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AB S TRACT 

MARIE CLAUDE FORTIN Plant Science 

EFFECTS OF MANAGEMENT PRACTICES- ON YIELD AND YIELD COMPONENTS 
IN BARLEY (HORDEUM VùLGARE 1. EMEND LAM.) 

Field studies were conducted in 1981/a~d 1982 to de termine the 

duration of five selec;ed growth stages ~d to record yie1d-and yield 

components of three cultivars submitted to various combinat ions of seeding 

date, seeding rate and nitrogen treatments at ti1lering. 

The effect of Seeding'~ate varied over the two years. There is a 

good indication that the ~unt of precipitation during the vegetative 

stage, particularly during ~tem elongation, modified the usual response of 

decre~sed yieid with delayed seeding i~ 1981. Nitrogen rates of 46)g 

kg/ha showed grain yield increases of 8.3% compared withlthe 15.6 kg/ha 

treatment in 1981. Four-fo1d increases in seeding rates dfd not affect 

grain yield, with one exception caused by severe intrapla~t competition 

due-to early season drought in 1982. DifferentiaI response of cultivars 

to seedr' g date~ suggests that it would be benefieial to test for seeding 

dates i cultivar trials for local recommendations to farmers. 

One thousand-grain weight variability over the two years did not 

permit pboling -of the results, and it 'is suggested that this fact should 

be more widely recognized. 

The duration of the growth stages. emergence to stem ;long~tion and 

, the grain-filling period, showed significant relatio~ships to grain yields. 

Grain yield was best predicted by a simple linear regression equation 

where the coefficient of thé independent variable is grains/m2 or the 

combination of the two ontogenically early ~ié1d eomponents which are 

heads/~2 °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 filling. Consequently, 
1'" 
~~ compensation for both seeding dates and seeding rates oceurred mainly 

~ 

between the heads/m2 and grain/head yield components, white compensation ,', 

by lOOO-grain weight is incidental rather than physiologieal. 
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RESUME l M.Sc. MARIE \CLAUDE FORTIN Phytotechnie 

EFFETS DE CERTAINES PRATIQL'ES CULTURALES SUR LE RENDEMENT ET 
'. LES cw·œOSANTES D'E'."RENDEMENT DE L'ORGE (HORDEUM VULGARE L. 

\\ EMEND LAN.) 

Des essl~s en champs en 1981 et en 1982 eurent lieu afin de 

déterminer l~\'duré@ de cinq dïfférents stades de crOissance de l'orge et 

de mesurer le renderoent en grain et les composantes du rendement de trois 

cult~vars so~mis à plusieurs dates de semiS, taux de semiS et taux d'azote 
'" ~ 

au tàllage. 

Les' effets des dates de semis ont varié selon l'année. Le total des 

précipitations durant la montaison semble être le facteur expliquant cette 

variation lorsque le semis hâtif n'a pas donné de rendement supérieur en 

1981. Un taux d'azote au tallage de 46.8 kg/ha a augmenté le rendement 
r 

en grain de 8.37. comparé à un traitement de 15.6 kg/ha. n, 

Des taux de semis variant de 400% n'ont pas eu d'effet sur le-

rendement sauf en 1982 à cause d'une competition trop intensive entre 

'talles d'un même plant lors de la sécheresse du début de saison 1982. , 
Comme la différence variétale existe pour les effets des dates de semis, 

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

cultivars pour les recommandations provinciales aux agriculteurs. 

La v~riabilité observee du poids de mille grains entre les deux 

années n'a pas permis de c~mbiner le: deux séries de résultatf et il est 

suggéré de tenir compte de ce phénom~ne à l'avenir. / 

La durér du stade de, croissance de l'émergence à la montaison et 

celle de la période de remplissage des grains sont reliées "significativ,e­

ment au rendement en grain. 

Le rendement en grain est décrit le plus efficacement par une 
• équation linéaire simple de régression où la variable indépendante est le 

nombre de grains/m2 , provenant de la multiplication des deux composantes , 
de rendement suivantes: le nombre d'épis/m2 et le nombre de grains par. 

épi. Au cours des deux années le rendement en grain fut donc limité par 

la capacité de remplissage plutôt que par la source de remplissage des 
~ 

1.1.1. 

'. 



. \, 

< 

1 
/ 
1 

... 'Vr 1 

, 
, / (j 

1 
grains. Dès lors, on peut affirmer que,les facteurs qui ont déterminé le 

développement des grains ont été plus importants que les facteurs qui ont 

influencé le remplissage ultérieur des grains. Par conséquent, la 
1 

compensation entre les composantes du rendement pour les' effe{s des dates 

de semis et des taux dè. semis eut l~eu surtout entre le nombre d' épis/m2 

et' le nombre de grains/ép~ alors que la compensation effectuée par le 

poids de mille grains fut fortuite piutot que physiologique. 
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Spring barley (Hordeum vulgare L. emend Lam) is one of the main 

feed cereals grown in Quebec, supplying a large portion of high e1rgy 

grain for livestock feeding. Recent cultivars are gener·ally weIl 

adapted, although they require good fertility and adequate draina e to 

produce high yields. . , 

Most of the management studies on cereal crops have not dealt with 
1 

the recent high-yielding fe~d barley cultivars recommended'in eastern 
, 

Canada. The significance of the interaction of geno~ypes with rates 

of seeding and with date of seeding, both differentially affected by 

'various nitrogen fertilizer rates in other parts of the world, ereatad 

" the need for evaluating recently recommended barley cultivars to 

varied management practices. 

Grain yield per unit area is determined by ç,hree components: 

number of heads per unit area, number of grains per head and weight 

per one thousand grains. Several agronomie practices, sueh as seeding 

rate, seeding date ~nd nitrogen fertilizer rate, as weIl as environ-

mental conditions, have varying effects upon these components of yield. 

lt is important to define how ta manipu~ate some of these factors in 

order ta be able to get the highest energy output per unit area under 

specifie copditions. Therefore, three different barley cultivars were 

l 
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tested for yielding ability, components of yield and several other 

agronomie eharaeteristics under thirty-six different treatment 

eombinat~ns of seeding dates, seeding rates and nitrogen fertilizer 
. ' 

rates in order to establish thè optimum cultural and fertilizer 

management conditions and to understand the prelimïnary basis f~r any 

,+":ignificant increase in yield • 
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2. LlTER4TURE REVIEW . 

2.1 Grain yield components in 
cere~l crops 

As early as 1923, Engledow a~d/'~dh~~-partitioned cereal grain 
\ 

yield into yield components on a per plant basi's (Aytenfisu, 1977). 

Nowadays, yield components are determined on a per 'plant or per unit 

area basis. 

ér~p yie~d is an integrati.on in which the é'omponents are inter-

dependent in their dèvelopment. The components of grai~ yield in 

cereal crops al::e determined at diffe.rent growth stagE7s of the plant. 

The number of heads per plant or,per unit area ~s determined largely 

at tillering. In barley, spikelet production determining the number 

of grains per head is partly fixed before head emergence. Grain size 

is influenced a180 b~ the vegetative stage, although it is partIy 

determined by the pose-anthesis p,eriod (Rasmusson and Cannell, ~970). 

since yield components are determined at different times, they 
\) 

are affected mainly by different environmental influences. As a 

consequence, compensatory effects of one component for a low value of 

a second one lead ta. yield stabilization in cere al crops. Adams 

(1967) cited several examples of these effects and discussed the 
.' 

developmen~al negative correlations existing between components. 

Grafius (1965) also dQnsidered' thât the optimal geneti~ level for 

3 

) . 

'. 



1 

.. 

( 

1 

.:''':l.. • 

'. 
, , 
'\ 

) 
r~~-, -
\ 

depending on 'the type of environment(to each camponent 
1 

"ould (iffer, 

be faced. 

'" 
Adams and Grafius (1971) explained how the b~lance 

. ~ 

among coJ 
ponents of yield in crop plants is achieved through the oscillatory 

, . 
response of the sequential components to limited resources. According, 

to them, yield improve~~ould come from increasing the flow of 

environmental resources throughout the period of need by ~he compon~ts 

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

the availab11 r~sources (Adams and Grafius, 1911). 

Nerson. (1980) reported significant simple correlation coefficients 

between gtain yield per plant and per unit are a and some of the yield 
~ 

components. The yield componen1fs _w~re also used ~n multiple 
, 

regressions in several cère~~ krops (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; Blac~ and Siddoway, 1977; Power and Alessi, 1978; Scott, 1978; 

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

2.2 Response of grain ~ield and yie1d components 
to seeding date, n~trogen fertilization and 
seeding rate 

2.~.1 'Seeding date effect~, 
l' 

Several investigators in various parts of the wOf1d have shawn 

that higher yields can be expected when spring cereals are seeded 

early in the season ~ (Nass ~~, 1975). Stoskopf et al '(1974) report 
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that'ear1y spring seeding in Ontario showed the greatest positive 

increase on grain yie1& compared with nitrogen ferti1ization on 

~eeding rate for spring and winter wheat. 

In bar1ey, highest grain yields are often,harvested from the 

ear1iest d~te of p1anting and decreasè with 1ater dates (Schmidt, 

1960; Beard, 1961; Hoag and Geisz1er, 1968; Jessop and Ivins, 1970; 

Zubriski ~ ai, 1970; Beech and Norman, 1971; Corneau ~ al, 1974; 

Ridge and Mock, 1975; 'Nass et~, 1975; Fedak and Mack, 1977). 

Very few authors report the reversaI of this trend. Ferti1ized 

bar1ey was not significant1y influenced by seeding date in an experi­

ment by Anderson and Hennig (1964) in northwestern A1berta;~dies in 

the serni-arid Great Plains by Black and Siddoway (1977) s~w that 

extrerne1y 1ate seeding dates consistent1y decreased grain yie1ds 
*" , 

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

any yie1d increases for early seedittg dates: 

Deschênes and St-Pierre (1980) state that oat grain yie1d can be 

significantly lower on a sandy loarn at early seeding than at 1ate 

seeding, and that early seeding contributes to significant1y 1ncrease 

grain yie1d on heavy soi1s because high yie1ds are most1y'related to 

soil humidity. 

DifferentiaI responses of cultivars to dates of seeding have been 

noted by severa1 in~estigators. Harrington and Horner (1935), Frey 

(1959), Schmidt (1960), Beard (1961), McFadden (1970), Beech and 

",- . 
Norman (1971), Fedak and Mack (1977) and Br1ggs and Aytenfisu (~979) 
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a11 reported significant j(~teraction of genotypes-with date of seeding-;'" 

However, Black and Siddoway (1979) reported 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; 

:"1 Beech and Norma~, 1971; Niss et al, 1975; Black and Siddoway, 1977). 

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

and 85% response of two cultivars var~ance in grain yie1d associated 

with the effect of fertil~zation and seeding date. Frey (1959) and 

° Beeeh and Norman (1971) notJld a signifieant interaction of date of 

seeding with genotype for the number of heads per plant ~n oats and 

1 • 

wheat, respectively. 

Delaya in seeding were also expressed mainly by reduced numbers 

of grains per spik~ in wheat or barley, accarding ta Stoskopf et al 
l 

(1974). Frey (1959) -reportèd an interaction of seeding date with 

genotypes for the npm~ers of grains pel' he ad in oats. On the other 

hand, Jessop and Ivins (1970) found that the number of gr~ins per'" 

head always increased with late sowingt irrespective of years or 
\ 

ferti1izers, for two different cu1tivJrs. Similar but smal1er effects 

were noted for spring bar1ey. Black and Siddoway (1977) found no 0 

significant effect of seeding date on the number of grains per head of 

spring wheat in a one-year experiment at three differént locations. 

These varying results show that it is likely that differences in 

\ 
ènvironment resu1ting from different sowing dates at a particu1ar 

stage of growth account for differences in grain numbers (Jessop and 

Ivins, 1970). 
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De1ayed seeding a1so resu1ts in a reduction in grain weight of 

oats~ bar1ey and wheat, according to Frey (1959); Jessop ~nd Ivins 
( 

(1970), Zubriski et al (1970), Doyle and Marce110s (1974) and 

Stoskopf et al (1974). 1-IcFadden (1970) wrote thait' no significant . -- i ~~ 

difference cou1d be'attributed to seeding date for grain wéight or 
.. 

unit volume weight in his three-year experiment in western Canada; 

whi1e Nass ~ al (1975), in eastern Canada, reported year1y variation 

showing kerne1 weight decrease or no significant decrease as a resu1t 
; . 

of 1ater seedings. 

2.2.2' Nitrogen fertilization effects 

As a genera1 ru1e, nitrogen ferti1ization 1ncreases bar1ey,grain .. 
yie1d (Zubriski et al, 1970; Nutta11, 1973; C~lder and MacLeod, 

1974; MacLeod et al, 1975; McGuire et,a1, 1979; Read and Warder, 1982). -- -.-. 
The amount of increase depends on the rate of application (Dubetz 

, 
and Wells, 1968; Sibbit and Bauer, 1970; Knott, 1974; Boyd ~ al, 1976; 

., Heapy et al, 1976; Leyshon et.!!., 1980) " the time of seeding (Zubriski 

et al, 1970), soi1 pH (Calder and MacLeod, 1974), the preceding crop 

(Needham and.B.9yd, 1976; Heapy ~ 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 c1imate lies around 

60 kg nitrogen per h~ctare (Needham and Boyd, 1976; McGuire'~ al 

1979), a1though Dubetz and Wells (1968) noted that barley yie1d wou1d 
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increase up to 300 kg/ha of nitrogen in western- Canada. Scott (1978) 

reported a linear ~ncrease up to 100 kg/ha of nitrog~n under New 
~ 

Zealand conditions. 

Boyd et al (1976) showed the effe~t of.nilro~en.on 

best' represented by two straight lines ~nt~rsectlng 

grain yield ' 

was at the point 

of optimum&nitrogen dressing given ta barley plants. The first 1ine 

represents a graduaI increase in yield as nitrogen levels lncrease,. 

until the second line intersects and a yield decrease is observed with 

further nitrogen applications. On the other hand, Sibbi~uer 

(1970), as weU as Knott (1974), showed that the heaViesU:tions 

of nitrogen did not produce significant increases or decreases. 

While it lS generally recognized that cultivars in Canada do not 

show large yield differential response to fertilizer, Knott (1974) 
< 

observed interactio,~s among three whéat cult~vars, locations and 

nitrogen treatments for yielding ability in Saskatchewan. As weIl, 

Dubetz (1972), in Alberta, has shown ~hat Pitie 62. a lower protein 

utility ~eat, tended ta be more responsive ta 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 unti1 a nitrogen level of 60 
, 

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

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 diffe,rent cultivars. However. Bauer 

(1970) reports interaction whenever irrigation lS used. 
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The nitrogen status of the soi1 inf1uénced yield of cereal crops 

by modifying the relative values of one or more of the three'main 
J • 

components of yield (Dougherty and Langer, 1974). 

Favorable nitrogen nutrition usua;fiY"increases spike populationa' 

in wheat (Langer, 1966; Doughérty ~ al, 1979; Power and Alessi, 1978), 

as w:ell as Leyshon et al d1980) in barley. Do.ugherty' ~ al (1979) 

found a li~ear relatibnship between New Zealand semi-dwarf wheat head 

population and the rate of nitrogen applied at til1ering. 

Scott, (l978)~ in New Zealand, obtained a correlation. of r = 0.76** 

from yield and head population in a one-year experiment under differe~t 

nitrogen' rates; 100 kg/ha of nitrogen gave an increase of 44% in 
~ 

n~ber of heads of normal and semi-dwarf wheats. However, moderate 

'~ad density obtained at moderate nitrogen levels, gi~ing high yields, 

reflects the plasticity and partial ·compensation that exists between 

yield components (Scott, 1978). DifferentiaI cultivar'response in 

increased number of heads per area with ni~rogen has not been reported. 

in recent literature.' 

Most nitrogen effects are directed towards the number of heads 

per area. Thome and Blacklock (1971) and Dougherty !! al (1974) did 

not record any effect of nitrogen on the number of irains per head of 

wheat. Power, and Alessi (1978) stated that nitrogen fertilization 

did increase the number of grains per head in higher arder tillers, 

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

reduced the number of gra~ns per head of both two-row and six-row 
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barleys. Seed set was unaffe~ted by nitrogen rate in a growth-room 

eXperiment by cfben and Leyshon (1980) •• D~n~ Wilson (1977) 

also recorded ng. changes in mean grain \~ of t~e two bar1ey types . / " 
/ 

due to nitrogen treatments under Great Britaiqi conditions , as weIl as . , 
o 

Leyshon et ~ (1980) in growth-room experimen~. Sligh~ reductions 

were noted by Thome and Black~ock (1971), Needh~ and Boyd (1976), 
. "" 

Power and Alessi (1978) and pougherty et al (1979) ~Read"and Warder 

1 
1 
1 

, /' , 

Thèy also ~tated that where nitrogen is deficient, fertilizer (1982) • 
o ",' • 

nitrogen will increase grain weight, while excess nitrogen will 
• ?: 

decrease it. Needham and Boyd (1976) ~ound fertilizer environmenta1 

conditions to be significant for grain weight, while,·McNeal et al' 
" " --

< 

(1971) recorded different cultivar response to nitrogen levels for 

grain weight among four related whêat cultivars. 

