteristics may result in increhees in grain yield per plant or

per plot in wheat.

Grain yield per unit area

Some investigators (Woodward,\}956, Puckridge and Donald,
1967, Austenson, 1972, Stoskopf et al,, 1974, Briggs, 1975, Farig
et al., 1976) showed that grain yield per unit area in wheat
increased with increasing seeding rates, while othersu(Khalifa;
1970, Larter et al., 1971, Willey and Holliday, 1971) observed a
decrease in wheat 8rain yield with increased seeding rates/
Finlay et al., 1971, on the other hand, found no significant
differences in grain yield of barley (H. vulgare L. and H.

distichum L.) due to differeqt seeding rates, nor did Day et al.,

1976 with Maricopa wheat.

L

)
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From a‘seoding rate experimeﬁt on Saunders and Thatcher

spring wheat cultivars over 3 years at 3 ]ocations in Alberta, ~
Guitard et al., 1961 recommended about 100 kg/ha as the optimum
seeding rate for optimum wheat grain yield in these areas. Farig e et al.,
1976, suggested the 90 - ]34 kg/ha seeding rate far Yecora and
Neepawa and 202 kg/ha for Norquaxhspring‘wheat cultivars for optimqp
grain yield and early maturity in the'Peace River Region of Alberta. .
Magitou wheat gave the highest-average.grain yield at the two
lowest seedlng rares (25 and 50 kg/ha) and a significant grain yield
reduction was ?bserved by using seeding rates of 100 kg/ha and above
In Manitoba (Larter et al., 1971). HoweJEr, they suggested that the

recomnended wheat seeding rate in Western Canada 68 - 102 kg/ha

be maintained to cope with adverse weather conditions

Narrower row spacings also resulted in higher grain yield
per unit area in whgatAﬁBriggs, 1975, andeCIark, 1976), 1in barley
(Fialay, _c al., 1971, and Clark, 1976)',‘ and 1in oats (Clark, 1976):
An average grain yileld reduction of 27 - 301 was observed for 35. 6'
cm and 53.3 4m row spacings for Selkirk wheat, Bonanza barley, and
. Garry oage-compared to that of 17.8 cm row-spacing (Clark, 1976).

In Utah, Western4U.S.A., early seeding (beginning of April)
of Lemhi wheat gave grain -yields of 4700 kg/ha while late seeding
(beginning of.June) resulted in 2300 ;g/ha average grain yield
per unit area over 3 years (Woedward 1956). The average grain
yield of Saunders wheat decreased by 43% in unfertilized plots and
by 35% 1in fé%tilized Plots due to delay in seeding from the first
.(ﬁay 12) to the ninth (June 13) dates of seeding in Beaverlodge,
Alberta (Anderson and Hennig, 1964). Regressions of grain yield

on dates of seeding were significant and negative for 5 out of 6

"
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years for both fertilized ane unfertilized plots. 1In a 34 cultivar
test, the grain yield of wheat dropped by 450 whth~each
successive later seeding (seeding datés used were ril 20, May 25,
and June 29) in the Ord River Valley, Australia (Beech and Norman,
1971). Higher grain yield trom early seeding was also observed, on
Hindu 62 wheat in Gezira, Sudan (Khalifa, .1970), on Rothwell-Sprite
and Kloka wheats fn Sutton Bonington, England (Jessep and Ivins,
1970),‘0n Manitou wheat and Rosner triticale in Manitoba (Larter gs

al., 1971), on five wheat cultivars in New South Wales, Australia

v

(Doyle and Marcellos, 1974), on Pitic 62, Opai, and Selkirk wheats in

Ontario (Stoskopf‘g£ al., 1974), and on Opal wheat in the Atlantic

Region of Canada (Nass et al., 1975).
Cultivar differences were also observed for grain yield
I )
response to variation in seeding date and for graid yield stability

in different environméntal conditions. McFadden, 1970, in Lacmee,

Alberta, reported that delayed seeding in the spring caused a marked

~drop 1in grain vyield of 0111 barley and little variation in Conquest

barley over 3 years. Seeding dates used‘were May 8, May 22 and
June 7. Mack, 1973, observed that Pitic 62 significantly out-
yilelded Manitou wheat in both early (May) and late (June) seedings - -
under cool (lO C) and medium (18° C) soil temperature but not under
aigh '. temperature (28 C) conditions in Ontario. Temperatures as
L. as .SOC (day) and 13°C (night) were reported to have vernalization

effect on some late or mid- late maturing tropical cultivars like

' Pitic 62 (Wall and Cartwright - 1974 ). Reduction in spikelet

number per ear and then yield and bringing earlier heading are

- the méjor effects of vernalization on those late or mid-late

matuting tropical cultivars. On the other hand, north temperate , .
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cultivars, 1like Manitou, respond more to photoperiod than to
vernalization. In this regard, the lower yield of Pitic 62 at higher
soii temperature conditions (Mack, 1973) seems difficult to explain,.
Park and Pitic 6} wheat Cultivags had low phenotypic stabi;;ty for
grain yield per unit area in different environmental conditions
(Walton, 1968). P .k, a rust susceptible cultivar, in most cases

! '

\
outyielded Manitou, a rust-resistant cultivar in rust-free areas of

Alberta. 'In areas where rust is prevalent, in some parts of Manitoba,
however, Park had lower grain yleld than Manitou:. Pitic 62

also ylelded very'well undgr the more productive growing conditions,
[but where conditions were less favorable, 1t yielded oniy slightly
more than Manitou, Regression of the grain yleld of a cultivar on
the mean of the trial in which the cultivar is:fested was used to
determine the phenotypic stabi{ity of a culﬁivar by Walton, 1968. 1In
this method, if the regression coéfficient is high for a cultivaf,
4t indicates low phenotypic stability because the pattefﬂ of the
grain yield fesponée of the cultivar follows the patterh of the

trial mean which 18 the measure of environmental conditions.. Both

Park and Pitic 62 had higher regression coefficients than the remaining

cultivars.

EFFECTS OF SEEDIN. DATE AND SEEDING RATE ON THE CLASSICAL GRAIN
YIELD COMPONENTS AND TEST WEIGHT.

Ears per plant

In studies conducted by Pfxthﬁs, 1969, in Israel, tillering
increased markedly and significantly in wider within - row spacings
(similar to lower seeding rates) for both late and early maturing

> wheat cultivars. A similar relationship was also observed for seeding

16
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rate decreases in two barley cultivars, 0111 and Conquest, by

McFadden, 1970, in Alberta.

An increase in grain yield per plant could be expecked from

any increase in ears per plaht provided éompensatory reductions

in the other components were not obtained. Simpson, 1968,

associated the higher grain yield pef.plant of shorter plants with

their increased tillering capacity‘comparéd to taller plants.

About 812 of the total grain’ yield in wheat was contributed from

main shoot:pars and 19% from firsﬁ and second tillers (Ishag and

‘Taha, 1974);‘ASignificant chltivar differences_were observed for
Vears per plant béth in spring wheat-in Ontario‘(Stoskopf et al.,

1974) and in winter wheat in England (Bingham, 1967). Differences in
et —
number of»eérs per plant were 1150 shown by different wheat cultivars
of different maturit; éroups (Singh et al., 1970). They repof?ed
that later maturing cultivags produced a higher number of ear
[
gearing»tillers per planf, whereas early maturing cultivars had a

shorter vegetative phase and subsequently a lower number of ears per-

plant, especially under high temperature conditions.

Kernels per ear

In a stud§ conducted in Ontario (with 67, 135, 202 and 270
kg/ha seeding rates), the number of kerpels'per ear decreased
significantly due to seeding rate increases for Pitic 62, Opal and
Selkirk wheat cultivars (Stéskopf et al., 1974). Lower seeding

rates, (54 and 108 kg/ha), in barley (H. vulgare L. and H. distichum L.)

resulted in an increased number of kernels per ear for three out of-
four cultivars in 1967 in Ontario (Finlay et al., 1971). Willey

and Holliday, 1971, also observed increases in spikelet number per
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ear from lower'seeding rates iﬁ the wheat cultivér Koga II in
i :

England. Lower seeding rates, (e.g. 29 kg/ha), also resulted in a
higher.ﬁumber of kernels pér ear than did tﬁe higher rates of
seeding (58 and 87 kg/ha) for Haricopa wheat in Arizona (Day et al.,
1976). |

Number of kernels per ear showed significant incfeaseé with
delayed seeding for Kloka and Rothwell-Sprite wheat cultivars over
3 years in England (Jessop and Ivins, 1970) while Stoskopf et al.,
1974, 1in Ontario, Canada, reported significant decregées in number
of kernels per ear due to delayed seeding for Pitiéu62, Opal; and
Selkirk wheat cult}vars.‘

Bingham, 1967, in England, found that reJuction in kerpéi

number per ear resulted.in redﬁced grain yield per ear and’ in
incfeééed single grain ﬁeight thtdughout'the ear on a winter wheat
‘hybrid (TB208/14). Later, Simpson, 1968, in 'Saskatchewan, reported .
 a significant high positive correlation coefficient of 0.86 between
weighf of grains per ear and number ;f kernels per ear. Rawsan,

1970, in Aﬁstralia, also observed that an increase in spikeletfnumber
per ear was followed by an increase in kgrﬁel number per ear and thiév
was accompanied by an increasé in grainuyield per ear‘of overVSOZ

for the wheat cultiva iple Dirk. Number of kernels per eer has

been reported by a ndmber of workers as being the most important of

the three grain yield components in 1nf1uencing.gfain yield per plant
in wheat (Johnson et al., 1966, Rawson, 1970, and Stoskopf et al.,
1974). Johnson, 1966, algd‘indicqted that number of kerne}s’pef

ear i1s a character which 1s consistent over years .and locatiohs.'

Difference in kernel number per ear has also been referred

‘to as being the main cause of graln yield difference between

’
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cultivars (Dubetz ‘and Bole, 1973, and Rawson, 1970). Pitic 62
outylelded.both Manitou and Kenhi wheat cultivars becaugse of its

capacity to produce more fertile florets and more kernels per spike

(Dubetz and Bole, 1973). Rawson, 1970, also”fqunq)phat all cultivars

with more kernels per ear had more grain yield per ear compared to

those wheat cultivars with a lower number of kernels’per ear.,

Kernel weight

Pelton, 1969,‘in ﬁfskatchgwan, reported that the kernel
weight of Chinook wheat decreased with increased seeding rates in
- both fallow and stubble land. A similar relationship was observed
for Manitou wheat and Rosner triticale in Mani;:;}\(Larter et al.,
{1971), for Opal and Selkirk wheat cultivars in Ontario (Stoskopf
et al., 1974). On the other hand, Finlay et al., 1971, on two
~ barley cultivars &ﬁ aﬁfa;io and Stoskopf et al., 1974, oﬁ Pitic 62

wheat in Ontario, McFadden, 1970, on two barley cultivars in

Alberta, and Day et al., 1976, on Maricopa wheat in Arizona; observed

Wider row spacing also increised kernel weight in spring
wheats (Briggs, 1975). (Row spacings used were 15, 23 and 30 cm).

Stoskopf et al., 1974,-observed a trend of decreasing kernei
weight due to later seedings. At the latest seéding date in spfing,
.(May 30), all three cﬁlfivars (Pitic 62, Opal, and‘Selkirk wheats)
had significantly lower kernel weight compared toAresults from the

earlier seedings.

Late seeding of Hindu 62 wheat in Gezira, Sudan, also resulted
in lower kernel -weight compared to results from early seeding
(Khalifa, 1970). Within seasons, DoyleAand Marcellos, 1974, reported

_that there was a trend of reductiod in kernel weight with delayed

o</
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- ~Reglon of Canada, A

seeding of 5 spring wheat cultivars in a 5 year study in Australia.
In another study in the Atlantic Region of Canada, Nass et al., 1975,
reported that there were no significant differences in kernel welght
of Opal wheat due to variation in seeding date.
' Increased kernel Qeight was associated with reduced grain

yleld per ear in the winter wheat hybrid, TB208/14, (Bingham, 1967).
Lower kernel weight was also mentioned as one of the causes for the
lower grain yield per unif area of spring wheats compared to bafley

or winter wheats (Stoskopf éﬁ al., 1974).

Test we@ght‘(kg/hectoliter)

. Lower seeding iate significantly reduced the test weight of
Glenlea wheat while Neepawa and Pitié'62 wheat cultivars did not
show significant responses in test weight due to'variation in seeding
‘rate at Ellerslie, Alberta (Brigge,,1975). Seeding ratés.used were
34, 67 and 101 kg/ha. He also reported that wider row spacings-
significantly increased test weight of some‘spring wheat cultivars.
ﬁass_gE_gl.,l1975, obéerved a mérked trend of décfease in

v

test weight of Opal wheat as' seeding date was delayed in the Atlaﬁtib,

. t
ey

i

From a seven years study (1916, and 1919 to 1924), Méngels
and .Sanderson, 1925, in North Dakota, reported significgpt positive

N

associations between test weight and flour yield of wheat for each
| . 7
year. Positive simple correlation coefficients of 0.67 to 0.82
were obtained from sample si;es which ranged between 174 in 1922 to
305 in 1924. For the years 1949 through 1954 on 287 tests, Sheuy,

1960, in Minnesota, also observed a positive. correlation coefficient

(0.74) between test weight aﬁd milling yield of wheat. Both Mangels’
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and Sanderson, l925,>and Sheuy, 1960, did not ‘indicate whether the
samples used in their studies represented genotypes or they were just
samples from different environments.

. Hlynka and Bushuk, 1959, also digcussed the factots that affect
test weight. " .They argued that higner test weight 18 a result of
higher kernel density, and uniformity of kernel shape and size. Kernel

size by itself does not have significant effect on test weight. \

Grain protein percentage and Total yield of protein.

In a study by. Pelton, 1969, in Saskatchewan, the percentage
. nitrogen in wheat grain was found to be more for higher seeding
‘rates on fallow plots but there were no significant responses to
seeding rate from plants grown. on stubble land By contrast, Larter
et al » 1971, in Manitoba, reported .that grain protein percentage
was not significantly influenced by‘diffetent*seeding rates of 25,
50, 75, 100, 125, 175 and‘ZOO kg/ha for Manitou wheat and Rosner
tritieale in a two year study on summer fallow land. The availability
of nitrogen compounds might have been increased in the summer -
fallow plots. As a result; the accumulation of nitrogenous compounds
in the plants and their translocation-to kefnels was not limited
even at higher seeding rates. ;iatetnseediné in spring of Opal
wheat appeared to increase grain protein .percentage in the Atlantic
Region of Canada (Nass et al., 1975). ~ However, it was not possible
to determine a definite trend of relationship between seeding dates
and total yield of protein for Opal wheat.

In a study of Red Bobs and Marquisg wheat cultivars in Alberta,

Mallock and Newton, 1934, indicated an inverse relationship between

grain yield per unit area and grain protein percentage ' Significant

RPN



And negative simple correlation coefficients of -0.68 (£930) and
-0.42(1931) were obtained between grain yield and grain protein
percentage from 50 élote of each cultivar in the above stud}. McNeal
et al., 1972, in Montana, U.S.A., also reported that grain yield

Per unit,area was highest from low protein composites (F6 populations)

of eight spring wheat crosses, compared to high protein composites.
This relationship was also found to be congistent with locations and
among crosses. They glso observed that high protein composites of
spring wheat had significantly less number of kernélg per ear, and
lower kernel weights. They also suggested that the difference in
grain pfotein percentage between the two. composites could be due
‘to the uniformly lower distribuﬁion of nitrogen in many kernels in
the low protein composites compared to the fewer kernels receiving
relatively more nitrogen in the high protein composites. '
Cultivar differences were observed both for grain protein
percentage and fotalvprotéin yield of wheat. Mack, 1973, obserbedl
ghat grain'protein percenfage was significantly higher for Manitou
thaﬂ Pitic 62 g;ownla; three differing soil temperature conditions
(IOOC, 18°C,28?C)’1n Ontario.Grain proteinvpércentage of Manitou |
was dlso found to be 25 - 31X higher than that of Pitic 62 in
Southern Alberta, but the total prétein yleld per unit area of the
twé cultivars differed only by 3% (Dubetz, 1972). Dubetz and Bole,
1973, also showed that both grain protein percentage and yield of
protein per‘unit area were higher for Manitou, Kenhi, and Pitic 62
at the highest nitrogen fertilizef treatment (224 kg/ha N)‘leveis

in Léthbridge, Alberta. (Nitrogen treatment levels were 0, 56, 112

and 224 kg/ha).



MATERIALS AND METHODS

Plant Materials

Seven genotypes of spring wheat (Triticum aestivum L. em

Thell) were used in this study of the effects of seeding rate and
seeding date variation on plant and seed characteristics. Seed and
other agronomic characteristics of thé genotypes used are presented

in Table 1.

Study areas and experimental design

The experiment was conddEted in three sgites in Alberta,
at (1) Edmonton Research Station, University of Alberta, (11) Ellerslie’
Research Station, University of Alberta, ang (111) Oldé Agricultural
College, in the summer of 1975. The climatic and edaphi; details of
these sites afe described:in Appendices 1, 2, and 3.

There were six rates of seeding (30, 60,'9Q, 120, 150 and
180 kg/ha) and three seeding dafes (May 8, 16, and 26 for Edmonton and

Ellerslie, and May 15, 22, and 29 for the Olds site). Data for the

May 29 planting at Olds are not reported in the thesis, since they were

incomplete.

as used with

The Split Plot_&esién, with four replicates,
éeeding dates assigned to maiﬁ‘plots and geno x seeding rates,
treatment combihations, making up‘the forty-two treatménts within
subplots. ' : .(

Soil fer;ility status and fertilizer applied for each :

test site are shown in Table 2. Fertilizer applicafions were broadcast

using a Gandy Free Flow Spreader, Model, 1012, at all sites.
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TABLE 2. SOIL TEST NITROGEN (N), PHOSPHORUS (P), POTASSIUM (K) AND

AMOUNT APPLIED IN Tﬂt FORM OF FERTILIZER IN KG/HA.

Edmonton Ellerslie - 0lds

N P K N *P K N P K

Soil test, fall 1974 104 15 1215 103 6  8i8 24 2 - 270

Fertilizer applica-

tion, spring. 1975 13 15, 0 17 17 0 40 ° 24 0

Four row plots, with 23 cm row spacing; were used at all
sites. Row leagth wags 5.63 m at both Edmonton and Elierslie and 6.09 m
at Olda. | a .

A four row power seeder (Canada Departmgnt of Agriculture
design, Swift Current, Saékatqhewan) was_used:for\beeding and a ’
mechanical saed'divider used to split the seed into rhe four seed
drills.

Granular avadex B.W. (10% granular) was applied at Ellerslie
in October, 1974 (before ground freeze-up), using a broadcast appli-
cation method for wild oat control. The rate of application wasv12.3
kg/ha. Herbicides to control the common weeds (stinkweed and hemp
nettle at both Edmonton and Ellerslie and wild buckwﬁeat and stinkwegd
at 0lds) were used at different plant growth stages. Rates and datesi
of herbicide application are given in Tablgf3. 67 to 89 liters qf

water per hectare were used in spraying.

"The following plant characteristics (variables) were

evaluated in this experiment.

4]
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Plant characteristics (variables)

1 Plant stand

2 Number of days to heading
3 Ears per plant

4 Ears length, cm

5 Extrusion length, cm

6 Flag leaf lamina area, cm
7 Flag ieaf sheath area, cm2
8 Plant heigﬂt, cm

9 Numger of Kernels per ear
10 Number of days to maturity

11 Grain yield, gm/2.30 m2

12 1000 kernel weight, gm

13 Test weight ofRgrhin, kg/hl
14 Grain proteinf:jifegt, %
15 Progein-yield, gm/2.30 m2
16 Grain yield per plant, gm
17 Grain yield per tiller, gm

w

1. Plant stand

éecorded at

Edmonton, Ellerslie, 0lds
Edmonton, Ellerslie, 0lds
Edmonton

Edmdnton

Edmonton

Edmonton

Edﬁonton

Edmonton, Elierslie, 0lds
Edmonton _

Edmonton, Ellerslie, Olds
Edmonton?'Ellerslie, 01lds
Edmontonﬂ ﬁllersl ie, Olds

Edmonton, Ellenélie, Olds

’ Edmonton, Ellerslie, Olds

Egmonton, Ellerslie, Olds
Edmonton

Edmonton

)

Three sample counts, each based on a length of row one

meter long, were taken at the 2 - 3 leaf stage from the center two

rows in a plot. The average of these counts multiplied by 11.26 m was

assigned as a plot value.

2. Number of days to heading

Date of heading was recorded when ébout

N

%2 of the spikes

27
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in a plot came out of the boot. Days were recorded as the number of
days from date of seeding to date of’hvading. Observations were done
almost every day at Edmonton, every 2 - 3 days at Ellerslie, and

every 3 \ays at Olds.

3. Ears per plant

Ten to fifteen days after all heading days“were recorded
(for any one seeding date) ten plants were pulled from the two border-
rows, five from each border row. Soil was removed by beating the lower
part of the plant on a pPiece of board and tﬁe number of ear bearing
-tillers rer plant‘countedi The average value was then recorded for

the plot.

4, 5. Ear length and Extrusion length

. .
N . i

At about the same time as the tlller count one primary

tiller of each of ten plants per plot (5 from each border row), was

cut a llttle below the uppermost node. Extrusion length (that part of
the culm between the tip of the flag leaf sheath and ehe base of the
ear) and ear length we; measured in centimeters anﬂithe aQerage values
assigned e% the plot. The flag leaf lamina and its sheath were

immediately wrapped in labelled Plastic bags and put in a deep freeze

~ar”

- until area measurements were done,

6, 7. Flag leaf lamina area and _Flag leaf sheath area

The area of the preserved flag leaf ‘samples (ten per plot)
were measured by a KBK Automatic Ares Meter, Type AAM—S (manufactured

2
by Hayashi Denko Co. Ltd.) and the average values recorded in em”.

2
The aYéa meter measures as small an area as 0, Ol cm' .

~
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This photo electronic apparatus measures the total area‘
of test objects by detecting how much the test objects shade the
scanning light beam.

Since it was found diffiéult to keep the flag leaf sheath
flat during the area measurement broceSS, the area of the whole sheath
with culm (ten per plotj.was medsured and the iwerage value multiplied
by a factor to give the relative flag leaf sheath afea in cm™. The |

factor was obtained using the following formula:

i=N
i=£l (Y, /X))

F, =
J N
Fj = factor for jth treatment (G =1, ..., 42)
Yi = area of flat (true) flag leaf sheath
Xi = area of flag leaf sheath, non-flat, measqred with culm.
N = number of plants tested (measured), usually 10 plant samples

tested per treatment combinatfén.

8. Plant height

A two-meter stick was used to take two readings from the
center two rows of a plot at %aturity. Main shoots were measured,

excluding awns, and the average value in cm recorded for the plot.

9. Nﬁmber of keggg}s per ear .

b Ten ears per plot from primary tillers (five from each
border row) were harvesté&d prior to maturity. The dried ears were
threshed and kernels counted using a Syntron Electronic Sekd Counter,

< .
Type EBOO, Style 2040. Thé‘éverage value per ear was recorded for

each plot, o .
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10.  Number of days to maturity

Maturity wag recorded by visual rating. A ploé was
ifecqrded mature wien about 75% of the ears loét all the Breen t'inge
from their outer glumes. Observations were done almost every day at
Edmonton, every 2 - 3 days at Elle: ‘e, and every 3 —'6 days at 0Olds.

: : @
Days. were recorded as the number of days from date of seeding to date

~

of maturity;
At Edmonton, Measurement of moisture percentage in the
8rain using a Burrows Digital Moisture Computer, Model 700, was.tried

guide for determining

higher'seeding rates (120, 150, and 180'kg/ha) haduabout 50% of the

ears which had lost their green tiﬁge from the outer glumes., 1Ip éhis
test, a Benotype with higher grain ﬁoisture bercentage is considered
relatively later in maturity than a genotype yith l&w grainvmoisture
Percentage. Sampling wag dope in date one only, ‘on August 22 (re-
Plication 1), August 25 (replication‘II), and Auggst 26 (replicatibanII).
Each sample included, 42 subplot treatment combinations, Only limited

data were obtained from this test due to Procedural problems which are

N

reported in the results and discussion section,.

"11. Grain yield

. ----vum,wn.wn‘..ku-1..»..‘ .
B r



graln drying compartments heated by a Direct Gas Fired Make ~up Air
Heatér, Model BMA D-3 at 36°C for 36 - 48 hours. The average grain
moisture éercentage after drying was about 10%, Threshing was done
by a statlonary ﬁEGh - 125 combine and grain yield measured in érams
Harvested plot size after plot ends were trimmed was 5.02 x 0.46 m

(2.30 m ) for all three study sites.
>

-

12. 1000 kernel weight in grams

200 seeds from the harvested sample from each ploﬁ were
counted by using a Syntron Electronic Seed Counter, Type EBOO, Style-
2040.  Weight of the 200 seeds was multiplied by 5 to give 1000 kernel

weight in grams.

13. Test Weight (kg/hectoliter)

Test weight reading from plot grain yield was taken: in
pounds per bushel (lb/bu) and later converted to kilograms per hecto-

liter (kg/hl).

