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: ‘ ABSTRACT
M.Sc. MARIE CLAUDE FORTIN

EFFECTS OF MANAGEMENT PRACTICES ON YIELD AND YIELD COMPONENTS
IN BARLEY (HORDEUM VULGARE L. EMEND LAM.) ‘

Plant Science

1

Field studies were conducted in 1981 /apd 1982 to determine the

&

duration of five selected growth stages and to record yield-and yield
components of three cultivars submitted to various combinations of seeding

date, seeding rate and nitrogen treatments at tillering.

The effect of seeding\bate varied over the two years. There is a
good indication that the unt of precipitation during the vegetative
stage, particularly during istem elongation, modified the usual response of
decreased yield with delayed seeding in' 1981. Nitrogen rates of 46 .8
kg/ha showed grain yield increases of 8.37 compared withf@he 15.6 kg/ha
treatment in 1981. Four-fold increases in seeding rates dfd not affect
grain yield, with one exception caused by severe intraplant competition
due: to early season drought in 1982. Differential response of cultivars
to seedjmg dates, suggests that it would be beneficial to test for seeding

dates in cultivar trials for local recommendations to farmers.

\

One thousand-grain weight variability over the two years did not
permit pooling -of the results, and it is suggested that this fact should

be more widely recognized.

The duration of the growth stages, emergence to stem elongation and

the grain-filling period, showed significant relationships to grain yields.

Grain yield was best éredicted by a simple linear regression equation
where the coefficient of the independent variable is grains/m? or the
combination of the two ontogenically earlyﬁyield components which are
heads/m? “and grains/head. In both years it appears that grain yield was
limited by the sites of storage (sink) rather than the filling source.
Thus, the factors affecting grain site development were more important

than the factors affecting subsequent grain f£illing. Consequently,

. compensation for both seeding dates and seeding rates occurred mainly
P

between the heads/m? and grain/head yield components, while compensation

by 1000-grain weight is incidental rather than physiological.
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M/Sc. i MARIE \CLAUDE FORTIN Phytotechnie
EFFETS DE CERTAINES PRATIQUES CULTURALES SUR LE RENDEMENT ET

"¢ LES CQMPOSANTES DE:-"'RENDEMENT DE L'ORGE (HORDEUM VULGARE L.
T ) EMEND LAM.) -

|

déterminer la'durée de cinqg différents stades de croilssance de l'orge et

Des esiZ%s en champs en 1981 et en 1982 eurent lieu afin de
de mesurer le rendement en grain et les composantes du rendement de trois
cult;vars soumis 3 plusieurs dates de semisg, taux de semis et taux d'azote

2
au tallage

Les effets des dates de semis ont varié selon l'année. Le total des
précipitations durant la montaison semble &tre le facteur expliquant cette
variation lorsque le semis hdtif n'a pas donné de rendement supérieur en
1981. Un taux d'azote au tallage de 46 8 kg/ha a augmente le rendement

o

en grain de 8.37 comparé i un traltement de 15.6 kg/ha

Des taux de semis variant de 4007 n'ont pas eu d'effet sur le.

v

rendement  sauf en 1982 i cause d'une compétition trop intensive entre

'‘talles d'un méme plant lors de la sécheresse du début de saison 1982.

A ]
Comme la différence variétale existe pour les effets des dates de semis,

11 serait donc avantageux d'inclure de tels tests lors des essais de

cultivars pour les recommandations provinciales aux agriculteurs.

La variabilit& observée du poids de mille grains entre les deux
années n'a pas permis de combiner les deux séries de résultaaé et il est

T

. - - * 5 : ;
suggéré de tenir compte de ce phénoméne 3 1'avenir. /

v

La durée du stade de croissance de 1'émergence 3 la montaison et
celle de la période de remplissage des grains sont reliées significative-

ment au rendement en grain.

Le rendement en grain est décrit le plus efficacement par une
équation linéaire siﬁple de régression ol 1a variable indépendante est le
nombre de grains/m?, provenant de la multiplication des deux composantes
de rendement suivantes: le nombre d'é€pis/m? et le nombre de grains par.
épi. Au cours des deux années le rendement en grain fut donc limité par

la capacité de remplissage plutdt qué par la source de remplissage des

. -
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’ grains. Des lors, on peut affirmer que  les facteprs qui ont déterminé le
déve}oppement des grains ont été plus.importants que les facteurs qui ont
influencé le.remplissage ultérieur des grains. Par conséquent,§la
compensation entre les composantes du rendeient pour les effers des dates
de semis et des taux dé semis eut lieu surtout entre le nombre d'épis/m2
et le nbmbre de grains/épi alors que la compensation effectuée par le
poids de mille grains fut fortuite plutot que physiologique.

’
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' I. . INTRODUCTION

‘
. »
>
. B [ -

N 2

Spring barley (Hordeum vulgare L. emend Lam) is one of the main

o feed cereals grown in Quebec, supplying a large portion of high energy

a

grain for livestock feeding. Recent cultivars are generally well

adapted, although they require good fertility and adequate drainage to

produce high yields. .
&

Most of the managemégt studies on cereal crops have not deélt with
£he recent high-yielding feed barley cultivars recommended’ in eastern
. ,
Canada. The significance of the interaction of genotypes with rates
of seeding and with date of seeding, both differentially affected by
various nitrogen fertilizer rates in other parts of the world, creatad

the need for evaluating recently recommended barley cultivars to

varied management practices.

Grain yield per unit area is determined by three components:
number of heads per unit area, number of grains per head and weight
per one thousand grains. Several agronomic practiées, such as seeding
rate, seeding date and nitrogen fertilizer rate, as well as environ-
mental conditions, have varying effects upon these components of yield.
It is impbrtant to define how to manipudate some of these factors in
order to be able to get the highest energy output per unit area under

specific conditions. Therefore, three different barley cultivars were

’

3

21t §
3
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! ~.

tested for yielding ability, components of 'yield and several other
agronomic characteristics under thirty-six different treatment
combinati,ens of seeding dates, seeding rates and nitrogen fertilizer
ra'tes in order to estab;lish the optimum cultural and fertilizer

management conditions and to understand the preliminary basis for any

LI e . . .
W'Slgnlflcant increase 1in yield. .
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- 2, LITERATURE REVIEW '

L . [

. 2.1 Grain yield components in
cereal crops . .

~e

. -~
As early as 1923, Engledow and/ﬁ;dham partitioned cereal grain

—

yield into yield components on a per plant basis (Aytenfisu, 1977).
Nowadays, yield components are determined on a per plant or per unit

area basis.

d:?%p yield is an integration in which the Eomponents are inter-
dependent in thgir development. The components of grain yield in
cereal crops are determined at different growth stages of the plant.
The number of héads per plant or per unit area is determined largely
at tillering. In barley, spikelet production determining the number
of grains per head is partly fixed before head emergence. Grain size

E

! is influenced also by- the vegetative stage, although it is partly
Q . '

determined by the post-anthesis period (Rasmusson and Cannell, }970).

Since Xgeld components are determined at different times, they
are affected mainly by different envirommental influences. As a
consequence, compensatory effects of one component for a low value of
a second one lead to yield stabilization in cereal crops. Adaqs
S8 €1967) cited several examples of these effects and discussed tﬁe

developmental negative correlations existing between components.

Grafius (1965) also Jgnsidered‘thét the optimal geneti% level for

-
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each component would)differ, depending on 'the type of environment:to

be faced.

Adams and Grafius (19722 explained how the balance among com
ponents of yield in crop plants is achieved through the oscillatory
response of the sequential components to limited resources. According

to them, yield improvement would come from increasing the flow of

environmental resources throughout the period of need by the compoments

v

and to raise by selection the capacity of a component to respond to

the availaﬁl% resources (Adams and Grafius, 1971).

Nerson. (1980) reported significant simple correlation coéfficients

1

between grain yield per plant and per unit area and some of the yiel%

components. The yield components .were also used in multiple

.

(
regressions in several ceéreal icrops (Frey, 1959; Needham and Boyd,

1976), with the number of heads per plant or per area generally

showing the higher predicting value (Cannell, 1969; Jessop and Ivins,
1970; Black and Siddoway, 1977; Power and Alessi, 1978;'Scott, 1978;

Dougherty, Love and Mountier, 1979; Nerson, 1980).

2.2 Response of grain yield and yield components
to seeding date, nitrogen fertilization and

seeding rate

2.£.l "Seeding date effects, ' :

7

Several investigators in various parts of the world have shown
that higher yields can be expected when spring cereals are seeded

early in the season:(Nass et al, 1975). Stoskopf et al '(1974) report

B
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that early spring seeding in Ontario showed the greatest positive
increase on grain yield: compared with nitrogen fertilization on

seeding rate for spring and winter wheat.

»

In barley, highest grain yields are often harvested from the
earliest date of planting and decrease with later dates (Schmidt,
1960; Beard, 1961; Hoag and Geiszler, 1968; Jessop and Ivins, 1970;

Zubriski et al, 1970; Beech and Norman, 1971; Comeau et al, 1974;

Ridge and Mock, 1975; ‘Nass et al, 1975; Fedak and Mack, i977).

»

Very few authors report the reversal of this trend. Fertilized

- barley was not significantly influenced by seeding date in an experi-

ment by Anderson and Hennig (1964) in northwestern Alberta; udies in
the semi-arid Great Plains by Black and Siddoway (1977) show that
extremelxﬂlate seeding dates consistently decreased grain yields

compared with normal seeding dates; however, they were unable to show

any yield increases for early seedifg dates.

’

Deschénes and St-Pierre (1980) state that oat grain yield can be
significantly lower on a sandy loam at early seeding than at late
se;ding, and that early seeding gontributes to significantly increase
grain yield on heavy soils because high yields are mo;tly'related to

soil humidity.

\

Differential responses of cultivars to dates of seeding have been
noted by several investigators. Harrington and Horner (1935), Frey'
(1959), Schmidt (1960), Beard (1961), McFadden (1970), Beech and

Norman (1971), Fedak and Mack (1977) and Briggs and Aytenfisu (1979)‘

-



all reported significant interaction of genotypes with dateé of seeding. -
However, Black and Siddoway (1979) feported reduced yields with

delayed seeding, regardless of the cultivar used.

Lower numbers of heads per plant or per area of wheat and/or of
barley are associated with delayed seedings (Jessop and Ivins, 1970;

Beech and Norman, 1971; Nass et al, 1975; Black and Siddoway, 1977).

;

In the experiment by Black and Si%doway (1977), it accounts for 927

and 857 response of two cultivars variance in grain yield associated

with the effect of fertilization and seeding date. Frey (1959) and

Beech and Norman (1971) noted a significant interaction of date of
seeding with genotype for the number of heads per plant in oats and

wheat, regpectively.

Delays in seeding were also expressed mainly by reduced numbers
of grains per spike in %heat or barley, according to Stoskopf et al
(1974). Frey (1959) reportkd an interaction of seeding date with
genotypes for the npﬁbers of grains per head in‘;ats. On the other
hand, Jessop and Tvins (1570) found that the number of gr%ins‘per’“
head always increased with late sowfng; irreipective of years or
fertilizers, for two different cultivJ;s. Similar but smaller effects
were noted for spring barley. Black and Siddoway (1977) found no o
significant effect of seeding date on the number of grains per head of
spring wheat in a one-year experiment at three different locations,
These varying results show that it is likely that differences in
énvironment resulting from different sowing dates at a particular
stage of growth account for differences in grain numbers (Jessop and

-

Ivinsg, 1970).




Delayed seeding also results in a reduction in grain weight of -

:

oats, barley and wheat, according to Frey (1959), Jessop and Ivins

(1970), Zubriski et al (1970), Doyle and Marcellos (1974) and

~

Stoskopf et al (1974). McFadden (1970) wrote thag‘no significant
s N
difference could be' attributed to seeding date for grain weight or

&
unit volume weight in his three-year experiment in western Canada;
while Nass et al (1975), in easterm Canada, reported yearly variation
showing kernel weight decrease or no significant decrease as a result

P

of later seedings.

2.2.2 > Nitrogen fertilization effects

¥
¢

As a general rule, nitrogen fertilization increases bar{gy,grain
yield (Zubriski et al, 1970; Nuttall, 1973; Calder and MacLeod,

1974; Macleod et al, 1975; McGuire et al, 1979; Read and Warder, 1982).

The amount of increase depends,on the rate of application (Dubetz
and Wells, 1968; Sibbit and Bauer, 1970; Knott, 19%4; Boyd et al, 1976;
Heapy et al, 1976; Leyshon et al, 1980), the time of seeding (Zubriski
et al, 1970), soil pH (Calder and MacLeod, 1974), the préceding crop
(Needham and .Boyd, 1976; Heapy et al, 1976; Read and Warder, 1982),
and the time of application during the season (Dougherty, Love and

Mountier, 1979) among other factors.

The optimum dressing for barley in temperate climate lies around

60 kg nitrogen per hectare (Needham and Boyd, 1976; McGuire'EE al

.

1979), although Dubetz and Wells (1968) noted that barley yield would
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increase up to 300 kg/ha of nitrogen in western Canada. Scott (1978)

reported a linear increase up to 100 kg/ha of nitrogen under New

~

Zealand conditions.

Boyd et al (1976) showed the effedt of nitrogen on grain yield ’
was best’ represented by two straight lines inter;cting at the point
of optimum%nitrogen dressing given to barley plants. The'first line
represents a gradual increase in yield as nitrogen levels increase,
until the second line intersects and a yield decrease is observed with
further nitrogen applications. On the other hand, Sibbit and Bauer

(1970), as well as Knott (1974), showed that the heaviest cations

of nitrogen did not produce significant increases or decreases.

While it is generally recognized that cultivars in Canada do not
show large yield differential response to fertilizer, Knott (1974)
observed interactioms among three wheat cultivars, locations and
nitrogen treatments for yielding ability in Saskatchewan. As well,
Dubetz (1972), in Alberta, has shown “that Pitic 62, a lower protein
utility wheat, tended to be more responsive to nitrogen in terms of
yield than Manitou, a high-protein hard red spring wheat. Dubetz and
Wells (1968), in a barley experiment, specify that no interaction

between treatment and cultivars occurs until a nitrogen level of 60

kg/ha, after which varietal difference is markedly‘displayed. ~

~

4

Bauer (1970}, in North Dakota drylands, and McNeil et al (1971),
in Montana, report no nitrogen fertilization and cultivar interaction
for yielding ability of five different cultivars. However, Bauer

(1970) reports interaction whenever irrigation is used.

)

-
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The nitrogen status of the soil influénced yield of cereal crops
-
by modifying the relative values of one or more of the three’'main

components of yield (Dougherty and Langer, 1974).

Favorable nitrogen nutrition usually increases spike populations = -

in vheat (Langer, 1966; Dougherty et al, 1979; Power and Alessi, 1978),
as well as Leyshon 35_31651980) in barley. Dnghert&"EE'gl (1979)
found a linear relationship between New Zealand semi-dwarf wheat head

population and the rate of nitrogen applied at tillering.

Scott, (1978),, in New Zealand, obtained a correlation of r = 0.76%%
from yield and head population in a one-year experiment under different
nitrogen rates; 100 kg/ha of nitrogen gave an increase of 447 in

e
nQPber of heads of normal and semi~dwarf wheats. However, moderate

"fead density obtained at moderate nitrogen levels, gi%ing high yields,

reflects the plasticity and partial compensation that exists between
yield components (Scott, 1978). Differential cultivar’ response in
increased number of heads per area with nitrogen has not been reported

in recent literature.:

Most nitrogen effects are directed towards the number of he;ds
per area. Thorne and Blacklock (1971) and Dougherty Eg‘ill(¥974) did
not record any effect 6f nitrogen on the number of é?ains per head of
wheat. Power, and Alessi (1978) stated th;t nitrogen fertilization
did increase the ;umber of grains per head in higher order tillers,

while Dale and Wilson (1977) reported that low nitrogen treatment

reduced the number of grains per head of both two-row and six-row



[

a

bafleys. "Seed set was unaffected by nitrogen rate in a growth-room
- egcperiment by Campbell and Leyshon (1980).. Da}p«snc}) Wilson (1977)

. oo N
’ ’ . also recorded né,changes in mean grain wa&ghf/of the two barley types /
~. M ~ ~ i

Ie
- due to nitrogen treatments under Great Britain/conditions, as well as

‘

Leyshon et al (1980) in growth-room experimentg. Slight reductions ] T

were noted by Thorme and Blacklock (1971), Needham and Boyd (1976),

-

Power and Alessi (1978) and Pougherty et al (1979i:L§ead“and Warzer

g (1982). ghé& also .stated that where nitrogen is deficfiﬁg, fertilizer
nitrogen will incréh;e‘grain weight, whil; excess nitrggen will :

:' ] . décrease it. Needham and Boyd (1976) foupd fertilizer environmental
conditions to be significqgt for grain weight, while-McNeal et al

(1971) récoxded different cultivar response to nitrogen levels for

grain weight among four related whéat cultivars.

1 e

3 !

2.2.3 Seeding rate effects

P2

Most work on the relationship’ of cereal yield to plant demsity.

t}
‘ has been done under field conditions and it was soon established that

the relation of grain yﬁeld to seeding rate could be best fitted by

. d . = N
oA the quadratic equation, y = a + bx - cx?, where y is the grain yield

L

per unit area, x is the plant population, and a, b, ¢ are regression -
parameters. T£is parabolic type of curve was first described by
Holliday (1960) as being flat-to;ped and followed by a slow slope‘at
high densities, and’ also by Donald (1963), Kirby (1967), Kirby and

e Faris (1970, 1972), Larter et al (197i) and Dougherty et al (1979).