2.2.3 Seeding rate effects 

Most %rk on the relationship' of cereal yield to plant density. 
, 

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

the relâtion of grain ylield te seeding rate could be best fitted by 

6 
the quad~atic equation, y = a +,bx - cx2 ; where y is the grain yield 

per unit area, x is the plant population, and a, b, c are regression 

parameters. This parabolic type of curve was first desçribed by 

Ho1liday (1960) as being flat-topped and followed ?y a slow slope at 

high densities, anl'also by Donald (1963), Kirby (1967), Kirby and 

Faris Ç1970, 1972), Larter et al (1971) and Dougherty et al (1979). 

ThLS r.e1ationship 1ed Watson and French (1971) to write that it wou14 
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be possibie to decrease plant population significantly ·under commercial 

grDwing vithout reducing yjelds. Nerson (1980) observed a plateau of 

o yie1d 0t!r a vide "range o-f population densities in wheat grown in 

" 1s1ael hnder intensive cultivation. Under intensive cu1tivation, i.·e., 

~ropriate availabil~ty'Of wat~r and nitrogen as weIl as an efficient 

weed contr~l, t~in populations of wheat cao produce high yie1ds since 

'the single p~a~t is able to express its yield potential. Nerson (1980) 

co~udes, that grain y~e1d per unit area is not great1y affected by a 

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

with irrigated plants, Jones and Hayes (1967) vith oats, Fin}-ay et al' 

(1971) with barley, Thorne and Black10ck (1971) vith ~eat ,in Eng~and, 

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

11 

Larrer (1979) ~ith triticale and wheat, as weIl as Briggs and Aytenfisu 
~ ; ~ 

1 

(1979), Done and Whittingtoll (1980) with wheat Fl hybrids 4nd their 
, 

parents, and Read and Warder (1982), obs.erved simila'1' res.dlts;= 

Therefore, most research on the effect of seedï'B rate on the yield_of 

small grains has shown that within a wiùe ~ange of rates, grain yield 

is not great1y affected by density. 
1-

J 
Howèver, thin populations have an advantàge in dry land farming 

because they permit a o,b~tter uÜlization of the avai1able rainfall 
\J " 

(Peleon, 19,69). As well, Kirby (1967, 1969) anâ Kirb~ and Faris 

• (1972) have noted a greater yie1d increase from low seeding rates 

oc,curring in years of severe moisture stress. However, under normal 

groweh conditions, Stoskopf et al (1974), Briggs (1975) and Faris and 

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

. , 
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'Hungary, reported higher yields obtained at higher seeâing ,rates than 

tho.e reconmended in" their are"." While MChte",~(1970)" observed that 

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

below the commercial rate, On "th~ oth1~and, McLeod (1982) in 

New Zea,land, found out that de~pite lack of soil moisture in certain 

years, barley yie1d8 were increased from the highest seeâing rates, 
.' 

125 and 150 kg/ha. 

Genotypic influence has been shown to exert a. significa~t effect 

on the yie1d response at dit/ferent dens'ides (Donald, 1963; jones and 

Hayes, 1967; Kirby~ 1967; Finlay ~ al, 1971; Briggs, 1975; Baker, 

1977; Gebre-Mariam and Larter' 1979; Briggs and Aytenfisu, i979;.Faris 

and De Pauw, 1981; Baker and Briggs, 1982). Holliday (1960), Donald 

(1963) 'and PuckIlÎdge and Donald (1967) discussed differential geno-

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

tensive environment or to deal with intra-plant 

high seeding rates they sho~ a response in 

function of i ter-plant' competition. In the latter case, general 

favorable c nditions ~i1~ favor higher r;tes. Far!s and D~ Pauw 

\ '- ",-_(1981) report that the higher the potential 

higher the .eedifate required to achieve 

As soil fertility is increased and moisture 

yield of' a cultivar, the 

its full'yield pot~nti~ . , / 

ia adequate, the optimum 

seeding rate rises .!"(Ho1liday, 1960; Donald, 1963). 

These statements explain the significant cultivar x location 

(Gebre-Mariam and L.arter, 1979), year to year (Briggs and Aytenfisl1, 

1979), cultivar x density (Baker and Briggs, 1982) v~riabi1ity in 
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results that 1ed the first authors to write that an optimum cultivar 

density must be obtained under given environmental c,onditions, and , , 

the second to suggest that multi-year data are:necessary ta character-
" ' 

J 
ize specifie genotype response to varied management practices.~ch as 

seeding density . 

. Crop response to seeding rate had a1so been studied through the 

meàsure of yield components. The number of plants per unit; area is 

the yield component which fol1ows most close1y theO seeding rate. As 

such, it can condition the other yie1d cb~ponents' response without 

necessarily influencing yield (Guitard ~ al, 1961). Jones and Hayes 
1 

(1967), Kit;by (1967, 1969), Puckridge and Donald 0.967), Finlay et al 

(1971), Thorne and B1acklock (1971), N~rson (1980), Hampton (1981) 
/ 

Faris and De Pauw (1981) and Black (1982) descrl' ed 

area as being the dominant yield component. Ne son 

heads per unit 

(1980) found a 

high positive correlation, r = 0.73, P = 0:01, between heads p\r 

square meter in wheat. Nerson (1980) a1so found a negat'ive cor-

relation between yie1d per plant and yie1d per unit area (r = -0.39, 

P = 0.05), and concludes,that conditions which a1low maximum yield 

potential are not those that give high yield per unit area. 

Therefore, some degree of plant competition is desirab1e (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 ~oted'by several authors that the number of heads per 

13 

, . 

plant decreased as s~eding rate increased. As weIl, Gebre-Mariam and ~ 

Larter -(1979) were unab1e to correlate yield and heads per plant in 

'. ' 
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'~itie.lo. Faris and De Pauw (1981) found no signifieant eultivar/' 

1 

rate of' seeding interactions for bath heads per unit area and hea<ls 

per plant. Earlie~, Finlay.~ al (1971) had a1ready conc1uded that 

year1y variations in yield appeared primari1y as a resu1t of 

variations in the number of heads per unit area. McLeod (1982) 

showed that evellif heads per plant, number of grains per head and 

• weight of grain fell as the seeding rate increased, grain yie1d 
.., •• <JI 

increased. In general, increased head populations at very hig~ 

seeding rates are offset by a decrease in both grains per head and 

thousand grain weight (Ho11iday, 1960; Guitard ~ al, 1961; Kirby, 

1967; Jones and Hayes, 1967; ~uckridge and Donald, 1967; Thorne.and 

Blacklock, 1971; Gebre~Mariam and Larter, 1979; Faris and De Pauw, 
i 

1981). Kitlby (1967) observed a 1inear dècrease in the number of 

grains'per head of barley with increased density, while Gebre-Mariam 

and Larter (1979) observed the same re1ationship in triticale. Other 

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

et ~ (1979) and Nerson (1980) reported no significant effect of 

J. seeding rate on these two yie1d components, a1though they tended to ., 
decrease with increasing yield. Therefore, there i5 a generai 

consensus on the fact that the two ontogenica11y late yield com-

ponents are not major factors in determining yield at different plant 

densities. However, Kirby (1967) 9nd Faris and De Pauw (1981) admit 

that the relatively small change in one or both,can be important for 

reducing or increasing yield of sorne cultivars. In fact, Jones and 

Hayes (1967), with oats, and Gebre-Mariam and Larter (1979), with 
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,triticale, have noted a significant cultivar-rate interaction for 
o 

thousand grain weight, whi1e Faris and De Pauw (1981) reported the 

same interaction in spring wheat for both yield components. , 

2.2.4 Date of seedingfnitrogen fertilizationf 
, "I seedirtgo rate interaction effects 

~ny authors noted a date of seeding/fertilization interaction 

for yield. Yield reductions due t~ delayed seeding date~ are'often 

largest when no fertilizer is app1ied (Anderson and Hennig, 1964; 

Wells and Dubetz, 1970; Fedak and Mack, 1977). Similar1y, lower yie1d 

increases due to nitrogen ferti1ization were obtained as seeding was 

de1ayed by Zubriski et al (1970), Black and Siddoway (1977) and 

Alessi and Power (1979). Therefore, ear1y seeding is important to 

obtain maximum response to nitrogen ferti1ization for hi~h yie1ds, 

since 1ate sown crops benefit least from higher ,levels of ferti1izers. 

Anderson and Hennig (1964), ho~ever, repùrted that this interaction 

did~not appear regular1y, i.e., yearly. 

Woodward (1956) showed that barley yield reductions caused by 

delayed ~eeding cou1d be partia11y overcome by increasing that rate of 

seeding. No substantial yie1d gains by seeding r'ate for delayed 

seeding compensation could be noted in subsequent studies. 

Needham and Boyd (1976), working with bar1ey in England, rep~rted 

that dense crops require 1ess nitrogen for maximum yield. This could 

be exp1ained by the results of Dougherty et al (1979), showing a 
1 ---

declining respons~ of head population to nitrogen at harvest as the 
1 
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plant population increased, while application of nitrogen increased 

head population at low se~ding rates. As weIl, Dougherty et al 

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

rates at 250 seeds per!square meter or conventional ~èeding rate, while 

at higher seeding ratels, 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 popuYation; at low seeding rates, nitrogen limited grain set, 
! 

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

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

Saskatchewan ~ith wheat and barley, found that fertilizer rates and 
. 

seeding rates were factors operating independently with the exception 

of barley on fallow. 

2.3 Phenolo~y and growth responses to,seeding 
date, nLt~ogen fertilization and seeding 
rate 

2.3.1 Seeding date effects 

Beech and Norman (1971) relate a~increase in fertile tiller 

population with later seedlings in some wheat varieties. Stoskopf 

et al (1974) write that tillering exhibited the least dec1ine with 

each delay in seeding date of.wheat. The study of French et al (1979) 

shows a quadratic reg're'sàion 'curve best fitting the sowing-til1erin~ 

interva1 length with the date of sowing. The same study revealed that 

in that case, each day's delay in sowing reduced the number of days 

from tillerin~ to flowering by 0.6 day. Moreover, French and Schultz 
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(1982) reported that the number of days in each interva1, (tillering 

'to'mid-f10wering, mid-f10wering to soft do~gh, sowing~10Wering, 

sowing ta soft dough, and sowing to harvest) was strong1y corre1ated 
, 

to sowing date. Hoag and Geiszler' (1968) reported that the date of 

seeding has an effect on p1anting to heading and planting to ripening 

interva1s, 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 due ta viriatiçn in the rate of deve10pment priQr to 
1 

heading. 

Ridge and Mock (1975) write that the length of the pre-f~owering . 

phase decreased with later sowings; this is i11ustrated by a quadratic 

relationship between yie1d and sowing date. In their experi~ent, 

sowing date accounted for 93% of the variation in the length of the 

pre-flowering Qhase. 

yiéld 'over years. 

1 

However, it cou1d not be re1ated to variation in 

. According ta Beech and Norman (1971) and Nass et !! (1975), if 

anthesis of a given cerea1 occurs beyond a certain time of the year, 

the optimum yie1d cannot be realized. For both bar1ey 'and wheat, 

yie1d fa11s from 4,000 to 1,000 1b/ac in Australia, as anthesis date 

is advanced from its ear1iest date to two months ~ater. The optimum 

1 

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

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

potentia1 yie1d ~n a grow~ng season could be made more precise if 

crop development is defined with meteorologica1 values accumulated 

from time of so~ing to f10wering and cou1d be related to the 
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calculations of the number of days during this 

1979). 

jterva 1 (French!E. al, • 

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 

~ 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 f€wer than on reproductive growth. ' Needham and Boyd (1976) were 

not able to rela~e mean barley population densitie~ at early growth 

stages to nitrogen treatments according to germination counts. 

Hm.lever, Syme (1972),' 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 particular1y detrimental to tiller 

survival. They report that the primary ~ffect of nitrogen fertiliz~~ 

is to enhance T2 and T
3 

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 60% without nitrogen 
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to 36% at 270 kg/ha nitrogen because of increased production of spring 

wheat tiller 2 and tiller 3 (Power and Alessi, 1978). Can~e1l (1969) 

notes the same trend in a more humid climate. Therefore, the increase 

in yie1d due to nitrogen fertilization cornes primarily from improved 

development of higher ord'er tillers and larger population (Canne.ll, 

1969,; Needham ~nd Boyd, 1976; Dougherty -".!:. al, 1978; Power and Alessi, 

1978; Scott, 19r8). Theref~re, most nitrogen effects are directed 

towards the numqer of heads per area, resulting in an increased grain 
1 

production clos~ly related to the higher order tillers producing heads. 

Needham and Boyd (1976) reported that barley tiller density 

increased up to-lOO kg/ha nitrogen under Great Britain conditions. 

Nittler and Jensen (1974) showed that under controlled' conditions, 

five barley cultivars differed significantly i~ the total number of 

stems produced wi~hout nitrogen and with a complete solution. 

Nitrogen contributed to wheat flag leaf senescence due ta 

increased water stress in Australia when the, crop -faits to achievè its 

veget1tive potentia1 under high nitrogen levels (Syme, 1972). In 

fact, Bole and Pittman (1980) developed a regression model in Alberta 

describing barley yield as a function of available water during the 

growth season and nitrogen ferti1izer. This effect is especia1ly 

important where yields are usually restricted by availab1e moisture. 

On the other hand, Needham and Boyd (,1976) write that when available 

water c~pacities 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 nitrogen dressings 

are often found on sites with large spring rainfalls. 

j 
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Early reproductive development in normal and semi-dwarf wheat 

in New Zealand was unaffected by nitrogen'treatments (Scot~. 1978). 

As weIl, Thorne and Blacklock (1971) observ.ed no effect of nitrogen on 

three related yield cultivars on spikelet initiation and anthesis 

dad~'. ! McGuire e~ ~ (1980), in their two-year experiment in .. tdaho 

Montana, also reported that barley heading date was not affected by 

and 

nitrogen, even if there w~ a significant cultivar x environment inter-

·C àction for heading date. However, other authors report significant 

effects of nitrogen on wheat reproductive development. 

Knott (1974) observed at Saskatoon that aIl 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 ro~m experiments .• 

In New- Zealand, Scott ~ al (1975) and Dougherty ~ aL (1979) 

frequently recorded nitrogen-induced retardation of wheat reproductive 

growth which might be the cause of higher, rates 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 id wheat. Leaf are a 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 weIl 

known a~d has been established in aIl cereal crops (Pinthus, 1973). 
\ 

Under moist conditions, high levels of plant available nitrogen may 

1 
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J predispose crops to lodging, resu1ting in yie1d depressions (Dougherty 

et al, 1974), The effect-of nitrogen on lodging is primarily on the 

basal cu1m internodes e1ongation, resulting in an incre~sed shoot:root 

ratio conducive to lodging (Pinthus, 1973). Sibbit and Bauer (1970) 

~oted that cultivars cou1d be significantly different in their 

response to lodging. A1though there exist more reports on wheat than 

on barley, wheat developmentà1 pattern seems more sensitive to 

nitrogen applications in the soi1 and effec~s seem to be maintained 

throughout g~owth (Syme, 1972), whi1e barley sequence seems'1ess 

responsive. i 

2.3.3 Seeding rate effects 

Cro~ response to plant density can be eva1uated through the 

21 

" 
analysi. of phenological difference, since density ha~ far-reaChing'~" 
effec,ts on growth and development of the crop throughout the growing 

season (Kirby, 1967). 

Ana1ysis of growth shows that the til1ering phase is longer in a 

thin wheat population than in a usual commercial population (P~ckridge 

and Donald, 1967; Nerson, 1980). This was a1so demonstrated in bar1ey 

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

The number of fertile ti11ers 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 Pau~, 

1981). Guitard ~ al (1961) ~escribed this decrease as curvi1inear. 
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However, Simmons et al (1982) reported increased bar1ey shoot and spike 

numbers at 

the number 

high seedl' g rates. 

of tiller per plant 

McFadden (1970) reported a d~crease in 
, 

as rate increased. 