14. Grain protein content ‘ .

The Neotec protein determining machine wasg used for:
evaluating grain protein in percentage. This machine works by the
method of "Infrared Reflectance Sbectroscopy”. Details of sample

prepération, grinding, and reading are given in "TIS, Winter, 1976

Infraletter, Vvol. 2, No. 1., Technlcon Ind. Systems Tarrytown, New

2

York".

15. Protein yield per plot

These data were obtaiﬂéd by multiplying plot grain yield

: 2
by grain protein to glve protein yield per plot (gm/2.30 m“).

31
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16. Grain yield per plant

The data for this variable were calculated as follows

GP, = GY, : PS (1 = 1 - 504, total number
1 i i
of plots at Edmonton)
GP. = grain yield per plant for ahy one plot

GYi = grain yield per plot (2.3%\»2) for any one plot

PS. = plant stand per plot (2.30 mw¥) for any one plot

17. Grain yield per tiller

The data for this variable were calculated as follows

1
GT, = Gp, : TPi (1 =1 - 504, total number

i i o & of plots at Edmonton)
! 911 = grain yield pe£ tiller for any one plot
GPi = grain yield per plant fqr any one plo?\‘
TPi - numBer of ear-bearing tillgrs pér plant for any one plot

Later, the data for both grain yield per plant and grain yield

per tiller were analyzed in the same way as the -other variables.

-

/

‘

Statistical analysis

I
/.
!

1. Analysis of variance I

For each site sep4rately, all the data for each variable were

subjected to the Analy81s!of Variance for Split Plot Design (Steel and -

Torrie, 1960) using the following model.

= +
X = U+ 31 M s+ (RM), , + 8 E{jx

X = a single observation (value for a plot)

ik
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U = general population mean ' §
Ri = replication effect (1 = 1, ..., r) ~
Mj' = main plot treatment.effect (j =1, ..., m)
Sk = subp:.ot treatment effect (k =1, ..., s)
(RM)ij = replication x 'main-plot treatment interaction effect
(main-plot error)
(Ms)jk “= Main-plot treatment x sub- plot treatment interaction
effect :
. .
ijk = residual error (subplot error)

Both main plot and subplot treatment. effects are.fixed in this ﬁodel.
Duncan's Multiple Raage test (Steel and forrie, 1960) was pged

to compare ma;n‘plot treatment means, subplot treatment ‘means, geno-

type means and seeding rate means. 'Seeding ddte x (seeding rate x.

genotype) interaction means (DR interaction means) were compared

using the Least Significance Difference (LSD) method.

Z. Simple Correlations

‘The correlatioas among plant characteristics were calculated
using plot meansyalues for any one variable.'.In these analyses?‘eaeh
genotype had 72 plot mean values (3 seeding dates x 4 replications X

. 6 seeding rates) for any one variable (N = 72). - l

3. SteﬁWise Multiple Regression

In this method, quantitative dependency relationships among
.varlables are determined. For those genotypes where multiple reg;ession
. equatidPs were computed, ob$érvation number'was>the aame as in tﬂeu
eimple correlations-(n = 72).

' ' = . : .
| Y A+ Bl Xl + B2 X2 + ... + Bk Xk




Lo
i

Yl

n

>
it

=
]

Y intercept

estimated value for Y (dependent ‘variable)

RY

independent variable

B, = regression coefficient (solved by least 'square method)

v
number of independent variables in the regression equation

In this step&ise multiple regression hethod, at each step after all

the forced independent variablés have Been entered,

the next independent

variable entered into the regression equation is that which explains

the greatest amount of variance between it and the dependent variable.

(i.e. the variable with the highest partial correlation with the de—‘

pendent

variable) Every new 1ndependent variable entered into the

equation has a Bi value which stands for the expected change in Y'

‘value with a change of one unit of the new variable when the}independent

variables already in the equation are held constant or otherwise con-

trblled

for. Termination of the analysis occurred when the newly

introduced variable resulted in giving a éequential F test value of

0.0001 or less.

4. Chi-

3

Square Test for;ggadness of fit

two for

Chi-square tests were conducted on plant stand data from date

all locations. Observed plantistand was compared with the

expgcted to determine if there were significant differences betweeq

’ i
the two.

Z Lbserved - expected)
= expected

[ adl)

X

N = Number of pairs (observed ‘and expected)

The model used was as follows: (Steel and Torrie, 1960).

./\
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RESULTS AND DISCUSSION

Analysis of Variance

Varying seeding dates at edmonton had significant effects on
all variables except 1000 kemel weight (Table 4). Plant height and grain
'yield per plot at both Ellerslie and Olds, protein yield at EllerSIievand‘
test weight and 1000 kernel welight at Olds were not significantly

influenced by variation in seeding date;

At all locationsg, significant differences were observed in
all variables studied due to different subplot treatment combinations
(genotype x seeding rate). : / o

At Edmonton, seeding date x (treatment ombination) inter— J

caction (DR) effects were f0und significant for all variables except
number of kernels per ear (Table 4). At Ellersvﬂe, plant stand and
plant height were not significantly influenced by DR interaction effects.
At Olds, there were no significant DR interaction effects for any
‘variables, except for days to heading fTahle 4. . .
Mainplot coefficient of variations (CV( )5 were‘found to be
. high (CV(a) i_lSZ) for plant stand and grain yield at all sites, 1000
kernel weight at Olds, protein yield at Edmonton -and Ellerslie and
extrusion length, flag leaf area, and kernels per ear at Ednonton '
}(Table 4). Subplot coefficient of variation (CV(b)) was also high
(CV(b) > 15%Z) for plant stand, grain yleld and protein yield at’ all
“ locations, and for ears per plant at Edmonton. The technique used in
collecting data for ears per plant was observed to be unreliable eince
it was difficult to separate individual ear bearing tillers from the
parent plant and this might have accounted. for the high CV values

' (101 7 for CV( ) and 34.7 for CV(b)) Insufficient number of measure-

ments per plot (as was the case with 1000 kernel weight, protein vield
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and grain yield) could also have contributed to the unexplainable
variation, legding to higher CV. Plant stand might have also been
influenced‘by‘differential ger&ination due to inherent plot variability
thus leading to higher CV values. Hiéﬁ CV values indicate larger error
(CV(a) for error (a)»and CV(b) for error (b))., High error valuea mean
that the explainable variation will be ;elatively smaller thereby

‘decreasing the chance of detecting significant treatment differences

in both mainplots:and subplots.
EFFECTS OF VARIATION. IN SEEDING RATE. AND SEEDING DATE ON ‘

v Grain yield per plot

‘At all locations, increases in seeding rate significantiy

~.

inc?gased grain yield per plot (Table 5). This reldtionship was ‘also
true Epr most of the'geﬁotypes at all locations and 1s in agreement with
reports5by Woodward, 1956, Puckridge and Donald, 1967, Austenson, 1972,

Stoskopf et al., 1974, Briggs, 1396, and Faris et al., 1976. For most -
genotypep,-ﬁhis effect was more pronounced at the relatively lower

5 . . !
seeding rates (30, 60 and 90 kg/ha) and increases in grain yleld were

found to be félatively smaller, and non-significant, for sgeding rates
above the 120 kg/ha rate. The increases in géain yield grom incréésed
‘seeding rates of mostvéenotypes could pdssibiy be attributed to the
_increased plant stand (Tébig 30) since 411 other grain yield components
showed Qegative réSponses to increased geeding rates (Tables 12, 14,

and 16). This effect was also indicated by Guitard et al., 1961, and

Puckridge and Donald. 1967.

Averéged over all seeding rates and seeding dates, Pitic 62
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TABLE 5. MEANS (AVERAGED OVER ALL SEEDIRG DATES AND OVER ALL
REPLICATIONS) OF SUBPLOT TRCATMENT COMBINATIONS
- ; - ‘ . . 2
(GENOTYPE x SELDING RATE). FOR GRAIN YIELD IN GM/2.30 M-,
Scedi
o sesets
(kg/ha) Fark fycpawa Pitic 62 Glenlea Norquay 7014116001 70H009002 Means
£dmonton - f
30 682 IA+ 768 k1 1094 b-f 177 K1 776 ) 849 hijk 754 1} 814 ¢'
60 772 K 961 f-§ ~ 1261 a 967 f-J 958 f-j§ 978 d-h 1019 ¢-h 988 b'
90 810 {jk1 917 g-k 1302 a 892 g-k 945 -4 1140 a-e 1001 ¢-h 1001 b
120 783 k1 973 e-1{ 1295 a 997 d-h 1059 d-g- 1198 ab . 1024 c-9 1047 ab’
! . ‘
150 804 jk1 1004 e-h 1206 ab 1089 b-f 1013 c-h- 1167 abc 898 g¢-k 1026 ab'
180 "952 f-j 1005 c-h 1287 a 1031 c-g 1057 b-g 1147 abed 997 d-h 1068 a'
Genotype : ) i !
Means 800 d" 938 c¢" 1241 a* 959 c¢” 968 c" 1080 b* 949 ¢*
Elersife
30 589 p 758 no 996 .d-k 803 m 755 no 610 p 647 op 737 ¢
60 825 1nn 972 e-1 1155 abc 888 j-n 976 e-k 921 1-m 762 no 928 b
90 900 j-n 966 f-1 1186 a 1026 b-j 1008 c¢-k 1121 a-e 891 §-n 1014 a'
120 870 klmy 1039 a-§ 1176 ab 1075 a-h 1106 a-g 1085 a-h 1024 ¢-§ 1053 a'
150 865 klm 933 h-w 1067 a-1 1004 c-k 1071 a-f 1100 a-h 965 f-1 1001 a*
180 - 964 g-1 1059 a-1i 1117 a-f 1080 §~h 1134 abed 1148 abe 988 d-k 1070 &'
Genotype .
Means 835 ¢" 956 b" 1116 a* 979 b 1008 b* 997 b* 880 c¢*
0lds .
30 570 jk 611 1jk 756 b-k 654 g-k 096 f-k 564k 640 hijk 642 ¢*'
60 653 9-k 754 b-k 771 b-1 700 f~k 757 b-§ 850 b- 722 d-k 744 b
90 745 c-k 740 c-k 907 a-e 783 b-i 824 b-h 721 d-k 774 ab’
120 826 b-h 751 b-k 838 b-g 682 'f-k 911 abcd 804 b-1 - 794 ab'
15C 812 b-i 698 f-k 1041 a | 932 abe 806 b-h 737 d-k 823 b-h 836 a'
180 7{76 b-i 802 b-1 910 abed 940 ab 715 e-k 789 b-1{ 827 b-h 823 ab’
: Genotype . e ’ ‘
Means 730 b" 726 b" 870 a“ 782 b" b* 744 b'y 743 »*

185

+

Means followed by the same letters ar
from each other at the 5%
followed by more than four

letters are Wr1

Indicate separate com

genotype means,

tten.

respectively.

e not significantly different
level of probability. -When a mean is
letters ,only the beg1nn1ng and the last

4

parisons of seeding rate means and
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was significantly the highest grain yielder at all three locations
giving 1241 gms/2.30 m? (5396 kg/ha) at Edmonton, 1116 g;n/2.30.m2
(4852 kg/ha) at Ellerslie, and 870 gm/2.30 m2 (3783 kg/ha) at 0lds.
Park at Edmonton and Park and 70M009002 at Ellerslie were the lowest
yielders. At Olds, all genotypes, except Pitic 62, which wasg signifi~
\‘canfly higher yielding, had similar grain yields per plot.

As mentioned éﬁrlier, grain yield for most genotypes showed
a tredd\of leveligg—off or dropping at the relatively higﬁer seeding
rates (120, 150 and 180 kg/ha). Fgr some, similar grain yields were
obtained at the highest four, five or six geceding rates. For instance,v )
7QM110001 or 70M009002 at Edmonton, Pitic 62'af/Ellersiie and Oldsg, and
gérquay at Olds showed 5 trend of decrease in grain }ield due to increase
iﬁ seeding rate in thé higher seeding rate range (120, 150 and 180 kg/ha) .
There werefno significant grain y%eld differences for the five hé}hest
seeding rates for Norquay or Pitic 62 at Edmonton, or for'Neepawa or
Pitic 62 at Eliefslie, or for Pafk‘o; 7bM110001 at Olds. At Olds, Neepawa
and 7OMOO9002_had similar érain yields for all six seeding rates. This
leveling-off or dropping of grain yield at higﬁer seeéinégrates:is likely
" due to corresponding leveling-off of pléqt stand (TaBle 30) acgompanied
by decrea s in ears per plant (Table 12}, kerneis per ear (Table 14)
and kernel weight (Table 16). Theré was no marked lodging>proble¥
recorded at any site, which could account for grain yield leveling-off
or decreasiny at higher seeding rates, except for Pitic 62 at the 150
and 180 kg/h -ates which showed slight lodging at Oldé.‘J .

.The grain yield response of genotypes to. variation in seeding

rate varied from one-location to another. Grain ylelds of Pitic 62, for

w .
instance, were similar for the five highest seeding rates at Edmonton or



Ellerslic. However, at O0lds, a highorigruln yicld for Piti¢ 62 waé“
obtained from the 90 kg/ha rate than from the 30, 60, and 120 kg/ha»
seeding ratesj Park had significantly the highest grain yield at‘the
180 kg/ha seeding rate at both Edmonton and 0lds and at the 150 and
180 kg/ha seeding rates at g;ierslie. The above results indicateithat
the optimum seeding rate for high grain yield may vary from one gendty;e
to another, and from one location to another within genotypes. .
At Edmonton, grain yield (averaged oven all treatment com-
binations) was sigd‘ficantly lower from date three seeding than from
either date one or date two seeding (Table 6). At Ellerslie and Olds,
there were no significant grain yield differences due to varilation in
seeding date. However, most treatment combinations had significantly
higher grain yields when seeding was earlier. This result of higher
grain yields fromrearly seeding is in agreement with siwilar reports hy
Woodward, 1956 Anderson and Hennig, 1964 Khalifa,_1970, Beech and

.

Ndrman, 1971, Larter et al., 1971 Stoskopf et al., 1974, and Nass et al.,
1975. At Edmonton, the late maturing genotypes, Pitic 62, Glenlea, Nor-
quay, and one of the early maturing genotypes, 70M110001, at most seeding
rates, benefited more from early seeding, compared to the other relatively
early maturing genotypes, Park, Neepawa, or 70MOO9002 | For inStance,
Seedings at either.or both of dates one and two- gave significantly higher
;rain yields for Pitic 62, Norquay at all seeding rates, and for Glenlea
at th. ,O, 60, 90, 120 and 180 kg/ha, and for 70M110001 at the 30, 60,

90 and .20 kg/ha seeding rates. On the other hand, it was’ only the 120
and 150 kg/ha seeding rates for Park, the 30 kg/ha seeding rate for
Neepawa, and the 30, 60 and 150 kg/ha seeding rates of 70M009002 which

had significantly higher grain yields from either or both Of"ﬂates one

|
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TABLE 6. MEANS -(AVERAGED OVLR ALL RCPLICATIONS) OF SUBPLOT
TREATMENT COMBINATIONS (GENOTYPL x SEEDING RATE)
FOR GRAIN YIELD 1N GM/2.30 M7,

- e e e e R
— T T ey - e - ——
ireslreot curbination “‘Cﬂ'!‘). dste
Gcm:!ym ] {4 nnton fNlersite 01ds
Serding rate Cue Tuo Three Cne Two Three One Two i
Park 30 vg/ha 187 718 54) 066 612 430 £34 606
Park : 60 kg/ha 8454 774 623 806 845 823 994 713
Park 90V 9/ha 851 721 847 827 900 903 . 703 187 BN
Park 120 kg/ha 963 750 610 87) 8319 877 168 1) ~ \
Park 190 %g/ha 958 890 56% 854 897 84y 80) 822 <- 0
Park 180 kg/ha 986 966 905 1032 918 941 (22) a7$ ‘\ )
. O
Neepawa 30 kg/ha 1039 824 444 923 o7 45 647 879
Neepaws 60 kg/ha §8) 1071 830 960 1026 929 192 1§
licepaws 90 kg/ha 933 908 I 980 970 4 950 i3 239
Keepawa 120 "kg/ha 1004 949 90?7 1693 1016 1008 646 856
Aerpaasa 150 kg/ha 1012 1016 98] 806 1010 942 749 847
leepawa 180 v g/ha 949 1067 959 960 1178 1039 17 829
Pitic €2 30 kg/ha 1072 1356 854 1144 1066 77 651 861
Pitic 62 60 kg/ha 1399 1384 1092 1 1127 1162 180 762
Pitic 62 90 kg/ha 1432 1395 1080 1269 1232 1052 901 st
Pitic 62 120 kg/ha' 1194 1380 1113 1062 1367 1098 726 950
Pitic 62 150 kg/ha 1340 1338 940 1059 1099 1043 1078 1004
Pitic G2 180 kg/ha 1358 1520 985 " 1027 1221 10) _Ml 980
Glenlea 30 kg/ha 811 958 532 994 723 68 ‘sz 72
Glenlea 60 kg/ha 1082 - 1164 656 1014 903 147 528 ars
Glenlea 90 kg/ha 1niz 998 561 1264 1153 862 842 723
Glenlen 120 kg/ha 1240 1246 97 1041 1n 1031 665 700
Glenlea 150 kg/Ma 1 hE) 10723 999 375 1097 941 970 895
Glenlea 180 kg/ha 1193 1212 682 1058 1150 1034 932 949
Horquay 30 kg/ha 838 947 s42 8% 657 3 78 609
Norquay | 60 kg/ha 1059 992 822 1094 911 902 753 762 -
liorquay = 80 Lgysha 1161 905 769 5a1- 1123 910 955 693
Norq.ay 170 kg/ha 1204 1067 908 1256 1124 938 842 981
Korquay 150 kg9/ha 1176 1136 27 1200 1083 924 842 mn
NHorquay 180 kg/ha 177 897 1098 1197 966 1218 69 M
A
764110001 30 kg/ha 902 959 685 635 504 689 528 600
70'1110001 60 Lg/ha 1079 1138 718 B29 965 969 - 817 884
204110001 90 kg/ha 1138 1357 926 = 1150 1203 970 684 7187 -
70M110001 120,k 9/ha 1268 1317 1010 1280 966 1008 761 24
7C4110008 150 kg/ha 1119 1274 il08 1132 1061 1107 13 738
764110001 180 kg/ha 1072 1283 1085 1026 1266 119) 794 788
701203002 30 kg/Ma 993 665 60% 841 590 508 - $38 743
707305002 60 kg/ha 108% 1155 817 8s1 798 638 736 708
204005092 90 «g/ha 1054 1039 907 939 940 734 755 645
70835602 120 kg/ha 1067 1056 948 1030 1018 1025 796 6§94
7O 002 150 kg/ha 890 1057 . 746 861 1036 998 4 901
731033002 180 kg/ha 118 992 831 21 1044 940 768 83$
*
Sceding date Mean 1078 a 1066 a 828 b 1001 & 985 2' 916 a* 749 2 788 2°
+ 150 (s1) 259 228 22
++
LS00 (%) 240 21} 220‘

* Within Tocation, means followed by the same letters are not
significantly different from each other at the 5% level of
probability. - )

* Least significant difference.between means of same treatment

combination in different seeding dates or between means of
different treatment combinations in different seeding dates.

++ Lleast significant difference between means of different
treatment combinations in the same seeding date.

, Indicate separate comparisons of seeding date means for
E]]ers]je and 01ds, respectively. TN

~



and twp.soedings than from date three sceding. A simiigr relationship a
was also observed at Ellerslie for most o{ the treatment combinations
which shéwod significnnt grain yield responses\to variation i; seeding
date. At 0lds, grain'yields of all treatment Eombinations did not. show
significant responses to variation in seeding date. The gxplapation for
this could be that the seven ;Iays dif@rence between the two seeding
dJCeé at 61ds was insufficient to affect the relative length of the
growing season. Thebdecrea;g-in grain yield due to delayed seeding.of
most treatment combinations at Edmonton and somefat Ellerslie could
possibly be due to the relative shortness of the frowing season at both
iocations which did not allow.the normal completion of the development
of plants, Fér instance, the average number of days to maturity was 125
énd 127 for Pitic 62, 109 and 112 for Pdrk and 114 and 116 for 70M110001
at Edmonton and Ellerslie, respectively (Table 8), while the frost free
da¥§ (1975 season) wereleO for Edmonton and 105 for Ellersli%:(Appen-
dix;l). This means that delayed séeding could have forced the grain
filling period of plants to fall into* tho relatively cooler part of the
growing season, August-September, (Figure 1), thereby resulting in poor
grain filling and then poor grain yieldi Théfefbre, the need for early
planting in spring for most trc;tment co;binations, especially at E&monton?
cannot be over-emphasized. Anothe; alternative.to_avoid'this grain yield
loss fro% late seeding, could t -o develop or introduce genotypes which
are early matﬁring but still are higher grain ylelders than the commonly
grown cultivars in the area. At Edmonton for instance 70M110001 can

R
fall in this category since it outyiclded both Park and Neepawa by
:15 - 354 and yet was only about 3-5 days later in maturi;y;(Tableb8),

~

At Olds, grain.yield should be given more emphasis than earI§ maturity

42




in selectihg a feedwheat genotype since the growing season there is
relatively longer than that of Edmonton or Ellersiie (Alberta Agri-
culture, 1975). |

The remarkably higher grain yield of Pitié 62 at all three
locagions, (averaged over all sceding rates and geeding dates within
10cations$ cémpared to the othdr genotypes supports theareports by
Dubetz, 1972, from a séudy at two sites in Alberta, and Mack, 1973, in
Ontario. In the present study, Pitic 62 outyielded Park, one of the
1owest graln yielding genotypcs, by about 554 at Edmonton, 34% at
Ellerslie, and 19% ar Olds (Table 5). Even one of the second highest
grain yieldiné genotypes, 7OM110001 gave about 357 more grain yield
than Park at Edmonton and 19% at }llcrsli |

Proteln level of hard rod spring wheats grown in most parts
of Alberta was found to be low (Dunne and Anderson, 1976). The bread
méking quality of these wheats was alsd low. The broépecg of dbtaining
higher grain yield and more fceé energy per unit area from new genotypes
'y relaxing ghe grain quality standards in the breeding program were
among tﬁe-coﬁditions which led to the creation of thé new market‘cléss
"Utility Wheat" By the Gréins Act of>Canada in 1969. The fact that
enéfgy levels per unit weight of grain are higher.from wheal for most
livestock ratiohs than ffom other cereals like barley and oats (Table 7)
aléo adds to the importance of researching the potential of utility
wheagé for feed purpose in Alberta. With feed eﬁergy per unit area
being so‘important and ip view of the very narrow(}ange~in energy per
unit weight of different wheat cultivars, as reported by De La Roche

and Fowler, 1976, gselection for high grain yield becomes the most

effective &ay to produce a good feedwheat. In this regard the higher
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grain ylelds of genotypes like Pltlc 62 and 70M110001 (Table 5) should
not be overlooked, although the relative number of days to maturity
required by these;genotypes must also be considered. It appeéfé that
specific varietal maﬁagement recommendations may also be required to
optimise the yield of new and genetically diverse feedwheat genotypeé

as they are licensed in the future.

~

Days to Maturity

b At all locations, the number of days to maturity was signifi—

-

cantly reduced by increased seeding rates (Table 8). Number of days
o ,

// .
to maturity was significantly greater for the 30 kg/ha seeding rate

cémparéd to the other seeding rates at each location.