( . ‘ This relationship led Watson and French (1971) to write that it would

b




be poasib]:e to decrease plant ﬁopt.{lation significantly under commercial
growing without red.ucing’ yields. Nersoixl (1980) observed a plateau of
yield oxer la wide range oé population densities in wheat grown in
Istjael iinder intensive cultivation. Under intensive cultivationm, i.e.,

Appropriate availability of water and nitrogen as well as an efficient

weed control, ’t‘hin populations of wheat can produce high yields since

‘the single p}aixt is able to express its yield potential. Nerson (1980)

con&;‘udes‘ that grain yield per unit area is not greatly affected by a

wide range of densities. Many other workers, such as Woodward (1956)

~

_ with irrigated plants, Jones and Hayes (1967) with oats, Finlay Eﬂ

(1971) with barley, Thorne and Blacklock (1971) with wheat «dn England,

Dougherty et al (1979) with wheat in Australia, Gebre-Mariam and

Larter (1979) with triticale and wheat, as well as Briggs and Aytenfisu
‘ ~ ~y IY

(1979), Done and Whittington (1980) with wheat F; hybrids 4and their

L]

parents, and Read and Warder (1982), observed similar resdlts”™

v o

Therefore, most research on the effect of seedg rate on the yield of
small grains has shown that within a wide range of rates, grain yield

is not greatly affected by density.
7 N -

g ‘ ;
However, thin populations have an advantage in dry land farming -

because they permit anb'é‘tter utilization of the available rainfall
(Pelton, 1969). As vfeil, Kirby (1967, 1969) and Kirby, and Faris
(1972) have noted a greater yield increase from low seeding rates
occurring in ;ears of severe moisture stress., However, under normal
growth conditions, Stoskopf et al (1974), Briggs (1975) and Faris and

DePauw (1981) in Canada, as well as Harmati and Schzemes (1978) in

Drerere

11
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i seeding rate rises (Holliday, 1960; Donald, 1963).

¥

"Hungary, reported higher yields obtained at higher seeding .rates than

]

those recommended in their areas, while McFa deg%(1970) observed that

highest barley yields were obtained at 67 kg/ha, which is considerably -

below the commercial rate, On the othﬁhand, McLeod (1982) in
New Zealand, found out that despite lack of soil moisture in certain

years, barley yields were increased from the highest seeding rates,

. -

125 and 150 kg/ha.

Genotypic influence has been shov-m‘to exert a. significaptqeffect
on the yield response at different dens'ities (Donald, 1963; jpnes and
Hayes, 1967; Kirby, 1967; Finlay et al, 1971; hBrig\gs, 1975; Baker,
1977; Gebre-Mariam and Larte!r, 1979; Brig‘gs and Aytenfisu, 1'979;‘9Faris
and De Pauw, 1981; Baker and Briggs, 1982). Holliday (1960), Donald
(1963) ‘and Puckridge and Donald (1967) discussed differential gen;:r-

typic behaviour. At low seeding rates, cultivars demonstrate-their-

capacity to use .an eXtensive environment or to deal with intra-plant

competition, while high seeding rates they show a response in
function of ifter-plant competition. In the latter case, general

favorable c6nditions will favor higher rates. Faris and De Pauw

~ . (1981) feport that the higher the potential yield of a cultivar, the

higher the seedirg rate required to achieve its full yield potentil.
v f

As soil fertility is increased and moisture is adequate, the optimum

These statements explain the gignificant cultivar x location
(Gebre—Mariam and Larter, 1979), year to year (Briggs and Aytenfisu,

1979), cultivar x density (Baker and Briggs, 1982) va:riability in

12
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results that led the first authors to write that an optimum cultivar
dénsity must be obtained under given enyironmental cqnditions, and
tﬁe second to suggesé that multi—yea; data are.necessary to character-
ize specific genotype resﬁonse FQ varied management practices such as

i
seeding density.

:Crop reg@onse to Seeding rate had also been studied through Ege
measure of yield components. The number of plants p;F unit area is
the yield component which follow; most closely the' seeding tate. As
such, it can condition the other yield c&pponents' response without
necessarilyyinfluencing yield (Guitard et al, 1961). Jones and Hayes
(1967), Kiggy (1967, 1969), Puckridge and Donald (1967), Finlay et al
(1971), Thorne and Blacklock (1971), Nerson (1980), Hampton (1981)
Faris and De Pauw (1981) and Black (1982) described heads per unit
area as being the dominant yield component. Neﬁ[on (1980) found a
high positive correlation, r = 0.73, P = 0.01, between heads ﬁér
square meter {ﬁ wheat. Nerson (1980) also found a negative cor-
relation between yield per plant and yield per unit area (r = -0.39,
P = 0.05), and concludes, that conditions which allow maximum yield
potential are not those that give high yield per unit area. ‘
Therefore, some degree of plant competition is desirable (Kirby and
Faris, 1972; Baker, 1977; Nerson, 1980). Faris and De Pauw (1981)
also report that limited tillering is,an important aspect of yield.
It has been qoted'by several authors that the number of heads per
plant decreased as sdeding rate increased. As well, Gebre~Mariam and

Larter "(1979) were unable to correlate yield and heads per plant in

13
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qr;ticale. Faris and De Pauw (1981) found no significant culti;ar/%
rate of‘ seeding interactions for both heads per unit area and’hedas
per plant. EarlieL, Finléy_gf.gl (1971) had already co;cluded that
&early variations in yield appeared primarily as a result of
variations in the number of heads per unit area. McLeod (1982) . °
showed that even if heads per plant, number of grains per head and
weight of grain fell_as.the seeding rate increased, grain yield
increased. In general, i;creased head populations at very high
seeding rates are offset by a decrease in both grains per head and
thousand grain’weight (Holliday, 1960; Guitard et al, 1961; Kirby,
1967; Jones and Hayes, 1967; Puckridge and ﬁonald, 1967; Thorne .and
Blacklock, 1971; Gebr%rMariam ahd Larter, 1979; Faris and De Pauw,
1981). Kiﬁby (1967) observed a linear decrease in the number of
grains-per head of barley with increased density, while Gebre~Mariam

and Larter (1979) observed the same relationship in triticale. Other

authors, such as Kirby and Faris (1972), Briggs (1975), Dougherty

:EE.El (1979) and Nerson (1980) réported no significant effect of

seeding rate on these two yield components, although they tended to
decrease with incrgasing yield. Therefore, there is a general
consensus on the fact that the two ontogenically late yield com-
ponents are not major factors in determining yield at different plant
densities., However, Kirby (1967) and Faris and De Pauw (1981) admit
that the relatively small change in one or both,can be important for
reducing or increasing yield of some cultivars. In fact, Jones and

Hayes (1967), with oats, and Gebre-Mariam and Larter (1979), with

14
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triticale, have noted a significant cultivar-rate interaction for

Q

thousand grain weight, while Faris and De Pauw (1981) reported the

same interdction in spring wheat for both yield components.

' i
4

2.2.4 Date of seeding/nitrogen fertilization/
! seeding. rate interaction effects

A

/,uany authors noted a date of seeding/fertilization inFeraction
f;r yield. Yield reductions due to delayed seeding dates are often
largest wheé no fertilizer is applied (Anderson and Hennig, 1964;
Wells ané Dubetz, 1970; Fedak and Mack, 1977). Similarly, lower yield
increases due to nitrogen fertilization were obtained as seeding was
delayed by Zubriski et al (1970), Black and Siddoway (1977) and
Alessi and Power (1979). Therefore, early seeding is important to
obtain maximum response to nitrogen fertilization for high yields,

since late sown crops benefit least from higher levels of fertilizers.

!
1

Anderson and Hennig (1964), hoﬁever, reported that this interaction

did*not appear regularly, i.e., yearly.

Woodward (1956) showed that barley yield reductions caused by /
delayed seeding could be partially overcome by increasing that rate of /
seeding. ©No substantial yield gains by seeding rate for delayed

seeding compensation could be noted in subsequent studies.

Needham and Boyd (1976), working with barley in England, reported
that dense crops require less nitrogen for maximum yield. This could
be explained by the results of Dougherty et al (1979), showing a

!

declining respons? of head population to nitrogen at harvest as the

, j ’



plant population increased, while application of nitrogen increased
head population at low seeding rates. As well, Dougherty et al

(1979) also showed that grain set improves with increasing nitrogen

rates at 250 seeds per [square meter or conventional seeding rate, while

at higher seeding rate’s, the increase in nitrogen resulted in pro-
gressively lower seed set. Therefore, the effects of seeding rate and
nitrogen fertilizer at tillering are related to their common effect on
spike pop%}htioﬁ; at low seeding rates, nitrogen limited grain set,

while at higher .seeding rates, assimilates appeared to be limited
I

(Dougherty et al, 1979). However, Read and Warder (1982), working in’

Saskatchewan with wheat and barley, found that fertilizer rates and

seeding rates were factors operating independently with the exception

of barley on fallow.

2.3 Phenologzﬁand growth responses to.seeding
date, nitrogen fertilization and seeding
rate

2.3.1 Seeding date effects

Beech and Norman (1971) relate aﬁ’increase.in fertile tiller
population with later seedlings in some wheat varieties. Stoskopf )
et al (1974) write that tillering exhibited the’least decline with
each delay in seeding date of .wheat. The ;tudy of French et al (1979)
shows a quadratic regression curve best fitting the sowing—tillering
interval length with the date of sowing. The same study revealed that
in that case, each day's delay in sowing reduced the number of dayé

from tillering to flowering by 0.6 day. Moreover, French and Schultz

»
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(1982) reported that the number of days in each interval (tillering
"to'mid-flowering, mid—flowering to soft dough, sowin%/;o/flowering,
sowing to soft dough, and sowing to harvest) was strongly correlated
to sowing date. Hoag and Geiszler'(196é) reported that the date of
seeding has an effect on planting to heading and planting to ripening
intervals, but that the difference can be attributed in both cases to
the time required for the crops to emerge, while Schmidt (1960) states

that it is dlie to vdriatign in the rate of development prior to .
l .

heading.

Ridge and Mock (1975) write that the length of the pre-flowering ,
phase decreased with later sowings; this is illustrated by a quadratic
relationship between yield and sowing date. Iﬁ their experihent,
sowing date accounted for 937 of the variation in the length of the

pre-flowering phase. However, it could not be related to variatiom in

yield over years.

. Accérding to Beech and Norman (1971) and Nass et al (1975), if
anthesis of a given cereal occurs beyond a certain time of the year;
the optimum yield cannot be realized. Fo£ both barley .and wheat,
yield falls from 4,000 to 1,000 1lb/ac in Australia, as anthesis ?ate

is advanced from its earliest date to two months later. The optimum

:
sowing time is thus related to the duration of the sowing-—anthesis

!

period (Beech and Norman, 1971). Moreover, early estimates of

potential yield in a growing season could be made more precise if

n

crop development is defined with meteorological values accumulated

from time of sowing to flowering and could be related to the

,oe



calculations of the number of days during this interval (French et al,
¥

1979).

In general, as seeding becomes later, the time required for a
crop to mature decreases to show a few days difference in time of
harvesting with the earlier sown plants (Schmidt, 1960; Beard, 1961;
Hoag and Geiszler, 1968; Jessop and Ivins, 1970; McFadden, 1970; Nass
et al, 1975). However, Briggs and Aytenfisu (1979), working in
Alberta at three different locations, report that the effect of

seeding date on days to maturity is dependent on:the location.

2.3.2 Nitrogen fertilization effects

In general, reports on effects of nitrogen on vegetative growth
are fewer than on reproductive growth.“ Needham and Boyd (1976) were
not able to relate mean barley population densitiép at early growth
stages to nitrogen treatments according to germination counts.
However, Syme (1572); in Australia, and Dale and Wilson (1978), in
Great Britain, reported decreased rate of emergence and total leaf

-

number with low nitrogen rates for wheat and barley, respectively.

Power and Alessi (1978) found nitrogen deficiency at early .stages

.of tiller development to be particularly detrimental to tiller

survival. They report that the primary effect of nitrogen fertilizer,
is to enhance T, and T, tiller survival and production of wheat
varieties in the northern Great Plains. The proportion of final grain

yield coming from the main tiller decreased from 607 without nitrogen

PR
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to 367 at 270 kg/ha nitrogen because of increased production of spring
wheat tiller 2 and tiller 3 (Power and Alessi, 1978). Cannell (1969)
notes the same trend in a more humid climate. Therefore, the increase
in yield due to nitrogen fertilization comes primarily from improved
development of higher order tillers and larger population (Canngll,
1969; Needham and Boyd, 1;76; Dougherty et al, 1978; Power and Alessi,
1978; Scott, 1978). Theref%re, most nitrogen effects are directed

towards the number of heads per area, resulting in an increased grain
|

production closely related to the higher order tillers producing heads.

’

Needham and Boyd (1976) reported that barley tiller density
increased up to-100 kg/ha nitrogen under Great Britain conditions.
'Nittler and Jensen (1974) showed that under controlled conditions,
five barley cultivars differed significantly im the total number of

L

stems produced without nitrogen and with a complete solution.

Nitrogen contributed to wheat flag leaf senescence due to

<«

increased water stress in Australia when the, crop -fails to achieve its
vegetltive potential under high nitrogen levels (Syme, 1972). 1In
fact, Bole and Pittman (1980) developed a regression model in Alberta

Y

describing barley yield as a function of available water during the
growth season and nitrogén fertilizer. This effect 1is especially
important where yields are usually restricted by available moisture.
On the other hand, Needham and Boyd (1976) write that when available
water capacities of the soils are great enough to prevent water stress,
efficiency of nitrogen use and optimal nitrogen application are not
related to soil moisture, although larger optimal ﬁitrogen dressings

¥

are often found on sites with large spring rainfalls.

bl
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Early reproductive development in normal and semi-dwarf wheat

in New Zealand was unaffected by nitrogen treatments (Scott, 1978).

As well, Thorne and Blacklock (1971) obéeryed no effect of nitrogen on
three related yield cultivars on spikelet initiation and anthesig

date. McGuire et al (1980), in their two-year experiment in- Idaho and
‘ Moﬁtana, also reéorted that barley heading date was not affected by
nitrogen, even if there was a significant cultivar x environment inter-

action for heading date. However, other authors report significant

effects of nitrogen on wheat reproductive development.

’Knott (1974) observed at Saskatoon that all fertilized wheat
plots tended to head and mature slightly ahead of the controls, while
Leyshon et al (1980) report that maturity was generally delayed by
high rates of nitrogen for wheat and barley in growth room experiments.
In New-Zealand, Scott et al (1975) and Dougherty 35?2l5(1979)
frequently recorded nitrogen-induced retardation of wheat reproductive
growth which might be the cause of higher.raées of spikelet production
also observed in the same crops. Thorne and Blacklock (1971) also
report that the period of grain growth from anthesis to the dis-
appearance of green coloration was about six days longer with 200
kg/ha of nitrogen than at 500 kg/ha in wheat. Leaf area duration,

although it interacts with cultivars, was increased considerably by

nitrogen, mainly because of an increase in leaf area at anthesis.

The promotion of lodging due to abundant nitrogen supply is well

known and has been established in all cereal crops (Pinthus, 1973).
\

Under moist conditions, high levels of plant available nitrogen may

g
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J predispose crops to lodging, resulting in yield depressions (Dougherty

et al, 1974). The effect-of nitrogen on ledging is primarily on the
basal culm internodes elongation, resulting in an increased shoot:root
ratio conducive to lodging (P{nthus, 1973). Sibbit and Bauer (19%0)
noted that cultivars could be significantly different in their

response to lodging. Although there eXist more reports on wheat than

on barley, wheat developmental pattern seems more sensitive to

nitrogen applications in the goil and effects seem tp be maintained
throughout growth (Syme, 1972), while barley sequence seems¢less
responsive. *
2.3.3 Seeding rate effects

Crop: response to plant density can be evaluated through the
analysis of phenological difference, since density has far-reachingiﬁk\\\\

effects on growth and development of the crop throughout the growing
!

season (Kirby, 1967).

Analysis of growth shows that the tillering phase is longer in a
thin wheat population than in a usual commercial population (Puckridge
and Donald, 1967; Nerson, 1980). This was also demonstrated in barley

by Kirby (1967) and Kirby and Faris (1972).

The number of fertile tillers decreased as seeding rate increased
(Guitard et al, 1961; Kirby, 1967; Puckridge and Donald, 1967; Kirby
and Faris, 1972; Gebre-Mariam and Larter, 1979; Faris and de Pauy, e

K}

1981). Guitard et al (1961) described this decrease as curvilinear.



ot

t

However, Simmons et al (1982) reported increased barley shoot and spike
numbers at high seeding rates. McFadden (1970) reported a decrease in

the number of tillerg per plant as rate increased.

Lower seeding rate populations were shown to head more slowly
(Kirbx, 1967; Briggs and Aytenfisu, 1979), although Finlay et al (1971)
observed a'cultivar difference for heading dates at several seeding
rates, in barley. On the other hand, Thorme and Blacklock (1971),
working on spring wheat in England, observe&wﬁo effects of rate ;;(h
days to heading nor on days to maturity. The small range (75 to 298
plants/m?) of geeding rates tested could explain such results. Days
to ripen decrease with increasing rate of seeding, according to other
authors (Kirby, 1967; Finlay et al, 1971; Briggs, 1975; Briggs and
Aytenfisu, 1979; Faris and De Pauw, 1981). Faris and De Pauw (1981)
specify that the éteepest slope in the decrease in days to ripen is
observed at the low éeeding rates. Briggs and Aytenfisu (1979) noted
a significant cultivar x rate of seeding interaction for days to ripe;

r,
at all three locations tested in Alberta.