Lower seeding rate populations were shown to head more slow1y 

(Kirb~, 1967; Briggs and Aytenfisu, 1979), a1though Finlay ~ al (1971) 

observed ~ ~u1tivar difference for heading dates at severa1 seeding 

.rates, in bar1ey. On the other hand, Thorne and B1ack1ock (1971), 

wor~ing on spring wheat in Eng1and, observed~no effects of rate on\~. 

days to heading nor on days to maturity". The sma11 range (75 to 298 

p1ants/m2 ) of seeding rates tested cou1d exp1ain such resu1ts. Days 

to ripen decrease with lncreasing 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 steepest slope in the decrease in days to ripen is 

observed at the low seeding rates. Briggs ànd Aytenfisu (1979) noted 

a signific'ant cultivar x rate of se~ding interaction for days ta ripen 
t , 

at aIl three locations tested 1n Alberta. 

lt 1S generatly reported that high seeding rates do not cause 

lodging direct1y, but whenever lodging is present, the degree ta which 

plants are affected is increased with increasing seeding rates , 

(Woodward, 1956; HOlliday, 1960; Puckridge and Donald, 1967; Faris and 

De Pauw, 1981). Lodging will reduc~ yie1d and disrupt the expected 

yie1d response (Ho11iday, 1960). Faris and De Pauw (1981) noted a 

differentia1 cultivar 10dging response at various seeding rates. 

-- .' 
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'3. MATEjALS AND METROnS 

, 

3.1 Treatments and e~perimenta1 design 

The e~periment included foùr' factors at varying 1evels: three 

seeding dates, three nitrogen fertilizer 1evels, four seeding rates 

and th~ee cultivars of spring barley (Hordeum vulgare.L. ~mend Lam.) 

and consisted of the 108 possible combinations of these factors 
;' , 

rep1icated four times in a split-split-plot design. 

The seeding dates were assigned to thé main plot ~nits, the 

fertilizer levels,to the sub-plot units, and the twelve possib~ 
( 

combinations of seeding rates and cultivars corresponde~ to the sub-

sub-plot units. 

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 1ast seeding ~at~, 62 degree-days after the second 

seeding date. 
.. 
l' 

(maximum daily TO (OC) - minimum daily TO (OC» - 4.4°C 
degree-day' - - 2 -

,J 

The f,ollowing se'eding dates were thus estab1ished: . 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 
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in the form of ammonium nitrate applred at tillering. . 1 0 

The séeding 

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

cultivars·ot spring barley chosen, viz., Laurier, Loyola and' Bruce, 

are aIl licensed cultivars in· Canada and recommended in the province 

of Quebec. They are aIl six-row feed-type~ and a detailed description 
" ~ .. 

is gLven in Table 1. 

24. 

TABLE 1. Straw'length, maturity, orlgin and year of licensing of three ~ 
cultivars of barley -, . ~ 

Genotype Straw Maturity Year 
~;rigin licensed . 

~ 

Laurier mid-long mid-season 1975 Macdonal1d Col1ege~' 
/ 

Loyola mid-long .,id-season 1972 Macdonald Collegi! 
and strong , 

Bruce mid-long mid-season 1977 University. o'f Guelph ~ 

3.2 

and strong 

Field f*ork 
) 

Î. 

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

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

longitude 73 0 56' W) in 1981 and 1982. 
"-

In 1981 the experiment was 
.. 

sown on Chateauguay,' clay loam mix~ with Chicot shallow fine sandy 

10am soil, planted with corn th~ previous year. It was repeat~d in 

1982 on Bearbrook clay'mi~ed with Ste. -Rosalie cl~ soil, PFeviously 
\ 

sown to' b4.~le~ and wheat. 

.... 
, , 
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.. 
,The land received a basal dressi,ng of 300 kg ha -lof 5-20-20 
1 ! 

commercial fertiliier. Herbicida~ weed control was applied when 

necessary \at the three-leaf stage of the crop. 
\ ,lf, 

Ifaeh plot eorresponding to the sub-sub-plot unit consisted of 
/ 

, 
five rows, 3.8 meters long, spaced 20 cm apart. 

~' 
~ '1 ,"'} 

A I-meter section was 

ma.rk~d i'n one of the three center rows. This section was selected in " 

'~ .~ 
a pseudo-random way sinee no meter which had a missing or partly 

s 

missing neighbou,r row was chosen. The' (Iub-sample was 'assumed ta be 

represen.ative, sinee ït was selected with a bias towards, achieving 

t the original population density. The meter section and, the rest of 

the three center rows were harvested separately following r~moval ~;I 
fi 

a 0.2 meter border at eaeh end. 

~ 

l 
, 

3..3 Evaluat;ion of plant characteristies 
"-

r , 
The data eollected in this experimeilt inelude: 

1- Number of days ta emergencé 

2. Number of days ta tillering 

3. Number of days ta stem elongation 

4. Number of days to heading 

5. Number of days ta '~aturity 

6. Number of heads/m2 'at 
. , 

harvest .r 

7. Number of grains/head ~ 

13- 1000-grain weight 1 
.",.. 

9. Grain yield J 

~ 

The measurements 1 ta 8, inclusive, were made on the one-lI1eter section; 

the measur~met'l'ii 9 (grain yield) was made on' the to~al of th~i, three 

center rows of each ~lot. 

'. 
., 

" 

" 
, ' 
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3.3.1 Phenologieal data 

1. Number 'of days to emergence is recorded:~hen 50% of the . 
\' -

eJêpected number of: plants within the mèter have emet:ged. This growth 
~ . \.. 

stage .is attained when the first leaf 'through the col~opti1e can be .. 
seen, or stage 10 according ~o ~docks et ~ (1974). 

2,. Number of days .to tillering is recprded when 50% of the 
, . 

~la~ts within the mar~et~r 
o 

have at least one tiller, or stage 21 

(Zadocks ~ al, 1974). 

3. Number of ~ stem elongation is recorded when 50% of 

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

leaf just visible (Zadocks ~ al, 1974). 

'4. The number of days to heading is recorded when 50% of the 

plants withfn the marked meter have completed inflore~cejce emergenc~_; 
completely out of the boat, .tage 59 (Zadocks et al, / 

5. Tht;! ~number of days to ~turity is recorded when 50% of the 1 

plants within, the marked meter have a hard ,:aryopsLs no longer dented 

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

92 '(Zad6cks et al, 1974). 

YieId components 

At h.rv~.~1 . 
the marked meter portion of the plot was eut 6 to 8. 

to ground leve!', weighed and the number of productive tillers counted. 

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

.. 
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recorded. From this information, the number of heads per square 

meter, the number of grains per head, and thou~and~grain weight, were 

detèrmined. 

3.3.3 Grain yield 

9. Grain yield was recorded 1n g/2.04 m2 for aIl plots by adding 

th,e grain yield from the one-mete;r section ta the grain Y'1;ld from the 

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

3.4 Statistical analysis 

1 
The coefficients of variability were computed for aIl the 

variables in order to evaluate the results obtained, especially in the 

case of visual ratings. 

i 
The means of the four replications gave basic information on 

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

necessary. the analysis of variance was performe,d on certain variables. 

LSD tests at the .05 level were used ta 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 w~re isolated using 

the method de~cribed by Mclntosh (1983) for combining experiments. 

Stepwise multiple regression was used to find out quantitative 

relationships among the climatological data and some of the treatment 

effects'and yield components. 

/ 
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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 modela 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 

i~ the equation. 
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4. J,mSULTS AND DISCUSSION 

" . 

4.1 General observations 

In 1981 the abundance of rainfall caused lodging and bird damage 

- visibly affected sorne plots. The data from these plots were considered 

unreliable and were excluded from aIl analyses. These missing data in 

a relatively large experiment required especially large memories in 

aIl analyses of variance so that grain yield and grain yield components 
'\ 

were the only variables ful1y described in 1981. 

occurred when pooling both years' results. This 

Th?ame prob1em 

an~ysis was thus 

done only partially~ The 1981 and 1982 homogeneous error var~ance 

terms for grain yie1d and grains/head permitted the pooling of these 

two variables only. 

In neither year was the autho* able to detect precisely the day 
\ -... ...~ 

at which 50% of the plants in the sub-samp1e achieved 'the tillering 

stage. This" fact was also 1àter conf irmed by a high 'coefficient of 

variabi1ity for this variable. The data from this pheno10gical stage 

were excluded' from aIl 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 

29 
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TABLE 2 .. Meteoro1ogica1 observations for the barley growth periods in 1981 and 1982 at Macdonald 
/ 

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 
(OC) (OC) (mm) (OC) (OC) (mm) (OC) (OC) (mm) 
(a) (a) (al-- (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 

\ May 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 . \ 
Ju1y 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-Be11evue, Service de la météorologie, ~Ministère de l'Environnement 
du Québec. 

(b) Bureau météorologique de Dorval, Service de l'environnement atmosphérique, Environnement 
Canada. 

'. 
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(Table 2). It was a1so especially warm ~n May of 1982 (Table 2), 

(v while the other periods showed around normal mean minima and me an 

maxima. 

4.2 Grain yield 

4.2.1 . Seeding date effects 

The important effect of seeding date on grain yie~ observed by 
, ~. . 

many authors was confirmed in bath years by high and significant 

variance ratios (Appendix tables 1 and 2). In 1981, grain yield was 

significantly higher in the second seeding date for aIl cultivars 

(Table 3), while in 1982, grain yie1d was significantly greater in the 

first seeding date (Table 4). The 1982 results confirmed most work 

don~ 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, Il and 19%, 

res~ectively (Table 4). It is generally accepted that earliness ot 
" séeding i5 conducive ta the production of high grain yie1ds: sine! i,t 

increases 'the num~er of favourable days for the development of the ' 

crops. However, the effects of time of seeding are also related to 

differences in environmental conditions, especia11y rainfall and 

temperature, at particular stages o~ development. This is demonstrated 

by the 1981 results. The first seeding date yields were 11% lower than 

those of the second seeding date for aIl cultivars. The lower yields 

of the 1981·first seeding date compared with the yields of the second 

seeding date can be related ta the amount of precipitation received 

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

. " 
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TABLE ~. 'rbe1 effect of seeding date and cultivar on grain yie1d of 
bar1ey in the 1981 experiment 

Seeding date 
" . 

1 

2 

3 

Laurier 

736.7 

829.5 

694.8 

lUnit area .. 2.04 m2 

Loyola a Bruce 

g/unit area 1 

727.8 749.8 

820.6 845.0 

741.;4 746.3 

LSD (.05) : between two seeding date means for the 'same cul tivar: 
33.4; between twô cultivar means at the same date of/seeding: 33.2 

TABLE 4". The effect of seeding date and ~ultivar on grain yie1cl of 
barley in the 1982 expé'riment 

Seeding date 

1 

2 

3 

Laurier 

893.3 

781.1 

782.7 

lUnit area .. 2.04 m2 

Loyola 

g/unit area1 

872.5 

770.6 

744.2 

Bruce 

971. 9 

784.4 

793.1 

LSD (.05) : between two seeding date means for the same cultivar: 
32.2; between two cultivar means at the same date of seèding: 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 
1 

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 cultivar~ Laurier 

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

TABLE 5. Probability levèls and partial correlation coefficients 
(adjusted for nitrogen levels and seeding rates) between grain yield 

and precipitation during stem e~ongation in 1981 ~ 

Cultivar ru ~)~ 
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 seeding date alone. This situation is similar to that 

described by Dechênes et St-Pierre (1980), who re1ated differences in 

oat grain yie1d grown on two different soils to a dry period in June 

at the jointing stage. Power and Alessi (1978) showed that the peak 
" 

rate of water use genera11y occurs before heading and sometimes even 

b~fore the plants are ful1y ti1lered. Singh (1981) also rated 

moisture-sensitive growth stages of wheat in arder of decreasing 

sensitivity as: booting/heading, f10wering 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 yie1d 

.. 
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"' of barley. The 1981 results also agree with the findings of Baier 

(1967) aboui soi1 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 soi1 type,owe can assume that diff~rènces in soil moisture 

depended almost solely on rainfall. 

In 1982, seeding date 1 was not threatened climatical1y compared 

with see~ing date 2, although the amount of rainfall in 1982 was 

1imited compared with 1981, in the early part of the season (Appendix 

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

de1ayed (Table 4). 

The third seeding date never yie1ded' significantly less th,pn the 

first seeding date ~n 1981, nor than the second seeding date in 1982, 

with the exception of the cultivar Laurier in 1981 (Tables 3 and 4). 

Laurier yield in) seeding date 3 ~n 1981 was reduced by 167. compared 

~ith .seeding dat1e 2 (Table 3). 

Thus it appears that the seeding date effects are the same for 

a11 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 1ate seeding (Table 3). 

These results indicate a def~nite relationship ~n the sense that 

the end of April seedings favor grain yie1d compared with early May 

seeditigs if environmental conditions up to heading are held equal. 

Climate can reverse this trend s~nce it appears that the jointing 
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stage of spring barley requires a minimum of sail mOisture in arder ta 

maximize yields. Under field conditions the. effects of precipitation 

on grain yie1d during the individua1 periods of growth may be 

inf1uenced by the moisture stored ear1ier when the needs of the crop 

were lower. However, this appears 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 

parts'of the wor1d, periods pf insufficient rainfa11 and thus water 

stress do occur. 

4.2.2 Nitrogen rate effects 

Nitrogen rate :ffects were significant i4 1981 only (Appendix 

table 1). 
, 

The 1982 non-significant effects (Appendix table 2) were s 

due to the very dry period that occurred from seeding to stem 

elongati,on (Appendix table 3). It impaired the transport of ammonium 
1 

nitrate/to the plants and decreased the overall effect of fertilizer 

on growth and deve10pment. These resu1ts agree with the work of Bo1e 

and Pittman (1980) who described mathematica11y the dependence of 

yie1d response to nitrogen fertilizer on water. They conc1uded that 

the growing season precipitation had a 3 times greater effect on 

bar1ey response to nitrogen fertilizer than did avai1ab1e water in 

spring. McLaren (19~1), Heapy ~~ (1976) and Nuttall (1973) aIl 

demonstrated that variations among yield responses of cerea1s exposed 

to fertilizers had ta be exp1ained by sail moisture and rainfall. 

Terman et al (1969) showed tha~ nitrogen will increase yie1d if water 

is adequate. 
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In 1981 an incre~nitr~gén rates at 'ti1lering from 15.6 to 

46.8 kg/ha and from 31. 2 to 46:8 kg/ha increased yie1d significantly 

by 8.3% and 4.6% respectively (Table 6). These results are similar 

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

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

at tillering increased barley grain yields. The first and second 

nitrogen applications did not show significant differences in yield, 

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

the lève1s were not high 1 enough to demonstrate a depressing effect on 
, 

yie1d above a certain N 1eve1 which is the purpose of 3-1eve1 ex~eri~ 

ments. This is probably why none of the interact~ons mentioned in , 

the 1iterature p,roved to be significant in 1981. 

TABLE 6. The ~ffect of nitrogen 1eve1 on gra~n yield of bar1ey in 1981 

Nitrogen rate 
(~g/ha) 

15.6 

31. 2 

46.8 

lUnit area = 2.04 m2 

LSD (.05) 30.8 

4.2.3 Seeding rate effects 
~ 

'\ 

( 

Grain yield 
(g/unit area) l 

745.4 

775.1 

813 .1 

Seeding rates did not influence yield significantly in 1981 

(Appendix table 1); however, means did sbow significant differences ~n 

1982 (Appendix table 2). It is interesting to note the effect exerted 
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by 'environmental factors such as density of population and season on 

grain yield. In this 2-yeàr experiment, wide variations in seeding 
.# 

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

the many-times-described compensating meehanism was effective at the 

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

for the lowest seeding rate in 1982, tlJ,e drier year, since the ré "'as' a 
,-

significant decrease in grain yield at, this subnorn'la.l rate (Table 7). 

TABLE- 7. The effect of seeding rat~~n'gra:n yield of barley ~n 1982 

( Seeding rate Grain yield . ....... 
(plants/m2 ) (g/unit area)l 

150 773.3 

300 831.4 

450 845.2 .. 600 836.2 , 

lUnit area = 2.04 m2 
"l- V 

LSD (.05) 20.4 = " 

The main difference in c1imate between the two seasons was the ear1y 

drought suffered at aIl seeding dates in 1982. This adverse seasona1 

effect is probably responsible for this absence of compensa~on. The 
) 

medium (300 plants/m2 ) and higher (450 plants/m2 ) seeding rates, and 

the 1981 results, reflect the compensatory abi1ity of barley plants 

during the latter parts of the seqson to aqjust for the difference .' • 1 

in initial population. Similar effects of ear1~ drought on cultivars 

bred in humid climates were previously demonstrated by Jones and 

Hayes (1967) with oats. These results confirm a1so, those of McLeod 
) 
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(1982)_~hat under dry'periods highest grain yields are obtained by 

,highest seeding rates· and that ~ense populations do n'ot suffer very 
/~ . . 

advèrsely from lack of ~istùre eompare~ with.10w popula~ions~ This 
. ' , 

, , , 

statement appears to be particular1y true iri our case, sinee the' 

drought period oScurred at the ear1y growth stages when interp~ant 

competition does not yet exist (Puckridge and rr~na1d, 1967). 