Averaged over all seeding rates and sgedf@g dates, Pitic 62
was sighificantly the latest maturing genotype in all three sites
requiring 125, 127 and 116 déys at Edmonton, Ellerslie and Olds,

/

respecti?ely. Glenlea was as late as Pitic 62 at 0lds. Park with

-109 days at Edmonton and Park and'70M009002 with 112 and 113 days,

respettivgly, at Ellerslie were the earliest maturing. genotypes. At
Olds, Park, Norquay 70M110001 and 70M009002 were ;he earliest maturing
genotypes taking 110, 110, 109 and 109 daysnfor maturity, réspectively.
The effect‘of seeding rate on nuﬁber of days to maturity for
any genotypé varied from one location to another, At Edmonton for
instance, the number of days to maturity for Piticv62 was not signifi-
captly inflﬁencedAgy‘variatioﬁ in‘sgeding ;ate; At Ellerglie, am
O0lds however, the number of days to maﬁUrity for Pific,QZ decreased
by about 4-6 days for the 120, 150-anq 180 kg/ha rates compared to

b

results from the 30 kg/ha rate. Similarly, for 70M110001 at the 120,
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TABLE 8. MEANS (AVﬁRAGED OVER ALL SEEDING DATES AND OVER ALL

'

REPLICATIQNS) OF SUBPLOT TREATMENT COMBINATIONS
(GENOTYPEfx SEEDING RATE) FOR NUMBER OF DAYS TO MATURITY.

|
|
!
l

Seeding Secding
Rate : ' Genotypes Rate

(kg/ha) Park Nccpa»{a Pitic 62 Glenlea MNorquay .70:110001 7014009002 e ans

Edronton ! .

i
30 111 1Jk+ 115 fgh 124 ab 123 b 118 cde 120 ¢ 116 efg 118 a'
60_ 110 Jk 112 1§k 124 ab 119 c¢d 114 ghi 117 def I 1k 115 b*
90 109 k1 110 jk! 124 ab 119 cd 113 hi 114 ghi 111 §jk 114 bc'
120 109 k1 110 jk 125 ab 116 efg 112 1jk 113 hiJ 111 {4k 114 be!
150 109 kl» 109 k1 125 ab 116 efg 113 hij 1114k 111 13k 113 ¢’
180. 107 1. 110 jk 126 a 116 efg 112 1jk 111 §jk 110 §k 113 ¢'
Genotype ' :
Heans 109 " 111 4" 125 a" 118 b* 114 ¢ 114 c¢* 112 ¢"

E]lqrsHe 4 -
30 117 MJ, 119 éh 130 a 125 cd 121 fg 123 def 117 hiJ 122 8
60 113 I 115 jk1 128 ab 122 ef 118 gh 118 hi 115 jk1 119 b
90 111 no 114 kIm 128 ab 119 gh 117 hij 116 3k 113 1m 117 ¢*
120 112 ono 113 1mn 126 be 118 hi 116 ijk 113 'm 111 no . 116 cd’

. 150 “Hlno 112 mo 124 cde 117 hij M4klm 112mo 1100 115 de'
180 110 o 112 mo 126 bc ~ 118 hi 114 kIm 112 mo 110 o 114 &'

Genotype o v :

C Mo 112 e* 114 ¢" 127 a* 120 b" 117 " 116 ¢™ 113 de®

0ld-

3 118 be 116 cde 120 ab 122 a 118 be 115 ‘cdef 116 cde 118 a'
60 112 fghi 114 defg 117 bed 117 bed 111 ghij 111 ghij 111 ghtJ 113 b'
90 111 ghij 112 fghi 117 bed 116‘ cde 109 1jk) 109 ijkl 108 jkIm 112 b
120 107 kIm 112 fghi 114 defg 112 fghi 110 hijk 106 Im 106 Im 110 c¢*
150 405 m 108 jkim. 116 cde 116 cde 105 m 106 Im 106 1m 109 cd*
180 106 1m 108 jkIm 114 defg 113 efch 105 m 106 Im" 105 @ 108 d*

Genotype

Means

110 ¢ 112 b 116 a* 116 a" 110 c” 109 ¢* 109 c"

i

+

Means followed by the same Tetters are not significantly differ.. t
from each other at the 5% level of probability. When a mean s
followed by more than four letters, only the beginning and ths last
Tetters are written. - F

Indicate separate comparisons of seeding rate means and genotype
means, respectively. o

46



47

" 150, and 180 kg/ha rates, the number of days to maturity decreased by

about 7-9 days at Edmonton, by 10-11 days at Ellerslie, and by 9 days
y : .
at 01ds compared to results from the 30 kg/ha rate. The 30 kg/ha rate also

increasgd the number of dayé-ﬁo maturity of Park atvabout 4—7‘dayo

nt Ellerslie and by 6—13‘daxs.nt Olds compared to results Xrom the
remaining seeding ;ates; The infiuence of higher seeding rates in
decreasing the number of days to‘maturity was also reported in Alberta
by McFadden, 1970, Briggs, 1975,}and Faris.gg gl.,"1976. Higher com-
petition for light, water, and nutrients at higher seeding fates as
indicated by Leonard and Martin, 1967, and Bidwell, 1974, could have
made plants grow faster and mature relatively earlier oompargd to those
at lower seeding rates. ‘More,rnpid growth of plants\at higher seeding .
rates was ' also suggestod.by Willey and Holliday,'1971:

At Edmonton; late maturing genotypes iike Pitic 62 and Glenlea P
each at all seeding rates, Nofquay at the 30;60 and 90 kg/ha rates and
one of the early matu;ing genotypes, 70M110001 at the 60 90 and 120
kg/ha rates, had significantly larger number of daye to maturity ‘from
date three seeding than from either or both of dates one and two seeding
(Table 9). Tﬂa increases in'number of days to>maturity due fo delayed
seeding could possibly be due to the~fact that latevseeding forced the
ripening stage of the grain into the cooler part.of the growing season,
August—Septembef, (Fig.l), thus- slowing down the ripening process
However, seedings at either or both of daoes two and three compared
to date one decreased the-number of days to maturity of Park (ome of
the early maturing genotypes) at most segding rates for which number of
days to mnturity responded significantly to Vdriation in seeding date.

- A similar relationship wao.also observed at Ellerslie. The moé} important

o



TABLE 9. MEANS (AVERAGED OVER ALL REPLICATIONS) OF SUBPLOT TREATMENT

N

“

COMBINATIONS (GENOTYPE «x SEEDING RATE) FOR NUMBER OF DAYS T0

MATURITY.

Treatment combination

Secding date

Gcn:(ype ‘ ] Edmonton Ellersife 01ds

Seeding rate J | One Two Three One Two Three One ~ Two

Park 30 kg/ha 12" 109 13 116 120 116 119 "
Park - 60 kg/ha 112 106 7§} 115 1z m 1m 112
Park 90 kg/ha 1m 107 109 115 110 110 13 1o
Park 120 kg/ha 112 106 109 115 110 110 108 106
Park 150 kg/ha 112 107 109 15 109 199 108 102
Park 180 kg/ha m 106 104 - 114 109 108 107 106
Necpawa 30 kg/Mma 112 ny 121 17 122 18 120 1.
Neepawa 60 kg/ha 12 110 116 115 115 115 116 12
Neepawa 90 kg/ha 12 106 14 115 114 114 113 110.
Heepawa 120 kg/ha 1 108 112 115 114 13 12 1%}

Neepawa 150 kg/ha 1t 106 109 115 10 . 1 110 106 *
Necpawa 180 kg/ha i 106 112 115 m 112 110 107
Pitfc 62 30 kg/ha 121 122 130 121 132 131 121 120
Pitic 62 60 kg/ha 122 121 130 128 128 -+ 127 118 116
®itic 62 90 kg/ha 123 122 128 127 130 128 118 116
Pitic 62 120 kg/ha 120 122 132 124 126 127 s 14
 Pitic 62 150 kg/ha 123 121 132 121 124 126 118 14
LPitlc 62 180 kg/ha 121 122 134 126 126 126 115 13
Glenlea 30 kg/ha 122 © 1200 127 128 127 122 123 120
Glenlea 60 kg/ha 115 115 126 124 122 121 119 116
Glenlea 90 kg/ha 114 1 128 117 122 119 118 13
Glenlea 120 kg/ha 114 113 122 i 21 17 14 110
Glenlea 150 kg/ha 114 114 120 17 115 1 119 113
Glenlea 180 kg/ha- - 11§ 111 122 118 119 116 116 1
Norquay 30 kg/ha 116 116 123 123 120 119 117 12
Norquay 60 kg/ha 114 - 1e 120 . 16 120~ 116 107
lorquay 90 kg/ha 114 m 116 119 ° 16 115 11$ 103
Kerquay 120 kg/ha 13 110 13 116 116 117 112 109
Norquay 150 kg/ha 112 112 116 116 13 115 109 102
Horquay 180 kg/ha ne 112 116 18 112 10;- 103
JOM110001 30 kg/ha 119 118 122 120 127 © 122 1 113
704110001 60 kg/ha © 118 1s 120 118 1 18 - 113 108
704110001 90 kg/ha 12 m 118 s 116 118 P 112 107
70M110001 120 kg/ha ni 110 116 15 © 11 113 108 104
7004110001 150 kg/ha 12 1097 113 11s m 112 - 108 105
.704110001 180 kg/ha 113 110 mn m. 112 109 103
70M009002 30 kg/ha s 11s 17 . 117 17 17 119 12
70M009002 60 kg/ha 12 109 Jt4 18 14 115 110 112
70H009002 * 90 kg/ha 112 08 113 115 110 114 10 . 106
701009002 120 kg9/ha 1t 130 m 115 109 109 108 105
704009002 150 kg/ha 114 108 11 114 109 108 109 103
2011009002 180 kg/ha 112 108 ITH 114 109 108 107 103
Seeding date Hean s 12 118 2 18 ' 117b* 16 ¢ 113 2% 110 %°
o (s1) 45 37 5.7
+ Lso (s1) 4.3 3.6 4.6

Ellerslie and 0lds, respectively,

* Within location, means followed by the same letters are not .
significantly dﬁfferent from ea
probability.

+,++ - See Table 6 for exp}anatioﬁ.

ch other at ‘the 5% level of

"»" Indicate separate comparisons of seeding date means for

»
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1

part of this present study is probably the findings with respect to the
effects of seeding date and seeding rate variation on the relationships
of number of days to maturity and grain yield for different genotypes.

: r
Grain vield per unit area and number of days to maturity

\“\At all locatione, increases in seeding rate increased grain
yield and decreased the number of days to maturity of most genotypes
(Fig 2, 3). However, the magnitude of increases in grain yield and
decreages in number of\days to maturity variéd from one genotype to.
another and from one location to another. At both Edmonton and Ellersiie
for instance, increasing seeding rate did not greatly influence grain
yleld and number of days to maturity of Pitic 62 (Fig. 2). At 0lds,
howener, grain yield of Pitic 62 increaSed markedly, though erraticalln,
due to increased seeding'rate.' At‘Edmonton;'increasing seeding rate *® '
did not ‘influence grain yield of 70M009002 as greatly as it did at
'ﬁllerslie (Fig. 3). |

At Edmonton, all genotypes had higher grain yleld and fewer
number of days to maturity from,early seedings (date one or two)(Fig 4).
) At Ellerslie, only Pitic 62, Norquay, Glenlea, and 70M009002 had higher
grain yield from early seedings The number of days to maturity of

. most'genotypeé was not markedly influenced due to "’ fferent seeding dates

At»Olds, most genotypes had increased grain yields and a fewer number of o

o days to maturity from date two seeding. Norquay, hOWever, had higher

grain yield and decreased number of days to maturity from date one

seeding.

The mean length of frost-free period 1s normally between

. 100-120 days at both Edmonton and Ellerslie and is ahout 110 days at

R
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‘ail locations, it apgeared that variation in seeding date had very little
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Olds (Longley, 1567). Also, on the average, the first fall frost occurs

- aftev)September 15 at Edmop+ton, and between September 1 to 15 at

"Ellerslie and Olds. In view of the short growing seasons at all three

locations, higher grain yield cbmbined with early maturity shouid be
given major importence in selecting a feedéwheat genotype for Central
and Northern Alberta. | \

Briggs and Faris, 1973, argued for early spring seeding to
achieve higher»grai%’yield and earlier matprity'in Alberta.: However,

the last spring frost, May 16-31 at Edmonton and Ellerslie and before

May 24 at Olds, on the average, (Ldngley, 1967), tnfluences how early

in spring seeding can be ne In this study, both grain yield and

|
number of days to maturity responses to variation in seeding date varied

from one treatment eombination to another. At Edmonton, for instance,
grain yields were similar from all three seeding dates for each of the
30, 60, 90, or 180 kg/ha rates of Park (Table 6. However, the number
of days to maturity were Significantly smaller for the 60 or ‘180 kg/ha
rates in date two seeding than from either or both of dates one and
three seedings (Table 9). At Ellerslie, Park for each'of the five
highest seeding rates had no significant grain yield differences due -
to variation in seeding date. . However, each of the above treatment
combinations had significantly reduced number of days to maturity s#hen
eeeding was done on either date two and three, than on date one, At

: a
effect on grain yield of early maturingbgenotypes like Park and 70M009002
at most seeding rates.(Table 6). However, the number of days to maturity

significantly decreased or showed a decreasing trend due to late sgedings

for moet of the seeding rates of Park and 70M009002, compared to early

-
"y

»
s

'
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seeding (Table 9). On the other hand, at Edmonton, late maturing
genotypes like Pitic 62 and Glenlea at all seeding rates, and one

of the early maturing genotypes, 70MllOOOl at the 60, 90 and 120 kg/ha
seeding rates ;ad significantly increased number of days to.maturity
from date threoe aeeding than‘from either or both of dates one and two
'(Table 9). These increases in number of days to maturity were also
accompanied by significantly decreased grain yields for most of the
above treatment combinations (Table 6). - Late seeding might have forcéd-
the grain filling and ripening stages of plants into the cooler part
of the growing season August-September, (Fig 1), thus slowing down
these processes. This, in turn, reSulted in reduced grain yield,
possibly as a result of poor grain filling, for late and some early
maturing genotypes at some seeding rates.

Determining the optimum seeding rate and the optimum seeding
date with the obJe;;IVe of higher grain yield and early maturié§ is
the most important point to be considered in growing é feed -wheat
cultivar in Central and Northern Alberta' At édmonton there were 124
frost free days available for plant growth when date one seeding was
used (Fig. 5). At this: seeding date, for instance, Park, Pitic 62,.
and 70M110001, ag all seeding rates, matured before the first fall
frost date (Table 9). Also seeding rate increases for all the three

@

genotypes mentioned abdve‘reeulted in decreasing the number of days

¢
.

to maturity (Table 9) accompanied by increased grain yield (Table 6)
Similar results were obtained for both Park and 70M110001 at all or
most seeding-rates, In date two. However, for Pitic 62 (at all seeding
rates),'dates of maturity were recorded;£:7 days later than the first

fall frost date and significant differences in grain yield and 1n number
3 ‘ ‘

S

!
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-
of days to maturity were not observed due to variation +n seeding rate
(Tables 6 9). 1In . date three the number of frost free days dvailable
were 106 (Fig. 5) which did(ngt satisfy the number of‘days required tor
maturicy by Park, Pitic 62, or 70M110001 at all seeding rates, except
Park at the 180 kg/ha rate: Increasing seeding‘;ate for each of the

oA

above'genotypes, in date three, significnatly reduced the number of
days to ‘maturity (Table 9) and also increased grain ylelds (Table 6). -
In this seeding date, however, since the grain filling and ripening
stages of plants extended longer after the }ir;t fall .frost and grains
were filled poorly, grain yields of Park, Pitic 62, and 70M110001 (each

&
at all seeding rates) were lower than or at best equal to results from

elther or both of dates one and two (Table 6). At Ellerslie, only both k
grain yield and'numher»of days to maturity of a few treatment combinations

responded to variation in'seeding date compared to that of Edu-nton and

date three Seeding gave generally lower grain yields than either or

. both of dates one and two seedings. ’ / - ,"

It appears that early springieeeding enabled the plants to
make uee of all tne tzvorable days for optimum development in the
Summer; This c0d]d have led plants to mature before the fall frost.
Hoyever, how early in spring a seeding can’ be carried out’ depends on
how late the last spring frost ocaurs The ideal choice for a feed-
wheat could be to develop Or introduce a genotype with high grain yield
and early maturity for all areas of production. Thistcombination would &’?

o

probablggbeﬁdifficult to achieve The other alternative would be to

@
impqae‘difﬁgré%t'Sgronomic practices like high seeding rates and eaxty

Ly '_,.‘J’ i

seedipg in spring which could have significant influences in bringing

high grain.;ﬁ?id andfdecreasing the number of daya to matutity as




g&
3

58

evidenced by some geﬂbtypes In this study (Fig; 2, 3, and 4).

At Edmonton, genotype comparisons indicated that Pitic 2
was the latest in maturity. and was also the highest in grain yield
(Table 10) while Park, -the earliest maturing genotype, was also the
lowest in grain~yield. This relationship supports the report by Rawson,
1970 in Australia who observed higher grain yileld from later maturing
1genotypes than from early maturing ones. However, the combination of:
higher gra}n yield and relatively early maturity by 70M110001 in this test

pear‘i:to suppotrt the report by peech and,Norman, 1971, whoﬁpbserved that

c grain yield of early maturing cqitivars was significantly higher than _

A!Nﬁf of mid- late and laﬁe maé@:ing cultivd¥s. This indicates that the
genelally accepted ge@gtic a§%ociati0n between late maturity and high
grain yield can be brokennby appropriate breeding and selection.

Assessmenﬁ‘of grain moisture content on’ Wet grain samples

harvested prior to maturity was done at Edmonton to see how well the
differences in the relative maturity of genotypes can be determined.
In this test, high grain moisture content indicates relative lateness
in maturity. The latest maturing genotype, Pitic 62, was, as expected,
also one of the highest 1in ‘grain’ moist percentage and Park, the
earliest maturing gehotype, had significantly the lowest grain moisture
percentage (Table 10). Thedé was not a perfect agreement between this
method of assessm{pt of maturity and the visual method 3.§oweveri a :
trend of decreasing grain moisture percentage was_observéd withiincreasing

’

seeding rate for most genotypes. The non-significant differences in _
If \
grain moisture percentage due to vari’;ion in seeding rate for most
A
genotypes (Table ll) could either be due to som€ technical problems

in sampling or to inherent inaccuracies in the moisture meter itself, <
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_result of

Particularly at higher moieture level§ Thls was evidenced by the
great irregularity in grain moisture percentage recorded for some
treatment combination in different replications. The irregularity

in grain moisture percentages was also clearly exhibited by 70M110001
which had more chaff than other genotypes when threshed. Pitic 62 and
Norquay were both hard to thresh due to wetness and presence of awns
and had very irregular grain moisture percentage readings from one
replication to another. More chaff, .wetness, and presence of awns
appeared to prevent proper compaction of grains in the moisture meter,
thereby resulting in less aCCurate grain moisturefﬁercéhtage readings.
It therefore appears odvisable that this type of test should be
investigated further before using it as a guilde for'determination of

date of maturity.

-~ N

Ears per plant, Kernels per ear, Kernel weight and test weight

Number of ears pEX plant i . '
A “

; Since the technique used in determining ear number wae"
not found dependable. Tt was difricult to separate'individual ear
bearing tillers from the main shoots and identify them as individual
plants or tillers Increasing seeding rate significantly reduced the

number of ears’ per plant (Table 12) - A similar influence of seeding

; Neepawa, and,fftiebﬁz when anflyzed separately. The decreaae in
ears per plant due to, increasing sz;dtpg rate could possible be the

er connetitiox! by the alréqd,? established tillers ‘for

61
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nutrients, water, and light causing death of the later formed tillers
Pinthus, 1969, previously indicated that initiation of tiller - ‘primordia
and the appearance of new tillers ceases shortly after spike initiation
of older tillers. It therefore ‘seems that at‘higher seeding rates, main
shoots (tillers) had developed faster (Willey and Holliday, 1971) and
that spike initiation took place earlier, thus suppressing new tiller

formation. "

DR interaction means in Table 13 show that Park at all seeding'

[y

. rates, except the 60 kg/ha rate, had a significan;ly higher number of
ears per plant from date one seeding than from either or boch of dates
two and thres A similar result was obtained for Neepawa at the 30, 90
and 150 kg/ha ratqy for all seeding rates of Pitic 62 except the 120

»,kg/ha rate, for the 30 and 60 kg/ha rates of Glenlea, for the 90 and

- \N\

180 kg/ha rates of Norquay, and for the 30, 99
et

¥]0M009002. Ishag and Taha, 1974, reported that delayed seeding resuICed

3120 kg/ha rates of,

e

in making newly formed tillers unproductive. In-the present study, the

vegetative development phaae of newly formed fillers from late seedings
# ® =
might have been forced into the relatively cooler part of the growing

season, August—September,‘(Fig. 1)1 thuslsuppressingvtheir development

1)

and making them unproductive ‘of ears.

Number of kermels per ear
Seeding rate means, Thble 14, showed that lower seeding rates

gave significantly more kernels per ear with the highest value of 46

for the 30 kg/ha seeding rate and the emallesc values of'4l,and‘42 for

the l;O and 180 kg/ha eeeding rates, respectively‘ Among genotypes,

kernels per ‘ear for'fark and 70M009002 were not influenced significantly

by variation in seeding rate. The remaining genotypes showed decrease

i

+
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TABLE 13. MCANS (AVERAGED, OVER ALL REPLICATIONS) OF SUBPLOT TREATMENT
COMBINATIONS (GENOTYPE x SEEDING RATE) FOR %UHBER OF EARS

PER PLANT AT EDMONTON.

Treatment contination

)

Genot
x
Sceding rate

Sceding date

One Two Three
Park 30 kg/ha 6.2 1.5 3.4
Park 60 kg/ha 4.2 2.5 2.6
e ‘ Park 90 kg/ha 'S.7 2.5 2.2
. ; Hk 120 kg/ha 4.2 2.7 2.0
. h k 150 kg/ha 5.0 2.5 2.0
. Park 180 kg/ha 6.5 2.5 2.4
Neepawa 30 kg/ha 52 4.2 3.3
. Neepawa 60 kg/ha 4.0 3.0 3.3
- Ncepawa 90 kg/ha 5.7 2.7 2.5
Heepawa 120 kg/ha 37 3.2 2.6
Neepawa 150 kg/ha 5.2 3.0 2.7
Ncepawa 180 kg/ha B2 32 2.7
Pitic 62 30 kg/ha - 8.5. 3.7 2.5
Pitic 62 60 kg/ha 6.7 3.5 2.6
Pitic 62 90 kg/ha- . 4.7 3.5 2.6 -
Pitic 62 120 kg/ha 30 3.5 2.5
Pitic 62 150 kg/ha 5. % 3.0 2.9
Pitic 62 180 kg/ha 40 27 1.9
Glenlea 30 kg/ha 47 32 2.6
Glenlea 60 kg/ha 45 3.2 2.6
Glenlea © 90 kg/ha J.2 2.7 - 2.5
. Glenlea 120. kg/ha 2.7 - 2.8 2.3
Glenlea 150 kg/ha 4.0 2.5 2.2
Glenlea 180 kg/ha .2 2.2 2.1
Norquay 30 kg/ha &7 30 2.9
Norquay 60 kg/ha 7 ' 4.0 3.2 2.5
N Norquay 90 kg/ha/ 4.2 2.2 2.3
Norquay 120 kg/hy 3.5 2.2 2:1
Norquay 150 kg/ha .2 3.0 2.5
Rorquay 180 kg/ha 4.0 2.7 2.1
- L '
70M110001 30 /g/ha 40 40 2.7
704110001 60 kq/hl 4.5 2.7 3.0
§ . 704110001 98¢/ k9/ha 4.? §.S g.‘
™ . 0118001 -120 kg/ha * 3. 0 .9
TS 7C4110001 150 kg/ha. 2.7 2.2 2.5
70M110001 180 kg/ha 4.2 2.5 2.7
70M009002 30 kg/ha 5.5 2.5 2.8
704009002 60 kg/ha - 3.7 2.7 1.3
704209002 90 kg/ha 4.5 2.2 3.4
708309002 120 kg/ha ,m 4.2 2.2 26
2014009002 150 kg/na .37 2.0 2.7
708009002 180 kg/ha 3.2 2.7 2.8
Secding date Mcan 452 29 2.6b
+ S0 (5%) 1.8
. Lso (sx) 1.6

64
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* Means followed by the same letters are not significantly
.different from each other at the 5% level of probability

+,++ See Table 6 for explanation.
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' in number of kernels per ear due to increasing seeding rateg. The

trend of decreasing number of kernels per ear resulting from increased
séeding rate 18 in agreement with reports by Finlay et al., 1971,
Willey and Holliday, 1971, Stoskopf et al., 1974, and Day al., 1976.
Higher compefition by more humerous plants per unit area'at higher {
seeding rates could have possibly limited the photoaynthate productiod

per plant. As a result, spikelet formation might have been suppressed.

S

Even if spfhelets were'formed, there might have not been enough- photo-

~
synthate ‘to f111l their kernels and this eould result in a\reduced .number

: of kernels Per ear. The failure of some florets to form kernels due to

.competition for a limited supﬁly of assimilate hasg been previously

suggested by Langer, 1972.

Averaged over all seeding‘ratea, Pitic.62 had aignificantly
the highest and Park and Neepawa the smallest number of kernels per
ear. Higher numbers of kernels per ear from Pitic 62 have alsoybeen
reported by Rawson, 1970, and by Dubetz and Bole; 1973.

| Number of kernels per ear. showed a decreasing trend due to
de;ayed seeding for most treatment combinationa (Table 15). Rawson,
1970, observed that plancs which cQ9k more days to heading had a
ggsater time available to lay down spikelet prir.rdia and had a higher‘
number of kernels per ear. In this study, however, delayed seedings
might have‘forced the stage for the laying down of the spikelet
primordia of the plants to move quickly into the warmer part of the
growing season during July, (Fig. 1), thus completing the heading
Process faster (Table 36) and resulting in a lower number of kernels

- »

per ear. Faster heading processea at higher temperatures have been
O

previously suggested by Willey a lliday, 1971.