It is genera}ly reported that high seeding rates Jo not cause
lodging directly, but.whenever lodging is present, the degree to which
plants are affected is increased with‘increasing seeding rates
(Woodward, 1956; Holliday, 1960; Puckridge and Donald, 1967; F?ris and
De Pauw, 1981). Lodging will reduc% yield and disrupt the expected
yiel& response (Holliday, 1960). Faris and De Pauw (1981) noted a

differential cultivar lodging response at various seeding rates.

A
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3. MATEF}ALS AND METHODS ‘ J
&

°

°

-

The experiment included four factors at varying levels: three
seeding dates, three nitrogen fertilizer levels, four seeding rates

and three cultivars of spr{ng barley (Hordeum vulgare L. emend Lam.)

and consisted of the 108 po3sible combinations of these gaétors

-

replicated four times in a split-split-plot design.

The seeding dates were assigned to thé main plot units, the

fertilizer levels to the sub—plot units, and the twelve possibI®

combinations of seeding rates and cultivars corresponde‘{ to the sub-

sub~plot units.

I
.

The first seeding date was determined by the weather as the

earliest date of seeding in the season. The subsequent seeding date
'

was established as close as possible to 62 degree-days after the
°

first one and the last seeding datg, 62 degree-days after the second

seeding date. ?

(maximum daily T° (°C) - minimum daily T° (°C))-4.4°C -

flegree-day' = 5
i o

The following seeding dates were thus established: "April 27,

. May 8 and May 20 in 1981, and April 28, May 7 and May 15 in 1982.

.

The nitrogen fertilizer levels were 15.6, 31.2 and 46.9 kg/ha of N

23

3.1 Treatments and experimental design ) N\
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in the form of ammonium nitrate applied at tillering. The sééding

-

rates were 150, 300, 450 and 600 plants per square meter. The three

cultivars of spring barley chosen, viz., Laurier, Loyola and- Bruce,

are all licensed cultivars in-Canada and recommended in the province .

of Quebec. They are all six-row feed-types and a detailed description

is ’gi.ven in Table 1.

TABLE 1. Straw length, maturity, origin and yéar of licensing of three -
) cultivars of barley o 5

o

. Year .
Genotype Straw ' Maturity licensed ; %ngln
b ' 1 1
Laurier mid~long mid-season 1975 Macdonald Colleg?r‘
Loyola mid-long @id-season Co1972 Macdonald College
. and strong * ‘ A
Bruce mid-long mid-season ) 1977 ., TUniversity of Guélph h

and strong ;

3.2 Field Fork : oo %

The experiment was 'carried at the Emile A. Lods Agronomy Research

Centre of Macdonald College of McGill University (latitude 45° 26' N,

liongitude 73° 56" W) in 1981 and 1982. 1In 1981 the exl;eriment was
i -
sown on Chateauguay clay loam mixed with Chicot shallow fine sandy

*

loam soil, planted with corn the previous year. It was repeated in

1982 on Bearbrook clay 'mi:ged with Ste. Rosalie clay soil, previously
i K

sown to'b:a‘rley and wheat.

e
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necessary at the three-leaf stage of the crop.

five rows, 3.8 meters long, spaced 20 cm apart. A l-meter séction was
marked in one of the three center rows. This section was selected in v -
: - . . e .
a pseudo-random way since no meter which had a missing or partly
8
missing neighbour row was chosen, The sub-sample was -assumed to be "

representative, since it was selected with a bias towards.achieving C

3.3 Evaluation of plant characteristics
~

féach plot correspbnding to the sub-sub-plot unit consisted of

o

\

a

-

. The land received a basal dressing of 300 kg ha™l of 5-20-20 N

a 0.2 meter border at each end.

commercial fertilizer. Herbicidal weed control was applied when i

©

- AN
-

! *

7

” 1y
A

- ™

. 3

/ the original populatjon density. The meter section and. the rest of .

the three center rows were harvested separately followin-g removal o/

&

.

F L a
The data collected in this experiment include:

)
N

- . N

) 1. Number of days to emergence : '
2. Number of days to tillering
) 3. Number of days to stem elonga;:ion
4. Number of days to heading ' ) .
S. Number of days to E{eiturity ' - y L
" 6. Number of heads/m? ‘at harvest o , o . N
7. Number of grains/head . ¥ )
8. 1000-grain weight S : ) L
9. Grain yield 7 ‘ )
The measurements 1 to 8, inclusive, were made on the one-meter section; - .

" the measurl:mems 9 (grain yield) was made on'the total of the three

]

-~ >

center rows of each plot. ' - .
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1:1.3.1 Phenological data i

’ . 1

1. Number of days to emergence is recorded-{ﬂheﬁ 50Z of the -
N N

o
TN —

expected number of’ plants within the meter have emerged. This grow\tff .

stage 1is attained when the first leaf ‘through the coleoptile can be
L]

seen, or stage 10 according to Qadocks et al (1974).

2. Number of days .to tillering is recprded when 50X of the
plants within the marmnetér have at least one tiller, or ‘stage 21

a ; .
(zadocks et al, 1974). °* 5 .

~

3. Number of:’w stem elongation is recorded when 50% of

the plants within the marked meter are at stage 37, with the flagu

W

4 leaf just visible (Zadocks et al, 1974).

‘4., The number of days to heading is recorded when 507 of the

plants within the marked meter have completed inflorescerjce emergence,’

o

‘ i.e., the head is completely out of the boot, stage 59 (Zadocks et al,
=\/’>x1974). .
, L% » -

T 5. The number of days to maturity is recorded when 507 of the
= plants within. the marked meter have a hard garyopsis no longer dente

by a thumb nail and the inflorescence has lost chlorophyll, or stage

K}

92 (zZadocks et al, 1974).

A

A .3.2 Yield components

% 1] .

-+ >

6 to 8. At harvest| the marked meter portion of the plot was cut

to ground level, weighed and the n;xmber of productive tillers counted.

oo N
5

, This sample was threshed,q the grain weighed and the number of grains

2,

.

o
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i ' ’
recorded. From this information, the number of heads per square

\
:

meter, the number of grains per head, and thousand-grain weight, were

-

determined.

> * S
f

3.3.3 Grain yield . “
9. Grain yield was recorded in g/2.04 m? for all plots by adding

the grain yield from the one-meter section to the grain yield from the

remaining plants within the three center rows of each plot. .

3.4 Statistical analysis .

|
The coefficients of variability were computed for all the
variables in order to evaluate the results obtained, especially in the

~

"case of visual ratings.
é
The means of the four replications gave basic information on

which all the further analyses were based. When it was judged

necessary, the analysis of variance was performed on certain variables.

LSD tests at the .05 level were used to locate differences among

means.

A combined analysis of the two years' experiments was done when
.homogeneity of error variance was present. The year and soil effects
were grouped under year effects. The year effects were isolated using

the method depcribed by McIntosh (1983) for combining experiments.

Stepwise multiple regression was used to £ind out quantitative

relationships among the climatological data and some of the treatment

—

effects and yield components. &

27
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: Partial correlations among various pairs of variables were also

calculated in order to eliminate the influence of other independent

variables and study more closely the relationship. -

’* Yield and yield components were also described through a multiple

regression equation or a linear regression model. In both cases the
variables which did not contribute significantly (P = .05) to the
discriminatory power of the model in the population were not included

in the equationm. o

t
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4. RESULTS AND DISCUSSION
1 ' 4 -
. | .

¢ k)

4.1 General observations

¢

In 1981 the abundance of rainfall caused lodging and bird damage
. vigibly affected some plots. The data from these plots were considered
unreliable and were excluded from all analyses. These missing data in
a relatively large experiment required especially large memories in
all analyses of variance so that grain yield and grain yield components

3
were the only variables fully described in 1981. The>same problem

occurred when pooling both years' results. This anglysis was thus

done only partially. The 1981 and 1982 homogeneous error variance
terms for grain yiela and grains/head permitted the pooling of these

two variables only.

| In neither year was the authot able to detect precisely the day
\

‘at which 50% of the plants in the sub-sample aéhieved“Ehe tillering

stage. This fact was also later confirmed by a high coefficient of

variability for this wvariable. The data from this phenological stage

were excluded from all analyses.

The rainfall distribution during the growing season was different
over the two years (Table 2); 1981 was an overall wet growing season
with precipitation above normal from April to the end of June. On the
contrary, the 1982 spring (April and May) was much drier than normal

o
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TABLE 2. Meteorological observations for the barley growth per{ods in 1981 and 1982 at Macdonald

y College ’
1981 : 1982 X (1951-1980)
Minimum Maximum Precipi~ Minimum Maximum Precipi~ Minimum Maximum ) Precipi-
temper— temper- tation . temper- temper-— tation temper- temper— tation
Month  ature ature . ature ature ature ature
(°c) (°c) (mm) (°c) (°c) (mm) (°c) ccy (mm)
(a) (a) @y (a) (a) ‘ (a) (b) (b) . (b)
April 2.8 12.9 70.2 -1.3 9.8 34.8 0.8 10.6 63.5
Maf 8.3 19.6 73.5 . 11.4 21.5 24.8 7.4 18.5 63.9
June 13.4 23.8 111.9 12.2 22.0 115.3 12.9 23.6 82.2
July 15.1 26.6 - 72.9 14.7 26.6 81.0 15.6 26.1 90.0
Total 328.5 255.9 ~ 299.6

(a) Station Ste-Anne-de-Bellevue, Service de la météorologie, "Minist&re de 1'Environnement
du Québec.

(b) Bureau mét&orologique de Dorval, Service de 1'environnement atmosphérique, Environnement
Canada. i
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(Table 2). It wés also éspecially warm in May of 1982 (Table 2),

" while the other periods showed around normal mean minima and mean .

maxima,

4.2 Grain yield

4.2.1 Seeding date effects

The imgortant effect of seeding date on grain yield observed b;
many authors was confirmed in both years by hié; ané'significant
variance ratios (Appendix tables iband 2). 1In 1981, gr;in yield was
significantly higher in the second seeding date for all cultivars
(Table 3), while in 1982, grain yield was significantly greater in the
first seeding date (Table 4). The 1982 results confirmed most work
done on seeding dates in spring cereals. A delay in seeding of 62
degree-days after the earliest possible date of seeding decreased the -
grain yield of cultivars Laurier, Loyola and Bruce by 12, 11 and 197,
respectively (Table 4). It i; genirally accepted that earliness of
sdeding is conducive to the production of high grain yields: since it
increases the number of favourable days for the developﬁent of the
crops. However, the effects of time of seeding are also related to
differences in environmental conditions, especially rainfall and
temperature, at particular stages of development, This is demonstrated
by the 1981 results. The first seeding date yields wer; 117 lower than
those of the second seeding date for all cultivars. The lower yields
of the 1981 first seeding date compared with the yields of the second

seeding date can be related to the amount of precipitation received

during the stem elongation to heading period (Appendix table 3).

2

-
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TABLE 3. ﬁheﬁeffect of seeding date and cultivar on grain yield of

: barley in the 1981 experiment
Seeding.date Laurier Loyola - Bruce
& g/unit area!l
736.7 727.8 749.8
829.5 ' 820.6 845.0
3 " 694.8 741.4 | 746.3

1Unit area = 2.04 m?
L36 (.05) : @etween two seeding date means for the same cultivar:
33.4; between two cultivar means at the same date of seeding: 33.2

- ~

<

TABLE 4. The effect of seeding date and.é;ultivar on graiﬁ yield of
barley 1in the 1982 expériment :

Seeding date Laurier Loyola Bruce

g/unit areal

1 893.3 872.5 971.9

781.1 770.6 784.4
782.7 744.2 793.1

lunit area = 2,04 m?

LSD (.05) : between two seeding date means for the same cultivar:
32.2; between two cultivar means at the same date of seeding: 30.7.

-
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Seeding date 1 received about half the amount of rain of
seeding date 2. Significant partial correlations between grain yield
T
and precipitation during the stem elongation‘to heading period are
shown in Table 5. These correlations_indicate a definite influence of

precipitation on seeding date effects, especially for cultivars Laurier

and Loyola. The 1981 results confirm the findings of Fedak and Mack

TABLE 5. Probability levels and partial correlation coefficients
(adjusted for nitrogen levels and seeding rates) between grain yield
and precipitation during stem e}ongation in 1981

Cultivar ‘r(b“ r Pr > F
Laurier . 0.45 0.0001
Loyola , 0.61 0.0001
Bruce ) 0.23 0.0060

(1977) relating high grain yields to soil moisture and early seeding

rather than to see@ing date alone. This situation is similar to that
described by Dechénes et St—~Pierre (1980), who related differences in
oat grain yield grown on two different soils to a dry period in June %
at the joiq;ing stage. Power and Alessi (1978) showed that the peak
rate of water use generally occurs befgre heading and sometimes even
before the plants are fully tillered. Singh (1981) also rated
moisture-sensitive growth stages of wheat in order of decreasing
sensitivity as: booting/heading, flowe;ing to grain development and

vegetative stage. Wells and Dubetz (1970) found that high soil water

stress at the early boot stage gave a marked reduction in grain yield

>
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\ *
of barley. The 1981 results also agree with the findings of Baier

< . . . . .
(1967) about soil moisture being the best estimator of wheat grain

-

-

yield among several climatic data for six different zones throughout
Canada. Since the 1981 seeding date experiment was at one location
<

on one soll type,°we can assume that diffgrénces in soil moisture

depended almost solely on rainfall.

In 1982, seeding date 1 was not threatened climatically compared
with seeding date 2, although the amount of rainfall in 1982 was

limited compared with 1981, in the early part of the season (Appendix

-

table 3). Thus the expected decrease was observed as seeding date was

delayed (Table 4).

'

The third seeding date never yielded significantly less than the
first seeding date in 1981, nor than the second seeding date in 1982,
with the exception of the cultivar Laurier in }981 (Tables 3 and 4).
Laurier yield in,seeding date 3 in 1981 was reduced by 167 compared

Jith seeding daée 2 (Table 3).

Thus it appears that the seeding date effects are the same for
all cultivars in a dry year. However, the cultivar Laurier appeared
more susceptible to lodging in the wetter year and, therefore, tended

to suffer more from late seeding (Table 3).

These results indicate a definite relationship in the sense that
the end of April seedings favor grain yield compared with early May
a

seedifnigs if environmental conditions up to heading are held equal.

Climate can reverse this trend since it appears that the jointing

{ ¢
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staée of spring barley requires a minimum of soil moisture in order to
maximize yields. Under field conditions the effects of precipitation
on grain yield during the individual pe;iods of growth may be
influenced by the moisture stored earlier when the needs of the crop
were lower. However, this appe;;s not to be the case in 1981

(Appendix table 3). This study on seeding date effects on yield

strengthens the idea of Hanks and Rasmussen (1982) that even in humid

"
e 3

parts-of the world, periods of insufficient rainfall and thus water

stress do occur. J

'4.2.2 Nitrogen rate effects

Nitrogen rate effects were significant i 1981 only (Appendix
table 1). The 1982 non-significant effects (Appendix table 2) were
due Eo the very dry period that occurred from seeding to stem

+

elongation (Appendix table 3). It impaired the transport of ammonium
nitrate/to the plants and deFreased the overall effect of fertilizer
on growth and development. These results agree with the work of Bole
and Pittman (1980) who described mathematically the dependence of
yield response to nitrogen fertilizer on water. They concluded that
the growing season precipitation had a 3 times greater effect on
barley response to nitrogen fertilizer than did available water in
spring. McLaren (1981), Héapy et al (1976) and Nuttall (1973) all
demonstrated that variations among yield responses of cereals exposed
to fertilizers had to be explained by soil moisture and rainfall.

Terman 35_311(1969) showed that nitrogen will increase yield if water

is adequate.




In 1981 an incre:ii/in}hitrogén rates at tillering from 15.6 to

2

46.8 kg/ha and from 31.2 to 46.8 kg/ha increased yield significantly

by 8.37 and 4.67 respectively (Table 6). These results are similar

to those observed by Klinck and Martin (1980) in Québec and Dougherty

et al (1979)in New Zealand, that, in general, a nitrogen application

\ .

at tillering increased barley grain yieldé. The first and second

nitrogen applications did not show significant differences in yield,

probably because the levels tested were relatively small. 1In fact,

the lévels were not high]enough to demonstrate a depressing effect on

yield above a certain N level which is the purpose of 3-level experiL

—

ments. This is probably why none of the interactions mentioned in .

the literature proved to be significant in 1981.

TABLE 6. The effect of nitrogen level on grain yield of barley in 1981

Nitrogen rate

Grain yield

(kg /ha) " (g/unit area)!
15.6 745. 4
31.2 775.1
46.8 813.1

:  LSD (.05)

lUnit area = 2.04 m?

30.8

4.2.3 Seeding rate effects

Seeding rates did not influence yield significantly in 1981

(Appendix table 1); however, means did show significant differences in

1982 (Appendix table 2).