... ..~ . 

.. 
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Il 
Therefore, we c}rt assume ~hat intraplant competition for wa~et stress , 

1982' and that was the limiting factor f.o.r the lowest seeding rate in 

ti,l~ did not e~~~·l~';.t~:se p1~ts to yield eqU~l.to the other .plots: 
, IJ<'~ 

" .. "' ... 

4.2.4 Cultivar effects 

Differ:enees among cultivar means' we're' significant iri both 1981 . ' 

and 1982 and were associa~d with ~ s~eding date x 'cultivar interaction" 

in both years as weIl 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 
~ . ( 

seedings (Table 3). Lljlurier yi'elded significantl:y lower in date 3 

(App~ndix Figure 1) ~ s\fggesting that. this cultivar. responded differ- 0 

-ently to fluctua~ions of c1imatic ractors. It has already been 

suggésted in section 4.2.Cthat the rainfall <!ausing lodging late in' 
1 

1 the season is the reason for thi~ difference, since, Laurier proveg to 

be more susceptible ta lodging (Appendix,tab1e'4). 

, 
The 1982 cultivar means at each seeding date are shoWn in 

T~ble~4. Bruce shows yield superiority at the best seeding date 

.-

(date 1) and was high yie1ding at a11 se~ing dates (Appendix figure 1). 
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These results s~ that these three well-adapted cultivars, a11 bred 

in êastern Canada and aIl recommended in Quebec, still show differeptial 
/ 

re~ponse to ~eeding date. However, in neither year 
-' 

was a differe,ntial 
. ( 

response noted at seeding date 2~ which corresponds the closest ta 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 whiçh they weri-'selected and tested. These 
/' 

J 

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

worthwhile in the future. 

, 0 

'fhese 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 

reéiucing yields regardless of cultivars used was confirmed i~ 1982, 

although later seedings seeme~ to reduce more the yields of ,Bruce 

than of the cultivars Lau~ier and Loyola (Appendix figure ~). 

The,cultivar x nitrogen rate interaction showed a , 

significant difference' in 1982 0 (Appendix table 2). 
.- '\:.~:~ 

Laurier was the 

cause of the interaction (Table 8), sinee it yielded equal ta hruce 

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 r&sults reflect, also, a basic genotypic yielding difference, 

~ especially hatween Loyola and Bruee. The cultivar ~ruce was signi-

ficantly highe~-yielding than the cultivar Loyo~a at aIl nitrogen 

rates (Table 8). 
.. . 
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TABLE 8. The effect of cultivars fertilized at three rates of nitrogen 
on grain yield ~f barle? '~n 1982 

3 

Grain yield 
Nitrogen rate (g/uni t area) l 

(kg/ha) 
;, 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 m2 

LSD (.05) •• \?etween 2 cultivar JDeans at same n~trogen rate: 
30.7 " 

4.2.5 Combined analys~.$, of the tW~_,~xperiments 
~. ~ 

--.... 
Pooling of grain yield, J:'esul~;-;;ver the two years was possible 

~"'> "" 

since'the hypothesis of homogeneous errof variances was not rejected 

at the .05 level. The combined analysis of some of the ·treatments is 
~ 

shown in Appendix table 5. S~eding date ~ffects a~d nrtrogen rate 

effects were not consistent over years and t~~ date of seeding x year 

interaction and the nitrogen rate x year interaction show significant 

differences. These interactions prohibit the pooling of these means 
\'>, 

over the two years. 

4.2.6 Relationships among treatmcents 

Significant differerces (p .. 0.05) among treatments (APpendix" 

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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Thèse eq~ations are p10tted in' Figures, 1, ta 3. An equation for grain 

yie1d of each cultivar oveF both Y,ears was a1so ca1cu1ated, a1though 
\ .. 

9 the mode1s do not acèount for much of the variation that occurred over 
, . 

years. 

41 

The seeding date effect is expressed through a quadratic form in .~ 

,poth years for each cu1tïvar. The ,se'eding rate effect ~s expressed ~ , 
a quadratic form in 1982 but as a linear form in 1981 for cultivars 

Laurier and Bruce. Nitrogen effects did not improve the equation 

enough to be included in most of the equations, Combined ana1ysis of 

the experiments shows a quadratic effect of both seeding date -and 

seeding rate (Table 9). 

4.3 Heads/m2 , 

• 0 

4.3.1 Seeding date effects 

/ 
/ 

, 
_1 

There were significant differences among seeding date means for 
, 

the number of heads/m2 at harvest in 1981 (Appendix table 1) and in 

1982 (Appendix table 2), In 1981, the seeding date x seeding rate 

interaction and the seeding date x seeding rate x cultiva'!:' interaction 
.\ 

proved to be significant, as did the seeding date x cultivar inter-

action in 1982 (Appendix tables 1 and 2). 

\.1 

In 1981, the second seeding date always resulted in a signifi- . 

cant1y higher number of heads/m2 than either or both of the two other 

seeding dates, with the exception of the cultivars Bruce and Laurier 

at 600 plants/m2 and the cultivar Loyola at 300 plants/m2 • In these 

\ 

\ 
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Figure 2. The regression of grain yie1d on Ca) seeding 
o 4at~ in 1981 and (b) seeding date and seeding rate in 1~82, 

for the cultivar Loyola. 
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Figure 3. The regression of grain yield on~) seeding' 
date and seeding rate in 1981 and (b) seeding date in 1982, 
for the cultivar Brucè. 
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TABLE 9. R-square (R2) and regression equations of grain yie1d 1 on seeding date2 and/or 
seeding ratel and/or nitrogen rates~ in 1981 and 1982 and over both years 

Year Cultivar Equation 

1981 Laurier Y = 677.08 + 3.13x - 0.02x2 + 2.00z 

Loyola Y = 727.87 + 4.98x - 0.03x2 

B-ç-uce Y 663.91 + 2.76x - 0.02x2 + 3.07z 

1982 Laurier Y 783.05 - 2.66x + 0.01x2 + 0.54z - 0.0005z 2 

Loyola Y 698.11 - 2.25x + 0.009x2 + 0.84z - 0.0008z2 

Bruce Y = 960.60 - 4.48 + 0.02 x2 

1981-1982 Laurier Y = 718.45 +'O.04x. - 0.004x2 + 0.80z - 0.0001z2 

Loyola Y 620.31 + 1.J4x - 0.01x2 + 1.47z - 0.0003z 2 

Bruce Y 685.88 - 0.74x + 2.58w + 0.63z - 0.0007z2 

IGrain yie1d : Y (g/2.04 m2 ) 

2 Seed ing date: x (degree-days after ear1iest seediQg) 

3Seed ing rate: z (p1ants/m2 ) 

~Nitrogen rate: w (kg/ha) 

' . 

R2 

0.34 

0.39 

0.30 

0.26 

0.40 

9.54 

0.10 

0.13 

0.17 

Pr > F 

.0001 

.0001 

.0001 

.0001 

.0001 

.0001 

.0001 

.0001 

.0001 

~ 

.po 
lJ1 
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cases, no significant difference was observed among seeding dates 

(Table 10). In 7 cases out of 12, seeding date.2 resu1ted in a head 

number similar to one of the two other see,ding dates (Table 10h 

The simple effect of ~eeding date for e~ch êu1tivar in 1982 is 

shown in Table Il. The first seeding date resu1ts in significant1y 

higher numbers of heads/m2 compared with the two qther seedings for 

Laurier and Bruce, and compared with date 3 onl}", Loyola (Table 11) • .. 
In both years, the seeding date resu1ting in higher yields 

resulted also in high numbers of heads/m2 • Therefore, the yield 

component, heads/m2 , is somewhat responsible for the increase in grain 

yie1d as expected. In 1981, the less favourable seeding dates in 

terms of yield did not result automatically in a decrea~ed number of 

heads/m2 (Table 10). In 1982, however, the dec1ine in the population 

of heads at harvest fol1owed 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), Kahn and Storrier (1970) or 

Jessop and Ivins (1970), who demonstrated that head numbers general1y 

decrease with late sowings. The present study, however, agrees with 

Doyle and Marcellos (1974) that head numbers are highly variable 

between seasons. The 1981 unc1ear behaviour,of cultivars of various 

seeding dates mi~ht come from a differentia1 response of cultivars to 

water accumulation at the stem e1ongation stage. 

Wells and Dubetz (1970) aiso noted a differential response of -, 
cultivars seeded at different plant populations to 

46 , } 
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'l'ABLE 10. 

Seeding 
rate 

(plantsl 
m2 ) 

150 

300 

450 

600 

LSD 
the same 
the same 
çu1tiv,ar 
37.5. 

TABLE Il. 

The effect of seedirg date, seeding rate and 
the number of heads/m2 of bar1ey. in 1981 

Laurier Loyola 

Seeding date 

1 2 3 1 2 3 1 

265.4 287.0 249.5 216.0 270.8 256.6 286.1 

264.5 329.1 272.9 250.9 261.6 244.5 315.5 

277.7 338.7 309.1 297.7 333.3 280.4 336.0 

378.3 362.0 364.1 331.1 380.8 357.5 433.'6 

cultivar on 
, 

Bruce 

2 3 

310.4 262.9 

379.5 304.5 

404.5 339.5 

396.6 418 .. 3 

(.05) : betweep two sèeding date means of the same cu1t'ivar at 
rate of seeding = 37.5; between two seeding rate mearis of 
cultivar at the same date of seeding,= 37.5; between ·two 
means at the same seeding date at the same rate of seeding = 

The effect of seeding date and cultivar on heads/m2 of 
barley in 1982 

== 
Seeding date Laurier Loyola Bruce 

1 456.5 376.5 568.5 

2 362.5 329.5 437.0 

3 357.5 347.5 438.5 

LSD (.05) . between two seeding'date means of the same cultivar: 
30.1; ·between two cultivar means at same date of seeding: 30.6. 

j 5 
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the boot stage. However, these resu1ts confirm those of Hampto~ et al 

(1981) who demonstrated the importance of estab1ishing and maintaining 

tiller numbers great enoug~ to produce high-yie1ding crops since 

head populations at harvest were significant1y corre1ated with grain 

yie1d. 

4.3.2 Nitrogen rate effects 

Favourab1e nitrogen nutrition at tillering genera11y acts on 

yield by increasing bead populations at maturity through'increased 

tiller size, greater ti11ering and reduced tiller morta1ity (Scott 

et al, 19,77). However, in neither 1981 nor 1982 were heads/m2 

significant1y affected by nitrogen rates app1ied at tillering 

(Appendix tables land 2). The 1982 nitrogen rate effects were 

inhibited by the ear1y dry period as mentioned ear1ier, On the other 

band, 1981 resu1ts demonstrate that the N application was done too 

late in tbe season to affect the fir~ yield component since the two 

other yie1d components show significant effects of nitrogen rates in 

1981 (Appendix table 1). 
<1 

.' 1 

4.3.3 Seeding rate effects 

The 1981 simple effects of seeding rat~s 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 heàds/m2 

at the highest seeding rate, whi1e the 300, 450 and 600 plants/m2 

rates show no significant difference at the most favo~r~ .seeding 
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( 
date in terms of yield (date 2) (Table 10). This'absence of a 

\ 

significant difference among seeding rates in ~ate 2 for Bruce and 

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

the 450 and 600 plants/m2 rates _indicates that competition at these 

rates resulted in non-producti~tillers. 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/m2 , Laurier and Bruce show no significant differ­
\ 

ences among seeding dates. This implies that environmental differences 

did not affect the production of heads/m2 , probably because very 

litt1e ti11ering was involved at this rate. More or less favourab1e 

climatic factors thus did not have significant effects. 

In 1982, increased seeding rates resu1ted most1y in significantly 1 

hi!her numbers of heads/m2 as has been reported in earlier studies i: 

sm Il cereal grains (Jones and Hayes, 1967; Kirby, 1967; Puckridge 

~nd Donald, 1~67; Finlay ~ al, 1971; Wi11ey and Holliday, 1971). The 

cultivar Loyola, however, shows no significant increase ~n heads/m2 

from 450 to 600 plants/m2 and Bruce shows a significant ~ncrease in 

heads/m2 only from 150 to 300 p1ants/m2 (Table 12). 

4.3.4 Cultiyar effects 

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

genera1, Bruce produced more heads/m2 than the two other cultivars, 
. , 
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TABLE 12. The effect of seeding rate and cultivar on heads/m2 of 
barley in 1982 experiment 

Seeding rate Laurier Loyola Bruce (plants/m2 ) 

~ 

"") 376.5 150 334.5 285.5 

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; between two cultivar means at the same rate Qf seeding: ,34.5. 

especially Loyola. Loyola definitely produced fewer heads/m2 than 

the others, apart from date 3 at 150 plants/m2 • Laurier was inter-

mediate to Bruce and Loyola. In general, there ~s a trend towar~ a 

differential behaviour for Loyola under certain conditions. As 
1 
1 

mentioned earlier, Laurier and Bruce show nO,seeding date effects at 

600 plants/m2 , while Loyola shows none at 300 plants/m2 • At seeding 

dates land 2, neither Laurier nor Bruce show difference lin the 

number of heads/m2 at 300 and 450 plants/m2 , while Loyola does. Head 

population differences are presumably a result of the capacity of the 

cultivars ta produce and support tillers to maturity. Bruce appeared 
1 

ta have a lower level of inter-tiller competition than Laurier and 

Loyola at the intermediate seeding rates: 300 and 450 p;lants/m~ and , 
at seeding dates land 2, i.e., under the seeding rates closest to 

the regional'agricultural practice and under the seeding dates 

allowing a longer growth period. 
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The, 1982 simple effects of cultivars at the sarne seeding rate 
.t 

are presented in -Tabl'e 12. Again, t!te cultivar Bruce produced more 

heads than did Laurier and Loyola. Laurierproduced more heads than 

Loyola at the higher seeding rates ônIy, (Table 12). 

These results demonstrate that factors ~ntrolling the ~umber Qf 

heads per ~it area are two-fold. There is genetic variability among ,. 

cultiva~s in the number of tillers produced, already described by 
v 

Black and Siddoway '(1977) and McLaren (1981) and .illustr,ated in, t-his 

experiment.by the higher head production, both in 1981 and 1982, of 

Bruce compared with Loyola. There is also the a?ility to maintain a 

high number of head-forming tillers, that varies with environme~~al 
, 

conditions, as demonstrated by Loyolt in 1982. A~ seeding date 3 only, 

Loyola p~oduced a number of heads/m2 not significantly different from 

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

'with a seeding date interaction in bath years, confirms the finding of 

Bake! and Briggs (1982), who recognized this dual effect in their 

tests of 10 cultivars of spring barley ovel' three years. 

l' 

4.3.5 Relationships among treatments 

Significant (p = 0.05) variations due to treatments (Appendix 

tables land 2) led to the calculation of regression equations for the 
• 1 

number of heads/m2 for each cultivar. These equations are presented 
~ 

in Table 13. 

Head population at harvest is the first yie1d component'·to be 

determined during th~ growing season. In 1981 the iiportance of the 

.. 
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TABLE 13. R-square JR2) and" regr~ssion equation of heads!m2 on seeding..date2 and·, 
see_ding rate' in 1981 and 1982 

'~ \ '" 
-r 

Cultivar Equa~iQ.n R2 Pr > F .. Year 

1981 Laurier H - 259.62 + 1.03x - p.07x2 _oO.07z + ~~03~2 0.39 .ooot 

Loyola H = ~.7~ + 1.07x - O.007x2 -·O.17~ + 0.OO~5Z2 . 0.52 , ".0001 
~ , , 

Bruce H = 239.59 + 1.00x - O.008x2 +'0~27z • 0.43 .0001 
/, 

.~ 
0 

"l 
i982 Laurier ~H 3 346.04 - 2.36x + O.01x2 + O.29z. 0.40 0,0001 . 

''"LoyJia H =' 269.16 - L 21x + 0.007x2 + 0.28z O.l7 ' .. ,,(l~l 
r 

'_1 \ 
Btnee H = 381.73 - 3.12x + 0;01x2.+ 0.49z ' 0.62 ~ODOI 

i" 

1 
'J r".,;. di , .J-

l 
"1 ~ 

IHeads/m2 : H !. 