/ . 7 .
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TABKE 15. MCANS (I\VERI\GED OVER ALL REPLICATIQNS) OF SUBPLOT TREATMENT
COMBINATIONS (GENOTYPE x SEEDING RATE) FOR NUMBER OF KERNELS
| " .
PER EAR AT EDMONTON.
Treateent condination
[ Genotypo. ] ,Sceding date
X
Seeding rate Two Three
. [4
Park 30 kg/ha .0 38.0 1.0
. Park §0 kg/ha .0 29.7 35.0
o : Park 90 kg/ha 7 0.5 3.2
o ] Park 120 ka/ha .S 31.0 41.7
Park 150 kg/ha .5 .7 29.2
. Park 180 kg/ha .0 34,7 5.2
Neepawa 30 kg/ha .7 40.7 37.0
; Neepawa 60 kg/ha 2 39.5 33.2
. Neepawa 90 kg/ha N 34.2 45.2
\ ‘ Necpawa 120 kg/ha .2 36.0 1.2
Neepawa 150 kg/ha .S 1.5 31.§
Heepawa 180 kg/ha .2 30.2 39.0
Pitlc 62 30 kg/Mma  67.0  58.2 6.5
Pitic 62 60 kg/ha 7 56.2 50.7
Pitig 62 90 kg/ha .0 56.7 55.7
Pm}\sz 120 kg/ha .5 59.5 51.5
Pitic 82 150 kg/ha 5 54.7 51.0
Pitic 62 180 kg/ha 7 51.2 52.7
Glenlea 30 kg/ha 9.0 45.0
Glenlea 60 kg/ha 48.0 43.5 .
Glenlea 90 kg/ha, 43.2 45.0
. Glenlea 120 kg/n 46.7 -39.7!
L ek _ - : Glenlea 150 kg/ha ¢ .. 431.7 3.7
Glenlca 180. kg/ha 45.5 40.5
Norquay 30 kg/ha 2.7 47.2
. Norquay 60 kg/ha 3.2 4LS
. Horquay . 90 kg9/ha 2.5 4.2 -
re ‘ Norquay 120. kg/ha 36.2 43.0
’ . Norquay 150 kg/ha 35.2- 3.2
. \ Norquay 180 kg/ha .2 38.2
704110003 . 30 kg/ha 8.5 4.2
J0M110001 60 kg/ha 50.7  46.7
704110001 90 kg/ha 47.7- 48.0
J0M110001 120 kg/ha 47.0 2.0
7011110001 150 kg/ha 46.2 41.2
704110001 )80 kg/ha 45.0 43.? .
70M009002 30 kg/ha’ a0 s
704009002 60 kg/ha - - 42.0 40.7
708009002 90 lq/ha\ 46.7 40.0
70¥309002 1 kg/ha 39.0 4.2
\ 704009002 150 kg/ha 3.2 40.0
' 70M009002 180 kg/ha 38.2 40.7
. ~ - - " -
. Seeding date Mean 42.5b 41.9Y
- )
+ L5 (sx) 8.6
- i H o (sx) 8.2

*  Means foHowed by the same 1etters are not significantly
. different from each other at the 5% level of probability

+ v See Table 6 for explanation.
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Individual Kernel Weight (1000 kernel weight)‘

At all locations, increasing seedihg rate significantly
decreased tOOO kernel weight (Table Ié) \Similarly, decreases in
lOOO kernel weight due to increased seeding rates were observed only
for Park, Pitic 62, and Glenlea at Edmonton, for Neepawa, 70M110001,
and 70MOO9002 at Ellerslie, and for all genotypes at Olds. The decrease
in“lOOO kernel weight duevto increased seeding rate of most genotypes

could possibly be due to the relatively small amount of agsimilates

per tiller available to the more numberous tillers per unit area (Table

- .30) and to their kernels. A decrease in 1000 kernel weight due to n- -

creased seeding rate was also reported previously.by Pinthus, 196"
Larter, et al., 1971, and Stoskopf et al., 1974.

Averaged over all seeding rates and seeding dates, Glenlea

had significantly the- higheqt kernel weight at all three locations..

'Park and Neepawa at Edmonton and Olds and -Park at Ellerslie gave

significantly the lowest kernel weight.

Kernel weights of only very few treatment combinations

showed significant’resppnses to variation in seeding date at Edmonton -

. ’ ) i ’
- and Ellerslie (Table 17). Also it was not possible to determine any

seeding date whiéh favored 1000 kernel weight in general. ﬁowever;

at both Edmonton and Ellrslie, there was a very strong indication that
higher kernel weighgs for late maturing genotypes like Pitic 62 or
Glenlea (each at most seeding rates), were obtained from earlier

seeding. Higher kernel weights from early seedings for 8 ome wheat

Cultivaréjwere also reported previously by Khalifa, 1970, and by Doyle

and Mareellos. 1974. 1In this study, early seeding couid have allowed

plants to make use of. . the favorable days in the seaaon,fh producing

M
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TABLE 16. MEANS (AVERAGED OVLR ALL SEEDING DATES AND OVER ALL -
REPLICATIONS) Of SUGPLOT TREATMENT COMBINATIONS .
(GENOTYPE x SEEDING RATE) FOR 1000 KERNEL WEIGHT IN GM.

A ’ Secd!
T Gootpes S
(kg/ha) Park Neepawa:  Pitic 62 JGlenlea Norquay 7014110001 701009002 Mean
= Edmonton . . . “ .
30 33.0 h1J+ 36.8 1 jk 39;.‘ ght 49,0 a 42.4 def 4375 de  4]1.8 def 41.4 ab'
60 37.0 13k 38.0 hij 40.6 efy  46.9 ab 40:6 cfg 41.9 def 42.0 def 41.1 a*
90 36.8 1§k 36.8 15k 40.1 fgh 45,8 be 43.6 de 43.8 de ' 44.4 d 41.4 o'
120 37.7 hig  35:9 sk 41.1 efg 468 ab 40.8 efg  41.3 efg ~ 41.8 def 1,40.9 ab’
150 . 37.6 hiy 35.8 Jk 38.8 ght  46.7 ab 40.8'cfg 41.4 efg  42.2 daf<_!40.6 be*
180 ‘35.0k 3.3 Jk 38.3 hiJ  46.3 be 40.5 cfg  41.2 efg 42.0 def 3?.9 ¢
" ‘Genotype : s ‘ . : ,
Means 37.2 ¢* 36.7 4 39.7 ¢ 47.0 a* 41.5 b '41.8 b" 42.3b"
Elersife : ) ) : '
30 35.6 cf’g 36.6 def 37,3 def 45.1 41.1 b 40.3bc " 38.4 cde 39.1 a2

99.8bc  39.6bc " M.Ibed  W.pat.

a
60 35, a
a 39.5bc  38.7 bed  39.8 bed 38.7 ab’
a
a
a

90 KUK

35.7.efg " 8.4 cde 455
~36.8 def’ 35.9 efg 44,

9
120 B8 I5.9.ef0 B.0def 44.28 391 beg 37.8cde  37.2def  37.9 b
150 M.29 .39 Bb.defg 4412+ 39.0 bed . 38.0 cde  37.7 cde  37.6 c*
180 B.1fg 3439  B.3erg 450 38.5 bed 37,3 def  39.9 be 38.0 b
Genotype B
Means  34.8 £ 35.0e" 367" . 44,82 39,7 pe 38.7 ¢* T 38.5 ¢
-0lds. , C o _ :
30 3.4 h1 349 ghi 364 f9 4414 39.8 cd 39.3de  39.0 de 38.0 a*
60 3.5 10k 31N 336 M 4458 385 de 36.0 fg 6.6 cf  36.4 b
90 . 32.4 4k 30.6 jK) 3.6 fh 42520 35,679 37,0 ef 35,3 fgh 35,6 b,
120 0.8 §k1 32,4 i3k 334 h§  39.5 cd 36.3f9  3L9 15k 2.9 hij 339 o
150 29.0 1 29,6 k1 33.9 ghi 416 abc 35.9 fg 32 19k 381k 33.5 ¢
180: 3.1 kY 29.3) 32.6 My 40.9bcd 2.8hiY 333y 3.3 i 32c
Genotype: 7 ‘ ' ‘

Means — 31.5.d"  31.54% 4.2 423 3" 36,70 348 T M7t

LY N

[}

* Means followed by the same letters are not significan;ly difﬁérent
from each other at the 5% level of probability. When a mean 'is )
followed by more than four letters, only the beginning and the .last
letters are wrjtten, ' 3
Indicate separate comparisons of seeding rate means and genotype
means, respectively. - _ . ~ ., ‘
N \
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TABLE “37. MEANS (AVERAGED OVER ALL REPLICATIONS) OF SUBPLOT TREATMENT ‘

o COMBINATIONS (GENOTYPE x SEEDING RATE) FOR 1000 KERNEL
WEIGHT IN GM.

" B l,('c‘g(mzt consinatfon Seeding date -
o . . i [ M:typ' ] —___ €dmonton fllersife 01ds
. ' s ‘\f‘édlnq rate . One Two Three One Two Three One Two
3 “ -
A Park X kg/ha 3;.: 1S 383 L, 35) 5.8 8.8 NS .
- Parx ~ 60 kg/ha 3.8 353 8.0 L) WU k.0 LS s
o . : Park - 90 kg/ha 6.5 37.) 3.5 35.5 34.0  35.0 32.8 2.0
’ : Park 120 kg/ha 379 '38.3 3.8 33 . M0 N0 29.5 3.0
:* ) y  Park 150 :kg/ha 6.5 .5 a8 .8 s ) ;9.8 28.)
" Park 180 kg/ha %) .8 350 .8 3.0 - NS 9.0 31.)
' ‘ i ll
. N ' Neepawa .30 kg/ha VY %.5 3.8 350 3.8 N 3.8 M0
) Neepawa 60 kg/ha 3.0 . 38,0 40.0 5.0 353 3.8 Ny Ny
Neepawa 90 kg/ha 36.5 6.3 3.8 4.8 39.0 36.8 0.5 0.8
» N . Necpawa 120 kg/ha 3%.00 5.8 32 .3 3.3 3. 2.0 N8
L . &3  Necpawa 150 kg/ha 353 358 %,8 4.3 3113 358 29.8 29,5
Keepawa 180 kg/ha 3.8 5.0 38lo 338 M) e 9. 20
i Pitic 62 : 0.0 416 6.8 8.8 9.3 1.8 %5 Ny M
. Pitic 62 4.5 410 39.3 (390 385 37.8 N8 338 e
Pitic 62 9.3 4.0 9.0 3.3 3.8 .0 B Mo
Atfe 62 40.8 430 39.5 ° 37.0 37,3 36.0 3.0 3.8 .
" Pitic 82 9 9.0 9.8 7.8 5.3 3.3 3.8 M0 .8 gzn
o w, PIt1C762 7 100 ko/ha 8.8  49.8  36.3 3.3 3.3 388 1.2 340 A
! CClenlea 30 kg/ha 51,0 49.8  46.) 45.3  46.0  44.0 U0 W
-Glcolea 60 kg/ha 473 48,3 45.) “W.e 43 A4S 45 A4S
Glenlea 90~%y/ha 47.8 46,5 433 . 43.8  46.0 45,0 42,3 42.8
. Glenlea 120 kg/ha 4.8 ¢6.8  46.) 4.0  46.0 2.5 . 9.5 2.8
Glenlpea 150 kg/ha 45.8  46.)  48.0 45.0 42,3 45,0 1.8 41.S
Glenlea 180 ky/ha 47.0 45.5  46.3 438 46.8  a4rS 40.5  41.)
Norquay 30 kg/ha 433 40 410 41.5 41,3 40.5 39.0  40.5
Norquay 60 kg/ha 0.8 9.3 41.8 9.8 40.5 9.0 9.0 8.0
florquay 90 kg/ha 4.0 4.8, 41.0 39,3 38.8  40.5 36.3  35.0
Norquay 120 kg/ha 40.8  41.3 40 3878 39.0  39.5: M. 3.8
Norquay 150 kg/ha 4.3 393 420 - 38.5 39.8 38.8 M5 3.3
- Morquay - 180 kg/na 9.8 42.0 39.8 8.0 40.0 315 2.5 N \
. T0MI10001 30 kg/ha “wo 425 0 38.5 42.0 40.5 .5 2.0
JOMI10001 60 kg/ha 9.5  42.8  43.5 3.3 40.0  40.5 5.8 136.)
704110001 90 kg/ha 40.5  41.5  46.) 36.3 9.0 40.8 3.3 15.8
704110001 120 kg/ha 39.0  40.8  44.0 36.3  38.5 38.5 0.8 1.0
704110601 150 kg/ha 41.0  40.0  43.3 3.5 3.8  40.8 .8 .5
704110001 180 kg/ha 3.5 420 420 35 NI -1 3.8 ngs
. 704009002 30 kg/ha 490.8 415 433 - 383 38.8 183 8.8 %3
7014009002 60 kg/ha 0.8 413 ‘4.0 38.3  37.8  40.8 4.0 © 9.3
204009002 90 kg/ha 41,5 49,1 42.5 313.8 3.0 40.8 33.8 168 -
70M009062 120 kg/ha 2.3 9.8 435 3.0 3.0 38.5 32.8 1.0
" 70M009002 150 kg/ha 40.0 42,3 48,3 7.8 IS 3.8 2.0 315
S 708009002 180 kg/ha 0.8 4«@.8 4.5, 33.00 378 40 2.3 R)
. 4 é& - <
*
Sceding date Mean 40.52 4094 4I.1a 37.9b° 38.7 4" 38.6 a2’ 34.6 2% 35.4 0"
+ LSO (5%) 1.1 - 3.1 . :3.3
150 (s1) i - " 1
~

* Within location, means followed by the same. lotters are not
significantly different from each other at the 5% level of ,
probability. :

- ; +,++ See Table 6 for explanation.
. '," Indicate separate comparisons of seeding date means fu
.. Ellerslie and 01ds, respectively. ‘

-~
.
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- ' asbimilaé%ﬁ and accumulating them in grains thus resulting in heavier

~

kernels Oﬂg@he other hand, 1000 kernel weight of relatively early
maturing genotypes like Park, 70MllOOOl, ,and 70M009002, each at most
seeding rates, showed a trend to increase due to delayed (date three)

‘seeding.

N4

o General :elationships between grain yield and its components
SRR ' ¥ears per plant, kemels Per ear, 1000 kernel wei_§£2

b

i o o ‘Br .most genotypes in this test, increases in seeding rate
4‘suppressed the expression of all three grain yield components at all
- g
locations where they were determined (Tables 12, 14, and 16). This

Y

/effect wasgalso reported by Guitard et al., 1961, and Puckridge and

Donald, 1967. However, the increase in plant stand .at higher seeding

[ »
‘,3
& . 7 N
o 5 &
e -‘Q&’ rates (Table 30) compensated for the lower values of grain yield
- S
)
.components and resulted in higher grain yield per plot (Table 5)
S W

This compensatory effect: of higher plant stand for lower

-s*.

-values of‘g;ain yield componéﬁts, and resuleing in high grain yield,

¢ was also&reported previqysly by Guitard et al,, 1961, and by Puckridge=
o - - ’ w . i °
@ _and Donald,01967 o o ‘
4 R . R o .
N
. : g . Late seedlng for most treatment ca\b§§itions resulted in
o0 R w
. decreased values for two of the grain yield components (eats per plant

and kernels per ear) at Edmonton, and in certain cases for kernel
\ .

weight at "'Edmonton and Ellerslie (Tables 134 15 and 17). Also, since,
these decreases were accompanied&by decreased plant stand (Table 32),

most treatment combinations ended up in having significantly lower

grain ylelds in date three (Table 6)

Bach of the grain yield components has been referred to as

being the most important contributor to grain ‘yield per plant by ‘one

:‘QF_Y - B ,

8
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..‘f\'r ] a » . '
y oy o R
or ‘more investigators., Comparisons for the relationships between grain
: NN : K ®

. - d ‘ i : .
yield pr‘*r plant and its components showed that genotypes differ in the
]
-3
use of (.. components which account for most of their grain yield per

plant (Table 18). Pitic 62, the highest grain yielding genotype per

plant ,¥wag also the highest in kernels%er ear, one of the highest in

w

PP " P

ears per plant and. among the&owe?t in kornel welght (IOOO kernel ‘
%

«
w

weight) (Table 10) ’Pitic 6 lso the highest grain yielding

)

genotype on. a‘*‘ plot ﬁasis. Op the other hand, one of the lowest

grair? yielders per’ plant Park was among the highest in ears per plant.
»] ;

and one of the lowest in%els per ear and 1000 kerqel weight Park

was one of the lowest grain yielding genotypes pg; plot 70M110001 the

plant but it had a signi&icantly higher numbex: of kernfqls per ear- antf‘

I} n”f . s

a higher lOOO»kernel weight than Park, one of the 1owe§t:ryielding oy :;’6
genotypes 3 F}-om thé above relationships it is possible t:a suggeet that o
Pitic 62 obtamed its- highest yleld: per plant throuih fts exi:ept;onally

;high number oi kernels‘per ear, and ‘to. 'a” certain extent'

.,

high numbei’ of® ear‘s per plant For 7Q;4110001 both fi "*: K

ﬁmd number of kernels per ear appeared to have® contributed more ta; its hr)

A 3

high grain yield per plant than did ears per plant

“ High values of plant stand and ears per plant for Park (similar

to those of Pitic 62) did not compensate for Park's lower, values of

kernels per ear’ and 1000 kernel weight to give it grain yield per plot -

’ -
'

similar to Pitic 62. 'I'his lack of compensation by h;gh plant densities '
for low values of grain yield components being able to bring about high
grain yield was reported previously by Donald, 1967 Early matt;rinf// o

/.

oo

- second highest grain yielding gd"xotype per plot, was among theﬂgighg,at pf '
T ik

in. grain yield ﬁkr plant. I¥ was" also among the lowest in .ears p’er } ;}@ o
.\, . “ - # '\
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cultivars, as reported by Pinthus, 1969, and Singh et™al., 1970, tend
. ~ /”"/ﬁ\\

to, have a“%horter vegetative phase which leads to fewer til €rs per ¥
plant,r However, this” was not the cage with twg of the relatively early \ ,

L_~

N Jhmaturing genotypes in this present study’ Park and Neepawa. Perk and
3%

Neepawa‘hﬁd ear number per p.ant similar to Pitic 62, the latest matqring
o . 2

genotype (Table 18). \ : ~*,t:

The number of ke aels per ear could possibl beuthe most

. important of the grain ;‘eld domponents, since all genotypes (except

70M009002) showed ‘a consecutive decrease in kernels per ear when
.

L

arranged®in the order of decreasing grain,yields per plant (Table 18).

»

" Numbey of kernels per ear has also been previougly suggested by a _ v

&

P

number of workers as the most important of the ggain yield components
in influencing grain yield per plant for wheat (Johnson}et al., 193%
Simpson, 1968, Rawson, 1970, Dubetz and Bole, Lg73 and‘SIogi‘pf et gl

1974) Johnson‘ 1966, also indicated that any gain in -a. single grain :

“compo.ents would produce no change in total grain'yield per plant.

a

This effect is clea;f& evidenced by she genotypes Park and Neepawa o, .

U,

(Table 18) which were among the highest in ears per plant, but the : o,
}bwest in kernels _per ear, 1000 ketnel weight and grain yield per

Planti‘ However, any inorease in one component with the others remaining

constant could prodece an equal increase 4n total grain yleld per plgnt:
p~‘};‘summarize, the !’ptrfbution of each grain yield comppnent "

fo grain yield‘vari:d with.genotﬁpe "ldcations, and different agronomic

~ .-

practices (seeding date ‘and seeding rate). Manipulation of genbtype,’

K

.locatioq aqd management practices all changed the values of indiVidual

'grain yield compoqents, and these changes were usually accompanied by

» compensatory changes in the other grain yield components » Complex

'
s
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interactions appear to be thegmrm
|
Test Weight |
Test weight appeared to increase significantly due‘to increases
in seeding rdte only iidmonto'n and Ellersl_ie, z;lsi shown by seeding rate
means (Table 19). However, only a few genotypes, Glenlea, 70M110001,
and 70M009002 in Edmonton, Necpawa, Pitic 62 and Glenlea at Ellerslie,
and Park at Olds, showed significant increases in test weight due to

. [} <
»
increased seeding1 rates. At higher seeding rates, there ‘is faster

" plant develo;/mentu (WilleY and -Holliday, 1971). ‘Bhis faster development .

. :
ofy plantsﬁihich includes faster grain filling, could also have resulted

in more uniform distribution of assimilate to kernels thereby giving

more uniformly s,ized kernels. Uniformity in kernel size was ,indicated

- -

x;tant factors for higher test weight (Zeleny, 1964)

..s‘» I

X b

as one of th"".

A T4 e L
.Another possi ?‘ngplanation is that the‘\i}her ”pecﬂ.tion of plants “@
'bt - .’ e . .
at higher seeding rat,es could have resulted in reduced &emelx,x\umber e ,'

ya
per ear (Table 14) This may have led to a relatively increased amount

-

-of assimilate mO\{ement into the fewer kernels per ear thereby maleing,

)

them more plump, ar}d uniform in shape, subsequently resultingwigher
’ A
test weight. Th.'Ls effect ?f increasing test weights from increased

seeding [ate wasg ﬁreviously reported by Brig* ’975t for the* wheat b
cultivar Neepawa ) : ' X\ . '-? v PRI
‘ g v Ve '% & - , § , B \

" Averaged over all seeding rateh\ and seeding dh 85 the ' A

N O 3

ighest ‘test weight wéne 70}1)09002 'Edlnonton,

genotypes with the
and Park, Neepawa, lenlea and -70M009002 ah\oﬂller‘slie. At Olds, Pitic 62 .
l .ﬁquweight' than mq ;,genstxgegwﬂslati\vely Tow

by Pﬂ.tic 62 at all 1 cations. o - T,
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~ , . TABlE 19\MEAN5 (AVERAG[D OVER ALL SEE ING DATES AND OVER ALE>
: EPLICA(}ONS .OF SUBPLOT TREA [MENT COMBINATIONS
(GENOTYPE X SEEDING RATE) FOR TEST NEIGHT IN KG/HL.
. \ '," ' i’
| } T - T
S“gftg“ X s ‘\ Genotypes 5";2129 .
(kg/ha) Pafk\ Neepava Pitic 62 Glenlea . No 70!-1110901 705009002  Means .
! L’".Q'.'.&ﬂ R
30 m3det 81.8de 7881 813 de ,80.6ef 82.8bc B9 ab, BL4 b
~ i (60 B2.3cd  Bl9de  B0.3ef Bl.lde  B81.8de 8.9 de 84.0 b  B1.9 ab*-
> o 90 82.4cd  82.2de  80.0ef - 8l.4de BLGde B3.6ab  83.6 ab 1 82.0 a
. C 10 81.8d:  81.7de 80.3cf B2.3cd 819 de .B82.6bc  84.0 ab 8.1 a'
150 8.3 d¢ . Bl1.8de” 79.8ef  82.8bc  8].8-de 83.3 bc azﬁch.Juo 2
i 180 " 82.2dc  82.4 cd  79.6 ef 82.cd 82.0de 835 8452’ g2.4
Genotype - . o . T
, Means  BL.7c" 818 c" - 79.84"  BL7 e 8¢ 830 b 40" .
| - — — ' 4~i¢£ e
E]‘CI‘S“& i o - ¢ ‘ - -:._1,.
‘ 30 8l.2bc .80.3cd 78  B0.0cd 9.9 cd 3 ) 7 Je 80,6 bc ,79.9 ¢*
x _— 60" 8l.9ab - "BILObBE  79.5de  81.6 ab 80.3cd 80 be msbd 8.0 b
' L 90 B2.3ab  Bl7ab . 78.5de  BL.8 ab - 8l.0 bc  «B1.3%c  82.2 ab 81.3.ab"
. Lo 120 . 822  81.8ab  79.6de  81.8 ab’ b.2¢d " 81.7ab 8L6ab " 814 ab*,
: - 150 81,Bab  81.8ab  78.8 de o Bl2bc: 8lame  /BL9ab. 81.8 ab " 8173 ab'
o s w0 mAwF e 7900 ° 82.37 S BLTab B3Ba 817w |
. . g, : . torotre . - < T - T
_ TN Heans 81l % 815 8% 7975 ¢ 81.5 2" wayuanzM'iﬂzgfgk .
s . . - Olds » ‘ , ‘ ’ “‘.‘. . Bl 2R
30 . 821bc "g.8-ab 8l cd B3 be B3 be 81.6bc. 82.8ab  82.1a
60 B2.3bc. 830 80.4d 8.5 8.0 be 82.5ab 830 = 82.3a'
) %0 82.4bc  82.3bc  Blled B2.3bec  Bll6be  82.9 b  &2.5ab 82.1a
- 120 82.3bc  8L.8bc 8l.Bbc 82.9 ab  82.5ab 815 be J8l.sbe  -82.3a
{  1se 82.5ab 81.9bc 8r4cd 8393 8l.0cd 8l.8 be B2.3bc  82.0a
‘ : 180 0 83.5a  8.1bc BLSbec Bllab  79.84d 81.8pc " 82.1bc  &.5a
Genogype : i ‘ , R ’
Feans . 82.> ab" B2.2.ab* 8lO¢"  82.8a" BL7bc B2 82.s ab
'V -

+ Means followed b
from each other at the )57 level of probability.

el

/6\
| - " followed by more than Aour,
- letters are written./
S " Indlcate Qﬂ”dlate' omparzson
T means, re tiv
L s .
-

letters,

»

ame letters are not si

A,

i

gn)"%antly d1fferent
- When a mean is :
on]y the beglnning and Ghe last

-

»

<§bf Seedjng rate peans{End'genotype

v ‘ a
*g,gk‘ .$.‘ v
VT,



2

At Edmonton and Ellerslie, delayed eeeding resulted in

decreased teét,weights for dosritreatment>combinatiohs (Table 20). At

Edmonton for instance, Pitic 62 and ?0M110001 Al all seeding retes
had*significantiy higher test weights frOm ~-ther . both of dates

one and Jtwo seeding nhan from seeding ‘on date three. Test‘wefghts

é “ .

of Park, on the other hand 'at all seeding rates did not change gigni-
(
ficantly due to variation in seeding date eigher 8t Edmonton or
’ "n:f . W
Ellerslie. At Ell!gslie, Pitic 62 at all seeding -rates, and 70H110901

77

‘at the BOdynd 60 kg/ha rates also had significantiy higher test Weighrs

@ g 4 » -

g,
s .