-~

It is interesting to note the effect exerted

36

o s e ha e s

s B
oo b
'

¥ e Aokt § o T s GRS,

P

3

-t eyt



Ee

owt

by ‘environmental factors such as density of population and season on
4 ’ .

grain yield. In this 2-year experiment, wide variations in seeding
L4

rates did not have an effect on grain yield in a wet season because

the many-times-described compensating mechanism was effective at the
7

low seeding rates. However, the yield components did not compensate

-

for the lowest seeding rate in 1982, the drier year, since there was a

‘£

significant decrease in grain yield at this subnormdl rate (Table 7). ' -

A L4

1

‘TABLE 7. The effect of seeding rate on grain yield of barley in 1982

+

it ) Seeding rate Grain yield L
-, (plants/m?) (g/unit area)!
150 : 773.3
300 831.4
450 ' 845.2
Y 600 _ 836.2 .
lUnit area = 2.04 m? ¢
L3 3 &(
LSD (.05) = 20.4 z,

The main difference in climate between the two seasons was the early
drought suffered at all seeding dates in 1982. This adverse seasonal

effect is probably responsible for this absence of compensation. The
)

- medium (300 plants/m?) and higher (450 plants/m?) seeding rates, and

&

the 1981 results, reflect the compensatory ability of barley plants

during the latter parts of the season to adjust for the difference
L2 . ' -

in initial population. Similar effects of early drought on cultivars

bred in humid climates were previously demonstrated by Jones and

Hayes (1967) with oats. These results confirm also, those of McLeod
i .
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(1982) _that under dry periods highest grain yields are obtaimed by

_  highest seeding rates and that dense populations do not suffer very

adversely from lack of moisture compared with.low populations. This
statement appears to be particularly true id our case, since the
drought period occurred at the early growth stages when interplant

competition does not yet exist (Puckridge and Dﬁnald, 1967).

a

Therefore, we can assume that intraplant competition for water stress ,

was the limiting factor for the lowest seeding rate in 1982 and that

i

tilTering did not enable these plots to yield equal-to the other -plots:

PR ad

1

» ~

4.2.4 Cultivar effects : } ‘ ) ' P

Differences among cultivar means‘wére.sigﬁificant in both 1981 i—

and 1982 and were associaged with a seeding date x cultivar interaction-
in both years as well as a nitrogen rate x cultivar interaction in 1982

(Appendix tables 1 and 2).

In 1981, ,no difference among cultivars occurred at the two first

4 I ; N

seedings (Table 3). Laurier yielded significantly lower in date 3
(Appendix Figure 1), suggesting that this cultivar. responded differ- _
ently to fluctuations of climatic factors. It has already'been

suggested in section 4.2.1 that the rainfall causing lodging late in

: the season is the reason for thisg difference, since1Laurief proved to

be more susceptible to lodging (Appendix: table’4).
S

The 1982 cultivar means at each seeding date are shown in -

Table.4. Bruce shows yield superiority at the best seeding date

(date 1) and was high yielding at all seeding dates (Appendix figure 1).

.
1
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These results she@ that these three well-adapted cultivars, all bred

in eastern Canada and all recommended in Quebec, still skow differential

+ 7/
response to seeding date. However, in neither year was a differential .

- /

response noted at seeding date 2, which corresponds the closest to the
usual seeding date in agricultural practice of the region. Significant
differences among cultivar means exist when seeded,-later and/or earlier

than the average time at which they weré selected and tested. These
b

4

results imply that cultivar testing with seeding date trials might be i

worthwhile in the future, |

These results agree with the findings of Briggs‘and' Aytenfisu
(1979) that a differential response of” cultivars exists for seeding
date. The report by Black and Siddoway (1977) of late seedings

reducing yields regardless of cultivars used was confirmed 1%} 1982,

~ although later seedings seemed to reduce more the yields of Bruce

than of the cultivars Laurier and Loyola (Appendix figure 1).

The cultivar x nitrogen rate interaction showed a ,
e 5

significant difference in 1982 °(Appendix table 2). Laurier was the

~

cause of the interaction (Table 8), since it yielded equal to Bruce
at 15.6 and 46.8 kg/ha of nitrogen but not at 31.2 kg/ha. Since the
nitrogen main effects were not significant in 1982, it is probable

that these résults reflect, also, a basic genotypic yielding difference,

9

especially bstween Loyola and Bruece. The cultivar Bruce was signi-

ficantly higher-yielding than the cultivar Loyola at all nitrogen

1 . —
i

rates (Table 8).

»
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TABLE 8: The effect of cultivars fertilized at three rates of nitrogen
on grain yield of barley in 1982

f . Grain yield

Nitrogen rate : - (g/unit area)! )
(kg/ha) -
‘e Laurier Loyola Bruce
15.6 . 828.3 '790.7 839.4
31.2 795.3 793.8 865.9
46,8 833.6 802.8 844.0
lUnit area = 2,04 m? ) - ’
LSD (.05) » = between 2 cultivar means at same nitrogen rate:
30.7 © - . .
4.2.5 Combined analysig of th‘e two_\lexperiments . .

~

' 'Pooling of grain yield results over the two years was possible
o

since the h;rpothesis of homogeheous error variances was not rejected
at the .05 level. eThe combined analysis of some of the treatments is .
shown in Appendix table 5. Sgeding date effects and nitrogen rate
effects were not consistent over years and t:llc;. date of seeding x year
interaction and the nitrogen rate x year interaction show signifricant
differences. These interactions prohibit the pooling of these means

\..
over the two years. ,

4.2.6 Relationships among treatments ) .

v Significant differences (P = 0.05) among treatments (Appendix

Sa

tables 1 and 2) led to the calculation of a regression equation for

each cultivar under the two different growing seasons (Table 9).
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" These equations are plotted in'Figures 1 to 3. An equation for grain

yield of each cultivar over both years was also calculated, although

\ . -

“the models do not account for much of the variation that occurred over

g
years. / : .

The seeding date effect is expressed through a quadratic form in .
(both years for each cultivar. The seeding rate effect is expressed b/

a quadratic form in 1982 but as a linear form in 1981 for cultivars

A

Laurier and Bruce. Nitrogen effects did not improve the equation \

enough to be included in most of the equations. Combined analysis of

©
-

the experiments shows a quadratic effect of both seeding date and

° .,

seeding rate (Table 9). )y
- 4.3 Heads/m? . o !
| ’ 4.3.1 Seeding date effects - .
\ ’ There were significant differences among seeding date means for

the number of heads/m? z;t harvest in 1981 (Appendix tabie 1) and in

\ 1982 (Appendix table 2). In 1981, the seeding date x seeding rate
interaction and the seeding date x seeding rate x cultivar interaction C

proved to be significant, as did the\ seeding date x cultivér inter- N

- action in 1982 (Appendix tables 1 and 2).

F
In 1981, the second seeding date always resulted in a signifi- .
. cantly higher number of heads/m? than either or both of the two other
seeding dates, with the exception of the cultivars Bruce and Laurier

. at 600 plants/m? and the cultivar Loyola at 300 plants/m?. 1In these




I a)

b)

Figure 1. The regression of grain yield on seeding date
and seeding rate (a) in 1981 and (b) in 1982, for the cultivar
Laurier.

g 42

B e v bt e 4 ey oo e -

b s




CULTIVAR LOYOLA .
~ \
a) .
6 20 s e 8 100 120 o
peCAEE-oars
| CULTIVAR LOYOLA
(; : 1982
~ T80 )
A
b) guc.u. ‘:;’;’;/:/;/;//
£
g o
o3
sca
783.01 4
sss.71

\
Figure 2. The regression of grain yield on (a) seeding
° date in 1981 and (b) seeding date and seeding rate in 1982,

\ for the cultivar Loyola.

43




\

a)

Tﬂ]

250

b)Y .. e
! -+

900

7S

i

i

I

S ;m W w e 10 120
DEGATE-OATS ¥
Figure 3. The regression of grain yield on @) seedingt
date and seeding rate in 1981 and (b) seeding date in 1982,
* " - for the cultivar Bruce. ’
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TABLE 9. R-square (R?) and regression equations of grain yield! on seeding date? and/or

seeding rate? and/or nitrogen rates* in 1981 and 1982 and over both years

Year Cultivar Equation \ - RZ Pr > F
1981 Laurier Y = 677.08 + 3.13x - 0.02x? + 2.00z ‘0.34 .OOOi
Loyola Y = 727.87 + 4.98x - 0.03x? 0.39 .0001
Bruce Y = 663.91 + 2.76x - 0.02x%2 + 3.07=z 0.30 .0001
1982 Laurier Y = 783.05 - 2.66x + 0.01x?2 + 0.54z - 0.0005z2 0.26 .0001
Loyola Y = 698.11 - 2.25x + 0.009%% + 0.84z - 0.0008z? 0.40 .0001
Bruce Y = 960.60 - 4.48 + 0.02 x? 0.54 .0001
1981-1982  Laurier = Y = 718.45 +°0.04x - 0.004x? + 0.80z - 0.0001z? 0.10 .0001

Loyola Y = 620.31 + 1.14x - 0.01x% + 1.47z - 0.0003z2 0.13 .0001
/ > Bruce Y = 685.88 — 0.74x + 2.58w + 0.63z - 0.0007z22 . 0.17 .0001

lGrain yield : Y (g/2.04 m?)
2Seeding date: x (degree-days after earliest seeding)
3Seeding rate: z (plants/m?)

“Nitrogen rate: w (kg/ha)

1%



L
¢ £t
4 by

i

cases, no significant difference was observed among seeding dates
(Table 10). 1In 7 cases out of 12, seeding date.2 resulted in a head

number similar to one of the two other seeding dates (Table 10)\

The simple effect of seeding date for each cultivar in 1982 is
shown in Table 11. The first seeding date results in significantly
higher numbers of heads/m? compared with the two gther seedings for

Laurier and Bruce, and compared with date 3 only, Loyola (Table 11).

.

In both years, the‘seeding date resulting in higher yields
resulted also in high numbers of heads/m?. Therefore, the yield
component, heads/m?, is somewhat responsible for the increase in grain
yield as expected. In 1981, the less favourable seeding d;tes in
terms of yield did not result automatically in a decreased number of
heads/m? (Table 10). In 1982, however, the decline in the population

of heads at harvest followed more closely the decline in grain yield.

In the present trials,- the difference between the two years does
not confirm the findings of Kirby (1969), Kohn and Storrier (1970) or
Jessop and Ivins (1970), who demonstrated that head numbers generally
decrease with late sowings. The present study, however, agrees with
Doyle and Marcellos (1974) that head numbers are highly variable
between seasons. The 1981 unclear behaviour.of cultivars of various
seeding dates migﬁt come from a differential response of cultivars to

water accumulation at the stem elongation stage.

Wells and Dubetz (1970) also noted a differential response of

w

cultivars seeded at different plant populatlons to water stre /5

[4

N
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TABLE 10. The effect of seeding date, seeding rate and cultivar on
the number of heads/m? of barley in 1981 .
Laurier Lbyola Bruce
Seeding -
rate Seeding date
(plants/
m? ) 1 2 3 1 2 3 1 2 3
150 265.4 287.0 249.5 216.0 270.8 256.6 286.1 310.4 262.9
300 264.5 329.1 272.9 250.9 261.6 244.5 315.5 379.5 304.5
450 277.7 338.7 309.1 297.7 333.3 280.4 336.0 404.5 339.5
600 378.3 362.0 364.1 331.1 380.8 357.5 433.6 396.6 418.3
LSD (.05): betweep two seeding date means of the same cultivar at
. the same rate of seeding = 37.5; between two seeding rate means of
the same cultivar at the same date of seeding = 37.5; between -two
cultivar means at the same seeding date at the same rate of seeding =
37.5.
TABLE 11. The effect of seeding date— and cultivar on heads/m? of
barley in 1982
Seeding date Laurier Loyola Bruce
1 456.5 376.5 568.5
362.5 329.5 437.0
357.5 347.5 438.5

LSD (.05) 1 between two seeding date means of the same cultivar:
30.1; <between two cultivar means at same date of seeding: 30.6.
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the boot stage. However, these results confirm those of Hampton et al
(1981) who demonstrated the importance of establishing and maintaining
tiller numbers great enough to produce high-yielding crops since

head populations at harvest were significantly correlated with grain

yield.

4,3.2 Nitrogen rate effecfs ’ '

Favourable nitrogen nutrition at tillering generally acts on
yleld by increasing head populations at maturity through increased
tiller size, greater tillering and reduced tiller mortality (Scott
et al, 1977). However, in neither 1981 nor 1982 were heads/m?
signigicantly affected by nitrogen rates applied at tillering
(Aépendix tagles 1 and 2). The 1982 nitrogen rate effects were
inhibited by the early dry period as mentioned earlier. On the other
hand, 1981 results demonstrate that the N application was done too
late in the season to affect the firg{\yield component sincelthe two

other yield components show significant effects of nitrogen rates in

1981 (Appendix table 1).

4.3.3 Seeding rate effects

The 1981 simple effects of seeding ratgs at each seeding date
for each cultivar are shown in Table 10. At seeding dates 1 and 3
the cultivars Laurier and Bruce both show higher numbers of heads/m?

at the highest seeding rate, while the 300, 450 and 600 plants/m?

rates show no significant difference at the most favoqﬁ;hig seeding
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date in terms of yield (date 2) (Table 10). This-absence of a
\

significant difference among seeding rates in date 2 for Bruce and °

Laurier, as well as the relatively low numbers of heads produced at

the 450 and 600 plants/m? rates,_imndicates that competition at these
rates resulted in non—productiVé/lillers. Loyola on date 2, however, '
shows significant differences among the 3 highest seeding rates. This
indicates that under favourable conditions, Loyola withstands a

higher population throughout the season, better than the two other

cultivars.

At 600 plants/m?, Laurier and Bruce sﬁow no significant differ-
ences among seeding dates. This implies that environmental differences
did not affect the production of heads/m?, probably because very
little tillering ;as involved at this rate. More or less favouraSIe
climatic factors thus did not have significant effects. )

In 1982, increased seeding rates resulted mostly in significantly,
higher numbers of heads/m? as has been reported in earlier stu&ies in
smill cereal grains (Jones and Hayes, 1967; Kirby, 1967; Puckridge i
‘and Donald, 1967; Finlay et al, 1971; Willey and Holliday, 1971). The
cultivar Loyola, however, shows no significant increase in heads'/m2

from 450 to 600 plants/m? and Bruce shows a significant increase in

heads/m? only from 150 to 300 plants/m? (Table 12).

4.3.4 Cultivar effects

The 1981 cultivar mean differences are presented in Table 10. 1In

general, Bruce produced more heads/m? than the two other cultivars,

° ’
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TABLE 12, The effect of seeding rate and cultivar on heads/m? of
barley in 1982 experiment

Seeding rate

(plants/m?) Laurier Loyola Bruce
/ o~

150 334.5 285,5 \376.5

300 ) 359.5 327.0 428.0

450 | 411.5 380.5 "529.0

. 600 464.5 411.0 : 592.0

LSD (.05): between two seeding rate means of the same cultivar:
34.5; Dbetween two cultivar means at the same rate of seeding: . 34.5.

1

especially Loyola. Loyola definitely produced fewer heads/m? than

the others, apart from date 3 at 150 plants/m?. Laurier was inter-
mediate to Bruce and Loyola. In general, there is a trend toward a
differential behaviour for Loyola under certain conditions. As - .
mentioned earlier, Laurier and Bruce show no seeding date effects at

600 plants/m?, while Loyola shows none at 300 plants/m?. At seeding

-

dates 1 and 2, neither Laurier nor Bruce show difference 'in the

number of heads/m? at 300 and 450 plants/m?, while Loyola does. Head

e

population differences are presumably a result of the capacity of the

cultivars to produce and support tillers to maturity. Bruce appeared

}
to have a lower level of inter—tiller competition than Laurier and

v
i

Loyola at the intermediate seeding rates: 300 and 450 Plants/m? and

W2
B

at seeding dates 1 and 2, i.e., under the seeding rates closest to

the regional’ agricultural practice and under the seeding dates

- \

allowing a longer growth period. R

v
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The, 1982 simple effects of cultivars at the same seeding rate
‘ L 4 ’ .
are presented in -Table 12. Again, the cultivar Bruce produced more
heads than did Laurier and Loyola. Laurier produced more heads than

Loyola at the higher seeding rates énly.(Table 12).

S

These results demonstrate that factors qutrol}ing the number of
heads per %ﬁit area are two-fold. There is genetic variability among
cultivars in t@e number of tillers Produced% already described by
Black andgéidgoway (1977) and McLaren (1981) and .illustrated in. this
e;periment~by the higher head p;oduction, both in 19§1 and 1982, of
Bruce compared with Loyola. ?heré is also the ability to maintain a
high number of head-forming tillers, that varies with environmengal
conditioﬁs, as demonstrated by Loyolg in 1982. At seeding date 3 only,

Loyola produced a number of heads/m? not significantly different from

4

' Laurier (Table 11). This occurrence of cultivar differences, coupled

"with a seeding date interaction in both years, confirms the finding‘of
Baker and Briggs (1982), who recognized this dual effect in their
tests of 10 cultivars of spring barley over three years.

! i
4.3.5 Relationships among treatments

Significant (p = 0.05) variations due to treatments (Appendix
tables 1 and 2) led to the calculation of regression equations for the
number of heads/m* for each cultivar. These equations are presented

in Table 13. - .