'. 
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combined. effects of climaHc 'factors -~anagement practice.s, su ch 

as the chbice of cultivar an~eeding rate, 'was weIl de~onstrated by 
,,' 

the complex interact{on of seeding dates, seeding rates and.c~l~ivars. 
. ", ."",," 

In- 1982; however, the effects of c1imatic conditions were less variable 

during the season and the pattepl for supporti~g more culms- to maturity 

was clearer: In 1981, the seeding· date effects appéared not ta be' 

solely related to degree-days los~n the spring and, therefore 1 t,o' 

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

precipitation accumulated during, growt? stages. Regression equations 

replacing degree-days after ~e eariiest seeding by climetic data to 
'. 

r~reseht the seeding date effect were obtained through stepwise 

regression (Table 14) and confi~ the statement made p~evious1y on 
'.\ '" 

the rainfall .effect during stem e10ngation to heading in section 4.3.1. 
, " 

tor aIl three cultivars, replacing.degree-days after the ~arliest 
) 

seeding by precipi~ation during stem elongation gave similar multfpie 

correlation coefficients to tho!e of the!equations using degree-days" 

and led ta a simpler equation. 
.( 

With this 'change" of variable, the multiple corre~~~ion coefficient 

did not i1llprove. Further variations in he~ds/m2 are thus probab1y not 

due to the effect of seeding date. cMoreover, similar R2 values are 

obtained in 1982 when the effect of seéding date is less ambiguous._ 

This implies that sorne externai factor caused variations of heads/m2 

that cannot be explained by treatments or meteorological events. It 

is possible that the difference in seeding rates that occurred within 

&ome plots due to mechanical seeding is p~rtial1y responsible for 
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this unexp~ained variation and, of'course, it is mostly reflected in 

variation in heads/m2 • However, R2 values of .39 to .62 are still 
, ~ 

very acc~ptable in a study of this size. 

TABLE 14. R-square (R2) and regression equations of heads/DJ'Z on 
precipitation at stem e1ongation2 and seeding rate' in 1981 

_""'cO ... 

\ 
Cultivar ~quation 
4 

Laurier H - 235.42 + 1.08a - 0.07z +,0.0003z2 

LOY91a ;J/ H. 227.47 + 0.94a - O.18z + 0.0005z2 

Bruce H • 273.95 + 0.22a + 0.26z 

lHeads lm? : H 

2Precipitation at stem elongation a (mm)" 

3 See,ding rate z (plants 1m2 ) 

- R2 Pr > F 

0.39 .0001 

0.51 .0001 

0.43 .0001 

• 4.4 Grains/head 

4.4.1 Seeding date effects 

It is general1y accepted in the literat~re that delays in 

seeding affect grain numbers per head, 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 

addition to a significant seeding date x seeding rate interaction in 

1982 (Appendix t.1es 1 and 2). 

In 1981 and 1982" all seeding date means were ~ignificant1Y 

different from each other anô Fr~ins/head incréased from ear1y to 

la~er seedings, with one excepbion in 1982 (Tables 15 and 16)./ A 

similar trend was observed by Jessop and Ivins (1970). 
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TABLE 15. The effect of seeding daie on grains/head of bar1ey in 1981 

Seeding date" , 

1 

2 

3 

LSD (.05) - 0.8, 

< 

Grains per head 

28.2 

34.9 

35.8 

TABLE 16. The effects of seedi~date and rate of seeding on grai~~/ 
head of barley i~ 1982 ~ 

Seeding date 

1 

2 

3 

150 

37.9 

41.3 

45.6 

Seeding rate (p1ants/m2 ) 

300 

33.2 

37.2 

39.9 

450 

28.6 

30.4 

36.0 

600 

25.7 

26.5 

~, .32.0 

LSD (.05) between two seeding date means at the same seeding 
rate: 1.6; ~etween two seeding rate means of the ~ame 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 the size of the variance 

ratios is sma11 compared with other treatments (Appendix table 1). 
~ 

The ~ighest nitrogen rate resulted in a higher number of grains per 

head (Table 17). 
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In this aspect, our resu1ts agree with those of Ha1se et al (196~) 

and Dale and Wilson (1978). These workers reported reduced numbers of 

grains 'per head of six-rowed bar1ey ~with low nitrogen treatments . ... 
Scott (1978) a1so reported six,more grains per head of wheat with 

~ 

higher nitrogen rates. According ta him, the number of grains per 

spike1et is c10se1y re1ated' to the 1eve1 of avai1ab1e nitrogen in the 

soi1 during pre-an~hesis flaret development. Campbell and Leyshan 

(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 ni trogen level on g'rains /head ot barley 
--' 1981 

Nitrogen rate Grains per head 
(kg/ha) 

15.6 ~.4 
31.2 .0 

46.8 3~.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 198~, 

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, increasi~~~ng rates resu1ted 1n decreased numbers of 
-- -

in 

.. 
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grains per head for all cultivars and at a11 seeding dates, sinee 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 l, 2 and 3, respective1y (Table 16). In 1981, 

however, increasing seeding rates decreas~d grains/head by 29, 34 and 
J 

34% for cultivars Laurier, Loyola and Bruce, respective1y (Table 18). 

These results confirm the w~k of Kirby (1967), who observed a 1inear 

decrease in the number of grains per head of bar1ey with increased 

density. These resu1ts also show that the cultivar x seeding rate 

interaction noted by Faris and De Pauw (19~1) with spring wheat failed 

ta occur in this experiment, a1though cultivar Laurier is less 

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

4.4.4 Cultivar effects 

Cultivar differences were significant and important in both 1981 

and 1982. A cultivar x seeding rate interaction pointed out in 

section 4.4.3 was a1so significant in 1981 (Appendix tables 1 and 2). 

In both years, the cultivar Loyola produced significant1y more grains/ 

head than did Laurier and Bruce under aIl seeding' rates (Tables 18 and 

" 1 ~1). In 1981, some significant differences appeared also between 

Bruce and Laurier at 150 and 450 p1ants/m2 (Table 18). 

It appears that the cultivar producing the lowest number of heads/ 

m2 a1so produces the highest number of grains/head. Loyola definitely 

exhibits a genotypic characteristic for producing smaller numbers of 

heads/,m2 and higher numbers of grains/head than the two other cultivars. 
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TABLE 18. The effect of seeding rate and cultivar on grains/head of 

barleJ in '1981 

Seediag.rate 
Laurier Loyola Bruce (plants/m2 ) 

150 35.4 . 44.3 39.5 

300 33.1 39.0 34.4 

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 mea~s at the same seeding rate: 1.5. 

TABLE 19. The effect of cultivar 

Cultivar 

Laurier 

Loyola 

Bruce 

LSD (.05) - 0.8 

4.4.5 Combined analysis of the two 
experiments 

on grains/head of b:=trley in 1982 

Grains/head 

32.7 

38.8 

32.0 

Combined ana1ysis of some of the treatments is shawn in Appendi~ 

table 6. Seeding date effects are not consistent over years and the 

date x year interaction is significant. 

at tillering can be pooled over years. 

The means of nitroge? rates 
; 

The date 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 a~tillering on grains/head 

in Table 20. The highest n~trogen rate resulted in"a 4 and 3% 
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increase in gr,ains/head over the lower and medium ni.trogen levels, 

respectively. 

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

Nitrogen, ,rate Grains/head (kg/ha) 

15.6 33.4 

31.2 33.6 

46.8 34.8 

LSD (.05) - 0.7 t 

4.4.6 Relationships among treatments 

Significant Cp = 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 (R2) for 

heads/m2 , it appears t~at the yield component grains/head is more 

predictable than heads/m2 , since only two variables (degree-d~ys after 

earliest seeding,and seeding rates) account for 61 to 81% of the 

variation 1n grains/hea~ 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. 

., 

59 



( 

.~ 

( 

TABLE 21. R-square (R2) and regression equations of grain~/headl on 
seeding date 2 and seeding y;ate 3 in 1981 and 1982 and over both years 

~ 

Year 

1981 

1982 

1981-
1982 

Cultivar 

Laurier 

Loyola 

Bruce 

Laurier 

Loyola 

Bruce 

Laurier 

Loyola 

Bruce 

Equation 

G = 35.25 + 0.12x - 0.0005x2 - O.02z 

G = 41.97 + 0.16x - 0.0007x2 + 0.07z 
1 

G = 36.28 + O.16x - 0.0008x 2 + 0.06z 

G = 40.43 + 0.04x 0.02z 

G 47.48 + 0.06x - 0.03z 

G = 39.87 + 0.04x - 0.02z 

G = 38.39 + 0.04x - 0.02z 

G = 46.51 + 0.06x 0.03z 

G = 39.73 + O.05x - 0.02z 

IGrains/head G 

0.69 

0.74 

0.81 

0.61 

0.77 

0.65 

0.60 

0.71 

0.69 

2Seedjng date: x (degree-days.after earliest seeding) 

3Seeding rate: z (p1ants/m2 ) 

Pr > F 

.pOOl 

.0001 

.0001 

.0001 

.0001 

.0001 

.0001 

.0001 

.0001 

One is tempted from the results of 1981 to find a reason for the 

low number of grains/head in seeding date 1 compared with the other . 
, , 

dates, sinee the numbers of heads/m2 were so low in seeding date 1. 

Regression equations using meteorological data in place of de,gree-days 

lost in the spring were selected through the stepwise procedure and 

are presented in Table 22. 

In the three ca~es, 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 

, 
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variable was detrimenta1 in thL number of gralns/head for seeding 

1 
date l, just as it was for heads/m2 , and eliminated the possibility 

for compensation. The fact that the see~ing date 3 response is not 

related ta precipitation d~ring stem elongation resu1ted in a 

decreased R2 as compared with Table 21. 

TABLE 22. R-square (R2) and regression equations of grains/head 1 on '0 

precipitation at stem elongation2 and on seeding rate3 in 1981 

Cultivar Equation 

Laurier G = 36.64 - 0.08a - 0.02z 

Loyola 

Bruce 1 

G = 
G = 

lGrain~/head : 

46.83 - 0.07a - 0.03z 

41.87 + O. 04a - 0.02z 

G 

2Precipitation at stem elongation 

3Seeding rate: z (pla~ts/m2) 

4.5 Weight per one thousand grains 

4.5.1 Seeding date effects 

a ~mm) 

0.49 

0.54 

0.55 

Pr > F 

.0001 

.0001 

.0001 

In ~oth years there were significant differences among seeding 

date 

actii 

seedi 

to differences due to the fo110wing inter-

seeding date x cultivar in 1981 and 1982; seeding date x 

rate x cultivar in 1981 f seeding date x seeding rate in 1982 

(Appendix tables 1 and 2). 

In 1981, the dec1ine in weight per 1,000 grains with delayed 

seeding was very c1ear (Table 23). In 1982, de1aying seeding dates 

'decreased weight per 1,000 grains for aIL cultivars (Table 24) and 
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all soedin~'ratos (Tablo 21)' Theroforo, tho offoct of sooding dato 

was consistent over most managerial conditions. These resu1ts confirm 

Ithose of Stoskopf et ~ (1974), and severa1 others who found that 

!grain weight declined m~.rked1y with delays in seeding date. 
! 

TABLE 23; 

Seeding 
rate 

(plants! 
m2 ) 

150 

300 

450 

600 

LSD 

The effect of seeding date, seeding !7ate and cultivar on 
weight per 1,000' grains (g.) of barle~ in 1981 

Laurier Loyola Bruce 

Seeding date 

1 2 3 1 2 3 1 2 '3 

46.42 43.00 39.8 46.60 41.19 38.47 38.58 36.36 34.50 

46.31 43.34 40.21 42.6q 40.95 38.JO 38.60 35.01 33 .. 52 

45.18 42.77 39.46 41..51 39.26 35.62 38.84 34.02 32.80 

44.81 40.49 38.63 38.89 37.61 35.22 37.63 34.06 31.01 

(.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. 

TABLE 24. The effect of seeding date ànd cultivar on weight per 1,000 
grains (g.) of bar1ey in 1982 

Seeding date Laurier Loyola Bruce 

1 44.65 42.16 36.76 

2 39.63 35.26 33.24 

3 3&.63 33.25 30.38 

LSD (.05) between two seeding date means of the same cultivar: 
0.82; between ~wo cultivar means at the same seeding date: O'il. 
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TABLE 25. The effect of seeding date and seeding rate on weight per 
1, 000 gr~ins (g.) of barley in 1982 

Seeding rate (plants/m2 ) 

Seeding date 
150 300 450 

\ 
600 

1 
-,. 

40.68 41.16 41.54 \ 
41.39 

2 35.68 35.75 36.25 36.39 

3 34.85 
", 

33.53 32.98 32.31 

LSD (.05) between two seeding date means at the same seeding 
rate 0.94 

The mechanisms by which the weight of grains LS 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 t,OOO-grain weight'on the duration of grain filling by 

demonstrating that temperature in excess of 15°C commonly shortened 

tb~ d~ration of grain filling in southern U.S.A., although the rate of 

.~rain growth increases moderately with temperatures. Ta check for 
~ 

seeding date effects, partial correlations adjusted for nitrogen 

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

our trials, the accumu1atio~ of degree-days dur~ng grain filling 

showed definite increases as seeding was delayed (Table ~~)., It 

appears that changes in 1,aOO-grain weight with ~elayed seeding may 

be due to temperature. 

1 

Wells ~nd Dubetz (1970) and Russell et al (1982) have 

demonstrated that post-anthesis climatic conditions are important for 

.. 
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1,000-grain weight determination, 50 that precipitation might also be 

important" Lawlor et ~ (1981) confirmed that it is the duration of 

grain filling that affects grain growth. 

TABLE 26. Probability 
between seed~ng date or 
data or duration of 

levels and partial correlation coefficients 
1,000-grain weight and selected meteoro1ogical 
grain filling adjusted for nitrogen rates, 

Seeding 
date l 

1000-
grain 
weight 

cultivars and seeding rates in 1981 and 1982 

Year 

1981 
1982 

1981 
1982 

Average 
degree-days 

during 
grain filling 

0.87 (.0001) 
0.76 I( .OOOU 

-0.67 (.0001) 
/ -0.62 (.0001) 

Average 
precipitation 

during 
grain filling 

-0.79 (.0001) 
-0.74 (.0001) 

0.68 (.0001) 
0.66 (.0001) 

lIn clegree-days after earliest seeding 

Duration of 
grain filling 

(days) 

-0.07 NS 
-0.78 (.0001) 

r 
0.12 (0.0125) 
0.65 (0.0001) 

In 1981, seeding dates and the duration of grain fi11ing (head~ng 

to grain maturity period) were not corre1ated (Table 26) but the 

partial c~rre1ation (adjusted for nitrogen rates, seeding rates and 
-

cultivars) between precipitation d~ring the grain fil1ing period and 

l, OOO-grain weight is high1y s ignificant: r = 0.68 (Table 26). The 

1981 results would thus tend to associate higher grain weight with 

greater precipitation during grain fi11ing. As seeding was de1ayed, 

precipitation during grain filling h~ppened to be 1ess (r = -0:79) 

and 1ess, and consequently, "grain weight dimiQ.ished (Table 26). 
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In 1982, however,' de1ayed seeding date was asso'ciated with a 

shorter duration of grain fi1ling, r • -0.-78 ('l'able -26). Therefore, . ~ 

the same pa~tia1 correlation between 1,000-grain weight and the 
,..,~ 
..r-

duration of grain fi1ting is also very high, r - 0.65 (Table 26). It 

appears, then, that in 1982, higher grain weights in ear1y seedings 

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

grain weight seems t~ be associated also with precipitation d~Fi~g 

grain filling, r • 0.66 (Table 26'). 

It appears that dilaYing the s~edi~~"date did not automaticall 

reduce çhe grain filling period, but rather, 

days accumulation during gra~n fi11ing, which~pend on the s~eding 
1 • ;:'/ 

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

the d~ration of grain growth in 1982 was affectèd by the.amount of 

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

when precipitation was les~ abundant or degre~-days accumulation was 

more important. 

A situation was reported previously by Lawlor ~ al (198l)'where 

the duration of grain growth was affected by drought. Whether or nct 

the 1ength of the grain fi1ling period was -related to precipita~i9n ' 

in 1982 and/or temperature, it certainly 1imited the time during which 

assimilates were produced and transported to ~he grain. These results 
.J 

confirm the findings of Wells and Dubetz ,(1970) and Russell et al 

(1982) in that post-anthesis. climatic conditions do influenoe the 

1,000-grain weight. The apparent contradiction between the resu1ts of 
> 

1981 and 1982 can be explained by Russe11 et al (1982). They wrot~ 

/ 
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that the per~od at which grai~weight iS'~etermined is still obscure, 

~in~e grain filling depends both on photosyntnesis after and on the 

translocation of assimilates formed before anthesis. According to 

Russell !! al (1982), translocation seems to be impor~ant in years 

when post-anthesis conditions are adverse for photosynthesis. 