seeding. Decreasing test weights Trom delayed seeding of some treat-'

f?om either or both of. detes one and twor seedings thag‘from date three .
b4

P C Y
N

ment‘eg Lnepg}s study supports alsimilar report by Nasa et al.,

‘,«'\'&-,L.

tic »Region q{'Canaday Delged seeding might have

a

the growihg season, in  August to September, (Pig 1) which could alow

iy

2.

the gfain filling proceas by limiting the movemeat of assimilates to,

FE v
»

the grains;, As a result, shrunken kernelﬁ and kernels with lower'

‘density would be pr&ducéd which would lead to lower test weigpt. Test‘?h”

-y
4%

weigh&*is regularly measured as a factor of wheat qualicy, because

of its bnown significance in»affecting milling qualdty.
. i N o ‘ ,\\),f ’ <

3 o

‘ .MORPHQtOGICAi'CHARACTERS'ABOVE THE FLAG LEAF NOBE ‘ -

leng;h,vExtrusion lengfh, flag leaf area, ahd flag leaf sheath

'r.;.A)v, o ‘(x - ’./‘ S— (

-

/
Ear Length

: in filling stage of the plangs into the cooler part of

Jr length was signifieenrly decreased by.increases in seedipg
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o . ‘ K . ’ hY : -y b : M .
h e weed T ‘ &.J 2
SR g ‘ . - :
TASLE 20. MEANS (AVERAGED OVER ALL REPLICATIONS) OF SUBPLOT TREATMENT
. 3 . . - ) v
COMBINATIONS (thOTYPﬁ.x SEEDING RATE),FOR TEST WEIGHT IN
KG/HL. ' » :
Irutn:: c:nbmulon Sceding date - ' -
v [ ": ype ] Edmonton Ellerslte : 01ds 5
Seeding rate One Iwo  Thres One Ivo _ Three Q\%
Park X0 kg/ha 820 81.8 80.) 01y 81.) - 810 82.0 a2.)
Park 60 hg/ha 8.0 82.0 82.0 8.8 B s 813 8y
Park 90 ko/ha 833 - 818 823 s - 2.8 m.) a.s 8.3
Part 120 \g/ha &2,  82.0 #1.3 8.5 & 1.8 2.) .3
Part 150 kg/ha " @0 &2.0 19.8 2.3 8.8 8l.s RS a.s
Park 180 kg/ha 833 : g1.S  af.s 2.5 &3 .8 838 8.}
Neepawa 30 g/ 83,0 #5780 0.5 8Ly M0, . s a3 N
Neepaws . 60 kg/Ma 833 2.3 803 2.1 81.0 N 835 a8
Neepawa 90 kg/hs  8).5  82.3 80.8 8lLS 2.0 a8 82,3 a3
licepawa 120 Ag/ha .5 8.8 .p0.8 Q0 ™I a) . 0.8 8.8
Neepawa 150 Xg/ha - 8Y0 - 81.§ a1.0 ag,e‘ . ‘f" 8.8 0.5 81,3
Neephwa 180 'hg/ha 83 23 4108 n;w s s 2.3 8.0
PPtcez’ orem #0585  ao 250 u.q tT10.8 0 NS s 8}
Pitic 62 60 kg/ha  B0.8 818 78.) 80 9.3 1% 0.8 2.0
“oMtle 62 90 kg/ha 813 8l 17.0 9.0 9.8 2.8 0.8 8.8
Y Pitic 62 120 hg/ha  82.0  82.0 7.0 8Ly »n8s 18 82.3 813
Pitic 62 150 hg/na 813 Ya1la .3 LT % T T XY 81.) 818
Pitic 62 180 kg/ma 810 - 82.0 . I5.8 0.0 30 0 - Me ) t
Glemlea 30 ko/Ma g sy w0 2.0 00 2.0 -"u.s 2.3 ,
Glenlea 60 kg/ha 2.5 8.3 n.s 2.0 &.8 2.0 Q2.8 a3 :
Glenlea 90 Mg/Ma 830 813 180 8.8, 840 2.8 2.3 8.3
Glenlea 120 lo/ha 848 .82.5 9.5 oM 828 0l ‘83,0 8.8
Glenlea 130 kg/ha * 840 833 810 X220 803 84.0 B8
Glenlea 180 kg/ha  84.0 82.5 803 2.3 818 .S  ae .
£l
Norquay 30 kg/ha 2.8 8.8 1.3 ’\% 7.8 2.5 8.0 -
Horquay 60 kg/ha 838 815 8.0 1LY ns Q2.0 K0 .
~Morquay ' 90 hg/ha 825 818 80.8 388 no &2.3 8.0
Norquay 120 kg/ha 8.3 8.3 .2 8. 3 1) .3 ;e =
- Norquay 150 k¢/ha 4.0 8&.0 »M.§ a0 ®wo 800 “ 8.3 80.0
Norquay 180 kg/ha 82,8 - 82,5 0.8 8.8 '8Ls ¢ ) ‘NS 0.0
JMII0001 30 KgMa 845 sio e1'0 05 78 1.4 S 8L) 810
20110001 60 hg/ha  “B).8 u{- 1.0 8.3 - 82.0 ' 8.8 2. &S
204110001 90 kg/ha 84.) . 8.8 3.8 8L.s 0.8 830 8.8
J0M11000Y 120 kg/ha 845 8.5 8.8 2.3 823 . 0.5 8.
70M110001 150 kg/ha 853 2.8 al.a 2.0  81LS a2 2.3 Nl (
204110001 180 kg/hs 85.0 83 8.3 .8l.8 82,0  81.) s s
70M003002 30 kg/ha : 85.8 8.0 82.0 820, 810 8.8 2.3 8.3
104009002 60 hg/ha 85.5 843 . 82.3 ‘2.8 0.8 263 2.8 )
" 20M009002 90 kg/ha 85.8 840 810 2o 2 &3 2.3 as
208009002 120 kg/ha 86.0 83.) 828 82.) ~ 81.0 a1s 315 81.S
76¥009002° 150 kg/ha 845, 843 n.s “ 82.0°7 8.0 81 LS 8.0
70M009002 * 180 kg/ha %) M8 ®1.s 0.0 8.0 823 . 88 &S
* S o )
Seeding date Hean . 8.4a .42 0.0 816 2 81.4°2° pOO M 82.0 a* 82.0 2°
+ (5o (s5) N ¥ ) LA Y
o sy 2,0, e ’ w2y
* Nithin location, means followed by  the same letters a‘% not ] ,
. significan€ly different from each other at the 5% level of ,
probability. \ : _ .

+,++ "Sce Table 6 for explanation,

"+" Indicate separate comparisons of seeding date means for
Ellerslie and 01ds, respectively. - S,

‘ . ~ ' . \



" lengths. Glenlea and Pitic 62 also had relatiﬁély higher numbér of

79

1

rates (Table g@).l This félationship was true for all genotypés'étuaied,
axcept for JOM110001 which did nédt respond significantly to variation
In 'seeding rate. This décrease in ear length of most- genotypes due to
increased seeding rates couid possibly be dugvfo less spikelet.formation
caused by limi£ed amount of assimilate pér tiller. This was also -
evidenced by a lower number of kernels per ear at highe{f'%eqing rates
(Table 14). |

. Averaged over all seeding rates and sgeding dates, Glenlea

: L ‘ -
and Pitic 62 had significantly longer and Neepawa the shortest ear

- kernels per ear compared to mogt of the other genotypes (Table 18).

5
Eqr lengfh responses of genotypes to v’tintion in seeding

datq vgried with maturity groups. For instance, early maturing
8¢notypes lfke'?ark and 70M009002,'eauh at most seeding rates, had A
significgﬁtly.ﬁonggr ears from Seeding in either or both of‘datés \ L:od

one and three than ftoﬁ seeding on e two (Table 22),. The low ear

’

length values from daée two seeding wefe difficult to explain. Omn the

2

other handﬁ late maturing genotypes 11ke Pitic 62 and Glenlea. each ap

mogt seedinb rates, had signifiuantly longer ears from date one deeding .

Lo

compared to seedings on either or both of dates two and three.

' : | A : ¢
Extrusion Length P ‘ i 3{

e

v Inqreasing seeding rate shbwed a trend of increasing extrdsidn.'
lengch (Table 23). Among genotypes, Pitic 62 and JOMllOOOI were the -
only two for which extrusion lengch showed significant responses to, e

variation in seeding rate. Pitic 62 a(the 120 ka/ha seeding rate had

\significantly 1onger extrusion length than from seeding at the 30 and

3 -
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TADLE 2. MEANS fAVERA

3
§€

AT EDHONTON. &

joat
= _ Treatment coabination
- : ' [ Genotype ] Seeding date
: L - X * f
Secding rate - One Two |\ Three -
Park 30 k9/Ma 9.3 8.9 -89
Park | 60 ko/ha . 8.8 8.1 8.9
Park . 90 hg/ha 8.8 . 8.3 8.3
rark 120 ke/ma 90 208 8.5 :
Park 150 ky/ha 8.6 8.1 8.%
Park 180 kg/ha 8.7 1.9 8.6
! Neepawa 30 kg/ha a.% 8.6 1.9
Neepawa 60 kg/ha 8.1 8.5 8.2
’ Negpawa S0 k9/Ma 1.8 1.8 8.1
C , Neepawa . 120 kg/ha 7.9 1.6 1.1
- - Neepawa 150 kg/ha 7.6 7.6 79 } -
. - Heepawa 180 kg/ha 1.8 1.9 8.0 . ¢
Pltic 62 30 kg/ha  11.2 '10.8 10.4 ’ :
Pitic 62 60 kg/ha 1.4 10.3  10.2
Pitic 62 90 \g/na 11,2 10,1 10.2
Pitit 62 120 kg/ha  10.9 9.9 10}
Pitic 62 150 kg/ha . 10.7  10.8 10.§
Pitic 62 180 kg/ha 10.6 10.4 10.4
Tlenlea 30 kg/Ma 4350 120 17
Glenlea 60 kg/Ma 137 274 lg.l -
Cleglea 90 kgMa 12,1 123 |ty % - .
Glclea 120 k9/ma  1216° 11,8 119 -
Glenlea 150 ko/ha 220 1201 118 .
Glenlea 180 kg/ha 12.5 11.2 na
. . Horquay ~ 30 kgMa 9.5 a9 9. | -
. " ) Norquay 60 kg/ha 9.1 8.8 9.1 -
. . Norquay "', 90 kq/ha 9.0 8.4 - .93 - ,
- et “Norquay « - 120 kg/ha 8.9 8.6 9.0 : ‘
o - Norquay =150 k 8.5 8.4 | X \ 3
T | Norquay - . 180 xg/ s 90 82 9. - "
L JONI10001 30 kg/Ma 9.1 8.6 8.8 ; A
L 704110001 60 kg/ha - 8.6 8.2. 8.7 oy
. 704110001 90 kg/ha %3 1.9 8.5 a i
- . ~ T0N11000) 120 kg/ha 8.9 8.4 8.7 N
: 701110001 150 kg/ha 9.1 8.4 8.6 -
- . 70M110001 180 kg/ha 9.3 8.2 8.9 ) k
’ . ] - Q ’ C‘;.. N .
701003002 30 kg/ma 10.3 9.3 &7.9.3 A )
x 704009002 60 kg/ha - 9.8 9.1 9.7 - " s s
©ON00%002 90 kg/ha 9.8 8.3 9.4 J K
JO¥I3002 130 l«)/hl 10.0 9.1 9.7 o . je
. 101300002 150 kg/ma 9.5, 8.5 9.4 s ,
DR ' ~.70M005002 180 kg/ha 9.9 .87 9.
v o . - .
R £ Y — : ’
SRt ~ A *
p Sceding date Mean 9.8a” 9.2¢ 9.5b
«4 e R t+ Lso (sx) g . 06 .
L' - . - > v
i N

o . e Yt

* Means foHowed by the same letters are not sigmficantly;
»different from eachgother at the 5% level of probability

SR A ~»—~§ee Table 6 for- expﬂanaﬁan, ‘*";"’“’“"*“*“— BN \"f"’ -
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Ny

‘genftic Potnetial in extrusion length.

: .Flag leaf 3heath area and flag leaf area

60 kg/ha rates. 70M110001 at the 60 kg/ha.seeding>rate~also had signi-
ficantly longer extrusion length than from seéﬂing at the 30 and 150

kq/harrates. The increase in extrusion length due to increaqsd¢seeding

ra?es could possibly be due to higher competition for light or- shade
.

v . : ]

av*idance.

K ' Most treatment Eombihations had significantly decreaaed~
3 V\ ot
extrusion lengths when seeded in date three (Ta‘;e 24) However,
. « A

very marked differences were observed among genhtypes in extrusion_

length resﬂ%qpes td variatio:ﬁin seeding date. Fbr instance. two of the

L ] ¢

early maturing genogypes, Park and Neepawa, eaph at most aeeding rates. «2‘

£
had significantﬁ%bnger extrusion- lengths from either Dt‘ both of datea‘

.one and two. seedings than from date three seeding. By contraat; extru~ﬂ<

sipn length of 7OM00900

seeding rates, did not ! any significant response to variation in

o R

'other -early maturing genotype), at all

¥

seeding daté However, for th &gate maturing geng%ﬁbes like Pitic 62

2
‘and Glenlea, each at most seeding rates, extrusion‘length did not show o

Q-

significaht responses to variation in seedfhg date. The’decreasea in

of most treatment combinations AUe to late seeding -

*«_

-due to the re!ative shortness of the growing season

g QP
whiqh did_n enayle plants to develop normally to reach closer to their

Lal >

) _ &

Oﬁ!rall, there were, no significant changes in flag leaf

shea;h area due to changes in seeding rate (Table 25) However. -

.83

’ .

: o

,,a_', e

':ggnotypes like Park Neepaws, and Norquay showed significant decreases

in flag leaf sheath area due to increased seeding rates, For Piti& 62A

and ZOMllOOOl flag leaf sheath areas were significantly larger for thef



TABLE 24. MCANS (AVCRAGED OVCR ALL REPLICATIONS) OF SUBPLOT TREATMENT
COMBINATIONS (GENOTYPE x SEEDING RATE) FOR EXTRUSION LENGTH
IN CM AT EDMONTON. \

TFeatmont contiination ) -

[ Genotyp® ] Seeding data
x
“LSceding rate One Two Three
Park 30 kg/ha 3.6 31.2 24.0
Park 60 kg/ha - I1.6 30.6 27.0
Park 90 kg/ha 31.6 31.0 28.8 .
Park 120 kg/ha 3.7 30.6 2r.0
Park 150 k9/ha 31.2 30.3 28.2 .
Park 180 \g/ha 0.6 0.4 28.5 .
Neepawa 30 kg/ha 239 , 22.5 21.1 ‘
Ncepawa 60 kg/ha 24.2 - 22.9 19.9.
Neepawa 90 kg/ma 23.7 231.9 18.9
Neepawa 120 Lg/ma 24.4 21.3 21.6
Neepawa 150 kg/ha 24.5 23.4 20.6
Ncepawa 180 kg/ha 23.3 24.6 21.6
Pitic 62 30 Xg/ma 11.9 12.7 15.0
Pitic 62 60 kg/ha 13.1 13.1 15.0
Pitic 62 90 kg/ha 13.3 13.7 15.3
Pitic g2 120 ko/ha 13.6 16.8 16.1
Pitic 62 150 kg/ha 13.9 14.4 16.2
Pitic 62 180 kg/ha 14-V14-l' 15.9
Glenlea 30 kg/ha z‘gz 21.0 21.0
Glenlea 60 kg/ha 22 20.8 20.4
Glenlea 90 kg/ha 23.3 20.6 21.3
- Glenlea 120 kg/ha 21.3 22.3 19.5
Glenlea 150 kg/ha 22.7 20.7 22.3
Glenlea 180 ¥g/ha 23.5 19.9 21.3
Norquay 30 kg/ha 16.4 15.0 14,5
Horquay 60 kg/ha 17.6 15.5 14.7
Norquay 90 kg/ha . 18.1 15.5 14.2
Norquay 120 kg/ha 18.5 16.2 14.3
Horquay 150 kg/ha 18.2 16.3 14.1
Norquay 180 kg/ha 17.7 14,7 18.4.
704110001 30 kg/ha 12.7 11.8 11.7
70M110001 60 kg/ha 18.8 12.7 12.9
704110001 90 kg/ha 14.9 12.4 13.2
70M110001 120 kg/ha 14.7 13.3 12.9
7014110001 150 kg/m 14.5 12.9 10.6
70M110001 180 kg/ha 15.3 14.0 10.6
701009002 30 kg/ha 17.1 17.0 16.2
704003002 60 kg/ha - 18.3 17.6 15.8 .
70r.009002 920 kg/ha 18.2 16.9 15.6
70+%309002 120 kg/ha 19.3 16.8 17.8
704209002 150 kg/ha 19.0 - 16.6 17.0
70MD0S002 180 kg/hba  19.0 ) 17.1 16.3

Sceding date Mean

20.‘:;*' 19.2

+ Lsp (51)

H 150 (31)

~N
,"/\\\5.7
[

s

* Means followed by the same letters are not significgntly
different from each other at the 5¢ level of probability.

+,++ See Table 6. for explanation.
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90 kg/ha rate than from the other seeding rates. Glenlea and'70M009602
did not show a specific trend of increasing or decreasing flag leaf
sheath area due to increased seeding rates. |

In general, flag leaf area decreased significantly due to
Increased seeéing rates (Table 26). A similar relationship was observed
for individual genotypes, except 70M110001 and 70M009002. At higher
seeding rates, there would be m;re plants per unit area to compete for
raw materials of photosynthesis resulting in less photosynthate pro-
duction per_tiiler. As a result of inadequate photysynthate produced,
the g50wth of flag leaf and ;ts sheat‘ would be sﬁppressed leadihg to
smaller areas of these plant parts at higher seeding rates.

" ' Averaged over all seeding rates and seehing daées,»Glenlea
had both the largest flag leaf sheath and flag leaf lamina areas and
Park wéé among the lowest in both (Tables 25, 26). Pitié 62 was among
the highest in flag leaf sheath area and intermediate in flag leaf
‘lamina area.

Flag leaf4éheath areas of only a few treatment combinations
showed any significant responses to variation in seeding date (Tgble 27).
Seeding on date two gave signifipantly larger flag leaf sheath areas for
the 30 kg/ha rate of Park and Pitic 62, for the 30 and 180 kg/ha rateg
of Neepawa, for t = 90 and 180 kg/ha rates of Glenlea, for the 60 kg/ha '
rate of Norquay and for the 30 and 180 kg/ha rates of 70M110001 than |
from seeding at either or both of dates one and three. Park at the
90 kg/ha and 70M110001 at the 180 kg/h; rates also’had significantly
larger flag leaf sh;ath a;eas from date three seeding than from seeding

at either or both of dates one and two. Flag leaf sheath areas of all

the other treatment combinations, except for the 150 kg/ha rate of )
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TABLE 27. MEANS (AVERAGED OVER ALL REPLICATIONS) OF SUBPLOT TREATMENT
COMRINATIONS (GENOTYPE x SEEDING RATE) FOR FLAG LEAF SHEATH

AREA IN,CMC AT EDMONTON.

\

Treatment contination

l’. Genotype ] Secding dats
X
Secding rate One T40 Three
" Park - 30 k9/ha 18.9 22.5 19.2
Park 60 kg/ha 17,2 17.2 17.5
Park 90 kg/ha 4.0 15.1 -18.4 o
Fark 120 kg/ha 15.8 15.9 17.3 .
Park 150 «g/ha 15.8 15.7 15.1
Park 180 kg/ha 15, 15.7 16.1
Neepawa 30 kg/ha 23.5 25.1 21.9
Neepawa 60 kg/ha 23.4 26.2 24.8
Necpawa 90 kg/ha 18.2 19.7 19.7
Neepawa 120 kg/ha 14.5 . 15.0 15.8
Hecpawa 150 kg/ha 23.5 18.6 19.1
Necpawa 180 kg/ha 16.3 19.8 18.9
Pitic 62 30 kg/ha 19.5 21.0 18.0
Pitic 62 60 kg/ha 23.2 23.6 23.3
Pitic 62 90 kg/ha 27.6 24.9 26.6
Pitic 62 120 kg/ha 22.6 24.9 24.2
Pitic 62 150 kg/ha  22.4 22 .4 25.0
Pitie 62 180 kg/ha 18.6 19.1 19.8
Glenlea ¥ 30 kg/ha  26.1 28.0 23.2
Glenlea 60 kg/ha 27.7 28.4 26.1
Glenlea 90 kg/ha 24.5 ,28.1 24.9 |
Glenlea 120 kg/ha 20.8  20.4 21.4
Glenlea 150 kg/ha 25.3 26.5 27.1
Glenlea 180 kg/ha 22.3 25.7 ¢ 24.6
Norquay 30 kg/ha 25.0 27.5 26.2
Norquay 60 kg/ha 22.7 24.0 21.0
Horquey 90 kg/ha 20.4 " 22.4 21.5
Norquay 120 kg/ha 19.9 20.4 21.8
Norquay 150 kg/ha 22.3 22.7 23.0
Horquay 130 kg/ha 22.4 21.4 23.7
70M110001 30 kg/ha 19.8 22.7 18.5
701110001 60 kg/ha 21.8 21.6 19.5
704110001 90 kg/ha 23.5 25.9 2.1 t
708110001 120 kg/ha 19.4 21.2 20.6
704110001 150 kg/ha 20.1 19.8 22.6 .
7G:4110001 180 kg/ha 18.9 20.3 21.8 .
701003002 30 kg/ha 18.1 18.2 17.9
7C4009002 (O kg/ha  23.3 24.9 23.3 v
70::223602 90 kg/ha 18.9 19.1 18.2
701003002 120 kqg/ha 21.9 23.0 23.6
170002002 150 kg/ha 19.1 18.3 20.6
704039002 180 kg/ha 19.6 20.7 22.2
*
Sceding date Mean 20,9 b 21.7a 21.4 20
+ LSO (5%) T 2.9
H 0 (s2) 2.8

* Means followed by the same letters are not significantly
different from each other at the 5% level of probability.

+,++ See Table 6'for,exp1anat10n,"
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Neepawa which had larger flag leaf sheath area from date one seedihg

rd

than from either datg two or date three seeding, did not significgntly

!

. ’
respond to variation in seeding date. ;
- . i ]

Flag leaf areas were siénific‘éﬁly lh;ﬁer from ;eeding at
either or both of aates t¥o and three than from ngding o; date one
for the 30 and 60 kg/ha rages of Park,~for tﬁe 30,’60, 90, 150 and
180 kg/ha rates of Neepawa, for tﬂe 30 kg/ha rate ‘of Pitic 62, for the
30, 90, 150 and ;80 kg/ha rates of Cleglea, for the 30, 120 and 180
kg/ha rates of Norquay, for the 90, 120, 150 and.180 kg/ha rates of
70MllOOOi; and for the 120, 150 and 180 kg/ha rates of 70M009002
(Table 28). Fl;g leaf areas of the remaining treatment combinations
did not show significant responses to variation in seeding date.
Delayed seeding (dates two and three) Eould have pushed the vegetative
development phasge Qf plants into the cooler part of the growing season
during August ‘and Séptember, (Fig. 1), thereby not allowing the faster
completion of the reproductive phase. This could have fesulted i;
making plants more vegetative, with larger\iiig leaf sheath and flag
leaf areas.

General relationships between grain yield and morphological characters
above the flat leaf node

Several investigators, Thorne, 1965, Voldeng and Simpson, 1967,

Simpson, 1968, and Walton, 1971, have indicated the important contribu-

89

tion to the dry matter of céreal grains by one or more of the morphological

characters above the flag leaf node. Each charactgr has been found as the

most important contributor to grain yield per plant by one or more of

the above workers.

In this test, ome of thé higher grain yiglders per tiller,



(TABLE 28. MIANS (AVERAGED OVER ALL REPLICATIONS) GF SUBPLOT TREATMENT
COMBINATIONS (GENOTYPE x SLLDING RATE) FOR FLAG LEAF LAMINA
AREA IN CMZ AT EDMONTON.