Head population at harvest is the first yield component*to be

determined during the growing season. In 1981 the iggortance of the

-
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. H=381.73 - 3.12x

0:01x2 -+ 0.49z

¢ )
'TABLE 13. R-square (R?) and-regression equation of heads/m? on seeding—é;te2 and-
" seeding rate® in 1981 and 1982
“ \ Y - .
Year - Cultivar Equation ) R? Pr > F
1981 Laurier H = 259.62 + 1.03x - 0.07x? - 0.07z + € 000322 0.39  .0001
Loyola  H = 243.75 + 1.07x - 0.007x? - -0.17z + 0000522 7 0.52 . ~.0001
: Bruce H = 239.59 + 1.00x - 0.008x? +'0,27z o, 0.43  .0001
» ’ * ( '
1982 Laurier “H = 346.04 - 2.36x + 0.01x? + 0.29z. ’ 0.40  .0001
) "Loyola  H = 269.16 - 1.21x + 0.007x* + 0.282 \ 0.37 ' .0d01
\ Bruce + - .0.62  .0001

lHeads/m* : H

2seeding date

3Seeding rate

-

e
A
.
b

X fdegfsg;QTys after earliest seeding)

z (plangs/m{)
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°
combined effects of climatic factors a.ng)management practices, such

as the choice of cultivar and®seeding rate, was well demonstrated by

P
the complex interaction of seeding dates, seeding rates and.cultivars.

g 7 .

In- 1982, however, the effects of climatic conditions were less wariable

during the season and the pattern for supporting more culms- to maturity

was clearer. In 1981, the seeding date effects appéared not to be-

solely related to degree-days lost in the spring aﬁd, therefore, to°
"\, N

the length of the growing season; but also to the various amounts of

precipitation accumulated during growth stages. Regression equatioris

?

" replacing degree-days after the earliest seeding by climatic data to

regrése‘tft the seeding date effect were obtained through stepwise

regression (Table 14) and confirm the statement made previously on

. ~

. : A
the rdinfall .effect during stem elongation to heading in section 4.3.1.

For all three cultivars, replacing.-degree-days after the earliest
" ’ ] .
seeding by precipiﬁation during stem elongation gave similar multiple

correlation coefficients to those of thejequations using degree-days_

4
<

- - .’
and led to a simpler equation. -

With this: ‘change’ of variable, the multiple correlo.antaion coefficient
d:‘i.d not improve. Further variations in heads/m? are thus probably not
due to the effect of seeding date. ° Moreover, similar R? values are
obtained in 1982 when the e%fect of seeding date is less ambiguous.___ ',

. it
This implies that some external factor caused variations of heads/m?

that cannot be explained by treatments or meteorological events. It
is possible that the difference in seeding rates that occurred within

gome plots due to mechanical seeding is partially responsible for

T~ - . -~
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this unexplained variation and, of'course, it is mostly reflected in

variation in heads/m?. However, R? Vélg:s of .39 to .62 are still

very acceptable in a study of this size.

4

-\

)

TABLE 14. R~square (R?) and regression equations of heads/m? on
precipitation at stem elongation? and seeding rate® in 1981
7 =~ - 3
gultiygf . ﬁquation - R? Pr > F
Laurier H = 235.42 + 1.08a - 0.07z +.0.0003z2 0.39 .0001
Loyola - H = 227.47 + 0.94a - 0.18z + 0.0005z2 0.51 .0001
Bruce - H=273.95+ 0.22a + 0.262 0.43 ~ .0001

lHeads/m? : H
' 2Precipitation at stem elongation
'+, JSeeding rate : z (plants/m?)

’ |

hd 1

4.4 Gfaiﬁs/head L) |

4.,4.1 Seeding date effects

It is generally accepted in the literature that delays in

: a (mm) "

seeding affect grain numbers per head,R but there is much variability

in the nature of effects reported. In these trials, there were

significant differences among seeding date means in both 'years in

1982 (Appendix tajples 1 and 2).

. addition to a significant seeding date x seeding rate interaction
o

)

N i
In 1981 and 1982, all seeding date means were significantly

different from each other and Erains/head incréased from early to

later seedings, with one excep

similar trend was observed by Jessop and Ivins (1976).

e — o

N

f

ion in 1982 (Tables 15 and 16).v A

in

s
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TABLE 15. The effect of seeding ¢afe on grains/head of barley in 1981

. Seeding date ' . , Grains per head
. ) 1 28.2
34.9 /

3 ‘ : 35.8

- LsD (.05) = 0.8

head of barley in 1982 \

[y

TABLE 16. The effects of seeding date and rate of seeding on grain}/

Seeding rate (plants/m?)

Seeding date

150 300 450 600
1 37.9 33.2 28.6 25.7
2 41.3 . 37.2 . 30.4 26.5
3 , 45.6 39.9 36.0 . .32.0

“

LSD (.05) : between two seeding date means at the same seeding
rate: 1.6; .between two seeding rate means of the same seeding date:
1.6.

4.4.2 Nitrogen rate effects

Nitrogen 'rate means showed significant differences in 1981 but
not in 1982, as expected (Appendix tables 1 and 2). In 1981, however,
the importance of the effect measured through thé size of the variance
ratios is small compared with other treatments (Appendix table 1).

The hfghest nitrogen rate resulted in a higher number of grains per
™

head (Table 17).
]

@,
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In this aspect, our results agree with those of Halse et al (1969)
and Dale and Wilson (1978). These workers reported reduced numbers of
grains per head of six-rowed barley with low nitrogen treatments.
Scott (1978) also reported six;more griins per head of wheat with
higher nitrogen rates. According to him, the number of grains per
spikelet is closely related- to the level of available nitrogen in the
s0il during pre-anthesis floret development. Campbell and Leyshon
(1980) reported that seed set in barley was not affected by nitrogen
rates; thus, it appears that nitrogen would have affected the number
of grain sites per head rather than the seed set,

TABLE 17. The effect of nitrogen level on grains/head of barley in

1981 .
Nitrogen rate )
(kg/ha) Grains per head
15.6 2.4
31.2 0 }
46.8 | 34.7 !

LSD (.05) = 0.7

4,4.3 Seeding rate effects

In both 1981 and 1982, seeding rate treatments showed signifi-
cant differences as well as a rate x cultivar interaction in 1981,
and a seeding rate x seeding date interaction in 1982 (Appendix °

tables 1 and 2), as pointed out in section 4.4.1. However, in both

years, increas%ﬂg/ﬁééggng rates resulted in decreased numbers of

«*U
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grains per head for all cultivars and at ail seeding dates, since no
interaction with cultivars was noted in 1982 (Tables 16 and 18). In
1982, increasing seeding rates decreased grains/head. by 32, 35 and
29% for seeding dates 1, 2 and 3, respectively (Table 16). \In 198},.
however, increasing seeding rates decreas%ﬁ grains/head by 29, 34 and
347 for cultivars Laurier, Loyola and Bruce, respectively (Table 18).\
These results confirm the wayxk of Kirby (1967), who observed a linear
decrease in the number of grains per head of barley with increased
density. These results also show that the cultivar x seeding rate
interaction noted by Faris and De Pauw (1981) with spring wheat failed
to occur in this experimeni, although cultivar Laurier is less

affected than Loyola and Bruce in 1981 (Table 18).

4.4.4 Cultivar effects

Cultivar differences were significant and important in both 198}
|
and 1982. A cultivar x seeding rate interaction pointed out in
section 4.4.3 was also significant in 1981 (Appendix tables 1 and 2).
In both years, the cuitivar Loyola produced significantly more grains/
head than did Laurier and Bruce under all seeding rates (Tables 18 and

i)
k%? . In 1981, some significant differences appeared also between

Bruce and Laurier at 150 and 450 plants/m? (Table 18).

2

It appears that the cultivar producing the lowest number of heads/
m? also produces the highest number of grains/head. Loyola definitely
exhibits a genotypic characteristic for producing smaller numbers of

heads/m? and higher numbers of grains/head than the two other cultivars.



TABLE 18. The effect of Seeding rate and cultivar on gra}ns/head of
barley in '1981

Seeding rate

(plant:s/m2 ) Laurier ) Loyola Bruce
150 35.4 \ 44.3 39.5
300 33.1 39.0 3% .4
450 29.1 34.2 30.7

600 25.1 28.9 25.9

LSD (.05) between two seeding rate means of same cultivar: 1.5;
between two cultivar means at the same seeding rate: 1.5.

TABLE 19. The effect of cultivar on grains/head of barley in 1982

Cultivar Grains/head
Laurier ) 32.7

. Loyola . 38.8
Bruce . 32.0

LSD (.05) = 0.8

4.4.5 Combined analysis of the two
experiments

. .

Combined analysis of some of the treatments is shown in Appendix '

tabie 6. Seeding date effecté are not consistent over years and the
date x year interaction is significant. The means of nitrogen rates
at tillering can be pooled over years. The dat% of seeding x nitrogen
rate interaction is consistently non-significant over years. The
absence of interactions at the sub-sub-plot level in both years

permitted showing the effects of nitrogen ag,tillering on grains/head

in Table 20. The highest nitrogen rate resulted in"a 4 and 3%

d
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increase in grains/head over the lower and medium nitrogen levels,

-

respectively. .

TABLE 20. The effect of nitrogen level on grains/head of barley over
the 1981-1982 period

Nitrogen rate

(kg/ha) Grains/head
15.6 33.4
31.2 33.6
46.8 34.8

LSD (.05) = 0.7 \

4.4.6 Relationships among treatments

Significant (p = 0.05) differences observed among treatment means

.

(Appendix tables 1 and 2) led to the calculation’ of regression

equations for the number of grains per head for each cultivar (Table 21).

Compared with the multiple correlation coefficient (R?) for
heads/m?, it appears that the yield component grains/head is more
predictable than heads/m?, since only two variables (degree-days after

earliest seeding and seeding rates) account for 61 to 817 of the

variation in grains/head associated with seeding date, nitrogen rate

[

at tillering and seeding rate.

A single equation accounting for the observed data during the
two~-year period was developed for each cultivar (Table 21). These

equations should be tested in future years.
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TABLE 21. R-square (R?) and regression equations of grains/head! on
seeding date? and seeding rate® in_ 1981 and 1982 and over both years

Year Cultivar Equation R? Pr > F

35.25 + 0.12x - 0.0005x? - 0.02z 0.69 .0001
41.97 + 0.16x - ?.0007x2 + 0.07z 0.74 .0001
0

"
]

1981 Laurier G

Loyola G =

Bruce G=36.28 + 0.16x - 0.0008x2 + 0.06z 0.81 .0001
1982 Laurier G = 40.43 + 0.04x - 0.02z ' 0.61  .0001

Loyola G = 47.48 + 0.06x - 0.03z 0.77 .0001

Bruce = 39.87 + 0.04x - 0.02z 0.65 .0001
1981- Laurier G = 38.39 + 0.04x ~ 0.02z 0.60 .0001
1982 iyola G = 46.51 + 0.06x - 0.03z 0.71  .0001

Bruce = 39.73 + 0.05x - 0.02z 0.69  .0001

'¢rains/head : G
2Seedﬁng date: x (degree—days. after earliest seeding)

3seeding rate: z (plants/m?)

One is tempted from the re;ults(df 1981 to find a reason for the
low number of grains/head in seeding datg'l compared with the other
dates, since the numbers of heads/m? were so low in ;eeding’éaté 1.
Regression equations using meteorological data in place of dggree-dayé

lost in the spring were selected through the stepwise procedure and

are presented in Table 22.

. In the three cases, the replacement of the degree-days lost at

seeding to dccount for seeding date effects on grains/head resulted
in very reasonable but decreased multiple 'correlation coefficients.,
This confirms the fact that the number of grains/head responded up to

a certain point, to precipitation during stem elongation. The latter

Id . R .
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variable was detrimental in thL number of grains/head for seeding

date 1, just as it was for heads/m?, and eliminated the possibility

for compensation. The fact that the seeding date 3 response is not

—_—

related to precipitation during stem elongation resulted in a

decreased R? as comparedeith Table 21.

TABLE 22. R-square (R?) and regression equations of grains/head® on
precipitation at stem elongation? and on seeding rate?® in 1981

Cultivar Equation R2? Pr > F
Laurier = 36.64 - 0.08a - 0.02z 0.49 .0001
Loyola = 46.83 - 0.07a - 0.03z 0.54 .0001

= 41.87 + 0.04a - 0.02z - 0.55 .0001

Bruce

1Grain{s /head : G
2Precipitation at stem elongation : a (mm) .

3Seeding rate : z (plants/m?) ' o

Y

4.5 Weight per one thousand grains

4.5.1 Seeding date effects

In both years there were significant differences among seeding
date mfans in addition to differences due to the following inter-
acti7 s: seeding date x cultivar in 1981 and 1982; seeding date x

seediffg rate x cultivar in 1981? seeding date x seeding rate in 1982

(Appendix tables 1 and 2).

In 1981, the decline in weight per 1,000 grains with delayed

seeding was very clear (Table 23). In 1982, delaying éeeding dates

‘decreased weight per 1,000 grains for all cultivars (Table 24) and

-
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alllseeding rates (Table 25). Therefore, the effect of seeding date

was consistent over most managerial conditions. These results confirm

those of Stoskopf et al (1974), and several others who found that

I

[grain weight declined markedly with delays in seeding date.

TABLE 23. The effect of seeding date, seeding rate and cultivar on
weight per 1,000 grains (g.) of barley' in 1981

Seeding Laurier Loyola ) Bruce
rate =
(plants/ : Seeding date : : .

m? ) 1 2 3 1 2 3 1 2 3

150 46.42 43.00 39.é£ 46.60 41.19 38.47 38.58 36.36 34.50
300 46.31 43.34 40.21 42.6% 40.95 38,10 38.60 35.01 33.52
450 45.18 42.77 39.46 41.51 39.26 35.62 38.84 34.02 32.80
600 46.81 40.49 38.63 38.89 37.61 35.22 37.63 34.06 31.01

LSD (.05) : between two seeding date means of the same cultivar
‘at the same rate of seeding: 1.32; between two seeding rate means of
the same cultivar at the same date of seeding: 1.32; between two
cultivar means at the same date and at the same rate of seeding: 1.32.

i

TABLE 24. The effect of seeding date and cultivar on weight per 1,000
grains (g.) of barley in 1982

Seediné date Laurier Loyola Bruce
1 ” 44.65 42.16 36.76

2 39.63 35.26 33.24
36.63 ; 33.25 30.38

LSD (.05) : between two seeding date means of the same cultivar:
0.82; between two cultivar means at the same seeding date: 0.81.

v
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,/"érain growth increases moderately with temperatures. To check for

-
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TABLE 25. The effect of seeding date and seeding rate on weight per
1,000 grains (g.) of barley in 1982
Seeding rate (plants/m?)
Seeding date '
‘ 150 300 450 600
K 40.68 41.16 41.54 41,39
35.68 35.75 36.25 36.39
3 34.85 7 33.53 32.98 32.31
LSD (.05) : between two seeding date means at the same seéding
rate : 0.94 !
The mechanisms by which the weight of grains is modified by the
environment are not fully understood. Chowdhury and Wardlaw (1978)
found. that with barley, high temperatures during grain filling reduced
grain size. However, Wiegrand and Cuellar (1981) explained the

dependence of 1,000-grain weight on the duration of grain filling by -
demonstrating that temperature in excess of 15°C commonly shortened

"

thg\dpration of érain filling‘in southern U.S.A., although the rage of
> o

seeding date effects, partial correlations adjusted for nitrogen

rates, seeding rates and cultivars were calculated (Table 26). 1In

our trials, the accumulation of degree-days durihg grain filling

showed definite increases as seeding was delayed (Table %g&., It

appears that chaqges in 1,000~grain weight with delayed seeding may

be due to temperature. o

§

J
Wells and Dubetz (1970) and Russell et al (1982) have

A

demonstrated that post~anthesis climatic conditions are important for




!
1,000-grain weight determination, so that precipitation might also be
important. Lawlor et al (1981) confirmed that it is the duration of

grain filling that affects grain growth.

-

TABLE 26. Probability levels and partial correlation coefficients

between seeding date or 1,000—grain weight and selected meteorological

data or duration of grain filling adjusted for nitrogen rates,
cultivars and seeding rates in 1981 and 1982

Average Average Duration of
degree—-days precipitation . en e
Year , , grain filling
during during (days)
grain filling grain filling -
Seeding 1981 0.87 (.0001) -0.79 (.0001) -0.07 NS
date! 1982 0.76 /(.0001) -0.74 (.0001) -0.78 (.0001)
1000~ . .
grain 1981 -0.67 (.0001) 0.68 (.0001) 0.12 (0.0125)
weight 1982 »=0.62 (.0001) 0.66 (.0001) 0.65 (0.0001)

1In degree-days after earliest seeding

In 1981, seeding dates and the duration of grain filling (heading

to grain maturity period) were not correlated (Table 26) but the

partial correlation (adjusted for nitrogen rates, seeding rates and

cultivars) between precipitation during the grain filling period and

1,000-grain weight is highly significant: r = 0.68 (Table 26). The

1981 results would thus tend to associate higher grain weight with

greater precipitation during grain filling.

precipitation during grain filling happened to be less (r

As seeding was delayed,

= -0.79)

and less, and consequently, 'grain weight diminished (Table 26).
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In 1982, however, delayed seeding date was associated with a

shorter duration of grain filling, r = ~0.78 (Table 26). Therefore,

' T -

the same partial correlation between 1,000-grain gsight and the

4 s

duration of grain filfing is also very high, r ~0.65 (Table 26). It

appears, then, that in 1982, higher grain weights in early seedings

were associated with longer grain filling periods. However, 1,000~

grain weight seems to be associated also with precipitation during

grain filling, r = 0.66 (Table 26). ,é

: s
t

It appears that dLlaying the seediné“date did not automaticall

. reduce the grain filling period, but rather, precipitation and degree-

/

-
days accumulation during grain filling, which depend on the séeding

N [

date, did influence grain weight in both years. This may imply that

‘

the duration of grain growth in 1982 was affected by the amount of

precipitation or accumulation of degree-days and led to smaller grains

when precipitation was less abundant or degree-days accumulation was

r y
v

more important.
i

A situation was reported previously by Lawlor et al (1981) where
the duration of grain growth was affected by drought. Whether’or not
the length of the grain filling period was related to precipitation -
in 1982 and/or temperature, it certainly limited the time during which
assimilates were produced and transported to the grain. These results
confirm the findings of Wells and Du%ﬁtz {1970) and Russell éf_gl
(1982) in that post-anthesis climati; conditions do influence the
1,000-grain weight. The apparent contradiction between the results of

1981 and 1982 can be explained by Russeli et al (1982). They wrote

&
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- that the period at which grain weight is  determined is still obscure,

N

v

since grain filling depends both on photosynthesis after and on, the
translocation of assimilates formed before anthesis. According to
Russell et al (1982), translocation seems to be important in years

, when post—anthesis conditions are adverse for photosynthesis.