It iS,also possible that in 1981, when lodging occurred, it, 

interfered with the normal length of the grain fil~ing period and-

this would he reflected in the partial correlations between seeding 

date and 1,DDD-grain weight with the duration of gra~n filling, 

although it is doubtful that lodging would'affect an existing 

relationship to that point. Further exp~rimentatiotl ls re.quired to 
" 

determine the nature of effect~ of seeding da'te on 1,000-grain weight. , -
i 

--
4.5.2\Nitroge~ rate effécts 

• 0 

Nitr,ogeh rate means showed significant dlffer~nces in 19B1 only, -

although the importance of the effect is much less than.that of seeding 
0, 

dates (Appendix Table 1). The non-significance of this treatment in 

1982 has been exp1ained ear1ier; The weight per 1,000 grains tended 

to decrease significantly with increasing nitrogen rates, from 15.6 

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

Puëlished evidence showing significant increases in grain 

--with nitrogen (Done and Whittingtgn, 1980) ois mainly from 

with low'or moderate nitrogen rates. In this experiment, nitrogen was 

not applied at high rates, but constituted a second and'later 

applicatiGn so that the'effect of the extra ammonium nitrate was 
~\\f. ~ 

, , 
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extended over a longer period of time, into the,post-$nthesis period. 

~ 
Thus, nitrogen depressed grain weight. Thes.e resu1ts confirm the 

. 
work by Read and Warder (t982) and Scott (1978). Yield depression 

m1ght we1l.occur from excessive vegetative growth due ta eXCéSS· 

nit'rogeno res~l ting Ln reduced individual grà.in weights . 

. ' 

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

Nitrogen rate 1,OaO-grain weight 
(kg/ha) (g) 

15.6 39.53 

31.2 '" 38.98 

46.8 38.68 
, 0 

. LSD (.05) .. 0.39 
'Il, ~ 

4.5.3 Seeding rate effects 

Seeding rates means showed significant differences in 1981 only, 

but their over,all ,effect was relatively less impor.~ant than seecling 

. date or cultivars effects (Appendix table 1). 

. 'Increasing seeding rates tended to somewhat decrease grain weight' ~ 
.' 

(Table 23). The decrease is more, pronounced as seeding dates are 
Q 

delayed for the cultivars Loyola and Bruce. Laurier shows a signifi-

cant decrease at 600 plants/m2 on1y at a11 seeding dates (Table 23). 

The results of this study suggest that wh~n moisture is less abundant, 

su.ch as ït1 s.eeding date s 2 and 3 (Appendix tab le 3), lower seeding . \ 

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

c . 
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conc1usion8~are in agr:ement with those of Read and Warder (1982), wtro 

reported that lower ~eeding rates are best when moisture ia limited, 
.... 

for individua1 grain weight. 

In 1982, the 1ater seeding dates a1so generally r.esu1 ted in lower 

rainfall during grain filling (Appendix table 3). However, no seeding. 

rate effect was observed. This confirma the findings of Singh (1981), 
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where a crop submitted' ta early drought during the season is much less ... 

affected by water stress throughout the rest of its 1ife. 
\ ~ ~ 

1 

4.5.4 Cultivar effects 

Cultivars showed the-ïargest significant effects in both years 

expressed by the magnitude of their variance ratios (Appendix tables 1 

and 2). The 1,aOO-grain weight comparisons among cultivars were very 

similar over years and treatments. 

Weight per 1,000 gra~ns among cultivars decreased in the followi~g 

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

-
·(Table 23), with one exception in seeding date 1 at 600 plan.ts/m2 • 

n 

Wiegrand and Cuellar (1981) demonstrated that a genetic factor 
t~ 

dominated the rate of' f~lling and, environment the duration of filling. 
.-" 0 

Moreover, they concluded in their study that if the du~ation of grain 

filling in wheat cultivars is fixed by temperature, the final grain 

weight wili be proportional to the rate of grain filling. This ~as 

weIL demonstrated in this experiment; however, the correlations study 

did not indicate clearly whe~her barley cultivars would be'influenced 
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more by precipitation or by temperature (Table 26), although it is not 

always possible to sepa~ate the effects of the different environmental . 
factors that occur. in the field. 

4.5.5 Combined analyses of the two 
experimenns 

. 
Poo1ing of the 1,000-grain weight data w~s not possible si~nce the 

\ 

hypothesis of homogeneous error variance was rejected at the .05 1evel 
1 

of significance as mentioned in se'ction 4.4.1. A1though weight per ' 

1,000 grains is the yield component with the smal1est coefficient of 

variation within years (4,22% in 1981 and 5.50% in 1982) (Appendix 

tables 1 and 2), variation over the two years is tao wide to permit 

poo1ing. Weight per 1,000 grains is often used as a reference for 

cultivars or for seeding rate ca1cu1ations based on seed number. 

However, it appears that wide variations occurred from 1981 ta 1982. 

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

each crop in arder for this information to be c10ser ta rea1ity. 

4.5.6 Relationships among treatments 

;-

Significant (p - 0.05) variationâ due ta treatments (Appendix 

tables 1 and 2) led to~the ca1culation of regression equations for 

weight per 1,000 grains for each cultivar. These equations are 

presented in Table 28. As for the yie1d component grains/head, 

weight për 1,000 grains is very predictab1e since the R-square va1~s 

(R2 }' in~cate 

the vana~ ion 

thab one ta three treatments accounted for 61 ta 80% of 

associated with the treatments. 
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TABLE 28. 
grains l on 

. ( 
R-square (R2) and regression equations of welght per 1,000 

date2 and/or seeding rate 3 and/or nitrogen rate at til1er­
ing 4 in 1981 aQè 1982 

'Year 

1981 

Cultivar Equation 

Laurier W = 47.02 - O.04x- O.05w + O.007z 

Loyola 

Bruce 

W "" 43.01- 0.03x+ 0.002z - 1.49 x 10-5z 

W .. 39.16 - O. 05x + O. 0002x2 - O. 0002z 

Pr > F 

9.60 . 0001 

0.59 .0001 

0.74 .0001 

1982 Laurier W - 44.65 - O. 09x + O. 0003x2 0.61 .0001 

0.80 .0001 

0.63' .0001 

4.6 

, 
Loyola 

Bruce 

W - 42.16 - 0.14x + 0.0006x2 

W 39.08 - O. 04x - O. 004z 

lWeight per 1,000 grains : W (g) 

2Seeding date: x (degree-days from ear1iest seeding) 

3 Seeding rate: z (p1ants/m2 ) 

4Nitrogen rate at tillering: w (kg/ha) 

Phenoltg ica1 stages 

The abundance of data concerning the length of growth stages led 

to a selection within the analysed information.. The most important 

treatment effect for each growth stage was selected and is discussed 

here. 

4.6.1 Seeding date effects 

" 
Highly significant and important differences among seeding date 

means were found for the number of days from seeding to seedling 
1 

emergence and from headirg te grain maturity (Appendix table 7). 
t 
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The 1982 seeding date effects for these two peri01s are shown 
1 

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. Prench .. 
and Schultz (1982) a1so defined the number of days during this 

interval from degree-days of maximum and mean air temperature. Similar 

results ta those of Guitard and Faris (1968) ~ere obtained in this 

experiment with a much narrower range of temperatures. The number of 

days between seeding and emergence is highly corre1ated, r • -0.81 

(adjusted for nitrogen rates, seeding rates and cultivars), with the 

average of degree-days accumulàted during this period (Table 30). 
1 

The length of the seeding to emergence ryeriod is also, but to a 1esser 

,degree, correlated with rainfaIl accumulation during this period. 

r ~ -0.50 (adjusted for nitrogen rates, seeding rates and cultivars) 

(Table 30). This lS an indication that emergence lS conditioned 

primarily by temperature, and to some extent ,moisture, 50 that 

~elaying the seeding date in a normal Beason should resu1t in more 

rapid emergence. 

lt is more difficult to detect an effect of the length of the 

emergence period on a specifie yield component. However, it clearly 

has an effect on the length of one of the subsequent growth stages, 

• • 1 
the per10d from seed1ng'emergence to stem elongation. Time to 

emergence and time from emergence ta stem elongation are negatively 

corre1ated (Table 31). The relationship to the subsequent growth 

stage, stem elongation to heading is much weaker (Table 31). 
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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 Heading 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 ta emergence: 1.0; between 2 seeding date means of the 
same cultivar from heading ta maturity: 0.5. 

, 

TABLE 30. Probability 1evels and p'ards1 correlation coefficients 
between sorne growth stages and some meteorological data, adjusted for 

nitrogen rates, seeding rates and cu1~iva·rs in 1982 

Growth 
stages 

Seeding 
ta 
emergence 1 

Heading to 
maturity 

Average 
degree-days 
from seeding 
to emergence 

-0.81 
(.0001) 

lIn days 

Average 
precipité'!-tion 
from se~ding 
to emergence 

-0.50 
(.0001) 

Average 
degree-days 
from heading 
to maturity 

-0.83 
(.0001) 

1 

Average 
precipitation 
from headingc 

to maturity 

0.68 
(.0001) 

However, as for time to emergence, the periods from emergence 

to stem e1ongation and from stem elongation ta heading do not show 

particu1ar interesting relationships, either with yield eomponents or 

with grain yield (Table 32). Thus, the time to emergence, even through 

its influence on the length of the next phenologieal stage, did not 

appear to play an important role in yield determination. 

l' 
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TABLE 31. Probability levels 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) 

1 

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 

Period Grain yie1d Heads/m2 Grains/head 1,000-grain 
from weight 

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

Emergence 
to stem 
e1ongation -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) 

Seeding date effects on the number of days from heading to 

,1 
maturity are shown ln Table 28. Delaying the seeding date from 

April 28th ta May 7th reduced the peri9d of heading to maturity by 

14.8, 16.8 and 16.2%, and to May l.~rth by 24.5, 24.6 and 28.9%, for the 

cultivars Laurier, Loyola and Bruce, respectively. This effect of 

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

(1966), Syme (1972) and French et ~ (1979). 

~ 
~$' 

The length of the heading 
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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 ta the precipitation, r = 0.68 

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

These correlations indicate that both temperature and rainfa1l 

might have been important in determining the duration of grain filling 

in 1982 as pointed out in the di~cussion 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,aOO-grain weight is highly correlated with the duration of the 

heading ta maturity period in 1982 (Table 26). Through the effects 

of the 1ength of the grain filling pe~iod on weight per 1,000 grains, 

grain yield is also positively correlated with the length of the 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 l~ngth of the grain filling period on grain yield 

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

4.6.2 Seeding,l.te effect. 

lI..' 

74 

High1y significant and import~nt diffèrences among seeding rate .\ 

means were found for the number uf days from emergence to stem 

elongation (Appen~ix Table 7). 

"-
The 1982 seeding rate effecei are 

shawn in Table 33. 
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TABLE 33. The effect of seeding rate on the number of days from 
emergence to stem e1ongation of bar1ey ~n 1982 

Seeding Laurier Loyola Bruce 

rate Seeding date 
(p1ants/ 

m2 ) l 2 3 l 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 e10ngation tended to 

decrease with increasing seeding rates. This is main1y due to the 

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

pensate for a low number of seed1ings. It is aiso interesting to 

" ~ote 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/m2 and its negative 

relationship to grains/head (Table 34). Grain yield and number cf 

heads/m2 are negatively correlated with this period sinee less dense 

stands did produce a lower number of heads/m2 and lower g~ain yield in 

1982. Grains/head, on the other hand, is positively correlated with 

tnis period. These results confirm that of Gebeheyou et ~ (1982), 

who demonstrated that 

positively associated 

the duration pf ~he vegetative period was 
1 

with grains/Head but negatively with heads/m2 , 

1 

whieh in turn had some effeet on yield. 
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TABLE 34. Probability levels, and partial correlations between the 
duration Qf the emergence to. stem elongation period and yield or 
heads/m2 or grains/head, adjusted for seeding date, nitrogen rates and 

period from 

Emergence to 
stem elongation 

4.6.3 Cultivar effects 

cultivars in 1982 

Grain yield 

-0.23 
( .0001) 

Heads/m2 

-0.43 
(.0001) 

Grains/head 

0.48 
(. 0001) 

The yeriod not yet discussed, stem elongation to heading, varied 

mainly with the various cultivars involved in the experiment (Appendix 

table 7). Bruce required more time than Loyola, and Loyola more time 

than Laurier, to attain heading (Table 35). The length of the ~tem 

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 ~elated to yield, 
{; 

heads/m2 and grains/head (Table 36). It does s~em to have a certain 
~ 

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

effect~on yield are not significant. Gebeheyou ~ ~ (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 w~ight, and a 

negative relationship with heads/m2 • This experiment, however, 

-\ 
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demonstrated that under 1982 cgpditions the re1ationship between the 

vegetative period and the first two yie1d components is exerted in 
o , 

the ear1y part of the period, i.e., from emergence to stem e1ongation 

(Table 34) and the re1ations,hip with 1000-grain weight is exerted 

1ater from stem e10ngation 'to heading time (Table 36). 

TABLE 35. The effect of cultivar on the number of days from stem 
e1ongation to heading in 1982 

Cultivar 

Laurier 

Loyola 

Bruce 

LSD (.05) ·'0.2 

Days from stem e1ongation 
to heading 

10.6 

12.3 

12 ... 6 

TABLE 36. Probabi1ity 1eve1s and partial correlation coefficients 
between the duration of the stem e10ngation period and yield or yield 
components, adjusted for seeding dates, seeding rates and nitrogen 

Period 
from 

Stem 
e10ngation 
to heading • 

Grain yie1d 

NS 

rates in 1982 

Heads/m2 

0.12 
(.0078) 

Grains/head 

0.15 
(.0015) 

Weight per­
'1000 grains 

-0.40 
(.0001) 

," 
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4.7 Re1ationships among yie1d and 
yie1d components 

4; 7.1 Grains/m2 vs grain yie1d. 

Grain yie1d'was not particularly weIl. re1ated to the individua1 

yie1d èomponents in 1981 (TabJe 37). lt showed a better 1inear 
\ 

re1ationship with the number of heads/m2 in 198Z (Table 37). Very , 
good linear relationship with' the! number of grains/m2 was found in 

\ 
both yeans (Table 38). This indicates t i~ both 1981 and, 1982 the 

factors which influenced grain site deve opment were relatively more 

important than factors affecting filling. While 

1,000-grain weight may influence yield circnmstances, the 

component most closely related to grain yie1d was grains/m2 • The 

cultivars were pooied, since their equations for predicting yie1d from . 
grains/m2 were simi1ar. Evep the 1981 and 1982 equations are a1most 

identica1 (Figure 4), sa that the prediction of these mode1~appears 

excellent over years. Thu~, a y;e1d (y) prediction equation based on 

number of grains/m2 can be deveioped from this study: 

~. 
y 

(g/m2 ) 
83.01 + 0.03x, r 2 a 0.74 

which accounts for variance associated with years, seeding dates, 

nitrogen rates, seeding rates and cultivars for 864 observations. The 

yie1d prediction equation confirms a simi1ar report by Black (1982) ~n 

1 wheat subjected to years and fertilizer treatments. 