Treatment cotbination

[ Genotype ] Srcding date
x

Seeding rate One Two Three

\ Park 30 kg/ha 19.9 26,0 23.1
Park 60 ko/ha 200 20,2  21.3
Park 90 kg/ha 17.2 20.5 231.5
Park 120 kg/ha 18.8 17.6 22.2
Park 150 k3/ha 19.7 18.9 20.8
Park 180 kq/ha 17.1 18.8 22.1
Ncepawa 30 kg/ha 19.7 25.3 19.7
Neepawa 60 kg/ha 18.7 25.8 23.1
Heepawa 90 kg/ha 17.8 25.9 24.5
Neopawa ™ 120 kg/ha 16.8 18.2 20.7
Neepawa 150 kg/ha 16.2 20.9 23.1
Necepawa 180 kg/ha 16.7 22.1 23.2
Pitic 62 30 kg/ha 26.3 30.1 21.5
Pitic 62 60 kg/ha 25.2 26.9 23.5
Pitre 62 90 kg/ha 23.3 23.8 20.9
Pitic 62 120 kg/ha 20.7 24.8 21.5
Pitic 62 150 kg/ha 23.7 24.1 23.0
Pitic 62 180 kg/ha 21.6 24.6 239
Glenlea - 30-kg/ha 33.4 3%.7 30.3
Glenlea 60 kg/ha 3.3 343 338
Glenleca 90 kg/ha 28.3 34.6 24 .4
Glerlca 120 kg/ha 27.9 . 31.4 31.5
Glenlea 150 kg/ha 26.5 32.2 4.2

"~ Glenlea 180 kg/ha 26.8 30.4 2.1
Norquay 30 kg/ha 25.7 31.1 3.3 !
Norquay 60 kg/ha  26.5 274 21.9 \ /
florquay 90 kq/ha 24.9 28.2 27.3 e
Norquay 120 kg/ha 23.1 27.3 28.6 ]
Norquay® -1%0 kg/ha 23.1 28.1 24.3 !
Horquay 180 kg/ha 24.4 23.3 .8
J0M110001 30 kg/ha 22.8 26.6 22.6
701110001 60 kg/ha 20.4° 240 21.5
704110001 - 90 kg/ha 17.7 24.2 21.7-
701110001 120 kg/ha 19.6  26.2  25.7
7C4110001 150 kg/ha 18.1 22.6 28.1
70M110001 180 kg/ha 19.4 22.% 29.2
70M003002 30 xg/ha 25.0 23.8 27.7
701009002 60 kg/ha 22.1 26.0 26.9
701039002 90 kq/ha 21.9  25.4 25.4
70089002 120 kg/ha 20.4 22.6 27.0
70039002 150 kq/ha 19.4 20.9 27.5
70M009002 180 kg/ha 19.0 21.8 28.0

s *
Sceding date Mean 2.1b 25.4a 25.5 a
+ s (s1) 5.3

++ 150 (s3) : LB

0

* Means followed by,the same letters are not significantly
-different from each other at the 5% level of probabjlity.

+,++ Sce Table 6 for explanation.
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Pitic 62, was also among the highest in flag ieaf sheath area, second
highest in ear length; relatively low in flag leaf area, and among the
lowest in extrusion length (£;ble 29). 6n tﬁe other hand, one of the
lower grain yielders per tiller, Park, was also the highest in extrusion
length and among the lowest in ear length, flag leaf sheath area, and
flag leaf area. 70&110001, another genotype with higher grain yield
per tiller, was émong the lowest in car length like Park (tﬁe lowest
grain ylelder per tiller), among the lowest in extrusion length like
Pitic 62 (one of the bighest grain yielders per tiller),and si&iiar in
flag leaf sheath and flag leaf areas to Pitic 62.

The above relations{ips suggést{ to a certain eXteﬂt, that

larger extrusion length is possibly associated with genotypes which have

lower grain yields per-tiller. The association of lower grain yield J

sper tiller and larger extrusion length was also observed by Walton, 1971.

In ‘the present study, it was AOt possible to clearly define general
relationships between both flag leaf ;heath area and flag leaf area
with grain yield per tiiler for comparing genotypes. For instance,
both flag leaf sheath and fl;g leaf areas of Glenlea (24.89 cgz and
31.14 cmzt respectively)’we}e significantly larger than that of
70M009002 (20.65 cm2 and 23.99 cmi respectively). However, there
was no significant difference in either grain yield per tiller or in
grain yield per plot between Glenlea and 70M009002.

Also ear length was not found to have éAclearly exhibited
relationship with either grain yield per tiller or grainvyield per
plot. Therefore, it may not be used to m;ke genotype compa;isons for
grain yielding ability either on a per tiller or on a per plot basis.

€enotypes with higher grain yield per tiller or highér grain

9]
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yield per plant were also among the higher grain yieldefs per plot
(Table 29). Especially, grain yleld per plant appeared to be a good
indicator of grain yielding ability.of 4 genotype on a per plot basis.
Some investigators, Voldeng and Simpson, 1967, Simpson, 1968,
and Walton, 1971, indicated the existence of positive associations\
between grain yield per tiiier and one or more of the morphological
characters above the flag leaf node. 1In this study, however, it was
not possible to attribute the grain ylelding ability of a certain geno-
type to any one of thg morphological characteristics above the flag

leaf node.

Plant stand per unit afea -

At all locations, and averaged over all genotypes and seeding
dates, there was a sign;ficant increase in plant stand due to increased
seeding rates (Table 30). This relationship was also true for individual
genotypes in the test, although every increase in seeding rate did not
result in a significant increase in plant stand. A similar result of
increased plant stand from increased seeding rates was previously reported--
by Guitard et al., 1961 Puckridge and Donald, 1967, Pelton, 1969, Willey
and Holliday, 1971, and Stoskopf._g__; » 1974,

There was a trend of leveling-off of plant sfgﬁd at the
relétively high seeding rates for most genotypes. At Edmonton for
instance, Pitic 62 or 70M110001, each at the 120, 150 and 180 kg/ha
seeding rates had similar.plant stands. At Ellerslie, ever¥ increase
in seeding rate, up to the 150 kg/ha, for Pitic 62 or Park increased
plant stand significantly. For 70MlldOOl, every seeding rate increase

gave a significant increase in plant stand at Ellerslie. At Olds, the



94

7 'TABLE 30, MEANS (AVERAGED OVER ALL SEEDING DATES AND OVER ALL
REPLICATIONS) OF SUBPLOT TREATMENT COMBINATIONS S
(GENOTYPE x SEEDING RATE) FOR PLANT STAND PER_2.59 MZ..

J

o — A N = o
Sceding Genotypes . Setding
Rate - e

(kg/ha) Fark Neepawa  Pitic 62 Glenlea tiorquay  70M110001 701009002 i,
Edmonton N R
+
30 161 pqr = 176 opqr 131 gr 116 » 131 qr 131 gr 123 r 138 d*
60 28 J-n 266 k-0 287 §-n 229 m-g 210 n-r 204 n-r 227 a-q 245 ¢
90 329 g-m 349 f-1 266 k-0 251 1-p 286 klem 319 h-m 300 {-n 300 ¢’
120 424 c-gq 475 ¢d 450 cq 363 e-k 360 e-k 410 c-h 321 h-m 400 b' ®
150 398 c-1 665 b 408 c- 428 c-9 420 c-h 456 cde 388 d-§ 452 b'
180 758 a 694 ab 429 c-9 480 c-d 450 cdrf 469 cd 495 ¢ 539 a'
Genotype

Means 393 ab"' 437 a*° 9 be” 311 ¢ 309 ¢ 332 be™ 309 "

Ellerslie -
30 164 p 179 op 137 p 125 p 134 p 172 p "165 p 154 '

"60 237 jx1 379 § 274 lmn " 254 mo 271 1m 293 klen 251 no 294 e
90 498 § 525 hi 397 363 -k 334 JxIm 401 j h 347 jk1 409 d'
120 . 630 def 653 cde 537 ght 487 1 486 1 5§37 ghi 520 1 551 ¢!
150 770 ab 785 a 655 cde 559 fghi 615 defg 632 def 604 efgh 661 b'
180 951 a 970 a 715 abc. 693 bed 738 abc 777 a 687 cde 790 a' J )
Genotype J
Means 558 a” 583 a" - 453\bc' 412 ¢" 429 be" 469 b" 429 be”
o1ds v
30 140 nopq 154 ncpgq 115 opq 85 q 100 pq 125 opq 13 nopq 123
60 238 Im 288 kIm 193 mq 201 n;-q 221 Yo 208 mnop 205 mop 222 ¢!
90 385 g-k 433 fgh 325 ijk1 298 kim 318 jk1 283 klr 267 1= 330 d°*
120 474 cfgh 498 def 428 .fghi 418 f-§ 378 hijk 446 fgh 387 g-k 433 ¢*
150 564 cde 71_2 a 505 dcjf 443 fgh 460 efgh 490 defg 471 efgh 521 b'
180 697 ab 730 2 652 abec 611 be 591 ¢d 594 cd 563 cde- 634 a*
Genotype . . . . :- . . .
Yoans 416 b 470 a 373 [4 314 ¢ 345 ¢ 358 ¢ 338 ¢ . o

. / S
+ Means followed by the same letters are not significantly different
from each other at the 5% level of probability. When a mean is
followed by more than four letters, only the beginning and the last-
letters are written. » .

“," Indicate separate comparisons of seeding rate means and genotype
means, respectively. '
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120 and 150 kg/ha rates for Pitic 62 or Park gave similar plant stands
while the 180 kg/ha rate produced the significantly highest plant stand
for each genotype. This leveling -oft of plant standé\at relatively
higher seeding rates could possibly be due to a higher mortality rate
of plarts due to failure in competition for light, water and nutrients
as was also previously suggestgd by Puckridge and Donald, 1967, and’
Willey and Holliday, 1971. ‘!

At a;l locations and for every gﬁnotype, the Chi square test
indicated that there were significant differences (P < 0.05) between
observed and expected plant stands for date two data (Table 31). For
most genotypes, at all locations, the differences between obserc;d and
exﬁécted plant standé were much more pronounced at the relatively higher
(120, 150 and k80 kg/ha) seeding rates.

At Edmonton, there,wére no significant differences among
genotypes for observed plant stands at the 30 or 90 kg/ha sgsaing
rates (Table 31). At the 150 kg/ha éeeding rate, Neep?wa had sigﬂifi-

cantly 'higher number of observed plant stands than did other genotypes

at the same seeding rate. At the 180 kg/ha seeding rate, too, both

Park and Neepawa had significantly higher number of observed plant

stands than did the other genotypes at the sam- seec.ng rate.

At Ellerslie, there were no significant differgnge%\among
genotgpes for observed plant stands at the 30 or 120 kg/ha seeding
rates (Table 31). At the 150 and 180 kg/ha seeding rates, Park and
Neepawa also had significantly higher observed plant stands than did
the other genotypes at the same seeding rates.

At Olds, at the 90 and 180 kg/ha seeding rates, Park had a

significantly higher number of observed plants than did most other

95
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TABLL 31, WANS {AVLRAGED OVER ALL KEPEICATTONS) OF SUEPLOT TRIATMENT CUMBINAT1ONS
(GLNOTYPE x SFLDING RATL) FOR OOSTRVLO AUD EXFLCTLD FUANT STAD PER
2.59 W2, (OULY DATE WO DATA USED).

Seeding Rate
(kg?h.\) Genotypes
Park Neepawa Pitic 62 (}lcn\ca Norquay 704110001 704009002
Edmnl@‘
30 1868 172a 181a  161a 163a 161 a 133 a
246 296 195 195 222 1 a2z
60 378 a 347 ab 398 a - 282 ab 257 ab 240 b 271 ab
492 592 330 390 aau a4 456
90 N\ 322 » 434 a 312 a 310 a 336 a -423 a 370 a
. 738 888 585 585 666 711 654
120 561 a 516 ab 451 abc 412 bc 449 abc 522 ab 372 ¢
984 1184 780 780 888 948 912
150 612 b 838 a S50bc  465¢ 643 b 595 tic 686 b
1230 1480 975 975 1110, 1185 . - 1140
180 10242 9252 S47bc 660 b 466 ¢ 567 be 612 b
1476 1776 1170 1170 1332 1422 1368 .
5:{\,:;‘“‘(‘;“2) 899(5 df) 1449 789 826 1234 1256 1177
Ellerstie’’
% 1558 1492 1136 g2a 152 19a 122 a
246 296 195 195 222 237 228
60 2ab 336a 246ab 234 ab 234 ab 265 ab 203b
492 592 390 390 444 474 456
90 429 4 4438 389 ab 350 ab 322 ab 319 ab 293 b
738 868 585 585 666 m 654
120 " 516 a 547 a 494 a 415 a 483 a 539 a 457 a.
: 984 1184 780 7800 888 948 _ 912
150 742 ab 7982 638 bcd 499 d 553 c¢d 558 cd 561 cd
1230 1480 975 975 1110 1185 1140
180 8832 855 ab 635 ¢ 668 c 725bc 713 ¢ 716 be
‘ 1476 1776 1170 1170 1332 . 1422 1368
Chi{ square
valves (37)  B90(5 df) 1541 619 789 1052 1229 1245
01ds*** ,
3 122 1602 109 a 87 a 67 a 123 2 163 a
246 296 195 195 222 237 228
60 2282 2362 166 a 2000 197 a 205 a 166 a
492 592 390 390 444 an 456
90 329 ab 436 a 281 bc 253 bc 293 bc 265 be 191 ¢
738 888 585 585 666 711 684
120 383a 4198 425 a 362 a 357 a 420 a 380 a
984 114 780 . 780 . 888 948 912
150 S46 a4 636 a 479 a 4752 297 a 473 a 450 a
1230 1480 975 975 1110 1185 1140
180 642b 8342 659 b 526 b 526 b 566 b 541 b
1476 1778 1170 1170 1332 1422 1368
Thi - T
mu:f“'(‘;‘i) 1638(5 df) 1982 862 N 1ns 1721 1786

+ LSD (51) Letween any two tredtment combination means = 148
4+ LSD (52) bLetwaen any two trcatment combination means = 126
+4 LSD (52) between any two treatment combination means = 129

* Within location and within sceding rate , means followed by the samc letters are not
significantly differcnt from cach other at the 5% level of probability.

*¢ In cach sevding rate, first rows are observed and second rows cxpected.
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genotypesg ‘at the same Seeding rates (Table 31). There were no signi-~
ficant genotipe diffepences for observed plant stands at the 30, 60,
120 or 150 kg/na seeding rates. Genatypes like Park or Neepawa had
higher number of expeoted plants (Table 31) at each seeding rate than
most other genotypes, due to their lower iOOO kernel weight (Table 1).
Howevet; at some‘seeding rates, observed plant stands for these two
genotypes werejfound”to be similar to results from those genotypes
Vhichigad hiéﬁer‘IQOO kernel weignt than Park and Neepawa. Thie could

possibly be due to Park and Neepawa having relatively lowel percentage

“germidation or higher mortality ofﬂseedlings compared to that of other

genotypes.

At Edmonton, plant stand of only a few treatment combinations
\

responded significantly to variatlon in seeding date (Table 32). Also

oo N

_,this effect of seeding daté variation in influencing plant stand

‘s
s

appeared to be more common on the relatively higher seedihg rates for

3

o

gymost’genotypes. Tn,Edmonton, fogkinstance, plant stand counts were

Y

significantly higher?from seeding at either or both of dates one and
A )
two than froqlseeding on date three for the 150 and 180 kg.ha seeding

rates of Park, Neepawa, Pit ic.‘_62:‘ 70M110001 and 70M009002. At Edmonton,

\ A

most of the tieatment combinations for which plant stand showed signi-

E

ficant responsé@fto vafiation in eeeding date, seeding early (either

' or. both of dates ' one and. two) gave signlflcantly higher plant stands

._\r

than seeding late - (date three) This resnlt of decreasing plant stand
from,later"£Eeding is in agreement:with similar reports by Jessop and

Ivins, 1970, Khalifa, 1970, and. Stoskopf et al., 1974. 1In this study,
the relativély'higher availahble soil moisture level normally present
& ’ .

for the early seedings might have brought better germination and
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TABLE 32. MEANS (AVERAGLD OVER ALL REPLICATIONS) OF SUBPLOT TREATMENT
COMBINATIONS (GENOTYPE x SEEDING RATE) FOR PLANT STAND PER
2.59 42,

——
Treat t i
catmgyt cortination Sceding date

[ ccn:lype ] fdnenton Ellerslfe :0Vds
Sceding rate One Two Three One Two Three One Two
Part T30k wss s 18 155 |50 M9 12
Park 60 ky/ha 2 378 251 75 302 333 248 228
Park 90 Lg/ha 299 2 367 S47 429 S19 442 329°
Park 120 kg/ha 387 567 318 242 516 612 565 8)
Park 150 Lg/ha 319 612 262 849 742 119 581 546
Park 180 kg/ha . 567 1024 68} 1018 88) U 182 642
Recpawa 30 kg/ha 192 172 . 164 223 149 166 149
Neepawa 60 kg/ha 285 7 167 449 336 35) M1 g
Necpawa 90 kg/Ma 299 ° 4 mn 609 44) $22 430 4
Neepawa 120 kg/ha 536 516 n 756 547 671 s$17 419
Ncepawa 150 kg/ha 612 838 544 674 798 894 788 635
Reepawa 180 kg/ha 685 928 471 1094 858 962 626 334
Pitic 62 30 kg/ha 119 181 93 172 m 127 121 109
Pitic 62 60 kg/ha 184 w98 285 296 246 282 219 165
Pitic 62 90 kq/ha 2n 32 220 429 389 373 368 281
Pitic 62 120, kg/ha 502 457 392 572 494 S44 T4 425
Pitic 62 150 kg/ha 358 550 316 705 638 623 $32 L2, ]
Pitic 62 180 kgrha | 417 547 2 801 8§35 711 645 659
Glenlea 30 kg/ha 9 161 93 1150 82 144 104 87
Glenlea 60 kg/ha 229 282 178 291 234 237 200 202
GleAlea 80 kg/ha 290 10 152 398 350 341 343 25)
GlenTen | 120 kg/ha 381 4i2 296 . 533 415 513 373 362
Glenlca 150 kg/ha 352 465 466 587 499 612 a1 475
Glenlea 180 kg/ha 426 - 660 55 - 776 668 634 695 526
Morgquay 30 kg/ha 120 163 99 158 135 110 132 67
Norquay 60 kg/ha 206 257- 167 305 234 274 245 197
florquay 90 kg/ha 330 33 192 353 322 x217 3 29)
Norquay 120 kg/ha 361 449 271 556 483 420 400 k-1
Rorquay 150 kg/ha 403 643 214 651 553 640 K4 »7
Horquay 180 kg/ha 398 466 485 809 728 568 656 526
704110001 30 kg/ha 10 161 102 164 119 213 126 123
7011110001 60 kg/ha 240 240 136 333 265 282 211 20§
7a4110001 90 kg/ha 276 42) 57 443 319 44) 02 26%
70M110001 120 kg/ha 355 522 - 353 576 539 496 473 420
704110001 150 kg/ha 369 595 404 688 558 651 507 473
704110001 180 kg/ha 409 567 432 838 713 781 622 566
-
7011005002 30 kg/ha 141 131 96 22F 22 147 101 163
7064009002 60 kg/ha - 240 2 169 27 I 2n T 44 166
7014009002 S50 kg/ha 268 370 262 I 29. 395 43 191
701009002 120 kg/ha 251 372 8 £34 457 519 394 380
704009202 150 ky/ha 2 686 203 431 561 669 492 450
704009002 180 kg/ha 451 612 420 £ 716 674 585 sS4l
Seeding date Mean 319 8% 436 282 ¢ . 517 i3 ¢ 476 b’ 402 a° 352 b
* o (53) 156 i 1%
H LSo (s1) : 148 126 129

* MWithin locatfon, means followed by the same letters are not
significantly different from each other at the 5% lovel of

probability. ;
+,#+ Sce Table 6 for explanation.

"»" Indicate separate comparisons of seeding date means for
Ellerslle and 01ds, respectively.
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establishment of seedlings thereby resulting in higher plant stiéés.

For most treatment combinations, plant stand was in general
very much lower at Olds than at Edmonton and Ellerslie (Table 32).
The possible explanation for this occurrence is that the seed bed at
Olds was not as even and well prepared as that at Edmonton or Ellers}ie,
and this might have lowered the percentage gerﬁinatioﬁ since seeds were
not covered well. In fact some plots had uncovered seeds 3-4 wegks
after seeding was done, due to lack of penetration of fhe seeding
coulters thrgugh gome of the undecayed pieces of sod on the seed bed.
Also, there.might have been very poor seed-soil contact since the soil

was dry and loose.

Plant Height

At Edmonton and Ellerslie, increases in seeding rate appeared
to increase plant height (Table 33). For most genotypeé; taller plants
were dbtainéd from increased seeding rates at Edmonton and Ellerslie.
At %lds, only Glenlea showed a significant increase %n plant height due
to increased seeding rates. Increased plant heigh£ of some genotypes
due to increased seeding rate is in agreement with similar reports by
Puck-idge and Donald. 1967. However, on a test grown on stubble, )
Pelton, 1969, repoited a &eérease in plant height due to increased

séeding rate. As Leonard and Martin, 1967, indicated, increase in

plant height due to increased seeding rate cduld Be a mechanism of

" shade avoidance or competition for light.. This suggestion was also

supported by Bidwell, 1974. .
Ve

1

Averaged over all seeding rates and seeding dates, Glenlea

was significantly the tallest genotype at all locations, although Park
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TABLE 33. MEANS (AVERAGED OVER ALL SEEDING DATES AND OVER ALL

REPLICATIONS) OF SUBPLOT TREATMENT €OMBLNATIONS
(GENOTYPE x SEEDING RATE) FOR PLANT HEIGHT IN CM.

Sceding . ' Seeding
Rate . Genotypes . Rate
(kg/ha) Park Neepawa  Pitic 62 Glenlea liorquay 70M110001 701009002 Mcans
Edmonton
30 g nt 90 gh 81 1 9% cde 2 Kkim 74 jklm 71 m T 82¢f
60, ) 92 fgh 92 fgh 83,1 99 abe 74 5kim 73 jkim 73 Jkim 84 ab'
90 91 fgh 92 fgh { 97 bed 74 jkim 74 jkIm 72 k1m 83 bc'
120 93 fg 94 def 82 1 100 ab 75 §x1 - 74 jkim 76 Jk 85 a’
150 92 fgh 94 def 83 1 100 ab 74 jkIm 74 jkim 74 Jkim 84 ab’
180 94 def 94 def 83 1 101 a 74 Sklm o 76 §k 75 Jk1 85 a'
Genotype :
Means 92 b" . 93 p" 82 ¢~ 99 a" 74 ¢* 74 4" 73 4
Ellersiie
30 92 de 93 de 80 f 101 a 72 ghig 71 iy 71 1§ 83 b'
60 92 de 95 ¢d 82 f 99 ab 73 ghi§ 73 ghij 7N 1J 84 ab'
90 91 e 94 de 82 f 101 a 73 ghij 74 ghi 70 § 83 b!
120 ) 93 de 95 cd 82 f 101 a 74 ghi 74 ght 72 ght§ 84 ab'
150 93 de 83 de 82 f 97 be 74 ghi 73 ghiJ 72 ghiy -8
180 95 cd 94 de 81 f 100 ab 75 gh 75 gh 72 ghif 8S a'
Genotype . .
Means_ 93 b* 94 b~ 82 c" 100 a* 74 ¢4- 73 4" 71 e*
0lds - .
30 89 bed 86 d 72 cfyg 91 abed - 70 efg 69 g 71 efgq 78 a'
60 90 abecd 88 bed 71 efg 90 abcd 68 fg 68 fg 70 efg 78 a*
.90 92 abe 86 d 74 ef 92 abe 69 fg 67 g - 70 efg 78 a*
120 93 ab 90 abed 71 efg 85 d n efg 66 g 69 fg 78 a!
150 93 ab 85 d 76 e 94 ab 65 fg 68 g 69 fg 9 a
180 93 ab 8% ¢ 72 efg 96 69 fg ~ 70 efg 69 fg 79 a'
Genotype A '
Heans 92 a" 87 b 73 ¢ 91 a” 69 d" 68 d* 70 4 \

Means followed by the same letters are not significantly different
from each other at the 5% level of probability. When a mean js
followed by more than four 1etters,_on]y the beginning and the last

lotters are written.
Y

\
Indicate separate comparisons of seeding rate means and genotype
means, respectively.
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equalled it in hoiéht at Olds. At all three locations, Norquay,
70M110001 and 70M009002 were among the significantly shortest genotypes
while Pitic 62 had an intermediate plant height (Table 33).