It is .also possible that in 1981, when lodging occurred, it- :

Aol e

s

interfered with the normal length of the grain filling period and- .

=] ©

" ‘ this would be reflected in the partial correlations between seeding =,

Fl

date and 1,000-grain weight with the duration of grain filling,

although it is doubtful that lodging would "affect an existing

relationship to that point. Further experimentation is required to -
¢ .

: _ determine the nature of effects of seeding date on 1,000-grain weightz

! ( e ) v ¥ ; °r

e

4.5.2i\Nitrogen rate effects ‘ . .

Nitrogeh rate means showed significant differences in 1981 only, ~

although the importance of the effect is much less than.that of seedin
dates (Appendix Table 1). The non-significance of this treatment in .
1982 has been explained earlier. The weight per 1,000 grains tended .-

. to decrease significantly with increasing nitrogen rates, from 15.6

Lt to 46.8 kg/ha, by 2.1% (Table 27). ) -

~

'  Published evidence showing significant increases in grain weigb;f’g

’

with nitrogen (Done and Whittington, 1980) .is mainly from e

—

. witg low:or moderate nitrogen rates. In this experiment, nitrogen was
not applied at higﬁ rates, but constituted a second and later

(;j ‘ applicatien so that the-effect of the,s§tra ammoniu; nitrate was

~ M-
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extended over a longer period of time, into the post-anthesis period. '

Thus, nitrogen depressed grain weight. These results confirm the

&

work by Read and Warder (1982) and Scott (1978)., Yield depressiom

might well .occur from excessive vegetative growth due to excess-

-

nitrogen- resulting in reduced individual grain weights.

-

o

‘TABLE 27. The effect of nitrogen level on weight per 1,000 grains of
barley in 1981

o Nitrogen rate
(kg/ha)

1,000-grain weight
(g)

15.6
31.2

-

N

" 39.53
38.98

' - 46.8 o 38.68 P

LSD (.05) = 0.39 - - ]
, - [ ‘

4.5.3 Seeding rate effects . ' :

Seeding rates means showed significant differences in 1981 onlf,

°

but their overall effect was relatively less important than seeding
, -

.date or cultivars effects (Appendix table 1).

_‘;ncreasing seeding rates tended to somewhat decrease grain weight’ ¢
& (éable°23). The de;}ease is more pronounced as seeding dates are
delaye& for the cultivars Loyola and Bruce. Laurier shows a signifi- .
cant decrease at 600‘p1ants/m2 only at all seeding dates (Table 235.
The“reBUICs of this study suggest that when moisture is less abundant,

e

siwch ds 'ifi seeding dates 2 and 3 (Appendix table 3), lower seeding

T

rates are to be preferred, at least for Loyola gnd Bruce. These

: . Ve
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conclusions are in agreement with those of Read and Warder (1982), who
reported that lower seeding rates are best when moisture is limited,

o«

for individual grain weight.

In 1982, the later seeding dates also generally resulted in lower
rainfall during grain filling éAppendix table 3). However, no seeding.
rate effect was observed. This confirms the findings of Singh (1981),
where a crop supmitted’to early drought during the season is much less

affected by water stress throughout the rest of its life.
P
rl’

4.5.4 Cultivar effects

<

Cultivars showed the latgest significant effects in both years
expressed by the magnitude of their variance ratios (Appendix tables 1
and 2). The 1,000-grain weight comparisons among cultivars were very

similar over years and treatments.

Weight per 1,000 grains among cultivars decreased in the following

order: Laurier, Loyola and Bruce in 1982 (Table 24) and in 1981

(Table 23), with‘one exception in seeding date 1 at 600 plants/m?.

Wiegrand and Cuellar (1981) demonstrated that a génetic factor

Q
dominated the rate of'§§1ling and, environment the duration of filling.

—

Moreover, they concluded in their study that if the duration of grain
filling in wheat cultivars is fixed by temperature, the final grain
welght will be proportional to the rate of grain filling. This was

well demonstrated in this experiment; however, the correlations study

o

did not indicate clearly whether barley cultivars would be’ influenced

{ '

<
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more by precipitation or by temperature (Table 26), although it is not

always possible to separate the effects of the different environmental

factors that occur. in the field. o

4.5.5 Combined analyses of the two
experiments

Pooling of the\l,OOO-grain weight data was not possible since the
hypot#esis of homogeneous error variance was rejected at the .05 level
of significance as mentioned in section 4.4.,1. Although weight per ~
1,000 grains is the yield component with the smallest coefficient of
variation within years (4,227 in 1981 and 5.507 in 1982) (Appendix
tables 1 and 2), variation over the two years is too wide to permit
pooling. Weight per 1,000 grains is often used as a reference for
cultivars or for seeding rate calculations based on seed number.
However, it appears that wide variations occurred from 1981 to 1982.

This situation suggests that 1,000-grain weight values be revised for

each crop in order for this information to be closer to reality.

- 1

4.5.6 Relationships among treatments
P n

Sié;ificant (p = 0.05) variations due to treatments (Appendix
tables 1 and 2) led to, the calculation of regression equations for
weight per 1,000 grains for each cultivar. These equations are
presented in Table 28, As for the yield component grains/head,
weight per 1,000 grains is very predictable since the R—sqdére values

(R2 )y indicate that one to three treatments accounted for 61 to 807 of

the variation associpted with the treatments.

*
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TABLE 28. R-square (R?) and regression equations of weight per 1,000

e grains! on date? and/or seeding rate® and/or nitrogen rate at tiller-
ing" in 1981 apd 1982

‘Year Cultivar Equation [ RZ Pr >F ;
1981 Laurier W = 47.02-0.04x- 0.05w + 0.007z 0.60 .0001

Loyola W = 43.01-0.03x+0.002z~ 1.49 x 1072z 0.59 .0001

Bruce W = 39.16 - 0.05x + 0.0002x2 - 0.0002z 0.74 .0001
1982, Laurier W = 44,65~ 0.09x + 0.0003x? 0.61 .0001

Loyola W = 42.16- 0.l4x+ 0.0006x2 N 0.80 .0001 - -

Bruce W= 39.08-0.04x- 0.004z 0.63- .0001

5y

'Weight per 1,000 grains : W (g) ;
2Seeding date: x (degree-days from earliest seeding) 5
3seeding rate: z (plants/m?) '

“Nitrogen rate at tillering: w (kg/ha)

) 4.6 Phenolpgical stages ’ ) ’ K

AN
s

The abundance of data concerning the length of growth stages led

S h e e

to a selection within the analysed information. The most important

treatment effect for each growth stage was selected and is discussed

—

here.

e e M i > v

‘j 4,6.1 Seeding date effects

Highly significant and imporﬁant differences among seeding date

means were found for the number of days from seeding to seedling ———

J
emergence and from headi%g te grain maturity (Appendix table 7).
t

LY . W
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The 1982 seeding date effects for these two periogs are shown
4 .
in Table 29. Early seeding always resulted in a largér number of
days for plants to emerge. Guitard and Faris (1968) reported a high

correlation coefficient for the germination times of 259 different

; .
| entries of the world Barley Collection at 4, 12, 20 and 28°C. grench

and Schultz (1982) also defined the number of days during this

interval from degree~days of maximum and mean air temperature. Similar
results to those of Guitard and‘Faris (1968) were obtained in this
experiment with a much narrower range of temperatures. The number of
days between seeding and emergence is highly correlated, r = -0.81
(adjusted for nitrogen rates, seeding rates and cultivars), with the

average of degree-days accumulated during this period (Table 30).

The length of the seeding to emergence jeriod is also, but to a lesser

degree, correlated with rainfall accumulation during this period,

r = -0.50 (adjusted for nitngen rates, seeding rates and cultivars)
(Table 30). This is an indication that emergence is conditioned
primarily b} temperature, and to some extent moisture, so that
delaying the seeding date in a normal season should result in more

rapid emergence.

It is more difficult to detect an effect of the length of the
emergénce period on a specific yield component. However, it clearly
has an effect on the length of one of the subsequent growth stages,
the period from seeding‘emergenée to stem elongation. Time to
emergence and time from emergence to stem elongation are negatively
correlated (Table 31). The relationship to the subsequent érowﬁh

stage, stem elongation to heading is much weaker (Table 31).

71




e

’
'

TABLE 29. The effect of seeding date and cultivar on the number of
days from seeding to emergence and from heading to maturity of barley

¢ in 1982
Seeding Seeding to emergence Headlng to maturity
date Laurier Loyola Bruce Laurier Loyola Bruce
1 12.6 13.0 12.2 29.7 27.3 29.0
2 9.8 10.1 9.7 25.3 22.7 24.3
3 9.1 10.9 8.6 22.4 20.5 20.6

LSD (.05): between 2 seeding date means of the same cultivar
from seeding to emergence: 1.0; between 2 seeding date means of the
same cultivar from heading to maturity: 0.5.

TABLE 30. Probability levels and ﬁértial correlation coefficients
between some growth stages and some meteorological data, adjusted for
nitrogen rates, seeding rates and cultivars in 1982

Average Average Average Average
Growth degree-days precipitation degree~days precipitation
stages from seeding from seeding from heading from heading-

" to emergence tO emergence to maturity to maturity
Seeding v '
to -0.81 -0.50 - -
emergence’ (.0001) (.0001)
Heading to - - -0.83 0.68
maturity (.0?01) (.0001)
1n days }

However, as for time to emergence, the periods from emergence
to stem elongation and from stem elongation to heading do not show
particular interesting relationships, either with yield components or
with grain yield (Table 32). Thus, the time to emergence, even through
its influence on the length of the next phenological stage, did not

appear to play an important role in yield determination.

72
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TABLE 31. Probability 1levels and partial correlation coefficients
between time to emergence and subsequent growth stages, adjusted for
nitrogen rates and seeding rates and cultivars in 1982

Period Emergence to * Stem elongation Emergence to
from stem elongation to heading heading
Seeding to -0.54 0.32 -0.36 <
emergence (.0001) (.0001) (.0001)

TABLE 32. Probability levels ‘'and partial correlation coefficients
between growth stages and yield or yield components adjusted for
nitrogen rates, seeding rates and cultivars in 1982

1,000-grain
weight

Period

e 2 .
from Grain yield Heads/m Grains/head

Seeding to :
emergence 0.33 (.0001) NS NS 0.48 (.0001)

Emergence
to stem
elongation =-0.13 (.0047) -0.19 (.0001) 0.14 (.0029) NS

Stem

elongation :
to heading NS NS 0.11 (.0136) 0.16 (.0001)

Heading to
maturity 0.53 (.0001) 0.53 (.0001) 0.43 (.0001) 0.65 (.0001)

i
o

Seeding date effects on the number of days from heading to
maturity are shown in Table 28. Delaying the seeding date from
April 28th to May 7th reduced the peFiQd of heading to maturity by
14.8, 16.8 and 16.2%, and to May 1l5th by 24.5, 24.6 and 28.9%, for the
cultivars Laurier, Loyola and Bruce, tespectively. This effect of

shortening the grain filling period was also noted by Beech and Norman

(1966), Syme (1972) and French et al (1979). The length of the heading

2
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to maturity period is highly correlated with the average degree-days
accumulated during this period, r = -0.83 (adjusted for cultivars, -
nitrogen rates and seeding rates) and to the precipitation, r = 0,68

(adjusted for cultivars for nitrogen rates and seeding rates) (Table 30).

These correlations indicate that both temperature and rainfall
<

might have been important in determining the duration of grain filling

in 1982 as pointed out in the digcussion on weight per 1,000 grains.

This drastic effect of seeding date on the length of the post=
flowering period had some consequence for yield components. The
1,000-grain weight is highly correlated with the duration of the
" heading to maturity period in 1982 (Table 26). Through the effects
of the length of the grain filling pefiod on weight per 1,000 grains,
grain yield is also positively correlated with the length of khe grain
filling period, r = 0.53, adjusted for cultivars, seeding rate and
nitrogen rates (Table 32). This study confirms other reports ‘on the
importance of the length of the grain filling period on grain yield

(Daynard et al, 1971; Gebeheyou et al, 1982).

4.6.2 Seeding™rate effects

1

Highly significant and important differences among seeding rate \
means were found for the number of days from emergence to stem
elongation (App%?gix Table 7). The 1982 seeding rate effectr are

shown in Table 33. \

v
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TABLE 33. The effect of seeding rate ‘on the number of days from
emergence to stem elongation of barley in 1982

Seeding Laurier Loyola Bruce
rate’ .

(plants/ Seeding date )
m?) 1 2 3 1 2 3 1 2 3
150 31.3 32.0 32.7 31.5 34.7 31.5 31.6 32.7 32.5
300 30.7 31.0 29.7 -- 30.0 32.3 30.2 30.4 30.8 30.5
450 28.7 29.4 28:3 30.5 31.0 28.4 27.5 29.1 29.0
600 29.0 29.5 28.9 28,9 31.0 28.5 26.5 29.0 29.4

LSD (.05) : between 2 seeding rate means at the same seeding date
of the same cultivar: 1.2.

The number of days from emergence to stem elongation tended to

decrease with increasing seeding rates. This is mainly due to the

-fact that tillering lasts longer in thin populations which must com=-

' pensate for a low number of seedlings., It is also interesting to

note that the duration of the emergence to stem elongation period is
somewhat correlated with the first two yield components, probably
through the effects of the number of heads/m? and its negative
relationship to grains/head (Table 34). Grain yield and number of
heads/m? are negatively correlated with this period since less dense
stands did produce a lower number of heads/m? and lower grain yield in
1982. Grains/head, on the otheF hand, is positively correlated with
this period. These results confirm that of Gebeheyou et al (1982),
who demonstrated that the duration Pf the vegetative period was
positively associated with grains/dead but negatively with heads/m?,

(3

which in turn had some effect on yield.

% * - PO
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TABLE 34. Probability levels, and partial correlations between the

duration of the emergence to. stem elongation period and yield or

heads/m? or grains/head, adjusted for seeding date, nitrogen rates and
cultivars in 1982

Period from Grain yield Heads/m? ‘ Grains/head
Emergence to -0.23 -0.43 ' 0.48
stem elongation (.0001) (.0001) (.0001)

4.6.3 Cultivar effects

The period not yet discussed, stem elongation to heading, Qaried
mainly with the various cultivars involved in the experiment (Appendix
table 7). Bruce required Qore time)than Loyola, ;nd Loyola more time
than Laurier, to attain heading (Table 35). The length of the stem
elongation to heading period seems, therefore, to be mostly genetically
fixed, although it does vary to a limited extent with seeding date, or
climatic effects, and seeding rates (Appendix table 7). The length of

this period is not related or is very slightly related to yield,
&

heads/m? and grains/head (Table 36). It does seem to have a certain

k)
relationship (Table 36) with weight per 1000 grains, but the overall

effects_on yield are not significant. Gebeheyou et al (1982) also
noted a positive relationship between the length of the vegetative .

period and individual grain weight. -

This experiment confirms the findings of Gebeheyou et al (1982),
who demonstrated a positive relationship between the duration of the
vegetative period and grains/head and individual grain weight, and a

negative relationship with heads/m?. This experiment, however,

v
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demonstrated that under 1982 cgpditions the relation;hip between the

vegetative period and the first tyo‘yield components is exerted in
_the early part of the period, i.e., from emergence to stem elongation

(Table 34) and the relationship with 1000-grain weight is exerted

later from stem elongation to heading time (Table 36).

TABLE 35. The effect of cultivar on the number of days from stem
elongation to heading in 1982 )

Days from stem elongation

Cultivar to heading -
Laurier 10.6
Loyola 12.3 .
] Bruce . 12.6
’ LSD (.05) ='0.2 ‘ ,
TABLE 36. Probability 1levels and partial correlation coefficients

between the duration of the stem elongation period and yield or yield
components, adjusted for seeding dates, seeding rates and nitrogen
rates in 1982

Period . . 2 . Weight per-
from Grain yield Heads/m Grains/head 11000 grains
Stem .
elongation NS 0.12 0.15 -0.40
to heading ’ (.0078) (.0015) (.0001) -
7
’ o
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4.7 Relationships among yield and :

yield components

4.7.1 Grains/m? vs grain yield

~a .

Grain yield‘was n;t particularly well related to ;he individual
yield components in 1981 (Table 37). It showed a better linear
relftionship with the number of heads/m? in 1982 (Tablé“37). Very
good linear relationship with the number of grains/m? was found in
both yeaJs (Table 38). This indicates tHat in both 1981 and- 1982 the
factors which influenced grain site development were relatively more \\:ﬁ
important than factors affecting subsequent grain filling. While '
1,000-grain weigﬂt may influence yield under some circumstances, the
component most closely relateé to grain yield was grains/m?. The
cultivaré were pooled, since their equations for predicting yield from
grains/m? were gimilar. Even the 1981 and 1982 equ;tions are almost
identical (Figure 4), so that the prediction of these models” appears .

excellent over years. Thus, a yield (Y) prediction equation based on . Q%\%\\\

_ number of grains/m? can be developed from this study:

2 o
L\ Y(g/mz) 83.01 + 0.03x, r 0.74

.
which accounts for variance associated with years, seeding dates,

* —
nitrogen rates, seeding rates and cultivars for 864 observations. The
yield prediction equation confirms a similar report by Black (1982) on

wheat subjected to years and fertilizer treatments.