Thus, the triatment effects in,~981 appeared to be most1y 

mediated through the effects on the number of grains/m2 • Simi1ar 
, \. 

re1ationships can be observed for 1982. lt seems that in 1982, grain 

. " 
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TABLE 37. Linear regression estimates and coefficient of determination (R2) 
for the re1ationship between grain yie1d and~he individua1 yie1d components 

in 1981 and 1982 

Year Cultivar Regression 

1981 Laurier (y)l vs (H)2 
Loyola Y vs H 
Bruce Y vs H 

Laurier Y vs (G)3 
Loyola Y vs G 
Bruce Y vs G 

Laurier Y vs (W)~ 
Loyola Y vs W 
Bruce Y vs. W 

ç. • 
1982 Laurier Y vs H 

~ Loyola Y vs H' 
Bruce Y vs H 

Laurier Y vs G 
Loyola Y vs G 
Bruce Y vs G 

Laurier Y vs W 
~, Loyola Y vs W 
" Bruce Y vs W 

ly grain yield (g/0.2 m2 ) 
2H heads/m2 
3G grains/head 
4,W 1,000-grai,n weight 

Intercept 

41.16 
55.68 
44.41 

40.99 
35.03 
43.84 

40.93 
44.81 
59.95 

., 

Slope 

0.12 
0.08 
0.09 

1.22 
1.25 
1.05 

- -) 

0.15 
0.14 
0.09 

~ 

R2 

0.24 
0.10 
0.21 

0.20 
0.31, 
0.20 

0.49 
0.43 
0.34 

Pr > F 

.0001 

.0001 

.0001 

.0001 

.0001 

.0001 

NS 
NS 
NS 

.0001 

.'Q001 

.0001 

HS 
HS 
NS 

NS 
NS 
HS 
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TABlE 38. Linea~ regression estimates and coefficient of determination (RI) 
for the relationships among grain yie1d and grain yie1d' components in 1981 

and 1982 

Year Cultivar Regression Intercept Slope R2 Pr > F 

1981 Laurier yI vs H2 X G3 Il.22 .007 0.86 .0001 
y vs H x G Ji: W4 1.22 .0001 0.97 .00C4.1 

Loyola y vs H x G 7.35 .007 0.84 .0001 
y vs H x G x W 2.67 .0001 0.97 .0001 

0, 

Bruce Y vs 1\ x G 10.89 .006 0.87 .000}' 
y vs H x G x W 0.87 .0001 0.99 .0001 

1982 La.~rier Y vs H x G 3.17 .007 0.74 .0001 
y vs H x G x W ~ '::: -0.04 .0002 0.99 .0001 

Loyola Y vs H x G 14.88 .006 0.66 .0001 
y vs H x G x W 0.008 .0001 0.99 .0001 

-7.42 .007 
/ .-

Bruce Y vs H x G ~ 0.78 .0001 
y vs H x G .:x 0.32 .0001 0.99 •• 0901 

Z- .. 
Iy grain yielg (g/.2m2) ~ _ J_ \ o , 

/ i 

%H heads/m2 

J 
'G grains/head \ 
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, 'Yi_1: .. as .lso limited by th" Le. of, st?rage (sink) rather t'han the 

filling source, (Table 38)., Howevér, id 1982, the limitations in 

capacity of storage (sink) depended more on the number of heads/m2 

,1 

than on gra~ns/head, since heads/m2 alone: accounts for. 49, 43 and 3470 . 
1 
1 

of the gra.in yield varia.nce associated with th'e vArious treatments in 
, '- ,) _ ,', f -; 

1982, versuS' 24, 1!ojand 21% in 1981, for 'pe cUlJivars Lauri~r, Loyola 

and Bruce, reapectively (Table 37). This ia probably due ta the fact 

; that the 1982 early season drought œ·that a,ffected àli seeding dates 

limited mostly ~he number of head~!mz. These results confirm the 
1 

findinga of several authors who a1ready re,lated grains/m2 to grain , . 

yield, "such. as Willey ~l'ld Holliday (1971) in 'England, Kahn and Storrier 
1 

(1970) in Australia,' Scott et al (1977) in l New Zealand, lIIcLaren (1981) -- , l , 

in Engiand, {and' Black (1982) in the U.S.A. 
. , 

McJ;.aren (1981) explained. 

the linear relationship between grain yield and' total number of 

82 

grains/m2 through the following mechanism.' The sOurce jictivity early ri 

in the season dete~mines the potentia1 sink capacity, which, in turn, 

influences subsequent sourre activity later, in ~he seas1Ï1. •. " 

Whj!n aIl ~hree components of grain yield were comJined, 97 to 99"" 

of the yield varlance associated with the treatments in 198.1 and 1982 

cou1d be explained (Table 38). 

4:7.2 Compensation effects thro~gh 
a correlations study f ? 

tn 1982, grain./head wa. negative~;, correlated with tado/m,. 

This, is an indication of "comp~nsation (Table 39). On the other hand" t 

f 

" ,1 ,OOO-grain weight, was weak1y with g:rains/m2 

'v , ! .,-

1 
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" ~able 39). This indicates almost a complete absence of compensation 

after anthesis. Still, in 1982, it i,s interesti~g to note t.hat 
." 

~ ". although grains/m2 i8 significantly corr~lated with heads/m2 , it is 
r , 1 

very weakly or not at a~l corre1ated with grains/head, thqugh grains 1m2 

, ' / 

is the di}'ect product of heads/~2 and grains/head (Table 39). This 
fe , 

indicates that ~he number of grains/head for,each plot (which is'a 

division of the numper of heads/m2 by the weight of grain harve~ted , 
from these heads, the l:OOO-grain weight being knqwn) is an average 

value from v~ry different head,sizes. Differences in the size of 
o , 

heads appear to be a direct consequénce of the factors regulating 
" 'f fi 

till~ring and .survival of, tillers, which determines the,headpopula­
./ 

'~.ion,' at harvest. This situation was probably associated with the 

sparse rainfall during tillering' and refle~ts the ~ate-tillering 
" 1 

1 

• 1 <f. 

phenome~on ~hat could effectively,be obseryed in the field in 1982. 
1 f , 

The cultiv~r Bruce exliib~ts the poorest rélationship between grains/m2 

. ,an'd"graint'head, and was, -in fact, the mosi' able to form productivé 

1ate tillers. 

In.1981, heads/m2 and grains/head ~ere a1so negative1y correlated 

< but to a lesser degree than in 1982. The 'compensation mech~lD,ism 'was 

less effective (Table 40) between the firat tw~ yie1d cOmfonents th an 

in 1982. The 'l,OOO-grain weight appears somewhat compensating for the 
, 

',\ 

c~ltivars Laurier'and Bruce, but very little for Loyola . 

, 
Thus, ià bath years, compensation after,aDthesis does not appear 

to have been so importa~t. 
• 6iJI " 

In 1982, when i t ,did not app.ear to be 

involved ln compensation effects, weight p,er 1,000 grains contribu.ted 
.' t 1 

. , 

4, 
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TABLE 39. Probability l~vels and linear correlation coefficients among 

Heads/m2 

Grains/m2 

grain yield. <70mponerfts of -barley in 198~ ,. . 

Cult·ivar 

Laurier -.63 
If' 
Loyola -.61 

Bruce -.73 

Lauri~r .21 

Loyola ~. 25 

Bruce NS 
, 

(.0001) 

(.OÔ01) 

(.0001) 

( .,000l) 

1,000-grain 
'weight 

_0 

,1 
-T \-

NS 

-.18 (.0001) 

NS O 

Heads/m2 

'1.00 

1.00 

1.00 

.58 (.000l) 

.57 (.0001) 

.62 (. Og:Ol) 

TABLE 40. 2robability levels and linearc.'icorrelatiqn coefficients among " 

, 

some grain yield components of barley in 198~ 

Cultivar 
. Grains/head 1,000-grain 

w~ight . Heads/m2 

, Heads/m2 Laurier -.44 (.0001) 1.00 

LOO 

LOO 

o 

Loyola 

Bruce 

J 

Grains/m2 Laurier ) Loyola 

Bruce 

-.51 (.0001) 

-.49 (.0001) 

.49 '(.0001) 

~52 (.0001) 

.46 (.GOOl) . 

-.41 

-.18 

()~l) 
(.kOl) 

.54 (.0001) 

.44 (.0001) 

-.39 (.0001) .50 
'b 

more to yield variability, 25, 21 and 33% for the cultivars 
.,'" 

Laurier, Bruce and Loyola, respectively (Table 38), than. i? 1981 

(Table 40). In 1~82, the cultivar Loyola appeared ta ge the most 

sensitive to environmental conditions after anthesis, since 33% of 
. , 

the yield variability was still to be determined during grain filling. 

. , 
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weight,' ~f loyola, it 

'~ . 
t~ .. 

1 

seems'that the dutation of grain filling highl~, 

çorrelated with seeding-date (Table 26) w~s more critical in 1982 for 

~ 
Loyola than for the two other cultivars. 

.. 
Compensation mechanisms need 

1 

~ 

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

4. 7 '.3 Compensat ion for see~ing 
date effects 

~ 

1 

) 
/ 

The two ontogenically earlier yield components have been shown to 

be related to each other in a negative ~e't~tiQnShip in this experiment 

(Tables 39 and 40) and several others, such as Stosk6pÏ !S al (1974). 
« . 

'These two components will thus'be e~amined first. The cultivar 

Laurier' was chosen to illustrate the seeding date effeèts (Figures 5 

" J and" 6) since there is no major difference among the compens'ation trends 
;' 

of the three cultivars. - Figure 5 shows c1ear1y that both the effects 

. of heads/m2 afd grains/head contribu'ted to the high yield in seeding 

• 1 .,P 
ijate 2 for the cultivar Laurier in 1981. The uSual negative relation-

1 
Çl 

ship between heads/unit area and grains/head, to compensate for a 

10wer number of heads/m2, did not occur in date 1. In 1981, the 

differences in heads/m2 between dates 1 and 2 were either non-

significant çr dab~ 2 was higher than date 1 (Table 3). On the oth~r 

hand, g~ains/head exhibited a definite significant decrease at date 1 

compared with date 2 (Figure 5). This confirms the trend a1ready 

described by correlation coefficients in the previous section. , 
We ëan thus conclude, as it has been suggested earlier in this 

study, that c1imatic conditions before heading, limiting heads/m2 ~ 

( 
85, .,. 
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did not allow for cODlpensat ion in seeding date 1 by the grains/head 

yield component. The drought period from stem elon~ation to heading' 
~ 

suffered by seeding date 1 would exp1ain the lower numbers for 

g~ains/m2 in seeding date ~ compared}With Seejing d;te 2 (Figure 5). 

These resu1ts confirm the f~dingS of Wells a?d Dubetz (1970) and 

Law10r ~ .1 ,(1981)' on the fffects 0 Short.Jee of w •• er .nd it i. 

probable that longer dry conditions later,on would have had an effectJ 
J 

also on the latest yield cbmponent, as these two auFhors also observed. 

~ 

However, in 1982, the usual compensation relationship between the 

two yield components is c1earlY,visible (Figure 6, Table 39). The 

environment did not interfere at sny of the seeding dates to inhibit 
'" 

the compensation process. Thése resu1ts also confirm the work of 

Singh (1981), who observed that fater stress in the ear1y vegetat~ve 

period conditioned the crop to to1erate more water stress in the' 

booting-heading stage. 

" 
Seeding date 3 compensated for low numbers of heads/m2 by a 

higher number of graiRs/head, even with receiving much less 

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

°1981 ,Id" 'd "" d d 1 1 In , ~n ~v~ ual gra~n we~ght respon e a most a ways to 

-;. seeding date (Table 23). The decrease is therefore not related ta 

-'. compensation for events that occurred previously Ln tqe growing 
" 

season, since grain weight responded 1inear1y to de1ayed ~eeding -... 

(Figure 5). Since final irain yie1d at the different seeding dates 
~ \ 

(Table 3) reflected the behaviour of the two first components, and 

since grains/m~ accoupted for 86, 84 and 87% of the yield variance 
f 
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Figure 5. Yield components and grains/m2 at the three seeding 
dates of the cultivar Laurier at fou,r seeding rates (150 (0) ~ 
300 (0), 450 (.)', 600 (X) plants/m2), or as an average of four 
seeding rates (+) in 1982. 1 
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Figure 6. Yield components and gr~/m2 at the three seeding 
dates of the cul tivar Laurier at four seeding rates (150 (0), 
300 (0), 450. (.). 60.2 (X) plants/m2 ) or as an aver.age of ,the 
three seeding rates <.) in 1982. 
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associated with t,he treatments for the cultivars Laurier, Loyola and 
- -

Bruce, respectively (Table 38)! it is likely that ~~OOO-grain weight 

acted incidentally to compensate partially ~or grain yield in seeding 

date 1. 

In 1982, the same trend for 'decreasirig grain weight with delay~d 
i 

, ~ed~ng i~ o~~ious (Figfu 6). It would then seem that grain ~~ight 

~a1\ows for little in te s 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 oescribed by the correlation 
o 

-éoefficients in the prev'io~s section. The 1,aaO-grain weight P 

behaviour appears ~o be independent of other yield components, 

especia11y in 1981. In 1982. Whil~ g~aiÎs/~2 acco~nted for 66 to 

of the yi~ld variance associated w~th thr d~fferent treatments, 
1 

78% 

4 
y , 

1,OOO-grain weight helped to compensate "for the 10wer numb.!r of grains/ 

-1 

. 
m2 in seeding date compared with date 3, an~ ~11owed seeding date 1 ta 

produce significantly higher yields. 

4.7.4 Compensation ter seeding rate 
effects 

The rate of seeding has often been,r~ported not to affect yie1d 

(Finlay !:! ~,I 1971; Jones and Hayes, 1967) becalÏse the yield 

components com~ensated for one another. In 1981, although yield was 

1 not affected by seeding rate, heads/m2 , grains/head and 1,000-grain 

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

) 

/ 7 

'89 1 
. ( 

1 
j 

" ! 
, j 

... 

• 
Ij 
1 , 
, 



-
, 

.( 

( 

T 

t ~ , '" • 
1 4' 

j. / ~ J ~ 
! 

seeding numbers'were ~ffset'bY high number~ of grains p,er'head. For 
/ a ' 

th~ c~ltivar Laurier~the compensating mechanism was not co~letely 
'-' 

effectivé at 600'Plants/m2'J~ince weight per 1,000 g~ains offset some 

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

differences among seeding rate~ere eliminated at the end of the 

season (Appendix table 1). 
,\ 

Figure 8 show~h@ same trend ---;---,-.-. c~~tivar'~oyola. LoY·la 

relies more on the last yield component to offset high seedling 

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

at 1450 and 600 plants/m2 (Table 23). Bruce compensated for the thfee 
1 

.. 

t 
higher seeding rates, through grain~ 'per head and l,OOO-grain weight in : 

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

among weights per 1,000 grains, and \in date 3 there was no s.ignificant 

difference 

Thus, 

among seeding rate means ~or grains/m2 (Figure 9). 
\ 
1 
1 

differences among ~he lowet seeding rates are ~ôstly 

by the second yield co+pone~t. 0 This was a}ready pointed. eliminated 
1 

out through the correlation coeffic'ients (Table 40). However, further 

compensation,by the third yield component at 600 plants/m2 for Laurier, 

at 450 and 600 for Loyola, and a~ ~OO, 450 and 600 plari~s/m2 for Bruce, 

seedlng date 2 'seemed to have been effective in eliminating seedin~ 
differences in 1981. j 

The cultivar Bruce was chosen to illustrate (Figure'lO) the 

seeding rate effects in 1982, since there is no major differen~e among .. 
the compensation 'trends of the three cultivars~ 
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Figure 10 shows the compensatory effects of gr~ins/head on 
{ 

headslm2 with increasing seeding rates in 1982 .• However, this . 
compensating mechanism was not effective at ~the lowe,l:lt seeding rate ~ -- ~ 

s~nce there was a sig~ecrease 'in the-~nal grain yield at 

this subnormal 'rate (Table 7). There were no signif,icant yield 
'-'" 

l, 

o differences amo-qg the three other rates. ,- These resul ts mostly reflect 

the compensator\CapacitY of the barley plant to adJust for the 

difference in tnftial seeding rate during these successive stages of 
r-

95 

\. 

developmen~. In 1982, weight peI' 1,000 grains did not respond to the , 

~ differ~nt seeding rates and was not involved in the compensating 

mechanism (Appendix table 2). 

4.7.5 Compensation for Ç'itrClgen rates 

In 1981, nitro~ep rates affected grainsfhead and weight per 1,000 
, .. 

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

number of grains/head (Table 17) and dèereased 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/headj component 

more strongly than 'lt diminished weight per 1,000 grains" 'and resulted 

in an 8% increase in grain yield (Table 6). This was ta,he expecte~ 
• 

sinee the eompensatory effects of the'weight per 1,000 grains are very 

"-few in this experiment. DeIayed app'lieation of nitrogen resulteçi in a 

, higher number of grains/m2 due to increases ,in grains/head on1y. 

McLaren (l,98l) explained this effect to be a result of more assimi.lates 

being available during f10ret deve10pment. 

------
i% 

S[nce heads/m2 were not ' 
.. 
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affected ?y nitrogen apPl~e~ at tillering,' it s~em~ difficu1t 

s~ggest any compensation ~chani~m in this case. 

4. 7 • 6 Summary • 

The trends for compensation mechanisms described b'y the cor-

" 

.' 

o 1. ) relation~ fn.section'4.].3 were confirmed and better defined through 

the eX&m17atlon of the effect of each treatment in section 4.7.4. 

JI In, 1~81 and 1982, the yie1d compo~ent heads/~ responded 

proP"oeional1~ to seeding r~tes as expected and to seeding dates for 

c1imaÙc and physiologieal reasons. "In 1982, in both cases, grains.! 

head resPoP1e was adjusted in order to compensate fo_r a lower 

of heads; initiated. This confirms similar findings with oats 

and Hayes (196~~. 