At Edmonton, Park, Neepawa, and Glenlea, at all sgeding rates,
Pitic 62 at the 180 kg/ha seeding rate, Nofquay and '70M110001 at the
60;'90, 120, 150 and 180 kg/ha seeding rates, and 70M009002 at the 30,
90, 120, 150, 180 kg/ha se%ping rafes had significantly taller plants
from either or both of dﬁtes one and two seedings than from date three
séeding (Table 34). Plant height for the remaining ﬁreatment combina—-
tions did not reépond significantly to variation in:seeding daté.' At
.Ellerslie and Olds, plant height of-all treatment.combinations did not
sﬂow significant responses to variation in seeding date. The increased
plant heights from earlier seedings of most treatment combinations at
Edmonton could possibly bé due ﬁg the relatively longer growing season
availlable from early seeding. The longer growing se;;on might have

4

_ exﬁosed plants to more favorable days in the summer which would lead

to normal plant development and enable plants to attain heights closer -
to their genetic potential. b

Within genotypes‘and within locations increased seeding rate
resulted in increased plant height (Table 33) and also in higher grain
yield per plot for most genotypes (Table 5). Among genotypes, however,
relatively shbrter genotypes gave higher grain yield per plot (Table.18).
For instance, Pitic 62 and 70M110001, the relatively shorter genotypes.
were among the high grain yielders at all three locations (Table 5).
Two of the taller‘genotypes, Park and Neepawa, were also among the
lowest grain yielders per plot. . | |

In,the description of his high grain yielding wheat ideotype,
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TABLE 34. MEANS (AVERAGED OVER ALL REPLICATIONS) OF SUBPLOT TREATMENT
COMBINATIONS (GENOTYPE x SEEDING RATE) FOR PLANT HEIGHT IN

CM.
Trcataent co«blnatlén Sceding date
[ cc”:t’p' ] fdronton ENerslie - 0lds
Secding rate One Two Inrce One Two Three One Two
Park 30 kg/ha 96 89 & 9% 93 9l [ 9
Park 60 ka/ha 99, 92 84 91 94 92 ’ 90
Park 90 kg/ha 98 9) 84 ] 87 9 92 92
Park 120 kg/ha 102 92 85 94 91 9 3! 2”5
Park ° 150 kg/ha 98 9 83 9§ 93 92 - 9 3
Park 180 kg/ha 100 98 85 94 95 9 ” 9s
Necpawa 30 kg/Mma 99 90 & 92 95 9 ] [ ;]
Neepawa 60 kg/ha 99 92 86 97 93 95 90 87
Neepawa 90 kg/ha 9? 94 8s 95 92 94 ] o
Heepawa 120 kg/ha 101 92 88 95 94 96 3 9
Necpawa 150 kg/ha 102 9 & 93 94 92 8 Y
Neepawa 180 kg/ha 102 95. 8§ 96 95 9 s o
Pitic 62 30 kg/ha 8 83 1 » ) 8 n n
Pitic 62 60 kg/ha 86 82 81 78 84 85 n 7
Pitic 62 90 kg/ha 86 81 81 81 1 8 8 1
I"tic 62 120 kg/ha B2 - 8 81 7 .81 -85 n n
Pitic 62 150 kg/ha 4 83 83 82 n 83 8s 78 b
Pitic 62 180 kg/ha 85 - 85 » 80 &2  sl.. n n
Glenlea 30 kg/ha \96\:2(1 90 100 100 102 9l 91
Glenlea 60 kg/ha 106 89 98 100 98 8s 9s
Glenlea 90 kg/ha 102 99. 90 99 103 101 94 9
Glenlex 120 kg/he  lce. 99 93 99 102 101 .84 87
Glenlea 150 kg/ha 107 102 93 94 98 100 97 92
Glenles  18G kg/ma 109 100 94 98 102 ] LY ’”
Norquay 30 kg/ha 7% n” n 1 n n ” b
Norquay . 60 kg/ha 80 M- 69 73 n n n 66
Rorquay 90 kg/ha 81 7 70 75 ] 71 72 66
Norquay 120 kg/ha 81 n 71 s 75 7 n n
Norquay 150 kg/ha 2 73 67 76 7S n » 68
Honquay 100 kg/ha 81 7 71 75 76 76 69 n
704110001 30 kg/ha g 7 7 69 n 1 6. s
704110001 60 kg/ha 78 i 68 73 13 13 e 67
704110001 90 kg/ha 80 73 1 o7 15 i) 68 6
7011110001 | 120 kg/ha al 72 71 1S 7 " 6] 66
704110001 150 kg/ha 18 13 n 73 7 7 8 68
764110001 180 kg/ha 80 " Z 7] 7 ] » 69
701009002 30 kg/ha " n 68. n n n 70 n -
70009002 60 kg/ha 7 72 7 6 73 n 69 n
701009002 90 kg/ha 7 n 68 7 7 68 71 70
705009002 120 kg/ha 78 79 7 . 1 72 n 68
7012009002 150 kg/ha 80 73 69 72 n n 69 69
70M009002 180 kg/ma 80 73 n 72 72 73 68 7
* . ’
Seeding date Mcan 89 a B4b M 83 a' 842 g4 84" 182"
+ Lso (s1) 5.8 L oss 7.8
150 (s3) 5.1 VoA 1.1

* Within location, means followed by the same letters are not
significantly different from each other at the 5% level of

probability. . 4 ’
»tt See Table 6 for explanation.

'," Indicate separate comparisons of seeding date means for
Ellersiie and 01ds, respectively.
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" Donald, 1968, has associéted short plants with higher grain yield per
unit area. Simpson, 1968, indiéated reduced lodging, more tillering,
and smaller amount of photosynthate use by shorter stems as key factors
whicﬁ account for the higher grain yield of shorter genotypes. He
argued that photosynthate that would have gone to the long stems in
tall plants could go towards the produétion-of more tillers and then}
more grain yield per piant from the shorter plants. In the present ‘
study, the high tillering capacigy of Pitic 62 accompanied by higher
grain yield compared to other genotypes (Table 18) supports Simpson's
1968 argument. | |
Simpson, 1968, also observed a.gengral tendency of tall
plants to have fewer number of tillers'per plant, kernels per ear, and
a lower kernel .weight per plant compared to shorter ones. However,
only some of the above rglationships were found to hold true in this
study as shpwn in Table 18. For instance,~Pitic 62, which had signi-~
ficantly shorter plants than either Park or Glenlea, had a simildr
tiller number of Park but higher tﬁan that of Glenlea. The higher
number of kernels per ear for Pitic 62, the highest‘yieldiAg genotype
. and one of the shortest in height, was.in agreement with Simpson's,
1968, report which showed an association of higher kernei'number per .
o : '

ear with shorter plants. On the other hand, Pitic 62‘had/:ignificant1y
smaller kernel weight than Glenlea, one of the taller genotypes.

| Piticlgz and 70M110001, two of the shorter genotypes.in this
test, were also among the highesf grain yielders satisfying one of the
] criterié that Donald, 1968, has set for his‘high grain yielding wheat
ideotype. However, some of the variables that he suggested as being

‘associated with shorter plants in bringing higher grain yield did not
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have similar effects for the shorter genotypes in this study.

Days to heading.

Only at 0Olds did increasing tﬁe seeding rate decrease the

number of days to heading sigﬁificantly (Table 35). Number of days to
hedding of most genotypes at Edmonton-and Ellerslie (but only for
Glenlea at Olds) significantly.dépreased due to increased seeding rates.
However, the decreases in numbef of days to heading due to increased

. seeding rates were not appreciable for most genotypes, At Edmonton
for instance, the 60 and 180 kg/ha seeding rates each made Pitic 62
significantly later in héading‘by one day compared:to results from the
remaining seeding rates. There were no signiffcant differences i;
number of days to.heading among the other seeding rates. Nor Neepawa
and Glenlea, the 30 kg/Ha seeding rate delayed headiné by one day
compared to the other seeding rate;'for which the number of days to
heading did not have significanf differences. At Ellerslie, tﬁe 30
and 90 kg/ha seeding rates for Pitic 62 and the 30 and 60 kg/ha seeding-
rates fsr 70M009002 also delayed heading by one dayscompared to the <
other seeding rates for each genotype. Such decr;ases in number of ‘
days to heading due to increased seeding rates'weré explained by Willey

and Holliday,‘197l, as being due to :«nid development of plants due to

.higher competition. The responge of de: ... g number of days to
heading due to increased seeding rates of :enotypes 1s in agreement
with similar reports by Severson and Rasmuss- 968, Finlay et al.,

1971, Willey and Holliday, 1971, and ~usten.on  ¢77.
it all three locations, seeding -n the . :+ 47 e, May 26, in

« Edmonton and Ellerslie and May 22 at Olds, sign:fi-:antly recuced ..»



TABLL 35.MEANS (AVERAGED OVLCR ALL SEEDING DATES AND OVER.ALL

REPLICATIONS) OF SUCPLOT TRCATMENT COMBINATIONS‘
(GENOTYPE x SEEDING RATE) FOR NUMBER OF DAYS TO HEADING.

Secding ' Seeding
Rate * : Genotypes Rate
{kg/ha) Park Necpawa Pitic 62 Glenlea - Norquey  70M110001 70M009002 Mcans
€dmonton
30 o1t sae 58 b 57 ¢ 53 f Ste 524 54
60 50 1 53 f 59 a 56 d 53 f 54 e 52 ¢ S4 a2’
90 S0 { 53 f 58b 56 d 53 f 54 e 51 h 54 a'
120 50 § 53 f 58 b 56 d 53 f 54 e 51 h 54 2
150 50 i 53 f 58 b 56 d 53 f 54 e 51 h 54 a'
180 ‘49 J 53 f 59 a 56 d 53 f 54 e 51 h 54 a'
Genotype .
Heans 50 f* 53 4" 59 a” 56 b* 53 d" 54 ¢ 51 e"
Ellersife ‘ »
30 $2 h. 54 ¢ 60 a 58 ¢ 55 ¢ 55 e 53 ¢ 55 a*
60 $2 h 55 e 59 b 58 ¢ 5 e S5 e 83 ¢ 55 a'
90 514 55 e 60 a 58 ¢ 55 e 55 ¢ 52 h 55 a'
120 51 4 55 e 59 b 58 ¢ 54 f 55 e 52 h 55 a'
150 51 1 S4 f 59 b 58 ¢ 54 f S5 e 5 h 5% a'
180 S0 J 55 e 59 b 57 d 54 f S5 e 52 h 55 a'
Genotype ’
Means 51 " 558 ¢” 59 a" 58 b* 55 ¢* 55 ¢” 52 ¢°
0lds ; .
30 55 fg 58 cd 62 a 61 ab 57 de 58 cd 56 ef 58 a!
60 55 fg 58 ¢cd 62 a 60 b 57 de 58 ¢d 56 ef 58 a'.
90 55 fg 57 de 62a . 600D 56 ef 58 c¢d 55 fg 58 a'
120 54 g 57 de 61 ab 8¢ . 57de . 57 de 56 ef 57 b
150 54 g 57 de 62 a 60 b 56 ef 57 de S5 fg 57 b*
180 54 g 57 de 61 ab 59 ¢ S6 cf 57 de T 85 fg 57 b',
Genolype
Mecans 55 f* 62 a" 62 b" 57 4" 58 ¢” 56 e"

&

+

k,

Means followed by the same letters are not significantly different

from each other at the 5% level of probability.

followed by more than four letters, only the beginning and the last
“letters are written.

Indicate separate compar

means, respectively.

isons of seeding rate means and genotype

When a mean is
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number of days to heading of all treatment combinations, except for
Pitic 62 at the 30 kg/ha seeding rate in Edmonton,'compared to seeding
on the:first date'(May 8) (Table 36). 1In fact, for most treatment
combinations at Edmonton and Ellerslie, every dela?{in_séeding signi-
ficantly reduced the number of days to_heading. (ﬁe possible explana-
tion for this occurrence is that later seeding cou&d have exposed

the plants to the relatively warmer part of the ggpbing season (July)
(Fig.l), relatively sooner than early planted ones. As a result,
Plants would develop faster and head in a fewer number of days compared
to those planted earlier. However, for some treatment combinations,
the earliness in heading from delayed seeding was not accompanied by
earlier maturity (Table 9).

| Another interesting result was that late seeding decreased
the number of days to heading more for early heading genotypes than
for late heading ones. 1In Edmonton, for instance, seeding on date
three compared to seeding on date one reduced the number of days to
heading of Park (one of the early hegling genotypes) at all seeding
ra;es by about 7L9 days compared te that of 4—6 davs for all seeding
rates of Pitic 6L, the latest heading genotfpe (Table 36) . .At Olds,
Park and Pitic 62, at all seeding rates, had 4-6 and 3-4 days re-
duction in number of days to heading, respectively, as a result of
vseeding on date 0 compared to seeding on date one. At Ellerslie,
a similar relati nship was observed for early and late maturing geno-
types with regargs to heading and late seeding. This difference between
early and late heading genotypes in response Qf number of days tov
heading to variation in seeding date could be exflained as follows.

‘ At later seedings, the warmer part of the growing season (July) may not



TABLE 36. MEANS (AVERAGED OVER ALL REPLICATIONS) oF SUBPLOT TREATFENT
COMBINATIONS (GENOTYPE x SEEDING RQ\E) FOR NUMBER OF DAYS T0

HEADING.

Treatrcnt conbination

Seeding date

GM:UN (cronton Ellersife 01ds
Sceding rate One Two  Ihree One Two  Three One o
Park 30 kg/Ma S4 St 46 s7 $) 47 57 S2
Park 60 kg/ha S) S0 46 $6 53 49 58 52
Park 90 \g/Mmi 53 51 & 56 52 4 58 3]
Park 120 kg/hy $S st 46 55 52 47 $? $2
Park 150 kg/hal 54 s1 46 $6 s2 46 6 s1
Park 180 Yg/ha 53 50 45 s 51 4 56 52
Meepava 30 kg/hl\ S? 54 S0 59 56 49 61 ss
Neepawa . 60 kg/ma ! \ R S4 [} s9 56 sl 61 55
Neepawa 90 kg/Ma ! 56 54 49 59 56 50 60 (31
Neepawa 120 kg/ha \ 56 54 49 9 6 49 ] 5§
Nerpava 150 kg/ha | 56 54 48 58 5§ 49 [] 58
Keepawa 180 kg/ma | S6 $) 49 % 55 50 59 54
Pitic 62 30 kg/ha 59 58 58 64 59 58 64 60
Pitic 62 60 kg/ha &1 58 s7 64 59 .56 (2] 60
°itic 62 90 kg/ha 6t g 55 63 59 s7 (3] 60
Pitic 62 120 kg/ha 61 s? 64 59 56 63 E3
Pitic 62 150 kg/ha 61 58 57 62 59 £33 63 60
Pitic 62 180 kg/ha 61 58 49 64 59 56 Q 59
Glenlea 30 kg/ha 60 58 SZ/ 63 59 52 (3] 59
Clenlea 60 kg9/ha 60 58 52 63 59 2 6) 58
Glenles 90 kg/Ma 58 s7 S2 63 59 2 62 s7
Glenlea 120 kg/ha s9 57 52 62 59 s2 1) 56
Glenlea 150 kg/ha 59 57 52 62 58 52 62 L34
Glenlea 180 kg/ha 59 56 52 62 58 2 62 56
Norquay 30 kg/ma 57 111 ] £3) 55 49 60 £
Norquay 60 kg/ha s7 54 48 60 133 49 60 54
orquay 90 kg/ha s7 4 49 60 56 49 60 L %]
Norquay 120 kg/ha s? 54 448 59 58 49 60 54
Norquay 150 kg/ha 57 54 48 59 85 49 % 53
Korquay 180 kg/ha \ S8 sS4 48 59 55 49 L2 s3
70M110001 30 kg/ha s9 sS S0 60 56 50 (1) sS
70M110001 60 kg/ha 59 [ 0 60 56 50 -0 ss
704110001 90 kg/ha 58 56 . 50 - 60 S6 L) $1 $S
70M110001 120 %g/ha 58 $5 $0 59 56 49 -8l 55
704110001 150 kg/ha 58 1] 50 60 56 S0 - ¢ 60 54
704110001 180 kg/ha S8 54 50 59 sS 50 60 4
704007002 30 kg/ha 56 53 47 S8 (1] 47 60 53
704009002 60 kg/ha 56 52 49 87 54 48 59 L3
70009302 90 kg/ha 55 52 47 S7 S4 4 S8 $)
70M009002 120 kg/ha S5 53 4 55 53 47 9 3
701009002 150 kg/ha 56 51 46 56 56 47 58 [3)
70M005002 180 kg/ha 55 52 4 - 56 52 4 S? S)
Seeding date Mean $7 a sS4 50 ¢ 59 @ 56 b' 50 ¢! 60 2° 55 d"
O
+ Lso (51) 1.2 1.0 1.5
H 150 (sx) 1.1 . 1.0 1.3

* Within location, means folliowed by th.
significantly different from each otner

probability.
+,+ See Table 6 for explanation.

Ellersiie and 0lds, respect1ve1y

ame letters are not
et the 5% level of

v Indicate separate comparisons of seeding date means for
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have been long enough to extend fully through the: time of t% beginning |
inflorescence initiation and its completion (at heqding) for the
heading genotypes. Another explanation could be that genotypes
from Yower latitudes or those breq for relatively warmer areas, such
as Pitic 62, may not be able to carry out their normal‘physiological
processeé at lower‘temperafure, and‘may respond by exhibiting delayed
heading'(Rawson, 1971, and Evans et al., 1975).

Earl;er seeding, although it delayed heaaing for most
treatment combinations (Table 36) resulted in'incréased gr;in yield R
per piot; especially in Edmonton (Table 6). This kind of relatidnship
has been explained by Rawson, 1970 in consiAerable Qetail. He indicé—‘
ted that later heading gives more time for spikelet primordia to be
laid dgwn and this couid reéﬁlt in an increased numbeF of kefnels per
ear which would lead to higher grain yield per plant. Ar Edmonton for
instance, the higher number of kernels per ear and hi;hér grain yield
per plant of Pitic 62, the latest heading genotype, comparedito Park,
the early heading genotype (Table 18), exactly fits into Rawsdn's,
1970, explanation. However, later heading, especially 1f followed
by later maturity, cannresult in special disadvantages in Alberta
cohditiops where sudden and eagly termination of the growing season
can frequently occur due to early fall frost. «
Averaged, over all seeding rates and seeding dates, Pitic 62,

was found to be significantly the latest and Park the earliest heading

genotype at each location (Table 35).
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Protein content in the grain, and=srotein vield

\Protein content in the grain
.

\

.\\‘ At all locatiogs, averaged over all genotypes and seeding
dates, ain prbtein percentage decreased significantly with increased
seedinglrates, (Table 37). This relationship of\see;I;g rate and
graiA protein was also true for most genotypes at all three-locations.
At Edmongion for instance, grain protein percentage for Neepawa and
Glenlea was higher fr;m the 30 kg/ha seeding fate than from thF other
seeding rates. Also, at the 30 kg/ha seeding rate, grain protein
percentage was higher for Park, Neepawa, Norquay-4nd 70M110001 at
Ellerslie, and for Norquay at Olds cﬁ;;/;:;;”::e oéher seeding rates

for each genotype. This response of decreasing grain protein pércen—

tage due to increased seeding rate is in disagreement with the report -

L} s .
by Pelton, 1969, who observed increasing grain protein peréentage in

wheat at higher seeding raées from plants groén on fallow plots. In
the present study, thgre were relatively more plants per unit area
at higher seeding rates (Table 30) to use the same amount of nitrogen
from the soil. Th;g means that the distribution of nitrogen in the
numerous kernels per unit area at higher seeding rates could be
lower resulting in lower grain protein percentage. Since protein

i; the grain of wheat results from the translocation of nitrogenous
compounds from the other parts of the plant, (Haunold et al., 1962),
the»fewer the number of plants per unit area, the higher will be the
nitrogenous compoundé per plant leading to higher grain ptotein.pro—
vided nitrogen in the soil does not become limiting.

Averaged over all seeding dates and seeding rates, Park
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TABLE 37.7MEANS (AVERAGED OVER ALL SEEDING DATES AND OVER ALL
REPLICATIONS) OF SUBPLOT TREATMENT COMBIMATIONS (GENOTYPE

x SEEDING RATE) FOR PERCENTAGE PROTEIN IN THE GRAIN.

Sceding Sceding
Rate Genotypes Rate
(kq/ha) Park Neepawa Pitic 62 Glenlca Korquay 70M110001  70M009002 Means
Edmonton
30 18.8 ab+ 19.1 a 4.1 n 17.6 de 16.5 fghi 17.6 de 16.2 g-k 17.1 '
60 18.4 be 18.3 bed 14.0 n 16.8 fg 16.0 h-m 17.0001 15.3.m 16.5 b' .
90 18.3 bed 17.8 cd 14.0n 16.4 f-§ 16.5 fghf 16.1 g-1 15.3 m 16.3 b’
120 18.2 bed 17.9 cd 14.0n 16.8 fg 16.1 g-1 16.0 h-m  15.4 Im 16.3 b’
150 18.2 bed | 17.9 cd 139 n 16.6 fgh! 16.4 -} 16.0 h-m 15.6 kim 16.4 b
180 17.7 cd 17.6 de 14.3n 16.7 fgh 16.0 h-m  15.9 {-m 15.7 Jkim  16.3 b
Genotype
» Heans 18.3 a" 18.1 a" 14.0 " 16.8 b" 16.3 c” 16.4 ¢" 15.6 d*
Ellerslie
30 18.6 ab 18.9 a 139 p 17.0 de 16.5 efgh 17.6 cd 16.2 ghty 17.0 &'
60 17.7 ¢ 18.0 be 13.6 p 16.8 ef 15.7 {-m  16.7 efg 15.8 ijk1 16.3 b’
90 17.7 ¢ 17.9 bc 13.5<p 16.1 ght§ 15.8 13kl 15.8 §jk1 15.6 §-n 16.1 bc'
120 17.7 ¢ 17.7 ¢ 139 p 16.0 hijk 15.1 mo 15.6 §-n 149 0 15.8 ¢'
150 18.0 bc 17.8 ¢ 13.5 p 16.3 fght 15.0 no 15.4 k-0 15.2 lemo  15.9 ¢'
180 17.5 cd 17.6 cd 13.9 p 16.1 ghij 14.9 ¢ 15.3 lmo 15.3 lmo 15.8 ¢'
Genotype
Mcans 17.9 a* 18.0 a" 13.7 4" 16.4 b* 15.5 ¢* 16.1 b° 15.5 ¢*
0lds .
30 17.0 a 16.7 ab 13.2 Imn 16.0 a-e  14.5 g-kx 15,3 d-h 13.3 lm lSl.l a'
60 16.0 a-¢  16.3 abcd 13.6 klm 16.6 abc  13.2 lm 14.2 {-m  13.3 Im 14.7 &'
90 16.0 a-e  16.4 ab¢d 13.0n 15.5¢-¢g 12.9n 14.9 e-f 13.4 Imn 14.6 '
120 15.4 defg 16.4 abed 13.4 'm 16.1 a-¢  12.9n 14.8 f-§ 13.8 §-n 14.7 s’
150 15.5 ¢c-9g 16.6 abc  12.9n 14.9n 13.1m  13.8 §-n  13.2 Im 14.38°
180 15.7 b-f  16.7 ab 12.9n 15.3d-h 134 lmm 14,3 h-1 13.0n 14.5 b°
Genotype ’
Means 15.9 b" 16.5 a" 13.2 ¢ 15.7 b" 13.3 ¢" 14.§ c" 13.3 ¢°

+ Means followed by the same letters are not significantly djifferent

from each other at the 5% level of probability.

followed by more than four letters, only the beginning and the last

letters are written.

Indicate separate comparisons of seedin

means, respectively.

g rate means and genotype

When a mean is
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and Neepawa at both Edménton_'nd Ellerslie and Neepawa at Olds had
significantly the highest grain protefn perééntages. Grain protein
percentages were the lowest fof Pitic 62 gtibdth Edmonton and Ellerslie
and for Pitic 62, Norquay and 70MO09002 4t Olds.
At Edwonton, Pf}ic 62 at the 60, 120, and 150 kg/ha and
. 70M110001 at thé 30 kg/ha seeding rates were the énly treatment
" combinations for which grain pProtein percentage did not show signifi-
cant~reéponses to variagion in seeding date (Table 38). For all the
other treatment combinations, except for Pitic 62 at the 180 kg/ha
seeding rate, date three seeding gave significantly higher grain
érotein than did seeding at either or both of dates one and two. Pitic
62 at the 180 kg/ha rate had a higher grain protein percentage from
date one seeding than from date two. At Ellerslie, grain protéin
contents were higher from seeding atAeither or both of dates two and
three than from seeding at date one for Pitic 62 at the 30 and 180 kg/ha;
for Norquay at the 60, 90, 120 and 150 kg/ha, for 70M110001 at the 90
énd 150 kg/ha, and for 7OM059002 at the 30 and 60 kg/ha seeding rates.
Date fwo seeding gave‘significantly lower grain protein for the ;50
kg/ha seeding rate of Glenlea and the 90 kg/ha seeding rate of 70M009002
cbmpared to results from seeding at either or both of dates one and
three. Grain protein percentages of the other treatment combinations -~
did not show significant responses to variation in seeding date at )
eEllerslie.
Protein percentage in the g;ain represents the‘ratio of

Pprotein to no;—protein material in the grain and any change in either

component will affect the magnitude of the percentage value. Late

seedings therefore might have forced Plants to complete their 1life
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TABLE

38. MEANS (AVERAGED OVER ALL REPLICATIONS) OF SUBPLOT TREATMENT
COMBINATIONS (GENOTYPE x SEEDING RATE) FOR PERCENTAGE PROTEIN

IN THE GRAIN.