Thus, the trsatment effects in 1981 appeared to be mostly
mediated through the effects on the number of grains/m?. Similar

relationships can be observed for 1982. It seems that in 1982, grain

" ‘ ,
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TABLE 37.

U

Linear regression estimates and coefficient of determination (R?)
for the relationship between grain yield and the individual yield components

P

~

in 1981 and 1982

Year Cultivar Regression Intercept Slope R2 Pr > F
;\h-. =]
1981 Laurier ()! vs (H)? 41.16 0.12 0.24 .0001
Loyola Y vs H 55.68 0.08 0.10 .0001
Bruce Y vs H 44 .41 0.09 0.21 .0001
Laurier Y vs (G)? " 40.99 1.22 0.20 .0001
Loyola Yvs G 35.03 1.25 0.31. .0001
Bruce Yvs G 43.84 1.05 0.20 ©.0001
Laurier Y vs (W) - - - NS
Loyola Y vs W - - - NS
Bruce Y vs. W - - - NS
&,
1982 Laurier Y vs H 40.93 0.15 0.49 .0001
. Loyola Yvs H- 44.81 0.14 0.43 Xoo1
. Bruce Y vs H 59.95 0.09 0.34 .0001
Laurier Y vs G - - - NS
Loyola Y vs G - - - NS
Bruce Y vs G - - - NS
Laurier Yvs W - - - NS
~;Loyola Y vs W -~ - - NS
" Bruce Y vs W - - - NS
ly : grain yield (g/0.2 m?)
e 2} : heads/m? -
- 3G : grains/head .
“W : 1,000-grain weight

6L
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TABLE 38. Linear regression estimates and coefficient of determination (RZ) °
for the relationships among grain yield and grain yield components in 1981

q

and 1982 , P
» ~ Year Cultivar Regression Intercept Slope R? Pr > F
1981 Laurier  Y! vs H? x G? 11.22 .007 0.86 .0001
- Yvs Hx GxW 1.22 .0001  0.97  .00Q1
‘ Loyola Yvs Hx G 7.35 .007 0.84  .0001
T Yvs Hx Gx W 2,67 .0001 0.97 .0001
° . ! '
: Bruce Yvs BxG 10.89 .006 0.87  .000Y
: Yvs Hx G x W 0.87 .0001 0.99 .0001
1982 Laurier Yvs Hx G 3.17 .007 0.74 .0001
YvsHxGxW, = =-0.04 .0002 0.99 .0001
Loyola Yvs Hx G 14.88 .006 0.66 .0001
" . Yvs Hx Gx W 0.008 .0001 0.99 .0001
N , -—
: Bruce Yvs Hx G -7.42 .007 0.78 .0001
v Yvs Hx G élw;*] 0.32 .0001 0.99 . .0001 )
LI — <] t ., _ ;}" — *
‘ ) 1Y : grain yield (g/.2m?) /- _~\ )
e e e * . i ™~ 7
S, . 2H : heads/m? /J
3G : grains/head
‘W 1,000-grain weight ~
- 3 ‘ $
~ a‘\Q e ) ’ \
: N L 2T
,i * G‘ - e \:\N .o
i ‘. . * - Y “
~ o '
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yield was also limited by the sites of storage (sink) rather than the

filling source. (Table 38). However, irf 1982, the limitations in

capacity of storage (sink) depended more ion the number of heads/m?

i

than on grains/head, since heads/m? alonetL accounts for. 49, 43 and 347 .
of the grain zield varj.ance associ'ax:ed wiFh tg‘e \_rérious treatments in
1982', versu‘s“ 24, 'Iﬁ and le_in 1981, for )ge cul}:ivars Laurier, Loyola :
and Bruce, Lrespectively (Table 37). Thistis probably due to the fact
‘that the 1982 e.arly season drought -that a,éfected all seeciing dates
limited mostly the numb.er of headé]m’. Thl‘ese results confirm the
findings of several authors who already reiated grains/m? to grain
yield, vsuch ag Willey and Holliday (1971) 1n England Kohn and Storrier
(1970) in Australia, Scott et al (1977) mJ New Zealand, McLaren (1981)
in England, fand Black (1982) in the U.S.A. McLaren (1981) explamed.
the linear relationship between grain }'161(:1 and- total number of
grains/m? through the following mecha.nism.“‘ The source activity eariy J
in the season determines the potential sink]‘ capa'cit};, whdch, in turn,
influ‘enceé subsequent sourf:e activity later in the seas . - )

When all three components of grain yield were combined, 97 to 997%

.

of the yield variance associated with the treatments in 1981 and 1982

L4

could be explained (Table 38).

[l ) A ' . f '
4.7.2 Compensation effects through )
a carrelations study f .

-

’/,(

In 1982, grains/head was negatively correlated with hgads/m?.

. 7

This is an indication of-compénsation (Table 39). On the other hand,

o

» 1,000~grain weight was weakly or not dorrelated with grains/m? .

-
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Table 39).‘ This inlciicates almost a complete absence of-;:ompensation
after anthesis. Still, in 1982, it is interestir‘xg to note that . ;
P'although g~rains/m* is signi‘.ficar:zly correlated with heads/m/‘,’ it is
very weakly or nort )at all correlated with( grains/head, th/qﬁlgh grains/m?

is tl';e diyrect product of heads/m? and grains/head (Table 39). This =
indicates that t/l':e number of grains/head for -each plot (which is’a
division of the number of Heads/m" by the weight of grain harvested
from these heads, t.he 1,000-grain weight being known) is an average
vglue frc;m very different head, sizes. Differences in the size of
heads appear to be‘a direqt conséquénce of the factors regulating
tillering and _survi‘val of tillers, whiéh dete’rmines the@headitpopu;a-

P
“tion, at harvest. This situation was probably associated with the -

sparse ralnfall during tillering and reflects the “lat:e-tlllermg
phenomenon f:hat could effectively be obser#ed in the field in 1982.
The cultlvgr Bruce exhlblts the poorest rélatmnshlp between grains/m?

-'and-‘gram;»/head, and was, in fact, the most'able to form productive

late tillers.

.

In.1981, heads/m? and grains/head were alsc negatively correlated

N ~

. but to a lesser degree than in 1982. The compensation mechanism was
less effective (Table 40) between the first two yield components than .
in 1982. The ‘1,000-grain weight appears somewhat compensating for the

v.{- . ,
cdltivars Laurier and Bruce, but very little for Loyola.

‘ Thus, in both years, compensation after anthesis does not appear
¢ g .
to have been so important. In 1982, when it did not appear to be

involved in compensation effects, weight per 1,000 grains contributed
\ vee : ¢ P

4

s

ir

R < N U
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Probability levels and linear correlation coefficiéth among
grain yield components of barley in 1982 .

Cultivar Ef%ins/head }’%z§;§:?in . Heads/uf
. ' 7 . -
\ / Heads/m? Laurier -.63 (.0001) - ) 1.00 '
C “Loyola -.61 (.0001) - 1.00
i Bruce ~.73 (.0001) L 1.00
Grains/m? Laurier .21 NS .58 (.6001)
° Loyola <25 (.0001) -.18 (.0001) .57 (.0001)
Bruce NS NS 4 .62 (.0001)

[

- TABLE 40. Rrobability levels and linear..correlatign coefficients among
some grain yield components of barley in 1981

3

(: Cultivar Grains/head 1,00q—graln Heads/m?
. wglght- -
* Heads/m? ‘Laurier -.44 (.0001) - 1.00
Loyola -.51 (.0001) - 1.00
Bruce -.49 (.0001) .- 1.00 .
° ’ . N ‘
Grains/m? Laurier .49 (.0001) -.41 (.0001) .54 (.0001)
. Loyola .52 (.0001) -.18 (.0001) .44 (.0001)
Bruce .46 (.0001) -.39 (.0001) .50 (.ooq?)

/
s

oo / /
)
. |
;
B \ 1
.

o

mote to yield variability, 25, 21 and 33% for the cultivars s
-
Laurier, Bruce and Loiola, respectively (Table 38), than~ig 1981

(Table 40). In 1982, the cultivar Loyola appeared to he the most

a ‘ .
Eh ' sensitive to environmental conditions after anthesis, since 337 of
A o w4 s

N the yiefd variability was still to be determined during grain filling.

t

(\' ‘ Since seeding date only had an important effect on the 1,000-grain

&



AR
3 . ,

weig?gzofqzoyola, it seems'that the dutation of graiﬁ filling‘highlzx\

' .

correlated with seeding date (Table 26) was more critical in 1982 for

» 9

Loyola than for the two other cultivars. Compensation mechanisms need
! .

4
now to be studied with regard to each of the treatmént effects.

- ~ N /
/
i ’

4.7.3 Compensation for seeding . '
date effecti ‘ .

The two ontogenically earlier yield components have been shown to

be related to each other in a negative r;Thtionship in this experiment

(Tables 39 and 40) and several others, such as Stoskopf et al (1974).

~

'These two components will thus be examined first. The culfivar ;

Laurier was chosen to illustrate the seeding date effects (Figures 5

- 1 and; 6) since there is no major difference among the compensation trends

¢

/ ' -
of the three cultivars. ~ Figure 5 shows clearly that both the effecgs

‘of heads/m? iﬁd grains/head contributed to the high yield in seeding
) /
date 2 for tﬁe cultivar Laurier in 1981. The usual negative relation-
/ .
D
ship between heads/unit area and grains/head, to compensate for a

lower number of Beaés/m’, did not occur in date 1. In 1981, the
diffefences in heads/m? betyeén dates 1 and 2 were eithgr non-
significant ¢r date 2 was higher than date 1 (Table 3). On the other
hand, gr;ins/ﬁead exhibited a definite significant decrease at date 1 -

compared with date 2 (Figure 5). This confirms the trend already

described by correlation coefficients in the previous section.
¢

,

We can thus conclude, as it has been suggested earlier in this /

B

study, that climatic conditions before heading, limiting heads/m? :

"

»

- LV
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did not allow for compensation in seeding date 1 by the grains/head

yield component. The drought period from stem elongation to heading'
»

suffered by seeding date 1 would explain the lower numbers for
grains/m? in seeding d;te 1 compared with seeﬁing date 2\(Figure 5).
These results confirm the f}pdings of [Wells a%d Dubetz (1970) and
Lawior gs.gl,(1981)\on the ¥ffects o sho}taggs of water and it ig

probable that longer dry conditions later,on would have had an effect.
» ° - J

also on the latest yield component, as these two authors also observed.
, . ' 4
However, in 1982, the usual compernsation relationship between the

-

two yield components is clearly visible (Figure 6, Table 39). The

environment d%? not interfere at any of the seeding dates to inhibit

s

the compensation process. Thése results also confirm the work of

Singh (1981), who observed that water stress in the early vegetative

period conditioned the crop to tolerate more water stress in the - .

booting-heading stage.
o’

Seeding date 3 compensated for low numbers of hee‘.ds/m2 by a

higher number of grains/head, even with receiving much less
* a

precipitation than seeding dates 1 and 2 (Appendix table 3). .

In° 1981, individual grain weight responded almost always to
seeding date (Table 23). The decrease is therefore not related to

compengation for events that occurred previously in the growing

m

. . . . £ .
season, since grailn weight responded linearly to delayed seeding

»

(Figure 5). Since final grain yield at the different seeding dates
(Table 3) reflected the behaviour of the two first components, and

since grains/mL accounted for 86, 84 and 877 of the yield variance

¥

4 ~



g

A

[ -

o
I

-

DEGREE-DAYS AFTER EARLIEST SEEDING

Figure 5. Yield components and grains/m? at the three seeding
dates of the cultivar Laurier at four seeding rates (150 (0),
300 (Q)), 450 (M), 600 (X ) plants/m?), or as an average of four
seeding rates (@) in 1982. !
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Figure 6. Yield components and gra"j:mé/mz at the three seeding
dates of the cultivar Laurier at four seeding rates (150 (O),

300 (Q), 450 (M), 600 (X ) plants/m?) or as an average of -the
three seeding rates (4 ) in E982. ’
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RN , .
associated with the treatments for the cultivars Laurier, Loyola and

. .
AN

Bruce, respectively (Table 38), it is iikely that l;OOO-grain weight

acted incidentally to compensate partially for grain yield in seeding

. ’

" date 1. 7

In 1982, the same trend for decreasing grain weight with délayed
J| - . : >

;//ﬁefding is oﬁﬁious (Figurpe 6). It would then seem that grain weight

aliows for littlé in terms of compensation for seeding date effects
and, rather, responds to climate or length of grain filling period.
This confirms similar findings by Kohn and Storrier (1970) and Black

and Siddoway (1977) and the tendencies described by the correlation

‘coefficients in the previousosection. The 1,000-grain weight #
¥
& .

behaviour appears ‘to be independent of other yield components,

especially in 1981. 1In 1982, while graizs/m2 accounted for 66 to 78%

of the yield variance associated with the different treatments,

1,000-grain weight helped to compensate/for the lower numbér of grains/
m?* in seeding date compared with date 3, and allowed seeding date 1 té

produce significantly higher yields.

4.7.4 Compensation Por seeding rate
effects

The rate pf seeding has often been.reported not to affect yield
(Finlay gﬁ_gi,/1971; Jones and Hayes, 1967) because the yield
components compensated for one'apother. In 1981, although yield was
not affected by seeding rate, heads/m?, grains/head and 1,000-gr;in

11

weight were all affected. Figures 7, 8 and 9 show clearly that the low

) . ‘

R




s o

" differences among seeding rate{iyere eliminated at the end of the

seedihg numbers were q&ﬁset“by high numbers of grains per head. For
) { . |
the cultivar Laurierﬂ/the compensating mechanism was not completely

effective at 600 plants/m?, since weight per 1,000 grains offset some

of.-the remaining differences (Table 23; Figure 7). However, the”

-

season (Appendix table 1). i
¥ W4

Figure 8 shows“the same trend for/the chltivarlﬁoyola. Loyela
P ienny Somand . -

relies more on the laéq yield component to offset high seedling
1

-

numbers since the decreasé in weight per 1,000 grains is significant

at ﬁSO and 600 plants/m? (Table 23). Bruce compensated for the th;ee
/

date 2 only. In seeding date 1, almost no difference was observed

among weights per 1,000 grains, and\jn date 3 there was no significant

difference among seeding rate means ﬁor grains/m? (Figure 9).
1

1

\
Thus, differences among the lower seeding rates are #ostly

eliminated b& the second yield co%ponent." This was already pointed.

\

out through the correlation coefgidients (Table 40). ‘However, further

compensa;ionlby the third yield component at 600 plants/m? for Laurier,

at 450 and 600 for lLoyola, and aﬁ°309, 450 and 600 piaﬁ;s/m2 for Bruée,

in seeding date 2 ‘seemed ;6 have been effective in eliminating seeding

differences in 1981.4 ‘b . | /
The cultivar Bruce was chosen to illustrate (Figure 10) the

seeding rate effects in 1982, since there is no major difference among
* ., '

the compensation trends of the three cultivars,

higher seeding rates. through grain$'per head and 1,000-grain weight in |

2

90
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Figure 8. Yield components and grains/m? at the four seejcfing rates
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Figure 10 shows the compeﬁsatory effects of grains/ilead on

heads/m? with increasing seeding rates in 1982., However, this

.

compensating mechanism was not effective at 4the lowegt seeding rate,

since there was a signi:f:ﬁl‘?:lecrease ‘in the -fjnal grain yield at

this subnormal rate (Table 7). There were no significant yield
o ,

[
differences among the three other rates.:- These results mostly reflect
the compensatory capacity of the barley plant to adjust for the

difference in iﬁn tial seeding rate during these successive stages of

—

developm'ent\. In 1982, weight per 1,000 grains did not respond to the

different seeding rates and was not involved in the compensating

2

mechanism (Appendix table 2).

Y

4,7.5 Compensation for ‘nitrogen rates

' / — .
In 1981, nitrogen rates affected grams/headmand welght per 1,000

grains (Appendix table 1). The highest nitrogen rate increased the A _

number of grains/head (Téble 17) and decreased the weight per 1,000
grains (Table 27). However, since final grain yield was still higher
at the 46.8 kg/‘ha rate, nitrogen increased the grains/head‘ component -
more str:ongly than it diminished/weight per 1,000 grains, ,and resulted
in an 87 increase in grain yield (Tab1.e 6). This was to be expeicte,d

since the compensatory effects of the weight per 1,000 grains are very

°

“few in this experiment. Delayed application of nitrogen resulted in a

“higher number of grains/m? due to increases <in grains/head only.

McLaren (1981) explained this effect to be a result of more assimilates

: T N
being available during floret development. Since heads/m? were not -
—_ . . ‘ " K

-
. -
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affected by nitrogen applied at tillering,” it seems difficult t4
’ . AN

suggest any compensation mgchanism in this case.

4.7.6 Summary @V .

*  The trends for compensation mechanisms described by the cor- -
. ‘ a 1
relations in section'4.7.3 were confirmed and better defined through

the,examination of the effect of each treatment in section 4.7.4.