--~J­
In 1981, the situation was more comp1ex. For climatic reasons, 

grains/head did not cqmpensate for a lower number of heads/m2 in 

seeding date 1'. Under" seeding rate treatments, grains/head responded 

as usual in 

dn the 

order to compensate for lower number of heads per unit area. 
.",; 

other hand, individual grain weight did not fo1low a close 

relationship to other yield compon~nts. ,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 exp1ained by pre~ipitation and/or 

\temperature. McLaren (1981) has also pointed out some'evidence that 
, 

individu~l grain weight is'associated with yield, main1y through a 

genotype effect. The 1982 results indicate that this may be the case, 

, as explained earlier in this report. 
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However, in 1981, the 1,OaO-grain weight was affected a1so by 

seeding rate and nitrogen rate, which have rlSO a1tered -the two other 'f! ' 

components. Since the LSD (.05) value for grains 1m2 is not known for 
, , 

1981, it is impossib,le to de termine how significant was the effect of 
., 0 1 

weight per 1,000 grains jn association ~ith grains 1m2 on'fina1 grain 

yie1d and its compertsation fo11owing anthesis. Howeve~, Ln 1981, 

neither ~itrogen nor seeding rates had a. large effect on 1,OaO-grain 

weight compar~d with th~ oth~r treatments (Appeudix tàb1e 1), 50 
.J " 

that one can assume that ~ost of the compensation occurred before 

anthesis. Moreo~er, the correlations (Table 40) indicate an absence 

of obvious compensation: 
r­

d 

" . 
Whether or not the weight per 1,000 grains effect was inter-

r!!la~ed to sink capacity in 1981 ~ it still accounts f'or 13% or 1e~5 

of the yie1d variance of the three cultivars associatedi with seeding 

--date., nitrogen rate. and seeding rates. Grain yield fan thug be weIl 

predicted by the two first components of yield (sink capacity) through 

the regression equations of Table 38, as found previously by other 
, 

au~hors' (McLaren, 1981; Russell et al, 1982). 
d 

a 
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5. CONCLUSIONS 

, 

1. The succes~ of one seeding date over another in terms of / 
F~om tpis'discussion, several conclusions can be drawn: 

grain yield depends mainly on how weIl the period during which the 

yield components, he~ds/m% and grains/head are determined matches the 

constraints of the environment. If shortages of water in the early 

vegetati~e period of 1982 conditioned the crop to better tolerate water 

stress ,at the stem elongatiçn stage, shortages of water at this sta$e 

'in 1981 couid, account for yield differences among seeding dates. 

2. In genera1, a minimum rate of 46.8 kg/ha at tillering is 
;, 

required to show significant 4ifferences in yield through effects "00 . 
grains/head and l,DUO-grain weight, p'rovided moisture is present after 

the nitrogen application. 

3. A four-fold increase.in seeding rate did not aff~ct yield •. 

with one eiception due to"too, severe ,int.raplant competition during the" 

1982,early season drought. ·Gr~n yield similitudes among seeding rate 

treatments wère aasociated primarily with corresponding increases in 

numbers of heads/m2 , 

and tiller mortality 

proport~eased numbers 

at the high seeding rates. When 

of grains Ihead 

ma i sture was 

limited during grain filling, low seed rates had an advantage in terms 

of individual grain weight. 
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4. Cultivtrs showed a differential "~esponse to seeding dates, 

especially to early and late dates. Seeding date, trials could become 

àn important part of cultivar testing fO,r locàl recommendations to 

farmers( since genotypic variability exists among cultivars recommended " 

at present in this region. Gultivars have shown several differenees 
, . 

in the way yield components are determined. The cultivar Bruce 
, 

benefits from a lower level of inter-tiller competition at intermediate 

seeding rates and supports more heads~m2 to matut'ity. At these r~tes, 

Loyola definite17 shows genetie traits for producing fewer heads/m2 • 

However, at higher populations, Loyola tolerates a higher- number of 

heads/m2 to maturity. Loyola definitely produces more grains/head " 

than the other two cultivars under most condrtions tested. 

,5. In 1982, the period from seeding to emergence was subjected 
, . 
mainly to seeding date effects, but was not the source of any 

important effect on yield components. On the oth~r hand, the duration 

of the emergenee to stem elongation period was maiply 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/m2 . Genotypes were 

the main source of variation in\the stem elong~tion to heading period. 

The duration 9f this period was not correlated with grain yield, but , 

was negativel~ correlated with 1,aaO-grain weight, a ~haracter also 

very much under genetie influence, so that cultivars with higher 

o . ' individual grain weights underwent a shorter stem'elongation periode 

L 
However, the duration of grain filling was primarily determined by 

l 
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'seeding date effects and showed an important 'relB,ltionship with grain 

yield through the l,DaO-grain weight component, as opposed ta the 
" 

genotypie effects mentione earlier. Temperature and rainfall both 

played a role in both yea s in determining the duration of grain 

filling. 

, 4 

" 
6. Most of the relationships between grain yield, Y, and the 

~reatments were described by regression equations of the following 

formf: 

11981 y .. e + ax + bx2 + cz 

< 

1982 Y .. e + ax + bX2 + ex + dx2 

where x represents the seeding date in degree-days accumulated after 
o \ 

the first possible'<'seeding, and z represents the seedJ-ng rate. Most 

of the relationships between yield components and the treatments were 

described by regression equations as linear combinations of the same 

two t,reatments ~n either linear or quadratic form for seeding date 

and mostly linear for seeding rate, The absence of interaction or 

faÏlure 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 mod~l significantly with' one 

exception. Models developed lfor individual yield components resulted 

in better prediction values as compared with grain yield prediction 

values. Moreover, the grains/m2 variable showed excellent prediction. 

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 aIl cases, the relationship 

between 1,OOO-grain weight and grains/m2 is weak or non-existent. 
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7. Grains/head data allowed for the development of a prediction 

equatlon for the two-year period. The value of this equation should . 

he tested in the future and improved by tests at different locations. 

.' On the other hand, the variabi1 ity 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 most1y 
~' ,1 

restricted to heads/m2 and grains/head. Whi1e compensation mechanisms 
~ . 

for seeding rates, i. e. , differential populations, are most1y a 

function of two interdependent yield components, heads/m2 and grainsl 

head, the situation fs more comp1ex' for seeding date effects. Seeding 

date effects imp1y (1) dlxferences in climate and phenology and 

(2) as a result, a population difference equiva1ent to a seeding rate 

ef~ect. Therefore, in 1982, when the environment was not detrimenta1 

to the ear1y seeding, the advRntage gained through the number of 

heads/m2 and weight per 1,000 grains led to a higher yield. However, 

when the environment i8 detrimental to an early seedin~ date, such as 

in 1981, and l:j..mits the number of heads/m2 , it may a1so ,reduce the 

response of 

compensa~e . 

environment, 

the second Yir1d component, grains/head, which do not 

ThOUSand-grjin weight, which response is determined by~ 

can diminish the effect but does not compensate. 

Therefore, compensation mechanisms for seeding date are manifested 

mainiy by changes in h~ads/m~ and grains/head if climate allows, anJ 

compensation by 1,000-grain weight, if it occurs, i8 incidental 

rather than physiologieal. 
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6. ',SUGGESTIONS FOR FUTURE RESltARCH 

and 

Suggestions designed ta improve ~e understanding of the effect~ 

relationships S:~die1 in this experiment are as follows: 

1. Higher levels of nitrogen applied at tillering need to be 
: / 

tested in arder ta have' a better insight of their influence and ta 

!detect the possible interactions that could interfere with the 

relationships described he~e. Applications should be doné near the 
, 

beginning of tillering sa that effects on the first ontogenical,yield 

component can be studied. 

2. Test consecutive seeding dates over several years to better 

distinguish the patterns contributing to high yields and to obtain more 

statistical data on the benefits oï April seedings over a long period 

lof 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 weIl as the ~sta~liShment stand { 

early in the season, in arder to better understand the factors 
"l, \ 

determining the yield component, heads/m2 , in a similar experiment. 

4. Test the equation for predicting the number of grains/head 

for each cultivar, and the equation for predicting yield from 
J 

grains/m2 by trials at different locations over years. 

... If 
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lt should be pointed out that climate may be a'nuisance to head 

formation at'any seeding ùate, and that hig~er nitrogen rates will 

probably decrease yield through lodging, 80 that improvements in~ grain 

yield from a better understanding of cultural practices need to be , 

accompanied by genetic improvements. The achievement of control over . 

ti.Ü.ering and of lodgin~-resista~t cultivars would procure invaluable 

gains in the quest for higper yields in this region. 
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APPENDIX TABLE 1. Variance ratios and coefficient of variabi1ity for ana1ysis of variance 
of' grain yie1d, head number 1m2 , grain number per head and 1000-grain weight for the 1981 

.". expe r imen t 

=.... Dependent variables 

Source of variation d.f. 
Grain yield Heads/m2 Grains/head 

1,000-grain 
(g/2.04 m2) weight (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* 

D x N 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** 

C x R 1 6 1.24 1.69~ 3.71** 3.11** 

D x C 4 3.44** 0.88 0.78 5.71** 

D x R 6 1.98..'" ·2.68* 1.39 0.71 

N x C 4 2.07 2.25 0.97 2.06 

N x R 6 0.74 1.00 0.64 1.72 

D x N x C 8 0.61 1.48 .1.64 1.57 

D x N x R 12 0.99 0.89 0.72 1.13 

D x C x R 12 0.99 1.99* " 0.50 1.79* 

N x C X R 12 0.39 1.38 0.61 0.53 

DxNxCxR 24 0.89 1.11 1.18 1.16 
'c' 

C.V. 10.55% 14.84% . 10.06% -4.22% 

*Significant at .05 1eve1 
**Significant at .01 level 
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APPENDIX TABLE 2. Variance ratios and coefficient of variability for analysis of variance 
of grain yield, head number 1m2 , grain nu'm'ber per head and IOOO-grain weight for the 1982 

experiment 
,.-

Dep~ndent variables , 
Source of va~ion d.L Grain yie1d l,DaO-grain \ (g/2.04 m2 ) 

Heads/m2 Gr%.ins/head weight (g) 

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 , , 

D X N 4 2.00 1.49 1.60 0.57 
, 

Cultivars (C) 2 17.90** 1l4.42*~ 165.78** 408.25** 

Rate of seeding (R) "'3 19.49*~_ 95.09** 309.46** 0.70 
C x R 6 1.22 3.82** 1.17 3.53** 

D x C 4 5.12** 
, 

6.4~** 2.36 9.29** 

D x R 6 1.84 0.61 2.15* 5.96** 

N x C 4 2.47* 0.59 0.07 0.23 

N x R 6 0.74, 1.22 2.08 1.47 

D x N x C 8 0.50 0.49 1.00 0.36 

D x N x R 12 0.64 -0.57 0.50 0.96 

D x C x R 12 0.82 _0.75 1. 74 0.49 

N x C x R 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% 10.10% 5.50% 

*Significant at .OS 1eve1 t 

**Significant at .01 level .... .... 
VI 
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APPENDIX TABLE 3. Averages 1 of the precipitation during the different bar1ey pheno1ogi~a1, 
stages in -1981 and 1982 ~ 

~ 

"'-.... 

Seeding 1981 1982 -
Period '. 

date Laurier Loyola Bruce LauI'.Îè'r Loyola Bruce 

-====--=-=== 1 week before seeding 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 
1-

}, 

-----~ 

Seeding to 1 29.2 29.2 29:2 12.0 12.0 11.4 
emergence 2 3,5.6 35.6 34.8 12.2 12.2 12.2 

3 1.0 1.0 1.0 7.8 7.8 7.8 

-~-- 1 

Emèrgence to 1 ll2.1 106 .. 0- 104.1 24.1- 24.1 24.7 ; 0 
'- , 

stem e1ongation 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 e1ongation 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 

lCultivar means qt each s~eding date averaged over the 4 seeding rate treatments and 
the 3 nitrogen treatments. ----- - ..... -- "'""' . 

( 1 '" ~ '" . 

, . 
. - . 

--_ ............... _"~-
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, APPENDIX TABLE 4. Lodging observations during. summer 1981 

~--------------------------~--N-u-m-b-e-r--o-f-p-1-·O-t~~~~~---%-.-o-f--t-o·t-a-1-p-1-0-t-s~ 
Treatment with lodging 'with lodging 

(5-9) 

Cultivar 

Laurier 147 55.0 
Loyola ! ,85, 31.8 
B'ruce 35 13.1 

Total 1 ,~ 267 99.9 1 l' . 

Seeding date 

27/04 7Q 29.5 
8/05 94 35.2 

20/05 94 35.2' 

Total 267 99.9 

1. 

( Nitrogen rate (kg/ha) 

15.6 22 8.2 
31.2 41 15.3 
46.8 204 0 761. 4 

Total 267 99.9 

Seeding rate (p1ants/m2 ) 

150 67 25.0 
300 67 25.0 
450 63 23.5 
600 70 26.2 

" 

Total 267 99.7 
, 
? 

) .' 

~~-----.-
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iPPENDIX TABLE 5. Variance ratios and F ratios used to test combined 
effects over 2 years for grain yie1d 

• 
Source of variation d.f. MS Variance ratios F ratios 

, ' used for test 

B10cks (R) 3 

Year (y) 1 Ml -2.84 Ml/M2 

B1ocks/year 3 M2 
1 

Seeding date' '(0) 2 M3 0.57 M1/M4! 

D x Y 2' M4 31.00** M4/MS/ 

M5 
/ 

Pooled error a 12 , 

Nitrogen rate (N) 2 M6 1'.48 M6/M7 

N x Y 2 M7 5.44** • M7/MlO 

D x N 4 M8 11.23* M8/M9 

j D x N x Y 4 M9 0.40 M9/M10 

Pooled'error b 36 MIO 

(- *Signif icant at .05 leve1 ,. 
.**S ignif icant at .01 level 

'\ 
APPENDIX TABLE 6. Variance ratios and F ratios used ta test combined ' 

effects over 2 years for grains/hèad 

Sourcé of. variation d.f. MS Variance -ratios F- ratios , 
used fat test 

Blacks (R) 3 

Year oey) 1 Ml ,2.14 M1/M2 ':' 

Block,s/year 
J , 

3 M2 , 

Seeding date (D) 2 ~ 10.29 
" ~ M3/M4 

D x Y 2 M4, , , 
10.11** M4/MS 

~ 

.- Poo1ed error a 12 '. MS- f 
'. 

' . Nitrogen rate (N) f. M6 3.01- M6fM7 

N x Y 2 M7 1.32 M7/MI0 

D x N 4 MS 17.25* M8/M9 

} 
D x N x Y 4 M9 0.75 M9/MI0 

( Poo1ed error b 36 MIO 
1 

*Significant at .05 level • i 

**,Significant at .01 level 

. ' 
" 
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APPENDIX TABLE 7. ·~Variance ratios-for analysis of variance of the different growth stages in 1982 

!.-::;. 

Sourcé of variation d,f. 

Date of seeding (D) 2 

Nitrqgen rate (N) 2 

D x N 4 

Cultivars (C) 2 

Rate of seeding (R) 3 

C x R 9-
D x C , "'4 
D x R 6 

N x C ... 4 

N x R 6 

D x N x C 8 

D x N x R 12 

D x C x R 12 

N x C x R 12, 

DxNxCxR 24 

*Significant at .05 leve1 
~*Significant at .01 1evel 

, ~ 

---

Days to 
emergence 

160.86-** 

(J.77 

0.49 

21.45~*· 

2.54 

o.~ 
"--6.44 

- 1.40 . 
0.35 

0.34 

Q.92 

0.68 

1.49 

0.53 

0.11 

.....,.. 

Dependent variables 

Days from Days from 
emergence to stem e1ongation 

stem e1ongation to heading 

32.27** 19,16** 

0.25 0~62 ' 

1.34 1.01 . 
10.22** 161.01** 

109.57** 6~84** 

1. 78 0.43 __ 

10.79** 1. 73 ' 

1.54 . 2.32* 
0.60 0.47 

0.69 0.66 

Q.39 0.65 

1.47 1.21 

2.08* 0.99 

0.74 • 0.98 

1.09 1.05 , ' 

('~ 

'" 

..... ..-----...... -____ Il''''''''' ..... ~~ ..... ~oli'I-""....- ... ~",.,-

Daye from 
heading 

to maturity 

255.71** 

0.53 

1.39 

101'.98**' 

64.63** 

3.79** 

6.26** 

4.56** 
a 

0.61 

-, :.. ___ -----{j. 44 

0.38 

0.66 

0.40 

1.45 

0.96 
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Append~x Figure 1. Grain yield (g/2.04 m2 ) 

for three b~p'1ey cultivars in 1981 and 198,2., 

,r.!~ 

BRUCE. 1981 
BRUCE. 1982 
LAURIER. 1981 
LAURIER. 1982 
LCJ'Y'ClLA.1981 
LCJ'Y'ClLA .. 1982 

" " 
at three seeding dates 
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