Trcatment conbination

~ Sreding date

G
[ enotype ] {dmonton Ellerslfe olds
Secding rate One Two Three One Two Three One Two
Park 30 kg/ha 17.4 19.2 19.7 18.3 19.0 18.5 16.7 17.4
Park 60 kg/ha 7.5 184 19.3 1.3 17.8  18.1 16.0  16.0
Park 90 kg/ha 17.4 18,4 19.1 1.7 w7 g 16.1  16.0
Park 120 kg/ha 17.7 18.0 19.0 17.6 17.8 17.7 15.6 15.2
Park 150 kg/ha 17,3 17,7 195 18.2  17.8  17.9 15.4  15.6
Park 180 kg/ha 7.1 174 18.5 7.2 11,9 1.5 16.5 149
Neepawa 30 kg/ha 17,3 9.4 2.6 18.7 189 19.1 16.6 16.8
Ncepawa 60 kg/ha 7.3 1.7 199 18.1 17,9 18.1 16.0 16.6
Keepawa 90 kg/m 7.0 17.0  19.3 18.2  12.5  18.1 16.2 166
lNecpawa 120 kg/ha 7.1 1.5 19.2 17.8 1.2 18.0 15.1  15.8
Nzepawa 150 kg/ha 17.1 1.1 i8.8 17.8  17.6  18.1 16.7 16.5
Heepawa 180 kg/ha 7.1 6.8 189 17.8 1.5 12.4 16.7  16.8
Pitic 62 30 kg/ha 13.6 1.9 14.8 134 4S5 137 1.3 131
Pitic 62 60 kg/ha 13.4 143 148 4.0 138 13.2 1.3 13.8
"itic 62 90 kg/ha 13.2 14.2 14.6 13.2 13.8 13.6 12.6 13.%
Fitic 62 120 kg/ha 13,3 142 148 4.4 139 135 13.3 1.8
Pitie 62 150 kg/ha 13.6 13.6 14.6 13.8 13,6 13.3 12.8  13.0
Pitic 62 180 kg/ma 149 136 14.6 13.4 W7 138 12.8 1.0
Glenlea 30 kg/ha 7o 171 187 16.7  17.5 16.8 16.2  15.9
‘Gienlea 60 kg/ha 15.8 1559 18.7 16.4 16.8 17.) 17.7  15.5
Glenlea 90 kg/ha 16.2 6.0 17.2 159 16.0 16.3 15.5 - 15.5
Glenlea 120 kg/ha 15.9  16.3  18.4 15.7  15.9 - 16.4 6.7 15.6
Glenlea 150 kg/ha 15.7  16.0 18.2 6.9 15.3  16.7 4.0 15.7
Glenlea 180 kg/ha 15.5 16.3 18.3 16.1 16,1  16.1 15.2  15.5
Rorguay 30 kg/ha 4.9 16.8 18.0 6.3 16.9  16.4 4.4 147
Norquay 60 kg/ha 4.8 15.8 2 4.9 155 6.7 131 13.2
Horquay 90 kg/ha 4.1 1.3 7.5 15.5 15.4  16.6 12.8 131
Ncrquay 120 kg/ha 4.1 164 17.8 4.3 15.3 157 13.2 125
Korquay 150 kg/ha 4.6 16.9 17.7 4.0 15.5 15.6 13,0 133
Norquay 180 kg/ha 4.7 6.5  16.9 4.8 15.4 146 4.2 12.8
704110001 30 kg/ha 7.3 17.3 181 17.2 18.0  17.4 15.2 15.5
704110001 60 kg/ha 15.3  17.4  18.3 6.2 1.2 16.7 4.1 143
7004110001 90 kg/ha 14.8 15.9 17.7 15.2 15.7 16.7 14.7 lS,l
704110001 120 kg/ha 14.6 15.8 17.7 15.0 15.9 15.9 14.8 14.8
704110001 150 kg/ha 15.0 1.7 17.3 15.0 14.9 16.4 13.5 ll.Z_
704110001 180 kg/ha 4.7 15.8  17.1 15.1  15.0 15.7 4.4 14.2
/W09002 30 kg/ha 4.6 16.3  17.7 15.4  15.9  17.2 13.9 12,6
TAC 502 60 kg9/ha 14.2 14.9 16.8 15.1 15.7 16.4 13.2 13.4
7302 90 kg/ha 4.1 153 16.5 16.0  14.9  15.9 13.6 132
16 U202 120 kg/ha 14.0 15.7 16.4 14.9 14.7 15.1 13.8 13.7
2079902 150 kg/ha 4.6 153 16.8 15,0 15,1  15.3 1.2 132
70M9002 180 kg/ha 4.2 16,1 16.7 15.3  15.5 15.0 135 12.5
*
Seeding date Mean 15.5.¢ 16.4b 17.6a 1596 16.22" 16.32¢ 14.7 2a° 14.6 2"
+ 150 (s1) 11 1.0 1.3
+ Lo (s1) 1.1 1.0 1.3
* Within location, means followed by .the same letters are not
of

significantly different from each other at the 5% level

probability.
+,++ See Table 6 for explanation.

Ellerslie and 0lds, respectively.

'," Indicate separate comparisons of seeding date means for
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cycles in a relatively shorter season which did not allow for énough
accumulation of carbohydrates, thereby resulting in a relative increase

in grain protein percentage. A decrease in grain protein percentage
(oo :

due to delayed seeding was previously reported by Nass et al., 1975

in the Atlantic Region of Canada.

Protein Yield per plot

'At all locations, increasing seeding rate increasea protein
yield significantly (Tgble 39). This rglationship was also true forb
most of the individual genotypes when analyzed separately. Even Pitic
62 which did not show any significant chaﬁge in grain protein percentage
due to changes.in seeding rate at all locations (Table 37),sﬁowed
significant increases in protein yield due to increased seeding rates
(Table 39). Norquay and 70MQ09002 at Oldstwere the only two genotypes
for which variation in seeding rate did not bring abou;lsignificant
changes in protein yield in this stu&y. A significa;t compensatory
effect from grain yield per ﬁlot might have enabled genotypes like
Pitic 62 and 70MllOOOl; thch were low in grain protein (Table 37) to
have higher proteir v:21d per plot. This occurréd even though ‘their
grain protein percentages were significantly lower than that of Park;
one of the genotypes with the highest grain prqtein percentages (Table
37).

At all locations, protein yield of only very few treatment
combinations responded significantly to variation in seeding date
(Table 40). At Edmonton for instance,‘seeding at either or ‘both of

dates one and two gave significantly higher protein yield for Park

at the 120 and 150 kg/ha, for Neepawa at the 30 kg/ha, for Pitic 62

1
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TABLE 39. MEANS (AVERAGED OVER ALL SCEDING DATES AND OVER ALL
REPLICATIONS) OF SUBPLOT TREATMENT COMBINATIONS

(GENOTYPE x SEEDING RATE) FOR PROTEIN YIELD IN GM/2.30 M2.

from each other at the 5%
followed by more than four letters,

letters are written.

level of probability.
only the beginning and the last

Indicate separate comparisons of seedin
means, respectively.

Sceding Seeding
Rate Genotypes Rate
(kg/ha) Park Neepawa  Pitic 62 Glenlea  Norquay 70110001 70009002  Means
Edmonton
, 30 127 rmo+ 143 {-0 153 f-n 135 1mo 126 no 148 h-n 1180 136 ¢'
. 60 141 §-n 174 a-h 177 a-g 159 b-1 151 g-n ° 164 a-k 154 d-1 160 b'
)] 148 h-n 163 b-% 181 abed 144 i-0 153 f-n 182 abc 150 g-n 160 b
120 141 j-o0 174 a-h 180 a-e 165 a-k 167 a-§ 190 a 155 ¢c-1 165 ab’
150 144 {-0 179 a-f 166 a-J 180 a-e 163 b-k 185 a-b 138 k-o 167 ab'
180 168 a-j 176 a-g 184 ab 169 a-i 167 a-J 182 abc - 154 d-1 171 a*
Genotype : ’
Means 145 ¢~ 168 ab* 174 a" \159 be” 155 ¢” 175 a* 145 ¢*
Ellerslie .
30 110 n 142 13K 138 jkIm 136 kim 124 lrm‘ 106 n 103 n 123 4* -
60 146 g-k 175 abcd 157 ¢c-k 149 f-k 152 d-k 153 ¢-k 119 m 150 ¢*
%0 158 c-k 173 a-e 160 b-J 165 a-1 159 c-§ 176 abe 138\j-‘m 161 ab'
T 120 153 c-k 183 ab 163 a-1i 171 a-f 166 a~h - 169 a-g 152 dak 165 ab'
150 155 c-k 167 a-h 145 h-1 163 a-f 160 b-j§ 169 a-g 146 g-k 158 bc'
180 169 a-g 186 a 156 ¢~k 174 a-e 169 a-g 175 abed 150 e-k 168 a*
" Genotype ’
Means 149 ¢c* 171 a" 153 be® 160 b* 155 be" 158 bc* 135 4"
01ds .
: 30 97 fghi 102 -1 .99 e-{ 105 d-1 100 e-1 86 { 84 1 96 b*
, 60 104 d-{ 123 a-e 104 d-i 113 b-h 99 e-f{ 120 b-f 95 ghi 108 a'
S0 119 b-f 121 a-e. 117 b-h 120 b-f 106 d-1 106 d-1 93 ht 112 a*
120 127 abed 122 a-e 110 ¢-h 108 d-1 117 b-h, 118 b-g 101 e-§ 115 a*
150 126 abced 115 b-h 134 abc 137 ab 104 d-1 100 e-1 108 d-1 118 a'
180 120 b-f 133 abe 115 b-h 144 a 95 ohi 112 ¢-h 106 d-9 113 a*
Genotype : . ,
Means 116 ab* 119 a® 113 abe” 12} a” 104 cd* 107 bed® 98 d"
L)
+ Means follewed by the same letters are not significantly different

When a mean is

g rate means and genotype
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TABLE 40.MEANS (AVERACED OVER ALL REPLICATIONS) OF SUBPLOT TREATMENT
SEEDING RATE) FOR PROTEIN YIELD IN

COMBINATIONS (GENOTYPE x
GM/2.30 M°,

2

Treatoent corbination

Sceding date

[ Genotrpe. ] [éronton Ellersite _01ds
Seeding rate One Two Threc One Two Three One Two
Park 30 kg9/ha 137 137 107 122 127 80 ] 10§
Park GO kqg/ha 149 142 132 139 150 149 94 14
Park 920 kg/ha 150 132 162 158 158 159 1 126
Park 120 kg/ha 175 134 115 156 149 155 119 14
Park 150 kg/ha 165 157 109 163 152 151 123 128
Park 180 kg9/ha 168 168 167 127 164 164 109 12
Necpawa 30 kg/ha 179 159 91 17 13 142 107 9%
Neepawa 60 kg/ha 170 188 165 173 184 168 126 119
fecepawa . 90 kg/ha 159 154 175 178 170 171 120 123
Necpawa 120 kg/ha 182 165 1713 194 174 181 109 135
Neepawa 150 kg/ha 173 179 184 154 178 171 128 106
Heepawa "180; kg/ha 169 178 180 171 . 206 181 129 138
Pitic 62 30 kg/ha 144 188 125 183 154 105 87 112
Pitic 62 60 kg/ha 175 198 158 164 15§ 153 103 104
Pitfc 62 90 kg/ha 183 196 158 167 1720 143 113 120
vitic 62 120 ky/ha 185 196 160 152 190 47 92 128
Pitic 62 150 kg/ha 181 181 137 146 150 T 138 138 1%
Pitic 62 - 180 kg/ha 204 207 142 138 182 147 107 123
Glenlea 30 kg/ha 142 163 100 166 127 115 94 116
Glenlea 60 kg/ha 170 184 122 167 152 129 92 13§
Glenlea 90 kg/ha 181 155 46 169 184 1 130 111
Glenlea 120 kg/ha 18! 168 146 169 175 169 109 107
Glenlea 150 kg/ha 182 175 181 164 167 157 136 137
Glenlca 180 kg/ha . 186 198 124 169 185 166 41 146
Norquay 30 kg/ha 124 158 96 124 110 127 112 a8
Horquay 60 kg/ha 157 157 - 139 162 144 149 99 99
Norquay 90 kg/ha 170,166 134 153 173 151 122 90
Norquay 120 kag/ha 17 !é; 159 179 171 147 133 122
Horquay 150 kg/ha m”m 1 128 168 168 144 109
Horquay 180 kg/ha 172 146 182 177 149 180 99 91
J0M110001 30 kg/ha 155 165 123 109 90 120 80 93
70M110001 60 kg/ha 165 197 131 132 166 162 115 12§
7014110001 90 kg/ha 168 215 162 180 187 162 9 112
70M1]0001 120 kg/ha 185 208 178 192 154 161 112 124
7064110001 150 kg/ha 167 199 190 169 158 179 . 96 104
704110001 180 kg/ha 157 202 185 155 190 180 <3 M
708009002 30 kg/ha 145 105 106 128 95 87 5. 94
704009002 60 kg/ha 153 172 136 129 125 103 96 93
701009002 90 kg/ha 141 164 145 151 139 125 103 84
70¥309002 120 kg/ha 150 161 154 153 150 154 108 94
704009002 150 kg/ha 130 161 123 129 157 153 97 118
70%009002 180 kg/ha 158 160 145 150 161 140 103 119
Seeding date Mcan 165 I* 171 144°) 158 a' 157 a* 148 2’ “108 b 114 a*
: i
+ LSo (5%) .6 u.s 7.3
H Lo (1) 8.0 2.6 211

* Within location, means followed by the same letters are not

significantly different from each other at the 5% level o

probability.
+,++ See Table 6 for explanation. '
'," Indicate separate comparisons‘of seeding date means for

Ellerslie and 0lds, respectively.
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at the 30, 60, 150 and % 0 kg.ha, for Glenlea or 70M009002 at the 30,
60, 90 and 186 kg/ha, and for Norquay at the 30 and 150 kg/ha seeding
rates thah from’seeding on date three. At Ellerslie, seeding at either
or both of dates one and two also gave significantly higher protein
yield compared to date three for those treatment combinations for which
pProtein yleld responded significantly to variatlon in seeding date.

At Olds, Pitic 62 at 120 kg/ha and Glenlea at the 60 kg/ha seeding rates
had significan;ly higher protein yield per plot from date two seeding
compared to date one. But Norquay at the 90 kg/ha seeding rate had
significantly hgiher protein yield from seeding on date one than frgm
seeding on date two. Protein yield of the other treatment combinations
did not respond significantly to variation in seeding date.

. Averaged over all seeding rates and seeding dates, Neepawa,
Pitic 62, and 70M110001 in Edmonton, Neepawa at Ellerslie, and Park,
Neepawa, Pitic 62 and Glenlea at Olds were among the highest protein
yielders per plot (Table 39). Park and /OM009002 at Edmonton, 70M009002

at Ellerslie, and Norquay, 70M110001 and 70M009002 at 0lds were among

the lowest protein yielders per plot.

-

Relationships between grain yleld per plot, grain protein, content,
and protein yield per plot

The significantly higher prdtein yield from genotypes Pitic
62, Neepawa, and 70M110001 ét most locations (Table 39) has cbnsiderablg
’significance in feed wheat broduction in Alberta. Wheat has Higher
grain protéin perceqtagelthan‘barley, yellow corn, ‘or oats (Table 41).
This indicateé thaf/more Protein yield per unit area would be obtained
from wheat/e/én if grain yields per unit area are similar for all the

- above mentioned cereals. Plant breeders have constantly improved wheat

S
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grain yield per unit area in different parts of the world, but mostly

‘at the expense of ‘grain protein percontagek(Lofgren, t al., 1968).

A similar relationship was exhibited by two of the highest yielders
'in the present study at Edmdnton, namely Pitic 62 and 70M110001 (Table

42). However,. the big difference in grain protein percentage among .

genotypes seemed tp\diiappear for protein yield per plot. For instance,

Pitic 62 and 70M110001\were among the lowest in grain nrotein percen-

s

tage but gave similar or better protein yields than Neepawa or Park,
which had the highest grain protein Percentage (Table 42). This

Phenomena of genotypes, with significantly different grain protein

,Percentage, to even out in protein yleld was also reported by Dubetz,

1972, » - | .

The inverse relationship between grain vield per plot and

~grain proteln percentage as reported by Mallock and Newton, 1934, and

*

McNeal et al., 1972, also holds true on a cultivar basis (Mack, 1973).

Similar relationships'were observed in this test as shown in Table 42,

The inverse relatlonshlp betWeen grain yield per plot and grain protein

percentage could be more clearly understood by the following explana—

tion. Grain yield per plot c0uld be 1ncreased by an increase in any

one of the grain yield components or plant density provided the remaining

ones are held constant. However, any increase in any one of the grain

yield components or plant-densitj-means.relatively less allocation of
nitrogen to the ocher grain yield components. This then couldire8u1t
in a lower grain protein percentage with higher grain yield per plot,

Therefore, it appears that the difference in grain protein percentage

.

~
i3 possibly due to a difference in the relative distribution of nitro-

- genous compounds to the grains. The above explanation has been strongly
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supported by ibNeal et al., 1972.

It appears that genoﬁypes such as Pitic 62 and 70M110001 could
take an imoortéht place in Alberta's feed wheat production. A genotype
such as 70M110001, because of its relative earliness in maturity, may
be suitable for the short growing season in the central and northern

part of the province, by giving a good grain yieid and a good protein

yield per unit area.

Associationé between gfain yvield per plot and other variables

a. Simple correlations -

For all genotypes;.groio field per plot appeared to have
positivé asgociatibné with plant stand, dayo to heading, test weight,
-and protein yield per plot, as shown by tie simple correlation coe-
fficients in Table 43. Plant height too had’ significant positive
associations with grain yield per plot for all genotypes, except for
70M110001. Days to maturity and grain protein had significant,negative
agsociations wi rain yield per plot for all genotypes.

-Associatioé§ between grain yield per plot and the remaining
variables varied_depehding on the genotypé. For instance Pitic 62, the
highest grain yielder‘showed significant negative correlation between -
grain yield per plot and days to maturity, whilenthis‘correlation was
non—significant for Park'(Tablo 43). .

The three grain field components, ears per plant, kernels per.
" ear, and 1000 kernel weight, had no significant correlations with grain
-yield per plot for most genotypes. Also, most genotypes did not show
significant associations between grain yield per plot and moat of the

morphological oharacters above the flag leaf node (ear length, flag leaf
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. sheath area and flag leaf area).

b. Stepwise multipié regressions

Far this analysis, only Pitic 62 (the highést grain yielder)

and‘Park (one of the lowest grain yielders) were'ua\d to see if they
differ in variablés that predict their respective grgin yields. Re-
gréssing grain yield (per plot) of Pitic 62 on all variables, except
protein yield, grain yield per plant, and grain yield per tiller,

demonstrated that test welight, plant height, and ears per plant were

the most important predictors of grain.yield per plot for this genotype
(Table 44) . These three characters accounted for about 61% of the total

variance in grain yleld per plot of Pitic 62 while the introduction of

all the remaining variables into the equation explained only an

radditional 6%Z. An estimate of grain'yield per plot of Pitic 62 (Y") -

. could be obtained as follows:

Y' = -5439.73 + 62.82X, + 21.35X, -'23.44x3

. Where Xl, xz and X3 are test weight in kg/hl,_pléntmheight in cm, and

ears per plant, respectively. This equapion suggests that any change

in the values of any one of the above independent variables could lead

to éhanges'in grain yield per plot. These significant associations of

test weight and plant height with grain yield per plot were also

indicated by the simple correlation test results in Table 43.

Likewise for Park, gfain‘p;otein and plaht stand ‘appeared

to have significant influences on grain yield per plot and accounted

for about 462 of the total variability in grain yield per plot (Table.aa);

Introducing the other variables int} the equation explain only an
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additional 13% of the variation in grain yield per plot. Variables
which predict grain yield per plot varied among genotypes as shown

above and in Table 44. v

GENERAL DISCUSSION'AND CONCLUSION

| Since the bread making quaiity of hard red spring wheats
produced in central and n;rthern Alberta has been found ‘to be inferior,
the interest for producing wheats suitable‘for feed purposes was
vinitiatedu Tﬁe higher grain yield from some 1ntroduced.and developed
new wheat types compared to standard hard spring wheats grown in the

. ) .
province was also among the factors that forced the Canadian Grains
Acf to include these different wheat types under the new market class
"Utility Wheat". In this study, some of the agronomic management
requirements for some utility wheats and somé hard red spring wheats
were investigated at three sites in Alberta. At Edmonton ‘the 1975 \"
RN

crop season was long (130 frost-free days) and very atypical, compared
to the long term average (109)} The unusually long crop season has
enabled the late maturing genotypes to reagh maturity even in the late
‘seedings. This long seasonywas an aanntage in that the colleétfbn
of data in this experiment was cqmpiete. However, it may also have been
a disadvantage because results from this stud} cannot be directly used
in making recommendations which will be valid for seasons of more ‘normal
frost~free duration. At all loéatioﬁg, increases in seeding rate haa.a
general influeﬁce of increasing grain yield and decreasing the number of
days to ma}urity for most genotypes. However, the infiuence of late seed-
ing on grain yield and number of days to maturity varied among genotypes.
The effect of high seeding rates for increasing grain yi .d was relatively
less for the latest maturing genotype, Pitic 62, than for the remaining

- ones ., \
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4 b

Park and 70M110001 showed a more pronounced response of increased grain
yleld due to ¢  reased sceding rates compared to the other genotypes
at most locations.

In this study, interaction be en treatment combinations
and seeding dates were the norm rather than the exception. Therefore,
it is advisable that new. genotypes be subjected to tests of different
agronomic management practices under different envirénmental conditions

}
so that the optimum manner for farmers to grow the new genotypes can be

determined.

Increasing seeding rate also decreased the pumber of days to
maturity for most genotypes. Increasing sceding rate decreased the
numbe? of days to maturity more for early maturing genotypes like Park,
Neepawa, and 70M110001 than it did for the late maturing genotype,
Pigic 62. o

At Edmoﬁﬁon, grain yield was higher from early seedings
(May 8 and 16)“than from date three (May 26) for all genotypes. The
number of days to maturity was also smaller from earl; seedings (May 8
and 16) than from late- seeding (date three) (May 26). However, there
was a very clear indication that late seeding (May 26) increased the
number of days‘to maturity more for late maturing genotypes like

-

h Pitic 62 and Glenlea than it did for early maturing ones like 70M110001,
Park and Neepawa. At Ellerslie, however,—only Pitic 62, Norquay,
Glenlea and 70M009002 had increased grain yield from early seedings
(Hay 8 and 16) .- For m&st genoc;pes, the influence of early seedings

'
on the number of days to maturity was not as marked as it was at Edmon-
ton. At Olds, most geﬁgtypes héd increased grain yields and a smaller

number of days to maturity from date two (May 22) seeding than from

date one (May 15).
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The results from this study suggest that the effects of
increasing seeding rate in increasing_grain yield and decreasing the
number ef days to maturity were more for early imaturing wheat genotypes
than for late maturing types. The effect of early seedings on grain
yield and number of daysito maturity varied from one location to another.
However, early seeding (May 8 and 16) 1s a good practice for achieving
high grain yleld and early maturity for all genotypes at Edmonton and
for some at Ellerslie.

Genotypes like 70M110001, which combine earliness with
high grain yield per unit area, indicate that the generally accepted
genetic association between late maturity and high grain yield can
be broken by appropriate breedlng and selection.

Fo? most genqtypes, increasing seeding rate decreased the
}yalues of all the three grain yield eomponents (ears per plant, kernels
Per ear, and 1000 kernel weight) and thus grain yield per plant. How-
eéver, most genotypes ended up having high grain yleld per unit area
through compensation by high plant stand at the relatively higher
seeding_rates Early seedings gave higher values for grain yield
components than lateyseedings for those treatment combinations for which
grain yield components showed significant responses to variation in
seeding date.

Gengtype codparison;f§;?the grain y;eld components indicated
that genotypes with fewer numne; of kernels per ear had relatively lower
grain .yields per unit area. Alsq, genotypes with relatively higher
grain yields per plant were among fhe'higher grain yielders per unit
area. It therefore appeared that the number of kernelsg per ear was

possibly the most?important of all the grain yield components.



Consequently selection of genotypes based on pumber of kernels per ear
could possibly result 'in ﬁigher grain yield pér unit area. However,
simple correlation tests indicated that t . e were no significant
asgoclations between grain yield per plot and any one of the grain
yield components for most. genotypes. Individual genotypes were quite
' distinct from each other in the manner in which their yileld was
constituted by the various y;eld components. {

The effect of seeding rate and seeding date on the morpholo-
8ical characteristics above the flag leaf node varied in a very irregu-
lar fashion. Ear length and flag leaf area decreased with increasing
seeding rate while extrusion length showed an increase. Flag leaf
sheath area did not show ; ;pecific tregd of increase or decrease with
in;reasing seeding rate for most genotypes. - Early éeeding increased
ear length, extrusion length, and flag leaf sheath afea and decreased
flag leaf area fqr most genotypes. For mést genotypes, ear length, flag
leaf sheath area, and flag leaf area did not have sigAificant associa-
tions with grain yield’per ploi. However, genotypes like Park and
Neepawa with larger‘extrusion length Qere also among the lowest g;ain
yielders either 6n a per tiller or on ; per plot basis. Genotypes witﬁ
longer extrusion may lodge due to high velocity wind or due to some
other causes and then lower grain yield pér plot could result. Results
of stepwise multiple regression analysis for Park and Pitic 62 using
grain yield per plot as a dependent variable did not include any ‘of the

morphological characteristics above the flag leaf node as significantly

important predictors. From this present stuay, it was found difficult

to clearly define any relationships between morphological characteristics

above the flag leaf node and grain yield per plqt or grain yield per

127
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tiller.

Both increasing seeding rate and early seeding appeared to
have the influence of decreasing grain protein percentages. Protein
yleld per unit area, however, increased both with increasing séeding
rate and early seeding for most genotypes. Simple correlation tests
indicatea that for most genotypes, grain pro;ein percentages had
significant negative assoéiation withggraip yield per plot. However,
protein yield per plot and grain yield per plot were significantly
and positively correlated for most genotypes. Significant genotype ©
differences in grain protein percentages ap?eared to disappeér for
proteiﬁ yleld per unit area. A significant compensatory effect from
’grain yield per plot could possibly have been the factor which cuabled
genotjpes.with lower grain protein.to even out in protein yield with
genotypes having high grain protein percentages. |

From the reéult in this study, it appears that early seeding
in spring gave relativeiy higher grain yieid per unit area for most
‘genotypes at most seeding ratés. For somé gehotypes, early seeding
also broughﬁ significant reductién in the ngmber‘of days to maturity.
Highér séeding rates, especiélly if seeding has to be done late in
. spring, seemed to give higher grain‘yield and to bring early maturity
'thén did lower seeding rates for ﬁost'genotypes; The existence of
génotypes which combine early métu;ity and high grain yield per plot

also gives an indication to plant breeders that therevis an opportunity

to work in this direction.
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