Y

In 1981 and 1982, the yield component he;ds/mz responded )
prOpozf{onally to seeding rites as expected ang to seeding dates for
cliﬁétﬁc and physiological reasons. ~In 1982, in both cases, grains/
head resPG?Te was‘adjusted in order‘to compensate for a lower n%gbé;

S .
of heads, initiated. This confirms similar findings with oats by‘Qgées 5

T

and Hayes (1967). N
. \ 4 ,

In 1981, the situation was more complex. For climatic reasons, R

I

grains/head did not compensate for a lower number of heads/m? in

a

seeding date 1. Under seeding rate treatments, grains/head responded

- .

as usual in order to compensate for lower number of heads per unit area.

Jn the other hand, individual grain weight did not follow a close
relationship to other yield components. ‘It does not appear to com-
pensate, In 1982, it.was not affected by seeding rate. In 1981 and-

1982, its response to seeding date is explained by precipitation and/or

‘temperature. McLaren (1981) has also pointed out some evidence that

4 ¢

individual grain weighé is ‘agsociated with yield, mainly through a

genotype effect. The 1982 results indicate that this may be the case,

as explained earlier in this report.



i
- However, in 1981, the 1,000-grain weight was affected also by

A

- seeding rate and nitrogen rate, which have also altered -the two other

v components. Since the LSD (.05) value for grains/m? is not known for

’ ]

1981, it is impossible to determine how significant was the effect of
S o 3 O ! , " N ]
weight per 1,000 grains jfn association with grains/m? on final grain

5

&ield and its compensation following anthesis. However, in 1981,
neither ﬂitrogen nor seeding rates had a. large effect on 1,000-grain

weight compared with the other treatments (Appendix table 1), so
5 i

~

that one can assume that most of the compensation occurred before

" anthesis. Moreover, the correlations (Table 40) indicate an absence

of obvious compemsation: . .
£
‘ d

_ Whether or nbét the weight per 1,000 grains effect was inter-

7

-

related to sink capacity in 1981, it still accounts for 137 or less

‘ ~

of the yield variance of the three cultivars associated/with seeding
~dates, nitrogen rates and seeding rates. Grain yield fan thus be well

predicted by the two first components of yield (sink capacity) through
the regression equations of Table 38, as found previously by other
authors’ (McLaren, 1981; Russell et al, 1982).

. [
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. 5. CONCLUSIONS

/ s
From this discussion, several conclusions can be drawn:

1. The success of one seeding date over another in terms of

. grain yield depends mainly on how well the period during which the

yield components, heads/m? and grains/head are determined matches the
constraints of the environment. If shortages of water in the early
vegetatibe period of 1982 conditioned the crop to betteér tolerate water

stress at the stem elongation stage, shortages of water at this stage

" ‘in 1981 couid‘account for yield differences among seeding dates.

. -

K

N 3 .
2. In general, a minimum rate of 46.8 kg/ha at tillering is

ho

required to show significant differences in yield through effects om

grains/head and 1,000-grain weight, provided moisture is present after

the nitrogen application. i

\

3. A four-fold increase. in seeding rate did not affect yield,.
with one exception due to too severe .intraplant competition during the’

1982 ,early season drought. - Grain yield similitudes among seeding rate 3

treatments wére agsociated primarily with corresponding increases in
numbers of heads/m?, proporsjgfiilz’gggreased numbers of grains/head
and tiller mortality at the high seeding rates. When moilsture was
limited during grain filling, low seed rates had an advantage in terms
of individual gr;in weight.
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4. Cultiv%rs showed a differential response to seeding dates,
especially to early and late dates. Seeding date trials could become
an important part of cultivar testing for locdl recommendations to

farmers(;since genotypic variability exists among cultivars recommended

at preseﬁt in this region. Cultivars have shown several differences
v in the way yield components are determined. The cultivar Bruce ‘
ﬁd§/ benefits from a lower level of inter-tiller competifion at i;termediate
‘seeding rates and supports more heads{m; to maturity. At these réteé,

- Loyola definitely shows genetic traits for producing fewer heads/m?.

' However, at higher populations, Loyola tolerates a higher- number of

o~ heads/u;2 to maturity., Loyola definitely produces more grains/headﬁ

l

@
3

than the other two cultivars under most conditions tested.

. 5. 1In 1982, the period from seeding to emergence was subjected

1

mainly to seeding date effects, but was not the source of any

important effect on yield components. On the other hand, the duration

. \ of the emergence to stem elongation period was maipnly conditioned by

-

the seeding rate, since tillering was achieved during this period.
- The length of this period resulted in a significantly negative effect
» on yield through negative relationships on heads/m?. Genotypes were

the main source of variation in\the stem elongation to heading period.’

8 .

The duration @f this period was not correlated with grain yield, but

Q-

. was negatively correlated with 1,000-grain weight, a tharacter also
very much under genetic influence, so that cultivars with higher
M . a

; (
, individual grain weights underwent a shorter stem elongation period.

. However, the duration of grain filling was primarily determined by
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‘'seeding date effects and showed an important relationship with grain

yield through the 1,000-grain weight component, as opposed to the
genotypic effects mentioned earlier. Temperature and rainfall both

played a role in both yeafs in determining the duration of grain
. .

filling.

Ly
. ]
<

6. Most of the relationships between grain yield, Y, and the

treatments were described by regression equations of the following

A .

form}é:
1981 - Y =e + ax + bx? + cz
1982 -~ Y=e + ax + bx? + cx + dx?

where x represents the seeding date in degree-days accumulated after
W

the first possible seeding, and z represents the seeding rate. Most

of the relationships between yield components and the treatments were

described by regression equations as linear combinations of the same

"
¢

two treatments in either linear or quadratic form for seeding date

and mostly ‘1inear for seeding rate. The absence of interaction or
fa\ilure of the response to‘ one treatment to be the same at each level
of another treatment never improved the models significantly. Nitrogen
rate effects also never improved the model significantly w_ith' one

@

exception. Models developed {for individual yield components resulted

in better prediction values as compared with grain yield prediction

’

values. Moreover, the grains/m? variable showed excellent predietion.
value for grain yield in both years, and confirmed that the factors
affecting grain site development are more important than factors
affecting subsequent grain filling. In all cases, the relationship

between 1,000-grain weight and grains/m? is weak or non-existent.

'

-
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7. Grains/head data allowed for the development of a prediction
equation for the two-year period. The value of this equation should
be tested in the future and improved by tests at different locations.

70n the other hand, the variability of weight per 1,000 grains over

years implies a wider recognition of this fact by extension workers.

8. These considerations suggest that compensation is mostly
— ‘ ]

restricted to heads/m? and grains/head. While compensation mechanisgms
for seediné rates, i.e., differential populations, are mostly a
function of two interdependent yield components, heads/m? and grains/
head, the situation is more complex for seeding date effects. Seeding
date effects imply (1) differences in climate and phenology and
(2) as a‘fesult, a population difference equivalent to a seeding rate
effect. Therefore, in 1982, when the environment was not detrimental
to the early seeding, the advyantage gained through the number of
heads/m? and weight per 1,000 grains led to a higher yield. However,
when the environment is detrimental to an early seeding date, such as
in 1981, and limits the number of heads/m?, it may also reduce the
response of the second Yifld component, grains/head, which do not
compensa;é. Thousand-grafin weight, which response is determined by
0
environment, can diminish the effect but does not compensate.
Therefore, compensation mechanisms for seeding date are manifes;ed
mainfy by changes in heads/m? and grains/head if climate allows, and

compensation by 1,000-grain weight, if it occurs, is incidental

— rather than physiological. .
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6. ,SUGGESTIONS FOR FUTURE RESEARCH

Suggestions designed to improve ?he understanding of the effectg

and relationships studied in this experiment are as follows:

T

1. Higher levels 3# nitrogen applied at tillering need to be
/

tested in order to have a better insight of their influence and to

.

detect the possible interactions that could interfere with the

relationships described here. Applications should be done near the

beginning of tillering so that effects on the first éntogenical,yield

.

component can be studied.

2. Test consecutive seeding dates over several years to better

v
i

- vy
distinguish the patterns contributing to high yields and to obtain more

statistical data on the benefits of April seedings over a long period

s . . . .
of time, and especially to clarify the nature of effects of seeding

date on 1,000-grain weight.

3. Take into account the amount of productive and non—-productive

tillers at the end of the season, as well as the establishment stand

3

early in the season, in order to better understand the factors

determining the yield component, heads/m?, in a similar experiment.

7

4. Test the equation for predicting the number of grains/head

for each cultivar, and the equation for predicting yield from

)

grains/m? by trials at different locations over years.

B
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It should be pointed out that climate may be a'nuisance to head

b

formation at'any seeding date, and that higher nitrogen rates will

14

probably decrease yield through lodging, so that improvements iﬁ,grain

yield from a better understanding of cultural practices need to be

I
.

accompanied by genetic improvements. The achievement of control over -
tillering and of lodging~resistant cultivars would procure invaluable

gains in the quest for higher yields in this region.
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APPENDIX TABLE 1.

-

Variance ratios and coefficient of variability for analysis of variance

oflgrain yield, head number/m?, grain number per head and 1000-grain weight for the 1981

experiment
— ) Dependent variables
Source of variation d.f . ] .
Grain yield 2 . 1,000-grain
(2/2.04 m?) Heads/m Grains/head veight (g)

Date of seeding (D) 2 33.18%%* 13.00%* 121.92%% 166.78%%
Nitrogen rate (N) 2 9.50%* 3.47 5.26% 5.87%
DxN 4 2.61 0.51 . 1.94 0.43
Cultivars (C) ~~ 2 6.64%% 53,25%% - 100.40%* 666.03%%
Rate of seeding (R) 3 1.74 89 . 53%% 251.14%%" 51.18%%
CxR / 6 1.24 1.69 L 3.71% 3.11%%
DxC 4 3.44%% 0.88 0.78 L 5.71%%
D xR 6 1.98" T 2.68% 1.39 0.71
NxC 4 2.07 2,25 ' 0.97 2.06

N xR 6 0.74 1.00 ’ 0.64 1.72
DxNx C‘ 8 0.61 1.48 1.64 1.57
DxNxR 12 " 0.99 0.89 0.72 1.13
DxCzxR 12 0.99 1.99% - 0.50 1.79%
NxCxR 12 0.39 1.38 0.61 0.53
DxNxCxR . 24 0.89 1.11 1.18 1.16
c.v. = ) 10.55% 14.84% “10.06% 4.22%

*Significant at .05 level
*%Significant at .0l level
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APPENDIX TABLE 2.

i PV DT ST TP et A A AT | sl T LA T S Mgty e

Variance ratios and coefficient of Vvariability for analysis of variance

of grain yield, head number/m?, grain number per head and 1000-grain weight for the 1982
experiment - °

Dependent variables .

*

*Significant at .01 level

ouree i o %;7;?Ozi;}§ Heads/m? Grgins/head iéggﬁzgf?ég \\

Date of seeding (D) 2 24 . 46%% 19.31%* 35.57%% 109.81%%

Nitrogen rate (N) 2 0.28 0.12 - 0.56 1.90

Dx N A 2.00 1.49 1.60 0.57

Cultivars (C) 2 17.90%* 114.42%% 165.78+* 408 . 25%% )

Rate of seeding (R) -3 19.49%% 95.09%% 309.46%% 0.70

CxR 6 1.22 3.82%% 1.7 3.53%x

DxC 4 5.124%% 7 6.46%* 2.36 9.29%x

DxR . 6 1.84 0.61 . 2.15% 5.96%*

NxC 4 2.47% 0.59 0.07 ©0.23

N x R 6 0.74. 1.22 2.08 1.47

DxNxC 8 0.50 0.49 " 1.00 0.36

DxNxR 12 0.64 .0.57 0.50 0.96

DxCxR 12 0.82 0.75 1.74 " 0.49

NxCxR 12 0.97 1.01 0.56 0.71

DxNxCxR 24 1.07 1.08 1.24 “ 0.99 !

c.v. 9.35% 18.28% 10.107 5.502
*Significant at .05 level ¢ :
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APPENDIX TABLE 3. Averages' of the precipitation during the

stages in ‘1981 and 1982

different barley phenolégical-

+
¥4

) . 1981 1982 -
. Seeding
Period date -
Laurier Loyola Bruce Laurier Loyola Brucé
1 week before sgseeding 1 6.2 6.2 6.2 3.5 3.5 3.5
to seeding date 2 10.0 10.0 10.0 0.0 0.0 0.0
3 4.2 4.2 4.2 1.0 1.0 1.0
‘ ¢
Seeding to 1 29,2 29.2 . 29,2 12.0 12.0 11.4
emergence 2 35.6 35.6 34.8 12.2 12.2 12.2
3 1.0 1.0 1.0 7.8 7.8 7.8
Emérgence to 1 112.1 106-0- 104.1 24.1 24,1 24.7
stem elongation 2 80.1 78.9 79.5 41.1 41.1 41.1
- 3 117.9 126.1 157.4 105.6 118.3 105.6
Stem elongation 1 23.4 - 31.3 36.6 68.8 89.5  68.8
to heading 2 53.7 60.8 52.1 85.0 86.8 85.0
3 26.8 27.9 - 36.3 . 29.4 19.9 29.4
Heading to maturity 1 72.4 72.0 66.1 61.9 41.2 61.9
2 45,1 35.7 34.8 33.7 31.9 33.7
3 38.9 35.2 28.0 15.8 44.5 15.8

'Cultivar means at each seeding date averaged over the 4 seeding rate treatments and

the 3 nitrogen treatments.

——
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. APPENDIX TABLE 4. Lodging observations during summer 1981

: % of total plots
with lodging

Treatment | ‘with lodging
(5-9) v

Cultivar
Laurier 147 55.0
Loyola / ° - 85 31.8
Bruce 35 13.1
Total ! . 267 - 99.9

I Seeding date
27/04 79 29.5
8/05 94 35.2
20/05 94 35.2
Total 267 99.9
' Nitrogen rate (kg/ha)

15.6 22 8.2
31.2 41 15.3
46.8 204 764
Total 267 99.9

Seeding rate (plants/m?)
150 ' 67 25.0
300 67 25.0
450 63 23.5
600 70 - 26.2
Total ' 267 99.7

it
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A?PENDIX TABLE 5. Variance ratios and F ratios used to test combined
effects over 2 years for grain yield

b

Source of variation d.f. MS Variance ratios us:;i;;}i;st
Blocks (R) 3
Year (Y) 1 M . 2.84 C o M/mM2
Blocks/year 3 M2 .
Seeding date (D) 2 M3 0.57 , Mﬁ/M&]
DxY ’ 2 o 31.00%* M4 /M5
' Pooled error a 12 M5 o t S
Nitrogen raté N 2“ M6 1.48 M6 /M7
NxY 2 M7 5.44%% * M7/M10
"DxN 4 M8 11.23%* . M8/M9 ,
DxNxY 4 M9 040 . ° M9/M10
Pooled ‘error b 36 ° M0 ‘

*Significant at .05 level - )
**%Significant at .0l level \

APPENDIX TABLE 6. Variance ratios and F ratios used to test combined .
effects over 2 years for grains/head I

:Sourcé of ,.variation . d.f. -+ MS Variance ratios usjéjiijilst
Blocks (R) 3 ' ' .
Year -(Y) 1 M1 2,14 ME/M2 |
Blocks/year 3 M2 o C i a
Seeding date (D) 2 3  10.29 " °f M3/M4 |
DxY 2 MG, 10.11%% M4 /M5
Pooled error a 12 ,,Q MSM H\ ) : T 7
Nitrogen rate (N) 2 W6 '3.01. M6/M7 -
NxY 2 M7 . 1.32 © o M7/M10 -
DxN s M8 17.25% M8/M9 )
DxNxY 4 M9 0.75 M9 /M10

Pooled error b 36 M10 2

*Significant at .05 level ) q
**Significant at .01 level
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APPENDIX TABLE 7. Variance ratios for analysis of variance of the different growth stages in 1982

Dependent variables

Source of variation d,f. Davs to Days from Days from Days from
Y emergence to stem elongation heading
emergence . A F

stém elongation to heading to maturity

Date of seeding (D)

2 160,86+ . 32.27%% 19,16%% 255,71 %%
Nitrogen rate (N) 2 0.77 0.25 0:62- ©0.53 )
D x N 4 0.49 . . 1.36 1.01 ; 1.39 - -
Cultivars (C) 2 21.45%% 10.22%% . 161.01%% 107.98%%*
Rate of seeding (R) 3 2.54 109.57%* 6,84%% 64.63%%
CxR - 6 0.6 1.78 0.43 3.79%*
DxC S e 6.4% . 10.79%x 1.73 | 6.26%*
x R © . 6 " 1.40 1.54 ° ‘ 2.32% AT
NxC 4 "0.35 0.60 " 0.47 0.61
. N xR 6 0.34 0.69 0.66 = . —0.44 ‘ .
DxNxC _ Q.92 0.39 0.65 0.38 \
Dx NxR 12 . 0.68 : 1.47 1.21 0.66 ‘ «
DxCxR 12 - 1.49 -7 2.08% 70.99 T 0.40 )
- NxCxR 12. 0.53 R R 7 .0.98 . 1.45 h ]
DxN=xCxR 2 0.7 1.09 1.05 0.96
] *Significant at .05 level ‘ ) \ ‘
= . **gignificant at .0l level ] - - . ' .
. % —~ . ¢ 5 -
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Appendix Figure 1. Grain yield (g/2.04 m?) at three seeding‘dates
for three barley cultivars in 1981 and 1982. o/
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